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MpeaucnoBue ANA YHALMXCA

Hoporue pesaruxaaccHuku! B sroM ygeGHOM roay
BBl cAfeTEe BRINIYCKHON BK3aMeH Mo ajarelpe 3a Kypc
OCHOBHOH cpefHeii mKonul, Ha ypokax MareMaTHKH BAM
OpPeACTCHT He TOJNBKO MOZHAKOMWUTECH C LEJBIM DAAOM
HOBEIX Te€M, HO TAK¥KEe IMOBTOPMTE Bech NpoiiAeHHLIH
paHee MaTepuak. B koHOoe yuefHOTO roza Bam HYIKHO
Oyner caenars BrIGOD: DpoRONEHTE 06pasoBaAHME B IPO-
deccROHANBHBIX YUMNHINAX, KOAACHEKAX HAM B obme-
o6pascBaTe bHLIX yIeOHRIX 3aBeAeHUAx. ITpHueM ecnd
BBl PENINTE OPOAOJKATE OOpAROBAHAE B IIKOJE, JHIEE
HJIA FrAMHARHH, TO BAM HYXHO GygeT BrifpaTs npothuns
KJacca, B KOTOPOM BHI §yJeTe YIHTHCH.

YueGEUK anreGpbl OTYACTH MOMOKCT BAMIEMY BhIOO-
PY: M3YUATH JU MATEMATHKY IO HpoTpaMMe YITyGJIeH-
HOTO AU ¢ OporpaMMe o0mecfpasoBaTeNbHOrO Kypea.
Yrofel MoKa3aTh 0COGEHHOCTA NPOQUABHOIO H YIVIVO-
JIEHHOTO M3YIEeHHS MATEMATUKM B CTAPIIHX KJIACCAX,
B yueOHIKe aarebpsl A4 9-ro kIacca SHAUUTEIEHO Bon-
e BHNMAHWSA VAEAACTCA TeOPeTHUYECKHM OO eHNAM.
H xoTa B 0GBACHATENBHBIX TEKCTAX BCE EIIe TOBOJBHO
PEAKO BCTPEYAIOTCA HETPABEIYHEIC A/ ITKOJEHOTO KyD-
ca anrefpHI CNOBA <TEOPEMas, ¢IOKA3ATENLCTEO®, TEM
He MeHee B yieOHHMKe MHOTHe YTBep:EIEeHUA Jubo JoKa-
S88HEI NONHOCTEIO, TNGO TH AOKA3ATENBCTEA IPENJIAra-
€TCs BEIIOJNHHTE CAMOCTOATENBHO. ABTOPBl HalelTCH,
YTO TAKOH MOAXOA MOMOXM(eT BAM BEIGPATDH CHEIHAMHIA-
oM.

JeHnniil yaeOAMK OpegHASHAYCH ANAA YrAyOGIeHHOTO
H3yJCeHHA MaTeMaTUKu. B HeM mpeacTasmeH GonbImoi
HaGop pasHOOOPASHEIX N0 TEMATHKE H YPOBHIO CIOAKHO-
CTH yOpaskHeHuii.



ABTOpEI HAZEIOTCH, 9TO M3yYEHHE Anrebpnl mo sro-
My yueGHUKY GyAeT AIA BAC AHTEPECHBIM M II0JE3HEIM,
TO3BOJAT YBHAETH anre6py He TONBKO Kak ydeGHBIM
MIKONBLHEIA NpefMeT, HO H KAK CPEACTBO PASBUTUA CBO-
HX cnocobHocTell, TOMOMXKeT PACCMATPHBATE MATEMATH-
Ky Kaig 9acTh ofimedesoBedecKoil KyaAbTYDHI.
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§1. /.\ CBOUCTBA dYHKUUNA
1.

\/ Boapactanne M yOmBanune GyHkumin

Ha pucynke 1 uaobpaskeH rpadpuk HeKoTopo# dyHKoun y = f(x),
ofuIacTh cmpeneneHUA KOoTopol — mpome:xkyTok [—5; 4]

IIpu BoapacTaHu sHaYeHHH x oT —b z0 1 9HAYEHNA } BOIPACTAIOT,
a4 mpH BO3pacTaHHM 9HaueHuit x¥ or 1 ao 4 sHauemnd y ybmisaloT.
Tosopar, aro dyrrnua y = f(x) ma opomexkyTke [—5; 1] soapacraer,
a Ha npomexyTre [1; 4] — yorisaer. IIpu x = 1 ¢pyHKONA OIpUHUMAET
HauboJbINee HATEHHE, PaBHOEe 4, 8 IpH X = —5 — HANMeHbLIIEE IHA-
yeHHMe, paBHOe —2.

Onpepgenenune. Oyaruns f HASKBAETCA BOIPACTANOINCH Ha
MHO¥ecTBe X, eClIH AAA MO6MX ABYX 3HAYeHME APIYMeHTA X, M X,
MEOXecTBa X, TAKUX, YTO X, > X,, BROIOJIEACTCE HEPaBeHCTBO fx,) >
> flx).

Dyaxuua f Hasneaercs yORBAIOmeH Ha MEOXKecTRe X, ecym ana
noOBIX IBYX 3HAYCHWHE APryMeHTA X, H X, MHo:xecTBA X, TAKAX, ITO
X, > x,, BHIIOAASETCA HEPABeHCTBO f(x.) < f(x,).
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8 Tnasa 1. QyHxuum, UX COOHCTRA W MPRGMM

Heoraa nmoaesylTred Gosee KPATKEMH GOPMYIUPOBKAMH.

POyaxnus [ HAILBACTCH BOapacTalomei (ySmBalomei) A mMHO-
mecTne X, ecnn GonbeMy 3HATOHHIO APTYMeHTA COOTBETCTRYET 6015
mee (MeBbIIee) snavenne PYHKHHM.

Ecam Ba Beell 00aacTH ompeaeneHnEd (PyERIEA BOSPACTAST, TO 0@
HAZRIBAIOT BO3PACTAIOmEH (yaxnweil, a ecan ybumaer, T0 — yOnI-
Baromeit gpysarHeit.

OyERIHIO, BOZPACTAIOIIYIO HA MEOXeCcTEe X HiH YOLIBAIOIIYIO HA
MEOXecTBe X, HAIHEANT MOHOTORHOM ¢yERIHel B MEOXRecTRe X.

damevanue. Eciu dyarnua f soapacraer (yOmEBaeT) Ha MHO-
skecTBe X, H Bo3pacTaeT (yORIBAET) HA MHOXecTse X,, TO HeJIb3d cAe-
JaTE ERIBOA 0 TOM, 4uTo byHEEODUA f BO3pacTaer (yOmIEaeT) HA MHO-
xectBe X, U X,. YTobm noKasaTE 9T0, OCTATOTHO NPABECTH NPHMED.
DOyHRTAA

x}, tne x # 1,
fix) =
9, raex =1

BO3PACTHET HA KAXJIOM H3 IPOMexyTKoB (—0; 1] u (1; +o°), He
He ABAdEeTCA BoapacTawiieil Ha MHomecTme (—o0; +0), ITogyemy?
O6bAcHuTE 2T0.

BuacHEM xapaKTep MOHOTOHHOCTH HEKOTOPBIX BMAOE QWHKIWIL.

Junetinan pynxyus, m. e. pynryun, 3adannas gopmyroii f(x) =
=kx + b, npu k > 0 aarsemce sozpacmaioujeii, a npu k < 0 — ybvisa-

joweit (puc. 2).

JokasarenberBo. IlyeTe x, @ x, — ABA MPOMSBONILHEIX SHA-
YeHHA APryMEHTA, MPHAYEM X, > X, H k > (. ¥YMuomHUM of6e dacTH
HEPABEHCTEA X, > X; Ha IONIOXXHTEJbHOe Iucao k A npuGapuM K obe-
HM 9aCTAM NONYIMEINCTOCA HepapeHCTBA yHcao b, Toraa no esoficream
YHCJOBRIX HEPABEHCTE MOJYIMM BepHLIE HEDABEHCTEA

Ex, > kx,wkx, + b > kx, +b.

8nauar, flx,) > f(x,), . €. npu k > 0 pyuxnus f — sospacTaroman.
C moMOImMBK AHAMOTMYHBIX PACCYAACHAH MOMKHO IOKA3ATh, YTO
upu k < 0 byExnoua f apagercs yGuBaromest.

Cmenennar Pynryua f(x) = x" ¢ HamyparbRuiM noxazamenem n
npu YemHOM n gospacmaem na npomexicymue [0; +00) u ybvieaem na
npomexymie (—o0; 0]. IIpu nevemuom n ¢ynwyua f(x) = x"
soapacmaem Ha ecell oGracmu onpederenun, m. e. Ha NPoMeNYymice
(—o0; +00) (pue. 3, 4).



A¥

AR

v

‘*b‘

§ 1. CeoiicTea PyHxuMR

N
Y

\

-1
-

Puc. 4

"

Puc. 2

bt

Puc. 3




8 fnasa 1. ®yHkuMM, UX ceodicTea U rpadpuxKK

Paccmorpam cHavans GyExmuio f(x) = x° ¢ JeTHRIM NOKABATENEM It.

Iycre x, > x, 2 0, IlepeMHAQHUM NOYIEHAO I OZWHAKCBBEIX He-
PaBeHCTB X, > x,. [lomyyem x5 > x.

Caeporarennno, f(x,) > f(x,), T. e. Ha MHOkecTBe [0; +o0) dyEK-
naa f BospacTaer,

BrlficHUM Teneps XapaKTep MOHOTOHHOCTH $yHKOHH f(x) = x°, roe
n — 4YeTHOe YMCN0, HA mpomemyrre (—o0; 0].

IIyers x, < x, = 0. Torpa

—x, > —x; = 0.

Tax Kax 9Mcaa —X, U —X, DOJOXHTILHEE, TO, H0 ZOKAIAHHOMY
BRIIE, (—x,)" > (—x,)". HOo n — yeTHOe uyMCIO, MOTOMY (—X,)' = % U
(-x,)" = x;. Bmauur, x; > x3, T. €. x; < x. IlonyuenHoe nepa-
BEeHCTBO O3HAYAET, IT¢ f{(x,) < f(x,), T. e. dyHKOUA f OpH JeTHOM N Ha
npoMeskyTie (—oo; (] yOorBaer.

PaccMoTpHM Tenieph GYEKIMIO f(x) = X ¢ HEUETHLIM TIOK&3ATEJIEM 1.

Ecau x, > x; = 0, To npoBefgersoe paccyxAcHHe JAA TeTHOIO 72
COXPAHAET CAIY M JIA HEUeTHOro MOKA3ZATENA.

3EauuT, PYHKOHA f ¢ HEYETHHIM OOKA3ATEIEM Ha IPOMEXKYTHKE
[0; +°°) BoapacTaer.

Ecau x, < x, < 0, To —x, > —x, # 0. Kpome Toro,

(—x,)" = =%y, (—x)" = —x3,

TaK KAK B — HedeTHOe yHclo. ITo JOKASAHHOMY BEIIe CBONCTBY QYVHE-
nHya f ¢ HeYeTHHM NOKa3aTeseM, AJISA mpoMexxkyTra [0; +90) Bmmon-
HAeTCA HepaBeHCTBO (~x,)* > (—x,)'. Orciona nMeeM:

-x > Xy, X3 > X[,

IT0 osHAYAET, 4TO PYHKUMA [ npHA HEYETHOM i HA NPOMENYTKE
(—o0; 0] BoapacTaeT.

Ecnn 2, <0, x, > 0 u n — HeveTHOR yNCHO, TO X, < 0@ x; >0,
T, €, A B BTOM ¢Jydae N3 HeDARSHCTBA X, > X; CJIeAyeT HEPABEHCTEO
x; > xl.

Taxum oGpasoM, npn HegeTHOM n $yHKOAA f(x) = x* Boapacraer
Ha Beeil ofacTH ompeneieHMs.

O0pamHuas nPONOPUUOHARBROCME, M. €. GyHKuuR f(x) = % 8 Kaxc-

dom uz npomemymicos (—oo; 0) u (0; +o0) npu k > 0 ybvieaem, a npu
k < 0 sospacmaem (puc. 5).

Paccuorpnm pasnocTs f(x;) ~ f(x,), re x, = 0, x, = 0, 1 npe-
obpasyeM ee:

f(x;) — f(x)) =

kB _ky-ke Ho-%)_ L om-x%
% %% %y %%,

o |
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Ecnu x, > x, > 0 unu x, < x, < 0, 70 B J000M U3 3TEX CAYIAEB
x, - x;, > 0 M x,%, > 0. BEauur, gpo6e _2 gpyrgerca momo-
XpXp

JKATEABHBIM YMCJOM, & BEIpaXKeHWe —k -

4 ;:2 ABJAAETCA OTPHMILA-

TeJIBHEIM 4KcaoM 0pid k > 0 M noJMoMHTEIBHBIM YncaoM npu k < 0.
CaepoBaTelIbHO,
f(xy) — flx) <O mpu k> 0u flx,) - f(x,) >0 npu k<0,

T. e. f(x;) < f(x,) opu k > 0 u f(x,;) > f(x,) opu k < 0. Buauur, PyHK-
nus f opa k > 0 B KXKAOM U3 IPOMEXYTROEB (—00; 0) u (0; +00) y6RI-
BAET, a4 IpK k < 0 B KAMIOM B8 3THX IPOMEKYTKOB BO3PACTAET.

Opnako dyEKORA f(x) = % He ABJAEeTCS MOHOTOHHON Ha Bceif o6-
JACTH omlpefeneHdsa. JORAKHTE FTO.
Pynryus f(x) = Jx eospacmaiwar (puc. 6).

Brpamxenune J.; HMeeT CMEIC)I JIMINE NpH x = (.
Toaromy I{f) = [0; +o0),
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10 Fnama 1. OyHKUMN, WX CBOACTBE W rPaDIKH

IIyers x, > x, # 0. PaccMoTpuM pasHocTs f(x,) — f(x;) 1 npeof-
pasyeM ee:

flx) - flx) = 2, - % = (V2 “g)f{/_‘{ V&) _ fﬁ:

YncaaTeas i 3HAMEHATEIb ApoLn %ﬁ‘— — OONOMHTENLHEIE
Xy X

YHea, OTo cAeAyeT B3 TOTO, YTO X, > X, = 0, Jx_z >0mn Jx_, >0,

Buaunr, f(x,) - f(x,) > 0, 1. e. f(x) > Hx,). Iosromy dynaroua f
BO3PACTAIINAN.

1, Karas n3 by=ERIui ABASETCA BO3pacTaomei, Kaxkaas — YOEI-
BANOINEH, ecH:

a)y=5x-8; B)y=%; BNy=xtrpex 20
_ . _ _lo. _
6)y=-3x+T; y=—"> ely=x%rae x < 07

2, Moxasxure, uTo byHxnEs y = | x| y6rmaer Ha npomesicyTRe (—0; 0]
H BOIPACTAET Ha nmpomexyTie [0; +00).

3. Ppadurom Gyaxnau ¢ aeaserca Aomanaa ABC, roe A(-1; —-2),
B(2; b), C(6; 2). IIocrpoiite rpadur sTolt GyHKINH H HadaHTe
TIPOMERYTKH, HA KOTOPEIX GYHRIOHA £ BOSPACTAET M HA KOTOPHIX OHA
yGHIBAET.

4. INocTpoitTe rpaduy GyHEKIHHN
—xtemE -2 x <0,
lLLeecrmn0< x <1,
x¥,ecnl < x < 2,

—x +6,ecuu 2 < x < 6.

f(x) =

¥YraxuTe o6JacTs onpeieNleHAd H ofAACThL 3HAUEHHH byHKIMH.
HaiigTe TpoMeRyTKH, Ha KOTOPHIX byEKOuA f
a) yOe1BaeT;
6) BoapacraerT;
B} COXPAHAET NOCTOAHHOE 3HAYCHHE,
5. ITpu KAKHX BHAYEHHAX ¢ PYHKOUA

a) y = (ba — 2)x + 16 aepnaeTca BospacTaroLIei;
6) ¥y = (1 — 3a)x — 21 apnaeTca yomsaomei;
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B)y= 7 —x?a AsndeTca BogpacTalomeit Ha mpomesxyTre (0; +0);
2
My = a? ArAgeTcd yOpBalomlell HA npoMeyTRe (0; +00)?

6. Hoxaxure, 9yTo GyHKOUA
-2x + 1, echim x & -1,
glx) =

-x+ 2,ecaa x > -1
ABJIAETCA MOHOTOHHOI.
7. Hokamure, 4T0 QYEKOUA

a) f(x) = Z—f—x BO3PACTAST HA MPOMEXKYTEe (4; +00);
_4 I}
6) g(x) = T+ 1 yOBLIBAET HA MPOMEKYTKE ( 0C; 3)'

8. Haiignre Eynu QYHKINK, TPOMEXYTKHA 3HAKCOOCTOAHCTBA,
NpOMEKYTKM BO3PACTAHUA M YORIBAaHAA PyHKIAH:
Ay=|x—3-1; B)y=x—4;

By=4-|x+2; ryy=x2

9. dsnaeTca BospacTawmeil uau yomeawmeit Gyuxnna:
aAgx)=Vvx+1-vJx-1; 6) g(x) = 6x — |8x - 2| - [2x + 5|?

10, HasectHo, 910 byEKOAA ¥ = f(X) ABNAeTCA BOSpacTAOIER HA
npomexxyTre [a; b). Hokawkure, uro GYHKODHA ¥ = f(x) + n aprderca
BOBPACTAIMIIENH HA ITOM IPOMEKYTHE.

11, Ienoil 9acTe0 YACAE X HASLIBAETCA HAMGOABLIICE MENOE THC-
JIo, He mpesocxojdAinee x (oGosEauaercd [x]), a Apo6HOE YacThio yA-
cJla X HAJLIBAETCA DAIHOCTE MEXAY YACAOM X M ero nefloit uacToio
(o6osnaquaerca {x}). Hampumep, [5, 3] = 5§, {5, 3} = 0,3; [-5, 3] = -6,
{-5, 8} =0,7. Ha pucynxax 7 u 8 nocrpoens! rpadinea dyurumii y = [x]
n y = {x}. KakoBs of6nacTH onpejefeHHA Kaxacol A3 QyHKOHHA?
PacceMoTpuTe 5T QYHKOUH HA NPOMEXYTHe H HAAANTe LI Kasgoi
B3 HHX: HYJAHA QYHKOAH, DPOMEKYTKH, B KoTophix y < 0, y > 0,
OPOMEKYTKM BOZDACTAHMA M YOLIBAHAS, NDOMEKYTKHA, HA KOTODBHIX
(GYHKOMA cOXpaHAeT NOCTOAHHOE SHAUEHHE.

12. Haobpasure cxeMaTUdecKkH rpadHr GYEKOUH, YKAKHTe 06-
JIACTE OONpeAeeHUA U o6GNacTE dHaueHAN GYHKIMU M BHIACHATE, AB-
naeTca A GYHKOuA BospacTaiomedl nian yOeisatomieii:

aAy=+Jx -4 +2; G y=vJx+3 -1
13. Hszo6pasure cxemaTndeckH rpadur GyHKOHY = % Yra-

muTe 1A 5TOM DYHROHMHE TPOMEKYTKH MOHOTOHHOCTH K OIpeje/IHTe
XAPAKTe) MOHOTOHHOCTH JJIA KaMIAOTO HPOMEXXYTKA.
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14. BeimosHATE feAeHEe MHOTOUWISHA HA ABYIICH;
a)(x® - 22— x+10): (x + 2);
6) (2x* + 3x® — 6x2 — 4x + 5) : (2x + 3).

15, JoraxuTe, YTO NPH HEOTPUIATENLEEIX SHAYCHEAX 4 A b BEpHO
HepaseHeTBO (@ + 1)(b + 1)(ab + 1) > 8ab.

18. PemnTe HepaBeHCTBO:

a) 28 — 6x < x; ﬁ)ﬁtf—%<5+ 276.
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2. \./ CBolicYBa MOHOTOHHMX $yHKUMIA
PaccMoTprM HeKOTOPHI€ CROMCTBA MOHOTOHHBIX QYHKIIHI.

1. Monomonnas Pynxyus xaxcdoe cgoe HAYEHUE NPUHLUMAEM
AUULL BPU OOROM IRGUEHUL Gp2YMeRMA.

Aoxasarenscrro. IIyete ¥ = f(x) — DpoE3BONEHAA MOHO-
ToHHAA (PyEKIUA (Bo3pacTamas Ann youBawinan), Torga npr aolsx
X, ¥ Xy, IPHHALIEKAITAX obaacTd onpefenenna ¢GyHKIWHE f, M TAKMX,
YTO X, > X, BRINOJHAETCH. InBo mepasencTro f{x,) > f(x,), ecnu dynx-
LM BospacTainad, nbo sepapeECTBO f(X,) < f(x;), ecin hyHKOHA yORI-
paoman. Ilostomy paeenereo f{x,) = f(x,), Tue x, # x,, HEBOZMOIKHO.

910 Jmerxo yeajeTs Ha rpadmie M0G0l MOHOTOHHON byHKIAM
¥ = f(x). IobGaa npamaa Moxer nepecedsb rpadbar byEKIEH ¥ = f(X)
JIMIOE B ORHOM TouKe.

Orciona cnenyer, uto ypasHerue f(x) = a, 20e [ — monomonnan
DYHKYUR U @ — NPOU3BORLHOE YUCKO, UMeem He Bonee 001020 KODHA,

2. Ecau pynxyur y = [(x) sensemen oapacmaruger (ybu-
sarowjed), mo Pynxyus y = —f(x) seasemes ybwesrwowel (eospa-
cmaueid).

HorasaTtenscrso. Ilyers f — Bospacrammas GyRKOHA H
x, > x,. Torma f(x,) > f(x,). Orcioga cnegyer, uro —f(x,) < —f(x), v e.
byaxuua y = —f(x) ybuiparomas.

AHEOrMYHO MOMCHO LOKA3ATH, YTO €ciu byEkuua y = f(x) you-
papIad, To GyHKOMA ¥ = —f(x) Bo3pacTaKIIAL.

3. Cymma dsyx eoapacmaroujux Qynryuli KeAAeMCA 603pa-
cmawwed pynxyueld, a cymma deyx yobuearwwux PyRryuli se-
Anemes yOmaaromenr dpynryueld,

Hdokasareascreo. lIyers ¢(x) = f(x) + g(x), rae D(y) =
= D{f) N D(g), u oyers x, A X, IPEHAAJIEIKAT OGIACTH OLpeAEICHAA
byHKOHA (), OpHYeM X, > x,. PaccMoTpuM pasHOCTh ¢(x;) — ¢(x,) B
npeoGpasyem ee, IToaygam

Q(x) — @x;) = fxy) + £0x5) = (flxy) + glx,)) =
= f(x2) — fx) + (8(x,) — &(xy)).

Ecan f m g — pospactaimue dyHEKOIHA, TO f(x,) > f(x,) 1 glx,) >
> g(x,). 3nauur, f(x;) — f(x;) > 0 u g(x,) — g(x,) > 0. Orcroaa cxenyer,
uTo §{x;) — ¢(x,) > 0, T. e. ¢{x;) > ¢(x,) ¥ ¢ — Bo3pacTaiomasn GyHK-
M.
Ecau f u g — yGoipawmue gyaxnun, To f(x;) < fix;) u g(xy) <
< g(x)). 3naunt, f(x,) — fx,) < 0 u g(x,) — g(x) < 0.
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CrnefosaTensHo, ¢x;) ~ o{x,) < 0 n ¢{x;) < ¢(x,), T- e. ¢ — yOBI-
Balomasa QYHKOUA.

Hs croiicte 1—3 caegyer, 4To ecau ofnHa u3 Qyukuui [ uru g
asxaemces aospacmaruieit, a dpyear — ybuiaaiouels, mo ypasuenue
f(x) = g(x) umeem ne Gonee odnozo xopua. (HoKaxHTe 5TO CAMA.)

HEorga nmpuXxofuTca pacCMATPHBATH GYHKUHN, ¥ KOTOPBIX apry-
MEHT, B CBOIO Odepepb, Asnaercs pyHkrnueil. Takue PyHKOIHN HAZH-
BAOT CAONKRLIML Qyricyuamy (ANH xomnosuyueld Gyrryuit).

Ilyers, Banpamep, flu) = Vu,au= 2(x) = x* — 1. Torpa, noa-
craBaasa B dopmyay flu) = Ju BMecTo APTYMeRTa U GYHKINK g(x),
moxyquM f(g(x)) = ¥&° - 1.

4. Ecau obe ¢pynxyuu f u g so3pacmaoujiie unu obe ybuea-
owue, mo dyrryus ¢x) = f(g(x)) — eospacmarwan GyRKYUA.

HokasareabcTBo. [IycTh X, U x, — dwolble 3HAYEHUA APTY-
MEeHTA, NPUHAJIeKAIHe o0IacTy onpejeleHud GYHKIMA ¢ H X, > X,

Ecnz f m ¢ — BospacTawmmue GYEKIUH, TO BEPHO HEDPABEHCTEO
£(x;) > g(x,), & TOTOMY BEepHO TAK}Ke HepPABEHCTEO

fe(xy)) > flelx,)),

T. €. ¢ — BO3SpacTAINAd GYHKIUA.

Ecnu f n g — yb6upalomue QYHKINNA, TO BepHO HEpABEH-
cTBO g{xy) < g(x,) U, 3HAUMT, BEDHKIM ABJIACTCA TAKHE HEPAREHCTBO
flg(x,)) < f(g(x,)), a 9TO O3HAUAET, YTO H B ITOM ciaydse GYHKOIAA @
TAKKe ABIAETCH BOAPACTANIEH,

CeoiicTBo 4 MHOrAa GOPMYIMDYIOT TAK: KOMROIUUUR d8yX yHK-
uuit 00uHAK06020 XAPAKMEDPA MOHOMOHKOCMY ASAREMCA 603PACTIG-
el ynxyueir.

5. Eeau pynxyus y = f(x) monomonna ne mromecmeéee X u
COXPANREM HA IMOM MHONCECTREE IHAK, Mo Dynryus g(x) = -f(l?) Ha

Muoxecmae X umeem npomuoonomuﬁ xapaxmep MOHOMORKROCTIU.

HorkasareaxscTro. llyets x, € X, x, € X 1 x, > x;. Pac-
CMOTPHMM pa3HOCTE £(X,) — g(x,) U mpeobpaayemM ee:

- _ 1 1 fly) - fx)
9~ 85D = 703~ Ty = T Ty
SHaMenaTEeNb NOAYVHEHHOH ApoGH — MOMOMHUTENBHOE YHCIO, TAK
Kak ofa MHOKHTEnA f(x,) u flx;), No yciaoBHIo, OZHOTO 3HAKA.,

(%) - ()

Yucnateas Zpodu m — OTPHOATEJBHOE YHCHIO, eCJH

GYHKIMA f BO3PACTAKIIAA, H TOJOKATEILHOE THCAO, €CaH QYHKIAA f
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ybrrearomasn. Orcioaa cnepyer, uTo g2(x,) < g(x,), ecnn f — poapacTa-

omasa pyEKoEan, B gx,) > g(x,), ecnu f — ybuBanman GyHKOuA.
IIpuseaem MpHMepPhl HCIOAB30BAHUA CEOHCTE MOHOTOHHBIX GYHKIA.
IIpumep 1. BulacHMM, B CKONBKHMX TOYKAX OpAMaf y = 9 ne-

peceraeT rpaduk GyHROUHE Ff(x) = Jx +1 + Jx + 6 + /x + 13.

dyHKOHN § = Jx +1, y = Jr+6 m v =\/x +13 — BoO3pa-
crauue GyHKOAL (cBoiicTBo 4). CyMMa BogpacTalmmux GyEKIHiA —
BospacTaloman $yHEKIMA (cBoiicTBe 3). A Bospacranmaa GYHKINA
Ka)X[oe CBOe 3HAUEHNE NPUMHNMAET JNHIIE OpH OAHOM 3HAYEHHH
aprymenTa (ceoiicto 1). ClegcBaTellpHO, €CJIH OPAMaA AMeeT O0IMHe
TOUKA ¢ rpabukoM byEROMA f, TO TONBKO OFHY TOUKY.

IlopGopom MocHO HafiTa, aTo f(x) = 9 mpu x = 3, 3HayuT, IpAMAnA
nepecexaet rpaduk dyHKouH f B Touke M(3; 9).

Ilpumep 2. BHACHUM XapaKTep MOHOTOHHOCTH QYHKIUH

1 1
fX)=313% 723

O6aacTE onpefeNeHusa GYHKIHAHT:
D(f) = (—o0; =3) U (=3; 3) U (3; +0).
B kaxxpnoM A3 npoMesxyTKoB (—o0; —3), (—3; 3) u (3; +o0) dyHKIMHK

y=x+ 3 H y=2x— 3 coxpaHsaioT 3HAK H ABIAITCA BOIPACTAIOLIUMA.
CrhepoBaTtensHo, IO CEOHCTRY 5, QYHKINM I = ﬁ uy= ﬁ B BTHX

IPOMENKYTHAX ABIAIOTCA yOrBalomuMn, Cymma yonisaomux oyHRIuIE
(cBoiicTBo 2) apnsaerca yonisaromelt dyaxnueii. Iloatomy pyaknua f 8
KaXKXA0M H3 IPOMEKYTKOB (—o2; —3), (—3; 3) ;a (3; +o°) yOrpaer.

Ha pucynke 9 nokasaH mpHMepHBIH# rpaduk ¢dyHKOHH f.

Z_8x-1

NDpumep 3. Hokawmem, uro dynroua f(x) = X ~ BO3IpA-

CTAET HA KAMIOM M3 IpOMEXyTEoB (—o0; () u (0; +90).

DyHKINA f oOpeAejeHA HA MHOMKECTBE NefiCTBUTENLHBIX THCEN,
KpOMe HYJIA.

2
TIpec6pasyeM BIpAKCHHE %:
x x x x :
Busum, f(x)=x -3 - 1.

DyEKNINI0 { MOMHO PACCMATDPHMBATE KAK CYMMY ABYX (QYHKIHIH
p=x—-3uy= —%- Kaxnasa U3 HAX ABAAETCH BospacTawineii GyHEK-

OHell Ha YHA3aHHBIX MROMEMXYTHAX.
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ITo ceoficTRy 3, cyMMa ABYX BOZPACTAINIMX (PYHRUMI Ha obmeli
ofnacra onpepeneHAa — Bo3pacraromias GyErnug. CleloBATEILHO,
HA KaXAOM M3 OpOMeRyTKOB (—o0; 0) m (0; +o0) dyurnusa f noapa-
CTAET.

Ilpumep 4. Pemum ypasHeHne
x* - %+ Jx =0

Jlerko BugeTs, uTo X = 1 — xopens ypapuenus. Iokasmem, aro
APYrax KOpHeH 210 ypapHeHue He mmeer. IelicteuTensro, oBaacTh

onpefenerus PpyHKoma y = x° — % + Jx — MHOmecTBO moMOMU-
TeAbHEIX uncel. Ha a1oM MHOMecTBe QYVHKIIMA BO3PACTAET, TAK KAK
Kaxjgad M3 byHKmud y = x*, y = —% HYy= Jx ma NPOMERYTRE

(0; +o0) poapacraer. CileAoBsaTelpHo, SAHHOE YPABHEHHE APYLHX
KOpHel, KpoMe x = 1, He HMeer.

17. DoxaxuTe, 4To QYHKOHA £ ABNdeTca yOuBalomeil dyrkonaei,
CITH:

a) g(x) = Wlh,). rae x > —l; B) g(x) = V2 ~ x;

6) g(x) = ;}g, rae x > 0 r) glx) = 71;
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18. HoxaxnuTe, uyro GYEKOAA f ABIAeTCA BodpacTawmel GyHK-

ouei, ecnu:
8) f(x) = oz, T X < T; 8) f(x) = 2l
6) f(x) = (x ~ 2)%, rae x > 2; r) f(x) = Jll—_x

19. Joraxure, uTo HyHKNAA [ BO3PACTAIOMIAA, €CIIH:

a) f(x) = Jx —71;; B) f(x) = x* + Vx;

O FD)=2x-1- shg mrex> -2 @)= 21, mex> 2.
20, Dage dyuxoun f(x) = 2% u g(x) = 2x — 1. 3apaitre popmynoit
dyurnuwo: a) y = f(g(x)); 6) y = g(f(x)).

21, Oyaenua y = f(g(x)) sagana hopMynoil. Yramure GyHKIHH
¥y = f(x) 1 y = g(x), ecrm:

a) y = |«* - 2x - 8f; B) y = x* — |x|;
B)y=x+ 2Jx - 3; Nny=(2x~12-1.

22, DoramuTe, uTo ecan f — ySpipalomasd GYHKONA, a § — BO3-
pacraoman GyHrnua, To ¥ = f(g(x)) — y6rpaloman dbyHKINA.

Yro B aTOM CAydYae MOMHO ckasaTh o OyHEROun ®(x) = g(f(x))?
ChopuynupyiiTe cpoiicTBO KOMIOIMIMA ABYX QYHKOUHR ¢ PASHEIM Xa-
PaKTepOM MOHOTOHHOCTH.

23. Nansl dyarnun f(x) = Jru g(x) = 2 — x. 3apaiiTe QopmynoH

dyarnu: a) ¥ = f(g(x)); 6) y = g(f(x)). OnpeneauTe XapaxKTep MOHO-
TOHHOCTHM K8xA0N M2 NOJyIeHHERIX GyHKIMIL,

24, OmpegennTe XapaxKTep MOHOTOHHOCTH (PyHRIUH:

o 1 1
= J-2 ; = + H
a) y x Ny=% Nl
1 1 .
Oy=—x -5 SRy STy ¢
=1__Jx D S T
B)‘!"'_:|:+2 V3 €y Jr-2 Jx+2
25, Hoxamxure, 410 £ — BO3pacTramoman GYHKONA, ©CIA:
a) g(x) = w, roe x > 05

2
6) gx) = Z2=32, e x> 2.
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26. Hoxamxure, aro f — yOuBaloman GyHROMA, eCIIU:

_ 2
a) f(x) = 11—5#’ e x > 0;

6) flx) = Q_Lﬁ_x_a_h, roe x < 3.

27. Iokaxare, uTo byHKOUA y = x2 + [x| + Jx + 2x — 3 apxa-

eTcH BoapacTalomeil dbyHEKINeH,
Iloa6epuTe 3HAYCHHE ADIYMEHTA X, IPH KOTOPOM:

a) y = 27; 6) y = 108.
28. Pemrure ypasHEeHUE:
a)xf+ x' + x=-42; 6) x% + x—B—l5

29. Pemwrure cucTeMY ypaBHeHU

{Jx—y+(x—y)’:2,

£ -6y+1=0.

./ ¥YnpaxHeHus ONA NOBTOPEHWA

30. VkaKuTe NPOMEKYTKH BO3PACTAHHA U NPOMEXYTKH YOBIBA-
HHA QYHEIHK:
a)y=x%  6)y=a%  Bly=|r-5| ryy=|x+5]

31. Joramure, YTo 3HAYCHHE BRIpasKeHHA (@ + ¥ — 2(a+ b — 1)
npH nwleix ¢ 1 b ARNAETCA HEOTPHUATEALHLIM TACIOM.

2 2
32. VmpocTuTe BHpa’KeHHE @, ecqm x = 2Va -1,
X

# HAANTe ero aHAYeHHE:
a) opu a = 1,5; 6) opu a = 3,87.

¢

3. V¥V YerHubie H HeveTHble DyHKUUU

Bam naBecTHRI CBOMCTEA cTemeHHBIX GYHKIMIE f(x) = x* ¢ HeAbM
HOKABATENAEM.

Ecau n — deTHOe MHCA0, TO JIOGEIM DPOTABONOJONKHEIM 3HAYEC-
HHAM APTYMEHTA COOTBETCTBYET OJHO H TO e sHadeHHe VHEIHA,
T. €. Aag aoboro x € D(f) BepHo pasencTso f(—x) = f{x).

Ecmu n — HedyeTHOE YHUCJO, TO JOGKM HPOTABONONOYKHBEIM 3HA-
YeHHAM SPIYMeHTA COOTBETCTEYIOT IPOTHBOIOJOMHEEIe SHAYCHNA (HYHK-
IHH, T. . 14 Jboro ¥ € IXf) punonnserca papeHCTSO

f(=x) = ~f(x).



§ 1. CaciicTBa ¢yt 19

CymeeTeyeT mellslfl paja paaduvHEIX $HyHKOHUI (He TOABKO CTe-
NEeHHRIX ¢ [IeJIEIM NOKAa3aTeNeM), KOTOphie o01alalT TAKMMHE JKe CROH-
CTBAMM, ITH GYHKIHHE DOXYYHJIH CHEelHeNbHOS Ha3BaHMeE.

Onpenenenne. Oyaxnua f HasnBaeTca YeTHON, eCIK XJIA
moboro x € INf) Bepao paBencTBo f(—x) = f(x). ©PyExuus f =na-
3pIBaeTCH HeveTHON, ecan xas moboro x € D(f) sepro pasencrro

f(—==x) = —f(x).

Bunonnerme paBeHcTB f(—x) = f(x) B f(—x) = —f(x) ana awboro
x € D(f} oanauaer, 9T0 €CNH X, NPAHANJICKAT OGIACTH ONpeleeHA
dyHroua f, T0 —x,; TAKKE OIPAHAATEIKNUT 00IACTA onpeReJeHHd HYHK-
oHE f. B TaKAX CIy9aAX I'OBOPAT, 9TO 00GJACTE olOpefeJeHHA DYHEK-
OHH €CTE MHONKECNE0, CUMMEMPULHOE OMHOCUMEeRbHO HYAR,

Ecau obnacThk onpegeneHnsa HeKoTopoH GYHEDHNH He sABAdAeTCH
MHOKECTEOM, CUMMETPHYHBIM OTHOCHTENBLHO HYJISA, TO 3TA PYHKOUA
He OTHOCHTCA K KJIACCY YeTHEIX MJIH HeueTHBIX dyrrouii. Haopumep,

byrxmaa ¢(x) = 5 f 5 He ABNAETCA HM YETHON, HA HeYeTHOH DYHK-

IHell, TAK KaK ee o6JACTH Onpeje/ieHUA eCTh MHOMecTRo (—co; —2) U
U (~2; +00), HeCUMMeTPHYIHOEe OTHOCHTENBHO HyJd. B aTOM cayuae

BrIpazkenue (2) nmMeer cMuica (@(2) = %), a BeIpazceHue ¢{—2) He HMeeT

CMEICIIA.

Y7oHel ZOKASATE, YTO JAHHAS QYHKOHA | ABISETCA TeTHOH MM
HeveTHOH, AOCTATOYHO NMOKAJZATE BRITONHHMOCTh, COOTEBETCTBEHHO,
paBeHcTE f(—x) = f(x) uau f(—x) = —f(x) gna nwoboro x € IXf). Ecna au
OfHO M3 DTAX PABCHCTE HE BLITOMHACTCH, TO QYHKOFA [ He ABIAETCH
HH 9eTHOiX, BM HeueTHo#. OnpegennTs, uTo paccMaTpHBaeMan QyHEK-
OHA He ABMAETCA HeTHOM MAH HeweTHOM, MOMEO B mHAve. 1A sToro
AOCTATOUYHO NOKA3aTh, 9T¢ D(f) ecTs MHOMeCTBO, HECHMMETPHYHOE

OTHOCHTEJBHO HYJA (Kak B mpamepe ¢ dyERIHMEH ((x) = sz ).

IIpupeseM NpUMepsl YETHRIX A HeYeTHRIX GyHKouil, MyHROIUA,
sajaEHasa dopMyaon flx) = Tx! — 5x% + 1, — uerHas byHKUNA,
TAK KAK

=)= 72~ 5(—x)F + 1 =Tx* ~ bx* + 1 = f(x),

T. €. ANA No0oro X EHINONHAETCS PABEHCTEO f(—x) = f(x). ©@yHKIAA,
aaaaEHad Gopuynoit gix) = -;y%—;, ABRAAETCHA HeYeTHOM dyHKDHed.
HeilcTeuTeABHO,

5 -—p -5 __
g('—x)= {_x)a_(_x)"'_xa+x" xa_x - g(x)’

T. &. gAa moboro x € D{g) BepHO paBeHCTRO g(—X) = —2(X).
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IIpumep 1. Joxamem, aro dbyrxnas g(x) =[x + 3 + |x — 8|
qernad, a dyexousa f(x) = |x + 2| — |x — 2| pewernan.

HmMmeem:

g-x)=|-x+ 8l +|-x~3l=|Ax - 3) +|Ax + 3)| =
=|x - 8|+ [x + 3| = g(x),
T. @, § — 4YeTHaHd (PyHKIAA;
fx) =[-x + 2| = |-x - 2] = |~(x - 2)| - [~(x + 2)| =
=Jx - 2l =[x+ 2| = (% + 2| - | - 2 = ~Aa),
T. e, ] — HedeTHAA DYHKOHASA.

Ber sHaeTe, uTo rpadHK CTelleHHOH QYHKIHH ¢ YeTHHIM NOKaaa-
TeJeM CHMMeTPUYEH OTHOCHTENBHO OCH ¥, & Ir'padHK cTeleHHON QyHK-
IHH ¢ HEYETHHIM IOKAIATECM CHMMETpPHYEH OTHOCATeNbHO Toukn (0; 0).
Taknmu e ceolicTpamu o0nagaoT H rpaduKH NTHOOLIX YEeTHHIX M He-
yeTHHIX $yHEIMIE.

Fpagur wemnoid Gpynxyuu f cummempusen omuocumersuo ocu
opdunam, a 2padgux nevemnod PYRKYUU CUMMEMPUTER OM-
KOCUMendHO HAXARA Koopounam.

Hoxamen aro. Ecan (xg; ¥,) — oponssoabHad Touka rpadHKa ger-
HOM HAW HedeTHOH QyHKIOMH ¥ = f(x), TO BEPHO PABEHCTBO Y, = f{x,) M
—x, € D({), Tak Kex obnacTe oNpeAeNeEUA YETHON IWIN HeveTHOH dyHK-
OHH — MHOMECTBO, CHMMETPHYHOE OTHOCUTEILHO HYJIA.

Ecnu f — gerHas dyHrOHA, TO f(—%,) = f(¥) = Y, SHAUHUT, TOUKE
(—%o; Yo) mpuHaynexuT rpadpuxy Gyaxnmn f. Ho Touru (xg; yo) ¥
(—%y} Vo) CHMMETPHYHEI OTHOCHTENLHO ocH ¥ (pue. 10). Creaonatens-
HO, KaXao# Toume (X4 },) COOTBETCTBYET TOUKA (—Xo Yp), CHMMeT-
PHYHAS OTHOCMTEABLHO OCH y, A HaofopoT. 3HayHuT, rpadMK weTHOHR
GYHKOHN CHMMETPRYCH OTHOCHTEIEHO OCH OPAHAHAT.

Ecnu f — mevernaa byuxnuda, to f(—x,) = —f(xy) = —y, 3HaTUT,
TOUKA (—Xy; —¥Y,) IPUHALNEHAT rpadpuky dyuroun f. Tak Kax TOUKH
(xo; Yo) ¥ (—X;; —¥p) CHMMETPMIHEI OTHOCUTENALHO HAYANA KOODPAUHAT
(pme. 11} n xamj0it Toure (Xy; Y,) COOTBETCTBYeT TOUKA (—Xg —loh

vk 1/

(xe; ¥0)
(x4 yo) ¥ (X
1 1

I ]
—x, o x, %

s §

Puc. 10 Prc. 11
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CHMMeTPHUHAA OTHOCHTE/MBHO HATEIIA KOOPAAHAT, H HaobopoT, To rpadmar
HeueTHOH (yHKIAM CHMMMETPHYCH OTHOCHTENBHO HAYANA KOODIHMHAT.
3aMernM, 9TO ecam (yHKOuS f HeYCTHAA M OTMPEACSNEHA HA MHO-
JKECTEe JeHACTBHTENBHEIX YHcel (MJH, nmo Kpaiineil Mepe, onpemenena
B HyJIe), TO ee rpadAK NPOXOAUT Yepes HAYANO KoopAuHar, [eficter-
TeNbHO, BhIpaxenne f(() ameer cmuicha. Ilyers f(0) = a. Yucao a He
MOKeT GBITH YUCIOM, OTJIWYHEIM OT HYJHA, TAK KAK, AONYCTHE, YT
a # (0, MuI nonyaan, yTo rpaduk GynrnuH f (KOTODLIE CHMMETPHYEH
OTHOCHTENILHO HAYAJA KOOPAHAHAT) IEPECEKAeT OCh OPNAHAT B ABYX TOU-
kax: (0; a) u (0; —a), T. e. wro {0) = a u f{0) = —a. Ho sroro GuITe He
MOMKET, TAK KAK, COMMIACHO OnpefieIeHHI0 PYHKOMA, KAMAOMY SHaUYE-
HHIO APryMeHTa COOTBETCTEYeT eJHHCTBEHHOE BHAYEeHMe HYHKIHH,

IIpumep 2. Iycers f — HedeTHAd YHKINA, o0NACTHIO ONpEAe-
JIEHHA KOTOPOH ABNAESTCA MHOMECTBO AeiicTBHTENLHEX wHcel]. 3HaH,
uro ypasrenze f{x) = 0 HMeeT TOJBKO OSMH IOJIOMKHTEILHbIN KOpeEs —
YHCI0 3, HaAEeM OCTANLHBIE KOPDHH 9TOIC YDABHEHHA.

Tax xax byaxmoua f HedeTHad, To f(—3) = —f(3). Ho 3 — xopeusn
ypasrenna f(x) = 0. 3uauut, f(3) = 0, ooatomy u f(-3) = 0, r.e.
-3 Taxke ABNAETCA KODHeM ypaBHeHuA. COrVIacHO YCAOBHIO ApPYTHUX,
KpoMe 4Bcia 3, NON0KUTENbHBX KOpHeH YpaBHeHHe He HMeeT. 3Ha-
4KUT, OHO He MMeeT U APYTHX, KpoMe YHcaa —3, OTPpHOATENBHEIX KOp-
Hell, BuisicHUM Tenepb, He ABNdeTcA AN KOpHeM ypaBHemmud wucao 0.
Tax rax yEROUS f HedeTHAA M ompejelieHa HA MHOM(ECTBE BCeX gedi-
CTBHUTEJBEEIX YACEN, TO ¢e rpadHK DPOXOAUT Yepes HATANO KOODINHAT,
7. €. f(0) = 0, 3naunr, yncio () TakKe ABNASTCA KOPHEM VDABHEHMSA.

Hrak, ypasEenue f{x) = 0 uMeer Tpu ropaa: -3, 0 & 3.

33, Cpezn Muozxects A = (—°0; 0) U (0; +09), B =(-o0; -1}V [0; +0),
C = (—o0; =11 V (1; +o0), D =[-2; 2] suifepaTe Te, KOTOPEE CHMMET-
PHYHEI OTHOCHTEILHO HYJIA.

34. Horamxure, uT0 QYHKOHA f YeTHas, ecyu:

a) flx) = x* — Tx%; B) f(x) = 5[x|;

6) f(x) = —lﬁ;; ) (%) = (x - THx + 5) + 2x.
85. HokaxuTe, yTo GYHKIUA g HEUETHAS, €CIH:

a)g‘(x)—x—x" B) g(x) = (x — 5 — (x + 5);

6) glx) = 3 ) gx) =[x+ 7 -]z - 7).

+ x

36. ,I[onamn're, g0 GYEKIUA A He ABAAETCA HH 4Y€THOH, HM He-
yeTHO: 2% 3

B h(x) = So55 B h(x) =L

D)= o=l ko) = ’”11

|x| +1
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37. Aernaerca au derHoll MAM HedeTHON GYHKOMA, 3aZAHHAA
dopryoii:

a)tp(x)=x2_3; ex)=x, tne -1 x<2;
6) ¢} = 73 ) 9(x) = + 2, ae -3 < x < 1;
B) o{x) =[x - 2f; e) p(x) = x4, rge x € (-5; ~1] U [1; 5)?

88. HasecrrO, 9TO f(x) = 2* + ax' + 1 u f(2) = 305. Haitaure f(—2)
H 3HaueHne koahdpHOHeHTA 4.
89, Bmas, w0 £(x) = o oor u £(3) = 16, HasuATe £(-3) u sRAve-

HEe KoaddunmaenTa b.

40. CymecTByOT J¥ TakdAe 3HA9eHuA Koadupuumenroe k u b, opu
KOTOPHX JUHe#HA" QYHKOUA Y = kx + b ApadAerca
a) YeTHOI; 0) HegeTHOIL; B) 4eTHOMH U HeyeTHOI?

41, TlocTpoitre rpathuk Gyrxnmn f, 3HadA, yro f — deTHas PyHK-
IIAA U ee 3HAYEHHA npH x »# () MOryT GRITE HalifeHul 0o dopMyae:

Af=x; 6fx)=vr; BIX)=lx-3; Di=x-2

42, TTocTpoiite rpadHr QYHKIMK £, eCAM NIBLCTHO, YTO GYHKINA £
He4YeTHAA U e SHAYEHHA npH x 2 {0 moryT ObiTh HaligeHsl mo popmyie:

B)gx)=x% 6)gx)= v B)gl)=|r-2|-2 1) eE)=x-3.

43. UsBectHO, uTO GYHKIUA § UeTHasA H 4To oHa ofpamaerca B
HYJb Opu x = —2 ¥ x = 3. CymecTBy10T 11 Kakue-aIubo Ipyrue spave-
HHA apryMmeHTa, OpHM KOTophIx (x) = 07

44. 3man, yro {f — HeueTHad PYHKOMA M HUTO €€ HYAAMU SBIA-
I0TCA YHC/A ~5 M 2, YKAXKHTe Kaxne-HUOYyab ApyTHe HYAH oTol QyHK-
nuu, ecau O € IX).

45, 3Had, aro rpaduK GYHKIKHY [ OPOXOAHAT yepea TOYKH A(2; 9)
u B(3; 5), yraxuTe Apyrae To4yku rpadnka srol byHKIUM, eciu:
a) f — ueTHas dyHKOHA; 6) f — HeueTHas PYHKDHA.

46, UzsecTHo, uTO ypasHeHHe Q(x) = 0, rle ¢ — HeueTHad GyHK-
Iuf c ¢0NacTei0 onpefeneHnsA R, UMeeT ABa MOJOMKHTEABHKIX KODHA
8 n 17. Haligure HemonoXuTeNbHRIe KOPHH 9TOTO YPaABHEHU.

47, HokassuTte, 4T0 ecin ¢ — npoussoasHas dyuxoua, rae I g) —
MHOMKECTBO, CHMMETPHYHOE OTHOCHTEILHO HYJIA, TO:

a) f(x) = L& +2 %) _ qermas GyEKmES;

8) flx) = M — HeYeTHAS PYHKIOHA.
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48. Noxamure, 9To:

a) ec/IH 4YeTHAA GYHKIUHAA MOHOTOHHA HA NOJOXMHTENBHOH yacTh 06-
JIACTH ONpefefeHUd, TO OHA MMEET NPOTHBOIOJOKHEIN XapaKTep
MOHOTOHHOCTE Ha OTPHUATENBHOM 4acTH 00JACTH onpefeNeHHS;

§) ecau EeweTHAS QPYyHKOUS MOHOTOHHA HA NOJNOMKHUTEALHOM yacTH 06-
JIACTH ONpPEASIEHHA, TO OHA HMEET TOT e XAPAKTED MOHOTOEHOCTH
HA OTPHIATENLHOM 4aCTH 00JaCTH ompeieNeHHs,

49. Horamure, uto QyHKRuna glx) = ]—;]%—2 yOLIBAET HA TTpOMe-

syTRe [0; +00) @ BospacTaeT Ha NpomMesxyTre (—o0; 0].

50. DokamxuTe, uro bynxknaa flx) = YOBIBAET HA KAKAOM

PR
3 npoMexyTKoB (—20; 0) n (0; +90).

_|_|_|—|—l_|_ ’> YnpaxHeHuna gna nNOBTOPEHUNA

51. Ucnonsaya ceoficTBA MOHOTOHHHX GQVHKIUE, pemuATe ypas-
HeH@Ae:

A +2x +3x2=6; 6BV +5+V2*+1=6.

2¢® + B2 —8x + 3
x¥>+2x-3

52. BrigemuTe menyie Yacts M3 ApoGa

53. BeluHeauTe J14 + 65 — \/9 - 45.

54. Horamure, uTo npu » € N u n > 3 aHaAYeHHe BHIPAKeHHAA

\/ns +n+4+Jn? +9- 6n SBISETCH HATYDANBHEIM GECIOM,

4. \./ OrpavMYeHHne M HeorpaHWYeHHLIe

byHKUMM
Ha pucyrre 12 nocrpoen rpadak
byExIAM g(x) = Jx —1.9ra dbyaRINA
onpeAeNeHA Ha MHOMECTBe HeoTpH- [T2
OATeNILEEIX THCEN, T. €.

Dig) = [0; +oo).

@yuruna g pospacraoman. Ham- (O] #77 [ 5 | 3 M
MeHEBIICe IHATEHUEe, paBaoe —1, ByHK-
nma mpuEMMaer npu x = 0. Hanbons- -1
Mero SHAYCHNA 1A GyHKINA HE HMEeT: Puc. 12

% ]
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o) | ecaH X — +99, To g(x) — +0oo, Bee Toy-
gz rpaduka, kpoMme Toukm (0; —1),
A pacnoJIO:KeHEl Brille mpaAMoi y = -1.
ToBopaT, uTo GYHKLUHA & 0ZPAKUNERa
\ CHU3Y.

Boobme dyaxnmusa f orparmuena
CHE3Y, eca¥ aas moboro x € I(f) Bur-
MOAEAETCH HepaBeHCTBO f{x) & a, rae
o @ — HEKOTOpOe YHCIO.

__A—z_--l Ol [ 112 El @yaroag o{x) = 4 ~ 2 (puc. 13)

\ onpegeneHa Ha MHO:ecTBe R. Ha
1 npomesxyTre (—oo; 0] ona BospacTaeT,
Puc. 13 Ha mpoMesxyTre [0; +90) — y6niBaeT.
Hauboabniee ee aHaAYeHUe NMpH x = 0
Tk papHO 4. HauMeHBIIEro 3HAYCHIA QVHE-
UM He UMeeT: OpH X — +00 (MM IpH
x — —00) @{x) — ~o0,

T'padur dYHKOUH @, KDOME TOYKH

» (0; 4), pacoonoien HuKe Opsamoit y = 4.
ToBopaT, 9Te GYHKOMA ¢ O2PANUNERA
-14  ceepxy.
e Boofme ¢pyaxuna f orpanagena
cBepXY, ecam Aas moboro x € D(f) 3u-
noJEgeTcA HepaBeHCTBO f(x) < b, rue
b — HekoTOpOE YHCHO.

&8

[y
b,

LT

-
-

Pue. 14

Ha pacyrake 14 uaolOpaskeH rpadmk byaxnua f(x) = %, 3aJaHHOHR

Ha MHOMecrBe X = (—o0; —1]. IIpm nroGoM 3HAYEHHM apryMeHTa QyHK-
OHA f IpIHHMAaeT oTpUNAaTeNsHEIe sHaYeHHA. PyEKnuA yORBAKMIAA,
HauBonemiere 3paveEnd QYHKIUA He AMeeT: IPH x — —© f(x) — 0
(oce x — acHuMOTOTA rpaduka ¢yEKUuN). HanMeHbINee aHAYeHHE
¢dyuknuu npa x = -1 pasHo ~2, 3HayHT, Bce 3HAYCHHA GYHKUUM f
SAKJMIOYCHH B TpoMexyTke [~2; 0), T. e. —2 & f(x) < (). IloaToMy ee
rpadMK PacmoNMoKeH BHYTDHM OOJOCH, OIPAHWYEHHON IPAMBIMH i = —2
By =0. B Takux cay4adax roeopAr, 9T¢ GyEKIMA [ ABIAETCA Orpa-
HAYeHHONE Ha MHOKecTBe X = (—o0; —1].

OnpepeneHue. DyHrnua HAILIBACTCA OIPAHNICHHOMR, e/ CY-
IMEeCTBYIOT OBA IHCAA 4 H b TakKe, 4TO AAR MOGOI0 APIyMeHTA X
BHOTIOMHACTCH HePaBeHCTBO ¢ < f(x) < b.

Ecian yenopue, 0 KOTOPOM TOBOPHTCH E OnpegefieHHN OTPAHMYEH-
Ho#t dyEKONH (a < f(x) = b), He BLIONHAETCA, TO QYHKOKRSA HE ABAR-
eTcA OTPaEHYEeHHO.
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s |
3
/j BN
y 2 -
P HAN
-

N
BARIEARICIRERER EDEE
CTUT T HEEREE

Puc. 15

IlpusemeM npuMepsl OrpAHMYEHHBIX (PYHKOHAN H GyEROouU, Ko-
TOpEIE He ABJANTCA OTPAHHYCHHBIMH.

DyHKUIHA R(x) = ;5973' (puc. 15) onpenenena Ha MHOMecTBe R.

Ilpu moGoM 3HAYEHUH APTYMeHTA OHA NPHHEMAET TOABKO MOAOMH-
TeJibHEle aHaueHus. Hanbonbimnee suavenne ¢yarumn opa x = 0 paszo 3.
HanmeHpllero 3HaYeHA GyYHKONA He IMeeT: npH ¥ — +°° (MIn Opu
X - —02) h(x) — 0. BHagAT, 1A MOGOT0 X BBHIIOJIHAETCA HEPABEHCTBO
0 < h(x) £ 3. Ilopromy tbyuxnua k orpaHNYeHHAA.

Gyarnua glx) = x* ~ 3x (puc. 16) onpenesena HA MHORecTBe Aeii-
CTBHTENBHBIX 9uce)]. PYHKINA MOKET NPHHUMATE KAE IOMOMHATENh-
Hele, TAK ¥ OTPMIATENbHBIE sHATeHUA. Eean x — +00, 1o g(x) = +00;
ecnm x — —0, 10 g{x) — —oo, CremoBaTeNsHO, HA HAMMEHBINEro, HU
Banboabtero saveHn#t dyaroua e nMmeer. IoasToMmy rpadur GyHK-
LMH £ He OrpAHHYEH HHKAKMMH NPAMEIMA, [apAAAeTBERIME OCH X.
3HAUNT, He CYINECTBYET HUKAKNX YMcen & Hu b, ana KoTophix Ol BEI-
NOJHAACCH HEPABEHCTBO 4 < g(x) = b, T. e. dyEKUNA g ABIAETCA
HeoTpaHM4YeHHOH.

106K BHACHUTL, ABAAETCA JH | }
JaHHAsg PYHEKUUA OrpaRMYeHHON Mau 3|
ReOIPAHHYEHHOH, UCIIONE3YIOT PAIHBIE |
OPHEMBI. “
NMpumep 1. Buacrum, aepaserca ARY ll
An QYHRIHA OrpaHHYeHHOH MJIH ]
HAeOTPAHHYEHHOIH, ecu: 3 a1 4 B e
2 ' = -1 — el
X +6x+9, 1
a) f(x) = X% + 62 + 117
xf +15, =2

0) g(x) = 53—
B)p(x)=3—- V2 + L Puc. 16
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22+ 6x+9 (x+38)°

8) Ipencrasum Apobe 5" 7 BBHAC L gr o

Ilpu x = -3 Apofs paBHA HVIIO.
Ilpu A0GoM x # —3 YRCAATEN: H 3HAMEHATeJb APOGH — TMOAo-
MKHTEALHEE YHCAA, OPHYEM 3HAMEHATENDb O0JNbIne YHCINTeN .

2
Hoa'romy0<%<1,T.e.0€ﬂx)<l.3naan,f—

OrpaHuYeHHAd QYHKIONA.

2
6) PasgennaM mouneHEO YHCAMTENE ApOGA 2 3:215 Ha 3JHAMEHATe/E.
Hmeem:
£+15 1,5
3% 3 &

DyHRIMA Y = % (uia y = 5x°%) cTeneHHan ¢ YETHHIM OTPANA-
TeJbHBIM nokasateneM. Ilpm x - +00 (wnu opu ¥ — —°) y - 0, a
npu x - {} (cnesa mnu copasa or HyAA) ¥ — +o0. I'padux dyHruum g
nonyvaerca B3 rpaduxa QYHKIHNH i = % CABATOM HA % BROJE OCH ¥.

2
IlosToMy pyHKINA Z(x) = x 3;215 HeorpaHEHYeHHAdA, OHA OrpAHUYEHA

CHU3Y: ee HHICHEH rpasMieil ABAseTCsS YHCAC %

B) Buipaxenme V2 + 1 nmpaAuMaeT HEamMeHbIIee 3HAYCHHE, PaB-
HOE 1, p;a x = 0, a Hauboapmmero sHaYeHMA He HMeeT (npu x — +oo
J& +1 > +00), Baaumr, BepHO Hepasencrso Vx° + 1 > 1. Orcrona,
IIOMBIYACE CBORCTBAMH YHCIOBRIX HEPABEHCTE, ICCICAOBATEIRHO IOMY-

uaem —J22 +1 < -1, 3 - Y2 + 1 < 2. Cnegoarensno, g(x) < 2 npm

moBoM ¥ € R, T. e. dyEKIMA (@ ABAseTCA HeorpaEMdYeHHoH. OHa
OrpaEHYEeHA CBepXY: €e BepXHeil rpannnedt Apasgercda uyuciao 2,

2
Mpumep 2. Ioramxem, ure dyrrnuA f(x) = ;551—4 ABNACTCH

orparpnueEHOA dyRROUel.
2
Hdpobn oz

x4+ 4
Aue. 3Hauar, GYHKOAA f OPpAHMYEHA CHU3Y.

TPH AK000M X MPUEHMAET HeOTPHIATEALHOS 3HAYE-
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5:cs
Buigenum n3 ,u;poﬁn + 4 DeJIVIO HacTh:

B _ 5 +20-20_57+49 20 _5_ 2
Z+4 P+ 4 +4 2+4 Z+ 4

2
xfi‘t < 5 opu mofoM x, TAK KaK Apobn x2224

ABNAeTCA NMOJONUTEALHEM HHCIOM Npu Ao6om smadenmEn x. Ona
npaRMMAaeT Haubodellee sHaTeHMe, paBpHoe 5, mpA x = (. Brauar,

20
0< xg + 4 5 .
CnefoBaTeIbHO, IPH JWO60M ¥ € B BHINONHAETCHA HEPABEHCTBO
0 < flx) <5,
7. . QyHKINA { ABASeTcA OrpaAHMYeHHOI.

OrpaHAYeHHOCTs MAH HEOMPAHHUYEHHOCTHL GYHKIIHM MOMHO OIpe-
AeldTh, ecAu HAATH obiaacTe ee sHaueHuil. HeiicTBHTeNnHO, €Clam,
HampumMep, obnactd snadenuit Gpyaruun f ects npomexmyror [—8; 12],
TO 3T0 O3HAYAET, YTO BepHO HepaBeHCTBO —8 < f(x) < 12, T. e. QyHK-
uus f Apasgercd orpanudenHoi. Ecan me, ranpumep, E(f) = [1; +o0),
TO OYEKUUA [ ABNAeTCA HeoTPaEHUYeHEOH QYHKIUeil (OHA OrpAHHYEHA
CHU3Y).

INIpumep 3. BuacHuM, ABIAeTCA JH OFPAHAYEHHON MAHM Heor-
panHYeHHON GYHKROMA:

D)= o[ 6 fr= L8

a) PaccyxpaTh OyzeM Takr. IlyeTh m — npoMaBosIbHOE 3HAYEHHE

Orcioaa AcHO, YTO

dyuaxona g Torza paseHCTBO +/9 — x| = m oxamerca BepunM mpm
TEX SHAYCHMAX M, OPH KOTODPEIX ypasHeHue /9 — |x| ormocuTennno x

HMeeT KOopHH. Haliem MHOMecTBO 3HAYEHHN M, NPH KOTOPHIX 9TO
YpaABHEHMe uMeeT KOopHM. TeM caMBIM MH HaiifieM ofiacTh 3HaYeHHH

byurnaN 2.
BosBegeM obe qacT¥ ypaBHEHHSA \/9 - |%|] = m B xBagpar u BHI-
pasum |x| gepes m:
= x| = m?,
x| =9 - m.
Tak Kak x| > 0, 709 - m2 > 0. Orcroga m* < 9, |m| < 3. Hom —
aro 3Hauenne dhyrknuz g(x) = 9 — |x], rotopas Moxer mpaHUMaTH

JMIOE HeOTPHANATeNEERIe 3HAYeHHA, [loerToMy 0 S m< 3 0 < g(x) < 3.
Orcroaa E(g) = [0; 3]. CnepoBaTensuno, GYHKUEA OrpaHHYEHHAA.
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6) Ilycte m — mpomaBonsHOEe 3HaYeHMe pyExmuM [, Haiinem muo-

2
x“ + 16
eCTBO 3HAYEHHH m, NIPH KOTODHIX YDaBHEHHE 5¢ = M OTHOCH-

TEeNBHO X HMeeT KOpHH. Hmeen:
x2 + 16 = 2mx,
2~ 2mx + 16 =0.

HafigeM IMCHKPAMHHAHT MOJNYYEHHOTO KBAAPATHOTO YPaBHEHHA
H moTpebyeM, 4TOOK OH GBI HEOTPHOATEIBHBIM:

m:-16 20,
m? > 18,
[m| > 4,
me—-4unum >4,
T. . m € (—o0; —4] U [4; +o0),
3uaaut, E(f} = (—oo; —4] U [4; +o0) B QyHKINA [ ABJAgeTCA He-
OTpPaHHYeHHOMH.
55, Doxamnure, aro GyHKIHA [ ABAAeTCA OrpAHAYEHHON H yKa-
JKUTE ee BEPXHIONW H HIKHIOKN TPAHALH, €CJIH:
a) f(x) = 2x - 3, rae x € [5; 6);
6) f(x) = x%, rne x € (~2; 3];
B) f(x) = x*, tme x € [-2; 2);

D fx) = &, e xe 15 6).

56. Ucnonsaya rpaduvecKkde MpeAcTaBIeHHA, 00BACHATe, KaKad
n3 byEROIUil ABAAeTcA OTPAHHYEHHON, KAKaA — HeorpAHWYeHHOI
(orparEuueHHOl cBepXy, OrpaHAYEHHOH CHHM3Y):

ay=-%x+ 4 Ry = Nx -2, rae x < 10;
6) y = x5 e)y=1—xz, rae -6 < x < -1;
B y=-x%, e -3<x<8; KYy=x%rae-4<x< 4
D y=Jx; 3)y=[x+3|

57. Haitaure nanfofninee A HANMEHLIOEE 3HAYCHAS (PYHKLIUM,
VHaUTe BEPDXHIOK H HHXHIOK I'DAHUOE GYHKIMN;

a) y = 0,1x — 5§, rge x € [-10; 10];
6) y =28, roe x € [-3; 1];
By = %, rge x € [2; 8);

r)y = J¥x - 3, rae x € [4; 19).
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58. Haiiante obnactsh sHadeHWH GYHKOUM M onpefeluTe, ABAA-
ercH Ju GYHKOAA OrpaHuYeHHON:

a)y= 16x . r)y= [xz__lﬁ;

x+1
2
6)y = Lt ny=lx-6-1

B) y = V16 — x°; e)y=5-|x+3[

59. HoxaxxnTe, 4To PYHKIUA & OTPAHUYSHHAH, ©CJIN:

8) g = V- + 4z + 3; 6) 8(x) = =—.
60, Dorkaxxnre, uTo GyHRUEA § = 1 OTPAHNYEeHHAA, HO
+ 2
x

He HMeeT HH HAHGOJLIDEr(, HM HAAMEHLIIErD JHAYEHMI.

61. Haiianre manGonsmee sgaven’e ¢GVHEOUH H 3HAYEHHe apry-
MEeHTA, MPY KOTOPOM (YHKIHA HTO SHATSHHE NPHHMMAET:

A fx)=3-x-1|; BfX)= 7,3 _2“3;
10 — x
3+

. 5
6) f(x) = Py o N =TT

82. HaiignTe HauMeHbIlee 3HAYeHHe VHKIIMM H 3EHaTeHHe apry-
MEHTA, MPH KOTOPOM (PYHKUIHA ITO 3HAYERUe NPUHWMAET:

e =lx-3-2 8 aw)= o—

Z 2242
__x-3 _ 22t -3
6) 8(x) = =57} r)ex)= "5
63. Hokaxmre, uto o6NacTh sHaveHuit dyHKOMN
ox)=|x-38|+[x-1]
e 1l < x < 3, COCTOHT H3 OHHOTO UHCJIA.

64, CyluiecTByeT JH Takaa AHEeRHag PYHRINA, KOTOPAA ABNAECTCH
OrpaHAYeHHOH#?

\
NEERN ./ YnpaxHeHns ANA NOBTOPEHUN

65. Horaxure, 4TO:
a) pyaxmnua fx) = x2 + 2x Ha TpoMeskyTKe (—o0; —2] yOnrpaer, a Ha
npomesxyTre [0; +00) — Bo3pacTaerT;
6) dyaxnua g(x) = x* + x — T soapacraer Ha MEOXecTBe R,
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66. HoxamxuTre, uro dyHKOUA

8) fla) = 2 + 1+ —1—

ABIAETCA YeTHOMH;

6

L ABJIAeTCH HEUeTHOMH.

6) 2(x) = 2 +

67. PaamouTe HA MHOKHATENTN KBAIPATHHI TpexuieH:
a) Ta® + 44a — 35; 6) 46° + 2b — 12,

68. Hcnoabsya csoficTRA MOHOTOHHOCTH (YHKUHMH, pemure
YPaBHEHHE:

2 +5x-12 . 24 4
8) x =T 6):.c+5+a:—5

=3.

\
IREEELE ./ KoHTpOnbHLIG BONPOCH M 38QaHWURA

1. ChopMynupyiiTe onpefenenne roapacTalomeif u yOmBawmel
¢yaroui Ha MHOKecTBe X. Kanas QyHKUMA HA3GIBAETCA MOHOTOH-
noif Ha MHOmecTBe X7 IlpupesuTe DpuMepsl BospacTalomedl H yOR-
paromed pyaronaii.

2. Kakaa QyHKIHA Ha3BIBACTCA YeTHOM, HeueTHO!N? B 9eM cocTouT
ocofernocTs rpadpuka verHoil GpyHKONH, HeueTHON byHROAM?
IpuBeguTe mpuMeps! YeTHOA H HeyeTHOH QYHKUMIA.

3. Kakaa DYHKIHA HAJKIBAETCA OTPAHEHYE€HHOHA, HEOTrPAHHISHHOMH?
IIpupesuTe NpHMepH OrpaEHYeHHON QyHKIENM, GYHKIAHR, OrpaHH-
yeHHOH ¢BEpXy, orpaHUYeHHOH CHM3Y.

4. Haiiaure obnacTs 3Havenu QyHKoHEA Y = ?%

$§ 2. /\. KBAOPATUMHAA DYHKLIUA
5. V Oyuumm y = ax?, y=ax + n
ny=alx — my
OnEMM N3 BAMKHBIX KJaCCOB QYHKOMH, PACCMATPHBAEMBIX B Ma-

TEeMATHKE, ABAAETCA KAace GyRKUuUil, KOTOphie MOM(HO 38IATH Pop-
MYNoH

fixy=ax*+bx" "'+ ...+ kx+1, (1)

rge a # (0, n — HATYPAABLHOE YHCAO.
Takve GYEKIUN HAIKBAIOT BEAWML DAYLOHAXLHMMY DYHKUULANY.
YacTHRIM CIy4YaeM Ienoid panuoHANbHOH QYHKIHMN ABNAETCA M3
BECTHAA BaM AHHeliHaa GYHKOHA ¢ ZobaBiIeHHeM, YTO ¢ MOKeT OLITh
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=

=_1 o | ed | bl en | en | -3 4 00 & |
x*

H pasHO HYJI. B aToM eiyuae npa- 1
BafA JacTs $opMynw (1), sajgalo- 1
meit mnHe#RYIC PYEKOUIO, ABIA- 1
eTCA MHOTOUICHOM NEepeoil WIN HY-
JeBolt cTENeHN.

Ceiiuac MBI MOSHAKOMHMCA C
APYTEM BHIOM OEAOH PAMHOHANE-
HO#l GyHEOUU, ¥ KOTOpOH mpasag \
yacTh GopMyaH (1) ecTh MHoOTO-

WJIeH BTOPOI CTeNeHEH, HIIH, rOBODpA \
MHAYE, KBAAPATHEIA TpexwieH.

Onpenenenue. OyEKnmo, \
KOTOPYIO MOXXHO 387aTh hopMy noik
eppay=ax*+bx + ¢, rmea#0,
HASHIBAIOT KBaApaTRaHol yRR-
Toaes. -31-2l-110

Ipu b = ¢ = 0 dopmyra, 3a- LT
Aaasgd KBAAPATHUYHYIS DYHK- Puc. 17
OAK, OPUHAMAET BHE J = ax’.

Hekoroprie cpoficTBa QYHKIMH ¥ = ¢xZ npu ¢ = 1 BBl H3yIUnu B
7-m kaacce, Kpyrme crofictBa pyHKOuM ¥ = x? (BogpacraHde u yObI-
BAHEE; 00JIACTE AHAUYEHHH DYHKINE) KaK YACTHEIH cayqail cremeEHo#
GYEKOHY ¢ = X" OpH 1 = 2 GLIIH paccMoTpeHsl B § 1.

ObnacTbio onpeaeeHHA GVHKLMH ABASeTcd MHOMecTBO Aeli-
CTBHTEABHBIX YHCed, T. €.

-p!.h

N

]

14+-21-3
l

D(yy=R.

TlepeuncaaM ceoficTsa GyErmuE ¥ = x°. Ee rpaduk usobpameH
Ha pucynke 17.

1. DYEKIUA YeTHAA.

22y=0mprx=0,y>0opn x> 0 = opu x < 0.

3. ObnacTe sHaveHHu# pyHruun E(y) = [0; +00).

4. dyHKONA yORIBAeT HA MpoMexyTKe (~o¢; 0] u BO3pacraer HA
opomexxyTie [(; +00). DyHKUHMA HMeeT HANMeHbINee sHadYeHne y = 0
mpu x =0,

Tpabux dyuxuuu y = x* HasLIBAOT NApaboroii. BepmuEa napa-
Gonel y = x2 — Touka (0; 0) a ock cAMMeTpAM nAapaboasl — OCB Y.
BerBr napaokl HANPARJESHL BBEPX.

Bu1 araeTe, uTo rpaduk GyExnuM y = kf(x) opu k > 1 monyqaercsa
a3 rpadaka GyHKIUMN ¥ = f(x) pacTAxeHAeM OoT OCH X B k pas, a nIpH

0<k<]1—cxaTHeM K OCH X B -}; paz. CrefoBaTensHo, rpaduy Gy=EK-

muu y = 2x% ecte napafona, moayueHHas U3 rpadurs GyHRMUY ¥ = x°
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PACTSREHMEM OT OCH X B 2 paa3a, A rpadnK QYHROEH ¥ = Exz ~

napafona, noxyuensas us rpadara GyHKIUM ¥ = 22 ciraTHEM K OCH ¥
B 2 pasa (puc. 18 u 19).

Caoiicrea yrxoau y = ax® opu ¢ > 0 TakHe Xe, KAK H CBOKCTEA
dyHKIUMM ¥ = X2,

Tpajur dyurnuu y = ax?, rae ¢ < 0, noayyaerca us rpaduxa
GYHEOUM ¢ OPOTHBONOJOMKELIM (MONOMHUTEALHEIM) 3HAUYCHHEM 4 B
PesyABTATE CHMMETPHH OTHOCHTEABHO OCH X.

Ha pucynkax 20 u 21 usofipaxeHn rpadury Gynrouit y = —x g

1
= 3 x%,
BHasg, kaxoii Bua uMeeT rpaduk GYHKMUH ¥y = ax®, npa a < {,
JA€TKO YCTAHOBATE CEOHCTBA 9Toi GyHKOHH.
Hagectro, uT0 rpaduxk byrroua y = f(x) + n MOXKHO NOSTYIMTL H
rpadmka pyERKOER ¥ = f(x) ¢ TOMOLUBIO CABUTA BAOJIE OCH Y HA N eXn-

4 HHHH

- =3 =2T=1p 2131

3l-al 1/ T WN1 |23 [ i
| h -1
i} 15 11
4 |2_\L 'w;?\, |2
-8 \r J I3
| |
V ! D !
-4 [ 24
J | [ i _VI | | I

Puc. 20 Puc. 21
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HMIL BBEPX, ecId 1 > 0, HIn Ha |n| exHuun BEHS, ecan i < 0, a rpaduK
dyaknun y = f(x — m) MOMHO DONYIATE U3 rpadEKs GYHKIHH
¥ = f(x) ¢ noMomBIo caBKra rpaduka bysxmau g = f(x) Ha m eaAAHAD
BIIPABO, €cu 7 > 0, WIH Ha [m| eANEUE BAEBO, ecan m < 0,

IToaToMy rpaduxoM GYHKOIMN BUAA i = ax? + n seaaerca napaboaa
¢ eepinuHOi B Touke (0; r), a rpadurom byrxnuu ¥ = alx — m)* —
napabosa ¢ sepmuHOit B TOouke (m; 0),

Ha pucynrax 22 n 23 naobpaxeHs! rpaduru GyHrouit y = —0,5x2 +
+2uny=2(x- 3).

69. IlcerpoiiTe B ogHOM cucTeMe KOOPAMHAT rpaduKH GyRxomit
¥ = ix’ Hy= —% x2. Halfgure NpOMeKYTKM BOSPACTAHHA M
TMpOMEXYTKA yORIBAHNSA ANA Kaxgol GYHKUHH.

70. HaobpasuTe cxeMaruyeckda rpadux GyHKIUL ¥ = ax, roe a < 0,
U mepeuncianTe CEGHCTEA 3TOM PYHKIWH,

71. Halinure KOOPAMHATH TOYeK NepeceyeHHs npaAMoil y = 1
¥ rpadpura pyEROHN:

a) y = 16x%; 6)y= 1—16333.

72. 3apalite dopMymoll 3aBMCHMOCT: NAOmMANA S KPYra orT ero
paguyca R. HaobpasuTe cxeMaTHYecKH padEK 3ToH 3aBHCHMOCTH.

73. HaliqaTe KOOPAMHATHI TOYEK NepeceyeHHA rpadnkos hyaxnait
y=ax*ny=ax,raea =0,

2 0. Marapurmen +AnrefSpa. 8 ka.»
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74, IlocTpoiiTe B 0QHOI cACTEeMe KOOPAMHAT rpabuka GyHKIMH:
a)y=0,6x% y=0,5x"+2, y=0,622- 4
6) y = 0,52%, y=0,5(x — 3%, y=0,5(x+ 2)%

78, OmmmuTte cpoficrea byHKIUM:
a) y = 3x? — 12; B) y = 2(x — 5)%
6) y = -3x* + 12; r)y=-2(x + 5)%.

78. IIpn KaKoM 3HAMEHHH n OBNIACTHIO 3HAYCHENIT QYHKRmUU ¥ = Tx? +
+ n ssiaaeTca IPOMENKYTOK:
a) [-8; +oo); 6) [10; +o0)?

77. Haifqure aga4deHue m, 3HadA, 4o pyHKOHA ¥ = 0,5(x — m)®
a) y0pIBaeT HA nNpoMe:myTEe (~c0; 6] u BoapacTaeT HA NPOMEXYTHKe
[6; +co);
) y0rBaeT Ha mpoMexRyTKe (—00; —4] M BOZpACTAeT HA HPOMEKYTHKE
[-4; +00).
78. Ioerpoiite rpadax dyekoaa y = (x — 3)° + 2. Vramure roop-

IUHATH] PePIIHHBI Mapabonsl 4 HAMHMIIKMTE ypasHeHUe ee OCH CHM-
METPHH.

79. I'padhur pyurouu y = 0,5x cABHEYAM HA 4 ¢ZHHHULI BIPABO
(Bmoas ocH x) @ HA 2 eAMHHIH EBeDX (BRoJEp ocH ). Hanmmnare
dopryny, roropod sagaerca sra byHKROAA.

80. IIpn xaxoM snadeHnn ¢ rpadur GyHKUMH y = ax? — 5 mpo-
XOQUT Yepes TOYKY:
a) A(3; 11); 6) B(—4; -13); B) C(6; 2,2)?

81. Ha#ignTe TouKH Imepecedennda rpadHKoB GyHKIMAN:

a)y=2x+1ny=3(x—2)% )y=~x+4uy="Tx-1"
82, TlocTpoiiTe rpaduyk GYHRITHNH:
s —
a) f(x) = x|l B) fx) = =15
6) fix) = x* - 2Z; 1) f(x) = f;zxxl.
83. ITocTpoiite rpaduk GyHKOIHH:
X+ 2 ecmmx < -2, 4 ecm x < 0,

ay=4%-4eem-2<x<2, ) y=1x~1
x4+ 2 ecmx> 2 2P -4, ecrmx >0,
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X X

84. Haiigure 068cTE ONpeeaeHns GyHKuMHE glx) = X — L+ 2 l x+1

-1

# noctpoiiTe ee rpapux.,
AN \\
1T T ./

85. BrigenuTe KBAZpAT ABYWIeHA H3 KBEAIPATHOIO TPEXWIEHA:

a)x*—-6x+ 14; B) 327 — 12x - 5;
) x*+8x—2; r} 0,62+ 3x + 7.

YnpaxHenus AnS NOBYOpeHns

86, PemunTe ypaBHEHHE:

a)x — Jx = 6 6) 3x - 4/x = 4.

87. IIpeacrasbTe B BUAE PANHOHAIBHON Ipobu
a—1 l-a

a+2 ad+8a+2

6. \’/ lpadux u ceoircTtea
KBAOAPATUYHOW DYHKLWN

Jw6yo kpagpaTuanyw QYEKIUK ¥ = ¢x® + bx + ¢ MOKHO 3aAaTE
dopMynol BUAA ¥ = a(x — m)® + n,

JokaxxeM aTo.

Brlaenup H3 KBAAPATHOrO TpexdiaeHna gx® + bx + ¢ xmagpaT asy-
WIeHA, NOJTYYHM

2
= 2 + + = ( + —b—) - -9.-,
y=ax*+tbx+c=alx Ty yy
rae D = b% - dac.
O603HAYHE *% GyKBoii m, a —% — OYKBOH 1, DONYyYMM

y=ax*+bx+tc=alx~mpP+n

CnegoBaTenbHo, rpadHk yERIME ¥ = gxZ + bx + ¢ MOMXHO HO-
AYVIHTR K3 IrpadMKa OVHKIHH ¢ DOMOMBK ABYX IapalieNbHBIX
IepPeHOCOB — CABHATA BAOJE OCH X H CABUTA BJONL OCH Y.

T'padmk GyHKIHE § = ax® — napaGoxa. 3HAYMT, ¥ rpadMKoM PyHK-
v y = ¢x° + bx + ¢ arngerca napafoia ¢ BepmuHOIL B TOURE (M; R},

rem= —%. n= —4—2- Ocbio CHMMETpHE Hapalossl ABNAETCA NPAMAT
x=m.
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YJYHTHIBAA ITOT BHIBOJ, MOKHO CXeMATHYECKH H300pasuTs rpadbuk
KBaJPATHYHON (QYHKIIHH.

Ha pucyrake 24 noxasaHo, KaKkoll BHA HMeWT 3TH rpadHMKH B 38-
BHCHMOCTH OT 3HAKA JHCKpUMHHARTA D npu a > 0.

TlepeuucauM cpoiicTea dyHruuy fx) =ax® + bx + copn a > 0.

1. O6nacTh onpefenceHUA GYHKIHHN — MHOMKECTBO AeHCTBHTEND-
HBIX YHCET.

2. Ecau D > 0, To dyrrnua oGpaimaerca B HyJb OPH X, = _b—éa@

HX,= 4+Tﬁ‘ Ecau D =0, 10 oEA 06palaeTcd B HYJAb IPpA X = —%-

Eeomm D < 0, 1o dyEKINA HYJell He HMeer,

3. Ecotu D > 0, T0 QYHKIINA NPHHUMAET TON0KHTENbHEIe SHAYEHHA
B KAXKIOM H3 IPOMEXKYTKOB (~00; Xx,) B (x,; +9°°) H OTPHIATEIBHEIE
3HAYEHUA B NPOMexyTKe (x,; ¥,). Ecau D = 0, 170 ¢pyHKIHA npu-
HHMAET IOJOKHTENbHBE 3HAYEHMA NpH AKWOHX x € B, KpoMe

x= —%- Ecin D < 0, To GYHKOUA NOJOMHATENLHA HA Beell obmacTn
onpeneneHus.

4. DyuKoAa yORBACT HA IPOMEXYTRE (—00; —%] H BO3PACTAET
HA IPOMEXYTHE [—%; +00). Ilpu x = *% GYHKIIUA NIPHHAMAST HaM-

D
MeHEIIee JHATCHHME, PABHOE — -
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5. Obnacrs anaveENi GYHKIMM — MEOMKECTBO [_%; +00].

Ha pucynke 25 norasaHo, kaxolf BHn nMeror rpadEKH KBagpa-
THuEON GYHKIUM npy ¢ < 0 B B 3aBNCHMOCTH OT 3Haka D,

IlepeyucanTe cpoiicTha pyHknmH f(x) =ax® + bx + ¢ npu a < 0,

IIpu nocrpoenny rpaduka kpaapaTHaHol GyHKRIMH, 3anaHHO dop-
mynoit f(x) = ax? + bx + ¢, nenecoofipasHo HAlTH HYIH PyHKIHH,
KOOPAMHATHI BEPIIHHEI NAPAbOAH, KOOPAUHATEI TOYKH OEPeCeIeHHA
mapabosbl ¢ OCBI0 i H TOYKH, CHMMeTpHHOIN eif OTHOCHTENLHO OCH CHM-
MeTpHH napabosnl. 3aTeM cleyeT OTMETHTE 3TH TOYKHM B KCOPAWHAT-
HOMH INOCKCCTH H NPOBECTH Yeped HHX IIABHYIO HENPephIBHYO JAHMAIO,

JaMeTHM, YTO B TeX cAy4YasX, Korga napabosa He UMeeT OBUIUX
TOYEK C OCBI0O X HJIA TIIEPeceKaeT OCh ¥ B TOYKE, AOCTATOYHO VAAJIeH-
HO OT HAYAJIA KOODAHHAT, ANA OOCTPOEHUH TAPAGOIAB ACTONBIYIOT
APYrHe TOYKH, CHMMETPUUHBIE OTHOCHTENELHO €e OCH.

Ipamep 1. IocTpouMm rpadux GyHKUHH
flx)=0,5x% - 2x — 1.

Haiinem myna ¢yaxnuu. Pemus ypassenme 0,5x° — 2x — 1 =0,
MOJIyauM, 910 X, = —0,5, x, = 4,5. 3gauuT, napaGona nepecexaeT Ochb x
E TOYKaX, afcHHCcCeh KOTOPEIX npuGnasmerHo passu —0,5 o 4,5.

BrrupcIuM ROOPIAHATEL 7. M R BepIIARLI napatoas. Abcomcey m

HalineM no dopMyae m = '-%, 4 OpAHHATY N HaiigeM, NOJACTABHE B

dopmyay f(x) = 0,6x* — 2x — 1 pMecTO x aHadeHUe m. HMeeM:;

=2  _g9.p— = .92 _9.9_1=—
m= -y =2n=f(2)=05-2-2.2-1=-3.
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ITonoxus x = 0, HaiifeM KOOPAHHATEI TOYKH IepPeCEUeHHAS IIA-
pabonst ¢ oceio y. Homyuum roury (0; —1). Cammerpuunasn eif Toura
OTHOCHTEJBHO OCH CHMMETPHA nDapabolsl MMeeT KoopARHATHL (4; —1).

IMoeTpoum art TOYRH M, YYMTEIBAA HanpaBlieEue peTBeH napalo-
ALl, IpeBemeM uepe3 HUX HenpepslpHy0 HuAnio. Iloayuum rpadme
dyaroun f(x) = 0,5x% — 2x — 1 (puc. 26).

Npumep 2. INocTpouM rpaduk GYHKIHK
a(x) = —%xs—x+ 2.

Pemup ypasHeHIE —ix‘“ —x + 2 =0, Haillgem HYIH QYHEIIHNIK:

x, = —5,5, x, = 1,5. 3aaunr, rpadEk mepecekaeT oCh X B TOUKax, abc-
OACCHE] KOTOPHIX DpAGAIHMAeHHO paBHL —5,5 @ 1,5.
BEIMKCIHM KOODAAHATEL 7t A 1T BEPIIMHEI HapaboJIkl:

n=g-2)= -3 (-2 - (-2 +2=3.

Haiizem xoopadsaThl Touxky Nepecedenus NApABGOMILL ¢ OCBY ¥ M
TOUYKH, CAMMETPHIHOM el OTHOCHTeNBHO OCH CHMMETPHKH mapabosbl;
(0; 2) m (—4; 2).

TlocTpouM 3TH TOYKE M IpoBelleM 4Yeped HUX HeNpepHIBHYIO JH-

muo. IMonyuum rpadux pyHknur gix) = —i-xz - x+ 2 (pue. 27).
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OCTAHOBMMCH TEIOEPh HA OGHOM BaMHOM cBolicTBe napabonw. Ilpu
BpAllleHAN BOKPYr OCH cHMMeTpan mapalosa onHchIBaeT GUrypy, Ha-
apieaeMyo napabomongoM. Ecam BHYTPEeHHIOW DOBEPXHOCTH mapabo-
JNIOHJA CACNATD 3ePKAMbHON H HAIIDABHTHL HA Hee NYYOK Jyued, mapasn-
NelBHEIX OCH, TO OTPAKeHHEIe AYIM colepyTca B OfHONH TOuKe —
doryce. Ecau napafoauveckoe zepkano HanpaBuTs Ha Connue, To
TEMIOEPATYpA B GOKYCEe OKAMOTCH TAKOH BBICOKOH, YTO MOXHO Oyaer
PACIVIABHTE METaAJ. ITO cBOHCTBO, COTJIACHO JIereHAe, MCHOJbLIOBAT
Apxames (287—212 rr. go H. 2.), YT06E NOMOYL ZAIIHTHHEKAM
Cmpakys B Boiime npoTHE pumisH. OH DOCTpoMJ cucTeMy mapao-
JMYECKHX 3epKas, MO3BOJIMUBIIVIO cOKYCHPOBATH OTPAMKEHHEIE COJI-
HeYHEIe Ayum HAa Kopabaax pumasH. B pesyapraTe Ha Kopabnax
BCIBEIXHYJ MOMAD, U OHA IPEBPATHAHCH B IENe.

Eciu HCTOYHHK CBeTA NOMECTHTH B (OKYCe, TO OTPASKEHHBIE OT
3€PKANLEON TTOBEPXHOCTH NapalojIOMAa Jy4YdM OKAasbIBAIOTCH HANIPAB-
JAEHHBEIMH ODAPAJICJBHO €10 OCH H He PACCEeHBAIOTCH. JT0 CBOMCTBO nC-
IOAB3YETCA OPH ASCOTORIEHHH NPOAKEeKTOPOB H ABTOMOOMIBHEIX (ap.

88. Haiiyure ®oopAnMHATH BepIIMHLI NapaGolibl U YPABHEHHE ee
OCH CHMMETpHH, ecau dyrroaa sagana GopMyJIod:
ay=x-6x+ 8; B) ¥y = 2x* — bx + 6;
6)y==-xt+8x -~ 10; ryy=—4x*+ 2x - 5.

89. IMocrpoiiTe rpadpux GYHKOUM H ODEPEYHCIHRTEe CBOMCTBA STOH

GVEKIMHA, ecal
ay=0,25x% - 1,6x — 1,75; 6) y=—-0,6x%~2x + 2,

90, Haobfpasere cxeMaTudeckn rpabux GyHKODAM!
Ay=38-2x+1; B) y=0,1x* — 5« - 8;
y=-ix+6x+T; r)y=-0,2x*+ 6x + 1.
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91. Haiianre KOOPIHHATH BepIIMHE TapaGoasl
y={x - 3)x + 5).

92, Nokamure, 9To HYNA X, A X, hyaxman y = ax? + bx + ¢, rge
a > 0 u D > 0, pacnoxoaensl:

b
a) BHEe IOJOCH], OrpAEUYEHHON NpaAMEIME X = 0 H x = ~5g’ €cHH

¢ < 0;

6) BHYTpPH NOJIOCH], OTPAHUYEHHOH OIPAMBIMU X =0 M X = "'%, ecJId
e> 0.
IMpounnocTpupyiiTe 810 HA rpadHKax.

93. 3mas, 9To (M; N) — KOOPAUHATH BEDPIIHHEI Hapafommia x° +
+bx+c¢,ax, ux, — BEynH GYHENAH f, AOKAKNTE, UTO BEPHEL

dopMyaBI:

n n
ayx,=m-— Jv—, X,=m+ Jv—;
) 1 a 2 a

fm= xl-;xz, n=—a(ﬁ—;—§3)2.

94, Hcnonsaya dopMyam (ynpa:kaenue N 93, G), HafiauTe KO-
OPAAHATE! BEPITHHEEI MapaGosl:
a)y=(x — 2)(x + 4); 6) y = (x + 6)(x — 10).

95. IMocTpoitTe rpadur byRRIME:
a) y = (x - 1){x — 5); 6)y=(x+ 2)(x - 4).

HailanTe npoMesKyTEH, B KOTOPHIX QYHKOUA NPHHAMAET noJo-
AHUTEABRHBIC SHAYUCHHNA, OTleJ,aTe.HBHHe 3HAYCHHA.

96. ITpu KaKHX sHAYeHHAX ¢ mapaboxa y = x* — 8x + ¢ pacnoso-
JKeHa BblIIe MPAMOH:
a)y=8; 6) y = —267

97. Ilpa raxom sHaueHUn ¢ napafoia y = x2 — 6x + ¢ racaerca
OPAMOMA:
ayy=0; 6)y=23; B) gy =—-3?

98. ITapaGona npoxofar wepea Toaxn A u B. Haitnare p n ¢, eciu
a) A(-3; 7) u B(1; 5); 6) A(5; 2) m B(-2; 3).

99. I'padrrom xBagparuvEOH GYHKOUA aBxgerca mapabosa ¢
BepmuHoit F(—2; —25), npoxogamasa gepes Touxky M(4; 11). 3agaiite
3Ty $YHKUHIO DOPMYIOH.
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100, Teno GpomieHo BEPTHRANEHO —’4'11‘-% s: 5

EBEPX ¢ HAYANBHOH CKOPOCTBIO U, i

(B M/c) ¢ BHICOTH %, (B MeTpax). a0

Bricora A (B MeTpax) B 3aBHU-

CAMOCTH OT BpeMeHH I (B ceKyH-

gax) Beipaxkaercsa GopMyIoi 20
2

h=-8 4 ut+h, s

2

Ha pucyHKe 28 moKkasaH rpa- 10

dux saBucHMocTH & OT £ ANA CIy- |

uad, Koraa k, = 20, v, =135, g=10. 5

Hajigute no rpaguKy:

1) CKONBK0 BpeMeHHd TeJo noj- CERERER

'a¥

=TT

HHMAJIOCE BBEpX? |

2) CKONBKO BpEMeHM OHO OIyc- Puc. 28
KaJnoch?

3) Kaxolt gamboasmeil BRICOTEI JOCTHIIIO TeI0T

4) Yepes cROABKO CEKYHA OHO YIAJIO HA 3eMII07

101. Ilepumerp npaMoyToAbHHEKA paBeH 40 cM. KaxuMm Ao/mkHBI
6bITh CTOPOHH IPAMOYIOJBHHKA, YTOGH €r0 NIOMAIL OblJIa HAM-

GonpIei?

102, CyMMa KaTETOB NPAMOYIOJALHOT) TPEYTOABHEKA paBHa 12 cm.
HaiiauTe paMHBI KATETOB TPEYTONBHHKA, IPH KOTOPHIX TPEYTOJbLHAK

HMeeT HAHGOJIBINYIO IIOMATLD.

./ YnpaxHeHusa ANA NOBTOPeHWA

103. YupocTuTe BHpasKeHHE

1 1 1 1
G-Dz-2  G-x-B T E-xr-D  E-Dx -5

104. HokaxiuTe, 4TO 3HAYEHNE BHIPAMCHHA

V12 - 643 + /28 + 1043

ABNAETCHA HATYPANLHBIM YHCTIOM.

105. Pemure ypaBHeHMe &‘@ = 2Jy.

106. BeiacHHTe XAPAKTED MOHOTOHHOCTH (yHKIAA:

a) f(x) = 1’%3 6) g(x) = %, rae x < 0.
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_"—|-+-|_I—l_ .> KOHTPONLHLIe BONPOCH: U 3a0aHUNA

1. Kaxyio $yHKOUI0 HA3EIBAKT KBaApaTAauaod dyrrnuei?
2. Chopmynupyiire csoitcTea dyEKknna y = ax® gaa cayuasd ¢ > 0
H cayuaa a < 0.
3. Haobpasure cxeMaTIecKH rpaduk dyHroUM i = ax® + bx + ¢ a8
caydadn, koraa a > 0 u D > 0, n nepeaucauTe cBoifecTBa 9T0# PyHKIMM.
4. B yeM pasAuuHe H CXOJCTEC B CBOMCTBAX (PYHKIMHA
y=x*—-4x+1luy=—2x+4x-17

NPEOBPA30OBAHNS

§ 3. /‘\ ’PAOUKOB OYHKLIUA

7. V PactaxeHne u cxarune
rpadukor yHKuMWA
K OCM OpauHaT

B xypee anrefpr 8-ro kiacca GELIN PACCMOTPEHBI NpeobpasoBanns
rpadurop PyRROAl, BRINOMHAECMBIC ¢ IOMOIILIO PACTAMCHHA OT OCH
abeouece U exaATAA K ocH abcoHuce M mapaaeALHRIX NepeHOCOB BAOAL
oceif KOOPAMHAT. 346Ch MEI DACCMOTPHAM APYrAe BHABI npeobpasoBa-
Huil rpaduKos.

I [T T 7 Bu smaere, uro rpadBEkm
K y=-(x—4n) byrrINE ¥ = f(x) 1 y = —f(x) cum-
1 - N METPHYHE OTHOCHTENbHO OCH X,
T. e. rpadpEK dyEKOAN ¥ = —f(x)
MOXXHO NOJYYHTE U3 rpaduka
/ \ byHROHME ¥ = f(x) ¢ ToMomME

1'7 \ CHMMETPHH OTHOCUTEJIBLHO OCH X.

1 Ha pucyrke 29 mnpuseageH
V V npuMep Takoro opeobpazoBanma.
_1_%\__1__2__3_7\4_ 3 1% Tpagux pymsmau y = ~(x* — 4x)

] noayder M3 rpadpuras GYHKIHH

_\| y = 2%~ 4x ¢ NOMOILEI0 CUMMETDHU
\-2 OTHOCHTENIEHO OCH X.

BeiicHAM Teleps, KaK moCTpo-

T uTS rpaduK GyHKIHY = (%), ecam

-_—

Ny

|

|

- -3
|

|

92

IlyeTs (x,; i,) — TPOMBROILHAA

1] 4y N 4 \ ngsecTeH rpadnak dyHxmEA y = f(x),
1

TOTKA KOOPAMHATHOR IJIOCKOCTH.
Puc. 29 Torpa cHMMeTpHMYHAA €H TOUKE
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OTHOCHTEJLHO OCH }j MMeeT KOOpAMHATH (—X,; ¥,). Ecau roura (x;; ¥,)
DPRHAAJIERUT rpaduey GyRKIEH i = f(x), TO BePHO PABEHCTBO ¥ = f(X,).
OueBHAHO, YTO, NOACTABMB KOODAHUHATH TOYKH (—X,; y,) B dopmyny
¢ = f(~x), TaK¥Ke MOJYIHM BepHOE PABEHCTBO

¥1 = f(—(-x))

SHAYNT, Kaxaol Touxe (x,; y,) rpadbuka dyakuuM ¥y = f(x) co-
OTBETCTBYET eJHHCTEEHHAA TOUKA (—x,; I/,) rpadHEKa GyHKIMA ¥ = f(x).
BepHo u ofpatHoe. Ecau Touka (x;; ;) NpHHAANEHUT rpadury yHK-
oA y = f(—x), T. €. eI BePHO PABEHCTBO Yy = f(—Xz), TO TOUKA (=X3 ¥y)
npHHapadeXuT rpadary dyoknuu y = f(x). Jedicreurensso, moacTa-
BHUB €€ KOODAHHATH B PopMyny y = f(x), moIydHM To ite camoe
PABEHCTBO Y, = f(—x,). CiuegosaTenbHo, rpaduky dyrnult y = f(x) u
y = f(—x) cMMMeTPpUYHE! OTHOCHTEILHEC OCH V.

Bnawar, spagitie pyrryun y = f(—x) MoacHo noxysumes us3 2padura
Pynryun y = f(x) ¢ nomows0 cCUMMeMPUY OMHOCEMEALHO OCU
opdunam.

Ha pucynre 30 mscOpater rpadpny PYHKUHH i = Jx - 1. Bur-
TIONHHB CHMMETPHIO OTHOCHTEABHO OCH I, IOAYIHM rpadHK GYHRIMK

y=J=x ~ 1.

8nan rpadpuk GyEKINE ¥ = f(x), MoXHO NocTpOATE rpadmk dhyHK-
uae y = —f(—x). s aToro HAJO BHIIOJHHTH HOCAEJOBATENIBHO NBA
npecOpa3ORAHEMSA: CHAYAJA CHMMETPHIO OTHOCHTEJNLHO OCH I, 3ATEM
CHMMETPHAIO OTHOCHTEIBHO ocH X. IloayueRHM#A rpadHr oKaKeTCHa
CAMMETPHYHBIM JAHHOMY rpaduky GVHKIHH ¥ = f(x) OTHOCHTEAbHO
HAYAJIA KOODAAHAT.

HeficreuTenbHO, ecau A(x,; ¥,) — TPOMIBOJIBHAA TOYKA KOOPAH-
HATHOII naockocTa (pac, 31), To, 0TOGDAIAE € CHATANA CAMMETPAYHO

7 )
3
= A =
'ﬁh.._\.r.. F] li L
o
54 g 1-3lal g 1O1 14 1olal41g![%
L1 {1 L}
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OTHOCHTEJILHO OCH Y, 4 8aTeM mo-
AYy4eHHYI0 TOURY A(—%; ¥,) —
CHMMETPHYHO OTHOCHTEIBHO OCH X,
neayauM TouKRy Au{—x;; -y,
KOTODAA CUMMETPHYHA TOYKEe OT-
HOCHTEJIbHO HAYANA KOOPIWHAT.

Ecnam Toura (x,; ¥,) OpuHax-
AexxuT rpaduky GyERUNH ¥ = f(x)
(3nAuMT, BEDHO PABEHCTBO Y, = f{x)),
TO CHMMETPHYHAA €l OTHOCHTENLHO
Hayajna KOOPAAHAT TOTKA (—X;; — )
OpUMHAANERAT rpadHKy GYHKIHHA
¥ =~f(—x) (papercreo -1, =—f(—(-x,))
TAKKE BEPHOE).

Takum clpasoM, zpadur gyrruut y = ~f(~x) Moxwro noaysumo
u3 zpaura Gyrryui ¥ = f(x) ¢ ROMOULLIC CUMMEMPUL OMHOCUMEALHO
Havara xoopdurnam.

Ha pucyErke 32 noctTpoeHsl rpaduk GYHKUHHA Y = Jx -2+1
H rpadur yHEOoUn i = —~-x -2 -1. 9 rpadpuKn CHMMeTPAYHE]

OTHOCHTEJIPHO HAYANA KCOPAHHAT.

B 8- Knacce MBI BBIACHUIH, KAKAA CYIIECTEYET CBAb MEXKAY Tpa-
dbukamu pyaxumit y = f(x) u y = k- f(x), rne k¥ — aucao, He pasHOE

7Y
4
3 Gt
] = x’,,*"'"’
| Y= 2
2
| r.
I
1
6t -5]-4-}-8-1-2]-1 t2lalals]el¥
1
= 2
/P'?‘..& |2
oo _ e _|3
vE i
1 A
I I
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Hymo. BelgcHEM Tenmeps, KaKas CBA3b CYIIECTBYET MeXAy rpadHka-
MM byurual y = fix) a y = f(kx), rne k = 0.

Paccaorpum cnyqait, korga £ > 1, ITycTs Touxra (X, ¥,) NpHHAL-
AeXRHT rpaduKy QYHROUH ¥ = f(x), T. €. BepHO PABEHCTBO ¥, = f(x,)

(pue. 33). Torga Toura (—’f":-, yo) npAHEaAIeXAT rpabary GYHKIHH
y=fkx), r. &. f (k - %") = f(kx,) = Yo BHAYHT, KamA0H TOUKE (Xo; Uo)

rpadpura GyEROUH y = f(x) cOOTBETCTBYET TOYKA (—’;4, yo) rpadHKa

Gynxnua y = f(kx).
Bepro u cfpaTtHoe. Ecan Touka (%, yl) IPHHAMIERHUT Ipadury

fyarmun y = f(kx), To Toura (x,; ¥,) NPUHALIEKRUT rPadUKY GYHEK-
mua y = f(x). 9ro caeayer ua TOro, UTO f(k . %) = f(x,) = i,. 3HAUHT,
namgoif TouKe (%, yl) rpadpuka ¢yHKOHH y = f(kx) cooTBETCTBYET

TouKa (%, y,) rpaduka dymkman y = f(x).
BaMeTHM, 4TO TOYKH (x—k‘, yl) n (x,; ¥,) AexaT Ha npaMoi, ma-

pasaenbHOl ocu abcumee, IpUYeM TOYKA (%, yl) JeXHT B k pas

Onm:Ate K ocH OPAMHAT, YeM Touka (x;; ¥,). Ha aToro caegyer, uToO 2pa-
dux dynryuu y = f(kx) npu k > 1 moxHo noryuieme u3 zpapura
dynryuu y = f(x) cwamuem e k paz x ocu opdurnam.
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Ha pucyuke 34 uszobpayken rpadux yHROUA § = /6 ~ x. Br-
TIOJIHAB CHKATHE K OCH ODAHHAT B 2 Pa3a, IOJYIHM TPAPHK PYHKIIHK
y=+6 - 2x.

PacemoTpan Teneps eayaail, Korga 0 < k& < 1, 3aMeTuM, YTO TOYKA

(%; yl) JIEXKHT B % pag pajbpme oT OCH CPAHHAT, YeM TOTKA (X; ¥,),

TaRRaR0<k<1H%>1,T.e. % - %, > x,. TakuM 00paZOM, IPUXOTAM

K BRIBORY: zpaghurx ¢ynxyuu y = f(kx) npu 0 < k < 1 moxno noay-

yume w3 epagura pynyuu y = f(x) pacmaxceniem 6 % paz om ocu

opdunam.

Ha pucynke 35 msobpaxen rpadax dyHkonad § = 4 — x%. Brmoa-

HME pac-rax:euuf OT OCH OPZMHAT B 2 pasa, monyuum rpaduk ¢pyHK-
x
oHH =4 — (E) .

Haxonen, paccMorpamM cayuali, koraa k < 0. IlockorbKy M yiKe
BHIACHH/IH, KAK MOXMCHO ToCTponTh rpadur GyHRoMH ¥ = f(—x), sHan
rpadmk byEKIuM ¥ = f(x), To IIA nocTpoeHHA rpadEka GYHKINA
¥ = f(kx) opu & < 0 cHAYAZNE HYKHO ODOCTPOMTH rpadpur GYHKOHH
¥ = (k|- x) (c ToOMOIIBIO pACTAKEHNA UM CKATHA K OCH ODIMHAT),
& IIOTOM ero oTO0PASMTE CHMMETPHYHO OTHOCHTENBHO OCH ODAMHAT.

Ons nocrpoennas rpadbnka dyaxoun y = f(kx + b) us rpadura
byHEDuK ¥ = f(x), DoeTynaloT caegyiomuM obpasoM:

1) sanucmsalor dyHKOuO ¥ = f(kx + b)) pBUAc ¥y = f (k(x + %]),

2) erposar rpadbur dyErIME ¥ = fkx);
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3) n3 monyuenHoro rpabura c¢TpoAT rpapHK QYHKOHHK Y =

A 8

Hanpumep, 9To0E DOCTPOUTE rpaduk dyHKRINN I = ¥2x + 4,3man
rpadhur GyHKIUN § = J; » HAZio CHAYATIA 3AMACATE JAHHYK QYHKIHIO
P BHIE Y = J2(x + 2). Ha pucyHnkxe 36 usoGpaskennl rpadmxe dyak-
nni‘:y=\fa-:, y=«/27 HYy = J2x + 2).

7
© }.—%i
4 y:JE(x+2) )-ﬁf ¥= 2;-_
-, e il N
[ > ’ P
> utl i J;
[ oy t1algs 51 617 18]19]!*
{ -1

1

Puc. 36
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107. I'padmurom dyHKIMA ¥ = f(x) cayxwT oTpesok AB, rae A(—4; 2),
B(4; —6). ITocTpoliTe B 0AHOMN cUCTeMe KOODAMEAT rpadink AanHOH QyHK-
IHH B QYHKINA:

wy=fe  Oy=r(Zf wy=1(-Zf  Dy=r-3m.
108. Homanmaa ABC, rae A(—4; 2), B(—2; —4), C(4; 6), apnaerca rpa-

duroM pyHrkoaM ¥ = g{x). IocrpoiiTe rpadux GYHKROHH:

Dy=1@x  Oy=fZf By=f-05% By~

109. Touka M(6; 11) npuramIeKET rpadury byrrmun y = f(x).
HafiauTe cOOTBETCTBYIOINYID TOYKY, NPAHALNEHRAMYI rpadury:

wy=fe;  Oy=fZ wy=f(-dz Dy=-r-sn

110. dyexnnsa y = f(x) uMeer ofdacts onpegeneuus INf) = [-3; 4]
u obaacte anavennit E(f) = [-1; 5]. Haitanre obaacTh onpeReseHHd B
o6sacTh 3EAYeHMI byEKIHN:

Dy=f@  Oy=fE Dy=r05% Dy=/-3

111. Tpadurom QyHKUMH ¥ = f(x) cnyxur oTpesox AB, rae A(-3; 5)
u B(7; —1). IlocTpofiTe 3T0T rpaduk A B TOH e CHCTEMe KOODIHHAT
rpapur GYHEIHH
a) y = f(~x); 6) y = ~f(~x).

112, P'paduxom byuxonn senserca Aomauag KLM, roe K{(~2; 1),
L(1; 4), M(6; —1). Ilocrpofite rpaduk dpyrknuu y = g(x) n rpapax
GyHEOUN:

a) y = g(—x); 6) y = —g(—x).

113, Yramure, kaxue IpeobpasoBaHua rpaduKa yHRIUN ¥ = [x]
HY;KHO IPOBECTH, YTOOE! NOAyIuTs rpadur ¢yrxnmn:
a)y=3-|2x - 4|; ) y=|2-2x|-3.

114, VraxnTte, Kakne mpeobpasosaHuda rpaduke QYEKIHYA I = %

HYAHO ITPORECTH, YTOOBI MOJYINTE rpadui GyHKIMH:

= 2 . _3-=
a)y=3+ 5,7 O)y= 3.4

115. B ozHoit cicTeMe KoOpAuHAT mocTpoliTe rpatuxn GyEKDREM:
8)y=r uy=+-2x; B)y=~/;Hy=J%;

3 * 3
6)y=;ay=-%, r)y=%ny=aj§-
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1186. IlocTpodiTe rpadar GyRKOUE:
a)y=4x*+4x + 3; 6)y=—-4x—4x - 2,

117, Narsa dyaxoas

tp(x)={

¥, eem0s x <2
4, ecim x > 2.

IlocTposite rpaduk PyHKOUMN:
a) y = o(—x); 6) y = —¢(—x).

118. ITocTpoiiTe rpadux pyHKOHE g(x) = %, rge x > 0, u rpadmx

by N
a) y = g(—x); 6) y = —g(—x).

119. HasecTHO, w10 06MacTs onpegenenusa GyHroau y = f(x) ecTh
opoMe:RyTOK [—5; T], a obaacTs 3HaverUil — npoMexyTok [~10; 18],
KaroBrl 06aacTs onpegefieAHa U 06/1acTh SHAYEHAR QYHKIHU:

&) y = —f(x); 6) y = f(-x); B) y = —f(-x)?

120. U3pecTHO, YTO 06IaCTh ompedeneHnd dyaknum y = gl{x) —
mHOXKecTEO R; 2(x) < 0 Torga ¥ TOABKO TOrma, Korga x € (—oo; —3) U
U (4; 6); g(x) > 0 rorpa u TONBKO TOTHA, Korga x € (—3; 4) U (6; +90).
Hafigure EYIM ¥ OTpOMeXXYTKHY 3HAKONOCTOAHCTEA PYHKOMNA:

a) y = —g(x); 0) y = g(~x) B) y = ~g(-x).

121. Ecau byukouda y = f(x) soapacTaeT na npomexyrke [a; b], To

byEKOuA ¥ = f(—x) yObIBAeT Ha npoMe:RyTKe [—b; —a]. Joxaskure aro.

122, UssecTHO, yTo YpaBHeHHe f(x) = 0 nMeeT kopuu 2 n 3. Haii-
OETe KOpHEM ypasHeHAs f(—x) = 0.

123. Horaxuare, uTo rpaduxn GyEKIUH

ayy= % ny= g i; CAMMETPHIHEL OTHOCATEALHO OCH ¥;

10 — 2¢ 2x + 10
By= 107 0x B Y = gy _ 10 CHMMETPHIHLI OTHOCATENLHO HATAJA
KOOPAUHAT.
x*-8x+8 ¥ +3x+8

B) = 1 8c+8 BY= T3 4 g CHMMETDHUEHEI OTHOCHTENLHO OCH 3

Ny= -8+l HYy = —5—1 + 8x - o CAMMETPAIHE OTHOCHTEIBHO
Y= P esx+1 ¥= F+8x-1 p e

HaAYaNa KOOPAMHAT.
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124, HaBectHO, 410 MEHOTOYAeH X° + ax? + bx + ¢ obpamaercs
B HyJE npu x = —8 U x = 7, Haligure KOpHU MHOroYJIeHA:
a)taxt-bx+e 6) 2 —ax?+ bx - c.

125. Toura A(8; 72) mpunagnexxur rpabuxy byEsnae y = g(x),
HaiiguTe cOOTBETCTBYIOMYIO TOYKY, NPHHALIeKamMy0 rpadmky byaxk-
oEn:

a) y = —g(x); 6) y = g(—x) B) y = ~#(—x).

126. Hssectno, aro E(f) = (—2; 3). Haiianre rpasnns a8 GyHK-
IHAM;

a) ¥ = —f(x); 6) y = f(—x); B) ¥ = —f(—x).

127. Han rpadux byaxnua y = |x|. 3anumure dopMyay, KoTopoi
aggaeTea GYHKOHA, rpadHE KOTOPOH MOJMYYEH H3 AAHHOTO rpadmka
¢ IOMOILBIO: &) CABHUra HA TPH €JUHWUIHHIX OTPE3Ka BACEO A DACTH-
SKeHUS OT OCH OpAUHAT B 2 pasa; §) pacTasKeHAA OT OCH ODAUWHAT
B 2 pasa 1 ¢ABUrA HA TPA EJUHHTHEIX OTPE3IKA BJEBO.

128, BanumuTe GOpMYIY, 3LIAIOMIYI0 GYHKOUIO, eCIH €€ rpaduk

nofiydeH u3 rpadpuka Ppysxnua y = \/; HOCJIeACBATELHEIM BEITIQJIHE-
HHAEM CHEAVIOIAX npeclOpasoBaHUii: 4) pacTAXeHde OT OCHA OPAHAHAT B
2 pasa, CABAT Ha TPH €IHHAYHEIX OTPe3Ka BIeBO, CHMMETDHH OTHO-
CHTENLHO OCH OPIUHAT, CARUT HA JBA ¢JHHWYHEIX OTPE3Ka BHUS, CXHa-
THe K ocu afcumce B 2 pasa; 6) coRATHEe K OCH OPAMHAT B 2 pasa, CABHT
HA OfHH €QHEHTIHEIH OTPE30K BOpPABO, CABMI HA OBA eAHUYHEIX OT-
pesKa BRepX, pacTsiKeHnae or ocH afeounce B 3 pasa, CHMMETPHS OTHO-
CHTEJNBHO OCH abcouce,

el | .\

7/  YnpaxHeHMAa ONA NOBTOPBHUA
129, Pemare ypasnenue:

a)x?— blx| +6=0; B)(x +2P2+9(x+2)+20=0;

6) x* — 2|x| - 85 = 0; r) (x - 5)2 + 2(x ~ 5) - 63 = 0.
130. Haitaure cymMMy KoDHe ypABHEHHA:

a) x? — 4)x| - 3 =0; 6)x*—Tx|+6=0.
131. JoRAXKHTE TOMACCTBO

20a® +ab+ b)Y =at+ b+ (a + by

182. 3nag, uro 8,16 < 10 < 3,17 u 2,28 < 5 < 2,24, onerure
BRIDAMKEHHE:

a) 245 + J10; 6) 25 - V/10.
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133. HaifiauTe nesnle pelmeHns CHCTEMBbI

x+%;5>l,

16 — x
x —=—=<3b,
4

8. \’/ Fpadrkn pyHKUWA
y = |fixHw y = f(lx]}

Kax noctpouts rpadme dyarmun y = |f(x)| n rpadmx dbyaroan
y = f(|x]), ectn mapecren rpaduk dyEroun y = f(x)?

Yr106EI OTBETHTH HA 3TOT BONMPOC, KAXAYI0 U3 GyHknamil y = |f(x)|
7 ¥ = f({x]) sapamuv MEade, BOCIONL30OBABIINCE ONpeie/ICHACM MOLYJIA:

_ [f(x), ecom f(x} > 0,
I = {—f(x), ecru f(x) < 0

fi(x), ecmu x # 0,
f(-x), ecm x < 0,

i) = {

Ilpencrasme Taxum ofpasoM paccMaTpuBacMEle QYHELMA, MEI HA-

IIIJTH OTBET HA Homﬂnenﬂﬂﬁ BOOPpOC, CBEAA 38087y K H3BeCTHRIM HAM
NpeoGpA3OBAHNAM IPadHKOB,

Hrtax, vmobve nocmpoums zpagur pynyuu y = |f(x)|, ecrie us-
gecmen zpagur gynryun y = f(x), HyicHo ocmasums Ha Mecme my
€20 vacme, 20e f(x) 2 0, ¢ cummempusLro OMOOPAIUML ONMHOCUMENLHO
ocu x dpyzyto ezo wacmb, ede flx) < 0.

Ymotu: nocmpoums zpagux Pynxuuu y = f(x|), ecau ussecmen
zpagdur pynxyuu y = f[(x), HyKHO ocmasums HG Mecme my wacmsb
spadura gynryuu y = f(x), xomopas coomseemcmayem neompuya-
menbHOi ¥acmu obracmu onpedenenus pynxyuu y = f(x). Ompasue
MY HACMb CUMMEMPUNHO OMHOCUMEIbHO OCU Y, noaysux dpyzyno
Yaemb 2paguKae, coomeememayowyio ompulamenbroil yacmi obracmu
onpedenerus.

PaccMOTpAM NPAMEpLL.

IIpumMep 1. @ysrOnEA ¥ = g(x), ofiNacTEI0 ompeie/icHUA KOTO-
poit ABafeTca mpome:xyToK [—-3; 4], sagama rpadpmrom (puc. 37)
IIocTpoum rpadEr GyEKOHA:
a)y=|gx));  6)y=ag(x).
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a) PaccMaTpHBaA rpaduK, HaoOpa)KeHHBIN HA pPHUcYHKe 37, 3a-

KJIKYaeM, IT0
£(x) 2 0, ecnm x € [-1; 1] U [3; 4],
8(x) < 0, ecott x € [-3; —1) U (1; 3).

Ona moerpoerns rpaduka byaxomu y = |@(x)| Ty yacts rpaduxa
dyaroua y = g(x), KOTOPAA PACMONOMKEHA BHIIIE OCH X, T. €. HA MHO-
sectie [—1; 1] U [3; 4], ocTaBnM HA MecTe, a4 APYTYIO 4acTh rpadHKA
dyEKOUM y = g(x), KOTOpasA pacNoNOXKeHa HMMKE OCH X, T. €. HA MHO-
secTBe [-3; ~1) U (1; 3), oTobpa3uM CHMMETPHYHO OTHOCHTENEHO
ocu x. Ilomyaum rpadnx dbyuruuu y = [g(x)| (pac. 38).

6) daa mocrpoerns rpaduxa dyaxmum y = g(x|) Ty uacts rpa-
AKA, KOTODAA DACTIOJIONEHA CIIPABA OT OCH Y, OCTABJAEM HA MECTE.
3aTeM DOCTPOAM KPUBYIO, CHMMETPHUYHYI0 OTHOCHTENBHO OCH Y Ipa-
BOit uactn rpaduxa. IMonyunm apyrywo uacTh rpadmuka, pacmoto-
HeHHYI cleBa or ocH i (puc. 39).

Hpuwmep 2. Iocrpoum rpadur ¢yaroun y = [—x* + x|,

CrpoumM rpadux GyHKoME y = —x* + 2x (Ty yacTh rpadHKa, Ko-
TOpas PacnoloMmMeHa HHXKe OCH X, HAMEeYaeM NYHKTHPOM). 3aTeM
CTPOHM HENOCTAIIIYI0 YacTh rpadAra myTeM CHMMETDHH OTHOCH-
TeJBHO OCU X MYHKTHpPHON uacTH (puc. 40).

vh |
|




§ 3. NpeobpazosaHA rpapkos yYHKLMIA 83

UA T
-
2
!
1
\ A y 4
-
L—51-41-IN-2 4119 L IN\_2 / (M
-1
|
-2
|
Puc. 39
7 7k |
| |
3 3
{1 s
\ 12 ] 2
1 1 [ |
y. N
+ie- e
-—2-_—1% 1421 31" 21 ~1 112 18l 5%
/11 -1
| A |
S 1 . o
[ |2 1} i-
| A \ 3
| i |
Puc. 40 Puc. 41

HNpamep 3. IToerponm rpadme byurnun y = |[x — 2|- 2|

TMocTpoeHne BHIDONHAEM TOCAEAOBATENLHO! CHAYAIA CTPOHM Ipa-
our byEKIHEH ¥ = |x ~ 2| — 2, a 3aTeM cTpouM AaHHBE rpaduk
(pre. 41).

134, IlccTpofiTe rpaduK GYHKINN:

a)y =0,5x - 1[; B) ¥y = |2? + 2x|; ny= |—%+2I;

6 y=|1-; r)y=’%~2

; e) y =|[x?.

135. IocrpoiiTe rpadur pyaruma:
ay=2x|-1; B)y:ﬁ—&

6) y=x*+ 2|x|; rjy= \’ix| - 4.
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138. Janu dyurxoun
f(x) = |x® — 4x + 3| u g(x) = x* — 6|x| + 8.
DA kawaoit us sTux GyHRUUE HaliauTe:
a) o0IacTh ONpeleTeHHA; T') OpOMERYTKH BO3DACTAHUSA
6) oGsacTh 3HAYEHUI; H IPOMEXYTKE YOLIBAHHA.
B) HYAH GYHKOHH;

137. O6nacTe onpeaenenaa GyHKIMHE ¥ = f(x) — mpoMexyToxr
[-10; 16], a o6nacTe ee 3payeHu#t — npoMe:xyTok [—4; 7). Hadigare
obnacThk cnpeneneHHA H obaacTb sHadeHU GyHKIIN:

a) ¥ = [f(x)]; 6) ¥ = f(x].

138. 3naa, uro ~5 < f(x) < 6, HaligUTE rPAHUNEL ANA QYHKIIAMK:
a) y = [f(x); 6) y = f(x[).

139. ObnacTe ompenenenuna GyErmua y = g{x) — MHOXKecTBO R.
HasecTHO TaKke, 4To g(x) =0, ecntm x = -5 m x = 1; g(x) = 0,
ecan x € (—o0; —B] U [1; +o0). Haitaure nymu dynxnul y = |g(x)| n
y = (x|) ¥ TPOME:RYTHH, HA KOTOPHIX KaXKAAafA M3 oTHX QYHKUMHA
NPHHUMAET NOJMOYKHTENABHEIE (OTPHIATEABHEIC) JHAYCHAA,

140. ITocTpodite rpadar pyHxoan:

ayy=|x—-1|-1; Dy=[1-|x|;
&y=|x-1-1 By=|1-]1-||;
my=|lx-1-1-1 ep=|t-]t-|r -«
141, Hao0pasaTe cxeMaTHYecKHd rpahHE GYHKIHH:
a) y = [«* — 6lx| + 8[; B)y= z;g’
6) y = [2]x|- £*|; r)y=|§1‘11-
142, Hana GyHRUMA
2irx4+1
. _x+1,echx>0,
x - 1
x,_'_—i:l,ecamx < Q.

BapnaiiTe o1y QyHKUIMIO ogHOM dopmyaoi.
143. IToctpoiite rpadukr GyHKIUH:
a)y=|2-lxf~ 2|+ 1; B)y=|2-|x|+ 4] - 3.

144. Hynamn byaknun ¢(x) = x° + ax? + bx + ¢ asnsaworcs ynena
1, 2 u 3. Haiinare nyna dyaxmau y = ¢ x)).



JononHuTenbHele yNpakHeHWR K rnape 1 55

’/ YNpaxHeHus ONS NOBTOPEeHWS

2_ 2 -
145. YopocTHTe BEIpAXKeHHE ¢ 0,5: - 33 0, 2 2: ia,-, %0,

146, IMapaGona y = ax® + bx + ¢ opoxoaur uepes Toury A(l; 3),
a ee BepITMHA NpHHagnexnT npamoli x = 0,6. Hafigute xoopguraTh
nepecedeHHsA dTol napabossl ¢ 0CBIO Y.

147, Pasnoskure MHOrOWIeH 2y° ~ 15y2 + 28y Ha MEOKHTENH.
148. CocTaBeTe KBAADATHOS YPABHEHME C LEABIMH KoatbdHrHeH-
TAMH, OAMH N3 KopHel KOTOpOro paBeH 751—1

\N
NN EN) ‘/ KOHTPONEHbLI® BONPOCH M 3afanun
1. Kar nocrpours rpadie dyarnouu y = f(—x) u rpadur byaroau
y = —f(—x), sraa rpaduk dyakmun y = f(x)? O6bACHNTe HA IpHUMepe.
2. Kak BHINOJHAETCHA TOCTPOEHHE rpaduKoB GOYHKIHHE g = [f(x)|
1 g = f(|x])? Ipoeeanre o6ocHOBaEME.

\
./ JdononHnurenbHbie YNPaXHeHWN

K rnase 1
K maparpady 1
149, HoxaxuTe, 910 DyHRKOEA
a)y= % yOurIBaeT Ha mpomMexyTke (5; +o0);

6y= 6‘; : g( BO3pAacTAeT Ha MpoMextyTke (—oo; 0].

150. BrisicHHTe XapaKTep MOHOTOHHOCTH QYHKIUM:

a)y=+v2x —1; B)y=x‘+\/x—1;
6)y=J3 - 5x; r)y=|x|—J:_r, roe x > 1.

151. JokaxuTe, yTo QYHKUHA  ABAAeTCA BOZPACTAIOINEH, eCin:
a) flx) =Jx -1 + x4 Blfix)=2*+x*+ 1, raex > 0

D=2 +10x-15 Di@=2-2 mex>o.
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152, HoraxkuTe, 4To GYHKUHA £ ABIAeTcA yORBamomeil, ecian:

8) g(x) = 22 + V-x; B a(x)=1-x — 2 — 25
5)3(x)=71;“x; r) g(x) =|x + 3| +|x - 3|,
rpe x < —5.

153. OnpefgenuTe XapaKTep MOI-IOTOHHOCTH GYHKLHH:

a) f(x) = V-2*; 6) f(x) = 5, rae x < 0.

154. Haiigute x,, 3HAA, UTO
Afx)=Vvr-2 + 2 +x2+x+1nf(x)=41;
6) glx) = x° + 2x® + 3x + 4 u g(x,) = 58.

155. Pemare ypasHenne x* — (5 ~ x)* + 2x = T1.

156, Asnaerca na GYHKIMA YeTHOH MM HEYETHOMH, ECJIH:
a) fix) = (x + 1) |x| + (x - 1) |x;
6) f(x) = (x + 1) |x| - (x - 1) [x|;
5) g(x) = s+ %

r)g(x)_J_J_+_|£L?

157. Pemute ypapreHMe:
a) x* - 12|x| + 385 =0; 6) x> + 5|x| - 24 =0.

158. DoxramuTe, YTO ecAu ypasHerHe x2 + bx + ¢ = 0 uMeeT ABa
NONOKHUTEALEBIX KODHA, TO ypaBHeHue x? + blx| + ¢ = 0 uMeeT ye-
ThIpe KOPHA.

159. Henmoabaya croiicTBA MOHOTOHHBIX MVHEKIHIH, pelure ypas-
HeHHe;

A Vet + 2l + 2+ -1 +J2 +8=T;
6) Vit + 19 + V&2 + T+ o2 ~ 8 = 15,

160. oraxure, 9o GYHKOHA [ ABASETCHA OTPAHAYEHHOH W YKA-
JATE ee BEPXHIOI0 M HUMKHIOW I'PAHUIB

a) flx) = ;@%; B) f(x) = +J10x ~ x* ~ 16;

6) f(x) = 8x° + 19 1

EXN NI T eze 10
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161. Hafignte o6nacTs snavennii Gynriium:

0 o) = 524, 8) ftx) = 1 - O - |« - 2
3 -1, 1
x-2° D=3 T

162, ¥xa)kHTe BEPXHIOK H HHXKHIOK IpaHHOBL naomany S mpd-
MOYTOJIBHOTO TPEYTOJABHUKA, 3HAA, YTO LAUHA @ OJAHOIO H3 eTo KaTe-
TOR ZAKJII0YEHA B rpaHMIax 5 < ¢ « 6, a JAHHA APYTOTo ero KaTera Ha
3 epyEANE GONbINe JJIHHEI MEHLOIETO KATETAa,

163. HaiigpTe 3sHAYEHAA APryMEHTA, IPHA KOTOPHIX PYHKOAA &
uMeeT HanbOJALIIGe MJIM HAMMEHLIIEEe 3HAYEHNA (eCJH OHM CYIIe-
CTBYIOT), H COOTBETCTEYIOIIME HM 3HAYCHHA PYHKIIHM:

2
a)g{x)=ﬁ; B) 8(x) = 8 — Y1 - V3% + 43 + 4;
18, 81
Dow = T Dew = el

164. ITocTpoiiTe rpadmk GyHKOuM:

a]y--l-—lx, Dy=VJ4-2x';
-4 -
5)y=lz_4l,\/;; ny= xr8lrlx-3l,

p ;
Dy= V-1 oy=Erizle-d
165. OyarnAnA 3aaHa HECKOJIBKHMH (JOPMYJIaMN; ~
—3x, eciin x < -2,
4-—x,ecaH -2 x <0,
x+4ecmH0<x <2
8x, ecid x > 2.

o(x) =

Bapaiire GyERIU0 ogHON bopMymoid,

166. BridacHuTe, ABNAeTed AH $YHKOMS YeTHOM nau meverHoit,
1 nocrpoiire rpaduK QyHKIHN:

) 8lx) = B) 2(x) = ,/ﬁ;

)} glx) = 3 r) g(x) = ;—1—-,;

1
1
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K naparpagy 2

187. Haiigure paccroaune d ot oca cuMMerpay napabosn ¥ = a2 +
+ px + ¢ (smas, uyro h% — 4¢ > 0) no Touer mepecedyenus napaiony
¢ CCBIO X.

HaifiguTe sradesHe d, ecau:
ayp=-6;¢9=3; 6) p=10; ¢ =17.

168. ITpn karux sHaYeHNAX napaMerpa k rpadhur pyAxoom
y=4x*+3kx -k +1

a) nepeceKaerT och X B OBYX TOUKAX;
0) xacaeTca OCH X;
E) He MMEeT ¢ OChI0 x O0IIHX ToueK?

169, IIpu xaxoM 3HAYEHHHA NapaMeTpa p GbyHKIHA
y=3xt+ 6px + 4p?

a) BoapacTaeT Ha mpoMexyrre [4; +o0);
6) yOuiBaer Ha npomexyTie (—o0; —5]?

170. IIpy KakoM 3SHAYCHMA Dapamerpa & GYHKODUS
y=axt—6x+1

a) IPAHEMMAET IOJOMMATENbHEC SHAYEHHA HA NPOMEKYTKAX
(s ) = (35 o)
6) npAaEMMSaeT OTpULATEAbHBIE 3HAYEHUA HA NPOMEKYTKAX

(—00; "%) u (1; +co);
B) HMEET OTPULATEIbHEIC JHAYCHHAA HA NPOMEXKYTHE (%, 1);

1, 1),
T) HMeeT NOIOKHUTENbHEIC 3HAYEHNA HA OpOMEXYTEE “‘E’ 'é' *

o) AsnfeTcAd MOHOTOHHOHA HA Beeil obaacTu onpeneneHuA?
171. HaifianTe koadpuUNNEHTH KBAAPATHYHON PYHKOIUH
y=ax*+ bx + e,
3HAHA, ITC €€ rpadAK IPOXoZUT depea Toukn A(0; 2), B(2; 0), C(3; 8).
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K naparpadgy 3
172. Tloerpoitte rpadnx GyHRIMRA:
dy=VE-A-1 Dy = Ee -2y
-x° + 2x, ecniu x € 1,
By=+Vd-x - 2; =
& * Ay {x2—2x+2,ecnnx>l;

2
- o~ y Q—,
n)y=]§(x=—l); e)y={x 2x, eCH X 1

2+ 2x+ 2, ecmn x > 1.

178. H3BecTHO, YTO GYHKUHA I = ¢(X) BO3PACTACT HA NIPOMEKYTHKE
(-c0; —2], yOr1BaeT Ha mpoMeXyYTKe [4; +°°) M coXpaHseT MOCTOAHHOE
aHAYeRHe HA npomexxyTie [—2; 4). HaobpasaTe cxeMaTHYeCKR rpaduk

OYEKIRE i = @(x) H rpadukr GYHKUUHE ¥ = ¢(—x), ecan D{p) = R.

174. HasecTHo, uTO QyHKIUA I = f(x) BOSpACTAECT HA IPOMEMKYTKE
(-%0; 5] n yOriBaeT Ha mMpoMexkyTKe [5; +90). YKaHTe IPOMEMYTHH,
Ha KOTODHIX BORPACTAET H Ha KOTOPEIX YOBIBAET GYHKIIAA:

8 y=fl-x); 6) y = —f(-x)-
175. HocTpoliTe rpaduk GyHRIHN:
) y=|x* +x| - 2f; B) y = x(x| - 3);

0 y=|-62% + 7|x| - 3}; Ny=|x-2|(x+2).
176. Baaaiite omnoit dopMymoil GyHRIMIO:
a]yz{x” - 8% + 7, ecnu x < 0,
2 +8x+ 7, ecmx > 0;

-2+ 3 -1

By= —4x + 3 »ecm x < 0,
P+3c-1 3
W,mx?o,
jx,ecnuxé%,

By= 1
l—x,ec.unx>E;

By= 6—x,ecan x < 3,
y= x,ecan x » 3.

177, IlocrpoitTre rpathur byHKIAR:
8) y =[2x]; 6) y = {—0,5x}.
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U HEPABEHCTBA
FNABA C OAHOW NEPEMEHHOMN

YPABHEHUSA

§ 4. /‘\ C OAHOMA NEPEMEHHOW

9. V Llenoe ypaBHOHME M ©F0 KOPHM

BaM HeOZHOKPATHO NPHXOSMJIOCH pPeIlAThH YPABHEHHA ¢ OLHOR
nepeMeHEHoH, o0e JacT KOTOPHX OBIH LeNbIMH BHpa:KeHHAMH, Ta-
Kiie YDABHEHHS HAZLIRAIOTCH UeAbMU YDAsSHeHUAMU.,

OnpeaeneHue, [leasim ypaBHeHBEM ¢ OAHOl NepeMenHoil Ha-
3LBAETCH YPABHEHNE, JEBAfN H NPABAS YACTH KOTOPOTO — IEIEIR
BHIpANEHHN.

IIpumepaMu eNsIX YPABHEHHH MOTYT CIY)KHTH YPaBHEHHHA
0,7x" — 3x% — x = b;

(V8 - )2 - #') = #
(x® - 8)x _x
S +1= o 4x.

Hs3 onpeaeneHEns meacro ypasHEHHAA M YCAoBMH mepexoja K pas
HOCANBHCMY YPABHEHAKY ¢ OZHOI mepeMeHHo# BHITEKaeT, 4TC Ji0Goe
mejoe YPABHEHHE MOMKHO Npecfpas’oBaTh B PABHOCHJBLHOE €My Ypas-
HeHme puga P(x) = 0, rge P(x) — MHOTOUNIEH CTAHZAPTHOI'O BHAA.

IIpeoGpazyenM, HanpumMep, K TaroMY BUAY YDAPHEHHe

(«* - 8)x -2
— +1 q 4x.

a4 3TOor0 YMHOEUM ob¢ UACTH YDAEHEHHA HA 4, DEpEeHeceM Bee
€r'C 9JIeHE! B JIEEYI) YACTh, A3MEHAA IPH 3TOM 3HAKHN, H npeobpasyen
B MHOrovJieH 3ANHCAHHOE B JieBoli uacTm YpaBHeHHd Neoe BH-
paxenue. Ilomyaum:

2(x® — 8)x + 4 = x? — 16x,
20 -8x +4 - 22+ 16x =0,
2xt —x*+4=0.

