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Jloporue HeBATHKJIACCHHEH!

B aTomM roay BaM MNPEACTOMT PacCMOT-
peTh pAM HOBBIX TeM M3 Kypca ajireGpsl.
PacmiupsiTcd HM3BeCTHBIE BaM CBeJeHHIA 00
ypaBHeHHUSX M HepaBeHCTBaX. Bul mosyd4ure
npeicraBiesue 006 0COOEHHOCTAX TaKHUX
nocJjezoBaTeJbHOCTEH, Kak apudpmernye-
cKasg W reoMerpuyeckas Iporpeccuu, HU3y-
YyHTe CBOICTBA KBaJpaTHYHON (QYHKIHUN H
dbyHKIMK y = X", TOZHAKOMUTECH C HAYaJb-
HBIMM CBeIeHHAMM H3 KOMOHMHATOPUKHU U
TEOpHM BepOATHOCTEeH, KOTOphIE IOMOTYT
BAM AHAJMHM3UPOBATH Pal3jIM4YHbIE CUTyalluH,
MOHMUMATH BEPOSTHOCTHBIN XapaxkTep MHO-
'AX peajbHBIX COOBITHIL.

B yuebuuke nmoapobHO pasbACHAETCS HO-
BBINl MaTepuaJ, IPUBOAATCA 00pasusl pere-
Hus sapad. IIpoBepuTh, KaK BBl YCBOHWJIN
sTor Marepuai, nomoryT <«KoHTpoibHBIE
BOIIPOCHI M 3a/@HUA», NOMEIEHHbIE B KOHIE
gasxporo maparpada. Eciam Bbl 3a6BLIH 4TO-
TO M3 paHee H3Y4YEHHOro, TO MOKeTe obpa-
tuThesl K paszeny «CBejeHus U3 Kypca ai-
rebpesl 7—8 KJ1accoB».

B yueOHHKe BaM IpeajaralTcs pasHoo6-
pasHble ynpakHenus. Haneemcs, uro Bame
BHUMAaHME I[IPUBJEKYT 3aZlauyi-HCClIeJOBaHUuA
¥ 3afaHWA AJA paboTel B mapax, IPX BBIIOJ-
HEHHH KOTOPBIX BBl HAy4YMTECh NPHCIYIIN-
BaThCs K MHEHHIO TOBApHIeH, 4éTKo (opmy-
JIUPOBATL ¥ OTCTAMBATH CBOIO IO3UIUIO. IIpu
[OATOTOBKE K TOCYapPCTBEHHOW UTOTOBOW AT-
TecTanuu 1o aarebGpe BaM IIOMOTYT BKJIIOUEH-
Hble B KayKABIA NYHKT yyeOHWKA 3ajaHusd s
MOBTODEHMUSA, 4 TaKiKe IOMeIIEHHble B KOHIE
yueOHUKA «YUpa)KHeHUs [JIsA IOBTOPEHHUSA
kypca 7T—9 kiaccosB». PexomeHnayeM npu pa-
fore ¢ yueOHMKOM HMCIOJIB30BaTh CIEIHab-
HBI aucK. B HEM IIpejcTaBlieHbl yHpaxXHe-
HUA U3 y4eOHMKa, KOTOphIe Bbl CMOJKeTe
BBINIOJHATL HA KOMIBIOTEPE.



ITocne oxonuanua 9 Kjyacca BaM NPHAETCA CAENaTh BHIOOD, I'Zle BBI
Oynere npososrkaTh o6pasoBaHue. YU4amiuMCcs, KOTOpPble XOTAT 06yyaTh-
Cs B KJIACCAX C IIOBBIIIEHHOI MaTeMaTH4eCKOHW IOATOTOBKOM, COBETYEeM
obpaTUTh BHMMaHue Ha Gojee CJIOKHBIe 3a/JaHUs, BKJIIOUYEHHBIE B Kax-
OBl OTYHKT yuyeOHMKa M IMOMeYeHHBIe CIeIHMAaJbHBIM 3HAKOM, 8 TaKKe
Ha JONOJIHMTEJbHBIEe NYHKTHI 10J| pyOpukoit «[laa Tex, KTo Xouer
3HaTh OoJibllle», NMOMENMIEHHBIE B KOHIE KaXAoi ryiaBel. CHemuabHO
JUIA y4dallluXxcsi, YBJIEYEHHBIX MaTeMaTHKO#, B KOHIe y4eOHUKa Tmpe-
Jarailorca «3allayd IOBBIIIEHHONH TPYAHOCTH». PellleHMe TaKUX 3anad
IIOMOKeT He TOJIbKO DaCIIMPHTh KPYro3op, HO U MOATOTOBHTHCS K yuac-
THIO B MaTeMaTHYeCKHX OJUMIHanax.

YuamuMmesi, KOTOPBIM JIIOGONBITHO 3HATEH, KAK 3aPOXKAAJICA U Pa3BH-
BaJICA TOT WJIM MHOH pasjie]] MaTeMaTHKH, PEKOMEHAyeM IPOYUTATH B
yuebHuKe «HcTOpHUYecKre cBeIeHUS».

WHenaem BaM ycrmexoB B M3yYeHUMHM Kypca anrebpbl M IIpeACTOSIIE
rocyapCTBEHHOM HTOrOBOM aTTeCTAILVHU.

B yuebHMKe HCHONB3YIOTCA CJEAVION[HE YCIOBHBIE OGO3HAUCHHUA:

TEKCT, KOTOPBIN HY»XHO 3allOMHUTE

MaTepuasi, KOTOPBIA Ba’XHO 3HATH

v

Ha4aJi0 PelleHHsd 3agaqdn

<l oKoHuaHWe pemIeHHs 3amauu

®  navano obocuoBanus YTBEDK/JEeHUs WJIH BBIBOAA (HOPMYJIBI
) okoHuaHHWe 0DOCHOBAHWSA WJIM BBEIBOAA

11. sagaHue 0683aTETHHOTO YPOBHA

19. 3ajanue NOBBINIEHHOH TPYAHOCTH

|F | ynpasxHeHHA Aisa IIOBTOPEHU A



B EEENE KBAAPATUYMHASA OYHKUAUA

B kypce anrebpbl 7 U 8 knaccoB Bbl Y€ MHOroe y3Hanm 0 QyHKUUAX.
B aroi rnaee ceBeneHuns o GyHkumax OyayT paclumpeHbl. 3aecb BBOAATCA
HOBbIE MOHATUA — 06NacTb 3HAYeHUI, BO3pacTaHue 1 ybbiBaHne GyHKUUN.
OCHOBHOE BHUMaHWe yaensierca ksaapaTudHon ¢yHkuumn. Bbl y3HaeTe
0 cBoicTBe napabononpga — Tena, KOTOpoe nosyYaeTca npu BpalleHuu
napabonsl BOKpyr e€ ocu. Bac, BepoATHO, 3auHTepecyeT nereHpa
0 TOM, KaK UCroJib30Basl 3TO CBOWCTBO APEBHErpeyecknini yYéHolii Apxumen,
(Il B. o H. 3.) npu 3awmTe Cupakys. B 3aknouutenbHOM HacTu rnasbl Bbl
NO3HaKOMUTECb CO CBOWMCTBAMM CTerneHHON dyHKuun y = x", roe n — Ha-
TypasnbHOE YMCNO, y3HaeTe, 4TO rpaduk aTon PyHKUMKU NPpU YETHOM n CXO-
neH ¢ rpadukoM GYHKUMKM y = x°, a NpyU HEYETHOM — C rpadukom
dyHkuMm y = x°. Tlpu nony4eHUn CBOWCTB KBaAPATUHHOW W CTENEeHHOW
GYHKUMIA pekoMeHAyeM MCMoNb3oBaTk KOMMbIOTEP.

EEN ®YHKUMM U UX CBOMCTBA

1. dyHkumua. O6GnacTb onpeneneHus
M oGnacTtb 3HA4Y4eHUU PYHKLUU

DYHKIUA — ONHO M3 BajKHeHIIMX MaTeMaTHdyecKWX mnoHATUil. Ha-
MMOMHHM, YTO

GyHKIMEH Ha3BIBAIOT TAKYI 3aBHCHMOCTH IIepeMeHHOH Y OT
IepeMeHHOH X, IIPA KOTOPOHM Ka)XJAOMYy 3HAUEHUIO HepeMeHHOH
X COOTBETCTBYeT eNWHCTBEHHOE 3HaYeHHEe IepeMeHHOH y.

IlepemeHHYIO X HASBIBAIOT HE3ABUCUMOLL NepemMeHHOl WU apzymei-
mom. IlepeMeHHYI0O y HA3BIBAIOT 3asucumoil. nepemerrHoll. I'oBopaT
TaKMKe, UTO NEepeMeHHas Y Asasemcs QYHKYuel om nepemMeHHol X.
3HaUeHUA B3aBHCHMOH IepeMEeHHOH Ha3bIBAIOT 3HAYCHUAMU (PUHKUUU.

§ 1. DYHKUMM 1 KUX CBOWCTBA
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Ecnu 3aBuCHMOCTH IIepeMeHHOM Y OT NepeMeHHOH x aBiadgeTcs QyHK-
quei, TO KOPOTKO 3TO B3aIMMCHIBAIOT Tak: y = f(x) (UMTaOT: <y pPaBHO
for x»). CumBonom f(x) 0603HAUAIOT TAaK)Ke 3HAYEHHe (YHKIUH, COOT-
BeTCTBYIOIllee 3HAUEHUIO apryMeHTa, PABHOMY X.

ITycrs, Hanpumep, dyHKnus sanasa dopmyinoit y = 2x* — 6. Torza
MOJKHO 3amucarsb, 4uTo f(x) = 2x° — 6. Haiigém sHaueHus byakmun f
ANA 3HaYeHUWH X, paBHBEIX 2,5 m —3:

f(2,5)=2-2,52-6=6,5 f(—-3)=2-(-8)2— 6 = 12.

3aMeTHM, UTO B 3aIMCH Buja y = f(x) BMecro [ ynorpebiasitor u Apy-
rue OYKBBI: &, ¢ ¥ T. IL

Bce 3HaueHUs] He3aBHCHMOM IIepeMeHHON oOpaayrooT obracmb On-
pedenenusn pyrnkyuu. Bce sHaueHMs, KOTOphIe NIPUHAMAET 3aBUCUMAs
ImepeMeHHas, o0pasyoT 00aacmb 3HAYEHU QYHKYUU.

dyernua y = f(x) cuuraercsa 3aNaHHOM, ecad ykKasaHa o0JacThb
ompefeyleHUsa (DYHKIMHM M IIPABUJIO, COIVIACHO KOTOPOMY KAaXKIOMY
3HAYEHUIO HE3aBHCHMOH IepeMeHHOM MMOCTABJIEHO B COOTBETCTBME eIUH-
CTBEHHOE 3HaueHMe B3aBHCHMOU nepemeHHoil. Eciau dysrnus y = f(x)
sagaHa GopMysoN m eé obiacTs ompejelieHHUs He VKasaHa, TO CUHTA-
10T, 4TO objacTh ompejneseHUs (GYHKIUH COCTOUT M3 BCEX 3HAYEHUWN
nepeMeHHOHN X, IPH KOTOPEIX BeIpaKeHwe f(x) mmeer cmeica. Hanpu-
Mmep, obnacTeio ompeseneHus QyHKIuHU f(x) = 5x + x* aBaserca MHO-

2

x+3

JKeCTBO BceX uYuces; objsacThio omnpelelneHus (PyHKIuM g(x) =

CIYKHUT MHOXECTBO BCeX 4YHCeJ], KpoMe —3.

O6nacTes onpejeneHus (PYHKIHUM, ONUCHLIBAIONIEN pealbHBIM IIPO-
Iecc, 3aBUCHT OT KOHKPETHBIX VCJOBHH ero nporexanusi. Hanpumep,
3aBHCHMOCTE JJIMHBI [ KEJIe3HOI'0 CTEPIKHSA OT TeMIepaTypsl Harpesa-
HUA t Belpaxaerca Gopmynoit [ = [(1 + at), rae [, — HavaJbHasA
AJAUHA CTePIKHSA, a o — Kod(hPUOUeHT JIMHEeHHOI'o pacCIIUpeHusa. YKa-
sagHaa (opMysa HMeeT CMBICJ OpH J06bIX 3HadeHuax (. OgHaKO
obnacteio onpenenenus GpyHKouu [ = f(f) ABIseTcT NPOMEKYTOK B He-
CKOJIBKO [EeCSATKOB I'pPajycoB, IJS KOTOPOro COpaBeIJINB 3aKOH JIMHE-
HOI'O paclIupeHusd.

HamoMHHNM, 4TO 2pagurom QUHKUUU HA3LLEAEMCA MHONECTE0 6CEX
mouex KOoopOuHamHoil naockocmu, abCcyuccbl KOMOpblX pA6HbL. 3HAYe-

HUAM apzymenma, a OpouHaAmMbL — COOMEe-

AT TTTTTT L] memeyrouwum 3navenuam QYHKUUU.
| Ha pucyske 1 usobpaxésn rpabux QyHK-
4- ~ y=f(x)+— mua y = f(x), obracTeio onpeneeHUs KOTO-
FFTIT | poit siBnsiercsa orpesok [—8; 7]. C nmomoigso
A L1 1] rpauKa MOXKHO HAWTH, HaAIpUMep, YTO
A ! sl f(—3) = -2, f(0) = 2,5, f(2) =4, f(5)=2.
—"|3 ¢ 10 rl-fli —-|5-—i --|7— —1,5— Haumenbniee sHaueHWe (QYHKIUH DABHO —2,
12 a HauboJsbllee paBHO 4, mpu 3TOM Jioboe

yueso oT —2 g0 4 sBngeTcsa 3HAUEHHEM JaH-
Puc. 1 HOM (HYHKIIHH.

REEER] KBagpatudHas GyHkums



a) yA 6) yA
Y=kx+b
k>0) A b
Yy=Fkx+b
(k=0) :
/ 0 x 0 %
Puc. 2 Puc. 3

Taxum obpasom, obnacTeio 3HaUeHUH QYyHKIUH y = f(X) CayRUT OT-
pesok [—2; 4].

Br1 paHee m3yuayiy HEKOTODPhIe BajsKHbIEe BUJALI DYHKIUI: JTUHEHHYIO
dyrKIHO, T. €. QYHKOUIO, 3afiaBaeMyio (opmysiot y = kx + b, rae k u
b — HeKOTOpEIE UHCIA; NPAMYIO IPONOPIMOHAJBHOCTE — YACTHBIN CJIy-
yail JuHe#HOH (PyHKIUU, OHA 3amaércss dopmyJioi y = kx, rae kB # 0;

k
06paTHYI0 HPONOPHMOHANBHOCTE — QyHKNUIO y = 7, k#0.

I'paduxom dbysxknum y = kx + b cayxkut npamasa (puc. 2). 06-
JIACTBIO OIpeJiesIeHUsI 9TOM QYHKINUY SBISETCH MHOMKECTBO BCeX Yucell.
Obnactes sHaueHUd aTo¥ dyHKumu npu kB # 0 ecTs MHOKECTBO BCeX UH-
ced, a npu k = 0 eé obyacTh 3Ha4YeHUH COCTOUT M3 OZHOTO umcia b.

I'padhur bysxnum y = % HaseiBaeTca runepbosnoii. Ha pucyske 3

in k
n300paxkén rpadpux pysxknum y = muaa k> 0. O6nacte omnpesnenenus

9TOM (PYHKIUH eCTh MHOYKECTBO BCEX 4YMCeJI, KpOMe HYJIs. ITO 3Ke MHO-
JKeCTBO fABJIAETCS M 00JIACThIO eé 3HaYeHH.

PDPYyHKOUAMHU TAKOTO BHJA ONHUCHIBAIOTCA MHOTHE peasibHble IpOo-
Imecchl M 3aKOHOMepHocTH. Hampumep, OpsAMo#l TPONOPIHOHAB-
HOCTBIO SABJISETCH 3aBMCHMMOCTL MAacchl Tejga m OT ero oowéma V mpm
IIOCTOAHHOM IJIOTHOCTH P (m = pV), 3aBUCHUMOCTH AJUHBI OKPYKHOC-
™1 C ot eé paguyca R (C = 2nR). O6paTHO# NIPONOPIHOHAILHOCTHIO

fAIBAAETCA 3aBHCHMOCTh CHJIBI TOKa | HA y4YacTKe IleIW OT COIPOTHEB-
U
JeHusA NPOBOAHHKa [ IpU NOCTOAHHOM HanpsxeHuum U (I =~§),

3aBMCHMOCTh BPEeMEHH ¢, KOTOpOe 3aTpauWBaeT DPABHOMEDHO IBMIKY-
Ieecs TeJ0 HA NPOXOXKIAEHHE BaAaHHOI'O IMYTH S, OT CKOPOCTH ABUIKe-

5
HHUA U t=—).
D

Ber usyyanu rakme (yHKOUM, 3agaHHBIe GopMynaMu y = x°,

y=x% y= Jx . Ax rpadukn U300parkeHBl HA PHCYHKe 4.

§ 1. DyHKUMM KU UX CBOMCTBA



a) Yl 6) A B) A
y = xz y = xa
4 N y=Jx
0 1 x 1-+£
0| 1 x B x
Puc. 4

Paccmorpum emé ogHy GyHKIUIO, 8 UMEHHO (DYHKIOHUIO, 3aJaHHYIO
dhopmyon y = |x|.

Tak Kak BeIpa)keHHE |X| UMeeT CMBICT HpH JIO6OM X, TO 06IACTHIO
onpejiesieHUs 9TOM (QYHKIMHU ABJAETCS MHOMKeCTBO Bcex umces. ITo om-
peneneHuro |x| = x, ecau x =0, u x| = —x, ecau x < 0. IToaromy byHK-
nuio y = |x| MoxHO 3azarte caemyoommM o6GpasoM:

{x, ecau x = 0,
y —

Uk —x, ecma x < 0.

|

|lx| I'padhux paccmarpuBaeMoil GQYHKIHHA B
npome:xkyTre [0; +00) coBmamaer ¢ rpadmu-
KOM (YHKOUM Y = X, a B IPOMEXYTKe
1 +—+4 (—°0; 0) — ¢ rpadpukoM (PYHKIOIUH Y = —X.
I'padhur pyEroun y = (x| usobpakéH Ha pu-
cyake 5. OH cocTOUT M3 ABYX Jyuei, MCXo-
AAINAX U3 HAYANa KOOPAMHAT U ABJIAIOM{UX-
csa Ouccextpucamu I m Il KoopaMHATHBIX
Pue. 5 YIJIOB.

=
tad 4

—

YnpaxHeHus

1. ®ysxkuus sagana opmymnoi f(x) = —3x? + 10. Haitgure:
&) f-1; 6 f0;  » /().

Haiigure /(0), f(1,5) u f(-1), ecan f(x) =~

x+05"

MssecTHO, uTo f(x) = x° — 10. Haiigure:

a) f(5); 6) f(4); B) f(2); r) f(=3).

IIyers ¢(x) = x* + x + 1. Haitgure ¢(0) + ¢(1) + ¢(2) + ¢(3).
HsBecTHO, uTO f(X) = —Hx + 6. Hailigure 3HaUeHNE X, OPH KOTOPOM:
a) f(x) = 17; 6) f(x) = —3; B) f(x) = 0.

KBagpatuyHas byHkuums

i

8
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13.

HaiinuTe 3HaYeHMA X, Npu KoTopeix g(x) = 0, eciu:

a) gx) = x(x + 4 6) gx) = -

CymiecTByer JM 3HaAYeHWE X, IIPM KOTOPOM 3HadyeHue (QYHKIHH,
G 4

sazaHHON Qopmyno#t ¢(x) = g7, PaBHO: a) 1; 6) -0,5; B) 0?

B ciyuyae yTBepAHUTENHHOTO OTBETA YKaKHUTEe STO 3HAUYEHHUE.

Hailigure 3HAYeHUE X, IPU KoTopoM (YHKIMs, 3afaHHasd (GopMyJsion
f(x) = 0,5x — 4, npuauMaer 3HaueHue, paBHoe: a) —5; 6) 0; B) 2,5.

Haiigure obnacTs onpefeneHus (HYHKIWUH, 3aJaHHON (HOPMYJIO:

2 1
a) y=4x—8; B)y=*——5_xx: n}y=x2+1;
3
6) y =x2— bx + 1; D™ =An+D) e) y=4x-5.

IIpusenure npuMep GyHKIUU, 00JacTh OIpeAeeHNs KOTOPOW:
a) MHOKECTBO BCeX 4uces; 0) MHOXKECTBO BCeX umces, Kpome 7.
KakoBa obisacTs onpezeneHus (PYHKIUH, 3agaHHON (OpMYJIOi:

a)y=x2+2x; 6)y=%; B) y = /9 + x?

Ilaccaskup MeTpoO, BCTABIIMUA HA ICKAJIATOD, COIIENT C HEro ue-
pes t c. lnybuHa coycka A M. YroJ HaKJIOHA 3acKajaropa K
ropusoHTanbHO# miaockoctu 30°. Beipasure GopMysoH 3aBUCH-
MocTh A OT f, eCIH CKOPOCTh JBH)KEHUS dCKajJaTropa paBHA
0,75 m/c. Haiigure:

a) h, eciim t = 2,25 muH; 0) £, ecnim A = 60 m.

HansroCcTh mONETA § M cHapAza (6e3 ydéra CONPOTUBIIEHUS BO3AY-
Xa), BBINYIIEHHOTO U3 OpyAus moj yriaom 45° K TOPH30HTY, 3aBH-

CHAT TOJIBKO OT HA4YaJlbHOH CKOPOCTH cHapsama v M/C H MOKeT
2

v
OBITE HaMJeHa 0 GdopMmyse § = ?O (g ~ 10 m/c?). Haiigure:
a) s, ecim v, = 600 m/c; 6) vy, ecnu s = 24 KM.

(Tna pabomwr 6 napax.) YrKaskute o0yiacTe ompefelleHHA (GYHK-
muu, sagaHHoM (GopMyJIOt:

S o =T
8) U=l § B) y = x2 + Jlxl-1;

6) yzﬁ%; r) y=.2-x-3x.

1) Pacnpenenute, KTO BBINOJHSAET 3aJaHUA 84) U B), a KTO —
zagaEua 0) U ), U BLIOOJHUTE HX.

2) O6bsicHUATE APYT APYrY, KAK BBl paccysKJajid IPH HAXOXKIEHUU
obsactu onpefieleEUsA (DYHKIIHH.

3) UcnpaBere omubOKMU, €CIM OHU [JONYIIEHBHI.

§ 1. DyHKUMM 1 NX CBOMUCTBA ‘ 9



15. Ha pucynke 6 wusoGpakén rpadux /A Ee v

bysaknun y = g(x), obmacteio ompe- Y=g x)
A€JIEHUs KOTOPOM CIYIKHUT OTPe3oK AN

[-6; 5]. C nomomso rpabuka Haii-

JAHuTE:

a) g(-4), g(-1), g(1), &(5); T g
6) 3HaueHMA X, IPU KOTOPHIX g(x) =4, |—6 \\ 04-1 5 1%
8(x) = -4, g(x) = 0;

B) HauOoJbIlee U HauMeHbIlee 3HAUE- A

HUSA (QYHKITHH;

r) obnacTe sHAYEHUU (DYHKIIUH. Puc. 6

16. B reuenme nepseix 10 aHelt mapra yuyeEukm 9 Kiacca H3MepPSIH
aTMocepHOe naBjieHMe B IOJJeHb. [lo peayiabTaraM M3MepeHUit
6b11 mocTpoen rpaduk, u3obpaskéHHbIN Ha pucyHKe 7. Ilonmaysce
rpacpuromM, HalguTe:

a) kakuM GbLT0 armocdepHOe AaBieHne 2 mapra, 5 mapra, 9 map-
Ta;
0) neHb, Korza armocdepHoe AaBjeHUEe GBIIO CAMBIM BBICOKHM.

| p, A

MM PT.CT.
]
758

e

b R |
e
w0-+O
T~
__‘--"
P
P

-3
1=
1S
-
=

Puc. 7

10 BELER KeagpatuyHas gyHKUmMA



17. Ilocrpoitre rpadux (yHKDUMH, 3alaH-
HOU (POpPMYJIOH:

a) flx) = 1,5-3x;  B) f(x) = 5
6) f(x) = 4,5x; r) f(x) = -

Yrxaxure 00nacTk ompefeseHHA B 00-
JlacTh 3HAYEHHH (QyHKOUH.

(=]
-t
Ry

18. Haijinure obiacTs 3HAUYEHHUNA QYHKIAHU:

a) f(x) =2x -1, rme 1 < x < 4;
6) g(x) =-3x + 8, toe -2 < x < 5. Puc. 8

19. Vkaxkurte o6JacTh omnpefelleHHda ¥ 00JACTh 3HAUEHHH KaA0H M3
dynxmuit y = x%, y = x°, y =/x (cM. puc. 4).

20.] Haiigure obmacTh onpeneneHus ¥ 06JacTh 3HAYEHHN QYHKIMHU

2

A T

21.] Ilepumerp paBHOOeApEeHHOro TpeyroiabHHKA ¢ ocHoBaHMeM 20 cm
BABHCHT OT JUIMHBLI X (cM) 60KOBOM CcTOPOHBI. 3afaiiTe (HOPMYJIOH
(GyHKOMIO, BHIPAXKAIOIIYIO Ty 3aBHCHMMOCTb, 3Has, YTO II€PHMETD

TpeyroabHuKa He npesocxoxuT 100 cm. Vkaxure obracTs ompene-
JleHud ¥ 00JlacTh 3HAUEHUN 9TOM (PYHKIIUH.

22. Ha pucynke 8 m3o0paxéH rpaduk OAHOW M3 (PYHKIUH, 3aAaHHBIX
dopmynamu y=x -1, y=1+x, y=2x-1, y =1 - 2x. Busc-
HHTe, KAKOH MMEHHO.

23. Ha pucynke 9 msobpaskeHbI rpaduKyu GYHKIUN, 3aJaHHBIX (HOPMY-

2 %
JaM# Yy = %, y=5 y=2a= —E, = —. [ua ramaoi QyHKOUH
YKasKHUTe COOTBETCTBYIOLIMII rpaduk.
1 YA 2. A
1+ 1+
0] 1 ;_ o 1 =
3 yA 4. y
1"/ 1
Puc. 9

§ 1. dyHKUMKM U ux CBOWCTBA ‘ 11



24. Ilo rpadury dysxmum y=|x| (cM. puc. 5) HaiiiuTe, IpU KaKuUX 3HA-
YeHUAX X:

a) |x| = 8,5; 6) |x| < 2; B) |x| = 4.

KaxoBo HaumeHbInee 3Hauenune pyaxnun? Mmeer jau oHa HAUbOJIb-
mee sHaueHne? KaxoBa o6sacTh 3HaYeHWHA QYHKIUH?

25. CocraBbTe TabaMNy 3HAYEHHH U mocTpouTe rpaduk QYHKIUH, 3a-
IaHHOU (hOpMYJIOii:
4
a)y=x3—8x,r,ue—3€x<3; 6)y=m,me—1,5§x£6.
Kakxopa obnacTs 3HaueHuit pyHKIuM?

26. Ha pucyske 10 usobpaxéH rpadux u3MeHEHHUsS YPOBHS BOJLI B pe-
Ke OTHOCHTEJbHO HYJIeBOi# oTMeTKu. OnuinuTe, KaKk IPOHUCXOMLUJIIO
U3MEHEHNEe YPOBHS BOJBI.

- 1 , U
h ,111\«M ! j '[ ‘

!
i i |

'1__

HUKONAW MBAHOBUY NNOBAYEBCKUW (1792-1856) —
pycckuini martematuk, cosgaTtens HeeBKIMO0BOW reoMer-
puKn, KoTopas u3MeHuna npeacTasfeHne O ponu
akcMoMaTuKM B MateMaTUKe U Chirpana BaXHYH po/ib B
paspaboTke Teopuu OTHOCUTENLHOCTW. Bonbloi BKNag,
BHEC TakkKe B Matemartuyeckuin aHanua n anredbpy. OH
paspabotan metog npubnuMXEHHOro peweHus anreb6-
panyeckmx ypaBHEHMIA BbICLUMX CTENeHem,

12 FiELEER] KeagpaTtuyHasa dyHkums




27. (Badaua-uccredosanue.) Usmenenune temneparypbl Bogsl p (°C) B
bake Kaxk (GQYHKIUH BpeMeHH ! (MMH) OIMCaHO C HNOMOINBIO (op-
MyJI:

2t + 20, ecim 0 < ¢t < 40,
p = {100, ecau 40 < ¢ < 60,
—%t+ 140, ecau 60 < t < 150.

1) Onpegenure, KaK U3MeHsJACh TEMIEPATYPA BOJBI B KasKJIOM M3
YKa3aHHBIX IPDOMEXKYTKOB BpEeMeHH.

2) Ilocrpoiite rpadbur dyarnuu p = f(1).

3) Obecyaure, Kakoi (pM3MUYECKHM CMBICJ HMMEET IIPOIecC, OMMCaH-
HBIH GyHKIMen p = f(1), B KamIOM H3 IPOMEKYTKOB BPEMEHM
[0; 40); [40; 60]; (60; 150].

28. 3aBuUCHMOCTH PACCTOAHHA § (KM), KOTOPOE BEJOCHUIIEAUCT IIPOeXall OT
Typbasel, OT BpeMeHU ero ABvoKeHusA t (4) 3azaHa clegyromuM 00-
pasom:

15t,ecim 0 < t < %,

oy 7 3
s =+:17,5, ecan Eé t < 5
—12t + 35,5, ecau S EH% %

2

Haiigure s(0); s(1); s(1,4); s(2). Ilocrpoiite rpadpur DYyHKIHHN

s = f(t) (macmrab mo ocu t: 1 en. — 6 KieTodueK; IO OCH S:
10 ex. — 4 kmerourku). OnmimmuTe, KAK HPOHUCXOAUIIO [IBHIKEHHE
BEJIOCHIIEHUCTA.

29. Pemmure ypaBHeHHE:

a) -0,5(83x —4) + 15x = 4(1,6x + 1) + 3;
6) (2x — 3)(2x + 38) — x® = 12x — 69 + 3x°.

a———

METEP OUPUXNE (1805-1859) — HemeuKuiA mMaTemaTuk.
Cpenan psg KpynHbIX OTKPbITUIA B Teopun 4ucen. Mimeer 3Ha-
YnTENbHbIE [OOCTUXEHWA B pas3suTum anredbpbl, TEeopuu
GYHKUMIA U aHanuTuyeckoi reomeTpun. MM nposeneHsb
BaXHble UccneaosaHua B obnactu MexaHnkn U MaTemartuyec-

Ko usukn.
§ 1. dyHKUMM KU Ux cBOCTBA ‘ 13




30. PemwnTe HemosHOE KBajJpaTHOE ypaBHEHUe:
a) 6x° — 3x = 0; B) x* — 36 = 0; n) 0,5x% — 1 = 0;
6) x2 + 9x = 0; r) 522 +1=0; e) 0,6x + 9x* = 0.
31. Pemute KBagpaTHOe ypaBHEHHE:
a) x*+Tx+12=0; ) 2x°-5x-3=0;
6) x> — 2x — 35 =0; r) 3x* - 8x +5=0.

2. CeounctBa PyHKUMUNA

Ha pucyske 11 uszobpaxkén rpaduK 3aBUCHMOCTH TeMIepaTypbl BO3-
ayxa P (°C) or Bpemenu cyTok ¢ (u). Mel BUuM, uTo B 2 4 ¥ B 8 u
TeMIepaTypa paBHaJNachk HyJa0, oT 0 710 2 4 1 or 8 no 24 4y oHa OnLia
BhIIlIE HYJIA, & oT 2 1o 8 u — Huke Hyas. U3 rpadpuka scHO Taxxe,
YTO B TeUeHHEe IePBBIX NATH YacOB TeMIeparypa IIOHMKaJach, 3aTeM B
IpoMeXyTKe OoT 5 10 14 4 OoHa NOBBIIIAJIACH, & IIOTOM ONATH IIOHHMKA-
Jach.

—-04-12\1-4--6/8110112114116 18202224 ¢,
1
|

Puc. 11 || |

C nmomompio rpaduKa MBI BEIACHHINA HEKOTODPBIE CBOMCTBA DYHKIUH
P = f(t), rne t — BpeMa CYTOK B yacax, a P — TeMmeparypa Bo3ZyxXa B
rpagycax Ilenscus.

Paccmorpum Temeps cBodicrBa (pyHKuMuM y = f(x), rme -5<x<9,
rpaduk kKoTopo¥ usobpaxkéH Ha pucyHke 12. BrisgcHUM cHadaja, IpH
KAKUX 3HAUYeHUAX x (GyHKUua obOpamjaercs B HYJb, NPUHUMAaeT IIOJIO-
JKHUTEJIbHBIE U OTpPHUIATeJbHbie 3HAUYEHUS.

Haiigém aGcnuccebl TOYeK IepecedyeHus rpaduxa ¢ ocsio x. IHoxyumm
x=-3 u x="7. 3auuTr, QYHKOHUA NPUHUMAET 3HaYeHUe, paBHOe HY-
g, opu x = -3 u x = 7. 3HAUEHUA ApryMeHTa, IPHU KOTOPBIX (QYHK-
nuA obpamiaercd B HYJb, HA3BIBAIOT HYJAAMU PUHKUYUU, T. €. 4ucaa —3

14 B EGENN KeanpatuuHas dyHkums



u 7 — Hyau paccMaTpuBaeMOW ()YHKI[HH. 17
Hynu dyaxmuun pasdbusarmoT eé 00acTh On- N
peleseHHA — IPOMEXYTOK [-5; 9] — =Ha AL
TpH npoMmexxyTka: [-H; —-3), (-3; 7)) mu \\
(7; 9]. Ina sHaueHUN X U3 IPOMEKYTKA 1

(—3; 7) Toukm rpaduKa pacmoJIOKeHBl BBI- |—51£3 ]
mie ocHM X, a AJis 3HAUYEeHWH X U3 Ipome-
#KyTKOB [—5; —3) 1 (7; 9] — HuxKe ocu x. \
3HauuT, B npoMexkytke (—3; 7) dyHKROUA
OPUHUMAaET NOJIOJKHUTEJbHBIE 3HAYEeHHHA, a
B KayJOM M3 NPOMEXKYTKOB [-5; —3) u pyc 12

(7; 9] — orpunarennHbIE.

IIpomMekyTKH, B KOTOPHIX GQVHKIUSA
COXpaHAeT 3HAK, HASEIBAIOT NPOMENCYMKAMU 3HAKONOCMOAHCMEA.

BeisicHUM Tenepb, KAK U3MeHATCA (YBEIUYUBAIOTCHA WA yMeHbIIAa-
J0TCS) 3HAYEHHS JAaHHOM (DYHKIUHM ¢ M3MeHeHHeM x oT —5 mo 9.

Wz rpaduka BHAHO, YTO C BO3pACTAHHEM X OT —9 10 3 3HAYEHHA Y
YBEJIM4YMBAIOTCSH, & C BO3pacTaHMeM X OT 3 Jo 9 3HaUeHHS y yMEHbIIa-
I0TCH.

I'osopaTr, uro B npomexyTke [—5H; 3] dbysrmusa y = f(x) aBiasercs
sospacmaiuwieil, a B npome:xkyrke [3; 9] ara dyHKODUA ABIfgercA YyObl-
saouieil.

|
[=]
|

—

|

L

=

-1
R

e —

Onpepenenve. OyaKIHUs HA3BIBAETCHA BO3pACTAIOI(ell B He-
KOTOPOM IIDOMEXYTKe, eciu OGOoJbIIeMy 3HAYEHUIO0 apryMeHTa
H3 9TOr'0 HPOMEKYTKAa COOTBEeTCTBYeT OoJibliee 3HaYeHUE (HyHK-
nuu; QYHKIUS HasbIBaeTcs yObIBAIOIIed B HEKOTOPOM IIpOMe-
HYTKe, ecJikx 6onbmemy 3HAYeHHIO aprymMeHTa H3 aToro mpomMe-
SKYTKA COOTBETCTBYET MeHblllee 3HaueHHe (PYHKIIHH.

[

WasiMu ciaoBamu, GyHKIHIO y = f(x) HassiBalOT BO3pacTaromieil B
HEKOTOPOM IIPOMEXKYTKe, €CIH AJIA JIOOBIX X, H X, U3 OTOT0 IIPOMEXYT-

Ka, TakKux, 49TO Xy ~ Xy, BBIIIOJIHAETCH HEePaBeHCTBO

f(xp) > f(x,);

dyaKOuo y = f(x) HaskIBAIOT yOBIBAIOIIEH B HEKOTOPOM IPOMEXYTKeE,
€CcJIM JJs JIIOOBIX X; U X, U3 DTOr0 IPOMEKYTKA, TAKHX, UTO X, > X,

BBIIIOJIHAETCA HepaBeHCTBO

f(xy) < f(xy).

Ecin (yHKIMA BOo3pacTaeT Ha Bced 00JIaCTH OIpeneNeHus, TO eé Ha-
3BIBAIOT Bo3pacmarueil pyHxyueil, a ecnu ybuIiBaer, TO yoOblealoujeil

pynryueil.
§ 1. DyHKUMKM U NX CBOWCTBA } 15
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a) L 6)

\

/
[

Puc. 13

=y
=]
[
[‘r

Ha pucysxe 13 usobpakensl rpadukmu Bo3pacTammmedt QyHKOUM U
y6biBatomeit GbyHKIUN.

BrigicHMM, KaKMMH cBOiicTBAMH 06JIa7al0T HEKOTOPhIe H3YUEHHEBIE
paHee (pYHKIIHU.

IIpumep 1. Paccmorpum cBoiicTBa dysruuu y = kx + b, roge R#0
(puc. 14).

a) YA 6) YA

Y =kx+b (k>0)
Y = kx+b (k <0)
/ﬂfg E 0 _o 7%
k k

Puc. 14

1. Pyuryusa obpawjaemcs 6 HYlb Npu x = —%.
HeiicTBUTeNbHO, peIIuB ypaBHeHHe kx + b = 0, Haiigém, uto y = 0
opu x = —%.

2. IIpu k>0 ¢yHKYusa npunHumaem ompuyamesbHvle 3HAYLEHUA 8

b
npomedxcymimxe | —09; —“E U nojgoxumeibHble 3HAYEHUA 6 npome-

b
aymie (_E; +00).
Pemus HepaBeHcTBa

kx+b<0mukx+b>0,

HaiinéMm, uro ecau B> 0, to y < 0 npu x < —% uy>0 opu x> —%.

16 g EEN] KBagpaTtuuHaa dyHKuma



ITpu k< 0 ¢ynkyua npurnumaem ompuyamebhbie 3HAYEHUA 6

b
npomexcymie |~ TO°| u noaoxumenvHble 3HAUEHUSL 6 npoMme-

b
Hymie (—00; —;).
V6eauTbcss B 3TOM MOYKHO, PEIIUB HEPABEHCTBA

kx+b<0nkx+b>0

npu yejoBuu, uro k< 0.

3. Ilpu k> 0 ¢pynryua y = kx + b aeasemcs eozpacmaioweil, a npu
k< 0 — ybvlearouyeil.
Hokaxem oro. Ilyeres x; m X, — IPOM3BOJIbHBIE 3HAYEHHUS apry-
MeHTa, NpUYéM Xx, > x,. OOo3HauMM UYepes3 Yy, U Y, COOTBETCTBY-
OIue UM 3HAYCHUS (PyHKIMAM:

Yy, =kx, +b u y, = kx, + b.

PaccMOTpUM pasHOCTB Y, — Yy:

Y — Y, = (Bxy + b) — (kx; + b) = kxy — kx; = k(x5 — Xx;).
MHOKHUTENb X, — X, TOJOKHUTENeH, Tak KaK X, > x,. [loaTomy 3HaK
npoussesenusi k(x, — x,) onpezesserca 3HaKoM Koaddunuenra k.
Ecnu k> 0, T0 k(x, — x;) > 0 u y, > y,. 3Hauur, npu k> 0 QpysK-
uus y = kx + b siBJIAeTcA BO3pacTaloMei.

Ecau k< 0, 10 k(xy — x;) < 0 1 y, < y,. 3Hauur, npu k < 0 pyHkK-
ous y = kx + b aBasdercsa ybGbiBaromeii.

%, rae k# 0 (puc. 15).

IIpumep 2. PaccmoTrpum cBoiicTBa (DYHKIUHA Y =
1. @ynryua nyaei He umeem.
JTO CcleAyeT M3 TOrO, UTO APOOHL -’:— pu a1000M BHAYEHUW apryMeH-
Ta He obpamjaercsas B Hyab (mo ycaoBuio k # 0).

a) Y] 6) 2

y=% (r<0)

Puc. 15

§ 1. DdyHkUMKM N nX cBOWCTBA 17



k
2. Pynryus y = < npu k>0 npunumaem ompuuyamenvhvie 3HaUe-

Hua 6 npomexcymre (—°°; 0) u nonozjcumenvHbvle 3HALEHUSL 8 NPO-
mexacymre (0; +00),

. k
HeicrBuTensrao, ecau k> 0, To apobs = 0 opu x<0 u %‘/‘* 0
npu x> 0.

k
Pynryus y =+ npu k < 0 npunumaem ompuyamenvibvie 3HaYe-

Hua 6 npomexcymre (0; +°0) u nonoxcumenvrble 3HAYECHUL 6 NPO-
mexcymre (—o°; 0).
O6ocHOBaHMEe aHAJIOIMYHO HBJIOKEHHOMY Aid caydas k> 0.
3. IIpu k> 0 ¢ynryusa y =% Asasemen yovleaouwell 8 Kaxoom usz
k
npomescymios (—°0; 0) u (0; +o0). Ilpu k< 0 ¢ynkyus y = =
Aeasemcs eospacmarnuleil. 8 Ka#0oM U3 IMUX NPOMENYMKOE
(cM. pue. 15, a, 0).

JloxkasaTeJbCTBO 3TOr0 CBOMCTBA NPOBOAUTCH AHAJOIMYHO TOMY,
KakK 3T0 OBLIO cAesaHO AJA JIMHEHHON (DYHKIWHU.

3aMeTHM, 4TO, XOTA QYHKIHUSA y = %, rae k # 0, yoriBaer (1i1u BO3-

pacTaeT) B KajKJOM M3 OPOMeXyTKoB (—°°; 0) u (0; +°0), ona =e
sABJAercs yOwIBaromeil (Bospacraiomeit) GpyHKnued Ha Bcell obuac-
TH OIpeAeeHHA.

ynpaxuenus

32. Ha pucynkxe 16 usobpaskéH rpadux HM3MeHEHUS CKOPOCTH BeJIO-
CUIIeUCTa U B 3aBUCHMOCTH OT BPEMEHHM €ro ABHIKeHUd t.
VYKaxuTe IPOMEIKYTOK BDEMEHHU, B TeYeHHEe KOTOPOrO CKOPOCTEH Be-

JocunenucTa:
a) Bospacraiua; 6) yOniBaa; B) ocTaBajach IOCTOSHHOM.
U,[M}b“
M-
1
1t ) \
1 s
=" A
i2 P, i \
{ =
—-04++21+4+-618-+101121141%, ¢
[ S S S B | | l I | 1 |

[ ELER] KBagpatudHas QyHkums
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Puc. 17 Puc. 18

33. Ha pucyakxe 17 nsobpaxxéH rpaduk Temmeparypbl BOABI B COCyZe.

™ OnumuTe, KAK M3MEHAJIACH TeMIlepaTypa, U YKaKUTe IPOMEeXXy-
TOK BpeMeHH, B TeueHHEe KOTOPOro NMPOBOAMJIOCH HabIIOAeHUe. Ka-
KOBO OBLIO HAMOOJbIee 3HAUEHWE TeMIepaTyphl?

34. Kycok nbaa, umeromuii Temneparypy —5 °C, Harpesaju B TeueHUe
16 muH. Pesyiabrar HarpeBaHWs MOKasaH Ha rpaduxe (pHc. 18).
Kakoii (MsMYecKHil CMBICK MMeeT pPacCMaTpPUBAaeMBbli Ipormecc B
raskgoM m3 mpomexyrkos [0; 4], (4; 10), [10; 16]?

35. (Jaa pabomw. 6 napax.) Ha pucynke 19 uszobpakén rpaduk
byaxroun y = f(x), rae —7 < x < 5. Yraxure:
a) Hyau GOYHKIUHA;
6) IPOMEKYTKM, B KOTOPEIX (DYyHKIUAs NPUHAMAET 3HAUEHHUs ONHO-
rO ¥ TOTO e 3HaKa (IIOJOMKKUTEebHbIE HJIN OTPHIATEeIbHBIE);
B) NPOMEKYTKH, B KOTOPHIX (DYHKIUS BO3pacTaeT, ¥ IPOMEKYT-
KM, B KOTODbIX OHA yOBIBaeT;
r) Hambosblllee ¥ HAUMeHbIee 3HAYEHUS (QPYHKIUHU.

1) Pacopezenure, KTO BBINOJHAET 3aJaHUA &) H B), a KTo — 3a-
gaHuUA 0) U I'), ¥ BREINOJHHUTE HX.

2) O6bacHATE, KAK BBl PACCYXKAAJU HPH BBINOJHEHUU 3afaHUA.
3) HcnpaBbTe AONYyNIeHHbIE OMMOKM, €CIu OHU OOHAPYXKATCH.

36. Ilepeunciure cBoiicTBa pyHKOUM y = g(x), rpadux KOTOpOH 1300~
paxén Ha pucyHke 20.

ENEEE e
—\ ¥ =fx)-5 . /
u 4
13 /1y = 8(%)
L 4 :1 \ ik
sl —sl0l l e sl 51% 5420l 1131 5] ¥
._19 \. ! i
A vt
Puc. 19 [T 134T Puc. 20 Wl

§ 1. OyHKUMKN U KX CBOUCTBA 1 19



37. Ha pucymke 21 wusobpamés rpadux GyHKOHZ y = g(x), rme

~ -10 < x < 10. Ckoabko Hynei umeerT QYHKIUA? YKaxuTe: a) mpo-
MEXYTKH, B KOTODPbIX (DYHKIHUA IPUHUMaeT OTPUIATe]bHble 3HAa-
yeHHUs; 0) NPOMEKYTKH, B KOTOPHIX (DyHKIuUA yOBIBaeT.

F{n [T T
lllg([)l___
! / y = g(x) ||
2N immi
A\
s
1= —6|-4X2.0] 1o lhlalall X
0864-\4_22}16810
i / \
I,
/ VAT,
N ] 7
[ | v
. -8
Puc. 21 | 1

38. Haueprure rpaduk Kako#-Tu60 (PYHKIHUE ¢ 0BIACTHIO omnpejeJe-
HuA [-3; 4] Tak, 4TOOBI aTa YHKIUA:
a) Bospacrana B mpome:xyTke [—3; 0] m y6riBana B IIPOMEXKYTKe
[0; 4];
0) ybmiBasa B mpomeskyTke [-3; 1] u Bospacrana B OPOMEKYTKEe
[1i4],

39. Haueprure rpadux rakoit-Hubyap dyHKIMH, HYJIAMH KOTOpPOH
cayar 4yucia: a) ~3 u 3; 6) 4, 0 m 2; B) -3, 2, 1 u 5.
40. Haiigure Hynn dyExnum (ecaum oHHM CYLIECTBYIOT):

a) y=-0,8x + 12; B) Yy = 12+f;;
- 6
r)y= x-1(=x+8)"

6) y = (3x — 10)(x + 6);

41. Hmeer nu mynu HyHKIUA:
6—x

a) y=2,1x - 70; 6) y = 4x(x - 2); B) y = x?
Yraxure ob61acThk onpeieseHUs W HaWAUTe HYIU (DYHKIIAU:
x-,}x-#-ﬁ- . 4x2+25x
B Y= ﬁ)y_Zx—‘hO—ﬁx'

43. Ilpu KaKuX 3HAYEHUAX X QYHKUUA y = f(x) obpaiiaercss B HYJIb,
IPHHMAMAET IOJOKHUTEbHBIe U OTPUIATENbHBIE 3HAYEHUS, eCIIU:

a) f(x) = —0,7x + 350; 6) f(x) = 30x + 10?

Haueprure cxemaruyecku rpaduk (DYHKIUAMU U TIIPOUJIIIOCTPUPY -
Te Ha HEM YCTAHOBJIeHHBIE CBOMCTBA.

20 BLEEER] KBagpatnyHas ¢yHkums



44. Kaxuwe u3 JMHEHHBIX QYHKIOUE Y = 8x -5, y=-3x+ 11,
y=-49x - 100, y=x + 1, y = 1 — x aABAAIOTCA:

a) BO3pAacTaIHUMH; 6) yOpIBaOIIUME?

45. Ilpu Kakux 3HaueHUSX a GyHKOuA y = (@ — 2)x + 3:
a) sABJAETCA BO3PACTAIOINEH;
6) siBiseTcsa yOBIBaIOIIEN;
B) He SIBJIAETCH HU BO3pacTaiomlei, HU yObIBaromiei?

[2

IMocrpoiiTe rpaduKk QYHKIMKA U IEPEUMCIUTE €€ CBOMCTBA:
a) y=1,5x — 3; 6) y = —0,6x + 5.

ITocTpoiite rpaduk dyaxmuu: a) y = 1,6x; 6) y = —0,4x. ITepeunc-
sauTe cBoiicTBa GyHKIuM y = kx npu k> 0 u npu k< 0.

|5

|%

@®yexnus sagasa Gopmyson f(x) = 13x — 78. Ilpm Kakux 3HaYe-
HHAX X:

a) f(x) = 0; 6) f(x) > 0; B) f(x) < 0?
ABnserca U GYyHKUMUA BO3pacTaiolleil wuin yObIBatomei?

[2

Ucnons3ya pucyHKHM 4 U 5, HDepeducInTe cBoiicTBa (QyHKIUN
2 B L =
y=x", y=x°, y—\/; uy=|x.

50. Ilocrpoiite rpaduk OYHKIMM U TepedncauTe eé CBOMCTBA:
4

3
a) y=1; 6) y==2.
[51.) SlBnsercs mu Bo3pacramomell MM yObIBaromen QYHKIHA:

a) y =b5x +x; 6) y = —x + V—x; B) y = x> +x?

52. PemuTe ypaBHeHHE:
a) 0,6x” — 8,6x = 0; B) 2x% + 17x = 0;

6) x>—5=0; r) 0,5x2 + 9 =0.
53. Cpasaure g(2) u g(-2), ecnu:
" T __x . .
a) g(x)_12+5, 6) g(x) x2+59 B) g(x) 248

_54. Pazo:kuTe HA MHOMKUTEIN MHOTOUYJIEH:
a) 4x — x%; 6) a* — 169a%; B) ¢ — 8¢? + 16¢.

KoHTponbHbIe BOMNPOCHI U 3apaaHud

[Haiite onpepenenve dyHkumn. Y10 Ha3bliBaeTCs obnacTtblo onpepe-
nenns n o6nacTblo 3HAYEHUn PyHKUMn?

§ 1. OYHKUMM U UX CBOKWCTBA ‘ 21
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Yto HasbiBaetcs rpadukom dbyHkumu? Yto npeacrasnsier coboir
rpadvik NMHENHON PYHKUMU? NPSMON NPONopUUoHanbLHocTU? obpar-
HOW NMPONOPUNOHANBHOCTU?

Mcnonb3ysi pucyHok 19, NosiCHUTE, Kak C MOMOLLbLIO rpaduvka ¢yHK-
UMK HaNTU HYNM DYHKUMM M NPOMEXYTKU, B KOTOPbIX (DYHKUMS CO-
XpaHsAeT 3HaK (NPUHUMAaET NONOXUTENbHLIE 3HAYEHWUA; OTpuLATENb-
Hble 3HaYyeHus ).

Havite onpepenexHne ©GyHKUMKM, BO3PaACTAOWEi B MPOMEXYTKE;
~ ybbiBalollei B npomexyTtke. Hasosute NPOMEXYTKU BO3pacTaHusi u
- yObiBaHMS dyHKUMK, rpadmK KOTOPO U306paxeéH Ha pucyHke 19.

- lNpuseaute npumepbl Bo3pacTalowein U ybbiBalOWEN IUMHENHON
. dyHKumn. ChopmMynupyinTe U AOKaxXmuTe COOTBETCTBYIOLLEE CBOMCTBO
| IMHEeNHON YHKUMK.

-1 Kak nameHsieTcs B KaXOOM U3 MPOMEXYTKOB (—o0; 0) un (0; +o0)
© byHKuMA y = %? PaccmoTtpute cnyyam B> 0 u k< 0.

172 KBADPATHBIN TPEXYNEH

3. KBagpaTHbiii TPEXUNIEH N €ro KOPHMU

Kaxnoe us sepaennmii x° — 2x* + 8x® — Tx + 2, 2y* - % + 5,2 -
— 8y + 18, 72° — 62" + 2% — 22 + 3 sBaserca MHOrOWIEHOM ¢ OHOH Te-
PeMeHHOM.

3HauYeHHWe MepPeMeHHON, NPU KOTOPOM MHOTOYJIEeH obpamaercsa B
HYNb, Ha3bIBAIOT KOPHEM MHOZOUJLCHA.

Haiiném, Hanpumep, KOpPHM MHOTOYIEHA X° — X. Hns aroro permrum
ypaBHeHue x° — x = (. Pasnoxus JIeBYI0 4YaCTh YDaBHEHWUS HA MHOMKH-

TeJH, MOJIYUUM
x(x—-1)(x+1)=0,
orciofa x; =0, x, =1, x5 = -1.
Taxkum obpasom, umcna 0, 1, ~1 — KOpPHH MHOro4YIeHa X° — x.

MHorouwIeH BTOPOW CTemeHM ¢ OZHOH NepPeMeHHOH HAa3BIBAIOT KBaja-
PATHBIM TPEXYJIEHOM.

Onpepenenve. KBagpaTHLIM TPEXYJIEHOM HABHLIBAETCH MHO-
rowied Buma ax® + bx + ¢, rme x — nepeMeHHas, a, b u ¢ —
HEKOTOpBle umucaa, npudyém a # 0.

v g ST TSR Sy T M s v g
e IR 8. 2 R SR FEARIRT RS Aaris
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KoshdunuenarT a HasbIBAOT cTapmuM KoaddHImeHTOM, a ¢ — CBO-
OOMHBIM YJEHOM KBaJpaTHOIO TpPEX4JIeHa.
IIpyumepaMu KBAJPATHBIX TPEXUYIEHOB SABIAITCA MHOTOYJIEHBI

3x*-2x-5, x*+T7x-8, -x*+2x+5.
B nepsom u3 HUxXx a =3, b=-2, ¢ =-5, Bo Bropom a=1, b=1,
¢c=-8, B Tperhem a = —1, b= 2, ¢ = 5.

K xBagpaTHBRIM TpPEXUJIEeHAM OTHOCATCH TaKKe M TaKhe MHOrouje-
HBI BTOPOH CTEleHH, V KOTOPBIX OAMH u3 Koadh¢uuueHToB b mnbo ¢ uian
naske oba paBHBI Hym0. Taxk, MHOrouwIeH 7x° — X CUMTAIOT KBAZAPATHBIM
TpéxwieHom. ¥ Hero a =17, b=-1, ¢ =0.

Jns Toro uToObl HAWTH KOPHH KBAJPATHOTO TPEéXYJeHAa ax® + bx + ¢,
HAJO0 PeIIuThH KBaJipaTHOE ypaBHeHHUEe ax?+bx+c=0.

Mpumep 1. HaiiféMm KOPHHM KBaJApPATHOTO TPEXUJIEHA 3x2 - 2x — 5.
p PemumM ypaBHeHWe
3x*-2x-5=0.
Hmeem
D=(-2-4-3-(-5) = 64;
3 o 2ENOL,
6
X, = 1%, xp = —1.
3HauuT, KBaJPATHBIH TPEXUJIeH 3x? — 2x — 5 UMeeT ZBA KODHA: 1%
7 —-1. <
Tak Kak KBaApaTHBIA TpéxuneH ax’ + bx + ¢ umeer Te Ke KOPHH,

4YTO W KBajpaTHOe ypaBHeHuMe ax’ + bx + ¢ =0, TO OH MOMeT, KaK H
KBaJpaTHOe ypaBHeHHWe, UMeTh [Ba KODH#, OJAWH KOPeHb WM He MMeTh
KOpHEeH. JTo 3aBHCHT OT 3HAYEHUS AUCKPUMMHUHAHTA KBaJPaTHOTO ypas-
menus D = b? — 4ac, KOTODHII HABBIBAIOT TaKKe OUCKPUMUHAHMOM
xeadpamnozo mpéxuaena. Ecau D> 0, To KBajpaTHbIA TPEXYIeH
uMeeT ABa KopH#A; ecau D = 0, T0 KBAIPATHBLIN TPEXUYJIEH UMeeT OJHUH
KopeHb; eciu D < 0, TO KBaApaTHLIA TPEXYJeH He MMeeT KODHeil.

IIpu pemenun 3ajgad wHOTAA ObIBaeT yAOOHO IpeACTABHThL KBak-
paTHBIA TPEXYJIEH ax® + bx + ¢ B Buzge a(x — m}2 + n, rie m U n — He-
KoTopeie uyucsaa. Takoe npeobpazoBanue HasbIBaeTCH 8blOeNeHUEM KEAD-
pama Osyunena u3 KBaapaTHoro rpéxunesa. IToxkaykem Ha npumepe,
KaK BBINOJIHAETCA 5TO npeobpasoBaHme.

IIpumep 2. Brigenum u3 TpéxdieHa 3x® — 36x + 140 xpagpar ABY-
YIeHa.

P BriHeceM 3a CKOOKM MHOMKHTENb 3:

3x? — 36x + 140 = 3[::2 -12x + L;“-J

§ 2. KBagpaTHbllii TpEx4neH
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IIpeo6pasyem Bblpaskenme B cKobGkax. [las aToro mpezcrasum 12x

B BHUJe mpousBenesHus 2 - 6+ x, a sareM npubaBuM ¥ BeIuTEM 62
IMonyuum

3x% - 36x + 140 = S[x —12x + %) =

3[x2—2-6-x+62 6 + ‘;"j

I

=3((x 6)? + ) 3(x — 6)% + 32.

3maywur,
8x* — 36x + 140 = 3(x — 6)*> + 32. <

PaccMoTpuM 3azjady, OIpW pelleHMW KOTOPOU NMPUMEHSETCH Bblje-
JIeHHe KBaJpaTa JBydYJeHa U3 KBaJPATHOIO TPEX4YJIEeHA.

IIpumep 3. [lokakeM, 4TO M3 BCEX NPAMOYTOJHHUKOB C IEPUMETPOM
20 cMm HambGONBIIYIO ILJIOIIAAbL MUMEeT KBajpar.

P Ilycrs ogHa cTOPOHA MPAMOYroJbHUKA paBHa x cMm. Torza apyras
cropoHa paBHa 10 — x cM, a mIOmWAaAs NPAMOYrOJbHUKA paBHA
x(10 — x) em?.

Packpeie ckobxm B BeIpaskesuum x(10 — x), moaxyumm 10x — x2.

Beipaskenue —x° + 10x mpezcraBiasier coboii KBaapaTHBIH TPEx-
uneH, B Kotopom a = —1, b =10, ¢ = 0. Beigenum kBagpar ABY-
YjIeHa:

-x% 4+ 10x = —(x* — 10x) =
= —(x% - 10x + 25 — 25) = —(x — 5)? + 25.

Tak kak Boipaxkenue —(x — 5)? mpu mI060M X # 5 OTPUIATENHHO, TO
cymma —(x — 5)? + 25 npuaEMaer HauboIbIIEe 3HAUCHHE opu x = 5,
3HauuT, mIomans Gyzaer HaubonbIIed, KOrja OAHA M3 CTODOH NpH-
MOYTOJIbHMKa paBHa O cM. B aToM ciydae apyrasi CTOPOHA TaKiKe
paBHa 5 CM, T. €. IPAMOYTOJbHHAK SABJIAETCA KBaApaToM. <|

anaxueuun

55. Kakwe us ymcen —2, —1, 0, 2, 3 aBAAOTCS KOPHAMM MHOIOYJIeHA
x® — 8x% — 4x + 127

56. Haiiqure KOpHU MHOIoOYJeHA:

a) x2 — Tx; 6) 2x — b; B) y° — 4y; 0.y —18.
57. VMeeT JH KOpPHM MHOIOYJIEH:
a) x2 + 1; 6) x° — 27; B) —2y° - 1; r) y*+ 3y + 77

04 FEEEN] KBagpatvyHas dyHKUmA



58.

59.

61.

62.

64.

65.

66.

Kakue ua umcen 1, 2, 3 — J§, -7+ \/E ABJAOTCA KOPHAMHN KBaj-
paTHOTO Tpéxunena x> — 6x + 7?
HailiguTe KOPHM KBaJApaTHOTO TPEéXdJieHa:

a) x2 + x — 6; r) —2x% — x — 0,125;
6) 9x% — 9x + 2; 1) 0,1x% + 0,4;

8) 0,2x% + 8x — 20; e) —0,3x* + 1,5x.
Haiigure KOpHM KBaJAPATHOTO TpPEX4YjeHa:

a) 10x% + 5x — 5; B) x% — 2x — 4;

6) —2x° + 12x — 18; r) 12x% - 12.
WMeeT IU KBAaJAPATHBIA TPEXYJIeH KOPHHM M €CJIM HMeeT, TO CKOJIBKO!

a) 5x* — 8x + 3; B) —Tx® + 6x — 2;

6) 9x° + 6x + 1; r) —x* + 5x — 3?

Hmeer ¥ KBafpaTHBIM TPEXUJIEH KOPHU MU €C/IM MMeeT, TO CKOJBKO:
a) —4x°> — 4x + 3; B) 9x% — 12x + 4;

6) 4x% — 4x + 3; r) 9x% — 12x — 4?

Cymma koadhdHUIEeHTOB KBaJPATHOrO TPEX4JeHa paBHA HYJIO, a
ero cBoBOAHBIH uieH B 4 pasza 0ojblle CTapiiero KoapduiuenTa.
Hafigure KOPHH 9TOTO TPEXdUJIeHA.

BrizenuTe KBaJpaT ABYdYleHa W3 KBAJPaTHOrO TPéXUjeHa:

a) x2 — 6x — 2; B) 2x° — 4x + 10;

6) x* + b5x + 20; r) 22° + x — 6.

BrijenuTe KBajgpaT ABy4YJieHa W3 KBaJPaTHOTO TpéxuJjieHa:
a) x? — 10x + 10; B) 3x% + 6x — 3;

6) x2 + 3x — 1; r) 2% - x + 2.

(Ias paGoms. 6 napax.) J[loxkakure, 4TO IpPH n000M 3HAYEHUH X
KBaJIpATHBIH TPEXUJIeH:

a) x? — 6x + 10 npuHUMAaET NOJIOKUTEIbHOE 3HAYECHUE;

6) 5x2 — 10x + 5 npuHUMAaeT HEOTPHUIATEJIHHOE 3HAUCHUE;

B) —x2 + 20x — 100 mpUHUMAET HEIOJOXKHUTEJIbHOe 3HAYEHNUE;

r) —2x? + 16x — 33 npUHMMAaeT OTPUIATEJbHOE 3HAUEHUE;

) x* — 0,32x + 0,0256 npuruMaeT HeOTPUIATEJIbHOE 3HAUEHUE;
e) 4x? + 0,8x + 2 mpuHuMaeT MOJIOKUTEJIbHOE 3HAYEHUE.

1) O6eyaure, kKakue npeobpa3oBaHuA Tpéanenonu HAJI0 BBIIOJHUTH
I8 IOKA3aTeJbCTBA BHICKA3aHHBIX YTBEPXKIAEHUH.

2) Pacnpepenure, KTO BBINOJHAET 3aJaHusd a), B) 1 O), a KTO —
gagaHud 0), T) U €), ¥ BHINOJIHUTE HX.

3) IlposepbTe ApPYyr y Apyra npaBUJIbHOCTD NPOBENEHHBIX JOKAa3a-
TeJBCTB W UCIPaBbTe OIMUOKM, €CJIH OHU AONYIIeHbI.

§ 2. KeappatHblii TpE@x4neH
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67.

69.

70.

71,

174,

|75.

JaHbl KBaZpaTHbIE TPEXUIEHBI
x* - 6x+ 11 m —x% + 6x — 11.

Hokaskure, YTO NepBHIi M3 HUX He NPUHUMAET OTPHUIATEILHBIX
3HAYEHWI, a BTOPOM — MOJOMKUTENbHBIX.

Ilpn kaxom sHaueHWM x Tpéxuied 2x° — 4x + 6 NPUHUMAET Hau-
MeHbInee 3Hauenuwe? Haiinure aro 3HaueHwme.

HdaH KBagpaTHBLIA TPEéXUIeH %xz + 2x + 4. BelsicHuTe, IPH KAaKOM

SHAYEHUU X OH NPHHUMAET HaMMeHbIllee 3HAYeHHE M YeMy DaBHO
9TO 3HaYeHHEe TPEXdJeHa.

(3adava-uccnedosanue.) BrisicHuTe, Kakoi wus OPAMOYTOJBHBIX
TPEYTOJIbHUKOB ¢ CYMMOM KaTeTOB, paBHOM 6 cM, HMeeT HAHMOOIB-
IIyI0 moimans. Beluucnure a1y momans.

1) ObosHaubTe ATHMHY ONHOTO W3 KATETOB yepe3 X CM ¥ COCTABBLTE
BEIDayKeHHe MJIs1 BBIYMCIIEHHA TJIOIIAJH TPeyroJNbHUKA.

2) Uccrenyiite, Npy KaKUX 3HAYEHUAX IepeMeHHOM COCTaBJIEHHOE
BEIpaXXeHHe NPUHUMaeT HauboJibIlee 3HAYEHHE.

3) Berunciaure, yeMy paBHO 3HAUEHMe IJIOINAaAH TPeYroJbHUKA TP
VKa3aHHbIX 3HA4YEeHHUAX [epeMeHHOI,

C GamHEm BRIIYCTHIIM BBEPX CTPENY W3 ayka. Ecan HauansHas cko-
pocTe crpessl pasHa 50 M/c, Bhicora 6ammu 20 M u t (c) — Bpe-
Ms MONETa CTPeJibl, TO paccTosHue h (M) cTpesBl OT MOBEPXHOCTH
S€MJIM B MOMEHT BpeMeHH ¢ (C) MOKHO HaliTu mo dopmyse
h = =5t* + 50t + 20 (npubnnxéHHOE 3HAYEHWE YCKODEHHS cBObOI-
HOro majieHusi cumraerca pasabiM 10 m/c®). Kakoit mauboiabmei
BBICOTBI JAOCTHIHET crpeJa?

Pysxnus sazasa dopmynoi f(x) = 9’5%1—. IIpu kakux 3Ha-
YEeHUAX X:
a) f(x) = 0; 6) f(x) > 0; B) f(x) < 07

HAnuna | craneHOro pesbca, MMEOIIETo npu 0 °C paumny 60 M,
M3MEHALTCA B 3aBUCUMOCTH OT Temneparypsl ¢ (°C) mo 3akomy
[ =60(1 + 0,000012¢). Haitaure npupamenue AnuHE | peibca
P U3MEHEHWH TeMIepaTyphl:

a) or 0 go 25 °C: 6) or 25 mo 50 °C.
Pemmure ypasrenue:
a) 3(x + 4)® = 10x + 32; 6) 3lx + 77 = 15(x + 1)%

Pasnoxxnre HA MHOMXHTENIH MHOrOYJIEH:
a) ab + 3b — 5a — 15; 6) 2xy —y + 8x — 4.

ILELEER] KeanpatuuHas dyHkums



4. Pa3noxeHue KBaapaTHOro Tpéx4seHa
Ha MHOXWUTENU

IIycTs TpebyeTca Pas3IOMKUTh HA MHOMKHUTENH KBaJApPaTHBIN TpEXYJIeH
3x* — 21x + 30.
BeiHeceM cHayajia 3a CKOOKHM crapmuit Koaddumnuent 3. Ilonyuum
3x% — 21x + 30 = 3(x® — Tx + 10).
Jlns TOro uTo6Bl PABNIOKUTH HA MHOMKUTENN TPEXUIeH

x2 - Tx + 10,

npexcTaBuM —7X B BHJE CYMMBI OJHOUWIEHOB —2X M —5x ¥ IpPHUMEHUM
cnocof I'pyHIupOBKH:

Z2-Tx+10=x%2-2x-5x+ 10 =
=x(x—2)—5(x—2)=(x*2)(x—5).

3Ha4uT,
3x% - 21x + 30 = 3(x — 2)(x — 5).

Ilpu x = 2 ¥ x = 5 IpousBeieHUe 3(x — 2)(x — 5), a cuefoBaTesb-
HO, ¥ TpéxuieH 3x° — 21x + 30 obpamairca B HYJIb. Bpauur, gucaa 2
u 5 ABAAIOTCSA €ro KOPHIMH.

Mrax, Mbl NPeACTABUJIM KBaAPATHBIA TPEXUIEH

3x? - 21x + 30

B BUJe INpOM3BEJeHUA 4yuciaa 3, T. e. cTapuiero koapduureHTa, U ABYX
IUHeHHBIX MHOKWUTenei. IlepBbIfi W3 HHX DOpejcTaBadAeT CoO-
00¥ pas3sHOCTb MEKAY nepeMeHHOH X ¥ OJHMM KODHEM TpéX4JeHa,
a BTOpOIl — PA3HOCTH MEXAy IepeMeHHOW X U APYIdM KODHEeM.
Taxkoe pasjiOXKeHHWe MOIKHO IOJYyYHUTH AJHA a1060r0 KBaApPaTHOTO
TpEéXYJeHa, UMeIOIlero KOpHH. IIpu 9TOM CYMTAIOT, YTO €CJIH AMCKpPH-

MHUHAHT KBaJ[DATHOIO TPEXUJIeHA paBeH HYJIO, TO 3TOT TPEXUJIEH HMeeT
IBA PaBHBIX KOPHS.

TEOPEMA

Ecim x; 1 X, — KOPHHM KBaJpaTHOTO TpéXUJieHa ax®’ + bx + ¢, TO
ax® + bx + ¢ = a(x — x,)(x — x).

® BrimeceM 3a CKOOKHM B MHOTOYJIEHEe ax® + bx + ¢ MHOMKHUTENIbL Q.
ITonyuum

ax2+bx+c=a(x2+%x+§).

§ 2. KBapparHbiii TPEX4NEeH
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o 2
Tax Kak KOpHM KBaJpaTHOTO TPéXuieHa ax’ + bx + ¢ saBAAIOTCH
KOPHfIMH KBaZIpaTHOrO ypaBHeHudA ax” + bx + ¢ = 0, To no Teope-

me Buera
b
: =€
Orcrona
b
E = h(xl 5 x2),
c = -
‘&_ — xl x2.
IToaTomy
b
¥+ ox o =at - (0, + x)x + xyx, =
= x% — 2,2 — 2% + X125 = (X — %)) — 25(x — x) =
= (2 — x)(x - x,).
HUraxk,

ax® +bx +c=a(x - x,)(x - x;). O

IToxaxxem, uto

| el I S ——— PR PR M W e G e R A S SN S e S W B S S S

€CJIM KBaJpATHBIN TPEXUJIEH HE MMEeT KOPHEeH, TO ero Helb3s
Da3JIOKUTE HA MHOMKHTENH, ABIAIONMIMECH MHOTOWIEHAMMU IIep-
BOH CTeIleHH,

P e - —

T T e e R S S VS JUS DR BN S B S S e B e e e e bl R T e |

L
3

Ilycrs xBagpaTHEIN Tpéxunen ax? + bx + ¢ He HMMeeT KOpHeli.
Ilpeanomoxum, 9To ero MoMxHO IpeACTaBUTh B BHJE NIPOU3Bee-

HHA MHOT'OYJIEHOB nepnoﬁ CTelleHu:

ax® + bx + ¢ = (kx + m)(px + q),
rae k, m, p u ¢ — HekoTOpHle umcsa, npuuém k# 0 u p#0.

IIpoussenenne (kx + m)(px + q) obpamiaercss B HyJIb HDU X = ~%

q
Hx=-7. CrnenoBarenbHO, IDH 9TUX 3HAYEHHAX X obpamaerca B

.. 2 m q
HyJab W TpexunaeH ax” + bx + ¢, 7. e. uucna —% H —— ABIAOTCA

P

€ro KOpHAMH. MBI NPHUIIIH K IPOTHBOPEYHIO, TAK KaK II0 ycuo-

BHIO 3TOT TPEXUJIeH KOopHeil He umeer. O

IIpumep 1. PasnoxuM Ha MHOMKUTEIH KBaJpaTHBINA TpPEXYJIeH

2x% + 7x - 4.

IELER] KBanpatuynan dyHkums



» PemuB ypaBHenme 2x° + Tx — 4 = 0, HalIéM KODHM TPEXUJIeHA:
X, = -;—, x, = —4.

ITo TeopeMe O pasJyIOKeHHH KBaJapaTHOI'o TpéX‘IJ‘IEHﬂ Ha MHOXXHUTe-
JIKX UMeeM

2% + Tx — 4 = 2(x—-;-)(x+4).

ITonyueHHBINA pe3yJIBTAT MOYKHO 3aIIMCATH MHAYE, YMHOKHB YHCJO 2
1
Ha JBYYIeH X — 3. ITonyuum

2x2 + Tx—4=(2x - 1)(x + 4). <
HDpumep 2. PaznokuMm Ha MHOMKUTEJIH KBaXPATHBIA TPEXYJIEH
—4x® + 24x — 36.

» Pemus ypaBHerue —4x° + 24x — 36 = 0, HaliiéM KOpPHH TpEéX4Jie-
Ha: x; = x, = 3.
3Hauwur,
—4x® + 24x — 36 = —4(x — 3)(x — 3),
WIH UHaYe
—4x? + 24x — 36 = —4(x — 8)°. <
3x+2
2 _18x-10"
p PasnoKUM Ha MHOMKHTENIH KBaAPaTHBIM TPEXUYJIEH 3x% — 13x - 10.

Ilpumep 3. Coxkparum npobn 2

Ero xopHM paBHEI —% u 5. Iloatomy

3x? — 13x — 10 = 3(1: + g—)(x —5) = (8x + 2)(x — 5).

3HauurT,
3x + 2 = 3x+2 . 4
3x% —13x-10 (Bx+2)(x-5) x-5"

YnpaxHeHus
76. Pasnokure Ha MHOXKHUTEIH KBaApPATHBIN TPEXUYJIeH:

a) 3x% — 24x + 21; r) x2 - 12x + 20; x) 2x% — 5x + 3;

6) 5x + 10x — 15; ) —y*+ 16y — 15; 3) 5y® + 2y - 8;

B) 2% + 2% + 33 e) —x%—8x +9; u) —2x% + 5x + 7.

77. PasnokuTe Ha MHOKUTEIH KBaJIpaTHBIN TPExXdJIeH:

a) 2x% — 2x +3; B) 16a® + 24a + 9;

6) —9x% + 12x — 4; r) 0,25m? — 2m + 4.

§ 2. KeagpaTtHblii TpEx4neH
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78.

79.

|&

87.

30 PiELEERE KeagpaTtudHaa QyHKUMA

Pasnoxxure Ha MHOMKHUTEJIU KBAJPATHBIH TPEXUJIEH:

a) 2x® + 12x — 14; B) 3x% + 5x — 2;

6) —-m? + 5m — 6; r) 6x? — 13x + 6.

JlokaKuTe TOXKIEeCcTBO:

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

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

MoskHO JH NPEACTABUTH KBaJAPATHBIM TPEXUYJIEH B BHJE IPOU3Be-
JeHHdA MHOT'OYJIEHOB nepnoﬁ CTEeNeHu:

a) —3y* + 3y + 11; B) x° — Tx + 11;

6) 4b®> — 9b + T; r) 3y — 12y + 122

MosxHO 1M pasIOMUTL HA MHOMKHUTENIH KBaJAPATHBIA TPEXUYJEH, KO-
3(pGUIMEeHTH] KOTOPOTO paBHEIE, OTJIUYHBIE OT HYJIA 4YHucaa?

IToxasxuTe, 4TO CylecTByeT KBAaAPATHBLIA TPEXUJIEH, WMEOIHi
KOPHM, KO02h(PHUIHNEeHTH KOTOPOro — HATYPaJbHBIE YHCJIA BUAA n,
2n, 3n (pacmoyio’KeHHbIe B IIPOM3BOJIbHOM NOpAAKe). Pasioxure
B3TOT TPEXYJEH HA MHOMKHTEIH.

Cokparure apobsn:

4x+4 16 — b2 p?-11p+10

8) 32 +2x-1° B) 2 -b-12° A) 20 +8p- p?’
=

6) 24®> -5a-3 )2y2+7y+3 )3x2+16x—12

T T Py —_— g pe—————————y

8a-9 ; F-9 ° 10 - 13x — 3x2

Coxpature apobh:

2% —11x + 24 2% +9y -5
a) ——5—; | = e
) x - 64 ) -1
Haiinure 3naueHue apobwu:
roa W = -9; -99; -999;
3—)6_7x+x211pl{x——, ? ’
4x% +8x - 32
6) — 2,5 ©pux=-1; 5 10.
Yem pasauuaiorcs rpaduKu QYHKIUI y=x—-4mu y= P ;f_i'x2+ 8 2

Pemure ypasnenue:

2

_1 -_—
a) S5 - 11x = 11; P !

X%+ 8x—17 2- x°
e = D=3



Pasno:xuTe Ha MHOMHUTEJIM MHOT'OYJIEH:
a) 4x% — 6x + 2xy — 3y; 6) 4a® + 2b® — 2a°b — 4ab’.

'89. B xakoif KOODAWHATHON YeTBEDPTH PAaCIIOJIOXKeHa TOUKa Iepecede-
Hua rpabukoB pysrnuit f(x) = 0,8x + 2,1 u g(x) = —-0,9x + 3?2

KoHTponbHbie BONpOChI U 3apaHua

-~ Jaiite onpegeneHue KBagpaTtHOro TpéxyneHa. CKONbKO KOpHeil Mo-
| XEeT UMETb KBaapaTHbliA TPEXYNeH?
. MokaxuTe Ha npumepe BbipaxeHus 3x2 — 12x + 32, KaK MOXHO Bbi-
. [AeNnuTb KBaapart ABy4NeHa u3 KBagpaTHOro TpéxdneHa.
Cohopmynupyinte n OOKaxuTe TEOPEMY O PasnoXeHUU Ha MHOXUTEe-
. M KBAApaTHOro TPEX4NeHa, UMEIOLEro KOpHW.

N KBAAPATUYHASI ®YHKUMS U EE FTPAGUK

5. DyHKkums y = ax®, eé rpadmk U CBOMNCTBA
OpHOI M3 BaXKHBIX (QVHKIUHA, K M3VUEHHIO KOTOPOH MBI IEePEeXOoluM,
ABJIAETCA KBaApaTHUYHaA (QYHKIUA.

| On pepenenue. Ksagparnunoi ¢yHEKIMe HasbiBaeTcsad QyHK- :i
OoHuA, KOTOPYI0 MOMKHO 3azaTh (opMyJiol BHaa

y=ax’+bx +ec, }
rje x — He3aBUCHMAas DepeMeHHasd, a, b ¥ ¢ — HeKOTophIe YHC- :j'?.
na, npuuém a = 0. i

PRI« TR LT Vi LB a = = e S 2117 R T
bl I s e S Lt © = e SR e S0 e i e e T b e : I sLn A et X

Ob6nacThio oNpelesieHUsl KBaJpaTUdHON QYHKIMU ABJISAETCA MHOMKE-
CTBO BCeX YHCeJI.

IIppMepoM KBaAgpaTHYHOR (PYHKIMH ABJIAETCA 3aBHCHMOCTDL IOYTH OT
BPpeMEeHM NOpPH PABHOYCKODEHHOM ABHIKEHHMH. HECIH Tejlo ABHIKETCS C

yekoperueM a (M/c?) m K Hayay OTCYéTA BPDEMEHM ¢ IPOILIO IIYThH 8, (M),
uMedA B 9TOT MOMEHT CKOPOCTB U, (M/C), TO 3aBHCHMOCTh IPOHZAEHHOTO
nyta s (M) or BpeMeHH (¢ (¢) BeIpaycaercs (hOpPMYJIOH

2
at
s =5 + vyt + s,

§ 3. KpappatunyHas PyHKUMA 1 e€ rpadumk 31



Ecnu, manpumep, a = 6, v, = 5, s, = 20, TO
s = 3t? + 5t + 20.
UsyyeHue KBaJApaTHYHON (PYHKIIMM HAYHEM C YaCTHOrO ciaydas —
GYHKIMHU Y = ax®.
Ilpu a = 1 dopmyna y = ax® npuaumaer Bux y = x°. C aroit byHK-
nueil Bl y:e BeTpeuanuch. Eé rpadukom aBiaserca mapabosia.

IToctpoum rpacdpur GpyEKDIUH Yy = 2x%. CocraBum Tabiumy 3HaueHUit
aTOM (PYHKIUH:

x =2 | k@ |, ~1 | =0:D 0 0,5 1 1,5
8 4,5 2 0,5 0 0,5 2 4,5

ITocTpouM TOYKH, KOODAMHATHI KOTOPHIX yKasaHel B Tabaune. Co-
eIMHUB WX IJIABHOW JUHHEH, MOJYUYUM Trpadur QyHKOHUH Y = 2x°
(puc. 22, a).

IIpu nobom x # 0 3HaYeHHEe QYHKIUU Y = 2x? GosrbITe COOTBETCTBY-
JOIIero SHAYeHHs GYHKIUH y = x° B 2 pasa. ECJIM IepeMecTHTh Kax-

AVIO TOYKY rpadpura GyHKIUH Y = x? BBepX TaK, 4T00Bl paccToOAHUE OT
9TOM TOYKM [0 OCH X YBEJMYMJIOCH B 2 pasa, TO OHA IepeHsér B TOY-

Ky rpaduka QyHKUHH Y = 2%, IIpu srom kajgada TodkKa rpaduxa
GYHKOHUHU Y = 2x% Mosker GBITH IOJIyYeHa W3 HEKOTODOH TOYKM rpadu-
Ka (QYHKIOUU Y = x?. VHBIMH ciaoBaMu, rpaduMiK QYHKIOUHA Yy = 2x?
MOJKHO NOJIVUUTH U3 napaboissl y = x° pacTsyKeHHMeM OT ocu X B 2 pa-
aa (puc. 22, 0).
1.3

IToctpouM Teneph rpaux QyHKOIUU Y = X Jlys aTOrO COCTABUM

Tabauny €€ 3HaYeHWi:

x —4 -3 -2 -1 0 1 2 3
y 8 4,5 2 0,5 0 0,6 2 4,5
a ¥4 I R 6) [IlIZ)
’ i (5 i ) i
8l | |y =2x2] \| 8
| 1
' I 1 J Y = x2
16 | |6 1\
Val 1] A\
Vg \Vinsl L/ il
11 i "
—210l 113 x —210l 113 x
Puc. 22 I i [l | "
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a) [TV 1T 1% ] 6) [T\ 7)) ]
] / \ /
8 [ 8 :
e VAV T
T 1 VAl
& af X 4 ! :
9 =1 Zad\la Y = x=
y=%x2 (; / N ¢ 21x NA i >
AR e eE
Puc. 23

HOCTpOHB TOYKH, KOOPJAHMHATHBI KOTOPBIX YKas3aHbBI B Taﬁnnne, 51
COeIUHUB HUX IJIaBHOU JuHMel, monyuuM rpaduxk QyHKOUHA Yy = %xz
(puc. 23, a).

IIpm mio6om x # 0 3HaueHWe (QYyHKOUH Y = %xz MeHBIIIe COOTBET-

CTByIOINEero 3HaveHus GyHKmum y = x° B 2 pasa. Eciam mepemecTuTsb

KakAylo TOYKy rpadmka QyHKIuU Yy = x% BHMS3 Tak, 4TOOGBI PACCTOS-
HHEe OT 3TOM TOUKH 0 OCHM X YMEeHBIIWJIOCh B 2 pasa, TO OHA Iepeii-

1o

aéT B Toury rpaduxa pyHKOuUM y = 3% OpHYEM Kakaas TOYKAa 3TO-

ro rpaduka MoeT OBITH HOJyYeHA U3 HEKOTOPO# TOUYKHM rpadpuka
byaknun y = x° (puc. 23, 6). Takum obpasom, rpadux (GYHKIAK
y=%:vc2 MOXKHO MOJYYUTh M3 mapaboibl y = x° cokaTHeM K OCH X B
2 pasa.

Boobme rpaduk byHKnuM y = ax® MOMXHO MONYYUTH U3 MapaboIbI
y = x* pacTsiKeHUMeM OT OCH X B a pas, ecau a@ > 1, U c:KaTHEM K OCH X

B % pasa, eciu 0 < a < 1.
PaccmorpuM Tereps byHKNHIO y = ax’ npu a < 0.

I =28
ocTpouM rpapur GYHKOUH Y = —5 X", AJIA Yero COCTaBUM Tabyu-
Iy 3HAYEHUN 2TOM (QyHKI[MN:

x -4 | 3] 2| 1 0 1 2 3 4
y | 8 |-45| -2 |-05| 0 |-0,5]| -2 | -4,5| -8

BocnonezoBaBIINchk 9TOM Tabnumeif, mocTpouMm rpadux QyHEKIUNA

y= —%xz (puc. 24, a).
§ 3. KeappatuyHas ¢yHkuMs n e€ rpaduk 33



a) vk 6) 7]
2 \ 6
o e g o |
E 3 \ !4 / y=%x2t
Sl ) 4 \
4-3 79 7234 \ !2 7
il s yd
/ —4 } >
L ~4-3 534 x
(- \
INEd W UL SRR AN
RES7 e ] AT =-3+"
f! -10 \ i !—6 f
! [ ]—:8..— X

Puc. 24

CpaBHMM rpadurd QyHKOUR Yy = —%xz uy= %xz (puc. 24, 6). Ilpu

aobom x # (0 3HaueHHA 9TUX PYHKIUA ABIAKTCA IPOTHBOMOJIOMKHBIMMU
ypcjaaMu. 3HAYHUT, COOTBETCTBYIOI[ME TOUYKHU IPaMKOB CUMMETDUYHBI

1
OTHOCHTEJNIbHO ocu Xx. VHBIMU cioBaMHu, rpadur QyHKOHUH Y = —Exz

1
MoxkeT ObITh monydyeH u3 rpaduKa (QYHKOUHA Y =§x2 C IIOMOIIBIO
CHMMMEeTPHUH OTHOCHUTEJIbHO OCH X.

Boobmie rpabuku bysxnuit y = ax’ u y = —ax® (upu a # 0) cummer-
PHYHBI OTHOCHUTEJHEHO OCH X.

T'pabur bysxknum y = ax®, rge a # 0, kak u rpadpur QyHKOHH
y = x°, HaseiBaeTcsa napalboJoil.
Cdopmynupyem cBoiicrBa GyHKImM# y = ax® upu a > 0.

2

1. Eciu x = 0, o y = 0. 'padhux (HpyHKIUHA DPOXOAMUT dYepes
Ha4yaJl0 KOOPAMHAT.

2, Ecom x #0, To y > 0. 'padbuxk GYHKOUH DPACIIOJOKEH B
BepxXHeH MOoJIYNJIOCKOCTH.

3. IIpoTHBOIOJIOKHEIM 3HAYEHHAM APryMeHTa COOTBETCTBYIOT
paBHBIe 3HadYeHHMA (pyErnuu. 'padux QyEHKOHH cEMMeTpH-
YeH OTHOCHTEJIHHO OCH Y.

. 4. dysknun yomisaer B npomeskyTre (—o0; 0] u Bospacraer B

npomexyrre [0; +090).

. 5. Haumenbuiee 3HaueHHMe, PaBHOE HYJII0, (DyHKIMA NPHUHH-

b maer npu x = (0, HanGonpmwero 3HaYeHHdA (QPYHKIUA He

: umeer. O6nacTpi0 3HAYEHUH QYHKIUH ABIAETCH NMPOMEKY-

Tok [0; +090).

34 B EL:ER] KeaopaTtuyHas QyHkumsa



HokaskeMm cBoiicTBo 4.

® Ilycrs x;, u x, — [Ba 3Ha4YeHUs apryMeHTa, NPpUUEM X, > X, 4 Y
U Y, — COOTBeTcTByIOmMe uM 3HaueHua Qyskmuu. CocraBuM pas-

HOCTB Y, — Y, M mpeobpasyeMm eé:

2 2
Y~ Yy = ax; — ax] = a(x; — x7) =
= a(xy — x,)(x5 + x,).

Tak xax a>0 u x, — x; > 0, To npoussegeHue

a(x; — x,)(x; + x,)

HMeeT TOT e 3HaK, YTO ¥ MHOXXHTeJIb X, + Xy,

Ecnu yucna x, ¥ x; NIpUHaAAAEXAT OpoMeskyTky (—o°; 0], To MHO-

HHUTENb Xo = X, OTpHIIaTeJIeH.

Ecnu umena x, m x, mpuHaAIeKaT NpoMexyTky [0; +o°), To MHO-

KUTENb Xy + X; TOJIOKUTENEH.

B nmepBoM ciydae y, —y, < 0, T.e. Yy, < y;; BO BTOPOM cJyd4ae

Y=y > 0, 1. e. Yy > y;.

3HauuT, B npoMmeskyTKe (—o0; 0] dyaknusa ybsiBaeT, a B IPOMEXYT-

ke [0; +°°) Boapacraer. O
Teneps copMyaupyeMm cBoiicTBa GyHKIUM y = ax’ mpu a < 0.

PO . e W R S T G S W N T A

,[[OR&B&TEJII:CTBO cBoiicTBa 4 OpPOBOAUTCH AHAJO'MYHO TOMY, KakK aTo

Ecim x =0, To y = 0. I'padbur PyEROEE OPOXOAUT UYepes
HaYaJo KOOPAMHAT.

Ecim x #0, o y <0, 'papuxk (PyHKOUHA DACIOJOMKEH B
HHUKHEH NIOJYIIJIOCKOCTH.

IIpoTHBOMONOXKHBIM 3HAYEHHAM aprymMeHTa COOTBETCTBYIOT
paBHbIe 3HaYeHHA pyHxkuuu. 'padux GyEROHEE cUMMeTpH-
4YeH OTHOCHTEJNLHO OCH Y.

dyaxuua Bo3pacraer B npomexyrie (—o0; 0] u yosiaer B
npomeskyTke [0; +00),

HaubGoneee 3HaYeHHWe, paBHOEe HYII0, (DYHKOUA TPHHHU-
maer npu x = (), HauMeHpUIeT0 3HAYeHHUA (GYHKIUA He

umeer. O6JacThIO 3HAYCHHH (PYHKIMH ABIAETCH IPOMeEKY-
ToK (—°c°; 0].

ObLJIO caesaHO AJA QYHKUIUM y = ax® npu a > 0.

W3 nepeuHcIeHHBIX CBOMCTB ciaeayeT, 4To npu a > (0 BerBu mapabo-

JBI Y = ax® HanpaBJeHbI BBepxX, a mpu a <0 — BHu3. Och y ABIAETCH
ocel0 cuMmMeTpuu mapabornel. Touky mepeceueHHss HapaboJbl C €€ OCBIO

§ 3. KeagpatnyHaa QyHKUMA U eé rpaduk
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CAMMETDHUM HABBIBAKT BEPUWIUHOU napabojibi. BepmuHON napabosibl
y = ax® sBjserca HAYAIO KOODAHMHAT.

ITocrpoerme rpadguxa, CHMMETPHYHOrO AAHHOMY OTHOCHUTEILHO
OCH X, pacTAKeHHe rpaduka OoT OCH X HJIH CXKATHE K OCH X — Pasjud-
HbIe BHJBI npeobpasoBanus rpadukoB ¢pysxmuu. IlpeobpasoBanus rpa-

(uKOB, paccMOTpeHHBIe HaMH AJIA (DYHKOUH Y = ax?, IpUMEeHHMBI K
nboil GyHKIMNA.

I'padpux byEKDUH y = —f(X) MOIKHO NMOAYYIUTHh U3 rpabura GyHKIUN
Yy = f(x) ¢ mIOMOIIBI0 CUMMETPUN OTHOCHTEJIBHO OCH X.

I'padbur pysKnuu y = af(x) MOKHO MOJTYIUTL U3 rpadura QYHKIUM
Yy = f(x) ¢ moMOIbI pacTsSKeHUs OT OCH X B @ pa3, eclii a>1, u ¢

1
HOMOIIBIO CKATUA K OCH X B _ pasa, eciu 0 <a<1.

Ynpasetmy

90. Ilocrpoiite rpaduk PyHKIHE y = i—xz. Haiigure:

a) 3HauyeHue y npu x = —2,56; —1,5; 3,5;

0) 3HadYeHUdA X, IPH KOTOPBIX Yy = 5; 3; 2;

B) IPOMEKXYTOK BO3PACTAHUA ¥ NPOMEXYTOK yObIBaHUA (DYHK-
18597

91. IlocrpoiiTe rpaduk QyHKOHM Yy = ~-2x% n maiigure:

a) sEaueHue y npu x = —1,5; 0,6; 1,5;
6) sHaueHUA X, NPH KOTOPBIX y = —1; —3; —4,5;
B) IPOMEXXYTOK BO3PACTAHHA M IIPOMEXXYTOK YOBIBAaHHA (PYHK-
IHH.
92. TIlocrpoiite B OgHON cucTeMe KoopauHAT rpadurm GyERIHAA
l.o
Fran

y=x2,y=1,8x21{y=§

CpaBHHuTe 3HaueHHsS 3TuUX QYHKOUNA npu x = 0,5, x=1 1 x = 2.
93. IlocrpoiiTe B OogHOH cHCTeMe KOOpAMHAT rpadukum QYHKIHMA
y=0,4x" u y = —0,4x%
Kakosa obyiacTh 3HAYEHUM KaKA0M M3 9TUX (DYHKIIHHA?

94. TlokaxkuTe cXeMaTWYECKH, KaAK PAaCHOJIOKEH B KOOPAMHATHOM
IJI0OCKOCTH rpadur QyHKIHHU:

a) y = -1,5x%; 0) y= 0,8x2.
IlepeyncauTe cBoiicTBa 9TOM QYHKIIUHA.

95. HMsobpasurTe cxemMaTHYeCKM rpaduk M IMepevIncIuTe CBOHCTBA
byHKIMN:

a) y = 0,2x% 6) y = —10x>.

PIEEEN] KeappaTtuaHas ¢yHkums
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Ilepecexarorca nu napabona y = 2x% u npamas:
a) y = 50; B) y = —8;
6) y = 100; r) y = 14x — 20?7

Ecnu TOYKHM mepecedeHMs CYIIECTBYIOT, TO HAWAMTE UX KOOPAMHA-
TEHI.

