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TABJIUIIA KBAJIPATOB HATYPAJIBHBIX YUCEJI OT 10 710 99

[ECATKM E/TUHUIIE]

1 100 | 121 | 144 | 169 | 196 | 225 | 256 | 289 | 324 | 361

2 400 | 441 | 484 | 529 | 576 | 625 | 676 | 729 | 784 | 841

3 900 | 961 | 1024 | 1089 | 1156 | 1225 | 1296 | 1369 | 1444 | 1521

4 1600 | 1681 | 1764 | 1849 | 1936 | 2025 | 2116 | 2209 | 2304 | 2401

5 2500 | 2601 | 2704 | 2809 | 2916 | 3025 | 3136 | 3249 | 3364 | 3481

6 3600 | 3721 | 3844 | 3969 | 4096 | 4225 | 4356 | 4489 | 4624 | 4761

T 4900 | 5041 | 5184 | 5329 | 5476 | 5625 | 5776 | 5929 | 6084 | 6241

8 6400 | 6561 | 6724 | 6889 | 7056 | 7225 | 7396 | 7569 | 7744 | 7921

9 8100 | 8281 | 8464 | B649 | 8836 | 9025 | 9216 | 9409 | 9604 | 9801
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1. Dyukuyua. O6nacTb onpeaeneHus
M obnacrtbe 3Ha4YeHU DYyHKUMU

DyHKOHA — OJHO M3 BajKHeMINMX MaTeMaTHUecKuX moHaTHil. Ha-
IMOMHHM, YTO

ITepeMenHYI0 X HA3SLIBAIOT HE3ABUCUMOL NEPEMEHHOU WIH apzyMeH-
mom. IlepeMeHHYI0 y HABHIBAIOT 3asucumoii nepemernnoil. I'oBopaT
TaKIKe, YTO nepeMeHHas y Aenrsemca (QyrHkyueil om nepemeHHol X.
SHAYeHHS 38BHCHMOH IepeMeHHOH HA3LIBAIOT IHAYEHUAMU PYHKEYUL.

Ecnw 3aBHCHMOCTE TepeMeHHOH [ OT NepeMeHHOH x siBnfercH QyHK-
nHei, TO KOPOTKO 9TO 3AMMCHIBAIOT Tak: y = f(x) (uMTaoT: ¢y pPaBHO
for x»). Cumeonom f(x) obosHauaroT Takxe sHadeHHe (HYHKIHH, COOT-
BETCTBYIOLEee 3HAYEHHIO APryMeHTa, PABHOMY X.

Iycrs, manpuMep, GYHKUMA 3anana dopmynoi y = 2x° — 6, Torza
MOXKHO sammcarh, uto f(x) = 2x° — 6. Hailinem smauenus QyHxnuy [
AndA 3HauyeHwit x, paBHEBX 2,5 U —3:

f(2,5)=2-2,5°-—6=6,5; f(-3)=2-(-8)* -6 =12,

SaMeTHM, YTO B 3anucH BuAaa ¥ = f(x) Bmecro [ ynorpebnaior u gpy-
r've OYKBBI: g, ¢ ¥ T. IL

Bece sHauenwms HesaBHMCHMOI NepeMeHHON o0pasyior ofiacmb on-

pedenenus ¢ynrxyuu. Bece sHAYeHHS, KOTOpHEe NPHHEMAET 38BHCHMAA
IlepemenHas, obpasywT obracmb 3HAYEHUD PYHKLUL.

1. KUMKW 1 UX CBOWCTBEA
. § 1. Dynky l 3



y = f(x) cunMTaeTcsa 3allaHHOMH, ecnm ykasaHa o0aacrhk
PYHKINHMHE ¥ IPABHJIO, COIIACHO KOTODPOMY KaMIOMY
aﬁauenmo ueaannclimoﬁ nepemennoﬁ IIOCTABJIEHO B COOTBETCTBHE eOqUH-
CTBeHHOe 3HAYEHHE 3aBUCHMOH MepeMeHHOIl.

Ecnu ¢pyHxkuusa y = f(x) sapana ¢dopmynoii 1 ee obiaacTthk ompe-
JelleHMA He YKA3AHA, TO CYMTAIOT, 4YTOo 06nacTe ompepeneHHA (QYVHEK-
I[MH COCTOMT W3 BCEeX 3HAYEHHI MEepeMeHHO! x, MpH KOTODPBIX BHIpA-
meHHe [f(x) wumeer cmeicia. Hanpumep, o6iacTei0 onpeAeleHH#A

dyaxnuu f(x) = 5x + x° ABAAETCH MHOIKECTBO BeeX Umces; 06IACTHIO
2
onpefeneHus QyHEnHE g(x) = %73 CAYHHT MHOMECTBO BCEX YHCE,

KpoMme —3.

ObnacTte onpepeneHHA (QYHKIHH, ONMCEIBAKIEH peanbHBLIE Npo-
llecc, BABHCHT OT KOHKPETHHIX YCJIOBHH ero nporexkaBuAa. Hampumep,
3ABHCHMOCTb JJHHBI [ 3KeJIe3HOr0 CTEPIKHA OT TeMIEepaTyphl HArpeBa-
HHA t BEIpamaerca dopmynoir [ = [(1 + at), roe |, — HauanbHASR
[IHHA CTepIKHSA, 8 0 — Koa(PHUIMeHT ITHHeHNHOro paciiMpeHHs. Yka-
zaHHad (opmysa HMeeT CMBICT IpH JNIOOEX 3HaueHuax !. Ogmaxo
o6nacTeio onpeneneHus QyHKnuE [ = f(t) aBaserca DpoMe)XyTOK B He-
CKOJIBKO JeCHTKOB IPaJyCcoB, JUIA KOTOPOro CHpaBelJIHB 3AKOH JIHHEeH-
HOTO pacIIHpeHWsd.

HanoMumEM, 4TO zpafurkom PUHKLUL HA3bIBAEMCA MHONCECTNBO 8CeX
mouex KooOpJuHaAmMHOL NAOCKOCMU, al0CyUCcchl KOMOpbiX pasHblL 3HAYe-
HUAM apzymenma, a OpduHamel — COOMEEMCMEYIOUUM 3HAYEHUAM
dynryuu.

Ha pucynke 1 usobpaxeHn rpapur ¢yHEnuu y = f(x), obaacteio on-
peneneHuA KOTOPO# sBiserca oTpesok [-3; 7]. C momomeo rpaduxa
MOXHO HalTH, HanpumMep, uro f(—3) = -2, f(0) = 2,5, f(2) =4,
f(5) = 2. HaumeHrbIee 3HaueHMe (QYHKIMKM paBHO —2, a HauboJIblliee
pasHO 4, np# 2ToM N60e Yncno or —2 g0 4 SBIAeTCH 3HAYEeHHeM JaH-
HOlt dpyHkuuu. Taxum obpasom, ob6nacThio 3HaYeHHH PyHKOHME ¥ = f(x)
CAYIKHT oTpesok [-2; 4].

Mz: paHee M3YYANHM HEKOTODBIe BAYKHBIE BHABI QYVHKIHI: TuHEHHYIO
dbVHEOHIO, T. €. PYHKIHIO, 3aaapaemMyio opmynoll y = kx + b, rae R 1
b — HeKOTOpEBIE YHCIA; NPAMYI) MPOMOPHHOHANBHOCTL — YACTHERIN CIY-
yait nuHeltHOM GyHKIMH, OHA 3ajaeTca ¢dopmynoit y = kx, roe k # 0;

06paTHYI0 NPOTOPIHOHANTBHOCTE — (PYHK-

IKHIOy=%, k+=0.

|
E I'padukoM dpyHKuME ¥ = kx + b cnymxur
| upamas (puc. 2). O6nacTb0 oOnpeneneHHsA
71'4?_ 1 I\\__ | oToit QyHELMH ABIAETCH MHOMKECTBO BCeX
b T
x

[ [ | A1 11

|
|
4——1— 1 ' yucen. O6nacTe 3Ha4YeHHH aTOM PyHKIHH
=y S R AN upu k # 0 ecTh MHOMECTBO BCEX UHCeN, &
EN BN Em R
-2
I

TPT YT npu k=0 ee obnacTh 3HAYUEHHI COCTOMT U3
AEERECTRA OAHOTO yucaa b.

Puc. 1

EEERL KBagpaTtuyHan QyHKUMA



a) y 6) ¥ L

y=kxtb / -k
Y =kx+b (k >0)

(k=0)

/ 0 x 0 x
0

=y

Puc. 2 Puc. 3
I'padpur dysROHE Y =J—": HaseiBaeTcd runepbonoii. Ha pucyHke 3
k
usobparken rpaduk dyHruuu y = _ gna k> 0. O6nacts onpepneneHus

x
aTOH DYHKIMYA eCTE MHOMKECTBO BCEX YHCEN, KPpOMe Hyad. JTO e MHO-
JKECTBO #ABJIAeTCH H OOJACTBIO ee 3HAYEHHIA.

DYyHKOUAME TAKOrN0 BHIA ONHCHIBAKTCA MHOTHe peallbHBIE NpO-
meccel M 3akoHOMepHocTH. Hanpumep, npaMoll IponmopiiMoOHANL-
HOCTBI0 ABJIAETCHA 38BHCHMOCTE MACCHI Teja m OT ero obwema V mpm
IOCTOAHHOK IIOTHOCTH p (m = pV), 3ABHCHMOCTE JJIHHEI OKPYMHOC-
i C or ee paguyca R (C = 2nR). O6paTHOH nponopu¥OHATIBHOCTBHIO
ABNAETCH 3ABHCHMOCTL CHNIBI TOKA | HA YYACTKe HelH OT COMPOTHB-

U
NeHHd NpPOBOAHWKA R mpm mocrosHEHOM HanpsmxeHuun U (I =-E),

38BHCHMOCTE BpeMeHH [, KOTOpPOe SATPAYHBAET PABHOMEPHO IBHIKY-
eecd TeJi0 HA NMPpOXOMJIeHHe 3aJaHHOTO IIYTH 8, OT CKOPOCTH OBHMKe-

HHA U [t = f—].
v

MuI usyYanum TaxKe (QYHKIHMH, 3ajaEHble (QOPMYJaMH Y = Xx°,
y = x% y=x . Mx rpaduxn msobpasieHsl Ha pUCYHKe 4.

a) yi 6) yi B) i
y=x°
Y=x?
3 - y-_-JE
P R S S
0] 1 x 0] 1 x
Puc. 4

§ 1. DyHKUMM U UX CBOWCTBA I -



Paccvorpum eme ogHY (QYHKNHIO, & MMEHHO QYVHKOHIO, 38JAHHYIO
dopmynoit y = |«f.

Tax Kax BeIpaykeHue |x| HMeeT cmuicn mpH J06oM X, TO OGIACTHIO
onpepeneHus 3ToH QYHKIHY ABIAETCA MHOMECTBO BceX umcen. Ilo om-
penenermo |x| = x, ecnu x 20, u |x| = —x, eciw x < 0. Ilosromy dyHK-
LM ¥ = |x| MOXKHO 3aaThk caeayonipM obpasom:

_Jx,ecmm x 20,
Y —x, eciiu x < 0.

I'padbur paccMaTpHBaeMoil QVHKIIHH B

=1 npomexxkyTre [0; +°°) coenamgaer ¢ rpadm-

=|x| KoM (QYHKOHH Iy =X, & B NPOMeXYyTHe

w

(—¢; 0) — ¢ rpaduroM QYHKUHH Yy = —X.

I'paduk Gpyuxmun y = |x| naobpasxen Ha pu-

L

cyvHKe 5. OH cocTOMT M3 JABYX Jyueil, HCXO-

OAIMX U3 HAYANA KOODAHHAT M ABJISION[HX-

ca GuccexktpucamMu I u II xoopauHATHBIX

=
ot
(]

Puc.

YIJIOB.

5

Vneam-tel-mﬂ

1=

N

8.

Oyuxuus sagasa dopmynoit f(x) = —3x* + 10. Haitgure:
@ f-1% 6 fox  ®f(3)

Haiigure f(0), f(1,5) u f(-1), ecan f(x) = A 2

x+0,5°

HssectrO, uTo f(x) = x* — 10. Haiigure:

a) f(5); 6) f(4); B) f(2); r) f(-3).
Iycrs @(x) = x* + x + 1. Haitgure ¢(0) + (1) + ¢(2) + ¢(3).
HsBecTHO, uTO f(x) = —bx + 6. Halfinure 3HAUEeHME X, IPH KOTOPOM:

a) f(x) = 17; 6) f(x) = -38; B) f(x) = 0.
Haiinure 3HayeHusa x, nmpH KOoTOpwIX g(x) = 0, ecnu:
x+1

a) g(x) = x(x + 4); ) &)=t —-

CymecTByeT 11 3HAYEHHe X, NMPH KOTOPOM 3HAYeHHe (QYHKIHH,
sanaHHOH Qopmynoit ¢(x) = ﬁ, pasmo: a) 1; 6) -0,5; B) 07
B ciyuae yTBEPAHTENEHONO OTBETA YKAXKHTE 9TO SHAYEHHE.

Haiigure sHaveHne x, npe koTopoM GyHKIMSA, 3aaaHHEaA dhopMynoi
f(x) = 0,5x — 4, mpuHEEMaeT 3HAYeHHe, pABHoe: a) —5; 6) 0; B) 2,5.

Tm KeapparuyHas hyHKUMs



=

10.

12.

13.

Hailigunte obnacts onpenenenus ¢GyHKIHK, 3a0aHHON dopmynoii:
2x 1
a) y=4x-8; By =533 RY=Z_
3 I
5)y=x2._5x+1; r)y—m; e)y= x—5.

ITpuBenute npumep GyHKUUH, 001acTBIO ONpefeNeHHs KOTOPOH
ABJIAETCH:

a) MHOMKECTBO BCeX 4YHCen;
6) MHOMeCTBO BCexX umces, Kpome 7.

KaxoBa o6nacThk ompefiefleHHs (DYHKIIMM, 3anaHHOM (opmymoii:

x-1
Tt B) Yy =9+ x?

a)y=x>+ 2x; 6) y=

IMaccaxxup MeTpo, BCTABMHI HA 3CKANATOD, COMeN € HEro 4e-
pes t ¢. 'ny6uEa coycka h M. Yron HakKJOHA BCKAJATOPA K
ropusoHTanbHOl nnockoctr 30°. Bupasute dopmynoii saBucH-
MOCTE R oT t, eclIH CKODOCTE JABH}KEeHHA 3CKAJIATOpa paBHA
0,75 m/c. Haii,r_l,nre:

a) h, ecnu t = 2,25 muH;

6) t, ecnu h = 60 m.

HansrocTs monera 8 (M) cHapapna (Ges yueta CONPOTHBJIEHUA
BO3/TyXa), BRINYIEHHOr0 U3 OpyaMs mof yrnom 45° k mpnmnw.
3aBHCHUT TOJBKO OT HAYAJIBHOH cRDpDCTH cHApALA v, (M/c) H

mMoxeT OBITH HalieHa no dopmyne 8§ = b (g ~ 10 m/c?). Haitgnare:

a) s, ecan vy, = 600 m/c;
6) vy, eca 8 = 24 KM.

Vrawute ofnacTe onpeneneHuA (GYHKIHH, 3afjaHHOH GQopmy-
Joi:

a}y=x3+\ﬂx]-1;

6)y=,,|i2—x|-3x. ’1 ; 177 9 'y' 2 (x)-
Ha pucyuke 6 wusobpamen rpadux I

dyHEnEE Y = g(x), obnacTeio ompe- L/

JeneHUA KOTOPOH CIY¥XHT OTpPEe30K K |

[-6; 5]. C momomsio rpadukra Hai- 1

AuTe: | : '3
a) g(-4), g(-1), g(1), &(5); Fdivmee isuannan
6) sHayeHHHA x, OpH KOTOPHIX g(x) = 4, y

g(x) = -4, g(x) = 0; = FE

B) Haubonbmee ¥ HAWMEHBINee SHaye- - -
HUAA PYHKIIHH;
r) ofnacTe 3HaYeHMH (QYHKIMH. Puc. 6

§ 1. DyHkUMKM U KMX CBOICTBA | 3



16.

18.

19.

B reuenue nepBmix 10 aneit mapra yuyeHMKH 9 Kiacca HamMeps-
nun armocthepHoe naBneHue B nmoijgeHs. Ilo pesynbpraTam usMepe-
Huil 6611 noctTpoen rpaduk (puc. 7). INoaepsysice rpadurom, Hail-
IuTe:

a) xakumM Oblo atTmocdepHOe NaBlIeHWe o Maprta, 9 mapra;
0) meHs, xorga armocdepHoe gapnenue ObLN0 HAMGONBLIITHM.

R Pl | BESEEE
MM PT.CT. }
- ERET ,f
7581+ | Lt |
/
|

|
L

| =3
n
-
| et
My,

-1
-y
00 -
o
| e
e

-’

-1
™y
W
L
'-..‘5--‘..

Puc. 7

Iloctpoitte rpaduk yEKINE, 3agaHHON (opMmymnoii:
a) f(x)=1,5-3x;  B) flx) =35

6) f(x) = 4,5x; r) f(x) = 1.

Vraxure obnacts onpepereHus W obnacTs 3HaYeHWH (QyHKIAN.

Haitgure obnacte sHayeHWH (QyHKIHMH:

a) fiix)=2x—-1, roe 1 < x < 4;

6) gx)=-3x+ 8, rme -2 < x < 5.

Vramxute obnacts onpegeneHud n obiacTe sHadyeHMH KamaoH M3
dyurmmit y =x%, y=x% y= J; (cm. puc. 4).

Tm KeanpatnyHas QyHKLUS



20 Haiinure obnacts onpesenenus W o0nacTs 3HadeHHil (YHKIHH

YT 21

21.) Ilepumerp paBHOGempeHRHOrO TPeyroibHHKA ¢ OocHOBaHMeM 20 cM
38BHCHT OT JIMHE x (cMm) GOKOBOit cTopoHml. 3anaiite dopmMynoii
(OYHKIHIO, BEIPAKAKIIVI) 3TY 38BHCHMOCTh, 3HA#A, UTO NEPHMETD
TpeyroabEHKa He npesocxoauT 100 cm. ¥raxure obnacTe onpene-
nesuda U obnacts 3HAYEHHI 3TOH (QYyHKIIHH.

22. Ha pucynke 8 muaobpasken rpaduk of-

Holl M3 JyHKIMIA, sagadselXx dopMyna- Y
MHE y=x—1y=1+2x, y=2x—1,
vy =1 - 2x. BusacauTe, KaKoii HMEeHHO. 1

23. Ha pucyExke 9 wmsobpaskensl rpaduxu
$VHKIHI, salaHHEBIX (dopMylaMH Yy =
2

2 x ;
=§;y=§-y=2_§» =-;.I[Ilﬂ 0/ 1 x

KKAON QYHKOMHE YKaXXHTe COOTBeT-
cTByOImuil rpaguk.

Puc. 8
1 v 2. vk
1-!- 1'_
o 1 x o 1 3
3. v 4. vk
=~
1t 1\
01 x o 1 T~
Puc. 9

§ 1. OyHKUMM U X CBOWCTBA ‘ 9



ke

25.

Ilo rpaduky dyHxuuu y=|x (cM. puc. 5) HaliiuTe, NpH KAKHX 3HA-
YJeHHMHAX X

a) |x] = 8,5; 6) |x| < 2; B) |x| > 4.
KaxoBo HanMeHnpIuee saavenue pyexnun? Hmeer nu ona maubons-
mee anauenne? Kakosa obnacTes asavenwil GyHKIHMT

CocTaBeTe TAOMHUIy 3HAYEHHII W nocTpoiiTe rpaduk (pyHKOHH, 3a-
naaHON (opMyI0iH:
a)y=x"-8x, e -3< x<3; 6]y=;~%,r,ue—1,5€x§ﬁ.

Kaxosa obnacTe spaverwmit Gysrmun?

Ha pucyure 10 usobpasies rpadnk HsMeHeHUS YPOBHHA BOALI B pe-
Ke OTHOCHTENLHO Hynepoil otMersku. OnHmuTe, KAK IPOMCXOLNIO
H3MEeHeHHe YPOBHA BOIEL.

h, oM }—il]
|

—..l.—ﬁ -

—+5

0111213145167

HWKONAA MBAHOBWY NOBAYEBCKMIA (1792-1856) —
pycckmid maTtemMaTuk, co3garent HeeBKNWO0BOW reoMer-
pUK, KOTOpas WaMeHwna npeacTaBneHve o ponu
aKCMoOMaTHKM B MaTeMaTvke W Cbifpana BaxHyK pPofb B
pasapaboTke TEOPWUWM OTHOCHUTENLHOCTW. Bonbwon Bxnan,
BHEC TaKXe B maremaruvqeckwid ananua v anrebpy. OH
paspaboTan merog npubnuxenHoro pewesus anreb-
pavyqeckVx ypasHeHWA BBICLLMX CTeneHe.

m Ksappatuanan dyHkums



27.

n

29.
30.

31.

Hamenenne TemnepaTypsl Bofikl p {(°C) B Gaxe xaxk GyHKOUH Bpe-
MeHH { (MHH) OIHCAHO ¢ momoIb dopmMyn:

2t + 20, ecin 0 € t < 40,
p = 1100, ecnu 40 < t < 60,
—§t+140,ecml 60 < t <150.

Haitnure p(20); p(40); p(50); p(60); p(90). [MoctpoiiTe rpadux
dyuaxuun p = f(t). Karxoii duangeckuii CMBICT HMeeT pacCMaTpH-
BaeMBlii mponecc B KaxxiaoM u3 mpomMexxytkos [0; 40), [40; 60],
(60; 150]7

38BHCHMOCTE PaccTOAHHSA 8 (KM), KOTODPOE BEJIOCHIIEAHCT IIPOEXas OT
0a3EI, OT BpEeMeHH ero ABwkenus t (u) 3agaHa caemyronimmM obpazom:

l.’:’ut.ec.rmﬂét-:-g-,
e 7 3

-12¢ + 35,5, ecu g <t <_§.

Haiinute s(0); s(1); s(1,4); s(2). Iloctpoiite rpabur GyHKIHH
8 = f(t) (macmiTab mo ocu t: 1 exm. — 6 kmeTodexk; Mo oOCH 8:
10 en. — 4 xmerouxu). OnNHImUTE, KAK NPOHCXOAMIIO ABHIKEHHE
BeJIOCHIIEIHCTA.

PemuTe ypaBEeHNE:

a) —0,5(8x — 4) + 15x = 4(1,5x + 1) + 8;
6) (2x — 3)(2x + 8) — x* = 12x — 69 + 3x°.
PenmuTe HenmoJiHOE KBAJpaTHOE YpaBHCHHE:
a) 6x2 — 3x = 0; B) x% - 36 = 0; n) 0,5x% -1 =0;
6) x%2 + 9x = 0; r) 52+ 1=0; e) 0,6x + 9x° = 0.
PemuTe KBagpaTHOe YDABHEHHE:

a) x* + Tx+12=0; B) 2x% - 5x — 3 = 0;
6) x2 — 2x — 35 =0; r) 3x*-8x+5=0.

NETEP OWPUXNE (1805-1859) — Hemeuxwidi mMaTemaTuk.
Cnenan paa kpynHeX OTKPLITWIA B TEOPMK uncen. MIMeeT 3Ha-
YATENbHBIE OOCTUXEHWS B passutvm anrebpel, Teopww
OYHKUMIA W aHanuTUYecKkoW reoMeTpuu. MM npoBefeHsl
BaxHbie wccnenosaHa B o6nacty MexaHvku U MaTeMaTuyec-
KOR uamkn.

§ 1. OyHKUMM W UX CBOCTBA




2. CeoiicTBa PyHKLUWNIA

Ha pucynke 11 usobpaxesn rpaduK 38BHCHMOCTH TEMIEPATYPhI BO3-
ayxa P (°C) ot epemenu cyTok t (u). Msr BugumM, uto B 2 4y mw B 8 u
TeMIEepaTypa pPasHAIack HYJIK, 0T 0 10 2 4 u or 8 mo 24 4 oHa OblIA
BEIIIIE HyNA, 8 OT 2 7o 8 u — Hmxe Hynda. s rpaduxa sicEHO TAKMKe,
YTO B TEUEHHE NEepPBLIX IIATH YACOB TEMIEPATYDA NOHHMKANACH, 3ATEM B
IPOMEIKYTKE oT 5 go 14 u oHA NOBEIUAJIACE, 8 IIOTOM OIIATH ITOHMMKA-
JIACk.
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C nomonisio rpaduka MBI BRIACHHJN HEKOTODHIE CBOMCTBA QYHKIIHH
P = f(t), rne t — Bpems cyTOK B wacax, a P — TeMnepatrypa BO3LyXa B
rpagycax llenncus.

PaccmoTpum Teneprk cBoiicTea dyHKnHHu y = f(x), roe -5 <x <9,
rpadHK KoTOpod Hu3obpasen Ha pucyEke 12. BrisicHuM cHayana, nIpH
KAKHMX 3HAYeHUAX x (pyHEnHa obpamaercs B HyNb, NPUHHMAET MOJO-
JKUTENbHBIE U OTPUIIATENbBHLIE 3HAYEHHHA.

Haiinem abcnuccel Touer nepeceuenud rpadura ¢ ocsi x. Ilonyumm

=-3 u x = 7. BuauuT, QYHKOMA NPUHUMAEET 3HauYeHHe, paBHOe HY-
J0, IpH X = —3 U x = 7. 3HAYeHUA apry-

MEHTa, IIPH KOTOPHIX (YHKIHA obpamiaet-

[ 1 & : CH B HYJB, HASLIBAWOT HYAAMU PUHKYUL,
T. €. yHcna —3 ¥ 7 — HYJH paccMATPHEA-
117 emoil ¢pyHEmuu. Hynu dyaxnun pasGuea-
1 i | || 1tor ee obnacTe onpepeneREHs — IPOMEKY-
[Pl | LN L], 7ok [-5; 9] Ba Tpu npoMexyTKa: [-5; —3),
—125, : 7\\2‘ xl (—3; 7) u (7; 9]. Ins saHauyennit X U3 mnpo-
i - N MexyTka (—3; T) Touku rpaduka pacuono-

[ N JKEeHBbI BBIIIE OCH X, & JUIA 3HAYEHUN X u3

1 [TTTTT] mnpomexyTkoB [-5; —3) u (7; 9] — Huxe
ocH Xx. 3HAYUT, B TpoMexyTre (—3; T)

Puc. 12 OVHEIDUA NOPUHEMAET HOJ0MHUTEIbHEIE

m KeagpatuyHasa ¢yHkUMA

5 NT




3HAYEHNSH, 4 B KAMN(IOM U3 mpomesxyTroB [—5; —3) u (7; 9] — orpuna-
TeJIBHEIE.

IIpoMe:xyTKH, B KOTOPHX (PYHKIHA COXPAHAET 3HAK, HASBIBAIOT
npoMeNcymKamy IHAKONOCMOSHCMEd.

BeIsICHUM Teneph, KAK M3MEHATCH (YBEIUYHBAKTCHA WM YMeHbBIIAa-
0TCH) 3HAYEHHA JAHHON (QYHKOHM ¢ H3MEeHeHHeM X oT —5 o 9.

Hs rpaduka BUAHO, YTO ¢ BOZPACTAHHEM X OT —5 H0 3 3HAYEHHA Y
VBEeJIMYUBAKTCH, &4 ¢ Bo3pacTaHueM X oT 3 7o 9 3HaueHUA | yMeHBIIA-
orca. 'oepopsaT, yTo B mpomexyTke [—5; 3] dyHRDUA y = ,{" (x) asnser-
cA sozpacmaiwujeil, a B IIPOMEXKYTHE [3; 9] ara QYHKUUESA ABIAETCH
ybvLearuyell.

! m;. dVE y&mam:a--mpou -npone—
m;m:e, mﬁamew 3HAYEHWIO ApryMeHTa U3 3TOro npome-
MeHbINee SHAYEHHEe q)ym:m

HupivMu cioBamu, QyHKOUIO y = f(x) HasbIBalOT BospacTaiomei B
HEKOTOPOM HPOMEXYTKe, eClIH [JIA JKOBIX X, ¥ X, H3 3TON0 NPOMEMYT-
Ka, TAKUX, UTO X, > X;, BHIIOJHAETCA HEPABEHCTEO f(x,) > f(x,); dyHK-
nuio ¥ = f(x) HaswiBaloT yOBIBaIOMmE B HEKOTOPOM IIPOMEXXYTHE, eClH
Ans nwbbIX X; U X, U3 3TOr0 IPOMEMKYTKE, TAKHX, UTO X, > X;, BBEIIOJI-
HfAeTcA HepaBeHcTBO f(x,) < flx,).

Ecnu ¢pyaxnus BospacTtaer Ha Bcell obnacTH onpepeneHudsi, TO ee Ha-
3EIBAIOT éo3pacmawuweill gynrxyueil, a ecnu yObiBaeT, TO yObieawiuyeil
dynryueil.

Ha pucyrare 13 usobpasxednsl rpadHKH Bo3pacTaioniel QyHKOUH M

yOuiBaOmen GyHKIIHHA,
BrisicHMM, KAKHMH CBOHCTBAMH o0J&ZAI0T HEKOTOpHIE HM3yYEHHBIE
paHee QYHKEIIUH.

a) yi 6) vi

e
=y
=)
H_
4

/
/O

Puc. 13

§ 1. MyHKUMKM U KX CBOICTBA



IIpumep 1. PaccMorpum cBoiicTBa QVEKIHE y =kx + b, rne £#=0
(puc. 14).

a) 77 G) 17

¥ =kx+b (k>0)

/ Y = kx+b (k <0)
- X 0 x
P S

Puc. 14

1. Pynryus ofpaujaemcsa 6 HYyab npu x = —%.
HeitcTBUTENBHO, peIIHB ypaBHeHHe kx + b = 0, maiigem, uto y = 0
npH x = —%.

2. ITpu k> 0 ¢QyuKyus npuHumaem OMPUYAMENbHbIE 3HAYEHUA 6

b
npomMexcymge | —oo; T U NOAOMUMEAbHbIE SHAYEHUA 6 npome-

Fymrie (—-E-, +oo)

Pemiue HepaBenctBa kx + b< 0 u kx + b> 0, maiinem, uTo ecnau

k>0, To y< 0 npu x*:—% u y>0 opu x}—%.

Hpu k<0 ¢yurkyua npurHumaem OmMpuUyATMeNbHble 3HAYEHUA B8

b
npomexcymre | ~35 +°| u nosomumenvrvie snaveHus 6 npome-

b

Heymrue (—‘x’: _E)'
VOenuTECA B 3TOM MOXKHO, PELIHB HEp&BEHCTBa kx+b<0mn
kx + b> 0 opun ycnosuu, ato k< 0.

3. ITpu k> 0 gpyuryua y = kx + b asnaemea eozpacmaioweil, a npu
k < 0 — yOuisaroueil.
Horaxxem ato. IlycTe x; M X, — NPOHM3BOJLHEIE 3HAYEHHA apry-
MeHTa, OpHYeM X, > x,. OOosHauuM dYepes Yy, U Y, COOTBETCTBY-
OIIHe HM 3HAYEHHHA (PYHKIHH:
PaccmorpumM pasHOCTB Yy — Uyt

Yz — Uy = (kBxy + b) — (kx, + b) = kx, — kx; = k(x, — x,).

MHOXUTEN: Xy — X; TIONOMKHUTENEH, TAK KaK X, > x,. [loaromy snax
npoussefeHns k(x, — x,) onpenensierca sHakoMm xKoshdumuenta k.

Tm Keagpatuyinana gyHKUWR



k _k
y=5 (k>0) y=4 (k<0)

Puc. 15

Ecmu k> 0, 1o R(x; — x,) > 0 u y; > y,. 3naunrt, npu k> 0 GpysHK-
uus y = kx + b ABnsaercs Bospacrawmeii.

Ecau k< 0, 10 k(x, — x,) < 0 1 y, < y,. 35aunT, opn k < 0 pysk-
nus y = kx + b asnaerca yOniBamwIeii.

IIpumep 2. PaccMoTpuM cBoOiicTBa GYHKIHH Yy = %, roe k# 0 (puc. 15).

1. Pyrnkyul HYyRel He uMmeem.

910 caegyer U3 TOro, 4TO ) % npu sgroboM 3HaveHHH apryMeH-
Ta He ofpamaerca B HyJs (o yciosuio k# 0).

2. Pynryus y = % npu k> 0 npuxHumaem ompuyamenbHbie 3HAYE
Hua & npomexcymie (—°; 0) u nonomumenvHble sHALEHUR 8 NPO-
mexnmcymue (0; +0o0).

HeiicteuTensrao, eciu k> 0, To Apobe %{0 opr x <0 n %::- 0
opu x> 0.

DyHKYuA Yy = % npu k < 0 npuHumaem ompuyamenbHble IHAYE-
Hua 8 npomencymice (0; +0°) u noromumenvHble HAYEHUA 8 NPo-

mexcymre (—oo; 0).
Ob6ocHOBaEMe AHAJIOTHYHO H3JIOXKEHHOMY Ans caydas k> 0.

3. Ipu k>0 ¢ynryua y = % Aanaemca yoviéaoujeil 8 Kaxcoom us

npomexcymuos (—0; 0) u (0; +°), a npu k< 0 — sospacmarwueis
8 Kaxdom usz smux npomexcymros (cMm. puc. 15, a, 0).
JloxkasaTessCTBO 3TOr0 CBOHCTEA NPOBOJAMTCH AHAJOTHYHO TOMY,
KaK 3To Omino cpenaHo A nHBedHOH (QYHKIHH.

3ameTum, 4TO, XOTA QYHKIHA Y = %. rae k # 0, yOrBaeT (HII BO3-
pacTaeT) B KajAoM H3 IpomexyTroB (—oo; 0) u (0; +°°), oHA HE
aBnseTca youpawoomei (BospacTtalouieit) pyrrmuei ma Beeit obnac-

TH OIpefeeHns.
& 1. Oyukum 1 KX CBOWCTEA | 15



YnpaxHenunsa

32. Ha pucyske 16 msobpares rpadir H3MeHEHHA CKOPOCTH BeJO-
T cHOeZHMCTA v B 3ABHCMMOCTH OT BPeMeHH ero [BHyKeHHd f.
VEKamHUTe IPOMEXYTOK BPpEMeHH, B TeueHHe KOTOpOro CKopocTh Be-
JOoCHIeXUCTa: a) Bospactana; 6) yvObIBaNA; B) OCTABAJIACH IIOCTOAH-

HOI.
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Puc. 16

:ﬁ Ha pucyare 17 nsobpaieH rpadHK TeMIepaTypPhl BOLEI B COCYIE.
Onpmnre, KAK H3MEHSJIACh TEMIEDATYDA, W YKAMKHUTE IPOMEHy-
TOK BpeMeHH, B TeuYeHHe KOTOPOro npoBoaunock Habmopenme. Ka-
KoBO OblO HaubosblIee 3HAYEHHE TeMIepaTyphI?

34. Hexoropsiit KyCOK JbLa, HMEMMH Temnepatrypy —5 °C, marpesa-
JIX HA rasoBoil ropenke. PesynwTtar Harpepanus B TeueHue 16 mun
nokasaH Ha rpadure (puc. 18). Kakoii dusuyecknili cMiIlcn mme-
eT paccMaTpPHBAEMBIl IMpoIece B KAXKIOM H3 npomexyrtros [0; 4],
(4; 10), [10; 16]7
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Ha pucyare 19 wuszobpasken rpadur o¢yaxuuu y = f(x), rae
-7 € x € 5. Vramwure:

a) HyaN QYHKLUW;

6) MpoMeIKYyTKH, B KOTOPHX (hYHKIHMA NPUHUMAET 3HAUEHUA ONHO-
IO W TOTO 3Ke 3HaKA (II0JI0KHTEeNbHBIE HJIH OTPHIATEJBHBIE);

B) IPOMEIKYTKH, B KOTODHIX (DYHKIHA BO3PACTaeT, ¥ IPOMEHKYT-
KH, B KOTODLIX oHA yOLIBaeT.

ITepeuncnuTte ceoiicTea QyHEOUHN y = g(x), rpadux KoTOpOil m306-
pa:xesH Ha pucyHke 20.

Ha pucyake 21 wusobpamen rpadur dyErmun y = g(x), rme
—10 < x < 10. Cronerxo Hyneir umeer QyHKIHUA? YEKarHuTe: a) nIpo-
MEHXYTKH, B HOTOPEHX (YHKIOHA NTPHHHMAET OTPHIATENLHbIEe 3HAa-
yeHusi; 6) IpoMeskyTKH, B KOTOpPEIX JyHEKNUA yOBIBAET.

HaueptuTte rpadpuk kaxoii-nnbo dyHrEuvH ¢ obnacTeio onpeperne-
HuA [-3; 4] Tak, yTobsl 3Ta QYHKIAA:

a) Bospactasa B npomexyTke [—-3; 0] u yOeiBana B IpOMERYTHE
[0; 4];

6) yoeiBana B npomexyrtie [—3; 1] u BospacTana B NpoOMeXyTKe
[1; 4].
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39.

40.

HauepTuTe rpadmk Raxon-auﬁy,uh tbyHKan. Hy.naun KOTOpOii
caysar uuchaa: a) —3 u 3; 6) — 2;8) 3,2, 1mub.

HaiinuTe Hyau QYHEKIMH (eCM OHM CYIIECTBYIOT):

4+2
a) y=—0,8x + 12; B) Yy = ;zi;%;
6

6) y = (3x — 10)(x + 6); NY= GO+

Hmeer 1 HYIM QYHKIMA:

a)y=2,1x — 70; 6) y = 4x(x — 2); B}y=ﬁ;x?
YramuTe 00acTE: ONpelesleHMs M HalaHTe BYIH (QYHKILMN:
x—,;‘x+ﬁ. 40 42® + 25x

) y=—>35 6) ¥ = 5, flo-6x"

IIpu Kakux 3HAYEHHAX X GQYHKUHA Yy = f(x) o6pamaeTrcA B HYJE,
MPHUENMAET IMOJIOXKHTEJBHBIE H OTPHIATENBHEIE 3HAUYEHHUA, €CJIH:
a) f(x) = -0,7x + 350; 6) f(x) = 30x + 107

Haueptute cxemaTudecKH rpad¢uyk QYEKIHE H ODPOMJIIHOCTPHPYH-
Té HA HeM YCTAHOBIE€HHLIE CBOHCTBA.

Kakue us nuHelHEX OQyEKOME y=8x -5, y=-3x+ 11,
y=-49x - 100, y=x+ 1, y =1 — x sABns0TCA: 4) BO3pacTa-
omumu; 6) yorsaromumMu?

IIpn kakux sHEayeHUAX a dyEruua y = (a — 2)x + 3:

a) ABJAeTCA BO3PACTAIOLIe:;
6) apnaeTca yOmIBAIOILEI;
B) He ABJAETCA HHU BO3pacTalomeil, HH YORIBAKOIEHT

IlocTpoiiTe rpaduyx QYHKIMH KM MepedHCIHTE €€ CBOMCTEAa:
a)y=1,5x - 3; 6) y = —0,6x + 5.

ITocrpoiiTe rpaduk dyaruuu: a) y = 1,6x; 6) y = —0,4x. Ilepeunc-
nuTe cBoiicTea GYEKUMH y = kx mpu E> 0 u mpu k< 0.

DyeEKIUA 3agaHa dopmMynoii f(x) = 13x — 78. [Ipu Kakux sHaYe-
HUAX X: a) f(x) = 0; 6) f(x) = 0; B) f(x) < 07 HApnaerca au PyHK-
IHA BOSpacTalmel Miau yOmBalmei?

Hcenonbays pUCYHEM 4 u O, HNepeduCcINTEe CBOMHCTBA (QYHKI[MI
y=x, y=2 y=Vx uy=|d

ITocrpoiiTe rpadux GYyHKIMHE U MEPEYUCIIUTE €€ CBOHMCTRA:
a}y=§: 5)y=—%-

fAenserca nu BospacTaomei UaH yOsBawmed QYHKINA:

a) y=5x + Jx; 6) y = —x + J-x; B y=ax+x?

m KsagpatvuHas dyHKLMR
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52. PemuTe ypaBHeHHe:
a) 0,6x* — 3,6x = 0; B) 2x% + 17x = 0;

6) x*-5=0; r) 0,5x2 + 9 = 0.
53. CpaBrute g(2) u g(-2), ecou:
1 . o x ]
a) g(x) = vl 6) g(x) = B) £(x) v
54. PasnoxuTe HA MHOMHUTENH MHOTOYIEH:
a) 4x — x%; 6) a* — 169a%; B) ¢ — 8¢ + 16¢.

KoHTponbHbie BONpPOCH!

Daiite onpepeneHve ¢yHkumn. Y10 HasbiBaeTcs 06nacTuio onpene-
nexms m obnactelo 3HaueHnin yHkUMN?

Y1o Ha3biBaeTcs rpadwmkom ¢ynkumn? HYto npencrasnser coboii
rpadwmk nnHelHoi GyHkUuMM? NpaMoi NnponopunoHaneHocTM? obpar-
HOA NPONOPUMOHANBHOCTH?

Mcnonb3ys pucyHok 19, nosicHmTe, kak ¢ nomowsto rpaduka ¢yHk-
UMK HaATK HYNKM OYHKUMKM KM NPOMEXYTKW, B KOTOPHX (YHKUWA CO-
XpaHseT 3Hak (NpuHMMaeT NONoOXWTesNbHBIe 3HaYeHwWs; oTpuuaTenk-
Hble 3Ha4YeHwns).

Dalite onpepeneHne o¢yHKUWK, BO3pPacTaloWeil B NPOMEXYTKE,;
yOuiBaloweid 8 NnpoMexyTke. Ha3oBute npoMexyTkm BO3pacTaHus v
yOuiBanms $yHkuMK, rpaduk kotopoidl naobpaxen Ha pucyHke 19,

MNpveepute npyvmepbl Bo3pacTtaloulelri n ybuBalowed NnHeHo
byHkumn. ChopmynmpyidTe n gokaxmTe COOTBETCTBYIOLEEe CBONCTBO
nMHeiHo dyHKUMK.

Kak M3ameHneTca B kaxOooMm u3 npomexytkoB (—oo; 0} wm (0; +o9)
byHKUMR y———%‘? Paccmotpute cnyyam k> 0w k< 0.

3. KBagpaTHblii TPEX4YNeH U ero KOpHu

Kaxaoe us empasenuit x° — 2x* + 32 — Tx + 2, 2% — y® + 5% -
~ 3y + 18, 72° - 62* + 2*> — 2z + 3 ABNAeTCA MHOrOWIEHOM C OAHOI Te-

PeMeHHOI.
§ 2. KeagparHbiid Tpexuned | 19



3HadeHHe NepeMeHHOH, NpPH KOTOPOM MHOIOWIeH ofpalmnaeTrcd B
HYllb, HA3LIBAIOT KOPHEM MHOZOYJEHA.

HaiieM, HAanpuMep, KOpDHM MHOrowrexa x° — x. Jlns aToro pemmm
ypaBHeHMe x° — x = (. PasnokuB JIEeBYI0 YaCTh YPABHEHMS HA MHOMH-
TeJaH, MONYYHUM

x(x—1)(x+1)=0,

orcioga x; =0, x, =1, x; = —1.

Taxum obpaszom, umcia 0, 1, —1 — KopEM MHOrounena x° — x.
MEOrouseH BTOPOif CTENeHH ¢ OAHOM IepeMeHHOl HASLIBAIOT KBAJ-
DATHEIM TPEXYJIEHOM.

Onpepenenne. KpaIpaTHEIM TPEXUIEHOM HASKIBAETCHA MHO-
rounen Buaa ax’ + bx + ¢, rme X — mepeMeHHasd, @, b M ¢ —
HEKOTOpEIe HHCIIa, np{m:eua#(} :

Wy any L

KoadpdunpesT a HASHEIBAIOT CTAPIIHM Koa(pdHIMEeHTOM, a ¢ — CBO-
6OmHEIM 4YJleHOM KBAIPATHOINO TPEeX'IeHa.

I[IpumMepaM¥ KBAAPATHRIX TPEXYJIEHOB HBJIAKTCA MHOINOYJIEHEI
3x% - 2x -5, x*+ 7Tx — 8. B nepsom u3 Hux a = 3, b= -2, ¢ = -5, BO
Bropom a =1, b=17, ¢ = -8. K KBagpaTHRIM TpeX4JleHAM OTHOCATCH
TAKIKE M TAKHE MHOIOWIEHEl BTODOIl CTeNeHH, ¥ KOTOPHIX OfHH U3 KO-
appunuenTor b nubo ¢ wnu gaxke oba paBHEl HyNKW. TakK, MHOrOWIEH

Tx” — x CYMTAIOT KBaJPATHLIM TpexuieHoM. ¥ meroa =17, b=—1, ¢ = 0.
Jlns Toro uTo6LI HATH KOPHM KBAAPATHOIO TpeXuieHa ax- + bx + ¢,
HAJO PelIMTH KBAAPATHOe ypaBHeHHMe ax’ + bx + ¢ = 0.

Ilpamep 1. HaiizeM KOpHM KBaApaTHOro TpexuieHa 3x° — 2x — 5.
P Pemmum ypapHeHHE
3x* - 2x-5=0.
Hmeem
D=(-2%-4+3-(-5)=64;
&) Jﬁ;
6
2
X, = ].E, Xy = -1.
BraunT, KBaAPaTHLI Tpexunen 3x° — 2x — 5 MMeeT [BA KOPHA: 1%
u-1. <
Tax Kaxk KBAJAPATHEIH TpexusneH ax” + bx + ¢ UMeeT Te xe KOPHH,

YTO ¥ KBAJApATHOE ypaBHeHMe ax’ + bx + ¢ = 0, TO OH MOXeT, KaK U
KB&JPATHOE YDABHEHME, HMETE JIBA& KOPHA, OAHH KOPeHb MJIH He MMeTh
KOpHeH. 3T0 3aBHCHUT OT 3HAYEHHSA AUCKPHMMHHAHTA KBAAPATHOI'O YpaB-

20 L ELEERE KeagpatnuHas dyHKuMA



senusa D = b® — dac, xoTOpLIt HABLIBAIOT TAKXKe OUCKPUMUHAHMOM
keadpamnozo mpexynena. Ecnu D> 0, To KBaJpaTHHIH TpexyJeH
“MeeT ABA KOpHA; ecqd D = 0, To kBagpaTHLIH TpexdiaeH MMeeT OfHH
KopeHb; ecnu D < 0, TO KBaApaATHBIN TpeX4uJleH He MMeeT KOpHeH.

Ilpu pemernMu 3afauy HHOrAA GhLIBAET yA00HO NpEACTABMTL KBAA-
paTHeii Tpexwien ax” + bx + ¢ B Buze a(x — m)® + n, rae m ¥ n — He-
KoTOpEIe uHcha. Takoe npeofpasoBanie HA3BIBAETCH 8bideNeHuUeM KEaod-
pama deyunena W3 xkBaaparHoro Tpex4dinesa. IlokakeM HA DpHMepe,
KAK BEIMNOJHAETCA 3TO npeobpasoBaHHe,

Npumep 2. Bugenum uz Tpexunena 3x” — 86x + 140 xeaapar nBy-
YIeHa.
P BoireceM 38 CKOOKM MHOXHTENb 3:
3:.:2—:3mc+14ca=3(.1c2 ~12x+ 12

IlpeobpasyeM Bhipaxienue B crobkax. [Ins storo npepcraBum 12x

B BHjfie mpoussegenus 2+ 6+ x, a 3aTeMm mpU6GABMM M BEIYTEM 6%.
Tonyuum

3
=3(x2-2-6-x+62-62+$]=

31’2—36x+140=3[x2 = g0 132)=

= 3[(;: -6+ %) = 3(x — 6)% + 32.
BrauuT, 3x° — 86x + 140 = 3(x — 6)° + 32. <

PaccMoTpuM 387849y, MPU PELIEHHH KOTOPOU NMpHUMEeHSeTCH BhIZe-
JeHWe KBaJpaTa ABYWIEHa U3 KBAJAPATHOIO TPEXWIEHA.

IIpumep 3. JlokaxeM, YTO U3 BCEX INPAMOYIOJbHHKOB ¢ ITEPHMETPOM
20 cMm HAHGONBMIVIO ILIOMIALL HMEeT KBaApaT.

P IlycTe opHA CTOpPOHA NPAMOYTIOJbBHMEKS paBHa x cMm. Torpa mpyras
cropora pasHa 10 — x cM, a maomagk NMPAMOYrONBHMKA PaBHA
x(10 — x) em’.

Packpeie ckobku B BeIpaxeHuM x(10 — x), monyuum 10x — =
Bripaxenue —x- + 10x mnpeacTasiaseT co6oii KBaJApPATHBIA Tpex-
uned, B KotopoM a = —1, b= 10, ¢ = 0. BrinenuM xBagpar IBY-
YJIeHAa:
-x% + 10x = —(x® - 10x) =
= —(2% - 10x + 25 — 25) = —(x — 5) + 25.

Tax xKax BeIpayeHne —(x — 5)° npu mo6oM x # 5 OTPUIATENHHO, TO
cymma —(x — 5)° + 25 npuHEMMaeT HaubobIlllee 3HAYEHHE IPH X = 5.

§ 2. KeagpatHuii TpexuneH | 21



SHauMT, WIomAank Gyger HawbOJbIIel, KOTAA OOHA U3 CTOPOH Mps-
MOYIOJBHHKA paBHA 5 cM. B aToM coyuase Apyras CTOpDOHA TaKiKe
paBEA 5 CM, T. €. DIPAMOYIrOJLHHK ABJIAETCA KBajpaToM. <l

YHEB}I(HEHHH

55.

56.

57.

|

60.

61.

62.

65.

Kaxue u3 wucen -2, -1, 0, 2, 3 gABIA0OTCA KOPHAMM MHOIOYJIEHA
x* - 38x% = 4x + 127

HaiiaguTe KOpPHM MHOTOWIeHAa:

a) x* — Tx; 6) 2x - 5; 8) v° — 4y; r) y* — 16.
HmeeT MM KOPHHM MHOTOWIEH:

a) x° + 1; 6) x° - 27; B) —2¢° - 1; r) y*+ 8%+ 72

Kaxue ua uncen 1, 2, 3 — /2, -7 + 2 apnsmores KOPDHAMH KBAJT-
paTHOro Tpexumena x° — 6x + 77

HaliguTe KOPHM KBAaJpATHOrO TpeXulleHa:

a) x>+ x — 6; r) —2x% - x — 0,125;
6) 9x% - 9x + 2; 1) 0,1x° + 0,4;

B) 0,2x% + 3x — 20; e) —0,3x% + 1,5x.

HaiiguTe KOpEHM KBAJPATHOIO TPEeX4JIeHA:
a) 10x® + 5x — 5; B) x* - 2x - 4;
6) —2x° + 12x — 18; r) 12x% - 12.

HmMeer nu KBagpaTHRII TpeXwieH KOPHHM M €CJIH HMeeT, TO CKOJIBKO:

a) 5x% — 8x + 3; B) —Tx% + 6x — 2;
6) 9x% + 6x + 1; r) —x2 + 5x — 37
HmeeT MM KBAZDATHEIN TPEXWIeH KOPHH M €CJIH HMEeeT, TO CKOJIBKO:
a) —4x% — 4x + 3; B) 9x% — 12x + 4;
6) 4x° — 4x + 3; r) 9x% - 12x — 47

Cymma kKoaddHUIHEeHTOBR KBAIPATHOIO TpeX4ieHa pABHA HYJI, &
ero cBoGOAHEIN 4ieH B 4 pasa Gonepllle crapmiero KoagdHIIHeHTA.
HaiiguTe KOpHM STOr0 TPeXwIeHA.

Brigenure KB&APaT ABYYJIEeHA H3 KBAOPDATHO'D TpexXdJieHa:

a) x* — 6x — 2; B) 2x% - 4x + 10;

6) *° + 5x + 20; r) 32% + x - 6.

BI:IJJ,QJIHTE KBB,II[J&‘T JIBY'-UIEHE H3 KBB,I[P&THDI‘O Tpeaneﬂa:
a) ¥ — 10x + 10; B) 3x2 + 6x — 3;

6) x>+ 3x — 1; ) §25 -z + 2.

KeappatnyHan ¢yHkuMA
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66. [JoxaxuTe, uTO NpH JI060M ZHAYECHHH X KBAJAPATHRIN TpeXwieH:
a) x* — 6x + 10 NpUHUMAaET MONOKUTENLHOS 3HAUEHME;
6) 5x2— 10x + 5 NPHHEHMAET HeOTPHIIATENLHOS IHAYEHUE;
B) —x° + 20x — 100 npMHUMAET HELONOKHUTENbHOe 3HAUEHUE;
r) —2x° + 16x — 33 npuEEMaeT OTPHIATEbLHOE SHAYCHHE.

67. Jllamn kBagpaTHBle TpexwieHH x> — 6x + 11 u —x® + 6x — 11.
JokakuTe, YTO HmepBuIfi M3 HUX He OPMHHMAET OTPMLATENBHBIX
3HAYEHHI, A BTOPOif — NONOXKHTENBHRIX.

68. Ilpu xaxom sHaueHuu x Tpexwien 2x° — 4x + 6 mpunumaer mau-
MeHBIIee sHaweEue? HaiiauTe 2To 3HAaueHUHe.

69. Idax KBajgpaTHBI Tpex4ieH %x2 + 2x + 4. BelficHHTe, IIPH KaKOM

SHAYEHHH X OH NMpHHEHHMaeT HaMMeHbIllee 3Ha4YeHHe H 4YeMy PaBHO
9TO 3HaA4YeHHe TpexXdieHa.

70. Hoxka)xuTe, YTO M3 BCeX NPAMOYTOJLHBEIX TPEYTrOJBHHKOB C CYM-
MO# KaTeTor, pasHoii 6 cM, HanbGonbIIyo MNOINAAE HMeeT paBHO-
GepeHEHLIH TPEeYroJbHUK.

71. C GamseuY BEIIYCTUIM BBEPX CTpeny us ayka. Ecan HaualbHAS CHO-
pocTs cTpensl paBHa 50 m/c, BeicoTa 6ammu 20 M m ¢ (¢) — Bpe-
M#fA OOJeTa CTPensbl, TO paccTosaHHe A (M) CTPenkl OT MOBEPXHOCTH
seMJH B MOMeHT BpeMeHH f (c) MOKHO HailTH mo dopmyne
h = =5 + 50t + 20 (npubiMKeHHOe 3HAYEHUE YCKOPEHUS CBOGOA-
HOrO najeHus cauTaeTca paBEBM 10 m/c®). Kakoii mambonbuei
BRICOThI JIOCTHUTHET cTpena?

n el

T2. Dyaxknua sagasa Gopmuynoit f(x) = : . Ilpn kaxux sHAYE-
HUAX X:
a) flx) =0; 6) fix) > 0; B) f(x) < 07

73. Inuua | cransHOro pensca, umetomero npm 0 °C anumy 60 M,
USMEHAEeTCs B 3ABHCHMMOCTH oT Temmepatypel £ (°C) mo sakoHy
[ =60(1 + 0,000012¢). HalinuTe mpupameHWe AIHEE! [ penbca
OpH U3MEHEHHHM TeMIIepaTyphI:

a) or 0 gmo 25 °C; 6) ot 25 mo 50 °C.

74. Pemmure ypasHeHue:
a) 3(x + 4)°=10x + 82;  6) 31lx + 77 = 15(x + 1)~

75. PasnomxuTe HA MHOMHTENH MHOTOWIEH:
a) ab + 3b — 5a — 15; 0) 2xy —y + 8x — 4.

2. K A Tpexuyne ‘
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4. PaanoxeHue KBaapaTHOro Tpex4sieHa
Ha MHOXMUTENU

IlyeTe TpebyeTca pasnoMHTL HA MHOXMHUTENH KBaJpaTHLIH TpexXdiieH
3x® — 21x + 30. BuiHecem cHayana 38 CKOOKM crapiumii xoaddu-
uuent 3. [Tonyumm

3x% - 21x + 30 = 3(x® - Tx + 10).

Ilna Toro 4TOGL! PA3IOKUTL HA MHOKHUTENIH TpexuyeH x° — Tx + 10,
[peAcTABHM —7X B BHEe CYMMBl OJHOWIEHOB —2x W —5Xx M NpHMEHHUM
crocod rpynnupoBKH:

XX -Tx+10=x*-2x—5x+ 10 =
= x(x—2)-5(x - 2)=(x — 2)(x — b).

3HauYHT,
3x° — 21x + 30 = 3(x — 2)(x — 5).

IIpr x = 2 u x = 5 npoussegenue 3(x — 2)(x — 5), a ciegoBaTeNb-
HO, ¥ TpexwieHn 3x° — 21x + 30 ofpamaioTes B HYJIb. SHAYMT, Yucaa 2
U 5 SABIAIOTCA €ro KOPHAMH.

Hrax, MBI MpefCTABUIM KBAAPATHRIH Tpexumen 3x2 — 21x + 30 B
BUJe NpPOH3BeJeHHMd uHcia 3, T. €. cTapiuero xoadgdHIHeHTa, H IBYX
mueeiiHEX MHOxUTened. [lepemit u3 HUX npeacraBiasier coboii pas-
HOCTBH MEMAY MnepeMeHHONH X U OZHMM KOPHEM TpeXduJieHa, & BTOpOi —
PasHOCTE MEXKAY MNePeMeHHOH X H APYTrHM KOpHEeM.

Taxoe pasnoxeHHe MO¥KHO NONYYHTHE AJA N106G0T0 KBaJpPaATHOTO
TpexdiaeHa, UMermero kopay. Ilpu aToM cuMTaOT, YTO €CAM AHCKPH-
MHHAHT KBAAPATHONC TPEXWIeHA PABEH HYJI, TO 3TOT TPEXWIeH HMeeT
[BA PABHEIX KOPHA.

| TEOPEMA |

Eemm x; u x, — KOpPHH xnlmpamm mm:uenaax‘-k ,?;a;;bqg:, T0
ﬂxaﬂﬁ.hx:*é'-m-’L#lH-‘Fxg)- 0= et

® Buinecem 38 cKOBKM B MHOTOUNeHe ax’ + bx + ¢ MHOXKUTE b d.
IMonyuyum

ax2+bx+c=a[x2+%x+§).

Tak KaK KOPHH KBaJPaTHOTO TpeXuJeHa ax® + bx + ¢ ABNALTCA
KOPHAMH KBAJDATHOIO YpPABHEHHMA ax” + bx + ¢ = 0, To mo Teope-
me Buera

Orcopa .
¢
;=—1x1+x2}, 2 %1 Xp-

KeaspatuuHasi (yHKLMS



IToaTomMy
x2+£x+£= 22— (x, + x)x + x,x, =
= 2% — 2 X — Xpx + X2 = X(X — x,) — Xp(x = x,) =
= (x — x)(x — xy)-
Hraxk,
ax® + bx +c=a(x - x)(x - x;). O

ITloxaxemMm, uTo

CBAT pexHL 1 He MMeeT KOpHeil, roemnemm}
! pasnoxu 0KMTENH, mmneca MHOTOUJIeHaMH mep-
remeHI. L Y
~ I

¥ ¥
I.q—-—--l—— --—m———l——h——-——-—-n———-nu--—_l-—_-ul-‘

@ IIycTe kBajgpaTHHIH Tpexusnen ax’ + bx + ¢ He MMeeT KOpHEeil.
IIpeanonoxkuM, 4TO €ro MOMHO TPEACTABUTH B BHJE pPOHU3Bee-
HUA MHOTOUYJIEHOB OEepBOil CTENeHH:

ax’ + bx + ¢ = (kx + m)(px + q),

roe B, m, p ¥ ¢ — HexoTophle yucna, npuyeM k=0 u p# 0.
ITpoussenenne (kx + m)(px + g) obpamaerca B HyJb NPH X = __.’E.

ux= —%. CnemoBaTenbHo, IIpu 3THX SHAYEHHAX x obpamjaercA B

m q
HYJE H TPeX4JIeH a.‘l'2 + bx + ¢, T. e. uucHa —f H _F ABJIAIOTCH

ero kopEaAMU. Mbl OpUmAM K NPOTHMBOPEYHMIO, TAK KAK IO YCIO-
BMIO BTOT TPeX4ieH KopHell He umeer. O
INpumep 1. PasnoyuM Ha MHOMKHTeNHM KBALPATHBIH TpeXwieH
2x® + Tx — 4.
P Pewns ypasHeHHE 2x%* + 7x — 4 = 0, HaliieM KOpHM TpeX4JeHa:
x, = %. x, = —4.

Ilo TeopeMe O paA3JIOKEHHH KBANPATHON? TPeXYJIeHA HA MHOMHTe-
I HMeeM

2x2+?x—4=2[x—%){x+4}.

Ionyyennsnii pesy/IbTAT MOMKHO 3AOMCATL MHAYE, YMHOMKHUB YHCJIO 2
HA ABYUWIEH X — }ﬁ TTomyumrm

2x2 + Tx -4 =(2x — 1)(x + 4). <

§ 2. KeanpartHbliA TpexvneH ‘ o



INIpamep 2. PasnoxuM HA MHOMHTENH KBAJDATHLIH TpeX4ieH

—4x% + 24x - 36.

p Pemus ypasmermne —4x° + 24x — 36 = 0, naiinem KOpHHM Tpexuie-

HA: X; = x, = 8.
S3HAYUT,
~4x° + 24x — 836 = —4(x - 3)(x — 3),
HIH HHaA4Ye
—4x% + 24x - 36 = —4(x - 3)°. <
3x+ 2

IIpumep 3. CoxkpaTum Apobb 5 |

-13x-10"

P Pasnoxum HA MHOMKMTENIM KBaAPATHEIA Tpexusen 3x° — 13x — 10.

Ero xopEM paBHEI —% u 5. ITosTomy

3z - 13x - 10 = 3(.:: % %)(.r - 58) = (3x + 2)(x — 5).

3HAYHUT,
3x+2 dx+2 1 q

32 —13x-10 (Bx+2)(x-56) =z-5

Yngam-leﬂaa

76,

PaznoxkuTe HA MHOMHUTENH KBAAPATHEIH TpexXujeH:

a) 3x° — 24x + 21; r) x° - 12x + 20; k) 2x° - 5x + 3;
6) 5x% + 10x — 15; ) —y® + 16y — 15; 3) 5y° + 2y — 3;
B)%x2+%x+%: e) —x*—8x +9; u) 222 + 5x + 7.

Pasnoxure Ha MHOMHTeJH TpexXwiaeH:

a) 2x% - 2x +3; B) 16a% + 24a + 9;

6) —9x% + 12x — 4; r) 0,25m? — 2m + 4.
PasnoxuTe HA MHOMKHUTENHM KBAJPATHLIN TpeXuieH:

a) 2x% + 12x — 14; B) 3x° + 5x — 2;

6) —-m? + 5m — 6; r) 6x° — 13x + 6.

JlorasxuTe TOMKAECTBO:

a) 10x*> + 19x — 2 = 10(x — 0,1)(x + 2);

6) 0,5(x — 6)(x — 5) = 0,5x° — 5,5x + 15.

MoxHO N NpeACcTABUTH KBAJAPATHEIN TPEX4ieH B BUME IPOM3Be-

JAeHHMA MHOI'OYJIeHOB nepnoi‘i CTEIEHH:

a) —3y° + 3y + 11; B) x* - Tx + 11;

6) 46> — 9b + T; r) 3y° — 12y + 127

KeagpaTtnuHas HKLMA
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[81.) MoxkHO N PA3NTOKUTE HA MHOMKHUTENM KBAJAPATHBINA TpexuseH, KO-
addUIMEHETE KOTOpPOro — paBHEIE, OTIUYHLIE OT HynA uyucna?

B82.] INoxaxcure, uto CYIIECTBYET KBAAPATHBIH TpexXdieH, HMMeOLIuii
KOPHM, KOa(PHUIMeHTHl KOTOPOrc — HATYpajdbHbIE 4YHCIa BHUAA 71,
2n, 3n (pacnonoKeHHEe B OpPOM3BOJLHOM NOpAgKe). Paznomwute
STOT TPEXWIEH HA MHOMHTE/H.

83. CoxkpatuTte Apobb:

4x+4 16 — b2 P2 —11p+ 10
a)3x3+2x—:; B)bg—b—m; ) 20+Ep-p2;
24 - ba -3 22 + Ty +3 3x% +16x 12
6) —3a-9 i v -9 ; o 10 - 18x - 322"
84. Coxparute ApoOb:
a)xz;gu:+z4; 6) 2y2+29y—5.
- 64 4% -1

85. Haiinute sHauenue apobu:

36 - x°
a) W opu x = —9; —99; —999;
4 8x — 32
6) o opu x =—1; 5; 10.

422 - 16

2 -6x+8
86. ‘Iempawm‘lam'rcarpatbmm(byﬂxmﬁiy=x—4ny=???

[l

87. Pemure ypaBHeHHe:

- 1 Bx— 17
a)“221—11x=11; 6) = = .
BS. Paano:uTe HA MHOMHUTENN MHOIOWIeH:
a) 4x* — 6x + 2xy — 3y; 6) 4a® + 2b® — 2a°b — 4ab’.

89. B kKakKoii KOOPAMHATHOH YeTBEPTH PACIMOJOMKEHA TOYKA Iepecede-
HUA rpaduxop dyEKOHK f(x) = 0,8x + 2,1 u g(x) = -0,9x + 37

KonTponeHeie BONpoChHI

Laiite onpepenenve keagpatHoro tpexyneHa. CKonbko KOpHEen Mo-
¥ET UMEeTb KBAOpPaTHLIA Tpexunen?

Mokaxute Ha npumepe BoipaxeHus 3x° — 12x + 32, kak MOXHO Bbl-
DEennTL KBaapaT ABY4IeHa V3 KBaApaTHOro TpexulieHa.

CohopMynmpyiite 1 OOKaXWTe TEOPEMy O Pas3NOXEeHWW Ha MHOXWTE-
N KBaNPATHOrO TPEXYNEHa, UMEIOLLErD KOPHW.

§ 2. KBagparHblii TpexyneH ! g



KBAAPATUMHAA OYHKUMA U EE MPAGUK

5. @yHkuua y = ax?, ee rpadvk U CBOICTBa

OaHOH H3 BayKHBIX QVHKIHI, K H3VUEHHIO KOTOPOH MBI IepeXoiHM,
ABJIAETCH KBaJIDATHYHAS (QVHKI[HA.

npepengHve. Ena.npammmﬁ dyHKIHEeH HAZLIBaeTCH PyHK-

O¥#, KOTOPYI0 MOXCHO 3ajaThk QOpMyJNoi Brja
y=ax*+bx+e,

re X — He3aBMCHMAa#A NepeMeHHad, 4, b ¥ ¢ — HeKoTopkIe YHC-

8, mpAyeM a # 0

Dl S L oY e

ObnacTe0 onpefesieHMs KBAApATHUYHOM (PYHKIIMH SABJIAETCH MHOMEe-
CTBO BCEX YHCEJ.

IlpumepoM KBagpaTHUYHON PYHKINH SABASETCHA 3aBUCHMOCTL IIYTH OT
BpeMeHH NOpPH PABHOYCKOPeHHOM aBmyxkeHuu. Ecnm Teno ABHIKETCH ¢ ye-
KopermeM a (M/c%) ¥ K Hayaly oTCYeTa BpeMeHH f MpOLILIo MyThb 8q (M),
HMedA B 3TOT MOMEHT CKOPOCTB U, (M/c), TO 3aBHCHMOCTE HpoiifleHHOro
nyT § (M) oT BpeMenH t (c) BrIpaxkaeTcsa GopMyJoH

2
at

Ecnu, Hanpumep, a = 6, vy = 5, s, = 20, To
s = 3t? + 5t + 20.

Hayuenmne KBagpaTHuHOH (JYHKIMHM HAYHEM ¢ YACTHOrO caydasg —
dyHRIME § = ax”.

Ilpn a = 1 dopmyna y = ax” npuEuMaer Bug y = x°. C aroit yHk-
el BEI yiKe BCeTpeuyaaHnck. Ee rpadguKoM spisfercA napaborna.

Ioctpoum rpaduk dyExkmun y = 2x°. CoctaBum Tabnumy sHauyeHui
9TOH (PYHKIHH:

2 2 |15 -1]-05] 0 (o5 1 |1,5] 2
v E'|457 ¢ [0 | W o5 | 2 [ 45

ITocTpoMM TOYKH, KOODAHHATEI KOTOpPLIX VKasaHwl B Tabmune. Co-

eMHHB WX TJIABHOH JWHMeH, HDonyuyum rpaduk byEkmum y = 2x°
(puc. 22, a).

Ilpu mobom x # 0 sHaueHme QYHKIMH ¥ = 2x° GoJbllle COOTBETCTBY-
JOLIero 3HAYEHHA QYHKIFM y = x° B 2 pasa. Eciu mepeMecTHTh Ka-
IYI0 TOYKY rpaduka QYHKIMH y = X° BBePX TaK, u4TOOBI PACCTOAHME OT

KeagpatnyHan PyHKUWA
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a) BT 6) T
8 J V=2x2_ ; 8 1
I : iI j A Iy[ xiﬂ'
'1‘6 - A HIAHH
|4 i Ay
2 y<2x2\2 /] 1 j:
1 b - i_ —t e ‘......_
- 113 X -20l 1131 1®
|2 :}t p 1 l2 ! '?_.'_]
Puc. 22

STOH TOYKH [0 OCH X VBeJWuHJock B 2 pasa, TO OHA HepeiifeT B Tod-
Ky rpaduka QYHKOHH Y = 2x%, TIpm »ToM Kamaas To4Yka rpaduka
QVHKIIMH [ = 2x® mMoxker GbITH noxyyeHa W3 HeKOTOpol ToukH rpadpmu-
Ka QYHKOMM y = x°. WHeIMH cioBamH, rpaduk oyHKimmu y = 2x°
MOYKHO MOJYYHTE M3 mapabosbl § = X° DACTSAYKEHHEeM OT OCH X B 2 pa-
3a (puc. 22, 0).

HocTpoum Temeps rpaduK PYHKIME Y = %x". JInsi sToro coctaBuM
TabmHy ee 3HAYEHMET:

-4 -3 -2 =1 0 1 2 3 4

gl 8 [45] 2 [o5 ] o [o5] 2 [as5| 8

HOCTpOI-{B TOYKH, KOOPAHHATH KOTOPHLIX VKAa3aHBl B Tﬂﬁ.ﬂl'lll,e, H
COEMHWE WX NJABHOH nuHMeHd, monyyum rpadux GyBEKOUN Y = %xz
(puc. 23, a).

a) \ 1/ S 6) 1 7} |
|\EEEBEED \
o i*f‘ I;l_'g v
- s , i STy
-\EJF ‘s A A y .
S W, - y =1 32 \\12 =
F_Exzi‘\!h_ E 2| \ ’ i L
—18] e B LTV
T e
Puc. 23

§ 3. KeagpatuyHan ¢gyHkuma n ee rpadmk | 50



1
IIpn nobom x # 0 sHayeHwe QYHKOUH Y = Exg MeHEIIe COOTBeT-

CTBYIOIEro sHa4YeHHA QYHKOMH y = x° B 2 pasa. Ecim nepemecTHThb

KasKAVI0 TOYKY rpadmxa QyHKIUM y = x° BHM3 TakK, 4TobBI paccTos-
HHe OT 5TOH TOYKM [0 OCH X YMeHBIIWJIoCE B 2 pasa, TO OHa Iepeii-

HeT B ToOURY rpad@ura QyHKUMU Yy = %xg. OpHUYeM KasKaad TO4YKA 3TO-
ro rpadpHKa MoXKeT DBITE TOJyYeHAa M3 HEKOTOPOH TOYKH rpadura
byHROHUH [ = x% (puc. 23, 6). Takum obpasoM, rpaduK QYHKIAH
y=%x2 MOXXHO THONYyYHMTh M3 mapabosibl y = X° cKaTHeM K OCH X B
2 pasa.

Boobme rpaduk QYHKIHH y = ax’ MOKHO NOJYYHTL M3 mapaGosbl
y = x* pacTaskeHMeM OT OCH X B a pas, ecyiu @ > 1, ¥ coxaTHeM K OCH X
B%paaa, ecit 0 <a<l1.

PaccMoTpuM Teleps GyHKNHIO y = ax’ npu a< 0.

Ilocrpoum rpaduk QYHKUHE Yy = —%xg, IJIsl 4ero cocTtaBHM Tabim-
oy s3HaueHWH 9TOH PyHKIMH:

-4 -3 -2 -1 0 1 2 3 4
-8 | 48| -2 | 0,56 0 -0,5| -2 |-45| -8

s

BocrnonrazoBaBmHces aToit Tabnuneil, mocrpoum rpadur QyHKIHH
- —%x” (puc. 24, a).

a) L7} 6) |an
: i '
2 6 1
: A\ Jly—L,2]]
| n 4 ] 4 2"3_
-4-3. 017234 x f
N \ /
HEH AT 2t/
[ —4 d =
1 \ —4-3 N 34 x
-6 \ P
{! L] \ - Lau / \
8Ll \V="p —4 =—1,2-
g | [=MAL 1 _\ L2 2.. LE] y= 2x3_
=10 il -6 \
/ \ j'! | 1
| 1 l_ls Y

Puc. 24

KeapgpatnyHan dyHkumna
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o 1 1
Cpasrum rpaduky GyHKumi y = —5x° u y = 3x° (puc. 24, 6). Ilpu
m060M X 3HAYEHWMS O9THX (DYHKIMI SBISIOTCH NPOTHBOMONOMHBIMM
yucaaMu. BHAYMT, COOTBETCTBYIOIIME TOYKM rpadMKOB CHMMETPUUYHBI

1
OTHOCHUTeNEHO ocH x. MumiMmu cinoBamu, rpadur QJYH.H.L{HH = —E-Tz

moxkeT OBTE mosydeH M3 rpadpuka QYHKOHH y = %xz ¢ OOMOIILIO
CHMMETDPHH OTHOCHTEJIBHO OCH X.

Boobue rpadukn GyHKRDMi | = ax’ u y = —ax® (upu a # 0) cummer-
pPHYHEI OTHOCHTEJBHO OCH X.

T'padpux GyHEDHUH y = ax®, rpe a#0, kak u rpadur GyHKIUH
y = x°, HA3LIBAETCA napalbonoil.

ChopMyHupyeM ceoiicTea OYHKIMHE y = ax’ opu a > 0.

i 1. Ecam. my-omm“d)mmmmrqepea:
' HAYAJ0 ar. b
:2.Eemx1ﬁh,my>0 I‘pa@nmymunnpacnommennl
: 'HONYILIOCKOCTH . :
g 5 0110103 3HAYEHHAM APryMEHTA COOTBETCTBYIOT !
[] . M I § 1 i - |
paBHEIe 3HaYeHns QyHKIMH. I'DaduK QYHKIHE CEM

. B S T iy ““’“?“"g

4. 'Wuae-r' B NPOMEKYTKe (--00' 0] H puapamm ql i
i rice [0; +00). :
- maer mpu x = 0, HaNGONLMEro SHAYeHMR (YHNKIUS He |
' uMeeT. muenuilbymuummrcnmﬂy- 1
; Tok [0; +0). H

Hokasxem cBoiicTBO 4.

@® Ilycte x, ¥ x, — ABA 3HAYEeHWs APryMeHTA, OPHYEM X, > X;, 4 I,
M lj, — COOTBETCTBYIOIlHe uM 3HadeHud (GyHxmuu. CocraBum pas-
HOCTB Y, — ¥, ¥ npeoBpasyem ee:

Yo~ = arg - ax? = a(x§ — x}) = a(x; — x,)(x; + x,).

Tax kax a>0 u x, — x, >0, To npoussenenve a(x, — x,)(x, + x,)
HMeeT TOT JKe 3HAK, UYTO M MHOMKHTeNE X, + x;. Ecim ducna x; u
X, ODpPHHAILJIEXAT ONpoMeKYTKY (—°0; 0], To sToT MHOXKHTENIE OTPH-
marened. Ecnu uucna X, M X, NpHHAaAIexaT npomexyTry [0; +00),
TO MHOYKHTENL X, + X; nonoxuTenedn. B nepsoM cayyae y, — y; <0,
T. €. Y, < ;3 BO BTOpPOM cliydae Yy, — y, > 0, 1. e. Yy, > y,. 3HAUHT,
B npomexxyTre (—o0; 0] dyHkuua youBaer, a B npomexyTke [0; +00)
BO3PACTAET.

§ 3. KeagpatuyHana dyHkumsa 1 ee rpapuk
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Teneps chopMynHupyeM cBoiicTBa QyHKIEYM y = ax” npu a < 0.

llEcmlx=0.my Ol‘pndmﬂqlmumnpoxonmqepes:
i HaYano KOOpAMHAT. 1
: 2. Ecom x# 0, o y <0. I'padpux lbymcnm: pac::gnomaa B :
: HMxHell DOJYILTIOCKOCTH. ‘:
: 3. IIpOoTHROMOJIOKHEIM IHAYEHHAM apryuma C :
i paBHsie sHavennsn Qynximuu. Fpaduk GyHK i
: 4eH OTHOCHTENBHO OCH Y. :
1 4. DyHEKHMA BO3PACTAET B NMPOMEKYTKe (—m- 0] u yOmBaer B |
: npomesxkytre [0; +09), ; 1
: 5. HaunGoasiree 3Hauenmue, pﬁhhdé nymn, dyEKIMA npHEK- :
| maeT npu x = (), HAHMeHbIIero 3HaYeHHA (QYBKIHA He |
I umeer. O6nacTeio 3HAYEHHH ABIAETCH MpoMemxy- |
I 7ok (—°% 0] ; :
M i e e s o e e e e Y S Y W SN N M S S S S Y N S DA G S S D0 S e S G e e e g e

JlokasaTenbCTBO CBOMCTBA 4 MPOBOAMTCH AHAJOTHYHO TOMY, KaK 3TO
6eLo cpenaHo Ay DYHKOEH y = ax® mpu a > 0.

H3 mepeuMclieHHBIX CBOMCTB cienyer, yto npu a > 0 BerBH mapabo-
7Bl y = ax’ HanpaBlieHBl BBepX, a npu a <0 — pams. Ock y sBIseTCA
ocsi0 cuMMeTpum napabonwl. Touky nepecedenusi napabosibkl ¢ €€ OChIO
CHMMETPHH Ha3LIBAXOT 6epwunoll napalboavi. BepmuHoit mapabosbl

Yy = ax’ ABNseTcA HAYANO KOODAMHAT.

IlocTpoenwe rpadmuKa, CHMMETPHYHOIO OAHHOMY OTHOCHTENLHO
OCH X, paCcTH)XKeHHe rpadHKa OT OCH X MJIM CIKATHE K OCH X — pasiiHy-
Hble BHABI npeobpazopaauda rpadukos ¢pyeximmu. IIpeofpaszoBaHus rpa-
bUKOB, pacCMOTpeHHBIE HAMM i QYHKIMHM Y = ax’, NPIMEHUMBI K
J1000l GVHKIEA.

T'padur dysKIHN y = —f(x) MOKHO DONyYHTE U3 rpaduKa GyHKIHH
¥ = f(x) ¢ momoILiI0 CHMMETPHH OTHOCHTENEHO OCH X. .

T'padur dyEKnHE ¥y = af(x) MOXKHO NOSYYHTE U3 rpaduKa QYHKINH
Y = f(x) ¢ moMoIilsi0 pDACTHIKEHHS OT OCH X B @ pa3s, ecnu a>1, u ¢

1
OOMOIOEK CHATHH K OCH X B & pa3a, eciif 0<a<l.

Yneaxtneunn

90. Ilocrpoiite rpadukx QPyHxuMEM Yy = ;}xz. Haiigure:

a) sHaueHMe y opu x = —2,5; —1,5; 3,5;

6) saHaueHMA X, OpHU KOTOpHIX ¥ = 5; 3; 2;

B) OPOMEXYTOK BO3PACTAHHA M IPOMEKYTOK yObIBAHNA QYHK-
LHH.

KeagpatuyHasa QyHKUmA
32 @



91, Ilocrpoiite rpadux dynxumuu y = —2x° u HaiiguTe:
a) sHaueHwe y mpu x = —1,5: 0,6; 1,5;
6) sHaueHMs Xx, OpH KoTopeix y = —1; —3; —4,5;
B) OPOMEXYTOK BO3PACTAHHA M NPOMEXYTOK yOmHBaHMA DyHK-
IHMH.
92. TloctpoiiTe B ofgHo#l cHcTeMe KOOpPAMHAT rpadbukn dyHrOHR
y=2, y=18"ny~ %x’. CpaBHUTE 3HAYCHMA STHX (DYHKIWIA
opr x=0,5, x=1u x = 2.

93. IlocTpoiiTe B ofgHO# cHcTeMe KoopAuHAT rpabukn dyHKOUi
y=0,4x* u y = —-0,4x’. Kakosa obnacts 3HaueHMi Kaxmoil u3
aTHX (PyHKIUN?

I[MokaxxuTe cxeMaTHUeCKH, KAK PACHONOMeH B KOODAMHATHOMH
IoCKOoCTH rpadMK QyHKIHH:

a) y = -1,5x% 6) y = 0,8x°.

ITepeuncnuTe cBoficTBa sTOH GyHKIMH.

=

95. HaofpasuTe cxeMaTHYecKH rpa@HK H OepeyHCc/IHTe cBolHcTBa

bynrpm:
a) y = 0,2x% 6) y = —10x°.

9& Ilepeceratorcss nu mapabona y = 2x% u npamasn:
a) y = 50; 6) y = 100; B) y = —8; r) y = 14x — 207
Ecniy TOUKM mepeceueHHA CYIIECTBYIOT, TO HAHAHTEe MX KOOPAHHA-
THI.

97. Ilpunajgnesxur nu rpadury QYHRIMHK y = —100x? Toura:
a) M(1,5; —225); 6) K(—3; —900); B) P(2; 400)?

98. HaliguTe KOOPAMHATHEI TOUeK epecedeHHs rpaduxoB QPYHKIHH
y=-x’u y=2x — 3. Beinonaute rpaduuecKyio MIIIOCTDAIHIO.

99. HMaobpasure cxemaTuueckum rpadurm oysxnuit y = 0,01x*> u
y = 10x. Fpaduryn stux QyHxnuil umeor obmyo Touky O(0; 0).
Ameror nu rpadMkH sTHX GyHKuuit gpyrue obmue touxkm? Ilpm
DOJIOXKHUTEIBHOM OTBETe HaliuTe KOODAHHATHL 3THX TOYEK.

'IQ_& Ilpy Kaxkux sHAYEeHHUAX k npamasa y = kx — 4 umeer ¢ napabosoi
y = x* TonbKo opHy 00Uy TOUKY?

101. Mnomans kpyra S (cm®) Beiumcasercsa mo dopmyne S = nr?, rae
r(cm) — pagmye kpyra. IoctpoiiTe rpaduk QyHkmmum S =’ u
HailguTe mo rpadmukry:

a) momaaL Kpyra, ecnu ero paamyc pases 1,3 cm; 0,8 em; 2,1 om;
6) pagmyc Kpyra, Iwiomaaes Koroporo pasaa 1,8 cv®; 2,5 ev®; 6,5 cm®.

§ 3. KeagpatuyHas ¢QyHKUMA KU ee rpapuk |
2-p, H. Maraprrmen. 0w, 33



102. IIlnomaas moBepxHocTH Kyb6a y (cm®) saBucur or pebpa xyba
x (cM). Sapgaitte sty saBucumocTk Gopmynoii. IlocTpoiite ee rpa-
dur 1 HatiauTe mo rpaduKy:

a) moBepXHOCTL KyGa, ecau ero pebpo paeso 0,9 cm; 1,5 cu; 1,8 o

6) smuny pe6pa, ecii MOBepXHOCTL Kyba pasna 7 cm?; 10 cnm’; 14 enm®.

[l

103. CronpKo KopHeH HMeeT KBAXPATHEIN TpexXuJeH:

a) 3x% — 8x + 2; 6) —3y° + 6y - 18; 8) m? — 8m + 3?
104. Coxkpatute apobs:
2a -1 6a° - 5a + 1
a) 1042 -a-2" 6) 1- 44

=

105. Peutute ypaBHeHHe

(x+3P-(x—-38°=(x-2°+ (x+ 2)°
H OTMETHLTE ero KOPHHM HAa KOOPAHMHATHOH OpsAMOIi.

6. Mpaduxu PyHkumii y = ax> + n
My = a(x - m)
PaccmoTpuM Apyrie YacTHRIE CJYYAN KBAADATHYHON QYHKITME.

IIpumep 1. Buscaum, uto npeacrasiaser coboit rpabwk GyHKIHUH

y= %xﬂ +.3.
P C oroii nensio B ofHOM cHCTEMe KOODAUHAT HOCTPOMM TrpadMKH

GyHKIHE | = -;-xz HYy= %xg + 3.
CocrapumM Tabnuny sHadeHME QyHKUORH Yy = %xg:

x| -4 |-3|-2]-1]o0o]1]z2]3]4
6))

e 8 (45| 2 [05] .0 |os5] 2|45

Ipadur dysrnun y = %xz u3obpaxkeH HA pucyHKe 25, 4.

Yrobel nonyunTe TAbNMIY BHAYEHHII QYHKOUH y = %xz + 3 mpm
TeX e SHAYEHHHAX aprymeHTa, CJeOveT K Haﬁ.IJ.EHHHM SHAYEHHMAM
pyHRIMY Yy = -lz-xz npubasute 3.

CoctaBum Tabnuny sHadYeHHil QyHKOuUH y = —;-xz + 3:

KBagparunyHas ¢yHKUMSA
5 [T y



a) 7 ] 6) ]} i
] [ |
\ 1 ] 1\ il
B ' L\ I
. 1. 9+ L
W y=21x2]] N6 ] ]
\ I 2 AR Pl g
.l4 4 A v 21 +3_
| ) ¥ 11 |1l _t |
X2 2HATY =2
: A e
T a—al | x —4-31 0l ' x
Tl m . S i B i o 00

N -4 28| 2|2 o0 }auf 2| 3] 4

ly:‘ 11 | 7.6 5 3,5 3 | 3,5 5 7,5 | 11

(2)

IlocTpouM TOUKH, KOOPOMHATHI KOTODHIX yEKaszaHel B Tabmwuue (2),
B coeaMHUM X OnasHoH nuHHell. Iloayuum rpapmr QyHKIHHA

y= %xz + 3 (puc. 25, 6).

Jlerko moHATE, YTO KaMpoill Touke (x4; y,) rpadpmka pyHKomH

V= %xz COOTBETCTBYET €AWHCTBEHHa#d Touka (Xg Yy + 3) rpaduka
GYHKIME Y = %xg + 3 n HaobopoT. 3HAYMT, €CH [IEPEMECTHTh KAMK-
Oy Touky rpaduxa GyHKIMH y = %xz Ha 3 eMHUIL] BBEpPX, TO MO~

JIYYMM COOTBETCTEYIOLIYI0 TOYKy rpadpuka QyHKIHH Yy = —;-xg + 3.

Huave rosops, Ka)AyKw TOYKY BTOpPoro rpaduka MOXKHO DOJIYYHTH
¥3 HEKOoTopoil TOYKH HepBoro rpauea ¢ HOMOIBI MapAJJIENbHO~
ro mepeHoca Ha 3 eJMHHMIEI BEEDX BAOJIE OCH Y.

I'paduk pyEROUHE y = ;—xz + 8 — mapaGosia, DONYYeHHAR B pPe3yiib-
TATe CABHra BBEpPX Ha 3 efuHHuB! rpaduka GyHKOHH y = %xﬂ. <

[ B - S S S S S S S N S NN N O S

)
! Boobme rpadux QyHKuME y = ax® + n ABIfeTcA mapabono, |
! KOTOpY0 MOXKHO mONyuMTh M3 rpaduka GyHKOUM y = ax’ c |
| MOMOIBI0 MAPANJIENEHOTO TIEPeHOCA BIOJNEL OCH i HA N eIUHHUIL |
: BBepX, eciiu n >0, WM Ha —n egUHMN BHH3, ecau n <0. -
[ 9

i ————— - i T NN S B S S SO I O S W S A N S S R S S o

§ 3. KeagpatuyHasa ¢yHKuma 1 ee rpaduk | 35



IIpumep 2. Apxa mocta umeer dopmy mapaboner (pme. 26). Moct
VEepxHUBAIOT TPH OIIOPHI, PACIOJIOYKEHHBIE HA OJJHHAKOBOM PacCTO-
AHWH Zpyr oT Apyra. Haiinem maueBl 9THX omOp, €CNW HM3BECTHO,
g0 AB=80 m, OC =8 m, AK=KO=0L=LB.,

YA
C C
Y [ T )
. &1 oXL Tah -40 § 0 L.y 407%
Puc. 26 Puc. 27

P CocraBuM yparHenume mapabGonel, BLIOpABR CHCTeMY KOODJHMHAT TakK,
Kak mokasaHo Ha pucyHKe 27. OueBMAHO, 9TO 9TO YPABHEHHE MMeeT

BHI ¥ = ax® + n. Haiigem KoopguHaThl Touek A, B u C. Umeem
A(-40; 0), B(40; 0), C(0; 8).

Bepummnoit mapaGonel sBaserca Touka C(0; 8). 3mauwmrt, n = 8,
Jdna oTeicKaEMA Kood@dHIMEeHTAa 4@ DOACTABUM B YpaBHeHHe

y= ax? + 8 roopzuHaTH Touru B(40: 0): 0=a- 1600 + 8.
Orcroma a = —% = —0,005. Ms&1 monyuuns ypasHeHHe Oapabosibl

Teneps HeTpVAHO HAWTH [IHHLI OLOOD:
eciit x = —20, To y = 6; ecniut x =0, TO0 Yy = 8;
eci x = 20, To y = 6.
SHAYMT, ONOPHLI MOCTA MMEIOT AnuHBI 6 M, 8 M B 6 M. <
INIpamep 3. PaccMoTpuM QyHKIHIO Yy = %{x - 5)> u BBIACHMM, uTO
npenctaBnfeTr coboil ee rpadpuk.
P Ons atoro B ogHOH cHcTEMe KOODAHHAT DOCTpOMM rpadueKy QyHK-

it y—%xz u y=é{x—5)2.

Ilna mocTpoeHus rpadmka QYEKOHH y = %xz BOCHIONIB3YEMCS
Tabauneit (1). CocrasuM Temeps Tabnauny sHadeEnit GyHKIHHA
y= %{x — 5)°. Ilpu sTOM B KauecTBe 3HAYEHHH aprymeHnTa Boibe-

peM Te, KoTOpble Ha 5 OoJsiblle COOTBETCTBYIOLIMX 3HAYEHHI apry-
meHTa B Tabnmpe (1). Torza cooTBeTCTBYIOmME HM 3HAYEHHS

byHRIMYN ¥ = %{x - 5)% GyayT Te e, KOTOpDHE BAMMCAHBI BO BTO-
poii ctpoke Tabmumer (1):
- EREERE e RE RN R

-z 3
B & (45| z |05 0 [o5] 2 |45| 8 | ©

m Ksapparvnumas ¢yHKumna
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-4/-20]121416]l8] ] -4/-20{ 121416 x
| M| B L | | L | L | | |
Puc. 28 Puc. 29

ITocrporM rpadpuk QYHKIEH U = %{x - 5)°, OTMETHB TOYKM, KOOD-
OMHATEI KOTOPHIX ykasaHm B Tabnumne (3) (pmc. 28). Herpyaso

38METUTH, YTO KamAol Touke (Xg; Vo) rpadmra QyHKUmH y = _;,xz
COOTBETCTBYET €NHHCTBEHHAA To4YKa (X, + 9; Y,) rpadmka (pyHK-

oM y = %{x - 5)* n Haobopor.

SHAYUT, eclH NePeMEeCTHTH KAaXKAYI0 TOYKY rpajpuxa QyHKIHH
2

y= %x Ha 5 eAMHNI BOPABO, TO HNOJYYMM COOTBETCTBYIOINYIO
TOYKY rpadura QyHKOUH i = -;—(a: - 5)%.

Huaue roBops, Kamayio TOYKY BTOPOro rpapuka MOMKHO MONYUYUTE
M3 COOTBETCTBYIOMEH TOYKM HEPBOro rpadmukKa ¢ NOMOIBIO Mapas-
JIeJILHOTO TEepeHocA Ha 5 eQHHHI, BIPABO BAONE OCH X.

T'padur byHEIHE Yy = %(x — 5)° — papabona, NoJyueHHAS B Pe3yJib-
TaTe CABHTA BIOPABO HA O egMHMI, rpadukKa QYHKRIMM Yy = %xz. <

| o

: Boobme rpadux pyEEDEH y = a(x — m}g ABnAeTcsa mapabo-
: J0il, KOTOPYIO MOYKHO DONYYHUTE U3 rpadura GyHKOHH [ = ax’
j € DOMOLOBI HAPAJLIENILHOTO HepeHOCA BAOJL OCH X HA M enu-
: HMI[ BOpPABO, ecau m >0, MM Ha —m eZUHUI BIE€BO, €CIH
g m<O.

[ 9

ITonyueHHEBle BBIBOAEI IMO3BOJMAIOT NOHATE, 9TO HOpencTABIAAeT coboif
rpadux ¢yurmuu y = a(x — m)® + n. Paccmorpum, Hampumep, (QyHK-
ouw y = %{x — 3)2 + 2. Ee rpad¥K MOXHO IONYYHTE U3 rpaduxa QPyHK-

Iy y = %xa ¢ IOMOIIEIO ABYX MapasIeNbHBIX MepeHOCOB — C/BHra napa-
Gonnr y = %rz HA 3 e[MHMI(H BIOPABO M Ha 2 eAMHMILI BBepX (puc. 29).

§ 3. KeapparuyHaa ¢GyHKUMA 1 ee rpaduk ‘ 27



38

F . |
: Boobime rpadue dysroun y = alx — m)® + n sBnsierca napa- :
I Donoii, KOTOPYI MOMHO HONYYHTE H3 rpadura QyHKOHH |
I y= ax® ¢ moMOINBI0 [BYX MApaJUIeNEHBIX MEepeHOCOB: CHBHTA :
| BOOJE OCH X Ha M eIHHHIL BOpP&aBO, ecau m > 0, unu Ha —m |
| eguEMN BAeBo, eciad m < 0, u caABMra BAONL OCH y HA N eau- !
: HMI, BBEpX, ecnd n > 0, Hn¥ HA —n egUMHHAI, BEW3, econ n < 0. :
[ 9 o

3amMeTHM, YTO HPOM3BOAMTEL HDApPAJUIeNBHBIE MepeHOChl MOYKHO B JIIO-
oM mopsgKe: CHAYANA BRIMONHHTE NAPAJJeNbHBIH [I€peHoC BIOJE
OCHM X, A 3aTeM BAOJEL OCH § UAA HaobopoT.

[Monyuerable HAMH BEIBOAH 0 npeobpasoBaruu rpadMKoB TPHMeHH-
MBI K N00EIM QYHKIHAM.

I'paduk dyExnuE y = f(x) + n MoXHO DONYyuYNTE K3 rpaduxa GyHK-
oun ¥ = f(x) ¢ moMoOIOBI0 OApAJUIENEHONO HEPEHOCA BJAOJL OCH I Ha 1
eIuHNL, BBepX, ecau n > 0, uam Ha —n efHHHMN BHM3, ecnm n < 0.

I'padmr dyEKOEA y = f(x — m) MOMKHO DONYUHTE U3 rpadura QyHK-
oEH Yy = f(x) ¢ DoMOmEBI0 ODapajinelsHOro HepeHoCca BHOJE OCH X HA m
eguHWL, BOpago, ecnu m > 0, unn Ha —m egmEMLN BIeBo, ecnm m < 0.

I'paduk dyErOoun y = f(x — m) + n MoxEO HONyuuTE K3 rpaduka
dyHEOHA § = f(x) ¢ DOMOLIEID ABYX COOTBETCTEYIOIMX NADAJIeNBHBIX
[IepeHOCOoB.

Ilpn BpamerEnn napabonbl BOKPYT €e OCH moJaydaeTrcsa ¢Qurypa,
KOTOPYI0 HA3LIBAKT napabonoudom. Ecnn BEYTDEHHIOW NOBEDXHOCTH
napabonoKa CHeNATh 3epPKAJNBHON M HAIPABMTE HA Hee OYY0OK Jy4ei,
OapaJJielbEBIX OCH CHMMeTPHH napabonbkl, To OTpaskeHHEIe nydu cobe-
PyTCcA B OJiHOH TOYKe, KOTODYH HA3SBIBAIOT (oxycom. B To ke Bpemsn
ecJM HMCTOYHHMK CBeTA NoMecTHMTE B (OKyce, TO OTpa)XeHHBIE OT 3ep-
KAaJbHOH MOBEPXHOCTH NApabosioHAa JyYHM OKAMKYTCH NapajielbHbIMH
H HE PACCEeHBAlOTCH.

[NepBoe cBOMCTBO MO3BOAAET MOAYYHTE B (hoKyce napaboyiomya BHI-
cokyw Temnoepatypy. CornacHo neresjie 8To0 CBOMCTBO HCHOJB30BAJ
ApeBEerpedecknii yuensrii Apxumen (287-212 rr. go =. 3.). IIpu samu-
Te Cupakys B BoiiHEe NpOTHB PMMJAH OH NOCTPOMJ cHcTemy napa6Gonim-
YecHHX 3epKAaJI, KOTOpad No3BOJNHIA CHPOKYCHPOBATE OTPa’XeHHEIE COM-
HeYHble JIydl HA KopabGnax puMmnad. B peayiwTaTe TeMmepaTtypa B
¢dorycax napabonHyYecKHX 3epKAN OKa-
3anack HACTOJNBKO BEICOKOMH, 4TO Ha
KopabnAax BCOBIXHYJ HOMADP H OHH CIo-
penmu.