Cmenennio ypaanenun suda P(x) = 0, 20¢ P(x) — Muozourer cman-
dapmuozo suda, HE3bL6EEMCR CIIENERD IMOLO MHOZOYAeH. CMmeneHbn
RPOUIBORALHOZ0 UER020 YPASHEHUA HA3ILIGREMCR cMeleiy DAGHOCUAY
HOZ0 eMYy YPASHEHUR YHKA3AHHOz0 6uda.
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3aMeTHM, 4YTO eclH B MHOToUNIeHe P(x) Bee xoaspdbumaeRTH OpH
CTENEHAX NePeMEeHEOH X B cBOOOAHLIN 4ieH PAPHE HYJIK, TO CTEOeHb
TAKOr0 MHOT'CUYJICHA HE ONpefeficHa, & 3HAYHT, HE OOpefeleHa B cTe-
HeHb COQTEBETCTBYIOIEr0 YPABHEHHS.

B paccMOTpeHHOM IIpEMepe MEI DOJYYHJIH YDABHEHHE

2¢* —x*+4=0,

KOTOpOe ABAAETCA YPABHEHMEM YeTBepTOid cTemeHd. 3HAYMT, PABHO-
CHILHOE EMY MCXOJHOE Le0e YPaBHeHHE TaKe ABIAeTCA YpaBHeHNeM
yeTpepTolil cTemeHn.

Henoe ypapHeHMe NepBoil cTeNeHEH MOKHO IPUBECTH K BHAY

ax+b=0,rnea =0, 1)
a BTOpOi cTerleHN — K BHAY
gx*+bx+c¢=0,TRRe @ 20, (2)

Co0oTBeTCTBEHHO, [eAkleé YDABHeHAA TPETheH W JeTBepToM CTeneHH
MOMHO OPHEECTH K BHALY

ax*+bx*+ex+d=0,raea#0,
ax*+bx*+ext+de+e=0,raea=0.

Boobrmme menoe ypapHeHRHe r-if CTeneHH NMPHEBOAATCHA K BHLY
ax"+bx" 1+tex"i+...+tpxt+tqg=0,

rfe x — nMepeMeHHad, 4, b, ¢, ... , Py ¢ — HEKOTODBIE UNCIA, HpUYeM
az0.
Koperr ypaBHeHuMHA mepBoii creneHH (1) BHMYACAAETCH, KK W3-

b
BeCTRO, o dopMyae x = —4° 8 KODHH YDaBHeHHA BTOpol cTenmenu (2)

BAXOAATCA IO GopMyse X = %@. rae D=0 -4ae, D > 0. Ana
ypapHeHHM# TpeThell  uYeTBepTol cTemeHel Takie M3EecTHH Qop-
MYJIBI KOpHeil, HO OHH OYeHB CJIOMKHBI M NTPAKTHYECKH HMH He IMOJhk-
syiores. daa ypasneHuit nmaroll cremeHH, a Tak:;te 60/mee BHICOKHX
crenenedi, kar gorasan B 20-x rogax XIX Bera HopBesicKHi#l MaTema-
i H. AbGens (1802—1829), ¢popmyan KopHeil BooSlle He cymecT-
BYET.

YpaBHeHMe NMeproil cTeleHN HMeeT OAHH KOpeHb, YPaBHeHNe BTO-
poii cTelleRH AMeeT He Gosiee ABYX KopHeil. Moxmo poxasaTs, 49TO
BoofIne VpARHeHHE fni-if cTemeHM uUMeeT He GoJiee N KODHeH.

Ecnu ypasHeHHEe ¢ LeNBIMA Ko(bHIACHTAMM MMeeT MeILIA KO-
PeHb, TO €T0 MOMCHO HAliTH, MCOOAB3YHA CAEIYIOIIYIO TeopeMy.
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Teopema. Ecanu ypasnenue
ax"+ax"'+..+a,_x+a,=0,

6 Komopom éce Ko3pPuyueLmv. — yenvie HuUca, npuiem c606od-
Kb YleH OmAUYeR Om HYRA, uMmeem Yenvili KOPpeHb, mo Imom Ko-
Denb aenaemcs denumenem c60600n0z0 unena.

HokasaTenbcTso. [IycTs HEKOTOPOE 11€J10€ YMCJIIO M ABJIAETCA
KOpHEM JaHHOro ypaBHeHHus. Torza BepHO paBeHCTBO

am"+am'+..+a,_,m+a,=0.
Orclona

a, =-am"—-am!'-..-a,_m,

a,=m(-am"!'-am"2-..-a,_,).

B mpaBoil 4YacTH 3TOro paBeHCTBa 3aIllMCAHO IPOM3BEJEHUE ABYX
MHOKHTEJEeN, IepBhIil 13 KOTOPLIX ABJIAETCA HEJbIM YHUCJIOM IO Ipej-
MOJIOKEHHUIO, & BTOPO — B CHMJIY TOro, YTO IPOU3BEJEHHE U CyMMa
LEJIBIX YUCeJl ABJAETCA HEeJbIM YKUCJIOM, MPUYEM KaKIblidl M3 3THX
MHOMKHUTeJIel OTJIMYEeH OT HyJs, Tak Kak a, # 0. CiegoBaTesnbHO, 0
OIIpefieJIEHUIO, @, JeJUTCA HA M, T. €. HeJblii KOpeHb MHOTOYJIeHA SB-
JsieTcs JeJIATesieM cBoGoaHoro ujeHa. Teopema JoxkasaHa.

IIpuBegeM npumepbl IPMMEHEHUS 3TOH TEOpPEMBI.

‘ Hunbc XeHpuk Abenb (1802—1829) —
| HOPBEXCKUA MaTtemMaTtuk, OOMH U3 KpynHeii-
wwux maremarmkoB XIX Beka. UckniountensHbie
maremaTtuyeckue crnocobHoOCTU Havan nposs-
naTb ¢ 16 net. Pabotbl Abenst okazanu 6onb-
woe BAusiHne Ha pa3BuTve BCeil MaTemaTtukm.
OHu npuBenun Kk NOSIBNEHUIO psifia HOBbLIX Ma-
TeMaTuyecknx aucumnnuH (tTeopwm Manya, Te-
opun anrebpanyecknx pyHkunit) n copen-
cTBoBanu BceobuwemMy Npu3HaHUIO TEopuH
¢yHKLUMIA KOMNNEKCHOro nepemeHHoro. Abensb
nokasan, 4yto anrebpavyeckue ypaBHEHUS
cTeneHun Bobiwe 4-i B o6wem cnyyae Hepas-
pewunmMbl B pagvkanax, ykasan Takke YacTHbie
TUNbI YpaBHEHWUA, pa3peLurMbIX B pagvKanax.
AbGenb — ogvH U3 co3partenei Teopuu anaMnTudecknx GyHKUMA. Bonbluoe
3HayeHue nmeloT ero paboTbl N0 060CHOBAHMIO MaTeMaTUHECKOro aHanusa.
Abenb Hanucan nepeyio paboTy, NOCBALLEHHYIO MHTErpabHbIM YPaBHEHUAM.
PaboTbi ABens ocTaBunu 3aMeTHLIN Cnea B TEOpUM MHTEPNONMPOBaHUA ByHK-
umn, Teopumn PYHKLMOHANbHBIX YPAaBHEHUA U Teopun ynucen.
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IMIpamep 1. Halifem mensie KopHU YpABHEHHA
22— - 922+ 4x + 4 =0.

JemmATenamu ¢BoGOIHOTO YiIeHA ABAAKTCA umena 1, -1, 2, -2, 4,
-4, [logcrasnsas 9TH YHCIA B YDABHEHHe, HaliileM, ITO ero Jepas YacTh
offpammaerca B HyJbL OpA X, paBEOM 1, —2, 2. 3AaUAT, ypABHEHUE HMeeT
TPH LEABIX KOPHA: x, = 1, 2, =2, x3=2.

Orser: 1, -2, 2.

Dpumep 2. JorkakeM, ITO YDABHEHIE
x-32+3x+2=0

He AMEeT PAIIMOHAJBLHBIX KOpHEH,

TlopcTaBasa B ypaBHEHMEe JeAMTENH CBOOOIHOIO WIEHA, T, €, YMCIA
1, -1, 2, -2, yOexxaaeMcs, 4TO YpaBHeHHe He MMeeT MeJRIX KOpHeli.
JokaxeM, 4TO OHO He UMeeT TAKKe JPOGHEIX PAIMOHANLHEIX KOPHEH,

JonyeTnM, 4To HECOKPATAMAA APOdE -‘E. raepecZ,ge N, qg#1, apna-

ETCH KODHEeM YDABHEHHA. TOI‘JI& BEPHO DPABEHCTBO
E 4 B a P
- +3- £ 4220,
(q) 8 (q) 39 0
4 BHAYHT, H pABEHCTBO

p'—3p°¢+ 3pg® + 2¢' =0,

IONYUYeHHOE H3 HETO YMHOMeHueM ofenx uacteil Ha ¢'. JleBad 4acTh
2TOr0 PABCHCTEBA He NeJIMTCA HA {, TAR Kak mpeactasaser cobolt cym-
MY, B KOTODOIi Bce claraeMsle, KpoMe NepBOTo, JeNATCA Ha ¢, a Opa-
B&A YACTH PABEHCTBA JeJnuTcA Ha ¢. IloayueHHOe NMpOTHBOpEYHEe G-
KASKIBAET, 9TO NPefNoNOMEHNe HEBEPHO M HHKAKOE ApobHOE YMCAO
He ABIAETCA KOpHEM YpaBHEHHSHA.

Hrak, MEl JOKA3AJNH, YTO YPABHEHHMEe He MMeeT PAIHOHANbHBIX
KopHe#.

IMpumep 3. Pemum ypasnenue 636x% + 635x — 1 =0,

IIpumenerne GopMyNEl KopHell KBAAPATHOTO YPABHEHUS CBA3IAHO
BAech ¢ TpOMO3ZKHAMH BEMucIeHAAMH. [locTynum urage. IlonmTaemesn
HafiTH meJani KopeHE ypaEHeHNA. B cuay goxasanHoO# TeopeMel, eCIH
YPABHEHHe AMeeT HeNEl KOpeHb, TO OH ABJIAeTCA JenuTeneM uncaa —1,
T.e. paser 1 aam —1. IlogeTasnaa B ypABHCHHE BMECTO X STH UHCTA,
ylexpnaemca, uro yacno —1 aenderca ero KopHem. Bropoil kopeHb

HafifleM, BOCHOOJE30BAEMACE Teopemoil Buera. Tak kak x, = -1
1 1 1
H X% = ~gog? TO Xy = (—m) t(-1), T 6. X, = 36"
1

OrBer: -1u 36"
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Npumep 4. Pemum ypasrenue x* + x + 10=0.

HcnriTeiEas AeNUTENN CBOGOAHOTO UNeHA, HAXOAMM, YTO OAUH M3
KOpHe# ypapHeHHs paBeH —2. Mpyrux kopHeill aTo ypaBHeHHNe HE UMeeT.
B camom gene, byarouio y = x* + x + 10 MoHO paccMaTpHBATE KAk
cymMmMy Gynxomit y = 2% u y = x + 10, kaXxa84 @3 KOTOPEIX OmpeseJeHa
Ha R 7 asnaerca pospacraomeii. 3paunr, PyHKoMa y = x° + x + 10
BO3PACTAKOIOAA M, IO CBOMCTBY MOHOTOHHOH QYHELUH, KaXx(goe CBOe
SHAYECHHE, B JACTHOCTH 3HAYCHWe, paBHoe 0, 0Ha NpUANMAET TONBKO
IPH OJHOM SHAYEHHH APTyMeHTA.

OrpeT: ~2,
178. AenaeTca Mu XaAHOe YPABHEHHE HEJLIM YPABHEHHEM:
)xs—ﬁx xﬁul, 6 —6x=2:
) =g -3t ) x+1 8=
s —
6) Vx -1 = 19; w) 22 0,1
-1 o L+2+1 ]
'B)-;—:T-—lsx—4, 3) (x+l =x+4;
2_1_._ a1 22 _ ..
r) 1,07x 3x =01 H) Ix 1;
1o - ox; 2 g
R) e V2x; K) i 2xt — x5
179. KaxkoBa cTeneHs YpABHEHAN:
1 x - 4 2_4 1
a) gat = TEZA; p) E O _ gy
x+x’ _ 9% (x - B)x+45) _
6) 8 - P T) 1 = 0,25x%7

180. IIpz KAKAX YHAUCHUAX ¢ YDaBHeHHE
a) (ax® — 1}ax® + 2) = 3ax® AprAeTcA YPABHEeHHEM NATOH CTemeHu;
6) (2 — ax®Nax — 1) + 2x* =0 apnsercsd ypaBHEeHEHEM MIECTOI CTEIEHH?

181. JokayxuTe, YTO IPH JIOG0OM 3HAYCHEMH b YpaBHEeHHE
a) (bx? — x + 1}bx® — 2) = 3x(b — 5) asAaerca ypaBHeHHEM ceAbMofl
CTeIeHH;
6) (bx® — x'Ubx? + x) + 14x* = Tbx® asnaerca ypaBHeHHeM BOCEMOMN
CTeMe .

182, IIpy KAKHX 3HAYCHHAX &
a) THeao J2 - J3 aBnserca xoprem ypapHeHMS x! — 2x% + 3a =0;
6) uncao /3 + 5 #ABIAeTcAa KopHeM ypaBHeHHs x*! — 6x% + 4a® = 07
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183. CocraBbTe RAXOe-IHG0 YpaBHeHHE IISITOM cTenenH Baga P{x) =0,
rae P(x) — MHOrOUWIEH CTAHJAPTHOTC BHJA, €CJIH M3BECTHO, YTO MHO-
JKECTBOM erd KOpHeH ABJIASTCA MHOMECTBO A, rge:
a)A={0; -1; 1; 2; 3}; B) A ={1; 3; 5}

6) A= {-V2; V2; - 2; 3; 5); r) A = {0; 4; -8}

184. AMeeT ¥ Nefkle KOPHE YPaBHEHUe:
xS+ 2x* — 3x% + 2x2 - 1 =0;
Bjxf-x*+xP+x-2=0?

185. Haiizure neinie KOpHH YpABHEHHA:

3 +x~2=0 BxS+xt—-8x*-1=0;
)62 —Tx+1=0 r)2xt~3x2~2=10.

186. JoxamuTe, 9TO HECORpATHMAS APOLH ‘g-, rnepeZ gcN,

g # 1, He MoKeT GBITE KODHEM YDABHEHUA
-2+ 1T - T+ x~2=0.
187, HoramuTe, UYTO HE MMEET PANMOHANALHEEIX KOPHEH YPABHCHHE:
s -x2+3=0 6)x¥ -3 +x-2=0.
188. Hoxamare, yro rpabakn GyHRmu y =22+ 6 ny=-8x + 1
nepecexaloTcA B TOUKe ¢ MppanuoHaNbHOH abcouccoil.

189. Pemure ypapHeHHe:
a) 2002x% — 2001x - 1 = 0; B)3Txt+ T3x~2=0

6) 1162 + 115x - 1=0; r) 57x* - 101x - 26 =0,
190, PemmTe ypaBHeHUE!

a)x*+3x—-4=0; B)x"+x-34=0;

6)x*+x-10=0; 1) 22* + x = 18.

I } : I i I .> YnpaxHesua Ana NOBTOPeHMS

191. ITpu KaKHX SHAYEHUAX ¢ OPOM3BEeACHHEe MHOrOYIEHOR x° +
+ atx® + 4a n x* + 3x% — x TOMACCTBEHHO DABHO MHOTOUJCHY CTAH-

LAPTHOTO BHAA, He cONepiKalmeMy
a)xt;  6) x'?

192. Tlpu Kaxux 3HaTeHASX ¢ W b rpadux GyHkoAH ¥ = ax? +
+ bx — 4 npoxonur deped Touxu A(—3; 2) m B(1; 6)?

193. Haiigure obmacTh ompegenenns ¥ oGracTs 3HaYeHHN PYHK-
oum y = 2% — |x| — 12,

3 0. Maxaprmen «Aqrefipa. 9 1.+
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10. \’f MpuemMbl PeLIGHUN USNBIX YPABHEOHMA

Ilenoce ypapHeHHe TpeThell HAN Godee BEICOKOH cTemeHH B OTHE/b-
HEIX CAYYAAX VAAETCA PElIMTh, UCIOJb3VA CHEUHUANBHEIE LPHEMLL
PaccMorpAaM HeKOTOpHIe M3 HUX.

OpuH 13 IpAEMOB PellleHUA YpapHEeHMA Buja P(x) = 0, rge P(x) —
MHOTOY/IEH, CTEIEHL KOTOPOTO BHINIE NBYX, COCTOUT B PDASAONEHUN
MROZOUACRA ha Muoxumentu. C TOMOIIBIO PARIOKEHHA MAOTOWICHA
HA MHOXKHTEJIA YAAeTCA UHOTA pellleHUue YPaBHeHEHA n-#l cTelleHH, Toe
n # 3, CEeCTH K PelleHWID YpaBHeHUI Oollee HUBKHX cTeneHeH.

Opumep 1, Pemum ypaerenue 4% — 11x + 3 = 0,

Paznomum muorouner 4x* — 11x + 3 na muoxmrena. daa aroro
ogHouAeH —11x npepcraBum B Buge cyMMul —9x — 2x. TMomyamm:

4x* -9x-2x+3=0,
(4x® - 9x) - (2x-3)=0,
x(2x - 3)2x+ 3}~ (2x~ 3)=0,
(2x - 3)2xt+ 8x~1)=0.

H3a yenoBnA paBeHCTEA HYJIO IPOH3BeieHUA BHITEKAET, ITO IoaydeH-
HOE PABEHCTBO BePHO, Korga 2x — 8 = 0 unu xorma 2x2 + 8x -1 =0.
T'oBopAT, 4T0 AaHHOE YpaBHEHUE DABRHOCHJILHO COBOKYIHOCTH Ypas-
HeHAA

2x-3=0umu 222 + 8x~1=0,

B zamnen piaa ofosHauyeHMH COBOKYIHOCTH HCHOAB3IVIOT HHOTAA
2x -3 =0,
2¢2 + 8x ~1=0.

Muo:KecTBOM KopHell McXoamoro ypasHeHHS sBIaeTcd obbexu-
HeHIHe MAONECTE KopHeil ypaBHeHH, BXOIAIMX B 3TV COBOKYITHOCTE.

Pemup xaxaoe M3 ypaBHeHHH, HaffeM, HTO HCXOLHOE YpaBHEHHE
HMEET TPH KOPHA:

x, =15 x,= -3 “4Jl_7; X; = 3 +4Jl_7-

KBAAPATHYI0 ¢KOGKY, HAIpUMED HHOIYT: [

OTeer: 1,5; -3 _4‘/1_7; -8 +4J1_7.

JUIs pasiosKeHMA HA MHOMHUTENM MHOTOYMeHA TpeThbeil MiIH Gosee
BHICOKO cTeneHn GEiBAET YAOGHO MHOrZA BOCIOJNB30BATECH TeOpemMOoit
0 KOpHe MHOTO4YJEHA.

Teopema. Ecau wueno a agnnemen xopuem muozownena P(x) =
=apx* + ax*" ! + ...+ a,_x+ a, 20¢ a, ¥ 0, mo smom mHozoOuREN
MOXNHO Rpedemasume o sude npouagedenun (x — a) Py(x), 20e Py(x) —
muozounes (n — 1 emenenu.
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HJokxasaTeabcTBOo. TaKk KAk 4YHMCJIO @ ABJIAETCI KOPHEM MHO-
rowieHa P(x), To P(a) = 0. CoctaBUM pasHOCTBH M mpeobpa3yeM ee:
P(x) - P(@)=apx*+ax" '+ ..+a, x+a, -
- (a@" +aa" '+ ..+a, ,a+a)=
=gyx"—a)+a(x""'—-a" )+ ... +a,_(x - a).
ITonb3ysick GOPMyJIOii Pa3HOCTH N-X CTeleHel, NMPeJCTaBUM Kax-
IyiI0 pa3HOCTh Bujia x™ — a™, rge m € N, m > 1, B BuJie Ipou3BeeHUSA
IBYX MHOMKHTEJIEH, OQUH M3 KOTOPHIX PaBe€H X — 4. BBINIOJHUB BhLIHE-
ceHNe MHOMKHMTEJIST 3a CKOOKHM M Ipeo6pa3oBaB BhIpaKeHHE B CKOOKe
B MHOTOWJIEH, IIOJIYYHM

P(x) — P(a) = (x — a) Py(x),
rge Py(x) — mHOrounex (n — 1)-it creneHu.
Tak xkak P(a) = 0, To oTcioga ciaenyer, 4To

P(x) = (x — a) Py(x).

JokasaHHas TeopeMa SBJIAETCA cjeAcTBHeM GoJsiee obIero yrsep-
KIACHUA:

Ocmamox om deneHus MHOZOYNEHA

P(x)=ax"+ax" '+ ...+a, x+a,
Ha dsyunen x — a pasen P(a).

ITO yTBEpKAEHUEe HA3hIBAIOT Teopemoit Besdy. OHa Obliia BOEpBbIe
chopMyIHpOBaHA M JOKas3aHAa (PPAHIY3CKHM MATEMATHKOM ITHEHOM
Besy (1730—1783), ocHOBHBIE TPYABI KOTOPOI'0O OTHOCATCA K BhICIIIEH
anrebpe.

Npumep 2. Peminm ypasHenue x2 — x2 — 3x — 1 =0,

Ecin maHHOe ypaBHEHHE MMeeT IeJIblii KOPeHb, TO OH ABJAETCS
genuTtesieM umcia —1, T. e. paBen 1 unu —1. [IpoBepka y6exxgaer Hac,
9T0 yucJo —1 — KOpeHb ypaBHeHHMs. 3HAYUT, B CHJY JOKa3aHHOM

31beH Be3y (1730—1783) — ¢dppaHuy3-
CKMih MaTeMaTtuk, YneH Mapuxckoit akapemMum
Hayk. OcHoBHble Tpyabl No anrebpe — uccne-
foBaHMe cBOWCTB cuctem anrebpanyeckux
YPaBHEHWIA BLICLLMX CTEMEHEen u UCKNIoYEHNEe
HEW3BECTHbIX B TaKux CUCTEMAx — Cbirpanm
HEMaNOBaXHYIO PoJib B pa3BUTUN TEOpUK on-
pepenuteneii. Teopema 06 ocrtatke oT gene-
HUA MHOrOYNIEHa HA NUHEWHbLIN ABYYNEH CO-
nepxanacek B kHure «O6was teopust anre6-
paudeckmx ypaBHeHuii», onybnukosaHHoi B Ma-
puxe B 1779 rogy.
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TeOpeMEl, ero JeByI0 YACTh MOMCHO NPEACTABATE B BUAE IPOHIBEISHNUA
(x + 1) P(x), rae P{x) — MHOrowieH BTOpOi cTemeHuU.

Iaa Toro urobsl HAlfTH MHOTOYIEH P(x), pasfenum x* — x2 —8x -1
Ha (x + 1).

HenreHHe MHOTOYIEHOB BHITOMHUM ¢YTOJIKOM?»:

_x’—x’—3x—1 x+1
x4+ x x-2x-1

—-2x*-3x
T —2x*—2x
-x-1
Tx-1
0

Hrax,
- x2—3x—-1=(x+ IHx* - 2x - 1).

H3 ypaBHeHHA
(x+1xt-2x—-1)=0
MOJIyIaeM
x+1=0nmx*-2x-1=0.

Pemnns 5TH ypaBHeHHdA, Hafigem, UTO JaHHOE YpPABHEeHHe TpeTheil
CTeleHH UMEeeT TPH KOpPHA!

x1=_1,x2=1_\/§, x3=1+ ‘JE.

OrpeT: -1; 1 - JE; 1+ J§

Jasa pelreHHAA [eALIX YPABHEeHMil TpeTseidl mnu §ojee BRICOKGII
CTeneHN WHOTIA HCIONR3YIOT H3BECTHHIH BAM Memod géedeHUs HOGOH
nepemenholi. PacCcMoTpUM NpUMeHeHHAE HTOTO METOJA NPH PEIIeHHM
BOSBPATHEIX YpapHeHA# 4-# cremennm.

Boaiapamhbix ypasHeHuexM HA3ILIBACTCH YPABHEHHE BHIA

ax"+ax'+..+a,_x+a,=0,roea, =0,
B KoTOpOM @, =&,_,, k=0,1, 2, ..., n.
BossparHoe ypaEHeHHe JeTBEPTOH CTeNeHH B ofINEM BHJE MOXKHO
JAMMCATE TAaK.:
gxt+bxt+ext+bx+a=0,rnea=0.

Tak kak ydcyo ) He ABAAETCA €ro KOPHEM, TO TAKOE ypaBHEHHe
MOMKHO PELIATE, PASAENNE 0f¢ ero yacTH Ha X2 M BECASA NCPCMEHHYIO

1
y=x+ Ec
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IIpumep 3. Pemuum ypaBHEeHHE
A-2x—-2x'-2x+1=0.

OcoGEeHHOCTE 9TOr0 YPABHEHHA YETESPTOI CTENEHH COCTOHT B TOM,
910 KO3(bHIAEHTE, OQHHAKOBO YASJCHHEIE OT HAYANMA H KOHIA, DAR-
HH MeKny cofioil, Pasgenum obe uacTH ypaBHeHHS Ha X%, DT0 MOMRHO
cAenaTh, He HAPYIIAA PaBHOCHJIBLHOCTH, TAK KAk yHciao 0 He ABader-
¢ KOpHeM ypasHeHAA. [lonyanm

2 1
2 . _ — L —
¥~dx-1~4+ =z = 0.

CrpyonupyeM nepprlill 4ieH ¢ nocledHHM, a BTOpoil — ¢ opegmo-
CIeAHMM H BeIHeCEM 3a CKOOKM BO BTOpOH rpynme MHOMHTeNL —2:

1 1 _
(x’+?)—2(x+2)-—1—0.
1 1y
Beegem HOBYK IepeMEHHYIO i = X + e Toraa (x+ ;) =y, T. €.
224 % =,
. S
A

Honyuaem ypasHeHUE
GF-2)-2y-1=0,1.e.
¥-2y-3=0,
Pemus ero, Haiigem, uro y, = —1, y, = 3.
3uaunT,
x+ 1 =—1 nmu x + 1 = 3.
x x

Ileproe w3 »THX VPaBHeHHII He HMeeT KOpHe#, a BTOpOe HMEET

8-6 " 3+6
2 2

KOPHH . BHaynT, 3876HHOe ypaBHeHMe x* — 2x% —

- 1% - 2x + 1 = 0 nmeeT KopHA 3_2‘/‘;' 2 3"'2‘/5.

OTrBeT: %; #

Eme oaHuM MeTOAOM, KOTODHIM HCIOOAB3YeTCA NPH PEelleHHH Lie-
JIEIX YPaBHEHWH, ABNACTCA Memod neonpederenunix xodpduyuenmos.
PaapacENM ero HA IpHUMeEpe.

IlpamMep 4. PemumM ypapHeHUE
x*—-6x*+6x2+10x-3=0.
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IoacTasnAas E YPABHEHHE ASJINTENH CBOGOZHOIO WileHA, Haillaem,
YTO OHO UMeeT KOPHHM: X, = —1 ¥ X, = 3. 3HAYNT, 3TO YpaBHEHHE MOXK-

HO TpefcTaBUTh B BHIE

(x+ 1){(x - 3Uxt+ px+q)=0,
KoadpbuomenTs: p u ¢ Halifem u3 pasexcrsa
(x2—2x - 3)x2+ px + g)=a— 6x°+ 622 + 10x — 3.

Ionygaem

-3¢ = -3,
-83-2p+qg=6.

Orcrozag=1, p=—4.

CAenoBATENBHO, HCXOAHOE VDABHEHHE MPHBOAMTCA K BHAY
(x+1Dx~3Yx?-4dx+ 1)=0.
H> pasencrea x? — 4x + 1 = 0 uailineM ocTanbHbIle KODHH YPaB-

HEHUS: X; = 2 — J3, x, =2+ 3.

OrBeT: -1; 3; 2 - J§, 2+ 3.

IIprbnuskeHHEe 3HAYEHNA KOPHEeH HeKOTOPHIX IeJhX YpaBHeHm
yaaeTcA MHOTAA HANTH, HCIONB3VA zpaguieckuil cnocol.

Uk | !
\ FE| L
| %
I "
\ h oy
\
NV
4
_-3__—2__4/5‘! 1.2 x
-1
I
—5
WI |
-]
”‘lf L
[ A
| |
Puc. 42

IIpumep 5. Pemum yparse-
HHe x* —x2 -1 =0.

IIpegcraBEM faHHOE YPAaB-
Hegne B Buge x° = x? + 1. Ilo-
CTPOMM B OAHOH ¢HCTeMe Ko-
opAHAHAT rpaduKK GyHRIHE i = ¥
ay=x%+ 1 (puc. 42). 3rH rpa-
$HKH mepeceKaloTeH B TOUKe, abc-
OUeca KOTORoM npuiIuReHHO pap-
ma 1,5. 3maunr, ypasHeHEHEe X° —
— 2% — 1 = 0 umeer KopeHs x = 1,5.

B paccMoTpeHEHOM mpHMMepe
MEI HE MOXMEM VTBEpPKIATH, 4TO
HALILTH OpAGTHIKeHHOe 3HAYeHHe
KOPHA ¢ TOIHOCTHIO A0 0,1. Booswe
BOSMOXKHO, YTO M3-38 HETOUHOCTH
qdeprexa OHLIA AOmYINEeHa omiui-
ka. IIpn EeobxomauMocTH KOpHH,
HalileHHEIe rpabHYIeCKHM cno-
coboM, YTOUHAKNT ¢ DOMOIIEI
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ermpcyieAwi. A yTouHeHHUA Kop- 7Y
Hell Henosbayered cNeAVIOMee CBOH-
CTBO: ecyty rpadHK GyHEONM ¥ = f(x)
npepcTaBageT co6oii HeIPepHIRHYIO I"_""\\
IHHEUIC H HA KOHOAX HEKOTODOTO

npoMekyTKa [2; b] dbyEKOIMA TpHHA-
M2eT SHAYEHHS PASHEIX 3HAKOB, TO
EHYTPH 3TOT0 NPOMEHKYTHA HAXOIUTCH
KopeEs ypasHEeHHA y = f(x) (pac. 43).

VTO9HHM KOpeHb YpABHEeHAA x7 — Puc. 43
- 2 — 1 =0. Pucynor 42 nossonaer
OpegIONOKHTS, YTO KOPeHb YPABHEHHUA NPHHAANEGHHAT MPOMEMXKYTHY
[1; 2]. AeficTBUTeNbHO, BEIIOIHHE IOICTAHOBKY B dopMyny flx) = x° —
- x% — 1, ybempaemes, aro f(1) < 0, a f(2) > 0.

PasgesnM OTpesoK KOOpPAMHATHOH npamoit ¢ KoHuaMu 1 1 2 Ha
JIeCATH PABHBIX YACTeH TOUKAMH;

1,0; 1,1; 1.2; ... ; 1,8; 1,9; 2,0.

ByaeM BHIYACHATEL 3HAUCHAA PYHKOHMH HA KOHOAX KaMNKIOTO H3
00pa30BABIIMACSA OTPE3KOB, MCIOABIYA IIPH HeOGXOAUMOCTH KAaJbKYy-
aaTop. YrobH YMEHBIOHTE YHACHO HCIOBITAHMH, HaTHeM ¢ Touku 1,5.
Hueem f(1,5) = 1,5° - 1,5° — 1 = 3,375 ~ 2,25 ~ 1 > 0. YVunThiBad,
1o (1) < 0, MOXMHO 3aKJOYUTE, UTO0 KOPEHb YPABHEHUA OpHEHEAMJIE-
®AT NpoMeskyTKY [1,0; 1,5). CpaBEMBaA ¢ HyJeM 3HATCHAA (QYHK-
IMH HA KOHIOAX OTPE3KOE, onpegeaaeMulx Tovkamn 1,0; 1,13 1,2: 1,3;
1,4; 1,5, naxonum, uro f(1,4) <0, a f(1,5) > 0. 3HauuT, KOpPEeHb YpaB-
HeHWA MpUHAAJIEeRHT npoMexxyTky [1,4; 1,5]. Kamzaoe m3 uucen 1,4
¥ 1,5 g8mAeTcA KopHeM ypapHeHHd x° — x2 — 1 = 0 ¢ TounoeTei0 10 0,1.

AHANOTHYHO MOXKHO HANTH NTpAGINIKEHHEIC 3HAUCHNA KOpPHEH 510~
T0 YpABHEeHHA ¢ ToUHOCTRIO no 0,01, 0,001 u 1. 1.

o
9 )

194, PemunTe ypasHeHHE;
a) x* — 0,16x% = 0; B) p=11p* + 12p%;
6)1,2y° -6y =0, r) 2x® = x? - 6x,

195. HaiiauTe KOOPAWHATE TOUEK MEPECETEHHMS ¢ OCAMH KOOD-
InHaT rpadpura QyHKODUH:
a)y=x* - bx¥; B)y=2x" - 32 - 2x + 3;
By=2*-22*—x+ 2; ry=2x-4x*+ Tx — 14.

196. VxamATe KOODAHHATEL TOYCK HepeceueHus rpabuxa GhyHK-
umm y = ax® — 322 — 2x + 3 ¢ 0CBIO X, €CAM M3BECTHO, YTO OAHOM H3
STHX TOUeK ABJAAeTcH Touka A(1,5; 0).
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197. PemuTe ypaBHeHHE:

a) x®* + 9x — 10 = 0; r)p*-3p+2=0;
6) m* - 5m —2=0; I} 268 — 2 — 1 =0;
B)x*+2x+3=0; e)d4x' —bx+1=0.
198. Pemute ypaBHeHHE:
a)x*+5x2+Tx+3=0; By~ —-8y+12=0
6) x*+ 2x2~4x+1=0; DyYr-y*-14y+24=0.
199, HailiauTe KOpPHHU YpaBHEHU:
a)x*=x%-2; r) (x + 2)° + 2(x — 1)* = 66;
6)x*+x2-x+2=0; Dx+3P-(x—-1)2-4=0;
B+ x~Tx+5=0; e){(x — 3%+ B(x — 2)!=0.

200. PeumTe ypapHeHHe, HCIOAL3YA PASIOMKEEHE HA MHOYCHTEIIHA:
ax* -3+t -2x+x—-2=0
x5 +x'-6x°-6x2+8x+8=0;
B x*—-38x*+x*-8=0;
r)at—-0x*+8=0,

201, PewnTe ypasHeHHe:
ay(y—- 1+ {y+1)y=16; 6) (¢t — 3)*+ (¢ + 1)1 = 256.

202. Pemute ypaBHeHME:
a)x¥x+1) - x¥x-2)=24;
6) (2% + 1)(x? + 3) = 82 — 4x¥(x? + 5);
B) (x — 1)(x + 1)(x® + 1) + 2%(2x — 1) = 242 — 5.

203. Hajigure HyaH GYHKIKH!
Ay=2"~8x+25-6x2+x-3;
6)y=o2"+ 22~ 5x% ~ 1022 + 4x + 8;
B) y =2x"+ 2x* — 3x® - 8x% - 2x - 2.

204. Penrute ypaBHeHHne, NCNIONE3YA BBEAEHIE HOBOH mmepeMeHHOIE:
a) (x® + 4x)* - (x + 2)% = 416;
6) (xf ~ 2xP + (x — 1) = 78;
B) (x% + 6x)% - 4(x + 8)* = 156;
r) 3(x% + 2x)® = 85(x + 1) + 115.

205, 3anumwmnTe B ofllleM BHAEe BO3BPATHOE YPABHEHAEe: A4) IIATOMH
cTeneHu; 6) TpeTbeil cTemeHH; B) BTOPOi cTelleHH; I') DEPBOH CTENeHH.

206, Hokaxure, YTO BOIBPATHOE YPABHEHHEe HETeTHOH cTenmeHH
HMeeT KOpeHs —1.
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207. PeminTe BO3BpATHOE YDABHEHHAE:
a)x' - 5x*+ 6x*—Hx+ 1=0;
B +3x*-8x*+3x+1=0;
B)dx' -84 - 3Tx!-8Bx +4=0;
Nx-x+x-2+1=0.

208. 3uan, yro OAMH M3 KopHel ypasmenasn 4x! — 12x% + 13x% —
- 12x + a = 0 paser 2, HaliguTe ¢ H APYTrHe KOPHHM YDABHEHHA.

209. Pemnre ypaBaeHue:
Axt-02+38x2+Tx—-2=0; B)x—-4x*+xi+4x-2=0.

210. PemnTe ypapHeHNE, PASNIOIKHE €TI0 JICBYK TACTh HA MHOMH-
TENH METOAOM HeompeAeNeHHBIX KoabdanuerTon:
a)2xf - 4xP+ x> - 6x -3 =0 B2+ Tx*+ ' -8x + 2 =
83 +3x*-8x*+x—-83=0; r)2x*+ 5x° - Bx* - 13x—-4=0.

211, C momomeio rpadpukos pemmTe ypapuenue x° + 2x — 1 = 0.
HafiauTe gpe DocnenoBaTeNIbHEE AeCATHUHEIe APOOGH ¢ OZHHM 3HAKOM
Hocie SAmATOH, MEXAY KOTOPRIMH 3aKJIOYEH £r0 KOPeHb.

212. PemuTe rpaduyeckKs ypakRHeHHe x° — x — 2 = 0, C moMomsio
BEuceRHil yrournuTe no 0,01 HalimeHHoe aEAUYEHUe KODHA.

(] O
IR 7 YnpaXHeHus ANA NOBTOPEHMN

213. NaobpasuTe cxemMaTAvecKa rpabuk YHKOHH B YRAXHNTE 06~
JACTH 3HAYCHHH 9To#H QYHKOUM:
) y=x%— 6x+ 8; B) y=x* — 6|x| + 8.
6)y=|«*~6x+8);

214, TIpn xaxkux x sHaveHud ¢yeronum y = —0,5x + 3,6 opa-
HAQLIEJRAT MpoMeRyTRy [2; 4]7

215. IIpa xaxux ¢ n b rpadux dyaxkoun y = ax? — 2bx + 1 opoxo-
AHT 4Yepes TOUKH M(-1; 3) u P(2; 4)7

218. Apnmerca JIH PANMOHANLHEIM IWIH HPPAUBOHAMLHEIM YHCI0OM abc-
IECcea TOYKH TIepeceueHns rpadakos dynxumil y =2 -4 u y=-2x + 27

11. \./ Pewenne APOGHO-PALNOHARBLHBLIX
ypaBHeHUA

¥YpapHeHHe, JieBaA H NPaBad YacTH KOTOPOTO IPEeACTABIAIT coboill
PAIMOHAJILHLIC BRIDAMKEHNA, HASKIBAIOT, KAK H3BECTHO, PANHOHAILELIM
ypaBEeHHeM. Ecau ofe 9acTH PADAOHAJFHOTO YPABHEHHA HJH XOTA ORI
OHA H3 HHX ABIAKTCA JPOCHBIMH BHIPpAYKEHHAMH, TO TAKOE YpAaBHe-
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HAE HAa3bIBAETCA JPoGHO-PAUUOHARLHLM YpasHeHhuem. [IpuMepamn
nMpofiHO-PAOMOHAJIBHHX YPaBHeHHIk MOI‘Y"!é CAY/KHTH YPABHEHHA:

x—4+__ .
P2-1 = x2+1°
5 _ 2._
x+4_3x %

6x% -1 =

aJ’m

JhioGoe ApoOHO-pADMOHANILHOE YPABHEHME MOMHO 3AMEHHTE pPaB-
HOCHJIBHEIM YPABHEHNEM BHAA
Plx) _
Qx)
rae P(x) a Q(x) — MHOrOWIeHEL.
¥pasaeHnIo (1) YAOBIETBOPAIOT T€ M TOABKO Te 3HAYEHMA X, TPH
KoToprIx P(x) = 0 m @{x) # 0, 7. e. ypasHerne (1) paBHOCHJILHO
cHCTEeME

o, oY)

{P(x) =0,
Qx) = 0.

OTciona BRITeKaeT H3BeCTHHIN BaM O0IIUIE mMpueM pemeHus Apod-
HO-PaOMOHAJBHBIX YPARHEeHHMIH, KOTODPHIH COCTOHT B CAeAYIOMIEM:

— YMHOXAXOT offe YacTu ypaBHeHHs Ha 00mMid 3HAMeHATeJEk Jpo-
Oeil, BXOAAINAX B YPABHCHHE;

— pemalnT DoJYYeHHOee HeJ0oe YpaBRHeHMe;

— HCKJIYAIOT H3 €I'0 KopHeil Te, KOTOphle oOpamAleT B HYJAL 00-
mait aHamMeHarens apoGeii.

IIpumep 1. PenruMm ypapEeHHe
2x% - 3x -2
x-2
VmMEOXAB 06¢ YACTH YPABHEHUA HA X — 2, TOJYYHM Ne/oe YpaBHEeHHe
222 - 3x - 2 =2x - 2x%,
KOTOpOe MPHBOAKTCA K BHIY
¥ —-4x?+ 3x+2=0.
IlonyyeHHOE meNoe YPABHEHNE PABHOCHALHO YPABHEHHAD
(x-2)(x*-2x-1)=0
u Ameer Tpu KopEa: 2, 1 — v/2, 1 + /2.
Ecmx=2,Tox—2=0;ecmu x =1~ /2, T0 x — 2 # 0; ecan
x=1+ Jé, rox—-2+0.
BHAYHT, YMCAC 2 He ABIACTCH KOPHEM HCXOLHOTO YPABHEHHSA,
auacaa 1 - V2 @ 1 + V2 amnsmiorea ero KOPHAMH.

Orser: 1 - 'JE; 1+ \/5

= x%.
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Huoraa apofHO-pANMOHAJBHOE YPABHeHHE YAAETCHA PelldATh, He-
TOABBYA KaKHe-TUOO HeCTAHJAPTHRIE NpeoGpasoBaHUI.

x+3 6 x+2 _ x+5+x+8
x+2 x+3 x+4 x+7
¥mHOeHNe 00eHX 4acreill ypasHeHMd Ha O0IuA sHaMeHATeNB
apobedl cBASAHO CO CHOMKHBIMH TOMASCTEEHHEIMH npeobpasoBaHUAMH.
[Tocrymum nEave. Brigenum B Kaxxgoil gpofn menyio 4acThb:

1 1 1 1

x+2 Tl xig=lt a1+ o7

IIpumep 2. Pemrum ypasHCeHHE

1+

Orcroza
1 1 _ 1 .1
x+2 x+83 x+4  x+7

Jnaa Toro arobE yOpocTHTE NpeobpasoBaHAA, CHOMHAM OTASIbLHO
Zpo0OH B NeBoit ¥ Npapo# yacTAx ypaBHeHud. [loayqum

1 2x + 11

G+E+9) GG+rax+D
YMmuoeHHe o0eHX YacTeil mOJYUeHHOTO YPABHEHHA Ha oGmumit
sHaMeHATeNh gpolelf nPUBOOHT K YPABHERUIO

{x+ 4)x+ T)=(2x + 11)(x + 2}(x + 3).

Pacxpmsaa CKOOKH U nepeHocd BCe YJIeHBI YPABHCHMHA B JIEBYID
HacTh, NONXY4YaeM
2+ 11x+ 28 =(2x + 11}x* + 5x + 6),
x4+ 11x + 28 = 2x% + 10x% + 12x + 11x2 + 55x + 66,
2x% + 20x% + 56x + 38 =0,
x*+ 1022+ 28x + 19 =0.

HOJIY‘IOHHOO YpaBHeHHE TpeThell cTeneHH PABHOCHJIBHO YDABHE-
HHIO

+DxE+9%2+19)=0
¥ ¥MeeT TPH KOPHH:
x,=-1, x,=-4,5 ~ m, x;=~4,56 + Jﬁ
IIpa kaxpoM U3 STHX 3HAYEHAH X nponaBeneHHe
(x+20x+Dx+D(x+T)

He ofpaiaerca B HyJb.
BHauuT, ACXOAHOE YpABHEHHME MMEeT TPHA KOPHS:

-1, -4,5 — (1,25, —4,5 + J1,25.

Otsmert: -1; -4,5 — ,f/1,25; —4,5 + /1,25,
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B orpeARHEIX ¢Iy4Yasx yA&eTCA DeIIMTE ApPoGHO-pamAOHANBHOS
YPABHEHME, MCIIOAB3YA BBeAeHUE HOBOI IepeMeHHOM.

INMpumep 3. Pemnm ypasnenne

7 i-o
{x+2](x—1} (x + 54x - 4)

BuIONHEHB YMHOKeHUe ABYYWIEHOB B 3HAMeHATeNAX Apobel,
MOTYYUM

1 T L1_g
Zix-2 Lrx-2074

Beegem HOBYIO mepeMerHyI0 ¥ = x? + x. Ilosyuum ypasHenHe
1 7 1
=0

v-2ty-ta~

OTcoaa
4y — 80 + 28y — 56 + y* - 2y - 20y + 40 =0,
¥+ 10y — 96 = 0.
Peuine o0 KBAAPATHOE YpaABHeHHe, HaligeM, 4TO
¥y, =-16, y, = 6.

Kampoe us paiijernnx 3HaueHWil yAORAETBOPAET ApofHO-DATMO-
HaJbHOMY VPABHEHHUIO C NEPeMEHHOH y, TaK Kak He ofpamaer B HyIb
obmmii sHaMeHATeNs apobeil. 3HaunT,

x2+ x=-16 unnr x% + x = 6.

Pemaa kaxcAoe U3 3THX YpasHeHHH, HalizeM, YTO mepBoe U3 HHX
He UMeeT KOpHel, a BTOpoe MMeeT KOPHH: X, = —3, X, = 2.

IIpu x = -8 u x = 2 obmuii aHaMeRaTeab Apobell, BXOTAIINX B
HCXOAHOE YpaBHeHHe, He ofpaliaeTca B HYJIb. SHATHT, HCXOOHOE Ypas-
HEeHUe AMeeT JIBa KopHA: ~3 u 2.

Oreer; ~3; 2.
NDpumep 4. Pemum y'pannenne
©+ 3 3—(x+ )

1
Bregem BCMIOMOTATENbHYI) NMEePeMeHHYIo Y = X + ‘.'t‘- BHpaSHM

yepes ¥y cyMmy x° + —3%,7 Hmeem:
1 1 1
4 = = Lijxz—14+4 2
®+ 3 (x+x)(x 1+x2).
Ha panenc'rna y=x+ % HaxoguM, uro y* = x* + 2 + 113,
T.8. X+ =y - 2.
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Hrax, nonyuaeM ypasHeHHE
yiy' ~ 3) = ?%y-
Orcioga
o -3-53) -0

y=0mum y° = 6-;11-,

=0 nam ——éwm =5
U= y= 3 y..-2.
Pemasa ypasHeHMA
1 1 5 1 5
x+x_0’x+x__E’x+x_§’

HaliJeM, YTO MepBoe U3 HAX He HMeeT KODHel, BTOpoe HMeeT KOPHH —2

1 1 3
u —3 a4 TPeThe MMEeT KOPHH 5 U 2. Tax rex x* # 0 npu >THX SHA-

9eHHAX X, TO KAXIOE H3 HHX ABIIETCH KODHEM UCXOJHOTO YPABHEHHA.
1.1,
OrBeT: -2; 3 5 2.

B paccMOTPEHHBIX OpUMepaX HeCAOMHO Oblo BuI6pAThH TOZCTA-
HOBKY, [IOBEOJAIOMIYIO mepeiiTH K GoJee mpocToMy ypasHeHu1Io. MHo-
raa onda aToro tpebyeTcda npegBapHTeNbHO BEIDOJAHHUTE HEKOTODEIE
npeofpajsoBaHHA.

24+2x _ 3

Ilpnmep 5. Pemum yparHeHHe E-x+2f &

Jlerxko DpoBepHTD, YTO IHCAO { He ABIAETCHA KOPHEM YDABHCHHSA.
Paspennm yucauTeNh M 3HAMeHATENbL APOo6HM, sanucanHOH B NeBoil
4acTH ypasHeHHs, HA x°. [lonyaHM paBHOCHIBHOE YDABHEHHE

x+; _E
2_4'
(x—1+g)

X

IIyete x + % = y. Torga ng)g = %—

" 1
Pemme aro ypasHeHMe, HafifeM, 4To i, = 3, ¥y = 3 BEauur,

2 2 1
x ;=3mmx+;=§-

IlepBoe M3 9TUX YpaBHeHHH HMMeeT KOpPHM X, = 1, x, = 2, BTOpOE
ypaBHeHHe KopHel He uMeeT, Tak kaxk x> —x + 22 0mpux=1ux=2,
TO HCXOJHOE YPAPHEHUe MMeeT ABA KopHHA: 1 u 2.

OrBeT: 1; 2.



78 Frmasa 2. YpasHoHn »w HEPARGHCTEA C OQHOR NEPOMOHHON

V vh |
8
\ |
]
5
|
|
4 |
\ &
| ] \ &
I -&Y
\ X )
\ ] Q?'a I s
17 : ™~
Q i
: -
| 5 4l -3l 2l qfOl 1y 1ol 13| 4151@l7]sl™
- |
ey {
o
2
-3
|
_lﬁ
|
Puc. 44

Huoraa yaaerca HaliTH npHGAMiKeHHBEe 3HAYEHMA KopHelt Apob-
HO-DATHOHAJABHOIO YPABHEHUA, HCHOJB3YA rpaduueckHil Meton.

INIpumep 6. Pemrum ypasHeHME x? 5 = 0,5x2,

IlocTpouM B ofHOI cHcTEMe KOOPAMHAT rpadHKK GYHKIMR iy = %

n y = 0,5x% (puc. 44). I'paduKHu TepeceraloTes B OAHON Touke, abc-
OHUCCA KOTOPOH NpuianeHAo paBHA 3,2, ZHAUNT, JaHEGE YPaBHeHHe
HMeeT eAAHCTBEHEEIN KOpeHs x =~ 3,2.

217. PemnTe ypapHeHHE:

fﬂ_uys. ?.‘t+1+ zr —_ 3 +
a) *x-2 x+1 = B).‘1t:*‘+8 »-2v+d4d x+2°

3 _
6)‘;_22—3:2:2; r)

2p+7 2 5p _
8pf +1 2p+1 4pt-—2p+1

0.
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218, Hafizure KOPHU YPABHeRHA:

x+ 5 + 1 _ 1,
) _6x+8 R _Tx+10 x-2°
2¢ -3 3 2

O x-@B F-1x+ B -7

219. JokamaTe, yTo He AMeeT KOpHeH ypaBHeHHe:
1 1 -1

Y ritica® B-3-0
o2 _ 2 _ 1.
) 2-1 z+4d 2R+ %= &
a1 x+4
D 3x_2 t6-ax -0
220. HajipaTe KOPHA yPaBHECHHSA:
11 _ 1 1
a):c+10 x-1 x+8 x-3
1 1 1 1,
ts)Jl:—4+:.|c—5_.1vc~-8-|':.|c—1’

x+2 x+11 _ 2x-5 x-1,
Bevl x+10 2%-7 x-2°

2¢+9 x+8 _ 2¢r+15 x+12
D%+3 x+4- x+5 x+ 6"

221. HafiguTe HaubGonpnii KopeHb YPARHEHHA:

x2+23  x2+8 L x2-1 x2+1 _, 1 |
3) x+2 | = =5 B) x+4d  x+2 x+2
x2+1 x2 x? 2+1_,_ 2

6) x—1+x+2_6’ I').:|:+2+:vc-|-1_2 x+2°

222, PemmnTe ypagHeHHne:

x x+2 x+1 x+1 x x+1
0732  x x-2°0 B) -2 x+1 x+2 -0
ﬁ)xf-1+x;1+x2+x3=1; r) x;I i:?_xix§=3°

223. PemmnTe ypasHEHNE, HCIONL3YA BECACHHE HOBOH mepeMenHoH:
a):c*+%x+2+xzix=x3+‘.ix+6;

5 1 .2 ___ 6
) 12 P _x+3 o+ d
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224. I-zlaﬁ,mu're KOPHU ¥panuemm:
o (£ - 44 - ()¢
( ) (p + 6) -2=0

225. IIpn KaKUX sHAYEHRAX b cymma gpobeit

2 2
a) %2;111@8’11 paeHa 4; 6)2bb+2nb2531 pasHa 77

226. HaiiguTe KOPHM YpPaBHeHHA:
31 12

)y - gy =15 6) 72y ~ V' T 2=-L
227. HafimuTe KOpHH YDABHeHHA, VIOBJETBODAKIIIHE YCIOBUIO
2 3 2, 8 2 12
DEritdF-2 - F-2 OFA' 7 gF ¥
228, PemuTte ypaBHeHWE:
i1 1, 1 1 _ 1,
8 F,1 F+8_ 8 B) xx+38) x2+3x+2 60
1 1 _ 1. 1 ___ 1 __ 1
6) Ji+5 P +7 20 D ex-2 G-1F 12
229, HaiiauTe KOpHEHA YpABHEHUS, YAOBIETBOPHIOIIME YVCIOBHIO
a)x3+%=8%(x+—1£); B)xs-—a:;lg:‘?(x—%).

6) 2% ~ % =5%(x——1£);

230. PemaTe ypaBHeHWe, BHIIOJHUEB OPEABRAPUTENbHO mpeobpa-
30BAHME €ro JeBOH YACTH:

¥-x 2, (x-2x+5)° _ 5,2
8) GTs8x-1) 27 0 s " 23

231. C moMomplo rpadMKOB BHISACHHTE, CKOJLKO KOpHeH umeer

= x* ¥ HaiiguTe TPUCGIAKEHHO 3HAYEHUSA €r0 KOp-

YPasHeHHE 5 =

Heilf.
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232. PemmnTe rpaduyecKH ypaBHeHHe:

7 6
B) a7 =2+ 4 6) o = .

\
NN ./ YnpaXHeHus ANA NOBTOPEHURA

233. PemnTe cucTeMy HEPABEHCTE;
0,3x - L1 < 0,7, 0,5 - 0,2x > 1,7,
Y10.2¢ + 6 > 0,1x + 4 0,6 - x < 1,6 - 3x.

234, Hadijnre nelple pellleHHA ABOHHOTO HepaReHCTBA:

a) -1 < 12"7' 8 <o 6) -1,5 < 1’_3%52 <1,5.

235. Iapabona y = ax® + bx + ¢ npoxoguT uepea Touky A(l; —3).
Haitzure a, b u ¢, eclu N3BECTHO, YTO BEPIIMACH napabolbl ABIAETCA
Touka B(0,5; —4).

x-4
x+3

Kaxopa ofnacTe onpeseneEusa HyHKOHNT YVKOKATE NPOMENYTKU BO3-
PACTAHUA M YORIBAHMS (PYHKIUM, eCIH OHMU CYLIECTBYIOT.

236. HaobpasuTe cxeMATHYeCKH rpaduK GYHKONM y§ =

\
NEREE ./ KOHTpOnbHLIC BONPOCH W 3aDAHUA

1. Kaxoe ypasHeHHe HA3KIBACTCA [EJMBIM YPABHEHAEM ¢ OJHOH me-
peMeHno#? YTo HA3KBAETCA CTEOEHBI) MEJOT0 YPABHEHAS ¢ OAHOH
nepemennoii? Kakora crenens ypasaenus x4l — x%) = bx? — 257

2. ChopMyaHpyiiTe H AOKANKHTE TEOPEMY O OEeJOM KOpHe VpaBHe-
gug P(x) = 0, rae P(x) — MHOrowieH, B KoTopoM Bee KoahdHUupeHTE —
LeAble YHCAA, NpHYIeM cBOGOIHEIN WiIeH He pABeH HYJIO.

3. ChopmysmpyiiTe H ZORAMKHTE TEOPEMY O IDEACTABJEHHHN MHOTO-
ynera P(x) = gpx* + a;x* ' + ... + a,_x + a,, vae a, # 0, B BHAe
npouseenenud (x — )P, (x), rne P,(x) — muorounen (7 — 1)-i cremenu.

4. Ha npHMepe YPaBHEHHAR

28 - 22+ x - 1=0m x2(x + 1)(x + 2)(x + 3) = 5040

PABACHHTE, KAK PEIIAIOT LHEN0e YPABHEHHE ¢ DOMOUIBIO PASJIOHEHHA
HA MHOJKMTENHA H BECACHHA HOBoH mepeMeHHO.

5. Karoe ypapHeRMe HA3BIBAETCA ApoGHO-pammoHANLERIM? B uem
COCTOMT OCHOBHOH MpHeM pelleHHS APo0GHO-PAIHOHAIBHBIX YpAaB-
HeHH#A?



a2 Thaea 2. YpaEHOHWR W HEPARGHCTRS ¢ OOMOA nepamoxsol

HEPABEHCTBA
§5. A C OAHOA NEPEMEHHOW
2

12. YV Pewewnne uenbix HepaBeHCcTB
C OAHOW NepemMeHHOW

HepasencTBo ¢ ogHOM nepemMeHHOi, 0ofe YyacTH KOTOPOro ABAAIT-
¢ PanHOHANBHBIMHA BhIPAKEHNAMH, HASHBIBACTCH PAUUOHAALHLIM
Hepasencmeom. ECIH B panAOHANLEHOM HEPABEHCTBE JIEBAA H IPABAA
YACTA — Nexble BHIPAMKeHH:A, TO TAKOe HEPABESHCTBO HABHIBAETCA
YENBIM HepAaeHCTBOM.

ITpumepaMyu mMeARIX HEPABCHCTB MOTYT CIYKHTE HEPABEHCTBA

0,1x* > x* — /5,
2 _ -
(x 8)((50,3 X oy 1_16 .

Hs onpeneneHNA 0eJIOro HEPABEHCTBA H YCJIOBHI mepexoga K paBHO-
CHJIBHOMY HEPABCHCTEY BRITEKAeT, UTo Jioboe meiloe HepaBEeHCTBO
¢ IEpeMeHHOH ¥ MOMKHO mpeobpazoBaTh B PAaPHOCHJLHOE €MY Hepa-
BeHcTRO BEga P(x) > 0 nnm P(x) < 0, rae P(x) — MHOTOUYNEH CTAH-
gaptHoro Buaa. Ilo CTeneHM MHOrOYJIEHA OIpPEAENAETCS CTEIeHb
HepAB2HCTBA.

HepaseHceTBO IepBoii cTenedu B o0ImeM BHae 3AIHCHIBAETCA TAK:
ax +b>0nau ax + b <0, rge x — nepeMeHHad, @ U b — HEKOTODEIE
yucsaa, opuueM a * 0. IlpueM permrenns HepapeHCTE meppoi creneHn
BAM Xopomo nspecteH. IIpH ¢ > 0 HepaseHCcTBO ax + b > 0 aaMeHAOT

b
PABHOCHJILHEIM HEPABEHCTBOM X > —» MHOECTBOM pemeHmii Koro-
b.
poro ABJAETCA IPOMEMYTOK {——; +00|, a npu @ < 0 ero 3aMeHANT
/4
b "
paBHOCHJIbHHM HepaBEHCTBOM x < “'E! MHOXECTBOM pemennn KOTO-

poro AsnAeTcH MPOMEXKYTOK (—00; —-E). AnanorayAsiMm o0pazoM pe-

IIA0T HEPABEHCTBO ax + b < 0.

HepaBeHcTBo BTOpoil cTenenn B 06inqeM BHAE S3ANMCHIBAETCH Tak:
ax®+bx+¢>0ummax?+bx +¢ <0, rae x — nepeMenHad, a, b ¢ —
HEKOTOpEIe Yucia, npudyeM g # 0. PemleHie HepaseHCTBA BTOPOi cTe-
MEeHHM CEBOANUTCA K HAXOMKISHUIO NPOMEKYTKOB, B KOTOPHX KBAXPATHY-
Had (PYHKOUA NPHHEUMAET NOJOKHTEAbHBIE HAYM OTPROATEAbHbIE 3HAYE-
HHH.
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D<0 D=0 D>0
Y &Y Y

a>0

o| 3 0 3 *

yT ¥ Y,

0 -';c (7] x [#] X
a<0

Puc. 45

Ha pucyEKe 45 NOKA3AHO CXeMATUYECKHN, KAK DPACIONOMKEH OT-
{OCHTEABHO OCH X B KOODAMHATHONR niocKocTH rpadmk GbyEROHUM
1=ax?+ bx + ¢ B 3ABHCHMOCTH OT 3HAYCHHMA ANCKpUMHEHaHTa D, T8
) =5 - 4ac, RBAApATHOrO TpeXuneHa ax® + bx + ¢. U3 pacynka sup-
I0, KAK CBASAH 3HAK KBRAPATHOrO TpexuieHa ax® + bx + ¢ co 3HaKoM
toapduouenTa a npu D <0, D=0, D > 0.

Ecnn D < 0, To 3sHAK KBAJPATHOTO TPeXWICHA cosnadaem co 3HA-
(OM @ IIPH NIO0BIX 3HAYEHUAX X.

Ecam D = (), 10 3HaK KBaAPaATHOTO TPEXWIEHA coénadgem co aHa-
(oM g mpu NKHOM IHAYEHMH X, KpOMe KOPHA TpeXwJeHa.

Ecna D > 0, To 3HAK KBAJPATHOrC TPeXUICeHA NPOMLGONORONEH
IHAKY ¢ B MPOMEXKYTHE MeXJY KODHAMHA H coenadaem cO 3HAKOM @
IHe STOr0 MPOMEKYTKA.

OTH MOJ0KEeHMA MOTYT CAVKMTE ONOPHRIMHY NMPH PellleHHM Hepa-
IeHCTB BTOPOii cTeleHA,

Ilpumep 1. Pemum HepaseHeTBO 2x% — 5x + 2 < 0.

BhIYHCIHE AMCKPHMHHAHT KBAJPATHOrO Tpexdiiena 2x® — bx + 2,
1onyunM D = 25 — 16 = 9 > 0. 3HayuT, TpeXWIieH HMeeT ABA KopHA.
>emue ypapseHue 2x2 — 5x + 2 =0, nafigem, uro x, = -%, X, =2. Ham

1800 HAWTH MHOMECTBO IHAYCHMH X, IPA KOTOPBIX TPEXYNeH NpH-
IAMAET OTPALATEJLHEIC 3HAYEHHHA, T. €. €r0 3HAK IPOTHBOIOJIOMKEH
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aHaky nepporo Koaddunumenta. Tax kax D > 0, To 2T0 BHINOJHAETCA
B NIPOMEXYTKE MeXAY KOpHAMH. 3HAYHT, HEPABSHCTBO BEPHO, €CaH

B
OrBeT; (%, 2).

ClefyeT 3aMeTHTBh, MTO AJA pelllcHAA HepPABeHCTBA BHAaA ax® +
+bx+e>0ummax?+ bx+c <0, rge a0, MOMHO He BATTOMUHATE
BLIBOJ], 0 COOTHOIICHMH MEXY DHAKOM KBaAPATHOrO Tpexuiena ax® +
+ bx + ¢ ¥ aHAKOM KOadPUONEHTA &, 4 HCIONB30OBATE CXEMATHYCCKE
H300paykeHnblil rpadnk GyEKDUH I = ax? + bx + ¢, KOTOPELA cTpouTes
¢ y9eToM 3HAYEHMIA KOpHel, eclH KOPHM CYIIECTBYIOT, M 3HAKA Koad-
dunuenTa a.

Mpumep 2. Pemam HepaBeHCTBO
2x2-9x+ 9> 0.

T'padur dyaruun y = 222 — 9x + 9 ecTs napabosa, BeTBH KOTOPOH
HanpaejeHsl BBepx. Jlna Toro uTofEl onpeAenATh, KAK 3Ta napalona
PACTIONIOMKEHA OTHOCHTENEHO OCH X, PEIIHM YpDaBHeHHe

2x2—9x +9=0.

210 ypapHeHHE HMeeT ABA KOopHA: X, = 1,5, x, = 3. 3naumT, napabosa
nepeceraeT oCb X B ABYX TouKax, abcmmccenl rRotoprix 1,5 u 3. Hao-
6pasus mapabony cxemarudecku (pac. 46), MBI MOMKEM CIJIATE BBIBOJ,
YHTO JAHHOES HEPABEHCTEO BEpPHO, eCJH X € (—0o; 1,5) mam x € (3; +9),
T. €. MHOKECTBOM PEIICHHA HEPABCHCTRA ABJIACTCA of/befHHEHHE DTHX
POMEXYTHKOB.

OrpeT: (—o0; 1,5) U (3; +o0).

Ilenoe HEPABEHECTBO ¢ CAHOH MeDEMEEHONR
TpeTseH MAN (oflee BRICOKOIl CTEMeHM WHOTAA
YAaeTCA PenIHTh, UCHOAB3YA CNemuaibHbIR

MEeTOA, IMOJYUHBIINI HAIBAHNE Memod uk-
mepsanos.

IlycTe naE ABY4WIEH X ~ @, I'le @ “— HeKo-
ropoe uMcao. OTMeTHM Ha KOOpAMHATHON
npAMOoii TOUKY a (puc. 47). C/eBa OT TOUKH 4,
T.e. OIpH ¥ < @, ABYYICH NMPUHAMACT OTPH-
OATEILHBIE SHAYEHNUA, A CIPABA OT TOYKH 4,
T. &. IpH X > &, OH NPUHAMAET NOJOKATENL
- + . Hule sHAYeHHS. IHAYMT, IPH mepexose Tepes

a 'Y  TOUKY @ ABYUJNIEH X — G MEHAET SHAK. JT0
Pwc. 47 CBOHiCTBO JIEHNUT B OCHOBE METOLA HHTEPBAJIOB.

nY

1,5\_/ 3

Puc. 46
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PaccemoTpuM Teneps QYHKIHIO
flx) = (x + 4)(x — 3{x — 8).

O6nacTe0 onpejeNieHHA GOYVHKIHH ABAAETCH MHOKecTBO Aeil-
CTBHMTe/IBHHIX unces. OTMeTHM HA KOOpIUHATHON npaMoit Hyam dyHKIMnN,
7. . TOUKH —4, 3, 8 (puc. 48). HecnegyeM aHAKH 2708 QYAKOHH B KayK-
AoM 13 00PAICBABIIIMXCA NPOMENYTROE (—oo; ~4), (—4; 3), (3; 8), (8; +oo).

- + - +

. e

-4 3 g *
Pwnc. 48

Jlo6ad TouKa M3 OpoMeKYTEA (—00; —4) JeKHT Aepee Hydell dyEK-
uaM. O1ciofa BLHITEKAET, YTO B BTOM NPOMEKYTKE KaMIulill ns MHO-
mETeneit x + 4, x — 3, x — 8 orpunaTeNeH U, 3HAYAT, OTPHIATENIBHEIM
YHCJIOM ABAAETCA MX npoMaBedende. B mpomeskyTke (—4; 3) mobasn
TOYKA JIEHCUT IIPABEE TOUKHY ~4, HO JieBee Todek 3 H 8, M NOSTOMY npH
nepexofe U3 MPOMEMYTHA (—°°; —4) B NpoMe:xxyTOK (—4; 3) MHOMH-
TeNlb ¥ + 4 MeHfeT 3HAK, 4 KaKAGIH H3 MEOKHTemel x ~3 nx — 8
coxpaHser zHaK. CneaoBaTesbHO, B npoMexyTre (—4; 3) npouzeene-
mre (x + 4} (x — 3)(x — 8) ApNAETCA DOMOMHTENLHEEIM anciom. C mo-
MOIMEI) AHAJIOPAYHBLIX PACCYKACHMI MOMHO YCTAHOBMTH, YTO B NpO-
mexyTKe (3; 8) nponseegenue (x + 4)(x — 3)(x — 8) npuraMaeT oTpPH-
naTebHOE JHATEHME, & B IPOMEXYTKe (B; +00) — monoskUTeNBHOE,
YepenopaHHe 3HaK0B GYHKIIMH

f(x) = (x + 4)(x ~ 3)(x - 8)
DOKA3AHO HA KOODAWHATHOM mpaAmo# (cM. puc. 48).
Boobie ecnu ¢yEKIAA 3apaHa GopMynoi
fx) = (x — x)(x — 22) ... (x — ),
rae X — mepeMeHHasd, X;, Xz, ... , X, — HEKOTOpbIE YMUCI4, CPeaAn KO-
TOPBIX HET PABHEIX ADPYT APYLY, TO B KAMCIOM M3 IPOMEXKYTHOB, HA
KOTOpEIC HYJIM GYHKOMH pastupaloT o0IacTb onpefeaeHnsd, sHAK PYEK-
LMK COXPAHSETCA, & IPH Hepexofie yepes HYJb €€ 3HAK M3MeHAETCH.
JT0 CBOHCTBO ACHOJR3YETCHA OPH PEIICHAH HEPABEHCTB BHAA
(x—xHx—x)...(x—x,)<0, )
(x—xHx —x)) ... (x—x,) >0,
rAe X — NEPeMEHEAH, X;, Xz, ..., X, — HE PABHEIC PYT APYTY TUCIA.
IlpuBeaen opuMepsl.
IIpumep 3. PelunM HepaBeHCTBO
P-8xt-x+8<90.
Paanoxue NeByio YaCTE HEPABEHCTBA Ha MHOMHTENIH, NOJYVIHM
(x—-3Nx—-1Hx + 1) <0.
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- + - +

. -

. g

-1 1 8
Puc. 49

OTMeTMM HA KOOPAHHATHOM IpAMOHA HYJA QYHKIHH
fx} = (x — 3)(x — 1)}{x + 1),
T. ¢, uHcaa 3, 1 u —1 (pac. 49).

Oupepennm 3HAKH (YHKOHHN B KaxA0M N3 00pa3oBaBIIAXCA IDU-
MexyTEOB. IIpH 2TOM yaoOHO HAYMHATE ¢ NPOMEMKYTKA, KpaiiHero
cupasa. Bee TOUKHM 3TOrO IPOMERYTKA PACIOMOMEHH Ipasee Jioboro
u3 Hyneil oyHKOMH, 3HATHT, B 3TOM NPOMEXYTHE KAKILIA H3 MHC-
wureneti x — 3, x — 1, x + 1 nonoxaTeNeH, 4 MOTOMY IOJOMNHTERb-
HBIM YHCJIOM ABJAETCH UX Ipou3BefeAHe. 3HAKH DYHKIFEH B OCTANb
HBIX OPOMEXYTKAX ONpefelHM, HCIOJb3VA CBOHCTEO YepemoBAHHA
BHAKOB {cM. puc. 49). MHOMECTBOM pellleHHU HepaBeHCTEA ABJIAETCd
ofbeaunEeHNe NpoMeRyTKOE (—o0; —1) u (1; 3).

OrBer: (—0; —1) U (1; 3).

NpumMep 4. PellHM HepaBeHCTBO

xTx + 28 — 222 +4) > 0,

Tar pax MEOMATEN: X2 + 4 Opu M0O60M X OIPUHEMACT MOJOME:
TeJbHOE JHaYeHHE, TO JaHHOE HepaBeHCTB0 PABHOCHJILHO HEPABEHCTEY

2(Tx + 2)3 — x) > 0.
IlpueeneM aTo mepaBeHcTBe K BHAY (1). Huia sToro B mBy4iene

7x + 2 BHIHECEM MHOM(MTENb 7 38 CKOOKH, a ABYWIEH 3 — X YMHOMHM
Ha —1, H3MeHHB DU TOM 3HAK HepabBeHcTBa. Iloayunm

¥

7x(x + %)(x -3)<0.
Orcioza
x(x + %)(x -3 <0.
OrMeTHM HA KOODIMHATHOH OpAMOH RYIH PYHRKOUH
f(x) = x(x + %)(x -3)

n ee sHAKH B o0OpasopaBIIMXcsA mMpoMeskyTKax (puec. 50).
-+ - +

P

-qlmn
-] 4

Puc. 50
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MEoxtecTBOM pelllcHHHA HepaBeHCTBA x(x + %) (x - 3) <0, a aga-

YHT, ¥ PABHOCHJABHOIO €My 38JAHHOTO HEPABEHCTBA, CAVIKHT O0beal-
HeHHe IPOMERYTKOB |—0% —% u (0; 3).

Orser: (—oc; -% U (0; 3).

BSameTHM, UTO CYIECTREHHELIM ABJIAETCHA TpeboBaHue, 4To0k B dop-
myne f(x) = (x — 2 )(x — %) ... (x — x,) cpean 4HCeXA X,, Xy ... , X, HE
610 661 paBHEIX APYT ApYTY. B NpoTABEOM ciydae B MpOH3B2ACHHAH
MOMET OKASATECSH YeTHOE THCIIo MHOKATENEH BUAA X — X, U NPH NEPeXo-
fie 9epe3 TOUKY X, 3HAK ONpOM3BeJileHAd He GyeT MeHATHCA. OTO CAeNyeT
YIATHIBATE IPH PEIIeHMM LIENEIX. HePABSeHCTE METOAOM HHTEPBAJIOR.

Npumep 5. Pemmm HepaBeHCTBO
x(x+3)x -4 x - 2F <0,
OrMeTEM Ha OCH KOODAMHAT HYJAH QYHKOHH
f(x) = x(x + 3)(x — 4)(x - 2)*
H £¢ 3HAKH B KARIOM H3 00PAOBABIIIIKCH HETEPBAJIOB, YUNTHIBAS IIPH 9TOM,

YT0 IpK Mepexoie depea TOUKY 2 sHAK GYHKIMH He MeHsAeTcd (pue. 51).
- + - - +

. il i

-3 0 2 4 x
Puc. 51

MuoxeCTBOM pelleHHl HEeDABEHCTBA ABASETCH O0befHHEHHE npoMe-
KYTHOB (—20; —3), (0t 2) m (2; 4). 3aMe™M, UTO 3aAMEeHHTEH 06BegA-
merde npomexyTroe (0; 2) u (2; 4) opomexkyrrom (0; 4) HeaAB3A, TAK
KaK OpH x = 2 gHAuYeHHe GyHROun pasao 0.

OrpeT: (—o0; —3) U (0; 2) U (2; 4).

O6muit Bug rpaduka GYHKOHM ¥ = f(x) NOKA3AH HA pUcyHKe 52.
padur mepecexaer och X B ToYKaxX c abcnuecamu —3, 0, 4 u xaca-
eTcl OCH X B TOUKe ¢ aGcmuccoif 2.

Puc. 52
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237. Pemmnte HepaBEHCTRO:

a)x?—11x + 24 < 0 D-~9x2+12x~ 4> 0
8 2x2+11x-6 > 0; e)0,1x*+x-2,4<0;
B)-Tx*—6x+1>0; H)Bxx:—x+5>0;

r}) 2,5+ x+ 0,1 > 0; 3) 2x2—4x -6 2 0.
238. PemuTe HepaBEHCTBO:

a)6xt—x <O r) 2% < bax;
6) Tx2+ 8 > 0; R) 22 < 9;
B) 822 > 11x; e) #* > 16.

239. HalianTe MEOMECTBO PCINCHHA HEPABCHCTBA:
a)y Tx(Tx - 4)+ 2(Tx + 2) 2 0;
6) 3p(p — 2) < 2p(p + 4) — (p — 16);
B)2(6 —x)+38x(x— 1)< 0;
)y -3 -386-~y <1.

240, TIpn kaxux 3HaAYeHUAX @

a) KaXkJoe pelneHAe HepaBeHCTRA 2x2 — x — 8 < 0 sBageTca perme
HHEeM HepaBeHCTBA 3x — 2a > 0;

6) KakA0e pelleHHe HepapeHeTBa x2 — 2,5x — 6 < 0 apnserca peme
HHEM HepaBeHCTBa 5a — 2x > 07

241, Pemmre HepaBeHCTBO:

228 —x _ x+ 2, vty _¥.
a) =g > =g B) gy > 439
2+ 1, % 4 _x-7
6) = -x—-—1>-2-, r) T -1-=5—<0.

242. HaiiauTe Hauboablllee meJoe YHCAO, VAOBIETBOPAIOIIE:
HepaBeHCTBY:

a) (5p - Lp+2) - LIE <7

6 (&;+2g(u-1)_(m-1§m+1) <l

243. HaiiauTe HANMEHbINEE LeEJ0e YHCAO, YAOBIETBOPAIOMIE:
HEPABEHCTBY:

6x—-2)x @Bx-13x+1)
A =g 3

6) (39""16)(5"2)__(!’_81)2 < 0,5.

<1

244. TTpy karUX 3HATEHAAX X MMEET CMEIC] BHIDAXEHHE:

J2x? Z Jiz® —4x - 3
a) 2x +45x 3; B) 4xr_;c .
Jefrdx 12, 22 - x+ 8
6) x ’ r) 2% - 16 ?
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245. PemuTe cHCTEMY HEPABEHCTE:
¥ -2x-48 < 0, 6p’ +11p -2 < 0,
8 3x-6>0; 10p* +8p-1< 0

) 92 -30y+ 25 >0, ) x > 1,4x%,
T
02y - 01> 0 Ox2 + 5x —4 < 0.

246. HaitpaTe Bee medble THCAA, YOOBACTBOPAKINHE CHACTEME
HeDABEHCTE:

{t”—3<0, {2p’—13p+6<0,
8) B)

2 -2 <O 3p? - 28p + 44 < 0
2 -6x+5<0, 6x2 ~35x+11 <0,
Mt —dx+ 450 ™) \2x* - 4,5 < -1

247. HallaguTe MHOMECTBO SHAYCHAN X, YAOBIETBOPHAIOIIUX COBO-
KYIIHOCTH HepaBeHCTB:

) 2 =-1lx+ 30 < 0, )6x2—11x+4<0,
0,3x -1 > 0,6; 4x? - 18x + 9 < 0,

248. ITpn KaxrUX JHAMTEHUAX X HE UMEeT CMBICAA BHIPASKCHUE!
a) V3x ~ 2 + Jx? ~ Bx; 6) V2x% — Bx + Jx? - 6x + 8?

249, Haiipure MHOMKeCTBO pemendii HepasesceTea X2 — 3x € 1, npa-
Bajrexamux npomexxyrxy [—1; 1].

250. Hailtaure MHOKECTBO 3HAUCHMN X, VAOBNCTBOPAIOIINX CHCTEME:

x2 -85<0, £ +7,6x <0,
g i(3x-1<0, 6){[3+x<0,
x—-4>0 22 -9 >0

251. IIpH KAKHX 3HAYEHMAX M BEePHO IPH JIOGOM X HepPABEHCTEO:
x2+@2m-~8x+m-m+4>0
2+ C2m~6x+2m-m+3>0?

252. IIpn kakmx 3EAYeEAAX b BepHO TpH MOBBIX X HEPABEHETBO:
a)bx*—-8x +b < O 6)bx*—-3x+b>07

253. IIpy kAKX 3HAYEHUAX [ MHOMECTBOM pellteHnit HepaseHCTRA

pt-2p—-1x+2p<0

SBAAETCA MYCTOE MHOMECTBO?
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254, IIpn kaxnax sHadyeHAAX k Bee TOUKH rpadEka PyHKIMM
a) y = x2 — 4kx + k(k — 1) pacnoNomens! BEIIIE OCH X;
6) y = —x* + Gkx + k(k + 1) pacmonosxkeHEl HHAMKe OCH X;
B) ¥y = kx? + 2(k + 1)x + 4k pacnonoxennl HUme ocH x?

255. Henonssya MeToA AHTEPBAIIOR, PEIIATE HePABEHCTEO:
a) (x + 1,2) (x + 1-;-) > 0;

oo Yo I <o
B) x(x — 4)(x — 4,2)(x - 4_:15) <0.

256. PeminTe HepABEHCTBO!
a)(bx - 2}(x + 6) > 03
6) (x — 0,3)(6x — 1}5 - 2x) > 0;
B)(2x - THx+ 64 - x) < 0
r) #¥x + 3)(3 — 2x) > 0;
a) 2(2x — 15)(x — 62 < O
e) x(2x + 34x — 1,6)% > 0.

257. HalijuTe KOOPSUHATE TOYEK, B KOTOPLIX rpadhnx GpyHKIE

¥ =(x — 2P%2x + 3)(3x — 4,5)

a) mepeceKkaeT oCh X; 0} Kacaercd ocH X.

258, ITpa KaxkuX 3IHAYEHUAX @
4) MHOMECTBOM pelleHMi# HEepaBeHceTsa (x — a)’(x ~ 4){(x + 6) < 0 g5

NnAeTCA YMCNoBoi npomMeskyTox (—6; 4);

§) MHOXeCTEOM pelleHMI HepaBeHcTsa (X + a)X(x — THx + 5) > 0 a&
naerca o0peJHHeHHEe YHCIOBLIX MPOMEKYTROB (—02; —5) u (T} +00)?

259. PemnTe HepaBEHCTRO:

a) (x* + )49 — x¥) < 0; N -8x2+ < O

6) (x* — 1Mx* + 11) > 0; e)(x2~6x + 5 x+8)>0;
B) (22 - T)(x + 18) < 0; ®) (2% — x + 11){4 — x) > 0
) (x2 — 11)(15 — x%) > 0; 3) (2 — 9)(x® + 2x + 14) > 0.

260. Haiizure MHOKECTBO pellleHHii HepaBeHCTRA:
a) Ta® — 2x% - 28x + B > 0
6) '+ 6x2—x—-6<0y
B)x*—5x"+8x—4>0;
r)x*+2x*-5x-6 <0,
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261. PemmnTe HepaseHCTBO:
a)(x —8Ax? - 3x + 4) > (x — 8)%(x + 1);
6) (2x - 3)'(x® - x) > (x — 1)(2x — 3)4
B (0 - 4x + 4)(x? — 1) < (x — 2)%x + B);
Mix+ 6%x2 +x — 1) < (% + 8x)Nx + 6.

262. HpH K8KHX 3HAYCHHAX X HMEeT CMBIC] BHIDAMIEHUE:

2 Jx+ DB -2, 6) (x2 — Bx)(x2 + 2) 2
x*-25 x4+ x

263. Hafigute o6nacThH onpefenceHuA GYHKITUH:
By=J@2~ 2)x + 19); B)y = Jx® — 2x° + 6x — 12;
Dy=Ji - a2 +7); r)y= 2 —bx? + Tx - 3.

./ YnpaxHeHWa ONA NOBTOPEHUst

284. Kaxme n3 ganauX GyHROUA COXPAHAIOT 3HAK Ha Beeit ofura-
CTH OTIpefeIeHHA:

y=6x+4;y=—15x“';y=—xs—4;y=ﬁ?

265. HaoGpaauTe cxeMaTudecku rpabuyx dyRKnAA y = Jr -3
H JRAKKTE ANA Hee NPOMeXXYTKH 3HAKOMOCTOAHCTBA.

266. IIpu xaxkHX IHAYEHAAX X PABHELI SHAYCHHS ABYUICHOB:

852t + 9 m x* + 37«3 6) x* — 102 n 122% + 757

267. HailguTe cyMMY M NpOM3BejeHHe KOpHell GHKBAJPATHOIO
YPABHEHHA:
grt-14x* + 45 =0; 6) xt— 2x2 - 63=0,

268. Pemmnre ypaBHeHHE:

5-2¢ _ 1 . 2 2x-2, 2
V3-r~%-3 b 6) -1 " :x-3"3=0

13. \./ PeweHHe APOBGHO-PpALMOHANLHDIX
HepPaBeHCYB C OAHOW NepeMeHHO!

HepakeHcTBO ¢ 0ZHOI TepeMeHHoM, 0fe YACTHA KOTODOTO PAOHO-
HANbHEIE BHIPAXKeHHS, HA3IRIBAETCA, KAK HIBECTHO, PANHAOHAILHEIM
HepABEHCTBOM. EC/AM B PAINMOHANLHOM HepapBeHCTBe ofe YACTH MJIH
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XoTdA 651 OAHA H3 HUX ABJIATCA ADOGHEIMM BRIPAXKEHAAMH, TO TAKOS
HEPABEHCTED HAJHIBAETCH APOSHO-DAULOHGALHLIM HEDABECHCTIIA0M.
IIpuMepamMu ApofHO-PATHOHANLHEIX HEPABEHCTE MOTYT CHYHUTL

HepaBeHCTBA:
5 +-2-> 1. —<2—
x+1 x7 x+1° -?_’
J—‘/i;x<2x"+1.

Ecom B npo6HO-PAIIHOHANTEEOM HePABEHCTRE IIEPEHECTH BCE WISHH
B JIeBYI0 YACTH U TNPEJCTABHTh DOJYYeHHOE APOGHO-pPalMOHEJEHOE
BRIDA}KEHWE B BAJE OTHOIIEHMA ABYX MHOTOWIEHOE, TO NOMYIHTCA

() P(x)

HepaBeHCTBO BHAA '5(_:5 > 0 man a(x) < (0, roe P(x) u @{x) — MHOTO-

HJNE€HBL.

(x)

P
Tak kKak HepaBeHCTEO ) > 0 pABHOCHJBHO HEeDPABEHCTBY

P{x)@¥x) > 0, To pNA ero peleHNA MOKHO HCMOJMB3OBATE MeTOJ MHH-
TEPBAIOB. AHAJIOrAYHO /A PeIDCHMA HEPABEHCTBA %;—; < 0, paBHO-
CHIBHOTO HepaseHeTBY P(x)G{x) < 0, TaK:Ke MOMHO BOCIOAB3OBATHCH
METOAOM HHTEPBAJLOB.
IIpaseaem npHMEDEI.
-5x2+ 8x - 15
x%+ 4x - 12 > 0.
Paano:xdae Ha MHOKHTENH YUCAHTENbL U 3HAMEHATeN: ApoGHA, mpel:
CTABHM JAHHOE HEDABEHCTEC B BHIE
{(x - 5}x% + 3)
crox-2

Tax Kak x2 + 3 > 0 npu moboM X, TO BTO HEPABEHCTBO PABHO-
CHJIBHO HEPABEHCTBY

IIpumep 1. Pemum HepasencTBO

x-5
(x +6)x-2)
OrMeTHM Ha KOOPAMHATHON NpAMOLE 3HaueHAA x, o0pAIalolNHe B
HYJEb THCAHTENE AN 3HAMEHATeAEs Apodu, U 3HAKM FpobH B KaXAOM
u3 o0pASOBaBIIAXCA NMPOMEXKYTKOB (pac. 53). MAoxkecTBOM permenwil
HCXORHODPC HEPABEHCTBA ABNAETCA 00befHHEHNE MPOMeKyTKOB (—6; 2)
u (5; +09),

>0,

- + -+
-6 2 5 x
Puc. 53

OrseT: (—6; 2) U (5; +00).
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[Ipprmep 2. PemHuM HepaseHCTEO % < 0,
Pazno:kup HA MEOEUTENH THCIATEAbL H 3HAMEHATEND AP0, npea-
CTEBHM JaHHOE HEPABEHCTBO B BHJAE
{(x - D¥x +2)
(x — 1)*(x — 3}z + 3)

OTMEeTHM Ha KOOPAMHATHOH IpaAMoil 3HaYeHUH x, obGpamawinae B
AY/Ib YRACTHTENs WM 3HaAMeHaTeas Apobu, Onpepenum agak npoba B
RaEN0M A3 00Pa3oBaBIIMXCH TPOMEXKYTKOB, YIATLIBAA NPH 3TOM, UTO
OpH Nepexofie yepes TOUKY 1 sEAK ApoOHA He MeHserca (puc, 54).

MHoMecTEOM peIneHAH NOXYIeHHOT'O HEPABCHCTBS, & SHAYUT, U PABHO-
CHILHOTO My HMCXOZHOTO HEPABCHCTBA ABJIAETCA OOBeAMHEHHE NIPO-
NexyTkoB (—00; —3), (—2; 1) ;& (1; 3).

<,

-+ - - +

-8 -2 g *

k. ]

Puc. 54

Orser: (—o0; —3) U (—-2; 1) U (1; 3).

— 14
BaMeTuM, YTO ecH ORI MEI COKDATHANHA APOOE = _(a;)?{i) _(xa;(- x2)+ 3

x+2
Ba (x — 1)%, To moJay4aHIH Ol HEPABEHCTBO GCodx+3 < 0, KoTOpOe

Ae PABHOCHJIBHO UcXOAHOMY. HeficTeAarennuo, ancao 1 yaosaersopaer
N0Ty9eHHOMY HeDABEeHCTBY, HO HE ABASAETCS PEIIeHMEM HCXOTHOTO

P(x)

BepaseHcTBa. Boobllle mpH pellleHUH HepABCHCTBA BHAA @ 0 nau

% < {) Henpan JONYCKATE COKPANIeHHA zpobu %v TAK KaK aTo

MOEET NPHBECTH K HADYII€HHAKY PABHOCHJIBHOCTH.
OcranoBuMca TENE€PEF HA PEIIeHHH HECTPOHX HEPAPEHCTE BHIA

M o P
%) 20u o) % 0,

P(x)

MuoxecTBOM pemeHnil HepaBeHCTBA ) # 0 asnaerca 06b-

P(x)
tiMEEHTe MHOMKECTE PeIIeHAN HepaseHCTBA Bx) > 0 1 ypasHEeHUA

3—3 = (. MHOXeCTBOM peleHAl HepaABEHCTEa % % 0 apnaerca
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ofmeHHEAHEe MHOM(ECTE DEINEHHH HEPABEHCTEA gé—; < 0 H ypagge

P(x) _
HMA o) = 0.

— e

Ilpumep 3. PemmnmM HepaBeHCTRO —(;; +25))gj.?)} =0,

OrMeTHM Ha KOOPAMHATHOH IPAMOE sHaTeHEMA X, oOpamaioiiye
HYJb YHCAHTEN: MJIM 3HAMEHATeN:L Apoln, u ollpeAeaAM 3HAK Apola
B Ka¥JoM H3 ofpazoBaBmuxcs uHTepsanoe (puc. 55). Hepasencrsy
YAOBASTBOPAIOT BCE 3HATEHAA X, IPH KOTOPHIX »Ta APols MpUHAMAET
TMOAQMATENLHEIE 2HAYEHNSA, 4 TaKKe uuciaa 2 m —3, ofpamaloline B
HYJb €¢ YACTHTE]b. SHAYAT, MHOMKECTBO DellleHUuit mepaBeHCTEaA co¢-
CTOHT M3 npoMexyTroB (—5; —3], (7; +°0) u yucna 2.
- +

-5 -3 2 7
Puc. 55

wY

Orser: (—5; —-3] U {2} V (7; +0o0),
IIpaMep 4. Haiigem, opn Kagix 3HAYCHHAX X 3HAYEHHA Apobu
—25-;-%% OPUHALNEHAT YHCIOBOMY IPOMEXRYTKY [3; 5]

TpeGyveTca PELIATH ABOIHOE HEPABEHCTRO

S5x -1
8% 5, -3 &9
3anuimeM 310 JIBOﬁHOG HepapeHCTBO B BIfle CACTEMEBI HEDABCHCTE,

fx -1
23,

2x - 3 8

5x -1
< B.

2y - 3

Henonesya MeToR MHTEPBAJNIOB, HAWAEM, YTO MEHOMKECTBOM PeIeHmH
OEepPBOTC HEPABCHCTBA ABAfeTcH npomexyrtok (1,5; 8], a Broporo —
ofiseguHeENe IpoMexyTKoB (—oo; 1,5) i [2,8; +00). MuOomecTBOM pe-
meHHnil cHCTEMBI, 4 SHAYAT, H PACCMATPHBACMOrO JBOMHOrO HEpPABEH-
CTBA, CAYKHT IepecedeHHe ITHX MHOMKECTSB, T. €. NpOMeKyTok [2,8; 8]
(puc. 56).

B 2,8 8 x
Puc. 56
OrserT: mpu x € [2,8; 8].
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269, PemunaTe HepaBeHCTBO:

6 6 — x)2x — 9) (Tx + D(11x + 2)
)_x+5 0; r) 183x - 4

270. HaiianTe MHOMECTRO PEIlleHHIH HepaBeHCTBA:

a)32 4:?0, P)%30;

5 €8 <o, g) S22 D (o,

) E02 L UEC LI
271. PemuTe HePABEHCTEO:

a)x3—2.1;:_—3x+18>0; D x‘—s;s—4<0;

oL <o I >

B) x‘—zalﬂo_x";+9 > 0; e) x3—5i2_+38x—4 <0.

272, le'l KAKHX 3IHAYEHMAX X HMeeT CMBICJA BelpaXKeHne:
x4+ x-86, [x3 —4x% + x - 4
Ok R s

273. Hpﬂ KAKHX 3HAYCHHAX X He HM€eT CMBICJ/Ia BRIPpAYKEHHE:

a} -z 6) 5 1 -6 - x?
274. IIpu xaxkUX 3HAYCHMAX ¢ BEDHO OpPM MIOOLIX X HEDABEHCTBO:
) T <5 6) =3 < 1,57
275. HallguTe MHOMECTBO PEIICHNH HEPABCHCTBA:
6 1 2 1
Wy_27x <0 B+l x-1°L

3 2 3 3
Dz+6 x+1 -0 Nx+2 z-2 2
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276. PelluTe cHCTEMY HepPABEHCTS!

x+5>x+3 2x+3€2x+1
a){x-4" x-1 B) < x+2 x
Ix-T>x+1; 2 - x)=Tx;
6x-1 6x+1 2x
6) x+4€2’ r)q 3= >x+4'
5x - 8) > 6a; 13 -12x > x.
277. PemHTe A80iiHOe HEPABCHCTBO:
2<3x—8<3_ —1<x_8<3-
a)2< 737 <8 B) x+1 <%
x 4+x
6)04x+4-<2; r)1<3x+2€2.

278. Hafiante Bce mesele 3HAYEHHA X, YIORJIETBOPANINHE IBok-
HOMY HePABCHCTBY:

a)1<§fi<6; 5)~1<%<1.

279. IIpyn raxMXx 3HAYECHAAX & SHATEHAA ApobH aT_31
a) npuHagnexar npoMexRyTRy [1; 2);

6) maxoparca spe opomexyTia [4; T7]7

6 -2
x+1

280. IIpn xakHux 3HAYEHHUAX X TOYKH rpaduia GYHKINH i =
PACIIONIOMEHEL
&) BhIIE NpAMOH ¥ = 2;
6) BHYTPH HOJIOCHI, OTPAHMYeHHOA npaMbIMM ¥ = 1 u iy = 57

\
./ YnpaxHeHwus ans nNOBTOPeHUs

281. Pemnre ypaBHEHHE;
a) x® — 36x = 0;
6) 4x* = 252 - 6;
B) x* + 1022 + 24 = 0;
r) 6x° — 16 = 40x® — 2x.

282, HaiiauTe KOOpEMHATH TO4eK mepecedeHHsa rpaduka GyHk-
UHH y = \/sz - 10x + SJE ¢ OCAMM KOODAHMHAT.
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283. IIpy xaxaX 3IHATCHUAX G MEOMKECTBOM PEeIMCHH HEPARSHCTEA
(x + a)¥(x — 6)(5x — 2) < 0 apnaerca aHcI0BOH npoMexyTok (0,4; 6)7

284, ITocTpoiite rpadar byaroun:
gy=|2x-7; B) y =|4x - 6| - 3;
6) y =[5z + 11|; ry=-lx+ 4} + 5.
285. TIpH KAKUX 3HAYEHUAX & HEePABEHCTERO
(a—-2x—-4x+a+2<0
BepHO mpA Jdwbom x?

| \
Py ./ KOHTPONLHLIE BOMPOCH M 3afaHWUs

1. Kak cpgsaH 3HAK KBaIpaTHOTO TpeXuleHa ax® + bx + ¢ co sua-
KoM xoabdunuerra a npu D < 0; D=0; D > 07

2. Ha nmpuMepe HepaBeHeTs 2 ~ Tx + 6 > 0, x2 ~4x + 4 > 0
A x2 - 2x + B > 0 06bACHHTE, KAK MOKHO PEIIHTE HEPABEHCTBO BTO-
poil CTENeHU ¢ ONHOH mepeMeHHOMH,

3. ChopmyaupyiiTe cBoifcTEO HYHROUH, HA KOTOPOM OCHOBAH Me-
ton uaTepBanos. Ha mpumepe Hepasenets (x + 8)(x — 6)(x — 11) < O
1 (x + 11)%(x — 3))(x + 4)(x — 6) > 0 ofpaAcHATE, KAK PEMIAKIT HEpa-
BEHCTBO METOLOM MHTEePBAJOR.

P(x)

4, PaBHOCHJILHEI JTA HEPABEHCTBA o) >0 um P(x) Q(x) > O

% < 0 ¥ P(x) - @(x) < 0?7 Ha npnMepe HepaseHCTB —i,__l_ﬁ; > 0

1
Ry ~ -5-;1_—2 < 1 o0bACHHTe, KAK PelIaloT CTPoTHe ApobHO-panuo-

HAJIPHEIE€ HEepABEHCTEA.

5. PaBHOCHNBHEE JHU HepABEHCTBA gé—; z0n Plx) Qx) = 0;

P —

Q((_g < 0 7 P(x)- Qx) < 0?7 Ha npuMepe HepaBeHCTB __'}i+fl)i <0
52+ 6

L # x of/BACHHTE, KAK PeIIalQT HecTporae ApoGHo-pAlHOHANL-

AHE¢ HEePAREHCTRA.

| KO, Makaperven «Axrelpa. 9 rx.»
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YPABHEHUA
U HEPABEHCTBA
C NEPEMEHHON

§ 6. /.\ noa 3HAKOM MOAVH

14, V PeweHwe ypaBHOHWA
¢ NEPOMEHHOW NOJ IHAKOM MOAYANS

PaccMoTpuM npueMH pemeHNMA YDaBHEHUIH, CORepsKamMX Iepe
MEHHYK II0J 3HAKOM MOIAYJAA.

IpoeTeitmae ypasEenua suga |x — ¢| = b, rae @ u b — HexOTODHE
YHCNA, HETPYAHO DEIIATh, ACHOAL3YA IeOMeTpHtuecKHe Npej:
cTaBaeENsa. KaK HIBeCTHO, pacCTOAHHME MeXAY TOUKAME KOOpIHATHOR
npsaMoil PaBHO MOJYJI0 PAIHOCTH KOOPAMHAT 3THX Touek. IlosToMy
38784y <PeUIHTE ypaBHerHe |x — ¢| = b, rae b > 0» mMoxkHO cihopmy-
JIHPOBATE WHAYE: «HAHTH KOOPIHHATH TOUCK, HAXOJAIMMXCA HA KO-
ODAWHATHON IpPAMOi HA PACCTOAHUH b eAMEMD, OT TOYKH C KOODJHAHE
TOH g».

IMpumep 1. Pemnm ypasmenne [x — 2| = 3.

Ha xoopaunraTHO#t npAMOH HA pPACCTOAHHH, PABHOM ThEM eXUHH-
IAM OT TOYKH 2, HAXOAATCA TOYKHA ¢ KoopauHaramu —1 m 6 (2 — 3=
=-1, 2 + 3 = 5). 3maumT, ypasmenue |x — 2| = 3 nMeeT 1B KOpER
-1 u 5.

OcHOPHOII IpHeM pemeEns YpapHEHMIt ¢ mepeMenHOE moa 3HAKOM
MOZYJA COCTOMT B TOM, YTOOBI, MCIONLAYA onpedeNieHHe W CBOMCTBE
MOJYJA YHCHAA, OCBOGOAUTECA OT BHAKA MOAYJIA, 3AMeHAA JaHHOe YPap
HeHHe paBHOCUJABHHM eMY YpPaBHEHMeM, cHcTeMod uau co-
BOKYIIHOCTBIO YDPABHEHHI,

Haunem ¢ HarGoMlee opocToro clIydas, KOTAA YpABHEHUE MMeeT BH]
|f(x)| = b, rae b — meroTopoe ameO.

Ecnu b < 0, To ypasrenue |f(x)| = b re nMeer Kopxeii.

Ecnu b = 0, To ypasnenue |f(x)| = b pasHOCHIBLHO YDABHEHHK

flx) = 0.
Ecstu b > 0, To ypaBHeHue |f(x)| = b PaBHOCHABLHO COBOKYIIHOCTE
[;:x; - b'b H MHOXXECTBOM ero KopHell genderca oGbenHHEeHNME MHO-
x) = -b,

HeCTB KOpHell yparHEeHU, BXOAALIHX B DTY COBOKYIHOCTE,

Mpamep 2. Pemum ypapmenue [x? — 2x — 4| = 4.
IlarHOe ypaBHeHHe PABHOCHJIbHO COBOKYIHOCTH

x2 ~2x ~4 =4,

X -2 ~4 =4
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Pewnas mepsoe ypapHeHHe, HaiieM, 4To oHO uMeeT KopHH O u 2.
Pemiaa Bropoe ypasHeHMe, HaitaeM, uTO OHO MMeeT KOpHM —2 u 4.
OfbeaHEHMe MHOIKECTB KOpHed 9THX ABYX YpaBHEHHil, T. €. MHO-
#ecTBO, cocroamee A3 uucen 0, 2, -2 u 4, ABIASTCH MHOMKECTBOM
KOpHell 38JJ6aHEHOTC YDABHEHHA.

OreseT: 0; 2; -2; 4.

OcTaHOBMMCSA Temeph HA pellleHHH ypaBHeHHH Buga |f(x)| = |g(x)].
Momyan aByX tnces pABHEL, €CAH TH yncaa Ju6o pasHEl, 1abo ABIA-
©Tcs nporasomoaoskHbMU. IlosToMy ypaBHerMe |f(x)| = |g(x)| paBHo-
CHJILHO COBOKYITHOCTH

[f(x) = g(x),
f(x) = —g(x).

IMpumep 3. Pemnm ypasnenue [x° + 2x — 1] = |x + 1|.
JTo ypaBHeRH€ PABHOCHJIBHO COBOKYIHOCTH
22+ 2x-1=x+1uwmx?+2x-1=—(x+ 1)

Peimnaa kaxcaoe M3 3THX YPABHeHHH, HalizeM, 4YTO Imeppoe A3 HHX
HxeeT KopEM 1 H —2, a BTOpOoe uMMeer KopHEE (0 u —3. OGnennmennme
MHGYKECTE KOpHeIl >THY ypapHeHWd, cocToamee u3 gucen 1, -2, 0 m -3,
ABNAETCA MHOMECTBOM KODHEH 38AHHOIC YPABHCHMS.

OrseT 1; —2; 0; —-3.

Bosee cnoxHLIM ABAACTCA Cnydal, KOTAA YPABHEHHE AMEET BHJ
|#(x}| = g(x). U3 ompepenenas MOZYAA CELyeT, 9TO KODHH ypABHE-
HHA JOJHHE YACBIETBODATE Yeaosuw gi(x) 2 0. Ipu cobamogernu
370r0 YCJIOBHMS HCKOMBIE KOPHH YPAPHEHHS HOJIMHBI TAKMKE YAOBJIET-
BOPATH cOBOKYNHOCTH f(x) = g(x) nnn f(x) = —g(x). Bgaunr, ypasaerie
|f(x)| = 8(x) paBEOCHALEO COBOKYIHOCTH ABYX CHCTEM:

{f(x) = g(x), - {f(x) = —g(x),

g(x) >0 £(x) = 0.
3aMeTHM, 4TO IPA STOM COBOKYIHOCTE BBYX CHUCTEM MOSKHO IAME-
8(x) 2 0,
HETH CHACTeMOH [f(x) = g(x),
f(x) = -g(x).

Mpumep 4. Pemmm ypasmenne |x? — 4x + 3| = 2x — 5.
BT0 ypaBHEHHE PABHOCHILHO COBOKYIHOCTH ABYX CHCTEM:

x* —4x + 3 =2x -5, x? —4x + 3 = —(2x - B),
H
2% - 530 WM 12z — 53 0.
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Pemag ypasnenue x2 — 4x + 3 = 2x ~ 5, nafiaem, uTo 0OHO MMeeT
KopEH 2 u 4. U3 Hax yeaosm 2x — 5 2 0, T.e. x # 2,5, yaopner-
BOPHET TONLKO UMCA0 4. 3HAYAT, mepBas CHCTEMA MMeeT eJmHCTBed-
Hoe pemenne; X = 4. Pemas ypasnenne x% — 4x + 3 = —(2x — 5), Hail-

J€M, UTO eI'0 KODHAMH CcJOy)XaTr uucna 1 — «/E_l ul+ J§ H3 mEnx ye-
Joeaw 2x — 5 > 0, r.e. x > 2,5, VIOBRIETBOPAET TOMBKO 1ACHO 1 + J§
3HagAT, BTOPAS CHCTEMA HMEeT €JUHCTBEHHOE pemente: x =1 + J?_,

MHoMecT8OM KOpHel MCXOJHOI'C YPaBHEHHAA CAYHHUT ofnelnHeHH:
MHOMKECTB PeIlleHUH cCHCTeM, T, e, MHOMECTBO, COCTOHIIEE N3 UHCel

4ul+ 3.
Oreer: 4; 1+ J§

OIHH N3 PACIPOCTPAHEHHBIX NMPHEMOB, KOTCPBIM YACTO IIONB3Y-
IOTCA IPH PEIICHHH YPABHEHHH ¢ HDEePeMEeHHOH IO 3HAKOM MOJYILA,
COCTOMT B TOM, YTO OCEOOGOMIAIOTCA OT SHAKA MOJIVJA, BRIACIAR Opo-
MEMKYTKH, B KOTODHIX BHIpajteHNe, 3AIMHCAHHOE O] SHAKOM MOAYIA,
coXpaHsJeT 3HaK.

ODpumep 5. Pemum ypasHenne x2 — 4|x — 3| - 2x - 7=0.

9ro ypaBHeHMe MOKHO CBECTH K BUZY |f(x)| = g(x). Ynobuee, on-
HAaKO0, BOCIIONB30BATHCA TeM, YTO ABYIJEH COXPAHSET SHAK HA KAX-
JOM M3 IPOMEKYTKOS, HA KOTOPLIE €ro KOpeHb, T. &. YHciao 3, pastn-
BaeT KOOPAMHATHYIO NpAMY10. Ocrobokaadch OT 3HAKA MOZYJS, Mo
AyvaeM, 4TO AAHHOE YPABHEHHE PABHOCUABHO COBOKYIHOCTH ABYX
cHcTeM:

2 -4x-3)-2x-T=0, 2 -43-x)-2x-T=0,
UAH
x>3 x < 3.

Peman ypapuenme x? — 4(x — 3) — 2x — T = 0, majizeM, 9TO OHO

uMeeT KOpEKM 1 M 5. YuuTHEAA ycloBHe X # 3, HAXOZUM, 49TO penre-
HAEM IepEoii CHCTEMH ABAAeTed dueao 5. Peman ypasnenwe x° — 4(3 -

- x)— 2x ~ 7 =0, nafizeM, ¥To ono HMeer Kopau —1 — V20 u-1+ Jﬁ
W3 Hux yeaoBHIO ¥ < 3 YAOBAGTBOPHET TONBKO KOpeHb —1 — Jﬁ

SHAuYHT, pelICHHEM BTOPOil CHCTEME! ABNAeTCA Yneao —1 ~ /20, Cie-
AOBATENBHO, ACXONHOMY YPABHEHWIO YAOBJETBOPHAIOT ABA HMCAA: 5 &

-1 - ~20.
Orser: 5; -1 — JE

MpuMmep 6. Pemmum ypasrenme [x + 1| + |x — 4| = 5.
Kopuu geyunenos x + 1 & x — 4 pasGHMBaOT KOOPIUEATHYIO DA
MYH HA TDH NPOMexRYTHa: (—o0; —1), [-1; 4], (4; +90). OcBobomaancs
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7
10
|
8
|
A
2
gl 4l 210l | 2 | 4 i g%
| -2
I |
Puc. 57

0T 3HAKOB MOJIVJIA HA KAXKIOM H3 9THX NPOMEXKYVTHKOB, NOJAYYIHAM, YTO
JAHHOE€ YPABHEHHE DEABHOCHNBLHO COBOKYIIHOLTH TPEX CHCLTEM!:

-x-1-x+4=25, x+1-x+4 =85,
x<-1 -lsx<4
r+1+x—4=a
MIH
x > 4.

Pemum Kaxavio U3 aTUX cucreM. Haxoanm, 4To mepBad B TpeThba
cHCTEMEI HEe HMEIOT pellle R, a MHOXKeCTBOM pPelneBHi BTOpoi ABA-
eTed NPOMEKYTOK [-1; 4] SHAYHT, MHOMKECTBOM KOpHell MCcXomHOTO
YPABHEHHA ABARETCH NpoMexkyToK [-1; 4].

Orper: [-1; 4]

¥Y6eAuThCcA B IPABMALHOCTH STOI0 OTBETA MOMCHO, 0OpDaTHBIINCH
K rpaduky byaknun y = |x + 1| + [x — 4] (pre. 57).

286. OTMeThTEe HA KoopARHATHON mpaMol Touky A(—4) m ToukH,
yIaleHHHE OT Hee Ha PAcCTOdHHe, PABHOE

a) 2 epMHULAM; 6) 4 exuBEROAM; B) 7 eZHHHOAM.
287. PemnmnTe ypaBHeHRe:

a)|x-5|=38; 6)|x+8|=1; B)[6 — x| = 4.
288. Hafimnre MEOMECTBO pPellleHNlt YPABHCeHHA!

) |8x — 1| = 5; 6) |2 - 8x| =0; B) |]16x — 32| = -1.

289, PemuTe ypaBReHud:
a) % — 1| = 0; B) |[x* - Bx + 1|=5;
6)|8 - x| =1; njx-x+1j=1.
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290, Cxomnxo xopHeit mMeeT ypasHeRme |x — 12| = g — 53 + §
B BABMCHMOCTH OT 3HAa4YcHRIL a?

291. Hailinpure KOPHH YDABHEHIIA:
8) [|2x -1|-1] =0; B ||x + 6| - 6| =6;
8) ||x + 1] + 3| = 5 r) |7 -|8x - 1] =2
292, PemmnATe YpAEHEHAE:

a)|2xf - 3x + 1| =12+ x - 2|;
6) 112 - 10x + 2| = |22 + x].

203. HafinuTe KODHH YpaBHeHM:

a) [x* + 3x — 4| = 3x; r) |22 + 5x - 10)=5 - 2x;
6) jx% — 4x + 4| = x; m|xt-x+38|=x+2;
B) 6x = [x% + 8x — 8|; e)x—1=|6x+ 2x - 2|
294, Pemnte rpaditueckn ypaBHeHIe:
aB=lzh O S=lxh  m=|r-2l
295. PemrATe ypaBHeHHE:
a)x—4dx+1|-41=0; 6) 3x* - Hlx —2[-12=0.
296. PemnTe ypasHeHHe, HCOOJL3YA BEeJeHAe HOBOI mepeMeHnol:
3 9 x? .
a) (x" ~ 4)|x| + 3 = 0; BD-2 W+3 2+ -6

—dlx] -2
6 @* - 7)lpi=-6; nI4422

297. Penmute ypaBHeHHe:
a)x*+2x+|x +1|=0;
6)xf-2x+ 2 |x-1|+1=0
B)4x(x — 1) + |22 — 1| = 1.
298. Pemmre ypasmesne |x — 2| + [x — 8| = 1 m mponmocTpe-
pyiite orser ¢ momomisio rpagura GyEKmMM ¥ = |x — 2| + |x - 3|

299. PemuTe ypaBHeHHe:
a)ly—4|+|y-6/=8; B) [x| + |x - 1] +jx — 2| = 8;
6)|ly+ 8|-|y—- 2|=5; r) |x| +[x — 4| + |z - 5] = 12.
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300. Haiiaure KOpHH YpABHEHNA!

8 —x-y S k-
Vo TEE U een TF
2 +4x  2x
30

o0 _._1. _
R b D Teeel -

301. PempTe ypaBHeRRe:
8x-2 3x+4 _ 1 4 4
7% "2 k-2 Vo x+3 10

302. Pemure ypapHeHHE!

B +|x - 4|+2=0; G)H—dx—m:o.

\
Frrped ./ YnpaxHeHus QNN NOBTOPEeHUS

303. PemmuTe HepaBeHCTBO!
)bt 2 x4+ T; 6) 25x% + 4 < 20x; B) 172 + 1 < x,

304. PeminTe ypapHeHHe:
a3 - Tx:t—-Tx+3=0; 6) 2 — =3 - 22 - 1.

305. Haiignre KOODAMHATHI TOYEK HepecedeHMA rpadmExa PpyHK-
g y = x* + 2x% — 9x — 18 ¢ ocAMH KOODAMHAT.

15. \0/ PeweHwe HepaBeHCTB
€ MepPeMeHHOW nong 3HaAKOM Moayns

PaCcCMOTPHM NpHEMEl pellleHHs] HEPARCHCTR ¢ NEPeMeHHOH moA
JHAKOM MOXYJA.

Ipocreitime HepaBeHCTBa BEAA |x — a| < b mnm |x — a| > b, rae a
H b — HeKoTophe YHCcaa, NpHYeM b > 0, MOKHO pellIaTh, HCTIONBAYSA
reoMeTpHYeCKAe Mpe/cTaBIeHN.

IIpumep 1. Pemmwm mepagesctso |x + 1] < 5.

SanumeM AaHEOe HepaBeHCTBO B BuAe (x — (-1)| < 5. Ha 5 egm-
HHI[ OT TOYKH C KOOpAAHAToI —1 yaaideHK Ha KOODAHHATHON NpAMoH
TOYKHE ¢ KoopanHaTaMe —6 7 4 (-1 — 5 =—6, -1 1+ 5 = 4), a MeHee UeM
Ha § eMAHAN, — TOYKH, 3AKJIOUYEHHBIE MEKIY HHMH. 3HAYHT, HCKO-
MO8 MHOMXECTEO €CTh npomexyTox (—6; 4),

OreeT: (—6; 4).
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OCHOBHOH NpAeM pellleHHA HePABEHCTB ¢ MepeMeRHO NoJ 3HAKOM
MOJYJIH COCTOAT B TOM, YTOOH, HCHONB3YH oNpefelieHHe H CBOICTRA
MOAYAA YHCAA, OCBOGOAMTHCH OT 3EAKA MOAYJA, 3aMeHAA AaHHOe He-
pPABEHCTEQ PABEOCHJALEEIM €MY HEeDABEHCTBOM, CACTEMOH HIHA ¢o-
BOKYIHOCTBI) EepPaBEHCTB,

Haunem ¢ HepaseHCTSB BAAA |f(x)| < b unnm |f(x)| > b, rae b — Hexo-
TOpOe THCIO.

Ecne b < 0, To BEepaBsencTso |f(x)| > b Be uMeer pemennii, a ne-
pagencTso |f(x)| > b BepHO npH AI060M 3HAYEHAN X, T. . MEOXKECTBOM
€ro pellleEnii ABIAETCS IPOMEXRYTOK (—o0; +00),

Ecau b > 0, To HepaBeHcTsO |f(x)| < b DaBHOCHJABEO IBOKEOMY
HepaBeHCTBY —b < f(x) < b, a HepapenceTBo |f(x)| > b paBEOCHIBHO co-

BOKYIHOCTH
f(x) < -b,
f(x) > &b
9710 ofycaoBaeHo TEM, ITo npu b > () MoAyae, MeHBIIAMA, YeM &,

HMEIOT YHCA, IDAHANIKAIINE NpoMekyTKy (—b; b), a mogyus, Bome-
muit, vem b, HMeOT IHCHIA, BEAXOAAIINECA BHE 3TOr0 TPOMEXKYTHKA.

IIpamep 2. Pemnm mepasercTro |x? — 5x| > 6.

JaHHOe HEPABEHCTEO PABHOCHJILHO COBOKYITHOCTH ABYX HEDABEHCTB
xt — bx < -6,
xt - Hx > 6.

Pelasa nepsoe HepaBeHCTEO, HAlfeM, YTO MHOXKECTEOM erc pe-
meHHl ABNAeTcA HpomexyTox (2; 3). Pemasm BTOpOE HEepaBeHCTBO,
HafiieM, YTO MHOKeCTBOM erc pellleHHi ABaAeTcA ofbeHHeHHe TIpo-
MeXYTKOB {(—0; —1) 1 (6; +°0), BRaYAT, MHOKECTROM pellleHi{ ucxo-
HOT'O HeDABEHCTBA ABJAeTeA ofbeHHeHHe MHOMKecTs (2; 3), (—o0; —1)
u (6; +00).

Oreer: (—00; ~-1) U (2; 3) UV (6; +09),

PaccMoTpuM Teneps EepaseHcTsa Buja |f(x)| < g(x) u |f(x)| > #(x).

HepageHcTBO

|f(x)| < &(x) §))
PABHOCAABHO CHCTEME
f(x) < g(x}),
f(x) > —g(x).
Hoxaxem aTo. IlycTs x, — pemeHnne BepaBeHcTea (1). Toraa Bep-
HBIM ABJIsieTCA HepaBeHCTBo |f{x,)| < g(x,) mpHueM g(x,) > 0. Orcioaa
cAeAyeT, YTO BEpHO JBOMHOe HEPAREHCTBO

—8(x) < f(xo) < 8(xy),
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8 3T0 0BHAYaEeT, YTO X, — DemeHnAe cHcTeMbl (2). 3HaUuT, Kaxka0e pe-
nmeHpe gepasercTsa (1) apngercs pemermeM cacTeMet (2), C momomsio
BHAJIOTHYHEIX PACCYKASHHMN MOMKHO NOKA34Th, YTO KAMKAOE pelleEdHe
ciicreMul (2) ArnAeTcA pemeHmeM HepaBeEcTB4 (1), Ecam HepaBeHcT-
po (1) me umeer pemenmii, To m cucreMa (2) He UMeeT pelIeHU,
i HaoGopor. Taxmm obpazoM, EepaBeRcTRO (1) I cucreMa (2) AEAAIOTCH

PABHOCHIBHEIMH.
HepaBenerso
|7(x)| > &(x) 3)
DABHOCHJIBHO COBOKYNHOCTH
f(x) < —g(x),
4)
f(x) > g(x).

Jokaxem 910, IlyeTh X, — pemenne Repasenctsa (3). Toraa Bep-
HEIM ABASETCH HepaBeRcTBo |f(x,)| > g(x,). OTclona, mo onpeneseHnio
wozyad, f(x,) > glx,) unu —f(x,) > glx,), . e. f(x,) < —g(x,). 3naqur,
¥, — pemeHwe COBOKYNHOCTH (4), T. e. KasJoe pelleHHe HepABeHCT-
Ba (3) AenAerca pemenreM coroxynHocTH (4), Jonyerum Teneps, 410
4eno x, — pemerne cosoxynHoct (4). Toraa f(x,) > #(x;) mam fix,) <
< —g(x;). Ecau g(x,) > 0, To H3 3TOro ycjosna caegyet, uTo |f(x;)| >
> g(x,), T. e. BepHO HepabeHceTso (3). Ecnu g{x,;) < 0, To cnpaBegau-
BOCTh HepaBeHcTBa (3) oueBMAHa, TakmM o0pasoM, KaXAOe pelleEHe
HepapeHCTEA (3) ABIAETCA PeMIEHHeM COBOKYIEOCTH (4) B Ramoe pe-
[meHEe COBOKYIHOCTH (4) ABAgeTca pemieEneM HepaseHceTea (3). Ecan
HeparencTBO (3) HEe HMeeT pemIeHHi, TO M COBOKYMHOCTD (4) He mMeeT
pemennif, m BaoGopor. CaefoBaTeNBsHO, HePABEHCTBO (3) B COBOKYII-
HocTh (4) DABEOCHIBLHEL

Ipumep 3. PemmuM Hepasererso [x° — 5x — 6] < x + 10.
JauHoe HEPABEHCTEBO DABHOCHIBHO CHCTEME
{x3—5x—6<x+10,
x2-8x-6>-x-10,

Pemiag HepaBeHCTEA, BXOJAINKNE B ITY CACTEMY, HalieM, UTO MHO-
MECTBOM peIlleHHH IepBoro ABNAeTCA NpoMekyToK (—2; 8), a pToporo —
MHQKECTBO BCEX umcen, kpoMe 2. IlepeceueHHeM aTHX MHOYKECTB AB-
AAeTCA MEOKECTEO, COCTOALISE H3 BCeX THCeN, IPHHAANEHKALIIHX ITPo-
MexkyTRY (=2; B), KpoMe uncaa 2.

Orsem (-2; 2} U (2; 8).

IMprmep 4. Pemum HepaBencrso |x% — Tx + 6| > x2 + x — 2.
JaEHOe HEepPABEHCTBO PABHOCHIBHO COBOKYIHOCTH
x2-Tx+6>x*+x -2,
¥ - Txr+6 < —(x® + x - 2).



106 Fnara 2. YparHeHHA ¥ HEPARGHCTEA ¢ oanoll nepameimod

PelllHM HepaBeHCTBA, BXOAAIINE B 3TY COBOKYIHOCTH. MHOMse-
CTEOM pelIeHNii IepEOro HepABRSHCTBA ABIACTCA MPOMEXYTOK (—o0; 1),
& BTOpoTo — npoMeXXyToK (1; 2). MBoxXecTBOM pemeHHi COBOKYITHO-
CTH CAYIKAT 00beIHHEHHE STAX MHOXKECTB.

OreerT: (~o0; 1) U (1; 2).

OcraHOBMMCA Teneph Ha PEIIeHHH HepaBeHCTB BAAa |f(x)| < [g(x)|
unm |f(x)| > |a(x)|.

Ecnu a n b — HeKoTOpBIe uKCA, TO HepaBeHCTEo |a| < |b| BepHO Torma
H TOJIBKO TOrma, Korgaa a® < b% ITostomy HepamemcTso |f(x)| < |g(x)|
PABHOCEITBHO HEPABEHCTBY f2(x) < g%(x), a HepaBercTso |f(x)| > |g(x)|
PABHOCHIBHO HepABeHCTBY [2(x) > #%(x).

Npumep 5. Pemmm nepasenctso |x2 — x| < |x — 10].
Jangoe HePABCHCTEO DABHOCHNLHC HEPABCHCTBY
(x2 — x)? < (x — 10)%.
Pellias »T0 HEPABEECTEO, MOJYYHM
(xZ-xF-(x-100P <0,
(x* — 2x + 10)(x* - 10) < O,
Tak Kak TpexudaeH x® — 2x + 10 npn mofoM x TIpPUHAMAET MO0

XHUTeJbHEE 3BHAYEHHNA, TO NOJYUEHHOS HEPABCHCTBO PABHOCAABHO Hepa-
BEHCTBY

xt - 10 < 0.
MHOMeCTBOM PEINEHHH 3TOTC HEPABSHCTEA, 4 SHAYAT, ¥ PABHOCHIL
EOT'0 €MY HCXOJHOTO HeDABEHCTBA ABIACTCH IPOMEIKYTOK (—410; J10 )

OrBeT: [—Jl_, -Jl_O)

Huoraa npe permeHMa HEPABEHCTB YA4ETCH OCBOCOZMTECA OT 3Ha
Ka MOIyAd, BEAEAAA NMPOMEMYTHH, Ha HOTODEIX BHIPAMKEHWe, 3amd-
caHHOE TIOA 3HAKOM MOAYJIA, COXPaHAET 3HAK.

Npumep 6. Pemnm mepaseHcTso |x + 1| + |x + 4] < 5.

Kopun geyuneros x + 1 u x + 4 pazfnBaioT KOOPARHATHYIO Opsi-
MYI0 HA Tpu npomesxyrra: (—oo; —4), [-4; —1], (-1; +o0). HanHoe Be-
P4BEHECTEO PABHOCHJIBHO COBOKYIIHOCTH TPEX CHCTEM:

-x-1-x-4<35, -x-1+x+4<h,
HJIHR
x < —4 T 4<x<-1

{x+1+x+4<5,
AMH
x > -1,
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MEoskecTBOM peleruii neppoit cu- 7
CTEMEL CTY)HUT NPoMeXKyToK (—5; —4). ||
Bo BTOpOit cHeTeMe mepBOE HEDAREH-
¢TBO BEPHO IIPH JI060M X, H IOSTOMY \
MHOMECTBOM ¢ PelIeHWil ARJIAETCH
npoMeskyTok [—4; —1]. MuoxecTBO
pelmeAni# TpeThell CHCTEMB — Npo-
mexyrox (—1; 0), MEoxecTEOM peme-
HEif 3aJaHHOTO HEPABCHECTRA CIAYKAT | gl -
o6peqAHeEHe MHOMecTB (—5; —4), [l L
[-4; -1] u (-1; 0), koTOpOe npexn- Puc. 58
cragager coboit mpoMencyTor (—5; 0).

OrseT: (-5; 0).

Iocrpons rpaduk byuxman y = jx + 1| + |x + 4] (puc. 58), moxno
y0eAMTECH B NPABAJIBHOCTH NMOJAYYEHHOTO OTHEETA.

-—®

oy
L

1
]

by
O

|

|

i

¥

306. Hafinure, npa KAKEX SHAYCHHAX X PACCTOAHME MEXIY TOY-
xamm A{x) 1 B(8)
1) MeHbIIIE 4; 6) Goapmre 3.

307. PemmiTe HepaBeRCTEO!
Ajx-T<4; 6)|x+5/>68; 8B)|l-x/<23 1)|3-=x|>14,

308, Haiigare MHOMKECTBO 3HAYEHHAH @, NPH KOTOPEX HOPHA JHOOBIX
SHAYEHHSAX X BePHO HEPABEECTBO:

8)|8-x|>2 - 1; 6)17,2 + x| > 1,5 - 3a.
309, PemrTe HEPABEHCTBO:
a) |3x — 2| » 8,4; B) |22 — 3x| < 8;
6)12x - 1] > 17; r)|16 - Tx| < 2.
310, PemrnTe HEPABEHCTBO:
a)|x?+ 1] > 2; B) [x* — 2x| < 6;
6) |2 - 2x| < 8; r)|x*+x-1|> 1.
311. PemrnTe aHAJIHTHYECKH B I'padAYecKA HEPAaBEHCTEO:
a)|xt - 1| < 8; 6) |x* — 4| > 5.
312. HalianTe Hesanle peNIeERs HEPABCHCTBA:
8) jx® - 3| < 6; B) |« + 4x| < 5;
6)jx*-8| < T; r) |z - x| < 6.
313. PemrTe HepapeHCTBO:!
a) |x® + 4x — 5| < x* - 5; B) |x% — Bx + 4] < 3x + 4;

6) [+~ 3x + 4| < x + 1; r)|2x*+x - 1| <dx + 1.
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314. PemuTe mepasereTEo |x? — 2x| < x + 4 ¥ OPOMILIOCTPHDYiiTe
OTBEeT ¢ MOMON(LIO rpaduros GyHkoul y = jx2 - 2x|my=x + 4.

315. Haliapre MHOKECTBO pElleHHAl HepaABEHCTBA!

a) [x* + 3x — 4| < |8x]; B)lx* - 8x+ 2| <|8x - 2|;

6)|x2—-2x+1|<|x - 3|; r) |x% - x| > jx - 1]
316. PeminTe HEPABEHCTBO:

a)|x+ 1|+ |x - 2| <5 B lx+38|-|x-4j<1;

6) [x — 3| +jx—4]<11; r)|x + 6l + |x - 5| > 3.
817. PeniuTe HepaBeHCTBO:

a) 2+ |x| - 6 < 0; B) x* + 3|x| < 18;

6) x? — 2|x| - 8> 0; r) 2jx| + 15 — 22 > 0.
318. Pemnte HEpPABEHCTBO!

a2+ 2x-1j-6<0; B) 3x% - 5jx — 2|+ 8 < 0}

B)x*+|x—-3-9<0; r) 2«2 - 7x -1+ 3<0.

819. PemnTe HepABEHCTBO!

7 X%+ 3x - 10
a)—|2x+3|€5x+6; 6)—‘r—‘|—‘x+l < 0.

320. PemmTe apoiiHOE HepaBeHCTEO:
8) 1 <|8x — 8| < 5; B) 1< |2x — 11| < 5;
6) 2 <|7-5x| <12; r3<|15-2x|< 7.

321. IIpy KaKuX 3HaYeHWAX @ BCAKOE PeIIEHuE JEOHHOTC HEPABEH-
eTBa 3 < |x — 2| < 4 ABAKeTcH pemeHMeM HepaBeHCTEA X + 26 < 07

322, HalifuTe, Npa KaKMX SHAYCHAAX X TOYKH rpadnra dHyHK-
OMH ¥ = |2x — 3| pacnososkeHE! BHYTPH NOJIOCE], OTPAaHAYEHEOH mpa-
MEMH ¥ = 2 u ¥ = 5. IIpomnnrocTpEpyfiTe oTRET, NOCTPOME rpaduK
byuknum y = |2x — 3.

323. HaiignTe MHOMECTEO 3HAYEEHH X, YOOBICTBODHAIOIIEX COBO-
KYIHOCTH:

3x2+2x-1< 0, 2x* -8x-5< 0,
a) 6)

2-x% >0, L,3-x% >0,
0,8 — 2x| < 1; |8x — 0,4] < 6.
324, PermTe cHCTEMY EeDABEHCTE!

2) | — 3| <2 ) lx + 4] > 2,
B
|3 - 2x|< L |2x — 8,5 < 0,5;

6) |2 - 5] < 5, ) |8x - 1| < 7,
[5x + 1] < 21; lx -7 < 2,
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325. HaiizuTe MEOKECTEO 3SHATEEANH X, YVAOBJIETBOPAKIOAX COBO-
KYNHOCTH:
[l - 3el <o, o [18% - 8l <l

2 -11<0 x-x< 2,

AR .\
RN /  Ynpaxuenms AnS NOBTOPOHUS

328. PemruTe ypaBHeHnne:
a)x' - 15x + 14 = 0; -2 -Tx-5=0,

327. HalifuTe KOODAMHATE TOYEK NepecedeBHA rpatbHroB dyHK-
mAy=x>+2ny=6lx-1]|

328, HaolpasnTe cxeMaTmieckn rpadar GyRRDITH
y=x*-9x|+8

H YRAMXKHTE IPOMEXYTKH BO3DACTAHAA B YOLIBAHHA 3TON dyHKIMWH.

\
T ./ KOHTPOfIBHLI6 BOMPOCH U 3aAaHWUS

L. O6pAcHATe, KAK PEIIAIOT YPABHEHHA M HepaseHCTBa BHfa |f(x)| =
=b, |fix)| < b, |f(x)| > b, rae b — monomuTENBLHOE UHCIO.

2. O6BbACHATE, KAK DEIIAIOT YPABHEEMA B EepareHcTBA BEia |f{x)| =
= |g(x)l, [/(x)] > |atx)), |7(x)] < |a(=)).

8. Ha npumepe ypasuerms |x + 1| + |x — 4| = 7 # HepaBeHcTBa
|z| + [x — 2| < 8 06BACHUTE, Kak pemaOT ypaBEeHNA A HEPABEHCTBA
TAKOTO BHA, 0CBOGOMKAAACE OT 3HAKA MOAYJIA HA IIPOMEKYTKAX, B KO-
TOPHIX BEIPAIKEHME, 3ANHCAHHOe 0J 3HAKOM MOJYJIf, COXPARAeT 3HaK.

YPABHEHMA

§7. /’\ C NAPAMETPAMU

16. V LUenoie ypasHeHnUa ¢ napamMmeTpaMmu

PemnM ypaBHEeHES:
8x=7, 1Bx=T7, -11x=T7, 0x=1T.

Kopess mepeoro ypapHeHHA — 9YHCIO %, BTOPOr0 — YHCIO 1—2,

T
TPETBETD — HHCJIO —H, YeTBEpTOE YPABHEHHe KODHeH He MMeeT.
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Kaxcaoe Ha JaHHLIX ypaBHeHni nMeeT B ax = 7. B aaBHcumocTH
OT G BOSHHMKAIOT pagHbIe CIyuanm: eclH @ # 0, TO ypDABHEHHe HMeer

7
KOpeHb » €CIH ¢ = 0, To ypaBHeHHe KOpHEH He nMeer.

PaccMaTprBaa ypaBEEHHE gx = 7, MBI MpRAaBaan GYKBaM @ H ¥
pAa3HHE CMEICH, CUATAA, YTO GVKEBOIH x 0603HATEHO HEH3BECTHOE 4H-
cac, a OyKBOH @ — HeKoTopoe GHKCHPOBAHHOE THCJO, 3HAUSHUE Kor
TOPOTO B KAKAOM KOHKDETHOM CAydae HIBeCTHO. B Takmx ciayuasy
FOBOPAT, YTO @ ABJIAETCA RAPAMEmpoM, & YPABHEHAE HASEIBAIOT ypus
HeHueM ¢ APAMEmpPoM.

C NOHATHEM MEPAMETDA BEl, B CYHIHOCLTH, YK€ BCTPEUANINCEH, XOTH
caM TePMHH <IapaMeTps He BBoguics. Tak, npu paccMOTPeHME Bo-
poca -0 KOPHAX JANHeHHOro YpaBHEHHA ¢ OJHMM HEH3BECTHEIM 3T0
YPABHeHHe FANACHBANH B BHAe ax = b. 3aech napaMeTpaMHA CIYRUAL
6ykBl a ¥ b. IIpE BHIBOAE GOPMYJIBI KOpHEH KBAADATHOIC YPABHEHHS
ax? + bx + ¢ = 0 napaMeTpaMH CYATAJIH er'0 KoabbHIMeHTH ¢, b H ¢,
IIpm nsyyenun aureiinoil GyEKIMHE ¥ = kx + b 3a mapaMeTphl NPHHE-
Man? koaddunouenTr & n b,

PaccMaTpnBas ypaeHeHMe ¢x = 7, MBI BRLASTHIHN CIydan, Korga ¢ #0
H Korga @ = (0, ¥ YCTAHOBHAM, UTO IIpH 4@ # ()} ypaBHenne HMeeT KOpeHs

7
g’ AupHa= 0 ypasEenue He pMeeT Kopaeif, Texum ofpasom, MuI yera:

HOBHJTH, K&K MOXHO HaliTH KopeHBb YPAaBEeHWA IIpA J0boM 3HAYCHNH 4.

B raxnx ciry4asx TOBOPAT, YTO MBI PEUiIU YPRGHEHIE € NAPaAMempon a.
Boobme pewsums ypasuenle ¢ napamMempor — 3mo 3HALLM -

MAaHOBUMY COOMEeMemaue, NoIG0ARVUCe ORA BHWO020 IHAYEHUR IO

Pamempa HAUMU COOMEEMEMAYIULEE MHONECTNEO KOPHELL.
PaccmoTrpEM npuMepkL.

IIppmep 1. PemuMm ypaBHeHHe ¢ HAPAMETDOM &:
ax —2x=a®+ a — 6.

BrigeceM MHOT'OYJEH X 3a CKOOKH:
(a—-2x=a+a-86.

Mu nMeeM JuHeHHOS YPABHEHHe, YHCJIO KOPEEH KOTOpOro 3aBH-
CHT OT TOrO, pabed JH HyJA0 KoaddHOIAEHT OpM X HJIH OTOHAYEH OT
HYyJA.

Ecrua — 220, T.e. ¢ # 2, TO YpaBHEHNEe HMeeT eIHHCTECHHRIH
KOpeHb
_a*+a-86

T ae-2 7
OTerona

o= @-2@+3)

P a+ 3.
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Ecmna — 2 =0, T. e. ¢ = 2, To ypaBHeHHe npuEuMaer eug Ox = 0,
B arom cayuae Joboe YECAO ABIAETCA KOPHEeM VDABHEHHSA.

Oreser: a + 3 opu a # 2; moboe uucno opu a = 2.

IIpumep 2. Pemuwm KRajpaTHoS YpaBHEHHE ¢ HapaMeTpoM b:

3x2-6x+b=0.
Hafigem ZucKpHMMHEAHT dTOoro ypasHerus: D = 36 — 12h, Pac-
¢MOTpHM cayuaH, Korga D> 0, D=0, D <.
Ilyers 36 — 120 > 0, 1. e. 12b < 36, b < 3. B 9TOM cayuse ypaBHe-
ENe HMeeT OBa KOPHS:

_6-36-1% _ _6+36-1%
= < s Xy =

3 .

Xy

Ecmm 36 — 125 =0, T. e. b= 3, T0 YpaBHEeHHe AMeeT eANHCTECHHRIH
KopeHr — 4yAcIo 1.
Econ 36 — 120 < 0, 7. €. & > 8, To ypaBHeHMe Ee MMeeT KopHel.

6 — /36 - 12b " 6 + 36 — 12b
6 6

OrserT: apa & < 3; 1 npm b = 3;

mer KopHedl mpH b > 3.

Opyroii Bug 3agau, OTHOCALIMXCA K OeJLIM YPABHEEHAM ¢ Hapa-
MeTpAMHE, CBASAH C HCCAeoBanreM ypasnermii, Hanpumep, nia ypas-
HeHHS ¢ DAPAMETPAMHE MOMKHO MHOTAA ONpPEfe ATE YHCAO KopEeHd mpu
pPASTHYHHEIX 3HAYCHHAX IAPAMETPOB, OMEHUTEH 3HAYEHWA KOpPHe#A
B 3ABMCHAMOCTH OT 3EQYEEHUH DADAMETDOE M T. I,

PaccMoTpEM mpHMMepEL.

NMpumep 3. HaiifeM, NpE KAKAX 3HAYEHHAX MADaMeTpa a 6m-
KBAJPATHOE VPABHeHHE

M-(@+22+3a-3=0

HMeeT YeThHIpe KOPHS.
BeegeM HOByIO mepeMeHHYI0 ¥ = x%, IToayunM KBAAPATHOE YDaB-
HeHHE
¥-(a+2y+3a-3=0.

JlanBEce GEKBAJDATHOS YyDABEEHEE® MMEET YeTHIDE KODHA B TEX H
TONBKO B TeX CAYYAAX, KOrAa NOJYYEeHHOe KBAADATEOE ypaBHEeHHE
HMEeT ABA TONOKHTENEHEIX KODHH.