97. IlpuHagneXuT Ju rpaduKky QYHKIHUHA Y = ~100x? Touxa:
a) M(1,5; —225); 6) K(—3; —900); B) P(2; 400)?

98. Hajigure KOOpPAMHATEI TOYEK IepeceueHus rpaduiroB QyHKIH
= —x? u y = 2x — 3. BemmonEuTe rpadUUECKyI0 HILTIOCTDAIHIO.

H3o6pasure cxemarumdyecknm rpadpuxm (ysxmmii y = 0,01x® u
y = 10x. I'paduxu atux byarnuit uMmeror obmryio Touky O(0; 0).
Wmeror nm rpaduku sTHX (GyHKIHNA Apyrue obmwme Touku? Ilpm
IIOJIOYKUTEJLHOM OTBETe HaliiuTe KOOPAMHATHEI dTHX TOYEK.

IIpy KaxkuX 3HaAYeHHAX k npamas y = kx — 4 umeer ¢ napa6osoit
y = x* TonbKo ofHY 06mIyIO TOYKY?

101. Ilnomazns kpyra S (cm?) Belumcaserca mo dopmyne S = nr’, rae
r(cm) — paguyc kpyra. Ilocrpoiite rpadur dyEkumum S = nr’ u
HaliauTe mo rpauky:

a) momaas Kpyra, ecau ero paguyc pasex 1,3 cm; 0,8 cm; 2,1 cm;
6) paguyc Kpyra, miomans Kotoporo pasaa 1,8 em?; 2,5 cm?; 6,5 cm®.

102. IInomans mOBEPpXHOCTH Kyba Yy (cm?) saBucuT or pebpa KyGa
x (cM). 3apmaiite ary saBucumoctb (Qopmysoi. ITocTpoiite eé rpa-
(dbuK ¥ HaiguTe OO rpaduKy:

a) mioianabk IIOBEPXHOCTH Kyba, ecau ero pebpo pasmo 0,9 cwm;
1,5 em; 1,8 cm;
6) aauny pebpa, ecom IUIOmazAb IOBEPXHOCTH Kyba paBHa 7 cM’;
10 cm?; 14 em?.

103. CkonbKO KOpHEH mMeeT KBaJpaTHBIM TPEXUJIeH:

a) 3x2 — 8x + 2; 6) —3y% + 6y — 18; ) m® — 83m + 82
104. CoxpaTure npobn:
2a -1 6a’-ba+1
a) 10a®-a-2’ 6) 1- 4a%

105. Pemnre ypaBHeHUe

+38°-(x—-32=(x—-272+(x + 2)°
¥ OTMEThTE ero KOPHH Ha KOOPJAMHATHON IIPAMOH.

§ 3. KeappatnyHaa ¢yHkuMA u eé rpaduk ‘ 37




6. Npaduku PyHkumin y = ax’+n
ny=a(x —m)’
PaccMoTpuM ApyruHe UYacTHBIE CIydYay KBaApAaTHYHOH (QDYHKIHH.
IIpumep 1. Briscaum, uro npeacraBiager coboit rpabux GyHKOUU
y= %xz + 3.
p C arolt mespio B OJHOM CHCTEME KOODPAMHAT IIOCTPOUM TIpaduKu
GYHKOUA y = %xz uny= %xz + 3.

CocraBuM Tabauny sHauyeHUHd (QYHKOHH Yy = %x2:

x =4 | =2 { =2 | =L 0 1 2 3 4
8 4,5 2 0,5 0 0,5 2 4,5 8

(1)

I'padbux dyERDUH y = %xz uzobpakéH Ha puUcyHKe 25, a.

Yrobpl monyduTs Tabiuny 3HaYeHMN (QYyHKIUH Y = %xz + 38 npm
TexX ’Ke 3HAUEeHHAX apryMeHTa, CIeAyeT K Hail/leHHBIM 3HAYEHUAM
GyHKOUA Yy = %xz npubasuTs 3.

CocraBum Tabauny sHayeHUH (PYHKOHUH Y = %xz + 3:
& -4 -3 -2 -1 0 1 2 3 4
17 11 |'%T5 5 3,5 3 3,5 5 5| 23

(2)

IlocTpouM TOUKM, KOOPAMHATHI KOTODPHIX yKasaHbl B Tabaume (2),
M coefWHUM HX IaBHou jauHMe#. Ilonyuum rpadpux GQyEKIUHN

= 32° + 3 (puc. 25, 0).

177y I 0 \ YA I
2 ' i J8 /
\ / ‘.\\ fH
N Ry PAERAT oo 4
6 =2* 6 1
\ | / = \‘ :4 y. y=%x2+3_
4 N ]
Y > AN N
| —4— 4__' 1 0 | —4—-3.1 0l 4 X
Puc. 25 |4]l3 P ]|LT]'|3‘|1 I4[i3 |0 |1|2|3|
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Jlerko mOHATH, YTO KamAo#u Touke (x,; Y,) rpadura GYHKIHH

y= %xz COOTBETCTBYeT eIUHCTBeHHadA TouKa (x,; Yy, + 3) rpadpuxa

GyHKIHUU y = %xz + 3 u HaobopoT. 3HAYHUT, €CIIA IIEePEMECTHTh KajK-
1

AyI0 TOYKY rpadpura QyHrnuu y = Exz Ha 3 egUHUIBI BBEpX, TO MO~

JIYYUM COOTBETCTBYIOINYIO TOUKY TrpadmiKa QYHKIHH Yy = %xz + 3.

Wrave roBops, KaMAVI0 TOYKY BTOPOro rpadHKa MOMKHO HOJYUHTH
M3 HEKOTOPO# TOYKM mepBoro rpadguxKa ¢ MOMOIILI0 IapaJIelbHO-
TO mepeHoca Ha 3 eIMHUIBI BBEDPX BJOJb OCH Y.

T'padpur byHKIUN Y = %xz + 3 — mapaboiia, Mony4eHHAs B Pe3yJib-
Tare CABUIA BBepX HA 3 eNUHUIEI rpaduKa QYHKIHH Y = %xz. 4

-

Boobme rpadbur dysxnuu y = ax® + n asnserca napabooif,
KOTOPYIO MOJKHO IIOJNYYUTh M3 rpaduka QYHKIUE y = ax’ ¢
IIOMOII[bO0 NAapalJIeJIbHOT'O IepeHoca BAOJbL OCH Y Ha N eSUHHIL
BBepX, ecau n >0, niu Ha —n esuHMN BHU3, ecau n < 0.

e e i W i S Se i it il

IIpumep 2. Apka mocta mmeer (opmy mapabGoasr (puc. 26). Mocrt
VAep:KUBaT TPU OLOPHI, PACIOJIOXKeHHBIe HA OQUHAKOBOM PaCCTO-
AHUM Apyr or apyra. Haiaém AJIMHBI 3THX OIOP, €CJIM HM3BEeCTHO,
yto AB =80 M, OC =8 m, AK=KO=0OL=LB.

YA
o c
A K O L B -40 K 0 L  40%

Puc. 26 Puc. 27

b CocraBum ypaBHeHMe mapaboJibi, BEIODAB CHCTEMY KOODJAMHAT TaK,
KaK ImoxasaHo Ha pucyHKe 27. OueBHJIHO, UTO 9TO YypaBHEHHE HMeeT
BHA Y = ax” + n. Haiiném KoopauHaTel Touek A, B u C. Umeem

A(—40; 0), B(40; 0), C(0; 8).
Bepmunoit mapaGonsr siBisiercsa Touka C(0; 8). 3maumr, n = 8.
HIns oTeicKaHHA KOI(P@MHUIMEHTA @ NOACTABUM B ypaBHEHHE

y = ax’ + 8 KOOpAMHATHI TOUKH B(40; 0): 0 = a - 1600 + 8.
Orcroma a = —%ﬁ = —0,005. Ms1 DOXyYUINA YpaBHEeHUE NapabosIbl
y = —0,005x> + 8.
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Teneps HETPYAHO HAWTH AJIHHBI OMOP:
ecnmu x = —20, To y = 6;
eciu x =0, To y = 8;
ecaum x = 20, To y = 6.
3Ha4uT, OIOPHLI MOCTAa UMET AJuHbl 6 M, 8 M 1 6 M. <
IIpumep 3. Pacemorpum dbyHKOHIO y = %{x — 5)%> u BBISICHUM, YTO
npezncrasiager coboil eé rpadux.
p Jlis aToro B ogHO#M cucTeMe KOOPAHHAT IMOCTPOMM rpadurmu QyHK-

LB . 2
oui y=3x ny—ﬁ(x—5}.
1.2
Hns nocrpoeHuss rpaduka (QYHKOUM Yy = 3X° BOCHOJIb3yeMCH
rabauneir (1). CocraBuMm Tenmepb Tabiauny 3HadYeHUH QYHKIIUHU
y= %(x - 5)°. Ilpu aTOM B KadyecTBe 3HAYEHUI apryMeHTa BhIOe-

peM Te, KoTopbsle Ha 5 OoJbIlle COOTBETCTBYIOI[UX 3HAUEHHH apry-
mernTa B Tabaume (1). Torma cooTBercTBYOIIME MM 3HAUYEHUA

byHKDHHN Yy = %(x — 5)? 6yAyT Te Ke, KOTODbIe 3aMMCAHBI BO BTO-
poi#t crpoke Tabsuner (1):

i 1 2 3 4 5 6 7 8
y 8 4,5 2 0,5 0 0,5 2 4,5

(3)

ITocTpoum rpadur GyHKOUH Yy = %(x — 5)%, OTMETHB TOYKH, KOOD-
JAHUHATE] KOTOPBIX yKasaHbel B Tabsaune (3) (puc. 28). Herpynso
3aMEeTHTh, YTO KaKAOH TouKe (X,; Y,) rpadvka QyHKIAM Yy = %xz
COOTBETCTBYeT eJWHCTBeHHada Toudka (x, + 5; y,) rpaduxka QyHkK-
ouy y = %(x — 5)? u HaoGopoOT.

\ 72\ T \ AL [ 1|
\ \ / / \ i il
il ) i | \Y=35% ' EW
7 1,24 : /
L TN Hly=5x \I T 1)
LV AV / u \
\ / \ 443\
3 N A n
1 2 == = 1
1+ \\ /14:%”_5)2 ‘L / ¢ 2(x 3)2+2 ]
—4-20l12141618 X —4|-20l l2/4]6 L
5 S e Al i | ] O i I i
Puc. 28 Puc. 29
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3HAUYNT, €CJM NepeMeCcTUTh KaXKAYyI0 TOYKy rpadpura QyHKIUAU
y= %xz Ha 5 eJWHNI, BOPABO, TO HOJYYHM COOTBETCTBYIOIIYIO

TouKy rpaduxa GyEKOMM y = —;{x - 5)%.

WMHuaue rosopsi, KaXKAYI0 TOYKY BTOpPOro rpaduxka MOMKHO IIOJYYHUTH
U3 COOTBETCTBYIOIIEH TOYKHM IepPBOro rpaduka ¢ IOMOIIBIO mapaj-
JIeJILHOTO TIepeHoca Ha O eJWHMI, BOPaBO BIOJb OCH X.

I'padpur GyHKROUH Yy = %{x — 5)> — mapa6ona, MONyuYeHHAS B PE3YJIb-
TaTe CABHI'a BIPABO HA 5 eauHuIl rpadura QYHKIUH Y = —;—xz. <

- D N A T A W W ST TN - S SN MM SN SN SN W S S5 S0y S G55 D SN BED SN NS S5 MR L AR NS
Boobme rpapux (pyErmum y = a(x — m)® asnserca mapa6o- "
JI0¥, KOTOPYIO MOYKHO IOJYYHUTEH U3 rpadguKa QYHKIUA Y = ax? |
¢ IIOMONIBIO MapaJijIeJIbHOIO IepeHoca BAOJbL OCH X Ha m eju- :
HUIL BOpaso, ecaum m >0, wium Ha —m eNUHHI] BJIEBO, eCIH |
m<0. -

[ R ————————————— g S P e e

IMonydyeHHBIE BLIBOABI MO3BOJIAIOT MOHATH, YTO IPeACTaBJAeT COOOH
rpaburk bysrnum y = a(x — m)® + n. Pacemorpum, Hanpumep, GyHK-
U0 Yy = %(x - 3)? + 2. Eé rpaduK MOKHO MONYUYHUTH U3 rpaduxa QyHK-

1 ¢
o Y = ixz C IIOMOILBIO JIBYX IIapaijielIbHbIX IEepPeHOCOB — CABHUIa mnapa-

OoJBI Y = -;-xz Ha 3 eIMHMILI BIpPaBo M HA 2 emuHUIBLI BBepx (puc. 29).

- Boobmie rpadux bysxkmuu y = a(x — m)2 + n gBIfeTca Hapa- i
| 6os0oi, KOTOPYI MOXKHO IOJYYUTH H3 rpadpuxa (QpyHKOIHUHA |
| y = ax® c IOMOMBIO ABYX MAPAJIENbHBIX [EPEHOCOB: CABHUra :

BIOJb OCH X HA m eNWHHUI] BIpaBo, ecau m > 0, uam Ha —-m |
eWHUI BJIeBO, ecau m < (0, m cABUI'a BIOJNL OCH Y Ha n enu- |
HUIl BBEpX, €CIu n > 0, unu Ha —n enuHUI, BHU3, ecau n < 0. E

T T L T sy T T T

3amMeTuM, 4YTO IIPOMUBBOAUTH NAPAJIEIbHEIE IePEeHOCHEl MOMKHO B JIIO-
foM mopsAKe: CHadYajia BBIIOJHUTH NapajjiesibHbIN IIepeHOC BJ0JIb
OoCcH X, a 3aTeM — BJOJIb OCH Yy HJIH Haoﬁopcrr.

ITonyuyenHBIe HAMH BBIBOABI 0 mpeobpasoBaHuu rpauKoB NpUMeHU-
MBI K JIIOOBIM (DYyHKIHUAM.

I'padpux bysrmuu y = f(x) + n MOMKHO HDOJYUYHUTE U3 rpadura QyHK-
o y = f(x) ¢ noMombI0 MapaljIeIbHOTO MepeHoca BAOJb OCH Y Ha n
eMHNI] BBepX, ecau n > 0, wam Ha —n eguHUN BHH3, ecau n < 0.

Tpadpuk byarmuu y = f(x — m) MOKHO MOAYy4IUTH U3 rpadpuxa QyHK-
muu y = f(x) ¢ mIOMOLIBIO IAPAJLIETIBHOI'O IlepeHoca BAOJL OCHM X Ha m
eIMHUI, BIIpaBo, ecau m > 0, wau Ha —m equHUI] BIeBo, ecau m < 0.

§ 3. KBagpatuyHaa dyHkuMs U e€ rpaduk
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padux pysxnum y = f(x — m) + n MOKHO moay4YuTH W3 rpaduka
GyEKIUE y = f(X) ¢ TOMOIIBIO ABYX COOTBETCTBYIOIIUX IapaslIebHbBIX
IEePeHOCOoB.

IIpn Bpamenum napaboJibl BOKDYT €6 OCH IOJIy4aercs durypa,
KOTOPYIO HAa3bIBAIOT napabonoudom. Eciu BHYTPEHHIOI HOBEPXHOCTH
napabosonza c/enaTh 3epKaJbHON ¥ HANPDABUTH HA Heé IYYOK JIydeii,
lapajjieIbHbIX OCH CHMMeTDHHM 1apabosibl, TO OTPaXKEHHBIE JyYu cobe-
pyTCsA B OAHOM TOYKEe, KOTOPYIO HAa3BIBAWT (poKycom. B To ke Bpems
€CJIM HMCTOYHHMK CBeTa IOMECTHUTh B (POKyce, TO OTpPaKEéHHBIE OT 3ep-
KaJIbHOM IOBEPXHOCTH HapabolouAa JydYH OKa)KyTCA IapalielbHbIMH
M He PACCEeHBAIOTCH.

ITepsoe cBoiicTBO mMO3BOJIsIET MOJYYHTH B (POKyce mapaboOMaa BI-
COKyI0 Temmneparypy. CoriiacHO Jeres€je sTO CBOHCTBO HCIIOJB30BAT
ApeBHerpedYecKnii yuénnlii Apxumes (287—212 rr. no H. 3.). IIpu samu-
Te Cupakys B BOiiHe NIDOTHB DUMJISIH OH IOCTDOMJI CHCTEeMY NapaboJiu-
YEeCKHUX 3epKaJl, KOTOpas II03BOJHMIA CHOKYCHDOBATH OTPAXKEHHBIE COJI-
HeYHBle JIYYH Ha KopabiaxX pPHUMJISAH.
B pesyunbrare Temneparypa B ¢oxrycax
napabonMyecKUX 3epKaJl oKasajach Hac-
TOJABKO BBICOKO#, dYTO HaA KOopabmaax
BCOBIXHYJ HOXap W OHM cropend. Ho
aTo He Gosiee, uem Jerenpa. Bpsa au
YAaJIOCh HOJIYYHUTH CTOJIb BBICOKYIO TeM-
nepaTypy VKasaHHBIM CIIOCODOM.

Bropoe cBoiicTBO HMcmosbayercs,
HalmpuMep, IPH M3TOTOBJIEHUH IIPOXKEK-
TOPOB U aBTOMOOMIBLHBIX (ap.

YnpaxHeHus

106. N306pasuTe cxemMarudecKu rpaduk Kaskaoil (yHKOUH (OTMeTHTe
BepINMHY mapabojibl M HanpaBlIeHHe eé BeTsei):

a) y =% y=gx%+4, y=1x2-3
6) y =—%x2, y= _%xz + 2, y= _%xz =
B) y :%xz, = %{x - 3)?%, y= %{x + 3)°.
107. C nomomsio mabnaona mapabosnsl y = x° mocrpoiite rpaduk GyHK-
I;;“;': x® - 4; B) y = (x — )%

6) y=—x*+3; 1) y=(x+3)>%L
108. Ucnonsayss mabnon mnapabonbr y = x°, mocTpoiiTe rpadux HyHK-
1187476
a)y=x*+2; B) ¥y = (x + 4)%
6) y=—x>-1; 1) y=—-(x-3)>%.

ILELER) KBagpaTtuyHaa QyHKUWS



109. B xakux KOODAUHATHBIX YeTBEPTAX paclojioxkeH rpabuxk QyHK-

LUu:
a) y = 10x* + 5; B) y = —6x° + 8; 1) y=—(x - 8)%
6) y = —-Tx* - 3; r) y=(x-4)% e) y = —3(x + 5)*?
110. M3o6pasure cxeMaTH4ecKn rpaduk QyHKIUH:
a)y=3x-27°+1;  B)y=-4(x-3)°+5;
O)y=3(x+87°-1; 1) y=-4(x+27-2

111. Vizo6pasure cxeMaTHYECKHA rpa(ﬁmc byEKRIUAN:
a) y = 4(x - 2)* - 3; 6) y = —5(x + 2’ + 3.

112, Vicnonpaysa mabioH napaboisl y = x*%, nmocrpoiite rpaduk GyHKIAU:
a) y = (x— 2)° + 3; 6) y=—(x—3)*+5.

2

113. C momompio mabsona napaboJsl y = x° moctpoiiTe rpaduK QyHK-

UM
a) y = (x + 3)% — 4; 6) y = —(x +4)* - 2.
114. Haiigure Hyau GyHKUIUK (ecaH OHMA CYIIECTBYIOT):
a) y = 12x% - 3; 6) y = 6x>+ 4; B)y=—x2—4.

115. IIpu Kakux SHAYEHHAX a QYHKIMA y = ax’ + 5 umeer Hymu?
116. Ha pucyske 30 mzobpaskeHbl rpadukyu (QYHKIHAI:

a) y =—3(x + 4% B) y = gx* + 4;

6) y=2(x-4°-1; 1)y=-3x*-2

Jlnsa gaskgoro rpaduka yKasKuTe COOTBETCTBYIOIYIO (hOpMyJy.

NV |
\ /
NN /
SNy [
2 .
Ho NI :
s 26/ 2408-11 12 1al x
10 {6~ aN-1H 268 110
}/ ')l N,
/ N\ B
/
6.\
AT
[T / H

Puc. 30
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n

117. Pemiure ypaBHeHHE:

2 _
a) 0,6a — (a + 0,3)? = 0,27; 6) L22% = 0,5y(6 - 2y).
118. Peuiure HepaBeHCTBO:
a) 5x — 0,7 < 3x + 5,1; B) 2x + 4,2 < 4x + 7,8;

6) 0,8x +4,56 >5—1,2x; r) 3x - 2,6 > 5,6x — 3,1.

119. Haiigure npupamenue GyHKOUM y = X° IpU M3MEHEHHUH X OT 2 0O
5 u or 5 no 8. CpaBHHTE NONyYeHHBbIE PE3yIbTATHI.

7. MNocTtpoeHune rpadpuka
KBagpaTtuiHoOn PyHKUUU

Hois noc’rpoeana rpaduka Rna.u;paTHtmoz ¢ysKIuu 3anumieMm dop-
Myny y =ax’+bx+c B Bn,u,ey—a(x—m) + n.
Brigenum u3 Tpéxunena ax® + bx + ¢ KBagpaT OBy4YJIeHA:

b
ax2+bx+c=a(x2+3x+§)=

e b ¥ P el
—a[x + 2x 2a+4a2 4a2+‘1]_

2 2
_ b ) bP-dac| b b - 4ac
_ a((x . J ~ofmr ] B

A
_ k. My — 44ac
Orcroza y = a(x + 2a] =
Mel moayuusau dopmyny Buza y = a(x — m)® + n, rae m = —%,
w b? - dac
f=——

3raunT, rpaduk GYHKOHE y = ax’ + bx + ¢ ecTs mapa6osa, KOTO-
y P

PYIO MOKHO NOJYYIUTh U3 rpadbuka GyHKIUM y = ax® ¢ IMOMOIIBIO JBYX
napaJjiie/ibHBIX IepPeHOCOB — CJBHIa BJ0OJb OCH X M CABHUIa BIOJb

ocu y. Orciona cnexnyer, uro rpapuk QYyHKIHHA Yy = ax? + bx + ¢ ectn

N b

napaboina, BEPUIIMHOHE KOTOPOH sBisercs Touka (m; n), TAae m =—5,
-b% + dac

n=—3" Ocblo cummMerpun napaGoJsl CIYXUT NpAMas X = m, ma-

pannensHaa ocu y. Ilpu a > 0 BerBu mapa6oJibl HanpasJIeHBI BBepX, a
npu a < 0 — BHHS.

KesagpatuiHaa oyHkuuns



e — e S e S e B e e M S A S R S N S D GO SN N N N D N S G S S PN W R W e

Yro6B1 HOCTPOUTE rpad®UK KBajpATHYHONH (QYHKIHH, HYKHO:
1) HaliTH KOODAWHATHI BEpPIIWHBI NapaboJbl M OTMETHTH €€ B
KOOPAHHATHOM IJIOCKOCTH;

2) mocTpouTh eI HEeCKOJLKO TOYeK, MPHUHAJNIe)KAIUX mapa-
Doute;

3) coeAMHUTE OTMEYEeHHBIe TOYKHU IJIABHOW JNHHUEH.

3ameTuM, 4yTo abcumccy m BepHmIMHBI YJ00HO HaXOAUTH IO dopMyie
m = —E%. OppuHATY N MOYKHO HAXOAWUTH, HNOJACTABUB HalileHHOe 3Hade-
Hue aberuccsl B GopMyny y = ax® + bx + ¢, Tak KaK Ipu x = m
y=ax2+bx+c=a(x—m)2+n=n.
ITocTpouM rpamKy HEKOTOPHIX KBAAPATHUYHBEIX (DYHKIHH.

Hpumep 1. Ilocrpoum rpadpux dysxmum y = 0,5x% + 3x + 0,5.

» I'padpuxom dysxnum y = 0,5x* + 8x + 0,5 sBnsercs mapaboxna,
BETBHM KOTODOHM HamnpaBjieHbl BBepx. HaiiéM KoopaMHATHEL m ¥ N
BepIIWHEI 3TOM mapaboJkl:

Mg =—gao =3 n=05-(-3°+3(-3)+0,5 =4

Bepmuea napa6oser — Touka (—3; —4). CocraBum Tabauny:

x =1 =f -5 -4 -3 -2 =1 0
y 4 00 | =2 |—-8.6| =& |=8:b| =2 | 0,b 4

Bocnonbs3oBaBmIneh 3ToM Tabiaumei, mocrpouM rpaduk GQYHKIUAH
y = 0,5x% + 3x + 0,5 (puc. 31). <

_ | |ka
\ 3
- \y=0,5243240,5 1 1
\ AT
\ il )
40 =
-8 -7T-6\-5-4-3-2|-11/1 1112131 1x
=1
\
\ s
N "
\\\ ! |3
Puc. 31 t

§ 3. KeagpatuyHaa dyHKUMa 1 eé rpaduk ‘ 45



Ilpu cocraBieEHH TabIMIbl X NOCTPOEHHH rpadUKa YUHUTBHIBAJIOCH, YTO
npaMas x = —3 ABJAeTcA 0Chi0 cuMMmerpuu mapabossi. [Toaromy mel Gpa-
au Touku ¢ abemuccamu —4 u —2, —5 u —1, =6 u 0, cumMmmerpuuHBIe OT-

HOCHTEJBHO MPAMOM X = —3 (9TH TOYKH HMEIOT OJWHAKOBBLIE ODAWHATEI).
IIpumep 2. IToctpoum rpadpuxk PyHKOIHH 7%
y=—-2x%+ 12x — 19. ** =
p I'padurxom aToii QYyHKIMU SABIASETCHA Ma- ——0*——1‘—12""3‘”4“5"5”
pabona, BeTBH KOTOpPOHl HANpPaBIEHLI 71 [
BHM3. Haiiiém KoOpAMHATHEI €€ Bepu- | o o 4 1\
HEI: T THA
__bo__ 12 _ g 3T
=g 2o(-2) % [ ;.’*-,-1 \
n=-2-3+12-3-19=-1. _f_é,)_ ] \
BeIuMCIHB KOOPAWHATEI €IIEé HECKOJb- — ] #"
KHUX TOYEK, IIOJVIMM TaOIuILy: _._?"J‘%
LE T ’ 1
% 1| 2| 3| 4| 5 wE I |
vy | 9| -8 -1]-3]-9 o
—-9
CoeguHUB IUIABHOM JIMHHMEH TOYKH, KO- =
OpAMHATEl KOTOPEIX yKasaHBI B Tabiu-
me, moayduM rpadur GysEKnmE 4C 32
y= -2x% + 12x — 19 (puc. 32). <
Ilpumep 3. Iloctpoum rpadur GYHKIUH i
y= %xz +x+ 1. 5
p TI'paduxomM QyHKOHUE Y = %xa I, ol ) Y
ABasercs napaboiyia, BEeTBH KOTODOH "% 3 /
HanpaBneHbsl BBepx. Haiaém Koopau- X,_ y\fe_ !
HAThl €8 BEpIIUHBI: N "x% 2 7
b 1 . N %, 1
A Ti N [
2- 7 | .%
1 2 -5+4+-31-2{-10 11__
=72 ~-2+1=0. e
BpluMCIMB KOODAMHATHI €Ié HECKONIb- Pyc. 33
KHX TOYEK, IOJYIUM TabIuIry:
x -5 -4 -3 -2 ! 0 1
1 1 1 1
y 23 1 i 0 i 1 21

I'paduk GyEKIUU y = %xz + x + 1 usobpakén Ha pucyHke 33. <l
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YnpaxHeHumsa

120. Tesno OGpoilleHO BEepPTHKAIBHO YR
BBEpPX € HAYaAJbHOH CKO-
pocThi0 U, (M/c) ¢ BbICOTHI 30
hy (M). Beicora h (M), Ha Ko- / \

TOPO# OKAa’sKeTcsA TeJI0 4Yepes  § ]
t (c), Beipaxkaerca Gopmyioi 2511/

2
h=—5—+ vt + hy (€~10 m/cP). i \

Ha pucynke 34 nokasam rpa- 20
¢dur saBucumocTda h or t pns
ciuydas, Korga hy = 20,
vy = 15. Haiigure mo rpapu- 1
Ky:

a) CKOJIBKO BpPEMeHH TeJlo |
NOJHUMAJIOCE BBEPX; \
6) CKOJBKO BpEeMEeHH OHO
OIIyCKAJIOCh BHUS3;

B) Kaxoi HaWOOJbIIEe#A BBICO-
TEI JOCTHUTIJIO TEJIO; \
r) 4epe3 CKOJIBKO CEKYH] Te-
JIO YIIAJIO Ha 3eMJIIO0.

121. KBagparuunas (QpyHKOUA 3a- L LR L Ll
naHa (opMmyJioi:
a)y=x2-4x+17;
6) y=-2x* - 5x — 2.
Haiinure xoopauHaThel BepmiuHbI napaboasl. HamMerus Ha Koopau-

HaTHOH! IJIOCKOCTH BEPIIMHY I1ApabOoJkI U €€ 0Ch CHMMETPUM, U300-
pasuTe CXEeMATUYECKHU rpaduk.

—
| et

[444

Puc. 34

122. Iocrpoiite rpaduk dysxnum y = —x° + 2x + 8 u Haligure, uc-
noJb3yd rpaduk:
a) sHaueHue ¢yHKUUH npu x = 2,5; —0,5; —-3;
0) sHaYeHHsA apryMeHTa, IpU KOTOPBIX y = 6; 0; —2;
B) HyJAU (QYHKIUU U IPOMEKYTKHU 3HAKOIOCTOSHCTBA;

I') IPOMEKYTKH BO3PACTaHUA W yObIBaHUS (GOYHKI UM, obsacTh 3HA-
YeHHUH (PyHKIHH.

123. Iloctpoiite rpadpux bysxnum y = 2x° + 8x + 2 u HaiiauTe, HC-
noJie3ys rpaduk:
a) saHaueHme y npm x = —2,3; —0,5; 1,2;
6) 3HAUYEeHUA X, OPH KOTOpeIX y = —4; —1; 1,7;
B) HyJU (PYHKIUM U IIPOMEXKYTKHU 3HAKOIOCTOSHCTBA;
I') IPOMEXYTKH BO3PACTaHUsA M yObIBAHUA DYHKIUM, HAUMEHbIIEe

3HaYeHHE (QYHKIIHH.
§ 3. KeagpatuyHan dyHkumnsa n eé rpaduk ‘ 47



124. ITocTpoiiTe rpaduxk (GYHKIMHA ¥ ONUINHTE €€ CBOMCTBAa:

a)y=%x2—4x+4; 6)y=—%x2+x—l; B) y = x* + 3x.
125. Ilocrpoiite rpadhuk GyHKIUMA: i\ J_w\ I

a) y = ~~;~x2 + B3 8

6) y = x> — 4x; \ ]

B) y =—x>+ 6x — 9. \ 5 {
126. ITocTpoiiTe rpaduk (GyHKIUN: \ 3 /

a) y = 0,5x% — 2; \ ANEE

6) y=x>—4x + 4; + [ x

B) y = —x2 4 9. _—i'—_z_g— 1-2+4+4-/6-+-81%
127. ITocTpoiiTe rpaduK QYHKITAHA: _f;

a) y =(x—2)(x + 4); - -

6) y = —x(x + bH).

4 Puc. 35

128. BrisicauTe, rpad@uK Kakoii U3 QYHKI[AMA
y = x* + 6x, y=-;-x2-3x, y=-x2-6
n300park€éH Ha pPHUCYHKe 35.
[129] Haiigure smauenue b, mpm KoTopom npamas y = 6x + b kacaercs
napaGosnsl y = x° + 8.

Ilpu kKaxom sHAaYeHMM n rpaduxu GyEKmUHE y = 2x° — 5x + 6 u

y = x° — Tx + n uMeloT TONBKO OfHY obmyio Touky? Haitzure xo-
OpAMHATHI 3TOA TOUKH.

(Badaua-uccnedosanue.) Ilo rpaduKy QyHKOUHM Yy = ax® + bx + ¢
(puc. 36) onpenenure sHaKu KoahduueHrToB a, b u c.

1) O6BsAcHUTE, KaK, MOJb3VACh PUCYHKOM, MOJYKHO OIIPEAeHTh
3HAKU KO3((PHUIUEHTOB @ U ¢. YKaKHUTe 2TH 3HAKH.

2) ObcyauTe, KaK, HOMB3YACH PHCYHKOM, MOKHO ONPEEJUTh 3HAK
Koaddunuenra b. YKaKuTe 3TOT 3HaAK.

a) ya 6) yJ

\

. -

]

0
Puc. 36
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L& (1-3a)®

1132. Coxparure npobdn P

!
!133 Pemure ypaBHeHmE:
a) (x -1 2+ (x+1)72=(x+2)7°-2x+2;
6) (2x — 3)(2x + 3) — 1 = 5x + (x — 2)°.
§134 Ecnm ¢ xaskgoro rexrapa ydacTka cobepyr 35 Ii NIIeHHIBI, TO
| IJaH HeAoBBIMOJHAT Ha 20 T; ecam ¢ KamJaoro rexkrapa oyper mo-
E

ayuyeno 42 1, To maaH nepesbinonHAT Ha 50 T. Kakosa miomazns
yuacTia?

135. Ecnn Ha Ka)KAayo MalmIuHY py3uTh 3,5 T rpysa, To ocraHeTrca 4 T;
ecJM HA KasKAYI0 MAUIWHY rpy3uTtsk 4,5 T, To AnA MOJHON 3arpys-

I KH BceX MalIWH He XBaTUT 4 T rpysa. Ckonbko 6bLIO MamuH?

KOoHTpOnbHbIE BONPOCHI U 3ajaHus

'_!1_ Coopmynupyiite onpepeneHne keagpaTtudHOW (GyHKUUMN.

. CchopMmynupyiiTe CBOWCTBA KBAAPATUYHON PYHKLMK y = ax’:

" a) npu a>0; 6) npu a <0.

. Kak n3 rpadmka PyHKUMU y = ax® MOXHO MONY4UTb rpaduK PyHK-
| uvm: a) y = ax® + n; 6) y = a(x - m)% B) y = a(x — m)® + n?

Yro npeacrtasnseT coboil rpadpuk KBaapaTUYHOR GyHKUMK ¥ = ax® +
~ + bx + ¢? Ha npumepe ¢yHkumm y = 2x° — 12x + 16 nokaxure, KaK
. CTpOAT rpadumK KBaapaTuyHOW (GyHKUNK.

CTENEHHASA ®YHKLUUA.
KOPEHb n-in CTENEHU

8. ®dyHkuna y =

Paccmorpum ¢yHKOHIO, 3ajaHHYIO (GopMyso# y = x", rge x —
He3aBUCcUMas IlepeMeHHas, a n — HaTypajJdbHOe uuciao. Takyio
(GYHKIUIO HA3LIBAIOT CMENEeHHOU (YHKYUel ¢ HamYypaibHbim NOKaA3a-
meJem.

Crenennble pyHrnuu npu n =1, 2 u 3, 1. e. byaknuu y = x,

y=x"uy=x° Bl yxme paccmarpuBanu. VX cBONCTBa U rpaduKu Bam

H3BECTHHI.
§ 4. CreneHHaa GYHKUWSA, KOPEHb N-A CTeneHu } 49
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BelsicHuM Tenepe CBOMCTBA CTeNeHHOW (YHKIUU W OCOGEHHOCTH eé
rpaduKa IpHu Ji000M HATYPAJILHOM 7.

Bripaxxenue x", rge n — HaTypaJbHOE UHCIO, MMeeT CMBICJ IIPH JIIO-
G6om x. IToaTomy 0GIaCTEIO ONpPe/esIeHUA CTeNeHHOH (DYHKIUA ¢ HaTypaJb-
HBIM TIOKasaTesieM SBJIAETCHA MHOMKECTBO BCeX JNeHCTBHTEJbHBIX YHCel.

Cravana paccMoTpuM ciaydaii, KOrZia IIOKasaTejb 7 — YETHOE YHUC-
sno. CeoiictBa GyHKOUH y = X" Npu 4ETHOM N AHAJOTHMYHBI CBOMCTBAM

GYHKOHU [ = x>,

, 1. Eciu x = 0, To y = 0. T'padux DYHKIUE DPOXOAHUT Uepes
i Ha4vaJjio KOOpJAuHAT.

2. Ecam x # 0, 10 y > 0. 910 cieayer W3 TOrO, UTO YETHAH
CTeNeHb KaK MOJIOKUTEJIBHOT0, TAK U OTPHUATEJILHOI0 YHC-
Jia moJiokuTenbHa. I'padpuk GyHKIOUH pacmoioKeH B mep-
BOHl ¥ BTOPOH KOODAMHATHBHIX UETBEPTHX.

3. IIpoTHBOMONIOKHBIM 3HAYEHHAM APTryMEHTa COOTBeTCTBYIOT |
PaBHBIe 3HAYeHHA PYHKIMU. ITO CIEAYET U3 TOI'O, YTO IPU
46THOM n paBeHCTBO (—x)" = x" BepHO nNpu MIOOLIX 3HAUYE-
HHAAX X.

4. @ysxknua Bospacraer B mpomemyTre [0; +00) u y6niBaer B
nmpome:xyTre (—o0; 0].

5. O6nacre 3HaYeHMil (PYHKIMH €CTh MHOKECTBO HEOTPHIA-
TeJNBHBIX YHCeJl,

= -

Jlokaskem cBoiicTBO 4.
® Ilycrs x, u x, npuHAATERAT NPOMEKYTKY [0; +00) r Xy > x,. Ec-
au x; = 0, To oueBnaHO, uTOo X5 > x7. Ecom x; > 0, 10, Nepemuo-
KB IOYJIEHHO 7N OAWHAKOBBIX HEPaBeHCTB X, > X; ¢C
OOJIOMKHUTENbHBIMUA YJIeHAMH, IOJYYUM BepPHOE HepaBeHCTBO
xy > x{. BHauur, B npomexkyrke [0; +0°0) dbyHKImUS Bo3pacTaer.
IlycTe Temeps X, M X, OPUHALJNEKAT NPOMEKYTKY (—°0; 0] m
x, > x;. Torpa —x; > —x,, Npuuém —x,; U —X, NPUHALJIEKAT
npomeXyTKy [0; +°°), u mo nokasanmHOMY Bhimze (—x,)" > (—x,)".
Orciona B cuny 4€THOCTH N CHEAyeT, YTO Xj > X3, T. €. Xy < Xi.
3Ha4YHuT, B npomesxkytire (—o°; 0] pyskmua ybpiaer. O
C BospacrammeM x rpad¥wk (QYHKIHMM cJeBa OT HAyYajla KOODAUHAT
OIyCKaeTcs BHH3, & CIpPaBa MOJAHUMAETCS BBEepX.
OcranoBumcs Temepb Ha cBo¥cTBe 5. MBI yCTAHOBUJIM, YTO IIPU JIIO-
6oM x ¥ 4éTHOM n (QYHKOUA NPUHHEMAET HEOTpHUIATelbHble 3HAYEHHUHd.

MosxkHO mokasaThk, UyTO JI000€ HeoTpHIaTeJIbHOe YHUCJIO0 ABJIAETCHA 3Ha4de-
HHEeM CTeleHHON (IJYHRII,HH C HaTypaJbHBIM MOoKasaTeJeM IPH HeKOTO-

I EEER] KBagpaTtuyHaa dyHkums



a) [\ WA ] 6) [\ | [vA yA
\ s i 5
\ : ] i JI =
3 N 38 y=x*"] n— aér.
' LY =x?] 1l ¢ /
NS |2
1 / \ i 14
\
A4 5 | > — >
o |1 B x| o 11 lol 11 Lol [x o X
st bbb 1
Puc. 37 Puc. 38
pom x = 0. 3mauur, obsacTh 3HAYEHUI (QYHKIHUH — IPOMEXYTOK

[0; +o0). 'padbuk GyHKIMHM NepecekaeT Jiobas npAmMas y = @, €CIH
a 2 0. Ecau ke a <0, To npsamas y=a He IepeceKaeT rpapuk.

Ha pucyske 37 mnsobpaxkeHbl rpadpuku QYyHKIOHHA Y = x*uy=-=xt.
H_'za pucynke 38 mokasaHO, Kak BRITIAAMT rpaduk GyEKmum y = x" c
4ETHBIM IIOKasaTejeM .

PaccMOTpUM Temeph CBOMCTBA CcTeNeHHON QYHKIMH y = x" IpU He-

48THOM n. DTU CBOMCTBA AHAJOIWYHBI CBOMCTBAM (YHKIHH y = X°.

ey e - - - - s s - -

i 1. Ecom x =0, o y =0. 'padux GyEKIUM OPOXOAUT 4Yepes

:' HAYAJIO0 KOOPAWHAT.

i 2, Eeciu x>0, To y > 0; ecin x <0, 10 y <0. I'padpux

- GYHKOUM PacmoJIOKeH B NEPBOM M TpeTheil KOOPJAMHATHBIX '
YeTBEePTAX.

3. IIpoTHBONOJOEHEIM 3HAYEHHAM APIyMEHTa COOTBETCTBYIOT
NPOTHBOIIOJIOMKHBIE 3HAYEHHHA tl:ymumn. 3ro ciaenyer Hua3
TOrO, YTO IIPU HEYETHOM n AJiA Ji060ro x BepHO pPaBEeHCTBO

(—x)" = —x".
4. DysxouA BO3pacTaeT HA Bcel 00JacTH onpeneaeHH.

5. Ob6nacTtes 3HaveHHiH (YHKOIHMH €CTh MHOMKECTBO BCeX
NeHMCTBHTENbHBIX YHCel.

- SN EE S SN W SN WS M s W

| L L L W B e e . . oo o - = o S D e e B

Ioxakem cBOMCTBO 4.

® JloxasaTenbcTBO TOro, 4T0o (GPyHKIUA BO3PAcTaeT B NPOMEKYTKE
[0; +00), Takoe ke, Kak AJA CTEHNEHHON (PYHKIHUU C YETHBIM IIO-
KagaTeyeM.
TokaskeM, 4To (hYHKIIMA BO3pacTaeT TakK Ke U B IpoMeskyTke (—o°; 0].
IIyere x; M x, NpUHAJJEXKAT 3TOMY IPOMEKYTKY H X, > X;.

§ 4. CreneHHan QyHKUMSA, KOPEHb N-A CTeneHu ’ 51



a) A }f 6) 77} f yA
[ |
[y =x3"] | y=x5"]
/ [ |
=xn
1 1 2
n— He4eT.
o/ 1 X o[ 1 % o 1 X
|
|
(11 /
EE [
Puc. 39 Puc. 40

Torma 0<-x,<-x,. Tax xax -x,20 m -x,>0, 7o
(—x,)" < (-x,)". B cuay HeYETHOCTHM dYHCJIA N 3aKJII0OYaeM, 4UTO
—xy < —xy. Orcioga xj > x}. 3HauuT, QyHKIMA BO3pACTaeT U B IIpoMe-
wyTre (—°°; 0]. Ecim ke x; <0, a x, > 0, T0O O4eBHAHO, YTO Xj > X].
3HauMT, (DYHKOHMSA BO3pacTaeT Ha Bceil obsactu omnpenenenus. O

I'padpuk dbyHKIUM ¢ BO3pacTaHMEM X IMOJAHMUMAETCS BBEpX.

CgoiicTBo 5 cieayer us cBoderB 1—3 M M3 Toro, uto Joboe HeoT-
pHUIlaTeJIbHOE YHCJI0 ABJIAETCA 3HAYEHWEM CTeNeHHOH (QyHKIUHA C¢ HaATy-
pajlBHBIM IoKasaTeineM npu HexkoropoMm x 2 0. I'pabur dysrmuu mepe-
cexaer nrobaa npsaMas y = a.

Ha pucyske 39 mzobpaskeHsl rpadukyu GyHKOME y = x° u y = x°.

Ha pucynke 40 mokasano, Kak BHITIAAUT rpaduk QyHKmum y = x" c
HEUYETHBIM NoKasgareyem n > 1,

YnpaxHeHus

136. ®ynkuus 3anana GopMynoi y = x°5. CpaBHHUTE ¢ HyNIéM 3HAUEHHE
“ oro#t dyHKIuM npm x =-5; 0;

137. CpaBHuTE C HYJIEM 3HAUYECHHE cbymmmi y=x* opm x=-9; 0; 7.

138. ®yuxnus sagana dopmyaoi f(x) = x2°. Cpasaure:

a) f(3,7) u f(4,2); B) f(=7) u f(6);
6) (=5,2) u f(-6,5); r) f(31) u f(-28).

139. ®ysknus 3agana dopmynoi g(x) = x*°. Cpasuure:
a) £(8,9) u g(7,6); 6) g(-4,6) u g(-5,7);  B) g(—10) u g(7).
140. CpaBaure:

a) 1,2* u 1,5%; B) 0,9* u 1; n) 0,3% u 0,85
5 5
6) 0,8 u 0,7%; r) (-3,2)* u (-3,4); o) [—%J u [-l] )

4
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141. CpaBaure:

a) 5,7° n 5,43 r) 1,6° u 1,85
6) (-4,1)° u (-4,2)% &) (-5,3)° u (-4,2)%
B) 0,8% u (-1,3)% e) 2,1% u §,1%

142. Ilpoxoxur nu rpabux QyHKOUKA y = X° uepes Touky A(3; 243)?
B(—3; 243)? C(5; 3125)?

143. [lpuragmexuT au rpadpuxky GyHKIuE y = x' Touxa A(2; 128)?
B(—2; —128)? C(-3; 2187)?

144. Vcnionb3ysa KaJdbKyJIATOpP, HaauTe ¢ TouHocThio Ao 0,01 sHauenue
byExknun y = x° opu:

a) x =0,72; 6) x = 2,6; B) x = —3,4.
145. U3ob6pasure cxemarudecku rpapux QyHKIUH:

a)y=x6; B)y=x8;

6) y=x"; r)y=zx"

146. B xakuxX KOOPAMHATHBIX UYeTBEPTIAX
pacmojioykeH rpaduxk QyHKINH:

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

147, Tloasaysce pucyeEkom 38 mum 40, BEHI-
ACHHTE, CKOJbKO pelleHHHd HMeeT

VpaBHEHUeE:
a) x1%=2; B) x® = -3;
6) x3* = 0; r) x% = -7,

148. Ha pucynke 41 wusobpaxén rpadux
bysxmuu y = x*'. Haiigure mo rpadu-
Ky 3Ha4YyeHHWsA X, IPH KOTODPBIX:
a)y=5; 6) y = 3,5; B) y = 8.

149. Ilonsaysce rpaduxom (cm. puc. 41),
pelnnTe ypaBHEHHE:
a) x*=6; 6) x* = 8,5.

150. Pemure rpagudeckm ypaBHeHHE:
a)x*=2; 6)x*=4; ) x*=-5.

151. Vraxkure Kakoe-HUOYIb 3HAUEHHE apry-
MEHTAa, IPU KOTOPOM 3HauYeHHe (PYHKIIAK
y = x° 6onbme, yem 2% 10% 10'%; 10,

152, Vraxkure xKaxkoe-HUOyAb 3HAUEeHME ap-
ryMeHTa, IIPH KOTOPOM 3HAYEHHE
OYHKOHE Yy = x° MeHbIIe, yeMm —3°;
-10°% -10%. Puc. 41

§ 4. CreneHHas YHKUMUSA, KOPEHb N- CTEneHu } 53




153. ®yukuus s3agana dopmynoit f(x) = x°. BeluumcauTe pasHOCTH
f(1) — f(0), f(2) — f(1), f(3) — f(2). CpaBHuTE NMONy4YEHHBIE pe-
8YJIBTATHI.

154. BeipasuTte dhopMyJsioi 3aBUCHMOCTE Macchl m (I') JepeBAHHOro Kyba
oT gauHbl x (cM) ero pebpa, ecaH M3BECTHO, 4TO Ky0O, peGpo Ko-
Toporo 10 cm, umeer maccy 700 r. ITocrpoiite rpacduk sToit 3aBuU-
cumoctu. Ilonpaysace rpaduxom, HaiguTe:

a) maccy Kyba, pe6Gpo KoToporo paBHO 2 cM; 5 cM;
6) pebpo kyba, macca roroporo pasaa 30 r; 100 r.

AnOE
Sraw

.

'155. Ucnonsaysa rpadux QyHKIHHA Y = X°, pelnTe ypaBHEHHE:

R

a) x°=x+1; 6) x° = 2x; B)x3=2x+1.
{156. Ynpocrure BBIpaskeHue:
a):; +y2+6y:6+y; )412—49. 1 __2x+T
¥y of-1 1ty 26+5  42%+14x 4x°-10x

1157. Ilpunagaesxur au rpadury GyHKROUKL Yy = Jx Toura A(144; 12)?
B(169; —13)? C(-100; 10)?

9. KopeHb -1 cTeneHu

HanmomamM, 4YTO KBaJpATHEIM KODHEM H3 4YHCJIA4 ¢ HA3bIBAeTCA Ta-
KO€e 4HKCJIO, KBaZpaT KOTOPOro paBeH a. AHAJOIMYHO onpesendeTcd KO-
peHb 1000 HaTypaJbHOM CTENeHU 7.

e s c . - - - v A S— - - e —— e ——

. Kopeem n-ii cremenum u3 4YMCJa @ Ha3bIBAETCA TAKOE YHCIIO,
n-s cTelleHb KOTOPOrO paBHA d.

e ke a S R P ILEIEY e L e RN i e R T Ty S, TR0 syl

Hanpumep, KopHeM nfaToM creneHw ua3 32 ABAAETCA YHUCIO 2, Tak
rax 2° = 32; xopueM uerBEépTOM cremeHm u3 81 sABIseTCA Kaaoe K3
uyucen 3 m -3, rak kak 3' = 81 u (-3)' = 81. Kopens BTOpOil cTenenu
IPUHATO HA3BIBATH KBAJPATHBIM KOPHEM, & KOPEHb TPeTheil CTelleH:u —
KybuvecKum KopHeM.

PaccmoTpuM cTeneHHYH (QYHKOUIO y = X" ¢ HEYETHBIM IIOKasaTe-
aeMm n (puc. 42). Insa mrpoboro yueia @ cymiecTByeT eIWHCTBEHHOE 3HAa-
4yeHHEe X, N-f CTelleHb KOTOPOro paBHA d. JTO 3HAUYeHHe SIBISAETCA KOp-
HeM n-# cTeneHH M3 a. JJA 3alWCH KOPHA HEYETHOM CTENeHH n M3

YyHCcIa @ UCIOJIBL3VIOT oDosHaueHHEe % (unraror: «KopeHb n-ii crenesEun
u3 a»). Yueao n Ha3BIBAIOT noka3ameeM KOpDHA, BhIpayKeHHe, CTOfA-
mjee IOJ 3HAKOM KODHS, — NOOKOPEHHbLM BblpANEHUEeM.

ITpuBeném mpumepsl.
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a) YA ﬁ] yA{L y“k
& Yy =x",
n—He4erT.
_—.!xﬂ,
17 11 y=x", i—qé'r.
n—He4YeT.
; = Va ; "
0 1%a x 0 1 x 1
%@ 0| 1% X
a>0 a<0
a
Puc. 42 Puc. 43

Banuce 125 osmauaer kybuueckumit kopenp u3 125. Uz ompexese-

HUA KOPHA cJaeayeT, 4yto 9125 = 5, tak kak 5° = 125. Banucs J-128
03HAUAET KOPEHb ceAbMoM crenenu us —128. Tak kak —128 = (“2)7, TO

{-128 = -2.

PaccMoTpuM Temeph CTENEHHYI0O (DYHKIUIO Yy = X" ¢ UETHBIM MOKAa-
sarenmem n (pmc. 43). IIpu mobom a > 0 cymecTBYIOT ABA IIPOTHBOIO-
JIOKHBIX 3HAYEHHUSA X, N-i CTeleHb KOTOpbiX paBHa a. Ilpm a = 0 ra-
Koe yucao oaHO (umcao 0), mpu a < 0 takux yumcesa Her. [Ipyrumu
CJIOBAMH, ecJIX 11 — YE€THOoe Yuciao u a > 0, To cymiecTByeT JiBa KOPHA
n-# cTeneHW M3 @. ITH KOPHU ABJSAIOTCHA IPOTHBOIOJIOMHBIMHA YHCJIa-
mu. Eciu a = 0, To KOpeHb n-# cTeneHW U3 a paseH Hyawo. Ecau a < 0
B n — 4YEéTHOe YMCJIO, TO KOPHs 7i-i CTEeNeHU M3 4 He CYIeCTBYeT.

B cnyuae 4éTHOrO n 3HAKOM % 0003HAYAIOT HEOTPHIATEABHBIA KO-
peHb n-ii creneHu u3 a. OTpunmAaTeNbHBIH KOPEHb 7N-H CTENeHH W3 a

(upm a > 0) sanuceiBaloT Tak: —4ya. Beipaxkenue Ya npm uéTHOM n M
a < 0 He MMeeT cMbIC]IA.

Hanpuwmep, sanuck §64 osmauaeT HeoTpUIATENBHEIN KOPEHDb IIECTOM

crenenu us 64. Umeem Qfa = 2, TAK KaK 2 — HeOTpPHUIATeJIbHOe UHC-
g0 u 2% = 64.

Ecam n = 2, To nokasaTesb KOPHS He IHUIIETCH.

Hraxk,

€eCJIA 11— HEe4YETHOe YHCJIO, TO BhIpaxKeHue ‘Vn a |uMeeT CMBICJI IIPpH JI000M a;

ecJIi n — 4ETHOe YMCJIO, TO BBIPAXKeHUe ’\‘/E HMeeT CMBICJI JIMIIE IIpH a = 0.,
Ws oupeneneHus KOPHA n-# CTEMeHUW CIENYeT, UYTO NMPHU BCeX 3HAYe-

HHUAX 4, IPH KOTOPBIX BhBIDaMEeHHe Q/E HMeeT CMBICJI, BEpHO PaBEHCTBO

#a)" = a.

§ 4. CreneHHaa QYHKUMSA, KOPeHb N-i CTeneHu
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Bripaskenue % npu a = (0 uMeer CMBICI KaK NpPH YETHOM, TAK U
IpH HEYETHOM 7, M 3HAYEHHe BTOT0 BBIParKeHWUs SBJAETCH HeOTpHUIa-
TEJBHBIM 4HuCJIOM. Ero HaseIBaloT apugmemuueckum rkophem n-ii cme-
nenu u3 a.

e T T ——— e E e ———————

Onpepenenue. ApupmeTyecKuM KODHEM n-i CTeTIeHH W3
HEOTPHUIATENBHOI0O YHCIAa G HA3BIBAETCA HEOTPHUIATEeIbHOE YHC-
JI0, n-A CTelleHb KOTOPOr'o paBHA a.

T P Y A N A S 2 D AT S A L L A o T e R 1 T i e S e e e L

Kopenr HeuéTHOM cTeneHM W3 OTPULATEILHOIO YHUCIA MOKHO BBIpa-
BUTH Yepes apudMeTHyeckuii kopeHb. Hanpuwmep, 3-8 = —Q/g , TaK Kak
Y-8=-2u-¥8=-2.

Boob6me mpu a:060M HEYETHOM N M IOJOMKHUTETHLHOM @ BEPHO paBeH-
cTBo ¥Y—a = —2/_.

Bel 3Haere, 4TOo AJA HAXOMKAEHHWS C HNOMOIIBI0 KAJbKYJIATOpA IIPH-
OMMKEHHOr0 3HAYEHUA KBAAPATHOTO KOPHS MCIOJb3YyeTCs clleluaJbHas

KJIaBHIIa . Jnsa xopHe# n-# cremeHH, rge n > 2, NoAOOHBIX KJIaBHII

HeT. HpH HaXOXIeHHHU KOpHSA n- CTeleHHd H3 MOJOKHUTEILHOTO UHC-
Jia @ HCIOJb3yeTCA NPHUHATOE B MaTeMaTHKe IIpeJcTaBJIeHHe BbIpaiKe-

HHA "a, rnea>0, B BHIe CTEelIeHH Yucjia a C ﬂpOﬁHHM IIoKasaTeJjieM.

ITo onpenenenuro, ectu a > 0 U n — HaTypajlbHOE 4uCJI0, Goabmiee 1,
1

CYMTANIT, 4TO Na = a”.
Kopenb n-ii cremeHM H3 MOJOMKHUTEJIBHOTO YHCJA HAXOLAT C IIO-
MOIIBIO KaJdbKY/IATOPA, MCIONB3YA KIABUIIA n , nepBas u3

HOTODPBIX oGo3Hauaer CcTelleHb, a BTOpasg — 4YHCJIO, oﬁpa'rﬁoe X
HpOPp&MMﬂ BBIYHCJIEHUA KOPpHA n-# CTEeIeHH U3 IOJIOKHUTEIBHOTO
YHCJIa a BBIMNIAIHUT Tak:

o] [¥] [=] /4] [=]

Hanpumep, uTobel HalTH i/5, HaJO BBEIIOJHHUTHE TAKYIO IOCJIEAOBA-

TEeJbHOCTL AeMCTBUIM:
(5] (3] =]

B peayibrare MoJyduM, 4TO %/5 ~ 1,7099....
Jnsa Toro uTo6bl HANTH ¢ IIOMOINBI0 KAJBKYJIATOpPa 3HAYeHHUEe BhIpa-

sxeHuA Y—50 ¢ Tounoernio mo 0,01, mailiném cmauana Y50:

B[] [5] /] [=]
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Oxpyrass pesyiasrar go 0,01, momxyumm, 4TO Y50 = 2,19. Orcrona
gaxoxnuMm, urto ¥Y—50 = —3/50 = —2,19.

Zapexnones

158. [lokaxure, 4TO:

1 = i s 1
a) 9MCIO 5 €CTh apU(PMETHYECKU KOPEHD JeTBEPTO CTEeNeH: 3 g3

6) uncyno 3 ectb apudmMeruuecKuit Kybudeckuii KopeHb u3 27;

B) uMcJI0 —2 He ABIAeTCA apu@MeTHYEeCKUM KODHEeM dYeTBEpTOi
crenesd u3 16;

r) uncio 0,1 He aABAsieTcAa apupMeTHYECKUM KODHEM IATOM cTere-
au us 0,0001.

159. [TokaxkuTe, 4YTO BEPHO PaBEHCTBO:

a) V361 = 19; I‘)5£=§; m)1’7—4\/§=2_,\/§;

243
6) ¥343 = T; n% =1 3) /9 — 445 = 5 - 2.
(T T o =0 :;5:1. ::i::":yu\:gt:'::::.'l.'::g_::_il; H ‘:
) gL =L e) Y0 =0; B Sy
160. HaiiguTe 3HaYeHMe BRIpasKeHMA: 4T

a) {16; r) 3—%;

6) ¥32; ) 45%;
B) ¥1; e) {35.

161. Beruucanre: e
a) ¥512; r) ¥-243; T i

6)¥1331; &) Yaos:

64
8) §0; e) $=55-

162. Ha pucyHke 44 paH rpaduk GyHKIHH

y = x®. C momompio aToro rpacduka

HaligHuTe:
a) ¥5; o6)¥-4; ) Y2 1 ¥

163. Mcnons3ys rpabuk GysEkmum y = x*
(cm. puc. 41), Hafizure:

a) ¥2;  6) 5; ) ¥8. Puc. 44

§ 4. CreneHHaa QYHKUWSA, KOPEHb M- CTeneHu &7




164. ITpusaginexuT au rpaduKy GOYHKOUM Y = {x rouxa E(81; 3)?
F(81; —-3)? K(-16; —2)? L(0,0001; 0,1)?

165. Ilpunagnexur au rpaduky QyHKIEH y = Yx Touxa A(8; 2)?
B(216; 6)? C(27; —3)? D(—125; —5)?

166. Ykaxkure aBa mnociefoBaTelbHBIX ILeJbIX YHCIA, MEeXJIy KOTOPBI-
MH 3aKJIOYEHO YHCIIO:

a) {35 6 20; mYe; b2
167. Imeer 51 CMBICJ BEIpajKeHHUe:

a) ¥-8; r) {-3)°; x) §(-5)*;

6) ¥-0,28; ) §(-2), 3) Y-3)*;

B) 4-5; e) W7y ) Y(-8)*.
168. Haiinure 3HaueHHe BBLIPAKEHHA:

a) ¥-32; r) -43/27;

6) V-1; n) Y32 + ¥-8;

B)-2481; o) 625 - ¥-125.

169. BripasuTe KOpeHb n-il CTENEHW M3 OTPUIATEIBLHOTO YHCIa Uepes
apu(pmernuecKUH KOpPEHB TOH >Ke CTeleHU!:

a) ¥-31; 6) ¥-17;  ®) W-2 r) 'J~6.
170. Berauciaure:

a) ¥~125; B) —5416; 1) 3?/(—T)3:

6) ¥0; r) ~3%-64; e) —8144.
171. Hatizure 3HaueHMEe BBIPAKEHU:

a) (vV10)% B) (-412)% ) (¥-8)7

6) (¥5)°; r) (2¥-2)5 e) (-243)°.
172. Beiuucaure:

a) (Y14 B) (243)%; n) (-Y-28)";

6) (1-3)5 1) (-3%2)% e) (3¥8)".

173. Tlpu KakuUX 3HAYEHHUSIX @ BEPHO PABEHCTBO:

a)\/a?=a; 6)#&?=—a; B)Q/a?=a?
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Puc. 45

174. Ha pucyake 45 usobpakéH rpadux GyHKOIUU Y = ?/_ ¢
Haitgure, UCIONB3ySA 3TOT rpaduk:

a) 30,5 ; 6) ¥4; B) §-2; r) ¥6.
175. Ilonb3yAchk KAIbKYJIATOPOM, HaguATe ¢ TOYHOCTHIO Ao 0,1:

a) 37; 6) §20; 8) 430; r) §/-48.

176. Haitgure ¢ Tounocthio o 0,01 sHaueHue BBIpa)KeHUs, NOJB3YACH
KaJbKYJISITOPOM:

a) 310; 6) ¥-38; 8) $18; r) 4/60.

177. IlocrpoiiTe rpadpuk PyHKIHMA:

a)y=(x-2% 6 y=-3x*+5  B)y=22+5x
178. Pemure ypaBHeHUe:
x 8 _ 14 )
8) Z-2 F+8 " Frsz-10
1 17

y
+ + =
0) g3t y+7 2% +11y - 21 0
179. YupocTuTe BEIpayKeHHE
( a-5 12a~—61J 3a-18

" 2a2-10a+50"

§ 4. CtenenHass GyHKUNA, KOPEHb N-A CTeneHwu ' 59
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KoHTpOnbHbIE BONPOCHLI U 3aAaHuA

Kakyto @yHKUMIO Ha3biBaOT CTENeHHOW yHKUMEN C HaTypanbHbiM
nokasarenem?

Coopmynupyiite CBOICTBA CTEMNEHHON YHKUMM C YETHLIM NoKasa-
Tenem. MokaxuTre CxemaTuydecku, Kak Bbirnsaaut rpaduk aToin dyHK-
umu.

ChopmynupyitTe cBOMCTBA CTENEHHON (YHKLUMW C HEYETHBLIM MoKa-
. 3arenem n. [lokaxute cxemMaTU4ecku, Kak BbIrNSaUT rpaduk 3Tow
~ dyHKumm npu n > 1.

f’f{g HaitTe onpepeneHne KOpHA n-i CTENEHWU.

Hna mex, kmo xouem 3Hamv 6GoablLe

10. ApoGHo-nuHelHaa PyHKUMS n eé rpadpuk

Bam msBecTHBI cBOMCTBA U rpaduK QyHKIUM y = % npu k> 0. Orme-

THM eIllé OJIHO CBOMCTBO 3TOM (QYHKIHMU M OCOGEHHOCTH eé rpaduxa.
IIpn HeorpaHWYEeHHOM BO3DACTAHWU NOJOMKUTENbLHBIX 3HAYEHHH ap-
TyMeHTa 3HaYeHUA (PYHKIUH, OCTABASACH IOJOMKHUTEJbHBIMH, YOBLIBAIOT
¥ CTPEeMsATCHA K HyJIo, T. e. ecau x > 0 m x — +00, to y — 0. AHajoruu-
HO ecit X< 0 m x — —o0, To y — 0. Ha rpaduke 3TO CBOMCTBO IPOSB-
JdAeTcd B TOM, YTO TOYKHM rpadmkKa mo Mepe MX yaaleHWs B GecKoHeu-
HOCTE (T. e. IpH X — +00 MM X — —00) HEOrPAaHUYEHHO NPUBIHKAIOTCA
kK ocu x. 'oBopsar, uro ock x, T. e. npaAmMas y = 0, ABIsgETCA ACUMNMO-

moii rpapuka QYHKIUH y = % npu k> 0.

Boob6ie acumnToToif KpuBO# HaskIBaeTcA HNpsAMasg, K KOTOPOil Ipu-
OnMMKaOTCA KAK YIOAHO OJIM3KO TOYKM KPHUBOM IO Mepe HX VAaJleHUud
B 0ECKOHEYHOCTb.

l'unepbona y =% npu k> 0 uMeer emié OJHY aCHUMIITOTY — OCb Y,

T. . npamyoo x = 0. Herpyasno nonaTs, uro runepbona y = % apu k< 0

TaKe MMeeT JBe ACHUMIITOTBI — OCh X WU OCh Y.

Teneps MBI HO3HAKOMHUMCH C JPOOHO-JIMHENHBLIMH (QYHKIIHAMH.
IIpumepaMu Takux (GYHKOHUNA MOryT CAYKHTE (QyHKIHUHN, 3aJaBaeMble

- +

dopmysaMu Yy = gi—j, y= Tﬁ:j’ y= x2—x4. IIpaBbie wacTH 3aTHUX
dopmysr — Apobu, Yy KOTOPBIX YMCJIWUTENb — MHOIOYJIEH IIePBOM cTere-
HH HJIH YWCJIO, OTJIHWYHOE OT HYyJd, a 3HaAMeHaTeJb — MHOI'OYJIeH
nepBoit crenenu. Takue GyHKIUN HASBIBAIOT OPOOHO-TUHCUHBLMU PYHK-
Yuiamu.

KsagpaTtuuHas dyHKUMS




Boobiie apobHO-nuHEHHON (QyHKIMel HasbiBaeTcsa (DYHKIUA, KOTO-

- ax +b
PYI0O MOXKHO 3a7aTh GopMyJsIoil Buaa y = g TAe x — nepeMeHHad,
a, b, ¢ u d — mpoussosbHBIe yucaa, npuuém ¢ # 0 u ad — be # 0.

Orpanuuenwue, uto ¢ # 0 u ad — be # 0, cymecrsenso. Ecau ¢ = 0,
TO MBI IIOJYYUM JIMHeHHYIO (pyHKNUIO, a npu ad — be = 0 — coxkparu-

b
MYy Ipo0b, 3HAYEHHE KOTOPOH paBHO 4> T+ €. MOJIy4UM KOHCTAHTY.

Bel 3Haere, uro rpaduk GYHKIUU Y = f(x) + n MOMKHO MOJYYUTH U3
rpadpuka GYHKODUM y = f(x) ¢ NOMOIIBI0 IapAaJIJIeJILHOIO IIepeHoca
(caBura) BHIOJB OCH Yy HA N eQUHUIL BBepPX, ecau n > 0, uam Ha —n eau-
HUI, BHU3, ecau n < 0. I'papux bysxmum y = f(x — m) MOXHO mOJy-
4UTh U3 rpapuka QyEKnum y = f(x) ¢ MOMOIIBIO CABHUI'A BHOJbL OCH X
Ha m eJWHUI] BOpaso, ecaum m > 0, WIM Ha —m eHUHMI] BJIEBO, €CJIH
m < 0.

IToxasxem, uTo rpapmkom ApPOOGHO-TUHENHON (GYHKIUM SABIAETCS

k
runep6osia, KOTOPYI MOXKHO IOJYYHTH H3 THIEDPGOIH y =~ C o~
MOMIBIO NapaJljieIbHbIX IePeHOCOB BJOJb KOODAWHATHBEIX oceit. IIpowm-

JIOCTPUPYEM 5TO Ha INpUMepax IIOCTPOeHHA Ipa@MKOB KOHKPETHBIX
ApobHO-TUHEHHBIX (DYHKIIMHI.

2x + 4

Ipumep 1. IToctpoum rpadux GyHKOUM y = ==

2x+ 4
P Ilns 9TOro BBIEAMM M3 APOOM — —— IENYI0 YacTh, IPEICTABHUB
=1 y

k
Apobb B BHaE 7T + —

HNmeem
2x+4  2x-2+6  2x-1)+6 _ 6
x-1 x-1 = x-1 _2+x—1

3nece k=6, m=1, n= 2.

I'pabur dbyHrRODUE Yy = =

6
GYHKIUK Yy = € NOMOIILI0 JABYX MNapajjejbHBIX IE€PEHOCOB:

6
casura runepbosbl y = - Ha 1 eAMHHUIly BIPABO BIOJB OCH X U

6
CABUTa IOJYYEHHOTO rpaduka y = s—7 Ha 2 €AWHHILI BBEpX B
HanpaBjieHHUH ocu y. Ilpu satom mpeoGpasoBaHUM CABUHYTCA WU
6 =
4CHMIITOTHI T'HIIEPOOJIBI i = 3 OCBh X Iepeifi€T B npsMylo y = 2, a

OChb §y — B OpaMyio x = 1.

,[[Jm HOCTPOEHUSA rpauKa JaHHON (PYHKIIMH IOCTYIHMM TaK: I1PO-
BeIEM B KOOPAMHATHOH IJIOCKOCTH NYHKTHDPOM ACHMIITOTHI:
npaMyo x = 1 u npamyio y = 2. Tak Kak runep0oJia COCTOUT U3
ABYX BeTBeil, TO AJSA IOCTPOEHHSA OSTUX BeTBeHl COCTABUM JBe

Anga Tex, KkTo xo4er 3HaTh Honblue | 61
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Puc. 46

Tabaunel: OgHY AkaA x < 1, apyryro pna x> 1,

X

-5

-83|-2|-1]| 0

x| 2 3 1 5

y

1

05| 0 |-1| -4

3,5

OTMeTUB B KOODAMHATHOM IUJIOCKOCTH TOYKH, KOODAMHATBEI KOTO-
pBIX YKa3aHBl B IepBOM Tab/iule, W COeMHUB UX IJIABHOW Hempe-
PBIBHOII JIMHHel, IOJYyYUM OJAHY BeTBb rumep6obl. AHAJIOIMYHO,
WCIOJB3YA BTOPYIO TabaMIly, IOJYYMM BTOPYIO BETBb I'MIIEepPOOJIEI.

I'pabux GyHKIHHA y = 2;_4-14 n3obpaxkén Ha pucyHke 46. <

2x -1

Ilpumep 2. ITocrpoum rpapuxk GyHKOIMM Y = ——— 7 -

2x—1
p Tax sxe Kak u B mpumepe 1, BeleTuM u3 ApobuM ——— 7 DEIyIo

YyacTb, T. €. IpeicTaBuM Apobb B BuAe N +

2x-1  2x+2-3 _ 20x+1D-3 _ (_
x+1 =—2

x+1 - x+1

. Umeem

x—m

3 3
x+])_ 2+ 751

B atom cayuae k=3, m = -1, n=—-2.
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T'pabur dbysrnuu y = x—if — 2 MOMKHO NOJYYHUTHL H3 rpadura
3
GYHKOUM Yy = C NOMOLBI0 ABYX MapajuleJbHbIX MEePeHOCOB:

3
caBura runepbossl y = < Ha 1 eguHUDY BAEBO W cABUra rpadukxa

3
byHKIUU Yy = 7 Ha 2 enuaunsl BHU3. IIpu sToM acuMOTOTAMU

runepbossl Y = % — 2 cragyT OpaMele y = -2 u x = —1.

Hamnee mocrynum Tak. IIpoBeséM B KOODAMHATHOM IJIOCKOCTH
NYHKTAPOM acuMOTOTHE y = —2 u x = —1. CocTaBuM jaBe TAGJUILI:
oxHy and x < —1, Apyryio mas x> —1.

% -6 = -3 -2 x 0 1 2 o
-2,6| -8 |-3,56| -5 y 1 |-0,5] -1 |-1,5

OrMeTHB B KOODAMHATHOM ILUIOCKOCTH TOYKH, KOODAWHATBHI KOTO-
PBIX IOMEIleHblI B IepBoM Tabnuile, W COeAWHUB WUX IIJaBHOII He-
IPepBLIBHOM JIMHUEH, MOJyYUM OLHY BeTBb rumepbosisi. Menosbsays
BTOpYIO Tabauny, MOJY4YUMM BTODPYIO BeTBb rumnepbossl. I'padux

2
GyHRIUU y = —% us3o0parxéH Ha pucyHKe 47. <

B npumepax 1 u 2 MBI yCTaHOBMJIM, YTO rpadMKOM KaKao# U3
2x +4 2x—1
GyHKIUH Yy = x—1 ¥ Y=y #ABIAercA runepbosa, u moxasaniu

OJIMH M3 CIIOCOOOB IIOCTPOEHMSA Irpad@UKOB 3TUX (PYHKIMIL.

YA
- 3
1
\ -
1-6{-5|-4|-8|-2| -1Ho\-2+3-+4-1-5 L
_1 e =g — 7
19
- -3-
=
-4
)
| |

Puc. 47
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MoxkHO [HmOKasarhb, 4YrTo Ja0OOYH0 APOOHO-IMHENHYI GYHKIIHIO
y= % MOXKHO NPEeJCTaBUTh B BHJE Y = 7 — .+ n.

Taxum obOpasom, rpaduxoMm ApoOHO-THHEHHOH (YHKIIUH SABJIAETCSA
runepbosia, KOTOPYIO MOKHO IOJYYHTH M3 TuUnepbonsr y = < ¢ mo-
MOIIBIO ABYX IapaJijieJIbHbIX IIePEeHOCOB.

YnpaxHeHus
180. YkakxnTe acHMITOTHI I'unepOoJIb:
10 8
) y=go—4; O y=5za—9
181, ITocrpoitte rpadpur GyHKIAN:
i . I
a)y_x_;;'r B)y*x.i_g’
4 4
6)y=;+2, I‘)y=;—2.
182. Halizute acuMnToThl runepboJIbI:
_x+8, _ x—8
a) ¥y=—<=3; 0) y=-773

183 ITokaskuTe cxemMaTUueCKH, KaK DACIONOMKeH rpaduk GYHKIIHA

9‘=xfm+n, rae k<0, ecan:
a)m>0, n<0; 6) m<0, n> 0.

. 3x -2
[184. ITocTpoiite rpabuk GyEKOUUA Y = xx_ 5. Haligure Hynu QyHKIMAN

U IIPOMEeXKYTKH 3HAKOIOCTOAHCTBA.

(185. YramuTe pyHKnum, rpaduKaMu KOTOPBHIX ABJIAIOTCHA T'UIEPOOIHI.

15 8x—-5 37T+ =x 8x — 40
l.¥y=%-3 2.y="35 8.y =37 4. ¥y=3:—3
2x+5H

186. [loxaxkure, 4T0 rpadpuKy GYHKUMHA Y = ——3 NPHHAJJIENKAT JHUIIb

IBe TOUKH, Yy KOTOPBIX W abcrucca M OpAMHATA — HATypalbHBIE
gucsa, HaliiuTe KOOpAWHATEI 3TUX TOYEK.

e . Bx— 17T
187. Haiiqure Bce TOuYKM rpapura (QyHKIUU y = ———, ¥ KOTOPBIX H

aﬁcuncca U OpAHHATaA ABJIAITCA IEeJbIMH YHCJIaMH.

4
188. Pemnure rpadpuyecku ypaBHEHHE L f z=x—3.

189, ITocrpoiite rpaduk dyrrmum £(x) = xfj 2.

PemuTe ypaBHeHHe:
a) g(x) = 3; 6) g(x) = 6; B) g(x) = —2.
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11. CteneHb C pauuvoHasnbHbIM MNMoKa3aTenem
1
B n. 9 rosopuiock, uTo BeIpaxkenue a”, rae a > 0 u n — HaTypaiab-

HOe 4mcJio, 0bo3Hauaer a. Teneps paccMOTPHM, KAKOH CMBICJI UMEET BbI-
m

= m
paskeHHe a", TIe a — TOJIOKHUTEJbHOe YHUCJIO, —- — /APOOHOe YHMCIo.

m
Onpepnenenve. Eciu a — DOJNOMXKHUTENbHOE UYHCJIO, o~ —
! m
. mpobroe umcao (m — uenoe, n — HaTypaJbHOE), TO a" =

.

ITo ompenmenesnuo uMeeM

13
3 1,3 - ﬂt 13 1 A
= 1 1310 1 L2 =k
_ 8fn 78 X =2 =10 1 _ 6fe1
0,78 e 017 . (3) (3) 3] = 5 Al 56 =. 5 =
CTemeHs C OCHOBAHHEM, PaBHBIM HYJIO, OIpelendeTcda TOJbKO IOJIA
IOJIOKHUTEJNIBEHOT'O ﬂpOﬁHOI‘O IIoKasaTeyd:

m
ecau —- — ApPOOHOe MOJIOXKHUTENbHOe THCJIO (m m n — Hary-

paibHEIE), TO 0" =0.

Jlna oTpunaTebHBIX OCHOBAHWU CTEeIeHb C APOOHBIM IOKasaTejieM
3 1 21
He paccMmarpuBaerTcs. Takue BeIpa)keHus, xakx (-2)%, (-8) 32, 0 2 He
HUMEIOT CMBICJA.

WaBecTHBIE HAM CBOMCTBA CTEIleHU C IeJbIM IIOKasaTesieM CIIpaBeIJIu-
Bbl M JUIS CTelleHW C J00BIM paljMoHAJbHBIM NokasareneM. C ux goka-
3aTeJbCTBOM BBl O3HAKOMHUTECH B cTapiuux Kiaccax. Ilepeumcimm aTH
CcBOICTBA.

—

-~ Hua maioboro a > 0 u n06bI1X panyoOHAJBHBIX YHCENI P U (!

afal = a*"", (1)
a':a'= g% (2)
(@”) = o™. (3)
Ina ao6b1x @ > 0 1 b > 0 u moboro panuoHAIBHOTO YHCHA P:
(ab)’ = a’b”, (4)
[
Ol ®)

Onsa Tex, KTo xo4eTr 3HaTh Oonblue
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PaCCMOTpHM IpHUMepbl, B KOTODPBIX HCIOJIB3YIOTCA TOMXIECTBEHHBIE

npeobpa3oBaHUA BBIPAYKEHHM, COZEP)KAlUX CTeINeHU ¢ JPOOHBIMH IOKa-
3aTeIsIMU.

IIpumep 1. Haiiném 3navenue BhIpasKeHUSA
1 1

1 1 1
(x* —6)* —12x%(x * —1) mpu x = 12,25.

P IlpeaBapuTeNbHO YIOPOCTHM 3TO BhIpasKeHHe:
1 S 3 1 1 1 1
(xt—6)*-12x%(x * —1)=x2 -12x* +36 - 12x° + 12 x% = x2 + 24.
1

IToncraBuM B BhIpaskeHue x2 + 24 paHgHOe 3HAYeHHEe X W BBINOJI-
HHUM BBIUHCJIEHHSA:

1 1 1
x2 + 24 = (12,25)2 + 24 = (3,5%)2 + 24 = 3,5 + 24 = 27,5, <

3 1

A e 4
Ipumep 2. Cokparum Apobs %

xE + 5.1:“I

P PasnokuM Ha MHOMKHTENM YUCIUTENb M 3HaMeHareab apobu. Ilo-

JYy4UAM
3 1 1 -4 1 s
i 1 4 T 4 _ 4 F-1
xf 25" _ x0(x7-26) (x1-S)+B) _ 3 5 g
1 1 1 1 L
x2 + 5x1 xt(x* +5) x* +5
Vnpam-lel-mn
RN T AT

[190. ITpeacTaBbTe cTemeHb ¢ APOGHBIM MOKA3ATENEM B BUAE KODHS:
1.2
8.) 32, 54, 0,20.5’ 7-0.25;
i 2 3-08 22
ﬁ)x“,1 a'?, b8 c3; )
B) 5a3, ax®, —b'%, (2b)%;
2 2 2 3 _2 2
r) (x—-y)3, x® —y3, 3(a + b)*, 4a ? +ax?.

IIpeacrasbre apudMerudecKUil KOpeHb B BUJle CTEeHH C APOGHBIM
HoKasarejeM:

) JL3; ) {3; w Yo Yo — 8
6) ¥7'; 1) f/@—)z e) E/l_?; 3) §(x - y)*.
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Haﬁnwre BHaYeHHe BbIDaXKeHHA:

1 3 ;.3 A
a) 273; B) 0,162; n) 5 - 32%; x) 6+ 83
. 1 i
6) 25 2; r) 0,647 e) —643; 3) 7-0,04 2,
IIpeacraBbTe B BHJE CTENEHM C PAIMOHAJBHBIM HOKasaTeseM:
i1 1 1 1 34
a) c2cd; r) d°d?; 0 e K) (a?)%
L. 1 1 3 1 11
6) b 3b?; m) x2 : x2; 3) m3 : m?; n) (c )%
21 s 1 11 -2
B) a®a’; e)y°® : y*; u) (b2)%; M) (p°) °.
YiupocruTte BhBIpa’keHHe:
1 3
a) (@™)? -a®*;  B) a(@™)h
3 4 _3 _2
6) (x4 )5 - xl-ﬁ; r) (aﬂ.s) 4. (a 5)—1.5 .
Briumcaure:

2 -1
a)10° -10 2 -10™'; ) 3-9°* - ¥3;

1 2 " -1 1
6)4° - 23 -8°9; r) 83 -16% - 4.
IIpencrasbre: n

5 8

a) B Buge kBagpara (x > 0): x5, x% x7®, x7', x, x3;

1 _2
6) B Buge Kyba (y > 0): yf’, y?, Yy, Y2, y_1‘5, y°‘2, y 2.

Coxparure Opo0b:
1 1 1

3+ 32 —— c+2c2d? +d
a) —5 s ) —5—"% e
3= x% + 2
10 i m+n
e r) b —5; C e T N A
10 - 102 b—25 m® —m3n® +nd

Hanumure ¢dopmyny, BeIpa)kalolylo 3aBUCHMOCTE MeXAy Iiepe-
MEHHBIMH U U U, eCcJIu:
2 2

A)u=tl+1,v=t3 +1;

1 1
6) u=(t + 2)%, v=(2-1)".
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199. Moxaxure, 4To ecuu b = %a u a > 0, ToO BEpHO PABEHCTBO

1 b
(a+b)? +(a-b)2

z Tl
(a+b)? —(a-b)?

2.

AononHutesnbHble ynpaxHeHus k rnase |

K naparpady 1

200. Haiigure o6aacTe omnpejieseHusi QYHKIANA:
1 1 1
8) y=gz t 55 6) y=vx —x-4; B)y=—7.
X

201. nuaa NPSAMOYTOJbHHKA ABCD B
(puc. 48) pasna 10 cm, a mmpuHa —
7 cm. Orpesok MN nepensuraercs or
orpe3ka AD pno orpeska BC, ocraBasch
napajutebHbIM oTpe3ky AD. Ilmomanes M| N

y (cmz) 3aKpallleHHOH YacTH ecTh
dyEKIIUA paccrosinusa x (cM) oT TOY-

Q

ku D po rouku N. Bazaitre pyHKIHIO A D
y = f(x) dopmysoit. Hailigure obiacts
3HaUYeHHH 3TON QYHKIHH. Puc. 48

202. B paeHOOEApPEHHOM TpPEYroJbHUKE
ABC ocHoBanue AC pasHo 6 cM, a GoxoBas cropona — 5 cm. Kon-
Ikl IOABMXKHOIO OTpPe3Ka, NapaJijIeJIbHOIO OCHOBAHHIO, JIeXKaT Ha
6oxoBeIX cTopoHax. Ero anmuaa paBHa y (cM), a paccTosiHUME OT Bep-
muHEl — X (cM). 3aznaiite dopmysnoi y kak GyHKmuo or x. Haii-
aure obJacTh SHAYEHMI 9TOM (QYHKIAM.

203. dyuxknua sagana Gopmyion Yy = ﬁ ITepecexaer nu e€ rpadpux

ock x? ock y? B KaKUX KOODAUHATHBIX UYETBEPTAX PACIIOJIOMKEH
rpahuk aToM (GQyHKIUNU?

204, Katep oTnpaBisgeTcs OT OPUCTAaHH A M HAET BHH3 II0 peKe K
npucrasu B, no koropoun 60 kM. Ilocie aByx4dacoBoil CTOSHKHM Ha
npucrasu B oH Bosepamaercs obparHo. Paccroamume [ (xm),
NpoiJIeHHOe KaTepOM OT IIPHCTaHH A, 3aBHCHT OT BpeMeHm t (u),
OTCUYMTBIBAEMOI'0O € MOMEHTA OTIpaBJIeHUA Karepa u3 A Jo0
MOMeHTa BoaBpamleHusi. CobcrBeHHass cKopocTh kKarepa 16 xm/u,
CKOpOCTh TeueHUA peku 4 xkm/u. 3agaiite | kak GYHKIHUIO OT £
dopmynamu, nocrpoiiTe rpadux (GyHKOHH, ONHIINTE IO rpaduKy
eé cpoMcTBa U O0BACHUTE UX (PH3UYECKHN CMBICI.

[N Ksanpatuunas dyHKums




205. Haueprure rpaduk Kaxou-aHuOyAb QPYHKIHK, 00JaCTHIO OIpexaese-
HHA KOTOpOil ABisercsa mpomeskyTok [—3; 4], a obiacreio 3Haye-
HUA — npomexkyTok [0; 6].

206. Haiigure Byau (QYHKIUK (€cJay OHH CYIIECTBYIOT):

2x +11 6 322 - 12
a) Y =—5—; 0) ¥=g—0o5x> B~

207. U3BecTHO, uTO ¥ = f(x) 1 y = g(x) — Boadpacraromue (ydbIBaromue)
dyuxnun. [lokakure, uro GyHKmua ¢(x) = f(x) + g(x) asBiaserca
Boapacraruieil (yObiBaromieit) pyHKIIHEH.

HaBecTHO, uTO Yy = f(x) — Bospacraiomas PYHKIOUSA U @ — HEKOTO-
poe uymcio. Jlokaskure, uro ypasHeHue f(x) = a umeer He Oojee
OJHOIO0 KOpPHS.

Pemute ypaBHeHUe:
a) Vx + x? = 18; 6) x° + bx = 6.

210. Kakue ua ¢yHKIMHA, 3afaHHBIX (op- y[

Mynamu y = x2, y=x>+5,y=2x + 5,
y=x39 9=_x2: y=_'x2_4’ y=\/-;,

y=+x+1, y=x*+ x2 + 6, coxpa-
HAIOT 3HAK Ha Bced oOiacTtu ompeje-
JeHnA?

=l
(==
RY

211) Ha pucyske 49 msoGpasmén rpapux | 1¢ 49
oxHON m3 QyHKOUI y =.x -1, y=
=,Jx +1, y=41- x. Kakoii umerao?

212. Kakoit u3 Tpéx rpadukKoB, u3obpa’kéHHBIX Ha pucyHke 50, aBisa-
ercsi rpadpukomM GyHKIUM y = |[x — 2|2

IMocTpoiite rpadux GyEKIUU Yy = % U ONMIINTe eé cBoHCTBA.

it yA 2. w\ 3. 77
/
N2 N A
‘ { 4 . —
* 1 x 0

Puc. 50

,_,..
=Y
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K naparpagy 2

214. HaiiguTe KOPDHM KBaJpaTHOTO TPEéXUJeHAa:

a) %xz +§x - 2; B) —x° + 4x — 2%;
6) 32 —3x -3 1) 042> - x+0,2.

215, CocraBpTe KakoH-HMOYIb KBaAPATHBIA TPEXYJIEH, KOPHAMH KOTO-
pOro SABJSIOTCH YHCIA:

a) 7T u 2; 6) 3—+2 n 3++2.
IIpy KaKOM 3HAYEHHHM p BhIpakeHue 2px° — 2x — 2p — 3 cTaHOBHUT-

cdA KBaJpPaTHBIM Tpéanenom, OO0HHM H3 ROpHeI':l KOTOpPOI'o sABJAeT-
cs umeno Hyas? Haitmure npyroii KOpeHsb.

217. [loxakuTe, YTO KBAApPATHBIM TPEXYJieH MMeeT KODHH, W HaWauTe
UX CYMMY #W HpPOU3BEJEeHHE:

a) 2x% - 10x + 3; B) 0,5x% + 6x + 1;
6) %xz + Tx — 2; r) —%xz +%x+—;~.

HaiiguTe TpéxuieH BUAa X° + px + ¢, KODHAMH KOTOPOTO SIBIISIIOT-
csi He paBHBbIe HYJIIO UYMCIa P U (.

IIycrs o u p — KopHH Tpéxwrena x° + px + ¢, npuuém off =4 u
\/E + Jﬁ = 3. Yemy paBHH o u [?

220. Brigenure KBajpaTr ABYy4JIeHA M3 KBAAPATHOTO TPEXUJeHA:
a) 2x°> - 8x + T; B) 5x* — 3x;
6) —8x? + 4x - 1; r) —4x* + 8x.

221. loxakuTe, 4TO KBAJAPATHBIA TPEXUJIEH!

a) —x* + 20x — 103 He NMPUHHEMAET IOJOMKHUTEIbHBIX BHAUCHHI;
6) x2 — 16x + 65 He TpUEMMAET OTPUIATENLHBIX 3HAYEHUIA.

222, Haigute HauboJblllee WM HaHMeHbIIee 3HAaUYeHHEe KBaIpaTHOTO
TpEXYJIeHa:

a) 3x2 —4x + 5; 6) —3x% + 12x.

223. Cymma nonosxurenbHbIX uuced a u b paBHa 40. Ilpum Kakux 3Ha-
yeHUAX a U b ux npoussejgeHue Oyaer HamboabIIUM?

224. PasnokuTe Ha MHOMKHTENH KBAJAPATHBIN TPEXYJIeH:
a) 0,8x% — 19,8x — 5; B) x° + 2 - 2;
6) 3,5 - 33x +2x% r) 2% - 26 + 1.

225.| 3mas, uro m — meioe YMCJIO0, HaJUTe HeJble KOPHH TPEXUIEeHA
mx® + (m — 3)x — 3.
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226] Bnas, urTo KO’MDPUIMEHTH KBAAPATHOTO TpéxwieHa (n — 3)x? +
+ (n i 1)x + 9 — 2n — marypaJbHBIE YUCIa, HANAUTE 9TOT TPEXUJIEH.

227. Coxparure ApobOb:
2!’?12"8 " 6) 2m2-5m+2

Y "
)m2+6m+8' mn—-2n—-3m+6

228. BrimosnHHUTe HelcTBHE:
x+4 37Tx—12

= . Z+11x+30  x+5,

a - ’ r .
)x-1T" 42 3x-1 ) 3x - 15 %=5 "
6 x-1  1-x 2x% -7 x+1
)x+2 Z+3x+2" n)xz 3x-4 *-4’°
)7x—x2 P-x-20, e) 2+x-x 4 10z
x + 4 T—-x v 2 -5x+3x% 3x -2

K naparpady 3
229, [Tpu KaKoOM 3HAYEHWH @ TPadUK DYHKIUHU Y = X’ IPOXOAUT Uepes
TOYKY:
a) (5 -7 6) (V39 ®(-%-1) 1 o0; 10y
230. IlocTpoiite rpadux (GyHKIHMH, 3aJaHHOH dopmynoi y = —0,25x%,

rape x€[—-6; 2]. KakoBel HamboJbIlee W HaMMeHbIIee 3HAUEHHS
oTOoM (QyHKIUH?

231. IIpn xakux 3HAYEHUAX @ 00NACTHIO 3HAYEHHH (QyHKIMU Y = ax’
ABJsieTcss mpoMeXxkyrtok: a) [0; +00); 6) (—oo; 0]?

232. Jlokaxcure, uTo rpaduKku QyHEKIME y = ax’ u y = ax, rae a =0,
nepecekaioTrcsa B Touke (1; a). B xaxoii emé Touke mepeceKarTcs
ot rpapurm?

233. [MapaGoay y = Tx? caBmHyau BBepX HA 5 eJUHHUI, U BJEBO HAa
8 exumsun. I'padpurom Kaxon (HYHKIUU ABISAETCA NOJYUYEHHAs ma-
paboaa?

234.| Kaxue npeoGpasoBaHMs HAZO BBIIOJHUT, YTOOHI:

a) us rpatpnxa (pynxupm y = x3 IONYYUTh rpaduKu QyHKIHA
y=-x y=(x-8)P°, y=2>+4;
6) ms rpaduxa GyHKDUM y = \/; nonydyurs rpaduku QyHRIIAHR

y=—x, y=\x+5, y=Vxr-1?

ITocTpoiiTe B OgHOII KOODAMHATHOHM IJIOCKOCTU rpaduku QyHKIUK
y=ld y=lc—4, y=|c-4-3

@ IlocTpoiiTe rpadux QyHKIMNU:
a) f(x) = |«® — 2x]; 6) f(x) = x* — 2.
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237. IlocrpoiiTe rpaduk (OYHKIHA:

a) y = xlx|; 6) y = —]':cil.

238, Ilpn kaxkux sHaueHWAX ¢ rpaduk GyEknum y = x° — 6x + ¢ pac-
II0JIO3KEH BBIIIe IPAMOIL:
a) y=4; 6) y =-1?

239. Ilpu kakux sHaueHUsAX b U ¢ BepmuHON mapabonsl y = x* + bx + ¢
ABaserca Touka (6; —12)7?

240. HaiinnTe 3HaYeHWEe 4, NPU KOTOPOM OCBK CHMMeTPHH napabojsl
y = ax’ — 16x + 1 sBasercs npsamas x = 4.

241. [Ipy KaKWUX 3HAYEHUAX @ U ¢ KBagpaTHuHAsA QYHKIHUA y = ax’ + ¢
uMeeTr Hyau?

y = ax® + bx — 18 npoxoxur uyepes touxu M(1; 2) u N(2; 10).
243. TlocTpoiiTe rpadpuk (QPYHKIHUM ¥ OIUIINTE €€ CBOUCTBA:

a) y = x° + 2x — 15; r) y = 6x — 2x%;

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

B) y =4 - 0,5x% e) y=(2 — x)(x + 6).
244. Haiigure obnacTh 3HAUEHUM (QPYHKOHM:

a)y= 3x% - 0,5x +%; B)y = —éxz + 4x — 5,b;

6) y=2x>+1,2c+2 1) y=-32°-2x — 42.

245. Ilyers h (M) — BBICOTA, HA KOTOPOil HAXOAWUTCA OPOIIEHHBIN € 3eM-
¥ BBepX MAdY, ¢ (c) — Bpemsa mojéra MAdYa. 3aBUCHUMOCTB A oT t
BhIpaXkaeTcss Qopmysoin h = 24t — 4,9t*. Kaxoit naubonbmieit
BBICOTHI JocTUr Mad? B Kakoil IpoMesKyTOK BpeMeHHM OH IOJHH-
MaJici U B Kakoil omyckasucs? Yepes CKOJIBKO CeKyHJ mociye Gpoc-
Ka OH ymaa Ha 3eMJ?

246. 3amaiiTe QopMyJI0ii KaKyoO-JIH00 KBaJpATHYHYIO (QyHKIIHIO, KOTOpAas:
a) B mpomexxyTke (—o0; —3] yObiBaer, a B mpoMexxyTke [—3; +o0)
BO3pacTaer;

6) B npomexyTke (—°°; 6] Bo3pacraeTr, a B mpoMexxyTke [6; +00)
yOBbIBaer.