Bropoe cBoiicTBO HCHONL3YETCH,
HalpAMep, OPH HIrOTOBIEHEHH I[IpO-
MKEKTOPOB M ABTOMOGHMIBHEIX (ap.

EEER] KeagpatudHana dyHkums



Yneaumeuuﬂ

106. Hso6pasute cxemaTudecKkH rpadmi Kaxnod ¢yExknum (oTMeThTE
BepmuHEY napabonkl U HanpabieHHE ee BeTBeH):

a)y=%x2, y—%xa+4, y=%xz—3;
1 1 1
ﬁ) U= --é-xs, y= _§x2 + 2, o= —§x2 T 1;
1 1
B) y =5 y=g5x- 3", y =5 +3)%
r) y=—2x% y=—-2(x — 4)%, y=—2(x + 2)°.
107. C nomombio mabaona napabonsl y = x° nocrpoiite rpaduK GyHK-
IHH:
a) y=x* - 4; B) y = (x - 5)%

6) y = —x°+ 3; r) y=(x + 3)°
108. Mcnonsays ma6iaoH mapabonsl y = x°, mocrtpoiite rpaduk QyHK-
IMH:
a)y=x+2; n)y=(x+4)2;
6) y=-x*-1; r) y = (x - 8.
109. B KakHMX KOOPAMHATHEIX 4YeTBePTHAX pacnonodeH rpapuy GyHK-

MM
a) y = 10x* + 5; B) y = —6x° + 8; n y=—(x- 8%
6) y =—Tx*-8; r) y=(x—-4)5% e) y = —3(x + 5)*?
110. MzobpasuTe cxemaTHYecKH rpadyuK QyHKIMH:
a}y=%{x—2)2+1; B) y = —4(x — 8)* + 5;
ﬁ)y=%{x+3)2—l; r) y=-4(x+2y°-2.
11. HaobpaanTe cxemarndecKkn rpaduyx QyHKOHH:
a) y = 3(x — 2 - 3; 6) y = —3(x + 2)° + 8.
112. Mcnonsays maGnor napaGoanl y = xZ, mocrpoiite rpadur GyHK-
10315 5
a) y=(x-2)°"+3; 6) y = (x—8)*+5.
113. C nomMomgsio mabnona napabonsl y = x° mocrpoiite rpadux GyHK-
185150
a) y=(x+3F°-4; 6) y = —(x+4)y°-2.
114, Haiigure mynn GysExOEu (eCcan OHM CYIMECTBYIOT):
a) y = 12x% - 8; 6) y = 6x% + 4; B) y =—x*—-4.

115. [Ipn xkakux sHaueHHAX @ PYHKOHA y = ax’ + 5 umeer mymu?

§ 3. KeagparvqHasa QyHkUuA v ee rpaduk ! 39
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Puc. 30

116. Ha pucyske 30 nzobpaxeHs! rpapukn QyHKIpmii:
a) =—%(x + 4)% B) y = —;—xa + 4;

y=Jx-4P-1; nDy=-1l-2
Jnsa xaxporo rpadHKa YKAMHTE COOTBETCTBYIOIIYIO (opMyny.

117. PemnuTe ypasHeHHe: iy
a) 0,62 — (a+0,8° =027 6 L2~ 0,546 - 2u).

118. PemnTe HepaBeHCTBO:
a) bx — 0,7 < 3x + 5,1; B) 2x + 4,2 < 4x + 7,8;
6) 0,8x + 4,5 =5 — 1,2x; r) 3x - 2,6 > 5,6x — 3,1.

119. HaiinuTe npHpamenne QYHKOEK § = X° OpH M3MEHEHHH X OT 2 o
5 1 or b no 8. CpapENTEe HOJNyUYeHHEBIE Pe3yJILTATHL.

7. Nocrpoenune rpadpmka
KBaapaTtuiHON DyHKUMKU

Jas nocrpoenus rpaduka KBagpaTHYHOH QYHKOHMH sanmmeM dop-
mMyny y = ax’ + bx + ¢ B suge y = a(x — m)’ + n.
BritenuM #3 TpexwieHa ax® + bx + ¢ KBajApaT ABywieHa:

ax’+ba:+c=a(x”+-g—x+%J=

KeagparvuHas GyHKums



2 o B e
za[x + 2x E+4a3 4a2+ﬂ)ﬁ

2 2
2y R =% b — 4ac | L) ¥ - dac
_q[(x + 2::) —4a2 ]— a[x + 2‘:] - P

o
Orcmnay=a(x+2—!;) A

4a
Mu monyumnau gopmyny Buga y = a(x — m)® + n, rae m = —%,
_bz - 4ac
e

3maunT, rpaduk GyEknum y = ax° + bx + ¢ ects napabona, Koro-
PYyI0 MOJKHO MOJNYYHTH M3 rpadHKa QYHKOHM § = aX’ ¢ IOMOMIEIO IBYX
napaiyienbHBIX MDepPeHoCoB — CABHMIa BIONE OCH X M CABHra BHOJb
ocu y. Orciona cnepyer, uro rpaduk QyEKmMM y = ax”’ + bx + ¢ ects
napabosna, BepmMHOI KoTopoi sBaferca Touka (m; n), roe m =L

2a’
-2+ 4ac
i A jor
Ocel0 cuMMeTpHE mapaboJiEl COyXUT NpaAMas X = M, OapajinejlbHad
ocu y. IIpu a > 0 BerBm napaGoJikl HanpaBjieHbl BBepX, a npu a < 0 —
BHM3.

Y7100l HOCTPOMTE IpadHK KBSAPATHYHOM (QYHKIHH, HYXXHO:
1) HailTH KoopAMHATHE BepmAHLI napaboski W OTMETHTH €€ B
HKOOPAHHATHOH MIOCKOCTH;

2) mOCTPOMTE €Ieé HeCKOJBLKO TOYeK, NPHHANJNEXAIMHAX Oapa-
Gone;

3) coenMHHTH OTMeYeHHBIE TOUKH IJIABHOH JHHHEH.

e S —— — S S S e e ol

o -
-l

SamernmM, uT0o abcouccy m BepmuHE ynobHO HaXOAWTH Ho GopMyne
m = -—%. OpauHATY N MOXXHO HAXOAHTH, NOACTABMB HANJeHHOE SHAYE-
Hue abcmucchl B GopMyny y = ax® + bx + ¢, TaK Kak opu X =m
y=ax*+bx+ec=alx-mP’+n=n.
nhuﬂpmnem NpyMepHl NOCTPOEHHMSA IpadMKOB KBAJAPATHYIHBIX (QYHK-
.
IIpumep 1. Moctpoum rpaduk QyHKOHHE y = 0,5x% + 3x + 0,5.

b I'pabmxoM GyHKOMH Y = 0,5x% + 3x + 0,5 sBnsercAa napabona,
BETBM KOTOpOH HanpasBjeHb! BBepx. Haiinem woopauBATH M H N
BepmmuHELI 3T0ol mapaGonsi:

§ 3. KeagparuyHas (yHKUMA U ee rpaduk | 21



b 3 -
m="%a="%05" 5

n=05(-3¢+3-(-3)+0,5=-4.

3HAUYMT, BepmuEA napabonsl — Touka (—3; —4).
CocTaBuM TaGnuIy 3HAYEHHMH (QYHKITHH:

x e | —6 -5 -4 =3 —2 ! 0 1
R 4 0,6 .| =2 |-8.48] -4 |-35] =2 L Db 4

ITocTponB TOYKKM, KOOPAMHATE KOTOPLIX yKasaHsl B Tabaune, u co-
eIMHHB HX NJaBHOH JHHEHeH, nDonyduMm rpadur OGyEKOHHA

y = 0,5x + 3x + 0,5 (puc. 31). <

\ Y]
\ |

L=t

¥ =0,5x2+3x+0,5

H*@meh

Puc. 31

Ilpn cocTraBireEnH TaGNHOE! H MOCTPOEHHMHM rpadHKa YYHTHIBAJIOCE,
uTo OpAMas X = —3 ABISETCH OChI0 cuMMeTpuH mnapaGonsl, ITosTomy
MEl 6pann Toukm ¢ abcumccamMm -4 uw -2, -5 uw -1, -6 u 0, cuMmeT-
PHYHEIE OTHOCHTENBHO NpAMOHA x = —3 (3TH TOUKH HMeT OJlHHAKOBEIE
ODIHHATEI).

Hpumep 2. IocTponm rpabmuk dyakoum y = —2x° + 12x — 19.
p I'padmrom sToll GQYEKIHH ABINfeTcA napabosa, BeTBH KOTOPOi
HanpaeieHk! BEu3. HalineM KoopaMHATH €€ BepImHHBI:

___L___ 12 =3:
L A S Y T

n=-2-3+12-3-19=-1.

KeagpatuvdHaa ¢yHKUWA
42 m



BEMHUCAHE KOOPAMEATH €me HeCKOJBKHX TOYeK, moayunm Tabmmmy:

ol 1 2 3 4 5
y | 9|-3|-1]-3]|-9

CoennENE OIABHOH JHEWEH TOYKM, KOODOMHATEI KOTOPHIX YHKAZAHL
B Tabnume, nmonyumM rpadmK OyEKOoEE y = —2x° + 12x — 19
(prc. 32). <

IIpumep 3. [locTpouM rpadpuk GYHKOHH Y =%x= ket i

P I'padpurom GPyEKOUE y = %xz + x + 1 sensierca napabosia, BeTBH
KoTopoil HanpabsneHB BBepX. HaiigeM KOOpPOMHATHEI €€ BEPIITHHEIL:
b 1 t
m=-ﬁ'='—_—2_l ——‘—2,
4
n=%-(-2%-2+1=0.

BulumMc/IMB KOOPAMHATEI ellle HECKOJBKHX TOYEK, HOJYYuM Tabammoy:

-
] =t
=}
FAL
=%
;i

Mpaduk GyEKOME y = -}xz + x + 1 msobpaken Ha pucyHke 33. <

| U4 |
a i = o
L 10l 111218 415 3 ' "
_._.1 _j,- 1| E Z f."
9 E?!” ! \\ " 7
(3 &1 i \ 5
\ N 4t ! i
i.:‘ 'T ‘l | ‘% o) :4 1 J'!.
oy me K% A
— ___._.' | 1|- -
:_’__g‘__ [ | \\ ’féx |2 f}
L4 :h{ \ s 1 ¥
L ]| i Y
x | i - [
| £ ! =
wanan 51-4{-3]-2}1 off1-{2 44
Puc, 32 Puc. 33
§ 3. Keagpatuunan ¢yHKUMA U ee rpaduk



YnpaxHeHus

120. Teno OpolneHO BEepPTHKAJIBHO Kk, T1 ]
BBEPX C HAYAJBLHOH CHO- |1 -
pocTE0 U, (M/c) ¢ BEICOTHL |30 syt 11 ]

hq (M). Bricora h (M), Ba Ko- [ [ |/ \ Z
TOPOH OKAaMETCH Teno uepes .-

t (c), BuIpa;kaercs opmynoii |25 \i '
h= —i’aﬁ + vt + by (210 m/cP). 4 X

Ha pucynxe 34 norasaH rpa-
¢uk saBucumoctu h or t ana \
cayuas, Koraa hy = 20, v,=15. I I 5

Haityure no rpadmky:

4) CHKONBKO BpPEMEeHH TeNo
HOAHUMAJIOCE BBEpPX; 10
6) cHONBLKO BpeMeHH OHO
ONyCKAJIOCH BHHS;

B) KaxoH Haubonemeii BLICO- i
ThHI JOCTHUIJIO TEJO;

r) 4epes CKOJBKO CEKYHN Te-
JI0 YNAJI0 HA 3eMAN.

|t

..-_-:"""

-

= b
(ol o]
Leo
"N
I
o
ayY

121. Kpagpatuunas ¢yexnoua sza- [0
nasa dopMynon:
a)y=x"—-4x+ T; Puc. 34
6) y = —2x% - 5x — 2.
HajiguTe KOOPAHHATEI BepIIMEEI napabonsl. HaMeTns Ha Kooppm-

HATHO#H IJIOCKOCTH BePIIHHY NapabGoJikl B ee oCh CHMMeTPHH, H300-
pasHTe CXeMATHYeCKH rpadHk.

122. Iocrpofite rpadpux dyExnmm y = —x° + 2x + 8 u Haligure, nc-
Hons3ya rpabui:
a) sHaueHne ¢yHKnum npu x = 2,5; —0,5; -3;
0) 3HAYEHHSA APryMeHTa, [IpH KOTopeX y = 6; 0; —2;
B) HynM (QYHKIOHH H OPOMEXYTKH 3HAKONOCTOAHCTEA;
I) OIPpOMEXYTKH BO3pACTAHMA M yOmIBaHua dyarnmum, obnactes ana-
YeHHil QyHKOHH.

123. lMocrpoiite rpadpux pysxuun y = 2x° + 8x + 2 w HaiyguTe, HC-
HoAb3YHA rpadHK:

a) sEaveHMe y npu x = —2,3; —-0,5; 1,2;

6) sgauenns X, OpM KOTOpHIX Yy = —4; —1; 1,7;

B) HynM (HYEKOHM H OPOMEXXYTKH 3HAKOIOCTOAHCTBA;

r') OPOMEKYTKH BO3pACTAHHA W YORIBAHHS (YHKIHH, HAMMEHBIIEE
sHadYeHHe (pyHKIMH.

Keagpatvuxas QyHKUmMA



124. IMocTpoiitTe rpaduk PyHKOEKM # ONNIIHTE €€ CBOHCTBA:

a}y=,—1ix2—4x+4; ﬁ]y=-%x2+x~—1; B)y=x"+3x.
125. INoctpoiiTe rpaduK pyHKOMKA: ﬁ |!{l .
a) y = —3x° + 5; e
6) y = x% — 4x; - \‘ I 1
B)y =—x°+ 6x— 9. 5
126. [ToctpoiiTe rpaduK QyHKIHH: 18 1
a) y=0,5x* - 2; i \ /
6) y=x"—4x + 4 "2l zoli2 4 Jelg X
B) y =— X2 + 2x. 2 | /
127. IToctpoiiTe rpapuK QyHKOHH: I /
a) y = (x - 2)(x + 4); Wei 3
6) y = —x(x + 5). Puc. 35

128. BuscEuTe, rpaduy Kaxkoil us QyHEKOHH
y=x"+ 6x, y=%xz—3x, y=-x>-6
nsobpakeH HA pPHCyHKe 35.

129 Haiingnure smauenmne b, npu KoropoM npaMas y = 6x + b racaercs
napaGonst y = x° + 8.

[i80] MTpn xaxom sHauesmm n rpadukd GyEKouA y = 2x2 —5x+6 u
y = x* — Tx + n mmeoT TonkKo oAHY o6myo Touxy? Haiigure xo-
OpAMHATHEI 3TOH TOYKH.

131. CoxpaTture npobe

(1- 8a)®

3a% + 5a— 2

132. H3ob6pasuTe cxeMaTHUecKH rpadur QYHKIMH M yKaXuTe 06MacTh
ee SHAYEeHHH:

a) y=x*+ 3;
6) y = (x + 1)%
B)y =—-x°+2.

133. Pemnre ypaBHEeHHE!

) (x—12+(x+1)P¢=(x+2)7°-2x + 2;
6) 2x — 3)(2x +3) — 1 = 5x + (x — 2)°

§ 3. KsapgpatuyHan QyHKUUA U ee rpadpvik l a5
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134. Ecnu ¢ kaxxmoro reKTapa ydacTea cobepyr 35 m mmeHHnOB!, TO
nnaH HegoBHNoJHAT HA 20 T; ecom ¢ Kamgoro rexktapa Gyner mo-
aydeHo 42 n, To nnad nepesBhnonHAT Ha 50 1. KakoBa mnomais

yuacTia?

135. Ecnu Ha Kaxaywo MAIIHHEY MPY3HTE 3,5 T rpysa, To ocrasercs 4 T;
ecliH HA KamAyK MAIIHHEY rpyssaTts 4,5 T, To ans nonHoil 3arpys-
KM BceX MamwuH He XBATHT 4 T rpysa. Ckonsko 6bi0 MAIIMNHT?

KOHTpONnbHBIE BONPOCHI

ChopMynupyiTe OnNpeaeneHue KBaapatuyHoW GyHKLMK,

ChopMynvpyiiTe CBOWCTBa KBaapaTWHHOW GYHKUMM y = ax>:
a)npu a>0; 6) npn a<0,

Kak u3 rpacdmka GyHKLUMM ¥ = ax° MOXHO NONYYUTL Mpaduk GYHKUMK:
a)y=ax’+n; 6) y=a(x-m)? B) y=a(x-m)?+n?

Yto npeacraenser coboit rpacduvk KBanpaTUYHON GYHKUMK y = ax’ +
+ bx + ¢? Ha npumepe ¢GyHKuMM y = 2x° — 12x + 16 nokaxure, Kak
CTPOAT rpaduK KBaAPaTtMYHOM YHKLMK.

8. ®yHkuua y = x"

PaccMoTpum GyHKOHIO, 3aJ8HHYI (opmMynoil y = x", roge x —

He3aBACHMAas# IepeMeHHAS, a4 N — HATYpaJbHOE YHcio. Takymo
GYHKIMIO HASKIBAKOT cMenennol QyrKyuell ¢ HaMypaibHblM NoKaA3a-
menem.

CrenenHble ¢pyHEKOuu npu n=1, 2 u 3, 7. e. QyaKOuE ¥y = x,
y=x’uy=x° mu yme paccmarpmsamu. Mx coiicTBa 1 rpaduKn HAM
H3BECTHEIL.

BrisicEMM Teneps CBolicTBa cTeneHHOH (YHKOMHM M ocoOEeHHOCTH ee
rpadhnka Opu a000M EATYDAJIRHOM 1.

Bruipaxenue x", rie n — HATYPAJdbHOE YHCIIO, AMEeT CMEICJ IPH JII0-
G6om x. IloaTomy obnacTeio onpefeneHHs CTeneHHOH (QYHKIMH c HAa-
TYPANBHLIM MOKA3ATENEM ABISAETCH MHOMECTBO BCEX AeHCTBHTENLHEIX
YHCel.

m KeagpaTtniHan ¢yHKUMA



CHauana paccMOTpMM caydaii, Korga MOKa3aTesN b N — YeTHOe YHC-
no. CeoiictBa dpyEKOHME y = x" npH YeTHOM N AHAJONMYHBI CBOHCTBAM
dyExmuE y = x°.

————q—ﬂ-—d—--.--.,--------—-—--qu--———-————----—-—q
L

Ec.m:x-ﬁ,my-=0 I‘pa@mcd)ynmn HOpPOXOAHT Yepes
HAYAT0 KOODIHHAT.
Ecm:z#&,ny:»o Oro crenyer Ma TOro, UTO UeTHAS
¢ T KUTENLHONO, TAK U OTPHIATE]LHOrO YHc-
na 1o arensna. I'paduk GYyHKOUM DACHOJIOKEH B Tep-
Boit B nﬂpﬁ !coopmnmm YeTBEPTAX.
IIPOTHEONONOMKHEEIM 3HAYCHHAM APTYMEHTA COOTBETCTBYIOT
paBHLIe 3HaAYeHHH (QYHKUMH. DTo cleflyeT M3 TOro, 94TO HpH
geTHOM n paseHcTBO (—X)" = x" BepHO lpnmnﬁux gHave-
HAST Y s i
Wmmnnpomme{@%n’yﬁm&nn
npom{—m- 0}.
mm
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Hoxaxem cpoiictBo 4. IlyeTs Xx; M X, NpHHALNEIKAT POMEMKYTKY
[0; +©) B x, > x;,. Ecim x, = 0, To oueBmaHO, uTO X3 > x;. Ecan
x, > 0, To, MEpEeMHOKHB IMOYJIEHHO 71 OAMHAKOBEIX HEPABEHCTB Xy > X,

€ NOJOMMTENbHLIMK YJIeHAMM, IOJYYHM BEPpHOe HepaBeHCTBO Xj > X7.
3HaunT, B npoMeskyTKe [0; +°°) dyEKnua Bospactaer. IlycTth Tenepn
X, M X, NpHHEALNEeXAT npoMexyTrky (—o; 0] m x; > x,. Torma
-Xx, > —X,, NpHYeM —X, M —X, OpuHALNEekKaAT npomexyTKy [0; +°0), m
no AoxasaEHOMY Bhime (—x,)" > (—x,)". Orciofa B cHIy YeTHOCTH n
crepyer, 94To X] > X5, T. €. X3 < Xj. 3HAYAT, B npoMexyTke (—°°; 0]
DyHENnKMA yORIBAET.

C BospacraEmem X rpadue GyHKOHH CJI€EBA OT HAYAJNA KOODAHHAT
OIyCKaeTcs BHM3, A& COPABA MNONHHMAETCH BBEepX.

OcraHoBuMcH Teneps Ha cBoiicTBe 5. Mu ycTaHOBMIIH, 4YTO OPH JII0-
GoM x 1 YeTHOM N (HYHKNHUA NMPUHUMAET HEOTDHUIATE/NhLHbIE 3HAYEHWSA.
MoxkHEO mokasaThk, 4TO 000e HeOTPHIOATENBEHOe YHCJIO SBIAETCHA 3HAYE-
HHEM cTeleHHOH (QYHKIHAHM ¢ HATYDAJLHBIM IIOKA3aTelleM IPH HEKOTO-
poM x = (. 3HaunT, oO6MACTL 3HAYEeHHMIH (YHKIHMH — MOPOMEXYTOK
[0; +00). I'padhmk GhysEKnum nepecexkaeT mnobasa npaMas y = a, eclH
a 2 0. Ecan we a <0, To npaMas y = a He IepecexaeT rpaduk.

§ 4. CreneHHan QyHKUWA, KOPEHb N-il CTENEHW a7
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Ha pucysEke 36 maobpaskeHn rpadukm OyHxomi y = x> u y = x*.
Ha pucynke 37 mokasaHO, KAK BRIVIATAT rpadmK QyHKOWH y = x" C
YeTHRIM MOKAJATEJIEM .

PacemoTpuM Teneps cBoiicTBa cTeneHHOM ¢dyHKOMM y = x" Npu He-
YeTHOM 7. OTH CBOMCTBA AHAJOrMYHEI CBOMCTBAM (QYHKIUH Yy = x2,

P N B A RN el S N S e G e e e S e e S e W e S G Sy S e S M e e e e

1. Ecxm x=0, 1o y =0. 'padux QYHKONM OPOXOAWT Hepes
HAYAJO KOODAMHAT.

2. Ecom x> 0, 10 y > 0; ecim x <0, 10 y < 0. I'papux
q)ym::um pncno.rmmen B IepBOii M TpB'I'beﬁ KOODAMHATHRIX

3. Mmmmaﬁmmmm
 MPOTHBONMONOXHBIE 3HAYeHMN QYHKDUM. DTO clexyeT M3
TOro, 9T0 OPH HEYETHOM N ANsA J06Oro x BEPHO DABEHCTEO
(—x)" = "

Lﬁymnammmmﬁmowmm

5. O6nacte sHavenwit (QyExmuH €CTh MHOXECTBO BCex
JAeHCTBHTeNbHBIX 9HCeJ.

S o —— i —— - o o

P e e W N T S
=

Joxraxem cBoiicTeo 4. JIoKA3ATENECTBO TOIO, ITO (HYHKI[HA BOSPACTAET
B npoMexyTre [0; +©0), Takoe e, KAK A CTelleHHOH QYHKIHHA ¢ 9er-
HBEIM MMOKAasaTeseM.

HokaxeM, 9T0 (YHKIHA BO3PACTAET TAK K€ M B IPOMEKYTKE
(—o0; 0]. Ilycte x; M x, OPMHAAJIEIKAT DTOMY HNPOMEKYTKY M X > X;.

Torga 0 € —x; < —x;. Taxk kak —x, 2 0 u —x; > 0, 10 (—x,)" < (—x,)".
B cuny HeueTHOCTM 4YHCJAa N 3aKJIOYAEM, 4To —x; < —x;. OTcioga
Xy > x]. BHAYMT, QYHKIMA BO3PACTAET M B NpoMexkyTKe (—oo; 0].

KeagpatuyHas yHKUWMS
48 ‘
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Ecim xe x; <0, a x, > 0, To 0YeBHAHO, YTO X; > X;. 3HAYHT, (PYHK-
nHA BOSpacTaeT HA Beeill ofnacTu onpepeneHusa. I'padpur dysRnmH c
BO3pACTAHHMEM X NONHMMAETCH BBEDX.

Ceoiicteo 6 caemyer ua csoiicte 1—3 u m3 Toro, urTo Joboe HeoT-
pPHOATENEHOE YHCIQ ABIAETCHA BHAYEHHEM CTeNeHHOH (QYHKIHH C HATY-
PANLHEIM NOKA3ATENEM IIpH HeKoTopoM x 2 (. I'padmk ¢pyHKIHE nepe-
cexaeT ywobaa NpaMas y =a.

Ha pucynke 38 mzobpaiceHn rpadues GyHKDui y = x° u y = x°.

Ha pucyske 39 moxkasaHo, KaK BeIMVISIHT rpadmux GyHKOUH y = x" ¢
HeYeTHRIM MoKasaTenem n > 1.

YnE eHua

136. ®ynxnus sagaEa Gopmysoi y = x°°. CpaBHATE ¢ HyJeM 3HAUEHWE
aToil ¢yHEROEHM mpu x =—5; 0; 3.

137. CpasruTe ¢ HyJeM sHaYeHne QyHRmMM y = x*° mpu x=-9; 0; 7.
138. ®yrKuua 3asaHA dopmynoi f(x) = x*°. Cpasuure:

— a) f(8,7) u f(4,2); B) f(=7) n f(6);
6) f(-5,2) u f(—6,5); r) f(31) u f(—28).

139 dyaxuusa sanasa dopmynoi g(x) = x>°. CpasEHTE:
T a) g(8,9) u g(7,6); B) g(—10) n 3('7):
6) g(—4,6) u g(-5,7); r) g(—63) u g(63).

140, CpasanTe:
a) 1,2* u 1,5% r) (-3,2)* u (-3,4)%;
6) 0,8* u 0,74 n) 0,3% u 0,8%

) 0,9* u 1; €) (—l)ﬁ u (-l)ﬁ.
3 4
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141. CpaBanTe:

a) 5,7° u 5,4% r) 1,6° n 1,8%
6) (-4,1° u (-4,2)%; ) (-5,3)° u (-4,2)%
8) 0,8 m (-1,3)% e) 2.1° n 3,15

142. TlpoxoguT 1M rpaduk QYHKIMH y = x° depesd Toury A(3; 243)?
B(—3; 243)? C(b; 3125)?

143. Ilpusaaneskur au rpaduKky GyHKOUM y = x' Toura A(2; 128)7
B(—-2; —128)? C(—3; 2187)?

144. Hcnonsaya KANBKyIATOpP, HAliuTe ¢ TogHOCTEIO Ko 0,01 sHauenne
bYHEDME y = x° npn:

a) x=0,72; 6) x = 2,6; B) x = —3,4.
145. MzobpasuTe cxeMATHYECKH rpadMK HyHKIHMH:

a) y=x% . By=x%

6) y = x'; r) y = x°.

146. B KAKHX KOODAMHATHHIX YeTBEPTHAX

PACIOJIO}KEH rpadpmy QyHKIHH:

a) y = x% 6) y = x'%%7

147. Ilonsaysice pucyExkoM 37 mam 39, BuI-
ACHHTEe, CKONBKO pemeHHII HMeeT
VpABHEHHE:

a) x'%=2; B) x° = -3;
6) x* = 0; r) x* = -7,

148. Ha pucyHke 40 nzobpaxkeH rpadux
GyHKDHE y = x*. Hafizure mo rpadu-
Ky 3HAYEHWUS X, IPH KOTOPHIX: :

.8) y=25; 6) y = 3,5; B) y = 8.

149. Ilonsaysace rpadukoMm (cM. puc. 40),
pemMTe YpABHEHHE: i
a) x* = 6; 6) x* = 8,5.

150. PemuTe rpadmuyecKkn ypaBHeHHE:
a)x?=2;:" ' 6) ¥ = 4; B) x* = —5.

151. Vrasxkure Kaxoe-HUOY[E SHAYEHHE ADry-
MEHTAa, OIPH KOTOPOM 3HAYEHHE KITHH
y = x° 6oneme, uem 2% 10% 10'% 10'S.

152, Vrakure Kaxoe-HHOynh 3HAaYEHHE ap-
ryMeHTa, IpM KOTOPpOM 3HAYeHHe
dyERKOUE y = x° MeHpme, uyem —3°%;
-10%; -10%,

KeBagpatnyHas yHKLMA



153. ®yuxnus sagaHa Qopmysolt f(x) = x*. Bruumcnmrte pasHocTH

f(1) - f(0), f(2) -f(1), f(3) —1(2). CpasmuTe MONyueHHLE peayb-
TATHI.

154. BupasuTe $HopMysiol 3aBHCHMOCTE MACCH M (r) HepeBAHHOro Kyba
oT puuHB x (cM) ero pefpa, ecqim M3BecTHO, uTo Ky6G, pebpo ko-
Toporo 10 cm, umeer maccy 700 r. Ilocrpoiite rpaduk aroit 3asH-
cumocTH. Ilonb3yscs rpadmKomM, HaiiguTe:

a) Maccy ky6a, pefpo KoToporo paBHO 2 cM; & CM;
6) pebpo kKy6a, Macca xkoroporo pasHa 30 r; 100 r.

A

155. Ucnoneays rpadme (yHKNMH y = x°, pelluTe ypaBHeHHe:

a) xX=x+1; 6) x° = 2x; B) x° =2x + 1.
156. YupocTHTe BRIpajXeHUe:
6y 6+y. & 4x° - 49 1 2x+ 17
a)Hy T ) 2+ 4P +14x  42-10x

157. [IpueagnexuT 1u rpadury QyHKIHH Y = Jx Touxa A(144; 12)?
B(169; —13)? C(—100; 10)?

9. KopeHb n- cTenexHun

HanoMHHM, 9TO KBAJPATHLIM KOpDHEM M3 YHCJIA G HA3LIBAETCH Ta-
KOe 9HCJIO, KBAaApAT KOTOPOTO PABEH a. AHAJOIMYHO ONpefeNAeTca Ko-
peus 060 HATYPANEHOI CTENeHH n.

- ¥ JOTIT. =X A aaen

EHH HB qHCHaa a Hamamnurme 'quc.m-

TaE S "I
'V

Hanpumep, KopHEM naTOi cTenmeHHM M3 32 ABIAAETCS YUCIO 2, Tak
rak 2° = 32; KopHeM ueTsepToii cremeHM M3 81 ABJIAETCA KAKAOe W3
uncen 8 u —3, Tax wax 3' = 81 u (—3)* = 81. Kopenr BTOpOi# CTemeHM
IPMHATO HA3LIBATE KBANPATHLEIM KOPHEM, & KOpPeHb TpeThkell creneHH —
KyOuuecKuM KODHEM.

PaccMOTpEM CTeNeHHYI (QYHKIHIO y = x" ¢ He4eTHRIM IOKAasaTe-
neMm n (puc. 41). das moboro gaucna @ cylecTByeT eIHHCTBEHHOe 3HA-
YeHHe x, n-f CTeleHb KOTOpPOre PaBHA @. ITO 3HAYEHHE SABJIHETCH KOP-
HeM n-it cremenm M3 a. JlnfA 3anucu KOpHA HEYETHOH CTEleHHM N M3

4YMcaa @ HCnosik3yioT obosHAYEHHE ta (amraror: «KopeHb n-ii cTenenn
H3 as). Yucio n HASHBAKOT NOoKa3ameneM KOPHA, BeIpa)XeHHe, CTOHA-
mee moy 3HAKOM KODHA, — NOJHODEHHLIM BbiDANCEHUEM.

Ilpusegem npumMepsl.
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) W 6 Y n

y =",
n— =HedeT.

n—4eT.

a=0 a<0

Puc. 41 Puc. 42

Bamuce 3125 osmauaer Kybuueckuit xopens m3 125. U ompepene-

HHSL KODHS ciegyer, dro Y125 = 5, tax xak 5° = 125. Bammues Y-128
O3HauaeT KOpeHb cenbMoil cTenenu 3 —128. Tax kak —128 = (-2), To

{-128 = -2.

PaccMoTpEM Tenepb CTeNeHHYH (QYHKIOHIO y = X" ¢ YeTHBIM IIOKA-
satenem n (puc. 42). Ilpu mobom a > 0 cyimecTByOT ABA TPOTUBOIO-
JIOXHBIX 3HAYEHHS X, N-A CTeNeHb KOTOpHIX paBHA a. Ilpm a = 0 Ta-
Koe unciao ogHo (uucio 0), npu a < 0 Takux uucen Her. [IpyramMu
CJIOBAMM, €CNIM N1 — 4YeTHOe 4Yucyo U a > 0, To cymecTEyeT ABA KOPHSA
n-# cTemeHH M3 . OTH KOPHH SABISAIOTCH OPOTHBOIIOJOMHBIMM YHCJIA-
mH. Ecorm @ = 0, To kopeHE n-if cTeneHH u3 a paseH Hyaw. Ecom a < 0
M n — YeTHOE YHCJ0, TO KOPHA n-ii CTemeHM M3 @ He CYIeCTBYET.

B canyuae "WeTHOro n 3HAKOM Ya obosmauaior HEOTPHIIATENLHEIH KO-
PeHb n-#1 cTeneHn M3 a. OTpHIATENBHEIN KOpPeHEL n-#i cTeneHH W3 a

(opu a > () sanuchBaOT Tak: —%a. BolpaxkeHue % IpH 4YeTHOM M H
a < 0 He uMeeT cMBICTA.

Hanpunep, samnck 964 03HAYAET HEeOTPHUIATENLHEIM KOpeHs mecToH

crenenu us 64. Mmeem $64 = 2, Tak Kax 2 — HeoTpHOATENLHOE 4YHC-

no u 2° = 64.
Ecom n = 2, 70 noKa3aTens KOPHA HE MTHIIETCH.
Hraxk,

€CJIH n— HEYeTHOe WO,NWE%MBTCMBIM l]pHJIlDﬁDM a;

€CJIM 1t — 9eTHOe YHCJI0, TO BhIPASKeHHe C‘.l'c_umee'r cMEIcH gums opu a 2> 0.
Ha onpepenesEVA KOpHA n-# CTeleHH CHeAyeT, YTO IpPH ECEX 3HAaYe-

HHAX 4, NpH KOTOPLHIX BRIpAX{eHHe % HMEeeT CMEICJI, BEPHO PABEHCTBO

(Xa) = a.

KeagpatuyHana dyHkums
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Bripaxesue 55"; npu a = 0 AMeeT CMEICK KAK IIPDH YeTHOM, TakKk H
NpH HEYeTHOM 1, ¥ 3HAYEHWE 3TOr0 BHIDAXKEHMS ABJIAETCH HEOTDPHIA-
TeNbHBEIM uyHcnoM. Ero HASwBawT apufmemuuecKum KOpHeM n-ii cme-
neHu u3 a.

KopeHbL HedeTHOH CTEIeHH M3 OTPHIATENBHOrO 9HMC/I8 MOXKHO BHIDA-
3UTh yepe3 apudMeTHueckuil kopess. Hanpumep, 3-8 = -3[8, rak kax

o T

Boobme mpH jg0boM HeYeTHOM 7t ¥ TNOJIOKHUTENFHOM @ BEPHO DABEH-

creo Y-a = -Ya.
Brl 3HAETE, 9TO AJA HAXOMKIEHHSA C IIOMOINBI0 KANBKYJISATOpA NpHO-
JIMMKEHHON0 3HAYEHHWS KBAADATHOTO KOPHA WUCIONBR3YETCH CIENHAIBHASA

KJIABHINA El Ins xopHeil n-ii cTemeHu, rae n > 2, NoJOOHKMX KJIABHII

HeT. le'! HAXOMOEHHHY HKOPDHH n-if cTelleHHM H3 NOJOKHMTEJNLHON'0 YHC-
Jia @ HCHNOJE3YeTCHA IPHHATOE B MATEMATHHKE IpeacTaBj/ieHHE BhIpAXKe-

HHA "\'!E, rpe a> 0, B BUAE cTeneHH YHCNA 4 C ,!IpOﬁRhIH MNoOKAa3aTeIeM.

ITo onpepenenuio, ecnu a > 0 m n — HaTypanabHoe umucyo, Gonbmee 1,
1

CYHTAIOT, WTO 2’5 i
KopeHs n-ii cTEmEeHH H3 IOJOKHATENLHOrO YHCJIA HAXOOAT € IIO-

MOMB KAITBKYJATOPA, HCIOOJB3YVH KJIABHIIH H [mepsasg H3

KOTOpHIX 0G03HAYAET CTeneHb, & BTOpAS — 4YHCI0, 06paTHOe X.
IlporpaMMa BRIYMCIEHWA KODHS n-il CTENEHHM M3 NOJIOKMTENLHOTO
YMCHIA @ BRITJIAAHT TAK:

[e] [ [»] b7 [=]

Hanpumep, urobel HARTH 92{'5. HAJ0 BHINOJIHHTE TAKYIO IIOCIENOBS-

TeJILHOCTE AeHCTBHIL:
[5] ] (8]

B pesynreraTe monyumm, 9To {5 = 1,7099....
Jina Toro uTo6hl HANTH ¢ MOMOMLIO KAJNBKYJIATOPA 3HAYEHHE BhIpA-

senns Y-50 ¢ ToumocTso no 0,01, Haidinem cHauana 3/50:
[5] =]
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Oxpyrnas pesynetar go 0,01, monyuum, uro /60 ~ 2,19. OTciona

naxoaum, uro 350 = -850 = -2,19.
v"BBKHEHHﬂ

158. Jokaxure, 4TO:
a}qncm%mapnqmemqecmﬁxommﬁmmna%;

6) sucno 3 ecTs apubmeTHUecKHil Kybuueckuii xopenr H3 27;

B) uHcno —2 He ABIAETCH apu(MMeTHIeCKHM KODHEM YeTBEepTOH
cTeneHH H3 16;

r) aucino 0,1 He ABIsAeTcA apudMeTHUIECKHM KODHEM IATON cTeme-

uu u3 0,0001.
159. [lokaxxuTre, 9T0 BEpHO PABEHCTBO:
a) V361 = 19; r) %=§; #) T - 43 =2 - B;
6) Y343 = 7; DY =1; 3) Jg 4J_
o o -5 e) Yo = 0; SHuss _,Ju"
160. HaiinnTe 3HAaUEHHE BHEIPAMKEHMA: s L
a) #16; r)
6) ¥32; 1)
) ¥1; e)
161. Buruncanre:
a) ¥512; r) Qi—24 3;

6)¥1331;  m Yoxs

B) %rﬁi e) 729-

162, Ha pucyske 43 gaH rpadue pyHKIHM
y = x®. C nomompio 3TOro rpadmuxa
HalimuTe:

ads; 6¥4 »i¥2; ik

4

163. Ucnonbays rpmpxm GYHRKUNHE y = X
(cv. prc. 40), HaiiguTe:

a) ¥2; o) ¥5; s) 8.

Keagpatuunana dyHkums
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164

165.

166.

167.

168.

169.

170.

171.

172,

173.

IIpuHAANEXKUT NH rpad@uKy PYyHKOHH Y = #x Touxa E(81; 3)?
F(81; -3)? K(-16; -2)? L(0,0001; 0,1)?

IlpueagnexuT JH rpadpuKy OGyHEOHH Yy = QE rogxa A(8; 2)?
B(216; 6)? C(27; —3)? D(—125; —5)7

VikaxuTe IBA NOCHENOBATENBHBIX LENLIX YHCIA, MEXIAY KOTODhI-
MU 3AKJIIOUYEHO YHCJO:

a) ¥3,5; 6) ¥20; s) ¥9; r) 452.
Hneer s CMBICA BhIpaXKeHHE:

a) ¥-8; ) Y-3)%;

0 10,28; m-2°,

8) ¥-5; e) W(-7)°?

HaifinuTe 3HAUYEHUE BHIPAMKEHMA:

a) ¥-32; r) —4327;

6) I-1; n ¥32 + ¥-8;

) -2481; ) ¥625 — §-125.

BripasuTe KOPeHb n-ii CTelleHM M3 OTPHOATENLHOro IUCia uepes
aprdMeTHYIeCKHIl KOpeHb TOil JKe CcTeleHH:

a) §31; 6) ¥-17; B) Y2 r) 1J-6.

Brrauciaure: :
a) ¥-125; ) —5416;
6) ¥0; r) -33~64.

HaiiguTe 3HAYEHHEe BRIPDAMKEHHA!

a) (\10)%; s) (-#12)%
6) (¥5)°; r) (28-2)°
Brrancaure:

a) (47); s) (243)%
6) (V-3)"; r) (-3¥2)%.

IIpr KaxuX 3HAYEHWAX G BEPHO PABEHCTEO:

a) Ja? = a; 6) Yo = —a; ) Yo = a?
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174. Ha pucyeke 44 unsobpaskeH rpaduk pyHEKRDHH Y = Yx.

Hajinute, Hcoons3ys aToT rpaduxk:

a) 0,5; 6) ¥4; s) ¥-2;

r) 6.

175. Ilonkaysick KANTBKYINATOPOM, HaliguTe ¢ TouHOCTRIO zo 0,1:

a) ¥7; 6) ¥20; 8) 430;

r) ¥-48.

176. Haitqure ¢ Tounocteio no 0,01 sHayeHme nﬁpamem, NOJIBE3YACE

KANbKYJIATOPOM:

a) ¥10; 6) ¥-38; s) $18;

n

177. IlocTpoiiTe rpadhHx QYHKIIAH:
Ay=(x-2% 6 y=—-32°+5;

178. Pemute ypaBHeHWMe:
e 14
32 FT+6  Zrar_10
¥ 1 17
6 =+ + =0.
) 2y-3 y+7 g iq1y-21

179. ¥npocTtHuTe BRIpAKEeHHE

a-5 12-61)  3a-18
a®-5a+25 a®+125)° 24°-10a+50

LEEER] Keanpatuynas yHKUWS

r) 1{6_0.

B) y = 2x° + 5x.



KOHTpONbHbLIE BOMPOCHI

I Kaxylo ®yHKLUMIO Ha3bLIBAIOT CTENEHHOW (YyHKLMENA C HaTYpPasbHBIM
nokasarenem?

28 CdhopmynupyiiTe CBOMCTBA CTENEHHOW (YHKLMKM C YETHbIM nokasa-
Tenem. MNMokaxmte cxemaTtuyeckn, Kak BulfnaauT rpaduk aTtoin QyHk-
L.

N CchopmynupyidTe CBOMCTBA CTENEHHO (QyHKLWMKM C HEYETHbIM MOKa-
satenem n. MNokaxuTe cCxemaTuyecku, Kak Boirnagut rpadwk aToin
hyHkum Npu n > 1,

'S [Jaite cnpeneneHwe kKOpHA N-W CTENEHW.

Hns mex,

10. ApoGHo-nuHenHaa PyHKuua M ee rpadpuk

Bam napecTHHI cBOiicTBRAa M rpadhuk GyHKOUN Yy = % apu k> 0. Orme-

TUM elle OJHO CBOMCTBO 5T0H (QYHKOUM ¥ 0CO0EHHOCTHL ee rpaduKa.
ITpu HeOorpaAHWYEHHOM BOSPACTAHUM MOJOMHTENBHBIX 3HAYEHWH ap-
ryMEHTA 3HAYEHUS (PYHKIINH, OCTABAACH IOJIOKHUTEILHLIMH, YOLIBAIOT
1 CTPEMATCHA K HYNIO, T. €. eciau x> 0 u x — +00, To y — 0. Aranoruu-
HO ecin x < 0 m x ——°0, 70 y — 0. Ha rpaduke 210 croiicTBo mpofAs-
JfAeTCH B TOM, YTO TOYKM I'padMKa N0 Mepe MX YIaJeHHA B DeckoHed-
HOCTE (T. €. OIpH x — +0° MM x — —00) HeorpaHMYeHHO NpHONHKAITCH
K ocu x. I'oBopAT, 9TO OCk X, T. €. npaMana y = 0, ABIAeTca acumnmo-

moi: rpaduKa PYHKODHH Y =% opu k> 0.
Boofine acHMOTOTOH KDHBOH HASLIBAETCS NpAMAaf, K KOTOpoH IpH-

GnmxarmTed KAX yrogHEO GJIMSKO TOYKM KDHMBOH IO Mepe HX VIATeHHA
B OeCKOHEUYHOCTE.

T'nnepbona y =:I:- npu k> 0 uMeeT eme OAHY ACHMIOTOTY — OCEH Y,

T. e. npsamyio x = (. Herpynseo nonsTe, yro runepbona y = % npu k<0

TAKIKE WMEEeT JIBe ACHMMIITOTHI — OCh X U OCh I.
Teneps MBI NO3HAKOMHMCH ¢ ApobHO-TMHENHEIMM GYHKIIUAMH.
IMprMepaMyr Taxmx GYHKOUE MOTYT CAVKHTL (DYHKIMH, 3aaBaeMLie
2x -5 6 x+4
bopmynamMu y = 3x74a’ Y = 10x—7° ¥ = 35 - IlpaBeie "acTH 3THX
Gopmyn — apobm, y KOTOPBIX YMCIAHMTENb — MHOIOYJIEH NEpBOH creme-
HY MIM YHCIO0, OTIMYHOE OT HYJHA, 8 3HAMEHATEeNh — MHOrOYIeH
Oeproii creneHn. Takue GyHKINN HABHIBAKT OPOOHO-NUHElHbIMU DYHK-
Yuamu.

Ons 1ex, KTO xo4eT 3HaTe Gonblie | o



PYI0 MOXKHO 3a/aTh (opMyJioit BHja y = =

cx +
a, b, ¢ 1 d — nponaBonkHKE uHcia, npudeM ¢ #0 u ad — be# 0.
Orpasugenue, uto ¢ # 0 u ad — be # 0, cymecreerno. Ecian ¢ = 0,
TO MEI NOJYYIHM JuHelHyKw GyHEROHIO, a opua ad — be = 0 — coxpaTn-

My apobk, 3HAYEHHE KOTOpPOH paBHO %, T. €, TOJYYAM KOHCTAHTY.

Bul sHaeTe, 9T0 rpaduKk GYHKOHE ¥ = f(x) + n MOXHO NOJYIHTEH H3
rpadrKa QYHKOHE ¥ = f(xX) ¢ nmoMompi0 HapalienbHOro IepeHoca
(caeura) BOONB OCH I HA N €MHHI BBepX, ecau n > 0, uwiam Ha —n egn-
vpan BEHE3, ecnH n < 0. I'pagpuk ¢pyaxoun y = f(x — m) moxuEO Mmoay-
YHTE H3 rpadpHka QyHEOHH ¥y = f(x) ¢ DoMomeio cagBHra BAONE OCH X
Ha HE; €OQHHUI, BOpaBo, ecaa m> (), mnMH Ha —m egHHHI] BJE€BO, €clH
m=<0.

ITokaykemM, urto rpadpmuxom apobHO-NRHeHHOH (QYHKOHE ABIAETCH

runepbona, KOTOPYI0 MOXHO HOOAYYUTE H3 runeplonm y =§ c 1o-

Boobme apobHo-nuHeiiHoH dyHKIHel HaseiBaeTcsd QVHKIHSA, KOTO-
+b
=74’ TA€ X — nepeMeHHas,

MOINBI0 DAPAJUIENBHEIX IEPEHOCOB BAOJL KOODAHHATHRIX oceit. [Iponn-
JIOCTPHPYEM 3TO HAa IpMMEpaxX HOOCTPOeHHA rpadMKOB KOHKDPETHBIX
ApobHO-NTHHEHHBIX (DYHKIHIA.

Npumep 1, IocTporM rpadux GYHKOHH Yy = %-

2x+ 4
P Ina aToro BEAeNNM H3 ZpobH -;f-_—l- Oelayil0 49acTh, OpeicTaBHB

k

x—-m"

apobs B BHOe N +
Hmeem
2x+ 4 2:—2+6_2(:~1)+ﬁ 2 6
x—-1 x-1 5 x—1 +x—1'

3pecs k=6, m=1, n= 2.
I'padprx PyERUER y = x—El + 2 MOIKHO NOJAYYHMTH W3 rpadHka

6
QYHKOUH y = C NOMOMBIO ABYX NapajlelbHLIX IEPEeHOCOB:

[+]
caBura rHnepbonn y = < Ha 1 eguHHOY BHOPABO BAOJE OCH X H

CABWTA TOJIy9eHHOro rpaduka y = % HA 2 egMHUOLI BBEpPX B

HanpasBieHHH ocH Y. Ilpm aroM mnpeobpasoBaHHH CABHHYTCH H
6

ACHMIITOTHI 'MIEPOOJLI y = 7 OCh X nepelifier B npaMyo y = 2, a

OCh ¥ — B npamyo x = 1.

Jaa nmocTpoenns rpadEka JAHHEOH (VHKIHH NOCTYOHM TAK: OPO
BENEM B KOODAWHATHOH INOCKOCTH NYHEKTHAPOM ACHMIOTOTHL:
opaMyio x = 1 u npamyio y = 2. Tak kak runepfosia COCTOMT u3
ABYX BeTBeil, TO OJA NOCTPOEHHA 3THX BeTBeil COCTABHM JBe
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i !!ﬂ
ﬁ= 7 \
| 6
'5 p
1 d
:3 -
2
3 1 -
AL -
54|83 2K1-0H1+-21 3141516 x
b R
(2
i

Puc. 45

rabnunwi: ogEY Ana x < 1, gpyryio gna x> 1. :

-5|-8|-2(-1]0 sl 2 | 3 | 4|5
y|1]050]-1|-4 8 | 5'| 4 18,5

OTMeTHB B KOOPAMHATHOH IJIOCKOCTH TOYKH, KOOPAHHATHE KOTO-
PhEIX YKa3aHB B IepBoi TabiHie, H coeHHHB HX IIJABHOH HeIIpe-
PHIBHOH JHHHEH, NONYyYHM OAHY BETBbR rENepbonnl. AHAJOrHYHO,
HCIONB3Y#A BTOPYIO Tabamny, DonyddM BTOPYI BeTBb rumepbosibl.

I'padpux QyHKOHH Y = 2:1‘: H3o0parxkeH Ha pHcyHKe 45. <

Ipumep 2. IMocTporm rpadux GpyRKuMH y = *2:; 11-

2x—1

P Tak e xax m B mpuMepe 1, BhAesmM U3 ApoOH ——— 7 LNyl
YACTH, T. €. NpeacTaBaM apobs B BHAE N + x—f-;. Hmeem

- x+1-

2x -1 2x+2-3 2(x+1)-3 3 3
T ST U | -_(2_ )__2+

B atom ciryqae k=3, m=-1, n = -2,

Ana 1ex, K10 xoudeT 3HaTk Gonblue 59



F'padpur QyHKOHH Y = % — 2 MOXKHO NONYy4YHTE H3 rpaduka

3
GyHKOME Yy = _ ¢ OOMOINbLI0 ABYX NapajlelbHLIX NePeHOCOB:

caBHra ranepbonm y = % Ha 1 eguHEOY BiaeBo M caBura rpaduxa

3
GyHKOEHN Yy = 7 Ha 2 epuennsl BHA3. IIpu arom acumnroramu

ranepbonkl y = x:il — 2 cTAHYT npsamEe Yy = -2 B x = —1.
Hanee mocrynum Tak. [IpoBegeM B KOODAHHATHOR IJIOCKOCTH
INYHKTAPOM acHMOTOTHL ¥ = —2 B x = —1. Cocrasum aBe Tabnume:
opHy ans x < —1, apyryio paa x> —1.

v | 1 |05] -1 |15

OTMeTHB B KOODAMHATHOI IIJIOCKOCTH TOUYKH, KOODAMHATEI KOTO-
PHIX TIOMEINEHH! B meproii Tabnume, ¥ coOeHMHHB HMX IJIABHOU He-
NMpepLIBHOM JNHHHe, TONYyYNM OAHY BeTBb rHnepbonsi. Mcnossaya
BTOpYyI0 TAbnunoy, molyuMM BTOPYIO BeTBh ranepbonni. pagmx

2
GYyHKIHH Yy = _P?xﬁ naobpaxiceH Ha pHcyHKe 46. <

B npumepax 1 mw 2 ME yCTAHOBHIHM, YTO rpadMKOM KaMumoil ©3

2x+ 4 2x—1
dysxnuit y = j: B B —:—H— ABaseTcs runepbosia, M IMOKa3aaH
oguH H3 cnocoboB nmocTpoeHRA rpadHKOB THX (QYVHKIHIMA.
P11
i |
3
1
1
\ E -t
~-6{-5|-4(-8|-2|-11-0 1S 2181415 x
— =
-2 +
=S ¥ 7 T
AmEN H
- ! } 4
] I —t = e
: e
i i i 1 i 5

Puc. 46

KsappatuuHas ¢yHKUMS



MoxHO pAOKas3aTh, 4YT0 JN06yi0 apobHo-nEHeiiHYI0 GYVHKOHIO
y=% MOXKHO NPEeACTABHTE B BHAE Y = —— - + n.

Takum ofpazom, rpadmixoM ApOOHO-MHHEWHOH (GYHKOWH ABIAETCHA
runepbona, KOTOPYIO MOMXHO HOJYYHThE M3 rumepbonsl y = - c mo-

MOILBID ABYVX MNapajjleIbHRIX NepeHOoCOB.

YnpaxHeHusa

i80] Vraxure acuMnToTH runepbonni:

10 8
A y=5—3"2 6) y=553— 8
181, ITocTpoiiTe rpaduk GyHKIHH:
4 4
&) y= =3 B) ¥y =133

4 4
6)y=-;+2; r)y=;-—2.

182 Haitgure acMMNTOTH rHnepbosin:
x4+ 8 x—8
B}y =3=z  JOV= 533

183 ITokaxuTe cXeMaTHYeCKH, KAK PACIONOXKeH rpabHK GyHKmUH
y= xfm + n, rge k< 0, ecom:
a) m>0, n<0; 6) m<0, n> 0.

. 3x-2
184] Toctpoiite rpadmux dymxuun y = —-. Haiignre Bymm dynxmam
H NPOMeXYTKH 3HAKOOOCTOAHCTBA.

@Yﬁ&:ﬁnw GYVHKOMH, rpapHKaAMH KOTODBIX ABJAIOTCA rANepbosbi.

15 _+Bx~5b BTt x _Bx-40
.V 5 =8 2.y =35 3.¥y=g7—» .4 S
2x + 5

[iB6] Moxaxwure, uTo rpadmKy OYHKOHE J = ~ 3 TUPHHALIEKAT JIAIID
JABe TOYKH, Y KOTOpPHWX B abcumWcca W OpAMHATA — HATYDAJILHEIE
yuchaa. HaliinTe KOOPAHHATHL THX TOYeK.

8x-—-1T

@Haﬁma-re BCe TOYKHM rpaMKa QYHKOHH Yy = ———, ¥ KOTOPBIX

afcoycea W ODAWHATA ABIAKTCH NENLIMHA YHCIAMH.

m PemnTe rpadbnyecKkH ypaBHEHHe :: 5 =X~ 3.

IMocTpoiite rpaduk Qpyaknun £(X) = gf—a
Pemure ypaBHeHRE:

a) g(x) = 3; 6) g(x) = 6; B) g(x) = -2.

Ona tex, KTo xo4eT 3HaTe DOofbLUe | a1



11. CteneHs C pauMoHanNbHLIM NoKa3arenem

1
B 1.9 roeopmiocs, 4T0 BeIpaskeHwe 4", rge ¢ > (0 © n — HaTypane-
HOe umMeno, obosnayaer Ya. Teneps pacCMOTPHM KAKOH CMEIC] HMEET BhI-

e m
paxeHnue a”, rae a — MNOJOMKHTENLHOS YHCIO, FEar MHOE THCJIO.

Onpepenenue. Ecin @ — DONOXKMTENsHOE YHCNO, 3 —

ApobHOe 9HCIo (m—ne.uoe,n—'amwpunme).ma%:ﬁ#a_‘;

IIo onpeneneHHI0 UMeeM:

i3
E] L I G | T A 3
0,76 = §0,7° H 58 =57 = Y5t
CreneHs ¢ OCHOBAHHEM, PABHEIM HYJIIO, ONPENENA€TCHA TONBKO IS
NOJOMHTENEHOT0 APOOHOre DOKA3ATEeNA:

'---------—_--—--—--lh.-—---l-—wﬂ----__-_b-----q
. |
m-’i‘——npoﬁnwnommmo(mun—n&w- ]

- m i all JBEa
paaeHEE), TO 0" =0, 1

S T S S P S G S e S e e T oo e e o e o

Jna OTpHUATENBHREIX OCHOBAHHI CTEeneHb ¢ APODHEIM IOKA3ATENeM
3 1 1
He paccMaTpHBaeTcA. Takme BrIpaxkenns, xax (—2)4, (-8) %, 0 2, ne
MMEIOT CMBICIIA.

HsBecTHEIE HAM CBOMCTEA CTENEHH € HENkiM NOKA3ZATeNeM COpaBeNIH-
BEl N JJIfA CTeNeHH ¢ JOOKIM paNHOHANLHEIM moKasaTeneM. C BHxX goxa-
3aTeNbCTBOM BRI O3HAKOMHTECh B CTAPIOHX KJaccax. IlepegncnumM oTh
cBOiiCTBA.

'———-—nu-———‘--———-—.——--——-—————-————--—-———-q

;ﬂnﬂnmﬁorﬂa>ﬂnmﬁuxmomme'ﬁ’q?; :
: aal = o™, o s 1 AR
:- R
i A i S R el
:mmnmﬁma>0nb>0nmoﬁommmmmaﬁ‘":
: (aby = at’, FI (| P
! o af 1
i (3 iR - :(5] E

KeagpatmiHas dyHKUMS
62 w



PaccMoTpuM NpUMEphI, B KOTOPHIX WCNOJB3YIOTCH TOMAECTBEHHBIE

npeobpa3oBAHHA BHIPAXKEHWMEl, COIEDIKAIIUX CTEeNeHH ¢ ApPoGHLIMH mMOKa-
3aTeJIAMN.

Mpumep 1. Halinem snavenue BHIpaskeHUA
1 1 1
(x* —6) —12x%(x ¢ — 1) mpu x = 12,25.

» IlpeasapuTensHO YOPOCTHM STO BhIpAXKEHHE:
1 1 e X 1 1 1
(x* —6)° —12x4(x 4 —1)=x% —12x* + 36 —12x° + 1224 = x2 + 24,
1

IlopcTaBuM B BHIpaxenue x? + 24 nanHOe 3HAYEHHE X H BEIOOJ-
HHM BBIYHCJIEHHS:

1 1 1
x? +24 =(12,25)% + 24 = (3,5%)2 + 24 = 3,5 + 24 = 27,5, <

3

|

X
Ipumep 2. CoxkpatuM Apobs %.

x2 4+ Hxt

-

P Pasno)xuM Ha MHOMXHTENH YHCIHTEIs: B 3HAMEHATENbL .upoﬁn. Tlo-

JIYaOuM:
3 L wske f 1 1 .
x4 -26x* _ x*(x? -26)  (x* -5)x* +5) -
TR X 3 1 = o <
x2 + bxt xd(x? +5) x' +5
Ynpaxueuunn
]

¥
190. IIpeacrasbre cTeneHbL ¢ ApoOHEIM NOKasaTeleM B BHJe KODHSA:
i1 3
a) 3, 6%, 0,898 T
3 . a2
G) =%, ¢, bR T
1 3 1
B) 5a3, ax®, —b"5, (2b)%;
z 2 2 a -2 2
r) (x-y)3, x® —y?, B(a + b)4, 4a ? + ax?®.

191. IlpeacTaBere apmpMeTHUIECKHil KOpeHb B BH/IE CTENEHA ¢ APODHEIM
NOKa3aTeseM:

a) J1,3; B) ‘%; n) Yat; x) Ya? - b,
1
¥ i@ ofm Y-

Ana Tex, KTo xo4et 3Hatek bonblue | 63



192. HaiiguTe 3HaYeHHE BhIPAYKEHHS:

1 3 i _1
a) 273; 8) 0,16%; m) b - 325; x) 6-8 3
1 I 1
6) 25 2; r) 0,647'%; e) —643; 3) 7-0,04 2,
193. IlpeapcraBbTe B BHje CTENEHH C PALHOHAIBLHLIM TOKASATENEM:
11 1 1 ) | a4
a) c2c?; r) dﬁd2 : #w) 25z 2; K) (a?)%;
11 2 1 11
6) b 2b2; ,u;)xz x2; 3) m® : m®; a) (c 2)3;
21 B 1 11 _2
B) a®a®; e}y : y%; u) (b2 )%; M) (p°) °.
194. Vopocrute BHpa)keHpe:
1 3
a) (@ P -a"; ) ala™?);
3 4 -3 2
B AP 1 r) (7)) ¥ - (a By

195. Briumcimre:
a) 10% . ll}_; - 10%; B) 3-9% . §3;
6) 45 - 23 . 8, r) 8% - 16° - ¥4
196. IlpepcraseTe:
a) B BEge kBaapata (x > 0): x% x5 x78, x%, «x, x%;

1
6) B Buge ky6a (y > 0): o5 o, v, ¥% v "% ™%y "

197. Coxparure gpobs: .
1 11

3+3a2 x-y c+2c%d? +d

a) 1 H B) 1 i H ﬂ} o 3
32 x2 4yt
1
10 bi 5. m+n
6) i r) p o5 © 7 11 Z-
1 b-26" I
10 - 102 m® —m®n® +n®

198. Hanuwmmure dopMyny, BRPAMKAKIYIO 3ABUCHMOCTh MEXAY Iepe-
MEHHBIMHM U W U, ec/In:
2

2 _2
a)u=t+1L,v=¢t3%+1;

6) u=(t +2}%, u=(2—t)%.

KeagpatuyHasa HKLMA
m oy



199. oxaxkure, 4TO ecnH b = 535 u a > 0, To BepHO paBeHCTBO:

1

1 i
(@ +bP +(a-b)? _

1 1
(a+b)? -(a-0b)?

2.

ynpaxHeHnus x rnaee |

K naparpady 1
200. Haiigure obnacts onpefesneHuA QyHKIHN:
8)9”%"‘%; 6) y=Vx - Jx-4; B) y =

B =

[}

201. Inuaa IPAMOYTONBHHKA ABCD B
(puc. 47) pasaa 10 cM, a mApHHA —
T cv. Orpesok MN nDepessuraeTcss OT
otpeska AD no orpeska BC, ocTtaBasach
napannensHEM orpesky AD. Ilnomags M N
y (cm?) saxpamenHO wacTH ecTh
¢yEHKOHEA paccTOAHHA X (cM) oT TOodU-

ke D po Touku N. Bagaiite pyEKODuI A - | D
v = f(x) dopmynoii. Haiiaute obnacTh
sHaueHH# 2ToM QYHHKIHH. Puc. 47

202. B paBHODEApDEHHOM TPEYroJbLHHKE
ABC ocuopasme AC pasHo 6 cM, a GoxoBsasa ctopoHa — 5 cm. Kon-
06l NOABHIXHOIO OTPe3Ka, MapajjieIbHOr0 OCHOBAHHIO, JIEXKAT HA
GokoBmx cropoHax. Ero gnuHa pasHa y (cM), A paccTOAsHHE OT BEp-
muHe — x (cM). 3azaiite dopmynoii y kak dyHKnEIO or x. Haii-
ouTe oblacTh: SHaYeHHI oToi QyYHKOHH.

203. OyeKuHA sagaHa QopMyJIoH Y = le . [lepecekaeT s ee rpadHkK

< h
ock x7 ock y? B KAKMX KOODAMHATHHIX YETBEPTHAX PAacIoOMKeH

rpaduk s3TOM QYHKIHHT?

204 KaTep oTOpaBAAeTcH OT NPHCTAHH A H MAET BHM3 IO pPEeKe K
opuctanu B, po xoropoii 60 kM. Ilocne gByxuacoBoil CTOAHKH HAa
opuctasr B oH BosBpanjaerca obpatHo. Paccrosmne ! (km),
NpoHIEHHOe KaTepoM OT NpHcTAaHW A, 3aBUcHAT oT BpeMeHH { (49),
OTCYHMTEHIBAEMOr0 € MOMEHTA OTHOpaBleHHA KaTepa H3 A 1o
MomMeHTa BoappamjeHns. CobGcrBeHHas ckopocThs Katepa 16 km/q,
CKOpOCTL Teuenus pexkH 4 Km/4u. 3agadite | kaxk ¢yHKOwIO OT i
dopmynamu, noctpoiite rpaduK GYHKIHH, ONWINHTE N0 rpadpuky
ee cBoiicTBa H OObLACHATE MX (MIHYECKHII CMBICI.

ﬂonOHHMTEﬂbefe ynpa>xHeHvwa K rnase |
a‘m~H.Hmplﬂm.ﬂxn. 65



205. Haueprute rpadpmuyk Kakoi-HEOYOE QVHKIHH, OGJIACTBIO ONpeaese-
HUA KOTOpOii ABnsieTcA npoMexyTok [—3; 4], a obnacTeio 3Hade-

Hut — mpomexyrtok [0; 6].

206. Haiigure aynu ¢yHKOMH (€CNHA OHH CYIECTBYIOT):

2x +11 6 322 - 12
a) ¥ =" > 6) ¥ = g-0s5x LS e W

207. NsBecTHO, 4TO ¥ = f(x) ¥ y = g(x) — BOapacraioniue (yGnsaoiine)
dyaxnuu. JlokaxuTe, uTo GyHKOEA @O(x) = f(x) + g(x) smnsercs

Boapacraponeii (yOuiBatomeit) pynrouei.

m HasecTHO, 9TO i = f(X) — BO3pacraomas GyHKOHA H a — HEKOTO-
poe umcno. JlokasuTe, 4T0 ypaBHeHHe f(x) = a mmeer me Gomnee

OHOT'O KOPHHA.

Pemure aBHeHHE:
209, vp
“a) JVx + x* = 18; 6) x* + 5x = 6.

210. Kakuwe us ¢yHKOHI, 3aJaHHMX (Qop- y
MynamMu y = x%, y=x+5,y=2x +5,
y’xa. y"’_xg. y"’=_xg—4; y=\r-‘;;
y=qx +1, y=x'+x%+ 6, coxpa-

HAIOT 3HAK Ha Beceil oblacTH onpege- 0o 1

JNeEHAT?

211] Ha pucynxe 48 maobpakeH rpaduk Puc. 48
opHo#t m3 Qymknmit y = x -1, y=

+1, y =41 - x. Kako? umenno?

212. Kaxoii n3 Tpex rpaduKoB, H300paXeHHBIX Ha pHcyHKe 49, apnsa-

erca rpadmKoM QYHKOHE Y = |x — 2|?

218} ITocrpoiite rpadpux QyHKDHE y = -'-i- ¥ ONMIIHTE ee CBOICTBA.

S “1\/\/1%(

KeappatuiHan ¢byHkuma
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K naparpady 2
214. HaifiznTe KOpHH KBAZPATHOrC TpeXuJeHa:

a) %xa +§x - 2; B) —x* + 4x — 2%;
6)3x°—gx—75; 1) 0,4x°—x+0,2.

215. CocTaebTe KaKoH-HEOyALr KBAJPATHHIH TpeXwWieH, KOPHAMH KOTO-
poro ABJIAKTCA YHCIA:

a) -7 u 2; ﬁ)3—-f§u3+~f2~,
216 Ilpn KakoM 3HAYEHAM P Bhipa)KeHHe 2px® — 2x — 2p — 8 cTAHOBHT-

CcA KBAJPATHBRIM TpPeX4JeHOM, OJHUM M3 KOpDHEeil KOTOpOro ABIHeT-
ca yneso Hyns? Haiipute npyroil KopeHs.

217. JoxaxuTre, 94TO KBAAPATHHII TpexdjieH HMMeeT KOPHHW, H HalianTe
HX CYMMY H NpOH3BeJeHHE:
a) 2x° — 10x + 8; B) 0,5x% + 6x + 1;
ﬁ)%xz+7x—2; r)—%xﬂ+%x+%.

218 Haitnure Tpexuren Buja x? + px + ¢, KOPHAMH KOTOPOIO SABJAIT-
Ccs He PDABHEIE HYJIO YMCJIA P H (.

219. ITycts & 1 p — xopuu Tpexunena x° + px + g, npuuem aff = 4 m
Jo + .ﬁi=3. Yemy paBHu O B P?

220. BeijennTe KBAAPAT ABYUJNEeHAa H3 KBAJAPATHOIO TpexXwieHa:
a) 222 —-3x+ T; B) 5x° — 3x;
6) —3x% + 4x—1; r) —4x* + 8x.

221. MokaxwuTe, 9TO KBAAPATHHIA TpeX4leH:

a) —x% + 20x — 103 He NPHHHMAET MOJOKATENBLHLIX 3HAYCHMIL;
6) x? — 16x + 65 He NpMHMMaeT OTPULATENHLHBIX 3HAYCHMIA.

222. Haiigure Haubonesllee HIHM HaHMeHbINee 3HAYEHHe KBaJpPaTHOTO
TpexX4ieHa:

a) 8x* — 4x + 5; 6) —3x% + 12x.

223 Cymma mosioyHTeNbHRIX uncen a u b pasea 40. IIpm Kakmx 3Ha-
gyegHax a # b ux npomasegenne Oyger HanbonsmumM?

224. PasnoxATe HA MHOMHTENN KBAAPATHBIA TpexdseH:
a) 0,8x% — 19,8x - 5; B) 2% + 22 — 2;
6) 3,5 - 85 x + 2% r) 2% — xJ6 + 1.

225] 3uan, wro m — nenoe umcio, HalifUTe HeJNke KODHH TpPeXwWIeHAa
mx® + (m — 8)x — 3.

JononHuTensHuie ynpaxHeHus K rnase | ‘ 67
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226! 3uas, uTo Koa(hdMIMEHTH KBaApaTHOro tpexwieHa (n — 3)x% +
+(n+ 1)x + 9 — 2n — HATYpPANbLHBIE YHCIA, HAHIUTE 3TOT TPEX4YsIeH.

227. CoxpartuTe Opobb:
) 2m?-8 2m? — 5m + 2
= "

me+6m+8° 9 mn — 2n — 3m + 6°
228. BeimogHUuTe felicTBHe:

-k A S L+11x+30  x+5
) x-1 4,2 _3x-1’ D) =9 “z-8*
i IR, 2x* -7 x+1
)x+2 “+3x+2’ ﬁ)xz_&,_,l x—47

Tx— x° xz—x—ZD. 24 x— x° & 10x
B) x+4 Ty " e}g_5x+3xﬂ 8x—2°

K naparpady 3
229, Ilpu KaKOM 3HAYEHHH ¢ rpaduK QYHKINM § = ax° MPOXOAMT Yepes
TOYKY:

G -7 63N »(-5-1 oo 100

230. IlocTpoiiTe rpaduk GyHKIMuE, 3afaHHON dopmyaoil y = —0,25x%,
rane x€[—6; 2]. Kakoeprl Hauboipllee M HaUMeHbIee 3HAYCHHHA
3TON (PYHKIMH?

231. Ilpy KaKUX 3HAYEHHAX a4 OOJACTHI0 3HAYEHUN (QYHKOHUH Y = ax®

ABJIAETCH TMPOMEXKYTOK: a) [0; +90); 6) (—o0; 0]?

232. NNoramure, yrto rpaduru GyHKuuii y = ax® u y=ax, roe a#0,
nepecexaloTcd B Touke (1; a). B xakoii emje Touke mnepecexarTCH
aTu rpadpurmn?

233. Ilapabosry y = Tx° cABUHYJIM BBepX Ha 5 €QMHHI[ ¥ BJIeBO Ha 8

gﬂ;ﬁi‘?u. I'padhukoM Kakoil QYHKUHH ABISeTCH MOJYUYEHHAH Mapa-
a

234. Kaxue npeo6pa3oBaHNsi HANO BHINOIHHUTE, YTOGHI:
a) u3 rpaduka GyHREUHH Y = x* MOJNYYHTE rpatuxn GyHRIH
y=-x y=(x-8P, y=x+4;
6) u3 rpaduxka GYHKUHH Y = Jx nony4yuts rpadHMKH QYHKIHHI
y=—x, y=Jx +5, y=Jxr - 1?7

235. IMocrpoiiTe B 0HOI KOOPAMHATHOH IIOCKOCTH rpaduKH (BYHKIHI:
y=Ilxd, y=lcr—4, y=Ix -4 -3.

236. INocrpoiite rpadur GyHKIUH:
a) f(x) = |x® — 2x]; 6) f(x) = x* - 2/x|.

68 LEEERE KeagpataHaa QyHKLMWA



r.2_37: ITocTpoiiTe rpadpuk QyHKIIHAHA:
xﬂ
a) y = xlx|; 6) y = —-

238] IIpn Kakux sHaueHuAX ¢ rpaduk QyHrnuu y = x° — 6x + ¢ pac-
MOJOMKEeH BEIIIEe IpAMOii:
a) y = 4; Q) y==17

239, Ipu kakux 3HAYeHusiX b ¥ ¢ BePMMHOI Napaboner y = x* + bx + ¢
ABnserca Touxa (6; —12)7

240. Haiinnte 3HaYeHHe 4, IPH KOTOPOM OCBI0 CHMMETPHH Napabonl
y = ax’ — 16x + 1 apiseTcA mpamas x = 4.

241. IIpy KaxnX 3HAYEHHAX d ¥ € KBAAPATAYHAA GYHKUHA Yy = ax’ + ¢
HMeeT HynHT

242 HalijuTe B8HauYeHHMs a ¥ b, OpH KOTOPHIX rpadMk GQyHKINH
y = ax® + bx — 18 npoxonut depes Toukn M(1; 2) u N(2; 10).

243. ToctpoiiTe rpadpur GYHKIHH H OINHIIHTE ee CBOWCTBA:

a) y= x>+ 2x — 15; r) y = 6x — 2x%;

6) ¥y = 0,5x% — 3x + 4; m) y=(2x — T)(x + 1);

B) y = 4 — 0,5x% e) ¥y =(2 - x)(x + 6).
244. HaiinuTe obnacTs 3HAYEeHHH (QYHKIIHH:

a)y=3x2—0,5x +-116-; B) ¥ =—-;-x2+4x-5,5;

6) y=2x*+1,2x+2; 1) y=-82° - 2x — 42

245, Tlycrs h (M) — BeICOTA, HA KOTOPOil HaxoguTca GpomeHHul ¢ 3eM-
Nu BBepXx mu4, ¢ (c) — Bpems moyera MsdYa. 3aBHCHMOCTB h OT
BHIpaXkaeTca (opMmynoit h = 24t — 4,9t°. Kaxoi#t maubBonbmeit
BEICOTHI AoCcTHr Ma4? B Harkoii NpoMemxyToOK BpeMeHH OH NOJHH-
Majicsa M B Kaxkoi onyckanca? Yepes CROJNBKO ceKyH[I nocie Gpoc-
KA OH ymajJ Ha 3eMuio?

246. 3apaiite dopmysoll Kakyo-nu60 KBAAPATHYHYIO QYHKIIHIO, KOTOPa:
a) B mpomexyTke (—o°0; —3] ybuiBaeT, a B nmpoMexyTre [—3; +0)
BO3PACTAET;

6) B npomexyTre (—°; 6] Bospactaer, a B npomexyTre [6; +0o0)
yOuIBaeT.

247) ®dyuxnua sagana Qopmynoi y = x° + px + ¢. Haiiaure suaue-
HHUA P M (¢, €CIH HM3BECTHO, YTO:

a) Hyau (GYHKUHH — 4Yucia 3 u 4;

6) rpaduk QyHKNHH IepecexKaeT OCH KoOopAuHaAT B Toukax (0; 6)
u (2; 0);

B) HAMMeHbIee 3HAYEHHWe, paBHoe 24, QYHKIMA NPHHHMAaET NpPH

x = 6.
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L b ey

Puc. 50

Bl ITo rpaduxy dyuxmmn y = ax® + bx + ¢ (puc. 50, a, 6) onpegenn-
Te 3HAKHA KoaddummenToB a, b u c.

K naparpady 4
249, O6bsacEUTE, MOYeMy BEPHO HEDABEHCTBO:
B.) 5100 = 41["]; B) 1’5251 < 1,621:

6) 0,87 < 0,89'% 1) [g]m > [%]m.

250. CpaBHHTe 3HAYEHUS cTeleHeii:

a) 2'° u 31'% B) (%]" " [%]": m) 3% u 87;
6) 0,3° u 0,2% r) (%]w " [g]m; e) 1250° u 36°,

251. Mann dbyuxnun f(x) = x' u g(x) = x'°. CpasHure ¢ Hynem:

a) f(25) - f(12); B) f(0) - f(60); n) g(-9) - g(-17);

6) f(—30) - f(—20); r) g(17) — g(5); e) g(38) — g(0).
252, [lokaKuTe, 4TO NPH HATYPAJBHOM n:

a) ecim x<[0; 1], To x" ! < x™;

6) ecmn x e (1; +0), To x"*! > ",
258. Haiinure n, ecsim M3BECTHO, YTO rpadMK (QYHKIOHMN y = x" Ipoxo-

AT Yepes TOYKY:

a) A(2; 8); 6) B(3,5; 12,25); B) C(-3; 81); r) D(-2; -32).
254. CymecTeyeT NH Taxkoe HATYPAJBHOE 3HAYEHHE N, NPH KOTOPOM

rpadMK QYHKOHH § = x" IDPOXOAHUT Yepes TOUKY:

a) A(2; 5);  6) B(\3; 81);  B) C(-5; 415);  r) D(-7; —343)?
255. ITocTpoiire rpadmr QyHKITHA:

a) y = —x% )y=(x-2%+1; x) y = (x — 3)%
6) y=x—1; R y = -x% 3) y = (x - 8)*+ 2.
B) y = (x - 2)% e)y=x'-1;

KeagpatuyHas QyHKLMA
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256. Ckonepko KopHeil mMeeT ypaBHeHHe:
a) x'? = 2; B) x'0 = -3; m x' = 0;
6) x'% = 0; r) x' = 5; e) x' =-17

257. Haliiure 3HAYeHWe BREIDAMKEHUA:
a) —0,5'91024; ) 1,59512; n ¥-125 - Jo,17;
6) —31-2187; r)d’i’_;—g-\(ﬁ_i; e) #1672 - §o,125°.
258. PemmuTe ypaBHEHHE:
a)J;-O.E; s){a = -1; m Yx=1;
6) Yy = 33 r b =2; e) ¥y = -2.

259. [Ipr KaKUX SHAYEHHAX IIepeMeHHON MMeeT CMBICT BEIpaX<eHue:

a}%‘x*—E; : B)Q}x+5; n)ﬂ—5y+6;
o 25 r) §f3a - 53 ¢) 1yS2-9 7

260. CpaBHNTEe 3HAYEHMA KOpHEH:
a) ¥23 u ¥27; 6) ¥-5 u ¥-4; s) §~0,1 u o,01.

261. OnpenenuTe 3HAK DPA3HOCTH:

262. Haiippre o6nacTek onpefeneHus QyHKIMA:

a) y-\fﬂ,lx—2; 6) y=$5— 2x; B) y-,s,'8x+ 1.

263. ITonwsysace rpabuxamMmu GyHEoull y = %, Yy = Jx, y= “\E, pelruTe
YpaBHeHHe M HEPABeHCTBA:

a) Vx = x, Jx <2, x> x; 6) Yx = x, Yx < x, Y > x.

264. IMoctpoiite rpadur GyHKOHAH:
a) y = —Jx; 6) y = - ¥x; B) y = J-x; r) y =V-x.
Yem oTAMUAIOTCH APYT OT Apyra rpaduku QyHKOUR y = —xE H

y=+-x? y=—¥f§ny=ﬂ~x?

JononHutensHbie ynpaxHeHus k rnaee | l 1



¥R YPABHEHUS U HEPABEHCTBA
C OAHOW NEPEMEHHOM

[l YPABHEHUS C OQHOWM NEPEMEHHOM

12. Llenoe ypaBHeHWEe U ero KOpHM!
B kampgom ua ypaBHeHuil
FE-1YP+x*=2-2(x-1), )

A1 i1
it e @

obe yacTH ABISIOTCH LEJNEIMH BEIpa)keHHAMH. Takue ypaBHEeHHH HA3LI-
BAIOT, KAK H3BECTHO, UeAbiMU YpasHeHusmu. HanoMHHUM, uTO

r --------------------------------- L 3 N _F ¥ § §F N ] ‘
i ’ i . i 1 il : ¥ § i
| LeJbIM YpABHEHHEM C OHOH HepeMeHHOH HASHBAETCH ypABHEe- |
| HUe, NeBAS W NPABAF YACTH KOTOPOTO — NEJe BLPAXNEHus. |
[ 9

----------------------- e e e e e G e o S . e s

B ypaBHeHHu (1) packpoeM cKODKH, IlepeHeCeM BCe 4WEHEL B JIEBYIO
YACTh H NpHEBeAeM nogobHele uneHwl. Ilonyuum

-2 +1+2°=2%-2x + 2,
-2 +1+x°-2"+2x-2=0,
»X¥-2x+2x-1=0.

BrimonHumM aHaJOrmdHele npeofpasoBaHusa B ypaBHeHum (2), yMHO-
YKHB OpelBapUTeNsHO 00e ero 4acTu Ha 4:

xt—1-2(x%+1)=12x
xt—-1-2x2-2=12x
At-1-22-2-1222=0,
x*—14x2 -3 =0.

;—m YPaBHEHUS M HEPABEHCTBA C OAHON NEPEMEHHOM



B kamJoM u3 paccMOTpeHHEIX NPHMEpOB MBI BEINIOJHHAIHM TAKHE
npeobpa30BaAHUA, KOTOpDbIe NPHBOAAT K YPABHEHHIO, PABHOCHJIBHOMY
paHHOMY. B pesyibTaTe mojyyaiM ypaBHeHwe, umewomee Buja P(x) = 0,
rae P(x) — MHOroO4JNeH CTAHAADTHOTO BHIA.

Boobie BcAKoOe neoe ypaBHEHHE MOXKHO 3AMEHHTH DABHOCHJIBHEIM
eMy VpaBHeHHeM, JieBad 4acTh KOTOPOr0 — MHOrO4YJeH CTAHAAPTHOIO
BHA, A NpABAA — HYJb.

P e e e s e S N U S R e - - e ——— -

. |
Ecnn ypaBHeHHMe ¢ OJHOH IepeMeHHO# 3JanucaHO B BHJe :
P(x) =0, rge P(x) — MHOro4ieH CTAHAADPTHOrO BHJA, TO CTe- |
NeHbL STOr0 MHOrOWIeHA HAJIEIBAIOT CMENEeHbi0 YPUSHEHUA. :
CreneHb0 MMPOM3BOJBHOTO IENOI0 YPABHEHHHA HASEIBAIOT CTe-
IeHb pPABHOCHJIBHOrO €My ypaBHeHus Buaa P(x) =0, rge 1@
P(x) — MHOrouJleH CTAHOADTHOTO BHAA. :

Hampumep, ypasHeHue (1) ABnsiercss ypaBHeHHeM NATOH cTeneHH, a
ypaBHeHue (2) — ypaBHeHHeM YeTBepTOH CTelneHH.

VYpaBsHeHMe NIepPBOI CTENEHH MOYKHO INPHBECTH K Buay ax + b= 0, roe
X — nepeMeHHas, @ ¥ b — HexkoTopwle yucina, npuueM a # 0. Mz ypaBHe-

b b
HuA ax + b =0 npu a # 0 noxyuaem, 94t0 x = —_. HYueno —_ — KopeHs

vpaBHeHHs. KaxJoe ypaBHeHHe IepBOi CTENeHH WMMeeT OIMH KOPeHb.
VpaBHeHMe BTOPOi CTENeHN MOXHO MPHBECTH K BAAY ax’ +bx+c¢=0,
rae x — nepeMeHHasi, @, b M ¢ — HexKoTopee 4ucija, npudem a * 0.
YHCJIO KOpHeH TAKOrO YpABHeHHH 3ABHCHT OT JHCKPDHMMHHaHTA D= b —
—4ac. Ecim D > 0, To ypaBHeHHe HMeeT ABa KopH#; ecau D =0, To
VpaBHeHHe UMeeT OJHH KopeHb; ecau D < 0, To ypaBHeHHe He HMeeT
xopHeii. JlioGoe ypaBHeHme BTOpDOi cremeHu umeer He Gojee IOBYX
KopHeit. J[na HaxomZeHus xopHeilt mpu D 2 0 ucnoneayercs, KAk H3-

-b+ D
BECTHO, (OpMYJia KOPHe#l KBaJpaTHOrO YPABHEHHH X = —5-—.

VpaeHeHwe TpeThell CTeIeHH MOXHO TDHUBECTH K BHAY ax  + bx® +
+ ¢x + d = 0, ypaBHeHue ueTBepTOi CTemeHH — K BHAY ax® + bx® +
+ex!+dx+e=0murT. n., riea, b, ¢, .. — HEKOTODEIE YHCJA, IPHYEM
a # 0. MoxHoO AOKA3aTH, YTO YDABHEHHE TPeTheil cTeneHH uMeeT He Ho-
Jee TpexX KOpHell, ypaBHeHHe YeTBepTOil cTenmeHHM — He Gonee yeTEIpex
KopHeii. Boobne ypaBHeHHe 7-il cTenmeHu umeeT He GoJiee n KOpHEi.

Ins ypaBHeHmil TpeTheli B WeTBEpPTOif cTemeHell M3BeCTHH (hbopmy-
Jbl KOpHeii, HO 3TH (GOPMYJEI O4YeHb CIOMHBI M HEYROOHEI AJA Npak-
THYecKoro npuMmeHeHus. Jia ypaBHeHHil naToil u Gojee BRICOKMX CTe-
neHeid obmux GopMyn KOopHeii He CYIECTBYeT.

3amMeTHM, YTO MHOrAA YOAETCH DEIINTE YpaBHeHHe TpeThkeil n Gonee
BLICOKOH CTeneHH, NpPHMeHAH KAKOH-Mb0 chonenuanbHEIN IpHeM.

Np¥Mep, HEKOTOpEe YPABHEHHA HETPYAHO PeINTE ¢ IOMOIIBIO pas-
JIOM¥eHMA MHOIOYJIeHa Ha MHOMHTEJH.

§ 5. YpaBHeHWs C OOHOWN NepemMeHHOoIA | 23



IIpumep 1. Pemum ypaBHeHHe
WB-8-x+8=0.
P PaanoxUM JleByi0 9ACTh YDABHEHMSA HA MHOMCHTENH:
**(x-8)-(x—-8)=0,
(x-8)(x*-1) =0,
(x — 8)(x — 1)(x + 1) = 0.
Orciona Haiigem, 4TO
x—-8=0,mmx—-1=0, wmm x+ 1 =0,
S3HaYHT, MCXOJHOE ypaBHEeHHe HMeeT TPH KOpHSH:
X;=8, xg=1, x3=-1. 4
VYpaBHeHH#A, CcTelleHE KOTOPHIX BEIIIE ABYX, HHOrZa yHAAaeTcH pe-
IIHTh, BBEAH HOBYI0 NEPEMEHHYIO.
PaccMOTpHM NpHMepEl pellleHHUA YPABHEHHIl 3THM METOZOM.
IIpumep 2. PemmyuM ypaBHeHMe
(x® - 5x + 4)(x* - 5x + 6) = 120. 3)
P Ecim nmepeHecTH Bce WieHEl YDABHEHHMA B JIEBYIO YACTH H Ipeobpa-

30BATE NOJYYHMBINEECH BEIpAKeHHe B MHOTOYWJIEH CTAHIADTHOIO
BHJA, TO MOJYYUTCH YPABHEHHE

x* — 10x® 4 35x* — 50x — 96 = 0,
JJIsI KOTOpOIr'o TPYAHO HalTH coocof pemleHHs.
OpHaKo MOXXHO BOCIOJNIB3OBATECH CHIeAyIomeil ocoGeHHOCThIO YPaB-
HeHUA (3): B ero 7neBoil YACTH MEepPEMEHHAS X BXOAHWT TOJBKO B
BEIpAXKeHMe X° — 5X, KOTOpOe BCTpEe4YaeTcsi B YPABHEHHH ABAaXKABL.
9T0 NO3BOJIHET PElINTH JAHHOE YPABHEHHE C MOMOM[BIO BBEJIeHU
HOBOH mepemeHHO#. OGoaHaumM x° — S5x uyepes i

x2-5x=y.
Torga ypasHeHHe (3) cBefleTcs K YPABHEHHIO ¢ NEPeMeHHOH y:
(v + 4) (y + 6) = 120,
KOTOpOoe Iocjle YIpOIeHUs IPHMEeT BHJ
¥ + 10y — 96 = 0.
Pemus nosydenHOe KBaJpaTHOe yDABHeHUe, HAalileM ero KOpHH:
y, = -16, y, = 6.

HWNbC ABENb (1802—1829) — HOpBeXCKWiA MaTeMaTHk.
OcHoeatens obweil Teopun anrebpanyeckux QyHKUMA, BHEC
Gonbwoid BkNan B MaTeMaTuyeckuii aHanus. Bnepewle goka-
3an HepaspelwwmocTs B ofuwem cnyyae B paavkanax anreb-
pavyeckoro ypaBHeHWA NATo cTeneHn u Gonee BLICOKMX
CTeneHeil.
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Orcrona
x’ - 5x = —16 mwmm x° — 5x = 6.
Pemas ypaeHenwe x° — 5x =—16, HaiileM, 9T0O OHO He MMeeT KOpHeii.
Pemas ypasHenme x° — 5x = 6, HaiiieM, YTO OHO MIMeeT /iBA KOPHH:
X, ==1, x, =6.
3nauuT, ypaseenue (3) mMeer ABA KODHSA:
x,=-1, x,=6. 4 .
MeTtoa BBeneHHA HOBOIT IepeMeHHOI IMO3BOJIHET JIETKO PellaTh YpaB-
HEeHMA YeTBepTOll CcTemenu, mMelomue BHpx ax® + bx® + ¢ = 0.
Vpasuenus Buga ax® + bx® + ¢ =0, rge a # 0, ABATIOMAecT KBaj-
PATHHIMM OTHOCHTENBHO X°, HASHIBAIOT OUKEAOPAMHbIMU YPAEHEHUAMU.
Ilpumep 3. Pemmum GuKBagpaTHOE ypasHeHUe
9x* - 1022 + 1 =0.
BeezeM HOBYIO NepeMeHHYI0, 0603HAYMB X~ Yepes y:
x=y.
MonyyuM KBaApATHOE ypPABHeHHe € NepeMeHHOH y:
9y - 10y + 1 =0.
Pemus ero, Haiiiem, uto
h= %v ¥ ™ 1.
3uauur,

1
xz-gmx2=1.

1
W3 ypaBHeHMs X° = g HaxXoiMM, 9YTO
g ik 1
xl b _"3-, xg = _é:o
W3 ypaBHeHHSA x% = 1 maxomgum, uTO
xg=-1, x, =1,
Hrax, ucxoaHOE ﬁnrma,npamoe VpaBHEHHEe HMeeT t:e'rmpe ROPHH-
S Tl 3: xg 3. Ig“l, X, = 1. <

3BAPUCT MANYA (1811—1832) — dpaHuy3ckuii MaTeMaTHk.
3an0xuMn OCHOBL COBpemeHHoid anrebpul, Been pagn QyHpa-
MeHTanbHbIX ee noHATWi. Hawen Heolxopwmoe U gocTarod-
HOe ycnoBwe, KOTOpoMmy YAOBneTeopreT anreGpawveckoe
YpaeHeHwe, paspewwmoe B pagukanax.
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Vnavu_-t‘eu A
265. Kaxosa cTeneHbs YpABHEHHH:
a) 2x2-6x°+1=0; 1r)(x+8)(x-7)=0;
6) x* - 4x*-3=0; nz-3=5
B) 725 = 0; e) 5x° — bx(x? + 4) = 172

266. PeruTe ypaBHEHHe:
a) (8x — 1)(2x — 3) — (4x — 1)* = 38;
6) (15x — 1):;1 + 15 x) - 22;
8) 0,54 - 0,5y(y + DNy —-3)=T;
s g 1+ 2:21(2:2— u'

267. Pemmure ypaBHeHue:
a) (6 — x)(x + 6) — (x — 11)x = 36;

L8y vl oo
O @ T8 s

5) 9 — {l2x—114)(3x+8} -1t
) A G A
BB 1 e T s

268. NoxaxuTe, ¥TO ypABHEHHE 5x% + 6x* + x> + 4 = 0 He umeer xopHei.

269. MoxeT JM OTPMIATENbHOe YHCI0 GEITH KOpHeM ypaBHenmus 12x° +
+ 7«® + 11x — 3 = 1217

270. Ecann pebpo xyba yBeIHYHMTL HAa 3 CM, TO ero obbeM yBeJIWYHTCH
Ha 513 cM®. Uemy paBHO pebpo xyba?

271. [Teproe uymciso Ha 5 Goasme BTOpPOrO, A ero Kyb Ha 3185 Gonsme
kyba Broporo. Haiigute atm uucia.

272. PemunTe ypaBHeHHe:

a) ¥ — 6y = 0; n) 9x® - 18x* - x + 2=0;
6) 6x* + 3,6x* = 0; e) y* — y° — 16y% + 16y = 0;
B}x3+3x=3.5x2; }K]Pa—p2=P—l;

r) x®* - 0,1x = 0,3x%; 3) x* — x% = 3x° - 3x.
273. PemuTe ypaBHeHHe:

a) 0,7x* — x8 = 0; r) 8x* — x* + 18x — 6 = 0;
6) 0,5x® — 72x = 0; n) 2x* — 18x% = 5x° — 45x;
B) x° + 4x = 5x% e) 8% — 2y = 24° — 3.
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274] Pemure ypasHenue:
a) *+ 722 -6=0; 6) x° + 4x° - 5= 0.

275 HajiinTe KOODAMHATH TOYeK NepeceueHHMs rpaduKa (QyHKIAH
y=2x"—6x"+ 1lx — 6 c OCHMH KOODIHHAT.

276. Pemunre ypasHeHMe, MCHOJL3YH BBEJleHNEe HOBOH IepeMeHHOM:
a) (2x* + 3)* — 12(2x* + 3) + 11 = 0;
6) (£2 — 2t)> — 8 = 2(t* — 2t);
B) (% + x = 1)(x® + x + 2) = 40;
N +x-1D2x*+x—-4)+2=0.
277. Pemure ypaBHeHHE:
a) (2 + 3)> - 11(x* + 3) + 28 = 0;
6) (x2 — 4x)® + 9(x® — 4x) + 20 = 0;
B) (x? + x)(x* + x — 5) = 84.
278. PemunTe GuKBafpaTHOE YpaBHEHHE:

a) x* — 5x°* — 36 = 0; r) 4x* - 52 + 1 =0;
6) y* - 6y + 8=0; o) 9x* - 9x% + 2 =0;
B) t* + 102 + 25 = 0; e) 16y* — 82 +1=0.

279. Ha#finnte KOpHH OMKBAIAPATHOIO ypaBHEHHAH:
a) x* —25x° +144=0; r)t*-2-3=0;
6) y* + 145° + 48 = 0; ) 2x*-9x* +4=0;
B) x* -4 +4=0; e) 5yt -5/ +2=0.
280. HajignTe KOODAHHATEI TOYeK IEpecedYeHHs C OCAMH KOODAWHAT
rpapnkra QyHKITHH:
a) y=x'—5x + 4; B) y = x* — 20x% + 100;
6) y = x* + 32% - 10; r) y = 4x* + 16x%.

281. PagnosxuTe HA MHOMKHTENH TPEXwIeH:

a) x* — 472 - 98; 6) x* - 85x° + 1764.
282, Pemunte ypaBHeHHe:

a) (-1 +1)-4(x*-11)=0;

6) 3x%(x — 1)(x + 1) - 10x* + 4 = 0.
283. PemuTre ypaBHeHHE:

a) X+t -6x°-622+5x+5=0;

6) x°—x*—2x* + 2x* - 3x+ 3=0.

Q_Eil HaiinpnTe KOpHH ypaBHEeHHS!
a)y — y®+ 8y =8; 6) u’ — u® = 64u - 64.
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285. Paznoxure HA MHOMHTENH KBAJIPATHBIH TpeX4JeH:

a) 3x° — 25x — 28; 6) 2x%® + 13x - 7.

2Z86. PemnuTe HepaBeHCTBO:!
a) 13(5x — 1) — 15(4x + 2) < 0;
6) 6(7 — 0,2x) — 5(8 — 0,4x) > 0.

287. Ilpa ceapmuia, paborad BMecTe, MOI'YT BBINOJHHTL 3aJaHHE 3a
30 y. 3a CKOJNBKO YACOB CMOKET BEINOJHHTE 3TO 38JaHHE KaMbIi
CBADINHK, €CJH H3BECTHO, YTO NEepBOMY HA BEINOJHEHHMe Bcei pa-
6oTer moTpebyercs BpemMeHH Ha 11 u Gonwbme, yem BTOpOMY?