HafifeM ANCKPUMMEAHT KBaJpaTHOTC YpABHeHHA:

D=(@a+2PF-4(Ba-3)=a*+4a+4—-12a + 12 =
=a®—B8a + 16 =(a - 4)%.
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H3 TeopeMul, o6paTHOI TeopeMme Bmera, caemyer, 4ro paccMarpu-
BaEMO€ KBAJIDATHOE YDABHEHNE EMeeT JBA MOJOAKHTENBHEX KOPREA OPY
3HAYEHHUAX @, YAOBJETBODPAIOILIAX CHUCTEME:

(a-47 >0,
Sa-3>0,
Ha+2)< 0
Oreloga HAXOAEM, 4TO
a=4,
a>1,
a>l, T.e.{
a =4,
a> -2

BaaauT, JaEHOe SMKBALPATHOEe YpaBHeHHEe MMeeT YeTHIpe KODHA
NpH JOOEIX 3EAYCEEAX a4, GoapmuEx 1, Kpome g = 4.

OrBer: a € (1; 4) U (4; +oo0),
IIpumep 4. Haligem, npm KeKWX IHAYEHUAX & YPEBHCEHE
-2+ 1)x+a®+2¢-3=0
HMEET B4 KODHA, NPHEAJEKAINAX NpoMeXyTKY (—5; 5).
JlaHEOe YpaBEEEWe MMeeT JBA KODHEA, €CAH AUCKDEMHHAHT €r0

TMOJOMHATEIEH,
Haxopum, uro

2a@r1r-@+2e-3)=4,
T. €. D > 0 npun moboM 2HAYEHHH a.
OTeioma
x,=a+1- Ja =a-1,x,=a+1+ JZ =a + 3.
Pemum cEcTEMY

-h<ca-1<35,
-f<a+3<bh

Ilepeoe mBoliHOe HEpaBeHCTBO BepHO, Horga —4 < @ < 6, a BTOpOe —
xoras —8 < g < 2. Haxoas ¢ moMoIIbIo KoopAHHATHOH mpamoif (puc. 59)
nepeceyeHne NpoMexyTKoB (—4; 6) m (—8; 2), moayuaeM, 4YTO yeao-
BHIO 3a/1a4H YAOBJETBODAIOT 3HAYEHAA ¢, IPHHAAAKAIAe obBesn-
HEeHHI0 MPOMEXYTKOB (—4; 2).

-8 —4 6 x

OTser: npu ¢ € (—4; 2).
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329. 3uan, YTO OJMH H3 KOpHeH ypaBHeHNSA
X+ bx?=bx+5—4x°

¢ napaMeTpoM b paBeH —1, oopepesnnTe, ueMy pasHO b, H HaliguTe IpY-
THe KOpHH.

330. Karkue cayuau HalO BEINEJNUTh NPH pellleHHH YpaBHEHUA ¢
napamerpoM a? daa ramporo caydas HalianTe MHOM(ECTBO KopHeif.

331. PemuTe OTROCHTENRHO X YDABHEHHE!

gjax =g + 6; K ax + 8x =a% + 6a — 16;
Befe - 2x =¢® — 4; eYWx—x=b+4b-5;
8 pix —3px=p*-9; K) cx + x(2 — 5¢) =1 - 2¢;
r)ax + 5a = 30 + 6x; 3)(at+ 1)x + a(a — 2x)=1.
332. PeinliTe ypaBHeHHe ¢ IADAMETPOM a:

X _a yr8 L -y-4
a]2x+a—3, r) == a 7
x _ b
Oa-g=x-1L Be-1 ¥~ a1
x-a_x-2, 3y-1 1 _
BNY-1~"a ) =3 a+1 ¥

333. IIpx KaKHX SHAYCHHUAX mapaMeTpa b ypaBHeHHe % -b= %

HMEeT:

2} NOJIOKHTENBHBIH KOpDEeHBD;

6) KopeHb, TPHHALIESRKAIOANH IpoMeRYTRY (—1; 4);
B} KOpeHb, BaX0oAmWHiicA BHe mMpoMe:KyTKa [-2; 6]7

334. Ilpn rakux SHaYeHHAX NApAMeTpa P YpPaBHeHHE
Bx+p+2P-Bx—p+1F¥=12x+ 4
HMEeT:
a) OTpHUATENLHEIH KOopeHb:
6) xopeRs, DpUEAANEKALINI TpoMexyTRy (—0,5; 0,5)?

335. IIpm KaKUX SHAYCHHMAX HAPAMETpa 4
a) ypapaerue a?x + 6 = 12 — gax HMeeT NOJOEUTENBHEIH KOpeHb;
6) ypapaenue ax + 8 = 7a%x — 4 HMeeT OTPHEOATENLHEIN KopeHb?

336. IIpn KakMXx 3HAYEHNAX NApPAMETDPA ¢ MMeeT ABA KODHA YPAB-
HEeHAE:
a4t -2x+a=0; B) 2x2 + (@ — 4)x — 2a = 0;
Bax’+8x+4=0; N3x*+(2a+38)x+ta+2=07
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337. IIpn Kaxux 3HAYECHHAX NapaMeTpa ¢ EMeeT eIuHCTBeHHHIHE
KOpeHb ypaBHEHHe:
a)x*-tx+36=0; B({t-D+tx—-1=0
G txt—6x+4=0; NtE+(t-6x—1=07?

338. I[Ipr KaKnx 3HAYEHAAX mapaMeTpa b He MMeeT KOpHeil ypap-
BeHHe:!
a)8x*+6x+2b=0;
6)bxt—16x +8=0;
By bt + (b-4dx+b-2=0
NnNPG-NA-2-PDx+b+3=0?

339. HoxaxnATe, YTO NpH JIOOHIX 3HAYEHMAX @ M b HMeeT KODHA
VDaBHEHHE:
a) (x — al(x - b) = a% B)x*-2ax+at-P-c2=0.

340. Permnre ypasueune ax? + 4x + 1 = {0 ¢ mapaMerpoM a.

341. PemmuTe OTHOCHTENIBHO X YDABHEHNE:

a)axt-x=0; nDxt-6x+a=0
6)xi+ 4a=0; e)ax*+4x-2=0;
B) ax? — 6 = 3x* — 2a; @m) x* — 8x = ¢ — 8¢;
r) px* + 16 = 4x® + p%; a) x% — 6a = a® + 6x.
342, PemmTe OTHOCHTEIbLHO I VDABHEHHE:

¥ _1:-4_1, G- _1-6y, y
Vg 1=~ 7 B 3 c

.
3

+1F-y+2
6 )”4y =&y

ale

343. Pemurte ypabuerEme 3(x — 2) - 2(y+ 11) + 4 =0
) OTHOCHATENLHO X 6) OTHOCHTENBHO Y.

344. Pemure ypesaenne 2x2 — 4xy + 1 =0
&) OTHOCHTEeABHO X} G) OTHOCHTENABHO Y.

345. Ipn kaxFX 3HAYEHNAX [AapaMeTpa ¢ CYMMe KBAADATOB KOp-
Hell ypaerennda x? + ax = 2x + g + 3 pasua 187

346. Ilpn xakux SHAUYEHWAX OapaMerpa b ypaBHeHEe

2x*-(2b—-B)x+bH-3=0

HMeeT ABA KOPHA, IpHHAIeKanIne npoMexxyrky (—1; 1)?

347. IIpn KaKHX 3HAYEHMAX IApAMETpA P YpaBHeHHe

A-p)x*+2px-1=0

HMeeT IBa KOpHA, IPHHARIeKAIAe TpoMexKyTKY (0; 1)?
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348. Jonamxurre, 4YTO YpaBHCHHE
@+b+e)*=2a+bx-a-b+e
HMeeT PAIMOHAJIBHEIE KOPEM OPH PANHMOHAJNLHHX 3HAYEHHAX Napa-
MetpoR ¢, b m e,

349. Joxaxure, aro ypasHerne x? + bx + ¢ = 0 He mmMeeT pa-
IMOHANBHEIX KODHed, ec/ln SHAMEHHAMHY IAPAMETPOB b & ¢ ABIAITCH
DENbie HEYeTHRIC WHCJIA.

350, PeriATe 0TEOCHTENBHO X YPABHEEHE, NCIIOABIYH PARKOKEHAS
HA MHOMKHTENIH:
¥+ x=a’x—a; 6) x(x? - 1) — 2a = 2qx.

361. ITpn KakHX 3HAYEHHAX OapaMetrpa b ypaBHeHme
A—-bx:-(b+1)=0
HMeeT BA KOpHA?

352. IIpu KAKKX SHAYMEEEAX MADAMETPA ¢ HMeeT HUeTHIpE KODHA

ypaBHeHEE:
' -(a+1)x2+a=0; 6) x* - 2ax* + (Ba - 9 =07

353. UseecTHO, YTO 9ACAA M U 1 ABAAOTCA KODHAME YDABHEEHA
+ax+ b =0 c napamerpamu @ u b, CocTaBrTe GHKBAADATHOES YDAB-
BeHHe ¢ TEMH e NapaMeTpaMA, MMelllee YeThipe KODHA: —m, —n,
mun.

354. BannmuTe ypasEeHHme KacareabHONR K rpadmry GbyHKIEH
¥ = f(x), npoxoaameil gepes Toury 3TOrC rpadhura ¢ abemmecoit:
#) x = -1, ecam f(x) = 4x% 6) x = 2, ecan f(x) = -2

H ’> Ynpaxsenus gna NOBTOPOHUN

355, PemuTe ypaBHEHME!
O -6x—4dx+ 24 =0 B x*+Tx-8=0;
Gxd+Tx2— 16x — 112 =0 Nax*+Tx+8=0.

356. HailiznTe MHOMKECTEC DEIICBHIf JBOMHONO HepaBeHCTBA:

dx -1 x-2
al< ) < 8; g) —1< T3 < 1.

357. TIokeKNTe, KAK DPACIIONOKEHH HA KOOPJAHATHOMN ILIOCKOCTH

rpadEry byaroEl ¥ = B2 1 ¥ = kX, €CIH
ak >k >0; 6k, <k, <05 B R <0, ky > 0.
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17. \./ ApoGuo-paumonancHblie YpPaBHEHMA
¢ napameTpamm

Bam maBecTeH ofmmit npueM pemeEns ApoOHO-PANHOHANBHHI
YDaBHeHHH ¢ YHCAOBHIMH KoaddmmmenramMa. dxa roro arober pemmrs
TAKOe YpABHeHHe, YMHOMRawT o0e ero yacTm Ha obniuii sHaAMeHATeM
apofeii, BXORAIINX B YPABHEHHE, PEIIAIOT IOJYICHHOE OE0e YDPABHE
HHE M HCEJIOMAIOT M3 €I0 KOpDHeHd Te, KOTophle 05pAIAOT B HYEL OF
Imril 3HaMeHaTelb Jpobeli. AHaJOrmdBEEM 00Da3oM NOCTYNAIOT OpE
PEII€EAH APOOHO-DAIMOHAJIEHEIX YPABHEHWU ¢ TapaMeTPAMM.

PaccMoTpuM TIpMMEpEL.,

IIpuMep 1. PeillmM OTHOCHTEJNBHC X YpPABRHEHHe
4 b
x-3 2=2

¥muomuM obe yacTH ypaBHeHAA Ha oGLIHi 3naMeHaTean apobed,
T. &. Ha Beipaditerue 2(x — 3). IloayunM ypaeHeHHe

8§ —bx +3b=4x—12.

Orcoga
(4 + b)x = 20 + 3b.

Ecin 4+ 6=0, 1. e. b =—4, To noayueHHoe AAHEeHHOE YDABHEHNE
He AMeeT KOpHeil, a 3HAYAT, He HMeeT KopHefl W 3afiaHEOe ApobRc
DAIHOHAJBECGE ypaBHeEnWe, Econ 4 + b 2 0, 1. e. b 2 ~-4, TO pac-

CMATpHBAEMOE JanHeiinoe YPpaBHEeHHE HMeeT eJHHCTBeHH B! KOpeHE

x = % Onunaro u3 ycnoeus 2(x — 3) # 0 cneayer, 4To 414 o

AEHHOTO APOGHO-PATACHANBHOIO YPABHEHAA HAJI0 MCKJIOYHATE Te 3H4

20 + 3b
YyeHHA b, IpH KoTophix x = 3. H3 paBeHcTBa 215 3 HAXOIHM,

yro TaKkux 3HaveHu#t Her. Hrak, ecnm b # —4, 70 aagagHoe YpaBHeHHe

HMeeT eIHHCTBEHHEIN ROpeHE X = %, a ecau b = —4, T0 ypasHe

HHPE€ He HMeeT KOpHEﬁ.

OTBerT: %npn b # -4, KopReil HeT Tipu ¥ = -4,

IIpumep 2. PemimM ypaBHeRHe

2x _a—2_4a—2a’_0
Qx+a 2x—-a 4d4xt-—ag® ~—




§7. YpaBHeHwn ¢ napameTpamu 17

YMHOXKHB 00¢ 4aCTH YpaBHeHWA Ha obmimil 3HaMeHaTear gpobeit
U BHNOJHHE NpHBejeHHe NOJO0RBIX WIEHOB, MOJAYYAM KBAAPATHOE
YpaBHEeHTE
4x*—4(a- Dx+a®* - 2a=0.

Peumme ero, Halinem, uro x, = %, 2, = 2 ; 2. IlepBHIit KOpeHEs He

VAOBJAETEOPAET HCXOAHOMY IpoGHO-pallAOHAJLHOMY YVPABHEHHI), TAK

&

KA IpH X = 5 ofumii sHaMeHaTeNsL Apabeil, BXOAAIIEX B YPABHEHHE,

oﬁpamaefrca B HYJb. QOcTaerca €1e BEIACHNTL, NP KAKHX 3HAYCHNAX 4
B'l'OpOﬁ KOpeHb ABJAAETCA IIOCTODOHHHM AJIA AJAHHOTO YpPABHeHHA.

a-—2
Moacrapue B pasencTso 4x? — @2 = 0 BMeCTO X BRIpaIKEHNe 5

HoAyYuM @ = 1, Dro 3RadeHNAe @ HAJI0 ACKJIIIATE,
Hrak, ipy @ # 1 3a1aHHOe YPABHEEHE MMeeT eJAHCTBEHHEBIN KO-

; 2. a mpm @ = 1 ypaBHeHEHe He UMeeT KOpDHelf,

a
peHB X =

Orper: 222 npE @ # 1, Kopreit mer npm a = 1.

2
PaccMOTpMM Tenepk MpUMeD MCCISNOBAHMA YDaBHeHHUH € IIADA-
METPOM.

IIpumep 3. HaliaeM, npH KAKKEX 3HAYEHHAX NapaMeTpa @ YpaB-
HeHHE

_3x-1 a
¥="3 "3
HMeeT ABA KOpHA, KaXABI H3 KOTOPHX NPHHAAIEHKHT HPOMEKYTKY

(-1; 1).
¥Yuuoxkns obe 4aACTH YpaBEeHHA HA 3X B BLIIOJIHHB Ipeobpaso-
BaHHHA, MONYUNM YpaBHeHHe
ax*-(a+Px+1=0.
910 ypaBHEEHe EMeeT ABa KOpHH, ecau g # 0 u D > 0. Tar kak
D=(@+3%-12a=w@-3%roD>0npua»3. Ilpuaz0na=3

1 1
paccMATPHEAEMOE IeJioe YDABHEHHE AMEeT KOPHH X, = 3 H X, = -

(62 a3TH KOPHA YJOBJAETBOPAKNT APCoGHO-PALHOHANEEOMY YPABHEEHI).
Tlepshif KopeRb NpPHEAANESKAT NpoMexyTKY (—1: 1). Bropoit KopeHs
IPHHALJICIKAT PTOMY IPOMEKYTEY NpPH IHAYEHHAX 4, VAOBIETBODH-
DIAX CHCTEME

1
—1(E<L
a=0,

a = 3.
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MuosecTBoM pemeHHlt oToll CHCTeME ABAAeTcA 00heXAHeHR
mpoMesxyTroE (—1; 0) u (0; 1).

OreetT: mpm a € (—1; 0) U (0; 1).

358. BepHo J1u yTRepIKACHHE, YTO IPH AIOO0M 3HAYEHHA & KOPeH
ypaBHeHHA {x — 2}z — 1) = § ABNgeTcA ROpHEM YpaBHEHH x_ﬁz =
=a-17

359. PemnTe oTHOCHTENRHO X YPABHEHHE:

_ g _1-af a 5 _ 18
a)x - 2a="—"— B) 33 x+3 ©#-90
2 a® — 3a, 6 1 _ 3a
6)x+3+ 3 =2a- =7 " ¥_16 -4 4+x
360. PemnTe OTHOCHTENLHO Y YPABHEHHE:
Sa__ Sy _ .. 6_y__2 -0
a)y-a y+a_7’ B)yr+2 y—a+1_0’
10-¢a 6 _ 2 3y _ & _
6) y+3+y2—~9_y—3’ r) 2y - b y+b_1_0'

361. Pemnre ypapHeHHE ?{f_l =y-1

8) OTHOCHTEALHO X; 6) OTHOCHTEJEHO Y.

362. I[Ipn kaKUX 3HaUeHHAX TADAMETDA ¢ YpaBHeHHe

1 1
x+;=c+E

MMeeT ¢THECTBeHHBIR KOpeRn?
363. Tlpe KaxKEX 3BaYEeRHAX NapaMeTpa b ypaBHEeRHe

1 - X = b - 5
HMEeT efHHCTBeHHEIA KOPEHEB M ITOT KODEHb NPHHANIEIKHT IIPOME
®RyTRY (-1; 1)?

364. HajifuTe KOOPAMEATEI TOYEK LIEPECEUCHHME C OCAMM KOO
OHEAT Tpadura GyEKOoun:

x-a, ax —4
VY= %32 Ov="%53
865. PemnTe ypaBHeHHe ¢ DAPAMETPOM 4!
¥2+1 @

ax -2 Z-ax - %

366, HalizuTe Delnie SHAYMEEAS NADAMETDA @, NIPH KOTOPHIX Ypak
HEeEHe
3ax ~ 13z _ 13a — 3a®

1+ -
x2_a2 a2_x2
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HMeeT ennuc'rneﬂumﬁ KOpPeHb M 3TOT KOpeHb NPHEAIICHKHT IIDOMe-
wytry (—5; B).

367. PemnTe ypapHEeHHEe OTHOCHTENLHO X:

ax — 2b® _ b - 2alx
b? a*x

368. Pemrure ypasHeHREe ¢ napamMerpaMa ¢ @A b:
) 22+ 2x 2x-a+d -0
V¥t +2ab  a+b

x+xb
x-a

6 1% +2=0.

NI 0/ YnpaxHeHuss AN NOBTOPOHMA

369. PempTe ypaBHeHHE:
2)|4,5 - |3,5x — 2||=3
B)x—4j+|x+ 1]+ |x+5]=

370. IIpH KaKMX 3HAYEHHAX X HMeeT CMBIC/ BhpaAKeHMe:

J(@x — 4)8 - 2x — x%), Jlx? + x){2x? — 13« + 15)
2) dx -5 g %) 2x -9 ?

371. B KaKHX KOODAHHATHHX YeTBePTAX PACHOJOXKEH rpadpmi
dYHERIAR:
gy =-|x" - Tx - 6]; 6) y = —x* + lx] -

NN ‘/ KOHTpOSILHBI@ BONPOCH U 3a/aHMN
1. OGpacERTe, KAaKoe YDABHEHHEe HABHIBACTCH YPABHEHHEM ¢ Ia-
paMeTpoM. IIpmBeAnTe NMpPHMEPHL.
2. YTo 3HAYHT peIIMTh YpABHeHHE C NapaMeTpoM?
3. Ha npuMepe ypaBHeHnt
ar—-5x=ag*-4a+5 u 2x¥~-dx+a=0
¢ DAPAMETPOM ¢ OOBACHATE, KAK PeIAIOT NHHeHHLC H KBAADATHEIE
VDPABHEHHA ¢ NAPAMETPOM.
a 4
x-2 x+2
KaK pemaloT IpoGHOo-panaoHAILHOe YPABHEHKE ¢ IapaMETPOM.

4. Ha npEMepe ypaBHEHHES = xg'?_ ) o6bACHETE,
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W
RERE ./ AOMOAHUTENbHLIE YITPAXKHEHUA
K rnase 2

K naparpagy 4

372, JoxammTe, YTO eCc)IH HH OJHHE H3 JeJHTeNCH umciaa a,,
HE PABHOTO HyJI0, He ABJIACTCH KOPHeM YDPABHEEMA x* + a,x" ' + ... +
+ a,.,x + a, =0 ¢ neasiMu RosdPUNUERTAMHA, TO 3TO VDABHEHHE
He HMeeT PAIMOHAJEBHEIX KOpHEeif,

373. PemmnTe ypapHeHHe:

a)x*-x-6=0; Nx*+2x*+3x+2=0;
6)x*—b5x+4=0; NDx*—4dx—4x-5=0;
B)x*+dx?-8x—-2=0; e)xt-4x*+ 3x2+4x -4 =0.

374. HaliguTe KOODAMHATH TOYEK IepecedeHns rpagukoe QyHk-
§197% 0% M

Ay=2x*—x*-x u y=6x - 6;
Dy=x*+3822-x m y=x+ 28x — 42,

375. CocTaBbTe GMKBaApATHOE YpAaBHEHHe, 3HAA, UTO OANH H3 €ro
KopHeill papen Jg, a gpyroit paBer 3 — J§

376. PemmuTe ypaBHnerme:
aAy(x?+6xy -4x2+6x+1)-17=0;
6)(x*+xP-5(x'+x-4)+6=0;

B) x(x — 2}(x — 8}x — B) = 72;
r) {x — 3)(x + 2}{x — 6}x — 1) = —-56.

377. PemnTe ypapHeHHe:
a) x%(x + 1)* — 40x¥x + 1)* + 144 = 0;

4 2
6) & ;3’ _ 84+ | 9900,

x2

378. Nokaxure, 4TO ypaBHeHHAE

He HMeeT KOpHei.

379. HaiigaTe KOpEA YD4BHEHHA:
3  x+2 _ 3x—-5 3
VF 2 w4 P-d+m-2

6 8  x+7 _ 8x - 20
) i3 -0 P+ -8x_3
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380. PemnTe ypaBHeHHe:

6 _ 8 2
a)4.‘::"+:c+1"2:r:+1 2 - x+ 1’
ol . 1 _ 6x .
) —2 8x° —4x +2x -6~ 3+ 2x + 42’
40 3 8x + 2

D)o@t il _8 2x-1 2+6x+3

gEr2, T ____ 68
-1 x+3 xt+2c2-3

381. PeminTe ypaBREeHHAe
1 + 1 _ 1
2+2¢-4 x*+2x+4 x2+2¢-5

K maparpady 5

382. HaiignTe HAMMeHbINEe LeAoe YHCI0, YAOBJIETBOPAIOILEE
HepaBeHCTRY:
A(Tx—-1Kx-5)-(12x -4 x + 1} > 0;
Ghx(x+2)+ (1 4+ 2x)(2-2x) < 0
B) (6x — 1Xx + 1) — 2x(2x + 3) < Oy
)3-2x){x-1+@Bx—1)x+4)<0.

383. HailnuTe MHOXKECTBO pellieHAH HepaABEHCTBA

a) 627 — 0,8x - 0,64 < 0, MpAEHAKIERAMMNX TPOMEKYTIY (‘1%; %)

6) 3x% — 1,7x + 0,2 < 0, HAXOZAIAXCH BHE MPOMEXYTKA [%, %]

384, HaiigaTe SHAYeHHHE @, IPH KOTOPHX BEPHO IpH JIOGOM X

HePAREHCTBO:
a)3xf—2x +a > 0; B)axt - 2x+ 1 > 0;
- -4dx—-a <0 r)ax®+ 4x + 1 > 0,
385. PemuTe cHCTEMY HEPABEHCTE:
2 -1Tx-19 < 0, 4 + bx - 210,
) 10,3x* - 48 < 0, 6) x* —x<0,
br-2> 0 2-5x20,

386. IIpm RAKHX SHAUEHMAX 4 KAMJ0e pellleHHMe HepABeHCTBA
3(a — 4x) + 2(x — 4) < 0 gABAAETCA pemeEneM HepapeHeTEA X2 — 4x +
+3>0?
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387, IIpr Kakux 3HaAYEHMAX M BCe TOYKH rpadnka QYHKLOHH
y=x+ 2(m — 1)x + m(1 — m) pacmoaoxers! Bplme ocn x?

388, Pemmre HEPABEHCTBO:

a) x*—34x2 - 72 < O ryxt+ 922 -22 > O
6)xt-2x2-15<0; Dxt-33-x+3<0
B)xt+ x2- 30 <0; e}xt+5x*~x-520,

389, Haiinpre o6aacTs onpeaedeRAa GYHKIFEH:
8)y= x* -2x* + 3x - 6; B) y= V@ + Tx - 8
6)y=Vx' + 22 - 4x? - 4x; r)y= Jx? - x% + 3x + 5.

390, Ilpn xaxKnx 3HAYCHNAX ¢ MHOIKECTEOM PEIIEeHH I HepaBeHCTRA
(3x — a)(2x + 5)(x - 0,9) < 0 ABNAETCH YHUCIOBOH OPOMEXYTOK
(-2,5; 0,9)?

391. Haligure HapboJnmee nexoe 4UCI0, ¥I0BICTEOPAIOIIEE HEpa-

BeHCTBY:
£ +4x-5 7 _9
8) “m-3 <O 8 2 5x76 T1<3-x
392. Pemnre HEDABEECTRO!
s _ 2 _ 4 _ 9.8 _
a)x 2;_+2:5cx 10>0; B)x 2xx88x+16 >0

B-x2+rx-6

x' 1022 + 24 <
18x - 27

x2 -3

6) < 0; r) 0.

398. IIpu karux b saverns apobu %

4) NpHHALTEXAT NpomexyTry (—4; 1);
6) HaXo#ATCH BHe ImpoMexyTia [-1,5; 3]?7

K naparpacdy 6
394. Hafigure Bee mennle aucla, YAOBICTBODAIOIIME YPABRCHUID,
a)|x - 2,5| +]x — 4,5|= 2; 6)|x+ 38|+ |x-2|=5.

395. Pemnre ypapHeHMe:
a)6x® - Tx|-8=0; B)xlx - 6|+ T=0;
6) x> — 18|x — 2| - 4 =0; ry |18 - x| - 22=0.



JoNoNHUTENLHLIE YNPaXKHEHWA K rase 2 123

896. HaitanTe Bee KopHm ypaBHeHus x2 + 6|3 — x| — 84 = 0, npr-
HaZIeKAIOHe MpOMeXRYTRY (—5; 5).
397. HalianTe KOOpANHATH TOYEK NepecedeHNA TpadHKoB PYHK-
171 4
Ay=x2-5lx|+6my=|x-6;
By=|x>+3x- 10| my=2x%-10.
398. HaiianTe KOpPHH YPABHEHHSA
a) 2! — 6jx% — 1] — 6 = 0, npuBanNeKaMe NPOMEXYTKY (—4; 4);
6} x* ~ 10|x? — 2| - 11 = 0, npAHaATeKaIIMe TPOMERYTRY (—6; 6).
399, PemnTe HepaBeRCTBO:
8) ((x - 2| - 4)(x - 3| -6) < 0;
6) |« + 1| ~ 3)(x - 5] + 10) > 0.
400. HaitauTe HanbGoAbIIEE OEioe YACAO, YA0BIeTROPAIOIIee Hepa-
BEHCTBY!

a)|7,6 + |3x - 2|| < 19,5; 6) {2,6 + |8x + 1|] < 17,6.
401. HajigunTe BCe IeALIe YUCAA, YAOBICTEBODAIOIINE HEPABEHCTRY:
a) x2 - 5lx + 6| + 34 < 0; 6) x>+ |x-7-18<0.
402. PemnTe HepaBeHCTEO!
2 -Tx+12 |x—~5|+x
¥ hl-5 O B b
) 22 ;'ixs— 8 <0 5 |2 —xx+-|2- 5z _ 9.
403. PemnTe cucTeMy HepaBeHCTB:
10x + x - 0,6 < 0, 6x+x-1%<0,
a} {x? € 0,25, 6) 112 < 0,4x,
|52 - 1] < 0,4; |2x + 0,5] < 0,1.

404. HpH HAKHX 3HAYEHHAX @ KaXIoe pemIeHHe COBOKYIIHOCTH
fa? — 1dx - 3< 0, .
[x - 2,5 <15 ABNAETCA pellleHHeM HepaBeHCTEBa |X| % @
K naparpagy 7

405. HalfaaTe Bce HaTYpANLELIe 3BEAYEHAA NMapaMeTpa ¢, MDA Ko-
TODHIX AMEET ABA KODHA YPABHEHHE;
ajcx*+1=x~-8x—c; 6) 15¢2 — 16x = x? - 2x - 1.
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408. [Tpn KaKoM YCJORAE YpaBHeHHe
ax’+ 2qx =2bx — g - b
¢ mApaMeTpaMH ¢ | b:
8) UMeeT OANH KOPEeHS;
6) nmeeT ABA KOpHA;
B} He HMEeT KOpHei?

407. Pemnre ypapuenne |2 + 3x + 4| = m, rae m — napamerp.

408. PemmTe OTHOCHTENILEO X YpABHEHHE:

a)l0,3x - 4,5/ =a - 2; 6) |6 - 2x|=a + 8.
409. Pemnre ypapHenue xy° — x = 4y + 4:
a) OTHOCATEJABHO X; 6) OTHOCATENBHO I,

410, IIpu xaxux aHaveERAX @ rpadmx GyHxouu y = (x — a)> — 9
nepecexkaeT ock afCHMCC B TOIKAX, AGCHHCCH KOTODHIX NMDRHAJJIIEHKAT
npoMexRyTKY (—-06; 6)?

411, PemmTe OTHOCHTEALEO ¥ YPABHEHHE!
a) Tax — 3x=Ta’ + 4a - 3;
6) 2ax - bx = 2g® — 3ab + b%;
B) x* — (@ — b)x + a® — ab — 2b* = 0;
r) x2 - Bax + 5bx + 64 - 13ab + 6 =0,

412, Pemmnre ypaBHeHHE ¢ TADAMETDOM a:
a)xt—(@+4)x*+4a* =0, 6) 8x* — ax? =8x? — a.

413. PemnTe 0THOCHTEALHO X YPABHEHHE
x®=(a - 1)x*+ a2

414, PemnTe ypaBHeEHe ¢ MADAMETDOM 4&:
2+3 2u-3_2a

x+a a-x 3

415. Pemnre ypaBHeHHe ¢ IapaMeTpaMa @ ¥ b:
a-2 _ 1 |, 6 1+bx _ 1
) F _x a+ D )E-F " a-x

416. IIpm xaxoM yeaoBun OpaMada § = ax + b uMeer Gosee OBpyx
ofImX ToueK ¢ rpaduKoM dyHRoMH ¥ = |x — 1| + |x — 3|?
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18. V YpaBHeHNS ¢ OABYMA NEPEMOHHBIMH
u ero rpagdpux

Vpasaenma x(x — y) =4, 8y — x? = -2, x(x + y*) = x + 1 moryr
CAYKUTE APHMEPAMHA YDABHeHWHA ¢ ABYMSA NeDeMEeHERIME,

Ecymn B ypaBHeHMe x(x — ) = 4 DOJCTABMTE BMeCTO IepeMeHHONR x
ee sHaverue —1, & BMecTo ¥ — 3HAYEEMe 3, TO NOJYYNTCH BEPHEOE pa-
BEHCTBO

-1:(-1-3)=4.

Ilapa (—1; 3) 3EaueHNit MepeMeHHEIX X 0 § ABJAAECTCA pelieHuem
ypasnenun x{x — y) = 4. YpaBHeHHe ¢ ABYMA TepeMEEHKIMH PIMEET,
RaK mpasuio, 6ecKOHEYREO MEOr0 pemeERmnii.

IIBa YpABHEHESR, MMEIOINHAe OJHO M TO e MHOMECTBO pelmeHHif,
HA3BIBAIOT PAGHOCUALHLIMU YPIGHEHUAML.

Jwboe nenoe ypaBHEEHE € ABYMS NEPEMEHEHBIMM MOKEO 34MeHATD
PABHOCHIPHEIM VPABHEHHMEM, B KOTOPOM HpPaBASl YACTH OYAET HYJIeM,
a Jlepasd — MHOTOWIEHOM CTAHAADPTHOTO BAAA. CTEmeHB 3TOTO MHOTO-
YIeHA HABBIBAIOT CMENeHbl0 YPREHEeRUR ¢ JeyMA nepemennvinu, Tax,
HANPHUMED, YDAEHEHHNE

x+y)=x2+1

6CTh ypaBHeHEe TpeTheli cremern. Hemoanays TomaecTBeHHBIE Ipe-
ofpa3oBaHMA M CBoiicTBA ypaBHeHHil, ero MoMHO NpeobpasoBaTh B
ypaerenue xy° + x% — x = 0, mpaBas YACTE KOTOPOTO — HYJE, 4 JEBAA —
MHOTO4/IeH CTAHAAPTHOTO BHJA TPETheH CTeneHH.

Jluseiinoe ypaBHeHHe ¢ IBEYM#A NepeMEHEBIMH, T. €. YDABHEHHE
BHAa ax + by + ¢ = 00, ApNAeTCA YpAaBHEHMEM IepBOM CcTENEeHH, eCaH
8 BIK b Be PEBHEL HYJIIO.

Ecnd Bce pellleHHA YPABEEHHA ¢ ABYMA HepeMeHHEIMH H300pasiTh
TOYKAMH B KOOPAMEATHON NJAOCKOCTH, TO NOJAVUNTCA zpadui ypasHe-
wug ¢ deyma nepemenrvinu. Tak, rpadpurom ypasserus 2y — x2 = -2
AsnAerca napadona, MoKasaHHAR HA pucyHKe 60,
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Ecnu B ypaeHeHHH ax + by =¢
xors 6u ofuHE M3 KoadhdAMUeHTOR
@ uan b He paBeR HYJIO, TO €T0 I'Pa-
$HKOM fBAfeTCA IpaMad. Bciu
a=b=0, To apm ¢ = 0 rpaduKron
STOr¢C YPAEHEHHA ABJIAETCH KOOPAR
HATHEA IJIOCKOCTE, & IpH ¢ # 0 —
OyCTOE MEOMKECTEO.

IMocTpoeBre rpadHKOB Hexo
TOpHIX ypaBHeHmi ofaeruaercH me-
m0Ab30BAHMEM HpeoGpa3oBaEui
rpadmKoB.

Puc. 60 PacemoTpaM npeoSpasoBaHus

rpadHKOE YPABHEHAR ¢ JByMA Lepe

MeHERIME, JI1o6oe ypasHeHME ¢ ABRYMS NEDEMEHHEIMH MOMKHO IDHBe

CTH K TAKOMY BHAY, KOTWA B ero npasoif wactn Gyger 0, a B Jepoit —

BBHIpAXKEeHME ¢ JBYMA IepeMeHHRMH. BoipakeHne ¢ OepeMeEHBIME X
Ky MOMHO 000sHEYHNTE TaK: Fx; y). Untaior: «F or x ¥ yo.

CdopmynapyeM nNparmnia, Mo KOTOPEIM BHIIOJIHAOTEA MpocTeiimue
npeofpascBaEua rpadnxos ypasHenmit Fx; y) = 0.

1) 'pacdx yparEeHns F(—x; y) = 0 MomAO Doxy4nTs N3 rpadEka
ypaBHenua F(x; y) = 0 ¢ DoMoIbi0 CHMMETPHA OTHOCHTENBHO OCH Y.

2) I'paduk ypasaenna F(x; —y) = 0 MOXKHO ROAYYHTE M3 rpadmxa
ypaBHeHHA F(x; i) = 0 ¢ DOMOIBI0 CHMMeTPHM OTHOCHTEABHO OCH X,

3) I'padur ypasneHua F{—x; —y) = 0 MOXHO NOXYUHUTE U3 rpadHrs
ypaBEeHWA F(x; y) = 0 ¢ DIOMOINBLIO NEHTPAILHON CAMMETPHHA OTHO
CHTEALEQ HAYAJA KOODAMHAT,

4) I'pacdhnx ypasHeHna F(x - a; i) = 0 MOIKHO NONYYHTE M3 rpadara
ypaBHeHndA F(x; y) = 0 ¢ noOMOIBIO OePeMellleHIA NapaUIeJIbHO OCH X
Ha |@| exuenn (Bopaso, ecan a > 0, ® BaeBo, ecan a < 0).

§) 'padux ypaprenua F(x; y — b) = 0 MomBEO momyIATh A3 rpadmks
ypasEerna F(x; y) = 0 ¢ noMompelo nepeMemennd Ha |b| eamuun, me-
PAANeNEHO OcH Y (BBEDX, ecau b > 0, 1 BEAMS, ecan b < Q).

8) I'padux ypasuerna Fiax; y) = 0 MOXHO NOAYINTE U3 rpaduxs
ypapHeHAA Fx; ¥} = 0 ¢ NOMOMIBLIO CXKATHA K OCA ¥ B @ paa, eciz @ > 1,

1
H ¢ HOMOIIILIO PACTAKERAA OT OCH § B ; pas, ecim 0 <a < 1.

7) I'padek ypapaernsa F(x; by) = 0 MoXHO IONYIUTE N3 rpadrka
ypaBEeHHA F(x; y) = 0 ¢ noMOUIBIO CXKATHA K OCH X B b pas, econ b > 1,

1
H ¢ TOMOIUEIC PACTAIKERHA OT OCH X B 3, Da3, ecxan 0<b<l.

8) I'padux ypasHEeHus F(x|; y) = 0 MoskHO moayunTh m3 rpacduxa
ypaenerna F{x; y) = 0, orbpocns Ty vacThk rpaduKa ypaBHeHHS
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F(x; y) = 0, RoTOpad pacmojosKeHA B JeBOH MONYNIOCKOCTH, H € 1I0-
MOIJEID CHMMETDHMH OTHOCHTEJNBbHO OCH I, oTOGpASHB B 2TY MOAY-
IWIOCKOCTE TY Y4CTh rpadHKa, KOTOPAR PACIOJA0MEHA B OPABOH moay-
IIOCKOCTH,

9) I'padux ypasuenua F(x; |y)) = 0 MoxH0 moxyuuTe ms rpadmka
ypapEeERa F(x; y) = 0, orO6pocHB Ty 4acTh rpadpmKa YpaBEEHHSA
F(xs y) = 0, KoTopasa pacmojoxena B HEMHeHd NONYyIOCKOCTH, M €
HDOMOMBI0 CHMMETPHHM OTHOCHTEABHO OCH X, 0TOODA3HME B 3Ty HOJAY-
IIOCKOCTE TY 9aCTE rpadmka, KOTOPAA pacHoXoXeHa B BepXHel mo-
AYIAOCKOCTH,

Jaa npuMepa npoBefeM AOKASATENbCTBO yTBep:xRAcHuA 1. Ilyete
roura A(m; n) upuragne;kur rpadukry ypasaeHns F(x; y) = 0. Torna
BepHO paBeHcTBO F(m; n) = 0. Toura B(—m; n), CHMMeTPHYHAH TOURE
A otEOCHTENEHO OcH Y, GyAeT DpMEAFIEKATE rpadUMKy YDABHEHHAA
F(-x; y) = 0, rax Kok IpHM IOACTAHOBKE B HErO BMECTC X 4YHCAA —M,
a EMECTO Y umeJia 2 IoJyuaeTcs BepHoe paBeHeTeo. Takum ke obpasom
MOKHO NOKA2ATH, 9T0 Jo0ad To4ka rpadmka ypasHennsa F(—x; y) =0
¢ IOMOIIBID CHMMETPHH OTHOCHTENBHO OCH I TIEPEXOJHT B TOURY, OpH-
Hamreskamyso rpadury ypasaeHna F(x; y) = 0. 3daunr, rpaduku ypas-
HeHmit F(x; y) = 0 n F(—x; y) = 0 cCHMMeTPAYHL OTHOCHTENBEO OCH .

Hz paccMOTpeHHEIX EaMH NPaBAA IpeolpazoBaHHEA rpadHKoB
YPaBHeEMH ¢ IBYMS TI@PEMEHHEIMA JIErKO IOJAYUAITCH NPABMIA Lpe-
o0paszoBaEEf rpadAKos QyHKIMHA.

IIpumep 1. IloraxmeMm, uTo rpadAKOM YpABEEHHS

P+yP+2x-8y+8=0
ABAAETCH OKPY/KHOCTE.

¥Ypasuerne x* + y + 2x - 8y + 8 = 0 MoxmHO OpeobpaaOBATD B
paBHOCHIIbHOE eMy ypasHerHe (x + 1)° + (y — 4)® = 3%, I'pacduxom
ypasHeRusa x* + y? = 3% aRuAeTCA OKPYKHOCTH ¢ NEHTPOM B HAYAIE
KOODAFHAT H DagHYCcOM, paBERM 3 eauRAnaM. [Tpn nepemenennn a1oit
ORPYKHOCTH BJASBO Ha 1 efAHANY ODOAYIaeTCA rpadHK YpABHeHWA

(x+ 1P+ =3%
IIpn mepeMenmieHHH DOAYUYHBIIeTOCA I'padiira BERepX Ha 4 eINBEOE
noJaydaeTca rpaduK ypasHeHRHA
(x+ 1P+ (@ - 47 =3
U, ceAoBaTeNbHO, rpadmK YpaBHeHHA
+yt+2x—-8y+8=0.
Orcrona cregyer, 9o rpachMKoM TAHBOTO YPABHEHEHA ABJIAETCA OKPYHK-
HOCTB ¢ eHTpoM B Touke (—1; 4) 1 paguycoM 3 elMHANEL.
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IIpumep 2. HawepTum rpa-
dur ypaerEeHuda x* + 4y = 9,

IIpencrasaM 4yt B Bmge (2y)),
MOJIYIHM YDABHEHHe

x* + (29)2 =9,
TpadIK KOTOpPOro MOKHO TOAYIATS
n3 okpymHuocT xZ + y¥ = 9 exatu-
&M K ocHh x B 2 pasa.

HauepTHM OKPYKHOCTD C I[eHT-
POM B BEAYAJIE KOOPAHHAT M DaJAYCON
3 epuauurl (pue. 61). ¥MenpiIan
B 2 paza paccToAEMe KAXKAOit ee
TOYKH OT OCH X, WOJAVUNM Tpadux
ypasHeHHuda x* + (2 = 9.

SameTAM, 4YTO GHATYPY, KOTOPadA NOJYYACTCHA CKATHEM OKDYH-
HOCTH K OLHOMY W3 ee AHAMETPOB, HA3BLIBAIOT SAAUNCOM.

IIpm mocTpoenun (cM. pac. 61) MBI BEIMONHUAM CHKATHE OKPYX-
HocTH X2 + yf = 9 B 2 pasa K €€ JHAMETPY, KOTOPHIHE JGKHT HA OCH X,
SHAYHT, B Pe3yJbTaTe MOJYURJIA 3JIAHIIC,

¥

Pne. 61

417. Kakne ua nap (5; 4), (1; 0), (-5; -4) n (—l; -%) ABIAIOTeR

pPemIeHHAMH YPABHEHHA:

a) x? - py2=0; 6) x? - 1 =xy + 6y?
418. Hailtgmre Takyne pemenns ypasgeHns x3° — xiy = 12, B KoTopex
4) 3HAWEHWE X PABHO 3; 6) sHAYeHHe y paBHO —1.
419. OupefennTe cTeneds YpABHEHHA!
a) 2yt — 3x* + dx = 2; r) (5x + y)(bx — y) = 0;
6) 5y* — 3ytx? + 2x* =0 8 2y — x%) = x(x? + 4xy + 1);
B) (3x* + x)(dx — ) = x; e) 3xy = (y — 2% + ).

420. Hatixute Tarkme pemeHus ypasHenms y° — x? = 123, B ko
TOPLIX SHAYCHHS X H § — HATYDANLHEIE YHCJA.

421, Kakaa ¢urypa aepagerca rpadpHKoM YpDaBHEeHHA!

a) 2x = 5 + 8y; N{x+ 1,5x—-4)=0;
6)6x:—b5x=y-1; A xy—1,2=0
B)2(x + 1) =x* —y; e)xi+y=9?

422, ITocrpoiiTe rpahMK YpaBEeHHS:
a) 3x — 5y — 15 =0 r} x2+ yf = 16;
6) (x + 3Ny - 5) =0; m) x2 - 2x| —y=0;

Byxy +12=0; e) 8yl + x2=0.
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423. HauepraTe rpadmK ypaBHe-
HHA!
a)(x-3) +y' =9
Bxt+(y—-2P=4;

2 ¥ _ ..
By t1e = b

x=y+ 2y - 8.

424, TTocTpoiiTe rpadur ypasHeHHA:
a) s + =4 B) 3xy = 12; Puc. 62

1 1
6) x* + Zy’=4; r) 3xy = 6.

425 Hannmure ypageeHue, rpadui KOTOPOro CHMMETDENICH DA~
daxy ypaeEeERS x° — xy + 3 = 0 oTHOCATENLHO
a) OcH X; B} mpawmoii y = x;
6) ocu y; r) npaMoil y = —x.

426. CocTaBpTe YpaBHEHHE, TPaPHK KOTOPOro HOJAYYACTCA PACTH-
seHmeM rpaduka ypassennan y = x2 — 3
a) 0T ocH X B 2 pasa;
6) or oc: iy B 3 pasa.
427. IocTpoiite rpapnK ypaBEeHHA:
) (x - 1)(y| +2) = -4;
6) (x| + Dy - 2) = 4
8) (x| + Iyl + 2) = 4.

428. Ha pucynxe 62 naobpaxer rpabHK ypABHEHHA ¢ ABYMA
nepeMennniMBa. HalinnTe mo rpaduxy (NpuGAn:KeHHO) IBa pellleRHAA:
8) ¢ OIMHAKOBLIMH 3HAYEHHAMH X,

6) ¢ NPOTABOIOIQKHBIMH 3HAYCHNAMH ¥,

429, ITocTpoliTe rpadEK ypaBHeHMS:
a) 4x — xy = 8y + 12;
6) x’y — 5x% — 16y + 80 = 0.

430. Hatigmre Takne pelmenns ypasHenms x° — y® = 63, B KoTO-
PEX X M ¥ — nedble 9ucia.

\
Frel ./ YnpaxHeHus O/ NOBTOPBHUR

431. PemuTe EepaReHCTBO:
a) 64x% - 32x + 7 < 32x; B)dm:+ dm+ 5 = 2;
6) (2 -3x)<0; r)5(1 -y >5- 2y

§ K. Magupurdes « Anrefpa. B i
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432, PemaTe cCHCTEMY YPABHOHMIA:
) 3x-4y+1=0, 6) bx - 3y = 8,
x=2y+ 5 -2x + 3y = 4.

433, HaiiguTe KODHH YpABHEEWS:
a) 9xt + 35xT -4 =0 6)4x* -~ bBx2+1=0,

19. \‘/ Cucrema ypaBHeHMI
C ABYMSl NepeMeHHbIMM

Bagava. CymMMa KBAZpATOB IBYX umces paeHa 25. Pasmocrs un-
cen paBHa 1. HafiznTe 3TH 9HCHIA.

IIycts mepBoe ymcke x, & Bropoe Y. Ilo yciaoBHIO 3agaym cyMMa
AX KBAAPATOBR paBHa 25. DT0 MOMHO 38MHCATE B BHJIE YPABHEHHH
¢ ABYyMSA NMepeMEHHBIMA

©+yt=25.

PasHOCTE UHCe)I X B ¥ paBHA 1. DTo VelIoBHE JAET elle ONHO Ypae:
HeE@e

x—y=1

B coorBercTBRA ¢ 3anaveii Tpefyerca HalTH TAKHEe NMAphl 3Have-
Huli X M ¥, KOTopble ofpamaior 06a ypasHeHHa x2 + P =25ux-y=1
B BEPHBIE DAaBEHECTRA, T. €, PEIIHTL CHCTEMY

{x” + yt = 25,

x=-y=1 @)

ITapa anageRmH NepeMeHHEIX,
ofpamaoInas Kaxjoe ypasHeHHE
CHCTEMEI YPABHEHMWIA ¢ JEYMHA mepe-
MEeHEBIME B BEPHOE PABEHCTBO, Ha-
BLIBAKOT PelieHuem cucmembt. Pe-
IIATE CHCTeMY — SHAYAT HANWTH
MHOQKecTBO ee DelleHEHi.

IMocTpouMm rpadmrm ypaBHe-
mnit eneTeMn {1). I'paduk mepso-
TC YpABHEHHMA €CTh OKPYHKHOCTEH C
LeHTPOM B HavaJe KOODJAHMEAT H
paamycoMm, paBuHriM 5 (puce, 63).
I'paduxcM BTOPOTO YPABHEHHA AB-
JNAeTCH UpAMAan,
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Kaxaoe pemeEEe ypaBHeHHAA ¢ N 7 |
ABYMA NMepeMeHHLIMM NMpefcTaBafeT [ i
KOODIMHATH HEeKOTOPOH TOYKH €ro it | x
rpadpura. Kakaoe pemrenmne cHCTEMED
ecTh KOOpAMHATH of6mux Touer rpa-
¢burop ypapHeHH# crCTEMEL. 2|

I'papuxm ypaBuenmii cacreMer (1) L] 2N T
HMeIOT JiBe o0wne Toukn, JHaumT, 3ra | 4| 9 (O
CHCTEMA HMeeT Jsa pemrerna. Henoinb- -9
3ya pucyHoK 63, Haliflem (mpnGmusken- |

ly
HO) peINeHNA: 1

W

‘=,
1
£

]
i

\P¥
v

fH=4p=3 Puc. 64
A xy=—3, y, = —4.

Ecam HailifeEHble nprlan:KeHEEbe 3HAYEHAA X M J NOACTABATH
B YpaBHeHMA cHceTeMHl (1), To MOKHO yOeguThed, YTO Napkl (4; 3) n
{(-3; —4) apamIOTCS pEIMEEMAMH 3TON CHCTEMEL,

CnegoBaTesIbHO, AMEETCA Abe napul yncex (4; 3) n (-3; —4), ynos-
JeTBOPSIIINE YCJIOBHIO SAAATH.

IIpn peieHAH 3afa4¥H MBI OIPUMEHHIH zpaduveckuil cnocod petite-
Ruf cucmeMmvt Jayx ypaenenuil ¢ deymsi nepemernbimy. OH COCTOMT B
TOM, UTO CTPOAT rpadurn ofonx ypaeHeHHH M HAXOAAT KOOPAMHATEL
ofmux TouyeK aTHX rpadHKoB. HeoGXoIHMO 3aMeTHTE, UTC Tpadmdeckmii
¢nocof MO3BOAET HAXOAATE PEIIEHAA CHCTEME! JMIE MpHOINKeRHO.

434. Karan nz nap (2; —2) r (1; 2) asnaercH pelireHAeM CHCTEMEL!
2 Sxy -y +16 = 0, 6 5x2 — 3 = -Tx,
¥ +2p -12=0; (x + Yy — x) = 3x?

435, Kaxwe u3 nap Buga (2; y) u (x; 1) ABIAKTCA pemeHMaMnH
CHCTEMH:

) 2xt + y?
2 ¥ -2y =y - 1T;

x + By, x — 2y = 2y,
% 3x — by -7 =07

436. Henonvsya preyHOoK 64, pemiaTe CHCTEMY
x = ya - 49"
x+y =4

437. CrOABKO pelieHMIT MMeeT cheTeMA:

¥+ 12x = 2x% + 14, 6) x(x - 2) =y + 12z,
a

x+2=y xy -5 =0?
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438, HoxaxnuTte, 4TO He HMMeeT pellleHHH cHEcTeMa:

xt + yt = 0,09, 6) ¥ =x%+5,
y=x+1 y+xt=-2
439. PemuTe rpatpuueckumM cnocofoM cHeTeMy:
y-xt =-1, x2+ 2 =9,
ial){yr-z:c:l; B){y+x*= s
6 xy-1=0, o x -2+ (y-2¢ =16,
y+x3=3; y+4x=x2+6.

440. HalignTe 3HaueHne @, NpH KOTOPOM cHCTeMa yYpaBHeHUi
x2+ y* =9 |y — ¥ = o HMeeT OZHO pellicHKe, MMeeT ABA DEIICHHUA,
He uMeeT pemeHmit. IIpy KAKOM HAWMEHBINEM 0 MOILYJIO 3HAYCHMH g
CHCTEMA HMEeT OAHO pelreHue?

./ VnpaxHeHna Ana nOBTOPOHNS

441, Pemare cucTeMy:

4x -8y +2=0, 8x + 3y =3,

Vlax+ey-2l=0 P )r-sy=16l.
3 3
442, PemnTe ypaBHEeEHe!
2) 34— 4x'+2=0; 6) (1 — 4% = 3(2 - 8x3) - 9.

20. \‘/ PeweHne CUCTOM YPABHOMWIA
¢ ABYMS NOPE&MEHHLIMW
cnocooM NoACTaHOBKK
1 cnocoBoM CNOXeHHA

Jaofyio cucTeMy OBYX JNEHEIHBEIX YpaBHeHHH ¢ ABYMA IepeMeH-
HEIMA MOMXHO DeIHNThL coocofoM mOJCTAHOBKHM WM CHOco0OM CiIoKe-
uaa. Uraue obcTonT Heslo ¢ cACTEMAME ypaBHeHHIH 0ojlee BRICOKHX
crenegeii. [lna uux Ee cymecrsyer ofmux cnocoboB pemmeHnd. Jinmmn
HEKOTODHIE A3 HUX YA8eTcA PeIHTh, HCIONBSYH CHocol IOACTAHOBKH
HJIM cnocod ciaoKeHnA. PacCMOTPHM IIPHEMEDHI.
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Iipumep 1. PemnMm cacTeMy ABYX YpaBHEEm BTOpOit cTenenn
¢ ABYMA NePeMeHEBRIMH
2¢ +x-38y-16 =0, (1)
y—-x2+6=0.
BrupaamM U3 BTOPOTO YDaBHEHHAA TIEePEMeHHYIO I Hepes mepeMen-
By x. IlonyumrmM
y=x-8,
IloacTaBeM B mEepBOE YDAaBHEHHE BEMECTO } BHIpaKeHHe x? — 6,
MoayunM cucTeMy, PABEOCHILHYIO cncTeMme (1):
2x + x - 3(x* -6)-16 = 0,
{ s (2)
¥y=x°—-06.
B cucreme (2) mepBoe ypaBHeHHE €CTh YPABHeHHE BTOPOI cTemeHH
¢ oguoit mepeMenHolf. Pemne ero, HaligeM:

X, = 2, X, = -1.
ToacTasme B ypasaenne y = x? — 6 BMecTO X ero 3HaueHus 2 m
-1, HafifeM COOTEETCTBYIOLIME HM BHAYEHHS :

yi=-2, yp=-5.

3EagHT, cacTeMa (2), a caefoBaTebHO, W PABHOCHABHAA efl ch-
erema (1) mvelor asa pemennda: (2; -2) u (~-1; -5).

OreeT (2; -2), (-1; —5).

TaxnM o6pasoM, MPH PeIIeHNH CHCTEMEL JBYX YPABHeRHH ¢ ABY-
NA DepeMeHHBIMHU crocofiox rnodcemaxoert

1) BEIpAKAIOT M3 KAKOro-TuGo YpABHEHMSA CHCTeMEI OIHY nepe-
MEHHYIO U€pes ApPYTYIO;

2) HoACTABAAIOT EMECTO STOH IepeMeHHOM MOAYUCHHOEe BBIPAMEe-
HHE B0 BTOPOE YDABHEHNE;

3) pemIaloT NMOAYVUHBINEeCA YDABRBHeHHe ¢ oAHoH NepeMeHHOMH;

4) HAXOOAT COOTBETCTBYIOIOME 3HAUEHWA BTOPOH NepeMeHHOI,

Coocob MoACTAHOBKN NPMMeHMM TOTAA, KOIAA M3 KAKOro-JIu6o
YPAaBHEHHS CHCTEeMB MOXCHO BEHIDASHTEH OAHY IIEpeMeHHYIO uepes ApY-
TYi0 H pelINTh IToAYyuHBIIeecs YpaBHeHNe ¢ ofHol mepeMenHoil. ITHM
TpefCBAHMAM YAOBJIETBOpAET JI00AA CHCTEMA, COCTOAIAA B3 YpaBHe-
HUA nepsolf cTeNeHU W ypaBHEHHS BTOPOH CTEIIeHH.

ODpumep 2. PemuM cAcTEeMY
3x? -2 + v + 16 = 0,
{x -2+ 7=0,
BrIpASMM H3 BTOpPOTO YpABHEHHWSA NMEepEeMeHHYI0 X Uepe3 mepeMeH-

HylO J
x=2y-1T.
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IlogcTapE™ B mepBoe ypaBHeHHe BMeCTO X BLHIpaykeEme 2y — 7
H DEIIMM NOJYJYHBINCECH YPABHEHHE BTOPOH CTENeHH:
3y-Tr -2+ 2y-7+16=0,
1202 -84y + 147 - 22+ 2y - T+ 16 =0,
10y - 82y + 156 = 0,
byt —4dly + 78 =0,
h=52 y=3

HalizeM coOTBeTCTRYIONIHNE 3HAYEHUSA X!
x, =3,4, x,=-1.
OrseT: (3,4; 5,2), (-1; 3).
PaccoTpuM Tenepk NpUMeHeHHEe CROCOSG CAOMEHUR.
IIpumep 3. Pemrum cHCTEMY
x? - 217 + x = -6,
{x" - 3y = -11.

C noMOIObI0 NOWIEREHOrO CIOMKEHNA JERHX A NPABLIX YacTei ypas-
HEHAH MOMKHO MCKIIOYHTh CJATAEMHE, COAEeDKALMe NePeMEHHYIO ¥,
JAnA aToro HAAO NpeABADPATENFHO YMHOKHTE 00e YACTH MepBOTO YPaB-
HeHHWA HA 3, a BTOpOro — Ha —2;

3x* — 6 + 3x = —18,
-2x% + 6y* = 22.
x* +3x=4,

Pemne aTo ypasHeHHe, NOJYYHM
x, =-4, x,=1.
HaiizeM cOOTBeTCTRYIOIINE 3HAYCHHA ¥, HMCIOAB3YA BTOPOE ypAae-
HeHHe HcXoAHOH cHeTeMBl:
3yf=xt+11;
ectH x=—4, Toy=—3uau y=3;
ecmr x=1, Toy =-2 anm y = 2,

Orser: (-4; 3), (-4; -3), (1; 2), (1; -2).

Taxuy 06pazoM, HDH pelleERA CHCTEMHI ABYX YPaBEeHHH ¢ ABy-
MA NEePeMeHHERIME cROCODOM CRONEHUN:

1) YMBOKAIOT JeBHe H IpaBHe HACTH YPABHEHHI HA HeROTOpDEIe
YHCHAE;

2) cKJNAABIBAIOT TOMJIEHHO JEBLe M IIPABHIE YACTH YpaBHeHnmil;

3) pemIaIOT TONYVUHBIIEECH HPHA CIOKEHHNH ypaBHeHHe ¢ OAHOMN Ie-
peMeHHOIl;

4) BaxoJAT COOTBETCTBYIOIINE 3HAUEHHS BTOpOl MepeMeHHO,
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Coocol caoxeHEs OpAMEHAETCH TOTHA, KOTJA NDH MOYAEHHOM
CIOMEHUN JIGERIX H NPABHX 4YacTeldl YPABHEEMil, MOCAe MX YMHOMe-
HESl HA HEKOTODBIC MHCJIA, MOMHO OOJYIATE YPAEEEHEE ¢ OZHOM Iepe-
MeHHOIA,

443. PemuTe cacTeMy:

)y=—2x—9, )x+y=—1,
a X+ 2y = -3; B xy+3x-1=0
2 +y-4=0, 4yt - 4x = B,
6) r)
x =3y +14; x — 3y =-2.
444. PeminTe cucTeMy:
xt+yt-6y=0, x% +xy =2,
a) B)
y+2x =0 y-38x =T

x - xy +y® = 638, x-y=1,
6){x-y=-3; 11){%"—:«9—9“=19-

445. B xaxux TOUKAX IepeceKaIoTCes:
&) mapa6osa y = x2 — 6x + 5 ¥ npamas y = 3x — 8;
6) oxpyxuocTs x* + 3* = 25 u npamMaa x — y = —-17

446, HajinaTe KOOpPAMHATEL OGIIAX TOYEK:
a) npamoilt 2x — y = -3 u mapaboanl y = %x’ + 4x + 5;
6) npamoii 2x + y = 3 m orpyKHOCTHE x? + 2 = 9.

447. PemuTte cHCTEMY:

202 - 3y* =y - 6, 2+ =x-y,
a) B}
3x-2y =2 3x - 2y = 5;
5 5y + 2x = 4, )x’—y*=x+y,
3yt - Axt - 6x = —6; 2x + 3y = 1,

448, Hafiaure pemeEns CHCTEMBL:
) (x +5)y + 2) =12, Cx - 2x +y) = 3,
Naw+d-sy=-1  Plw-sx+n=-4

& 2x-y+x=0, ) 2Ax-w+y=5
24x - 3y) + 3y = 9; (2x - y)® = 5x + 15.
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449, PemaTe cacTemy:

2 8 _5
—1~+l=§, y—1+x+1_2’
ay * y 8 B) -
vy =12 1 .38
*ry * x-2 ¥
1 2
x-y=4 y+1_x—1’
6) 1 _1__4 R W 1 1
* ¥ 5 x+2+y—1=§°
450. HaiignTe peimeHnsa cHCTEMBI:
)2x2+y’=9, )x”—Sy*—y=—6,
x -y =3 2x% - By = -4
) 3x2 -2y =1, . 2x2 + xy = 16,
2t -yt =1; 3x* + xy - x = 18.
451, PemnTe cHCTEMY:
xy - 2x = -2, x+y+ay="T,
a) B)
y-xy =9 x-y-2xy=-4
6 x - 2xy = -10, )3x+y+2xy=—6,
"y +rw=2 e +y+ 2y = -6,
452. Halinure pelneERs CHCTEMEL:
5
2 _ gy = 2 = —
a’{x v 9" Y "1
xy = -2 8xy = L
6) xy = 3, 9 2xy = -1,
x? + y? = 10; x’—y’=%.

N\
N ./_ YnpaxHeHus ana nNOBTOPOHUS

453. IlocTpolite rpadbuK ypaBHeHuA!
a)-%x—%y—2=0; B)%xy+4=0;

Oy-2¢-4=0; D+ spr=l



§ 8. YpaeHeHWA BTOPOA CTENeHW C ABYMA NepOMEHHLIMW M WX CHCTEMbI 137

454, PemnTe HEepaBeHCTBO:
a) 3(1,5x — 6) + 2(0,25x + 1) < 3x — 1;
6) L4m — 3(2m + 3) > 2 - 2(1,3m + 1).

455. IIpu Kaxux 3HAYEHHAX X
a) gBydAeH x* — 9 IPpAHMMAET OTPHOATEILHEIC FHAYCHHS;
6) asywien 2 — x? NIpARMMAET MOMOKUTEbHEE 3BadeHNAT

21. \0/ Apyrne cnocofibl pewenus cucTem
YPABHEHUA C ABYMSI NMEPEMEHHBIMMN

PaccMoTpaM Ha TpMMepax HEeKOTOphie ocolkie crocofnl pemieHHA
CHCTeM YDABHEHWH ¢ JBYMA [epeMeHHEBIMA.
Ilpumep 1. PemimaMm cucTeMy
9x? -y -3x +y =0,
{xz +y =Xy
IIpaBad 94CTE MEDPBOre YPABHEHHAS CUCTEMEl — yucao 0, a JeBag —

MEOTOWIeR BTOpOR crenenn. IlonbEiTaeMeR pa3NOMKETE €ro Ha JIHHEe-
Hbleé MHOMRHTEIIH,

Il -y - 3x+y=@Bx—-yYBx+yY)-Bx—-y)=
=Bx-y@EBx+y-1).
ITonyuaeM cmcTeMy
Bx-yB8x+y-1)=0,
{xz +y =3y
KOTOPAS PABHOCHALEA COBOKYIHOCTH ABYX CHCTEM:
{3x—y=0, {3x+y—1=0,
nnm
xt +y=xy x +y=xy
Ilepeas u3 HAX nMeeT gBa pemennd: (0; 0) m (1,5; 4,5), a pTopags —
ogAo pemerne; (0,5; -0,5). OfreInHeENe MEOKeCTB pelIeHnH 3TAX

CHCTEM ABNAETCA MHOMKECTBOM pemeHu# cucreMsl (1), a sEaynT, M He-
XOAHOM CHCTEMBI.

Orser: (0; 0); {1,5; 4,5); (0,5; -0,5).

IIpumep 2. PemuMm cHCTEMY
x+y =3,
M @
(x? + )y = 10.
Jleas 4aCTH BTOPOTO YPABHEHHAA ABIACTCH CEMMETDHAYCCKAM BEI-

paskeHNEeM OTHOCHTEJIbHO IepeMeHHMX X ¥ Y. Ero Mo)KHO BHIPA3HTD
Yepes ¢yMMY H NPOH3BefeHMe X H I:

(2* + yhxy = ((x + y) — 2xy)xy.

(1)
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IlopcTABMEB EMECTO CYMMBI YHCIO 3, TMONYIAM
x+y=3
{(9 - 2xy)xy = 10,
Bropoe ypaEHEeHHAe NOXYYeHHOH CACTEMEI IPEJCTAEAM B BEAE KB
PATHOrO YPABHEHHMA OTHOCHTENBHO XY:
2(xyy - Hxy) + 10 =0,
Pemwue ero, HajigeMm, 410

xy =2 unma xy = %
3HauuT, cHcTeMA (2) DABHOCHABLHA COBOKYIHOCTH JIBYX CHCTEM:
{x +y =3, x+y=3

HJIH
x_q=2 xy=%.

IlepBasa U3 EnX HMeeT Aea pemennd: (1; 2) u (2; 1). Bropaa ce-
cTeMa pemeEnii He HMeeT.

OreeT: (1; 2), (2; 1).

3aMeTHM, YTO JAHHYIO CECTEMY MOMEO PeIlIAThL, HCIOALYS 3aMe-

HY TI€PeMeHHEKX x + Yy = a H xyy = b, ’fie X + Y H XI — OCHEOBHH¢
CHMMeTpHIeCKAe MEOroWIeEnl. B ToM caydae cAcTeMa OyLeT MMers

a =3,
BHA (@ - 2b) = 10. BooGite, ecan neBhle YacTH 000MX ypaBHeHHH
{F(x; » =0,
cHoTeNH ABJAAIOTCA CHMMETDPHISCKIMH MHOTOTICHAMH
Gy} =0

OT MepeMeHHHX X U ¥, TO 3Ty cACTeMY yAoGHO pemaTh yKasaEHO
BHIIIEe 3aMeHOl MepeMeHHLIx. HANOMEAM, YTO MHOTOWICHH x? + i
u x° + y* BRIpAKAIOTCA Uepes OCHOBEERC CHMMETPpHYeCKHe MHOTOWISHH
x+y=anxy=>brar a® — 2bu a® - 3ab.

NNpumep 3. Pemnm cucremy
x? + dxy -5y = 0, "
{x2—3xy+4y=0. @
Jlepas yacTb NEpPBOTO YPABHEHHA CHCTEMEl — OZHOPOAHEIN MHOIOWIEH,
T. €, MHOTOWIEH, BCe WIEHEI KOTOPOro MMEIOT OAHY H TY Ke CTelleHb.

Jlerko yGeanThes, uTo napa (0; 0) ABnSeTCH PeIIEEREM CHCTEMSL

PaccMoTpHM Temeph caydali, koraa y # 0. Pasgenne ofe 4acTH neppore

X,
YpPABHEEHAA Hi yg, IOXYyYHEM KBAJIDATHOE YPABHEHHE OTEOCHTEJIBHO

() 1) - =0
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Pemmne ero, BaiigeM, uro i =1 anu i = =5, Orcioga

x =y | x = —5y.

Tarxum 06pazoM, pemrenne cECTeMEI (3) MOYKHO CBECTH K PeIIeEHI0
COBOKYIHOCTH ABYX CHACTEM:

=1 x = -5y,
x* —3xy+4y =0 e x — 3xy + 4y = 0.

Tleppas M3 HNX MMeeT ABa pemeHus: (0; 0) u (2; 2), sropaa —
TaKxe uMeeT Apa pemenus: (0; 0) u (0,5; —0,1). ¥cnopuio y # 0 yaoe-
JerTsopAlor e napk: (2; 2) u (0,5; —0,1). OgHaro padee MBI yeTaEO-
Bunn, aTo napa (0; 0) Tak:Ke ABNAeTCA pellleHHEM CHCTEMEI (3).

OreeT: {(0; 0), (2; 2), (0,5; —0,1).
SaMeTHM, YTO IpPABON YACTHIO BTODOTO YDABHEHHMSA CHCTEMH (3)

TaioKe ABiagercd uucyo 0. OaHako AesenueM ofemx ero yacrelt Ha y?
(un; x?) me yaanock GBI €ro CBeCTH K KBAJPATHOMY YPABHEHHIO OTEO-

x
CHTENEEO 7 TAK KaK JIeBAf YacTh ypaBHenuf x? — Sxy + 4y He ogmO-

POAHBINA MHOTOYJIEH.

PaccMoTpeHHEIN B 3TOM npaMepe coocod pelleBEHS MOYKHO NpH-
MEHATH H B TAKHX CAY4adX, KOrja NpaBele TacTH OTJAAYHE OT HYJA,
a JieBHIe HacTH o60OHX YpaBHeHHH —— OTHOPOAHEIe MHOTOWIEHEL.

IIpumep 4. Pemum cHcTEMY

2x% + xy - 2Y° = 4,
4x? + 3xy - y* = 6.
VuuoxmaM ofe 4acTH NepBOTO YpaBHEHNA HA 3, & BToporo — Ha 2:
6x% + 3xy - 6y° = -12,
8x% + 6xy — 22 = 12,
CNoREM TOYTEHHO NOAYYHBIINECH YPABHEHAA:
14x% + Qxy - 8y2 = 0,

B ypaBHEERH, IOXYYEeHHOM IIPH CIOKeHHHM, IpaBad 1acts (), a me-
Bad — OAHOpofHEIE mMHorouidel. Ilapa (0; 0) yaceaersopaer aToMy
ypasEeHno. ONHARO OHA Ee ABIAETCS pellleHHeM CHCTeMbl. Pasfexnm
obe uacTr ypaBHeHHA Ha x?, cunTas, uro x # 0. [lomyuum KBaApaTHOE

YPaBHEHHE OTHOCHTEABHO -\!’1:
x

B(2) - 9(¥) - 14=0.
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-3

Pemmus ero, HaiaeM % = 2 unu % = -5 Orciona

y=2xmﬂy= —%x.

CocTaBEM H pPeIlllHM JBe CHCTeMEL:

vy = 2x, y——zx,
2x% + xy — 2yt = —4; 2 4 xy - %P = -4
IMomyunm:
x =1, yl 2; %, =-1, y, =-2;

Xy = ——‘\/_ Yg = ‘\/.-6- X, = —J— #y =__J_
OteBeT: (1; 2), (-1; —2);
8 L7 8 .3
(-55¥26; 7528), (5526 526},

IIprvep 5. PemuM cucremy

{x +y = 3xy,
x—y = 2xy
CN0KHB MOWIEKHO YpABHEHHA CHCTEMEl, HOJAy9AM
2x = bxy.
Orciona
2x - bxy =0,

x=0munm 2 - 5y =0.
Ecmx=0,Toy=0;ecnm2—-5y=0,1.e. y=0,4, TO X =2,
OreeT: (0; 0); (2; 0,4).

456, PemnTe cucTeMy:

a){7xy+2x*— =0, 6 62" + 2oy -3x -y =G,
x? - 5xy +y=-11; 2 -y +2x+ y =

0ol e

457, HafifuTe pellleHHA CHACTEMEL:
o [¥=2 6 [ ¥ g =32,
-yYW+x+y=10 x+y=2

458. PemnTe cucremy:
. 2x® + 4xy - by = 1, ) x(8x — 2y) = 7,
x2 +xy—8y: =0 3y =2x(x+2)-3
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459, HailizuTe pemeHnsa CHCTEMEL:
) 2x% — xy = y* + 5, ) 3x® — 2y% = 22y -1,
8 P-xy=y+1 2x% - y® = 2xy - 1.

460, PemuTe CHCTEMY:

8 x+y = Sxy, 6) 5x + by = by,
=y Bx — By = .
461. Haiianre pemmeHWs CHACTEMEI;
x 2 | + |yl = 6
2) B) 2 -y = 24
¥ -y =
6) x_¥_ P){x3+y2=41.

462, PemnTe CHCTEMY:
22 - p* -2y +2x+y =0,
8) q ,
#*-y=xy-1
1

4’
3x? - X'y = xy* - 3x%y + 30.

463. HaitanTe pellieENA CHCTEMBI:

a){xy=2, 6{x-y=~/_

6)

(x? + )y = 24; xy(x® + ¥y = -1.
464. PettmTe CACTEMY:

) 2x% — 3xy -y = 0, ) 5x% - 18xy + 10y° = 14,
2+ 9y -y =0 3x% - Gxy + 6y* =

RN ERE ./ YNpaxHeHHs ans NOBTOPOHURA

465. HaiinaTe ofaacTh oopefeNeBAA DYEKIHH!

Dy=vax® —4dx? +8x-12; 6)y=Jx? + x - 2.

466. YraxuTe HyaH QYHKIHA ¥ = x° + |x| — 12, obnacTs ee 3na-
weHmil, IPOMEKYTKH BO3PACTAHHA H VORBAHKA.
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22. \0/ PeweHue 3anad

BaM yxe NpEXOAAICCE DEIIATh 3A[AYA ¢ IOMOLILIC YPABEEHMIE ¢
0AHOI NepeMeHHOH H CHCTEeM YPABHEEW ¢ [ByMA NepeMeHBRIMH, Pac-
CMOTPHMM DpMMephl GoJiee CACKERIX 3aAad.

Bazaua 1. ITea GeryHa cTAapTOBAJIE OZHH 33 ADYIAM ¢ HHTEp-
BayoMm B 2 MEH. Bropoil u3 HAx, npoGe:kaE 1 KM, JJONEANX OEpBOro H,
npoAoaEana Ger, Ha pacCTOAHHH 5 KM OT MecTa CTAPTA TOBEpHYA ab-
patHo. Ha oOpaTHOM NYTH OH CHOBA BCTPETHJ/ICA ¢ MEePBHM OeryHOM,
IpHYeM T BCTpeua MpoH3omIa dyepes 20 MMH Iocie CTAPTA TePEOre
GeryHa. C xakoll cKopocTbIo Beoxan Kamanil Geryu?

IIyeTh CKOPOCTH TIEPBOrO OeryHa X KM/4, & BTOPOTO — ¥ KM/

Pacc-mmenlnuuepamﬁﬁerynnpoﬁemnaa%q,anmpoﬁ—aa;q,

1
YTO Ha 2 MHH, T. e. Ha 3p 1 MeHbme. 3HAa4MT,

K MmomeHTY caeayromeili BeTpeuHd nepBHi GeryH OWJA B OyTn
20 MHuH, T. €. R npobesan JT KM, & BTOPOIt HAXOAHICA B IIYTH

3 3
18 MuH, T. €. 0 b H npobexan 10 ¥ KM, OpHYEM 3TO PACCTOAHME

paBHO 10 — %x EM. CrefoBaTeabHO,

3 1

¥ = 10 - 3x.
Pemaa cacTeMy ypabBHeHRIT

i 1_1

x y 30

8,-10-1
Ey-lo 3x,

HaiifeM, uUTO OHA HMeeT jABa pemenuda: x, = 12, y, = 20 u x, = 75,
Ys = —50, B3 KOTOPHIX TOJLKC NEPBOE COOTBETCTBYET CMBICAY 3841M.

O TBeT: cKOpocTh IepBoro Geryua 12 KM/4, a proporo — 20 xM/4.

dagada 2, H3s cocyaa, HAMOIHEEHOTO YHCTHM CIHPTOM, OTIHIH
2 1 comapra ¥ Joauau 2 O BOARL. 3aTeM OTJARIH 2 JI CMeCH B CHOBA
gonuam 2 1 Bogul. HaroHern, eme pas OTIHAM 2 A NoayyYEBmeiica
eMecH B gonnay 2 g eofel. B peayanTaTe »THEX onepanmii ofneM BoAR
B CocyAe cTAn Ha 3 1 Gonbme ofbeMa OCTABIMIETOCA B HEM CIOHDTA.
HailianTe BMECTHMOCTD COCY/IA.
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ITycTe BMecTEMOCTE Cocyaa paBHa x . [locne ornreanna 2 a1 conpra
¥ BOMMBAEWA 2 JI BOAK B HEM OCTAMOCH (X — 2) J1 CHHPTA H B KAXAOM

x-2
JHTPE CMECH OKASAN0CE A coepra. B peaynstarte BTOpPOTO OT/TH-

papnga 2 1 cMec M gobaBmeHnd 2 11 BOAHE E COCYAEe OCTANOCE X — 2 —

x-2 (x — 2
i -2, e,

JI CITAPTA, IPHIECM B KEJKIOM JINTPe CMECH

x - 22
OKA3AM0CH ( o ) x coupra. IJocae TpeThero OTAHBEKEHA OCTAJNOCH

(x -2
73— JI coApra. IIpm gonmbsaumn co-

(x -2
e

-2 G _22)2 24, T e

x x X

cyaa Bogof OKAsANOCh, YTO B HeM COAEPMHUTCA X — J1 BOJHI,

9r0 Ha 3 71 GoJblue 06beMA OCTABIIETOCA CIMPTA. 3HAYUNT,
_ (x — 2 _ {x - 2) +3
x2 T A .

¥MuoxHuE ofie YacTH YDPaBHEHHWA EA X% H BHITOAHHMB Impeobpado-

BAHHAA, IOAYYIHM YPABHOHHE
x—9x2 + 24x - 16 =0,

Pemas ero, maiifeM, uto x, = 1, x, = 4, OpudeM HA OLHH H3 3THX
KOpHeil He ofpamaer B Eyab x%. 3RaumT, COCTABIEHEOE YDaBHEHHe
mMeeT ABE KOpHA: 1 | 4, M3 KOTODHX YCAORHMIO 38Ja4H COOTBETCTEYET
TOIBKC BTOPOH KOpeHB.

OTBeT: BMECTHMOCTE cocyaa 4 J.

x

487. OgaH KaTeT IPAMOYTOJABHOIO TPRYTOJLHHES G0IBIIE JPYTOTo
Ba 5 cm. HaligrTe nepHMeTp 5TOT0 TPeYTOJIBHHKA, €CUIH €r0 ILIOMIAAL
pasaa 150 cm?

468, ITepuMeTp IPAMOYTOJBHHKA PaBeH 14 cM, a cyMma mnomangei
KBAJPATOB, IIOCTPOSHHBIX HA JBYX CME;KHBIX CTOPOHAX, paBHa 25 eM?.
Hafiaure ¢TOpOEEI IPAMOYTOJABHAKA.

489. Ilo AByM B3aMMHO IEePHEEJHKYJIADHEIM MPAMEIM IBHKYTCH
pPaBEOMEpHO pmBe ToukH. Ceilfuac oHH ofie HAXOAATEA B TOUKEe Oepece-
YeHHA NPAMHX, 8 deped 10 ¢ paccToguHe Mexny HUMH GyaeT 1 m.
Hafizmre ckopoeTs Kam ok TOYKH, €M OAHA M3 EEX IMPOXOIAT 38 3 ¢
CTOBKO JXe, CKOJbKC NPOXOANT ApYras 3a 4 c¢.

470. CyMMa pagHycoB ABYX KDYTOB paBHa 14 c¢M, & pasHOCTE ILIO-
majell 3THX Kpyros pasHa 28n cM3. HafiiuTe pajmyCce KPYyros.

471, Cymma xBagpaToB ABRYX umces pasHa 202, a pasHEOCTE KBaj-
patros pasRa 40. HaltamTte st umena.
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472, (Bagaua dubonayan, XIII B.) Jpe GalllHH B paBHOHEe HAX0
AATCHA Ha paccroaEmm 60 jxokTeil ogHa oT Apyroit. Beicora ogmoit —
50 noxre#t, gpyro#t — 40 jgoxTeii. Mexncny GamtHAMI EaxXoARTCA KOJMO-
Fer, OAEEAKOBO YAAJTCHHEIA oT Bepimu ofenx bamen. Cupammusaeres,
K&K JajJeKo HAXOAUTCA KOJOoJell OT OCHOBAHHEA Kaxnoll GamEu?

473. dnarogank OIpAMOYroJbHHKA paBEa 10 cM. Ecim MeHbIIyD
CTOPORY NIIPAMOYTOABERKA YECANYATE Ba 2 ¢M, & GOABIIYI0 — YMeHb-
IMUTE HA 2 ¢M, TO AHATOEAJIL He Ha3MeHuTCH. Halinare cTopoHEl nps-
MOYTOJNBHHEKA.

474. (3anava Bxackapsr, XII B.) I]BeToK J0TOCA BOSBRIIANCH HAJ
HOBEPXHOCTHIO NpyAa Ha 4 dyTa. [Tog HamopoM BeTpa OH CKPLUICSA IIOZ
BoAo#l Ha paccTOAERM 16 $yTOB OT TOTO MeCTa, I'ie OH PAHBIOE MOX:
HHMaJca Haa Bogo#i. Kaxolt raybuusl 6611 npya?

475. Paccrogame Mepgy AsyMma npucramama 60 kM. Tenaoxon
NPOXOAMT 2TO PACCTOAHHE [0 TeUEeEMIO M NMPeTHB TedeHHA 3a 5,5 4,
Haiinare CKOPOCTE TEMNOX0JA B CTOAYEH BOZe H CKOPOCTH TEYEHHA,
ecH 0JE4 A3 EEX (oabme Apyrod Ha 20 xm/4.

476. Katep men 2 4 npoTHE TedeHHRT N 3 ¥ II0 TeYeHHID. 3a 310
BpemsA oH mpomren 88 km. Halianre CROPOCTE TEYEHUA B CROPOCTh Ka-
Tepa B croAdell BOJE, eCIH IO TeUeHHIO OH npolres Ha 32 kM Goabmie,
YyeM NIPOTHB TEUeHHH.

477, Ilepefiaa pyuell, TYpHCT YMeHBIINI cKopocTh Ha 1 kM/4. Ha
Bech NyTh AAHEON 38 KM oH aaTpaTma 7 4, IlyTs A0 pyubsa OR mpomen
Ha 1 u GereTpee, Yem ocraTok myTH. CROJIBKO KHJIOMeTDOB mel TY-
PHCT A0 PYYBA H ¢ Kakol cKopocThio?

478. Depmep oTHPABNICA HA MATHHE B ropoj, HaXoAAmHifca ma
paccroAaHun 110 kM oT depmu. Hepes 20 MuE H3 ropoga Ba depmy
BHIEXAJ €0 CHIH, KOTODBIH MpOoe3sKat B UaC Ha 5 KM Goabmie. Berpeua
nponsontna 8 50 kM ot ropoga. C xaxoil cKopoceThio exan ¢epmep?

479. Or npacTanm ornpasaseTca nepeeiit karep. Yepes 1 u Beseg
3a HAM OTHPABAAETCH RTODPOH KaTep H JIOTOEAET ero B 30 KM or npa-
craEu. Ecam 6 ¢ MOMeHTa OTHDABJICHHSA BTOPOro KaTepa Iep-
BHIf KaTep YBeJHMINJ CKOpoCTh Ha 10 kM/4, To Bropoif JorHanu 0wl ero
B 90 kM or mpuctagm, Halifure CKOPOCTE KayKJOr0 KaTepa.

480. Aprens BrnoaEnaa paGory 3a 20 gHeif. Ecin 611 B aprenu
OuLno Ha 4 venoeexa Gombme u pafounii geHs yReamamacs Gu Ha 1 4,
To padora GeLa 661 Bemoarera 33 10 gueli. Ecom 6n1 B aprenu 6pi10 HA
1 genopexa MeHBIme, a pafoquii feHb COKpaTHACH Ha 1 9, To AnA BH-
noseeHnn paforer norpefosanocee 6 30 aneit. Croiabpro yenoser GELN0
B 4PTeaM H KAKOH NpOoAQLKMTENLHOCTH ORI v HUX paGoumit AeHb?
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481. Brarogaps npuMeHeHHI0 B depMepCKOM X032HCTBE HOBBIX
TeXHONOrA yposkallROCTE rpeduXH Bo3pocha Ba 4 ¢ 1 ra, B pe-
ayapraTe GeLI0 cofpano He 147 1, RaK B OpOILIOM r'oxy, a Ha 3 I Goab-
IDe, XOTA TOA IpeuHxy oTeean Ha 1 ra Menbme. Kakopa 6o11a yposxaii-
HOCTH TPEUMXH ¢ 1 T B OPONIIOM A TEKYINEM IoJaX M KaKaf IJIOIHAJb
ObLTa OTBEAEHA B 9TH rOAEI B (hepMepecKoM XoasiicTee mof rpeunxy?

482, (3amaua Muodanra, III B.) HalifaTe aABa umcaa, OTHOIIEHHE
KOTODHX pPaBHO 3, a OTHOIIEHNE CYMME KBAAPATOB S5THX YHcedX K MX

¢yMMe PaBHO 5.

483. Ha ABYX CMEXHBIX CTOPOHAX MPAMOYTOJLHHMES TOCTPOEHE
¥Bafpars. ILT0WAAE OXHOTG U3 HHX Ha 24 cM® GoapIe nIOmany ApY-
roro. Haliaure ANAHY 1 IIMDEHY NPpAMOYTOJIBHHKA, £CJIH er0 IOIALE
pasHa 35 cmi.

484, TlepuMeTp NpAMOYTOJLHOT'O TPeYTOJABHEKA paBeH 24 cM,
anaomank pasEa 24 cm?. HalifuTe cTOPOHBI TpeyroABHRKA.

485, (3agaua Be3zy, XVIII B.) HexTo Kynmui1 NOIIARL M CIYCTH He-
KOTOpoe BpeMd UpoJan ee 3a 24 mmucToaa. IIpm »TOM OH mOTEpAX
CTONBKO OPOLEHTOB, CKOJBLKO CTOMJA €My Jomeab. COpammnBaeTcs:

93 KAKYI0 CYMMY OH ee Kymmi?

486, Tlonoxus B bank 2000 p., BRIAAYNEK IOJIYYNI Yeped ABa TOLA
2420 p. Kaxoit mpoueHT Ha9ACHAN OaHK e/Xeroiso?

487, BRIsAuuEK TMOJOKAN AeHBErH B GaHK H HOAYYHJI Yepes rofg
2220 p. Ecou 651 BKA8A 6s11 Ha 200 p. Gonpme, a GaHK BERILIAYHBAI
g8 1% MeHbme, TO BRAAAYAK Noayymn Gu 2420 p. Kaxosa 6u11a cym-
Ma BKIans M Kakol MpOLEeHT BHIIIAYHBAJ GaHK emerofHo?

488. DupMa B TedeHEe ABYX JeT €KErofjHO YBeJIHMUHBANA KOJIH-
JeCTBO BHEINYCK&EMEIX NMpRGODOB HE OJHO H TO K€ YACJIO NMPOIEHTOB,
B pesynbTaTe 33 ABa roga KOAMMECTBO BEITYCKASMBIX IpHOOPOR yABOH-
nock. CRONMBKO IPODEHTOB COCTARIAJ eKelrOIHBIH IPAPOCT YHCAA BBHI-
MycKaeMeIX npriopoB?

489, BacceliH HATOMHHTCA, ecJIM IEPRYIO TPYOY OTKPHITL HA 12 MHER,
a BTOpYI0 — Ha 7 MmH. Eciau ke o6e TpyOhl OTKPHTE Ea 6 MaH, TO

HATOJIHETCH % facceitna., 3a CKOJBKO MHHYT HaNmoJIHHTCH OacceifH,
eClA OTKPHTH TOJBLKO BTOPYIO TDYOy?

490, Ecne oTKpPLITE ABA KpaHa, TO mycToll Gaccelin HamoJHWTCH
38 6 4. YTobK HADONHHTE OTycTOl GacceifH ¢ MOMOIOBIO BTOPOTO KpaHa,
noanefuTeA Ha § ¥ Gosbme, 9eM ¢ MOMOINBK) NEPBOTC. 34 CKOJABKO 9atoB
MOHO HATIOMHATEL (accelH ¢ MOMONIEI0 KAXIOI0 KPaHA B OTAGNBHOCTH?
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491, OFnH KaMeHIAK MOJKeT BELIOMKHTE CTeHy Ha § u GnicTpee,
ueM apyroil. IIpu coBMecTHOl paGoTe OHHM 3a 2 Y BRUIOKAT IOJOBHEY
CTeHBI. 38 CKOJIBKO YACOB KAMIBIN H3 HHX MOMKET BELIOMHTE CTEHY?

492, Isoe paGounX MOTYT EHITIONHHUTE 3anaHme 3a 12 anel. Ecnx
CHAYANA OFHE A3 HHX ChejaeT IOJOBAHY Beeil paGoTe, a moTroM oo
TAJIbHOE cAesaeT Apyro#, To MM moTpebyerca 25 mHe#t. 3a CKONBKO
JHell raxaeifi paGounii, paGoras oOWH, MOKeT BRIIOAHUTL 3afanHe?

493. Bacceiin, ofnem xoroporo 425 M?, MOXHO HAIOMEMTE 38 17 v,
€CJIH OHOBPEMEEHO OTKDEHITE AB& KpaHa., OIHaKo HAITOJIEANN Gacceli
TAK, UTO OePBHIA KpaH 6BUI OTKPHIT HA 5 o JoJbllle, weM Bropoit. Ecix
MEPBHIH KDPaH OTKPEITE HA CTOJBKO YACOB, CKOJABKO ORLI OTKPHIT BrO-
poH, a BTOpo#l — HA CTOJLKO, CKOJAbLKO OLIN OTKPHWT nepBbIii, TO ue-
PE3 NepBRIA KPAH INOCTYNUT BABOS MEHBIIe BOALI, U&M Uepes BTOPOL.
CKoNBbKO BpeMeHHN GBI OTKPHIT BTOpO# xpan?

494, Paccroaune B 360 xm nerxosoit apToMobuab npomes Ha 2 9
6plcTpee, ueM Ipy3oboif., EcaE ¢kOpOCTh KeO0r0 ABTOMOOHIA yBe
JAHIHTH Ha 30 KM /4, TO Ipy30BOil 3aTPATHT HA BeCEk OVTh HA 1 1 Gom-
me, yeM Jerkosoii, Hafigare cropocTs Kammoro apromobmias.

495, OgHOBpeMeHHO M3 IVHKTA A BHEXAJH JBe MALIRHBI CO CKO-
poctAamMA 80 kM/u u 100 ¥M/4 B OJHOM H TOM e HANpABIEHANH. e-
Pes 4ac B TOM JXe HAINPABICHHA A3 TOTO e IYHKTA BHEXAJA TPeTh
MaIDHEa, KOTODAA JOTHEAJNA BTOPYI0 MAIOAHY 4depes 8 4 mociae TOro,
KaK JorHaJda nepbyiw. HalianTe cCKOpOCTH TpeThel MAaIIMERIL,

496. Or IpucTARE B OFHO H TO e BpeM#A OTYAJILIN ILIOT B KaTep.
Ipoiiga 90 x¥M, KaTep HOBEpHYJI OOpaATHO H dJepes 12% 9 ¢ MOMEHTa

OTNpABIEHHA Tofolllen K Toil ke mpuerann. Ha ofpaTHOM myTH OH
BerperAax mjjoT B 30 kM or mpacraEn. HalignTe cropocTE KaTepa
B croAveli Bofie H CKOPOCTE TeUeHHS.

497, Ua GyTeua, HAOOAHEHHON JOBepXY IVIMIEPHHOM, OT/IIUTH 8 1.
BaTeM FoAMIH GYTHLUIL BoAoH B ormuiH 6 a1 cMecH. Ilocae aToro BHOEL
Aonena Gyreus Bogoid, OnpeneanTe BMECTHMOCTE OYTELIM, €CJIH H3BecT
HO, YTO B Pe3yJIbTaTe HOJYIHJIH CMech, cojepRantyio 68 % rmmnepwsa.

498. U3 apyx KuAKocTel, INIOTHOCTE KOTOPLIX COOTBETCTBEHHD Pap:
na 1,2 r/ev® m 1,6 r/cv?, cocTarmum cmecsk Maccoit 60 r. Croibxo rpam-
MOB KayKJol 'KMAKOCTH GBLTO B3SITO, €CJIM H3BECTHO, UTO Macca 8 cM’
CMeCH DARHA Beell MacCe MeHee TAYMKE/I0N M3 CMEIIAHHEEIX KHAROCTeH?

499, Us cocyna, BMemaiomero 40 1 B HATONHEeHHOr0 CIHPTOM, OT
JHJIRA HEeKOTOpOe KOJAYeCTBO COHUPTaA H JOJMHIHN COCYA BO,[[Oﬁ; IOTOM
OTJIIUIH TaKoe e KoAuuecTBo cMecn. Toraa s cocyae ocTanock 22,5 n
qucTOTO cIMpPTa. CKOMBKO JHUTPOB XKHUIKCCTH OTJIEBANH KesKAbIA pas?
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500. Cocya sMectumocTeio 20 1 manoxuer cnuproM. Hs mero or-
AOIH HEKOTOpOe KOJMHYeCTBO COMpPTA B ApYro#l cocyl, BEMECTAMOCTD
KOTOpOro Takxke pasHa 20 1. HanolHEE OCTABIIYIOCA YACTH BTOPOTO
COCYAZ BOAOH, ZOMOJMHMIHN 3Tof cMechio nepeu cocys. Hanee A3 onep-

BOTO COCYA TepPeIHIH 6% X BO BrOopofi. B peayinrare oKa3aI0Ch, UTO

ofa cocyla COASPIKAT OEMEAKOBOE KOANMIECTBO CHHPTA. CKOJIBKO JIAT-
POB COAPTA OTAMAE B IepBhill paz?

501. Mz cocyaa, HATTOAHEEHOTO IVIMOEPMEOM, OTAHAH 1 A ramoe-
puHa, o BsaMeH Aoamnn 1 a1 Bognl. 3aTeM oTaMau 1 a1 cMecH A BHOBE
gponmiad 1 1 Bogel. HakoHen, emle pa3 OTAMAH 1 JI cMeCH M DOAHAH 1 A
soasl. B pesynsTaTe sTHX omepanmii oibeM BOAN B cocyde OKA3AJIOCH
B ¢ceMb pas GoabIme of'beMa OCTABIIErocA IIHENepHEA. CKOMBKO ME]-
KOCTH BMEIIaeT cocya?

502. TToa0:XHB B GAHK HEKOTODYIO CYMMY, BEJIAAIAK IMOXYIIU Yepesd
rog 420 p. npubean. OAHAKO OE He cTAJ 3a0HpaTes AcHLrH U3 GaHKA M,
gefasHe ¥ HumM 580 p., ocTaBT BKAAN enle Ha rof. B pesyaeraTe cmycTA
Tof, oH DoJaydImI B OaHKe 4560 p. Kakasa cymMma Sriia modosmerna B Gany
IEpPROHAYANBGHO M KAKOH NPOneHT NpHOBLIH B TOM JaBat 0aHK?

503, CymMMa KBAAPATOR UHCEN SAMENIT B KpafiHuX paspagax TpexsHad-
Horo uAca pagHa 25. PasHOCTE KBAAPATOB HMHCEN SAMHHALL B CPETHEM H 10-
CIeIHEM PABPALAX PABHA KBANPATY YACIA eHHMI, NepBoTe paspara. Eom
H3 HCKOMOTO UHCIA BEIYECTE 99, TO NDOTYOITCH MHCIO, JAMMMCAHHOE TEMH
se qadpamu, Ho B ofpaTHoM nopAgke. HalifnTe TpeXsgauyHOe 4ACIO.

504. Tpoe pafiounx JOMKHE SELIA BEIOJIHATL HEKOTOPYIC paboTy.
Ecnm 681 TpeTuit mpopaboran 12 9, To ANA OKOHYAHMA PaboTE! MepBo-
ny norpebGoranock 61 30 4, a BropoMy — 45 4. IIponsBoAHTENEHOCTE
tpersero pabodero paBHE cpeifHeMY apHbMeTHIeCKOMY NPOH3BOAM-
TeAEHOCTH ABYX OCTAIBHEIX pabodnx. 38 CKOJBKO YACOB MOMKET BHI-
nOIHHTE BCIO paGoTy kameabiit pabounii?

bl
|

N\
NENEN ./ YNpaxHoHUs Ofia NOBTOPEHMS

505. PetlinTe cHCTEMY:
252 + = 6, 3x2 - 2% = 25,
9 { x2 + xy 6 { "

8x2 + xy - x = 6 -y +y=5.

506. ITocTpoiiTe rpaduK ypapHEeHHS:
8)3x-2y==6; B) (-3x + y)(2x% - By} =O;

6 -3 + (x - 2 = 9; r) y—%x||2y--%x2|=0.
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507. PemruTte cHCTEMY HepABEHCTB:

0 3(%x—1)€—%(2x+1), 6 {x’—2x>l,
2x-3FFx+ 4 -x' +6x <9

cld g .\

\NEBLERE 7 KOMTPONbMbIE BONPOCH W 33a/aHNs

1. Yo HASLIBAIOT peIlICHMEM YPABHEEHS ¢ ABYMH OepeMeHHbIMA!
IIpmeegnTe npumMep.
2. Yo Takoe rpaduK ypaBHeHAA ¢ ABYMA NEPEMEHHBIMHA?

3. Kax y3HaTb CTeNeEb YpaBHEHHA ¢ ABYMSA NepeMeHHMIMH? IIpu-
EBeHTE TPHMEPHL.

4. Yro apnaerTca rpadUKoM YpaBHeHHH NepBoii cTeNeHA ¢ JIBYMa
nmepeMeHHERMHA?

8. Uro Ra3BIBAIOT pEIleHIEM CHCTEMBl YPABHEEHIT ¢ ABYMS Iepe-
MeHHBIMH?

8. PagpacanTe rpadMaecKnii CMEICH PeLICHAS CHCTEMEL ABYX YpaE-
HeHH#l ¢ ABYMA nepeMeHHBIMH.

7. B ueM COCTONT peIIeHAe CHCTEMEL ABYX YDABHEHMI ¢ ABYyMS e~
PeMeHHEEIME ¢IIoco60M DOACTAROBRE?

8. B yeM COCTOMT pellleHHe CHCTEeME! ABYX YpaBHeHHH ¢ AByMa me-
PeMeHEBIMH crnocofoM caoKenna?

HEPABEHCTBA
C ABYMS NEPEMEHHbIMW
§9. A W WX CUCTEMbI

23, _V JInHellHOe HepaBeHCTRO
€ ABYMA nepeMeHHLIMU

IToacTaBAM B HEPABEHCTEO ¢ ABYMS MePEMEHHBIMH
0542 -2y +1<0
BMecTo x uucao 1, a BmecTo ¥y — umeno 2, ITosyyrm BeprOe Hepa-
peHCTBO 0,5-1% — 2-2 + 1 < 0. Ilapy umcen (1; 2), B KoTopoit ma
nepeOM MeCTe — 3HaYeHMe X, 4 Ha BTOPOM — 3HaYeHMe U, HA3RIBAIOT
pemenuem Hepaeencrsa 0,5x% — 2y + 1 < (.

Onpefenenne PememnmeM HepABRCHCTEA ¢ JBYMA I6PEMER-
HAIME HAJHBACTCH HAPA FHATYCHHN NepeMEeHHEIX, ofPAIIAIOIIAH €r0
B BePHOE HEPABEHCTBO.
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3ameruMm, yTo mapa (2; 1) He ABAAeTcA pelleEFeM EepPABeECTBa
0,52 - 2y + 1 < 0, TAK KAX MpPM HOACTAHOBKE B HETO BMECTO X ymchaa 2,
a BMeCTO ¥ — umcJa 1 moJaydaercs EeBepHoe HepaBeHerso 0,5 - 22 —
-2-1+1<0.

Eemz Kaxx/oe pelleHHe BePARGHCTERA ¢ JEYMSA MepeMeHELIME n306-
pas¥Th TOUKOH B KOODAMHATHON IIOCKOCTH, TC HOJAYYHTCA ZpaduK
3TOTO HepakeHcTBa. OH ABAAeTCH HeKoTOopoil durypo#t. I'opopar, uro
ara QEIYPa 38/18€TCA AJM OIHMCHIBASTCH HEPABEHCTBOM.

B ¢easE ¢ rpahEKOM NpPeACTABASIIOT MHATEpPeC LBe 3aAaYH: BLISC-
HHTB, YTO ABJACTCH TPAQHUKOM HEPABCHCTEBA ¢ ABYMA NePEMeHELIMHE,
H Ha¥TH HePABEHCTBO, rPAGEKOM KOTOPOTO ABAACTCH AARHAS (QUIYDA.

CHauana paccMOTpHM NuHeltHEIe HEPABEHCTBA ¢ JBYMA ePeMEEHEIMM.

Oupegenenne. JIHHeHENM HePABSHCTBOM € ABYMHA Nepe-
MEHHEIMH HAJLIBASTCA HOPABCHCTBO PHIA aX + by < ¢ wm ax + by > ¢,
Iae X H j — HDepeMeHHEIe, 4, b H ¢ — HOKOTODEIE TRCHA.

Eenu B aupelinomM HepaBeHCTBe ¢ JEYMS NepeMEeHHHIMHM 3HAK He-
pABeHCTBA 3AMEHUTH SHAKOM DaBEHCTBA, TO NOAYYUTCS JTuHeliHoe
ypasHenwe. I'paduicoM auEeliHOTO YpaBHERERA ax + by = ¢, B KOTOPOM
@ HIM b He DABHO HYJIO, AABAACTCH UpAMaA JRHHA. OHA pasbmeaer
MHOMeCTBO He NPHEANACKRANINX elf ToueK KOODIWHATHOH ILIOCKOCTH
Ha ABe OBJIACTH, NpeICTABAAIOIIAE ¢000f OTKDBITEHE MOJYILIOCKOCTH.
MMoraxteM, 4TO OJAHA M3 HHX ABNAeTcA rpadHKOM HepABEHCTBA ax +
+ by < ¢, a gpyras — rpadpuKoM HepaBeHCTBa ax + by > ¢.

Ecau b # 0, To ypaBEeHHE f = —%x + % PABHOCHJIBHO YDABHEHUIO
ax + by = ¢, rpaHAKOM KOTODOTO HBJAETCA IPAMANA, HeNAPAJLIeNbLEAR
ocH y (puc. 65, 66). ILITpEx0oBaR IAHNA NOKASBIBAET, UTO TOUKHA H306-
paxcaeuoii €10 MpAMOlt He IPUHAANERAT rpadHKy HEPABEHCTBA.

”/// / |

Puc. 65 Puc. 66

]
Y
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JIuneiinoe HepaseHCTBO ax + by < ¢ npH b < (0 paBHOCHALHO He:
PABEHCTBY J > ——:-x + -;—

OTtmeTHM Ha OpaMoif ax + by = ¢ NIPOASBOABEYIC ToUKy A. Ecim
KOOPARHATH 3T0H TOUKH O, H [5, TO BEpEO PABEHCTBO

a [

B = —b-a + 'g.
IIpopeseM depes TOYKY A OpAMY0D, OEPIeHIHKYIAAPHYIO ocH x. Jx06aa
Toyka aTol npamoit umeer abcouccy o. Ecan TouKa JIeXKHUT B BepXHed
TONYIAOCKOCTH (BhIIIe npaMolt ax + by = ¢), To ee opIHHATA ¥ Goab-

me B. Torza mapa (0 Y) ABAAETCA DEIMIEHMEM HEPABEHCTRA
a [
p> + T Ecae ToYEA AeKHET B HHKHel IMOJYIIOCKOCTH (HHKe

npamMolt ax + by = ¢), To ee opaaraTa Y Mensme f. IIpu atoM mapa (o; Y
He ABJAAETCH PelleHHeM HeDAEBEHCTEA.
BHaYHT, BePXHAR TOJIYILJIOCKOCTE: ABAHETCA rpabHKOM HepabBen-

a [4
CTEA I > —;x + "; H PABHOCHJIBHOI'C €My HepaBeHCTBA 4x + by <t

opu b < 0.

TaxPM ke 06paaoM MOMCHO JAOKA3ATh, YTO IpahHKOM HEPABEHCTBA
ax + by < ¢ mpu b > () gpafAerca HAKHEAA TOAYIIAOCKOCTD.

I'padmroM BepaseHCTBa ax + by > ¢ Takie ABIAETCA OAHA M3 o0
JYILIOCKOCTel B 3ABUCHMOCTH OT 3HAKa b,

Ecau b=01u a =0, ro rpadnkoM ypasHeRNd ax + by = ¢ aBndercs
npaMad, DApaaaeabHaa ocu y (pmac. 67). B aToM caydyae mONMYUAIOTCH
OPABAA M JNeBAd OTKDHITEIE NOAYIIOCKOCTH. OfHA B3 HAX ABIAETCA
rpauKoM HepaBeRCTBa ax + by < ¢, a Apyrad — rpadHKOM HepabeB-
cTBa ax + by > .

Ecma=0ub=0,T0mpaE ¢ >0
rpaduKroM HepaseHeTsa ax + by < ¢ a8
JIAETCH BCA KOODAWHATHAH ILJIOCKOCTD,
a upu ¢ < (0 — mycroe MHOMXKecTBO. ['pa-
$HUKOM HepaBeHCTRA ax + by > ¢ B HTOM
CAy9ae TAKIKE ABIAETCH KOODHMHATHAA
ILTOCKOCTE N [IYCTOS MHOMRECTHO,

Ecnm a=0,b=0m¢ =0, To rpa-
duKoM HepaBeHCTBA ax + by < ¢ H He
paBeHCTBa ax + by > ¢ ARIAETCA Myc-
TOE MHOYKECTEO.

a=0

&
$
=

a=0

LOAUNIY
¢
"

IIpamep 1. Ilokaxem mrpu-
XOBKOI Ha KoopAMHATHON IIOCKOCTH
Punc. 67 rpadux HepaBeHcTBa 2x + 3y < 6.

|....|'....|..|.|..|
ax + by =
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y ‘y

/ .‘
ﬁ?' oy RS ‘ ;
& > 0| 1 x

Haueprnm rpaduk ypasaennda 2x + 3y = 6 (puc. 68). Ilapa (0; 0)
ARIAeTCA pelllcHHeM HepaseHCTBa 2x + 3y < 6, Tax KaK HepaBeHCTBO
2-0+ 30 < 6 sepuo. Touka (0; 0) npUHAKTEKAT HIXHEH MIOAYOAOC-
kocrH. 3HAUNT, rpaduKkoM HepaBeHeTea 2x + 3y < 6 ABndercda HHK-
Eff NOJYIIOCKOCTD.,

MpumMep 2. HzofpasAM B KOOPAMHATHOH IJIOCKOCTA MHOMKECTEO
pemeHMit HepaBeHCTRA 2x — 3y < —6.

Haueprnm rpadmx yparaeHMA 2x — 3y = —6 (puc. 69). OrMeTuM B
Kaxofi-EMOyIb MOJYILIOCKOCTH TOYKY, EanpaMep, Touky (1; 1). Ilapa
(1; 1) ue aBAAETCA pelleHEeM EepaBeBcTBa 2x — 3y < —8. Touxa ¢
koopauuaTama (1; 1) JeRuT B HHAEHeHk noayLiocKkocT, 3HAYAT, Ipa-
GHEKOM HEDARCHCTBA SIBASCTCH BePXHAA IOJYILIOCKOCTE BMeCTe ¢ IIpd-
moit 2x — 3y = —6.

[Ipumep 8. COCTAEMM HepABEHCTED, 34JIaK0IEe BEDPXHIOW OT-
KPEITYI0 TOAYIIOCKOCTh, M'PABMOA KOTODOH NPOXOANT depe3 TOUKH
(-2; 0) u (0; 2).

HammmeM ypasHeEme mpamoif, mpoxoaainell vepes Touxu (-2; 0)
u (0; 2). D10 ypaBHeEHe MOXeT HMeTh BUA y = ax + b. Hcnonnsyn
KOCPAMHATH 38JaHHBIX TOUeK, NoAy4YuM & = 2 B g = 1. 3nauur, rpa-
EXLA DOJXYIIOCKOCTH ONHCHIBACTCA YpaBHeHHeM y = x + 2. OHo pas-
HOCHJIBHO YPABHEEHIO ¢ ABYMA NepeMeHHHIMHA

y—x=2.

SaMeEMM B 3TOM YpABHEEWH 3EAK PABCHCTEA OAHHMM H3 3HAKOB
< uau > Tak, yTobel mapa (0; 0) Gma pemeRweM noAyIHBIIETOCS
HepaBeHCTBA, TAK Kak Touxa (0; () npmHagdeRuT BepxHeil momxy-
wiockoeTH. IToayuum

y-x <2

508, fAensrorca nm mapst umced (2; —9), (—1; 30) n (15; 6) pe-
MeHHAMH HEPABEHCTBA:

a)-;-x-%y ~1>0; 6)-10x —y > -11?
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509, T'padhuKrOM HepABEHCTBA %x - %y < 1 sgeaserca OTKPEITEA

noaynAoCKocTe, IlepecexaeT Au ee rpaHNILY OTPE30K C KOHIAMH:
a) A(2; 3) m B(-1; 1);
6) A(3; 1) u B(—4; -10);
B) A(-5; 4) u B(6; 4);
r) A(2; 0) u B(-2; —6)?
510. Haobpasure rpadpuK HepaBeHCTBA:
a) 4x — by > 20;
6) 3x + 4y < 12;
B)2x —y < —3;
r) 2x + 3y > -5.

$11. Kakoe MHOKeCTRCO TOYEK ONMCBHIBAGTCH HEPABEHCTBOM:
a) %(Zx + 3y) > %(3:: -2y + 2
6) —5(x — 2y) — 10y — 8x < 37

512, Hz06pa3nTe B KOOPAUHATHONU IJIOCKOCTH MHOMKECTEO TOYEK,
KOTOpOe 3afi4eT EepaBeHCTEO:

ayy > —%x; B)x < --g-y; Dy =-2;
6)y<%x; r)x?-g-y; e) x € 5.

513. HanrmmaTe JuHeliRoe HePABEHCTBO ¢ ABYMA NepeMeHEBIMH,
rpauKOM KOTOPOTO ABJAETCH BEPXHAA OTKDHTAA TOJIYIAOCKOCTS,
€CJIH ee TPAHANA MPOXOANT Yeped TOUKH:

a) (0; -3) m (-2; O} B) (-2; 5) u (3; 5);
6} (1; 2) m (-2; -1); r) (-7; 0) u (4; 0).

§14. CocTaBbTe MNHelHOe HePABEHCTBO, I'padHKOM KOTODOrO A5
JASTCH JEeBAA OTKDBITAA NTOJAYIIIAGCKOCTL, €CAH ee paHAINEe NPpAHAL-
JIKAT TOYKH!

a) (T; 1) m (7; 4); 6) (-5; 2) u (-5; -5).

515, Haveprure npamywo 2x — by = 0. Onpeaenure SHAK BH-
paxenna 2x — 5y — 10 B ka0l U3 06pa20BABIIUXCA OTKDEITEIX IO
JYNACCKOCTEMH,

516. Ilocrpofire mpamMyo —4x + 2y = —8. B xaxroil na ofpasosas-
IIHXCA OTKPHITHEIX NOAYILIOCKOCTel BeIipaskeHune —4x + 2y — 8 npuus-
MaeT:

4) MONMORATENLEOS 3HATCHAS;
6) oTpEOATENEHOE 3HAYCHHET?
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517. PemiaTe cHcTeMy ypaBHeHWIi:
)2x2—y2=4, %) 5x-y-2=0,
a
¥ + 3y -b5x = 6; - 2xy + y =4
518. Pasnocts niaomagelf KBaAPATOR, MOCTPOEHERIX HA CMEXEBIX

CTOPOHAX NPAMOYrOJbHHKA, paeHa 20 cM?. [Tepmmerp nmpaAMOyroas-
BAKa paBeH 20 ¢M. HaiianTe AnMHY B MIAPAHY NPAMOYTOJILHHMEA.

24, \0/ HepaBeHCTBO ¢ ABYMA NEPOMOHHBIMM
cTeneHyv Buille NepBoii

IIpuMepOM REepaBeHCTEA ¢ [BYMS ePEMEHHEIMA, CTEIeHb KOTOPOTO
BHIIIE TIEPBOIf, MOKET CNYHHTEL HEPABEHCTEQ

P+ xyt-3xty +5x> 28 +3y - T.

Hexoroprie B3 TAKHX HEPARCHCTE MOYKHO MDHBECTH K BEAY ¥ > f(x)
wid y < f(x), rme f(x) — MBorouneH creneH: Brime nepeoli, Ioatomy f
apaserca yHKnHeH oT x ¢ obaacTh0 onpeAeneHny (—o0; +00),

HepaserereaM i > f(x) 1 y < f(x) cooTBeTCTEYET YpaBHEHRE ¥ = f(x),
rpaME KOTODOTO JeJAT MHOMKECTBO He NMPHHARJEXKAIIAX €My TOICK
INOCKOCTH Ha Be o0JACTH: BepXHION H HMMKHIOW. Bepxusasa obaacts
ApIAeTcA rpadMKOM EepaBeHCTBA ¥ > f(x), & HM:XKHAA — rpadHKOM
HepaBeHCTBa Y < f(x).

IlpeanonoykmAmM, 4To Ea pAcyEKe 70 mrpExoBoil AMHNEH NMoxazan
rpaduk ypaenerus g = f(x). OrMeTaM Ha 9TOI JHHAK NPOH3BOJEHYIO
TOURY A M mpoBefieM Yepes Hee NePNeEAHKYIAD K ochA x. KoopauHaTH
TOUKH A YAOBNETBOPAIOT YpaBHeHMIO ¥ = f(x). KoopamEATH MI0-
foif TOUKH HepOeHAHKYIApa, Ae:xalled BHIODe TOYKM A, YAOBJIeT-
PODAIOT HepaBeHCTBY ¥ > f(x), Tak Kak ee opamHarta Goawme opam-
HATH TOUKE A. Eciam Touka NepneHEARKYAADa JIEHKHT BEHXKe TOUKH A,
T0 €€ KOOPHHATE! YAOBICTBOPSAIOT
HepaBeHCTBY ¥ < f(x). Ha pHcyHKe
HITPUXOBKOM mokasap rpadur He-
paBeHcTBa § < f(x)

Iprmep 1. Iokaxkem mTpn-
XOBKOI HA KOODAHHATHOH IIOCKO- ﬂ

C¢T¥ rpadHK HEepDABEHCTBA

1
y< 4x"'+4.
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Iloerporm rpadmk ypaBHeHHA
y= —i  + 4 (puc. T1), Humrss ua
o0pa3oRaBIIHXCA obaacTeil ABIACTCA
rpatdhHKOM HepaBEECTBA I < -i x%+ 4,

IlepelizeM X HepaBeHCTBAM BHZAA
P(x; y) <0 m Plx; y) > 0,

rae P(x; y} — MEOrouJeH ¢ ABYyMA
nepeMeHHEIME BTOpOii min Gostee BH-
coroif crenenn. Kaxaomy ms sTHX
EepaBeHCTR COOTBETCTBYET YpaBEeHHe P(x; i) = 0. I'padmk aToro ypae-
HeHMH Das3OMBAaeT MHOJECTBA He NPHHAMNCKANIHX €My TOUEK KO-
OpARHATHOR mWIocKocTH HA ABe mam Oonxee obaacreii.

Tar, HaopaMep, NOCTPOME rpaduK ypasreHnAd xy — 12 = 0 (puc. 72),
ME nonyuyum tpu ofractu. H B 3TOM ciydae KOODAHMEATE! KAYKA0OH TOU-
KH 0GJacTH yA0BJIETBOPAIOT JIMINE OAHOMY H3 HepABEHCTE xy — 12 < 0
mim xy — 12 > 0. Hokamem sro aaa III o6nacra.

</ ‘.(e

(2} x

7// ; )]
o

Puc. 72
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Boscmem na rpaaune III ofaacTu mpoM3BOALHYIO TOYKY A B ofo-
3HAYMM ee KoOpAMHATE ¢ & B. Tak KAK »Ta TOUKA NPUHANJIEKAT rPa-
bury ypasHenma xy — 12 = 0, 10 BepHH paBeHctsa 0ff — 12 =0 n
of = 12, IIposeaeM uepe3 TOUKY A NEPNEHAAKYAAP K OCH X B OTMe-
TEM Ha 3TOM meprneHaukyiaape B III ofnactm rouxy B. Ee alicnucca
paBEA (¢, a OpAMHATY 0603HawnM OykBoii ¥, Tax xak vy u [} — orpana-
reapukie amena @ ¥ < B, To || > |B|. Orcropa nonyaaem, wro |o||yl >
> |a||B). Ho Tax rak n & < 0, ro |||y| = oy u |ot]|B| = off ;m ey > of = 12.
3HAYNT, KOOPAWHATH TOUKA B yNOBIeTBOPHIOT EePABEECTBY XY —
-12> 0.

Tak Ke MOMHO JOK&34TH, UTO KOODIHHATHI JI0Goit ToukH II ob-
RACTH YAOBJETEROPHRIOT HepaBeHCTBY xy — 12 < 0, a I obmactu — He-
paBeHCTBY Xy — 12 > 0.

yz

PaccMoTpHM emme 0AHO HEePABEHCTEO % + T < 1, KoTOpOe MOMK-
Ho npuBecTn K BHAY P(x; ¥} < 0, roe P(x; y) — muorounes. I'padu-

2 2
X
KOM ypaBHEeHnA g~ + yT = 1 sBaAeTCA PAMANEC, TEK KAK 3TOT rpadnk

MOMHO HOJYUHTh M3 ORpyRHOCTA X2 + 3 = 1 pacTaskenuem B 2 pasa
0T ocH ¥ M B 3 pasa oT ocH ¥. ITolsl DOHATE 9TO, JOCTATOUED YPaBHE-

2
HEe “g- + =~ =1 OpeACTABHUTL B BAJE

(3 + () =

2 2
IlocTpouM rpadpHK ypapEeHAA % + % = 1. OH pasOuEaeT MHO-

HECTBO He NPHHAJJIEKAIIHX €My TOYeK KOOPAMHATHOI IJIOCKOCTH Ha
Aere O0/IACTH: BHYTPEHHIOW H BEeMEII (pHe. 73). JokaykeM, 4TO KO-

OpPAMHATH Kancfolf TOUKH BHYTpEH- Uk . .
Beit 00acTH YAOBJIETBODAIOT Hepa- A(; B) % + yT =1
2 ’ .
BEHCTBY % + %— <1, ]" I
11

OTMeTEM Ha 3NJINICe TPOA3-
BoABEYI0O Toury A. Ilyers ee Ko- Bla; y (7, 1
opaEAThl paBHel o u B. IIpoBegem 1 i
4epes A mepueHIUKYIAD K och x. OH
nepeceder wUmNC B Touke A(o; <=B),  Alo; —-p)
TAK KAaK TOYKA A, cHMMeTpHuHa A
OTHOCHTENbHO ocH x. OTMETHM Ha Puc. 73

n¥
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NepueHAAKYAApPe TOYKY B, pacnonoxeHAEy0 BO BHYTpeHHeH olnacTa.
Ee abcrucea paBHa ¢. Ob0ozHAYAM OpAMEATY Touk:A B 6yxeod y. Tax
Kax Touxa B pacnonomera 6meske K ocH X, deM TouxH A 1 4,, 1o 7] <|B|

Oresona [ > B’ Manee mpteen || < |?|. Henomsoys: pesemcrsa [y =
u |p¥| = B%, monywaem ¥ < B* m %E + 3; < 1. 9TO O3HAYAET, UTO KOOP
AFHATEI TOYKA B yAOBAETBODAIOT HEPABCHCTBY %s + J; < 1. Tarex
0o6pa3oM, BHYTPeEHAR o0JacTh ARNAETCA rpad)HKOM HeDABREHCTBA
%2 + yTz < 1. Tag me MoxkHO yOeIATECA B TOM, YTO BHOIIHAA objacTs

2 2
X
ABIACTCA rpaEKOM HEPABEHCTEA “g- + yT > 1.

519. Asnmorca gu napel gecen (1; 1), (-3; —2) » (4; 3) peme-
HHAMH EEDPaABEHCTEA:

a)%x’+y’—240; 6) 8xy - 2x -y > 07

520. Hsobpasure TpadiIK HepABEHCTBA!
a) 2xy < 11; B)%x2—3x—y+2%<0;

6) x2 + y2 > 9 Nn-y¥+2y+x+220.

521. IToxaxATe MTPUXOBKOH E4 KOODAMEATHOH ILIOCKOCTH MHO-
JKECTBO TOYEK, KOODAHHATH KOTODHIX ABAAITCA DEIIeHHAMHA Hepa-
ECHCTBA:

Axt-y+1<0; B xE-1)x2+1)>y+5,

522, NsobpasHTe E KOODAHEATHON IIOCKOCTH MHOMKECTEO TOYEK,
KOTOPOE MOMKHO 38/ATH HeDABERECTBOM:
a) x* + y* > 10; B) (x + 1) + (y — 8 < 25;
6) x? < 16 — y% 2-x+(1-yP>5.

523. Kakoe MHOMKECTBO TOYeK 3aJaeTCA HepaBeHCTBOM!
aA(x+1¥+y-3)2<10;
6)x?-6x+y +2y+ 13> 0
B x*+yt-4x -8y = 0;
a+2x+y+ 10y + 22 =07

524. Ha cxoaeko obsaacredl pasOmBaer rpadmx YpABEEHMA XY —
—y + 1 =0 MHOKECTEO He NPAHAJJIEKALIAX eMY TOUeK KOODJHHATHOH
mnockocTr? OupeaenuTe 3HaAK BhIpakeHHs xy — y + 1 B Kamzgolt us
asTnx obnacreif.
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825. I'paburoM Hepasencrea x? — xy + y? < 5 aBasercE HeKOTO-
pas obmacts ¢ rpaaunet L. Ilepecexaer nm amamuio L oTpesoK, KoOB-
IDAMH KOTOPOro ¢ay:xar toukn: (4; 1) m (-1; 1)?

526. HanmmnaTe HepaBeHCTBO, TPaGHKOM KOTOPOTO ARISETCH:
a) BHyTpeRHAA 0bIacTs Kpyra ¢ ueHTpoM (2; 2) u pagaycoM, pABERIM
2 eTMHEIAM;
§) BEemmaA obaacTe Kpyra ¢ menrpoM (—3; 4) B pagmycoM, PABHEIM
6 ermEMDAM.
527. OnumuTe HePABEHCTBOM MHOMKECTBO TOUYEK, JeKANIHX BHINIe
napaGosiel, npoxoaAainei yvepes Toukd (2; -1), (-1; 5} u (1; —3). Ockb
CHMMeTPHA NapaloNk mapasiejbEa OCH Y.

N\
NN RN ./ YNpaxHeHna ANS NOBTOPEHHUS
528. PemnTe cHCTEMY YDABHEHHH:
)x*—xy+6y*=0, 6 4x + 2y = 1,
20-2xy+y*=0; Sxy + y* = -6.

529. PeminTe HePABEHCTEO:
A 2xf+tx+1<at—4x—6; 6)8x2— 2x + 2> 2x? + 3x — 4.

25. \./ Cucrema nepaeeHncTa
¢ ABYMSA NOPOMEHHLIMW

PaccMOTpEM CHCTEeMY ABYX HEDABEHCTE ¢ JBYMA NeDeMEeHHBIMHA

{x’ + 3¢ <9, )
x-y=>0

ITapa gncen (1; 0) aBageTca pellleHHEM KAK NEPBOTO, TAK M BTO-
pOrc HepaABeHCTEA, T. €. HBIAeTCA 0OIIAM peINeHAeM HeDAaBeHCTB CHE-
rembl. TAKYI0 TADY YMCEN HAIBIBAIOT PELICHUEM CUCMEMbL HEPAGEnCcms
¢ deyma nepemenmvimy. MEOKecTBO OGIIMNX pemeHNil HEDARCHCTR €CTh
MHOKECTEO PeImeHmil cucTeMbl. HHEIMH CIOBAME, MHOKECTBO pellle-
HH# CHCTEeMEl ecTh Ie€pecedeHAe MHQKECTE DelIeHril HepaBeHCTE, cO-
CTABNAIOIMINY CHCTEMY.

I'padmx mepsoro mepasencTea cmcTeMul (1) ecTn BHYTpeHHAA 06-
J8CTH KPYra ¢ OeHTPOM B Hadalle KOOPAMHAT M PAAAYLOM, PABHEIM 3.
Ona noxasaHe Ha pUcyHKe 74 ropHsoHTaNBHOH mTpnxoekoii. I'padurom
BTOPOTO HEDAEEHCTBA ABAAETCA OTKPHITAA MOJYILIOCKOCTL X — ¥ > 0,
DoKa3AHHAA Ha TOM e pHCYHKe HAKJIOHHON mTprxobioil. MHEOMXeCcTBO
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y
1
13 *
PS=2 3
o) € é\,
Puc. 75

pellleHuii cacTemMel machpa)keHo ABoiiHOM Hrrpuxoskoit. OHO cocras
JASeT OTKPRITEIA MOJAYKDYT.

Hanee ocramopmMca Goxee moapobHO Ha pellleHHMH CHCTEM IBYX
JIEHeAHBIX HEPABEHCTSB ¢ JBYMA NepeMeHHBIMH. IIpH 5TaM MOTYT TIper
CTABMTLCS pasiuuHnle caydan. Hekoropeie us aux OYAYT paccMoTpe
HBEI Ha IPUMepax.

IIpramep 1. HaolpasaM Ha KOOPAMHATHOR ILIOCKOCTH MHOMNE:
CTBO peieHHll CHCTeME!
{x +y<3,

dx - By < 20.

MHO0:ecTBO PEIDeHMI TePEOre BEePABSHCTRA IIOKA3AHO HA PUCYHKe T5
TOPHAOETAJNLHOM INTPAXOBKOHN, 4 MHOMKeCTBO PellIeHM BTODOTO Hepw
BEHCTBY — BePTMKAJNBHOH IITPUXOBKOH. MHoMecTEO pelleHHH cucte-
ME B300DAKeH0 ABOMHOM IITPUMXOBKOM. 3HaumT, cmcTeMa (2) zamaer
HA KOOPAWHATHOH ILTOCKOCTH YTOJ.

@

Ecnm ® cmcteme (2) gobGasnts
eIge OAHO HePABEHCTBO

5x +y > -5,

TO NOJAYYHTCHA CHCTEMAa Tpex He
PaBeHCTE C ABYMA NEepeMEHHBIMHA:

x+ys§
4x - 5y < 20,
52 + y 2 -5.

Sroil cHeTeMoll 3a88€TCA TPEYTON
HVEK, MOKA3AHEBIH HA PACYHEE T76.
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ODpumep 2. HaobpasaM Ha Ko- v
ODAHHATHOH TIOCKOCTH MEOKECTBO )
pemenMif cHCTEeME s

x—2y <4,
3)
0,52 — y » -2,

Pemimm ypapHeHNs x — 2y = 4
B 0,5%x — y = —2 OTHOCHTEALHO ¥.
Hoayaum

y=0,6x-2ny=0,5x+2.

Ipamsle, ABASIOMEecA rpadaKaMA Puc. 77
#THX YPABECHHH, mepeceKaloT oCh Y )
B TOUKAX ¢ KOOpPAMHATAMH 2 m —2. OTH npaAMBIe DAPDAJINENIBHE], TAK
KAK HX yTJOBble KoadkpuimenTtsl pasHu (pme. 77). I'padur mepsoro
HePABEHCTBA CHCTEMEI — BepXHAA IOAYILUIOCKOCTH, a TpadmuK BTOPO-
r'c HepABeHCTBA — HHAMHAA MOJAYNAOCKOCTE. X NepecedeHneM ABIA-
eTtH mOJocA, MOKABAHHAA HA PHCYHKE TBOHWHOH IITPUXOBHOI.

EcnH noMeEATH 3HAKH HepaBeHCTE CHCTEMH (3), To noayumnTca
HOBAA CHCTEMA

x— 2y » 4,
0,5x —y < -2,

IpagukomM mepsoro HepaseHcTBA OyZeT HHMKHAA NOJIYIIOCKOCTD,
a rpadMKOM BTOPOr0 EGDPABEHCTBA — BEPXHAA NOJAYILIOCKOCTE. ITH
rpahUKH Re AMeIoT HA ogHoll ofmeil TourE. Hx nmepecedeErme mycro.
3EAUAT, MEOMKECTBOM POINeHHNH CHCTEME! ABASETCH IIyCTOS MHOMKECTED,

B manGosiee TAOMYHEIX CAYYAAX TrpaduroM JIEHeHHOr0 HepABEH-
CFBA C ABYMSH TMEPEMEeHHEIMH CAYMHT OTKDEITAA IIOJAYILIOCKOCT: HIH
DOAYOAOCKOCTh. CHCTEMA TARMX He-
PABEHCTE OIIMCHIBAET Nepecedenne He-
CKOJIbKMX Toayimociocredl. OHO Mo-
ser ORITH MOXYILIOCKOCTLIO, YIVIOM,
nonocoil, MHOTOYTFOJBHHUKOM H Ap.
Tax, HaogpuMep, CHCTEMA BE€PABCHCTE

2+ y<3
x - y=-3,
x+y=-3
x-y<3
OmHCHIBAET KBAADAT (pHC. T78), muaro-

HAIM KOTOPOIO JIEHAT HA OCHX KOOp-
JEHAT,
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Puc. 79

CHcTeMa NMATH HEePABEHCTE ¢ JBYMHA IIEDeMEHHEIMA
x+ys8§
x-y2-8,
2x + y > -8,
2¢ - y <8,
y=-3
OIIMCEHIBAET NATHYTOABHHEK (puc. 79).

Teneps NepeiifieM K MpUMepaM CHCTEM HEPABSHCTB, COAEPMALIAX
HepapeHcTBA Bropoilf man Gosee BEICOKOHR eTemenH.

Opumep 3. H306pasuM Ha KOODAHHATHOHN IIOCKOCTH MHOMe
CTEO pellleENii cHCcTeMBl
xt + yt >4,
x*+ P -62<0,
IIpeobpasyem BTOpOE HEDABEHCTBO CHCTEMEI:
X-6x+9+y2 <9,
(x-3+y <9
HMoay4yEM pPaBEOCHIABEYIO CACTEMY
x? + y? >4,
-3+ <9
I'padhnKOM IIEPEOTO HEPABEHCTEA SABJACTCA BHEIIHAR 00JIACTE Kpy-
ra ¢ ero rpanpeneil x2 + y* = 4. Ha pucynke 80 oHa IOKA3aHA TODH30K
TaAbHOH IITPAXOBKOH,
BropoMy HepaBeECTRY COOTRETCTBYET ypanHerme (x — 3 + ¥ =9, Fro

rpadur monyusercd n3 rpaduea ypasHeans x? + y¥ = 9 mepeMertienseN
BNpaBo Ha 3 eawHuuwl. padmKoM ETOPOro HepapBeHCTBa ABJAETCA
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(x—3Y + =0

.|..|.|..‘.-l.

Puc. 80

BHYTPeHEAA o0acTh M TpAHMIA KDYTa ¢ HMEHTpoM B Touke (3; 0) u
paauyconM, paBHBIM 3 exunHuaM. Ha plicyHKe oH TOKA3AH BEPTHKANLHOK

mTpuxoeroii. Ilepecegerne rpachIKoOB TepBOTC H RTOPOTOD BEPAREHCTR I0-
Ka3gHo ABOitHOH mTpuxoBkoil. OHO n3olpaskaeT MHOMECTBO pPEIIEHMI

CHCTEMBI.

IlpaMep 4. HailineM MHOXKecTBO TOYeH KOOPAMHATHOIM ILMOCKO-
CTH, KOTCPOE 3aJaH0 CHCTeMOM

2 -2
¥ -x<2

HauepruM rpaduky ypapreHuii x2 — y =2 a y* - x = 2 (pue. 81).
T'paduk neproro HepaBeHCTBA COCTOMT H3 TO4YEK mapabonam x? - y = 2

4)

§ 10 Maxopu=es « Aarefpa. 9 10.»



102 Fnama 3. CHCToML YPARHEHMIA W CMCTEMBI HOPARGHCTE

n ofuactm, pacnojoKeHHON BuIme »roii nmapatonrl. I'pad®K BTOpOTO
HepaBeHCTBA COCTOMT M3 Todek mapafonm y? — x = 2, ocelo cuMMer-
PHH KOTODOI ABJAAETCH OCh X, ¥ 00IACTH, patIoloMeRHOH mpasee sTol
napabosei. Ha pAcyHEKe MITpHXOBKOR MOKAZAHO HepecedeHre rpadu-
KOB HepaBeEcTB. J10 mepeceucane P m 3anaerca cucreMoii (4).

530. Asnaorcs au napu (2; -3) n (-3; 2) pelleHAAMM CHCTEME:
Tx — 4y > 5, xy + xf < -2,

a) 6) 1,
-3x + 5y < 4; x® — 2y > 17

531. IloxaskAaTe WITpHXOBKOA HA KOODAMHATHON MNIOCKOCTH MHC-
JKECTBO PelIeEMH CHCTeMBl:

2y + x 2 -4, -x+y< -1,
a) B)
{y+0,5x€3; {x—y>4;
x -3y > -3, 4x - 2y < 3,
61 1 ! r 11 1
—§x+y<3, rid 2x<1.

532, Uz06pazuTe Ha KOOPAMEATHOH IIOCKOCTH MHOMECTBO pe-
MIeHAR CHECTeMBI:

1
2) §x+2y€4, B){y<-z,

2x — 3y 25, y =~
0) r
x<-1; -2x-y=2.

$33. 3apaiite cucTeMOR HepaBeHCTB
1) KaRAYI0 KOOPAHHATHYIO YeTBEPTD;
§) Kaapll KOOPANHEATHEIH YTOX.

534. IIpm kaxux SHAUEHUAX @ H ¢ CHCTEMOI HeDABEHCTB

2x - y < 3¢,
ax+3ys 4

MOKHO SAKATH:
a) moaocy; B) IyCTOE MHOKECTBO;

§) yrou; r) npaMywo?
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535. ITocrpoiiTe TpeYroABHHK, 3aABHEIH cHCTeMOIf HEepABEHCTB
-8x + 2y <5,
2x + y < 6,
y=-3.

536. HauepraTe HeTHIPEXYroALHAK, 38JAHHEIA CHCTEeMONR

1 1
L _s<y<ilesy
3* ¥e3*

1 2
Erx-1<y<-2x+5,
3* ¥&3%

537. HafiguTe nmuomwaib NpAMOYTOABEEKA, 38JaHHOTO CHCTEMOI
-3<x<5,
-2<x<1.

538, JoxaxKTe, 9TO YETHIDEXYIOXLHEK, SAAAEHENl CACTeMOIt

0<x-y<4,
—4€x+y<4,

HBJIHETCH OPAMOYTOJBHAKOM.

539. Ogua npaMas opoxXoiuT depes Touku (4; Ty u (—2; 4), a apy-
rag — uepes ToukH (8; 0) u (—6; —7). JoxamuTre, 4TO 3TH INPAMKIE
HRIAIOTCA IpaHHOAMH HeKoTopoilt mosockl. 3agalite aTy noJocy CHc-
TemMol HepaBeHCTB.

§40. Oaua M3 CTOPOH OCTPOrD YA APOXOANT uepes ToukH (—3; —2)
A (-5; —3), a apyrag — uepes touru (—1; —3) u (-2; —4). 3apaiite
BTOT YTOJ CHCTEMOH HepaBeHCTB.

541. BapaliTe cnereMolt EepaBeHCTE:
8) TPEYTOJBHEE, BepIOAHE KoToporoe — ToukH (0; 5), (—4; 0) m (4; 0);
f) yeTrIpexyroasHnk ¢ BepmuHamu (—1; —1); (3; 3), (6; -1) 2 (2; —-2).

542, Haobpa3uTe B KOOPAHHATHON IUIOCKOCTH MHOMKECTBO pelie-
Huil cHcTeMbl HEPABEHCTB:
)x2+y3€16, 5 x? +y <3,

3x + 2y 2 ~-6; x + 2y > -2,
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543. IlokaXHTe MTPHXOBKON B KOOPIMHATHOH IJOCKOCTH MHO-
MECTBO DeIIeHEHii CHCTEMEI:

Y 22+ < 25, ) X —y<o,
%x’+%y*>8; xy > 12;
) (x - 3 + iy < 25, . xy + 8x < 6,
(x + 3y + y* < 25; x2+p<0.
544. U306pasATe MHOKECTEO DeIIeHHN CHCTeMEL:
y-x*+320, y+x <2,
a)x* + P -16<0, 6) Y- xEF-2
x-4y+1220; +y-3H =90
545. ToraknTe MTPUXOBKOH MEO/KECTEQ pelleHHA HEPaBEeHCTBA!
a) y(x* + 2 — 16) > 0; B) x(x?+ i -25)< O

O 2x+ i+ P+ 1< O ){x—-3yHxt+yE+2)20.

546. HajlifATe MEOMXECTRO PEIIEHEH CHCTEMEI
(x - 5 + ¥* < 25,
(x + 5 + y* < 25,

B47. BagaliTe cucTeMoll HepABEHCTB KOJBLIO, €C/AH OTDaHHYH-
BAIOIIAE ero OKDYKHOCTA HMeT HeHTD (—1; 1) m paguychl DaBHEL
2u 3 egmuUNAM.

548. OnemaTe cAcTeMON HEPABCHCTE MEEBITYIO YACTE KPYTA € LIeH-
TpoM B Touke {0; 0) m pagmycoM 4 eIHHHIE!, KOTODYIO OTCEKAET OT
HETO NpAMAH, HpoXoAanian depes toukna (—3; 3) n (2; 1).