247) ®yexnus sagasa dopmysoit y = x* + px + ¢q. Haiigure smaue-
HUSL p U ¢, €CJIA U3BECTHO, 4TO:

a) Hyau GyHKOUH — uucaa 3 u 4;

6) rpaduk GyHKDMM nmepecekaeTr ocu KoopauHAT B Toukax (0; 6)
u (2; 0);

B) HauMeHblllee 3HA4YeHWe, paBHoe 24, MYHKIUA NPUHUMAET IIPH
x = 6.
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K naparpacdy 4
248. CpaBHuUTE:

a) 1,2% » 1,2% 8) 0,3% u 0,3%
6) 3,4 u 3,4!5; r) (-2,1)* m (-2,1)°.
249. O0bacHUTE, IOYEeMY BEPHO HEPaBEHCTBO:
a) 5100 > 4109, B) 1’5261 < 1’6251;
261 261
00 100, 2 3
6) 0,87 <0,80'% 1) (2] > (2],
250. CpaBHUTe 3HAYEHUSA CTEIEHeM:
17 17 .
a) 2'° u 3119 B) [%] u (%) ; n) 3% u 87;
" " 410 2120 . ’
6) 0,3° u 0,25 n (&) = (2 e) 1250° u 36°.
251. [Taus dpysxmun f(x) = x° u g(x) = x'°. CpaBsure ¢ HyIéM:
a) f(25) - 1(12); B) f(0) - f(60); R) 8(-9) - g(=17);
6) f(=30) — f(=20); r) g(17) — g(5); e) g(38) — g(0).

252. loxkaxkuTe, 4TO IPH HATYPAILHOM :
a) ecm x€[0; 1], To 2" 1 < %7
6) ecmm xe (1; +0), mo x" 1 > x".

253. Haiigure n, ecam M3BECTHO, UTO rpaduK GQYHKOUHM y = X" HPOXO-
IHUT 4Yepe3 TOUYKY:

a) A(2; 8); 6) B(3,5; 12,25); B) C(—3; 81); r) D(-2; —32).
254. CymiecTByer JM Takoe HATYpalbHOE 3HAYEHHWE 71, INPU KOTOPOM

rpapuk QYHKOHUH Y = X" NPOXOAUT Uepes TOUKY:

a) A(2; 5); 0) B(Jg; 81); B) C(—5; 415); r) D(-7; —343)?
255. IMocrpoiiTe rpaduK QYHKIUU:

a) y = —x° r)y=(x-2)°+1; x®) y = (x — 3)%
6) y=x°-1; n) y = —-x% 3) y=(x-3)"+2.
B) y = (x — 2)% e)y=x"-1;

256. CKoNBKO KOpHEeH MMeeT ypaBHEHHE:
a) x'° = 2; B) x!0 = -3; m) x' = 0;
6) x'° = 0; r) x' = 5; e) x' =-1?

257, Hafijure 3HauyeHWe BBIpAKeHU:
a) —-0,5'91024; B) 1,53512; n) ¥-125 - J0,17;
6) —24/-2187; r) §739 . J5%; e) Y162 - §o,125%.
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258. PemunuTe ypasBHeHMe:
a) Vx =0,2; ) Ya = -1; m ¥x =1;
6)%{_=é; r) b = 2; e)%/;=—2.

259. Ilpu kakuX 3HAYEHHUAX MEPEMEHHOU WMeeT CMbBICJ BbIpaskeHue:

a) §x — 2; B) ,3/:: +5; n) §-5y + 6;
r) 83q — 53 e) 80=22?

260. CpaBHUTE 3HAUYEHUA KOPHEH:
a) 323 u 327, 6) 35 u -4; 8) ¥-0,1 u %0,01.

261. Onpenenure 3HAK PasHOCTH:

DY -3 ol -l »1-4099; ) 40,28 - §2.
262. Haiipure obsacths onpeseneHuss GyHKIIHHU:

a) y =,0,1x — 2; 6) y =45 - 2x; B) y = 38x + 1.

263. ITonsayace rpaduxamMu GyHKOUHR Yy = x, Y = \fs_c, y= ?/;, pemure
ypaBHEHHE W HepaBeHCTBA:

a) Jx =x, Jx <x, Jx > x; 6) Yx = x, Yx < x, Yx > x.
264. IlocTpoiite rpaduk QYHKIUHA:

a) y = —x; 6) y = — x; B) y =V-x; r) y = ¥-=x.

YeMm oTamuarTcs APYr oT JApyra rpadgmkn QYHKOUHR y = —\/; "

yz\f_x?y=—§/;Hy=3\l—x?

6) 42—
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C OOHOW NEPEMEHHOM

Bbl yxe ymeeTe pellatb ypaBHEHUS NEPBON M BTOPOW CTeneHen, wuc-
nonb3ys ans atoro ¢opmynbl KOpHei. Tenepb Bbl BCTPETUTECH C Gonee
CNIOXHBIMM Clly4asiMu, KOr[4a HYXXKHO PELUUTb YpaBHEHWE TpeTben wunun 6o-
iee BLICOKOW CTeneHu. XoTsa Ana ypaBHEeHUN TPETbLEN U YeTBEPTOW cTene-
HeW n3sBeCTHbl GOpPMY/bl KOpHENH, aTuMK GopMynamMm He NONb3YIOTCH U3-
32 W3NULLHEN KX MPOMO3OKOCTU. YTO Kacaetcs ypaBHeHwW naTton u bonee
BbICOKOW CTeneHeun, To Ana Hux Gopmyn KOpHeWn BooOLEe He CylLlecTByeT.
HekoTtopbie ypasHeHus Buaa P(x) = 0, roe P(x) — MHOro4neH TpeTben um
6onee BLICOKOW CTENEHU, MOXHO PEeWuTb, WUCNONL3YS pPasfoXeHue
MHoOro4yneHa P(x) Ha MHOXUTENW Wiu BBEAEHWE BCNOMOrartesibHOW nepe-
MEHHOW. Bbl NO3HaKOMUTECH C APOOHLIMW PaUMOHANbHBIMW YPaBHEHUSAMM,
peleHne KOTOPbIX CBOAUTCS K PELUEHUIO UenbiX YpaBHEHWIn TpeTben uau
6onee BLICOKOW CTEMNEHW C NOCNeaylowmuM WUCKIIYEHNEM MOCTOPOHHMX
KOpHei. Bbl HayyuTecb pewaTtb HepaBeHCTBA BTOPOW CTENeHUu C OOHOM
NnepemMeHHOn, a Takke MCNoNb30BaTb METOL WHTEePBAIOB ANA pelueHus 6o-
Jlee CNOXHbIX HEpaBEHCTB.

Il YPABHEHUSI C OOHOW NEPEMEHHOW

12. Uenoe ypaBHeHUe U ero KOpHu

B xamaoM U3 ypaBHEHMIA
(*-12+25=2-2(x-1), (1)
f_1 2+1
=3y @)

obe yacTH ABJIAIOTCA OeJbIMH BBEIDaeHHAMM. Takue VYpaBHEeHHHA Ha3bl-
BawT, KaKk M3BECTHO, UeJablMU YPABHEHUAMU.

§ 5. YpaBHeHUsi ¢ OQHOW NepemMeHHOn -
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Hanmomuaum, urto
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| LeJBLIM ypaBHEHHMEM C OJHOH NepeMeHHOH HasbIBaeTcs ypaBHe- |
| Hue, JeBas U IIpaBas YacTH KOTOPOTO — IeJbie BHIPAXKEHHUA. |
A Al EECRIRR, G A e TR SR

B ypaBrHenunu (1) packpoem CKOOKH, IepeHECEM BCe UJIEHEBI B JIEBYIO
YacTh W IPUBEAEM MMOA00HBIE uyieHBI. Iloaydum

-2 +1+2=2"-2x+2,
-2 +1+2"-2+2x-2=0,
xX*-2x*+2x—-1=0.
BreinmonauM aHanmoruuHble npeoOpasoBaHus B ypaBHeHHHu (2), YMHO-
JKHUB IIpeABapuUTeJbHO 00e ero gactw Ha 4:

x'—1-2(x*+1)=12x%
xt—1-2x%-2=124%
xt-1-2x2-2-12x* =0,
x* - 14x* - 3 = 0.

B KaXzomM B3 pacCMOTPEeHHBIX IIPUMEPOB Mbl BBINOJHAJU TaKHe
npeobpasoBaHNA, KOTOPble NPUBOAAT K yPaBHEHUIO, PaBHOCHUJIBHOMY
AagHOMYy. B pesyamTare moJsiydyaiu ypaBHeHMe, mMmeroniee Buja P(x) = 0,
roe P(x) — MHOrouJieH cTaHIapTHOI'O BHA.

Boob1ie BcAKOe Iesioe YpaBHEHHE MOYKHO 3aMEHUTh DPABHOCHJILHBIM

eMy YVpaBHeHHeM, JieBas dYacThk KOTOPOro — MHOI'OYWJIEeH CTaHAapTHOI'o
BHJa, a Ipasad — HYJb.

P e s e o e o e L L L L L T

Ecim ypaBHeHHe ¢ OZHOM IIepeMEHHOHM B3amucaHO B BHJE
i P(x) =0, rone P (x) — MHOro4wjieH CTaHAAPTHOTO BHJAa, TO CTe-
! meHBL ITOTO MHOTOYJIEHA HA3bIBAIOT CMENEeHbl0 YPABHEHUA.
; CremeHbI0 IIPOM3BOJIBHOTO IIEJIOT0 YPaBHEHHUSA HAB3bIBAIOT CTe-
IeHb PABHOCHJBHOIO eMy ypaBHenusa suga P(x) =0, rupe
P(x) — MHOroudjJieH CTaHAAapTHOI'O BHIA.

W T S TR T B P S A e S e G RS SN e S R e e e e el

Hanpumep, ypaBaenue (1) siBisiercs ypaBHeHHEM HIATOH CTeleHH, a
ypaBHeHue (2) — ypaBHeHHEM 4YeTBEPTOH CTeleHH.

YpaBHeHMe NEpPBOM CTeNeHW MOKHO IIPUBECTH K BHAY ax + b = 0, rae
Xx — TepeMeHHas, @ U b — HexkorTopkle ynucna, npuuém a # 0. U3 ypaBHe-

b b
HUA ax + b = 0 npu a # 0 noinydaem, 4T0 X = —_. YHuciso —4 — KOpeHb

ypaBHenus. Ka)kzoe ypaBHeHVe NepBOHl CTeleHM MMeeT OJMH KOPeHb.

YpaBHeHMEe BTOPOM CTEIIEHH MOYKHO IPHUBECTH K BHUAY ax®+bx+c=0,
Irie x — nHepeMeHHas, a, b U ¢ — HeKOTOphle uucaa, npudém a #= 0.

Yueno KOpHEeH TAKOro ypaBHEHWS 3aBUCUT OT AucKpumuHanTa D = b% —
—4ac. Eemu D > 0, To ypaBHeHue mmeer ABa KopHA; ecau D = 0, To

[ ELERL YpaBHeHua 1 HepaBeHCTBa C OOHOW NepemMeHHON



ypaBHeHHe HMeeT OOWH KOpeHb; ecau D < 0, To ypaBHeHHEe He HUMeeT
KopHei#l. Jliobfoe ypaBHeHHMe BTOPOM cTelmeHH HMeeT He Oojiee ABYX
KopHe#. Jlna HaxoxaeHus xopHeit mpum D > 0 mcmoassyercs, Kak M3-

—b++D
BECTHO, (hOpMyJia KOPHe#l KBaJDATHOTO YPABHEHHA X = —p——.

YpaBHeHUe TpPeThEH CTEIIeHW MOJKHO NMPHUBECTH K BUHAY

ax® +bx’*+cx+d=0,
ypPaBHeHHe YeTBEPTON CTENEeHH — K BHIY
ax* +bx® +ex? +dx+e=0
u T.[n., rae a, b, ¢, ... — HeKoTOpble 4ucaa, npudém a # 0. MokHO H0-
Kas3aTbh, YTO ypaBHEHHE TpeThell cTeneHU uMeeT He Gojiee TPEX KOpHE,
YPaBHEHHe 4YeTBEPTOil cremeHuM — He 6oJiee YeTHIDEX KopHe#. Boobiie
ypaBHeHHe n-i cTelleHUW uMeeT He OoJiee n KOpHeH.

Ins ypaBHeHMil TpeThell M 4eTBEPTON CTeNeHeH M3BeCTHHI (OPMY-
JIbI KOPHe#, HO 3TU (OPMyYJIbI OUYEHb CIOMKHBI U HeYAOOHBI AJIA IPaK-
THUYECKOro npuMeHeHudA. [[Jig ypaBHeHUM mATOM M 6oJiee BHICOKHX CTe-
neHeil o0mux GopmMyn KOpHell He CyIecTBYeT.

3amMeTuM, UTO MHOTZA yAaércs PElIUTh ypaBHeHMe TpeThbell u 6Gosee
BEICOKOH cTeneHeil, NPUMeHAs KaKOH-IUO0 CHenUaNbHBIH IPUEM.
Hanpumep, HeKoTopele ypaBHeHUs HETPYAHO DEIIUTH C MOMOINBIO Pas-
JIOXKEeHUA MHOTOYJIEHA Ha MHOMKUTEJH.

IIpumep 1. PemuMm ypasBHeHHe
x¥*-8x>-x+8=0.
P PasouM JieBy0 4acTh ypaBHEHHS HA MHOMKUTEJIH:
(x-8)—-(x—8)=0,
(x = 8)(x* - 1) =0,
(x-8)(x-1)(x+1)=0.
Orcropa HaWaém, 4ToO
x-8=0,mmm x—-1=0, wnu x+1=0.
3HAYUT, UCXOAHOE YDABHEHHE MMeeT TPU KODPHS:
Xi=8, x3=1, x3=-1. 4
YpaBHeHH#, CTeNeHb KOTOPHIX BbIIIE ABYX, MHOTAA YAAETCH pe-
I0UTh, BBEJA HOBYIO HE€PEMEHHYVIO.
PaccmoTpum npuMeps! pelneHusi ypaBHEHWIl BTHM MeETOJOM.
IIpumep 2. Pemmum ypaBHeHHe
(x% - 5x + 4)(x* - 5x + 6) = 120. (3)
P Eciu mepeHecTH BCe UJIEHBI YDABHEHHS B JIeBYIO 4acTk U mpeobpa-

30BaTh NOJyYHBIIeeCA BBIpaKeHHe B MHOTOUYJIEH CTaHIapTHOIO
BHJIa, TO IOJYYHUTCHA YypaBHeHUe

x* - 10x® + 35x° — 50x — 96 = 0,
AJA KOTOPOI'O TPYAHO HAMTH CIOCOO pelmeHHs.
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OnHAKO MOYKHO BOCIIOJIL30OBATHCSH CJEAVIOIel 0cODEHHOCTBIO YpaB-
HeHHdA (3): B ero JeBOM YacTH NlepeMeHHasds X BXOAHUT TOJBKO B
BEIDAYKeHHe X° — X, KOTOpOe BCTPEUAeTCH B YPABHEHHH BAYKIEL.
ITO0 MO3BOJIAET PEIlUTh AAHHOe YPABHEHHE C IOMOINLI0 BBEJeHUS
HOBO#f mepemenHoii. O6o3HaumM x° — 5x uepes y:

x% - bx =y.
Torma ypasHenue (3) cBeiércss K YPaBHEHHWIO C IepeMeHHOM y:
(y +4)(y+ 6)=120,
KOTOpOe IIOcJie YIPOINEeHUA IIPHMET BHJ
y? + 10y — 96 = 0.
Pemus mojydyeHHOe KBaJpaTHOe ypaBHeHWe, HAWJEM ero KOpHH:
y, =16, y, = 6.
OTcrona
x% - 5x = —16 man x* — 5x = 6.
Pemas ypasrenue x° — 5x =—16, HaliiéM, 4TO OHO He MMeeT KODHeMH.
Pemasa ypaBHeHHEe x* — 5bx = 6, HaAWAEM, YTO OHO UMeeT JABa KODHS:
xy =-1, x,=6.
3HauuT, ypaBHeHue (3) uMeeT ABa KOPHA:
x,=-1, x,=6. <
MeTox BBefileHMA HOBOH NepeMeHHOMN ITO3BOJIAET JIEIKO PellaTh ypas-
HeHHUs 4YeTBEPTOH cTeleHHU, UMeoIue BHJ ax* + bx® + ¢ =0.
Vpasaenus Bupa ax® + bx* + ¢ =0, rge a # 0, sBnAOMMECT KBaj-

PATHBIMHM OTHOCHTENLHO X°, Ha3hIBAIOT OUKEAOPAMHbIMU YPAGHEHUAMU.

IIpumep 3. Pemum GukBazpaTHOE ypaBHEHHE
9x* — 10x*> + 1 = 0.
» BeeaéM HOBYIO TIepeMeHHYIO, 0G03HAUHB x> uepes y: x° = Y.

IMonyuyuM KBajpaTHOe ypaBHEHHe ¢ IlepeMeHHOU y:
9y° - 10y + 1 = 0.
Pemus ero, Halgém, 4TO

1
Yy1=g Y= 1.

HUNBC ABENb (1802—1829) — HOPBEXCKUA MaTemMaTuk.
OcHoeaTtenb o6Lei Teopun anrebpandecknx GYHKUMA, BHEC
6GonbLWON BKNaa B MaremaTtudeckuii aHanus. Bnepsble goka-
3an HepaspewumocTs B obuem crydae B pagukanax anre6-
pauyeckoro ypaBHEHUst MAToi cteneHn u Gonee BbICOKMUX
cTeneHen.
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3HaUuT,

1 c
x2=§mm x2=1.

2 1 1 1

Us ypaBHeHHs x° = g HAXOJUM, 4YTO X; = —3, X, = 3.

U3 ypasHeHus x° = 1 maxomuMm, uTo X3 = —1, x, = 1.
Hrak, ucxonHoe GMKBaApaTHOe ypaBHEHWE UMeeT YeThipe KOPHS:
1 1

Xy=-—g =g g=—1,x,=1. 4
ynpaxuenus

265. KakoBa cTeneHs ypaBHEHUS:
a) 2x® — 6x° + 1 = 0; r) (x +8)(x — T) =0;

6) x° — 4x° - 3 = 0; R) 35— 5=5
B) 7x° = 0; e) 5x° — 5x(x? + 4) = 172

266. Pemnure ypaBHeHHue:
a) (8x — 1)(2x — 3) — (4x — 1)® = 38;
-1)(1+1
6) (15x 1):; +15x) _ 23;
8) 0,55° - 0,5y(y + 1)(y — 8) = T;
s (1+222)24%-1)
x° = ) 2

r) x* -

267. Pemure ypaBHeHUe:
a) (6 — x)(x+6)—(x—-11)x = 36;
1=8 8=
R B

5) 92 — (122 - 114)(3x+ ) -

w+1? 1-42
r) —q3 " = 4.

OBAPUCT FANYA (1811—1832) — cpaHLy3CcKkuii MaTemaruk.
3anoxun oCHOBbI COBPeMEHHOI anrebpel, BBEN paa dyHAa-
MEHTasIbHbIX €€ NOHATUIA. Hawén Heobxopumoe U AOCTATOY-
HOe ycnosue, KOTOPOMY yaoBneTrBopseT anrebpawyeckoe
ypaBHeHWe, paspeluMmoe B paaukanax.

§ 5. YpaBHeHus ¢ ogHON NepemeHHOW g
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268. [loxaxure, uro ypaBHeHue 5x° + 6x* + x* + 4 = 0 He MMeer KoOpHeit.
269. MooxeTr ¥ OTPHIATEJBLHOE YHCJIO OBITH KOPHEM ypaBHEHUS
12x° + 7x® + 11x — 3 = 1212

270. Ecaiu pebpo Ky6a yBeJWYHTH Ha 3 CM, TO €ro O0BEM YBEJIMYHUTCH
Ha 513 cm®. Yemy paBHO pebpo Kyba?

271. IlepsBoe uuciyio Ha 5 GoJsbiile BTOporo, a ero kKy6 Ha 3185 Gonbmre
Kyb6a Broporo. Haiigure atu umcia.

272. Pemute ypaBHEHHE:

a) y® — 6y = 0; ) 9x° —18x2 - x + 2=0;

6) 6x' + 3,6x% = 0; e) y* — y® — 16y% + 16y = 0;

B) x° + 3x = 3,5x% x®) pP-p’=p-1;

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

a) 8x* - x*+ 18x - 6 = 0; 6) 2x* — 18x% = 5x* — 45x.
274) Pernure ypaBHeHHe:

a) ¥*+ 7x* -6 = 0; 6) 2 +4x* - 5=0.

[275) HaiiguTe KOOpDAMHATHI TOYEK MepecedeHus rpaduxa QyHKIUH
y=x*-6x*+ 11x — 6 c ocAMH KOODJHHAT.

276. Pemrure ypaBHeHMe, WCIOJb3ys BBeJeHMe HOBOW IepeMeHHO:
a) (2x° + 3)> - 12(2x* +8) + 11 = 0;
6) (12 - 2t)2 - 3 = 2(¢* - 2t);
B) (x% + x — 1)(x* + x + 2) = 40;
r) 222+ x-1)2x*+x-4)+2=0.
277. Pemure ypaBHEHHe:
a) (x2 +3)> - 11(x* + 3) + 28 = 0;
6) (x% — 4x)* + 9(x® — 4x) + 20 = 0;
B) (x* + x)(x® + x — 5) = 84.

278. Pemiure OMKBajgpaTHOe ypaBHEHHE!:

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

279. Haliiure KOpHM OGHKBaJpaTHOrO ypaBHEHW::
a) x'—25x°+144=0; 1) t'-2t°-383=0;
6) y* + 14y + 48 = 0; n) 2x' — 9x* + 4 =0;
B) x' - 4x* +4=0; e) 5y* - 5y* +2=0.
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280. HaliguTe KOOPAHHATHI TOUEK IepecedeHUsA C OCAMH KOODAHHAT
rpahuxa QyHKIIHNA:

a) y =x' - 5x° + 4; B) y = x* — 20x% + 100;
6) y = x* + 3x% - 10; r) y = 4x* + 16x%.

Pasio:KuTe HA MHOMKHUTEIN TPEXYJIEH:

a) x* — 47x* - 98; 6) x' — 85x% + 1764.
282. Pemrute ypaBHEHUE:

a) (x2-1)(x?+ 1) - 4(x* - 11) = 0;

6) 3x%(x — 1)(x + 1) — 10x% + 4 = 0.
283. PemnuTe ypaBHeHUe:

a) x°+x*—6x3-6x>+5x+5=0;

6) x° —x* - 2x3+ 22 - 3x + 3=0.

Haiigure KOpHU ypaBHEeHUA:
a) y' - y®+ 8y =8; 6) u” — u® = 64u - 64.

285. PasiiosKuTe HAa MHOMKHTEJM KBAJADATHBIH TPEXUJIeH:
a) 3x? — 25x — 28; 6) 2x® + 13x — 7.

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

287. Isa cBapmuka, paborasi BMecTe, MOTYT BEINOJHHUTH 3aJlaHHe 34
30 u. 3a CKOJBKO 9acOB CMOJKET BBIMOJHUTL 9TO 3aJaHWe KayKJblil
CBapIIUK, €CJW M3BECTHO, YTO IIEPBOMY Ha BBHINOJHEHHUE BCeil pa-
6oTel moTpedyercss Bpemenu Ha 11 u Goxbmie, yeM BTOpoMy?

13. ApoOHbIe paunoHasbHblie YypaBHEHUSA

B kaxaoM U3 ypaBHeHHH

x 5 V3

A-1 =D A

JleBasi M INpABAsfg YACTH MIPEACTABIAIOT coboil panuoHAJBHBIE BBIpaXke-
HUs, Ipuuyeém Jgubo oba BhIpasKeHHs ABIAIOTCA APOOHBIMH, JIHO0 ONHO
W3 HHAX ABJIAETCH APOOHBIM, a APYyroe — IeJbIM BeIpakeHueM. Takue
YpaBHEeHHs, KaK Bbl 3HAETe, HA3LIBAIOTCH OPOOHbIMU PAUUOHALbHbLMU

YypasHeHuAMU.
§ 5. YpaBHEHUS C OOHOW MepemMeHHOWN ‘ 81
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HanomEAM, 4TO

el L . - f % les TE e e s

| APOGHBIM DAIMOHANBLHBIM yDABHEHMEM HA3HIBAETCH VPaBHeHHe,
i obe uacTu KOTOpPOTro #ABJAITCA pamMOHAJIBHBIMHA BhIpayKeHHuda-
| MM, Opu4éM XOTs OBl OHO M3 HMX — [APOGHBIM BhIDAXKeHUWEM. |

L e L L L L S s M SN S e S O T W B B el e e el

Ilpu pemenuu APOGHBIX DPAIMOHANBLHEIX YDaBHEHHH, KAK BAM H3-
BECTHO, OOBIYHO HOCTYNAIOT CHAEAVIONAM obpasom:

* HaxoxAT obmuii 3HamMeHaTesb Apobeil, BXOAAIHUX B ypaBHEHUE;
* YMHOXKaIOT 0o0e 4acTH ypaBHEHWS HA 3TOT 3HAMEHATEJIb;
* pelmalT HOJyYUBIIEeCs [ejioe ypaBHeHUe;

* HCKJIIOYAIOT M3 ero KOpHeil Te, KOTOpbIe OOpamialoT B HYJb OOmImit
3HaMeHaTeNlb Japobeii.
C mpocreiimmmMy npuMepaMy pelIeHuUs APOOHBIX PAMOHATLHBEIX YPAaB-
HEHUWH BBl yoKe BCTpedaiauch. PaccMoTpum 6oJiee CIOMKHEIE ITPHMeEpBI.

IIpumep 1. Pemum ypaBHeHUe
6 9x - %3
P+8 (L+8)9-x%) xt-22-72

(1)

P O6mmit 3HaMeHaTens apobelt, BXOAAIMX B ypaBHEHHWE, DABEH

x* — x* — 72. YMHO%UB 06e wacTu ypaBHEHUs Ha obmui sHaMeHa-

Teas Apobeit, moay4duM
6x% — 54 + 9x = x°.
Orcrona
2 -6x2-9x +54=0. (2)
Pemium nonydyeHHOe IeJioe ypaBHEHHME, MCIOJNb3YA PasjIolKeHHe Je-

BOM 4acTH HAa MHOMKHUTEJIH.
HNmeem

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

(x—6)(x—3)(x+3)=0.
3HauuT, ypaBHeHue (2) uMeeT TPU KOPHA:

x, =0, xg=38, x3 =-8.
Teneps HeoOXoaAMMO NPOBEpPUTH, He OOpaIAOT JM HalZIeHHBIe KOp-
HHU B HYJIb OOIMI 3HaMeHaTeJb Apobeil, BXoAAMMUX B ypaBHenue (1).
Eciu x =6, To x*— x> — 72 # 0; ecotw x = 3, TO x'-x*-172=0;
ecmu x =-3, o x*—x2-172=0.
3HauuT, ypaBHeHHe (1) MMeeT eIUHCTBEHHBIH KOpDeHbL — YHCJO 6.
OrseT: 6. <
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Ilpumep 2. Pemnmum ypaBHeHUE
1 1 1 1

x—6+x—4=x+2+x—7.

P Ilpusenenue jgpobeit, BXOAAIMX B ypaBHeHHe, K oOIleMy 3Hame-
HaTeJI0 CBABAHO C I'DOMO3JAKHMMH HpeoOpa3soBaHUAMH M He II03BO-
JIAeT Jerko HaiiTu KopHU ypaBHeHusA. IlocTynmum mHade. Bocmoss-
ayeMcss TeM, YTO 3HaMeHaTenuw Jpobeii mpexacraBiasioT coboit
ABy4JeHbl BUAa x + b, rme b — Hekoropoe umcyo. IIpeobpasyem
ypaBHeHHe TakK, uToObI B JIeBO ¥ NpPaBOM €ro 4acTAX ObLIM 3amm-
caHbl pasHOCTH JApobeil, W KaXAYI M3 pasHOCTeHl 3aMeHUM

Apobslo.

IHonyuum
1 _ 11 1
x—-6 x+2 x-7 x-47
x+2-x+06 x—4-x+7
(x-6)(x+2) (x-T)Nx-4)’

8 B 3

X-4x-12 2 -11x+28°

Orcrona

8(x% — 11x + 28) = 3(x® — 4x — 12),
8x% — 88x + 224 = 3x% — 12x — 36,
5x> — T6x + 260 = 0.

Pemme aT0 ypaBHeHHe, HalijiéM, 4YTO OHO MMeeT JBa KOPHM:
x5 = 6,2 m x; =10.

Kasxxaoe U3 aTUX uuces He oOpaliaeT B HyJIb 3HaMeHaTeau Jpobeii,
BXONAMNUX B MCXOAHOe ypaBHeHHe. ClemoBaTelbHO, MCXOJHOE
ypaBHeHHe HMeeT JBa KopH#A: 95,2 u 10.

OrseT: 5,2 u 10. <

IIpumep 3. Pemmum ypaBHeHUe
2% | 3x+2 _ 2

x—2 + 2-x (3)

P VYmuOxKHMB 06e YacTH ypaBHEHMS Ha X — 2, MOJYYHM Iejioe ypaB-
HeHUue

2x% — 8x — 2 = x*(x - 2). (4)

PasnoXuB Ha MHOMHUTENH KBAaJPATHBIH TPEXUIEH 2x% — 3x — 2,
IIpeACTABHM 3TO YpPaBHEHHE B BHJE

(x — 2)(2x + 1) = x*(x - 2).
Orcrona
Px-2)-(x—-2)2x+1)=0,
(x-2)(x*-2x-1)=0,
x—2=0mm x*-2x-1=0.
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Pemur mnosyyeHHble ypaBHeHHS, HaWAéM, uTo ypaBHeHHe (4)
HMeeT TPH KopHA: 2, 1 — \E, 1+ sﬁ

Ocraérca mpoBeputTh, He 00pamIalOT JU OHM B HYJb 3HAMEHATEN]b
x—2. Eemu x=2, 0o x-2=0; ectu x=1 - JE, O x — 2 #0;
ecnux=1+\/§, To x — 2 #0.

3HaYuT, 9YACIO 2 He fABJSETCA KOPHEM ypaBHeHHs (3), a umcia
1 = JE ul+ \[é ABJAIOTCA €10 KOPHAMH.

OrserT: 1 —\/5, 1442. 4

B oThenbHBIX ciay4asax yaaéTcs pelmuTh ApobHOe panMoHAaJbHOE
ypaBHeHHe, UCHOJIb3ysA BBeJleHHMe HOBOU IlepeMeHHOMH.

IIpumep 4. Pemnum ypaBHeHUe
1 7
+
Prx-2 2L+x-20
» BpezéM HOBYIO IepeMeHHYIO y = x° + x. Ilonyuum

1 T 1
m+m+z—0.

+%=0.

OTcroma
4y — 80 + 28y — 56 + y® — 22y + 40 = 0,
y® + 10y — 96 = 0.
Pemue nosiyyeHHOE KBaJpaTHOe ypaBHeHWe, HaléM, 4TO
y=6 mmm y=— 16.

YpaBHenue x? 4+ x = 6 umeer ABa KOpHA: —3 m 2. YpaBHeHUe
x°>+ x = —16 KopHeil He UMeeT.

Kasxznoe 3 uucen —3 u 2 He obpaijaeT B HYJIb 3HAMEHATEIH IPO-
el MCXOMHOrO YpaBHEHUA H, CJIEJOBATENHBHO, ABJIAETCA ero Kop-

HeM.
Orset: -8, 2. <

YynpaxHeHnus
288. IIpu KakuX 3HAUYEHUAX 4 PABHO HYJIIO 3HaUYeHHe Apodu:
) a® - 9a a® + 2a* ) a5-4a‘t+4a3?
gy 0 T2, e S R
a+a-12° @+a+10" a*-16

289. Pemiute ypaBHeHHe:

5,°-15°-2y+6 6x° +48x%* — 2x - 16

a) s 0; B) " o7 0;
3y -124° -y +4 S - 4y% -6y +24
B =
6) 9y4—1 9; %) ya—ﬁy
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290. Pemnre ypaBHeHHE:

a_ .. W ...
8) ¥-2 %+3 “+x-6 ’
x+5 2x -5 30 - 12x
O r1t%-7T 27 O
291. HailiguTe KOPHH ypaBHEHUST:
4) 3x-2 2x+3  12x+4
x=1 x+3  ,2494-3°
5 5x-1 2x+2 63 .
) 2T " %8 T Fraz-m O?
- 4 16

.

B r
)xz+4x+4 - B +22%2-4x-8

292, Ilpn KaKWX 3HAYEHUAX a:

Geii a+1 a—4 6 3a + 3 .
a) cymma Ipo el ——5 W -7 DPaBHA Apobu = p—
6) et 3a-5 6a -5 6 3a+2?
a3HOCTH Apobeit %4 aBHa Apobu
P AP a—1 a—az P AP a®+a

293. HaiijuTe KOpHH YpPaBHEHUA:

I 1 .
a) x-7 x—-1 x-10 x-9’
T B SN T
x+3 x+9 x+5 x+21°
294. ([Jas pabomw. 6 napax.) Pemmure ypaBHeHUe:
1 1 1 1
a) x—4+x—2_x+4+x—5’
1 1 ] i
0) =t = +'_:r-.

x+1 x+3 x + 28

1) Obcynure, B KaKOM BuAe yA00HO HIpeAcTaBUTHL ypaBHeHUE B
KaKJOM cJydae, U BBINOJHHUTE COOTBETCTByIOIIUe IpeobpasoBa-
HUA.

2) PacnpegiesnuTe, KTO BBINOJHSET 3a/laHue a), a KTo — 3agaHue 0),
¥ BEIDOJIHUTE HX.

3) IlposepbTe APYr y Apyra, NpaBUIbHO JH HAHIEeHBEI KOPHU ypaB-
HeHHUs, ¥ HUCIpPaBbTe OIIUOKM, €CIU OHU AONYIIEHBI.

295, HalijnTe KOOPAHMHATEL TOUEK IIepecedeHUs rpadpuroB QyHKIUANA:
24

a)y=x2+x—9ny=g' 6)y=x2+6x—4ny=7.

x’

296. IIpu Kakux 3HAYEHUAX d:

. ba+T- 284> 3
a) PaBHBI 3HA4YE€HHUA BLIPpaMKeHHUH =0 H a,
0) ABAAIOTCA IPOTHBOIOJOKHBIMH YHCIAMU 3HAYEHUA BHIPAKEHUMN
2-18a%°-a P
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297. (Ina pa6omur 6 napax.) Pemnre ypaBHeHHE, UCHOJIb3YsS BBEACHUE
HOBOH IIepeMeHHOI:

32 s a4
% 2-2x+3 ~ 2x = 1;

6) 12 6 5 .
x2+.1:—10 x2+x—6 x2+x—11’

) 16 _ 11 _ 9

- 2x - 2x+ 3 =2x+1"

2-2 2-2 2

1) BeimosHHUTE COBMECTHO 3ajlanue a).

2) PacopeznenuTe, KTO BBINOJHsET 3ajaHaue 6), a KTo — 3ajlaaue B),
¥ BBINOJIHUTE HX.

3) IlpoBepbTe Apyr y Apyra, NPaBUIBHO JIA DeIleHbl ypPaBHEHUHA,
H HcHpaBbTe OMHOKH, €CIH OHH AONYIIEeHBI.

298. Haiijure KOpHM ypaBHEHHA:
2 2 2
o (2 oy - o222 ez

299. (3adaua-uccredosanue.) CylmecTByeT JU TAKOE IOJOMKHUTEIbLHOE HHC-
JIO, TP CJIOKEHUM KOTOPOTO C YHCJOM, eMy OOpPATHBIM, IOJYYHUTCH
cymMma, Koropas B 13 pas menbine cyMMbl KyOOB aTHX yucen?

2
=11.

1) Obcyaure, 3HaYEeHHsT KAKHUX BHIPa’KeHWUN CPABHUBAIOTCHA, U CO-
CTaBbTE COOTBETCTBYIOIlEe ypPaBHEHHE.
2) PemuTte ypaBHeHUe, HUCIIOJb3Ys BBeIeHUE HOBOW NepeMeHHOMH.

3) ns kasgoro u3 HANJEHHBIX 3HAYEHHU BCIIOMOTATEeILHOH Ime-
PEMEHHOM BBIYMCJHTE KOPEeHb COCTABJIEHHOTO YDABHEHUS.

4) BribepuTe 3HaYeHUS KOPHEH, COOTBETCTBYIOIIHE YCJIOBUIO 3aja-

9n.
0.| Permute ypasHeHne:
2, 1 1 A S - 2, 1 1 i) =
a) *+5-3(x-1)=38l; 6« +;—2——§(x+—;]—8.

n

301. Coxkpature Apo0b:
125z - 2x° g B sex—1e2
a) 15-10x °’ x2 - 256

302. IMocrpoiite rpaduk Gysxnum y = x> — 3. VKaxKuTe NPOMEKYTKH,
B KOTOPBIX (QYHKIHS OPHHHMAET:
a) mOJIOYKUTEbHBIE 3HaUeHUA; 0) OTpHIlaTelbHbIe 3HAYEHHA.
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'303. Ha crpouTtensctBe paboranu ase Gpurazaei. Ilocie 5 mgHe# co-
BMecTHOM pabGoTel BTOpyi0 Opurasy mepeBesd Ha APYro# o6mexT.
OcraBmyiocs yacTh paborel nepsas Opuraza sakoHUmJa 3a 9 ngHei.
| 3a cKOJBKO JHeM Morja Obl BHIIOJHHUTHE BCIo paboTy Kakzas
6puraza, paboras OTJeNbHO, €CJIM HM3BECTHO, YTO BTOpO# Opurane
HAa BEHINOJIHeHHe Bceil paboTsl nmorpeboBanock 661 Ha 12 nHEH MeHb-
me, yeM OJHOM mepBo# Gpuraze?

=

KOHTpOﬂbeIe BOMPOCHI U 3afaHus

1 Kakoe ypaBHeHMe C oAHOW nNepemeHHOM HaabiBaetcs uensim? Mpu-
. BeauTe npumep.

Kak HaiiTV CTeneHb Lenoro ypasHeHus?

_3 Haiite onpepenenne 6GukBagpaTHOro ypasHewusi. OObsicHUTE, Kak
: pewaioT bukBagpaTHoOe ypaBHEHMe.
Kakoe ypaBHeHue HaabiBaeTca ApOOHbIM pauvoHanbHbiIM? Ha npu-

4 1 i
mepe ypaBHeHus ;-7 t -3 = y: yoy ey 06bAICHUTE, KaK pewaioT

| ApOGHble PaUMOHANbHBIE YPABHEHUS.

X HEPABEHCTBA C O4HOWN NEPEMEHHOM

14. PeweHue HepaBeHCTB BTOPOW CTEneHu
C O4HOW NMEepeMeHHOW
HepasencTBa BHIA
ax’*+bx+c¢>0muax’+bx+c<0,
rae x — nepeMeHHas, d, b u ¢ — HexoTopele yncaa u a # 0, HaswIBa-
10T HepaeeHCcmMeaMmu 6mopoil cmeneHu ¢ 00HOU nepemeHHOl.
Peimnenve HepaBeHCTBA
ax? +bx+c¢>0 wmm ax’? +bx +¢ <0
MOKHO PACCMATPHBATHL KAK HAXOMKAEHHE NPOMEKYTKOB, B KOTOPBIX

dyEKnuA y = ax’ + bx + ¢ IPUEMMAaeT NOJOXKUTeNbHBIE HIM OTPHIIA-
TeJbHBIE 3HaYeHHA. [[J1A 2TOro JOCTATOYHO NIPOAHAJHM3MPOBATH, KaK
pacmojio:keH rpaduK QYHKOHH Y = ax? + bx + ¢ B KOOpAMHATHOMN TIIOC-
KOCTH: KyJla HAIpaBJieHbl BeTBM napabosibl — BBepX WJIM BHM3, Iepece-
KaeT Jiiu mapabojia och X M €cJIH IlepeceKaeT, TO B KAKHX TOUYKAaX.

Paccmorpum npuMepsr.
§ 6. HepaBeHcTBa C OQHOW NepemMeHHOW ‘ 87



IIpumep 1. Pemum nepaBencTBo 5x% + 9x — 2 < 0.

» Paccmorpum dysrnuo y = 5x° + 9x — 2. Ipaduxom sToil GyHK-
LuU ABJfeTcA mapaboJia, BeTBM KOTOPOM HaIpaBJeHbl BBEPX.
BhIACHUM, Kak pacmojioskeHa ara nmapabojia OTHOCHTEJIHHO OCH X.
s aTOTO pelmmM ypaBHEHUe

522 +9x — 2 = 0.
OTO ypaBHEHHe HMeeT JBa KOPHSH:

1
x1=-—2, xzzg.

3HauuT, napabosa IepeceKaer ocb X B JBYX TOYKax, abCIUCCHI KO-

1
TOPEIX DaBHBI —2 W 3 yA
ITokaskeM cxeMaTHYeCKH, KaK PaCIOJIO-
jKeHa mapaboJia B KOODAMHATHOM ILIOC-
koctu (puc. 51). M3 pucyHka BUIHO,
YTO (PYHKIUA NPUHUMAET OTPHUIATENb-

Hble 3HAYEHUHA, KOTOa X € (—2; %] Cne- —2\/03_

JOBaTeNbHO, MHOKECTBOM peIlleHHil He-
paBeHCTBAa 5x2 + 9x — 2 < 0 sBasercs

s
By

YHCJIOBOM IIPOMEIKYTOK (—2; %) <] Puc. 51

3aMeTHM, YTO OPH PACCMOTPEHHOM cHocobe pelneHusi HepaBeHCTBA
Hac He HMHTEepecoBaja BepminHa napaboinbl. Ba)csHo naums ObIJIO 3HATH,
KyJla HalpaBJIEHBI BeTBH mapaboJbl — BBepX WJIM BHU3 M KaKOBBI abc-
IIACCHl TOUYEK €€ IepeceyeHHs C OCBI0 X.

IIpumep 2. Pemmm HepaBencTBo 3x° — 11x — 4 > 0.
p I'padux dpysxnum y = 3x°> — 11x — 4 — napabosa, BeTBU KOTODOM
HampaBJIeHEl BBEDPX.
s Toro 4Tobbl BHIACHHATH, IepecexkaeT JM mnapabosa och X U B
KaK#X TOYKAX, PEIINM ypaBHEHHE

3x2-11x -4 = 0. ya

OT0 ypaBHeHHe MMeeT KOpPHU
1

xl = _E, xz = 4.
ITorkaxem cxeMaTHYeCKH, KaK pacloJio- 10 i %
skeHa mapabosia B KOODAHMHATHOM ILjIOC- —3 \/

roctu (pme. 52). M3 pucyHxa BHIHO,
4TO ZJaHHOE HEPaBEHCTBO BEPHO, €CJIH X

3
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WA TpoMexyTKy (4; +00), T. e. MHOXKeCTBOM pPeIIeHHIl HepaBeH-

1
cTBa sBJfdeTca oOBeIUMHeHHWe NPOMEHYTKOB [—00; _E) u (4; +o0).

1 -
OTBeT MOKHO 3aIlMCATh TaK: (—m; —5] U(4; +o0) .

Ilpumep 3. PemmiuM HepaBeHCTBO *%xz +2x-4<0.

p PaccmoTpuM QYHKOHIO Yy = —%xz + 2x — 4.

Eé rpaduxom sBisierca mnapabosia, BeTBU
KOTOpPOH HanpaBJIeHbl BHUS.
yh BrisscHMM, KaK pacloJoKeH rpapuk or-
HOCHTeJbHO OCcH x. Pemum pgysa 3TOro

ypaBHeHUe —%xz +2x—4=0.

=
=N
rY

9r0 ypaBHeHHEe WMeeT eJHHCTBEeHHBIHN
xopeHb x = 4. 3mauuT, nmapabosa Ka-
caeTcd OCH X.

NzobpasuB cxemMaTudecku napabosy
/ (puc. 53), HaiigéM, YTO (QYHKIUS MpH-
HUMAeT OTpHIlaTeJbHble 3HAUYEHUs IIPH
Puc. 53 aobom x, Kpome 4.

- OTBeT MOJKHO 3aIKMCATh TaK:

x — mo6oe umcyio, He paBHoe 4. <]

Ipumep 4. Pemuwm mepasesctso x° — 3x + 4 > 0.

» I'paduxom dyExmum y = x° — 3x + 4 asasercs napabosa, BeTBH
KOTOpOM HAaIlpaBJIEHBI BBEpPX.
Y100l BRIACHUTH, KAK PAaCIIOJIOXKeHa
napabosia OTHOCHTEJBHO OCH X, PelIuM
ypaBHEHHEe

x*-3x+4=0.

Haxoxum, 41O
A
: D=9-4-4=-7<0,
\ T. €. 5TO YpaBHEHHMEe He HUMeeT KOpHeH.

3HauuT, napabosa He UEMeeT O0IIHUX TO-
YeK C OChIO X.
, IIoxasaB cXeMaTHYeCKH DACIIOJIOKeHUe
0 X  papabosBl B KOOPDAMHATHOH IIJIOCKOCTH
(puc. 54), HalAéM, uTO (YHKOHUA OpPH-
HHEMAaeT IOJIOKUTEIbHbIe 3HAUEHUA IIPH
aoboM x.
Puc. 54 OrBerT: x — mioboe yucyo. <

§ 6. HepaBeHcTBa C OAHOW NEepemMeHHou
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Hrak, ana pemeHuss HepaBeHCTB BHAA

ax* +bx+c>0nmax?+bx+c<0

IIOCTYIAOT CJIEeAYIOIMUM 06pasoMm:

! 1) HAXOAAT AMCKPUMUHAHT KBaJPATHOTO TPEXWIEHA ax> + bx + ¢

3 U BBISICHAIOT, IMeeT JIM TPEX4JieH KODHH;

2) ecnu TPEXUJIEH MMeeT KOPHH, TO OTMEeYaloT MX Ha OCH X U
yepe3 OTMeYeHHEIe TOUKH IPOBOAAT CXEeMATHYEeCKH mapabo-
JIy, BETBM KOTOPON HampamJeHbl BBepx npu a > 0 uiam BEHU3
npu a < 0; ecam TpEXuleH He MUMeeT KOPHeH, TO cxemMaTH-

: YecKH M300pakaiorT mapaboJiy, PACIOJOKEHHYIO B BepXHei

i IONYIJOCKOCTH npH a > 0 miau B HuxkHe#d npm a < 0;

3) HaXOAAT HA OCH X TPOMEKYTKH, JJIA KOTOPBIX TOYKH ma-

- paboJisl pacnoJiokKeHbl BEIIIe OCH X (€C/IH PemalT HepaBeH-

; cTBO ax® + bx + ¢ > 0) Wiu HUNKe OCH X (ecnu pemaioT He-

paBeHCTBO ax® + bx + ¢ < 0).

v o ) B S S ST AT SN SO SR BES TSN NN S M N S S GRS M SSN S RS

-

YnpaxHeHus

304. Pemure HepaBeHCTBO:
a) x2 + 2x — 48 < 0; n) 4x2 — 12x + 9 > 0;
6) 2x°> — Tx + 6 > 0; e) 25x% + 30x + 9 < 0;
B) —x? + 2x + 15 < 0; x) —10x* + 9x > 0;

r) -5x% + 11x — 6 > 0; 3) —2x% + Tx < 0.
305. HaiizuTe MHOKECTBO peIlIeHUN HepaBeHCTBA:
T a)2x®+3x-5>0; 6)—6x2+6x+836>0; B)-x2+5<0.
306. PemuTe HepaBeHCTBO:
a) 2x2+13x - 7> 0; r) —2x% — 5x + 18 < 0;
6) —9x% + 12x — 4 < 0; n) 3x%-2x>0;
B) 6% — 18x + 5 < 0; e) 8 — x2<0.
307. HaiigjuTe, NIpU KaKUX 3HAYEHHUAX X TPEXUJIEH:
a) 2x* + 5x + 3 IpUHUMAET IMOJOKHUTENbHbIE 3HAUCHUS;

1 1
0) -x% - 3X — 3g UPMHUMAaeT OTPULATeJbHble 3HAYEHUH.

308. Peuriure HEepaBeHCTRBO:

a) x? < 16; B) 0,2x% > 1,8; n) 3x? < —2x;
6) x? > 8; r) —5x% < x; e) Tx < x°.
309. Pemure HepaBeHCTBO:
a) 0,01x* < 1; B) 4x < —x% n) 5x° > 2x;
6) 32° > 12; r) 3% >33 e) —0,3x < 0,6x%.
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310. IIpu xakux 3HaueHWsix b ypaBHeHHe HMeeT JBa KOPHA:

a) 3x2+ bx + 3=0; 6) x>+ 2bx + 15 = 0?
311. Ilpu xakux 3HaYEHHUAX [ ypaBHEHHEe He MMeeT KOpHeu:
a) 2x* + tx + 18 = 0; 6) 4x + 4tx + 9 = 0?

312. HalinuTe MHOKECTBO pellleHHnid HepaBeHCTBAa:
a) 3x% + 40x + 10 < —x* + 11x + 3;
6) 9x> — x + 9 > 3x® + 18x — 6;
B) 2x° + 8x — 111 < (8x — 5)(2x + 6);
r) (6x+ 1)(3x - 1) > (4x - 1)(x + 2).
313. Pemure HepaBeHCTBO:
a) 2x(8x — 1) > 4x% + 5x + 9;
6) (5x + T)(x — 2) < 21x% — 11x — 18.
314. Haiigure obnacth onpenesneHus QYHKIMMA:

1
a) y = 12x — 3x2%; 6) Yy = —r,
) Y )y V22— 12x + 18

315. ([[ia pabomvt 6 napax.) JlokaxxuTe, 4TO IIPU JIOOOM 3HAYEHUH IIe-
PeMeHHO# BepHO HEPaBEHCTBO:

a) 7x* - 10x + 7 > 0; r) 2% — 8x + 64 > 0;
6) —6y* + 11y — 10 < 0; x) —9y° + 6y — 1 < 0;
B) 4x* + 12x + 9 > 0; e) b5x*+8x—-5<0.

1) O6cyauTe, IpU KAKOM YCJIOBHHM HepPaBEHCTBO ax’ + bx +c¢ >0,
rge a, b, ¢ — HekoTophle yMcJia, BEPHO ONpU Ji000M 3HAYEHUH IIe-
peMeHHOIl x. YKa)KuTe aHAJOTHUYHBIE YCJIOBHA [AJIA HEpaBeHCTBA
ax?+bx +c<O.

2) Pacnpegenure, KTO BLINOJHsIET 3afjaHuA a), B), 1), a KTO — 3a-
panusa 0), r), €), ¥ BHINOJHUTE HUX.

3) IlposepbTe APYr y APyra, NPaBHJIBLHO JH BBINOJHEHO J0Kasa-
TeJLCTBO HEPABEHCTB, M MCIpABbTe OIIMOKU, €cIM OHM JAONYIIEeHEl.

316. Kaxoe M3 JaHHBIX BBIPDAKEHUI IPUHUAMAET HOJIOMXKHUTEJIbHOE 3HaJe-
HUe npHu JoboM 3HaueHUH Yy?
1L.(y—-2)(y—-3)—4 2.(6-y)(1-y +4
3. 5-y)1-y)+10 4. (y - 8)(y — 7)) — 60
317. loka)xure, 4TO:
a) x>+ Tx + 1 > —x? + 10x — 1 npu mobom Xx;
6) —2x° + 10x < 18 — 2x npu x # 3.
318. Opna cropoHa npsaMoyrojJbHuKa Ha 7 cm Goabme gpyroiu. Kaxoit

MoskeT OBITH MEHBIIAS CTOPOHA, €CIH IMJOMAAL IPAMOYTOJbLHHKA
He npesocxoxutr 60 cm“?
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319. lnuea DpsAMOYroJbHUKA HA 5 cMm Gonbme mupuHbl. Kakyio mm-
DUHY JOJUKEH HMMeTh NPAMOYTOJIbHUK, uTO0Bl €ro IJIoMans 6hLIa
oonwme 36 cm“?

320. Pemute cucteMy HepaBeHCTB:

¥-2x-8<0, 3x*+x-2<0,
12 -9 <o ) 142+ 4y ~ 12 € 08
6) 2x* - 18x+ 6 < 0, ) 2x®> +4x +15 >0,

x*—4x > 0; ¥ —-9x+8<0;

)xa—ﬁx—16>0, 5 2x2 +5x-38<0,

X2+ 2x -120 < 0; 3x°+x+11<0.

321. Vkakure Bce Ie/Ible 3HAYEHUS X, NPUHAJJIEKAIINE 06JaCTH OmIpe-
AesleHAA QYHKIIUM:

a) y =25 - x® + \9x — 2% 14;
6) y = \8x — x> — 12 + |16 — 22,

;&
ﬂi!
0,6x—-2

1322, ®yuknus sagana dopmynoit y = 3 He BBINOJIHASA OCTPOEHNH,

| HAWUTe KOOPAMHATHEI TOUYEK IepeceueHHd e€ rpaduiKa ¢ OChIO X; C
oceio Y. fABisgercs au aTa PYHKIHUA BO3PACTAIOINEH MM yObIBaIOIIeH?

323. PemnTe ypaBHeHHe:
a) y* - 24y® - 25 = 0; 6) x* - 9x* + 18 = 0.

324. Cnurox Maccoii 3 xr, cogepmamuin 80% osoBa u 20% cBuHIA,
COJIABUJIM C KYCKOM 0JI0Ba, IOCJIe Yero IPOIEHTHOe COoJAep:KaHue
0JI0Ba B ciauTKe cocTaBuio 94% . CKOABKO 0JI0Ba AOOABUIIMA B CJIH-
TOK?

15. PeweHne HepaBeHCTB MeTOAOM
UHTEpBanos

Pacemorpum dbyEKnumo f(x) = (x + 2)(x — 3)(x — 5).

Ob6sacThio OIpe/iesieHuss 9TOH (PYHKIIMM SABJISETCS MHOMECTBO BCeX
guces. Hynamu GyHErkoum cayxar ducia —2, 3, 5. OEun pasbuBaror 06-
JacTh onpeaeneHus MYHKIUHN Ha OpoMexyTku (—o0; —2), (—2; 3), (3; 5)
u (5; +o0) (puc. 55, a).

BrisicHMM, KaKOBBI 3HAKHU 9TOM (PYHKOUM B KaXAOM H3 YKasaHHBIX
IPOMEKYTKOB.
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N el N = + — t,.
-2 3 5% -2 3 5
Puc. 55

Breipasxenume (x + 2) (x — 3) (x — 5) npexcrasiaser coboit nmpousse-
JeHue Tpeéx MHOXKHTeJeil. 3HAK Ka)XJOoro M3 3THUX MHOMKUTeEJell B
paccMaTpuBaeMbIX IPOMEXYTKax yKasaH B Tabiwuie:

(=905 -2) | (-2; 3) (3; 5) | (85 +0)
x 2 = + + +
x—3 o — + e
&9 - - = +

Orcroma sicHO, UTO:

ecau x € (—o0; —-2), To f(x) < 0;

ecium x € (—2; 3), To f(x) > 0;

ecan x € (3; 5), To f(x) < 0;

ecam x € (5; +90), To f(x) > 0.

MsI BUAMM, YTO B KaXKJOM M3 IPOMEKYTKOB (—0; —2), (-2; 3),
(35 5), (5; +°0) yHKIUs cOXpaHAeT 3HAK, 4 IPH Iepexolie Yepes Tou-
Ku —2, 3 U 5 eé 3HaK u3MeHsiercs (puc. 55, 0).

Boo6me nycts yHKIUA 3amaHa (GOPMYJIOH

(%) = (% — 2,) (0 = xg) «w (2=%.)
rjpe x — ImepeMeHHas, a X;, Xy, .., X, — He PaBHbIE APYTr APYry 4HC-
aa. Yucna x;, Xy, .., X, ABAAIOTCA HYJIAMH (QYHKIHH. B Ka)aoM u3

IIPOMEXYTKOB, Ha KOTOpble 00JacTh OnpefesIeHusi pasbuBaerTcs HYJIAMU
(bysKnuM, 3HAK QYHKIMU COXPaHIETCHA, a IPH Iepexojie yepes HYJIb eé
3HAK M3MEHAeTCH.

ITO CBOMCTBO MCIOJB3YETCS [JIs pelleHUs HepaBeHCTB BHAA
(so— 0B Y (6 = g), e (= %) >0,
&~ 2,2 —25) «: (2—%,)< 0

1)

The X;, Xy, .., X, — He DaBHbIE JPYr APYry 4HCIA.

IIpumep 1. Pemum mepaeencTso (x + 6)(x + 1)(x — 4) < 0.

P DT0 HepaBeHCTBO sABJIseTCA HepaBeHCTBOM Buza (1), Tak Kak B Je-
BOW 9YaCTH 3alMCaHO npoussefeHme (x — x,)(x — x,)(x — x;), rae
x;=-6, x,=—-1 u x;=4. Jlnsa ero pemesus ymAoOHO BOCIIOJIB3O-
BaThCSA PACCMOTPEHHBIM BBIIIE CBOMCTBOM 4YepeJoBaHHUA 3HAKOB

hyHKIUMT.
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|
(=]
|
[t
Y
|
(=1}
|
[y
1%
Y

Puc. 56

OrmeTyM Ha KOOPAMHATHON NpaAMoil HYJIH (QPYHKIUKA
fx) =(x+6)(x+ 1)(x — 4)

(puc. 56, a). Haiiném sHaku aToil (QYHKOUU B KaXXJ[OM U3 IIpoMe-
HKYTKOB (—o0; —6), (=6; —1), (—1; 4) u (4; +°0). Ilna aToro pocra-
TOYHO 3HATH, KAKOM 3HAK MMeeT (DYHKIHUA B OZHOM H3 3THX IIPO-
MEXYTKOB, ¥, IOJb3yfACh CBOHCTBOM dYepeJOBAHWs 3HAKOB,
OIpeNeUTh 3HAKM BO BCEX OCTAJBHBIX IpoMelkyTkax. IIpm arom
yao6HO HAYMHATH ¢ KpailHero cmpasa mpoMexyTka (4; +°°), Tax
Kak B HEM sHaudeHuA GysKmuu f(x) = (x + 6) (x + 1) (x — 4) 3aBe-
JIOMO TIOJIOKHTEJbHBEI. JT0 OOBACHAETCA TeM, YTO IPH 3HAUEHUAX
X, PACHOJIOKEeHHBIX IIpaBee BceX HyJedl (MYHKIUH, KaXXKAbIM H3
MHEOXKHUTedell x + 6, x +1 1 x — 4 monoxurenes. Mcmonesysa
CBOMCTBO 4YepeNoBaHWs 3HAKOB, ONpeAeJHM, JBUrasfch IO KOOPAH-
HATHOH NpsAMOIl crpaBa HaJleBO, 3HAKW AAHHON (DYHKIOHMU B Ka-
IOM H3 OCTaJbHBIX NPOMEKYTKOB (puc. 56, 0).

M3 pucyHKa BUAHO, YTO MHOXKECTBOM DpeIlleHHiI HepaBeHCTBa sB-
aserca obbefuHEHWe TIPOMEKYTKOB (—20; — 6) m (—1; 4).

OrBer: (—0; —6) U (-1; 4). <

PaccMOTpeHHBIH cIocod pelleHUus HepaBeHCTB HAa3BIBAIOT Memodom

uHmMepeaJLos.

IIpuBenéM npuMephbl pellleHHs HepaBeHCTB METOJOM HHTEPBAJIOB.

Ipumep 2. Pemuum Hepasescrso x(0,5 — x)(x + 4) < 0.
» Ilpuseném nanHOe HepaBeHCTBO K Buay (1). Ilns atoro B ABydIe-

He 0,5 — x BhIHeceM 3a CKOOKY MHOkuTexb —1. ITosyuwum

—x(x —0,5)(x +4) <0,
oTcrona

x(x — 0,5)(x + 4) > 0.
Mp! moJsiyuuJau HepaBeHCTBO Buza (1), paBHOCHJIbHOE [aHHOMY.
OTMeTHM Ha KOODAMHATHOM NpAMOIl HyJId QYHKIHUA

f(x) = x(x — 0,5)(x + 4)
(puc. 57, a). [lokamem 3HAKOM <«ILTIOC», YTO B KpailHeM crpasa Ipo-
MeXKyTKe MYHKIUA NPUHAMAeT IOJOXKUTEeIbHOe 3HAYEeHHe, a 3aTeM,

a) 6)

T e =~ AT
-4 0 0,5 -4 0 0,5

Puc. 57
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JABUIasfcCch ClIpaBa HaJEBO, YKaYKeM 3HAK (QYHKIHH B KA)KJAOM H3 IIpO-
MeKyTKOB (puc. 57, 0). Ilosyuum, 4TO MHOKECTBOM peIlleHWHA Hepa-
BeHCTBA ABJfAeTcA obbeAuHeHMe npoMeskyTkos (—4; 0) u (0,5; +00),
OrBet: (—4; 0) U (0,5; +00),

IIpumep 3. Pemum Hepasenctso (5x + 1)(b — x) = 0.

» Ilpuseném HepaBeHcTBO K BuAy (1). Ilas aroro B mepBoM AByUJIe-
He BBIHECEM 3a CKOOKM MHOKHUTENL 5, & BO BTOpoM —1, moayuum

—5(:: i %)(x -85 0.
Pasznenus obe yacTu HepaBeHCTBa Ha —H, OyaeM HMeTh
[x + %](x -5)<0.
OTmMeTHMM Ha KOODAMHATHOW NIPAMOUN HYJIH (PYHKIIAHU
f(x) = (x # }l)-](x - 5),
T. €. TOYKH —F M 9, ¥ YKakeM 3HAKH QYHKIUHU B 06pa30BABIIAXCH

npomexkyTkax (puc. 58). Mbl BUAUM, YTO MHOMKECTBO pememxﬁ He-
PaBeHCTBa COCTOUT W3 UYMCEeJI —g 5 u unm-
CceJ, BaKJIOYEHHBIX MEXJAY HHUMH, T. e.

5 npeacTaBasgeT cobol MpOMERKYTOK [—%; 5].

Puc. 58 OTBer: I:—%; 5]. <

3amMeTHM, YTO JaHHOE HEPABEHCTBO MOYKHO DEIINTh MHAYe, MCIOJb-
3ysd cBoMcTBa rpaduka KBAAPATUYHON (DYHKIHH.

-x
5 <0.

7
IIpumep 4. Pemum HepaBeHCTBO

T=x
P Tak Kak IpPU BCeX 3HAUEHMAX X, IPU KOTOPHIX APOOH + 73 HMmeer

CMBICJI, 3HAK 3TOH JApo6M CcOBIAZAaeT CO 3HAKOM IPOM3BENeHUS
(7 - x)(x + 2), To naEHOEe HEpPAaBEHCTBO PABHOCHJILHO HEPAaBEHCTBY

(7T-x)(x+2)<0.

IlpuBensi HepaBeHCTBO

(T-x)(x+2)<0
K BHAY (1) ¥ HMCHOAB3Yyd METOJ WHTEPBAJIOB, HaWAEM, YTO MHOKe-
CTBOM pemeﬁnﬁ 9TOr0 HEPaBeHCTBA, & 3HAYHUT, U MCXOJHOTO Hepa-

1=
BEHCTBA 5 2 < 0 aBasAercsa o0beJUHEHNE IPOMEXKYTKOB (—°; —2) u
(7; +°°)-
OrseT: (-°0; —2) U (7; +o0), <

§ 6. HepageHcTBa ¢ 0OOHOW NepemMeHHoMn
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17— 2%
x -4
-
P 3Haxk gpobu ~—4 COBIAjaerT CO 3HAKOM IPOU3BENEHUSA

(17 — 2x)(x — 4) npu Bcex 3HAUEHUAX X, IPH KOTOPHIX Apolb
umeeT cmbica. [loaTroMy JaHHOE HEPABEHCTBO PABHOCHJIBHO CHUCTEME

{(17 ~ 2x)(x — 4) >0,

IIpumep 5. Pemum HepaBeHCTBO = 0.

x—4+0.
HepaserscrBo (17 — 2x)(x — 4) 2 0 npuBeaéM K BUAY
(x—-8,8)(x—4)<0.

PemuB 3T0 HepaBeHCTBO METOJAOM HMHTEDBAJIOB M HCKJIIOYHUB U3
MHOYKECTBA ero pelneHu# uyuciao 4, HalaéMm, UYTO MHOYKECTBOM pe-
HIeHUil MCXOAHOTO HepaBeHCTBA ABJIAeTcA npoMeskyTox (4; 8,5].

OrseT: (4; 8,5]. 4

YnpaxHeHus

325. PemnuTe HEepaBeHCTBO, HCIIOJBL3YA METOJ MHTEPBAJIOB:
a) (x + 8)(x — 5) > 0; B) (x — 3,5)(x + 8,5) = 0;

6) (x - 14)(x +10) < 0; 1) (x % %)[x 4 %] <l

326. PemuTe HepaBeHCTBO:

a) (x + 25)(x — 30) < 0;  B) (,,- - %)(x = %) <0;

6) (x + 6)(x — 6) > 0; r) (x + 0,1)(x + 6,3) = 0.
327. PemuTe HEepaBeHCTBO:
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. Hajinure, npy KaKuUX 3HAYEHHAX X:
a) npoussegerue (x + 48)(x — 37)(x — 42) NOJOKUTENBHO;
6) npoussenenue (x + 0,7)(x — 2,8)(x — 9,2) orpunarensHO.
329. Pemure HEepaBeHCTBO:

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, HaiiguTe MHOKeCTBO peIlleHWil HepaBeHCTBA:
a) 5(x — 13)(x + 24) < 0; B) (x + 12)(8 — x) > 0;

6) —(x + %J(x + %] > 0; r) (6 + x)(3x — 1) < 0.

6 (W ELER]| YpaBHeHMA U HepaBeHCTBa C OQHON MEPEeMEeHHOW
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331. PemrnTe HepaBeHCTBO:

a) 2(x — 18)(x — 19) > 0; B) (Tx + 21)(x — 8,5) < 0;
6) —4(x + 0,9)(x — 3,2) < 0; r) (8 —x)x—-0,3)=0.

332. Haiigure obsacTh onpeneneHus (pyHKIAH:

a)y=(6-x)(x+8);  6)y=(x+12)(x-1)(x-9).

333. Ilpu kaKMX 3HAUYEHUAX X HMeeT CMBICJ BBIpa’KeHUe:

a) /(2x + 5)(x — 17); 6) Jx(x + 9)(2x — 8)?
334. Pemure HepaBeHCTBO:

&)z+6<0 B)}%}O; n)%ﬂ};

6) trss <0; XMoo ¢ ziis <o,
335. Pemure HepaBeHCTBO:

P T Nl £

6) Tiry > 0; 1) gy <O

336. Hailiiure MHOXKECTBO peIlIeHHH HepaBeBc'rBa'
7:: =

B) >0 n) 25 0;
3-2x 11
I‘:’;'\:IQO; )2x ;éo
337. Pemiure HepaBeHCTBO:
oEa w s
3- 6 —2x
Oz=7<Li 55>
338. Peuinre HepaBeHCTBO:
)t <4; ) Eo>
6x +1 3 - 1
6) oy >1; 1) % > 1.

339. Hanumure ypaBHeHHE IPAMON, KOTOpas:

a) IpOXOAMUT 4Yepesd Hadayio KoopAauHaT U Touky A (0,6; —2,4);
0) mepecekaeTr ocu KoopauHaAT B Toukax B (0; 4) u C (—2,5; 0).

§ 6. HepaBeHCcTBa C OOHON NepemMeHHON
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340. [Isa cocyna ObliM HAIOJHEHB! PACTBODAMM COJIM, IPHAYEM B Iep-
BOM COCy/Zle COZepsKajioch Ha 1 JI MeHbIlle PACTBOPA, YeM BO BTO-
poMm. KoHnerTpanusi pacTBopa B IepBOM cocyae cocrasasaa 10%,
a Bo BropoM — 20%. ITocsie TOro Kaxk pacTBOPbI CJAMJIM B TpPeTHit
COCYJi, TIOJIYYMINA HOBBIA PACTBOP, KOHIEHTPAIUS KOTOPOro cocra-
Buna 16%. Cxonpko pacTBOpa OBLIO B KaXZOM COCY/e IIePBOHA-
9aJnbHO?

KoHTpOnbHble BONPOCHI U 3aAaHUs

Ha npumepe HepaseHcTB 3x% + 5x — 2 < 0 n x* + 2x + 6 > 0 pac-
CKaXxute, Kak MOXHO pelunTb HepaBeHCTBO BTOPOW CTEneHu, uc-
nonb3ys CBOWCTBA rpaduka KBaapaTuyHoOW GyHKUMM.

Ha npumepe HepaseHcTBa (x — 5)(x + 7)(x + 9) < 0 pacckaxure,
KaKk pelialT HepaBeHCTBa MEeTOA0M WHTEpPBasoB.

s mex, kmo xouem 3Hambv 6Gonvuie

16. HekoTopbie NpuémMbi peLueHUus
LenbiX ypaBHEHUN

Mu1 yxxe oTMedanu, 410 (GOPMYJbl KOPHeH NeNblX ypPaBHEHHH
TpeTheH M YeTBEPTOU CTeleHeH ¢ OJHOU IepeMeHHOH IPOMO3JKH M He-
yOoOHBI A1 NPaKTUYeCKOr0 HCIOJb30BAHUSA, a AJs YPABHEHHUU IATOMN
u Goslee BBICOKHX cTeneHeil (opMyJ KOpHe#ll BOODOIEe He CYIIeCTBYET.
Takue ypaBHeHUA yAa€TCA MHOIJA PELIUTh, HUCIOJb3VA CHeIHajIbHbIE
IIPHEMEL.

IIpu pemieHUM IeJbIX YpaBHEHUI ObIBaeT MOJE3HA TeopeMa 0 KOp-
He MHOTO4YJIeHa, KOTOPYIO MBI IpuMeM 0e3 JOKasaTelbCTBAa.

TEOPEMA 1| o kopHe MHOro4neHa

Ecnm 4ueno a sABIsgeTcA KOPHEM MHOTOYJIEHA
P(x)=ayx"+a;x" '+ .. +a,_,x+a, roe a, # 0,

TO 9TOT MHOIOYJIEH MOJKHO IPEACTABHUTH B BHJE NPOM3BENEHHUA
(x — a) P,(x), rne P,(x) — mHOrouses (n — 1)-i crenesHu.

Ira TeopeMa [MO03BOJISIeT pellleHHe IeJioro YpaBHeHUA n-M cremeHwu,
JJs KOTOpPOI'O HM3BeCTEeH OOHH H3 KOpHeﬁ, CBEeCTH K pellleHHuI ypaBHe-
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Hua (n — 1)-ii crenmeHd, B YACTHOCTH OT YPaBHEHUSA TPeThel CTElNeHH
nepedTH K KBaAPATHOMY.

Ecnu menoe ypaBHeHHE ¢ OAHON IepeMeHHO, ¢ IenbIMu Koadhumu-
eHTAMU WMeeT IeJIblil KOPeHb, TO ero MOYXHO HAWTH, HCIOJb3ysd Teope-
MYy O LeJIBIX KOPDHAX IeJIoro ypaBHeHHA.

TEOPEMA 2

O uUenbiX KOpHAX Uenioro ypaeHeHumsa

Ecim ypaBHeHHEe

n n—1 =
apx" + a\x + vl @i 1 X 00, =0,

B KOTOPOM Bce K03(hdHUIMeHThHl — Iejble Yhcia, OpuYéM cBobox-
HBIM YJIeH OTJHWYEeH OT HYJsH, HMEeeT IeJbii KOpPeHb, TO 3TOT
KOpeHb SIBJIsieTCA JenuTesieM CBOOOZHOTO dYjieHA.

® Ilycrs x, — menslil KOpeHb gaHHOro ypaBHeHHMsA. Torza BepHO pa-

BEHCTBO

Orcrona

n n-1 ey
g%y +a@i%5 "+ oot B, 1%+ a,=0,.

= " _ n—1 _ _
a,=—QyX, — a;X s = B, . i%is
=% n—1 n—2 _ _
a,=xo(—agxy = — a;%; T/ O

Yucno, 3anucaHHOE B BTOM paBeHCTBe B CKoOKax, sABJAeTCA Iie-
JBIM, TAK KaK X, U Bce Ko3((PHUIHMEHTHl —aQj, —Ay, -, —Q, ; — Ie-
Jble yHucaa. 3HAUMUT, IPU JeJIeHHHN 4, HA X, HOoJIydaeTcd Ieoe UHC-
Jo, T. e. X, — Aenurens cBoboxaHoro unesa. O

IIpuBesémM npuMepsl PEIIeHUs IIEJIIX YPABHEHHI ¢ MCIOJB30BaHUEM
VKasaHHBEIX TEopeM.

OxuH U3 IPUEMOB pellleHUsi ypaBHeHHUs Buaa P(x) = 0, rge P(x) —
MHOTI'OYJIeH TpeThell uam 6oJiee BHICOKOH CTEIIeHH, COCTOUT, KaK HM3BECT-
HO, B pasjioXeHUH MHorowieHa P(x) Ha MHOKHTEJH.

IIpumep 1. Pemnum ypaBHeHUe

23 -8x2+13x-2=0.

P Eciu 370 ypaBHEHHEe UMeeT IIeJblii KOpPeHb, TO B CHJIY TEOPEMbI 2

OH ABJIE€TCS JAeJNHUTesieM uuciaa —2, T. €. PaBeH OJHOMY M3 4YuceJ
1, =1, 2, —2. IIpoBepka yOesxkaaeT Hac, YTO KOPHEM ypaBHEHUA

ABISETCA dYHCIo 2. 3Ha‘IHT, B CHJY TeOpeMBEl 1 mMHOrouIeH

x® — 8x% + 18x — 2 mokHO mnpexcraBuTh B BuAe (x — 2) F(x),

rae F(x) — MHOrodsgeH BTOPOU CTEIIeHH.

Jlns Toro urobel HaiTm MHOrouneH F(x), pasjgeauM MHOTOYJEH
x® — 8x% + 18x — 2 ma aByusneH x — 2. JleJleHNe MHOTOYJIEHOB BbI-
IOJIHUM YTOJNKOM:

[ns Tex, KTO XOo4eT 3HaTb Bonblue
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_ x°—8x* +13x - 2 £—2

2= ox° x2—6x+1
_ —6x® + 13x
—6x% + 12x
_x—-2
=2
0

3HAYMUT, UCXONHOE YPaBHEHHE MOYKHO IPEJACTABUTH B BUIE
(x-2)(x*-6x+1)=0
Orcrona
x—2=0wm x*—6x+1=0.
TlepBoe ypaBHeHHe MMeeT e[UHCTBEHHBLIA KOpeHb — umciao 2. Bro-
poe ypaBHeHHe HMMeeT ABA KODHA: 3 — Jg u 3+ Jg %
HcxonHoe ypaBHEeHUE MMeeT TPH KOpHA: 2, 3 — Jg , 3+ Jg . 4]

Emé oxuH mpuéM, KOTOPBIA HCIONB3VETCA IPH pPEIIeHUH IIeJbIX

ypaBHEHUI TpeThell u Gojiee BLICOKHUX CTelleHel, COCTOUT, KaAK BbI 3HAae-
Te, BO BBEJeHHHU HOBOHU NIEepPEeMeHHOH.

IIpumep 2. Pemium ypaBHeHHE

2007 (x* — 6x% + 9) + 2006(x* - 3) - 1 = 0.

P HcnosnbsyeM mOACTAHOBKY y = x° — 3. IlosyunMm KBajgpaTHOe ypas-

HeHue
2007y2 + 2006y — 1 = 0.

IIpumenenue dbopmMyabl KOPHEH KBaAPATHOIO YPABHEHUA IPHUBOAUT
3ech K IpOMO3AKUM BerduciaeHuAM. [loctynum mEade. IlonwiTaem-
cA HAUTH Hedbli KOpeHb YPaBHEHHHA, ecJu OH cyimecTByeT. Ilo
TeopeMe 2 OH ABJAETCA JesuTeneM uuciaa —1, T. e. paBer 1 mim
—1. IloxgcraBnsis B ypaBHeHHWe umcya 1 u —1, ybemxpgaemcs, 4uTo
KOpHEM ypaBHeHUA sABJfeTcsa uyucjo —1. Bropoit KopeHs KBajpar-
HOTO ypaBHeHusA HalJéMm, ucHoab3ysa TeopeMy Bmera. Tak xak
1

1
yl'y2=—wnyl=“1, TO Y3 = 30507 °

W3 pasencrs
_1

2 _ =— =
3 1umx?-3 2007

HalJ[éM KOPHM HCXOAHOI'0 YPAaBHEHHA:

5 ==V2, % =2, % = —y3 2007’x4 V3 2007‘

1 1
Otset: —2, V2, —\/32007! \/32007' <
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MeTox BBeZleHMA HOBOM IIePeMEHHOIl HaXOAWT INPUMeHeHWe IPHU pe-
IIeHUU 6036PAMHbLX YPAGHEHULL.
BosBpaTHEIM ypaBHeHMeM Ha3BIBAeTCA ypaBHEHHEe BHJA

g +ax" '+ ata,_x+a,=0,
B KOTOPOM KO3(p(PUIHEeHTHI 4JIeHOB YPABHEHUS, OJUHAKOBO OTCTOSI[AX
OT Hayaja M KOHIla, PaBHBI, T. €. @, =a, , e k=0, 1, 2, ..., n.

PaccmorpuM npuMep pelreHHMA BO3BPATHOI'O yPaBHEHUSA 4YeTBEPTOM
CTEIEeHH.

IIpumep 3. Pemum ypaBHeHUe
x* - 5x% + 6x% - 5x + 1 =0.

P BocnoJsib3dyeMcsi TeM, 4TO Ko3(GhHUIMeHTs YJIeHOB MHOroO4JIeHa, 3a-
NMUCAHHOTO B JIEBOM YAcTHM YPaBHEHWS, OJWHAKOBO YIAJNEHHBIX OT
Havaja U KOHIA, PaBHBLI MexXay co0oii.

Pasmenus ofe YacTH ypaBHeHHMs HA X2, IOJYYUM PABHOCHILHOE
eMy ypaBHeHHe
2 _ B, 3
x*—56x+6—-_+ . 0.
CrpynnupyeM IepBBI# 4JieH ¢ HOCJeZHHM B BTOPOM C UETBEDPTHIM,
IIPAYEM BO BTOPOM CyMMe BBIHECEM MHOMKHUTENIbL —5 3a CKOOKH.

ITonyuum
- P B (S i s
(x +12) 5(x+ xj+6 0.
BeezéM HOByI IlepeMEHHVIO: Yy = X + % Torma
2
) —

(x - x) U

Orcroga
P+2+ % =y’

2+ ,12_ =y’ - 2.
x
Brimosaus NOACTAHOBKY, INOJIYYHM
W = 2)— 8y + 6=
v -5y+4=0.
ITonyuennoe KBajpaTHOe ypaBHEHHEe MMeeT JBa KOpHA: y, =1 um

Yy, = 4.
3HAYUT,

0,

1 1
Xxto=lame+_-=4,
Pemas aTu ypasHeHUd, HAHZEM, YTO IEPBOE M3 HUX HE UMEeT KOp-
Hell, a BTOpOe MMeeT JBa KODHA: X; = 2 — /3 u X =2+ \3.

Ona 1ex, KTo xo4eTt 3HaTb Bonblue
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3Ha‘-IHT, HCXOOHOE BO3BpaTHOe YypaBHeHHEe HMMeeT [OBa KOpPHHA:

2-Bu2+43. <

HWHorpa ynaérca pemIuTh Iejioe ypaBHEHHME, BOCIOJb30BABIIUCH
CBOMCTBOM BO3PACTAHWA WM YOBIBAHMA (DYHKITWIL,

IMpumep 4. Pemum ypasHenme x° + x — 2 = 0.
P Ecniu namHOe ypaBHeHHE HMeeT IeJIbIi
yA y=x5 KOpeHb, TO B CHJIY TeOPeMbl 2 OH SBJSA-
\ ercsa pmenurenem uwucyaa —2. IIpoBepka
ybesxaaer Hac, 4T0 KOPHEM ypaBHEHUA
y=—x+2 apiasercAa yucyo 1. IToxaskem, 4TO Apy-

''mx ROpHEﬁ 9TO ypaBHeHHe He HMeeT.
HJ’!H aToro npeigcraBHM ero B BHe

N x5 =—-x+ 2. DyHKIUA Y = x° sBnserca
x BOapacramomei, a yakmua y = —x + 2 —
yOBIBaIOILEH. 3HauurT, ypaBHeHUEe

x° + x — 2 = 0 UMeeT eMHCTBEHHBIN KO-
peHb. 9TO XOpOIIO BHUAHO Ha PHCYHKe
59, Ha KOTOpOM cxemMaTH4decKH uaobpa-
seHBI rpadurm GYHKIMEA y = x° u
y==x+ 2.

Puc. 59 HWrax, w#cxoaHoe YypaBHeHHe HMeeT
eIUHCTBEHHBIH KopeHb — uucio 1. <

Yn aXHeHus

SRR S

B41. Mz pammbIX umcen
1, -1, 2,2, 3, =8, 4, —4, T, =T
BpIOEpUTE Te, KOTOPBIE ABIAAIOTCH KODHAMH ypaBHEHUA
x* — x% — 51x% + 49x + 98 = 0.
Kakye M3 HHMX MOMKHO MCKJIOUHTH Cpasy, He IIO/ICTABIAA WX B

ypaBHeHUE?
Pemnre ypaBHEHUE:

a) x* - 4x>+3x+ 2 =0; 6) x* + 2x° — Tx* - 8x + 12 =0.
B43. IIpu Kakux 3HAYEHUAX P PABHBI 3HAYCHUS JABYUJIEHOB:

a) p* — p*u 8p — 12; 6) p° —3pwm p?+ 1?

B44. Haiinure KOODAMHATHEI TOYEK IepecedeHus rpaduxa QyHKOUH
y=2x>+4x* + x — 6 c ocAMM KOOpAMHAT.

B45. Uspectno, uro rpaduk dymxmuu y = x' — ax® — 10x” + 80x — 96
nepecekaer ock x¥ B Touke (4; 0). Haiiqure a m KOODAUHATEI APY-
I'MX TOUYEeK mepeceyeHus rpadura (GYHKIUHA € OChIO X.
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346 Pemmure ypasHenue:
a) 718x*—717x% -1 =0; 6) 206x* — 205x%* - 1 = 0.

Pemure ypaBHeHMe, HMCHOJIL3YsA BBENEeHUE HOBOM NepeMEeHHOI:
a) (x® + 8x)? — 4(x + 4)® = 256;
6) 2(x? — 6x)? — 120(x — 3)% = 8.
348, Pemnre ypaBHeHue:
a) x* + 11x — 108 = 0; 6) x° + 6x + 44 = 0.
W3 paHHBIX ypaBHEHHH BhIGepUTE TO, KOTOPOE MMEeT OJUH M TOJb-
KO OJMH ILeJIbI KOpPEeHb.
1. x*-x+3=0 3. x'+5x2+4=0
2. x*+x*-20=0 4. x* - 5x+4=0
850.| Pemure BO3BpaTHOE ypaBHeHMe
10x* - 77x® + 150x% — T7x + 10 =0.

351. Mokaskure, 4TO ecam YHCIO m SHABIAETCA KOPHEM ypaBHEHHA
ax® + bx® + cx* + bx +a =0, rae a, b, ¢ — HEKOTOpHIEe YHCJA,
npuuém a # 0, To oGpaTHOE eMy UMCJIO TaKyKe ABJIAETCH KOPHeM
ATOr0 ypaBHEHHUS.

HAononHuTtensHblie ynpaxHeHusa K rnase |l

K naparpady 5
352. Pemiure ypaBHeHHe:

a) x> —x2=0; 6) x°=4x% B8) 0,52°=32x; r) 0,2x* = 4x°.
353. Haiigure KOpHH ypaBHEHH:

a) (a — 2)(a + 2)(a® + 4) = 254% - 16;

6) (x — 1)(x + 1)(x? + 1) = 62 — 1.
354. Pemiure ypaBHeHHe:

a) x® —x2—-4(x-1)P%*=0; B) 5x® — 19x2 — 38x + 40 = 0;

6) 2y° + 22 — (y + 1) = 0; r) 6x° — 31x% — 31x + 6 = 0.
355. Pemiure ypaBHeHHe:

a) x* +2x2+3x+2=0; 6) x° + 4x* - 8x — 6 = 0.

356. Pemute ypaBHeHMe x° = x AByMs crocobaMu: rpadUuecKuM U aHa-
JHTHYEeCKHM.

357. C nomowipio rpaduKoOB BBISICHHTE, CKOJBLKO PellleHHH MOKeT HMeThb
ypaBHeHMe x° + ax + b = 0 npu pasIMYHBEIX 3HAYEHUAX a H b.

AdononHutencHble ynpaxHedus k rnase |l
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358. Pemure ypaBHeHHe, HCHOJL3Ys BBeJieHHe HOBOM IepeMeHHOMH:
a) (x* + 6x)? — 5(x% + 6x) = 24;
6) (x® — 2x — 5)> - 2(x% — 2x — 5) = 3;
B) (x* + 3x — 25)®> — 2(x% + 3x — 25) = -T;
) (y +2)' - (y + 2)° = 12;
n) (x? + 2x)(x? + 2x + 2) = 3;
e) (x — x — 16)(x® — x + 2) = 88;
x) (2x% + Tx — 8)(2x%> + Tx — 3) — 6 = 0.

Pemure ypaBHEHHE:
a)yT-y6+y=1; 6) y' +y® - 27y = 27.

0. Pemure ypaBHeHWMe:
a) 2x" + 2% + 2x* + X¥ + 2x + 1 = 0;
6) x' —2x°+2x* - 4x* + x -2 =0.

361. Haiinure cymMmMy KOpHeH OUKBAJPATHOIO YPaBHEHHHA:
a) x* — 9x% + 18 = 0; B) 4x* — 12x* + 1 = 0;
6) x* +8x* - 10 = 0; r) 12y -y -1=0.

862. flpngerca M YUCHO:

a) \/3 + Vb xopmem GuxBazpaTHOrO ypaBHeHus x* — 6x% + 3 = 0;
0) \f5 = \/E KOpHeM GMKBaJpATHOIO YPaBHEHHS X' — 10x2 +23=07?

863.| PasnosxkuTe Ha MHOMKHUTEJIN TPEXUJIEH:

a) x* — 20x2 + 64; r) ' — 3x% — 4;
6) x* — 17x? + 16; x) 9x* — 10x% + 1;
B) x* — 5x% - 36; e) 4x* - 17x% + 4.

364. Pemure ypaBHeHHe:
3 3y +12y° - 27y - 108
v -16

Pro’-y-6 _
v® - 36y

0; 6)

" pas-

p 1
365. IIpn KakuxX 3HAUEHHAX X paa:—mc'rll: Apobeit ——— =7
?

" 1
Ha pasHOCTH Apobeit =55 2 Ta0

Pemure ypaBHeHHe, MCIOJAb3YA BhIZIEJICHHUE [EJOH YacTH U3 Apobu:
2-6x+8 L+5x+1 1

& 5 x+5 4’
A+6x+10 xP-6x+7 7l
6) —=+3 -3  's"
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367. HailijuTe KOpHM YpaBHEHU:

1 1 10
a 3 % =0;
)x2—6x+8 x-2 x2—4
3 3 7
0) xz_x_ﬁ+x+2_x2_9°
8. Peruure ypaBHeHHe
1 42 +21 4x°-32%+14x -4
B-+rx-1 B+P+x+1 -1 '

9. Haiiniure KOpHHM ypaBHEHHUS:

Tx-4

a)x2=m, 6) x

370. PemmuTe ypaBHeHue, 0003HAUMB OJHO H3 cjaraeMbiX udepes3 f, a
1

Apyroe depes ;i

x2+l x

1
a)r+

— =2
2+1 2

371. Pemtute ypaBHEHHE, MCIIOJIL3YSA MOACTAHOBKY Y = X™:

24 & 1-4x%
2) ¥2-2 2-2

372. Pemuure ypaBHeHUe:

2 2
+1 -2
o (252 - 16(232) -

+4 =0

2= bx -3
3x—5"

6) ;‘ifi % i;:z - 21,
2
“+3 2 10
6) 241 i x2-4 £ -3:2-4 B

x—5 x+ 3

15,  6) [”3]2—9["'5]:8.

Pemmure ypaBHeHMe, UCIOJIb3Ys BBeJeHWE HOBOIl IlepeMeHHOIi:

a) 2[x2+;21-]—[x+%]=2:

1 1
874 Ilpn xaxkux SHAYEHHAX @ CyMMa 9UuMCesl @ ¥ , B 37 pasa MeHbIIe

cyMMbI UX Kyb6oB?
875.| Permre ypaBHeHHe:

a) x® + ia = 22(.1: + l),
x x

K naparpacy 6
376. Peminte HepaBeHCTBO:
a) x? — bx — 50 < 03
6) -m?—8m + 9 > 0;
B) 3y° + 4y — 4 > 0;

6) 9:x® — 18x + — — 18 = 23,

2z

6) x3—xi3 - 19(::— —].

r) 8p® + 2p > 21;
1) 12x — 9 < 4x%;
e) -9x% < 1 — 6x.

JlononHuTenbHble ynpaxHenus K rnase |l
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377. lokaure, 4TO mpHU J060M 3HAYEHHH X BEPHO HEPABEHCTBO:
a) 2(x+ 1)(x —3)>(x+ 5)(x— T);
6) 7(x + 5)(x — 7) < (x + 2)(x — 4).

378. Haiizure obnacts onpezneneHus GyHKIUA:

) 1 5) V16 — 24x + 922
a) Y =————3; y= .
V144 - 952 &

Ilpn kaxux 3HaueHUsX a ypaBHeHme (a + 2)x*+8x+a—-4=0
uMeeT ABa KOpHA?

380. IIpu kakux sHadenusx b ypaBrenue (b — 1)x2+6x+b—-3=0
He uMeeT KOpHei?

B881. IIpy Kakux 3HAUEHUAX ¢ He MMeeT KODHeil ypaBHeHWUe:
a) x' —12x% + ¢ = 0; 6) x* + cx® + 100 = 0?

882, (Badaua-uccredosanue.) Tlpu xaxux sHaueHuUAx k OuKBagpaTHOE
ypaBHenMe x' — 13x* + k = 0:
a) UMeeT YeThipe KOPHSH;
6) uMeer JBa KODHHA;
B) He UMeeT KopHei?

1) O6ozHaubTe x° yepes y. BolsicHATEe, DM KAKUX 3HAUYEHUAX &
NoJily4eHHOe KBajJpaTHOe ypaBHEHHWEe: MMeeT ABA KODPHS, HMeeT
OIUH KOPEHb, He MMEeT KOpHeH,

2) VkaKuTe 3HAKU KOPHEH KBaJADPATHOIO YDABHEHHS C IepeMeH-
HOH Yy, eCIM KOpPHH CYIIEeCTBYIOT.

3) CmenaiiTe BBIBOJ O umMcCJie KODHeil 3aJJaHHOIO ypaBHEHUA B 3a-
BUCUMOCTH OT 3Ha4YeHHA k.

383. Haiiagure o0mue pemreHuss HepaBeHCTB X°+6x—T7< 0 u
x'—2x—15 & 0.

384. Pemure cucremy HepaBeHCTB:

a) J4x> - 27x -7 >0, B) Jx+1<0,

x > 0; 2x? - 18 > 0;
6) |-8x*+17x+ 6 <0, r) jJx—4>0,

x < 0; 3x* - 15x < 0.

385. Pemnre cucreMy HepaBeHCTB:
a) [x**+x-6<0, 6) |x*+4x-5>0,
-x*+2x+ 3> 0; x> -2x-8<0.
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386.

387.

388.

389.

390.

391.

Pemure HepaBeHCTBO:
a) (x + 1,2)(6 — x)(x — 4) > 0;

R e

B) (x + 0,6)(1,6 + x)(1,2 — x) > 0;
r) (1,7 - x)(1,8 + x)(1,9 — x) < 0.

[Ipu Kakux s3HaYeHMAX X npousseseHwme (3x — 5)(x + 4)(2 — x):
a) paBHO HYJIIO; 0) HOJOKHUTEJHHO; B) OTpHOATEJbHO?
Pemure HepaBeHCTBO:

a) (18x — 36)(x — 7) > 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.

Pemure HepaBeHCTBO, Pas3jio)XHB ero JIeBYI YacThb Ha MHOMHTEJIH:

a) (x? - 16)(x + 17) > 0; r) x> — 0,01x > 0;
6) (x - %)(xz -121) < 0; o) (x2-9)(x2-1)>0;
B) x° — 25x < 0; e) (x% — 15x)(x% — 36) < 0.

PemnTe 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.
Haiinure obisiacTe onpezeneHus QyHKIUAM:

T
a) Yy = 6) y =

JBx —1)(6x + 1) Jalx +2)(x - 4) "

PaBHOCHJIbeI JI1 HepaBeHCTBA:

393.

394,

x -3

a)Jchl 20u(x—3)(x+1) = 0;

6) =3 é Ou(x+5)(x—8) < 0?

Pemn're HepaBeHCTBO:

V>0 D0 2 5573 <O
6) 0 <05 mo5<0; ) g0
PemuTe HEepaBeHCTBO:

W5Fr <% Mg <lh

6) 222> 1; r) == > 15,

JononHutensHble ynpaxHeHusa k rnase |l

107



.
)

E= -:.;'yr,-;gs ‘i
& %
Xl

YPABHEHUA U HEPABEHCTBA
C ABYMYA NEPEMEHHbIMU

B kypce anrebpbl 7 knacca Bbl HAQy4MIMCb PeLlaTh CUCTEMbI JIMHENHbIX
YPaBHEHU C ABYMS nepemMeHHbiMu. B aaHHOW rnaBe paccMaTpuBaloTCs
CUCTEMBI YpaBHEHWUIH BTOPOI cTeneHn. CambiMu NPOCTLIMU U3 HUX ABNS-
IOTCH CUCTEMbl, COCTABNEHHbIE U3 YPaBHEHWS NMepBOi CTENeHu W ypaBHe-
HWA BTOPOW CcTeneHwn. Takyldo CucTeMy BCerga MOXHO pelunTb cnocobom
noAcTaHoBKW. ECnK cucTtema coctaBneHa M3 AByX YpaBHEHWIA BTOPOW cTe-
NeHu, TO HalTKW e€ peweHue ObiBaeT 3aTpyAHUTENBHO. JlMWwb B peakux
cnyyasx 9710 yaaeértcs caenatb, ucnonb3ys rpaduyeckunin cnocob, cnoco-
Obl NOACTAHOBKW WM CIIOXEHUA ypaBHeHwuin. B aToil rnase Bam npepna-
ralTCs TEeKCTOBblE 3ajayn, KOTOpble Bbl CMOXETE PelnTb C NMOMOLLbIO
YPaBHEHUIM UNKU CUCTEM ypaBHEHUI BTOpPoi cTteneHu. CoBetyem obpatutb
BHMMaHWE Ha UMeloLMe BaXHOE NPUKIaAHOE 3HAYeHWE 3a0adqy Ha CMecw
M cnnaebl. Bbl BCTpeTuTecb C HepaBeHCTBaMW C ABYMS MEpPEeMEHHbIMM.
BepoaTHO, Bac 3auHTepecyeT, Kak u3obpaxalTcss Ha KoopAuMHATHOW
MNOCKOCTU MHOXECTBA PELLUEHUA HEKOTOPbLIX HEpPaBEHCTB C OBYMS nepe-
MEHHbLIMW W KX CUCTEM. 34ECb BaM NMOMOXET MCMOJIb30BaHME KOMMbIOTEPA.