13. ApoOHbIe pauuoHanbHble YpaBHEHUR

B xasxpoM H3 ypaBHeHH

X .-, O B

Loy A7 2
JieBad M NpaBaf 4YaACTH NPeACTABIHEKT cofoH pAIHOHAJBLHEIE BRIpAXKe-
HHUA, npuyeM nubo 00a BHIpAKeHHHA ABNAIOTCHA APOOHEIMH, JNHOO OXHO
M3 HHX HABIfeTcH ApPoOHEIM, a Apyroe — HEeNEIM BeIpaykeHHeM. Takue
VpaBHEHHH, KAK Bkl 3HAETe, HASLIBAIOTCH OPOOMbLIMU DPAYUOHALbHBIMU
YPOBHEHUAMU. HaIlOMHHM, HTO

""""""“'"""""’""'""""fi'l".'ﬁ",'e""'i '.."I"_"".""'.""';
: pmmmmpmmn-
,ﬁmqpmmgfﬁuoﬁwrmm b,mmwwq

i s s S S e ol B S i G R i et e e e S (e ey S e o T i A T e PO e e v e O

IIpu pemeHus ApOGHEIX pPANHOHANBHEIX YpPaBHEHHI, KAK BAM H3Be-
CTHO, OOBIYHO HOCTYHAIOT CAEAYIOIMHM 00pasom:
* HaxoaAaT o6muil sHameHaTenb Apobeil, BXONAINUX B YpaBHEHHE;
* YMHOXA10T 0066 YacTH YpaBHeHH§i Ha STOT SHAMEHATENb;
* PeIIaT IMOJYYHBIIeecH Heloe YPARHEeHHe;
* UCKJIIYAIOT M3 ero KopHeil Te, KoTopele o0pamarT B HYJIB 00mmuMii
3HAMEHaTensk apobeii.

C npocreifinMMH OpuMepaMH pelueHns ApoOHEIX pANMOHAJBLHLIX ypPaB-
HeHHI! BrI y3ke BeTpeuaindck. PaccmMoTpum Gosee CIIOMKHEIE ITPHMEDEL.

= x+ 5, 2x - IH_‘JC_-I-_I-.E

IIpumep 1. Pemum ypasHeHHe
6 9x i 2 M
Z+8 (P+8)9-2) 1P-L-72
P O6imuit sHameHaTens apofeill, BXOAAIMHX B ypaBHeHHe, DPaABEH

x* — x* — 72, Vmuoxus obe yacTH ypaBHEHHS HA OBIIMil 3HAMeHa-
Tenk Apobeil, momy4um
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62% — 54 + 9x = x°.
OTtcrona
2 -6x2-9x+54=0. (2)

Pemmm mony4YeHHOE mesoe ypaBHEHHE, HCIOIb3YA PA3JIOXKEHHE Je-
BOI 4aCTH HA MHOMKHUTENH.
Hmeem

(x® — 6x%) — (9x — 54) = 0,
x*(x-6)-9(x—-6)=0,
(x - 6)(x*—9)=0,

(x — 6)(x — 3)(x+ 3)=0.
SHauuT, ypaBHeHue (2) MMeeT TPH KODHS;

x, =6, x3=38, x3=-3.
Tenepr HeoOxoOUMO DpPOBEDPHTEH, He o0pamaoT JH HAlleHHEIE KOD-
HH B HYJb 00IIHil sHAMeHaTeNb Apobeil, BXONAMMX B ypaBHeHHe (1).
Ecmux=6, 10 x* - 22 -72#0;ecrm x =3, 7o x* — x> - 72 =0;
ecrm x=-3, 10 x* - x* - 72=0.
3uauuT, ypasHenue (1) uMeeT efWHCTBEHHEIH KopeHb — wuciao 6.
OTseT: 6. <

IIpumep 2. PemiiMm ypasHeHHEe

1 1 1 1
x—86 i3 x-4 x+¢2 ¥ x-T.

P Tlpusemenue mpobeil, BXOAAIMXAX B ypaBHeHHe, K o0meMy 3Hame-
HATEN CBA3AHO ¢ I'POMO3ZKHMH IIpeoOpasoBaHHAMH M He IO3BO-
ngeT Jerxko HalTH KopHH ypasHeHus. Iloctynum uHaye. Bocnoinb-
ayeMcH TeMm, 4TO 3HaMeHaTenu ppobeil npexcraBiaAwT cobo#
IOByuneHsl Buga x + b, rme b — mexoropoe umcino. IlpeoGpasyem
ypaBHeHHe TaK, 4To6rl B Jiegoil M mnpaBoil ero YacTax OBUIH 3amH-
caHel pasHocTH JApobGeil, ¥ KaXAyI H3 pasHocTell 3aMEHHM

npobBio.

ITonyunm
P s RLLSITLR: |
*x-8 x+2 x-7 x—4°
x+2-x+68 x-4-x+7
(x-6)(x+2) (x-TN(x-4"
8 . 3
L-4x-12 £ -11x+28
Orcrona

8(x% — 11x + 28) = 3(x* — 4x — 12),
8x% — 88x + 224 = 3x% — 12x — 36,
5x% - T6x + 260 = 0.
Pemus sTo ypaBHeHHe, HalifleM, 4TO OHO HME€eT JIBA KODHA:
x;=56,2 1 x; = 10.
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Kaxxaoe u3 sTUX uncen He ofpamnjaer B HyJabL 3HaMeHaTenu apoGeit,
BXOAANIMX B HMCXOjHOe ypaBHeHHe. CiefoBaTenbHO, HCXOAHOE
ypasHeHHe HMeeT xBa KopHs: 5,2 u 10.

OrseT: 5,2 1 10. <

IIpumep 3. Pemnum ypasHeHHE

2.2 3x+2
:t:—2+ 2=-x = X. (3}
P YmHOxHB 00e YacTH YDABHEHHA HA X — 2, DONYYHM LeJIoe ypas-
HeHHe
2x® - 3x — 2 = x*(x - 2). (4)

PasnoKUB HA MHOMHTENHM KBAJDATHEIH TpexwieH 2x° — 8x — 2,
OpeACTABHM 3TO YDABHEHHE B BHJE
(x — 2)(2x + 1) = x¥(x - 2).

Orciona

Hx-2)-(x-2)(2x+1)=0,

x-2(=*-2x-1)=0,

x-2=0mm x*-2x-1=0.
Peme noJydeHHEIEe YpaBHeHHS, Haliflem, 49To ypaBHeHHe (4)
HMeeT TpH KopHHa: 2, 1 — ~.|"§, 1+ \E
OcTaeTcsa TpPOBEPHTH, He 00pamIAlOT I OHH B HYJb 3HAMEHATENH
x— 2, Ecmtn x=2, T0 x — 2=0; eci x#l—\@, TOo x — 2 # 0
ecnnx=1+J§, TOo x — 2% 0.
3HAuYNT, YHCcHO 2 He #ABJIAETCH KOpHeM ypaBHeHHsa (3), a uucia
1 —JE u 1 + /2 seamores ero KOpPHAMH.

OTrBeT: I—JE, 1 +J§. <

B oTaenbHHIX CcAy4asx ygaeTcas pemHTh ApofHoe panHoHANIBHOE
VpaBHeHHe, HCIOJL3YA BBEJleHMe HOBOH mepeMeHHO.

Npumep 4. Pemuum ypaBHeHHE

1 7 1
+ +_=0r
L+x-2 PL+x-20 4

» Bseesiem HOBYIO NMepeMeHHYIO y = x° + x. Ilonyuum

1 T 1
ﬁ+y_2o+i—0.

OTrcroia
4y — 80 + 28y — 56 + y* — 22y + 40 = 0,
y*+ 10y — 96 = 0.
Pempe nmosydeHHoe HBAODATHOE YpasHeHHe, HaiineMm, 4TO
y=6 wm y=— 16.
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VpasHenue x° + x = 6 uMMeeT aBa KOpHS: —3 M 2. YpasHeHHe

x?+ x = —16 KopHeil He HMMeeT.

Kamnoe n3 uncen —3 ¥ 2 He ofpamjaer B HyJNE 3HAMEHATeJH JIpo-
Gell McXoAHOr0 YpaBHeHHs W, CIeJ0OBATENEBHO, ABJSAETCH €ro Kop-

HeM.
OTseT: -3, 2. <

¥n EHKWA

288. IIpn KAKMX 3HAYEHHMAX a: panuo HYJIK0 3HAYEHHE proﬁn.

) a® - 9a . a® + 24t )
o +a-12 a®+a+10’
289. PemunTe ypaBHEHHE:

51° - 152 -2y + 6

B)

3 -12°-y+4

a) e = 0; 6)
290. PeminTe ypaBHEHHeE:
2 10 50

a) x—2 x+38 $12+x_5 -1
x+5 2x—-5 30 - 12x

6) S+ HrE e 0.

291. HafinuTe KOpPHH YpaABHEHHSHA:

3x~2_2x+3_ 12x + 4 i
8 FT T F¥8  Zrex-3
Sx-1 2x+ 2 63
0T T8 T a %
x 4 16

Qy"—l

B) Lrdx+4a -4 P+2xP-4x-8"

292, Tlpu xkaKHX 3HAYEHHAX 4:
a+ 1 a—4

3 5 6
6) pasHocTe gpobeii a:—l " —

a -
293. HalinuTe KOpHH YpABHEHHHA:

1 Gkt il S
a) x-? " x-1"x-10 =z-9
p I R e
}x+3 x+9 x+5 x+21°

294. Pemure ypasHeHHe:

1 Ryl A Br
a) x—4+x—2_x+4 "7 x—5"?

1§ 1 1 1
6) x+1+x+3“x+28+ x*

§ 5. YpaBHeHWA C OOHON

3a+3
a) cymma apobeil ~—7 PaBHa npobu o iy

_2 paBHa gpobu

-a—2
3a+2

2+a

a® —4a + 4a°

= 0.
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295. HailiinTe KOOPAMHATEI TOYEK NepeceuyeHHs rpadpuros (pyHKImi:

9 24
Ay=x*+x-9uy=, Oy=2r*+6xr-4uy=—_
296. [Ipy xaxkux sHadYeHHEX a:
5a + T - 28Ba® 2
4) paBHBEI 3HAYEHHH BRIDAMEHHH — 55— U a°;
6) ABJAKTCH NPOTHBONONOMHBIMH YHCIAMH 3HAYEHHS BEIDAXKeHH
2
2—-1Ba" - a
297. PemuTe ypaBHeHHe, MCOONB3YH BBEJIEHHE HOBOHM mepeMeHHO:
12
a) 5———=x"-2x—-1;
) £ -2x+3 £
6) 12 o 6 AL 5 .
2+x-10  X2+x-6 L+x-11"

8) 16 11 W 9
¥-2x 2P-2x+38 x2-2x+1"

298. HaliaiuTe KOpHM ypaBHEHHS:
2 2 2
a)(iti] +16[::;] =17; ﬁ)[;f;] +13[i+f

PemniTe ypaBHeHHe:

a)x”+%——%{ —;1;]-3%; ﬁ)x"+$—%(x+%)=8.

2
Péu

800. Cymma faHHOIO MOJIOKHTENBHOrO YHcJia M 4Hcia, eMy obpaTHOro,
B 13 pas Menbuie cymmel ux kyboe. Haiigute sTo umcio.

301. Coxparute npobsb:
12 -5x - 222 3+2 — 36x — 192
8) 7 15-10x * 6) T 2256

302. IlocTpoiiTe rpabux QyHKOUH Yy = x% — 8. Vkaxure OPOMEKYTKH,
B KOTODEIX (QYHKIMSA NPHHAMAET: a) MNOJOKHUTENbHEIC 3HAYCHMS;
6) oTpUnATENBHEIE 3HAYEHHS. {

303. Ha crpouTenscree paboranm nee Opuragwsl. Ilocne b mueit corme-
cTHo#l paboTml BTOpYH OpHraay mnepesend Ha Apyroii obsexT.
OctaBmyioca yacTs paboTe nepeas GpuUrajga saxKoH4Ymnna 3a 9 aHeil.
3a cxonbko fHell Morna 6kl BEIDONHHATE BCK paboTy Kaxaas
6puraga, paboras OTHENLHO, €CIH H3BECTHO, YTO BTOpPOH Opuramge
HA BEIOOJHEHHe Beel pabotrel norpeboeanock Okl Ha 12 ngHell MmeHB-
me, Yem OfHOI mepsoii Gpurame?

m YpaBHEHUS U HEPABEHCTBA C OOHOM MepemMeHHON




KOHTpONnbHbLIE BONPOCHI

Kakoe ypaBHeHWE C OOHOI nepemMeHHOi Ha3biBaeTcA uenbim? MNpwu-
BEOMTE NpUMep.

Kak HaliTh cTeneHb Lenoro ypaBHeHWA?

JHaiite onpepenenne GMKBaapaTHOro ypaBHeHus. OObaCHMTE, Kak
pewaioT 6UKBaApPaTHOE ypaBHEHWe.

Kakoe ypaBHeHWe HasbiBaeTcs Apo6HbiM pauMoHanbHbIM? Ha npu-

4 1 x - 7
MEpe YPaBHEHMA 3—3 + S —3 = 3 0GbACHWTE, Kak pelaiot

OpobHble pauMoHanbHble YpaBHEHWA.

[T HEPABEHCTBA C OAHOW NEPEMEHHOM
14. PeweHne HepaBeHCTB BTOPON CTeneHwn
C 0QHON NepeMeHHOW

HepageHeTBa BHAA

ax’*+bx+c>0nmax’*+bx+¢<0,

rme x — mepeMeHHas, a, b U ¢ — HeKoTophle uncia ¥ ¢ # (), HasnBA-
0T HEPaBeHCMEAaMU 6Mopoil cmenenu ¢ o0HOI nepemerHoil.
Pemenue HepaBEeHCTBA

ax*+bx+c>0mmax* +bx +¢c<0
MOMHO PACCMATDHBATE KAK HAXOMJIeHHE IPOMEXYTKOB, B KOTOPBIX
byHRIHa Y = ax® + bx + ¢ IpUHEMAaET NONOMKHUTENLHLIE MM OTpUIA-
TenbHEle 3HadYeHHA. A 3TOro JOCTATOYHO NPOAHANIH3HPOBATE, KAK
pacnonoser rpaduk QyEKOHH Y = ax® + bx + ¢ B KOOpDAHHATHOH Myoc-
KOCTH: KyJa HANpPABJEHE! BeTBH napafonsl — BBEPX HAH BHH3, Nepece-
KaeT ¥ napabosa ock X ¥ €CJH NepeceKaeT, TO B KAKHX TOYKAX.
PaccMOTPHM DPHMEPEL.

Ipumep 1. Pemmum Hepapenctso 5x° + 9x — 2 < 0.

» Paccmorpum ¢yEknuio y = 5x? + 9x — 2. I'padbuxom atoit GyHK-
nuu fBJasfeTcs napabosa, BeTBM KOTOPOH HANpABIAEHEI BBEDX.
BRIACHWMM, KAK DACHOJNOMKEeHa aTa mapaGosia OTHOCHTENBHO OCH X.
JIag sTOrO pemudM ypABHEHHE

5x® +9x -2 =0.
9To ypaBHeHHe MMeeT [BA KODHA:

1
Il -_2' x2=§‘.
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s

[

A
5

Puc. 51

®Y

3uaunT, napabosa IepeceKaeT 0Chk X B JABYX
1
TOYKAaX, abcuucchl KOTOPHIX PaBHBI —2 M ¢

TloxakeM cXeMATHHYECKH, KAK PACIOJIOXKeHa
napaGona B KOOPAHMHATHOH MNJIOCKOCTH
(puc. 51). Ha pucyHka BHAHO, uTO QYHKIMS
NPUHEMAET OTPHIATENLHLIE 3HAUEHHH, KOr-

jaxe [—2; -%) CrnemoBaTenbHo, MHOMKECTBOM

pemeHnii HepapeHCTBa 5x° + 9x — 2 < 0 sB-

JIfeTCA YHCJIOBOM MPOMEMKYTOK (-2; é) 4

3aMeTHM, UTO OPH paccMOTpeHHOM cmocobe pemieHHsi HepaABeHCTBA
HAC He MHTEDECOBAJA BepIOMHA mapaGonkl. BaxHo nHme ObLIO 3HATH,
KYJla HaOpaBJeHLl BeTBH napaGosikl — BBEpPX MJH BHM3 M KaKoBHI abc-
OMCCHl TOYEK €€ MepecedeHHs ¢ OChIo X.

Ipumep 2. Pemnm mepasencrso 3x° — 11x — 4 > 0.
p Ipadux pyexnuu y = 3x° — 11x — 4 — napabosia, BETBH KOTOpOK

HanpaBJIeHEl BBEDX.

N

_1‘0\/4
a

Puc. 52

RY

Jnfa Toro urobhkl BHIACHHUTE, MEPECEKAET JIH
napaosa ock X H B KAKHX TOYKAX, PELINM

ypasHeHune 3x° — 11x — 4 = 0. Bro ypasHe-
HHe HMeeT KODHH

1
x1= '—i, xg =y 4-

IMokaxeM CcxeMATHYECKH, KAK DACIIOJIOMKEHA
napafona B KOODAMHATHOM IJOCKOCTH
(puc. 52). V3 pucyHKa BHAHO, YTO A&HHOE
HEpPABEHCTBO BEPHO, €CIH X HNPHHANNEHKHT

IPOMEXYTKY (—m;—%) HIH TIPOMEXVTKY

(4; +°0), T. e. MHOMECTBOM peIleHHH Hepa-

1
BEeHCTBA ABIfAeTcA 00beAHHEeHHe IMPOMEIKYTKOB [—Oﬂ: —5) u (4; +o0),

OTBeT MOKHO 3a0MCAThH TaK: (—oo; —%J U (4; +o2). <

IIpumep 3. Pemnm HEpABEHCTBO ——%x’ +2x -4 <0(.
P Paccmorpum dyHKIOHIO

y=—i—x2+2x—4.

Ee rpadurom sBaseTcs napabona, BETBH KOTOPOH HAODABJEHB!

BHHS.
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BrIAiCHAM, KAK PACTIOIOXEH rpadHK oT- vh
HOCHTeJEHO OCH X. Pemum ans sToro

1 s o
ypaBHeHue —ox" + 2x — 4 = 0. o

39T0 ypaBHeHHe MMeeT eIHHCTBEHHEIH
KopeHE X = 4. 3HauyuT, napabonma Ka-
caeTcHa OCH X,

H3zo06pasue cxemMaTHdYecKM mnapaboiy /
(puc. 53), Haiigem, uTo (GYHKOHA NpH-

HHMAET OTPHIOATENLHBIE BHAUEHHA IpPH

moboM x, Kpome 4. Puc. 53
OTBeT MOYKHO 3&IMCATH TAK:

x — nioboe uncmo, He paBHoe 4. <

Ilpumep 4. Pemum HepaseHcTBO x° — 3x + 4 > 0.

p Ipabuxom ¢yHxnum y=x" - 3x + 4
fABNseTcA napabona, BEeTBH KOTODOH
HAIPABJICHE] BBEPX. 7
Yro6rl BEIACHUTE, KAK PACIOJIOMeHAa \
napabosia OTHOCHMTENBHO OCH X, PEIIHM \/
ypaBHenue x° — 3x + 4 = 0. Haxozuwm,
yto D=-T7<0, T.e. 970 ypaBHeHHE
He HMeeT KopHeil. 3HauuT, napabona He 0
HMeeT OOIOMX TOYEK C OCBHIO X.

IloxasaB cxeMaTHYECKH PpACIOJIOMXKeHHEe
napabonel B KOOPAHHATHOH NNOCKOCTH

(puc. 54), HaiigeM, yTOo QYHKIHA NpH-

HHMAET MONOKHUTENbHEIE 3HAYEHHA NPH  Puc. 54
awbom x.

OTBeT: x — mwoboe uncno. <

Hrax, ana pemeHns HepABEHCTB BHA

ax’+bx+e>0unax®+bx+e<0
NOCTYNAIOT ChaeAylomuM obpasom:

Ry

¢ O SN S S S SN S T S S T S S S U N S S U S S S S S T S S - -
1) HAaXOAAT AUCKPHMMHMHAHT KBAAPATHOTO TPEXWieHa ax + bx + ¢ :
H BEISCHSIOT, HMEET JH TpexuJeH KOpHH; I

2) ecsqu TpexuneH MMeeT KODHH, TO OTMEYaloT MX Ha OCH X H |
yepes OTMEYeHHEIE TOYKM MPOBOJAAT cXeMaTHyecKH mnapabo- :
1y, BETBH KOTOpPOil HANPABJEHE! BBEPX npu ¢ > 0 UiIM BHH3 |
npu a < 0; ecCIH TpextJeH HeE HMeeT KOopHeii, To cxeMaTH- |
yeckH H300pakanT napabosy, PACIONIOMKEHHYIO B BepXHeH -
MOJYILTOCKOCTH IpH @ > 0 uau B HHxkHell npu a < 0; I

3) HaxomAT Ha OCH X NPOMEMXYTHH, AJNA KOTODEIX TO4YKH ma- |
paGoJBl PACTIONIOMEHE! BhIIIE OCH X (€C/IM peInaloT HepaseH- |
cTBo ax’ + bx + ¢ > 0) uau HEKe ocH x (ecnH pemawT He- :

[

paseHcTBO ax: + bx + ¢ < 0).
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YnpaxHeuna

304. PemnTe HepaBeHCTBO!

a) x> + 2x — 48 < 0; I 4x® - 12x +9 > 0;
6) 2x° — Tx + 6 > 0; e) 25x% + 30x + 9 < 0;
B) —x2 + 2x + 15 < 0; #x) —10x* + 9x > 0;

r) 52+ 1lx-6>0; 3) —2x* + Tx <0,
305. Hadinure MHOMKECTBO pelleHHIl HepaBeHCTBA!

a) 22> +3x~5>0; 6) 6x>+6x+36>0; B)-x"+5<0.
308. Permmute HepaBeHCTBO:

a) 2x2+ 13x - 7> 0; r) —2x® - 5x + 18 < 0;
6) -9x° + 12x ~ 4 < 0; ) 3x% - 2x > 0;
B) 6x% — 13x + 5 < 0; e) 8- x%<0.

307. HafigyTe, OpH KAKHX SHAYEHHAX X TpeX4JeH:
a) 2x® + Bx + 3 NpuUHMMaeT MOJNOKHUTeNLHBIE SHAYCHUS;
1 1
6) —x* — 3X — 3 TPHMHHMAET OTPHUATENLHLIE 3HAYEHUHA.

308. PeinuTe HepapBeHCTBO:

a) x* < 16; B) 0,2x% > 1,8; n) 8x* < —2x;

6) x* > 8; r) —5x% < x; e) 7x < x>,
309. PemuTe HepaBeHCTBO!

a) 0,01x% < 1; B) 4x < —x% n) 5x% > 2x;

6) 5%° > 12; r) 3% >33 e) —0,3x < 0,6x%.
310. IIpH KaxkHX 3HAYEeHHAX b ypaBHeHHe HMeeT ABA KODHH:

a) 3x® + bx + 3 =0; 6) x° + 2bx + 15 = 07
311.IIpx xaxkux sHauYeHMAX { YpABHEHHE He HMEeeT KOpHeii:

a) 2x%> + tx + 18 = 0; 6) 4x% + 4tx + 9 = 07

312. HaijiinTe MHOMECTBO peIleHHIl HepaBeHCTBA:
a) 3x2 + 40x + 10 < -x* + 11x + 3;
6) 9x®* —x+ 9 > 3x* + 18x — 6;
B) 2x° + 8x — 111 < (8x — 5)(2x + 6);
) (5x+ 1)(8x—-1) > (4x — 1)(x + 2).

313. Peminte HepaBeHCTBO:

a) 2x(3x — 1) > 4x* + Bx + 9;

6) (5x + T)(x — 2) < 21x%* — 11x — 13.
314. Hafinute obnacTek onpefeneHuda GyHKIIHHA:

= J12x - 32%; 6) ¥ = . :
¥ v % )y ;liﬂrz—l2x+18

m YpaBHEHUS! W HEPABEHCTBA C OAHOW MEpPEMEHHON



315. [loxaxxure, Y4TO NpH JM000OM 3HAYEHNMH NMepeMeHHOM BepHO HepapeH-

CTBOI

a) 7x* - 10x + 7 > 0; r) 32 - 8x + 64 > 0
6) 6y°+11y-10<0; n) -9 °+6y—-1<0;
B) 4x° + 12x + 9 > 0; e) 5x*+8x—-5<0.

316. Kaxoe U3 mAHHBIX BRIpAXKEHHI MDUHHUMAET MONOMKHTEILHOE 3HAYe-
HHe npH JioboM 3HaY9eHHH Y7

L. (y-2)(y—-3)-4 2.6-p)(1-y) +4
3. 6-nNA-y»+10 4. (y-8)y -7 -60

317. JoxkaxuTe, uTO:

a) x>+ 7x + 1> -x? + 10x — 1 npu moboM x;
6) —2x® + 10x < 18 — 2x mpu x # 3.

318. Opna cropoHa npsMOYroJbHHKA Ha 7 cM Goabme ppyroii. Kakoit
MO¥eT OmITE MEHbIIAS CTOPOHA, eCaH IUIOImAAb IPAMOYTOJbHHKA
He mpeBocxomuT 60 cm?

319. [Inuna opaMoyrodbHHKAa Ha b cM Oonbine mupuEb. Kakyio mm-
PHHY AOJ3eH HMeTh NMPAMOYTOJbHUK, 9TOOR! ero miomanbk Gniiaa
Goneme 36 cm>?

320. Pemure cHcTeMy HEpaABEHCTB!
. x*-2x-8<0, ) 8+ x-2<0,
2 -9<0; Z+4x-12<0;
6) 2x*-13x+ 6 <0, o 2x2 +4x +15> 0,
2 —4x >0 ¥ -9x+8<0;
) i~ Bx=18>0, & 22+ 5x-3<0,
™12 + 2x - 120 < 0; 322+ x+11<0.
321] Vkaxure Bce mennle 3HAYEHHS X, MPHUHAUIENKAIIHE 06JaCTH onpe-
HeneHHs (hyHKIHK:
8) y = /25 — 2 + J0x — 2* - 14;
6) y = 8x — x> = 12 + /16 ~ x*,

n

0 -2
322, Oyrrnua sagaHa dopmynolt y = 'EIT. He BuIMOIHAA MOCTPOEHHAA,

HalinuTe KOOPAMHATHI TOYEK IEpecedYeHHA ee rpadMKa ¢ OCBIO X; C
ockio y. Aenserca ym ora QYHKIMA Bospacraiome i yorBalomeit?

323. PemnnTe ypaBHEHHe:
a) y* — 24y° - 25 =0; 6) x* — 922 + 18 = 0.
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24.Cimroxk maccoii 3 Kr, cogepxkamuit 80% onosa u 20% cBHHIA,
CHOJIABHJIH ¢ KYCKOM OJIOBA, IOCJE Yero NPONeHTHOe COJAepIKAHHe
0JI0BA B cIHTKe cocTaBuno 94% . Ckonbko onoBa goGaBuiu B ClH-
TOK?

15. PewseHne HepaBeHCTB METOAOM
MHTEepBanos

Pacemorpum dyHEmuo
f(x) = (x + 2)(x - 3)(x — 5).

O6nacTeio onpeaeneHHs 3ToM (YHKOMH SABIAETCH MHOMKECTBO BCEX
yucen. Hynamu gyHKOoHE cay:xar dyucnaa —2, 3, 5. Oau pasbusaior 006-
JAacThk olpedeneHHs GYHROUHM HA OpoMexyTHE (—o2; —2), (—2; 3), (3; 5)
u (5; +o9) (puc. 55, a).

BrisicHHM, KAKOBEI 3HAKH 5TOMH GYHKIUY B KAM/A0OM H3 YKABAHHBIX
IPOMEIKYTKOB.

Bripasxenue (x + 2) (x — 3) (x — 5) npeactaeaser coboii mpousse-
AeHHe TpeX MHOXKHTeNned. 3HAK KaMJI0re H3 BTHX MHOMKHTeNel B
paccMaTPUBAEMEIX MPOMEKYTHKAX YKAa3aH B Tabnume:

(-0;-2)| (-2;38) | (8;:5) | (5; +)
x+2 - + + +
X =8 - = + +
x—-5 = . = +

OTcloma sicHO, 4YTO:

ecau x € (—o0; -2), 1o f(x) < 0;

ecnu x € (—2; 3), To flx) > 0;

ecnu x € (3; 5), To f(x) < 0;

ecan x € (5; +29), 1o f(x) > 0.

Mrr BupuM, 4YTO B KAMKIOM H3 OpoMexyTKoB (—oo; —2), (-2; 3),
(3; 5), (b; +0°) QyHKOMUA COXPAHAET 3HAK, A IPH MEpPeXoje Yepes ToY-
KH —2, 3 u 5 ee 3HaK HMaMeHseTcs (puc. 55, 0).

a) 6)

R T LS o i o d B = + NATF
=) 3 5 -2 I

Puc. 55
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Boobme nycers pyuHKuHS 3agaHa (GopMyJIoi
flx) = (x — x)(x — x3) .. (x—x,),

rae X — NnepeMeHHAaf, & X;, Xy, .., X, — He DABHEIE APYr ADPYLY 4YHC-
na. Ywmena x,, x5, .., X, ABASIOTCA HyNAMH dyHKUHH. B KaxaoMm ua
IPOMEXRYTKOB, HA KOTOpLIe 00JACTL onpeneneHnsa pasObHBaeTcA HYJIAMH
bYHKIHH, 3HaK QVHKIMH COXPAHSETCH, & IPH Nepexole Yepes HyJIb ee
3HAK H3MEHSEeTCH.

JTo CBOICTBO HCOONB3VETCH IJIf pellleHHs HEepPABEHCTB BHIA

(x —adxe —axg) A (x —x)>0, )
(x = x;)(x — x5) .. (x—x,)<0,
TOe X, X3, «y X, — HE PABHBIE ADYT APYTY 4YHCIA.

Npumep 1. Pemnum mHepasenctBo (x + 6)(x + 1)(x — 4) < 0.

P OT0 HepaBEeHCTBO sSBAsETCH HepaBeHCTBOM BHAa (1), Tak Kak B Je-
BOil YacTH 3anucaHo npouseefeHue (x — x,)(x — x,)(x — x,), rae
xy=-6, x=-1 u x5 = 4. Jlna ero pemenns yao6HoO BOCHOIB30O-
BATBLCA PACCMOTPEHHEIM BEIIIIE CBOMCTBOM Yepe[OBAHHS 3HAKOB
dyvuxknuu. OTMeTHM HA KOOPIMHATHON NpPAMOH HYJIH GVHKIHH

f(x)=(x+6)(x+ 1)(x—4)

(puc. 56, a). Haiigem sHaky 3Toll QYHKOHE B KAMAOM H3 IOpOMe-
KYTKOB (—00; —6), (—6; —1), (—1; 4) u (4; +o0). IIna sToro mocra-
TOYHO 3HATH, KAKOH 3HAK MMeeT HVHKIHMA B OJHOM H3 3THUX NOpo-
MEXYTKOB, H, OOJAB3YVACH CBOHCTBOM 4UY€DEIOBAHHA 3HAKOB,
ONpeieIATE 3HAKH BO BCEX OCTANBHBIX NpomMeskyTkax. lIpu srom
yao0HO HAYMHATH ¢ KpailHero cnpass npomMexxyTra (4; +09), Tax
KaKk B HeM sHadyeHHs GyEKOHH [ (x) = (x + 6) (x + 1) (x — 4) 3a-
BEIOMO MNOJIOYKHTENbHBEl. 3TO O6BACHAETCA TEM, YTO IIPH 3HAYEHH-
fIX X, PACTIOJIOIKEHHEIX NPABEE BCEX HYJeH (QYHKIHH, KaXXAelil u3
muHOMKHTeNeH x + 6, x + 1 u1 x — 4 nonoxurened. Henonways
CBOMCTBO YepeNoBAHHA 3HAKOB, ONpEAENHM, ABHTASCH II0 KOODIH-
HATHOH OpsMOil crpaBa HAJEBO, 3HAKH JAHHON (GYVHKIHH B KAaXd-
JAOM H3 OCTAJBHBIX TPOMEMXYTKOB (pHc. 56, 0).

3 pucyHKa BHAHO, YTO MHOMXECTBOM peIleHHIH HEepPABEHCTBA AB-
nfeTcs o0bejHHEHHE NPOMEMXYTKOB (—0°; — 6) u (—1; 4).

OreeT: (—00; —6) U (-1; 4). <

Paccvorpennsiit cnocof pellleHHs HePABEHCTE HA3BIBAIOT Memodom

UHIMepeanos.
Ilpusesem npumMepnl pellleHHA HEPABEHCTB METOAOM HHTEDBAJIOB.
a) 6)
e TR NN TN T
-6 -1 4 —6 -1 4
Puc. 56
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e e = + T
-4 0 0,56 —4 0 0,5
Puc. 57

IIpumep 2. Pemrum mHepasencteo x(0,5 — x)(x + 4) < 0.

P IlpuBemem nanHoe HepaseHcTBO K BHAY (1). Ins sToro B aBydne-
He 0,5 — x BhiHeceM 3a cKoOry MHOMUTeNb —1. ITonyumm

—x{x—-0,6)(x+4)<0,

x(x—-0,6)(x +4) > 0.

Mel monyuyunw HepaBeHCTBO BH7a (1), paBHOCHNBHOEe AAHHOMY.
OTMeTHM HA KOODAHHATHOM OpAMON HYJNIH (QYHKIWH

f(x) = x(x — 0,5)(x + 4)
(puc. 57, a). ITokaxkeM SHAKOM <«ILIIOC#, YTO B KpaifiHem cnpasa npo-
MexyTKe (PYHKIIMA NPUHHUMAET MOJIOKHUTENBHOEe 3HAYEeHHe, A 3ATeM,
JBHTAfCH COPABA HANEBO, VKAMKEM SHAK (QYHKIMHA B KAXJ0OM H3 IDO-
MesxyTHOB (puc. 57, 0). ITomydum, YTO MHOIKECTBOM pellleHHI Hepa-
BeHCTBA siBNseTcA obwpemuHeHMe npomesxkyTeoB (—4; 0) u (0,5; +oo).
OTseT: (—4; 0) U (0,5; +o2), 4

OTCIONA

IIpumep 3. Pemrum HepaseHeTBO (5x + 1)(6 — x) 2 0.

P IlpuseaeM HepaBeHcTBO K BHAY (1). [Ina sToro B mepBoM ABy4Je-
He BhIHECeM 38 CcKOOKH MHOMKHTenb 5, a BO BropoM —1, moayumum

—5(3: + %)(x -5)=20.
Paagenus obe yacTH HepapeHcTBA HA —5, OyaeM HMeTh
(x & %)(x - 5)< 0.
OTMeTHM HA KOODAHHATHOH IpAMoH HyJIH QYHKIHH
ﬂﬁ-@+ﬂu—&
T. €. TOYKH —5 ¥ 5, ¥ yKaxeM 3HAKM QyHKnUH B 06pasoBaBIIMXCH

npoMexyTrax (puc. 58). Mu BHAMM, YTO MHOMECTBO pelleHuil He-
1
PABEHCTBA COCTOMT U3 4YMCeN —F M 5 ¥ 4yMcen, 3aKJIIOYeHHEIX MeX-

Oy HUMH, T. €. OpeacTaBasaer coboii mpome-
- T

S hee
=5 3 > JKYTOK |—%3 5|

Puc. 58 OreeT: [—%; 5]. <
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B&METHM, HUTO JAHHOE HEPABEHCTEO MOXHO PEeIIHTE HHAYE, HCOONBL-
ayf cBoiicTBa rpadukKa KBaApATHYHOH QyHKIHH.
T-x
x+2

< 0.

T-x
p Taxk KAK IpH BCeX SHAYEHMAX X, OPH KOTOPHIX Apo6B >+ uMeeT

CMEIC], €€ 3HAK COBIAJAET cO 3HAKOM OpoHaeeneHus (7 — x)(x + 2),
TO AaHHOE HEePABEHCTBO PABHOCHIBHO HEDPABEHCTBY

Ilpusens HepaBeHETBO

Ilpumep 4. PemumM HepapeHCTBO

(T-x)(x+2)<0
K BuAy (1) um ucmonbays MeTOh WHTEPBAJIOB, HAlAeM, UTO MHOMKe-
CTBOM pellleHHii STOr0 HEepPABEHCTBA, & 3HAYNT, H HCXOAHOrO Hepa-
T-x
BEHCTBA T3 < 0 sBnserca ofbeilHEeHHe NTPOMEKYTKOB (—00; —2) H

(7; +o0).
OTtseT: (—o0; —-2) U (T; +o0). ¢

IMpumep 5. Pemum HepaseHCTBO % > 0.

1T-2x
b 3HAaK apobm “¥ T4 COBOAJAET C€O JHAKOM INPOU3BEAEHHS

(17 - 2x)(x — 4) npm Bcex 3HAYEHMAX X, IPH KOTOPHIX Apobb
umeeT cmuicn. IlopToMy JaEHOe HEPABEHCTBO DABHOCHJILHO CHCTEMeE

(A7 -2x)}(x-4) 20,
x—4=0.

HepaseBeTBo (17 — 2x)(x — 4) > 0 upueegeM K BHAY
(x-8,3)(x—4)<0.

Pemue 3T0 HepaBeHCTBO METOLOM HHTEDBANOB H MCKIIOUHE H3
MHOMECTBA €ro peineHmit umcno 4, Haligem, 4TO MHOMKECTBOM pe-
meHWH HCXOAHOTO HepPABEHCTBA fABIfAETCH OmpomexyTok (4; 8,5].

OTseT: (4; 8,5]. <

Ynemenuﬂ

325. PemnnTe HepaBeHCTBO, MCIONbL3YS METOJ MHTEDBAJIOB:
a) (x + 8)(x — 5) > 0; B) (x — 3,5)(x + 8,5) > 0;

6) (x—14)(x + 10)<0; 1) [x r -:;)[x g %] < 0.

326. Pemnure HepaBeHCTBO:

a) (x + 25)(x — 30) < O; E) (:.\: - %)(x - %) < 0;

6) (x + 6)(x — 6) > 0; r) (x + 0,1)(x + 6,3) 2 0.

§ 6. HepaseHcTBa C OOQHOA NEpPeMEeHHON
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327. PemnTe HepaBeHCTBO:
a) (x - 2)(x—-5)(x—-12) > 0;
6) (x + T)(x + 1)(x — 4) < 0;
B) x(x + 1) {(x + 5)(x - 8) > 0.
328. Hafinure, OpH KAKHX SHAYEHHAX X:

a) mpoussegeaue (x + 48)(x — 37)(x — 42) monoxuTEeNbHO;
0) npoussepenue (x + 0,7} (x — 2,8)(x — 9,2) oTpunATENBLHO.

329. Pemure HepaBeHCTBO:
a) (x + 9(x - 2)(x - 15) < 0;
6) x(x — 5)(x + 6) > 0;
B) (x — 1)(x—4)(x - 8)(x —16) < 0.

330. HaiijuTe MHOMXKECTBO pPelleHHIT HEPABEHCTBA:

a) 5(x — 13)(x + 24) < 0; B) (x + 12)(3 - x) > 0;
6) —(:r % %)[x e %) > 0 1) (6 + x)(3x — 1) < 0.

331. PemunuTe HepaBeHCTBO:

a) 2(x — 18)x - 19) > 0; B) (Tx + 21)(x — 8,5) < 0;
6) —4(x + 0,9)(x - 3,2) <0; 1) (8 — x)(x - 0,3) > 0.

332. HaiijuTe obnacTs onpeaeneHHns (QYHKITHH:
a)y={J5-x)(x+8); 6)y=x+12)(x-1)(x-9).

333. Ilpy KAKMX BHAYEHHSX X HMMEET CMEIC] BBIDAYKEHHE:

a) J(2x + 5)(x — 17); 6) Jx(x + 9)(2x — 8)?
334. PemunTe HepaBeHCTBO:
o witgo
5);:—_38{0 N3 >0
335. PemnuTe HEpaBEHCTBO:
a) 23 <0; n}%’f;f;’->0;
x+ 4,7

6) ——3 35 > >0; r) m <0.

336. Haiigume MHOMECTBO peme}mﬁ HEpABEHCTBA:
a) ¢ .r_—l > 0; B) 50
'ﬁ) x + B 3 - 2:: < 0.

5 < 0; r)
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337. PemmnTe HepaBeHCTBO:

i e>2  mlssy

6)2 ; < 1; r}%}&
338. Peminre HepaBeHCTBo'

) Ex+4 < 4; B) } 2

6) “;:11:»1 r) iﬂ;;L

n

339. Hanumure ypasHeHHe NpAmMoii, KoTopas:

a) TpoOXOAHT Yepe3 Hauano KoopawHAT u Touky A (0,6; —2,4);
6) mepecexaeT ocH KoOpAHHAT B ToukKax B (0; 4) u C ( —2,5; 0).

340. Isa cocyna ObLIM HATONHEHBI PACTBODAMH CONHM, DpPHYEM B Nep-
BOM COCYO€ COAEp3Kalock Ha 1 N MeHBIE DPACTBOpPA, YE€M BO BTO-
poM. KoHneHETpanusi pacTBOpa B IEPBOM cocyae coctaBnsna 10%,
a Bo BTopoM — 20%. ITocne Toro Kak paAcCTBOPHL CJHJH B TpeTHii
cocyZl, ONYYHJIH HOBHIH DACTBOP, KOHIEHTPaIMA KOTOPOTO COCTA-
Buna 16% . Cxonsko pacTeBopa OBLIO B KaXKIOM cocyie NepBoHA-
YanbHO?

KOHTpOnbHbIE BONPOCHI

'8 Ha npumepe HepaseHcTs 3x° + 5x —2< 0 n x> + 2x + 6 > 0 paccka-
MUTE, KAK MOXHO PELUWMTL HEePABEHCTBO BTOPOA CTENEHW, MCNONb3Ys
cBoWcTEa rpadwka KeagpatiyHon QyHKLMW,

»A Ha npumepe HepaseHCcTBa (x — 5)(x + 7)(x + 9) < 0 pacckaxuTe, Kak
pelalT HepaseHCTBa MEeToOA0M WHTepPBanos.

Jlas mex, Kmo xouem snamy Goavuie

16. HekoTopbie NpUeMbl peLueHUus
uenbiXx ypaBHeHMA

Mu yae oTrMeuand, 4To GOpMVJIB KOpHeH IenklXx YpasHEeHHR
TpeTheil M YeTBepTOH cTelleHel ¢ ofHOIH HmepeMeHHON IpOMO3IKH H He-
YIo6HEI [is OPAKTHUYECKOTr0o HMCIONbL3OBAHHSA, A A YPABHEHHIN HATOM
H Gomee BEICOKHMX cTelleHel ¢GopMys KopHeil BooDIe He CYIeCTBYET.

AKHMEe YDABHEHHMA VYOAETCH WHOTAA PEIIUTh, HCIOJb3VHA COENHUAIbHBIE

IpueMeI,
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Ilpn pelueHHH HENLIX YpABHeHHI OLIBAeT HOJE3HA TEOPEMA O KOp-
He MHOro4YieHa, KOTOPYK MEI ODpumMmeM De3 AoKasaTenbCTEA.

|TEOPEMA 1 l O KOpHE MHOrou4sieHa

Ecnm 4ucio @ ABASAETCH KOPHeM MHOTOWIeHa
Pix)=ax"+ax" '+ .. +a,_;x+a, rae ag # 0,

TO 3TOT MHOIOWIEH MOXXHO NDEejACTABUTHL B BHJE IPOM3BEAEHU
(x — a) P,(x), rne P,(x) — MHOrO4nen n — 1-ii cremenu.

J1a TeopeMa MOSBOJAET pPELIEHHE IIENOro YPaBHeHHA n-ii cremeHw,
JUIf KOTOPOro H3BEeCTeH OAHH M3 KopHei, CBeCTH K pelleHHI) YpaBHe-
HudA n — 1-ii creneHy, B 4acTHOCTH, OT YPABHEHHS TPEThHEH CTEOEHH ITe-
pPeiTH K KBAJADATHOMY.

Ecnu nenoe ypaBHeHHe ¢ ofiHOH nepemeHHO0M, ¢ nenkimu Koadduilu-
€HTAMH HMeeT HeNblii KopeHb, TO €ro MOMHO HAHTH, HCOOJL3VH Teope-
MY O IeNEIX KOPHAX enoro ypaBHeHHA.

|TEOPEMA 2| 0 uenbix Kopnnx u.enoro ypam-leuun

L |

Ecmypameaue-
gpx"+ax" '+..+a,_x+a, =0,

B KOTOpPOM Bee Koa(hdHIIHeHTH — Nenkle YHCNA, npuueM csobop-
HEIt 4Jl€eH OTAWYeH OT HYJA, UMeeT MeNkii KopeHb, TO 3TOT
KODEHb SBJAETCH [euTernemM cBoGOIHOrO 4ieHA. H

® Ilycte x, — nensll KopeHb AaHHOTO ypaBHeHus. Torza BepHO pa-

BEHCTBO
agxg +ayxy '+ ..+ a,_1xy+a,=0.
Orerona i
e n o n - o iy
.‘.In — auxu alxﬂ L n - lxﬂ’
) =i a1 1 rR—2 _ )
n = Xol IoXo Xy e a, - 1}'
Yucno, 3alMCaEHOE B 9TOM paBeHCTBE B cKOOKAX, SBNAETCH Ie-
JIBIM, TAK KAK Xg 4 Bee KoahdHOHeHTH —adg5, —Qy; ., —&, _ 1 — 0OE-

JBle YHcla. 3HAYHT, OPH JeleHUH 4, HA X, HONYYAeTCH MeJoe 4HC-
Jo, T. e. X, — AendTens csobogHoro unena, O

IlpuBeneM NpUMepH! PEIIeHUA HMENLIX VPABHEHHH ¢ HCIOIB30BAHHEM
VKASAHHEIX TEOPeM.

OpuH M3 OpHMeMOB pellleHHs ypasHeHus Buga P(x) = 0, roe P(x) —
MHOro4neH TperTbell unu Gojiee BRICOKOH CTENEHH, COCTOMT, KAK H3BECT-
HO, B PA3JIOXKEHHH MHorouneHa P(x) Ha MHOMXHTeNH.
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IIpumep 1. Pemum ypaBHeHHe
- 8x*+13x-2=0.

p Ecnu 2T0 ypaBHeHHe MMeeT Ienklii KOpeHb, TO B CHJY TeOopeMEl 2
OH ABNAETCHA AeNuTeNeM 4YHciaa —2, T. €. PABeH ONHOMY H3 YHCEel
1, -1, 2, -2. Ilpoeepka ybexxmaer HaC, YTO KOPHEM YPABHEHHSA
ABNAeTcA uYuciao 2. 3HauuT, B CcHAY TeopeMil 1 mHOrounex
x* — 8x* + 18x — 2 moxHO npexcraButk B Buie (x — 2) F(x),
rae F(x) — MHOrousneH BTOpOIi CTemeHH.
HOna Toro utobel HAHTH MHoroulneH F(x), pasgenuM MHOTOWICH

x® — 8x% + 13x — 2 Ha nByuwien x — 2. JlesleHue MHOTOYJIEHOB BHI-
OOJIHHUM tyI‘DJIKUMt:

_x3-8x2+13.x—2| =2
x® — 22 x°—bx+1

3HAYHT, HCXOQHOE YpABHEHHE MOYKHO IPEACTABUTL B BHJIE
(x-2)(x*-6x+1)=0.
Orcioga
x—2=0nm x*-6x+1=0.
IlepBoe ypaBHeHHe HMeeT €JHHCTEE€HHEII KopeHsL — uuciao 2. Bro-
poe ypaBHEHHE MMEeT JBA KOpHfA: 3 — Jg " 3+ J§ :
Hexopnoe ypasHeHHe MMeeT TPH KoOpHf: 2, 3 —Jg, 3 +J§. <]
Eme oguH npueM, KOTODHI HMCOONL3YETCH TNpPH DelleHHH IelbIX

VPaBHeHHI TpeTheil B Gojiee BRICOKHX CTeleHel, COCTOMT, KAaK Bhl 3Hae-
Te, BO BBeJeHHH HOBOI IepeMeHHOIi.

Iipumep 2. Petuum ypasHeHHe
2007 (x* — 6x% + 9) + 2006(x* - 3) -1 =0.

» Hcnonpayem mofcTaHOBKY iy = x° — 3. [lonyuuM KBajpaTHOE ypas-

HeHHe
2007y® + 2006y — 1 = 0.

Ilpumenerne opMynsl KOPHEH KBAXPATHOIO yPABHEHHS MPHUBOLHUT
3Jech K rpoMosgkumM BeluHciaeEHaM. ITocrynum nHave. ITonurraem-
CA HaliTH LUenHi KOpeHb YPABHEHH, ecli oH cyiecTByer. Ilo Te-
opeme 2 OH #ABJAfeTCHA genureneM uymcna —1, T. e, paseH 1 mim -1,

Tlogcraenaa B ypasHeHme uncia 1 u —1, ybexxpaemMcs, uTo Kop-
HEM VDaBHeHHA seafserca 4Yucio —1. Bropoit KopeH:R KBagpart-
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HOTO YpaBHeHMs Haijem, HWcnonbayda Teopemy Bmera. Tak wagy
1

W'Yz = ~go07 ¥ V1= L TO yp = 567

Ha paBeHCTB

-83=-1u2x-8=g55

HaiijeM KOPHHM HCXOAHOTO YpaBHEHHS:

1 1
X =—V2, 2, =2, x =—1J 2007 %4 = \‘I3m-
Orset: —2, V2, —Jﬂﬁ, J3§51677- <

Meron BBeleHHA HOBOIH NepeMeHHOH HAXOAWT NIPHMEeHeHHEe IPH pe-
INeHHH 8038PAMHbLLY YpAGHEHUIl.
Bo3BpaTHEIM YPABHEHHEM HAIEIBAETCH YDABHEHHE BHAA

ax" +ax" '+.+a, ;x+a,=0,
B KOTOpPOM KOQCII(I]IH!IHEHTI:I YJE€HOB YVDABHEHHHA, O0JHHAKOBO OTCTOHIIHX
OT HAYAJIA ¥ KOHIA, PABHEL, T. €. G, =a,_, rae k=0, 1, 2, .., n.

PBCCMOTPHM OpHMED pellleHHA BO3BPATHOI'O YPABHEHHHA '-IETBEpTOf!
CTeneHH.

IIpumep 3. Pemum ypaBHEHHE
x* - 5x° + 62 — 5x + 1 =0.

» Bocoonbayemcsa Tem, uTo KoaddHIHEeHTH YIeHOB MHOTOYIeHa, 3a-
OHCAHHOIO B JIeBOi 4YacTH VPABHEHHSA, OJHHAKOBO YIAJEeHHEIX OT
Ha4yajla M KoHOA, PABHBI Mexxay coboii.

Paznenne obe yacTH ypaBHEHHMS HA x2, OONMYyYHM PpPABHOCHIBHOE

€My YpABHEHHE

2 5 1
x —5x+6—;+;§--0.

CrpynoupyeM OepBhIif 4ieH ¢ NOCHAEIHAM W BTOpOH ¢ YeTBepTHIM,
npuueM BO BTOPOH CYyMMe BHIHECEM MHOXKHTENb —5 3a CKOOKH.

Tomyuum
(xﬂ +:}]—5[x+%)+6=0.

BeeneM HOBYIO NEpPEeMEHHYIO: iy = X + 31; Torpa

Orciona
x2+2+$== &
xa+%= -2

fE:ER YpaBHeHWA v HepaBeHCTBa C OOHOW nepemMeHHo
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BeImONHHE NOACTAHOBKY, MOMYYHM
(y2—2)—5y+6=0,

y*-5y+4=0.
IlonyyenHoe KBajpaTHOe ypaBHeHMe MMeeT ABA KOpHA: ¥, =1 m
Yys = 4.
3HauuT,

1 1

x+;= 1 I{JIH.‘E+;=4.

Pemasi aTu ypasHeHHs, HaleM, YTO NEPBOE H3 HHX He HMeeT Kop-
Heil, & BTOPO€ HMEeT OBA KODHSA: X =2—~f§ H Xy =2+-J§.
3HAYHT, HCXOAHOEe BO3BDATHOE YpABHEHHE HMMeeT JBA KOPHHA!

2-3u2+438. 4

Huorza yaaeTcs pemIHTE IleJioe YPABHEHHE, BOCHOJNL3OBABIIHCH
CBOMCTBOM BOSDACTAHHA WIH YORIBAHHA (PYHKIIHIIL.

IIpumep 4. Pemimm ypapHeHme x° + x — 2 = 0.
P Ecnum gaHHOE YpaBHEHHE MMEeT IeNbIi

KOpeHb, TO B CHJIY TeOpeMEl 2 OH fB-
naserca genutenem uuciaa —2. [Iposep- y y=x°
xKa ybesxgaeT Hac, UTO KODHEM Yypas- \
HeHAHuA sABaserca uucno 1. Tloxascem,
4TO ADYTMX KOpHe#l aT0 ypapHeHue me Y *t2
umeer. 1A 3TOr0 OpEeACTABHM €I0 B
Buje x° = —x + 2. PyEknousa y = x°
SIBNAETCS BO3PACTAKOINEH, 8 GYHKIHA

Yy = —x + 2 — ybuBalomeii. 3HavYNAT, \5’

ypaBHeHHe X° + x — 2 = 0 umeer enuH-
CTBeHHEIH KOpDeHb. 9TO X0pOIIo BHIHO

HA pucyHKe 59, HA KOTOpOM CXeMaTH-

YeckH Hs3obpakeHsl rpaduKn QYHK-

mmit y =x"m y=-x + 2.

Hrak, HCXOoaHOE ypPABHEHHE HMeeT
eIMHCTBEHHLIN Kopes — umeno 1. <|  Puc. 59

lnpa:meum

841, s pauBEBIX umcen
1,-1,2,-2,38,-8,4, 4, 7, -7
BEIDEpHTE Te, KOTODHIE ABJSAITCH KOPHAMH YVDABHEHHA
2t — x® - 51x% + 49x + 98 = 0.

Kakue M3 HMX MOMKHO HMCKJIIOYHTH Cpasy, He TMOACTABIAS HX B
ypaBHeHHe?

Ana Tex, KTo xo4eTr 3HaTh Gonblie
1-10, H. Maxeapsruen, 9 xa. 97



842 Pemmure ypasmenme:
a) X —4x% +3x+2=0; 6) x* + 2x° — 7x® — 8x + 12 = 0.
843. Ilpu kaxux SHAYEHMAX p PABHEI 3HAYEHUA JBYLICHOB:
a) p* — p® u 8p — 12; 6) p° — 3pu p* + 17
HafinuTe KOOPAMHATHI TOUeK mepecedeEHs rpadHka QYHKIIHK
y=x°+ 42> + x — 6 ¢ ocamMu KoopauHAT.

345] NagecTro, uTo rpaduk dpysknmm y = x* - ax® — 10x* + 80x - 96
nepecexkaeT ock X B Touke (4; 0). Hafigute ¢ ¥ KOODAHMEATEL Opy-
THX TO4YEeK nepecedeHHA rpadpuKa GYVEKIIMH € OCEBIO X.

346, PernuTe ypaBHeHHE:
a) T18x* - 717x* -1 =0; 6) 206x* — 205x% - 1 = 0.
PemuTe ypaBEeEHe, MCIOJL3YHA BBejeHHe HOBOH mepeMeHHO:
a) («* + 8x)% — 4(x + 4)* = 256;
6) 2(x* — 6x)* — 120(x — 3)* = 8.
PemuTte ypasHeHHE:
a) ¥ + 11x — 108 = 0; 6) x° + 6x + 44 = 0.
Hs pasnbX ypasEeHuil BhifepuUTe TO, KOTOPOE HMEeT OAMH H TOJb-
KO OAHH IeNhlii KOopeHb. .
1. -x+8=0 2. x*+x*-20=0
8. x*+5x2+4=0 4. xX*-5x+4=0
m PemuTe BO3BpATHOE YpPABHEHHE
10x* — 77x® + 150x* — T7x + 10=0,

@I{ona}nm, 9TO0 €CJIH YHCIO m HBIHAETCHA KOPpHeM YpPaBHEHHSA
ax*+ bx® + cx* + bx + a =0, rue a, b, ¢ — BHekoTOpHIE UMCHA,
npudeM a %= 0, To ofpaTHOe eMy 4YHCIO TAKMKe ABJIAeTcHA KopHeM
9TOr0 YpasHEeHHS,

WoronsTeRsIme ynpaxnenus k rnase

K naparpady 5
352. PemuTe ypaBHeHHE:

a) x* — x® = 0; 6) x® = 4x%; B) 0,52° = 32x; r) 0,2x* = 42,
353. HaiinuTe KOpHH YDABHEHHA:

a) (a — 2)(a + 2)(a® + 4) = 25a% - 16;

6) (x — 1)(x + 1)(x% + 1) = 62% — 1.

98 (ELERL VpaBHeHWs M HepaBeHCTBa C OOHOIN NEepemMeHHON



354. PemuuTte ypasHeHHE:
a) x*— x*— 4(x - 1)° = 0; B) 5x° — 19x% — 38x + 40 = 0;
6) 20 + 22 — (y + 1) = 0; r) 6x® — 81x* — 31x + 6 = 0.

355. PemuTe ypasHeHHe:

a) X +2x*+8x+2=0; 6) x®* +4x* - 8x -6 =0.
356. PemuTe ypasHeHHe P=x AByM# cnocobfamu: rpaduueckHM M aHAa-
JHTHYeCKEHM.

357. C noMoImpio rpadMKOE BEIACHAUTE, CKOJBKO PEIIeHH MOXET HMEeTh
ypasHeHHe X° + ax + b = 0 Npm pasNMYHLIX 3HAYEHHMSX a u b.

358, PemuTe ypasHeHHe, MCIOJB3VA BBeJeHHMe HOBOIl NepeMeEHOMH:
a) (x® + 6x)® — 5(x® + 6x) = 24;
6) (x* — 2x — 5)® — 2(x® - 2x — ) = 8;
B) (2% + 8x — 25)* - 2(x® + 3x — 25) = -T;
Nny+2)-w+2°%=12;
) (22 + 2x)(x® + 2x + 2) = 3;
e) (x* - x — 16)(x* — x + 2) = BB;
) (22° + Tx - 8) (222 + Tx — 3) — 6 = 0.

Pemwure ypaBHeHHe:
a)y -y +y=1; 6) y' +y* - 27y = 27.

360] Pemmure ypasHeHHe:
a)2x" + 2+ 2x' + 2+ 2x +1=0;
6) x' —2x° +2x' -4’ +x-2=0.

361. HajignTe cymMMy KopHe# GHKBAJDATHOIO ypaBHEHHA:
a) x* — 9x% + 18 = 0; B) 4x* — 12x% + 1 = 0;
6) x*+3x*-10=0; r) 12y* - - 1=0.

362] fipnserca nm umcso:
a) 43 + Jg KopEem OGMKBaapaTHOre ypaBHeHHsa x* — 6x° + 3 = 0;
6) \|‘5 -2 KopHeM GuxBazpaTHOrOo ypasHeHES x* —10x° + 23 =07

363] PasnoxuTe HA MHOMHTENN TpeXwWIeH:

a) x* — 20x% + 64; r) x* — 3x2% - 4;
6) x* — 17x% + 16; ) 9x* — 1022 + 1;
8) x* — Bx*® — 36; e) 4x* — 17x% + 4.

364. Pemure ypaBHeHHE:
i 3y8+12y2-—27y—-108= 6)y3+6y2—y—ﬁ=ﬂ.
2 - 16 v® - 36y

JononHutensHele ynpaxdHeHusa K rnase |l ‘ 99
4%
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365. Ilpn kaKux 3HAYEHHAX X PA3HOCTE Apobeit - ® L7 pas-
1 1

HA PasHOCTH Apobeli g H et

866. Pernute ypasEeHue, MCIIONB3ys BhIIEJIeHHe IEJION YACTH M3 Apobu:
A-5x+8 A+5x+1 1 L+6x+10 F-6x+7 _ 1

a) =k w5 4" 6) x+3 x-38 B

367. Haiigure KOpHH ypaBHEHHA:
1 1 10

o ST Bl Ly
3 3 7
). T e
368, Pemute ypaBHeHHe
1 R Gk S Tt S Lo
B-Prx-1 Br2+x+1 -1 3

369] Ha#inure KopHM ypaBHEHHA:

7x—4 5x—3
g r=rv,, B¥rg=7

870. PemuTe ypaBHeHMe, 0603HAYMB OfHO M3 CJIAraeMEIX 4epes t, &
1
Opyroe 4depes ?:

1’2+ 1 x

") x x2+1“

1 2+2 8x-2

25 Oam=t .3

1
= 23.

371. Pemure ypaBHeHHe, HCNOJB3YH IOACTAHOBKY Y = x%:
x* 1—dx? 2+3 2 10
+ +4=0; + + -
B a s taa st Nt Pl B-3daa

372. Pemute ypaBHeHHE:
:|:+Il2 x—-22 x+32 x—ﬁz
a}[x_g] ~16[x+1] = 15; 6) [x_s) —9(—11_3] = 8.
373. PemnuTte ypaBHeHHMe, HCIONBL3YS BBEJEHHMe HOBOI mepeMeHHOI:

o
P

0.

a)2[x2+§]—(x+§]-2; 6) 9x° - 18x + 5 -8 = 93,

1 1
@Hpﬂ KAKMX 3HAYEHWAX @ CyMMa 4MCel a M B 33 pasa MeHbIIe
CcYMMBl HX KyGoB?

875. Pemmure ypasmenue:

a)xa+—:§=22(x+i]; ﬁ}xa—%=19(x—i).

YpaBHeHUn W HEpaBeHCTBA C OAHOW NEepemMeHHOI



K naparpacdy 6
376. PemnTe HepaBeHCTBO:

a) x> — 5x — 50 < 0; r) 8p% + 2p > 21;
6) -m:—8m+920; n) 12x - 9 < 4x%;
B) 8y° + 4y — 4 > 0; e) -9x% < 1 — 6x.

377. Horamkure, 9ro npH a0b0M 3HAYEHHH X BEPHO HEPABEHCTBO:
a) 2(x + 1)(x —3) > (x + 5)(x— T);
0) %(x +5Mx—-T)< (x + 2)(x — 4).

378. Haiinute obnacts onmpeneieHuA (QYyHKITHM:

Tl 1 é J16 - 24x + 9.2
a) Y= 77— = :
) V144 - 942 )y T2

379. Ilpy kaxux sHaveHHsAX a ypaBHeHue (@ + 2)x + 8x+a-4=0
HMeeT OBA KOpHHAT

380) TTpy kaxwx sHauenusx b ypasHenwe (b— 1)x*+6x +b—-3=0
He HMeeT KOpHei?

381, IIpr KaKuX 3HAYEHUAX ¢ He UMeeT KOPHell ypaBHeHHe:

a) x* — 12x° + ¢ = 0; 6) x* + cx® + 100 = 07
4R82] Tpr kaxkux 3Havenusx k ypasHemme x' — 13x% + k = 0 umeer:
a) YeThIlpe KOpHSH; ©0) aBa KopHA?

383. Haiigure o6mue pemeHus HepaBeHCTE x- +6x—-T7< 0 m
x®— 2x — 15 € 0.

384. PeminTe CHCTEMY HEDPABEHCTB:

a) j4x* - 2Tx -7 >0, B) Jx+1<0,
x>0; 2x* - 18 > 0;
6) |-3x*+17x+ 6 <0, r) Jx—4>0,
x<0; 3x* - 15x < 0.
385. Pemunte cucTeMy HepABEHCTB:
a) |xX*+x-6<0, 6) |x®+4x-5>0,
- +2x+38>0; x*-2x-8<0.

386. PeminTe HepapBeHCTBO:
a) (x + 1,2)(6 — x)}x — 4) > 0;

oft oo <o

B) (x + 0,6)(1,6 + x)(1,2 — x) > O;
r) (1,7 - x)(1,8 + x)(1,9 — x) < 0.

JdononHuTeneHblie ynpaxHeHus K rnase |l ‘ 101
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387. IIpr kaKMX 3HAYeHHAX X npouasemeHme (3x — H)(x + 4)(2 — x):
&) PaBHO HYJIIO; 6) NONIOHUTENBHO; B) OTPHIIATENBHO?

388. PemnTe HepaBeHCTBO:

a) (18x — 36)(x — T) > 0; B) (x + 0,8)(4 — x)(x — 20) < 0;
6) (x — 7,3)(9,8 — x) > 0; r) (10x + 3)(17 — x)(x — 5) = 0.

389. PemuTe HepaBeHCTBO, PA3JIOYKHMEB €r0 JIEBYIO YACTh HA MHOMKHTEJ:
a) (x* — 16)(x + 17) > 0; r) 2* - 0,01x> 0;
6) (x - g)(x‘* -121) < 0; a) (22— 9)(x* - 1) > 0;
B) x° — 25x < 0; e) (2% - 15x)(x% - 36) < 0.

390. PeriuTe HepaBeHCTBO:

a) (x* + 17)(x— 6)(x + 2) < 0; B) (x — 1)%(x — 24) < 0;
6) (2x% + 1)x(x — 4) > 0; r) (x + T)(x — 4)%(x - 21) > 0.

391. Halipute obnacTe onpegeneHyd QyHKIIUHU:
Al 4 0 v 7
8) ¥= @y -—hex+1)’ V= Hizioe-0"
392. PﬂBHﬂgHJIbﬁH JiM HEepAaABEHCTBA:
8) 1y > 0 m (x—3)(x+1) > 0;

07
393. Pemme HepPaBeHCTBO!
5> 0 MF20 A gis<o
6) 213 <0; NeX<0; e e :>0.
394. PemnTe HepaBeHCTBO:
witleey Ty
02 251, p¥fsis

YpaBHEHUs] ¥ HEPaBEHCTBA C OAHOW NEPEMEHHOM



' C ABYMS NEPEMEHHbIMU
Mbl

17. YpaBHeHue Cc OBymMaA nepemMeHHbIMU
n ero rpadpuk

Kaxxgoe m3 ypasHeHHH
2x+38y=15, x*=4-3, xy-6=0, Gb6L+y8=9
fAIBNSETCH YPABHEHHEM ¢ JBYMSH MepeMeHHBIMI.

Ecnm B ypasHenme 5x® + y* = 9 moacraBuTs BMecTo X umcno 1,
a4 BMECTO Y 4YHCJO 2, TO MOJYYHTCA BEPHOE PaBEHCTBO O * 13+ 2%2=09.
ITapa umcen (1; 2), B KOTOpoii HA NEpBOM MeCTe YKA38HO 3HAYEHHEe
nepeMeHHOR X, & HA BTOPOM — 3HAYEHHe NOepeMeHHOH Y, ABIAETCH
pemenuemM ypasHenus bx® + yf = 9.

: Pemenuem ypaBHeHMs € JAByMS [MepeMEHHLIMM HA3LIBAETCH :
i mapa 3HAYEHHII mMepeMeHHLIX, OOpANIAIolas 3TO ypaBHEHHE B 1
I BEPHOE DABEHCTEBO.

——————— e ki Sy o o it e et e’

VpaBEeHHe ¢ AByMs DepeMeHHBEIMH HMeeT, K8K IpaBujo, HecKoHed-
HOE MHOKEeCTBO pelleHHii.

HBa ypaBHeHHfA, HMEIIAEe OJHO H TO e MHOXeCTBO pPeIleHHi, Ha-
SBIBAIOT PABHOCUAbHLLMU YPABHEHUAMU.

CreneHrs 1IeJIOr0 ypaBHeHHHA ¢ JABYMSA NepeMEeHHLIMH ONpefenfeTcs
TAK 3Ke, KAK M CTeleHbL [eJiore YpaBHEHHA ¢ ogHO# nmepemeHHoil. Ecau
JleBasi 4YacTk VPABHEHHA ¢ ABYyMA NMEPEMEHHBIMH TpefcTaABAAeT coboil
MHOro4JieH CTAHAAPTHOro BHAA, & npaBas — uymnciao 0, To cTemeHsb
¥paBHeHHs CUMTAIOT PABHOH CTENeHH 2TOro MHorodwieHa. Jlna Toro
YTOORI BHIACHHTH, KAKOBA CTelleHL YPaABHEHHSA ¢ ABYMSH NepeMeHHBI-

§ 7. YpaBHeHua C OBYMA NEpeMeHHbIMW U UX CUCTEMBb ‘ 103
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MH, €r0 3aMEHHIT PABHOCHJABHEIM YPaBHEHWEeM, JIEBAH YACTE KOTOpO-
ro — MHOTO4YJIEH CTa&HAAPTHOro BHJAa, a npaBag — HyJk. Hanprmep,
ypasHenue (x° + y)’ = x® — 1 paBHOCHIIBHO ypaBHEHHIO 2x3y+ ¥+1=0
M, 3HAYHT, ABJIAETCH YPABHEHHEM YEeTBEPTOH CTeIleHH.

TpapukoM ypaABHEHHS C ABYMSA NepPEeMEHHBIMH HA3ZBIBAETCSH
MHOKECTBO TOYEK KOODAMHATHOI MIOCKOCTH, KOODAHHATH KO-

TOPEIX OGpaIaiT YpABHEHHEe B BEDHOE DaBEHCTEO.

Ber sHaete, uTO rpadHKOM JNHHeEHHOro ypasHeHHd ax +by=c¢, B
koropom a# 0 uwnu b+# 0, aenserca mpamasa. BaM H3BecTHE Takxe
rpadpMKH HEKOTODBIX ypaBHeHHH BTOpOi creneHu. Hanpuwmep, rpadmu-
KOM yDaBHEHHS y = x° sBisfercs napa6ona, rpadMKOM ypABHEHUs
xy = 12 — runepbona.

IMokaxem, uto rpadmMKoM YpABHEHHS

x* + 2 = r%, rae r— npoussonsHOe noONO-

KHUTEeNbHOe YHCJIO, ABJIHETCH OKPYMKHOCTE

D pagdyca r ¢ LEHTPOM B Hauyajle KOOPAHHAT
B F (prc. 60).

Ilyers Tourka B(x; y) — NpoH3BOJBLHAA
TOYKA I9TOH OKPYXKHOCTH, HE DPHHAAJENKA-
masa HE OJHOH M3 KOODPJAHHATHEIX oceil, Tor-
A 0 ¥ A& M3 NpAMOYroJbLHOro TpeyroasHuka AOB
E umeem AO? + AB? = BO®. Tak kak AO = |x],

AB=|yl m BO=r, 10 |x|* + [y|* = r*, nun,
ONYCTHB 3HAK MOAYJA, MOJYIHM
(&
L2+y=r. (1)
Puc. 60 Jlerko yOeauTBCA, WYTO e€cCJAM TOYKA
OKPYIKHOCTH HAXOAMTCA Ha OJHOH H3 KOOp-
OHHATHREIX OCEit, TO €€ KOODAMHATHI TAKIKE YAOBIETBOPAKT YpPABHEe-
Mo (1). Hanpumep, mopcTrasuB B ypasHeHHe (1) KOOpAMHATHI TOYKH
C(0; —r), nonyunm BepHoe pasesctso 07 + (—r)% = r.

MoxxHO JOKA3ATh, YTO €CIH TOYKA He NPUHANNEXHT OKPYyHHOCTH,
KAK, HAmpEMmep, Touyka D wan touxa E, TO ee KOODAUHATHEL HE YAOB-
JIETBOPAKT YpaBHeHHIO (1).

7y

NADHYTUIA NLBOBWY YEBLILLEB (1821-1894) — pycckuii
MaremMaTuKk M MexaHwk, OCHOBaTenk 3HaMeHWToln neTepbypr-
CKO maremarvyeckoil werkond. OCHOBHBIE Ero Tpyobl OTHO-
CATCA K TEOPHMM YUCEeNn, MaremaTuH4eckOoMy aHanuay, TEeopuw
BEPOATHOCTEN W APYrMM BONPOCAM MATEMATWMKM M CMEXHbIX
obnacreil 3HaHWA.

ILELEENI YpasHeHWs 1 HepaBeHCTBA C ABYMSA MNEPEMEHHbIMU




3HaunT, paBeHCTBO X+ y°= r’ BepHO Y
TOrA U TOJBKO TOTLa, KOILA TOYKA C KOOp-
OUHATAMM X M J TPUHAMIEIRKHT OKDYIKHOC-
TH pajuyca r ¢ IeHTPOM B HAYAJEe KOODAM-
nat. Orcioga cieayer, 4To rpadMKOM ypaB-
HeHHS X° + y° = r° ABNAETCHA OKPYXHOCTE
panMyca r ¢ HEHTPOM B HadYaje KOOpPAHHAT.

Ecnu KaMAY TOYKY 3T0H OKPYHHOCTH
nepeHecTH MNapajjieILHO OCHM X Ha a
eHMHHUI, BNpaBo npu a > 0 mHIH Ha -a \QJ
eAHHHI, BAeBo NpH a < (0 M mapannennHO
ocu Yy Ha b eamEmn BBepx npux b>0
unu HE& —b eamuun BsHuM3 npu b <0, TO
NOJMYYMM OKPYMHOCTL TOTO ke pajguyca ¢ o, . o
neHTpoM B Touke O (a; b) (puc. 61). :
VYpaBHeHHe JTOH OKDPYIKHOCTH TIIpHMeET
BHJ

=Yy

(x—a)’ + (y—b)?=r

T'paduky ypaBHeHH ¢ ABYMs II€PEMEHHEIMH BeckMa PA3HOOODA3HHI.
HexoTopele M3 HEx u300paxeHLl Ha pHcyHKe 62.

a} | ! ]i ‘|_!7I._ | | | ﬁ} 'I m ; | |

3= -i—-rl-l- e — F =+ ——- /{ T !

1 | (x2Hy2)2=2(x2— y2) I 1 7T 7 I

——. s : : ‘!//

AREE 1 e3] ST e

1 0 Wy R 0 65 A, o I B
— S x3+y3—3xy=0 |

| ] |

| i |

1 N

Puec. 62

.V_THJKHEHHH

395. fipnserca nu napa uucen (—1; 3) pemenHeM ypasBHeHHA:
a) x2-y+2=0; B) x* + ¥ = 10;

6) xy+y=6; r) ¥ —y¥+8=07

396. Haiinure TpH KaKHX-HHOYAE pelleHHs YPABHEHHA:
a) x—2y=8; B) x —xy=12;
6) x + 0y=10; r (x+yy—2)=0.

§ 7. YpaBHEeHWs C OBYMSI NEPEMEHHEIMK 1 WX CUCTEMBI | 105



39Y7. OnpegenuTe cTeneHk YPABHEHHA!
a) x + 4xy = 5; B) 8x° — p? = 2x*(4x® — y);
6) x° + 8x°y® = 1; r) (x—-2y)° — x* = 4y(y — x) + bx.

398. TokxaxxuTe, 9To rpadMKoM ypasHeHHsa x° — y° = 0 sBasercs mnapa
NMPAMBIX =X H § = —X.

399, ITocTpoiiTe rpadMK ypaBHeHHA:

a) 3x + Oy =12; r) y=1,5; x) |x| = 2;
6) Ox+y=1; a) (x—2)(y—38) =0; 3) |yl = 8.
B) x=5; e) (x+3)(y+1)=0;

400. CocraBeTe ypaBHeHHe, rpadMKOM KOTOPOro #ABIfeTCA Mapa Nps-
MBIX, H300paskeHHBIX HA pucyHke 63.

a) E A 6) y 1 |
| EEG Ui P A | St .I.._,._
t 2 "
Ik | L i [l
] I1
L 11 i 0 =
I —1.40{ | J1l-2 X =5 1-L2 .3
t -1
's
5) 2 r) T
— -
= 3
Sk l 1 |
T [ 'I
1 1 | !1
2 .T B
-3 ] —1.J0l 1 111 2 X i -1/0{ 1 112 =
-1 ! |
| |
HH2
1
LELTT
| | 11
Puc. 63
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401. CocTaBLTe ypaBHEHHe ¢ ABYMHA NIepeMeHHBIMH, rpadHK KOTODOro
usobparkeH Ha pucyHke 64.

a) 178 ! 6) U
1
I
f
1 1
i l
] ! | =
-104 1112 - 1—3 —1{0 x
i = —.1
| [
B) Y. r) A
2
i 2
1 1 |
! 1 1
1 L
I # !
-2 11011113 x HEEEET I EREEYENE NS
-1 -1
i
-2 ]_
|
Puc. 64

402, ITocTpoiiTe rpadHMK YpaBHEHHA:
a) xy = 6; B) ¥ +y*=09;
6) y—0,5x=1; r) (x+ 1%+ (y-1)*=4.
403. Kakas ¢durypa siiAeTcH rpaduKoM YpaBHEHHSA:
a) (x— 5)(y+ 6) =0; B) x* +(y— 1)* = 0;
6) (x— 4)(x+ 2)=0; r) (x— 5+ @+ 2°%=17
404. 3anmumuTe ypaBHeHHE OKPYKHOCTH C IIEHTPOM B Havdajle KOOpAH-
HAT, 3Haf, YTO OHA NPOXOILMT 4Yepes TOYKY:

a) A(-2; J5); 6) B(3; 4)%; B) C(8; 0).

§ 7. YpaBHeHWs C ABYMSA MNEPEMEHHbIMKU U UX CUCTEMBbI
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405. HanuimmuTe ypaBHeHHe OKPYIKHOCTH, 3HAA, YTO ee LEeHTDP HaXOIHT-
cA B Touke K(2; —5) ¥ oHa POXOJHUT Yepe3 TOUKY:
a) A(-1; -1); 6) B(—3; 7); B) C(1; —4).

406. ToxaykuTe, 9TO rpadMKOM YpPABHEHHS
2+ -6(x-y)=1
ABJIAETCH OKPY¥HOCTE.
(2x +

2
Bx¥ ¥ _ (x-0,5y) = 242

407. Yto sBnsieTcs rpakoM YpDaBHEHHSA 2

BribepuTe BepHEIH OTBeT.

1. OxpyscHOCTE
2. Ilapabona

3. 'mnepbona

4, ITapa npaMBIX

408, ITpu kaxux sHAUeHHMSX m rpadMKOM yDABHEHHS
(x—4)°+ (y+m)’=15
SABJIAETCA OKDPYIXHOCTh, LEHTDP KOTODPOH pAaclofio¥KeH B UeTBepToil
KOODAMHATHOH YeTBepTH?
409, Ilpn kaxux smauenMax r okpyxksocets (¥ — 5)2 + (y — 7)% = r*:
a) KacaeTcs ocH X; 6) racaetcsa ocu y?

410. CocTaBbeTe ypaBHEHHE OKPVIKHOCTH ¢ LIeHTpoM B Touke (3; 8),
3Haf, UYTO OHA KAaCAETCH:

a) ocH x; 6) ocu y.
411. Haiiure Bce IeJble pelleHWs yYpaBHEHMSA:

a) xy=2; 6) x* -y = 3.

412, PelunTe HEPABEHCTBO:
a) 25x% + 6x<0; r) ¥ < 10y + 24;
6) x> — 169 > 0; n) 15y° + 30 > 22y + T;
B) 4x* — 225 <0; e) 3y° — 7 < 26y + 70.
413. PemnnTe cucTeMy ypaBHeHHP criocofoM HOACTaHOBKH:
a) {llx— 9y = 37, 6) {16x~4y=5,
x=1+ 2y; 3x —y=2.

414. PemnTe cHCTeMY VDABHeHHH cllocof0M clIozceHHSH:

a) |bx + 2y = 30, 6) |2x — y = 85,
3x + 4y = -3; 5x — 2y = 200.

LELEERI YpaeHeHws v HepaBeHCTBa C ABYMS NepeMeHHbIMK




18. Npadpnueckmnin cnocod peLseHns
cCUCTEeM ypaBHEHWUH

B xypce anrebprs! 7 Kiacca Mbl PACCMATPHBAIH CHCTE€Mbl YPABHEHHH
IepBOi CTEIleHH ¢ JBYMA nepeMeHHbBIMH. Temeps saiiMeMcs pelleHHEM
CHCTEM, COCTABJIEHHBIX M3 JIBYX YPABHEHHH BTODOI CTENEHM WA K3 Of-
HOTO YpaBHEHHMHA NepBoii, a APYroro BTOpPOi CTeleHH.

Hanomaum, uTo napa sHaueHHIl IepeMeHHBIX, obparnfaion@asa Kas-
Jioeé YpaBHEHHE CHCTEME! YPABHEHHH C JBYMA NepeMeHHEIMH B BepHoe
PABEHCTEO, HA3LIBAGTCH pelweHuem cucmemvl. PelllHTE cHcTeMy — 3Ha-
YyHT HAWTH BCe €@ PellIeHWA WM [OKA3aTh, YTO PeIleHHH HeT.

Haurem ¢ rpadmueckoro crocoba pemneHus.

EFL'_."-:E RS ”+H*"£y- T

i
=

§ 7. YpasHeHWR C OBYMA NepemMeHHbIMW WU WX CUCTEMbI
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Ilyers TpebyeTes peniuTh cHCTEMY YpaBHeHHIT

2+ y? = 25,
=_—x%+ 2x + 5.

TTocTpouM B ofHOH cHcTeMe KOOPAMHAT rpadHKH ypaBHeHHI
X+ =25uy=-2x"+2x+5
(puc. 65). Koopauaatst ni06oil TOYKH OKDYIKHOCTH SABIAITCH pelle-

HHeM ypaBHerus x° + y® = 25, a KoopamEATH MOGOH ToukH mapabo-

JIEl — pellleHHeM YpABHEHHS U = —Xx° + 2x + 5. BHAUHT, KOOPAMHATEI
m060 TOYKH MepeceYeHHA OKPYIKHOCTH H HapaGoJibl VAOBIETBOPAIOT
KaK NepBOMy YDABHEHHIO CHCTEMBI, TAK H BTOPOMY, T. €. SBJSIOTCH pe-
IIEHMEM paccMaTpuBaeMoil cucremsl. Menmosnsays pucyHOK, HaXoauM
npubin:keHHEbIEe 3HAYEHHSA KOOPAMHAT TOYEK IIEPEeceYeHHus TrpaQHKOB:
A(-2,2; -4,5), B(0; ), C(2,2; 4,5), D(4; —3). CaenosarennHo, CHCTE-
Ma YpPABHEHHH HMeeT 4YeThipe pelleHH:A:

xy = —2,2, Yy, = —4,5; x, =0, y, = b;
x3ﬁ2,2. yaﬁ 4’5; xlﬁ‘i, y4 z_3.

ITopcTaBuMe HalijieHHEBle 3HAYEHHMA X H I B YPAaBHEHHHA CHCTEMEI,
MOIKHO YOeIHTBhCH, YTO BTOPOE H UYeTBepPTOe pelleHHs HBIAKITCH TOY-
HBIMH, A MEepPBOE M TpeThe — IPHOJMIKeHHBIMH.

YnpaxHexnus

415. fpnserca 1u pelleHHEM CHCTEMLl YpaBHeHHI

{f+f=&

6x + 5y = -4
napa uMcen: a) (—2; 1); 6) (1; —2)?
416. Pemnure rpajuyeckn CHCTEMY ypaBHeHHIl
P—f=,
2x-y+3=0.
417, TlokakuTe ¢ MOMOIBI0 rpadMKOB, YTO CHCTeMa YpPaBHEHMIl
{x?- + i = 25,
y=x2-6
HMEET YeThIPE PEelIeHHHA, H HAHIHTE HX.
418. Pemunte rpadpuyecKku cCHCTEMY ypaBHEHHH
x% + y? =100,
{y = %xz - 10.

N ELEERI YpaBHeHWAs 1 HepaBeHCTBA C OBYMA MNepemMeHHbIMK
|



419. C nomomeio rpaMKoE pellluTe CHCTEMY YpPaBHeHHIi:
a) [xy = 6, 6) J(x -8 +(y-4)y =4,
2x - 3y = 6; y—-x=0.

420. Peminte rpadHuecKH cHCTEMY VDABHEHMII:

a) |22 + 2 =16, 6) [xy = 8,
x+y+2=0 x+y+3=0.

421. Haobpasue cxemMaTH4YecKkH rpaMKH ypasBHeHHH, BEIACHHTE, HMeeT
JIM pellleHHA CHCTEMAa YPaBHEHHI M ec/ilH HMEeT, TO CKONBKO:

a) y=x3, B) y=x2+1,
xy = -12; xy = 3;

6) y=x2+8. r) x2+y2=9,
y=-x"+12 (x —10)% + 2 = 16.

422, Pemtnte rpadHyecKH CHCTEMY VDABHeHHIA:

a) J(x - 4P +(y -5 =09, 6) Jy —x*=0,
y=x; x+y=6.

423. PemnuTe rpadMuecKs CHCTEMY ypaBHEHHIH

. {

y¥-9=0.
424, CocTaBbTe ypaBHEeHHe, IrpaMKOM KOTOPOro ABJIAETCH:
a) nmapa mpaAMBIX y=x+ 1 u y=x—1;
6) napa6osna y=x° u npamas y=-2.
425, Ilpn xkaxkom 3HaueHun b napa umcen (18; 3) sBasercs pemeHuem
CHCTEeMBb! YpaBHEHHIT
x — 2y = 4b,
2x + y = 397
426. [Ipy KaKMX 3HAYEHHAX O PEIIeHHEeM CHCTeMbl YpABHeHHil
x+y=a+l,
3x-y=a-1

ABJIAETCH Iapa NOJIOMHTEJIBHBIX yucen?

a+l a-1) da
a-1 a+1)°'5a-5
OpHHHMAaET NOJOXHTEJIEHEBIE 3HAYEHHHA IIPDH BCeX JONOYCTHMEIX
3HAYEeHHAX 4.

427. lokaxxkuTe, 4TO NpH @ > —1 BEIpaXKeHHE (

§ 7. YpaBHeHwn C OBYMA NepemMeHHbLIMWA 1 WX CUCTEMbI
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428. 3 nepeBHH B ropoli, HaXOAALHiicA HA PACCTOAHEHM T2 KM, OTIIpa-
BiicA BenocHnenucr. Coyers 15 MHH HaBeTpeuy emMy H3 ropoja
BEIEXAJ pyroii BelloCHIIEIHCT, TPOE3XAON[MHi B yac Ha 2 M
Gonsme nepeoro. HaiiinTe, ¢ Kakoil CKOPOCTBIO eXa) KAsKIbll H3
HHX, eCJIM H3BECTHO, YTO OHH BCTPETHJIHCh B cepeluHe IyTH.

19. PeweHne cucrem ypaBHEHWA
BTOPOW CTEneHwu

PaccvoTpuM cHauala cHCTeMbl YPABHEHHIH ¢ NBYMA [epeMeHHLIMH,
COCTABJEHHEIE W3 OJHOI0 YPABHEHHHA BTODOH CTEIEHH M OJHOIO Ypas-
HeHHA NepBol cTenmeHH. Takylo cHcTeMY BCerja MOIKHO PeIIHTE CIIOCO-
6oM noxcTaHOBKH. [IIA 95TOr0 MOCTYHAKT CHEAYIOIMMM obpasom:

D e e e e e SN M N R L
1) BHIpaXxa¥OT U3 YPABHEHHMS MEPBOIl CTENEeHW OJHY [epeMeH-

HYH Hepes3 ApYyIyio;

2) moACTABJANT MOJYYEHHOE BHIDAYKEHHE B YDaBHEHHE BTOPOH

CTEeleHH, B Pe3yJIbTATe Yero INPHXOAAT K YPABHEHWIO ¢ of- |
HOH NepeMeHHOH;

3) pemaloT nonydHBIleecH ypaBHEHHE ¢ OJHON NepeMeHHO;
4) HaXO/AT COOTBETCTBYIOI[HE 3HAYEHHS BTODPOH NepeMeHHOH.

O

IIpumep 1. Pemunm cHcTeMy ypaBHEHHIA
¥ -3xy - 2y% =2,
x+2y=1.
» BripasuM H3 BTOpPOro ypaBHEHHMS NEPEMEHHYK) X Yepes y:
x=1 - 2y.

ITopcTaBrM B NepBoe YPABHEHHE BMEeCTo X Beipaxkenwe 1 — 2y, mo-
JIy9MM YpaBHeHHMEe C IepeMeHHOI V:

(1-2y)°-3(1 - 2y)y—-2y° = 2.
ITocne VIIPOLIEHHA MNOJY4YHM pPaBHOCHJILHOE YpPaBHEHHe
82— Ty—1=0.

1
Pemns ero, Haitzem, 4o ¥, = —g, ¥p = 1.

CooTBeTcTBYOIIHEe 3HAYSHHUA X MOMKHO HAWTH, MONCTABHME HAalifieH-
Hble 3HAYEHUH Y B OJfHO M3 YPABHEHHMH CHCTEMbI, HAIIDUMED BO
BTOpOe ypaBHeHue, VaofHee, 0/lHAKO, BOCIOJIB3OBATLCHA (hOpMYIOi
x=1-2y.

112 INEEERL] YpaBHeHus M HepaseHCTBa C OBYMA NepeMeHHbIMM



IToacraeue B dopmyny x=1-—2y sHaueHne y1=—%, OOy YHM x1=1%.
Ioacrasue B hopmyny x=1-2y sHauenue y,=1, nonyuum x,=-1.
Hrax, cucTeMa uMeeT ABa pPelUeHHA:

1 1
xlrlzr ylz—gﬂx2=—1. y2=1.
OTBer MOKHO 3allHCATH TAKMe B BHJE map: [li—; ——;—], (-1; 1).

Ecnu cucTemMa COCTOHMT M3 ABYX VPaBHeHHII BTOpoOH cTelleHH C JBY-
M#A TepeMeHHBIMH, TO HaiiTu ee pemeHus o6wiuHo OblBaeT TpyaHo. B
OTAENbHBEIX CJAVYAAX TAKHe CHCTeMB! YAaeTCHA DEeIlIUTh, WCIOJB3YA CIOo-
cof HmoACcTAHOBKH HIH criocol CIOMEHHUA.

INpumep 2. Pemnum cHcTeMy YpaBHEHHH
-y =5,
xy = 6.

P BocnonszoBaBimuHce TeMm, uTo X # (), BRpasHM H3 BTOPOro ypasHe-
HHUSA TEPEMEHHYIO I Yeped X:

_ &
y= -
6
IlozcTaBEM B NEepBOoe ypaBHEHWE BMECTO Y BhIpajkeHHe —. IMony-

YMM ypaBHEHHE
2
= [E) = 5.
x

Peinue ero, Haizmem, 4To
X, =—-3, x, = 3.
Ilo dopmyne y=% HAXOAUM COOTBETCTBYIOLIHME 3HAYEHUS J:
h=-2,y;=2.
3HAUYMT, CHCTeMa HMeeT [BA pelieHH:
Xy =3, Y1 =-2m X3=38, Ys = 2.
OreeT: (-3; -2), (3; 2). <

Ynpaxnenus

429, Peminte criocofoM MOACTAHOBKHM CHCTEMY YpaBHeHHIL:

a){yz—xn—l, B]{xy+x=-4,

x=y+3; x—-y==6;
6)[y=x-1, r) |[x+y=29,
x* - 2y = 26; yF+ x =29,
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430. Pemrnte cucTeMy YpPaBHEHHH, HCIONB3VA cOocol IOCTAHOBKH:

a) |lx=3-y, n]{xz+y=l4,
¥y — x = 39; y-x=8;
6 |ly=1+=x, r) [x+y=4,
x+yt=-1 y + xy = 6.
431. Pemure cucTeMy YpPABHEHHI:
a){x—y=3, B) |[x+y=-1,
xy =-2; P+yr=1;
6]{x+y=2,5, r) [x-y=2,
xy = 1,5 2yt =17,
432. Pemiute cHCTEeMY VPABHEHEI:
a){x+y=8, B) [x? - y2 =8,
xy = —20; x-y=4;
6) [x -y =08, r) Ja%+ =35,
xy = 2,4; x+y=-3.
433. Peminte cHcTeMy YPABHEHHIL:
a) [y —2x =2, r) |32+ 2% =11,
Bx®—py=1; x+2y=3;
6) |x - 2y° =2, m |x*+ y? =100,
3x+y=", 3x = 4y;
B) |x* - 8% = 52, e) |22 - 2 =32,
y—x=14; 2x —y = 8.
434. PemiuTe CHCTEMY YVPABHEHHII:
a){2xy—y=7, r) [x-y-4=0,
x-5y=2; x* + y* =8,5;
6) |2x* — xy = 33, n) Jx*+ 4y =10,
4x -y =1T7; x -2y =-5;

n){x3+2y=18, e) [x-2y+1=0,
3x = 2y; 5xy + y° = 16.

435. Peinmute cHUCTEMY YpaBHEHHIA:

a) [2x + 4y = 5(x — y), 6) |u—v==6(u+v)
2 - y?=6; u? - v® = 6.

LEEERI YpaBHeHWna v HepaBeHCTBa C ABYMA NepemeHHbLIMA

114



436. PemnTe cHCTeMYy YpaBHEHMIl:

a) [6(y — x) — 50 = y, 6) [p+5t=2p+1),
y— xy = 24; pt—t=10.

437. PemiuTe CHCTEMY YPaBHEHHIl:
a) {(x -2)(y+3)=160, 6) {(x ~1)(y + 10) = 9,
y-x=1 x—y=11.
438/ PernnTe cucTeMy ypaBHeHHIi:
a]{xz—q-o, 6]{x2—5x+6=0.
xy = 6; ¥ -6y+5=0.

439. Peminre cucTeMy ypaBHEHUWI

5= 03512 T 2)
y—-—x=2
cHayaja rpapumyeckuM crnocofom, a 3aTeM aHAJIHTHYECKHM.

440. Pemntme cucTeMy ypaBHeHuMil rpadHuyecKHd H 8HAJTHTHUYECKH:
a) |22+ 2 =16, 6) Jy=2*+1,
x—y=4 x + 2y = 5.
441, PemiuTe cHcTeMYy YPABHeHHIA:
a) |22+ xy -yt =11, 6) |x* +xy -3y =09,
X — 2y =i 3x + 2y =-1.
442. PemnTe cHCTEMY YPABHEHHIA:
a){x‘°‘+y2+3xy=-1, 6) [u+2v =4,
x+ 2y =0; W+ uv - v =-5,

443, PemnuTe cHCTEMY YDABHEHHIi:

L Pl v ai.
zt3"% - e
x+y=86, el ot
6) IR L r) ¥y x &
x g A x -2y = 2.

444, He BBINOJHAA NOCTPOEHHSA:

a) onpejenuTe, NepecekaeT 1M napabona y= x* — 8x + 16 npamyo

2x - 3y=0 U ecsiu fa, TO B KAKHX TOYKAX;

6) HalifuTe, B KAKHX TOUKAX MepPeceKAlTCHA OKDPYXHOCTh

(x— 5)% + (y—4)® = 65 n npamasa 3x—y+6 = 0.

§ 7. YpaBHeHwA C OBYMS NEpemMeHHbIMK U WX CUCTEMBI
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445, [loxaykuTe, 4TO IPAMAs X — ¥ = 4 ¥MMeeT OJ[HY ODIVIO TOYKY C ma-
pabonoit y=x% — bx+ 5, ¥ HaliANTe KOOPAWHATHI BTOH TOUKH.

446. lokaskuTe, 9To mapaboia y=2x" — 5x+ 1 n npamas 2x+y+3 =0
He MepeceKalTcs.

447. Pemnte cnocofoM NOACTAHOBKH CHCTEMY YDaBHEeHHH:

a) |2% + i =12, 6) |2x* - £ = 34,
xy = —6; xy = 20.

448. Pemrnre cHcTeMy ypaBHEHHI, HCIOIBL3YSA cmocob CIOMKeHHs:

a) |2 - 2% =14, 6) |x*+ 2 =61, B) {xy+x=56.
x2+2y2=18: - =11; xy +y = 54.

449. He BhINOJHAA NOCTPOEHHS, HAH/NTe KOOPAUHATHI TOYEK Iepeceqe-
HHUA:
a) oKpyskHOCTH X + y° = 36 m mapabonamr y = x° + 6;
6) oxpyxHocteit x° + y® = 16 u (x— 2)? + 7 = 36.

@Hpﬂ KaKHX 3HaueHHAX k napabosa y=x2 + 1 u npamas y=kx
HMeIOT TOJBKO OOHY 00myo Touky?

451. OxpysxrocTh (x — 4)° + (y — 6)* = 25 u npamas y=kx umMe0T 06-
myio Tourky M(1; 2). HalinuTe KoopaMHATBH apyroit obmeit Tou-
KH, CJIH TAKAS TOYKA CYLLECTBYET.

452. TlocTpouB cxeMaTHYecKH rpaduKkH ypaBHeHHI, BLEIACHHUTE, CKONb-
KO pellleHHil MMeeT CHCTeMAa VPaBHEeHWIi:

a) {y = %5, 6) {xy =10, 8) [2* + 4% = 36,
y =15x; y=x; y=x>+3.

453. PelinTe HepaBeHCTBO!

a) 0,2x(x— 1) — x(0,2x + 0,5) < 0,6x — 4;
6) 1,2x(3 - x) + 0,4x(Bx—- 1) < x + 1,1.

454, IIpy KaKHX 3HAYEHMAX X:
a) TpexuieH —x° — 2x + 168 NIpMEMMAET NOJOKMTENbHble 3HAYE-
HHA;

6) Tpexunen 15x° + x — 2 DpMHMMaeT OTpHILATE/]bHbIE BHAYEHHS;

x+ 14
B) apobb 35, NPHHHMAET OTPHUATE/bHbE 3HAUEHUS;

6 - 5x
r) apobs 735 UPHMHMMAET MOJIOMKHTE/]bHbIe 3HAYEHWA?

ILEEERL] YpaBHenus v HepaBeHCTea C ABYMSA NepemeHHbIMU



20. Pewenne 3apay ¢ NOMOLLbIO
CUCTEeM ypaBHEHUW BTOPOW CTeneHu

3apgaua. Tlepumerp npamoyronsHuxa paseH 80 cv. Ecan ocHoBanHe
OpAMOYroJIbHHKA yBeJuuuTh Ha 8 ¢M, a BeicoTy — Ha 2 cmM, To
ILIOMAaNEs NPAMOYIOJBHHKA YBEIHYHTCH B NOITOpa pasa. KakoBml
CTOPOHBI NPAMOYIOJBHHKA?