549, ITeutp ofgnoro xpyra — TouKa (3; 0), a apyroro — (-3; 0).
Pamaye ramporo ®pyra b eauann,. 3agafiTe nepecedeEne Kpyroe:
a) cucteMolt HepaABEHCTB; 6) anBJIHTHYECKH.

el 0\
AR 7 YnpaxHeHWs AN NOBTOPEHUs

550. Kak ¢ momoimgpio npeofpasoRaHuA TPAGHAKOB NOAYIHATE Ipa-
¢HK ypaeEeHHA 4{x — 2) + 92y + 4) = 16 us rpadura ypaBHeHua
x? + y? = 167

551, HMeeT JIH YpRBHEeHHE %x" - %xz + 2x - 1 = () nensle Kopau?

552, PemuTe ypaBHeHHE:
a)3x*-2lx-5/-3=0; 6) 2x2 + 3|x +4|-2=0,
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26. \,/ HepaBeHCTBa ¢ ABYMS NOPOMOHHLIMM,
coaepxalMe 3HaK Moayns

PaccMOTDMM HEepABeHCTBA, B KOTOPLIX COACDIKATCH BEIDAKEHHS
¢ NepeMEeEHLIMA Moj 3HaKoM MOAyad. HanpmMep,
5x — 3y — 2| < 4,
2x% - x|y| 2 0.

Jho6oe BRIpayceHHe MOJ SHAKOM MOZAY/A NMpH HEKOTOPHX YCIOBHAX
MOJKHO 3aMeHHTh BhIpaskeHHeM Oea 3Haka moayiaf. Tax, mo ompeae-
JICHWI0 MOAYAR

jy-2=y-2umupuy—-2>0
Hly-2|=-(y-2)mpry-2<0,
BnauuT, HepabeHeTBO 5% — 3|y — 2| € 4 PaBHOCHNLHO COBOKYIHOGTH:
bx -3y - 2)< 4, 5x + 3y — 2) < 4,
HJTH 1)
y-220 y—-2<0.

MuO:KeCTEO peleHH HepaBeHCTBA
5c-38ly-2/<4

fApAsgercA 00befMHEENeM MHOMKecTB pemeHHH cHereM (1). 9Tto MHOD-
MECTBO TIOKASAHO IMITPHXOEKOHM Ha pHcyHEKe 82,

IIpumep 1. Hzobpas3uM Ha KCOPAREATHOH IUIOCKOCTH MHO-
MECTBO pemreHnd HepabBeHCTEA

y+x2-2x-1|<0.
OceofognmMca oT 3naka Moayaf. Ilonyanm
{y+x*—2x+2<o,

x=1 —

{y+x"’+2x—2<0,
Han
<L =y-2

ITocTpouM rpadmKEH YpaRHe-

EUil :_,.ﬂzl
y=-x*+2x -2
uy=-x-2x + 2.

OTH YpaBHEeHHSA MOMKHO Ipej-
craEuTE BBEAc y=—(x - 1¥ - 1m
y=—(x + 1) + 3. Hx rpacdusramu as-
NAIOTCH HApaCoiel, M30GpasKeHHEIe
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Y Ha pucyHKe 83, MHoAceCTED perme-
Huil HepABEHCTEA

y+a2-2x-1j<0

NOKA3AHO ITTPUXOBKOMN HA TOM e
PHCYHESE.

IIpumep 2. Haobpaaum Ha
KOODJRHATHOH TNOCKOCTH (ury-
P¥, KOTODYIO 38/[ae€T BEPABE€HCTBO
] + y] < 4.

Ecnam napa (x,; y,) ABIAETCd
PEIICHNEM HEDPABEHCTBA, TO KAMK-
nas u3 nap (Xo; ~Yo)» (—%o; Yo) H
(—xp3 —p) TAKKe ABIAETCH €ro pe-
ImeEneM. 3HAIHT, ACKOMAsA (HTY-
pa CHMMeETPHYHA OTHOCHTEJABHO
OCH X H OTHOCHTEJABbEC OCH J.

HzobpaanM cHauANA ee JACTh,
PACHONOKEeHHYIO B NEepBOM KOOD-
OHHATHOM yray. Jlaa nepeoro xo-
OPAMHATHOTO YIJ1a HMEEM CHCTEMY

x=0,
y=0
x+ysd

OTa CHCTEMAa 38AAET TPEYTOILHHEK,

OTpPAHMYEeEHEIA IPAMBMH X = 0,

y =0, x + y = 4. IlocTpouHM 3TOT

Puc. 84 TPeyroJsHEK H, NCNOJIb3Yd CBOi-

CTEA CHMMeTpPHAHM, H300pasuM TpH

ocTajdeHuIe uacTH. [Tonygennan purypa npeacrapisaer coGoil Keagpar,
n3ofparceBHLI Ha pucyRKe 84.

553. IloxaxETe MTPHXOBKOH HAa KOOPAWMHATHON IJNOCKOCTH MHO-
JKECTBO pPeIeHMid HepDABEHCTBA:

a)y = |x -3 B)y > 2,5 — x|;
)y« |x+ 5 Ny <|8,5x + x|
554. IlokaxuTe MHOKECTEBO TOYCK KOOPAHHATHOM MIOCKOCTH, KOTO"
poe 3afaeT HepaBEHCTBO
2y —|2x + 5| < 0.
OnumATe 3TO MHOMXECTBO AHAANTHYECKH.,
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555. HzoSpasuTe ¢urypy, KOTOPYIC 3allaeT HePABEECTEC, A Hali-
JETe ¢ ILIONMIATE:
a)x[+|pl<5 ©)|x-3+|y-3|<3.

556. HsobpasATe MHOKECTBO pelIeHH HepaBeHCTBA:

a)y(%; B) [y - # + 2% € 1;

6)y+|-3|>0; T) y| + x? - 4x > 4.

557. HsobpasuTe Ha KOOPAMHEATHOH IIIOCKOCTH MHOMKECTEO pellle-
Hulf HepaBeHCTEA:

a) xZ + 3% - 6lx| + 2y < -1;
6) x* +y* - 6x + 2y| < -1.

558. HaofpasHTe Ea KOODAWEATHON NJOCKOCTA MBOKECTBO pe-
[IEHMA CHCTEMEL

{(x—2)2+(y+2)’<4,
|| - |yl < 0.
HatiguTe penreHue sTol cHCTEMEI:

a) ¢ EaNMeHbImel abcnaccoli; B) ¢ Hanboaesmeii abcnuccoit;
6) ¢ HanMeremell opAuHATOIN; r) ¢ Hamboabmelt opaunaTOl.

5569. 3amTpaxyiiTe Ea KOOPAMHATHOA NACCKOCTH (QHIYPY, KOTO-
pas 3afiaeTca CHCTEMOM

{y - 4<x* - 4x,
4x - 3y < -12,
OxapaxTeprayiiTe aHATATHYECKH BTy GUTYDY.
560. U300pasaTe MHOMKECTBO PEIIEHHWI CHCTEeMEL!
x?+yt <9, x2+p* <9,
) {le + Iyl <0 {Iyl - x| <0,
561. 3anaiiTe cHCTEeMOII HEDABEHCTB, COACPMAIINX BHAK MOIYIA,
KeaapaT ¢ sepmuHamu (5; 5), (5; ~8), (—5; 5) u (—5; -5}
562, Kakoe MHOMCeCTBO TOUEK 3ajaeT CHCTeMa HEPABEHCTE:
2<|x| < 4, 1< |x| <5,
a{1€|y|<3; ){2<|y|<5?



166 fnama 3. CMCTaMM YPARHEHUEA W CHCTEMbL HEDARGHCTE

563. HaobpazATe MHOKECTBO PeINeHHH CHCTEMEL!
2<|x +1|< 4, 1<fx + yl <5,
1<|y-2|<3 2<|x - y| <4,

\
NN ’/ YnpaxHesnsa AnS NOBTOP&HUSN

564. OKPYMEOCTE ¢ IEHTPOM B HAYANE KOODAMEAT IPOXOANT de-
pe3 Touky (30; 40). Ona paameaeT MHOMECTBO He NPHEAIeXANIAX
elt TOueK KOOPJHHATHOIT ILIOCKOCTH HA BHYTPEHHIOK H BHENIHION 06-
nactu. HanamuTre HepaBeHCTBO, rpadaKoM KOTOPOrO ABIAETCH:

a) BHYTpPEHHSA 00JaCTh;
6) BHeImIHAA 00J8CTD.

565. Hafinnre KopHu ypasuenus x* - 3x2 + 3x - 18 = 0.

N\
N ./ KoHTponuHbie BONPOCH) M 3a8anns

1. ChopMynEpyiiTe onpefesieRAe JTAHEHHEON0 HEPABEHCTBA C JIBY-
MA mepeMeHHHIMH. IIpHBeAATe NpPAMEpH.

2. Kaxoif durypoii asagerca rpadux JuHeliHOTO HepaBencTBa?

3. Kaxyio purypy npefcTaBageT MEOKECTBO TOUEK KOOPKMEATHOMH
IIOCKOCTH, KOODAHEATH KOTOPHX — PpeIIeHHS CHCTEMEB! JIEHeHHBIX
HepABEeHCTB?

4. BossMATe KaKyI-EAOyIL CHCTEMY HEDABEHCTE A OOBACHHTE,
KaK N306pasHTs B KOODIMHATHOM ILIIOCKOCTH MHOYKECTBO € pellleBHii.

c el .\
LN 7 DononuMTenbHeie YNpaxHeHus
K rnaese 3

K maparpady 8
H566. JokaxnTe, YTO He HMEET DEINEHMHE ypaBHeHHme:
aydxt+dxy+ i+ 1=0; Byt +yt+4dx +5=0
6) x2 - 6xy+ 9y + 2=0; Nxt+yPE-2x—-4y+6=0.

567. Bepro n|, 9To yparReHNe X% + ¥ — 10x + 4y + 29 = 0 umeer
€fMHCTBeHHOE peleHue?

568. HokawmuTte, uro ypapuenme x — 8xy + 17Ty + 2y + 1 = 0
HMeeT eIHHCTBeHHOe DelIeEHe,
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569, HaiinaTe Bce Neskle peIDeEHA YPABEEHHA:
) ¥ -yt =38; B)xs—%=1;

G xt-yt=4 r)%+y2=6.

570. OxpyxuocTh 22 + 2 = 16 pastueBaeT MHOMKECTBO He IPHHAZTE-
samux e Touek KOOPAEHATHON IIOCKOCTH HA ABe OGJIACTH — BHYT-
PEeHHIOIO H BHeIEIi0. KaKkoit ms sTux ofaacTell NprHAATE)KHT TOYKA:
a) A(3,2; 2,5) B) C(-0,9; -3,9);

6) B(-1,7; 3,6); r) IX3,8; -1,2)?

571. Hageprrre rpaduKk ypaBHeHHA:
) (y +4Nx - 3)=0; B) (y — x*)(y + x%) = 0;
Oly—x)y-2)=0 4y -x*=0,

572, IlocTpoitre rpadEK ypasReHnA:
a)y —|x[=2; B) x| + |y} =3; m x|+ jyl=x+y;
Bx+lyl=2  Dlx|-|yl=3; e |x|-lyl=x-y.

578. HoxkesknATe, UTO He AMEeT pellleHAil cAcTeMA:
)3xy—2x+4y=12, 6 xt + yf =186,
bx* + 2y +1 =0 y = -b.

574, BrincHETE, ACOOAB3YA rpadUKmA ypaBHERWH, CKOJBKO pe-
meHR#l MMeeT cHCTeMA:

-]; — ) 2 —
8 [2.1: 7} 2, 6 {x + 2 = 25,
2¢* -y-5=0;

$75. Ucenonssya rpadmre ypasHenMit, Rafiinte (npufammxenno)
PeIeHHA CHCTEMEI:

1 = =3
) y+3¥ =2 6 {2? 23,
y+1= 2 x* +yt =9,

§76. C noMombio rpadHKOB YPaBHEBH HalignTe (IpuGIH:KeHEO)
DEILIeRHA CACTEMHEI:

2x - 3y = 8§, y-x*+x=0,

a) B}
xp+12 =10 y+x2+3=0;

6) -wx+y=0 D (y - 0y - 2x) = 0,
2+ =4 y+x+1=0.
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577. HaiianTe pellieEAs CHECTEMBI:
){x*-4y=-s, {2x?+5x—3y=21,
B

3x2 + 2y = 18; 5x —11lx -9y = T;
6) 3x+ 2y =9, " 4x — Iy - 5yt = 8,
6x — 3y* = —45; 2x - 2y - 8y* = 8.

578. PemuTe cucTeMy ypaBHeHMid:
{4:::2 - 52 - 8y = -10, {2xy - 5y = 5,
B

2x% — 8y - 2y = -6; 3y - 2xy = 45;
) x% -yt - 2x = -1, 4x* - 3xy = -8,
237 + 3y + 5x = 15 " Yy - x = 10.

579. HalifuTe MEOMKECTEO PeIleHWit CHCTEMBI:
) x4+ 2 -16 = 2xy, 4x? + y® + 4xy = 49,
a

2+ — 4 = 2y, 4x% + y? - 4dxy = 81;

x? + - 2xy = 49, 9x? + 4y® = 64 + 12xy,
) 2+ + 2xy = 9; 9x% + 4y? = 16 — 12xy.
580. PemnTe cHcTEeMy YpaBEeHmid:
2 2 = 29, 2 2.3
a) X+ y 5) x* + 3xy + ¥y 1,
xy = -10; xy—-6=20
6) l1-ay =0 ) 2 —dxy + y* = 6,
r
x”+y*=4711; 5— xy = 0.

581. HailigaTe MHOMXECTEO PeIISHHNA CHCTEMEL:
2x2 - 3y? = -16, 9x2 —y* =0,
a { 4 B) { ¥ y

x-yx+y) =0 22+t -x=9

2x + Y2y - x) = 0, x2 -yt —y =24,
O ie -2y -3 e e
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582. PemnTe cECTEMY YPABHCHMIA:

1 2 —
a){(x—y)*+2(x—y)=3, 5 g - r-y =4
3x2 +xy+yg = 27; %xz + xy +_‘lzyg = —2.

$83. IIpu raxoM 3HAYEHAHN M HMEeT pemeHke CHCTeME
2x — Bxy = m,
x—y =587

584. lMoramxnATe, 9TO NpHE JWHOM 3EAYEHNH i MMeeT DeIleHHe
CHCTEME

2xy - 3y = 0,
x+y=nm
585. PemnTe cHCTEMY YpABRHeHWMIL:
1
x-2y== 2 o
2) L1 2 5 S TE-¥= 2,
—-==- 8x+y=11
x ¥y

$586. PemnTe cucreMy

le ~ 4] + Jy - 5[=1,
y=5+|x-1

587. Ecam K sHaMeHaTeAl0 o0BKHOBeHHoH npo6ur npn6aBuTe 1, TO

1
SHavueHne IlpOﬁ‘H ¥MCHBIIHTCA Ha 6’ 4 ecJIN M3 SHAMEHATE/A BHYECTh 1,

70 3HAUTCHEAE APOo0H YBeIHUNTCA HA % Haitante 31y Ipobb.

588, Ecov M3 YACTHUTENA H SHAMeHATE A o0bBKHOBeRHON JpoOH BHI-

1
ecThb MO 2, TO 3HAYEHHMe APOOH YMEHBIIMTCA HA &, 8 €CIH K “He-

JHTENI0 M 3HAMEHATENFO OpHiapATL Mo 2, TO 3HaveHMe ApobH yBeaIn-
YuTCcA HA —115 HaiignTe 1podh.

589. 'mnoTeHysa NpPAMOYrOJLHOTO TDPeYrOJNbHHKS pPAaBHa 25 cmM,
a ero momaAL pasEa 150 eM?, HalifuTe KaTETH STOr0 TPEYTONLHUKA,
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590. B pasnofSeaApeHE I} TPEYTONBHUK BIMCAR poM0 Tak, 4TO OfHA
€r0 CTOpPOHA JIEKHT Ha OCHOBAHHMH, 8 Apyras — Ha Gokoso#l cropone
TpeyrolbAERKa. CropoHa pomGa pasHa 10 cM, & nepHMeTp TPeyroib-
HAKa paBeH 75 cM. HalfanTe cTOPOHB! TPeYTOJLHAKA.

$591. B npAMOYTOMBHEI TPeYTONMEEHE BIHMCAH KBANDAT €O CTOPOHOI
2 ¢cM TaK, UTO OJHA €ro BEPIIMHA COBIAKAET ¢ BePIIAHON HpAMOro
YIia, 4 OCTANBHEEE JEMAT N0 oaHOl Ha Kawpgol ms ctopon. Haltanure
KATETH TPEYTOABENKA, ec/IE OOWH M3 HUX Oojaeme gpyroro Ha 3 eM.

592, Nea Kamennmra, paoTad BMeCTEe, MOTYT BEINOJIHHTE HEKO-
2
Topyio pabory 3a 6 4. Ecam 6B ofuH M3 EMX BHITIOJHHI E paGoTsI,

4 MOTOM BTOPOI 3akoHUm)I 6H pafoTy, To MM NoEagodurock 661 12 =4
Ba CKOABKO YACOB KAMKALIA KaMeEIMK MOT 6Ll OINH BEHIOXHATE BCIO
pabory?

593. [Ilee MAMINEACTKA MOrYT IepENedATATh PyKonmach 3a 12 4,
OZE4 M3 HAX MOKeT NepeneyaTaTh NOJ0BAHY PYKOINCH 38 TO JKe Bpe-
MA, 32 KOTOpOe BTOpAd NepemedaTaeT TPETHIO YacTh PYKONHCH. 3a
CKOJIBKO JACOB KAJKJAA MATITHHUCTKA MOKeT NepeneqyaTaTh pyKonuncs?

594. Oaun BenocuneAUCT BEHexaa B3 A B B, B B To Ke EpeMda ApYy-
roil eplexan H3 B B A. BeTpeus IpOHIONLTA Yeped 3 9 mocJie BhIeana.
B xoHeuHEIN NyHKT nepeuifl npulslr Ea 2,5 4 mo3ie, YeM BTOPOM.
HafiguTe cKOpPOCTH BeJOCHIOEARCTOR, &CIH DaCCTOAHHEe MeXIY A 1 B
paBao 90 kM.

595. Ha A 8 B spumen nelKHEK. Jepes 50 MuE apyrofi nbpixHAK
pplmen U3 B B A, B KoHeYHEIe MYHKTH OEHM NPHIUIE OJHOBPEMEHHO
uepes yac mocide eerpedn. HalfifuTe CKOPOCTH MRIKHHMKOE, ecAH Pac-
cToaHue Mexay A m B parro 25 kM.

596. ITepeMHOKEB MHOTOWICHEI BEJAA aX + 3 1 x* + bx — 2 ¢ me-
PeMeHHolf x, TOAYININ MHOrodaeH Bufa ax® + 23x? + Tx — 6. Haii-
AuTte KoappunMeHTH @ U b,

K naparpady 9
597. HaoGpazute rpadmx HepaBeHCTEA:
ay2x +3y—-6<0; By<|x+1-38;
6) 2y — x = 5; Ny >|2-05x|+ 1.
598. HauepruTe mpAMYI0, NPOXOAANIYIO depez Touku A(l; 1) =

B(-2; 1), Hanumure HepaBeHCTBA, IpadAKaMHM KOTOPLIX SBJAIOTCH
BEDXEAA H HUIKEAA OONYIIOCKOCTH, OIpeAe/fAeMEle DTOH npAMOil.
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599. HaofpasnTe rpadux EepaneECcTBa:

ays0,bxt+1; ry—-2x*+3>0;
By -gx'-1; R) xy < 6;
By + 2x—4 <0 e) xy = —6.
600. IToctpoiiTe rpadnK HepaBeHCTEA:
a) |l + |y| < 3; B) |yl < x-1;
6) |x| - |y = 2; iyl > x+ 1.
601, HaofpaznTe MHOMKECTBO TOUCK, 3afaBaeMoe cuecTeMo:
2y < x+ 10, y=0, ¥+ x2-5
a) ¥+ 2x <8, 6) {x <0, B {X - ¥ 25,
y < -0,3x; xX+ys3 y<=0.

602. Kaxyo OHrypy npelcTeBAdAeT MHOMKECTEC TOUER Koopan-
HATHOM ILIOCKOCTH, B4AABACMOe CHCTeMOM:

) y-x<2 ) y+x=22
& y+xs4 B y+xs-2
1
6 {y+;§x,. . y+3>§x,
prosx - x<-3?

603. IIpu KaxuX BHAYEHHAX M MHOKECTBO TOUEK KOODAHHATHON
IJOCKOCTH, 38JABAEMOE CHACTEeMOH HepABEHCTB

y+x=m,
y+%x€—z
ABIAETCA:
a) moJrocoii;
6} npawmoii;

B) OYCTEIM MHOMECTBOM?

604. Iloraxure MTPHUXOBKOR B KOODAHHATHOH NACCKOCTH MHO-
JECTBO TOYUEK, 3ATABACMOE CHCTEMOM:

a){2x—3y>3, P){x2+y3<9,

x* + y* <16; xy < 0

6 {x* + y? < 25, {x"' + p? < 49,
|| < 2,5; x* + y? < 25;

y>xt-1 ) (x - 20 +(y - 20 <16,
3) 2% + y* € 6,25; © 2+ 29,
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605. Hanunmurte cacTeMy HepaBeHCTB, KOTOPOM zafaerca:
a) xeagpar ¢ sepmaHamu A(Q; 3), B(—3; 0), C(0; —3) m D(3; 0);
6) TpeyroasEnK ¢ BepumEaMa A(0; 4), B(—2; 0) m C(2; 0).

608. HzobpaszuTe MEOMECTEO pemIeHM CHCTEMBI:
){4x—5|y|€6, ){|3x—4|+2y>8,

2yl + 4x > -3; [3x - 4y| - 5y < -8;
-3|x| + 5y > 1, ) |« + 2| — 6y > -1,
2|x| - 6y > -5; |x - 2| + 5y = -2,

607. IloxaxuTe MTPUXOBKOH HA KOOPAAHATHON ILTOCKOCTH MHO-
#KECTBO DELIEHHH CHCTeMBI:

, |x2 — 4| + 2y < 1, ) 5y - [x* - 9] >0,
3x -5y > 4; 2ly| + 6x > -1,
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§10. A NOCNEAOBATE/NbHOCTEN
27. YV UYncnoBbie NOCneAOBATENBHOCTH.

Cnocobul 3apgaHns
MOCHen0BaTeNbHOCTOM

HaTtypansHbie yicas, Saiomue IIpH JelleHHH HA & ocTaTok 1, BaA-

THE B OOPAAKE BO3PACTAHMA, OBPABYIOT nocaedosamenbHOCHb
1, 6, 11, 16, 21, 26, ....

Ynena, obpasyioniue MOCAeTOBATEILHOCTh, HASLIBAIOT YAeHAMU
nocaedosameavrocmi., UNeEH MocAefOBATEALHOCTH NPHHATO 000-
38a4YATh GYKBAMM ¢ MHACKCAMH, I'Zle HEASKC YKA3hIBAET NOPAAKOBRIN
BOMep WieHA MoCAeA0BATENbLHOCTH, HATIPUMED &,, G5, &,y G, .5 110O-
CACAOBATENLHOCTh OOBYHO 0603HAYAIOT CHMBOJIOM BHAA (4,).

PaccMoTpeRHaA HOCHEIOBATENBROCTE ABAAETCA OecKoHewHoM mo-
CJeJOBATEAbHOCTRIC. [IpHBegeM ADYIrHe TpHMepH! OecKOHeYHHX IO-
cAegoBaATeIbHOCTEMH:

— NOCAEAOBATEBHOCTh LEJNBX OTPHUOATENBLHBEIX 4HHces, B3ATHIX
P NopAAKe YORBAHHA!

-1, -2, -8, -4, -5, ...;
- MOCAEL0BATENEHOCTE, B KOTOPOH HA HEYeTHOM MeCTe HEXOJAT-
¢ uncso 1, a Ea YeTHOM MecTe — aucao —1;

1,-1,1,-1,1, ...;

“ 1
— NOCAeOBATEALHOCTD, KAM/LIA WIeH KOoTOpoH paseH 3

11111
A i
B 6eckoHedRo#H YHCIOBON MOCJEeAOBATEABHOCTH K&KJOMY EaTy-
PAIBHOMY YHCIY 7 COOTBeTCTBYET OIDpejeJeHHHIN 4jeR mociefoBa-
TeNEEOCTH. JHAUAT, HeckoHedHas nociefosamerbHocms npedcmae-
asem coboii pynkyuw, ocbracmsl onpedenentis Komopoii Raraemes
MHONCCCINBO HAMYDAALHBIX WUCeR.
ITocnenoBaTeALHOCTE MOMKET COCTOATH H3 N 4UJAeHOB. Tarym
nocAeJOBATEeALHOCTh Ha3KBaloT KoHeuHoil. IIpuMepoM koHeuHo#H
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MOCAEAOBATEALEOCTH MOMKET CAYKHTEL NOCASAOBATENLHOCTE MPABMIL-
BRIX gpobeil co aHaMeHaTenmeM 11, R3ATEHIX B MOPAAKEe BO3PACTAHHA:
1.2 3 4 5 6 7 8 9 10
11* 11* 11’ 11’ 11’ 11’ 11’ 11* 11 11°
Koneunan nocredosamenvrocmb, COCMOAUWAR U3 1 YAeHo6, nped-

cmaaafem colboit @yunryuw, o6racmbsio onpedeenus Komopoii As-
ASEMCA MHONECMBO NEPELIX N HAMYPAALHLIX HUCER.

OcTaHOBHMMCA elile HA HEKOTOPRIX HpPHMEpax NOCAeA0BATEAD-
"ocTeH.

IIugarop (VI 5. A0 H. 3.) B ero YueHHKH PACCMETPHBANM IOCJe-
LOBATENBHOCTH, CBA3AEHBIE ¢ reoMeTpryecknME burypamMu. Tak, Ha-
npHMEp, NMOACIUTHIBAA YHCIO KPYKKOB B TPeyYIroJdbHAUKAX, YeThH-
PeXYTOJBHHKAX, NATEYTONLHUKAX (pHMc. 85), oA moaydaam mocie-
JOBATEJBEHOCTH

— TPEYrOABHEIX YHCEJ:

1,3,6,10,15,..., a,, ... ;

.A&A&&

L
4
4

L J
L ]
L ]

GGy

Puc. 85
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— KBAADATHBIX HYHACEJ:

1,4,9, 16,25, ..., b,, ...;
— DATHYTOJIBHBIX HHCEJ:

1, 5, 12, 22, 35, ..., €,y o.n

TlocneaoBaTeALHOCTE {(@,) TPEYTOABHEIX YACEA MOAYYAETCA H3 II0-
CJAEAOBATE/NLHOCTHE HATYPAJBHEIX YACe) caeAylomum ofpasom: a, = 1,
a=1+2,a,=14+2+3,a,=1+ 2+ 3 + 4 n 1. aA. ITocaenosaTeln-
HOCTh KBAJAPATHBIX YHCE] MOMKEO NOJYMATh AHAJMOTHYHEIM cnocobom
H3 HOoC/IeA0BATEILHOCTH HeyeTERIX uncen 1, 3, 5, 7,9, ..., T.e. b, =1,
b,=1+38,b;=1+83+5,b,=1+3+5+ 7ur. 1. locaegopaTens-
HOCTh MATAYTONBHEIX YHCe] MOAY9aeTcH TAKHM JKe CrocofoM H3 Iocie-
poparesibHOCTH 1, 4, 7, 10, 13, ..., B K0oTOpOIi NepEHIii wieH paBeH 1
H KxAbll caenyioluri Ea 3 Goabioe NpegLIAyINero, a HMEEHO ¢; = 1,
=1+4,¢=14+4+7,¢,=1+4+7+10nr. 4.

ITocneqoBaTeABHOCTh CIHNTAETCA 3aJaHHON, ecJaHM YKasaH crmocal,
I03BOAAOITHHE HAHTH YieH NOCHeAOBATEALHOCTH ¢ JAIOOBIM HOMEPOM.
[foc/eRoBATEIBHOCTD MOMKET OKTDH 3848HA ¢ MOMOMIbIO ONMECAHNA, JA-
KIEro BO3MOMKHOCTE AMA JI0G0T0 B YKASATH COOTBETCTBYIOUINI WieH
eC/IeA0BATENLHOCTH.

Mpamep 1. Ilycte (x,) — nocneg0BaTeNBHOCTE, KAMKJEIA wWieH
KOTOpOH DaBeH OCTATKY OT JeJeHHd EoMepa ujeHa Ha 4. Dra mocixe-
LOBATEBHOCTh HAYMHAETCA TaK:

1,2,3,0,1, 2,30, ...

dna moboro ROMEpA 7 MOMKHO YKAa3aTh COOTBETCTBYIOIMH wieH
mocaegoBaTeabHocTH (x,). Hanpumep, Xz = 2, Xy = 1, X0 = 3,
Xz = 0.

Hanbonee pacnpocTpaHeHHHBM CcIocoboM ABAASTCA SajaHue NO-
CleNOBATEABEOCTH $HOpPMYJIOi, N0 KOTOpOM ANA M0GOTe 7 MOKHO BRI
YACIHTL COOTBETCTBYIOILIME WieH mocaegoBaTenbsEocTH, Taxyio dop-
MYJIY HASHEBAOT QopMYAOL R-20 YAeHG ROCAeJO8AMENbHOCIMY.

Mprmep 2. IlycTe mocienoBaTensHOCTh (Y,) 3anaHa dopmyoit
Yo = 2" + (-1)'n. dopmyna nozsonger HaliTH n-fi WAEH HOCHE-
AOBATENBLHOCTHE NpH JoboM n. Hanmpumep,
h=2 +(-1)-1=1,
ys=2s+(_1)2'2=5,
yr= 2"+ (-1) -7 =121,
Yio = 2" + (-1)'°- 10 = 1034.
Huoraa mocleJOBATeNLHOCTh 3844I0T, YKA3HIBAA €€ [epPBhI wieH
HIE DepBHe HeCKOJbKO YAeHOB H (POpMYJY HJIH NpPABHIO, IOIRO-
Raolee HaiTE a:000# YWiIeH MOCAEL0BATEABHOCTH 110 A3BECTHHIM IDe]-
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mecTByIOn(HM uienaM. Takofi coocof 3agaHMAa IOC/EIOBATENILHOCTH
HASEIBAIOT PEKYPPERMMHIM cIoC000M (OT JNaT. recurrentis — BOSBpaIma-
omuiica).

IIpuBegeM npuMep 38A3aHAA OOCACAOBATENFHOCTH PeKYDPPEHTHEIM
cocofoM.

IIpumep 3. Ilycrs (#,) — mOCNREemOBATENBHOCTh, B KOTOpOIt
w,=t,=1l,u,=u,_ ,+u, ,uapun>2

Halizem EecKOJBKO WISHOB 3T0H MocaefoBaTensHOCTH, HMeeM:

u=1+1=2,u4,=24+1=3,u,=3+2=25,
Ug=5+3=8,u;=8+5=13, u; =13 + 8 = 21.
ITocnenoraTeNBEEOCTE (I4,) HAYAHASTCH TAK:
1; 1; 2; 3; 5; 8; 13; 21; ....

Bajgaya, NpABOLAMIANA K TAK0H NoC/e[OBATENBHOCTH, BIEPBbIE OIH-
caHa B pafoTax HTAJIbAHCKOTO MaTeMaTHKAa JleoEapaoc IInmsauckorc
{1180—1240 rr.), nasecTHOTO m0x HMeHeM DPubonayy («ckH BoHau-
q0#). ITY MOcASHOBATENBECCTE HABHIBAIOT ROCAeFo8ameRbHOCTILI
Ddubonauuu, 8 ee YIeHH — uucaamu Pubonayixu. Ilocaeno-
BareApHOCTh (PHboHAYuM obnagaeT MHOTHMH HHTeDECHEIMH CEOi-
CTBAMM, HAIPAMEP, u#2,, ~ W,U,,, = (~1)" npu mobomM n.

UneHH DoCHASA0BATENBLHOCTEM MOMXCHO H300PAKATD TOTIKAMH HA KO-
ODAMHATHON NpAMON MK TOUIKAMM B KOODEMHATHON ILIOCKOCTH.

Ha xoopaunaTHol npaMoil uneHH nocaenoBaTeabHocTH (U,) M30-
OpaikaTCa TOYKAMM, KOOPAHHATEI KOTOPHIX PABHEI

Byy Ugy Uz wmes Wy wne s

uy i U, Uy U,
OKoJIo KaxJoH ToUKuH OOBIUHO

0 u, 2 4 6 8 VEKa3HEBaKOT, Karoll 4ieH nocaeno-
Puc. 86 BATEJIBHOCTH OHA H300paaer.

IIpu H3obpakeHAN YIEHOB IO~

B cleA0BATENBHOCTH (i£,) HA KOOpIH-

HATHEON IUTOCKOCTH KaXIBIR 4neH u,

8 U n3obpaykaeTea TouKoi, aGecoMeca Ko-

I TOpo# paRHa n, 4 OPIWHATA i,, T.E.

Is TOUKOM ¢ KoopauHatamu (n; u,).

|

t

[

s OKo0J10 TOYKHM YKABHIBAIOT, KAKOi
WwieH DOCAeSOBATEILHOCTH m3o6pa-
JKEEeT BTa TOYKA.
Ha pmcvakax 86 u 87 maobpa-
eHEI HA KOOPIHEATHON IpAMOiL 1 B
E: KOOPAHHATHON MJIOCKOCTH NepBHEe
[N Y IIeCTh TJIEHOB MOCJIeLOBATEIbHOCTH
Puc. 87 dutGoHayym,

24 -0 -l
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808. I1ycrs (@,) — mocnefoBATEABROCTE IPAG/INKEEHEIX 3HAYEHIH
EpobH %, B3ATBIX ¢ HEAOCTATKOM ¢ TodHocThi0 jo 0,1; 0,01; 0,001
B T. 1. Haligmre a,, a,, a;, 8,, Gy, 83, G100

6809. VramuTe HepBEle TPH W IOCICAHHE TPH WICHa IOCACNOBA-
reeROCTH (b,), ecan (h,) — IDOCAEN0BATENEHOCT:
a) mpocTEIX unce), Ee npesocxoaamux 100, B3ATEIX B NOpAAKe BO3-
pacTaHMNA;
6) HATYpANBHEIX AenmTedel umena 6285, BaATEIX B mopajgxe BO3-

pacTaHHA.

610. ITocaenopaTeIBHOCTL 3aj4aHe GOPMYJIOIi:
8)a,=—0,3n + 1; B a,=(-1)""(n+ 1)
(=16

r) @, = 5 —

Haiigure a,, 4, 81001 g+ 19 Bape

611. B nociaefoBaTeABHOCTH HARITUTE Gy, 215y Goposs Baps Bt 4 15 CCIAH

n

B 0 mpH yeTHOM n,
" |n(n + 1) npu HegeTHOM £,

612, HaiiaHTe NepELle MIeCTs YWASHOB HOCTEZOBATEIbHOCTH, 3aaH-
HOl peRYpPPEHTERIM cmocoGoM:

ae=13,¢,,,=¢,=2;

6)ey=-12, ¢,,, = —3c,;

Be=6,¢.,,=0 ¢
Ne=T,¢,=4,¢,,=¢, Y ¢, (n>2)
Be,==-38,==5,C,=¢C €, (n>2)

613. HMoxaxnaTre, 9TO etau (i,) ABAACTCA HOCAEAOBATEIBHOCTHIO
Oalorauam, T. €. 3afaeTcd yCAOBAeM i, = u, =1, 4, , =u,_, + u,
IpH n > 2, To BEPEO PABEHCTBO

2 —_ 2 _
Upes Upog T U Upiae

614. llocnegorarensrocTs (c,) 3aaaHa dhopMyaoii
c,=nt+n+ 1l

finasAoTeA IE IepBhle BOCeMEb YWIEHOB 3TOH NoCAeI0BATEABHOCTH MPOC-
THMH YACAAMH? SBAMIOTCA JM BCe WISHEI NMOCJIeJ0BATENBHOCTH (C,)
IPOCTHIMM THCIAMMK?
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615. ITocaenopaTeABEOCTh 3aFAHA QOPMYIOH
a, = n(n + 4).
Asagerca AN YKA3AHHOE THCI0 WISHOM NOCIEAOBATEILHOCTH, H €CIH

A4, TO KaKOB ero HomMep.
2) 30; 6)46;  ®) TT; r) 1407

616. BetpeTuTea JIn cpefH WIEHOB NOCJAeAOBATEJNBHOCTH (X,) 4n-
cao O (IpH IOJMOHUTEJBHOM OTBETE VKAMKHTE, HA KaKOM MeCTe OHO
BAIHCAHO), ecIIH:

Ax,=n"-n"-9n+09; B) x, = n* — 20n? + 64;
6) x, =2n° - 21n - 11; r)x,=n*+n-10?

617. EcTp Ju cpeay 4ieHOB HOCJeJ0BaTeJbHEOCTH (g,) OTpHANa-
TeJLHEI® YHCIA, W €CJdH Aa, TO KAKOBBI HX HOMEepa, €clIu:
a)a,=nt— 11n + 28; B} a, = 0,50 — 3n + 2;
6)e,=1,2n*+n +0,2; r) a, =0,1n* - 1,6n?

618, Haitiyrre Bee wieHE TOCIeqoBATeNEHOCTH (¢,), Tie ¢, = 0,25n% -
— 1, 3aKJIOYeHHLIe MeKAY IAcCTaMH 3 1 8,

619, Ilocneaoearenvuocty {a,) u (b,) sagans popMyaaMu a, = n® -
— 6, b, = 3n* — 8n. JoxamnTe, 9T0 IpHA JIOO0M A BepHO HEPABEHCTBO
a, = b,.

620. 3apaiite bopmyaolt n-ro uleHa:

a) MOCJENOBATEIBHOCT: TEABIX OTPHOATeNBHBIX THCEN, KPATHHIX 7,
BBATHX B NopAike yOHBARMESA;

0) NoCJIeAOBATeNIBPHOCTS HATYPATBEBIX HEYETHBIX MHCE, B3ATHIX B N0
PAIKE BO3PACTAMHA;

B) MOCAA0BATENBHOCTE HATYPAIBLHEIX UMCEN, SAIOIIAX IPH ACICHHE
Ha 6 ocTaTok 1, B3ATEIX B DOPAAKE BOSPACTAHAA.

621. Vraxkure Karyw-aubo $opMyay n-ro 49ieHa, 3aJanoMyo
IOCJIELOBATENBHOCTE:

a) 8, -8; 8, -8, ...; mn7,-14, 21, -28, ...;
3,58 179 .. e 2-4,4-6,6-8,8-10, ...;
11 1 1 . 1 1 1 1
AU O R TIR Mz e e

,.)llii 3)2-3 3-4 4-5 5-6
2’5" 10" 177 " 1-4°2-58"83-6"4-7" """

622, 3anaftre peKYPPEHTHRIM COCOGOM MOCIeNOBATENLHOCTE!
4) TPEYTrONBHLIX YHCe; E) DATHYTOJABHEIX YHCE.
6} KBAAPATHEIX YHCEN;



§ 10. CaoilcTBa NOCNEAOBATENEHOCTER 181

623. H3BecTHO, 9TO B IOC/HEAOBATEALHOCTH (a,)
a)a,=10,a,.,=a, + 2; 6) a, =10, a_,, = ba,.
dapaliTe oTY noOCAeROBATEALHOCTE GOpMYA0H n-TO WieHa.

624. BonuminTe nepeble MIECTh YWICHOB MOCJEROBATEIbHOCTH (&,)

1 n206paAsSHTe HX TOYKAMH HAa KOOpPIMHATHOHN npaMoilf, ecan:
A
g)a,=(-1)'n- 2 6 a, = L.
625. HaobpasnTe TOIKAMH Ha KOOPDAMHATHON ILIOCKOCTH IEpPBEIE

mecTh WIEHOB IOCHAeAOBATeNbHOCTH (b,) N YKaHTe, BHOJL KaKoi
NMEHHY PACIOJCHKEHBl 9TH TOUKH, eCJIH:

ab,=04n-1;  6)b,= -g—; 8) b, = 0,5n* - 8.

626. ITocaexoBarensHocTh (a,) 3agana Gopmynoii
a,=n%-6n+5.
HafiznTe BCE 9€HE TTOCASIOBATEALHOCTH, KOTODEIE H300DAKAIOTCH BA
KOODAHHATHOH OIAOCKOCTH TOYKAMHA, PACIIONOEHHEIMA HUKe NpaAMoil
y=12,

627. CroMbKO IEHOB NocAaefoBaTeNbHocTA (b,), TAe

2 _
b, = n 12,

n
H300payKaroTCA Ha KOOPANHATHOM IUIOCKOCTH TOYKAMH, DACTIOJIOKEH-
HRIMHM BHYTPHM HNOJOCHI, OTPAEMYEHHON npAMEIMY ¥ = 3 n y = 67 Hai-
I¥TE BTH YJIEeHHI IIOCAESA0RATENbHOCTH,

W
P ‘/ YnpaxHeHusi gna NOBTOPEeHUNA

628. PemmnTe HepaBEHCTBO:
a)2xt - 5x* - 12 < 0; 6)x*-5Bx2—x+5>0,

629. PemmuTe cHCTEMY YpaBHeHHIl:

)x’+y2=41, 6 x* + xy + yt =387,
xy = 20; x+xy+y =19,

630, IIpm KaKUX NEJBIX 3HAYCEMAX M ABAACTCHA IEJLIM YHECI0M
apaderwe apobm:
5m - 3, 6m - 8
m+2’ 6) m-1 ?

a)
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28. \./ BospacTaowMe M yObiBaIOILWE
noOCNeaoBaTONLHOCTH

B nmocaeaosarensnocra {(b,)
0,4, 1,6, 3,6, 6,4, ..., 0,4n%, ...
Kamau#l nocaenyiomuit wien Soaeie OpefHAYILETO, T. €.

bn+1 > bn
npH awioM n.
B nocinegoeaTensroCTE (C,)
6,3,2,15, .., 3, ..
KAXIRE mocaeyOmuil WieH MeHbIIe NpPeARIAyInero, T. €.

cn+1 < c.n
nmpH JHoM n.
ToeopsaT, uTo mocaedoBaTeNbLHOCTE (b,) ABIAETCA BO3pACTAIONIEH,
a NoCHeA0BATENbHOCTS (¢,) — yOnIBalomeit.

Onpegenenue. MocaenoBaTesEOCTh, B KOTOPOR Ramanil mo-
CAeIyIOImE wien (oJLIe IpeaLyImero, HA3LIBACTCH BOZPDACTAIOMICH.
HocaeqoBATeNEHOCTh, B KOTOPOH KAXILIH MOCHeXYIOMHH WIeH MeHs-
me NPeALITYINero, Ha3hIRAeTCH YOLIBAIOMIeH.

Yucnoeasa NoC)eNOBATENBEOCTD, KAK H3BECTHO, ABAACTCH (YHK-
puel, 3aAaHHOH HA MHOKecTBe BceX HATYDAJBHBIX YACEeN HJAH mep
BHX ! HATYPAJBHBIX YHCes]. BRefilecHHOEe olpe/efeRne NOJHOCTBIO Co
TacyeTcs ¢ onpeleAeREMeM BozpacTawmeil H yOmBawmeil Gyaxngi,
JeficTEHTENBHO, IYCTE, HANDHUMeD, (@,) — BOSPACTAIOLIAA IIOC/E0B4"
TeAsROCTE M k <m (ke N, me N), Torna a, <@y, 15 Gpe1 < Crsgs ovns
a,_, < a, HB CHJIY TPAH3ATHBHOCTH OTEOIICEAA «MeHbIIe» BEPHO
HEPABEHCTBO &, < @,

BoapacTaoimpae B yOBIBAIOIAE NOCASAOBATEBHOCTH HAJKIBAIOT
MOHOMOHHBMU NOCREPOBAMERADHOCMAMIL.

PaccMOTpUM IIPAMEDEI.

IIpmmep 1. BLIACERM, SBIAS€TCA JA BO3PACTAIOWIEH Man yGH-
n
Balomiell MOC/TeAOBATENLHOCTS (@,), ecan 6, = -

IIpecfpasyeM DasEOCTE 4,,, — &,
n+1 n _n*+2n+1-nt-2n _ 1
Cre1 7= 332 n+l n+n+2 T+ln+ )
Tipn m06oM n pACCMATPMBAEMAS PASHOCTH TOJNOMCHTEALHA. SHa-
uuT, @,., > @, NpHU JAKGOM 7, T. €. TOCASAOBATENBHOCTD (@,) BOSpA-
craromas.
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n
YbemuThea B 9TOM MOMKHO HHAYe. Brigenns us apobu el e

1
nylo 9aeTh, mOXyYNM @, = 1 — ——+ C yBesnmuenneM n Apobb

n+l1 n+l

1
yOHBaeT, & 3RAYNT, PASHOCTh 1 — 7+ 1 Bo3pacraert, T.e. MOCTEN0BA-

TENBHOCTD (F,) BOBPACTAIOMIAA.

Ilpumep 2. HecmeayeM Ha MOEOTOHHOCTH IIOCJEN0BATENIBHOCTH

(1), sapenryio Gopmyaoh y, = n* — 8n.
Burmmimem nepeele HECKOJABKO WJICEOE MOCACAOBATEILHOCTH!

-7, -12, -15, 18, ....

MoxHO IpefmoNOMHTL, YTO IOCJHeLOBaTEeXbHOCTH (Y,) YORIBalOIIAA.
YrobEl BHIACHUTD, BEPHO JH 2TO HPeAIOXOMEERe, NpecfpasyeM pas-
BOCTD yll+1 - yn:
Yoe1 —Ya=(n+ 1) - 8(n +1) - (n* - 8n) =
=n*+2n+1-8n-8-n*+8n=2n-7T.
B saBrECHMOCTH OT 7t PASHOCTS ¥, | — ¥, MOKeT GLITE ONOXKHTENBHOR

HH OTPADATeIBHEON. 3HAURT, JAHHAA DOCAeROBATeILHOCTE He ABIACTCH
HH BOZpacTalonleid, HM yORIBAKOITeH, T. &. He ABIAECTCA MOHOTOHHOMH,

IlpuMmep 3. BuAcHHM, IpH KaKHX 3HAYEHHMAX 4 NOCAeTOBA-
TeNBHOCTE (Y,), TAe ¥, = n — 2an + a4f, ApnaeTca BO3pAcTarOUIel.

Bocnoassyemca reoMerpnueckaMu coobGpaskeauamu. Ha koopau-
HATHOH IJIOCKOCTH WIEHE TOCIeAOBATENBHOCTH (Y,) H306paxkaloTen Tov-
KAME, PACIONOKEHEBIMH BAOJB rpadura Gyaknna y = 12 — 2ax + a2,
T. €. BAOIE mapaboasl, KoTopas Kacaerces ocl abemmec B TouKe g (puc. 88).
IIp; sToM nepbBEiit wieH H3oOpamkaeTca Touxol ¢ aGemmecoll 1. Oue-
BHIHO, 9T0 NOCACLOBATEALROCTD (},) ABAACTCA BOIpacTAIiel, KOrma
BCE TOYKH, H306parkKaioliAe €e WISHEI, PACIOMAralOTCA BAOIL NpaBoi
BeTBM mapaboiLl, mpAueM TO4YKa ¢ aGomuc- m
coif 1 JeuT IpaBee TOUKE KACAHWAS KA
COBOAJIAET ¢ Heil. 3HAYAT, MOCIEROBATENE"

HOCTS (y,) ARIASTCA Bo3pacTammed npa a < 1.

631. Arngerca an Bospacraomieil niH
yOmBalomeil nocjaegoBaTeJILHOCTD {i,), B KO-
Topoit YNeR u, paBeH:

a) YACAY, NPOTHBOIOAQKHOMY N; 2| g 1 x
6) ancry, opaTHoMY R;

B) DATOH CTEIeHH 9ucla 7
r) n-it cTeneHA uncnaa? Puc. 88
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632. Haliaure nepsnlie ueTHpe WieHa NOCAEeA0BATeNbEOCTH (4.),
sajaHHOH (hopMyIoii:
a)a,= 1 6) a, = 8n — ni

Kaxoe mpeanmonosceHne 0 xapaxkTepe MOHOTOHHOCTH IIOC/AEJ0BA
TenbHocTHE (@,) MoxEO clemaTth? JokaskuTe AN OMPOBEPTHUTE Chps
BEJIMBOCTE 3TOTO HPeANOJIOMNKEeHUA,

bn-1
633. HokaxXHTe, 4TO MOCJIENOBATENLHOCTDh (a,), The 4, = Yy

ABngercaA Boaspacraouteit. Haobpasure HA KOOPAMHATHOH ILIOCKOCTR
TepBEIe JETHIDe YeHa 3TOH MOC/HeJ0OBATEILHOCTH.

n+8
634. Noka)xknaTe, yTo nocaeoBaTensHoCTE (b,), rae b, = il

apxafeTcA yorBaowei. HaolpasuTe Ha KOODAHHATHON IIOCKOCTH Iep
BH€ YeThIpe WieHa 3TOH Mocaef0oBATEIBHOCTH.

636. Joxaxmare, 9TO NOCHENOBATEJLHOCTE {C,) HEe ABAAETCA M(-
HBOTOHHOH, ec/H;

a)¢,=nt-9n — 22; B) ¢, =0,1n% - n;
3n-1, -1n®
6) ¢, = 3, —F> rye, = (n? I

636. HccaepyiiTe Ha MOHOTOHHOCTH HNOCAEILOBATENBHOCTE (4,),
3asaHEyio hopMynoi:

a)a, =-T% ma,=04n% + 1,2;
5n + 2, n*+2n+1,
98.= 730 Vh="7rg
3n-1
B) a, = 3:_—7,5; *) a, = n® — 36n;
= D15, _n+2
I‘)a,,— n H 3)an_n2+4.

637. BepRO JH YTBeDKJAeHHE:

a) ecan dbyHRIMA ¥ = f(X) BOZpACTAIOWIAA, TO IIOCIENOBATENBHOCTE (4,),
rae a, = f(n), TaKke ABIAETCA BOZpACTAIONIeil;

6) ecxin dpyHENEA y = f(x) He ABAASTCA BOZpACTANOIIEll, TO mocaenr
BaTeABHOCTE (b,), rae b, = f(n), Takie He ABAAETCA BospacTarouei?

838. OupeaennTe, ABAACTCH JA BO3PACTANOMEH mam yOnIBaromel
HOCAeAOBATENLHOCTD, @CJIH:

a)a,,=\/r;-5; B)a,,=ql'n+l+Jr-1;

=3, -1
6)&,,—7:, rjg,= NETY
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639. Ilpn Kakmx 3HAUEHMAX G ABNAETCA BospacTralonieil mocte-
mopatessHOCTD (D,), sagaEHaA GopMyaolt:

8} b, = 5”,: g 6)b,=n’-a; B} b, = (2n — a)??

640. Ipy KaKNX SHAYEHNAX @ NOCJeJOBATENLHOCTS (U,) ABIAETCA
Bo3pacTalIell 1 NpA Kakmx — yGHIBaOWiedl, ecan:

2 _
o)y, = B o) u= 5

641. Hailirure, ecnn BO3MOXHO, HARGOABIINK UleH HoCaAeXOBA-
TenbEOCTH (@,), ecan:
8)a, = 13 - 4n; 6) a, = —n? + 5; B)a—M-

a + . Sl ’ T n+ 2

642. HaltnuTe, ecay BOSMOMKHO, HANMEHbIIHIH 4/IeH mocheA0BA-
terbHoeTH (b,), ecaH:
B b, =2,7n - 2 2) b, = (-3 -

6)b,=n*—6n+9;

| \
LR ./ YNpaxHeHus ans MOBTOPOHUSA

643, PemmuTe CAGTEMY YPaBHeHHIA:

x* -y =15, x+y =8, X2 + xy
| R 6y , B) !

xy = 16; xyt = -9; xy+y

8,
-2,

644. PemiiTe ypapHeHRE:
ax*-2x*-2x+4=0; 6)x*+2x-33=0.

2. \./ OrpaHuveHHBI® U HOOIPAHUYOHHLIS
nocneaoBaTensHOCTH

BrinnineM mepBrle HeCKOJBKQ WICHOB HochexopaTenbHocTH (b,),
4n -1,
aagarHO# dopmynoil b, = T i

1 1 ,8 1 ,2 ,3 ,4
1§! 231 23: 3, 33: 3?, 3_: 3§, ™

MOXKEO MpeAnoNOMKATE, UITO HOCASAOBATEABHOCTE (b,) asaserca

sospacralomeiil. HeficTBUTENbHO, HCKIIOYHNE H3 ApoGH nr1 Leryio
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BED
I
e | Y|
_|3 [
[ [ ]
Y
|
Of | 11o!l3lg!ls!lglyl®
| | L]
Puc. 89

YACTh, NOaXYyuHM b, =4 — % C ysenndeHAeM n Apodb -n—?_-i YMEeHb-

ImaeTc W NOSTOMY DASHOCTH 4 — yEeqmumreaeTca. OAEaKo U3

n+1l

5
dopMysbt b, = 4 — 7§ 6CHO, YTO XOTA C BO3PACTAHHEM 7 LICHEI

TIOCNEOBATEILHOCTA BO3PACTAIOT, ORHM OCTAIOTCH MEHLIIe yHciaa 4,
T.e. b, € 4 npu moboM n. Ha KoOpAMHATHOM NNOCKOCTH Y/EHEl IIO-
CNeJOBaTeNLHOCTH N300paKalOTCA TOYRAME, JeXKallHMH Himke ITpAMoit
¥ = 4 (pmc. 89). I'oBopar, 4o mociaeaoBaTenbHocTh (b,) orpaHmIeHa
CBepXy. 3aMeTHM, WTO B KAYECTBE IPAHHYHOTO YHCIA MOXCHO B3ATH
xwoboe apyroe aucno, Soasmee, geM 4.

ITpneeaem Apyrof mpuMep.

1yt
ITyeTs mocaeAoBATENBHOCTD (¢, ) 3agaHa GopMyJIoi ¢, = { 1,: . Bu-

MAOIEM OePBHEE HeCKOJNBKO 4JeHOB 3TOH MOCJAeAOBATENBHOCTH!

1 1 1 1 1 1 1
_'2‘$ 'gv —1" 3’ _3’ ?, —E, ver &
ITocnepoearensBocTh (C,) He ABJNAETCA HU BoapacTaommell, HH yOH-
Bawmet, [Tpn aToM EM OANE H3 ee WISHOB He NpepocxozuT 1, T.e.
¢, = 1 npu nwobom n. IociaenosarenrsBHOCTh (C,) TAKXEe ABJAETCA
OpPEMEPOM IOCASAOBATENBHOCTH, OrpAHHUYEHHON €BepXy.

1,

Onpepenenne. IlocaenosaTensHocTh (0,) HASKIBAGTCA OIpA-
HMYeHHOH CREpXY, eClIH CYIReCTRYeT TAKOS YMCA0 M, uTo 34, S M NPpH
mobom n,

UneRm mocnefoBaTeNbHOCTH (@,), OrpaHHYeHHON cBEepXY THCAOM
m, H300paKaloTcA Ho KOODAMHATHON NpAMOl TOUKaMM, KOTODhe a0



§10. CeolicTea NOCABACBATENLHOCTEIA 187

coBmazaloT ¢ Tourol ¢ abemuceoit m, naGo me- |
AT JIeBee ITON TOYKHM, A HA KOODPAMHATHO
IOCKOCTH OHA H308DaKaAIOTCH TOYKAMA, KO- |3
1opeie TnG0 NMPAHAANEKAT OpAMOR ¥ = m, _l6
i
ly
|
[

nab0 J1eMAT HIDKE 3TOH UpAMOI.
PaccMOTDHM Tellephb MOCJEA0BATENLEOCTD
(u,), sapanuaywo dopmyroii 1, = 0,5n% — 5. Bur-
IMIIeM OEPBHE HECKOJABKO WICHOB 3Tod mo- 32
CREOBATEIEHOCTH !

_4’5’ _3$ _0959 3, 7,5, LTI 4! —

QueBHHO, YTO AJAH JIOGOT0 WIEHA mocie- |
AOBRTENBEHOCTHA BEPHO HEDAREHCTEO U, 2 —4,5. -—Ié
Ha xoopamHaTHON IJIOCKOCTH HepBHIH 4jaeH
nocnenoBaTensroCTH (1, ) M3obpaaeTca TO4-
koff, mpaRanaexkantelf opamoit ¥y =—4,5, a oc- Puc. 90
TATEHBIE — TOIKAMH, JESKAIINMHA BHIIIe 3TOH
npamoit {pme. 90). 'opopAaT, 4TO HoCaeJOBATENEHOCTE (,) orpaHmge-
B3 CHA3Y. 3aMeTHM, 94T0 B KSYECTBe IDAHMYHOTO YACHA MOKEO YKa-
aaTh moboe dHca0, MeHbmee, YoM —4,5.

]

I

o
sY

Onpenenernue, Ilocnenoparensnoets (g,) HAIHBAETCA Orpa-
HEYOHHOH CHH3Y, €C/IH CYIIECTBYET TaKoe WHCIAO p, 9TO G, » P OPH
mobfom n.

Ha roopamHaTHO! npamoit 9ileER TOCHIeAOBATENILHOCTH, OTDAHA-
weEHO#l CEE3Y HHCJIOM p, H306pAXKAIOTCA TOUKAMHE, KOTOpEE Jubo co-
BIAAGIOT ¢ TOUKOH, abcnmeca KoTopoll pasHa p, anlo smexaT npabee
Hee, a HA ROOPIMHATHOMH IIOCKOCTH OEN H306DaKAIOTCA TOUKAMH, KO-
TOpHE NPAHAJAAEKAT OPAMON ¥ = p NJH JeKaT BHIIOIE Hee.

TocaeaoparensHocTs MOZKeT OHTE OrpaHMYeHa M CBEPXY, M CHH3Y.

Qonpepenernne. locaeaopaTeAsHOCTh, OTPAENYSHHAN CBepXy
¥ CHH3Y, HAZEIBACTCH OrPAHNTOHHOH IOCAeNOBATEILHOCTRIO.

BepueMca K paccMOTPEHHLEIM ODAMEDAM.
4n -1
ME: OKASANH, YTO NOCHeA0BATEAbHOCT (B,), rie b, = nei® O

paEMYeHg cBepxy. OHA OPPAHAYEHA TAKIKE M CHA3Y, TAK KAK ABIAETCA
Bo3pacTaoleil H moToMy mobolt ee uwaeH Goasme b, T. e. Goasme 1 %

Taxum obpazom, (b,}) — orpaHMYeHEAA MOCIEAOBATEIEHOCTE.
HocneaopaTensrocTs (€,) TAKYMEe ABIASTCHA OTrpaHHYeRHOo#H. lleH-
CTEHTEALHO, OHA, KAK OHKJIO MOKA3AHO, OFPAEAYEHA CBEDPXY H EMecTe
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C TeM OrpaHHYeHA CEW3Y, Tak Jiobolt ee wieH GosbIle, HAIPHEMED,
uuena —1.

ITocnenoraTenbEOCTD (4,), KBK MBI TOKA3AJAH, OTPAEMYEHA CHH3Y,
HO OHA He OFPAHAYEHA CBEePXY, TAK Kak I Jwoforo ducna k xaiaer-
CA TaKoe 3HAYEHHNE 1, TIDH KOTOPOM 4, > E, T. e. IOMIeJOBATEILHOCTh
(u,) He ABIACTCH OTDAHWUYCHHOMN,

Ecan noclegoBaTeNBHOCTE {¢,) OTPAHHYEHHAS, TO CYIHNECTRYIOT Ta-
KHe YHeja m U p, YTO m % ¢, % p, rae m * p. Ha KoopauHaTHoi npa-
MO YJNeHBl TAKOH IOCHAEZOBATENBHOCTH M300pDaXATCA TOYKAMH,
TPHHATEKAIMMA OTPe3KY [m; p] 4 HA KOOPAAHATEOH IMAOCKOCTHE —
TOYKAMH, NPHHALNCKANINMH II0JI0Ce, OTPAHMICHHOI MpAMBIME i = m
H Y = P, BRJAKYAA I'PAHATIEL.

IlocneaoBaTEeALROCTE MOKeT GHITH He OTPAHMYEHA HH CBepxy,
BEH cHA3y. IIpAMepOM MOMKET CAYKMTE INOCASAOBATEABEOCTE (X,),
sapaHEa" dopmyioii x, = (—2)".

645. ABadeTca AU OrpAHAYEHHOHN IOCTeA0BATEABEOCTD:

T
a} JecATHYERX npAGAmKeHHE apolu 17’ BOATHIX C HEAOCTATKOM

1’
¢ Toynocteio o 0,1; 0,01; 0,001 u 7. a.;
0) JecATHYHHX OpRGIMMKeHHN YHcaa 'Jg - JE, B3ATHIX ¢ HETOCTAT-

KOM ¢ ToyHocTsIO Ao 0,1; 0,01; 0,001 = 1. 1.7

646, Moxaxure, 94TO ARJAETCA MOHOTOHHOH M OrDaHMYEHHOH No-
CJIeJOBATEJILHOCTD (a,), ecam:
Ya, = n+3, 6) a, = 2n+2
V&= pre =B +1

VYEaKATe ABA KaKNX-Anbo YHCIA, ABIAIOIHNXCS COOTBETCTBEHHO
HH:EHelt 1 BRepXHel rpaHunelt nociaegoBaTeIbHOCTH.

647. JoxaxnaTe, 9T0 HOCTeORATEeNEHOCTE (b,), Tae
a) b, =1,6n — 6; 6) b, =nt—4n,
ABNAETCA OTPAEMYeHHOH CHH3Y M HeOTPAHMHYCHHON cBepxy. VRamuTe

HOMep, EAIMEAR ¢ KOTOPOro YieHbl NotaAefoBaTeAbHOCTH Gosbime 140;
Gossmie 2000.

648. MokaxATe, YTO NOCIEAOBATENLHOCTE (€.}, Tae:
a) e, =27 - 2,5n; 6) ¢, = 36n — n?,
AIRIAETCA OrpaHMYeRHol cBepXY M KeolDAHMYEeHHOH CHHA3Y. YKasKUTe

HOMED, HAUHEAS ¢ KOTOPOTO WIeHK NMOCHAeJ0BATENEHOCTE MeHbIre 20;
Menpire —200.
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649. AsnAeTcH AU OTPAHUMEHHONE IOCAENOBATEABHOCTE (G, ), ECIH:

) 1Y,
a) g, = -3 - 6% r)a,,=6-(—§).
_'lll _1?“-1
6 a, = ::+}5’ A) @, = (n)+1n;
n el
B) au= ﬁ; e) an= .(_-'.]i_.--;(-:&_?

650. ApngeTcA MU orpaHAYEHEO# NOCJHEAOBATENBHOCTD (X}, €CIH

ft
("i) IIpH HeYeTHOM N,

L n
1
(-E) TMpPH YeTHOM 77

651, Yxa:xnTe, ecjIH BO3MOYKEO, Kakoii-1ufo npoMe:xyTok [a; b]
Ha KOODAHHATEON nmpaMoii, KOTOPOMY OPMEAIEMAT BCe TOUKH, H300-

PAKAIOIONE WIEER! IIOCAEA0BATENIEHOCTH (C,), ClH:

3n+2 n+l, 1y
)"=_!L2L; 0= p+ 8 B)C"=(_§ ’

652, Vramnare, ecaH BOSMOXHO, Karne-1ubo sAauenns a u b, opn
KOTODHIX BCe WIeHEI IIOC/efOBATEILEOCTH N306paAKaAIOTCS HA KOOpAH-
HATHOM IUIOCKOCTH TOYKAMM, TPHHANIENAITHME L0J0Ce, OrpaHHYeH-
HOH NIDAMEIMM ¥ = & B i = b, ecam:

3n+2 "
8) p, = nT+3; 6)p,=5- (—%) 3 ¢) p, = n* - 6n.

653. HzeecTHo, uTo (@,) B (b,) — OorpaHHveHHEe IOCAETOBATEINE
goctH. fABagerca U OrpaHEYeHHOH DOCNeXOBATEALHOCTL (I,), eciIun:
au,=a, +b; Qu,=a,-b,; B) u, = a,b,?

—I_H_H—l_ ‘) YnpamHeHun ANA NOBTOPeHWARA

654. Joxaxure, 4TO DOCACAOBATEALHOCTE (i,) Apiafercda y6mI-
PAIOIIEH, ecim:

au,=12-(0,56)" - 1; 0 u,= P U
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665, ITocTpoliTe HA KOOPAMHATHON NAOCKOCTH TPEYTOABHHK, KO-
TOpHIt 3afaeT cUCTeMaA

ysx+2,
ys-x+ 2
y=-5

A OoNIpeje/JHTEe erdo mLIolaidb.

¢

30. ¥ MeTton mMaTeMaTH4ecKoil UHAYKUHNA

IIycTe gama mocaegoBaTexbHOCTE (4,), The a, = n(3n + 1). Mo
KAKeM, YTO CyMMa S, HepEHIX 7 YJeHOB PTOH MOCIeIOBATETbHOCTH
(a,) MoxeT BBITHL BhluMcaeHa o GopMyae

S, = n{n + 1)

Jlerko y6enuTecH, aTo 9Ta opMyaa BepHa npm n = 1. Jlelicrey-
reabuo, 8; = 1:-(1 + 1)’ = 1 4. C IOMOINBIO BRIYECIEER MOMKHO Io-
KA3aTh, 9T0 (QOpPMYJA BepHA Taxkme opu n = 2; 3; 4 u 1. x. OxBaxo,
K&K JOATO HE IPOAGAKAAN Obl Mbl BHUMCNEHHMA, OHA He ZAIOT OCHO-
BAHAH YTBEPKJIATE, ITO GOPMYNA BepHA IIPH JI0GOM HATYDAJIEHOM R,
IMosroMy BOCTIONEIYEMCS CIICITUATBHEIM METOA0M paceysaennit. Ilpeg-
TIOXOXAM, IT0 HOpMYyAa BepHA IPE n = K, T. €.

S, = k(k + 1),
A JOKa)XeM, UTO B DTOM CIy4ae OHa BepHa mpu n =& + 1, T.e. Ao
KaseM, 4To

8. =(k+ 1)k + 2P
HmeeMm
8401= 8, + ay,ye
Ilo popmMyae n-ro wieHa NOCACIOBATENLHOCTH (@,) HAXOAHUM, 4TO @, =
=(k+1}3k+ 3+ 1), 1.e. a,,,=(k + 1)3k + 4). Buauur,

S, =kE+1)+(k+1)Bk+4)=
=(k+ 1)K+ k+ 3k + 4) = (k + 1)(k + 2%,
T, e, hopMyAa BepEa pAE n = k + 1,

H3 f0Ka3aHHOrO GAexyeT, 4TO TAK Kak dopMyxa S, = n(n + 1f
BepHa OpH i = 1 (B 3TOM MH y0eHIACH ¢ HOMOIMILIO0 BEIIHC/IEHAR), TO
OHa BepHa OpH n = 2; U3 TOTO, UTO GOPMYJia BepHA IPH 1t = 2, caely-
eT, YTO OH& BepHA NpH 7 = 3; TaKk Kak GopMysa BepHa npE #2 = 3, T0
OHA BEPHE IPH 1 = 4 U T. A. FACHO, YTO, CTPOA TAKYI HENOYKY PacCy-
ZAeHnif, Mbl B KOHIE KOHUOR AolineM No n:000re EATYPAIBHOrG TACHA 7.
TaxuM o6pasoM, Aoxasano, aro GopMyia S, = n(n + 1)° Bepra npu
awboM n.
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IIpuMenenuEI! HAME METOA AOKA3ATEIFCTEA HASKBACTCA Memodox
aomemamuyecrois undywyuu. OH OCEOBAH HA RPUHUUNE MaMeMa-
museckoli YKL, KOTOPHIE COCTOMT B CAeyIOMIEM:

YTReDAOEHHE ¢ TOM, UTQ HEKOTOPLIL (paKT HMeeT MeCTO IPR JI0O-
oM HATYpDANBHOM R, BepPHO, €CIH BLINOJHAIOTCH NBA YCIOBHA:
a) YTEepxaeHHe BepHO HpH 1 = 1;

f) H3 CIPABENIHEBOCTH YTECPEOASHHA NPH N = R CIeOyeT ero Cupa-
pepMBOCTE NpH =k + 1.

B cTporoii TeopHA HATYPAJBHHX TACEN IPHHIAN MaTeMaTHIecK o
HEAYKIMA NDAHMMAETCH 38 AKCHOMY.

JoKrasaTeNbCTBO HEKOTOPOre YTBEDIKAEHHA METOIOM MATEMATH-
YecKOil FHAYKIIMA COCTOHRT W3 JBYX udacteil. CHAYAJA MDPOBEPAIOT €ro
COpaBelIHBOCTE IIPA A = 1. 9TY YacTh HASHIBAIOT 0a3ucoM uHAYyKYUL.
3aTeM, NpeANONOXKHE, YTO YTBepXJeEHe BepHO IpH 7 = k, jo-
KARKBAIOT, YTO TOTa OHO BepHO H upH n = k + 1. 91y yacTe Hazwn-
BAIOT UHOYKMUGHWM WAZOM.

SaMeTHM, 4TO HEOrAa IPHUXOAATCH JOKA3LIBATH CIPABEXIHBOCTE
HEeKOTOPOr0 YTEED:KICHHA NDH J000M HATYPAABHOM 71, COABIIEM HJIA
paBHOM p. B TakoM caydae JOCTATOUHO IPOBEPHTE, YTO 0RO BEPHO IpA
n = p, H NOKA3aTh, YTO H3 CIPABEJAJIHEOCTH 3TOT0 YTBEDKIEHHA NpH
n==Fk, rae k 2 p, cieqyeT ero cnpaBeJJINBOCTE Opu 1 = k + 1,

IIpEBegeM mpHMMepH OPUMEHCHHA METOA8 MATEMATHYECKOH HMEH-

AYKLAH,

IIpamep 1. 3agagmM ¢opmyaocid n-ro YuciIa NOCHEAOBATENB-
HocTh (@,), ecAH M3BeCcTHO, YT0 @, =4, a,,.,=4a, + 2n + 3.
BraacauM mepBEle HECHOIBKO YISHOB STOH NOC/AeA0BATENEHOCTH:

4,9, 16, 25, ....

Mo:xHO NpemnoJoKNTh, YTO NOCAEAOBATEALHOCTH (@,) 3ajaeTca
dopmynoit @, = (n + 1)°. JlokameM CIpaBefIABOCTE 3TOTO YTBEDHK-
HeHus, MOJB3YACE METOAOM MATEMATHICCKOH HHAYKIIAM.

Ona n =1 popMmyna eepua. [onyeTHM, 4To OHA BepHa JNA r = k,
r.e. a,={k + 1)’, A JOKAYeM, YTO OHA BepHa ana n =%k + 1, T.e.
1 = (k + 20

IIo yexosmio a, . = 4, + 2k + 3. daMenns a, Aa (k + 1)%, noayumm,
470

Gpo=(R+ 1) +2k+3=k*+2k+1+2k+3=(k+ 205

YTBep:KIeHHe JOKA38HO, T. €. TOCAEAOBATEALHOCTE ((,) MOMKHO
aazath dopMynoit a, = (n + 1)%.
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IMIpumep 2. Iyers (b,) — mocaeporaTensHocTh aucen Prdo:
Hay4w|, T. . by =b,=1,b,=56,_, + b,_, upn n > 2, Jlokaxen, 9T0 374
noc/egoBaTeNsHOCTs oflagaer ceolteTBOM

b2, , - b,b,,,=1(-1) upn mobom n.

Jdas r = 1 papeHCTBO BepHO, TAK KaK

b% _bl'b8=1_1'2=(_1)1‘
JlonycTHM, 4YTO PABEHCTEBO BepHO Az n =k, T. e,
b1~ bbyez = (‘l)k-
JloxakeM, 4To TOrJa OHO BepHO gaAa n=k + 1 T. e.
bk2+2 - bk+1bk+3 = (_1)k+1.
Hmeem
b§+2 ~ by b= bf+s = byl e y) =
= bkz+2 = byiabese - bfu-
Ilo mpeamoJoEERENID
b, = (1) + by,
3uagnr,
blf-'.s —bpsrbpia= bfu’ = bpabuia — (_1)Ji — by, =

= bl?+2 - bn Z(bk+l + bu) = ('l)k = b§+2 - bk2+2 - (_l)k = (“l)hle

¥YreepRAcHAe AOKA3AHO. 3EAYNT, NMOCAENOBATEILHOCTE YICeA
Pufonauun o6aagaeT YRaZAHHEIM CBOMCTBOM.

IMpumep 3. Horasmem, wro upa x > —1 u MoloM HATYpaTbEOM
n BEPHO HEDAREECTBO

(1+x)* 21+ nx.
OdgeBAAHO, 9TO MPHA 7 = 1 HEPABEHCTEO BEPHO.
HonycTuM, 9TO OHO BepHO OpHu n = K, T. €. JONYCTAM, YTO
aA+x)>1+ kx. (1}

JokaxteM, UTO B 9TOM CJIyuae OHO BepHo mpE n =k + 1, T.e.
A+ 21+¢&+ Da.
JelfcTBHTENEHO, YMHOXKAB 00e yacTa HepaseHcTBa (1) Ha 1 + x, rge
1+ x> 0, noayunm:
1+ x'0A+x)>0+kx)1+x),
A+xf"'>1+kx+x+ kat
Tak kax kx? > 0 npu x > —1, To OTCIOAA CAeAyeT, YTO

A+x)''>1+kx+x,re.
1+xy"1>1+ %+ 1.
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B cany npHHONNA MATEMATHYECKOH HHAVKIME MOMHO CAEIaTh
BHIBOA, WTC HOpH X > —1 K JM060M HATYPANALHOM 2 BEPHO HEPABEHCTBO
(1+ x)" 21+ nx. DTo HepABeHCTBO HA3LIBAIOT HepadeHcmaom Bep-
HYARU TIO MMeHH HM3BecTHOro mBeiimapckoro MaTeMatmka froba
Bepryanu (1664—1705 rr.), BuepBEe TOKASABIIETO €T0.

ODpumep 4. Hoxamem, uTo JoGol wieH MOCNefoBATENIBHOCTHE
(x.), samanuoll dopmynoit x, =4 6" + bn — 4, geanrca Ha 25.

IIo dopmyne #-TO WieHa HAXOAHM, 4TO X, = 25, H, 3BHAUHT, X, Ae-
murea Ha 25. JonmyeTnM, uro x, = 4 - 6° + 5% — 4 penurca ma 25, u
HOKAJKEM, YTO B BTOM cAy4ae X,,, = 4-6**' + 5(k + 1) — 4 Takme
geaarea Ha 25. Tak Kax x, genuTca Ha 25, To 4- 6" + 5k — 4 = 25p,
rae p € Z. Orcioga 4 - 6° = 26p — 5k + 4. Toraa

Xyry = 6(25p — 5k + 4) + 5(k + 1) — 4 = 150p — 25k + 25.
Ilo cBoitcTBY AENHMMOCTH CYMMEI X, ., JeJuTca Ha 25. VTeep:kaenue
AOKASAHO.

656. Moxkaxure, uTO:

nn+1),
a) cyMMa EepPBHX 7 HATYPANbHBIX YHceJl paBHa —g

2
6) cymma KyG0B MEDBRIX 7 HATYPAJLELIX 4HMCe]] PABHA ﬂn4_+lf_

857. HokaxnTre bopMyny
s _ mMr+1{2n +1)
=—s5

KoTOpYIO BEiBex ApxHwmen (287—212 r. go H. 9.} AAA pelleHAHA
HEKOTOPHIX 388 H3 IeOMETDHHA H MeXaHHKW.

124+ 224+ 32+ __+p

658. BriBeaaTe DOpMYIY CYMMEI IeDBHIX I HEUYETHHX HATYPAIL-
HRIX THCEN.

659. HokamxuTe, 9T0 NpHA J0O0M BEATYPAJILHOM 1t:
D1-2+2.3+3 .4+ +nn+ 1= 2o D,
6)1-4+2.7+3-10+...+n3n+ V=n(n+1)%5
B 18- 28+ 8- 42 4+ (1Pt (1 2D

660. MoraxuTe, 4TO CyMMa S, NEePBHX 7 WIEHOB MOCAefOBA-

TeIEHOCTH
1 1 1 1
?, ?‘E’ -'FE, ere gy 7—", re

T-1
MozKeT GLITE BE[YMCIEHA 10 popMyre S, = o=

7 0. Maxspuraes «Anrefpa. & xn.»
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661. BriseguTe GOPMYJIY CYMMEI MEPBRIX 7 WICHOB LOCHeAOBS:
TEJNBEOCTHA
1 1 1 1
1.3 3.8 57" @n-DEn+1)” """

662. Moxaxxere, 4TO NpH A000M HATYPAIEHOM ni

S SR S =
)T st s 7t Tt tE-Gr ) " EIm+ T

1 1 1 1 _
T s 59 e T mm_d@n+) I+l

663. ITocnenoBarenbHOCTE (4,) 38/jaHe PeKYPPEHTHEIM COOTHOLIE
HEeM 4, = 3, a, =5, a,,.; =32, ., — 2a,. JoraxnuTe, 4TO 3Ty IOCICH
BATe/IBHOCTE MOMKHO 3a8/aTh (opmyioit a, = 2" + 1.

664. ama mocneaoBaTensHoCTL (@,), B KoTopoit a, = 2, 3a,,, =
= 3a, + 1. JoxaxHTe, 4TO 3TY NOCAEAOBATENABHOCTE MOMKHO 3aJath
dopmynoii g, = 2,5- 3" — 0,5.

885. JoxamuTe, uTo ecau (u,) — NOCIEAOBATEJILHOCTEL 9nAcent Pp-
Borauum, T.e. eCAU U, = Uy, =1, ¥, = U, ,+ U, OpE n > 2, TO mpA
n0HoM 7 BePHO DABEHCTEO:

a) uf +ul+.+ud=u U,
G)u, tug Hug vt Uy = U

668. Jlanst mocaenoBaTesbREOCTH (a,), Tae 6, = 2°*%, u (b,), te
b, = (n + 4)°. JloxaxuTe, 9TO OPA MOGOM 7 BEPHO EEDABEHCTEO 4, > b,

687. Jlaum mocaegoBaTeanHOCTH (C,), TAe ¢, = 2"*2, u (x,), e
x, = 2n + 5. CpaBHATE ¢, M X, €3 H X,, €3 U X3, ¢, U x,. Chopmyne-
PyiiTe VTEEPKACHHE H NPOEEAHATE AOKA3ATENLCTBO.

6868. Hoxaxnre, 9ro:
a)2">2n+1l,eccmne N, n > 3;
6)2">n% ecaxmne N, n 5.

1 1 1 1
669. JloKamure, UT0 = 4 —= + == + ... + == > /1 IpH 1060
8 AP ETETE P
n, GoapmemM 1.

670. Noramure, uTo M0G0 UMeH HmOCAeROBATENLEOCTA (4&,) Ae-
JETCA Ha 6, ecan:

aya,=n+17n; 6) a, = n* + 35n,
671. Hoxaxxmre, yro m0boif uner mocaegoBatensHocth (b,), rge
b,=4"+ 15n - 1, pennrca Ba 9.

672. Nloraxute, 4T0 NpA AedeHnH Ha 18 mxmwboro dnxeHa mocke
AoBareasHOCTH (@,), 3agaHHOl dopmyaol a, = 7" + 12n, B ocraTie
nonyuaercsa 1.
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\
NN 0/ YNpaxHeHUs 4/t NOBTOPeHUs

673. PasnouTe Ha MHOKHTENH MHOIOYIOH:
ayxf-4x* - x+4; 6)x*-x2-x-2

674. PemnTe ypaBHeHHAe
x-2 x+7_x-5_zx+4
x x+3 x-1 x+2

675, HokaKkuTe, YTO NOCAEAOBATEJLHOCTE (X,) ABIAETCA BO3pA-
craomeif, ecau:

) x, = 6)x,=2"—-n.

676. Haitanre obnacTs onpefenenua M obaacTs 3HaveHmi GyHK-
uH, aa,u,alnnoﬁ GopMyIoii:
Y= T 6)y = Jx - x%.

ISLEERE .> KowTponsHbie BONPOCH! M 3afaHUs

1. VRa)KATe H3BECTHRE BAM CHOCOGH 3AAAHHAHA ITOCHACHOBATENEHO-
creit. IIpuBenuTe IIpHMeEDEL.

2. Hafire ompeaeaeHne BOSpacTAIOMIEH NOCIeAOBATEAbHOCTH] YOB-
BaOLOe nocaefoBaTeNabHoCTH. IIpHBeaANTE IPHMEDEHI.

3. Kakasg nmocledoBATETbHOCTh HAZHIBAETCA OTpAHHYCHHOH CBep-
Xy; OrpaEM4YeHHOH cHM3Y; orpaEEveHBoi? IIpmBeanTe nprMep orpa-
HH9eHHOH NoC/eZOBATENBHOCTH B NPHMep OOCAeJ0BATeABHOCTH, KO-
TOpAA He OrpAENYEHA HHE CBepXy, HH CHH3Y.

4, ChopmymmpyiiTe npAHOUN MATEMATHUYeCKON MHIYRIUH.

APUDMETUYECKASR

§11. , MPOrPECCHS

31. V ApudpmeTrueckas nporpeccusa.
dopmyna n-ro uneHa
apudMeTHHECKOR NPorpeccun

PaccMOTpPEM TTOCIENOBATENBHOCTE EATYPANLHBX YACEN, KPATEHX 6,
B3ATHIX B IOPAAKE BO3PACTAHAA:
6, 12, 18, ..., 6n, ....
Kamarit nocneayiomuil wieH 3TOH IOCNeL0BATENBLHOCTA IONYYAETCH
¥3 mpeAsiAyInero IpubaBaeEAeM oJHOTO H Toro e yncaa. Ilocnemo-
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BATEJIBHOCTh TAKOTO BMJA HAZRIBAWOT apudmemuveckol npozpeccueil
{or saT. progressia — ABHKeHHE BIEDPeX).

Onpepenenue. ApudmMerndeckod mporpeccHel HAILIBAETCS
HOCIeNOBATANBHOCTE, KARIBIH 1IeH KOTOPOH, HAYMHAAA €O BTODOT),
PABeH NpPeaLAYIIeMY, CACKCHHOMY ¢ OTJHHM H TeM Xe YHCIOM.

Ecnn (a,} — apudMeTEdecKad NporpeccHd, To pasHOCTb &,.,, — 4,
OpH A0G0M 1 PAEHA OAEOMY H TOMY JKe THCJIY, DT0 YHACA0 BEaJHERAIT
Pasrocmbi0 npozpeccui M 0603EaUAIOT OGRIYEO GYKROMH d (HauaabHOMN
OyKBolt aurmitickoro ciaoea difference — pazHOCTR).

CaerupHO, 4TO IpH d > 0 aprdMeTHYecKAA NPOTPeCCHs HBAAETCA
BOBpacTAKIEed moc/el0BATeNBLHOCTLIO, A OpH d < (0 — yOmIBalomeit
moCAeZoBaTeAsHOCTEI0, I1pr d = 0 Bee wieHsl apAdMeTHYeckoll npo-
rpeccHH PAEBHHI 4.

Brieeaem dopmMyay n-ro uieHa apmpMeTHHecKod nporpeccHm.

W3 onpeaenerns apudMerndecKoidl TpOrpeccHH cieAyeT, YTo:

a,=a, +4d,

g;=a, +td=(a, +d)y+d=a, +2d,

a,=a;+d=(a, +2d)+d=a, + 3d,
as=a,+d={(a, +3d)+d=a, + 44d.

Ananormaso HaligeM, uTo gz = @, + 5d, @, = a; + 6d u r. n. BooOue,
urobel HafiTH 4., HAAO XK @, upubapAThL nporapegcHue (n — 1)d, T. e

a, =a, +(n—1d
CHpaBeATHEOCTE STOTO YTBEDEACHHAS MOKHQ AOKA3ZATH, MOJIb3YACH
MEeTOROM MATEMATHYECKOH HHIYVKIHHN.
DopMyny -0 wieHs apupMeTHIeCKol
7} Lo NPOTPeCCHH MOMHO 3ANHCATL HHAYE: 4@, =
,L" =dn + (a, — d). Orcioga aAcHe, 4TO apnudMe
—8 ;\' THYECKAH MNPOTPecCAd ABAAeTCH HYEKIH-
\\{an_"‘ eit f(n), koTopas MoxeT SuITh 38788 Gop
Mynaoit una y=kn+l,raeh=d,l=a, - d,
T, €. ABJACTCA AHBeiHo#t HyHKRIMeH.
] Al Ha rRoopamHaTHOH NJIOCKOCTH WIEHH
9 apadmeTuvecKoil nporpeccuu (a,) m3obpa-
a, JKAIOTCHA TOYKAMA ¢ KoopAuBaTaMu (1; a,),
(2; a,), (3; a;) u T. A., PACHONOKEHERIMY
HanpaMoity=kx + i, rae k=d,l=¢a, - d,
HA OAMHAKOBOM PACCTOSHHH ADYT OT ApPY-
ra. Hanpumep, uneHH aprAbMeTHUecKol
nporpeccun —3, -1, 1, 3, 5, 7, ... H3ofpa-
_é JKATCA TOYKAMH, DPACHONOMKEeEHEIMM HE
4 mpamolt y=kx+ I, rnek=2,1=-3-2=-4,
Pue. 91 T. 8. Ha OpaMoit y = 2x — 5 (puc. 91).

|
ay

™
<
=Y
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3aMeTHM, UTO €CAM AWHeHHAH (GYHKIMA 337aHA Ha MHOMKECTBE
HATYDANBHEIX THCEN, TO 3EAUEENS, KOTODhIe OHA TIDHEFMAET IIPH Ea-
TYPATHHEIX SHAUYCHEAX APTYMEHTa, B3ATHIX B NODAJKe BO3DACTAHHA,
cocTaBIAKRT apEdMerudeckyio nporpeccun. JelicTBrTeNbHO, B 3TOM
cryqae @,,, =(n+ 1}k +1, a,=nk + 1, m nosromy a,,, — a, = k.

PaccMoTpHM BaicHOE cBOlfCcTEO apHdMeTHUecKoil IporpeccHH.

Kaxcowi wien apudmemuneckoll npozpeccuil, HAYUHAA CO 6MO-
pozo, RangemcR cpednum apuipmemuneckum npedvidyuwiezo u no-
credyiougezo waeHo8.

JefcTBHTENBEHO, H3 ONpereacHUA apHdMeTHYeckol NporpeccHu
BHTEKAET, HTO

a,—-a¢,_,=d, a,,,—a,=d.
BHaumnT,
g, @, =0,,; —a,,
Gy + Gy
B="2

Bepro M ofpaTHoe: €CAH B MOCNEJOBATENBHOCTH KaXKABIH 4jeH,
HAYMEASA CO BTOPOTO, ABAAETCH CPEJHHM apAGMETHICCKAM IpeibIay-
Mero ¥ MoCAeAYIOUIETO YIeEOB, T MOCASA0BATENBHOCTS (a,} — apudr-
MeTHYEeCKAdA IPOTpeccHsd.

B caMoM Aene, 13 PABEHCTBA

a,= -1 ; Tnt1
nonyyaeM
2a’u = an-l + an+1’
a,-a, ,=4,,,—a,0pA R # 2.
CieacBATENBHO, DASHOCTD MEKIY NPEIRAVIINM 1 TOCASIYIONAM Tae-
HAMH OCTAETCH NOCTOAHHOH, a ®TO o3HAYAeT, 4To {(4,) — apup-
MeTHYeCKad NPOrpeccHsd.

Taxum o0pa3oM, HOKA3AHO CBOHCTBO, BEIPAXKAIOIEe HeOOXOAAMOE
H ACCTATOYHOE YCJOBHEe TOTO, 4TO MOCHENOBATEJBHOCTE ABAAETCA
apupMeTHUECKOH Hporpeccneii:

HUCNO6AA NOCAETOEAMERBROCHIL REARCMCR apuPmemuneckol
npozpeccuell mozda u monvke mozda, xozda xamcdviii ¢¢ wnen, na-
UHAR CO 6MOPOZO, ecmb cpeduee apupmemuueckoe npedwdyuiezo
u nociedyrougezo wrenos.

910 cBOHICTBO HASKIBAIOT XAPakmMepucmieckum ceolicmeom apup-
MeTHYecKoll mporpeccmd.

IIpnpeseM npHMEpPH HCIOMLIOBAHHEA PACCMOTDEHERIX NOEATHIL
# ceoiieTs.
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IIpumep 1. HsBecTHo, uTO (0,) — apudpMeTHYecKasa NpPOrpec-
cuA, B KoTopo# @, ., = 48,5 u a,,, , = 83,5. HaligeMm a,,.

H3 onpeaenerua apmbMeTHUecKol NPOrpeccHHA CAeAVET, YTO
&,.,. =6, +dn, a,_,=a, — dn, rie d — PasSHOCTh NMPOrPECCHH.
OTcoaa

8,.,+8,_.=a,+dn+a,—dn, e
_ Gnin t 8noa
GM—T»

Buagwnr, a, = M = 66.

IIpumep 2. MokaneM, uTo ecnn (a,) — apEdMeTAYECKAA HPO-
TPeCCHA, BCe WIEHE! KOTOPOH ABIAIOTCA NMOAOKHATEIEHHME YHCIAMA,
TO BepHO DABEECTEO:

1 1 1 = n-1
N * Jaz + Jas Tt :;a,,_l 8. Nan + a

OBosHaumM paccMaTpuBaemyio cyMMy S,. Ocrofoxkaafch B Kaxk-
Joid apofH OT HPPATTHORANEHOCTA B 3HAMEHATEJNE, NOJYyYAM

J_J_J_J_+___+J_Ja«_:

Sh Gy — G,y

RN R RN e ey
d

rje d — pAa3EOCTH OPOTPECCHMH.
OcBoboRAAACE Teeph 0T ADPALUOHANLHEOCTH B IMCAATENE MOIY-
yeHHOH Apo0H, RaiineM, uTto

- G+dn-H-a _n-1
SOl =ty Rl oty e e
1 1

IIprmep 3. Hokamem, uTO €CJIE YACIA AB-

b+¢’ a+c’ b+a
JAIOTCA TPeMA TOCACHOBATEABHBIMA WICHAMHE apHdMeTHdecKoN mpo-
rpeccHm, To YHcya g, b, ¢ TaxiKe ABJAAIOTCA TpPEMA NOCJEACBA-
TeJLHBIMHA WeHAMH apudMermuecKol Nporpeccus.

H3 xapaKTepHCTHYECKOTO CBOHCTEBA apmipMeTHueckoll mporpeccHn
clemyer, aTo

1 . -( + )

a+e 2\b+e¢ a+td
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Orciona
2+ o+ D) =(a+c)a+b)+ {(a + e)b + ¢),
2ab+ 2ac + 202+ 2be=a’+ ac+ ab+ be + ab + be + ac + &, 1. 0.

20 = at + ¢f,
az + c?
b= =g

B ciy XapaKTepHACTHYIECKOTO CBOMcTEBA apHdMeTHUecKol mpo-
rpeccHM MONYYEHHOe DABEeHCTBO OaHavaer, uto qucaa g, ¥, ¢? ae-
AAHOTCA MOCTeAOBATeNBHEIME YWiIeHAaMA apHpMeTHI4eCK0i OpOrpeccrH.

677. UsBecTro, uTo (a,) — apEdMeTEIeCKAA NPOTPECCAN, PASHOCTE
Koropoil paBHa d. ABagerca Jm apudMeTEYeckoll mporpeccueii mo-
¢ief0BATEILHOCTD, H €CHH f4, TO KAKOBA €€ DA3HOCTD:

a) g By Aoy ooe s Golty a3

6) —ay, —G3 ~Byy oy =Qys oev

B) a2, ai, a, ..., at, ...}

T) NGy, Ay, Mgy euy M5 oo

e, +1,a,+2,a,+3,...,a6,+n,..;
1 1 1 1

e) o w s w vee T

678. HaiianTe unennl apudMerndeckoil ImporpeccHy, ofo3HadeH-
Hhle GyKBAME
a,, a,, 6, a, a; 48, a,, ....

679. MoryT JH COCTABNATE APAGMETAYECKYIO TPOTrDECCHIO:
8) IIHHEL CTOPOH M NepHMETP TPEYTOJABHAKA;
) AMHHK CTOPOH NMPAMOYTOABHOTQ TPEYTOJBHHAKAT

680, Ymcno 17 eeTpeuaerca B KamJolt u3 apudMeTHIeCKHUX IIPO-
rpeccuit (a,) = (b,):
b, 8 11, 14, 17, ..., a,, ...,
9,17, 25, 33, ..., b, ...
VramuTe clleaylomee YHEAO, KOTOpOe BCTPedYAeTCd B 00eHX Ipo-
TPeCCHAX, M MECTO, Ha KOTOPOM OHO 38IHNCAHO B Kesnoll 3 HHX.

681. WagecTHo, 4TO (2,) — apAdQMeTHUYECKad MPOrpecCcHs, B KO-
ropoit g, = 6, d = 8, a (b,) — apApMeTHIeCKAS NMpOrpeccHdA, B KO-
ropoit b, = 2, d = 3. Keykaa U3 NocAeAOBATENBLHOCTEH COJEPIKAT No
40 gnenop. HalifETe Bce OAMEAKOBLIC WISHE! NMOCASA0OBATENLHOCTEH.

682. Me;xay uncaamm 14 1 2 BCTABBTE CeMb YHCE], KOTOPEIE BMe-
¢Te ¢ JAHHBIME JHCIAMH COCTABAT apuhMeTHYeCKY TPOTPecCHI0,
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683, Mexay uncramu 2 u 42 BCTABBTE HECKOJIBKO YECE), KOTO-
pile BMecTe ¢ AAHHEIMH YHCIAMH 06pasyloT apHMeTHIecKYIO Tpo-
TPECCHIO, eC/IH HIBECTHO, UTO CYMMA IEepBOTO, BTOPOTO H IOCTEHer0
M3 BCTABJEHHBIX HHcel paBHa H6.

684. Moryr am GbITh uleHaAMH OAHON apEdMeTHUYeckoil mporpec:
cEm (He 00A3aTENBEO NOCAEJOBATEIBHBIMH) THCIIA:

a) 2, V8, 128;  6)3, V5, 77

685. flrnserca au apudMermueckoll mporpeccHeil mocaeaoBa-
TeAPHOCTD {a,), 3ajaHHAsA HopMYoii:
aya,=1-0,6n; 6)a,= L74; B) a, = n(n + 2)?

IIpn NoMORATEAPHOM OTBETE YKAMKMTE PABHOCTH NPOrpPECcCHH.

686. B apribMeTHUecKol NporpeccHH BTOpoii wied paseR 4,8, a me-
cToll — 10,8. ¥YKaKHTe EOMepa YIeHOB NMpPOTPeCCHH, MPEHANIERKAITNX
npoMexyTKY (20; 50).

687. CKOJIBKO OTDHENIATEIBERIX WIEHOB COJEPKHAT apudMeTHYecKasd
TPOTPecCH
-26, -24,5, -23, ... ?

688. B apadMeTnueckodi nporpeccun . HJoraxnre, 4o

5|&
| =2

07 = 402.

689, CymMa nmepBhwIX TpexX WieHoB yOoiBamomlieil apudmerHueckol
nporpeccHH paBHa 9, a cyMMa HX KBaApaToB pasHa 99. HaliguTe na-
THIA WIeH NporpeccHn.

890. HagecTHO, uTO (0,) — BO3pacTalomas aprdMeTHYESCKAA mpo-
rpeccus, B Kotopoii a, - a, = 45, a, - a; = 77. Haligure nepsble YeTwpe
9JeRa 9TOH DpOrpeccHH.

691. HaobpasnTe Ea KOODAMHATHOMN ILUIOCKOCTHA MEPRLIE INECTE 4e
HOB apmpMeTHueckoi nporpeccun —3, —1,5; 0, ... . Hamumure ypas-
HeHHe npaMoli, Ha KOTOPOH JIEMAT TOCTPOCHHEEIE TOYKH.

692, IlocneaopaTenbHOCTh (@,) — apHPMeTHYecKad IPOTDECCHH,
B KoTopoll a, + a; =6, a,; - ¢, = —11,25. Halignre nepsrle mecTh WIEHOB
nporpeccuy, n3ofpasuTe HX TOUKAMH Ha KOODTHHATHOH IJAOCKOCTE
M HATIMIINTE YpABHEHNe NMpAMOH, HA KOTOPOH JEMAT 9TH TOUKH.

693, ITpu Kaxux aHayeHnax x uncna x2 — 3, 2x2 + 1 uw x* + 1,
B3ATHIE B YHAZAEHOM NOPAAKE, ABJAKTCA TPeMA ToCACHOBATEFREME
qaeHaMH aprMeTHYeCKOl mporpeccan?
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694, Noxkayxure, 4TO ecaAum wucHa 4, b, ¢ — TPH NMOCAENOBATENE-
ENY wieHa apadMeTHYecKoil mporpeccHn, To umncina a? + ab + b2,
a8+ ac+ ¢k B + be + ¢ TakKe HBIASIOTCA TPeMS NOCJIEXO0BATENL-
EHMHE YeHaMya apupMeTHYecKo# NporpeccHd.

AR o
LR 7 YnpaxHeHWs ANA NOBTOPEHUs

695. s moceska B ropof, paccToAHHe Ao Koroporo pasae 10,56 KM,
BHINe] memexoX. Yepes 30 MAH Beief 3a HAM OTHPABMJICH B3 IOCE]-
¥4 ¢0 CKOPOCTHIO 4 KM/4 Apyrofl memexos, KOTOPLIA JOTHAN MEPEOro,
mepeda) emy 3a0BITHIE maKeT W TOTYAC NoBepHYJ oOpaTHOo. Haiigmre
CKOPOCTE MIEPROTO TEIIeX0Ja, eC/IK U3BECTHQ, UYTQ OH IPHIIE]I B TOPOA
B TOT MOMEHT, KOT/l& BTODOY BepDHYNCHA B IOCEJIOK.

696, Pemute HepaBeHECTBO!

- 2 _ 5 __ 4 -
B R

697. B KaxAX KOODAMHATHHIX YeTEEPTHX PACIOJOMKEH rpadui
dyEROAN:
ayy=|x* - 2x - 15|; 6) y = x* — 4|x| - 5?

32. \0/ CymmMa nepabiX 7 YneHos
apupPMeTUNECKOH Nporpeccnuun

Buipegem bhopMysny cCYMME! NeDPBHIX I 9/IEHOB apEQMeTHIECKOH
nporpeccHH. JaA 9TOTO nNpeABApATeNLHO SOKAMEM CBolicTBO apud-
MeTHYecKo# mnporpeccus:

ecru a, — apupmemuvecxas npozpeccus u p + m =k + I,
2de p, m, k, | — namypaavriwe wucaa, mo a, + a,=a, + a,

HeficTeuTenpno, nycTs d — DPaHOCTE NPOrPECCHH, TOTAA

e, ta,=a +dp-1)+a +dim-1)=2a+ dlp+ m - 2),
a+a=ag +dk-1)+a,+di-1)=2a,+dk+1-2).

Tax kak p+ m=%k+ 1,00, +a,=a, + a.

Hz goxazapmoro csoificTea caeaver, YTC B KoHeuHo# apundpmerH-

YeCKOM OpOrpeccHH CyMMa YIeHOB, PAaBHOyAafNeHHBIX OT Kpafirux
WIeAOB, PARHA CyMMe KPARHEX 4WieHOE. BoaMoxkHO, 9TO ¢ 3THIM cBOi-
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CTROM CEfA3aHA WCTOPHA, KOTOPYIO PACCKA3LIBAIOT o0 M3BECTHOM He-
MenkoM MateMaTnre Kapme Payece (1777—1855 rr.). Korga ydyeHERE
TPETBETO KJARCCA TONYYHUAN 3ajaHVe —— HAHTH CYMMY BceX HaTypaJb:
HBIX uymcen ot 1 go 100 sxaounTensuo, Manensrnit Kapn, k yausme
HHIO YYUTEeNA, MOMEHT&JIBHO NOZOLIeN ¢ TOTOBKIM oTBeToM: 5050,
MoKHOC OPEATION0KHTE, YTC OH 3aMeTIII, UTO KaXkaaa a3 cymm 1 + 100,
2+ 99, 3+ 98 ur. o pasaa 101, a Taknx cyMm scero 50.

Telleps MOXHO BHIBECTH (HOPMYJIY CYMMH IEPBBLIX 7t WICHOE apudr
MeTHYecKoH IporpeccHu.

OfozpaquHM Yepez S, cyMMy NepBBIX N WIEHOB apabMeTHYeCKOH
nporpeccHt (¢,) H BHIOWIIEM AB& PABEECTBA, DACIIOJATAS B IIePBOM
cnydge YAeHR OPOTPECCHH B NOPALKE BO3PACTAHUA WX HOMEpPOR, 4 BO
BTODOM — B NOpAAKe YOBIBAHHA EOMEpPOB:

S, =ata,+ta;+..+a,.,+ta,_, +a,
S,=a,t+a,_,+a, ,+..+a;+a;+a,.
CraaaniBasi 3TH PABEHCTBA W IPYMIHDPYS NOMAPHO CAaraeMile,
MONYYHM
28, =(e, +a)+(a,+a,_ )+ (a;+a, )+ ..+
+ (au—2 + as) + (an-l + az) + (a’u + al)'

B kaxxpoit u3 ckobOK salycaHa CyMMa, DABHAA CyMme @, + 4,.
Beero Tagux ckobor n. CaenoBaTensRo,

28, =(a, + a,)n,

S,,=ﬂ—;—&- ‘R,

MEu1 moxyyrnau (GopMyayY CYMMBI ODEPBHIX II 9J€HOE apPH{PMeTH-
yecKoit nporpeccnu.

@opmyny cyMMBl IEPBHIX 72 YWIEHOR APNdMeTHYeCKOil MporpeccHy
(a,) MO}XHO sanmMcaTh B JpyroM sBuze. Brpasus @, uepes a, H d, rae
d — pABHOCTH TPOTPECCHH, MOJYYUM:

S, = a1+al+2d(n—1)_n,
s"=w.n,

IIpupeneM npuMepsl NpHMeHeHAA GOPMYJIbl CyMMEI IEDBEIX 71 YJISHOB
apadMeTHIecKOd mporpeccuu.

IIpemep 1. Hafinem cyMMy BceX ABY3HAUHBIX YHCEN, AAIOMEX
npH gefeHny Ha 6 ocratox 1,
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JIBpysHAYHLIe YHCHA, ZAKINAe OpH geJeHH:A Ha 6 octaTok 1, obpa-
SYIOT APA(PMETHYECKYIO TPOrpeccHIo
13, 19, ..., 97,

pasHCCTE d KoTOopoii parHa 6.
OnpepenyM cHaYAJMA YHCIO WIieHOE nporpeccHn. Ilo opMyne n-ro
e HAXOAHMM, YUTO
6n = 90,
n =135,
IIo hopMyne cyMMEI MepBHIX 7 9JIeHOB apaAdMeTHYeCKod mpo-
rpeccHM HAXOXUM, YTO
13 + 97
S =

7 15 = 825.

IODpumep 2. HoxameMm, 4T0 eclyu B apHdMeTHYecKol mporpec-
CHM CYMM& IIepBHIX P YJICHOB pABHA CYMMe IIEDPBBIX 7 UJIeHOB, e
m # p, TO CYMM& II€PBRIX P + 7 WISEOB PABEA HYMIIO.

IIyeres @, — mepBHIA 4YieH Nporpeccud, d — PasHOCTh Iporpec-
cun. Torza o GopMysIe CYMMEI IIePREIX 71 YWICHOB ApHMeTHUYeCKoii
OPOrPecCHH;

Sp=£%(.ul.p, Sﬂ:.?ﬁl%'ﬂ-_ll ‘m,

_ 211+d(pz+m—1)_(p+m).

Sp-l'm

Ilo ycnoeamio S, = S, T. €.

2, +d(p-1) __ 2o +dm-1)
2 p= 2

.

Orciona
2a.p + dp(p — 1) =2a,m + dm(m - 1),
2a,(p-m)+dpf-p-mt+m)=0,
2ap-m)+dp-m}p+m-—-1)=0,
- mf2q +d(p+m-—-1)]=0.

Tax xax Do YCIOBHAK 3a5aYM P # IMi, TO H3 ITOTO PABEHCTBA CJIe-

RYyeT, 4To
20, +dlp+m-1=0,

a aro osHAYseT, uTo S, ., = 0.

698, IIpu ceoGozHoM MafeHUN TEAO B NEPBYIO CEKYHAY IPOXOANT
4,9 M, o B KAKAYIO CASYIOIYIO Ha 9,8 M GoNlbmne, YeM B NpPegbIIYINYIO.
Kaxoe paccroanne mpoiiger ceofioguo nagaomee Teno 32 9 cexyna?
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699. Purypa cocTas/ieHA H3 IIpa-
BHJIBHBIX IIECTAYTONLHHKOB TaK, UTO B
BePXHEM DALY HAXONHTCH OZHH IIECTH-
YLOJBHHE, & B KAMIOM cleiyIoleM
PHAY HA OfAH MECTHYTOJLEWK Golbme,
geM B mpepeiaymem (puc. 92), Hasect-
HO, uT0 ANA COCTABJAeHUA QHUIYDH
norpeGoBanoce 456 WecTAYroNEEAKOB.
B cKOJBKHX PAZAX PA3MeINeHbI HIeCTH-

OJBHAKHN?
Puc. 92 4

700. Hailigute cyMMy:

&) BceX ABYSHAYHEIX HATYPAJBLHEIX YHCE;

0) BceX ZBY3HAYHEIX YMCe]l, KPATHEIX 3;

B) BCeX OensIXx yeces ot —27 Xo 5 BRMIOTHTeNBHO;

r) Bcex OensIX yucend, Goapmuux —25, HO MeRBIIEX 25, AamuX OpH
penenwn Ha 5 ocraToK 1.

701, 3agaiite diopMyoil n-TO YNEHA MOCHEAOBATENLHOCTE!
&) TPeYTOJBHLIX YHCEN; §) NATHYrOJBLEEIX YACEJ.

702. ITposepsTe NpaBMnLHOCTE YrBepiRaeHua Tuoganrta (111 e, H. 2.):

eCJIH 4 — HeKOTOpOe TPEYroJBHOe 4Mcio, To 82 + 1 — KeagparHoe
YHCIO.

703. ITonpayack MeTOAOM MATEMATHYECKOH HHIVKIINH, NOKAKHTE,
yro ecnut (a,) — apudpMeTHIeCKaA NPOTPECCHH, TO

a,,=a1+d(n—1),S“=w-n.

704. B apadmervaeckoil mporpeccur (a,) Hatigure:
aynuma,ema, =-12,d=1,5, 8§, = 13,5;
6)nua,ecma,=-75d=-258,=175.

705. Halizure cyMMy 4ieHoB apudMeTHuecKol mporpeccun:

a) —3,2; -2,4; ..., He mpepocxonAmAX 24;
6) 12,5; 11,9; ..., Gonpmux, yem —1.

706. Haiiaare x, 3Had, ITO CIATAEMbIe B JIEBOH YaCTH YPABEEHHA
COCTABNAIOT aputMeTHYeCKY) OPOrpeccHIo:
a)2+8+ 14+ ... + x =184; 6)5+8+114+ ..+ x=185.

707. Hailifure x B2 ypasHeHAS, eCJIM M3BECTHO, UTO MOKA3ATENA
crencHedl MHOEHTeNEH COCTABNAIT APHGMETHYECKYIO IPOrPEcCHIO!
a) 22.24.28. .. 2% =(0,25)7%,;

6) 5% - 5%. 6% ... . 5% = (0,008)55,
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708. B apudMeTudeckoit nporpeccuu (a,) Hadtaure:
a) 8., ecnm a; + a,, = 12; 6) Sy, ecma, + 0, =9.

709. Hapeerno, 4yTo (x,) — apudmMeTHYecKad NPOTpeccHA, B Ko-
Topoit x, = 7, x,; = 63. Haiiaure x,; 1 cyMMY WICHOB ¢ TPUHAIZLATOTO
00 APAAIATH NMATHIH BRMOYHUTENBHO,

710, B aprdMeTHUECKOH NPOrpECCHH ¢ HEYETHRIM YHCJIOM YJIEHOB
cpepHuii uneH papeH 17, a cymMMa Beex caaraemulX Ha 112 Soneme mx
qucia. Halifure yAcno 4ieHOB Iporpeccud.

711. TocnegosatebHOCTS (@,) 3agaHa dopMynolt a, = 2,6n + 2,
Haliznre cyMMY YI€HOB MOCJHEAOBATENBHOCTH ¢ OAMHEAANATOrC IO
ABAAUATLIH BRIOYHTENHHO.

712. Asngerca JM apHdMeTHYecKOH mporpeccuell mocaemoBa-
TeNLHOCTE (C€,), CYMMA IOEDPBBIX R YWICHOB KOTOPOH BBRIMUCAAETCH IO

(opmye:
a)sn=3n2_n; G)Sn=n_n2; B)S,,=n’+2n?
TIpH TOMOKUTENHHOM OTBETE VKAXKKTE PASHOCTH NMPOTPECcCHH.

713. B apudmeruueckoii mporpeccan (a,) HaliguTe a, u d, ecam:
a) B =28 =172 6) 2 =1,5, S, = 156.
a8 a3

714. B aprmeTHueckoit nporpecenu (a,) BaliguTe a,, ecaM:
a) ‘84 = 22’ Sa = 92; 6) SS = —39’ Sg = .—-21.

715. B apudmMerHUecKoll mpOrpeccHH, cofepxkameil 12 unenos,
cyMMa uleHoB pasHa 168, HailiguTe mepmwiii uieH M pASHOCTE MpPO-
rpectHy, ecaM H3IReCTHO, 9TO CYMMSA YJIeHOB ¢ YeTHEIMH ROMEpDAMH
OTHOCHTCA K CyMMe UNeHOB C HedeTHLIMM HoMepamu Kak 13 : 15.

716. HasecTHo, uTO (2,) — apudMeTHUecKasa nporpeccHa, B KO-
ropoit a! + af + a =93, §; = 57, Haitaure a, 7 d.

717. B apudmMeruyeckoii nporpeccuu (a,) Haiigure a, u d, ecnu
H3BECTHO, 4TO @,8,a, = 280, S, = 50.

718, Hafinnre uncno n uneHoB apudmeTudeckoil mporpecenau (4,),
ecIi:

& + a5 = 36, a = 21,
a) 1% = 93, 6) {S, = 36,

G + o +a = 8Y; S, = 300.
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719. HssecTHO, 4TO (@,) —— apudMeTHUecKaa mporpeccud, (S,) —
MOCNeFOBATENBHOCTE CYMM MEPBHX 2 ee uieHoB. Joramare, 4ro ecim
YJIeHE! NMOCAEXOBATENBHOCTH (&,) H300pAKRAIOTCA TOYKAME, NPHUHALIE-
SKAIVMY IpAMol ¥ = 2x — 3, To uIeHB NOCIEA0BATENBHOCTA (S,) A30-
GpakaloTca TOYKAMM, MPAHALIeRAam@AMY napalone y = x? — 2x.,

cl ]

\
NN RN ./ YnpaxHeHus ANA NOBTOPEeHUN

720. PemnTe cucTteMy YpPaBHeHWH:

xy + 2x% + 2y = 120, x% + 4xy
a) 2 2 _ . 6)

xy — x% -y = -39

5,
31.

y* - bay

721. IIpn KaxoM YCIOBMM KODHYA YDABHEHHSA
(1-adx®+2ax-1=0
OpuREagaeRaT npomexyrry (0; 1)?

722, HaliuTe NpPOMe)KYyTKE MOHOTOHHOCTE (PYHKIMH Y = 2*:_150

¥ OTpeAeNnATe XapaKTep MOHGTOHHOCTH GYEKIUM B KAXAOM H3 HHX.

N\
NN 0/ KOHTPONbHBLI® BONPOCH W 3aAaHUA

1. CpopmynupyiiTe onpeaenenne apudMeTnyeckoil TpPOTPECCHH.
Bripesure $opMyIY n-T0 WieHA.

2. ChopMymmpyiiTe B JOKAMHTE XAaDAKTEPHCTHYECKOE CBOMCTBO
apudpMeTHYeCcKo# Iporpeccuun.

3. Betregure GOpMYyNy CYMMBI MEDBERIX 7 YJIEHOB ApAdMeTHYeCKOH
nporpeccust. Jlna apudMeTudecKoli OporpeccHy HalAuTe CYMMY
YIEeHOE ¢ LIeCTHREIATOTO 110 ABAZLATE UIECTON BRJINYHTENLEO, €CAH
a, =2,7 a,,=9,3.

FrEOMETPUYECKASA

§12. /‘\ nPOrPECCHUA

33. V Tleomertpuueckan nporpeccus.

dopmyna n-ro WwneHa
reomMeTpUYeCcKoOd NPoOrpeccun

B nocnegoparentuocTd (b,) AecaTHuHBIX apobei
0,5, 0,05, 0,005, 0,0005, ...,

rge b, = 5. (0,1)", kaxAHI DocnexsyomMA# YNeH NMoJydYaeTed H3 IIpe-
ABISYIIEr0 YMHOMEENEM Ha OJHO W TO 3Ke uMclo, pasoe 0,1. Dra
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OOCHeZO0BATEJBHOCTE SABAACTCHA IIPDUMEDPOM eeouempuuecmoﬁ, npo-
zpeccuu.

Onopegenerue. I'eomerpuueckoil mporpeccHell HasmBaeTCH
NOCACMOBATSIBEOCTE OTIHIHBIX OT HYJIS IHCON, KAXABIH 9IeH KO-

TOpOii, HAYMHAA CO BTODPOr), PABSH NPeALAYIIEeMY, YMH(ORCHEOMY HA
0OHO H TO Ee THCI0.

Ecan (b,) — reoMerpuyecKes OpOTpeccHsa, TO YacTHOe %1, TAe

b, # 0, mpr moGOM n PABRC OAHOMY H TOMY K€ YHCIY. 3T0 YHCJIo Ha-
SHIBAIOT 3HAMEHAMEREM zeoMempuieckoli Nporpeccu B c6O3HAYRIOT
obsryHe Gykpolt ¢ (HayanbRad OYKBA SHTIMNACKOTO CIOBA guotient —
gacTROR). OueBngHO, uro ¢ # 0.

IIpa ¢ > 0 Bce uNeRH reoMeTPHYECKO IIPOTPECCUN UMEIOT TOT Ke
SHAK, YTO A MePBLIA WIEH, & NpH ¢ < 0 3HAKY YAEHOB PeOMeTpHYecKO
OpOrpecCEN MepexyIOTCH.

Oyepngro, uto ecna b, > 0, To npH ¢ > 1 reoMerpuyecKas mpo-
rpecced (b,) ABnAeTca Bozpacralomeidl MoclefoBATENLHOCTBIO, & IIPU
0 < g <1 — yOmsasomeii. Ecom b; < 0, To npu ¢ > 1 reoMeTpHuecKas
nporpeccud (b,) apngercs yGripatome mocae0BaTeNLHOCTRIO, A IPH
0 < g < 1 — pospacraroniei.

BripegeM QopMyIy n-ro uieHa reoMeTpHUYeCKOl Iporpeccad.

Hs oupesenenna reoMeTpHYecKoll IPOrpeccHH cAeLyer, 4To;

b, = byg,

b; = by = (b,9)q = by¢%,
b, = byq = (b,¢7)q = byg°,
bs = byg = (b,¢°)g = byq".

AnanorruHeIM ofpasom HalizeM, uro b = b,g%, b, = byg® &, A
Boofme grobul maiiTu b, HAZO b, YMHOMRATE Ha ¢" !, T. €.

b, =bg L

CapapedIEBOCTE HTOTO YTBEDHKACERA MOXKHO AOKE3ATh, NONLIYACE
MeTOZOM MATEeMATHUYECKOH HHAVKIIHA.

MopMylly n-ro 4ieHs reOMeTpHIECKON MpOTpeccMM MOXKHO 3amu-
b
q
mpeAcTaRngeT cofoi mocaeAoBaTensHOCTE (B,), KoTopas sagaerca dop-
Mynoil Buga b, = ca®, TAe ¢ ¥ & — HeKOTOPLIe YHCIA, He PABHEIE HY IO,
Bepro 7 ofpaTHOe: ecIH HoCHeA0oBaTeAbHOCTE 3adana hopMyaoit BuIa
b, = ca®, Toe ¢ ¥ @ — HEKOTODHIEe OTJIMUHBIE OT HYAA YNCIA, TO ITE 10~
CIeOBATENIEHOCTL ABAAETCA reoMeTpHUYecKoii mporpeccueil. HeiicTeu-

TeILHO, A3 paBeHcTB b, = ca® u b, =ca’*' m bat _ ca”
y n rtl ™ Omaem bﬂ - ca®

caTh B BEjgie b, = ¢". Orcioga ACHO, YTOC MeOMETPHYECKAS NIPOTPECCHA

=a.
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BHauuT, DOCNEeAORATEARHOCTS (b,) — reoMeTpHYecKas IPOTPECCHA €O
JHAMERBATEJIEM &.

PacemorpaM Teneph ¢soificTBo reoMeTpHYECKOl IIporpeccn.

Mz onpepeneHHA TeoMeTpHuecKoll mporpeccry clegyeT, UTO €CIH

(b,) — reomeTpuuyeckas oporpeccuaa, o b, =b,_,q, b,,, = b,q, npHuen

yucne b,_,, b,, b,,, OTIMYHHE OT HYJNA. 3HAYHT,

b _ b
[ B b, *
Orciona
B =by 1 bps1e

Taxkum oOpasoM, MLl VCTAHOBANH CHEEYIONIEe CBONMCTBO: eenu no-
cred0BAMERBHOCIIL REAREMCR 2€0MEMPULECKOU RpOZpEeccUel, o
xsadpam nwb020 ee unrerHA, HULURAR CO 6MOPO20, PABEH nRpo-
uasedenuio npeduidymyezo u nocredynwe2o LAEeHOE.

Cnpaeeanmuso u ofpaTRoe! ecau mocnefoBaTelnsHOCTS (b)) THCel,
OTAMYHEIX OT HyAH, oBaajaeT TeM cpolicTsoM, uro b2 =b,_, - b,,, npu
awofoM n 2 2, T0 »TA TOCNELOBATENBHOCTE — TeOMeTPHUYECKAd Tpo-
rpeccud,

IelicTpUTENBHO, €CNIM V2 = b,_, - b,,, OpH MoBOM 7, IPHYEM YH-
cas b,_y, b,, b,,, OTAEYHEI OT HYJAA, TO By f. T. 8. OTROIIeHNe
awloro wieHa mocaegosarTeNsHocTd (b,) X ODEABILYIIEMY 4IeHY pas-
HO OZHOMY ¥ TOMY e YHcAy, & 3T0 0sHaYaer, 4ro (b,) —— reomerpu-
YecRadA MPOrpeccHsA,

Hrax, paccMOoTpeHHOe CBOHCTRBO BHIpAKaeT HeobGXonumoe H Ao-
CTATOYHOE YCJOBHE TOTO, YTO TOCAEAOBATENBECCTE OTJIHYHLIX OT HYJIA
yHces npecTasiser coboift reoMeTpHUeCKYH0 TPOTPECCHED, T. €. SBJIA-
eTCH XAPAKMEPUCTIURECKUM CBOICTIE0M TEOMETPIYECKO TTPOrPecCHi.

Takr KaK paBeECTBO

bﬁ =bu-1'bn+l’

raeb,_;, b,, b,.; — OTIMYHEIE OT HYJIA THCIL, PABHOCHILHO PABSHCTBY

|bn| = \)bn—l ' bll+l’

TO XapaKTEepPHCTHYECKOe CBOHCTBO TeOMeTPHYECKOH NMPOrpeccHH MOM-
HO ¢hODMYAMDOBATE TAK:

YUCROE8AR ROCAEFOSAMEADPHOCD, WAECHH KOMOPOU OMAUNH Y OM
HYAR, AEAREMCA ZeOMEMPULECKOl Npozpeccuel mozda u Moavko
mozda, ko200 Modyav 06020 ee LACRA, HAYUNGAA CO SMOPOZO, ECMb
cpeduee zeomempuneckoe npedoudyuiezo u nocredyouezo LReH0E.
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OTHM H ofbAcCHAETCHA HAIBAHHE «TreoMeTpIYecKad NpoTrpecciss.
I[OR&.}RBM Teneph COPABEANHBOCTE ellle ORHOTO cBolfcTBa;

ecau (b,) — zeomempuvecras npozpeccur u p+m=k + I, zde
p.m, k, I — namyparenvie wucra, mo b, b, = b, - b,

HeficTeuTentro, NycTh ¢ — IBAMEHATENDb TPOTPECCHM, TOTAS

by b, = byt -bygn = @t
b, by=bg ' bg = bigti 2

Tak kak p+ m=k+1, 0 b, b, =b,-b,.
Iloxa:xeM Ea MpUMepaX, K&K HCIOALIVIOTCA DACCMOTDPEHHEIE IIO-
HATHA B CBOMCTBEA.

IMprmep 1. B apunpmernyecKoil ¥ reoMeTpAYecKod mporpeccH-
AX Bte WIERLl NOJOKHUTEeNbHLl W NEePEBHIM WieH KAKAOH M3 mporpec-
el paseH 5. Bropoil unen apudmermueckroil nporpeccun Ha 2 Gonb-
e BTOPOre YJeHa reoMeTPHYecKOH ITDOTpeccHH, A TpeTHd uleH
aputMeTnuecK ol nporpeccuu Ha 16 MeHBIIe TpeThero 4YjJeHA
reoMeTpudIeckodl mporpeccEn. HaifaeM nepenie TpH 4JeHa K&XKAOH
IPOrpeceHi,

Ilyere pasrocTh apudMernuyeckoil nporpeccun pasea d. Torgs
Oepsbie TPH ee WIeHA paBHH 5, b + d, 5 + 2d. B reomerpuueckoit
Oporpeccuy NepeHil ywieH papex 5, a BTopoit — pasen (5 + d) — 2,
T.e. 3 + d. 3HauuT, SHAMEeHATENb reOMETPHIECKCH TPOTPECCHH pABeH

2
3;d, & ee Tperuil ynen paseH (3 + d)- 3-!5-d, T. €. @
JIOEHIO TpeTHA 1ieH apH{pMermIecKoil Tporpeccun Ha 16 MeHEIIe Tpe-
THEro YNeHA TeOMeTPHIECKOil IpOrpeccHH, T. e.

. IToye-

@+ay “5"’2 ~ (5 + 2d) = 16.

Peums monyyeHHoe yparHeRMe, HalleM, YTO OHO MMeET ABA KODHA:
~8 1 12. Tak Kax B NOCHAEAOBATEALHOCTAX BCe YWISHK NOJOMKHTEIBHEL,
T0 YCJIOBHK 34J8YM YAOBAETEOPAET TOJBKQ BTOPOH KOPeHb.

Hrak, uckoMele uucna 5, 17, 29 u 5, 15, 45.

Npumep 2. Haiinem pasHocTh yORIBalomell apudmMermyeckoi
TIPOrPeccrHd, €CIM M3BeCTHO, YTO IepBLIN ee WwieH pakeH 3, & KBaapa-
THL IEPBHX TPeX WIEHOB COCTABIAIOT MeOMeTPHYECKYI0 IPOTrpeccHIo,

IIyers pasHocThs apHbMeTwdeckoif mporpeccun papHa d. Torza
IepBHE TPH ee 4ieHA paBHH 3, 3 + d, 3 + 2d. ITo yemoruio uncna 3%,
(8 + @)%, (8 + 2d)* cocTaBmAOT reoMeTPHYECKYIO TPOrpeccdio, Ilo croii-
CTBY TEOMETPHYeCKO mporpeccun

(8 + dy' = 9(8 + 2a)°.
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Pemraa cocrapieHHOe YpaBHeHMe, Haliflem, uTo
(8 + d)y — 93 + 2d° =0,
©O+6d+d-9-6d)9+6d+d°+9+6d)=
di(d* + 12d + 18) = 0

d,=0,d,=—6 - 18, d, = -6 + 18.
ITo ycnoBHIO 3agav apu(pMeTHUeCKad TPOTPECCHA ARIReTCA YObI-
Baiomeil. 3HaYnT, e pA3HOCT: paBHA —6 — \/1_8 uian -6 + J1_8

Orcrona

IIpamep 3. Hoxawmem, yro ecau (x,) — reoMeTrpudecKas Ipo-
rpeccus, B Koropott x, =@, x,, = b, x,, = ¢, TO
Wb — a?) = a¥(c — b).
IIycTe ¢ — aramMeRaTesb reoMeTpudeckol nporpeccun. Uz ompe-

JeNeHus TeOMEeTPUYECKOH MPOTPECCHH CHEAYeT, UTO Xy, = X.q", X4, =
= x,,0%, 7. e, b = ag", ¢ = bg*", Orcroas

3HauAT,
[

- = b ! bs = g2
p = \g) T-e b =ac.
BrrunTas ma ofenx wacreit pasercrsa b® = ac no ab, moayuuM:
5 — a?b = a’c - a’,
b(d? — a¥) = a¥(c - ),
uyTo M Tpe(ORANOCE KOKAIATD.

723. HocneaosarensHocts (b,) — reoMeTpHYecKas OPOTpPecCHIH.
SBnaerca IU reoMeTpHtuecKoil IporpeccHell MOCIEAOBATENILHOCTE!
a) b19 b2$ _b By sev o _bm SR

6) —~ L Lo
51 bz [N Y
B) Thy, Thy, Ty vouy Thyy v
) b2, b2, B, ..., B, ...
n) bl" bs, ba, sas gy bzn_l, . ?
724. B reoMeTrputieckoit mporpeccuu (b,) ralinure:
a) by, econ b, = 3\[2-, q= —2;
6) by, ecnu by = —%, qg= l;

B) ¢, ecan b, = 0,5, b, = 500,
r)byug,ecmab,=4,5,=1.
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T725. BRuaauaK permnu) DON0¥KMATH B GAHK Ha rog 50 Teic. pyGneii.
HzsectHO, wTo B ofHOM OaHKe BKJAj BO3pAcTaeT 3a ToA Ha 25%, a
B ADYTOM OH BO3PACTAET eXeMeCHUHO Ha 2% OT HAKOMIEHHOH CYyMMBI.
B kaxoM m3 GanKos goxog Oyger GoMbIoe H HA CKOJNBKO?

726. BeTpeTuTeA S CpeAH WIEHOB reoMeTpPpHYecKoH ITporpeccuy
2, 6, 18, ... wneyo:
a) H4; 6) 486; B) 72; T) 5767

IIpy mONIQEATENEHOM OTEBETE VKAMHTe HOMED UYJIeH4.

727. Haunuana ¢ KAKOPO HOMEpa YIeHLI TeoMeTPHYeCKOH mpo-

TpeCCHH
a} 32, 16, 8, ... Membie 0,01;
1 2 4

6) Y P Gonnime 507

728, Mexay uncaaMu 36 u 2% BCTABBLTE TPH uncja TaK, YTOOH

BMecTe ¢ ZEHELIMH YHCIAAMHA OHH COCTEBHIHA reOMeTpHYECKYE) OpO-
IPECCHIO.
729. B reoMeTpauecKkoii IporpeccHH TpeTwil wieH paseH 15, & 1re-

crofi — 4056, HaliguTe uneHEI TpOrpeccHY, 3aKJIUYEHHBEIE MeXAY
HHMH.

730. B reomerpitaeckoif mporpeccym a, =64, g = % Haitanre, yenmy
PEBHO @y ¥ NMPOH3EEACHVE NMEePBEIX TPHHAANATH UJICHOB.

731, Ilpn xaxpX 3IHAYEHAAX X YMCHAA
a) x, V¥, x - 5; 6) x, vx - 8, -3%,

BIATHIE B YKAZAHHOM IODALKE, ABAAIOTCH TPeMA NOCIeLCBATENILHEI-
MHE YI¢HAMH reoMeTpudeckoil mporpeceuun?

732, fABnserca JA reoMeTpHYecKoill nporpeccmeit mocaezona-
TeALHOCTE (c,), 3gHaHHAA (HopMymoH:
a) ¢, = 3% e, =-1,5-2% B) ¢, = 2" + 5"

IIpu noloXATENLHOM OTBETE YHAKWUTE IEPBHIH WIEeH U 3HAMEHA-
Telb TPOTpeccu.

733. Moryr ne uucna 12, 28 u 35 O6wTs yneHaMB ogHON reomer-
pudeckoil mporpeccua (HeobasaTensrRo cocegHuMa)?

734. Moryr 1y ATHABI CTOPOH MPAMOYTOJIBROIO TPEYTOIBHUKA CO-
CTABJATE MeoMeTpHYecKY0 mporpeccuio? Ilpu momoRMTeNbHOM OTBe-
Te YKAKHTE 3HAMEHATENh MPOTPECCHH.
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735. B reomerprueckoil mporpeccuu (b,) Hafigure b, ecnz b, =
=b,_,=13.

738. Hailigure TPH TOMOKUTENBHEIX YHCAA, COCTABIAKINHX Teo-
MeTPHYEeCKVI) OPOrpeccHI, €CJH AZBeCTHO, YTO HX CYMMA paBHAa 42,

21
A CyMMa ODD&THEIX MM WHCEJ PABHA 75

737. B reoMeTpMYeCKOil IIPOTpeCcCMH ¢ MOJCNETENLHBIMHA THCIA
Mu 8, = 21, §; = 49, Haiinure cegpMoii uner aToil mporpeccrmn,

738, YeTnipe umchaa COCTABIAIT YOLIBAIOIIYK IeOMeTPHUYECKY®
nporpeccuio. HalifAre 3TH IHcIA, eCHH W3IBECTHO, UYTO CyMma Kpali-
HAX 4leHoB pasHa 135, a cymma cpeguux unenos pasea 90.

739. Haiigure yeTHpe YHCJIA, COCTABNAIONINE BO3PACTAIOIIYIO I'eg-
MeTPHYECKYI0 OPOTPeCcCH0, CIH MBBECTHO, YTO PAHOCTh MeXRY der-
BEPTHIM M HeDBHIM 4YIeHAMM DABH& 744, A DAIHOCTEL MeXAY TPETHHENM
H BTOPBIM 4JeHAMH papHa 120,

740, NeoMeTpUYECKAH MPOrpeccAd COCTONT u3 12 ujeHon, ABIAA-
OIAXCA NOJIOKHTeNBHEIMY YicHaMi. CyMMa NepBEIX YeTHIPeX YJICHOB
parHa 7680, a cyMMa ueThipex cleaviomux pasna 480. Hafiaure cym-
MY HOCNefHAX YeThHIpeX YJeHOB 3ToH MOCc/Ae0BATeNbHOCTH,

741, JlokakuTe, YTO eCAH HOCHENOBATENBHOCTS (b,) ABNgeTCA reo-
MeTpHYecKoH mporpeccueii co aHaMeHAaTeJieM ¢, He PABHEIM 1, To mo-
cIefOBATEAbHOCTE (X,), TAe x, = b,,, — b,, TaKXKe ABAAETCA reo
MeTPHYECKOH IporpeccHeii co SHAMeHATeNeM {.

742. HasecrHo, uTo uncna a, b, ¢ o6pasyoT reoMeTpUIecKyI0 Ipo-
rpeccmio, a ubena a + b, b + ¢, ¢ + a obpasylor apudbMeTHdecKYID
mporpeccuio. Hafigare sEaMeHATENEs TeOMeTpUUeCKodt mporpeccun.

743. Joxaxare, YTO ecnu uucas @, ¥, ¢ oGpasyioT reoMeTpHye-
CKYIO TIPOTPeccHIo, TO:
a) a’b”c“(% + b—ls + ,_.la) =a? + b + ¢4
Bla+b+e)a—-b+c)=a%+ b + i

744, HaiiguTe qeThIpe TeJBIX YHCAS, U3 KOTOPHIX OepBLIe TPH CO-
CTABJIAIOT FeOMeTPHYECKYIO IPOTPEeCCHI0, & TOCIeAHHEe TP COCTABIIAIOT
apHGOMETHYECKYID TPOTPECCHIo, €CJIH M3BeCTHO, YTO CYMMA ABYX cped-
HMX 4ucen paBHa 12, a cyMMa ABYX Kpaiimux umncen pasHa 14.

745. Tpu umcna, faompe B cyMMe 39, COCTABIHIOT BO3PACTA-
IOV apudMeTHYeCKYIO TIporpecerio. Ecay Ma mepBoTro # BTOPOTO B
yecTh 0 1, & K TpeTheMy npubasuTh 5, TO MONYUeHHHE YHUCIA COCTA-
BAT reOMeTPHYECKYI0 mporpeccHiy. HalianTe wexofHbIe uucha.
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746. Tpr uMcia, cyMMa KOTOPHX pasHa 65, cocTaBnaloT reoMeT-
pudeckyio nporpeccuio. Ecnn na mepporo uMchia BrYecThb 25, BTOpoe
OCTABETH Oe3 N3MeEeHMA, & K TpeTheMy IpHOaBUTE 5, TO NONyIeHHLIC
YHCIA COCTABAT aprdMeTnuecKylo nporpeccuto. Haligure HexogHELe
THCHIA.

74'7. B apudpmeruuecKkoll nporpeccuu (a,) ¥ reoMeTpudecKoit mpo-
rpeccuyt (b,), BCe UNEHEl KOTOPEIX MOJOKHTENBHE, @, = b, = 2. Haii-
AuTe ABA MOCAEAVIOIIHX UYNeHA KAKA0H IPOrpeccHH, eclF H3BECTHO,
YT0 MX BTOPHE UYJEHM COBIAZAIOT, A TPETHHA ujeH apumeTrmyeckoit
OpOrpeccHH HA 2 MeHBbIIe TPeThHere YieHa NeoMeTpHueckodl mporpec-
CHH.

" 6
748. fArnaerca nu orpapnueHHOR GyYHROUA ¥ = m? VraxuTe

\
’/ YnpaxHeHWa ANA NOBTOPEHMS

HoEMeHbIIEE N HaMGoJbllee aHaUYeHHA GYHKUHH, €CIH OHH CY-
MeCTBYIOT,

749. HaiifuTe HyJE M HETepBaIbl 3HAKOMOCTOAHCTBA (YHRUINE
y=2'—Tx + 6.

750. PeluaTe HepaBeHCTEO:
Dlls-x-2 <4 6 |2+x|+1|>8.

34. \./ CymmMa nepsbix N YNeHos
reoMeTpriecKkoil nporpeccun
BripegeM GOpMYAY CYMMBI HeDBHRX N YNE€HOB TeOMeTPHYeCKO

TpOTpeccH.
IIyers (b,) — reomerpuyeckas MPOrpeccus, S, — CyMMA IepBHIX
I e WIEHOB, T. €.

S, =b,+b,+...+8, ,+0, )
¥YuuoxKHEB ofe uacTH paseHcTBa (1) HA g, NOAYIHM
S.g=bg+bg+..+b_,g+bg
Hs onpegeneHns reoMeTpHYecKoii MporpeccHH chaexyeT, 9TO
blq = b2! b2q = bS! rety bu- g = bu'
SgaynT, TOIYUEHHOEe PABEHCTBO MOJKHO 3AIIMCATL TAK!
S,g=b, + b+ ... +b, +bg. @



214 Fnasa 4. NocnenonaTonsHoCTH

BrmTan nouigeHHo B3 paBeEcTBa (2) pasencrso (1) M mpueoaa mo
JoOHBle YfAeHBl, TOMYYUM:
an - Sn = bnq - bl!
Sn(q - 1) = bnq - bl'
3uagnAr,
_ba-bh

S.= T

» THe ¢ # 1.

Mut monyynnu $opMysy CyMMBI IIEPBHIX 12 SLIEHOB reoMeTpH4e-
cKolf mporpeccHn co aHaMeHaTeneM ¢ # 1,

Gopuyny cyMMB MEPBMX 71 WIEHOB reOMeTPUYECKOi IpPOTpeccHn
MOMKHO 3&IIACATH B ADYTOM BHje, 3aMeHHR b, Ha b,¢" "1, Tlomyuum

LU
S, = El-gqul—l), rae g # 1,

3aMeTHM, YTO NPY ¢ = 1 Bee YUMeHBbl TeoMeTpUYECKoit TPOTDeccHR
paEsu b, ¥ S, = nb,.

C BRIYAC/CHMEM CYMMEl NEPBHIX 71 YWIEHOB MeOMETpHYeCKOH mpo-
rpeccHM CEA3RHA M3BeCTHAA JeTeHAA. Pacckasmisalor, uro nHANkCKES
IPHAHL, peIlA] BArpagRTe HioOperarensa maxmar. Hsobperarens mo-
OPOCHI TIOJIOMKHUTE HA IEPBYIO KJeTKY mWAaxMaTrol nocky 1 nmenns-
HOE 3ePHEO, EA BTOPYI0 — 2 sepua, Ha TpeThio — 4 aepHa ¥ T. £. Kakosoe
ke BbLJIO yANBJIeHAES IPUELE, KOTAA OH Y3HAM, YT0 TAKYIO CKPOMHYIO,
HA ero Bariajf, npock6y HeBOSMOMHC BRIIONHUTE. JlelfcTBUTeNBHO,
ofIee YHUCIO 3epeH PABHO

28 — 1 = 18 446 744 073 709 551 615,

Takoro KONAUYECTES 3epeH NMITEHHUIEH! ellle He ObLLI0 BLIPAIIEHO 32
BCe T'oZbl CYIIECTBOBAHHNA 3JeMJIeSeNIHA HA Hamel naagere.

IIpuBegem Apyrae npuMeps TPHMeéHeHHA GODMYJLl CYyMMEL Oep
BBIX I WIEHOB reOMeTPHYECKOH mporpeccHd.