Mnasa lll

YPABHEHUSI C ABYMSI NEPEMEHHbIMU
U UX CUCTEMDI

17. YpaBHeHue c AByMS nNepemMeHHbIMU
n ero rpaduk

Kaxxkgoe m3 ypaBHeHHUH
2x+ 3y =15, x*=4-y° xy—6=0, 5x° +y*=9
ABJAAETCA YPaBHEHHEM C JBYMS IIepeMeHHBIMH.
Ecau B ypaBHeHHe 5x% + y2 = 9 moAcTaBUTH BMeCTO X 4HCJO 1,

3 2
a BMECTO Y YHCJO 2, TO IOJYYHTCS BepHOe paBeHCTBO 5 * 1° + 2°= 0,
Ilapa uwmcen (1; 2), B KOTOpPOHl Ha INepPBOM MeCTe YKa3aHO 3HadYeHHUe
nmepeMeHHOM X, a4 HA BTOPOM — 3HAUEHWE IMEPEeMeHHON I, ABJISeTcH

pemreHueM ypasHeHus 5x° + y? = 9.
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PelnenneM ypaBHEHHsS C ABYMs IIepeMeHHBIMH HAa3bIBAETCH
mapa 3HaYeHHMU NepeMeHHBIX, o0palaiias STO ypaBHeHUE B
BEepHOE PaBEHCTBO.

e DN SR B WS S M m -

g —

i
I
i
i
i
i
i
i

YpaBHEHUE ¢ ABYMSA IEPEeMEHHLIMH HMEeT, Kak MIpaBujo, 6ecKoHed-
HOE€ MHOKeCTBO pelleHuH.

JBa ypaBHEeHH#, UMEIOIHEe OAHO U TO K€ MHOXKEeCTBO pelleHH#, Ha-
3BIBAIOT PAGHOCUJbHbIMU YPABHEHUAMU.

CremneHb meyoro ypaBHE€HHA C JIBYyMsA I[IepeMeHHBIMH oOlipegesisiercs
TaxK e, KaK 1 CTelleHb LeJIOT0 YpaBHEeHHUdA C O,&Hoﬁ HEDEMEHHOﬁ. Ecanu
JieBad 4YacThk YpaBHEHHA C ABYMA IepeMeHHBIMH Ipe/cTaBJisger cobom
MHOI'o4JieH CTaHAapTHOro BHa, a npaBasg — YHCJO 0, TO CTeIlleHb
YpaBHeHHsI CUHTAaAT paBHOﬁ CTelleHH 3TOr0o MHOTIo4YJIeHa. ,I[.JII-I TOTrO
YTOOBI BBIACHHUTH, KaKOBaA CTeIleHb YPaBHEHHsA C JABYMA IIepeMeHHBbI-
MH, ero 3aMeHAKT PaBHOCHJBHBIM ypaBHeHHEeM, JieBad 4YacTh KOTOpPO-
o — MHOTOWJIEH CTaHJapTHOTO BHIAa, a IIpaBadgd — YHCJO 0. Hanpa-
Me€p, YpaBHeHHEe

P +y=x-1
PaBHOCHJIBHO YpPaBHEHHIO

2%+ P +1=0
W, 3HAYUT, ABJAETCA ypaBHEHHEM 4YeTBEPTON CTeIleHH.

r_ml‘.m-l;ﬂ.-h(l"\m\.'.'— TR A I il it T v, v s
I'pahuxom ypaBHEHUA € ABYMA IEepPeMEHHBIMH HAa3bIBAETCH
MHOJKECTBO TOYEK KOOPAMHATHOM IIJIOCKOCTH, KOOPAHHATHI KO-
TOPBIX OOpamjaloT ypaBHEHME B BEPHOE DaBEHCTBO.

O R D R MM Lt gy b By ) T S W ST 8 § AT b s A e L B

Bel 3Haere, 4TO rpaMKoOM JMHEHHOro ypaBHeHus ax +by=c, B
KotopoMm a# 0 mau b# 0, aBaserca upamasi. BaM HM3BeCTHEI TaKiKe
rpauMKM HEKOTOPBIX ypaBHEHWii BTOpoil crenenu. Hanpumep, rpadu-

KOM ypaBHEHUS Y = X° sBisferTca napabosia, rpadMKOM ypaBHeHUS
xy = 12 — runepboua.

IToxasxxeM, 4TO rpaduKOM ypaBHEHUS vk

x2 s yg = rzs raoe r— IPOM3BOJBHOE II0JIO-

JKHUTENbHOE YHCIIO, ABJIAETCA OKPYIHHOCTH D
paguyca r ¢ IEeHTPOM B Hadajle KOODJAUHAT
(puc. 60).

ITycre Touka B(x; y) — mpousBoJbHAsA
TOYKA 9TOH OKPYKHOCTH, HEe IIPUHAIJIENkKAa- !
mas HU OJHOM M3 KOOPAMHATHBIX OCeH. A o
Torpa u3 NpAMOYroJBHOIO TPEYroJbHUKA .
AOB umeem AO? + AB* = BO?. Tak xaxk
AO= x|, AB=y, BO=r, 1o |x]* + |y’ = 7, C
WUJIH, OIIYCTUB 3HAK MOZAYJS, MOJYYUM

2+ yz T (1) Puc. 60

Ry

§ 7. YpaBHeHUs C ABYMS NEPEMEHHBIMU U UX CUCTEMbI
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YA Jlerko yOequTBCS, UTO €CJIH TOYKA OKPYK-
HOCTH HaXOAHUTCA Ha OZHOH M3 KOOPJMHATHBIX
oceil, TO eé KOOPAMHATH! TAK)Ke YAOBJIETBODH-
1oTr ypaBHeHuio (1). Hanpumep, moicraBus B

ypasaernue (1) xoopauuatel Touku C(0; —r),

nosydum BepHOe paseHctso 0° + (—r)° = rZ

MoKHO HOKa3aTh, YTO €CJM TO4YKA He
IPUHAAIEKUAT OKPYKHOCTH, KaK, HaIpuMep,
Touka D mau Touka E, To eé KOOPAHHATEI He
yIoBJETBOpAIOT ypasHerHuo (1).

3uaunTt, paBeHCcTBO X° + y® = r’ BepHO
TOrZla ¥ TOJNBKO TOrJa, KOTrZa TOYKAa ¢ KOOp-
JAWHATAMH X U Y NPUHAAJIEKHUT OKPYKHOCTH
Puc. 61 papzuyca r ¢ IeHTPOM B Hadalle KOOpJAHHAT.

e g Orcroga ciexyer, 4To rpaduMKOM YpaBHEHHUS
x% 4+ y? = r? aBnseTca OKPYXHOCTH pPajmyca r ¢ IEHTPOM B Hadaje KO-
OpAHUHAT.

Ecium KaXAVIO TOYKY 9TOU OKPYKHOCTH HEePeHeCTH NapajiesbHO
ocH X Ha @ eAWHHUI, Bupaso npu a > 0 unu Ha —a@ eIWHHUIL BJIEBO IpHU
a<0 u mapaxnenbHO OCH Yy Ha b exuHMn BBepx npu b>0
unu Ha —b eguHun BEHuU3 npu b < 0, TO MONYYHM OKPYIKHOCTH TOTO
sxe pajauyca ¢ meatpoM B Touke O (a; b) (puc. 61). YpaBHeHUe dTOU
OKPYKHOCTH TIIPUMET BHJ

(x—a)+ (y— b’ =ri.
I'paduku ypaBHeHWil ¢ AByMdA IepeMeHHBIMH BeChMa PasHOOOPa3HBEI.
HexoTopsle U3 HUX u300pakeHbl HA pucyHKe 62.

e

Q
wry

a) 172 | 6) || /9 ]
1 | »
247y2)2 = ——141A /
(x24y?)2=2(x2— y2) 4 I/
-t . . B S\ / /
/ \ RN P
(4N 1141 Jx 0 1-+H x
01 1 T R 11
Puc. 62

NADHYTUM NbBOBUY YEBbLILWEB (1821-1894) — pycckuii
MareMaTuK U MexaHWuK, OCHOBaTeNlb 3HaMEeHWTOW netepbypr-
CKOIl MaTemaTu4eckoi wkonbl. OCHOBHbIE €ro TpyAbl OTHO-
CATCA K TEOpWUW YuCen, MatemMaTuyeckomy aHanuady, Teopuu
BEPOSATHOCTEN U APYrMM BOMpPOCaM Marematukn U CMEXHbIX
obnacTeit 3HaHUA.
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AL Lt

395.

396.

397.

398 -

399.

400.

a)

B)

SBnaerca nu napa gucen (—1; 3) permuenueM ypaBHEHUA:
a) x> -y+2=0; B) x> + y? = 10;

6) xy +y=6; r) x2-y*+8=0?

Haitgure Tpu Kakux-HUOYAbL pelleHUs yDABHEHUA:

a) x—2y=8; B) x —xy=12;

6) x+0y=10; r) (x+y)(y—2)=0.

OnpezenuTre CTeNeHb YPABHEHHA:

a) x+4xy=5; B) 8x% — y? = 2x*(4x* - y);

6) x° + 8x%y° = 1; r) (x—2y)° — x* = 4y(y — x) + 5x.

Ioxaxure, uro rpadbuxom ypaBHeHHs x° — y° = 0 sBisercs mapa
OPSAMBIX Yy =X U J = —X.

ITocTpoiiTe rpaduK ypaBHEHHA:

a) 3x+0y=12; r) y=1,5; x) |x| = 2;

6) Ox+y=1; ) (x—2)(y—3)=0; 3) lyl = 3.

B) x=05; e) (x+3)(y+1)=0;

CocraBbTe ypaBHeHHE, rpa@MKOM KOTOPOro SABJSeTCS mapa opd-

MBIX, U300paX6HHBIX Ha pUCYHKe 63.

177 6) |_y1k
|
1
’1 L 0 >
-1Jjo} I |1l 2 -2 WE X
-1
LL r) Y
2
J.
1 1
=3 —1jol i[5 X —1l0l 1.2 x
-1
—2

Puc. 63

§ 7. YpaBHeHus ¢ ABYMA NEepeMeHHbIMU U UX CUCTEeMbI
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401. CocraBbTe ypaBHeHWe C JAByMs IleDEMEHHBIMH, rpapuk KoToporo
n300pakéH Ha pUCYHKe 64.

a) YA 6) YA
2
|
1 1
—1jol 112 x =3[ -1]0 X
=1 ==
B) YA r) yh
2
I i
1
-2 —1Jo 112 X EEEEETEEEENENE N
—Il ' |
|
=g
|
|
Puc. 64

402. ITocTpoiiTe rpaduK ypaBHEHUA:
a) xy = 6; B) x* +y%=9;
6) y—0,5x*=1; r)(x+1?*+@y-1°=4.

403. (]2 pa6omw. 6 napax.) Ilocrpoiite rpadux ypaBHeHHU:

a) (x—5)(y+6)=0; B) x*+(y-1)°=0;

6) (x— 4)(x+ 2) = 0; r) (x— 52+ (y+ 2)% = 1.

1) O6eyaure, kakas ¢urypa spagerca rpapuKoM ypaBHEHHS B
KajKIOM cJydae.

2) Pacnpenenure, KTO BBINOJIHAET 3afaHUA &) M B), a KTO — 3a-
AaaudA 0) U r), ¥ BBEIIOJHUTE HX.

3) IlpoBepsTe APYr yV ApyTra, MPABUJIBHO JH IOCTPOeHBI rpaduru
ypaBHEHUM.

YpaBHeHus W HepaBeHCTBa C ABYMSA MepemMeHHbIMU
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404. BanumuTre ypaBHEHHE OKPYMKHOCTH C IEHTPOM B Havajle KOOPAH-
HAT, 3Hag, YTO OHA IPOXOJUT Yepe3 TOUKY:

a) A(-2; Vb); 6) B(3; 4); 8) C(8; 0).

405. Hanumure ypaBHEeHHWE OKPYKHOCTH, 3HAS, YTO €€ IEeHTP HaxXOoAuT-
ca B Touke K(2; —5) u oHa mpoxoAuUT Yepe3 TOYKY:
a) A(-1; -1); 6) B(-3; 7); B) C(1; —4).

[406)] Ilokasxure, uro rpagukoM ypaBHeHHs x° + y° — 6(x —y) = 7 aBaa-
ercss OKPY’KHOCTB.

(2x + y)?

e 0,5y)* = 24?

407. Yro sBasercsa rpaduKoM ypaBHEeHHA
BribepuTe BepHBI# OTBET.

1. OKpy’KHOCTH 3. 'mnepboaa
2. IlapabGona 4. ITapa TpAMBIX

|408) ITpn kaxux 3HAYEHHUAX M rpa@UKOM ypaBHEHHS
(x— 42+ (y+m)’=15

SAABJISIETCS OKPY’KHOCTBH, LIEHTP KOTOPOM pACIIOJIO}KEH B YeTBEPTOM
KOOpIUHATHON yeTBepTH?

IIpy KakuxX 3HAYEHHAX 7" OKPYKHOCTH (X — 52+ (y—T7)7°%=r*
a) Kacaetrcss OCH X; 6) xacaerca ocu y?

410. CocraBbTe ypaBHEHHE OKDYKHOCTH C IEeHTpoM B Touke (3; 8),
3Hafd, YTO OHA KacaeTrcd:

a) ocH x; 6) ocu y.
HaiiguTe Bce Iesible pelIeHUs yDPABHEHUA:

a) xy=2; 6) x> —y®> = 3.

412. Pemute HepaBeHCTBO:
a) 25x° + 6x < 0; r) y® < 10y + 24;
6) x> — 169 > 0; m) 15y + 30 > 22y + T;
B) 4x® — 225 <0; e) 3y° — 7 < 26y+ 70.
413. Pemure cucrteMy ypaBHeHHM CIIOCOO0OM MIOACTAHOBKH:
a) [11x — 9y = 37, 6) |16x — 4y = 5,
x =1+ 2y; 3x —y=2.

414. Pemute cucreMy ypaBHEHHil criocoOOM CIIOMKeHHA:

a) |5x + 2y = 30, 6) |2x — y = 85,
3x + 4y = -3; bx — 2y = 200.

§ 7. YpaBHeHWA ¢ OBYMSA MNEPEMEHHbLIMU U X CUCTEMBI
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18. Npadpuuyeckuin cnocod pelwieHus
CUCTEeM ypaBHEHUW

B xypce anrebper 7 Kjacca MBI pacCMaTPHUBAJIM CHUCTEMbI yDABHEHHM
[IepBOH CTeNeH! ¢ JBYMA NepeMeHHBIMH. Temeph 3aiiMEéMcs peleHumeM
CHCTEM, COCTaBJIeHHBIX M3 JABYX YPaBHEHHH BTODOH CTEeNEeHH HJIH U3 OJ-
HOr'o ypaBHEHHHA IIE€pBOi, a APYroro ypasHeHWs BTOPOM CTEleHH.

HanmomBEMM, 4YTO mapa 3Ha4YeHWH NepeMEeHHBIX, O0pamamonas KaMm-
Jloe ypaBHeHHE CHUCTEMBl YpPaBHEHHH C ABYMs IIepPeMeHHBIMH B BEpHOE
PaBeHCTBO, HA3BIBAETCHA peuleHUeM cucmembi. PellINTh CHCTEeMy — 3Ha-
YUT HAWUTH Bce eé pEemIeHUA MJH JOKA3aTh, YTO PeIIeHH# HeT.

Hauném c rpadwmueckoro cmocoba pelneHus.

ijL {

y=—x+2x+5

Puc. 65
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Ilycrs Tpebyercs peluTh CHCTEMY ypaBHeHM

x* + y* = 25,
y=-x>+2x+5.

ITocTpouM B OAHOM CHCTEMe KOODPAMHAT rpadUKM ypaBHeHHMN
v+ yf=2mny=—x>+2x+5
(puc. 65). Koopamuarel J060if TOYKHM OKPYIKHOCTH SBJAIOTCA pemie-

HueM ypaBHeHUs x> + y? = 25, a KoopAMHATHI JI000# TOYKM mapabo-

JIbl — pelleHHeM ypaBHeHuA y= —x° + 2x + 5. BHAYUT, KOODAMHATHI
a1000# TOYKH IepecedeHUs OKPYKHOCTH U Tapaboibl yAOBJIETBOPAIOT
KaK IIePBOMY YPaBHEHHUIO CHCTEMbI, TAK U BTOPOMY, T. €. SABJAKTCA pe-
IMIeHHeM paccMaTpuBaeMoil cucrembl. Vcmoap3ys PHCYHOK, HaXOAHUM
npubauKEéHHbIe 3HAYEHUS KOODAMHAT TOYeK IlepecedeHus rpapuKoB:
A(-2,2; -4,5), B(0; 5), C(2,2; 4,5), D(4; —3). CnenoBaTesbHO, cCHUCTe-
Ma ypaBHEHHMH HMeeT YeThIpe PelIeHHsd:

x, = —2,2, y, = —4,5; x, =0, y, = 5;

X3 = 2,2, y3 = 4,5; xy~ 4, Yy, = -3.
ITogcraBuB HalileHHBIe 3HAYEHHUA X M Y B YypaBHEHUA CHCTEMEI,

MOYKHO YOemUTBCSI, YTO BTOPOE W UYETBEPTOE PelIeHUSA ABJIAIOTCH TOY-
HBIMH, & IepBOe U TPeThe — IPUOIUIKEHHBIMU.

Il

YnpaxHeHus
S PRITTT IT Ta
415. fiBnsercsa JnU pelIleHUeM CHCTEMBl YpaBHEHUN
2+ yt=5,
6x + by = -4
mapa umcen: a) (—2; 1); 6) (1; —2)?
416. Pemnure rpadgudecku cUCTEMy ypaBHEHUH
Y- x° = 0,
2x-y+3=0.
417. IloxaskuTe ¢ NOMOLIBI0 rpad@UKoOB, UYTO CHCTEMa ypDaBHEHHH
x2+ y2 = 25,
y= -6
MMeeT YeThIpe pellleHWus, W HalauTe HuX.
418. Pemure rpad@uyYecKy CHCTEMY YDABHEHHH
x* + y* =100,
1.2 _
Yy=3x 10.

§ 7. YpaBHeHUA C ABYMSA MNepemMeHHbIMM U UX CUCTEMDI
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419. (Jaa pabomuvt 6 napax.) C moMompio rpaUKOB periuTe cucremMy

VPaBHEHHUH:
a) [xy = 6, 6) J(x - 3)*+ (y - 4)° =4,
2x_3y=6; y_x2=0'

1) O6cynure, Kakoe MHOKECTBO TOYEK 3aaéT HA ILIOCKOCTH KaXK-
Jloe ypaBHeHMe CHUCTeMbI B 3aJJaHUAX a) U 6).

2) Pacnpepenure, KTO BBINOJHSAET 3ajaHue a), a KTO — 3aga-
HUe 0), U BBIIOJHUTE HX.

3) HpOBepre ADPYT y Apyra, OIpaBHJIbHO JH IOCTPOEHBI Irpaduxm
VPaBHEHHI H ONpeJieJieHbl KOOPAWHATHI TOYEK IIepPeceYyeHHs rpa-

(hHUKOB.
420. Pemure rpaduyecKu cuUCTeMy ypaBHEHHIl:
a) |x* + y* = 16, 6) [xy = 8,
x+y+2=0; x+y+3=0.

421. UzobpasuB cxemaTtudyecKu rpauKky ypaBHEHHUIl, BHISICHUTE, MMeeT
JHu pemetmﬁ cucTeMa ypaBHEHHMH M eCJIH MMEeT, TO CKOJIBKO:

a){ y=x, B){y=x2+l,
xy =-=12; xy = 3;
6) y=x2+8, r) x2+y2=9,
{y=—x2+12; {(x—10)2+ y®=16.
422. Pemrure rpa@uuecKu CUCTeMy ypaBHEHMI:
m{u—4f+w—sf=& m{y—f=o,
y=x; x+y=6.
Pemure rpaduueckm cucremy ypaBHeHHUit
x’-4=0,
{ ¥ -9=0.

]
|
B

424. CocraBbTe ypaBHEHHE, IpadMKOM KOTOPOT'O ABJAETCH:

a) mapa npsMeIX y=x+ 1 u y=x— 1;
6) mapaGosa y = x° u upamas y=—2.

i
1
1
|
|
é425. Ilpm kaxom sHauenum b napa uucen (18; 3) aBiasercs pelreHHeM
| CHCTEeMBI ypaBHEHUI

i

!

|

x — 2y = 4b,
2x + y = 39?
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1426. TIpy KaKWX 3HAUEHUAX @ PEIIeHHEeM CUCTeMbl yPaBHEHUH
i x+y=a+l,

! 3x~-y=a-1

.‘ ABJISIETCSA MAapa MOJIOKHUTENbHBIX YHcesn?

a+1 a-1) 4da
427. ToxakuTe, YTO HOpPU a > —1 BHIPaXKeHWe |2 -7 271l Fa-5

IpUHUMAaeT OOJOMKHTeJIbHbIe 3HAaYeHWA NPH BCeX MNOINYCTHMBIX
3dHaAUYeHHuAX a.

W3 mepeBHU B ropojfi, HAXOAI[AICA HA PACCTOAHUU T2 KM, OTIIpa-
Buicsa Begocunenucrt. Coyers 15 MuH HaBcTpedy eMy H3 ropoja
BhIeXaJ APYroil BeJIOCHUIIEMCT, IPOE3KAIIMUl B Yac Ha 2 KM
fousibiiie mepBoro. HailiguTe, ¢ KaKoi CKOPOCTHIO eXaj KaKAbli H3
HUX, €CJH H3BECTHO, YTO OHHM BCTPETHJIMCH B cepeJlHE IIyTH.

19. PeweHue cucrem ypaBHeHUN
BTOPOM CTeneHu

PaceMoTpHM CHAUAJIA CUCTEMBI YPABHEHUH ¢ ABYMSA HepeMeHHBIMH,
coCTaBJIEHHLIE M3 OJHOI'O YpPaBHEHHSA BTOPOH CTENEHH M OJHOTO ypaB-
HeHus nepBoii crenenu. Takyio cucteMy Bcerjja MOXXHO PeIlUTh CIOCO-
60M IIOJCTAHOBKH. ,Z[Jm 39TOr0 nocTynamT cne,uyro:n:mm oﬁpaso.M.

1) BBIpaKawT U3 YpaBHEHWs NEePBOIl CcTelleHM OJAHY IlepeMeH-
HYI 4Yeped OPpYyIyio;
2) IOACTABJAIOT IMOJYUYEeHHOE BbIpa’KeHHe B YpaBHeHHe BTOpOfI

CTeIleHH, B pe3yjbTaTe yero NPUXOAAT K YPaBHEHHUIO C OJ-
HOII IIepeMeHHOM;

3) pemialT MOJYYHBIIEeCHd YPABHEHHE C OJHOW IlepeMeHHOMH;
4) HaAXOAAT COOTBETCTBYIOI[HE 3HAYEHHS BTODPOU I€peMEeHHOM.

IIpumep 1. Pemmum cucreMy ypaBHeHHH
2% - 8xy -2yt =2,
x+2y=1.
P BroipasuMm M3 BTOPOTO ypaBHEHHS NEPEeMEHHYIO X uepes y:
x=1-2y.

IlopcTaBuM B IlepBOE ypaBHEHHE BMeCTO X BelpaxkeHue 1 — 2y, mo-
JIyYUM ypaBHEHHe C IlepeMeHHOH V:

1-2y)°-301-2yy-2/°=2.

§ 7. YpaBHeHusa ¢ OBYMS NEPEemMeHHbIMWU U UX CUCTEMBI
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ITocne ynpoiieHEus moJyduM paBHOCHJILHOE ypaBHEHHE
8y? - Ty—1=0.
2> e 1
Pemmue ero, maiiném, uro y, = -3, y; = 1.

CooTBeTCTBYIOIIME 3HAYEHUA X MOXKHO HAWTH, MOJACTABUB HaWJEH-
HBle 3HAYEHHUA Yy B OJHO U3 YPABHEHWH CHCTEeMEI, HallpHMep BO
BTOpOE ypaBHeHHe. ¥ A00Hee, OJHAKO, BOCIOJNL30BAThECA (HOPMYIOi

x=1-2y.
1
IloxcraBus B Gopmyny x =1 — 2y sHaueHHE Y, = —g, NOJYIHM
1
xl == 12-
ITogcraBue B (dopmyny x =1 — 2y 3HaveHHe Y,=1, moaydmm
xz _— _1.

HWrak, cucrema MMeeT JBa peIIeHUS:

1 1
x,=1lp yy=-guax,=-1, y, = 1.

1 1
OTBeT MOKHO 3alMcaTh TaK)Ke B BHJe Iap: [IZ; “—g), (-1; 1). 4

Eciu cucTeMa COCTOMT M3 ABYX ypaBHeHHUH BTOPOM CTENeHH ¢ ABY-
M#A IepeMeHHBIMH, TO HalTH eé pelieHns 00bIuHO OBIBaeT TpyaHo. B
OTHEeJbHBEIX CAydasaX TaKWe CHCTEeMBI YAAETCH DeIlHUTh, HUCIOJb3Yyd CIO-
co0 HOACTAHOBKH HJHM CIIOCOD CJIOMKEeHMS.

.

IIpumep 2. Pemium cucTeMy ypaBHEHUI

x? - y? =5,
xy = 6.
P BocoosaszoBaBmuck TeM, utro X # (0, BeIpasuM M3 BTOPOTO ypaBHe-
HUSA NEepeMeHHYI0 Y 4depe3 X:

_ 6
g,

IToncTaBUM B TIEepBOEe ypaBHEHHE BMECTO Y BhIpasKeHHe ; Ilomy-

UMM ypaBHEHHE 3
x2 — (E) = 5.
X

Pemus ero, Haiigém, uro x; = —3, X, = 3.
ITo dopmyrne y =% HaxoAWM COOTBETCTBYIOI[HEe 3HAUEHUA Y:
-2, Y= 2.
3HauuT, CUCTEMa HMeeT ABa DPeIleHHUA:
1 =8,y =-2mx,=3, y,= 2.
OtrseT: (-3; =-2), (3; 2). 4

FEEERLI] YpaBHeHUA M HEpaBeHCTBa C ABYMS NMEPEMEHHbIMU

118



YnpaxHeHus

429, Pemure crnocoboM IOACTAHOBKM CHCTEMY yYpPaBHEHWIA:

a) |yt -x=-1, B) |xy + x = -4,
x=y+3; x —y=6;
6) |ly=x-1, r) [x+y=9,
x? - 2y = 26; 2+ x = 29.
430. Pemute cucreMy YpaBHEHHH, MCNOJb3ysA CIIOCO0 MOACTAHOBKH!:
a) [x=3-y, B){x2+y=14,
- x=239; y-x=8;
6) ly=1+ x, r‘){x+y=4,
x+yi=-1 y +xy =6.
431. Pemnure cucrteMy ypaBHEHMIA:
a){x—y=3, B) [x+ty=-1,
xy = -2 C+yf=1
6) | x+y=2,5, r) |[x-y=2,
xy = 1,5; 2 -y=17.
432. Pemnre cucreMy YpPaBHEHUWH:
a){x+y=8. B) [ - 42 =8,
xy = —20; x-y=4;
6) [x -y =0,8, r) J2% + y® =5,
xy = 2,4; x+y=-3.

433. Pemure cucreMy YpaBHEHUIA:

a) |Jy-2x=2, B) |x® - 8% = 52,
bl -y =1; y—x=14;

r) {3x2 + 22 =11,

x+ 2y =38;

6) Jx-2y2 =2,
3x+y="7;

434. Pemiure cucteMy ypaBHEHUI:

a) [2xy -y =T, B) |x* + 2y =18,
- by = 2; 3x = 2y;

6) {2::2 - xy = 33,

4x -y =17;

r)|lx—-y-4=0,
x* + y® = 8,5;

§ 7. YpaBHeHus c

OBYMA nepeme

xz

e) [x-2y+1=0,

{x
,11}{1:2+4y—10
{5xy+y = 16.

HHbIMW WU WX CUCTEMBbI
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435. Pemure cucreMy ypaBHeHWIt:
a) {2x+4y=5(x—y), 6) {u—v=6(u+v),

xz—y2=6; w=v¥=6.

436. Pemure cucreMy ypaBHEHMUI:
a) |6(y — x) - 50 = y, 6) |p+5t=2(p+1),
Yy — xy = 24; pt —t =10.

437. Pemiure cucrteMy ypaBHeHWI:

a) [(x - 2)(y + 3) =160, 6) |[(x-1)(y+10)=09,
y—x=1; x-y=11.

438.i_, Pemure cucreMy ypaBHEHMWIA:
a) {x2—4=0, 6) [x*-5x+6=0,
xy = 6; yi-6y+5=0.
439. Pemure cucreMy ypaBHeHHI
y=0,5x*-2,
y—x=2
cHayajga rpapudeckuM crocoboM, a 3aTeM AHAJIUTHUYECKUM.
440. PemuTe cucTeMy ypaBHEHU# rpaHMyecKd M aHAJIHTHYECKH:
a) x2+y2=16, 0) y=x2+1,
x-y=4 x + 2y = 5.
441. Pemure cucreMy ypaBHEHMIL:
a) x2+xy—y2=11, 6) Jx> +xy -3y =09,
x-2y=1; 3x + 2y = -1.
442. Pemure CHCTEMY YpPaBHEHMIi:
a) {x2+y2+3xy=—1, 0) {u+2u=4,

x + 2y = 0; u? + uv - v =-5.

443. Pemiure cucreMy ypaBHEHMIi:
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444. He BLINOJNHAA HDOCTPOEHUA:

a) onpejesuTe, Iepecekaer jau napabona y = x* — 8x + 16 npamyio
2x—3y=0 u ecau ga, TO B KaKUX TOUKAaxX;
0) HafifuTe, B KaKHUX TOYKAX MepeceKanTcd OKPYKHOCTb

(x-5)%+ (y—4)* = 65 u npamasa 3x—y+6 = 0.

445. Jlokaure, 4yro OpsaMasg x —y =4 uMeeT OJHY OOIIyI0 TOYKY C

napaboJjioi y=x2 — Bx + 5, u HaWAWUTEe KOOPAMHATHI 3TOH 0OIIe
TOYKH.

446. lokaxwure, uro mapabona y=2x> — 5x+ 1 u npamas 2x+y+3 =0
He IlepeceKaroTcd.

447, PemuTe cmoco60M IOACTAHOBKH CHUCTEMY YDaBHEHHIH:

a) Jx*+ =12, 6) |24 - i = 34,
xy = —6; xy = 20.
448. Pemmure cucreMy YpaBHEHHWH, UCIOJB3YsA CIOCOD CIIOMEeHHA:
a) |«® - 2% =14, 6) |x*+ % =61, B) {xy + x = 56,
xt+ 2y =18; “?-y’=11 xy +y =54

449. He BRINOJIHAA IOCTPOEHUA, HAUANTEe KOOPAMHATHEI TOUYEK Iepecede-
HUAA:
a) oxpykHOCTH X° + y° = 36 m mapaGossl y=x° + 6;
6) oxkpysxHOCcTelt x2 + y® = 16 u (x— 2)* + y* = 36;
B) OKpyskHOCTH X° + y° = 25 u npawmoit 4x — y = 0.

450, ITpu kaxux smauenusx k mapabosa y=x*+1 u upamas y=kx
MMEIOT TOJBKO OAHY OOIIyi0 TOUYKY?

451. OxpyxHOCTD (X — 4)% + (y - 6)> = 25 u mpamas y = kx uMeOT 06-
myio Touky M (1; 2). HaiijuTe KOODAMHATBEI APYroi obiieir ToY-

KM, eCJAM TaKasg TOYKa CYIIecTBYeT.
452, ITocTpouB cxemMaTHudyecKu rpadukyu ypaBHEHWi, BBIACHHTE, CKOJIb-
KO pelleHHII HMeeT CHCTeMa ypaBHEeHHIi:
a) {y = x5, 6) {xy =10, B) [x® + y* = 36,
y =15x; y=x y=x2+3.
453. PemnTe HepaBeHCTBO:

a) 0,2x(x—-1) - x(0,2x + 0,5) < 0,6x— 4;
6) 1,2x(3 - x) + 0,4x(3x— 1) < x+ 1,1.

§ 7. YpaBHeHUs ¢ OBYMS NEPeMeHHbIMU U UX CUCTEMbI ‘ 191




454. IIpy KaKUX 3HAYEHHAX X:

a) Tpéxusnen —x° — 2x + 168 NPUHEMAET MOJOKUTEIbHEIE 3HAYCHUS;
6) Tpéxuwren 15x% + x — 2 npurEMaer OTpUIaTeJbHble 3HAYEHMS;

x+ 14
B) ApoOH 35, OPHHHMAaET OTpULATeNbHbIE 3HAYEHUS;

6 -5x
r) n1pobb 7 25 UPHHHEMAET IIOJIOKUTE/IbHEIE 3HAYEHUA?

20. PeweHue 3apay ¢ NOMOLULIO
CUCTEM ypaBHEHMA BTOPOM CTEneHwu

3anmaua. Ilepumerp nmpsimoyrosbauka pased 80 cm. Ecim ocHoBanuMe
IPAMOYTOJIbHMKA YBEJIMYUTH Ha 8 cM, a BBICOTYy — Ha 2 CM, TO
IJIOIaAb OPAMOYTOJBHUKA YBEJIHYUTCS B MOJTOpa pasa. Kaxkoswr
CTOPOHEBI IIPAMOYIOJBLHHAKA?

b Ilycrs ocHOBaHHMe NIIPAMOYTOJIBHUKA PABHO X CM, & BHICOTA PABHA Y CM.
Taxk Kak nepumerp IpsAMOyroJsHUKa paBedH 80 cm, To

2x + 2y = 80.
IInomazns NpAMOyroabHUKA paBHa xy cm>. Ilocse yBelIwdeHHsA cTO-
POH OCHOBaHHWe NPAMOYroJbHUKa Oyper pasHo (x + 8) cm, BeIcOoTa
6yzer pasHa (y + 2) cM, a momans 6yxer paBHa (x + 8)(y + 2) em>.
Ilo ycioBHI0 3azaum IJIOIIAAb NPAMOYIrOJbHUKA YBEJIWUYHUTCA B
moJITopa pasa, T. e.

(x+ 8)(y+ 2) = 1,5xy.
HUrar, umeem cucreMy ypaBHEHUI
{2x + 2y = 80,
(x + 8)(y + 2) =1,5xy.
Pemius eé, maiipém, uto x; = 28, y, = 12 wm x, = 24, y, = 16.

3agaya umeer ABa pemeHus. CTOPOHBI NPAMOYIrOJbHUKA DABHEI
28cm u 12 em uim 24 em u 16 em.

YnpaxHeHus

455. Cymma aByx uwcen paBHa 12, a mx nmpousreesienue passHo 35. Haii-
JUTE 9TH YHCIA.

456. OxHo yucno Ha 7 OoJblle APYroro, a UX OpousBeJeHue paBHO —12.
Haiigure aTu umcia.

457. [luarosans npsaMoyrojasHuKa paBsa 10 cM, a ero nepuMeTp paBeH
28 cm. Haiinure CTOPOHBI IPAMOYrOJbHUKA.
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458.

459.

460.

461.

462.

463.

4640

465.

466.

467.

468.

OxHa U3 CTOPOH NPAMOYTOJAbHUKA Ha 14 cMm Goxsme apyroit. Haii-
JIATe CTOPOHBI NIPAMOYIOJbLHUKA, €CJIH ero AuaroHanb pasHa 26 cm.

IIpAMOYroJbHBIM YYaCTOK 3€MJIH

mromaznsio 2400 m? oGHECEH M3TO-
poanio, [JHHA KOTOPOH paBHA
200 M. Haiigure 1yuHYy 1 MIUPUHY
ATOr0 yYacTKa.

IlepumeTp NPSAMOYIOJBLHOTO TpEY-
roibHHKa paseH 84 cm, a ero ru-
norenysa paBHa 37 cm. Haiigure
ILJIONIIA/Ib ATOTO TPEYIroJbHUKA.

M3 HeKOTOpPOro NYHKTA BBIILIMA OAHOBpeMeHHO ABa orpaza. Oxuu
HaIpaBWJICA Ha ceBep, a JApyroi — Ha Bocrok. Cmycra 4 4 pac-
CTOAHUE MeXAY OTPAAZAMH ObLIO paBHO 24 KM, NPUYEM MOepBBLIH
orpsiyi npomén Ha 4,8 KM Oosbme, yem Bropoil. C Kakoil cko-
POCTBIO IIEJ KamAbIA oTpsan?

OT BepIIMHEI IIPAMOrO yIja Io €ro CTOpoHaM HauYMHAKT OJHOBpE-
MeHHO ABHraThbcsa JBa Tejia. Yepes 15 ¢ paccroaHue MeKIy HUMH
crajgo paBHo 3 M. C Kakoil CKOpPOCTBHIO JBHUTAJIOCh Kaxioe TeJio,
ecJaM M3BECTHO, YTO IepBoe mporwio 3a 6 ¢ Takoe e paccTosHHe,
Kakoe BTOpoe Ipoiuuio 3a 8 c?

Ha kak70#f M3 CTOPOH IPAMOYrOJbHHKA mocTpoeH kBajapar. Cymma
nJomanei KeagpaToB paBHa 122 em’. Haitgure CTOPOHBI IPAMO-
YrONIHUKA, eCJIM M3BeCTHO, UTO ero ILIomanb paBHa 30 cm’.

ILromaas IPAMOYTOJILHOIO TPEYTOJILHUKA paBHA 24 cM”, a ero ru-
noreHysa paBHa 10 cm. KaxoBbl Karersl TpeyrojbHuKa?

TunoTedysa NpAMOYroJbLHOrO TpeyroisHuka papHa 13 cm. Eciam
OIHMH U3 ero KaTeToB yBeJWYUTH Ha 4 CM, TO THIOTEHY3a yBeJIH-
yuTcsa Ha 2 cM. HaliiuTe KaTreThl TPeyroJbHHKA.

Onuna KomOailHEDP MoskeT yOpaTh yposkail IIIeHHMIbl ¢ y4acTKa Ha
24 4 6picTpee, yem apyroit. [Ipu coBmMecTHOI ke pabore oHM 3a-
KoHYAT yOOpKY yposkas 3a 35 u. Ckonbko BpemMeHHM mnorpedyercs
KayKJIoMy KoMOaWHEpY, 4ToObl OJHOMY yOpaTh yposKait?

Opua u3 OOPOKHEBIX Opuran moskeT saacdalbTHUPOBATE YUaCTOK I0-
poru Ha 4 u GbicTpee, ueM Apyras. 3a CKOJIbKO YacOB MOXKeT 3a-
acalbTHUPOBATh YYACTOK Ka)kaasa Opurajga, ecnm 3a 24 u co-
BMeCTHO# paboTsl oHM 3aachalbTHPOBAJH ObI 5 TAKHX y4acTKOB?

IMonoxue B 6aAHK HEKOTOPYIO CYMMY JeHer, BKJIAAUMK MOI IIOJY-
uyuThs uepes rox Ha 400 p. Goabmre. OcTaBUB 3TH JeHLI'M B ODaHKe
ellé Ha roji, OH CHSJI CO CBOEro CYéTa BCIO CYMMY, KOTOpad cocTa-
Buna b832 p. Kaxkasa cymma JeHer Oblia MmojoxeHa B GaHK u
CKOJIBKO HPOIEHTOB I'OAOBBIX Hauucadaa 6aHk?

§ 7. YpaBHeHusa ¢ OByMsl NEPEeMEeHHbIMU U UX CUCTEMbI
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469.

470,

471.

472.

473.

474.

475.

476.

JIBa sKckaBaTopa, paboras OJHOBpEMeH-
HO, BBINOJHAIOT HEKOTOPBIA 00BEM 3eM-
JAHBIX pabor 3a 3 u 45 muH. OguH asKC-
KaBaTop, paboTad OTHEJIbHO, MOMKeT
BBIIOJIHUTE 3TOT 00BEM pabor Ha 4 U
6bicTpee, yeMm Apyroit. CKOJNIBKO BpeMeH:’
TpebyeTca Ka)KIAOMY JSKCKABaTOpy B OT-
JAEJBHOCTH [JIsi BBITIOJHEHHUS TOTO JXKe
obbéma seMyAHBIX pabor?

I'pys maccoit 30 Kr mpomusBOAMT AaBiieHHe Ha omnopy. Ecim macey
Ipy3a yMeHBIIHUTH HA 2 KI, 4 IJol[aJb OINOPBl YMEHBIIXUTH HAa
1 am%, TO0 wmMacea, NpUXOAANIAACA Ha KaXXABIM KBaApPaTHBIN
JenyMeTp Omopel, yBenuuurcsa Ha 1 kr. Haligure miomagb OmOpSI.

PanuoranmusaTopbl IieXa BHEAPHIHM B IPOU3BOJACTBO YCOBEpPIIEH-
CTBOBaHHBIN TuUn jgeranu. OnpepennTte Maccy AeTaJId HOBOTO M CTa-
poro THIOB, €CJIX M3BECTHO, 4YTO JeTajs HoBoro tuma Ha 0,2 Kr
Jerde AeTajgy CTaporo THia, NIpuYéM u3 22 Kr MeTaJjia CTald ae-
JaTh JeTaJled HOBOrO THUIIA Ha [Be 00oJbllle, YeM JeJaad aerajeil
craporo Tumna u3 24 Kr merasia.

W3 nyEKTOB A 1 B, paccTosHHE MEXAY KOTOphIMKM paBHO 40 xM,
BBHIIJIM OZHOBPEMEHHO HABCTPeUy APYr APYTry ABa mermmexona. Ye-
pes 4 4 MM ocTajiock IpodTH 10 BeTpeuw 4 kM. Ecaum 6w us
nNyHKTa A Iemexoj BeIIIed Ha 1 4 paHbIne, TO BCTpPedYa MIpPO-
uzonuna Obl Ha cepeguHe nyTud. C KaKoW CKODPOCTBHIO IMET Kamk-
OBIA meniexon?

U3z mysxra M B myHKT N, paccTodHHWE MEMKAY KOTOPHIMH DPaBHO
18 kM, BBIOIIM OZHOBPEMEHHO ABa TypucTa. OAuH M3 HUX HPUOBLI
B nyeEkT N Ha 54 mMuH noaxe, uem apyroi. Hailigure cxopocrtsh
KaXJOr0 TYPHCTA, €CIHM H3BECTHO, UTO CKOPOCTE OAHOIO M3 HUX
Ha 1 KM/4Y4 MeHBbIIe, 4YeM CKOPOCTH APYTOro.

W3 mHacenénHbIX nNyHKTOB M m N, ypanéHHbIX APy OT Apyra Ha
50 kM, BEIEXa/IH OZHOBPEMEHHO ABA MOTOLMKJIMCTA H BCTPETHJIMCH
yepesz 30 muu. HajliguTe CKOpPOCTh Ka’sKAOTr0 MOTOLIUKJ/IMCTA, €CIIN
M3BECTHO, YTO OJAMH U3 HUX NpUOEBLI B NYHKT M Ha 25 MHH paHb-
me, 4eM ApPyroit — B OyHKT N.

Ilocine Toro raxk cmemanu 12 r omsHoi »Kuakoctu ¢ 14 r gpyroi
KHUAKOCTHA OOJBINEH NJOTHOCTH, IOJYYHIHA CMECh, IIJIOTHOCTH
KoTopoil paBHa 1,3 r/cma. KaxoBa IJIOTHOCTE KaKIOHM »KHUIKOCTH,
ecJId M3BECTHO, YTO ILJIOTHOCTH ONHOI M3 HuX Ha 0,2 I‘/CM3 60JIb-
1Ie IJIOTHOCTH ApPYyroii?

W3 kycka osoBa Maccoi 356 r m Kycka menu maccoit 438 r cue-

ganu ciias. M3BecTHO, 4TO MJIOTHOCTH ojioBa Ha 1,6 r/cm3 00J1B-
mre IoTHOCTH Meau. Haliure 00BEM KaKI0Or0 KyCcKa MeTasLIa, ec-

au 06BéM Kycka osoBa Ha 20 cM® MeHbIIe 06BEMa KycKa MeLH.
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477. K pactBopy, cozep:kamemy 50 r coam, mobasuam 150 r Boawbl.
ITocse aroro ero KoHHEeHTpanus yMeHbHImwiIack Ha 7,5% . Ckroib-
KO BOJABI COZEp’KaJl PacTBOP M KaKoBa Oblia ero KOHIeHTpamus?

|
478. B kaKUX KOOPAMHATHBIX YeTBEPTAX HET HU OJHOU TOYKM rpadu-
Ka (PYHKIUHU:

| &) y=-3,52° - 2,6; 6) y= x% — 12x + 347
;479. Pemure cucreMy ypaBHeHWMIA:

E a) [Bx+y+4=0, 6) [y+38x=2,

1 {x2 ~yt= 9 {x2 - xy = 3,36.

1480. He BBIOSHSAA MOCTPOEHUA, HAWJUTE KOOPAMHATHI TOYEK Ilepecede-
HUA:

a) mapa6ossl y = x> — 3x+ 3 u npamoit 2x—y— 1 = 0;
6) OKpY;KHOCTH X° + y2 = 100 u opsamoit x + y = 14.

e

481. Pemure HEpaBeHCTBO:
a) x° — 6x < 0; 6) 8x+x° = 0; B) x° < 4; r) % > 6.

KoHTponbHbie BONpoChkl U 3agaHus

‘I Y10 Ha3bIBAETCA PELLEHUEM ypaBHEHUS! C ABYMSI MEPEMEHHLIMU?
. Y10 HasbiBaeTcs rpaduMkoM ypaBHEHUS C ABYMS NEepemMeHHbIMU?

| OBBbACHUTE Ha NMpUMepe, Kak peLlaioT CUCTEMY [BYX YPaBHEHWA C
ABYMSi NEPEeMEeHHbIMWU, COCTaBfIEHHYIO U3 OAHOr0 ypaBHEHWUs BTOPOM
. CTENeHn U OOHOro ypaBHEHUS NMEepBOW CTEMNeHu.

HEPABEHCTBA C ABYMSA NEPEMEHHbIMU
U UX CUCTEMDI

21. HepaBeHCTBa C ABYyMSI NepemMeHHbIMU

Paccmorpum Hepasercrso 2x° — y < 6. Ilpm x= 2, y= 5 ato Hepa-

BEHCTBO OOpalljaeTci B BepHOe YHCJIOBOe HepaBeHCTBO 2 * 22 — 5 < 6.
I'oBopsaT, uro mapa (2; 5) siBIsfeTcA pelIeHMEM 3TOr0 HepPaBeHCTBA.

- PemmeHuem HepaBeHCTBAa ¢ JBYMA IIepeMEHHBIMH HAa3bIBAETCS
napa 3HaYeHHMHM B5THX NepeMeHHBIX, obpamnarminas AaHHOE
HepaBeHCTBO B BepPHOE YHCJOBOE HEpPaBeHCTEO.

L
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Paccmorpum, Kax usobpakaeTcs Ha KOOPAMHATHOU IIJIOCKOCTH MHO-
JKeCTBO peIleHUN HepaBeHCTBA C JABYMA NepPEeMeHHBIMH.

Cravana BBIACHMM, KAK HAWTH MHOXKECTBO PEIIEHWHN JIMHEMHOro He-
PaBeHCTBa C OBYMs IlepeMeHHLIMH, T. €. HepaBeHCTBa BHAa ax +by < c¢
wia ax + by > ¢, rae x U y — NepeMeHHble, @, b U ¢ — HEKOTOphIe Yucia,
npuuéM XoTA OBl OAMH U3 Koa(hpUIHeHTOB a Wian b OTJIHYEH OT HYJIA.

PaccmoTrpuM, Hanmpumep, HepaBeHCTBO x + 2y > 4 W 3aMeHHM €ro
PABHOCHUJIBHBIM HEpPaBeHCTBOM

y>—0,6x+ 2.

BribepeM NnpousBoJibHO 3HAUEHHE X, HAUPUMEp X = 2, U HaAUAEM
COOTBETCTBYIOIIlee eMy sHauveHue BeIpaxkeHusa —0,5x + 2. Iloanyumm
-0,5-2 + 2 = 1. Ilapa uncen (2; 1) ABnAeTcA pellleHMeM ypaBHeHHA
y=—0,5x+ 2, Tak Kak eé KOOPAWHATHEI YJOBJIETBOPAIOT 3TOMY ypaBHe-
"Huio. Jlrobeie maper umcen Bupa (2; y), rge y > 1, Hanmpumep napsl
(2; 1,8), (2; 4), (2; 100) 1 1. g., ABIAIOTCA PeLIeHUAMH paccMaTpuBa-
eMoro HepaBeHcTBa. MBI HAILIM JHUINL HEKOTOPbIE pellleHUs HepaBeH-
crea y > —0,5x + 2. Urobs1l HaliTu Bce pellleHUsA JaHHOTO HepaBeHCTBA,
OyaeM paccysKJaTh aHAJOIMYHO.

Ilyers x, — npousBosibHO BbhIOpaHHOe 3HauyeHHe X. BbluuciauMm coor-

BETCTBYWOINee eMy 3HaueHue Beipaskenusa —0,5x+ 2. Ilomyuum
-0,5 - x5 + 2. Tlapa umces (xy; Yo)> TRe Yo = —0,5xy + 2, aBnaerca pe-
menueMm ypaBHeHus y = —0,5x + 2. Torma nmapel uucen (x4; y), Tae
y> —0,5x; + 2 (1. e. y > y;), ¥ TOABKO 3TH Naphbl, 06pa3y0T MHOKECTBO
pelIeHuil JaHHOI'0O HepaBeHCTBA.

Teneps BBIACHUM, YTO HpEACTABIIA-
erT cob0ll MHOKECTBO TOYEK, KOOpAWHA-
ThI KOTODPBIX ABIAKTCA peIUIeHUAMU
HepaBeHCTBa x + 2y > 4. Jlna aroro
mocrpouMm npsamyo y= —0,5x+ 2, or-
MeTHM Ha Hel IIPOM3BOJIBHYIO TOUYKY
M (xq; yo) ¥ IpOBenéM uUepe3 Heé IpHA-
MVI0, MNepHeHAUKYJAPHYI OCH X
(puc. 66). Koopaurarel Touku M yaoB-
JeTBOpAIT ypaBHenuio y= —0,5x + 2
(rak kak touka M HOpUHANIEKUT STOU
IPAMO), 8 KOOpPAHUHATE! JI000H TOYKH
K(x¢; y), A€ y > y,, T.e. TOYKHU, pac- Puc. 66
IIOJIO?KEHHOH BBIIIe TOUKU M, yaOBIeT-

BODPAIOT HepaBeHCTBY y > —0,5x + 2.

BpaunT, HepaBeHCTBOM X + 2y > 4 3agaérca MHOMKECTBO TOUEK KOOp-
OIUHATHOH TJIOCKOCTH, DACIOJOMKEeHHBIX Bbime npamou y= —0,5x+ 2,
T. €. OTKPBITAS TOJYILUIOCKOCTH (HOJIYILUIOCKOCTh Ge3 IpaHMYHON IPAMOI)
(cm. puc. 66). Yto6er mokasath, 9ro npamaa y = —0,5x + 2 He npuHanje-
JKUT TOJNYILIOCKOCTH, OHA HA PUCYHKe M300pajkeHa IITPUXOBON JMHUEH.

MoskHO cmenars Taxkoil BeiBoA. Ilpsamas x + 2y = 4 pa3buBaeT MHO-
JKECTBO He NPHHAMJIeKAIIUX el TOUeK KOOPAUHATHOM ILJIOCKOCTH Ha JiBe
obsacTu: 067aCTh, PACIOJIOKEHHYIO BBIIIe AaHHOM HpsMoil, U objacTs,
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PaCIOJIOMKEHHYIO HUKe NaHHOH npamoi. KoopauHaTel TOYeK mepBoi 00-
JIACTH YAOBJIETBOPAIOT HEpaBeHCTBY X + 2y > 4, a KOOPAMHATHI TOUYEK
BTOpOi1 00JaCTH YAOBIETBOPAIT HepaBeHCTBY X + 2y < 4.

MEI BRISCHUJIM HA YACTHOM IIpUMeEpe, 4YTO IpejcTaBisgeT coboi MHO-
JKeCTBO TOYEeK KOOPJMHATHON IJIOCKOCTH, YAOBJIETBOPAIOIIUX HEPaBEH-
crBaM ax+ by < c¢ u ax+ by > ¢, B cayuae, Korga b # 0.

PaccmoTpuM npuMepbl HEPABEHCTB C ABYMS I[€PEeMEHHBIMH BTOPOH
CTeIleHH.

IIpumep 1. Uzo6pasum HaA KoopauHAT- y
HOI IIJIOCKOCTH MHOKECTBO pelle- \
HU HepaBeHCTBa y = (x — 2)°.

p ITocTpouM rpadur ypaBHeHHHA \
y = (x— 2)% Ormerum Ha mapabose 44
y = (x— 2)* IPOUBBONBHYIO TOUKY
M(xy; yo) ¥ TpoBenéM uepes 37
9Ty TOYKY NepHeHJUKYIApP K 1\
ocu x (puc. 67). KoopamuaTer Tou- Y e M
Ki M yAOBIETBOPAKOT YPABHEHUIO 1 I
y=(x— 2)%, a KoopAMHATHI TOYKH 1 \ /’

K(xy; y), roe y > y, YHAOBJIETBO- y ¢ ¢ >
pAIOT HepaseHCTBY Yy > (x — 2)%
3Ha4YUT, PpeleHus MU JaHHOI'O
HepaBeHCTBA ABJIAIOTCA KOODAMHA-
THI TOUEK, NPUHAMJIEKAIIUX Napa- Puc. 67

Gose y = (x — 2)?, ¥ KOOpAMHATHI

TOYEK, PACHOJIOKEeHHBIX BBIIIE e, Yi
MHOKecTBO peleHu#l 3Toro He- 4T
paBeHCTBa M300pa’keH0 HA PUCYH- /f—a\

ke 67. <

IIpumep 2. M3ob6pasum Ha KOOpAMHAT- N iR ew IERTYIEES
HOM INIOCKOCTH MHOJKECTBO pellle-

Hui HepaBeHcTBa x° + y® < 16. \. - /

» Hepaserncrsy x° + y®> < 16 ygos- o=l P
JIETBOPAIOT Te U TOJBKO Te Iaphl —4)
qucen (3HaUeHMEt X M y), cymma
KBaJpaTOB KOTOPBIX HE IIpeBoC-
xoxut 16. I'padbmxoM ypaBHeHHMS Pyc. 68
x>+ y? =16 saBnserca OKpYK-

HOCTh C LEHTPOM B Hadajle KOOPAWHAT U PAJNYCOM, PaBHEIM 4.
9Ta OKPYKHOCTh pas3bMBaeT KOOPAMHATHYIO IJIOCKOCTH Ha JABE 06-
JIACTH: MHOKECTBO TOYEK, PACIOJOMKEHHBIX BHYTPH Kpyra, © MHO-
JKECTBO TOYEeK, PAaCHOJOKeHHBIX BHe Kpyra. Ilepsas o6sacTse
(puc. 68) BMecTe C OKPYIKHOCTHIO SBJISETCA MHOMKECTBOM TOYEK,
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KOOPJAMHATHEI KOTOPBIX YAOBIETBOPAKT HEPABEHCTBY x? + y2 < 16,
a KOOPJAHMHATHEI TOYEeK BTOPOI 00JIACTH VAOBJIETBOPAIOT HEPABEHCTBY
x2+ > 16. 4

IIpumep 3. BrigcHuM, Kakoe
MHOJKECTBO TOUeK 3ajmaércs
HepaBeHCTBOM xYy > 6.

p I'padurom ypaBHenus xy = 6

ABiagercsa runepbosa. IroT B 6
rpacpux pasbuBaeT KOOpAHU- 44
HATHYK IIJIOCKOCTBE Ha TpH Yo

obnacru: A, B u C (puc. 69).
Ob6uiacte A pacroJioskeHa BEI-

[Ie BeTBH THIepGOJBI, Jexa- Yy 0
et B NepBOil KOOPAMHATHOM 000 % x|
yeTBepTH, 00sacte B — mex- // / ///// ’C)
oy BeTBAMH runepboibl, /y/ ///‘ T
obnacte C — HHKe BeTBU I'M- / T
nepbosibl, Jekalneil B TpeTben ,, //;

KOOPAMHATHON YeTBEPTH. 7 / /

OrmeTuM Ha BeTBH rumepbo-

JBI, PACIIOJIO’KEHHOW B mep-

BOH KOOpAMHATHON yerBepTH, Puc. 69

Touky M (x,; y,). Koopauna-

Thl TOUKU M VYAOBJIETBOPAIOT ypaBHEHHMIO Xy =6, a KOOpAMHATHI

rouku K (x,; y), The Y > Y,, YAOBIETBOPAIOT HepaBeHCTBY xy > 6,

TaK KaK IpOoU3BeleHHe KOOPAUHAT KaskKA0W TOYKH obnacTH A 60Jb-

me 6. 3HAYUT, KOOPAMHATHEI TOUYEK, PACIIOJOKEHHBIX B obiaacTu A,

VIOBJIETBOPAIOT HEpPaBeHCTBY Xy > 6.

Ecnu Touka npuHaje:xkuT obsactu C, TO IMpoH3BeJeHHE KOODAU-

HAT KaJ0i Takoil Touxku Takike Gosbire 6 (o6e KoOOpAMHATHI ITOM

TOYKH — OTpUIlATENbHBIE YMCJIa). S3HAYUT, KOOPAMHATHEI TOUYEK 006-

nactu C Takske YOBJIETBODAIOT HepaBeHCTBY xy > 6.

AHAJOTHYHO MOJKHO A0Ka3aTh, YTO KOOPAMHATHI KaKJ0# TOYKH,

pacmoJyoskeHHOH B of6iactu B, yZOBJIETBOPAIOT HEPABEHCTBY
xy < 6, T. e. OHM He SIBJIAIOTCA PeIIeHMAMHU HepaBeHcTBa Xy > 6.

Orciofa cieayeT, 4TO MHOYKECTBOM TO4YeK, KOOPJAMHATHI KOTOPBIX

YAOBJIETBOPSAIOT HEPaBEHCTBY xy> 6, aABiasgeTca oOBbeAMHEHHE 006-

nacreit A u C (em. puc. 69). <

Vngaxueuun

482. fisaserca M mapa ducel (—2; 3) pemeHueM HepaBeHCTBA:
a) 2x— 3y +16 > 0; r)(x+y)(y 8) <1;
6) x + 3xy —y* < 20; n) x +y—x—y;30
B) (x+ 32+ (y—4)* < 2; e) 3x%> — 5y + x—y < 11?

YpaBHEHUA U HepaBeHCTBa C ABYMS NepeMeHHbIMU
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483.

487

489

490

491.

492,

HajinuTe nBa KaKUX-HUOYAb pelleHUs HepaBeHCTBAa:

a) y> 2x—3; B) y< x2 - 1;

0) y<3x—5; r) x2+y2< 9.

HN3zo6pazuTe HA KOOPAHHATHOHM IIJIOCKOCTH MHOYKECTBO TOYEK, 3a-
JaBaeMoe HepaBeHCTBOM:

1 1
a) y = x; 6) y<x-—1; B)y>zx—1; r) y<zx-—3.

HBOGP&SHTE Ha ROOp,I[HHaTHOﬁ NJOCKOCTH MHOMeCTBO TO4YEeK, 3a-
naBpaeMoe HepaBeHCTBOM ax + by > ¢, ecJIH:

a)a=0,b=1, ¢c=3; 6)a=1, b=0, ¢c= 3.

HNzobpasuTe Ha KOOPAMHATHOM NIJOCKOCTH MHOKECTBO TOYEK, 3a-
JlaBaeMoe HePABEHCTBOM:

a) x> 3; 6) y<-1; B) 1<x<4; r) -3< y<a3.
H3zo00pasure Ha KOOPAMHATHON NJOCKOCTH MHOXKECTBO peIleHHIt
HepaBeHCTBAa:

a) y<x®-4; B) x% + y? < 25;

6) y = (x—2)% - 1; r) (x—1)°%+ (y—-2)? < 4.

(Ina pabomwu. 6 napax.) UzobpasuTe Ha KOOPAHWHATHOM ILJIOCKOC-
TH MHOJKECTBO pellleHHuii HepaBeHCTBA:

a) xy < 4; 0) xy > —6.

1) Pasbepute cOBMECTHO mpumMep 3, IPUBEAEHHBIA B nyHKTe 21.
2) Pacupepenure, KTO BBLINOJHSET 3aJaHue a), a KTo — 3agaHue 0),
¥ BBIDOJHHUTE HX.

3) IlpoBepsTe APYr y Apyra IpaBHUJIbHOCTH BBINIOJHEHUA 3aJaHUA
M HCOpaBbTe OIMMOKM, €CJIM OHM JOIYIIEeHBI.

Kaxoe MHO>KeCTBO TOYeK Ba.uaé'rca HepaBeHCTBOM:
a) x>+ y* - 6x—4y+13 < 0;

6) x> —4x-y+5>0?

Banaﬁ're HepaBeHCTBOM C ABYMHA IIepeMeHHBIMH:

a) Kpyr ¢ meHTpoM B Touke (2; 0) m paguycom, paBHEIM 3;
6) MHOMKeCTBO TO4YeK, pPaCIOJIO}KEHHBIX BHE Kpyra ¢ IeHTPOM B
Touke (0; 4) m paxgmycom, paBHBIM 2.

Onumure HepaBeHCTBOM MHOMKECTBO TOYEeK ROOD}IHH&THOﬁ IJjoc-
HKOCTH, PaCIIOJOMEeHHbIX!:

a) BeIIIe mapabousl y = x2 — 9;
6) mEmxe mapabonsr y = (x + 2)°.

WzobpasuTe Ha KOOPAMHATHOMU IJIOCKOCTH MHOMKECTBO pelIeHHM
HepaBeHCTBA:

a) xy 2 0; 6) xy <0.

§ 8. HepaBeHcTBa C ABYMS NEPEMEHHbLIMU U UX CUCTEMBI
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493. ITocTpoiiTe rpadpur ypaBHeHHU:
s N
X

a) x’-y*=0; 0)

494, IlpencraBeTe B BUAE PALlMOHAJLHON ApoOmM:
x-1 1-x
x+2  243x+2

495. Pemure cucreMy ypaBHeHUMH

5 -y-2=0,
2% - 2xy + y? = 4.

22. Cucrembl HEPaABEHCTB
C ABYMS NepeMeHHbIMU

PaccMOoTpUM cucTeMy HEDPABEHCTB € JBYMSA NepPeMeHHBIMHU

xéyz,
y<x+2,

ITapa umcen (1; 2) 3HAYeHWI NEpeMEHHBIX X WU Y ABJIAETCHA pele-
HHMEeM KaK IIepBOro, Tak M BTOPOr'0 HepaBeHCTBA CHUCTEMBbI, T. €. SBJIfA-
ercsa OOIMM pellleHHWeM HepaBeHCTB ATOM cucTeMbl. Takyio mapy ducen
HA3BIBAIOT DeULeHUEeM CUCHMeMbl. HepasdeHcme ¢ 06YMs nepemeHHbLMU.
MHO>KXeCcTBOM peIlleHHuil CHCTEeMbl HEpPaBEeHCTB C JBYMs IepeMeHHBIMH
ABJAETCH IepecedyeHMe MHOKeCTB pelIeHWi BXOAAMIHUX B Heé Hepa-
BeHCTB. Ha KOODAMHATHOM NJIOCKOCTH MHOXKECTBO peIlleHHMH CHCTeMEI
HEpaBeHCTB M300parkaeTcid MHOMKECTBOM TOYEK, IPeJCTaBIAIIINX CO-
6o# 00IIVIO YacTh MHOYKECTB, 3aJaBaeMbIX HepaABEHCTBAMH, BXOAAIIH-
MH B CHCTEMY.

PaccmoTpuM npUMeEpEI.

IIpumep 1. BoisicEuM, Kakoe MHOYKECTBO TOUEK 3a/1aéT Ha KOODAMHAT-
HOM TJIOCKOCTH CHCTEMa HepaBeHCTB

22+ y? < 4,
x+y~-1.

p IlepBoe HepaBeHCTBO CHUCTEMBI 3a7a6T Ha KOOPAMHATHOH IJIOCKOC-
TH KDPYT C IEHTPOM B Hauyajie KOOPAMHAT M pPaJnycoM, PaBHbIM 2.
Ha pucynke 70 3TO MHOKeCTBO TOYeK IOKAa3aHO INOPMUIOHTAJIBHOM
IITPUXOBKOM. BTopoe HepaBeHCTBO 3aAaéT MOJYIJIOCKOCTB, KOTO-
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pas mokasaHa Ha pucyHKe 70 HAKJIOHHON IITPUXOBKOU. Muoxxe-
CTBO pemIeHWi CUCTEMbl M300paKeHO ABOWHON IITPUXOBKOM.
WUrak, MHOXKECTBOM TOYEK, KOTOpOe 3aflaéT CUCTeMa HepPaBeHCTB

2+ yt <4,
x+y=21,

ABJIAETCS CerMeHT, IOKa3aHHBINR
Ha pucyHKe 70 nBOMHOH IITpH-
xoBKo#. <

OcranoBuMcs noxpoOHee HA IIpUMe-
pax cucTeM, COCTOAIIHMX M3 ABYX JIH-
HelHBIX HepaBeHCTB.

IIpumep 2. Usob6pasum Ha KoOpHAH-
HATHOW IIJIOCKOCTH MHOJMKECTBO
pelIeHHl CHCTeMBI

yz2x-2, +
y=-156x+ 3. Puc. 70

P Muo)xecTBO TOYEK, 3ajaBaeMoe IEPBRIM HepPaBeHCTBOM, — MOJY-
IJIOCKOCTb, PACIIOJIO}KEHHAS BbIIIe OpAMOH y=x — 2. MHOXeCcTBO
TOYEK, 3aJaBaeMOe BTOPBIM HEDPABEHCTBOM, — IIOJIYIIJIOCKOCTB,
pacnosioskeHHasi Beime npsmoit y = —1,5x + 3. Ilepecedyenue aTux
MHOJKECTB IIpeAcTaBaseT co00H yroJs, OTMeYeHHBIH Ha KOODAUHAT-
HOM ILIOCKOCTH ABOWHOM mITPUXOBKO# (puc. 71). <

Do
Ry

Puc. 71 Puc. 72
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IIpumep 3. BeiicHUM, Kakoe MHOKECTBO TOUYEK 3a7aéT Ha KOOPAMHAT-
HOH IJIOCKOCTH CHCTEMa HepPaBEeHCTB

y<s2x+1,
y=z2x - 2.

P MHOKeCTBO TO4YEK, 3a/jaBa€MO€ IIePBLIM HEpPaBeHCTBOM, — IIOJIY-
IJIOCKOCTh, PACIIOJIOKeHHAadA HHUKe npamoil y = 2x + 1. MuoxecTBO
TOYEK, 3a8/laBaeMoe BTODPBIM HEpPaBEHCTBOM, — IOJYILIOCKOCTh, pac-
MOJIO}KeHHasl Bblle npaMod y = 2x— 2. Tak kak yriosbsie Koaddu-
IIAEHTHI IIPAMBIX

y=2x+1uny=2x—-2
PaBHEI, TO TpAMEBIe HapasuenbHbl. CllefoBaTelbHO, HepecedeHHueM

VKasaHHBIX IOJYIIJIOCKOCTEH SBJAeTCAa I0oJioca, M300pa)xkéHHas Ha
pucyHKe 72. <

YnpaxHeHus

496. fiBnAerca MU pelIeHWEM CUCTeMbl HePABEHCTB
2P-2y>1,
3x+y >3

mapa 4ucesi:
a) (4; 2); 6) (~b; 1); B) (—2; =1} r) (6; —5)?

497. (Jna pabomwur 6 napax.) Iloka)kure IMITPUXOBKOH HaA KOODPAMHAT-
HOH ILJIOCKOCTH MHOMKECTBO PeIeHUil CHCTeMbl HePABEHCTB:

a) Jly=zx-3, B) [-2x +y < -1,
ys—-x+3; x—y=>3;

6) |[x -2y <4, r) Jx+y =3,
x+y<3; x -y <2

1) O6eyaure, ¥ KaKOMy BHAY yAOOHO IIPUBECTH HEPABEHCTBA CHC-
TeMbl B 3ajaHusax 6), B) u r).

2) Pacnpenesnure, KTO BBIOJHAET 3aJaHUA a4) U B), 4 KTO — 3a-
nanusa 0) ¥ r), ¥ BRIOOJHHUTE HUX.

3) IlposeprTe Apyr y gpyra, IPaBUJIBHO JIH IIOKA3aHO MHOYKECTBO
PelLIeHni CHUCTeMbl HEPABEHCTB B Ka)XIOM cCJydae.

498. M3o6pasuTe HAa KOOPJAMHATHON NJOCKOCTH MHOYKECTBO pelleHUi
CHCTEeMBI HEPABEHCTB:

a) |x =22, 0) |x < -1, B) |[x+2=20,
y=21 y > 0; y—-3<0.

499. Banaiire cucTeMoil HepaBEHCTB:

a) mMepBYI0 KOOPAWHATHYIO YETBEPTH (BKJIOYAA OCH KOODAHHAT);
0) TpeThI0 KOOPAMHATHYIO 4YeTBepTh (BKJIIOYAA OCH KOODPAHUHAT).

| EEERL YpasHeHus W HepaBeHCTBa C ABYMS MNEpPEMEHHbLIMU
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500. U3006pasuTe Ha KOOPAWHATHOM TMJOCKOCTH MHOXKECTBO DeIleHHi

CHCTEeMBbI.
a) {yéxz, B) |22+ Y% <9,
y<4 (x-3°+y°<9;
6){x2+y2<4, ) [(x-22+@w+1)72>1,
x-y=0; (x - 27+ (y+1)?<0.

501. (Badaua-uccaredosanue.) llpn Kakux 3HaueHUAX k u b cucrema He-
y<3x-—1
y=2kx+bd
a) moJocy; 6) yrou; B) npamyo?

Mo:keT 1 3Ta CUCTEeMa He MMETh pPelleHHi?

1) O6eynuTe, Kaxoe MHOMKECTBO TOYEK 3aJaéT Ha KOOPAHHATHOH
IJIOCKOCTH KaKJA0e HepaBeHCTBO CHCTEMBEI.

2) BeisicHuTe, IpYM KakuUX 3HAUYeHUAX k W b cucTemMa HepaBeHCTB
3aaéT IoJIOCY; YIroJi; NPAMYIO.

3) IIna KasKAoro caydas HPOUJLIIOCTPUPYHITE CBOM OTBET PHCYHKOM.
4) IlpuBeguTe NpuMep, KOIJa Takas cUCTeMa HepaBeHCTB He HMe-
eT peIlleHui.

aBEHCTB ’ 3a7aéT HAa KOODAWHATHOM IJIOCKOCTH:
b

502. BagaiiTe cucTeMOll HepaBEHCTB:
a) TPeyroJbHUK, U300pasKEHHBIN Ha pUCYHKe 73, a;
6) KoabBIO, M300paXKEéHHOe Ha pUcCYyHKe 73, 0.

503. Ogua M3 CTOPOH OCTpOro yrija npoxoaur deped Touku (0; 0) m
(3; 3), a apyras — uepesd Touku (0; —2) u (3; —2). 3agaiiTe aToT

yIroJi CHCTeMOil HepaBeHCTB.
504. Pemmute ypaBHeHHE:

a) (x+ 2)*+ 9(x+ 2) + 20 = 0; 6) (x— 5)°+ 2(x—5)— 63 =0.
505. Haiigute obiacth onpezeneHus QYHKIHH Y = \/x -b+ J15 - x.

a) Ya 6) Ya
10

/51_
-10 -+5Q

=Y
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506. oxaskure, 4TO BEPHO HEPABEHCTBO
6x(x+ 8) — (6x— 2T)(x+ 17) > 0.

KoHTpOnbHbIE BONPOCHLI U 3a8aHUsA

Y10 HasbiBaeTcH peweHuemMm HepaBeHCTBa C ABYM#A nepemMeHHbIMn?

Kakyio napy uucen HasblBaloT peleHuemM CUCTEMbl HEepaBeHCTB C
. OBYMSl nepemMeHHbIMU?

. N306pa3uTte Ha KOOPAMHATHOW MIOCKOCTM MHOXECTBO PELIeHWit
HepaseHcTBa: a)x+ y=4; 6)xy=4.

M300pa3nte Ha KOOPAWHATHOW MNNOCKOCTU MHOXECTBO peLueHui
CUCTEMbl HEPABEHCTB

x? + y? < 36,
x+y<6.

Hna mex, kmo xouem 3nambv 0oabule

23. HekoTopbie NpuémMbl pelueHus
CUCTEM YypPaBHEHWA BTOPON CTEneHu
C ABYMSA NepeMeHHbIMU

BBl MO3HAKOMMJIMCHL CO cHOCOOOM peIlleHHs CHCTEeM YDaBHEHHH c
ABYyMs TEePEeMEeHHBIMH, B KOTODBIX OJHO ypaBHeHHEe NepBOil CTemeHH, a
Apyroe — BTOpo¥# cremenu. Taxume cucTeMbl pelrapTcA cIocobOM Ioj-
CTAHOBKH.

ITokakeM Ha MpuMepax HEKOTOPhIe IIPHUEMBI pellleHHus CHCTEM ypas-
HEHHH, B KOTOpPbIX o6a ypaBHEeHHA BTOPOH CTeNeHH.

IIpumep 1. Pemuum cucremy ypaBHEHH
x2—9y2—x+3y=0,
L-xy+y="1.

p B ar0if cucTeMe MHOIOUYJIEH, 3AIMCAHHBIA B JIeBOM YacTH ImepBOTrO
YPaBHEHUS, MOKHO DPa3JOMUTh Ha JIMHeHHble MHOMKHTENH:

2 -9y - x+3y=
=(x—-8y)(x+ 3y) - (x—38y) =
=(x—38y)(x+ 3y—1).
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CucremMa ypaBHEHHMIl IepenuuieTcs B BHAE
(x-3y)(x+3y—-1)=0,
{x2 -xy+y="T.
IIpousBenenue (x — 3y)(x+ 3y — 1) paBHO HYJIO TOrjla ¥ TOJBKO
rorga, korga x— 3y=0 mm x+3y—-1=0

PelmeHUAMH HCXOJAHOM CHCTEeMBI SABJAKTCA Te Haphl 3HAYEHHHN
nepeMeHHBIX X U I/, KOTOpLIEe YAOBJIETBOPAIOT CHCTEMe ypaBHEHMM

x_3y=0!
1
{xa-xy+y=7, e
WM CHCTeMe ypaBHEHW
x+3y—-1=0,
{2 o (2)
x—xy+y="1.

IToaToMy MHOKECTBOM DEeIIeHWH MCXONHOM CHCTEMBI ABISETCA 00h-
enHEeHHe MHOsKecTB pemenuit cucreMm (1) u (2). I'oBopar, aTo naH-
Hafd CHUCTeMa PaBHOCHJIBHA COB0KYNHOCMU CUCMEM YPABHEHUIL
(1) u (2).

Pemum nmepByio cucTeMy. BBIDOJHUB IOACTAHOBKY X = 3y, IOJY-
UMM KBaJpaTHOe ypaBHEHHE 6y2 +y— 7 =0, KOpDHAMH KOTOPOTIO

SABJAIOTCA YHCIa Y, = —lg, y, = 1. IlogcraBUB UX 3HAYEHUA B IIep-
5 1
BOe ypaBHeHHMe, HAWJEM, UTO X, = —35, x, = 3. 3HauUT, CHCTe-

Ma (1) uMeeT perneHudA (—3%; —1%] u (3; 1).

Pemum cucremy (2). BeimosHue moicTaHoBKY x = —3y+ 1, mony-
YUM KBaJpPATHOE YpPaBHEHHE

-8y+ 12 -y(-3y+1)+y—-7=0,
KOTOpOe Iocjie yOpPONIeHHWA IPHUMET BHJ
2y -y-1=0.
Orcrona yg = “%. y, = 1. IlogcraBuB 9TH 3HAYeHUSA B IEPBOE ypas-

HeHue cucreMsl (2), Haiigém, uTOo X3 = 2,5, x, = —2. 3HAYUT, CHC-
Tema (2) umeer pemenusa (2,5; —0,5), (—2; 1). Peinmenusa ucxomHoi

cucremst: (-3% -11), (3; 1), (2,5; -0,5), (-2; 1). <

Takum o6pasoM, MBI PEHIMIM HCXOJHYIO CHCTEMY VpPABHEHHI,
3aMEeHHUB €€ COBOKYIIHOCTBIO JABYX CHCTEM.

IIpumep 2. Pemnmum cucremy ypaBHeHU

2x* + 3y = xy,
x? - y = 3xy.

Ina Tex, KTo xo4eT 3HaTb Gonblue
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P Bocnossayemcs cnocobom ciokeHus. IlepBoe ypaBHeHHE OCTABHUM
0e3 M3MeHEeHHUs, 4 BTOPOE YMHOMKUM Ha 3. 3aTeM CJIOMKHUM ITOYJIEH-
HO JIeBble U IIpaBble 4YacTH ypaBHeHUH. Ilonyuum ypaBHeHHe

5x® = 10xy, KOTOPOe MOKHO IpEACTaBUTHL B Buie x(x — 2y) = 0.

3HAUUT, MCXOAHYIO CHCTEMY MOJKHO 3aMEHHUTh PABHOCHJIbHOHN el
COBOKYIHOCTBIO ABYX CHCTEM

x=0, x =2y,
2 = 2
x“ —y=3xy x° —y = 3xy.
IlepBas cucrema mmeer enuHcTBeHHOe perrenue: (0; 0), Bropas

cucrema umeer asa pemenwus: (0; 0) u (-1; —0,5).
Pemesnsa ucxogmoit cucremsei: (0; 0), (—1; —0,5). <

IIpumep 3. Pemum cucremy ypaBHEHHUM
3x° +4xy + y* =0,
x* - b5xy—-8y—-T7=0.
p JleBas 4yacTh IEePBOr0 ypaBHEHUS CHUCTEMbl — ONHOPOAHBIN MHO-

rodjieH, T. €. MHOI'OYJI€H, R&}K,[[Hﬁ qJieH KOTOpOoro umeeT OMHY H
Ty e CTelleHb.

PaS,IIe.JIHM obe gacTH IepBOro ypaBHeHUA Ha yz, npennoJjarad, 4dTo
X

y# 0. Ilonyuum KBagpaTHOE OTHOCUTEILHO y VpaBHeHHme

2
3[5] +4§+1=0. IIpu srom wmbl norepsaem pemenue (0; 0)

nepBoro ypassHeHus cucrtembl. Ho Tax kak mapa (0; 0) He aBiser-
cfd pellleHMeM BTOPOr'0 ypaBHEHHHA, TO CHCTEMa

2
3[£] +4Z+1=0,
y y
xX*-b5xy—-38y-7=0

ABJSAETCA PaBHOCHJbHOH HMCXOMHOI cHUCTeMe.

b
O6osmaune ; OYyKBOH ¢, IONY4YUM ypaBHEHHE 3t2+4t+1 = 0.
g i 1 X x 1
Pemtus ero, Haiimém, uto t, = —1, t, = 3 T-€ = -1 mm el

1
Orcrona x =-y wm x =—3y.

Taxum obOpasom, pemreHHMe HCXOLHON CHCTEMBI MOMHO CBECTH K
PEeIIeHUI0 COBOKYIHOCTH ABYX CHCTEM:

1
{x=—y, a 1X=73%
x* - bxy — 3y —7=0 x - Bay -3y - 7=0.
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Pemus IepByIio cHCTeMy, HaigéM, 4TO

-3 + 177 _3-TT,  _ -3-\1TT 3+ 177

Kx=—"13 "h~= 13 T "12 2712
Pems BTOPYIO CHCTEMY, HauIéM, 4TO

7 5
X3 =15 Ys=-"lyg *¢="1, Yy = 3.

Pemesuss MCXOMHOM CHUCTEMBI:

(—3+W,S—Jﬁ?},(—3-ﬁ,3+ﬁ),(7,_li

? ° 12 12 12 16° 16]’ Cha ik &

INpumep 4. Pemtum cucremy ypaBHEHHH
x?+ 3xy + y* =11,
xyt+tx+y=2=5.

P VYpaBHeHUS B 3TOH CHCTEMe COAEepKaT CyMMy IepeMeHHBIX X + Y,

Ipou3BejieHNe Xy ¥ cyMMy KBagpaToB x° + y°. Ecau B aToit cucre-
Me 3aMEHHTh X HA Y, 4 Y HA X, TO NOJYyIUM Ty ke cucremy. Takme
CHCTEeMBI HA3BIBAIOT CUMMempuiecKuMu cucmemamu. VX ynobuo
pemaTth, BBOJS HOBBIE II€peMEeHHEIE.

IIyers x +y=u, xy=v. Torga

x?+ y? = (x+y)? - 2xy=u® - 2v.
B pesyJbTaTe MONYYUM CHCTEMY

u?-2v+3v=11, s w+v=11,
v+u=>H, ' v+u=25.

Pemrus aTy cUCTeMy CIocob60M IOJACTAHOBKH, HAWAEM, 4TO u; = —2,
v, =T, uy =3, v, = 2. Beimonaus 00PaTHYIO 3aMeHY, IOJYYUM CO-
BOKYIHOCTh CHCTEM

xty=-2 _ Jx+ty=S3,
xy =1 xy = 2.

IlepBas cucreMa He uUMeeT pemleHui. Bropas umMeer pelneHus
(1;: 2) m (2; 1).
Pemenusa ucxogHoit cucremsr: (1; 2), (2; 1). <

YnpaxHeHus

507. Pemnure cucreMy ypaBHeHMIA

a) [(x —2y)(x+3y) =0, 6) |x2—4xy + 3y’ +2x -6y =0,
-yt =12 x-xy+yt=".

JIna Tex, KTo xo4yeT 3HaTk Gonblie
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|508) Pemure cucremy ypaBHeHMIi:
a) x2+xy—2y2—x+y=0, 6) |x* - 6xy + 5y* - x + 5y = 0,
©?+ 2 =8; x? - 20y =5.
509 Haiizure Bce pemmeHHMs cuCTeMbl ypaBHEHMIA:
a) |x® - 3xy + 14 = 0, 6) |2x* - 6y = xy,
3x% + 2xy — 24 = 0; 3x* - 8y = 0,5xy.
510. Pemure cucreMy ypaBHEHWMIi:
a) |x* + 8xy — 10y =0, 6) |x*+ xy - 65 =0,
x* - 4xy + 3y = 0; x*+ 3xy + 2y - 6 =0.

[511. Haiifure Bce pemieHHWs CHCTEMbl YDABHEHUI:

x ¥y __ 25 L .
) | = Zomiggs 6) |5~ =21
-y =1; x? + y? = 29.

512] Pemure cucreMy ypaBHEHHIi:
a) |x*+ xy =6, 6) | -xy=1,
y2+xy=3; Y- xy=09.

513, Pemure cucTeMy ypaBHEHHUIA:
a) {x2 +y2=25  6) {x2 + 12 = 26,

xy =12; x+y=6.
514.) HaiiiuTe MHOE€CTBO DeIIEHMIH CHCTeMBI:
a) X +xy+y:="1, 6) |x*+ xy + y> =19,
x+ xy +y=>5; x+xy+y=1.

515. Pemure cucreMy ypaBHEHHIA:
a) Jdx(x + y)+ y* =49,  6) [3x(3x - 4y) + 4y = 64,
4x(x - y) + y* = 81; 3x(3x + 4y) + 4y° = 16.

AdononHutensHblie ynpaxHeHua K rnase lll

K naparpadgy 7

516. lokakure, 9YTO ypaBHeHUe He UMeeT DelIeHHi:
a) x2 + dxy+4y® + 5 = 0; B) x> — 2x+y® — 4y +6 = 0;
6) x° - 2xy+8 + y* = 0; r) 2y — 2xy+3=0.
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517. Jloka)kure, 4TO ypaBHeHHe MMeeT eJINHCTBEHHOE pelleHHe:
a) X’ +yP+2x+1=0; 6) x> - 2x+y>+4y+5=0.

518. CocraBpTe ypaBHEHUE, I'PadUKOM KOTOPOTO SIBJIAETCH:
a) mapa OpAMBIX y=x+5 U y=x—5;
6) oKpy»kHOCTH x> + y° =4 u mapa NpAMBIX y=-3 U Y= 3;
B) runepbona xy =6 U OKPYKHOCTH 22+ % =1.

519. IlocTpoiiTe rpauk ypaBHEHHUA:

a) x* +y* - 2x—4y+5=0; 6) y* — x*=0.
520. ITocrpoiite rpaduK ypaBHEHHU:
2 & g . 4
P=% . b y=% _ o £y =18 6 Y-t
a)m—o, 6)x2_1—0, B) y2—4 0; 1") xz—yz 0.

521. Ilpx KaKoM 3HAUYEHUU 4 OKPYHHOCTh (x—a)+ (y- 3)? = 16 mpo-
XOOUT 4Yepe3 TOYKY:

a) A(2; 3); 6) B(7; —1); B) C(=2; 7); r) D(1; 5)?
HaiiguTe meable pelieHUs ypaBHEHU:
a) x® - y® = 5; 6) 22 — % = 8.

523. Pemure rpa@uuecKd CHCTEMY YPaBHEHHMN:
a) y+x+x2=0, r) x2+y2=10,
x —y=10; xy = 33
6) [(x-2%+4y*=9, n) [x+y=8,
y=x"-4x+4; (x+1)%+ > =81;
B) |x% + y? = 25, e) |y =-x*+4,
y=2x2—14; y=|x‘.
524. U306pa3uB cxemMaTHuecKH rpaduKyd ypaBHEHUU, oIpeaesNuTe,
UMeeT JIM pelleHHs CHCTeMa ypPaBHEHUI U CKOJBKO:
a) |x*-y+11=0,
y+ x°=4;
6) [(x +37°+(y+4)°=1,
(x-2PF+(y-D=4

B) 'y = |x"

%xs -y=0.
525.] Ckonbko pemreHmit MOKeT MMeTh CHCTeMa yDaBHEHHMH
B pmr?,
y=-x+4,
rfe r — IOJIOKUTENbHOe YUCI0?
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Ilpn xkaKux 3HAYEHHUSX M CUCTeMa ypPaBHEHHI
{xz +y® =5,
x—y=m
HMeeT: a) OHO pellleHue; 6) ABa pereHusA?
527. Pemure cucTeMy ypaBHeHHUH:

a) [x + 3y = -1, r) {2x2—3y2-5x—2y=26,
{x2+2xy+y=3; xX-y=4
6){2x—y=1, ) {4x2—9y2+x-40y=19,
xy-y*+3x=-1; 2x - 3y = 5;
B){2x+y—-11=0, e){3x2+y2+8x+13y=5,
2x+ 5y -y -6 =0; x-y+2=0.
528. Haiiiure Bce pelieHWs CHCTeMbl ypaBHEHHIL:
a){x—y=4, B){Zx—y=5,
(x-1)(y+1)=2xy+ 8; (x+1)(y+4)=2xy-1;
6){y—x=1, r) [x+y=1,
Cy+1)(x-1)=xy+1; {(x -1)(y+5)=y*-12.
529. Pemure cucreMy ypaBHeHU:
a) {xz + 32 = 40, 6) [x® + 2y = 228,
xy = —12; 3 -2 =172,

530. Pemture cucremy ypaBHeHHI:
a) (%% + 8x — 4y = 20, 6){y2+3x—y=1,
{xz—2x+y=—5; Y+ 6x-2y=1.
531. Pemure cucremMy ypaBHEHHIA:
a){x+y+xy=5, 6]{x+xy+y=10,
xy +x-y=138; xy - 2x — 2y = 2.

(532, Pernre CHCTEeMY YpaBHEHMIi:

a) [(x +y)(x-y)=0, B) |x® + y® = 25,
2x -y =1; (x-3)y-5)=0;
6) | x® + y? = 100, r) |x% - y? = 50,
(x-Ty)(x+Ty)=0; x(y+1)=0.
533. Pemure cucremMy ypaBHEHHIA:
[ . S, T
a) ;+;=§s 6) ="y
2x -y = 5; x + 2y =14;
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5) x+y=14, r) x—-y =2,
Xk _ol *x_y_5
¥ x 127 v x G'

B534] MMeer Ju perlleHHA CHCTeMa ypPaRHEHUN
3x -4y =-2,
3x + y* = 10,
22—y - x+y=1007?
535, Hmelor i 0o6myow TOURY TpadukH yPaBHeHHN
x+y=7 2x-y=2, L+xy-yF-y=17?
PemaTe cHCTEMY YPaBHEHMIN:
a)y |+ +x+y=18, B){(:c+y)2—2(x+y)=15,
{xz—yz+x—y=6; x+txy+y=1L
6) {xzyz + xy =72, r) {(x +y) — 4lx + y) = 45,
xty=6 (x-w)'*- 2 -y) =3
B37) Ecan YMHOXHUTE KBAAPATHRIA TPEXTICH ax® - 2x+b ma KBAZpAaT-
HBl Tpéxuren x° + ax— 1, TO IDOAYYHMTCA MHOTOYIRH 4eTBEpTOi

CTEIéHH, E KOTOpPOM Rcz-qu:nunenrm OpH X° ¥ X CCOTBETCTBEEHO
paBERl 8 u —2. Hafizure a u b.

538. CymMa IBYX NOJMKHTENbHBIX dHCEN B § pas Gosbille HX pajHOCTH.
Haiigure 5TH 4YMCAA, €CHIM USEECTHO, YTO PABHOCTH WX KBAJPATOR
pasra 180,

539. Ilpouarenenre ABYX umcen B 15 pas Gonsme ux cymmbel. Ecam x
[EpPROMY YHCIY OpUOABHTL VABOEHHGE BTOPOE THCJIO, TO IOJIYHHT-
ca 100. Halizure arw gucaa.

540. PasnocTe KBAAPaTOR ABYX uymces papsa 100. Ecau uz yrpoerHOro
OepEor0 YUCAR BHYECTH YABOEHHOE BTOpOE YHCAO, TO OOJIYYHT-
ca 30. Ha#iauTe 5TH uncaa.

541. HafizuTe ABY3HAUHOE YMCICG, KOTOpoe B 4 pasa GONMEIIE CYMMEL €T0
gudp @ B 2 pasa Goanme OpoH3BENEBHA ero mudp.

542. Ecan wncanTelk cOBKHOBeHHOH Jpodi BOBBECTH B KBAIpAaT, A 3HA-
MEeHATeJE YMEHBIIHTE Ha 1, TO nmoayuurcs zpobs, pasEas 3. Ecau
e YHCIUTEN:R Jpo0HM YMEHLIIHTE Ha 1, a 3HAMeHaTelE YBeNH-

yuTL HA 1, 7o mDoayuHTca npobb, paBHaAs l. HahauTte sty Apobb.
4

548. Ecnu uucauTenb OOBIKHOESHHOH Apob6u yBenwduTE HA 7, 4 3HAME-
HaTeJb BOSBECTH B KB&JAPAT, TO NOJY4YHATCH ApPodb, pABHAA % Ecan
e YHCAWTEIE OCTABHTH Bes HIMEHEHHA, & JIHAMEHATENR YBEIM-
auTsE Ba B, TO Dony4ETcA Apodh, paBHAS % Haiigmre aty npofb.

JononHuTensHsle ynpaxHesua K rnase
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544, Jluaronans npsmMoyrogbHuka paBHa 15 cm. Ecam oxHY H3 ero
CTOPOH YMEHBIIUTE Ha 6 ¢M, a ApPyryo yMeHBIIUTH Ha 8 cM, TO
IIepuMeTp YMeHbIIUTCA B 3 pasa. HaliuTe CTOPOHBI IPAMOYIOJb-
HUKA.

545. Bacceiln HanoJsHseTca yepes mepByl TpyOy Ha 5 u OwbicTpee, ueM
yepes3 BTOPYIO. BacceilH MOXHO HANOJHUTH, €CJIM OTKPBITH CHa4a-
Jla OZIHY HepByi0 TpyOy Ha 5 4, a 3areM OJHY BTOpyiO0 Ha 7,5 d.
3a CKOJIBKO YacOB HANOJHHUTCA OacceitH mpu coBMmecTHOl pabore
obeux Tpy6?

546. Yro6bl HAIIOJMHUTL DacceiiH, cHaYaja OTKPBIIHA OAHY TPYOy M uepes
2 u, He 3aKpEBIBasg €€, OTKPBLIK APYIyi0. Yeped 4 4 COBMECTHOM pa-
6oTel TpyO Gacceitn Owvln HamoaHeH. OpHa Bropas Tpyba morJsa OBl
HaNoOJHUTHL OacceitH B 1,5 pasa OwicTpee, YeM ojHa nepsad. 3a
CKOJIBKO YACOB MOKHO HAIIOJHHTL OacceiH uepes KamJyi0 Tpyoy?

547. Iz aBYyX ropoji0B, paccTosiHHe MeXKAy KoropbiMu paBHO 270 KM,
OJHOBPEMEHHO HABCTpedYy APYr APYry BBIXOAAT JBa TNoe3ja M
BeTpeuaroTcss yeped 3 u. Ha Bech nyTh OAMH U3 TI0€3J]0B TPaTHUT
Ha 1 u 21 mux Gonbmie, uem apyroi. Hadjure CKOPOCTE KamxIo-
TO moesaa.

W3 nyexkroB M u N Belexajnw OJHOBPEeMeHHO HaBCTpedy APYT ApYy-
ry aBsa aBromobuasa. OauH u3 Hux npuimésa B N gepes 1 u 15 mun
ImocJjie BCTpeud, a apyroit — B M uepe3 48 MHUH Iocjie BCTPeUH.
Paccroaaue mexay nyaxkramu M u N pasao 90 kM. Haitaure cxo-
pocTu aBTOMOOMIIEH.

JIBoe TYpHCTOB HAYT HABCTpEUYy APYT APYry M3 NYHKTOB A u B.
IlepBniii BhImIen u3 A Ha 6 u mo3)kKe, yeM BTOpoi u3 B, m npu
BCTpPeUYe OKAas3aJioCh, UTO OH MNPOMIES Ha 12 KM MeHbIIe BTOPOro.
Ilpopoyxass ABUYKEHWE C TOHM Ke CKOPOCTBIO, IePBBHIH IPHUINET B
B uepes 8 u, a Bropoii — B A uepes 9 u mocne Bcrpeun. Hatinu-
Te CKOPOCTH KaKJOr'o TypHuCTa.