P IlycTe OCHOBaHHE OPAMOYTOJIBHHKA DABHO X CM, 4 BRICOTA PaBHA Y CM.
Tak xak nepHMeTp NpAMOyroilbHMKa pasBeH 80 cm, TO
2x + 2y = 80.

ILtomazns IpAMOyroJsHUKA paBHa xy cm”. Ilocie yBennuyerus cro-
POH OCHOBAHHWE NPAMOYIOJNBHHKA Gyner paeHo (x + 8) cm, BeicoTa
Gyner pasua (y + 2) cM, a wiomazns Gyaer pasna (x + 8)(y + 2) en’.
Ilo ycioBMI0 3afauy IUIONaAbL NPAMOYIOJIBHHKA VBEIWYHTCH B
noJiTopa pasa, T. e.

(x+ 8)(y+ 2) = 1,bxy.
Urax, mMeeM cHCTEMY ypaBHEHHH

2x + 2y = 80,

(x + 8)(y+ 2)=1,5xy.

Pemus ee, ﬂaiinem, yTO
1 =28, y, =12 wim x, = 24, y, = 16.

Banaya mMeeT nBa peurennfa. CTopoHsl IPAMOVIOJIBHHKA PABHEL
28cm m 12 evm it 24 cv |1 16 em. <

Yngaxmeuun

455. Cymma naByx umcen paBea 12, a ux npousseneHue pasHo 35. Haii-
nuTe 9TH YHCIA.

456. Onno umncno Ha 7 Goakllie APYroro, a MX MpoHM3BejieHMe paBHO —12.
~ HaiiguTe aTH uHcia.

457. Inaronane npamMoyroibEEKa passEa 10 cM, a ero nepuMeTrp paBeH
28 cm. HaijiguTe cTOPOHB! NPAMOYTOJBHHKA.

458. Ogra u3 CTOPOH NPAMOYTOJIBHHKA
Ha 14 cm Gonsme papyroii. Haii-
JHTE CTOPOHB! IPAMOYTOJIBHHKA,
ecJIH ero AMaroHans pasHa 26 cm.

459. IIpaMoyroibHbIH yY9acTOK 3eMIIH
naomanbpio 2400 m® ob6zecen
H3ropofibl0, IJHHA KOTOPOH pas-
Ha 200 m. HaliguTe AAUHY W 11TH-
PHHY 3TOI'0 Y4aCTKA.

§ 7. YpasHenws C OBYMA NEpeMeHHbIMW WM WX CUCTEMBI
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460.

461.

462.

464.

465.

467.

468.

469.

IlepumeTp NMpsiMOYroJlbHOIO TPEyrojJbHHKa paBeH 84 cM, a ero rm-
noTteny3a pasHa 37 cM. HailinuTme miuomajges aTOro TpeyrojibHHKA,

M3 HeKOTOpPOro NyHKTA BHILLJIM OJHOBpeMeHHO xBa oTpaxa. Opun
HaOpaBHJICH HA ceBep, a apyroii — Ha BocToK. Conyerss 4 4 pac-
CTOAHHE MeXAy OoTpaxaMe Onlio paBHO 24 KM, OpHYeM NepPBBIii
oTpag mpomes Ha 4,8 KM Ooabiie, Yem BTOpoil. C Kako#l cKo-
POCTBIO ISl KaXKABIH oTpsa?

OT BepmIMHEI OPAMOrO yIJjia 1o ero CTOPOHAM HAYMHANIOT OXHOBpe-
MEHHO ABHIATLECH OBA TeJia. ‘iepe:s 15 C pacCToOAHHe MexXIy HHMH
crano pasHo 3 M. C Kakoil CKOPOCTBIO ABUTAJOCH KAXKAOe TeJso,
ecJIM M3BeCcTHO, 4TO IIeppOe OpoILIO 3a 6 ¢ Tarkoe e PacCcToOHHHE,
KaKoe BTOpoe mpormwio 3a 8 c?

Ha ka>kmoit M3 CTOPOH HpPsSMOYrOJbHMKA HOCTpOeH KeaapaT. Cymma
niomageii ksagpatoB pasHa 122 cv®. HailinuTe cTOpOHBI OpaAMO-
YTOJBHUKA, €C/M M3BECTHO, YTO €ro Iomans paeHa 30 cm’.

Ilnomaas OPAMOYIOJNBHOrO TPEYroJbHMKA paBHa 24 cm?, a ero ru-
noTeHy3a paBua 10 cm. KakoBel KaTeThl TpeyrojlbHHKAaT

unorenysa NmpAMOYroJIbHOrO TpeyroJbHHKa pasHa 13 cm. Ecam
OAWH M3 ero KaTeTOB YBeJMYHMTL Ha 4 cM, TO FMIIOTEeHY3a YBeJIH-
yuTcA HAa 2 cMm. Haligure KaTeThl TPeyroJbHHKA.

IBa sxckasatopa, paboras OfHOBpe-
MEHHO, BEINOJHAKT HEKOTOPHIA obBhem
geMAAHBIX pabor 3a 3 u 45 muE. OguH
DKCKABATOP, paboTas OTHEeNbHO, MOMKET
BRITIOJIHUTE 2TOT 00Bem pabor Ha 4 u
OnicTpee, yem apyroi. CKOJIBKO Bpeme-
HHM TpebyeTcs KAaXAOMY SKCKABATOPY B
OTAEeILHOCTH AJIA BRIMOJHEHHA TOTO e
obbemMa seMnaHEIX pabot?

OnuH KomObaitHep ModkeT yGpaTs ypo)kail NINEHMIBl C YYACTKa HA
24 4 OuicTpee, ueM apyroii. Ilpm coBmecTHOB e paGore oHHM 3a-
KoH4YaT ybopky ypoxas sa 35 u. CroabKo BpemeHH noTpebyercs
Kaxzaomy KombaiiHepy, uToObl ogHOMY yOpaTh ypoxKaii?

Oxna u3 fopokHEIX Gpuraj Moxker saachajlbTHPOBATHL HEKOTOPKIL
VUaCTOK JOPOrH Ha 4 u OnicTpee, ueM Apyrasi. 38 CKOJbLKO YaCOB
MOKeT 3aachalbTHPOBATE YYACTOK Kaxkaas Opurajga, eciIy H3BeCT-
HO, 4TO 38 24 4 coBMecTHOH paboTel oHM 3aachanbTUpPOBaAIH 5 Ta-
KHX YYACTKOB?

ITosoxuB B OAHK HEKOTOPYI) CYMMY JeHer, BKJIAAYHMK MOI IOJy-
4yuTh 4Yeped rog Ha 400 p. Goabme. OcTaBuB 3TH AeHbru B OaHKe
elllfe Ha I'oj, OH CHHAJ CO CBOEro CYeTa BCH CYMMYy, KOToOpas coc-
Tauya 5832 p. Kakas cymma gemer Gmura nonoxkena B GaHK M
CHOJIBKO NPOLEHTOB FOAOBRIX Hauucasa GaHk?

FiEEERI] YpasHeHus 1 HepaeseHCTBa C OBYMS MNMEpemMeHHbIMI




470.

471

472.

473.

474.

475.

476.

477.

478.

T'pya maccoil 30 Kr npouaBoguT maBneHwe Ha onopy. Ecnu maccy
rpysa yMeHBIOMTE Ha 2 KI, & NNOL[aJb ONOPE YMEHLIINUTL Ha
1 ,um2, TO MACCA, NPUXOAAIIAACH HA KAMALIN KBAaZpPaATHHIH
AeNMMeTpP OHOPHI, yBeluuuTca Ha 1 kr. HaliguTe niomane
ONOPH.

PanuoHanu3aTopkl mexa BHEIPWIM B OPOM3BOACTBCO YCOBEpPIIeH-
CTBOBAHHEI THN geraqau. OnpefeHTe Maccy AeTAJH HOBOTO H CTa-
pOr0o THIOB, €CIM H3BECTHO, YWTO AeTAJL HoBoro THma Ha 0,2 Kr
Jjerde [eTAJM CTAPOro THIA, mpHYeM U3 22 Kr MeTalla CTAIH ge-
JIATH ne'raneﬁ HOBOT'O THIIA H& JOBe ﬁ().J'IbIIIE, HeM [OeJiajM JJ;E’I'aJI'Eﬁ
CTAPOTO TUHA M3 24 Kr MeTaJiia.

W3 nyuxToBR A U B, paccTosHHe MeXAy KOTOphiMM paBHo 40 M,
BHIIILITH OAHOBPEMEHHO HABCTPEYY APYT APYry ABa nemexopaa. He-
pes 4 4 UM oCTAJIOCH NpoiiTH A0 BeTpedH 4 KM. Ecau 06 M3 NyHK-
Ta A nemexoy Buimes Ha 1 4 paHbIne, TO BCTpeda HpoHsonuia Obl
Ha cepeanHe nyTH. C KAaKOH CKOPOCTBIO Iesl KaxKAbIN nemexon?

Ha nyakra M B nyExT N, paccTosHHMe MeAY KOTOPBIMHM pPaBHO
18 kM, BHIILIM OFHOBPEMEHHO faBa TypucTa. OSUH M3 HUX OpUOBLI
B nyHKT N Ha 54 MuH moake, uyem apyroi. Haiinute cropocTb
Ka)JA0T0 TYPHCTA, €CJH H3BeCTHO, WMTO CKOPOCTh OJHOrO M3 HHX
Ha 1 KM/4 MeHBIIe, YeM CKOPOCTBL APYIOIO.

Ha sacenenHslx nyHKTOB M u N, yaalleHHEIX Aapyr OT Apyra Ha
50 KM, BHIEXATH OFHOBPEMEHHO JBA MOTOLMKJIMCTA M BCTPETHIIMCH
yepes 30 muH. HafiiuTe CHOPOCTh KAaXKAOr0 MOTOIMKJIMCTA, €CIH
HM3BECTHO, YTO OAMH M3 HUX NpHMOLLI B myHKT M Ha 25 MMH paHb-
me, 4eM APYTroi B OyHKT N.

Ilocne Toro Kaxk cmemanm 12 r omHOR >XMAaKocTH ¢ 14 r apyroii
MUAAKOCTH OoJabIneil NIOTHOCTH, NOJYYHMIM CMech, ILIOTHOCTH
KoTopoit pasea 1,3 r/cm®. KaxoBa mIoTHOCTH Kasxoik KOCTH,
ecJiM M3BECTHO, YTO IJIOTHOCTL oaHOM u3 Hux HaA 0,2 r/cm” Gonb-
Iie MJIOTHOCTH APYToii?

Mz xycka osoBa Maccoii 356 r m Kycka menu maccoil 438 r cpe-
saa¥ cmiaB. M8BecTHO, YTO MIOTHOCTHL osopa Ha 1,6 r/em® Gosb-
me naoTHooTH menH. Halinure o6beM Kammoro Kycka MeTasia, ec-
au obbeMm Kycka omoBa Ha 20 cm® Menbme ofrbeMa KycKa Menu.

K pacteopy, cogepxkaiiemy 50 r conm, nobasunu 150 r soam. Iloc-
Jle 3TOr0 ero KOHOeHTpalua yMeHbimunack Ha 7,5% . Cronexo BO-
ABl COflePyKasl pacTBOP M KaKOBa Obiia ero KoHIeHTpanusa?

B KakuX KOOpAMHATHHIX YeTBEPTAX HET HM OZHOH TOYKH rpadm-
K8 (QYHKIOHMH:
a) y=—3,5x% - 2,6; 6) y= 2% — 12x + 347

§ 7. YpasHeHwsa c DByMSsi NepeMeHHbIMK U KUX CUCTEMB
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479, PemmuTe cucTeMy YpaBHeHHIL:
a){3x+y+4=0, ﬁ){y+3x=2,

2-yr=2; x* — xy = 3,36.

480. He BHIDONHAA DOCTPOEHHH, HAWUAUTE KOOPAHHATHI TOYEK Iepecede-
HHH:
a) napabonel y = x° — 8x+ 3 u npamoit 2x—y— 1 = 0;
6) oxpy>kuocTH X~ + y° = 100 u npawmoit x + y= 14.
481. PemnuTe HepaBeHCTBO:
a) x° — 6x < 0; 6) 8x+ x* > 0; B) x° < 4; r) x* > 6.

KOoHTpONbLHbIE BONPOCHI

4HTO Ha3bLIBAETCSH PELIEHWEM YPABHEHWA C ABYMS NEPEMEHHBLIMIA?
Y710 HaabiBaeTCa rpadukoM ypasHeHws C OBYMSA NEPEMEHHBIMKT

O6bAcHMTE Ha NpPUMEpPE, Kak PELLaloT CUCTeMy OBYX yPaBHEeHwit C
ABYMA NEPEeMEHHbLIMW, COCTABMIEHHYI0 M3 OOHOIO YPABHEHWS BTOPOA
CTENEHU W OJHOr0 YPaBHEHUS NEepPBOi CTENeHw.

HEPABEHCTBA C ABYMS NEPEMEHHbIMU
M UX CUCTEMBI

21. HepaBeHcTBa C ABYMS nepemMeHHbIMW

Paccmorpum Hepapenctso 2x° — y < 6. Ilpu x= 2, y= 5 210 Hepa-

BeHCTBO ofpamiaercsi B BepHOe YHCJOBoe HepaBeHcTBO 2 -+ 2% — 5 < 6.
ToBopsT, uyro mapa (2; 5) sBIgeTCH pelIeHHMeM 3TOr0 HepaBEeHCTBA.

- —— B A S R . B P S S B S A S W e B w S Y R S S S e

: PemenueM HepaBeHCTBA C ABYMS NepeMEHHBEIMH HA3LIBAETCH -
; mapa 3HAYECHMHE JTHX INepeMeHHBEIX, ofpamapiias AaHHOE i
| HEPABEHCTBO B BEPHOE YHMCIIOBOE HEPABEHCTBO. i

B o ol e e e B e S S S S e e e e

PaccvorpumM, Kak H3o0paskaeTcs HA KOOPAMHATHON ILIOCKOCTH MHO-
JKECTBO peIlneHHH HepaBeHCTBA C JBYMSA NepeMeHHBIMH.

CHauyana BBISICHUM, KAK HAWTH MHOYECTBO pelleHHil JHWHeiHOro He-
PABEHCTBA C [IBYMA HEPeMEeHHBIMH, T. €. HEPABEHCTBA Bupa ax + by < ¢
M ax + by > ¢, TAe x U y — nepeMeHHbIe, d, b U ¢ — HEKOTOpHIE YHCHA,
npuyeM xoTd Ohl oMH U3 KOa(PHUIMEHTOB @ MM b OTIMYEH OT HyJd.

YpaBHeHWs W HepaBeHCTBa C ABYMS NEpPEeMEHHLIMU
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PaccMoTpHM, HampuMep, HepaBeHCTBO x + 2y > 4 ¥ 3aMeHHM ero
pPABHOCHJILHEIM HepaBeHCTBOM Yy > —0,5x + 2. BrifepeM npousBoNbHO
3HAYEHHEe X, HANpUMep x = 2, M HAilZleM COOTBETCTBYIOIEE €My 3Haue-
Hue BeipamxeHus —0,5x+ 2. IMoayumm -0,5 -2 + 2 = 1. Ilapa umcen
(2; 1) aBnaeTcA pemenueMm ypaBHeHHs y = —0,5x + 2, Tak Kak ee Koop-
JOUHATH] YAOBJIETBOPAIOT 2TOMY ypaBHeHN1O. Jlxobwle mapnl uucesn BHIA
(2; y), e y> 1, nHanpumep napu (2; 1,8), (2; 4), (2; 100) u T. 5., #AB-
NAKTCA PelleHHAMH paccMATPHMBAEMOr0 HepaBeHCTBA. MBI Halaum
JHIIE HEKOTOpHIe pelleHHA HepapeHcTBa y > —0,6x + 2. Yrobr HaiiTH
BCe PEINEeHHUs NAHHOTO HepaBeHCTBAa, OyAeM paccyxAaTh AHAJIOTHMYHO.

ITycTh Xy — NPOM3BOJLHO BhIGpaHHOe 3HayeHMe x. Berumciamm coor-
BETCTBYIOIIlee eMy 3HadeHue BeIpakeans —0,6x+ 2. Tlonyuum
-0,5 - x5 + 2. Ilapa umcen (xy; yy), rae y, = —0,5x, + 2, saBAAerca pe-
meHdeM ypaBHeHusa y= —0,5x + 2. Torna mapm umcen (x,; y), rae
y> —0,6x, + 2 (T. e. y > y,), ¥ TONBKO 3TH mapkl, 06pasyioT MHOMKECTBO

pemeHH JaHHOTO HepaBeHCTBA.
Teneps BEIACHHMM, 4TO HIPEeACTABJIA-

eT cob0ii MHOYXeCTBO TOYeK, KOOPAHWHA- gk

Thl KOTODEIX HABJIAKTCA PpeINeHMAMH Vo K7
nepaBeHcTBa X + 2y > 4. Ilna atoro . STy )0
noctpouM mnpamylo y= —0,5x+ 2, or- S
METHM H8 HeH NOPOM3BOJBHYI0 TOUKY y LAY g e
M (x4; Yp) ¥ npoBefieM uYepe3 Hee NpsA- o} T ~ 4‘ L
MY, HNepHeHIHKYJIAPHYI OCH X 1 . S
(puc. 66). KoopausaaTe Tourku M ynos- t A e 0
JEeTBOPAT ypaBHeHHIO y= —0,5x + 2 =L lymk & 4 ¥
(Tak xax TOuKa M HDpHUHAINEXMT ITOH :

NpaAMoii), & KOOPAHMHATHL 11060 TOUKH '

K (xy; y), TRE Y> Yy T. €. TOUKH, pac- Puc. 66

MOJIOeHHOM BhIme Touku M, yooBiner-
BOpAKOT HepaBeHCTBY y > —0,5x + 2.

SHauMT, HEpaBeHCTBOM X + 2y > 4 3ajaeTcH MHOMECTBO TOYEK HKOOpD-
JMHATHOM IJIOCKOCTH, DACHOJOMKEHHLIX Bhime npamoii y= —0,56x+ 2,
T. €. OTKPBITAA HOJYILUIOCKOCTh (IIONYILIOCKOCTE Be3 rpaHMyYHON mpAMoil)
(cM. puc. 66). Yrobul mokasaTh, 4ro npamMas y= —0,5x + 2 He npuHaLTE-
HUT MOMYILIOCKOCTH, OHA HA PHCYHKe M3o0pajkeHa IUTPHXOBOH JTHHMe.

Moo cnenaTs Takoil BeiBox. Ilpsamas x + 2y = 4 pasbuBaeT MHO-
JKeCcTBO He MPHHAAIEKAIIWX €M ToOYeK KOOPAWHATHON ILTIOCKOCTH HA JBE
06nacTH: 06JIACTH, PACHIOJOXKEHHYIO BEIllE AAHHOHM NpAMOI, ¥ o6JIacTh,
PacnooMeHHYI0 HIMXe JaHHOU npaMoii. KoopauHaTel ToYeK nepBoit 0b6-
JIACTH YAOBJIETBOPAIOT HEpABEHCTBY x + 2y > 4, a KOODAMHATHI TOYeK
BTOpO# 06JACTH YEOBIETBODHIOT HEPaBeHCTRY X + 2y < 4.

Myl BeISICHHMIIB Ha YACTHOM IIPHMEpe, YTO Npeactrasisier coboil MHO-
eCTBO TOYEK KOODAMHATHOH IUIOCKOCTH, VAOBJIETBOPSIONINX HEpPaBeH-
¢TBam ax + by < c u ax+ by > ¢, B cinydae, Korga b# 0.

PacemoTpuM npuMepbl HEePABEHCTB C ABYMS IEpPEMEHHEIMH BTODOI
CTerenn.

§ 8. HepageHcTBa ¢ OByMSA NepemMeHHeIMW KU MX CUCTEeMB
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IMpumep 1. H3obpasum HA KOOPAMHAT- AY
HOH IJIOCKOCTH MHOMECTBO pelie- o

HHUl HepaBeHCTBa ¥ = (x — 2)°.
» IlocTtpoum rpaduK ypaBHeHHUSN |

SR EEFRRISNS RN RYRE N

K
y= (x— 2)°. Ormerum Ha napaGose . o _
y= (x— 2)° mpoHU3BOIBHYI0O TOYKY
M(xy; yg) ¥ TpoBeneM wepes 31
3Ty TOYKY MNEepHeHAHKYJIAP K

ocu x (puc. 67). Kooppunate: To4- bl e
K M yoOBIETBOPHAIOT YVDaABHEHHIO 1 —

y=(x— 2)?, a KOODAMHATEI TOYKH 1

K (x4 y), Toe y > y,, YAOBIETBO- +
pHIOT HepaBeHCTBY Y > (x — 2)%.
3HAYUT, pemeHHAMH JaHHOIO
HEPABEHCTBA SABJIAIOTCH KOOPAMHA-
ThHl TOYEK, OPHHAJNEKAIIMX TIAPA-  pyc 67

Gose y = (x — 2)°, ¥ KOOpAWHATHI

TOYEK, pacOooiodXeHHEIX BEIIIIE ee. yi
MHomxecTBO pelIeHH 3TOro He-
paBeHCTBa H300paXkKeHO HA PHCYH-
Ke 67. <

|
(=

=

p—

[ ]

e+

&

=Y

INIpumep 2. Hao0pasum HAa KOODAHUHAT-
HOH ILJIOCKOCTH MHOXKECTBO pelie-

Huil HepaBeHcTBa x° + i < 16.

» HepaBenctsy x° + y° < 16 yzaos-

JIETEBOPAIOT T€ M TONBKO Te HIaphkl
uynces (3HAYEHHME XH ¥), cyMMa
KBaJpPATOE KOTOPBIX HE IPEeBOC-
xoaut 16. I'paduxom ypasHeHMS p,. 68
x*+ y* =16 saBIseTcE OKpPYX-
HOCTB C LEHTPOM B HA4YAJe KOOPAMHAT M pagHycOM, paBHBIM 4.
JTa OKpY:XHOCTE pasfHMBaeT KOODAMHATHYIO ILJIOCKOCTE Ha ABe 06-
JACTH: MHOMKECTBO TOYEK, PACHOJIOMEeHHBIX BHYTDHM Kpyra, ¥ MHO-
JEeCTBO TO4YEeK, PacHoJOXeHHHIX BHe Kpyra. Ilepsas ob6nacthk
(puc. 68) BMecTe ¢ OKPYIKHOCTBIO SBJISETCHA MHOMXECTBOM TOYEK,
KOOPAMHATH! KOTOPHIX YAOBJIeTBOPAIOT HepaBeHCTBY x° + y° < 16,
4 KOOPAMHATEI TOYeK BTOpPOMH o0/acTH YAOBJIETBOPHIOT HEPABEHCTBY
x? + ya > 16. 4

IIpumep 3. BeACcHMM, KaKOe€ MHOXECTBO TOYEK B3aJA€TCS HEepaBeH-
crBOM xYy > 6.

P I'padurom ypaBHeHMs xy = 6 sBasercsa rumepbosa. 310T rpaduk
pasbuBaeT KOOPAMHATHYIO ILJIOCKOCTE Ha TpH o00macTtH A, B u C
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(puc. 69). Ob6nacts A pacno-
JIOM<EHA BRIlIEe BETBH rumnepbo-
JIBl, Jeykalneil B nepBoil KOOp-
OWHATHOH 4YeTBepTH, 00aCTH
B — mex Iy BeTBAMH rumnepbdo-
Jkl, obnacTe C — HMMKe BeTBH
ruoepbonel,  JeMalein B
TpeTbeil KOOPAMHATHOH ueT-
BEPTH.

OrMeTuM HAa BeTBH runepbo-
Jibl, PACHONOXMKEHHOH B Nep-
BOH KOOpAHHATHOM 4eTBEpTH,
TouKky M (x4 yo)- Koopauna-
TEI TOYKH M YXOBIETBOPHIOT
ypaBHeHMI0 xy =6, a Koop-
aunatel Touxku K (xg; y), rme
Y > Yy YHAOBIETBOPHAIOT Hepa-
BeHCTBY xy > 6, Tak Kak
NpoM3BefeHNe KOOPAHHAT
Kampoil ToukM ob6inacTH A
tonsime 6. BHAYMT, KOODAMHATEI TOYEHK, PACHOJOMEeHHEIX B obJac-
TH A, YEOBJIETBOPHIOT HepaBeHCTBY xYy > 6.

Ecmu Touxa npuHaane:xkuT obnactu C, TO npoHasBegeHHe KOODIM-
HAT KaXaoil TAKOM TOYKH Tak:ke Gonbine 6 (06e KoopaMHATEI 9TOMN
TOYKM — OTPHLATeNBHEIE YHCJI&a). S3HAYHUT, KOOPAUHATE TOYEK 00-
nactn C TakIKe yAOBIETBOPSIOT HepPaBeHCTBY XY > 6.
AHAJIOrMYHO MOMHO JOKA3aTh, YTO KOODAMHATEI KAXMICOH TOYKH,
pacmnonoyxeHHoli B obnactv B, ynoBIeTBOPHAIOT HEpPaBEeHCTBY
xy < 6, T. e. OHH He ABIAKIOTCH PEIIEHNAMH HepaBeHCTBa xy > 6.
OTcrona clenyeT, YTO MHOMKECTBOM TOYEK, KOOPAMHATEHI KOTODEIX
VIOBJIETBOPAIOT HepaBeHCTBY xy > 6, sBnaercs obbeaunenue o6-
nacteit A 1 C (cm. puc. 69). <

Puc.

YnpaxHueHus

482, fipnserca au napa uucen (—2; 3) pelueHMeM HepaBeHCTBAa:
a) 2x— 3y +16 > 0;
6) x* + 3xy—y® < 20;
B) (x+ 3)’ + (y—4)* < 27
183. Haiigute nBa KakMX-HHOyAL peIleHHs HepaBEeHCTBA:
a) y=> 2x—3; B) y< x*—1;
6) y < 3x—5; r) x>+ ¥ < 9.

184. Ma06pasuTe HA KOOPAMHATHON IJIOCKOCTH MHOMXECTBO TOYeK, 3a-
JlaBaeMoe HepaBeHCTBOM:

a) y = x; ) y<x-1; B}y‘:*%x—l; I‘)y{%x‘—3.

§ 8. HepaBeHCTBa C OBYMS NEPEMEHHBIMU M WX CUCTEMbI | 123



485, MaobpasuTe Ha KOODPAMHATHON IJIOCKOCTH MHOYKECTBO TOYeK, 3a-
apaBaeMoe HepaBeHcTBOM ax + by > ¢, ecsu:

8)a=0,b=1,c=38; 6)a=1, b=0, c=3.

486. U3obpazuTe HA KOOPAMHATHON IJIOCKOCTH MHOJKECTBO TOYeK, 3a-
AaBaeMoe HepaBeHCTBOM:

a) x=3; 6) y<-1; By l<x<4; r) -3<y<3.
487. Mz0o0pasuTe Ha KOOPAHHATHON IJIOCKOCTH MHOMKECTBO pelIleHHi

HepaBeHCTBA:

a) y< x® — 4; B) x° + y* < 25;

6) y=(x—2)° - 1; r) (x— 12+ (y—-2)° < 4.
488. Hao6pasuTe Ha KOOPAWHATHOH MJIOCKOCTH MHOMKECTBO peIleHHit
HepaBeHCTBAa!
a) xy>12; 6) xy <4.
489. Kaxoe MHOeCTBO TOYEK 3AJaeTcHd HepPaBeHCTBOM:
a) x> + y* — 6x—4y+13 < 0; 6) x*—4x-py+5 207
490. 3apaiiTe HepaBeHCTBOM C JBYMH INePeMeHHEIMH:
a) Kpyr c meETpoM B TouKe (2; 0) M paguycoM, paBHEIM 3;

0) MHOKECTBO TOYEK, PACIIOJIOMKEHHEIX BHE KDYra ¢ LEHTPOM B
Toure (0; 4) 1 paguycom, paBHBEIM 2.

491. OnuuinTe HEPABEHCTBOM MHOMKECTBO TOYEK KOOPAMHATHOM ILIOC-
KOCTH, PACHOJIOYEeHHBIX!

a) Beile mapabosinl y = x° — 9;
6) mmxe mapabonsr y=(x + 2)°.

492, U3obpasute Ha KOOPNMHATHOH IIJIOCKOCTH MHOMECTBO pelIeHMit

HepaBeHCTBA!
a) xy =0; 6) xy<0.
493. IlocTpoiiTe rpaduK ypaBHeHHSN:
. -
a) x* -y =0; 6) xy=ﬂ.

494. [IpepcraseTe B BH/le PalHOHAJNLHOH npobm:
x=-1 l-=x
x+t2  2ygrt2
495. Perunire cucTeMy ypaBHEHHE
bx-y-2=0,
{x?‘ - 2xy + 2 =4.
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22. CucTtembl HEPaABEHCTB
C ABYMS NnepemMeHHbIMU

PaccMOTPHM CHCTEMY HEpPABEHCTE C ABYMs HepeMeHHEIMH

x <y,
y<x+2

ITapa umcen (1; 2) sHAyeHN# HepPeMeHHEIX X M Y FABJIAETCH pelne-
HHEM KaK [epBOro, TaK M BTOPOT'O HepPABEHCTBA CHCTEMEI, T. €. ABJA-
eTcA OOLUUM pellleHHMeM HepPABeHCTB 9TOH cHCTeMEl. TaKyl mapy uMcen
HASBIBAIOT DPEUWEHUEM CUCMeMbl HEPAGEHCME ¢ O8YMA NepeMeHHbLMU,
MHOECTBOM PpeIIeHHiI CHCTEMELI HEPABEHCTB € ABYMA IepeMeHHBLIMH
ABJfETCH NepecedYeHHe MHOYKECTE pDeIleHHH BXOAAIIUX B Hee Hepa-
seHCTB. Ha KOOpDAMHATHOHM ILIOCKOCTH MHOYKECTBO PellleHHH CHCTEeMBI
HepABEHCTB HM300pa)kaercd MHOMECTBOM TO4YEK, NPEeACTABJSIOININX CO-
ot OOIYIC YacTh MHOMECTB, 3ANABAEMBIX HEPABEHCTBAMH, BXORAI[H-
MH B CHCTEMY.

PaccMOTpMM [IpHMeEpEI.

IIpumep 1. BelacHuM, KaKOe MHOYKECTEO TOYEK 3aJaeT HA KOOPAHMHAT-
HOH ILIOCKOCTH CHCTEeMa HepaBEeHCTB

2+ y® < 4,
x+y=l

P IlepBoe HepaBeHCTBO CHCTEMEI 3aX8eT HA KOOPAMHATHOH IJIOCKOC-
TH KPYr ¢ LEHTPOM B HAYAJle KOODAMHAT M PAJAHYCOM, DABHEIM 2.
Ha pucynxe T0 3T0 MHOMKeCTBO TOUEK MOKA3AHO IOPU3OHTAILHOH
mTpUuXoBKOi. Bropoe HepaBeH-
CTBO 3afaeT MOJYILIOCKOCTh, KO-
TOpasd NOKa3aHa Ha pHcyHEKe T0
HAKJOHHOH mTpUXOoBKOH. MHO-
IKECTEO peIneHHE CHCTeMbl H300-
Pa*keHo ABOWHON MITPHMXOBKOM.
HTax, MHOMECTBOM TO4YEK, KOTO-
poe 3aJaeT CHUCTEMA HEPABEHCTB

.1.‘2+y2{4,
x+ty=1,

ABJIAETCH CeTMeHT, NMOKa3AHHLIN
Ha pucyHKe 70 apoHHON mMITpH-
x0BKOi. <

OcTanoBumcs nogpofHee HA IpUMe-
Pax cHcTeM, COCTOSINMX M3 ABYX JH-
HEMHBIX HepPaBEHCTB. Puc. 70

§ 8. HepaBeHCTBa C OBYMS MNEPEMEHHbIMW W WX CUCTEMbI
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Puc. 72

IMIpumep 2. HaobpasuM HA KOOPAMHATHON IJIOCKOCTH MHOXKECTBO pe-
mIeHHH CHCTEeMEI

yv=x-2,
y=-1,6x+ 3.
b MHOXKecTBO TOYeK, 38aBaeMOE IIEPBEIM HEPABEHCTBOM, — IIOJY-
IJICCKOCTh, PACHOJIOMEeHHAA BEIIIe npaMoil y=x — 2. MHoxKecTBO
TOYEH, 3AJABAEMOE BTOPHM HEPABEHCTBOM, — NOJYILJIOCKOCTH,

pacmonoxeHHad Bhilmle npamoil y=—1,5x + 3. Ilepeceuenne atux
MHOXKeCTB IpejcTaBiaAeT coboil yros, oTMeYeHHBIH HA KOODPAMHAT-
HOM TLIOCKOCTH ABOHHOM IMTpHXoBKO# (puc. T1). <

IIpumep 3. BriACHMM, KaKoe MHOMKECTBO TOYEK 3aZ8eT Ha KOOPAHMHAT-
HOH ILJIOCKOCTH CHCTEMa HepaBeHCTB
y=2x+1,
y=2x - 2.

p MHOMECTBO TO4YeK, 3ajaBae€MO€ NEPBHIM HEpPaBeHCTBOM, — MOJY-
IJIOCKOCTh, PaCHOJIOMKEeHHasA HMKe npaMoil y = 2x + 1. MHoxkecTBO
TOYeK, 3ajaBaeMoe BTODEIM HepaBeHCTBOM, — HOJYILIOCKOCTh, pac-
NOJIOMKEeHHAA BhiINle nNpaAMoii y= 2x — 2. Tak Kak yrioBele Koahdu-
OHeHTHl NIPAMBEIX ¥y=2x+ 1 ¥ y=2x— 2 paBHsl, TO OIpAMEIE HDAPAJ-
JnensHEL CrlefoBaTesbHO, NepecedeHHeM YKA3AHHBIX M0JIYILIOCKOCTeMH
ABJAETCH noJjioca, u3obpayieHHas Ha pucyHKe T2. <

YnpaxHeHmn

e 7 s Y

496. flpnsercas nM pelleHUEM CHCTEMBI HEPABEHCTE
>-2y>1,
3x+y>3

napa uucen: a) (4; 2); 6) (-5; 1); B) (—2; -1); r) (6; —5)?
YpasHEHUs U HEPaBeHCTBA C ABYMS MepeMeHHLIMM




497. IToxkaxkuTe LITPUXOBKON HAa KOOPAMHATHOM IJIOCKOCTH MHOMNKECTBO
PeIIeHnH CHCTEeMEl HepaBeHCTB:

a) |y=2x-38, B) |-2x + y < -1,
y<-x+3; x—-y=>3;

6) [x — 2y < 4, r) jx+y=3,
x+y<3a; x-y<2.

498. Uzo0pasuTe Ha KOOPAMHATHOH IJIOCKOCTH MHOXKECTBO perreHui
; CHCTeMEl HEDABEHCTB:

a) |[x =2, 6) |x < -1, B) [x+22=0,
v=1; y > 0; y-3=<0.
499. 3apaiiTe cuCcTeMOil HEepaBeHCTB:

8) MepBYI0 KOOPAMHATHYIO YETBEPTH (BKJIHOYAA OCH KOODAMHAT);
0) TpeTbi0o KOOPAMHATHYIO YEeTBEPTH (BKJIHOUYARA OCH KOODAMHAT).

500. H306pasuTe HA KOOPAMHATHOH IJOCKOCTH MHOMECTBO pelleHMH

CHCTeMEI:
a){y;ax?, B) [+ %<9,
y<4; (x -3+ 2<9;

6){x2+y2£4, N [(x-22+@w+1)2>1,
x-y=0; (x-2+(y+1)¥2<0.
501. Karkyw QHrypy sajaeT MHOECTBO pelleHHII CHCTeMEl HepaBeHCTB!

a) l[x—-y=<0, 6) |2<x<4,
x+y<b5Hh, -1€y<1?
x =2 0;

Haiigure nuomagb Kaaoil GpuUrypsl.

502. 3azaiiTe cHCTeMO HepABEHCTB:
a) TpeyronbHUK, U300paKeHHLI# Ha pHcyHEKe 73, a;
6) Konbio, H300pa)keHHOe HAa PHCYHKe 73, 6.

a) yi 6) b

=

§ 8. HepaBeHcTBa C ABYMS NEPEeMEHHbBIMW W UX CUCTEMBI
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503. OnHa u3 cTOpPOH ocTpore yriaa npoxoxut depe3 Toukud (0; 0) u
(3; 3), a gpyraa — depesd ToukH (0; —2) u (3; —2). Sagaiite ator
YTOJl CHCTeMOll HepaBeHCTB.

304. Pemnute ypaBHeHHe:

a) (x + 2)° + 9(x + 2) + 20 = 0; 6){x—5)2+2{x—5]—63=0.

5305. Haifinute obmacTb onpefeneHus QYHKIHH Y = \fx -5+ J15 - x,

206. [oramxure, 4T0 BEPHO HEPABEHCTBO
6x(x+ 8) — (bx- 2T)(x+ 17) > Q.

KoHTponbHbIe BOMPOCHI

410 Ha3bIBAETCA pelleHWeM HepaBeHCTBa C OBYMA MNepeMeHHBIMW?

Kakyto napy 4vcen HasbiBalOT pelleHWeM CUCTEMBl HepaBeHCTB C
ABYMS NepemeHHbIMA?

M306pa3vTe HA KOOPAWHATHOW MNOCKOCTM MHOXECTBO pPEeLIeHni
CUCTEMBl HEPABEHCTB
{x?" + y? < 36,

x+y<B6.

Hasa mex, kmo xouem sHamv Gonbule

23. HekoTopblie npuemMbl pelueHus
cucTemMm ypaBHEeHUA BTOPOW CTeneHn

C ABYMA nNepemMeHHbIMU

Bhl MO3HAKOMHJINCE €O crocof0oM pellleHHs CHCTEM YpABHEHHIl ¢
ABYMHA MepeMeHHEIMH, B KOTOpPLIX OJHO yVpaBHeHHe NepBoil cTelleHH, a
Ipyroe — BTOpo# cremeHu. Taxue cHcTeMbl pellalTcA cnocoboM Imox-
CTAHOBKH.

ITokarkeM Ha IPHMEpPAX HEKOTOpBIE IIPHEeMbl pellleHHMA CHCTeM Ypas-
HeHWil, B KOTOPBIX 008 YpaBHeHHMA BTOpPOIl CTereHH.

IIpumep 1. Pemuum cucTemy ypaBHeHHit
Z-9y2-x+3y=0,
Z-xy+y="T.

LEEERI YpaBHeHWA M HepaBeHCTBA C OBYMA NepemMeHHbIMK




p B 2T0H cHCTeMe MHOTOYWJIEH, 3ANHCAHHBEIE B JIeBOH YACTH I[TepPBOIO
YPBBHEHHH, MOMLHO pB,EJIOJK]'ITh Ha J'[HHEfIHHE MHOMHTEJIH,

x% - Qyz— x+3y=(x—3y)(x+ 3y) —(x— 3y) =
= (x— 3y)(x+ 3y — 1).

Cucrema ypaBHeHMI NepenHIIeTcH B BHIEe

(x -3y)(x+3y-1)=0,

F-xy+y="T.
IIpoussenenne (x— 3y)(x + 3y — 1) paBHO HYNIIO TOrA M TOJBKO
Torga, Korga x— 3y=0 unu x+ 3y— 1 =0.

PemmeHuAMH HCXOmHOH CcHCTeMB! SBJAAIOTCH Te IIAPH 3HAYEHNH
nepeMeHHEIX X M Y, KOTOPhIe YAOBJETBOPAIOT CHCTEeMe YPaBHEeHHH

{x—3y=0,

1
L-xy+y="T, 0

HJIH CHCTEMe YPaBHeHHH

{x+3y—1=0,

2
L -xy+y="T. £

IoaTromy MHOMeCTBOM pellleHMH HCXOOHOH cHCTeMbl SBIAeTcH 00h-
enuHeHne MHOxecTB penieHMit cucrem (1) u (2). I'ogopsaT, YTo gan-
Haf CHCTeMA pPABHOCHIBHA COSOKYNHOCMU CUCMEM PA6HEHLIl
(1) u (2).

PemuM nepeyio cHucTeMy. BHINOJMHHMB MOZCTAHOBKY X = 3y, NoJy-
YMM KBajpaTHoe ypaBHeHue 6y° + y— 7 = 0, KOPHSMH KOTODOro

ABNAKTCH YHCIA Y, = —1%, ys = 1. IlopcTaBHB HX 3HadeHHHA B Iep-
BOE ypaBHeHHe, Haiinem, 4TO X, = ~3%. X, = 3. 3HAYHT, CHCTe-
Mma (1) MMeeT pellleHHA (—3%, —1%] u (3; 1).

Peminm cucremy (2). BrinonHue nopctaHoBRY X = —3y + 1, momy-
yuM KBaJApaTHoe ypaBHeHme (—3y+ 1)’ — y(-8y+ 1)+y—7=0,
KOTOpoe Tocje ynpomeHus npumer Buz 2y° — y— 1 = 0. Orciona
Yy = —%. y, = 1. IlogcTaBuB 3TH 3Ha4eHUS B IlepBOe ypaBHeHHe
cucrems! (2), mHaiigeMm, uTo x3 = 2,5, x, = -2,

3HauuTt, cucrema (2) umeer pemenus (2,5; —0,5), (—2; 1).
Pemenus wcxogHoil cHCTeMEI: (—3%; —1%}, (3; 1), (2,5; —-0,5),
(-2; 1). 4

Taxum oOpasoM, MBI PeIINJH MCXOAHYI) CHCTeMY YpaBHeHWIi,
SEMEHHUB €e COBOKYIHOCTBIO ABYX CHCTEM.

E Ona 1ex, KTo xo4eT 3HaTb Gonble
} KD, H. MaxapLses. 9 5L, 1 29
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Ilpumep 2. PemunM cucTeMy ypaBHeHMIi

2x* + 3y = xy,
x* -y = 3xy.

P Bocnonbayemcs crocofoM clioxxkeHusi. Ilepsoe ypaBHeHHE OCTABUM

Ge3 MaMeHeHHsA, & BTOPOe YMHOMKHM Ha 3. 3areM CJOKHM MOUYJeH-
HO JieBBlé M IIpaBkle 4HacTH ypaBHeHH#H. IlonyumM ypasHeHHe
5x° = 10xy, KOTOpOe MOKHO NpeACTABUTHL B Buae x(x — 2y) = 0.
SHaYKT, HCXOOHYIO CHCTEMY MOYKHO SAMEHHTh pPABHOCHJIBHOH ei
COBOKYITHOCTBIO [BYX CHCTEM

- 0, X = zyr
9 H
x° —y=38xy x* —y = 3xy.
Ilepean cucTema umeer eJuHcTBeHHoe pemeHue: (0; 0), Bropas

CHCTeMa MMeeT ABa pemueHHsa: (0; 0) u (—1; —0,5).
Pemenus mcxoguoi cucremsr: (0; 0), (-1; —0,5). <

IIpumep 3. PeiinM cHcTeMy

3%+ 4xy + y* =0,
P-Bxy-3y-7=0,

P Jlepas 4YacTe HEepBOrc YPaABHEHHUH CHCTEMBI — OAHODOAHBIN MHO-

rouneH, T. e. MHOTOWIEH, Ka)[blil 4ieH KOTOPOro MMeeT OHHy H
TY e CTeNneHs.

Paspenum ofe 9acTH NepBOTO ypaBHeHMsA Ha y°, NpeAmoJaras, 4To
x
y# 0. TIlonyuuM KBAJDATHOE OTHOCHTENBHO  YpaBHeHue

2
3(-3] +4§+1=0. IIpu arom mel norepsaem pemeHue (0; 0)

nepeoro ypaBHeHusi cucreMel. Ho rak kak napa (0; 0) He ABaserT-
CA pemeHMeM BTOpPOro ypaBHEHHHA, TO CHCTEMA

2
3[-’5) +4Z +1=0,
v b
¥ -5xy—-3y-7=0

ABJIAeTCHd PaBHOCHJIBHOH HcXomHOoH cucreme.

x
OGosnauus , OyxBoil ¢, monyuum ypasHeHue 3t* + 4¢+ 1 = 0.
1 1
Pemmms ero, nHaiigem, 4uro , = -1, {, = —3, T. e. %- -1 wnu §= -3

1
Orciofia x =—y um x=—3y.

Takum obpasom, pelleHHe HMCXONHOH CHCTEMBI MOMKHO CBECTH K
PEIIeHHI0 COBOKYITHOCTH ABYX CHCTEM:

I EEERI YpaBHeHWs M HepaBeHCTBA C OBYMSA NepemeHHbIMW



1
{xs_y’ g 4% a3
x* -Bxy-8y~7=0 x* - Bxy — 8y - T=0.
Pemuuge nepBylo cucTemy, Haiinem, 49TO

_ 3+ 17T 3-TTT, ' -8=ITW 3+ 177

. ¥ RITE W ot g ST T I
PemME BTODPYIO cHCTeMY, HAizeM, 4TO
T 5
X3 =1 Ya = ~1l1g *,=-1, y,= 3.
Pemenns MCXopHOH CHCTEMEI:

(-3+J17_7_3—J17_7}[—3-J1?-’:3+ 437—7} (i

12 : 12 12 2 12 16

5
ﬁ). (-1; 8). <

3 =1

IIpumep 4. Petuum cucremy
2+ 3xy + ¥ =11,
xy+x+y=>5.
P VpaBHeHHS B 9TOil CHCTEME COIEPIKAT CyMMY NepeMeHHBIX Xx +y,

npousseeHMe Xy W CYMMY KBagpaToB x- + y°. Ecim B aToii cucte-
Me 3aMeHHTh X Ha y, a y Ha X, TO NOJYYHM Ty e cucremy. Takue
CHCTeMBI HasBIBAIOT cuUMMempuyeckumu cucmemamu. Ux ypo6uo
peInaTh, BBOJA HOBEIE TepeMeHHEBIe.

Iyete x +y=u, xy="v. Torma x° + y? = (x + y)* — 2xy =u® - 2v.
B pesyneTaTe MONYYHM CHCTEMY

W-20+38v=11, _ . Jut+v=11,

v+u=>5, v+u=3>5.
PelliuB aTy cucTeMy cnocofoM MOACTAHOBKM, HalleM, uTo u, = —2,

vy, =17, uy =3, vy = 2. BrinonHus oOpaATHYIO 3aMeHY, MOJNY4YHM CO-
BOKYIHOCTE CHCTEM

x+y=-2 - x+y=23,
xy =T xy = 2.
Ilepeas cucrema He HMeer pelneHuii. Bropas uMeer pemeHH#A
(1; 2) 1 (2; 1).
Pemmenns ucxoguoi cucremsi: (1; 2), (2; 1). <
YnpaxHeuus

507, Pemnre CHCTEMY ypaBHEHHit
a) [(x - 2y)(x + 3y) =0, 6) |x* — 4xy + 3y* + 2x - 6y =0,
-y =12; Lexy+yt="1.

Ana Tex, KTO xo4eTr 3HaTb Gonblie 131
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508. Pernure cucreMy ypaBHeHmili:
a) {x"+xy—2y2-x +y=0, 6) {xz—ﬁxy+5y2—x+5y

Z+y2=8; 2 - 20y* = 5.
509. Haiimute Bce pellleHHS CHCTeMB! VDABHeHMIt:
a) 2% - 3xy + 14 = 0, 6) |2x® - 6y = xy,
82%+ 2xy - 24 =0; 3x* - 8y = 0,5xy.

510. Peiunte cucreMy ypaBHeHwHii:
a) |x* + 3xy - 102 =0, 6) |2+ xy - 65°=0,
x*-4xy + 3y =0; 2 +3xy +2y -6=0.
H11. Haitsiure Bce pellleHHs CHCTEMEl ypaBHEHWIA:
x y 25 x Yy
ﬂ) ;"‘;:TEO 6) ;_;52111
B-y=T; o+ yf =29,
512 Pemure cucTeMy ypaBHEeHMiA:
a) x2+xy==6, 6) xz-xy=7,
vV +ay=38 f-xy=09,
513. Petunre cucremy ypaBHEHHIi:
a) [x% + 2 = 25, 6) |2 + y° = 26,
xy =12; x+y==6.
514, Haiinure MHOMXECTBO peIIeHHil CHCTEMEIL:
a) [+ xy+y2=1, 6) | +xy+y°=19,
x+xy+y=5n x+xy+y=1.
515. Petunre cucreMy ypaBHeHmHii:
a) [4x(x + y) + ¥ = 49, 6) |3x(3x — 4y) + 4y° = 64,
dx(x — y) + y° = 81; 3x(3x + 4y) + 4y° = 16.

DononuurensHbie ynpaxHexus kK rnase Il

K naparpady 7

516. [Moxaxure, 4TO ypaBHeHHe He HMMeeT PEIIeHHH:
a) x> +4xy+4y* +5=0; B) X’ - 2x+1 - 4y+6=0;
6) x* - 2xy+8+y’=0; r) x*y®* - 2xy+3 = 0.

LELEERL YpasHeHMs M HEpaeeHCTBA C ABYMS MepemMeHHLIMK




517. Joxkakure, 4YTO YPABHEHNE WMEET eJIWHCTBEHHOE pellieHHe:
a) ¥+ y® + 2x+1 = 0; 6) x> —2x+y*+4y+5=0.
518. CocTaBeTe ypaBHeHHe, IPDAQHKOM KOTOPOTO SBISETCH:
a) mapa npammx y=x+5Hnmy=x—25;
6) oxpyskHOCTb X~ + y° = 4 u mapa MPAMBIX y=-3m y=3;
B) runepbona xy =6 u OKpYXHOCTH 2+pt=1.

519. ITocTpoiiTe rpaduK ypaBHEHHS:

a) X +y—2x—4y+5=0; 6) y* — x*=0.
520. IlocTpoiiTe rpaduk ypaBHEeHHA:
y-x o y-o _ L+f-16 L+yF-1
a]x_z—ﬂ, 5)—"-'-"—1- 0; B] yz 1 0, P)T-—UE__D.

521. [Ips KaxKoM 3HAYEHHH @ OKpY:kHOCTH (X —a)? + (y — 3)% = 16 npo-
XOOHT 4Yepes TOUKY:
a) A(2; 3); 6) B(7; —1); B) C(-2; T); r) D(1; 5)?

522! HailinuTe Leable pellleHHd ypPaBHEHHA:
a) x> — y* =5; 6) x* —y>=8.
523. PemunTe rpapuuyecKH CHCTEMY YpPaABHEHHIA:
a){y+x+xz=0, r) [+ 2 =10,
-y =10; xy =8;
6}{(x—2>2+y2-9, m [x+y=8,
y=x2—4x+4; {(x+1)2+y2«—-81;
B]{x2+yz=25, =-.ra+4
y = 2:% - 14; = |«|.
524. Maobpasue cxeMaTHYeCKH rpadHKH _ypannenuf-‘r, OnpenenuTe,
HMeeT JIH pellleHNs CHCTeMa VPABHEHHH M CKOJBKO:
a) [x¥*-y+11=0,
y+ x* =4
6) [(x + 832+ (y+4)P=1,
{(x —2P+(y-1=4;

) { = |l
1 -
-2-3:3 -y =0.
525] CkonBKO pelneHuii MOXKET MMeTh CHCTeMa ypaBHeHMil
Bryi=r,
y=-x"+4,

rpe r — MNOJNOMHTeJIbBHOEe yueno?

HononHutenbHble ynpaxHeHua k rmase
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526. I[Ipy KaKuX 3HAYEHHWAX M CHCTEMA ypaBHEHHIX

2+ y? =85,

X=-y=m

HMeeT: a) OgHO peimneHue; 0) ABa peimeHus?
527. Peuiurte cucTeMy YpaBHEHMII:

a) [x+3y=-1, r){2xz+3y2—5xm2ym26,
¥+ 2xy +y=3; E=y=4%

6) |2x -y =1, n) [4x* - 9% + x - 40y =19,
xy -y +8x=-1; 2x -3y =5;

B) [2x +y - 11=0, e) |8x° + i + 8x + 18y = 5,
2x +5y - -6=0; x-y+2=0.

528. HaiiinTe Bce pellleHUsA CHCTeMbl YpaBHEHHIA:

a) |lx —y =4, B) j2x —y =5,
(x -1y +1)=2xy + 3; (x+1)(y +4)=2xy-1;

5){y—x=1, N |x+y=1,
Cy+1)(x-1)=xy+1; (x - 1)(y + 5) = y* - 12.

929. PemnTe cHCTEMY YpABHEHHIA:
a) {xz+5f2=40, 6) {x=+zyﬂ= 228,
xy =-12; 3x% - 2% = 172.
530. PemnmuTe cucTeMy ypaBHeHuii:
a) x> +8x-4y=20 ©6) [ +3x-y=1,
{xz—2x+y=—5; {y2+6x—2y=1.
531. Pemtute cucTeMy ypaBHeHMIi:

a) |x + y + xy = 5, 6) |[x+xy+y =10,
xy +x—-y=13; xy - 2x - 2y = 2.

532, Pemnute cucreMy ypaBHeHMii:

a) [(x + y)x - y) =0, B) | " + y* = 25,
2x -y =1 (x -3y -5)=0;
6) | x* + y* = 100, r) Jx? - y® =50,
(x=Tyx+Ty)=0; x(y +1)=0.
533. Peruure cucTeMY VpaBHeHHIi:
.1 9 : SO O |
a) ;+;=“. 0) z g2
2x -y =5; x + 2y = 14;

(LECERI YpaBHeHWs M HepaBeHCTBa C OBYMSA MepemMeHHbLIMK




534, Umeer 1M pellleHMs CHCTeMa ypaBHeHMil
3x -4y =-2,
3x + yz =10,
-y - x+y=100?
535. HMeloT u 06myl0 TOYKY TpadUKH YpaBHeHHT
x+y=T, 2x-y=2, X+xy-y*-y=17
536. Perunute cucreMy ypaBHeHHMii:
a) [+ +x+y=18, ) {(x+y}2—2(x+ y) =15,
{xz—y2+x—y-6; x+xy+y=11
6) {x2y2 +xy =72, r) {{x +y) - 4(x + y) = 45,
x+y=6; (x-yP-2x-y)=3.
537. Eciu yMHOMUTE KBAADATHRIN Tpexuien ax’ — 2x + b HAa KBajgpar-
HEIf TpexuneH x° + ax—1, TO MONYYMUTCA MHOTOYJEH YeTBepToi

CTeneHM, B KOTOPOM KO3(h(MHIHEHTHI MPH X° M X COOTBETCTBEHHO
paBHel 8 u —2. Halinute a u b.

538. CymMma ABYX MOJOKUTENIBHEIX uuces B b pas Gonklile HX pPA3HOCTH.
Hajigure aTH 4KCla, €CIH M3BECTHO, YTO PASHOCTE MX KBAJDATOR
pasua 180.

539. IlpouseeneHne AByX 4Yucen B 15 pas Gonsumie ux cymmbl. Ecnu
[epBOMY YHCJIY NPHOGABHTHL YABOEHHOE BTOPOE YMCJO, TO TOJYYHT-
ca 100. Haiigure aTH umpcha.

540. PasHocTe KBagpatoB AByX uwucen pasHa 100. Ecam m3 yrpoenHoro
MepBoTro 4YWCJIA BBIYECTE YABOEHHOE BTOPO€ YHCJIO0, TO MOJYYHT-
ca 30. Hafigure aTu 4ucia.

541. HalinuTe neysHaudHoe 4HCJ0, KOTOpoe B 4 pasa Golnbllle CYMMBI €ro
nudp u B 2 pasza Gonbllle NpoHU3BeAeHUS ero IHQP.

542. Ecin uncnuTens oOBIKHOBEHHOI apobM BO3BECTH B KBaJIpaT, & 3Ha-
MeHaTeNns YMeHBINUTE Ha 1, TO monyuuTca npolk, paBHasa 2. Ecnn
e YHCcIHTens apobm yMeHbHIMTEL HA 1, A 3HaMeHaTelb YBelH-

yuTk HA 1, To nomyuuTcsa Apolb, paBHas %. Haitaure aty npobs.

543. Ecnu yncaurens oGLIKHOBEHHON npobH yBeIMYHTH HA 7, A 3HAMe-
HATeNbh BO3BECTH B KBAJApPaT, TO NONy4YHTCH Apobk, paBHASA %. Ecan
JKe YHCJIHUTeNE OCTABHTE 0e3 HM3MeHeHHsd, A 3HAMeHAaTelb YBeJH-
yuTe HA 6, TO moayuutrcA Apobek, paBHaA % Haiigure aty apobs.

dononHuTensHele ynpaxHeHws k rnaee |l | 135



D44, Muarodalp nNpAMOYroJibHHKA pasHa 15 cMm. Eciau omgHy H3 ergo
CTOPOH YMEeHBIUHTHL Ha 6 cM, a APYIyi VMeHBHIHTHL HA 8 cM, To
IepHMeTp YMeHBINHTCH B 3 pasa. HallnuTe CcTOpPOHE! NpPAMOYTOML-
HHUKA.

545. BacceiiH HanoJHAeTcA depes mepeyio Tpydby Ha 5 u OGnicTpee, uYem
yepes BTOpyIo. BacceflH MOMHO HANOJHHUTE, ECJIH OTKPHITH CHAYA-
Ja OnHy HepByio TpyOy Ha 5 4, a 3aTeM OJHY BTOpYKO Ha 7,5 v,
8a CKOJBKO 4YacOoB HamonHUTCH GacceilH npu coBMecTHOH pabote
obenx Tpye?

546. Yrobsr HanmosmHUTE DBacceiiH, cHAYAJA OTKPBUIM OgHY TpyOYy U depes
2 4, He 3aKpPBIBAA €€, OTKDLLUIK APYryio. Hepes 4 4 cOBMeCTHOH pa-
6otel TpyD Gacceiir 6uln HamosHeH. OnHa BTOpas Tpyba Moria Owbl
HanonHuTk OacceitH B 1,5 pasa GeicTpee, YueM oJHA nepeasd. 3a
CKOJNBKO YACOB MOXKHO HATOJHWUTE OacceilH uepes Kaxaywo TpyOy?

547. U3 aByx ropoaos, paccTOAHHE Me¥Iy KOTOpbIMH paBHo 270 M,
ONHOBpEMeHHO HABCTpe4YY JAPYr APYrY BHIXOAAT XBA IOe3da u
BeTpeualoTes 4depes 3 4. Ha Bece nyTe OQMH H3 MOE3NOB TPaATHT
Ha 1 4 21 MHH Gosablle, dem apyroii. Haligure cKOpoCT: Kaxmo-
To moesja.

548, Uz nyuxTor M u N Brlexaju OgHOBpeMeHHC HABCTPeYY JPYT ApY-
ry aea apromMobunda. OpuH u3 HEX npuimien 8 N uepes 1 u 15 mun
mocie BCTpedM, a Apyroit — B M uepes 48 MuH mocne BCTpedvH.
Paccrosnue mempy nyHxtamu M w N pasxHo 90 kM. Haiinure cko-
POCTH ABTOMODMIIE.

549. ITeoe TYpHCTOB MAYT HABCTpeYY APYT APYTY M3 OVHKTOB A u B.
ITeperiit Bnimien uz A ma 6 u mosxe, yem BTOpoit M3 B, w npu
BCTpEYe OKA3AJI0Ch, YTO OH mpomen Ha 12 KM MeHbIIe BTOpPOTO.
I[Iponomxas ABMIKEHHE C TOH 3Ke CKOPOCTBIO, NMEpPBHIH MpHINen B
B uyepes 8 4, a Bropoii — B A uepes 9 u nmocne serpeun. Hailigu-
Teé CKOPOCTE KaXMIOr0o TYPHCTA.

K naparpady 8

550. Mao6pasuTe Ha KOOPAHHATHON IIJTOCKOCTH MHOYKECTBO peIleHUil
HEpABEHCTBA:
a) y—2x> 2; G) X< 1.

551. HzobpasuTe HA KOOPAWHATHOH IJIOCKOCTH MHOMECTBO TO4YEK, 3a-
[aBAEMOe HEepPABEHCTBOM:

a) (x—3)¢+(y+3)2<4; 6) y<x® - Hx+6.
552. I'me Ha KOOPOHMHATHOH IIIOCKOCTH PACIOJIOMEHbl TOYKH, YV KOTO-
pBIX:

a) abcmucca GoJbine OPAHMHATHI;
6) opnuuara Goselne abcupcchI?

S
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553. Kaxoe MHOecCTBO TOYEK KOODAMHATHOH IJIOCKOCTH 38I8eTCH
HepABEHCTBOM:

a) x> +y* —4x—-8y<0; 6) x2—-6x+y+4>0?
53_4;' HaobpasuTe Ha KOOPAMHATHONH IJIOCKOCTH MHOMECTBO pelleHHH

HEepABEHCTEA:
a) y = |x; 6) y<lx—2|.
555. Kaxoe MHOMeCTBO TOUYEK 3a/laeT HA KOOPAMHATHOH TJIOCKOCTH
HEepABEHCTBO:
a) (x-D-1)>0; 6)x*-y>>0?
556. ToxakuTe, 9TO MHOMKECTBO pelIeHHI 7\

HepaBeHcTBa |x]| + |y| € 1 sanaercsa ¢u-
rypoii, usobpaxkeHHoii Ha pucyHke T4.

557. zobpasuTe HAa KOODAMHATHOH TLIOC-
KOCTH MHOJECTBO PeLIeHHH CHCTeMbI

HepaBeHCTB: x
a) |22 + y? < 25, 6) Jx*+y°>09,
xy < 0; xy = 0.

558, VraxuTre Kaxme-HuOyAb 3HadeHHs k
u b, IpH KOTOPEIX CHCTeMA HepPABEHCTB

Puc. 74

y<2x+3, 5

y2kx+b
3a78eT HA KOOPAHHATHOH MJIOCKOCTH:
a) moJjocy; G) yroin.

r,.’iﬁﬂ.] Kaknm MHOMeEcTBOM TodYeK HaoOpaykaeTcs MHOMKECTBO pelleHHIl

HepaBeHCTBA:
a) y(x* +y* - 1)=20; 6) x(x® — y) < 07

HAdononHuTensHble ynpaxHeHua k rnase il | 137
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24. NocnepoBarensHOCTU

ByaeM BHINMUCHIBATE B NMOPAAKEe BO3PACTAHWUSA IOJOMHUTENbHBIE UYeT-
Hele uncna. Ilepeoe Takoe uncio paBeo 2, Bropoe 4, Tperse 6, uermep-
Toe 8 u 1. a. Ilonyuum nocaedosamesivHocme

2: 4768 ...

HAcHo, 4YTO HA NATOM MecTe B 9TOH IOC/HENOBATENLHOCTH OyAerT 4uc-
a0 10, Ha gecaToMm — uucno 20, Ha cotroMm — uyucno 200. Boobine gns
JI000T0 HATYPAJILHOTO YHCJA /1 MOXKHO VKASATh COOTBETCTBYIOILIEE eMy
NOJIO¥HUTENLHOE YE€THOe YWCJIO; OHO PaBHO 2n,

PaccMoTpuM ellle OfHY IMOCNENOBATENHHOCTh. BylleM BEINMCHIBATL B
nopsiike yOmIBAHMA NpaBUJbLHBIE APOOM € UHCIAUTETEM, DABHBIM 1:

1 1 1 L 1
223’586
IOns noboro HATYPATBLHOTO YMCIA N MbI MOMeM VKA3ATh COOTRET-

CTBYIOLOYVIO Apo0b, CTOALIYIO B 3TOH IOC/HENOBATENLHOCTH HA f-M Mec-

1

Te; OHa paBHa — - . Tak, Ha IIeCTOM MecTe JO/UKHA CTOAThL Apobb 7
1 1

Ha TpUAnAaTOM — Apobb 37, HA THICAYHOM — Apobb 001"

Yucna, obpasyioniie MocJef0oBATENLHOCTE, HASHIBAIOT WJIEHAMU NO-
caredosamenvrocmu. UneHbl MOCHeAOBATENLHOCTH 06BIYHO 0603HAYAIOT
6YKBAMH ¢ HMHJEKCAMM, VKA3BLIBAKOIIMMN NOPAAKOBEIH HOMep uneHa,
HATIpUMeED a,, ds, 43, 4 ¥ T. A. (YUTAIOT: «a NEpPBOE, a BTOpOe, a TpeThe,
a yeTBeproes H T. A.). Boobine uneH nmocnefoBaTeNLHOCTH ¢ HOMEPOM 71,
MM, KAK TOBOPAT, n-it wien nociedosamenvrocmu, ob6o3HAYAOT a,.
Camy mocnegopaTensHOCTE 6yaeM oGo3HauaTe Tak: (a,).

B paccMOTpeHHBIX NpHUMepax MBI MMeNU AeN0 ¢ NOCHeJOBATEeNb-
HOCTAMM, COAep:KalluMy GecKOHeYHO MHOre wieHoeB. Takue mocliefoBa-
TEeJILHOCTH HASBIBAKTCA OGECKOHEYHbLMU.

ILELERV ApydmMeTudeckas 1 reoMeTpuyeckas nporpeccuy



BaMerHM, YTO IMOCHEAOBATENBLHOCTE MOXMeT CONED3KATE KOHeYHoe
YHCJIO uNeHOB. B TakoM ciyuae ee HA3ZBIBAIOT KOHeyroii. Hanpumep,
KOHEYHOH SABJAETCHA MOCJIefoOBATEeJIBHOCTE JABY3HAYHKIX UKCE

10; 11; 12; 13; ... ; 98; 99,

YrobEl 3aJaTE NOCHEN0BATENBHOCTh, HYMHO VKa3aThk cnocob, Noaso-
NANIOHE HAHTH 4jeH IocaefoBATeNBLHOCTH ¢ JIOOBIM HOMEpPOM.

YacTo mocrnefoBATENBHOCTE 38Jal0T € NOMOINBI GOpMYJibt N-20
yiena nociaedosamenvhocmu. Hanpumep, IOCHefOBATENIBHOCTE IIOJIO-
JKUTENBHBIX YeTHHIX YHCen MOXHO 3ajaTh dopmynoit a, = 2n, mocie-

JOBATENBEHOCTE NMPaBUIBHEIX Apobeit ¢ uHcnuTeNreM, pasHeiM 1, — dop-
i 1
myno#t b, = ———. Ilpusesem npyrue npumepsi.

Ipumep 1. IlycTe mocneaoBaTenbHOCTE 384aHa QOpMysIcH Y, = n® — 3n.
IMogcTasnasa BMecTo n HaTypalbHBle ukcna 1, 2, 3, 4, b ¥ 1. 4.,
nonydaem

=2, y=-2,y3=0, yy, =4, ys = 10, .....
PaccmaTpuBaeMas MOCIeSOBATENBHOCTE HAUYHHAETCH TaK:
-2; =2 0; 4; 10; ... .

IIpumep 2. IlycTk DocieioBaTeILHOCTE 3a4aHa dopMyJioi x, = (—1)"- 10.
Bece uneHbl 2TOH NOCNefOBATENBHOCTH ¢ HeEYeTHRIMH HOMepaMu
paBHEl —10, & ¢ YeTHEIMH HoMepaMmH paBHEI 10:

x; =-10, x, =10, x; = -10, x, = 10, ...
IlonyuaeMm mociefoBATENBHOCTE
-10; 10; —-10; 10; —-10; ... .

IIpumep 3. @opmynoit ¢, = 5 3agaerca MOCIEeA0BATEBHOCTh, BCE uJje-
HEI KOTOpOIH paBHEL 5:
B3 & b By Oines
PaccmoTpumM ewme oguH coocol 3agaHMA nocnefoeBatensHocTH. OH
COCTOMT B TOM, YTO VKA3BIBAIOT €e MepBHIH ulleH HJIM HepBhleé HeCKOJb-
KO 4JleHOB M (Gopmyny, BeIpasKaromiyio noboif uneH nocllegoBaTeIbHO-
CTH, HAYHMHAA C HEKOTOPOro, Yepe3 Ipeabigyiiue (OAHH HJIHM HECKOJb-
ko). Takyw dopmyny HA3EIBAKT pexyppeHmHoil (0T NATHHCKOIO CJIOBA
recurro — BO3BPAIATHCH), & COOTBETCTBYIOIIMI cnocob 3aa8HMA ITOCHe-
JOBATENBHOCTH — PeKYPPEHTHHIM crnocoGoM.
IIpueegemM mpuMep 3aJAHHA IIOCHEeNOBATEJBHOCTH PeKVPPEHTHBIM
crocobom.

Ilpumep 4. Ilycre (u,) — mocieaoBaTeNbHOCTh, B KOTOpoH u, = 1,
us=1, u,,,=u,+u, ,nopann>2.
BrinHmeMm mnepBhle HECKONBKO €€ WJIeHOB:
1,1, 2,3, b, 8, 18, :21, 84, &5, ...

§ 9. ApudmeTvyeckas Nporpeccus
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Ora nocnefoBaTeNLHOCTE OonMcaHa B paboTax MTAIBAHCKOIO MaTe-
marvka Jleomapno mus ITuswl, ussecTHOrO nox umeHem JleoHapno
Duborauun (1180—1240). Ynensl atoil mocnefoBaTeBHOCTH Ha-
3BIBAIOT yucaaMu PuloHayYU.

YnpaxHeHus

560. Brinmuinute nepebie HECHONBKO UIEHOB IOCJNEI0BATENLHOCTH HATY-
PANBHBIX <qHCeN, KPATHBIX 3, B3ATHIX B NopAjiKe BO3pacTaHMS.
YramuTe ee nepewlii, MATHEH, AeCATHIH, COTHIH ¥ n-H YJNeHH.

561. UssecTHO, uTO (C,) — MOCHEAOBATENHHOCTh, BCE 4YJ€HK KOTODOH C

HeUueTHLIMM HOMepaMH paBHHI —1, a ¢ ueTHBIMH paBHHI 0. BhimMmu-
Te nepBhle BOCEMB UJeHOB 3Toli mocnepoBatenbHocTH. Haiiaure ¢,

Cs5s Copgs Cosas Cops Copy g (B — NMPOMBBONBHOE HATYPAJILHOE YHCTO).

562. Ilycte (a,) — mocnefoBaTeNBLHOCTH KBAAPATOB HATYPAJbHBIX YH-
cesn. BrimuinuTe mepeele AecAThH ee uneHoB. Haiiaure a,, a4, a,.

563. Kakoil uneH nociefoBaTeNIbHOCTH @, @3 dg, . :
8) cleAyeT 3a UJIEHOM Qgg, Ggggs Qpe G, 10 Qp 4 1s Qop)
6) npeaulecTBYeT UNEHY gy, Qiogr Qp- 20 Gy 4 g0 Aznl
564. IlepeuncruTe UJeHB! MOCNEROBATENBHOCTH (X,), KOTOpPhIE pacroso-
JKEHBI MEMIV:
8) X3, B X 6) x, 1 X,,6 R U | o o [ s © F A
565. HalianTe mepeble [IeCTh YJIEHOB MOCHEIOBATENLHOCTH, 38JJaHHOI
dopmynci n-ro uneHa:

a) x, = 2n-1; )&, =——ai n) % =g
6) x, =n"+1; B Eam=0nT 2 e) x, =0,5- 4"
566. ITocnepoparensHoCcTE (b,) 3amanHa Gopmynoit b, = 2n% + 3n. Haii-
aute: a) by; 6) by, B) by
567, ITocnenoBATENLHOCTE (a,) sapaHa Qopmynoit a, = n® - n— 20.

YERaxuTe HOMepa OTPHUATEJIBHLBIX 4YJIeHOB IMOCNeJOBATENEHOCTH H
BEIUHCNHTE 3TH YJI€HEI.

568. BriuncnauTe BTOpPO, TpeTHil, YeTBepPTLIM M MATHIA 4YNeHEl NOcheno-
BatensHOCTH (b,), eciM M3BeCTHO, HTO:
a) mepBRIA uieH papeH 10, a KaMniil cneaviolMil Ha 3 GoJiblle
npeaeigywnerc, t.e. by=10n b, ., =b, + 3;
6) meperlif uneH pased 40, a kamxabI# cne,uymumﬁ paBeH Npeibiay-
_2'-
569. BunuuiKTe nepBLle NMATH YJI€HOB MOCHeAOBaTeNbHOCTH (a,), ecin:
aa,=1,a,,,=a,+1; B) a; =16, a,,, = —0,58a,;
6) a, = 1000, a,,, = 0,1a,; r) g, =8, a,.,=a,

meMy, fgejleHHomy Ha 2, T.e. by=40u b, ,, =

n*

W ELERY] ApudmMeTHHeckas v reoMeTpUYecKkas nporpeccuu



570. BrnmuinuTe nepBele YeTHIPE UJIEHA MocJegoBaTentHocTH (b)), ecnu:
a)y by=058,b,, ,=b,+5; 6) b,=56,b,,,=b,-5.

1671. Haiiaure napy nONOMHUTENBHBIX 4HCeN X K I/, VAOBIeTBOPAIOLINX
VPaBHEHHIO x+ y2 = 45, ecnI M3BECTHO, UTO Y BABoe OoJsbime x.

‘572, PerunTe ypaBHEeHHe:

a) 4x* + 4x* - 15 =0; 6) 2x*— x* - 36 = 0.
II5’]’3. Pernre HepaBeHCTBO:
a) x*+x - 42<0; 6) (x + 11)(x + 4)(x — 1) > 0.

'574. [IpefcTaBhTe BRIpAXKEHME B BHJe CTENleHM ¢ OCHOBaHMeM 3 u Haii-
AHTe ero sHa4deHHe:
-, ) o - (1) 3% 27°
| e BN ¢ 5] D .

25. OnpepeneHune apudMeTU4ECKOn
nporpeccumn. PopmMmyna n-ro YneHa
apudpmMeTU4ecKon nporpeccum

PaccMOTPHM TOCHEAOBATENBHOCTE HATYPANBLHBIX YMCeN, KOTOpHIe
OpH geleHHH Ha 4 AawT B octaTke 1:

1; 6; 9; 13; 17; 21; ...
Kaskaelfi ee ueH, HAYHMHAaA CO BTOPOTO, IOJy4HaeTcs NpHbaBiIeHHeM

K NpegblAyineMy WieHy uucna 4. 9Ta mociefOBaTeNLHOCTE ABIAETCH
NPHMEPOM apu@MemuyecKkoll npozpeccuul.

Onpepenenune. ApudmeTnyueckoil nmporpeccyeii HaskBaeTCH
MOoCcJieJOBATENLHOCTh, KAMALIN YJleH KOTopo#l, HAUWHaA co BTO-
poro, paBeH HNpeALIAyLEMY 4YJleHY, CJOMeHHOMY C OAHHUM H
TeM e YHCJIOM.

Huaue roBops, TOCHENOBATENBRHOCTH (a,) — apudMeTHHeCKAadA Npo-
TpeccHs, ecny ansa aoboro HATYPaAJIBHOTO 1 BBINONMHAETCA YCIOBHE

a,,.,=a,+d,

rae d — HEKOTOpOe YMCJIO.

Mz onpepenenua apudMeTHUYECKOH NporpeccHH ciueiyer, 4YTO pas-
HOCTL MeyAy JAKOBIM ee UJeHOM, HAYHHAA CO BTOPOro, H NMpeblAyIuM
4neHoM paBHa d, T. e. IpH JIO6G0M HATYPAJIRHOM NI BePHO DABEHCTBO

ﬂ.n+1— ﬂ=d‘

§ 9. ApudmeTmuyeckas NpPorpeccus
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Ywcno d HASEIBAKT PA3HOCIMbI) APU(MEmMUYeCcKoil npozpeccuu.
Y106l 3aaTE apudMeTHUYECKYK NOPOrpeccHI0, JOCTATOYHO VKA3ATHL
€e MepBBIil YIeH M PasHOCTE.
IIpuBegeM mpuUMephl.
Ecnm a; =1 n d = 1, To nonyuuM apudMeTHYECKYI0 NPOTPECCHIO
1; 2: 3;: 4;: 5; ...,
YJeHbLl KOTOPOH — HOCHenoBATEJBHEIE HATYPAJIBHBIE YHCJIA.
Ecnu a, =1 u d = 2, To nonryuum apudMeTHUYECKYIO IPOrpecCHio
1; 3 85; B9 i
KOTOpas SABJAETCHA MNOCJNeIOBATENBHOCTRI) IOJOMHTENBHBEIX HEUYeTHBIX
yuce.
Ecnn a, = -2 n d = —2, 1o nonyuyuMm apiu@MeTH4YECKYI0 IIPOrPECCHI0
_2; _-'4; _hﬁ; _B; _10; sy
KOTOPAA ABJIAETCH MOCJENOBATEILHOCTHI0 OTPHIATENBHEIX YETHBIX UMCelI.
Ecnu a, = 7 u d = 0, T0 uMeeM apudMeTHYECKYIO IPOrPecCHIO
R e o
BCe 4JeHEl KOTOPOil paBHEI Mexxay coboii.
3Has IMepBHII YieH M pasHOCTH APH(METHYECKOi NpOTrpeccHN, MOMK-
HO HAlTH nioboil ee uleH, BHYHUCIAS MOCNEeNOBATENEHO BTOPOM, TpeTHii,
YeTBepThIil M T. 4. wieHbl. OAHAKO ANA HAXOMAEHHUA YJeHA MpPorpeccHu
¢ DonelIMM HomMepom Takoii cnocob Heviaoben. [TocTapaenMcs OTHICKATE
crocol, TpefyHINNA MeHbIIeill BRIYMCIHTENbHOIH patoThl.
ITo onpenenennio apudmeTHYecKOH MporpeccHu
a,=a, +d,
ag=a,+d=(a,+d)+d=a, + 2d,
a,=a;+d=(a, +2d)+d=a, + 34,
as=a,;+d=(a, +3d)+d=a, +4d.
TouHo Tak e HAXOAWM, 4YTO @y = @, + bd, u Boobwe, uTo6Bl HAail-
TH a,, HyHO K a; npubaBute (n — 1)d, T. e.
a,=a,+d(n—1).
Mu1 monyuunu gopmyny n-20 waena apupmemuweckoii npozpeccuu.
IlpueeneM npuMephl pellleHHA 3afa4 ¢ HCNOJIB3OBAHMeM 9ToH Gop-
MYJIEL
Iipumep 1. IlocnegoparenbHOCTE (C,) — apudmMeTHUecKas IporpeccHs,
B KoTopoi#t ¢; = 0,62 u d = 0,24. Hajfifem nmaTugecATsI YyNleH 81O
IporpeccHu.

P Hmeem
Cxo = 0,62 + 0,24 - (50 — 1) = 12,38. <

Mpumep 2, BuiaceuMm, sensgeTca AH yuciho —122 unenom apmdmern-
yeckoii nporpeccHH (x,):
23; 17,2; 11.,4; 5,6; ... .

LELEERLY ApuidmeTnyeckas v reoMeTpuYeckas Nnporpeccuum



P B panHoit apndmerHueckoil nporpeccH# x; =23 m d=x;, — x; =
= 17,2 — 23 = —5,8. Banumem dopmyay n-ro ujeHa nporpeccHu:
x,=23-58(n—-1), 7. e.
= 28,8 — 5,8n.
Yucno —122 asnsercA uneHoMm apudmeTHuecKoil nporpeccus (x,.),
€CN¥ CYLIeCTBYeT TAKOe HATYDANLHOE 4HCJO 7, [IPH KOTOPOM 3HA-

yeHMe BhIpaskeHusa 28,8 — 5,8n pasHo —122.
Pemnum ypaBHerue 28,8 — 5,8n = —-122:

5,8n = 150,8, n = 26.

Suauur, uHcno —122 asnserca 26-M uneHoMm AaHHON apHdmMeTH-
ueckOH mporpeccun. <

OrMeTHEM Ba)KHOE CBOHCTBO apH(MeTHYecKOH ITporpeccum:
[ L R R _ A _R X E_X R E X _J E R _B R _B_R R A R X J} —---------—-------—-*‘
| ke bl ywieH apudMeTHYecKoil nporpeccuy, HAYWHAA €O BTO- '

| poro, pameH cpeaHemy apM(METHYECKOMY NpPEeAbIAYLIero u |
, TIOCNEAYIOMETO WJIeHOB. ]

o o o e o S S B S e R S B R U U S S L]

@ [eiicTBUTENBHO, €CIM IIOC/HEA0BATENLHOCTE (a,) ABNAeTcA apHdme-
THUYeCcKO# mnporpeccHeii, To
an_an_l=an+1_ﬂn, T. .
2‘111 ] an—l ;t an+ 1r
Gp—1 t Gn sy
a, = —‘-__'-2"_. O

n
Bepro u ofpaTHoe yTBep:IieHHe:
ecny B MocheAoBaTeNnbHOCTH (a,) Kamablil uneH, HAUMHAA CO

i i
[

I 1
1 BTOpPOro, PaBeH CpefHeMy apHpMeTHUYeCKOMY INpeAbLaAVIINero H |
| pocneayiOmero 4YJjeHOB, TO 3TA IMOCJef0BATEeNIEHOCTE SABJIAETCH :
| apudmernueckolt mporpeccueii. :
ol

l.--—————-———u--u.u-n—lu--n-b—————————————n———-d--h—-—-

@® [eiicTeMTENBHO, U3 DABEHCTRBA

L R |
an=+, rae n 2 2,
clegyer, 4TO
2&,,=a,1_1 +an+1=’

a,—a,_ =0, 4,

a 9TO O3HAYAET, UTO PAs3sHOCTh MEXKAY IoCJeAVIOINM M Ipeabiay-
IMUM 4YJIeHAMH TOCTeJOBATENBHOCTH (a,) OCTAeTCH IOCTOAHHOM.
3HAUHUT, MOCHeOBATENLHOCTE (a,) — apudmMmeTHUecKas Iporpec-

cua. O
§ 9. ApudmeTmyeckan nporpeccus
143



SameTumM, uTO GopMyny n-ro uieHa apudmMeTHUYecKoil mporpeccuu
a, =a, +d(n— 1) Mo3KHO 3anicaTh HHa4e:

a, =dn + (a, — d).
OTcloga AcHO, YTO

: Joban apudmMmerHuecKkasd nporpeccus Moxet ObITE 3agaHa Gop-
| MyJIOH BHOa

: a,=kn +b,

| rme k m b — HexoTopkie 4MCIA.

Bepro n obpaTtHoe:
rmocJieflopaTeNnbHOCTE (a,), 3anasHas Qopmynoil Buaa
a =kn+b,

rge B B b — HEKOTOpEIe 4YHCNA, ABAAETCA apudmMeTHUecKol

i
i
1.
]
i
| mporpeccuei.

@ JleiicrBuTensuo, HaiigeM passocTh (n + 1)-TO M R-rO WIEHOB IoC-
lefjoBaTenbHOCTH (a,):
a,,1—a,=k(n+1)+b-(kn+b)=kn+k+b—kn-b==%k

3HauMT, NpH n1060M n COpaBeAlIMBO PABEHCTBO a,,,=4a, + &k, u
o onpeaeleHNI0 INOCNeSOBATENBHOCTH (a,) ABIAeTcH apudmerH-
YyecKOH nporpeccHeif, IpHYeM pPA3HOCTh 5TOMH nporpeccun pasua k. O

YnpaxHeHus

575. BeinHInKTE HepBhEIe HATh YJIEHOB APH(MMETHYEeCKOil NporpeccHu
(a,), ecnu:
a) a; =10, d = 4; B) a, = 1,7, d =-0,2;
6) a; = 30, d = -10; r) a, = —-3,5, d =0,6.

576. ITocregosarensHocTe (b,) — apudmeTHyeckans nporpeccHs, nep-
BRIl 4WleH KoTopo#l papeH b;, a pasHOCTE paBHa d. Bhipasute ue-
pes b, m d:
a) by 6) by B) bygy; r) by; n) by, 5 €) byy.

577. ITocnepoparensHOCTs (€,) — apudmMeTHuecKas nporpeccud. Haii-

auTe:

a)cs, ecnac, =20n d=3; 0) ¢y, €CoIM ¢; = 5,8 u d = —1,5.
578. IlocnepoBaTensHocTs (a,) — apudMeTHueckas nporpeccus. Haii-

auTe:

a) a,,, ecnu a; =-3 ud=0,7; 6) ag, ecn a;, =18 n d=—0,6.
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579. Hatinure AecAThIH W 7-H 4ieHb apudMeTHYeCKOH NporpeccuH:
a) %; -1; ..} 6) 2,3; 1; ... .

580. Haiigure 23-if 1 n-if wieHnl apudMeriuecKoil mporpeccuu:
a) =8y =065 wis Gtl: T30

581. Tenlo B NMepBY0 CEKVHAY ABHIKEHHA OPOILIO 7 M, 4 38 KaMAVIO
CeAVIOMIYIO CeKYHAY — Ha 3 M Gonblle, yeM 3a TNPeABIAVILYIO.
Kakxoe paccrosHMe Teso NpOLLIC 34 BOCBEMYK CEKVHAY?

582, [loesn, oTolins OT CTAHIMM, PABHOMEDHO VBEJMYHBAJ CKOPOCTH HA
50 m B MmuHyTy. KaxkoBa OBlI& CKOPOCTE Moesfa B KOHIE ABAIIA-
TOH MHHVYTHI?

583. Ha cTopone OA yrna AOB ot ero Bep-
IIMHB OTJOMEHH paBHBIE OTPE3KH H
yepez MX KOHNE NPOBEJEHE! Napas-
JeJbHEIE NMpAMBIe (pHc. 75). IlnuuHa oT-
peska A,B, pasHa 1,5 cm. Hailigure

ANuHY otpeska A B.; A,B,.

984. Hailinute nepsulii uneH apudmerHde-
ckoit mporpeccuu (x,), ecim:
a) X3, = 128, d = 4;
6) x5 = —208, d = -T.

585. Haiignre pasHocTh apudmeTndeckoif mporpeccus (Y,), B KOTOpPOIi:

a) ¥, = 10, ys = 22; 6) y; = 28, y,s = —21.
586. ITocnenosarensrocTs (¢,) — apupmernueckas nporpeccus. Haii-
nuTe:

a) ¢;, ecnu ¢z =26 u d = 0,T;
6) d, ecotn ¢; =10 u 45 = 1,2.

587. Mesxay uucnaMu 5 M 1 BcTaBbTE CeMb TAKHMX uHces, 4TOGHl OHHM
BMecTe ¢ AAHHBIMH YHcaaMi obpasoBany apu(MeTHYecKyio Npo-
rpeccuio.

588. Mesxay uncnamu 2,5 u 4 BCcTaBbTe YeThIpe TAKMX YMCJA, KOTODHIE
BMeCTe ¢ JAHHLIMH YMciamMu obpasyioT apudMeTHUECKYI0 Mmporpec-
CHIO.

589. HailiniuTe neprbiil uleH ¥ pasHOCTh apHpMeTHUeCKOH NpPOrpeccHH
(c,), ecmm: a) c5 = 27, ¢y = 60; 6) ¢y = 0, g6 = —92.

590. Haitaure nepewiii ujleH ¥ pasHOCTh apudMeTHYeCKOH OpOrpeccHH
(x,), ecmu x,4 = —T7 U Xy = 5O.

591. Conepxur nu apudMeTHueckas mnporpeccus 2; 9; .. uwucio:
a) 156; 6) 2957

§ 9. ApudmeTrHeckan nNporpeccus
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592. Jana apudmerHueckas mnporpeccus (a,), Vv Koropoit a,=32 u
=-1,5. fisnserca nu uneHomM 310l nporpeccun uncio: a) 0; 6) —287

593. B apudmernueckoil mporpeccun (x,) nepshii uneH paseH 8,7, a
pasuocte paBHa —0,3. [InA KAKMX 4YJIE€HOB NPOTDECCHH BHIMOJHSA-
eTcA ycqoeHe: a) x, = 0; 6) x, < 07

594. HaifinuTe HoMepa OTPHLATENBHBIX YJIeHOB apHMeTHUYecKOH Ipo-

rpeccu —20,3; —18,7; ... . UeMmy paBeH HepBHH IMOJOXKHTELHBIH
ujeH 3TOW Mporpeccun?

595. Toxamure, YTO ecay YUCaa a, b, ¢ ABNAIOTCH NOCTENOBATENbHEI-
MH UJeHAMH apudMeTHUYeCcKOH IpOorpeccHH, TO YHCIA a® + ab + b?,
a® + ac + c® u b® + be + ¢* TakKe ABNAIOTCA MOCTEAOBATENLHEBIMK
YJIeHAMM HEeKOTOpPOH apH(MeTHUYecKOH TporpeccHm.

596. Ussecrro, uro umcna a’, b%, ¢® — nocnenosarensube WieHk apud-
1

. 1
MeTHuUecKko#i mporpeccun. lloxkaxuTe, UTO UHC]a
A g b+ec’ a+e’ a+b

TaK®e ABJIATCA IMocjefoBaTeNBHEIME UJeHAMH HeKoTopoi apud-
MeTHueCKOoil IIporpeccHu.

597. fpnaerca nu apudmMmerHyeckoil mporpeccHeidl NocienoBaTelLHOCTE
(a,), sapanHas QopMynoii:
a)a,=3n+1; B)a,=n+4; n) a, =-0,6n + 1;
oy : R - ¥,
6) a, = n" - 5; r) o el e) a,=6n?
Ecnu nocneqoBaTeNBHOCTE — apHdMeTHUYecKAs IIporpeccHs, Haii-
AHUTE ee MepBEIA uJeH M pPa3HOCTh.

598. [loxaxxkuTe, UTO MOCIEI0BATEIBHOCTE CYMM BHYTPEHHHX VIJIOB Tpe-
VroJbHHKA, BBINYKJOro 4YeThIPeXYroJsHHMKA, BBINYKJONO NMATH-
YrOJBEHHKA H T. O. ABJIAeTcA apudmMeTHdYecKoil Nporpeccueii. Yemy
PABHA ee PA3HOCTL?

1]

599. Pemnte cHCTeMy ypaBHeHHH
3x+y=2,
x* - y2 =—12.

600. Pernute yparHeHHE:
a) x° + 4x% — 32x = 0; 6) x° — 10x% + 4x— 40 = 0.
1. PeiuinTe HepaABeHCTBO:
a) (2x-1)(x+8)>0; 6) (33 — x)(16 + 2x) < 0.
1602. HatinuTe aHAYEHME BHIPAYKOHMA!

1673 . 48
a) 1257 - 25% B) s

-3
6) 0,0001 - (10% - (0,13 1) 9*- (&) - 814

W ECERLY ApudmeTdeckas v reOMeTpryYeckas nporpeccumn



26. @opmMyna CyMMbl NEPBLIX N YIEHOB
apudMeTUHeCcKon nporpeccum

Ilyvere TpeGyeTcs HANTH CYMMY NepBEIX CTa HATYPANLHEIX YHCEN.
[Toxanem, KAk MOXHO PellUThL 3TV 38784y, He BEINOMHAA HeNnocpen-
CTBEHHOI'0O CJOMEeHHH 4YHCet.

Obo3HAYNM HMCKOMYIO CYMMY uepe3d S M 3aAMHUINEM €e ABAaM kI, pac-
MOJOXKHEB B HepPBOM Clydae cjlaraeMhuleé B NMOpAJKe BO3PACTAHHA, & BO
BTOPOM — B NopfAake yOLIBAHKA:

S=1 4+ 2+ 3 + ..+ 98+ 99 + 100,
S=100+99+98+ ..+ 8 + 2 + 1.

Kaxaaa nmapa 4Yuces, PACIIOJIOJKEHHBIX IPYr IMOA APYroM, OBeT B
cymme 101. Beero takmx map 100. Ilostomy, cnouB paBeHCTBa no4-
JIEHHO, MOJIYIHM

28 =101 - 100,

_ 101-100 5050.

S 2

Hrak,
1+2+ 38+ ..+ 99 + 100 = 5050,

C paccMmoTpeHHO#t 3amaueil CBA3AHA HCTOPHMA, KOTOPYIO pPacCKa3bIBa-
1oT 06 M3BecTHOM HemellkoMm matemaTHke Kapne I'aycce. Korma yumnrens
[peaJjoul YYeHMKAM TPeTBEro Kjacca CIOHUTh Bece 4HMciaa oT 1 mo 100
BKJIIOYMTENBHO, PACCYHTHIBAA IPH 3TOM HAJOJI0 3aHATE Mx paboroii,
mantenbkuit Kapn MOMEHTANBHO MOJOLLIEN ¢ TOTOBHIM OTBeTOM. Boamoik-
HO, OH 3aMeTHJI, 4TO Kamjad M3 cymMmm 1 + 100, 2 + 99, 3 + 98, ..
pasHa 101, a Takux cymm B0.

C noMombio pacCyXXAeHHi, aHAJOTHYHBIX TeM, KOTOPEIE ML HpO-
BeJM TPH BBIYHCIEHMHM CYMMKEI NepBBIX CTA HATYPaJbHBIX YHCeJ,
MOMHO HAHTH CYMMY NepBEIX N 4JIeHOB JK60l apudmMeTHuecKoii npo-
rpeccHH.

ObozHauYHM CYMMY NEPBBIX 71 4YJeHOB apudMeTHYecKOH NporpeccHH
(a,) uepes S, u BanNHIIEM STy CYMMY JBAKAbI, PACHOJIOKHE B TePBOM
clydae claraeMele B NMOPAAKEe BO3PACTAHHA HMX HOMEDOB, & BO BTOPOM
crnyyae B nopsAnke yObIBaHMA:

S,=a;+ a; + a3 + a;, +..+a,_ ,+a, (1)
S,=a,ta, ;+ea, gta, g+..+ a +a; (2)

CyMmMa Ka10il Naphl 4YJeHOB NPOrpecCHH, PacloOJICKeHHBIX APYT
o mpyrom, paBHa a, + a,. HeiicTBHTenbHO,

a;+a,_ ,=(a; +d)+(a,~d)=a, +a,

a;+a, ,=(ay+d)+(@,_,-d)=ay,+a, ,=a, +a,

ag+ta, =(@z+d+(@, ;,-d)=a3t+ta, ,=a,+a,
" T, .

§ 9. ApndmMeTnyeckan nporpeccus
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Yucno Takux nap paBHo n. IloaToMy, ClOKHB MOYUJIEHHO PABEHCTEy
(1) u (2), nonyuum

28, = (a, + a)n.

PaspenuB ofe YacTH TOCHedHErO PABEHCTBA Ha 2, NOJYYHM Hopay-
AY CYMMbL NEPEbLX N YACHO8 apupMemuyecKoil npozpeccuu.
(a; + a,)n
8= g, (1)
3amMeTHM, YTO €CJIM 3ajJaHbl MepBHIH YJeH H pasHOCThE apHdmMeTHde-
CKOH nporpeccH#, TO VAo0HO HoONbL30BATHCA (OPMYJIOH CYMMEI, Npep-

crasnenHoit 8 apyrom Bupe. Iloacrasue B dopmyny (I) Bmecro a, BhI-
paxkenue a, + d(n— 1), monyuum

(g + g +d(n-1)n
Sﬂ e 2 ]

T. €.
2 d(n -1
et 1)

IIpyuBeneM OpHMepsl Ha BEIYHCIAeHHE CYMMEI YJEHOB apH(pmMerHYe-
CHOM NpoOrpeccHH.

IIpumep 1. Hailigem cyMmMy mnepsBhIX TpHALATH UYJeHOB apHdMeTHdye-
CKOil nporpeccun 4; 5,5; ...

» B pauHoll apudMernueckoii mporpeccuu a, = 4, d = 1,5.
TpuauaTeiii uneH Nporpeccuy HalgeMm mo c¢opMmyae n-ro YieHa:
g =4+ 1,6 - 29 = 47,5.

Tenepr BRIYHCIHM CYMMY MepBEIX TPMAUATH YJIEHOB, BOCIIOJIb30-
BaBuIMckE topmynoi (I):

4+ 47,5)-30
Spo = S22 L 772,5.
Ecou ans pellleHHs pacCMOTPeHHOM 38Ja4YM BOCIOJB30OBATHCH (Op-
mynoit (II), To BeuMcnenna GyOYyT BHITAANETH TAK:

Spo= 22122 .30 = 772,5. <

KAFN TAYCC (1777—1855) — HeMeLUkK1Wid Martemaruk, acTpo-
HOM, reope3uct, $wu3mk. Boipawwmecs maremMaTuyeckue
cnocoBHOCTA NPOAEKUN B paHHem netctee. Ero MHoroYucnex-
Hble uccnefosanua B obnactu anrebpel, TeOpUK YUcen, reo-
METPMM KM MarTemMaTUYeCcKOro aHanu3a okasdany 3Ha4YMTenLHoe
ENMAHME HA pa3’BUTHUE TEOPETHWYECKOW M NpUKnaaHor mare-
MartuKW, acTpoHOMMK, reoaesvn, QrU3InkKu.

ApudMETUYECKan 1 reOMEeTPUYEcKas Nporpeccu



[Ipumep 2. HaiigeM cyMMYy NepBEIX COPOKA YIEHOB IOCJIEN0BATENBHO-
ctu (a,), saganHOi ¢opmynoi a, = 5n — 4.

P IlocnenosarenpHOCTE (@,) ABIAeTCRE apudMeTHYeCcKOH Nnporpeccueit,
TAK KAK OHA 3ajaHa (popmyJioii Buna a, = kn + b, rne k=5u b= —4.
HaiifemM nmepBBIii ¥ COPOKOBOH uneHBl 3TOH apudMeTHYeCKOH Ipo-
rpeccum: @, = 5:-1—-4=1, a,, =540 — 4 = 196.

Tenepsr 1o dopmyne (I) spraucaum S,

Spo=2100 10 _ 3940. <

TIpumep 3. HaiigeM cyMMy BCeX HATYDAJNBHBIX YHCeJl, KPATHBIX IUeC-
TH H He HnpeBocxopsmux 250.