IIpumep 1. Hafigem cyMMYy NepBRIX JeCATH 4NeHOB NeOMeTpH-
gecKoil nporpecenun (b,), B KoTopoit

b + by
B + by =2, 8,=279.
bitbg Loy .1
Ilo ycaoBu0o g + b 2. Orciona p 2,¢q 2
3pa4d, 9T0 S; = 279, HaiifeM a,.
1
o -1
L 5

2
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BruncauM Tenepb S,

1
g - 144555 - 1) _ 14401 - 1024) _ 1441028 _ 91028 _ 923
0= "] 1 512 32 33’
3- -5 1024

Opumep 2. IIyers (b,) — reoMeTpuYecKkasn OPOTPECCHS, B KOTO-
poit b, + b, + ... + b, = S,, E*%*“'*b‘ =S, bp, ... b= P,
Horasen, aro P2 = (%-) .

ycTe ¢ — 3sHAMeHATENE: IeoMeTPHYeCcKOH nporpeccun (b,). Toraa

1
nocaexosareNbHocTh (€,), rde ¢, = 3,’ TaKEe SBNAETCH TeoMeTpH-

geckolt mporpeccneil, npHYeM ee 3HAMEHATE]s PABEH % ITo dopmyne

CYMMEL IIEPBLIX 11 Y9JIEHOB I‘BOMBTDH'-IGCKOﬁ OpOoTpecCcHN HAXOAUM, UTO,

bg — b
S, = q-1°
1. 1_1
S'=b" g b _-bgg _bg-b 1
» 1, hibng(l - q) g-1 b
g
3mavuyrT,
%::blb,,.

Bocmonb3oRaBIIACE CEOMCTEOM NpPOM3EBeAeHNA YJIEHOB KOHEeUHOH Ieo-
METpH4YECKOH MpOorpeccHH, PABHOYIANEHHBIX OT KOHIOB, HalfeM, 4To
P, = (byby ... b = (byb,)"

- (3.

T0 ¥ Tpe(oBANOCE KOKA3aTh.

3payuT,

751. Haiiarre cyMMYy OepBRIX # YIEHOB NeoMeTpHuYecKell mpo-
rpeccn® (a,), €can:
a)e, =-27, ¢= 3 n=06;

1
ﬁ)a1=m,q=—5,n=5;

1 1
B)a,,:m; 7= g n=5;
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752, CHONBKO WIEHOB reoMeTpAYecKoll mporpeccun
6,12, 24, ...

HARO CJHOKHTE, YTOOGHI MoJyYeHHAA cyMMa OmIma:
a) paeEa 3066; ©) Gompme 60007

753. Ilonp3yACh METOAOM METEMATHHECKON MHAVKINM, AOKAKH-
Te, uTo ecau (b,) — reoMerpMuecKas nporpeccus, TO

- hig" - 1)
by=big, S, = X
754, Haitgure cyM™y, B KOTODOH cIATaeMEIe COCTABJIAIOT red-
MeTPHYECKYH TPOTPEeCcCHIO:
a) 0,02 + 0,06 + 0,18 + ... + 48,74;

6) 230,4 - 115,2 + 57,6 — ... + 0,9,

7656, Jlokaxnare, uro OpH JoboM n € N cymmMa
a)l+3+8*+...+ 3" ! xparna 40;
6)1+ 5+ 5%+ ...+ 5" ! kparua 31.

756. B reomerpuueckoil nporpeccan (b,) Hatigute:
aynub,ecmb =05 g=2, 8, =315
6)nﬂq,ecmlbl=9,b,,=%, S,,=l3g;

B) ¢ ¥ b;, ecm b, = 6,2, 8§, = 80,6.

7567. Useectro, uro (b,) — reoMeTpHUyecKas IOporpeccud, B Ko-
by — by
ba-b
2Toif IIpOTpeccHum.

Topoit =4 u 8§, = 340. Haligure cyMMy IepBLIX IIECTH YJIEHOB

758. HaligpTe cYMMY OEPBEIX INECTH YI€HOB TOCTeOBATEIBHOCTH
(c,), ecm:

a) ¢, = (0,5)"; 6) c,=-1,5.2% By, =3"+1.
759. B reoMerpuueckoii nporpeccun (a,) Haligure a,, ¢ & 11, ecan:
&_aﬂ=0’6’ al+aﬂ=592s

a) 14 — @ = 1,2, 6) & +a, = 1,04,
& =127 S, = 6,24,

760. HapecTHo, 9TO reoMerpuueckad nporpeccusf (b,) comepicur
2n yneHop. CyMMe 9N€HOB, CTOANIHX HA YeTHHEIX MecCTaX, pDaBHa S,
& CYMMS 4JIeHOB, CTOALINX Ha HedeTHHIX MecTaX, paBHa S,. Haiiaure
SHAMEeHATENb IIPOTpPeccHd.
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761. Bupennre GopMyly ODpOM3IBEAEHHAS IIEPBHIX 71 WIGHOE reo-
MeTPHUECKOH IpOrpPeccHH,

762. Haiaure cyMmy:
a)l+a+a®+ ... +a" Y
1 1 1 1
6 (a+—)+(a* +—)+(a" +—)+...+(a" +—).
) a a? a® a"
763. B reoMeTpuvecKoil mporpeccHr, Bce WJIEHH KOTOPOH MmOJIo-
XATeNLHEI, CYMMS NMEePBOrd U BTCPOTO 4YIeHOB papHa 48, a cymmMa Tpe-

TBEr0 B YEeTBepTOTro 4NeHoB paBHa 12, Haiignre 3HAYeHUe 1, IpH Ko-
ropom S, = 63.

764. CyMma nepphix TpexX YWIEHOB BO3pacTaAlOmel reoMerpuIecKoi
nporpeccuy paBHa 1,4, a mx mpouseeflerue pasgo 0,064. Haiigure
CyMMY IEpBHIX IIATH YNSHOB 3TOH HpPOTDecCHH.

765. CyMma nepBLIX TpeX uJeHOB BospacTaomeil reoMeTpraecKoit
nporpeccu: papHa 10,5, a npoussefeHde UX KBATPATOB pasHo 729,
Haitaure cyMMy IepBBHIX CeMM TIJIEHOB 2Toll mIporpecceuu.

766. Ecau H3 UepBHIX YeTHIPEX YJEeHOR TeOMeTPpHYecKold mpo-
TpecCHM BEI9ecTh cooTBeTcTReHHO 0,5, 1, 4, 12, 10 moayuarca mep-
BHe YyeThipe 4JeHs apadMeTHdecKoii mporpeccun, Hafigmre aHame-
HATENb TEOMETPUYECKOH MpOoTpeccHd M CYMMY NepPBLIX IIECTH ee Iae-
HOB.

767. Tpu umcsma, cyMMa KOTOPREIX paRHa 15,6, apaswTcs mepeui-
ME TPEMA WIEHAMY NeoMeTPHYeCKoi NpOTpeccHy H OAHOBDEMEHHO BTO-
PHIM, YeTHIDHAKUATHIM ¥ OTATHASCATHIM UYJIeEaMHA apudMeTHuecKol
nporpeccHy. Haliaure cyMMy NepBRIX IIeCTH YJIEHOB re0MeTPHIeCK oil
NpPOrPeccHM.

\
P T ’/ YNpaXXHeHMA QNS NOBTOPeHWSA

768, Pemute HepaBeHCTEO:
a} (x — 1)(x — 8) < 60; 0) (x — 2} (x — 14) > 64.

769. IIpa xaxom x gpydseH 2x% + 6x nprHUMAaeT HAHMeHBIee 3HA-
yeHne I YeMy PaBHO 3T0 sHadeHMme?

770. Ilepecexaer Au rpadvy GYHKIHA Y = xt_i 5 NPAMYIO:

8 y=6; 6)y =8?
IIpi MOJMOMKHTENBHOM OTBeTe HAMAWTEe KOODAMHATHI TOUEK Mepe-
CEeMeHHH.
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\
T 0/ KOHTpONbHbIEe BONPOCH M 3aAaHMA

1. ChopmynmpyiliTe onpemgeneHne reoMerpHyeckoii mporpeccHH.
BrigeanTte GopMyy n-TO WICHA.

2. ChopMynHpyiHiTe H JOKAKNUTE XaPAKTEPHCTHYECKOe CBOHCTBO
TeoMeTpUuecKoil IMporpeccHH.

3. BripennTe QopMYIY CYMMEL NEPBHIX /1 UNEHOB TreoMeTpHiIecKol
nporpeccrr. HafigrnTe cyMMy 4IeHOB IeoMeTpHYecKoN IIporpeccuu

u 1
C 4YeTBEPTOro IO BOCHMOI BRIIOUHTENBHO, eClH 4, = 576, ¢ = -3

CXO4AWMECA

§ 13. /‘\ NOCNEAOBATENbHOCTU

35. V nMNpeaen nocnenosartensHoCTy

2n+1
PacemoTpHM mmochiegosaTelbHOCTE (@,), THE @, = S Banpmen

1
GopMyIy n-T0 WieHa MOCAEAOBATENLHOCTY (a,) B BUJAe 4, =2 — 277

H BHIYUCIAVM IepBEI€ HECKOJIBKO YWICHOB NOCJIEX0OBATEJNBEHOCTH:

a=1} 0,=1% a,=12, 0,=1% 4,=13 o, =13

Haitpem eme @99 H Gopny!
_ 1100 _ 12002
@10 = 1 101° @e00z = 1 2003"
Mul BHEMM, 9TO ¢ YBeNAYECHUEM 1 YIeHLl TOCAESOBATENHHOCTH IIPH-
Gmxaorca ¥ 2. Ha xoopaprHaTHON npaMoil roaxH, u3obpaxcaioune
WieHHl NOCAeAOBATEIBHOCTH (2,), pPaclIoJaralTea Bee Oauie n Gau-
JHe K TOUKEe ¢ KoOpauEaTol 2 (pue. 93).
PaccToande Memay TOUKAMHE ¢ KOODAHHAT&MH 4, A 2 DABHO
|a, — 2|. C pospacranem n 2T0 paccTONHHE HeOrDEHUYEHHO YMEHL-
1
9__+ _
n+1

OJIOEUTEABEOTO YMeaa £ (YHTAETCA «3IICHAOE») MBI MOXKeM, PellIHB

1
maercs. Tax k8K |a, — 2| = = o1’ T Ana moboro

a, a, a, a, a,
} = *—eo—o00

1 a, 2
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HepaBEHCTBO < €&, YKA3aTh TAKOe 3HAYEHHWe 1, IPH KOTOPOM

n+1

|a, — 2| < &. FoBopar, yTo mocHexOBaTENBHOCTE (@,) cMpeMumca X 2
HIE YTO YBCHO 2 ABNseTcA npedenom nocredosamenvhocmu (a,).

Onpeaenenue, UYncao b HalnIBaETEA mpexeoM MOCIASXOBA-
TeapEOCTH (£,), SCAH INA M060r0 MOJOKHTEISHOTO YACAA £ CYIMecT-
EYeT TAKOH HOME] N, UTO NPH 1 > N, BOPHO HODAREHCTRO (@, — b| <&

Ecnm umeno b aABnserca npefes oM mocNefoBaTeJdbHOCTA (@,), TO
810 3anmuckIBAIOT Tak: lim a, = b (lim ecTh coKpamlene JATHHCKOTO
caope limes, 03HAYAKKINErQ <npegen»). Huoraa ucmonezyercH Tarike
samAck @, — b.

BuiscanM reoMeTpHuUecKHH ¢MBICH TOHATHA Npeldela DOCTEKOBA-
rensHocTd. Kok H3BecTHO, REpABEHCTBO |4, — b| < £ paBHOCHIIBEO ABOH-
BOMY HepaBeHCTBY —€ < 4@, — b < €, a sEAUNAT, & ABOKHOMY HeDABEHCTBY
b—-€g < a, <b+ e Orcioga BHTEKaET, YTO €CJIH lima, = b, To gaa
moboro £ gailfleTca TAKOH HOMep i, HAYHHAA C KOTOpPOTO WIEHHI 110-
CeOBATENLHOCTA H30OPaKaOTCH TOUKAMY, NPHHANJIEKAIIIMMH Ipo-
MexyTRY (b — £; b + £), a BHe 3TOr0 IpPOMEKYTKE HAXOTHTCA TOJIBKO
KOHedHOe Tucho Touek. HHauye ropopd, eclH YHCJIO b ABIAeTcH mpe-
JelloM TocHeJORATENLHOCTH (a,), TO TOUKH, uzoOpa)kalomue YIeHL
aTolf TOCAeN0BATEIEHOCTH H& KOODAAHATHON IIpAMoOM, CHANMNBAIOTCA
OKQJIO TOUYKM b.

TocnegoBATeIEHOCTE, HMEIOIIAA Ipee]], HaablBaeTCA cXodaueiicn,
A He HMeIOIAA [peAeNna — pacrodaujeiics NOCIEROBATENBHOCTHIO,

IIpuBegeM mpuMepnl cxomameiica H pacxogamielica mociaenora-
TeJLEOCTeMH.

D"

NMpamep 1. Ilycrsd gata DOCHEAOBATENRHOCTE (C,), TAE €, = "o

T8 TOCAeHOBATEIBHOCTE HAYHHACTCH TAK:

411111
¥ 2, 3'! 4, 5) 6' ase =
Ha xoopAWHATHON TpAMOl TouKH, HaoOpa;Kaloiive 4IeHBL IQ-
CleNOPATEEHOCTH, CKAITMBAITCH OKONMO Toukm O, pacnofaraichk To
CJ€BA, TO CNIpaBA OT Hee (puc, 94).
Toxaxen, uro uacio 0 sBnseTcs npegeIoM IOCISACEATEIRHOCTH (C,).
HomyerHm, 4T0 381aHO TPOMBROIERCe ymcno € > (. Tpebyerca Aoxaszath,

a, a, & Gy 2, a,

-1 0 1
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uyTQ HANJeTCHA TAKOH HOMep 7, HAYMHAA ¢ KOTOPOrO ANH BCEX WICHOR
HmocaexopaTeNLEoCTH (€,) BRNONHSAeTca HepapeHerso |e, — 0] <&,
PelrpM OTHOCHTENBHO 71 HEPABCHCTBO

|(;1-’1—0 < E.
n

HMmeeMm:

LY
n E,

> —a
n £

ITpoxoaA aTy DeNOYKY CHUSY BBEPX, NOXYUAE€M, ITO ANA modoro € >
MOJKHO YKA3ATh TAKOH HOMEp, HAYMHAA ¢ KoToporo |¢, — 0 < &. Tax,
HaTpuMep, ecau £ = 0,002, To % = 500. Hepasercreo |¢, — 0| < 0,002

BHITONHAETCA Opu n > 500, T. e. HAUNEHEA ¢ HOMEeDA n, paBHoro 501,
3uaunT, 10 onpegenenmo limc, = 0.

IIpumep 2. IlyeTs ZaHA DOCHEAOB&TENBLHOCTE (Y.}, rAe

1
y,=(1F + ;- 9Te nocaeAOBATENPHOCTE HEYHHESTCH TAK:

08 25 47
» 2g 39 4' 5’ 6’ aana

Ha rRoopzmHaTHOR mpAMOH YJleHB NOCAeAOBATEABHOCTH H300pa-
JHAIOTCA TOYKAMH, KOTOPLIE CKAILIHBAKTCH OKOMIO ABYX ToueR: —1 1l

(prc. 95). IlocneaoraTenbHoCTh (i,) He HMeeT Ipefesia.
& & & -

-1 ] 1
Pue. 95

BrIdcHHM HeXOTODHE CBOMCTBA CXOAANINXCH MOCIeLOBATIRHOCTEH,
1. Hocnredosamenvrocmb Moxcem uMemb MorbKo odun npeder.
HJomycraM mDpoTHBHOE, YTO CYIIECTRYET MOCJIENOEATENBHOCT (X,),
VMeIImaa ABA OpeAena, T. e, limx, =au limx, =b, rge a # b.
OTMeTM ToukrHA ¢ ¥ b Ba KoOPAWHATHOH npamoil. Mexpgy aumy
HaxXopwuTca GeckoHeuHo MHEOTO ToueK. [loaToMy Beerga mMozkHO BEIOpATE
YHCH0 £ TaKoe, ITO NpoMexXyTEN (@ — € a + gy m (b —e; b + €) me
Gyayr nMerhb 06muEX Touek (puc. 96). Tak Kax YKcaAO @ ABNAETCA Ipe-
JAenoM IMOCIeLOBATENLHOCTH (X,), TO, HAUHEAS ¢ HEKOTOPOTO HOMepa 7,
a b

L & 3 -
- -

} LY rd
a-& a+e b-¢ b+e
Puc. 96
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8ce YJeHbl MOCHeAOBATENALHOCTH MOMALYT B HPOMEXRYTOK (@ — €5
@ + £), & BHE 3TOT0 TPOMEXYTKA OKAMKeTCH KOHEYHOS YHCAO WISHOB IMOo-
CIeIOBATEILHOCTH, SHAYMT, B npome:RyTre (b — £; b + £) oxaXkeTCH AUIIE
KOBEYHOE YHCIIO WICHOB IOCIeA0BATENLROCTH, A $TO MPOTHBEOPEUHT TOMY,
0 Wea0 b — mpesen OocHeAOPATENLEOCTH. SHAYHT, TPEATOIOKeHIe
HeBEDHO H MOCNEeJOBATENLHOCTS (X,) He MOIKET MMETEH ABYX IIPemesoB.

2. Ecau ace waenst nocaedosamenvsrocmu (x,) pasuvt b, mo npe-
dex amoii nocredosamervrocmu pasen b.

CnpaBef/IHBOCTE 3TOT0 YTEEPKAEHMSA BLITEKACT K3 TOro, YTO B JK-
Boif OKpPeCTHOCTH THCIA b COTep/RATCA Bee UIeHE NOCIEIOBATENLHOCTH,

3. Ecau nocaedosamenvrocmb (x,) umeem npeder, mo oHa ozpa-
RUYEH].

IMycrs lim x, = a. Boaemem raroe-auGo umcio £ > (. 3 oopege-
NeHEs Mpefesa BEITEKAET, YTo, HAUMHAA ¢ HEKOTOPOre EOMEpA n, BCe
WIeHH MOCJIeNOBATEILHOCTH IOIAZAIOT B MpOMEXRYTOK (@ — € a + E).
Bre ero ocTanerca TOABKO KOHEYHOE YUCJO WICHOR MOCAESHOBATE]D-
gocTH. IloaTOMY NPpOMERKYTOK (@ — € @ -+ £) MOHO PACIIAPHTE TAK,
yTo0H HOBBIH NpoMexxyToK ({; p) cofep:Ran Bce YWIeHRl HOCIefORATENb-
HOCTH. A 3TO O3HAYBET, YTO CYMECTBYIOT uMchAa [ H p Takue, YTo A4
BCEX TJIEHOB IOCNIEAOBATENILEOCTH BRITONHAECTCA ABOHHOE HEPABEHCTEO
l < x, < p, T. e. DOCAEJOBATEABHOCTD (X,) OrpAHAYCHEAA.

3ameTaM, uTO OOPATHOE EEBEPHO! NOCJAeROBATENBHOCTE MOMET
BLITH OTPRHMICHHOIT, HO He AMeTh Ipegena. IIpuMepoM MOMeT CIy-
HHTE IOCTEN0BATENBHOCTE, B KOTOPOH KAMKARIH YIeR papeH OCTATKY
OT AeneHAs HOMepa useHa Ha 5:

1,2,8,4,0,1,2,8,4,0, ....
-1
e Brraucnure
X1, X3, X3 X4 Xsr Tipos Xigoo- K KAKOMY YACHY CTPEMUTCH IO-
cnegosaTensrocTh? IlpoBeguTe AOKA3ATENLCTEO.

771. Jauna mocnefoBaTeALHOCTD (X,), TAE X, =

772, BHaycauTe NEepBHe HIecTh YICHOB NOCJAeEOBATeNbHOCTH (@),
- 2n+1
sanaHHOM opMynod a, = —@h 'H A300pasnTe UX HA KOOPEUHATHOMH

npamoii. Kakoe npegnosoenre o Ipefede nocaefopareabHocT! (a,)
MoxEO caenars? IIpoBesnTe KOKASATENBCTRO,

773 Hmaefrca ¥ cxofameiicad DOCAeA0BATEeNEHOCTE,

a)3,6,9,..,8n, ...;
O i I
3 6’ 9’ ey 3’!’ ea g
111 1 i 1 .
) 2’ 3! 3'! sue n’ n! 1y y

r) 2, 2,2, ..,2,...7
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774. NoxakuTe, 9ITO Opelel TOCAeA0BATEIBHOCTH
3254786
2’ 3 £ 56 7T n+1
paBer 1.

775. K KakoMy YHCJY CXOTHTCA NOCHefoBATENBHOCTD, BCAH:

1 , 3n+5, 1
a)ec, =2+ 5 6)c,= 15 B)C,,=7;?

776. HMeeT I npeZen ONOCIeAOBATEIEHOCTS, W €CJIH HMEET, TO YeMy

a)l, 3 T D :

91,33, .., 2zl

9l 38 o1

0 -1, 1, -1, 1, ., (=1)% ouu

n-g 3 3 S

L v T o T !

T77. Joraxure, 4ro ecnu (x,) — NOCJIELOBATENBHOCTE AECATH-
HBIX gpofeil, KOTOpDEE NOJYYAKTCA, eClIH B (ecKoHeuHOH IepwomH-
uecK0il fecATMuHOM Apoty (,(3) ocTaBAATE OGHY, LBe, TPH M T. A. IHG-

. 1
PH TocyIe 3aIATOH, To lim x, = 3-

778. B nocnenoratensHOCTHA (17,) BCEe UNEHEI, HAYAHAA C LECATOrD,
paeHHl 3. fBnAerca Ju aTa MOCHELOBATENBHOCTE CXOXAMelca, 1 ecld
A&, TO YeMY pABeH ee mpeaen?

779. IIycts (¢,) — NocaefOBATENILHOCTD, NIpeaeN KoTopoi pase 8.
H3 mocrenopaTedbHOCTH (C,) BRIYEPKHYM:
a) UrecTh MePBRIX YJIeHOB;
0} Bce WIeHE! ¢ YeTHEIMY HOMEDAMH.

ByaeT ni ocTaBmAascs MOCAeSOBSTENBHOCTD cxoasmeiica, ¥ ecind
L8, TO YeMy paBeH ee npepen?

780. NspecTHO, 4YTO Keskablil 4ieH cxopameiica moclexoBaTeNs-
HOCTH ABJIAETCH OTPHLATEJLELIM YHcHoM. Mosxer mu npeaesioM a1oi
TIOCIE€ROBATENIBHOCTA OLITH:

2) DOJMCKNTEILEOEe YNCIIO; 6) uncao 07
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\
] 0/ YNpaxHeHus Ans NOBTOPOHUA

781, PemuTe HepaBeHCTEBO:
A —-3x*-x+8>0; 6) x* — 22— 16x + 32 < 0.

782, HoxaxnTe, 4TO NIpH MOOHX @, b ¥ ¢ HMeeT KODHH YPRBHEeHHE
(x—a)x-b+(x-a)x—-c)+(x—-b)x—c)=0.

36. \./ Cymma GecxoHevwHo yObiBaowei
reoMeTpuveckoil nNporpeccun

HauneM ¢ mpuMepa. IIyers znuHa orpeska AB; pasHa 1 (puc. 97).
1

3
dareM cnpasa or ToukH B, orMerumM Touky B, Tanyio, ure B,B; =
= 1B,B, = L. u v.n Jlunm orpeaxos AB,, B,B,, B,B,, B,B,, ..

OrMeTHM cmpaBa oT TOukd B, Touky B, Tarkyw, uro BB, =

ofpasyor 6eCKOEEUHYI0 reOMeTPHYECKYIO Iporpeccuio (a,):

111
1;2:2’ 3 nssy

. 1
JHAMEHATEIbh KOTOPOHA DABCH 3

PaccMorpuM Teneph NOCHELOBATEIBHOCTh AJAWH OTPe3KoB AB,,
AB,, AB,, AB,, ...:

AB, =1,

AB,=1+ 1 =11,
ABs=1+%+:11-=1%,
AB4=1+%+711+%=1%“.;;.

JauHE orpeskos AB,, AB,, AB;, ... 0BGpasyloT NocAeS0BATENBHCCTE
1,13, 13, 1%, ...,

2
s

B, B,

e

oo
_u:un-

Pwnc. 97



224 fnasa 4. NocnenosaTeALHOCT

YAeHEMH KOTOPOl ABNAIOTCA cYMMH Sy, S, S5, S oee s 8,y ey 0IE S, —
CYMMe TTePBRIX 71 WISHOB TeoMeTPHYecKOil IpoTpeccH (4,).

QueBuAHO, YTO 3TH CYMMEI npubnmxanorca ¥ 2. Helicreurensso,
mo (pOpMyNie CYMMEI IE€PBBIX 1 YJIEHOB reoMeTPpHYecKodl ITpOTDEccHH
HAXQAHWM, 4TC

_b (_‘1) _@-n2_, 1
=_1 2 20
2
TIpu BeorpaHHYeHHOM YBeIHYSHHH 71 MOAYIIL pasHocTd S, — 2 ere-
HOBUTCA MeHBITe Moboro cKolb YrogHO MAJOTO DONMOKUTENBHOTO Y-

na €. 3uauur, lim S, = 2. Yucno 2 HasuBaIOT cymmoll Oeciorevnol

zeomempiveckolt npozpeccuu 1, %, %, %, e W TIMIOYT:

1,1,1
1+§+Z+§ —|—"_=2,

PaccMoTpAM Teneps NPOH3BOJILHEYIO TeOMEeTPUYECKYIO IIPOTPEcCHI
(b.):
by, by, big%, b, ...
€O 3HAMEHATENEM ¢, Tae |g| < 1.
Hailigem cyMMy OepBEIX 1B 9JI€HOB 2Tol Iporpeccmm:
S = 51(2“ -1
n -1 '
IIpeofpasyem BRIpAJKeRHe, 3ATTHCAHHOE B IPABOA 4ACTH DEREHCTEA,
Hoayqaum

ba' b _bi-bg' _ b _ b
g-1 1-¢ 1-¢ 1-¢ 7

8, =

MokHO g0Ka3aTh, UTO ecud || < 1, ¢" IpH HEOTPAHMYEHHOM ype-

b

AMYEHHN 7 CTPEMHTCH K HYMNIO, & HO3TOMY NPOMaBefeHUe T— Z ¥'s

TRKMe CTDEMUTCA K HYIID. SHAYMT, TPY HEOTDAHWYEHHOM YBEIHTe-

by

HAM 7 CYyMMA S, CTPeMUTCH K YHCIAY T-¢

by

Yucno 1=

Z HasLIBAIOT cymMoil Oecrwoneynoll zeomempuiecioi

npozpeccuu (b,) co snamenamenenm g, 20¢ |g| < 1. O6oanauus Ty CyM:
My 6ykeoit S, moayuuM
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BeckoHeYHYO reOMETPHYECKYIO NMPOTPECCHIO CO 3HAMEHATENEM g,
e |g| < 1, EasKIBAIOT SeckoHeuno yObeaIouiell 2e0MemPULECKOil NPo-
zpeccueii. Ilpumepamu GeckoReuHO YOBIBAIOIMX reOMETPHYECKHX TPO-
IpecCHil MOTYT CNIYIKHTE NPOTPECCHH:

11 1 1
L& % 20 e I"F
11 1 1 1
1, -3 9 "9 B o TR 4= "3

3aMeTHM, UTO TEPMHH «0ecKOHeUHO YOBIBAIOIAA» XapAKTepPH3yeT
3lech M3MeHeHWEe He CAMHX WIEHOB IPOTDECCMH, 8 TONABKO HX MOAY-
neii. BeckoHeuno YORIBAIOIIAA NeOMeTDHYECKAS MNPOTPECCHS SBAAET-
cq1 yORIpaXOIlel NoCIeA0BATEIBHOCTHIO, B COOTBETCTRHH ¢ paHee JAH-
HbIM OUpefeNeHKeM, JUIIEL TOT/AA, KOT/AA ee NepBHil 4leH W sHAMeHA-
TeNh MOJIOAHTEABHEL

Qopmyny 8= llf_q HA3EIBAIOT (POPMYROIL cCYyMMbL DECKOHELHO }jObi-
aaoiell zeomempurneckoil npozpeccut.

IIpupeneM NpUMepH UCHOALIOBEHUA 3TOH GHOPMYJIEL
IIpumep 1. Cymma GeckomeuHo yOhIB&IOIME# reomeTpmuecKoi
ngporpeccus (a,) paBHa 'g. A CYMMa HOCHefA0BATENBHOCTH (C,), COCTAB-
u 512 u
neHHOH w8 KyOOB ee YJieHOB, pPaBHAa - Haitante mepBrIll uiaen

H sHaMeHaTelb 1Iporpecens (a,).

IIycrs @, ¥ ¢ — mepBHId uYileH M 3HAMEH&TeNbL MeoMeTpudecKoll
nporpeccue (a,). Torga a@ @ ¢° ABNAIOTCA COOTBETCTBEHHO TEPBLIM
YJIPHOM M 3HAMeHATeAeM mporpecenn (). Tak kar (a,) — GecroHeuno
yOuiBaromas reomerpuueckan nporpeceds, to |g| < 1, a nosromy |¢?|
TAK¥Ke MeHbIIe 1, T. e. MoCIeA0OBATENLHOCTE (€,) TAKKe ABAAETCA Bec-
KOHeuHO yObiBaromeil reoMeTpHueckoli nporpeceneii.

IIppmenas r mporpeccaad (a,) u (¢,) dopMyny cyMmul BeckoHeuRHO
yORIBAIOIIEI reOMeTPHMECKoiH NPorpecelH, NoIyieeM cHeTeMy ypasHermi

& _8
1-¢q 3
ai _ 512
i“g¢ ™ 68

Has nepBoro ypaBHEEHA HAXOAHM, 4TO @, = g(l - q). Hogcrapnaa

9TO BRIDAMKEHHE BO BTOpOE YPRBHEHHE, MOJYVIHM
512(1 - ¢)* _ 512
271 -¢% ~ 63°

9 10, Megapuren « Anrelips. § xn.»
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Orciona
_d-gf 1
3l+g+g®d) T
7T-14¢ + 7¢* =3 + 3¢ + 3¢,
4¢° - 17¢ + 4 =0,
1
h=3 0= 4,
Bropolt KopeHb KBAAPATHOTO YPABREHHSA He COOTBETCTBYET YCIO-
BUIO 3aI84H.

H3 paseBcTBA @, = g(l — () HAXOXMM, 4YTO €Ccld § = %, TO @y = 2,
O T B e T: mepBHI WIeH IporpeccHd pager 2, & SHAMEHATENb PaBeH %

IIpumep 2. IIpescTasuM GecKOHEUHYO ASCATHURYI NepPHONH-
wecKy10 apobs 0,8(3) B puge oGHKHOBEHHOM.
Hucn0 MOKHO 3ANECATE B BULE CYMMEL:

0,8(3) = 0,8 + 0,08 + 0,003 + 0,0008 + .., .

B cymme
0,03 + 0,003 + 0,0003 + ...

claraeMele ABAAIOTCA WIeHAME OGecKoHeuHO YORIBaIONIEH reoMeTph-
YecKoll TporpeccHM co 3HaMeHaTesaeM ¢ = 0,1,

IIpuMenus bopMyny cyMMEl GecKoHeuHO yORIRAIOIIeli reoMeTpr*
YyecKol nporpeccH#, HARAESM, UTO

0,08 _ 1
S=1-01" 30
S3HAYHT,
1 25 b

Pazgenns 5 Ha 6, HeTpygHO yOeAMTBECH, YTO ApObB % AeHACTRH-

TeAbHO ofpalaercs B GeCKOHEYHYIO AeCATHYHVIO NEPHOANYECKYIO

apo6e 0,8(3).
783. B GeckoHeuro yORIBRIOMEH reoMeTpudecKoil mporpeccHa (a,)
HaiauTe:
a) 8, ecnu a, = -56, ¢ = 0,2;
6) S, ecna g, = —/8, q=l{3§;
B) a4,, ecin 8 = 28, g = -0,5;

r) a,, ecnu 8 = 2J§, g= %.
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784, Haligute cyMMy, CIAr&eMEIe B KOTODOK ABNAKTCH YJICHAMH
fecxoEeTHO YyOLIBRIONIEH TeOMeTpPHYecKOd IporpeccHH;

1.1 .1 . 2_4 8
a)E"’?"‘?"’auo, B) 7 49+ 343 +en gy
G)Jﬁ—%+%—---; r)3\/§+\/§+§+....

785, IlpeacTaBpTe YUCHO B BUge 0OLIKEOBeHHOMN Apolu & caenaliTe
HpOBEPKY, BHIIOJHAHA Le/ICHHE YHACAKTENA 0OLIKHOBeHHoH Apo6H Hea

JHAMEHATEJIb:
a) 0,(6); 6) 0,(16); B) 0,2(3); r) 0,12(5).

786. IlpeacTarkTe B BHAe OORIKHOBEHHOH ZpofH YHCNO;
a) 0,7(2); 6) 0,0(3); B) 1,(08); ) 2,(15).

787. Cymma GeckoHewHO YOLIBAIOINEN TeoMeTpAYecKol mporpec-
cnu papea 18, a cyMMa IepBHIX TPeX ee YICHOB PABEA 12%. Haiigure
NepBbIi YIeR M ZHAMEHATEeNb IPOrpeccHH.

788. B papHOCTOPORHUH TpeYroJBHHK CO CTOPOHON 1? CM BOHCAH
TPEYTOABHHK, BePUINHAMH KOTOPOTO CAVMKAT CepPefMHEL CTOPOH AAH-
HOTO TpeyroJibHHKa. B monyuyeHHBI# TPeyroJbHUK TAKEM K€ CIOCO-
foM BrncaH TpeTHll TPEYTOABHUEK ¥ T. 4. Halla®Te cyMMY mepHMeTpOR
H CyMMY NIOmaneil 5THX TPeYroNbHUKOD,

789. B xpaapat, cTOPOHA KOTOPOrO PaBHA @, BITHCAH KPYr, B 2TOT
KPYr BOHCAH KBAZAPAT, B MOJYUEBHEIH KBAADPAT CHOB& BIHCAH KPYT H
1. n. Hatigure cymmy:

4) MepHMeTPOB KBAAPATOB; B) AJHMH OXpyRHOCTEH;
6) niomareil KBAAPATOR; r) wromagek KpyTosB.

790. Haiiaure suamenaresr GeckoHeuno ybmiBalomeil reomerpu-
YeCcKOH MPOTrpecCEM, ¥ KOTOpo#d KAMALIE YieH OTHOCATCH K CyMMe 1o~
CAeIVIOIIHX YIeHOB K&K 3 K 5.

791. CyMMa GecxoHeuHO YORIBAIOIEN reoMeTpHueckolt mporpec-
cuu (b,) paBHa 3, a2 CyMMa DOC/NeZOBATEJBHOCTH, COCTGBJIEHHOH H3
KBAAPBTOR €€ 4iIeHOB, papea 1,8, Halignure mepprrilt unen u sHameHa-

TeNk nporpeccHu (b,).

792. B GeckoHeuHo yORIEaOmMEel reoMeTpuecKoi nporpecci/m cyM-
M& TepBEIX ABYX uneHoB pasHEA 9. CyMMa mocflefoBATENLHOCTH, CO-
cTaBIeHHON #H3 KY0OB €e YJIeHOB, OTHOCHTCH K cyMMe IIOCJefOB&-
TeBLHOCTH, COCTABJEHHOR N3 KBAPATOB ¢ 1IeHoB, Kak 36 : 7. Haii-

NHTe MepPBREIi WICH M 3GHAMEHATENb TPOTPeCcCan.
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793. Cymma wieHoB OecKoHedHO yOBIBalomleil reoMerprdeckodl
nporpeccuy pasHa 64. YUnenr, crodiue Ha HeYeTHRIX MecTax, ofpa-
3y10T 0eCKOHEUHO YORIBAIOIIYIO TeOMETPAYECKYI) MPOTPECCH), CYMMA
Kotopoii pasea 51,2. BruncauTe mepeble 9eTHIpe UiIeHA KAXKAOH W3
TporpeccHi.

794. B Geckoreyno yorIBalomeii reoMeTpruecKoii mporpeccun nep-
BHI 9/IeH COCTABIACT OAHY YETBEPTYIO YACTH OT CYMMEI BCEX OCTANL
HuIX. HaliguTe nmepBLIf WiIeH M JHAMEHA&TENE MPOTPECCHHA, €CHAH H3-
BeCTHO, 9TO TPeTHH WieH 3Tolf mporpeccuH paseH 9.

\
RN RN ’/ YnpaxHexus AnNf NOSTOPEeHWS

795. PeunTe ypasHenue:
x-4 Xt 2 _ 41,
x+2 x-47 74

x-6 x-1_ol1
6) ¥=1*%-6 " 26"
796. Ilpn KaKUX 3HAYCHMAX 4 HEPABEHCTBO
aaxi-6x+4>0 Blax*—4Ha—-1x+2a>0
BeDHO TIpH NMo6oM x?

\
Frrp T ./ KOHTPONbHLI® BONPOCH! ¥ 3a8aHUA

1. Yro HazkiBaeTcd apeaeaoM TOCAeAOBATENbHOCTH? PasbacHue
reoMeTpUYECKUH CMBICH Impegesa nociaegosaTeAbHOCTH.

2, CihopuynupyiiTe cBoiicTBa CXOAALINXCA HocHeoBaTeIbHOCTEH,

3. Kekaa nmocjeAoBaTeNbHOCTE HashipaercHd GecKoHeuHO yObiBe-
omelt reoMerpudeckoii nporpeccueli? Sanummure QOpPMYAY CyMMH
Gecroneyno yOGpisalomeil reoMerpuueckoii nporpecenns. Ilpeacrasbre
yHcAQ B BHAE OORIKHOBeHHOUW ApobH.

el .\_
R 7 DONOAHWTENbLHBIE YNPAXHEHWS

K rnase 4

K maparpady 10

797. MoiReT JIH moCNegoBaATeNbHOCTS (2,) OLITH 3agaHa dhopMyaAci:
1 ) _ 1
8= G am -1 B) 6, = ST g5, "5’

1 .
) .= T By 4
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798. IIpu kakux sHaveHEAX b nocneaoBaTeasHOCTS (X,) ARIAETCA
POGpacTAIOIEd M OpH KaKkux — y0eIBalomel, ecam:

2n% + bn, _6n-b
T 6) x, = n+4?

a)x, =

799, flpnfeTcH MY OrpAHMYEEHOE MOCAEAOBATENBHOCTS (€,), €CIH:

2 n
we =2t g, =2t e o248

800. Jann nocneaopaTeqnHocTH (a,) u (b,), Tae a, = 2" 4,
b, = 2n + 9, Nokaxkare, uro a, > b, npu NioGOM HETYDAJBHOM 1.

801. Joramure, uTo OTpouapefene P, mepBHX 7 TUAEHOB MOcie-
IOBATENIHOCTH

4 4 4
1-41-%1-4

- oy e 1 4

¥

PaBHO

¥

K naparpady 11

802. Mexay uicnaMi 3 ¥ 15 BCTABLTE HECKOJBKO IHCed TAK,
grofH mony4unack apadMeradeckaa nporpeccHs (a.), B Kotopoit
g,:a, ,=5:8,

803. Mexay uncaaMa a ¥ b IOMECTHIN M YHCeN, KOTOPLIe BMECTe
¢ JAHHEIME IACJAMHA COCTGBHJH &pU(bMeTHISeCKYIO mporpeccro. Haii-
AUTE Nepsbie TPH UNeHA 3T0d MpOorpeccHH.

804, loramuTe, 9IT0 eclyd LEJUHEE CTODOH IIPAMOYTOJLHOTO Tpe-
YrOJBHUKA COCTABIAIOT ADMPMETHUYLCKYI0 NPOTDECCHIO, TO PAgHyC
PIMCAHHON OKPY/RHOCTH PABeH DA3HOCTH 5Toit NMpOrpeccHH.

805. HapectHo, uTo (2,) — apudMeTHYecKad Imporpeccud, B Ko-
ropoit @, + a, + a; + ... + a, = 210, Haligure, yeMy papHa cyMMa
% + ag + an + [T

806. Nokaxkure, 9To ecnu (2,) — apuMeTHdecKas TIpPOTPECCHA
Ba,+a,=a,ta, Top+m=k +1L

807. BepHo au yTBEpacIeHMe: TOCIEAOBATENLROCTD (@,) ABNAETCH
apudmMeTHUecKo mporpeccued TOrna M TONBKC TOrAR, Koraa modoii
€e WIEH, HATNHAA CO BTOPOTO, €CTh cpefHee spudMeTnyeckoe paBHO-
VAAJEHHKX OT HETO 4JeHOoB?
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808. JokaxuTe, YTO €CIH YUCIE @, , ¢ COCTARAAKT apudMerH-
YeCKYIO TPOTPeCCHIO, TO:
a)3a*+B+c)-6(a+bF=(a+ b+

6) a(b® - ¢*) + bic? - a?) + cfa® - b) = 1 (c -~ o).

809. B apndMernyecKoi mporpeccuu
2,5,8,11, ...

OCTABMIIH TOJBLKQ Te 4YJeHkl, HOMepa KoTopux KparHu 5. Hedamre
CYMMY OepBBIX ACBATH YICHOEB 00p&3ORABIIEHCA TOCNeA0BATEIHLHOCTH.

810. JoxaxuTte, Yyro B apHpMeTHUECKOH npOrpeccHH
Spis = 8, =8(S,42— Sy

811. Ilocnegosarenseocts 1, 3, 8, 16, ..., b,, ... obnagaer Tem
CBOMCTBOM, YTO PASHOCTH IOCIEAVIOIIETO M NPEABIAYINETC YAEHOB CO-
CTABAAOT apudMeTaUecKylo mporpeccuio. Hafiaure by,.

812. HafianTe KOpeEL YPABHEENA, B KOTOPOM CJIAraeMEle, 3aln-
caHHLIE B CKOOKaX, COCTABAANIOT apH(MeTHUECKYIO IIPOTPECCHID:
ay(x+2)+{x+4)+(x+6)+ ..+ (x+ 24)=180;

6 2x+1)+2x+4)+ 2x + T} + ... +(2x + 46) = 472,

813. Haiigure cymmy m + n uneHos apudmermyeckoil mporpec-
CHH, B KOTOpoif a, =7, a, = m.

814. B aprimernueckoil mporpeccut S; = m, S, = p. Hafiante S,

815. Ilycre (a,) — aprdMeTnyeckasd uporpeccud, (S,) — mocie-
AOBATENBHCCTE CYMM HepBHIX 1 €€ WieHOB. H3BecTHO, YTO YWIeHH 10-
CJIeZOEATEeILHOCTH (4,) H300pakaloTCHd B KOODAWHATHON IIOCKOCTH
TOYKAMA, OpuHaame:kamamMu npsMoi ¥ = 3x — 1. Hanummre ypap-
HeHHe KPHBOH, KOTOpoH OpHHAXIE:KAT TOUKH, H3oGpamalomue qie-
Hbl TOCHeXOBATENLHOCTH (S, ).

K nmaparpady 12

816. Mexgy uecaama % " %, rae a > 0, b > 0, BeraBeTe NATH

YucesJ, KOTOPLIe EMECTe ¢ JAHHLIMA YHCIAMH COCTABAT TeOMeT-
PHYECKYI0 IIPOTPECCHED.

817. CyMmMa mepELIX TpeX YJIeHOB reoMerpmueckoli nporpeccmn
paEBEa 124, a ux nponssefsenite pasro 8000. Hafixure nepshlit unen
M 3HAMEHATEeNb NMPOTDECCHH,
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818. HokaxuTte, 970 ecau (b,) — reoMeTpadYecKas NMPOrpeccHs
Bb,-b,T0b, b, TOp+ M=k + 1.

819. Cymma TpeX uHcel, COCTABNAIIONX IeOMETPHYECKYIO LIpo-
rpeccurd, paBaa 21, a cymMma MX KBagpatos papHa 189. Hafigure ama1
THCTA.

820. JokemuTre, YTO TWIBKO NOCHEAOBATEILHOCTh PABHEIX YHUCEJ
ABNReTCA OSHOBPEMEHHO apuM(MeTHYeCKOR M reoMeTpPHYeCKOR mpo-
rpeccHei.

821. HoxarkmTe, UTO €C/AM 3H&MeHATE/Nb eOMETPHUYECKO npo-

1 +2J§, TO KAXRABLIA ee YleH, HAYHHAA CO BTOPOTO,

IPECCHH DaBeH
paBeH PAsHOCTH ITOCAEAYIOLIETO M IPEABIAVILEre YWIEHOB,

822, HoramuTe, YTO €CAM UHCISE @, b, ¢, d COCTARIAIOT TE€OMeET-
PEUECKYIO TPOTPECCHIO, TO:
ga—-c+db-cl¥=@-dy¥+@®-d
6) (a® + b2 + cWb? + % + d%) = (ab + be + cd)’,

823. CronbKo wWwiIeHOE MeoMeTpHYecKOH Nmporpeccny
0,1; 0,2; 0,4; ...

HARO CJIOMHTE, YTOORI MOJYUCHHAA CYyMMA ORLIA!
a) pesHa 51,1;
6) Gonpme 10, Ho Merbme 40,

824, HaiiguTe yHceno YNeROR KOHeYHON BO3pacTalolleil reoMeTpH-
yecko#l IpoTpeccHn, €CAN KABeCTHO, YTO CYMMA EPBOTO ¥ MOCJETHETO
wiepes pasHe 9,9, npousseseHne BTOPOro M OpeIHOCHEIHErQ WICHOB
pasHo 2,88, a cyMMa BcexX UME€EOB IIporpeccHH pasHa 18,9,

825, Tpm gucia, cyMMa KOTOPLIX paBHA 42, ABRJIAIOTCA IEpPBHIMHA
TpEMA YAEH&MHM TeOMeTPUYecKoH OpOTpPeccHH W OZHOBPEMeHHO BTO-
PHIM, TATHIM H OAHWHHARUATEIM YWIeHAMH apudmMerHmaecKoil mporpec-
cup. CHONMBKO YJIEHOB IeOMeTPHYeCKOH IpOrpeccH: HAJO CNOMHATE,
grofnl MX cymma 6OpLIa pasHa 7627

K maparpagy 13

826. HapecTHO, YTO NOCACAOBATENBHOCTD Ly, Uay ovv y Ly +oe HMEET
npefen, paeHEIH b, Hanaerca au cxoagielica DocieA0BaTEILHOCTE
8) Uy, gy Uys von s Uy +vv 5 HOJYICHHAA U3 AAHHON TOCNELOBATENBEOCTH

nyTreM oTGpachIBAHHSA HePBBIX YETHIPEX YJIeHOB;
6) P1y P2» Pa» Po» Uys Uy Ugs von y Uy oor , HONYYEHHAA U3 AAHHOH moCIe-
JOBATEJNBHOCTH N0GABJIEHKEEM NepPBRIX YeTEIPEX YJIeHOB?
IIpr DONOKUTENEHOM OTBETE VKa)RUTE, YeMY pabBeH mpefen.
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827, BepHo Jii, YTO pABeH HYJIO NIPeAe) MOCTIeNOBRTEIBHOCTH (1,),
ecIn:

8) u, = u, = By =(-1y34+8

1.
6" n+6’

828, HagectHo, uTo (4,) — CX0ZAIIAACA TIOCIEAOBATENLHOCT. IIpH
KAKOM YCJIOBHM I10CJI€LOBATENbHOCTD

@1 Ov gy 0! @y, 0$ see s Bys 0; LLL]
apnserca cxogameiicn?
829. lanw nocaeaosaTensnoctd (a,), (b,), (c,), roe
__2 _1 — n
a, = n+ 1’ b“— n’ c, = E-
Haiigure lim a,, lim b,, lim ¢,, ecau oHA CYIIecTBYIOT.

830. HspecrHO, uTO cyMMa OeckoneuHo yOnisalomeil reomerpu-
yecKkoil nporpeccun paeHa 64, a cyMMa mepBLIX YeThHIpEX YJNeHOB 3TOH

IPOrpeccud paBHA 63% HefiguTe nepsrlfl 4eH H 3HAMeHATENb IIpPO-
rpeccHd,

831. Hailtante cyMMy TepBEIX MATH YAEHOB OeCKOHeYHO YO&I-
palomel reoMerprueckolf mporpeccuin, Bropoli wieH KoTopoit pasen

1 .
§, & OTHOLIEHHE CYMMEI HOCAe 0BATeILHOCTH, COCTABICHHON U3 KBaj-

" 3
PaATCB €€ 4JI€BE0B, K CYMME 3TOH HNOCNEeNOBATEJLHOCUTH DARBHO ‘Z.

832. B Oeckoneuno yGmsatomeil reoMerprueckolfl nporpeccus
OTHOLIEHME MEePBOTO YeHA K CYMMe HOCJeAVIOIMX YNeHOB PABHO %

HaiiguTe sHAMEHATEIb OPOTPECCHIL.
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%’j CTEMEHU U KOPHM
TFNABA ! '
¥

B3AMMHO OBPATHbBIE

§ 14. A OYHKLMA
37. V ®yukuma, obparHas aaHHOH
Tabanna
u -3 -2 -1 0 1 2
v 9 4 1 0 1 4

asfiaeT ABA COOTBETCTBHUA: OJHO MeiXJY MHOKECTBOM
U=4{3,-2-1,0,1,2, 38
¥ MHEOKecTBOM V = {0, 1, 4, 9}, spyroe Mexxay MHOKecTEOM V B MHO-
sxectBoM U. Taxme cOOTBETCTEHSA BEASHIBAIOT 83GUMHNO OOPAMHLIMLL COOM-
gemcmauani. Ileppoe cooTBeTCTBHE ABNAETCA PYHKOHEESN, TAK KAK Kaw-
AOMY 3HAYEHWIO IeDEMEeHHOMH U COOTBETCTEYeT eJHECTECHHOE JHAYeHHE
nepeMerHoi . Bropoe cooTBeTcTEMe hyHEIMeH He ABNACTCA, TAK KAK
CYIIECTBYIOT TAKME SHAYEHUA TepeMeHHOHN U, KOTOPEIM COOTBETCTBYeT
Gonee ofHoro 3sHaYeHHA u. HanpuMep, ek v=4, rou=-2H u = 2.
PaccMoTpuM ellle oggy TeOMALy:

x -4 -2 0 2 4 6
y -2 -1 0 1 2 3

I1a Tabamnoa TaKIKe 3aaeT ABA BIAVMMHO OOPATHHIX COOTBETCTBHA:
OfHO MeXAy MEoXectBoM X = {-4, -2, 0, 2, 4, 6} u MEO)KecTBOM
Y ={2, -1, 0,1, 2, 3} 1 BrOopoe MeRAY MHOKECTBOM Y W MHOXe-
creom X. Kaxxpoe ua sTux coorpetcrenit asnserca ¢pyuxnueii. OGosHa-
uuM nepeyr GyEKuMIo 6ykeoi f. Jaa @yeruuu f obparroe cooTpeT-
cTBHe TAKXKe apngerca GyExkumeit. Tosopar, uto GyHROUa [ obparmma,

Onpezxenerue Pyakuma ¢ ofaacrsio onpenexenna X u obxa-
CTHIO 3HAdYeHHi Y HaspiBaeTca o6paTHMOi, ecanm of6paTHOE el COOT-
BeTCTBHE MMy MHOXeCcTBOM Y M MHOXecTBOM X — dyErnua.

Ecau ¢dysxuug f oSparnMa, To obpaTHOe eif cOOTBETCTBHE HABBI-
Bar0T dyERnueii, obparnoil dyExnEN f,

OueBPHHO, UYTO COPATAMA T& H TOJABKO T8 GYHKIMA, KOTOPAA KAM-
Jioe CRO¢ BHAYeHAE¢ NPHHHMSEET JIHIOL IPA OJHOM SHAYEHHH XpPryMeHTA.
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OTclona, B YACTHOCTH, CAEAYET, UTO KAN AR MOHOMOHHARA QUHKYLR
ofpamuma.

OSpaTHMEIMY QYHRIHAME ABIAKTCA, HANPUMeD, JuHeiinaa Gyak-
LHA, CTeIeHHEAA QYHRIOWA ¢ HEYeTHRIM IOKA3ATeNTeM, 00paTHAA Tpo-

OOPIHACEANBHOCTE, GYHKOMA I = Jx.

IMIpamep 1. MNycrs ynruua f sagana Gpopmynoii y = x% — 4, rpe
x 2 0. Iloxamem, uro dyaruua f obparema u sagsrEM dopMmynol
byrROuw g, obparuyo f.

OVHKIEA f — BO3DACTAKILNAA, SHAYHT, OHA oOpaTHMA. BRIpaauM
u3 opmynsl y = x2 — 4, rge x > 0, nepemenrywo x qepes y. Ilomy-
ynm x? = y + 4. Orcioga x = Jm, Tax Kak x # 0. Qopuynoi

x = Jy + 4, rme y ApadAercd HesaBucHMoll mepemeHHoll, & x — 3a-

BHCHMOI1 nepeMerHOi, aggaerca pyHKUNA, ofpaTHas GyHRIMH f.
IlepeifigeM ¥ cTaHASDTEHIM 0003HAUEHHAM, 000IEAUYNEB HE3ABMCH-

MYIo NepeMeBHYIO OyKBOil x, a aaBHcHMylo — Oyksoft y. Jlna sroro B

topMyse x = ,/y + 4 noMerAeM x Ha y ¥ y Ha x. ITomyyum dopmyiy

y= Jx + 4.

OfnacTs0 onpeseseBRuA GYHKIIAN f ABAASTCH MHOMECTBO HEOT:
PULIATEeNBHBIX Yyncen, T. e. D{f) ={0; +0°), a obnacreio suavernih GyHk-
nuy f ABNAETCA MHOMECTBO AeMCTBMTENBHBIX YUCeJ, GONBIINX HIH
paBHHX —4, T. e. E(f) = [-4; +0o0).

Haigem o0GnacTs onmpeleneHuA GYHKIOHH £, Jna aToro pemuM
HepapeEcTBO ¥ + 4 = 0. Orcroga INg) = [-4; +°°). Tenepr HaHgeM

obGnacrs araveHud pynrnam g. Tak xax pyHKOMA &, T.e. y = \/x + 4,
Ipy TO6HX x 2 —4 MoMeT NIPpHHNMATE J6bse HeOTPHOATE/ILHEIE 3HA-
yennd, 1o E(g) = [0; +90),

Mu BUEEM, YTO OGJIACTE ONpejeneHAA H o0NacTs 3HauYeHMIT byHK-
ouit f ¥ g nOMeHANHCE PONAMH; ofRacmb onpedesenur Qynruul |
cmaaa o0xacmei0 3HAveNUR QYRKYLL £ a 00Racmb 3HaveNuil gyni-
yguu f cmara obracmvio onpedenrenur ynryuu g.

9Ta 0cofeHHOCTE MMEeT MecTO JAJH JIIOOHX ABYX BaanMHO ofpart-
HEX pyrrouii. lelicTeurensio, U3 onpegeNneHUA B3ANMHO 0ODATHRIX
dyurnuil f ¥ g cnegyer, YTo ecAyu 4 — IHEAMCEHE APTyMeRTA GYHK-
oui f, & b — cOOTBETCTBYIONICE MY 3HAYeRWe QYHKIUY, TO AN PYyHK-
OHA ¢ 3HAYEHHeM ZPryMeHT& SABJAeTcH b, 8 COOTBeTCTBYIOIIHEM €My
3HeYEeEHeM GYHKUVM aABAgeTcH ¢. FIHaue roBopA, €CAM BePHO paBeH-
creo b = f(a), To BepEO WM paBeHCTBO @ = g(b).

Taxum obpasoM, ecxa X =D(Hu Y =E(f), o Dig) =Y u E(g)=X.

Ha pesencrs b = f(a) n a = g(b) cnenyer, uto

fe®) = fla)=b n g(f(a)) = gb) = a.
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Takum oGpaszomM, ecytn f 1 § — B3AUMHO O6paTHBIE PYHKIHM, TO HMe-
0T MECTO TOXRACCTBA
flg(x)) =x n g(f(x)) = x.
OTH TOMAECTBA MOMKHO HCIOOIB30BATH, B YACTHOCTH, AJIsA TOTO,
906K HEHTH dopMyay, 3aJaimyio GQYEKLHIO, o6paTHYI0 AaHHOH.

IIpumep 2. Hailigem dyHrmIno, o6parayio GyHlna
f(x) = %x -2,

rae 6 x< 9.
Pypruua [ ofpaTuMan, nosroMy mmeer oOpaTHYIO GYHKIHIO.
IIyers ¢ — dyuxnus, obparuasa f. Hemonesya Toxaecteo f(g2(x)) = x,

OCAYYNM %g(x)—2=x. roe —6 € x £ 9. Orcioga mmeem: g(x) = 3x + 6,

rae 4 < x < 1, HepaBercreo —4 € x € 1 DOXYyYHAH, DOXCTABHE B

BepaBeHCTEO ~6 < g(x) < 9 peipakeRye 3x + 6: 6 < 3x + 6 < 9,

-12 € 3x < 3, 4 < x < 1, 3naunT, pyuxnueit, obpatHoit f, apndgerca

dyErOua g(x) = 3x + 6, roe D(g) =[-4; 1].

I

o] 4
A I

2(x)= ot

A
EARARYZCFAIBIREREE'Y
9 i | |

|- ﬂx) =x -4,
_|4 rae x > 0

I [T 111

Puc. 98

[n¥

Ha pucynre 98 usobpasrennl rpaduun dpyHrouit y = x* — 4, e
x?0,uy = .Jr + 4. OHH CHMMETPHYEEl OTHOCHTEIBLHO MPAMOK
¥ = x. TaKKe CHMMeTPHYHEI OTHOCUTEJIEHO NPAMO J = x u rpadMKE

q:uymmuﬁf(x):%x—& rme6<x<9,ngx)=3x+6,Tae 4<x<1

{puc. 99).

TaxumM ke croiicrBoM 0OnagaioT mobile B3AMMEO 06pATHEIE QYHK-
IHH,

IIycre Touxka Mi(a; b) npuranme:xuT rpabuKy HEKOTOpPOR MOHO-
rouuol ¢yuxnuy f (prc. 100), Torga b = fla) — BepHOE PRREHCTRO.
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B aTOM cAyupe BepHEIM ABJIAETCH A PA&REHCTBO 4 = g(b), rae g — byHk-
uua, o6paruaa f. Hs sroro eneayer, yro rouka M'(b; a) npunagnessur
rpadaky dysaxmav £ Ho rouku M u M’ cuMMeTpMYES! OTHOCHTEILHO
OpaAMoil ¥ = x. 3TOT BHBOA AOCTATOUEO OUEBMAeH, TAK KAK CHMMeT-
pMS KOODAMHATHO! NIOCKOCTH OTHOCHTENLHO Npamoll y = x mepeso-
T Touky Ma; b) B Toury M'(b; a).

IlepeuncAUM HEROTOPEIE CBOMCTBS TBYX B3AMMHO oOPETHHIX QYHK-
vt f 1 g.
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1. OGnacTe orpefieneHnA GYHRIVH [ ABAAeTcA 00M8CThIO 3HAYCHWH
$yEKINH g, a o6nacTh sHaYeHHH GYHKIUH [ ABaAeTcH obaacTeio om-
penedeHns GYBKINH &,

2, ®OyrKunda, ofpaTHAA BOspaCTAIINIEd, TaKke ABIASTCH BO3pa-
craomteii. Pyrruua, ofparnaa yoeipaomel, TaKKe Apaserca yOLI-
BaloIeit.

3. Ecu ofpatuMan dyHruua f HeuyeTHAad, TO obpaTHaa el dyHK-
o¥sa £ TRKKe HedeTHAdA.

Caoficteo 1 6B110 JoKasaHEo Baime. CeoitcTea 2 1 3 AoxkAXKETe ca-
MOCTOATENBHO,

833. Oyrknua sagana tTabnuneii:
N els-s[-1]1]3 Olxa3[als]7]s
v| 1 3 5 4 1 y|-2|-3|-4]| -5} -6

fAragerca M1 byHxuuell coorseTcTRHe, oOpaTtHOe byHKIUR f7

834. dyurnua g aagans bopMmynoi y = x%, rge x € [-5; 7). Haii-
pure obaacTs sHaueHNNd GyEKUuH g. ABnserca na dyrruuEa g obpa-
THMOZ?

835. ®ynxruna f aagana dopmyiol y = x4, rae D(f) ={0; 3). Haii-
gute E(f). flvnaerca nmr dyuknma f obparuamoii?

836. Asnaercs U pyHromua ofpaTEmoii, ecom oHA 3anana GopmMynoin:
a) y = x% B)y:%x—s;
6) y = x* r)y=|x?

837, ©yuknua f sagana dopMynoil:
a) y = x%, rae D() =[3; T];
6) y = 5x — 8, rae D(f) = [-3; 12];
B)y = x*— 1, rae D(f) =[-2; 3}
6
r) y = 3» rae D(f) =[-6; 1].
Asnsaerca mu dpyuxnas f obparumoit? B caydae NONOKHTEIEHOrO

oreeTa 3ansiiTe pyuknuio g, ofparHyio dyExkomn f, dopmymon
¥ YRamHTe o6JMacTh ee onpeleneHnd.,

838, Bagaiite dhopmynoi dYRKLIIO, 0OPATHYIO KRBHOM:

a)y=Tx-38; B)y=10x -1, rre 2 < x < §;
6)y=-2x+ 3; r)y=—%x+3, rie—4<xs 2.

839. HapecTHO, YTO &€ — byHRIUA, ofpaTHad PyHKIAM f, U ITO
D{f) = [-20; 40), E(f) = [-5; 10). Haiinure D{g) u E(g).
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840. HzpecTHo, aT0 I'paduky obpaTumMoit dyurunu y = g(f) npu-
HagmexKaT Touri A(2; 8) u B(—1000; —10). HefianTe KOODAURATEHI OBYX
TOYEK, KOoTOphle MPMHaIIeKAT rpabuky GyHKOUE, obpatHol dyHK-
oHH £.

841. Hexoropaa dyHxnua ¥ = f(x) sagaHa He MHOMeCTBe Xeil-
CTEHTENBHBIX uHced. SBngercsa au ora GyHROUA oOpaTumMoil, ecnd
HM3BECTHO, UTO €¢ TPpadHMKy NPUMHAAJIEHKAT TOUKN:

a) A(35; 41) u B(83; 41); 6) C(12; —8) n D(31; —-8)?

842, IlocrpoiitTe rpathur byExkuwn, obparHoit dyHKIHK:
a)y=%x—1, rie -3 < x € 6;
6)y=2x%rae x < 0;

B) Yy = J;;
r)y = J-x.

843. Hokakure, yTe Qpyurnuell, obparuoil byExIEY ¥ = %, rae

k # 0, apnaerca ta ke QpyHkuua. aiire reomerpuyeckoe HCTONKO-
B&HHe 3TOMYy baKTy.

844. oxaxkure, aro QyBRIMY, 3aaHEbIe dOPMyNaMIL §f = & 1 2’

1
raex > 2, ny= + roe x > 0, ABAAKTCA B38HMHO O00DATHBIMH

x
byHEIRAMA,

845. 3ageiire dpopmynoil byrKOHIO, COPATHYIO AAHEOIA!

a)y=1- Jx - 2; y=1+Jx-2

\
NN 0/ YnpaxHeHus ANnS NOBTOPeHUN

8486. Haiigure cymmy 40 unenos apaueryueckoll nporpecens (a,),
ecym a, + a, + a5 + &, =36 u a,, = 21,

847. Haiifre cyMMy BCeX RecOKPATHMBLIX Aapobeil co sHaMenare
nem 5, NpEHAZIeXKAMEX npomexyTry [0,2; 6,4].

848, PemiuTe cHCTEeMY YDABHEHHIH:
) x+y+ay =11, 6 |+ 2| + [y - 2| =12,
a

xy+x-—y=4 [x + 2= 38y - 6.
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849, YopocTeETe BRIpRIKEHEE

Ja+x+Ve-—x et -t

Ja+x -Ja-x x

.

38. \’/ DyHkuMA, oOpaTHaA CTONOHHOH PYHKLMM
C HaTypanbHLIM NOKasavenem

PaccMoTpuM cTeneHAYI0 PYEKIMKO ¢ BEATYPAILHBIM IIOKA3ATENIEM 7.

IIpr meuernom r dyrkIMA f(x) = x° ABIAeTCA BO3pacTAIOIel
(puc. 101). 3uaunT, oHa obparumMa. JIna byuxuuu g, ofpatuoi f, rae
n > 1, BBenu cienpanpHOe 0BosHEATEeENe g(Xx) = -'\‘/_ . BripameHue {/;
HAABIBAIOT KODHEM N-it cmenenl u3 x, Urcao n HASKBAWOT noxasame-
AeM KODHA, & X — nofdrwopennbim ébipadcentem. HanmpuMep, BEIpasie-
ure ¥4 apnseTca KopueM TpeThedt cremeHH H3 yeThpex. KopeHs Tpe-
Thell CTenmeRW HASLIBAIOT TAKIKe KyOudecKHMM KopHeM. Bripa:keHme

¥-5 ecTh KOpeHB ceapMoll cTemeHH Ma —5.

CornacHo ToxgecTRy f(g(x)) = x, rae f
B & — BR3AHMEO oGpaTHEE DYHKLHH, HMe-

n
em {(&x) =x. Orcioza clegyer, HAIpUMep,
gro ¥-27 = -3, rax rax (—3)® = -27;
{82 = 2, Tak xak 2° = 32, BoofIe ecau
L — HEeYeTHOE YHCHAC H ¢ — IIPON3BOALHOE
n
Fefl¢cTBHTEIEHO® YHCIO, TO ({‘/; ) =4a.

PacceMoTpaM cpoiicTra GyRKIMH g(x) =
= %/:_c, Ifie B —— HeYeTHoe YHCHo M x € R,

1. Ecomx x =0, 1o g(x) = 0;

ecm x < 0, To g(x) <Oy

ecnu x > 0, o g(x) > 0.

J s 060CHOBAHTA BOCTIONBIVEMCH TONK-

H
HeCcTEOM ('\'/; ) = x, Iig 1 — HeYETHOe HA-
TYpanbROe YHCIIO,

Ecar crenens umcla PABHA HYJII, TO
OCHOBaAHHME PABHO HyM0. Ecin HeueTHas
CTENeHb OTPHIATENBHA, TO OCHOBAHHE CTe-
e’y OTPUIlATeNsHO, Eciu HeueTHAA cTe-
eHb NOJOXHTENBHA, TO OCHOBGHAE CTEIle-
HH DOJOKATENRHO.

2. OyEKINA £ ABAAETCHA BOBPACTE-
wmei. JTo caegyer U3 Toro, uro GyEKINA

[
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EEEn
5 &
e
—| ,—l—
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e
2 %
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Puc. 101
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NN

(x)=‘s‘/; rae i — BeyeTHOS UNCIQ

‘\bd
=Y

Puc. 102

f(x) = x", Tme n — HeyeTHOe YMCJO, BOIPACTAIOINAN, M U3 CBOIiCTEa,
uro ¢yEKODHUA, OGpATHAA BO3pPACTAIOLIEH, BOIPACTAIOLIAN.

3. OyHKIUA g ApIAeTcH HedeTHOH, T. e. g(—x) = —g(x). 3T0 BHTe
KaeT U3 cBoiferpa 3 BaaMMHO 0OpaTHHX GyHRIMIL.

4. OboacTs 3HAYEeHUN PYHKIUM § — MHOMKECTBO JefCTBHTeIBHEIX

Yuces,
IT0 BEITEKAET U3 CRONHCTRA B3AMMHO ofpaTEEIX dyHKNHTHA f(x) = x"

n glx) = ¥x, tne n — meuernoe wucao. Ecum INf) = R, 10 E(g) =

=D(f) =R.
Ha pucysre 102 mokxasato, KaK BHITIAFAT rpaduk bysroum g(x) =

= {/x npH HedYeTHOM 2.
7y PaceMOTpEM Tenephb CTENeHHYIO GYEK-

—T— LHI0O J¥ = x” ¢ YeTHLIM TIOKasareleM I,
Ira byHKOHA He sBaAercAa obpaTumoit
(pec. 103). Iloaromy paccMoTpEM (HYHK L0
f(x) = x*, re n — ueTHOe umcno & D(f) =
= [0; +oc), @yHruus { BO3pacTAIOINAA H,
CIEeA0BATENIBHO, 0HA obpaTumMa. PyHKIMO g,
o6paTHYI0 GYHEIOWH f, TAK e K&K U B CAY-
Yae HeUETHOTO 1, 0003HAYAIOT 3HAKOM KOD-
HA g(x) = k‘/; IIpu n = 2 noxasaTeN b KOD-
HA He nuineTca. HanpuMep, BhIpamenue

% €CTh KOPeHb YeTBepTOHd cTeneHH B3 6;
BupeskeHne $15 — kxoperp mecrodf cre-
2 nenu Ma 1,5.

Kak M upM HedYeTHOM 7, PABEHCTBO

n

(U‘ x) = x ABNAETCHA TOMIECTBOM M IpH
L ueTHOM 1. QAHAKO B 3TOM CIydae ZOMy(-
Puc. 103 TUMLIMA SHAYCEHRAMM X ABAAIOTCA X > 0.

-

TAe B — <eTHoe wacuo |

)
|
’

Ax)= a2

=¥

F—24-]
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Toxbaysich 9THM TOKAECTBOM, MMEeM:
4625 =5, rax ek 5 = 625; Jlﬁ = ‘#16—9 =13 _ lilﬁ, TAK K8

. o N 144 144 ~ 12 —
) = () 180

Boobie ecar 7 — geTHOe yHCeHo K ¢ 2 0, To (&'/;)n =a.
Buipasenusa ¥-2, §-2,7 ne umeror cMuicna.

PacemoTpumM ceoiicrea HyHROAM g(x) = %/a_c, rne 7 — YeTHOE YHC-
mux =0,

1. Ecna x = 0, 1o g(x) = 0; ecoim x > 0, 1o g(x) > O.

OT10 cnexyeT W3 CBOMCTB creneHHON HyHKIUH f(x) = X" ¢ YeTHRIM
noxazareneM n: f(x) =0 opu x = 0; f(x) > 0 opu x > 0, H ToxAecTBA
(Wx) = x.

2. (PyRENNA ¢ ABNAETCA BoapacTawmei.

Netficrsurensro, GyHxIHa f(x) = x*, roe x = 0 ¥ n — ueTHOE YnC-
10, BospacTalomad. 3HauUnT, ooparHa el dyEKDUA g(x) = -'\‘/; BO3p&-
cracman (o ceoicTByY B3AMMHO OODATHBIX QYHKIIHIE).

3. DPYHKIHA £ He ABAAETCH HU 4YeTHOHN, HU HedeTHol. ITO BhITE-
KaeT ¥a TOro, 4YTo oGMAcCTh OoNpefedeHHA PYHKIMM & — IDPOMEXYTOK
[0; +9¢) — HecHMMETPHUYHOE OTHOCHTEJILHO HYJIA MHOMKECTBO.

4. O6nactb sEauerdil $yHKDUA £ — MHOMKECTBO HEOTPHIATENh-
HEIX YHACE.

JTo caegyeT M3 CROMCTRA B3AWMMHO O0pATHHIX (QYHKIAIL ecam
D{f) = [0; +00), To K(g) = D(f) = [0; +00),

Ha pucysxke 104 noxasaHo, KaK BRIMNIALZHT rpadHk GyHKINH
glx) = {‘/:_c € YeTHHIM MOKAJIATETIEM.

wirrre ey

rrrrrrrr Tt 17 T P
] g(x)='\‘/;. e B — YeTHOS THCMO
3=

£

Puc. 104

850. fAsnsaerca an obpaTumMoi dyHRIEA:
a) § = x°% B) y = x'% rze x € [0; +oo);
6) y=x"% r) y = x5, e x € (—o0; 0]?
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851. 3apaiite bopMmyaoil PyHRIMID, OGPATHYI0 DYHKIMH:

a) y = x5 r) y = x5, rae x € [1; +oo);
6) y = x%, rme x € (—o0; 0]; ) y=x° roe x €[-2; 2);
By =x"; e) ¥ = x, rme x € [0; 3).

852, Haiigure 06nacTs onpefeeRAd (hyHKINE:
a) y= Vx; B) y = Wx;
6) y = ¥x; r)y = Vx.

853. HaiiguTe 3HaYeHAHe QYHKIHA ¥ = ¥x, ecnn:
a)x=-1; ) x = -0,125;
6) x = —64; e)x=%;

3.

B) x = 8; x) x =333
1) x = 1000; 5) x =25

854. Hajigure sHauveHue GYHKIHH Y = Yx, ecnu:

a)yx=1; 8) x = 16; B)x=%; r)x=3%-

855. Hajizure ofnacTs sHavera# ¢yaxnun f, ecnm:
a) f(x) = ¥x, rne x € [-8; 27;

6) flx) = Yx, rae x ¢ I:%, 10(1)0];
B) f(x) = Yx, tne x € [1; 16);
) f(x) = V;, rme x € [—é; 32]-

856. ITocrpoiiTe rpaduk GHyHKIIH:

a)y = ¥x, B) y = Yfixl;

&)y = ¥x, Ny = -
857. CpapuuTe yncaa:

8) ¥-31 u ¥-28; ) 450 u ¥48;

6) Y43 u ¥41; r) 8 u 4o.

858. Pemnnte ypapHeHHe:
a)x®+ Yxr +Tx=9; 6) Yx -2+ Yx+5 =3.
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859, HaoOpaauTe cxeMaTHdecky rpadmy byHEIIN;
a)y=3/;; B)y=—§ﬂ;¢—|;
6) y = —¥-x; r)y:l\an;”_
860. IIpnaannexuT 14 rpaduKy PYHKIMH:
a) ¥x roura A(216; 6); B) ¥x — 2 Toura C(29; 3);
6) #x Touxa B(-16; 2); T} %ﬂ}—l Touxa D(—81; 3)?
861, Haiiaure n, 3HaA, 40 rpaduk dyExnnz y = Yx npoxognt

‘!epea TOYKY.
a) A(32; 2); B) C(1; 1);
1. 1), o
6 B(-1a3 —2) 1) D(-1; -1).

862. ITocTpoiire rpadpur GYyERKIMH:

a)y=|'§/’_‘|3 6) y = —¥-x; By=¥r-2-1

\
T 0/ YnpaxHe#us AnA NOBTOPEHUS

863. PasnoxuTe H& MHOMHTEIH TPeXuleH:
a)a®— Ha + 2; 0) b® — 2b% — 5b + 6,
864, PemmTe cuCcTeMy Yp&aBReHMIH
x* + y? = 2,5xy,
{x -y = 0,25xy.
865. TeoMeTpHYeCKAS TPOTPECCHA COCTOMT M3 YeTHIpEX YIeHOB.

CyMmva KpaifHUX ee uneHoB paBHa 45, a npou3BeieHHe cpegfHHX
paBHO 200, HatiguTe mepruii uneH M 3HAMEHATEN: 3TOH MPOrpeccHd.

\
BB ‘/ KOHTPONbHLIE BONPOCH: M 3AAAHWRA

1. Kakas ¢yuxuus uaseisaercs o6patumoii? [Ipuseaure npumep
JBYX BIaMMHO oODATHRIX PYHHIUA.

2. ChopMmyaupyiiTe cBOlicTRE BaRMMHO OGpAaTHBIX GYHKIMIL,

3. ChopmyimpyiiTe cBoficTEa dyHRIEN £(x) = Yx, ecnm n — me-
YeTHOE YMCJAQ U ecJIA 1 — "YeTHoe Yrcno. IToxa:xaATe, KAK BLIDIATAT
rpaduk GYHKIIMH g NTPA HEYeTHOM 2 H YeTHOM I.
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KOPHM n-in CTENEHW
U CTENEHM
C PALUUOHANNBHBIMU

§15. A NOKA3ATENIAMU

39. \‘/ ApudpmeTnyecknii KopeHb

n-ik cTenenmn

Mo BeIACHUIH, YTO GYRKOHA ¥ = Yx, ecom x > 0, npu moboM n
(9eTHOM ¥ HeYeTHOM) HPAHMMEET HeOTPMIATEILELE 3HATCHHA,

HeorpunaTensHElil KOpeHL 7-d CTeeRHM U3 YHCIA @ H&SHB&W]“
QPUDMEMULECKUM KODHEM. '

OnpeaencEue, ApndMeTHIeCKHM KOPHEM n-ii CTeleHH H3
YHCHA @ HASHEBACTCA TAKO¢ HEOTPHIATEALH(OS YHCAC b, n-a cTeneHs
KOTOPOTrO PABHA G,

Ha onpepenenusa caexgyet, aro ¢ # 0. CoraacHo onpeaeseHNIO €CJIH
b>0nbd"=q,r0b=Ya.

Ha omnpeseneEna clegyer, YTC IPH MIO00OM & H YeTHOM 1 HMeeT
MECTO TOMIAECTBO |

I
Yar =|al.
IlepeuncnamM crolicTea apuédbMeTAYeCKOro KOpPHA.
1. fan awbvix a = 0 u b > 0 uneem mecmo moxdecmso

ab = Ya - ¥b.
HeficTBUTeNBHO, TAK K&K R‘/E =20mn iﬁ =0, 10 {'/t_: . %‘/l_; 20,
IIpumeHAA CROHCTRO CTENEHA NMPOUIBeACHUA, MOJYUYAM!
(¥a - 45)" = (¥a)" - (¥B)" = ab.
Oreroaa mo onpeaenenno apudMeTHdeckolo KOPHA BePHO paBeH-

erso Yab = ¥a - %

CeolicTBO HMEeT MeCTO, eCJIH YNCIO0 MHOMKATENeH Nox 3HAKOM KOp-
HA Ooaplue ABYX:

yfabe = f{aby = Yab - e = ¥a - 46 - Ve
Crnexctere. Ecoma >0ameN, to (Q/t_l)m =§'/a_”‘.

Hmeeuda_"‘=daa... =§/E-R/E...Q/_=(%’/a_"‘).

2. Ora zwobvix a 2 0 u b > 0 esinoansemea moxcdecmso
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Tax xar %/E 20mu :/5 >0mn %_% # 0, To, NpEMeRAA CBOMCTRO

cTemeHM Apo0H, HMeeM

(WE ) (@a)" .
&) b
ITo onpegenenmio apudMeTHUECKOTO KODHA MOJIVIaEM
a _ %a
b oip
3. Aaa mobozo a 2 0 u m € N svinoansemca moxcdecmao

e = "a.

Takx xar '{‘/E =20, T0M Q}% 2 0. [IpuMerana caeacTere U3 CBO-

crBa 1, HMeeM
- ({wa)) - @a) - a

ITo onpeaenennio apudMeTHIecKoro KOpHA, MOlIydaeM

ofa = "a.
Caepcrene, Ina moboroa = 0 u k € N, m € N uMeer Mecto
roxgecTeo “a™ = Ya=.

IlpeMenaa croificTBo 3, UMeeM
nV_ ﬂ{# 1’ am .Ja—m

ToxaecTRo kfgmr = Yfqm OOKA3LIBRET, YTO 3HAYEHUEe KOPHA He
HIMEHHTCH, eCJH IOKA3ATeNE KODHA H NMOK&3IATENE NOIJKODEeHHOTO
BBIPAKEHHAS PA3AEINTE HA MMEIOIMACA ¥ HUX oI MHOKETEH HIA
YMHOMHTB HA OJHO M TO e HaTypaaesHoe umcyo. Ilogromy 810 cROMH-
CTBO HABEIBAIOT OCHOSHBIM CEOLCMGOM KOPHA (IO AHANOTHH ¢ OCHOB-
HHM cBoiicTBOM Zpobu).

ToxgecTssa, KOTODHIE IPEACTABICHBI B IPHBEAEHHEBIX BRI CBOM-
CTBAX, ZAIOT BO3MOIKHOCTH NPOINE NPOM3BOANTH BEMMUCICHUA M Ipe-
ofpasoBaHHMA BHpaKeRUi, cogepRamnx apudMerHyecKHe KOPHH.
IIpn 3TOM KAIKAOE TORKAECTBO MOMCHO YNTATH KaK cJebg HANDABO, TAK
1 cOpaRa HaJjeBO, YTO SABUCHT OT paccMarpuBaemoil aanauyn. Hampu-

Mep, ecId Tpefyercd HallTH s3HadYeHUe BHIDAYKEHHS #81 - 0,0625, To
nenecoofpasHo BocToNbaoBaTheda TosaectsoM Yab = Ya - ¥b:

481 0,0625 = 481 - 40,0625 = 43* - 40,5* = 3.0,5 = 1,5.
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JnA BEIYMCAEEHA e BEIPAKeHHUHA 2!3_2 . ‘\’E cHexyeT BOCIONb3c
BATLHCH TOXIAECTBOM 2/(_1 . 2/5 = %:
832 . Y2 = ¥32. 2 = 964 = 2.

IIpuBeneM mpHMephI.
IMIpumep 1. Halinem 3HaueHWe BRIDAIKECHUA:

{, 18, Yios, Y45 7
a) 35; 6) yz H B) T'

256 $25

a) 3_ 81 481 ’

5)2,- ;’]_ Y1 =3

P BTy,
B Ehh e B

MIpumep 2. HailineM sEaueHNe BRIDAMKEHHA

Yoz — 1. YY1 + 32 + 1.
Y2 -1 YY1+ 2 +1=-Y(¥2-D@¥L+92+1) =

@) —1--1

3aMeTHM, YTC OPH HeueTHOM R ¥ OTPHIATENBHOM @ BHIPAJKCHEE
tfa Be aBaserca apHdMeruueckHM KopreM. OZHAKO B CHIY Heder
HOCTH QYHKIMH y = 4x NpH EeYeTHOM n KOpeHb n-if CTeleHH B3
OTPHIATEJLHOTC YHCJAA MOXKHO BEIPDASHTE depes aputdmMermieckii
KOpeHbs W B JANBHeHeM BLINOJHATE OpeoGpAZOBAHHSA, MPHMEHAR
K HMM CBOifcTBA ApUQMETEYeCKOTO KOPHA.

IIpumep 3. BhHeceM MHOMKHMTEN: HI-NOM 3HAKE KOPHA:
a) ¥-24; 6) Y64a®, rae a < 0.

a) ¥ 24 =-Y24 = -¥8.3=-48-¥3 =243

6) ¥64a° = -3/2" 32 (-a®) = —2(-a)¥2 = 20%2.
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IIpumep 4. BEeceM MHOMHUTENL DOAK SHAK KOPHA:
8) -3¥e;  6) bY3, rme b < 0.

a) -84 = —43% = —4/81c;
6) 643 = (-b)¥3 = g0 - 3 = -V
IlpuMep 5. ¥YnpocTuM BEIpaXKeHue

¥¥2 - 1. 93 - 242 417 - 12/2.

IIpeacraBuM 3]«/5 -1mu %’3 ~ 22 B Buae xopme# 12-i crenmenn.
Hueen:

Bo1-4z-0 -4(z-1") -s-242 -
= 17 ~ 1242;
f3- 292 = ¥(3 - 243)" = W17 - 12.

Orcioga cliefyeT, 4To

2ir_12y2 =¥V -1 f3-2v2 =¥V -1

duaumrT,

dV2 -1.43-242 .17 1242 =
o1 -1 Eo1-(E-1) =vz-1

IIpamep 6. Hokxaxem, yto ?JJE + 2 - {IJ_ -2 =1,

IIyers QNE +2 - f!J_ - 2 = a. BoaseaeM JNeBYIO YACTH PTOTO
paBeHeTRA B Ky0. HMmeen:

(B +2-45-2) -VB+2-({5-2)-
~ ol B+ ' (5 -2 - (5 + DB - 2F)
= 4-3{f(o + 15)5 - 2) - ¥(VB + 2)(9 - 4B)) =
—4-3(YB 245 _2)=4- 3.

Orcrons
4 - 8a = a?,
a*+8a—-4=0.
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DTo YypaRHEeHHe MMeeT KopeHs 4 = 1 (yoranaesnnsaeM npoeeproit). py-
TMX KOPHeil B cHury MOHOTORHOCTH dyRRORE ¥ = a® + 34 — 4 Rer. 3ua

umT, %/Jg+2—{{\/_—2=1.

866. Haiiqare sHAYCeHNEe BEIPANKEGHUA:

a) ¥/0,125 - 216; ») f33: n Y211 4;

6) 4256 - 0,0016; r) 4 39%; e) 1;—; - 53—3.

867. BrluncaunTte:

a) ¥63 - ¥147; 5) ¥8 - 66 - Y8 + V56;

6) ¥112 - 4343; r) {11 + Y40 - {11 - J40.
868. CpasEHTe YHCIA:

8) ¥11 u $119; r)%’/ﬁu%;

6)&‘/2_7113/5; n)fﬁu\/iia_ﬁ:

») IV2 u J¥5; e)%n@.

869. CpasunTe unciIa ¢ efHHALEK:
a) 0,2, 6 Y15 5) §0,99; 1) 41,01

870. Haliaure sHaueHHe Apobu:

a) E B) Tios ) Ws

¥z 3125 . {595
6) Yass' T) o021’ e) ﬁ'

871. ¥YnpocTuTe BRIpAXKEHUE:
a) J(?, rae g = 0; B) %‘fx“y", e x < 0,y < 0,

6) ¥4»', rae b < 03
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872, IlpeacTasbre BHIpAKEHME B BHIe ApodH:
4
8 {22 aea > 0mb > 0;

34325,
6) {125,

n}d%ﬂ, rrec=0nd>0;

) b“ca

n - 9;’,meb<o;

B
e) 250a" rge x < 0,

873. YopocTuTe BRIpDAXEHUE:
a) ¥a — 3)* + (s — 6)?, rae 3 < a < 6;

6) b -1)° + Y2 -b)* +J(b-3P, me2<b < 3;

B) V2xt —2x + 3 —xt + 422 + 4, TRe * < 13
|

L)Jy3+y2—y—1, rae y = 1.

874, Haiigure KRR TOCTENOBATENBHEIX HATYPAMLEBIX YHC/A, MEX-

¥ KOTOPEIMH JAKJAIOYEH)Q YHCIO:

a) v/5; 6) V7; s) ¥2; r) 43.

875. BeecHTe MHOEATEND 0[] 3HAK KOPHA:

1 1
—_ —_ > .
1 + T raoe x 0,

6) b4/3, rae b < O; n)yd? <, raeb > 0;
B) c{’/g, rae ¢ < (i e) Zd;lg— ;1;, roe 2 > 0.

a) aiﬁ, rae b 2 0; T x
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876. BriHecHTe MHOKHTENb H3-TOf 3HAKA KODHA:

a) V8ab?, rae b > 0;
6) U5da's’;

7
B) d%ﬁ, roe a = 0;

bic?

r) & TAe b0, c20, d=0.
877. VopocruTe BRIpAXKEHENE:

a) \s/aﬂaw/; ; 6) Yo¥ob.

878. IlpegcTraBsre B BHAE KEAJPATA CYMMEl BLIDAIKEHHE!

a) a+ a + 1 B) 4x + l&ﬂjxsy’ + 9%‘/!;—’;
6) vx + 24xy* + r) ¥a? + 4% + 4.

879. IlpeacraspTe B BUfe Ky0a pASHOCTE BHpAYKeHHe:

a) ava - 3a¥b + 3Ja¥? - b;
6) x — 6'4/x1 + 124 — 8¥%".

880. ITpeacrapbTe BEpaXeHNe B BUAe IP0OH ¢ IeJhIM PATTMORADL:
HEIM 3HaMeHATeJeM:

1 . Yatp? .
Y4 DY Yo+ O
o T )

a - 4’ A - Yx? + &

1 . 1
o= e

881. HaifguTe anateHne BLHIpAMEHAA

1 1
x+1+y+1

npnx=2+J§, y=2—J§.
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882, YopocTuTe RRIpaKeHAe:

”[Jg?ﬁ*\/}iﬁﬁ]‘(@-@);
o + 2 J_+2 .
5’(( Ao+1" ] Bl
2 ¥x zJ_ .
Yr + 28  x+ 205
)J_+2\5f-+4J_ 8
Iyt + 48y® + 16 ﬂy_z-za{;+4'
883. JoraxkuTe, UTO BePRO DABEHCTEO:
a)i’/x—5=$/(x—5)3,ecunx?5;

+

6) ¥x - 5 = -§(x - 5)2, ecom x < 5;
B) 49 + 30 + Y9 - JB0 = 3;
r) ¥V50 + 7 + Y50 — 7 = 3.

Frrr 0/ YnpaxHeHua ans NOBTOPEHMA

884, BanaiiTe dopMynoil GyEKIMIO, OGDETHYIO A&HHOIM!
By=2x- 1, rge x € [-3; 8];
By=x*-2x + 2, rae x € (—o0; 1].

885. ITocTpoiiTe rpadmak GyEKIMHN ¥ = xx.

886. Yupocrure Bmpamenne
2
( 3 + ) (x - 5} + 3x .
25 — x? 10:c+25 x+5

| 887, Cyrma Tpex ynAces, COCTABAAIONIMX FeOMETPIIECKYIO HPOrpec-
CHIO, PaBHA 7, a cyMMAa UX KBagpaTop paBHa 21. Hailignre atH umcna.

40. \’/ CTeneHb C PayVOHANbHBIM
noKa3aTenem

Ilpm BRefeHHM MOHATHA CTEOIeHM ¢ IefibIM [IOKABATENIeM MEl Tpe-
SoBanm, yToOLI HOBOE ompejeNeHWe BLLIO TAKAM, NPH KOTOPOM CBO-
CTBA CTEOEHH ¢ HATYPANBLHEIM IOK&3ATeJeM CcoXpaHanuck. OrpaHm-
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TeHHe BBOSWUJOCH JNIIE Hi OCHOBAHKE CTENEHH, KOTOPOe HOIKHO OLITh
OTJIMYHEIM OT HYJIA.

BeeseM Temepbs NOHATHE CTEONEHHA ¢ ADOGHHEIM MOKAZATEJIEM, OpH-
YeM, JABAST HOBOE OOpeJesleBre, TaKxKe GyaeM TpefoBaTE, UTOOR CBOH-
CTBA CTemeHeH ¢ LeNBM ICKAIATENeM COXPE&HAJIECH.

PaccMoTpHM HIEBECTEOE CBOMCTBO

(am)n = g"",
rae g > 0, m 1 n — OeJnle YHCAA.
Ecan norpefoBare, YT0OH 2T0 CBONMCTEO BLIMOJHANOCH TAKMe ¥

AAA PAOUOHANBHEIX M. H I, TO, B YACTHOCTH, OHO XOJKHO BRITIOA-
HATHCH, KOTJA Ft 1 B — B3AMMHO OOpATHEIe YHCJA.

IlycTs, HApHMED, & = 3, It = —é u n = 6. Toraa B cooTBeTCTBHEK

148
¢ 9THM TpeGoBaHHEM LOMMHO OLITH BEPHLIM DABEHCTBO (3“) = 3.
1

5
Byzem cumtath, uto 3° > (0. Torga B COOTBETCTBHM ¢ OIpejeie:
HHeM BPHQIMB‘TH'-IBCROI'O ROpHﬂ HMeeM: IIOJOKHTEABRROS YHLEIIO, HIec-
Tag cTeneéHb KOTODPOTO pABHA 3, eCTh apUpMeTHYeCKHH KOpPEHE mIec-
1

Toif cTeneHn E3 Tpex, T.e. 3° = §3.
1

Boobme ecmrma >0, neENn a® > 0, To mexecooOpasHO CTHTATS,

1 ( 1)" a
yro a” = -’C/E, TAK K&K a" =ai (‘t/;) =4a.
TaR HaK MLhL YCJIOBKJIBCB, qTO CBOﬁCTBO JONMHHO BEINOJHATLECH H

1
ENsd palMORAJBHEIX M U 7, TO, NPEMeHAA eT0 K PABEHCTBY @" = %‘/E,
1" m
TOXYIEM (a“) = ({/E)m, a" = {'/a_"‘.
3aMeTHAM, UTO IOKA He AaHO ONpeJielieHHe CTeleHH ¢ APoJHEM
L1 om
IOKA3ATENEM, TAKME BHIpasKeHMA, Kakr 3“, a", a", He MMeloT CMBIC-
na. Ho paccy:riaenud, mpoBeaeHHble BBHIIIE, MOBODAT O Leaecoobpas-
HOCTH T&KOTO ONpeAeNieHHA.

Ounpenencenne, Ecaim a > 0 ¥ r — panRoHAJABHOE YHCIO,

m
3ANECANEOE B BHAC APOGH "y TOe M — Ueloe, & 1 — HATYPAIbHOE, T0
m
a” = Ya™.
CornacHo aToMy ONpefe/IeHHAID, AMeeM:
-1

a 1 _1
5"=¥5%, 2% =2"= 2, 10°=10° = {10,
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Ilo onpeneJieHHI0 TAKIKE IIOJararoT:
m

ecliM It M B — HATYPAJbHBIEe YHCcaa, To 0 =0,

3HaueHMe CTEIeHH ¢ PAIIMOHANBHEIM IOKASATENEM & HE 38BHCHT
OT 3AIHCH YHUcHa ' B Buae ppobn. HelficTBUTeNbHO, NIpeACTABNAA YpC-
10 r B BUAe Zpo0GH PAsSELIMH crocofaMM, Mbl Bcerga OyaeM DONYYATH

OJHH M TOT e pe3yJabTaT.
] 3

HoxkerxeM, HAIpAMED, ITO 32" = 325
&
327 = 4/32* = ¥32°

%Hrg=ﬁ, raem€e€Z, neN,

tnloa

il
;"&8

Boobme nyets ¢ > 0, rge r, =

m mb
keN. Toraa @" = a® = HYam = %fa™ = a™ = g

B 3ToM mpeofpazoBaHVA MLl NPMMEHAJH ONpeAeNeHNe cTeIeHH
¢ PAOACHANRHEIM IIOK&3IATENEM H OCHOBHOE OBOﬁCTBO KOPpHSA.

Jlapag onpefeseHue crenerd ¢ ApolHEIM IOKAJIATENEM, MEI WC-
RIYANIN OCHOBAHNE CTeneHu ¢ < 0. 9To orpaEMueHne HeobBXOAMMO.
B mporusHoM cayuae (ecy: ¢ < 0) onepanns Bo3BefeHHA UncHa B Apob-
EYI0 CTeNeHb CTAEOBATCHA HeogHo3HAuHoH. dna o6ocEoBAEMA 3TOTO AO-
CTATOYHO NIPHBECTH IIpHUMED:

1 2
) =¥ T=-1 D =Yy ==,
1 2
. e. (-1 # (-D°.
Tloxasxem, aTo crolicTBA cTeneHeil ¢ HeNMBIM IIOKA3ATeJNEM BHI-
HONHAIOTCH U JJIS cTeneHel ¢ JIOGHM PAIHOHAMBLHLIM IOKASATEIEM,
Iepeuncmam aTu cuolicTBa,
Har mobozo a > 0 u 21006t PAULOKAILHLLY $UCER Ty U Iy GBINOA-
HAOMCR moxdecmaa:

a'l. g =at'tn, (0))
a"ra® =g ", 2)
(a)* = a™. ®3)

dnn mobvix a > 0 u b > 0 u A100020 PAUUOHARDHOZO YUCAT T UMe-

om Mecmo moxdecmea:
(aby = a’?’, (4)

r ’
a\ _a
(b) v (5)
3amerumMm, uTo moboe pallucHaABHOe YHCJO F, Kak IeJloe, TaK

B apobHoe, BCErga MOMKHO TNPeACTABHTH B BHAEe ApolH %, rae
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m — meAoe YUCA0 M 7t — HaTypanbHoe. IloaToMy IIpH JOKAIATENE-
CTBe CBOIHCTE CTeNeHH ¢ pAIMOHANLHLIM TIOKA3ATEAEM HET HeOOXO0AMO-
CTH PACCMATPHMBATEH UACTHEIE CAyUYaH (KOTAS r; — IeJoe 4UCHo, Fy —
apofHoe 7 T, A.), Ipeacrannas panwAoHANBHOE TACHO I' B Bife apobu
m
Eg rae m — D&JIoe 9YACIO A N — HATYDAJABLHOE, MLl OXBATLIEAEM TEM
CAMELIM BCEBOSMOJKHBIE YaCTHBIE CIIYUaH.

JoraseM ToxgecTso (1).

IIycts a > 0, r, 1 r, — TPOKSBOAbLELIE PAIIHOHAABHbIE YHCAS, MK
BCEPAA My H Iy MOKeM NPEACTSBMTE B BiAe ApoOeil ¢ ONHHM M TEM Ke

BHAMEHATEJIEM: 1y = %, ry= %. rneneEN, meZ, um,€Z
Toraa
a'a® = a . a = Yam . Ya™ = Ya™a™ = Yo' ™ =
mi+mg m mg
=au ___ann=aﬂ+r2_

B npeofpaacBaHHAX MEI TOCHeZOBATEJLHO HCNONBIOBANU OLpe-
JeJIeHHe CTENeHA ¢ PAMORAJILEEIM IoKasaTeseM, ceoicerso (1) apndg-
METHYECKOTO KOPHSA, cBOHcTBO (1) cTeneHM ¢ LUeJHIM IOKA3ATENEM H
OIpefesIeHHe CTENEHH ¢ PAIINOHAABHBIM ITOKASATEJEM.

Ha roxpgecTsa (1) BhTEKaeT caescTBHE:

ecnn ¢ > 0 @ r — panHOHANBHOS YHCH0, TO & = T

1
HeffcTeMTeNEHo, TAK KaK @ -a " =a’=1wna" > 0, T0a™ = T

JoxaxxeM ToxcaecTRO (2).

m P
IIyeres a > 0, "=y A= rk M Toe m 1 p — Hefble YECHA,
an ¥ g — HATYPAABHHE.
m P
IIyers @™ : a® =a", T.e. a™ : a' = a'. Torga, no onpeJeaeHND
2 L r+ 2 m
qacTHOrO, @ - a* = a”. Orcroga @ ? = a*, B cuny MoHOTOHHOCTH

1
dbyEROMHN y = %’/; (a TaK:Ke M QYHKOUHM § = X"} BERAIOTEEM, UTO

2_= Orcioga r =

r+ il i f 3HAYUT, PABEHCTRO
B m
q n

— TORIALCTBO.

HUrax, a* : a® = a* 7,
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Joxarxem ToXaecTso (3).

m 2
l'chTba>0,r1=; Ar;= i roe m M p — UeNEe 9Ucja, & 1 A

¢ — maTypanbHble. Toraa

(@) = (0% )E = (%‘/a_"‘)' ™) = Yvaw)

mp F
ng T

=a

a!s

=a = a"l’!
Ha ToxkaecTsa (3) BLITeK&ET CAeLCTEBHAE:
ecju g > 0, r — pALFOHANBEHOE THCJIO U I — HATYPaJbHOE YHCIIO,
r
T Yam = a”.

HetficTBETENBHO, OYCTE ' = —+ e M — NEeNoe IACHC, P — Ba-

o |3

typaasHOe. Torga

%‘/a_=wa% =\l“ffa:="’\/a_"‘=aﬁ=a%-%=ar%=a.

HoxameM ToxgecTso (4).

L1k

m
ODyverea >0, 0>0m1Tr =—;» TAe m — UeNoe YHCNO, 2 — HATy-

pANLHOE.
Toraa

@by = @by = Y@ty = Yaw = Y Y5 = a* b7 =t

Horaxem Toxcnecrso (5).
Iyers a > 0, b > 0 u r — panmoRansHoe gmcno. Toraa

r

ar_ Siyk _ rpr _ 3
(3) =(ab" Y =ab =3

IlprBegem npHMephl NPHMeEeHUA CcBoiicTe cremeHed ¢ panmo-
HANREHBRIM DOKA3ATENEM B npeoﬁpaaoaannax BHP&)RBHHﬁ H BRIYHACTE-
HHESX,

1 1y
Mpumep 1. Haltaem anauenue snipasxenua (@')* + (b“) npu
a=-1,5ub=2,25.

1 ( 1)" 1 1
@) + v =|a| + 82 =|-1,5| + 225" =1,56 +1,5=3.
1
Baxxmo ofparuTh BHNManMe Ha To, uTo (@**)*" =|a|.
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1
IIpamep 2. lIpeacrasmM BLipaxenwe ¢ — b?, rge @ = 0, B Baxe
MpOAABESEHHA, ACIONEIYA (POPMYJIILL:

&) pasHocTd KBajparos; 0) pasmocru KyGos.
2 H
a)a-— b’l": (a%) - (b%) = (aé - b%)(ai + b%);
6)a-— b%= (a%)s - (b‘_l‘)a = (a% - b%)(ag + a%b% + b_;).

1 1 l 1
o S 2
IIpumep 3. CoxpaTn™ Kpobb y -y .

11 = r 1
xt+yt+1 x4yt +1
=(x%—yi)+(x%—y%)(r%+y% =(%—y)(1+x‘+yl)
x%+y%+l x‘+y +1
B

1 1
3 —
IIpuMep 4. YOpocruM BRIDRIKEHHE (a+ x)1 +d x)l » BRITOJ-

A+ 2P -1 - 2P

HHUE TNOACTAHOBRY X = 52—2-?3, e 0 <b<1.

€+ x)% +d- x)% ((1 + x)% + - x)’)((l + x)“ +(- x)%) -
e -0 (arot-a-oas o+ - o)

_ 2+2(1-x2)§ _1+(1-x2)f
= o = = .

2b
IlogcTasus B pupamerne 1 — x% BMecTo x Apobs 7+ 1 DoayunM

¢ - 1°
Orcona @+
1
1+0-2% _p+1+p° -1 _p*+1+0-3H _ 2
x h 2b - 2b )
(a@ecs yunTHBaercda, yto 0 < b < 1).

L L
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U,
{2
H-,8 //'5' ]
| : R
-1, 6 = orasy
| 2]
.]_.,|_A‘ -l y = x‘
il
12 s M
i — y = xi
1
| P
7
| 4
0,I4
o2
o 9,{2 LO 4--016--0 8114—1,2.1 4--1,16--1 84—"!—p219 alglZ
I

Puc. 105

IIpumep 6. ITocrpoEM B ofHOM B Tol e cHcTeMe KOODAHHAT
1 1

1 1 1
rpadmen byukomit ¥ = x%, y = x%, y= x4
1
I'padMK PyHEINAE ¥ = x* HUUEM He OTAMuAETCA 0T PpaduKa GYHK-

1
ouAE Yy = Yx. A rpabuk pynxoar y = x? UMeeT cymecTBeHHOE OTNIA-

yue oT rpadura HyHEOHYN Yy = ’U_ . Kak BEI 3HaeTe, HYyHKIHA I = 5/;
1

OTpeAesIeHA HA MHOMKECTBe NeflCTBATEILHLIX JKcel, 4 BHpaxKeHEHe x°
¥MeeT ¢MbIea TAame opy x # 0. [loaromy rpadpur dpyrrumm copnagaet

JAEIOL ¢ ToH 4acThi0 rpaduka GyEKIUM y = 5/; , e x 2 0.

Ha pucyBke 105 vaolpameHrl rpadHKH TepedHCHeBHEIX DYHK-
mu#i. Hx ocofeBHOCTH COCTOMT B TOM, YTO BCe OEW NPOXORAT 4depes
rouxH (0; 0) u (1; 1). IIpu aroMm B npoMexxyTre (0; 1) prInonHAETCA

HepaBEHCTBO
1 1 1

x? < x* < x* ang mMOORIX X,

a B mpoMekyTKe (1; +0°) BLINOJRAETCA HEPABEHCTBO
1 1 1
xt < 2% < 2l

2 10, Magapurden s Asrefpa, B s,
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888. [IpescTaprTe apaMeTHIeCKN KODEHL B RMAE CTEHEHH C Pa-
HECHAJBHHIM HOKa3aTeneM (a > 0, n € N):

a)v29; 0¥ =) e+ 2%
6) ¥5%;  n Ya?; a) #fa + 5).
B Y37, o) ¥u;

889. 3aMeRnTE CTENEHD ¢ APOOHEIM IOKAIATEIEM ApHDMETHIECKHM
KOpHEeM:

1 2
a) 7% N (x+y,neN;
6) 2,5°% e)(a—x)"™, neN;

1
B) 3af; ) 10", n € N;
1 n

r) (32)%; a) 25", n e N.

890. HaiigaTe 3HAYCHWe BEIDAYMKEHUA!

-3 16\ .3

a) 81°% + 0,001 °; s (g) -27%

1
6) 16™° - (0,0625)*™; r) (6561)° + (1024

891. ¥raxnTe ofnacts onpeaeenda PyHKOAM:

ay=x; B) y = (x + 6)%

3
Oy= (-3 Dy= GogE

892. Haiigure obracTs suauenEdl GyHROUAN!

ol

ayy=x", rae 0 < x < 100;

el

B)y=x2", rmel < x<27T,;
1
B)y=(r-3)', rre3< x< 19;
1

r)y=(x+5)°, rae -4 < x < 22.
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1 1 1
893. Vcnonpsys rpaduxn dyukmnii y = x°, y= x° my = x°,
CPABHHTE YHCIA:

1 1 1 1
a) 0,5° & 0,5°; ) 1,5’ n 1,5%;

[

1 1 1 1
6) 0,5° = 0,5%; r) 1,5° u 1,5%,

894. PacoonosHTe B MOPAAKe BO3PACTAHHA HHC/IA:
1 1 1 1 1 1

1 1 1 1 1 1 1
) 0,1%, 0,1, 0,1°, 0,1; B) 1,2%, 1,24, 1,2°, 1,2%;
1 1 1 1 1

1 1 1 1 1 1 1 1
6) 0,5, 0,5°, 0,5°, 0,5°; r) 2, 27, 2%, 2%,

895. llpeacrapbTe B BAAe KBAZPATG YACIO:

A V2 63 m2™ 1) B2

896. IIpeacraerTe a*° B BEAE:
&) KBagpaTa; B} cegpMOH cTelleHH;
6) xyoa; r) n-i cTemexw.

897. 3masx, uTO Ya = \Nc_c , 7ae a = 0, gailiguTe, HCHONB3YS Kajab-
KyJNATOp, NPHOAHIKeHELIe JHAYeHHA KopHeHd ¢ TpeMA 3HAKAMIM II0C]Ie
samaTol;

a) 43; 6) ¥5; ) 47; r) $19.

898. VnpocTHTe BRIpAMKEHHE:

2 rl _2 248q-5\ %
8) (16a3b") ; 6) (0,027x05y-15) ?; B} (W .
899. Coxparute Apobb:
1 1
a — 3a?, b-b°
a) 1* P) T
a + 3a2 b -1
6 x5 %8 + g%
) % — %y’ A) 2y
15 + 15 + b
B) xlﬁfxy“y+x°’y; °) TIT
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900. Joraxure, YTO 3HAUSHAE BLIDAMKEHHH Be 3aBACHT oT 1 (1 € Z):
(25!! - 52!!—2)% (168-1 - 16"-2)%
; ) ——— 1
@2 +7-8"%

a) T
25" - 61593

901. JokxaxxmTe, UTO 3HAYCEHE BHIPAYKEENA ABIACTCA LEJBIM YHC
oM;:

a) 2%-(4+J§)%'-(3-2J§)%;
6 5 (14 VBF - (7 - 2085
8) ¥1 + 2V2 + 31 - 242;
r)%’/7+5\/§+%’/7—5~/§.

902. YnpocTuTe BRIpAXKEHHE:
]

5 4 ]
2) X+ x%8 4 g08 4 M 6) Tty +y +y
pos pape. prape - prape 24 ’

vy +y 1

Bal—

1
1y 1yz
903. VopocTure BHpaKeHHe (a + xz) + (a - x’) , €Can

x = 4(a — 1), pacCMOTpER CAYIaHA, KOrJA:
g8)l<a<2; 6)a> 2.
(s 4 42) -
904. YupoctuaTe BhHipakeHme \x™ + x*) - 44ix™ °, ecam
mn

x= (a + va® - 1)'"'", m ¥ n — HaTypaibHLle 9ACIa, IPHYEM M # I

LR

905. BHasn, uTo N — HaTYpAJbHOE THCH0, Ooabmee 1, ynpocTnre
BHIpakeHUE:

a) 125" - 61-125"";  ©6) Y81I"*' - 65 - 8I".

906. ¥npocTHTe BLIpRIKEeHHE:

a’-’5+2a+4a°'75+ 8 .
B) 4% +16 T -2aB+ O
6 b°5—10b°-35+21,(c0-5-36",

) B 105 + 30 \PF - 49)
)(Zx—lw+32)“.( o8 _x+16).
B P "\ BT xr &% 2x-32)

1 1 1
5 42 _1—J1—4y§_1+1jl—4y3

1 1 1
132
(1-42) 1+J1-—4y§ 1—\,’1—4;;E
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907. Briuncanre
1 1
((29+ 4-T7"F —(1+2- 7°5)'=) . 18fo31 + Y12,

908. ¥YopocTHTe BRIpaKeHMe:

1 1
2+t 2-xt| 4-x.
5) l_ 1 * xa L)
2-xt 24+ xt
= Lyt
B | £ “1+a3x§]-(x+ax) - a’x 2
in—ai

) @ % @+5*® ) 140
DI"e+n™ a® 1™ 2Jab

909, JorakuTe, ITO 3HAUCHHE BHpa}REHHﬂ

(4 oy + fry + ") (r o o) -Vow 2y

x—-y X + 4y
OpPH BCeX ACMYCTHMEIX 3HAYSHHAX MepeMeHHEIX He 3ABHCHT OT X H [.

910. JoraxuTte, 4To 3HAYEHHE BHIpAKEHEHNSA
5

1-x
1—\‘/:?_‘,; It J_ =
1-¥x 1+ Y=

IIpH BCeX OOITYCTHMEBEIX 3HATEEWAX HBDEMBHHOﬁ He 3aBHCHT OT X.

911. Moxexure, YTO NpA JIOGOM HATYPAILEOM It BEPHO DABEHCTEO

(1 +2J5)" * (1 +2J5)n-1_ (1 _2\/5)n - (l _2JEJH =

- -

912, JokamuTe, 9TO BEIPAKEHNE
Je+2Wx -1 +yx—2Jx - 1
paBEO 2Vx — 1, ecmu x > 2, v panHO 2, ecaH x = 2.




262 FTnasa 5. CTeNsHNn W KophM

el ‘>
[T YnpaxHoHUa NS NOBTOPEHHUN

913. Henoawsya croiicTBA MOHOTOHHOCTH, PeIIHTe YpABHEHWe:
a)x*+x*+x-5=387;

6) ¥4x + ¥x +x - 2 =10.

914. PemnnTe HepaBeHCTEO:
a)(x* —4)(x + 1){x - 8) > 0;

6)—9—’”3 2x 1E=2 <o,

915. Peminre cHcTeMY ypapEeHmit
2 +xp+ =21,
X+ Jx—y +y="1,

0/ KoHTponbHbie BONPOCH M 3afaHvna

1, Yro masnpaercs apupMeTAYECKUM KODHeM?
2. TlepeuncanTe cBoiicTBE APH(METHYECKOTO KODHA M AOKAXKHUTe
OLHO M3 HUX.
3. Najite onpesenenne cTenesd ¢ PALHOHEANBHEIM IOKASATENIEM.
4. ChopmynupyiiTe cBoiicTBa CTeNeHH ¢ PALMOHANLHLIM [TOKA3&"
TejieM. JlokaskrTe cBOMCTBO 4"g? = g"*'? gnda cayuad, korga r, € N,
— ApobHOE HKCIO.

UPPALIMOHANbHDBIE
YPABHEHUSA
§16. A W HEPABEHCTBA

41. \‘/ PeweHne
UPPALMOHANDBHLIX YPABHOHMIA

PaccmorpuM ypapHeHAA:

Jx-2 =5, )
Yx2 -8 + Y+ 24 = 4, 2)
x*— 2\6x +8=0, (3)
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1 ., _1

A — 1
-3 x2+3

¥pasrenna (1) 1 (2) copep)RaT nepeMeHHYIO MOA 3HAKOM KODHSA,
P YpPABHeHHN (4) mepeMeEHAA BXOAUT B OCHOBAHHE CTENEHA ¢ ApPOOHEIM
nokagaTeseMm. Takue ypaABHEHUS HASLIBAIOT UDPAYUORARLHLIMIL YDa6-
HERUAMIUL.

¥paprenue (3) He ApndAeTcAa NPPAIHOHANLHEIM YpaBHEeHHEM, XOTA
B 9TOM YPABHE€HUH M €CTh UPPALNOHAABHEIE MHOMHTENE —2Jg » HO OH
HBIAEeTCHA YACNOBHEIM K03dDHINEeHTOM PAUINOBANLEONS YPABHEHNA,

IIpy pellleHHH HPPALIMOHAJMBLHEIX YPABHEHHWH CTpPeMATCA K TOMY,
yTOORI 9TO YPABHEHHE 38MEHHUTHL PABHOCHIBLHEIM €MY PEIHUOHAJNLHBIM
YpABHeHUeM HJIW PABHOCHJABHON eMy cEcTemMoi, cocToameil us pa-
OHOHANBHOT'C YPA&BHEHHUSA M PANIMOHANLHEIX HePABEHCTB.

Crauana pacCMOTPHM peIneHMe YpaBHeHMH Bujga {ff(x) = a, rge
f(x) — panmoranLEOe BHIpAMKEHHE H 4 — HEHKOTOpPOe YMCIO.

VYpasuenne 3f(x) = a mpu ueTHOM £ M a < 0 He uMeer KopHeii,
op¥ g4 2 0 oHO paBHOCHABHG ypaBHeHHWIO f(x) = ¢". DT0 cmexyer ma
onpeneneHnsa apadMeTHIECKOTO KODHS.

YpaeHeHue {}f(x) = @ OpPHA HeYeTHOM 1 H JIOGOM @ PABROCHJIBLHO
ypasReH#I0 f(x) = a™. D10 BEITEKAET H3 CNpeAeNeBUA KODHA HeyeTHOH
CTEEHN.

IlpuBegem IIpHMepHl pelIeHNA TEKHX ypapHeHHI.

IIprmep 1. Pemrum ypasrenme Yx? + 9x + 29 = 3,
BospexeM ofe YaCTH 3TOTC YPABHEHWA B YeTEEpPTYIO cTeneHs. Ilo-
JYIHM YDABHEHHE, PABHOCHJILHOE TAHHOMY:
x2+ 9x + 29 = 81.
Pemms nofiygeHEOe KBAAPATHOE YpABHEHHe, HAMAEM ero KOPHH:
x, =-13; x, = 4,
OreeT: —13; 4.

- g. (4)

IprMep 2. HafigeM xopHH ypapreHus ¥2x? —x -7 = 2.
Boseeaem ofe uwacta ypaBHeHEns B Ky0. Iloayunm ypakHeHwme
2x2-x-T7=8,

PABHOCUNEHOE ECXOAHOMY. ETo KOpHAMM ARIAITCA THCAA Xy = —2,5;

xz = 3.
Orser: -2,5; 3.

PaccMoTpHM cnocoGLL peilleRMs YPABHEHHNA BUAA \"ff(x) = 2(x), rue
f(x) w g(x) — panuoHAJNBEEIE BEIPAYKEHHA.
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ToxameM, 4TO ypasHeKrie

() = ax), (5)
20e f(x) u g(x) — payuoOHAAbLHbIC BLIPANCEHUR U I — YemHOe YUCAD,
PAGHOCURLHO CUCHEMe

{f(x) = g"(x), ©)

a(x) » 0.

HdorxasarenncTso. Ilycre x, — KopeHs ypapaerud (5). Torga
BepHO paBeHcTBO %f(x%) =g(x;). Tak KaK npu YeTHOM 7 TUCTIO ,"/f(;r,)
HEOTPMIATENLHOE, TO M DABHOE eMy YHCI0 £(X;) HeoTpMUIATEeILHOE,
CneporaTensro, ecliy ypasHenue (5) kMeeT KopeHb X = X, TO 2T0 YHC-
Jlo yROBJIeTEODAET U cHereMe (6).

Bepro @ ofpatHoe. IIycTh X, — YHCAO, KOTOpOe VAORJIETBOPAET
cucreme (6), r. e. f(x,) = g*(x,) — BepHOe papeHCTBO M g(x,) » 0 —
BepHOe HepaseHeTBo. Torga, o opeAeNeBHIO KODHA YeTHOH cTeneHH
{1. e. apundMeTHTECKOI0 KOPHA), BEPHO PABEHCTBO {/f(x@ = gx,).

3HauMT, KAXAce pelleHKe ypasHenus (5) ABASeTCH pelleHneN
cucreMmel (6), n HaoGopoT, KAaXA0e pellleERe cacremul (6) apnaerca
pellieHveM ypaBHeHUSR (5). A 910 03H&YAET, YTO ypaBHeHwe (3) | cue-
TeMa (6) pABHOCHANEBHEL

IIpumep 3. PemruMm ypasHeHHe 2x — 3 = 4 — x.
ITo noxasaHHOMY BEINIE 3TO YPABHEHNE PABHOCHILHO CHCTeMe

2 -8 = (4 - xp,
4-x20.

VpaeHeEwre 2x — 3 = (4 — x)° nocne npeofpa30BaHAIN OIPHMET BHL
2t — 10x + 19 = 0. Pemup 370 ypaBHeHHe, HaiijileM ero KOpHH!

x,=5- J(_i, x,=5+ J(_i IlepBLiii KopeHEL YAOBJIETEODAET EEPABEHCTRY
4 — x # 0, a BTOpoli — He YAOBIETBOPHAET eMY. 3HAUMT, YpABHeHHEe

\[21—-—_3 = 4 — x HEMeeT eINHCTECEHBIH KOpeHsL — YHCNO b — Jg
OTrBer: 5 — -JE
HMoxraxkeM, 4To ypasHerue
Yf() = (=), (7

2de f(x) u g(x) — PAUUOHARLHBIE BHIPANCEHUR U I — HEYCMHOE YUCRD,
Ooabiee 1, pEEHOCURBHO YPABHERLID

f(x) = g*(x). 8)

JdoraszsarenbcTio. Ilyets x, — KopeHb ypaeHeHus (7). Toraa
BepHO paBeHcrEo §f(%) = g(x,). Boasegem nesyio m npasyio uacrm
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3TOIO paBeHCTBA B n-10 creneHb. IlonyuMM seproe paBeHCTBO f(x,) =
= g*(x,). 3HaurT, X, — KopeHb ypaBHeHHd (8).

Bepro 1 o6patHoe. Ecnu x, — Kopeub ypaprenuns (8), 1o pepHo
paseRcTBO f(x,) = £%(x,). Toraa no onpeaeneHIc KOPEA EeYeTHON cTe-

IeHN BepHO PABEHCTRO d f(x:) = g(x,), r. e. x, — Kopens ypapHeHus (7).
BuaunT, ypasreHua (7) # (8) paBHOCHIEBHEI,

Hpumep 4. Pemum ypasHenme ¥8x2 + 6x - 25 =1 — x.
BozpeneM ofe uacTH ypaBHeHAS B Ky0 M mpuUBegeM MOIyYeHHBIE
YDaBHEHHS K CTAHZGPTHOMY BUAY:
322 + 6x — 25 = (1 — x)?,
8x2+ 6x—25=1- 3x + 3x% — %,
x*+ 92 — 26 =0.

Yucio 2 asaserca geauTteleM cBobofHoTO 4iNeHs KyGudeckoro
YPABHEEMA ® OOpamaer ero JEByl0 YACTh B HyJb, BHAYHT, 2 — KO-
pPeHL 2TOTO YDABHEHHSH.

Ipyrux kopHell BTO ypasHeHWe HE UMEET, TAK KAK ¥ = x° + Qx —
— 26 — MOHOTOHHAA QVHKIKA.

OrseT: 2.

PaccMoTpuM Temeph permeEMe YPARHEHHMN, B KOTOPLIE BXOAAT ABA
pPATHKANE.

Mpumep 5. Pemum ypasrerne «5x + 1 — 13 — 3x = 2.
Haiigem ofGaactek onpefeseHHA X ypasHeHHA, [[na aroro peinmm
CHCTEMY
{5:: +120,

13-3x2>0.

1 1
=|—-= 4=1.
Orcioge X [ 5 3]

IlepeneceM —/13 — 3x B NpPABYIO YACTH YPARHEHHA:

JBxr +1 = 2 + 4J13 — 3x.

(OGe yacTH HTOTO YpapHEeHNA OIpM MIOOLIX 3HAYEHHAX x¥ € X — He-
orpanatenbabie yncaa. Ilosromy, BosBegs obe uacTH »TOrQ ypapHe-
HHMA B KBaJgparT, OoJYyIHNM YPaBHeHWe, PABHOCHALHOE JAHHOMY.

Hmeenm:
5x+1=44 18 — 3x + 413 — 3,
8x — 16 = 4413 - 3x,
2x — 4= 418 - 3x.
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CornacHo JoK&3aHHOMY BRHIIIE, ypasEenue 2x — 4 = J13 - 8«
P&BHOCHJIBHO CHCTEME

(2x - 4¢ = 13 - 3x,
2 - 420,

PemmunM ypapHeHHe dTOH CHCTeMEI:

4x? - 16x + 16 = 183 — 3x,
4x* - 13x+3=0.

x]_ = %- xg = 3.
Hepapencrey 2x — 4 > 0 ygopaerBopdeTr NUIUEL KOPeHb X, = 3,

OrseT: 3.

3aMeTuM, YTO ypaBHEHUe VBx +1 — /13 - 3x = 2 moxkHO pe-
IMHTH, HCIIONR3YA CBOHCTER MOHOTOHHMX Gynrunit. HelicTeHTeNnbHO,

dyerkmua y = Vbx + 1 — V13 - 8x mospacraiomas. (JIokasxuTe 310.)
IToaroMy meHHoOe YpaBEeHHe AMeeT He Hoxee ogmoro xopHa. Iloxbo-
POM HAXOZHM, 4TO YHCHO 3 — KOPeHb HTOTO YPABHEHHA.

Hrorga, 4TofH peniuTh UPPAIMOHANLHOS YpPaBHeHHe, Iejaecood-
PAR3HC BPECTH HOBLIE TI€EPEMEHEERIC, CBEXA TAHHOE YPABHEHHE K ouee
OPOCTOMY PATAOHAJIEHOMY YP&BHEHHAK WM CHCTeMe DaNHOHANBHEIX
YPABHEHMIL ¢ HECHOJBKUMH NepeMeHHEIMH,

IIpumep 6. Peunm ypasmeHHMe
Y +6 + V11 - x = 5.

Mycrs ¥x+6 =u,a 1l - x =v. Tormaw? =x + 6 *=11 — x,
npaveM v 2 0. HmMeem cucremMy Tpex ypapHeHHIA:

u* = x+ 86,
¥ =11 = 2,
u+v=>5

CnoxAB neproe M BTODOE YPABEEHHA CHCTEMEl, IQJIYYAM YpaB-
HeHme u® + v =17,
Perumm cacremy

w+ ! =17,
u+v=0_5.

BLipasdb v 4epes ¥ H3 BTOPOTO YDABHEHUA K MOACTABHB aHAYeHHE
v B MlepBoe YpaBHeHHe, TOTYUIM

Ww+ur-10u+8=0.
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Pemnnp a10 yparaenue, HalifeM ero KopaM: i, = 1, u, = 2, u; = —4.
Orciopa v, = 4, v, = 8, v; = 9. Kaxaoe aEaueHNe U YAOBIETBOPALT YCIO-
euio v 2> 0, IlopcTapus 3HAYEHHA U, Uy U U, B ypaBHeHHe U’ = x 1+ 6,
HalizeM KOPHM ARHHOTO YDPSBHEHWH:

X, = -5, X = 2g Xy = _701

Orser: -5; 2; —-T0.

IIprmep 7. HaligeM KOpHA ypPABHEHUS

6Yxr -3+ Yx -2 = 58(x - 20(x - ).

Haitgem MEOReCTBO X, B KOTOPOM MOTYT HAXOZUTHCA KOPHH Ypas-
HEHHA,

Pemns gepaseHcTBO (x — 2)(x — 3) = 0, Halinem ofnacTs ompeae-
NeHENA ypapHeHuA: (—oo; 2] U [3; +o0),

Ynena, TpHBASAEKAIINE NMPoMeXYTKY (—oo; 2], He MoryT OLITh
KOPHAME YPBBHEeHHUs, TAK K&K OPH X % 2 JieBad Y&CTh YPABHEHHAA OT-
pumaTensHa, & OpaBad HeoTpHIATEeaALHA, KpoMe Toro, Jierko mpo-
BEPATH, ITO HE YVIOBAETBODACT YPABHEHHIO H YKciao 3. 3HAYHT, MHO-
#eerso X, KOTODOMY MOIYT IDHEAANEKATH KODHH YP&BHEHHA, eCTh
OpoMe:RyToK (3; +00), 1. e. X = (3; +o0).

Yuureieag, uro x # 2 7 x # 3, MoxxHO ofie yacTA ypaBHeHUS pags-

Aeats Ha §f(x — 2)x — 3). Fmeem

6¥x-3+¥x-2 _5
¥ - 2(x - 9) )

Tak XKak X > 3, TO BepHH pAaBeHCTBA ¥x — 3 = 2/(::—3)’
u ¥x — 2 = §(x - 2)*. Orciona

8Y(x - 39 + Yx - 28 _ 5.
§(x - 2)x - 3)

Pazgenns noaNeHHO KAMI0e CllaraeMoe YHACAHTENA HA 3HAMEHA-
Tenb, OOJNYYHM YDABHEHHE

-3 x -2
6 X +# =
d:c -2 x-3 3
PABHOCHJILHOE ZRHHOMY.

Baeeaem zosyo nepeMeHuyio. Ilyers ¥ = d;—za. TOrIAa di — g =

» npuueM y > 0,

1
y



288 fnaga 8. CTenonn W KOpHM

Orcioga
1
6y + v =5,
6y*-5y+1=0,
_1 . _1
91-2' =3

O6a KOpHA ¥, M Y, — DONOIKHTENLHEIC YNCIA, IIOSTOMY YIOBJIET-
BOPHIOT yenoBHuio y > 0.
Jdanee mmeem:

x-3 _1 x-3 _ 1
x-2 " 2 x-2" 8
x-3_ 1 x-38__1
x-2 64’ x-2" 7290
64x — 192 =x - 2, T20x — 2187 =x - 2,
63x = 190, 728x = 2185,
-3.1. = gL
1= 3157 * = 37
Kaxanil kopeHb X, B X, IPHHALIEHKHET MHOXecTBY X,
.g.1. g1
OrBeT: 3190, 3728'
916. Pemnre ypaBEeHUe;
a) ¥x?-0-=2 r) $6x +1 = -5;
6) Yx* — 44 = 3; mn N2 -2x+4 =5

B) Ya? ~dx+24=3; e) Yx? - 32 = 2.

917. HaiigaTe KOpHA YpaBHeHHNA:
A VJx-2=x-4 r) 32 + 8x +10 = x;
6) Ve -2 =4 - x; mn Y28 -28x-x* =3-x;
B) v3x +1 = x — §; e) ¥6x2 —4x +1 =1 - x.

018. ToxakuTe, YTO YpABHEHNE He HMeeT KOpReii:
a)Jr-T=38-mx
) vx -8 =46-x=1;
B) ¥2x — 7 + 2x = /56 — 16x}"

) Jr —4 + ¥2x — 16 + §30 — 6x = 8.
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019. PemnTe YpaBReHHe:

B vi-x+V5+x =38 B) v3x + 4 - 3 = Jx - 8;
B Ve+5+V2x+8 =T; ) JBx + 2 - 2 = f5x - 10.

920. Hemonsaya ceolicTBA MOHOTOHHEIX yHEOWH, HalkauTe Iox-
60poM KODHY YDABHEHUA:

A Jr+l+Jx+6+Jr+183=9;
6) V3x + 4 +V2x — 4 + JBx +1 = 11;
B)vx + 17 + V2x + 11 + ¥3x + 7 + Vdx + 5 = 10.

921. Pemure ypapHeHUE:

a)x%—IOx%+9=0; D¥r-6+V7T-x=1
ﬁ)x§—3x%—10=0; e) V3x -2 -1 -x=3;
n)x%+5x%—24=0; w) Yo -2 + J7 - x = 8
r)x‘_l’—ﬁx%+8=0; B fr+2-Yx-1=1

922, PemuTte ypapHeHUe:

a)\f4+xvl'x’+40=x+2; B) xxlx\/;=2;
6) VO - xx — 18 = x - 3; r) yxifx¥x = 4.

923. dokeykuTe, YT0 YPABHEHHE
Yox -8 -5xr=427-18x - 75
HMEeT eINHCTBeHHLIA KOpeHb, W HAguTe ero.

924, PeimuTe ypaBHEHue:
2 +2 [x+2 7.

a)\'x+2_\l2x+2=-l_2-’
[x-4 2x +15 _ 1,
0 ez s15 tV x-q =95

BVt -2x+ 9 +Vx2-2x+16 = T;

[ 6x fx+15 _
I')V.vc+1,5+\." 6x = 25
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925, Pemnnre ypaBHeHHe:

(30 - xWx-1-(x— 130 - x

8) J30-x-Jx-1 =10;
(26 — xWWx -6 — (x - 6)J26 x -8
8) V2B -x-Jx-86 )

926. Hatigure KOpHU YPABHEHAA:
L -1 4
a) x* +x % = ﬁ(x+x‘1);

1 21 1 1
8) Flx+1N? +x3= 23'

927. Pemute ypaBreHUe:
) B¥x -1+ |x+7=8 6 Wx+3+|x+4=
928, Haitgure KOpHEN ypABHeHIA:

a) (22 - 25)va? + 3x — 28 =
) (-6 +x- 22 =

=0;

8) (% + x — 72) zjg

r) (x* - 16)¥x® — 4x = 0,

929. PemnTe ypaBHeHUE:
ay(x*—6x+ PN+ (x*-2x+ 1) =4

6)4x+2—4Jx—2=1.
el

NENEN ’/ YnpaxHeHWs ANA NOBTOPeHMA

930. ITocTpoiiTe rpa¢gur dyrrnnR
—2x -7, ecan x < -2,
fixy={-x>+1,ecrm -2< x < 2,
2x — 7, ectd x > 2.
HatiguTe Hyam GYEKIMM A OPOMeXKVTKH, Ha KOTOPRIX f(x) < 0

¥ f(x) > 0; npoMesxyTkH, HA KOTOPHIX (pyHKnua [ yOmpBaer, Boapa-
cTaeT.
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931. PemuETe HepaBEHCTBO:
8)2x- 1)< 1; 6) |8x - 2| > 7.
932. Ilpn xaxkux sHaMeHHAX NapaMeTpa 4 YpasHeHWe
a’x+tax-12=0
HMEeT IOJOKUTENbHEINA KOpeHb?

933. HoxaxknTe TOKIASCTEO
(e + (@) _
Yo + ¥ "

42, \./ PewoHve MppaLMOHANbHbIX HOPABGHCTB

K uppallMOHANEHEIM HePAEEHCTBAM, TAK K€ KAK M K HPPAIHNO-
HAALHRIM YPRBHEHHAM, OTHOCAT Teé HEPABEHCTBA, KOTOphIE COIEPIKAT
IepeMeHHYIO NOX 3HAKOM KOPHSA HJH B KOTOPHX IepeMeHHAA EXOXHT
B OCHOBAHME CTENEeHH ¢ APOCHRIM TOKAZ&TEJICM.

OCHOBEAA 1eJIb NPA PelIeHAHM WPPAIMCOHANBHEIX HEPABEHCTB CO-
CTOMT B TOM, 4TOOR HppalHOHANLHOE HEDABEHCTBO CEECTHA K P&BHO-
CUJABHOMY €My PaIMOHANEHOMY HepaBeHCTBY WJIM PABHOCHNLHOM cHAC-
TeMe, CoZepiKalleii pamAoHANbHEIe HepABeHCTBA.

Jna 000cHOBAHNA DABHOCHUNABHOCTH NPOBOAMMEIX NpeolpazoBaHMi
OyneM MCIIOJIBBOBATH TEOpPEME].

Teopenma 1, Ecom0<ag<brnecN, r0oa" <b";ecomag<bmn—
HEUETHOE YHCHo, T0 4" < b".

HorkazaTeabceTso, PaccMoTpuM dyHKIMIO ¢{x) =x", B¢ n E N
u x 2 0. Dra byuxnua sospacralomad. Ilo yenoeaio 0 < ¢ < b, 3=a-
waur, Ppla) < @ob), T. e. a* < b",

B cayyae HeweTHOIO 1 paceMoTpuM QyHKOHIO @(x) = 2", rme x € R,
Tarx rax ara GYHKIOIEA BOSPACTAIOINAH, TO U3 YCIOBUA, YTO 4 < b, che-
aver ¢(a) < @(b), 1. e. g™ < b",

Teopema 2. Eecxm 0SS a<buneN, 'ro-'s‘/;<d_; ecnH @ < b
H I — HEYETHO? 9HCNA0, Goasmee 1, TO Ya < Uo.

HJorasareabeTso. PaccMorpuM dyHKNHIO A(x) = ¥z, raoe
x 2 0, Dra QYHKOINA Bosp&CTAIOIAA, ToeToMY ecaun 0 < ¢ < b, To
ka) < h(d), T. e. %a < Yb.

B cayuae RedeTHoro n GyHkuma h(x) = {‘E ABJAAETCA BO3pAa-
craromedt na MHOMecTee R. IoatoMy ecaut a < b, To k(a) < h(b), 1. €.

fa < ¥o.
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HauyHen ¢ npocreifmux HepaseHers Buaa Yf(x) < au Yf(x) >a.
CEaYana paccMOTPHM CAy4Yail, KorZa n — YeTHOe WHCJO.
HokameM, YTO ecJid B — YeTHOe YMcao B g > (), TO HepaBeHCTED

Jf(x) <a (1)

{f(x) < a",
f(x) >0,

PABHOCHABHO CHCTEME

(2)

& HEepaBeHCTBO

ffx) >a (3

PABHOCH/IBHO HEPABEECTBY

fx) > a". {4
IIyete x;, — pemenue HepaBeHcTEa (1). Toraa sepHo HepaBeHCTBO

1f(x,) < a. Orciona cnenyer, uto f(x,) > 0 & &ff(x,) > 0. Ipamenas

K HepaBeHcTBY f(X,) < a Teopemy 1, momyunm (" f(xl))" < a’ T8
fix,) < a". 3HauaAT, ¥, — peiweHue cHCTEMHI (2).

Bepuo 1 obparroe. [IycTe x; — pemnermne cucreMsl (2). 910 ogHa-
waaer, urte f(x,) < a@” a1 f(x,) » 0 — BepHHIe HepapeRcTBa. IIpEMenan &

HepaBeHcTBY f(x;) < a® Teopemy 2, monydum ,"ff(xz) <@, T. e X3—
pelIeHAe HepaBeHCTEA (1).

3mawnT, KasKgoe peileHue HepaBeHCTBA (1) ABmAerTca pemmeHmeM
cacteMe (2), u BaofopoT, T. e. HepaseHeTBO (1) B cucrema (2) pap-
HOCHJIBHEL,

AHANOTAYHO AOKASHEBAETCA, YTO HEPABEHCTEO (3) PABHOCHIBHO
HepaBeHCTBY (4).

BameruM, uTo HepaseHeTBO (1) ¥ cuereMa (2) pABHOCHJIBHEL H B
TOM cJiyuae, Korga f(x) < 0 npu moboM x € B (kKak, HaOpuMep,
srIpaxkenue —x — 1), B aroM cayuae HepaseHetBo (1) & cucreMa (2)
He HMeloT pelleHui.

HepapencTeo (1) He mMeeT pemrernmit W B caydae, Korjga 2 < {),
a HepaBeHCTRO (3) B ATOM cIyuse PABHOCHJIBLEO HepaReHCTBY f(x) 2 0,

IIpumep 1. PemiuM HepaBeHCTBO:
aJr-2<8 6) 46 — 2x > 1.
a) Heparenerso x — 2 < 3 DaBHOCHJIBHO cHCTEMe
{x -2<09,
x-220.
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Pemrun a1y cHcreMy, Hafifem, wTo 2 € x < 11.

0) HepaseHeTBo m # 1 paBROCHIIBHO HepABEHCTBY
6-2x > 1.

Orciona x = 2,5.

OrseT: a) [2; 11); 6) (—oc; 2,5].

PaccMoTpEM Temeph caydai, Korjia 1 — BeYeTHOe THCJHO.
Ecae n — HeueTHoe YHCHO, TO HEPABEHCTBO

ffx) <a
PABHOCHJIBHO HEDABEHCTBY

flx) < a”,
4 HepABEHCTBO

Yf(x) > a
PABHOCHALHO HEDABEHCTBY

f(x) > a~,

210 NIeTKO JOKA3ATH, NPHUMeHAA K 9THM HepABEHCTEAM TeopeMH 1
n2

IMpumep 2. PelunM HepaABEHCTRO:
¥ -Tx <2 6)1ﬂ/xi2>1.

a) BoasezneM ofe yacTy HepapeHcTBa x? — Tx < 2 B Ky6. Iloy-
9uM HepaBeHCTBO X2 — Tx < 8, paBHOCWJIBHOE AaHHOMY. Pemmup sTo
HEpaBeHCTBO, HaligeM, yto —1 < x < 8,

6) Boapesem ofe UaCcTH HepABEHCTRA 1*"/ 7 1 2 > 1 B maTYIO CTENeHs.

1 .
[MonyyuM PABHOCHILHOE €MY HEDABEHCTRO 7-3 "> 1. Peurus ero, Haii-

JeM, uto 2 < x < 3.
OrseT: a) (-1; 8); 6) (2; 3).