K naparpady 8

550. Mzob6pasnuTe Ha KOOPAMHATHOM IJIOCKOCTH MHOJKECTBO peIleHuH
HepaBeHCTBa:

a) y—2x> 2; 6) 2 ty<—L

551. M306pasuTe Ha KOOPDAMHATHOM IIJIOCKOCTH MHOYKECTBO TOUEK, 3a-
JaBaeMoe HepaBeHCTBOM:

a) (x—38)7% + (y+3)’ < 4; 6) y<x® - 5x+86.
552. I'ie Ha KOOpPAMHATHOM ILJIOCKOCTH PACIOJIOXKEHBI TOYKH, Y KOTO-
PBIX:

a) abemueca GoJblle OPAUHATEI;
6) opamuEaTa GoJsbliie abCIUCCHI?
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@Kam}e MHO@ECTRO TOYEK KOODAMHATHON OAOCKOCTH 3ajaércs

HEPABEHCTROM!
g) 2%+ % — 4x -8y <0; 6) x2 - 6x+y+4> 07

HaofpasnTe Ha KOODAMHATHOH NIOCKOCTHE MHOKECTBO DeImeHHi
HepaBeHCTBA:
a) y = |xl; 6) y < |x— 2.

550. Kakoe MHOMECTBO TOUeK 3aZaéT Ha KOCOPAMHATHON HIOCKOCTH
HePARCGHCTRO!

a)(x-D-1)20 6 x*-p*>07

B58. MoxaxuTe, 9TO MHOKECTBO pPeIIeHMH
mepasencrsa |x| + [y| < 1 aapaéres ¢u-
rypoi, #aobpaeHHOH Ha pHCyHHe T4.

557 Naso6pasnTe Ha XoopZunarmoit njoc-
KOCTH MHOMKECTBO DEIIeRHH CHCTEME
HEPABEHCTB:

a) |x% + 3® < 25, 6) Jx2+ 4 >0,
xy < 0; xy = 0.

B58. VkamuTe Kakue-EMOYED 3HAUEEHS R
E b, IpH KOTOPLIX CHCTEMA HEPABCHCTR

y<3x+3, Puc. 74
yz2kx+b
nafadT HA KOODEHEATHOH NIOCKOCTH:
a) noxocy; G) yroa.
KarpM MHOXECTBOM TOYeK H30GDAMIACTCS MHOMKECTBO DemeHnH
HEPABEHCTRA!
a) ylxl + ¥ - 1) 2 0 6) x(x*— y) < 0?

JononaniensHele ynpaxHedns k rnase’
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EEERVA APUOMETUNMECKASA
U TEOMETPUYMECKASA NMPOrPECCUMA

Bam yxe npuxoamnock BCTpe4aTbCsi C MPOCTEAWMMU NpUMEepaMm 4n-
CNoBbIX nocnegosarenbHOCTEN. B 9TOM rnase Bbl y3HaeTe 0 cnocobax 3a-
JaHWAa nocnefoBaTeNbHOCTeN, HaydMTeCch BbIYMCHATH 4YneHbl Nocnenosa-
TEeNbHOCTW, 3afaHHOW C nNOMOLWbID QOpMYyNbl n-ro  YiaeHa WM
PEeKYPPEeHTHbIM CcnocoboM. Bbl NO3HakOMUTECh CO CBOMCTBAMU UHTEpPeC-
HbIX nocrnegoBaTe/ibHoCTeN — apudPMETUHEeCKO U reoMeTpU4ecKkoit npo-
rpeccuil, ¢ GopmynamMu n-ro Y4neHa U CyMMmbl NMepPBbIX n YNEHOB 3TUX NPOo-
rpeccuini. Cosetyem o06patuTb BHUMaAHWE Ha CBA3b apudMeTUHeckomn
NPOrpPeccun C NIMHENHOW (QYyHKUMEN, a reOMEeTPUYeCcKor — C nokasaTesb-
HOW dyHKuMen. Bam npuaeTtcs BbINONHATL pasHooOpa3Hbie ynpaXHEeHus,
B KOTOPbIX W3Y4YEHHblE CBEOEHUS O MPOrpeccusix HaxoasT NpuMeHeHue.
Cpenu 3apaHuii Ha nporpeccuyM BaMm BCTPETATCA pasnuyHble 3agaqn C
NPakTUYECKUM COAEepXaHWEM, C CIOXKETamMu, B3ATbIMU M3 KYPCOB reomMeT-
pun n ¢usukn. Bac, 6e3ycnoBHO, NPUBNEKYT 3a[ayuM Ha BblYUCNEHWEe
CNOXHbIX NPOLIEHTOB, HaxoAsiLMe LUMPOoKoe NMpUMEHeHWe Ha npakTuke, B
4yacTHOCTM, B BAHKOBCKUX pacyéTax.

EXN APUOMETUHECKASI NPOrPECCUS

24. NocnepoBarenbHOCTU

Bynem BeInHCHIBATE B NOpAAKE BO3PACTAHHUA IIOJOKUTEJLHEIE UYET-
mple yucsaa. [lepBoe Takoe yucao paBHo 2, Bropoe 4, Tperhe 6, 4eTBép-
Toe 8 u 1. A. Ilonyuum nocaedosamenvrocmsb

2545 8585 ane s
HAcHoO, uTO Ha ATOM MecTe B 3TOM ITOCJENOBATENBLHOCTH OyaeT umc-
mo 10, Ha gecaTom — uymcao 20, Ha corom — uymeao 200. Boobme gasa

J000T0 HATYPAJBLHOIO YMCJA 71 MOYKHO YKa3aTh COOTBETCTBYIOIIEE eMy
HOJIOMKUTEIbHOE YETHOE YMCJIO; OHO PaBHO 2n.
Paccmorpum emié ogHy IOCHEeIOBATENBHOCTh. Dy/ieM BBIIUCBLIBATH B
nopsifke yObIBAHWS IIpaBUJIbHBIE APOOHM C YHCaUTeNeM, paBHBIM 1:
11,1, 1.1,
27 ':‘3'1 4’ 3& Baiens »
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g aoforo HATYPANTBLHOTO YHCAZ 71 MBI MOJKEM VHKABATE COOTBET-
CTBYIOITYE ApoDh, CTOANIYI0 B 9Tofl IOCNEAOBATENBHOCTH HA Ffi-M MeC-

1 1
Te; oHA paBHa — 7. TaK, HA IMECTOM MECTe AOJKHA CTOATH ApobB 3,

1 1
Ha TpHITATOM — IpoOb 37+ Ha THICAYHOM — npobe 1001

Yuena, ofpasyioliyde MOCHEFOBATENLHOCTE, HAILIBAIOT *ICHAMU NO-
caefosameavHocnu. 1IeHE NOCHIeROBATEIBHOCTH 0GbIMHO 0003HAUAIOT
fykBaMH C WHACKCAMHY, YKA3LIBAIAMH NOPAJKOBLIYE HOMep WieHa,
HAIIPHMEP &,, @y, &3, @4 H T. 4. (YHTAIOT: ¢a Oepsoe, @ BTOpOE, 4 TPeThE,
a gereéproes U T. A.). Boobme uwieH MoclenoBaTebLHOCTH ¢ HOMEDOM N,
MIH, Kax TOBODAT, n-{i #ieH nocaedosarmerbhocmit, 0603HAYAIOT Q,.
Camy mocneaoBaTeJbHOCTS GyfeM ofoaEadars Tak: (@,).

B paccMOTPEEHHIX HIPHMEDAX MEl MMeJIHd AeJC € OOCIeZOBATEIIE-
HOCTHME, COepxaimMu GecKoHeuHO MEOrO UNeHOR. Takue mocaeloRa-
TeNLHOCTH HA3LIBRICTCH OCCKOHEUHBIMU.

BamerwM, 9T0 MOOCATOBATEILHOCTE MOJKET COAEDMATE KOHEYHOe
ypesac 4NeHoB. B Takom crydae e HASKIBAIOT Koxernol. Hanpumep,
KOHEUYHOH ABJIAeTCA OTOCACAOBATCALHGCTD ABYZHAYHBIK THCEN

10; 11; 12; 18; ... ; 98; 99,

Yroful 5aATH NOCAECAOBATENbHOCTD, EYIXKEO yKasars ¢nocol, HOBBO-
AACIGER HafiTH 9iA8H DOCIEJ0BATENBHOCTE ¢ JOGLIM HOMEPOM.

Yacro HOCHEZOBATENLHOCTh 3AARICT ¢ NOMOLIBI (POpMYyLb. n-20
ynena nocredosamenchocmuy, Hanpumep, mocilefOBaTEJbHOCTE WOMD-
MHUTENBHEIX 98THEIX YHCES MOMHO 3azaTe dopmynait a, = 2n, mocae-
IOBATENLHOCTE NMPABMIBERIX Apolell ¢ umcaHTeneMm, paBERIM 1, — dop-
1
Mmynolt b, = — -

TIpuBeaéM Apyrue OpPUMEDHI,

Ipumep 1. IIycTs HOCAEROBATENLHOCTE 387aHa (opmMyJoH
2
¥, =n" — 3n.

Hoxcrapasa BMecTO n HaTypanbHble upcas 1, 2, 3, 4, b =\ T. A,
]]OJIy‘IaBM

y1=-2, y2=-2, y3=0, y, =4, ys =10, ...
P&CCM&TDHB&EM&ST oocneRoBATEeNBHOCTE HAYMHHASTCA TOHK!
—2; —2: 0; 4; 10; .. .

Dpramep 2. IIycTs DOCKEAOBATENEHOCTD 38JaHA (hopMymoii
x, = (-1) 10.
Bee unennl oToit DOCHEZOBATENALHOCTH € HEYETHRIMH HOMEDAMM
pagEsl —10, a ¢ 9ETHLIME HoMepaMm paBEmt 10:
x1 = _10, I2 = 10, xs = _10, x4 = 10, e

§ 9. ApndmerTnieckans nparpeccua
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ITonyuaem mocnemoBaTeIbHOCTH
-10; 10; -10; 10; -10; ....

IIpumep 3. Popmyioit ¢, = 5 3a1aéTca MOCIEOBATENIHHOCTD, BCE We-
HBI KOTOPO# paBHBI 5:
8; b B: 85 B2 wi s
PaccmorpuMm emé oguH cnoco® 3aflaHUA TIOCJeAOBaTeNbHOCTH. OH
COCTOMUT B TOM, UTO YKAa3BIBAIOT €€ MEPBBHIN YJIeH HJIM NepBbie HeCKOJb-
KO WIEHOB W (OpMyJIy, BBIPAKAIOIIYIO JIIO00U WiieH IOCJefoBATEILHO-
CTH, HaYMHAsA C HEKOTOPOro, 4Yepe3 IpeAbIAyIIHe (OJAMH HJIA HEeCKOJb-
ko). Takyio dopmysy HasbiBalOT perxyppermHoil (OT JATHHCKOTO CJIOBA
recurro — BO3BpalaThCA), a COOTBETCTBYIOIIHNA crnocol 3aJaHUsA Iocie-
JOBATEJIBHOCTH — PEKYPPEHTHBIM cIiocoboM.
IlpuBenéM npumep 3afaHUsA IOCIENOBATEIbHOCTH PEKYDPDEHTHBIM
crocoboM.

IIpumep 4. Ilycrs (u,) — mocienoBaTebHOCTb, B KOTOPO#H u, = 1,
=1, u,.,=u,+u, , opu n>2,
Brinuimem nepBble HECKOJBKO €€ YJIEHOB:
1,1, 2, 8, 5,8, 13, 21, 84, 55, .. .
dTa mocJefoBaTENBFHOCTh ONMCAaHA B pPaboTaxX MTAJILAHCKOTO MaTe-
matuka Jleomapno ma Ilussl, msBecTHOro moj ummenem JleoHapno

Puborauun (1180—1240). Ynens »Tolf mOC/IeZOBATEILHOCTH HA-
3BIBAIOT uucaamu PuboHayyu.

YnpaxHeHus

SRR PSS ISR
560. BeimumiuTe repsbie HECKOJLKO YJIEHOB IOCJI€IOBATEILHOCTH HATY-
PaJBHBIX YHCeJ, KPaTHBIX 3, B3fATHIX B MNOPSJKe BO3pACTAHUSA.
YKa)KuTe NepBblil, NMATBIHA, AECATHIH, COTHIA W n-ii YIEHBI 3TOH

IIOCJIeZIOBATEJIbHOCTH.
961. UssecTHO, uTO (C,) — MOCHIENOBATENBLHOCTh, BCE UYIEHBI KOTOPOM C
r—

HEYETHLIMM HOMEepaMu DaBHBI —1, a ¢ 4éTHeIMH paBHB! 0. Beimumm-
Te IepBble BOCEMb WIEHOB 3TON mocienosaTensHocTH. Haiinure ¢,

Co5s Cap0s Cas3s Caps Copy 1 (B — IPOM3BONIBHOE HATYPAJNbHOE YHCJIO).

562. ITycTe (a,) — mocie[0BATENLHOCTL KBaJpPaTOB HATYDPANbHBIX YH-
ceJi. BeinumnTe mepBbie AECATH YJIEHOB 3TOM IOCIE0BATETHHOCTH.
Haitaure a,y, a4, a,.

963. Kakoii 4ieH mOC/IefOBATENbHOCTH Gy, Ay, @gy we :

a) CleAyeT 3a UJIEHOM Qgg, Gyp0s G A 15 Gy 4 g5 oy
6) npeamecTByeT WNEHY Gy, Gyops Ap- 90 Ay 430 A3,?

564. Ilepeunciure WIEHB! IOCAEAOBATENBHOCTA (X,), KOTOPbIe PacmoJio-
JKeHBl MeXXy:

a) Xz U Xgs3 6) & & %08 B) X, 3 B X5 Y %y g B Rpuiis

BEEERLN ApvdmeTnyeckan n reomeTpuyeckas nporpeccumn



565.

566.

568‘

569.

570.

571.
572.
573.

574.

HaiigiuTe mepBhle INECTh YJIEHOB IIOCJEAOBATEJBHOCTH, 3aJaHHOMN
¢opmysoit n-ro 4neHa:

a) x,=2n-1; r)x,=(-1)"*"'-2;
6) x,=n*+1; nx,=2%

n n
B)xn=m; e)x,,=0,5-4.

IocnenoBarensrocTs (b,) 3agama dopmysoit b, = 2n” + 3n. Haii-
aure:

a) bﬁ; 6) blO; B) b50-

IlocnemoBarensHOCTH (@,) 3asaHa dopmynoi a, = n® - n- 20.
YraskuTe HOMEpa OTPHUIATEHLHBIX YJIEHOB IIOCJeN0BATEJBbHOCTH M
BBIUYMCJIUTE 9TH YJIEHEI.

BpluncauTe BTOPOM, TPeTHH, YEeTBEPTHIM M IATBHIA YJIEHBI IIOCIEN0-
BaTenbHOCTH (b,), eciH HM3BECTHO, 4YTO:

a) nepBuIldl wieH paBeH 10, a KamAbli caenyomuil Ha 3 Ooibire
npeasiAymero, T.e. by =10 wu b, ,,=b, + 3;
6) mepBbIil 4ieH paBeH 40, a KaXKAbIA CIeAYIONIMIA paBeH IpeABIAy-

meMy, AenéHHOMYy Ha 2, T.e. by=40m b, |, = %

BeinuinuTe nepebie NATH Y4JIEHOB IIOCHEeAOBaTEIBHOCTH (a,), eciam:
a)a;=1,a,,;=a,+1;

6) a, = 1000, a,,, = 0,1a,;

B) a, =16, a,, , = -0,5a_;

s L
rre;=3,a,,,=a,.

I

BeinumuTe nepBble YeThipe 4YyieHa nociefgoBaTesnbHOCTH (b,), ecim:
a)b,=056, b, =8, +5; 6) b,=05, b,,,=>0,"5.

HaiifuTe mapy DOJOMKUTENBHBIX YHCEJ X W I, YIOBJIETBOPAIOIINX
YPaBHEHHUIO X2+ y2 = 45, eciu U3BECTHO, YTO Y BABOe Dojbmle Xx.

Pemure ypaBHeHHE:

a) 4x* + 4x* - 15 = 0; 6) 2x* - x2 - 36 = 0.
Pemure HepaBeHCTBO:
a) x>+ x — 42 < 0; 6) (x+1l)(x +4)(x — 1)>0.

IlpencraBbTe BBIpAsKEHHE B BHAE CTEIEHH C OCHOBaAHMEM 3 M HAM-
JUTE ero 3HaYeHHe:

_g-3y3 =5
a) 81 - 375; 6) ‘_9_2’ : 597 (55 a2

§ 9. ApudmeTtumyeckas nporpeccus
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25. OnpepeneHue apudpmeTU4HECKOn
nporpeccun. Popmyna n-ro 4yneHa
apudmMeTn4ecKon nporpeccum

PaccMoTpuM mOCHIEOBATENBLHOCTh HATYPAJBHBIX YHCEJ, KOTOpPHIe
npu jgejqieHHMM Ha 4 maioT B ocrarke 1:

1308y 8 18E LWy 213 i s
Kax b1t eé uneH, HaumHAA CO BTOPOro, NOJiydaeTcd IPUOaBIeHUEM

K IpeABIAYIIEeMY 4YJieHy umcaa 4. 9Ta Ioc/ieZloBaTeJbHOCTh SABIAETCH
IIPpUMEPOM apu@pmemuieckoil npozpeccuu.

B T S S PR LA T AR E T T B O S e OO A 00 AT L M KA . s gy

Onpep.enemne. ApmbmeTuqecuou nporpeccueil HaseIBaeTCA |
IIOCJIeA0BATEIbHOCTE, KaMABIH YeH KOTOpOoil, HAauuHaA CO BTO- |
poro, paBeH IPeABLIAYINEMY 4YJIEHY, CHOKEHHOMY C OZHHM WU !
TEeM K€ YHCJIOM. ;

ottt T D NI I BB S A BT T T TR T W T T S T

Wradge ropopsd, IoOCIeN0BATENBHOCTH (@,) — apudMernyeckKasa IIpo-
rpeccHus, ecJU AJisi JI000ro HATYPAJIbHOT'O 71 BHINOJHSETCS YCJIOBHE

a,.1=a,+d,

n

rme d — HEeKO0TOpOoe YHCJIO.

W3 onpenenenusi apudpMernyecKoi IPOrPECCHH CIeayeT, UTO pas-
HOCTBH MEKAY JIIOOBIM €€ YJIeHOM, HAUMHAA CO BTOPOTO, U NpPeIbIAYIIUM
4JIeHOM paBHa d, T. e. IIpH JH0OO0OM HATYpaJbHOM 71 BEPHO PABEHCTBO

Qpy1—a, = d.
Yucno d HaA3BIBAIOT PA3HOCMbIO APUPMeMULECKOiL npozpeccuu.
Yrobsl 3amaTe apu(PMETHUYECKYI0 IPOTPECCHIO, NOCTATOYHO yKAa3aTh

€€ IepBBIM 4YJIeH W pasHOCTh. IIpuBenéM IpHMEpEL.
Ecm a, =1 u d = 1, To mony4yuM apu(dMeTHYECKYIO IPOIPECCHI0

1; 2; 3; 45 55 ... 5
YJeHBl KOTOPOH — IIOCJIeAOBaTe/IbHLIE HATYpAJIbHEBIE YHCJA.
Ecim a, = 1 u d = 2, To moay4yuM apupMeTHYECKYIO IPOIDECCUI0

1: 3: 6;: T3 97 ...cn
KOoTopas HABJSAETCHA IOCJIeHOBATENBHOCTHIO IIOJOMHTENbLHEIX HEYETHBIX
quces.
Eciu a, = -2 u d = —2, T0 IONIYyYUM apHPMeTHUECKYIO IIPOIDEeCcCCHI0

=254y =65 <85 =105 . 5
HKOoTopaa sABJIAETCHA nocjae0BaTe/IbHOCTEIO OTPHIOATEeNIBHBIX ‘{éTHbIX qHCeJI.
Eciu a; =7 n d = 0, To uMeeM apu(pMeTHUECKYIO IPOTPECCHIO

Ty T T T2 9FE s
BCe 4YJIeHBI KOTOPOM PABHBI MeXKAy CoDOi.

W ELEERLN] ApudmeTnyeckas n reoMeTpuydeckas nporpeccumn
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3HadA NepBhIA YWieH U PasHOCTh apudMeTHUYeCKOH IPOTrpeccuu, MOK-
HO Ha#TH N1060ii eé uIeH, BHIUUCIAS IOCJeJ0BaATeJIbHO BTOPOH, TPETHH,
4yeTBEPTHIA M T. A. uleHbl. OHAKO OIS HAXOMKJEHUSA YJIeHA IIPOrpPecCUn
¢ OonbinuM HOMepoM Takoit crmocob Heymoben. Ilocrapaemcsa oTbICKaTh
criocof, TpeOyIOmUi MEeHbBIIEeH BBIYMCINUTENbHOM paboThI.

ITo onpenenernuio apudMeTHUECKONR HPOrpeccuu

a2 = al o d,
a;=a,+d=(a,+d)+d=a,+ 2d,
a,=az;+d=(a, +2d)+d=a, +3d,
as=a,+d=(a; +3d)+d=a; +4d.
TouHO TakK Ke HAXOAUM, UTO @y = @, + 5d, 1 BooOIIe, 4TOOBl Hai-
TH a,, Hy}XHO K a, npubaButs (n— 1)d, T. e.
a,=a,+d(n—1).
Mgl DONyuYuau GOpMYLY n-20 4AeHA APUPMEeMULECKOoil npozpeccuu.

IlpuBeséM mpuMephl PEIIeHHs 3ajad C HCIOJb30BaHHEM dTOH ¢op-
MYJIBL.

IIpumep 1. IlocnenoBatensHOCTE (C,) — apudmMmeTHdecKas Iporpeccus,
B KoTopoit ¢; = 0,62 u d = 0,24. Haiiném narugecaTsiit yieH aToi
TOpPOTpPECCHH.

P HNmeem ¢y = 0,62 + 0,24 - (50 — 1) = 12,38. <

IIpumep 2. BrisicHuM, siBasiercsa Ju ducio —122 ujneHom apudmeTH-
YeCcKOM Iporpeccuu (x,):
285 197,25 3145 565 ww «
P B panHoit apudMeTHUecKO# mporpeccuu x; =23 u d = x, — X; =
= 17,2 - 23 = —5,8. 3anumem GopMysIy n-ro YieHa IPOTPECCUM:
x,=23-58 (n-1), T.e. x, = 28,8 — 5,8n.

Yucno —122 asasercs uneHoM apudMeTHUYECKON mporpeccuu (x,),
€ecJI CYIIeCTBYeT TAKOe HATYypaJibHOEe YHCIIO 1, IPHA KOTOPOM 3HAa-
yeHue BeIpaxkenus 28,8 — 5,8n pasrHo —122.
Pemum ypaBHeHUMe

28,8 — 5,8n = —122,

5,8n = 150,8, n = 26.

3HauuTr, uucao —122 aeBaserca 26-m wieHOM aaHHOW apupmern-
YecKoM mporpeccum. <J

OTMeTHM Ba’jKHOE CBOMCTBO apH(PMeTHUYECKOM HPOrpeccHH:

Kaskabli uneH apudMeTHyecKOi IPOrpeccuu, HAUWHAS CO BTO-
, poro, paBeH cpejHeMy apudMeTHYECKOMY IMpPeAbIAYINero u
| TIOCJEeAYIOIIero 4JeHOB.
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@ [leiicTBATENEHO, €CIH MOCIIENOBATENBHOCTD (a,) ABAAeTcs apubme-

THYECKOU IIporpeccuei, To
G, — Q1 =045 @y T.€.
zan e an—l * an+ 1>
Q-1 Ty gy
Ay ="mn - O

BepHO u of6paTHOE yTBEepIKAeHHE:
S e s e e e e e e
ecJHm B mocJjefoBaTelbHOCTH (a,) Rammﬁ YjleH, Ha4yWHAA CO

BTOPOI'O, paBeH cpefHeMY apH(pMeTHYEeCKOMY IpPeAbIAYIIEro
TIOCTeNYIONIero UJIeHOB, TO 3TA IMOCJIe0BATEIHHOCTE ABIAETCH
apndme'rmecaon uporpeccyreu.

e S - . - e s ke Gt SN BN R S S e e e

r—..u._—_.—u
- — -

@ [leiicTBuTENBHO, M3 PAaBEHCTBA

ay 1+ 8,41
an=T, rmne nz 2,
cJaenyeT, 4TO
2(1_,] =an—1 +an+1’
—4a =a —a

a n+1

n n-1
a 9TO O3HAYAET, YTO PASHOCTH MEX/y MOCIEeAYIOIIMM M IPeAbIAY-
UM YIeHAMH IIOCJIe0BATeNbHOCTH (a@,) OCTAéTCA IIOCTOSHHON.
3HaYMUT, OOCHeAOBaTEeNbHOCTs (a,) — apnd,me'mqecrcaa mnporpec-
cua. O

3ameruM, uTO GOPMYJIY N-T0 UYieHA apA(GMEeTHYECKOU IpPOrpPeccHum

a, + d(n— 1) moxXHO 3amucaTh HHaUe:
=dn + (a, — d).

n?

Orcrofga fcCHO, 49TO
e A T ————

. nwbas apudMeruyecKkas nporpeccus Moker 6bITh 3agaHa dop- ;
| MyJION BHUIA i
i a,=kn +b, :
§ rae B u b — HeKOTOpEIe YHCHA. ;
|

R by s e B e W W v e e e e - § S e

Bepao u obparHoe:
e T et g Wk e P A S
mocJIeOBATeNILHOCTE (a,), 3ajaHHasA (bopmy.nox“{ BUOA

a,=kn +b,
rae B u b — HeKoTopble 4Mcia, ABJIAEeTCS apudmMeTHUecKOoi
nporpeccueii.
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® [leiicTBuTEeNnbHO, HaliiéM pasHOCTH (7 + 1)-TO M n-ro 4iIeHOB MO~
ciaepoBaTenbHOCTH (@,):
Gors =8, =k(n+ 1)+ b—=(kn+ D)=
=kn+k+b—kn—-b==k.
3Ha4yuT, OpU JOOOM n crnpaBelJIMBO PABEHCTBO
piq=a, + k,
¥, IO OIpejeseHHI0, MOCIeA0OBATENbHOCTH (a,) ABIAeTcA apud-
MEeTHYEeCKOM MpOrpeccHeit, MPpUUEM PASHOCTH 9TOW NPOIDECCHH PaBHA
k. O

YnpaxHeHus

RN N

575. BeinumiuTe nepehle OfATH YJIEHOB apudMETHUECKON IpOrpeccHu
(a,), ecnn:
a) a, =10, d = 4; B) a, = 1,7, d = -0,2;
6) a;, = 380, d =-10; r) a, = —3,5, d = 0,6.

576. IlocnenoBarensHocTs (b,) — apudMeTHYecKas IPOTPECCUA, TIep-
BBl 4JeH KOTOpo# paBeH b,, a pasHocTh paBHa d. Beipasure ue-

pes b, u d:
a) by B) bysy; A) by .53
6) byg; r) by e) by,.
577. ITocnepnoBarenbHOCTh (C,) — apudmMerndeckasa mnporpeccusa. Haii-
quTe:

a) ¢y, ecoim ¢; =20 m d = 3;
6) ¢y, €cam ¢; = 5,8 m d = —1,5.
578. IlocenoBarensHocTh (a,) — apudmerudeckas nporpeccus. Haii-
auTe:
a) a,,, ecsim a;, =-3 u d=0,T;
0) ays, ecom a, =18 u d =-0,6.

579. Haiigure mecATHI B n-i 4ieHbl apu@MeTHYECKON IPOrPECcCHU:

a) é; e [ BY 288 Tk .

580. Haiigure aABaanaTh TpeTwit U n-ii wWieHsl apuMeTHUeCKOH mnpor-
peccHu:
a) —8; —6.5; .. ; 0)11: 7% wain

581. Teno B mepBYyI0 CeKYHAY ABMXKEHHUS NPOILIO 7 M, a 3a KaXIyio
CIeJYIOIMYIO CeKYHAYy — Ha 3 M OoJibIlle, 4eM 3a NpeABIAYIIYIO.
Kakoe paccTosHHEe TeJIO0 NPOMLJIO 38 BOCBMYIO CeKVHAY?

582. Iloesn, oTOMASA OT CTAHI WK, PABHOMEDHO YBEJMYMBAJ CKOPOCTHL HAa
50 m B munyTy. Kakopa 6bL1a CKOPOCTH I10€3/1a B KOHIE ABajIA-
TOM MHUHYTBI?

§ 9. ApudpmeTuyeckasa nporpeccus
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583. (J.ia pabomut 6 napax.) Ha cropore OA
yriia AOB OT ero BepIIMHBI OTJIOMEHBI
pPaBHBIE OTPE3KH WM Yepe3 HUX KOHI[BI
IIpOBefleHbl IapajijiesibHbIe IpAMBbIe
(puc. 75). Inuna orpeska A,B, pasna

1,5 cm. Haiigure anumny oTpeska:
a) AﬁBﬁ; 6) AIOBI()- (0] Bh BA BA 34\ B5\B

1) Obcypure, Kakoe u3BeCcTHOe BaM M3 Puc. 75

Kypca reoMeTpMH CBOHCTBO HaIo HC-

OJIBL30BATh [JIfA PEIleHHs 3ajaduu.

2) PacnpegesnnTe, KTO BBINOJHSET 3a/aHue a), a KTo — 3afaHue 0),
¥ BBIIOJIHUTE HX.

3) IlposepbTe ApPyr y Apyra, HpaBWJIbHO JM BBIIOJHEHO 3ajaHUe,
¥ WUCIPaBbTE OMUOKU, €CJIM OHU JOIYIIeHbI.

584. Haiinure mepBelif uieH apudmerwyeckoil nporpeccuu (x,), eciau
H3BECTHO, 4YTO;

a) xz, = 128, d = 4; B) xy; = 36, d = -8;
6) x45 = —208, d = -T; r) %;,=1, d=-8.

585. Haiigure pasHOCTE apudMeTHYecKoi mporpeccuu (y,), B KOTOpPOi:
a) y; = 10, y; = 22; B) y1 =16, ys = -1;
0) y; = 28, y;; = —21; r) y, = —22, y = 4.

586. ITocnexosarensHocTs (c,) — apubmerndeckas mporpeccusa. Haii-
auTe:

a) ¢;, ecam cgq = 26 u d = 0,7;
6) d, ecnu ¢; = —10 u ¢y = 1,2,

587. Mexay umcnamu 5 m 1 BcTaBbTe ceMb TAKUX YUCeJ, YTOObI OHM
BMeCTe C JaHHBIMU YHucjaMu o0OpasoBanu apudMeTHYecKyio IIpo-
TPECCHI0.

588. (3adana-uccaedosanue.) Moryr au yuciaa 20 u 35 OwITH yneHAMH
apu(pmMeTHUYEeCKON IIpOrpeccuu, IEepBHINA 4YJeH KOTOPOMA paBeH 12 u
pasHOCTH He paBHa 1.

1) Ilpegmonoskus, uto uncaa 20 u 35 ABAATCA UYIeHAMH apud-
MEeTHYEeCKOl IIpOrpeccuH, BLIPA3UTe KayKJoe M3 HHUX ueped d, n
WIu m, rjage d — pasHOCTh IIPOTPECCHH, 1 — HOMEp 4YJeHa, pas-

n-1 8
Horo 20, m — HoMep useHa, paBHoro 35. [loxkaxkure, uTO =33
2) Ilonarasi, uro n — 1 = 8k u m — 1 = 23k, rne k€ N, Boipasure
m u n depes k. Obcyaute, KakK, BeIOpaB sHadeHue k, Ooiubimee 1,
MOJKHO IIOJIYYHUTHh apuGMeTHUYeCKYI0 IIPOTPEeCcCHI0, YAOBJIETBOPSIO-
Y0 YCJIOBUIO 3a/auu. BBINOJHUTE HEOOXOAUMBIE BBIUUCICHUS.
3) O6BacHEuTe, TOUeMY 3HAUeHMe £ = 1 IPHUBOAUT K IIPOTHBOPEYHIO
C VCJIOBHEM 3aj/lauyi.
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589. HaiifuTe mepBbIf 4YJIEH WM PA3HOCTH apu(dMeTHYEeCKON Iporpeccuu

(c,), ecmm:
a) ¢; = 27, ¢y = 60; 6) c30 = 0, cg = —92.

590. HaijiuTe mepBbIi 4YieH ¥ PasHOCTH apH(pMeTHYeCKOW IPOrpeccHu
(x,), ecim x;6 = =7 B X35 = 55.

591. Comep:kuT nu apudmerwmueckas nporpeccus 2; 9; .. dYHCJIO:

a) 156; 6) 295?
592. lana apudmeruyeckas nporpeccus (a,), y Koropoit a,=32 u
d=-1,5. fIpnsiercss 1M YiIeHOM 3TOi mporpeccuu yucio: a) 0; 6) —287?

593. B apudmeruyeckoit nporpeccuu (x,) nepBelii uigeH paseH 8,7, a
pasHocTs paBHa —0,3. [lns KakuX YJIE€HOB IIPOTPECCHM BBINIOJIHS-
ercs yCJOBHE:

a) x,= 0; 6) x, < 0?
594. HaiifuTe HOMepa OTPHIATEJ]bHBIX UJIEHOB apH(MMETHYecKoil Ipo-
rpeccun —20,3; —18,7; ... . Yemy paBeH HepBbI# MHOJOXKHUTEJIbHBIN

YJieH 9TOM Iporpeccuu?

595. lokaskure, 4TO ecau uwuciaa a, b, ¢ SBAAIOTCS IOCJIEOBATEIbHBI-
MU YJIeHaM¥ apu(MeTHdecKoi Nporpeccuu, To dHUca a’® + ab + b*,
a’ + ac + ¢ u b% + be + ¢? TaxkKe ABAAIOTCA TOCIEAOBATENIbHBIMUI
yJleHaM¥ HeKOTOpOoH apH(pMeTHYeCKOM IIPOrpeccuu.

UaBecTHO, uTo uncaa a’, b%, ¢® — mociemoBaTeNbHBIE YiIEHBI apud-

4 1 1 1
MeTHYeCKOH IOpor CHH. HUTEe, 94TO YHCIIa
i Hoxax * b+e¢’ a+e’ a+b
TaK¥Xe ABJAITCA nociaeaoBaTesIbHBIMH YJIeHaMH HEROTOpOﬁ aquJ'

MEeTHYECKOil IpPOrpeccum.

597. SfiBnserca nu apudMeTHUECKOI IporpeccHueil mocaefoBaTelIbHOCTh
(a,), sananHas GOPMYJION:
a)a,=3n+1; B) @, =n + 4; n) a,=-0,6n+1;
1 —
=i e) a,=6n?
Ecnu mocsemoBaTebHOCTh — apUdMeTHYecKas NIporpeccusi, Hai-
JUTe eé NEepBBIA 4YJIeH M pPas3HOCTE.

6)an=n2-5; r)a,=

598. JloxakuTe, UTO MOCIEAOBATEIBHOCTE CYMM BHYTPEHHUX YIJIOB Tpe-
YIOJABLHUKA, BBINYKJOTO HeTHLIPEXYIOJbHMUKA, BBIYKJIOrO IIATH-
YroJIbHUKA U T. . ABIAeTcsa apudmMerudecko# nporpeccueit. Yemy
paBHa eé pasHOCThH?

99. PemuTte cucTeMy ypaBHEeHHH {xg B
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ESOO. Pemute ypasHenue:

a) x3 + 4x% - 32x = 0; 6) x* — 10x? + 4x— 40 = 0.
'601. Pemiure HepaBeHCTBO:
i a) (2x— 1)(x + 8) > 0; 6) (33 — x)(16 + 2x) < 0,
1602. HaiiiuTe 3HAYEHUE BBIPAYKEHUS:
| 4 ons 7 Vit
| a) 125™ - 25% §) —_——

|

. -3
| 6)0,0001- (10% - (0,1)% 1) 9*- () -817%

26. dopmyna cyMMbl NepBbIX 7. 4IEHOB
apunpmMeTUYecKon nporpeccum

ITycts Tpebyercsa HaiiTH CyMMy NEpBHIX CTa HATYPAJbHBIX YHCEJ.
IloxarxeM, KaK MOMHO PEIIHTH 3Ty 3ajady, He BHINOJIHASA HEIOCPe.-
CTBEHHOT'O CJIO}KEHHS dHCell.

O6osHauuM HCKOMYI0 CyMMy depes S M 3amMIIeM eé ABaXKAbI, pac-
HOJIOHUB B IEPBOM cjlydyae cjlaraeMble B IIOPS/Ke BO3pACTAHHA, a BO
BTOPOM — B IOpAAKe YObIBAHUA:

8= 1 + 2+ 3 + .. +98+99 + 100,
5=100+ 99 + 98 + &+ 8 + & + 1,

Ka)xxnas mapa 4mces, pacmosO)KeHHBIX JDPYT MOJA APYroM, AaéT B
cymme 101. Beero takmx map 100. ITosTomy, CJIOKMB paBeHCTBA IIO-
YJIEHHO, IOJYYUM

25 =101 - 100,

= 101 - 100 — 5050.

S 2

Hrak,
1+2+3+..+99+ 100 = 5050.

C paccMOTpeHHO#i 3ajladeil CBsi3aHA MCTOPUSA, KOTOPYIO DACCKa3biBa-
oT 06 m3BecTHOM HeMmerkom maremaTuxe Kapie Iaycce. Korpa yumrens
NPeAJOXKHJI YIeHHKaM TPeThbero KJAacca CJI0KHATHL Bece uucsa or 1 go 100
BKJIIOYMTEJNBHO, PACCUMTHIBAA IPH ITOM HAAOJIr0 3aHATH X paboroii,
MasleHbKUE Kaps MOMEHTaJIbHO HMOAOMIEN ¢ I'OTOBBIM OTBETOM. BO3MOMK-
HO, OH 3aMeTHJI, 4TO Kakaada m3 cymm 1 + 100, 2 + 99, 3 + 98, ..
pasHa 101, a Takux cymm 50.

C momMompio paccy’XAeHWil, aHAJOTHYHBIX TeM, KOTODbIe MBI IPO-
BeJW TPHM BBIYMUCJIEHHH CYMMEI IEepPBEIX CTa HATYPaJbHBIX 4YHCeJ,
MOKHO HaUTU CYMMY HEPBBIX N YJIEHOB J000# apudMeTuuecKo# mnpo-
T'DEeCCHH.
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0603HAYUM CYMMY IEDPBHIX 7 YJIEHOB apu(pMeTHUYEecKOil NIPOrpPecCHH
(a,) uepes S, u 3amuIIeM dTY CYyMMY ABasK[bl, PACIOJIOXHUB B IEPBOM
caydae ciaraeMbie B IOPAJKEe BO3pacTaHHA HX HOMEPOB, a BO BTOPOM
caydae B NOpsAAKe yOLIBAaHUA:
S,=a;+ a; + a3 + a4 +.. +a,_,+a, (1)
S,=a,+a,.;+ta,.sta, gt ..+ a; +a. (2)
CyMMa KaXJ0#l Iapbl YJeHOB IPOrpecCUuM, PACIOJOKEHHBIX APYyT
ooA Apyrom, paBHa a; + a,. JleficTBuTeJbHO,

(12+an_1 =(al+d)+(an_d)=a1 +an,
a;+a, ;=(@,+d)+(@a,.,—-d)=ay,+a,_ ,=a,t+a,
a,+a, g=(ag+d)+(a,_,—d)=az+a,_,=a,ta,
H T. A
Yucnao Takux nap paBHO n. IloaTomy, CJI0KHMB NOYJIEHHO paBeHCTBA
(1) u (2), monyuum
28, = (a, + a,)n.
Pasnenus obe uacTu IOcJefHEro paBeHCTBa Ha 2, MOJYYUM QOpmy-
AY CYMMbL NEPEvLX N HJIEHO6 ApUPMemuieckoll npozpeccuu:
(a3 +apy)n
Sn — ——2"—. (I)

3aMeTHM, YTO €CJIM 3aJaHblI NIEPBBII YIE€H M PasHOCTh apupmerude-
CKO#l IpOrpeccuM, TO YAOOHO IOJIb30BATHCA (POPMYJION CYMMBI, Ipex-
craBiIeHHON B ApyroMm Buze. llogcraBuB B (opmynay (I) Bmecro a, BbI-
paxkenue a, + d(n— 1), monryuum

Sn " (@ + @1 +2d(n - 1))n’

S, = 2&"'_‘;("'__1)"_. (I1)

IIpuBenéM NpUMepHl BBIUMCJIEHHS CYMMBbl YJE€HOB apH(MeTHYecKOH
IpPOrpeccuu.

Ipumep 1. Haiigém cymmy mepBbIX TPHUAINATH UYIEHOB apudmermnde-
ckoi mporpeccun 4; 5,5; ... .

p B namHO#U apudmermueckoit mporpeccuu a; = 4, d = 1,5.
TpuanaTslil 4jleH Oporpeccuu HaWAeéM 1o ¢GopmyJie n-ro 4jieHa:
(130 o 4 + 1,5 * 29 o 47,5.
Tenepk BBIYHCIMM CYMMY MepPBBEIX TPHALNATU 4YJIEHOB, BOCIOJIB30-
BaBmuck Gopmyaon (I):

Sy =TT L 7725,

§ 9. ApudmeTndeckan nporpeccua
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Ecnu pnnsi pemenusi paccMOTPEHHOM 3aJa4é BOCIOIL30BATHCA (op-
mysoit (II), To BbhlumMcIeHHMA OGYAYT BHITJIALETH TAK:

2:4+1,5-29
g~ ——

3 -30=1772,5. 4

IIpumep 2. Haiifém cymMMy nepBbIX COPOKA YJIEHOB MOCJEN0BATEeIbHO-
cru (a,), 3anassHOi Qopmysoit a, = 5n — 4.

P IlocsienoBaTenbHOCTH (a,) aBasgerca apudMeTHUYECKOM Iporpeccuei,
TAaK KakKk OHa 3agaHa (GopMyJioil Buia

a,=kn+b, tne k=5u b=-4,

Haiiném nepseIif 1 COPOKOBOM 4YJIeHBI 9TOM apupMeTHUecKod mpo-
rpeccHuH:

a;,=51-4=1, a,,=5-40 -4 =196.
Teneps mo dopmyse (I) Berumeaum Sy,

1+ 196) - 40
S0 =3 = 3940, <

IIpumep 3. Haligém cymMmMy Bcex HaATypaJbHBIX UYHCEJ, KPATHBIX IIEC-
TH U He npeBocxogamux 250.

P HarypanbHble umciia, KpaTHble InecTH, obpasyooT apudmMeruye-
CKYIO IPOT'PECCHUI0, KOTOPYI0 MOMKHO 3afaThk (dopMmyoil a, = 6n.
YT06BI BBIACHUTH, CKOJIBKO YJIEHOB 3TOW NPOTPEcCHM He IPeBoc-

2
xopar 250, pemmum HepaseHcTBO 617 < 250. IMonyuum n < 415.
3HAYHUT, YUCJIO YJEHOB IIPOrPECCHM, CYMMY KOTOPBIX HAJA0 HAWTH,

pasHO 41.

Nnmeem
a, =6, a;; =6 - 41 = 246,
S, = 8+29°4 _ 5166. <

IIpumep 4. ITudarop (IV B. 10 H. 3.) ¥ €ro yY4eHUKH PaCCMATPHUBAJIHU
IOCJIeJOBATEIbHOCTH, CBA3AHHBIE C NeOMETPHYECKHMH (DHUI'ypaMu.
IToncuuThIBas YMCIO0 KPY’KKOB B TPEyroJbHUKAX, KBaJpaTax, Iif-
THUYyroJbHuKax (puc. 76), oHM moamyuasm:

KAPJ1 TAYCC (1777—1855) — Hemeukuih maTtemaTtuk, acTpo-
HOM, reopges3uct, $dusmk. Boigaowmecs martemaTuHeckue
cnocobHOCTK NPOosSBUN B paHHEM aeTctee. Ero MHoroYncneH-
Hble uccneposaHua B obnactu anrebpel, Teopun Yucen, reo-
METPMM U MaTeMaTM4ecKoro aHanmaa okasanu 3Ha4yuTenbHoe
BIMAHWE Ha pa3BUTUE TEOPETUYECKOW W MpPUKIagHOW marte-
MaTtuku, acTPOHOMUU, reoaesnu, GU3nKun.
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.A&A/&

oG Gy

Puc. 76

— TOCJIeI0OBATEJIbHOCTD (a,) TPEYTOJbHBIX HHCEN
1..8565 10, 18y -3

— mocJiefoBaTenbHOCTS (b,) KBaJPATHBIX YHCE]
1,4;.9, 16, 28, .. 3

— IOCJEe0BATEJBHOCTh (C,) MATHYIOJIBHBIX YHCEI
1, 5, 12, 22, 35, ...

3agaguM Ka)KAVI0O H3 3TUX II0cjejoBaTelbHOCTel Gdopmysoi
n-ro 4iaeHa.

ONODAHT (lll B.) — ApeBHerpevecknii MaTemaTuk M3 Anek-
caHgpuu. B ero «ApudmeTtuke» nanoxeHsl Havana anrebpbl,
peweéH psan 3afady, CBOAALUMXCH K HEeONnpeaenEHHbIM ypaBHe-
HUAM pasnuyHbiX cTeneHei. Teopus OMOGaHTOBLIX ypaBHe-
HWA 1 Teopua AMOGAaHTOBLIX NPUOBNMXEHWI — Tak Ha3BaHb
npa 6onblunx pasgena COBpPeMEHHON Teopuu Yucen. Ero tpy-
Obl okazanu 6onblIOe BAVSHWME HAa PasBUTME MaTeMaTuKu.
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P IlocnemoBaTenbHOCTH (@,) TPEYrOJbHBIX YHCEJ HOJYYAETCA M3 IO-
clleZJOBaTeIbHOCTH HATypaJbHBIX ducesa 1, 2, 3, ..., 1. e. u3 apud-
MeTHUYeCKOM IMPOrpeccUr, B KOTOPOU IepBLIN YJieH U Pa3HOCTh paB-
HEI 1, crexyoumiuM obpasom:

a;=1,0;=14+32, ag=1+2+3,
g, =1+2+3+. +tn
3Hauwur,

ITocnenoBsarensrOCTE (b,) KBaZpPATHBIX YHCEeJ AHAJOIWYHBIM CIOCO-

0oM DmoJydaercs M3 DOCHEeNOBATENBHOCTH HEYETHBIX ducen 1, 3,
9, w., T. €. U3 apAGMETUYECKON IIPOTPECCHHU, IEPBBIA YJEH KOTO-
poii paBeH 1 u pasHOCTH paBHa 2:

b,=1,b,=1+3,b;=1+3+5,
b,=14+3+F+b+u+2n—1.

CrnenoBaTenbHO,

1+2n-1
by=——m—N, B, ~ .
Mel npumian kK GopMyJe, O4eBHIHON IJIA IOCIeL0BATEJIHLHOCTH
KBAJPATHBIX UHCEI.
IlocnepopaTensHOCTE (€,) NATUYTONBHBIX YHCEJ TAKHM K€ CIIOCO-
60M MOYKHO MOJYYUTHh M3 apudmermyueckoil mporpeccuu 1, 4,
7, ..., B KOTOPO¥ HepBBIA 4jeH paBeH 1 M pasHOCTh paBHa 3:

e;=1l,c=1+4,¢;=1+4+7,
& =1+ 4+T+w+(1 +3n—1).

3Hayur,
1+1+3(n-1 3n-1
cn=—2(——)n, Cp = —5—H. <
ynpaxHenus

603. Haiizure cyMMy HOEpPBBIX INECTHAECATH YJIEHOB apH(pMeTHYeCcKOM
nporpeccuu (a,), ecian:

604. Haifigure cyMMy OEepBEIX BOCBMH YJIEHOB apH(@MeTHYECKOH IIpo-
Tpeccuu:
a) —23; —20; .. 3 0) 14.2:°9,65 ... .

605. BoryucauTre CyMMy MEPBBIX AeBATH YJIEHOB apu(MeTHIecKOo# Impo-
rpeccuu (b,), ecim:

a) b =-1%7, d = 6; 6) b, = 6,4, d =0,8.

8 EEENN ApudmeTudeckasi n reoMeTpudeckasl nporpeccum
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606.

609.

610.

611.

612.
613.

614.

615.

Haiigjure cyMMy HepBBEIX HOATUAECATH, CTa, 71 YUJIEHOB IOCJEIOBa-
TeJILHOCTH (X,), ecim:

a) x,=4n + 2; B) X, =n-—4;

6) x,=2n + 3; r) x,=3n- 1.

Apudpmernyeckas nporpeccusd 3anaHa dopmysoi a, = 3n + 2.
HaiimiuTe cymMMy HepBBIX:

a) ABagUATH €€ YJIEHOB; 0) mATHAZOATH €€ YJIEeHOB.
Haiinure:

a) cymmy 2+ 4+ 6 + ... + 2n, cnaraeMeIMH KOTOPOH ABIAIOTCH
Bce 4YETHEIEe HATYpaJIbHEBIE 4YHciIa OT 2 1o 2n;

6) cymmy 1+ 3+ 5+ ... +(2n— 1), craraeMbIMA KOTODOH SABJIS-
I0TCA BCe HEYETHBIE HATypajbHBle ymcaa or 1 mo 2n — 1.

Haiigure cymmy:
a) BcexX HATypalbHBIX 4YHceJ, He npeBocxoasmmux 150;
6) Bcex HatypanbHbIX uuces or 20 go 120 BKIOUYUTENLHO;

B) BCceX HATYPAJBHBIX YMCeJ, KPATHBIX 4 1 He npepocxoysamux 300;
T') BcexX HATYDAJbHBIX UHCEJ, KPATHBIX 7 H He npesocxoaamux 130.

HaiiguTre cyMMy 4YJeHOB apH(METHYECKOH NPOTPDECCHH C IIAT-
HAAIATOrO II0 TPUANATHINA BKJIYHTENLHO, €CJIHM NepBLIA YJjieH pa-
BeH 10 u pasHocTh paBHA 3.

Haiinute cyMMy UYJI€HOB apu@MeTHYECKOH NPOrpecCHuH ¢ IIeCTOTO
no ABaAnATh NATHIH BKJIOUYHATENbHO, €CJIM IIepPBLIM 4diieH paBeH 21
¥ pasHOCThL paBHa -0,5.

Haiigute cyMMy MepBBIX ABajIATH UYIEHOB apudMeTHuYecKoil mpo-
rpeccun (c,), eciu c; = 18,5 u ¢,; = —26,5.

Hajigure cymMMy HepBbIX HATHALLATH YJEHOB apudMeTHUYECKOMH
nporpeccuu (b,), ectu b, = 4,2 n by, = 15,9.

ITpu cBOGOAHOM IajieHUM TEJIO MPOILIO B MEPBYIO CEKYHAY 5 M, a
B Kakayo craeaymomyo Ha 10 m Oonbme. Haifigure royOmHy max-
TEI, ecJii cBOOOAHO majaroiee TeJIO NOCTHUIJIO €€ JHa 4deped H ¢
mocJie Hadajga HajeHusd.

(s pabomur 6 napax.) Kakoe paccrosaue npoiaér csobomso ma-
Jalee TeJo:

a) 3a NATYI0O CEKYHIY IIOCjie HAaYasia NaJeHus;

0) 3a NATH CEKYHJ MHOCJIe HAYaJa NajeHus?

1) O6ecynuTe, Kakoe U3BECTHOE BAM M3 Kypca (DH3HMKH CBOMCTBO Ha-
A0 KMCIOJIb30BATH [JIsi PellleHusa 3ajadd,

2) PacnpenenuTe, KTO BBIIOJHSET 3ajaHue a), a KTo — 3agaxue 6),
M BBINOJHUTE HUX.

3) IIpoBeprTe Apyr y Apyra, NpaBUJLHO JIM BEINOJHEHO 3aJ[aHUe,
U HUclOpaBbTe OIUOKU, ecayd OHHU JONYIEeHHI.

§ 9. ApudmeTnyeckan nNporpeccus
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616. IIlapsl pacnosiokeHbl B (hOpMe TPeyroJbHHU-
Ka TakK, YTO B IepBoM psaAgy 1 map, BO BTO-
pom — 2, B TperbeM — 3 u T. A. (puc. 77).
Bo ckonbKO pPAAOB pasMemieHEl IIAPbLI, €CIIH
nx umcygo paBuo 1207 Crosnsko morpedyer-
cA IIapoB, 4YTOOBI COCTABHTH TPEYrOJNBHHK
us 30 pagos?

Yxkaxure HanbGoIbIIee YHCIO YJIEHOB apud-
MEeTHUYeCKOil IIpOrpeccHi

3585 T s Puc. 77
cyMMa KOTOphIX He mpeBocxoaut 120.

Vkakure HauboJbIIee UYUCIO UJEHOB apu(GMEeTHUEeCKOW Iporpec-
cuum 17, 14, 11, ..., OpU CHOKEHUM KOTOPBIX MMOJIYUYAETCH IIOJIO-

JAHHUTEJBbHOE YHCJIO.
619. B apudmernyeckoit nmporpeccuu a, = 8 u a,; = 12,8. Haiigure
a, u d.

620. fBasierca au uwienom apudmerudeckon mnporpeccun 20,7; 18,3; ...
yucao: a) —1,3; 6) —-3,3?

621. Pemunre cucremy ypaBHeHMI:
a) {9::2 +9y% =13, 6) (%% + y? = 29,
3xy = 2; Y- 4x?=0.

622. IToxakuTe MTPUXOBKOI MHOMKECTBO TOUEK, KOTOpOe 3alaéT Ha Ko-
OPAMHATHON MHJIOCKOCTH CHCTEMA HEPABEHCTB

y?xz,
2y + x < 5.

KoHTpOnbHbie BONPOCHI U 3apaHuA

Mpueegute npumMep nMocneaoBaTeibHOCTHU, 3a4aHHOM:

a) Gpopmynoit n-ro uneHa; 6) pekyppeHTHon HopMynon.
Haigute naTe NepBbiX YNEHOB 3TOW MOCNEeNOBaTeNbHOCTU.

Chopmynupyinte onpegeneHue apudMeTuyeckoi nporpeccuu.
Kakoe 4MCno HasbiBaloT PasHOCTbIO apudmMeTuyeckor nporpeccun?

Kak Bbipaxaetca nobon 4neH apudmMeTnyeckoin nNporpeccum, Hayu-
Has CO BTOPOro, Yepes3 Npeabiaylmii U NocNeaylowmin YNeHbl?

3anuwuTte GopMynbl n-ro YieHa U CyMMbl NEPBbIX 1 Y4NEeHOB apud-
METUYECKOW NpOrpeccuu.

160 G ELEERLNY ApudmeTuyeckana u reoMeTpuyeckas nporpeccun




FR[} rEOMETPUYECKAS NPOrPECCUS

27. OnpepeneHne reoMeTpu4ecKomn
nporpeccuu. Popmyna n-ro 4ieHa
reomMeTpu4eckon nporpeccum

PaccMOTPUM TOCJIEA0BATEIbHOCTh, YICHAMHA KOTOPON ABJIAIOTCA CTe-
IeHH 4Yucja 2 ¢ HAaTYypPaJbHBIMH HOKa3aTeJdMH:

. 92, 93, 94, 95, 96,
2: 2% 2% DR Tl AT e
Kasxaerii 4jeH 9TOW IIOCIeA0BATEJILHOCTH, HAUHHAA CO BTOPOrO, IO-

JAy4aeTcs YMHOKEHHEM IIPeABIAYINero 4yjeHa Ha 2. 9Ta IIOCJIe/oBaTeNb:
HOCTEL ABJIAETCH IIPUMEPOM 2e0MempuyecKoll npozpeccuu.

Onpepenenmue. TeoMerpuuecKkoil mnporpeccueil HasbEIBAETCHA
[IOCJIEJOBATENILHOCTh OTJMUYHBIX OT HYJA YHUCeJ, KaXKJbIA 4iIeH
KOTOpOI, HAYMHAS CO BTOPOIO, paBeH IIPeAbIAyINeMYy 4JIeHY,
YMHOKEHHOMY Ha OJHO H TO Xe YHCIO.

Wuaue roBops, mocaenoBaTesbHOCTH (b,) — reoMerpuueckKas MHpo-
rpeccusi, eciad AJA JI000ro HaTypaJbHOTO 7 BBINOJHAKTCA YCIOBHA

b,#0nu b,,,=b,"q,
rje ¢ — HEeKOTOpoe YHCJIIO.

Ob6ozmaumM, Hanpumep, uepes (b,) mocie0BaTENbHOCTh HATYPAaJib-
HBIX creneHeil umena 2. B atom ciaydae Ans jaio60ro HaTypajbHOIO n
BepHO paseHcTBO b,,, =1b,° 2, 31ecs q = 2.

W3 onpenesieHusi reOMeTPAYECKOMN NIPOTPECCHH ClIefyeT, YTO OTHOIIe-

Hue mgo6oro eé ujJeHa, HaAYWHAS CO BTOPOro, K IpeibIAyINeMy YJIeHY
paBHO ¢, T. €. IIPHU JI0O0OM HATYpPaJIbHOM NI BEPHO DaBEHCTBO

bn 41

bn

Yucno ¢ HaA3LIBAIOT 3HAMEHAMENeM 2Ze0MEeMPULeCKoll npozpeccuu.
flcHo, uTO 3HAMeHAaTeJ b N'eOMETPHUYECKON IPOrPecCHH OTJHYUYeH OT HYyJA.

Yrobel 3a1aTh NeOMETPUYECKYIO IIPOIPECCHI0, JOCTATOYHO YKa3aTh eé
IIEPBBIA YJIeH H 3HaMeHaTellb.

IIpuBenéM npumMepsl.

Ecnu b, =1 un ¢ = 0,1, To nosiyuuM reoMeTPUYECKYI0 IPOrPeccHIo

1; 0,1; 0,01; 0,001; 0,0001; ... .
VenoBusamu b, = -5 u ¢ = 2 3ajaércsa reoMerpavecKasi IpPOrPeccHus
=b5; —10; —-20; —40; —80; ... .

§ 10. NeomeTpuyeckas nNporpeccus
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Ecnu b, = 2 u ¢ = —3, TO UMeeM IpOrpeccuio
2: —6; 18; —-b4; 162; ... .
Ecim b, =8 u ¢ =1, TO mONYyYUM reOMETPUUYECKYIO NPOrPECCHIO
8:8; 88 8 ...

3Had NepBHIH UJIeH W 3HAMEHATeNb I'€OMETPUYECKOM IpPOrpeccu,
MOJKHO HAWTH MTOCJEeAOBATEJILHO BTOPOI, TpeTu# u Boobuie Jroboi eé
4JIeH:

b, = b,q,
b; = byg = (b19)g = b1q2v
by = byq = (b192)q = blqa’
bs = by = (b:¢°)q = byq".
Touno Tak e HaxoauMm, uto bs = b,q°, b, = b,¢° u 1. n. BooGme,
yToOBl HaANTH b,, MBI NOJUKHBI b; YMHOMXKHUTE Ha ¢" 1 r. e

n-1

b,=bq .

Mg monyumnnm gopmyny n-20 waeHa zeomMempuxecKoil Npozpeccull.
IIpuBenémM mpuMephl pellleHHMs 3akad C HMCIOJIL30BAHHEM 9TOH ¢op-
MYJIBL.

IIpumep 1. B reomerpuueckoit mporpeccuun b, = 12,8 u g = %.
Haigém b,.
P Ilo dhopmysne n-ro 4ieHa reoMeTPUHYECKOU NPOIPECCUN
6 7
it & o 4 4
b, = 12,8-[3) =710 "% 10.22 .10 320°

<

IIpumep 2. Haiiném BochbMOiT 4leH reomerpuyeckoit mporpeccun (b)),
ecam by = 162 u by = 18.

P 3Has nepBBIl ¥ TPETHI YNEHBI '€OMETPUYECKO ITPOIPECCHM, MO~
HO HaiiTh eé 3mamenartenb. Tak kax by = b,q%, 1o

2 1 " 1 1
Pemus ypasHenune ¢° = g, HalA€M, 4TO ¢ = 3 WA ¢ = —3.

Taxum oO0pasoM, CYILIECTBYIOT J[Be IIPOI'PECCHH, VAOBJIETBOPAIOIIHE
YCJIOBHIO 3aJa4dH.

Y ‘
Ecin q = ~_,13-, 10 by = b,q" = 162 - (%) =

1 7 1Y :
Ecim ¢ = -3, 10 bg = b,q" = 162~ [—5) -,
3ajzaua MMeeT ABAa PEIEeHHA:

2 2
b3=ﬁnﬂﬂ b3=_'2_7'. q

ApyipMeTIHECKan 1 reOMETPUHecKas nporpeccu
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BhISICHUM, KaK MOMKHO HM300pasuTh Ha KOODAMHATHOU IJIOCKOCTH
UJIeHBI:

a) apudmeruueckoin nporpeccun 0,5; 2; 3,55 55 .5 @5 o}

6) reomerpuueckoit mporpeccum 0,5; 1; 25 45 ... b5 o .

a) @opmyJy n-ro 4ieHa apu(pMeTHUecKON IpPOrpecCuHd MOIKHO 3a-
nucats B Buge a, = dn + (a; — d). Oroit dopmysoil 3ajaérca -
geiinas GyHKnua. UneHsl apudMeTHUECKON mIporpeccuu usobpa-
JKAIOTCH HA KOOPAMHATHOM MJIOCKOCTH TOYKAMHM C KOOpAMHATaAMH
(1; ay), (2; ay), (3; ag) u T. 4., NeKaIUMKU HA OPAMOH y = kBx + 1,
rae k=4d, l=a, - d.

Ha pucynke 78, @ mocTpoeHBI TOYKHM, U3o0pakaromue B KOOPAUHAT-
HOM ILJIOCKOCTH IIepBBIE IeCTh YJeHOB apupMeTHUecKOoH Mporpeccuu

0.5: 2: 3,5:: 5:.6,b; 8; ... -
Onn nexxart Ha mpsaMod y = 1,5x — 1 Ha OAWMHAKOBOM PaCCTOAHHUH

Ipyr or apyra.
6) ®opmyJly n-TO YJeHa IeOMeTPHYEeCKOH IPOrPEecCHH MOYKHO 3a-

by
nucath B BUje b, = -a—-q"‘. 3HAUYUT, FEOMETPHYECKYIO IPOI'PECCHI0

MOKHO 3azaTh GopMysoil Buza y = ca". PYHKOHIO, 3aaBaeMyI0
dopmysoi BHAa Yy = ca®, HASBIBAIOT NOKA3AMeLbHOU WU 3KCNO-
HenyuaabHoll QyHKyuei. Ha KOOpAWMHATHON NJIOCKOCTH YJIEHEI
reomerpuyecKoil mporpeccun (b,) co sHameHatenem ¢, rae q > 0,

q # 1, msobpaxkaiorcss Toukamu c¢ abemuccamu 1, 2 35 e M v

PACHOJIOKEeHHBIMM HA KPUBOM, ABIAAIOIeHcA rpa@HUKoOM NOKa3a-
- by

TeXbHOH MYHKIMM Yy = ca”, TAe ¢ = = a=gq.

Ha pucynke 78, 6 nocTpoeHsl TOUYKH, uzobpaskaiomue B KOOPAUHAT"
HOI ILIOCKOCTH IepBbie MHATHh WIEHOB I'€OMETPHYECKON HpOrpeccruu

0,5; 1: 2: 4% Bs . .

Oru rTouku uMelor koopaumarel (1; 0,5), (2; 1), (3; 2), (4; 4),
(5; 8) u pacnoJIoKeHBl Ha KPHBOH, ABIAIIeiica rpadukoMm QyHK-

a) [ YA [ agd 6) [|ZA i
a.lz 5 1]
r=3 9 ] 1
O a 0 F
A !/ ‘.‘4
L T
o 2t
3 —[ =l —»
O 1014 618! X Ol 1214 l6l8]x
Z 1 I | | L | | ]
Puc. 78

§ 10. N'eomeTpuryeckas nporpeccus
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nuu y = 0,25+ 2%, C BospacraHHEM X DACCTOSHHE MEKAY TOYKA-
MU, H300paKaomUMK YIEHBI OCIeJ0BATEILHOCTH, YBEJIUYNBACT-
Cs, ¥ OHHM De3KO YXOAAT BBepx. <

B paccMOTpeHHBIX Ciy4asX TOBOPAT O JUHEILHOM POCMe TIeHOB
apupmMeTnIecKOil NPOTrpeccur U 00 IKCNOHEHUUALLHOM POCme
YIEHOB I'€OMeTPHUYECKON NPOrpeccHu.

IIpumep 3. Brnaguuk nonoskun B 6aax 5000 p. Ha cuér, mo KOTOPO-

>

My CyMMa BKJIaJla ekerofHo Bosdpacraer Ha 8% . Kakas cymma
Oyzer y Hero Ha cuery yepes 6 yer?

Havanbras cymma Bkaaza cocrasasna 5000 p. Yepes rox ata cym-
Ma Boapacrér Ha 8% mu cocrasur 108% ot 5000 p., T. e. 6yger
paBHa 5000 - 1,08 p. Yepea 2 rosa HaAKOIJIEHHAS CYMMa COCTABHUT
(5000 - 1,08) - 1,08 p., T. e. 5000 - 1,08 p. Yepes 3 roga Ha cue-
Ty y BKaagumka Oyzer (5000 - 1,087%) - 1,08 = 5000 * 1,08 p.
HT. 1.

Tarxum oOpasom, MBI MMeeM [eJI0 ¢ TeOMeTPHUYECKOil Iporpeccueit

5000, 5000 - 1,08, 5000 - 1,082, 5000 - 1,08, ... .

Cymma, HakomjeHHass Ha CYeTy Y BKJAL4YUKA, gyepes 6 ser Oymer
pPaBHA CeAbBMOMY 4YJeHY 5TOM IIPOTPEeCCHH, T. €. COCTABHUT
5000 - 1,08°,

BeITOJTHUB BBIUMCHEHUS, HAWAEM, 4TO

5000 - 1,08°% =~ 7934.

(Ilpn BHIIOTHEHWM BBIYUCJICHHH YAOOHO HMCIOJIB30BATH KAIBKYJIA-
TOp.) 3HAUWT, HA CUETY y BKJIAJ4YMKa depes 6 jeT okamercs cyM-
Ma, npubamkérHo pasHaa 7934 p. <

B paccmorpeHHOM IpuMepe HAM NPUXOAHIOCH BBIYUCJIATH OAMH M

TOT K€ NPOIEHT OT BeJUYUHBLI, HAWUJEeHHOW Ha TNpeABbIAYINeM IIare.
B rakux ciayuasx roBOpAT, YTO MBI HMEEM JEJIO CO CJONCHbLMU NPOYECH-

mamu.

T'eomerpuyeckas mporpeccusi objazaeT CaeAVIOINIMM CBOMCTBOM:

iul-tnc-'--l—-—-n:w—mﬂt-“-n-.-u-vn—-un--m-l“mIﬂmmu_--—umnm“-n—_—tw!m‘m‘

L l
KBaJIpaT J000ro 4ieHa reoMeTPHUYECKON IIPOrPecCUy, HAYWHAA |
CO BTOPOI'0, paBeH NPOM3BEJEHHUIO NPEJAbIAYIIEr0 M MOCIeAyIo- |

I
i
: IIero eé YJeHOB. :
[}

b S e M G e e S S N R W S R RN G T S VRN O G W DOW T T N PO S SN W SN N S SR G M St e Sen e )

® [leitcTBUTENLHO, €CIM IOCIEL0BATEIBLHOCTD (b,) ABNAETCS TEoMeT-

PHUYECKOH TIPOrpeccHuen, To
bn = bn -19> bn+ = bnq

BIEEERN ApudmeTtuyeckas U reoMeTpuyeckas nNporpeccum



Tax Kax Bce YJieHbl reOMeTPHUYecKOH IPOTrpecCHy OTIHYHBLI OT HY-
Js, TO OTCIOAA CIIeAYeT, UTO

by, =bn+1
b -1 bn
b _bn—l n+l'O

BepHOo 1 00paTHOe YyTBepKIEHHE:

1
i
i
i
i
:
1
i
i
I
i
£
v
i
i
i
i
4
i
i
i
1
B
1
i
1
i
i
i
b
i
3
I
i
I
i
i
]
i
i
B
i

=]

ecjy B IIOCIEAO0BATEABHOCTH YMCEJ, OTJIMYHBIX OT HYJd, KBaji-
paT KaskAoro uyjeHa, HAYHHAS €O BTOPOTO, paBeH Ipou3Beje-
HHIO OPeABLIAYIIEero U IOCJIeAYIOIN[ero 4jieHoE, TO 9Ta MOCJe/0-
BaTEJLHOCTh ABJAETCA I'eOMEeTPHUUYecKOl Iporpeccueii.

el et
e s e e

GRS W T SR SN O B S GOW W B W SN G S S B M S TR S M G W O N W SN R e e e e o el

I[OK&.}K.PITG 9TO CaMOCTOATEJNBHO.

BamernM, uTO U3 paBeHcrsa b2 = b, |- b, |, BEIPAKAIOIIEr0 CBOMCTBO

n-1
reoMeTpuuecKoif mporpeccum, ciaexayer, 4to |b,| = b, 1 b1, T. €.
MOAYAL JIOGOr0 YJeHa reOMEeTPHYEecKO# Iporpeccuy, HauHMHaA CO BTO-

poro, ABIAETCA CPeOHHM TreOMeTpHMYeCKHM IIpeAbIAyINero u IocjJaeny-
KOInero 4JjJeHOB.

YnpaxueHus

623. Haiijure mepBble NATH UYJIEHOB reoMeTpHYecKoit mporpeccun (b)),
ecJm:
a) b =6, qg=2; B) b, = —24, ¢ = -1,5;
6) b, =16, ¢= 3 1, r) b, = 0,4, ¢ = 2.

624. ITocienoBaTebHOCTE (€,) — reoMeTpUYecKas IPOrpeccusd, MepBbIi
YJieH KOTOPO# paBeH ¢;, a 3HaMeHaTeJb paBeH ¢. Beipasute 4depes

c, 1 q:
a) cg; 6) c205 B) Cyg53 r) ¢ B) Cpy 35 e) Cyp-
625. ITocienoBaTenbHOCTh (Xx,) — reomerpuyeckas nporpeccus. Haiigure:
a) x,, ecnu x; = 16, g= %; r) x4, ecu x; = —125, ¢ = 0,2;
1, 3 g
6) xg, ecnm x; = —810, g=35 ) X5 ecam X, =7, ¢ =3

B) Xy9, €CIH X; = \[— q=—J2; e) x,, ecoim x; = 1,8, ¢ =_‘/3§.

626. M3o0pasuTe HA KOOPAWHATHOM IJIOCKOCTH TIEDBBIE IATH UJIEHOB:
a) apudmeruueckoir nporpeccuu 1,5; 2,5; 3,5;
0) reomerpuYecKoy mporpeccuu 8; 4; 2; ...

§ 10. l'eomeTpuyeckas nporpeccua
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627. Haiigure ceabMoll U n-i 4jeHbl reOMETPUYECKON IpPOrpecCHm:

T )2 =8 s B) —~0,125; 0,25; ... ;
6) -40; —-20; ... ; )} =107 103 s

628. Haiinure mecToif m n-# 4IeHbl reoMeTPUYECKOH IpOTrPecCHm:
a) 48; 12; ... B) —-0,001; -0,01; ... ;
6) 55— w3 r) —~100; 10; ... .

629. B tpeyrosbauke ABC (puc. 79) mpose-
Ju cpefHIO JuHHIO A,C,, B Tpeyrois-
HUKe A,BC, Takike NIPOBEJN CPEAHION
nuaup A,C,, BO BHOBb 06pasoBaBlIeM-
ca TpeyronbHuKe A,BC, cHOBa IIpoBean
cpenuiolo uEUO A C, u T. 1. Haligure
ojomans TpeyronbEuka AyBC,, ecnu
M3BECTHO, YTO IJIOWIAAb TPEYroJbHUKA
ABC paBra 768 cm>.

630. HafifuTe mepBBIil 4YjeH reoMeTpuyec-
Koii nporpeccun (b,), ecau:

a) bg =3, ¢ = 3; 6) by =17+

1
3 g =25

631. Halinure 3HaMeHaTe/Jb IeOMeTPUYECKOU mporpeccuu (c,), eciu:
632. ITocenoBaresbHOCTE (Xx,) — reomMerpuueckas nporpeccus. Haiaure:
a) x,, ecnn xg = 0,32, ¢ = 0,2; 6) ¢, ecoim x3 = —-162, x, = —18.
633. IlocnemoBarensrHocTh (b,) — reomerpuuecKkasi nporpeccusi. Haitnure:
a) bg, ecnu b, = 125, by = 5;
6) by, ecau by = —=, by = —2;
B) by, ecom b, = -1, bg = —100.
634. Mexay uncaamu 2 u 162 BcTaBbTe TaKkMe TPH UMCJIA, KOTOPLIE BMec-
Te ¢ NaHHBIMH YHCJIAMH 00pasyioT reOMeTPUUYECKYI0 IPOTrPECCHIO.
635. 'eomeTpuueckas nporpeccus (x,) COCTOMT M3 YETHIPEX YJIEHOB: 2,

1 5
a, b, Ve Haiigure a u b.

636. Haiinure mecToii ujeH reomerpudeckoi nporpeccuu (b,), ecau us-
BecTHO, 4To b, = 6, b, = 24.

637. Hacesnenue ropona cocrasiaser 60 Teicad desioBeK. 3a IOCJEIHHE
roasl HaOIIOMAeTCs eXerofHBIH mpupocT Hacenenus Ha 2% . Ka-
KUM Oyjer HaceJleHMe ropojia udepes 5 JieT, €CJU 3Ta TeHIAeHIIUA
coXpaHuTcHa?
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638,

639,

640,

(za patomst e napax.) Exeroapmit foxox me sraany «l06aneii-
ERIT» cocTaBmaer 6% . IlepBorauaneanni Braay Osin paser 8000 p.
Kakas cymma GyzeT Ha cuery ¥ BRIAATHKA:

a) gepes 4 roza; 6) uepez 6 mer?

1) O6eyamTe, ¢ RaKol nocheA0BATENBHOCTHIO MBI HMEeM JeNo B
aToil zagaue.

2} PacopegenaiTe, KTO BLIMOJHSET 38JlaHAe 4), & KT0 — 3ajgaHHe 6),
¥ BBIIOJHHTE DPECYEThl, HCHOMLRAVA KaJLKYIATOD.

3) IIpoBepsTe APYT V APYra, NPABMIBHD N BhITIJIHEHL! 3afKaHNI,
¥ HCOPABLTE OMHOKM, eclIEm OHHE JONVINEHHI,

Ha OOLITHOM YY&CTKE JIeCA EMKETrOZHEIY NpPHPOCT APEBECHHBL CO-
crasaser 10% . Karoe KOJIN4YeCTBO ApPEeRecHEL! Oyaer Ha sTOM
YYACTKE Ueped 6 JeT, ecaM TepBOHAYANLHOE KONRYECTBO APEBECH-
HEl papeo 2,0 - 10* M*?

Tlocse ®aKAOrO ABMKEHMA NMOPINHA PA3PEFKAIOMIETO HACOCA H3 CO-
cyaa vaanserca 20% m\axopdameroca B HEM Boamyxa. Onpexemnrte

IaBjIeHHe BOJAYXA BHYTPH COCYAA IIOCJHe OECTH ABHJKeHMI nopoi-
HS, eCHH NEPBOHAYANBHO AaBiaeHve DeLIo paseo 760 MM pr. cT.

IlaE paBHOCTOPOHHEI TpeyroJdpEHK ca cToponoil 8 em. Hs ero aer-

642,

¢OT HOCTRPOEH BTODOI TpeyToALHHEK. 3 BRICOT BTOPOTO TDEYIOJIb-
HAKA OOCTpOeH TpetHid u T. 4. JoRaxxHTe, 4TO NEePHMeTPE Tpe-

YTOALEAKOB ODpRAVIOT reoMeTpHYeCKYIC IIDOTPECccHIo, M Balixure
IIEpEMETp INEeCTOre TPEYTOJILHHAKA.

B parmocTOpOHHMII TPeYTOJILEHK, CTOPOHEA KOTOpPOro pasHAa 16 cM,
BOHCAH ADYTOH TPEYLOJBHHK, BEPOIMHAMH KOTODOro ABIANOTCA ce-
PeruiLl ¢CTOPCH NepBorc. Bo BTOpol TPeyroJbEHWE TAKHM e CIIN-
coboM BOMCAH TpeTHH n T. n. HoxexHTe, 9TO ODePHMETPH Tpe-
YIOJLEHKOE 00pasyT reoMeTpHYeCKYH nporpeccur. Halinnre
NepuMeTp BOCLMOTO TPEeYTOJILHHMKA.

CyMma Tpéx 4ucen, oGpasyiomuxy apudMeTHYecKYio IpPOPDeCcCHID,
papEa 21. Haftanre 2TH umena, ecaId H3BeCTHQ, 4UTO, YMeHEBIOHR
BrOpoe M3 HUX Ha 1 M yBeAW4HB TPeThbe Ha 1, MEl OOJAVUAM Ceo-
MEeTDHIECKYI) OPOCPecCHK,

CyMma TDEX LONOKHTENLHBIX UHCe, OGpasVIOIOEX ApHQpMeTHIe-

645.

CKYIO nporpeccrry, papsEa 15, HalinuTe sTH UHCNa, €CAHW HIBECT-
HO, 4YTO, VBEJHYNWR Oeppoe @ BTOpOoe uHcena #Ha 1, a Tperne Ha 4,
ME TOJYYHM TeOMeTRHULCKYIO TpPOrpeccHio.

(3adara-uccaedosarue.) MOryr Md AIWHE CTOPOH HPAMOYTOJLHO-
TO TPeYTONbHHKA COCTARIAThH IéOMETPHYECKYIO UpPOrpeccHIo?

1) ChenaitTe 4epTésx M BBeguTe HeolxoxHMEIe 0GOBHAYEHHAS.

2) Karyio TeopeMy H3 KYpCA MeOMETPHH MOMHO HCIOJAB3UBATE ODH
OTBETE HA EBONPOC 3ROAYNT

3) CocTaBrTe ypPaBHEeHNE M DEMHTE £r0.

4) ChopmynupyiiTe BHIRBOJ ¥ BRITOIHHTE NPOBEPRY.

§ 10. Neometpudeckasd NPOrpeccus
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1

646. Haiinure KoopAMHATHI TOYKH, NpPUHAAJEKAIIeil rpaduKky ypasHe-
HAA x° — y* = 30, eciu W3BECTHO, UTO WX cyMMa paBHa 5.

647. Peminre HepaBeHCTBO:
4

a) 2x% - 13x — 34 > 0; 6) 10x — 4x% < 0; B) 3o < 0.

28. Popmyna cymMMmbl NMepBbIX 1 4J1€HOB
reoMeTpMyYeCcKon nporpeccum

CornacHo Jnerenjie MHAMHCKHUII NPHUHI[ PEIIWJ HArpaauTh HU3o0peTa-
Tensd MaxMarT ¥ OpeAjIoKHJI eMy caMoMmy BwiOpaTh Harpaxy. MzoGpera-
TeJlb IDaXMaT NOIPOCHJ B HArpajy 3a cBoé u3o0peTeHMe CTOILKO
NIIeHUYHBIX 3€peH, CKOJBKO UX MOJYYUTCH, €CIU Ha NEePBYI KIETKY
mIaXMaTHOH AOCKM IOJIOKUTH OJHO 3epHO,
Ha BTOpPyI0 — B 2 pasa Ooxsiie, T. e. 2 3ep-
Ha, Ha TpeThi0o — emé B 2 pasa Oosbiue,
T. . 4 3epHa, U Tak jgayee Ao 64-# Kier-
ku. KakoBo ke ObLIO yauBIIeHWe NIPUHIA,
KOTZla OH y3HaJl, 4TO TaKyl0, Kasajochb ObI,
CKPOMHYI0 Ipoch0y HEBO3MOMKHO BBIIIOJ-
HUTD.

JeiicTBUTEeNEHO, YHCJIO 3€pPEH, 0 KOTO-
PBIX HOET pedb, SABIAETCA CYMMOU IIeCTH-
JeCATHU YeTBIPEX YJIEeHOB IeOMEeTPHUYECKOM
IIpOTpeccuu, NepPBbIM 4YJeH KOTOpOo# pa-
BeH 1, a 3HaMeHaTenb paBeH 2. O0osHAYHM
3Ty cyMMy uepesd S:

S=142+22+2%+ ..+ 2% 4 29,

YMHOKUM 00e yacTH 3allHCAHHOTO DaBEeHCTBA HA 3HAMEHATEeJb IpPOo-
rpEeCcCHH, IIOJIYUUM

28 =2+ 22 + 23 4 24 4 ... + 208 4 284

BrruTeM mousieHHO M3 BTOPOTO PABEHCTBA IIE€PBO€ M IIPOBEAEM YIIPO-
IIeHUA:

28 —8S=(2+ 284 .. + 290+ 2% — (1 + 2 + 2% + .. +2%),
S =264_1,

Mo:xHO noaACYMTaTh, 4YTO MAacCCa TaAKOI'0 4YHcjia OIMeHWYHBIX aépeH
GosibIme TPHJLJIMOHA TOHH. 910 3aBe/loMO NpeBOCXOIHUT KOJHYEeCTBO IIIIIe-
HHUIIEBI, COﬁpaHHOﬁ HeJoBeuecTBOM OO HACTOAINEro BPDEeMEeHH.
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BeiBegeMm Tenepb (hOPMYJy CYMMBI HEPBBIX 7 UJIEHOB IIPOM3BOJILHOM
reoMeTpHUYeCKOi mporpeccuu. BocmosibdyeMcs TeM Ke IpuéMOM, ¢ IO-
MOIMIBIO KOTOpPOro OBbLIA BEIYMCIEHA cyMMa S.

Ilyers paHa reomerpuueckas nporpeccus (b,). Obosmauum cymmy
IepBBIX N eé 4YJIeHOB uepe3 S, :

8. =0, +by,+by+..tbd,_;+0b, (1)
YmuO)HUM 00e WacTH 3TOr0 paBeHCTBA HA §:
S,gq=bg+byq+byg+..+b, 1q+bg.
YuuTeIBaA, 4TO
biq = by, byg = by, byq = by, ., by _1q=0b,,
TOJIYYUM
S, g="by,+by+b,+..+b,+bgq. (2)

BreruteMm mouseHHO u3 paBeHcrsa (2) paBeHcTBo (1) ¥ mpuBeném mo-
noOHBIE YJIeHBI:

S,g-S,=({b;+b3+..+b,+b,q)— (b, +b,+...+b,_,+b,)=b,q- by,
S,(g—1)=b,g— b,.
Orcroga caenyer, uro npu g # 1

s, ==, 0

MBI DONYYHUIH QOPMYAY CYMMbL NEPEbLX T UJEeHOE8 2e0MEmMPULeCKOll
npozpeccuu, B Kotopoit ¢ # 1. Ecaim ¢ = 1, To Bce uJleHBl IpPOrpeccuu
PaBHEI IepBOMYy udJyieHYy U S, = nb;.

IIpu pelleHMM MHOTHMX 3aJa4d yA00HO IOJIB30BAThCA (DOPMYJIOH CyMMBI
TIepPBLIX 71 YWIEHOB reOMEeTPUYECKOM 1IporpeccuH, 3allCcaHHO! B APYTOM BU-

ne. Iopcrasum B dopmyay (I) Bmecro b, BeipaskeHue b,q" !, Momyunm
"1
g - by (¢ )

=g e qg* 1. (I1)

IIpumep 1. Haiiném cymMMy nepBBIX AeCATH ‘-IlJIeHOB reoMeTpudecKomn
nporpeccun (b,), B KoTopoit b; =3 u ¢ = 5-

p Tak Kaxk M3BeCTHHI IIEPBHII YJIeH U 3HaMeHaTeslb IIPOIPecCHH, TO
yno6H0 BOocmoab3oBatTbes dopmysnoi (1I). IMTomyuaum

[110

(6" _ A

g b@?-0 (8 _ Y0s1 Y

L T T i
2 2

0
1

©o

=

e B
=6-gz=b

. <

ot
B

§ 10. N'eomeTpuyeckas Nporpeccus
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IIpumep 2. Haiigém cymmy
l+x+22+ .. +x"7 1,
rage x# 1, ciraraeMble KOTOPOM SBJIAIOTCH IOCJHENOBATEIbHBIMHA

WIeHAMH I'eOMeTpPHYecKoi mporpeccud 1; x; x°5 ...

p Ilepseiit unen nporpeccum paseH 1, a 3HameHarenb paBeH x. Tak
kak x" ! aBiaserca wienom aroit IIpOrpeccuy ¢ HOMEpPOM 1, TO 3a-
Aa4a COCTOMT B HAXOXJIEHWH CYMMEI IIePBBIX 7. €€ 4JieHOB. Boc-
mosb3yemca dopmysnoi (I):

_ & x-1._aP-1
nT T x-1  x-1°

Takum obpasom, ecau x # 1, To

S

n
' =1
l+x+22+ .. +2" =22, g

IIpumep 3. Haiiném cymMMy nepBbIX II€CTH YJIEHOB IeOMeTPHYECKOi
nporpeccun (b,), ecim ussecTHO, uTO by = 12 u by = 48.

p 3mas by m by, MOXXKHO HaliTu 3HamMeHaTesN b mporpeccuu q. Tak Kak
" il p
bs = byq”, TO

2 _& _ 48 _
q -b‘g 1 = 4,
3Haywur,

qg=2 wuwmm q=—2.
Taxum 0O6pasoM, CyIIEeCTBYIOT JBe NIPOTPECCHH, YAOBJIETBOPSAIOIIUE

YCIOBHIO 3ala4yH.
Ecmu g = -2, 1O

by b(e®-1)  3(-2°-1
b= 3=3mS=" 7 =—5-1 =63
Ecau ¢ = 2, To
3(25-1)
by=8m Sg="5—7-=189.
anax;nennsl

648. Hajiziute cyMMy IepBEIX NATH YJIE€HOB I'eOMETPMYECKOU Iporpec-
= cum, y KOTOpPOIi:

a)b;=8,g=5  6)b =500, q =3

649. Haiinure cyMMy IepBBIX IIECTH YIEHOB I'€OMETPHYECKOM IPOTPECCHHU:
a) 8y =6 . s B) —32; —-16; ... ;
6) 54; 865 .3 1) 15 —35 .

LEEERNY ApndmeTnyeckas U reomeTpuydeckas nporpeccum
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650.

651,

652.

653.

654.

BhlupcanTe CyMMY HEpBHIX [A€BSATH YJIEHOB IeOMeTPHYECKON Ipo-
rpeccuy, ecJu:

a)c;=-4,q=3; B) ¢;=-2, ¢= 2;

0) e, =1, g=-2; r) ¢; = 32, ¢=—0,5.

(Iasa pabomwt 6 napax.) Jokakure, 4To mocjenoBaTelbHOCTE (b,)
ABJSAETCA TeOMeTPHYEeCKOM mporpeccueil, M HaiiuTe CyMMy Iiep-
BBIX 71 €€ YJIeHOB, eCJIH:

a) b,=0,2 - 5" B) b, = 3'*7
6) b,=3-2""% r) b, = 2"*2

1) O6eyauTe X0 AOKA3aTENIbBCTBA.

2) PacnpezienuTe, KTO BBINOJHAET 3aJaHUS a) U B), a KTO — 3a-
gaHusA 6) ¥ T'), ¥ BBINIOJHUTE HUX.

3) TIpoBepsTe APYr V ApPyra, NPABUJILHO JIM BBHINOJHEHbl 3aJaHWUA,
¥ MCIpaBbTe OIMMUOKYW, €CJaW OHM JAONYIIeHbI.

Haiigure cyMMy NEpPBBIX 1 YJIEHOB I'€OMETPHYECKON IIPOI'DEecCHM:
a) 1l; 3; 3% .. r) 1; —x; x% .., roe x # —1;
6) 2; o 94 » ) 13 x% x% ..., rRe x# 11;
1 1.1 6
B) FI= g e) 1; —x% x% ..., rme x# -1.

Haligure cyMMy HIepBEIX CeMH 4YJeHOB IeOMeTPHYECKOH IIpo-
rpeccuu (b,), ecnm:

a] bT = 72,9, q= 1,5; B) b3 = 64’ q —_ %;
16 2 1
6) bs=g: ¢=73 r) b= 81, ¢=—3.

HafigurTe cyMMy OEepBBIX NOATH YJIEHOB TeOMeTPHYECKOH IIpo-
rpeccuu (x,), eciuu:

1

a) x;=1g, 4= 3 6) x, = 121,5, ¢= —3.

655. HaiinuTe cyMMy IIEDBBIX IIECTH 4JIEHOB MeOMETPHYECKOW Iporpec-

656.

CUU, NepBBIM 4YIeH KOTOpOoi paBeH 2, a nATeiil paBeH 162, ecim
M3BECTHO, YTO €€ YJIeHbl ¢ HeYEéTHBIMH HOMepaMHU IIOJIOMKHUTEIbHBI,
a ¢ YéTHBIMHU OTPHILATEJIbHBI.

Haiigure cymMMy IE€pBBEIX CeMH 4YJIeHOB IeOMeTpPHUYecKoil mporpec-
cuu (b,), B Kotopoir b, = 6 u b, = 54, ecnu H3BECTHO, UTO Bce €€
YJIeHbI IIOJIOMKUTENbHEI.

657.) B reomeTpHUeCKOl IIPOTPECCHH, BCE YJIEHBI KOTOPOH IOJIOMKHTENb-

HBI, CyMMa NEepPBBIX ABYX 4YJEeHOB paBHa 8, a cyMMa TpeThero
¥ 4eTBEPTOro 4JeHOB paBHa 72. CKOJBKO WJIEHOB dTOH IIporpec-
cuM, HAYMHAA C HepPBOTr0, HAJO CI0MKHUTH, YTOOBI MOJYYHUTH B CyM-
me 2427

§ 10. F'eomeTpuyeckas nporpeccus
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658. Haiinure mepBulif umeH reoMeTrpuueckoit mporpeccun (b,), ecau
b; = 0,012 u ¢= 0,2. Banumure GopmMysy n-ro 4jieHa 3TOH Mpo-

rpeccuu.
659. CoxkpaTtnure apobOb:
g 2n+2_“2n—2 25;;_52;;_1
] B = 0) —

i}
E 2
1660. Pernnre HepaBeHCTBO:
I
g a) 1,5x — x2< 0; 6) x>+ x+6 > 0.

661 Kaxyio ¢urypy 3amaér Ha KOOPAMHATHON IJIOCKOCTH CHCTeMa He-
pPaBeHCTB

rE———

3x -y =0,
y—5=20?

KoHTponbHbIe BONpoOChLI U 3agaHUNA

Cohopmynupyiite onpepeneHve reoMeTpuyeckon nporpeccun. Yrto
Ha3blBalOT 3HAMEHATENEM reOMETPUYECKON nporpeccuu?

Kak Bbipaxaercs kBagpat noboro YneHa reoMeTpuyeckoin nporpec-
CUM, Ha4YMHas CcO BTOPOro, Yyepes npenbiaywuidi 1 nocnenyowni
YNeHb!?

3anuwute GOpMynbl n-ro 4ieHa U CyMMbl MEPBbIX 1 Y/IEHOB reo-
METPUYECKOW MPOrpeccun.

Hnsa mex, kmo xowem 3nHamv Goavuie

29. MeTtoa mareMaTU4eCKOW MHAYKLUN

Ilyers pama mociemoBaTesbHOCTH (@,), B KOTOPOM
a,=4,a,,,=a,+2n+ 3.

IMonerraemes 3azarh €€ GopMynaoi n-ro yieHa.
Briuunciaum InepBBIle HECKOJBKO YJIEHOB MNOCJEeNOBATEJIBHOCTH:

a,=4,a,=4+2-1+3=29,
3=9+2:-2+3=16.
3HAUUT, TOCIENOBATENRHOCTE (a,) HaUMHAETCA TaK:
4, 9, 16,
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EcTecTBEHHO NpPEANONIOMHUTH, YTO 9TY IIOCIEeAOBATEJIBHOCTE MOMKHO
s3afath GopMyJIoi
a,= (n+ 1)~

@®opmyna BepHa Aiaa n= 1, 2, 3. OgHako, KaxK JOJro HU NPOAOJIKAIHU
OBl MBI BEIYHCJIEHHSA, OHU He [al0T OCHOBAHUN YTBEDPKAATH, UTO 3Ta
dopmyna BepHa mpu awboMm HaTypasbHOM n. IlosToMy BocmosibayeMmcs
coemHaJIbHBIM MeTOAOM paccyskaeHuit. Ilpeanmososxkmm, 4ro opmyJia
BepHa npu n =k, T. e.

k= (k *+ 1)2’

U JOKaXeMm, 4TO OHA TaKKe BepHa npu n= k+ 1, T. e. JoKaxeM, 4TO
2
Apyq=(R+2).
ITo ycnosuio
a,,1=a,+ 2k+ 3.

Bamenus a, Ha (k+ 1)?, moxyunwm
a1 =(k+1P°+2e+3=FE+2k+1+2k+3=E+4k+4=(k+ 2)%.

3HAYUT,
a,,;=(k+ 2) A

T. €. ecau GopMyJia BepHa And n=Fk, To OHA BepHa WM anA n =k + 1.

M= yb6epmnuce, 4ro hopmysia BepHa Ans n= 1. CirenosarenbHO, OHA
BepHa u gaa n=1+ 1, 1. e. ana n= 2. Y3 Toro, uro dopmysia BepHa
Ans n= 2, cieayer, 4YTO OHA BepHa u A n= 2+ 1, r. e, qusa n= 3.
(3ameTuM, 4YTO B CHpaBeAJTUBOCTH (GOPMYJILI AdA n= 2 ¥ n = 3 Hac ybe-
JAUIH W HeNocpeAcTBeHHBIe pacuérbl.) M3 cupasBemnusBocTu Gopmyssl
AJiA n = 3 BBITEKaeT eé COPABEAJIMBOCThL AJNA n = 3 + 1, 7. e. ana n = 4.
W3 Toro, utro dopmyna BepHa aua n = 4, cieiyer, 4TO OHA BepHA IJIA
n=5u T A

HfcHo, 4TO, CTPOA TAKYIO NENOYKY PACCYKIEHUM, Mbl HOHAEM 10 JIIO-
6010 HATYpaJILHOTO YHCJIa. 3HAYUT, (hopmyJa

= (n+ 1)

BepHa IpH J0060M HaTypaabHOM 1, T. €. IIOCHEA0BATEIBHOCTE (a,) MOMK-
HO 3ajaTh 3TOH (hopmMysIoii.