P HarypanbHble uMcsia, KpaTHele LiecTH, o0pasyoT apudMeTHYe-
CKVIO IpOrpeccHIo, KOTOPYH MOIKHO 3agatTk dopmynoi a, = 6n.
Yrobel BBIACHHTH, CKOJBKO YIEHOB 3TOH MPOrpecCHH He IpPeBOC-
xonar 250, pemum mepaseHcTso 6n < 250. Ilonyuum n < 413,

3HaUHT, YHCJO YJIeHOB MPOrpecCcHH, CYMMY KOTOPBIX HANO HAWTH,
paBHOo 41.
Hmeem

a1=6' ﬂ4]=6'41=246,

S, =L 4 _5166. <

Ipumep 4. IMudarop (IV 8. Oo H. 3.) U ero yYeHHKH pacCMaTpHBAJIH
MoCJeNOBATENBHOCTH, CBA3aHHBIE C FeOMEeTPHYECKMMH (HIrypaMi.
IlofcUuMTRIBAA YHMCIO KPYMKOB B TPeyroJLHUKAaX, KBaJpaTax, IIA-
TuyronbEuKax (puc. 76), onu nony4anu:

— TOCNefoBATENBHOCTE (a,) TPEYrONBHBIX YHCEN
1,03, 6, 10, 15, i

— mnocaepoBaTensHOCTE (b,) KBAaJpaATHBIX YHcen
o4 91828, o8

— mocHAefoBaTeNBHOCTE (€,) NATHYTONBHBIX YHCEN
1, b, 12, 22, 856, .. .

OUOMAHT (lll B.) — ApeBHerpeyYeckini MatemaTuk U3 Anek-
cavgpuu. B ero «ApudmeTvker M3NoXeHbl Hayana anrebpbl,
PeweH pan 3a0ay, CBOOALLMXCA K HEONPEeAeneHHelM ypaBHe-
HUAM pasanuuHblx crenexHell. Teopua AMOPaHTOBLIX ypaBHe-
HUiA 1 Teopua awnodaHToBLIX NPUBAMXEHWH — Tak Ha3eaHbl
nNBa Gonblux paznena COBPEMEHHOI Teopuk yucen. Ero Tpy-
Ab okasanu Bonbwoe BNUAHWE Ha pasBUTUE Maremaruku.

§ 9. Apudmernyeckana Nporpeccus
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P

Puc. 76

3aganuM KayKAyI0 M3 9THX IocleaosBaTeJbHOCTEH GopMynoil n-ro
YneHa.
INocneposaTensHoCTh (a,) TPEYroJBHBIX YHCEJ MOJYJYaAeTCA M3 110~
CleloBATEILHOCTH HATYPAJbHBIX yucen 1, 2, 3, ... , T. e. u3 apud-
MEeTHUYECKOH IPDOrPeccHH, B KOTOPOH MepBhIN 4JEeH M PA3SHOCTE paB-
HEI 1, cieayiomum obpazom:
ﬂl=1, a2-1+2' ﬂvs=1+2+3| an=1+2+3+ou+na

1+n

3HAUMT, @, = —5— 1.

INocnenoBarenbrHocTs (b,) KBAADATHLIX YHCESl AHAJTOIMYHBIM CIIOCO-
OoM mnosy4aeTcsi M3 MNOCJHESOBATENHHOCTH HEYETHBIX umcen 1, 3,
5, .. , T. €. M3 apUPMETUYECKOH MpOrpecCHH, MEPBHI YJEeH KOTO-
poit paeer 1 u pasHoCcTeL paBna 2:
by=1,b,=1+3, b,~1+ 3+ 5,
b,=1+a+8+..+2a—1.

1+2n-1
CneposaTtensso, b, = — N, b, - n?. Mp! npumnuiu k $opmy-

Jie, OUeBHIHOM A IOCHenoBaTeJbHOCTH KBAaAPATHEIX YHCEJ.

ILELEERNY ApudmeTvyeckas v reoMeTpuyeckas nporpeccumn
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IlocnemoBaTenbHOCTE (C,) MATHYTOJBHBLIX YHCEJ TAKHM e CITOCO-
60M MOMKHO TOAYYUTL M3 apudmMeTHdeckoill nporpeccun 1, 4,
7, .. » B KOTODOI mepswiii 4ieH paBeH 1 M pa3HOCTH pasHa 3:

ai=1l¢e=1+4,¢;=1+4+1,
c,=1+44+7+ ..+(1+3(n—1)).

1+1+3(n-1 3n-1
3HAYHT, cn=——2——’n, G ™5 i

YnpaxHeHusn
I ]

603. HaiipuTe cyMMy NepBHIX ILLIECTHHECATH 4YJIeHOB ApH(MeTHUYeCHOH
2 nporpeccuH (a,), ecnu:

604. HaliguTe cyMMy IepBBIX BOCBMH UYJeHOB apu(MeTHYECKOH mpo-
rpeccuu:
a) —28; —20; ..: 6) 14,2; 9.6: ... .

605. BoiudcauTe cYMMY NEDPBBIX JeBATH YIeHOB apH{MeTHYECKOH Npo-
rpeccuu (b,), ecan:

a) b, = -17, d = 6; 6) b, = 6,4, d = 0,8.

606. HailipuTe cyMMy IepBHIX NATHAECATH, CTa, N WIeHOB NOCIeAOBa-
TEeNbHOCTH (x,), ecJyu:

a) x, =4n + 2; 6) x,= 2n + 3.

607. Apubmernueckas mnporpeccHs zazaHa dgopmynol a, = 3n + 2.
HaiiguTe cyMMYy HNEpBEIX IBAIUATH ee YJeHOB.

608. HaiiguTe:

a) cyMmmy 2+ 4+ 6+ ... + 2n, cnaraeMeIMH KOTOpPOH ABIAIOTCH
BCE YeTHBIE HATYDANBHBIE HHciaa oT 2 mo 2n;

6) cymmy 1+ 3+ 5+ ..+ (2n— 1), cnaraeMeIMH KOTOpOil HBJA-
IOTCH BCe HedYeTHEIe HaTypalbkHEIe yucna oT 1 mo 2n-— 1.

609. Haiigure cymmy:
a) BCceX HaATYDAJBHBIX 4YHces, He npesocxopsauiux 150;
6) Bcex HaTypanbHEIX yucen oT 20 go 120 BRIAUYHTENBHO;
B) BCeX HATYpaJbHBIX YHCEJN, KpaTHRIX 4 u He npeBocxogammx 300;
r) Bcex HaTypajbHBIX YHCeJ, KPATHLIX 7 H He npepocxoaamux 130.

610, Haiigure cymMmMy 4JieHOB apudMeTHYecKoH MporpeccMud ¢ NATHAA-
LATOrO IO TPHUAUATHIM BHJIOYHWTENBHO, €CIH MepBBIH UYleH pa-
Bed 10 u pasHocTs paBHa 3.

611. HafiguTe cyMMy uleHoB apHdMeTHYECKO# [pPOrpeccHHu ¢ MIECTOrO
Mo ABAJANIATE NATHI BRJKUYHTENLHO, €CJIM NepBhIH uleH pased 21

¥ pa3”ocTs pasaa —0,5.
§ 9. ApudmeTiyeckan nporpeccun l 151



612. HaiignTe cyMMy TMepBRIX ABAALUATH YJIEHOB apH{pMeTHYecKoH mnpo-
rpeccun (c,), ecau c; = 18,5 u ¢;; = —26,5.

613. HaiiguTe cymMMy MepBBIX NATHAAUATH YIEHOB APHOMeTHYECKO
nporpeccuu (b,), ecnn b, = 4,2 u by, = 15,9.

614. Ilpu ceobogHOM NAKEHUM TEJIO MPOIJIO B IEPBYIO CEKYHAOY 5 M, g
B Kamayio ciaeaywomyo Ha 10 m Goneme. Haligure royGuny max-
ThI, ecai CcBODOAHO majaloliee TeJNo AOCTHIJNIO ee AHA Yepe3 5 ¢
mocJie Hauyaja IajJeHusd.

615. Kakoe paccrosaMe npoijier csobofHo Najarmliee TeJo:

a) 3a NATYI CeKYHAY MoCJie HAYAJA I[1AJeHNS;
0) 3a NATH CeKyHA MOcHe Hayajla nageHua?

616. Illape! pacnonoxeHsl B (hopMe TPEeYroJIbHH-
Ka Tak, 4TO B IepBoM psaay 1 map, Bo BTO-
poM — 2, B TpeTbeM — 3 H T. A. (puc. TT).
Bo crONBKO PAAOE pazMelieHbl IIaphl, eClaH
ux ymeso pasHo 1207 Cronsko morpebyer-
CH IAapoB, 4YTOOB! COCTABHTE TPEYIOJLHHE
u3 30 papos?

617. Vraxkute Hanbosbinee YHCIO WieHOB apud-
MeTHUYeCKOH IporpeccHH

3, 5. 7, wes y Puc. 77
CYyMMA KOTOpDBIX He INpeBocxofaut 120.

618. VkaxuTte Haubosblilee UMCIO0 UIEHOB apu(pMETHYECKOH Mporpec-
cum 17, 14, 11, ..., OpH CIOKEeHMH KOTODPBIX NONYYaeTCH IIOJIO-

JKHUTEJIbHOE YHCIIO,
619. B apudmeTnyeckod mporpeccuu a; = 8 u a,, = 12,8. Haiigute
a, u d.

620. fipnserca nu unenoM apudmMeTndyecKoi nporpeccun 20,7; 18,3; ...
YHCso:
a) —1,3; 6) —3.37?

621. PerniiiTe cHCTEMY ypaBHeHMHIi:
a) {9x2+ 9% = 183, 6) [ + 12 = 29,
3xy = 2; V¥ -4r>=9.

622. TTorkaxuTe INTPHXOBKOII MHOXECTBO TOUEK, KOTOpPOe 3afaeT HA KO-
OpAMHATHOM IIJIOCKOCTH CHCTEM& HEPABEHCTE

y>x,
2y + x < 5.
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KOHTpOnbHLIE BONPOCHI

MNpuBeouTe NpMMep NOCNEAOBaTEeNnsLHOCTH, 3a[aHHOM:

a) ¢opmynoit n-ro uneHa; 6) pexyppeHTHO HOopMYnoNn.
Hainaute NaTte nepBbix Y4neHoB 3TOW NOCnenoBaTenbHOCTW.

Coopmynupyitte onpegeneHwe apudmMeTnyeckoil nporpeccuy.
Kakoe 4vicno HaswlBaloT pasHOCTHIO apudMeTuyeckoi nporpeccumn?

Kak eoipaxaeTtca nioboli 4neH apudMeTU4Heckoin Nporpeccuy, Haqu-
Has CO BTOPOro, wepe3 npeabiayliuid 1 Nocneaylowmin YneHsb?

3anuwwre GopmMynbl N-ro YNeHa U CyMMbl NEPBLIX 11 YNeHOB apudg-
METWHECKOI NPOrpeccuu.

27. OnpepeneHne reoMeTpu4eckon
nporpeccun. Popmyna n-ro 4neHa
reomMeTpuyYecKon nporpeccum

P&BCMDT[JHM nociienOBATEJILHOCTE, YJeHAMH KOTO]JDﬁ ARNAIOTCH CTe-
neHd ducaa 2 ¢ HATYPATBHBEIMH IIOKa&3aTeJAMH:

P 108, 98, o, ad g8,
Kaxaerii uieH 3TOH MOCHefOBATENLHOCTH, HAYMHAA CO BTOPOro, Mo-

JIy4aeTcH YMHOMKEHHeM ITpeJbIAVIIero 4ieHa Ha 2. 3Ta IociefoOBaTelb-
HOCTh SIBJISAETCH [pUMEpPOM 2e0MempuiecKoil npozpeccuu.

ECKAS NPOrPECCUSA

Onpegenenne, leomerpuuecKkoil mporpeccHeii Ha3LIBaeTCH

MOCJIeIOBATENBHOCTE OTJIMYHBIX OT HYJIA YHCeJN, KamJbli 4ieH

KOTOpPOH, HAYMHAS CO BTODPOrO, DABEeH NpefbIAVILEMYy 4YJeHY,
| YMHOMEHHOMY HA OJJHO M TO € YHCJIIO.

Hruaue rosops, nocieposaTe]bHOCTh (b,) — reomerpuyeckas Mpo-
I'peccHA, eClH AJA JOO0Io HATYPAJILHOrO 1 BBINIOJHSAIOTCH YCJIOBHA
bn;to H bn-l-l:bn'q!

Ile ¢ — HeKOTOpOe YHCJIO.

Ofoanauum, Hanpumep, uepes (b,) nocinenoBaTeJBLHOCTE HATYDAb-
Helx cTeneHell uucna 2. B stom cnyuae ana mwboro HaTypaiasHOro n
Bepro paseHcteo b,, , = b,- 2, 3pecs g = 2.

§ 10. Neomerpuyeckan nNporpeccus
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H3 onpenenenus reoMeTpUYECKOH NPOrpeccHy cleAyeT, 4TO OTHOLIe-
Hue soboro ee uiena, HauMHAf CO BTOPOrO, K MPEABIAVILEMY Wieny
paBHO ¢, T. €. IPH JKOOOM HATYDAJILHOM N BePHO PABEeHCTBO

Br 41

B T

Yuesno ¢ HA3BIBAIOT SHAMEHAMENeM 2eoMempuveckoil npozpeccuu,
HcHo, uTo 3HaMeHATeJIb TEOMETPHYECKOH NMpOrpecCHH OTJIHYEH OT HYJIs,

Y7106kl 3a8aTh reOMETDUYECKYIO [IPOTPECCHIO, IOCTATOYHO VKAa3aTh e
IepPBBIH YieH H 3HAMEHATENb.

IlpuBemeM NpUMepHI.

Ecnu b, =1 1 ¢ = 0,1, To NOoNyYHAM INeOMETPHUYECKYIO [IPOIPECCHIO

1; 0,1; 0,01; 0,001; 0,0001; ... .
Yenosusamu b, = -5 u ¢ = 2 3anaercs reoMeTpHYECKas NpPOrpeccus
=y =10; =20:=40: —BO: ... .
Ecau by = 2 n ¢ = —3, T0 UMeeM NpPOTPECCHIO
2; —6; 18; —b4; 162; ... .
Ecnu b, =8 u g = 1, To NonyYyUM TeOMETPHYECKYIO MPOrpeccuio
B: 8: B: 8:'8: ...
3Has TepBLI 4YieH M 3HAMEHATENER FEOMETPUYECKOH NpOrpeccHH,

MOKHO HAHTH IOCJefoBATENEHO BTOpOI, TpeTuil u BoobBule mnoboii ee
YJIeH:

by = b,gq,
by = byg = (b19)q = bi¢",
b, = byg = (b,°)q = byq°,
bg=bg = (blqa)q A blq‘i'
Touno Tak sxe Haxomum, uto bg = b,q°, b, = b,g° u 1. g. Boobire,
uyro6KI HaliTu b,, Mbl JOKHB b, yMHOMUTL Ha ¢" ', T. e.

b =b,g" .
Ms! nonyuunu popmyay n-zo 4neHa 2eoMempuyeckoil npozpeccuu.
[IpusegeM npuMephl pPelUeHHH 3a4a4 C HCIOJL3OBAHHMEM 3TOoM ¢op-
MYJIBL.

IIpumep 1. B reomerpuueckoit mnporpeccum b, = 12,8 u g = i—.
Haiigem b,.
P Ilo dopMyse n-ro wieHa reOMeTPHYECKOH MporpeccHm
O e - 1 1

1 — e Y —
b7=12=3'[1] T (gea® TP a0 1007 O

IIpumep 2. Haiigem BoCcbMOll uneH reomerpuveckoii nporpeccun (b,),
eciu b, = 162 n b; = 18,

154 ILELEERVY ApvidmMeTuyieckas M reoMeTpryYeckan nporpeccun



P 3Has nepBRIil N TpeTHH YJeHE! FeOMETPHYECKOH MPOrpeccHy, MOK-

HO HaliTH ee sHameHaTens. Tak Kak by = blqz, TO
2_ by 18 1

L e
Pemus ypaBHEeHHe

HafgeM, 4YTO
1 1
= AR Qs

Taxkum o6pasom, cyIecTBYIOT [IBEé MPOrpPECCHH, YIOBJIETBOPHIOLIHE
YCJIOBHIO 3ajadu.

Ecan q=%, TO
7
1 .
by = byg’ = 162 (1] = =

1
Ecnu g = —3s TO

Fi
by IR N
by = byg’ = 162 - (-3) = - = =- 2.
3agaya MMeeT gBa pelleHHA:
ba=% HIH bs=*2£7. <

IIpumep 3. Braaguuk nonoxun B 6anx 5000 p. Ha cueT, Mo KoTOpO-

>

My cyMMa BEKJaja emeroaHo soapacraer Ha 8%. Kakas cymma
6yger y Hero Ha cuery uepes 6 ner?

HauanesHas cymma BrJafa cocrasnsna 5000 p. Yepez rog sta cym-
ma BospacreT Ha 8% u cocraButr 108% ot 5000 p., T. e. Bymer
pasHa 5000 - 1,08 p. Yepea 2 roga HakoILJIeHHas CyYMMa COCTaBHT

(5000 - 1,08) - 1,08 p., T. e. 5000 - 1,082 p. Yepea 3 roga Ha cue-
Ty y BrIaguumka 6ymer (5000 - 1,087 - 1,08 = 5000 + 1,08% p.
HT. J.
Takum obGpasom, MBI MMeeM [eJlo ¢ MeOMeTPHYECKOH mporpeccueit

5000, 5000 - 1,08, 5000 - 1,082, 5000 - 1,08%, ....
CyMMa, HaKoIJIeHHas Ha CUeTy y BKiaagduka, depe3 6 mer Gyger
pPaBHa ceJIbMOMY 4YJeHY B3TO# IporpeccHH, T.e. COCTABUT
5000 - 1,085,
BrinosHHE BEIYUMCIEHMA, HAHZEM, 4TO

5000 - 1,08° = 7934.

(IIpu BHINONHEeHUHM BEMHCIEHHH yaoOHO HMCMONBIOBATH KAIBKYJIA-
Top.) 3HAYKT, HA cUeTy y BKJjaguyuka 4yepea 6 ner oxaskeTrcs cym-
Ma, npubmmxenHo pasHas 7934 p. <

§ 10. NeomeTpuyeckan NpoOrpeccus
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poro,

B pPaccCMOTpeEHHOM I[IPpHMepe HAM I[IPHXOOHIOCE BEIYHCIAATE OIHH p

TeomeTpuueckas nmporpeccus obJyiafaeT CleAyIOLIHM CBOHCTBOM:

e T N N o o T R F o N R R e —.

KBAaApaT JA1000ro 4jieHa reoMeTPHYeCKOH [IpPOrpeccHy, HaYHHASA

i
]

I CO BTOPOI'O, PABE€H IPOHM3BENEHHUIO NMPENBIAVIIEro H HNOCIenyio-
: 1fero ee 4YJjeHOB.
=

R S S e SO0 W S B W S G G G R S - — — -

pHYeCKOH mporpeccueii, To
bn b bn—lq’ bn+l i an'

TOT € NPOLEHT OT BeNHYHHEI, HAHIEHHOH HA NpefbIIyIleM Mare. B
TAKHMX CJy4YafX FOBOPAT, YTO MBI UMEEM JeJI0 CO CAOMHBIMU Npoyer-
mamu.

b
I
I
]
I
I

ol

@ [eiicTBUTeNBHO, €CINM NockeNoBaTelbHoCTh (b,) ABNAETCA reoMer-

Tax Kar BCe YJIeHEI T‘EOM'B'TPH‘IECRDﬁ NporpeCCHH OTJIMYHBI OT HY-

JiIf, TO OTCHOJA CIeAyeT, YTO

b, by

bn—l bﬂ ?
b:=bu~1'bu+l' O

Bepro u obpaTtHoe yTBeEp:AeHME:

: ec/li B IOCNeOBATENLHOCTH YMCeN], OTAHYHBIX OT HYJH, KBaj-
| DAT KaMJioro wieHa, HauMHAS CO BTOPOro, paBeH Npou3Beje-
| HMIO NPEJBIAYIIEro W NOCHEAYIOLIero WieHOB, TO 3Ta IOCJeNo-
: BATEJIBLHOCTE SBJIAETCHA IeOMEeTPHHYECKOM IporpeccHeii.

[

HokaxuTe 3T0 CAMOCTOATENBHO.
e
3amernm, uTO M3 paBeHcTBa b = b

¥npaxHeHus

ecIH;
a) b, =6, g=2; B) b, =-24, g = -1,5;

6) b, =16, g=3; 1) b, = 0,4, ¢ = V2.

LEEERV ApvdmeTdeckan 1 reoMeTpuyYeckas nporpeccun

S e S S M S e ey P BN S S SR W SN M ST G W M RS T Y R m Ee

n-1" bn+ i» BBIDAMKAIOIIETO CBOHCTBO
reoMeTpHYeCKOil Tmporpeccuu, ciegyer, uro |b,|=.b, ,-b,,,, T. e.

MOOyNE AHGOro YneHa MeoMeTPHYECKOH IpOrpeccHH, HAYMHAA CO BTO-
SIBJIAETCA CpefHHM PeoMeTpHYeCKHMM MpelbIOyIIero M nocaeny-
IOLIETO YIEHOB.

623. HaiiuTe mepBrle NATE YIEHOB reOMeTPHYeCKOi nporpeccuu (b,),



624. IlocnegopaTenbHOCTE (€,) — reoMeTpHYecKAd NPOrpeccH#, NepBhIi
Y/leH KOTOpoOil paBeH ¢,, a 3HAMeHAaTelb paBeH ¢. BripasuTe uepea

0 & H
a) cg; 6) c0; B) €255 r) €4 A) €44 33 e) Cgy.
625. IlocnenosaTensHocTs (x,) — reoMerpudeckas nporpeccus. Haliaure:
a) x;, ecim x, = 16, q= %; B) Xy €CAM X; = V2, g = —J2;
6) x4, ecnm x, = —810, ¢= %; r) xg ecim x, = —125, g = 0,2.
626. IlocnenosarensHocTs (b,) — reoMeTpuueckas mporpeccus. Haliaure:
a) b;, eciu b, =%. q _g; 6) b,, ecnim b, = 1,8, ¢ =i3§-_
627. Haiiqute cegsMoit ¥ n-ii YieHbl M€OMeTPHYECKOH MMDOTrPecCHH:
Y R B) —0,125; 0,25; ... ;
6) —40; —-20; ... ; ry -10; 10; ...
628. HaliguTe mecToll ¥ n-ii Y4jieHBl reoMeTpHYECKOMN MpPOrpeccHH:
a) 48; 12; ... ; s) —0,001; -0,01; ... ;
6) 3% — ot w3 r) —100; 10; ....

629. B tpeyronbHuke ABC (puc. 78) npose-
nu cpegHO nuEHI0 A,C,, B Tpeyroib-
HuKe A ,BC, Tarme NpoBenn CpeIHKOIO
aueHI0 Ay,C,, Bo BHOBbL 06pa3oBasliieM-
ca TpeyronbHuKe A,BC, CHOBa npoBeIn
cpenHio NUHHIO A,C; u 1. 1. Haligure
niuouanes TpeyroasHuKa A BC,, ecnu
HM3BECTHO, YTO HJIOI.;.IM]; TPpeyroJIibHUKAa

ABC paBHa 768 cMm”. Puc. 78
630. Hajinute mepewifl 4ieH reomeTpudeckoii mporpeccuu (b,), ecuau:
a)bg=3, ¢g=3; 6) by =173, ¢ =25

631. Hajizute 3HaMeHaTeNb TeOMeTpPHYeCKON nporpeccuu (c,), eciau:
a) e; = -6, ¢, = —b4; 6) cg = 25, ¢y = 4.
632. MocremoBaTenbHOCTE (X,) — reoMeTpHueckas mporpeccus. Haiigure:
a) x,, eciu x5 = 0,32, ¢ =0,2; 6) ¢, ecnu x; = -162, x, = —18.
633. ITocnepoBatensuocts (b,) — reoMerpuyeckas nporpeccus. Haiiaure:
a) bg, ecam b, = 125, by = 5;
6) by, ecan b, = —5, by = —2;
B) b;, ecnu by = -1, bg = —100.

§ 10. Neomerpuyeckan nporpeccus
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634. Mexxay uucaamu 2 u 162 BcTaBeTEe TAKHE TPHM 4YHCJA, KOTODhIe
BMECTE C JAHHBIMH YHCJAMH 06pasyloT reoMeTpHYECKYIO IpOTrpec-
CHIO.

635. 'eomeTprueckan nporpeccHs (x,) COCTOMT M3 YeTblpexX 4JI€HOB: 2,
1 .
a, b, 7. Haitpnre a u b.

636. Haligute wecToit 4yieH reoMeTpuueckoil nporpeccun (b,), ecnu ma-
BeCTHO, 4TO b, = 6, b, = 24.

637. Exxeroiuselii joxo o Bknagy «IO06uneiinsiii» cocrasnser 9% . Ka-
KHM CTAHET 3TOT BKJIAJ yepes 4 rojia, eciy 1IepBOHAYAILHO OH Ghiy
pasex 8000 p.?

638. Hacenenue ropoja cocrasnsier 60 Teicay 4YesoBek. 3a mocleiHue
roasl HabmogaeTcs exerojnblii npupoct nacenenns Ha 2% . Ka-
kMM Oyzer waceneHue ropoja dYepes 5 Jyier, eCliM 3Ta TeHAEHIMA
COXpaHUTCAT

639. Ha onbITHOM Y4YACTKE Jieca €Xero/IHBIil NPHPOCT JPEeBEeCHHE! CO-
craBinger 10%. Kakoe kKonuuecTBO apeBecHHLI OymerT Ha aToM
yuacTee udepe3 6 ner, ecnu nepBOHaYANIBHOE KOJIHYECTBO LPEBECH-
usl paBeo 2,0 - 10* m*?

640. ITocne Kaxaoro ABHIXEHHMA IIOPIIHA PA3PEeXAIoIero HACOCA M3 CO-
cyna ypansercs 20% mHaxopamerocs B HeM BOa3jyxa. Oupepenute
JaBIeHMe BO3AYXa BHYTDH COCYJAa I[I0CJEe LIeCTH JABHIXEHHII Iopii-
Hfl, €CJIH TEePBOHAYANLHO AaBIeHHe Oblio paBHo 760 MM pT. CT.

641. Jlan paBHOCTOPOHHH# TPEYTOJBHHK co cTopoHoii 8 cm. M3 ero BeI-
COT TIOCTPOEH BTOpPOil TPeYrolbHHK. M3 BBICOT BTOpPOTO TPEYTOJb-
HHKa TocTpoeH Tpetuit u T. . JokakuTe, YTO NEepHUMeTDPbl Tpe-
YTOJBEHUEKOB 00pasylT reoMeTPHYeCKYIO I[POTPEeccHIo, M Haiijgute
NepuMeTp IUecTOro TPeyTroJEHHUKA.

642. B paBHOCTOPOHHHM#E TPEYTOJLHHMK, CTOPOHA KOTOporo paesa 16 cm,
BIIMCAH JIPYTOH TPEyTONBHHMK, BepUIHHAMH KOTODOTO SABJIAIOTCA Ce-
pPeluEbl CTOPOH meproro. Bo BTOpoil TPeyroJBHHK TAKHM Ke CIo-
cobom Bnmcad Tpetuit u T. A. lloxkaxuTe, YTO NEepuUMETpHl Tpe-
YTONEHHKOB 00pa3yIoT TFeOMeTpHMYeCKYI0 Hporpeccuio. Haijpure
IepuMeTP BOCEMOI'O TPEYTOJBHHEKA.

643, Cymma Tpex umces, oOpasyolux apudMETHYeCKYIO IPOTDECCHIO,
paBua 21. HaiipuTe 3TH uMcia, eclIH H3BECTHO, 4YTO, YMEHBIIHE
BTOPOE M3 HPAX Ha 1 M YBeJHYHMB TpeThbeé Ha 1, MBI NOJNYYHM [eo-
MeTPHYEeCKYI0 TPOTPeccHIo,

644) Cymma Tpex ToONOMUTENBHBIX YMCel, ODPA3YIOMMX apudMeTHue-
CHYI0 mporpeccHio, passa 15. HaliyjuTe stk umcaa, €ClIM H3BECT-
HO, 4TO, YBEJIMYHE IIEpEOE M BTOpOE 4YHCja Ha 1, a TpeThe Ha 4,
MBI MOJYYHM IeOMeTPHYEeCKYIo IpOrpecCHIo.

_ ApUDMETUHECKAN W FEOMETPUHECKAR NPOrpeccum
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645. Hajinurte KOOpDAMHATE TOYKH, NpHHAAJEkAaNell rpadHky ypaBHe-
HMA X~ — I° = 30, eciM M3BECTHO, YTO MX CYyMMa paBHA 5.

646. PelunTe HepaBeHCTHO:
-4
a) 222 — 13x — 34 > 0; 6) 10x — 4x% < 0; B) 3-75 < 0.

647, IlokaskuTe WITPUXOBKOM HA HOOPKHHATHOH IMJIOCKOCTH MHOMECTBC
TOYEK, KOTOpOe 3aJlaeT CHCTeMa HEePaBeHCTB

x* + 1 < 20,25,
y=-x2>2.

28. dopmyna cyMmMbl NepBbIX N 4IEHOB
reoMeTpu4ecKkoi nporpeccum

CornacHo JsereHjie MHIMHCKHI NpPHHI DELINJ HAIDAIWTE H300peTa-
Tend IIAXMAT ¥ NPEeIJIOKHI eMy caMoMy Bei6paTe narpagy. HaobGpera-
TeJMik MIAXMAT [ONPOCHI B HATPAAY 38 CBOe H300peTeHHEe CTOJBKO
NUIEHAYHBIX 3€pPeH, CHKOJBKO HMX TNOAYYHUTCH, €CJH HA NEePBYI0 KIEeTKY
[MAXMATHOH IOCKH TIOJIOIKHUTE OJHO 3€PHO,
Ha BTOpylo — B 2 pasa Gosneure, T. e.
2 sepHa, HA TPeThIO — eine B 2 pasa 6oJib-
mwe, T. e. 4 3epHa, u Tak jgajee go 64-i
KneTkn. Kaxoso ke OBLIO yAHMBIEHHE
IPHHIA, KOTJa OH Y3HAJ, YTO TAKYIO, Ka-
3aock Obl, CKPOMHYIO OpOCEDY HEBO3MOMK-
HO BBIINOJHHTE.

HelicTBUTENILHO, YMCJIO 3€pPeH, O KOTO-
PbIX HJET pedh, ABJIAETCA CYMMOH IIECTH-
IecATH YeThIPeX 4YJeHOB IeOMeTpHYEeCKOH
NpOTPecCHH, NepBHIH 4leH KOTopo# pa-
BeH 1, a spamMenaTenes pasex 2, Ofo3HauuM
8Ty cyMMy 4epes S:

S=1+2+22+2%+ ..+ 2% + 2%,

YMuOxHM 00 YACTH 3AMMCAHHOTO PAaBEeHCTBA H& 3HaAMEHATEeJNEb IIpo-
I'pecCHH, IMONYYHM

28 = 24 22 4.2° + 28 4 ., 29 425,

BriuTeM TOYSeHHO M3 BTOPOTO PABEHCTBA IEPBOE W IPOBEEM YIIPO-
IeHHA:

2S =S =(2+ 22+ .. +2% 4+ 21 +2+ 2%+ .. 425,
§=2%-1.

§ 10. NeomeTpuyeckas Nporpeccus
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MOJ’KHG nmoocYHTaTh, 4YTO MACCA TAKONO YHCIa NIITeHHUYHBIX GepeH
GoJisllle TPUIJIMOHA TOHH. 9TO 3aBE0MO NPEBOCXOAUT KOJHYECTEO Tiie-
HUILI, cOOPAHHOH YeJIOBeYeCTBOM JI0 HACTOSNIEr0 BPEMEHH.

Briseziem Tenepes GoOpMyNy CyMMBI NMEPBLIX N YJIEHOB NPOM3BOJILHOL;
reoMeTpHYeCKOoil nporpeccun. BocnoneayeMcs TeM 3Ke IIPHEMOM, C 1o-
MOMIEI0 KOTOpPOro Onblna BeEIUHMCIEHa cymMma S.

IlyeTe pana reomerpudeckas mnporpeccus (b,). OGosnaunmm cymmy
NepBbIX N ee 4iIeHOB depes S, :

Sy=b + b+ byt it b, + b (1)
VYmuokuM ofe YacTH BTOT0 PABEHCTBA Ha (:
S5g=bg+b,q+bg+ ..+0b, ,9+0,.4.
VuuTeIBaf#, YTO
bygq =10, byg=>by, byg=0b,, ... ., b, _,gq=0b,,
TIOJTYYNM
Sqg=b+bg+b,+ .. +b, + b.g. (2)

Briurem nouieHHO H3 paBeHcTsa (2) pasencteo (1) m npueesem mo-
no6HBIe 4JIeHBI:

S4q-8S,=({b;+b;+...+b,+b,q)—(b;+b,+ ...+, ,+b)=bg-b,,
S, qg-1)=bg-b,.
Otcioga crnepyer, uTo npu ¢ *= 1
brg - by
Sn =ﬁ—' (l}

Meul nonydyuan gopmyny CYyMMmbl NEPELLX N LIEHO08 2e0MempuiecKkoll
npozpeccuu, B Kotopoit ¢ # 1. Ecnin ¢ = 1, To Bce 4jleHBl TIPOTPecCHH
paBHBI NIepBROMY uneny U S, = nb,.

Ilpn perrermyM MHOIHMX 38784 YIOOHO MOJB30BATBECH (DOPMYJIOH CYMMEI
TNEePBBIX N YIEHOB NeOMeTPHYeCKOH NpOoTrpeccHH, 3allMCAHHOM B ADYIOM BH-
ne. Hlopcrasum B Gopmyny (I) smecro b, Bripaykenme blq“". IMomyurm

b @ -1

S,=223

, ecn g # 1. (II)

IIpumep 1. Halizem cyMMy nepBeIX JIECATH 4YJEHOB FeOMeTpHYECKOH
nporpeccun (b,), B xoropoit b; =3 u ¢ = %

P Tax kak H3BECTHHI NEPBHI 4Y4ieH ¥ 3HAMEHATEbh TIPOTrPEecCHH, TO
yaobuo Bocnonb3opaThed (opmynoit (II). IMomyuum

10 3[[315]10_1] 3[L' "]
bl =N -0 _6- 2 =532«

g-1 - B 512 5
2 2
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Hpumep 2. Haiinem cymmy 1 + x + x> + ... + x" ', rne x # 1, cyara-

eMble KOTOPpOi ABIAIOTCA NOCHEIOBATENIEHBIMH YIEHAMH IeOMeTDH-
yecko#i nporpeccuu 1; x; x%; ... .

p IlepBelii unen nporpeccH paBeH 1, a 3HaMeHaTens paseH x. Tak
KaK x" ! SBASeTCH WieHOM 5TO# TPOTPECCHH C HOMEPOM 1, TO 3a-
Jlaya COCTONT B HAXOMK/EHMHM CYMMEI [IepBbIX n ee 4ieHoB. Boc-
nions3yemca gopmynoit (I):

S lx-1 P-1

n x-1  x—1"

Taxkum obGpasom, ecnu x = 1, TO

= F |
1+ x+22+ ..+ 2" 1=x__1.<l

INlpumep 3. HailgeMm cyMMy NepBBIX IIECTH YJIEHOB TeOMeTPHYeCcKOil
nporpeccu® (b,), eciu u3BecTHO, 4TO by = 12 u by = 48.
p 3uasm by n b,, MOXHO HaliTH 3HAMEHATEJb NpOrpeccHH ¢. Taxk Kax
b, = baqz, TO

3uauwnT,
g=2 um q =—2.
Takum 06pasom, CYIECTBYIOT JiBeé NPOTrPeCCHH, YOBJIETBOPHAIONIHE
VCJIOBHMIO 3aa4H.
_h@®-1) _ 3e-2°-1 _

Eont g = -2, 70 by = 3 =3 1 8, = 245 2l 68,

a2-1n

Ecmm g =2, 10 b, =3 m Sg = ——

= 189. 4

YnExHeHun

648. Haiiipme cyMMy NepBEIX NATH YJeHOB reoMeTpPHMYeCKo# Iporpec-
CHH, ¥ KOTOpOIi:

1 1

a}b1=8,q=§; ﬁ)b1=500,q=3.

649, Haiinre cyMMy nepBbix IIECTH YWIEHOB MeOMETDHYECKOM IMPOrpPeccHu:
a) 3; —-6; ... ; B) —32; —16; ... ;
6) b4; 36; ... : r) 1; —%; e o

650. Buiuncnure cyMMy TEpBBIX JIEBATH YJIEHOB TreOMeTPHYECKOH mnpo-
TPeCCHH, ECIIH:

a)c,=-4, q=3; 6)ec,=1, g=-2.

& 10. l'eomeTpuyeckan nporpeccus
6-10. H. Maxapumes, 8 ka. 161



651. JlokaykuTte, 4TO MOCHENOBATENBHOCTE (b,) ABIAETCHE TeoMeTpHuyec-
KOHM nporpeccHeti, ¥ HAUAUTE CYMMY IEDPBbIX 71 ee 4JIeHOB, eciy:

a) b,=0,2-5% 6) b,=3-2""1; B) b,=3""*"
652. HaiijjuTe cyMMy NEepPBBRIX I YIEHOB reOMeTPHYeCKOH TpOrpecCHu:
a) 1; 3; g% . : r) 1; —x; e e x = —1;
6) 2: 2% 9% . - m) 1; x% x4 .., roe x= 11;
B) %;+%; %; i e) 1; —xs; xﬁ; -, THEe X ¥ —1,

653. HaiinnTe cyMmMy mnepBbIX CeMH YJIeHOB TIeOMeTPHYecKOH Ipo-
16 2

rpeccuu (b,), ecnu: a) b, = 72,9, ¢= 1,5; 6) =

654. HaiijnuTe cyMMy I[epBBIX NATH YJeHOB IeoOMeTpU4YecKol mnpo-
rpeccus (x,), ecau: a) x; = 1%. q= %; 6) x, = 121,65, g= 3.

655. HaiiyinTe cymMMy MepBhIX IIECTH WIEHOB IeOMETPHYeCKOH mporpec-
CHH, TIEPBLIH YJeH KOTOpo# pasBen 2, a uaTelii pasen 162, ecnu
HM3BECTHO, YTO €e 4YJIeHbl C HEeYeTHBIMH HOMEDAMH [OJIOXKHTENBHEI,
8 ¢ YeTHEIMH OTPHLATENLHE.

656. HaiijTe cymMMy MEpBEBIX CEMH YJIEHOB NeOMETPHYECKOH mporpec-
cum (b,), B Koropoii b, = 6 u b, = 54, eci MBBECTHO, YTO BCE ee
4ileHEBl HOJIOHTEILHEL.

657, B reomeTpuuecKoil nNporpeccHn, BCe YieHbl KOTOPOl NMOJIOKHUTENE-
HBI, CYMM&a I[IePBbIX [BYX 4YJIEHOB paBHa 8, a CyMMa TpeTsero
A 4YeTBepTOoro ujneHOBR papHa 72. CKONBKO wiieHOB 3TOH nporpec-
cm{,g H&;HHEH C TIepBOr0, HAKO CJAO0MKHTh, 4TOOBl NMONYYUTE B CyM-
mMe 242

n

658. Halignre nepBeiil 4nen reomerpuueckoit nporpeccum (b,), ecin
b, =0,012 u ¢g=0,2. Banumure dbopMyny n-ro 4daeHa 3Toil mpo-

IPECCHH.
1659. Coxparure apobn:
2n+2_2n—2 a5t _ g2n-1
8) =i 0 — o -

660. PerunTe HepaBeHCTBO!:
a) 1,5x — < 0; 6) x> +x+6 > 0.

661. Karyo ¢urypy sagaeT Ha KOOPAMHATHON NIIOCKOCTH CHCTEMa He-
PABEHCTE

3x -y =0,
y-5=07?
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KOHTpPONbHbIE BONPOCHI

Coopmynupyiite onpegeneHwe reoMerpuyeckoil nporpeccuu. YHTo
Ha3bIBalOT 3HAMEHATENeM reoMeTpPUYECKOn Nporpeccun?

Kak BbipaxaeTrcs kBagpar moboro 4neHa reoMeTpu4eckoi nporpec-
CWK, HA4YMHaA CO BTOPOro, HEpes3 npeablayuivia 1 nocnegpyrowmia
YNeHs!?

3anmuute GopMynsl N-ro YJeHa M CYMMbl NEPBLIX N 4NEHOB reo-
METPUYECKONW NMporpeccuu.

Haa mex, kxmo xowem 3name GoJbule

29. MeTtoa MmaremMaTU4eCKON MHAOYKLMM

IIycTe jaua nocjieloBATENBHOCTH (4,), B KOTOPOi
a,=4,a,,,=a,+2n+ 3.

IToneiTaemcsa 3anatek ee GoOpMyJNoil n-TO 4YJeHa.
BhIUMCINM IepBhie HECKOJBKO YJIEHOB NOCJHE[OBATEIEHOCTH!:

a,=4,0a,-4+2-1+3=9,a,=9+2-2+3=16.

3rauynT, NOCAELOBATENLHOCTE (@,) HayuuHaerca Tak: 4, 9, 16, ...

EcTecTBEHHO NpPEANONOKHATE, YTO 3TY NOCIEJMOBATEIBHOCTE MOMHO
sazaTs opmynoit a,= (n+ 1)°. ®opmyna sepna gna n=1, 2, 3. Ox-
HAKO, KAK J0Jro HH NPOJOJKanu Obl MBI BHEIYNCJIEHHA, OHH HE JAI0T

OCHOBa&HHIH yTBEDXKAATE, YTo 9Ta jopMyna BepHa npu Jg0boM HaATypalb-
HOM n. IloaTomy BOCTIONBE3YEMCH CHEIHANBHEIM METOAOM PACCYHJeHHH.

IMpexnonoxum, uyTo dopMyna BepHa Npu n=~Fk, T.e. a,= (k+ 1%, u
JOKAajeM, 4YTO OHAa TaK»Xe Bepua npu n=Fk+ 1, T. e. goxaxkem, 4TO
@, = (k+ 2>
Ilo ycnoBuio @, , ; = 8, + 2k + 3. Bamenus a, wa (k+ 1)?, nonyunm
a,,, =(k+1*+2k+3=k +2k+1+2k+3=k*+4k+4=(k +2)°.
SHAYMT,
Gp.y = (E+ 2)2:

T. e. ecnH (popMyJa BepHa anf n=Fk, To oua BepHa u gna n=k + 1.

Mu! ybenmince, yro popmysia BepHa ans n= 1. CneposaTensHo, OHA
Bepua ¥ gnA n= 1+ 1, 7. e. ana n= 2. Ua Toro, uro ¢dopmyna BepHa
Ing n= 2, caeayer, 4yTo OHA BepHa U jna n=2 + 1, T. e. gna n= 3.
(3aMeTnM, uTO B cripaBeaauBOCTH GOpMYasl Jna n= 2 u n = 3 Hac yhe-
IUIM W HenocpeJcTEeHHbIe pacdeThl.) M3 cnpaBegnuBocTH (GOpPMYJIEBI

Ona Tex, KkTo xo4eT 3HaTtb Gonblue
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Ins n= 3 BBITEKAET ee CIPABEeIMBOCTE ANA n =3 + 1, T. e. ana n = 4,
M3 roro, uro (popmyna BepHa nn#a n = 4, cIeAyeT, 4YTO OHA BepHA iy
n=5wurT O

Hcro, 4TO, CTPOA TAKYIO HENOYKY pacCyXXaeHHil, Mbl goiljieM g0 mio-
Goro mHaTypajpHOro 4ymcia. 3nadut, dopmyna a,= (n+ 1)® Bepua npu
mofoM HATYPAJIBHOM 7, T. €. NOCJeJOBATENILHOCTE (@,) MOMKHO 3aJaTh
aToil opMyJIoil.

ITprMereHHBIH MeTON JOKA3ATENBCTBA HA3BIBAETCA Memodom mdame-
mamuueckolt uHdyrxyuu. OH OCHOB&H HA CJEAVIOUIEM IIOJCMKEeHMH, Ha-
BECTHOM MOJ] HASBAHHEM NPUHYUN MAMEeMAMUYecKoil WHOYKYUL:

T . i . S R W S S M S

YTBepIKeHue O TOM, YTO HeKOTOpBIH (akT MMeeT MeCcTO IIpH
Jn1000M HATYPAJIBHOM 71, BEPHO, €CJIH BBITIOJHAIOTCA JBA YCJO-
BHSA:

a) YTBep:XJeHHe BepHO npu n = 1;

0) M3 cnpaBeANMBOCTH YTBEDIKIOEHHHA A n = k cuemyer ero
cIpaBelNIMBOCTE 0na n=k+ 1.

S S L TN N SN W N R S N R R B S W S S S S e e o

oy

JoxkasaTenbCTBO HEKOTODPOTO YTEBEPHJIeHHA MEeTOJOM MaTeMaTHye-
CKOH HMHAYKIHH COCTOMT u3 ABYX uacTeii. CHauyasia TIpOBEpHIOT ero
CHpaBeJIIMBOCTE npu n= 1. 3aTeM, NPeANONIOKHE, UTO YTBEPIKIeHHe
BEPHO NpH n = k, NOKa3bIBAIOT, YTO OHO BEpHO u npu n=k+ 1.

PaccvoTrpuM npuMepel NpHMeHEeHMS MeTOIA MATEeMATHYECKOH HH-
AVKITHH.

IIpumep 1. IIpn penlenVy HeKOTOPBIX 3a478Y M3 MeOMETPHH M MeXaHH-
ku Apxumern (287—212 rr. no H. 3.) BeIBesn dopMyTy
2400, g2 2 _ mnt 1@+
1"+ 2°+3°+ .. + R = 6 i
JlokaxeM ee Cnpage;LTHBOCTE.

P Ilpn n = 1 dopmyna Bepua:
PR ((ES VERS)
=T
Homoycrum, uyTo 3Ta QopMysa BepHa IIs n=k, T. e.

124+ 28+ 884 4 pF = DR TINERTT)

6
Hokaxxem, UTO OTCIOfA CJIe[[VeT ee ClIpaBefJIMBOCTE aAJaA n=k+ 1,
T. €.
124+ 284+ 8+ .+ B+ (h+ 12 = ET I AEETH
= :
Hmeem

k(k + 102k + 1)
6
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12+22+ 32+ .+ B+ (k+ 1)Y= + (B + 1)°=



_ k(R+1)2E+1)+6(k+1)° _ (k+1)2K +k+6k+6) _

6 6
_ (k+1)(2K% + Tk + 6)
5 3
PasioKMB Ha MHOMKHTeNN KBagpaTHbli TpexwriedH 2k + Tk+ 6,
NOJIyY¥M
2k + Tk + 6 = (B + 2)(2k + 3).
3uaunr,

(k+1)k+2)¥2k+ 3)
5 2
Taxkum 06pasomM, crpaBefTHBOCTE (hOpMYJIBI ApXUMejia JoKasaHa. <

12+22+32+ L+ B2+ (k+1)Y° =

Mpumep 2. [oxkamkem, uTo npH JA000M HATypaibHOM n cymMa 13"+ 5
KpatHa 6.

» Ilpu n= 1 yreepxjenve BepHo, Tak kak 13' + 5 = 18, a umcio
18 kpaTuo 6.
JonycTHM, 4YTO YTBep)IOeHHEe BepHO npm n=Fk, T.e. cymMma
13* + 5 kpaTea 6, ¥ ZOKAKeM, YTO M3 STOTO CJIEJYeT ero cnpasei-
nuBocTh jiA n=k+ 1, 1. e. cymma 13**! + 5 Takxe kpaTna 6.
Hmeem
13**' +5=13*-13+5=13* (12 + 1) + 5 =13*- 12 + (13* + 5).

B nonydenHoB cymme Ka)kmoe ciaaraemoe kpatuo 6. 3nauwurt, cym-
ma 13" ! + 5 npm mobom sarypameHoM k KpaTea 6. B cuny npan-
LU MATEMATHYECKOH MHAYVKUHMHM VTBeDMIEeHHe AOKa3aHo. <

Yngaxmen-mn

662, ITposeprTe, uto npu n = 1, 2, 3 Bepua (opmyna

2
T R LS

HNoxaykute, uTo dTa GopMyna BepHa npH J060M HATYDPAJILHOM I.
663, MokaxkuTe, uTo NpH JIOGOM HATYPAJLHOM 71 BEPHO PABEHCTBO
1-2+2-3+3-4+..+n(n+1)=3zn(n+1)n+2).

@I{oxamm-e, YTO NpH JMoboM HATYpPaJBHOM 71 CyMMa

1 1 1 1
l'2+2-3+3-4 +“'+n(n+|)

n
MoXKeT ObITh BLIYHCIEHA MO Qopmyse S, = .

ﬁﬁa Horaxure, yro NpH a1000M HATYPAILHOM 71 BEPHO DABEHCTBO
1-44+2-74+3-10+ ... +n(3n+1)=n(n+ 1)

Ons Tex, KTo Xo4eT 3HaTe Gonblue | 165
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666. ITyctes (b,) — mnocneZoOBaTEeNBHOCTH, B KOTOpoit b, = -3,
b,,,=0b, + 6k + 3. JlokaxuTe, 4TO 3Ty NOCIELOBATEIBHOCTE

MOMKHO 3aJaThk QOpMynoi b, = 3n® - 6.

@I{onamﬁﬂ'm 4TO NOCHeJOBATEeNBHOCTE (4,), B KOTOopol a, = —5,
@y, , = a, + 10k + 5, moxkuo 3agats dopmynoit a, = 5n% — 10.

668. NoxaxuTe, uro passocte 49" — 1 kpaTua 48 npu mobom HaTy-
PaJILHOM 7.

669. Iycts (u,) — nocnenoBaTenbHOCTE umcen @PuGonauum, T. e,
u, =1l u,=1, u,,,=u, +u,,, npu n > 2. J[lokaxxute, 4T0 aTa
MOCJNIeIOBATENIEHOCTE 00JafaeT CAeayIOIMIMM CBOMCTBOM:

a) uyptugtugt ot Uy, =y

2 2 2 2 _ .
) uytustuz+..t+tu,=u," u,,

HUTENbHBIE yNpaXHeHus K rnase IV

K naparpady 9
670. BeiuncinTe nepebie AT YIEHOB NOCHENOBATENBHOCTH (C,), 3aaaH-
HOH (opMYN0ii:
(-n*?

a) ¢, = —2n*+ T; B g, = oda 120 HLC, =g,
100 3 1-(-1)"
6)c,,=n2_5; rne,=382-2"% e)cﬂ=*§ni+—1’—

671. 3anaiiTe QopmMynoil n-ro uneHa NociAefOBATENBHOCTE (@,), ecyim:
a) (a,) — nocrenoBaTENEHOCTE HATYPAJBLHBIX YHCEN, KPATHBIX 5;
6) (a,) — nocnemoBaTeNnBHOCTE HATYPAJIBHBIX YHMCEJ, KOTOPLIE TpH
JeneHHH Ha 5 ganT B ocrate 1.

672. BuluncauTe mepBble HECKOIBKO YJIEHOB MOCJIeNOBATENLHOCTH (v.),
ecJm:
a)y].:_a!yn+l—'yn=10; B)y1=1’5!yﬂ+1-yn=n;
O) 31 =10, Ypsy* Un=2.5: « D) Yy =4 Yooyt Ya = 1"

673. Haligure wiensl apudmMeTHdecKoi nporpeccun (a,), o6osHauenuble
OykBammu:
a) a,; ay; —-19; -11,5; a5 o ; 6) a;; —8,5; as; —4,5; ag; ag .. .
674. Ilepumerp TpeyronsHuKa papedH 24 cM, NpHUYeM JIMHBI €r0 CTOPOH
00pasyoT apuMeTHYEeCKYI0 Nporpeccuo. MOMHO JH OupejenuTbh

LIHHY XOTH Obl opHOM us cTropoH? Hakwe uenble sHaueHHMs MOIYT
NPHHMMAaTE IJHHEI CTOPOH TPEYIOJLHHKA, BblPaj<€HHBIE B CAHTH-

meTpax?

ApudmeTnyeckas M reoMeTpuHeckas Nporpeccuu



675. Yrael TpeyroJbHHKa o0OpasyoT apH(pMETHYeCKYI0 IpPOTrpPeccHIO.
Hokasxure, 4To OZHMH U3 HUX paseH 60°.

676. IlocnegoBaTenbHoOCTE (a,) — apudMeTHYecKas nporpeccuns. Hena-
erca Ju apudMeTHYeCKO# mporpeccHeii NocneloOBaTeNbHOCTE:

B) Ooi Bai i3 Gy so 3 B) 2::1, 2a2, 5 O0s il
6) 8, —1; 8313 we i 0. — 13 T} By Bas ot s o |
677. IlocnepoBaTensHoeTs (a,) — apudmeTnyeckasa nporpeccus. Haii-
OUTE:
a) ay, ecim a, =3 -2 ud=2-3;
53 -7 2
6) ag, ecnu a, = J-B d—-\r

678. Haligre HOoMep unieHa apmdMeTHYECHOH nporpeccHu {a,):
a) pasuoro —2,94, ecim a, = 1,26 u d = —0,3;
6) pasuoro —9,7, eciu a; = —3,7 u d = —0,6.
679. lana apudmermdueckas nporpeccus (b,), vy Koropoit b, = 2%
nd= % Henserca a¥ 4uneHOM 3TOH IPOIDECCHH YHCIO:
a) 143; 6) 8,357

680. Haiijiure:
a) NepBBIA MOJOMHUTENEHBIH uYneH apudMeTHUYECKOH nporpeccHun
-103; -105;
6) uepBbLiii OTPHUATENBLHBIA 4YNeH apH(pMeTHYeCKOH nNpOorpeccHH

1 o1
Bﬁ; 85; -
681. Torkaxute, uro ecau (y,) — apudmMeTHYeCKAH NpPOrpeccHsd, To:
a) Yy t Yy =Yq t Y5 8) Yo st Yns10= ¥Yn t Ynss» TOE B > 5.
682, Noxkaxure, uro ecin d — pasHocTek apudMeTHYecKoii nporpec-
CHH, 8 X, ¥ X, — €e WIeHbl, npudeM m# n, 10 d = H
683. Mana apndmeTnueckasa nporpeccus (a,). Haifigure:
a) d, ec: @y, = 1,71 ag; = 0; 6) a,q0, €CIH a,, = 270 u d = 3.

684. Halijure cyMMy mepBBIX [IECATH 4YneHOB apudmeTudecKoi npor-
peccHu:

) :: i! s 3 ﬁ) JE; Jﬁ; -

685. HaiiguTe cymMmy, ciaaraeMbIlMM KOTOPOM ABNAKOTCH MOC/EL0BATENb-
Hbl€ 4YJleHEl ApH(MEeTHYeCKOH NpOTrpeccHH:

a) 2+ 6+ 10 + ... + 198; 6) 95 + 85 + 75 + ... + (~155).

DononHutensHbie ynpaxHedus k rnase IV
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686. Ha oznHoii cTOpOHe yria oT BeplIHHEl OTJIOMKEHEl JBEHAMNIIATE DABHBIX

OTDPE3KOR H Yepe3 WX KOHIE! (KpOMe BepHIMHEI VIJIa) MpOBedeHkl Iia-
pasnensHble NPAMBIE, DepeceKalol e ApyIryo cropody yraa. Haligu-
Te CYMMY ANUH BCEX NapajLiefibHBIX OTPE3KOB, SAKIIOYEHHBIX Me-
Ay CTOPOHAMM YIJa, eciH [JIHHA HAUMEHBIIETO M3 HUX PABHA 3 CM.

687. B apuhmeTnueckoil nporpeccun (a,):

a) d = —0,4, n =12, a, = 2,4; Haiigure a, u S;;
6) a, = -85, d = 5, S, = 250; uaiiguTe n u a,;

B) d ===%, a, = 50, S, = 2525; naiigure a, u n;
r)a = % = -—29— S, = —450; umaiigute d n n.

688. HaiinuTe pasHocTe apud)MeTHdecKol Iporpeccuu (x,) U ee NepBhlil

ujeH, ecnu X0 = 1 u S5 = 4.

689, HaiiguTe cymmy:

a) BCeX IBY3HAUHBIX YMCEN; 6) BCEX TPEXSHAYHEIX YHCEJ.

690. Haiizure cymmy:

4) BCeX HATYPaJBHLIX YeTHEIX 4YHCeN, He npesocxoganmx 200;
6) Bcex HATYpaJBHBIX HEeYEeTHRIX YWCEJN, He npeBocxogammx 150;
B) BCEX HATYDAJNBHBIX YHCEN, KPATHBRIX 3, 3aKJIIOYeHHBIX B IpoOMe-
sxkyTre ot 100 mo 200.

691. Kakosa cyMMa HATYDAJBHEIX UMCEJ:

a) megpmux 100 u He KpaTHbIX 3;
6) Gonkmux 50, Ho Meupmux 150 u He KpaTHeEIX 57

692, Haiiure maTypanbHoe YMCI0, KOTOPOE:

a) B b pa3 MeHBlIe CYMMB! NPEAIIECTBYIOIHX €My HATYDaJbBHEIX
YHCEJI,
6) paBHO CcyMMe IPeAIIeCTBYIMINX eMy HATYPaJbHbIX wHCel.

693. Unens! apudmeTuvecKoil nporpeccuu 2; 5; ... ¢ YETHBIMM HOMepa-

MM 3aMEHHJH IIPOTHBONOJOMKHEIMKM MM uHciamu. B pesynetarte
NoJdy4Yunau nocaeforaTentHocTs (x,). Hanuwmure dopmyny n-ro
yjeHa 3TOH NOCAeJOBATENIBHOCTH M HAWAWTE CYMMY IEpPBEIX NATH-
JecATH ee 4IeHoB.

694. Vopocrure Bripakenue:

x-x2-xP 2" . 6) 2 aoxt. E-...-xz".

a) -2
x-xs-x's-...-rz"_l' x- 2% x8 -

4) CYMMY BCeX HOJOMKHTENBHBIX 4YIeHOB apu(MeTHYeCKoH HOporpec-
cun 8,2; 7.,4; .. ;
0) cymMy BCEX OTDHMITATENBHBIX YWIEHOB &pH(pMeTHYeCKoIH Tporpec-
can —6,5; —6; .. .

LEEERLV ApudmMmeTryeckan u recMeTpuYeckas nporpeccuu



696] Haiigure cyMMy NepBHIX COpPOKA UIEHOB apuMeTH4YecKoil mpo-
rpeccuu, ecim S;, = 100 u Sy, = 900.

697] Haiinure narufecaThii wied apudMeTHYecKo# nporpeccuw,
eclig:

a) Sy = 1000, S, = 10 000; 6) S; = 0,5, S,; = -81.

698. Banumiure GopMyny cyMMEl INEPBHIX 71 4YJIeHOB IIOCHIEJOBATENb-
HocTH (a,), ecam:

a)a,=2n+1; 6)a,=3—n.

699] fipnseTcs nw TMociegoBaTensHOCTH (x,) apudMeTHMUecKoit mnpo-
rpeccueii, ecjiu CyMMYy NePBHIX N €€ YJEeHOB MOXKHO HAHTH IO
dopmyne S, = n® — 8n? HaitguTe naTHil uwien aToi NOCTEAOBATEND-
HOCTH.

[700] Sflznsiercs 1M mocnemoBaTenbHOCTH (Xx,) apudMeTHuecKoit mporpec-
cueil, ecliu CyMMa IepBhIX NI ee YIEHOB MOXKeT GhITH HaiifeHa 1o

dopmyre:
a) S,=-n*+3n; B S,=n’+2n-8;
6) S, = 2n*-1; r) 8, =6n + 57

K naparpagy 10

701. Haligute ofozHadeHHBle OYKBAMH 4YieHB! NeoMeTpMYeCcKOH Ipo-
rpeccuu (b,):
a) by;; by 225; —135; 81; bg; ... 6) by; by bg; 36; 545 ... .

702. IlocnegoeaTensHocTs (x,) — reoMmerpuyeckas nporpeccus. fpna-
eTcsa JIM TeOMeTPHYEeCKO# Iporpeccueii NOCIefoBATENBHOCTD:
gl g 2
Y o g G it e S I R Bl X355 X55 weeis Kigiaeeis
£ af 1
0) 82 Bx5: .. 3 8%:1 . ; r) o e YOS e B0 ?

703. CymecTBy10T 11 TPH 4YHMCJa, KOTOPEIE COCTABISIOT OJHOBPEMEHHO
apupMeTHUIECKYI0 ¥ FeOMeTPHYeCKYI0 Iporpeccuu?

704. fipnserca nu reoMeTpHYecKoil nporpeccueil IoclefoBATelIbHOCTE
(x,), ecmm:

a) x, = 2% 8) x, = n;
6) x,=3™"; r) x,=ab", rne a* 0, b#0?

705. ViapecTHE! Neppelil WieH d 3HAMEHATEJh reoOMeTpHUYeCKoil mporpec-
cuu (b,). Haiigure b, ecinu:

243 2 2
a)bl=ﬁ,q73,ﬂ=3; 6) b, = Cid St 6, n=5.

JdononHutensHuie ynpaxHeHus K rnase [V
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706. IMepBriii 1 AeBATHIH YiIeHb! reoMeTpUuYecKoil IIporpeccu#d pap-
HEI COOTBETCTBEHHO 135 1 g. HaiguTe sakaoYeHHBIe MEXHAY HHMH
YJeHEl 3TOH IPOrPEecCHH.

707. Ilocneposatensuocts (b,) — reomerpuueckas nporpeccus. Ioka-
HuUTe, 4TO:

a) ecnu b; > 0 u g > 1, To Kaxawii caeayouil 4ineH nporpeccuu
Gonblle NpeablayIIero;

6) ecin b; > 0 u 0 < g<1, To Kamaklil caefymwiuii YieH nMporpec-
CHH MEHBIE NpeasIIYINero;

B) eciu b, <0 u g > 1, To Kamaslil clenywoIluil 4ieH NporpeccHu
MEHBIIE TPegbIAVINErO;

rfeciu by <0 u 0 <g<1, To KAEAKI creayOuil YieH mporpec-
cun Doabine npeablayIIero.

Jlnsi Ka)xnoro U3 paccMOTPEHHBIX CAYYEEB IPHBEAUTE HPHUMEep.

708. HokaxuTe, uTo eciu (@,) — reoMeTpHYECKAd HpOrpeccus, TO:

a) a,* ag = az " as; 6)a, g"a,,g=8a,"a8,,.5 AR N> 3.
709. Tokaxure, uro ecnu b, u b, — wujeHsl reoMeTpMyYecKoil mporpec-

cHM, 3HAMeHaTelbk KOTOpo#l pasen q, to b, =b,_g" ™.
710. B reomerpuueckoii nporpeccHau (x,.):

1 o
B)g=-—35 =58 = 20%; HaiiguTe X, U X,;
6) x, =11, x, = 88, S, = 165; naiinure q u n;
1 21,

1
B)x]:'f'! Q’=—§: S"":ﬂ-i'

r) g= V3, x, = 1843, S, = 26+/3 + 24; maiinure Xy Hu n.

711] CymMy nepBBIX N WIEHOB IOCHefOBATENHLHOCTH (X,) MOYKHO HaiiTw
oo dopmyne S, = %(5" — 1). [okaxuTte, 4TO IIOCIENOBATEILHOCTE
(x,) — reomeTpuueckas nporpeccusi. Hadfinure ¢ u x,.

712. I'eomeTpuuecKas mporpeccus cocTouT u3 15 unesos. Cymma
[EepPBhIX [MATH Y4JI€HOB DABHA %, a cyMMAa CHeAYIOUIHUX NATH WIeHOB

HaiiguTe n 1 x,;

paBHAa —5%. HaiiguTe cyMMy NoClefHHX YIEHOB 9TOH IIPOrpECCHH.

713. YopocTuTe BHIpa;KeHWe, NPUMeHHB (POPMYJY CYMMEI NEpPBEIX N
YJIeHOB IeOMeTpPHYecKOol IpOorpeccwuH:

a)l+x+x22+2®+x", rnre x#1 u x2#0;
) l-x+22-22+x*-2*+2%, rne x= -1 u x20.
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KOMBUHATOPUKMU
Y TEOPUU BEPOSITHOCTEMN

30. MNMpumepbl KOMOMHATOPHLIX 3apay

B mayKe W Ha NpPAKTHKE YacTo BCTPEYalOTCA 3aJa4d, pellas
KOTOpPBIE IPDHXOAMTCA COCTABIATE PA3fIUYHEIE KOMOMHAIMM U3 KOoHed-
HOMO 4YHMCI& SJIeMEHTOB M MOACYHTHIBATE YHCI0 KoMOumanwii. Takue
3afad¥ NONYYWIM HasBaHWe KOMOGMHATOPHEIX 3apgad, a pasgen
MaTeMaTHKH, B KOTODOM pACCMATPHBAIOTCA NogobHble 3ajadM, Ha-
3LIBAIOT KomOunamopukoii., CroBo «KOMOWHATODHMEKA» HPOMCXOAWT
OT naTHHCKOro clioBa combinare, KoTopoe 03HauYaeT «COEAHHATH,
coderarb». MeToakl KOMOMHATODMKM HAXOAAT IMPOKOE HpPUMeEHe-
Hyue B (U3MKe, XUMHH, OHOJIOIHH, DKOHOMHMKE u Apyrux obnacTsax
BHAHWH.

PaccMOTpHM HEKOTODBIE KOMOMHATODHBIE 3aJayy,

ITpumep 1. VU3 rpynnel TEHHHCHCTOB, B KOTODYK BXOAAT YeThIpe
yesnoBeKka — AHToHOB, I'puropres, Ceprees u ®enopor, Tpexep
BEIJENAET ABOMX JIIA YYBCTHA B COPeBHOBARMAX nap. CKOJBKO Cy-
mecTryeT BapuaHTOBR BhIOOpa Takoi mapei?

P CocrapuM cHauajla BCce NAPE, B KOTOPBIE BxoauT AHToHOB (mnsa
kpaTkoctu Oynmem mucaThb nepsble OykBel MaMunuii). ITonyuum Tpu

napel:
AT, AC, AD.
BeinuineM Teneps Napbl, B KoTopsle BXoAuT I'puropses, HO He BXO-
outT Antonos. Takux map Ise:
I'C, I'd.
Jlanee cocraBuM mapei, B KOTopele BXxoaguT Ceprees, HO He BXOAAT
Antonos m I'puropees. Takaa mapa tonbko ogua; Cd.
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Ipyrux BAPHAHTOB COCTABIEHWA HAD HeT, TAK KAK BCe IAapPEl, g
KoTopeie BXoAHT PenopoB, y3Ke COCTABJIEHEI.
HUrax, Mul moMy4YwaM ImecTh Iap:

All, AC, AD,
IC, I'd,
Co.

SHAYHT, BCEr0 CYIIECTBYeT WIeCTh BAPMAHTOB BeIfOpa TPeHEepoMm
napel TeHHHCHCTOB M3 JAHHOR rpynnel. <l

Cnioco6 paccyskaeHuil, KOTODBIM MBI BOCIIOJB30BAJMCH IPH pPelleHuu
3a8/1a4¥, HA3LIBAIOT nepefopoM 603MONCHBLX 6APUAHIMOS.

IIpumep 2. CKOMLKO TpeX3HAYHBIX YHCEJl MOYKHO COCTABHTE u3 mudp
1, 3, 5, 7, UcnosB3ys B 3AIIMCH YHCIA KAXIVIO U3 HUX He Oojee
oJHOoro pasa?

P YUTo6B!l OTBEeTHTH HAa BONPOC 38/184HM, BBEIIMIIEM BCEe TAKHE YHCJIA.
Ilycre Ha mepeoM mMecte ctouT uudpa 1. Ha BTropoMm MecTe Moer
6rlTe 3anucana awbas w3 nugp 3, 5, 7. 3anumeMm, HANpUMEp, Ha
BTOpoM MectTe nudpy 3. Torna B KadecTBe TpeThed mMUMPHI MOMK-
HO B3ATE 5 uam 7. Honyunm gsa umcaa 135 u 137. Ecaun Ha Bro-
poM mMecTe 3anucaTk nudpy 5, To B KauecTBe TpeTheldl nugps
MOXXHO B3ATE OUQPyY 3 unu 7. B aroM cayuae monyuyum yucna 153
u 157. Ecam e, HAKOHeL, HA BTOPOM MecTe 3anucats uudpy 7,
TO mony4yumMm uucna 173 u 175.

Hrak, MBI cocraBuiu Bce 4YHCa, KOTOPhEle HAYMHAIOTCA ¢ Oud-
pet 1. TaKkux yucesn IIeCTh:

135, 137, 153, 157, 173, 175.

AHaJIOTHYHEIM cNOCOO0M MOYKHO COCTABHTH YHCJA, KOTOpbie HAUM-
HATCH ¢ nudpu 3, ¢ qudpsl 5, ¢ oudps! 7.

ITony4yenHsle pe3yabTATEH! 3aNMUINEM B YeThpe CTPOKH, B Kamaoii
M3 KOTOPHIX II0 LIECTE YHCEJ:

135, 137, 158, 157, 173, 175,
315, 317, 351, 357, 371, 375,
513, 5617, 5631, 537, 5671, 573,
713, 715, 731, 735, 1751, 763.

Takum obpazom, w3z mudp 1, 3, 5, 7 MOXKHO COCTABUTH
24 Tpex3HAYHBIX YHCJA, B 3ANHCH KOTOPBIX IMMPE He IOBTOPHA-
oTesa. <

IIporenenurnlii nepefop BAPHAHTOR NMPOMJLIIOCTPHPOBAH HAa CXeMe,

u3obpaxkeHHOl Ha pucyHKe 79. Takyio cxeMy HasHIBAlOT Jdepesom 603-
MONCHBLX 8APUAHMOS.
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Ilepras qugpa 1 3 5

/N AL

T R AR RO
Tpersa nAdgpa 573735 5717185 87171 38 3561513

Puc. 79

3aMeTHM, YTO OTBET HA BOINPOC, MOCTABJIEHHKIH B NMpuMepe 2, MOXK-
HO TOJYVYWUTE, He BRIMUCHIBAA caMy yuciaa. ByneMm paccys:xaaTtes Tax. Ilep-
BYIO MUQPY MOMKHO BHIOpATH Y4eThHIpbMA crocobamu. Taxk Kak mocie BhI-
6opa mepeoif HGPEI OCTAHYTCA TPH, TO BTOPYIO HU(PY MOMHO BROpaTh
yae Tpemsa cnocobamu. Hakowen, Tpersio nudpy MokHO BeIOpaThs (M3
OCTABIIMXCH JBYX) ABym#a conocobamu. CrnegosaTennHo, ofee yuceno uc-
KOMBEIX TPeX3HAYHBIX YMCeJl PABHO nMpousBefeHuio 4 - 3 - 2, 1. e. 24.

ME! HAILIM OTBET HA TOCTABJEHHBIH B mpuMepe 2 BONPOC, WCIOJb-
38y TAK HASBIBAEMOE KOMOUHAMOPHOE NPABUNO YMHONEHUA.

ChopmynupyeM 9TO Opasujio B ODIEM BHJIE.

ITycts umeeTcsa n ajieMeHTOB u TpebyercA BeIOpATE M3 HHX
OnMH 3a ApYyruM k aneMeHToB. EciM NepBhLIf 2JIeMEHT MOMHO
BeifpaTe n, cmocofaMu, TOcKie Yerc BTOPOH SJEeMEHT MOMKHO

L]
]
1
1
1
o ]
Bhlﬁp&‘l‘b ng crnocobaMu u3 oCcTaBIIMXCH, 3aTeM TPpeTHH JIEMEeHT
MOXHO BHﬁpﬁT’b ng crnocofaMH M3 OCTABINMXCH M T. ., TO YHC- :
1
i
I
4

0 cnocofoB, KOTOPBIMHA MOTYT ObITE BHIOpaHE Bce B 5JeMeH-
TOB, PABHO TIPOMBBEAEHUIO 7y * Ty * Mg * w. * My

o

IIpumep 3. Ha ropoana A B ropox B BenyT JaBe pnoporwu, w3 ropoma B
B ropoa C — Tpu pgoporu, u3 ropoga C 1o mpUCTAHW — [Be JOPO-
v (puc. 80). TypucTh XOTAT NPOEXATE M3 ropoga A dHepesa ropo-
na B n C gk npucrain. CKoOTBEKUMH criocofaMu oHU MOryT BEIGpATH

MApLIpyT?
R o U
A B‘"‘"‘—-———-—_.____d-—/"\‘—‘—""’ IMpucrann
Puc. 80

§ 11. SnemeHTol KOMBMHATOPUKA

173



P IIyte us A B B TypucTel MOryT BEIGpaTh AByMA cmocobaMu. [[g-
Jiee B KaXIOM ClIydae OHH MOryT IpoexaTk U3 B B C Tpems cng-
cobamu. BHauuT, uMeroTcHa 2+ 3 BAPMAHTOB MapmpyTa M3 A B O,
Taxk Kak ¥u3 ropoga C Ha NMPUCTAHE MOMKHO HONACTE OBYMH CIOCQ-
6amu, TOo Bcero cymectsyer 2 -3 -2, T.e. 12, coocobor BriGopg
TYPHCTAMH MAPLIPYTA M3 ropoja A K npucranu. <

YnpaxHeHus

714. B kade npepnaraoT nsa nepeslx Omona: Gopin, pacCONBHUK — p
YyeThlpe BTOpPRIX Ojai0fa: rynfAll, KOTJeThl, COCHCKHW, MNeJbMeHH,
VYramuTe Bce ofenbl M3 MepBoro ¥ BTOporo 0108, KOTOpEIE MOMer
3aKasaTh nocetutens. IIpounmocTpupyiiTe OTBET, IOCTPOMB Jepe-
BO BO3MOJKHEIX BAPHWAHTOR.

715. ¥ Hpuunl nate noppyr: Bepa, 3os, Mapuua, ITonuua u Ceerna-
Ha. OHa pemuna AByX ¥M3 HHUX NPHUIVIACHTE B KHMHO. ¥ KAXKHUTE BCe
BO3MOXKHEIE BAapuaHThl Bhibopa moapyr. CKOALKO TAKHMX BApHUAH-
TOB?

716. Cragnos umMeeT wyerThlpe Bxofa: A, B, C u D. VKaxuTe BCe BO3-
MOKHEIE CIIOCOOEI, KAKHMH IOCETHTENb MOMKeT BOMTH 4Yepes OJHuH
BXOJ, & BHIHTH uepes apyroii. CKolsKo TAKHX cmocobos?

T17. ¥YraxxuTte Bce cnocobbl, KAKMMH MOYKHO PA3JIOMUTH TPH AOIOKA B
ABe Baspl (y4THTe NpH 3TOM CJIy4ad, KOra OfHA W3 BA3 OKAMKeT-
CH IIYCTOM).

718. CocraBhTe BCe BO3BMOXKHBIE [ABYSHAYHBLIE UYHCIA M3 YKA3AHHBIX
nudp, HCNOAL3YA B 3ANHECH 4YHUCJA KAXKAVIO M3 HuX He Gomee ofn-
HOT'O pasa:

a) 1, 6, 8; 6) 0, 3, 4.

719. Uz uudp 1, 2, 3 cocraBpTe BCE BOSMOKHEIC IBY3HAYHBIE YHCIA
IpH VCIOBHH, YTO:
a) gudprl B YyHene He NOBTOPHIOTCH;
0) monycraeTcs NoBTOpeHHe LHUQP B uucie.

720. Ucnonsays noudpet 0, 2, 4, 6, cocraBbTe Bce BO3MOMKHEIE TpeX-
3HAYHEIE YWUCJA, B KOTODPHIX OHGPE] He NOBTOPAIOTCH.

721. B maxmaTHOM TYpHHpe y4acTBYIOT 9 uyenosex. Kasgawiii u3 HHX
CRITPATT ¢ KAKALIM M0 OfHOI mapTuM. CKoJbKo Bcero maprtuii ObI-
JI0 CHIFpaHo?

722. B copeBHOBaHHAX 1o (yrhony yuacrBosano 12 komaug. Kaxpas
KOMAHJA IIPOBEJA C KaKJol M3 OCTANLHEIX MO OJHOI Hrpe Ha CBO-
eM IoJle H Mo OAHOH Hrpe Ha noje conepuauka. CKonbsKO Bcero urp
ObLIO CchirpaHo?

723. IIpn BeTpeue 8 uenosek ofMenanucks pykonoxaruamu. CEonsko
Bcero ObLIO caenaHo PYKOMOMATHILT
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724. Yuanmecn 9 Knacca penmuny oOMeHATH-
cA ¢oTorpadbuamu. CRoasKo QoTorpa-
¢uil gna sToro nmorpebyercs, €CIH B
Kiaacce 24 yyammxcs?

725. Ha BxonHoil JBepd [oMa YCTAHOBJIEH
poModoH, HA KOTOPOM HAHECEHH!
mudpw: 0, 1, 2, .., 8, 9. Kaxpgasa Keap-
THpA NOJYyYAeT KOA W3 ABYX nudp TH-
na 0—2, 3—7, 7—3, 8—8 u T. 1.,
NO3BONAKIIMI OTKPBIBATE BXOJHYIO
nBepb. XBATHT JIH KOJAOB AONIA BCEX
KBAPTHP JgoMa, ecnu B gome 96 kBap-
TUp?T

726. Uz cena Ilarnoeo B ceno MaTeeeBcKoe BegyT TDH JODOTH, a U3 ce-
na MaTteeesckoe B ceno IlepimuHo — yeThipe goporu. CKONLKMMH
cnocobaMu ModHO momnactk U3 Jarnoso B IlepmmHO 4Yepesz Mar-
BeeBcKoe?

727. B rade umeroTca Tpu nepssiXx Omopa, nATE BTOPHIX Oal0g
aBa TpeThux. CroasKMMHM chnocobaMu mnoceTHTenb Kade MoO-
meT BEIOpaTE 00en, COCTOAIWH W3 IEPBOro, BTOPOrO0 H TPETHEIO
omon?

728. Ilerp pemuna nDoiATH HAa8 HOBOINOJAHMHA KApPHABANT B KOCTIOME
MylmnKeTepa. B aTenke mnpokaTa eMy nOpefno:xuau Ha BuboOp
pasiIMYHEIE N0 (PACOHY ¥ IBeTY IIpeJMeThl! IATE BHAOB OpIOK,
MeCTs, KaM30J0B, TPHM ULIANLI, aBe naper camor. CKonbKo pas-
JUYHEBIX KAPHABANBHBEIX HOCTIOMOB MOMHO COCTABHTL M3 3THX
npeaMeTos?

n
(729, ¥VropocTuTe BEIpaXKEeHHE:
2ab a-b 2a b
! [ag—bz aj 2a+zb] et  B-o
B o o
TV it R - A
730.Peiinte HepaBeHCTBO:

a) (2,5x + 3)(d4x— 1) - 2,6x(dx + 2) < 3;
6) (1 — 4x)* — (8x—- 1)(2x+ 1) > 0.

'731.Hz0bpasuTe cxemMaTudyecKH rpadui QyHKINH ¥ yEaMuTe obiacTs
€e 3HAYeHHI:

a) y = x% + 15; 5)y=[:r—16)2; B)yz—-x2+8.

§ 11. BnemeHTsl KoMBUHATOPWKK
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31. MNepecTaHOBKKN

Ipocreiimumy KoMOMHAIIMAME, KOTOPHIE MOXXHO COCTABHTEH U3 3Je-
MEHTOB KOHEYHOT'O MHOKECTBA, ABISAITCH NepecmaHo8KuU.

PaccvmorpumM npumep. Ilyers umeroTes Tpu kHuru. ObozHauuM ux
fykBaMH @, b 1 ¢. DTH KHMIM MOXXHO DACCTABMTL HA IOJKE NO-Pa3-
HOMY.

Ecnu nmepsoii HOCTABHTL KHUTY 4, TO BO3MOYKHEI TAKHE PACIOJIOMe-
HUA KHUI:

abe, ach.

Ecnu nepBoil moCTABUTHL KHUTY b, TO BO3MOMHEIMH SBIAITCHA Ta-
KHe pAaCHoIoMKeHudA:

bac, bea.

W saxoHer, eciu IIBPBOﬁ IIOCTABHTE KHHIY C, TO MOMHO HNONYYHTH
TAKHEe PacIloJIOeHHH:

cab, cba.

RBH’UIDB H3 3THX pBCIIOJ'IO}REHHﬁ HA3BIBAKOT nepecmauosxﬂﬁ H3 TpeXx
2JIeMEHTOR.

IlepecTaHoBKO M3 N 3JI€EMEHTOB HASBIBAETCH KANAOEe PACIIOO-
JKEHHE 3THX 3JIeMEeHTOB B ollpefesIeHHOM MMopAfKe.

Yucsno nepecTaHOBOK W3 7 9JIEMeHTOB 0003HA4YAKT cuMBoNoM P, (vuu-
TaeTca «P u3 n»).

B paccmoTpeHHOM NpuMepe Mbl yeTaHOBMAM, 4ro Py = 6. IIna Toro
yToOR HAHTH YMCJO MNEPEeCTAHOBOK H3 TpPeX 3JIEMEHTOB, MOMKHO He BEI-
THCEIBATE 9TH NEPECTAHOBKH, A BOCHOJb30BATHCA KOMOMHATOPHBIM Ipa-
BHJIOM yMHOMKeHufA. Bygem paccymgaTe Tak. Ha meprRoe MecTo MOIKHO
NOCTABMTL J1060# M3 Tpex sneMeHToB. JlJs Kasjoro BelGopa mepBOro
3JIeMEeHTA eCTh [B€ BO3MOXKHOCTH BbIOOpa BTOpPOro M3 OCTABIIMXCH ABYX
anemenToB. Hakowen, Ans Kamaoro Buifopa MEpBEIX ABYX 2JIEMEHTOB
ocTaeTcd eJMHCTBeHHAA BO3MOXKHOCTH Bhlfopa TpeThero saemMenTa. 3Ha-
YUT, YHCJI0 IepecTAHOBOK H3 TpexX sJleMeHToB paBHo 3 - 2-1, 1. e. 6.

BeiBegeM Teneps (OpMyNy YHCIA NEPECTAHOBOK H3 N 3JIEMEHTOR.
BocnonsayeMcda TeM e cnocobfoM paceyskOeHwi, KoTopblii 6BLI HCIIONb-
30BAH OJNA HaxoxjgeHusa P,.

IlycTs MBI uMeeM 1 anemMedHToB. Ha nepBoe MeCcTo MOMHO MOCTABHTE
arboii u3 Hux. lIna kaxmgoro Beibopa mepsoro ajieMeHTa Ha BTOpPOE Mec-
TO MOXKHO IIOCTABHTE O/IHH W3 ocTaBmuxcd n — 1 sanementor. Ilna kanc-
noro BeIBopa HEpPBHIX ABYX 3JIEMEHTOB HA TPeThe MECTO MOKHO IIOCTa-
BMTh OfHWH W3 OCTABIIMXCA n — 2 3aleMeHTOB M T. 4. B pesyiastare
Nony4dM, 49TO

P,~n(n-1)(n-2)-..-3-2-1.
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Pacnonoxue MHOXKHTENH B NOPAAKe BO3PACTAHMA, MOJYUYHUM
=1-2-3-.-(n—2)(n—1)n.

Jlnsi npousBeleHusA NEPBHIX 71 HATYPANLHEIX YHCEJl UCIOJB3YIOT CIie-
nuansHoe obosuavenmne: nl (uuTaerca «n QaKToOpHAN»).

Hanpumep, 21 =1-2=2; 5!1=1-2-3-4-5=120.

ITo onpepenenur cumrawT, gro 1! = 1.

Taxkum 06paszoM, YMCIO BCEBOZMOMKHBIX MEPECTAHOBOK H3 11 dJIeMeH-
TOB BhIMHCIAETCH 10 dopMyne

P,=nl

IIpamep 1. CrkonpkuMu crnocob0aME MOKHO DAcCTABHTH & YYaCTHMIL
¢duHansHOro 3abera Ha BOCEMH 0eroBBEIX JOPOMKKAX?

P UYucno cnocofoB paBHO Yucny NepecTaHoBOK w3 8 smemenrtos. Ilo
(opmysie YHCHIA NEepecTAHOBOK HAXOIHM, 4YTO

P,=81=1-2-3-4-5-6-78= 40 320.

BuauuT, cymecteyer 40 320 cmocofoB paccTAHOBKHM YUYACTHWIL 3a-
Gera Ha BockMu GeroBelx NOpOXKEKax. <

IIpumep 2. CKOIBKO pA3IHYHBIX YeTHIPEX3HAYHBIX YHCEJN, B KOTOPBIX
nudpsl He NOBTOPAKTCHA, MOXKHO cocTaBuTh u3 mudp 0, 2, 4, 67

b Us uudp 0, 2, 4, 6 MoxuHo nonyuntes P, nepectasoBok. M3 Hux
HAJ0 HCKJIIYUTE T€ MePecTAHOBKH, KOTOPhle HauuHawTted ¢ (0, Tak
KAK HATYDAJNBHOE YMCJIO He MOXeT HavyuHaTecA ¢ uudpsl 0. Yuc-
JIO TAKUX IMEPeCcTAHOBOK PABHO P, 3HAYMT, HCKOMOE YHCJIO YeThI-
peXsHAYHBIX YHucen paBuo P, — P.

Momyuaem
P,—-P,=41-31=24-6=18. 4

IIpumep 3. Hmeerca eBATH pA3IMYHBIX KHUT, YETHIPDE U3 KOTOPBIX —
yuebunku. CKONBKHMH criocofaMH MOMKHO DACCTABHTH DTH KHHUIH
HA MOJKe Tak, uTobbl Bce yuebHMKH cTosnu pagoM?

P Cuauasna Gymem paccMarpuBaTh y4efHWKH Kak ofHy KHury. Tor-

Ia HA MOJKe HAA0 PACCTABHTEL HE JeBATEH, 4 HIeCTh KHUT. JTO MOMK-
HO cpenaTh Pg cmocobamu. B kampoli M3 monyyenublXx komMOuua-
M MOM¥HO BRIMOJHHTE P, nepecTaHoBOK y4ef0HWKOB. 3HAYUT,
HCKOMOE 4YHCI0 COOocoGOB pDACIONOMKEeHHS KHHUI Ha IOJKe pPaBHO
npouseeneuuio Py - P,.
IMonyuaem

Pg-P,=61"-41=720-24 =17 280. 4

YnEa)KHeHml

732. CronsKHMH cHnocobaMu 4 4YeloBeKa MOTYT pDa3MeCTHTBCH HA YEeTHI-
pexmecTHo craMmeiike?
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733. Kyprep foJKeH pasHeCTH NAKeThl B 7 PA3NIMYHBIX YUYPeXTEeHuii,
CHOJBKO MapIIpyTOB OH MOXeT BEIOpaTn?

734 CronerknmMu coocobamMy 9 uenoBeKk MOryT BCTATH B O4Yepednb B Te-
aATpaJBHYIO0 Kaccy?

735. CxonbKO CymiecTBYeT BhIDAYKeHHIT, TOXKNEeCTBeHHO PaBHBIX NpPOH3-
BefieHH0 abcde, KOTOpBIe MONYYAIOTCA M3 HEro MNepecTaHOBKOi
MHOMHTeJeH?

736. Onbra noMHMT, uTO Tese)OH NOAPYIM OKaH4YHBaeTcA mudpamu 5,
7, 8, HO 3abBLIa, B KAKOM mopsAfke sTH OUdPBL CIeLyIOT. Vianu.
Te HauOOJNbIlee YHCJO BAPHMAHTOB, KOTOPhIE €l NpHAETCH Iepe-
6paTe, 94TOOBI O3BOHUTHECHA MOJApPYre.

737. CKoNpKO IIECTUBHAYHBLIX YHUCEN, B 34INCH KOTOPBIX Kaymas mud-
pPa McHOJB3YyeTcH TOJBKO OMWH pas, MOYKHO COCTABUTL H3 IH(pp:

a)l, 2,5,6,7,8; 6) 0 2 6, 6 7, 82

738. CKONBKO Cpefy 4YeTHIPeX3HAUHLIX YHCEJ, COCTABJIeHHBIX M3 nubp
3, 5, 7, 9 (fea ux NOBTOpeHNA), TAKHX, KOTOpDhLIe: 8) HAYMHAIOTCH
¢ nudpu 3; 6) kpatam 157

739. Haiimute cymMmMy mudp Bcex 4YeTHIPeX3HAUHBLIX YMCeJ, KOTOpPHIE
MOMHO cocTaBuTh u3 uudp 1, 3, 5, 7 (0e3 Ux moBTOpeHHHA).

740. CKONBKO YHCeN MOMHO cOcTaBHTH M3 unudpp 1, 2, 3, 4 (6ea ux no-
BETOpeHHH), TAKHX, KOTOpHe: a) Gonsure 3000; 6) Gonpime 20007

741. CeMp ManbYMKOB, B YHMCJI0 KOTOpmX BxoasaT Oner u Hrops,
CTAHOBATCA B pAA. HalmuTe 4YHCIO BO3MOMHBLIX KOMOMHAaLMii,
ecJIu:

a) Oner poikeH HAXOAUTBHCA B KOHIE PsAa;

6) Oner ponseH HAXOONMTHCA B Hauane psaga, a Mrope — B KoHIe
panfa;

B) Oner u WUrops MOMKHBI CTOATE PSAAOM.

742. B pacnucaHUM HA DOHENENBHHK LIECTh YPOKOB: PYCCKHIH #A3BIK, AJ-
rebpa, reometrpus, 6uonorns, ucrtopusa, PUaKyIeTypa. CKOJIBEKHUME
coocofaMyu MOMKHO COCTABHTE PACHHCAHHE YPOKOB HA 3TOT JeHb
TaK, 4TOOBLl JIBA YPOKA MATEMATHKH CTOAJH DALOM?T

743. CKONBKO CYIIECTBYET MEPeCcTAHOBOK BYKB €JIOBA «KOHYC#®, B KOTO-
PEIX OYKBEI «K#», «0%®, «H» CTOAT PANOM B YKA3aHHOM TOpAIKe?

744] CronpxumMu cnocobaMu MOYKHO paccTaBuTk Ha noinke 12 KHHr, u3
KOTOPBIX 5 KHHI — 970 COOPDHUKHM CTHUXOB, TaK, YTOOLI COOpPHHKH
CTHMXOB CTOSAJH PSAJOM B IPOH3BOJILHOM OOpAnke?

745.) Crxonexumu cnocofamMu 5 MATBPUMKOB M 5 JeBouex MOryT 3aHATH
B TeaTpe B OAHOM paAny MecTa ¢ 1-10 1o 10-e? CKOABKHMH CHOCO-
faMu OHH MOTYT 8TO CHeNIaTh, eCJIM MAJBUYHKH OyAYyT cHAeTh Ha
HeyeTHEIX MeCcTax, & OAeBOYKH — HA YeTHRIX?

GEEERYS InemeHThl KOMOBUHATOPUKY WM TEOPWUW BEPOATHOCTEMN
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746. Jenurca au uucao 30! Ha:
a) 90; 6) 92; B) 94; r) 967

747, DenuTca nu unuciao 14! =Ha:
a) 168; 6) 136; B) 147; r) 1327
748. Haiinnte anaqenne BRIDAYKEHUA:

151, 421, 16! 281 | 45!
) 9 1m' B) o’ ) war-ar ) aizei’  © @A
749. Bruncnure sHa4YeHNe BRIPAMKEeHMA:
121, 141, 301 | 36! | 151 25!
a5 O Blgrm Daaa P aer © s

750. Yro Gonbille ¥ BO CKOJIBKO pAas:
a) 6! -5 wim 5! 6; B)(n+1!-numx nl-(n+ 1)?

751.¥OopocTHUTE BEIpa)eHHe:

a+ ab
a) a-3 _6a-18| bBa-15 )nbz—zb. a-b
a®-3a+9 da®+27) 4d®+108’ b 5= afb.

a

752.PellinTe cHCTEMY HepaBeHCTB!:
a) |7T—- 3x — 4(3 - 1,6x) <0, 6) 21,6x-1)-(x + 4) =0,
—-6(1+ 2,6x) —10x —4 >0; -(2-x)-0,75x <0.

753.I1epecexatorcs i napabona y = x* — 6x u npamas y — 8x = 0?7 Ec-
JH g4, TO VEAXHTe KOODAMHATE! TodeK mepecedyeHus. Ilponnnocr-
pHUDpYiiTe OTBET € MOMOHILI) CXEeMATHYECKOI0 pHCYHKAa.

32. PaamelneHmnn

IMycte mMeerca 4 mapa u 3 nyctele Auelikn. OGo3HaYMM mIaphI
OykBaMu a, b, ¢, d. B Kaayw AdYelKy MOMHO NOMECTHThb II0 OGHOMY
mapy ua aroro Habopa. Ecim MEI moMecTHM INap a B NepBYO AYelKy,
map b Bo BTOpYIO AYEHKY, & IIAD ¢ B TPeThI0 AYeHKYy, TO NOJYYHM OX-
HY M3 BO3MOKHEIX VIOPAACOYEHHRIX TPOEK IMADORB:

a b c

Brifupas nmo-pasHoMy ILOADE! NJIs [epBOi, BTOPOil M TpeTkeH AueeK,
fynemM mosyuaTh pasivuHbIe YOIOPAAOYEHHEIE TPOMKH INApOB, HANPHMED:

l_a c b b a c d c b

§ 11. SnemeHTsl KOMBMHATOPKKM
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Kaxpyio ynopazodeHHYIO TpoiiKy, KOTOPYIO MOKHO COCTABHTEL ug
YeTEIPEX 3JIEMEHTOB, HASEIBAKT pa3MeujeHueM W3 YeTHIPeX DJIEMEeHTog
oo TpH.

PasMemienneM 3 n aneMeHTOB mo k (k < n) HasnsaeTcs Jio-
foe MHOJKECTBO, COCTOfIIEe M3 K BIEMEHTOB, BIATHIX 1onpe-

AeleHHOM NOpAAKe na xﬁﬂﬂﬂx n EMHQHTOB

TakumM obpasoM, ABa pasMerneHHA H3 7 3JIEMEHTOB OO0 R CYMTaIoT-
CA pasjIMYyHLIMKE, €CJIH OHHM pasiNyalTcs caMHMH sJeMeHTAMH HIH mo-
DANKOM WX DaCHOJIOKEHHH.

Yucno pasMemneEHH U3 n asieMeHTOB 10 k o603HAaYaOT A,, (unTaercH:
«A u3 n no k»).

CocTaBMM M3 3JIeMeHTOB 4, b, ¢, d Bce pasMenieHHs IIO TpH 3JieMeH-
Ta. BeIOUmeM cHauajla Te pasMelleHHs, KOTopble HAYMHAIOTCH ¢ 3je-
MeHTa d, 3aTeM Te, KOTOPEIE HAYMHAKTCH ¢ ajleMmeHTa b, ¢ aneMeHTa c,
¢ aneMeHTa d. B peayiabTaTe mOMyYMM:

abe, abd, ach, acd, adb, ade,
bac, bad, bea. bed, bda, bde,
cab, cad, cba, cbd, cda, cdb,
dab, dac, dba, dbe, dea, dceb.

Ha cocraBrernoil Tabnaunsl BuAHO, uTo A = 24.

UKcno pasMemeHHil M3 YeTEIPEX 3JIEMeHTOB OO0 TPH MOXKHO HAaMTH,
He BBINUCHIBAA caMUX pasMerueHuii. Bynem paccyspate Tak. Ilepsriii
2JIeMEHT MOXKHO BhIOpATH YeTHIpEMSA cHOocobaMi, TAK KaK MM MOMKeT
OuITE TI0G0H M3 YeThIpeX ajeMeHTOB. 1A KaMaoro BeIOpaHHOrO HepBO-
o 8JeMeHTa MOYKHO TpeMsa cnocofaMi BHIOpaThk M3 TpeX OCTABIIMXCH
BTOpPOii anemeHnT. HakoHen, AnA KasXABIX HEepPBHX JABYX 3JIEMEHTOB
MOXHO AByMSA cmnocoGaMi BeIOpaTs M3 ABYX OCTABINHXCH TpeTHil 3je-
ment. B pesynbrare nomyuaem, uto A3 =4-3-2, r.e. A= 24.

C moMompi0 TeX e pacCyXIeHWH HeTPYAHO MNOACYNTATEH, CKOJBKO
MOKHO COCTABHTE pasMenieHuii U3 n ageMeHToB no k opu k < n. Ilep-
BEIIl 3JIeMEeHT MO3KHO BEIOpaTe n cnocobamm. Tak kKak mocie sTOro oc-
TaeTca n — 1 sjeMeHTOB, TO ANA KarAOro BuOOpa nepBoro ajeMeHTa
mMoxHO n — 1 coocobamm Brifpate BTOpO# anmemMent. lanee, A Kawxk-
goro BeIOOpa HepBBEIX ABYX SJIEMEHTOB MOMKHO n — 2 coocofaMH BbI-
Opate TpeTHil anemeHT (M3 n — 2 ocTaBHIMXcdA) ¥ T. 4. Hakowen, pns
Kaxgoro Beibopa mepseix k — 1 aimeMeHTOB MoOxkHO n — (k — 1) cnocoba-
MK BeIbpaTth k-it aneMenT (3 n — (k — 1) ocraBmmxcs).