ITepeiinem Teneps K CIIYYaio, KOTAA HEPABEHECTRA UMeloT BHA Y f(x) <
<gx)n df(x) > g(x), Tae f(x) 7 g(x) — PALMOHANEHLIE BEIDAKEHHA.
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,I[OR&JRBM, YTO HEPABEHCTBO

T < gx), ®)

roe f(x) u g(x) —— palMoHaNbHbIE BRIPAXKEHHA M # — YeTHOe HCID,
PABHOCHABHO CUCTEMe
f(x} > 0,
g(x) > 0, 6
flx} < g"(x).

HdoraaaTenwcTso. Ilyets ¥, — pemenyte RepaseHeTsa (5). Tor

na BepHo HepaBeHCcTBO Ff(x) < g(x,). Yacno g(x,) He Moxer Ou:
OTPHIOATEeNBHLIM MJIH PABHLIM HYJIO, TAK KBK B 9TOM CAYHAae IOIydIs-

nock 61 HepepHOe EepareHCTRO {{f(%) < g(x;), B KoTopom I{f(x) >0,
a g(x,) < 0. 3uauur, g(x,) > 0. KpoMe TOro, Tak K&K it — YeTHOE YHCAD,

to f(x,) » 0 & %f(x;) > 0. IIpEmeHHB K HepaBEHCTBY ,"ff(x,) < gx)
rTeopeMy 1, moayuus sepHoe HepaBeHCTBO f(x,) < g'%(x,). Cregonarems-
HO, X; — pelmenne cUcTeMH (6).

BepHo n obparnoe. IIycTh x, — pemenne cacremsl (6). Torna sep-

HH HepaBeHcTBa f(x,) > 0, g(xy) > 0 u f(x,) < g°(x,). 3Haunr, MoXE(

npuMeHNTEs TeopeMy 2. IloyunM BepHOe HepaBeHCTEO "'ff(xz) < glxy).

Hrak, xakxgoe pellleHAe HepagBeHCTBa (D) ABAAETCA pellleHHEN
cucremsul (6), m HAaoGopoT, T. e. HepaBercTBo (5) B cucrema (6) pas
HOCHALHEL

IIpumep 3. Pemrmm HepaBeHcTBO +2x — 5 < 4 -~ .
CornacHO JOKA3AHHOMY BEIIIE dTO HeDABEHCTBO DABHOCHJIBHO
CHCTeMe

2x-52>0,
4-x>0,
2x — 5 < (4 — x)*.

Pemus Kaxgoe HEPABOHCTEO CHCTEMEI, HalifeM, UT0O MHOKECTRON
PEIIeHWH TepEOTO HePaBeHCTBA ARASETCHA mpoMexkyTok [2,5; +oo),
BTOPOTO — NPOMEXYToK (—00; 4), TpeTeero — MHOMKecTBo (—o0; 3) U
U (7; +oo).

HaiineM mepeceueHne aTUX MHoRecTB. IloJyuHM IIpoMesyTox
[2,5; 3) — MHOMXecTBO peraeHn CHCTeME.

Orsem: [2,5; 3).
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7]
_I4 Vo
1 ‘*‘7
_3 !
| < =
—2 y = 2 - 57
|
—1
0 L ]
1} 213t aNs5!lsg
| I INF

Puc. 106

HepaBercTeo +2x — 5 < 4 — X MOMHO PellBETh, BOCIIOIL3CBAB-
much rpadukamMu GYHKINE y = 2x — 5 1y =4 - x (puc. 106). Ilep-
BaA GYHRIMA BOIPACTAET, & Bropad — ybmmaer. I'padmkn nepecexaiores
B omHOR TOuKe, afcmucca Koropoil papHA 3. IloeroMy pemenuaAME He-
PABEECTBA ABJAKTCA BCe JHAYEHHA X, IPE KOoTOpLIX rpadwk hyHK-
oug ¥ = V2x -5 pacnojaoker Huxe rpabrka GyExknmn y =4 — x,

JoxasmenM Temeps, YTO HEPABEHCTBO

Y@ < gx), ()
rae f(x) u g(x) — pAOMOHANLHLIC BLIDAXKEHMA M R — 4YeTHOe YHCIO,
PABHOCHJIBHO COBOKYTIHOCTHE JABYX CHCTEM:

{g(x) < 0,

f(x) >0 ®)

>0,
{g(x) ®)

f(x) > g"(x).
HorasarenscTBo. [IyeTh x;, — pelleHue HepaseHeTsa (7),

T. €. df(x,) > g(x,) — BepHOE HepareHCTBO. DTO HEDABEHCTBO SIBNA-
ercA BepHRIM B ARYX cayuaax: 1) xorga g(x,) < 0 n f(x,) > 0 win
2) xorga g(x;) # 0 & f(x,} > g'(x,). B nepBoM cay1ae HepaABEHCTBO

g]f(x,) > gl(x,) BepHoe, TAK KAK EeOTPHIATeNbHOE YHcHo Goawnmre or-

pUnaTensHOTO. Bo BrOpoM ciyuae HEPABEHCTBO {}f(x,] > g(x,) mepHO,
TAK KAK K HeMy OpuMeHmMMAa Teopema 1. 3RawnT, Kaxzpoe pemeHwe
HepaBeHcTEA (7} ABNAeTCA peimeHMeM cucTeMhl (8) MIHM pelneRMeM
cucteMel (9), T. e. ABIACTCA pellleHHNeM COBOKYIHOCTH 3THX CHCTEM.

Bepuo u obpatHoe. IlyeTs x, — peileEne cucreMsl (8) man
cucremsl (9). Torga ecan BepHH HepaBeHCTBa g£(x,) < 0 H f(x,) = 0,
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TO X, ABIAETCA peleHHeM HepaseHcTBa (7). EciiM BepHHE HepaBeHCTBA
glx;) # 0 u f(x,) > g°%(x,), TOo mo Teopeme 2 BepHO ¥ Hep&BEHCTBO

,ﬂ/f(%) > g(x,). 3HAYUT, KA A0 pelleHNe HepaBeHCTRA (7) ABIAeTCH
pemeHEeM copokynrocTH cucteM (8) u (9), 1 HaolopoT, Keixa0e pe-
meHne cHcTeMu (8) Ay cAacTeMBl (9) ABAAeTCA pellleHNeM HEpaBeR-
crBa (7). CnefosaTensHo, HepaReHCTRO (7) PABHOCHJIBLHO COBOKYIHOC:
T™H ABYX cucteM (8) u (9).

IIpumep 4. PemiMM HepaBeHCTBO +6x —1 > 2 — x.
Ilo ZORASAHHOMY BBIIIE 9TO HepPABEHCTBO PABHOCHIBHC COBOKYI-
HOCTHA CHCTEM:

2-x<0, 2-x20,
6x-130 0 lex-1> (2 - 2.

Pentur nepsyio cHcTeMy, HaiiaeM MHOMECTBO ee peileHAH — Opo-
MesKyToK (2; +00). PellEB BTOPYIO CHCTeMY, HAHRAEM MHOMKECTBO et

pemrenuit — (5 - 2\/5; 2], PemmeHHAMH COBOKYITHOCTH CHCTEM HBIA-
eTca obbefHEEHNe 9THX MHOMKECTH:

(2; +00) U (5 — 25; 2] = (5 — 2J5; +oo).
OrmeT: (5 — 2V5; +),

Ha pucyrxe 107 nprsegena rpadmyeckas HITIOCTPANAA pelleHds
HepaBeHCTBR bx — 1 > 2 — x.

—II?'M [ LA
—‘5 7Ty = J6xr - 177
A
I
(Is
| /
|
|
1
O ) x
1 3141 56
A
1-N\ &d
§-5- 25 )
| \-e-
i N\
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PaceMoTpuM Temepr peineEne HepaBeHCTR Buaa {ff(x) < g(x) m

df(x] > g(x), rae f(x) u g(x) — pamuUOHAAbLHEE BEIPRIKEHHA U1 11 —
B¢UeTHOE YHCHO, Goabplaee 1.

Hepapencrso

Yf(x) < g(x) (10}
PABHOCK/ILHO EEPABEHCTBY

f(x) < g'(x), (11)
4 HBPABEHCTRO

Y(x) > g(x) (12)
MEBEOCHJIBHO HEDABEHCTBY

f(x) > g*(x). (13)

JokaxkeM PARHOCHJILHOCTL HepapBeHeTs (10) u (11)

Ecnn x, — pemenne Hepasercrsa (10), To BepHO HepaBEHCTEOC
dfm < g(x;). IIo Teopeme 1 aBngeTcHA BepPHHIM ¥ HepPA&BEHCTRBO
flx) < g°(xy).

Bepro u o6paTnoe. Ecmu x, — pemenre HepapencTea (11), To sep-
A0 HepapeHCTBO f(x,) < g°%(x,). IIo TeopeMe 2 BepHo M HepABeHCTBO

ﬂf () < g(xy).
BmaunTt, mepasencersa (10) 1 (11) paBHOCHIBHEL.
AHasTorHyYEO FOKashBaeTCA PABHOCHJABHOCTH HepabBeHCTB (12)

2(13).
NMpamep 5. Pemum nepasencrso 87 - x* <1 - x.

Bospegem o6e yacTA HepapeHCTBA B Ky6. Iloayumm HepaBeHCTEO
T-2* < (1 - x)*, paBHOCHALEOe ECXORHOMY. Brimoauns npeofpaso-

MERA, DOJIYIUM HEpABeHCTEO
2—x-2>0,
PemivB ero, Hatigem, uro * < —1 mmm x > 2,
OrBeT: (-00; —1) U (2; +00),

ODpumep 6. PemuM mepabenctno ¥6x% + 25x + 8 > 2 + «.
Boaseaem obe uwacty HepapeEcTBa B Ky0. IlonyuuM HepapeHCTEBO
62 + 25x + 8 > (2 + x)°, pasHocHNbEOE AAHHOMY. BRINONENB mpe-

ofpaaoBaEMS, MOAYYUM HEPaBeHCTBO
x—-13x <0,

IIpe.u;c-raBnB 9TO HEPABEHCTBO B BHAC

x(x - J13)(x + Vi8) <0
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H OIpHMEeENE MEeTOA MHTEepBaJdoB, HalgeM, 4TO
x € (—-oc; —J1_3) U (0; JI_S)
OrBeT (—00; —J1_3) u (0; J1_3)
PaccMOTPHM ApYyrue IPHUMEDHI HEPABEHCTB.
IIpumep 7. PemuM HepaBeHCTBO N1-x - -J:_c > Ti;

Haiizem muOMecTBo X, Ha KOTOPOM BHIpaMeHHe 1 — x — «/;
DpHEEMAET NOJOXRMTENBHEIe sHAUeHNUA. JIId 2TOTO PELIHM CHCTEMY

1-x20,
x 20,

\ll—x—\/; > 0.
Ilonyqaum X = [0; l).

VUYuTEIEAA, YTO NPH X € X BHIpaKeHEHe 1 — x — -J; > 0, Boape-
ZeM obe wacTH JAHHOrO HepaBeHCTBa B KBanpaT. HmeeM:

W=z - =) > ()
1-2Jzr - 2 >%,
Jx — 2 é%.

IIpn BRIMONHEHHH yCAOBUMA, uTo X € X, Berpamenve x — x% 2 0,
IToaTomy 00e YacTH DONYUEeHHOTO HEPABEHCTBA HEOTPHOATEILHEI U BX
MOXKHC BO3BeCTH B KBaapaT. Iloayanm

x—x’é%,
9x2—-9x+ 1 20.

PelmmeRAna 9TOro HepaBeECTEA 0OpPASYIOT MHOMKECTRO
- (o 38 [35; 1e).

Yrobr1 HalfTH MHO)KECTBO PeINIeRHMi AAHHOTO HEPABEHCTERA, HYWKHO
HaliTH Te aHAYCHHA MepeMeHHoll x, npn KoTophix x € X n x € X|.
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HajigemM mepecedeHre MEHOXEeCTE X n X,

3-v5 _ 1 _ 8+45 _ 1
TBRR&RT<§HT>§,TO
anl=[0;3_6J-5.]'
OrBer: [0; 3 _6\/3].

IIpuMep 8. Pemunm HepapeHCTBO Yo-x+Jx-1351.
HepaseHCTBO PABHOCHNLHO CHCTEME

{(J"Z 2> (1 -Vx-1),

x =1
Pemrnm HepaBeHcTBo (Y2 — :n:)s >(1-Jr- 1)3. Hmeen:
2—x>(1—Jx—1)s,
1-(x-)>Q0-vx-1).

IOyere Vx — 1 =y. Toraa y* = x — 1. IlpousseseM saMeny:

1-y¥>Q1-
Janee uMeeM:
Q-pl+y)-A-yP>0,
QA-pl+y-A-2y+y’N>0,
1-y@y -y >0,
vy - yly —3)> 0.
Orciopa 0 <y < 1 mnm y > 3.
IIpopeneM OGDATHYIO 3aMeHY:
0<Jr-1<lwmmJr-1>8;
1<x<2umm=x>10.
Orser: (1; 2) U (10; +oc),

MDpemMep 9. PeruuM HepaBeHCTBO Y -2+ ¥r+23 l—:lﬂ

Oyers f(x)= ¥x — 2 + ¥x + 2, a g(x) = '—i—'%ﬁ ®yurnua f Bospa-

cTaeT 28 MEOecTBe R (Kak cymMea AByX Bospacraromgnx Gyarnii), a oyme-
oMA g NMeeT NOCTOAHHOE 3HAYCHUS -Ya npr x <0 wu 4 opH x > 0.
Eeaxr x = -2, 1o f(x) + g{x) = -VZ, ecqd x = 2, 1o f(x) + g(x) = Y4,
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CnegoBatensHo, ecxu —2 £ x < 0, 1o flx) = —V‘I, ecmu x # 2, 10

flx) > 4. 3HAYHT, MHOIKECTBO PeIIeHHA JAHHOI'O HepABEHCTBA —
ofbemnHeHNe TIpOMEeXYTROB [—2; 0) u [2; +o0).
OreeT: [-2; 0) U [2; +00),

934. Pemure HepaBeHCTRO:

a)\/;<5; B) Jx — 5 < 2
6 x> 2 n Y-8 >3

935, Pemare HepaABReHCTRO:

)V r8c-9 <Vl m) (E53 <y
6 V2 —1lx+18>2 1 EE2 2,

9386, JTokakuTe, YTO HEPABEHCTBO x — 7 < 2 — x He HMeeT pe
ImeHuii.,

937. Petunre HepaBEHCTRO:

a) vx -4 >1-x; B) yx? —Tx +12 <x-3;
6) Jx -5 <8 -x; ) Jaxf -6x -16 > x -5,

938. Haitgure npoMexyTiy, HA KOTOPEIX GyHKOIUA
y=+dr +1 -x+1
OpHHAMAET:

4} oTpunareNbHble 3EAYCHAA: 0) DOJOMKHTENbHEIe 3HAYSHHA.

939. PemuTe HepABEHCTBO:

a) ¥2x -5 < Yx + 7; B) Y -5 < ¥x + 1;
6) Y - 1> Yx + 3; r) vx - 2 < ¥x + 5.

940. HalizuTe MHO)KeCTBO pEINeEHIl HepaABeHCTBA:

1 1
) x -Tx*+6<0; B) 4 —

1 1

= = 5 _ -
6) x* -5x2° + 6> 0 2255
5_-3
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941. Pemnure HepaBeHCTEO:
a) yxyxvr < §128; 6) V2x + 2Jx2 — 9 > Jx - 8.

942, Pelunte HepaBEHCTEO:

Jx-4-2 i 3_3
2 = = D = = - 1y
Ve vxoa D B & 4wt > ple-
VIx-5-1 R T 1 O
) ———— >3 > = - .
Y s 5+1° % r)x" +x 4(:J:: x )
943. Hcoonsaya cBoiicTBA MOROTOREOCTH MYyHKOUHA, pelINTe Hepa-
BEHCTEO!

A Jx+2+v5xr—1++8x+10 <9

6) (x + 5)% + (2x - 5)12 + (bx + 1)% < 5.

944, PemurTe HepaBeHCTBO:
a) (x - 8)V15 - 5x < 0;
6) (X — 9)/16 — 2% > 0;
8) (24 + 5% - 2 Yx? ~ 53 — 14 > 0;
N2-3x+8)Yx “x - 56 < 0.

945, HoxexuTe, 4TO MHOMKECTBO DellleHHH HepPABEHCTRA

V8= 2x - 5x < f6x — 24 - 20

COCTOMT M3 OAHOTO YHCIA.

948, HealignTe MHOMXeCTBO pelIeHUH HeD&BEHCTBA

Jﬂ+x(x—5)<m-5(5-x).

947, Permunre HepaBeHCTBO!

Ja+5 -1 ]
Dy veas " O

1-x-2 .
L el
8) (¢ — 2x — 1)°5 < 14(2% — 2x — 1)°5 — 5;
N(x—3x + 11)% > 8(x® — 3x + 11)°% - 2,

948. PemnuTe HepaBeHCTBO!

x-Yoxr+4 <0 6) 64J-x — x* < 0.



282 Fnama 5. Crenshn n xopHn

el bl .}
NN YNpaxHeHWA AN NOBTOPOHMA

949. Bagatite dopMynol dbyHrnuio, o6paTHYIO JaHHOM:
a)y=38x—-5,rae -3<x < 2;

6)y= -Jx - 8.
950. PemunTe ypagHeHHe
|2x* + 6x — 3| =2x - 1.
951. Pemmre cucTemMy ypaBHeHRE
{x’—xy—ﬁy’ =0,

x +yt =0

952, NokaxkuTe, YyTO0 ypaABHEHUE
- 5%+ 62— 3x+ Jxr =0

HMEeT TONBKO OJHH KOpPeHb.

Pty I\
NN 7 KOMTPOAbHbIE BOMPOCH! M 3aNAHMA
1.

Kakxoe ypaBHeHWe HAJLIBAIT UPPAOUOHANBEEIM? OGBLACHHNTE,

K&K pellaeTcd YpaBHEeHHe df(x = g(x) nIp¥1 YeTHOM N @ IIpA Hever-
HOM R

2. Kaxoe HEpABEECTEBO HAILIBAIOT HppaIuoHansHEIM? Kakx pemaior-
ca HepapeHcTse 4ff(x) < g(x) u \"/f(x) > g(X) up¥ YeTHOM It H IpH
HedeTHOM n?

RN .>7n,ononumnmue ynpaxHenns
K rnape 5
K naparpady 14

953. 3agaiite hopmyaoil byHKOHEI0, OGPATRYIO AAHHOII!
2x® - x? - 2x +1,
1]

ay=x*-6x2+12x - 8§; B y= p
5 _ .3 _ .2
By=+Jx-2 +1; r)y=x—;3—_—;—i-l,mex>0.

954, OyHKOuA y = x", TAe n — HATYpANbHOE 9ACI0, oOpaTHMa.
KaxnrM Moer 6niTh sHavenue n?
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95%. IMocrpoiitTe rpadux GyHERUERA, 0BPATHOH KAHEOM:
L Jx
gy= g, Eex=>0; B y= —Jx;
By=v-x; Ny=+v9- 2, rre x < 0.
958. Hapecrro, uTo Touka M mpuHagmemxuT rpadury GyHRIHN
flx) = % HaftnnTe KOOpAWHATH TOUKH, NpHHAZIexamelf rpadpury

¢yurmuu g, obpartuoi f, ecnm:
8) M(8; 2); B) M(3; 3);
6 M(-4; 1); r) M(-1; -1).

957, Haitnure f(g(x)), ecnm:
Y =2 —4dx,TAe x < 2, mg(x) =2 — Jx + 4;

Bfix)=x*—6x+8, rAaex >3, ng(x)=Jx -1 +3.

958. ®yuknua sagana popMyno fx) = }—1—2- + 3. Haiizure:

8} D(f) u E(f);
6) D{g) u E(g), rae ¢ — PpyHrumna, obpatHas f.

959. Haiignre aynn ¢yrxmuu, ofiparaoli dbyHKmuN:
Yy=-2+ J;; 6)y=%x—3.

960. MororonHnaa ¢yBEROUA ¥ = f(x) mepecexaeT och y B TOUYKe
A(0; -6). Haitgure Byau GyHRmMu &, obpaTtHo#t dbyakmuu f.

061, 3anaiite dopmyaoll dyEROAI0, 0OPATHYIO HAHHOMN!

dy=(x - 1)% 6) y = (x — 2)*, Tae x > 2,
962. HafigaTe o6GanacTe onpemeneEua yHEKOAA:
x+ 2, _ Jx-8,
l)y= ﬁ’ B)y— {x[—a'
0y- =2, y= Y 52 7 6x.

963. Haiignre obnacrs spaueHuil yurmmm:
yy=¥xr -8, rre 0 < x < 16;

Gy=Yx -4, rre 4 < x < 85.
964. ITocTpoiiTe rpatdur pyrRKIUH:
9y = e + 2% 8) y = §-Ixl;
By =l ny=4§le-1 -1
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965. Ilocrpoiite rpadbur GYHKIIHH:
a)y = |x — 4; Gly= f]ix—4|, rae x = 0.

966. Hcnonpsya cBOiicTBA MOHOTOHEOCTH GyHRIRA, pemnTe ypas-
HeHEHe;

a) vr -4+ Yx + Y= + 8 = 6;
6) Vx + ¥8x +5 + #10x + 6 = 5.

K naparpady 15

967. JokamuTe, YTO BEPHO PABEHCTEO:
a}J2+J§=J§+J%; 6) 42—J§=‘E—J%.

968. IlogfepaTe Takue 3HaYeHHH ¢ M b, uTOGHI pPABEHCTBO

Q/9J§ - 11¥2 = av2 + 53 68110 BEDHEIM.

969. ITora)kuTe, YTO EEPHO PHBEHCTBO

45832 =5+8+3+ 2.
Heiigure eme monolHbe paBeHCTEA.

970. HaiiguTe 3HaYeHUWe BRIPGIKEHUA:

a)J2+J§-J2+J2+J§-J2—J2+—J§;
6) 421+ 6 - Y5+ Ja+ v5 - Y5 - J1+ 45.

971. YupocTaTe BrpaxeHHe:
a) Y63 - 10; 6) 417 - 1242.

972, Haiizure sHadyeHe KOPHA

1
#Etlloool - 33-.03 moooo) (n € N)n
an n n
973. BHecuTe MHOMHTENb I10J] 3HAK KODHS:
a) ab¥5, raea < 0, b > 0;
6) ab\‘/§, riea < 0,b< 0
B) —abf@, riea = 0,0 < 0
r} —ab¥/2, rae a >0, b > 0,
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974. BriHecuTe MHOMKMTEJE M3-TIOA 3HAKA KOPHA:
a) §-bdat; G) {487, roe b = 0 B) §—a'p®.

975, HoxkaxuTre, YTO BeDHO PABEHCTBO!

_ . 20— 113 _
) Y99+ 702 = V2 + 1; 6) v
976. CorpaTiTe ApOGL:
)%'_+g_ )aJ_—bJE.
B Yo R A

a-b_, x+ ey +3mf vy
T % R Y e
977. IIpeacTaBbTe B BANE KBEIDATA CYMMEI:
a)a+b+2~/_+2s/¢;+2\/5+];

6) va + b+ 1+ 24ad? - 24a - 2V,

978. IIpeacTaBeTe B BEAE KyOa CyMMEI:

8) ava + 3avb + 3va + bb;
6 x+ 3$fx’y + 33x? + .

979. Coxparure apobs
x+y+ 0oy + 20+ 2y +1

6)

xJE+yJa:r+Jx—y
980. Hoxaxkure, yTO
Ja*+2b‘ ~ oab iz ={a—b\/§,ec.ma>b\/§,
bJﬁ-a,echaébJﬁ.

981. Haitgure suaverre apobu:

0, . 2/108 48°%
8) ; 6) —3 B) == r) .
550 0,04 %)'“ 24355

982, JoramuTe, YTO 3IHAYECHKE BHIPDAKEHMA HEe 3aBHCHT OT 3HA-
TegHii mepeMeHHBLIX!

a) ({27a) + (Sa)) (3,5“(343a) - 30(0,001a) )

ﬁ)ab#a—; —abg(bi: + 5 Yabt - E%Tb.
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983. YnpocTATe BRIpaIKeHHE:

g) G Y a4 ),
Py T

)y+2+(y —4)”“ ¥+ 2 - -9,
y+2-(° —4}"'5 y+ 2+ (- %’

) ((a + b)‘"‘“ + {a - b)"'"}" + ((a + b)""5 -(a - b}‘"‘“)"
@+ + @-b"y' - (@ + B)™ - (@ - )™

984, ¥YopocTHTEe BRIpAMKEHHE

dx® —Bx+ (2 -DWad -4 2P -8x - (x2 - DS - 4
V +
2 g '

985. Masectro, ato 10%%° = 2 i1 10%% = 5, IIpescransTe B BHAE

cTeleHH ¢ ocHOoBaHHeM 10 uneyo:
a) 8; B) 0,4; x) 0,008.
6) 25; r) 0,04;

986. Haiinure sHaYeHMe BHIDAKeHUA:

1
a) (6°)° npm b=-2;
1
a) (c“)s npu ¢ = —3;
B (x Y mpax=-Tux=8;
02y Y mpuy=—-2ay=38.
987. YopocTHTe BEIpAKEHHE!

a) b a+b,
(ab)‘”" + b (ab)"'5 -a a“b"'“’

5)( a% + 2 _a“—z).a°-°+1
a+2e% +1 a-1 a%

988. Ilocrpoiite rpadbux pyHKouUm:

1 1

a) y = -2%; B) y = Jf’;

1 2
Oy= (=" Dy=D
1
989. Haitaure obnacts ompefeaerus dbynknun y = (¥ — 1)° uno-
crpoiire ee rpaduk.
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990. YopocTuTe BHpDAXKEHHE!

1 1 1 1
2 _ 33 LoV 1 1 1
g 2=t _|ar @ opa) (6i_pd)
-pl | a? + ()

1
2

2
((:uc_2 +a :c%)(xé + a%)-l) +x+3
x% +3
991. BeraucouTe (?125 - 46 - ﬂl + 2J(_5) . {ll - 2J6.
992, ¥npocTuTe BLIpaXKEHHE:
8) va + 4z - 4 + Ja — 4Ja — 4, paccmorpes cryuan, xorna 4 < @ < 8
H KoTga a = 8;

2 -2 1 1
5)(1+1) +(1—l) , ecnux=(l-l)2(l+l)2un>1.
x x n n

993. JoxaxHTe, YTO BeDHO PABEHCTBO:

o (155 - () - (1558 - (18]’

6)

6) 420 + 14V2 + Y20 - 1442 = 4;

B) 2448 + 2-43 _| =2
J§+J2+J§ Jé—Jz-JE

K maparpady 16
994, PemuTe ypaBHeH@e:

a)JZ—xJ§+J2+xJ§=2;
6) V1 + x* = 2Jx(1 — x);
1

py1— —(l—x‘)_’3 =0
H @zt -2°% =2x - 1.
995. Haligare KopHA ypABHOHHA:
DB+ x+ 485 -x=3 B @A+ +4r+ 1 =12

1 1
¥x-2+43-x=1 r) Gy + 1 + Gyt +1)* = 6.
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996. PemintTe CHCTEMY YDaPHeHMIA!

) {(:f‘ - f)E - o) - 16,
(4 + $a)(4 + ) - 40

x+y+\fa_:+\/;=32,
) 12(\[5-!-\5):7 xy;

J£—2J£=l,

B) 1 V¥ ¥
J5x+y+J5x—y=4;
Yx+y-Ye-y=2

r)

Je+y-Jx-y =8
997. PemuTte ypaBEeHne:

O VEri+rB-% o {-m+¥ar e - LG

998. Pemunre ypasgenze (n € Nun > 1)

a) fx+ 1)F +Yf(x—1)7 = 4¥fx? — 1;
6) YL + x)* - Y - x)* = Y1 - 22,

999, Pemure ypaRHeHME!
1 1 _ 1,

VITh-z 1+A-z =
6) ¥x -5 + Yx - 12 = L5¢8(x - B}x — 12);
B) ¥621 + x + 77T + 2 = 8

) Jr + 2Jx - —Nx-2Jx -1 =2

1000. Pemnre cucTeMy ypasHeHHI:

a){y;-'-%,;:& 6)‘\%‘\@%

xy =8
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1001. PemuTe ypaBHeHME:
a) ya¥x - Yavx = 56; 6) Yx'x + Jxilx = 24,

1002. Pemure ypaanenne OTHDCHTEJII:HO x:
{a + x) + Ha - x) = (a2 — x’)%.
1003. Haiigure RopHA ypaBHeHHn'
a)\/x+\/_-\(x— x —-1’ +J_
J_ xidr-alx _ Jx- J—i - 4.
J_ V-4 Jx+yx-
1004. Pemure cucreMy ypaBHeHMH

-y + (-3 =12
x+y=6.

1005. Pemure HepaBeHCTRO:
a)\l(x+2)(x—5)<8—x; 6),/(x+3)(x—8)>x+2.

1008. Penmrire HepaBeHCTBO:

B fz=1+ Y+ 1<3G,

6) ?fx—3+§’/x+3>|%|§/§.

1007. 35a8, uTo 1 — RATYpANLHOE 4Yicio, Goabmee 1, pemnte
HepaBEHCTBO:

Q) ¥s-x <l 6) Yx - 20 > 1.

1008. Pemure HepaBeHCTEO
Qx(x— 1)+ 1> Jx2 —x +1.

1009. Pemure OTHOCHTENIEEO X HEPABEHCTBO:

8) Jyx - 2 <a; 6}J3x—1>a.

1010. PemuunTe 0TEOCHTENBHO X HePABEHCTBO
2x + Ja? - xt >0, reea> 0.

1011. Haiizpre MHOMKeCTBO perneHHM HepaBeHCTB&R
1 1
2 2 4
X +x" <= -1,
Jx

10 K. Maxapu=es sAnrefipa. B .
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43. \/ ¥ron noBopoTta

IIpoBegeM B KOODAMEATHON IIOCKOCTH OKPYKHOCTB ¢ HeHTpoM 0
u paguycoM OA (puc. 108). Oann koHen panmyca OA coBIagaer ¢ Ha
JaloM KOODAHHAT, & EPYro# — npuHamnexut ayay Ox. Taroit paguyc
HE3EIBAIOT HAYQRbHLIM paduycor.

HavyaJbHEM pagHyc MOMKHO NOBEPHYTE OKOJIo TOukd O EA CKOMLEO
YroAHO TPAAYCOR KAK M0 YACOROH, TAK W IPOTHB YacoBO# CTPEIKH,
IloBepHeM, HAIIpEMED, €T'0 TPOTHE HacoBoif cTpenkH Ba 180°, noroM emge
Ha 180° g eme Ha 60°, B peaynbraTe HEYANBHEN DAAMYC IOBREPHETCA HA
420° u zaiimer nonoxxenne paguyca OB. T'opopar, uto yzox nosopoma
HAYAJBHOrO paauyea paper 420°. Yro moBopoTA CUMTASTCA ITOJIOHKIATEIE
HBIM, €CXH HAYAJIBHEIN pag@ayc BpPAIIAeTCs NPOTHB YACOBOH CTPENHH, H
OTPHIATENBHEM, €C/i BpameHde [MPOHCXOSUT N0 4acoBoll cTpeske,
Ha pucynke 108 cTpenkamMu moKa3aAEE yraml nopopora 420° m — 50° .,

B ornHumMe 0T YIVIOB, PACCMATPUBAEMEX B Kypce TEOMeTDHH, Lid
KOTODHIX IpAXyCHAA Mepa YTJ& nameHAercs ot 0° go 360°, rpagycHas
Mepa yraa NMOBOPOTA HIMeESeTCHA OT —0° 0 +0°, T. €. MOMer
BBIPAMKATHCA JIOOBIM SHCAOM TPANYCOR.

ITpn nmopopoTe HauaAABROT'C pagayca OA (puc. 109) ma 120° nporus
uyacopoil cTpenku oH mepeiier B paauyc OB. MoKHO YKa3aTh eme

vk uk

B

Puc. 108 Puc. 109
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CKOIBKO YT'OJHO YTJIOB NOBOPOTA (X, IIPH KOTOPHIX HAYANLHEIN paguyc
raxxe nepefiaer 8 paguye OB. Haopumep, 120° + 360°, 120° + 2 . 360°,
120° £+ 3. 360°, i r. a. Kaxawiilt U3 HUX BRGAcCAAETCA 00 hopMyae

o = 120° + 360°n, rge n — menoe 4HAcHO.

Kakum 651 AR G611 yron nmoBopoTa O, ere MOXKHO NPeiCcTABHUTH
B PBfle CYMMEL O + 360°n, rae 0° < o < 360° 1 n — memoe amcio.
[Ipr 5>ToM TOBOPOTHL BA Oy ¥ O HePeBOSAT HAYANLHEIN paguyc B OZHH
H TOT JK€ PAZHYC, TAK KAK 9TH YIVIKL OTAUYAICTCA OJHH OT APYrore
JMOE He HeJioe Yucao ofopoToR,

IIpumep 1. IlpeacraBuM yrawm 5078° u —1976° B BHAe o, +
+ 360°n, rae 0° < o, < 360° U n — menoe uncio.
PasgenMM ¢ 0CcTATKOM Kaykaoe Ma udcesa 5078 u 1976 Ha 360,
DOMYSIM:
5078 = 360 - 14 + 38, 1976 = 360-5 + 176,
Orciona

5078° = 38° + 360°- 14,
-1976° = -176° — 360° - 6 = 184° + 360° - (—86).

B pasenctee 5078° = 38° + 360°- 14 umeem o, = 38° u n = 14,
a B paseHcTee —1976° = 184° + 360° - (—6) amMeeM oy = 184 u n = -6,

OcH KoopIHHAT PaadUBAIOT MHOMECTBO He NPHHALIESIKAIUX UM
TOYEK KOOPAMHATHON IIOCKOCTH HA YeThIDE YeTBepTH (puc. 110). Ecau
OpH TIOBOPOTE Ha YToJ O HAYANBHBIH paguyc nepeiifer B paguyc, Je-
mamuii B I yeTBEpPTH, TO MOBOPAT, YTO { €CTH Yrod mosopoTa I wer-
BepTH. TaKuM Ke o6paszoM moREMawTes yrael mopopota II, I u IV
qeTBepTei.

Ecnm yron ¢ mpejgcraBATh B BHAe O, + 360°n, To mo ¢, Jerxo
V2HATB, ¥ KAKOHA ueTBepTHA OTHOCATCH YIoJ O.

Ecma 0° < o < 90°, To @ — yron v
1 yeTpepTH; ecam 90° < ¢, < 180°, To
o — yroa II vereepry; ecmu 180° <
< gy < 270°, 10 00 — yrox III yer- I I
sepTH; ecad 270° < oy < 360°, To 00 —
yron IV yersepr. Ecmu o, pasen 0°,
80°, 180° uau 270°, To yroa o He oT- 7]
HOCHTCH HH K Kaxoil yersepTu. Taxroit
yron mMeer BEA o = 90°n, rme
n — menoe Yucao. Ilpu moeopore Ha- I v
TANBHOIC paaumyca Ha yroa 90°n om
DepeXoART B paguyc, JeRalluil HAa
0aEOA H3 ocelf KoopaAMHAT. Puc. 110

t
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IIpumep 2. BRIACHUM, YoM KaKol yeTsepTH ABIAETCA YroA
HOBOpOTa ., pABHKIA 995°.

IIpepcraBuM YIoX O B BEAE O + 360°n, rae 0° < 0y < 360° u n —
neJace IACHo, IoTyUnM

o = 995° = 275° + 360° - 2.

B arom mpumepe o, = 275°. Tax kak 270° < 275° < 360°, 1o a,
8 CJIeJOBATENHHO, H O ecTh yroa IV yerseprn.

1012. HauepTuTe B KOOPDAHHATHON NNOCKOCTH OKPYRHOCTDL ¢ Ha-
YANpHEIM paguycoM OA, paBEuM 4 cM. IloBepEETe HAYANBHEIH pa-
AUYC HA YTOJ O ¥ MOKAKUTE CTPEJKOH YToJ IOBOPOTA, €CHH!

a) o = 450°; B} o = 135°; x) o = —200°;
6) oo = —60°; r) a = —-120% e) o = 315°,

1013. ITokakHTe cTPEJKOIT Yrol TOBOPOTA (Of HEYANBHOTO DAIHEY-
ca, eclH o = 450°; —540°; 720°.

1014. IIpu nopopoTe Ha YTOJ O, ERYAJLHEIN paaryc OA mepexogut
B paguyc OB, Kax pacmonosxeH pagryc OB B cacTeMe KOODAWHAT, eC/y:

a) o = 90°; r) o = —90°; w) a=0°
6) o = 180°; &) o= —180°; 3) o = 360°;
B} o = 270°; e) o= -270° ) o = —-360°7
1015. ¥raoM Kakoil weTBepTH SABAAETCA YTOJ MOBOPOTA:
a) 190°; B) 300°; m) 35°%; x) 100°;
0) —85°; r} —100°; e) —185°; a) —350°7

1016, IIpexncraBnTe yroa nosopora O B Bage o, + 360°n, rae
0° < gy < 360° 1 n — meyoe yKucno, ecmau:

a) o = 1100°; B) ¢ = 2150°; &) o = 4322%;
6) o = —672°% r) o.= —3400°; e} o = —3960°.
1017. Yriaom xakoil YeTBepTH ABAAETCHA YTOJ MOBOPOTA O, €CIH:
a) o = 850°; B) a = 369°; ) o = 920°%;
0) o = —460°; r) a = -1000°; e) a=-2170°?

1018. ITycTe npH mOBOPOTE HAYANBHOTO paguyca OA Ha yrou o oF
uepexopar B paguyc OB. HazoruTe ellle FBA mONOKATENBHEIX U APa
OTPHIATENBHBIX YTJA IOBOPOTA, NepeBogAmax paguye OA B pagayc
OB, ecin:

a) o = 369°; 0) o = —412°,

1019. Hevanpueiil paguyce OA cHauasa nopepHyaH Ha 115°, a oo
TOM ellle Ha —75°. B peavakrare oH Oepemen B paguyc OB, Ham-
e GopMyy, N0 KOTOPOH MOMHO BRYHCIEATE JIHN00H yTos nosopora o,
npH KOTopoM paguyc OA nepexosut B paguyc OB.
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\
NN '/ YNpaxHeHua ans NOBTOPeHWn

1020. Joxaknure, uro dyuknas y = n? — 2n + 1, rae n — uary-
parsEoe uwcao, obparama. IlocTpoiiTe ee rpadmyk @ rpadbukx obpaTt-
Holt el pynruun. 3agaitre ofpaTEy dyEKONIO dopmyoii.

1021. ¥npocTHTe BHpRXKEENE

1 1 1 3 3
y2 xttyl |, oy
1 1~ T ' 1

x2 + y? x x?

2

1022. CroasKko ofIEX TOYEK MMEIoT:
8) npamaa x + 2y = § u oxpymuoers x2 + yf = §;
6} oxpyxuoCTE X% + y? = 10 1 npaman x — 3y = 9;
B)npamMean x — y = 6 ® napaGoya y = x% + 10;
r) mapabona x = ¥° — 5 u oxpy:xHocTs x? 4+ y? = 1007

44, \’/ WamepeHne yrnos nosopoTta
B paanaHax

IIpn M3MepeHHH YIIOB MOBOPOTR, TAK He KAK W IPH W3MePEeHUH
BEIMIMELL YTNA, KpoMe TPajycoB HCNOAb3YIOT MHHYTLI B CeKYHABL.
HamomewumM, uro 1° = 60°; 1’ = 60”.

OxEAKO BO MHOTHX ¢ayuanx Gonee ymobHoH eguERUeH BeMMUKHBI
yrra oxeselBaeTca paduax (oT nat. radius — pagwyc).

IIycrs opu mopopoTe HaYansHore paguyca OA (puc. 111) nporus
tacopolt CTpeNIKA erc MOABMIKELRIA KOHEl OOMIUeT XYTY, PABEYIO IO
IMMHe paamycy, @ aaiiMer nono:erne B. Yroa nosopoTa, OIpd KOTO-
pon OA nepexogut B OB, HAasHBRIOT pagHanoM. 3aMeTHM, YTO ¢ 110-
NOIIEI0 PAAKAHA H3MepAIOT Mo6VIo BeIUTIMEY YIia.

Ounpeneneune. PAZHAHOM HA3EI-
BEeTCs yrol MOBOPOTAa HAYANRHOTO Da- 4
IMyca npOTHB YAcoBoil CTpeNKH, MPH Ko- B,
TOpOM er¢ noABMAEHLI Komen onHCHBaET B
IyTY, PABHYIO II0 XANHE DATHYCY.

Ha pucynKe 111 crpenkoil moxasaH
yroa nosopora ¢ B 1 paauas: Al 14,

o =1 pan.
ExvEBns BeJHYHHE yraa pAgHAH
He 3ABHCHT OT AJTHHEI HAYAJILHOTNO pPAgAYCE. Puc. 111
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% BossMeM npoH3BONBHLIA HAYANL:
HLIiZ paguye OA, (cM. pue. 111) u
[IOBEPHEM er'0 HA TOT Ke yroa o. Ero
cBOOOSHEH KOBeIm onKIIeT IYry
A,B,. Ilnuna »roit 1yru oponopoune-
HAaNBHA ENFHe pagmayca OA,. Orcio-

= * A4 CHeAyeT, UTO AJMHA AYTH AB,
TAKIKe DABHA AnAHEe paguyca OA,,
Puc. 112 Ha pucynke 112 erpenxamMn m-

KasaHsl YIVIE oBopota B 1, 2, 3 pa-
guesa. IIpu sroM cBoGOAHEI! KOHEIl HAYANBHOIO DAANYCA OMMCEIBAET
gyry anunoii R, 2R v 3R, roe R — anuea paauyca.

Ecan gnuny Ayra, KOTOPYID OOUCHIBAET CBOOOARBIM KoHenm HA:
YANBHOTO PAAAYCA NPH BPAINEHHA NPOTHB YACOBOM CTDRJKH, pas-
AeIUTH HA EMAMHY paguyca R, To nomyunTca yroA OOBOPOTE B pajgua-
HaX.

IIpu noBopoTe HauanbHOro paguyca Ha 180° ero cpoGoambiit xo-
Hell ONHIIET HOJAYOKPYXRHOCTE, SAMHEA KoTopoil paBna mR. robu
BLIPR3UTHL YroJ OOBOPOTE B PANHAHRX, Hano R pasgenuTs Ha R.

ToxyuuTea

180° = % pan = 7 pan = 3,1428... paxn.

PaccMOTpHM pPBBEECTBO
180° = n pag. 0y
Paanenus ofe ero Yacty Ha 180, momryumm:
o_ B _ .
1 - 180 pax,
1¢ = 0,017 pag.

Ilepectapum B paBeHcTEe (1) DPABYIO M MEBYI0 YACTA M pasfeHM
KKAYI0 u3 HUX HA N. Ilomyumm:

180,
1D&E=T’
1 pag = 57°.

IMprmep 1. Bupasum B paguanax 135°.
Tak kak 1° = % paz, To

135°=%-135pu=% pan = 2,4 pan.
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IIprmep 2. Bupasum B rpagycax 0,3 pan.
180°

TaRKa.Rlpa,u=T; TO

0,8 pag = %-0,3=-5§- = 17°,

(OGosHaYeHEe PRAVAHA NPH 3aMHCH YIVIA MOBOPOTA Y4CTO OIY-
an

cxaor. Tak, manpamep, BMecro 135° = - bax = 2,4 pafg MOXKHO

oueath 135° = 371: = 2.4,

Bo MHOrHX clyuadx, BRHIpa:Kag yroJ mOBOPOTA B pajueaHeX, Cco-
XPAHAIOT MHOKHMTENb R, & He 3aMEeHAIT ero AecATHYHORE Apo0nIO.
Hanpumep,

o_ _T_ _ X. a_ T _K
30° = 155 - 30 = 90° = 7 90 = 3;
a_ _* 4k _ K, o_ T _ 8=,
45° = 155 45_4, 270° = 7 270_2,
o_ _®_ _ k. o _ _T_ _
60° = g5 60 = 3; 360° = g5 - 360 = 2r.

DopMysa ¢ = O, + 360°r npu AIMepeHAM YINIOB B P&AMAHAX
IpHHHMAET BHJ
o =0, + 2nn,

ree 0 < 0y < 20 ¥ n — meJoe YHUCIO.

1023. BrIpasuTe B pAAHAHAX:

a) 10°; B} —115°; B) 250°; w) 360°
a) 856°; r) 200°; e) —216°; 3) 400°,
1024, 3anAmuTe ¢ ICMOMBID T B PaguaHax yroi:

a) 120°: B) —210°; x) —300°; *x) 540°%
6) 150°; r) 240°; e) 330°; 3) —720°.

1025. BripasuTe B IPAAYCAX ¥IOJ MOBOPOTA:
a) 0,4 pax; B} 2,6 pan; K) —4,2 pan;
6) 1,3 paxm; r) —8,5 pan; e) 10 pax.

1026. 3aoummnTre B rpaAgycax yrox:

2. K. 5 13
a) 3m; B) g™ A) 37 x) W

6) %n; r) ésat; e) %n; 3) 3n.
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1027. B tpeyrommEnke ABC yron A parer %n, a yron B B 3 pan
6onpme yrae C. Hadaure yram B . C.

1028. Oaru u3 YrAos pasroBoKoi Tpanenan pasen 0, Tn. Haifzume
OCTAJIBHBIE YIVIK 2TOH TpamnemyH.

1029. ¥raoM Karoill YeTBepTH ABJIAECTCA YION O, e€CIId:

a) = %n; B) @ = gu; B a=1,75x;
6) o= %n; r) o= 1,4m; e) o= -g-n?

1030. IlpeacraBbTe Yroj NMOBOPOTA ¢ B BRZe O, + 21tn, rae 0 £ ¢, <
< 2n ¥ n — HeJioe YHCIO, ecuaH:

a) o = 3m; B) ¢ = 4,8%; E) o= 13—01t;

Ga=-23m Doa=-55% ea= -l

1031. YriuoM Kaxkoil YeTBePTM ABIAETCA YTOJ TOBOPOTA (i, ECHH:
a) o = 2,97; B) 0. = 4,3m; A o= %u;

8) a=-3,1xn; r) = —-4,9m; e) o= —% n?

1032. Hanumure GopMyny ANS BHUYMCICHMA VIR (L, eCJIHE HpPH
IOBOPOTE HAUANLHOTO PAAMyca Ha STOT YyToJl OH MEePeXOAUT B DAY,
pecnosoRenHblin:

a) H& Ayue Oy; r) He JyYe, OPOTHBOIOAOAKHOM
6) Ea Ayue, UPOTHBOIONOKHOM ayuy Ox;

nyuy Oy; A) HR 0CH Y;
B) Ha nayue Ox; e) Ha OCH X.

1033. KoopauMEATHAA ILIOCKOCTD
(puc. 113) nopopauHBaAETCH OKOI0
ToyKH O H& yroa o. B Kakue TOUKE
nepeiigyr npu sroM ToukH A(4; 0),
B(0; 3), C(—5; 0) n D(0; -2), ecan:

a)a=%; By =T;

o= —%; o =—n?
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1034. B xoopAHHATHON NJNOCKOCTH oTMeueHH ToukuH M(2; 4),
N(-2; 3), P(-2; -4) u K(5; -3). B xKaKue TOYKH OHH nepeiiayr npn
HOBOPOTE KOOPAHMHATHON II0CKOCTH Ha YTOJ O 0KOJNO TOUKH O, ecau:

a)a=%; ﬁ)a=—%; B) )L =T; rjo=-n?

\
NN 0/ YnpaxHenna AnfA NOBTOPOHMA

1035. Haiinute o6ascTs oopefelleHHA GYHRIVH:

1
a)y= Yo - Tx - 30; my:@sx‘-’—sx—ﬁ‘

1038, ®yuxnuE u, ¥ ¥ W onpexeJeHL! B& MHoxKecTbe B. Ilpuaem
u cbpatHa v 1 v ofiparHa . fiBngerca na pyEruRg u obpaTHOll dyHK-
e w?

1037, IlorasxuTe mMTPUXOBKOME B KOOPAHHATHOR OmOCKROCTH
(x - 3)° + ¥ €186,

eINeHHA CHCTEMEBL
P {x* -33y

45, \./ OnpepneneHue
TpuromeTpuieckux GyHKUWA

IIpn moBopoTe oKoJo TOUKH O Ha yron ©. (puc. 114) mauansHbIH
paguye OA nepeiiper 8 paguyc OB, HasLIBaeMEL roHedHbM PACUYCOM.
IycTh KOOpAUHATEI TOMKM B DABHEL X # ¥, & AMHHA paguyca papHa R,

OTROmeEeRNA % H % He 3aBHCAT OT AJINHL pagHyca. B camoM gene,

30BLMEM AB8 HAYAJBHBIX paguyca: OA, = R, u OA, = R,. IloBepHeM
HX OKOJIO TOuKH O Ha OJME ¥ ToT »xe yroa ¢ (pmc. 115). Honyumm
paauyesl OB, u OB,. IIyeTe KOODAMHATH TOUYKH B, paBHH X; B Y,
a4 KoOpAMEATH TOYKM B, paBEM X, # Y,. Kaxoili 6K 4YeTBepTH HHK
OPEEAAJNEKAT YroA ¢, MOKHO OOCTPOMTH NPAMOYIOJLEEE Tpe-
yroasanku OB,C, u OB,C, (B,C, 1 0A,, B,C, 1 OA;). U3 nogobus
FTHX TPeYToMbHEMKOB ¢ yUYeTOM 3HAKOB KOODAHHAT Touek B; u B, cie-
AVIOT PABEHCTBS

Bo_p AN _ X

B RBRY"R R

OTH paBeECTB& BEPHEI H TOTAA, KorAs ToYkM B, 1 B, momgaaioT Ha

RaRyiIo-1rG0 M3 oceil RoopanHAT.
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vk v
B(x; y) B, B
o
o A 4, 14,
o] X c, \C, 0 x
Puc. 114 Puc. 115

3HaYHT, KAKIOMY YTIY 10BOpoTa ¢ (¢M. puc. 114) cooTseTcTBYer

eNBHCTBEeHHOEe 3JHAYeHHAe OTHOMeHH A %, a TAK)Ke eIHHCTBeHHOe 3HAYE"

x
H#e OTHOLICHAS - IToaToMy 2TH OTHOIOIEHHA ABAAIOTCA GYHKIHMAMY

yria noeopora ¢. Ileproe M3 HWX HEBLIBAKOT CHHYCOM, B BTOpOE —
xocunycom. Inmyr

sing= &< cosa—-{
=7 =%

IlycTs OpH NoBOpOTE HAYANBHOrO paguyca OA ToYka A mepenlia
B Touky B(x; y).

CHEYCOM yIJIa MOBODOTA HASLIBAETCA OTHOMCHHE¢ OPAHHATRL TOY-
ku B x paune pagmyca.

KocHuycoM yria moBopora HA3LIB2ETCA OTHOmMEHHMe AGCHmCeCH
TOYKH B K paxme pagnyca.

ApPrymMeHTOM CHHYCA H KOCHHYCE ABJIAETCA YyToJ noBopora ¢. Ecmm
STOT YO/ BHPAREETCH B PATAAHAX, TO JHAYCHAAMHE O, ABNAIOTCA Ael-
CTBHTeJbHEIE Y¥CHA. B TEKHX cAaydasX CHHYC W KOCHHYC pac-

CMATPHEAIOT KAk MYEKIHM THCI0BOTO apryMeETa. HampuMep, sin 0,8
n
O3HAYAeT CHHYyC yraa moropora B 0,8 paguwana, cos 3 €CTh KOCHEYC

n
yria MOBOPOT& B 5, PABHOTO 1,67... paonans.

Ob6nacTEI0 ONpefilelIeHUA KAK CHHYCH, TAK B KOCHHYCA ARIAETCH
npoMesyToR (—00; +00), IIpH ASMeHeHHA YI'MIa NMOBOPOTA KOODAHHATH
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¥ x
X My HsMeHsI0TCA B rIpenenax ot —R go R. ITosroMy oTHOLIEHSA 1D
H3MeHAKTCA B Ipefenax ot -1 xo 1. 3HauynT, obaacTeio aHAYEHUH cH-
HYCE M KOCHHYCA ABJdAeTca IpoMexyrok [—1; 1].

PaccMoTpAM eIme KBA OTHOIIEHHSA: % u % (cm. puc, 114). On

TAKJKe JABACHT JHIIL OT YIJIA IOBOPOTA H HE IABHCHT OT JJAHAHEL pa-

T
mayca, Kaxcromy sHaYeHMIO &, ecyH O # 3 + fn, rae 1 — Oenoe YHCJIo,

COOTBETCTRYET €GHHCTBEHHOE 3HAYCHHE OTHOLIEHHA "‘:-, H KaxaoMmy

3HAYEHHNIO O, eCcJH O # 7in, rAe B — OeJ0o€ YHCHO, COOTBeTCTBYeT
X
EJRHCTBEHHOS JHAYUEHHE OTHCOIEHUA ;- CareaoBaTeNbEO, OTHOIIEHHUA

F 4
Yu v AensawTcs GyRKOuAMA yraa noBopoTa. Ux HASLIBAROT cooT-

x
BETCTBEHHO MaxzeHcom ¥ Komarnzerncom, Ilumyr
X
tgo= ¥, ctg oo = =.
x ¥

TaHreHCOM YIJA HOBOPOTA HASHIBAETCA OTHOIIEHHE OPAMHATEI
ToukH B Kk ee aGemucce.

KoTaBErencoM yria HOBOPOTA HASHBAETCA OTHOIEHHME AGCIMCCHI
TouxK B Kk ee opaunare.

TaEreBC ¥ KOTAHIEHC TAKMKE YACTO PACCMATDURAINT KK QYHKIMH
HHCAQBOTO &DPTYyMEHTA. QbnacTeIO onpeaenceEUA TAHINCHCRA ABRIACTCH
MHOMKECTBO BCeX KeHCTBHTeNBHEIX YACEN, H3 KOTOPOTO BCKJIQYAIOTCH

T
wHena BUAA 3 + W, TAE 2 — HeJoe SHeso. Jns KoTaHTEHCa M3 TOTO

e MHOKeCTBA MCKJITAIOTCA SHCAA BUAA 7R, roe n — IeJloe SHCI0,

ObaacTeio sHAYEHUE TAHMEHCA M KOTAHTEHCR ABJISCTCA TPOMEXy-
TOR (—00; +00),

Odna yraos 0° < o < 180° dyaxunn cuHyc, KOCUHYC M TaHIeHC
COBOAAAIOT ¢ PACCMOTPEHHEIMH B KYpCce TeOMeTPHH DYHKIHAMH, HMe-
OIEME Te e Ha3BRHUA,

PaccMoTpuM ODpHMeDHl BHIMHCAEHHHA NPHONHMXKEeHHLHIX SHayeHul
TPUTOHOMETDHYeCKHX GyHKIAH,

IMIpumep 1. HaiineMm, Henonssya pucysox 116, anavenua tpu-
FCHOMeTpHUIeCKMX QyHRIAN yraa 65°.

ITosepHeM HauaNBHEIH pagnyc OA Ha yrox 656°. Haligem xoopau-
HATRI JEMKAINEr0 HA OKPYIKHOCTH KOHO& KoHeaHoro pagayca OB. Ilo-
TYIHM

x=13;y=2,7.
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=

5

]

Puc. 116

IlpuMeREEB ONpeAeNieHUA TPHTOHOMeTpHYeCKHX GyRKIuil, Gygem
HMETh:

ero_ U o 31 _na. o ¥ .27 _a1.

sin 65° = £ 3 =0,9; tg 65° = * =13 2,1;
o__x. _1L§ . 0_£,=.!’_3_,=

cos 65° = =3 = (,4; ctg 65° = y 57 0,5.

3HaYeHAA TPUroHOMeTpHYecKHX GYHHIWI MOXHO HAXOAUTH
€ MOMOIIBI0 KAABKYIATOPA.

IIpamep 2. HailizeM c nOMOIIBbI0 KAABKYJIATOPA NPHEGMINIKeHHEREe
sHaveHEda sin 137°29, cos (—0,816), tg 5,38 » ctg % C TOYHOCTBIO 1D

THICAYHEBIX.
Hafiga ¢ noMoIbio KadbKyJIATODE NPUGAMIKeHHEEe 3HAYCHHS
BHID&sKEHUWH W OKDYTVIMB WX [0 THICAYHEIX, TOXYVUUM!

sin 137°29 = 0,676; cos (—0,816) = 0,685;
tg 5,38 = —1,268; ctg % ~ —3,436.
JIng HeKOTOPRIX YIVIOB MOBOPOTA, MCNONL3YA MpocTeiimue reo-

MeTpH4YEeCKHe CBeAeHHA, MOKEO H&HTH TOYHRIe 3HAYEHUA TPHELOHO-
MeTpHEIeCcKAX PyHENImIT.
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Ilpumep 3. Haligem sHaueHHA Y
cHHYyCca, KOCHHYCA H TaHreHca 180°.

IIpyn nopopoTte Ha 180° HauanbpHEIH
paguyc OA = R (pre. 117) nepeitger B

paauyec OM. Toura M oramercs Ha
Ay4e, OPOTHBOIOACHKHOM ayay Ox. Ee M f \ A
koopAnEaTh: X =—Ruy=_0. 0 x
IosTomy
9

sin 180° = B= 0;
R

cos 180° = & = -1;
Pue. 117

0
tg'180°=?R= .

SameTHM, uTo ctg 180° He MMeeT cMbIc/A, TAK KAk He MMeeT CMBIC-
-R
78 OTHOIIEHHUE —5-*

CocrasuM rabauny sHAYeHH TpUroEOMerpHYecKuX GyHEOWI nua
HEKOTODRIX yrios. MHorme M3 9THX 3HaueHWE §LLIM BRIYAC/EHEI B
Kypce reomerpun. Ilpoyepk B Tabnune chienman Torpgs, Korja BHpa-
MEHHe He HMEeeT CMEICIA.

o 0° 30° 45° 60° 90°
; 1 V2 V3
gin o 0 3 5 = 1
B & |1
tg o 0 -‘é—g 1 J8 -
ctg o — J3 1 % 0
3aMeTHM clenyiolllee: eClK BIAThL NOCAEAOBATEILHOCTE Apobeit
0123 4
4' 4 4 4’ 4

H H3 xamacit apobH H3BJIeub KBAIPATHEIE RopeHb, TO NOAYIHTCA
132 8 4
2 r 2 ¥ L

cTpoka us TEGMHUE JJIA 3HAaYeHUH sin o: 0, 3
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IIpamep 4. Haiigem saadenne BHpaskeHUA cos® 45°,
Bripaxenue cos? 45° osgauaer (cos 45°). Ero unranr: «Kocumye
wBagpar 45°». 3HauMT,
cos® 45° = (%) = %
1038. Ha prcyure 118 maobpaxensl yrasl nosopora 125°, 220° u

—20°, Hadigure npubaiieHEbEe 3HAYCHAA TPEIOHOMETPAYECKHX HYHE-
OMi KaXKA0re U3 9THX YIVIOB,

X

1039. Ucnoansya pucyHor 119, Hailigure npubanxeHHble 3HaYe-
HUA TpHroHoMeTpHYecKHX dbyurouil yraoe 1,4; 2,7: 5,2 u -2,5
pPajzHaHg.

1040. Iipn nopopoTe HAUAALHOTO paguyca OA Ha yroa o Touka A

¢ KoOpAHHATAMH R M 0 mepexoAUT B TOUKY B ¢ KOODIHHATAMH X H J.
BLIMHCAHTE 3HAYCHHA TPHMCHOMETPHUECKUX PYHKIHH yIia o, eciu:

a) x=0,3; y = 0,4; Dx=3;y>0 R=4;
6)x=-12; y=-9; e)x<0;y=2;R=3;
B)x=18; y=-2,4; Ryx=-5y<0; R=6;
r)x=0,3; y=2,T7; 3)x>0;y=-1; R=2.
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1041. C noMOomMBI0 KANBRYIATOPA Halinmre OpubaHsXeHHOE 3HA-
YyeHHe ¢ YeThIPEMA JHAKAMH IIOCHe 3anaTod cleaylomgux GyHRImIH:

a) sin 211°87"; z) 8in 0,513; u) sin (-2,555);
6) cos 302°18"; e) cos (—1,618); &) cos 3,408;

B) tg 196°45"; #x) tg (—4,009); m) tg 1,985;

r) ctg 256°10"; 3) ctg 1,313; M) ctg (—4,123).

1042, Henonpaysa cBOMCTEA IPAMOYTOJIBLHOIO TPEYTOJBHIKA, BEIYHC-
JMTe 3HAYECHHE KAXKA0iH TPEroHOMeTpHYecKoil GyHKIME yria ¢, eCJIH:
a) oo = 1356°%; B) 0 = 240°; I) o = ~30°%

6) oo = 210°; r) o = 300°; e) o = —45°,

1043, Haiigure 3HAUCHME KA)KA0H H3 TPHIOHOMeTPHIECKHX (hyHK-

oM yTUIa Of, ecJI:

o= g B) o= —g; n)a=%u;
. 3
6)a=%:-; r)a:—%, e)a:—lzn.

1044, Haitaure 3Ha4YCeHNe BHPAXKEHAA:
8) VBcos30° + v2sin45°  m) 4 cos 30° sin 60°;

6) /3 (sin60° — tg 30°); e) 2 tg 60° tg 30°%
B) 2 cos 60° + 3 tg 45°; #) 4 ctg 30° sin 60°;
1) V3 cos(° -~ 2ctg 30°; 3) 2 cos 30° ctg 60°,
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1045. Yemy papHO 3HAYeHHe BEIDaYKEHHUA!

1 =T . LAR
a)2sm4cos4 ) st(th_msE)’

1, = .= z( L3 °1‘.)-
5)3158'30158'6, E)tgﬁoos4+sm4,
B)4tg%sin%; m)sin%cos%tg%;
r) 8 cos = ctg4, a)cos%—tg%+ctg%?

1046. HaitguTe sHAUEHNe BHIpAXeHMSA:
a) sin 20 + cos 2, ecan o = %;

6) tg @ + ctg 20, ecym @ =

B) 8in 2 cos 3o, ecm o =

wla ola ma

1) ctg 20 8in 3¢, ecaH oL =

1047. Yemy paBHO 3HAYEHHE BEIDAMKEHH!

) (sin (-80°) — cos 30°)?
2) 3508 (C45°) sin 45° — 6 tg 80° otg 60°°

T T n
2tg2(—§)cos§ — 3cig® E?
. m T, T T

6)

1048. HaligpTe 3HaAYeHHe BHIPAMEHHA:

J(cos 60° — 5in 602 _ (e - 3)
2) ~Sin80° - tg 60°)
g P

1049. BepHo i, 9TO NOCAEAOBATENRHOCTE
1 1 1
' . ® n
tgg sng ciEg
ABNAeTCcA apHMeTHUeCKoH nporpeccmeii?

1050. HaiiguTe TpH 3HAUEHHS O, IPH KOTOPHIX:
a) sinu = 0; rptga=1; *) sin o0 = —1;
G} cos ot =03 MNecoso=-1; gytgoa=-~1.
B) sin ot = 1; e)ctga=-1;
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1051. HU3BecTHO, YTO COS X = % Bepuo s, uro x = %?

1052, Haiinure 3HaueHHE BLHIDAMKEHUA:
8) 2 tg 30° ctg 30° cos 30° sin 30° + /3 tg 60°;

nT . = T s
csgsing  tezctegy

6)
T n I .
sm§+cos§ cosg—sing

1053. Yemy paBHO 3HAYEHWe BEIPAMKEHHASN!

8) JT::‘ + 2c0s? 30° + J-i- ~ 3tg? 30°;

22_2§_3Jl'2£+2?
R e S PRl

1054, Mo:xer Ju npE KAKOM-HHOYIb SHAYEHMHM X OBITh BEPHEIM
PABEHCTBO:

a) sinx=—-;-1t: B)sinx=1 —Jﬁ;
6)cosx=3-s/§; r)cosx=~/§-—1?

1055. Bosmoxao au, uTolsl npu xaxkoM-EHOYIbL 3HAYeHNH ¢ GLLTO
BEPHLIM pPABEHCTBO!

3 _J_t_= 2+1. 3 _7&=_1_2+_1_.
a)snn4 a 3 n)sme 3a 3
611: 2 4n 1
6n _ gy v _ 1,
6) cosT = a e A e (v

—I_|_|_|_'_|_ .> YnpaxHeHWs Ons NOBTOPEHMS

1058. INocTtpoiiTe rpabux GyHKIMH y = —Wa_cl HAennaerca nu aTa
dyaxnua obparumoii? Kakoso MHOMeECTBO e 3HaueHmit?

1057. IIpr noBopore HAYANsHOrO paguyca (A oxoio Touku O Ha
YToa ¢ TOUKa A NepexofuT B TOUKY B ¢ KOODAHHATAMM X H . YIJOM
Karol YeTBepTH ABJAAETCH YTOJ O, ECIH:
aA)x>0ny<O B)x>0my>0;
6)x<0ny>0; r)x<0ny<0?
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1058. Kar noctpouts rpadus dynasnuu y = —2f(x + 1) — 4, ecax
nocTpoeH rpadur byHrnum y = f(x)?
1059. Pepmep H €ro ChiH BHIIOJIHHIH HeKOTOpYIo pabory 3a 6 u.

3a CROJIBKO YACOB KajKALIH M3 HHX MOT OBl BRINOJIHWUTH 2Ty pabory,
ecJi ObI CHIH 3ATPaATH] HA Hee Ha 5 4 Goabine, yem oten?

]
NEREN ‘> KOHTPONbHBI® BONPOCH M 3aAanva

1. Kag youaTh, YIJIoM Kakoil 4eTBePTH ABJIAETCA YroJ NoBopoTal
IIpuseaure npumep. Kakme yribl He OTHOCATCHE HHM K KaKOi yeTBept?

2. CoopmynnpyiiTe onpefieAeHMe paguaHa. KaK BHDaauTE B pa-
AHAHAX YroJl NOBOpoTA, nmpeacTaBienHEniii B rpagycax? Ilpuseante
npuMep. Kak BEIpasuTs B rpaaycax yroJ HOBOPOTA, IpeACTABIeHHBH
B peguanax? IIpueegure npuMep.

3. ChopMynupyiiTe oupesefdenne CHHYCA H KOCHHYCA YA LOBO-
poTa.

4. ChopuynupyliTe onpenejlenHe TaHTeHCA M KOTAHTEHCA Yria
[IOBOPOTA.

5. HasoeuTte o0nacTh ompefencHua M ofiIacTh aHavweHHH Kedxaol
TpHIOHOMeTpHYecKolH dyHKIEN,

CBOMCTBA U NPAGUKW
TPUrOHOMETPUYECKMX

§ 18. /’\ SYHKUMA

a6. V HexoTopbie TPUMroHoMeTpuyecKkne
TOXAOCTEA

IToBopoTH HAYANBHOrO PAAMYCa HE YTV ¢ H O + 28R IpH UeJIoM
SHAYEHMH 7 MEepPeBOAAT HAYANLHEIN paguyc B OAMH M TOT JKe DagHyc.
IIoaromy, gakuM 66 HE GRLI yroJ O, NpHA OefloM 3HAYEEMH N BEPHH
PaBeHCTBA:

sin {ot + 2nn) = 8in o; tg (o + 2nn) = tg oy (1)
cos (o + 2nn) = cos o; ctg (o + 2nn) = ctg o

Takx xak BCAKHI yroJ MOBOPOTA MOYKHO IOPEACTABMTEL B BEAe (¢ +
+ 2nn, rge 0 < ¢ < 2K E n — UeNoe YHCIO, TO TORTecTBa (1) garT
BO3MOMXHOCTE CBECTH BRYMCIeHHMe 3HadeHua ool Tpuromo-
MeTpHYecKoil QYHKIHH KarOr0 YrofHO YIjia K BEIYHCICHHIO e¢ 3HA-
qYeHHA ANA HEKOTOPOTO yIJIa U3 npomesxyrra [0; 2r).
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Haopumep,
% [- o o — ol o JE-
sin 1485° = gin (456° + 360°- 4) = sin 45° = 3
tg (-690°) = tg (30° + 360° . (-2)) = tg 30° = %;

5% _ L _ no_ J§
cos( 561:)— cos(ﬁ 61:)—c086 ==
ITeBopOTEL HAYANBHOIO PAARYCA HA YIJE O A O + AN NpH 9eTHOM N
IepeBOIAT ero B OAHMH H TOT 3Ke paguyc. B sTom cinyudae
tg o = tg (o + nn)
u ctg a = ctg (o + nn).
Eeam ske n HeUeTHO, TO NGBOPOTH vk
HA YyTIE O H O + 7R ODepeBOZAT HAa-
UANLHBEIA pagUyC B PAJUYCHl, CHMMET- B
PMYHEIE OTHOCHTEJBLHO HAYAAA KOOD-
punar (puc. 120), Ecam npu arom
KOODAMHATH. KOHIA, Je’Xalero Ha
OKPYKHOCTH, OJHOTO M3 3THX pa-
ZHYCOB — X M Y, TO KOOPAHHATH
Apyrero KoHIa paguyca —x H —Y.
H B aroM cayqae
tg o =1tg (o + ®wn)
u ctg o = ctg (o + nn),

- - Puc. 120
rax waw £ =L gy £ =X
x -x ¥y Yy

3nauwT, opr aoloM LeloM SHAYEHHH 1 AJH YTJOB MOBOPOTA Ol M

o -+ 7 19 o6MacTy onpeeNeHHA TAHIMEHCA M KOTAHTEHCA HMEIOT MECTO

pPEBEHCTBA

tg (o + mn) = tg o, ctg (o + wn) =ctg a. (2)

Beakmeif yron noBopoTa MOMHO TIPeACTABHTL B BMIe O + 7n, rae

0< 0 <%Hun— nenoe 9HUCAO, STO AAeT BOZMOMHOCTL CBECTH BEI-

uNMC/IeHMe FHAYEHMH TaHreHCA M KOTAHTEHCA KAKOTO YrOZHO yIJa K

BEMIFCJ/ICHHI0 3HAYEHHH TexX e JYHKIHHE AIA HeKOTOpPOro yrJja H3
npomexyTEa (0; ). Hanpumep,

tg 585° = tg (45° + 180°- 3) = tg 45° = 1;

cel-1) - sl ) - -

PaceMoTpHM CBASE MeXAY TPHTOHOMETPHIECKHMH (HyHKIHAMA
TMPOTHEOTIONOXHEIX yracB. IIyers mpH NoBOpOTe HAYAJNEHOTC pagayca
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L/ OA = R aa yroa o (puc. 121) orono
B(x,; p)) Toukd O paguyc OA nepeiifer s
paguyc OB, a IpH DOBOPOTE HA YIoa
- — B pagrye OC.

IIpy CHMMETPHH OTHOCHTEJILHO

» OCH Xx Touka C(x,; J,) nepeiier B TOU-
—a Ky B(x,; 1), TaK Kax

ZCOA = £BOA u OC = OB,

Ocb y mepefiieT B 0Cb, NIPOTHBO-
noJIoHYI0 ocH y. [losToMy opaHHATA
Toukn C 6ydeT NpOTUBOMOAOMHA
Puc. 121 opauHaTe ToukH B. Ock x nepeiizer
cama B cefa. [TosToMy abecnumcca Tou-
ku C Gypger paBHa aficuucce TouxH B,

o
H‘

Clx;; 1)

Orcona

Y2 = —Yo» Xy = X435

B __Hh XA,
R R R R
¥ __n X2 _ X4
X2 x’ Y2 7

3uaunr,

sin (—o) = —sino; cos (-0} = cos u;

t'g (_a) = _tg QL Ctyg (—a) = —ctg L. (3]

Toxpecrsa (3) NOSBOAAIT yOIPOCTHTH BHYACICHHe SHAYEHAH TPH-
TOHOMeTPHEYIeCKEX (PYHKIEA 408 OTPMLATENLHEIX YTJIOB.
Hanpumep,

N2 ( u) n 3
[ © . - — = = 22,
cos (-45°) = cos 45° = g ctg 3 ctg 3 3

1060. Haligure anavenns sin o, cos o u ctg o, ecan:

a) o, = 420 B) o = —660°; ;o= 2%1:;

6) o =2130° r)o=-10855  e)a= —321:.

1061. Yemy papHO 3HAUEHHE:
8) tg 210°; B) tg 240°% ) tg 3%::;

6) ctg 225°; r) ctg 150°; e) ctg 1%::?
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1082. HaiinuTe 3HaueHHe BHIPAIKeHHA:

a) cos (—45°); r) ctg (—30°); #) —sin (—45°);
6) sin (-90°); a) sin (-60°); a) —cos (60°);
B) tg (—60°); &) cos (-30°); n) —tg (—45°).

1063. Hafinure 3HaueHHe BHPAKEHHA:

a) sin (~30°) + cos(-60°); ) ms(_%) _ sm(_z);

3
oy _ —45°) _r _x
0 tg (45 - etg (-45% o) ctg(-2) + tg(-Z)
1064. Haiinure aHaveHHe BRIPAM(CHHA!
a) sin (—405°) + eos T50°; B) sin 2,61 + ctg(—%ﬂ:);

6) cos (~780°) - tg (~225%; 1) tg(—l%n) - cth%n:.

1065, ¥opocTuTe BHpAKEHHE:
a)sin(a — &) + cos(a — b) —sin(d — g) + cos (b — a);
6) tg (x — y) + ctg (x = y) + tg (Y — 1) + ctg (y — x)
B)gin(2r —x + y) —sin 2x + x ~ y);
r)tg(x—y + 3n) ~ tg (¥ ~ x ~ 3Im).

0/ YnpaxHeHns ANA NOBTOPEHUA

1068. ¥npocTuTe BHIpaKeHHe:
2) vx? —4x+4+;‘/(x-—4)4, rae x < 2;

6) J—%% + 2x%y — xy® + 2x% - 2xy + 2%, rHey < x < 2.

1067. B gByx apudMeTHdecKHX nporpeccuax — {(a,) u (b,) —
nepekie WIeHH paBHE @. PasHocTh ogHofl pasHa —d, a gpyroli — d.
CyMMEE 1 nepBbIX YJeHOB 9THX uporpeccHit S, u S,. Hoxamure, 4o

S, +8 _ _ a
5. -8, dn-1

1088. KoopaguHaTHAA NAOCKOCTD IIOBOPAUMBAEGTCA OKOJNO TouKH O
Ba yron o. B kaxwe Toukn nepeiigyr tourm A(5; 1), B(—4; 2), C(-3; —4)

¥ D(1; —-5), ecan:

n 3
a)oc=§; n)a=§1t; I o="r;

ﬁ)u=—%; r)a=—%1t; e) o =-n?
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47. \./ CeroiicTBa TPUINOHOMETPUMYECKMX
GYHKUWA

PacecmoTpuM BOMpOC O HYJAX TPHUTNOHOMETPHYeCKHX HyHKOowd B
NPOMEXYTKAX, B KOTOPhIX QYHKIHEA NMPHEHMEET NOI0MHTEIbHEE
M OTPHIATEAbLHEIe 3HAYEHHS.

Tar xar sino = % (cM. pue. 114), To sin of paBeH HYJIIO, Korja

y = 0. B THX cayuasx KoHeuHBI! paguyc 0KaspIBaeTcA Ha ocH x. [Ipa
aTOM yTOJI moBopoTa paseH 0, +x, +2x, +3x, ... (puc. 122).

vk

|

¥
At
o
A
bo
A

Y J

Puc. 122

3HavunAT, HYJAEeM CEHYCA ABNSETCH BCAKHI yroJ BUAA A, IIe B —
nesoe uucjo, MHEIX ByNeil cHHYC He MMeer.

Tax Kak cos o = %, To cos ot = 0, ecan x = 0, 910 MpoMCXOAUT
TOTHA, KOT'AA KOHEUHHIH pagHyc nomnafaeT HA och Y. YUTO BOIMOKHO
JHIIL AJA YTIOB %. % tm, % t 2=, % t 3=, ... (puc. 123).

vk
_5n _8z XLt oz 8z Sn
2t T3 P 2 : "
L] L L O L L] L 'i
_ 1, -
Puc. 123
3HAYHT, HYJEeM KOCHHYCA ABJAETCHA BCAKMHA YIroJ BHIA % + 1n,

The n — Uefloe yacao. Jpyrux HyneH KGCHHYC He UMeeT.

H3 ompeneneHnl TaHreHca H KOTAaHTeHCA clefyeT, YTO HYJH TAH-
reHCA COBHOAZAIOT ¢ HYyJIAMH cuHyca (puc. 124), a HYNIM KoTamreHca
COBIIAAAIOT C HYJAAMH KocHHYyca (pHc. 125).
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1 1 vk | |
| ! 1 I
+ 1 + + + 1
' ( ) I
1 1
_3m, _Ei | S 8n
21 - 21 12 T 21 2n
-t - $ — o } — i
1 ) 0 I [ x
I I 1 | |
I . T 1 I
1 [T [ -
1 1 1 |
' | | |
Puc. 124

Kaxnaa TpErosoMerpmdeckas dyHKOAA nMeeT BeCKOHETIHO MHOIO
Byne, JIIA RAKZOH U3 HAX PACCTOHAME MEKAY ABYMSA JIOORIMHA co-
CefHMMHA HYJAMH PaBHO T.

Hynm crEyca pasbHBAIOT OCh X HA PABHLIE 0O JJIHMHEe Hemepece-
ES0IINecA OTKPBIThE NPOMe:KYTKH (cM. puc. 122), BriacHuM, Kaxme
3HAYCHUA, NOJIOEUTENbHEE HAH OTPHUATENbHBIE, IPHHHMAET CHHYC
B KOIOM H3 3THX NIPOMEXKYTHOB.

IlIpu meBopoTe HAYANBHOTO paguyca Ha YroJa o (cM. puc. 114) npu
0 < a < g Touxa B OymeT HAXOAWATHCA BRIIE GCH X, 4 IOSTOMY €€
opamHaTa y Oyner Gonbide Hyns. 3Ha4YAT, B mpoMexyTre (03 1) dymme-
oud sin Ot IPAHEMAET NOJMOKHETEJLHEIE 3HAUeHHuA (cM, puc, 1232),

Ipu n < oo < 2n Touxka B 6yaer HaXOOHETHCA HHKEe OCH X H €€
OpAMHATA i GYJeT MeHbIlIe HYJA. 3Ha4YUT, B IpoMeKyTHe (1; 21) pyHK-
uuA sin 0 TPUENMAET OTPHOATEALHEE 3HA4YeHAA. ToxkaecTso 8in (x +
+ 2nn) = 8inx, rge 7 — IeJOe YHCAO, HO3BOJAET FAKIIOYATH, YTO
ORPOMEKYTEKH C ITOJMAOHTENRHRIMA H OTPHUATEJEHRIMH JHAYCHHAMH
curyca GyayT cTporo depemosaThcd Ha Beed ocH x. JT0 OTMe4E€HO Ha
pucyHre 122 amaxaMu + m —.

AHaNOrHYHEIE PACCYRACHNA OOKA3LIBAIOT, YTO SHAYEHHA COS O

mpe —-1-2‘- <@< % TNONOXATEARHE], 8 MPH —g << -3-21-! — orpHna-
t | vi ) 1
I | ] ]
] + 1 + + i + 1
| ] i ]
| _3r : 1+ = | 3n |
| 2 1 b1 o 1 2 ]
I-2x - i 0 ' ! ) 271 X
I 1 -14 1 I
1 ] ] I
1 - 1 - - 1 - |
1 ] | |
| | | |

Puc. 125
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TeJleEBl., TaKoe YepeAOBAHME TOJOMKHTEIBHBIX H OTPHIATENBHHY
MpPOMEXYTKOB [IPOMCXOAMAT HA BCeill ocu x (cMm. puc. 123).

Taxam e o6pasoM MOMHO BMASHIHTH OPOMEKYTKH, B KOTODHI
MONOSKATeAEH MW OTPHUATeNeH TaHreHc. IIpH aToM KpoMe Hymed
BEIKEYIO POJb HTPAIOT Te HAYEHHMA YIJOB, NPH KOTOPHIX TAHIEHC He
uMeeT cMbicha. Ha pucyHre 124 aTu sHAYeHMA MOKASAHEBI IITPHX(
BHIMH nuHHAMH. 3HagaMe + m — ofosHaueHH NPOMEXYTKH I0I0-
HUTEJLHBIX HAW OTPULATEIbEEX 3HaueHnil Tanrernca, Hx giiHa B Asa
pasa MeHEIIe COOTBETCTBYIOINMX IPOMEMXKYTKOB A CHHYCA H KocH:
HYyCAa.

I[IpoMeXyTKH MOAOKETENLHEIX M OTPHOATEABHEIX SHAUEHHH Ko
TAHIM¢HCA DOKA3AHEI HA pEcyHKe 125,

W3 onpegenenna TpurcHoMeTpudecKux ¢hyHEKOEN M SHAROB afc-
OHCeChl H OPOMHATH TOUKH B B pasiMuHBIX 4eTBEPTAX CIAEZYET, Um0
Ans yrnoe I yversepru sinoe > 0, cosa > 0, tga > 0 mctg o > 0; gan
yrnok II wersepTi sino > 0, cos < 0, tgo < 0 u ctga < 0; pas
yrnoe Il yereeprH sina < 0, cosa < 0, tgo. > 0 u ctgo > 0; gna
yrnoe IVaerBeprH sino < 0, cosa > 0, tga <O umetga < 0.

3HAKM TPHrOHOMETPHYECKHX (PYHKUHHA B PABTHYHBIX YeTBEPTAX
NIGKasaBEl HA pHCYHKe 126,

®opmyaet (3), pacCMOTpeHHEIe B OyHETe 40, BRIpEXAIOT HaBerT
HEbIe BAM CBOHCTBA HEYETHOCTH K YETHOCTH TPHIOHOMETPHYECKHEX (yHK-
nui.

B zakniueHHe OTMETHM eINe OAHO BAYKHOE CBOHCTBO TPHIrOHO-
merpuuecknx ¢yErnuii. B oyarTte 46 6nume goxasamc, 4To npH A
oM n € Z EMeIOT MECTO TOMK/IECTRA!

gin{ot + 2rn)=s8ina, tg(o+ nn)=tgao,
cos (ot + 2rn) = cos o, ctg{x + nnr)=ctgo.
Jna cHHyca M KOCHHYCA 3TH TOIECTBA O3HAYAKOT, UTO IHAYEHHA

CHHYCA H KOCHHYCA He HaMeHANTCA oT NpHiasneHna K JoloMy 3Haue-
HHIO O ynces Buga 2un, rae n € Z. Takue uHcaa HASKIBAIOT MEPHOAAME

BHaKH cuHyca BHaKn KocHEYCa 3Haxy TAHrEHCA
¥ KOTAHIeHcA
v L7} vk

ARV AR VA RY
NP

7
N
"
N
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¢yHrOmil cHEYCca U KoCHHYCA. JIJiA TaHreHca H KOTaHreHCA NepHOJaMH
ABIAKTCH YHCIA BUga Tn, rae n € Z.

Onpenenxenne. llepronom pyErnnm f HASKHBAECTCHE TAKOS THCID
1# 0, ecin aaa moGoro x € D{f) esmomamoTca pakeHcTBa f(x) = f(x +
+DH=FfKx -1,

Ha sToro onpeneneana u ToXgecTsa sin (o + 2nn) = sin o caenyer,
410 QYHEIHA CHHYC UMeeT DecKomeuHO MHOro nepmogos. Hamwmens-
MMM [MOJOHUTENbHEM H3 HEX ABJAETCA UHCI0 27,

JAokxazaTenbeTso. [IpeAnoacxuM, YTo CYLGECTBYET IOJO-
auTensECe yncao I < 21 raxoe, uro sin (x + I) = sin x ana aodoro
saadeEns x. Torma sini = 0 npu x = 0, Tak xak sin x = 0. BHauuT,
yneao [ Apaserca HydeMm byHEIMH. MBI 3HEeM, YTO B HpOMEMYTHKe
{0; 2x) cymecTBYeT TOJMBKO OJHUH HYJIb CHHYCA, paBHBI ©. Ho ana amc-
Ja T He BHINOJHAETCA TOKJIECTBO 8in (x + #) = sinx, Tak Kak,
HampHmep, LA

IME]

sinx=sin 7 =1,

[ ME ]

=

a gin (x + %) = sin (E + n) = gin En =-1.
2 2

AHBJOTMYHO MOMKHO JOKABATE, YTO HAMMEHLITHM NOJOMHTENbHEIM
OEPHOAOM ANA KOCHHYCa ABIAETCA WTHCAO 27, a AJA TAHTeHCE B Ko-
TAHreHCA —— YHCAO N. HauMeHBINHE NOAOYEHTEeNAbHHE mepHOx, ecH
OH CYII[ECTBYET, HAa3bIBAIOT OCHOGHLIM NMEPHOA0M bYHKIHH,

(PYHKIMH, HUMeIOMINe NepHOJALI, HABHIBAITCH RepuoduyecKumis
dyrkyuAMy. S3HAYUT, HIBeCTHLIe HAM TPHIOHOMeTpHYecKHe QYyHRIMH
CHHYC, KOCHHYC, TEHI'€HC H KOTAHIEeHC ABJAIOTCA NepHOTUYECKMMH
bYHEOAAMH.

Ecnu yTon moBOPOTA BHIDAMAETCA B IPAAYyCcax, To OCHOBHON Ite-
PHMOA CHHYCE B KOCHHYCA pabeH 360°, a mepMoJ] TaHTeHCA H KOTAH-
redca paseH 180°,

3aMeTHM, YTO HSyYaBNIMecA HAMH paHee GYHKIME, HAPAMEp
AMHeliHAA, KBAAPATHYHAS M CTeMeHHadA, He SABIAIOTCA NepHOAHYE-
ckumu. OaEaK0 KpoMe TPHIOHOMETPHYECKHX ecTh M APYrue nepuo-
audeckne byHxnum. IIpuMepoM MOMKeT CAVKHTE PyHRUHA y = {x}.
Banuch {x} Apagerca ofoaHaueHHeM JpoOroll uacmu uwucaa x, T. e.
PASHOCTH MeAY YHCAOM U €0 LeNoiH Y4acThio:

{x} =2 — [x].

Ieprogom dyaruum y = {x} asaserca mwoboe mexce YHCIO n,
He DABHOE HYJIO, TAK KAK JUIT JAI060T0 3HAYEHHS X BepHO PABEHCTBO

{x + n}={x}.
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B caMoM gene,
{x+nl=(x+n)-[x+n]=
=x+n—[x]-n=x-[x]={x}.

HanmeHbIIHM 100X HTEIBHEIM
NepHONOM IJAA 3Tol (PYHKOHHM AB-
aderca aucao 1.

Tpadbur dysxnum uzcbparen
Ha pHcyHKe 127. OH cocTOMT u3
qyacTed JNHHeHHHX OYHKIHHA BHIA
¥ =x+ n, rie n — IeJxoe THCIO,

IIpremep. Halizem oCHOBEEIe nepHoALl PYEKOMA sin 2x u tg %x.
Ot opubasnenna Kk 2x uydcen BHaa 210 H K %x qHceNn BAAa KN,

e n € Z, 3HaueHHA GyHKOuWii sin 2x 7 tg %x He MeHSIOTCA:

gin (2x + 2nn) = sin 2x,
1 ) .
tg(sx + | = tgsx.

Tax xar
sin (2x + 2nn) = sin (2(x + =n))

" tg(—;;x + nn) = tg(—;;(x + 31m)),
TO, CHeIOBATENbHO, NepHogaMy GYHKIMH sin 2x ABAAIOTCA UKCIA TR,

a nepHogAMM JYHKUHH tg %x — uypcAa 3nn. BHAUUT, OCHOBHEIM IIe-

pHogoM dyHRIHY sin 2x ABnAeTCA THCHO W, 2 tg %x -~ gucao 3x.

1089, HafixnTe nyau TpuroHoMeTpHuecKHX (GYHEOEN B mpo-

MeXyTKe:

a) (2,8n; 4,1n); r) (35°; 280°);
@ (—3.,5n; -0,Tx); a) (—390°; ~25°);
B) (—1,2n; 2,6m); e) (—206°; 95°).

1070. Haiinure B npomexyTke (—1,67; 2,7x) xopeu ypasmenus:
a) sin x = 03 Btgx=0;
Glcosx=10; retgx =0,
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1071. Karoll 3HaK HMeIOT sin o, cos o, tg o U ctg O, ecau:

a) o= 0,8mw; r)o=-1,4x;
6)a=1,3n; I o= 189°;
B) 0. = —0,4m; e} o = —-200°7
1072, BruacHEuTe, Kaxoil 3HAK HMEOT cAeAyIolIHe JYHKIHH!
a) tg 175°; Hx) sin %; u) cos (—100°);
6) sin 101°; e) cos %ﬂ; K) sin (~1,5x);
B) cos 355°; *®) tg 0,9%; a) tg (—300°);
r) ctg 208°; 3) ctg g;-; M) ctg (—1,9m).
1073. CpasHure:
. 2i . L.
a) sin 15 H sin =

b 2 9%,
6} cos 8 H ¢o8 5
B) tg 80° u tg 80° sin 140°;
r} ctg 200° cos 85° u ctg 200°,

1074. lokaxure HepaBEHCTBO:
) cos? o, < cos o, ecom 270° < o < 360°;
6) tg o > sin o, ecan 0° < o < 90°;
B)sina + cos o > 1, ecan 0° < o < 90°;
rjtgo+ ctgo 2 2, ecan 180° < o < 270°,

1075. ¥raoM Kaxoii ueTsepTH ABAAETCA YIOJ O, €CAH:

a)sina >0 ucoso > 0;
G)sino > 0ucosa <
B)sinaa <0 ucosa>0;
r)sinod <0 mcosox < 0
Jesina<0utgo <0

ejecosa>0nctgo>0;
wytgoa>0meosa >0
gctgoe > 0 msina < 07

1076. K xaroif yeTBepTH MOMET OTHOCHTCH YTON O, eClIH:
a) |sin ot] — sin o = 0; B) [tg | - tg o = 0;
6) |cos o] + cos o = 0; r) ctg o + |etg ox| = 0?

1077. Hafiaure ocHoBHON mepHos GVHKIMH!
a) sin 3x; B) tg bx; I} sin rx;

6) cos 0,5x; r) ctg %x; e) tg nx.
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1078. OokauTte, uro dyaxuuns Jupuxie
flx} = {

ABJAAETCA nepnommecnoﬁ H 4YT0 OHA He HMeeT HAHMEeHbIIero mojo-
HHETENABHOIO LIEepHOAA.

1, ecim X — pANMOHAALHOE THCIO,
(0, ecIH X — MPPAIHOHANBHOE YHCIIO,

1079. Apnaerca gy nepuoaudecKoil pyHkmua:

a) y = sin |x|; 6) y = |sin x|; B} y = cos® x?
1080. Haiinure TpH 3HAYEHHMA X, HPH KOTOPHIX BEPHO PABEHCTEBO!
a)si.n(x+£)=0; B).tg(x+-’-‘-)=0;
6 3
6)003(::—%):0; r')ctg(x+%)=0.

_'_|_|_|—|—~_ .> YnpaxHeHus ANS NOBTOReHUN

1081. BrinecuTe MHMKHTENL M3-II0A 3HAKA KODHA!

a) ¥328°0°; 6) 22 rmeb >0, c#0.

81c%°

1082. BuecuTe MHOMUTE/D [10J] 3HAK KOPHA:

2
8) a3, e b< 0;  6) L y2%

1083. Hafiaure obnacte onpeneneEnd $HyHKmn:
ayy= Jsi.n (-x)cos x; 6) y = J-sin x cos (~x).

1084. H3a cesa B ropoji, pacCToAHHe KO KOTOPOTC 72 KM, BEIEXAX
BEJIOCHIeANCT. Jepes yac H3 MOpoOga B CeJIO BhleXan JApyroill pesocH-
negucT B Opubei B ceso depes 2 9 mocte HX BeTpedu. Hafinure cko-
POCTE MEPBOTO BEACOCHIENUCTa, ec/IM OH NpHOLLI B ropof depes 3 94
mocne BCTPEYH.

48, \0/ fpadpuxn ¥ OCHOBHBIE CBORCTBA
CHHYCa W KOCUHYCA

IMoctpounm rpaduk GYHKOIUA Y = sin x, rae x pagmad — yrol
nOBOPOTA HAauANBHOTO paguyca. OGaacThio onpefeNeHns CHHYycCA HB-
JgeTcA YHCAOBOH IpoMexyTok (—o0; +00). Oro osHawaeT, UTO KAm-
AOMY 9HCNY COOTBETCTEYET eNHHCTBeHHAS TOUKa I'paduka.
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Tak KaK CHHYC ecTh DepHOAMYECKas QYHKUHA ¢ nepuonom 21, To
MOXHO CHA4YaJa NOCTPOHTH I'padpMK Mo TOUKAM B KaxoM-HuOYAB
IPOMENKYTKE ¢ JIEHOH 21, HanpuMep, B NpoMeRyTKe [-N; 1), a saTeM
nepeMecTHTh MOCTPOSHHYIO YaCTh MpadMKa NapaiiebHO ocH X Ha +21;
T4n; 167, ... .

ObnacTe 3HAYeHHH cHHYcA ecTh NpoMexyTok [~1; 1]. Oreioaa cie-
AyeT, 4T0 Bech rpadHK GYHKIHH PAcCHOJATAETCA BHYTPH NOJOCHE,
OrpAHHYEHHOM UpAMEIME y = -1 m y = 1, u QyHKIHA § = sinx
CrpaHWYeHA.

IMpucTyouM K nocTpoeHHI0 rpadukxa. CHAYAIA HA OCH X OTMETHM
ypcaa 0; ix; 22x; £3x; ..., ABNAIOUECA HYJNAMH QYHKOMH Yy = 8in x
(puc. 128). I'pauk aroil pyHKINKE MPpOXOZUT Yepe3 OTMeUeHHEIe TOY-
kn. B npomesyTie (—n; 0) CHAYC NPEHEMMAET OTPHIATEILHEIE 3HAUE-
HuA, a B npoMexyTxe (0; ©) — moxommErenbHsle (cM. puc, 122). Ilo-
3TOMY B IIEPBOM M3 3THX NPOMEKYTKOB I'padHE PACIIONOAKEH NGH OCRI0 X,
a BO BTOPOM — HaJ OCRIO X.

Tenmepr yTouHMM X0A rpatduxa B npoMexyTke [-m; nt]. CocraBum

Tabauny npubaIHieHHBIX 3HAaUeHHE QYHKIHY ¥ = sin x ¢ HI1aroM %n:

5 4 3 2 1
x - ——=T —=T —gﬂ —§ —g‘ﬂ: —§'Il —ETI: 0

y|0|-038]-071]-092]| -1 -0,921-0,71]|-038| 0

1 2 3 4 b ] 7
X E‘E §‘."I: E‘ﬂ: §‘IC Eﬂ: Eﬂ: ETI: n
¥ | 0,38 0,71 0,92 1 0,92 0,71 0,88 0

OrvernM Touru rpadiAra Mo AX KoopAWHAATaM, YKasaHHEIM B Tal-
quue, ¥ NpoBefeM ueped HUX IJIABHYI0O KPHBYIO NuHHO. Ecau aty
KPHBYI0 IepEeMECTHTh BUpaBo H Bjaeso Ha 2m, 4%, 67, ..., To nmoxy-
YUTCA rpadHK JYHENUK ¥ = sin x, HASKIBAEMKIN cuxycoudoti.

y=1

]
R !

SE
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BamMernM, uTo Tabauny Opomme BCero COCTABHTL ¢ IMOMOHIBK
KAABKYIATOPA.

MEi y3¥e pacCMOTpeJH HEKOTOpPBEIE cBoifcTBa TpHrOHOMeTpHYE-
cxmx Gyaenuil. Teneps chopMynupyeM ocHOBHEIE CROMCTBA hyHKOUR
y = 8in x, obnacts oopeaelennn KoTOpoilt — npoMedyTOK {—00; +00),
H IOCMOTPHM, KAK PTH CBOMHCTBa OTpaKaTca Ha rpadmxe.

1) Hynama pyaxnmn y = sin x asnsioTea 4ucia xn, TAe n — Og-
JIoE 9HCJIC. JTH uyncia — abcnmcck oOmuX TodeK rpadHKa H OCH X.

2) ®ysruMa y = sin ¥ OpHHHMAaeT NOJIOKHTEALHES 3HAYCHHA B
npoMexyTrax (an; n(r + 1)), rae n — 4eTHOEe uMCAO, M OTpHAOA-
TeJIbHEIe 3HAYEHHA — B OpoMeXyTKax (tn; n(n + 1)), roe n — He
yeTHOe UHCAC. B OepBOM coIyyae B YHASAHHMIX MpOMeXYTKax rpacgmx
PaCcHoOJIOAKEH BHINE OCH X, & BO BTOPOM CJIyJae —— HHJKE OCH X,

3) DyHRIMA ¥ = sin x BogpacTaeT oT —1 A0 1 B KaXKIoM H3 IIpo-

MEKYTKOB [--g- + T -g- + nn], rfie 1 —— 4eTHoe 9MCH0, i yinEBaer or 1

a0 —1 B mpoMeskyTKax [—g + T % + un], rfie # — HEUETHOE THCJIO.

BuaunT, ara QYyHKOHA gRAAeTcA orpaHudyenHoil. U3 aeyx miobux to-
YeK NPOMEXKYTKE BO3PACTAHUSA BBIIIE PACIIONOIKEHS T&, KOTOpAad Je-
HHT mpapee. ECAM 2TH TOYKHM HAXOAATCA B NPOMeXYTKe YOLIBAHMS,
TO HUKE PACIOJOMEHA TA, KOTOpAd Jesxnar upasee. HAnIMU croBamu,
o Mepe OPOABIKEHMA HO GCH X BIOPABRG Padh)MK HAET B MPOMEMYTHE
BO3PACTAHMA CHHU3Y BBEpPX, a B IPOMeXXyTKe yOLIBAHMA — CBepxy
BHH3.

4) OyHKIUA ¥ = sin X HedeTHAd, TAK KAK NpHA JO00M 3HaYeHNH X
BEPHO paBeHCTBO 8in (—x} = —sin x. CiaeaoBaTenbHo, rpapuK GYERIAR
CHMMeTPHYEH OTHOCHTEJIBHO HAYAJA KOODIHHAT.

5) ®yHrOoua y = sin x nepuoaudeckad. Ee ocHoBHoi mepuon pa-
peH 2n. Hpe napeanenrsaoM HepeHoce rpaduka QyEKOUN B HALpAS-
JIeHMH Jy4da (Ox HIH B IPOTHBONGJOMHOM €My HalpPABJNCHHH HE Ie-
Jioe ync)io Depuoaos rpadme coBnagaer caM ¢ coboil.

6) O6macTbio 3HAYEeHMIt QYHKIHH Y = 8in X ABIAETCHA IpOMExy-
Tok [—1; 1]. SmaunT, cURyCORAA 3aKIIOYEHA B IOJOCE, OrpAHEIEHHOMH
OpaAMEIMH ¥ = ~1 1 y = 1. Ona KacaeTca 3THX IOPAMAIX B TOYKaX
% + nn, roe 0 — LeJoe YHCO.

7) ®yarnoua y = sin ¥ umeer Hanbosnbmee sHaveHme, papHOE 1,
n
2
paBHOe —1, B TOuKax —325 + nn, roe n — OeXoe YMCIo,

B TOYKaXx + ©mn, rae n — nesoe YHCACG, H HAUMeHbIIee 3HAYEHHS,
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b ;
.1 y_='1
HHnaEan T T 0 o EEHHEH o B orh]
L t 2T 2
: el y=ol
Puc. 129

8) ©yErnua y = sin x Heolparuma. Dro 03HAUAET, ITO HalinyTeH
OpaMBie § = 2, KOTOpEIe mepeceKaloT rpaduy ¢yHKNUE Gollee ueM
B OOHOIH TO4YKe.

Takum e ofpasoM MOMKHO DOCTPOUTE Mpaduk GYHKOUN Yy = COS X
(puc. 129), Hozxe Gyaer AOKASAHO, YTO 9THM rpathHKOM ARJTETCA TAK-
e CHHYCOHMMa, KOTOpAA NOJy4aeTcd M3 Ipaduka GYHKOMHE y = sin x
OapaJIIeSIbHEM NepeHoCOM BJEBO HA % eNHHILI.

Choprayanpyem oCHOBHBEIE cBoficTBa QYVHKIHH y = cos X, 06JacTh
onpefeJeHHA KOTOPOM — IPOMemyToR (—o0; +00),

T

1) Hynamu GYHKIMH ¥ = CO8 X ABJAIOTCA YHCIA 2

+ nn, roe n —

1eJI0e YUCJIIO.
2) PDyEROAA I = COS X NPHHHMAET NOJOMHATEIBHLRE JHAUECHHUA B

TIPOMERYTKAX —g + % + nn), rge n — deTHoe YHCJAO, & OTPHIA-

TeJIbHBIE GHAYECHUA — B IPOMENKYTHAX (—% + m g + nn), roe n —
HEYeTHOe YHGCJIO.

3) ®yaruma y = cos x BoapacTaeT or —1 g0 1 B RaKaAOM HB Npo-
MesxyTroB [nn; a(n + 1)], rie n — HeueTHOE YHCIO, H YObiRaeT or 1
o —1 B ramgoM m3 mpoMmexyTroB [An; A(n + 1)1, roe n — uerHOE
gicno. Ita GYHKIHA orpaHHueHHAA.

4) DyHROMA y = co8 X YeTHa#, TaKk Kak Ipy JoboM 3HEYEHHH X
BEPHO PABEHCTEO cos {—X) = cos x.

5) OyHKUAA ¥ = cos X NepHoaudecKad. Be ocHOBHOM mepHoa pa-
BeH 27,

6) ObnacThio 9HaYeHNE GYHKIHH ¥ = COS X ABIAETCA OPOMEXYTOK
{-1; 1].

T) dyaxnoua uMeeT Hamboablllee sHAaUeHHe, papHoe 1, B Toukax
2rn, roe n — Ieace UHC/0, H HAHMeHbIOée 3HAYeHHe, PABHOe —1,
B TOUKAX X + 27n, rie  — LelJoe YHCIO.
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8) ©yHrHEA i = cos ¥ HeolpaTHMa.
CaolicTea GVHKIMHE § = COS X TaK e OTPa)KAIOTCA Ha ee rpaduke,
Hak U cBolicTBa QYHKIMH ¥ = sin x.

1085. Kax usMensiorest GyHROMHE I = 8in ¥ 1 ¥ = co8 X B RamaoH
M3 HOODANHATHHIX yeTBeprer?

1086. Haiianpre mpoMesxyTKH MOHOTOHHOCTE QyHEIMA:

a) y = sin x; 6) ¥ = cos x;
1087. Halignre obnacth snavennii Gyuxnmu:
a)y=1+ sinx; B)y =1+ |sin x|;
6)y=1-cosx; r)y =1 - |eos x|

1088. B xaxux mpoMe:xkyTHAXx YHKUHA § = ﬁ OpHHHMAET:

4) NOJNOXKHUTEeIbHEIe 3HAYEHHHA; 0) OTpHIATeALHES JHAYEHHAT

1089. Cpasuure:
a) sin T18° u sin 719°; B} sinl—?- H sin%lt-;
6} cos (—516°) u cos (—514°); r) cos%n U cos %n.
1090, IIpy Kaxnx 3HAUEHHAX (& M3 DpoMexyTKa [0°; 90°]
a) sin ot < cos 30°; B) cos O, > sin 60°;
6) sin @ > cos 45°; T) cos oL < sin 45°7
1091. JoxaxxnATe HepABEHCTEO!
a) sin 81° + cos 59° > 1; 6) sin 58° + cos 61° < /3.

1092, ITpr KAKHMX SHAUEHKAX X U3 MPOMEKYTKA [0; %] HMEET CMBICT

BhIpaXKeHHe:

a) %-sinx; ﬁ)g—cosx; B)‘]sinx—%; r)"cosx~§?

1093. fBnseTca au nepHoamuecroil dyHxmma:
a)y=1+ sin x; B) ¥ = cos x — 2m;
B)y=x+ cosx; rjy=sinx — x?

1094. Kaxue mpeobpasoBamua Hag0 BHIICJIHMTH, YTOBEI M3 rpa-
KA GYHRINH i = COS X NOJYYHATE rpadmr pyarnmn:
a) y = —Co8 X; By = Ecos(x+2);

6) ¥ = cos (—x); r)y=-2cos(x - 2)?
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1093, IocrpoitTe rpaduyx dyHKOHA § = f(x) ¥ onuIHTe ee cBoi-
CTBE, eCJIH:

a) fix) = —sin x; 6) f(x) = 005(_;. - x).
1096. Kaxorg obaacTe aHavyenHit GYHKIIHT:

a) y = -1 — sin (-x); B) y = |sin (~x)| + 1;
6) y = -1 - cos (—x); r) y = |cos (—x) — 1|2

el | >
TP ¢ YnpaxHeHns NS nOBTOPeHus

1097. IlpeacraBbTe B BHIE ApOOH ¢ pAITMOHAJILHEIM dHAMEHATEIEM

BHIpasKeHHe:
2yxy

a) x 3 @ .
yx* + 34 @x + Qy
1098. PemuTe ypapHeHHe
V2 + e+ T+ Y"1 =6,

49. \./ MpapMxn U OCHOBHLIO CBOWCTBA
TAHIOHCA M KOTAHIoHCAa

Hocrpoum rpadmyx dyuxnmu ¥ = tg x, rae ¥ pagmas — yroJa uo-
BOpOTA HauaJbHoro pagHyca. Ilyers mawanensti pagmyc OA momep-
HYJIZ Ha YTOJ X pafuaH A OpH 3TOM TOYKa A Depemuta B ToUKy B,
TanreEe yria DOBOpPOTA €CTh OTHOIIEHHEE OPAHHATE TOUKH B K ee abc-
oucce. Eenu abenucca Touxku B paBHa Hyao, TO OTHOMEHHE K Helt
OPAWHATEL He HMeeT CMBICTA, DTO BOBMOMCHO JIMIIL TOTAA, KOTAA TOY-
Ka B orasbiBAETCA HA OCH Y, A CIEAOBATENILHO, KOTIA X = % + nn, rAe
n — menoe YHCao, SHAYHT, OOJACTHIO ODpENENeHMA TAHTEHCA ABJIA-

kL
ercd MHOMecTEO R, 38 HCKIIOUCHHEM 4YHCE] BHIA 3 + rn, rae n —

nenoe THcao. McKalouenne »THX YHceN NOKAsaHO Ha pucyHke 130
EYEKTUpHbIME AHHENAMA. KaxgoMy umexy ua oblacTm onpegeneHns
COOTBETCTBYET eANHCTBEeHHAA TOUKA rpaduKa.

Tax KaK TAHreHC — NepHoAMuecKad PYUKIMA ¢ OEPUOHOM K, TO

cHavYAIa NOCTPONM Ipadik B IpOMeXRYTKe (—%; g), LNEHA KOTOPOrO
PABHA X, & 38TEM HOCTPOEHHYIO YACTh OepeHeceM MApa/ienbHO OCH
abcuuce Ha X, £2x, £31, ... .

11 10, Maxaparaon +Anrefpa. § RA.+
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vk

Puc. 130

CHauasa Ha ocH aGclHee ormeruM dHenxs 0; tn, +2n, 8w, ..., a8-
aapiqaeca HyAama $yaromau. Tpadur atolt dyERUMA npoliger de

oTMeueHHEIe ToukH. B npomexyrke |~2X: (| Tanresc mprumAMaer
2’

OTPULATENIbEBIE 3HAUEHUA, 8 B HPOMEKYTKE (0; %) — OOJIOEH-
TensHbie (cM. puc. 124). HoaromMy B DEpPEOM M3 THX NPOMEXRYTHKOB
rpa@EE pacHmoJoMXeH mof ockio afcmuce, a BO BTOpoM — HAJ OCLHI
aicomcce.

Temepb YTOUHHM Xo0J Irpa(puka B pACCMATPHBAEMOM IPOMEXKYTHE.
CocraBuM Tabauny npubaM;KeHHBX 3HavYeHHH (pyHKUAN y = tgx

¢ IIAToM %E.

* 8 8 8 8 8 8

PasgeIHM NpoMedyTOR (—-%; 12:' Ha pHCYHHe Ha 8 paBHbIX uacTeii.

Touram gedeua OYAYT COOTBETCTBOBATH 3HAYEHMHA APTYMEHTA TAH-
resca us BepxHeil cTpoxm Tabaunel. OrMerEM Touxm rpaduka H
OpoBeAeM Yepes HUX LIABHYI0 KPHUBYIO. ECIM 3Ty KpDHMBYIO mepeMec-
THETH BOPABC M BJEBO Ha X, 2K, 37, ..., TO OOIyYHATCA rpadpux GyHK-
nun y = tg x.
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Tenepe cthopMyJHEpYeM OCHOBHBIe cBolicTBa QyHKUHE y = tg x,
ofmacTe ompefedeHHA KOTOpPo# — MHO:KecTBO R, M3 KoToporo me-

n
KIIO9IeHEl MHCIE 5 + nn, TAe B — LEJOE YACIO.

1) Hynamu GyHKOHNHA y = tg X ABJAIOTCA 4YMcJaa AN, Mge n — Ie-
noe YNClo. OTH YKcaa — abcnuechi ofIMX TOYeK OCH X M rpadHKa.
2) dyEruMa y = tg ¥ NpUHEUMAST NOJOKKUTEJNbHEIE 3HAYCHUA B

KaKAOM H3 NPOMEKYTKOB (rm, % + un), rge n — Lexoe 4HCIo.
B 9THX NpOMEXKYTKAX ee rpathuK PACONOMKEH BRITE ocH X. B mpome-
JKYTHAX (—% + nm nn) TARTEHC NPUHHMAST OTPELATEJbHEIE sHAUe-

uuA. pader GyHEOUKN y = tg ¥ B 9THX NPOMEKYTKAX PACIIOJOMKEH
HHKe OCH X.

x
2
pacraeT oT -0 A0 +°°, 3HayuT, TR GJYHKIHA ABNAETCA HEOTDAHH-

3) PyHKRIUA ¥ = tg X B NPOMEXRYTHEX (—% +nn = + m) BO3-

T
yeHHOH. B caMoM pede, IIpH BOJPACTAHHY YI'NIA IIOBOPOTE OT 0 mo a7

Korga Touka A EavaibHoro paguyca OA nepexofHT B TOMKY B, Touka B
upubammaeTcs K ocH y. Ee opanHare yBeJHYnBaeTcs, a abcmucca
CTpeMETCA K HyJ o, TanreHc cTagoBHTCA §oJbllle JIX00OTO Hamepesn 3a-
JFAHHOIO MOJOKHTeNbHOTO uHMchaa. Ilo Mepe DpoABMIKeHHMS IO OCH X
BIPABO B KAMCAOM OPOMEXXYTKe BOSPACTAHEA IpadhMKk HAeT KPYTO BBEPX.

4) dyuxnus y = tg x HeverHad, Tak Kaxk OpHA J0GOM SHAYEHHAH X
u3 obnacT ounpeiesieHus BepHC paBeHCTBo tg (—x) = —tg x. Caeao-
BATEJBHO, ee rpaduK CHMMeTpHYeH OTHOCHTEALHO HAYAA KOODANHAT,

5) @yHKmMa y = tg x — mepuonuyeckad. Ke ocHoBHOM mepmox
paeeH 7. IIpm napannensHoM Nepedoce Tpadusa QYHKIAN KAK B HA-
npasieHHH Jyda Ox, TaK H B MPOTHROMOJNOAKHOM €My HANpaBAeHHUH
Ha [eJIoe YACJIO NePHOAOE ee rpathEk coemagaet caM ¢ cofoif,

6) O6sacTeio 3HaveHHE QyHKIME ¥ = tg ¥ ABAAETCA MPOMEXYTOR
(-o0; +o0).

7} dyaruus y = tg X He MMeeT HU HauGoJblllero, HH HAWMEHB-
Iero sHavYenmii.

8) dyurnua y = tg x HeobpaTumMa.

Takum ke o6pasoM MOIKHO DOCTPOHTE rpaduk byHRINK ¥ = ctg x
(puc. 131). Ee cBoifcTBa aHaNOrHYHEL cBoficTBaM dyEKOUH ¥ = tg x.
OGJacTh ONPeNeNeHHA KOTAHNeHCA — MHOMeCTBO R, B3 KoTOpOro Hc-
KJIOYeHK YHCIa 1, Tie 1 — [eJioe YHCHO,

1) Hynamu ¢yHKIHE y = ctg X ABAAIOTCA YHCIIA —-’25 + nn, rge
n — geaoe yucao. OHM ¢yThH abcomHccsl ofiIHX ToueK TpabHKa B OcH X,
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Puc. 131

2) Oyuknua y = ctg ¥ npHEUMAaeT [NONOKUTENEHbEE 3HAUCHHS B
b

3 + rm), TAe n — Ieaoe TMcA0. B mpoMemxkyTrax

TpOMEXKyTKAX (rm;

(—':- + nn, mn) OHa IPHUHHM&ET OTPHIATEJBHEE JHAYCHHA. B MNepBLIX

NpOMEXYTKAX rpadHK pacloNio)KeH BLHIOIE OCH X, 8 BO BTOPHIX —
HEREE.

3) ®yuKOEA y = ctg ¥ B npoMeskyTKax (nr; w{n + 1)), rne n € Z,
HeOrpaHAYEHHO YOLIBaeT OT +°¢ g0 —o0, [IpH IBHKEHHH 0O OCH X CJIe-
Ba HANPARO rpadHMK KOTAHreHCA HIET CBepXYy BHH3 B KaKAOM
OpOMeXXyTHe yORIBAHHA,

4) dyaKkoua y = ctg ¥ HeueTHAS, TAK KAK HPH Jo00M 3HaYEHUH X
n3 o0JIaCTH oNpedelleHMdA BepHO paBeHCTBO ctg (—x)} = ~ctg x. Cnego-
BATEJBHO, ee PpaduK cCUMMeTpHYeH OTHOCHTEAbHO HAYAAA KOODJAKXHAT,

5) OyrKONA ¥ = ctg x nepuoamyeckan. Fe ocHOBHOI mepuon paBeH T.
ITpu napanaearHOM mepeHoce rpadHKA QYHKIHM KAK B HANPABNCHAH
ayua Ox, TaK M B NPOTHBOIOJOXHOM €MY HANPABJICHHH HA IeJoe
YHeJIo Nt ee rpadHK coBLAAAeT ¢ CAMHM coboif.

6) O6nacTeio sHaTeHER dyHKUEE y = cig x ABiiAeTcA NMpPOMERy-
TOK (—00; +00),

7) PyHKkINA ¥ = ctg x He AMeeT HH Hau(oJplilero, HE HANMEHE-
orero 3uaueHnit,

8) ®yaxnusa y = ctg x HeobpaTuMa.
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1099. Kax usMenaiorea dyHknun y = {g x u y = ctg x B Kaxaoit
H3 KOOPIHHATHBEIX ueTBepTeif?

1100. Haiipare ofixacTs aHavenmit ¢ymrmun:
a)y=1+|tgx|; B}y = y-tgx;

6) y=1-|ctgx|; ) y = Jotg (—x).

1101. B KAKHX DPOMEXYTKAX NPHHHMAET NONOKHTE/NBHEE H B Ka-

ENX — OTPHIATeAbHEIC 3HAYEHHA QYHKIHA;
1

1
a)y——'t?; G)H—ctg'x?
1102. Cpasunre:
a) ctg 25° u tg 50°; B) tg H sm%
6) tg 25° u ctg 50°; r) oos% u tg?

1103. IIpn xaxmx sHAuEHHAX X HZ NPOMEKYTHA (0; g) BEPHO

HEpaBeHCTBO.

a)tg x> ctg%: 6) tg x < ctg‘%; B) ctg x > tg%; r) ctg x > tgl;-?

1104. HokaxuTe HePABEHCTEO:
a) tg 46° + ctg 44° > 2;  6) 3ctg§u+3tg$< 2.3.

1105. IIpu KaxEX 3HAYEHHAX X H3 NPOMEXYTHA (0; %) HMEEeT

CMBICJI BHIpaXKeHHe:

a) 1/—‘C—tg:‘:, B) thx— H
6) V3 - ctgx; r) ,fctgx - %?

1106, Aensaerca am uneproguwaeckoil GyHKUEA:

ay=1-tgx B) y =T + tg 2x;

6) y =ctgx + x; r) y = ctg x + 8in x?
11077, Haitnure ocHOBHOI nepuon GyHKIMM:

a)y=sinx + g x; n)y=cos%xctg%x;

Sy= cos—g-x+sin%x; r} y = sin 4x tg 5x.
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1108, fApraerca nu uepmogudecko GyHRIMHA:
a) y = tg (sin x); 6) ¥ = sin (tg x)?
Kaxopa ofinacts ee onpefenesma?

1109. Joramxure, YT0 QPYHKIIHT
a)y = xsinx u y = 8in x tg x ABNAIOTCA YeTHHIMH;
Hy=xcosxE y=x-+ sin x ApAAIOTCA HEeUETHHIMH.

1110. C noMommbo xaKkuax npecbpasopanufi us rpadurs QYHKIRH
¥y =tgx mnu y = ctg ¥ MOMKHO NOAYVYHTE rpabHE GYHKIKNH:
a) ¥ = -2tg x; B) y = 5tg(x — 2);
6) y = 3 ctg (—x); T}y =-4ctg(x + 1)?

1111. Ilocrpoitte rpaduk hyaxuuu ¥ = f(x) u onumuTe ¢e CBOM-
cTBA, eclHn:

a) f(x) = % tg x; 6) f(x) = —ctg x.

el ]y >
P ¢ YnpaxHeHWs NS NOBTOPeHUS

1112, Hoxamxure, 4T0 HpH J0OGOM 3HAYCHMHA O BEPHO HEPABEHCTBO
cosa + 9 > 6Bcosa

1113. ¥npocTuTe BHIpAXKeHHE

(i 1 ohd) o (hf - 38

1114. PemuTe ypaeHeHHe

Je+z=2-Jx—4
g

\
N I [ ./ KouTponbHbie BONPOCH W 3anaHuA

1. ChopmyaupyiiTe onpefeseHns 4YeTHoi ¥ HeueTHON (yHKIMI,
Kakxne #3 TPHroHOMeTPHMYECKHX (PYHKIMIl ABNAAIOTCA YeTHBIMH M Ka-
KMe — HEeYeTHRIMH?

2. PaccMOTpHTE BONIPOC O HYJAX TPHTCHOMETPHYECKHX QYHKIMIA,

3. B KaxKHX NpOMeKYTKAX TPHrOHOMeTpHYeCKHMe DYHKIMH NpH-
HHMAOT OOJORUTEAbHEE H B KAKHX — OTpUOaTeNbHEIEe 3HAMEHNAT

4. B KaKHX NPOMEXYTKAX TPHIOHOMETPHYeCKHe GOVHROWH BO3-
PaCTAIOT K B KAKHX — YORIBAOT?
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8. Yro nasmeaerca nepmogoMm Gyaxnan? Hasosnre ocHOBHOR me-
pHOA Kadiao¥ TpHUroHomerpHuecko# QYHRIHH.

8. ChopmyupyiiTe OCHOBHBIe cBO¥icTBa byHEOMHK ¥ = sin x.

7. ChopmyanpyiiTe oCHOBHEIe cBOMicTBa GyHKUHH ¥ = g x.

OCHOBHbIE
TPUFOHOMETPUYECKME

§ 19. /’\ GOPMYJIbI

50. V Ddopmynel npuBeaeHNS

TpuroHoMerpHuecKite GyHKIUH YIIOB % to,nto, %n +ou

28 + of MOXKHO BBIPA3HTE ueped dbyBExouu yraa ¢, Ilonygaempie mpu
aToM GOPMYJIEI HAZLIBRIOT HOPMYRAML npusedenia.

Hagrem ¢ GopMys npuBeaeHNA JUIA CHEYCA H KOCHHYCA YTIA -'25 to.
IIycTs opu moBopoTe HAUYANEHOrO paguyca OA = R okono Toaxk: O Ha
yroJi ¢ oH nepeiigaer B paguyc OB, Torga opu moeopoTe g + ¢ Ba yTON

oH nepeliger B paguyc OC (pue. 132).
IloBepHEeM KOOPIHHATHYIO NJO-
CKOCTb IO YACOBOM CTPENIKE OKOJIC

Touxn O Ha = uana. IIpu ato

g PAAHAHA. LIpH 3TOM  B(x;; y)
roura Clx,; y,) mepeiifer B Touky
B(x,; ), Tax kax OB=0C u ZCOB =
= % Ocob y nepeiipger B ocb x. Ilo-

aTOMY OpANHATA TOUEH C Gyner pasHa

|
1
x,

abcumece ToukH B. Ock x nepeiiger C(xg 1)
B OCBb, OIPOTHBOIIONOIKHYI) OCH y.
IMoeToMy afcnmcca Touku C Oyger Puc. 132
MPOTHBOTIONIOMEHA OPAMHATE TOUKH B.
Orcroge

Ye= %X, Xy =~Y5
X X__H
R

R’ R R’
X
Tak kKax ﬂ—sm(“+a, -—}% = cos O, %=cos(%+a) "



328 Frnasa 6. TpUroHOMETPHUACKMEe DYHKLMM U MX CEORCTRN

sm(% + a) =cos d, cos(% + a) = —sin q. (1)

Tleppyio GOPMYIY MOMKHO NEPEIHCATE B BHE COS X = sin(x + g)

Orciope creayer, 4yro rpadbur QYHEIHMA ¥ = COS X MOMHO NOJYIHUTh
u3 rpadpura QYEKIMHN ¥ = 8in X ¢ DOMOLIBIO IepeHocA MAPAJLIeNbBHO
OCH X BJIEBO HA %

Hcoonbaya dopmyns (1) 1 croficTea cHHYcA H KocHHYca, GyaeM
HMeTh:

sm(—;- - oz) = sm(—;- + (—u)) = cos(-a) = cosqy

coa(% - 0:) = cos(% + (—a)) = —sin(-) = sino.
BHa4HuT,
si.l'l(E - a]= cos o ct:va(E - a) =gin ¢
2 ’ 2 )
IlepefineM K yray ©t + o

sin (€ + o) = sin(g + (g + a)} = oos(% + a) = —gin o

cos(1t+a)=cos(g+ (g+a]) = -—sin(%-i»a):—cosa.

3HEAIHT,
gin{n + o) = -gin o, cos(n + o) = —cos ¢, (2)

ITpumenaa dhopMyan (2) ¥ 4eTHOCTh H HEYETHOCTh TPMIOHOMET-
puueckuX byarnull, ana yraa 1~ of GOJyUHM:

gin (x — o) = sin (n + (—t)) = —8in (—o) = sin o}
cos (1 — o) = cos (K + (—a)) = —cos (—o) = —cos o

IlpuMeHHE K yTAY %n: + o ¢opmynn (1) u (2), Oyaem nMeThb:

sin(-a—n+0t)=sin(n:+(£+a])=—sin(—15+a)=—cosa;
2 2 2

gr+a)=cos(n v (F v o)) = -cos(f +o) = s
cos(21|:+a cos(m + 2+u cos2+a sin .
3raunT,

sin (%1: + u) = —cos8 o, COS (gu + a) = —gin o. (3)
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Hdna yraa %r. — O HMeeM:

sin (-g-n - a) = g8in (%n + (—a)) = —co8 (—0) = ~cos oy

OOS(—:-TI: - a) = cos(%n + (-a)) = gin (—ot) = —sin Q.

Ecau B dopmynax sin (o + 2nn) = sin o & cos (0t + 2nn) = cos o
BMECTO 71 MOACTABHETE 1, T OQIyYHTCH

sin (2r + o) =sgin o, cos (2K + o) = cos o (4)
Orcrona
gin(2x — o) = —sin¢, cos(2m — ¢)=coso. (5)

PaccMoTpuM GopMynEl HpHBeAeHUA AJNA TAHTEHCA M KOTaHreHCA.
ITo onpefenenn® TaHreHca M HOTAHIEHCA

E :-&'
tg(2+a) xz,
s = %2
ctg(2+0t) .

Tak KakKk y, = X, # X, = ¥, TO

lgeo)=3 -ouo

ctg(% + a) = —% = —tgao.
3HaguT,
tg(-’25+a)=—ctga, ctg(-g-+a)=—tgu.. (6)
@opMy Bl NPUBEJEHNA AN TAHNEHCA ¥ KOTAHTEHCA YTJIOB % -,

nto, %n £ o, 21 £ o MOKHC TOAVUHTL AHAJIOTHYHO TOMY, KaK Guinm

oAY4YeHE COOTBeTCTBYIONIKEE (hOPMYIILL IJIA CHHYCa H KOCHHYCA:
Hanpuamep,

L] = i = -0) =
tg(% - a) = tg( + (o)) = ~ctg(-0) = ctga
BHOOJHHUB AHAJOTHYHEIe NpeclpazoBaHHA, HalizeM
L
(3 - ) - e
tg(r + o) =tgo,
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ctg (n + o) =ciga,
tg(n - a)=-tg o,
ctg (k — o) = —ctg

tg(gn + a) = —ctg o
Ctg(%ﬂ + Ot) = -tg o,
tg(gn: - Oi) = ctg o,

caffs-) e

tgCn+o)=1gu,
ctg (2n + o) = ctg a,
tg(Zn —a)=-tga,
ctg (2n — a) = —ctg o

Hanumenm ceofHylo Tabnuny scex GopMys apHBedeHHA:
T T

-2-—(1
si.n(%—u)=cosu

coa(%—a)=si.nu

olod oo | o) e
alseo)-es | selyoo)e e
n+o n-

gin(n + o) = =sin o
cos (T + o) = —cos ot
tg(n+o)y=tga
ctg(x + a)=ctga

sin(m ~ o) =sino
cog(m — o) = —cos O
tg(n —0)=-tga
ctg(n — o) = —ctg o
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3
§n+a

sm(-g-n + a) = ~Co8 O

T—o

(=11

sm(-g-n: - a) = —008 0

cos(%n+a) =sing cos(gn—a) = —gina

tg(gu + a) = —ctga tg(gn: - 11) = cigo

ctg(gn + a) = —tgo Ctg(%ﬂ- - Ol) = tga
2+ o 2n- o

sin(2r+ a)=sino
cos(2n +a)=cos
tg(Cr+o)=tgc
ctg(2n + o) =ctg o

sin(2n — o) = —sina
cos (2x — o) = cos ¢
tg (2r — o) = ~tg o
ctg (21 — o) = —ctg o

PacecmarprBas Tabamiy, MOKHO 3AMETHATL, 4TO dAd y2ioe Tt o u
2T T O, 8 KOMOPLIX nepeoe CAAZEEMOE — KEA0E HUCRO T, HA3GAHLE

QURKYUL He MenaemcA. A dar yzace % tou %n t o, 8 Komopuwx

nepeoe cagzaemoe — Opobroe wucao T, HAIGAHLE (DYHKULL USMEHA-
EMCA; CURYC HOE KOCURYC, KOCURYC HE CUHYC, MAHZEHC KA KOMAHZEH
U KOMAHZEHC HA MAH2eHC.

PopMYJIH NPHEEACHHA BePHH NPH JIOOBIX AONYCTHMEIX 3HAYE-

HHAX O, B TOM YHCJe H NPHA DOAOMKHTEILHBEIX SHAUYEHHAX O, MEeHb-
MHX % Orcioga ceayeT NPOCTee MPABIIQ ANA ONpeAcSeHUS 3HaAKA
npaboit yactn A1060#8 GOPMYAR DpHBENeHHA.

Eeau npu 0 < @ < -2’5 ACBAR wACIG QOPMYAL npusedeHUR no-

AONUMERADRE, MO APAEAR HACMD 6epemcs CO IROKOM «RAIOCH, ECAU
OMPUYAMERADRE, MO CO FHAKOMN «MURYCH.

Npumep 1. BripasuM sin (B — o) gepes TPHrOHOMETPHIECKYIO
GYHEIHID YTVIA O.

IIpe 0 < o < -’25 yroJ x — ¢ apaaerca yriaoM II yerpepru. Cunyc

yria I yeTBepTH nonoxuTeNeH. SHAUHT, NPABAS YAcTh QOPMYILI
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Syper co smaroMm «nniocs. Hns yrna X — o B nmpagoil yactu Gyger ta
e QYHKIOHUA, YTO H B JIeBoil:
sin (n — o) = sin o
3
Hpumep 2. Bupasum cos En — 0| Yepe3 TPHrOHOMETPHUECKY
PYHEOUIC yraa o.

IIpu 0 < o < % YTOJI %u — o apagerca yraom 111 gerpepr. Kocn-

Hyc yria III ueTsepTH oTpriaTellen. 3HAYMT, NPABAS YACTL QOPMYIH
JoJHA GBITH CO BHAKOM eMuuyes. Jlas yria %n ~ O KOCHHYC JaMe-

HAETCA CHHYCOM:

cos(gn - 0'.) = —sin ¢.

Mpumep 3. YopocTuM BhIpaxkeHue tg (T + o) ctg‘(gn - a).

% VIR T+ O H %n—aammca yrnamm I ver-

BePTH, TAHTEHC M KOTAHIeHC KOTOPBIX MOJOKHTEJNBHBL, COX]J&HJ!H TaH-
TeHC H 3aMEeHAA KOTAHIeHC TAHTSHCOM, NOJYIHM

tg (x + o) ctg(%n - oc) =tg o tg o = tg? o

1115. Brupasure uepes TpPHIOHOMETPHYECKYI GYVHKIHIO VIV OT
0° go 90° pyHEUIHIO:
a) ain 95°; B) tg 195°; ) sin 350°; @) tg 108°;
6) cos 170°; r) ctg 260°; e) cos 169°; 3) ctg 272°.

1116. Ipuseaure K TpHroHOMeTpHUecKoit dyurnmm yraa ot 0

o % OVHEKIHIO!

Mpa 0 <<

a) sin 0,8mw; B) tg 1,3m; n) 8in 1,7m; ®) tg 1,97;
6) cos %n; r) ctg %n; e) cos {—u; a) ctg -3-1:.
1117, Hajipure sHaYeHne BHIPASKEHHA:
. 2 5 5 .11
a) sin 3m B) tg i n) cos 37 k) sin T
6) cos %n; r) ctg -i-n; e) tg %n; 3) ctg %u.

1118. YeMy paBHO 3HAYEHHE BRIDAMCEHIS:
a) tg 120°; B) cos 210°; ) sin 240°; ) tg 315°;
6) sin 160°%; r} ctg 225°; e) cos 300°; 3) ctg 420°7
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1119. HaiinuTe snavdenre BBRIPAKEHUS:

a) s.in(—gu); ) cos (—225°);

6) cos (—gr.); ¢) ~sin 225°;

») -tgIm ) g (~330%);

T) ctg(—gn); a) —ctg 300°,
1120. ¥upocTuTe BHpAXKeHHE:

a) cos (o — =m); r) ctg (o — 2x);

0 te(o - Z) ) sin (o - 90%;

8) sin(—a - gn); e) cos (o ~ 270°).

1121. HaiguTe 3unvenne BRIPAMKEHHS!

a) tg? l—fli 7 r) sin® %n;
6) cos? 2-3-15; a) tg? 330°;
B) ctg?® %n; e) sin® 315°,
1122, NMoxaxuTte, aTo ecau o. + p+y==n, To0
a) cma+ﬂ = sin-g-;

- Tall O ¢
6) ctg > tg 5
1123. YopocTuTe BhIpaxceHHe:

a) cos (T — o) + am(—’25 + u); B) sin (2r — o) + coa(gn + a);

6) tg'(-%—a) —ctg (m+ a) r) ctg (m + o) — tg(%1|:+ u).

1124, IIpeoBpaayiiTe BEIpaKeHHe:
008 (90° — @) cos (180° — @)
8) S (90° + ) sin (180° — &)’

ﬁ) tg(ﬂ: — G)m(zﬂ - a’).
ctg{yr+ o)ang
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1125. ¥YopoceTuTe BRIpaskeHEe:

a) cos(% - oc) sin (n + o) + sin (21 — &) cog(.g,t + u);

6) te (x + o) ctg(% - o) - ctg(3r - o) tgex - o).
1126. ITpeofipasyiiTe BLIpaKeHMe:
a) tg*(n - @) - otg® (31 - of;

6) cos? (gn - a) + sin? (1 +
B) cos? (m + @) — sm(%n + a) sm(% - a);
r tg(% + a)ctg (~o) + ig? (gn + a).

1127. IlokesKHTe TOMIECTBO
gin{x + o) cos?(-x)  ctgln+ a)

= ffe-d) el

= sin o.

1128, MokaXuTe pABEHCTBO:

inT% ~ gin(Tx , 20),
a)sms-sm6+3,

3 _ coafZE 4+ E
6"“?‘“’“(4*2)‘

1129. Bripasure sin ¢, cos o, tg ¢ u ctg o Yepea TpHroHOMeTpH-
yecKHe PYHRUMH yria BTopo#l u TpeTheil yeTBeprell, ecnn o0 — yroa
nepBofl YeTBEpPTH.

1130. HaitguTe TpH SHAUECHHA O, ECIH:

V3

a)sinu=—2-n%<0t<1t;
6)cosa=%n%“<a<21t;
B)sina=—§ nrl:<a<-g-1t;
r)tgo= 43 n%<a< 37“;
,u)ctga=—-\/2§-n%<a< %’E;
e)tga=——‘/2-§—n%<a<u.
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1131. JoramuTe paBeHCTBO:
sanle o) s 0 (s o) -l o}

1132, HaitnuTe aHAUeHNE BRIPAYKEHHA:
sin 12° cos 24° gin 36° cos 48° tg20°ctg40°tg60° cig B0°
8) 5in42° cos 54°sim 66° cos 78°°  O) g 10° cig 30° tg 50° clg 707"

I I = I I } .> YnpaxsHeHua Ans NOBTOPOHUNA

1133. Peruure ypapHeHne:
a)\/x+2+24x+1 = 4;
6) vx? +4x -9 — Jx? + 4x - 20 = 1.

1134. HaitnuTe UesLle KOPHH YpaBHeHUSA
2%+ 2 — 132 + 1322 + 36x — 36 = 0.

1135. ITokakuTe IITPHXOBKON B KOOPAMHATHON LJIOCKOCTH MHO-
3KECTBO pellleHHH CHCTeMB

x® + 2 €25,
1
Exy;ﬁ.

51. \./ PewWeHNe NPOCTaHLIMX
TPMrOHOMETPUYECKUX YpasHeHn#

3HaHHe CBOMCTB TPHrOHOMETPHYEeCKHX (HYHKIMIT MoMoraeT peliaTh
IpocTeiIIHe TPHUTOHOMeTPHYECKHEe YPABHeHHH, YPABHEeHHSA, B
KOTOPHX MOJ 3HAKOM TPHMIOHOMETPHUECKHX (VHKIMIL cogepmarcs
nepeMeHHEIe.

PaccMOTpHM NIPEMEDEL.

INIpumep 1. PemuuM ypaBHeHHe Sin x = g

CuHyc — QYHEINA umepHOZHYecKasd, OCHOBHol mepuopm xotopoii
paser 21, IMoaToMy cHaYAN& HalifieM Bce KOPHHM YpPABHEHHMA B J0OOM
NpOMERYTKE, ZHHA KOTOPOro 2%. Y aofHo B3ATE NpoMexyToR [-1; 1]
(puc, 133). CuHyCc mMpAHENMAaET MOJIOKHUTEEHEIe 3HAYEHHS Ha erc 4ac-

TAX (0; -g-:l 2§ I:%, n]. B npomMesxyTHe [0; -%] CHHyC BoapacTaeT oT 0
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ng F 9

Puc. 133
A0 1 H DO3TOMY KAMI0Ee H3 PTHX SHAYCHWI DpHHHMAET JIEIIL OJHH
paa. Tak kax sini— = %, TO -E SBISETCA €ARHCTBEHHHIM KOpPHEN

ypaBHeHHA B 9TOM npomexxkyTie. Ilo rpadHEry BHAHO, 9TO B OpO-
MeXKyTHe [%, n:], B HOTOpOM CHUHYC YORIBAET, €CTh ellle ONHH KOpPeHs
ypapHeHEA, Ero Mo;KHO HaMTH, HCIOMLIYA GOPMYJE OPHBEICHHUA:

52
2

. n .
1n —_—— = n— =
8 (“ 4) sy
SHayur, 1t - E— — HKOpeHB VPABHEHHA Sin x = 72, OpPHHAAMeHA-

it npoMeKyTRy [-g—, 1t:|. Opyrux kopHeil B mpoMesyTie [-1T; 1] HeT.
Takx Kag CHHyC — mepHogHuecKas (GhyHRINA, TO BCe KOPDHH YpaB-
HeHHA sin x = 12_2— JatoT gse GopMyasl:
T T
x=7 + 2R, x=Rn— vy + 2nn,

rae n — nenoe JHUCHO.
Bropyro dopMyny MoMKHO 3anHucaTh HHAYe!

x=—§+m(2n+1).

OTrser: % + 2nn, —% + n(2n + 1), roe n — Hexoe YHCIO,

Ecau HA pDHCYHKE IOPOBECTH NPAMYIO § = g, TO OHA IepecedeT

CHHYCOMAY B TOYKaX, alCOECCH KOTOPHIX ABJAIOTCA KOPHAMH YpPAB-

HeHHA 8in x = %
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Puc. 134

IIpuMep 2. PellllM ypaBHeHHe COS X = %

OcHorHO#l meproA KocuHyca pageH 271 (puc. 134). BosbMem npo-
MEe:RYTOK [~1t; ], AAuHA KoTopoTo 21, OH COCTOUT U3 ABYX OPOMEKYTKOB
[-m: 0] & {0; x]. B mepeoM M3 HMX KOCHHYC Bo3pacTaeT oT —1 go 1, a BO
pTOpOM — yOmIBaer or 1 go —1. Kax B ToM, TAK U B JpYroM mpOMeXxXyTHe
KOCHHYC IpPWHEMAET KAXKAOe CBOe 3HAYCHME TOJLKO ONUH pas.