IIpuMeHEHHEBIH MeTOJ AOKAa3aTe] bCTBA HA3bLIBAETCH Memodom mame-

mamuyecrkoit urndykyuu. OH OCHOBAH HA CJEAYIONIEM IIOJOKEeHHU, U3-
BECTHOM IIOJ, HasBaHHUEM NPUHUUN MAMEMAMULECKOLL uu@ynuuu:

T W TR NN TR TN VAN N WEN BOM W S - e

YTBEPKAEHNEe O TOM, UYTO HEKOTODBIH QJaRT HMeeT MEeCTO IIpH
n1000M HaTypPaJbHOM 7, BePHO, €CJIH BBINOJHAKTCA J[BA YCJIO-
BHA:

a) yTBep@IeHHe BepHO npu n= 1;

06) u3 copaBeNJIMBOCTH YTBED)KAEHHUs IJsA n = k clenyer ero
CHpaBeJJIMBOCTh ANA n=k+ 1.

ettt L L L L T T T T T T T I TSI SrSr———————.

o e -

Ina Tex, KTo xo4er 3HaTh Bonbuwe
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HOK&.’S&T&JII:CTBO HEeKOTOpOro yTBepXKIAeHHUA MeTONOM MaTeMaTHde-
CKOM HHAVEKIHHA COCTOHUT H3 JBYVX qyacTeu. CH&'—I&J‘I& IIPOBEPAKT ero
cIpaBeJJUBOCTE npu n = 1. 3areM, OPeAINOJOMKHB, YTO YTBEDPKIECHHE
BEPHO IIpH n = k, NOKa3bIBAIOT, YTO OHO BEPHO W mpu n= k+ 1.

Paccmo'rpuM IpHMepbI IIPpHMEeHEeHHMsA MeTola MaTeMaTH4YecKoi HH-
AVKITUH.

IIpumep 1. IIpu perreHUM HEKOTOPHIX 34484 U3 MeOMETPUHM W MeXaHH-
ku Apxumen (287—212 rr. go H. 3.) BeIBeJ (opMyay
+1)(2n +1
12+22+32+...+n2=L)6(——“——).
JlokakeM eé cIpaBeIInBOCTB.
P Ilpu n = 1 popmysna BepHa:
1% = LS )
3 ;
Honyctum, uTo oTa (popMyJsia BepHa AJNA n.= k, T. €.
k(k +1)(2k + 1)
6 1
Jloka)xeM, 4TO OTCIO/Ia CJEAVET €€ CIIPpaBeAJIMBOCTL Anda n=Fk+ 1,
T. €.

12+ 22+ 32+ ..+ B2+ (kB + 1)°

Hmeem
1+22+ 84+ B+ 1= 2ETDERAD g gy

R+ 1)(2k+ 1)+ 6(k+1)2 (R +1)(2k% + k + 6k + 6) _

1°+22+ 8%+ .+ K=

_ (k+1)(k+2)(2k + 3)
= = 3

6 6
_(k+ 1)(2k% + Tk + 6)
5 :
PazyioKUB Ha MHOMKUTENH KBaJApaTHBIN TpéxuieH
2k + Tk + 6,
OOJIYIUM
2k* + Tk + 6 = (k+ 2)(2k + 3).
SHaA4YHUT,

(k+1)(k+ 2)(2k + 3)
6 .

Taxkum o6pa3oM, copaBefJUBOCTL GOPMYJILI ApXuMezna AOKasaHa. <

124+ 22+ 32+ . +EE+E+1)7°=

Ilpumep 2. [lokaxkem, uTo npu Jwbom HaTypasbHoMm n cymma 13" + 5
kparHa 6.

» Ilpu n= 1 yreepskaeHue BepHO, Tak kKak 13' + 5 = 18, a uwmcio
18 kpatHO 6.
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JdonycTuM, YTO yTBep)KAeHHe BepHO npu n=Ek, T.e. cymMMma
13*+ 5 KparHa 6, ¥ HOKa)XeM, YTO M3 3TOrO CJEAVEeT ero crupaBej-

JIMBOCTE A n=k+ 1, T. e. cymma 13**! + 5 Taxxe KpatHa 6.
Hmeem

13**1+5=13*-183+5=13* 12+ 1)+ 5 =
= 13*- 12 + (18* + 5).
B monyuenHO#l cymMe Kaskaoe caaraemoe kpatHo 6. 3mauuT, cyM-

ma 13**' + 5 npm moGom marypanbHOM k KparHa 6.
B cuiy NpUMHIMIIA MATEeMATHYECKOH WHAVKIMHM YTBEDKACHHE A0-

KasaHo.
YnpaxHeHus
662, IIposepsTe, uTo mpu n = 1, 2, 3 BepHa dopmysa
1% + 93 4+ 33 3 nP(n+1)7°
PR R i e o

Hoxaxkure, 4To ara Gopmysa BepHA NPHU JIOOOM HATYPAJIbHOM .
663.) loxaskure, 4To mpM 1060M HATYDPAJLHOM 7L BEDHO PABEHCTBO
1
1:2+2:-3+34+..+n(n+1)=3zn(r+1)(n+2).

Jloka)XuTe, 4TO IPH JI060M HATYPAJIBHOM 7. CyMMa

1 1 1 1
2 T g TEa v~ D

MOsKeT ObITh BBIYMCJIEHa mo dopmyiae S, =

A,
n+1°

665. Hokakure, 4To NpH JIOO0M HATYPAJIBLHOM 71 BEDHO PABEHCTBO
1-442-7+83-10+..+nBn+1)=n(n+ 1>

IIycrs (b,) — mocnexoBaTenbHOCTH, B KOTOpod b, = -3,
by,1 =20, + 6k + 3. Jlokaxkure, 4UTO 3Ty IOCIEAOBATEIHHOCTD

MOKHO 3aaaTh ¢opmyJsoi b, = 3n® - 6.
667. Hoxaxkute, 4TO mociexosarTenbHOCTH (a@,), B KoTOpoit a, = —5,
a,,, = a, + 10k + 5, moxxno 3amars dopmymnoit a, = bn® — 10.

668. [lokaxkure, uro pasmocts 49" — 1 kparna 48 npu jaobom HATY-
PaJILHOM 7.

ITyers (u,) — mocnemoBaTesnbHOCTH umcess PuboHauym, T. e.
uy=1,u,=1, u,,,=u, +u,,, opu n > 2. Jlokaxxure, 94T0 9Ta
II0CTelOBATEILHOCTE ODJIaaeT CIeIYIONIHM CBOMCTBOM:

a) u; tugtust . tuy, = U,

2 2 2 - .
O) ui +tustug+ ... tu;,=u,"u,, 4

Ina T1ex, KTo xo4eT 3HaTth Bonblwe
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AononHutensHble ynpaxHenus K rnase IV

K naparpady 9

670. BeruucinTe nepBhle NATH YJIEHOB IOcHeAoBaTeIbHOCTH (C,), 3aJaH-
HOM (opMyI0ii:

a) c, = -2n%+ T; r)e,=3,2-2"
100 =t
6) ¢, =75 5 x) cﬂ:ﬁ_‘lln___.
1 — =1t

B) ¢, = —2,5 - 2% e)e, =—5——.

n 2n +1

671. 3agaitte hopmysoit n-ro yjgeHa mociefoBaTelbHOCTH (a@,), eciau:

a) (a,) — mocyenoBaTeNbHOCTh HATYPAJBHBIX YHCEN, KPATHBIX 5;
6) (a,) — mociemoBaTeNBHOCTh HATYPAJIbHBIX YMCEJ, KOTOpbIE NpHU
JeJieHMH Ha 5 jpaioT B ocrarke 1.

672.) BeiunciauTe mepBEle HECKONBKO WUIEHOB HOCJIefOBaTeabHOCTH (Y,),
ecaIHn.;
a) Y1 = =3, Yps1 — Yo = 10;
6) y1 =10, y, . 1" Y, = 2,5;
B) yl = 155: yn+1 —yn=n’;

D) Y1= 4 Yns1t Yo = 1"

673. Haiinure unensl apudMeTHYeCKON nporpeccun (a,), obo3HaueHHEIE
OyKBamMu:
a) a;5 ay; —19; —11.5; a;; ...
0) a,; —8,5; ag; —4,5; a;; ag; ... .

674. Ilepumerp TpeyroJabHuKa paBeH 24 cM, IPUYEM JJIHHBI €r0 CTOPOH
ofpasyioT apudMeTHYecKy nporpeccuio. MoxXHO JH OIpefeIuTh
ANMuHY XO0Ts OBl omHOUM M3 cropoH? KakmWe Iiesible 3HAUEHHA MOTYT
IPMHHUMATE JJIMHBLI CTOPOH TPEYTrOJBbHUKA, BEIDAXKEHHBIC B CAHTH-
merpax?

675. Yrapl TpeyrosbHHKA 00pasyoT apudMeTHUECKYI0 IPOrpeccuio.
Ilokasxure, uro ofuH U3 HUX paBeH 60°.

676. IlocnenosarensHOCTh (@,) — apudmerudeckas nporpeccusi. SBis-
erca au apudMeTUYEeCKOH Nporpeccueil mocjaefoBaTelbHOCTh:
a) Ggs Byl oo 3 Aoy oo 3
B) 8y =1 dg= 1 i, =~15 e %
B) 28 2055 w3205 v
S 1 . Gl ?
T) Q7] @55 we 5 Q55 «s

ApudmMeTunyeckas U reoMeTpuyeckas nporpeccum
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677.

678.

679.

680.

681.

682.

683.

684.

685.

ITocnepoBaTensHOCT: (a,) — apudmerndeckas mporpeccusi. Haii-
ouTe:

a) a,,, eciau a,=9\f§—2ud=2—\/§;
53 -7 J3-2

6) ag, ecmma,=—5— nd=—7

Haiinure HOMep 4iieHa apudMeTHdecKod mporpeccuu (a,):
a) pasHoro —2,94, ecin a, = 1,26 u d = -0,3;
6) pasroro —9,7, ecim a; = —3,7 u d = —0,6.
Ilara apudMeTHUYecKas Nporpeccusi, NePBHIA YJIeH KOTOPOH paBeH
3 2 e
27, a pasHOCTH paBHA 3. fIBisieTCs JIM YJIEHOM BTOH NPOTPeccuu
YUCJIO:
3
a) 147; 6) 8,357

Haiigure:
a) TepBBIN IOJOKUTENbHBIN dieH apudMeTHUYeCKOil IpOrpeccHuu
1 1
—-103; -103; —10; ... ;
6) mepBBIA OTPHUIATENbHBIA 4YI€H apu(pMeTUYEeCKOH IPOrpeccHu
1 1 1
8'2*, 8“3:, 85’ =

Hoxaxkure, uro ecau (y,) — apudmMerudeckas IPOrpeccHs, TO:
a) Yo t Yy =Yg+ Ys

6) Un-5+ Yn+10=Yn T Yn+s5 THAE R > 5.

Hokaxkure, 4To ecau d — pasHOCTh apu(MeTHUECKOH Iporpec-

CHH, & X, U X, — YJeHBl dTOH Iporpeccuu, NPUYEM m # n,
Xm — Xp

TO d = —.
m n

Hana apudmerudeckasa nporpeccusa (a,). Haiigure:
a) d, ecnu ayy = 1,7 1 az; = 0;
0) ayg9, €Cau ayy = 270 u d = 3.

Hajlizjure cyMMy IepBBIX JeCATH YIEHOB apupMeTHYeCcKOM Ipo-
Tpeccuu:

8) 35 35 w3 6) V3; V12; ...

Haiizure cymMmMy, cjlaraeéMbIMH KOTODPOH ABJAKTCA IOCJIEA0BATENb-
Hble 4JIeHbl apu(pMeTHYeCKOi IIPOTPecCHu:

a)2+6+ 10+ ..+ 198;
6) 95 + 85 + 76 + ... + (—1565).

JdononHutenbHble yrnpaxheHusa kK rnase [V
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686. Ha oxHOI CTOpOHE yriia OT BePIIMHBI OTJIOKEHEI JBEHAJIATH PaB-
HBIX OTPE3KOB M Yepe3 MX KOHILI (KPOMe BEPIIWHBI yIJja) IIpoBe-
A€HBI IApajiesIbHbIe NpAMbIe, IepeceKaoliue APYryil CTOPOHY
yrana. Haligure cymMmy AJHMH BCexX napajeibHBIX OTPE3KOB, 3a-
KJIIOYEHHBIX MeXAY CTOPOHAMH YIJa, eCHH IJHHA HaWMeHbLIIero
H3 HAX paBHa 3 cM.

687. B apudmernyeckoit mporpeccuu (a,):

a)d=-0,4, n=12, a, = 2,4; maiigure a, u S;
6) a, = -85, d =5, S, = 250; mHaiigure n u a,;

B) d = %. a, = 50, S, = 2525; maitaure a, u n;
r) a, =_%a g - —29-;—, S, = —450; maiiaure d u n.

688. Haliure pasHOCTh apudMeTHYECKOH nporpeccuu (x,) U eé mepsulit
YJIeH, eCJIH JeCATHIH 4YJjieH ATOH mporpeccum paseH 1 um cymma

IepBBIX IIeCTHAJIIATH eé 4YJeHOB paBHa 4.

689. Haiigure cymmy:
a) BceX ABY3HAUHBIX UYHCEJI;
0) Bcex TPEX3HAYHBIX UHCell.

690. Haiigure cymmy:

a) BCeX HATYPAJbHBIX YETHBIX UHces, He npesocxogArmux 200;

6) Bcex HATYpaJbHBIX HEUETHBIX 4Hcesl, He mpesocxogamux 150;
B) BCeX HATYPAJIbHBIX YMCEJ, KPATHBIX 3, 3aKJIOUEHHBIX B IIpOMe-
xyTke or 100 mo 200.

1691. KakoBa cyMMa HATYPaJbHBIX UHCE:

a) menpminx 100 m He KpaTHBIX 3;

0) 6onpmux 50, HO MeHbmux 150 u He KpaTHBIX 5?
92 Halinure HaTypaJbHOE YHCJIO, KOTOpPOE:

a) B 5 pa3 MeHbIIEe CYMMbI HPEAIIECTBYIOIIHUX €My HATYPATbHBIX
YHCeI;
6) paBHO cyMMe MpEeANIECTBYIOIMUAX €My HATYPAJBLHBIX UYUCEJI.

1693, Unens! apudMeTnuecKoil IpOrpeccun
2: i Be ..
¢ YETHBIMHM HOMEpPAMH 3aMEHUJIU IPOTHUBOMOJOMKHBIMUA MM UYHCJIA-
mu. B pesynsrare momyumam mociefoBaTeabHOCTH (x,). Hammmu-

Te (DOPMYJIy n-TO YJIeHA 3TOH IIOCJIeOBATENIbHOCTH U HalauTe cyM-
My HOepPBBIX HATHAECATH e€ UJIeHOB.

YHPOCTHTG BhIpaxXeHHe:
5 e g8 v et 6)x2-x"-x6'---'x2“

H
x-S xd . . 201 PR P

I EEERLN] ApudmeTrndeckas U reoMeTpudeckas nporpeccum

178



698.

701.

702.

Haiipure:

a) CyMMy BCeX IOJIOKMTEbHBIX WIEHOB apudMeTHdecKkoii nporpec-
euir 8:2; T A4S i)
6) cyMMy BceX OTpMIATENbHBLIX YWIEHOB apu(dMeTHyYecKoil mporpec-
cun —6,b; —6; ...

HaiiguTe CyMMy IepBBIX COPOKa UYJIEHOB apu(dMeTHYEeCcKO#H IIpo-
rPECCHM, €CJIM CyMMa I[epBhIX jgecaTu €€ uwieHoB pasHa 100 u
cyMMa IMepBBIX TpUAUATH eé uwieHoB paBHa 900.

HaiiguTte nDaATHAeCATHIH YJjeH apudMeTHUYeCKON NPOrpeccHH,
eCcJIn:

a) Sy, = 1000, S, = 10 000;
6) S; = 0,5, S;5 = —81.

Sanumure GOpMyay CYMMbI IEPBBIX 71 YJIE€HOB IOCJeAoBaTelb-
HOCTH (a,), ecuu:

a)a,=2n+1; 6) a, = 3 — n.

fABnsercsa nu mociaexoBaTeNbHOCTH (Xx,) apudMeTHUecKOM Opo-
rpeccuei, ecJM CYMMYy IIEpPBBEIX 71 €€ YJeHOB MOMKHO HAWTH IO
dopmyne S, = n? — 8n? Haiigure OATHIA YeH 5TOH MOCIeA0BATEb-
HOCTH.

slBiifeTcs JU MOCJIEAOBATENbHOCTH (X,) apudMeTHYeCKOd mporpec-
cHueil, eclM cyMMa IepBBLIX 71 €€ YJIEHOB MOKeT GBITH HalifjieHa IIO

dopmyJie:

a) S, = -n® + 3n;
6) S, = 2n® - 1;

B) S, =n’+2n-8;
r) S, =6n+ 5?

K naparpady 10

HaiiguTe obo3HayeHHble OYKBAMM 4YJIeHBI TeOMeTpHYecKOH Ipo-
rpeccuu (b,):

a) b;; by; 225; —135; 81; bg; ... ;

6) by by by; 36; 54; ...

IlocnemoBaTensHOCTH (X,) — reoMerpuuyeckas nporpeccusi. fsisa-
ercs JIM reOMeTPUYECKON IIporpeccued INociaefoBaTelbHOCTh:
8) 34 5 Gt 15 e § X, 15wl
0) 8x:5 8xa5 a3 XS
B) &b b i X e
1 1 1
r) X X ?

JononHutensHole ynpaxHenus k rnase |V
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703. CymecTByIOoT S TPH uMCIAA, KOTOPHIE COCTABJISIOT OJHOBPEMEeHHO
apu(pMeTHYeCcKy0 ¥ reOMeTPUYECKYIO Iporpeccuu?

704. SIBnsercsa nm reoMeTpuYecKod mporpeccHeil MOC/IeN0BATENbHOCTH

(x,), ecan:
a) x, = 2" B) x, = n’;
6) x,=3" r)x,=ab", rne a*0, b#0?

705. UzBecTHBI IIepPBBIA YIeH U 3HAMEHATehb reOMeTPHUecKOH mporpec-
cuu (b,). Haiinure b,, eciu:

243 2
a) b, =5z, ¢=3, n=28;

6) b1=\g,q=—\/€,n=5.

706. IlepBbIii ¥ JeBATHIA YJEHB reOMeTPUUYECKOHl IPOTPECCHM pas-
5 "
HBI COOTBETCTBEeHHO 135 u 3" Haiigure 3aKII0OYEHEBIE MEXKIY HUMU
YJIeHbl 9TOH IIPOTrPEecCHH.

707. ITocnenoBarensuocTh (b,) — reomerpuuyeckasi nmporpeccus. Jloka-
JKHUTe, 4TO:
a) eciim b; > 0 m ¢> 1, TO KaKABIA CHEAYIOIMIUNA UIeH NPOrPecCHH
Gorbllle MPeABIAYIIero;
6) ectu by > 0 m 0 < ¢ < 1, TO KaKABIHA CHEAYIOLIMH YJI€H Iporpec-
CUY MeHbIe NIpPeAbIAYIIero;
B) ecniut b; <0 m ¢> 1, TO KaKABIA CIEAYIOIIUN YIeH IPOTPecCHyU
MeHbIIle IPEeAbIAYINEero;
r)ecin b; <0 u 0 < ¢g< 1, To KaKABIHA CAEAYIOMINM YJeH Iporpec-
cuu GoJibllie IpeibIAVIIEro.
Il KasKJ0ro M3 pacCMOTPEHHBIX CIy4YaeB NPUBEIUTE IpUMeD.

708. [loxasxure, uTo ecau (@,) — reoMeTpUYeCKas IPOIPECCHs, TO:
a) ay* ag = az " as;
6)a, 3-a,.3=a,*a,, s TAE N > 3.
709. Toxkaxkure, uro ecnu b, u b,, — 4YNeHBl reOMETPUYECKON Iporpec-

n—m

CHAM, 3HaMeHaTeJb KOTOpO#l paseH ¢, To b, = b,q d

710. B reomerpuyeckoif mporpeccum (x,):
a) g= ——31—, n=25, S, = 20—;—; HaliuTe X, 4 X,;
6) x;, =11, x, = 88, S, = 165; maiigure q ¥ n;
1 1 21 . ,
B) X; = 30 4= "% S, = G0 HauzpuTe n W X,

r) ¢ =3, x, = 183, S, = 2643 + 24; maitnure x, ¥ n.
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CyMMy IepBBIX NI 4IEHOB IOCIEOBATEIBHOCTH (X,) MOMKHO HalTH
no ¢gopmyie

i
S, =3(6" - 1).

n

Hoxkaxkure, 4YTO IOCJHEAOBATENBLHOCTE (X,) — reoMerpudyeckas

nporpeccus. HailiiuTe sHaMeHAaTEeb W IEePBBHIN 4WJeH 9TOM mporpec-
CHH.

[712) l'eomeTpuueckaa mporpeccus COCTOMT W3 MATHAAUATH YJIEHOB.

11
CYMM& nepBBIX IATH YJIEHOB paBHAa B4’ a cyMmMa CJHeyHoIux IId-

1 i
TH 4YIEeHOB paBHa —53. Haliure cymMmy HOCHeIHHX HATH YJIEHOB
9TOH IPOrPECcCHH.

713. YupocTuTe BHIpa)XeHHe, NPUMEHHUB (OpMyJy CYMMbl NEDPBBIX N
YJIEHOB T€OMETPHUYEeCKOi IIPOTrPecCHH:

a)l+x+x2+x*+x', rne x#= 1 u x# 0;
6) 1 —x+x2—x+x*—x°+x% rne x# -1 m x#0.

JononHutensHble ynpaxHeHus k rnase [V
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Nkt

SJIEMEHTbI
KOMBUHATOPUKMU
U TEOPUU BEPOSITHOCTEM

N3yyeHne naHHOI rnaebl NO3BONUT BaM pPacLUMpUTL CBOW Npeacraene-
HUA O PONM MaTEMATWKWA B NO3HAHWM COBPEMEHHOro Mupa. Bbl moaHako-
MWUTECb C TaKUMWU KOMOUHaUUSIMK 3NIEMEHTOB, Kak NEpPecTaHOBKW, pasme-
WEeHU U COYEeTaHUsl, HAYYUTECk HaxoOuTb B KOHKPETHbLIX CUTyaumsx ux
4YMCNO, MUCNONL3YA A 3TOr0 CoOoTBeTcTBYylOWMEe dopmynsl. Bac, 6es-
YCNOBHO, 3aMHTEPECYIOT BKJIOYEHHBIE B 3Ty N1laBy CBEAEHUS U3 Teopun
BEPOSATHOCTEN: NOHATUA CNy4alHOro CoObITUS, OTHOCUTENBHOW HacTOTbl U
BEPOATHOCTU Crly4ariHoro cobbiTus. Bbl y3HaeTe O pes3ynbTatax OnbITOB C
OpocaHneM MOHEeTbl U MOACHETOM 4acTOTbl BbiNAAEHWs Opna, KOTopble
NPOBOAUNN MHOMME Y4YEHble, U, BO3SMOXHO, CaMu NPUCOEOVUHUTECH K 9TUM
onbiTam, BbIMOJSIHAA KO/EKTUBHO NpeasiokeHHoe B yyebHUKe ynpaxHeHue.
Bbl y3HaeTe, B YEM COCTOMUT KNACCUYECKU NOOXon K OnpeneneHuio Be-
POATHOCTU CRy4yailHOro cobbiTUs, NO3HAKOMUTECH C MOHATUAMMU OOCTOBEP-
HOr0 W HEBO3MOXHOro cobblTUS, CymMeeTe HaxOoAUTb MPUMMEpbl Takux
COOBLITUIA B OKPYXaloLWeM MUpe, HaydnTecb peluaTb padHoobpasHble 3aaa-
YX HA BbIYUCNIEHWE BEPOATHOCTM COOLITUS.

EEEN SNEMEHTbI KOMBUHATOPUKMU

30. NMNpumepbl KOMOMHATOPHbIX 3aaay

B Hayke m Ha IpakTHKe YacTO BCTPeYalTCA 3ajadd, pelias
KOTOpbIe, IIPUXOAUTCA COCTABJATL PA3IHUYHBIe KOMOMHAIIMM M3 KOHEY-
HOT'0 YHCJIA 3JEMEeHTOB M IOJCYMTHIBATH 4McJ0 KoMOuHanuii. Takwe za-
Jauy MOJIYYHJIM HasBaHWEe KOMOMHATOPHBIX 3aj/lad, a pasfesl MaTeMaTH-
KH, B KOTOPOM paccMaTpuBaloTca NoAo0HBIe B3ajady, HAa3BIBAIOT
Komburnamopuroti. Ci1oBo «KOMOHHATOPHKA» IPOUCXOAUT OT JATHHCKO-
ro ciaoBa combinare, KOTOpoe 03HAYAET «COENUHATH, coYeTaThb». MeTo-
Abl KOMOMHATOPMKHM HAXOAAT INHUPOKOE IPDHMeHeHUe B (hU3UKe, XUMHUH,
6uosorun, SKOHOMHKE W APYrux obJacTAX 3HAHUA.
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PaccMoTpuM HEKOTOpble KOMOMHATODHBIE 3aJad4H.

IIpumep 1. M3 rpynnsl TeHHHUCHUCTOB, B KOTOPYH BXOAAT YeThIpe

yesoBeka — AHTOHOB, ['puropses, CepreeB u PEnopos, TpeHep
BBIZEJIAET JIBOMX JAJIA yd4acTHusa B copeBHOBaHuAX map. CKoabko cy-
IecTByeT BApHAHTOB BhIOOpa TaKOM Iapbi?

CocTaBUM CHauYasa BCe I1apbl, B KOTOPbIe BXOAUT AHTOHOB (IJ1d KpaT-
xocTu OyaeM nucarTh nepsesle OykBbl (amwuawmit). Ilonyuum Ttpum
napsel:

AT, AC, A,

Beinumem Teneph mapsl, B KOTOpPhIe BXOAUT ['pUropses, HO He BXO-
aut AeTOoHOB. Takux map aBe:
I'c, I'e.

Ianee cocraBum mnapsl, B Koropsie BxoauTr Ceprees, HO He BXOAAT
AnTtonos u I'puropwes. Taxkas mapa Tonsko oxua: CD.
JIpyrux BapHMaHTOB COCTABJEHHA Hap HET, TAK KakK BCe Iapsl, B
KoTopble BxoauT MENOpPOB, yiKe COCTaBJIEHHI.
Hrak, MBI MOJNYYHUJIHA IIECTH Hap:

AT, AC, AD,

I'C, I'®,

CD.

3HauuT, BCEro CYIIECTBYET IIeCTh BAapHaHTOB BEIOOpDA TpPeHEpPOM
napel TeHHHCHCTOB W3 JAHHOW TIpynmsbl. <

Crocof paccy:xAeHHH, KOTODBIM Mbl BOCHOJIb30BAJIHUCH IIPH PEIIEHHHA
3a/ladyy, HA3BLIBAIOT NepebopoM 603MONCHbLX 8APUAHMOS.

IIpumep 2. CKOIBKO TPEXBHAUHBIX YHCEJ] MOMKHO COCTABUTH M3 NUMP

>

1, 3, 5, 7, ucHOJB3yA B 3alMCH UYMCJIA KaXXKIAyI0O U3 HUX He Gojee
oxHOTO pasa?

YTo0BI OTBETHTH HAa BOIPOC 3aJa4y, BBIIUINIEM BCe TaKkue dHcia.
ITyers Ha nmepsoMm Mmecte crouT nudpa 1. Ha BropoM mMecTe MokeT
ObITH 3anucaHa Jgobas us mqupp 3, 5, 7. 3anumem, HanpuMep, Ha
Bropom Mecre nmudpy 3. Torma B xauecTBe TpeThell IMUMPHI MOXK-
HO B3aTh b mau 7. Ilonyumm asa uumcna 135 u 137.

Eciu Ha BTOpOM MecTe samucaTh OuGpy 5, TO B KadyecTBe TPETh-
et mudpsl MOMHO B3aAThL Dudpy 3 mau 7. B srom cayuae moiy-
yum yuenaa 1563 u 157.

Ecnu e, HaKOHEI[, HA BTOPOM MecTe sanucarts nudpy 7, To mo-
ayuum umesa 173 u 175.

Wrak, MBI COCTABHMJIM BCe YHCJA, KOTODPble HAYMHAIOTCA C Iup-
pel 1. Takux yucesn IecThb:

135, 137, 153, 157, 173, 175.

AHaJIOrMYHBIM CHOOCODOM MOJKHO COCTABUTHL YHCJIa, KOTOpPhIe HAYM-
Haloresa ¢ uudper 3, ¢ nudpsr 5, ¢ mudpsr 7.

§ 11. OnemeHTbl KOMOMHATOPUKM
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IToryuenHBIe pe3yabTaTHl 3alMINeM B YeThIDe CTPOKH, B KadKAOH
M3 KOTOPBIX IIO IIECTH YHCEJ:
135, 137, 153, 157, 173, 175,
315, 317, 351, 357, 371, 375,
513, 517, 531, 537, 571, 573,
713, 715, 781, 7385, 751, 753.
Taxum obpasom, u3 npudp 1, 3, 5, 7 MOKHO COCTABHTEH
24 TpéxsHavHEIX uHcia 6e3 moBTopeHHs IHUOP. <l
IIpoBenéuubI mepefop BApMAHTOB NPOUJLIIOCTPUPOBAH HA CXeMe,
nsobpakénHoil Ha pucyHKe 80. Taxkyio cxeMy HA3BIBAIOT 0epesoM 603-
MONCHLLX 8APUAHMOE.

ITepBas nudpa 1 3 5 T
3/4\7 1/’]5\7 l/g\'f 1/:13\5
IVIN WIS DV LAV

Tperba nudpa 573735 571715 371713 351513

Bropasa nudpa

Puc. 80

3aMeTHM, YTO OTBET HA BOIPOC, IIOCTABJIEHHBI B IpuUMepe 2, MOXK-
HO IONYYHTH, He BEINUCHIBAsA caMH 4Yucia. Byaem paccyskaats Tak. Ilep-
By nu(dpy MOKHO BeIOpaTh deThIpbMsaA crnocobamu. Tax xax mocie BbI-
6opa mepBoit nudpPHI OCTAHYTCA TPH, TO BTOPYIO HUMPY MOMKHO BEIOPATH
y:ke Tpems crnocobamm. Hakxoser, TpeTsio nmudpy MoKHO BeIOpaTh (13
ocTaBIIMXCA ABYX) AByMs cmocobamu. CiegoBaTenbHO, o0Ijee 9HCJIO MC-
KOMBIX TPEX3HAYHBIX YMCEeJ PABHO IpousBegeHuio 4 - 3 - 2, r. e. 24,

Msl HAILIM OTBET HA IOCTABJEHHBIA B IpuMepe 2 BOIPOC, MCIOJb-
8ysl TaK HasblBaeMoe KOMOUHAMOPHOE NPABUNO YMHONCEHUL.

CohopmysinpyeM sTO mpaBuyio B obieM Buze.

" oy - . 1 S e W W S G RS TSN M e W B M S MR e O TN B A N e

Ilycte uMeeTcsas n ajaeMeHTOB u Tpebyerca BeIOpaTh M3 HHUX !
onuH 3a ApyruM k snemenToB. Eciu mepBhIil 51eMeHT MOXKHO |
BeIOpaTk n, cmocobaMu, IIOCJIe Yero BTOPOH aJeMeHT MOKHO

Bhlﬁpa'!‘b ny criocobaMu U3 OCTABIINXCHA, 3aTeM TPETHI':I JIEMEeHT |
MOMHO Bblﬁpa'l‘b ng crmocobaMH M3 OCTABLIMXCH U T. ., TO 4HUC~ ‘

JIO cIoco00B, KOTOPLIMH MOT'YT OBITH BEIODAHEI Bce k aIeMeH- |
TOB, PABHO TPOMBBENEHUIO Mg * Mg * Mg * e * M. {
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Ilpumep 3. Ma ropoga A B ropoa B BegyT jABe noporu, us ropoga B

B ropox C — tpu gmoporu, u3 roposa C 10 DpUCTAHU — JBe AOPO-
ru (puc. 81). TypuceTsl XOTST mpoexaTh M3 ropoxa A depes ropo-
na B u C k npucraiu. CKOJIBKHMH CIIOCO0aMH OHM MOT'YT BhIOpaTh
MapmpyT?

A B g C IIpucrauns

Puc.

>

2
714.

715.

716.
717.

718.

81

IIyts u3 A B B TypucTel MOryT BbIOpaTh AByMsA crmocobamu. [la-
Jlee B Kaj)KJIOM cJiyuae OHM MoryT mpoexarbh u3 B B C Tpems cIo-
cobamu. 3HaUUT, UMeloTca 2 + 3 BapuaHTOB Mapmipyra us A B C.
Tax kak m3 ropoga C Ha IPHUCTAHbB MOXKHO IIOIIACTH ABYMS CIIOCO-
6amu, To Bcero cymecrtByer 2 -3 -2, T.e. 12, cmoco6oB BeIGopa
TYpPHCTAMM MapIIpyTa u3 ropoja A K mpucraHud. <

aXHEeHUs

- AR L=l Dt C

B xade mpegiaraior JBa mnepBbIX Omroza: Gopill, PacCOJbBHHK — H
yeThIpe BTODBIX OJfOfa: T'yJisml, KOTJEThbl, COCHCKH, IeJbMeHH.
VrkakuTe Bce 00ebl U3 MEPBOro U BTOPOro 6J0J, KOTOPEIE MOXKeT
3aKa3aTh MMOCeTHTeNb. IIPOMJLIIOCTPUDPYHATE OTBET, IIOCTPOUB Jepe-
BO BO3MOXKHBIX BapHAHTOB.

Y HWpurs nars noapyr: Bepa, 3osa, Mapuna, Ilonmuna u Cserna-
ga. OHa pemuja ABYX W3 HMX IPHIJIACUTH B KMHO. YKaKWUTe Bce
BO3MOXKHBIE BApUMAHTHI BhIOOpa moApPyr. CKOJBKO TaKMX BapUaH-
TOB?

Cranuon uMeer deThipe Bxoja: A, B, C u D. Ykaure BCe BO3-
MOXKHEIE CIOCOOBI, KAKMMH NOCETUTENbh MOXKET BOWTH uYepe3 OJUH
BXOJi, 4 BBIATH uepe3 apyroii. CKOJBKO TaKUX crocoboB?

Vkakure Bce cIocoObl, KAKMMY MOYKHO Pa3JIOMKUTL TPHU A0JIOKa B
IBe Basbl (yY4THUTEe HPHU ITOM CJIyUYaH, KOrJa OJHA M3 Ba3 OKaKeT-
cA IycToi).

(Insa pab6omwr 6 napax.) CocraBbTe BCe BO3MOXKHBIE J[BYy3HAUHEIE
yucjaa U3 YKasaHHBIX IU@p, MCHOJL3YA B 3allUCH YHCIA KaXKIVIO
u3 HUX He DoJiee OJHOrO pasa:

a) 1, 6, 8; 6) 0, 3, 4.

1) O6cyaure, B 4éM COCTOMT OCHOBHOE DasjiMuMe 3afjaHuii a) u 6).
2) Pacupezenute, KTO BHIIOJHAET 3afaHuUe a), a KTo — 3agaHue 0),
U BBINIOJIHUTE HX.

3) IlpoBephTe ApPYyr y Apyra, OPaBHUJIBHO JIM COCTABJIEHBI BCEBO3-
MOJKHBIE OBY3HAUYHEIE YMCJA.

§ 11. SnemMeHTbl KOMOMHATOPUKN
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719.

720.

721.

722.

723.

724.

725.

726

727.

728.

U3 nudpp 1, 2, 3 cocrasbTe Bce BO3MOKHBIE ABY3HAUHBIE YHMCJIA
IPHA YCJIOBHH, UTO:

a) nudpel B YUCJe He MOBTOPAKTCH;
0) nomyckaeTcA NMOBTOpeHMEe UMD B YHCITe.

HUcnonbays nudps: 0, 2, 4, 6, coctaBbTe Bce BO3MOXKHEIE TPEX3HAY-
Hble YHCJa, B KOTOPHIX HUMPHI HE MOBTOPSAIOTCH.

B maxmaTHOM TypHHUpe ydacTByioT 9 uenoBeK. Kaskapiii ma HEX
CEITPAJl C KaMJbIM 110 ofHON mapTum. CKOJBKO BCcero mapTuii 651710
ceirpaso?

B copesrOBaHMAX mo ¢yT6oay yuacrsoBaso 12 xomamz. Kamas
KOMaHJa MpoBeJIa ¢ KaMI0i M3 OCTAJBHBIX IO OJHOM HMI'De Ha CBO-
€M moJie ¥ IO OJHOM HMTrpe Ha mnoJie conepHuxa. CKOJBKO Bcero urp
OBLIO chIrpaHo?

IIpu BcTpeue 8 4yesoBeK OOMEHANHCH PYKONOKATUAMH. CKOJIBKO
Bcero OBIIO CcHeslaHO PyKOmoKaTuit?

Yyamuecsa 9 kinacca pemuiau oOMeHATH-
ca Gororpapuamu. Croabko ¢dororpa-
¢uit gna sroro morpebyeTcdA, €cau B
kyaacce 24 ygammxcsa?

Ha BxomHO#I aABepm n0Ma yCTaHOBJIEH
AoMO(pOH, Ha KOTOPOM HAHECEHBI
oudppe: 0, 1, 2, .., 8, 9. Kaxxgas xsap-
THpa IoJy4YaeT KOJ H3 ABYX mudp TH-
na 0—2, 3—7, 7—3, 8—8 u r. m., mos-
BOJIAIOINUH OTKPBIBATH BXOAHYIO JBEDb.
XBaTHAT JIM KOJOB IJi BCeX KBapTHUD
AoMa, ecau B gome 96 kBaptup?

W3 cena [IatioBo B ceso MaTBeeBCKOe BeAyT TPU AOPOTH, a U3 ce-
na MarseeBckoe B ceno IlepmuaO — 4Yerbipe jgoporu. CKOIBKUMH
crnocobaMu MOXKHO momacTk u3 [arnoso B Ilepmmuuo uepes Mar-
BeeBCcKoe?

B kade ummeroTCs TpU HepBLIX 0074, IATH BTOPBIX OJIO H
aABa TpeThHX. CroaskuMu cmnocobaMu mnocerurTesb kKade Mo-
JxeT BeIOpaTe 00el, COCTOAINMI M3 IEPBOI0, BTOPOI'O M TPEThero
oaron?

IIétp pemms NDOHTH HaA HOBOIOAHHMEA KapHABaJ B KOCTIOMe
MymiKeTépa. B arTenbe mnpokara eMy NpPeAyiOKHJIM HA BeIGOD
pa3iuuyHBIe IO (haCOHY M IBeTy IIpeAMeThI: HATH BHAOB OPIOK,
IIeCTh KaM30JI0B, TPH MNLIANLI, aABe npapel camnor. CKOJbBKO
Pa3IMYHBIX KapPHaBAJBHBIX KOCTIOMOB MOJKHO COCTABHUTH W3 3THX
npeaMeToB?

FELERY ONneMeHTbl KOMOUHATOPUKKM 1 TEOPUN BEPOATHOCTEMN
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729, YupocTuTe BhIpakeHUe:

2ab a-b | 2a b .
4) [az_b2+2a+2b] a+b T b-a’

6) L Aemf | sy
&Y 2w \lagf -4
730. Pemiure HepaBeHCTBO:
a) (2,5x+ 3)(4x—1) — 2,5x(4x + 2) < 3;
6) (1 - 4x)> - (8x—1)(2x+ 1) > 0.
731. Uzobpasure cxeMaTHuecKH rpaduk (YHKIMH U yKa)kure obiactsb
eé 3HaUeHW:
a) y = x* + 15; 6) y = (x — 16)% B) y = —x° + 8.

31. lNepecTaHOBKMU

IMpocrefmuMyn KOMOMHAIAAMY, KOTOPble MOYXHO COCTABHATH M3 dJe-
MEHTOB KOHEYHOI'0O MHOYKECTBa, ABJIAIOTCA NepecmaHnosKu.

Paccmorpum npumep. Ilyers umeerca Tpu kHMru. O0o3HaumM HX
6ykBaM# a, b W ¢. OTH KHHATM MOKHO DACCTABHTH Ha IIOJIKe IIO-pas-
HOMY.

Ecnu mepBoif IOCTABUTH KHHUTY @, TO BO3MOXKHBI TAKUE PACIIOJIONKe-
HUS KHHT:

abe, ach.

Ecim nepBoif mocTaBUTh KHUTY b, TO BO3MOMKHBIMHU SABIAIOTCA Ta-
KHe pacloJIOKeHUdA:
bac, bca.

W BakoHeIl, ecJIM IIEePBOH IOCTABATH KHHUTY €, TO MOXXHO IOJIY4YHUTH
TaKHAe PaCIOJIOXKeHUA:
cab, cbha.

Kask0e U3 9TUX PACIOJIOKeHUN HA3bIBAIOT Nepecman08Koil U3 TPEX
3JIeMeHTOB.

T T g R S SR L R A 1 L e e e & T4 1 S e e S A

Hepec'raﬂonuoﬁ M3 n d9JIeMeHTOB Ha3blBaeTCdA KaXXJoe pacIioJio-
JKeHHe 9THX 3JIEMEHTOB B onpe.ne.uénnou nopdanke.

A T o 1t A TR T

Yucio MepecTaHOBOK U3 1 3JIeMeHTOB 0003HadaloT cuMBOJaOM P, (4u-
raerca «P U3 n»).

§ 11. OnemeHTbl KOMBUHATOPWKK
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B paccmorperHOM mpumepe MbI yCTaHOBMJIM, 4To P; = 6. Ilis Toro
4TOOBI HAWTH YHCJIO HNEPEeCTAHOBOK U3 TPEX 3J€MEeHTOB, MOYKHO He BbI-
IIUCBIBATEL 3TH IMEPECTaAHOBKH, & BOCIOJL30BATHCA KOMOMHATOPHBIM IIpa-
BHJIOM yMHOXXeHus. Byznem paccysxzate Tak. Ha mepsoe mecTto mMoxHO
IIOCTABUTEL JIK000# M3 TPEX aneMeHTOB. [ Ka)kaoro BeIGOpa IepBOro
9JIeMeHTa eCTh JiBé BO3MOMKHOCTH BEIGOpPA BTOPOTO M3 OCTABIIMXCH ABYX
anemMeHTOB. Hakonen, nas KaXAOro BeIOOpa NEpBBIX ABYX 3JeMeHTOB
ocTaéTrcs eJMHCTBEHHAS BO3MOJKHOCTh BbIOOpDa TpPeTHEro sjeMeHTa. 3Ha-
4UT, YHUCJIO NMEePEeCTAHOBOK M3 TPEX 3JIEMeHTOB paBHO 3+ 2 -1, T. e. 6.

BreiBenem Temepr Gopmysy uMciia IepecTAHOBOK M3 71 9JeMeHTOB.
BocnonbayeMcs TeM 2Ke CIIOCOOOM pacCyskJeHHH, KOTOPEIA OBLI HCIIOJIb-
30BaH MJIA HaXOKJeHus P,.

IIycrs MBI MMeeM n aneMeHTOB. Ha mepBoe MecTO MOMHO IIOCTABHUTH
mo0o# 3 HuX. A Ka)aoro BeI60pa mepBOro sjeMeHTa Ha BTOPOe Mec-
TO MOYKHO IIOCTABUTH OJMH M3 ocTaBluuxca n — 1 anemenTOB. [loIa Kam-
Joro BeIOOpa IEepBBIX ABYX 3JIeMEHTOB HA TPEThe MECTO MOXKHO IIOCTa-
BUTh OJMH M3 OCTaBIIMXCA N — 2 BJIEeMEeHTOB H T. A. B pesayabrare
IIONYIUM, HUTO

P o=nln—1)mn = 2)~ w821,
Pacnono:KuB MHOYKUTENH B MOPS/JKEe BO3PACTAHUMA, MOJYIAM
P,=1:2:-3..-(n—2)(n - 1n.

Jl1s mpon3BeleHUA MEPBBIX 71 HATYPAJNBHBIX YHCEJ MCIOJb3YIOT CIe-
nuanbHOe obo3Hauenwue: n! (uuraercs «n daxkTopuUai»).
Hanpuwmep,

201=1-2=2; 5l=1-2-3-4-5=120.
Ilo onpemenenuio cumraroT, uto 1! = 1.

Taxum o6pasom, YHCIO0 BCEBO3MOKHEIX IEPECTAHOBOK M3 N 9JIEMEH-
TOB BBIYHCJAETCA IO dopmyie

P _=nl

n

IIpumep 1. CrombKuUMHU crioco6aMH MOMHO PACCTABUTH 8 YUYACTHMIIL
dunansHOro 3abera Ha BOCBMH 0EroBBIX IOPOMKKAX?

P Ymucio cnocoboB paBHO YMCAY IIEePECTAaHOBOK m3 8 anemeHToB. Ilo
dopmyne umciia MepecTAHOBOK HAXOJAUM, UTO

P;=81=1-2-3-4-5-6-7-8 =40 320,
3uauur, cymecrsyer 40 320 crnocoboB paccTaHOBKM YYACTHHIL 3a-
Oera Ha BOCbMH 0EroBBIX HOPOMKKax. <
IIpumep 2. CKOJBKO PasJIUYHBIX YETLIPEX3HAYHBIX YHCEJ, B KOTODPLIX
nudpbl He OOBTOPSAIOTCH, MOMKHO cocTaBuTh ua mudp 0, 2, 4, 67

P Us nudp 0, 2, 4, 6 moxxkHO moamyuuTth P, nepecraHoBoK. M3 HuX
HAJ0 UCKJIYUTh Te IIepecTaHOBKH, KOTOpble HaunHaioTeA ¢ 0, Tak

EEERY OnemMeHTsl KOMOUHATOPUKA U TEOPUWU BEPOSITHOCTEN
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KaK HaTypaJbHOe YHMCJIO He MokeT HayuHarTbes ¢ mudppsr 0. Yuc-
JIO TAKUX IepecTaHOBOK paBHO P;. 3HAUMT, HCKOMOE YMCJIO YeThI-
péX3HauYHBIX uHcea paBHO P, — P,.

ITonyuaem

P,-P,=41-31=24-6=18. <

IIpumep 3. UMeeTca NeBATH pa3iHIHBIX KHUT, YeThIpe U3 KOTOPBIX —

>

yuebHuKH. CKONBKUMHE CIIOCOOAMM MOXXHO PACCTABUTE 9TH KHHUIU
Ha IIOJKe TaK, 4yToObl BCce Y4eOHHKH CTOANHN pAgoM?

Crauana Oygem paccmarpuBaTh y4eOHMKH Kak ofHy KHuTry. Tor-
Ja Ha IOoJIKe HAJ0 PACCTABUTL He J€BSATh, 4 MIECTh KHUT. JTO MOXMK-
HO cpenatb Pg cmocobamu. B kak[oit M3 IOJYyYeHHBIX KOMOMHA-
I MOKHO BBINOJHHUTH P, mepecTaHOBOK y4eOHHKOB. 3HA4MHT,
ACKOMOE 4YHCJO CIIOCO00B pPACHOJIOKEHHSA KHUI Ha IIOJKe pPaBHO
npoussenenuo Pg - P,.

ITonyuaem

Pg-P,=06!-41=720-24 =17 280. <

YnpaxHeHus

732.

733.

734.

735.

736.

737.

738.

739.

740.

CronbKUMHU criocobaMu 4 yeioBeKa MOTYT PasMeCTHThCA Ha 4YeThbl-
péxMecTHOH cKameiike?

Kypbep noJsKeH pasHeCTH HaKeThl B 1 PA3IUUYHBIX YUDEXKJIeHU.
= CKOJIbKO MapIIpyTOB OH MOXKeT BbIOpaTh?

CronpkumMu cmnocobamMu 9 uyeloBEeK MOIYT BCTATh B odYepenb B
TeaTpaJbHYIO Kaccy?

CKOJIBKO CYHIECTBYET BbIPAYKEHHUU, TOMKAECTBEHHO PABHBIX HPOU3-
BefeHNI0 abcde, KOTOpble MOJYYAIOTCA K3 HETr0 IepecTaHOBKOM
MHOMXKUTEJIeN?

Onpra NOMHHUT, 4TO Tese)OH MHOAPYI'HM OKaHUHBaeTcaA mudppamum 3,
7, 8, HO 3a0blIa, B KAKOM HOpPANKEe 9TH DUMPEI CIenyIoT. YKarKu-
Te HauboJIbIlIee YHCJI0 BAPUAHTOB, KOTOPble el NpHAETCA mepe-
6parb, 4TOOBI AO3BOHUTHCH HOAPYIE.

CKOJIBKO TIIeCTH3HAUYHBIX quceJl, B 3allHCH KOTOPBIX Kamaas U,H(l]'
pPa HMCIOJB3YETCS TOJBKO OAUH Pas, MOMKHO COCTABUTH U3 HUDp:

a)l, 2, 5,6, 7 8; 6)0, 2, 5, 6, 7, 8
CKONBbKO cpefy YeTHIPEX3HAUHBIX YHCeJ, COCTABJIEHHBIX M3 Iudp

3, 5, 7, 9 (be3 mx MOBTOpPeHHA), TAKHX, KOTOPhLIE: a) HAUMHAIOTCA
¢ nuudpsel 3; 0) kpatHel 157

Haiigure cymmy nudgp BceX 4YeThIPEX3HAUHEIX YHCE], KOTOpPhIE
MOKHO cocTaBuTh u3 nudp 1, 3, 5, 7 (6e3 ux noBTOpeHUs).

CKOJIBKO uYmMCes MOXKHO cocTasuTh u3 mudpp 1, 2, 3, 4 (6e3 ux mo-
BTOpPEHHs), TAKUX, KoTopblie: a) bomabme 3000; 6) Goasme 20007

§ 11. SnemeHTbl KOMBUHATOPUKK

189



741. (Badaua-uccredosanue.) CeMb MAJBYUKOB, B UHCJIO KOTOPBHIX BXO-
aar Oner m WUrops, craHoBsATcs B pAnx. Halaure 4YMCIO BO3MOMK-
HBIX KOMOMHAIIMM, YIOBJETBOPAIOIIUX YCJIOBUIO:

a a) MaJbYMKH PACIIOJATAIOTCSA B IIPOU3BOJIEHOM IIODAJKE;
6) Oxer goikeH CTOATHL B Hadase psajga, a HMrops — B KOHIE;
B) Ouer u VIropb AOJXKHEI CTOATH PANOM B IIPOM3BOJIBHOM IIOPANKE;
r) Oner u WUrops AOJGKHEL CTOATH PAXOM, npuuéMm Mrope nosmkeH
HaxoguThea Bnepeau Ousera.

1) IIns xaskmoro ciydasi BbISCHUTE, Kakad KoMOHHammsa paccMmar-
pUBaeTcAd B JAHHON CHUTYAI[UH.
2) BeinosHNWTE BHEIYMCJIEHUA U HailTe OTBET.

742. B pacnucaHUU HA MOHENEJbHHUK IIECTh YPOKOB: PYCCKUI A3BIK, aj-
rebpa, reometrpusi, 6MoIOrUsA, UCTOPUA, GHUSKYAbTYpa. CKOIBKUMHA
coocof6aMH MOKHO COCTaBUTH pacIHCaHUEe YPOKOB Ha 3TOT JeHb
TaK, YTOGBLI J[BAa YPOKA MATEMATHKH CTOSAJH DsgoM?

743. CKONIBKO CYIIECTBYET IIepecTaHOBOK OYKB CJIOBa «KOHYC», B KOTO-
pbIX OYKBBI «K», «0», «H» CTOAT PAAOM B yKasaHHOM mopaAnke?

[744] CxonpkuMu crmocobaMu MOKHO PACCTABUTH Ha MOJKe 12 KHHUT, U3
KOTOPBIX 5 KHUT — 3TO COOPHMKH CTHUXOB, TaK, 4TOOBI COOPHMKHU
CTUXOB CTOSJIM PAZOM B IIPOM3BOJIBLHOM HOpsAjgKe?

CKOJBKMMH crocof0amMu 5 MaJbUYMKOB U D JleBOYEK MOTIYT 3aHAThH
B TeaTpe B OfHOM psay mecra ¢ 1-ro mo 10-e? CKOJIBKHMMHU CIIOCO-
6aMH OHHM MOI'YT 3TO CHeJIaTh, €CIH MaJbYHUKH OyayT cHieTh Ha
HEYeTHBIX MeCcTaxX, a JeBOYKH — Ha YETHBIX?

746. ([na pabomwv. e napax.) Herpyaro ybeaurscs, uro umesno 30! ne-
qurca Ha 90. [leiicrBurensro, 90 = 2 -5+ 9, W KakAbId U3 ITHUX
MHOKHTeJIell BXOAUT B npoussegenue, pasaoe 30!, C nomompio ana-
JIOTUYHBIX pacCy:KIeHU ompeaenuTe, Aexurca au uuenao 30! nHa:
a) 92; 6) 94; B) 96; r) 98.

1) PacnpepenuTe, KTO BBINOJHSET 3aJlaHUA a) U B), a KTO — 3a-
paHuA 6) u r), ¥ BHIIOJHUTE HUX.
2) IlpoBepbTe APYT y Apyra, NpaBUJILHO JH BbINOJHEHbI 3aJaHUA.

747. [lenurca nu yucno 14! gHa:
a) 168; 0) 136; B) 147; r) 1327

748. Haiifjure 3HAYeHUE BBIPAYKEHUHA:

151, 8! ., 421, 16! 28! 45!
Aar Opr Bamr Dimrs A aoeer © mroar
749. BeiunciauTe 3HaY€HUWE BBIPAKEHUA!
12!, 14!, 30! 36! 15! | 25!
o 0 B ggrgp ) 21- 341° ) 31160 ) 231 51"
750. Yro Hoapine ¥ BO CKOJIBKO pas:
a) 6! - 5 mnu 5! - 6; 6)(n+ 1) -n umu n!-(n+1)?
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751. YupocTuTe BhIparKeHHE:

a+—9°

2 a-3 _ 6a-18|, 5a-15 ﬁ)abg—azb. a-b
a®-3a+9 a®+27) 4a®+108’ a+tbd a_ﬂb'
ot

752. Pemure cucreMy HEpPaBeHCTB:
a) [T-3x—-4(3-1,6x) <0, 6) |2(1,5x—-1)—(x+4) 20,
-6(1+ 2,5x) —10x— 4 > 0; -(2-x2)-0,75x<0.

753. Tlepecekatorca au mapabona y= x° — 6x um npamas y — 8x = 0?
Ecnu pa, TO yKa)KuUTe KOOpPAHMHATHI TOYEK IepeceueHms. Ilpomu-
JIOCTPUPYHTE OTBET C IOMOIILI0 CXEeMATHYECKOr0 PHCYHKA.

32. PaamelwieHus

Ilycre umeerca 4 mapa u 3 nycrele siueiiku. O0o3HAaYMM HIApPHI
oykBamu a, b, ¢, d. B raxayo AdedKy MOKHO IIOMECTHUTH II0 OJHOMY
mapy us storo Habopa. Ecim MBI moMecTHM IIap @ B IEPBYIO AYEHKY,
map b BO BTOPYIO A4YelKy, a HIap ¢ B TPeThI0 AYEHKY, TO HOJYYHM OJ-
HY U3 BO3MOXKHBIX YIODSOYEHHBLIX TPOEK IIIapOB:

a b (4

Bribupaa mo-pasHOMy mIaphl AJjig IepBOH, BTOPOil M TpeTheil Adeek,
Oynem moJsiydaTh pasjMyYHbIE YIOPSAZOYEHHBIE TPOMKH IIAPOB, HAIIPUMED:

a c b b a ¢ d ¢ b

Kaxayio ynopsanoyeHHyIO TPOMKY, KOTOPYIO MOXKHO COCTABHUTH M3
YETHIPEX 2JIeMEeHTOB, HA3BIBAIOT pa3MeujeHuem W3 YeThIPEX 3JIEMEHTOB
110 TpH.

ST e s —— - ——— S — o i s - - - -

: Pasmemeanem U3 N 3JIeMEeHTOB IIO k (k< n) Ha3bIBAETCH JIIO-
1 Goe MHOJRGCTBO, cocTodAlee M3 k 9JIEMEHTOB, B3ATEIX B OIIpe-
| IeJIEHHOM IOPsAKe W3 NaHHBIX N 3JI€MEHTOB.

et o e e e e e e T 55 0 S 3330 B 3

Taxum obpasoM, IBa pasMelleHUs U3 I DJIEMEHTOB IO k CUYHUTAIOT-
Cs PasJIMYHBIMM, €CJIM OHHM DASJINJYAIOTCA CAMHMMU 3JIEMEHTAMH HJIH II0-
PALKOM HX PAaCIIOJOXKEeHH,

Yucno pasMenieHu# U3 n 2JIeMeHTOB 10 B 0603HAYAIOT A" (uuraercs:
«A us n oo k»).

§ 11. SnemeHTbl KOMBUHATOPUKN
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BriBezem dopMyny uuciaa pasMelieHHH M3 1 9JIEMEHTOB 1o k Ipu
k < n. IlepBeI@l 2JileMeHT MOKHO BbIOpaTh n conocobamu. Tak kak
mocJje 3Toro ocraérca n — 1 ageMeHTOB, TO AJA KasKA0ro BbIOOpa mep-
BOr'O 2JIeMEHTa MOXKHO n — 1 cmocobamu BeIOpaTh BTOpOM anemeHT. [la-
Jjee, IJIsi KayKIOTO BbIOOpa MEpBBIX ABYX 3JIE€MEHTOB MOMKHO 1 — 2 cHo-
cobamMu BbIOpaTh TpeTHi asieMeHT (M3 n — 2 ocTaBIIMXCA) U T. A.
Hakonen, ansa KakJoro BbiOoOpa NepBBIX £ — 1 3JIeMEHTOB MOJKHO
n — (kB — 1) cnocobamu BeIOpaTh k-it anemeHT (13 n — (kB — 1) ocraBmmxcs).

3HauwurT,

Aﬁ =nn-1)(n—-2) .. (n—(k—-1)), T. e.
AA=nn-1)yn-2)..-(n—-k+1).
YMHOXKHUM ¥ pasfeivM OpaByi0 4acTh ATOro paBeHcTBa Ha (n — R):

Ak = P =2) (k4 1) (n = )
n (n— k) *
3amenuB (n — k)! npousseniesuem 1-2-3- .. (n — k) u pacmojo-
JKMB MHOJKHUTEJHW B MNOPSAJKe BO3PDACTAHUA, MNOJYIUM
p_ 123 ..(n- B)y:(n—-k+1)-..-(n—1)n
Ap = (n- k) i

B umcinTesie Apobu 3anMcaHO IPOH3BeJeHME BCeX HATYPAJBHBIX YH-
cesq or 1 go n. 910 nmpousBesieHue paBHO nl. 3HAYHT,
A k n!

n= (n-R"
Mgel monyunian GopMyay IJA BHEIUHCIEHHSA YHUCIa pasMeIleHHH U3
n sneMeHTOB 10 k npu k < n. @opmysia BepHa U B TOM cIydae, KOTZa
k= n, ecliu YCJOBUTHCSH CUUTATH II0 onpejeseHuio, gro 0! = 1.
PaccmoTpuM npuMepsl.

HDpumep 1. Yuammecss 2 wiuacca usydaioT 9 npeameroB. CKOJBKHUMU
cnocofaMy MOMKHO COCTABHUTHL paclucaHUe HA ONUH JeHb, YTOOBI B
HEM ObLJIO 4 pasjUYHBIX npeamera?

p Jlo6oe pacnucasue Ha OJHUH [€Hb, COCTABJIE€HHOE U3 4 Pa3IUYHBIX
IIpeIMETOB, OTJIUYAEeTCsA OT APYyroro jubo HabopoM HpeaMeTos, JIH-
60 MOpSAAKOM WX CJeJOBaHMSA. 3HAYMUT, B 3TOM IpUMepe pedb HIET
0 pasmemeHuax u3 9 anemenToB mo 4. Mmveem

At=2_6.7.8-9=3024
2 51 o ?
Wrak, pacnucanue MOKHO cocTaBuTh 3024 cmocobamm. <l

IIpumep 2. CKoJbKO TPEX3HAUHBIX uHces (0e3 nmoBropeHus mudp B 3a-
OMCH YMCJa) MOXKHO cocrasuTh m3 mudp 0, 1, 2, 3, 4, 5, 6?

p Eciau cpeau cemu mudp HET HYJIA, TO YHUCIO TPEX3HAUYHBIX UHCeN
(6es moBTOpeHHMs LUdp), KOTOphIe MOXKHO COCTABHTh M3 3THUX
nudp, paBHO YUCHy pasMemeHuid u3 7 ageMeHnToB no 3. OxHaxko
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cpenu aaHHBIX Hudp ecth mudpa 0, ¢ KOTOPOW He MOMKeT Ha4U-
HAThCA TPEx3HauHOe uyumcyo. IloaToMy W3 pasmemenuit ua 7 aje-
MEHTOB IO 3 HAJ0 MCKJIOYUTH Te€, V KOTOPHIX IEePBBLIM dJIeMEHTOM
seasierca nudpa 0. X umcso paBHO YMCIy pasMelneHui us 6 aie-
MEeHTOB I0 2.

BHAYAT, MCKOMOE UMCJIO TPEX3HAUHBIX UHMCeN paBHO A — AZ.

Ilonyuaem
3 s T 6!
A7—Aﬁ=ﬁ—a=5-6-7—5°6=180.
W3 nanHbIX nudp MoxKHO cocTaBuTh 180 TpéxsHauHbIX yuceln (6e3
nosropeHus nudp). <

ML Ll

754. CKONBKUME cIocobaMu MOJKeT PasMEeCTHUTHCH CeMbd M3 TPEX YeJso-
BEK B UETBIPEXMECTHOM KyIle, €ClIH APYIHX TMacca)XUpoB B Kyme
HeT?

755. Iz 30 yuyacTHHKOB coOpaHus HAAO BHIOpATH IpeAceiarelld U CeK-
peraps. CKoIbKUMHU criocofaMy 3TO MOYKHO cAesaTh?

756. Ha cragnum 7 sanmacHblx nyreil. CKOJIBKHMHU crocobaMB MOXKHO
paccraBuTh Ha HuX 4 moesna?

757. CkonpkuMu coocobaMu TpeHep MOXKeT OIpeleNnuTb, KTO W3
12 cnopTcMeHOK, IOTOBBIX K ydacTuio B acradere 4X100 m, mobe-
JKAT HA MepBOM, BTOPOM, TPeThEM M YETBEPTOM aTamax?

758. B xpyrosoii quarpaMmme Kpyr pas3our Ha 5 cekTopoB. CeKTOpHI pe-
MUK 3aKPACHTh Pa3HBIMM KpacKaMu, B3ATHIMU U3 Habopa, coxep-
sxamero 10 xpacok. CKOJbKMMH CIOCOGAMH 9TO MOXKHO cheJsaTh?

759. Cxonpkumu crocobamu 6 cryZeHTOB, CHAlOOIMX 9K3aMeH, MOryT
3aHATH MecTa B ayAuTOopuH, B Koropou crour 20 OZHOMECTHBIX
CcTOJIOB?

760. Ha crparune ansboma 6 cBoboxHbIXx MecT Anda dotorpadpmii. Cromus-
KHMH croco0aMu MOKHO BJIOXKHUTH B CBOGOAHBIE MecTa:
a) 2 dororpadumn; 6) 4 dororpadpum; B) 6 dororpadmii?
761. Ha niockoceru ormerwyn 5 Touex. VIX Hazo 0603HAYUTH JATUHCKH-

mu 6yxBamu. CKonbKuMME clioco0aMH 3TO MOXKHO ceiaTh (B JaTWH-
ckom andasure 26 6ykB)?

762. CKOIBKO YeTBHIPEX3HAYHBIX YHCEJ, B KOTOPHIX HET OJHHAKOBBIX
nudp, MOMKHO COCTABUTHL M3 IHMDD:

a) 1,8,5, 7,9 6) 0, 2, 4, 6, 8?

763. CKOJBKO CYILIEeCTBYET CeMHU3HAUHBIX TeJe()OHHBIX HOMEpPOB, B KOTO-
pbIX Bce OMMPHI pasjWuHbIe W IepBafd nudpa OTIMYHA OT HYJIA?

§ 11. OneMeHTbl KOMOUHATOPUKN
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764. Croabko MOKHO cocrasuTh u3 uudp 1, 2, 3, 4, 5 (6e3 ux mosTo-
PeHHS) Pa3TUYHBIX TPEXBHAYHBIX YHMCEJ, KOTODhIe ABJIAIOTCH:

a) YéTHBIMU; 6) kpaTHBIMH 57
765. Pemure ,n:aoﬁnoe HepaBeHc'r30°
-1
a-2<Zlca  go2<iEco,.

766. Pemiute cucteMy ypaBHeHUI:
l a) {3;; - 2x =10, 6) {0,4:: - 0,2y = 0,4,

! Tx + 5y = 27; x+11y =12,5.
'1767 Hann;u're 3HAYEHUE Bpr&J'KeHHH.

| i * 5l

I 9 61-21' 6) o810 B) 8! ar

33. CoyeTanusa

IIycre mmeerca msATH rBo3fuK pasHoro nsera. O6o3HauuM HX OYyK-
BaMu a, b, ¢, d, e. Tpebyerca coctaBuTh OGYKeT U3 TPEX I'BO3AUK. BhI-
ACHUM, Kakue GYKeThl MOryT OBITH COCTABJIEHBI.

Ecin B 6Gyker BXOAUT I'BO3AMKA @, TO MOYKHO COCTABHUTH Takue Oy-
KeTHhI:

abe, abd, abe, acd, ace, ade.

Ecnmu B 5YI{eT Hé BXOIHUT I'BO3JHUKA d, HO BXOJUT TI'BO3JHKA b, TO
MOKHO IIOJIYYHUTH TaxKHue GYKET]:I:

bed, bee, bde.

Haxkxonen, ecqu B OykerT He BXOAUT HU I'BO3JHKA @, HHA T'BO3AUKA b,
TO BO3MOXKEH TOJBKO OJMH BAPUAHT COCTABJEHHSA OyKeTa:

cde.

Ms1 YKa3aJii BCce BO3MOMHBIE coco0bl COCTABJIEHHUA 6YReTOB, B KOTO-
PBIX IIO-PasHOMY COYeTalTCA TPH I'BO3JIHKH H3 NaHHBIX IIATH. FOBODHT,
YTO MBI COCTABUJIM BCE BO3MOJYKHEIE COYemaHus U3 5 dJIEeMeHTOB o 3.

B rTr— I —. o s —_——

| CoueranneM W3 n 3JeMEHTOB IO k HasblBaeTcs Jioboe MHOKe-
CTBO, COCTaBJIeHHOe M3 Kk BJIEMEeHTOB, BRIODAHHBIX M3 HJaHHBIX 1T
2JIEMEeHTOB.

B oTsmune OT pasMelleHUI B COUETAHUAX He UMeeT 3HAYEHUS, B Ka-
KOM NOpSAAKEe YKas3aHbl aJIeMeHThI. I[Ba codYeTaHHUS W3 77 3JIEMEHTOR
no k oTaHM4YaOTCA APYT OT ApPyra XoTd Obl OZHHM 3JI€MEHTOM.

EEERY] 9neMeHTol KOMBUHATOPUKKM 1 TEOPUN BEPOATHOCTEN
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Ypeno coueTaHMi M3 n aaeMeHTOB mo k ofosHauator C) (dmTaercs:
«C u3 n oo k»).

B paccMOTPeHHOM [pHAMepe, COCTABUB BCe COUYETAHUS U3 O dJIEMeH-
TOB 1O 3, MBI HAIIJIH, 4YTO C3 10.

BriBezem GopmyJly Uucia COYETaHUH U3 N 9JIEMEHTQB IO k, roe k< n.

BrisicHUM cHauazia, Kak Co Beipaskaercss uepes Aj u P;. Mer Ham-
JIW, YTO U3 D 3JIeMEHTOB MOYKXHO COCTABUTH CJIeNYyIONIWe COYeTaHUSA IO
3 anmemeHTAa:

abe, abd, abe, acd, ace, ade, bed, bee, bde, cde.

B KajXJIOM COYEeTAHHM BBINIOJHUM BCe MEepecTaHOBKM. UMcno mepe-
CTAHOBOK U3 TPEX dJIeMeHTOB paBHO Pj. B pesynbrare moJy4uM BCe BO3-
MOXKHEIe KOMOMHAILMM M3 5 3JIeMEeHTOB II0 3, KOTOPhIE€ Pas3jIu4aloTcs JIu-
60 caMHMHM dJeMeHTaMH, JHUOO HmOPAZKOM 3JJIeMeHTOB, T. €. BCe pas-

MeIleHUs U3 D aJieMeHTOB mo 3. Bcero MblI IOJYIHM Ag pasMeIeHn .
3HaAUUT,
C:- Py = AL

Orcrona
3

@t
B
Amnanornuno O6yzem paccy:kaarh B obmem ciaydae. lomycrum, 4To
HMeeTCss MHOMKECTBO, CoAepiKalllee 71 3JIeMeHTOB, U M3 ero 3JIeMeHTOB
COCTABJIEHBI BCEe BO3MOYKHBIE COUETAHMA IO K 2JeMeHTOB. YHCIIO TAKHUX
coueranmit paBHo C*. B Ka) oM coueTaHMM MOYKHO BBIIOJHHTEH P, me-
pecTaHOBOK. B pesyibTarTe MBI IOJYVYHM BCe Pa3MeleHus, KOTOphIe
MOKHO COCTABHUTh W3 n aJieMeHTOB 1o k. IX 4mcio paBHO A
3HauUHuT,
Al = Cﬁ P,
Orciona
K _ An
C,= B,

Ionsaysach TeM, 4to Al = W’ rae k< n, HaxXoauM, 4TO

k_ n!
Ca TR (n—-EN"

Msb! mony4uaud (GopMyJy AJisi BRIYMCJIEHHS 4YHCIA COYETAaHUH M3
n 2JIeMeHTOB No k mpu Jxobom k < n.
IlpuBeném mpumMepsl.

Ilpumep 1. U3 mabGopa, cocrosmero u3 15 Kpacok, Hajo BeIOpaTh
3 KpacKH AafA OKpamuBaEua mKaTyiakd. CKOJIBKHEMH cnocobamMu
MOJKHO CHeJIaTh dTOT BbIOOD?

P Kaxaerii BeIOOp TPEX KPACOK OTJMUYAETCS OT APYroro xots OvI on-
HOM Kpackoil. 3HAYUT, 3/€Ch pedyb HAET O codyeTaHHAX u3 15 aie-
MEHTOB II0 3.

§ 11. OnemMeHTbl KOMOUHATOPUKK
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Hmeem

3 _ 150  13-14-15
Cis = 31121 = 1-2-3 — 4585

CrnenoBarenbHO, 3 Kpacku MOKHO BeIGpaTh 455 crmocobamu. <]

Ilpumep 2. B xnacce yuarca 12 manbumkos u 10 pgesouex. [lis

YOOpKHM TeppUTOPUH OKOJO INKOJbI TPeOGyercs BEIAEIUTH TPEX
MaJIbYHKOB M JByX JZeBoueK. CKOJIBKMMH cHocobfaM# 5TO MOYKHO
coenaTts?

BriOpaTe Tpéx mMaibuukoB u3 12 MOMKHO Cfg cmocobaMu, a ABYX
nesouex ua 10 MoskHO BEIGpaTh Ci) cnocobamu. Tak Kak IpH Kax-
nom BEIGOpe ManbuMKOB MOKHO C%, crocoGaMm BeIGPATH AEBOUYEK,
TO cAelaTh BBIOOD yuamuxcs, O KOTOPOM TOBOPUTCS B 3ajade,

moxuo0 C3, - C%, cnocobamu.
HNmeem

C;I;Z_Cg - 12! 10! 10-11-12 9-10
10

31‘91-2]-8]= 1-2-3 .1.2=220'45=9900.

3HaYuT, BHIOOpP yuyamuxcs AJA YOODKH TEPPUTODHH MOKHO Cle-
aate 9900 cnocobamu. <

YnpaxHeHusi

768.
769.
770.
771.

772,

B kimacce 7 uenoBek ycHelrHo 3aHMMAalOTCA MaTeMaTHKOH. CKOJb-
KMMH cnocobaMM MOKHO BBIOpATh M3 HUX ABOMX [JIS YYACTHA B
MaTeMaTHUYeCKOH oJuMIuaze?

B marasume «®uiartenus» npogaérca 8 pasnuyHbIX HabOpoB Ma-
POK, IIOCBAINEHHBIX CIOPTUBHOH TeMaTukKe. CKOJIBKMMU crocoba-
MM MOJKHO BbIOpaTh M3 HuUX 3 Habopa?

Yuamumes pamu cnucok u3 10 KHHAr, KOTOpDble DEeKOMEHIyeTcs
OpPOYUTATE BO BpeMsa KaHUKYJI. CKOIBKHMMH crmocobaMu YYeHHUK
MOJKeT BbIOpaTs U3 HUX 6 KHUT?

Ha nyockoctn orMe4eHO BOCEeMb TOYEK, HUKAKUE TPU M3 KOTOPBIX
He JIe)kaT Ha OofHOU mpsaMoi. CKOJBKO NPAMBIX MOXHO IIPOBECTH
yepes 5TH TOYKHUT

(Ina pabomsr 6 napax.) I3 nabopaTtopuu, B KOTOpoii pabGoraior
s3aBeayomuid 1 10 coTpyJHUKOB, HAZ0 OTIPABUTE D UENOBEK B KO-
MaHAUPOBKY. CKOJIBKUMH cnocofaMM 3TO MOMKHO CeJaTh, €CJIH:
a) saBeAyIOmMUi JabopaTopueil ZOJKeH eXaTh B KOMAaHAUDPOBKY;
6) saBepyromuit taGoparopueil JoJsKeH ocrarbea?

1) O6cyauTe, ¢ KAKUM BHAOM KOMOMHAIMI MBI HMeeM [eJI0 B KaK-
JIOM cJydae.

2) Pacnpesnenure, KTO BBINOJHAET 3afaHue a), a KTo — 3agaHue 0),
¥ BEBIIOJHHUTE WX,

3) IlpoeepbTe ApPYr y Apyra NpaBUJIBHOCTH BBINOJHEHHSA 3aZaHHH.
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Ha nonke crouT 12 KHHI: aHTJIO-PpYCCKHiA cioBaph M 11 xynoxe-
CTBEHHBIX NPOM3BENEHUNA Ha aHTJIMUCKOM fA3biKe. CKOJIBKUMHA CIO-
cobaMy YUTATEeNb MOYKeT BbIOpaTh 3 KHWUI'H, €CJIH:

a) cjoBapb HYXKeH eMy 00s3aTesIbHO;
6) cioBaphs eMy He HYXKeH?

Bpuraza, 3aHMMAaOI(asgcs PEeMOHTOM IIKOJBI, COCTOMT u3 12 ma-
JAPOB M D IJIOTHUKOB. M3 HUX [JA PeMOHTa (QHUIKYJIbTYPHOTO
3a71a HAJO BBIJEIUTH 4 MajsApoB U 2 NJIOTHHKOB. CKOJMBKMMH CIIO-
cobaMyu MOXKHO 9TO cAeaTsb?

B 6ubamoTeKe YUTATENIO NPEeIJOKHIN Ha BHIOOD M3 HOBBIX IIO-
crymuesnit 10 kuur u 4 sxyprana. CKOIBKUME crmocofaMu OH MO-
sKeT BhIOpAaTh U3 HUX 3 KHUTH M 2 XypHana?

B 3adauax T76—782 paccmampusanomca pasiuinble KOMOUHA-
yuu 3nemenmos (nepecmaro6Ku, PasMeuw,eHus, COLemaHus).

776. CKOJIBKO cpelil BCceX NepecTaHOBOK OYKB CJIOBa «BbICOTAa» TaKHX,
KOTOpBIE:
a) HaUMHAKIOTCA ¢ OYKBBI «B»;
6) HauMHAIOTCA ¢ OYKBBI «a», & OKAHYMBAKOTCA OYKBOH «T»?

777. CKONIbKO USTHBIX YETHLIPEX3HAYHBIX YHCEeJI MOMKHO COCTABHUTH M3
nudp 6, 7, 8, 9 (6e3 mX DOBTOPEHHUA).

Uz 12 conpar, B uucyio xoTopeix BxoaaT MBanoB u Ilerpos, Hamo
OTHPaBUTh B HapsAa Tpeéx uenoBek. CKoOJIBKMMH cmocobaMu 3TO
MOKHO CHeJIaTh, eCJIM:

a) UBanos u [leTpoB MOJKHBI MOWTH B HapsAj o6A3aTesbHO;
6) MsanoB u IleTpoB HOMIKHEI OCTATHCH;
B) MBaHOB posxeH moitu B Hapsax, a IlerpoB — ocrarbca?

779. B maxMaTHOM KpysKKe sanuMampTcs 16 uenoBexk. CKOJIBKHMMHM CIIOCO-
6aMu TpeHep MOXKeT BBIOpATh M3 HUX JJIA IPEeACTOAINEero TYpPHUpAa:
a) KOMaHAY M3 YeTHIPEX UeJIOBEeK;
6) KOMAHIY U3 YETHIPEX UeJOBEK, YKAasaB IPHU BTOM, KTO HU3 Uie-
HOB KOMAaHALI OyJAeT MrpaTh Ha NEepPBOH, BTOPOi, TpeTheil u uer-
BépTOil mockax?

MakcHM HOACYMUTAJ, UTO cyljecTByeT 378 cmoco6oB BbIOOpa M3 HX
Kjacca ABYX JAeKYpHbIX. CKOJBKO ydammxcsi B 9TOM Kiacce?

781. s rpyunnsl TYPUCTOB YeTHIPDEX J[eKYPHBIX MOYKHO BhIOpaTh B
13 pa3 GosbmuM YMCIOM COOCOOOB, YeM ABYX HAeKYPHBIX. CKOJb-
KO TYpHUCTOB B rpymnne?

782. YupocTuTe BbIpasKeHUe

a+b a® - v 1+5b
2 z il ===
a+ab+b v-a b

§ 11. OnemeHTbl KOMOUHATOPWKHK
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783. Ilocrpoiite rpadur dbysxmum y = —2x% + 8.
784. Pemiite HepaBeHCTBO:

a) x2-0,5x - 5<0; 6) x2 - 2x + 12,5> 0.
785. Pemute cucremy ypaBHeHU:

a){x—y=1, 6){x2+y2=65,

xy = 240; 2x — y =15.
786. Peruure ypasHeHMe:
| a)5Vx=1 6) Jx — 4=15.

KoHTpOnbHbIE BONpoOCLI U 3agaHuma

O6bAcHUTE, KakK BenETCA NOACYET 4Mca BO3MOXHbIX BapuaHTOB C
MOMOLLbLIO KOMBMHATOPHOrO nMpasuna YMHOXEHWUS.

ot s 49!
Y7o o3Havaet 3anuch n!? Hailgute 3HaYeHWe BbIDAXEHWUS fmi g

4T0 HasbiBaeTCs NepecTaHoOBKON u3 n anemeHToB? 3anuwwute ¢op-
MyJly A8 BbIYUCAEHUS 4UCNa NepPecTaHOBOK M3 n 3IEMEHTOB.

YTO HasbiBaeTCA pasMelleHueM U3 n 3NEeMEHTOB No k? 3anuwure
dopmMyny Ana BbIMUCNEHUS YMCNa pPa3MeLLEHUIn U3 n 3NEMEHTOB Mo k.

Y10 HasbiBaeTCA COYETaHWEeM W3 n 3NeMEeHTOoB no k? 3anuwurte
dopmMyny ang BbIMMCNEHUA Yucna COYeTaHun U3 n BNEeMEeHTOB Nno k.

HAYAJIbHbIE CBEAEHUS U3 TEOPUU
BEPOSITHOCTEW

34. OTHOCMTEeNnbHasa 4YacToTa
cJly4arHOro coObiTus

B moBcegHEeBHOH KM3HM, B NPAKTHYECKON W HAYYHOH HeATEIBHOCTH
gacTo HaGJIONAIOT Te WM MHEIE ABJEHHUS, IPOBOAAT OIpeleNéHHbIEe dKC-
nepuMeHThbl. B npounecce HaOMOAeHUsA WJIN 9KCIEPUMEHTa NPUXOAWTCH
BCTPEYATHBCA C HEKOTOPBIMHU CAYYAUHbLMU COObLMUAMU, T. €. TAKUMHU
COOBITHAMH, KOTOPBLIEe MOT'YT IIPOM30HTH MM He npousodtu. Hanpumep,
BHEIIIAZIEHWE OPJia MW PEeIIKH OPH HoAOpachIBAHMM MOHETEI, IIOPakKeHue
MHUIIEHN WM IpoMax IPH BLICTPEJE, BHIMIPHINI CIIOPTHBHOH KOMAaHZBI
BO BCTpeYe C CONEePHMKOM, IIPOMUIPHILI UIX HUYEHHBIH pesyasTar — BCé
3TO caydaiiHble COOBITHSA,
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3aKOHOMEDHOCTH CAYYalHBIX =
cOOBITHI M3y4yaeT CHelHaJbHBIN *
pasgesl MaTeMaTUKH, KOTODPBIU .S
Ha3bIBaeTCsH Mmeopueil. 6epoimHo- 2 L .
cmeil. MeToABI TEOPUH BEPOAT-
HOCTeil IIpUMeHATcA B HHGOOP-
MaTuke, (pU3HKe, ACTPOHOMHH,
ouosiorum, MeIUIUHE M BO MHO- . o
rUX ApPYyrux objacTaXx 3HAHWIMA.

3apokgeHHEe TeOpUH BepoAT- Puc. 82
HOCTEH MPOM3OIII0 B IIOUCKAX OT-

BeTa HA BOIPOC: KAK YACTO HACTYIAeT TO WJIH HWHoe cobbiTHe B 60JIb-
IIOH CepuM IPOMCXONAIIUX B OJAMHAKOBBIX YCJIOBHSAX HCIOBITAHHUI CO
CIAYyYaWHBIMH HCXOZaMu?

Pacemorpum npumep. Ilposesn Takue mcenbiTaEuA. Bpocanu 100 pas
UrpajibHbBIN KyOuK, T. e. HeOoJbIION Ky0, Ha I'paHAX KOTOPOT'O BHEIOHTEHI
OuKH OT ojgHOro no mectu (puc. 82), u Habmofan Md, CKOJBKO pas Ha
BepxHel rpaHu KyOWMKa BhIIazeTr miecTbh oukoB. IIpm GpocaHMH Hrpaib-
HOI'0o KyOMKa Ha ero BepxXHed IpaHu MO’KeT BBINACTB OJAHO, IBa, TPH,
4eTsipe, IAThH WK IIecTh 04KoB. Kakloe U3 3THX IIecTH cOoOBITHM, WIH,
KaK T'OBOPAT, IIECTH MCXOJ0B MCIBITAHWUA, ABAAeTcA ciaydaiHeIM. [lo-
NyCTHM, 4YTO B JAaHHOH CepHH OJKCIEPHMEHTOB «IIecTépPKa» Bbillaja
17 pas. Yucno 17, xKoTopoe HMOKasLIBAET, CKOJBKO pa3 B 9TOM HCIIBITA-
HUM TPOMUIOIILIO paccMATpUBaemMoe cOObITHE, HA3BIBAIOT %ACMOMOIl 3TO-
ro cobwITHA, & OTHOIIEHHE YacTOThl K OOIIeMy YMCIy HCHBITAHUH, pas-

17 . .
HO€ 755, HASBIBAIOT OMHOCUMENbHOU HACMmOomou 3Toro CcOBBITHA.

Boobmie nyers onpeienéHHOe HCOLITAHHWE IPOBOAUTCA MHOTI'OKPATHO
B OJHMX M TeX JKe YCJOBHUAX M IPH dTOM KaKAbIH pas (pUKcCHpyeTcH,
IIPOM3O0ILI0 WM HEeT WHTepecyioimee Hac cobbiTme A. ObozHauuMm Oyk-
BOM n oOIiee YMCJIO MCHBITAHHM, a OYKBOM m YMCIO HCOBITAHWI, IpH
KOTOpBIX npousounio cobeiTme A. Yucno m Ha3BIBAIOT 4YacTOTOH

m "
cobpiTHs A, a OTHOIIEHHE —- — OTHOCHTEJNbHOH YacToTOH.

OTHOCHUTENHFHOM YACTOTOH CIy4YaHHOro COOLITHSA B CEPHUHU HCIbI- I
TaHU} HA3LIBAETCH OTHOIIEHHE YMC/Ia UCHOBITAHMUN, B KOTOPHIX |
9T0 COOBITHE HACTYIIMJIO, K YHCJIY BCEeX MCHBITAHMMA. {

R |

i el S SRR ——|

e o St

AKOBE BEPHYJIIN (1654—1705) — wBeAUapCKuil y4EHbINA,
3aHMMaBLUMIACA PasfMYHbIMKM BONPOCAMM MaTemMaTukm u eé
npunoxeHnamu. OH BrnepBbie [0Kasan Teopemy, ycTaHasnu-
BAIOLLLYIO CBA3b MEXOy BEPOATHOCTbI0 COObLITUA W 4ACTOTON
ero nosiBneHus («3akoH BonbLIKMX YUCcen»), UMEIOLYI0 BaXHOe
3HaYyeHne B TEOpPWW BEPOATHOCTEN WU €€ MPUIoXeHUN.

§ 12. ‘HauyanbHbie cBeAeHUA M3 TEopuKn BEPOSITHOCTEN
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B xoze craTMcTHYeCKUX HCCIeOBAHUNE YCTAHOBJEHO, YTO IIPH MHO-
TOKPATHOM IIOBTOPEHUM HEKOTODPBHIX ONMBITOB MM HabGJIOJeHUH B OZHUX
H TeX )K€ YCJOBHAX OTHOCHTEJIBHAS YACTOTA HOABJIEHHS OKHIAEMOT0
CcOOBITHA MOXKET OCTABATHCS NPUMEPHO OAMHAKOBOM, HE3HAYUTEIHLHO
OTJIMYASCHE OT HEKOTOPOrOo uuciaa p. fAcHO, UTO YWCIIO p 3aBUCHUT OT TO-
ro CJIYy4aWHOTO COOBITHA, OTHOCUTEJBHAS YacTOTA KOTOPOTO IIOACUUTEI-
BaeTcAd.

Paccmorpum rtakoit nmpumep. IloaGpachiBaioT MOHETY M OTMeEYaioT,
yOamgéT OHa KBEpXy OpJIOM MJM pemkoil. Eciu MoHeTa oXHOpPOAHA H
HMeeT IIPABUJILHYIO F€OMETPHUUYECKYI0 (DOPpMY, TO IIAHCHI BHITIAJEHUS Op-
Jia MJIA pemKH OAWHAKOBEL. IIpy HeOGONBIIOM YMCIe MCILITAHWI BEIIA-
JeHue, HalpHMep, OpJia MOYKeT, INPOM30UTH dalle, YeM BbIIIaJleHue
pemku. OZHAKO eCJIM 9TH UCIBITAHWS MPOBOAATCH GOJIBIIOE YMUCJIO pas,
TO OTHOCHUTEJbHAA YaCTOTa BBHINAJeHUA OpJia OJH3Ka K OTHOCHUTEJIbHOM
YacTOTe BBINAJEHUS PEIIKH.

MHuorve ucciaegoBaTeNd MPOBOAUIN HCIBITAHHMA C OpPOCAHHEM MOHe-
Tl ¥ BBIYMCJISAJIHA OTHOCHTENBHYIO YACTOTY BRINAJEHHA opJia. Hampu-
mep, aHrauiickuit yuénsiit K. ITupcorn (1857—1936) Gpocan momery
24 000 pas, B 9TOM MCIBLITAHUH OTHOCHUTEJLHAS YACTOTA BBINANEHUA Op-
aa 6e1a pasaa 00,5005, a mam cooreuecrBenHuK B. M. PomaHoBckuii
(1879—1954), nopbpaceiBas moHery 80 640 pas, Hamiésn, 4TO OTHOCH-
TeJIbHAA JacTOoTa BBINAJIeHUA OpJa B ero uciblTaHUM Oblina pasHa 0,4923.

AHajloTUYHBIE ONBITHI NPOBOAUIMW U Jpyrue yuénsie, Oxasajioch,
YTO KAKIBIM pa3 OTHOCHUTEJbHAs YaCTOTa BBINAAEHUA OpJjia He3HaAuYM-

1
TeJIbHO OTJiH4YaJjach OT 3"

T'oBOpPAT, YTO BEPOATHOCTH COOBITHUA «BBLINAJ OPEJ NP MOAOPACKIBA-
HHAY OZHOPONHON MOHETEI, MMEIOI[eld NpPABHILHYI0 IeOMETPHYECKYIO

1
¢dopmy», paBHA 3

Boobite ecniu B AMMHHON CEpUU OAWHAKOBBIX 3KCIEPHUMEHTOB CO CIIY-
YaWHBIMH MCXOAaMM 3HAYEHUS OTHOCHUTEJIBHBIX YACTOT IOSABJIEHUS OIHO-
'O ¥ TOrO Ke COOBITHSA OJM3KH K HEKOTOPOMY OIpPe[eéHHOMY 4YHCIY, TO
9TO YMCJI0O IPHHMMAIOT 34 BEPOATHOCTH AAHHOIO CJIYVYAMHOIO COOBITHA,

Takoif MOAXOA K BREIUHCJEHUIO BEPOATHOCTEH HABBLIBAIOT CMAMUCMU-
yeckum nodxodom.

AHOPEA HUKONAEBUY KOJIMOIrOPOB (1903-1987) — pyec-
Ckuid matemaTtuk, paboTbl KOTOPOro OTHOCATCS KO MHOMMM
pasgenamM MatemMatuku U e€ MpUNoXeHWin — martemaruyec-
KOMY aHanusy, Teopuu BEpPOSTHOCTEN, TOMOMOrM1, MexaHuke,
Teopun AnddepeHumnanbHbix ypasHeHuid. MM nocTpoeHa
COBpeMeHHass cucTema akcuomaTuyeckoro obocHoBaHus
TEOpUM BEPOSATHOCTEN, NMPOBEAEHbl UCCneaoBaHua no cra-
TUCTUYECKUM MeTofam KOHTPONSA MacCOBOW MPOAYKUMU.

I EERY OnemMeHTbl KOMOWMHATOPUKU U TEOPUW BEPOATHOCTEN
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BepoATHOCTh CJy4YaWHOTO COOBITHS OIEHMBAIOT, KOrjJa B XOfe CTa-
THCTHYECKOI'0 MCCJIEeNOBAHHUA AHANMU3UDPYIOT OTHOCHTEJIBHYIO YacToTy
HACTYIJIEHHS JTOro cOOBITHS IPHU MHOTOKPATHOM IIOBTOPEHUM B OJHHUX
U TexX jKe yCJOBUAX sKcmepuMeHTa miau Habmonenus. Tak, Hanpumep,
MOCTYIIAIOT, KOIZA XOTAT OIpPEeAeUTh O0KHUIAEeMYI0 BCXOXKEeCTb CeMAH
HEKOTOPOr0 pacTeHus, IPeAcKas3aThk Pe3yJbTAT BBICTYIJIEHUA CIOPTCMe-
Ha B COPEBHOBAHUAX IO cTpensfe u T. .

YnpaxHeHus

787. B napruu u3 1000 neraneir orzes TeXHHYECKOTO KOHTPOJISA obHa-
pyxxun 12 mHecraHzapTHBIX geraneil. KakoBa oTHocuTesJbHAs dYac-
TOTA MOABJEHUS HECTAHJAAPTHBIX AeTajeii?

788. B 2006 r. B ropoge JIMmurpoBe B uioje u aBrycre 6b110 46 conmeu-
HbIX gHel. KaxkoBa OTHOCHTe/JbHAS YACTOTA COJTHEUHBIX IHEH B
yKasaHHbIe JBa Mecana?

789. Bribepure kaxoi-aubyap Teker, cogep:xamuii 150 cmor. Ilomcum-
TaliTe YHMCJIO CJIOB, COCTABJEHHBIX M3 ImecTn Oyxs. Haiigure oTHO-
CHTEJBHYI0O 4YacTOTy IIOSBJIEHUS CJOB, KOTOpPBIE COCTABJIEHBI U3
mrectu OYKB.

790. Bribepure 7 CTPOK IPOM3BOJILHOTO TekcTa. IIpoBensa nmoxcuér G6yks,
HafiJUTe OTHOCHTEJNBbHYIO UYACTOTY MOABJIEHUs OYKBBI: a) «O0»;
0) «e»; B) «a»; T) «Ii0».

791. (Ina pab6omsr 6 napax.) CoriacHo HEKOTOPBIM HCCIEJOBAHUAM II0
U3YYEeHUIO0 BEPOATHOCTH MOSBJIEHUS PA3JUUYHBIX GYKB B XyZOKecT-
BEHHBIX KJIACCHUYECKHUX TEKCTaX, OTHOCHTEJbHAs dacToTa IIOABJIe-
HuA OyKBBI «B» paBHa 0,038, 6yxeer «Mm» — 0,026.

Husxe npusenés orpbiBok u3 moambl A. C. [Iymkwuna «Pycnar u
Jlrogmuia»:

Y nykomopbsa ny0 3emEHBIH;
3saTas menb Ha aybe TOM:

W nuéM B HOYBIO KOT YUEHBIH
Beé xoauT mo menud Kpyrom;
WUpér HanpaBo — NecHL 3aBOAMT,
HaneBo — ckasKky TOBOPHT.

Tam uygmeca: Tam Jjemnit 6poaut,
Pycasika Ha BeTBAX CHIHUT.

HaiiguTe OTHOCHTENBHYIO YACTOTY MHOABJIEHUS B 3TOM TEKCTE:

a) OYKBBI «B»; 6) GYKBBI «M».

1) ITopcuuraiiTe obIee yucyio GYKB B TEKCTE.

2) PacnpegenuTre, KTO BHEINOJHSIET 3ajlaHUe a), a KTo — 3afgaHue 6),
U BBIMIOJIHUTE UX, UCIOJb3YA NPH HEOOXOAWMOCTH KaJIbKYJIATOP.
3) CpaBHUTe HOJy4YeHHBIE DE3yJIbTAThl C AAHHBIMHU, NPUBENEHHBI-
MH B YCJIOBHH.

§ 12. HayanbHble CBEOEHUS U3 TEOPUN BEPOATHOCTEN
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792. IlponenaiiTe foMa Takoil onmsiT: moaGpockTe 50 pas MOHETY AOCTO-
uHCTBOM 1 p. ¥ mojcumTaiiTe, CKOJBLKO pa3 BeINAgeT opéy. 3amm-
IIHTEe Pe3yJbTAaThl B TeTpalb. B Kilacce mojcuyuraite, CKOJIBKO BCe-
MM YYeHHMKaMH ObLIO IIPOBEJEHO ONBLITOB M KAaKOBO oOIIee WHCJIO
BRINAZIEHUN OpJia. BEIYMCIMTE OTHOCUTENIBHYIO YACTOTY BHIIAAEHUSA
opaa npu O6pocaHMM MOHETEI.

793. OTveyas YMCIO momajaHWM B IeNb B Kaxaoi cepum us 50 BbI-
CTpeJIOB, KOTOPbIe IPOU3BOAHUII CTPEJIOK, MOJYUYMJINA TaKue JaHHBIe:

38, 40, 42, 40, 39, 42, 43, 45, 40.
KakoBa oTHOcuTeNbHAsi YacTOTA HONAJAHWN B IeJb 3THM CTpeJ-

KOM B Kaykaoil cepum BeicTpenoB? Kakoe mpezamosioskeHme o Bepo-
ATHOCTH MNONAAAHHUA B Ieb AJA 3TOrO CTPEJKA MOYKHO CHeJaTh?