3SHauMT,

=nn-1)n—-2)w.'(n—-(k—-1)), 1. &
i~ B = 2) 5 i — R 1)

InemMeHTbl KOMBMHATOPUKKM W TEOPUKM BEPOATHOCTEN



VMHOKHM H pasfejJMM OpaByi0 YacTh 3TOro paBeHcTBa Ha (n — E):

nn-1{(n-2) w-(n-—k+1)-(n- k)
(n— kN s
Bamenns (n — k)| oponseepervem 1-2-3 - ..-(n — k) u pacnoino-
KMB MHOMCHTENH B OODAIKEe BO3PACTAHUNA, IOJNYIHM

k_1-2-3-c-(n-K)(n-k+1)-..-(n-1)n
(n- kN :
B uncnutene apobu sanncaHO NpOM3BeleHNe BCeX HATYDAJIBHBIX YH-
cen or 1 mo n. 9ro npouseesenve pasHo nl. 3HauwuT,
Eies n!
A= G-
Mul nonyuunn GopMydy ANA BEIYKCIEHHS YNCIA pasMeleHuHd H3
n aNeMeHTOB N0 k npn k < n. PopMyJia BepHA M B TOM CcJly4ae, KoOrjaa
k= n, ecin yCJIOBHMTHCA CUNTATH HO ompenenenuo, uro 0! = 1.
3aMeTuM, YTO pasMemeHEus W3 71 9JIeMeHTOB MO N OTJIHYAaIOTCH ApYT
OT JIpYra TOJBKO MOPAJKOM 3JE€MEHTOB, T. €. IpeAcTaBisioT coboii me-
PeCTAHOBKH H3 1 3JIEMEeHTOB.
B sroMm cnyuae no dopMysie uMCIA pasMemeHui mosayuaem, uTO
A" nl

n= (n-n)* "

Mur oprmne K yie H3BecTHOH (dopmylie uHcia MepPecTAHOBOK.
PaccMoTpnM npHMephIL.

Al =

e. Ay = nl.

IMpumep 1. Yuammeca 2 kaacca usydaoT 9 npeameroB. CKONBKMMH
cnocofaMK MOKHO COCTABMTH PacIMCAHHME HA OfHH JeHb, YTOOLI B
HeM ObLIO 4 pA3TMYHEIX OpeaMeTa?

P Jlio6oe pacmucaHue HAa ONMH NeHb, COCTABINEHHOe M3 4 pasimyHEIX
OpefMeToB, OTIHYAETCA OT Apyroro anbo HabopoM mpemaMeToB, JIH-
60 nopAIKOM HMX CIefOBAHNA. 3HAYHT, B 8TOM IpPHMepe pedyb HIeT
0 pasMellleHHAX n3 9 anemeHTOB mo 4. Hmeem

Al=3=6-7-8-9=3024.

Hrax, ME HamJ#A, YTO pacCOHcAHMe MOMHO cocTaBHTE 3024 coo-
cobamn. <

IIpumep 2. Cronbko TpexsHauyHbIX uncen (6ez nmopTopeHnsa nudp B 3a-
nMcH uMena) MOMKHO cocTaBuTe n3 umbp 0, 1, 2, 3, 4, 5, 67
P Ecom cpenu cemu mudp HET HyNsS, TO YACIO TPEXSHAYHBIX YHCEN
(Ges moBTopeEMsi DudP), KOTOPEIE MOMHO COCTABMTE H3 3THX
nudp, paBHO YMCIy pasMemeHdil us 7 anemeHToB mo 3. Onnako
cpeny paHHX uudp ecte ondpa 0, ¢ KOTOpOH He MOXKeT HAYM-
HaTbCA TpexaHauHoe umciao. ITosTomMy m3 pasMemennit ua 7 ane-
MEHTOB 00 3 HAJO0 MCKIIYHUTH Te, V KOTOPBHIX NEepPBbIM 3J1€MEHTOM
aensercda oudpa 0. Ux uncno pasHo uncny pasmerneHuid u3 6 ame-

MEeHTOB Io 2.
§ 11. 3nemenTbl KOMBHMHATOPUKWA | 181
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3HAYNT, NCKOMOE YMCJIO TPeX3HAYHBIX 4Mces paBHoO AJ — AZ.
ITonyuaem
3 g T 6!
A7"A5=E—'H=5'ﬁ'7—5'6=130.
H3 panneix nudp MoxkHO coctaBuTh 180 Tpexsmaunnix umcen (Gea
nosTopenusi nuodp). <

YnpaxHeHus

754. CroneknmMu cniocofaMy MOXKeT PASMECTHTHCH CeMbs M3 TpeX 4eJio-
BEeK B YeThIPEXMECTHOM Kyme, eClH APYTrHX TMacCcaXXHUpoB B Kymne
HeT?

755, Mz 30 yuacTHukoB colpaHna Hafo BeIOpATE Opencenarellss M CeK-
peraps. CronsKuMH cnocofaMB 9TO MOXKHO CHENaTh?

756. Ha cramnuu 7 samacHEIX nyTeil. CkonekuMM crniocoBaMM MOMKHO
paccTaBuUTE Ha HuX 4 moespa?

757. CKOIBKMMH cnocofaMH TpeHep MOMKeT ONpeAe]HuTh, KTO Ha
12 cnopTcMeHOK, FOTOBHIX K ydacTiio B actadere 4xX100 M, nobe-
JKMT HA TepBOM, BTOPOM, TPeTHEEM M 4YeTBePTOM asranax?

758. B xpyroeoii guarpaMme Kpyr pasbur Ha 5 cextopoB. CeKTOpH pe-
IOMIH 38KPACHTE padHEIMHM KPacKaMHM, B3ATBIMK U3 Habopa, comep-
skamiero 10 kpacok. CHRONTBEKHME cnocofaMH 3TO MOMKHO CHENaTH?

759. Cronbkumu cnocobamu 6 CTYNEHTOB, CAAKOMMX SK3aMeH, MOTYT
" 3aHATL MecTa B AyJUTOPMH, B KOTOpPOi cToMT 20 OJHOMECTHEIX
cToNoB?

760. Ha crpasnne ansboma 6 cBobomubIx Mect aias (gororpadmii. Crons-
KHMH Ccroco0aMH MOMKHO BJIOMKHTBE B cBODOAHBIE MecTa:

a) 2 ¢ororpadun; 6) 4 dororpaduu; B) 6 dororpadmii?

761. Ha nnockocru orMernnn 5 Touek. x Hago obosnauyuTe JaTHHCKH-
vy GyxBamu. CxoabkuMu crnocofaMii 5TO MOMKHO caellaTh (B JaTHH-
cxoM andasure 26 6yks)?

762. CKONbKO YeThHIPEX3HAYHLIX YHCEN, B KOTOPHIX HeT OAMHAKOBBIX
mudp, MOMKHO COCTABUTE M3 mubp:
a)l1,3,5,7,9; 6) 0, 2, 4, 6, 8

763. CKONBKO CYyLIECTBYET CeMU3HAYHBIX TesedOHHBIX HOMEpOoB, B KOTO-
peIX Bee mudphl pasiMYHBIE ¥ NepBas Oudpa OTIMYHA OT HYJIS?

764. CKOoMBKO MOXHO cocTaBHTH M3 uudp 1, 2, 8, 4, 5 (6ea ux nosro-
peHNs) PA3NUYHBIX TPEX3HAYHLIX YHCeJ, KOTOpPhIe ABJIAIOTCH:

a) 4eTHEIMH; 0) KpaTHBIMH 5T

AnemeHTH KOMBMHATOPUKK 1 TEOPUM BEPOSATHOCTER
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765.PemnnTe nBOHOE HEepaBeHCTBO:
x—1 5x

4 T
g)-2<—5—<2 6)0,2< -3 <04.

766.Pemunte cucTeMy YypaBHeHHIl:
a) {3_1; - 2x =10, 6) {0,4.1: -0,2y = 0,4,

Tx + 5y =27; x+ 11y = 12,5.
767.HaiignTe 3HaUYeHHEe BBIPAMEHWUA:
81 12! Tl-5!
a) §r- a1 6) or-31° B) Br-ar-

33. Couetauusa

Ilycre mMerTCHA NATE IBO3AUK pasHoro upsera. ObosHaumm nx Oyk-
BaMH a, b, ¢, d, e. Tpebyerca cocTaBuTh OyKeT M3 TpeX rBosauK. Ber-
FICHHEM, KarkMe OyKeThl MoOryT OBITH COCTABJIEHEI.

Eciu B OykeT BXOOUT IBO3NHKA d, TO MOMHO COCTABUTHL Takue Oy-
KeThl:

abe, abd, abe, acd, ace, ade.

Ecmu B ﬁyKET He BXOIHT I'BO3JHKA 4, HO BXOAHT IBO3IHKA b, TO
MOMHO NOJYYHTE TaAKHE 5}’KE‘TLI:

bed, bee, bde.

Haxonen, ecnu B OykeT He BXOAMT HM I'BO3OHKa @, HU IBo3auKa b,
TO BOSMOX{eH TOJBKO OIMH BAPHAHT cocTaBieHHA OykeTa:

cde.
Mzl ykaszanH BCe BOSMOIKHEIE CrocO0EI COCTABIEHNA ODyKeToB, B KOTO-

PEIX IO-pASHOMY COYETAKTCHA TPH IBO3IHMKM M3 NaHHEX naTH. l'osopsaT,
YTO MBI COCTABHJIH BCE BOSMOJKHBIE COYEeMdaHUA B3 5 3JIeMeHTOEB 1o 3.

CoueTaHieM n%_!%muemnn nio k HaselBaeTcH Jr0boe MHOME-
CTEO, MBBWM k aneMeHTOB, BEHIGpAHHEIX M3 JaHHBIX N
o

3JIEMEHTOB.

B oTnMume oT padMenieHUil B COYETAHUSIX He MMeeT 3HAYEHHA, B Ka-
KOM MOpAAKe VKasaHbl 3neMeHTH. [IBa codeTaHus H3 1 2JIEeMEHTOB
no k oTnuuarwTeH APYr OT ApYyra XoTsa Obl OOHMM BIE€MEeHTOM.

Yueno coyeTaHMii M3 n ajeMeHTOB no k obosmauator C (umraercs:
«C ua n oo k»).

B paccMoTpeHHOM MpHMepe, COCTABHE BCE COYETAHHA H3 D dIeMeH-

TOB mo 3, MBr Hamum, uro Cg = 10.

§ 11. DnemeHTEl KOMOUHATOPUKN
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Brisesiem OpMYJTy UNCIIa COUETAHNIA U3 7 BJIeMeHTOB 1o K, e k < n,

BrisicHMM cHauyana, Kak C; BelpakaercA uepes A; m P;. Mbl Han-
JIM, YTO M3 5 BJeMEeHTOB MOYKHO COCTABHTEH CJeAYIONHEe COYeTAHHs g
3 anmemenTa:

abe, abd, abe, acd, ace, ade, bed, bee, bde, cde.

B kammoM cOYeTAHMH BBINOJHUM BCe NEepPecTAHOBKHM. YUMCiIO mepec-
TAHOBOK M3 TpeX 3JleMeHTOB paBHO P;. B peayneTaTe mosy4YyMM BCe BO3-
MOXHEIE KOMOMHAIIMM U3 D 3IIEMEeHTOB Mo 3, KOTOpEIe PA3THYAIOTCH JIH-
60 caMMMH 3JleMeHTAMH, JHG0 NOpPAAKOM BSJEMEHTOB, T. €. BCe pas-

MellleHnsi U3 b aneMeHTOB mo 3. Becero Mul moaydmm AE’ pasMelleHui,
SHauuT,
3 . S
Cﬁ P3 o A ®
Orcrona
3
o
5 B
Ananorugno Oymem paccyxnatek B obmem caydae. IHonyeTHM, yto
MMeeTCH] MHOYKEeCTBO, COJIepiKalllee 11 2JIEMEHTOB, M M3 ero 3JeMeHTOR
COCTABJIEHKI BCE BO3MOXKHBIE cOoueTaHus no k anemeHToB. Yncio Takux
codyeTaHHil paBHO Cﬁ B xaxjoM coueTaHHMM MOMHO BHIMOJHUTL P, me-
pecTaHOBOK. B pesayneTaTe MBI NOJYYHM BCe pasdMeleHHs, KOTOpPEe
MOJXHO COCTABMTH M3 n snemenToB mo k. Ux umcno pasmo A,
3HauuT,

Ay =Cj- Py

Orcrona

1
Ionsaysice TeM, uto A* = (nfik)!' rne k< n, HAXOOMM, YTO

k __ nl!
Cr= El(n - k)"
Mb! moayumnnn ¢oOpMyJay AJAA BBEIUMCIEHHS YHCJIA cOYeTAHHMIT M3
n anemMeHTOB o k npu mwbom k< n.
IlpupenemM ODpHMepEl.

IIpumep 1. M3 uabopa, cocrosmero u3 15 kpacok, Hago BeIGpaTh
3 KpacKM [JIfi OKPAIIMBAHMA MIKATYJIKH. CKONBKHMH crnocobaMm
MOMHO CHAeJIATH 3TOT BeibGop?

P Kaxarii BRIGOp Tpex KpacoK OTIMYAeTCH OT ApYyroro Xotd OwI of-
HOii Kpackoii. 3HAUMT, 37leCk peYb HJeT 0 coYyeTaHHMAX u3 15 ajne-
MEeHTOB o 3.

Hmeem

15! 13-14-15
0?5_31-121 - 1-2-8 = 455.

CrnepoBaTensHO, 3 KpacKH MOMHO Buibpats 455 cnocoBamm. <
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IIpumep 2. B knacce yuarca 12 mansumxos u 10 pgesouex. [lns
yOOpKM TEeppMTOPMHM OKOJIO IMKOJALI Tpebyercs BRIAEIHUTL TPexX
MAaTBYMKOB M JBYX Jepouek. CronmbKMMH cnocofaMM 3T0 MOMHO
cHeaaTh?

P Brifpate Tpex ManpuMkoB H3 12 MOMKHO C?z cnocobaMM, a ABYX
nesoyex u3 10 mosxuo BRIOpaTs Cfn cunocobamu. Tak Kak npm Kax-
fiom BEIGOpe MaTbYMKOB MOHO Ci, criocobamMy BHIOpaTH NeBOUEK,
TO cAenaTek BHIOOp yuyam#xcsi, 0 KOTOpPOM TOBOPHTCA B 3ajaue,
moskno Ci, - C3, cnocobamu.

Hneem

12! 10! 10-11-12 9-10
Cly * Clo o1 -8~ 1-2-8 1.2 _ 220-45=9900.
3HauyuT, Bmﬁop yaamuxcsa I0aA yOOpKH TeppHTOPHH MOMKHO CIe-
nate 9900 cnocobamu. <

VnEaxcHeuun

768. B knacce 7 uenoBeK ycHelUIHO 3aHHUMalTca MareMaTHkol. Ckonb-
KHMMH cOocofaMM MOYKHO BEIODATE M3 HHX [BOMX JJf YYACTHUA B
MATEMATHYECKOH onumiuane?

769. B marasune «@Punarennss npojaercs 8 paanuuHeix HabopoB Ma-
POK, HNOCBANIEHHBIX CIIOPTHBHOH TemaTmike. CroNbKMMH crocoba-
MM MO¥HO BeIOpaTte u3 HEX 3 HabGopa?

770, YeamumMca panm coucok 3 10 KHHr, KOTOpBIE PEKOMEHAyeTCH
OPOYHMTATL BO BpemfA KaHMKyJ. CKoOIbBKMMH cnocofaMB yueHHK
MoxeT BuibpaTs M3 HUX 6 KHHC?

771. Ha nnockocTH OoTMedYeHO 8 Todek, HHKAKHe TPH M3 KOTODEIX He
JIedKaAT Ha ogHOH npaMoH. CKOJMBKO NpPAMBIX MOMHO IPOBECTH dYe-
pes 9TH TOYKHT

772. U3 naboparopuu, B KoTopoi paboraior sapenyromuii u 10 corpya-
HHKOB, HaJ0 OTIPABUTL 5 uesoBex B KOMaHAUPOBKY. CKOJIBKMUMH
coocobaMM 3TO MOMKHO CHEJIATE, eCJIH:

a) saBepyiomuii mabopaTopHeil MOMMEH eXaTh B KOMAHJHDOBKY;
6) sapepyronuii maGopaTopueil NOMKEH OCTATHCHT

[773) Ha nonke cromt 12 KHMI: aHrio-pycckuil ciosaps m 11 xynose-
CTBEHHLIX MPOM3BeNeHHH Ha aHTIHIcCKOM sAabike. CKOIBKHMH CHO-
cobaMi 9yHTATENE MOMKET BEIOpATE 3 KHHI'HM, €CIIH:

a) caoBaph HYMeH eMy 00A3aTenbHO;
6) croBappk emMy He HyMeH?

H‘ﬂ Bpurasa, saHMMalwiasci PeMOHTOM INKOJBI, COCTOMT M3 12 mMma-
nApoB B 5 nnorEukoB. U3 HEX A peMOHTA (PHIKYJIBTYPHOI'O
3a5a HajA0 BRIJIENIHTE 4 ManAapoB U 2 niIoTHUKOB. CKOIBKUMH CIO-
cofamM¥ MOMKHO 5TO cHeaTh?

§ 11. OnemMeHTsl KOMBMHATOPWKK
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775. B 6ubnmoTexe UMTATEN IO MPEAJIOMKHUIN HA BHIGOpP M3 HOBHEIX Imo-
crymmeEri 10 keur u 4 myprHana. CkonskuMu cnocobamMm oH mo-
seT BRIOpaTh M3 HUX 3 KHHIM M 2 KypHana?

B zadawax T76—T82 paccmampueawmca pa3nuuHbie KOMOUHG-
yuu anemerHmoa (nepecmaHo8KU, PA3MEULeHUA, COYeMarnua ).

776. CkonbKo cpeill BCceX NMepecTAHOBOK OYKE CIIOBA «BHICOTA» TAKHX,
KOTOpEIe:
a) HAaYMHAITCHA ¢ DYKBBI «B»;
6) HauMHalTCA ¢ OYKBHE «a%, 8 OKaHYMBAIOTCA OYKBOH «T»?7

777.) [Iate MANBYUKOB M uYeThIpe AEBOYKYM XOTAT CecTh Ha NEeBATHMECT-
HYI0 cKaMeilKy Tak, uTOOBI KaKaasd NEBOYKA CHAENIa MeXAy LBY-
M ManpunKaMu. CKOJBKMMHK croco6aMH OHM MOIYT 5TO CHAeIaTH?

778. V3 12 conpmaT, B umMci0 KOTOPHIX BXomaT Wsanoe m IleTpos, Hajo
OTIIPaBHUTE B HapAA TpeX uenoBek. CkoarKMMuM cnocobaMu aTo
MOXKHO cleNlaTh, eclu:

a) Heauor 1 IleTpoB no/mkHEI moiiT B HapAz o6A3aTeNbHO;
6) HBanoB u IleTpoB MOJ3KHBI OCTATHCH;
B) HBanoB nomxeH mnoiiTu B Hap#an, a IlerpoB — ocrateca?

779. B maxmMaTHOM KpyEKe 3aEuMaioTca 16 yenopex. CHOITBKMME CIOCO-
6aMM TpeHep MOXeT BEIOpaThs M3 HUX OJA [OPeICTOALLEro TYpPHHpa:
a) KOMaHAy K3 YeTkIpeX 4YeJIOBeK;
0) KOMaHOy W3 4YeThIpeX HeJOBEeK, VKa3aB IpH 8TOM, KTO M3 Hje-
HOB KOoMaHjel 6yzeT HrpaTe HA OepBOH, BTOpPOIl, TpeTkell M ueT-
BepToil Aockax?

780. Homep mamnHel B HEKOTOPOM I'OpPOJie COCTABJIAKIOT U3 ABYX pasjiud-
HbIX OVKB, B3ATBIX W3 Habopa M, H, K, T, C, u Tpex pasIN4YHEIX
uudp. CKOoIpKO MalUMH MO3HO obecrnednTh TAKHMMH HOMepaMu?

781.) Maxcum mopcumrasn, uTo cymecrByer 378 criocoGos BhIGOpa M3 MX
Kjacca ABYX AexypHEX. CKONBKO yyYammpxcs B aTOM Khacce?

782 U3 rpynnel TYpHCTOB YeThIpeX MeypPHLIX MOMHO BHIGpaTh B
13 pas GonpmumM 4uMCAOM cnocoboB, yeM ABYX He:KypHBIX. CKOIB-

KO TYPHCTOB B rpynme?
783. IlocTpoiite rpadwk Gysxnuu y = —2x° + 8.
784. PemnTe HepaBeHCTRO:

a) x*-0,5x-5<0; 6) x* —2x + 12,5>0.
785. PeuinTe cucTeMy YpaABHeHMI:

a) [x-y=1, 6) |x* + y* =65,
xy = 240; 2x — y = 15.

786. PelunTe ypaBHeHHe: a) 5Jx = 1; 6) Jx — 4= 15,

3nemMeHTbl KOMBUHATOPUMKU U TEOPUKU BEPOATHOCTER
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KOHTpPOnbHbLIE BONPOCHI

O6bAcHUTE, Kak BEOETCA NOACHET YMCha BO3MOXHLIX BApuUaHTOB C

NOMOLLLI0 KOMBUHATOPHOMO NMpaswna YMHOXEHUS,
Jt 49!
Y1o c3nayaeTt 3anucek n!? Halaute 3HavyeHwe BbipaXeHus 250

Y710 Ha3ulBaeTCA NepecTaHOBKO u3 N anemeHToB? 3anuwmure ¢op-
MYNy A1R BBIYWCNI@HUA YWCNa NepecTaHOBOK W3 11 3NEeMEHTOB.

Y10 HasbIBAETCH pasmeleHVeM W3 N INeMeHToB no k? 3anuwmute
popmMyny ANA BEIMUCNEHWNA YUCHa pasMelleHunii U3 N 3anemeHToB no k.

Y10 Ha3biBaeTCH COYETaHMeM W3 N 3nemMeHToB no k? 3anuwute
¢dopmyny ONA BLIMMCNEHWA YWicha co4YeTaHWid 13 N SNeMeHToB no k.

34. OTHOoCMTENnbHasa 4YacroTa
cny4avHoro cobbitusa

B noecenHeBHOI 3XH3HH, B MPAKTHYECKOH M HAYYHOH [eATeILHOCTH
yacTo HADMIONAIOT Te WM MHBIE ABJIEHUS, MPOBOAAT ONpelesieHHbIe 3KC-
nmepuMeHTHI. B nponecce HabmogeHHMs MM 3KCOEpPUMeHTa NPHUXONHTCH
BECTPEUYATBECA C HEKOTOPBIMH CRYYAlHbiMU cOObLMUAMU, T. €. TAKUMH
CODBITHAMM, KOTOpBIe MOI'YT NPOH30MTH MK He npoHaoiiTu. Hanpumep,
BhIN&JEHUe OpJla MK pelllKH OpH noadpacklBAHWHA MOHETHI, IOpajKeHHe
MHUINEHHM HMJAN NpOMaX NPH BBICTpeNe, BEIMIPHIII CHIOPTHBHOH KOMAHJAEI
BO BCTpeUe ¢ CONepHMKOM, NPONIPHIN 1M HUYellHBIll pesayibTaT — BCe
3TO cJydaliHele CcODBITHA.

3aKOHOMEpPHOCTH CHy4YaiiHEIX cOOBITHI HM3y4YaeT CHenUANIBHEIN pas-
Jlenl MaTeMaTHKH, KOTOPEIH Ha3LIBAeTCA meopueil eepoamuocmeii. Me-
TOOBl TEOPMHM BepPOATHOCTEH NpPUMEeHAIOTCA B MHpoOpMaTHKe, (QH3HKe,
acTpoHOMHM, DHOJOrMH, MeIHIIMHE M BO MHOIMX Apyrux obiracTsax aHa-
HHIA.

FIKOB BEPHYIK (1654—1705) — weeluapckuil yYeHbIi,
3aHVMABIWIWIACH Pa3NUYHBIMK BONPOCAMW MATEMATWKU WU ee
NpunoxeHvamy. OH BNepebleé O0KA3an Teopemy, yCTaHaBIW-
BAOWY0 CBA3b MeX[y BepOSiTHOCTHIO COObITUR W 4acToTOWn
Ero noseneHnA («3akoH BonbWKMX YKucen»), UMEIOLLYIO BaXHoe
3Ha4yeHne B TEOPWUW BEPORTHOCTEN W €€ NPUIOXEHWW.

§ 12. HavaneHble CBEOEHWA U3 TEOPWUW BEPOSATHOCTEN
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3apoKIeHVe TeopPHH BEpPOAT- o
HOCTEM MPOMBOIII0 B TIOMCKAaX OT- .
BETA HA BONPOC: KaK YaCTO HAa-
CTYNAaeT TO WNH HHOE cOoDHITHE B
DONBIIOE CepHH NMPOHCXOAANIHX B
OJAWHAKOBBIX YCJIOBMAX HMCILITA-
HHUH cOo cayualHBIMH HCXOOAMM?

Pacemorpum npumep. Ilpoee- ..
JM Takue HcenbiTanusa. Bpocamm
100 pas uwrpaneHbIi KyOMK, T. €. pyc 81
Heboneoi kyb, HA IpaHAX KOTO-
poro BeIDHTEI OYKH OT OZHOIO IO
mectu (puc. 81), m Habmoganu, CKONBKO pad HA BepxHeil rpaHl Kybu-
Ka BEIIAJET mecTh O04YKoB. [Ipm Opocanmmm wrpainsHoro Ky6MKa Ha erg
BEPXHEUW IPAHM MOIKET BRINACTH OJHO, ABAa, TPHM, YeThIpe, NATE WK
miecTk oYKoB. Haxgoe M3 aTux miecTH coOBITHMII, WIHN, KaK TOBOPSAT,
IIECTH MCXOJOB HMCHBITAHWHA, ABIAeTcH cnydyadHeM. [lomycTEM, 4TO B
JAHHOH CEepUM SKCIEPHMEHTOE «IIecTepkas Brimana 17 pas. Umeno 17,
KOTOpOe NMOKAa3kIBaeT, CKOJBKO Pa3 B 3TOM HCIBITAHWH ITPOHIOIIIO pac-
cMaTpMEaeMoe coDBITHe, HASHIBAIOT ¥ACMOMOLl 3TOTO COBBITHA, A OTHO-

= 17
LIeHMe YacTOThl K OOIeMy UMCJIy MCOBITAHWIA, PABHOE 55, HASBIBAIOT

OMHOCUMERLHOIL wacmomoil aToro cobLITHA.

BoofIle nycTk ONpeAeNeHHOe MCOBITAHHE MPOBOIUTCH MHOIMOKPATHO
B OfHHX M TeX e YCJIOBMAX M NPHM 3TOM KamkIelH pas (pHKcHpyeTcH,
IPOM3OLILJI0 MJIM HET HMHTepecyiollee Hac cobmTie A. ObosHaumm Oyk-
BOIl N oDIlee YMCIO UCTILITAHWI, a4 OYKBOM m YHUCJIO WCTBLITAHWIA, TpH
KOTOPHIX mOpouzomyio cobeitme A. Ymeno m HASBIBAKT YacTOTOH

m as A
cobpiTHR A, 8 OTHOIIEHHE &~ OTHOCHTENBHOM YACTOTOM.

OTHOCHTENBHOH HACTOTOM CAy4afiHOro COOBITHH B CePHH MCIIhI-
TAHWI Ha3LIBAETCH OTHOILUEHWEe YNCa HMCHOLITAHHE, B KOTODBIX

9T0 cOOBITHE HACTYIMIO, K YHMCJAY BCEX MCILITAHMIA.

AHOPEW HUKOJAEBWY KOJIMOTOPOB (1903-1987) — pyc-
CKuiA MaTematuk, paboTsel KOTOPOro OTHOCATCA KO MHOTMM
pasnenam mMaTemaTUkM W ee NPUNoXEeHWH — mMaTemaTuHec-
KOMY aHanu3y, TEOPUM BEPOSATHOCTEN, TONONOTMKY, MEXAHWUKE,
Teopun auddepeHunansHeIX ypaeHeHunit. MM noctpoeHa coB-
peMeHHan CUCTemMa akCHMoMaTHUHeckoro oBoCHOBAHWA TeopuH
BEPOATHOCTEN, NPOBEAEHH UCCNeAoBaHWA No CTaTUCTUHEC-
KMM METO0AM KOHTPONA MacCOBONA NPOOYKLWMA.
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B xofe CTATHCTHYECKHMX HCCIAEJOBAHHI YCTAHOBIEHO, YTO IPH MHO-
rOKPaATHOM IMOBTOPEHWM HEKOTOPHIX OMNBITOR WM HAOMIOOeHW B OOHUX
¥ TeX JKe YCIOBHMSX OTHOCHTENLHAH YACTOTA MOABNEeHMA OMHAAEMOro Co-
ORITHH MOXET OCTABATHECH NPHMEPHO OGMHAKOBOI, HE3HAYMTENLHO OTJIH-
4afChk OT HEKOTOpPOro YMchaa p. fAcHo, 4TO YHCIO P 3aBHCHT OT TOTO CIY-
yaHHOTO COOBLITHS, OTHOCHTENIBLHAA YACTOTA KOTOPOTO TOACYHMTHIBAETCSH.

PacemorpumM Taxkoil nmpumep. IlopOpachiBa)T MOHETY M OTMeYaloT,
yIaZeT OHA KBepxy opnoM HiIM pemxoil. Ecnu MoHeTa omgHOpogHa H
HMeeT MPABMJILHYIO TEOMETPHYeCKYI0 (hopMy, TO MIAHCH BRITIALEHHA Op-
74 WIIH PEeIlKW OAWHAKOBEL. IIpM HeGONBIIOM YHCE WCOBITAHWI BRITA-
JeHue, HAMPUMEp, OpJia MOMKeT, NPOM3ONTH Yalle, YeM BhIM&JLeHHEe
pemky. OpHAKO €CNHM 3TH HCOBLITAHUA TMpoBogATca GonbINOe YMCIO pas,
TO OTHOCHTENLHAS YACTOTA BHIMAJEHWS Opna OJIM3Ka K OTHOCHTENLHOH
YACTOTE BhINAAEHHWS pPEIIKMH.

MHorue wmWccJemoBaTeNIM TPOBOAMIN MCOBEITAHUA ¢ OpOCAHHEM MOHe-
ThHl ¥ BHIYMCIAANH OTHOCMTEJLHYI0 YACTOTY BeImaAeHusi opna. Hanpm-
mep, anraumiicenit yuenwrit K. ITupcon (1857—1936) Gpocan momery
24 000 pasa, B 3TOM HMCIOBLITAHMHA OTHOCHTEJILHAH YaCTOTA BLINAJLEHHH Op-
na Oeina papHa 0,5005, a mam cooreuectBenuux B. H. PomanoBcrwuii
(1879—1954), mogbpacriBas mosHety 80 640 pas, mHamen, YTo OTHOCH-
TeNBHAA YACTOTA BEINAJEHHSA OpJ4 B ero McoelTanwe Obuia pasHa 00,4923,

AHanoruyukie OOBITH TIPOBOAMIM W Apyrue yuensie. Oxasanocs,
YTO KasKAbklil pas OTHOCHTENbLHAA YACTOTA BRINAJEHHA OpJa HE3HAUM-

1

TebHO OTAMYANack OT 3.
T'oBopAT, 4T0 BEPOATHOCTE COOBITHA «BRINIAJ Opes NpH noabpackiBa-
HHH OJHOPOLHOIl MOHEeTEl, MMeIlllell NPAaBHIBHYI TI'eOMeTPHYECKYH

dopMy», PABHA %

BoobIlle ecoit B AMHHHON CepHM OMHAKOBLIX 3KCIIEPUMMEHTOB CO CIY-
YAWHRIMH HMCXOLAMM 3HAYEHWS OTHOCHTEJILHBLIX YACTOT MOSABJIEHHS OIHO-
T'o ¥ TOro e cobelTua GIHBKM K HEKOTOPOMY OIpPeAelIeHHOMY YHCIY, TO
3TO YHCIO IPHHHMAIT 38 BEPOATHOCTE JAHHOrO CAYYAHHOro cobBITHIA.

Taxoli IOAXOH K BLIYHMCICHHMIO BEPOSTHOCTEH HASBLIBAKT CMamucmu-
yecKkuM nodxodoM.

BepoaTHocTe caydaiHoro coOBITHA OLEHHEBAKOT, KOMJA B XOJE CTa-
THCTHYECKOI0 MCCAENOBAHWA AHANWUIHPYIOT OTHOCHTENbBHYIO YACTOTY
HACTYILNEHHUA DTOTO COOBLITHHA IIPH MHOTOKPATHOM TOBTOPEHHMH B OHHX
H Tex JKe YCIOBHAX 3KcIepuMeHTa wnH HabnogeEws. Tak, Hanpumep,
MOCTYMAKT, KOTAA XOTHAT ONPENeNuTE OKHIAEMYI0 BCXOIKECTh CeMSH
HEeKOTOPOro PACTEHMS, MPEICKASATE PE3YNETAT BLICTYIUIEHHS CIOpPTCME-
Ha B COPEBHOBAHMAX MO cTpenksbe u T. m.

Ynpaxxenus

787. B napruu us 1000 gerajeil oTZeN TEXHWYECKOTr0 KOHTPOJIH oOHA-
pviEun 12 HecTaHgapTHEIX Jerateii. Kakopa oTHocHTeJBHAA 4Yac-
TOTA TOABJIEHUS HECTAHIAPTHBIX AeTaseii?

§ 12. HayansHblie CBEOEeHWSA U3 TEOPUU BepoATHOCTel
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788. B 2006 r. B ropoge Jlmurpose B uione u aprycre 6uwio 46 conney-
HelX gHeil. Kakopa OTHOCHTEJIbHAS YACTOTA COJIHEYHBIX IHel p
yKasaHHbLIE ABa MecAna?

789. BrifepuTe Kaxoi-HEOYAE TeKeT, cogeprxamiuii 150 cuos. Hogcunrai-
Te YMCJO CJIOB, COCTABJEHHBIX W3 mecTH Oyxe. Haligure orHOCHTeML-
HYIO YACTOTY MOSBJIEHWUS CJIOB, KOTODBIE COCTARIIEHKI M3 IIECTH GVKER,

790. Brbepure 7 cTpox npomuasofikHOro Texcra. IIpoeens mopcuer OVks,
HaliiuTe OTHOCHTENBHYI) YACTOTY NOABIEHUH OYKBHI: a) “0»;
0) «e»; B) «as; r) «H0».

791

.

CornacHo HEKOTOPEIM HMCCIAENOBAHHMAM I10 M3VUEHHIO BEPOATHOCTH
NOABJEHHN pPasAHYHEIX OVKB B XYIOMKECTBEHHBIX KJIACCHUYCCKHX
TEKCTaX, OTHOCHTEJLHAfA 4YacTOTA IOABJNEHMA OVKBbLI <«B» paBHa
0,038, oyvkeel «Mm» — 0,026.
Huxe npupegneH orpeiBox u3 mosmel A. C. Ilymkwusa <¢Pycaas n
JlrogmMumnas:

¥ nyxkoMopes Oy0 3eleHmi;

3naran uens Ha ay6e Tom:

H pHEM B HOYBK KOT YYEHBbI

Bece xomgMT mo nend Kpyrom;

HUper sanpaBo — HecHb 38BOJMT,

Haneso — cKasKy rOBOPHT.

Tam uygpeca: TaM nemmwmit GpogwuT,

Pycanka Ha BETBAX CHIWT.

Haiigure OTHOCHTENBHYI YacTOTy HNOABIEHHHA B 3TOM TEKCTE:

a) OVKBEL ¢B»; 6) OYKBBI «M».
CpaBuuTe NMOJYUYEHHBIE PE3YIBTATEl ¢ BHIIENEPEYHCICeHHEIMH aH-
HBEIMH.

T92. IlpopenaiiTe goMma Takoil onwlT: nogbpockre 50 pas MoHeTY JOCTO-
uHcTBOM 1 p. M mopcumTaiiTe, CKOJLKO pa3s BhINAJET Opesy. 3amnu-
IIINTE PESYVABTATH B TETPAAb. B Kiacce mogcuuTaiiTe, CKOMBKO BCE-
MH yuYeHHMKaM#y ObLLI0 TPOBENEHO ONBITOE M KAKOBO o0Iee 4Hcio
BRIAJAeHHil opyna. BeluMceauTe OTHOCHTEIBHYIO YACTOTY BhIIAJAEHHHA
opna npH GpocaHHM MOHETHI.

793. OrMeuas uyWclo TMOTMAAAHWH B Iedbk B Kaxmoil cepus uz 50 BricT-
PENOB, KOTOPEIE NMPOM3BOSWI CTPEJIOK, MOJMYYHJIH TAKHE JAHHLIE:

38, 40, 42, 40, 39, 42, 43, 4bH, 40.
KaxoBa OTHOCHTENBHAH YACTOTA MNONAJAHHIA B I[e)ih 3THM CTpEJ-
KOM B Ka)XOo# cepul BehicTpenos? Kakxoe npenmonoskeHue o Bepo-
ATHOCTH MMOMNAJAHMA B llefb [AJH 3TOr0 CTPejiKa MOMHO cleNaTs?

T94. N'oroBsick K copeBHoBaHusAM, Dackerbosmer copepmun 16 mrpad-
HEIX OpOCKOEB, IpH 3ToM MAY 9 pas monman B KopswHY. MosHO JTH
yTBepaaTh, 9TO AaA AaHHOro backerbosmcTa BEPOATHOCTH MOMA-
JAaHHSI MA4YA B KOP3WHY NMp® BhiOpachiBauu# MITpadHBIX OYKOB

paBHa 77
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795. MuorokpaTHas NMpoOBEPKA IMOKA3AJA, YTO BCXOMKECTh CEMSH OrYPLOEB
onpegenenHoro copra pasuaa 0,9. ITocagunu 85 ceMsiH aTOro copra.
Kakoe npeanosiodkeHue MOYKHO CLEJIATH O YMCJie POPOCIIMX ceMsaH?

n

796.HaiinuTe obnacTk onpefeneHuf H obnacTh 3HAYEHMH DYHKIIHK:

a) f(x) = x® - 10x — 17; 6) g(x}=ml_r.
797.PeiiuTe HEpaBeHCTBO:
a) 4x — 5x% < 0; 6) 9x° < —5x; B) 6x% — x — 35 > 0.

35. BepoaTHOCTh PAaBHOBO3MOXHbIX COObITHIA

Hna Toro urobBl OLEHHMTE BEPOATHOCTE WHTEPECYHOIero Hac cobbl-
THH OYyTEeM CTATHCTHYECKOTO HCCHefOoBaAHHA, HEODXOQHMO IIPOBECTH
GoNbIIoe YHCHO ONBITOB MM HAOIIOAEHHH, M TOIBKO IIOCHEe 3TOr0 MOMK-
HO OOpefeuTh TPHOIHIKEHHO BepPOATHOCTE 3TOro cobnitis. B To xe
BEpeM# B pAJie CIYYAEE BEPOATHOCTH CODBITHS MOMHO OLEHMTH Helocpe-
JCTBEHHO U3 YCJIOBHIT CAMOTIO ONBITA MM HADIIOOEHHMA IOYTEeM paccyk-
neHuit, He npuberasi ¥ MCIBITAHMAM.

BepueMmca K mpumepy ¢ 6pocaHmMeM urpainpHoro Kybuka. Ecnu yy-
OHMK NMeeT NMpaBHNLHYIO GOpPMY M CcAelaH M3 OJHOPOLHOTO MAaTepHAJA,
TO HIpH €ro OpOCAHMH INAHCHI BRIMAJAECHHS HA €r0 BepXHel rpasHmp Kay-
Joro 4ucna o4KoB oT 1 no 6 ofMHAKOBLI, T. €. HET OCHOBAHMI CUHTATE,
4yTO0 HAKOH-HHOYIE M3 Hcxofos Oonee Bo3mOMeH, YeM ocraneHeie. o-
BOPHT, 4YTO cyllecTByeT 6 pasHos03moiHwbLX ucxodoe onwita ¢ Gpoca-
HHeM KyOMKa: peimajenme 1, 2, 3, 4, 5 u 6 ouxos.

Boobme ucxoibl B ONpPeLeeHHOM ONBITE HIH HAOMIOAeHHH CYHTAIOT
PABHOBOZMOMKHEIMH, €CJH HIAHCH 3THX HCXOOOB OTWHAKOBEL.

Hexopnl, TpH KOTOPBEIX MPOMCXOAHT HEKOTOpPOE CODBITHE, HASEIBAIOT-
¢ OAazonpuAMHBIMU ucxodamu INJiA 3TOTO COGLITHSA.

PacemorprmM cobeiTe B, xoTopoe os3HauaeT BHINAJeHHE HA KyOHKe
YHUeIa OYKOB, KPATHONO 3. 9T0 coDbITHE MNPOHCXOAHT JHIIL OPH IBYX
HCXOJAX MCOBITAHKMSA: KOTOA BHITAJNO 3 04YKa M KOrja Beinano 6 o4Yxos,
T. €. Ana cobpiTuA B GIaronpHATHBIMM SBIAIOTCH OBA HCXOOA M3 LIec-
TH PABHOBO3MOMKHLIX HCXOZOB.

OrHomeHue yHcia GMATONPHATHBIX MCXOHNOB K YHCJY BCEX PaBHO-

2
BO3MOJKHBIX MCXOZOB B PACCMATPHBAEMOM [IPHMEpEe PaBHO . ITO OTHO-
LIeHHEe CYMTAIOT BEPOATHOCTBIO COOBITHA B u mummyT:

P =-X

OBosuauenne P mpoucxoauT OT (dpanilysckoro cnosa probabilité, uto
03HaAYAeT ¢«BEPOSTHOCTE?.

§ 12. HayanbHble CBEOEeHUs W3 Teopun BEepOsTHOCTEN
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Boobie

€CIIM BCE HMCXOAEI KAKOT0-TMb0 MCOLITAHKMA PABHOBO3SMOMKHEL, To
BEPOATHOCTh CODBITHH B 9TOM HCIOLITAHWM DABHA OTHOLUEHMIO
uicna GnaroNpHATHEIX [AJIA HEr0 HCXOZOB K YMCIY BCeX pas-
HOBOSMOKHEIX HCXOJOB.

B ornuuywme oT CTATHCTHYECKOIO NOAXO0Aa K BhIYHCIEHHIO BepoAT-
HOCTH TAKOH IOAXO0J HAsBIBAETCH KJAACCUYECKLM.
Yrto osHadaeT Ha IMPpaKTHKeE, YTO BePOATHOCTE PACCMOTDPEHHOI'D (g-

2
OrrTusi B paBHa E? Pazymeercsi, 3T0 He 03HAYAET, YTO MPH LecTH Opoc-

Kax KyOMKa YHMCIo OYKOB, KpaTHoe 3, BRIIaJeT poBHO 2 pasa. Boamoik-
HO, YTO OHO Beimajger 1 paa, 8 pasa, He Brinager coeceM. OgHAKO ecny
npoeecTH GONBINOE YHCIO HMCOBITAHME, TO OTHOCHMTENBLHAH YACTOTA

2 1
nosisienus cobpitus B Gymer mano OTAMYATBECH OT &, T. €. OT 3. Boob-

Ije OPH YBeNHYEeHHH YHCIa HCOBEITAHWMH CO CAYYallHBEIMHA HCXOJAMH OT-
HOCHMTENBHASI YACTOTA MOSBJIEHHMHA caydaiiHoro cobmiTma nmpubnmxaercs
K €ro BePOATHOCTH.

ComocraBnas CTATHCTHYECKMIl M KJIACCHYECKHMI MOAXONbI K BBIYMC-
JIEHHID BEPOSATHOCTEH, MOMHO CIeJIaTh BEIBOJ, 4YTO CTATHCTHYECKHH
OogXxol npepnonaraeT (GakTHYeCcKOe NpPOBeJeHHE MCIEITAHMSA, a IIpH
KJacCHYeCcKoM Ioaxone He TpebGyercs, 4ToOGBE MCOEITAHME ORLJIO TIPOBe-
JeHO B ﬂeﬁCTBHTEJIBHDCTH.

Jns Toro uTob6Bl HANTH BEPOATHOCTHE HEKOTOPOTO cobOBITHHA (mipH
KJIACCHYECKOM TIOAX0Me), HAJO TMPABUIBHO ONPEAENNTh YHCI0 PABHOBO3-
MOMKHBIX MCXOJOB MCILITAHHA M 4YHCNO ONaronpHMATHRIX OJS 3TOTO CO-
OLITUH MCXOOOB.

3anaua. HailigeM BepoATHOCTHE TOro, YTO [pH NOoAOpacCEIBAHHMM ABYX
MOHET Ha 00eMX MOHETAX BBIMAJET PelIKa.

» Ilpu ogHoBpeMeHHOM OpDOCAHMH ABYX MOHET PaBHOBO3MOMKHBIMH
ABIHIOTCH CAeVIOIHe HCXOLbI:
— Ha obenx MOHeTax BHIIIAJET Opel;
— HA TepBO# MOHETEe BhINAJET Opel, 4 HA BTOPOH — pelnka;
~— Ha IepBOil MOHEeTEe BRINANET PEIlKAa, & HA BTOPOH — Opeln;
— Ha ofeMx MoHeTax BREINAJET pPEIIKA.
BraronpuaTHEIM A4 coObITHH A, COCTOAIIEro B TOM, 4YTO Ha obeHX
MOHETaX BEINAJET pPEIlKa, ABISETCH OOUH HCXO0[ M3 YeThIpex BO3-

MOKHBIX, sHauuT, P(A) = 7. <

Ilpu pemennu 21oil 3agaud Oeino 66l ommOKOH cuMTaTH, YTO B
JaHHOM OIIEITE HMEeKTCH TPH PABHOBOSMOMHBIX HCXOO4a:

— Ha ofenx MOHeTaX BEIIAAET Opel;

— HA OJHOH MOHETE BRIIAJET OPEJ, 4 HA APYToi — pEeuika;

— ga ofieMx MOHETaX BEITTAJET PEIIKAa.

Orcioga cnemoBan Gl HEeBepHBIN BRIBOA, 4To P(A) = %
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IprBegeM TpUMephl BEIYMCIIEHWS BEPOSTHOCTEMH.

IIpumep 1. U3 25 sksaMeHAaUMOHHBIX OHJIETOBR II0 FeOMeTPHH YYEHHK
yenen nogrotoBuTh 11 meperix u 8§ nmocnenrux Omneros. Hawxosa
BEPOATHOCTEL TOTO, YTO HA 9K3dMEHE eMy JocTaHercsi DUIeT, KOoTo-
PhIif 0OH He HOATOTOBHIT

b O6mnree uMcsio PABHOBOSMOJKHBEIX MCXOLOB MpH BeIOope GuneToB Ha
sksamene 25. ITyere M — cofniTHe, 3aKiIO4aloleecs B TOM, YTO
VUEHHKY JOCTAHeTCH HA 3KzaMeHe DuiaeT, K KOTOpOMY OH He moj-
roToBuJics. Yucno GaaronpuMATHBIX ANA cobelTea M uexopoB (Ho
He nns yueHuka) pasuao 25 — (11 + 8), 1. e. 6. 3uaunr,

P(M) = 5 = 0,24. <

IMMpumep 2. Aaron m Hropes Opocarr Oenslit ¥ 4yepHBIH HIpalbHLIE
KYOMKH M TOACYUTHIBAIOT CYMMY BHIIABIIMX ouxoB. OHM moro-
BOPHJINCE, YTO €clIM IpPH o4YepegHOoM OpocaHMH B CyMMe BEIIIALET
8 OYKOB, TO BBEIMIpHIBAET AHTOH, & €CJIM B CyMMe BBEIALET 7 0Y-
KOB, TO BhiurpeiBaer Hropes. MoOKHO NH CYMTATh, YTO IIAHCHI BhI-
MIPATE B 3TOH Mrpe Y MAJbYMKOB OOHHAKOBHI?

b TIpu 6pocasvm KyOMKoe Ha OenoM Kybuke Moxker Beimacts 1, 2,
3, 4, 5 wim 6 ouros. KaxknoMy 4wmeny o4YKOB, BBINABIIHX HA Oe-
noM KyOWKe, COOTEETCTEBYET IIECTh BAPDHMAHTOB YMCJA OYKOB, Bhl-
naBIIEX Ha yepHoM KyOwmxe. Bee MeXofbl 9TOro MCIBITAHMA NPH-
BefeHbl B Tabmuue:

1; 1) (2; 1) (3; 1) (4; 1) (5; 1) (6; 1)
1; 2) (2; 2) 3; 2) (4; 2) (5; 2) (6; 2)
(1; 3) (2; 3) (3; 3) (4; 3) (5; 3) (6; 3)
(1; 4) (2; 4) (3; 4) (4; 4) (5; 4) (6; 4)
(1; 5) (2; 5) (8; 5) (4; 5) (5; 5) (6; 5)
(1; 6) (2; 6) (3; 6) (4; 6) (5; 6) (6; 6)

B kaxpoil mape Ha NepBOM MECTE 3AMHCAHO YHCIO OUYKOB, BLIIIAB-
mux Ha Oenom kyOHKe, & HA BTOPOM MECTe — YMCJIO OYKOB, BhI-
NaBIIMX HA YepHOM KyOHEKe. YHAasaHHLIE MCXONLI MCILITAHHUS paB-
HOBO3MOsHEI. O0Ilee 4HCJI0 PABHOBOSMOMHBIX HCXOZoOB pasHO 36.
IlyeTe cofeiTHe A o3HayaeT, 4To npu OpocaHMM KYOHKOB B cyMMe
BRIMan0 8 oukos, a cobuiTve B ozmHadaer, YTO B CYMME BBLINAJO
7 OYKOB.

JAnsa cobertva A GraroIpHATHEIMHA SBIAIOTCA 5 HCXONORE:

(2; 6), (35 5), (45 4), (5; 3), (65 2).

§ 12. HauyanbHble CBEOEeHWs 3 Teopyvn BEPOSTHOCTER
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Ina cobbiTusi B 61aronpuATHRIMHE ABIAITCA 6 MCXOLOB:
(1; 6), (2; 5), (3; 4), (4; 3), (5; 2), (6; 1).
Orciona
P(A) = 55, P(B) = 5.

TTosTomy mancoB Bmurpats y Hropsa Gomeure, uem y AHTOHaA. <

Ilpumep 3. U3 16 cobpanunix Bedocumnenop 4 oxkasanuck ¢ gedexTa-
mu. Kakopa BepOATHOCTHE TOTO, 4YTO 2 BRIOpaAHHBIX HAyTaj BeJIOCH-
nena bynyr Ges pedextoB?

P Ilyete A — cobeiTHe, IPH KOTOPOM 2 BRIOPDAHHBIX BENOCHUIIENA OKA-
xyTea Ges mederTon. Jlo6oit Brifop AByX BejocunenoB us 16 ag-
JAeTCA PABHOBO3MOMKHBIM HCXOAOM. 3HAYMUT, 00llee YHCIO pABHO-
BO3MOJKHBIX HMCXOZOE PpPaBHO YMCIY codeTaHnumid ma 16 mo 2,
T. €. Cfa. Hcexomom, BnaronpuATHbIM Aa8 cobbiTusa A, ABASETCH BbI-
Gop DBYX WCIPABHBIX BEJIOCHIIEAOB N3 MMelomuxcs 12 uvenpaBHBIX
(16 — 4 = 12). CnepgopaTensHo, YHCNo ONATONPUATHHIX ANA cObOBI-

THA A HCXOMOB PABHO sz. Orciopa monyuaem, 4To

CZ
P(A =f.
16
g %o am P UArtgs 181 15-16
C:=srior =2z - 66, 0126‘2!-141‘ g — 120,

P(A) = =2 = 0,55. <

IIpumep 4. 'pyona TYpHCTOB, B KoTopoi 7 IOHOIIEH M 4 geBYIIKH,
BeIOMpaeT mo xpebHI0 YeThIpeX NeypHEIX. KakoBa BepoATHOCTE
Toro, 4ro 6yayT BEIOpaHEl 2 IOHOIIM M 2 JeByIIKH?

P Yucno ucxonos mpH Beifope weThipex AeypHEIX paBuo Cj,. Bce

STH HMCXOIB! PABHOBO3MOMKHEL.
ITyere A — cobbiTHe, TpH KOTOpOoM BeIOpade! 2 oHOIIM B 2 [e-

Bymky. Buifpate 2 onowmeit us 7 moxuo C: cmocobaMm, a Bbl-
6pars 2 mesymek u3 4 moxkso C: crmocobamu. Kamgomy Beibopy
OBYX IOHOIIEH COOTBeTCTBYET Ci BhIDOpOBR 2 neRyINeK. 3HAYMT,
YHCJI0 HMCXOAOB, ONATONPHMATHLIX Anf# coObiTHA A, pPABHO Cg % 0%
Orcoga noxydaem, 4To

- ¢2
7 4
P(A) = g
ch
i e, T . oD s
C?‘zt-ﬁz_ 2 =21, C 21- 21 6,
4 o Al  B-9-10:11
C11_41-?: 2-3-4 = 330,
21-6 21

PA) = 3357 = 55- <
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BeemeM Teneph MOHATHA LOCTOBEPHOIO U HEBOBMOMKHOTO COOBITHIA.

CofrlTHE, KOTOpOE IPH MpPOBeIeHHH HEeKOTOPOrO ONBLITA MK Habo-
JEeHHs MPOHCXOMNT BCErNa, HASLIBAIOT JOCMOGEPHBIM COObLMUEM.

IIyere C — cobriThe, COCTOAINEE B TOM, UYTO mpu GpocaHuy Urpaib-
HOTO KYOMKA BRIAJET MeHee 7 0YKOB. JTo cobniTHe ABNAETCH JIOCTO-
pepubiM. Kaxanili us mexopos 1, 2, 3, 4, 5, 6 saensaerca Gnaronpuat-
HEIM s cobuiTEa C. 3HAUYMT, BEPOATHOCTL HACTYILIEHMS cobuiTua C
paBHa:

PO =-g=1.

Boob1iie BepOATHOCTEL JOCTOBEPHOro cobniTus pasBHa 1.

CobniTHe, KOTOpOE He MOMEeT NpoM30#TH HH OpH KAKOM HcXoje
OmnbiTa MM HAGHIOOEHWs, HASLIBAIOT HEBOIMOMCHBIM COObLMUEM.

OGosaauuM OveBoil F cobeiTHe, o3HaYalomniee, 4To Opu OpocaHBH
UrpajJBHOre KyOHKa BoimagaeT 7 ouxoB. Od4eBHMAHO, 9TO 3TO COBBITHE
NpOou30HTH He MokeT. Uncno GJAATONPUMATHRIX [JIsi HETO HMCXO/OB PABHO

0
Hymo, T. €. P(F) =& =10.
Booboie BepoATHOCTE HEBO3MOMKHOTO coOuiTHA paeHa 0.
IlyeTe HEKOTOpoe MCOBEITAHHME HMEeeT N1 PABHOBOSMOXKHEIX HCXO/IOB,
H3 KOTOPBIX M MCXOZOB OmaronpuATHE Ansf cobeitua A. Torgpa
P(A) = %. Taxk xak m < n, TO % <1, 1. e. P(A) < 1. C gpyroii cropo-

uel, Beerga P(A) 2 0. CnemoBatensuo, 0 < P(A) < 1.
9T0 MOMKHO MPOMIUIIOCTPHUPOBATE C

P(A) MOMONILI0 BepOATHOCTHOH INKANLI
> (puc. 82).
0 1 Toukxoit (0 uacbpakaeTca BepoAT-
HOCTh HEBO3MOMKHOIO CODBITHS, 8 TOY-
Puc. 82 Ko 1 — BEepOATHOCTE HOCTOBEPHOTO

cobriTuA. Ecan cobmiTie A He ABIAET-

cf HHM HEBO3MOMKHEIM, HM AOCTOBEpHBEIM cobObiTHeM, To P(A) maobpaka-
eTcHA TOYKOM, pacnonoxedHoit mexay 0 u 1. YeM MeHbIe BEPOATHOCTE
HACTYILIeHnA cobuiTHA A, Tem Gmmxe ® 0 pacnomoxkena Touka P(A).
Yem OGosibIne BEPOATHOCTH HACTYIIEHHA coObITHH A, TeM Onmxe K 1
pacmonoxena Touxka P(A).

BeposaTHoeTs chyuaiiHoro cobeITHS MHOM[A yiaaeTcs HAWTH, UCOONE-
3yd reoMeTpHUYecKHe coolpasKeHusd.

PacemoTpumM Takoil mpuMep. YYacTHHKHN MIPhI moodepepnuo Gpocaror
B MMIIeHE JPOTHKH (clenmanbHile cTpenkl). MummeHs OpefcTABIAET CO-
Goii Kpyr, B KOTOPOM BBIJENEHEl MaJEIiH KpPYT ¥ KONBIEBAd 30HA, MPH-
UeM paguyc MAaNOro KPYra BABOE MEHBIe pagwyca OoNBIIOTO Kpyra
(puc. 83).

HaiigeM BepOATHOCTE TOr'O, YTO IPH NONAJAHWH IPOTHKA B MHIIEHB
TOYKa MONAKAHUA OKAYKETCH B KOJNBIEBOH 30HE,

ByneMm cuMTATE, YTO MOMN&JAHHE JPOTHKA B MIOOYI0 TOYKY MMINEHH
PABHOBOZMOIKHO ¥ BeDOATHOCTH MOMAJAHHUA APOTHKA B Kaxkyo-mubo 06-
JacThL NPAMO OPONOPIMOHANBHA MJIONIANH 3TOi obnacrwh.

§ 12. HayanbHbie CBEOEeHWs 13 TEOPUM BEPOSITHOCTEn | 195
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Puc. 83

Ilyers pagmyc Gojbmmoro xKpyra, ImpeacraBiasiioniero coboii MHIEHE,
R
paeer R, Torga pagmyc LEHTPAJIBHOTO KPYTa paBeH 3. Ilmomane Mue-

2
HM paBHa TR, a mIomajbk NEHTPAJBHOTO KPyra paBHa ft[%] , T. €.

. 9 nh? anR?
BHa‘{HT, IInonagk HKOJBLUEBOM 30HEI paBHAa nthR" — =T = 2 BEPOHT'
HOCTE TOI'Q, YTO TOYHA IIONMATAHHA IPOTHHKAa OKAMXETCH B ROJIBI];EBOﬁ
30He, pABHA OTHOINEHHIO IUIOMIaAH KOJBIEBOH 30HBI K [JIOIMALH MUILIe-
3.R?
=

3
HH, T. €. paBHAa e

4

YnpaxHeHusn

798. Insi noporogueii sorepeu ornedaranu 1500 Guneros, M3 KOTOPHIX
120 BrmurpnimHex. KakoBa BEpOATHOCTE TOTO, 9TO KYIIJIEHHBIH
Ouner oxkaxercd BHEIMTPLIIIHBIM?

799. KakoBa BEepOSATHOCTH TOTO, UTO MPHM DPOCAHHM HUTIPAJBHOIO0 KYBHKA
BBITIAJIET:
a) 1 ouxo; 6) bonee 4 ouxos?

800. YueHWK 3anmucan B TETPagH IIPOH3BOJBHOE ABY3HAa4YHOe uucno. Ka-
KOBA BEPOSITHOCTH TOTO, YTO CYyMMa IU(MP 3TOr0 YHCIa OKAYKeTCH
paBHOl 67

801. B roonepaTueHOM gome 93 KBapTHpPHI, H3 KOTOPLIX 3 HAXOOATCH HA
nepeoM ataxke, a 6 — Ha nocnegHeM. KBapTHpEI pactpefensioTes 10
mpebnw. KakoBa BEepOATHOCTE TOrO, YTO HHILLY HE JOCTAHETCH
KBADTHDPA, PACIIOJNIOMKEHHAA HA IEPBOM MM HA MOCHeIHEM aTaxe?

802. KakoBa BEPOATHOCTE TOr0, YTO TPH OPOCAHNHM ABYX KYOMKOB CyM-
Ma BEIIABIINX HA HAX OYKOB paBHa 37

3InemMeHTbl KOMDMHATOPUKM U TEOPUW BEPOSTHOCTEN




803. Aggpeit 1 Oner JOroBOpHINCE, YTO €CJHM IpH OpocaHMHM OBYX MI-
PANBEHEIX KYOUKOB B CyMMe BERINAJET YHCJIO OUKOB, KpPaATHoe 5, TO
BEIArpLIBaeT AHApeH, a eclii B cYMMe BRIIIAJET YHCJIO OYKOB,
KpaTHoe 6, To Beiurpeieaer Oner. ¥ Koro U3 ManegukoB Gonbime
IIAHCOB BEIMTPATE?

804. Ha6upasa HoMep Tenedona, cocTosanuil ua 7 nudp, abosenT 3abBL1T,
B KAKOH T[ocnefoBaTenLHOCTH HAYT 8 mocnenHue uudphl. IHoMHA
Jumb, 94To 970 nudpel 1, 5 u 9, on HaGpan mepBeie yeThipe Lug-
DRI, KOTOphIE 3HAJN, W Hayraj xomOumHaumuio us uudpp 1, 5 n 9. Ka-
KOBa BEPOATHOCTH TOro, uto aboHeHT Habpan BepHEIH HOMep?

805. Ytobel OTKPEITE ceiid, Hano HAOpPATH B ONpefelleHHOH MocNenoBa-
TenbHOCTH NATh nudp (6ez ux nmoetTopenms): 1, 2, 3, 4 u b. Ka-
KOBa BEPOATHOCTH TOI'O, YTO €CJIH HaOHpaThk IH(PH B IPOH3BOJb-
HOM IIOpAJKe, TO ceip oTKpoerca?

806. Ha ueThIpex KAPTOYKAX HAOMCAHEI OVKBEl 0%, ¢T#», «K», ¢pP».
KapTouku HepeBepHYJIH H NepeMeNIaTH. 3aTeM OTKPBLIH HAYTAJ
MOCJIeIOBATENILHO ONHY 38 APYTOH 3TH KAPTOYKH M TIONOMHJIH HX
B psn. KakoBa BepOSITHOCTEH TOrO, YTO MOJYYUTCH CIOBO ¢KPOT»?

807. B ropobke NeaT TONBKO KpacHEIe ¥ cHHMe Kapannamu. Paccmar-
PHBAIOTCA CIEOVIONIHe cODLITHH:
A — u3 KopoOKH BBIHYT KPACHBIH Kapaniani;
B — u3 xKopoOKu BEIHYT CHMHHH KapahHgarm;
C — 13 KOpoOKH BLIHYT IIBETHOH KapaHIAI;
D — nu3 KopoOKH BBIHYT eNTHEIH KapaHall.

BeposTHOCTh Kakoro ua atux cobeitvii parHa 0; paesa 1; Goneime
0, HO MmenbIIe 17

808. 3aguuyn crapuxk B Mope HeBol. PaccMmaTpn-
BAIOTCA CHAENVIOIHE COOBITHH:
A — TpHIIen HEBOJX ¢ VJIOBOM DHIGEI;
B — nmpunren HeBoA ¢ OJZHOK TWHOI;
C — mpumren HEBoJ ¢ TPaBOH MOPCKOIO;
D — mpuImen HeBOA ¢ 30J0TOK PHIOKOH, KO-
TOpPAA roJioCOM MOJEBHUT YEJIOBEYBLHM.
Ecth n¥ cpean gaHHbBIX cobbiTHR TakHe, Be-
POATHOCTL KoOTOpPwIX paena (; paeHa 1;
Gonpme 0, Ho MeHBIe 17

809, B snquke "axomutTcea 10 peraneil, oguHa us
KoTOpeIX HecTaHmaptHaa. Hayramg 6Gepyr
2 neranun. KaxkoBa BepOosSiITHOCTHL TOTO, 4YTO
ofe IeTanH OKaXKYTCHA CTAHAAPTHBIMH?

810. Yerhipe 6uieTa HA €JKy pacOpelelMIM To KpebHI0 Mexay
15 manpuukamu u 12 geBouramu. KarkoBa BepoATHOCTE TOrO, YTO
OnneTel HOCTAHYTCH 2 MANbYMKaM U 2 JeBOYKAM?
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811. B xopobke nexxut 8 KpacHbIX Kapasaameii n 4 cuaux. Ha xopo6-
KM Hayraj BHIHMMAaIOT 5 xapaHpamreil. KakoBa BepOATHOCTH Toro,
YTO 3 M3 HHX OKAMXKYTCH KPACHEIMH, 84 2 — CHHHMH?

812. Ha nonke crout 12 KHMr, M3 KOTOPHIX 4 — 9710 yueGumku. C mnos-
KH Hayrag cauMaiorT 6 keHur. KakoBa BepoATHOCTHL TOrO, YTO 3 M3
HHX OKaXyTcA yIeOHHKaMmu?

813! Tpu nonpyrn Aus, Bepa w Mama otnpapuiuck B Tearp. Ilonyums
B rapgepofe HOMEpDKH 3a TPH COAHHBIX NaNbTO, OHHM CJOMHJIH MX
BMecTe. Ilo OKOHUAHMH CHNEKTAKJA KAXOas W3 NOAPYT B3ANA Ha-
yraj ofvH HOMEPOK M MOJy4YH/a MO0 HeMy naieTo. KaxkoBa Bepo-
ATHOCTB TOTO, YTO:

a) TONLKC AHSA MOJYYHIIA CBOE MAJIBLTO; C
6) Bepa He noJy4yuJsa CBOEro NanbTo?

814. B TpeyronsHrke ABC mnposened
orpesok DE, napannensHulid AB

(puc. 84). HasectHo, uto DE = %AB

KakoBa BepOSTHOCTh TOIO, 4YTO CJIY-
yafiHeIM 00paszoM BuIOpAHHAA TOUYKA
TpeyronbHHKa ABC okameTcsa NpH-
Hagnexxameil TpeyronsHuKy CDE?

815. IlyaxTel A 1 B HaxogsTes apyr ot
apyra Ha paccrosHMH 2,5 kM. Tene- 4 B
(oHHAA JHMHHA, COEOHHAMIINAA 3TH
NyHKTHI, 000pBANACE B HEM3BECTHOM Puyc. 84
mecTe. KakoBa BepoOATHOCTE TOrO,
YTO TOUKA paspbiBa yIajleHa OT TOU-
KM A He bGonee uem Ha 500 m?

816. Ha xkoopomHaTHON npsamoil ormeuensl Toukw A(Q) m B(3). Ha or-
peske AB Hayran peidpaHa Touka C(x). Kakosa BepOATHOCTE TOIO,

yro 0 < x < 1,27
817. YnpocTHTe BEIpajkKeHHe:
a+b a® - b® .(1_1+b)

a?+ab+b% B2 gt

b

818. [lepecekaloTcs nu napaboia y = 2x° — 6x w npsmas y = 10x? Ec-
i A8, TO YKAXKHUTe KOOPIHHATEI TOUEK IepeceyueHHsH.

819. PeluuTe ypaBHEeHHE:
x 4 (L A — 7x St T
8) 775 x+5+25_x2_0' 6) Jlr2_3.5;*'6 x x+6°
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KoOHTpONnbHBIE BOMNPOCHI

Y10 HasbiBAETCH OTHOCWMTENLHOW YacTOTOW cnyYailtHoro cobbiTka?

"8 Kak BbMMCNAIOT BEPOATHOCTb Cny4arHore cobbiTkA nNpu Knaccuye-
CKOM noaxone?

=8 lNpueegute NpuUMep NOCTOBEPHOIO COBLITUA W NPUMEDP HEBO3MOX-
HOro cobbitmA. Yemy paBHa BEpPOSATHOCTH NOCTOBEPHONO CoBbITHS;
HEBO3MOXHOIro cobuitna?

Jna mex, kmo xouem 3Hame 60bULE

36. CnoxeHne M yMHOXEHUE BEpPOATHOCTEN

Paccmorpum nmpumep.

Ilycte B kopobke HaxoguTcA 19 mapos: 10 Gensix, 4 KpacHEIX H
5 senedwx. a3 KopoOKkM HAyraj BEIHEMAOT OOWH map. PaceMoTpHuM Ta-
KHe coObITHA:

co0BITHe A — IIap OKA3AJICA KPACHBIM;
cobeiTHe B — 1map okasalcA 3eMeHbIM.

Cobrrrus A m B He moryT npousoiiTu BmecTe (ogHOBpeMeHHO). I'o-
BOPHAT, uTO coOEITHA A U B ABASAIOTCH Heco8MeCmHbIMIL.

JBa cobbITHA HA3LIBAIOTCH HECOBMECTHBIMH, €CJIH B OTHOM H
TOM K€ HMCIOBITAHHH OHH HE MOrYT NPOH30WTH OAHOBPEMEeHHO,
T. €. HACTYILIEHHE OJHOIO M3 HHX HCKIIOYAeT HACTYIJeHHe
Apyroro. b

Ilycter cobrite C 03HAUAET, UTO M3BJIEYEHHBIN M3 KOPOOKH Imap
OKaszancHd He OenbsIM (KPACHBIM MM 3ejleHBIM).

BoisicHMM, KK BepPOATHOCTH coObiTHH C CBA3AHA ¢ BEPOATHOCTAMH
Ka)aoro u3 cobeTuil A 1 B. Hafinem BeposTHocTH cobeiTHit A, B u C.
s Kadkmoro MCHBITAHNA (M3BJIeYeHHe M3 KOPOOKHM OJHOrO Inapa) pas-
HOBOBMOKHEIMH #ABNAKOTCH 19 ucxomos. M3 Hux nna cobeitua A Oia-
FONPHUATHBIMH ABJAIOTCH 4 Mcxopa, Ong cobuiTHg B — 5 HCXOmoB, OJNA
cobertuss C — 9 ucxogos. OTcioga

P(A) = 35, P(B) = 35, P(C) = 13-

Mgl BHOIHM, YTO

P(C) = P(A) + P(B).

Ans Tex, kTo xo4eT 3Hate Bonblue | 199
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! ecnm coﬁmTHe C osHauaeT, YTO HACTYIAET OJHO H3 OBYX He-
COBMecTHbIX cOOwBITHII A mnu B, To BeposTHOCTE cobmiTHs C
paBHa cyMme Bﬁpt}r{THocmﬁ coberTuit A u B.

i i . e e e i . e . e . S et e i s s o e S A e e oo

IIpumep 1. Ha kapTouKax HAMMCANM HATypaabHble YKcia or 1 mo 10
BEJIIOYMTENEHO, MOCJIe Yero KAPTOUKH [IEDEBEePHYJIH H HepeMeLIasiH.
3areM Hayraj OTKDBUIH ONHY KapTouyky. Kakosa BepOsTHOCTE TOrO,
YTO HA HEH HANMCAHO IPOCTOe YMCJIO WIH 4Y#cio, bonbluee 77

P Ilyctes coGeiTHe A 03HAUAET, YTO HA KAPTOYKE HANHMCAHO MPOCTOE
YHCNO0, a coOeITHe B o3HauaeT, 4YTO HA KAPTOYKE HANHCAHO YHCJIIO,
bonsiree 7. IIng cobblTHa A GnaronpMATHBIMH ABJAAIOTCH 4 HCXo-
na u3 10 paBHOBOSMOJKHBLIX (IOABJIeHHe OJHOrO M3 uMcen 2, 3, 5,
7), T. e, BepoaTHOCTE coOLITHA A paBHa 0,4. Ina cobeuiTus B Gna-
FONPUATHLIMHE #BAAIOTCA 3 Mcxoma w3 10 paBHOBOSMOMHEIX (mO-
senedue ymcen 8, 9, 10), 1. e. BeposaTHOCTE cobeiTs B pasHa 0,3.
Hac uHTepecyer cobeiTHe C, Korga Ha KapTodke HANHCAHO IIPOC-
TOE YHCJAQ HJIH 4YHcio, Gonburee 7. CobwiTne C "HacTymaer Toraa,
KOrga HACTYNaeT ofHO M3 cobblTHA A miaH B. OueBHMAHO, YTO 3TH
cOOBITHS HBJIAIOTCH HECOBMECTHHIMM. SHAYHT, BEPOATHOCTL COOBI-
i C paBHa cyMMe BepoATHOCTeH cobmiTHit A u B, T. e.

P(C) = P(A) + P(B)=0,4 + 0,3 =0,7. <

IIpr pemleHMH HEKOTOPBIX 3aja4 ObIBaeT YA0OHO BOCHONB30BATHCH
CBOICTBOM BEPOATHOCTE NpOMUBORONONCHLLX COGbLmuil.

PagbACHMM CMBICSI IOHATHA «NPOTHBONONOMHBLIE CODLITHA» HA IpH-
mepe Opocanus wrpankHoro Kyomka. IlycTs cobpiTHe A O3HAauaeT, UTO
Beinayno 6 ouxoB, B — uro BeIinmano meHee 6 ouxoB. Beakoe HacTymie-
HHe coObITHH A O3HAUYAET HEHACTYIJIeHHe coOmiTHa B, 8 HeHACTYIJIeHHE
coOrITHA A — HacTynneHue cobeiTus B. B Takux cny4asx roBopsaT, 4TO
A m B — npoTHBONOJNOMKHELIE COOBITHA.

Haiigem BeposTHocTH cobeiTHil A u B.

HOna cobblTun A OGAArONPHATHBIM SBJIAETCA OOHH MCXOJ M3 ILIeCTH
PABHOBO3MOMKHEIX HCXOJOB, & ANA cobwiTHE B — NATE HMCXOOOBR H3

IIeCTH. 3HAYHT,

PA) -5 PB)-73.

HerpyaHo zamMeTHTh, uTo P(A) + P(B) = 1.
Boobme

. (RN —— S wnen —— s g . . L L T T T T T

cyMmMa Bepoa'moc-reﬁ r:po'mammnomﬂux coOsITHEH paBHa 1.

oo o o s - T S S S A S S A e S

HeiicTBHTENBEHO, TYCTh UPOBOAMTCH HEKOTOPOE HCIBLITAHME H pac-
CMATPHUBAIOTCA OBA cOOBITHA: CcODOBITHE A M NPOTHBOIOJOMKHOE eMY
cobbITHE, KOTOpPOe IPHHATO 0003HAUYATH A.
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Coberrusas A 1 A — HecoBmecTHBIe cobrITHS. CobOLITHE, O3Haualolee
HACTYINeHHe XoTA 0Ll ofHOrO M3 HHX, T. e. A unH A, ABIfAeTcHd NOCTO-
BepHbIM cobniTHem. Otcroga cienyer, 4TO CYMMA BEPOATHOCTEH OBYX
OPOTHBOMIONIOMHBIX coOLITHIL paBua 1, T. e.

P(A) + P(A) = 1.

IIpumep 2. Bpocalor gBa urpaneHbiX KyOuka. KakoBa BepoOATHOCTH TO-
ro, 4TO CyMMAa OUYKOB, BRITABIIMX HA OBYX KyOHKax, meHblne 117

P O6ee 4MCciI0 PABHOBO3MOMKHEIX HCXOHOB ATOrO MCIOLITAHHA paBHO 36.
ITycte cobelTHEe A O3HAYAET, 4YTO CYyMMA OYKOB, BBIIABIIMX HAa
OBYX Kybmkax, meHsine 11. Tax kax GrarompHMATHBIM AJA COOBI-
THA A ABIAeTcH GOJBINOe YHCIO HCXOJAOB, TO yOoOHO cHAYATA HAMH-
TH BEpPOATHOCThL NPOTHBOIIOJOMHOTO eéMy cobniTHa A, KoTopoe 03-
HAYAEeT, YTO CYMMAa BHINABIIMX O4YKOB Gosnblle unu paBHa 11.
BraronpuaTHeIMH 058 cOOBITHA A SBIAKTCA TPpH HCXO[A:

(5; 6), (6; 5), (6; 6).
IloaTomy
1
ﬁ.
Tax KaK cOGBITHA A M A SBIAIOTCS TPOTHBOMOJOMHBIMM, TO
P(A) + P(A) = 1.

P@A) =5 =

Orciona
PA)=1- PA) =1-15 =13

T d

PHCCMOT]JHM Tennepb, KAK MO HO BBIUHCIHTE BEPOATHOCTH cobbITHA,
COCTOHIIEN0 B COBMECTHOM IOABIEeHHH ABYX HE3ABUCUMBLY cobbtmiuiil.

Jla coOLITHS HABLIBAIOTCH HE3aBMCHMBLIMM, €CJIH HACTYILJIEHHEe
ONHOr0 M3 HMX He BIIHfET HA BEPOATHOCTH HACTYIUIEHHA [PY-
| roro cobeITHA. '

IIpuBeneM nmpHMep.

IlycTs B O@HOM M3 IBYX SAM{WKOB HaxogutrcH 15 meraneii, U3 KOTOPLIX
2 HecTaugapTtHiie, 8 B apyrom — 20 peraneii, u3 KOTOpPBIX 3 HeCTaH-
naprese. M3 Ka)goro AIMKA HAYrajl BeIHMMAOT II0 OgHOH merann. Ka-
KOBa BEpPOATHOCThL TOrO, 4TO O0€ OeTANH OKAMKYTCH HeCTAHZAPTHLIMH?

PaccMoTpHM TaKHe COOBITHA!

A — M3 NepBOro ANMKA BEIHUMAKT HECTAHLAPTHYIO [ETallb;

B — w3 BTOpOrO #AlMKA BBIHMMAIT HECTAHIADPTHYIO JETAJb.

Hns cobuiTus A GnaronprATHEIMHE ABIAIOTCA 2 Hexopa u3 15, a gns
cobeITHA B GnaronpHMATHBRIMH ABIAIOTCH 3 Hcxoma ua 20, 3HauwT,

P4) = =, P(B)=o.

Ana Tex, kTo xo4eT 3HaTh Gonblue 201



OueBHgHO, 4TO cODbITHA A M B ABNAKTICA HE3ABHCHMBIMH. Pge.
CMOTPHM CODOBITHE, COCTOfIIee B COBMECTHOM INOABJIEHMH COOBITHIT A y
B. ObosnaunM ero Gykeoit C.

Obijee uYMCIO PABHOBO3MOYKHBIX HCXOJIOB HCIBLITAHHA, B KOTODEIx
coberTve C HACTymaeT WM He HacTymaeT, paBHo 15 - 20,

JHeificTBuTensHO, Kamaomy u3 15 wuaBieueHUH OeTajld W3 MEPBOrg
amuKa coorseTcTeyeT 20 BO3MOIKHOCTeH M3BIeYEeHHA JETAJHM M3 BTOpO-
ro AN{HKA.

BraronpusatHsiMu g8 cobeiTia C ABNAKTCH T€ UCXOJLI, IPH KOTO-
peIX 0bOe BHIHYTHIE AETANH ABIAITCH HecTaHAapTHbIMH. KamjaoMmy pa
ABYX BO3MOXKHBEIX H3BJIeUEHHMIl HECTAHIAPTHOH JOeTANM M3 IepBOro
AIMIKA COOTBETCTBYET TPH BO3MOMHOCTH HM3BJIEUEHHS HECTAHIAPTHO
AeTany M3 BTOPOro ANMKA, T. €. YHCJO HCXONOB, DNATONPHATHBIX Ans
coberTua C, pasHo 2 - 3. CnegoBaTensHO,

2-3 2,18
PO=-%%"1 o0 ™

P(C) = P(A) - P(B).
Boobme

: ecnu cobwiTHe C o©O3HAaYaeT COBMECTHOE HACTYIJIEHHEe ABYX

| He3aBUCHMEIX cobbITHH A u B, TO BepofATHOCTE cobruiTHa C
paBHA TPOH3BEAEHHUIO BePOATHOCTEH cobwiTuit A u B.

IIpumep 3. B HenpospauHOM IaKeTe JeaT 9 JKETOHOB ¢ HOMEpaMH
1, 2, ..., 9. H3 pakera HAyraj BEIHHMAIOT OJHH JXeTOH, 3AMHCHI-
BAIOT €rc HOMEp M KeTOH BO3BpALLIAIOT B IaKeT. 3aTéM ONATh BhI-
HMMAKT MeTOH M 3amHCLIBAIOT erc Homep. KakoBa BepoATHOCTE
TOrO, 4To 00A pa3a OYAVT BBIHYTEI 3XEeTOHBI, HOMEDA KOTODHEIX #AB-
JIAITCH NPOCTHIMHM YHCJIAMH?

P IIycts cobeiTHe A COCTOHMT B TOM, WTO B MEPBRIH pPA3 BEIHYT JKe-
TOH, HOMEp KOTOpPOro SBJfieTCH MPOCTHIM YHMCJOM, a cobeitne B —
B TOM, YTO BO BTODOil pa3 BBIHYT X€TOH, HOMEpP KOTOpPOro fBJIA-

eTcA TpocThiM uHciaoM. Torma P(A) =% u P(B) = %, TAK KAK H3

gucen 1, 2, ..., 9 4YeTwlpe 4YMcia ABIAIOTCH HOpocThIMH. PaccmoT-
pum cobeiTHe C, KOTOpPOE COCTOHMT B TOM, 4TO ofa pasa BEIHYTEI
FKeTOHBI, HOMepA KOTOPBIX HBIAKTCH IPOCTEIMH YHCJIAMH.
CobbiTHe B He 3aBHCHT OT coOBITHA A, TAK KAK HA IOBTOPHOE H3-
BJIEYCHHE METOHA HEe BJIMSeT TO, KAKOH »eTOH OBLLI BLIHYT B TepBHIH
pa3 (M3BJIeYEeHHBIA B TIePBLIH pas KeToH OBLT BOBBpPAILEH B IAKET).
3Hauur,

4

P(C) = P(A) - P(B), 1. e. P(C) =5 "5 = 1o = 0,2. <

3ameTHM, uTOo ecnH Obl TOCNe MEpPBOr0 HM3BJIEUEHMS KETOH He BO3-
Bpamjanca obpaTHo, TO cobeiTHAa A M B Opinn 66l 3aBHCHMBIMH.
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JeiicTBUTENEHO, [IOCNE NEPBOrC M3BIEUEHHUA JKOTOHA B IAKETE OCTA-
Jnock Ob1 8 xeronoB. Eciu B mepBrlii pas M3BIEKIH JKETOH, HOMEp KOTO-

3 s
poro mpoctoe yucio, T0 P(B) = g. Ecnu ke B nepselii pas H3BNeKJH

4
JKETOH, HOMEP KOTOPOro He IpocToe uHcio, to P(B) = g.

IIpumep 4. B peayneTaTe MHOTOKDATHBIX HAOGMIOMeHHI YCTAHOBHIIH,
4YTC BEpPOATHOCTH NOUAJAHHA B MHIIEHsL OJHOTO CTpPENKA pAaB-
Ha 0,9, a gpyroro — 0,8. Ka:aslii M3 CTpenKoOB cAenan Mo OAHO-
My BrICTpeny mo mupmeHu. KakoBa BepofTHOCTHL TOrO, 4YTO MHIIEHL
oyaer mopakeHa?

P PaccMoTprm Takue cOOLITHA:
A — TepBHlil CTPeNOK TONAN B MHHIEHE;
B — BTOpO#l CTpeNOK NONAJI B MUIIEHB;
C — MHIlleHb TOpaz<eHa.
CobeiTias A m B wesasucumble. OQHAKO BOCTIONL30BATHCH B 3TOM
caydae yMHOMEeHHeM BepOATHOCTeH Helbas, TaKk kKak cobeiThHe C
HACTYIIS8€T He TOJNLKO TOorja, Koraa of6a cTpenka NONaIH B MH-
l1eHb, HO ¥ TOrja, KOrjga B MHIIEHB NOIad XOoTs Obl OLHMH M3 HHX.
ITocrynum wmuaue. Paccmorpum cobweiTua A, B u C, mpoTruso-
MOJIOKHEIE COOTBETCTBeHHO cobuITuaM A, B u C. CobeiTia A u B
ABIAIOTCH HE3ABHCHMBIMH, TAK KAK DPOMAX NpPH BEICTPeJNe IO MH-
IIeHH MepBoro cTpefika (cobeiTve A) He 3aBMCHT OT HENOPAXKeHHS
MHITeHH BTOpLIM cTpenkoMm (cobGuiTie B). CobeiTne C o3Hauaer
coBmecTHOE mosiBneHue cobeituit A u B. [Tostomy

P(C) = P(A) - P(B).
Ha cepoiicTBA BepPOATHOCTEH NPOTHBONOJOMHBIX COOBITHII BhITE-
K8eT, 4To
PA)=1-09=0,1, P(B)=1-0,8=0,2.
Orciona moaydaem, 4TO
P(C) = P(A) - P(B) = 0,1 - 0,2 = 0,02.
Tak kak cobeiTusi C 1 C TPOTHBONONOIKHLIE, TO TENEph HECJI0¥XK-
HO HaTH BepoATHOCTE cobmiTHA C:
P(C)=1-P(C)=1-0,02 =0,98.

3HAYNT, BEPOATHOCTH TOro, HTO MHINeHbL GyAeT mopaieHa, paBHA
0,98. <

Vngaxueuun

820. Ins ykpamenus eIKkM OpHHECIH KOpOOKY, B KOTOpOi HAXOAHTCH
10 kpacHbIX, T 3eneHsX, D cuHMXx M 8 3onoTeix mapoe. Ha ko-
pobky HAyraj BEIHHMAIOT OOHMH wap. Kakosa BepOATHOCTE TOIO,
YTO OH OKAYKeTCH:

a) KpacHBIM; 0) 300TBHIM; B) KPACHBLIM MJIH 30JIOTBIM?

Ona tex, kto xo4eT 3Harts Gonbuie
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821. B nenexxso-seuesoit norepee Ha 100 000 Guneros pasuirpelBaeTcy
1200 pemeBnix m 800 geHesKHBIX BhIMTDBiLNeii. Kaxosa Beposp.
HocTh (Ona obnagarens ogHOro OmMieTa):

a) BelleBOro BBIMIDHILIA;]
6) [JeHeXKHOro BBINIDHILIA;
B) KAKOro-7H60 BEIHMTPHLIIIAT

822, Basinu yeTkipe Kaprouku. Ha mepsBoii Hanucany BYKBY «0», HA BTo-
poit — «T», Ha TpeTheil — «c», Ha 4HeTBepToil — «p». Kaprouky
mepeBepHYJIM M TepeMelllanu. 3aTeM OTKPLLIM HAYraj ONHY Kap-
TOYKY 34 JIPYTrO#d M TMOJIOMKHUIH HX B psan. Kakosa BepOATHOCTB To-
ro, YTO B Pe3yJILTATE TOJYYHIIOCE CIIOBO «TPOCY» HMIIH CJIOBO «COPT»?

823. Bpocalor aBa HrpajdbHEIX KyOmka. KaKoBa BepOATHOCTH TOrO, 4TO
Ha OflHOM KyOHKe BRINAJET OOHO OYKO, & Ha Apyrom — Gonee Tpex
OUKOB?

824, B ozxHoii mapTHH aieKTponaMmnoder 3% OpaKOBaHHBIX, & B opy-
roit — 4% OpaxoeaHHbIx. Hayrag GepyT mo OOHOH IAMIOYKE M3
Kaxaoll naptur. KakoBa BepoATHOCTL TOro, 4To ofe JIaMIO4YKM
OKayKyTcA OpaKOBAHHLIMHY

825. Ha ogHoit nonke ctout 12 KHur, 2 M3 Ko-
TOpLIX — COOpPHHKHM CTHXOB, 8 Ha ApPyroi —
15 kHHr, 3 M3 KOTOpBLIX — COOpDHHKHM CTH-
XoB. Hayrag GepyT ¢ ka o IOJMKH 110 Of-
HOoil KHMre. HakoBa BepOATHOCTE TOro, YTO
obe KHHI'H oKaxkyTcH cOOpHHKaMH CTHXOB?

-
L P ap

826. B memrke HaxomguTcsi b OennlXx mapoB M M I! | ' I*Il

3 uepHeIx. M3 Memka HayrajJ BeIHHMAIOT | = A ll

onuH map. Ero IBeT 3amMCHIBAIOT, IIAD o

BOZBPAILAIOT B MENIOK M IUAPHI TepeMellH-

BAIOT. 3aTeM CHOBA H3 MeNIKA BEIHHMAIT

onuH map. KaxkoBa BepOSTHOCTE TOTO, HTO

oba pasa OyIOyT BbIHYTHI:

a) Dennle LIADLI; 6) uepHbie HIAPBI?

_____ -

827. Monety Gpocawt 3 pasa. Kakosa Beposfit-
HOCTh TOTO, YTO KAMALIHA pA3 BHINANET open?

828. Ilpu cTpenbbe mO MHINEHH HA [IOJHrOHE BEPOATHOCTH IONAJAHHA
ofHOrOo M3 OBYX opyawmii pasna 0,8, a gpyroro — 0,75. Oba opy-
OHA BBICTPEIHIH IO MHIIEeHHM Mo ogHoMy pasy. Kakosa BepoaT-
HOCTH TOTO, YTO MHNIeHL OyneT nopa)keHa?

.

829. B sexoTopoil HACTONMBHON Mrpe MrpokK GpocaeT cpasy ABa KyOmea
H JeJlaeT CTOJBKO XOJIOB, KAKOBA CYMMA BhINABIIMX OYKOB. Karo-
Ba BEpPOATHOCTL TOT'O, 4TO Hrpok cuemaer mexHee 10 xomos?

830. B Baze 11 rsosgmk, u3 KOTOPHIX 4 KpacHeie. B TeMHOTe Hayraj
BEIHHMAaIOT 3 reos3fiuku. Kakoea BeposiTHOCTE TOro, Y4TO XOTH OBI
oaHa u3 HEUX Oyaer xKpacHOH?

LELEERYY D9nemeHTst kOMOWHATOPUKK U TEOPUKM BEROSTHOCTER



HononHurenbHbie ynpaxHeHus K rnase V

K naparpady 11

831. CrosbKO cyOiecTBYeT YeThIpeX3HAYHBIX uMces, kpaTHeIX 10, ecom
Oou@pel B 9HCIAX MOTYT DOBTOPATHCA?

832. Ilemexon moJiyKeH OpOoMTH OAMH KBAPTAJ HA CEBep M TPH KBaApTAa-
718 Ha 381aJ. BRIDHIIATE Bce BOBMOMKHBIE MAPIIPYTHl TEIIEXOHa.

833. BenmumixuTe Bece NATH3HAYHLIE YHCIA, 3ANHCAHHLIE TPEMS YeTBep-
KAMH H ABYMSH €IHHHIIAMH.

834. Hz mudp 1, 2, 3, H cocTABHIH BCe BOSMOMKHBIE UeTBHIDEX3HAUHBIE
yrcna (6e3 moeTopeHusa nudp). CKoOMBKO cpey HHX TAKHMX YHCeT,

koropeie Gonwumie 2000, vHo mMensure 50007

835. CKONBKO YeTHBIX YeTHIPEX3HAYHEBIX YHCel, B KOTOPBIX IHQPEl HE
OOBTOPAIOTCHA, MOMHO 3ANMKMCATE C NOMONIEIO IHGP:

a) 1, 2, 8,.7; 61, 2, 3, 47
836. enurca nu uncao 50! mua:

a) 100; 6) 305; B) 155607

837. Haiinute mawMeHbIllee 3HAUYEHWE N, MPH KOTOPOM 4HCJO nl! OKaH-
YHBAETCH:
a) ofHHUM HyJIeM; 6) nBymMsa HYJIAMU; B) TpeMs HYJIAMH.

838. Uz mudp 1, 2, 3, 4, 5 cocrasumm Bee BOIMOMKHLIE TPEX3HAUHEIE YHC-
na (6es moBTOpeHHs 1HOp). CKONBKO cpeiH HHX TAKHMX, KOTODbIE:
a) KpaTHBEI 2; 6) xpatHe! 37

839. CoxkpatuTe Opobn:

(n+ 1) nl (n +1l(n + 3)
8= ) Gr v B) — )
840. Perute ypapHenue:
(n+ 1) (n+DI-n! 5
8) -y ~ 425 B) —m+tn —&

841. Cronbkumu cnocobamMu M3 Kiacca, rae yuyarces 24 ydauipxcs,
MOKHO BEIGpaTH:
a) ABYX AEMYPHBIX; 6) cTapoCTY M NOMOUIHHKA CTAPOCTHI?

842, ¥V Anrtona mects gpyseit. O MoMeT NpPHrIACHTLE B IOCTH OJHOIC
HJIH HeCKOJBKHX H3 HHMX. Oupegenute o0lllee YHCJAO BO3MOMKHBIX
BAPHAHTOB.

843. CkoNbKO KOMAH[ VYACTBOBAJNO B (DMHANE NEpBEeHCTBA, €C/IH H3Be-
CTHO, 4TO KA/Jasd KOMAHA CBITPAJIa C KaMJoil W3 OCTAJBHBIX IIO
OJIHOM HIDe HA CBOEM IIOJIE ¥ MO ONHOH MIpe HA IONe CONepHHKE,
npHyeM Bcero Ovlino ceirpano 30 urp?

JononHuTensHbie ynpaxHeHus Kk rnaee V
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844. CxoneruMu crocobaMu yerhipe maccaxiupa: AJjexcees, CMHpHog
DenopoB ¥ XapHTOHOB — MOTYT Pa3MECTHThCH B EBATH BATOHay
noeana, eciH:

a) Bce OHM XOTAT e€XaTh B PasHBIX BATOHAX;
6) Anexceer 1 CMHPHOB XOTAT €XaTh B OIHOM BarcHe, a Penopop
u XapHTOHOB — B JPYrUuxX BATOHAX, IPHYEM PA3JIAYHBIX?

B45,) Ha njocKOCTH OTMETHJIM HeCKONLKO TOYeK, HHKAKHE TPH M3 Hix
He JIeKAT Ha ofHoil npamoii. Yepea ka)kable ABe TOYKH TPOBey
npamMylo. Ckonbko TodeKk OBLIO OTMEYEHO, €ClH BCEro ObLIO mpo-
BeeHo 28 npaMeix?

846. B 9 «A» knacce yuatca 25 yuamuxcs, B 9 «B» — 20 yuamuxcs,
aB9 ¢«By — 18 yuammuxca. [Insa paboThl HA OpHINKOJILHOM YYACT-
Ke HANO0 BBIOEJHMTHL TPeX ydamuxcsa u3 9 «As, asyx — u3 9 «Bs
H ogHOro — M3 9 «B». CrOIBKO cyllecTByeT cnocoboB BuIbopa
yuamuxcs Ona paboTel HA NPHMIKOIBLHOM YYacTKe?

847] Vs rpynmel TypucTOB TpeGyeTcs BLIGDATH JEMYDPHOTO H €ro
nomoiHuKa. Ecnu 681 TypucToB 6bi0 Ha ogHOro Gombiue, To
BO3MO3cHOCTei BhiGopa Obno 661 B 1,25 pasa Gonbmme. CKonbKo
TYPHCTOB B rpymnne?

B48] CxonpruMu cniocobamu rpynny ua 12 uenoBeK MOMKHO pasbuTh Ha
JBe IpyIIikL:

a) mo 4 u 8 uesnoBex; 6) mo 5 u 7 yenosek?

849. B ormene paboraiorT 5 BeAymiuX ¥ 8 cTApPIIMX HAYYHBIX COTPYIHH-
KOB. B KOMAHOUPOBKY HAA0 TOCHATH ABYX BeAYI[HX M TpexX cTap-
KX HAYYHBIX COTPYAHHKOB. CKOMbKHMMU crnocobaMu MokeT ObITh
caenaH BeIGOp COTPYAHHMKOB, KOTODBIX HAJAO [OCHATHL B KOMAHIH-
POBEY?

B50. Ua nubp 1, 2, 3, 4, 5 cocTaBMM BCe BO3MOIKHBIE TPEXBHAUHBIE
yucna (fonyckaercHa noBTopeHue HH@p). CKONbKO cpegd HHX Ta-
KHMX, cyMMa IIHdp KOTOpPHIX PABHA:

a) 3; 6) 4; B) 67
851) 1a nudpp 0, 1, 2, 3, 4, 5 cocTaBUNIM BCce BO3MOXMKHBIE TPEX3HAY-

Hele 4yHchaa (Ge3 nmoproperusa mudp). Ckonsko cpeaiM HUX TAKHX,
cyMMa IH(P KOTOPHIX pPaBHA:

a) 6; 6) 97
852. HaliguTe 3HaYeHHe BhIPAXKEHHH!
- A% - 43 -
i b TR o (o B i
A -a It

853] Cronbko HAZO B3ATH BJIEMEHTOB, YTOOKI YHCJIO pasMeleHHil u3
HUX 110 ueThipe 6b1710 B 12 pas Gonbine, yeM 4HCIO pasmerneHmil
M3 HHX no gsa?
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854. Yucno pasmemenuit U3 n 371€MeHTOB TIO HeThipe B 14 pas Gonbnre
yHeaa pasMelrneHuil ua n— 2 aneMeHToB o TpH. HaliguTe n.

855. Penrite ypaBHeHHe:
) M4CcE A =ahAd ... B 183G =9l s
6)6C *=114A% ; r) 2103 =11C3, ;-

K naparpacdgy 12

856. [Ina HaTypanbHBIX 4Yucen oT 1 fgo 99 eBrawuUMTEeNnLHO HalguTe
YACTOTY HOABJIEHHA MPOCTHIX YHCEJI B NEPBOM, BTODOM, TPETEEM
OecaTKax # T. A. CpaBHHTe OTHOCHTENBHEIE YACTOTHl OJIA:

8) NepBOTO M TPEThErc HecHATKOB;
©0) BTOpPOro M HOECcATOro JeCATKOB.

857. Ha ctone nemar 28 Kocreill somuHo. Hayrag 6epyT OfHY KOCTh.

a) HaiiiuTe BEepOATHOCTE TOrO, YTO B3ATAS KOCTH B CYMME COUEp-
HUT 6 oukoB.