Tak Kax coa—g- = %, TO % e¢AMHCTBEHHBIH KOpeHb YpABHEHHSA B

npomexyTre [0; ®]. Bropoil KopeHs HaxoauTCH B mpoMexyTEe [—m; O],
B KOTOPOM KOCHHYC BOSpacTaeT. DTOT KOpeHb paBeH —%, TAK KaK
n 1
cog|-—] = coss = =,
(-5) :
Bce ®opHH YpABHeHAS HAXOTATCA o GopMyIaMm

x= % + 2nn,

x= —% + 2nn,
rfie B — LeJoe THUCID.

n n
Orser: 3t 2nn, -3 + 2rn, rme n — oexroe 9MCIO.

Ilpumep 3. PemiuM ypaBHeHMe tg x = J§

Tanrenc — GynRIHA HepUCAMYECKAA ¢ OCHOBHBIM HEPHOLOM,

paeHEIM 7 (pEc. 135). BoabMeM LpPOMEXYTOK (—-g-; -g-), B KOTOPOM
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2

N

wo|§

TAHTreHC BO3PACTAET. B sTom NPOMENKYTHE TAHI'6HC NPDHHHMEET HaK-

n
Joe H3 CBOMX 3HaYeHHH ToJBKC ONHH pas. Tak KakK tgg = \/5, T

THEO %, OPHEHAZAEHAIIEe TPOMESKYTRY (—g; %), ABJACTCA KODHEM

ypaBHeHHs. Bce KOpHM ypaBHeHHS HAXORATCH mo ¢opmyne

L
X = 3+1tn,

rae n — LOeaoe YHCAO.

Hpumep 4. Pemium ypasreHHe ctg x = 1.
OcHOBHON mepmofg KoTaATeHCA paBeH 7M. Bo3bMeM IPOMEXKYTOR
(0; 1), B KoTopoM hyHKIMA i = ctg x YOBIBaeT oT +o0 go —oo (puc, 136},

HosToMy OHa OpEEHMAaeT KaxAoe CBOe SHAMEHHe JIMIUL oauH pas. Tax
kak ctg % = 1, TOo uHCHO %, npHHaANe:Kalmee npoMexyTry (0; m),
ABJNAETCA HOpPHeM ypaBHeHHA. Bce KOpHH YpaBHEeHHMHA HAXOTATCA IO
¢dopmyne

x= % + mn,
rae n — IeJjoe YHCIO.

f
OTBerT: 1 + mn, roe n — 1eJioe YHCHO.
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[ [ vk [ [
| | 1 |
| | 1 |
| I 1 ]
| | | |
| | I ]
1 | ] 1
| I 1 1
1 I ] ]
1 1 1 L]

—2r | -nl 1 2n!
I _8n I 1 3n I x
1 Ty | ! 1
| 2 I 1 2 | 2
I 1 ] |
| | 1 |
| | 1 |
| | | |
| | | |
| | | |
I | I 1
| I | |

Puc. 136
1136. Peminte ypaBHEHHE:
a)sinx=-;j; B)tgx=-‘j3—§; ,u)cosx=—%;

V2

ﬁ}cosx=7; r)ctgx=J§; e} tgx =-1.

1137. HaiineTe MHOMeCTBO KOPHEH YDABHEHHA:

a)cos x =0 r) sinx =-1; x) tg x = 0;
@) sinx = 0; &) gin x = 1; g)etgx =0.
Blcosx =1; e)cosx =-1;

1138, Pemnre ypaBHeHHE!
a)sin®x —ginx =0 r)tgfx—tgx=0;
6) cos x — cos?x = 03 nctgx —ctgtx=0;
plcos’x +cosx =0 e)tgix+tgx=0.

1139. Haitgure MHOMeCTBO KOPHEHN YpPaBHEHHA:
a) sin(x + g) = w_/2__§; x) —28511(36 - -) J3;
f) oos(x-—%):%, e) 2ma(x+§)=\/§;
B) t.g(x+-;-)= -Jé; ) 3tg(——x)

D og(r-2)=V8 o) -cg(x+Z) =3



340 fnasa 6. TpuroHoMeTpUYacKHe GYHKUMM W UX CBOHCTE

1140. PemuTe ypaBHeHHe:
a)2s8in’x - 3sinx+1=0; B) 2co8?x + sin(%—x)—1=0;

6)2cos’x ~cosx —1=0; yigix + 20tg(%+x)+1=0.

1141. Kaxde sHAYCHHNA X YAOBJIETBODSIOT YPABHEHHIO:
a)sinx=a, ecau |a| < 1,sinx,=au < x, < %;
ftgx=a,ecrutgr,=au —-g— < xg < 0?

1142, B kaxux TouYKax nepecexaer rpadbux byHrnmn

a) ¥ = cos (¥ — R} npAMaaA y = E;
6 y= tg(x+-%) opaMan ¥y = —1?

Frrp v ./ YnpaxHenwus Onf NOSTOPEHNA
1143. HocTtpoiiTe rpadux Gyaxmam:
a) y = CO8 X B IIPOMEXYTHe %; > H
6) y = tg ¥ B OpoMexyTHE (—%‘-; —%)

1144, Haiinute ranboapmuil wieH ODoCAeNOBATEMLROCTH, 38 JaAHHOH

doprMyoii:
a)a, =—-2n*+ 10n — 11; 6) a, = 30n — n’.
1145. Ynpocrure Bhpaskenue

(x"y +x“y“) x’ y

52. \’/ Crasb mexay
TPUroHOMETPUYECKUMW

PYHKUKUAMH OQHOro
M TOIrQ Xe aprymeHTra

IopepreM HauanbHBIA paguyc OA = R (puc. 137) okoxao Touxn O
Ha NpOMSBOJLHEIA yroa ¢. IIpm atom moeopore Toura 4 nRepefizer
B Touxy B(x; y). Hanumemr ypaBHeHHe OKRPYMHHOCTH ¢ LeHTpoM O
u paguycom R:
X+ =R
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J:o0ble 3gaUeHUA X H J, AB-
AAI0IIHECT KOOPOMHATAME TOYKH,
npHHAgJMemxamed >ToH OHKpYR-

HocTH, ofpalaoT ee ypaBHeHHe B

BepHOEe paBeHCTBO. Pasgenum obe

uactn pasencrsa x° + y? = R%, rpe x

K § — KOOpAMHATH Touku B, Ha R,

T . s B(x; y)
EE + %" = 1.

3anrmeM HHAYE:
2 2
x ¥ -
(R) +(R) 1.

X x
Ilo cnpegeneHno CAHYCA B KOCAHYCA % =sinou 3 =cosa. 3ua-

Puc. 137

YT,

gina + cos8?a =1, (1)
Parencreo (1) BepHo npu A0GEIX 3HAYEHUAX O, & CJEJOBATEJBHO,
ABJIAETCH TOMACCTBOM. OTO TOMAECTBO BHIPAKAET CBAIL MEXAY CH-

HYCOM H KOCHHYCOM ORHOrO H TOTO € apryMeHTa.
x
ITo onpefeeHN0 TAHTEHCA M HOTaHTeHCA tg O = % uctga = s
Paapenum yECIMTen:L H 3HAMeHaTeab KaxIol na gpobeir ua R. Ilo-

nyamM

¥ x
= & - &£
tgo= x ctg oo = v
R R
Tax xax % =glnon % = co8 ¢, TO
sin &
0= e’ @
cos ¢
- Ctga= sina' (3)

PageHcTro (2) BepHO OpH BeeX SHAYEHHUAX O, KOTOpbie He ABIAIOTCH
HYJIAMH KOCHHYCA, & paBeHCTBO (3) BepHO IpH BceX 3HAYEHHAX o, He
ABAIOIIEXCA HYJAMH cEHyca. CieaopaTensHo, paBeHcTBa (2) u (3) —
TOMHAECTEA B OOJECTAX ONpeeJICHHA TAHTEHCA M KOTAHT@HCA.

H3z romgects (2) u (8) monygaem:

sineg cosc
tgactga = oy sina = 1
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3HavHT,
tgactga=1. (3]

PapeHCTBO (4) ABIdeTCd TOMASCTEOM HA MHOMKeCTBe ACHCTER:
TeJIbHBIX YHCeJ, HCKJIIOUAA HYJH CAHYCA B KOCHHYCA.

Hs Tompecrea (1) MOMHO NOJYIHTL PABEHCTBA, BRIPAMKAIOILHE
SABHCHMOCTE MeXAY TAHT¢HCOM H HOCHHYCOM, a TAKKE MeXAY Ko
TAHIeHCOM H CHEHYCOM.

Pasaesum ofe uacTd ToRAectBa (1) Ha cos? o

sinfo _ 1
ot | 1= coz?or”
Orciona
2
sin o 1
cosa) +1 coslo’
1+tg"'a=—g—l . (]
cos®
PaszgemuM ofie yacTu Toxgectss (1) ma sin? oo
oos"’a 1
* Erfa . sfa

SHaYHT,

1+ (ﬁg) = si.!}"u.

. (6)

2 -
1+etgia= e
Pagsencrra (5) u (6) ABAAIOTCA TOMOECTBAMA HA MHOMECTBE Zei-
CTBHTEJILHEIX UHCEN, AAA (hopMyant (§) — 3a NCKIIOTEHAeM HyJel
KoCHHYCa, & gua dopMyasl (6) — sa mcrmioyeHmenM Hynell cHHYyca.
Brnuniem Tostnecrea (1} — (6):

gin o
ginfo + cosla =1, tga= 5
CcOoS O
ctgo= o teactga=1,
1

1+tgta= 1+ctg’a=-§i-_ﬁ%;-

costo’

OTH TOMXKIECTBA HASBIBAIOT OCHOSHBIMU MPUZOHOMEMPUYECKUNL
moxcdecmeanu., C HX moMOIBLI0 MOMHO HANTH 3HAMCHUS TPUTOHO-
mMeTpuiecKuX dyHEOuii no sHaveHA0 ogHON H3 HMX NIPH HEHOTODHX
AOTOJIHHTEJIBHBIX YCAOBHAX.
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§ 18. OcHoBHbIE TPUroOHOMETpUYECKME HOPMYNLI

LN

ODNpumep 1. Haligem sinca, tg o v ctg o, ecam cos o =

n-g-u':a<2u.

Henonssya Tosxaecteo (1), nafinem sin o
sinfa =1 — coat a,

ginfaa=1-— E!

9
sinfa = 25"

Tak HakK yroJ ¢ apaderca yriaom IV weTBepTH, TO ero CHHYC OTpH-
natelied. Iloaromy
o 3

3no= — 25 = 5

Teneps MOKHO HAATA TAHTeHC H KOTAHTeHC yrjaa O

. 3 3 1
. =-2, =~2 = -1=,
OreerT: sino 5 tgo n ctg o 3

IIpamep 2. Hafigem sino, coso u tg o, ecan ctg o = —%

i
n-§<or.<:n:.

H3 TompecTea (4) Donyuum
1
%= Gga =2

Tax Kak o ApAAeTcH yraoM I YeTeepTH, TO €T0 CHHYC DOXOMXHATE-
aen. Hononwaya Toxzpecrso (6), Haligen:

1
snfo =1+ctg’a=%;

sin
sin”a=%;

e |25

sln o = 5— 5-
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C moMompio Toxnectsa (3) mHaiigem

cosa=ctigasino= —%-% = —%-
OrpeT sina = %. co8 O = —é, tgo=-2.
1146. ¥opocTiTe BHIpAXKEHHE:
a) 1 ~ sin? ; ) (1 — sin o)(1 + sin o);
6) 1 — cos®or; e) (1 + cos a)(1 — cos a);
B) sinZo — 1; &) (sin o + D(sin o — 1);
r)cos’a — 1; 8) (cos . — 1){cos o + 1).
1147, HpeobpaayiiTe BBIpaXeHUe:
a)sin®ot —cos? o + 1; mcos®a + 2sino - 1;
6) 1 + cos® o — sin? ¢ e) 2cos?t + sin?q - 13
B) 1 — sin® @ — cos® o #®) 1 - 2sin® o — cos? o
rysin’o — 1 + cos? o a) 1 ~sin*a ~ 2cos? 0.
1148. ¥npocTuTe BRIpAKEHHE:
a) sin® ot — (1 — 2 cos® o); B) 2sin*a ~ (2 - 3 cos? a);
6) —cos® o — (2sinf o ~ 1); r) 8costo ~ (2 — 2s8in® ).
1149. ¥npocrure BHIpAKEHHE:
a) 1 — sino cos o ctg o Tetgosinocosa ~ 1;
§1-sinocoso tg oy n) cos® o — tg o ctg o
B)tgasinacosa — 1; e) tg o ctg o0 — sin®a.,
1150, ITpecBpasyitre BRIpaKeHHe:
1 - cos’a, cos’a - 1,
a) = peant r) e -1’
sinoe - 1, tg o
6) siniu ¥ Iq) ctga + 11
1 - sinfe, ctg o
B) I ofa’ e} 1+ ey
1151. ¥YopocTuTe BHIpAYKeHHe:
2 2 . 1__ 1 .
a) sin? o + cos® o + tgl o B)m ot
. 1 1
6) sin? o + cos? o + ctg? oy I‘)m—w-

1152, IipeoSpasyiiTe BRIpa>keHne:
ginag ~ sina 6) 050 _ _cosa
8) T cose  1+coaat’ )1—sina 1+sina’
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1153. Haseerno, a0 0 < 0t < 5 msina = g- Hatizure cos 0, tg o
Hctg o.

1154. Haitgure sin o, tg o u ctg o, ecan % <O<ETH COSOL= %

15 3 .

1155. HapecrHO, UTO tg 0t = g ERE<A< M Hattpure sin o,
cos ot & ctg .

1156. Haiigure sin o, cos ot B tg o, ecyIH ctg o0 = J§ H %u<a<2n.

1157. HapecTro, aro 360° < a < 450°, HadignTe:

a) gin o, ecxm tg o = l-g-; mtg o, ecna sin o = %;
6) cos O, ecaH ctg & = %; e) cig o, ecJIH cos O = %;
n)tga,ecmcosUL:-:-; m)cosa,ecnntga=¥;
. 2 b
r)ctga,ec.nnsma=§; 3)sina,ecunctga=ﬁ.
1158. Bripasure
a) cos ¢, tg o ¢ ctg o yepea sin o
0) sin o, tg o 1 ctg ¢« wepes cos o
8) sin ¢, cos & u cig & wepes tg «;
) sin o, cos o 1 tg O Yepes ctg o
1159. BripasuTe Bhipakenue
. gine — coa
a) sin? o — cos® o wepea sin o B) Sno + coso epes tz o;
6) tg? o — ctg® a uepes cos o; r) H gepes cbg o

1160. Hoxaxure TOAIECTRO:
a) 1 +sina —cosa —ctg ot — (1 + sin a)(l — ctg a);
6) (sin & + cos )% + (sin &t — cos )2 = 2;

sine _ 1+cosao,
B) {_coso ~  sina

{sin o + cos o)?
r) ctgo —ginxcoso

=2tg% .
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1161. CymecTByer au yroa o, AJf KOTODOTO:

a)sina=§ncosa=%; B)tga:l,ﬁnctg(]r_:%;
6)sina=$ucosa=%: r)tga=—‘,2-§—uctga=(_J§)?
1162, BHaqa, uro tg o + ctga = 5 HelAUTe SHATEHHE BRIDAYKeHHS
1
tgio + sma-wsu + ctg? 1.

c g
PPy ./ YnpaxHenms Ans NOBTOPeHUs

1163. Peniure ypasAeHue:

a) s'm(x—%)+sin(x—1t)=0; B) sin(x-—%)=cos(x+%);
G)tgx +3ctgx=4; Tcigx-3tgx=4.
1164, YOpocTHTe BhHIpaKeHHE
1
2x — x?)*
1l 3 1
(2 - x)ix? x4
2 7
22 - x)*

1165. Ilarteaecar Tpetnit unen apmdMeTHUECKOH NPOTPECCHHE pa-
pes 20. Haiipare cymMmmy 105 nepBreIx uneHoB 9TOM NporpeccHM.

53. \’/ NpeobGpasosanHne
TPUroHOMETPUYECKMX BhIPAXeHWH

HpeoGpasoparnme TPHrOHOMETPAYECKAX BHDAMKEHNH ONHEPAETCA Ha
oIpeAeneHHE TPEINOHOMETPHIeCKHX dyarnmit, dopMyakl IpABEOEHHNA,
OCHOBHEIe TPHTOHOMeTpUYeckHe ToXTecTa H Ap. OHH OpUMeRSAIOTCH
IpH HAXOYACHAA 3HAYeHAH BRIpaMKeHMIl, YOpOIleHHA BHIpAXMCHEH,
AOKABATEECTBE TOMIECTE H B APYTHX CJIydadx.

IIpumep 1. Haiinem sHauenne nupamenna
sinZcos X ginTeosl

—5 + _.._.5_5. tg—
tg = 5 ctg & 3
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HpHMEHﬂﬂ QIIpeeJIeHHA TEHTMeHCA H KOTAHT'€HCA H HEKOTOpPEIE H3
OCHOBHBIX TPHI'OHOMETPHYECKHX TOMIECTB, MOJYIHM

. T n PR Y 1Y
8111—5-338‘5—4-81“50033—1;8% Eoosﬁ E § tg_=
i T r n
cosg sin X

OrseT: 0.

Hpumep 2. ¥YopoeTuMm BhIpaXKeHHE

l1-sino cosa
cos O 1-gina’

BHIOJHHM cjoKeHHe Apobell H NMpHMEeHHM OCHOBHEIE TPHTOHO-
MeTpHuecKHe TOXKIECTBa:

1-sina cosa_ (1L-sina) + cosa
cos @t l-sginoe = cosa{l -sina)
__1-2si.nu.+si.n"u.+cos’a_ 2-2sina
- cos ¢ (1 — sin @) T ecosa(l -sina) T
__21-sina) 2
T eoso(l-sina) T coso’
OrBer: .
cos O

MDpumep 3. JoxamkeM TOKAECTBO
(sin o + sin PXsin & - sin f) = (cos o + cos PXcos P — cos o).
ITpeoOpasyeM JeBYIO MACTh TOXMJECTBA!
(sin a + sin B)(sin o — sin P) = sin®* o ~ sin®P =
=gin® o ~ (1 — cos? P} = sin® o + cos?P - 1.
IlpeobpaayeM OpaByi0 9AcTh TOMKIECTBA:
(cos o + cos BYcos P — cos o) =
=coa’P - cos® e =cos?P ~ (1 ~ sin® ) = cos® P + sin® ~ 1.

O6e waCTH TOMAECTBA MB OpeoSpasoBajH B OJHO H TO JKe BRIpa-
WweHEe, 3HATUT, TOMAECTEO JOKASAHO,
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1166, HaiiguTe snaueHHe BEIPAIKEHHA:

a)sinacosactgo — 1, ecm sin o = g;

6) tgo + ciga
tgo ~ctga

5) gina — cos &
sina + cosa

2,
, eCIR tg O = 3!

Do

» ecaH tg o = g3

L

sinocosa
sinfg — costa

T)

s eCHIHE tg 0L = 5.

b

1167. YeMy pasHC 3HAYEHNE BHIPAYMKEHHMA:

1-1g%0

a) m, €CJH s8ln O = 3’

1-tg%a _ 1
6) m, eCJIH COsS O = 3?

1168. YupocTHTe BRIPGIKCHHE!

sin o cos o, 1 1,

a) 1- tg o g B)l—cosu. 1+cosa’
sinoeosa o, i _ 1

6) ctg o -5 r) l1+cosex 1-sing’

1169, IlpeoBpaayiiTe BEIpaxeHne:

1+iga, tgo -1,
3 Tictgo’ B) Ggo -1
1-ctgo, tgo+1
0 T tga’ " Ggorl

1170. ¥npocTuTre BHpaKeHHE:

agin p sinf | gin ¢ .
a) 1-coaf 1+ cosp’ B) m“‘tg“’

cos B cosf | COBQG
6)1+sin|3+1—sin]3’ r)l—sinl:l tg 0.

1171. HpeofipasyiiTe BHIpa’KeHHE:

a) sinx + cosx, B) sihx —cosx,
1+tgx ° 1-tgx °
6) _l-ctgx | r) l+etgx

sin x — cos x’ ginx + cos x”
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1172, HpecOpasyiiTe BHIpaXeHne:

-1 _

a) cos® o + %i; cﬁ¥+l-cosr
. 1 x-1

6) sin? @ + ct.g"$+1, )$x+1—31n2x.
1173, ¥opocTuTe BuIpaKeHHe:
tga +tgh cos’u ctg%t

8) ctga + ctg B’ sinfe - tgea
2sin’a -1 | sin o

6) sino + cos o’ r)ctga + 1+coaa’

1174, JoramuTe TOMIECTBO:
a) sin? x — cos? x = sin' x — coa* x;
6)(1+cosa)l+tga)=1+sina + cosa + tg oy
B) (tgx +ctgx)* — (tgx —ctgx)f’ =4
r)(sinc + cosa)? + (singt — cos @) = 2
m gin® x(1 + etg x) + cos® x(1 + tg x) =sin x + cos x;
(sino + cosa)® - 1
e) ctg o — sin ot cos o =2tg'c

1175. oxaxnTe, 9TO IpH BCEX AONYCTHMEIX JHAYGHHAX O BEPHO

pPABEHCTBO:
a) 1 — 8sin® o cos® o = sin® @ + cos® o
6) sin’, -dna+wsm=sina+cosa
sine — cosa gt -1 il
1176. JoxkexuTe, 9TO He SABKCHT OT X BRIPAXKEHHE!
2sinxeoo8x -1, 1 1
a) (sinx - cosxp ’ 6) 1+ tg*x + 1+ ctgéx’

1177, HokauTe, YTO OPH BCEX JOUYCTHMEIX 3HAYEHHAX @ IpH-
HMMAaeT OFHO H TO e 3HAUeHHe BHIPAyKeHHe:

ginfo — cos’a 1 + 1
a) ginta — oosto ﬁ)l—tgza 1 - etgia”

1178, Haiinure:
a) tg? o + ctg? o, ecum tg o + ctg o = m;
6) sin? o + cos' o, ecam sin o + cos o = p.

1179. ¥opocTuTe BHIpaKeHHe:
fl-cosc , [l+cosa, p i-sina [l+sina
) T+ omwa  YIT-coso’ ) {T+ema "{i“eina’
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1180. HcxaounTe nepeMeHHyIO ¢ B3 CHCTEMEL:

2) x = sing + cosq, 6) tgta + ctgta = z,
y = sinxcosa; tg?a + ctgla =

1181. Yupocture:

a) H@g(a-%] _003(_12: +0L)ai.n(o£—1t};

6) tg (1,5 - x) -~ cos(n — x)sin (3r + x)
{cos (3,5n — )+ sin(L5n + x)* - 1°

1182, JoxaxuTe HepaBeHCTBO:
a) sin o cos® o & %; 6) sin* ot + cos'a 2 %

1183. Pemure ypasHenme:

a) sin(%—x)+oos"x=0; B) sin’x—%sinx+—=0;

2
r) tg?x - {1+ VB)igx + V3 = 0.

6)cos®x —sin?x=1;

| ]l % } I | .> YNpaxHeHUs ANS NOBTOPEHUNA

1184, MoryTr An pgAMHE CTOPOH OPAMOYTOJABHOIO TPEYTOJXBHHKS,
COCTABAATH FeOMeTPHUECKYI0 HpOTpeccHio?
1185. C noMompI0 KAKNX Npeo0pasoBaHMil MOMKHO NOJYIHMTE I'Da-

¢EK QyEKOHMH § = %sm(2x - %) u3 rpadmaxa dbyakonrn y = sin x?

1186. PemuTe ypasHenue
20

Va2 + =12,
x? + 3x + 46 T 12

clr bl >
REEEE ¢ KOHTPONbHBIE BONPOCH! U IaAAHUN
1. JokamuTe GOPMYAN NpHBeJeHHA AJNHA CHHEYCA H KOCHHYCA

yraa g + 0.
2. HenumuTe GQOpMYJLI OpHBeLeHHS AAA YIJIOB T — 0 B T + O,

JokayknTe KaKyio-HHOYAb M3 3THX (opMyJI.
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3. BriBeauTe (GopMyJbi, BRIpaJKAIOIINE CBASH MEKIY CHMHYCOM H
ROCHHYCOM, ME&XAY CHHYCOM, KOCHHYCOM H TAHTeHCOM OJHOTO H TOTO

e apryMeHTA.
V8

4, PeminTe ypagHEHHE CO8 X = 5

<POPMY/bl CJTOXXEHUA

§ 20. /‘\ U UX CNEACTBUA

54. V CHHYC, KOCMHYC M TaHF@HC CYMMb
W PasHOCTM ABYX YInos

Jio6yi0 TpEroHoMeTpHYECKYI0 GYHKIHIO CYMMEBI MAM Pa3HOCTH
JABYX YIJOB MOXHO BRIDASHTDL Yepes TPHMOHOMETpHYeCKHEe PYHKIIHH
3TuX yrooB. Haumem ¢ KocHHyca pasHecTH yraos o 7 f. IlosepHem
AaYanbHEIL paguyc OA (puc. 138),
paenLii R, okono Touxkn O Ha yroa o
g Ha yrod P, mpmyeM npeanoJo-
UM CHAYAJE, UTO KAKILLE A3 yT-
JIOB ¢ B [} DON0KATENEH H MEHBINE
2x, o > B. Hoxyuum pagmycu OB
u OC.

Of0aEa M KOOPIHHATE TOMKH B
Gy#BaMM X; H If,, & KOOPAHHATH
rouykn C — GyKBAMH X, H Y,. HycTh
R=1. Torna

X, =cos O, ¥, =sina, x, = cos B,
Y, = sin B_ Puc. 138

HaiifleM KBafgpaT paccTOAHMA MeX Ay ToukaMmu B u C:

BC=(x,— P+ (s~ 1) =(cos P —cos ) + (5in P — sin )? =
=(cos® B + cos®a — 2 cos P cos o) + (sin? P + sin? o — 2sin P sina) =
= (cos? P + sin? B} + (cos® o + sin® @) — 2(cos ¢ cos f + sin o sin P) =

=2 — 2(cos o cos B + sin « s8in B).

ITopepHeM 0CH KOOPANHAT HA YyToJ . B HOBOM NOJIOKEAMH paguyc
OC 6ygmer npEHALIEXATE ocu Ox’, a paauyc OB cocrasur ¢ ocsio Ox’
yrox o — f.

[yers B cAcTeMe KOOpAHHAT X0y KoOpAHEATH Todex B m C
COOTBETCTBEHHC PABHH X, M ¥, X2 B ki, Opudem X, = cos (o — P),
y{=sin(a—|3), ﬁ =1, y; =0,
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HalizeM xBagpaT paccTOSEHA Mexay Touxamu B H C B cHCTeNe
KoopoHHAT 'Oy

BC'= (% - 4P + (4 ~ W)=
=(1 - cos (ot — B))* + (sin{o — B) — 0F =

= (1 + cos? (ot — B) — 2cos (ot — B)) + sin (a — ) =2 - 2 cos (& — B).

Tax ®ak pacCToSHHe MeXAy JBYMS NAHHBIME TOUKAMM B CHCTe
Max KoopamaaT ¥Oy u x’Oy’ oxgHO U TO Me, TO

2—2(coso.cosP +sinasinPB)=2 - 2cos(ax—f)
Orcioga noayuaeM GopMyny
cos (0t — B) = cos o cos P + sin o sin B. 1)

Brisoa dopmMyasi (1) ME GPOBEJH B OPeATONOMEHHAN, UTO YIVIH O
u B nonomurensan, Measile 2x m o > (). OpHako JokasanHaa ¢op-
Myna Oyaer sepHa U ana npouspoasHux ¢ 1 . Jeifereurensto, ecian
K KaI0My M3 JAHHBIX YrioB npuOaBATHL yroJl, KPaTHALL 2%, To 910
HHKAK He OTpasuTcA Ha BuBode dopmyasl (1). HecymecTBeHARM OKa-
seTeA H TOT cayuaii, korma o <. B sroM caygae, yquThEBas yer
HOCTH KOCHHYca, mMeeM: cos (o — B) = cos (P —~ ).

dopuyny (1) HaskBawT HopryRcii Kocuryca paswocmy dayx ye
R08.

Hepeiinem & BLBOZY QopMyALL KOCUHYCE cYMMbt Oayx yeroe., Cyn-
My o + P mpeacraBum B BHAe pasHocTH O — (—f) ¥ Bocnompayemca
dopmynoit (1):

cos (¢ + B) = cos (& — (—PB)) = cos ot cos (—B) + sin ¢ sin (—B) =

=cos o cos B — sin a sin
3raunT,
cos (0t + P) = cos & cos f — sin ¢ sin B. 2

Jag BHBORA (POPMYABL CUHYCA CYMMbi deyx yz2a08 HCNOILIYEM

dopmyay (1) 1 bopMyALI OPHBEACHHA!

snte + - o - ) = o[- )-) -
= cos(%-— “)0033"‘ sin(% - a)sinB = gin o eos B + cos @ gin §.

Iloxygaem
gin (o + B) = sin o cos B + cos o sin . @)
C oomMompio dopMynkt (3) MOMHO DOJVUHTE DOPMYRY CuRycsd
pasnocmu deyx yzaos:
sin (o — B) = sin (o0 + (—f)) = sin & cos (—f) + cos a sin (-P) =
= gin o cos § — cos ¢ 8in p.
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3Haunr,
gin (ot — B) = sin ¢ cos B — cos ¢ sin B. (4)

BriBesieM (OpMYLb. MAHZEHCA CYMMBL U MAHZEHCE DA3HOCMU J8YX
y2no6:

_gin(x+fP) _ sinccosP + cozqsinf
tgla+p) = cos(x +P) cosxcosP - sinasinp’

Paagenum ymcapTens ¥ SHAMEHATE/Ib NOCHeAHEH ApobH Ha cos ¢t cos f:

sin a cos B . cos o sinp
D~ g o) - 1o e s
cosc.cosf - 008 o008 B
3Hauur,
tg (o + P) = %- (5)

C momMompo thopmyanl (5) mosygaem

_ tga+tg(-B) fgo—-tgf
tg(a—P) = tg(a+ (-B) = ot P - T+igotgp

BuaawuT,

tg(o- By = LR )

IIpumep 1. Barauenum sin 75° m cos 75°.

IpeacTasum 76° B e cyMMEI 45° 1 30° U npuMeEnM HOPMYIIEI
(2) u (3):

gin 75° = sin (45° + 30°) = sin 45° cos 30° + cos 45° 8in 30° =

BB B

IIpumep 2. Berumcaum tg 15°,
IMpencrapuyM 15° B BHAe pasHocTH 45° m 30° M Bocmosb3yeMcHA
dopmymoit (6):

J3
tgd5° —tg30° _1-F 3-3 _
T+tgd6°tg80° /8 3+8
3

tg 15° = tg (45° - 80°) =

_ (3-8 _12-648 _
“Grls- ) s "2V
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1187, UaeecTHO, aro 0t U B — yram I wereeprm m sina = %.

sinf = % Haiigute:

a) sin (o + B); B) cos (¢ + P}
6) sin (o — B); r} cos (o — B).
1188, Ucooassya GopMynE CACNHEHHA, HalauTe sHAUEHHe BH-
pRHeHH!
a) sin 15°; 6) cos 15°; B} sin 105°,
1189, C noMoigbio GOpMY CAOMEHMA JOKAXKHTE TOMKASCTBO:
a) sm(% - Ot) = Ccos o} B) cos(-gu - a) = —sin o
6) cos (1t + o) = —cos 1} r} sin (t + o) = ~gin o.
1190. BripaseTe yepes TPHIOHOMETpHYecKHe (yHKIUM yriaa o
inl® + ol inf® _ ol inf® 4+ ol
a) sm(z + a), B) sm(3 oc), ) 3111(6 + a),
derfi-h enlferf  9mfs-)
) cos 1 r) cos 3 €) cos 5~ ¢
1191. ¥opoctare BhipajxieHHe:
a) sin (@ + B) — sin P} cos o} B) cos (o — PB) — cos & cos f;
6) sin o sin B + cos (o + B); r) cos o cos § + sin (o — B).

1192. Haiigure sHaueHHe BLIPAMKEHNA:
a) sin 20° cos 10° + cos 20° sin 10°;
6) cos 50° cos 5° + sin 50° sin 5°%;
B} 8in 71° cos 11° — cos T1° 8in 11°;
r} cos 25° cos 656° — sin 25° sin 65°.

1193. Beruucaure:

8 1 8 _ . 1
—_— =1 + — a1
a) 0081515 0085'E 31n151t 81!1511:,

1 2 1 .2
— =T + — =n
a) coswu:cos51t smlon sm51l:,

. T n . n
= —_— —_ —_
B} 8in = cos cos — sin—;

o 1 4 1_ .. 4
r) Slna-i't cos -§1t cosa-n gin -61:.
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1194, YopocTare BhIpa)keHme:

2) 2sin(-g-+a)—~/§sina; B) Jﬁsina—zsin(a—-z-);

1 LAY _ E) _ V8
6)§cosu—coe(3+a), r) cos(a 8 2 Cos L.
1195. HoKaxnTe TOKIECTBO:
a) sin (o + P) + sin (—o) cos B = cos @ sin P;
6) cos (¢ — B) — sin (—o) sin (—P) = cos o sin B;
B) sin (ot — B) + cos (—a) sin (—f) = sin o cos B;
r) cos (ot + P) — cos (—at) cos (—B) = —sin o sin B.
1196. ¥upocTHTe BHIparkeHHe:
a) cos 29 cos 3¢ + sin 2¢ sin 3¢;
6) siny cos 2y — cos v sin 2y;
2 1

1 X 2
B) cosEacos-s-u sin 3(: sin 30(,

1 3 1. 8
r) sin 2700521 + coszyslnz'r.

1197. JokaKETe TOMKIECTBO:
a)cos (o + P)+cos(—P)=2cosacos
6) sin (o + B) + sin (@ — B) = 2 sin ¢ cos B;
B} sin (o + P) sin (o — P) = sin® o — sin? B;
r) cos (o + P) cos (& — B) = cos® a — sin?p.

1198. ¥npocTrTe BRIpaKeHHe:

gin (o + B) - sin{& — B), gin (o + f) + gin (= - B},

8) Sin(a + ) + &n (& = B)° B) Gos (o + B) + cos (& — P)°
6) cos (o + P) + cos (& — B), )ooa(u+g_}—cos(a—ﬁ)
cos (a + P) - cos (& - B)’ T} sin (o + P) - sin (o - P)°

1199, JoreskHTE TOMIECTBO:
a) cog o cos (f + ¥) — cos P cos (ot + ¥) = sin y sin (& — B);
6) sin{oe ~ P) siny + sin (B —y) sinx =sin(a — y) sin B .
1200, Moxaure, uTo ecyau ¢, [} u Yy — yrasl TpeyrofbHHKA, TO:
a)sin ¢ = gin P cosy + cos B siny;
6) cosc = sinf siny — cos f cos y.
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U‘ltlh

1201. Canychl ABYX OCTPHIX YINIOB TPeYTOJLHUKA PABHHL F H
HaiiguTe cHHYC TpeThbero yrja TPeyroJILHHKA.

1202, Kocuaychsl ABYX yri0OB TPeyTOJLHHKA DABHEI % u % Hai-
IOHTe KOCHHYC TPeThbero yria TPeyroJbHHUKA,

1203. Bripazute sin (ot + B + ¥) u cos (¢t + B + ¥) uepea TpHroHo-
MeTpHYecKHe QYHKIHYN YIJIOB O, B u ¥.

1204. PeminTe ypaBHeHHe:

. T LR
a)smxcosE +cosxsm-5=1;

Nll—l

i
6) COS 7 COS X — gin 7 sin x =

k4

B) 8in x cos 25° ~ cos x 8in 25° =

TS

r) cog x cos 10° + sin x gin 10° = 5

1205. UapecTHO, 9TO tg O = l untgh= g Haitpure:

a) tg (o + B); B) ctg (o + B);
6) tg (o — B); r} ctg (@ — B).

1206. Hcnonpaya GopMYALL CJIOKEHAA JIA TAHTSHCA, BEIYHCIIMTE:
a) tg 15°; 6) tg 75°; B} tg 105°.

1207. Brlpasute uepe3d TPUTOHOMeTpHUYecKHe GVHKIOME yIia o

vk wel-ok  oulsee)

6) ctg(-z- - a); r) ctg(—;- + u); €) ctg(g + 0:).

1208, YopocTuTe BhIpameHHe:
a) tg (o« + ) - tg o tg B tz (o + B)s
6) tg (o + B) tg (o — P)(1 - tg® o tg? B).
1209. Hoxa:xuTe TOMIECTBO:
tgo+P)-tga—tgh
) T iga-worp - Eb

6)tg(ax—-P)+tgotgPtg(a—P)=tga-tgP.
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1210. Haiinure sHavenne BHIpAMKeHHS!

i n
gy SE20° 4 g 25" o) Wor Wy
1 - tg 20° tg 25° T, %’
1+tgo teg
% T EL
5 SEIC - 1g10 ) €3t 5
T+1tg70° tg10°° e Ei K
22025
1211, YopocTHTe BeIpaMKeHHe:
tg“25° tg?15° 6) 1,8 - tg*L2
) 1 2ot 15 1- g?L81g7L2"
1212. ITpeobpasyiiTe BRIpaMKenHe:
o
a) tg (45° + o) tg (456° — o) B) 17 g % _ tg (45° - a);
6) tg (& ~ 60°) tg (o ~ 60°); D) tg @45° + 0) + [

1213. Bupaante ctg (o + B) u ctg (& — B) qepes ctg o u ctg .

1214, MoxaxuTe TOMIAECTEO:
tgo+tg sin{o + P}  sinfa +p) _ .
a) 1 tgo — tg_g sm(u.—B)+ gin o sin B = ctg o + ctg f;

sin(@—f) sin@-7v) sin@y-a) _
5) sinasinﬂ+slnBsm‘r sin ysin =0.

1215. Nokamure, uro ecau o 4 B — yrawt | yersepru, To:
a) sin (o + ) < sin ot + sin f; B) cos (&t — B) < cos o + sin fB;
6) sin (ot + B) < cos & + cos B r) tg (e + B) > tg o + tg .
1218. ¥upocTuTe BHpaeHHe:
a) (tga — 1) tg B + (tg o + tg B) ctg (o + B);
tgoatgia + B) '
1217, Hafigure =BHaufonbmee H HAHMEHbINee IHAUCHHIA
BHIPAKEHHA!
a) J§cos|3—sin[3; B) sin o + cos o
6) sin o ~ cos o} r) sin B - /3 cos P.

1218. Pemnrte ypapHeRHe:
a)tgx+tg% =1 —tgxtg-g-;

o) tgx — % =1+ %tgx.



358 Fnasa 0. TpuroHoMeTRHYeCKHe DYHKLMK M KX cRoiicTRs

1219. CuHycH ABYX OCTPHIX YIJIOB TPeYroJIbHUKA pasasl 0,6 u 0,8,
Haliaure KOCHHYC TpeThero yria.

cle ] >
P T ¢ VYnpaxHenus QN8 NosTopenvs

1220. Pemmure cHcTeMy
3x? — ¥ = Ty,
2x® + 8y® = Sxy.

1221. Kopuamu ypapHenus x2 + ax + 2 = 0 sanmorca yucna x, B
x,;, f ypaBHeHuEsa x° + bx + 32 = 0 — uucna x, v x,. Haiiaure 2 u b,
eClH X,, X, X3 X, — FeOMeTPHUYECKAH ITPOrPECCHA.

1222, Mea onurounnka obauieBaan cTeHy 3a 4 4. IlepeoMy min-
1
TOUHHMKY AAA oGAHIOBKH 3 CTeHml noHanob6uIock GuI Ha 1 7 Gosbine,

YeM BTOPOMY AiA OCIAOOBKH -;— CTEHLI. 38 CKOJBKO YACOB KAMKIHI

H3 HHX MOXeT 00JHIeBATH CTeHy?

55. \./ dopmMmynsl ABOHHOO
W NOAOBUHHOIC YINOB

Bripasmam sin 20, cos 20 u tg 200 uepez TpArcHOMeTpHIecKkre thyHK-
uuu yraa ¢, [IpHMeHHB K 9THM BhIpAKeHHEAM (HODMYJIELI CHOMKeHHd,
MOAYIHM;:

gin 200 = sin (ot + o) = sin ot cos o + cos & sin ot = 2 sin o cos o

cos 200 = cos (0t + O = cos & cos &t — sin ¢ sin ¢ = cos® o — sin? o

3HAYHT,
8in 200 = 2 sin o cos 0, (1)
cos 2o = cos? ot — sin? ¢, (2)
2iga
tg 20 = T_tg7g" @)

Qoprysm (1) — (3) HasuiBawT Popayramu Jevitnozo yzaa.
NMpremep 1. Buuncyum sHawenme sin 20, ecam UaBecTHO, YTO

3 . 4
<0< ETI:HSIIIG-— 5
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Haiigem snagenHe cos o

coslfo=1-sinfa,

Tak kag o. — yroa TpeTweil 9eTBepTH, TO c08 0. < (. 3HawwT,
cos = —E-
MoacraeuM sHavweHHA sin ¢ U cos ¢ B dopmyay (1), noayaum

s (B4 o

Brpasem 1 — cos o u 1 + cos o yepes TpUToHOMeTpUYeCKHe GYHE-
LH YTJa %‘
Ipunenwrs Gopmyay (2), NOAYIHM:

1-cosa=1- (oossg sm“g) = 2gin? &

2
1+cosa=1+ (coa’g smsa) =2 cos? 5.
3uaunr,

1 - cos o = 2 sin? %. (4)
1+ cosa = 2 cos? %- (5)

@opmyasl (4) u (5) HaXOZAT MUPOKOE MPEMeHeHMe B Npeofpaso-
BAHHAX TPHIOHOMETPHYECKHMX BhIpasKeHHii.

1-cosa
IIpenmep 2. ¥YOpocTUM BuIpaKeHHe P

Henoabaya dopmynu (4) u (5), monyanm
Yy

1-cosor _ 2 sin’ 9

2 &
2co0s 3

= t,g'z

o

14+cose

BripasumM 8in + 2, cos n tg 5 Uepe3 TPHroHOMeTPHIecKue dyHK-
OMH yTia of.
C momomeo doprya (4) i (5) naiigem:

n2 & 1 20 _ 1-o0msa
281!12—1 cos O, 31112— g

|l _ [1-cosa
ang] - 5=
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Ecmu 2 — yrodl HepBofl HAH BTOpoill YeTBepTH, TO

2
s [1-cosa
S].IIE -_— —'__2 .
Ecnu % — YyToJ TpeTheli HIM YeTBepTO#f YeTBepTH, TC
. G 1-cosa

2 & _ ga _ 1+cosa
20032-l+cosa,0032— 7

al _ 1+cosa
oos ] = {E1522. ®

Ecnm % — YTOJ NepBOH MAA YMeTBEpTOH YeTBEpTH, TO

o _ ’1+ooaa
mi— _"'—‘2 .

Eom 2 — YTOJ BTOpO HAH TpeTheli UeTBEPTH, TO

2
o _ _{l-cosa
B].n.—z'— —2 N
BoabMeM TOXAECTBO
a
th= Bini.
2 (:CIBE
2

VYMHOXKHEM YHCAHTENL W 3HaMeHATedb Apobu, cocrasasaomeit

OpPaBYI» 48CTh, Ha 2 cos %- 3arem npumenrEmM dopuynu (1} m (5).

IToxyumm

. O o o
t_g‘_l.gsm_a =2sin§cos§= ginao
2 el 20082 & 1+coso’
2
SEATIHUT,

a _ _sinom 8
tg 2 1+cosa’ ®)

Dopmyan (6) — (B) Ha3KBAIOT GOPMYAGMU TLOROGURHOZO Y2Ad.

Bripasum sin ¢, cos o & tg O Tepes tg %.
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Hcoonesya GopMyan ZBOHHOrO yIiia, HOAVIHM:

o o o
sina:Zsin%cos%: 28]-:5‘:08% = 2tg_2a;
2 - 24U
sin 2+oos 3 1+ig 3
2 & 2 0 20
cosm='--ccn‘s*E—mn“’c"-—-om32 2 ! tgz,
2 2 28 | og? & a
sin® 3 + cos® 5 1+t.g“2
2tg%
tga = .
1-— 28
2

1223. Bripasure ctg 20
a) uepea tg o; &) uepes ctg o,

1224. Haqure 3Hauenue sin 20, cos 20 u tg 2o, ecan % <QU<R

ing= 2
HS8lno= 5

1225, Buuucaure sin 2o, cos 20 u tg 20, ecoan tgo = 2,4 u
3
<0< ETI:.
1226, Haligpre 3HadeHHs sin o, cosa,tgauctga,ec:mtg% ={0,5.

1227, ¥npoctuTe BLIpaMeHEHe;

Sinzx. 2 —_ .
a) Toos X B) cos® x — cos 2x;
6) 2sin’e, r) tg 20(1 — tg® o)
gin 2e * -

1228. IIpeobpasyiiTe BHparkeHHe:
) cog2x r) (sin x — cos x)?
& dnx-cosx’

—gin2x °

gin 20 — 2ginc, cog 20 tg 20,
) —ema-1 R “Zsnag
cos o ~ sin 2o, 2 cos x cos 2x
B) ) ——

1-2gina °’ cty 2x
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1229, HaitpnTe 3HAYEeHNEe BRIDAMKCHHA'

a) 2 sin 15° cos 15%; %;
6) cos"% — sin? —g—; ) 4 8in 15° cos 15° cos 30°;
2tg L
) — 12 e) cos? 15° ~ cos? 75°
1-tg?
12
1230, YopocTure BhIpaxieHHe:
a) 1 — 2sin®q; B) ctg o — tg o3
6) 2cos ot — 1; r) ::ttg:z
1231. IIpecGpasyiiTe BHIparKeHue:
2gin? 2 2
2. cos” 24,
8) —me B) Sindo’
cosf | (sin & + cos o
6) ——— = T)
m% _ sm% 1 - sin? 20

1232. NoxakuTe TOMKAECTBO:
a) cos* o - sin* o0 = cos 20x; ) ctg ¢ — sin 29 = ctg @ cos 2¢;

6)sin2f - tgf =cos 2B tg B; r)l_lt‘gu-1+l1;ga=tg2a.

1233. ¥npocTuTe BEIpRMXKeHHE:
a) (sin o — sin B)% + (cos & — cos f)’;
& cos o {cos ot + cos B) + sin & (sin oo + sin B);
— co8 2x + sinlx
B) 1 + cos 2x + sin 2x’

cosa _ sina
r) ginoe coso

- 2 tg 2a.

1234. IIpecOpaayliTe BrpaXkenue:
a) 4 8in? 1° cos? 1° ~ cos? 2°;
6) 16 sin® 3° cos® 3° cos® 6°;
B) (gin 10° + sin 80°)cos 80° ~ cos 10°);
r) (cos 5° + cos 95°)sin 85° + sin 175°).
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1235. Bripasure ctg % uepes sin o u cos o.

1236. Haiiaure sin %. cos% nt.g%, ecnucosa=—§n0<0t< %
i o o . 14
1237. BrramcanTe 3HAYEHHA Sin 37 CO8 & utg 3 ecau sin o, = 75

o
HE<C({1I:.

1238. Hcnoabaya GopMyasl NOJOBHHHOTO yIaa, HaliiuTe sHaue-
HUA CHHyca, KOCHHYCA M TaHreHca yria 22°30°,

1 —
1239. Hoxaxure, uTo tg % = ﬁ--
1240. MoxaxuTe TOMKIECTRO:
1 = 2 E - E . — a1 = in? E - 9-
a}1 + gino =2 cos i 2), 6) 1 — sino = 2sin (4 2].

1241, CymecTeyeT nu sHAUeHHe O, IpH KOTOPOM:

8) sin o; cos 0, = sin 40°; 6) %(cos’ 0. — sin? &) = cos 50°7

1242, MokaxwATe, UTO;

a) sin 10° sin 50° sin 70° = %; 6) m;m%m% = %,

1243. HoxaxETe HepaBeHCTBO!
a) sin 2x < 2sinx, ecom 0 < x < W3
. n i
6) 8in 2x < 2 cos x, ecan 3 <x< 2
1244. HafiguTe HamGosblllee H HaHMeHbIUee 3HAYEHHS BRIpAME-

HHHA:
a) cos 2x + 3 sin? x; 6) sin* x + cos* x.

1245. Pelunte ypasHeHHe:

a)l—cosx=sin%; B) 1 — sinx = cos x;

Xx.
’

6)1 + cosx =cos 2

r) cos? x — cos x = sin x — sin? x.
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I
LN LR 0) Ynpaxnenus ana nosropenns

1246, Pemnre ypasHeHHe
. T LA
sm(x+ 6)+oos(x—g) =0,
1247. ¥opocTaTe BRIpaM<eHHE:
a)Jﬁoos(%—a)—sina; G)Jﬁsin(-z-ra)—oosa.

1248, Pemmnre cucTemy

56. \0/ dopmynl CYMMBI M PAZHOCTM
TPMrOHOMETPUYOCKUX DYHKLMIA

IlpeacraBuM cymmy sin o + sin f B BUAe TpoOMIBeAeHAA TPUTOHO-
merpaveckux Gbyarmui. Mia aobex sHaveHmit o g P MoxkHO Halite
TEKMe YIAM ¥ By, 4To OyAYT BLINOJNHATHCH PABEHCTBA L =X + J U
B =x — y. logeTasaMm BHIpAMeHHA ¥ + Y H X — I B cyMMy sino +
+ sin f BMecTo o u B 1 npuMeHUM HOPMYABL CHOMKEHHA:

sinot+einp=sin(x+y) +sin(x-y)=
=ginxcosy+cosxsiny + sinxcosy —cosxsiny =2sinxcos y.
CJIosUM U BEIUTEM IIOWIEHHO paBeHCTBA =X+ yH B =x ~ j:
o+B=2x, x= %E;

a-Pf=2y, y= “—;,"
3uavur,
sina+sin[3=2sina42'ﬁcosa—§§- (1)

dopryry (1) nasuisalor Popmyroli cymmul cunycos Jayx yzro8.
AHaNOrHYHO MOMHO BRIBECTH HOPMYALI pAIHOCMU CUHHYCOE
¥ QOPMYALL CYMMbL U PRIHOCML KOCUHYCOB8 Oeyx yznos:

sina—sinB:Zsina—;Ecosa;B. (2)
cosa+cos[3=2cos%ﬁcoaa—§§. 3
cosa—t:OSB=—Zsina42'Bsinu—§Eo )
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NIpemep 1. ¥npocruM BHIpaxkernwe sin 70° + sin 20°,
IpuMenan GoOpMYJIYy CHHYCA CYMME ABYX YTJIOB, MOAYIHM
70° + 20° o8 70° - 20° =

gin 70° + 8in 20° = 2 sin 3 3

= 235in 45°co8 25° = 2 - %oos%" = 2 cos 25°.

Mpumep 2. IIpeacTaBuM B BHIe OpouapeneHua 1 — sin o
Tak kar 1 = gin %, TO, NpAMeRad GopMyIy PASHOCTH CHHYCOB,
TONYIHM

T T
__u —

— —ain & _ o - Dain 2 2
1 sing = sin 3 sino = 28in 5 08 S

= 2sin{§ - §) cos (§+ ) =2em (§- F) sin (5 - (§+3)) -

—oain{®_%) .o (E_ &} -33_2)
—2sun(4 2)sm(4 2]—2sm -3/

IIpumep 8. IlpencTaBHM B BHJAe NpOHM3BeIeHMA BRIDAMKEHHE

V3 - 2coso.
3

Brizecem 3a cK0oOKM MHOMHUTEH 2, 3aMeHNM YKCIo T PaBHBIM

emy 4HcJoM cos8 30°  mpumensAM (GOPMYIY PA3HOCTH KOCHEYCOB:

V3 - 2cosa =2£—cosa = 2(cos 30° — cos o) =
2

_ 9. L P L . AP 5 _ &
= -2 260 ¥+ &4 3 _-4sm(15+2]sm(15 ).

Henonsayd GopMybl CHAEYCA M KOCHHYCA CYMME M PASHOCTH JBYX
YIJIOB, MOJKHO BBIBECTHM (hOPMYJIBI:

cos 0.+ cos P = oos(a—B);ms(a+B)’ (5)
sino-sinp = ‘m(“"m;m(‘”m, (6)
sino-cosP = sin(a+|3)-|2-si.n(u—|3)‘ (7)
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@opmyny (5) MOXHO MONYIHTH, €CAH CJAQKHThH NOWIEHHO JICBhlE
U NMpaBEie YACTH TOXEAECTB
cos (0. — ) = coscicos § + sin o sin B,
cos{¢t + B) =cos ctcos B —~ sin o sin B
H BLIPAZMTEH €08 L cos [} uepes cos (o — B) u cos (o + B).
AHANOrHYHO BHBOAATCH hopmymt (6) 1 (7).

1249, HokaxwTe TOMICCTBO:
a) sin (o0 — 30°) — sin (o + 30°) = —cos 1}
8) cos (ot + 60°) -+ cos (00 — 60°) = cos .

1250. IIpeacTaBbTe B BHJIE IPOHIBEACHHA:

a) sin 25° + sin 35°%; A sin3 + s8inl;
6) sin 130° — sin 10°; e) sin 2 - sin §;
B) cos 80° + cos 20°; m)ycosd +cosT;
r) cos 18° — cos T8°; 3)cos 3 — cos 2.

1251. IIpeofipasyiiTe B TpOM3BEACHHE!

. 31: L .
a) sm5 + gin 5 o) sm( ) (E x),
2n n
0 cos 5 + o0 (§+ o) - sinf§ - o)
) cos 3 + cog = o e) sin gin 3 o
3n X, t
dulsomdy o onls o) (o)
Sk 9 enfsog)-enfson
I‘)OOS4 c08 =3 3) cos B 0056 Bl
1252, IIpeacraBeTe B BUIe MPOHMSBEASHHA:
a) cos x + sin y; r) cos ¢ — sin ¢ ) sin 2 — eos o
6) sin x — cos y; n) cos 3¢ — sin @ 3) cos & + sin 2¢.
B) sin of + cos o e) sin o + cos 3a;
1253. IIpecGpasyiiTe B npoH3BeaeHHE:
a) sina+l; ,u)ﬁ—sina;
2 2
6) L_ gin o e) sino + ﬁ:
2 2
B)%-i-cosa; K} cosa+%;

V3

1
r) cos & — == a)E—cosa.
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1254, IIpencTasbTe B BHAE HPON3BEASHHUT:

a) 1 + 2cos x; r) 2co8x — V2;
6) V3 - 2sinx; ) V3 + 2008 x;
B) 2sinx + V2; e} 2sinx — /2.

1255, IlpecfGpasyiiTe B Mpou3BefeHAE:
a) sin’ o ~ gin? fi; B) % — sin® x;
6) cos® o — cos® B; r) cos? x — %

1256. IlpeacTaBbTe B BUAE CYMMBI MJIH PASHOCTH:
a) 2 sin 27° cos 9°; B) cos (x + 1) cos (x — 1);
6) —2 8in 25° sin 15°; €) 2gin (@ + b)cos (a — b);
B) 2 8in o cos 3ot #)sin(m + n)sin(m ~ n);
r) 2 cos 20t cos o 3} sin (2x + 3)sin{x — 3).

1257, ¥YnpocTuTe BHIpajKeHHe:
8in 87° + 8in 23°, cos 0 — cos i,

) S 37 — sin 28°° P) 8w + cosP’
cos 20° — cos 140°, gino + sinf,
6) os 20° + cos 140°° €) sino — sinf}’
sin 55° — sin 35° sin (45° + a) + sin (45° - @)
B) 0s56° + 008 23°° %) Sin(45° + @) — #in (45° — &)’
cos 25° — cos 85°, cos (45° — o) + cos (45° + o)
T) Sin25° + sin85°° 3) in(45° — &) + §in (45° + &)

1258. ITpec6pasyiiTe BhIpaKeHUE!

sin 2x + gin 6x , cog 2x + cos 3x,
a) cos 2x — cos Bx’ B) sin 2x — sin 3x°*
& cosbx — cos x, gin2x - sinx
) Sinbx + sinx’ T) os2x + cos x

1259. MokamuTe TOXAECTBO!
a) (sin o + sin B)? + (cos o + cos ) = 4 cos® a_;ﬁ;
6) sin? (x + y) - sin®(x ~ y) = sin 2x sin 2y;
B) cos® (o + B) — cos® (o ~ B} = —sin 20 sin 2f3;
r) (sin x — sin y)? — (cos x — cos y)* = 4 sin? %—E;

sina + 8in 8 + sin 5o
z) cos o + cos 3¢ + cog Hox

= tg 3o

e) sin x + sin 3x + sin 5x + sin 7x = 4 cos x cos 2x sin 4x.
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1260. Pertute ypaBaenne:
a) sin 2x + gin x = 0;
6) sin 3x ~ sin 2x = 0;
B) cos 3x + cos x = 0;
TYcosx —cos2x =0.

1261. Horamwure, uyTO:

gin
a)tgo+tgP= mg;c:'%;

G)tga—tgﬁ=w

cosacosf’

1262, TIpeoGpaayiiTe BrpaseHue:
a) tg 75° — tg 16°; r) ctg 11° + ctg 34°;
6) tg 26° + tg 65% ) tg 856° + ctg 85°;
B) ctg 50° ~ ctg 20°; e) tg 25° — ctg TH°
1263. Horamxure, uTo:
a) cos 75°- cos 15° = 1;
6) sin 105° - sin 75° = 5

1264. Haitgure ocnoBuoil Nepuon GyHKIINN:

a) y =sinx + tg x; B)y=cosx—ctg‘%;
6)y=zs;; T) y = sin® x.

N\
NN ./ yopaxHenus Ons NOBTOPOHUSA

1265. YopocTuTe BRpaKeHHE:
a) sin(x + x)sin (4% + x) ~ cos 2x;
6) sin (20 — ®) + 4 sin o cos o,

1266. IIoKaxHuTe IITPHXOBKOH B KOODARHATHOH ILIOCKOCTH MHO-
SHECTBO PeLIeHAN CHCTEMEL:

y—-cosx >0, ) y = 2sinx,
y+xts3; ¥ < —-2sinx.

1267. PemnaTe HepaBeHCTBO

JTx -3 <8 - 4x.
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\
RN ./ KoHTpOnbHLIE BONPOCH M 3afaHus
1. BriBeaure GopMyay KOCHEYCA Pa3HOCTH ABYX YI/OB.

2. CpenafiTe BRIBOJ QOPMYJ KOCHHYCA CYMMEI M CHHYCA CYMME
H PasSHOCTH JBYX YTJIOB.

3. BruipeauTre GopMYJIB TAHMEHCA CYMMBI H PASHOCTH ABYX VIVIOB.

4, BuBeanTe GopMyJE CHHYCA, KOCHHYCA H TAHI'eHCA ABOMHOTIO
yraa.

5. Bripasute 1 — coso m 1 + cos o 4epe3 TPHTOHOMETPHUECKNE
¢dyHKIHHE yriaa %.
8. BrisegnTe QopMyJBl CHHyCA, KOCHHYCA H TAHTeHCA NOJCBHH-

HOTO YTJIa.

7. BuiBeguTe JopMyIE CYMMB H PA3HOCTH CHHYCOB, CYMMHE
H PASHOCTH KOCHHYCOB H CYMMEE H DASHOCTH TAHIEHCOB ABYX YIJOB.

el .>
rrry DONONHUTENbHBIE YNPAKHEHWS
K rhage §

K maparpagy 17

1268. Haitanre sHavuenHe BhIPASKEHAN!

SPUETE

6) tg% cos & sin 7 r) tg 60° — 4 cos 45° gin 45°.
1269. YeMy paBHO 3HaUEHHE BLIPDAYKEHHA:
a) gin 20 + cos 3o — sin o + cos o npu o = 30%;
6) cose — 2sin o + ctg 200 + tg o mpu o = 45°%;
B) ctg (90° — o) + tg (3 — 60°) ~ 2 cos (120° — 20) mpu o = 30°;
r) cos (150° — o) + 2 sin (180° — 2at) — 3 cos (90° — o) nupu o = 60°?

1270. Haitnure sHaueHne BRIPAYKeHHA:
a) sin? (100° — o) + cos? (100° ~ o) npu o, = 55°;
6) tg? o sin (o + 15°) tg? (o + 15°) ~ cos (& ~ 15°) opu o = 45°%;

B) ctg? (65° — o) — tg? (ot + 25°) + % ta? (o + 10°) + cos? (o + 10°) opu
o= 20°%
r) cos (o — 10°) — sin® (o + 20°) + % ctg? (o + 10°) opm o« = 70°,
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1271. BepHo S paBeHCTBO MJIH HepaBeHCTBO:

a)sm6+cos—- 1; B) sin£+tg£>tg£;

3 6 4
n J'I:_].—JE_
tf')t:g4 coas— >

T . T n
T —_—— —_ —_
) 2(:.1:g6 sin 2 coa4?

1272, B gaxux 4eTBepTAX NMOJOMHTENLHO H B KAKHX — OTPHIA-
TeJIbHO 3HAYeHHE BRIpE&-KeHHA,

a) sin o cos o; B) sin o ctg o A) cos o ctg o;
6) tg o sin o; r) cos o tg O e) tg o ctg a.
1273. TIpu KaKHX 3HAYEHHAX O BePHO PABEHCTEBO:
a) |sin ¢t = sin o r) |ctg a| = —etg oy
6) [cos a| = —cos o3 z) |sin ot eos 0| = sin o cos o
B) tg & = tg o; e) |sin o cos ¢t| = —sin o cos 0?

1274, YupocTiTe BHIpasKeHHE!

+ n? tg” %s

a) micos 0 +

SmE

ﬁ)x"'sm + 2xycosm — ytg

1275, Joramure, 4TO:
a)sing+ coso > 1, ecom 0 < o0 < =3
6)tga+ctge 2 2 npa tg o > 0.

K maparpagy 18
1276. ¥npocTaTe BLIpaxeHHe!

a) tg 553°; r} ctg (—525°;
6) cos 745°; ) tg-“i
B) 8in 442°; e} cos —%)
1277. YeMmy paBHO 3HAYEHHE BhIpAM(CHHA:
o sin(-5) + te(-5) ) oos(-5) - sin~g};

R BT E e
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1278. Halizure HyAH TpHroOHOMeTpHYecKHX (yHEuIuH B mpome-
MYTKE:

a) [-360°; 180°]; B) [—%; 31t); ) (—350°; 350°);

6) (-180% 870°; ) (0; 4n); e) [—%"; %"]
1279. Haiinute B npoMedkyTie [-180°; 270°] kopHN ypaBHeHHA:
a) sinx =0; Bytgx=0;
6) cos x =0; r) ctg x = 0.
1280. CpapHHUTe ¢ HYJeM 3HAYEHHE BBIPAKEeHHA:
a) sin 300°; I) sin 1556°; u} cos 2,3n tg 0,8n;
6) cos 320°; €) cos 260°; K) ctg 2,1n sin 3,4x;
B) tg 201°; #) tg 130°; n) sin 1,2 tg 3,41;
r) ctg 106°; a) ctg 190°; M) tg 1,"nsin 1,7,
1281. ¥raoM Kaxolt ueTBEPTH ABJAETCA YroJ O, ECJH:
a) sin . cos ot > 03 rtgosinog < 0;
6) sinocos ot < Q; metgocos o > 0
B)cos o tg ot > O; e) sinoactg o < 07
1282, Haiinure mo rpa¢mry (cM. pac. 128 ma c. 317) sHaveHns x
B OIPOMEKYTEE [—%; %], NMpHA KOTOPBIX:
a) sin x = 0,6; B) sinx =-1;
6) sin x = -0,4; rysinx =1.

1283. HocrpoiliTe B mpoMexyTKe [~2n; 2n] rpaduk dyERmpM:
a) ¥ = cos x; 6) y = ctg x.

K naparpagy 19
1284. BripasuTe yepes TPUTOHOMETDHUECKYIO QYHKIMIO yIia o

a) sin (a - E), ) sm(% - ﬂ);
6) cos (a + %1:); €) cos (OL - 5?“).
B) tg (0 ~ 1); x) ts(% + a);

r) ctg (ot + 7); 3) ctg (% - a).
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1285. Ilpn RakoM 3HaYEHHM X B TIPOMeXKYTKe

a) (%, n] BePHO PaBEHCTBO §in x = ?3;

6) (-%; 0) BEpPHO PaBeHCTEBO tg x = %;

B) ( —1:) BEPHO PABEECTBO COS X = -%;
r) (%n; 21t] BepHO paBeHcTBo clig x = /32

1288, Hatiaure TaKOe SHAYEHHE X B MPOMEXKYTHE

a) (n; %n), NpH KOoTopoM sin x = —sin 23°;

N

) (g, 1:), OpH KOTOpoM cos x = ~cos 85%;
B) (—n; —-121), npu KotopoM tg x = tg 40°;

r) (gn; 2"], npK KoTopoM ctg x = —ctg 10°.

1287. ¥upocTure BHIpLIKEeHHE:
a) cos 13° — gin 77° + tg 50° + ctg 130°;
6) sin (—69°) + sin (—52°) + cos 21° + cos (—38°);
B) 8in (90° + o) + tg (270° + o) + cos (o — 180°) + ctg (360° - o);
r) 3 cos o — sin (¢t — 30°) — 3 cos (360° - o) + sin (o + 90°);

) tg(r — o) — cos(o — 1) + sin(% - a) - ctg('?'?ﬂ + a);
e) sin(E + Ot)sin(H - a) + coa(a - E)sin(oc - .
2 2 2
1288, CymrecTnyeT Ju yroJ a,'mm KOTCpPOro:
a) sin o = ﬁ HCOBU = m

6)tgu=m+$nctga= ?

_m__
m+1
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1289. ¥opocTHTe BHIpaKeHMe:

etgia — cosla,
2) Ygla - dn'a’

1
2 2oy - :
6)cosla +etg*ct -~ =3~ ot

1
B)1+-CG'STE - tgdoy

2gin?a -1
r) gin o + coz o0

1290. HoKkauTe TOMAECTBO!
1-coscx — sina
a) sina 1+cosa’

p 1 - 2sinfa e .
) Gtga-tga = Sinocosc

{(sina + cosu)® - 1 _
B) ctga-sginocos

2tg® o

t
) EETE —aiep

1291. HaeecTHo, 91O 8in ¢ — cos o = m. Haiianre:
a) sinocos o  6) sin® o — cos® .
1292, Hasiznre tg? o + ctg® o ;1 tg® o — etg® o, ecom
tgfto ~ctg?o=n.

ginw - tga

1293. Joxamure, a10 Apobs co8 0 —ctg &

HE MOeT npmmma'rb
OTPHUATENLEHX 3HAYEHHH.

sina (1 + ctg o) + cosa (1 + tg @)
sing + cos &

1294, 3navenwe apobu HE 3aBH-

et or o. Joraxure.

1295, TaAresc yrJyla NpM OZHOM M3 OCHOBAHWI paBHOGOKOH Tpa-
menen paeed (0,8. HaifguTe Tanresc, KOTAHTEHE, CHHYC H KOCHHYC YTJIa
npH ZPYTrOM OCHOBAHMM TDANELMH.

1296. KoTaHreHe offHOTO M3 CMeMXHBIX yIioB paseH —3. Haiiaure
CHHYC, KOCHHYC, TAHT'eHC B KOTAHTEHC APYroro yria.
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1297. HaiiiuTe 3navienne BRIPAMEHIIA:
a) tg 10° tg 20° tg 30° tg 40° tg 50° tg 60° tg 70° tg 8O°;
6) ctg 30° ctg 35° ctg 40° ctg 45° ctg 50° ctg 55° ctg 60°
B} sin? 20° + sin? 30° + sin? 40° + sin® 50° + sin? 60° + sin® 70°;
r) cos?21° + cos? 83° + cos? 45° + cos® 57° + cos® 69°,
1298, okaxHTe, UTO NPOH3Be/eHAE BCeX BRIpAYKeHHH BUga tg r°,
T@ie B~ HATYPAJABHOE YHCJO, MeHbIuee 90, papno 1.

1299, ¥uopocTuTe BLIpaKeHHe:
a) sin (—220°) cos 50° + cos 220° sin (—50°) + tg (—40°) tg 50°;
6) ctg 245° ctg 205° (sin 265° cos 175° + sin 5° cos 95°).
1300. Hoxa:xure, Yo SIN? (% + a) + sin? (4—; - a) =1.

K maparpady 20
1301. HaiiguTe:

a) sin (30° + 0), ecnu sin 0, = —% u 180° < o < 270°

6) cos (& — 45°), ecom cos ot = % n 0° < o < 90°%

B} 8in (60° — «), eciu cos o = —J% u 90° < o < 180°%;

r) tg (¢t + 46°), ecu sin o = g 7 90° < o < 180°.

1302. HapecTHO, uTO 8in ¢ = 27—5. cos P = —%, 0° < o < 90°,
90° < B < 180°. Haiigure:
a) sin (& + By B) cos (o ~ BY;
6) cos (o + B); r) tg (o - B);

1303. Haiigure:

a) tg o, ecam tg(-g- - 0:) = m;

6) ctg o, ecnu ctg(% + a) = n.
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1304. BruncauTe:

n _ 12 3,
a) tg(a—z), echHE 8in ¢ = 13 HE < Q< >

&) ctg(a+%), ecom sino = —0,5 n 3?“ < o < 27

1305. ¥opocture:
a) cos o sin (30° + o) — sin o cos (30° + o);
6) cos (45° —~ o) sin o + 8in (45° ~ o);
B) sin (o + B)cos o ~ cos (& + P)sin oy
r) cos (o ~ B) sin P + sin (& — P cos P.

1306. HokaxuTe TOXAELCTBO:

iga +B)~tga - tgh
a) tg o tg (o + B) =tgh;

0 1S e ity = tg (@ + g (@ - B

n)tg(a—B)—tga+th=tg(B—a)tgath;
) HO-WB  fgatwh _,
wG-H wah ">

1307. Bripaaute
a) ctg (o + B) m ctg (o — P) uepes cig o u ctg B;

6) H& yepes sin (o + B) = sin (o — B);

ctg & + ctg B _mh.
ctga B uepes cos (0 + B) H cos (o — B);

r) tg (o + P+ v) uepes tg o, tgPm tgy.
1308. Horamure, 4ro o + f = 45°, ecau o 1  — ocTpHe yrALIl H

72,

a)Si.IlU-:g! COBB=W,
1
6)tga= 3 tgP= 3.
1309. HoramuTe, uro o — f = ﬂ, ecinn o 1 B — ocrpele yrael n

2
tga=2§ ntgo= g
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1310. Haiigure sin 20, cos 200 u tg 20, ecau:

22

a)sinot=-—5—110{a{ L
G)cosa= -—‘{1—5— %<a<n;

Btga=24dnx<o< %n;

31:40:<21:

ryctg o= —1 3 H
1311, Moxaxcure, uto % sin 200 < sin @, ecma 0 < @ < Z.

1312. Bripaaure sin 2¢, cos 2¢ u tg 2¢ gepes sin 2, cos g ntg %

1313. HaiiguTe sHaueHHe co8 4¢., ecAH sin o = 1 _2J§-
1314. Bupasaure:
a) sin 4¢ uepes sin o m cos ¢
6) cos 40t yepes sin oL 1 cos ¢
B} tg 4t uepes tg o
r) ctg 40 uepes ctg o.
1315, Joxaxure TOXKAECTRO!
. . . 3tga - tr'a
_ —_ 3 g - 0 8
a) sin 20 = 3sin @ — 4 sin’ B) tg 3o = i-3ige
ctg’o - 3cigo

6) cos 8ot =4 cos* o — 8 cos o r)ctg3a=m.
1316. BripasuTe sin 2a uepes tg o.

1317. Haiigure sin E, cosZ u tg%, ecJIH:

2 2
1 n . n
a)cosa=§n0<a<§; 6)smt1=0,28n§<a<n.
1318. BuuHcAHTE sin%, cos% H tg%, ecau tgo = % H
<0< é‘ﬂ:.

2
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1319. Joxaure TOMKACCTEO:
a) cos ot (cos & — cos P) + sin o (sin o — &in B) = 2 sin? G—EE;

§) (sin ¢ — sin B)? + (cos o — cos B)? = 4 sin® m—éﬂ.

1320. IlpencTapbre B BHOE NPOH3BEeACHUA:
a) 1 — cos®x — cos®y; B} 1 + sin @ + cos o
6) 1 — sin®x — cos? y; )1 -sino —cosa.
1321. IlpeoGpasyiiTe B MpOU3IBEACHUE:
a) sin (30° — o) + sin (30° + o) + cos 3o
6) cos (45° + o) + cos (45° — o) + Jf cos 30,

1322, ¥upocTuTe BHparKeHHE:
Sin{a+ﬁ)ﬂiﬂ(ﬂ-5); 6)

cos (o + P)cos (o — B)
) sin ¢ + gin B ‘

cos O — cosf

1323, Horamure, aro npu A0OEX sHaYeHUAX O U [} BepHO
PABEHCTBO:
a) cos? ot — sin® ot = cos (@ + B) cos (@ — B);
6) sin? (o + B) — sin? (o — P) = sin 20 sin 2B.

1324. IIpeacrasbTe B BHAe NPOH3IBeJeHUA:
a) sin o + sin 2¢¢ + sin 3o; B) cos O + cos 20 + cos 3oy
6) sin & — sin 2o + sin 3o r) cos o + cos 2o + cos o

1325. JorauTe TOMXIECTBO!
sin o + sin 8o + sin 5o
a) cos ¢ + cos 3o + cos Bu

= tg 3o

cos & — co8 200 — cos 40 + cos 5o,
sin o0 — sin 200 — sin 4G + sin S0

0) = ctg 3a.
1326. Hairpure sin (o + B) = cos (e + B), ecnu sina + sinf=m
Heoso+cosB=gq.
gina + ginf — asiny

1327. Ecom « + B+ y=7, To sino + sinp +sny = tg%tg%. Ho-

HajKHTe.

1328. HaiiznTe 9HaTeHHe BRIPAXKEHHS
8 cos 20° cos 40° cos 80°.

1329, ¥npocTHTE BHIDA)KEHHE

1 171 1)1 1 n
_—t === = n Tos .
2+21’2+21’2+2ms2a pu 0 3
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1330. Joxamure TOMAESCTBO:
ginno cos (n + 1)
sin o

a) cos 20+ cos 4ot + ... + cos 2na = » PIe . — HATY-

pPanbHOE YHCIO;
8in na sin (2 + 1o
gin o

6) sin 2o, + sin 40 + ... + 8in 2no = » TOe n — HaTy-

PaJLHOE THCJIO.
1331. Hokammre, 4TO eCIH tg% = 4 tg%, TO

B-oa _ _8sinc
2 5-3cosa

tg
1332. MokaxkuTe, YTO €CAH B TPEeYTOJbHHUKE ¢ YIJIaMH O, B H ¥

yroa y Tynodl, To NpouskeaeHHe TAHTeHCOB ¢ K [ Menbire 1.

1333. Hokaxure, uTo Hamboablmee aHAdeHHe sinx + V2 cosx
PABHO J3.

gin 2%
1334. HoxaxuTte, wTo co8 O cos 20 cos 40 ... cos* o = Shigin o T4
k -— HaTypaJbHOE YHCJIO.

1335. Joramure, 4To ypapHeHue sin' x — sinfx +ginx - 3 =10
He MMeeT KOpHeH.

1336. Jokamure, 9TO:
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U TEOPUMU BEPOATHOCTEN

OCHOBHBIE NOHATUA
U ©OPMYbI

§ 21. /’\ KOMBWUHATOPUKU

57. V AepecTaHOBKW

Ha npakTHKe 98CTO OPHXOZUTCA pELIATH 3aJA4UH, B KOTOPEIX Ha-
A0 COCTABHTE TY HAH AHYI0 KOMOHHAIIMIO 2JIEMEHTOB COTJAACHO IIO-
CTABJEHHOMY B YCJIOBMH 3a0atH TpeGOBAHMIO, & TAKIKE NMPOU3BOARTE
MOACYeT THCHA cOocTABJeHHBX xKomOmmanmii. Tarue sagaum nmosryuu-
JIH HABBAHHME KOMOUHAMOPHbIE, 4 PA3Nes] MATEMATHKH, B KOTOpPOM
H3y4aloTeA KoMOHEATOpHEIE sagaul, — Kombunamopurd.

Hren u MeToAbI KOMOHHATODHKH HCIOJAL3IYIOTCA B TEOPHHE Bepo-
ATHOCTeH, MATEeMATHYECKOM CTATHCTHKE, 4 TAKMKEe B IPYTHX pasgesax
HAYKH B TeXHHKH,

Tpocreitmeif koMGHHAIIME, KOTOPYI MOMKHO COCTABHTH H3 2J€-
MEHTOB KOHEYHOT'O MHOJKeCTBA, YCTAHOBMB B 9TOM MHOMKeCTBe IOpPA-
JAOK €ro 3JIEMeHTOB, ABJAETCA NepecmaHosKa.

PaccmoTpuM 3apauqy.

Ha noake cToaT TpH HHUrY. CHOJBKHMH crocobaMH MOMCHO pac-
CTABHTH 3TH KHHTH HA IOJKe?

OboanaupM xHUrH GyKBaMu @, b, u c.

Ecau mepsoii HOCTaBHTH KHHUTY @, TO BOSMOJKHBI BADMAHTHI

abe, ach.

Ecnn neppoif nocTaBUTh KHHTY b, TO HMeEeM TAKHE BAPHAHTHE:

bac, bea.

H, HakoHel, ecau nepsolt Gyger KHHra ¢, TO DOJYYHM TaKHe Ba-
PHAHTHL

cab, cba.

BHa'-IHT, TPHE KHHIH HA INOJAKEe MOXXHO pPacCTABHTH LIeCTBEI0 pas-
JHYHRIMH cHocofaMM, HIM, KAk TOBOPAT B KOMOHHATOPHKE, MOMHO
NONYyYUTE § PASIHIHAEIX REPECMANOBOK.

Onpeaenesnne. KoEeunoe MHOEECTEO, B KOTODOM YCTAHOBJACH
TIOPAAOK €T0 3IeMeHTOR, EA3HIBAIOT NEpecTAHOBKOL.

BuIACHUM, CKOJBKO HepECTAHOBOK MOHHO NOWIYIHTE H3 MHOKe-
CTBA, COOZEDWERIIIErs M 9JIeMEeHTOB.
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Ob603HAYNM YHCJIO [EPEeCTAHCBOK H3 I 9/IeMeHTOB CHMBOJOM P,
(UUTAIOT: «T3 H3 BHY).

Ecmu n =1, mo P, = 1. 9o oueBugHo,

Ecou n = 2, to P, = 2, TAK KaK BO3MOKHBEI JHITh ABE MepecTa-
HOBKH: ab u ba.

Ecnm n = 8, To P, = 6. BroT cayuail paccMOTpeH BHIIIE.

Iyers 1 = 4, Ho6aBrM K TpeM KHHTAM 4, b H ¢ ellle OAHY — KHH-
ry d.

H3 namkpoll nepecTaHOBKH, HAUpHMep abe, MOMHO DOJYUHTH
4 pABIMYHKIX [IEPECTAHOBKH, eC/IH KIKTY d NOCTABHTE eped a, uepex b,
nepefg ¢, moclie ¢:

dabe, adbe, abde, abed.

Bcero mepecTaHoBOK u3 3 ameMeHTOB Gyger 6. 3HaunT,
P,=4P;=4-6 = 24,
H3 paccMOTpeHHBX NpHMepoB BHAHO, UTO
P=1P,=1-2,P,=1-2-3,P,=1:-2-3-4.

MoxHO OpeANoN0IKHTE, YTO YHCI0 IePeCcTAHOBOK U3 11 3JIeMeHTOR

MOXHO HafiTH mo dopMyae
P,=1-2.3.-...-(n-1)n.

IIpouspeaeHre mepBbX 7 HATYPAJBLHEIX YHCes NPHHATO 0003HA-
yaTh Tak: n! (4MTAIOT: ¢dH darTopHans), T.e. nl=1.2-3-...-(n-
1)n. Ilo onpenesieHUIO TAKMKe CYUTAIOT, yro 1i =1,

Hoxraxem, uto Ana aodoro n € N pepHa dopmysa

P, =nl (1)

JorasaTeNsCTBO OPOBEeM METOAOM MATEMATHYECKOH MHIVKIHY,

Iipux n = 1 dopmyna (1) Bepra: P,=1, 1. e. P, =1!

Houyerum, uro dbopMyna (1) pepua pma n =k, rne k > 1, 1. e,
P, = k! HoxkamxeM, uTo bopmysa (1) Taks:ie BepHa pa n =k + 1, T.e,
Py =k + 1)

IIycTe @,8,a;...8, —— HPOH3BOJILHAA NEPECTAHOBKA, KOTOPYIO MOX-
HO COCTABHTBL M3 % 3aneMeHTOB. EciH K 8Tolf mepecraHOBKe IpH-
COGAWHUTS &, ,, 3JIEMEHT, TO er0 MOMHO MOCTABUTEL HA MEpBoe MECTo,
Ha BTOpOe MecTO M T. A., Ha k-e MecTO M, HAKOHEL, HA NOCHeTHee Mec-
o (Docne a, aaeMeHTa),

B pesyabrare M3 ofHOH NepecTAHOBKH MOMKHO NOJY4YMTR & + 1
nepecTaAHOBKY, a U3 P, nepecranoBoxk — (& + 1)P, nepectaHoBoK. 8Ha-
wwr, Py,; = (k+ )P, = (k + DM = (& + 1)

Mui mokazanu, 40 dopmyna (1) BepHa ana n = 1, u, gomycTus,
UTO OHA BepHA ANA © = E, MOKA3AJH, YTO OHA BepHa Ana n =k + 1.
CregopaTeNsHO, Ha OCHOBAHHUH MPHHOENS MATEMATHYECKOR HEAVKIHA
dopMyna (1) sepna pna oboro n = 1.
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Hpumep 1. Haitaem, cKoABKO PA3JIMYHEIX YeTHPEX3HAYHBIX
YHCEJ] MOMHO COCTABHTH, AcHoassya mudpwm 0, 1, 2, 3, opauem B
KAadIoM uncle MUdps Zosasl OHTH pasHbie.

KoauyecTBe YeTHIpeXIHAYHEIX YMCeN, KOTOphIE MOMKHO COCTABHTE
H3 YeTHpeX pasiMyHBIX nudp, uckamouas 0, Gea nosropenus madp,
paBHC YHCAY MepecTAHOBOK M3 YeTHIpeX d/AeMeHTOB, T.e. P,. Oguaro
B 3TOM cay4ae cpeau nudp ecrs nudpa 0, ¢ KoTopoil He MoXKeT HauH-
HATBCA YETHRIPDEXZIHAYTHOE UHCID. H03TOMy H3 OepecTaHOBOK,
COIEPYKAIIMX YeThIpe dJleMeHTA, HANC HCKJIOUHTL Te MepPeCTAHOBKH,
KoTephie HaYHHAaIOTCA nudpoit 0. Takux oepecranosox 6yaer P,. Cre-
AOBATEJNHHO, BCEr0 YETHIPEX3HAYHEIX UHCeJ, KOTOPBie MOJKHO CO-
CTABHTEL M3 AaHHHEX nudp, Oyxer

P,—P,=41-31=8l1{4-1)=6-3=18,

Orser: 18.

IMpumep 2. AHmeerca 10 pasnHuHBIX KHHAT, CpeJH KOTOPHIX eCTh
TPEXTOMHHK OZHOTO aBTOpa. CKOJIBKHMM crocobaMB MOMHO
PacCTABHTH ?TH KHUTH HA NOJKe, €CJIH KHUTH TPeXTOMHEHKA TOJIHE
HAXOANTLCH BMECTE, HO B JofoM mopagke?

ByneM cuHTATh TpeXTOMHMEK ofHoM KHuTOM. Toraa y mac nMeerca
e 10 kHur, a 8. PaccTaBuTh HX MOKHO P, pASNUYHLIMHA CHOCOGAMH.
B To e BpeMd KHHTH B TPEXTOMHHKE MOMKHO PACCTABUTE Py cocoba-
MH, KaXJol NepecTaHOBKe H3 8 3JIeMEHTOB COOTBETCTBYET
onpefleleHHAA NePEeCTAHOBKA M3 3 saeMenroB. Iloaromy Bcero mepe-
CTAHOBOK B COOTBETCTBHMH ¢ YCJoBMeM 3amaum Gynmer

P,- P, = 8! 3! = 241 920.

OrpeT: 241 920,

1387. CxoAbKEMH pas/IHIHBIMY cOOCOOAMH MOTYT CeCTh HA CHA-
MeifKy
a) b yenosex; 6) 7 genoBex?

1338, Cxoabko pasAUYHLIX TPEXOBETHLIX (PIArOE ¢ TpeMA TopH-
30HTAABHEIME NOJIOCAMH MOMHO NOXYYATh, HCNOAL3YA KPacHHA, cH-
Buit u Gensit nBera?

1339. CxonbKEMME crocobaMB MOMMHO PACCTABUTH IO STANAM We-
TRIpEX YMACTHHI acTadeTw B Gere 4 X 100 M?

1340, CocranbTe BCEBOZMOKHEIC TPEXIHATHBIE THCAA, B KOTOPBIX
Bee Uudpu pasarle, HCOONB3YA JAUITL HUGPHI
a)7, 5, 1; 6)2,0,9

1341. CxoAEKO 4eTHHIX TPEX3HAYHEBEIX THCEJN MOMKHO COCTABHTH
us nudp 1, 2, 5, 7, ecnn Kaxpaa qudpa Moxer OLITH HCHOAB3OBAHA
TOJIBKO OGHH pas?
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1342, Vuamuecs AOMAKHEI DOCETHTh BO BTODHHK L0 PACTIMCAHHIO
5 YypoKOB IO cleAyOIIuM NMpeaMeTaM: AATepaTypa, amrelpa, reorpa-
¢us, duskynbTypa # GHosoruda. CHOJBKHMH COOCODAME MOYKHO CO-
CTABHTHL pPacnUCAHME HA STOT JleHb Tax, YTobn PpusKynsTypa Guima
MATEM YpoKoM?

1343. Hs uundp 2, 3, 4, 7 cocTapNeHb BCEBO3MOIKHEIE HeTH-
pexsHauHBle Yucaa (6es nosTopeHHA HMHbp). CKOABKO CpeAH 9THX
YHCeJ TAKHX, KOTOpEIE:

8) HAYUEAIOTCA ¢ OudpH 7; 6) He HauAHAIOTCA C Umdphi 47

1344. Uz uudp 1, 2, 0, 5, 6 cocTanieHLl BCEBOSMOMKHRIE IIATH-
gHauHble uncia (6e3 mopTopeHusa nudp). CHONBKC CpeLy 3THX YHCcel
TAKHX, KOTOPEIEe:

a) KpaTHH 4; 6) kpaTeH 57

1345. B aproMamueHe 5 MecT. CxoapkuMy coocoflaMe B 3TOi AR-
TOMAIIKHE MOIYT PASMECTHTRLCA 5 YesloBeK, eC/IA MecTO BOZHTENA Mo
ryT 3asATh TOJLKO ABOe H3 HHX (T. e. TOABKO JBO€ MOTYT YHOPABJIATEH
aBTOMOOHIEM)?

1346. YTo6nt 0TKPHITS cefid, HYKHO HAGpaTh 1Kdp, cogepramui
onpefieIeHEYE) OCAe/IOBATENLHOCTE M3 nudp 1, 2, 3, 4, 5, 6, 1 apyroi
mudp, coaepHamHil nocnenoBaTeasHOCTE A3 OyKB @, b, ¢, d,
B KOTOpPRIX OYyKBH M NUPpPH He DOBTOPAOTCA. CKOMBKG CYIIECTBYET
roMOEHanuit, npu KoToprix cefich He oTKpHIBAETCA?

1347. ConpkuMH crocofaMi MOMKHO PACCTABUTD Ha DOJKE YeTHpe
KHHTH no anrebpe u TpH no reoMeTpHl, IPHYEM TAK, YTOOB BCe KHH-
ru no anrebpe (B J060M mopagKe) cToANH pAnOMT

1348. Halizure cyMMy BCeX TPEX3HAUHEIX YHCE], KOTODHIE MOMK-
HG COCTABMTH H3 nuhp 2, 4, 6, He noeropaa uugp?

1349, Yucno a = nl + 1, rae n € N, apJgeTcA KBAAPATOM HATY:
panenore ynchda, Hafizure mauMeHslee sHayeHHe @, eCHIH:
a) ¢ — [OBY3HAYHCe YHCAO; ©0) @ — TpeX3HAYHOE YHCJIO.

1350, PermmuTe yparHeHME!
a) x! = 5040; 6) x1 + (x — 1) = 5760.

cla

\
v ./ YnpamHeHnss aNis NOBTOPEHWs

1351. ITocrpoiiTe rpadeEk DYHKIEH
y=2x*—3x| - 2.
1352. IIpn KaKHX 3HAUEHHAX NApaMeTpa & YpaBHeHHe
tar*+a-1=0

HMEET TONBKO ABA RO])HH?
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1353. PemuTe HepaBeHCTBO
8x -1

5 < 1.

13654. JokameTe, ITO 3HAYCHHE BHIPAMEHHA

V11 + 642 + 11 — 642

eCTh HaTYPAJABRHOE YHCIAO.

8. \’/ Paamewenus

CocTaBuM H3 3JleMeHTOB MHOXecTBa {@, b, ¢, d} BceBOaMOXKHEEIE
napei, 4To0R B KAMAOMN Oape AJIEMeHTH He NOBTOPAJIHACE.

B nepBoii ¢TpoXe SANMINEM BCE IAPH! ¢ MEPELIM BJEMEHTOM &, BO
BTOPOH — BCE IAPHI ¢ DepBLIM aJeMeHTOM b M T. 4. Iloayumm Tabamiy:
(a, b), (a, <), (a,d),

(b, a), (b, ¢), (b,4d),
(e, a), (c, b), (c, d),
(d. a), (d,d), (4, c).

Kaxzgyo napy B aToil Tabnuie, COCTABNEHHYIO U3 3JEMeHTOR MHO-
aecTBa {d, b, ¢, d}, B KOMOHHATODHKE HA3BLIBAIOT DPaiMelieHuem M3
4 anemMenToB nic 2. UHeNIo BeeX TAKHX pasMereHmni oB6osHauawT TaKk: A2
(uuraioT: ¢a M3 yeTHIpex mo Asas). Mul BugmM, uto A = 4.3 =12,

OnpereneHue. PasMemeRneM H3 N 2JeMeHTOB KOHETHOTO
MHOMECTEa 10 k, TAe k < n, HA3KBAIOT YNOPANOIEHE(Ce MHOKECTBO,
comepxamee k 3JeMeHTOB.

Takum ofpazom, paaMellleHHd — 9TO IAPHI, TPOHKH, YeTBEPKH
H T.A. 3JeMeHTOBR MHoMXecTBa. Mz ompejeneHHsa ciaefiyer, 4TO ABa
pa3MelNeHHUA ARNHIOTCA DAINWYIHLIMA, €CJIH OHH OTAMYAIOTCA APYT OT
ApYra sJIeMeHTAMH WM OOPAAKOM 9JeMeHTOB. Jlerko BuAeTk, 4TO pas-
MemeHHe H3 7 3JIEMeHTOB IO 7 — 9TC NEPECTAHOBKA H3 1 BJIEMeHTOB.

Camsoniom A! o6osHadaeTca THCIIO BCEBOSMOMKHBIX pasMemesnil,
KOTOpBIE MOJKHO COCTABATL H3 Nl eMeHTOB no K.

Teopema. Jucno paamewenuii, COCMAGRERRBE U3 N Ine-
MERMO6 1o K, 6LNUCIREMCR 1O GOPMYRE
A =npn-—DR—-—2) .- n —(k— 1)),
m. e. PA6HO NPoOU3sedentio kR nOCRLA0BAMENLHML RAMYPANOHOLY Wi~
cen, GONRGULLM U3 KOMOPLX AGRAEMCA 1.

HoxazarenscrTno. [IyeTs MMeoTCR MHORECTRO, COCTOANISE H3
n 3JeMEHTOB:
{a@, &, ¢, oo. s by 1},
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MBi He 3HaeM, CKOJBKO BCEro MOSHO COCTABHTH pasMelmeHWH m
3THX N JIEMEHTOB N0 £, HO 3HaeM, 4YTO CPedH BCceX PASMENeHHH ecTs
TAKHEe, KOTOphle HAUMHAIOTCA pjeMeHToM &. IloctaBEm cefe sagawy
COCHMTHTD, CKOMBKO DA3MeIeHHI U3 1t 10 & HAYMHAKTCSH BIEMEHTOM 4.

IIycre
@a..) —

\_v_l
k anemenTob

OXHO M3 TAKHX pasmelleHuii. B TakoM pasMerneHun & — 1 a1eMeHToBR,
CHeIVIOLHX [OcJde &, IpeACTaBAAIRT cofoil HeKoTopoe pa3sMelleHHe
u3 n — 1 saementos mo B — 1, JleficrenTensHo, B 5T¢ pasMelileHne
MOryT BXOAHTS JOOGhie HS JAHHRIX 7I 3JIEMEHTOB, KpoMe DJIEMEHTA 4.
IToaToMy pasMeIleHRI H3 1 9AEMeHTOB I0 B, HAYHHAIOINXCA dJeMel
TOM @, CTOJBKC, CROJBKO MOIXHO COCTABHTH pasMelleHMit 3 n -1
aemMenTOB MO B — 1.

Kaxaoe 1z pasMellieAHid A8 n 0o & aaanaaerca audo soreMeHTOM 8,
aubo anreMeHToM b H T. 1.

Yucao pasMemeHuil, HAUNHAIOTIMXCA 3JIEMEHTOM &, PABHO A
Toune Tak e YHcao pasMelleHH, HAYHHAIIMXCA IJIeMeHTOM b,
PaRHO A:Zi Hu T. 1. Yucao Beex pasmenteHuit us n oo k, T. €. A%, pasgo

CYMMe YHCeJ pasSMelleHHN, HAYNHAIWMAXCA HA &, b, ¢, ..., L
Bcero aneMeRTOR B JAHHOM MHOMecTBe n. Clef0BaATeNBHO,

A = x-1

= RAS.

Ota dopMyns BepHa AnA Jawboro n > 1 u k € n, 3Hauur,

Al s~ 1)AMS, 1. e, At =n(n - 1) AX2.
Hanee
Al =(n - 2)ALS.

AL = n(n - 1)(n ~ 2) A7,
IIpogox:kana 3TH paccy:KaeHHA Iajee, NOAYIHM opuyny
Al=nr-1Dn-2)-...-(n~k~ 1)) ()]
IMogetapaaa B aTy Gopmyay (1} Bmecro k YKcso 7, DONYIUM
Ar=nn-1{n-2)...2-1=nl

OTO elle pa3 NOATBEPIRIAAET, UTO Pa3MellieHHe H3 7t IeMEeHTOB o &
ARJAETCH EePecTAHOBKOH U3 71 BJIEMEeHTOB.

Tlo onpeleneHHIO IPMHATO CYATATL, uro 01 = 1. IloaToMy thopmymne
(1) Mo)KHO NPHUAATE APYTOR BHEA, ec/A #¢ OpPaBYI0 YACTh YMHOMUTE BA

n — k)
apobn %m)ll’ paBEYIO 1:

Orecroga

A znr-DE-2) ... (n-(k-1) gi = :;; -5 f’k)!, v e

nl

ko__ Tt
A =G



§ 21. OcHoess NOHATHA H POPMYNBI KOMOHHATOPUKK 385

NMpumep 1. U3 12 yyamuxcs BYyXHO oTolpaTh 00 OQHOMY de-
JIOBEKY AJA YYaCTHA B NOPOACKHAX ONHMIOHAJAX [0 MATEMaTHKE, diran-
Ke, MCTOPHH H reorpatdun. Kaxgeif nz yIammxca yIacTBYET TONBKO
B ofiHO#i onuMnHage., CHONMBKEMH CHOcO0aMH 3TO MOJKHG CIENEThT

Kaxaaa rpyona yysmmxcs, HaupapBiaeMas HA OJIMMIHAARY B CO-
cTare 4 4eJ0oBEK, OTIHYAeTcH oT Jiobo# apyro# rpyonm nmbo yua-
muEMHcA, AR60 NOPAAKOM, KOTOPRI onpegesseT, IO KAKOMY NPeAMeTy
6ygeT copepHOBAThCcA yueHHK. IloaToMy umeno cmocobop oTbopa yua-
MAXCA PABHO YHcAy pasmMemenuidt ug 12 mo 4:

AL =12.11.10-9 = 11 880.

OTreeT: 11 880.

IIpumMep 2. CKONBKO CYIODECTEYET CeMASHAYHRIX TeledOHHBIX
HOMEPOB, B KOTOPRIX BCe DHGPR pasinyHbl B Depead nudpa oTaMusa
oT Hyna?

KosngecTBo BCex ceMHsHAUHLIX HoMepop u3 10 oadp (Ges mo-
BTopennit) Gyner A}, Ha EMX HYKHO MCKIIOTATH Te HOMepa, KOTO-
pele Haumnalorea nugpoi 0. Takux zomepor AS. BHaunT, Beero Ho-
MepoEB, COTMAcHO ycnoeuio, Gyaer

8 101 gt _ 101 91

7 L 10 9 101 9 =
Ap — 4 -7 ©@-6) 8 I(10 1) = 544 320.

OTrpeT: 544 8320.

IIpamep 3. CKoABKEO CYyLIeCTBYET TPEXSHAYHERIX THUCeNd, CO-
cTaBIeHHRIX M3 nadp 1, 2, 3, 4, 5, 6 (6es mosTopennii), KoTophie ne
KpATHEE 37

Unmcaa, kpaTHRIe 3, — JTO YACHA, KOTOPhle COCTABNEHEI B3 HEDD
1,2,3;1,2,6;1,8,5;1,5,6; 2,3,4;2,4,6;3,4,5;4,5,6,
TONsKO M3 aTHX nudp. Hs raxpaoil Tpolikm Hudp MOKHO COCTABHTD
P, uncen, xparHeix 3 (cymMma nudp qmcaa, 3AMACAHHOIO B JI06OM
nopAxke, KpaTHa 3). Beero Tpoek 8. SHAYMT, Becero TpPeXaHATHBIX
uKces, KpaTHHX 3, Oyaer

8:-P,=8-6=48,
Bcex TPpeX3HAYHBIX YHCe), KOTOphEIe MOJKHC COCTABATE H3 TAHHRIX
8 mudp, Gyaer A, T. e, 120, 3HaUHT, KOMHYUECTRBO TPEXIHATHBIX UH-
ceJl, He KPaTHHIX 3, PABHO
Al — 8P, =120 - 48 =T2,

Oreer: 72.
1355. Cronpkumu cnocofaMu MoryT OLITH NPHCYKIEHEI NepBad,
BTOpas H TpeThdA NpPeMHH TpeM JunaM ua 10 copepHyoOIEXCA?

13 K. Maxapumas +Atrebpa. § xn.»
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1356. Ha crasxnun nmeerca 8 sanacEmx nmyteii. CKOIbKEMHA cIIo-
cofaMpA MOYHHO PACCTABAThL HE HHX JeThIpe noesgal

1357. CronpkuME cnocobaMH MOMKHC H3TOTOBHTH TPEXIBeTHRIH
¢aar ¢ TOpHIOHTANLHEIME MMOJIOCAME H3 MATEPHAJA, HMelomero 5 pas-
JIHYHEIX TBETOB?

1358. Uz nudp 1, 2, 8, 4, 5, 6 cocTaBLTe TETHPEX3HAUHLIE UHCT
Jia, B KOTODHIX BCe OHEQPH pa3IH4HEI, a4 Mepeoi nudpoil apnaerca 1,
Bropoil — 3. CKONBKO TAREX uHcen?

1359. B sarone mMeerca 10 cpofoaEnix mMect. B Barom BomuIM
6 maccaupos. CKOABKHMHA cnocofaMM OHHM MOTYT PASMeCTHThLCH
B 9TOM BAroHe Ha ¢BoBOIHRIX MecTax?

1360. Yuamuecs mKoabn HayualoT 12 pasAHuHBIX OpeIMETOB.
CronskHMH crocofaMi MOKHC COCTABHTE paclHcAHEe YPOKOB HA ONKH
JeHb, 4YToOR B HeM GBLIO 5 DASAMYHEIX NpeaMeToR?

1361. Bunrancnure:
a) A - AL 6) A} -4y p) Abodb
8 ’ T s AB _ Aﬂ
1362, Uz nudp 1, 2, 3, 4, § cocTaRNleHRl BCEBO3MOIKHEIE TPeX-
saavusnle aucaa (Gez moeToperEa udp). CkonsRo cpeau HUX TAKHMX,
KOTOPKIE:

a) Kparen 2; 0) KpaTHH 3; B) KPATHH 4 r') KpaTHE 57

1363. CKoabKO pasAMuHLIX HATYPAJIBHBIX dHce), MeHsmx 1000,
MOKHO cocTasHTh U3 nudp 1, 2, 3, 4, 5, 6, 7 6e3 mopTopeHnsa mudp
B ypcJye?

1364, PemunTe ypapHeHMeE:

a) A3, = 2047 6) 4, = 124}
1365. Haiigure snaueHHe BHIpRXKeHUA
A:w_-ll - B, m-n
B, m-1 ’

rnemeN,neNun<m,

1366. Croapkumu cnocofiaMm MOMHO paCKAeHThL 12 pasimaEsx
MAapOK HA Tpex JHCTax?

_|_|_+_|_|—l_ 0> YnpaxseHus Ang NOBTOPEHUS

1367. PelunTe ypapHeHHe:

a) V3x - V2x = 1; 6) x +vx +1 =11.
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1368, PemmnTe HepaBeHCTBO!
3x? + 4x - 4 Sxf+2x -1
a) 2Xrx+1 <1 6) x*-x+1 > 0.

15‘569. ITocTpoiire rpadnk QyERIMH

y=2-J3-x

59. \’/ Covetanus

PaccmoTpum MHEOMecTBO {a, b, ¢, d} M cOoCTARMM Bce DOAMHOME-
CTBA HTOTO MHOMKECTBa, Coflepixallie aBa alemeHTa. Ilomyamm

{a, 8}, f{a,c}, f{a,d}
{b,ct, (b, 4}
{e, d}.
On peaeJleHHE. Honmnomecm, COCTABJ/ICHHBIE H3 NI 3JI€MEHTOB

JAHHOI'0 MHOXECTBA H cONepEAITHE k 2leMeHTOB B Ka KXJ0M ITOIMHO-
MmecTBe, HASHIBAIOT COYCTAHMAMHE H3 N 2JeMeHTOR 1o k.

B oTaAyEe oT pasMeINesEdil, COYETAHNSA PAsJMIAIOTCH TONBKO dJie-
menrami. Tak {a, b} u {b, a} — ogso H TO Me coyeTaHme.

Yucno coveraHdit M3 n 9JeMeHTOB mo k¥ ofosHauaerca Tak: Cr.
B paccMoTpeHHOM BHIIIe OpuMepe C: = 6.

JlokasKeM, 4TO YHCJO COMETAHHN, COCTABNEHHEIX M3 1 9JIEMEHTOB
no k, Belpasaerca Gopaynoit

ct = 4
B,

IIycTs HMeeTCA HEKOTOPOe MHOMKECTRO, COEPKaliee it 3JIEMEHTOB,
H AONYCTHM, YTO MBI COCTABHJIM K3 2JIEMEHTOB STONG MHOMKECTBA BCe-
BO3MOMKHEIE COTeTAHKA U3 1 1o k. Yucso TakuX codeTaHu# pasHo CF.
B RaJoM COMETAHMM HOpoH3BegeM MepecTAHOBHY 3JIEMEHTOB BCEMH
BOSMOMHEIME cmocobamu. Kampoe coueranme gact P, mepecTaHOBOK.
B pesysbTaTe MEI NOJYYHM BCE Pa3MEINEHH A, KOTOPEIE MOYKHO COCTA"
BHTb M3 1 aJieMeHTOB 0 k. Taxum obfpasoM,

A, =C; - B.
Orcrona
k
Cct = é—", T. €.
r _ nl
Ce = %m -yt

o onpeneSyieHHI0 COYeTaHHEe — J3T0 NOAMHOMKECTBO JAHHOTO MHO-
JKECTBA.
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BRIACHHM, CKOJBKO NOAMHOMKECTE MMEeT IAHHOE MHOMKECTBO, CO-
JepIKALiGe 7 HIEMEHTOR,

O603HAYEM THCIO NOAMHOMECTE MHOMECTBA A, comep:ialiero
n ameMeHTOB, Tak: M, (A).

Ecnu A = @, To 0HO, OUEBUAHO, COACPIKHT JUMIL GLHO IOAMEC:
smecTRo — 2To . BHaunT, MA) = 1.

IIyers A = {a,}, T. €. MHOECTBO COJEDIKHT OAMH anemeHT. Torza
THCI0 NogMHOMecTd pasho 2: & u {a,}. B aroM cayuae M,(4) = 2.

Nyere A = {a,, a,}. Toraa uneno MOAMHOMECTE MEOYRECTBA A pasHo 4:
2, {al}v {as}, {a;, @z}, 7. €. MA)=4 = 2

AHANOTHYHO MOMHO TOCTHTATH, 4TO My(4) = 2°, M (4) = 2%,

IloacumrTaen UHCAO DOAMHOFKECTE MHOMKECTBA A, COLEpIKANIETo

5 anementon. Mlia sroro Bocnoasayemca dopmyaoit Ch = kl(+1k)l'
Borazenum no otaeasxoctu yncna CL, Ci, €5, ¢t Ci, Ct:
0_ 4, ol _ 2 _ 5! _ 5! 5.4
Co=1;C=5, Ci=gr_ay =21 = 3 - 10,
5! 51 5!

C:=m =10, C§=m=5, Cg=m =1.
Orciona
RA+C+CE+C+Ci+CE=1+5+10+10+ 5+ 1=32=2"%
Hrax, MK BHAEM, 9TO
Ch=1=2", C}+Cl=1+1=2,
CI+Ch+Ce=1+2+1=2% ...,
Cl+ i+ CE+Cl+CE+ =2,
MoHO NpeanoNoKUTh, TTO IHCAC NOIMHOMECTE MHOMecTBA A,
COTle KAIIeT0 A JIeMeRTOR, paneEo 2%, T. 8. M, (4) = 2",
JokaxxeM 270 MeTOAOM MaTeMaTHdecKold MEAYRIWE.
Ecam n = 1, To M;(4) = 2, 1. e. bopmyna BepHa.
IIyers n # 1. PaccMoTpHM MHOMECTBO
A = {al! a’29 ey an—l’ an}'
HexnrounM us 9TOre MHOMKECTBa aleMeHdT 4&,. [lonyumm Muoie-
CTRO, cofepikaniee n — 1 ajnement. ITo npelnoAoXKeHNI0 NHAYVKIHE

M, (4)=2""
Jo6aBM K MHOYKECTBY HCKJIIOUEHHBIN 9/1eMeHT a,. Torga H3 Kam-
JOTo moAMHOXecTBa A, = {a,, @, ... , 4,_,} 00pasyeTca HOBOE HOTMHO-

JHECTBO, B KOTOpOE BXOAMUT 3JIeMeHT @,, T. €. YHCJAO HOAMHOMKECTB IO
CpABHEHMIO ¢ YHCAOM TOAMHOMeCTB MHOMReCTBA A, YBeNHIHTCA BABOS,
1 MHOXecTBo GyaeT cogep:xaTh 2 - 2" ' momgMHOMeCTB, T.e. 2". BHa-
uuT, hopmyna M (A) = 2" sepHa.
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Orciona cneayer, uTo
Co+CL+Ci+ ... +C + = 2",
B npolecce paccy:KAeHH MBI 3aMeTHIH, 9To Co= (%, Ci= C¥'n
peobue CF =Cm*,
HokeaxeM aTo.

B _ n! _ n! "
=B - G-RE - C -

CocraBim Tabaumy, B KoTopoll B NepBoil CTpORe 3ANMINEM 3HAYE-
ame Cy, Bo BTOpoil crpoke — sHavenms CT u C., B TpeTbeii crpoke —
spavenma Cy, C3, Ci u 1. a. Moayanm

1

11

1 2 1
1383 3 1

1 4 6 4 1
1 5 10 10 5 1
1 6 15 20 156 6 1

----------- LI I )

Ota Tabnuna HassiBaeTcAa TpeyroabHEUKOM B. Ilackanaa (1623—
1662), sripamierocs GpaHIY3CKOre YYeHGrO-MATEeMaTHKa, PUIHKA,
tbunocoda, KOTOPHIHA, B YACTHOCTHA, 3AHMMEJACA HCCIENOBAEHAMH B
ofnacTH KOMOHHATOPHKH.

B aroit Tabnune Ha DepecedeHHH n-i CTPoRHU H k-ro croabnoa (n 2 0,
k » 0) sanucaso umcio, pasroe CF.

Xopomo BHAHA 3aKOHOMEPHOCTh CTPOK: UMCJA, OAMHAKOBO YAA-
JeHHBIe OT HAYANA H KOHIA CTPOKH, paBHBI. DTO CJefyeT H3 TOro, 4To
pepHO paseracTso Ci = C*, Kpome Toro, ckaensieas uymena 5 o 10
{B B-it cTpoke), MHI nonyuaem ymcao 15, Koropoe cToET B 7-i CTpOKe
mox yrcaoM 10. Dro BuITéKaeT US PABEHCTBa

Cr=Ci"' = Gyl

3aMeTHM TarKe, UTO YHCIA KaAod CTpOKH TpeyroisEHEa Ila-
CKaNA pPaBHH KodPPHIOMEHTAM MHOrOYNeHE, IOJYIEeHHOrO OT BO3pe-
NeHHEA B N-10 cTeleHb ABydnena g4 + b. Haupumep,

(a + b)Y =a® + 2ab + b,
(@ + b)° = a® + 3a’b + 3ab® + ¥,
(@ + b)' = a' + 44% + 6a°h* + 4ab® + b,

PaccMOTpHM IpHMEpPH 3aJ84, B KOTOPHIX HMCOONb3YyeTca (opMysa
yiesaa codeTaHHH M9 1 aJIeMeHTOR 10 K.
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HDpumep 1. CronbkuMmE cnocoBaMH MOMHO BHIGpATH TpEX Ae-
SHYPHEIX H3 Kaacca, B KoropoMm 20 wenoper?

QOueBHZHO, UTO SAECH peYb HAET O COUETAHHMAX, TAK KAK KAMIAA
rpynna y49amiiuxca B 3 JeJIOBeKa AQJIKHA OTJHIATBCA XOTH OB OJHUM

73 ydamuxca. CaeAoBaTeNkbHO, TAKHX TPYNO AOJNKHC OLITE Chy.

Buauur, Cy = % = 329—-%9—-—12 = 1140.

OrseT 1140.

IIpumep 2. U paskl ¢ nBeTaMa, B KOTopoif croar 10 KpacHmx
reosauy u 5 Genpix, BaOMparoT 2 KpacHEIe I'BOSANKH U OfHY Gelyw.
CHONMBEMMH cnocoBaMH MOMKHO cAenaTh TaKoH BeIGop 6ykera?

Kaxauit sufop cogep:xuT 3 OBeTHKA, B KOTOPOM 2 I'BO3AHKH
KpacHbie H 1 Genan. BeibpaTh 2 xpacuwle TBosfuky u3 10 xpacasnix
moxHO C3y cmocoGamm, Tlocse aToro Genyio rBO3LUKY MOKHO BHIGDATH
Ci coocobamm.

KaxcpoMy Bpiopy KPACHAIX IBOSAHK COOTBETCTBYET ONPERENeHHkI
BrIGop Gesoit reosaukn. IloaroMy BEIGOp 6VKeTa M3 IBYX KPECHBIX H
oxHOM Gesoil TRO3AMK MOKHO caenaTh Cl - Ci cmocobaMu.

Hmeem Cky - Ch = 45-5 = 225,

BuaauT, epbop Gyxkera, 0 KOTOpPOM IOBOPHTCA B 3afad9e, MOYKHO
ocymecTBuTh 225 crrocobamu.

MNpumep 3. CeMb OrypUOB U TPH IIOMEAOPA HALC DONOMKHTE B
JBA MAKeTa TAaK, YTOOB B KaXKAOM OaKeTe GbLI XOTA Ol GIHH TOMH-
Aop u urobbi oBomeil B makerax Gmao mopoery. CKONBKAMM COOCO-
8aMH 3TC MOMHO CIOEJaTh?

Yroful B maKeTax oBolIell 6110 NOPOBHY, B KaXKI0M MaKeTe JOJK-
HO HaXOAUThCH 5 oBomell. EcAu moJOKHTL B GXAMH OareT OTHE
NOMHAAOP, TG OCTANLHBIE OBOIMM — 4 OTypIa —— MOXKHO HOJOMHTH
B a1oT Daker C7 cOocobamu.

Eexn B apyroii Naxer noJIQENUTE 2 NOMHAIOPA, TO OCTAABHBE OBO-
oM — 3 oryplla — MOXHO HOJIOKUTDH B sTOT naker CF comocoBamMm.

CneflopaTe LHO, B IIEPBLIIT MAKeT 0BT MOXHO pasioxuTh Cs- C

crocofaMm, 1.e. 8- % = % = 105 coocofamu. Bo Bropoit

neKeT OBOIIH MOMHO Pa3IoHUTh c. C-?, T.€. 3 % = 105 cnocobamMm.

CornacHC yCIOBHIO 3aAadM B o0oMX maxerax opomeit 6yner mo-
POBHY.
O TBeT: OBOIIH B ABA DARETA MOMKHCO pasaonaTh 105 coocobamn.

1370. Uz conopremernoe A, B, B, T, Il u E sufupaerca napa s
VYACTHA B COPEBHOBAHMAX IAp N0 TeHHRCY. CKOMBKO CYINECTBYET CIIo-
coboB BEIGOpa 3TOH Maph?
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1371. Ha nmocrocTH oTMeueHE 10 Touek, npHdeM HHKAKHE TpH
H3 HHAX HE JeKaT Ha oAHON mpamoi, Yepes Kamabie JBe M3 HHX
nposefieHa npamMad. CROABKO MPOBENEHO IPAMBIX?

1372. Cxonpko gnaroHanell HMeeT BBINYKJALIN ABeHAANATHYTOJNb"
HEK?

1373. CronexuMu cnocofaMu MOMHO YOAKOBATHE 17 DRBMMUYHAEIX
KHHT B JBe MAYKH, 00 8 1 9 KEUr B Ramao?

1374. CKoJBKO HeUeTHRIX AeauTeNeil uMeeT yucno 35707 Croas-
KO YETHBIX JeauTeNell HMeeT 9TO YHUCAG?

1375. Hano muoxecrso X = {a, b, ¢, d}. CocTaBbTe Bce OOA-

MHOMECTBA MHOMecTBa X, KOTOpbie
a) He COAEPKAT JIeMEHTa a; 6) He comepraT aneMeHToB b H d.

1376. CroABKO MOAMHOMECTB HMeeT MHOMKECTBO, colepiRangee:
a) 8 aeMeHTOB; 6) 10 asmemeHTOB?

1377. H3 10 pasHHIX IIBeTKOB HYXHO COCTABUTH OyKer, colepaka-
muit 3 operxka, 5 IBETKOB, 7 OBEeTKOB, 9 BeTKOB, CROJBKHMH CIO-
cobGaME 3T0 MOMKHO CAEAaTh?

1378. CxofleKko MOMKHO COCTABHTE H3 aeaurenedf umenaa 210 co-
CTABHRIX UACE], KOTOpPhIE CONEPIKAT:
a) TOJBKO OBA NPOCTHMX JAe/IATENA;
6) TOMBLKC TPH HPOCTRIX XZeNEATeNAT

1379. CroNsKo UNleHOB COZEPHHT MHOTOWICH

abc + abd + ... + klm,

COCTABNEHHKT n3 12 nepeMennbiX, B KOTOPOM KaMALIN WieH ABIASTCA
MpONSBENeHNEM TpeX MHOMHTeNeH B HeT DoAaoBHEIX wieHOB?

1380. Pemnre ypagHeHHe:
a) C1_, + C% =30; B) 14C:% = 1542 ,;
6) C: + 2C:_, + C%_,=80; r) 6C37% = 1142 .

1381. CKoNbKO YeJI0BeK YUACTBOBAJIH B INAXMATHOM TYDHHPE, €CJIH

M3BeCTHO, YTO KAMKIBH YUACTHHK CHITPAJ ¢ KaXKIBIM H3 OCTANBbHBIX
1o ofgHoM mepTHH H Beero 6o chirpaHo 136 mapruii?

o

\
Frryp ./ YnpaxHenvs ANR NOSTOPeHWs

1382. ¥raXHTe HOMepa NOJOMHTENBHBIX TIEHOB IOOCIeIOBA-

6n - n*
TeABHOCTH (a,), eciu @, = —5——
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1383. Noxaxure, uro Muorouses x* — 4x* — 6x% — 3x + 9 He uMe-
eT QTpuLlaTeAbHLIX KOpHEeH.

1384. IloctpoiiTe TpeyroasHUK ¢ sepmuHamu A(0; 3), B(3; 0),
C(5; 6) u sepafiTe ero cucTeMOl HepABEHCTB ¢ JABYMSA IeDPeMEHHBEIMH.

il .\

7  KOWTPONbHBbIE BONPOCHI ¥ 3anaHWUA

1. Urc HaspiBAeTCA IOEPECTAHOBKOM H3 n 3aeMeHToB? BriBemure
GopMyay YHCHa HNEPECTAHOBOK M3 7 HJIEMEHTOB.

2, HMaitte onpegefeHMe pasMeleHUA N3 2 JIEMEHTOB N0 kB M BH-
BEJIUTE COOTEBETCTBYIOUIYIO (OpMYIY.

3. Hafire onpeaeneHne cOYeTAHHA H3 1 3JIeMeHTOB N0 k. Bueexmre
COOTBETCTRYIOLIYIO dopMyry.

SNEMEHTDI

§ 22, /.\ TEOPUM BEPOSITHOCTEN

60. Y “acTora u BepONTHOCTB

Mal ¢HBeM B MHApe, I'fe HApAAY ¢ coOWTHAMH, HelpeMeHHO HA-
CTYDNAKIINME (HanpAMep, CMeHA BpPeMeHH roja), MPOHCXCHAT colm-
THA, 3EBHCALIHEe OT cay4yad. Coayualino meperopena JAaMmouxa, Ciy-
JafiHO MPOHSOIILIC 3AMBIKAHAE H HAYAICA HOMKAD, KYIIEHHBIH JOTe-
PeliHElil OHaeT caydaiiHO OKAZANCH BRIMIDEIIIHHM. Bee aT0 cobpiTHA,
HKOTOPEIE 3apaHee OPeACHA3aT: HEeBOBMOMKHOG.

CofriTHe, KOTOpPOE B Oponecce Habmogenns wiu HensITanuA (K-
OePUMEHTA) MOKeT HIPOM30NHTH HAM He TPOH30HTH, HASKIBAIOT CAYYail-
HotM cODRITHEM,

IIpneeneM emre mpuMephl cAyYalHBIX COGHITHII: mopaeHUe
MHIUEHHM HJIM NpOMAX B PeayJbTaTe OPOHM3BeJeHHOI'0 BBICTPEJIE,
BBIMTPHIII HJIHE NPOHrphIl (HyTHoNbHOH KoMaHALI B MaTdye, BhIIAJE-
HHMe OpJia HIH PelllKH OpH NoAfpackIBAHAM MOHETEI — BCE 3TO CAY-
uaiiasie cOSRITHA.

IIycrs onpeaefieHHOe MCNBITAHHE MOBTOPAETCA MHOIO pag H IIpH
aTOM KaXAbiil pas dHKcHpyeTcd, MIPON3oOLIN0 HAN HeT UHTEpPeCYIOIiee
Hae cobeiTHe A. OGosmaunm Oykeoi n ofimee umcao HenulTaHU,
a Gyxsoill m — unCIO MOABNeHHH ColGHITHA A B pesyiIbTATE LIpOBE-

m
JEHHEIX 7 HenbITaHHHA. TOI‘I[& OTHOLICHHE ‘E‘ HA3BIBAIOT acmomoil

cayuaiinozo cobpimun A.
CTB.TI‘ICTKK& MOKA3LIBAET, 9TO NMPH DHOBTOPEHHH OJHOI0 H TOr0 e
onpiTa (MIn EabaofeEHa), JOLHYCKAKOMIEro MEOMOKPATHOE ero IOBTO-
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peHHE B ONHHX H TeX e YCIOBHSX, YACTOTA NOSBICHHUS OMUIAEMOTO
cryvaitnore coSEITHA oCTaeTCH NPHMEPHO OAHHAKOBON, HOZHAYHTE)Ib-
HO OTJIMYASCH OT HeKOTOPOI'eo HOCTOSHHOTO YHCTAa.

Paccemorpam Takeit npumep. BpocaroT MoHeTy, OHAa MOMKET YIACTD
KBepXy opAoM niH peiikxoil. Kax wacro MoHeTa DAAaeT KBepXy Op-
mom?

Muorre yvweHble IPOBOANIN JHCIepHMeHT. ]IpM MHOTOKPATHOM
SpocaHNH MOHeThl DOACYHTHIBANICCH THCIAC BRInAfeHWH opia., Pe-
3VJIBTATHE 3THX OULITOB NORAISAHEI B Tabnuie.

Yacrora YacTora
davmmn Koa-so BEIATCHRH darpumta Kox-po BHIMAneHHi
Gpocxon opaIA Gpocos opaa
Biohdon 4040 0,507 Pomarorcruit| 80 640 0,4923
Je Moprau 4092 0,6005 | Iupecon K. 24 000 0,5005
Jmeponc 20 480 0,5068 | dennep 10 000 0,4979
H3 TaGauIs BHAHC, YTO BHINAAEHHE OPJIA BO BeeX cayuasax Onms-
1
KO K 3.

Paccmorpum gpyro#t mpumep.

IIpuBegenM RaHAEIe O POMAACMOCTH AeBOUEK B TedeHne roga. Ilo gau-
HBIM MBeACKCH CTATHCTHKH YACTOTA POMIeHHA Jepouek 3a 1935 rog,
T, €. OTHOIUEHHE YHCJS POAMBIINXCH ACBOYEK K HHCNY POAMBIIMXCH
Jereif, xapaxTepusyeTcs CASIVIOIIAMH THCIAMI!

ausaps — 0,486, HioJae - 0,462,
tdespams — 0,489, asryer —- 0,484,
Mapt — 0,490, certabper — 0,495,
anpems — 0,471, oxrabps — 0,491,
mait — 0,478, HoAGpL — 0,482,
nious — 0,482, aexabpe — 0,478.

HecMorpa Ha To uTo ofilee YHCAO POMACHNH MEHACTCA B TedeHHe
Tojia, 4ACTOTE POMKAEHHA JNeBOYKH JOBOJBHO yCTOWuMBO KoJgebnerca
OKeJo cpeaHero sHadeHma 0,482, Taxwue crarmcTEueckHe 3a-
KoHOMepHocTH OTKpHITH ente B XVIII sexe. D10 Gpi0 DoaTBep:KaeHO
geMorpadudecKUMH MaTepHAJaMH NpH H3yYeHHH CTATHCTHKH
POAACMOCTH, CMEPTHOCTH, HECHACTHEIX CJAYYAEeB M T. I

TlogobHbIe BaKOHOMEPHOCTH HO3BOJAAIOT HOAONHTH K CTATHCTHYe-
CKOMY OIpefie/IeHHI) BepOATHOCTH. EcAH B AMHMHHOMU CepHH 3KCOEpH-
MEHTOB CO CJIYYAHHEIMHM MCXOAaMM, KOTOPEIE MOTYT GEITE MHOTOKpAT-
HO OPOBEPEHH B OJAMHAKOBEIX YCJIOBHAX, 3HATEHHA 4YACTOT OaM3KIU
K HeKOTOPOMY NOCTOSHHEOMY YHCAY, TO 3TO UHCAO NPHHEMAIOT 38 Bepo-
aTHOCTEL AaHHOre cobnimusa. Taroe oupeneieHne BepoATHOCTH HA3HI-
BAKOT CMAMUCTUYECKUM.
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0 HOna roro aTob HafiTH YaCTOTY HPH OPOBeAeHHH TOTO
; WK HHOI'Q MCOEITAHUA, ME AOJUKHEI IIPOBECTH NOCTATOY-
Q # Ho Soapmoe TuciIo OKCIIEpHMEeHTOB H NHIIE ITOC)IEe STONG MO~
Puc. 139 KEM ONPEAeNUTh NPUGIHIKEHHO BEPOSITHOCT: HACTYILIERNS
HHTEPecyIIIET0 HAC CAYIAHOTO COOBITHA.

B To :Xe BpeMA ec/M IIAHCH HACTYILIEHHS CJAYIAMHOre coOHITHA
PABHOBO3MOYKHMI, TO BEPOSATHOCTH HACTYIAEHMA AAHEOTO COORITHA
MOJKHO ONPeJeJHUTh NYTeM NpaBaouofo0HBEIX paccymgeHHil, ocHoO-
BAHHLIX HA IIPAKTHYECKOM OINBITE H 3NPABOM CMEICIE.

BepreMcs K upuMepy ¢ SpocanmeM mMoHeThl. Ecau MoHera npa-
BHJIBHAA, TO HET HUKAKHX OCHOBGHHH DOJAraTh, 4TO IIAHCHL BHEIA-
Zeams opaa Gospllle, YeM IIAHCH BHIOAZEHHWA DEIIKH (3ITHM OOEIIHO
HOJB3YVIOTCA, KoTga Gpocalor »pebHil, HanpuMep, B Hauajde by
GoIBHOrO MATYA, KAKAA KOMAHIA AOJMKHA EPBOil BEeCTH MAT B UIDPY).
Huadue ropopdA, BEPOATHOCTh BHIIAAEHHA OpJa TAKAasd e, KAk K
BEPOATHOCTD BHIMAASHHAA PENIKH,

PaccMOTpUM npuUMep ¢ HATpalbHEIM KyOHROM, HOTOpHH
mpeacTapaAer coboli ManeHbruii Ky0, HA TPAHAX KOTOPOTO BROHTE 0MKE
1, 2, 3, 4, 5, 6 (puc. 139). Ecnu 3ToT KYOHK CcAeNaH U3 OAHCPOAHOTO
MaTepHala, TO OpHE ero GPOCAHAH INAHCH BREINANAHUA HA BepXHeil
rpaHn Jforo uHucaa o4KoB oT 1 Ao 6 paBHOBOBMOIKHEL ['oBOpar, uTO
U=1{1, 2, 3, 4, 5, 6} — 270 MHOMKECTBO PABHOBOZMOMKHKX HCXOLOB
ONEITA IPH 6pocaHHH HIpaJbHOTO KyOHKa.

IIyers cobmrme A osmauaer, wTo npu Gpocanmu rybuka BEHIAZET
YeTHOe YHCAC 0YKOB. CobhiTHe A mpou3olifeT NpH TpeX HCXOZAX: Bhi-
oano 2 ouxa, 4 ouka WiIH 6 oukoB. B TaKHX cJyyadX TOBOPAT, UTO
BTH HCXOARI SAdzonpuamnsl das Hacmynaenus coboimus A.

IIpm 6pocanue kybrKa Beero 6 PABHOBOIMOMKHEIX MCXOLOB, H3 HHX
3 — OuaronpuaTHLE ANA HACTYIIeHus cobmTug A. Braronpuarene

3
AAA A HCXGIE COCTABJIAIOT B BCeX HCXOOOB. 9T OTHOINEHHE HA3BIBA-
T BePOATHOCTHIO HACTYILJIEHHUA coOBITHA A H OHIIYT

3
PA) =% = 5.
OnpezeaneHue. BepoarnocTsio colpTHA A HA3HBaeTCa OT-
HOMIeHNE INcaAa GAArONpHATHHIX ANA A HCXOMOB K YHMCIY BCEX paB-

HOBOZMOXHEIX ACXOIOB.

OTo onpegeneHHe BEPOATHOCTH HASHIBAIOT KAACCUYECKUM.

ConocTaBaAas RIaccHUeCKOe M CTATHCTHYECKOe ONpefelleHHe Be-
POATHOCTH, MOMHO CAENIATH BEIBOJ: HAXOMKACHHe KJIACCHYecKOH Be-
POATHOCTH He Tpebyer, 4Tobb HCOBITAEME MPOBOAHRJIOCE B JeHCTBH-
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TeJIbHOCTH, 8 HAXOXK/AeHHe CTATHCTUYECKHOH BOPOATHOCTH (YACTOTHI)
npefoonaraer, YToBLl HCOKITAEKEE BBLIO NPOBEACHO PAKTHYECKH.

_ IIyere B — cobuiTHE, KOTOPO® COCTOHT B TOM, 4TO Opu GpocaHnu
HrpaAbHOTO KYOMKA BHIDAAET YETHOE MAM HEUeTHOE YHCJAO OYKOB.
Hafiger P(B). B aToM cayvae KaKABIA HCXOI H3 MHOMCECTRA

r={1, 2, 8, 4, 5, 6}
apanerca GaaronpuaTakiM anxa coduitaa B. Ilogromy P(B) = % =1.

Takue coOBITEA, KOTOPEIE TPOMCXOAAT BCErAd, CKOMbKO O pas HH
HPOBOAMNOCE MCIEITAHME, HASKBAOT JocmosephbiMu. BepodaTHOCTH
JACCTOBE€PHOI'O COORITHA paBHa 1.

IIyete C — cobriTHE, O3HAYAIOIIEE, UTO OpH GPOCAHHH HIPANBHO-
ro Ky0HKa Ha HeM BuInafgeT Goaee 6 ouwob. OueBHAHO, 3TC0 COOBITHe
npeusoiiTn He MoxkeT. UYncio GaaronpHATHEX Aaa C HCXONOB PABHO
Byawo, 3aaunT, P(C) = 0. Taxme coOLITHA HASLIBAIOT HEGOIMONCHLIMIL.

PacemorpumM Booline HerkoTopoe cobbiTie M, KoTopoe mpH IIpoBefe-
HHHY HCOBITAHHA MMEET % PABHOBOIMMEHBIX HCXOA0B, HIPIMEM M HCXO-

m

JOB GMarompHATHLE ANA HacTYILIeHna cobuitua M. Torga P(M) = Y

OueBEaHo, uTo m < n. IToaTomy % < 1, 7. e. P(M) < 1. C apyroit
CTODOHEI, % 2 0, rak gax 0 < m < n. 3uauur, P(M) = 0. Orcoopa

caenyer, uro 0 < P(M} £ 1.
PaccMoTpUM NpHMepH BLIYACIEHHA BepOATHOCTEl HeKOTOPRIX
cobmITHii.

NNpumep 1. B ypHe 10 oAHHAKOBHIX IIAPOE PASHOTO ILIBETA:
2 KpacHHIX, 3 cHHMX ¥ 5 XenTeX. Iapu TIIATEABHO HDepeMEInAHLI.
Hayraa pmunMaeTcsa oguH map. Karosa BepOATHOCTE TOrO, YUTO BEI-
HYTHHA IDAp OKAMEeTCA!
a) kpacuuM (cofurue K);
6) cuamM (cobuiTie C);
B) xeaTbiM (cobriTue JK)?

HOna cobmrua K 6aarompEaTHHIM ABNAOTCA 2 Hexonga, ANa coBEI-
masa C — 3 ucxona, ana cobultua J — 5 uexomos.

OTcroga HMeeM:

PE) = 55 = 5 PO)= 15 P(K)= 5=

DO

IIpumep 2. Morery Gpocator asagnl. KaxoBa BepoATHOCTH
TOro, 4ro ofa pasa BEIDANET pelIKa; oba pasa He BEIDAAET pemka?

QO6ozaauuM BEINAafeHHe pemxy Gykeoit p, a opaa — 6yxBoit 0. Toraa
mMHOMecTBo U paBHOBOSMOMKHEIX HCXOHLOB Takobo: U = {po, pp, op, 6o}.
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ObosnaummM Gyxpoit A cofmrme, uTto 06a pasa BHOAZET DeILKa,
a Oyxeolt B — ofa pasa He BHINAAET pelLIKa.
HOna cobbita A Gaaronpudared oguH HCXON, a Aud cobwitus B —
TpH HcXoma (po, op, oo). Orciona
_1 =3
P(A) = e P(B) = g

Taxue cobbiTns, xax A u B, HASLIBAIOT APOMUSONOIOIHLIMY CO-
Sumuamu. Coburne A wnm B — pocToBepHOoe cOGEITHE;

P(A)+P(B)=%+— =1.

O6GBITHO cOOLITHE, TPOTHBONONGHHOE COOLITHIO A, 0003HAYAIOT A,
B panHOM cnydae B = A,

Boofime ecnu MEO¥ecTBO [/ HMeeT 17 PABHOBOIMOMKHBIX HCXOH0B M
3 HHX Rk HCxonoB OJAaronpHATHH AR coleITHA A, TOo Ana cofmrua A
OnaronpUATHH # — k HCXoA0B. OTCcona

n-&

P(A)+P(.Z)=%+ =1.

Braunt, P(4) = 1 - P(A).

IHIpumep 3. Kona u Mama OpocaroT gpa ErpajibHBIX KyOmKa
(6enerit u yepHawiit). OHEHH QOrOBOPHANMCEH, YTG €CJH npu GpocaHEmE Ky-
OHKOB B cyMMe BrIageT 8 ouxoB, To Brurpat Kons, a ecnm B cymMe
BEID2ZeT 7 OUKOB, TO Buiurpan Muma, Copaseanmea 1z yra mrpa?

Bee paBHOBOIMOMHEIE MCXOJLI OpHM GpPOCaHUH JBYX KYBHKOB
oBpasyoT MHOMKECTBO AP, B KOTOPHIX mepsas mudpa B mape — are
YHCJI0 OYKOP, BHOABIKEX Ha enoM KyGuke, a propas oadpa b nape —
9T0 YACJIO OYKOB, BHIMABIIAX EA YepHOM KyOHKe. JTO MHOMKECTBO Iap
IpeICTABJIEHO B TabaHIe.

(1) ] (2;1) [ (3;1) [ (4:1) | (531) | (6:1)
(1;2) ] (2;2) [ (3;2) [ (4;2) | (5;2) | (6;2)
{1;8) | (2;8) | (3;8) | (4;8) | (5;3) ] (6;3)
(1;4) | (24) [ 3;4) [ 4:4) | (5;4) [ (6;:4)
(1;5) | (2;5) [ (3;5) [ (4:5) | (5;5) | (6:5)
(1;6) | (2:6) | (3;6) | (4;6) | (5:6) | (6;6)

Bcero paBHOBO3IMOXKHEIX HCXO0ZoB 36.
HatizeM BepOATHOCTL TOrO, YTO Hé BEPXHHX TPAHAX KYOHKOB BHI-
nager 8 ouxron (coberrme A), summager 7 ouxoB (coGurrue B).
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Jlna cobriTa A GnaronpuaTHE 5 Hcxogos: (2; 6), (3; 5), (4; 4),
(5; 3), (6; 2), a nna cobrTua B Gnaronpuarasl 6 nexopos: (1; 6), (2; 5),
(3; 4), (4; 3), (5; 2), (6; 1). Orciona

PlA)= 35 P(B)= 35

3HayuT, WaHCOB BHUTpPaTh ¥ Mume Gonsme, yer v Komu, ITo-
3TOMY TAKYIQ MTDY HeJAb3A HA3BATh CIPABELINBOMN.

IIpumep 4. HacoSpanarix 10 BeJlocHIIEN0B TOALKO T He HMEIOT
redexrToB, KaxoBa BepOATHOCTR TOTO, YTO 4 BHIOpAHHLIX BeJOCHIERA
u3 aTix 10 oraxyrea Ges nedexta?

IIycre A — cofipiTHe, IPH KOTOPOM Bee BHGpaHHEIE 4 BellocuIea
nz 10 okazannes uenpasneiMu. Kaxpoe coderanne ns 10 mo 4 asaa-
€TCH PABHOBOZMOXSHBIM McxofoM Baibopa 4 sexocmmenos n2 10, 3aa-
4HT, BCEre PaBHOBO3MOMKHBIX HcxofoB Ciy. Ymeso Hexomop, Gaa-
TONpPUATHIX AIA HACTYILIEHHS coGmTHA A, pasHo C7. SHaumr,

P(4) = _Qj_= 71 .10 748 _ 1
ch, ~ A3t " 4el T 413T0f ~ 6°

1385. B maprun ma 100 aeraneii oTZen TeXHUYECKOTO KOHTDOJS
obHADY:KHA 5 HecTAHZAPTHRIX Jeraneli., Kakopa uacToTA DOABAEHHA
HeCTAaHJADTHEIX JeTanei?

1386. Ha yyenuax mo crpensle H3 DuCTONETA YaCTOTA IODANKEHEA
MHLIeHH oKasanack pasHod 0,85, Cronbro nomaaanuii B ek MOMHO
OMHKAATE, ecAn 0o MEmMeHn ObI0 mpousselerRo 120 BricTpenon?

1387, Bruifepure 10 crpok rexcra. [Iposenure nogcuer n zaligare
4aCTOTY MOABTCHUA:
a) GYKBLI a; 0) Oyxebl ¢; B) GYKBH K; TI) GYKBH #.

1388. HaiinuTe BepoaTHOCTs NpH OpOCAHHH MrpajbHOrO KyGuKa
NOABJIGHHS!
a) 2 oYHOB;
6) umesa ouxos, SonemeEx 3;
B) 1 oura uax 6 ouroB;
T) 4ncJaa OYKOB, MEeHbIIHX 6.