794. T'oToBACE K COpPeBHOBaHHMAM, backerbonuer cosepmma 16 mrpad-
HBIX OpOCKOB, npu aToM MaY 9 pas momas B Kop3uHy. MoxHO JH
VTBepKJaTh, 4YTO AJA AaHHOro OackerbosHMcTa BepPOSATHOCTH
nmomajlaHus MA4Ya B KODP3UHY OpH OpocaHUHM mTPA(GHBIX OYKOB

2o
paBHa 7g

795. MHOrOKpaTHasi IIPOBEPKa MOKA3aJIa, UYTO BCXOMKECTh CeMAH OI'YPIIOB
onpenenéssoro copra pasHa 0,9. ITocagumu 85 cemMsH aTOro copra.

Kaxoe npeanonosxeHne MOXHO CZ@JaTh O YHUCJe IPOPOCHIUX CeMsH?
1796. Haitnure obnacts ompeziesieHUs U 00JIaCTh 3HAYEHUH (DYHKIIHK:

a) f(x) = x* — 10x — 17; 6) g(x) = lel_ -,
797. PemtnTe HepaBeHCTBO:
a) 4x — 5x% < 0; 6) 9x% < —5x; B) 6x%* — x — 35 > 0.

35. BeposiTHOCTb PaBHOBO3MOXHbIX COObITUNA

Jlns Toro urobbl OIEHUTH BEPOATHOCTH HHTEPECYIOIIEro HAC COObI-
THA OYTEM CTATHCTHUYECKOrO MCCJIENOBAHUA, HEOOXOAMMO IIPOBECTH
00JIbIIIOe YHUCJIO ONIBITOB WJIM HAOJIOAeHHH, U TOJBKO IOCJEe 3TOT0 MOK-
HO ONpeAeJuTh NPUOIHKEHHO BEPOATHOCTH ATOro cobmiThsi. B TO XKe
BpeMs#a B pAaAde ciay4daeB BepOoATHOCTH COOBITHA MOMKHO OLeHHTb HeIllo-
CpeZICTBEHHO M3 YCJIOBHI CaMOro onbITa WJW HaOmIOJeHUs myTéM pac-
Cy:KJeHHH, He npuberas K HCOBITAHUIAM.

Beprémca k mpumepy ¢ GpocaHueM HrpajJbHOro Kyouka. Eciam Ky-
6MK MMeeT NpaBMJILHYIO (DOPMY M CHeJaH M3 OZHOPOIAHOrO MaTepuaia,
TO NpH ero OpoCaHUM IIAHCHI BHINAAEHUA HA €ro BepxXHell IpaHM Kax-
JOoro umciia o4koB oT 1 710 6 ofMHAKOBEI, T. €. HET OCHOBAHUM CUMTATE,

ELEERY OnemMeHTbl KOMBUHATOPUKUA U TEOPUW BEPOATHOCTEN

202



410 KaxKoi-HUGYAb W3 MCXOZOB GoJiee BO3MOMKEH, YeM ocTajbHble. I'0-
BODPAT, YTO CyHIIecTBYeT 6 pasHo803MONCHbLX UCX0008 OIBITA C 6poca-
HueM KyOuka: Bmimagenue 1, 2, 3, 4, 5 u 6 ouKoB.

Boo611ie MCXOABI B ONpEAEJEHHOM ONBITE HJIX HaONIOJeHUH CUHUTAIOT
PaBHOBO3MOKHBIMH, €CJIH IIAHCHI dTHX HCXOAOB OJAHMHAKOBBI.

Hcxoasl, IPpU KOTOPBIX IMPOMCXOAUT HEKOTOPOe COOBITHE, HAa3bIBAIOT-
cA 61azONPUAMHBIMU UCX00aMU JJIS DTOTO COOBITHSA.

PaccmoTrpuM cobuiTMe B, KOTOpoe O3HA4aeT BhINaJeHWe Ha KyOuke
YyucJa OYKOB, KpaTHoOro 3. 9r1o co0bITHe NPOMCXOAMT JIMIIL IPH ABYX
MCXOJaX HCIBITAHMA: KOrja BhINAJO 3 O4Ka M Korja Beimago 6 oukos,
T. e. 18 cobeiTua B 6JaronpUsSTHBIMA ABIAIOTCA ABa MCXO0Ja M3 IIec-
TH PABHOBO3MOMKHBIX HMCXOJOB.

OrHomeHWe YHciaa OJIarONMPHATHBIX MCXOJOB K YHCJIY BCeX paBHO-

2
BO3MOKHBIX MCXOZ0B B DACCMATPHBAEMOM IIPHMepPe PaBHO . JTO OTHO-
IIeHHe CYMTAIOT BEPOATHOCTHI COOBITHA B M IHIIYT:

P(B) = 2.

OGosnauenue P mpomcxoauT oT (paHiysckoro cioBa probabilité, uro
O3HAYaeT «BepPOATHOCTH».
Boobmie

A - T —

ecJIM BCe HCXOAbI KaxKoro-jaunbo MCOLITAHUSA PABHOBO3MOMHBI, TO
BepoOATHOCTH cOOBITHA B 3TOM HCIBITAHMM DPABHA OTHOIIEHHIO
qHcIa 6JIﬁI'OHpHﬂTHHK oA Hero HUCXOJA0B K YHCIY BCeX paB-
HOBOSMOMHBIX HCXOOOB. :

B orawume OT CTATHCTHYECKOTO HOAX0Aa K BBIYHUCIEHHUIO BEPOAT-
HOCTH TAKOH NOJAX0J Ha3kIBaeTCs KJAACCULECKUM.
Yro osHayaeT Ha IpPaKTUKe, YTO BEPOATHOCTH PACCMOTPEHHOI'O CO-

2
6erTus B paBHa 5? Pagymeercs, 910 He O3HA4YaeT, UTO DU IIECTH 6poc-

Kax KyOMKa 4MCcJIO OYKOB, KpaTHOe 3, BbllazeT poBHO 2 pasa. Boamox-
HO, 4TO OHO BBIIajeT 1 pas, 3 pasa, He BeInaaer coBceM. OmHaKO ecim
nposecT 6OJIBIIOE YHCJIO HMCOBITAHUE, TO OTHOCHTE/NbHAd YacToTa

2 1
noABJeHuA cobeiTusa B 6yner mano oTaHYATHCA OT G, T. €. OT 3. Boob-

e OpH YBEJWUYEHHM YHCJIA UCHBITAHUHN CO CAy4YaWHBIMU HCXOJAMH OT-
HOCHTEJBHAS YacTOoTa MOABJEHHA CJAYYalHOro coObITus npubiamoxaercs
K ero BEepOATHOCTH.

ComocTaBiisii CTATHCTUYECKHH M KJIACCHYECKHH IIOAXOAbl K BBIUHC-
JIEHUI0 BEPOSTHOCTEH, MOMKHO cAeJaTh BBIBOJ, YTO CTATHCTUYECKUN
noAxon npeanojaraer (akTHdecKoe IpOBeJeHHEe HCIBITAHUSA, a4 IPH
KJIacCMYecKOM Iojaxofe He tpebyercs, 4robsl mcoeiTaHME OBLIO IIpOBe-
IIeHO B JeHCTBHTEIBHOCTH.

§ 12. HayanbHble CBEOEHUA U3 TEOPUW BEPOATHOCTEW
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Hns Toro uTob6hl HAWTH BEPOATHOCTH HEKOTOpPOTro cobuiTus (mpu
KJIACCUYECKOM IIOAXOJe), HANO MPABUIBHO ONPEAENUTh YHUCIO PABHOBO3-
MOXHBIX HCXOJIOB HCHBITAHUA W YHCJI0 OJArOONPHATHBIX JJA 3TOrO CO-
OBITHA HMCXOJOB.

3amaua. HaiiiéMm BeposiTHOCTL TOro, 4YTO NPH NOAOPACBIBAHUU ABYX
MOHEeT Ha 00eMX MOHEeTaxX BHINAZET pelnKa.

» Ilpu oxHOBpeMEHHOM OpPOCAHMH ABYX MOHET DPAaBHOBO3MOMKHBIMU
ABJAIOTCA CJIeAVIOUIUEe MCXO/bI:
— Ha o0emx MOHeTax BHINALET OPEI;
— Ha IepBOI MOHETe BEIDAZEeT OPE&J, a Ha BTOPOIl — peIIKa;
— Ha IIepBOil MOHeTe BLINAJET pPelllKa, a Ha BTOPON — OpéJ;
— Ha 00eMX MOHETaxX BEINAZET peIlKa.
BnaronpuaTHEBIM AA coOBITHA A, COCTOAINEr0 B TOM, YTO Ha oGeux
MOHETax BhIIAJEeT pellKa, ABJAeTCA OAWH HCXOJ W3 YeTBHIPEX BO3-

1
MOKHBIX, 3Ha4uT, P(A) = 7. <

Ilpu pemenun aToH 3amauyu OblIO Obl OIMMOKOII cUMTATH, YTO B
JAHHOM OIBITe MMEIOTCH TPH PABHOBO3MOXKHBIX HCXOJA:
— Ha ofeux MOHeTAX BhINALeT OpEJ;
— Ha OJHOM MOHeTe BbIIIaZeT OpEJI, a Ha APYroi — pelrka;
— Ha ofeMx MOHeTaxX BBINNAJET pelIKa.
i 1
Orcropa ciemoBasi Obl HeBEePHBIN BEIBOJA, 4uTO P(A) = 3-
IIpuBenéM nmpuMephbl BBIYHCJIEHHSA BEPOATHOCTEM.

IIpumep 1. Vs 25 sk3aMeHAIIMOHHBIX OHJIETOB IO IeOMETPHUU YYEHHK
yenes noaroroBuTs 11 mepBeix u 8 mocnenHux OGuirero. Kaxkosa
BEPOSAATHOCThL TOI'0, YTO HA IK3aMeHe eMy JOCTaHeTcsA Ouier, KOTo-
pBIii OH He MOJATOTOBHJI?

P O6iiee umcii0 paBHOBOSMOKHBIX HMCXOZOB IPU BbIOOpe OMJIeTOB Ha
axzamene 25. Ilyere M — coObiTHe, 3aKJIHOUYAIOIIEeCd B TOM, 4UTO
VYEeHHKY JOCTaHeTCA Ha dK3aMeHe OMJIeT, K KOTOPOMY OH He IOJA-
roroBuica. Hwucno GJaronpuATHREIX ANA cobpiTma M ucxonos (HO
He Ansa yuyeHuKa) paBHo 25 — (11 + 8), 1. e. 6. 3nauwur,

P(M) = o = 0,24. <

IIpumep 2. Auron u Hrops Opocaror OGenelifi m UEpHBIA HIpaJbHEIE
KyOMKH ¥ IIOJCUYUTHIBAIOT CYMMy BhIDAaBIHUX oukoB. OHH pmoro-
BOPHJINCH, UTO €CJIM IIPH OdYepefHOM OpocaHMM B CyMMe BBINAJET
8 OuYKOB, TO BHIMIDHIBAET AHTOH, & €CJIM B CYMMe BbImageT 7 od4-
KOB, TO BelurpeiBaer Urops. MoKHO JIA CYHTATH, YTO IIAHCHI BHI-
UIrpaTh B ATOM HUIpe Y MAJBYMKOB OJHMHAKOBBI?

P Ilpm Gpocanum KyOuMKOB Ha OenoMm kKybGHUKe MoXKeT BblmacTs 1, 2,
3, 4, 5 niu 6 oukos. KaskJoMy 4YmMCIy OYKOB, BEIIABIIMX Ha Oe-
oM KybuWKe, COOTBETCTBYeT INECTh BAPDHMAHTOB YHCJIA OYKOB, BHI-
naBmux Ha 4yépHoM KyOukxe. Bce mMcxonbl 5TOro MCOBITAHHUA TIPH-
BelleHBI B Tabauie:

WELEER] OneMeHTbl KOMOMHATOPMKKU 1 TEOPUN BEPOATHOCTEN



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; 8) (6; 3)

(1; 4 (2; 49) (3; 4 4; 4) (5; 4) 6; 4

(1; 5) (2; 5) (3: 5 (4; 5) (5; 5) (6; &)

(1; 6) (2; 6) (3; 6 {(4; 6) (5; 6) (6; 6)

B xa)xgoii mape Ha IEePBOM MeCTe BANNACAHO QYHCAO OYKOB, BLIMAB-
mux HAa BenoMm KyOMKe, a Ha BTODOM MeCTe — THCHIO OUKOB, BBI-
TNABMIAX HA YepHEOM KYOHKe, YKABAHHLIC MCXOILI MCOLITAHUS paB-
HeROAMOXHbI. O0ngee TUCIO PARHOBOIMORHBIX HCXOJ0B paBHU 36.
IIycrs cobriTHe A 03HAYACT, UTO IpH OpocanEy KYOMKOR B CYMMe
BEIIANO & OYUKOB, A cofisiTHe B 03HAUYART, YTO B CYMME EHINAML0
7 OUKOR,

Ana cobniTE A OJATONPHATHEIMHE SBIASHITCH D HCXO[OA:

(2; 6), (35 B), (4; 4), (55 3), (6; 2).
na cofuiTasg B OAaronpUaTHRIMH ABAAKIOTCE 6 Hexoiob:
(1; 6), (2' 5), (3; 4): (45 3), (5; 2), (6; 1),
Orcoma P(A) = 36’ P(B) = 36‘
IlooTomy mmamcor BmIBrpars v Hrops Gonwime, ueM v AHToHa. <

IIpunmep 3. FMa 16 cobpaBHRIX BeNocHNEAOR 4 orasaxHch ¢ AedexTa-

>

mp, KaxoBa BepOATHOCTE TOIO, YT0 2 BEIODAHMHLIX HAYTAJ BEJIOCH-
nega 6yayr Gea nedexron?

IIyere A — cobriTHe, npu KoropoMm 2 BRODAHHEIX ReJIOCHIEAA DKa-
AyTea Oez nederron, Jlwbol BrIGop ABYX BenocuOenos us 16 am-
AdeTc PARHOBOSMOMKHEIM HMCXOA0OM. SHAUHT, ofiee YHCJIC PABHO-
BOBMOMHEIX HCXODJ0B pPaBHEC YHRCIY codertan#mil u3 16 no 2,
T. e. Cl;. HexonoM, 6naronpuaTasM s cOBEITHS A, SBISETCH BHI-

fop ABYX MCIDABHWMX BeJICCHIEAOB H3 AMemuxes 12 HenpagHBIX
(16 = 4 = 12). CaepopaTenkuo, YHCNO OJIATONPHATHEIX AAS COBBI-

THH A HCXOAOB paBHO C2,. OTCIORa mOMyuAeM, TUTO

Gz

P(4) —-—.
16
_ 12t 1112 181 15-16
t912*2!—101‘ 2 = 66, Clﬁ‘z: 14— 2 =120,
PA) = 120 = 0,585, <

& 12. HavanbHole CBEASHMA M3 TEORMU BEPOSTHOCTEH

205



Ilpn pemeHHMH HEKOTODHIX 3ajJa4 ObIBaeT YAOGHO BOCIOJIB30BATHLCH
CBOMCTBOM BEDOATHOCTEH NPOMUBOROJLONCHBLY COObLMUILL,

PasbacHUM CMBICT NMOHATHSA <«IPOTHUBOIOJIOMKHEIE COOBITHS» HA IPHU-
Mepe 6pocaHuA HrpaabHOro Kyouka. Ilycte cobbiTme A osHadaer, 4TO
BeIayio 6 oukoB, B — uTo BRINasmo mMeHee 6 ouxkos. Beskoe HacTyIIe-
HUe cobbITHA A 03HauaeT HeHacTyIIeHHe coObITUA B, a HeHacCTyILIeHUE
coOBITHA A — HacTymnjeHue cobblTusa B. B Takux caydasix roBOpAT, 4TO
A 1 B — TIpPOTUBONOJOMKHEIE COOBITHA.

Haiiném BeposaTHOCTH cOObITHHA A M B. asa cobelTua A Giaarompu-
ATHBIM ABJIAETCHA ONWH MCXO)| U3 IIECTH PABHOBOSMOMKHBIX HCXOJOB, &
giia cobepiTua B — mATH MCXOHOB M3 IIECTH. 3HAYHUT,

PA) =1, P(B)=1q.

Herpyaso samerursb, uto P(A) + P(B) = 1.

Boobme

R Ll Ll L L L T T Y

IIpumep 4. BpocaroT aBa urpajibHbix Kybuka. KakoBa BeposiTHOCTH TO-
ro, 4TO CyMMa OYKOB, BBINABIIHX HA ABYX KyOWMKax, MeHbmre 11?

p OO61ee YmMCII0 PABHOBO3MOMKHBIX HCXOJ0B 9TOT'0 UCHBITAHUA paBHO 36.
Ilyere cobviTHe A O3HauaeT, YTO CyMMa OYKOB, BBINABIIUX Ha
IBYX KyOumkax, mesnbime 11. Tak xak OnaronpusaTHBIM JJs cOOBI-
T™iA A saBigercsa GOJBIIOe YHUCIO MCXOH0B, TO YA0OHO cHauana HaM-
TH BEPOSATHOCTH IPOTHBOIIOJOXKHOTO eMy cobriTua A, KoTopoe
03HAYAET, YTO CYMMa BBLINABIINX OYKOB Gosbure mnu paBHa 11.
BnaronpusaTHBEIMHA AJA COOBITHA A ABIAIOTCA TPH HCXOAa:

(5; 6), (65 5), (6; 6).

IToatomy P(A) = 36 — %

Tax xak cobObiTusi A U A ABIAITCA IPOTHBOIOJJOMKHBIMH, TO
P(A) + P(A) = 1.

Orciona P(A) = 1 - P@A) = 1 - 15 = 13. <

BBeném Tenepb NMOHATHUS AOCTOBEPHOIO M HEBO3MOJKHOI'O COOBITHIL.

CobpiTHE, KOTOpOe NpH NPOBeJeHUN HEKOTOPOTo OIbITa UIM Habiro-
IeHHA NPOMCXOAUT BCEr/a, HA3BLIBAIOT JOCMOBEPHLIM COObLLMUEM.

Ilyers C — cobslTHE, coCTOsAIEee B TOM, 4TO INpu OGpocaHUM HUIrpajib-
HOTO KyOMKa BbINazer MeHee 7 OYKOB. JTO COOBITHe ABIAETCHA [I0CTO-
BepabIM. Kaapiii us mcxomxos 1, 2, 3, 4, 5, 6 asngerca Giraronpusr-
HBEIM A8 cobblTuss C. 3HAYUT, BePOATHOCTHL cobbiTHs C paBHA:

PC)=g=1.

Boobiie BepOATHOCTEL JOCTOBEPHOro cobbiTusi paBHa 1.
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CobeiTHHE, KOTOpPOEe HE MOJKeT MNPOM30MTH HU IIPH KaKOM HCXOoe
omblTa WIXW HaOIIONeHUA, HA3BIBAIOT HEB03MONCHbLM cOObLmuem.

O6o3naunm OykBo#l F coObiTHe, O3HAYalollee, 4To Ipu OpocaHUM
UrpaJIbHOro KyOukKa BbInazgaer 7 o4koB. O4yeBHJHO, YTO 3TO CcOOBITHE
IIPOUB0UTH He MoKeT. Umciio 61aronpHATHBIX JJIA HEro MCXO0JO0B PABHO

HyJa0, T. e. P(F) = % =0.

Boobuie BeposTHOCTE HEBO3MOMKHOTO cobObiTHs paBHa 0.
Ilycres HeKOTOpPOE HCHBITAHWE HMMEET 7 PABHOBO3MOYKHBIX MCXO/0B,
M3 KOTOPBIX m HCXOXOB OnaronpusaTHE aias cobeitua A. Torpa

P(A) = % Tax xak m < n, TO % <1, t.e. P(A) < 1. C gpyroi cropo-

HEI, Becerga P(A) = 0. CnepoBarensno, 0 < P(A) < 1.

9TO0 MOKHO IPOHJIIIOCTPHPOBATH C
OOMOIIBID BEPOSATHOCTHOM  IITKaJbI » P)
(puc. 83). Toukoit 0 usobpaskaercsa Be- 0 1
POATHOCTHL HEBO3MOYKHOTO COOBITHSA, a
TOYKOM 1 — BepOATHOCTH NOCTOBEPHO-  pyc. 83
ro coopitus. Eciu cobbiTme A He sB-
JAeTCA HU HEBO3MOYKHBIM, HM JOCTOBEDPHBIM coObITMEM, TO P(A) u300-
paxaeTcsa TOUYKON, pacnosioskeHHod wmexay 0 u 1. Yem wmenbure
BEPOATHOCTh HACTYIIEHUA coObiTusa A, tem Omamxe K 0 pacmososxkeHa
Touyka P(A). Yem Gosiplle BEPOSATHOCTH HACTYIJIEHUSA cOObITHA A, TeM
6mmke k¥ 1 pacmososkeHa Touxka P(A).

BepoaTHOCTE cIydalfHOTO COOBITHSI MHOT/AA YAAETCA HAWTH, MCIOJIb-
3yA reoMeTpHUYECKHe CcOoOpaKeHusd.

PacemoTpuM Takoil npuMep. YYACTHUKH UIPHI IIO0UYEPENHO GpocaioT
B MHUIIIEHb APOTUKH (cllenuabHble cTpeabl). MuIileHs OpeacTaBIfeT co-
60i1 Kpyr, B KOTOPDOM BbleJIeHEl MAJbIi KPYr U KOJbLEBadA 30HA, IIPHU-
4éM pajuyc MaJIoro Kpyra BJBOe MeEHbIIIEe pagmyca OOJBIIOro Kpyra
(puc. 84). HaityiéM BepOsSITHOCTEL TOI'0, UTO NPHU MHOMAJAHUHA JPOTHKA B
MHUIIEHb TOYKa NONaJaHWsA OKa’)KeTCA B KOJbIEBOH 30HE.

Bynem cuuraTh, 4TO momajaHue APOTHKA B JIOOYI0 TOUYKY MHILIEHH
PABHOBO3MOYKHO U BEPOATHOCTH MOTANAHUSA APOTHKA B KAKYIO-JIHO0 06-
JacTh IIPAMO IPONOPIHAOHANBHA ILJIOLIAAM 3TOM obJacTu.

Y

Puc. 84

§ 12. HayanbHble cBeaeHUs U3 TEOpUKM BEPOATHOCTEN
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IIycrs paguyc GOJIBIIONO KpPyra, HpeiCcTaBAAIONIEr0 cOG0H MHIIEHS,
R
paBeH R, Torja pagmyc LEHTPaJBLHOI'O Kpyra paBeH 3 Ilnomiaze MuIe-

2
Hu paBHa MR?, a mIOmMAagh IEHTPAJIBHOTO KPyra paBHA n(%) , T. €. g.
3Ha4YHUT, IJIOIIAAb KOJbIeBOI 30HBI paBHA

2
aR?  3nR

T‘ER2 = e
BepOHTHOCTB TOTO, YTO TOYKA INOoNagaHHuA IOPOTHKaA OKaMeTcdA B KO0JIb-
L‘{eBOﬁ 30He, paBHa OTHOIIEHHIO ILJIOIIAAM KOJIblIeBOI‘*‘I 30HBI K ILJIOIIagM
MHUIIIEHH, T. €. paBHa

3_,2
—nR
4

nR?

= E
1

YnpaxHeHus

798. Insa moBoroauei jorepen ornedaranu 1500 O6mieToB, U3 KOTOPHBIX
120 BemiurpeinHEbIX. KaxoBa BEepOATHOCTH TOIO, YTO KYIJIEHHBIH
OHMIeT OKa)KeTcs BBIMIDBIIIHBIM?

799. KaxoBa BepoATHOCTH TOTO, YTO IIPH OpPOCAHMHM HTPaJIBHOTO KyOHKa
BBINAJET:
a) 1 ouxko; 6) Gosee 4 Oo4yKOB?

800. YueHMK 3ammucaj B TeTpaju IPOM3BOJIbHOE ABy3Ha4YHoe umcyo. Ka-
KOBa BEpPOATHOCTBH TOr'O, UTO CyMMa Hu(dp 9TOr0 YUCIIa OKarKeTcH
paBHO# 67

801

B xooneparusHOM AoMe 93 KBapTHUpBI, U3 KOTOPBIX 3 HAXONATCA Ha
nepBoM sraske, a 6 — Ha nmocaenHeM. KBapTHDEI pacnpenensioTcdA 0
kpedburo. KakoBa BepOATHOCTE TOTO, YTO KUJIBIY He IOCTaHETCH
KBapTHUpAa, PACIOJIO}KeHHAas Ha IIEPBOM HJIM HA IOCJIeJHEM drake?

802. KaxoBa BepoATHOCTb TOI'0, 4TO IpH OpocaHUHM ABYX KYOMKOB cyMm-
Ma BBINABINMX HA HUX OYKOB paBHa 37

803. Augpeit u OJser JOTOBOPHJIMCH, YTO €CJIH IpH OGpocaHMM ABYX HI-
pPalbHBIX KYOMKOB B CyMMe BBINAZET YHUCJIO OYKOB, KpaTHoe D, TO
BRIUTDBIBAeT AHjJpei, a ecjd B CyMMe BheIDaJeT YUCJO OYKOB,
kpatHoe 6, To BhIMrphIBaeT OJser. ¥ KOro M3 MaJb4HKOB 0oJbIne
LIAHCOB BHEIUIDATH?

804. Habupas HOMep TenedoHa, cocroamuil us 7 nudp, aboHeHT 3a-
6BL7, B KaKOH IIOCJEeNOBATEJBHOCTH HAYT 3 IOocjaefHHUE IUDPHI.
IlomEa aumb, uto aTo mudpel 1, 5 ' 9, on Habpayn mepsBbie ye-
TEIpe HU@PBI, KOTOPLIEe 3HAJN, U Hayraj KoMbmHamuio u3 nudp 1,
5 u 9. KakoBa BepoATHOCTb TOr0, 4TO aboHeHT Habpan BepHBIH
"HoMep?
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805. Urobsl OTKPBITH ceiid, Hazmo HabpaTh B ONpeeleéHHON MOcIefoBa-
TesbHOCTH UATH nHUbp (6e3 mx mosropenma): 1, 2, 3, 4 u 5. Ka-
KOBa BEPOATHOCTb TOr0, YTO €CJH HabuparTb HUOMPHl B IPOU3BOJbL"
HOM mopsjaKxe, To ceiid orkpoerca?

806. Ha ueThIpéX KapTOYKaX HANHUCAHBI OYKBBI «0», «T», «K», «D».
Kaproyku nepeBepHYJIM M mHepeMelland. 3aTeM OTKPbIJIH Hayraj
IocJaeloBATEIbHO OJHY 3a APYroi 3TH KAapPTOYKM M IIOJIOMKHIH HX
B psaja. KakoBa BEPOATHOCTbH TOTO, UTO B DPE3yJbTaTe IOJYYHUTCH
CJIOBO «KpOT»?

807

BpocawoT nBa kybuka. KakoBa BepOATHOCTH TOTO, YTO CyMMa BHI-
MaBIIMX Ha HUX OUKOB He Oymer kpatHa 67

808. Ha uernipéx Kaproukax 6bliu Hanucasbl nudps 1, 2, 3, 4. Kap-
TOYKHM IIepeBepHYJH M IepeMellajid, a4 3aTeM IOJOXKHJIM B PAN H
oTKkpeLIH. KakoBa BEpOsITHOCTH TOTO, YTO B pe3yJbTaTe MOJYdYH-
Jochk uucio, boapmee 20007

809. B xopobxe JeKaT TOJBKO KpacHbIe W CHHMe KapaHjamu. Paccmar-
pHUBaOTCA CHEAYIOIAe COOBITHA:
A — 13 KOpoOKHM BBIHYT KPACHBIA KapaHJall;
B — u3 KopoOKH BBIHYT CHHMH KapaHJall;
C — u3 KOpoOKH BEIHYT IBETHOH KapaHJAlll;
D — uz KOpoOKM BBIHYT KENTHIH KapaHanl.

BeposATHOCT KAKOro u3 9Tux cobbiTmit paBHa 0; pasHa 1; Goabmie
0, HO MeHBHIE 17

810. 3akuHyJ cTapuk B Mope HeBox. PaccMmaTpu-
BalOTCA ClIeAVIoIIHe COOBITHA:
A — mpumés HeBOJ ¢ YJIOBOM PbIOBI;
B — npumén HeBOJ ¢ OJHOK THHOH;
C — TpUIE] HEBOJ C TPABOM MOPCKOIO;
D — npuinén HeBOJ € 30JI0TOX PBIOKOI, KO-
TOpas roJIOCOM MOJIBHT UeJIOBeYbLUM.
Eerep M cpei JaHHBIX COOBITHI Takue, Be-
POATHOCTH, KOTOpHIX paBHa 0; pasHa 1;
6onbrre 0, HO meHbIIe 1?7

811. B amuxe maxoxurca 10 neraneit, ogsa u3
KOTOpBIX HecTaHgaprHasa. Hayran 6epyT
2 meraju. KaxkoBa BepoOATHOCTE TOIO, 4YTO
obe meTany OKaMXVTCA CTAHAAPTHBIMI?

812. Tpu Oumnera Ha EJIKy pacupefelnad 0o Xpebuwo Mexay
15 manpuunkamMu 4 12 aeBouxkamu. KakoBa BepoATHOCTBH TOTO, YTO
BCce BMIEeTHI JOCTAHYTCS JeBOUYKaM?

813. B kopobke mexkuT 8 KpacHBIX U 4 cHMHHX KapaHjama. Hayrag
BeIHMMAMOT 2 Kapaspgama. KakoBa BepPOSATHOCTBE TOro, 4ro oba
KapaHJala OKa)KyTCsi KPACHBIMU?

§ 12. HavyanbHble CBEOEHUS W3 TEOpPUW BEPOATHOCTEN
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815.

816.

817.

1]

818.

(Badaua-uccnedosanue.) Tpu noapyru Ams, Bepa u Mama ormpa-
BHIHCEH B Tearp. Ilonyums B rappepobe HOMEPKM 3a TPH CAAHHBIX
OaJIBTO, OHU CJIOMKHIUA UX BMecTe. [10 OKOHUAHUH CHEeKTaKIA Kayk-
Aas U3 NOJAPYTr B3AJa HayraJ OJUH HOMEPOK W NOJYYWJa 10 HeMy
najgbro. KakoBa BeposITHOCTH TOro, UTO:

a) TONIBKO AHA MONYYHIA CBOE IaJIbTO;

6) Bepa He mosyumia ceoero najbTo?

1) Beeaure 0603HaYEHUS IS CIEAVIOIIUX COOBITHHA: «IIO ITpeNbAB-
JIEHHOMY HOMEpKY HOJIydeHO AHHHO TaJbTO», «I0 NpelbABIeHHO-
My HOMEPKY moJiydeHo BepwHO nanbTo», «II0 IpeAbABIEHHOMY HO-
MepKy nojaydyeHo MammHO HalIbTO».

2) IlpeAnoNOKHUB, UTO HOMEPKH MPEABABIAIOT MOCIELOBATEIHLHO
Ansa, Bepa m Mama, BEIDMImMUTEe BCe PAaBHOBO3MOIKHBIE HMCXOJHL.
ITopcuuraiiTe Mx uymco.

3) YkaxuTe MCXO/bl, GaronpuUATHBEIE AJA COOBITHUS «TOJBKO AHS
IoJIy4YHnJjia CBOE HmaibTo». KakoBa BEepOATHOCTHL 3TOro cobbiTUa?
4) Yraxure uCXonbl, Oiaronpusitebie Aus cobeitua «Bepa He mmo-
JIy4Yuja CBOEro maabTo». KakoBa BepOATHOCTH 3TOro COOBITHA?

B rTpeyronbauke ABC mnpoBenéH
orpesok DE, mnapanienvHbslii AB C

(puc. 85). UspecTHO, ut0 DE = 7AB.

KaxoBa BeposATHOCTB TOro, 4TO CJy-

yailHbIM oOpasoM BeIGpaHHAA TOYKA D E
TpeyroJbHUKa ABC oxa)keTcd Upu-

Haajmexamei tpeyroasauky CDE?

ol =

IlyakTel A m B HaxoaATcs APYr OT
Apyra Ha paccrosHum 2,5 kM. Teme-
¢doHHAA JNHUHHA, COEAUHANIOINIAA OTH
OYHKTBI, 000pBaNack B HEM3BECTHOM
mecte. KakoBa BeposATHOCTH TOIO,
9T0 TOYKAa pasphiBa yiajJleHa OT TOU-
Ku A He Bosee gem Ha 500 m?

A B

5 " Puc. 85
Ha koopawEaTHOU HNpsAMoOil oTMeue-
HEl Toukm A(0) u B(3). Ha orpeske AB mayraj BhIOpaHa TOYKA
C(x). KaxoBa BeposaTHOCTH TOro, uro 0 < x < 1,27

Tlepecekatorcss nu mapaGosa y = 2x” — 6x u mpamas y = 10x?
Ecnm nma, To yKa)KUTe KOOPJUHATHI TOYEK IepecedeHHd.

i819. Pemmure ypaBHeHHE:

x 1 6 7x 3 _ 1
L e e g Al 6) Z_ 36 T6-x"z+6
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KoHTpONnbHbIE BONPOCHI U 3afaHus

Y10 Ha3bIBAETCHA OTHOCUTENBLHOM YacTOTOW Cly4aliHOro cobbiTna?

22 Kak BbMUCHSIOT BEPOSATHOCTb CAY4aMHOro COObLITUA NpU Kiaccuye-
ckoM nogxope?

28 lMpusepute nNpumep AOCTOBEPHOro CoObITUA U NPUMEP HEeBO3MOX-
HOro cobbiTua. Yemy paBHa BEPOSITHOCTb AOCTOBEPHOro COBbITUS;
HEBO3MOXHOro cobbiTua?

Ina mex, kmo xouem 3name 60JbuLe

36. CnoxeHue U yMHOXEHUe BepOATHOCTEN

PaccmoTpuM npumep.

IIycrer B Kopobke Haxozmrca 19 mapos: 10 Gesbix, 4 KpacHBIX H
5 senéunix. 3 KopoOKu Hayraj BEIHUMAIOT OfuH map. PacemoTrpuMm Ta-
Kue coObITHA:

cobpiTHe A — 1mIap OKasaJicsi KPACHBIM;

cobeiTHe B — map okasajics 3eJIEHBIM.

CobritTnsas A 1 B He MOryT npousoiTH BMecTe (omHOBpeMmeHHO). I'o-
BOPAT, YTO COOBITUA A U B ABIAIOTCA HECOBMECMHbIMU.

IIBa coOpITHS HA3BLIBAIOTCH HECOBMECTHBIMM, €CJIH B OJHOM K ,’
TOM XK€ MCIBITAHMHM OHHM HEe MOTYT IPOM3OMTH OJHOBPEMEHHO, |
T. €, HACTYIJIeHME OJHOI0 W3 HHUX HCKJK4YaeT HacTylJieHHe
Apyroro. |

IIyers cobwiTne C o3Hadaer, 4TO HM3BIEUEHHBIH M3 KOpPOOKHM miap
oKasajica He OeJbIM (KPACHBIM HMJIHM 3€JIEHBIM).

BelgcHMM, KaK BepOATHOCTH cobwiTusi C cBA3aHA C BEepPOATHOCTAMH
Kaxgoro us cobeiTnit A u B. Haiiném BeposaTHocTH cobmiTuit A, B u C.
Jia KasKAoTro MCObITAHUA (U3BJIeYeHUEe U3 KOPOOKHM OJHOTO IIapa) pas-
HOBOSMOJKHBIMHA sBJAIoTcA 19 mexonos. I3 Hux mias cobslTua A Oia-
ronpuATHBIMHU SABIAIOTCH 4 Mcxoxa, Ans cobbiTus B — 5 HMCXOA0B, MJIA
cobpiTus C — 9 umexomos. Orcrona

4 5 9
P(4) = 15, P(B) = 15, P(C) = 15-
Mgl BHAHM, 4YTO

P(C) = P(A) + P(B).

na Tex, KTO Xo4eT 3HaTb Gonblue
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Boobme
o o i o i o s s o 0 s

ecau coﬁm'me C O3HayaeT, 4TO HACTyIaeT OJHO M3 ABYX He-
COBMECTHBIX cOOBITHH A unu B, 1O BeposaTHOCTs cobblTHa C
paBHa CYMMB Bepos«:'rnoc'reﬁ coﬁm'mn A u B.

= o - e = B R - N Y NS M G S

._r..n..-.-.n-.. -

IIpumep 1. Ha kaproukax Hamucajau HaTypaJbHBIe umcaa or 1 go 10
BKJIIOUUTEJIFHO, IIOCJE Yero KAPTOYKH IMePeBepHYIN U IepeMeIllaH.
3aTeM Hayraj OTKPBLLUIA OZHY KapTouky. KakoBa BepOSITHOCTH TOTO,
4YTO Ha Hell HANMCAHO IPOCTOE YHCJIO WJIH YHCJI0, bosbmee 7?

P Ilycte cobbiTMe A 0O3HAuaeT, YTO HA KAPTOUKe HANMCAHO MPOCTOE
4uCa0, a cobeiTHe B o3HayaeT, YTO HA KAPTOYKEe HAIMCAHO YUCJIO,
bonpmee 7. Ina cobwiTuss A GJAronpuUATHLIMM ABIAIOTCH 4 MCXO-
fa u3 10 paBHOBOSMOMKHBIX (IOABJEHME OJHOIO M3 4mcea 2, 3, 5,
7), T. e. BepoAaTHOCTEL coObiTuss A pasHa 0,4. Jlns cobuitua B Ona-
FONPHUATHBIMUA ABIAOTCA 3 mcxoxa u3 10 paBHOBO3MOMKHBIX (IIO-
AsyeHne yucexa 8, 9, 10), T. e. BeposATHOCTHL cobbiTuss B pasHa 0,3.
Hac maTepecyer cobeitme C, KOrja Ha KapTouKe HANMCAHO IIPOC-
TOe YMUCJI0O MiaH uyuciao, Gonemiee 7. CobeiTne C HacTymnaer Toraa,
Korjga HacrymnaeTr ogHO M3 coObiThii A mawm B. OuyeBHAHO, Y4TO 3TU
COOBITHA ABJISIOTCH HECOBMECTHBIMH. 3HAUMT, BEPOATHOCTH COOBI-
Tua C paBHA CyMMe BepoATHOcTell cobeituii A u B, T. e.

P(C)=PA)+PB)=04+0,3=0,7. <

P&CCMOTpHM Telnepb, KaK MOXHO BBIYHUCIHTE BEPOATHOCTH COGHTHS,
COCTOHAILEro B COBMECTHOM IOABJEHHH OBYVX HE3dB8UCUMbBLX cobbLmuil.

T —— ronoer Fersa .

# ,IIBa CcOOBITUS HA3BIBAIOTCA HE3aBUCHUMBIMU, €CJIA HACTYILJIeHUe
§ OOHOI'0O H3 HHUX He BJIHAET Ha BEPOATHOCTE HACTYVIJIEHHA .Ile'
| roro COﬁI:ITHﬂ.

] - - =~

IIpuBeném npumep.

IlycTe B OHOM M3 ABYX AM[UKOB HaxoauTcsa 15 meraseil, U3 KOTOPHIX
2 HecraHJapTHBle, a B apyrom — 20 geraneil, M3 KOTOPHIX 3 HeCTaH-
papTHble. U3 kaaoro AmmKa Hayraj, BBIHUMAIOT 10 ofxHO#M jgeranu. Ka-
KOBa BEPOSITHOCTH TOr0, 4YTO 00e JeTalnm OKa)KyTCi HeCTAHAADPTHBIMH?

PaccmoTpum Takme coOBITHA:

A — Y3 NepBOro ANMMUKA BRIHUMAIOT HECTAHJAPTHYIO JIeTANh;

B — u3 BTOpOro ANMKa BHIHUMAKIOT HECTAHIADPTHYIO AETallb.

Jas cobeITHA A 6IaronpUATHLEIMHE ABJAOTCA 2 Hcxona us 15, a ans
coObITHA B OMaronpuATHBIMK sABJIAOTCA 3 Mcxoga u3 20. 3Hauwur,

2 3

P(A) = 1z, P(B) = 35
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OueBUAHO, 4YTO cobbITMA A M B sABIAKTCA He3aBUCHMbIMH. Pac-
CMOTDHM COGBITHE, COCTOSIIEe B COBMECTHOM IOSBJIEHHM COOBITHH A U
B. Obosmauum ero O6ykpoit C.

Ob11iee YMCJI0 PABHOBO3MOJKHBEIX HMCXOJO0B HCHBITAHHA, B KOTODPBIX
cobriTe C HacTymaeT WJM He Hacrymnaer, pasBao 15 - 20.

IeiicTBUTEIBHO, KaXKJOMy M3 15 H3BJeUeHHH [AeTald M3 I[epBOro
amuKa coorBercTByeT 20 BO3MOMKHOCTEH M3BJIEYEHUS JeTajd U3 BTOPO-
ro AIMHAKA.

BanaronpusaTHeIME AaA cobbiTus C ABIAIOTCA Te UCXO/bI, IPH KOTO-
peIX o0e BBIHYTHIE AETAJTH HABJIAITCA HecTaHAapTHbhIMH. Kaxaomy us
JABYX BO3MOKHBIX M3BJEUYEHH HeCTAHZAPDTHOM [eTaJu H3 IEepBOro
AMMKA COOTBETCTBYET TPHA BO3MOMKHOCTH WM3BJIEYEHHS HeCTAHJAAPTHOM
JeTajJi M3 BTOPOr'O SAIWUKA, T. €. YHUCJIO MCXOA0B, GJArONPHATHBIX IS
cobertusa C, paBuo 2 * 3. CiexoBaresibHO,

2-3 2 3
P(C) ——15_20 —E.E’ Te B

P(C) = P(A) - P(B).
Boobme
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ecau cobeiTme C 03HauYaeT COBMECTHOe HACTYILJIeHHe JBYX
He3aBUCUMBIX cobbITHit A u B, TO BeposTHOCTH cobbITHA C
| paBHaA IPOM3BENEHHUIO BepOATHOCTeN cobwiTuii A u B.

T L L T T

-
i
i
i

IIpumep 2. B HenpospayHoM maxere JIEXKHUT 9 KeTOHOB ¢ HOMepaMu
1, 2, ..., 9. U3 nakera HayraJi BBIHUMAIT OJWUH 2KETOH, 3allUCHI-
BAIOT ero HOMEDP M 3KeTOH BO3BPAINAI0T B IIAKET. 3aTeM OIATb BhI-
HHUMAaIOT KeTOH M 3allMChIBAlOT ero HoMmep. KaxoBa BepoOATHOCTH
TOro, 4ro oba pasa OYAyT BBIHYTHI KE€TOHBI, HOMepa KOTOPLIX fAB-
JAIOTCA TPOCTBIMH YHCJIaMu?

p Ilycrs cobeiTHE A COCTOHT B TOM, YTO B HEPBBI pa3 BBIHYT Xe-
TOH, HOMEDP KOTOpPOro ABJSEeTCA INPOCTHIM YHCIOM, a cobbiTHe B —
B TOM, 9TO BO BTOPOM pa3 BBIHYT »KETOH, HOMED KOTOpPOTO SABJIA-

4 4
ercsi npocteiM uuciaoM. Torma P(A) =3 u P(B) = 5, Tak Kak U3

yucea 1, 2, .., 9 deTwIpe umcaa SBJIAIOTCSA NpocThIMH. Paccmor-
pum cobbiTue C, KOTOpPOE COCTOMT B TOM, 4YTO o0a pas3a BBIHYTEHI
JKeToHBbI, HOMepPa KOTODPBIX SBJSIOTCA MPOCTHIMH YUCIAMH.
CobriTie B He 3aBHCHT OT COOBITHA A, TAK KAaK HA IOBTOPHOE M3-
BJI€UeHME YKETOHA He BJIMSET TO, KaKOH XeTOH ObLI BEIHYT B IEPBbIIA
pa3 (M3BJIEYEHHBIN B NEpBBIA pas >XKeTOH OBII BO3BpAIéH B IaKeT).
3HaUUT,

P(C) = P(A) - P(B), 1. e. P(C) = 5 5 = 33 = 0,2. <

3aMeTuM, UTO ecyid ObI IIOCJIe HMEepPBOI'0 M3BJIEYEHMS KETOH He BO3-
Bpamjayca obpaTHO, TO coObITHA A B B ObLIH OBl 3aBHCHMBIMHU.

Ana Tex, KTo xo4eT 3HaTb Honblie
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ﬂBﬁCTBHTeJIbHO, nocJe IIepBOI'o HM3BJIeYEHHA JKEeTOHA B IIaAKeTe ocTa-
nock 661 8 sxeroHoB. Ecii B mepBBIi pas M3BJIEKJHM YKETOH, HOMED KOTO-

3
poro mpoctoe umcio, 70 P(B) = g. Ecam ke B mepBBIfl pa3 W3BJIEKJIH

4
JKEeTOH, HOMEP KOTOpOro He mpocroe uucio, To P(B) = 3.

IIpumep 3. B pesyibTaTre MHOrOKpPATHBIX HabJMIOfEHMI YCTAHOBHIIH,
YTO BePOATHOCTHL NONaJaHUA B MHUIIEHb OJHOI0 CTpeJKa pas-
Ha 0,9, a apyroro — 0,8. Kaxasiii u3 CTPeJIKOB clesaJl 110 OZHO-
My BBICTpeny o MmunieEu. Kakosa BepOATHOCTH TOrO, YTO MHIIEHb
Oyzmer mopakena?

p Paccmorpum Takue cobbITHA:
A — TepBBIH CTPEJIOK IONAJ B MHIIEHb;
B — BTOpPO# CTpeJIOK MONAaJ B MHUIIEHD;
C — MuIIeHb mDopakeHa.
CobeiTuisi A u B HezasucuMmsble., OJHAKO BOCHOJB30BATHECA B 3TOM
cllydae YMHOKeHHEeM BepOATHOCTeil Helb3s, Tak Kak cobeiTue C
HacCTyIaeT He TOJbKO TOTZa, Korga oba cTpejika IONajiud B MH-
IIeHb, HO ¥ TOrZa, KOrJla B MUINEHb IIONAJ XOTsS OBl OWH W3 HUX.
Iocrynum wmmave. Pacemorpum cobuitusi A, B u C, IIPOTHBO-
IOJIOXKHBIE COOTBETCTBEHHO cobbitusaM A, B u C. Cobeirus A u B
ABJIAIOTCA HE3aBHCHUMBIMM, TAK KAK IPOMax IIPH BBICTPEJE IO MH-
[IeHU MepBOTo CTpesKa (COObITHE A) He 3aBUCHUT OT HEIOPAKEeHHUs
MHUIIEHM BTOPHIM cTpeikoM (cobbiTme B). Cobmitme C o3Hauaer
COBMeCTHOe mnoaBieHHe cobObiTHii A u B. Iloatromy

P(C) = P@A) - P(B).
W3 cBoiicTBa BEepPOATHOCTEH IPOTUBOIOJOMKHBIX COOBITHH BhITE-
KaeT, 4To

P(A)=1-0,9=0,1, P(B)=1-0,8=0,2.
Orcroma moaydaem, 4TO
P(C) = PA) - P(B) = 0,1 - 0,2 = 0,02.

Tak xak cobbiTuss C u C IPOTUBOIOJNOMKHBIE, TO TelepPh HEeCJ0MK-
HO HallTH BepoATHOCTH cobbiTusa C:

P(C)=1-P(C)=1-0,02 =0,98.

3HAUYNAT, BEPOATHOCTH TOrO, YTO MHUIIEHL OyAeT NopakeHa, paBHA
0,98. <

YnpaxHeHuna

AR T T

820.| s yxkpamenus éJKku DpUHECHH KOPOOKY, B KOTOPOM HAXOLUTCHA
10 xpacHBIX, 7 3eléHBIX, D CHHHX U 8 soyoThIX mapoB. U3 Ko-
pobKM Hayraj BREIHMMAIOT OAMH Inap. KaxkoBa BeposiTHOCTL TOTrO,
4TO OH OKaKeTcH:
a) KpacHBIM; 0) 30710TBEIM; B) KpacHBIM HJIA 30JIOTHIM?

ELERY OnemeHTbl KOMOWMHATOPUKKM U TEOPUU BEPOSITHOCTEW



B nenexxHO-Bemieroit sorepee Ha 100 000 GuieToB pasbIrphbIBaeTCA
1200 semesbix u 800 neHesxHBIX BhHIArpbImeil. KakoBa BeposaT-
HOCTE (mnsa obnamaTtens omHOro Omiera):

a) BelleBOr'0 BBIUIDBLIIIA;
0) IeHEeXHOTO BBIMTDHIIIA;
B) KakKoro-jubo BeIMIpbiia?

Basaau gersipe Kaprouku. Ha mepBoit Hanucanu GYKBY «O», Ha BTO-
poit — «T», Ha TpeTbeil — «c», HA YeTBEPTOM — «p». Kaproukm
nepeBepHYJIM ¥ IepeMelnajm. 3aTeM OTKPBUIM HayTaj OZHY Kap-
TOUKY 3a APYro# M MOJIOMKHIX X B psifi. KakoBa BepOATHOCTH TO-
ro, UTO B Pe3yJbTaTe MOJYYUIOCh CJIOBO «TPOC» WK CIOBO «COPT»?

[B23] Bpocator aBa mrpansHBIX Ky6uka. KakoBa BeposTHOCTH TOTO, YTO
Ha OJIHOM KyOHMKe BLIDAZeT OAHO OYKO, & HA APYroM — Gojee TPEX
OuYKOB?

B opnoii mapruu ajgexkTpoiammnodex 3% OpaxkoBaHHBIX, a B JApPY-
roii — 4% OparoBanHbIx. Hayrazg GepyT mo ofHOM JaMIoOuyKe H3
Kaskaoit maprum. KaxkoBa BepoOATHOCTH TOr0, YTO 00e JIaMIIOYKH
OKaxyTcaA GpakoBaHHBIMHU?

Ha opuo# nouaxe croutr 12 KHUD, 2 M3 KO-
TOPBIX — COOPHUKH CTHUXOB, a4 HA JAPYyroi —
15 KHUr, 3 U3 KOTOpPBIX — COOPHHUKHU CTH-
xoB. Hayrazg GepyT ¢ KasKIol HOJKH IO OX-
Hoii KHure. KakoBa BeposSTHOCTE TOrO, YTO
ofe KHUIM OKaXyTCsA COOPHHKAMH CTHUXOB?

826.| B memxe HaxomuTca 5 0OeJbIX IIAPOB U
3 uépHBIX. W3 MemKka Hayraj BBEIHHMAIOT
oauH map. Ero mBeT 3amuchIBAIOT, IIap
BOBBpAILAIOT B MEIIOK M IIaphl IIepeMeIlu-
BalOT. 3aTeM CHOBA M3 MeEIIKa BBIHUMAIOT
oguH map. KakoBa BepoATHOCTH TOTO, YTO
o6a pasa OyAyT BBEIHYTEHI:

a) OGesble mIApPBI; 0) uépHbIEe MIApPbI?

Morery Gpocatror 3 pasa. KakoBa BeposaT-
HOCTB TOTO, YTO KasKAbIH pa3 BhIIajgeT opén?

Ilpu crpennbe MO MHINEHHM HA IOJUIOHE BEPOATHOCTH MONANAHUA
ogHOro M3 ABYX opyaui pasma 0,8, a gpyroro — 0,75. O6a opy-
WS BBICTPEJMIM [0 MUIIEHHW 110 OJHOMY pasdy. KakosBa BepoaT-
HOCTH TOTO, YTO MHIIEHBL OyZeT mopaykeHa?

B29] B mexoropoit HacToNbHOI urpe Urpok GpocaeT cpady jgBa Kybuka
¥ JZleJlaeT CTOJIBKO XOJI0B, KAKOBA CyMMa BHINABIIAX OYKOB. Kako-
Ba BEPOSATHOCTH TOTO, UYTO UTPOK caenaeT meHee 10 xox0B?

0. B Base 11 reosauk, m3 KOTOpHIX 4 KpacHsle. B TemMHOTe Hayraj
BEIHMMAIOT 3 I'BO3AWKU. KakoBa BEPOSTHOCTH TOTO, YTO XOTS 6B
ofHA M3 HUX OyneT KpacHOH?

Ons Tex, KTo xo4eT 3HaTh Gonblue
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AononHutenbHbie ynpaxHeHus K rnase V

K naparpady 11

831. CkoJIBKO CYIIecTByeT 4YeThIPpEX3HAUHBIX 4YMces, KpaTHbeIX 10, ecaum
OU(MPHI B YUCIAX MOTYT IIOBTOPATHCH?

832. Ilemexon moskeH MPONUTH OAWH KBApPTAJ HA CeBep M TPU KBapra-
Jla Ha 3amnajl. BeImmmuTe BCce BO3MOJKHBIE MAPIIPYTHI IEIIeXO0a.

833. BeinumuTe Bce NATH3HAYHBIE YMCJA, 3allUCAHHBIE TPEMs YeTBEp-
KaM{ ¥ JBYMS eJUHHIIAMH.

834. s mudp 1, 2, 3, 5 cocraBu/IM BCe BO3MOYKHBIE UETHLIPEX3HAUHEIE
gucaa (6e3 mosropenus nudp). CKoJABKO cpely HUX TAKUX UYHCe,
roropele Gospmre 2000, HO mMensue 50007

835. (Ja pabomwvr 6 napax.) CKOJBKO YETHBIX YETHIPDEX3HAUHBIX YM-
ceJl, B KOTOPBIX Ou(PHI He MOBTOPAIOTCSH, MOMKHO B4IIMCATH C IIO-
MOIIBI0O IUGP:

a) 1,2, '8 T 6) 1, 2, 3, 4?

1) O6cynure, B 4éM COCTOMT pasjuuyue 3afanuil a) u 6).

2) PacupenenuTe, KTO BBHIIOJHSET 3aflaHue a), a KTo — 3agaHue 0),
M BBINIOTHUTE HX.

3) IlposepbTe ApPYr y Apyra IPaBUJIBHOCTHL BBIMIOJHEHUSA 3aJaHUNA
M MCOPaBbTe OMHUOKH, €CJIH OHH JONMYIIEeHBI.

836. lenurca au uuciao 50! mHa:

a) 100; 6) 305; B) 1550?
Haiiiure HauMeHbIlee 3HAYEHWE 1, IIPU KOTOPOM 4uUCJIO n! OKaH-
YUBAETCH:
a) OAHHUM HYJIEM; 0) AByMA HYJIAMH; B) TpeMdA HYJIAMH.
838. HaiinuTe 3HaYeHUE BBIPASKEHUS:
47!, 20! . 16!
T ) T3 B) {1151

839. Coxparure npobb:

(n+1) (n+3)!, (n+11)!n
&)= 3 B) O’ B) “rEioy
nl . (n+Dl(n +3),
) G+’ D " m+ay
840. Pemuure ypasHeHue:
m+1
a) =1 42;

(n+1)! —n! _ 5
n+1)l 6

216 BEGERY SnemMeHTsl KOMOUHATOPUKN U TEOPUU BEPOATHOCTEN
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841.

842.

844.

CKONBKUMHM cIoco0aM¥u M3 KJjacca, rae ydarca 24 ydamuxcd,
MOJKHO BBIOpDATH:

a) ABYX HEeXYPHBIX;

6) cTapocTy ¥ IIOMOIMHWKA CTAPOCTHI?

Y AnToHa mecTh Apyseit. OH MoKeT IPUIJIACHUTH B T'OCTH OJHOTO
MJIM HecKonbKHX M3 Hux. Onpegenure obIiee YHWCJIO BO3MOMKHBIX
BAPHUAHTOB.

CKONIBKO KOMAH][ YYacTBOBaJIO B (pMHAJE IIePBEHCTBA, €CJIA H3Be-
CTHO, 94TO KaXJasd KOMaHja ChIrpaja ¢ KaKJoH U3 OCTAJbHBIX IO
OfIHOM WI'pe Ha CBOEM IOJie M IO ONHOM UIpe Ha MOoJie COIEePHUKA,
npuuyém Bcero 6sLI0 cbirparo 30 mrp?

CrosbKHUMH crocobamMu deTsipe naccaykupa: Asexcees, CMHDHOB,
®énopoB 1 XapUTOHOB — MOTYT PasMeCTHUTLCH B AEBATH BaroHax
noesna, €cJm:

4a) BCe OHHM XOTAT €XaTh B Pa3HBIX BaroHax;
6) Anexcees u CMUDHOB XOTAT e€XaTh B OAHOM BarosHe, a ®énopos
u XapuTOHOB — B APYTMX BaroHax, NPHYEM Da3JIUYHBLIX?

845) Ha moCKOCTH OTMETHJIM HEeCKOJIbKO TOYeK, HMKAKWe TPU M3 HUX

846.

He JIeKaT Ha OJHOW mpamoii. Yepes Kaxable JBe TOYKH IPOBEJIH
npamyo. CKOJIBKO TOYeK OBLIO OTMEYEHO, ecJu Bcero OBLIO Mmpo-
BefeHO 28 npsaMbIix?

B 9 «A» kjaacce yuarca 25 yuammuxcss, B 9 «B» — 20 yuamuxcs,
aB9 «B» — 18 yuamuxcs. [{ns paboTsl Ha NPUIIKOJIBHOM y4acT-
Ke HAIO0 BBIAEJUTHh TPeéx yyammuxcsa u3 9 «A», aBsyx — u3 9 «b»
u omHOoro — u3 9 «B». CKoJBKO cymmecTByeT cIloco6oB BeIiGopa
yuammxcs i paboThl Ha OPHIIKOJIBHOM ydacTKe?

847|Us rpynoel TypucToB Tpebyercda BeIGpaTH MEKYPHOTO M €ro

nomomunka. Ecau 61 TypucToB ObIJIO Ha ojgHOro GoJsbile, TO
BO3MOMKHOCTell BeIGOpa ObLNIO OBI B 1,25 pasa Ooxasmie. CKOJIBKO
TYPHCTOB B rpymnue?

8.| CkonpkuMu crocobamu rpynny u3 12 4eoBeK MOXKHO pasbuThH Ha

849,

JBe TPYIIIBI:
a) mo 4 u 8 4YeOBeK; 6) mo 5 u 7 desoBer?

B ornene paGoraioT 5 BeAymux u 8 CTapmIMX HAY4YHBIX COTPYAHU-
KOB. B KOMaHAHPOBKY HAJO0 IIOCJATH JBYX BeAYINHUX M TPEX cTap-
IIAX HAYYHBIX COTPYAHHUKOB. CKOJIBKHUMH criocobaMu MoeT OBITH
c,ue.nal‘i? BBIOOD COTPYAHUKOB, KOTODBIX HAZO HOCJATh B KOMaHAU-
POBKY

850. iz mudp 1, 2, 3, 4, 5 cocraBuau BCe BO3MOJKHBIE TPEXBHAUHBIE

yueaa (Jonyckaerca moBTopeHHMe nu@p). CKOIBKO cpeju HUX Ta-
KHX, CyMMa Ou@pP KOTODPhIX paBHAa:

a) 3; 6) 4; B) 6?

[ononHuTenbHbie ynpaxHeHus K rnase V
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Us mudp 0, 1, 2, 3, 4, 5 cocraBuim Bce BO3MOMKHBEIE TPEX3HAU-
Hble 4ducia (6e3 moBropeHms mudp). CKONIBKO Cpead HUX TAKHUX,
cymMMa ODHMP KOTOPBIX paBHA:

a) 6; 6) 9?
852. HaliiuTe 3HaUYeHHe BBIPDAIKEHUA:
B A4 — 43
a) f%—pi; 84—
5 A3 - A2
Rg + Ry G -G
6y =3 ) 2=,
1 43

853.) CKOIBKO HAZO B3ATH 3JIEMEHTOB, YTOGHI UMCIO PasMEIeHMi u3
HHAX 110 4JeThipe ObLI0 B 12 pas Gosblre, yeM 4YHMCIO pasMeIneHwit
u3 HUX 1o asa?

854 Yucso pasmemenuit U3 n 3J1eMEHTOB IO YeThipe B 14 pas Gosbuie
yucsia pasMellleHHH U3 n— 2 3jJeMeHTOB o Tpu. Haiimure n.

855, Pemmute ypaBHeHHe:
a)14C2 2 = 1542 ; 81800 =700 15
6)6C 3 =1142_; ) glert =110k ).

K naparpady 12

856. [Insa HaTypanpHBIX 4ucea 0T 1 10 99 BKIKYHUTENLHO HaWAHTE
HacToTy MNOABJIEHHA IIPOCTBIX YHCEJ B IIEePBOM JecATKe, BTOPOM
JecATKe, TpeTbeM JecaATKe M T. 1. CP&BEHTE OTHOCHTeJIBHEIE Yac-
TOTHL OJIA.

a) IepBOr0 U TPETHETO JAECATKOB;
6) BTOPOrO M AECATOr0 JECATKOB;
B) 4eTBEPTOr0 M MATOrO AECATKOB.

857. Ha crosne nexar 28 kocreir gomuuo. Wa Hux Hayrajx 6epyT OxHY
KOCTE.

a) Haiizure BEepoATHOCTH TOr0, YTO B3ATAS KOCTh B CyMMe COAep-
SKUT 6 OYKOB.

6) [lokaxkure, 4YTO BEPOATHOCTEL B3SITh KOCTh, ¥ KOTOPOH cyMMma ou-
KOB paBHA 5, paBHA BEPOATHOCTH B3ATH KOCTh, Y KOTOPOH cymMMma
OYKOB paBHa 4.

858. Ha xaprouxkax Hanucaasl nmudpsl 1, 2, 3, 4. Kaprouku mepesep-
HYJH U NepeMellanv. 3aTeM OTKPBLIM Hayraj IOCJIeA0BATEILHO
OAHY 3a APYroi TPHM KapTOYKH, PACIOJIOXKHB HX B DS ClieBa HAa-
npaBo. KakoBa BepOATHOCTH TOrO, YTO B PE3YJIbTATe IOJYYHIOCH:
a) umcao 123;

6) uncsao 312 mam 321;
B) 4UMCJIO, TlepBas mudpa xoroporo 2?

BELEERY OnemenTbl KOMOMHATOPUKKM U TEOpWK BEPOATHOCTEN



859.

860.

861.

862.

863.

865.

866.

867.

868.

869.

[lns sK3aMeHa NOArOTOBMJIM OmyeTsl ¢ HoMepamu or 1 zo 25.
KakoBa BepOATHOCTH TOI0, YTO B3ATHIM Hayraj y4eHHMKOM Ouier
HMeeT:

a) OMHO3HAYHBIA HOMeED; 6) ABy3HAuHBLIKN HOMeD?

Wz amuka, B KOTOPOM HaxoAasATcs mapsl ¢ Homepamu ot 1 go 100,
Hayraj BBEIHUMAKT OAWH Imap. KaxkoBa BeposATHOCTH TOrO, YTO HO-
Mep BBIHYTOrO Iapa He uMmeeT mudper 6?

B Memke HaxXoAATCA KeTOHBI ¢ HOMepamMu oT 1 mo 15. M3 memka
Hayraj BBIHUMAIOT OAWH JXeToH. KakoBa BepOATHOCTL TOI0, 4YTO
HOMep BBIHYTOTO JKeTOHa He JeJWUTCsA HU Ha 2, HU Ha 37

B smuke gexxkur 6 xpacHeix mapoB u 4 senéHeix. Hayran BeIHH-
maioT 3 mapa. Kakoea BepoaTHOCTE TOTO, UTO 2 IIapa U3 HUX OKa-
JKYTCHA KPACHBIMH, 4 OAUH — 3€JIEHBIM?

Wz 28 xocTeill JOMWHO HM3BJeKalT Hayrajg 2 xKoctu. KakoBa Be-
POATHOCTH TOTO, YTO 06€ KOCTH OKa)KyTCsA AYNIAMHU?

Wz 40 perarneit, Jexamux B sAlNUKe, 3 OpakoBanHble. U3 Ammka
Hayraj BBIHHMAIOT OJHY JeTalb. KakKoBa BepOATHOCTHL TOI0, YTO
aTa JeTanb OKaxkercAa Oes Gpaka?

Ha xaxxaoll KapTo4ykKe HamucaHa OfHA U3 OYKB «0», «II», «P», «C»,
«T». HecKoJIbKO KapTouek Hayraj BBIKJA[BIBAIOT OJHY 3a JAPYroi
B pan. KakoBa BepPOATHOCTb, YTO IIPH BBIKJIAJbIBAHUU:

a) 3 KapToYeK IMOJYYHUTCH CJIOBO «POT»;

6) 4 KapToOYeK MOJYYUTCHA CJIOBO «CODPT»;

B) 5 KapTOYEK INOJYUYHUTCH CJIOBO «CIIOPT»?

B kopobke maxomaTca mapel ¢ Homepamu 1, 2, 3, 4, 5. U3 ko-
pobKM Hayraj BRIHUMAIOT ABa mapa. KakoBa BepOsATHOCTBH TOrO,
YTO CYMMa HOMEpPOB HAa HUX paBHA:

a) 3; 6) 5?

B xopobke mHaxoxurca 12 mapos, cpead KOTOPBIX n Oesabix, a oc-
TajJbHbIE IBeTHBIE. BeposiTHOCTHL TOTO, UTO BEIHYTHIH Hayraj miap

1
oxakercs GenbiM, paBHa 5. CKOJBKO GesbIX IIAPOB B Kopobke?
B memke copepskurca 24 mapa. Cpeid HUX KpPacHBIX IIapoB B
2 pasa OoJbllie, yem OesibIX, a4 OCTaJibHBIE IIapel cuHHe. Bepoar-
- 1
HOCTh TOTO, YTO BHIHYTHIA Hayraj IIap okaercs OesibiM, paBHA 3

HaijiauTe BEePOATHOCTHL TOI'O, YTO BBIHYTBHIM HAyraj IIap OKaKeTCHd
CHHHM.

B memike cojep:karcsa 3keToHbl ¢ HoMepamu oT 1 no 50 BKJIO-
yuTesbHO. KakoBa BepoOSATHOCTBH TOT'0, YTO B HOMEpe H3BJIEYEH-
HOIO HAyraj W3 MeIlKa »KeToHa nudpa 3 COHEepKUTCS TOJBKO
onuH pas?

JononHutensHble ynpaxHeHua K rnase V
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870. OxaoBpeMeHHO MOAOpACHIBAIOT TPHM MOHETHI. KakoBa BepOATHOCTH
TOT'O, YTO Ha BCeX TPEX MOHETAX BHINAAET pelrxa?

871. YemomaH MOYKHO OTKDBHITH, €CJIM NIpaBUJIbHO HabpaTs mudp
22 075 (npu mHabope mudpa nudpa KaxKAOro paspaAna MOMKeT ObITH
awoboit or 0 no 9). KakoBa BeposITHOCTH TOrO, YTO UYEJOBEK, Ha-
OpaB IPOM3BOJILHO HOMEDP M3 5 nudp, CMOYKET OTKPBITH YeMOAaH?

872] BpocaioT Tpu MrpaJbHBIX Kybuka. KakoBa BepOATHOCTE TOTO, 4YTO
cyMMa BBINABIIMX HA HUX OYKOB OymeT paBHA:
a) 3; 0) 4; B) 5; r) 77

873 Muma u Kocrsa no ouepeau 6pocaior Tpu MrpaibHbIX KyOuka. OHHE
JOTOBOPHMJIMCE, UTO €CJH IIPHU OYEepeAHOM OpOCKe BBINAJET 5 0OYKOB,
TO BBIMIDBIBaeT Muma, a ecau BeinageT 16 0UYKOB, TO BBIMIDBLIBAET
Kocrsi. ¥ Koro GoJible IIAHCOB BEIMTPATH?

874.) Urpansublit ky6ux Gpocaior 3 pasa moap#Ax. KakoBa BepoATHOCTH
TOT0, YTO KaMKJBLIA pa3 Ha HEM BRINAAET YHUCJIO OYKOB:
a) KkpaTHOe 2; 6) xpataoe 3?

FELEERY] OnemMeHTbl KOMOWHATOPWUKU U TEOPUW BEPOATHOCTEN



YNPAXHEHUSA
ANng NOBTOPEHUA KYPCA
7-9 KJIACCOB

BbluucneHusa

875. Haliaiure 3HaYeHUE BBHIPAYKEHUS:

2 - 322 1.
a) 3 opu x=-— 35

2

1-m

6) upu m= %;

3m?-m
1022 - 55°
B) ——-;# npu x=1,4, y=-1,6;

ab
r) a(b—cc) npu a=1,5, b=10, c=-2.

876. OTmeuass BpeMs (B MHHYTax), KOTOpOe ydYamjuecs 3aTPATHIUA Ha
BBIIIOJTHEHUE TeCcTa 110 MaTeMaTHKe, IOJNYYHUIN CIeAYIOINue NaHHbIe:

18, 18, 19, 20, 23, 24, 24, 25, 25, 25.

st aToro paja NaHHBIX HaWguTe:

a) cpexHee apu(pMeTHYECKOe; B) MeJHaHY;
0) moxy; r) pasmax.

877. a) Tenesusop croua 10 000 p. B anpene on nmomopo:xkan Ha 30%,
a B nexabpe nozemenen Ha 40% . CKOIBKO CTAJ CTOMTH TEJIEBU30D
B aexabpe?
6) Ileny ToBapa mosbicuaum Ha 30%, a 4epes HeKOTOpoe BpeMs
causunu Ha 40%. Ha ckoJbKO HOPOIEHTOB M3MEHHJIACH IIEPBOHA-
yajgsHaA IeHa ToBapa?

878. K 200 r 40%-moro pacrtBopa coau goamau 300 r soger. Kaxoit
crajia KOHIEHTPanusa PacTBOpa COJIH?

YnpaxHeHna ons noBTopeHua kypca 7—9 kKnaccos
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879. a) Hexkoropoe xosmuectBo 15% -HOro pacTBOopa COJMM CMELIAJH C
TAKHAM Ke KoaudecTBoM 45%-HoOro pacreopa 5Toil ke conu. Ka-
KOBa KOHIEHTPAIMA IOJNYy4YHBIIEroca pacTBopa?

6) Hexoropoe xoamdecTBo 30%-HOro pacTrBopa COJH CMeEIIaldH C
BABoe OosbmiuM KoJsmyecTBOoM 15% -HOro pacTBOpa 9TOi# Xe COJIH.
KaxoBa KOHOeHTpamus IOJYYHUBIIErocs pacTBopa?

880. Umeercsa gBa copTa CaIMBOK — »KupHOCTHI0 10% 1 20% . Mx cmemma-
su B orHOomeHuM 3 : 1. KakoBa ’KMPHOCTH IOJYYUBIIUXCA CIHBOK?

881. a) Knnenr 6aaxa Baéc 8000 p. Ha BKJaj ¢ TOJIOBEIM AoxoxoM 5%.

Kakas cymMMa OKakeTcsi y Hero Ha cdeTy depesd 2 roga, ecim OH
HAKAKHX CYMM CO CcYéTa He CHHMAaJ ¥ JOIOJHHUTEJbHBIX BJIOMKE-
HUH He geman?
6) Knuent Ganka BHéc 8000 p. Ha BKJAJA C TOAOBBIM J0X0A0M 5% .
Yepes roj OH IOJOMKHJ Ha aToT ke BKJaj emé 2000 p. Kakasa
cymma OyZerT y Hero Ha cueTy 4yepes 2 roja IocJie OTKDPBITHA CUé-
Ta B Oanke?

882. Yupocture BbIpa’KeHHE:

a) (V15 + J10) - 245 - 5:12;  B) (2V12 - 343)%

&) 2470 — 2428 5) 10—5J§+1o+5J3_
335 - 3414 10+5J3 10-543"

883. YupocTuTe BBIpaXKeHUE
(5 - 216) - (3V2 - 243)(442 + 8+B).
884. JlokaxuTe, 4TO:

a) WIB-8 \V8+3 _
6

N 1,55
Ji0
6 = 40,4,
)J7+J24—J7-J24 .

885. JlokakuTe paBeHCTBO:
a) {19 — 6410 = 10 - 3; 6) /23 - 87 =4 - 1.

886. HaiinuTe 3HaueHUe:
a) MHOrounena 3x°> — 6x — 5 mpm x=1 + Jﬁ;

xfl npu x=Jg+ 1.

x

6) npobu

887. HaiiiuTe 3HAUEHWE BBIPAYKEHUA:

o |
a) 0,87 + (?) +(-0,5y2- 3 + (-1)® - 6;

-2 =1 0 1
6) [—3) e [é) + [%J - 50,2572 16.
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888.

889.

890.

891

892.

893.
894,

895.

896

897.

898.

899.

Hajigure nmAaTHaAIATHIN wieH apudMeTHYeCKON mnporpeccuu (a,),
ecau a, = —6, a; = —2.

HajiguTe cymMMy HepBBIX [eCATH YJIEHOB apUMMETHYECKOH IIpo-
rpeccuu (x,), ecnud x, = —2,4 u d = 1,2.

Haligure nBeHaanaTHId 4YjleH reomerpudyeckoir mporpeccum (b,),

1 1
ecau by = —35, by = 75.
Haiinute cyMMy HOepBBIX JeCATH YJIE€HOB reOMeTDHYECKOI mporpec-
1
cun (x,), ecnu x, = -32 U ¢ = —3.

Haiigure 3HAUEHUE BBIPAMKEHUA:
00, T 501, 100 y 12
a) 1gp5 ) Tors B) o1’ r) 5510 A) or 31

CpaBHHUTe umcia: a) % u 107% 6) % u 10°.

CKOJIBKO TATH3HAYHBIX YuceJi, B KOTOPBIX Bce IU(}ppPHI pas3Hkble,
MOXHO COCTaBHTH H3 IIHCl)p:

8)' 1850, T, 9% 6) 0, 2, 4, 6, 87

Cronpkumu crnocobamu Aus, Tosas, 3osa, Csera, Anna u Ileta mo-
I'yT yCTAHOBUThL OYepelb IO yOOPKe KJacca B TeYeHHe MIeCTHAHEB-
HOU yuebGHOU Henenu, ecau Ceere yA0OHO AEKYPHUTHL IO YeTBepram,
a AJa TIPOCHUT OCTaBUTH el cybbory?

B cexnum no niaasaHWio 3anumMaerca 12 yenmosek. CKOJIBKHUMHU CIIO-
cobaMu TpeHep MOJKeT BhIOpaTh U3 HUX:

a) Y4eTBIPEX YEJOBEK /ISl IPEACTOAIINX TOPOACKHX COPEeBHOBAHUIA;
6) xomaHAy Ana ydactus B acradere 4 X 100 M, onpesenus mops-
JOK BRICTYILJIEHHSA CIOPTCMEHOB Ha BCEX UYeTBHIPEX aramax?

Y Camm B gomamseii O6ubauorexke ectb 10 mayuno-danTacTuue-
CKHMX KHUI U 8 HCTOPHYECKHX poMaHOB. IleTss Xouer B3AThH y He-
TO Ha JeTHHEe KaHMKYJAbl 3 Kakue-HUOYAb Hay4HO-(haHTaCTHUYECKHE
KHUMH u 2 n00bIX HcTOpHYecKUX pomaHa. CKOJBKO Y HEro ecrsb
criocoboB BhIOOpA 3THX KHUI?

i 1IyTOYHOM HOBOIOAHEN JIOTepeW, B KOTOpo# Oymer pasnirpaHo
30 npusos, orneuaranu 150 GuieroB. MBaH 3a ydacTue B KOHKypCe
TIeBIOB NOJYyYMJI ofAuH Oumiaer. KakoBa BepOATHOCTE TOrO, YTO OH BBI-
urpaer npus? KakoBa BeposiTHOCTh TOTO, YTO OH IIPU3 HE BHIATpaeTr?

Ha ommHakoBBIX JHCTOYKax GyMarm Hanucaiau nudps! or 1 g0 9,
3aTeM JIMCTOYKH IIepeMellaid ¥ CJOKHIN B HEeIPO3PauHBINA IIaKerT.
Hayraj BeITaCKMBAOT OAWH JucTOueK. KakoBa BepPOATHOCTH TOTO,
uyTo Ha HEM Oyner:

a) oudpa 1; B) uérHaa nudpa;

6) mudpa 9; r) HeuértHasa nudpa?
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900. ¥ Mamu Ha moake cTouT 5 (oroansbomos. Korma y Mamu 6Gblim
rOCTH, OHU CHAJHU BCe aJIbOOMBI C MOJIKM, 4TOOBI mmocMoTpeTh (oTo-
rpacduun. Ilocime yxozpa rocreit Mama BepHyJa anb0OMEI Ha IIOJKY,
IIOCTABUB X B clydyailHOM mopsiaxe. KakoBa BepOATHOCTH TOr'O, YTO
anp00MBI HA IIOJIKEe OKAa3ajluCh B TOM JKe IIOpAJKe, 4To ¥ mpekze?

901. B smuke Haxomurca 4 KpacHBIX W 4 KENThIX mapuka. V3 Hero
He IJISAAS BHIHUMAKOT 3 mapuka. KakoBa BepOSTHOCTH TOrO, YTO:

a) Bce 3 IapuUKa KpacHEIE;
0) 2 mapuka KpacHOro msera u 1 KEITOro;
B) BCe IIAPDHUKM OAHOrO 1sera?

ToXxaecTBeHHbie nNpeobpa3oBaHUs

902. IIpeobpasyliiTe B MHOI'OYJIEH:
a) (x — 2y)(x + 2y) + 4"
6) (2a — 3b)(2a + 3b) — 3a%;
B) (5x — 1)° + 10x;
r) (8y + 42)* — 82(3y — 22);
1) (m — 2n)(m? + 2mn + 4n?) + 6n®;
e) (c? + 4d)(c* — 4c’d + 16d%) — c*(c* - 1);
x) (3x — 4y)° - (2x — Ty)(4x + 2y);
3) 2x(2x + 3)% — (2x — 3)(4x® + 6x + 9).
903. HaiiquTe 3HAYeHWE BBIPASKEHHA:
a) 8x%(x — 4) — (2x — 3)(4x% + 6x + 9) — 17 mpu x = 0,5;
6) 4a%(3a — 2) — 3a(2a — 1)? - (2a - 5)(2a + 5) npu a = 3,3;
B) (9x° — 3xb + b%)(3x + b) — 9x(8x” — b) — b’ upm x = —é, b= g;
r) x(3x — 2y)(3x + 2y) — x(8x + 2y)® + 2xy(5x + 2y) npu x = 0,5,
y=-1.
904. [lokaXuTe TOXKIAECTBO:
a) (a + 2b)(a — 2b)(a® + 4b%) = a* — 16b";
6) (x — D(x+ D2+ D(x*+1)=2%-1;
B) (a — 2)(a + 2)(a® - 2a + 4)(a® + 2a + 4) = a® — 64;
r) (2—c-2)(c?+c—2)=c'- 5+ 4.
905. PasioskuTe HA MHOMKUTEJN:
a) 12x* — 3x%y — 18xy%; B) 8ab — 14a — 12b + 21;

6) 42a° — 6a* + 30a°; r) x? — bx — 9xy + 45y.

906. PasnoxxuTe HA MHOMKHUTEIH:
a) x! - 25y% B) 8a® + % 1) 9ab® — 16ac?;
6) 4b* — 0,01c%; r) x° — 27; e) —20xy® + 45x°y.
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907. PaznoxuTe Ha MHOKHTEJHA KBaJApaTHBIA TPEXuJeH:

a) x2 — x — 42; r) 16b% — 24b + 9;
6) y° + 9y + 18; n) 6x%—x—1;
B) 81x% + 18x + 1; e) 3a® — 13a — 10.
908. Coxparure Apo0b:
) 21a® - 6a°%b 8ab +2a - 20b-5 i a®-3a
Q) —————; 00w
12ab — 42a° dab-8b> +a-2b’ a® +3a-18’
6) 6m3 + 3mn? ) 1642 — 8ab + b2 ) 42> - 8x+3
—_— —_— 8) ———a—
2m®n + mn® 4 1642 - % 42 -1’
22— 2mx + 3x - 6m 9x% - 2542 m?+4m -5
B) — : e) 3 W———i
2+ 2mx + 3x+6m 9% + 30xy + 2512 m? +Tm + 10
3x + 2y
909. a) Haiigure 3Ha4YeHHe BhIpaKeHUA — » €CIH H3BEeCTHO, 4TO
2x + 3y
—=".
y
6) Halizure 3HauyeHHWe BBIDAKEHHMA 5, €CAHM M3BECTHO, UTO
4a — bb
=
910. Yupocture:
) 1 x+1 2) a® +16a + 12 2-3a 3
& - s = .
P8y L4hx B9 -8 a®+2a+4 a-2"
2y+1  y+?2 1 2 46% + 18 1
6) 7 7 s P} —3 T = 3
+3y 3y -y y 4b°-6b+9 BP°+27 2b+3

911. IIpeacraBeTe B BHAE ApPOOH:

0 ab? - 16a 205 ) p-125 4p
. ; B - -
56° a?b + 442 8p? p%+5p+ 25’
Txy 3x - 6y 9m2—12mn + 4n® 3m +6n
6) 3 r) :

22— 4xy + 4y2 14y2 3m3 + 24n% 2n—3m’

912. Yupocrture:
):r—4x 24 - ﬁx )(a+b)2—2ab_a2+bz
B .
2+T7x  49- 22 4a® ab ’

)ys—lﬁy. 4-y 5 -5 (c+1)% -
2y +18 2 +9y’ Y ©=¥2 ' 18c+26
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913. Yupocture BhIpaM<eHHe:

) T(m-2)  m+2 2m? + 4m + 8
m®-8 m?+2m+4 m-3
6 a+b _ a+2 2(a + 8)
) 2 . 2 - 3 ’
a —9 a“—-3a+9 a® + 27
x+2 2 x—14 | = x+2 1
B) = = — C . :
3x x—-2 3x° - 6x 6x x—5
4x -8 18 2x
) e . - ;
9-x 9+ 3x x+3 3-x

914. IIpeobpasyiiTe BhIpaskeHUe:
a)l+[ 3m 2m ]‘9m22—6m+1;
2 1-3m 3m+1 6m“+ 10m
6)1_y2.x—y_x_x.
. :]
x+y xyz—x3 x2+xy y2+xy_ x+y

2a+3_[ 24% + 3a _3a+2J+4a~1 a-1

B)

2a-3 |4a®+12a+9 2a+3) 2a-3 a '

a+3 a-1 a?-2a-3
I‘) 2 + 2 : == 13
a“+2a+1 a“-2a-3 a+2

3(m + 3) m® - 3m? 3m 1
ﬂ) 2 ¥ 3 " 3 * o
m“+3m+9 (m + 3) m” - 27 m—3

[9x2+8 1 4 ] 3x-1
e)

27x%-1 8x-1 9£2+3x+1) 38x+1

915. a) Haitaure smauenwe BeipasxeHus a’ + b%, ecom a + b =6, ab = 3.
6) Haiigure sHaueHwe BhIpakeHHus ¢’ + iz, ecau ¢ + % = 2.5.
[

916. [Jokaxxure, uTO:

a) 3HAYeHWe BHIDAYKEHUSA a° + 2a + 2 HU IPU KAKOM 3HAYEHHUH IIe-
PEMEHHOU a He MOXKeT ObIThH OTPUIATEIBHEIM;

6) Beipaykenue 2x° — 2xy + y® npu MOOBIX 3HAYEHUAX X ¥ Y IPHU-
HUMaeT HeOTpHIATeJIbHbBIE 3HAYEHWA.
917. YupocTuTe BBIpa*KeHUe:

a) (4x7%%)?% - (0,5x% 1% 6) (0,25a%b*)2 - (24°H7%)7;
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-2 5 -3
4 4 -2 5
1 = 0,la b
B)| =% '[Eczxayzj; P)[—H]'[ 431'
6x“y b ¢ 10a ¢

918. YupocTuTre BHIpa)keHUe:

2.3ﬂ+2 _5_3]’!+1 10'6”
a) = 3 B) Sn+l, an-15
gn 1 2 -3
25_4ﬂ 22.'1—1 _52R+1
6) n n—l; F) n
4=y 100

919. BriHecuTe MHOXKHUTENb 34 3HAK KOPHSA:

a) J98; r) —J75; x) V12x%, rme x> 0;
6) v/24; x) 0,14/128; 3) y18y%, rtae y < 0;

B) —/242; e) 0,4+/40; u) \ba’.

920. BHecuTe MHOKHUTE]b I10J] 3HAK KODHA:
a) 103 B) -3.5; n) x+/3, rne x> 0;
6) 0,142; r) —0,240 ; e) yw/g, roe y < 0.

921. YupocrtuTe BBIpasKeHHe:
a) \/50x + \32x — /98 x;
6) (Va +2)(Ja — 2) - (Ja - 2) - a;
B) (Vx + Jy)* - (Jx = Jy)s
r) (Wx = Jy)(x + Jxy + p).

922. Coxparure Apobb:

)5+J_ )b Vo +1
5;iy+y :;b+l
3x-6 xxﬂh/_.
G)T_x+'r“2s -H-) ‘/;!;_‘_y )
ava -1 ¢ — \Jed
B)a+\7a+1; cJ__dJ"

923. OcBobouTeCH OT MPPAIMOHAIBLHOCTH B 3HAMeHaTeje ApoOu:

e, 6 5 . 4 ————

8) 7Jx’ ) Tab’ B) -1’ r) 2Jx + 3y
924, JlokakuTe, 4TO:

) x—y :_\E_+£. 6 a—-b _ﬁ_ﬁ

ax\f’!;“y\/; y x’ )ab+bJ_ b s
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228

YpaBHEeHUs U CUCTEeMbl ypaBHEHUI

925.

926.

927.

928.

929.

930.

931.

932.

933.

Pemute ypaBHeHHe:

a) 3x(x — 1) - 17 = x(1 + 3x) + 1;

6) 2x — (x + 2)(x — 2) = 5 — (x — 1)’
3x+1 2x-3

) =

x—3 2x -1 4-x
BT rEA=Ty

Ot ¢depmer no cranmum IIéTp mMoxker goexaTh HA BeJOCHIIENe WU
JouTu memkoM. Maér oH co ckopocThio 6 KM/4, a Ha BeJOCHIIefe
ener co cxkopocTeio 16 km/4u. KakoBo paccrosrnue ot depmsr 10
CTAHIIMHY, ecad Ha Begocunene IIérp TpaTHT Ha 3TOT OYTh HAa
40 My MeHbIIE?

Paccrosnue or ropoga A ao roposa B moes] J0JMKeH IPOXOAHUTH
nmo pacnucasuio 3a 4 1 30 mue. ITo TexHHYECKHM NPUYUHAM OH
Ob1JI 3a/iep:kaH Cc oTOpaBieHHeM u3 ropoja A Ha 30 mMuH. YBeau-
4yuB cKopocTk Ha 10 xm/4, moesn npubsin B ropog B BoBpeMdA.
Haiigure paccrosanue mexay ropogamu A u B.

W3 nyekra A B nyHKT B BbIIlen memexon, a udepesd 30 MuUH u3
nyHKTa B B myHKT A Bhlexas BesocuneaucT. CKOpocTh BeJiocHIIe-
AucTa Ha 8 KM/4 GoJbllle CKOPOCTH Iemexofa. BeJocHIeIHUCT
yepe3d 1,5 u mocisie Brlesza Berperws memexona. C Kaxkol cko-
POCTBIO IIEJI MEIIeX0J U eXal BeJOCHIEIUCT, eCJHU H3BEeCTHO, YTO
paccTogHEMe Mexxay nyHkramu A u B pasuo 26 xm?

Cpenuee apudmeruueckoe 4yerbipéx uucen pasao 11,5. Bropoe
yucno B 1,5 pasa menbine mepBoro ¥ Ha 10 MeHbIIEe TPETHLEro,
a YeTBEépPTOe paBHO CyMMeE IIepBOTO0 ® BTOoporo. Haiiamre aTum
qHCIIa.

Cronbko Hy:HO mobasuth Bojasl K 300 r 20%-Horo pacrsopa co-
Ju, 94T00BI nmoay4yuTh 8% -HBIH pacTBOp aTOH conu?

Pemure KBazpaTHOe ypaBHEHHE:

a) 2,5x% + 4x = 0; B) 0,2t2 — ¢t — 4,8 = 0;

6) 6> - 0,24 =0; 1) 33u*+ 3u - 3 =0.

CymiecTByeT MM 3HaYeHHe HepeMEeHHOH X, DM KOTOPOM 3HAYEHHe
KBazpaTHOro Tpéxuwiena x> — 10x + 31 pasuo:

a) —b; 6) 6; B) 557

IIpyu KaKuX 3HAYEHUAX M yPaBHEHHE MMeeT XOTs GBI OUH KODPEHb:

a) 10x*> — 10x + m = 0; B) 3x%> + mx — 5 = 0;
6) mx®+4x - 2=0; r) 22 - mx + 2 =0?
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934. Ilpu kakux 3HaAYeHWAX kK ypaBHeHHE He HMMeeT KOpPHeii:
a) kx® + 8x — 15 = 0; B) 5x + kx + 1 =0;
6) 6x% — 8x + k = 0; r) T’ —kx—-1=0?

935. Pemnute ypaBHeHUE:

a) 0,3x(x + 13) — 2x(0,9 - 0,2x) = 0;
6) 1,5x(x + 4) — x(7 - 0,5x) = 0,5(10 — 2x);

@c+1)? x-1 2- =z _ (1+2x)
B)—c =) n) BE~— =
(Bx+2° x+5 5 (6 — x)* L, @x-1)
= —=at S da=T =

936. CanoBhlil yuacToxk, uMeromui ¢GopMy NpAMOYrolbHUKA, Tpedyercs
obHecTu uaropoasio. OmpegenuTe AJHUHY H3rOpoJH, €CIH H3BECT-
HO, 4YTO AJIMHA y4yacTKa Ha 15 m OoJibllle ero IMHUPHUHEI, a IJIOLIAAb
ero pasHa 700 M2

937. Bce y4YeHMKH OJHOrO KJjacca oOmeHAAHCh @QororpaduaMu.
CKOJIbKO YYEeHHMKOB OLIJIO B 5TOM KJiacce, eciam Bcero Owlmo mepe-
naso 600 doroxaprouex?

938. Iludpa neCATKOB ABY3HAUHOrO YHWcJIa Ha 3 MeHbIle NU@pLl eau-
HHI, a NPOM3BEJeHHe ATOro [ABY3HAYHOIO YMCJAa HAa CYMMY ero
mudp paBao 70. Haiigure aTo uucio.

939. YuyacTok 3emyan uMmeeT (OpMY HOPSAMOYT'OJLHOIO TPEeyroJbHUKA, OJUH
u3 kKareroB Koroporo Ha 20 M Oossire apyroro. Haligute niuny
TpaHUILI AAHHOI'O Y4acTKa, ecju ero mromans pasHa 0,24 ra.

940. Peumiure ypaBHeHHe:

el AB DI SR S
x—3 x+3 ¥-9° A -9 3x — x° 2x+ 6’
70 17 3x 2 1 4
6 — = 2 e = + =0;
)xz—lﬁ x-4 x+4° )1—x2 1-x (x+1)F
8 & . i 2 8 __15
B)(2—x)2 t(x-i—i!)2 ¥-4° *x) <2 +5x 2x—-10 - 25
2 1 T 5 1 29
r) =0; 3) —

4-22 2x-4 22°+4x 2x+6 6x2-18x 27— 3x%

941. JIse Gpuragsl, paboTasi BMecTe, BBINOJIHAT pabory 3a 6 4. OxHoit
nepso# Gpuraze Ha Ty ke pabGory TpeOyerca Ha 5 u GoJbmie, yeMm
BTOpO. 3a Kakoe BpPeMs MOYKeT BHINOJHHUTE BCcIO paboTy Kaxgas
opuraga, paboras oraensHO?

942, [Ilee aBTOMAIIMHEI OTIPABUINCHL OJHOBPEeMEHHO M3 cejla B TOPOJ,
xoropeiid yaanés Ha 180 km. OgHa aBTOMaImIWHA NPHUINIA B I'OPOJA
Ha 45 MUH IO3Ke APYroi, Tak Kak eé cKopocThb Oblia Ha 20 KM/4
menbine. C Kakoil CKOpOCThIO IIIa Ka)kJasd aBTOMAaIIWHAa?

YnpaxHeHus ana noBTopeHus kypca 7—9 knaccos
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943. MoTropHas JoAKa NpoIUIA 10 TeYeHHUIO PeKu 36 KM u Bo3BpaTHMIaCh
obpaTHO, 3aTPaTHB HA Bech NyTh 5 4. Haiiamre cKOpocTh MOTOPHOM
JIOAKH B CTOAYell BoJie, 3Has, UTO CKOPOCTh TeYeHUs paBHa 3 KM/d.

944. MoropHaa Jiogka mpomiaa 18 KM mo TedeHMio M 14 KM IpPOTUB
TeYyeHHdA, 3aTPATHB Ha Bech NyTh 3 4 15 mmH. Haiizure cKOpocTh
Te4eHHUud, eciin cobcTBeHHAA cKopocTh Joaxku 10 xm/q.

945. Karep npomeén 75 KM IO TEYEHUIO PDEKU M CTOJIBKO Ke IPOTUB Teue-
HEA. Ha Beck nyTh OH sarparTmi B 2 pasa GoJibllle BpeMeHH, UeM eMy
noraznobunock 661, uTo6sI poitTi 80 KM B crosiveit Boge. Kakosa cko-
POCTE KaTepa B CTOAUYE BOJE, €C/IM CKOPOCTh TeYeHus paBHa b KM/4u?

946. Tokapp jgoyxeH 6bin o6paborars 240 netaneil K ompeneéHHOMY
CPOKY. Y COBEpIIEHCTBOBAB pe3sel, OH craj obpabaTeiBaTh B 4ac Ha
2 peranu Gosblne, YeM IPeANOJATAJIOCH IO IJIAHY, M IOTOMY BEI-
MOJHUJ 3afaHue Ha 4 4y paHbire cpoka. CKOJIBKO geraneit B gac
JoykeH ObLI oOpabaThiBaTL TOKApPh?

947. CoTpyaEuK Tunorpaduu AoJKeH HabpaTh K ONpeNeJéHHOMY Cpo-
Ky pykonuck ob6séMom 150 crpanuin. Eciau oH 6yaer HabupaTts Ha
5 cTtpaHUL, B JeHEL GoJbine, 4yeM OOBIYHO, TO 3aKOHUYMT paboTy Ha
1 neHs paHblle HaMeudeHHOro cpoka. CKOJBKO CTPaAHUI] B JIeHb

obbi9HO HabupaeTr COTpYIHHK?

948. Typuct oTupaBujics Ha aBroMalnuHe U3 ropoga A B ropox B. Ilep-
Bble 75 KM OH exXaJ co CKopocThio, Ha 10 KM/4 MeHbIIeH, uyeM
PacCYUTHIBAJ, & OCTANBHON NYThH CO CKOPOCThIO, Ha 10 KM/4 DoNb-
mieit, yeM paccuuTwiBaJ. B ropos B, KOTOPHIH YAANEH OT ropona
A Ba 180 xM, TypmcT npuObplT BoBpeMa. C KakKo# CKODOCTBHIO OH

exajJl B KOHIe IyTHu?