6) Hokaxure, 4TO BEPOATHOCTE B3ATE KOCTh, V KOTOPOH cyMmmMa od4-
KOB paBHA 5, PABHA BEPOATHOCTH B3ATEH KOCTh, ¥ KOTOpPOH cyMMa
OYKOB papHa 4.

858. Ha raprouyrax HanHcadsl uudpsl 1, 2, 3, 4. KapToukH mepesep-
HYJIH ¥ TepeMeIlajH. 3aTeM OTKPHLJIH HAYraj DOCTeNOBATENIBHO
OOHY 38 ApPYroll TpM KAPTOYKH, PACTIONIOMKHME HX B PAN clesa HAa-
npaso. KaxoBa BepoOfTHOCTE TOrO, YTO B Pe3YJIBTATE MOJYYHIIOCH:
a) uucno 123;

6) uncno 312 unu 321;
B) uHCJNO, nepBas mudpa xoroporo 27

859. [insi sk3aMeHa moAroToBunu OGunersl ¢ Homepamu or 1 mo 25.
KakoBa BepOATHOCTHL TOr0, UTO B3ATHIH HAyrajg vieHHKoMm Omner
HMEeer:

a) ogHO3HAUHEINl HOMep; ©0) ABysHauHEI# HOoMep?

860. U3z amuka, B KOTOPOM HAXOAATCH LIapbl ¢ Homepam# or 1 go 100,
Hayrajg BEIHHMAKIOT oguH uiap. KakoBa BeposTHOCTE TOrO, 4YTO HO-
Mep BEIHYTOro mapa He HMeer nudps 67

861. B memrke HaxomsaTcH KeTOHBI ¢ HOMepamu ot 1 mo 15. M3 memka
HAYraJ BBIHHMAIOT OAMH 3eToH. Kakoea BeposSTHOCTH TOrO, 4TO
HOMEp BBIHYTOIO JKETOHA He NEeJIUTCH HHM HAa 2, HM Ha 37

862. B smuke nexxur 6 KpacHubX mapoB ¥ 4 senewbix. Hayran BeiHH-
MaoT 3 wapa. Kakoea BepoOATHOCTE TOrO, 4TO 2 LIApA M3 HUX OKA-
HYTCH KPACHBIMH, 8 OIWH — 3eJIeHbIM?

863. M3 28 kocreit mommHO H3BNexalor Hayraj 2 koctH. Kaxosa Be-
POATHOCTH TOTO, 4TO 00€ KOCTH OKAXKYTCH AVILIAMHT

JononHureneHsle ynpaXxHeHwa K rnase V I o 7
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864. Uz 40 peraneii, nexamux B smuKe, 3 6paxoBaHHble. U3 sAmukg
HAYTaJ, BLIHUMAIOT OAHY jerajib. KaxkoBa BepOSAATHOCTE TOIO, wyrg
aTa AeTanns OKaxerca Ge3 BGpaxa?

865. Ha xamn0#i Kaproyke HANMCAaHA O/IHA M3 GYKB «0», «I», «P», «C»,
«T». HeCcKONRKO KapTOUeK HAYTAJ BRIKJNAALIBAIOT ONHY 34 ADYIokh
B psan. Kakoea BepoAATHOCTH, YTO NPH BHIKJIAILIBAHHN:

a) 3 KapTOUYeK NMOJYYHTCH CJIOBO «POT»;
0) 4 KapTOYeK IOJYYHTCH CJIO0BO «COPT»;
B)  KapToYeK MOJYYHTCH CJIOBO «CIOPT#?

866. B xopobrke HaxoasaTcA miapel ¢ Homepamu 1, 2, 3, 4, 5. Ha xo-
pobkH Hayraj BRIHMMAKOT JBa mapa. KakoBa BepOATHOCTE TOIQ,
YTO CYMMAa HOMEpPOB Ha HHX paBHa:

a) 3; 6) b?

867. B xopobre HaxoauTes 12 mapoB, cpead KoTopbiX n Oensix, a oc-
TalbHBIE I|BeTHHIe. BepoATHOCTH TOro, WTO BBIHYTHIN HAyraj iuap

oKaxercA OenbIM, paBHa %. Cronero fenwkix mapos B Kopobxe?

868. B memke cogepxutrca 24 mapa. Cpeam HMX KpPacHBIX IIADOB B
2 pasa Gonbme, yem Genwix, a ocTanbHEIE mapsl cHHHe. Bepost-

= 1
HOCTE TOI'O, 9TO BLIHYTHIM Hayraln imrap OKayeTcH Genbim, PaBHA o

HaiifuTe BepOATHOCTE TOI'O, YTO BHIHYTHIN HAYTAJ LIAD OKAMETCH
CHHHM.

869. B Mmemke cogepikaTcs eTOHHI ¢ Homepamu or 1 mo 50 BrmIOUM-
renbHO. KakoBa BepOATHOCTE TOIO, YTO B HOMEpe M3BJIEYEHHOIO Ha-
yraj M3 MellKa XeToHa IHudpa 3 copepiHUTCHA TONBKO OAHMH pas?

870. OnroBpeMeHHO MOAGPACHIBAIOT TPpM MOHeTEl. KaKOBa BepOATHOCTh
TOro, UTO HA BCEX TPEX MOHETAX BBIMAAET perrka?

871. Yemonan MOMKHO OTKDBEITH, €CIM TPaBHJLHO Ha6GpaTe mMudP
22 075 (opu mabope mudpa mudpa KaxAOro paspaga Moxer GBITh
moboit or 0 no 9). Kakosa BepoATHOCTE TOrO, UTO UYeNOBEK, HA-
OpaB MpPOM3BONBLHO HOMEP M3 5 LMPP, CMOMKET OTKPHITH YeMOAAH?

872] Bpocalor Tpu wrpaseEex kyb6ukxa. Kaxosa BepOSTHOCTE TOTO, 9TO
CyMMa BRINABIMHX HA HHUX OYKOB Oyzer paBHa:
a) 3; 6) 4; B) 5; r) 7?

873 Muma u Kocts o ouepenn 6pocalor TpM MrpajbHBIX Kybuka. OHH
JOTOBOPHJIHCH, UTO €CJIM IpH OoYepejHOM OpOCKe BHIIIAJET 5 OYKOEB,
TO BEINTpEIBAeT Munia, a ecny Brimager 16 OYKOB, TO BHIMIPHIBAET
Kocta. ¥ Koro GoJsbllle IaHCOB BEIMIPATH?

B874] Urpassuriit kybuk Gpocaior 3 pasa noapaa. Kakosa BeposiTHOCTE
TOrO, 4TO KaX{/blil Pa3 HA HEM BHINAJET YHCIO OYKOB:
a) kparHoe 2; 6) kpaTtHOe 37

LEEERY 9nemeHTsl kOMBUHATOPUKKM U TEOPUWM BEPOATHOCTEN
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AN NOBTOPEHUA KYPCA
7—-9 KJIACCOB

BoiyncneHus
875. Haliiure 3HaYeHHE BhIPAMEHMA:
2 - 352 10x° -5
a) 3 opu x = —%; B) ——;TEE{ opu x=1,4, y=-1,6;
1- m? 2 ab
6)3m3_m npE m = 3; r];ﬁ;—fT) opu a=1,5, b=10, ¢=-2.

876. Ormeuan Bpems (B MHUHYTAX), KOTOpOe yUalllHecs IATPATHIM Ha
BHIMOJIHEHUE TECTA M0 MATEMATHKE, MOJMYUWIH CJIEAYIONHe JaHHbIE:
18, 18, 19, 20, 23, 24, 24, 25, 25, 25. Jina sToro psaja AAHHBIX
HalUTE cpeaHee apudMeTHYecKOe; MOy; MEIHaHy; pasMax.

877. a) TeneBusop croun 10 000 p. B anpene o nopgoposxan Ha 30%,
a B nexabpe mogemeseln ua 40% . CROMBKO CTAN CTOMTH TEIEBH30D
B nexabpe?
6) Ilenmy Tomapa moseicunu Ha 30%, a Wepea HeKOTOpoe BpeMd
causuny Ha 40%. Ha cKONBKO NpOLEHTOB HM3MEeHMJIACH NepBOHA-
yananHas LeHa tosapa?

878. K 200 r 40%-soro pactBopa conu ponunu 300 r sopel. Kaxoit
cTana KOHIEHTDaIlWA PACTEOPA COJH?

879. a) Hexoropoe konudecTBo 15%-HOro pacrsopa CONH CMeIIAIH ¢
TaKMM e KoJudecTBoM 45%-Horo pacteopa aToit e conu. Ka-
KOBa KOHLIEHTPAIIMA TOJY4YHBINErocs pacteopa?

6) Hexoropoe konmdectBo 30%-HOro pacTBOpa COJMH CMEIIaJ M C
BABOE GOJILINIMM KoJHHecTBOM 15%-Horo pacTBOpa STOH e COJH.
KaxoBa KOHIleHTpaLMA MOJYYHBIIErocs pacTeopa?

880. Mmeercsa pBa copra comBor — xupHOcThI0 10% u 20% . VX cmema-
au B orHOmeHMH 3 : 1. KakoBa JXHMDHOCTE MOJNYYHBINIHXCH CIMBOK?

YnpaxHeHna Ona noBTOPEHWA kypca 7—9 knaccos
E-ID.H.MAxnpmaen.ﬂlu. 209
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881. a) Knuent 6arxa sHec 8000 p. Ha BKJIAJ c TOAOBBIM HOXOH0M 5%,

Kakas cymMa OKa)XeTCs y Hero Ha cuetry 4depes 2 roja, eciu og
HHKAKHX CYMM CO CYETa HE CHHUM&J W JOTIOJIHUTENBHBIX BIOMe-
HHIT He genan?

6) Knuenr 6anka saec 8000 p. Ha BKJIaA C rOAOBBIM JOXOIOM 5%,
Yepes rog oH nonoxun Ha 3TO0T ke BRiAan eme 2000 p. Karag
cymma 6yger vy Hero Ha cueTy 4epes 2 rojja nociie OTKPBITHS cye-

Ta B DaHKe?
882. ¥VnpocTuTe BEIpaXKeHHE:
a) (V15 + +10) - 245 - 512;  B) (2V12 - 3\3)%

6) 2470 — 2,28 A 10—5J§+1o+5J§
3435 - 314" 10+5/3 10-543"

883. ¥npocTuTe BHEIpAIKeHHE
(5 - 2J6)° — (32 - 24/3)(42 + 8.3).

884. NokakuTe, 4TO:
) JWVis-3-fis+3
% -

885. [lokaskuTe paBeHCTBO:

a) 419 — 6410 = 10 - 3; 6) V23 - 87 =4 - 7.

886. Hatinure sHadeHHe:
a) Mﬁomqneaa 3x% - 6x -5 npu x=1 + 2;

. Jio _
e T it

—-—x=5

6) npoﬁn npu x=+5 + 1.
887. HaliguTe 3HAYeHHe BBEIPAMKEHHA:

-1
a) 0,3° + (g] +(-0.52- 2 + -1y - 6;

B P g e Wt
) (2] -(3] +(Z]-5-0.252-16.

888. Haiignre nATHAADATHIE 4YneH apudMeTHUecKo# IporpeccHH
ecau ap, = —6, a; = —2.

(aﬂ.))

889. HaiiauTe cyMMy OEpBLRIX AECATH YIeHOB apudMeTHyecKoil mpo-

rpeccu (x,), ecnim x, = —2,4 u d = 1,2,

890. Hafinnre aBeHaiNATHIil YjleH TreOMeTPHYECKOl NpOrpeccHH

1 1
ecin by = —335, by = 75-

(bn)l

891. Haiinure cyMMy NepBBIX JAECATH 4IEHOB TeOMeTPHYeCKOH mporpec-

cun (x,), ecmu x, = ~32 u ¢ = — 3.

YnpaxHeHwa Ons NoOBTOPEHWMs Kypca 7—9 knaccoe



892. Haiinure 3sHaueHHe BbIPAMEHUA:

201 71 50! 10! 121
B.) l_m': 6‘} ﬁs B} 4_9:1 rj £l - 51" JI) ol .3]"

893. CpaBuuTe uMCHa:
a) o u 10% 6) 1o u 10°.

894. CKOnpKO NATH3HAYHBIX YHCEJ, B KOTOPBIX Bce HUGMPHI pasHEIe,
MOYKHO COCTABHTH M3 uudp:

a) 1, 8, 59 79 ﬁ) ﬂ’; 21- 4, ﬁi 87

895. CronpkumH criocobavmu Ans, Tona, Bosa, Ceera, Anna u Ilera mo-
I'YT YCTAHOBUTEH Odepenb o yOOpKe Kiacca B TedeHUEe LIECTHIHEB-
Hoit yuebroill Hegenu, ecnu Ceere yanobHO AeKYDHTEH IO YETBEPraM,
a Anna NpocHT OCTABHTH eif cy6boTy?

896. B cexuMH no nnasaHuio sapumaercs 12 genoBex. CKONBKUME CIIO-
cobaMH TpeHep Mo:KeT BHIGpATE H3 HHX:
a) YeTHEIpEX YeJIOBeK JJIA NPEeACTOAIIUX FOPOACKUX COPEeBHOBAHWIL;
0) komaHzy mnsa yuactus B acracdere 4 X 100 M, onpenenus nops-
AOK BBICTYILJIEHUHA CIOPTCMEHOEB HA BCeX YeTEIpeX aTtanax?

897.¥ Camm B gomammueit 6ubnuorere ectk 10 mayuHo-thaHTacTHYE-
CKMX KHHT' H 8 mcropudyeckHX pomanoB. Ilers Xoder B3aATh y He-
IO HA JIeTHHEe KAHUKYIEl 3 KaKHe-HHOYOb Hay4YHO-(hAHTACTHYECKHE
KHUrM H 2 mobsix HcTopuYyecKHMX pomana. CKONBKO y Hero ecrtb
crnoco6oB BEIGOpa 3THX KHHIT

898. Ina myroyHoll HOBOTOZHEH JOTEpeH, B KOTOpOH OyzeT passirpasHo
30 npuszos, ornedarany 150 GuneroB. MBaH 3a yuacTHe B KOHKypce
NeBHOB noayuni oguH Guner. KakoBa BepOATHOCTE TOr0, YTO OH BBI-
urpaetr npn3? KakoBa BepOATHOCTH TOrQ, YTO OH NpPH3 HE BHIMIDAET?

899, Ha oaMHaKOBEIX JHCTOUYKAaX Oymarw manucaau uudpsl or 1 go 9,
3aTeM JINCTOYKM NepeMellaty M CH0MHIN B HeIpO3PaYHbIl Maker.
Hayrapx BrITACKHBAIOT OOWH JHcTOo4YeK. KAKOBAa BepoATHOCTE TOTO,
4YTOo HA HeM Oyper:

a) undgpa 1; B) 4YeTHada LMUDpa;
6) undpa 9; r) HedeTHas uudpa?

900. ¥ Mamu Ha nonke crouT 5 doroansbomos. Korma y Mamu 6sLimn
IOCTH, OHM CHSINIM Bce ANLDOMEI ¢ momku, YToOH mocMoTpeTs (hoTo-
rpadun. IMocne yxopa rocreit Mama seprysia ansboMbl HA TIONKY,
[OCTABME WX B cnydaiinom Hopfajike. Kakosa BepoATHOCTH TOro, 4TO
ansboMEI HA NIOJNIKe OKASAIHCE B TOM JKe TOpsjKe, UTo M npeskae?

901. B samuke maxoasaTca 4 KPacHBIX M 4 KeNThIX mapuka. U3 mero,
He TNAAfA, BEIHMMAIT 3 mapuka. KakoBa BepoATHOCTE TOrO, YTO:
a) Bce 3 IMapHUKAa KPACHEIE;
6) 2 mapHKa KpacHOro nseta U 1 »Kentoro;
B) Bce IMIADHMKH OAHOTO IBeTa?

YnpaxHenvwsa ANnA NOBTOPeHus kypca 7—9 knaccoe 211
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ToxpecTeeHHbie NnpeobpazosaHus

902. IIpeobpasyiiTe B MHOTI'OWIEH:
a) (x - 2y)(x + 2y) + 4%
6) (2a — 3b)(2a + 3b) — 3a”:
B) (5x — 1) + 10x;
r) (3y + 42)° — 82(3y — 22);
n) (m — 2n)(m? + 2mn + 4n®) + 6n®;
e) (c® + 4d)(c* — 4c%d + 16d%) — P(c* - 1);
x) (3x — 4y)® — (2x — Ty)(4x + 2y);
3) 2x(2x + 3)° — (2x — 3)(4x% + 6x + 9).
903. HaiiguTe 3HAYEHHE BHIPAYKEHW:
a) 8x*(x — 4) — (2x — 3)(4x®> + 6x + 9) — 17 npu x = 0,5;
6) 4a®(3a — 2) — 3a(2a — 1)? - (2a — 5)(2a + 5) npu a = 3,3;
B) (92 — 3xb + b?)(3x + b) — 9x(3x* — b) - b’ npn x = —3, b=1;
r) x(3f: — 2y)(8x + 2y) — x(3x + 2y)® + 2xy(5x + 2y) npu x = 0,5,
y=-1.
904. NokasxuTe TOMILECTEO:
a) (@ + 2b)(a — 2b)(a® + 4b%) = a* - 16b%;
6) (x — D(x+ D2+ D+ 1) =2 - 1;
B) (a — 2)(a + 2)(a® — 2a + 4)(a® + 2a + 4) = a® — 64;
r) (e —c—2)(P+c-2)=c*- 5%+ 4.
905. PasnoxnTe HA MHOMKHTENH:
a) 12x® — 3x%y — 18xy%; B) 8ab — 14a — 12b + 21;

6) 42a° — 6a* + 30a%; r) % - 5x — 9xy + 45y.
906. PaznoxuTe HA MHOMHTEJH:
a) x* — 25y%; B) 8a® + ¢ 1) 9ab® - 16ac?;
6) 4b% - 0,01c%; r) x° — 27; e) —20xy® + 45x7y.
907. PaznoxuTe HA MHOMKHTENH KBAJAPATHRIA TpexdneH:
a) x% — x — 42; B) 81x% + 18x + 1; n) 6x* — x - 1;
6) ¥° + 9y + 18; r) 16b* — 24b + 9; e) 3a® - 13a - 10.
908. CoxparuTte Opobn:
o 210® - 6% _ oy Job¥aa- 20578, i) a®-3a
12ab — 424° ° 4ab - 8b%+a-2b" & +3a-18"
5) 6m® + 8mn® ﬂ 16a® - 8ab + b* P 4x* - 8x+3_
2m%n + mn®’ 16a° - b° 3 ix*-1 °
x* - 2mx +3x — 6m _ 92 <351 w. m® +4m - 5

e) n)

B 3 g T L ok
):rz+2mx+3x+ﬁm 9x% + 30xy + 254° " me 4+ Tm + 10

YnpaxHeHwa O0ns NOBTOPEHUA kypca 7—9 knaccos
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3x +
909. a) HaiinnTe 3HAYEHHe BEIPAMEHHA , eCIIM M3BecCTHO, 4TO

2x+3 i
x
Ty = 3
b
6) HafinuTe sHauyeHHe BRIPAYKEHHH ——_—, €CJIH H3BECTHO, 4TO
da - 5b 3
b — -
910. Yupocture:
2 1 x+1 3 a® +16a + 12 2 - 3a 3
a - - - —~ - ;
)xz—Bx 2 +3x xﬂ-—B* aB-B a2+2u+4 a-—2
2y +1 y+2 1 2 4b® + 18 1
6 + - =3 r - A
)yz+3y 3y-y° ]4b3—ﬁb+9 8v°+27 2p+3
911. IIpeacraBbTe B BHje ApobI:
)abz—lﬁa 206° 5 p*-125 4p
a - . .
56° a?b + 4a?’ sp?  pP+b6p+25
Txy 3x - 6y 9m® —12mn + 4n®> 3m +6n
6) 2 g r) 3 5 i,
P —dxy+4y¢ 142 3m® + 24n 2n - 3m
912. YupocTuTe:
)3—4::_24—3:: ){a+b)2—2ﬂb_a2+b3
a : 3 B : -
L+ Tx 49— i 4a® ab ’
P-16y , 4-y 52-5 (e+1P-¢
2y + 18 E y2+9y’ P} c+2 ° 13¢c+ 26
913. YVopocTiTe BBEIpajXXeHHe:
) T(m — 2) m+2 2m®+4m+8
m3 -8 me + 2m + 4 m-3
a+b | a+2 2(a +8) |,
6) 53— : |5 - = .
a a —3a+9 a” + 27
x+ 2 2 x-14 .x+2 1
B) . = : : -
3x x-2 3x% - 6x 6x x-5
r) 4x  x-3 h 18  2x
9-x 9+3x) x+3 3-x

914, INpeobpasyiiTe BhIpaXKeHHe:

1 3m 2m 9m? - 6m + 1
a) —+ + . 3 o
2 1-3m 3m+1 6m*“ + 10m

6}[1 Sl s ]:[I'y_ = ]_ i
r+y xf-x x3+xy y3+1’y x+y

YnpaxHeHus ONA NoBTOpeHwst kypca 7—9 knaccos
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B)

2a + 3 2a” + 8a 3a+2|  da-1_a-1,
2a-3 (4a®°+120+9 22+3] 22-3 o’

[ a+3 a—1 ] a®-2a-3
T) .

—.1.
a2+2a+1 a’°-2a-3 a+2 ?

) 3(m + 3) m® - 3m? 3m 1
‘“m2+3m+9 (m + 3 mt-27 m-3

) 9 +8 1 4 S 8x=1
27x%-1 8x—-1 9x2+8x+1) 3x+1°

915. a) HaiinuTe 3HAUEHHE BRIPAXKEHHS a’+ b, ecrma+b=6, ab=3.
6) HaimuTe 3HaYeHHe BHIDAMKEHHHA c+ %, eclnH ¢ + % = 2,5.

916. Jokaxure, 4TO:

a) 3HaYeHHe BRIPAYKEHHH a®+ 2a + 2 uu IpH KAKOM 3HAYEHHH [e-
peMeHHOH a He MoXeT ObITE OTPHIATENBHLIM;

6) Bripaxenme 2x° — 2xy + y° npy mMOOBIX 3HAYEHHAX X M Y TpH-
HHUMAaeT HeOTPHIUATE/NbHbBIE 3HAYEHNA.

917. ¥YnpocTuTe BEIpAXKEHHE:

ﬂ} {41-2‘”3)2 4 (0 5xﬂy-1}3_ B) [ C* J_z. (lczxsy_ﬂ ]‘.
’ » 312y_5 3 »

s -3
. e s 0,1a 2 b
6) (0,250 ") 2 (2a°6°%y"; 1) [b_lca ] ' [ma*c“] '

918. YnpocTHTe BRIpa’KeHHE:

9.3n+2 _ g, gntl 10-6™
n} 3“_1 H B} 2n+1 _3n-1;
25_4" 22".—1 .52!1"-1
o) 4" —4n-1° 1) 100" X

919. BriHecHTe MHOXHTENIb 38 3HAK KOpHHA:

a) Jos8; r) ~75; ) m, roe x = 0;
6) V24; 1) 0,1,128; 3) Jlﬁ?. rae y < 0;
5) —242; &) 0,4440; m) (5a*.

920. BHecHTe MHOMKHTENb NOJ 3HAK KOpPHA:
a) 1£IJ§; B) *3\:'-5-: 1) x+/3, rme x > 0;
6) 0,12; r) -0,2./40 ; e) yv/5, rme y < 0.

YnpaxHeHns ons nOBTOpeHus Kypca 7—9 knaccoe
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921. YopocTHTE BHIpay<eHHe:
a) y50x + 32x — /98 x;
6) (Va + V2)(Ja — V2) - (Ja — V2) - Ja;
B) (Vx + ) — (Vx — Ju)’s
) Wx — Jy)x + Jxy +y).

922. Coxpature npobb:

54y afa-1_ xVx +yly
L e R ey A i
3x-86 b—b+1_ ¢ — ed

ﬁ):j 42 £ byo +1 ° e)cc-dJE'

923. OcrobGoguTecs OT MPPAIMOHANLHOCTH B 3HaMeHaTelne jnpobu:

3x 5_ 4 . 1
a) ol 6) Ta¢ B) T-1’ r) 2Jx + 343"
924. HoraxxuTe, 4TO!
Sty ITRY I L e MR T
Vol g =t T BE T

YpaBHeHUn U CUCTEMbl YpaBHEeHUNA

925. Pemninte ypasHeHHe:
a) 3x(x—1)- 17 = x(1 + 3x) + 1;
6) 2x —(x + 2)(x — 2) =5 — (x — 1)%
3x+1 2x-3
) e el
x—3 2x -1 4-x

Al Pl | T G

926. Ot depMel go crannun IleTp MoMeT poexaTe Ha BeJIOCHIIENE HIH
moitty memxoM. MaeTr on co cropocthio 6 KM/4, a Ha Belocumene
eneT co crkopocThbo 16 xkM/u. KaxoBo paccrosumue oT depMEl X0
CTAaHIHH, eciH Ha Benocunefe IleTp TpaTHT Ha 3TOT NyTH Ha
40 MuHE MeHbIne?

927. PaccTosiEHe oT ropoga A 1o ropoja B moesn JonkeH MPOXOOUTH
no pacnucasuio 3a 4 ¥ 30 muH. Ilo TexHHYecKMM DNpHYHHAM OH
OBl 3afepskaH ¢ OTHpaBleHMeM H3 ropoga A mHa 30 MuH. VBenn-
yue ckopoctk Ha 10 km/4, moesn npubsln B ropon B BoBpeMs.
Haiigure paccTosHne Mexpay ropogamMu A u B

YnpaxHeHus ONA NOBTOpPeHuAa kypca 7—9 knaccoe
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928. Us nysxTa A B nyHEKT B BRIIeN nemexos, a depe3 30 Mum uy
nyHEKTa B B nynxT A BRIexan senocuneauct. CKOPOCTE Benocume-
Aucta Ha 8 KM/4 Gosneme ckopocTH nemexofa. Benocunegmer
yepes 1,5 4 mocne BeIe3ana BeTperun memexona. C xakoil crg-
POCTBIO INeJl MeIlexoj M eXaJl BeJIOCHIEeNHCT, €ClIH M3BeCTHO, ypg
paccTosiHHe MexxJAy nmyHKTtamu A m B paBuo 26 xm?

929. Cpennee apupmerHyecKkoe 4YeTmipex 4uMcen pasHo 11,5. Bropoe
yueno B 1,5 pasa meHvsme nmepeoro ¥ Ha 10 mMeHmOIe TpeThbero, g
YyeTBepTOe pPABHO CyMMe NepBoro u BToporo. Hadfinure 3T wwmena,

930. Cronvko Hy:xHO nobaBuTe BoAbl K 300 r 20%-HOro pacteopa co-
JH, YToDbl nMonyuuThk 8% -HEINH pacTBOp 3TOM conm?

931. PemuTe KBaJpaTHOE YPABHEHHE:
a) 2,5x*+4x=0; B)0,2t°-t—-4,8=0;
6) 64° -~ 0,24=0; 1) 3zu° +3u—3=0.

932. CymecTByeT NH 3HaYeHHE NEPEMEHHOH X, NPH KOTOPOM 3HAYEHHE
KBaJpaTHOro TpexwieHa x> — 10x + 31 pasuo: a) —5; 6) 6; B) 5572

933. I[Ipx KaxkMX 3HAYEHUSX /I YPABHEHHE HMeeT XOTHA OBl O/IMH KODeHb:
a) 10x%2 - 10x + m = 0; B) 3x* + mx - 5= 0;

6) mx*+ 4x - 2 = 0; r) 2x2 —mx + 2 = 0?7

934. IIpu kaxkuxX 3HaYeHUAX k ypaBHeHHe He MMeeT KOpHeii:
a) kx* + Bx — 15 = 0; B) bx* +kx+1=0;
6) 62> —3x + k= 0; r) 7 —kx—-1=0?

935. Peminite ypaBHEHHE:
a) 0,3x(x + 13) — 2x(0,9 - 0,2x) = 0;
6) 1,5x(x + 4) — x(7 — 0,5x) = 0,5(10 — 2x);

@x+1* x-1 2-x) - (T +2x),
B) 25 g T A =g — =)
Bx+2° x+5 5, (6 — x)? . (2x -1)°
r) T =X e) s +x—7—T.

936. CagoBsiil yuacTok, HMEONMMT (GOpMY TPAMOYIOJIBHHUKA, Tpebyercs
obuectnn maropopaesw. OnpegenuTe IJIHHY H3rOPOAH, €CJIH H3BECT-
HO, 9TO AAMHA y4acTKa Ha 15 m Gonblie ero WIMpHHBL, a NJOLIALH
ero pasaa 700 m>

937. Bce yuYeHMKH OAHOTO KJaacca oO6MeHanuch Qororpadpuamm,
CronbKO YUYEHHKOB OBLIIO B 3TOM KJIAcce, eClIH Bcero OBLIO Ilepe-
pano 600 doroxkaprouekr?

938. ITudpa JecATKOB [BY3HAYHOIO YHCIa HA 3 MeHBINe IUGPH eqH-
HUII, & NPOM3BEHEeHHE HTOr0 [ABYSHAYHOIO UYHCIa Ha CYMMY €ro
pudgp paeHo 70. Haiinute 3TO 4Hcno.
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939.

940.

942

946.

947.

YyacTok 3eMIM HMeeT (OPMY NPAMOYTOJNLHOIO TPEYTOJNbHAKA, OIHH
u3 KaTeToB Kotoporo Ha 20 m GoneIme Apyroro KareTa.

AJMHY FPAHMIEL JAHHOTO YYACTKE, €C/IH M3BECTHO, YTO ero IJomaib
pasua 0,24 ra.

Pemute ypaBHeHuE:

x £ . I8 1 S .
a)x—a_x+3_xz—9' A) 2 LR Y T
17 3x 2 i 4
i e e e)]—rz_l—x+[x+])2_—ﬂ;
B o poigannyold EAIl w8 14 o A
B}(z—m2 (x+2% P-4’ ) B oox | 22-10  22-25°
2 1 omupy ¥ 5 1 29

— 0; 3 g e -
) 2x+6 62°-18x  27- 3x%

4 s oy i o o
Iee 6puraaer, paboras BMecTe, BRINOMHAIT paboty 3a 6 4. Opuoit
nepBoit 6purage Ha Ty ke pabory Tpebyerca Ha 5 4 Gonbme, dyem
BTOpOil. 3a Karkoe BpeMs MOXKeT BEINOJHHMTE BClo pabory kaxkjas
opuraga, paboras oTgeNLHO?

JBe aBTOMAIHMHE! OTIIPABHJIMCH OLHOBPEMEHHO M3 cejla B ropoj,
KoTopsiit yoanen pa 180 km. OpHA aBTOMATIIHHA TIPHUIJA B TOPOJ
Ha 45 MHH noaske Apyroii, Tak Kak ee ckopocTk Obina vHa 20 KM/49
meHbnle. C KAKOH CKOpPOCTHIO TMLJA KaXXIafd aBTOMAINHMHA?

MoTopHas MOAKA IMPONLIA 110 TedeHHIO PeKH 36 KM K BO3BpPaATHUIACH
obpaTHO, SATPATHE HA Bech NyTh b 4. Hailigure ckopocThk MOTOpPHOM
JNOAKH B cTOAYEH BoMe, 3HAS, YTO CKOPOCTE TEUEHHUS DABHA 3 KM/4.

Motopuas nogka npomua 18 kM mo tedenmio H 14 KM npoTHEB
TedeHHA, 3aTPATHE Ha Bechk nNyTh 3 4 15 Muua. HaiinHre crROpocTh
TeyeHHdA, eclH coDCTBeHHAA CKOPOCTh Joaku 10 km/u.

Karep mpomesn 75 KM IO Te4EeHHIO PEKH M CTOJBKO K€ MPOTHB Tede-
uusA. Ha Beck nyTh oH 3aTpaTii B 2 pasa GoJjibIlle BpEMEHH, YEM eMy
noHagobmuaock Oe1, UToOE! npoiiT 80 kM B croAdeii Boge. Kaxkoea cro-
pOCTH KATEpaA B CTOA4Yel Bode, €CIH CKOPOCTH TedeHHMdA paBHA & Km/4?

Torkape momxen Obin obpaborare 240 peraneii K onpeneneHHOMY
CPOKY. Y COBepHIeHCTBOBAB pe3ell, 0H cTay obpabaTeiBaTh B Yac Ha
2 peranu Gonbille, YeM MPEANOJATATOCH MO MIAHY, M TIOTOMY BHI-
noJHuJ 3amaHue HA 4 u paHbile cpoka. Cronbko metraneit B 4dac
pomxeH Ovin 06pabarTeIBATE TOKADH?

Corpynauk Tunorpadvm pgonkeH HabpaTe K ONpejeneHHOMY CpoO-
Ky pykonuce ofsemom 150 erpamni. Ecnum on 6ymer HaGupars Ha
b cTpaHML B JeHb Oonbkine, d9eM OOBIYHO, TO 3aKOHYHT paboTy Ha
1 pgeHr panelie HamMedeHHOTO cpoka. CKOJBKO CTPaHWUI, B O€HB
o6ergHO HabMpaeT COTPYAHMEK?
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948. TypucT oTOpaBWJICH Ha ABTOMAIIWHE M3 ropoxa A B ropoa B. Ilep-
Bele 75 KM OH €xajJ co CKOpocThio, Ha 10 KM/4 MeHbIDEH, gen
PACCYHTHIBAJ, A OCTANBHON IMYTh CO CKOPOCTEIO, HA 10 KM/u Goip-
mreif, yem paccumrthiBajs. B ropoa B, KoTophlil yaanen oT ropoaa
A Ha 180 xmMm, TypucT npubein BoBpemsa. C xaxoif CKOPOCTBRIO on
exXaJ B KOHLEe NyTH?

949. PaccToAHMe OT CTAHHIELI OO0 KeJIe3HOAOPOXHOH CTAHIMH PaBHO

1
60 xm. MoTonMKINCT BHIEXAN M3 CTAHMIILI HA 1&' 9 IIo3xEe BeNno-

cunmefucTa M Npu6BLN Ha CTAHLMIO, KOrfa BejocumeAucT Guin ot
Hee B 21 M. HalimzuTe cKOpOCTE BelloCHMIeNMCTH, €CIH oHa Ohlna
Ha 18 KM/49 MeHbIEé CHOPOCTH MOTOLMKJINCTA.

950. U3 cena B ropof, K KOTOPOMY BeXeT Jopora AnuHoi 120 xmM,
BHIEXalla JIETKOBAA aBToMamuHA. Yeped 30 MuH u3 ropoja
B CEJI0 BHIEXAJ TPY30BHK M BCTPETHJICH C JETKOBOH ABTOMAITHHON
B 45 ¥M ot ropoga. HaiimuTe cKoOpoCTEs PY30BMKA, €CIH OHA MEHE-
e CKOPOCTHM JIerKOBOM ABTOMAINHMHBEI HA 5 KM/d4.

951. PemnuTe ypaBHeHHE:
a) 4x* — 172 + 4 = 0; B) 2x* — 9x% - 5 = 0;
6) 9x* + 77x* - 36 = 0; r) 6x* - 5x%* -1 =0.

952. PetinTe ypaBHeHHE, BBels HOBYIO [epeMeHHYIO:
a) 2(5x — 1)* + 85x — 11 = 0;
6) (x*+x-8)0+12x* + 12x -9 = 0.

953. Penure ypaBHEHHE:
a) x* - 1622 = 0; r) 0,4x* = x%; ®) P+ =9x+9;
6) x = 25 2 x®+6x"—16x=0; 3) 2x°+8x=2a"+4.
B) 1,2x°+x=0; e x'+22-622=0;

954. IlpuBeauTe ypaBHEHMe K BHOY X" = g M pelllMTe ero:

a) %xa =1 B) 21—-;:!:3 = 0,001; 1+ x°=0;

6) 1000x° + 1 = 0; r) gx* - 16 = 0; e) x* — 16 = 0.
955. Haobpasue cxeMaTHdecKH rpaduyxM, BRIACHUTE, UMeeT JHM ypaBHe-

HHe KODHH:

a}%x—2—xs; B)-::-=-x2+1;

6) -8x - 1 =+/x; r}3+x2=—]-g.

x
956. Pemrnte rpaduuyecKky ypaBHeHHE:
a) x® = 7x - 6; B}%=x2—2x;
6)2 =05x-2; 1) Jxr=2
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957. PelunTe CHCTEMY yPaBHEHHIA:

a) [4x —y =17, B) |5x =y + 50,
y+6x=23; -3,4x + 2,6y = 14;
6) [6x — 10y =11, r) [4x — 2y = 3,
by +Tx=19; 13x + 6y = —-1.
958, PetnTe cHCTeMY YpPaBHEHHIA:
2x-y, x-2y 8 x-y+1 x+y-1 -
ay (S ki 2 sgi0 o[ Teges p AT g s
2x+y x+2y 1, x—y+1_x+y—1__3
g C F— - g . 3 &
959. Peminte CHCTEMY YpaBHEHHIl
ax — 3y = 13,
2x+by=5

C MEepEeMEHHBIMH X M ¥, €CIM OZHHMM M3 PeleHHil nepBoro ypasHe-
HMs aBngerca napa uyucen (8; 1), a Broporo — napa aucesn (5; —1).

960. KaxoBO pPacCTOAHME OT TOYKM NEpecedeHMs MpaMbIX 5x — 2y = -25

u —4x + 3y = 27: a) po ocu aberucc; 6) o OCH OPAMHAT; B) O HA-
gana KOOpAMHAT?

961. IlonbepuTe snauenus kK M b Tax, 9To0Bl cHCTeMAa ypaBHeHHIT
{y = kx + b,
y=25x-3:
a) He MMeNa pelleHHii;

6) umena GECKOHEYHO MHOIO PeIUEHHIi;
B) MMeJa eSMHCTBeHHbIM pelleHHeM MApy “MCel, B KoTOpoit x = 4.

962. [TpMHA/NIEKAT JH TOUKA NepecedeHHs OpAMBIX —2x +y =11 u
3x + 2y = 1 npsamoit:
a) 10x — 3y = —45; 6) —7x + 9y = 652

963. BanuiuTe ypaBHeHHe NPAMOi, KOTOpad NPOXOAHT dYepe3 TOTKH:
a) (0; 30) n (6; 0); 6) (2; 3) u (—2; 10).

964. Haiigute Te 3HageHHA a ¥ b, mpu KoTopeix Touku A(2; —3) M
B(1; 4) npusaanexar napabone y = ax” + bx.

965. ITpu kaxux sHaveEMAx b u ¢ mapabGona y = x% 4+ bx + ¢ mepecexaer
ocu koopauHaT B Toukax (0; —3) u {%; 0)7 B kaxoii emnje TOYKe 9TA
napaBona mepecekaeT ock x?

966. MacTep ¥ yYeHMK M3rOTOBHJIM B mepsbiii genn 100 peraneii. Bo BTO-
poit seHs macTep usroroBun Aetaseil Ha 20% Goabine, a yUEHHUK —
Ha 10% Gosemie, 4eM B NepBblii JeHb. Bcero Bo BTOpOH AeHB MAac-
Tep M yueHMK uarorosunu 116 peraneit, Cxonbko [eTalell HaroTo-
BMJI MACTEP ¥ CKOJBKO MArOTOBMJ YYEHMK B NepBhlil AeHL?
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9867.

968.

969.

970.

971.

972.

973.

Jlerkosoi asTomobune npoexan 3a 2 4 ua 10 xm Oonbure, yem rpy.
3080l 3a 3 4. EciM yMEHBIIMTE CKOPOCTB JIEFKOBOTO ABTOMOGHIs
Ha 25%, a rpysosoro Ha 20%, To rpysoBoil aBTOMOGHMIE Tipoeger
3a 5 u va 20 kM Goneine, yem Jerxkoeoit 3a 3 u. Haiigure cko-
pPocTh KaXJoro aBromobmmns.

Ha onwiTHOM nose mop poss oTeBenu yuactoxk 20 ra, a mog mie-
Huny — 30 ra. B npouwom roay ¢ obonx yyacTkos cobpamn 2300 pg
3epHa. B sToM rogy ypo:KailHOCTE p»KM HoBeIicHMIack Ha 20%, g
nmesune — Ha 30% u nostomy cobpanu sepua ma 610 1 Gomp-
me, yeM B HIpouinoM roay. Kakxoil Obina ypomalHOCTE Kamnoi
KYJIBTYPBEl B 3TOM TOLV?

Paccroaame mexpy nyHxtamMum A u B pasuo 160 km. Ua A B B
BBHIEX&JI BeJIOCHMIEeNHUCT, M B TO e BpeMAa U3 B B A BEIEXAN Mo-
TouukaucT. Mx BcTpeua npomsomna uepes 2 4, a uepes 30 mun
Iocjle BCTPeYH BeJIOCHIeNHCTY OCTaNlock mnpoexaTts B 11 pas Gonw-
e, 4YeM MOTOHMKIHCTY. KaKOBEI CKOPOCTH MOTOLMKIMCTA M BeJjo-
cunegucTa?

Hwerorcs aea cnnapa cepefpa ¢ Mennio. Ileperiil comepssuTr 67%
MedM, a BTopoil — 87% wmMegu. B xaKoM COOTHOLIEHHMM HYIKHO

B3ATh STH JBa CHON&aBa, 4YTOOEl MONYYHTHE CIJIAB, COJEpPXAaIMil
79% memmu?

Cuemany asa pactBopa conu. KoHOoeHTpanusa NepBOro CoOCTABIA-
na 40%, a KounmenTpauusa eroporo — 48% . B peayneraTte noay-
YHJICH PACTBOP COJMH KOHOeHTpanHeil 42% . B KaKOM OTHOIODEHHH
6BLTM B3ATHI MEePBHIE M BTOPOH PacTBOPHI?

Pemnte rpadudecky cHCTEMY YpaBHEHMIL:

a){y+x2——-5x, B) {xy=1,

2y +5=ux; L+t =09;
6) {xz+y2 o {xy=—-2,
+ = G dg
222 + y = 6; y+8=2x".
PemnTe cucTeMy ypaBHeHHMii cnoco6oM MOACTAHOBKM:
2 —
a) Jx*+ y+ 8=y, r){;zt-i:g:w_l’
y—2x =0; 4 3
6) [2* -y = 16, %) {2x2+5x—3y=—12,
x+y=28; 2y - 7x=8;
B}x+y=5, 'E) y2—5x+y=0,
& - xy + % =13; 2x—-%y=1.
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974. PemiuiTe CHCTEMY YPaBHEHWI:

975.

976.

977

978.

979.

980.

981.

982.

a) |lx+xy+y=11, B) |2+ y® = 34,
x—xy+y=1; xy = 15;

6) J2x —y —xy = 14, r) Jx* -y =12,
x+2y+xy=-7; xy = 8.

He BHINIONHAA NMOCTPOEHHS, BHICHUTE, MEPECEKAIOTCH JIM:
a) napabona y = x* — 6x + 8 u npamas x + y = 4;

6) npamas x + y = 4 u runepbona y = %;

B) oxpyxuoctH x> + yi =4 u (x — 3% + y° = 1.

Ecnu mepecekalwTcH, TO VKAa)XXMTe KOODAMHATHI TOYEK Nepecede-
Hus. [IpomnnwocTpupyiiTe pemeHre ¢ NOMOILI0 rpadMKOB.

TIpu KaKoM 3HAYEHUM ¢ MMEET PeIleHHe CHCTeMa ypaBHeHHil

3x —y =25,
x=3y=1,
2x + by = c?
He BHINOJIHAA NOCTPOCHHA, BHIACHUTE, NEpPeCeKAnTcA A napabo-
4
na y=2x"—-x+ 4 ¥ runepbona y = +- Eciu nepecexaroTcs, TO

VKEKHTE KOODAWHATHI TOYeK mnepeceueHus. [IpounniocTpupyiiTe
pPEIIeHNEe C NOMOINLI0 rPpadHKOB.

Hpn KAKOM 3HAYeHHH 4 CHCTeMAa YpaBHEHHﬁ HMeeT

{x + 3y = 2,
eqWHCTBEHHOE pemeHue?

xy =a

Ecnu or uyncnuTens ¥ 3uaMeHaTeNd oObIKHOBeHHOMH Apo6M OTHATEL WO
1
EeIMHUIE, TO Apobk YBENIHYHTCH HA o Ecom e K 9IHCIMTENI0 M 3HA-
1

MeHaTen0 NpHbaBMTH MO eAuHHIE, TO ApPo6r YMEHBIIHTCH HA jq.
Haiigute sty npobs.

Ecnu ot uMcauTena M 3HaMeHaTend oOBIKHOBeHHOH ApoOH OTHATH

1
0 egMHHIOE, TO Apo0k VMEHBIIHTCHA HA 10° Ecnu e B uHMCIHTE-
JI0 M 3HAMEHAaTeNw NpHOABHTE Mo eAMHHLE, TO Apobb YBEAHMUWT-
1
ca HA 7. Halizute a1y npoGs.
I'mnoTenyaa NMpAMOYroJILHOIO TpeyroJbHHMKa paBHa 41 cmM, a ero

nnomans pasiHa 180 cv®. HafinuTe KaTeTsl 3TOro TpeyroJbHUKA.

[Inomass NPAMOYLOJBLHOrNO TpeyroibHuMKa paBHa 44 cm®. Ecam

OIMH M3 €r0 KATETOB YMEHBIIHUTH HA 12CM, a Apyroii yBeNHYNTHL HA
2 cm, To nnomaas Gyner passa 50 cm®. Haiigure xaTeTsl naHHOrO
TPEYTONEHUKA,
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983. [Ipoe pabouMx BMecTe MOryT BLINOJHMTL HEKOTOPYI0 pabory 3g
10 pueii. Ilocne 7 gueit coemecTHo#l paboTel OAMH M3 HMX Oniy
nepesefeH Ha APYroil y4aCTOK, & BTOpPOil 3axkoHumn paboty, npo-
paboras eme 9 gHell. 3a cKonbKO AHeH KexkARil pabouMit mop
BBINIOJHUTE BCIO pabory?

984. [Isoe pabouux, paGoTag BMecTe, BHINOJHUNM paboTy 3a 2 gug.
CKONBKO BpEMEHHM HYMXKHO KAMIOMY M3 HHX HA BEINOJHEHMe Beeij
paboTel, ecM M3BECTHO, 4TO ecau 6wl mepBhlit nmpopaGoran 2 ans,

a BTOpO#l — oguH, To BCcero Grino 6Bl chenaHo % Bceit paboTei?

985. Hailinure HoMep uneHa apHM{pMeTHUYecKoil nporpeccuu (a,), paBHo-
ro 3, ecnu a; = 48,6 u d = —1,3. fABngeTca 1M uneHoM 9TOH npo-
rpeccuu uyucio —3,5; 1567

986. B apudmMeTHUeCKOil NPOrpeccHH 4YeThIPHANMATHIN 4YieH paBeH 140,
a cyMMa IepBBIX YeThIpHAaAnaTH unedoB pasHa 1050. Haitgute
nepBbIH 4Yi€eH M PadHOCTE 3TOH HpOrpeccHM.

987. IlocnenosaTencHocTes (a,) — apudmeTHuecKkas nporpeccus. Hase-
CTHO, 4TO g =—6 u a, = 17,5. HafianTe cyMMy OepBREIX MIECT-
HAAIATH YJIEHOB 3TOH MPOTPECCHH.

988. B apudmMeTHueCcKoil nporpeccHMM mnepBhiil unen paseH 28, a cymma
HOePBLIX ABAIUATH NATH 4ineHOB pasua 925. Haiigute pasHOCTE M
TPHALATEI YieH STOH NpPOrpeccHH.

989. B apudmeTHueckoil nporpeccuu (a@,) cCyMMa IHIECTOI0 M HECATOrO
YJIEHOE paBHA 95,9, & PA3SHOCTEL ABEHAJIATOr0 M YEeTBEPTOro 4JIE€HOB
paBHa 2. Haiigute ABagnaTs NATLIH 49JIeH 3ToH NpPOTPecCHH.

990. B apu(dmeTHdeckoil mporpeccHu (@,) cyMMa IIATOTO ¥ OECATOTO
YJIeHOB DABHA —9, A CYMM&a YeTBEPTOIc M INECTOr0 YJEHOB PABHA
—4. HaiiguTe cyMMy NepPBBIX NECATH YJIEHOB 3TOH IPOrpecCHH.

991. B apudmerHuecKol IporpeccHy TpeTHil uned paseH 150, a Tpuaan-
mateiii uned pasen 110. CronbKo 4ineHOB 9Toli mporpeccHM, Hauyw-
HAS C NEPBOro, CAOMMWIM, eCIM MUX CYMMA OKA3AJACH PABHOH HYJO?

992. ITocnexosarentHOCTH (X,) — reomerpuueckas nporpeccus. Hafigure:
a) x,, eciu xg=-128 mg=-4; 6) ¢, ecnu x;, = 162 u x, = 2,

993. Haiinure naThiil ujleH reoMerpudeckoit mporpeccuu (b,), ecnu
H3BEeCTHO, 9To b, = 6 u b; = %.

994. HaiinuTe cyMMy OepBRIX IDECTH YJIEHOE TeOMETPHUYECKOI mporpec-

cum (b,), B KoTOpOIL by =—% Mqg= %

1
995. IIaruiit 4neH reoMmeTpuueckoil nporpeccun (b,) pasen 15, a

1
SHAMEHATE/b NPOrpecCHM paBeH —3. HaiizuTe cyMMy nNepBhIX ODATH
YyjaeHOB aToil mporpeccun.
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996. HaiinnTe cyMMY NEDPBBIX CEMH WIEHOE IeOMeTpPHUYecKOll nporpec-
cum (b,), ecau M3BECTHO, 4TO BCE WIEHH! MOCIEAOBATENBHOCTH TO-
nosxkuTensHsl B by = 20, by = 80.

997. B reomerpuueckoii nporpeccuu (b,) b, + b, = 30, a by, + by = 20.
HaiigyiTe nepsrle TPpH 4neHA 3Toil NpOrpecCHH.

998. B reomerpuyeckoii nporpeccuu (b,), 3HaMeHaTeNlb KOTOpO# MO0~
wHUTeNneH, by - by = -él?, a by - by = 8. Haliagure cyMmy nepseix 4e-

THIPDEX YJIEHOBE 3TOI IpPOrpeccHH.

HepaBeHcTBa

999. OnenuTe mepumerp P u miomans S NPpAMOYroJbHMKA, AJIWHEBI
CTOPOH KOoTOporo a ¢cM M b cMm, ecnnm 14,3 <a< 14,4 nu
25,1 €< b < 25,2.

1000. ITonwayscs Tem, uto 2,6 < J‘? <2,7un22< V5 < 2,3, olienuTe

3HAYEHME BRIPAKEHMA: ) J7 + \J5; 6) V7 - J5; B) +/35.

1001. PemnTe HepaBeHCTBO!

a) 0,3(2m - 3) < 8(0,6m + 1,3);

6) 1,1(5x — 4) > 0,2(10x — 43);

8) 10 — 5(0,3a — 0,2) > 5 — 10(0,1a + 0,2);
r) 3,2(2b + 1) + 5,7 < 7,3 — 1,6(3 — 5b);

z) 4,3x - 3(2,82 - 0,6) > 3(8x+ 0,6) + 2,9 x;
e) 2(5,5m —2) - 0,8m < 4,6m — 3(3,6m - 1,6);

x) (2,1y + 2)(0,2y — 3) — (0,7y — 1)(0,6y + 4) > —83;
a) (1 - 3,6a)(0,2a + 3) + (4 + 0,9a)(0,8a + 10) < 42,2.

1002. Pemute HepaBeHCTBO:

4,2+ 2x ¢ 0,6m+12 _ 1,5m—25_
a) 3 >1,5x-11; r) T < T
+3.4 T
6) 2,3a + 0,8 < 5,8-::2 : ) 1,3414 0,7 Al 0,9::;— 0,3 > 0;
05—-5y _ 06—-5y 1,6-038y 44+15y
B = i e) 3 + 3 < —4,05y.
1003. IIpu xaxkux sHaueHusax b:
i2-1,50
a) aHaueHus aApobu 5 MEHBIIIe COOTBETCTBYIOIHMX 3HAYEHMH
11 - 0,5b
ApobH ————;
14+ 6 =
6) sHavenms npobu —;— GoJbllle COOTBETCTBYIOIMX BHAYUEHMI
2,6 +3b
apobu g
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1004. PemnTe HepaBeHCTBO: ‘r
a) (5 — 2x)(\/6 — 3) < 0; B) e 2 c0;

6) (4 - V10)(3x + 1) > 0; )‘f,;i_ > 0.

1005. Pemnre cucTeMy HepABEHCTB:

a) [bx—-2>2x+1, B) [12y -1 <3 -2y,
2x +3 <18 — 3x; by <2-11y;

6) [4y + 5> y + 17, r) [Bx+1>5x-1,
v—1>2y~-38; 9x + 9 < 8x + 8.

1006. Pemnte cucTeMy TpeX HepPABEHCTE:

a) |2x+5>3x-1, 6) [6x > x — 10,
i}_l 2x -4 <0,
3 ; +1>x+4.
10x < 0; Rz

1007. PemiriTe cHCTEMY HEDPABEHCTE:
ix-1

){Zx—3{x+1)<x+8, s T

6x(x — 1) — (2x + 2)(3x — 3) > 0; 14,5_1_%410;
{10{x-1)—5(x+1]:>4.t—11, ){Sy-%;l ——2;,”—%
x*—(x + 2)(x - 2) < 8x; : 5” - (y-1) >3y

L

1008. HaiinuTe menble pelneHHMA CHCTEMBLI HEPABEHCTE:
a) J(8x + 2)% > (8x — 1)(8x + 1) - 31,
(2x — 8)(8x + 5) < (4x — 3)* - 14;
6) J(bx — 2)* + 36 > 5x(5x — 8),
3x(4x +2)+40 <4x(3x+T7)—-4
1009. PemuTe nBOIiHOE HEPABEHCTBO:
a}—5-=:4m3_3<7’; B) Yt
60)8< 5= <11; r) 025;‘"’“2
1010. TIpy KAKMX 3HAYECHHAX [NepeMeHHOI X:
a) anadenus asyunena 0,5 — 0,2x npHHAIIEIKAT [POMEKYTKY

53

6) anavenusn apobu
[—100; 100]?

Eig 8;
< 2.

20x + 40
—3 — OPHHAJJIEKAT TNPOMEMHKYTKY

YnpaxHeHWs Ans NOBTOPEHUS Kypca 7—9 xnaccos
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1011.

1012.

1013.

1014.

1015.

1016.

1017.

Peurnte HepaBeHCTBO:

a) x>+ 2x - 15 < 0; n) 2x% - 0,56 < 0;
6) 5x — 11lx + 2 > 0; e) 3x* + 3,6x > 0;
B) 10 — 3x® < 5x — 2; x#) (0,2 — x)(0,2 + x) < 0;

r) (2x + 3)(2 — x) > 3; 3) x(3x - 2,4) > 0.
PemmuTe HepaBeHCTBO:

a) (2x + 1)(x + 4) — 3x(x + 2) < 0;

6) (3x - 2)° — 4x(2x — 3) > 0;

B) (1 — 6x)(1 + 6x) + Tx(bx — 2) > 14;

r) (bx + 2)(x - 1) — (2x + 1)(2x — 1) < 27.
JokarxuTe, 4TO IPH MOOBIX X:

a) TpexusneH x° — 3x + 200 TPUHUMEAET MOJIOKHUTE/ILHBIE SHAYCHHA;
6) Tpexuien —x° + 22x— 125 NpUHUMAET OTPHLATEILHEE SHAYEHHS.

PeliiuTe CHCTEMY HEPABEHCTB:
a) |x2-2x-38<0, 8) [9-%%>0,
2x -5 <0; 3-x<0;
6) Jx* - 5x+6 >0, r) |x®+2x >0,
2x -9<0; b5x = 0.
HailignTe nenble pellleHMA CHCTEMBI HEDPABEHCTE!
a) jx*—Tx+6 <0, 6) [x¥*+1>0,
¥-8x+15>0; »#-6x+8<0.

HDH KAaKHX SHAYEHHAX X HMeeT CMBICJ BEIpaieHHEe:

a) J12x - 4; B) |15+ 2x - x%; @) J12-5x+ 2x-1;
6) /3 - 0,6x; r)1;212+:r=~6; e) J¥¥ +4+ J8x- 177

HaiiguTe ofnacTs onpefeneHHs Ka)KOOro M3 BHIPAXeHMI:
a) 2x — b, -2?1—?’— 1{1"2.1:—5;
6) 222+ Tx — 4, L (¥ ¥

22+ 7z -4 | \22+Tx-4’

1
B) ¥ +1, (F+1H 3 -

DyHKUUMN

1018.

Dyuruua y = [ (x), obnacTeio onpefeneHMA KOTOPOH SABJAETCA
npomesxyTok [—4; 5], sagana rpadurom (puc. 85). Kakosa obiacts
suavenuit pynxkuuu? Haiinure f(-3), f(-1.,5), f(-1), A1), f(3,5).
HajlignTe KOOPAHMHATH! TOYEK, B KOTOpPBIX rpadviy QyHKIIHH epe-
CexaeT OCH HOOPIHHAT.

YnpaxHeHus ONA NOBTOpeHWs kypca 7—9 knaccoe
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Puc. 85 Puc. 86

10189.

1020.

1021.

1022.

1023.

1024.

1025.

1026.

Haiinute no rpabury bysxoun y = f(x) (cm. puc. 85) anauenns
aApryMeHTa, nNpM Kotopeix: a) f(x) = 0; 6) f(x) > 0; B) f(x) < 0.

Jlomauas ABCDE sasnsaerca rpadukom oGyHKUMM Yy = f(x)
(puc. 86). B KAKMX ODpOMEXYTKax 3Ta QYHKIOHA NPHHHMAaET II0-
JIO}KHMTENbHBIE 3HAYEHHA M B KAKMX — OTPHIOATENBHEIE?

TlocrpoiiTe rpadpur QYHKIIHN:

a) y = —2,5x; B) y = —5; R) y =~;—x + 3;
6) y=2x - 3; Ny=-x+4; e)y=2;x.
6 - 2x

Dyuxpua y = f(x) sagasa ¢opmynol y = . IIpr Kakmx
SHaYeHusX aprymenTa x: a) f(x)=0; 6) f(x) <0; B) f(x) = 07
ITocTpoiitTe rpadur aToit QyHKIIHMH.

Kaxue ma numeiinbix ¢pyukmuit y = -3x+ 9, y = bx, y = -7,
y=9x-1, y=-x-100, y =1 + bx asBnsaloTca:

a) BO3pACTAIIIMMH; 6) yOniearommumu?
KakxoBo B3auMHOe pacrnosomenye rpaduKoB IuHeHHBIX GyHKIRIL:
a)y=Tx+ 16 u y= Tx — 25; B)y=—-2,8xuy=-2,8x+11;

6) y=38,5x—4 u y=-5x—4; r)y=0,6x+8 uy=-0,6x?
B kaympgom cnyuae maobpasure rpadMKM cXeMATHUYECKH.

DyHRIMA 3agaHa (opmynoit y = —x° + 3. Kaxosa ofnacts onpeje-
neauf aToii ¢pyErmuu? Hailigercs nu Taxoe 3HaAYEHHWE APTYMEHTH,
IpM KOTODPOM 3HaYeHWe 3Toi (QyHxkuuu paeHo —1; 1; 5? Ilo-
cTpoiiTe rpaduk 210l QYHKIHN M YKaKuTe ee obIacTs 3HAUYEHHIL.

Ioctpoitte rpadpux Gynrmum y = —0,5x* + x + 1,5. Ilpu karux
3HAYEHUAX X 3JHAYEHWME I PABHO HYJIK; Gosbllle HYns; MeHBIIE
Hyna? B kakoM mpoMexxyTKe aTa (yHKIMH BO3PacTaeT M B Ka-
KoM yOeiBaeT? Kaxoso Haubospniee aHauenme aToil QyvHEIBNT

YnpaxHenns onA NOBTOPEHWA kypca 7—9 knaccos



1027.

1028.

1029.

1030.

1031.

1032.

1033.

1034.

1035.

IlocTpoiiTe rpabuy GyeEKmuM y = x° — 4x — 5. IIpu Kakux
SHAYEHHAX ¥ (YHKIMA TNPUHHMAET OTPHIATENLHEIE 3HAYEHUAT
Kaxue smaueHMs NpHMEMMaeT (pyHEOHA, ecnu 0 < x < 47
TlocTpoiiTe Trpad@UK QYHKIMU:

a)y=2x"-2; B) y = x — 4x; A y=x>+x - 6;
6) y =-x%+ 1,5; r) y = 1,5x% + 6x; e) y = 3x° — 6x + 5.
B kamgoMm crnyuse YRaUTe HauMmeHbIDee (MK Haubonslllee) aHa-
yeHMe (PYHKIMH.

B KaKoM NpOMEXXYTKe BO3PACTAET M B KAKOM yOHIBAeT KBajapa-
THYHAA (PYHEIHUA:

a)y=2x>+10x-7; B)y=4x" + 2x;

6) y =32+ x + 5; r) y = 8x — 5x%?

TlocTpoiite rpadpur GyHKIMH: a) Y = %; )y = —%. B kaxxmom
cllyyae YKAaXKUTe 3HA4YeHUA X, npu Kotopeix y > 0; y < 0.

Hzobpasure cxemaTHdecKHd rpadux (QyHKITHH:

a) y=ax + 5 opu a<0; n) y=ax’- 3 opu a>0;
6) y=10x + b npu b > 0; e)y=ax’+ 2 npu a<0;
n]y=%npnk>0; w)y=ax>+bx npu a>0, b>0;
r]y=%npuk{0; 3) y=ax*+ bx npu a<0, b>0.

BriuvciuTe KOODAHMHATH TOYEK NEPecedeHHs IpadHKOB (yHKIHI:
a)y=2x-11u y=-5x + 3;

6) y=-3x—-10 u y = x* — 13x + 6;
By=-3x>+x-3uy=-x2+x-5;
r)y=4x*+8x +6 m y=3x* - 38x - 3.

Bapaiite ¢opmynoit pynxknuio, rpahur KOTOpOil CHMMeTPHYEH
rpacdury byuxknmuu y = 2x — 4: a) oTHOCHTEJLHO OcH V; 6) oTHO-
CHUTENBEHO OCH X; B) OTHOCHTENBHO HAaYaja KOOPAWHAT.

IlocTpoiiTe rpadpur GyHKIMH:

- £-2 X% - 8x+2
By=2—2 ey="5 py=T -2
ITocTpoiite rpaduk GyHKIMK:

g 0,5x, ec x 2 0, Tt 2x%, ectn x 20,
a)y —x, eciu x < 0 i -2+ 1, ecmt x < 0;

x%, ecmm x <1,

=11, =% <1,
6) y=11l, ecin -1 <x x4 2x+1, eciu x > 1.

24+ x,ecan x<-1,
o
2-x,ecmn x> 1;

YnpaxHeHus ANA NOBTOpeHUs kypca 7—9 knaccos
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3A1AYM NOBLILLEHHOU
TPYAHOCTWU

[1036., Haiinnte KOpHM MHOTOYJIEHA
2x® + x* — 102 — 5x% + 8x + 4.
1087. Ecsin B muorousies ax® + bx? + ¢x + d Bmecro a, b, ¢ u d nog-

cTaBnATE ymena —7, 4, —3 u 6 B KaKoM YrogHo nopsagke, OvayT
NONYYATECHA MHOTO4YJIEHE ¢ OJHOH NepeMeHHOI, HAIpPHMep
~7x® + 4x* — 3x + 6, 4x° — Tx® + 6x — 3 u 7. 1. Jlokaxkure, uTO
BCE TAKHEe MHONOYJIeHHl HMelT ODINHH KopeHb.

'1038.! oxaskure, uro muorounen x! — 4x* — 6x% — 3x + 9 ne umeer or-
PHLATENEHEX KOPHEH.

10389. [Ipx kakoM 3HAYEHWMH @ CyMMa KBaJpaTOB KOPHEH KBAaJpPATHOrO
TpexuneHa x° — (@ — 2)x — a — 1 NpUHEMAaeT HaEMEHbIIIee 3HAYE-
Hpe?

1040. Nokaxnre, uro npu mobbix 3HaveHHAX a, b u ¢ rpadur QyHK-
ume y = (x — a)(x — b) — ¢ umeer xoTa 6u ogHY OGIIVIO TOUKY

C OCBIO X.
1041. IMocrpoiite rpaduk QYHKIHA:
a) y = 2x* — 3|x| - 2; ﬁ)y=|%x2—x|—4.

1042. Haitnure koopauHATH OBLIMX TOYEK OCH x W rpaduka QYHKIIHK
y=x>—-4x +[2x - 8|

1043. IIpn kakom sHauvenun a rpaduku QYHKIMA y=x>— Tx +a W
y = —3x% + Bx — 6 umeloT eguHCTBeHHYIO 06myI0 Toury? Haiinn-
Te ee KOOpPAWHATHI.

1044. Nokax<urte, uro mMHOrOWwNeH x° + x° — 4x*® + x* + 1 He mpuum-
MaeT OTPHLATeJbHEIX 3IHAYEHHH.
1045, Ilpn kaknX SHAYEHHAX M KBAAPATHBIL TPEXUJEH
mel+(m-DDx+m-1
NPHHAMAET JHIIL OTPHIATE/bHBIE 3HAYeHHA?

3ana4v NOBLILLEHHOW TPYAHOCTM
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1046. Haitante o6nacTe 3HaYeHWH (QYHKIHH y =

[1047. Cymma kBajpaToB KOpHeil x, W X, ypaBHEHHA x*-B8ax+a®*=0

paeua 1,75. Haligure x, u x,.

1048. Haiinure sHaueHHA @, IIPH KOTOPEIX OJHH M3 KOPHEH YpaBHEHHA

x% - 8,75x + a® = 0 sensmercs KBajgpaTOM JApYTrOro.

1049, Ilpn KakoM 3HAYEHWH M KOPHH ypaBHeHH#A x° — 2mx + m?—1

npuHagaexaT waTepeany (—2; 4)?

1050. Ipn xaxwx sHaueHHsiX a OGuKBajpaTHOe ypaBHenume x* + ax® +

+ a— 1= 0 umeer IHUIb ABA Pa3MHYHEIX KOpHAT?

1051. Pemnure cucreMy ypaBHeHHI
(x + y)(8 — x) =10,
(x + y)y + 5) = 20.
1052. Pemure cucTeMy ypaBHEHMIL:

a) {(xz + 1 )(x - y) = 447, 6) [xy(x + y) = 30,
xy(x — y) = 210; x* + 3% = 35,

1053. Pemiure cucTeMy ypaBHeHMit

2 - =19x - ),
2+ =Tx+ y).

|1054.|HaiinnTe BCe pelmeHHsA CHCTEMEI
2+ 22+ 2 =12,
x+xy +y=0.
1055.|Pennre ypaBueHne
(x + 3)* + (x + 5)' = 4.
1056.| Pemunure ypapHenue
+x)'-1=0.
1057. Pemuute cucremy ypaBHeHW#H
{%’J—c + iy =3,

xy = 8.

1058.|Pemuure cucreMy ypaBHeHHH

[#E + SJE = 4025‘0
y x

x + y =130.

3anayuv NOBLILLEHHOW TPYAHOCTW
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11059. 3namenarens o6rKHEOBEHHOI apobH MeHbIe KBAJPATA €€ YHCIn-
rena Ha 1. Ecin uncianTen: W sHaMeHaTtenbk 2ToH apobu ysemnn-
1
9uTH Ha 2, To 3HAYeHHWe Apobm craHeT GoJiblne 2> 8 eClIH 4YHcny-
TEeJh U 3HAMEHATENb YMEHBIIHTH Ha 3, TO 3HAYEHHE ApPobu

1 e
cTaHeT MeHblIe y5. Haligmre takme apobn.

{1060, Pemiure cucremy ypasHeHHi
x+xy+y=>5,
y+yz+z=11,
zteax+x=T.

HaiiguTe 3HaYeHWe m, DOpPH KOTOPOM KOPHHM ypaBHEeHHs
x® - 9% + mx — 15 = 0 06pasyioT apHPMETHYECKYIO TIPOTPECCHIO.

[1062. Doxaxwure, uTo mpu MOGOM @ BHINOJHAETCH HEPABEHCTBO
1 at-a+1
i a?+a+1 <8
(1063 Ba CKOMBKO YACOB MOMKeT BHINOJHHTHL PAGOTY KaXKABI U3 Tpex
pabounx, ecnd NPOM3BOAWTEJBLHOCTE TpPYAa TpeTkero pabodero
paBHaA NONYCYMMe NpPOHM3BOAHTENLHOCTEH TpyZa NepBOoT0 M BTO-
poro? HUasectro, uTo ecnu Gur Tperuil pabGoumit npopaboran ogux
48 4, To ana oKOH4YaHMA paboThkl nepsomy norpeGoBanoch GuI
10 4, a BTOPpPOMY — 15 u.

11064. CymrecTByeT Jint TaKoe ABYSHAYHOE YHCIO, KOTOPOE IIDH [ejieHHH Ha
CYMMY KBAJDATOEB ero I{Hgp AaeT B YacTHoM 2 H B ocTaTke 6, a mpu
JeJeHUH Ha NpoussefeHne muQp gaer B 4YacTHoM 4 M B ocraTke 67

{1065. IMocnenopaTensaocTH (v,) ¥ (x,) sanase Gopmynamu y, = n® u

x, = 2n — 1. Ecsin BEIDUcATH B NOPAZIKe BO3pacTanus Bee MX ob-
HiHe 49ieHkl, TO OOJNYYHMTCA DocjiefoBaTeNbHOCTE (c,). Hanmuimmure
dopMyny n-ro 4ijleHa HocjefoBaTeNnbHOCTH (c,).

[1066.) ITpy kaxux SHAYEHMAX N YWieHB NOCIENOBATENBHOCTH, 3aJaH-
HoH dopmyno#t x, = (n + 4)(n — 5), YAOBIETBOPAKIT YCJIOBHIO
~18 € x, < 3607

{(1067) Hatinure CYMMY [EpPBEIX N YJIEHOB NOCHENOBATENBHOCTH (x,), ecnn

T T
(2n -1H2n+ 1)

11068, B nocnepoBaTenbHOCTH (X,) KasILIi YieH ¢ HEUETHEIM HOMEPOM
paBeH 2a, a ¢ derHeIM paBeH 2b. Hanumure dopmyny n-ro une-
Ha 9TOH MOCJIegoBATEIEHOCTH.

11069, Hseectso, uTO y = f(x) — nuneitnan QYHKUHA B X;, X5, Xgy e —
apumMerHuecKasa nporpeccus. J[oKamuTe, YTO IMOCJIEeNOBATENb"
HocTe f(x;), f(x;), .. ABNsieTcAa apubMeTHUECKOH NOpOTpPECCHE.

3apayv NOBbILLEHHOW TPYAHOCTW



1070. B apucdmeTrueckoil nporpeccus a,, d;, dg, @, COCTOAINEH U3 me-
JBIX YHCces, HauboNbInuil uleH paBeH CyMMe KBAJAPATOB OCTANb-
HEIX uneHoB, HaliguTe ulenwl aToil nporpeccuu.

1071. Ilycrs a,, ay, .. — apudMeTHYECKAH NPOrPECCHH C NOJIOKUTEb"
HBEIMH Y9JIeHAMH. ;C[m-r.amm. HTO cymma OepBREIX n 4JIEHOE Hocjye-

JOBATENEHOCTH (X roe x ABHA ————————.
[ ﬂ) J—*_rm P J.-.r_'_J_.._.

A072. Noxaxxume, 4TO €CIM CTOPOHE! TPEYrOJbHHKa 0GpasyioT reomer-
PHUECKYH IIPOTDEecCHIO, TO ero BhICOTEI TAKKe OOpasyrT reoMeT-
PHYECKYIO ITPOTpPEecCHIo.

1078 Tpu pasnaMuHEIX LeNBLIX YHCAA COCTABAAIOT I'eOMeTPHUECKYIO
nporpeccuio. Hx cymma paBHa —3. Haillgute atu umcina.

1074, Tpu menelx YmMcia COCTABIAIOT APHGMETHUYECKYIO NIPOrPECcCHIO,
nepBrif ynen Kotopoil 1. Eciu Ko BropoMy 4ieHY npHGaBHTE 3,
a TpeTHil BO3BECTH B KBAJADAT, TO IOJYYHTCH IeOMeTpHYECKaH
nporpeccud. Hajigure a1 umMcna.

1075. Nokaxure, uro npu moboM HATYDATEHOM 3HaYeHHM n > 1 Bepmo
HepaBeHCTBO

JL:8:6°.-(2n-1) _

“v 2:4-6-~-2n

<1

1076, Yupocrure BhIpakeHue:
) P52 +7 -2 -7; Y2+ +Y2-5

11077 Noxraxute, uro ecmu x° + y?+ 22 =xy + yz + zx, T0 x=y=2.

1078. Pemnre ypaBHenue ¢ JBYMA NepeMeHHBIMH
L+2Bx+y-4fy+7=0.
1079. Petnure cucremMy ypaBHeHwmit
x4+ ;,,'2 -2 = 0,
X+y+2=8,
xy = -2°.

x+y+z=14,
x+ yz=19.
1081 Moxakure, uTO mpH MONOMHTENLHBIX 3HAYEHMAX d, b B ¢ BepHO

@ra+r Y2+ b+1)F+c+1)
HepaBeHCTBO e = 27.

3anayv NOBLILLEHHOA TPYOHOCTH
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[1082. Haiinure npu o00M HATYPANBLHOM 71 3HAUEHME BEIPAYKEHHS
5 1-2-44+2-4-8+..+n-2n-4n
1-3-9+2-6-18+ ..+ n-3n-9n"

Eiﬂﬂ?ﬁﬂoﬂa}ﬁnm, YTO 3HAYEeHHe BREIpajKeHHA
G+10""HY1 +10+ ... + 10"+ 1

npu Job6oM HaTYypansHOM 71 MOXKHO DPEACTABHTE B BHAE KBajpa-
Ta HATYPANbHOTO YHCJA.

[1084. HaiignTe HamMeHblee YeTHIPEX3HAYHOE YHCI0, KOTOpoOe Mocie
yMHOMeHMA Ha 21 crameT KBaJpaTOM HATYpaJIbBHOrO YHCIA.

1085. Tpexapaunoe umeso x, KpaTHOe 5, MOMHO [PEACTABMTH B BHe
cyMMEl Kyfa ¥ KBAAPATA OJHOTO M TOTO e HATYPAJIBHOIO YHC-
na. Haitgure 9wcio x.

1086. Basinn 1Ba pasnMuHBEIX HATYPANBHBIX YHCHA. DTH YHCIA CJIOMH-
I, TEepPpeMHOMKHJINA, BEIYJAH H3 GONBIIEro NaHHOTO YHCIA MEHb-
lilee ¥ pasueNnunn Oojbllee Ha MeHbIIee. Okasanoch, YTO CYyMMa
BCEX 4YeTHIpeX peaynbTaToB paBHa 441. Haiinmre 2! umcna.

riﬁs'?:iHaﬁnnTe JABa HATYPAJLHEIX YHCIA, PA3HOCTE KBAJAPATOB KOTOPEIX
paBHa 45,

1088. [TokasuTe, YTO He CYIIECTBYET HATYPAJIHLHOTO YHC/A, KOTOPOE OT
[epecTaHoOBKH NepBoi NMAGPE B KOHEI| YHcja yBeJlHYHJoch Obl B
5 pas.

(1089.] Pemnre ypaerenwme
365 + x)? + 43(65 — x)* — 58652 — 22 = 0.
1090.! TTocTpoiiTe MHOMKECTEO TOYEK, KOOPAHHATHI KOTOPEIX YIOBJETBO-
PSAIOT HEPABEHCTBY:
a) xy® < x; B) x? + xy® — 4x < 0;
6) y° — x%y + 2x* > 2y; r) Zy+yP-y>0.
1091.| M306pasnTe MHOMECTBO TOYEK, KOODAMHATHI KOTOPHIX YAOBIET-
BODHIOT CHCTeMe:
a) |2*+ 2 <4, 6) |2+ 2<09,
|x‘ =1; J y‘ = 2.

1092./B memke copgepicHTCA 2 uepHEIX B 2 OGenmx mapa. Pacemarpu-
BalOTCA COOBLITHSA:
A — HayrajJ H3BJjeueHHble 2 mapa OKAa3bIBAIOTCHA OLHOTO L[BETa;
B — nayrajp mMspledeHHBble 2 1Iapa OKASEIBAIOTCH Pas3HEIX LBETOB.

Hropes cunraer, uro P(A)= P(B), a Oner cuuTaer, 4YTO
P(A) < P(B). Kro »u3 Hux npas?

3apayv NoBbLILLEHHOW TPYOHOCTH



1093./ B memxe copepxntes 1 uwepuwniit m 3 Genwnix mapa. Pacemorpu-
Te CODBITHA:
A — Hayraj usBJedyeHHble 2 IIapa OKA3LIBAIOTCS OJHOTO IIBETA;
B — Hayrajl u3BJieueHHEIe 2 [Iapa OKA3EIBAIOTCH PA3HEIX I[BETOB.

CpasuuTte P(A) n P(B).

1094, Haxopsace Ha pave y Gabyuwrkn, Huwxonait mamucan 3 nuesma Mu-
ute, Onery u Ilere. IlichkMa OH HOJNOM(HI B KOHBEPThI, HAXITHCAI
agpeca ¥ OTIPABHJI No moure. BeuepoM OH BCIIOMHHEI, YWTO He IIpO-
BEpPIN, COBNANAET JIH KAMIOe IIHCEMO ¢ COOTBETCTBYIOIINM &IPECOM.
PaccmoTprTe chaepyioliie coOBITHA:

A — Bce nHChbMA IONAAYT K HX ajJpecaram;

B — HM OfHO NHCBEMO HE MOMAAET IO HAIHAYEHHIO)

C — TONLKO OAHO M3 IIHCEM MONAJeT 110 HAZHAYEHHIO;
D — Toapko 2 nNHCLMA NONAAYT 10 Ha3HAYEHHIO.

Haiinnte P(A4), P(B), P(C) u P(D).

11095. Masectno, uro ma 100 saexTpmue- & X
ckux Jnamnouex 10 OpakoBaHHRIX.
HaiigauTe BeposaTHOCTL TOr0, UTO
BIEKTPHYECKas Ielb, COCTOAILAA H3 N
IBYX COeNHHEHHEIX IOCJEeNOBaTeJbLHO o
nammodex (puc. 87), BEIOpaHHEIX Ha-

Puc. 87

yrag, oymer paboTaThb.

1096.B mMemke comep:xUTCHE 5 YepHHIX,
4 xkpacHeix ¥ 3 Genwmix mapa. IlocnemoBaTensHO M3 MeLIKa Ha-
yraj, BEIHHMAKOT 3 mapa, NpHYeM Ka)AeH HMSBIEUEHHHIH IIap
BOSBpAINAIOT B MEIIOK IIEPef] TeM, KAK BRIHEMAKOT CJELYVIOIIHH.
HaiiguTe BepOATHOCTE TOrO, YTO IEPBHIE AP OKAMKETCA 4Yep-
HEIM, BTOPOH — KpacHBIM H TPeTHH — OGesibIM.

11097, [Tza uenoBeka CTPENAIOT 10 MAIIEHH. BepoATHOCTH NOPA3ATH MU-
HieHEs NepBeiM cTpenkoM pasHa 0,6, a Bropeim — 0,3. Kakosa
BEPOATHOCTE TOTO, YTO €CJH KAamXJLIH caenaeT [0 OAHOMY
BEICTPEJNY, TO B MHIIEHH OKa)KeTCH TONBKO oxHa npobouua?

3apayy NOBbILLEHHON TPYOHOCTH
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NMCTOPUYECKUE CBEAEHUA
O dyHKLMAX

Eme sagonro mo Toro, kak copmuposanucek obiiue MOHATHA Hepe
MeHHOH BenuuumHBI ¥ QYHKOHM, OHH (QaKTHYeCKH HCIOJbL30BANHCE 1
MaTeMaTHKe. 3HAYHTENBHYK POJR B PA3BHTHHM 3THX IIOHATHI ChIrpaJ
MeTOJ HKOOpAMHAT, CO3NAHHBIA (padiy3cKEMH MaremaTuraMu P. Ile
kaproM (1596—1650) u II. ®epma (1601—1665). MeTon kKooppuHAT
CTAI MHPOKO MCIIOJb30BaThCH OJH rpadHyecKoro HMCCJIeLoBAHHA QYHK
nHi ¥ rpacdhuyueckoro pemenus ypassenmii, C 370ro BpeMeHM HAaYAJCS
HOBBIH 8Tam, KOTOPLIH O03HAMEHOBAJICH MOIIHLEIM PA3BHTHEM He TOJBKC
MATEMATHK Y, HO M BCEr'0 eCTeCTBO3IHAHWA.

TepMun «¢gyHKOUA» BBes HeMmenxuii marematur I. Jleit6HMD
(1646—1716). ¥ Hero yHKIHS CBA3BIBANACE ¢ rpadMKOM.

C umenammu JI. Sitnepa (1707—1783) u H. Bepuyanu (1667—1748)
CBA3AHO NOHHMMAHHe (PYHKOHH KaK AHAJINTHYECKOIO BHPpAamXeHHd,
T. €. BEHIpAX>KeHHus, oOpasoBAHHOrO M3 NepeMeHHEIX H YHCEJ ¢ IIOMOLILIO
TEX HJIH HHBIX AHAJHTHYECKHX ollepanuii. B »To Bpemsa Omnn mc-
CJIEIOBAHEI BAYKHbIE KJIACCHI QYHKIHE, KOTODBIE PACCMATPHBAIOTCH B OJI-
HOM M3 Bemyinux obJacTell MaTeMaATHKH — MATEMATHYECKOM aHAIH3e.

¥ Jl. 9itnepa nosBuiics m Gomee ofmuii MOAX07 K IIOHATHIO PYHK-
OHMH KAK 3aBMCHMOCTHM OJHO# NepeMeHHOH BeJIMYMHEI OT Apyroi. 9Tta
TOYKA 3PEHMA NOJYyYHJAa JanbHeiilllee pPA3BHTHE B TPYVAAX DPYCCKOrO
matematika H. M. Jlob6agesckoro (1792—1856), neMenkoro maremMaTH-
ka II. [upuxne (1805—1859) u zapyrux yuennx. B peayabrare
QYHKIHIO cTany pACCMATPHBATH KAK COOTBETCTEHE MEIKAY YHCJIOBBIMH
MHOXEeCTBAMM: IepeMeHHafd I ecTh (QYHKIHA DepeMeHHOH X (Ha OT-
pPe3ke a < x < b), eCNIM KAMKJOMY 3HAYEHHIO X COOTBETCTBYET OIpezesieH-
HOe 3HaYeHwWe yy, npuydeM Oe3pasinyHO, KAKHM 006paszoM YCTAHOBJIEHO
3TO COOTBeTCTBHMe — (opmynoii, rpadpukom, Tabnauneit ambo npocrto
CJIOBAMH,

Onua m3 opuruHanbHBIX QyuHKoui, HaspanHas QyHKIMel [Inpuxie,
BHITNAOUT TAK:

f(x) — 1, ecoiu x — panHOHANBHOE YHCJIO,
0, ecsiu x — WPpANHOHANBLHOE YHCJIIO.

HcTopuyeckme ceeneHus



OrMeTHM, 4YTo rpadHK 270l PVHKLKHHA «pas3pbiBeH» B Ka)XAoH Tou-
Ke., OH coOCTOMT M3 NpaMoH i = 1, ¥ KOTOpOH HCKIIOUYeHEl BCe TOYKH C
AppanHoOHAIBHEIMHA abciuccaMu, ¥ npaMod ¥y = 0, ¥ KOTOpOH HMCKJIIO-
YeHEl BCE TOYKH C PAINHOHANBLHBIMH abcrmccamMmn.

HaneHelllee pasBHUTHe NOHATHA (WHKIHH CBA3AHO ¢ pacCMOTpPEeHH-
€M COOTBETCTBHH MeXXOy MHOMKeCTBAMH, JIEMEHTAMH KOTOPBIX MOIYT
OBITE HEe TOJNIBKO 4YHCHa, HO H O0BeKTH IIPOM3BOJIEHOH OPHPONEL.

O6 ypaBHEeHUSIX BbICLUMX CTeneHewn

Henonuele KBAAPATHBIE YPABHEHHA W YACTHHRIE CJAVYAH IOJHEIX
KBAJPATHBIX YPABHEHHI YMeJH pellaTh elle BaBunoHAHe (2 Teic. Jer
o H. 2.). OrnensHEle BHABI KBAJPATHEIX YDABHEHHI PpeIlaaH JpeBHe-
rpedyecKrie MATEMaTHKH, CBOAA HX pelieHHe K IeoMeTpPHYeCKHM II0-
CTPOEHUSAM,

IIpumeprl pemeHMs ypaBHeHHMiH 3-# cTenenH He OBIIM M3BECTHH HH
IpeBHerpeueckoit, Hu apabckoit Hayke. B anre6pandeckHx TpakTaTax
apabekux maTemaTuroB IX—XV BB., KpoMe pellleHHs ypaBHeHHH H
cacTeM ypaBHeHMi#l 1-if m 2-i creneHeH, paccMaTpuBalOTCH pellleHHSA
KyOHYeCKHX ypaBHeHHH 4YacTHEIX BHuoB. OpHako croocofel peleHHSA
3THX YpaBHeHWH IIPHBOANNH K HAXOMJEHHIO NpHOIHKEeHHLIX 3HauYeHHH
KOpHe#.

Obmee ypaBHenwe 3-if cTenenm mmeeT BHA ax® + bx’ + ex +d = 0,
rone a# 0. JlaBHo 6BUI0O HM3BECTHO, YTO ¢ IIOMOIIBI0 BBENEHHSA
HOBOH IIepeMeHHOH 2TO YpPaBHEHHE MOXKHO CBECTH K YDABHEHHIO BHAA
x* + px +¢q=0.

Brneperie opMyny AAs OTHICKAHHMA MOJOMHTEILHOTO KOPHA YDAB-
HeHua x° +px=g¢q, rae p> 0 u ¢ > 0, BHIBEJ WTATBAHCKHAN MaTeMa-
Tuk Cuunuon lane Peppo (1465—1526), HO nep:xan ee B Taiine.
Toneko B KOHIE H3HH OH COODIIHI cBoeMy VueHHKY PHopr 00
OoTKpeITHH. OpHOBpeMeHHO Bonpocom 00 obmjem pellleHHH YVpaBHeHHH
3-f cTemneHH SaHHEMAJCHA APVIOH HTanbAHCKHE MatemaTHk — H. Tap-
Tanea (oK. 1499—1557), xoTopeiii Hamen crnocobkl pellleHUs YpaBHe-
auit x® + px=gq, x’+ g =px, x’ = px + ¢ ¥ yaCTHEIX cJyuYaeB ypas-
Henns x° + px® =g (p v @ — nonoxurensHuie uucna). B 1535 r.
mexny Puopn v Tapraneeil COCTOANCA HAYYHEIN IIOBNHHOK, HA KOTO-
pom Tapranbs opep:xan OGnecrsamyio nobepy (oH 3a 2 4 pelnnsn Bee
30 npennoMeHHBIX eMy 3a/lad, B TO BpeMA Kak MHOpH He perini HH
opHo# 3agaun Tapranewn).

C 1539 r. pemenneM KyOHueCKHX ypaBHEHHII HAUHMHAET 3aHMMATL-
ca mransanckui matemaTHk . Kappamo (1501—1576). On ysman
06 orkpumTEH Tapransd, KOTOpEE He OyOJMKOBAJL CBOHX TpyAoeB. B
1545 r. Bunna kaura Kappavo «Benukoe HekyccTBo, miau O mpasH-
Jax anreGpei», rae HaAPAQY ¢ APYTHEMH BolpocamM# aiarebpel pacCMaTpH-
BapTCcHa o0I[He cHOCODR pelleHMA KyOHdeckux ypasHenni. B oty
kKHury Kapaano BKJIIOUMN TaK:Xe MeTOJ pelleHHA ypaBHeHWH 4-i cre-
MeHH, OTKPBITEIH ero vueHuKom JI. Peppapu (1522—1565).

HMcTopuydeckue ceeneHus
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Bonpoc 0 ToM, KOMY NPHHAJNEXNUT [IPHOPHTET OTKPEITHA (QOPMYJIL]
KopHe#l kyOnueckux ypasHenuit — Tapranve unu Kapaawso, He pewen
[0 CHX IOp.

CrnepyeT OTMETHTE, uT0 HA Tapranss, HM KapnaHo He mpoBenH moj-
HOr0 HCCJeZoBaHHMA pelleHH KyOnMYeCKHMX ypaBHeHn#. B pelneHun
9TOM 3aJavy¥ 3HAYMTEJIFHO IPOABHHYJICH HX COOTEYEeCTBeHHHK M3 Bo-
nousn P, Bombennn (ok. 1530—1572). ITonrHoe nanokenne BOIPOCOS,
CBASAHHKIX C pelleHHeM ypaBHeHHH 3-if m 4-if cTeneneit, nan . Buer
(1540—1603), KoTopoMy B 3TOM CYIIECTBEHHO [IOMOrJIA YCOBEPIIEH-
CTBOBAHHAA MM anrefpanuecKas CHMBOJIHKA.

B dopMyne KopHeil KBaJpaTHOTO YVPaBHEHHS HCIIOJIL3YETCH 3IHAK
KopHA — pagukan. Yepes pagukanel (kopHm 2, 3 1 4-i1 cTeneHeil) BuI-
pa)xkaloTcA W KOPHM ypaBHeHH# 3-i M 4-H cTelleHei.

Ilocne Toro kak OeIM HalpeHw GopMyNEl pelIeHHH YVpaBHEHWH
3-it u 4-# creneneil, yCHJIMA MHOIHX MaTeMATHKOB OBLIH HaTpaBJIeHE!
Ha TO, 4YTODLI OTHICKATHL (QOPMYJIEI pellleHH YpaBHeHHMH JIOORIX cTe-
neHeit. Ha pemenne sToil npobnemsl yoiao oxkoio 300 ner, m JHIIOE B
20-x rr. XIX B. HOpBeskckHH maTemaTHk H. A6ene (1802-—1829) no-
KasaJ, uTo B ofIleM ciiyuae KOPHH VpaABHeHH# 5-i1 m GoJiee BRICOKHX
cTerneHel He MOryT OBITH BRHIpa)KEHB! Yepesd pagukKanbl. PpaHIIyICKHIH
maTemaTik 9. anya (1811—1832) Bripgenun knacc anrefpanueckKux
VPaBHEeHHI, KOTOpHIE paspelliMbl B paJHKANAX.

Henonssosanne anrefpanuecKHX ypaBHeHHH NosBonuyio naTek Oojee
TOHKYIO KJacCHOHKALIHID NeHCTBHTENLHEIX Ypcesl. Yucna, ABIAOIAE-
¢ KOpHAMH ainrefpanyecKHX ypaBHeHHI ¢ HenkIMH kKoaddunueHTamH,
CTANTH HA3SRIBATE anrebpamuecKrEmMB uHcaIaMe. JleHCTBUTENbHEIE YHCHA,
He ABNAIIHecH anrebpardyecKHMH, HA3BAJH TpaHCUeHneHTHRIMH. OKa-
38J10Ch, YTO B MHOYKECTBE HPPAHOHAJBHEIX YHCEJ] CONePXHATCHA 3HAYH-
TeJIbHO GOJIbIIe TPaHCIEHNeHTHRIX YNces, yeM anrefpandeckux. Omamm
H3 NpeacTaBuTese TPAHCUIEHASHTHREIX YHCEJ! ABJIAETCH YHCJ0 M.

O nporpeccuax

Ileperie npepcraBileHna 00 apA(QMeTHUYeCKOH H reoMeTpHYeCcKOI
nporpeccuax OBLIM ele V JPeBHHX HAPOAoB. B KIMHOIKMCHEIX BABHJIOH-
CKHX TabnMukKax ¥ erdieTCKHX [anHpycaxX BCTpPEeYAITCHA 3ajayl HAa
HpOTpeCcCHH W YKA3AHHSH, KAK MX DelIaThk.

B apeBHeerumnetrckoMm manppyce Axmeca (ox. 2000 r. go H. 5.) npH-
BoguTCH Takasa sajgava: «Ilyers Tebe ckasamo: pasgenu 10 mep sumens
mexny 10 mopeme Tak, 4ToOBl pasHOCTE Mep AYMEHSH, NOJYYEeHHOIO

1
KaKIbIM 4YeJIOBEKOM H ero cocefioM, paBHAIACH B MEDEI # .

B a10ii 3agmave peus HueT o0 apudMeTHYeCKOH NPOTpPeCcCHH. ¥Ciao-
BHE 3ajJlaYH, [IONL3YACE COBpeMeHHRIMHU 0003HaYeHHAMHM, MOXKHO 3allH-
1 £
catb Tak: Syo = 10, d = g; HaA¥WTH 4, Gy, .., Gyp-
B opHOM OpeBHerpedecKoM NamMpyce HPHBOOHTCH 3anaua: «Hmeet-
cA T JOMOB, B KayooM [0 7 KOIIEK, Ka)aad KollKa chemaeT 7 MEI-

MCTODH'—IEGKHE cBegeHus



Llei, Kagafd MEIIE CHegaeT 7 KOJIOCHEB, KAamIEIH H3 KOTODHIX, eCJIH
noceATsH 3epHo, maer 7 mep 3epHa. Hy:KHo nomcuuTaTe CYMMY YHCIa
AOMOB, KOIUEK, MBIIEH, KOJOCKEB M Mep 3epHAas.

Pemenne aToil 3ajaul NPMBOAMT K cymme: 7 + 72 + 7% 4+ 74 + 75,
T. €. CYMMe IATH YJIEHOB NeOMeTpPHYEeCKOil mpOrpeccHH.

O nporpeccusix B MX CyMMaXx 3HANH JpeBHerpeueckue yuenwle. Tak,
UM OLLTH HM3BECTHHI (DOPMYJIBI CYMMBI DEPBREIX 71 YHCEJ TIOCHEe0BATENb-
HOCTH HATYPANBHEIX, YETHBIX M HEUETHRIX YHCeI.

Apxuven (III B. go H. 3.) )8 HAXOMNeHHA ILNolaeil B o00BEeMOB
$Hryp NpEMeHAJ «aTOMHACTHYECKHH MeToms», Ui Yero emy noTpebosa-
JIOCE HaAXOZHUTE CYMMEl YJEeHOB HEKOTOPHIX IocienoBaTelbHoOcTei. OH
BhIBeNl OpMYJNY CYMMEI KBaIPaTOB HATYDPAJNLHEIX YHCEJ

12+ 27 + 8% + ... + n® = gn(n + 1)(2n + 1),

TIOKAas3ad, Kak HaiiTH cymMMmy OecHoHedHOH yOmIBaXOleil reoMeTpHYeCcHOi
IIPOrpeccHy

1 1
1+E+ :2-4-....

Otrpenbunie GarkThl 00 apudMeTHUECKOH W IeOMeTPHYECKOH npo-
rpecCHAX BHANH KHTalckMe B HEAauCKHe yuenne. 06 3TOM roBOpMT,
HaIlpUMep, HW3BecTHAaA HHAWickasa nereHna of waoOperaTene maxmar
(cv. c. 157).

TepMHH ¢mporpeccus» (OT JaTHHCKOTO progressio, 4TO O3HAYAET
«IBHMEHHEe Bllepeli») Ol BBeueH pumMckumM aBropom Bosumem (VI B.)
M TMOHHMAJICH B DoJlee IMAPOKOM CMEICHe, Kak OeckoHeuHas YHCJIOBaSA
nocjiefoBaTeNbHOCTE. HassaHna «apudMeTHYeCKafd» M «IeoMeTpHYeC-
KaAs» ORI NMepeHeceHBl HA IPOrPecCHH M3 TEOPHH HENPEPEIBHEIX IIPO-
NOpHHil, W3yYeHHeM KOTOPHEIX 3aHWUMANWCH APEeBHHe rpexkH. PaBeHCTBO
BHJA 4, _,; — 4, = a; — d,,, OHA HAIEIBAJH HEIPepHIBHOI apudmMerTH-
YyeCKOH Oponopryei, a paBeHCTBO EE;i = %1- — HeNpepeIBHOH reo-
MeTpHYecKoH nponopumuei. Ma arux paseHers cnegyer, 4To

e e B R | ——
ak=—§-—-—=-ﬂbk= bﬁ—]‘bk*‘l’

T. €. 9THMH COOTHOLIEHHAMH BHIPAXKAIOTCH XapaKTepHCTHYECKHe CBOM-
CTBa aApHpMEeTHYECKOH H reoMeTPHYEeCKOH IIpOorpeccHii.

DopMyJia CYMMEI YWICHOB apH(MeTHUECKOH nporpeccHu Obila goxa-
3aHa JpeBHerpedyecKHM yueHBIM [InodantoMm (III B.). PopMynia cyMMEI
YNeHOB TeOMETpPHYeCcKOH nmporpeccHH jaHa B KHHre Eexnmza «Hauanas
(IIT B. o H. 3.). IlpaBmIO OTEICKAHWMA CYMME! 4YJI€HOB ITPOM3BOJLHOM
apudMeTHuecKoll mporpeccHn BeTpedaeTcA B ¢«KHnre abaxas JI. PuGo-
Hayuu (1202). Obujee npapuio ana cyMMHpoBanuA J1000H Geckoneu-
Ho#l yORIBaiomeil reomerpHyeckoil nporpeccun paeT H. Illioxke B KHHTE

«Hayka o uncnax» (1484).
Mcropuueckue ceepeHmns
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O cTreneHsix

TlonsAaTHe cTeneHHW ¢ HATYPAJIbHBIM INOKasaTedeM cHOpPMHPOBAJIOCH
eme vV ApeBHHX Hapoaos. KeagpaT B Ky0 uHCcia HCHOJB30BAIHCE AJH
BRIYHUCHEeHUH niomaigelr U obkemoB. CTeneHH HEKOTOPLIX YHCEN WMC-
I10JIb30BAJIHCE LIPH pEIIeEMH OTHAeJbHBIX 384849 VYeHBIMH JIpeBHero
Erunta u BasunoHa.