1389, Kaxoea BepOATHOCTE TOTO, YTO NpH GpOCAHMYN ABYX AIDATL-
HBIX KyOHKOB CyMMa OYKOB Ha HHX CKajKeTCA DABHOIL:
a) 4; 6) 5; E) 9; r) 122

1390. B ypue 10 Genrix, 4 yepAnIX u 6 KenThIX NADOE OFWHAKOC-
BHIX pasMepoB. Hs ypHE AZoCTAKT OAMH Imap. Kakopa BepOATHOCTB
TOT0, UTO 3TOT AP OKAMKETCH!

a) GenpiM; ) YePHBLIM;  B) MeJTBIM; T) feibIM WIHE YepHBIM?
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1391. B mepsoii ypHe ABa SeanlXx B TPH YepHHIX LIapa, BO BTOpOM
ypHe TpH GesbIX B JBA UePHBRIX mapa. M3 Kamaoi ypHR AOCTANH IO
opHOMy liapy. KakoBa BepoOATHOCTE TOrO, 9TO XOTA §HI OAWH M3 ABYX
INAPOB OKaMxerca GempiM?

1392. B ypue 10 oguHAKOBLIX ImApOB pasHoro npera: 2 Genmlx,
3 KpacHBIX ¥ 5 cuHHX. Hayraxg emiamMaiorca asa mapa. Hairgure
BePOATHOCTL COORITHIA:
a) A — oba mapa Oenke; B) C — oba mapa cHHHe.
0) B — oba mapa ®pacHEIe;

1393. B ypre 8 Gearix n 4 uyepHEX mapa. H3 ypHE H3BIeKaloTCA
2 mapa. Haiigure BepoaTHOCTE TOro, 4To ofia mapa Gyayr Genkiman.

1394. H3 28 rocreit noMmHo BMOEpaOT HAYTARL OAHY KoCcTh. Ka-
KOB& BEpOATHOCTD TOI'O, UTO BHIOpAHHAA KOCTH COAEPIKHT B CyMMe:
a) 5 ouaxosn; 6) 6 ouxos; B) 10 ouxor?

1395. B HacToabHON mrpe «IIMpaThi» YYACTHHKH MOOuYepemHO
GpocaroT cpasy ABa HrpaJbHEIX KyGuke. EcIE mpH 9TOM BEINAgser
ayOib, TO YYACTHHK AenaeT ABa xoAa Doxpsax. Kaxoea sepoaTHOCTH
TOTO, YTC YYACTHHMKY MIDHl YIAeTCHA CAeflaTh ABA XOAA NOAPAA LpH
ouepegHOoM Gpocke?

1398. Bpocasor 3 monersl. KakoBa BepoaTHOCTE TOTO, UTO BCE OHHU
YOagyT pemroii?

1397. Habupaa soMep TenedoHa, aboHeHnT 3alLLi DociexHue JBe
nndps #, DOMHSA, YTO 3TH UuGpH pasiruHsl, Habpan Hayraa. Kako-
Ba BEPOATHOCTb TOTO, YTO OH ¢ MEPBOro pasa HalepeT HYIKHBIE HoMep
renedona?

1398, B rapasxe 7 muuH u3 10 Ges 6paxa. Kakopa BepoATHOCTD TOrO,
uro cpegu 6 mmE, BIATEIX HAayrad, 4 oxaxyrca Gea Gpaxa?

1399. Hs 28 rocreil soMuHO HAaYTral U3BJNeKaeTca KocTh, Hafigute
BEpOATHOCTh TOTO, YTO BTOPYIO HABJEUEHHYIO KOCTbh MOKHO IPHCTA-
BATHL K OEpPBO#l, eCIH NepBAA KOCTH:

a) oKasaaach AyOaeM; 6) He ABngerca nybiem.

1400. Uz xononu B 36 xapt BMbupaeTca HayTay ofHA Kapra, Kakopa
BEPOATHOCTE TOTO, YTO 3T0 OydeT AaMa DAK HIH Tya (n0boit Mactu)?

CTHT T ’> YnpaxHeHusa ans nosTopenus

1401. Ssnaerca nu apudbMeTHuecKoll NporpeccHel mocjaenosBa-
TeAbHOCTS, CyMMa HEePBERIX 7 WICHOB KOTOPOH BEIMHCAAETCA 10 (hopMyne:
a) S, =2n%~5; 6) S, =n® - 3n%; B) 8, =1,6n% — n*?
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1402, IHocTpoiiTe rpadhux GyHRINA:
a)y=2x*-3|x|-2; 6)y=x"—-4x+|2x-1]

1403. Haiignre ofnacts olpefeneHns GyHKIHIE
a) y = JJsinx; B) y= \jsinx + Jeos x,
6) y = |Jsin 2x;

paccMaTpHEas 9TH GYHKIINM Ha DpoMexyTre [—2m; 2r].

61. \0/ Cnoxeuve BepPORTHOCTEd

IIycTs mpu OpoBefeHHM OZHOTO M TOro K€ HCOBITAHHMA HaOMA0-
AaloTeA cobeiTHa A, B u C. IlpuueM cobbite C 03HAYAET, YTO OpH
HCUKTEHHH OPOH3ONLIC X0TA OB 0JHO H3 IBYX coOnTu — A man B.
B rakpx cayuaax C HasHBalOT obreduneruem cobumuii A 0 B u ofo-
anauaior C =4 U B.

PaccMoTpHM npHMep.

B menrxe HaxoqaTca ;xeToHH ¢ HoMepamu 1, 2, 8, 4, 5,6, 7, 8, 9.
IIycTe cobniTHe A O3HAYAET, YTO H3 MEIUKS H3BJAeUeH YKeTOH ¢ HOoMe-
pomM, KpATHEM 3; cofuITie B osHauaeT, YTO H3 MeIIKA HIBJIEYUeH Ke-
TOH ¢ HOMepOoM, KpaTHbM 4. Kakopa BepoaTHocTh cobmmua C, oaHaqa-
IOLLIETO, YTO H3 MEIIKA H3BJIeYeH JKeTOH ¢ HOMEPOM, KPaTHhIM 3 win 47

Cobpitie C ecTh o0beiHHeHNe cobRITUH A 1 B, 7.e. C =4 U B.
MHOKeCTBO BCEX PABHOBOSMOYKHBIX HCXO0[OB B 3TOM HCOBITAHHM —
ato MEMKecTBo U ={1, 2, 3, 4, b, 6, 7, 8, 9}, rae nudpamu 0603HAYEHSI
HOMEpa KeTOHOB, HAXOAAIIHXCA B MEIIKe.

Hdna cofisrrua A GIAronpHATHHEIMHA ANIAIOTCA HCXOAR, IPH KOTO-
PHEIX H3BJIEKAIOTCHA KETOHH ¢ HoMepaMmie 3, 6 u 9, ana cobritea B —
HCcXogkl ¢ HoMepamu 4 B 8, anda co0uirma C — HCXOALI ¢ HOMEpaMH 3,
4, 6, 8, 9. 3uaunT,

Pa-3=% rB)-% PO- 3

OTcioga caeayer
P(C) = P(A U B) = P(A) + P(B).

PaccMoTpeHHBIE B 9TOM OpHMepe cobmTHA A B B sasnaorea
HecosMecmHLIMY, T. . A060H HMCXox He MOEeT OMTH OAHOBPEMEHHO
GnarompHATHHM KaK AAA cobLiTHA A, Tark H ANA cofuiTua B. Jaa
TAKHX cOOHITHE BepHa TeopeMa:

BEPOATHOCTS NOABACHHA X0TH (R OFHOIO M3 ABYX HECOBMECTHRIX
cOOLITHH pDABHA CYMME BODOATROCTOH HTHX COOLITHA,
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JloxameM arTo.

Hyers n — ofilnee THCIC HCXOA0B ACHMTAHAA, M, — YHCIO HCX0-
AOB, GAATONPHATHBIX AJIA HACTYIJICHHA COORITHA A, M, — YHCJO He-
X0x0B, GJArOOpHATHHX AAA HACTYILUIeHHS coOnTHA B.

Toraa P(4) = & P(B) = TL.

Tak Kax coOMTHA A 1 B HecoBMeCTHEI, TO JJA coOMTHE A U B
uHexo BIaroNpUATHLIX HCXOAOB paBHO m, + m,. Orcioza

PAUB)= TITE = A 4 TR _ pi4) 4 P(B), ..

P{A U B) = P(A) + P(B).
Mosxro AoKasaTh, 4TO BoolIIe BepOATHOCTE 00 LeANHeHHA TONADHED
HecoBMecTHBHIX coOuITHIt A, A,, ..., A, pAPHEA CYMMe BepOATHOCTEH
ITHX coObITHIL!

PA UA U L UA)=PA)+ P(A) + ... + P(A).
PaccMOTpUM NpHMEpH, B KOTODBIX NPHMMEHAETCA TeopeMa O CJIo-
KEHHH BepoATHOCTEN HecoBMEecTHHIX cOORITHIA.
Hpemep 1. B ypHe maxogurcda 30 mapos: 10 6enrix, 15 xpac-
HeIX u 5 cueEX. HaligeM BeposTHOCTL NOABMEHRA LBETHOrO MIApA.
BepoATHOCTh DOABJMEHHA KpAacHOTO mapa (coObiTHe A) paBHA

16 _ 1
PA)=3 "3
BepoATHOCTh NOABAEHHNA CHHero mapa {co6mriue B) paBHA
5 1
PB)= 35 = &

Cobrrtna A 1 B HecoBMecTHIe (NOABJIEHHE IISpPA OLZHOTO LBETA
HCKIIOUAET DOABIeHHe Iapa APYTOro LBeTa), NOBTOMY MOMCHO IIPH-
MeHUTh TeOpeMYy cJIoMeHHSA BepoaTHocTeli. BepoATHOCTE NoABIeHNA
neetHoro mapa (1ubo xpacuoro, nubo cmuero) papna

P4 U B)=PA) + P(B)= 5 +3 = 5.

Npumep 2. B xorTeitmepe 10 geraneif, ns Hax 2 HecTaHmApPT-
Huie. HalifieM BepoATHOCTE TOTO, UTO B3 6 Hayraj] oToGpaEHEIX JeTa-
Jneil okaxerca He §oNee ogHON HecTaHZApPTHOMH.

Pemenume. IIyere cobriTie A 03HAYAET, 9TO CPEAH OTOOPAHHRIX
6 meraseii Bce AeTanM CTAHAAPTHHe, a cobniTme B oamauaer, uTO Cpe-
Au oroGpaEHHX 6 meraneii eCTh OAHA HeCTAHIADTHA.

Bcero paBHOBOZMOMKHBIX HCXOHOB Cy. BIaronpuaTHRIX KA COGHI-
THsa A ucxonos Ch. BaaronpuATHLX 104 coSuiTHA B mexoxoB Cj -G},
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JefteTBUTeNIEHO, OOHY HECTAHAAPTHYIO AeTATh M3 2 MOYKHO HMSBAEYL
C; cmocofaMm, a OCTABIIMECS 5 CTAHAAPTHEIX meraxeli — Cp cmo-
cobamu. Kaxcnomy cnocofy H3BAedeHRA OAHOH HECTAHTAPTHON HeTan:s
COQTBETCTEVET OABH cuocod HIBJAevdeHu 5 cTaHaapTERIX geraneii. Ilo-
3TOMY YHCNO GIArONPMATHLIX HCXOAOB AIA cobrTas B pasmo Ch- C.
CobriTua A u B HecoBMecTHBIe. SHAYHT,

= _ . .- _ 28 112 140 _2
P{AUB)-P(A)+P(B)- C?o.'- C?o —mﬁ"m—-m—g.

Bregem eme ogue noEATHe. CHCTEMA HeCOBMECTHRIX coGmITEHE A,,
Ay, ..., A, HaHBACTCH NOANOL, ecaH cOOLITHA, BXOAALILBE B TaHHYIO
CHCTEMY, ABJAITCA ¢AUHCTBEHHO BO3MOMCHEIMH.

HoacHuM 2T0 HA nDpuMepe ¢ HpocaHHeM HIPANLHOrNC KyOHKA.

a) IlyeTe cobuiTue A, rae 1 < n < 6, o3HAYAET, YTO BRIIANO N
oukoB. Torga cucrema coburruii 4,, A,, ... , A; asagercsa noauoil. Hpu
ITOM

P(A, UA, U ... U A)=PA)) + P(4;) + ... + Pldy) =

1.1 1
= 6+ 6+...+ r =1.
6) IHycrs coburne C osHAauaer, 4TO Bunaxo He Gonee 2 ouKoB,
& cofurtae D ospauaer, 4To BEIMANo Goanuie 2 cukon. B sTOM cnyuae
cucreMa coburTrit C H D Takke ABAAeTCH NMOJHOIL:

P(CU D)=PC)+ P(D)= %4'% =1,
Boofme eclA cHCTeMA DOHAPHO HeCOBMECTHHX coGHTHH A,
Ag, ..., A, ABNAETCA IOJHOH, TO

PA VAU UA)=PA)+ P4,)+ ...+ P(4)=1.
IIpuMepoM IBYX HeCOBMECTHBHIX COORITHI, o0pasyvIOIOHX NOJHYIO

CHCTEMY, ABAAIOTCA ABA NPOTHUBOIOJOMHBIX COOLITHA A B A. Ux obpe-
IHHEeHHe — JOCTOBepHOe COOHITHE:

P(A U A)y= P(A) + P(A) = 1.

Orciona P(A) =1 - P(4).

Hpumep 3. H3 xoaoaw B 32 KapThl BHIHHMAIOT HAYTAN TPH
raprhl. HalizteM BepOATHOCT: TOrQ, YTO CPeAM BHIHYTHIX Kapt Oynmer
X0Tda 5b1 OOHH TY3.

STy 3aJ1a9y [POINE PEIIETE, ACIOJB3YA MOHATHE NPOTEBOMOJOM-
Horo cobbiTHa B Gopmyay P(A) =1 — P(A).

CofbiTHe A — H3BJI€UeH XOTH 0Ll OJJHH TY3 — O3HAYAET, YTC YHC-
JI0 BHHYTHIX Ty30B OyZeT He MeHbinte yem 1, T.e. 1, 2 uau 3.
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CobbiTHe A osHAYAET, YTO H3BACUCHHEIC M3 KOJOHLI TPH KAPTH
He COHMEpIKAT HH ORHOIO Ty3a.
BepoATHOCTH TOro, WTO YHCJO BEIHYTHIX TY30B paBHO HYJIO, paBHa

A
Eaz
JelicTBATENBHO, YHCIO PABHOBOZMOMKHBIX HMCXOMOB paBHO Ch,

A YBECJI0 HEXO0B, GIATONPHUATHLIX ANA cOOLITHA A (0 ry=oB), — C%.
Brrumeaam P(A):

7.9.13 _ 819
=%.10.31 _ 1240 ~ 9:86.

Orciona
P(A)=1 - P(A) =1 - 0,66 = 0,34.

IlpumMep 4. B copesroBarusX mo (ery y4yacTBYIOT 4YeThIpe
cooprcMena mof HoMepaMmu 1, 2, 3 u 4, TpeHepH OIIEEEBAIOT IIAHCH
3aHATE O€pPBROE MECTO AAA CIIOPTCMEeHOB IO HoMepaM¥ 1 U 3 Kak ofn-
HAKOBEIE, 4 AAA COOPTCMEHOB OON HOMepaMH 2 n 4 — BiBOe MeHBIIE.
Kakopa BepOoSTHOCTD, YTO K (PHEMITY HepPBLIM OPEAET CIOPTCMEH IOJ
HoMepom 1 nau 47

Ilyers A, B, C 8 D ¢cooTReTCTEEHHO COOBITHA: «I€PBBIM DPHAET
cooprcMeH moa N 1s, «DepBRIM OpHAET cOHOpTeMeH mol N 2»,
«IepBREIM OPHJET COOPTCMEeH moj MNe 3», «ODepBRIM OPHAET COOPTCMEHR
mox N 4».

Honomum P{B) = P(D) = a. Torga P(A) = P(C) = 2a. Coberrus A,
B, C u D o6pasyioT noNHYI0 cHCTEMY. SHAYNT,

PA)+ PBY+ PCY+ P(D)=1,

T. €. 2a+a+20+a=1.0-rcm,qaa=%.

IIpuMeHAA TeopeMy O CIOKeHHH BepPOATHOCTEH HecOBMECTHHIX
coburTHit, HalizeM

P4 UD)=P@)+ PD)= 2+5 =5

8HauNT, BePOATHCCTE TOT'Q, ITC MEPBRIM K GHHHNIY NpHAeT CHOPT-

cMeH mox Homepom 1 mu mox Homepom 4, paBHa %
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1404. Bpocator urpansuuif ky6mk. Kakona epoaraocTs TOTQ, ITO
BBLINAJET:
a) 1 ouxo uian 6 OUKOB;
0) § OUKOB MAM YHCJO OYKCB, MeHhINee 37

1405, IIpn cTpensfe 10 MHINEHM BEROATHOCTH BRIGHTE 10 0UKOB
paesa 0,2, a BepoATHOCTHL BHIOKTE 9 oukoB paBHa 0,5. Uemy pamEHA
BePOATHOCTL BRIGUTE He MeHee § oukon?

1406. Ha xamgoil #3 YeTHIpeX KapToyey HANHCAHO MO OZHOIH
6vkse: o, D, ¢, T. Kaproyry mososkHAN Ha cros OVKBAME BEH3 B ne-
peMelnats, 3aTeM B3AJH Hayrafd OJHY KAPTOIKY 3a APYrod & B TOM
e NOpAAKEe COCTABMIE €J0BO. KaKoBa BepOATHOCTH, YTO B Pe3VJib-
TATE OKA3aJOCh CIOBO:

a) COpT MAH TPOC;
6) He OKA3AJI0CH CAOBA TpOC?

1407. Uz konoaer B 36 Rapr BspaeKaIoT OAHY Kapry. Kakosa me-
POATHOCTE TOT'O, 4YTG T8 Kapra Oyzer:
a) KOpoJNeM MK HJM jamoil Tped;
6) aamoit unH BaxeToM (J0Goli MacTH);
B) KapToi IepBOHEOH MACTH HJIH TY30M IHK;
r) HE TYy20M, HE KODOJeM, HE NaMot?

1408. B ypHe Haxoaurca 36 mapos: 8 Geamx, 4 4epHEX, 16 cu-
HHX 4 8 kpacHEbrx. Ha ypEn naenekawr oxud map. Kaxosa Beposar-
HOCTB TOI'G, YTO STOT IDAD OKAMKETCA:

a) GeJIbIM HJIH YeDHBIM; B) He GesmIM;
6) CHHUM HJIH KDACHBIM; r) He cuHEUM?

1409. B ypue HaxoguTea 11 mapos, u3 KOTOpLIX 7 Oebix U 4 mpet-
HBIX. U3 YPHB H3BJIEKAIOT OJHH Map, GHKCHPYIOT, NBLTHOH OH HJIH
HET, 38TeM INAD BO3BpAmAIT B YpHY. Ilochae 3TOrO ONATH M3BJICKAOT
ofuE map. Kaxosa BepoATHOCTE TOrO, MTO NOCJAe ABYKPATHOI'G H3BJe-
yeRHA 00a Iapa OKAMKYTCH IBETHEIMHA?

1410. B amuke Haxomnrea 16 geraneii, na xoroprix 12 — cran-
AsprHele. Haliiure BepOATHOCTS TOTO, YTO CPEAR ABYX H3BIeYeHHBIX
HeTanell ecTh XOoTH Onl OfHA CTAEJADPTHAA.

1411. B Menike EaXOAATCA METOHBI, HOMEPAMHM KOTOPHIX HBJIA-
IOTCH BCE TPeXsHAYHEIe udcaa. 3 Memka BHIHEMAIOT OGHH JKeTOH.
Kakoba BepOATHOCTE TOTO, UTO €10 HOMEP COAESPKHET XoTA GhI ABE OXH-
HaKoBLIe MHUGPL?
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L] \
ET ./ YnpaxHeHna Ana NOETOpeHus
1412, TIoerpofiTe rpaduyk QYHKIHHE I = %_—g

1413, PemuTe HepaBeHCTBO
V10x + 8 < V14 — x.

1414, NmeeT n Opeaen nochefoBaTeJbHOCTS {X,), ECIH

- D)
s

62. \’/ YMHOXOHME BepOATHOCTeN

Paccmorpum npumep. B ypre Haxogarcea 6 :HeTOHOB ¢ HOMepaMM
or 1 go 6 BKAWYHMTENLHO, T.e. HOMEpPA XeTOHOB B ypHe ofpazyior
muoxecreo M ={1, 2, 3, 4, b, 6}. Hz ypEul BRIEAMAIOT OZHH 3eToH. O00-
3RAYHM GYKBOH A cofnITHe, KOTJA N3 YPHEI BEIHMMAIOT JKOTOH ¢ HOMEDOM,
KpaTtHRIM 2. ITocie 9TOro KeTOH BO3BPAIIAIOT B YPHY. 3aTeM N2 YPHH
CHOBA BHIAMMAIOT ;KeToH. IlyeTs B — coGEITAE, 03HAYAIOINEE, UTO B3 YPHH
HIBJIEYeH KeTOH ¢ HOMEpoM, KpaTHHIM 3. KakoBa BepOATHOCTE HACTYILIE-
HH# cobbiTHA A ¥ cobniTHA B mpr 9TOM MCOBITAHHMH?

Jna cobrTHa A GAaronpuaTHH UCX0ABLI, 00pasylolsHe MHOMKECTBO

{2, 4, 6}, a ana cobrTHA B 6A8rOOpUATHEL HCXOABL, COCTABIAIOLOAE
3_1 2_1
mHoxecrso {3, 8}, Iloatomy P(A)= g =5 P(B)=g =3
Cob6urie B He 3aBMCUT OT COOGHITHA A, TaK KAK BePOATHOCTE IIO*
BTOPHOI'O H3BJEeYEeHHS JKeTOHS He BJIHMAET HAa TO, KAKoN KeToH ObLI
BHIHYT B Nepbbili pas (MaBieveHHERH B nepBulil pas »eToH GbIN BO3-
BpanieH B YPHY).
Ecim mociie mepBoro n3BACHEHHS *KEeTOHA W3 YPHE er0 He Boa-
BPATAT B YPAY, TO BEPOATHOCT: BTOPUYHOTO HIBACYEHHUA JKETOHA (CO-
6urrue B) Gyaer uHol, TAK KAK B YPHE yike He 6 sKeToHOB, a 5. Eean

B OEepPBHIA pa3 HM3BJedeH ¥eTOH, KpaTHHH 3, To P(B) = %; eCJIH 3Ke
B NepBhIl PAB MSEJICKIH KeTOH ¢ HOMEpPOM, He KpaTHRIM 3, To P(B) = %

B 9TOM cayuae BePOATHOCTH COGHITHA B 3apMCHET oT cobrirua A4, T. e.
cobnrrus A n B ARJIAIOTCA 3aBHCHMBIMH.
B naaeHeiiineM MbI OyZeM paCCMATPHBATE HeSABHCHMEIE COORITHA.

JBa cO0MTRA HASKIBAIOT HESABHCHAMBIMI, €CIA BEPOSTHOCTE KA~
XOFO B3 HHX H¢ JABHCHT OT JNIONBJCHHS MIH HeNOABNCHHA APYroro
cobpiTHA.
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BepHeMcs K paccMOTPEHHOMY IIPHMeEPY, KOIJa JXeTOH HIBJICKANH
H23 YPHBEI B 3aTeM BO3BpAIANH OOpaTHO.

IlogcurTaeM BepOATHOCTE HOABJICHHS JXETOHA C HOMEDOM, KpaT-
HEIM 2 H KpaTHHRIM 3, B PesyJbTaTe ABYKPATHOTO H3BJEUYEHUA MeTO-
HOB M3 YDHHI ¢ Bo3BpaimeHEenM (caobuiTHe C).

CobriTie C, cocTOANIEe B COBMECTHOM MOABNeHHH cobuiTnii A u B,
HA3HBAKT nepecederiiem amux coGuwmuli n obosHayalor C = A N B,

MHOeCTRO PARHOROIMOMKHBIX HCXOAOB NPH TePBOM H3BJICUEHHH
skeToHA — 310 MHOMKecrso M = {1, 2, 3, 4, 5, 6}, a npn BropoM ua-
BJCUYEHHH KETOHA — TO e MHOKecTso M. MHoecTBO paBHOBRO3-
MOMKHBIX BCXOH0B IPH ABYKDPATHOM H3BJICUEHEH KETOHOB — 3TQ MHO-
skecTBO nap (x, y), rae 6yksoii x ofosHAUEH HOMED KETOHA IIPA NEPBOM
ero MsnjedeHnd, a GYKBOH ¥ — IPH BTOPOM HM3BJIeYeHHH. JTO MHOMKe-
CTBO 3AIHCAHO B BEAES TAGIHILI,

(L) | 21) (G| 1G1) ] 6;1)
(1;2) | (2:2) [(3;2) | (4:2) | (5:2) | (6;2)
(1;8) | (2;8) [ (3;3) | (4:8) | (5:3) | (6;8)
(1;4)]1(2;4) | (3;4) | (4:4) | (5;:4) | (6;4)
(1;56) | (2;5) [ (3;8) | (4;5) | (B;5) | (6;5)
(1;6) | (2;6) [ (3;6) | (4; 6) | (5;6) | (6;6)

Beero paBEOBOSMOJEEEIX HCX0mZ0B 36.
H3 3roro yncya paBHOBOBMOMKHEIX. HCXOL0B GNaronpRATHERIMHE AAA
cofrrTaa A N B 6yayr 3 - 2 = 6 ucxoxos. 9T0 napH:

(2; 3), (2 6), (4; 3), (4; 6), (6; 3), (6; 6).

Bnauur, P(A N B) = % = %

C npyroit eropoHnl, P(A) = %, P(B) = % Orciona

P(A N B) = P(A) - P(B).
,I[ouamem, 9TO BOOﬁ]II;e GEPORMROCINYG COGMECMHOZO NORGAENUR

dayx neszasucumbix cobumuil paena npouséedeniio sepoamuocmeil
gmux cobvimui.

IIyers n, — YBCAO BeeX PABHOBOZMOYKHEIX HCXOAOB HCORITAHNA,
B ROTODHIX cOORITHEE A HACTYDAET KM He HACTYIEET;

m, — YHCAO MCXOA0B, OMATONPHATHEIX NA8 cobnITHA A;

n, — HKCJO BeeX PABHOBO3MOMCHBIX HCXONOB MCHBITAHHA, B KOTO-
pbix cobeITHe B HACTYDAEST HAM HEe HACTYIAET;

m, — yuceno GAATONPHATHRIX MCX0X0B AnA cobmrna B.
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O0mee YHCAO PABHOBOSMOEHBIX MCXONOB HCHBITAHUA DABHO Ny,
TaK KAK KaKAKIM B3 R, MCXONOB, B KOTODBIX COOLITHe A HacTymaer
HIN He HACTYIAET, MOMET COUETATHCH ¢ KEMKABIM M3 7, NCXOHOB,
B KOTOpEIX cobnrrre B macTynmaeT Mnm He HAcTynaer. Ha aroro uuena
RNy HCXOAOB OIArONPHUATHLEIMKA 1A coburres A N B arnarored m,m,
Bexomoen., JHeificrRTensHO, KAMARIA HA M, HCX0A0B, 0J1ArOOpHATHRX
AnA coOHTHA A, codYeTaeTcsd ¢ KE&XKABIM HZ M, HCXOMA0B,
faaronpEATHLIX Aaa cobelTHA B. Ilosromy

_mumy _my mp _ _
P(A“B)—E—Tl 2 = P(A) - P(B).

BuaunTt, P(A N B) = P(4) - P(B).

OTa TeopeMa AomyckaeT obobmenue.

Heckonbko coGuITRIl HASKIBAIOT HEFABUCUMBLMU 6 COBOKYLHOCT,
ecJIE KayJI0e U3 HAX H m0fad KOMOMHATNA OCTANBHEIX COOBITHI ecTE
cofnlTie HezapucEMoe, Tak, ecns cobrITHA Ay, A,, ... , A, He3ABACHME
B COBOKYIOHOCTH, TO OHM IMONAPHO HE3ABACHMBIL,

BepoATHOCTE COBMECTHOIO NOABJICHHA HECKOJBKHX coOmTHI, He-
3ABMCHMEIX B COBOKYTIHOCTH, PABHA MPOM3BeAEHHIO BePOATHOCTEH 9THX
coOBITHIA,

PA NA N NA)=PA) PA,) - ... P4).

INIpumep 1. Mogery Bpocator 3 paza nogpag, Ilyers A, Bu C—
co0LITHA, 03HAYAIOLES, UYTO PelIKA BHINAAACT NPH ODEPBOM, ETODOM N
TperbeM Gpocanuu. Halinem seposrHOoeT: cofmmua 4 N B N C,

Kascaoe 23 qpyx coburruit A 4 B, A u C, B 11 C He3aBHUCHMEI, T. €.
co0mTHAa A, B B C He3aBHCHMEI B COBOKYOHOCTH. IToaToMy BepodT-
HOCTH HACTYIIEHHA ¢OOKITHA A N B N C paBHA NPOM3BEJeHHIO BepPOAT-

Hocrelt P(4), P(B) u P(C). Tax xax P(A) = P(B)=P(C)= %, TO

P(ANBNC)=PA)-P(B) PIC)= %%%:%

Mpumep 2. BepoATHOCTE NONSAAHHA B IIeNhs OPH cTpeAnbe A3

nepeore opyansa pasea 0,8, a mpu crpeanfie na sroporo opymua pessaa 0,7.
Haiigem BepoATHOCTE XOTA GBI OZHOTO NOIaAAHHUA B NENb, SCAM Kaxk-

Ioe OpyIHe CAeAa0 G OZHOMY BEICTDPENy.
IIycts cobpiTHe A, 0sHAYaeT, ¥TO Iekb MOpAMXEHA HEePBHIM OpYy-
auem, a cofeITue A, — mean Dopa)eHa BTOphIM opynmeM. Torga Ai

03HauAeT IMpOMax IpH CTpesibie N3 NEPBOTO OPYARS B Az — npoMax

OpH cTpeasfe B3 BTOPOr0 OPYAKA.
Orcioga nMeem:

P(4,)=1-0,8=02; P(A.)=1-0,7=0,3.
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Cobuitas A1 n As Hesanucumule. Coburrie A1 N A, 03HAUEET,
WTO Ie/b He NOpaKeHAa HU ONHUM U3 ABYX OPYAUI.
CnenosareinHoO,

P(A:n A:) = P(4:) P(A:) =0,2.0,3 =0,06.
IIycte cofmTie A 03HAUAST, UYTO NEJb NOPANKeHA XOTH OBl OFHMM

opyaunem. OdeBHAHEO, YTO A H AN A; — IPOTHEOMOJOKHEIE COOBI-
TiA. Iloaromy

PA)=1- P(4: N 4;:) =1-0,06=0,94.

1415. B ypHe HaxoguTcea 5 muapos: 2 Gennix H 3 ueparX. U3 ypEM
BBIEMMANQT ofuH map. Pukcupylor, Genrli o uan gvepHuli. ITocire
ATOr0 AP BO3BPAILAIOT B YPHY. 3aT€M BHOBbL BRIHMMAlOT muap. Kako-
BA BEPOATHGCTH TOTO, YTO NPH ABYKPATHOM K3BAeYeHHH IADA M3 YPHEK
o0a IApa OKAKYTCA YeDHBIMHT

1416. BpocaoT ABa BrpaJpHBIX KyOHKa. KAROBA BEepOATHOCTH
TOro, 4TO He OJHOM H3 HHX BhimajeT 2 OuYKa, 4 HA APYrOoM — HedeT-
HOE YHACK0Q OYKOB?

1417, Bpocuan HrpalsEBIl RYOHK B MOHeTY ofHOBpeMeHHo. Ka-
KOBA BEPOATHOCTh, YTO HA MOHETE BHINAJET OpeJ, a Ha NrpaJbHOM
KY0OMKe — 9eTHOE YHCJIO OUKOB?

1418. H3 rpex cTaEKOB, pafoTalnmux B mexe, BEPOSTHOCTEL QCTA-
HOBKH 3a CMeHY nepsoro craHka papHa 0,2, proporo — 0,15 u
rpersere — 0,12, Kakosa BepoATHOCTH TOrO, YTO BCE TPH CTAHKA 34
CMEHY He OCTAHOBATCA?

1419. B nepsoit maprun anexTpodamnouek Haxoxurca 4% Opa-
KOBAHHBLIX, BO BTopolt maprum — 5% OpaxosapEmx. Hayrax Sepyr
ABe JIAMIOYKH, OAHA — K3 NepPBolf NapTHM, & BTOpA&A — H3 BTODOI.
KaroBa BEPOATHOCTH TOTO, UTO:

a) ofe JAaMMOTKH OKAKYTCA HCHPABHEIMH;
6) xora OuI OffHA 13 JIAMIIOUEK OKAMETCHA HCOpaBHOH?

1420. HcnosiTaHuA HA OOAHUTOHe TpeX OpyAUil NOKASANH: mepsoe
opyaAEe mopasaeT nexs B 800 cayvwanax us 1000, propoe — B 750 cay-
yaAx, a Tpetbe — B 600 cayuaax. Kakopa BepoATHOCTE DOPASHTE
IeJib, EC/IH KAXA0e OPYAHE COBEPIUMT IO OAHOMY BREICTpeny?

1421. Ioa6pacripaior 4 BrpasbsHEIX KyOHKa. Kaxkopa BepOATHOCTL
TOrO, ITO Ha KAMKIOM H2 HUX BLIIANO UHACAO OYKOE, KpaTHoe 27
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1422, B ypHe nexkar 5 yepHHIX mAapoB, 4 KPACHHMX 1 3 GemHXx.
ITocnenoBaTeNbHO BEIHMMAIOT TPH IIapa, MPpUYeM KaXAHIH IIap Bo3-
BPAIAIOT B YPHY Iepel TeM, KAK BHIHHMAIOT ciexyiomnii. Kakoea
BEPOATHOCTS TOTO, UTO IePBHIH AP OKAMXKEeTCA YEPHHM, BTOpO —
KPAcHBIM W TpeTHH — GearnmM?

1423, Urpaspabni kyGuk Opocazor Tpa pasa. Kaxosa BepoATHOCTS
TOro, YTO IIPH NepBoM OPOCAHEH BRINANET HEUeTHOE YMCAO OUKOB, IIpH
BTOPOM — YeTHOE YHCJAO OYKOB, 8 IPH TpeTheM OpocaHmu — 6 oukor?

\
INEREEE ./ YnpaxneHna AnA NOBTOpeHHs

1424, Tpr peflWIX YMCHA COCTABIAIOT APHMMETHYECKYIO mporpec-
cHo, nepinlii uneH koropoH pasen 1. Eciu ro BTOpOMYy uAeEy OpH-
GaBuTs 3, a Tperitdt — BodBecTH B KBAAPAT, TO IONYUUTCA TeOMeTPH-
Jeckaa nporpeccrns, Haligure arn wuema.

1425, Pemure cucreMy ypaBHeHnl
e -1 + |y +1|= 3,

1426. PemnTe ypaBHeHHe:
) V2x -1 + 82 +1 +¥1-8x = 1;
6) v2x — 1 + ¥3x + 1 + Y92 + 19 = 7.

—l—l_l_l—l_|__ .> KOHTPONbHBI® BONPOCH M 3afaHMA

1. O6pacHUTE, HTO HASLIBAIOT YacToTO cuyuatinoro cobnrran, Hak-
T¢ ompejeneHIe BEPOATHOCTH. B ueM COCTOHT PA3NEYHE MEKIY CTA
THCTHYECKAM H KJACCHYECKHM DOHATHAMM BePOATHOCTHE?

2. B KAKEX CIAYYASX BEDOATHOCTH CAVIANHBIX cOORITHIH CRIAAN-
BAIOT, B KEKHX — DepemHo:kaior? IlpusegnTe mpumephl.

‘|_|—|_|_|—+_ .> AononHurensHeie YNpaXXHeHus

K rnage 7

K maparpady 21

1427. Uz oudp 0, 1, 2, 3, 4, 5 cocTaBICHE BCeBO3MOMKELIS IISCTH-
3HauHBIe uMcAa Oes mopTopeHHA MUPP. CKOJBKO CYIHECTBYET TAKHX
yucen?
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1428, TIo nycrmee uaer gapapad u3 11 mepfaogop. CHOARKEMH
crnocofamu MokHO cHOPMHAPOBRATHL ITOT KAPABAH, YTOOLI B cepelEHE
BCETHA IIeJA OJHE M TOT K¢ Bepbuoa?

1429. Cro/MBEKOC HeYSTHRIX ICCTHSHAYHREIX YHCe]] MOMKHO COCTABATL
ms mudp 1, 2, 3, 4, 5, 6, ecnz kamayio nudpy B UHMCIe MOKHO HC-
NOJBEOBATL TOJABKO OHMHH pas?

1430. Cpeau pasznuunbix 18 KHUr BMeeTeA NMATHTOMHHK OJHOTO
asTopa. CKOALKUMH cHOCO0AME MOMKHO PACCTABHTH PTH KHHUIH HA OA-
HOH MOJKe, OpHYeM TAXK, YTOOLI KHHIHM NATHTOMHHKA CTOAJH PAXOM?

1431. Ha moake Haxogurca 16 pasnuuHBIX KHHT, B3 KOTODHEIX
10 — B yepHmX mepererax u 6 — B 3enennix. KBEUru nepecrapifior
BCEMHE BOSMOKHEIME cmocobamm. CKOALKO TAKMX HOAOKeHHIt, npu
KOTOPHIX KHHT'H B YepHRIX nepennetrax saHAMAnT 10 mepBrix mect?

1432. U3 gudp 2, 3, 5, 7, 8, 9 cocraB/ieHE BCEBO3MOXCHEIE ITHA-
THZHAYEEIE ¥ucas Gea nosropernd oudp. CROALKO cpeln 3THX 4HCeN
TAKEX, KOTOpEIE:

a) KpaTHH 5; 6) xpaTHH 27

1433. Ha gudp 1, 2, 3 cocraspTe BCEBO3MOJIKHEIE TpeX3HAYHKIE
ynesia ¢ DOBTOpeHneM nugp. CROALKO TAKHX ducen?

1434. CKONLKO BCEBO3MOMKHEIX YeTRIPEXSHAYHEIX THCEA MOMKHO €O~
cTaBBTH B3 mudp 1, 2, 8, 4 ¢ noBTOpeEHeM TEQP?

1435, CxonbraMHE coocobaMu MOMKHO § pasMMUHEIX MDERMETOB
PAIIOKEATE B 3 AIOUKA?

1436. B maxMaTHOM TYPHHPE YY9aCTBYIOT 8 IIKoAsLEEKOB 1 10 cTy-
JeHToB. CKOJLENMH COOCOCOAMM MOTYT paCcUpPeAeNBThLCH MECTA, SaHA-
THE MKOJALHEKAMHE B TYPHHpE, ec/lH HEKAKMe 2 yYACTHHKA He
HaOpaTHA OAMHAKOBOE YHCIQ OYKOBY?

1437. CHOIBLKO CYIRECTBYST NEPECTAHOBOK H3 Il BIEMEHTOB, ¥ KO-
TOPHIX JBA 3JTEMEHTA PACIONOMKEeHEI PANOM?

1438. CroJbKO DepecTaAHOBOK MOMCHO COCTABHTEL B3 JIeMeHTORB
muoxecrea {a, b, ¢, 1, 2, 8}, B xoTOPHIX:
a) MepPBLIMH 2JIEMEHTAME ARJIAIOTCH OYKBLI;
§) mepRHIM H IOOCASAHHM 3NeMeHTAMH ABIAKTCA OyKBHI?

1439. CxoXeKO MOKEHO cocTaBuTh M3 mudp 1, 2, ..., 9 mecru-
SHAYHERIX YACeJ, TAKHUX, ¥ KOTODHIX HedyeTHhIe IHU(DH CTOAT HA He-
YeTHBIX MECTaX, & YeTHhie — Ha TeTHHIX?

1440. CKoIsKUMHE cmocofaMH MOMKHO PAcIOJIOKNTH HE IIAXMAT-
Boll AocKe B Jafeil Tak, YTOGH OHH He MOTAN OuTh APYT ApyTa?



410 Fnasa 7. 3neMeHTH KOMOHHATOPDHKM W TOOPHH BEPORTHOCTEH

1441, CronsKuME cHocoDAME MOMKHO DAIOKETL 25 g0JI0K B ABe
pase oo 12 ¥ 13 a6nox B Kamxaoil sase?

1442, CKOABKO WIEHOB COJEPMHT MHOTOYICH
XyXaXoXy + X X0 X320, X5 + oon + XpXpXoXygy
B KOTOPOM KA 4ieH ecTh HPOM3BeAeHHEe YEThIPEX mePeMeHHEIX,

OPHHANIEKANINX MHOMECTBY 03 HOBTOpPeHHA OXHHAKOBHIX MHOMH-
Tegei?

1443, Haiiamre HanuMensoiee sHAMEHRe 1, OPH KOTOPOM 3HAUEHNe

BBIDAKEHHNA % OKAHYHBAETCH TOYHO NATRID HYJIAMH.
n-

K naparpagy 22

1444, Ilare pas Opocanu MoHery M Kaman# pas BuOagara pem-
ka. Kaxopa pepodATHOCTD, UTO mecToM pas CHOBA BRIN&AET peruxa?

1445, Amuk co 100 urpymramMe cogepHT 10 Hrpymex ¢ gedex-
TaMH. H3 migpka cavealiHsIiM 06pa3oM H3BJIeRA0T H urpymex. Kako-
Ba BePOATHOCT, UTC XOTH GH OZHA MTPYIIKA ORameTcA ¢ JedekToM?

1446. U3 60 geraneil, NeaImBX B AIDHKE, 5 ABAAIOTCA GpaKo-
BaHHBIMH. KakoBa BEDOATHOCTh, YTO HAYTAJ BHOPAHHAS HETANb OKA-
JKerca Ges opaka?

1447. B xopolre aexar 25 xapaagameii, npuyemM 3 B3 HAX IWIQOX0
saToYeHRl. Hayrag BEIHUMAIOT OJHH KapaHiam. Karopa BepoATHOCTD,
4YTO OH ORKAMKETCH XODOILO 3ATOYEHHBIM?

1448, Cnyuaiino aerperanncs 7 uenopek. Uro Goaee BepoATHO: BCe
OHM pPOAMNHMCH, B pAsHBIe NHE Hededn ®mam Xors O ABa M3 HHX
pOIMIECE B OfMH H TOT ke AeHb Hexeau?

1449. Ha 28 xocreil AOMHHE)O HSBIEKAIOT Hayran ise KocrH. Ka-
KOBA BEPOATHOCTL, YTO BHIOpAHHEIe KOCTHE OVAYT ABYMSA AYIIAMH?

1450. B ypHe ouH Gennli map u Tpu Yepubix. Hayran BRIHHMAKOT
Apa mapa. Kakosa BepOATHOCTE, YTO OHE 00A YepHBIe?

1451, B ypre 10 fequix # 5 wepHuX mapos. Hayraj uaEMaroT 3
u3 EuX. KaKoBa BepOATHOCTE TOrQ, YTO HIBJIEUEHHERIMH IIADAMY OKA-
FYTC:

a) 2 6ennx u 1 wepARHA map;
6) 1 Geantii 1 2 yepHEX mapa?

1452. B gouke snexar 8 seneHnrx, 6 vepHnix u 5 Gensix mapos.
Ha3 Aumuka Hayrag HaBleKalorT ofuE map. HafinuTe BepodTHOCTD M3-
BNledyeHHa JuGo yepHoro, aubo Genoro mapa.



Jafgaum NOBLIWEHHOW TPYAHOCTH 411

1453, M= maTypansHONG unMcna, He npesocxogamero 30, BHOHpaoT
HAYTAZ OJHO IHCA0, KAKOBA BEPOATHOCTE TOIO, YTO 9T0 THUCNC OKAMKETCH:
a) KpaTHRIM 3;

0) mpoCcTRIM;
BY KPATHRIM 3 BB KpaTHRM 11;
r) KpATHRIM 4 HAE OPOCTHIM YHCIOM?

1454, 3auer oo crpeasbe cuuTaeTcs CIAHHEIM, eCIH KYPCAHT IO~
AyuaeT oneEKY He HEKe 4 Gasnop. KaKoRa BePOATHOCTE, UTO KYPCAHT
CIHAJM 3a4YeT, eCMH BePOSTHOCTDL AJIA HEero OOJYUHMTH OUeHKY 5 famnos
cauTaeTcd pasHol 0,3, a moayuyurts omenky 4 — 0,57

1455. U3 ronozu xapr orobpann xopoxu (K), aamu (1) 1 naje-
THl (B), 3T KapTa neperacopaHE, TpH KAPTEI HAYTEA USBJICKAIOT OAHA
2a JpPYyToil B DOCAEACBATENLHO BRIKAAALIBAIOT B PAI.

IIyers cofmTne A, o3Hauser, uTo BRUIOKeHB KaptH KIB, 4, —
peunosxeHn KapTal KBJ, A, — srutoxkenm kapru JJKB.

KakoBa BepOATHOCTHL HACTYILUICHHA COOBITHSA:
a) A 6)A, UA,; B)A, VA, UAZ?

1456. B crauxax y9acTBYIOT TPH JIOMIARH Tod HoMepami 1, 2 u 3.
Ha OcHOBAHWE NpPeJHAYIOHX BRICTYILIEHHH MAHCH NoGeAuThH V Jo-
UM TI0N HOMEpPOM 3 BARGE MEeHhIe, YeM Y Jomafell Mof HOMepaMu
1 » 2. Kakopa BepOATHOCTH TOTO, UTC MepBo#t MpHAeT JoMajgb DIOX
HOMepoM 1 wam mox HoMepoM 3?7

1457. [Isa coprcMeHAa CTPeAAOT OXHOBPEMEHHO IO ABMKYIIeHcHa
MHIIeHH. MHmeHs NopaieHa, ec/IE B Hee IMOMal XOTd Obl OAMH H3
cmoprcMeEoB. HafiguTe BepOATHOCTh MOPAaXKeHHA MUINEHH, €C/H Be-
POATHOCTH MOMAZAHHA B Hee IEpPBOr0 COOpPTCMeHAa paBHa 0,75, a pro-
pore — 0,8,

1458. BepoATHOCTE DODANAHMA B MANICHE MPH OXHOM BEICTpeNe
pasea 0,6. KaxkoBa BepoATHOCTL OONAZAHHMS B MENIEHL Npd 4 Hesza-
BACHMO NpONSBeeHHLIX BHICTpeNax?

®

VY Sapayw nosulIEHHO# TPYAHOCTM

1459, HokaskuTe, YTO H3 PABEHCTEA

1.1,1_ 1
atvte T arbre
CleyeT PABEHCTBO
1.1,.1_ 1

a b adP 4B+
Ifle 7 — HeYeTHOE HATYPAJLHOE THCJHO.
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1460. IlocrpoiiTe rpaduk PyAKIHN:

a)y="|x—1|—2|—3|; 6)y="|x+6|+1|—4|.
1461, Iloerpoiite rpadur byHKDANK:

a) y=x— {x} B)y=x+ {x}

6) y = [x] + {x} ) y = [x] - {x}.

1462. Pemrure ypapHeHHe:

x - X 1.
a) 2+3x+2 xX+5x+2 24

x x _ olQ
6) x”—3x+1_x3+x+1"2ﬁ'

1463. PemnuTe ypaBHeHHE:
2 2
X x _ 10,
(5 + ) = B
6) (x + 5)* — 138(x + 5)%2 + 36x* = 0.

1464, PemuTe OTHOCHTEJILHO X YPABHEHHE!
2) x-ab, x—-ac, x-be
a+bh  a+c  b+e

x~a x-b x-c _ (1 1 l)
6) e + - + =5 -2a+b+c.

=a+b+o

1465. [loxakuTe, YTO NpH NIOOKX 3HAYEHHAX &, b U ¢ YpaBHeHNe
(x—afx—-D)+(x—alx—-c)+{x-blx—-¢c)=0
vMeeT KOPHH.
1466, PenruTe HepaBneHCTERO:

x? 5 4x?
a)x2+m<zi 6)x2+mﬁ5.

1467. IIps xaxkux 3HAYEHHAX ¢ BepHO OPH JIOGOM X HepaBeHCTRO:
x4+ ax -1 <19

ax
) 77,4 <L 6) 27 —2x+ 3

1468. IIpu kakux sHaueEMAX ¢ mofive sEAUYCHMe PyHRIUE f(x) =
_8x*+ax-6

2 —x 51 DPHHALISKHAT TPOMEKYTKY (-9; 6)?

1469. HaiiguTe:
a) BCe Maphl HATYPAABHBIX YHCEN, YAOBAETBODAIOLINE YPABHCHUI)

2xy = x% + 2y;
6) Bce MApH LeABIX YHces, YOOBJETBOPAIOLIAE YPABHEHHIO
xt-dxy+y+2=0,
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1470. PemivTe ypapHeHAE

2+ 2fBx+y-4fy+7=0.

1471. PemnTe cucTeMy VpapHeHMWI:
ai {(x + -yt =9, 6 {(x" + 1)y + 1) = 10,

(x -~ Pa® + y*) = 5 (x + y)xy -1 = 38.

1472. Pemure cucTeMy ypapEeHHN:
2) {x - ® + 6(x — ¥ = 80, 6) y* = 2 — 3xt + 2x,

¥ -3 =1 x? =% - 82 + 2y

1473. CymecTByeT JIH TAKOe ABYZHAYHOE YACNO, KOTOPOE OPH Aene-
HEH HA CYMMY KBafpaTOB er¢ Uudp AaeT B YACTHOM 2 M B ocraTke 6,

4 IpH HeJleHHH HA mpoHuapeneHue nudp AaeT B yacTHOM 4 ¥ B o¢-
TaTKe 62

1474, Pemnre cHcTeMy YDABHeHHM:

2 2
(x—-2ys+x—2y=10 Z+b =12
a) J\x + 2y x + 2y ' 6) 101 1
x? ~ Txy + 8y = 81; ;+;=§-

1475. Hadizure Bece Tpo¥KH HATYD&JILEHX YHCE], YIOBJIETBO-
pAKOIINe cUcTeMe

x+y+2z2=14,
x+yz=19,

1476. Pemure cacTeMy ypaBHeHMH:

x+y+z=09, £+ yt-22 =0,
1 1 1

a) ‘;+;+;=13 6) (x+y+2z=38,

=-—2,
xy + xz + yz = 27; 4 #

1477, Pemiure cucTeMy YpABHEHRI ¢ mapaMeTpoM a:

XY a2 X~V _ .=
a) 1+a+1 @ 6) 1a +1 =0
x+y=ay; x-yt =0,
1478, Pemure cucreMy ypasHeHuif ¢ mapaMerpaMun a u b:
x+y=a, ax+2=2,
¥
1 _x ,b-y_5, 61,
b-y x 2’ ~ + % = 2ab.
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1479. B apudMernuecKoil NporpeccHn, COCTABIEHHON H3 YeTHpPEX
HenrX Taces, Soapnruii uneH paBeH CyMMe KBAAPATOE GCTANBHEIX Wie-
Hob. Haiizure uieHsl aToit nmporpeccun.

1480. IIycres (x,) — apudMeTHUecKad NPOrpeccHd, B KOTOPOH
X, = a, x, = b, x, = ¢. Jloxamure, 4T0
(m—ka+k-pb+(p-me=0.

1481, TpE pasaMyYHEIX HEJHIX YHAC/AA4, CYMM8 KOTODEIX paBHA —3,
COCTABJIAIOT reoMeTpHYecKY0 nporpeccuio. Halixare are uncna.

1482, Noxaxkure, 4TO eCAM KBAJADATH CTOPOH TPEYTroJbHUKA
ofipasyior apEPMETHIECKYIO OPOTPECCHIO, TO TPEYTOJALHHR, CTOPOHA-
MH KOTOPOro ABASIOTCA MENUAHE NAHHOI'O TPEYTONMLHHMKA, NORcOeH
LAHHOMY.

1483. HspectHO, uwro f(x) — nEHeliBag GyHKOUA, & NOC/AedORA-
TEABHOCTD X,y Xa; Xgy e-e 5 Xy +oo — ApHPMETHUECKAA Tporpecend. Ho-
EAYNKHTE, YTO NOC/IeOBATEIBHOCTE f(x,), f(x.), flxa), ..., f(x,); ... TAKR-
e apnaercA apudmMernyeckoii mporpeccHeit,

1484, HajiguTe cyMMy OepBHIX i WICHOB IOCHEAOBATEILHEGCTH

2,22, 222, ..., 22...2, ....
N ——t
7 pas
1485. Haiiarre meobxoauMoe ¥ ZOCTATOYHOE YVCJIOBME TOTQ, UTO
KBAJPATE TPEeX NOCHCAOBATENBHEIX WICHOB APMPMETHUECKOH npo-
rpeccHs, nepshlil swIen KOTOpoit pabeH @ B PasHOCTh paBHA d, ABJIAIOT-
¢l TPEMA TIOCAEACBATENBERIMY WIEHAMHE TeOMeTpHUeCKo MPOrpeccH .

14886. IlocxeaopaTenbHocTH (X,) B (¥,) 3ajaHu dopMynaMu x, =
=2n — 1, y, = n*. Ecnn BHNHCATL B TOPAAKE BO3PACTAHHA Bee ofmiue
WIEHEl 3THX DOCJIEACBATENLHOCTEH, TO MOJYYHTCA NOCAeJ0BATENBHOCTD
(z,). BanumuTe GOpMYnY n-TO WieHA MOCHeA0BATENLHOCTH (2,).

1487. B GecxoHeuyHoH reoMeTprdecKol NMporpeccHH BEIAENAIOT O
MOPARKY OT €e HadYaja I'DYNILI, N0 1 WIEHOB B Kamaok rpynne. Ho-
KAKATe, ITO CYMMEI YJIEHOB 3THX T'PYIN 06pPA3YIOT re0MeTpPHEUECKYIO
TIPOTPECCHIO,

1488, IlocneOBATENBHOCTh HATYPANLHEIX umcell pasbura Ha
IPYIOBI
(l)’ (2’ 3)! (4! 5’ 6)’ (7’ 8; 9, 10), arr w
Hafignre cyMMy yncen n-fi rpynmel.

1489. NokamxuTe, 4To ecH # € N H n > 2, To BepHO HeDABEHCTBO
atn-1)

2 % >nl
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1490. JoraxuTe, IT0 NpH JIOO0M HATYPAJLHOM 1, Oonbmmem 1,
BEpPHO HEPABEHCTBO
1 1 1 1,13

nsit et sttt nen T ™A

1491. HaiiznTe 3Ha4eHKe BHIpAXKeRHA x° — 3x npr
1 1

X = sﬁ_l'l‘g_\’z‘l.l.

1492, Pemure ypaBHeHUe:
a) 4629 - x + 77 + x = §;

6) (65 + x)* + 43(65 - x)* — 5Y4225 — 2? = 0;

5) @ - x¥x-1-(x-1)¥29-x =12,
Y29 -x-¥Yx -1

1493. PemmiTe ypapHeHHe:

1 1
a) (9+:|:%)B +(9—:|c%)3 = 3‘2%;
1

1
1 3 1 3
o ldrd) -GF-) -1
1494. PeminTe OTHOCHTEJIbHO X YDABHEeHHE:

a)x—3i‘/; =a“+315, rae a # 0;

6) Yo + xf - 158(@a - x)* - 2¥o? - x* =

1495. Penmre HepapeHCTBO ¢ NAPAMETDOM G

a) avx +1 < L; 6) (@a+DV2-x < 1.

1496. JokraxuTe HepABEHCTBO
(24a + 246 + 2¥c) - (Va + VB + Je) < 3.

1497. HoxaxuTe, 4To OpH M060M HATYPANLHOM I BEPHO HEpa-
BEHCTBO

1 [385 ...@a-1)
<46 <L

1498. NokaKuTe, 4YTO OpH JIOO0M HATYPAINLHOM n, JonsiieM 2,
BEpHO HepABEHCTBO
Hnl > Jn.
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1499, Bupasnte cos 20 uepes a, ecanm tgio — atgo + 1 =0,

0<u<%, a # 2.

1500, Nokraxure, uTo ecau O, B, ¥ — YTJH TPeyronLHUKA, TIpH-
ueM Y — Tymoli yroia, To OpoHaEeSeHHe TAHTeHCOB YIVIOB O 1 § MeH:-
me 1.

1501. Horaxkure, 4To ecnnm &, B, ¥ — yraml TPeYroALHHKA, TO

BEPHO PABEHCTBO
tg2tgl + tgBtgl +1glrgd =1,

1602. HJoxamxure, uto:
a) tg 55° - 1g 65°- tg 75° = tg 85%;
6) tg® 36° - tg? 72° = 5;
B) tg 9° — tg 27° — tg 63° + tg 81° = 4.

1503, Ooxaxure, uro ecnu cos ¢ = tg B, cos =tgy, cosy=tga,
rue o, B, Y — yrast nepeofi ueTsepTH, TO

sino =ginf =siny= 2gin 18°.

1504. Buaa, wro ain ¢ + cos ¢ = ¢, satiznre:

) %; 6) ain® o + cos® .

gy -tey
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15. ¥ x a3 a H ne. BocnonbsayliTecs BepapeHcTBaMA a + 1 > 2Ja, b+13> 2b,
ab + 1 > 2ab. 16.a) (4; +); 6) (1,5; +). 28. (8- J2; 2-2),

(3+\[§; 2+J§). 32.2@;_1) npH 8 < 23 % opu a » 2. ) 1; 6) %

38, f(—2) = 306; a = 3. 39.2(-8) = -16; b = 27, 43. 2; -3. 44.-2; 0; 5.
46.-17; -B; 0. 82. x + 2 ~ ?% 83.5. Yrasarue, Ilpencraspte
NoTKOPEHHOE BHIDASKeRNE KAXIONO KOpPHA B BMAe Keaapara. 58. a) E(y) =[-8: 8];
6) Ew) = [—oc; —711] U [% +°o]: 3) E(y) = [0; 4); 1) E(y) = [0; +oo};

S E@) =(—0%5).6La)f(1)=36/1)=3; ) f1)=4 A7) =5.62.0) #8) = -2;
6)2(2)=-1; B)g(1) =—4; N g(0)=-3. 64, Cymecrayer: y=kx + bopu k=0.
68.a)2;6)1.73.(0; 0);(1; a). 76.a)Ipu n =-8; 6)upun n=10. 77.8) m = 6;

6)m=-4.79.y = 0,6(x — 4) + 2. 80.a)a = 1%; 6)a = -0,5; B)a = 0,2.
8L.5)(1; 3), (11; 243); 6) (0,25; 3%2_), (1,5; 1,75). 84. D(g) = (~00; —1) U
U (—=1; 1) U (1; +oc). Tpadur GyHKONE — OpaMan y = 2 ¢ MCKMOUEHHEMI

rouramu (~1; 2) u (1; 2). 85.8)3(x ~ 2 ~ 17; 1 0,5(x + 3) + 2,5. 86.a) 9;

a-1

6)4. 87. ar 1 96. 8)IIpn ¢ > 24; G)mpst ¢ > =10. 97. a) Ilpr c = 9; G) mpur ¢ = 12;

B)mpu ¢ = 6. 101. 10 cne. 102. 6 o, 103, xg_—gﬂ? 105. 4; 9. 119, 8)[-5; 7],

£-18; 10); 6)[-T; 5], [-10; 18); B)§-T; 5], [-18; 10]. 120.a)y =0 opn x = -3;
4;6;y>0mprxe(-o0;-8) U(4; 6); y <O mpm x € (~3; 4} U (6; +0); By = 0
mpu x=-6;-4;3; y>0opu x € (-o0; -B) U (~4; 8); y < 0 mpe x € (~6; ~4) LV
U (8; +o0); B)y =0 mpm x =~6; —4; 3; y > O mpm x € (—6; —4) U (3; +o0); y < O mpm
x € (—oo; —6) U (—4; 3). 124. a)5; -7; 6} 5; —7. 125. a) (8; -72); 6)(-8; 72);
B)(—-8; —72). 129,a)-3; —-2; 2; 3; 6)-7; 7; 8}-T7; —6; r)—4; 12. 130.4a)0;
6)0. 132.2) 7,62 < 2V + V10 < 7,65; 6)1,29 < 2/ - V10 < 1,32
133. {2; 8; 4; 5; 6}. 136. a) D{/) = R; D(g) = R; 6) E(f) = [0; +oc]; E(®) =
=[-1 4+ ) flx)=0mprxr=12ex=3; g(x)=0mpu x=-4,x=-2,x=2,
x = 43 r) f(x) BoapacTaer opu x € [-1; 2] U [3; +o0); f(x) ybruamaer npm
x € (—o03 1) U [2; 8); g(x) noepacraer pr x € §—3; 0] U [3; +oo); g(x) yOmmaer mpr
x € (-o0; ~3] U [0; 3]. 137.2) D(y} = [-10; 16]); E(y) = [0; T); 6) D(y) =
= [-16; 18]; E(y) copesennTt:. HenoaMoxec, 139, |g(x) = 0 opur x = -5

14 13, Maxapsmes «Asrepa. O K.
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#x=1;|gx)| >0 opu x € (—00; 5} U (-5; 1} U (1; +oo); gxp=0mpumx=-1
mx=1; g(x)) > 0 opm x € (-o0; —1) U (1; +oo); g(|x[) < O mpm x € (~1; 1).

142, f(x) = xg b E I} 144.-3; -2; -1; 1: 2; 8. 145. 3a. 146. (0; 3).

148. 22 + 2x ~ 1 = 0. 154.a) x, = 3; ) x, = 2. 1§8.a)-1; 1; 6)-3; 3.
161. 2) E(f) = (-o0; ~2] U [2; +oo); 6) E(f) = (905 8) U (8; +o0); B) E(f) ={1; 2}
r) E{(f) =[2; 3). 162. 20 < § < 27. 163. a) g(0) = 0 — pannenLUIee aHAYEHEE;

ranfoasmere saagerns geT; 0) #(3) = % — panGoskmee 3HAYEHNE; HANMEHE

mero sRauerns met; B) g(—/3) = g(—vls) = 8 — maufonnmee 3HAUEHNE;

2
g (—75) = 7 — EaMMeRBImee aEavenne; r) g(—9) = 0 — AaBMenRbmee sHATEHARAE;

HEamGonsmero sHavexna Her. 165. ¢ =|x + 2| + | x| + |x — 2|. 167, lwlpz - 4g.

168. a)}IIpw (k) » 0,8; 6) np=: |k| = 0,8; ») opm |k| < 0,8, 169.TIpr p = —-4;
6)upu p = 5. 170.a)Tlpz @ = 8; 6)npz @ = ~7. 171. 8)a = 3, b = -7, c—2

176.a)y = x* + 8|x| + T; 6)y = x34;3::3 L B)y = lx——|

Ny=|x-3+3.
Tnana 2

192.a2 =3, b = 7. 196.(-1; 0), (1; 0), (1,5; 0). 198.a)-1; -3, 5) 1;
-1,6 - /3,25; -1,5 + /3,25; 8)}2; -3; 1) 2; —4; 3. 199.a)-1; 6)~2; B) 1;

-1 -6 -1 +6; 02 ))~1; e)1; —V5; V5 200.0)2; 6)-1; -2; V2 2;
-2, B V3 V3 -1; DL 2. 201.0)-1; 1; 6)-1; 3. 202.8) 2; —2; 6)-1; L;
B)—3; 3. 208.2)3; 6)2; -2; 1; —1; ) -1; JZ -2, 204. a)B: -T; 6)4; ~2;
B)2; -8 8 —5. 207.2)2 —-3; 2 ++3; 6)1; -2,5 - 5,25; -2,5 + 5,25

B) —2; -l; 9 _4‘/6_5; 9 +4ﬁ; r)KopEeit Ber. 208.a = 4; x, = 2; x, = %

7 5 5 :
215.a = i b= 15 217. a) 3; 6)kopueil meT; B} 1; 11; 1) 7 218.1a)4,9;
6)2—220a)—35 6) 4,5; 5) 8; 0,8; 1) 0; —4,5. 221a)26)1+’/_ 1;

r) 1. 222.8)-1; -3 - VI7; -8 +VIT: 6)1; =~ '6’}1_3; =7 +6‘/_. ) 0;
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r1; ‘4;‘/6; “‘;"E. 228.2) -2; 1; 6) 1. 224. a) —5; —%; 2; -4;
6)-2; 6. 226.2)1; 3. 6) 3+ 2. 226.8)-2; 2; 6)-1; 3. 227, a) V3; 6) V2
228.a)0; 6)1; -1; B)-5; 2; r)—-1; 3. 229.a)-3; —; ——; 6) —2; %; —%;

B)1- J§—1+J§.230a)2—.3 J10; 3 + V10; 6)1; 5. 234.2)0; 6) 1.
3 - 233_ 13 + +/233 ]
2’ 2

239.6)[

243. a) 0; 6) -2. 244, B)(—o0; —0,5) U {1,5; 2) U (2; +00); r}(—o0; —4) U
U (—4; 4) U (4; +00); 245. n}( 3 6) r)( ) 246. 0) L; 6) 3; 4; 5) 3; 4; 5;

. 240. a)a < ~1,5; 6) a > 1,6. 242. ) 0; 6) 2.

r) 1. 247. a)(5; +o); 6) (0,5; 2,25). 248.a)x € (—o0; §); 6) x € (0; 4).
250. a) (0; %) U {4; 8,5); 6)(—7,6; —3). 261.a)x € (-%; +oo); G)m € (—oo; G U

U (1; +o0). 252, a) b < —4; 8) b > 1,5. 254 a) —% <k<O6)-01<k<O;

») —g <2 <0.256.6) (~oox L) U(0,3; 2,5) 8)(-6; 3,5) U [4; +oo) i (-3; 0) U

U (0; 1,5)% m)(0; 6) U (6; 7,5); e)(—o0; —1,5) U (0; 1,6) U (1,6; +o0).
268.a)as Bum a > 4;6)-7<a<b. 259.8) (—J’?, ﬁ), r) [——Jﬁ; —Jﬁ] u

U [VIL; V15 }; ) (~00; 81 %) (—<0; 4F; 3)(-0; —8) U (8; +o), 260. 2) (—2; %) U
U (2; +eo); 6) (=05 ~6) U (-1; 1); B}(1; 2} U (2; +o0); 1) (—00; —8) U {-1; 2).

261. a)}(—o0; 1) U (3; 8) U (8; +oo); 6)(—o0; 1) U (1; 1,5) U (1,5; +oo);
B){(—2; 2) U (2; 3); 1) (-0,5; +o0). 262. a)[-4; 3]; 6) (—o0; -1} U (—1; O) U [6; +o),

263. a) [-19; 2]; 6)(—o0; 0] U [1; +oo); B)[2; +00); 1) [3; +00) U {1}, 266. a) %3
~15 8 -3; 6)5; ~5. 267. 8)0; 45; 6)0; ~9. 268, a) Kopmeit mer; 6) koprek
mer. 269, 6)(—<; —-6) U (4,5; 6); ») (—1%-; 1,5) U (2; +o0); 1) (—1—21; —-1-) U

U (% +oo). 270. 1) (-8; —3,5] U {4; +00); 1) (1 5 __) U [13 +o0); €) (—00; —4) U

u [1 2] 271. 8) (~00; ~3) U (2; 8) U (4; +00); 6)(—o0; —4) U (1; 4); 8)(~3; ~1) U

63
U (15 8) U (3; +oo); 1) (—o0; —2) U (0; 2); m) (—o0; 8) U [;1—_2-‘,—5-. #5-] U
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U [1; +o0); e)[1; 3). 272. a)[-3; 2] U (B; +o0); 6) (—o0; —1) U [4; +0).
273.0) {0, 13) U (& +0). 274.2)-10 < a < 10; 6)-6 < 4 < 6.
275. 2) {00 —2) U (0; 2 6)(-6; ~1) U [8; +oo); m)-o0i ~1) U (1; +o0)
1) (-2; 2). 276. 8) (4; +00); 6) pemrexut mer; 3)(~2; —1] U (0; 0,6); r)(~4; ~0,16] U
U (0; 1). 277. a)(10; +0); B} (~00; ~8) U (0; +0); B) (~o0; ~5,5) U (8,5; +w0);

r)[0; 1]. 278. a) 2; 8; 6) ~5; ~4; -8; ~2; ~1; 0. 279.3)a > 4; 6)a € (~c0; ~§,5) UV

U (-4,4; -3) U (-8; +oc). 280.8)x € (-1; 1); ) x € I}, l%] 281.r) 8.

283.a » 0,4 unn g < —6. 288. a) —ll; 2; 6) %; B) KopEeil mer. 288, a)-1; 1;

6)-3; 3; —J7; JT; B2 & 5'2‘/3; 5+2‘/‘H; ) 0; 1. 292.a)1; 3; —%;

6 L1 ‘23’4_1; 1 EO"H 203.8)2; -8 + V13; 6)L; 4; 8)2; T+ V573 0)-5; L5;

—2,5; 1; 1) 1; e) nopuedt mer. 205.a)9; -2 — V41; 6)2; —3% 208.a)-1; 1;

-1 +2‘/1-§; 1- 2‘/1-5; 8) L -1; 2; -2: 8)3; -8; 1) 2; -2. 208. [2; 3]. 299.a) L; 9;

6)(—3; +o2); B)0; 2; r}—1; 7. 300. a} b; 6)3,5; B) 2; 1) 0; -3,2. 301.2)4; 6)-9;
1; V33. 302.2)-2; 6)-1. 304.8)-1; 3; %; 6) 1. 807. 2)(8; 11); 6){~o0; ~11,8) U

U (1,8; +oo); B)(—22; 24). 309. a) [-oq —%:I U [1,8; +o0); 6) (—oo; —1%) u

U (1,53 +oo) ) (43 10)s 0 [2: 28], 310.8) (=003 ~1) U (15 o0 6)(-1; 31
8) (1- V75 14 V7); D005 -2 U (15 ) U (1; +o0); 312.0)-2; -1; 0; 1; 2;
6)-3; —2; 2; 8; B)—4; -3; —2; —1; 0; ) -1; 0; 1; 2. 818.a) {~og -1 - VB);
6)(1; 8); ) (0; 8); 1)(0; 2). 316.8) (-3 - VI3; -2) U (-8 + VI3; 2); 6) -1; 2);
5) (8- V5; 8+ VB); 1) (-00; -1} U (1; +0). 816. a)(-2; 3); 6)(-2; 9%
B)(—00; 1]; r)(~00; +oo). 317.8)(-2; 2); 6) (—oo; —4) U (4; +0); B)(-3; 3);
) ¢-5: 5). 318.0) (1-VB:2): 6z 35 » (a1} na 08,

818. a) (~0,5; +00); 6) (~5; ~1) U (~1; 2). 320. ) (1; 2%) U (3; 4%); &)(-1; DU

U (1,8; 3,8); p)[3; 5] v [6; B]; r)[4; 6] U [9; 11]. 323. a}(-1; 0,9); 6} (-0.7; 1,3).
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324. 2)[1; 2J; 6)(0; 4); 8)(L,5; 2); r) pemermmii rer. 325. a) (—/11; 4); 6)(-1; 2,5).

328.8)1; -1 _2‘/5'?; -1 +2JET'5; 6)-1:1- 6: 1+ /6. 331, &) JIrboe auc-

a0, ecim p = 3; mer KopHeil, ecau p = Q; E—';-E. ecmEp#0np#3;a)a-2,

eca g # —8; mwoboe 4yucao, ecau g = —8; e) moboe uncno, ecau b = 1; mer

KopHeit, ecym b =—1; H, ecmbhbzlmbz-1, 332.&}'-2-‘?—?;—1-, ecnn @ # -l,

a # 0; kopeel Her, eciiu1 @ = —%; ypapHeHEHe He oOpefelieBO (Ee HMeeT CMhIc-

Ja), ec.nna-—-(l;ﬁ)g%g: ecny 4 # 3, a # 2; pemreHwit Ber, e 2= 8; a = 2;

Ba -

) ﬁ, ecim a # 1, a # -1, g # 2; pemenuit ger, econ ¢ = 1,

a=-1,0=2.3.8)p < % BIH P > %; 6)p < % 335.a)a < -1 pm g > 0;

6)0<a< ,l( 338.6)a € (—0; O) U (0; 4); B)a = -4, 337.6)t=0, 1= 2%;

B)t=2t=-2-412, t=-2+12; r)¢t =0.338.6)b > 8; )b < —745 wm
b> 745-; r}b > 5. 341. B) JIroGoe wucrno, ecan a = 3, xopHeii HeT, ecnu a # 3;

r) 0, ecu p =-4; Jp+ 4, —Jp+ 4, ecnu p > —4; XopHeil meT, ecnu p < ~4;

2-J4+2s -2+Ji+2a
a ' a

e) %, ecim a =0; 1, ecan a = —-2; + BCHE

a € (—-2; 0) U (0; +o0); xopRelt HeT, ecIX @ < —2; XK)c; 8 —¢; 3)—a; a + 6.

342. a) Kopreli ReT, ecir a = 0; 4, ectn a = —4; —a: 4, ecrm a = 0, a = —4;
-3 [24-8a

6) kopHeilf EeT, ecam a4 € {(—oo; 0] U (8; +oo); -V{24a , 2

ecim a € {0; 8); B) kopmeit ger, ecmm ¢ = 0, ¢ = §; 1§+c26, ecaux ¢ = 0,

1 1, 1 _ 1
¢ # 6. 344, a) Kopueii ger mpn 7§-<y4 75-, 7§'Hpny— T'

2
1 -2 e+ W2

1 1
Enpny'—'ﬁ, ) 7 ,ecnny<—75mm
2x2 +1

1' — . — —
y>J§.6]xopneﬁnernpnx—0, I mpu x# 0, 345. a=-2,a =4,

846.b¢(2; 3,6) U (8,5: 4). 347.p> 2. 360.2)-ampn -2 < a < 2; -2, L opn
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a++ai-4 a-+a2-4
2 ’ 2

opra<-2mma>2;

- J1+8a 1+J1+8a p
2 ' 2

e=2:2,-1ogpea=-2;—a,

6)-lopm a < —l; -1, % opE @ = —%; -1,

a> —%- 351. 5> —1. 382.a)a € (0; 1) U (1; +o0); 6)a > 3. 355.a)—2; 2; 6;

6)-7; —4; 4; 8)1; r)—1. 3586. a)(1,5; +oo); 6)(-0,5; +oc). 859.a)a+ 1ma—1
mpuazl,a#-1; kopReli merupr e=1,a=-1;6)a—-1wa—-2opmaz1;

a#2; ropEeii geTIpE a =1, a = 2; B)i-_:i; npu a # 5, a # 3; kopreil mer

+12a 1 1
opra=0,a=3; 1) 3a+1 npna#-s, aat-4, KODpHeif HeT Opxt @ = -3+

a=—z. 360.a]7, ganpna;to KopHel Her UpH a4 = 06)3(8} zanpn

a#B.0#9;Ropneﬁne'rnpna=8,a=9;n]MT.'-z npu ¢ # —2; KopReii ger

mpn a = —-2; r)6b, b 2 0; xopRe#t Rer ipr b = (), 361.8)y - 1 opE i = O;
KopBe#i Her mpu ¥y = 0; 6)x + 1 opu x # -1; Kopmedt mer mpu x = -1,

a+1
362.c=1, c =-1. 363.F > 6, 365. a) lnpua-—l,a 1 -1 opm a =1

B)a+ 2, 2aopra=0; -4; 1; ~1; 8upna—~4;3npna=1.lnpna-—-ml;
2
xopreit mer mpu a = (). 366, 3; 4. 367. bg’ %5, opm a *# 0; kopHEH mer

npea =0, b=0.368.a)a + b, a — b npr a # —b; xopreil rer Opx @ = -b;

6)a+b npna;tb.Ropneﬁnewnpna=b.369.almlé, ?. ;, 1; 6)4; -2.

870. a) x € (—o0; ~3] U [1; 1%) u (1%; 2]; 6) x € (~o03 —1] U [0; 1,5] U [55 +oo).

373.2)2:6)1; -1 _2‘/1_7; -1 +2J1_7; 8)1; -2,5 - J4,25; -2,5+ \/4,25; n)-1;

1 8; e)-1; 1; 2. 876.8)-7; 1; -3 - J6: -3 + /6; 6) nopmek mer; 3)-1; 6;
r}-1; 5; 2 — JE; 2+ J§ 377.a)1; -2; 2; -3; 6)ropueit Her. 379. a) -1; 2;

6)1; 12 380. a) 3; 6) —1; 2; B) 1; —1%; r)-2; 2. 381.—4; 2; -1 — /3;

7
-1 + V3. 882, a)—8; 6)-11; B)0; r)-16. 383. a}( 15 15) 6](1 1)
384.3)a > %; 6)a > 4; 8)a > 1; ra > 4. 385.a)(0,4; 4); 6)[0; 0,4].

386.2 > 12%. 387.0,8 < m < 1. 388. a)(-6; 6); 6) [—/5; VB ; ») (—~/5; VB);
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1) (~oq ~v2) U(V2; +00); m) (15 3); @) (—00; =51 U [1; +00). 889. 2) [2; +o0);

6) (=003 —2] U [-1; 0] U [2; +00); B}[1; +00); 1) [~1; +20). 390. TIpm & < -T,5
» mpm @ > 2,7. 391. a) 0; 6) 0. 392. a) (1,5; 2); 6) (1,5; 2); B)(0; +00);

r} (—Jg, —2) u (—Jﬁ, Jg) L (2: Jg) 393.a)b ¢ (—ooq —9%) U (-%; +oo);
6)b € (—oo; —4) U (—4; -1,B) U (18; +o0). 394.a) 3; 4; 6)~3; —-2; —-1; 0; 1; 2.
305. 2)-1,5; 1,5; 6)—20; 2; 16; 3)-1; 1) 2; 11; 6,5 + /64,25, 396.-2; -3 + V6L
398.8) —/6; B; 6)-3; 3. 399. ) (-8; —2) U (6; 9); 6)(—o0; —4) U (2; +o0).

400.2)4; 6) 4. 401.a) 2; 3; 6)-1; 0; 1; 2. 402, a) (—o0; —5) U (8; 4) U (5; +oo);
6)(-1; 6) U (6; 8); B)(-3; 2) U (8; +00); r)(-2; 1). 403.4a)(0,12; 0,2);

6) pemennii Het. 404. ¢ > 4. 405. 0) 2; 3; 4; 6) 1; 2; 3. 407. Boyim -7 u:m — 7 u

_3+" npnm? 1%,m:ipileﬁEnarl:rpl»!il'n«(1§ 408, )l‘:’a-'-z5

65“310“' opr a > 2; 15 npn g = 2; kKopHeil HeT npu & < 2; 6)““ 2 E_"'z._l_“

ope ¢ > -8; 3 npr a = —8; KopHel BeT OpHu g < —8. 411.a}a+1npna:$;

Jnoboe uHcs0 OpH 4 = g; 6la - bopua =+ %; aofoe YHCIO OpH @ = %;
B)a + b; @ — 2b; r)3a — 2b, 2a — 3b. 412, 8)a, -4, 2, 2mpua=x0; 0, 2, -2
Epua=0;6}J%, —J%, 1,-1mpua>0;0,1,-1opra=0;1, -1 npra < 0.

413. a, —1—\’21—4;1 —1+\J'| 1 1

1,
npna<4 3 "3 OpHaG= 4 ampu

a> % 414.3 +a, 3 —acopma = 0, a # 1,5, @ # —1,5; moboe wmcro, kpome (,
opu @ = 0; xopHe#t Her npr a =-1,5; 4,6 npua=1,5.4156.8)2b + a, 2b - a
opu a = 2b, a = -2b; 6) gT_i npu b# 1 na=*1; xopreil HeT pu b = 1; moboe

uynceno, kpoMe lu -1, npra=0=1.416.a=0,0=2;a=-2,b=4;a= 2,
b=-4,
T'naea 3

418, 8)(3; 4), (3; -1); 6)}(3; 1), (-4; ~1). 420. (19; 22}, (61; 62). 430. (8; -1),
(8: 1), (12; 9), (12; ~9), (32; 81), (32; -31), (-8; -1), (-8; 1), (-12; 9), (-12; -9),

(-82; 81), (-32; -31). 438.2) % ¥ O-L; 1; —%; 3 443.2)(-5; 1),

(42 0 -0 (2358 s o1 0ol (i3
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444.9) (0; 0), (-2.4; 4.8) 6)(6; 9), (-9; -6} ») (L;73), (-2 1)

T)(17; 10), (4; —3). 445. a) (1; 0), (8; 21); 6)(3; 4), (—4; —3). 446. a)(-2; -1);

6)(0; 3), (2.4; ~1,8). 447.2)(2: 2), (—19 132 63 2), (i‘ 2

B) (113, ) ; -1), D=1 1), (4 5) 448. 8) (-2; 2), ( 113,- 4)

6)(0: ~3), (6 1) B)(8,8; T.4), (1; 1) 1) (2; ~1). 449. ) (8; 4, (4 8 6) (51 ),
;-8 2 (1:8), (3 4} Do 9y (3 -3} 40.0@ 1@ -1 2,

(-2 -13 6 1), (5 -, (1 1), -2 -2 m) (325 12), (-2251d), -2
@ ~25 D@ 9, (-1 -14). 451.0) (-3: 6}, 2350 (-3 -5), -2 -2

D@ 1), (-5 11} (4 -2, ©; -6). 452. 0@ -1, (-2 15 )3; 1, (1 3)

(~1; -8), (~8; -1); 8) (l; 1), (—l; —%), (1:1, (—1; —l): r) (1; —l),

(1,—) 454. a) (-00; 7,5]; 6) (—o0; —4,5]. 465. a) (-3; 3); 6) (—v2; V2).

456. a) (-1; -2), (591: —29—2); 6) (5; o), (% 1). 457. a) (-1 2), (2; -1),

(-1+ 3 -1-48), (-1-3;-1+43); 6)(0; 2), (2; 0). 458.0)(-3; 1),
(5 -2), (=88, 3-89, 6y 1y, 33 3. 450, a0c2: 1, (-2 -1, -2: )

(2 -3); 6)(1; 1), (-1; -1). 462.a)(0; 1); 6) (2 3), (-5:-ZF).

4638.a) (-2 + V2 -2-+2), (-2-v2-2+2), (2+22-42),
(2- 5 2+3); o) (L238; Lo8), (B1,2B-1) 467,60 o

468. 3 n 4 oM. 469.8 16 cM/c. 470.8 6 em. 471. 1119, 11 5 -9, -11 w9,
-11 m -9, 472, 22,5 u 37,5 nokreil. 473. 6 u 8 cM. 474, 30 dyTon, 475,22 1
2 kM/9. 476.3 1 17 xm/9. 477.18 KM, 6 kM/9, 478,45 kua/q9. 478.15 1
30 km/u,. 480. 6 wen., 59. 481. 21 1 251, Tu fra. 482.6 m 2. 483. 7= 5 cm.,
484, 6, 8 1 10 cu. 485, 40 unu 60 oucroneli. 486. 10% . 487, 2000 p., 11%.
488, Orono 41%. 489, 15 Mun. 490.10 1 15 9. 491.6 u 12 49, 492,30 =
20 nreit. 493. 15 q0. 494, 90 u 60 xM/2. 495,120 xm/v, 496. 15 x 3 kMm/u,
497, 40 1, 498,12 i 18 4, 499, 10 a. 500, 10 x. 501. 2 . 502. 3000 p., 14%.

503. 453. 504. 40, 60 u 48 u. 505. a)(L; 4); 6)(5; 5), (-5; 5), (V1L -2),
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(-V11; -2). 517.2)(2; 2), (2; -2); 6)(0; —2), (1; 3). 518. 4 1 6 cm. 528. 2)(~6; —2),
{63 2); 6)(-1; 3), (1; —-8). 529. a) Pemiennl Her; 6) (—00; 2} U (3; +).

534.8)a=-6,¢c > —%; Bla = -6, ¢ < —%: ra=-6,¢= —i. 548. (0; 0).

9
112\/_

552.a) == 220, 6) xopreit mer. 558. a) (0; ~2); 6)(2; ~4) B) (2 + V2 -2 - V2),

(2 - V2; -2 + J2). 574.2) 2; 6) 4. 577. 8) (2; 8), (-2; 3); 6) (~3; B), (-8; ~3);
B)(2; 1), (-28; 469% D (4 1), (53: -2). 578.a)(L; -2), (-1; -2); 6) (4 3),

(4 -3), (-3 4, -3 -45 9@ 8, (15 -33) 062 -9, (23 47)
579. 8)(3; —1), (1; -3), (-1; 3), (-3; 1); 6)(5; ~2), (25 -5), (-2 B), (-5; 2);
B -1, (4 1), (3:-8), (-3:8) v -0, (5 -3), 2z v.(-Z3).
580. ) 5; -2), (-2; 6) (-5: 2), &5 -6%6) (2 3), (L: 2), (-2 -3}, (-3 -2)
581. ) (4; 4), (4; —-4), (-4; 4), (-4; —4); 6)(2; —4), (-2; 4); &) (1; 3), (1; -3),

(0,95 ~2,7), (~0,9; 2,7 1) (6; 3), (-6; B), (53; -23), (-53; -23).

582. a) (1%; 4%), (-3; 0), (22, §) (-2; -3); 6) (4 + 2V10; -2V10),
(4 - 2J10; 2V10), (2; -4), (-6; 4). 583. TIpu m < 24 . 885.2) (1; —)

1. .1 1,11} (8, 11 4
(-3 -3): 12 8), (3:101). s8s. (33 & —2-). 587. 2. 588. 1.
589. 151 20 oM. 590.15, 30 m 30 cm. 591.6 1 3 coa. 592,15 u 10 7 mam 12
7 12 4. 598. 20 z 30 u. 594. 12 z 18 x/q. 595. 10 u 15 xn/yu. 596.a = 4
nb=5mma=—7% nb=—2%. 6803. a) Ilpe m < —6; 6)npu m = —6; B) upr
m > -6,

I'auga 4
815.8)n=T7;r)n=10.616.8)n =2, n = 4; r)n = 2. 817. a) n = 5; 6; 6) mer;
Byn=1;2;,8;4; 5; dn =1; 2; 8. 618B.¢, = 5,25. 626.4a, =0, a, = -3,
ay=-4,8,=-8,8,=0, =5 62T.b,=4, b, = 5 2 628. a) (-2; 2);

6)(~1; 1} U (5; +<0). 828. a) (4; 5), (5; 4), (—4; -5} (-5; -4). 6)(3; 4), (4; 3).
639. a) e < 0; 6) a — moboe uncao; B) ¢ » 2. 640. a) IIpu g > 0 — BoapacTa-
omad, opy ¢ < 0 — yismalomasn; 6) opu @ > 10 — ydnmaloman, opu a < 10 —
Bogpacraloman. 641, a)a, = 9; 6)a, = 4; B) He cymecTeyer. 842.8) 5, = 0,T;
6) b, = 0; B) Be cymecrsyer. 643. a) (4; 1), (~4; 1); 6) (—1; —3), (-1; 8). 644. a) Z;



426 Oreate

—J2;42; 6)3. 647.6)5, > 140 mpe n > 14. 648.6)c, < 20 mpu 1 > 36.

674. -1. 676.a)(-c0; 0) U (0; 1) U (1; +o0)}, (-4; 0); 6)[0; 1], [0: %]

680, a,y =41, b; = 41. 681. 14; 38; 62; 86; 110, 686. C 13-ro no 32-it. 687. 18,
689, a; =-15. 690.-15; -11; -7; -3 unu 3; 7 11; 15. 693. 2; -2. 6965. 3 xM/u.

698. a) (—o0; —6) U (-1; 1) U (8; +o0); 6}( 1— 1) 698. 396,9 M. 699. 9 paxos.

700. a) 4906; 6) 1665; B) -363; r)-15. 704.a)n = 18, a,, = 13,5
6)n = 12, a, = 20. 705. a) 364; 6) 135,7. 706. a) 44; 6) 32. 707. a) 8; 6) 10.
708, a) 96; 6)90. 709, 35; 637. 710. 7. 711.407,5. 713.a)e, = 16, d = -2;
6)a,=16,d=4.714.a)13;6)2. 715.a, =258, d=-2.716.a,=2,d =3 wm
a, = —7,?, d= 6% N7.a,=-14,d=12mwma, =4, d = 3. 7T18.a)n = 16;
&) n=12.720.a)(7; 2), (2, 7), (-7; -2), (-2; -7); 6)(-5; 1), (0,2; 6,2), (5; -1),
(-0,2; —6,2). 721.Mpzr a = 1 mopu a > 2. 724. 1) 12J2; 6)-8; 8)10; r) b, =8,

q= -;- naun b, =-8, g = ——12- 725. Bo propoM GaHre Goabliue OpMMEpHO
Ha 912 p. 726.a)n = 4; 6)n = 8; B) HeT; T)Her. 727.8)n = 13; 6)}n = @
730.0,= 3, Pu=1.731.0) x = 6; 6) x = 24 wrm x = 12. 735. 26, 736. 2; &;

32 wm 32; 8; 2. T3T. 448. 738, 120; 60; 30; 15. 739. 6; 30; 150; 750. 740. 30.
Td4.2; 4; 8; 12. T45. 7; 13; 19. 7486. 5; 15; 45 win 45; 16; 5. 747.a, = 4,

@y = 6, by = 4, by = 8. T50. 8) (~3; 9); 6) (~00; —4) U (0; +00), T51. a) —403;

9,
6) 22L; o) 1478 1) 2WZ + 21. T62.0)n = 9; 6)n > 10. 754.0)65,6;

6)153,9. 756.2)n = 6, b, = 16; 6)n = 5, ¢ = %; B)q = 3, b, = 55,8 mm
q = ~4, by = 99,2, 757. 5460, 758, a) ?ﬁ?; 6) -189; ) 1098. 759. a)a, = 0,1,

g=2,n="T;6)a,=5,¢=0,2, n=4, 760. % 763.n =6, 764, 6,2, 765. 190,5.

766.q =2, S, = 157,5. 767. 436,8. 768.a) (—4; 11); 6)(—o0; -2) U (18; +x),
769.Ilpn x = —-1,5; —4,56. 781.a)(-1; 1) U (8; +o0); G)(—o0; —-4) U

U (2; 4). 783. a) ~70; 6) —v3; 5)42; 1) % 784. ) 1; 6) %; SE) i’-‘?.
786. 8) 13; 6) 35 2) 15 1) 2. 787.0,=6,¢= 2. 789.a) 4al2 + V2);
6) 2a% ») na(2 + ¥2); 1) —2-. 790. ¢ = %. 791.5,=1, g = g. 792. a, = 6,

1 0. 2. 3 e 8. 3 1 _4
g = E. 793. 48, 12, 3, z H 48, 3. 16’ zm 794, & = 1416, —3.
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795.a)-4; 6; 6)~9; 16. 798.a)IIpr a > 2%; 6)opu 2 - V2 <a<2+42

802. d = 1,5, 805. 140. 809, 666. 811. b, = 127. 812.1)2; 6)3. 818. 8 =
_(m+ ""21)("“ 7 g14. l‘?*"—‘él"l”-. 817.a, = 4, ¢ = 5 wm a, = 100,

qg= % 819.3;6; 12 nmm 12; 6; 3, 823.8)n=9;6)n=1T; 8, 824, 6. 825.7.

329.lima,,=1imb,,=0;limc,,=2.830.a,=48,q—ima, 80, g = %
40
831, 150.

Cnasa 5

834. E(g) = [0; 49]; dyexoua meobparama. 835. E(f) = [0; 81]; dyrrous
obpatuma, 838.8)y =0,lx + 0,1, rae 19 < x < 79 r)y = -8x + 9, rae
1 1

2§ L X 4—3 845.a)y=(x- 12+ 2, rmex < 1; 6}y =(x — 1 + 2, te

x > 1. 848. 81, 847. 84,6. 848. a) (1%; 3%); 6)(-11; 5), (7; 5). 849. %

861.6)y = —va; Ny=%x, e x> 1, My =¥, rme x < [-8; 8} @) y = ¥x,

rge x € [0; 81). 885. 8) E(f) = [0,5; 10]; ) E(f) = [-0,5; 2]. 861.6)n = T;
B)n — m0Goe EaTypanbHOE 4HMCHO, Goasmee 1; r}n — moboe HezZeTHOE
HATYPAALHOE YACHQ, Gogrnmee 1. 863. a)(g — 2Xa® + 2a — 1); 6) (b — 1Ub +

+ 2)(b ~ 3). 8684. (0; 0), (~2; 1), (4; 2). 865.b, =5, ¢ =2 ;mam b, = 40, ¢ =

l\ali"

867. 8) 21; 6) 14; ) 2; 1) 3. 870, 8) b = %: 1)2,5; 2} 1; e) 1. 871. a) —a; ) xy.
875.6) -436%; ) ¥c*; ) Ye+1; ) -Y1- 1. 876. a) 2(a| 5J25;
6) 8ab205%; 5) ;Y1205%; 1) -b‘{%. 877.8) Va; 6) 5. 878.6) (¥ + J§)'s

2 (27 + 8 o (Wa + 26). 879.) (a - ¥ 6) (Wx - 247,
880. 6) aﬁ+a%+Ja_b+#b_s; B)%’F+\%—b+ﬂﬁ; r}a%_*-rb%g:

1"9—, e)J—”’y”"r 881.1. 882. a) ¥ — Va; 6)(2‘4/__‘“1‘)1

Bl #; + 2, Yrasaune K r). [IpencrassTe sHAMeHATeAb OepBol ApobRr

e Y57 + 447 +16 = Y + BYE + 16 - 44 = (47 + 4)' - (%) -
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= ({fy_z + 28y + 4)(@ - 2{/;_; + 4) M COKDATHTE ApOOE, LIPEABAPHTENLEC Bh-
Heca 38 CKOGKHM B UHCINTene MHOMKHTeNb Q/? 884.6)y =1 - Jr-1, rae

x € [1; +=0). 886. 2. B87.1; 2; 4 uan 4; 2; 1. 891. 8) (-6; +o0); r)(2; +o0).
892. a) [0; 10]; 6)[1; 91; 8){0; 23; T} {1; 3]. 885. a) ({2 Y5 6) (8™ 5 (20",

2 FAY A 13

r) (§73,2) . 896. a) (a>™™)% 6) (a®)%; B) (e®) ) (am") . B98. a) 8aZb 2;
1

-3 + 2005 4 05 4 05

. 899. a) “% 5 6) = xo-sgz om T

a‘ + 3
l 1
al + b3

05
6) 0,3 22%y; =) 2“;’

3 2a
. 902, a) x*2%; 6) i, 903. a) oyt

(o - st - o)

(6t 4 2)lch )
(a + b)

r) b“+b" z) ™t — 2@ + 0% @)
az

o2e-2) 1}2 . 904.0,905.0)4 - 5" 62 . 906.8) ot +2;6)

i

2) ——L—i 1)-4. 907. 0. 908.) a; s)s . 918.5)2;

(:rcE - 4)

6) 2. 914. 6) (—o0; ~5) U [2; 5). 915. (1; 4); (4; 1). 917, a)6; 6)3; B) 8; 1} 5;

B)1; 1)

2 J_ 2+J_, €) 0. 919. a)4; 6)4; B)4; 7; 1) 2,8. 920.2) 3; 6) 4; p)-L.
921.&) 1; 6561; 6) 625; B) 729; r)64; 4096; 1) -2; 6; T; €) 2; ) 3; 3) 2, 922,8)0; 3;
6)4,5; ») 2YZ; 1)8. 924.2)7; 6)5; 5) 0; 2; 1) 3; 45+ 925.a) 5; 26; 6)10; 22,

926. a) -8; —%; %; 8; 6)-27; 8. 927.a)1; 6)-2. 928.a)-T7; 4; 5; 6)}-2; 3;

B)—9; r}-2; 0; 2. 929, 2} Q; 4; 6) 8; 11. 932. ¥passeHNe NMeeT TOJOKATENL
ERI# KOPeHb ~g PHa< On g e 0. 934. a}{0; 25); 5)[16; +oc); B)[5; 9);

TH35; +00). 985, a)}(~10; 9] U [1; 2); 6} (-20; 0,5) U (5; +o0); B)[8; +oo);

0 (7 11). 987, &) [4; +0); 6) @5 #)[4; +o0); 1) -o0; ~2]U (104 +o0).

030.0(25 12 6 (s l=10) v (L7 od; ygs; ooy
(5+J_ }

1) s +00 | 840. a) (1; 1206); 6)[0; 64) U (729; +00); 5)[0; 27); 1) (L; +20),

941. 8)[0; 2); 6)[3; +00). B42. a)(4; 40) U (68; +00); 6)D; B) (o 43+5‘/_,

1) (0; 88 + 17J5).
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943. a) L% 21; 6)12,5 31. 944. a) (~0; 8); 6) (~4; ~3) U (3; 4); B)[-3; 2] U
U [T 8 TH{=T; 8). 946, {-5; 5}. 947.a)[-4; 20); G)(—oo; —T] U (28; +o0),

948. a) (~o0; 2); 6)(~o0; —16] U {0}. 95L. (~6; -2), (6; 2), (-4v2; 22),
(4V2; -2V2). 958.a)y = ¥x + 2 6)y=(x— 1} + 2, e x > L B)y = %x + %,

rrex#lmx#-3;y=+Jr+1, roe x = 0. 957. a) f(@(x)) = x, rae x = -4;

N =x -2, taex > 1. 958.8) D()={x|xcR, 222 E(N={y|y R,
y#23. 988 a)x=-2;6)x=-3. 980.x=-6,.968.a=-1; 0 =1, 970.a) 1;

6) 4436. 971.2) V3 — 1;6) V2 ~ 1. 972. 33...3. Vrasarue. [Ipegcrasse

DOAKOPERHCE BMIpAXKeHne B BIAe %(11...1 - 33.38 + 333) =

10" -1 10" -1
g 379 *3 7

BIEN
-3

= %{10" - 1}8. 978, a) _%’m{b‘i; 6) g&?’&; B} ﬂmabs; I') -E’?‘I&be_.
974, 5) —3a¥2a; 6) 25435; =) —ab¥_ab®. 977.6) (a2 + Vo 1. 978.6) (¥ + 97 .

J;+JE+1
979.—@

g. 984. x. Vx asa g ue. OG03HATHTh AaHHOS BHpAeHENe Syxnol a

] 27(103" 210 +3.10° - 1)=

. 981.a)0,02; 6)5; B) 18; 1) % 983, a) x>y 6) y:

B) -

¥ ofie MACTH BOZBECTH B Ky(. PemuB moIyveEROE YpPABHEHME mocnremao x,

naiigen, 1o £ = a. 986, 8) 2; 6) -9; 8) 7; 8; r) —8; 18, 987. 2) g*:

1

1 ]
990.a) 2%; 6) Z2E L2, 992 ) |Va-4+2| + |Va-4-2|, ccnm

x*+8

2J_ 2f

4<a<8,mod;ecnna »8, 10 2a— 4. 994, a) -——; ——; 6)D; B)-1; 0; 1;

) 1; 8. 998. ) 7,5; 6) 2; 3; B) -2V8; 2J5; r) —/3; J§. 996. 2) (81; 1), (1; 81);

6)(16; 9), (9; 16); 8)(1; 4); r)(41; 40), 997.a) 3; 6) 4; ) -1; 1; r)-32; 32.
998. a) ¥ » a5 s 51 e. [logcranosroli ylemasemca, aro x = 1 He ABAACTCH KOPREM
ypaBRennd. Ilpn uwerHOM n olmacTek onpejeneHusA ypasHeams X = [-1; 1),

opm medeTHOM 7t HMeem X = R. Pasneims ofie wacTm ypaseenma ma Yx? -1,

x+1+ x-1—4ﬂ _ax+l
x -1 x+1 -+ Momnny—d—x_l,nomuypasaenne

TOAYIHUM:
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P-4y +1=0. Orcona y, = 2 - /3, y,=2+\/§. Bunonnes o6paTRyL

2-¥8)+1 _ (2+J8) 41
(2-v3" -1 " (2-43) -1

¥PABHCHHE EMEET OAHH KODEHb X, TaK K&K X, > 1; TUpH He9eTHOM n —

158]
[

(1_—_4_5) -1 (M) -1
= Xy = _2—; ecln B — HedeTHOE YHcIo. 999, a) %;

N P

BAMEHY, HAXOZHM: X, = » IIpx qeTHOM R

OBA KOpPHA: X, B Xy G)x = s eCAHm R — YeTHOe YHMCHO, X, =

6) 13: 8)4; 4; 1)[2; +o0). 1000. a) (L; 8); (8; 1): 6) (4; 1); (-9; -%). 1001. a) 1024:

6) 64. 1002. Ecaz ¢ < 0, To kopreit BeT; ecrma =0, To x =0, ecnz a > ), To0

5=0nx= % 1008. a) f—g YxasaEne YMHOELTe obe UacTH ypas-

HeHHA E& Jx + Jx (D0 yenosmio x % 0). YOpocTes, DOIyYMNM ypasHeHHe

2Jx -1 = 2y —1; 6)25. 1004, (35; —29). 1005, a)(—c0; —2] U [5 51‘;)

6) (—oo; ~3]. 1008. a) {~c0; ~1] U (0; 1); 6)[-8; 0) U [3; +o0). 1007. a) (4; B),
ecay n — ueTHoe qucio, (4; +00), ecnn n — HeueTHOE uucyo; 6)(20; +90),
ecIH n — YeTEoe uHcio; (19; +o0), ecma n — reuernoe uncao. 1008, (—oo; 0) U
U (1; +o0). 1009. a)Ecan 2 < 0, 10 pemteHnii geT; eciz @ > 0, To [2; a2 + 2);

1 e +1,
f)ecrz a < 0, To §; +ool; ecam a > 0, To —3 +oo). 1010. Ecana =0,

TO pemenul BeT; ecan a > 0, To [—% ] 1011, (1 6- J_)

Tnara §
1044.3)2,5; 6)0,5; 8)4; 7) _J'§; 1) 3; ) 2; =) 6; 3) 1. 1045. a) %; 6) %; B8)2:
10 1) -3 ©) iag-: ) 3; 5 V2. 1048.0) L3, 6)1; 5)0; 10, 1048.0)-2;
4 6 2
6) 1. 1053, a) 2; 6) —%- 1085, a) Her; 6) nput Ja| < 1; B) mer; 1) a. 1089, 10 n

15 u. 1063.a) 0; 6) 0; B) V3; 1) - 2J— 1084. 12 xm/u. 1105.a)0 < x < 6'



OmeTm 431

g <r<FnF<r<i N0<r< g 1107.a)216) 4—3%; s) 121;
). 1113, % 1114, Kopreit ner. 1123.6)0; 5)0; r) 2 ctg o 1124. a) —1;
6) VZ cos o 1125, a)~2sin’ a; 6) 2 tg? . 1126. a) 0; 6) 2 sin’ o; B) 2 cos® o
r)2cte 0. 1182.) 1; 6) 1. 1133, 2)8; 6)5 m 9. 1138, 8) x = 1n, x = 3 + 21,

rae n € Z; r}x=m,x=% +nn, roen €Z, ll40.n)x=1t+21m,x=:t% +

+ 2nn, rae n € Z. 1145, x + y. 1147, a) —cos® o, 1152. 8) 2 ctgf o; 6)2t¢a

1159, a) 2 sin® o - 16}00183,1200:;“ )tgg+:' >i+§§§2

1166. ) — 3,

6) -2—, 5) -.f, )1,2. 1167. 2) 0,8; 6) -8. 1168. a) sin? t; 6) ~cos® &; B) 2“;.

r) ___T_zsma 1169, a) tg «; 6) —ctg «; B) —tg «; r)etga. 1172, a) sin® a;

6) cos® ¢; B) —sin? 1; T) —cos? x. 1178. a) m? — 2; 6) 1 — p. 1180. a) x* = 1 + 2y
Oy*=2+2x1183.a)x = §+21m,x 2rn, raen € Z; 8)x=nn, tae n € Z;

B)x = % +2nn,x=%+2ﬂn,x= %:' +2rn, Tne n€Z; Nx = E + 2nn,

3+3J' —BJ2, . 4-62,
;62 5 815

‘“12"_ 1138a}‘r 2, "_ J' JG_“F 1190&}‘[_
i

+cosa),6]—(mnu+ooea) B) (J_oosa+smu) r)l(cosa—-\fgsina].

x=%+2nn,rnenez 1187. a)

r)

(sino+

1192.4 )2, 5)‘/_,3)£ 1)0. 1193.a) - 2, 6)0; )"_, p)-‘/_ 1194, a) cos 03
V3

6) - sin o; B) V2 cos a; T) %sin a. 1196, a) cosy; 6) —sin7y; B) cos ¢

2J10 - 2
9

r)cos 2y, 1201. 1. 1202, . 1204, 8) x = ],.i)ﬂ + 2nn, rRe n € Z;

6)x = "E“T" + 2mn, x = ~3An + 2nn, rRe n € Z; B)x = T0° + 360°n,

x=160° + 360°n, tae n € Z; r)x = —20° + 360°n, x = 40° + 360°n, rme n € Z,
1206.a) 2 - +/3; 6)2 + 3; B)-2 — /3. 1208. a) tg o + tg P; 6) te? o — teg* P.
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1212, ) 1; 6) 1@;@3, 2)0; 2(1—+té"§—25‘-‘1 1216.0)1 - tg$; 6)tg B

1217.2) 22 -2 6) V2 u —2; B) V2 & —/2; )2 m 2. 1221.a =8, b= 12

@ =-3, b=-12. 1224. -2—2‘;; %; -3% 1225. ig, %, 11;9
1227. 1) 2tg o 1228.8) —(cos # + sin #); 6) 2 sin ; 8)cos o 1) 1; &) cos 0.
1231.2) tg %; 6) cos% +aind; ») 3 otg 205 1) T 1234, 2) —co0s 4%
6) sin? 12°; 5) -cos 20°; ) cos 10°. 1244.8)2 1 1; 6)1 u 3. 1248.(0; 0),
(-2; -4), (3; -1,5). 1250. a) cos 5° 6) 3 cos 70°% =) /3 cos 50°% T)sin 48°.
1251. 2) cos ; €)sin o ) cos ;) sin . 1234.6) 4 cos (30° - %]ms(tiﬂ“ - %]

x - 45° x + 45°

e) 4 sin 3 7 1255. B) sin (60° — x) sin (60° + x); r)sin(x +
+ 45%°) sin (x — 45°). 1256. e) sin 28a + sin 2b; x) - oos2m + ;oos2n

1258, a) ctg 2x; 6) —tg 2x; B) —ctyg -2-; r)ty -2—. 1260.a)x = %nn, x=n+ 2nn,

N SN - S ) x=F4+%n = F
rnenez.ﬁ)x—5+ 5n,x—2:m,rgenez,n}x—4+2n, x—2+1m,

rze n € Z. 1267. g < x< 1. 1274. 8) (m + n)%; 6) (x — y). 1277. a) -2 *2‘/5;

6) —-—‘/2—5—; B)1; ) ——— J_ 1286. a) 204°; 6) 95°; B)—140°; r) 350°. 1287. a) 0;

6)0; e} -1. 1289, a) ctg® a; 6)~sin’ o; 5) Z; )sin o ~ cos o 1291, a) 1= mz‘
5)3"”5”' 1292, n? + 2, n(n? + 8). 1297.a)1; 8) 3; 1) 2,5. 1303&)%%

1+nyJ3 ctgactgh-1  ctgactgP+l . sinfa+
6) e 1307. ») ctgatcigh’ ctgP-ctgo %) sine - p)’

ﬁ% 1321. 8) 2 cos o: cos 2; 6) V2 sin o sin 20.. 1328, 1. 1329 cos -

Taaea 7

1337. a) 120; 6) 5040. 1339, 24. 1342, 24. 1344, a) 28; 6) 42, 1345. 48 cmo-
cobamu. 1348.P;- P, — 1 = 17 279, 1348, 2664. 1349.a)a =25 npr n = 4;

Gle=121mprn="56. 1850. 2) x = T; 6) x = 7. 13562. ITpn ¢ < 1. 1358. I:; i)
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1355. A}y = 720. 1356. 1680. 1359. 151 200. 1360. 95 040. 1361. a) 280; 6) 720;
£) 10, 1362. a) 24; 6) 24; p) 12; 1) 12. 1368, A} + A? + A} =259. 1364.a)n =3;
6)n = 6. 1365. 1. 1366. 3" = 531 441, 1367.a)5 + 2V8: 6)8. 1370. C3 = 15,
1371. C}, = 45. 1872. C%, - 12 = 54. 1878. C¥; =24 310, 1874. C§ + C§ +
+ G+ Ci=161+CE+ C+ !+ ¢} = 27. 1876. a) 25; 6) 2V,
1877. C% + Ci + Ch + C} = 502. 1378. a) 6; 6) 4. 1379. C} = 220.
1380.a)n=6;8)n=T; B)x = 10; r}x = 11. 1381, 17 wenopex. 1382.2n =1;
2; 3; 4; 5. 13886. 102. 1388, p) %; ) %- 1390. a) %: 6) %; 8)0,3; 10,7,

19 1 1 2 14 3
1301. 35 1392, a) g; 6) ig; B) 9 1393. ¢ 13 = a3 1394. a) 2—3;

67 3 7y 1395, 5 1896, g 1897. & = g5 1808, % - L

1399. a) g; 6) % 1400. 3_56 1403. a){-2m; -] U [0; ] U {2n}; 6) [-—21:; —3—2"} u

v [ -2 v o] v 30 im0 [-2m 3] U [0, 2] U tem,

oo

1 1 2 5
1404. 2) §: 6) % 1405. 0,7, 1406. a) 11-2-; 6) -g% 1407. a) E; 6) —9; B) Tg;

r) % 1408. a) %; 6) g; B) %; r) g. 1400. 28 1410.1 - %i =%'

=

1411.0,28. 1413.[-0,3; 1). 1415. % 1416. . 1417. 5. 1418.0,5894.

-

5 1
+ 1422, 144’ 1423. 24

1424.1; 4; 7. 1425.(3; 0), (3; -2). 1428. a) J; 6) 5. 1427. 600. 1428, 101,
1429. 360. 1430. 131 5. 1431. 61- 101. 1432, a) 120; 6) 240. 1433. 27,

1434, 64. 1435. 243, 1436, A%. 1437. 2(n - 1)1, 1438. a) 3P, = 360;
6) A} - P, = 144, 1439, 1440. Af - A%, 1440. 8. 1441. C¥. 1442. 210 wne-

&= &I~

1419. a) 0,912; 6) 0,998. 1420. 0,98. 1421.

HOB. 1443, n = 15. 1444, % 1445.1 - S o 0,04. 1446. 1L 1447 0,88.
Com 12

G 1 1 -0 45, Cch-¢¢ 2

1449. & = 7- 1450. 5. 1451. a) =& = o 6 5= = 51

11 1, 1, .2 17
1452. T3+ 1463.a) 35 6) 55 5) 5 ) 35 1464.0,8. 1455. ) P(4,) =
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4 8 18 8
=%'14—1‘F) = 185° P4 U A) = jgg5 BIPA, U4, UA4)= g5

2)* _ 609
1456.0,6. 1457. 0,95. 1458.1 - (2) = 532 ~ 0,97.

OrBersl K 38Ja9aM NOBLINISHEOR TPYJBOCTH

1459. YV asaraue. IIpunegare panercTeo k ugy (a + da + c)(b + ¢} =0.
AganoruuaumM ofipasoMm npeolpasyiiTe BTOpoe pasencTso., 1462.1a)1; 2;

-11 - Y118, -11 + 113
2 )

. YRa3aHEHe, PasgennTe YHCANTEAL B 3HAMEHA"

1
Tens Raxmoil apodu Ha x; 6) 3; 3 1463. a) Y xasarue. IIpubasste & obe-

2
MM ZACTAM YPABHEHHMA IO ?2:‘_—1: 6) —g‘; 5; —%; % Yxazannme. 3aMeHnTE

x + 5 HA ¢ B pemmMTe OTHOCHATEALHO X HOAy4YHBImeecs OmKBanpaTHOe ypas-
1 1 1
Herme. 1464, a) x = ab + ac + be, ecom a+b T atec T h+e

1 1 1
nnoﬁoemcno,ecnna+b+a+c+b+c

=0 x—

=0. ¥Yrasarue. Ilepenecure

BCe WIGHK! YPAREEEUA B AePYI0 YaCTh ¥ CIPYINIADYHTe NonapEo; B)x=a + b+ ¢,
1 1 1 1 1 1

ecnn 3o t2e T hre # 0; x — moboe uncno, ecan B + ac + Pre =0.

Vrasanume. [TeperecuTe Bee wieHH YpABHEHHA B JeBPYX YacTh M Opel-
CTABLTE E€ B BAAE CYMMEI TpeX caaraeMux. 14685. ¥k asanne. Ilpeacrass-
Te YPABHeHEE B BHAE KEAAPATHOro m OpeofpasyiiTe ero HCKPHMUHAHT.
1468. a) (—%; l); 6)[-2; 1). 1467. a)a € (—6; 6); 6) e € (—6; 2). 1468. ¢ € (-3; 6).
1469. a) (2; 2); 6)(1; 1), (-1; -1). 1470. (—J§; 4). 1471. a)(2; 1), (-1; —2)%

6)(2: 1), (1; 2), (-8; 0), 0; -3), (1; -2, (-2; 1). 1472. o) (85,010, 2+ 410},

(6 "2‘/1_0; 2 '2‘/1_0) Yrazaune, Obosuaysre x — y Gyxpoil 2 n nocnons-

ayitrecs MOHOTOBROCTEIO dVHRIERA f(2) = 25 + 627; 6) (0; O); (2 + J§; 2+ w@)

¥xasaHEe. BeaTas m3 mepeoro ypasHeHHMS BTOPOE, NONYUHTE YpPaBHe-
mme (x — y)x? + xy + y® - 2x — 2y + 2) = 0 m gorasxETe, YTO Bropoil MAL-
JKUTENL B JEBOH YACTH 3TOr0 YpABHEHHEA NPMHEMAET Opu MO0HX y TOI0MY-
rTennELIe sHadennn. 1473. He cymectsyer. 1474. ) (6; ~1); (=6; 1); 6) (6; 6);

(1,5v5 - 1,5; —1,5V3 — 1,5); (-1,5V5 + 1,5 1,5V5 - 1,5). Yrasarne, Ipa-

BeINTe YDABHEHMe K LEJIOMY BULY ¥ BBEIHTE NepeMeHHME U= X + ¥, U = XY,
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1475.(5; 2; 7), (6; 7; 2), (T; 3; 4), (T; 4; 3). 1476. a)(3; 3; 3); 6)(-8; 8; 8),
(B; —8; 8). 1477.a)(a2 - 1; a2 + 1) mpn a = 11, pemreHnit mer npa a = x1.
1478. 8) (2a — 2b; 2b ~ a), (b - a; 2a - b) opn a # b, pemieHwit HeT Opn & = b;

6)(%; b) opu ab # 0, pemieAnit ger npu ab=0. 1479.-1,0,1,2am 2, 1, 0, -1.

1480. Yxkasasue. Bupasrre b —cuepesm, kud;c—avepes B, pud,a - b
yepes p, m u d, TAe d — pasHOCTE mporpeccas, 1481, —4, 2, -1 ywmr -1, 2, —4.
1482, Vransazue. JooTpoiiTe faRALI TPeYroALERK IO NapalleJOrpaMMA.

1484, 20010 —811} — 18“. ¥ ransanwe. [Ipeobpasyiite Bupaxenne 985, rae

8§ — mckomad cymma, 1485, d =0 mmu d = al(-2 £ V2). 1486. z,=(2n - 1)%,
1487. ¥k asa® # e. [IyeTh BEIeNeHH TPH HOCASAOBATSIBHEIS IDYIINLL, COMEP-

JKAMMe IO 7 WIeHOB, S, 8%, 87 — cyMMHK ux wieHon. Obosradus Oykpoil a

YHEIo, ¢ KOTOPOro HAMMBATCH NepBad IPYINIA, a OYKBOH ¢ — SHAMERATETh DO~
nnt + 1)
-

rpeccHH, Haiimrre S°, 87, 8% ¥ cpABEMTE OTHOIICHAA %'- n %:' 1488,

1488, ¥k a3 a B ¥ e. [IpencransTe NOKASATENE CTEIIEHH B BUAE CYMME! MIEPBHIX
1 HATYPAnbEHX wncel. 1490, ¥k asan e, BocmoabsyliTeck MeToROM MaTe-
Maruueckoil EEAYROEE, 1491, 2J/2. Yrasamue. B BRIPAJKEERE NS X 3A-
MeHETe cyMMy apobeit gpobrw. 1492, a) 4; 548; 6)0; 63. ¥xasaune,
Paspenmre ofe uacTn yparuenus Ha (63 — x)?; 8) 2; 28. Vrasanue. Bre

u+v=—lg,
w
WP =2,

fmTe mepeMenEe & = Y20 — x nv= ¥x - 1 u penmrre cucremy

a
1493. a) 49; 6) 1-21—7. 1494.a)8; -1 opn a=1; -8; 1 npr a = -1; (a + %)

mpu @ # 1. YVrasanane. HenonssyliTe Tomugectso m® + n? = (m + n)® -
- 3mn{m + n); 6) % ¥Yrasarne. Pasmenvre ofie gacTH pABeHCTBA HA

a+x
a-x

3

a? - ¥* u BBe UTE NePEMERHYIO [ = . 1495, a){-1; +o0) npu a < 0;

(-1;%2.- 1) 1pm a > 0; 6) (~00; 2] mpxt & < —1; (2 -m; 2] mpaa > -1,

1498. Yk aszanu e, IlepeHecuTe Bee WieHH B NPABYIO YACTh K TpeNCTABHTE
ee B BHZe CYMMH KBaapaTos, 1497, Yk asa rue, IIpencTapnTe DOIKOPEHHCE
BHIPA;XEHHAE B EBAe ONponsBencHns fApoGeil. 1498. Ve asamme. IIpeacraBrte
mPeempe(1-n)-(2-(n= 1) ... {n—-1)-2-(n— 1) n BocnonbIVilTeCH TEM,

Jat =
qro kB(n — k + 1) > n. 1409, GT4. 1508. Y asauune, Hewmoune pynk-

upn yraos P u v, npuoure K ypapEeauo sin' — 3sin’? + 1 =0,
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NPUNOXEHMUE

METOAMYECKME KOMMEHTAPHM ONA YYUTENRA

Janasiil yaeOHHMK 3aBepmraeT Kypc aarefpsl And yyamuxca 7, 8 m
9-ro KJIACCOB ¢ YZAYyOAeHHbiM M3YYceHHeM MaTeMaTHKH., CoaepicaHHAe
BCEro Kypca, B yueOHHEKAa «Anrefpa—9» B 94ACTHOCTH, OOJHOCTHIO
COOTEETCTBYeT COBDEMEHHLIM 0GDA3OBATENLHEIM CTAHAADTAM, & TAK-
e BRJICHEET B cefA IIMPOKHN KDPYr AOODOJHMTEeNABHBIX BONPOCOB.
Ioppofuste 06BACHATENLHEIE TEKCTHI NOSBOAAKT YUAIMUMCA yCOem-
HO B3YYATH MaTepHanx yueSHUKS AasKe CAMOCTOATENLHO, a ofunme
NMPAKTHYECKOTO MATEPHANA — MOPOYHC OTPa0ATHIBATH NPHEMBl pelle-
HHY PA3JIHYHLEIX 33J8HMH, CPeAl KOTOPHIX HEMAJIO 3eJa4 IIOBLIIICH-
HO#t CIIOACHOCTH,

MeToamueckoil 0cofeHHOCTLIO KYPCA ABIACTCA PUCWUPEHUE Mpa-
FUYLOHHDBIX YueOHbLX MeM 38 cUeT TeoPeTHKO-MHOMECTBeHHOMH, Bepo-
ATHOCTHO-CTATHUCTHYECKOH M HCTOPUKO-KYJALTYPHOHN JuHuit. Obpare-
HHE K TEOPETHKO-MHOYKECTBEHHOMY NOSX0AY B H3JIOMKCHUHN HEKOTOPHIX
BOIIPOCOB CBSI3AHO HE TOJNLKG ¢ TPeGOBAHHAMHE IPOrpAMMEL YIIy0neH-
HOTO MSYYEHEA MATEeMATHKHE, HO H ¢ yA0GCTBOM TAKOTO HOAXOHA OPH
BBEJeHHMH, Haupmmep, QYyHKIEE KAK COOTBETCTBHA MEMTY MHOMECT
BAMY, PABHOCHIBHOCTH ypaBHeHHNit H T. n. HoBwie cTaEAapTH MaTe-
MaTH9ecKore o0pa3oBRHMSA 3ACTABJAIT HHAYE BIMJAHYTH Ha CTATH-
CTHEY, KOMOHHATOPHKY H TEOPHI0 BepoATHOCTeH. JTOT Marepmarn,
AOCTATOYHO HOAPOOGHO HMBNOMKeHHBIH B yueOHHRax 7—9-ro Kiaaccos,
0 MECHHIO ABTOPOB, ACJMEH OPrAHHYHO BIJIECTHECH B 00IIYI0 KAHBY
MBJIOKeHUA TPaAMIMOEHOr0 MaTepHrasia, He BRASAAACH B OTAENbEBIR
WIKOJbHLIN OpegMeTr,

Croenmdrueckoit ocobeHHOCTEIO yueOHRKOB «Asrefipar naa T—9-x
KJAACCOB ABASETCA BBeleHNE B O0GBACHHTENLHBLIE TEKCTH HCTOPHIeC-
KOrc MaTepuaaa, & B NPAKTHYECKHI MATepHan — 3884 B3 JAJEKOTO
OPOTLIOre, ABRTOPH YBepeHRl, YTO HAJHYEE IJMEMeHTOB HCTOPHM3MA B
yaeOHHKe cAenaeT ero Gojee NPHBJICKATEEBHEIM JJIA YIalIAXCA, JACT
BOSMOKHOCTE YUHTENO dame ofpamars BHUMaHHe IMKOABHUKGE HA
OfIeKyALTYPHOEe SHAYCHMe MaTeMaTHKHE. EcrecTBerHo, Oes gomonnu-
TeJbHBIX PACCKA30B YIUTEAA B JOKJAA0B, cooOlIeHHH ydalmxcs Ha
YPORAX ¥ IIKOJABHHKOB HE MOYKET CHCYKHTHCS HeNoCTHOM KAPTHHH
PASBHTHA MATEMATHKI.

Vueburr «Anrefpa—9» coJepIiKHT CAMEIe DA3HOOOpASHEIE IO CTe-
IEeHE CJIOMKHOCTH YOPAYKHEHWA. 3HAA BOIMOYKHOCTH YIAIIMXCH, YiH-
Telb MOMKET KAKHE-TO 38Ja"H NPOOYCTHUTH, & KAKHE-TO NPEAIOXRHTE
TOALKO CHABHBEIM yIeHHKAM. K aTHM sagauaM MoxHO 6yIeT BepHYTh-
cA No3Xe, BO BpeMA HTOTOBOTO NOBTOpeHMA. Ho6GaBMM, IT0 KojHYe-
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cTBO 3agay yueOHrKa — H3bBITOUHGE, 1 AnA GHOPMUPOBAHUA Y INKOML-
HHKOB CTOHKHX yMeHHEH M HABRIKOB peilleHHe BeeX 3ajau He ofasa-
TeJILHO. BoJjlee TOro, HEKOTODEIN TeOpeTEYeCKHH MaTepBaJd TaKXKe
MOJKHO He PACCMATDHBAThL HJH PACCMATPHBATL B O3HAKOMHTEJILHOM
naagEe,

B uaaarenbcThe «MHeMO3HHA» IIAHUPYETCA BHINYCK AHAAKTHYE-
CKEX MATEPHANOB ¢ KPATKHMH MeTOAMYEeCKHME KOMMEHTAPHAME JIA
yuaTens K ZaHHOMY yueOHHKRY, a TakKe « KHUrH a4 yuHTensas. Tem
HEe MeHee HHMKe OPHBOGANTCA OPHMePHOe NOYPOYHOE NNAHKPOBAHHE
ana pabotTH B 9-M KJIacce, pACCUHTAHHOe HA § YpoKoB aareGphl B He-
Aemo. B 9TOM NAARHPOBAHME OTCYTCTBYeT TPAZUNEOHHOE NRA HAUA-
Ja yue0HOro rofia NOBTOPEHHNE: 3ASMEHTH ITOr¢ MOBTOPEHHA BHJIIKO-
YeHH B yueOHBI MaTepuaJs Bcero ydeOHoro roga. B xoHne xexpoil
[JIABBI Ieped KOHTPOJbLHON pafoToif 3aNMaHHPOBAH OJUH YDPOK A
06001eHMA H3YIeHHOrO MaTepHass, o003HaYeHHEI KaK YDPOK pelle-
HHA JOIOJHHUTENBHBIX YVIpaXkHeHH K I'aasbe.

NMPUMEPHOE NOYPOYHOE NNAHUWPOBAHME

5§ vacoe 8 Henemo, Bcero 170 wacon

e Hayuaemuili marepunan Kox-so

ypoxa q3CoB
T'napa 1. ©ysxumn, HX cBoiicTea ¥ rpadaxn (22 )
$ 1. Cpoiicrra dyarmmii (10 )

1, 2 | Bospacrarue n yGrpanre byEruni (o. 1) 24
8,4 | CeoitcTBa MOHOTOHEEIX QYHEIAHA (m. 2) 24q
5 Camocmonamenrvnanr patoma MNe 1 lyq
6,7 | UerHnie H BeueTHme pyERkmER (O, 3) 24
8, 9 | OrpsEnyeEane m HeorpaEmdeEENe GyERoAnR (n. 4) 2yq
0 Camocmoameavhan padoma M 2 la

§ 2. KeagpaTnunas bymenas (5 9)

11,12 (Dyaemue y=ex, y=ax®*+ne y=(x~ m) (0. 5) 24
13, 14 | Ppadmx u cpoficTea KBagpaTHusEoll pyEKOUR (0. 6) 24
15 Camocmoameasnas paoma M 3 13

§ 3. [Ipeo6pazonanua rpaduxor ¢ysxuni (7 1)

16, 17 | PacTsmenue ¥ coraThe rpadmros dyErmAl
K ocm opaumat {I. 7) 24
18, 19 | I'padmxn dynrnmit y = [f(x) = y = f(x]) (n. 8) 24

20 Camocmoamenvias padoma N 4 lu
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IIpodorscernue malaulv

M HayuaseMruiii MaTepman Koa-2o

YPoKa YACOR
21 Pemerre AonoqBEMTEeNEHBIX YIpa:KHeHHH K raase 1 lu
22 Honmposvnaa patoma Ne 1 lu

I'nasa 2. ¥parEeHEHA ¥ HepaBEECTBA
¢ opBoii mepemenHoH (29 u)
§ 4. ¥Ypasnenuns ¢ onsoit nepemennoii (9 1)

23, 24 | Llenoe ypapueEnme K ero KOpHH (1. 9) 2yq

25—27 | Ilpmemu pemerns neanx ypasrenmi (o, 10) 34

28—30 | Pemenue apoSrO-panEORANBHERIX ypasmerwi (m, 11) 3y
31 Caxocmosmenvnas patoma M 5 lu

§ 5. HeparemcTBa ¢ 0ROl nepesmennoi (6 )
32—34 | PemieEne HEes X HEPSBEHCTB

¢ oxHoil mepeMenHol (. 12) 3u

35, 36 | Pemerne ApoSHO-pANMOHATLEBIX HEDABEHCTE
¢ oxHoil mepemennoit (m. 13) 2q
a7 Camocmosamenvian paboma M 6 ly

§ 6. YparEeEns H HePABSHCTBA ¢ MEePEeMOBHOMH
nog 3EaxkoM Monyad (6 u)

38, 39 | Pemenue ypasHeHEUMi ¢ TIepeMeRHOH

mon sHAaKoM mopyas (O. 14) 2q

40—42 | Pemesre HepaBeECTB ¢ NepeMeEHOH
nozx aHaxom momyad {o. 15) 3ua
43 Camocmormenonar patoma N 7 1l

§ 7. ¥YpusBenus ¢ napamerpamu (8 u)

44—46 | llenne ypasHeHua ¢ nDapamerpaMm (o. 16) du
47, 48 | HpobEo-panEoEsIsHEE YPABHEENS

¢ napamerpaMu (0. 17) 29

49 Camocmoamenvian pafoma M 8 1=

60 PemeRne JOOONEATENLHAKX YOpaykKHeHEHH K riase 2 1y

51 Konmpoavias patoma M 2 lyg

I'nasa 3. Cueremn! ypanBeHHH H cHCTeMKl HepaBeHCTB
¢ apymd nepemennsivME (20 d)

§ 8. ¥YpapHeEHA BTODOH CTeNeHH
€ AByMS NMepeMeHBLIMHE H HX cHcreMsl {11 )

62 ¥pasgenne ¢ ABYMA DepeMeEELIMH
H ero rpadpuk (o. 18) 1a
53 CHcTeMa ypABHERMH ¢ ABYMA HOepeMeHHEmIMM (0. 19) 1u
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Ipodorsenue mabauyve

° Hayuaemirii maTepHan Rox-0
¥DOKa HACON
54, 55 | Pemerne crcTeM ypasHeEWi

¢ AByMS OEpeMeHHRIMM crmocofomM moacTasoBRE
n coocobom caoserna (n. 20) 2g
56 Camocmonmenvran patoma Ne 9 luq
57, 58 | lpyrue cooco0R pemeHMsA CHCTEM ypaBReHEH
¢ AByMSA ODepeMeHHNME (o, 21) 29
59—061 | Pemenne aagay (m. 22) 3u
62 Camocmormeavhanr pafoma M 10 14
§ 9. HepaBeRcTBA ¢ ABYMS NEPeMemHBIME
H MX cHeTeMEl (9 1)
63 JInmelinoe HepaABEHCTBO ¢ ABYMA IepeMeHEBIMH
(m. 23) 1ua
64 HepapeRcTBO ¢ 0BYMA NepeMeHHBIMH CTeIeHK
Bulme oepeol (m. 24) 1a
65, 66 | CrcTeMa HepABEHCTE ¢ OBYMA IepeMeEHEIME
(. 25) 29
67, 68 | HepaBeHCTEA ¢ JBYMA IepeMeHHBIMH,
comepyKamue sHa¥ Moxyaa (o. 26) 2y

69 CanxocmosmensHan padoma M 11 1w

70 Pemenne JONOJHEWTEILAKMX YVID&RHeRHH K raase 3 1a

Tl Konmpoavrar paoma M 3 1l

Tnaea 4. [TocaegosaTeasnocTH (26 9)
§ 10. CpoiicTea nocnenosatTensmocTed (8 )
72,78 | Yucnosrle NOCIeAOBATENLEOCTH.
Coocofel 3aJaBEA DocaenosaTensHocTel (o, 27) 24
74, 75 | BospacTazomne ¥ yGrIBAOIUE
nocaeAoBraTebHOCTE (1. 28) 2q
76 OrpainueHARe X HeOTDAHWICHHEEIE
OOCIeAOBATENLHOCTH (I, 29) 1a
T7, T8 | Meroa MarTeMaTrdecKoil nEayxIEN (n. 30) 24
79 Camocmoamensias padoma M 12 1y
§ 11. Apudmeraueckas nporpeccns (5 u)
80, B1 | ApEdmernaeckad OPOrPeccHA.
Popuyna n-TO WieHA apRpMeTEIECKOH
oporpeccan (o, 31) 24
82, 83 | CymMma mepBHIX N IIeHOB ApuibMeTHIecKOH
mporpeccay (m. 32) 29
84 Camocmosmensrar patoma N 13 1y
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N n & Kan-so
ypoKa aydaeMIIl MATEpIAN 48COB
§ 12, I'eomerpugeckas mporpeccad (6 =)
85—87 | leoMeTpHMecKas NpOrpeccHs.
Qopuyna n-ro wWieHa reomerpHYecKol
nporpeccun {11, 33) 3u
88, 890 | CymMa nepBEX 1 WIeHOB reoMeTpryecioll
nporpeccun (m. 34) 24
20 Camocmormenvras patoma M 14 lu
§ 13. Cxogangmecs NoCAeNOBATEAREOCTH (7 1)
91, 92 | Ilpemen mocaemoBaTeqsHOCTR (. 35) 2q
93, 94 | CymmMa Geckonevuno yOnBalomeii
reoMeTpuueckoit nporpeccen (0. 36) 2a
96 Camocmoamenvias padoma M 15 1g
96 Pemerne aonomEETEeNLHERIX YOpaskHeHHH
K raase 4 lug
97 Koumpoavrar patoma Nt 4 1x
'narpa 5. Crenenm u xopEn (17 q)
§ 14, Baanmuo ofipaTanie byaxmmn (5 1)
98, 9¢ | ©yurnus, ofpaTEan gagsoci (0. 37) 2y
100, 101 | PyexouaA, obpaTHAA CTemeEROH $YEKIMA
¢ EATYDAJBHEIM DOKazaTeneM (. 38) 2y
102 Camocmosameavnas patoma N 16 1u
$ 15. Kopam n-oit cTeneml ¥ cTeneRM
¢ PALNOHAJNLHELIMH TOKA3ATENAMH (6 u)
103, 104 | Apudmerudeckrit KopeRs r-0it cTemenn (o. 39) 24q
1056—107| Cremerr ¢ panEOHANLHKIM NOKazaTexen (m. 40} 3u
108 Camocmoameavran pabomae N 17 la
§ 16, Hppannonansakle ypaBHEEHA
H HepapeHcTBa (6 U)
109, 110 | Pemenre MppagHOEATLARX ypasHemmit (m. 41) 2q
111, 112 | Pemenre pppanHoHANLHLIX HepabBeHCTB (. 42) 2u
113 PemeERe AODOJHHTENLERX YOpajEHeHHI
K ruase § 1u
114 Konmpoasnar patoma M & 1a
I'nara 6. TpuronomerpuueckHe GYHKIHMH ¥ X cBoificTBa (27 u)
§ 17. TpuroromerpRYeckne pymxoan (5 u)
115 ¥roa nopopota (I. 43) 1u
116 Hameperne yriop nopopoTa B paguanax (m. 44) lu
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Hpodoamernue mabruybe

M Koa-so
ypoKa Hayuaemsrit MaTepmas i—
117, 118{ OnpeneneEne TpuroHEoMeTpHYecknx QyEROuit (o. 45) 2y
119 Camocmoameashan pafoma M 18 lu
§ 18. CeoiicTBa ¥ rpadHKHE TPHrOHOMETPAYECKEX
dyaxunit (6 a)
120 HexoTopeie TPHTOHOMETDHYECKHe TOMAecTBa (. 46) lu
121 Ceofictea TprroroMerpEUeckEX hyrrnuit (o. 47) 1g
122 I'padeKe ¥ OCHOBREE CBOJiCTBA
CHEyYCAS B Kocmayca (. 48) 1y
123 T'paduxn 1 ocHOPEHeE cBOiCTRA
TaETeHCA N KoTaHTeHca (o, 49) lu
124 Camocmoamensrias paioma Ae 19 lq
§ 19. OcHOBERIe TPUTOBROMeTDHUECKHE
doprymes (8 )
125, 126 | Dopuyaru npaeeiesnn (n. 50) 2y
127 PemeRne NpocTeHIMUX TPHTOHOMETPHYECKHX
ypaBrHeREl (Oo. 51) 1y
128, 129 | Ceasy MeXAy TPUrOHOMETDHMYECKHMK
hYHERIUAME OJHOTC M TOIO e aApryMeHTa (o. 52) 2q
130, 131 | IIpeofpasoBaEne TPHIOHOMETDHYECKHX
BrIpaeEmi (o. 53) 2y
132 Camscmoameavnas paboma M 20 1lyg
§ 20. Dopmynnl caokeEHMa H MX chepersad (9 u)
133, 134 | Caryc, KOCHAYC B TAHP@HC CYMME]
H PAJHCCTH ABYX yrioB (. 54) 24
135, 136 | Dopmynn geoitEore H NoMOEEEROrG yraos (o. 55) 2yq
137, 138 | MopMyaBt CYMMBI H DAsHOCTH
TpUroEOMeTpruecKEX $yEKnmEi (o. 56) 2q
139 Camocmoamenvhas padoma M 21 1z
140 Pemenne AODOMEUTEILEBIX YIDAKHERM K Iiaape 6 lu
141 Koumpoavuas patoma M 6 1
Tnasa 7. OnemMeHETsl KOMOHBEATODHENH
H Teopau BeposTHOCTEH (16 T)
§ 21. OcEoBEHe NOBATHA
H dopMyasl xomGuBaATOPHEY (T 1)
142, 143 | ITepecraEoBkm (m. 57) 24
144, 145 | Pasmemenns (o, 58) 2y
146, 147 | Coderarna (. 59) 24
148 Camocmoameasnas patoma M 22 1y
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Oxonvanue mabiuysl

Ne " . Kon-so
—— ay4aeMbIli MaTepman 4BCOB
§ 22. nemenTH! TeOpHE BepoATHOCTEH (9 u)
149, 150 | Yacrora i BepoATHOCTH (1. 60) 2y
151, 152 | Caockenne sepoaTHOCcTel (. 61) 24
153, 154 | ¥MrOoxKeRHe BeposTHocTel (D, 62) 24
165 Camocmoameavhiaa padoma M 23 1y
156 PemeRne NOTONENTeNBHEBIX VIDAKHeHEHI K riaape 7 1y
167 Koumpoavuasn patoma M 7 1y
Hrorosoe noeroperne (13 7)

AzrTopul ¢ 6/aroAapHOCTHI0 BOCIPUMYT BCe 3aMEYaENA M IIpPemIo-
MeHHsA TI0 YCOBEePINeHCTBOBAHUIO COAEPMKAHMSA YIeOHHKA, KOTOpHIE
MOJHO OTIPABHTh HJM B KIAATENbCTBO <« MHeMOSMHA» HJIH Hemocped-
CTBEHHO OAHOMY M3 aBTOPOB TI0 JIEKTPOHHOHN modTe:

feoktistov_ie@rambler.ru.
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