B III B. BrIIa KHHMra rpedeckoro ydesHoro Juoganta <Apugme-
THKa#», B KOTOpPOH OBLIO NOMOMEHO HAYAJIO BBeJeHHI0 OVKBEHHOH CHM-
BONHKH. JIHo(haHT BBOAUT CHMBOJIKI AJIA NEPBHIX INECTH CTemneHeli
HEH3BeCTHOro W ofpaTHEIX UM BenuuuH. B aroll KHMre kBagpatr oboz-
HayaeTcAd 3HaKoM A ¢ mHaexkcoMm r (A"); ky6 — amakom k ¢ HEAeKcoM
r (K'); ksanpat, ymHOMeHERIH Ha ceba, — KBajpaTo-KBaApaT obo3Haya-
erca A'A; kBagpaT, VMHOMEHHEIH Ha KyD, — KBaapaTo-kyb — AR’
Ky0, yMHOMeBHEIH caM Ha ceba, — Kybo-kyd — E'k.

B kosme XVI B. @pancya Buer BBen OVKBEI Ans oGo3HAYEHHA B
YPaBHEHHAX He TOJLKO HEH3BECTHHIX, HO W Koadduuuentos. OH mpu-
meHsn cokpamenus: N (Numerus YHCI0) — JAJIA NepBoi CTelleHH,
@ (Quadratus — kBagpat) — ana BTopoi, C (Cubus — xy6) — nasa
TpeTeeil, QG — AIA yeTBepTOM U T, .

CoBpeMenHas sanuck crenemeidi (a®, a', a® u 1. 1.) Onna BBesena
Ilexaprom, mpu4emM BTODPYIO CTEHEHE @, T. €. a°, OH BANNMCHIBAJ KAK npo-
HaBeeHHe ad.

K unpgee obo0meHHs NOHATHA CTENEHHM HA CTENEHB C HEHATYPAJb-
HEIM MOKAasaTeleM MATEMATHKH IPHILIH HocTeneHHo. OTpuUnaTelbHEIE
¥ gpobHEle OKasaTeNH CcTeleHell NOABUIHCE B OTAENBHBLIX TPYAAX €B-
poneiickux maTemaTurop XIV—XV ss. (H. Opem, H. IImoxe). Cospe-
MeHHBIE oupefesneHUd ¥ oDOSHAYEHHS CTENeHH C HYJeBRIM, OTpHIA-
TEeNBHEIM ¥ apofHmIM HoxkasaTensmu OepyT Hauamno orT pabor
agrmuickux MaTeMaTHKoOB . Bammuca (1616—1703) u M. HewroHa
(1643—1727).

O Teopuu BEepOATHOCTEMN

3apoaeHne TeOPHH BepOATHOCTel oTHocuTcs K cepeaune XVII se-
Ka ¥ CBASAHO ¢ HMeHaMH (paHIy3cKEX yueHelx B. Ilackans
(1623—1662) u Il. ®epma (1601—1665) 1 roanaHACKOro y4YeHOro
X. T'ofirenca (16290—1695). Umu Grliu paccMOTPEHEI MHOTHE 3a1a4H,
BO3HHMKAIHE B TAK HASLIBAEMBIX ABAPTHRIX MIDax, B YACTHOCTH B HI-
pax, CBASAHHLIX C BHIIAJEHHMEM pPA3THYHBIX KOMOMHALMI OYKOB HpH
fpocaHUK HIpaJILHOTO KyOHMEKAa.

ITosATHe BEPOATHOCTH CIOYy4alHOro coOmITHA OLLIO BBEIEHO IIBeHLa-
pckum yuenbiM H. Beprymnnn (1654—1705). C ero mccnemoBaHuil Teo-
PHA BEpPOATHOCTEH OeperT HAYANO KAK CAMOCTOATENLHAAR MAaTeMaTH4ec-
kafd gucnunauEa. OH [JOKAa3an NepPBOHAYANLHEIN BapHAHT 3aKOHA
fonepInx uyMces, YCTAHABIHBAIOILETO CBA3E MEAY BEDOSTHOCTBLIO CO-
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OBITHSR ¥ YACTOTOH ero HOABJIEeHMs, HANMCANT NePBHIH yue0HHK IO Teo-
PHE BEpPOATHOCTEi.

B Te e rofkl B CBA3HM C 3aa4YaMi TEOpPHH BepOATHOCTeM Owlia pas-
BUTA KOMOMHATOPHKA, NOABWINCEH [IOHATHS PasMEINEeHHH, epecTaHOB-
KH, COYETAHHA.

B XVIII »B. Hauvagock OypHOE pasBHTHE TEOPHH BEPOATHOCTEH, KO-
TOpOe NPONOJNIKAETCA [0 HACTOANIEr0 BpPEMEHH.

IleperiMu npopomxarensmu pabor . Beprynnum Geimr B AHrIHE
A. Myasp (1667—1754), o @paunuu I1. Jlannac (1749—1827), B I'ep-
manu K. Tayce (1777—1855). Umu Osuto AaHO CHCTEMATHYECKOE H3-
JIOEHHEe TEeOPHHM BEpDOATHOCTEH C NPHI0KEHMEM €e pe3yJLTATOB K
aHamuay omnbok HabmioneHHs, K MaTeMaTHdecko# ofpaboTke skcnepu-
MEHTANBHBIX JAHHBIX.

B cepegure XIX B. B Poccuu cospaeTcsa sHaAMeHHTAs neTeplyprcras
MaTeMaTH4YecKasa IIKOJA BO TJIaBe C BBIIAIOIIMMCS DPYCCKHM YY€HBIM
II. JI. Yebrimesrim (1821—1894). B ero mccnenoBaHUAX 0 TEOPHH Be-
poaTHOCTeH 3aKoH OOJBLIINX YHCeN VCTAHOBJIEH B BeckMa o0mmeit dop-
Me. DTOT 3aKOH B COBPEMEHHOH TPAKTOBKE BeJleT CBOe HAaYajo oT pabor
I1. JI. Yebriniesa.

Teopus BeposATHOCTEH 3aHHMANIA BaXXHOE MeCTO B IeTepbyprckoit
mkone. B. H. Bysarosckuii (1804—1889) usgan nepBeiil yuebHHK Te-
OPHH BEpPOATHOCTEH Ha pyccKoM sawpike (1846), comepskaBiimil Takie
HIPUIIOMEeHNA K CTATHCTHKe M aemorpaduu. Paborm Yebuimepa no Te-
OpHH BEPOSTHOCTEH Hpomosnkuiu ero yueHuku A. A. Mapkos (1856—
1922), mayuaBlInii, B YACTHOCTH, IOCIEI0BATEIBHOCTH CIVYAMHBIX HC-
OLITAHKEH (Takue IoCHeZOBATEILHOCTH HASHIBAIOT Teleph MAPKOBCKHMU
nensamu), u A. M. Jlanysos (1857—1918), pazpaGoraBminii HNIHpOKO
IpUMEeHAeMEIll B TeOPMH BEepPOATHBOCTEH MeTOoh XapaKTepHCTHYeCKHX
GVEKITHI,

Benuku sacayrd B pasBUTHH TEOPHHM BEPOATHOCTEM COBETCKHX yue-
geiXx. C. H. Beprmreiin (1880—1968) paspaforan nepsyo akcHOMATH-
KY Teopuu BepoaTHocTe#. A. fI. Xupunn (1894—1959) usyyan cramm-
OHapHEIE CcHydaliHEIe HpoLecchl, paspafoTan MaTeMaTHYecKHe MeTOMEI
TeopHu maccoBoro obcnyykmBanusa. A. H. Koamoropos (1903—1987)
IpeaaoXun ofIMeNpPHUHATYI0 B HACTOAINEe BPeMH CHCTEMY AKCHOMATH-
yeckoro o60CHOBAHHA TEOPHH BEPOATHOCTEH, PasBHUJI TEOPHIO CTALMO-
HADHEIX H MApPKOBCKHX Cay4aMHBIX npoieccos. A. H. KoaMoropos Buec
BAXXHBIH BKJIAA B TEOPHK WHQODMAIIMH, TEODHIO CTpenkObl, CTATHCTH-
YecKHe MeTOAEl KOHTPOJIS MACCOBOH IIPOAVHIIHH.

CoepeMeHHas TeOopHA BEPOATHOCTeH HAXOOHT IUHMDOKOE NDHMEHEHHEe
B CAMBIX PasAHYHEIX OOJACTAX 3HaHWI: B (pM3MKe, acTPOHOMHH, OHO-
JIOTHH, SKOHOMHWKE, JHHTBHCTHKe, HH(POpDMATHKE W APYIHX HAYYHBIX
IUcIHIUTHHAX. MeToabsl TeopHHM BepOATHOCTEH IMIUPOKO HCHOJB3YIOTCH
Ha NpaKTHKE B CTATHCTHKe, Aemorpaduu u T. 1.

WUcTopuueckve CeeneHWs i
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CBEAEHUSA U3 KYPCA
AJITEBPbl 7-8 KJIACCOB

BoipaxeHusi U ux npeobpasoBaHus

1. BripaykeHus, COCTABJNIEHHEIe H3 YHCeJ W NepeMeHHEIX C TTOMOIbLIO
JlelicTBHI CNOMEeHHA, BRIMHUTAHNA W VMHOMEHHS, HASBEIBAIOT IeJILIMH
BeIpakeHEuaAMH. [Ipy 3TOM NpPOMBBEAEHNE OJWHAKOBBIX MHOMHUTeNel
MOKeT OBITH 3AlMCAHO B Buje creneHu. K menbiM BRIpAXKEHHAM OTHO-
CAT ¥ BBIDAMEHNS, B KOTODhIX, KpomMe AeiicTBHH CcJIoMeHHs, BHIYHTA-
HHA U YMHOMEHHs, HCHOJb3YVETCA AeleHHe Ha YHCJI0, OTJIHYHOE OT
uyns. Hanpumep, seipaskenus a® + 3ab — 2b%, (x — y)(2x + yzj, m— %,
a® : 7 uenste.

BripaxkeHns, COCTABIEHHRIE M3 9HCEI M [NepeMEeHHEIX, B KOTODHIX,
KpoMe AelCTBHil cloXeHHMs, BRIYATAHHUA H YMHOMEHWSH, HCHOIL3YyeT-

cf JeJleHHe Ha BHIPAXKeHHEe ¢ IlepeMeHHBIMH, HA3BIBAIOT JPOGHBIMH
1 a+2

BLIpaxkeHuaMu. Hanpumep, BeIpaykeHHd x + T bm : n gpob6-
HBIE.

Ilenwie 1 apoOHEIE BRIPAXKEHHA HASLIBAKIOT PAIIMOHANTBHEEIMH BBIpa-
HEHUAMH,

Ilesnioe BHIpasKEHHE MMEET CMBICH NMpH JII0ObIX 3HAYEHUAX BXOFHAIUX
B HEero nepeMeHHBIX. JIpofHOe BeIpayKeHHe NPH HEKOTODHIX BHAYEHHAX
InepeMeHHBIX MOIKEeT He HMeTh cMbeicna. Hanpumep, BeIpa)ceHHe

1
a+ — He HMeeT CMBLICJa HPH a = 2, BeIPAXKeHHe He HMeeT

a-2
CMEICTIA LPH X = Y.

3HaueHuA nepeMeHHBIX, IIPM KOTOPLIX BEIpaMeHHe HMEeeT CMBICI,
Ha3BIBAKOT AONMYCTHMBIMH 3HaAYEHHAMH HNeépEMEeHHEIX.

2. Tox/AEeCTBOM HASLIBAETCH PABEHCTBO, BEPHOe NHpPH BCeX AOIYCTH-
MEIX 3HAYEHHAX BXONAIHX B HEro IepeMeHHBIX.

Jlna BRIpaxeHUA, HNPHUHMMAKINHE paBHBIEé 3HAYEHHMA IPpH BCcexX
AONYCTHMBIX MAJIA HHX 3HAYEHHAX IepeMeHHBIX, HAaAIBIBAKOT TOMX-
NeCTBeHHO PaBHBEIMHM, 4 3aMEHY OJIHOTO BLIDAYKEHHS APYIMM, TOXJIe-
CTBEHHO DABHBEIM €My, — TOXKAECTBEHHHIM NpeofpasoBaHHWEM BHIpa:ke-
HHH.

xr -y

Ceepnexun 13 kypca anrebpw 7—8 knaccoe



3. OJIHO‘IJIEHEIMH HA3RIBAKT TNPOH3BENEHHUA YYHCeN, [NepeMEHHEIX H

HX CTelleHel, a TAKKe caMM 4YHCiIa, NepeMeHHEIe W uX crTenenu. Ha-

npumep, 8a’b, —1,5xy°2®%, 12, ¢, m'" — opnounens:.

Crenennlo ofHOYJEHA HABRIBAETCH CYMMAa NOKasaTelnell creleseH
BCEX BXOOAINIMX B HEro InepeMeHHBIX. Haunpumep, creneHes OJHOUYIEHA
9a’b pasma 8.

4. MeEOrouleHoM Ha3LIBAETCHA CyYyMMa ofHouneHoB. Hanpumep,
y* - 8y° + 2y — 3, 4a’b + 11a°b® — ab + 3b — 1 — muorounesn. On-
HOWIEHL CYHMTAIT MHOTOYJIEHAMM, COCTOAILHMH H3 OJHOrO 4JeHa.

Crenenssio MHOrOYWIeHa CTAHAAPTHOIO BHA HASHIBAIOT HAHOONLITYIO M3
cTeneHell BXOAAIMHX B Hero ofHouwieHoB. Hanpumep, cremessr MHOro4mIe-
ua 18a4° — Ta'®® + 1 paBma crenenu oxmounena —7a'b®, 1. e. papna 7.

CreneHpl0 NPOH3BOJBLHONO MHOTOYJIEHA HASHIBAIOT CTELEHB TOMOE-
CTBEHHO PABHOI'0 €My MHOro4YJieHA CTAHAAPTHOIO BHIA.

5. Ilpn cnoKeHHM MHOrOUJIEHOB IOJB3VIOTCH HPABHJIOM DACKPBITHA
croboK: ecom nepen ckKoOKAMH CTOMT 3HAK «ILIIOC», TO CKODKH MOMKHO
OIIYCTHTE, COXPAHWE 3HAK KAaMJAOro CJIAraeMoro, BaKJIIOUYEHHOro B CKOO-
ku. Hanpuwmep, (5x° — 8xy) + (dxy — 2x° + 1) = 5x° — 3xy + 4xy — 222 +1=
= 3x% + xy + 1.

Ilpn BRIYMTAHWH MHOTOYJIEHOB IOJB3YIOTCA HPABHUIOM DACKPBITHA
ckoBoK: ecni nepen CKOOKAMM CTOMT 3HAK «MHHYCs, TO CKODKM MOXMHO
ONYCTHUTh, HBMEHWUB 3HAK KAMKJOI0 CJIAraeMoro, 3aKJIUYEHHOro B CKOO-
ku. Hanpumep, (8a® — 3ab) — (7a® - 4ab + 5) = 8a® - 3ab - 7a® + 4dab— 5 =
=a®+ ab - 5.

Y106l YMEOMKHTL OAHOUWIEH HA MHOTOWIEH, HYXXHO YVMHOMHTH 3TOT
OQHOYJIEH Ha KAMABINH 4JleH MHOrOUYJEeHa ¥ IOJYUEHHEIE IIPpOM3BEeAeEHHA
cnoxute. Hanpumep, 2x*(8x® — xy + 5y%) = 6x° — 2x%y + 10272

Yrobel YMHOXHUTE MHOTOWIEH HA MHOTOWIEH, HYMKHO KarKIbli 4ieH
OHOI'0 MHOTI'OYWIEHA YMHOMHUTEL Ha KAMIBIH wWIieH APYroro MHOIOWJIeHa H
NONy4YeHHble NpousBefenus cnoxurs. Hanpumep, (2a —3)(3a’ +a—4) =
= 6a® + 20 — 8a — 9a% - 3a + 12 = 6a4® — Ta® - 11a + 12.

Jloboe menoe BHIpAXKEHHE MOMKHO IDEJCTABHTE B BHJIe MHOTOYJIEHA.

6. DopMynBl COKPAIEHHONO YMHOMEHHS.

a) (a + b)® = a® + 2ab + b

KBaapaT cyMMEI AByX BEIPDAYKEHHI paBeH KBAAPATY NEPBOro BHIpAa-
EeHHs IUTIOC YABOEHHOE NPOMBBEJEHNE [epPBOr0 H BTOPOrO BRIDAIKEHWH
NAKC KBAAPAT BTOPOTO BHEIDAMKEHUA.
6) (a — b)® = a® — 2ab + b

KBaapaT pasHOCTH [BYX BEIPAXKEHHIH paBeH KBAJAPATy NepPBOro BhI-
paxeHNd MUHYC VIBOEHHOE IPOM3BeAeHHe IepBOro M BTOPOro BEIpaXe-
HUI OAI0C KBALPAT BTOPOTrO BEIPAYKEHUSA.

B) (a + b)® = a® + 3a®b + 3ab® + b°.

Ky6 cymmm gBYX BeIpakeHHil papser Kky0y lepBOoro BHEIPaYXeHHUHA
¢ YyTPOEHHOE HpoM3BefeHHe KBaJpaTa HepBOrc BHIpasKeHHA HAa

Ceenermna n3a kypca anrebpel 7—8 knaccos |
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BTOpOE IUIIOC VTPOEHHOE NPOM3BEJeHWE IIePBOrc BHIPDAJKEHHS HA KBaj-
paT BTOpOro IMOc Ky0 BTOPOTO BEIPAYKEHNH.

r) (a— b)® = a® — 3a®b + 3ab® - b°.

Ky6 pasgocTH ABYX BRIpayKeHMI paBeH Ky0Y DepBOro BhIPAXKEHHs
MHHYC YVTPOEHHOE IIPpOM3BeleHHe KBAAPATA HNEPBOI0 BEIDAXKEHHWHA Ha BTO-
poe IUTIOC YTPOEHEOE IIPOH3BeJeHHe LepBOro BHIpaX{eHHs Ha KB&JADAT
BTOpPOTr0 MHHYC Ky0 BTOpDOro BHIparKeHHA.

n) (@ — b)(a + b) = a® - b°.

IIponaBegeEVe PasHOCTH ABYX BHIPAYKEHHMH M MX CYMMBI PABHO pas-
HOCTH KBAJPATOB 3THX BEIDAXKEHBUIA.

e) a® + b® = (a + b)(a® — ab + bP).

CymmMa ky0OB ABYX BBIDAYKEHWH DABHA NPOH3BEAEHHWIO CYMMBI 3THX
BLIpAXM{eHHKII M HENOJHOre KBAApATA HX pPa3sHOCTH.

) a® — b® = (a — b)(a® + ab + bd).

PasgocTe Ky0OOB ABYX BHEIDAXXEHHI DPaBHA IPOHU3IBEIEHHI0 PA3HOCTH
9TEX BEIpAKeHuil ¥ HeNOoJIHOro KBaapaTa HUX CYMMEL

7. PaanoxenyeM MHOMOYJI€HA HA MHOMHTENH HASBIBAIOT IIPENCTAB-
JieHHEe MHOrO4YJIeHA B BHJAE NPOH3BeIeHHA MHOIOYJIEHOB.

Jlns pasnoxeHWs MHOTOWIEHOB HA MHOXKHTETH NPHMEHSIOT BEIHECE-
HHE MHOMHTENH 38 cKoOKH, I'DYHIIHPOBKY, MCHOJBL3VIOT OPMYJIEI COKDa-
IIeHHOro yMHOKeEus. Hanpumep, muorowren 8a® — 6ab moxxHO paamo-
JKHTbL HAa MHOMHTENH, BHHOCA 2a 3a ckobku: 8a® — 6ab = 2a(4a® — 3b);
muOoTOowIeH 2ab + 10b — 3a — 15 MOMXHO pa3JIONMHUTE HA MHOMHTENH,
HCHONB3YA TPYIINHPOBKY:

2ab + 10b — 3a — 15 = (2ab + 10b) — (3a + 15) =
— 2b(a + 5) — 3(a + 5) = (a + 5)(2b — 3);

muEOrouner 9a® — 25b* MOMHO DA3IOKHTE HA MHOMUTENH, MCIOONbL3YS
dopMYJIY DASHOCTH KBAJDATOB:

9a® - 25b* = (3a)® - (5b%)° = (3a — 5b%)(3a + 5b).

w a

8. Panporanseoii gpobei0 Ha3bIBaeTCs BHIPAMEHHEe BHAA 3> TAe a u
b — MHOro4YJIeHH.

Ilpyn mobeix sHaveHusax a, b u ¢, rge b+ 0 1 ¢ # 0, BepHEO paBeH-

a ac e a ac

CTBO 3 = 3-- CBOMCTBO ApO6H, BHIDAXKEHHOE TOMAECTBOM = -, HASKI-
BAIOT OCHOBHEIM CBOiicTBOM apo6u. OcHOBHOe cBOMCTBO ApoOHM HCIONE-
ayercs nNpH cokpamenun mapobeii. Hanpuwmep:

L+2xy  x(x+2y)  x

4y2+2_ty 2y(x + 2y) 2y°
a-8 _[a—2){a2+2a+4j _a-2
8a% + 6a+ 12 3[a2+2a+41 3

Ceepnennsa 13 kypca anrebpel 7—8 knaccos



Eciu MBMEHNUTH 3HAK YHCAUTENd (WIH 3HAK 3HAMEHATeJd) NpodH M
3HaK nepes ApobBI, TO NMOJAYYKMM BREIDAXKEHHE, TOMKJECTBEHHO PaBHOE
JaHHOMY:

ol 8, Ll e
b &' -t b
9. JeiicTBrA HaJ panmHoOHAJBHBIMH ApPODAMH.
a) Ecomu ¢# 0, TO
b
bl
C c c c [ o [

Yr1obbl cnokuThE ApobH ¢ OOHHAKOBHIMH SHAMEHATENAMM, HYXHO
CHOMHUTEL HX YHCIUTENH, 8 3HAMEHATeIb OCTABUTE TeM xe. Haupumep:

3x - By + 2x-Ty 3x-By+2x-Ty bx-15y 5H(x-3y) «x-By

5xy Sxy Sxy Sxy Sxy xy

a+b a b a-b

Yro0bl BHIIIOJHHTH BRIYHTAHME ApoOGEil ¢ OfHHAKOBRIMHM 3HAMEHATEe-
JIAMM, HY)XHO U3 YHCJINTENs NepBoil ApofH BHIYECTh YHCIUTENhL BTODOM
apobH, a 3sHaMeHaTelb OCTABUTE Tem xe. Hanpumep:

% 4 -4 (x-20x+2) x+2
3x-6 B8x-6 B8x-8  3x-2) = 8 °

6) Yrobb! BEINOJHHUTE CIOXKEHHe HIH BeIUMTaHMe apobeil ¢ pasHBI-
MH 3HAMEeHATeNIdAMHM, HYXHO IOPHBECTH HX K DﬁllIEMy JHAMEHATENH H
3aTeM NPHMEHHThL OPABIIO CJOMEHHSA HIN BEIYUTAHWS Apobell ¢ ogu-
HAKOBBEIMH 3HAMEHATEJIAMII. HH.IIpHMEp:

ab - b2 ab - a® a bla-b) ab-a) a
-t -at®+8®  a(@®-v®) (a-bMa+b) a+b

ab(a - b) " abla-b)  bBla-B) b "
B) Ecrm bZ 0 d= 0, T0

& i
b -

g[8

i
d
Yrobel YMHOMKHTE ApoOB Ha Apobb, HYIKHO NEPEMHOMHTL HX YKC-

JUTEIH U HePeMHEOMHUTE HX 3HAMEHATENH ¥ IEpBOE IPOHBBEJEHME 3a-
nHcaTe YHCIHUTeJIeM, a BTopoe — sHameHaTexem npobu. Hanpumep:

F-4 ¢ (F-4)  (c-2c+2) c+2
P 3c—ﬁu¢2{3€._5) 3c(c-2) B¢

r) Ecm b# 0, ¢e=0ud=0, 0

YHrobel pasgeniTs OBV ApobL HA OPYIyI0, HYMKHO Nepsyo apobb yMm-
HOKWUTEL Ha Apobs, obfparayio Bropoii. Hampumep:

P-8 x-2 £-8 6 _ 6(x-2)xP+2x+4) xZ+2x+4

12x ° 6 =~ 12x x-2 12x(x - 2) = ax

Ceenexun 3 kypca anrebpbl 7—8 knaccos
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JIoboe panuoHANTBHOE BEIpAYKEHHE MOXKHO NPEACTABHTE B BHJAE pa-
LIMOHANBHOH apobi.

10. CTeness ¢ nesslM NOKA3ATEIEM.

Ecnin n — "aTtypanepHOe 4ucjo, Gomsiiee 1, m a — mwoboe uncmo, To

Tl

a =a°‘e°.."a.
T

Ecnum n =1 u a — mwboe uucno, TO
a' =a.

Eco n = 0 1 a — 4ucno, OTJIMYHOE OT HYJS, TO

a® = 1.

Ecnu n — upenoe OTPHLIATEJNIBHOE YHCIIO B 4 — OTJHYHOEe OT HYIHA
qHcno, TO

11. CpoiicTBa cTEeneHH ¢ LENBIM NOKA3aTeJeM.

a)a™a"=a™"'", rne a# 0, m ¥ n — UeJkle YHCHA.

IIpn yMHOMXEeHHM CcTerneHeil ¢ OAMHAKOBLIMH OCHOBAHHSMH OCHOBA-
HHE OCTABIAIOT HNPEXXHWM, a NOKASATENH CTelleHel CKJIAALIBAIOT.

6)a":a"=a” ", raea# 0, m ¥ n — nensle YNCIA.

Ilpn penenyu creneHeil ¢ OXHHAKOBEIMH OCHOBAHHAMM OCHOBAHIE
OCTABJIAIOT TMPEXHUM, 8 M3 NOKA3ATeJs CTeleHH NeTHMOI0 BEIYHMTAIOT
IOKA3ATENE CTENeHM AeNHTeNs.

B) (a™)"=a™", roe a# 0, m ¥ n — Uenwele yHcHa.

Ilpu BO3BENEHMH CTEIEHH B CTEIleHb OCHOBAHME OCTABJIAIOT [IPer-
HUM, 4 NOKAasaTenH cTelleHeil NepeMHOKAOT.

r) (ab)" = a™®", rne a= 0 u b= 0, n — nenoe yucIo.

Ilpu BO3BeNEHUM B CTENEHbL IPOMIBEJIEHUS BO3BOJASAT B 3TY CTENeHb
KAyl MHOMKHTENIL M Pe3yJbTATHl IePEeMHOMKAIOT.

a n
m) {%] =.ET1 rne a0 n b= 0, n — nenoe YKHCIO.

IIpn BO3BeleHHMH B CTeleHEB ApoDM BO3BOJAT B 3TV CTENEHB UHCJIH-
TeJ b ¥ 3HAMEHATENh W IEepBhIil PesyJbTAT 3alBChIBAIOT B YHCIHTENE, a
BTOpOH — B 3HaMeHaTejJe JZpoOH.

12, KBagpaTERIM KODHEM H3 4YHCJIa d HASHLIBAETCH YKCIO, KBALPAT
KOTOpPOTO paBeH 4.

ApudmMeTHuecKHM KBAAPATHRIM KODHEM M3 YHCIA d HA3LIBAETCH He-
OTpHLATENBHOE YHCI0, KBAAPAT KOTOPOr0 paBeH ad. ApHdpMeTHuecKH

KBaApaTHLIA KopeHb H3 a obosHauaT Ja. Bripakenue, crosmee NOA
BHAKOM KOPHS#A, HA3ZEIBAIOT NOJAKOPEHHEIM BhIpadieHHeM. BripaykeHNe

JE UMeeT CMEICH Anf Beex a = 0 U He umeeT cMbicna npu a < 0.

CeeneHua na3 kypca anrebpm 7—8 xknaccos



CpolicTea apHdMeTHUYECKOr0 KBAJIPATHOIO KOPHH.
a)Eerm az20u b= 0, T0

Jab = \Ja - Jb.

KopeHbs M3 mpoM3BEeIEEMA HEOTPHLATENLHEIX MHOMMHTeJNeH pasBeH
IIDOU3BENEHUIO KOpPHEH M3 3THX MHOMHUTENei.

6) Ecim a=0u b >0, To
JE=:E
b b

Kopens ma gpobm, YHCIUTeNs KOTOPOH HEOTPHIATENEH, 4 3HAMEHA-
TeNb NOJOYKHUTENEH, PABEH KODHIO M3 YHCJIHTENH, NeJIEHHOMY HA KODEHb
K13 3HaMeHAaTeJNd.

B) Ilpn nrobom sHaYeHMH a BEpPHO PABEHCTBO

Ja? = |a|.

YpaBHeHusn

13. KopHeM ypaBHeHHA ¢ OJHOH IepeMeHHOII HA3LIBAETCH 3HAUECHHE
IepeMeHHOl, IPH KOTOPOM ypaBHeHHe ofpaijaeTcsi B BEpPHOE pAaBeH-
cteo. Hanpumep, uncio 2 — KopeHb ypaBHeHHSA x° — x = 4x° — 10, Tak
Kak BepHO paBeHcTBo 2° — 2 = 4 - 27 — 10.

PenmTe ypapHeHHE ¢ OJQHOH NepeMeHHON — 3HAYMT HAWTH BCE €ro
KOpPHM HMJM JOKAa3aThk, 4TO KOpHEeH HeT.

14. YpaBHeHUs, B KOTOPHEIX JIeBas M IIpaBas YacTH HBJIHIOTCA pa-
IMOHAJBEHEIMH BEIDAYKEHHAMH, HA3HIBAKTCH panuoHaaeHeIMH. Ecnmn n
JeBafd ¥ npaBad 4YaACTH PAIHOHANBHOTO YVPABHEHHS SABJIAITCH ILEJNBEIMH
BHIPAXKEHHAMHM, TO VpDABHEHHE Ha3LIBAKOT LeJeM. PannoHAIBHOE YpaB-
HEeHHMe, B KOTOPOM JIeBAA MK HPABAS YACTh ABASAETCH APOGHBIM BhIpA-
JKEeHHEM, HASHIBAKT IPOOHBIM.

15. ¥Ypasuenusa ¢ ofHoll IepeMeHHO, MMeI[He OJHM W Te e Kop-

HM, HABHIBAIOTCH papBHOcUAbHEIMM. Hanpumep, ypasnenus x° = 36 u
{(x — 6)(x + 6) = 0 papHocHnbEBIe. Kaioe U3 HMX HMEeT ABA KOPHSA:
—6 n 6. YpapHeHNs, He UMeEIOLIAe KOpHel, TaKMe CUMTAIT PABHOCHIb-
HBIMH.

Ypasueuusa obnanaioT cHegyVIOIHMH cBOHCTBAMM:

€CcNIM B YpaBHEHHHM TIEPEHEeCTH cJaraeMoe W3 OAHOH YacTH B APY-
ryvio, UBMEeHHUB €ro 3HAK, TO MNOJYYHTCA VpaBHEHHe, PABHOCUJILHOE
JAaHHOMY;

ecnn obe 4acTH ypaBHEHHMSA VMHOMHTE MM PASAENHTE HA OJHO U TO
e OTNHYHOE OT HYJH YHCJIO0, TO HOJIYUYHTCSH YpPaBHEHVE, PABHOCHIBHOE
JAHHOMY.

16. JIuueHHELIM YPABHEHUEM ¢ OOHOH HepeMEeHHOM HA3BIBAETCHA YPAaB-
HeHHWe BHAa ax = b, rae x — nepemenHas, a u b — uymena. Yucnmo a
HasEIBaETCHA Ko2(OIUIIHMEeHTOM [OpPH NepeMeHHOH, unciao b — cBobogHbIM

YJIEHOM.
CeeneHna na kypca anrebpel 7—8 knaccos
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i b
Ecnu a#= 0, To ypaBHeHHe ax = b umeeT elHHCTBEHHBIH KODEHB =

Hanpumep, yvpaBHen#e 5x = 3 umeeT Kopens 0,6.

Ecnu a = 0 u b= 0, To ypaBHeHue ax = b He umeeT Kopeei. Hanpu-
Mep, ypaBHenue 0 - x = 9 He uMeeT KOpHe:.

Ecim @ = 0 u b=0, To KOpHeM ypaBHeHusA ax = b aBaaerca moboe
YHCIIO.

17. KsasipaTubiM ypaBHeHuEeM HAsLHBAeTCH YPABHEHMe BHAa ax” + bx +
+ ¢ =0, rone x — nepemMenBas, a, b ¥ ¢ — HeKoTOpEIe YHCIA, NPHYEM
a# 0. UYnesno @ HasHIBaIOT NepBBIM KoabhdHMIHeHETOM, b — BTOPBEIM KO-
3@PHUIHEeHTOM H ¢ — cBODOMHBIM UJEHOM.

KBagpaTHoe ypaBHeHHe, B KOTOPOM MepBBIH KosgpuIHeHT paseR 1,
HABEIBAIOT HNPHBENEHHLIM KBAJPATHHEIM ypaBHeHHEM.

18. Ecnu B KBaJApaTHOM ypaBHeHun ax” + bx + ¢ = 0 xora 6w oAMH
13 xoadpunyeHToB b MM ¢ paBeH HY/IK, TO TAKOE YPABHEHHME Haskl-
BAIOT HEIIOJHEIM KBAJAPATHHEIM YPaBHEHHEM.

HemnosHoe KBafipaTHOe ypaBHEeHMe BHAa ax° + bx = (0 WMeeT aBa
kopusa: 0 u —%. Takxue ypaBHeHHA 00bLIYHO PeIIalOT PasjoMKEeHHEeM ero
nesoifi wacTH Ha mHOMwuTenu., Hanpumep, 3x° — 15x = 3x (x — 5) = 0,
x,=0mu x, = 5.

HenonHoe kBagpaTHOe ypaBHeHHe BHAa ax’ + ¢ = 0 uMeeT zaBa
KOpHSA: —\!-—_% " ,!—_f;, €ecan —% > (0, 1 He ¥MeeT KOpHell, ecau —% < 0.

PemaioT Takue YpaBHEHHA, CBOAA WX K yPaBHEHHAM BHIA X° = m.
Hanpuwmep, 0,5x% - 18 = 0, 0,5x% = 18, x* = 86, x, = -6, x, = 6.
19. JIucKpPMMHMHAHTOM KBAIPATHOO VPABHeHHH ax® + bx + ¢ =0
HasHIBAIOT Bhpakenume D = b — 4ac.
Ecin D > 0, To KBajpaTHOE YpaBHEHHEe HMeeT [BA KODHMA; eclH
D =0, To ogun kopeHb; ecin D < 0, To KBagpaTHOE ypaBHEHHe KOP-
Hell He MMeeT.
Kopuu KBajpaTHOTO ypaBHeHMA ax° + bx + ¢ = 0 npun D > 0 saxo-
AT N0 (hopMyJe
-b:\D
—

Jlns KBagpaTHOTO ypaBHeHWS Buga ax’ + 2kx + ¢ = 0 dopmyay
KOpHeii MOMHO 3a0HCATE TaK:

x=ﬂ

20, Teopema Bmera: cymMmMa KOpHeil NPHBEIEHHOI0 KBaJpaTHOIO
YPABHEHHWSA pPaBHA BTOpPOMY KO3(hDHIHEeHTY, BSATOMY C NPOTHBOIOIONK-
HBEIM 3HAKOM, & IPOM3BeJeHHe KOpHell paBHo cBoboxHoMy wieny. Hua-

Yye I'oBOp#A, €cJIH X; M X, — KOPHH ypaBHeHUSHA x4+ px+g=0, To
X, txy=-p W XX, = (.

, tie D, = k* — ae.

CeepeHns M3 kypca anrebpel 7—8 knaccoe



W13 reopemur Buera ciegyerT, 4To eciH x; ¥ X, — KOPHH KBAAPAaTHOrO
ypasuenus ax” + bx + ¢ =0, 10 X, + x, = ——%, HX = %

Teopema, obpaTHas Teopeme Buera: ecim uucna m ¥ 1 TAKOBEI, 4TO
UX CYyMMa paBHa —p, 4 NPOHU3BefleHHe DPABHO ¢, TO 3TH YHCJIA ABAAKOT-
cA KODHSMY ypaBHeHus x° + px + g = 0.

21, ITpu pemernn ApoOHBEIX palMOHAJBLHEEIX ypaBHeHuit nenecoob-
PAa3HO MOCTYHATEH Cneayiomum obpasom:

1) maiiTin obmuii sHamenaTens apobeil, BXONAIIUX B ypaBHEHWE;

2) ymuoxuTs ofe yacTH ypaBHeHMHA Ha oOIqmil sHaMeHaTelh;

3) pelIuTE DOJYUHBIIEECH IeJI0e YPaBHEHHE;

4) HCKJIIYHTE U3 €ro KOpHeH Te, Koropele obpamanTt B HyJib 06-
I\ 3HaMeHaTeNb,

Pemum, Haupumep, ypasBHeHHe

2x _ 2 x+1
x-2 ¥ _9y i =

¥YmHOKHMB 00 4YacTH ypaBHeHHMA Ha of0mui sHaMmeHaTenk apobeii,
T. e. Ha x{x — 2), nonyuynm 2x% =2 + x(x + 1). 910 ypaBEEHNKe I PHBO-
AUTCA K KBAAPATHOMY YDABHEHMIO x° — x — 2 = (), UMeloeMy KopHH 2
u —1. Tlpu x = 2 obmuil sHaMeHaTens Apobeill MCXOMHOTO YpABHEHHSA
obpalaeTcs B HYJb, 3TOT KOPEHE HY¥HO HCKIOUYNTE. Ilpun x = — 1 06-
muit agHamMeHatesis x(x — 2) B Hynbs He ofpamaeTcs, cJIegoBATENLHO,
yuCa0 —1 ABJAAETCH KOPHEM MCXOAHOIO YpaBHEHWH.

22. PenlesveM ypaBHEHHH ¢ ABYM#A llepeMeHHBIMHM HasHIBAETCH Llapa
3HAYeHWH DepeMeHHEIX, o0palapinad 5TO YpaBHEeHHNEe B BEepHOE pPaBeH-
cTBOo. Hanpumep, napa uncen x = —5, y = 3 ABNsAeTcH pellleHUWEM ypas-
HEeHus x° — 4y = 13. 9To penleHHe MOXHO 3aOmHcaTbk Tak: (—5; 3).

JInHeiiHEIM YpaBHEEHEM C EBYMSA NePeMeEHEIMH Ha3LIBAETCH YpaBHe-
HHe BUAa ax + by = ¢, rge x ¥ y — HepeMeHHEIe, a, b 1 ¢ — YHCJA.

¥YpaBHEHHA ¢ ABYMA HEPEeMEeHHBIMH, UMEIOIIHe OOHH H Te e pellle-
HWUf, HASLIBAIOT PABHOCHIBHBIMH. ¥ PaBHEHHS, HE HMEIOIIHE DelleHwui,
TAKYE CUNTAIT PABHOCHILHBIMH.

23. Kaxxpgoe pemenue (x; ) ypaBHEHHsA C OBYMSA HepPEeMEeHHBIMH
MOX¥HO H300pasuTeE B KOOPAHHATHOH IIOCKOCTH TOYKOH ¢ KOoOpoHHATA-
MH x H y. Bece Takue Touku o0pasyioT rpadHK ypaBHEHHH.

T'padhuroM nuHeliHOro ypaBHeHHA ¢ OByMs lepeMeHHRIMH, B KOTO-
pom xoTs OBl OAMH U3 KOa(hdUUHMEHTOB IPH LePeMEHHLIX He paBeH Hy-
JI10, ABIAETCH MPAMAS.

24. PerteHiieM CHCTEMEI VPABHEHHH ¢ JBYMSA NMEepeMeHHEIMH HA3LIBA-
€TCHA mapa 3HAYEHWI MNepeMeHHBIX, OOpAINAaoIIas KaMJA0e YpaBHEHHe
CHCTEeéMBI B BEpPHOE paBeHCcTBo. Hanmpumep, napa umcen x = 3, y = 8 —
PelIeHHe CHUCTEME

d3x-y=1,
x + 2y =19.

PenmuTe cucTeMy YpPaBHeHHH — 3HAYHUT HANTH BCe ee PellleHHA WITH
JOKA3aTh, YTO pelleHHil HeT.

Ceenenna n3 kypca anrebpel 7—8 knaccos
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CucreMbl ypaBHeHMI ¢ JAByMA NepeMeHHBIMH, HMEWOIHe OJHH H Te
M€ peINeHHs, Ha3hIBAIOTCA paBHOCHABHLIMH. CHcTeMBl ypaBHEHHH, He
HMewIlne pemennii, TaKXe CUHTAXT PaBHOCHJILHBIMH.

JAns pemeHus CHCTEM YpaBHEHMII ¢ IBYMS NepeMeHHBIMH HCIOJE-
3yTCA cnocol MOACTAHOBKH, cnocol cioyeHus, rpaduyecKHil crnocof,

HepaBeHncTBa

25. Yucno a Gosbine unciaa b, eci pasHOCTE @ — b — MOJIOMHTENb-
HOe uyuciio; nuinyT: a > b, Yuecno a mensme uyucna b, ecnM pasHOCTE
a — b — orpuniarensHoe uMci0; nuinyT: a < b,

Ecnu a Goneme b unu a pasuo b, To nuimnyt: a 2 b. Ecan a meHs-
me b mau a pasHo b, To numyT: a< b.

HepaBeHcTBa, COCTABIEHHBLIE ¢ MOMOINBID BHAKA > WM <, HA3LIBA-
10T cTporumu. HepaBeHcTBa, COCTABJIEHHBIE C MOMOLIBI 3HAKA = WIH
<, HA3BIBAIOT HECTPOIHMMH.

26. CpoiicTBa YHMCIIOBEIX HEPABEHCTE.

a)Ecnma>b, 7ob<a,ecma<b, tob>a.

0) Eccma<bub<e, m0a<e.

B) Ecith a < b 1 ¢ — nwboe 4yucio, 70 a + ¢ < b + c.

Ecnu k obDeuM YacTAM BepHOTO HepaBeHCTBa nNpubaBuTh OLHO H TO
JK€e YHCJI0, TO NOJYYHMTCH BEPHOE HEPaBEHCTEO.

r) Ecim a < b 1 ¢ — nonoxuTeNBHOE YMCIO0, TO ac < be;

ecnn a < b U ¢ — orpHLAaTeNBHOE YHCJ0, TO ac > be.

Ecnu ofe YacTH BEepHOTO HEPABEHCTBA VMHOMMTL MJH PasfiefiuTh HAa
OOHO M TO K€ IOJOMHTENBHOe YHCI0, TO TOJYYHMTCHA BEPHOE HepaBeH-
CTBO;

ecin obe YACTH BEPHOTO HEPABEHCTBA YMHOMHTE MIIM PasfielIMTh HA
OIHO K TO K€ OTPHIIATEJIBHOE YHCI0 M H3MEHHUTH 3HAK HEPABEHCTBA HA
TPOTHBOMOJIOMHBIH, TO MNOJYYMTCH BEPHOE HEPABEHCTEBO.

27. CnoxeHHe M YMHOMEHHE YHCJIOBLIX HepPaBeHCTE.

a)Ecom a <bue<d, To

a+e<b+d.

Ecny cnouTh MOUIEHHO BEPHEIE HEPABEHCTBA OLHOrO 3HAKAa, TO HO-
JIYUMTCH BEPHOE HEPABEHCTEO.
6) Ecoma<buce<d, roe a, b, ¢ 1 d — DONOMKHATEIBHEIE YHCIA,
TO
ac < bd.

Ecnu nepeMHOMUTH NOYJIEHHO BEPHBIE HEPABEHCTBA OJHOrQ 3HAKA,
JeBhIe ¥ NPABLIE HACTH KOTODHIX MOJOKHUTENBHBIE YHCIA, TO HONYYHT-
Cs BEPHOE HEPABEHCTEO.

Ecim @ u b — nonourensHele yucia, a < b u n — HaTypanbHOE
yucao, o a” < b".

28. PemenveM HEpPABEHCTBA C ONHONM MEPEeMeHHONW HASLIBAETCH 3HA-
YEHHE TMEPEMEHHOMN, KOTOpOe ODpaIaeT ero B BEPHOE YHMCJIOBOE HepPABEH-
cTBo. Hanpumep, uncno 1,8 — pemenwue HepasBeHceTsa dx < 10. 3tomy
HEPABEHCTBY YAOBIeTBOpseT W awboe Apyroe Yuciio, MeHbinee 2.

Ceepenuna u3 kypca anrebpel 7—8 knaccos



PelnuTe HEPABEHCTBO ¢ OJHON NEPEMEHHOE — 3HAYMT HaliTH Bece ero
PellIeHNs HMJIH JOKAS3aTh, YTO PELIEHHH HeT.

29. HepageHcTBa, MMEIONIME OAHH M Te € pPelleHHs, HASKIBAIOTCHA
paBHOCHIBHEIME. HepaBeHcTBa, He MMeKI[HMe peIODeHHi, TAKXKe CUMTa-
IOTCA PABHOCHJIBHBIMH.

HepaseHceTBa ¢ 0oaHOl mepemMeHHOIT obnanawT cleayOmMMH CBOI-
CTBAMM:

ecJiM M3 OJIHOH YacTH HEPABEHCTBA MNEPEHECTH B APYIyI0 CIAraeMoe
C NPOTHBOMNOJIOYKHEIM 3HAKOM, TO MOJYYHTCH PABHOCHIBHOE €My Hepa-
BEHCTBO;

ecnu ofe YacTH HEPABEHCTBA YMHOMKHTE WJIH Pasfge]HuTh HA OJHO H
TO e MOJIOMHTE/NBHOEe YHCJI0, TO MOJYYHTCH PABHOCHIBHOE €My Hepa-
BEHCTBO;

ecqu 00€ YACTH HEPABEHCTBA YMHOMHTBH HJIM DPaseJMTH HA OJHO M
TO e OTPHIATEeJLHOE UHCJIO, MBMEHMB NPH 3TOM 3HAK HEpaBeHCTBA Ha
NPOTHEBOMOJIOMHBIH, TO IMONYYHTCS PaBHOCHNBHOE €My HepaBeHCTBO.

30. Yucnopoil npomexyToK [a; #] — 3TO MHOMKECTBO BCeX YHCEN X,
YAOBIETBOPHAIOIIMX ABOMHOMY HEpPaABEHCTBY a < x < b.

Yucnosoii npomexyToK (a; b) — 3T0 MHOMecTBO BCeX 4YuceJl, yIOB-
JIeTBOPAIMX ABOMHOMY HEPABEHCTBY a < x < b,

Yucinopoit mpomMexyTok [a; b) — 370 MHOMKECTBO BCEX YHCEN, YIOB-
JIETBOPAKIIMX NBOHHOMY HEepABEHCTRY a < x < b.

Yucnosoil npomexkyTox (a; b] — 370 MHOMKECTBO BCEX 4YHCEN, Y/A0B-
JIeTBOPAON[AX JBOIHOMY HEDABEHCTBY a < x < b.

YuciaoBbie TPOMEIKYTKH [a; + o) u (a; + ©°) — 9T0 MHOMKECTBAa BCEX
yHces, VAOBJIETBOPSIIIHMX COOTBETCTBEHHO HEpPaBeHCTBAM X 2 d H
x> a.

Yucnoeele npomMesxyTEH (—00; b] u (—°°; b) — 970 MHOMXecTBa BeceX
YyuCes, YAOBIETBOPAKIMX COOTBETCTBEHHO HepaBeHCTBAM X < b u
x <b.

Yucinosoll IpoMesxyToK (—00; +00) — 370 MHOKECTEO BCEX JIeHCTBH-
TEJIBHBIX YHCEN.

31. HepaseHcTBa BHaa ax > b uw ax < b, rge a 1 b — HeKOTOpLIE
YHCNIA, A4 X — HePEeMEHHAA, HASHIBAIOTCH JIHHEHHRIMH HEPDABEHCTBAMH C
OIHOH mepeMeHHOH.

32. Eciu craBuTes 3ajada HaiiTu obume pemeHps HECKONBKHX He-
PABEHCTB, TO TOBOPHAT, YTO HAMO PEINHTE CHCTEMY HEDABEHCTE.

PemenueM cHCTEMbl HEPABEHCTB C OJHOH NepeMeHHOIH Ha3kIBAeTCH
3HAYEHHE NePeMeHHON, NIPH KOTOPOM BEPHO KAaXK/A0e N3 HepABEHCTB CHC-
TEMBEI.

PemuThk CHCTEMY HEPABEHCTB — 3HAYHT HANWTH BCE €€ PEelleHHA I
JOOKa3aTh, 4YTO PEIIeHHI HEeT.

DyHKUUN
33. 3aBHCHMOCTE IepeMeHHOH Iy OT NepeMeHHOI X HasbiBaeTcsd (PYHK-

nueii, eciH KaMJOMy SHAUYEHHI0 X COOTBETCTBYET €JIMHCTBEHHOE 3HA-
yenne y. HesaBUCHMYI0 NepeMEHHYI0 X HMHavYe Ha3bIBAKT apryMeHTOM,

CeeneHua ua kypca anrebpel 7—8 knaccos

249



250

a 0 3aBHCHMOII NepeMeHHOH I NOBOPAT, YTO OHA ABAseTcA (DVHKIMei;
aToro aprymenTa. Bee sumayeHusi, KOTODLIE MPUHHUMAET HEIABMCUMAS Ile-
peMeHHasi, 00pa3yioT 00nacTe onpenesieHus GVHKITHH.

T'padukroM (PyHKIMHM HASLIBAETCH MHOMECTBO BCEX TOUYEK KOODIU-
HATHOH TLTOCKOCTH, abciiMcChl KOTOPLIX PABHBI 3HAYEHHSAM APTyMEHTa,
a OpAMHATHEI — COOTBETCTBYHIIMM 3HaUeHUAM (DYHKIIMH.

34. JInueiiHoil dyHKNMel HaseiBaeTcHA (QYHKIHH, KOTOPYH MOMHO
sajatek Gopmysoilt Buga y = kx + b, rge x — HesaBHUCHMMAHA NepPeMeEH-
Haf, Bk u b — uucna. Ee obnacTeio onpefeleHusi ABIAETCA MHOXECTBO
BCEX MAeHCTBHUTENbHBIX YHCEJ.

T'paduroM nuHeHHOM QYVHKIHHK ABNAeTcd NpamadA. Ywmcno k Hasw-
BAIOT YIJIOBEIM Ko3pduIMeHTOoM NOpAMol, saBasomeiica rpadukrom
dyaruuE y = kx + b.

Ecnu k # 0, 10 rpaduk dyHxkuum y = kx + b nepecekaer ochb X;
ecim k=0 u b # 0, To npamas — rpadpuk pyHrnmm y = kx + b —
napajueneia ocu x; eciim k=0 u b= 0, 10 rpaduk GDVHKIIMKM cOBOAa-
JaeT ¢ OChI0 X.

35. I'paduky OBYX JMUHEeHHBIX QVHKIMI NepecexawTcH, eclin HX yI-
JIOBEIE KODOHIMEHTH PaAlJIMYHbI, M OapalljelbHbI, €cJIH MX YIJIOBBIE
K09 hHUIMEHETH] OlHHAKOBEL,

36. JTureiinyo dyaxkumuio, sagasaemyo Gopmysoi y = kx npu k# 0,
HASBIBAIOT OPAMOH MPOMOPITHOHANTBHOCTEIO.

I'paduk npsmoil mponoprMOHANBEHOCTH €CTh NPAMAH, MPOXOAAIAn
yepes Havasnto koopauHaTt. Ilpn k > 0 rpadux pacnosnoxeH B OepBoii u
TpeTbeil KOOpPAHHATHRIX YeTBepTAX, npu kB < 0 — Bo BTOpOH M uyeTBEp-
TOH KOOPOMHATHBIX YeTBEPTHX.

37. ObpaTHoii NpPONOPIIMOHANBHOCTHIO HASKIBAETCH (QDYHKIIMA, KOTO-

2s k
PVIO MOXKHO 3a7aTh opMynoi BHOA Y = » Tle x — HesaBHCHMas nepe-
MeHHas, & — He paBHoe HyN0 4YHcho. ObGnacteio onpeneneHusi (PyHEK-

IIMHM SBJIAETCH MHOMKECTBO BCEX JeHCTBHTENBHBIX YHMCEJ, OTJIHYHBIX OT
HYJIA.

k
Ilpn k > 0 dysxknus y = — NPIHHMAET OTPUIIATENBHLIE 3HAYEHHH,
ecnu x < 0, ¥ DoNoMHTENbHBIE 3HAUEHHMsH, ecau x > 0.
k
Ilpu k < 0 QysEruMA y = — NPpUHUMAET NOJOKHTENbHEIE 3HAYEHHS,

ecn x < 0, 1 oTpHIATELHEIE 3HAYEHHHA, ecaH X > 0.

T'pahmr obpatHoil nponopumoHanbHocT — runepbona. Ilpu
k > 0 rpad®ur pacnofiodkeH B TePBOl M TpeTheil KOOPAHHATHEIX 4YeT-
BepTax, npu k < (0 — BO BTOpOH M 4YeTBEepPTOH KOOPIHHATHBIX YeTBEp-
THAX.

38. O6nacreio onpefeneHusi MYHKIHN J = X~ ABISAETCH MHOMKECTBO
BCEX AeicTBUTENBHRIX unces. PyHkuusa obpauaercsa B Hyae opu x = 0,
a npr x # 0 oDpuHHMAaeT NoNOXKUTENAbHEIE 3HaUeHHsa. ['paduk dyHKIHHK
y = x* — papa6osa. 3ToT rpadmK NPOXOAMT Yepe3 HAYANO KOOPAWHAT
M pacoojiodKeH B NepBoi M BTOPoil KoopAuMHATHRIX YyerBepTaAx. OH cum-
METPHYEH OTHOCHTENbHO OCH I.
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39. O6nacTei0 onpezeNieHus PYHKIMHM J = X° ABASETCS MHOMECTBO
BCEX [MeHCTBUTENIBHEIX uYHcesn. PyHKIHUA obOpamjaercss B HYIB IIPH
x = 0, npuHuMaeT OTpHUNATEJNLHbIE 3HAYeHHs, ecqu X < 0, ¥ nmoJo-

sKHTeNbHEIE 3HAYeHus, ecan x > 0. I'padux dyuxnum y = x° npoxoguT
yepes HAYAJNO KOOPAHHAT H PAacCIOJOMXeH B IepBOM H TPeTBEH Koop-
IOHMHATHBIX YeTBepTAX. OH CHMMeETpH4YeH OTHOCHTENHRHO HAYala Koop-
JHHAT.

40. Obnactes onpegenenus GYyHKIHH i = J; — MHOMKECTBO BCEX He-
OTPHIIATENBHBIX yucesn., Pyurmusa obpanjaerca B HydAep npu x = 0, opwu
x > 0 QyHKIHMA NPpUHUMAET MOJOMKHUTENbHEIE 3HaYeHusi. ['paduk dyHk-

IMH Y = /X DACHOJIOYKeH B MePBOil KOODAMHATHOH YeTBEepTH, OH Tpej-
crapndger coboil BeTBr napaboibl.

dencrBuTenbHbie Yucna.
NMpubGnuXXeHHbie BbIYUCNEHUNA

41. Ilennie 1 ApoOHEIE YHCIA COCTABIAIOT MHOMKECTBO PaIMOHANL-
HBIX yuces. BCAKOe palMOHANBHOE YHCI0 MOXHO NPeACTABUTH B BHJE

T
Apobu —, rae m — 1eJ0e YHCIO, 4 N — HATYPAJIbLHOE.

KakJioe panHOHAJNBHOe YHCIO MOXeT OBITBE NpeACTABIEHO B BHJIE
BecKOHEYHOH NecATHYHON nepuoandyeckoit apobu. Kampas GeckoHeuHnas
JecATHYHAA NepHOoAWYecKas Opobek NpeACTABJIAET HEKOTOpPOE pallMo-
HAJILHOE YHCJIO.

ITonoxuTenbHble GeCKOHEUHEIE NECATHYHBIC APOOHM, MPOTHBOIOJIOMK-
HEIE MM YHCIA B YMCI0 HYNB 00pasyioT MHOMKECTBO JeHCTBHTEJIbHEIX
qHCced,

Yucno, KOTOpOE MOXKHO TPEACTABATH B Bule OecKoHe4YHOt necs-
THYHOH Hemepumomgudeckoil Apobu, HASLIBAIOT WPPANMOHANLHBLIM YHC-
JIOM.

Kaxxpomy neiicTBHTEeNIEHOMY YHCIY COOTBETCTBYET TOYKAa HA KOOpPAH-
HATHOM OPAMOH, M KaXXAOH TOYKE HKOOPAMHATHOM NpAMOil COOTBET-
CTBYET HEKOTOpPOe NeiicTBHTENbHOe YHCIO.

42. CrapapTHRIM BHJOM 4YMclIa O HA3HIBAIOT ero 3anuMck B BHJE
a*10", roe 1 € a < 10 m n — menoe YUCIO, YACIO 7N HA3BIBAIOT MOPA-
KoM umcna. Hanpumep, 73 000 = 7,3 - 10%; 0,0026 = 2,6 - 1073,

43. AGconTHOH NOrpellHOCTEI0 OPHOJMHIKEeHHOrO 3HAYeHHHA YHCIa
HASBLIBAETCA MOAY/JIbL PA3HOCTH TOYHOrO M npubimixeHHOro aHaveHwuil.

Hanpumep, abconioTHAS NOrpeliHOCTE npubnnixenHoro 3Hauenus 0,3

1
qHcia 3 paBHa

1 1 3 1
|§‘0’3l_"§_ﬁ_§6'

Ecnu abcosmioTHAA NMOrPEIIHOCTE NPHGNHIKEHHONO 3HAYEHHA He IMpPeBOC-
XOAMT HEKOTOPOro YMcJa A, TO 5T0 3HAYEHHE HASLIBAIOT NPHOIHMKEHHBLIM

CeeneHua u3 kypca anrebpel 7—8 knaccos | g
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sHavyeHHeM ¢ To4HOcThIO A0 h. Hanpumep, 1,41 seiasercs npuOIHIKeH-
HEIM 3HaYeHHEeM +2 ¢ TouHocTeio o 0,01.

Eenu umcsio x paBHO @ € TOYHOCTBIO mo A, To mumyT: X =axt h,
Ilpnr 3ToM ymcno h obbiyHO GepyT ¢ OAHON WK ABYMS 3HAYAIIMMM ITUd-

pamu. Haopumep, V3 = 1,73 + 0,01.

44. OTHOCHTENEHOH NOrpeIIHOCTEI NpHUONMIKEHHOro 3HAYEHHS Ha-
3eIBAaETCH OTHOINeHHe AGCONIOTHOH NOrpeIllHOCTH K MOV HpHOIH-
EHHOTO 3HAYEHUH.

OTHOCHTEJIBHYIO NOTrPelIHOCTE OOBIYHO BEIPAYKAIOT B NPOIEHTAaX.
Hanpumep, npm okpyrieHsn apobu 25,4 A0 efUHMI] NONYVYaeTCH OPH-
OamsxenHoe 3HadeHume 25. Ero oTHocHTeNBHAS NOrPEIIHOCTH PABHA

|25.4 25 0,4
25 25

= 0,016 = 1,6%.

InemMeHTbl CTAaTUCTUKN

45. CpegHee apmdMeTHuUecKoe, MOJa, MeJHAHA, PA3MAax, cpeiHee
rapMOHHMYECKOEe — CTATHCTHYECKHE XapPaKTEePHUCTHKH.

CpeguumM apudMeTHUYECKHM PAJIA YMces] HAshIBAeTCA YacTHOE OT Je-
JIEHHA CYMMBI S3THX YHCEJ Ha YHCJIO0 claraeMbIX.

Mopoii psana HASEIBAETCHA YHCIO, KOTOPOE BCTPEYAETCH B PHALY dalle
Apyrux. Pag moer uMeTs Gollee ogHOM MOAbI, & MOXKET HE MMeThH MO-
Ikl COBCEM.

MeanaHoif yODOPAAZOYEHHOTO DsAAA YHCEN ¢ HEYEeTHBIM YHCJIOM d4Jje-
HOB HAZBIBAETCH YWMCJIO, 3ANMCAHHOE MOcepeAMHe, a MeauaHoH ynops-
AOYEHHOro PAfa YMCEJ ¢ YeTHBIM YHCIOM YJI€HOB HASLIBAGTCH CcpefHee
apudMeTHYECKOE ABYX YHCell, SallMCAHHEIX MOCEepemHHe.

Hanpumep, MeguaHa paga 4ymcel

17, 21, 27, 29, 32, 37, 41
paBHa 29, a MegHaHA pAOA UHMCEN
28, 43, 54, 56, 58, 62

paBHa 5H5.

MenuaHoil NPOM3BOJILHOIO PAJA UYMCE) HA3BIBAETCHA MeJAHaHA COOT-
BETCTBYIOILIETO VIOPAN0UEHHOTO PHAAA.

PasMaxoM psa YMcesl HAaSBIBAETCA PASHOCTH MeXKY HaubONBIDHM M
HAMMEHBIINM H3 3THX 4YHCe.

CpeinuM rapMOHHYECKHMM PAAA MOJOMKHUTENbHBIX YHCENT &), Qg .,

2, HA3BIBAETCHA YHCIO &., KOTOpO€ BhIMHCIAETCH MO dopmyne

a o n
R T
a a o a,

46. Bes MaydyaeMas COBOKYIHOCTE JaHHBIX HASLIBAETCH IeHepasbHOH
COBOKYIOHOCTBIO. B cayuasx, KOrJa CJO0MKHO WM [aXKe HeBO3MOXKHO

Ceepnenus 13 kypca anrebpol 7—8 knaccos



MpPOBECTH CILIOITHOE HCCIeNOBAHWE IN'eHEepPAJILHOH COBOKYINHOCTH, COCTAB-
nfaeTcA BbIGOPOUYHAs COBOKYHOHOCTE (BeIDODKA), KOTOpas INOABEPraercs
uccenegopannio. [Ipu atom BeIOOpKa AoJKHA OGEITE pernpeseHTaTHBHOM
(npepcTaBuTENBEHOI), T. €. DOCTATOYHOH Mo obbemy M oTpakarleil xa-
paxkTepHhle 0CODEHHOCTH HCCIeAyeMOll MeHepasibHOI COBOKYIMTHOCTH.

47. Ina obobuieHnnsi ¥ CHCTEMATHIAIIHM JAHHLIX, NMOJYYEeHHEIX B pe-
BYNBTATE MCCIENOBAHMS, MHOTIA MX OO0 KaKomMy-JIR00O npHu3HaKy pasbmn-
BAIOT HA TFPYOOBI M Pe3YJIBTATHI IPYNIHMPOBKH HPEACTABISAIOT B BHJE
TﬂﬁJIH'HH HAcTOT HJIH OTHOCHTEJIBEHBIX YACTOT.

Ecnu B paay uwucen umeercs GONBINOE YHCIO JAHHBIX M OIWHAKO-
Bble JIaHHBIE BCTPEYAIOTCH PEKO, TO JUIs AHANH3a AaHHKX o0pasyioT
MHTEPBAJBHBIN psJl, VEasblBasg 8 KaMOA0oro MHTEpPBaJa COOTBETCTBYIO-
IIYED 4acTOTy MJIHM OTHOCHTEJBHYIO YacTOTy.

48. [InA HarnAgHOTO HOPEACTABJIEHHS MAHHEIX, NOJYYEHHBEIX B pe-
SYNBTATE CTATHCTHYECKOINO HCCIEIOBAHMA, HCIOAB3VIOT CcTONOUATBIE H
KPYIoBble AMATMDAMMBI, HOJHIOHBI M FHCTOTPAMMAI.

CeepeHusa ua kypca anrebpel 7—8 knaccos
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NPEAMETHbLIV YKA3ATEJb

Apryment 3
Acumnorora 57

BepoatHocTh cobbrrun 192
Bepmuua napabonwr 32

I'padux ypaBHenus c asymsa ne-
pemennbimu 104
— Gyarnun 4

JHCKPUMMHAHT KBAZPATHOrC
Tpexunena 21

3HaMeHATENE reoMeTPHYEeCKOM
nporpeccun 154

Ksanpatueni tpexunen 20
KombunaTopHoe npaBmiIo YMHO-
senma 173

Kopenb KBaJpaTHOroO Tpexuiie-
ua 20

— n-i creneHu 51

— — — apupmervdueckuil 53

Meton muTepBagos 89
— MATEeMATHYECKOH MHAVK-
unu 164

Obnacte aHavenni GyHxuumn 3
— oupejieieHus QPyHEIHH 3
OTHocUTENBHASA 4YACTOTA CIyYaii-
Horo cobwiTusa 188

Ilepecranosku 176
IlocnenosarensHocts 138
IIporpeccuna apudmernueckan 140
— reomerpuueckasi 153
IIpoMesxyTKM 3HAKOMOCTOAHCT-
Ba 13

MpeameTHbld yKasarenb

Pazmeiwnenna 180

Passocte apudmeTHUECKOH mnpo-
rpeccun 142

PexkyppenTnasa dopmyna 139

CobriTua noctoBepnsie 195

— HeBOaMOiKHEIe 195

— HesaBucumeie 203

— HecoBMecTHeIe 199

— paBHOBO3MOM(HBIe 191

— caydaiiaeie 187

Coueranua 183

Crenenr ypaBHeHMA ¢ OOHOH me-
pemeHHoit T3

— —— € HECKOJbKHMH [IepeMeH-
BeiMa 103

YpasHenun OuUKBaJgpaTHEIE 75
— BO3BpaTHBIe 96

— apobHbie panuoOHANBHEIE T8
— pennle 72

Dopmyna n-ro uieHa apudpmers-
JyecKoH nporpeccuu 142

— — — reoMeTpHYecKoil nOpo-
rpeccun 154

— CYMMBLI TEPBBIX 71 YJIEHOB
aputhmeTuueckoit mporpeccun 148
————— reoMeTpHUYeCcKoil
oporpeccau 160

DyHKIHA Bosdpacrawou@asa 13

— npapobHo-nuHeliHaa 57

— KBagpaTHYHAA 28

— cTeneHHAfd ¢ HATYPalbHEIM
nokazarenem 46

— yOniBalonas 413

Uuecna Oubonavyun 140
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15 0) e
4+b _2y+1 +6
2) —55 I o= A) 5555 © —g- 85.@) —0,3; —0,93; —0,998; 6) &;
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U (8; +m); 6} (—16: 11)1 B)[ 1; 3): T) {—le 4) U [67 +°°)1 ) (-lﬁ 2]’
e) (—o0; —1,5) U [0,2; +o0). 394, a) (—4; 18); 6) (—o0; —2) U (0; +0);

o) -0 -gj v [ﬁ; +oo); r) [-12,4; -8).
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I'nasa III

4038. a) [Tapa npsMeix x =5 u y = —6; 6) mapa nNpaMBIX x = -2 u
x = 4; B) Touka (0; 1); r) OKpYKHOCTE ¢ LEHTpOM B Touke (5; —2) u
pagmycom 1. 404.a) x* + y? =9; 6) x* + ¥ = 25; B) x* + y* = 64.
405.&)(x—2)2+{g+5}2=25; 6) (x — 2)* + (y + 5)° = 169; B) (x - 2)* +
+(y + 57 =2, 408 Hpn m> 0. 409, a}l'IpH r=17; 6) opa r= 5.
A11.a) £5 1) C1-2) (1 2), (2 1) 6) 2 ~1), (-2 1), (2 -1),
(2; 1). 412. a) [—D 24 0}; 6) (—o°; —13) U (13; +00], r-}( -2; 12); Dy —
noboe uwmeno. 413. a) (5; 2); 6)[ -0,75; —4,25). 414, a) (9; -7,5);
6) (30; —25). 425.Ilpn b = 3. 426. Hpn a>0. 428.16 u 18 ®M/u,
429. a) (5; 2), (2; —1); 6) (—4; —5), (6; 5); B) (1; —5), (4; 2). I‘) (4 3),
(13; —4). 430. a) (10; —7), (-3; 6); 6) (-1; 0), (-2; -1); )s
(2; 10); r) (2; 2), (1; 3). 431. a) (2; -1), (1; —-2); 6)(1 5; 1) (1; 1 s9):

B) (-1; 0), (0; —1); r) [5%: 3%)- 432. ) (105 -2), (-2; 10); 0) (2; 1,2),
(-1,2; =2); B) (3; -1); r) (-1; -2), (-2; —1). 433.a) (—%; ';] (1; 4);

6) (2%; _%] (2: ;) B) (—32; —18), (-10; 4); r) (-1; 2), (lg; %)'

ﬂ) (8; 6): ( 8! 6)‘: E) {4; G]! {12; 16)- 434. a) (_3; _1)v {515; 097):
6) (3; —5), (5,5; 5); B) (-6; -9), (8; 4,5); r) (1,5; —2,5), (2,5; —1,5);

1) (0; 2,5), (-2; 1,5) €) (-3; 1;,( 018 ) 435,00 2, = -2,y - -

x, = ﬂ, Yo = -"?2-; 6) u, =-3,5, v,=2,5; uy,=3,5, v,=-2,5.
436.4) x, = =5, y, = 4; X, =23, y, = Ta; 6) p, =6, ¢, = 2; p, =8B,
t,=-1%. 437. a) (-14; ~13), (12; 13); 6) (-2; ~13), (4; 7). 438. a) (-2; -3),
(2; 3); 6) (2; 1), (2; 5), (3; 1), (3; 5). 439. (—2; 0), (4; 6). 440. a) (0; —4),
(4; 0); 6) (1; 2), (“11' 3-1—). 441. a) (-3: -2), (3; 1); 6) (3; —5), (5; -8).
442. 8) x, = -2, y, = 1; 3= 2, y=-1; 6) u, = -2, v, = 3; u, = -3,
v, = 3,5. 443. a) (15; 10), (2; -8); 6) (12; —6), (2: 4); B) (-%; 2);

(g;_-;-]; r)(——l; -1%], (6; 2). 444. a) [2%; 1%] (6; 4); 6) (-2; 0),

(1,8; 11,4). 445. (3; —1). 447. a) (—/6: V6), (/6; —/6); 6) (-5; —4), (5; 4).
448, a) (—4; -1), (-4; 1), (4; -1), (4; 1); 6) (-6; —5), (=6; 5), (6; —5),
(6; 5); B) (—7; —9), (8; 6). 449. a) (0; 6); 6) (-4; 0). 450.IIpu k=2
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u upr k=-2. 451.(5,4; 10,8). 453. a)( 13’ +m) 6) (—oo; %)

454. a) (—14; 12); 6) (—é; -;-] B) (—o°; —14) U (1,5; +0); r) (-25; 1,2).

455.5 u 7. 456.3 u —4 viau 4 u —3. 457.6 u 8 cm. 458. 24 u 10 cm.
459. 60 u 40 m. 460. 210 cn®. 461.4,8 n 3,6 xkm/u. 462.0,16 u
0,12 m/c. 463.6 u 5 cm. 464.8 uu 6 cm. 465.5 u 12 cm. 466. 10 u
6 u. 467.60 u 84 u, 468.8 u 12 uy. 469. 5000 p.; 8% roxosbx.
470.5 gv®. 471.1 u 1,2 kr. 472.4 u 5 kM/u. 473.4 u 5 Km/u.
474.60 u 40 wm/9. 475.1,2 u 1,4 r/em®. 476. 40 cv® onosa u 60 cm®
megn. 477. 200 r; 20%. 479. a) (—1,5; 0,5); 6) (-0,7; 4,1), (1,2; —1,6).
480. a) (1; 1), (4; 7); 6) (6; 8), (8; 6). 481. a) (0; 6); 6) (—oo; —8) U
U [0; +o0); B) [-2; 2); 1) (-5 —6) U (V/6; +o0). 489. a) Touxa (8; 2);
6) MHOKECTBO TOYEK, MpHHAIexKanmX napabose y = (x — 2)° + 1, u Touek,
pacnosioseHHBIX Hike ee. 490.a) (x — 2)° + ¥ < 9; 6) x° + (v — 4) > 4.
492, a) MuokecTBOM pelreHH# sABnfgerca obbegHHeHHe NepBOH H
TpeTheil dYeTBepTeil KOODAMHATHOH IJOCKOCTH, BKJIIOYAA OCH
KOOpAMHAT; §) MHOMXeCTBOM pelleHHil ABJseTcH ob0beguHEHHe BTOPOH H
YeTBEPTOH deTBepTell KOOPJAHHATHOH IIJOCKOCTH, KpOme ocel

x>0, [x<0,
(0; —-2). 499. a){ Gl{ygo.

501. a) IIpaMoyroabHbII TPeYroJdbLHHK; 6,25 en.?%; 6) npaMo-

y <1,6x + 3, 2
yroapuuk; 12 ex.’. 502.a){y <-15x+ 3, 6) {xz 2 y2 2o
<
503. {y *' 504.a) —7; —6; 6) —4; 12. 505.[5; 15). 507. a) (—4; -2),

4; 2), {1,5J6; -0,5/6), (-1,56; osﬁ)- 6) (-3; -1), (3; 1), (1; 3).
508..) (-2; -2), (2 2), (L1502, 200 ), (120, 20 0 ) ) 5, -y,
(5: 1). 509. a) (—2; -3), (2; 3); 6) (0; 0), (~1; 0,4). 510. a) (0; 0), [% 35 ]’
[_1+Jﬁ_ 14 Jﬁ'}'] (—1 + B -1+ \HJ

(1,5; 0,75); 6) (—9; 3), B ' 1D 10

511.a) (-4; -3), (4;3); 6)(-2;5). (2;-5), (-5;-2), (5;2).
512. a) (—2; —1), (2; 1); 6) (—1,75; 2,25), (1,75; —2,25). 513. a) (—3; —4),
(—4; —3), (35 4), (4; 3); 6) (5; 1), (1; 5). 514. a) (1; 2), (2; 1); 6) (=2; —3),

(-3; -2), (2-7; 2+ 7), (2+7; 2 - V7). 515.8) (4; -1), (-4; 1),
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058, (058 ©@-. (&, (%-3)(-53)

518. a) x* — y* = 25; 6) y* + x%* — 9x® - 138y® + 36 = 0; B) 2’y + xy® -
—xy—6x* -6y +6=0.521.8)[Ipna=-2umpua=6; 6) mpu a="7:
Bjupu a=-2;r)npua=1- 23 n npua=1+ 2\"5. 522. a) (-3; —-2),
(—3; 2), (3; —2), (3; 2); 6) (—3; —1), (-3; 1), (3; —-1), (3; 1). 526. a) IIpun
m=—qfﬁ U nOpH m——-\fﬁ; 6) npu —/10 {m<\."1_ﬁ. 527. a) (5; —2),

[“2; %), 6) (0; —1), (3; 5); B) (65 —1), (3; 5); r) (6; 2), (11; 7); n) (4; 1);

e) (-1,25; 0,75), (—5; —3). 528. a) (4; 0), (0; —4); 6) (2; 3), (—2; —1);
B) (0; —5), (5,5; 6); r) (5; —4), (-0,5; 1,5). 529. a) (—6; 2), (6; —2),
(-2; 6), (2;-6); 0)(-10;-8), (-10;8), (10;-8), (10; 8).

530. a) (0; —5), (1; —4); 6) (% 1), (—%; —1}. 531. a) (—3; —4); 6) perenuix

HeT. 532—&)[%—: —33—]. (1; 1); 6) (723 V2), (-7+2; V2), (7425 -2),

(-742; —\R);  B)(3; 4), (3;-4), (0; 5); r)(VB1;-1), (—/51; -1).
533. a) (1,5; -2), (10; 15); ©6) (70; —28), (4; 5); B) (6; 8), (8; 6);
r) (0.8; -1,2), (6; 4). 536.a) (-4; -3), (-4;2), (3;-3), (3;2);
6) (3 - 3v/2; 3 + 342), (3 + 3v2; 3 — 342), (2; 4), (4 2); B) (2; 3), (3; 2);
r) (-3; -2), (~1; —4), (4; 5), (6; 3). 587.a = -2, b=2 wm a = —5, b = 6.
538,18 1 12. 539. 60 u 20 wam 25 u 37,5. 540. 10 u 0 unu 26 u 24.
541. 36. 542. 2 s 5. 543.5. 544.9 u 12 cm. 545.6 4. 546.12 u 8 u.
547. 40 u 50 xm/uy. 548. 40 » 50 KM/4. 549. 6 u 4 km/4u. 558. a) Kpyr
¢ HeHTpoM B Touke (2; 4) ¥ paguycom Jﬁ; 0) MHOXXeCTBO TOYEK KOOp-

JAHHATHOH IIJIOCKOCTH, PACHOJOMKEHHBIX BbIle mapabosk: y = —(x — 3)%+ 5.
555. a) O6beauHeHHe ABYX NPAMBIX YIJIOB, 00pA30BAHHBIX NPAMBLIMHI
x=1u y=1 u comepamux touku (2; 2) u (0; 0). 559. a) O6%-
efuHeHue OBYX obnacreit A u B, rge A — BepxHAS NOJVILIOCKOCTh
(y 2 0), ua KoTopoit ucKkMIOYeH NoAYKpyr (x° + y* € 1), B — nonyxpyr,
PACTIONOMEHHEIH HHXe oCcH X.

-

I'naga IV
566. a) 65; 6) 230; B) 5150. 567. a, = —20, a, = ~18, a, = -14, a, = -8.

571. x = 3, y = 6. 572. a) +/1,5; 6) +./4,5. 573. a) [-T; 6]; 6) (—11; —4) U
U (1; +o0). 578. a) 4; 6) 3. 581. 28 m. 582, 60 xm/u. 583. 7,5 u 15 cm.
584. a) 12; 6) 100. 585. a) 3; 6) —3,5. 586. a) 1,5; 6) 0,8. 589. a) ¢, = 21,
d=1,5; 6)c, =38, d=-2. 590. x, = -100, d = 6,2. 591. a) [a;
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©0) wer. 592, a) Het; 6) na. 593. a) Jlna mepBRIX TPHUIIIATH YJIEHOB;
6) nnsa Bcex 4JIeHOB, HAYMHAR C TPUJALATH nepBoro. 594. a,, — nepseii

MONOMHUTENbHLIH 9leH, a,, = 0,5. 599. (2; —4), (-0,5; 3,5). 600. a) 0;
-8; 4; 6) 10. 602. a) 5; 6) 10 000; B) —312-; r) 3. 605. a) 63; 6) 86,4.
606. 6) S;, = 2700, S100 = 10 400, S, =(n+ 4)n. 607. 670.

608. a) n(n + 1); 6) n®. 609.a) 11 325; 6) 7070; B) 11 400; r) 1197.
610. 1192. 611. 275. 612. 55. 613. 199,5. 614, 125 ~m. 616. 15 psnos;
465 mapos. 617. 10. 618. 12, 619.a, = 0,8, d = 1,2. 620. a) HeT;

6) na. 621, a) (%; 1), (—%: —1], [1; %) (-1; —%); 6) (2; 5), (2; —5), (—2; 5),
3

(-2;-5). 625.2) 1; 6)—12; 5) -32; 1) —&. 626.2) .+ 6) 2. 620. 13, o

630. 2) o7 6) 155- 631. ) 3 wm —3; 6) 0,4 wmm —~0,4. 632. a) 1000; 6) 3

mma ~3. 633. 8) 5 mm —5; 6) —162; 1) ~0,001 wm 0,001. 685.a = 1,

- % 636. 96. 643. 3, 7, 11 wum 12, 7, 2. 644. 2, 5, 8. 645. (5,5; —0,5).
646. a) (—2; —2] U [8,5; +20); 6) (—o0; 0) U (2,5; +°); B) (~2,5; 4].
649. 6) 147%; B) —63. 650. a) -39 364; 6) 171. 653. a) 205,9; ©) 25%.

654. a) 134%; 6) —274,5. 655. -364. 656. 2186. 657. 5. 659. a) 35; 6) :.
660. a) (—oc; 0] U [1,5; +0); 6) (—o0; +o0). 673. a) a, = —34, a, = -26,5,
a,=-4; 6) @a,=-10,6, az3=-6,5, a;=-2,5, a4=-0,5
677.a) 20 — 2+/3; 6) 443 - 7. 678. a) 15; 6) 15. 679. a) [la; 6) za.

680. a) %; 6) —%. 683. a) —0,1; 6) 0. 684. a) 101—52; 0) 55+/3. 685. a) 5000;

6) -780. 687.a) a, = 6,8, S, = 55,2; 6) n = 20, a, = 60; B) a, = 0,5,

n=100 wm a, =0, n =101; r)d = -1, n = 30. 688. x, = -3,5, d = 0,5.
n — n® n+n

692.2) 11; 6) 3. 693.-75. 694.a) x ? ;6)x ° . 695.a) 46,2; 6) —45,5.

696. 1600. 697. a) 840; 6) —51,6. 699. Ia; x, = 1. 700. a) [la; 6) =erT;

B) Her; r) mHer. 705. a) flg'; 6) 12.6. 710. a) x, =27, x, = %: 6)g=2,

n=4; n)n=6,xn-—ﬁ—14; r}x1=2J§. n=>5, 711.¢q =5, x, = 3.
712. 176.

I'nasa V

715. 10 papuanToB. 716. 12 crocobos. 721. 36 napruii. 722. 132 urpsi.
723. 28 pyxonomxaruii. 724, 552 gororpadun. 725. Xsatut. 726. 12 coo-
cobamu. 727. 80 cnnocobamu. 728. 180 koctiomo. 729.a) 1; 6) —1.
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730. a) (_m; 1%); 6) [—oo; %} 732. 24 cnocobamu. 733. 5040 mMapuipy-

ToB. 734. 362 880 conocobamu. 7356. 119 eripaxkenuii. 736. 6 BapuaHTOB,
737.a) 720; 6) 600. 738.a) 6; 6) 6. 739.384. 740.a) 12; 6) 18.
741. a) 720; 6) 120; B) 1440. 742, 240 cocobamu., 743. 6 nmepecrano-
BOK. 744. 4 838 400 cnocobamu. 745. 3 628 800 crnocobamu; 14 400 cro-

cobamu. 748. a) 15; 6) %; B) 1722; r) 40; n) 31,5; e) 330. 749. a) 1320;
6) 182; B) 15; r) 630; n) %; e) 5. 750. a) Ilepeoe npouseenenue GoJabiie

B 5 paa. 751. a) 22212. 6) —ab. 752. a) (—o0; —0,4); 6) [3: 8]. 754. 24 cro-

cobamu. 755. 870 cnocoﬁamn. 756. 840 crmocobamu. 757. 11 880 cnoo-
cobamu. 758. 30 240 cnocobammu. 759. 27 907 200 cmocobamu.
760. a) 30 cnocobamu; 6) 360 cnocobamu; B) T20 cmmocobamu.
761. 7 893 600 cmocobamu. 762. a) 120; 6) 96. 763. 544 320 momepos.
764. a) 24; 6) 12. 765. a) (-2,25; 2,75); 6) [-1,4; —0,6). 766.a) x = 1,

y=4; 6) x=1,5, y=1. 767. a) 28; 6) 220; B) —2—. 768. 21 cnocobom.

769. 56 crocobamu. 770. 210 conocobamu. T71. 28 OPAMBIX.
772. a) 210 ciocobamu; 6) 252 cmocobamu. T73. a) 55 crocobamu;
6) 165 cmocobamu. 774. 4950 conocobamu, 775. 720 cnocobamu.
776. a) 120; 6) 24. 777. 2880 cnocobamu. Ykasaummue. Pg- P,

778. a) 10 cnocobamn; 6) 120 cnocobamm; B) 45 coocobammu.
779. a) 1820 cnocobamu; 6) 43 680 cnocobamu. 780. 14 400 coocobanm.

Vkasanue. A%Z-A). 781.28 yuamuxca. 782.15 Typucros.
784. a) (—2; 2,5); 6) (—oo; +o0). 785. a) x, = 15, y, = -16; x, = 16,
y, = 15; 6) x;, =4, y,=-7;, x,=8, y, =1. 786. a) 0,04; 6) 229.

787.0,012. 788.%3. 794. Henpas. 795.=77. 796.a) (~o0; +);
[-42; +o0); 6) (~00; 0); (0; +09). T97. a) (~o0; 0) U (0,8; +0; 6) [~ 5; ]
B) (—oo; -21) U (2,5; +0). 798.0,08. 799. a) 3; 6) 3. 800.3:. 80L. o5

802. ;. 803.V Angpes. 804. . 805.%:. 806. 5. 808.0 < p(A) <1,

0<pB)<1, 0<p(C)<1, p(D}—ﬂ 809.0,8. 810. 195"'0139- Ykasa-

M 811. 22 g12. 2. 813.a) 1; 6) 2. 814. .. 815. .. 816. 0.4
o 33 33 6' 8" 9' el
817. b. 818. Hepecexam’ma B Toukax (0; 0) u (8; 80). 819.a) -8; 7

6) 8. 820.a) 3; 6) 15; B )5 821. a;omsz 5}0008- ) 0,02. 822. -1
823. 3. 824.0,0012. 825. 5. 826. 1) 2o; 6) oy- 827. 5. 828.0,95. 829.5
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26
830. 53 Yrasamue. IlogcuuTaTh BEPOATHOCTE TOIO, 4YTO HAHHOE

cobuITHe He npowuaoiizer. 831. 900 uucen. 834. 12 uuncen. 835. a) 6 uu-
cen; 6) 12 yucen. 837.a) n = 5; 6) n = 10; B) n = 15. 838. a) 24 ynucna.
Vikasanue. 2+ A% 6) 24 uucna, Ykasanue. 4+ P,. 840.a) n = 6;
6) n = 5. 841. a) 276 criocobamu; 6) 552 coocobamu. 842. 63 BapuanTa.
Yrasanue. Cg+ Cs + Ci + Cs + Ci + C%. 843. 6 womana. 844. a) 3024
crocobamu; 6) 504 cnocobamu. 845. 8 Touek. 846. 7 866 000 coocobos.
YKasaunmue. Cgﬁ : Cgﬂ £ C{a. 847. 9 trypucros. 848. a) 495 cnocobanu;
6) 792 crmocobamu. 849. 560 conocobamu. 850. a) 1 umcno; 0) 3 uymcia:

B) 10 uncen. 851. a) 14 umcern; 6) 16 uncen. 852. a) 5,8; 6) 8; ») 5.
853.6. 854.n =7 unu n = 8. 855.a)10; 6)11; =B) 19; r) 31.
856.2) 0,4 > 0,2; 6) 0,4 >0,1. 857.a) 7. B858.a) 55; 6) 353 B) 5.

859. 1) z; 6) 5p. 860.0,81. 861. 3. 862. 5. 863. 5. 864. 5. 865. 8) oos
6) 355 B) 735+ 866.a) 35 6) 3. 867.2. 868.>. 869.0,26. B70. ;.
871. 0,00001. 872. a) ﬁ; 6) %; B) %; r) % 873. lllanchl OAMHAKOBLI.
874. a) §; 6) 5

¥rpaskHeHMA A NMOBTOpeHMA Kypca 7—9 knaccos

875. a) —10; 6) %; B) —34; r) ——1%. 877. a) 7800 p.; 6) cuusunacey Ha 22%.
878.16%. 879.a) 30%; 6) 20%. 880.12,5%. 881.a) 8820 p.;
6) 10 920 p. 882.a) 104/2; 6) §J§; B) 3; r) 14. 883. 73 — 364/6.

886.2) -2; 6) 1. 887.a) 4857; 6) -2627. 888. 46. 889. 18. 8Y0. —32.
891. 42]. 892. a) 380; 6) 735 ®) 50; r) 252; z) 220. 898. &) 57 <105

6) 1or > 10°. 894. a) 120; 6) 96. 895. 24. 896. 5) 495; 6) 11 880. 897. 3360.

1, 4 1. 1. 4, b 1 i S 3, 2
898. z; 5. 899.a) 5; 6) 5; B) 5; 1) . 900. s, 901.2) 155 6) 7 B) -
" g P fim a 2::—-3_ m-1

903. 2) 2; 6) 15,1; B) —2; r) —1,5. 908. %) —5 5 8) 5o ps B) ryp-

: 1 i 10, sl o e

909.a) 4; 6) 3. 910. a) = 6]9_y2, B) —5;: TI) P P

4b® — 1687 ax p-5 2n - 8m x-T

911. a) = 1 0) A L B) TR r) 2 Sl 912.a) ——;
3 2 2

¥4y b, - 10 - 2m. a —3a+9' 2

6) 5% B) 355 T) 65¢ — 65. 913. a) m_3,6)ﬂ2_56+6, B) i

265



x2+y2 a® - 3a - 3

1 - = R T
r)a 914.ﬁ)|+3 G)yz xz! B] )a+3 +2’E]1 9)912+3I+1'
ﬁ

2
915. a) 30; 6) 4,25. 917. a) 2x%y%; 6) b n) m. £ 2 55 918.2) 9;

6) 33%; B) 15; r) 2,5. 921. a) 2./2x: 6)@-2. B)4J:T s 1) xvx — g fy.
. ~\xy +y Ve .
922. B) Ja - 1; r)J—+1, ;1)—7-—— ) =g 925.a) 4.5

6) x — moboe umcno; B) —1; r) kopHeil Her. 926. 6,4 kv, 927. 360 KM,
028.4 1 12 km/u. 929.9, 6, 16 1 15. 930. 450 r. 933.a) m < 2,5;

6jm3-2 B) npu nwbom m; r)m<-—4 uau m=24. 934.a) k< - lg'

6) k> E; B) —2\5 <k< 24‘5; r) Takux sHadenuit k mer. 935. a) 0; -3;

5)1*’“’, B) §; 7; 1) 13; 3; 1) —182; —1; €) —20; 2. 936. 110 m. 937. 25.
938. 14. 939. 240 M. 940.2a) —1; a) 1 3; r)—14; 1; n) 1; 2; e) —5;
x) —13; a) —1; +. 941.15 1 10 w. 942.60 u 80 xn/u. 943. 15 xm/u.
944. 2 gm/u. 945, 20 km/u. 946. 10 .i:l;{-':TaJIeif'I 947 25 cTpaHmuL.
948. 70 km/4u. 949. 12 kv/u. 951. a) +3; +2; 6) 25; B) +V5; ) 1.
952. a) 0,6; 0,3; 6) 0; —1. 958. a) 0; +4; 6) 0; +1; B) o. r) 0: 2,5; x) -8;
0; 2; €) —3; 0; 2; %) -1; 13; 3) 5. 954.8) 2; 6) ~0,1; 8) 0,3; 1) +2/3;

m —1; e) +V2. 957. a) (4; —1); 6) (2,45; 0,37); B) (15; 25); ) (0,32; —0,86).

958. a) (1; 2); 6) (13; 8). 960. a) 5; 6) 3; B) /34. 963.a) 5x + y = 30;
6) Tx + 4y = 26. 966. 60 u 40 pgeramneii. 967. B0 u 50 gkm/u. 968. 48 u
65 n/ra. 969. 60 u 20 xm/u. 970. B ortnHomenun 2 : 3. 971. B otHo-
wenny 3 : 1. 973. a) (—2; —4), (4; 8); 6) (5; 3); B) (1; 4), (4; 1); r) (3; —1),

30 0 O 4, (25:133) o (5 2, (55 -13). 97420 (15 ), (55 1

6) (3; -2), [_zg; 14); B) (=3; =5), (=5; —3), (3; 5), (5; 3); 1) (~4; —2),

(4; 2). 976. IIpu ¢ = —8. 977. Ilepeceratorcs B Touke (1; 4). 978, Ilpu
a=1 979.2 980.2. 981.9 u 40 cv. 982. 11 u 8 cw. 983. 15 u 30 ameit.
984. 3 u 6 gmeii. 986.a, = 10, d = 10. 987. —2. 989. 7,2. 990. -25.

991. 80. 992. a) = 128’ 6) 5 ] naA ——J-_- 993. 5=. 994. 31,5. 995. 16,5.

996. 635. 997. 18; 12; 8. 998. 45. 1001. a) m>—-4; 6) x> -1,2;
B)a<l6; rb=4; n)x<0,1; ejm>-4; x)y<10; 3)a< -0,5.
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1002.8) x< 3; 6) a>-1,5; B) y>0,16; r) m;?f)%; 0 a>11;
e) y < —0,4. 1003. a) ITpu > —62; 6) mipu b < —0,76. 1004, a) (—oo; 2,5);

6) [—%; +oo]; B) [-m;%); r) (—=<; —0,8). 1005. a) (1; 3); 6) penrennit

HET; B) [—oo; %); r) pemenuii Her. 1006. a) (—3; 0); 6) pemennii Her.

100%. a) (—5,56; 1); 6) (4; +c9); B) (—29; 3); r) peuieHHH HeT.
1008, a) —3; -2, -1; 0; 6)2; 3; 4; 5; 6; 7. 1009. a) (-3; 6);
6) [-27; 7], B) [6; 8); r) [-0,56; 1,2]. 1010. a) ITpu 0 < x < 5; 6) ipu

-17 € x € 13. 1011. a) (-5; 3); 6) (—m; %} U [2; 4+c0); B) (—o0; —3] U

U [1;1 +°C') r) (—1; 1,5); n)[-0,5; 0,5]; e) (—o0; —1,2) U (0; +o0);

%) (—o0; —0,2) U (0,2; +o0); 3) (—o0; 0) U (0,8; +o0). 1012. a) (—o0; —1) U
U (4; +0); 6) (—o0; +o0); B) (—13; —1); r) (—4; 7). 1014. a) [- 1; 25],
6) (—oc; 2] U [8; 45], B) 3; 1) [0; +00). 1015.a) 1; 2; 3; 5; 6; ©6) 2

4. 1016. a) ITpu x 5. 6) ipu x<5; B)upu —3 € x< 5; r) npu x€—2

ux=21,5; n)upu 0,6 £ x<2,4; e)opu x = 5%. 1017. a) x — mnwoboe

yueno; x # 2,5; x 2 2,56; 6) x — mwboe uncio; x#* -4 u x# 0,5; x < —4
u x> 0,5; B) x — moboe uncino; x — jwoboe uncao, x — mwboe YHCHO,
1029. a) ¥oriBaeT B mpomexyTKe (—o0; —2,5] H BO3paCTaeT B IpoMe-

wyTke [—2,5; +c0); 6) BospacTaeT B IpPOMEMKYTKe (—oc:; llu yOLIBEET B

6

TIPOMeKYTEe [%; +oc]; B) vOBIBEET B TPOMEKYTKE (~00; -%] H BO3-

pactaer B IPOMEXKYTHEe [ I +oo) r) BospacTaeT B IPOMEIKVTKE
(—o0; 0,3] m yOeBaer B mnpomexyTke [0,3; +00). 1032. a) (2; —-7);

0) (2; —16), (8; —34); B) (—1; —7), (1; =5); r) (-3; 33). 1033.a) y = —2x — 4
B)y=-2x+4; B)y = 2x + 4.

3anauM NMOBBIIEHHOH TPYIHOCTH
1036. -2; —1; —0,5; 1; 2. 1039. IIpu a = 1. 1042. (2; 0), (4; 0).
1043. Mpu a = 3; (1,5; —5,25). 1045. IIpn m < —5. 1046. [al- 1].

2* 2
1047. *3;"?’, _3:“{5 wan s—jﬁ ﬁ 1048. a = 1.5 wan a = -2,5.

1049. IIpu me= (—1; 3). 1050. IIpu a < 1. 1051. (13; —15), (6; —1).
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1052. a) (—7; —10), (10; 7); 6) (2; 3), (3; 2). 10563. (0; 0), (2; 3), (3; 2),

(-2; —-3), (=3; -2), (7; -7, (75 V7). (-V19; V19), (V19; -V19).

1054. (1 +v3; 1-+3), (1-+3; 1+ 3). 1055.-y10 -3 - 4,

ﬂ'ﬁ -3-4. YkaszaHue. BrIoONHENTe NOACTAHOBKY ¢ = x + 4.
-1-46 -1+45

1056. ——, —5——. 1057.(1; 8), (8; 1). 1058.(128; 2), (2; 128).
1059. 3, &+ wm 5. 1060.(1; 2; 3), (-3; —4; -5). 1061.m = 23.
1063. 50 4, 75 u u 60 u. 1064, Cymecteyer; 22. 1065. C, = (2n — 1)°.

1086. 2 < n < 20. 1067. 3-"—. 1073. -1, -1, -1; -1, 2, —4; 4, 2, -1;

-3, 3, -3. 1074. 1, 4, 7. 1076.2a) 2; 6) 1. 1078. x = —/3, y = 4.
1079. x, =8, y,=-8, z,=8; x,= -8, y,=8, z,=8. 1080. x, =5,
vy, =7, 2,=2; x,= 79‘2 3, Z,=4; x,=T, y3=4, 2=3; x,= 95,

yi=2, z,= 7. 1082. 2. 1084. 1029. 1085. 150 u 810. 1086. 54 u 6;
98 u 2. 1089. 0; 63. 1092, IIpar Oner, Tax xax P(A) = %, P(B) = %
1093. P(A) = P(B) = 3. 1094. P(A) - , P(B) =3 P(C)=3, P(D) =

1095. 0,9 - --—~=»0809 lﬂ%—-ﬁ-ﬁ 144 1097. 0,54.
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