949. PaccTossHEHEe OT CTAaHHILI A0 JKeJNEe3HOJOPOXKHOM CTAHIIUM pPABHO
|
60 kM. MoTomUKJIHCT BBIeXaJ W3 CTAHMIILI Ha IZ 9 II033Ke BeJIO-

CHIIEAUCTA W TpPUOBLT HA CTAHIHUIO, KOTJAA BeJIOCHIeNHUuCT OBLI OT
Heé B 21 xm. Haiigure cKOpoCTh BeJIOCHIIEAUCTA, €CJIHM OHa ObLIa
Ha 18 XM/4Y MeHbIE CKOPOCTH MOTOLMKJIMCTA.

950. I3 cena B ropoja, K KoTopomy Beaér mopora anuboit 120 xm,
BHIEXAaJa JIeTKOoBasA aBToMmaimnmHa. Yepes 30 MuEH H3 ropoza
B CEJIO BbI€XaJl IPY30BHK M BCTPETHJICA C JIETKOBOM aBTOMANIMHOM
B 45 kM ot ropoza. Haiigure cKOpPOCTE IPY3OBUKA, €CJIHM OHA MeHb-
IIIe CKOPOCTH JIEKOBOM ABTOMAIIWHEI Ha 5 KM/4.

951. PemuTte ypaBHeHUe:
a) 4x* - 17x* + 4 = 0;
6) 9x* + 77x*> — 36 = 0;
B) 2x* — 9x% - 5 = 0;
r) 6x* - 5x*-1=0.

YnpaxHeHus ans nosTOpeHus Kypca 7—9 Knaccos
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952. Pemnre ypaBHeHHe, BBeJsi HOBYIO IepPeMeHHYIO:
a) 2(5x — 1)> + 35x — 11 = 0;
6) (x*+x -8+ 12x2+12x -9 =0.

953. Pemure ypaBHEHHE:

a) x* — 16x* = 0; 1) x* + 6x% — 16x = 0;

6) x = x%; e) x* + x° — 6x* = 0;

B) 1,2x® + x = 0; x) x°+x2=9x+ 9;

r) 0,4x' = x3; 8) 2x° +8x=x"+4.

954. IlpuBesuTe ypaBHEeHHE K BHAY X' = G U PeIINUTe ero:
a) %xa =1; B) -élvl-xa = (0,001; n 1+ x°=0;
1
6) loooxs +1= 0; I') §'x4 - 16 = 0; e) xs -16 = 0.

955. zo6pasus cxemarudecku rpaduKu, BHIACHHUTe, HMeeT JU ypaBHe-
HUe KOpHH:

1
a) 3x — 2 = x% B)%:—x2+1;

6)—3x—1=\/;; r)3+x2=~1£.

x
956. Pemute rpadudecKkn ypaBHEHUE:
a) x® = Tx — 6; B)%=x2—2x;
6)2=05x-2 1) Jx=2a%

957. Pemiure cucTeMy ypaBHEHHH:

a) |[4x -y =17, B) |5x =y + 50,
y + 6x = 23; -3,4x + 2,6y = 14;
6) [6x — 10y =11, r) |[4x — 2y = 3,
S5y+ Tx=19; 183x + 6y = —1.
958. Pemure cucTreMy ypaBHEHMM:
2¢-y x-2y 3 x-y+1 x4+y-1_
a) 85 2 2 6) 2 5 =5
2x+y _x+2y _ 1, x-y+1 x+y-1 3
2 8 8 3 o -
959. Pemure cucrteMy ypaBHEHHH
ax — 3y =13,
2x+by =5

C IMepeMeHHBIMH X H Y, €CJii OJHUM M3 pelleHHH IepBOro ypaBHe-
HUA ABJsAeTca napa uuce (8; 1), a Broporo — mapa uucen (5; —1).

YnpaxHenua Ona NoBTOpPEeHus kypca 7—9 knaccos
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960,

961.

962.

963.

2

965,

966,

987,

968.

969,

Kaxoso paccTodHUe OT TOYKM DepecedeHrsi ONpsMelXx 5x — 2y = —25
u —4x + 8y = 27: a) go ocm abemupce; 6) 40 oci OpAMEAT; B) o HA-
9aJIa KOOpAHHEAT?

IloxGepnre sHadeHus & u b Tak, 9T0OBI cHCTEMA YpaBHeHM
y=Fkx+bh,
y=25x—-3

4) He MMeJia pereHuis;
6) uMena GeCKOHEUHO MHOrO peImeHni;
B) MMeJIa €AHHCTBEHHBIM PEIIEHVEM Hapy YACceN, B KOoTopo# x = 4,

IIpuraANEKAT JA TOYKA NEPECEUYSHHA OpAMBIX —2x + y =11 n
3x + 2y = 1 npamoii:

a) 10x — 8y = —45; 6) —Tx + 9y = 657

3aluIuTe ypapHeHERe OPAMOH, KOTOpas NPOXOAHAT 9eped TOUKM:
a) (0; 30) u (6; 0); 6) (2; 3) u (—2; 10).

HafiguTe Te 3HA7eHns a o &, IpH KOTOopLIX Toaxkda A(Z; —3) n
B(1; 4) npuragnesxar napabose y = ax’ + bx.

Ilpm kakux swagenuax b u ¢ mapaboja ¥ = x° + bx + ¢ nepecexsaer
ocH roopnuHAT B Toukax {0; —3) u (%; 0)? B raxoft emé ToaKe aTA
napabona OepecexasT ock x7T

MacTep B yIYeHHK MSMOTOBHAM B OepBbil gent 100 meraneit. Bo sro-
poii fieEL MacTEp USrOTOBWT Aeraneit HA 20% 6Gonaplie, a VYeHEK —
Ba 10% OGoabmie, ueM B NepPBHIE meHe. Beero Bo pTOpoit AeHE Mac-
Tep H yYeHEWK H3TeTOEHNH 116 neraneit. CRoJNbRO geraielt usroTo-
BHJI M8CTEP H CKOJLKO M3TOTOBHJI VYeHHK B HOepBHIE genn?

Jlerkosoii aproMcOHNE Dpoexaln 38 2 ¢ ga 10 XM Gonnloe, YeM Ipy-
30B0H 3a 3 4. EenM yMeHEMHTE CHKOPOCTE JEIKOBOTO ABTOMOOHIS
Ha 25% . a rpysosoro ®a 20%, To rpy30BOoE aBTOMOOHIE OpPOENET
8 & u Ba 20 kM Gompmre, weM Jerxosofl sa 3 u. Haitnure cko-
POCTE KAMKAOTG ABTOMOOMIA,

Ha oneiTEHOM mNoJe Noj poXXb OTReNH y4acTox 20 ra, a noj guve-
Aoy — 30 ra. B opouoM rogy ¢ ofoMX y4acTHoB cobpann 2300 o
3epeEa. B 2TOM rozy ypo:RafHOCTH paKM HOBRICHJAack Ha 20%, a
mmesnnw — B 30% m mosromy cobpanu sepEa Ea 610 O Goms-
e, UTeM B OpomaoMm rony. Karoif Beina yposmaitHooTh KasKIoH
RYIETYPRL B 3TOM rogy?

Paccrosnne Mexay OVEKTaME A u B pasmo 160 M. a A B B
BRIEXAJ BRIOCHIIEAHCT, H B TO e BpeMsa ua B B A mmexan mo-
TOOUKAKCT. X BCTpeda TpoM3omina ueped 2 U, a uepes 30 mun
mocile BCTREUH REJOCHISNMETY OCTANOCE npoeXarsb B 11 pas Goas-
TIg, YeM MOTONHKJIACTY. HAKORK CKOPOCTH MOTOIHAKJIMNCTS W BeJo-
cAneamera?

YnpaxHeHua Ans noBTOpeHua kKypca 7—3 xnaccor



970. MneioTea ABa cmaaBa cepebpa ¢ mepswo. Iepsuiit comepxur 67%
Mepu, a Bropok — 87% mMegn. B KaKOM COOTHOIIEHHH HYXHO

R3ATL OTH JBA COJABA, ITO0Bl IOAYVYHTL CIJIAR, COAEDIKATMHEH
79% mepgn?

971. CMemann IBa PACTBOpa cONH. KOEODEHTpAROHA [epPEOrQ COCTABIA-
aa 40%, a KoOHDeRTpan#a aroporo — 48%. B peaynwraTe mony-
gHJICA PACTBOD coNM KoHUeHTpamweid 42%. B xaKoM OTHOMEENH
6bI7IH B3ATHI OEPELIE B BTOPOE DACTBODHIT

972. Pemnre rpadMuecKH CHCTEMY YDaBHEHHI:
a) |y + x* =6z, B) |xy =1,
2y +6=1x; 2y =9

6) |2* + y* = 25, r) [xy =2,
(262 +y =6 y+8=12"

973, Pemare cHcTeMy VpaBHEHHD crrocoGOM HONCTAHOBKIE:
r) {xz + ¥ +3xy =1,

a)]x®+y+ 8 = xy, e
{y—2x=0; 3y+x=20;
6) &% — ¥ = 18, 2x” +5x—3y -12,
xt+ty=8 2y Tx=8
B) x+y-5 e) —-bx+y=0,
—xy+y 29—1

974, Pelunre cHCTEMY mnemn'

a) jlx+xy +y=11, +y=
x—ay+y=1 y = 15;

6) |2x —y ~xy =14, r) |- y' =12,
x+ 2y +txy=-T; xy = 8.
975. Ha BLINONMHAE TOCTPOREWSA, BEISICHHTE, IEPECEHAIOTCS JIHM:
a) oapaGora y = x> — Bx + 8 M mpaAMas x + y = 4;
0) opamag x + ¥y = 4 u ranepbona y = %,
B) oKpyEEOCTE X° + P =4 B (x - 83 + ¥ = 1;
r) oxpysHocTh {x — 1) + (y — 2)° = 4  opsamas x + 2y = 3.

Ecnl mepeceKArwTCHd, TO VKARXHTE KOOPIHHATHL TOUEK [epecedye-
ous. [IpownmiceTpEpyiTe pemeye ¢ TOMOIOBI I'padHKOB.

YNpaxHeHua ONA NOBTOPEHWA kypca 7—9 KnaccoB
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976. Ilpu xaKoM 3HAaYE€HHH ¢ MMEET DelleHMe CHCTeMa ypaBHEeHHH

3x—y=2>5,
x—3y="1,
2x + 5y = c?

977. He BRINOJHASA IIOCTPOEHMS, BHISICHUTE, MepeceKaloTcs Ju mnapabo-
4
na y=x?-x+ 4 u runepbona y = 3. Ecam mepecekaiorcs, ToO

YKaxuTe KOODAWHATHI TOUYEK IepecedeHHs. IIpOMJIIOCTpUpYHTE
pellleHHe C MOMOMIbIO IpadHuKOB.

978. Ilpu KaKoM 3HAUEHUU @ CHUCTEMa YpaBHEHUMH
{x + 3y =2,
xXy=a
UMeeT eJUHCTBeHHOe pelneHue?
979. Ecim oT uMciIuTeNA U 3HAMEHATEJ OOLIKHOBEHHOH ApO6H OTHATH MO
eIMHHUIIE, TO AP00EL YBEJIHMUYUTCHA HA % Ecnu ke K 4uCIUTENIO U 3HA-

MeHATeN0 OpuOaBUThL IO eAHMHHUIE, TO APOOHL YMEHBIIUTCS Ha -1%.
Haigure aty apo0Osb.

980. Eciiu oT yucnuTess ¥ 3HAMEHATENd OOBIKHOBEHHOU ApobM OTHATHL
0o eJWHHIE, TO APo0b YMEHBIIUTCHA HA %. Ecnu ke k umcaure-
JII0 U 3HAMeHaTeJ 0 NpubaBHUTE II0 eAWHHUIE, TO APOOL YBEJIHYUT-
cA Ha —113 Haiigure aty Apobb.

981. T'unoTeHy3a UPAMOYroJLHOIO TpeyroJlbHHKA paBHa 41 cM, a ero
mromans pasHa 180 cm?. Haiizure KaTeThl 9TOr0 TPeyroJbHUKA.

982, Ilomaab NPAMOYroJBHOTO TPEyroJbHHKa paBHa 44 cm’. Ecin

ONVH U3 ero KaTeTOB YMEHBIIUTH HA 1 cM, a APYyroél yBeJWUYUTH HAa
2 cM, To Iomanb Oyzer paBHa 50 cwm®. Haiiure KaTeTsl JaHHOTO
TPEYroJILHUKA.

983

.

JBoe pabGoumx BMecTe MOrYT BBINOJHUTH HEKOTOpPYIO pabory aa
10 ngueir. Ilocnme 7 mHe# coBmecTHOU paGoOThI OAWH M3 HUX OBII
nepeBejéH Ha APYrodl y4acTOK, & BTOPOH 3axKoH4YMI paboTy, mpo-
paboraB emé 9 aHell. 3a CKOJBKO AHEH KayKablii pabouymii Mor
BBIIOJIHUTE BCIO pabory?

984. JIpoe pabouux, paboras BMecTe, BRINOJHUJIAH pabory s3a 2 nHA.
CKOJIBKO BPEMEHM HYIKHO KaKJIOMY M3 HHMX Ha BBINOJHEHHE BCeH
paboTEI, ecyii M3BECTHO, 4YTO ecau OBl mepsbiil npopaboran 2 aHsdg,

£y 5 o
a BTOPOWl — O/MH, TO BCero ObLIO OBl cAenaHo g BCeil paboTe?

YnpaxHeHua Onsa nostopeHun kypca 7—9 knaccoB
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985.

986.

987.

988.

989.

990.

991.

992.

993.

994,

995.

996.

997.

998.

Hailigute HOMep uieHa apudmeTHdecKoil mporpeccuu (a,), paBHO-
ro 3, eciu a, = 48,5 u d = —-1,3. fBaAerca JU YIEHOM 3TOH IPO-
rpeccun uyucio —3,5; 157

B apudmernyecKoii mporpeccMy 4eTBIPHAAUATHIN 4yeH pasBeH 140,
a cyMMa IepBBIX uYeThipHaanaru uieHoB paBHa 1050. Haiigure
NepBbIM YJIeH M PasHOCTL 3TOM IIPOTPECCHH.

ITocnegoBarenbHOCTs (@,) — apudMeTHdeckasa nporpeccus. Hase-
CTHO, 49TO a4 = —6 u a,4 = 17,5. Haitiaure cymmy nepsbIX HIecT-
HajAIaTH 4JIEHOB 3TOM IPOTI'PECCHH.

B apudmernuyeckoit mporpeccuy NnepBbIi YieH paBeH 28, a cymMma
IepBLIX ABAALUATH IATH WieHoB paBHa 925. Haiinure pasHoCT: M
TPUALATBHIA YJIeH 3TOM IPOTrPECCHH.

B apudmernueckoi mporpeccuu (a,) cymMMma IIeCTOr0O H AECATOrO
4YJeHOB paBHAa 5,9, a pasHOCTH BEHAAIIATOTIO U YETBEPTOrO WIEHOB
paBHa 2. Hailigure ABagnaTh NATBIA YIEeH 3TOH IPOrpPEeCCHH.

B apudmernueckoii mporpeccuu (a,) cymMMa IATOrO M HECATOrO
4JIeHOB paBHa —9, a cyMMa 4YeTBEPTOro M IIECTOr0 YWIeHOB pPaBHA
—4. Haligure cyMMy NEepBBIX JECATH YJIEHOB DTOM IIPOIPECCHM.

B apudmernueckoit nporpeccud TpetTuit uieH paBed 150, a TpunHan-
pareiii yieH paBeH 110. CxonbKO 4JIEHOB 2TOM IIPOrpecCHM, Ha4yU-
HasA ¢ IepPBOro, CIOYKHJIH, €CJIM MX CyMMa OKasajlach paBHOM HYyJ0?

ITocnemoBarensHOCTH (X,) — reomerpudyecKkas nporpeccus. Haitmure:
a) x,, ecsim xg =-128 m ¢ =-4; 6) q, ecau x; = 162 n x, = 2.
HailiguTe mATHIH 4YleH reomeTrpudeckoil mporpeccuu (b)), ecau

2
HM3BECTHO, 4TO b; = 6 u by = 3

HaiiguTe cyMMy HIepBBIX IIECTH YJIEHOB eOMeTPHYECKOW IIporpec-
1

1
cun (b,), B KOTOPO# by =5 1 ¢ = 3.
& & 1
IlarTeiit useH reomerpuueckoit mnporpeccun (b,) paBern l3, a
1
3HaMeHaTeJb Iporpeccuu paseH —3. HaliuTe cyMMy nepBbIX HATH
YJI€HOB 9TOM IPOTDECCHH.

HaiiguTe cyMMy IEepBBIX CeMH YJE€HOB IeOMeTPHYeCKOH Iporpec-
cuun (b,), ecin U3BECTHO, UTO BCe UIEHEI ITOCTeNOBATEJIBLHOCTH IIO-
JoKUTeNbHBI U by = 20, b, = 80.

B reomerpuueckoit nporpeccum (b,) b, + b, = 30, a b, + by = 20.
Haiigure nmepBbie TPH 4WieHa STOM IPOI'PECCHH.

B reomerpuueckoir nporpeccuu (b,), 3HaMeHATENIbE KOTOPOU IMOJIO-
1 he
xurened, b, * b, = 37, a b, - b, = 3. Haiigure cymmy nepseix ue-

TBHIPEX YJIEHOB 9TOH IIPOIPECCHH.

YnpaxHeHus ans NOBTOpPEeHust Kypca 7—9 Kiaccos
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HepaBeHcTBa

999. Onenure mepumerp P u miaomans S NPAMOYTroJbHUKA, NJIUHBI
CTOPOH KOTOpOoro a ¢M M b cm, ecau 14,3 < a < 14,4 mu
25,1 < b < 25,2.

1000. IToxsaysace Tem, uto 2,6 < \/'? <20 m 2.2« \/5 < 2,3, oneHHTe
3HAYEeHUEe BBIPAKEHHUd:

a) 7 ++5;  6)J7T -5 ) 35.

1001. Pemwure HepaBeHCTBO:

a) 0,3(2m — 3) < 3(0,6m + 1,3);

6) 1,1(5x — 4) > 0,2(10x — 43);

) 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);

1) 4,3% - 5(2,8x - 0,6) > 3(3x+ 0,6) + 2,9 x;
&) 2(5,5m - 2) - 0,8m < 4,6m — 2(3,6m — 1,6);

x) (2,1y + 2)(0,2y - 3) - (0,7y — 1)(0,6y + 4) > -83;
3) (1 - 3,6a)(0,2a + 3) + (4 + 0,9a)(0,8a + 10) < 42,2.

1002. Pemure HepaBeHCTBO:

4,2 + 2x 0,6m+1,2 1.om—2,6
a) 3 >1,6x-1,1; 13 15 :
5,8a+ 34 1,3a — 0,7 09a+ 0,3
6) 2,3a + 0,8 < ———5——; m) == - = > 0
0,5-5y 0,6 -5y 1,6 - 0,3y 44+15y
B) 5 = g e) 3 Es 5 < —4,05y.
1003. Ilpu xaxux 3HaYeHUAX b:
12 - 1,5b 5
a) sHAYEeHUuA Apobu 5 MeHbIIIe COOTBETCTBYIOIUX 3HAUYEHUMH
11-0,5b6
ApodH —5—;
14+b =
6) sHaueHns Apobu —;— Oosiblleé COOTBETCTBYIOINUX 3HAYEHMI
2,6 +3b
Apobu ——5—;
6b—-1 ”
B) 3HAYeHUs ApodH 5 He NPeBOCXOAAT B3HAYEHHWH ApobH
16 — 2b ?
9-0b
1004. PemuTe HepaBeHCTBO:
VB~ 2
a) (5 — 2x)(//6 — 3) < 0; B) 3= <0;
J7 -8

6) (4-10)3x+1)>0; 1) 75— >0.

YnpaxHeHna Ona nosTopeHus Kypca 7—9 kKnaccos
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1005. PemuTe cucTreMy HEpPaBeHCTB:

a) |[bx—2>2x+1, B) |12y -1 <3 - 2y,
2x + 3 <18 — 3x; 5y <2-11y;

6) |4y + 5>y + 17, r) |8x+1>56x-—-1,
v—-1>2y-3; 9x + 9 < 8x + 8.

1006. Pemure cucreMy TpéX HepaBeHCTB:

a) [2x+5>3x -1, 6) [6x > x - 10,
i}__l 2x—4<0,
3 ’ 2x +1> x + 4.
10x < 0;

1007. Pemure cucTeMy HepaBEHCTB:
a)?x—&x+nfx+8,
6x(x —1) - (2x + 2)(3x — 3) > 0;
6) J10(x—1)-5(x+1)>4x-11,
{x2 —(x+ 2)(x—-2) < 3x;

4x -1
5) x—-—3 <10,

4x —1- 7 <10;

2y +1 2 -
" 3y — y2 >4 - 3y—y,
S5y-1
z— —(¥y—1)>3y.

1008. HaiizuTe Ienble pelleHUs CHCTEMEI HEPABEHCTB:
m{wx+2f>wx—nwx+n*3L
(2x — 3)(8x + 5) < (4x — 3)% - 14;
m{wx—2f+36>5xwx-3L
3x(4x + 2)+ 40 < 4x(8x+ T7) — 4.

1009. Pemure ABOIiHOE HEepaBEHCTBO:

m-5<4ﬁ;3<7; p) -11 < 2202

1-2 5
B8 % & 11 r) -0,2 < 222
1010. Ilpu KaKuX 3HAYEHUAX MEPEMEHHOH X:

a) sHaveHusa asyureHa 0,5 — 0,2x npuHAANEKAT NTPOMEKYTKY

1,1,
[ §$ 9
20x + 40
6) sHaueHUs Apobu —3  OPHHaAJIEXaT IPOMEKYTKY
[-100; 100]?

<-8;

< 2.

YnpaxHeHns ans noBTopeHus kypca 7—9 knaccos
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1011. Pemure HepaBeHCTBO:

a) x2+ 2x - 15 < 0; o) 2x% - 0,5 <0;

6) 522 — 11x + 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.

1012. PemuTe HepaBeHCTBO:
a) 2x + 1)(x +4) - 3x(x + 2) < 0;
6) (8x — 2)> — 4x(2x — 3) > 0;
B) (1 — 6x)(1 + 6x) + Tx(bx — 2) > 14;
r) (Bx+2)(x—1)—(@x+ 1)(2x - 1) < 27;
o (2x — 1) +2x) — x(x + 4) < 6;
e) (Bx—1)x - (6 — x)(x + 6) < 3T.

1013. [loxakuTe, 4TO IpPHU JIOOBIX X:

a) Tpéxwied x° — 8x + 200 npUHUMAET IOJOKHUTeJbHbIe 3HAYCHN;
6) Tpéxunes —x°+ 22x— 125 npuHUMaeT OTpUIATEIbHEIE SHAYCHUS;
B) Tpéxwien x°— 16x+ 64 npuHEMaeT HeOTPHIATEIbHEIE 3HAYCHUS;
r) Tpéxuien 10x—x®— 25 npuHUMAaeT HEIIOJIOXKHUTebHbIe 3HAUeHHS.

1014. Pemurte cucTeMy HepaBeHCTB:

a) |]x*>-2x-3<0, B) |]9-x%>0,
2x -5< 0 3—x<0;
6) Jx2 - 5x+6 >0, r) Jx®+2x >0,
2x —9<0; 5x 2 0.
1015. HaiizuTe mesble pelIeHHUA CHCTEeMbl HEpaBeHCTB:
a) |x*-Tx+6<0, 6) |[x2+1>0,
x> -8x+15>0; 22-6x+8<0.

1016. IIpu KaKux 3HAYEHHUAX X MMeeT CMBICJ BBIPaKeHHe:

a)\/lff.‘x——da; r) 2x°+x— 6 ;
6) \/3 - 0,6x; n) 12-56x + 22~ 1;
3)1/15+2x—x2; e) ,/x2+4+ 3x — 177

1017. Haiinure o6iacTs ONpeNeseHUus KaskKIOr0 M3 BBIPAYKeHMIA:
a) 2x — 5, 51—5 171 \m;
6) 2x% + Tx — 4, : —

H
22+ 7x-4 V22 +T7x-4

1
B) x°+1, x*+12 3

YnpaxHeHus 4na NOBTOpPeHus kypca 7—9 Knaccos
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DyHKLUUMN

1018. ®dysknus y = f(x), ob6aacThio ONpejieieHUs KOTOPOH SABJISeTCH
npomesxyTok [—4; 5], sagana rpadpurkom (puc. 86). Kakosa obiacrs
sHavenuit bynxnuu? Hatigure f(-3), f(-1,5), f(-1), f(1), f(3,5).
Haiifure KOOpAMHATHI TOYEK, B KOTOPHIX rpaduk DYHKIHH Iepe-
CeKaeT OCH KOOpAMHAT.

gk B
[3 E
2 P 4 2
} \ i C
o A . 4
i, \ / L
> -
—4 -8 A 101233 * —-3\2(-1/0}4-1 3/ 4—%
_1 ! "1
4 =
L e -2 el
w N oD
B 112111
Puc. 86 Puc. 87

1019. Haiinure no rpadpuky bysknuu y = f(x) (cM. puc. 86) sHauenus
apryMeHTa, IIPU KOTOPBIX:

a) f(x) = 0; 6) f(x) > 0; B) f(x) < 0.

1020. Jlomanas ABCDE sBaserca rpaduKoM QYHKILUU y = f(x)
(puc. 87). B xakux nmpoMerxyTkax ara (GyHKOHMA NPHHUMAET MIO-
JIOKHUTEJIbHBIE 3HAYEHUS M B KaKHX — OTpUIlaTeJ bHbIe?

1021. ITocrpoiire rpabur byHKIUA:

a) y = —2,5x; ry=-x+4;
0) y = 2x - 3; ,n;)y=%x+3;
2 —
B)y=_5; e)y= 4x‘
1022. ®yexnus y = f(x) sagasa GopMynoi y — 6_32x. IIpn xakux

3HAYEHMUAX aprymMeHTa Xx:
a) f(x) = 0; 6) f(x) < 0; B) f(x) = 0?
ITocTpoiite rpaduk sTo# yHKIUAN.

1023. Kaxkue w3 nume#HmX (yEKmui y = —3x + 9, y=bx, y=-17,
y=9x -1, y=-x-100, y = 1 + 5x aBaswoTcs:

a) BO3pacTaOI[MMU; 0) yosiBapomumMmu?

YnpaxHeHus Ons noBTOpeHus kypca 7—9 knaccos
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1024,

1025.

1026.

1027.

1028,

1029.

1030.

1031

KakoB0 B3aUMHOE PACHOJ0KEeHAS IPADUKOR JHHEAHRIX QyHKITHIA
a)y=Tx+16 m y = Tx — 25;

B y=35x—-4my=-bx—4;

B) y=—2,8x n y=-2,8x +11;

r)y=0,6x+8 1 y=-0,6x7

B xaxcpoMm crydae u300pASHTE CXeMATHYECKA IPa@HKH 5THX JH-
meBHERX GyERIUHA.

dvEKIAL 38088 hopMyso y = —x~ + 3. Kaxosa obaacTh onpene-
JMeHns 9Toi pyEropu? Haitnérca AN TEKCe SHAYEHHE APTYMEHTA,
UpH KOTOpOM GsHAdeHme oroii ¢GyEEmuzr papHo —1; 1; 5?
HocTpofite rpabmx osTol GVEKOMH 1 yKaxure eé ofxacts
SHATEHHHA.

Hocrpoiite rpadpur dysxmm y = —0,5%" + x + 1,5. [Ipu karux
IHAUSTIAMX ¥ GHATUEHMEe Y PaBHD HYNI0; G0JbIne HYAd; MeEbIie
Hyaa? B xaxoM OpOMexXyTKe aTa PYHKIEA BO3pACTAeT H B Ka-
KOM UpoMe)kyTKe yOniraer? Kakoro HanGoxbllee 3HATEHHE ITOH
byaroun?

MocTpoiire rpadpur GVEKOHH ¥y = x? — 4x - 5. Ilpu kKaxmx
JHAYCHUAX ¥ (PYEKIHA TDUHUMAET OTPHHATENbLHbIE SHAYCHEA?
Kaxde aHaWeHHS NpUHEMaeT QyRKoud, ecan 0 < x < 47
IocTrpoitre rpadmx GyEKIAR:

8) ¥y =2x° — 2; B) y = x° — 4x; o) y=x+x—6;
8) y = —x> + 1,5; r)y=1,52"+6x; e)y=—38x"—6x+5.
B Ka)k[oM CAVIae YKAOKHATe HaHMeHbIIee (i HamGonbmee) sHa-
gepue QyHKI{HN,

B KaKOM NIpOMEKYTKe BO3PACTAST M B KakoM yOmiBaeT KEaApa-
TayEAA PYHKIAA:

a)y=2x2+1(]:r-—7; :B)y-4x2+2x;

6) y = —3x% + x + 5; r) y = 8x — 5x%7
IMocTpoitre rpabur QYERIAN:

8
ay=-2 6g=--I

B kaKIoM CAYIAe YEaMKHTe GHAYCHHMA X, OPH KoTopsix ¥ > O;
y<0.

WzobpasuTte cxemaTradecku rpadur PyHEROMAH!

a) y=ax + 5 npa a <0; K y=ax’ -3 opr a>0;
6) y = 10x + b opm &> 0; ey y=ax’*+ 2 apm a<0;
B)yz—a%npnk>0; ®)y=ax’+bxopra>0,b>0
r)y=%upu k< 0; 3) y=ax’+bx npn a<0, &>0.

VAPaXHEHWS AR NOBTOPEHUA Kypeca 7—9 Knaccos



1032.

1033.

1034.

1035.

BbIuucauTe KOOPAUMHATEI TOUEK IepecedeHHA rpaduKoB GyHKIuA:
a) y=2x-11 n y = -5x + 3;

6) y=—-3x—10 m y = x* - 13x + 6;
B)y=-38x’+x-83uy=-x*+x-5;
r)y=4x>+3x+6 u y = 3x> - 3x - 3.

Bagakite Gopmyaoi GyHKIHIO, rpaduK KOTOpPoHl CUMMeTpHUYEH
rpadpury byHKOUU y = 2x — 4:

a) OTHOCHTEJBHO OCH Y;

6) OTHOCHTEJIBHO OCH X}
B) OTHOCHUTEJIBHO Hauyajla KOOpAHWHAT.

ITocrpoiiTe rpaduk GQyHKIHHU:

-4 2_2
ay=—F Oy="5 py-=

x

P-3x+2
2-x °

ITocrpoiiTe rpadur (QYyHKIHM:
0,56x, ectm x =2 0, 2x%, ecim x = 0,
a) g =" - B) y =
x, ecnm x < 0; -x2%+ 1, ectm x < 0;

2+ x, econ x < -1, O NS
6) y =11, ecim -1 < x <1, P)yz{ ’2 »
2-x,ecnu x >1; -x“+ 2x +1, ecau x 2 1.

YnpaxHeHnsa ons NoBTOpeHus kypca 7—9 knaccos
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3AJAYU NOBbILLEHHOW
TPYAHOCTU

[1086.|Haitaure xopaM MHOrouwIeHa
2x° + x* — 10x® — 5x® + 8x + 4.
[10387.]Ecau B muorounen ax® + bx® + cx + d Bmecro a, b, ¢ u d nox-

cTaBJATh umeyaa —7, 4, —3 1 6 B KakKoM yrogHo nopsake, oyayr
moJy4aThcsi MHOIOYJEHBI C OJHOH IlepeMeHHOH, HampuMep
~7x® + 4x* — 3x + 6, 4x® — Tx* + 6x — 3 m 1. . Jlokaxkure, uTO
BCe TAKHe MHOrOWIeHBI MMEIOT 00Ul KOpEeHb.

[1038.] loxaxure, uro muorowren x* — 4x* — 6x* — 3x + 9 He umeer or-
PHIATENBHBIX KOPHEH.

1039. IIpun KaxkoM 3HAYEHMHM 4 CyMMa KBaJpaToB KOPHeHl KBaZpaTHOTO
rpéxunena x> — (a — 2)x — a — 1 IpHEUMaeT HaUMeHbIlee 3HAYE-
HEue?

[1040.| Toxakure, uTo NpHU JNOOLIX 3HAYEHHAX @, b U ¢ rpapuk HyHK-
nuu y = (x — a)(x — b) — ¢ umeer xora 6u1 ofHY OBIIYIO TOUKY

C OChIO X.
[1041.|TTocrpoiite rpaduk byarmun:
a) y = 2x% — 3|x| - 2; 6)y=|%x2—x|—4.

(1042. Haiinute KOOpAMHATHEI OGIIMX TOYEK OCH X U rpaduxa QyHKIUH
y=x>—4x +|2x - 8|

1043./TIpu xaxoMm sHaueHMM @ rpadukKd QYyHKOHR y =x° - Tx +a u
y= :3:1:2 + 5x — 6 UMerOT efMHCTBEeHHYIO 00myi0 Touky? Haiiau-
Te eé KOOPIAMHATEI.

[1044.| lokaxcuTe, YTO MHOTOUIeH X° + x® - 4x* + x* + 1 me npmEM-
MaeT OTPHIATENbHBIX 3HAYEHUM.

1045. IIpy KaKkuxX 3HAYEHHSAX M KBAADATHBINA TPEXUJIEH
mx’+(m-1x+m-1
NPUHUMAET JIUIIb OTPUIATE]bHbIE BHAUEHUA?

3apayuv NOBbLILWEHHOW TPYOHOCTH



[1046.| Hajigure obnacTs 3HaYeHWH GYHKOMHU Y = x;; T

[1047.] Cymma xBazpaToB KopHeii x, u X, ypaBHeHHa x° — 3ax + a* =0

paBHa 1,75. Haigure x; u x,.

'1048. Haliure 3Ha4eHUs @, IPH KOTOPHIX OAMH M3 KOPDHEH ypaBHEHHHA

x? - 8,75x + a® = 0 sBasercs KBaJpaToM IApyroro.

(1049. IIpn KakoM 3HAYEHWM M KODHH YDaBHEHHUS Xx° — 2mx + mi-1=0

npuHaAue:xaT uHTepBany (—2; 4)?
[1@(” Ilpu xakux sHayeHUAX a OHKBaJpaTHOe ypaBHEHHEe
x*+ax*+a-1=0
MMeeT JMINb ABAa PA3JUYHBIX KODHA?

(1051.| Pemure cucremy ypaBHeHW

(x +y)@8 - x) =10,
(x + y)(y + 5) = 20.

[1052.| Pemure cucTeMy ypaBHeHMIA:
a) {(;vc2 + ¥ ) (x — y) = 447, 6) [xy(x + y) =30,
xy(x — y) = 210; 2+ y® = 35.
1053.| PemuTe cucreMy ypaBHeHUN
2~y =19(x - p),
x° + ¥ ="T(x+y).
(1054.| Haiiaure Bce pemieHus cucTeMbl
x° + x3y3 + y3 =12,
x+xy+y=0.
[1055.| Permure ypasmenme (x + 3)* + (x + 5)* = 4.
1056. Pemure ypasmenme (x* + x)* — 1 = 0.
i1057.| Pemure cucremy ypaBHeHHI
{3/; + 3y =3,

xy = 8.

1058.| Pemure cucreMy ypaBHeHMA

{%F + %/E = 4,25,
y x

x + y = 130.

3apayn NoBbLIWEHHOW TPYAHOCTU
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11059.|3namenarens 0GRKHOBEHHOH APOGH MeHbUIe KBAIDATA €8 UHCIH-
Tena Ha 1. Ecam umcodTeNn M sHaMeHaTesNs 3TOH ApobH yBean-

YATE Ha 2, T0 3Hadenme npobu cTaper bGoxbire 7, a ecIyM 9MCIR-
TeJb U IHAMEHATENh YMEHBIIHTh Ha 3, TO 3HAYEHHE ApoOH
CTAHeT MEHBIIE jg. Hadtamre Taxwe apodu,

1060.) Peurnte cucremy ypasEesmi
x+xyt+ty=235,
y+yz+z=11,
z2+zx+x=".

[1081./Haiizure aHAYeHHe m, UPH KOTOPOM KODHH YDARHEHHA
x* — 9x% + mx — 15 = 0 o6pasyoT aPHPMETHYECKYED IPOTPECCHIO.

1062.| loxaxuTe, uTo OpH MGOM @ BLIODONHICTCA HePaBeHCTBO

1 Z-a+l

3 Figel o
[1063.|3a ckorpKe YaceB MOMKET BHIIOJENTHL DABOTY KamAbll H3 TPEx
pafounx, ecnM MPOM3BOAMTENBHOCTE TPYA2 TpeThero palovero
PABHA MOIYCYMMe IPOHIBOJHTENLHOCTEH TpPyAa IEepBOro M BTO-
poro? HUagectEo, gro ecan 0w Tpetuil paboumit mpopalorTan ogun
48 u, TO ANA OKOHYSHHES PabOTH mepBOMY NOTPEeGOBANIOCH GBI
10 u, a BropoMmy — 15 1.

[1064.] CymeeTByer nu Takoe JBYSHATHOE THCJ0, KOTOPOS Ny JAJICHAA HA
CYMMY KBajpaToB ero mudp AaéT B yacTHOM 2 B B ocTaTke 6, a npn
AeIeHAY HA IDpousscnenue ugp naér B wacraom 4 1 B ocraTtke 67

[1085.| IlocregoBaTeALHOCTH (y,) m (x,) sagaBel QopMyrama y, = n’u
x, = 2n — 1. Ecau BHIACAT: B HNOPAAKe BOPACTAHMA BCe HX 06-
I#e YJeHLl, TO OOAYIMTCH HOCHeA0BATeNbHOCTD (¢.). Hannmpare
dopMyy 2 0 UieHa MOCNEeNOBATENLHOCTH (C,).

[1066.|IIpr xaxEx 3HAUEHUAX N WIeHbl HOOCJASOBATEILHOCTH, 3ajaH-
"ol dopmynoit x, = (n + 4(n — B), YAOBIETBOPAIOT VCACBHIO
-18 € x, < 3607

HaitmuTe cyMMy TepEBIX 7 YWIEHOB IIOCHEOBATENLHOCTH (X)), €CHH
1
T (8r-1X2r+ 1}
1068.]B nocresosaTelsHOCTH (X,) KOKABIA ©ieH ¢ HEYETHBIM HOMEPOM
paBer 2a, a ¢ 4éTHWM paseH 2b. Hanuwmre dopMyay n-ro wie-
Ha 3TOH NMoCcNefOB&TeNLIIOCTH,
[1069.]Magecrso, uro y = f(x) — nuHeliHaa QYERUAA O Xy, Xz, Xz, o —

apudMeTHYecKas mporpeccusa. JloxaxkmTe, uUT0 NOCHESOBATENE-
BOCTh f(X(), f(Xy), .. ABAAETCH APHGMETHUYECKOE DPOTPECCHEH.

Xy

3apayn NOBLILUEHHON TPYOHOCTN
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[1070. B apudmeTuueckoil mporpecenH @y, @y, a3, 44, COCTORINEH U3 TIR-
ARX yucen, Hauboneiouil wieBE paBeH CYMME KBAJPATOB OLTAIB-
HEIX 4ieHOB. HaitanTe unesnl 3TOH NpOTpeccHH.

[1071.)Tyers a,, @;, .. — APHEPMETHIECKAR IPOrPECCHA C NOJOMHTENb-
HBIMU dneHaMu. Joraskure, 4TO CyMMa MepBHIX 72 WJISHOB Iocie-

1 n
JoBaTeNSibHOCTH (Xx,), I'ae =——— paBHA —F——F/—-
" T Jag + 1{0,,_.,.1 va t a,fan+l

[1072.) MoxasxuTe, 9TO eclE CTOPOHH TPEYTOABLHHKA OGPA3yIOT IeoMeT-
PHYECKYIO IPOTPECCHIO, TO €r0 BHICOTHI TAKJKEe COpasymr reoxer-
PH4ECKYIO IMPOTPECCHIO.

TpH Pa3NAYHHX NeAbiX YHCIA COCTABIAKT TeOMETPHYECKYR
mporpeccric. Mx cyMuma parga —3. Halizure sre uHcaa.

[1074.) Tpu memmx wmena cocTaBALIOT APHOMETHYECKYIO OPOTDECCHIO,
OepBald 4ieH koropodl 1. Ecan ko rTopoMy uieHy IpHOABUTH 3,
4 TPeTHN BO3BeCTH B KEBaZpaT, TO DOJAVUMTCHE TeOMeTpHYecKad
nporpeccua. Hahnmre sTH uncaa.

(1078 Morasxmre, uto npu soGom HATYPSJIBHOM 3HAYEHEHH 1t > 1 BepHO
HEPABEHCTBO

<1.

<l 86 (2r-1)
NV 246 .. 2n

anocTHTe BLIpAKSEHE:
a) ¥5+2 + 7 - Y542 - 7; 6) Y2+ 5 + Y2 - 5.

(1077 Moxamure, uro ecmu x% + y2 + 22=xy + y2 + 2x, T0o x=y=2.
PemHTe YPABHEHHE ¢ JBEYMA MepeMeHHEIMI
¥y p
L+2f3x+y-afy+7=0.

PemuTe CACTEMY VpaBHeHHH

b =

2+ yt - 224 =0,
x+y+z=8,
xy——zg.

(1080.] PemuTe = HATYPAJLHBIX YHECAAX CHCTEMY YPaBHEHHHA
x+y+2z=14,
x+ yz=19.

[1081.] JIokakKTe, 9TC IPH MOMOMHUTENLHEIX 3HAMEHUSX 2, b H ¢ BePHO
Wrat+tDEE+b+DiB+c+1)
pr = 27.

HepaBeHCTHO

3ana4v NOBLIWEHHON TOYAHOGTM
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[1082.|Haiizure npu m060M HATYDPANBHOM 1 SHAYEHHME BEIDAXKEHHS
3 1-2:4+2:4-8+..+n+2n+4n
1-3:9+2-6-18+..+n-3n-9n°

@Houmﬁwm, UTO 3HaYeHHe BEIDaXeHHudA
BG+10""HA1 +10+ ... +10") + 1

npu Jg060M HaATypaJbHOM N MOKHO IPeACTABUTH B BHJAEe KBajpa-
Ta HATYPAJIbHOT'O YHCJA.

1084. HajizuTe HauMeHbIee 4YeTHIPEX3HAYHOE YMCJIO, KOTOPOe IIocie
YMHOeHMA Ha 21 craHeT KBaJpaToM HATYPAJBHOIO 4HCJA.

Tpéxsaaqﬂoe YHCJI0O X, KPATHOE 5, MOYKHO IIDEJCTaBUThL B BHIE
cyMMBl Ky0a M KBajpaTa OLHOTO M TOTO e HATYypaJbHOT'O YHC-
na. Ha#imuTe umcno x.

[1086.|Bssiim ABa pasaMUHBIX HATYPANBHBIX UHCIA. DTH UHCIA CIIOMU-
JI¥, TIEPEeMHOKUJIM, BBIUJIU W3 6GOJbIIero AAHHOTO YHUCIA MEHb-
mree ¥ pasjgenuyiu Gonblnee Ha MeHblnee. OKazaloch, YTO CyMMa
BCeX 4YeTHIPEX pesyiabTaToB paBHa 441. Hailigure aTu ducia.

[1087.|Haiigure aBa HATYPANBHBIX YHCJIA, PASHOCTH KBAJPATOB KOTOPBIX
paBHa 45.

I[OR&JRHTB, 4TO He CYIIecTBYeT HATYPAJIbHOTO YHCja, KOTOpoe OT
IIepecTaHOBKY IepBOM mudphl B KOHEI[ YHCJa YBEeJIUYIHUIOCh Obl B
5 pas.

1089.] Pemure ypaBHEeHHE
§(65 + x)? + 43(65 - x)* - 5{65°— x* = 0.

1090.|ITocTpoiiTe MHOKECTBO TOYEK, KOOPAHUHATBHI KOTOPBIX YAOBJIETBO-
PAIOT HEPaBEHCTBY:

a) xy® < x; B) x> + xy®* — 4x < 0;
6) Y’ —xy+2x*>2y; 1) xy+y -y =0.

Haoﬁpaan're MHOKECTBO TOYeK, KOOPAHHATHI KOTOPBIX YAOBJIET-
BOPSAIOT CHCTeMe:

a) |2+ y¥< 4, 6) [x*+ %<9,
x| > 1; ly| > 2.

1092.|B memke comep:kurcsa 2 uépHeiXx u 2 Oenwix mapa. Paccmarpu-
BarOTCsA cobbITHA!
A — Hayraj usBJieuéHHBIe 2 IIapa OKAa3bIBAIOTCH OAHOI'O IIBETA;
B — mayraji uaBJiedéHHBIe 2 IIapa OKAa3bIBAIOTCHA PA3HBIX IIBETOB.

HUroper cuumraer, uro P(A)= P(B), a Ouer cuuTaer, 4TO
P(A) < P(B). Kro us Hux npas?

3apayun NoBbLILWEHHOW TPYAHOCTU



[1093.|B memxe cozepxurces 1 yépHBIl 1 3 Genblx mapa. Pacemorpu-
T€ COOBITHSA:
A — Hayraj u3BiedéHHBIe 2 IIapa OKAas3bIBAIOTCS OJHOI'O IBETAa;
B — HayraJi u3BJjeyéHHbIe 2 mIapa OKas3blBalOTCA Pa3HBIX IIBETOB.

CpaBeure P(A) u P(B).

(1094.| Haxonsics Ha paue y 6abymku, Hukonaii manucan 3 nucbma Mu-
me, Onery u Ilere. Ilucbma OH HOJIOIKMJI B KOHBEDTHI, HAJIIHACAJ
azpeca W OTIPABHUJI MO Mo4YTe. BeuepoMm OH BCIIOMHHJI, YTO He IPO-
BEPHJI, COBIIAJAET JI Kajk/oe MUCHMO ¢ COOTBETCTBYIOIIHNM aApPeCcOM.
PaccMoTrpuTe crepyioniue coOBITHA:

A — Bce mHCbMa HONAAYT K UX ajpecaTam;

B — HU OJHO IMCHMO He IMONAAET 10 HA3HAUYEHHIO;

C — TOJABKO OAHO M3 MHCEM NONAJET II0 Ha3HAYeHHIO;
D — ronbko 2 nucsMa NomagyT 10 Ha3HAYEHHIO.

Haiigure P(A), P(B), P(C) u P(D).
[1095. ssecTHO, uTo M3 100 3JIeKTpUYe- ® ®

ckux Jaamnouek 10 OpaxkoBaHHBIX.
HailizuTe BepoATHOCTHL TOro, YTO
dJIeKTpHUYecKasd Iellb, COCTOAINAA H3 3
ABYX COeQUHEHHBIX IIOCJIEeHOBATEIBHO X
namnodek (puc. 88), BRIOpaHHBIX Ha-

yrazg, oyger paGoraTs. Puc. 88

(1096.|B memxe COZIEepKHUTCH 5 YEpHBIX,
4 xpacHBIX U 3 Oenbix mapa. IlociaemoBaTeNbHO W3 MeIIKa Ha-
yraj BBIHUMAIOT 3 Imapa, OPUYEM KajKAbli WM3BJIEUEHHBINA mmap
BO3BpAINaloT B MEIIOK Iepe] TeM, KAK BRIHUMAIOT CJeAYIONIH,
Haiigure BepoATHOCTH TOro, YTO NEPBBIA IIAD OKAa’yKeTCs 4YEp-
HBIM, BTOPOM — KPACHBIM M TPeTHHl — OesbIM.

JIBa yesiOBEKa CTPEJAIOT 110 MUIIEHH. BEepOATHOCTh MOPA3UTh MH-
meHp NepBbIM cTpenkom paeHa 0,6, a Bropeim — 0,3, Kakxosa
BEePOATHOCTL TOIO, YTO €CJAHM KaKABIH CAeJaeT OO0 OAHOMY
BBICTDEJIY, TO B MUIIEHM OKaXKeTCd TOJBKO OxHA mpobouna?

3anaqu NOBLILWEHHOW TPYOHOCTU
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MCTOPUYECKUE CBEAEHUA
O dyHKumax

Emé s3afonro o Toro, Kax copMHpPOBAJIUCE 00I{e MOHATUA Iepe-
MEeHHOH BeJMYUHBLI ¥ (DYHKIUH, OHHM (PaKTHYECKH HCIIONB30BATIHCE B
MaTeMaTHKe. SHAYUTEJbHYIO POJIb B PA3BUTHH 3THX IOHATHH CBHIIPAJ
MeTOJZ KOODAMHAT, CO3JaHHBIM (paHIyscKuMu MmartemaTuramu P. Ile-
kaprom (1596—1650) u II. ®epma (1601—1665). Merox KoopaAMHAT
CTaJI IMIUPOKO HCIOJb30BATHCA AJIA rpaduuecKoro uccjaefoBaHuA (QYHK-
nuii ¥ rpadpudeckoro pemeHus ypaBHeHuit. C 3TOro BpeMeHH HauaJjcd
HOBBIM 5Tall, KOTOPLIN 03HAMEHOBAJICS MOIIHBIM Pa3BUTHEM HEe TOJIBKO
MAaTEeMATHKH, HO U BCEr0 €CTeCTBO3HAHMA.

TepMur «(QyHKOUSA» BBEJX HeMenkuil maremaTtur I'. Jle#Gmm
(1646—1716). ¥ mero yHKImus CBA3BIBaJachk ¢ rpad@HKOM.

C umenamu JI. Ditnepa (1707—1783) u U. Bepuysum (1667—1748)
CBA3AHO NOHMMAaHMe QVYHKIUM KAK AaHAJUTUYECKOIO0 BBIPDAKeHHd,
T. €. BBIpa)KeHHA, 06pa3oBaHHOIO W3 IEePEeMEeHHBIX M YHUCeJl ¢ IIOMOIIBLIO
TeX WJIHM HMHBIX aHAJIWTHYECKHX omnepamnuit. B aro Bpemsa Oblin uc-
cJIeJIOBaHEl BajKHBIe KJIacchl QYHKIHI, KOTOPble PACCMATPHUBAIOTCH B OJI-
HOM U3 BeAylIux obsacTell MaTeMaTHKHM — MaTeMaTUYeCKOM aHaJu3e.

Y JI. Sitnepa nosismiics U Gosiee OOIIMiA MOAXOA K MHOHATHUIO QYHK-
UM KaK 3aBHCHUMOCTHM OJJHOM IePeMEeHHOW BeJMYUHBI OT Apyroi. 9ra
TOUKA 3peHWsl IOJydYusa JajibHeiilllee pasBHUTHe B TPYAax PYCCKOTO
maremaruka H. M. Jlo6auesckoro (1792—1856), HeMenkoro MareMaTH-
ka II. Iupuxnae (1805—1859) m apyrux ydéHeix. B pesyabrare
GyHKOMIO CTAaJW paccMaTpUBaTh KAaK COOTBETCTBHE MEXKAY YHCJIOBBIMH
MHO’>XeCTBAMH: INepeMeHHas y ecTh (YHKIHUA HepeMeHHOW x (Ha oT-
peske a < x < b), ecniu KaskAOMY 3HAUYEHHUIO X COOTBETCTBYET OIpeZesIeH-
HOe 3HAYeHMe Y, NpUYEM 0e3pasimuyHO, KakKuM o0pasoM yCTAHOBJIEHO
aTO cooTBeTcTBUe — dopMmyJaoii, rpadurom, Tabiammeit ambo mpocrto
CJIOBAMH.

OnHa U3 OpUTIHMHANBHBIX QYHKOMU, HagBaHHaa GyHKnueil Mupuxie,
BBITJIAANAT TaK:

fx) = 1, ecsim x — pauMOHAJIBHOE THCJIO,
0, ecJid X — MpPPAIMOHAIbHOE YHCJIO.

WcTopuyeckue ceeneHun



OrmeruM, 9To rpaduk 2TOH (GYHKIHHU «paspbiBeH» B KaKAOU TOY-
ke. OH cocTouT M3 MPAMOM y = 1, y KOTOPOH HCKJIOYEHbl BCE TOYKH C
AppaLMOHAIBHBIME abcnuccamu, u npamoi y = 0, y KOTOpoil HCKIIO-
YeHBI BCe TOUKM C palHOHAJbHBIMH abcrmccammu.

ITanbHelee pasBUTHE MOHATUA (DPYHKIWH CBA3AHO C PACCMOTDPEHHU-
eM COOTBeTCTBHI MeMJy MHOMKeCTBAMH, 3JeMeHTaMM KOTOPBIX MOTI'YT
OBITH HE TOJBKO YHCJIA, HO U 00BEKTHI IIPOU3BOJHHOW NPHUPOJEI.

06 ypaBHEHMSIX BbICLUMX CTEeneHew

Henonnsle KBaJjpaTHBIe YPABHEHHWSA W YAaCTHbIE CJIydad IIOJHBIX
KBaJIpaTHBIX YDaBHEHWU yMeJIM peliaTh enjé BaBuJIOHAHe (2 TeIC. Jer
0 H. 3.). OTgenbHBIe BHALI KBaJpaTHBIX YPABHEHHI pelllanu ApeBHe-
rpedecKre MaTeMaTHKH, CBOAS MX pelleHHe K IeOMeTPHYeCKHUM II0-
CTPOEHUAM.

Ilpumeps! pelleHUA ypaBHeHUi 3-i1 cremeHW He ObLIM M3BECTHBI HHU
JpeBHerpeueckKom, HH apabckoil Hayke. B anrebpamdyecKux TpakKTaTax
apabekux marematukoB IX—XV BB., KpoMe pellleHHUsA ypaBHEHUH H
cucreM ypaBHeHW# 1-#i m 2-#i cremeHei, paccMaTpPHUBAaIOTCA pellleHHA
KyOMUYeCKNX ypaBHEHMU dYacTHBIX BHUAOB. OAHAKO cHOCOOBI peIIeHHSA
ATUX YPaBHEHUIN NPHUBOAUJIM K HAXOXKIESHHWIO NPUOIHIKEHHBIX 3HAUEHHUH
KOpHEeH.

O6mee ypaBHeHWe 3-if cremenm mmeer Buj ax® + bx® + cx +d = 0,
roe a# 0. JIaBHO OBIJIO H3BECTHO, YTO C IOMOIIBIO BBEJEHUSA
HOBOM IIepeMEHHOM 3TO ypPaBHEHHE MOYKHO CBeCTHM K YPaBHEHUIO BHJa
x>+ px+q=0.

Buepssie (GopMyny I OTHICKAHHA IIOJIOMKHTEJBHOIO KODHS ypas-
HeHHs Xx° + px=gq, tme p > 0 u g > 0, BLIBel UTATLAHCKHUII MaTeMa-
Tuk Cuounuon Hans Peppo (1465—1526), HO gmep:xay eé B TalHe.
TonbKO B KOHIE KHU3HHM OH cooOmmia cBoeMy ydeHUKY Puopu 00
orkpeiTun. OZHOBpPEMEHHO BOIpOCOM 00 0DIeM pelleHuH ypaBHEHHUH
3-# cremeHM 3aHUMAJCA APYro¥ mranbaHCKui matemaruk — H. Tap-
ranba (ok. 1499—1557), Koropblii HaAIEN cIocobBl pellleHHA ypaBHe-
Huit x° + px =¢q, x° + ¢ = px, x® = px + ¢ ¥ uyacTHBIX ciyduaeB ypas-
Henua x° + px®=gq (p u ¢ — nonoxurenHBle umuciaa). B 1535 r.
mexgy Puopu u Tapranbeil cocroasicd HAYYHBIH ITO€IHWHOK, Ha KOTO-
pom Tapranbsa ogep:kay Onecramyo nobeay (oH 3a 2 4 pelins Bce
30 mpeasioOXKeHHBIX €My 3aJad, B TO BpeMs kak P®uopu He pPemHy HHU
omuHo¥ 3amadu Tapranbm).

C 1539 r. pemieEnmeM KyOMUYeCKMX YpaBHEHMH Ha4YWHAET 3aHHMAThL-
ca uranbaHcku#t marematux I[. Kapapawo (1501—1576). Om ysHan
06 orkpeiTum Tapranbu, KOTOpPHIE He NyOJUKOBaJ CBOMX TpPyAoB. B
1545 r. Beimia kHura Kappawmo «Benukoe uckycersBo, uwiau O npasu-
nax anredpbi», Ie HApAAY ¢ APYI'HMH BoIpocaMu airebphsl paccMaTpu-
BaroTca o0mue crmocoOBl pemeHHA KyOMUYecKHX ypaBHeHHi. B ary
kHury KapzaHo BKIIOUHIJ TAKMKEe METOJ pPelleHHsd ypaBHeHHH 4-ii cre-
IIeHW, OTKPBITHIN ero ydyenuxkom JI. @eppapu (1522—1565).

WcTopuueckue ceeneHusi
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Bonpoc o ToM, KOMY NPUHAAIEIKUT IPUOPUTET OTKPHITHA (DOPMYIIBI
KopHeil Kybuueckux ypaBHeHu#st — Tapranve mim Kappawo, He pemén
JI0O CHX TIOD.

Cnenyer ormerurs, yro Hu Tapranes, au Kapaaso He nposenu moi-
HOTO HCCJeJ0OBAHUS pelleHUHd KyOuuecKUX ypaBHeHUH. B pemtenun
BTOM 3a/laud 3HAYHUTEJbHO IIDOABHHYJICA HX COOTEUECTBEHHHK u3 Bo-
noEpH P. Bombennu (ok. 1530—1572). IlonHOe H3JI0KeHHEe BOIPOCORB,
CBA3AHHBIX C pellleHWeM ypaBHeHU# 3-# m 4-i crenenei, gan P. Buer
(1540—1603), roTOpOMY B 3TOM CYILECTBEHHO IOMOIJIA YCOBEpIIeH-
CTBOBaHHAA MM ajrebpamyuecKas CHMBOJIHKA.

B ¢dopmyse KopHe# KBaApaTHOTO YpaBHEHHS HCIOJB3YeTCA 3HAK
KOpHA — paaukay. Yepea pagukansl (KopHEH 2, 3 U 4-i cTemeHeii) BbI-
pasKalTCd U KOPDHM ypaBHeHUU 3-H M 4-# cTenmeHei.

ITocne Toro kak OblnM HalgeHbl (GOPMYJIBI PEIIeHHH YpPaBHEHHH
3-it u 4-i creneHey, YCHUIMA MHOTHX MATEMATHKOB ObLIM HAIpPaBJIEHBI
Ha TO, YTOOBI OTBHICKATH (POpPMYyJIBl pellleHHH ypaBHEHWH J00BIX cTe-
neHeii. Ha pemenue aToil npobaemsl yuwio okono 300 mer, ¥ JUIIb B
20-x rr. XIX B. HopBexkckuii marematuk H. AbGens (1802—1829) no-
Kasay, 4To B 00IneM ciydyae KODHHM ypaBHeHHH 5-ii u Oojiee BBICOKHX
cremeHeil He MOryT ObITh BbIpAXXEHBI Yepe3 pagukabl. PpaHIY3CKUHA
matematuk 9. [anya (1811—1832) Brigenus kKJjacce ajarebpamyeckKux
ypaBHeHUH, KOTODbIe pa3pelInMbl B paguKaiax.

Hcnons3opanue anrebpandyecKux ypaBHEHHMH IO3BOJMJIO AaThk Gosee
TOHKYIO KJACCH(DHUKAIAIO AefACTBATENbHBIX dHuces. Yucia, ABIAIOIIUE-
¢S KOpHAMM ajrebpanyecKuxX YpPaBHEHMH C LEeJbIMH Koa(hduUIHeHTaMH,
cTalld Ha3bIBATh ajirebpamyecKuMH uyuciamMu. [eficTBUTEJbHBIE YHCJIA,
He ABJAIOIIAECH aJredpamdyecKMMM, HasBaJH TpaHCIeHAeHTHbIMU. OKa-
3aJI10Ch, YTO B MHOJKECTBE MPPAIMOHAJIbHBIX YHCEJ COAEPIKHUTCA 3HAYHU-
TeJIbHO GOJIbIIIEe TPAaHCUEHJAEeHTHBIX dYuces, yeM anredpaudeckux. OgHEM
B3 IpejcTaBUTeN el TPAaHCIEHIEeHTHBIX YHceJl ABJSETCS YHCIIO T.

O nporpeccusax

IlepBeie mpeacTaBieHus 00 apudMeTHYECKONl M reoMeTpUUYECKOM
Iporpeccusx OBLIH elé y APeBHHX HApoJ0B. B KIMHONMCHEIX BABUJIOH-
cKUX TabiWyKax ¥ erumeTcKUX IIamupycaxX BCTpedaloTcsa 3aJadé Ha
NpPOTrPecCHH W YKasaHWA, KAK WX pelaTh.

B npesneerumnerckoM nanupyce Axmeca (ox. 2000 r. mo H. 3.) npu-
BoauTcs Takas samaua: «Ilycrs TeGe ckasamo: paspenu 10 mep AumeHdA
mexkay 10 mroasMm Tak, 4ToOBI PA3HOCTH Mep SAYMEHs, II0JYYEHHOTO

1
KaxXaIbIM 4YeJIOBEKOM H ero cocegom, paBHAJACH B MepbI».

B sroit sajaye peub uAET 00 apH@METHYECKOH Iporpeccuu. ¥YcJio-
BUE 3a/]auM, IMOJb3YACH COBPEMEHHBIMH 0003HAaUYEHHMAMMU, MOXKHO 3alH-
1 s
carb Tak: S;, = 10, d =g HaWTA Ay, Ay, ., Gyp-
B ozHOM [apeBHErpeYecKOM mnanupyce nNpuBomuTcA 3ajada: «Mmeer-
caA 7 IOMOB, B KasKJOM II0 7 KOIIEK, KayKAas KOIIKAa chegaer 7 MbI-
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melf, KAKJa#d MBIOE CBEeJART 7 KOIOCREB, KEMKALIH H3 KOTOPHIX, €CJH
noceATh aepHO, naéT 7 Mep sepaa. Hy:XHO DOOCUYHTATE CYMMY 4HHCIA
JOMOB, KOIIeK, MbIeH, KOJAOCHRE M Mep 3epHA».

Pemenne 9TOH @afiaud NPUBOAHT K cymme: 7+ 72+ 78+ 71+ 75,
T. 8. CYMMe IISITH YJNEHOB TEOMETPHYECKDN TpOTDeccHH.

O mporpeccHaX E HX CYMMAX 3HATH ZPeBHErpedecKue yiéanle. Tak,
uM OBIIFM M3BECTHBI (QOPMYJBL CYMMBI ODEPBRIX 7 YHCE IDOCIeA0BATEINE-
HOCTH HATYPAALHBIX, YETHBIX H HedéTHHIX YHCeT,

Apxamen (IIT B. a0 EH. 3.) Ana HaxOXAeHHA nuomaneit n ofnéMon
buIYD DpEMEBAN <aTOMHCTHUeCKHH MeTOAs, LI Uero eMy morpeboma-
JIOCE HAXOAWATH CYMMEl 9JI€HOB HeKOTODHIX TOocAeAoBaTeNbHocTel. Onm
BHIBEJ {POPMVIY CYMMEI KREIDATOR H&TVPANbLHBIX 9HCeNd

12+ 22+ 32+ .+ n¥ = gnin + 1)(2r + 1),

BOKAZAN, KAK HAKTH cyMMy Oecxomegno yOeIiBamomel reoMeTpHYecKoR
OPOTPecCHH

1
4

Orgennuaele GaKTH 06 apudMeTHYECKOH H reoMerTpudecxKoil mnpo-
rPECCHAX ZHANH KHTAHCKHe H AHAMICKEe ydénre. O6 3TOM TOBODHT.
EAODHEMED, HOBECTEAR MHAMHcxasa nerenzs of msolperaTene mMaxMAT
{cM. ¢. 168).

TepMun «uporpeccuas (0T JATHHCKOIO Progressio, UTO OIEAMART
«ABIDKEHHEe RMepéf») OB BReJdH PUMCKHM aBTopoM Bosmuem (VI e.)
¥ OOHHMAJACA B Oojlee IIMPOKOM CMEICJAEe KAK GeCKOHeUHAS YHCIOBAS
MOCAeAABATENBHOCTE. HasBarnAa <«apUMETHYRCKAAS H «TEDMEeTpHYeCc-
Kads OBITH NMepeEeceHHl Ha MPOTPECCHH M3 TEOPHA HENpPePHEBHEIX OpO-
OopIiuii, H3ydYeHIeM KOTODHIX 3AHHMAJUCE APEeRHHe TpexH. PapeHCcTEO
BEAA @, _, — 4, =qa, — &, . ; OHH HA3KBANXH HEODPEDPHEBHON apudmMerH-

-1
YecKOH Opomoprueii, & paBeHCTBO e % — HEeNpepHBHOE reo-

1+ +4i2+....

MeTpHuecKkoli mpomopumeit., s atux paBeHCTD CaefyeT, UTO

-3 tagpg _ :
Gy =———— H# B _\ka 1781

T. €. 3THMH COOTHOMIEHHSMI ELHIPAMKAIOTCHA XAPAKTEPHCTHISCKHE CBOMH-
CTBE APHPMEeTATECKON M reoMeTpHYecKOd Oporpeccuii.

DopMyiia cYMMh! YNeHOE apHdMerndeckod nporpeccrn Oma4 AOKa-
3aHa JpesHerpedeckuM yuénpiMm JuodadaTom (III r.). PopMynaa cymMmul
Y4JIeHQB IeOMeTpHYecKol MporpecCcHd AsHA B kHEre Erxmupga <Hazanas
(IIT . ;o H. 2.). IpaEHNI0 OTRICKAHWA CYMMHE UJEHEOE IPOHIBOJEHOH
apAMMeTHIeCKOH Iporpeccdn BerpedaercA B «KBmre aGaxas JI. Prbo-
Hagam (1202). Obimee npabuao Aaa CyMMHpPOBaHHSA IMi000# GecroHeq-
HOI yORIBAKWOMOIEH reomerpHueckoi nporpeccuu gaet H. Illzoxke 8 kanre
«Hayka o uucmax» (1484).

MCTODL"I YECKWE CBCOEHHWA
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O cTeneHsx

IlonsaTHe cTemeHM ¢ HATypaJbHBIM IOKasaTeleM c(hOPMUPOBAIOCH
elé y ApeBHMX HapoZoB. KBajgpar um Ky0 4mMcCiIa HCIOJL30BAJUCH JJIS
BBIYMCJIEHUHA IIomazeil u o6beéMoB. CTeneHM HEKOTOPBIX YHCeJI HC-
MOJIb30BaJIMCh IIPH pPeIIeHHH OTAEeNbHBIX 3ajady ydéHbiMu [[peBHEro
Erunta u Basumnona.

B III B. BRIIIa KHUTa rpedeckoro ydénoro [uodanta «Apudbme-
THKa», B KOTOPOH OBLJIO IOJIOXKEHO HAyvaJl0 BBENEHHIO OYKBEHHOM CHM-
BOMUKHU. J[[ModaHT BBOAUT CHMBOJLI AJid NEePBLIX INECTH CTelmeHel
HEeM3BeCTHOro M o0paTHBIX UM BeJWYHH. B 2TO# KHHre KBaapar 06o0-
3Hauaerca 3HakoM A ¢ mHAexkcoM r (A"); kKy6 — 3HaxoM k ¢ MHIEKCOM
r (k"); xBagpar, yMHOXXeHHBIH Ha cebs, — KBaJpaTo-KBajpar — o0060-
sHavaercsa A"A; KBagpaT, YMHOMKEHHBIN Ha Ky06, — KBagpaTro-Ky6 — Ak";
Ky0, YMHOMKEHHBIN caM Ha cebs, — Kybo-ky6 — k'k.

B xonnme XVI B. ®pancya Buer BBEn OYKBbI A 0003HAYEHUS B
ypaBHEHUAX He TOJILKO HEM3BEeCTHBIX, HO U Koaddunuenros. OH mpu-
meHAN cokpamieHua: N (Numerus — 4yucia0o) — AJIA IIepBOM cTeneHH,
®@ (Quadratus — xBagpar) — gas Bropoit, C (Cubus — ky6) — gusa
Tperbei, Q@ — Ansg YeTBEPTOM U T. X.

Coepemennas samucek crenmereii (a®, a*, a® u 1. 1.) Geira BBezena
JlekapToM, IIPHYEM BTODPYIO CTEIEHb @, T. €. @°, OH 3aIlIMChIBAJT KaK IIpO-
u3Be/ieHNe ad.

K upee o000ImeHNMA NOHATHA CTENEeHH HA CTEIEeHb C HEHATYpaJb-
HBIM IIOKas3aTeJeM MaTeMaTHKH INPpHIOIIHA NOCTEeIIeHHO. OTpHnaTe.ﬂBHHe
u Apo0HBIe OKA3aTeNH CTEeIeHeHd MOSBHUIHNCH B OTAENBHBIX TPyZax eB-
poneiickux marematrukoB XIV—XV Bs. (H. Opem, H. Illiroxe). Cospe-
MEeHHBIE OIpejesieHns X 0003HAYEHHSA CTEeIeHH C HYJEeBBIM, OTpHIA-
TeJIbHLBIM ¥ JApPOOHBIM MmOKasaTelsaMu OepyT Hadaso oT pabor

agrauiickux marematukoB [l. Bamauca (1616—1703) u . HeroTona
(1643—1727).

5

O Teopumn BeposTHOCTEN

3apoKkeHe TeOPHM BepOosSiTHOCTeN oTHocHUTcsaA K cepenuHe XVII B.
M CBsA3aHO ¢ w#MeHamMu (paHnysckux yuéHslx B. Ilackansa
(1623—1662) u II. depma (1601—1665) 1 roaraHICKOro YUYEHOIO
X. Tiwiirenca (1629—1695). Mmu ObLIM paccMOTpPeHLI MHOTHE 3aJa4H,
BO3HUMKAIOIIUE B TAK HABBIBAEMBIX A43apPTHEIX UIpax, B YACTHOCTH B HI-
pax, CBSABAHHBIX C BBINAJEHWEM DPa3IUUYHBIX KOMOMHANMI OYKOB HpH
6pocaHUM UT'PAJIBHOTO KYOHKa.

IloHsaTHEe BEPOSATHOCTH CJIY4YAHHOro coObITHA OBLIO BBeZleHO IIBeiinap-
ckuM yueéHepIM §1. Beprymam (1654—1705). C ero umccienoBaHUM Teo-
puA BeposaTHOCTedl Gepér HAauajlo KAK CAMOCTOATENILHAA MAaTeMaThdec-
kag gucnunaumsa. OH [A0KAa3aJ MepBOHAUYANBHBEIN BADHAHT 3aKOHA
GOJIBIIUX 4YMCeJ)I, YCTAHABJIHWBAIOIIETO CBA3b MeXJAy BepPOSATHOCTBIO CO-
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ORITHS H YACTOTOH €r0 DOARNEHHA, HAOHCAN IDepPBEIH ydJedHUK IO TEO-
DPHH BepoATHOCTel.

B Te me rofnl B CBASH ¢ 2ANaYaME TEOPMH BepoATHOCTeH Onijia pas-
BHTA KOMOMHATOpDHKA, NOABRIHCL NOHATHA DPAsMeUIcHHS, IepecTaHOB-
KUY, COUETAHHSA.

B XVIII B. Eauajgock HYpHOE PasSBETHE TEODMH BepOATHOCTEH, KO-
TOpoe OPOACIZKAETCH JI0 HACTOAMILrC BpPEeMeHH.

MeperiMa apopommxaTensMil paSor . BepEyram 6wy B AHramu
A. Myasp (1667T—1754), o ©pannum I1. Jlannac (1749—1827), & Tep-
magHu K. Tayee (1777—1855). UMy Osiic faHO CHCTEMATHYECKOS H3-
I0XeHHe TeopDHH BepPOATHOCTEH ¢ OPHACKeHHMeM €€ pPe3VILTATOB K
aHANMHAY omAOOK HAbmIogen:s, X MaTeMaTHYecKoi obpaforke axcuepn-
MEHTANBHARIX NAHHRIX,

B cepeamre XIX B. B PoccHu co3faérea SHAMEHUTAR TeTepbyprexkas
MATEMATHYECKAR INKOJa BO IJaHe ¢ BBIAIOMMMCH PYCCKHM YUYEHBEIM
II. JI. Yebrimeésnm (1821—1894). B ero HecxeoBaHUAX M0 TEOPHH Be-
poATEOCTeil 3akon CONBIMHX YHCEN YCTRHOBIEH B Bechma obmeil top-
Me., JTOT 3aX0DH B COBPEMEEHOH TPaKTOBKe BEIET CBOE HAYANO OT pabor
II. JI. YeOnimésa.

Teopusa BepoATHOCTEH ZAHEMATA BAKHOE MECTO B IeTepByprcmoit
mroxe. B. {. Byasrxopcknii (1804 —1889) nagar neperrit yuebHuk Te-
ODHH BepoATEOCTEH Ha PpyccKoM fsbike (1846), comepsxapmmail Taxe
NPRJIOMKEENS K CTATHCTHE: H gemorpadmnn. Paborm Yebriméra 1o Te-
OPHH BEPOATHOCTEH HNPOAOIKHIH ero yueEHkm A, A, Mapror (1856—
1922), maygaBmnii, B 9ACTHOCTH, INOCAECIOBATENBHOCTH CAVYAMHBLIX HC-
OEITAHIA (TAKHE DOCIeHOBATENBHOCTH HASKBAKT TEIEPh MADKOBCKHMK
oensMu), 1 A, M, Jlanyeos (1857—1918), paspaboTaBmmuii mmupoko
OpHMEHAEMEII! B TeOPAH EBepOfATHOCTEH METOJ XADAKTEPHCTHIECKIX
thyaR oM.

Bennxy 3acayrm B DASBHTHH TECPHH BEDOSTHOCTEH COBETCKHX yub-
ubix. C. H. Bepamreiie (1880—1968) paspafotan nepaymw akcHOMATH-
wy Teopuz eepoaTHocTel. A. . Xumypy (1894—1959) usyuan cranu-
CHAPHLIE CIYYaliHBIe mpolecchl, pPaspaboTal MATEMATHYECKHE MEeTOILI
Teopuu MaccaBoro obeny:xusaumg. A. H. Koamoropos (1903—1987)
OPEANOXNAN OCLICNPHHATYI0 B HACTDAILEE BPEMA CHCTEMY aKCHOMATH-
YecKoro 0DOCHOBRAaHHS TeOPHH BePOATHOCTEH, PASBHI TEOPMIO CTATHO-
HAPHBIX ¥ MAPKOBCKHX cly4aiiumnx npomeccoB. A. H. Koamoropos Bréc
BAKHEIA BKIAJA B TEOPHIO MH(PODMALHEI, TEOPHAI CTPENLOLI, CTATHCTH-
YecKrde MeTOAbl KOHTDOJSE MACCOBOH IPOIVKIIMH.

CoppeMeEHAS TEOPUA BEPOATHOCTEH HAXCAHT MEPUKOE MPHMeHEHHE
E CAMBIX DASNFYHBIX OBMACTAX sHaHWl! B pHU3HKe, ACTPOHOMHH, OHO-
JIOFHE, DKOHOMIKE, JHMHTBHCTHKE, HEQOPMATHEKE M ADYIrHX HAYIHRIX
AUCTIAIIAEAX. MeTogn TeopHu BepoATHOCTEH NIMPOKO HCHOJB3VIOTCH
HA ODPAKTHKE B CTATHCTHKe, AeMorpadvH ¥ T. 1,

UcToprieckue CBEOEHUR
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CBEAEHUSA U3 KYPCA
AJITEBPblI 7-8 KJIACCOB

BboipaXeHuss U Ux npeodpa3oBaHus

1. BelpaxXeHus, cOCTABJIEeHHBIE U3 YHUCeJ U INePeMeHHBIX ¢ IOMOIIBIO
AeHiCTBUM CIIOMKEHWs, BEIYMTAHWSA M YMHOYKEHHS, HA3LIBAIOT IEJBIMHA
BEIpa)keHusiMu. [IpH dTOM HpOHM3BeJeHHME OJWHAKOBBIX MHOXKHUTEIed
MOKeT OBITH 3aIKMcaHO B BHIe cTeneHH. K IeabIM BBIPDaKEHUAM OTHO-
CAT ¥ BHIDAYKEHHHA, B KOTOPBIX, KPOMe NeHCTBUU CJIOKEHUHA, BBIYMTA-
HUsS ¥ YMHOXKEHHS, MCHOJb3yeTcd AeJeHHe Ha UYHUCJIO0, OTAMYHOE OT

myns. Hanpumep, sripaskenus a’ + 3ab — 2b% (x — y)(2x + y°), m — 2

3’

a? : 7 mensre.
BreipaskeHus, COCTaBJIeHHbIE M3 YHCEJ M INEePEeMEeHHBIX, B KOTODHIX,
KpoMme IeHCTBUIl CJIOMKEeHHH, BBRIYMTAHUA W YMHOXKEHHUSA, UCIOJIb3yer-

cd JeJieHHMEe Ha BhIpaKeHHe ¢ INepeMeHHBIMH, Ha3blBalOT ,I[pOﬁHHMH

1 a+2
BEIpaskeHHAMH. Hanpumep, BeIpaskeHus X + ——y, —5 —» oM 1 Apo6-

HEBIE.

Ilensie u ApoGHBIE BBIPAKeHHUS HA3LIBAIOT DPAIMOHAJBHBIMUA BBIDA-
SKeHUAMHA.

Ilesoe BhIpaskeHHE MMeEeT CMbICJ IPH JNIOOBIX 3HAYEHHAX BXOAAMIMX
B Hero nepemMeHHbiX. JI[poOHOe BheIpakeHuWe INPH HEKOTODBIX 3HAYEHUAX
mepeMeHHBIX MOMXeT He HMeThb CMbICa. Hanpumep, BbIpakeHHe

1
a + ——3 He MMeeT CMBICIa NPH a = 2, BBIpa)KeHUe

cMEBICJA OPH X = Y.

3HaueHWs NepeMeHHBIX, IIPX KOTODPBIX BhIDaKeHHWE HMeeT CMBICT,
HASBIBAIOT JONYCTUMBLIMU 3HAYEHUAMH II€peMeHHbBIX.

2. Tok/jlecTBOM HA3LIBAETCS PaBEHCTBO, BepHOe IIPH BCEeX AONYCTH-
MBbIX 3HAYEHMAX BXOJANIUX B HEr0 IepeMeHHBIX.

IlBa BBIpa’keHUsi, NPUHMMAION[Me paBHble 3HAYEHHA NIPHU BCeX
[IONYCTHMBIX IJIf HUX 3HAYEHUAX ITepeMeHHbIX, HAa3hIBAIOT TOMK/IECTBEH-
HO pPABHBIMM, & 3aMeHY OJHOI'O BLID&JKEHHsS JPYIUM, TOKIECTBEHHO
pPaBHBIM €My, — TOXJEeCTBeHHbIM Ipeobpas3oBaHHeM BbIDaKeHUsd.

¥y He HmMeeT

CeepneHusi 3 kypca anredbpbel 7—8 knaccos



3. OprouneHaMH HASBHIBARNT NPOH3BEIEHUA IHCEN, IepPeMeHERIX H

HX cTeleHell, & TaKIKe CAMH HHCIA, NepeMedHRe H UX CTeIleHH. Ha-

OpEMep, 8:136, —I,Sxyzzs, 12, ¢, m!'® — ognounenn.

CrenesHsid OAHCYNEeHA HARKRAETCH CYMMA IOKazarelnell cremeHed
BCeX BXOJAMMX B Hero mepeMeHERIX. HanpmMmep, ¢TelleEL 0AHOYICHA

9a’b papH& 8.

4. MHOI‘O‘-IJIBHOM HA3BIB&ETCH ByMM& OINHOYJIeHOB. HRHPHMGD,
vt - 8% + 2y - 3, da'h + 11a%? - ab + 3b — 1 — MuoTOUMEHEL. Oxn-
HOWJIEHEI CYHTAHIT MHOIOWIEHAMH, COCTOAUIMMH H3 OJZHOTC “WICHA.

CremeHrio MEOrowIeHA CTAHAAPTHOIO BAJA HA3KIBAKT HaxGoIBOTYRD M3
creneHell BXOAANMX B HETO oAHOWIeHOB. Hanmpumep, cTeneH:L MHOrOWIe-
na 18a° — 7a*t® + 1 parna crenemm ommownesa —7a*h?, T. e. pasmEa 7.

CreneHpl0 DPOM3BOJLHOTO MHOMOYICHA HE3LIBAIOT CTENeHL TOIKIe-
CTBEHHO DABHOTO €My MHOTCWJIe€HAa CTAHAAPTHOrO BHAA.

5. IlpH c/IOMKEHHN MHOTOUJIEHOB HOJLIYIOTCS OPABIIOM DACKDPHITHA
CKOODK: €CNIH Depes CKOGKAMM CTOHNT 3HAK <«ILIKC», TO CKODKH MOMKEO
OOYCTHTh, COXPAHHE 3HAK RKAKAOTO CHAMGEMOr0, 34KJOCIEHHCOTO B CHOG-
kn. Hanpumep, (5x° — Sxy) + (dxy — 22° + 1) =5x2 - Sxy+dxy~2x° +1=
= 3x® + xy + 1.

Ilpn BEIYHTARMM MHOTOUNEHOB NOABIVIOTCS OPABHIOM PACKPbITHH
CKOOOK: ecn nepes cKoOKAMH CTOMT SHAK «MHHYC?, TO CKODKHE MOYKHO
ONYCTHThH, HIMEHHR IHAK KAFKJOT0 CHAATEEMOID, BaKIIOYEHHOTO B CKOO-

k. Hanpivep, (8a® — 8ab) - (7a® — 4ab + 5)=8a%— 3ab — Ta + 4ab— 5 =
=a?+ ab - 5.

Yrobbl yMHOXUTE OZHCUAEH HA MHOTOYJISH, HYXHO YMHOMKHTE 3TOT
OFHOTNEeH Ha KAMALO] WIEH MHOTOYIEHA W MOJYICHHBIE IPOHIBeNeHNA
croxate, Hampamep, 2x%(3x® — xy + 5y = 62° - 2x%y + 10x%°.

UToOh! YMHOMHTD MHOIOWIEHE HA MHOTOUNEH, HYXHO KAXKJABIH WIEH
OZBOT0 MHOIOYJISHS YMHEOKHATHL HA HAXKALRIA Wied APYTOro MEOTOWICHS U
HONyYeHHHE MPONIREJEHAT CI0KNTL. Hampumep, (2a — 8)(8a°+a-—4) =
= 6a’® + 2a® — Ba — 9a® - 3a + 12 = 6a® - Ta? - 11a + 12

JIrGoe Henoe BhIpAXKEeHUE MOMKHO HPEACTABHTE B BHAEe MHOIOUIEHA.

6. ©OpMYaBl COKPATMEHHOTC VMHOMKEHM.

a) (a + b)® = a? + 2ab + .

Kpagpar cyMMEI ZBYX BHIDAKeHMH DaBeH KBAAPATY IEPBOTC BhIDa-
MeHHA NAKC YABOEHHOR NPOU3BEICHME IIEPBOT0 B BTOPOTG BBIPASKEHUI
ILIIC KBAJAPAT BTODOTO BHIDAXN(CHIA.

6) (¢ — b)? = a® — 2ab + b,
Ksagpar pasmocTH ABYX BhIpaMeHHI DABEH KBAJPATY MEPBOTO BhI-

PaXeHNd MAKEYC YABOSHHOE NPOU3BeJeHNEe ODePBOINC H BTODPOTO BHIpAsKe-
HH# OM10C KBAADAT BTOPOI'O BRIDAMKEHWA,

B) (2 + b)® = a® + 3a% + 3ab® + b°.

Ky6 cyMMu zByx BeipaeRHH DpaBeH KyOy TepPBOTO BEIDAMEHHS
IJII0C YTPOEHHOe NPOH3BEJEHHE KBAADATA NEPBOTO BEIPAYKEHHA X

Csepenns u3 kypca anrebpul 7—8 knaccos
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BTOPOTO LDAKC ¥TPOCHHOE HNPOH3BEREeHUEe [HepDPBON0 BHDAMEHHA H RBAI-
PaTa BTOPOro IMIKC Ky0 BTOPOrO BRIPAYKEHHA,
r) (a- b°=a® - 3a% + 3ab® -

Ky6 pasmoeTH ABYX BLRIpAXXcHHRH paBeH Ky0y INepBOro BLIPAXKEHH
MHHYC YTPOEHHOE OPOHIBEJIEHNEe KBAJPATA IEDBOTO BRIPAMNEHRSA H RTO-
poTrd OAMC YTPOEHHOe IPOHABEIeHNEe IepPpBOT'C BHPAMKCHIA H KBAaAPATH
BTOPOTD MHBHYC KYD BTOpOTO BBIDAMKEHUSH.

n (& — b)a + b) = a® ~ b2,

IIpouaseaeane PasHOCTH IBYX BEIPDAOHKEHER W HX CYMMbE PABHO pag-
HOCTH HEBA&ODATOR 3THX BHp&.}KEHHﬁ.

e} a® + b® = (a + b)(a® — ab + bY).

CyMMa KyDOB ABYX BRIpaxKeHUI paBHaA MPOM3BEeJeHWMIO CYMMBI ITHX
BhIpﬁJReHHfI B HEONOJHOI'c KBAApATA HX PA3HOCTH,

x) a® - % = (a — B)(@® + ab + b))

Pazroere Ky00OB [BYX BLIDAIKeEHI DABHA HPOHM3BEJAEHUI0 DaIHOCTH
STHX BEIDANKEHHE U HEIOJHODO KBAaApaTa HX CyMMBE,

7. PasnoskeHyeM MHOTOYIEHA Ha MHOMHTENH HASHIBAIT IIPEACTAB-
JeHHe MHOIOWJICH& B PHIe IPOB3BeAEHMA MHOIOYICHOB.

Nna pasnosxeHHd MHOMOWICHOB HA MHOKHTENE OPHMEHHIT BhIHECE"
e MHOJKETENA 38 CKODKH, MPYIMIHPOBKY, ACIONBR3VIOT (QODPMYALL COKDA-

HMEHHOT0 YMHO:xeRus. Hanpumepn, MHOTOWIEH 8a° — 6ad MoRHO pasio-

MUTH HA MHOKHTeNNn, BhiHoca 2a 8a ckobmu: 8a® — 6ab = 2a(4a” - 3b);
muoroanern 2ab + 100 — 3a — 15 MomHO pasaOHTE HA MEOXKHKTEIH,
HCIIOAB3YH rPYONAPOBKY:

9gb + 10b — 3a — 15 = (Zab + 10b) — (32 + 15) =
= 2b(a +5)— 3(a + 5) = (a + 5)(2b - 3);

muorowner 9a? — 256° MOMKHEO pasIOKATh HA MEOMCUTENH, HCOOILIYHA
dopMySry pAa3HOCTH KBAAPATOB!

9a® — 25b% = (3a)® - (5672 = (32 — 5b%)(8a + HbY).

i3
8. PanuoeanbHoit ApoOblo HA3RIBAETCA BHIpaKeHHE BHAA 7, TAC @ X

b — MHOrOWIeHHI.
Ilpr mMo6LIX 3HAYEHHSAX @, b u ¢, rae b# 0 u ¢ # 0, BepHO paBeH-

a ac

eTBO 3 = 3o . DTo paBeHCTEO COXPAHAET CHAY H B TOM Ciay4ae, KOTAa 10X

GyrBaMH a, b B ¢ DOHMMAIT MHOTOTWIEHB], IPHYEM b 1 ¢ — Hemmenme

MHOTOUNeHEBl. CEOHCTRO OpobH, BEIDAMIEHHOE TOMRASCTBOM b b —+ TIABLI-

BAXOT OCHOBHEIM CBOMCTBOM Apobu. OcHOBHOE CBOHCTBO APOOH HMCIOIBL-

ayeTcsa LpH COKpalueHWH pgpoGeii. HanprMep:
2+ 2ay _ x(x+ 2y) —
4 +2xy  2p(* T ZY)

X
2

CeefeHrnA 13 Kypcé anre6bps 7—8 xnaccoe



Ecny HaMeHHTEL BHEK 9HCTIHTeNAd (A/d 3HAK 3HAMEHATENdA) Apoba u
agar nepexn aApofisxy, TO NONYYAM BRIPAMKEHHE, TOMKACCTBEEHO DABHOE
JaHHOMY. .
a

il e
b

b
9. HeiicTvA Haj PONHOHANLHEIME JPOOAME BLHIGOJMHSIOTCA AHAMLO"
riyH0 JeficTBHAM HAaZ ODBIKHOBEHHKMHI ApolaMn.
&) Beaa ¢# (0, 10
a b _a+b a b a—b

_4a_a e _
=5 5=

P e ¢ BT ¢ ¢
Trohel CHOXKHATE APpobH ¢ OABRHAKOBLIMM 3HAMEHEATEISMU, HYKHO
CHAQYEHTE HX YHCIAUTEIH, &4 3HAMEHATRIAL OCTABHATh TeM Me. Ha]IpHMEp:
dx -8y " 2x— Ty _ dx-8y+3x-Ty _ 5x-156y _ 5(x—3y _ x—3y
5xy Sxy Bxy Dxy Bxy xy °

Jrobel BEINOAHHUTE BEIYETAHHe Apobedt ¢ OfMHAKOALIMH IHAMEHATE-
JAAMH, HYKHO U3 YHCIHUTENS OePaoi Apo0H BRIYECTh YHCJIHATENb BTOPOH
IpobH, & 3HAMEHATENh OCTABWUTHL TEM :Ke. Hanpumen:

< 4 P-4 (x-2)(x+2)  x+2
3x-8 3x-6 3Jx-6 AHx—2) -3 ¢
6) Yrolel BRIMOJHWUTE CAOMKEHWe HAH BiuuTaHEme gpobeil ¢ pasHni-
MH 3HAMCHATENAMM, HY)KHO IPHBECTH MX K ODIMEMy ZHAMEHATENHK H
34TeM NPHMEHHTL OPABUIC CIOMEeHNA HIHM BLIUNTAHWA Ipobelt ¢ ogu-
HAKOELIME 3HaMeHAaTeaaMa. Hanpumep:
a° + ¥ _ 8 _  a° + o2
ab— b2  ab—a® & bla—h)  ald-a)
_B-P-aP+8®  ad®-b*) (a-BXa+b) a+b
abl(a — b) abla -y Bl{a — b) - Bt

b
2 -

# = 2.,¢c_a
B) Bem b= 0 d O’Tnbd bl

Y1o6r yMHOXKHTE Zpols Ha gpofb, HYMHO IepeMHOMCHTE HX YHC-
JAHTEAH B NepeMHOXKHTE HX 3HAMEHATEJH H IepRoe HPOHAZBReeHHE 34-

HHCATE YHCAHTSNEM, & BTOpoe — sHaMemaTeneMm apobe. Haopmmep:

-4 o (F-d)e  (c-2)fc+2) _ c+2
o2 3(:—6_,,2(3&._5)_ Ac(e -2y 8c *

Yy Ecia 620, ¢cZ0un d=0, T0

Yrobe1 pasgelwTs OZHY Apobh Ha APYTYIO, HYKHO DeDBYIO ApPoGE YM-
HOMHTS Ha Apobk, obparnyio sropoii. Haopumep:
-8 x-2_ 2-8 § _ 6x-2"+2x+4) FP+2z+4
12« * 6 = 12x x—-2 12x(x - 2) o 2x )

Ceepenna n3 kypca anrebpul 7—8 knaccos
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JIr060e panmuoHaJbHOE BhIPAXKEHHE MOKHO IpPEeACTaBHTHL B BHIAE pa-
IUOHAJBHON ApoOH.
10. CreneHb C HEJBIM HOKasaTeseM.
Eciu n — HaTypalbHOe 4uucJiO, Oosbliee 1, u a — no0b0e 4ucyio, TO
a"=a-a-.."a.
—e—
n pas
Ecim n =1 u a — nwoboe umuciao, TO

a' =a.

Ecnm n =0 m @ — uucno, OTJIAYHOE OT HYJIA, TO
a®=1.

Eciun n — oejioe OTpHOaTeJIbHOE YHCJI0 M d — OTJIHYHOEe OT HYJA
YHCJIO, TO

11. CBoiicTBa CTemeHH C II€JIBIM IIOKas3aTelleM.

a)a™a"=a™"", rme a# 0, m ¥ n — meyble YUCIA.

IIpu YMHOKE€HWU CTeleHedl ¢ OAWHAKOBBIMU OCHOBAHUSAMM OCHOBAa-
HUe OCTABJAIOT NPEXKHMM, a NOKAas3aTeJH CTelleHeill CKJaAbIBaIoT.

6) a”:a"=a™" ", rae a# 0, m u n — UeJble YUCIA.

Ilpu feneHWH cTelneHeill ¢ ONWHAKOBHIMHA OCHOBAHMAMM OCHOBaHHE
OCTABJAIOT IPEXHHUM, a4 M3 IIOKA3aTessi CTEeNeHHU IeJIMMOro BEIYHUTAIOT
IIOKAa3aTeJIb CTelleHH OeJINTeJidA.

B) (@™)" =a™, rne a# 0, m u n — menable YUcJa.

IIpy BO3BeJleHUM CTElleHW B CTEleHb OCHOBAHHUE OCTABJIAIOT IIPEHK-
HUM, a IIOKasaTeJ U cTeneHel IMepeMHOMKAIOT.

r) (ab)” = a"b", rne a# 0 u b# 0, n — menoe YuciIoO.

IIpu BO3BelleHMM B CTeNe€Hb IPOM3BEJEHHA BO3BOLAT B 9Ty CTENEeHb
KaXIbIl MHOMKUTENb M PEe3yJbTAThI IIePEMHOKAIOT.

n?

n
n
) [%) =:_ rie a0 u b# 0, n — 1eJ0e YUCIO.

Ilpm BO3BeAEHHWM B CTeNeHbL APOOH BO3BOAAT B 3TY CTeleHb UHMCJIH-
TeJib ¥ 3HAMEHAaTeJb W MepBBIH pPe3yjbTAT 3alMCHIBAIOT B YHCIHTENE, a
BTOPO#l — B 3HaMeHaTese Apobu.

12. KBagpaTHBIM KOpHEM M3 4YHCJIa @ Ha3bIBaeTCsa 4YHCI0, KBaJparT
KOTOPOTO paBeH a.

ApudpmernyecKHM KBAJAPATHBIM KOPHEM M3 4YHCja d Ha3biBaeTcHd
HeoTpHUIlaTeJbHOEe YHCJIO0, KBaApaT KOTOPOro paseH a. Apudpmerudec-

KHWP KBAAPATHBIA KOpeHb M3 @ 0603HAUAIOT Ja. BripayxeHue, cTOA-
Ijee mMOJ 3HAKOM KODHS, HA3BIBAIOT NOAKOPEHHBIM BhIpakeHHeM. BrI-

paskeHHe \a mMeeT cMbIch JiA Bcex a Z» 0 m He mMeeT CMBICIAa IPH
a < 0.

CeepeHus U3 Kypca anrebpsl 7—8 knaccos



CBoiicTBa apu(dMeTUYECKOro KBaJApaTHOIO KODHH.
a) Becrm a2 0 u b2 0, T0

I wiln-E.

Kopesp U3 NpousBeJeHHs HEOTPHUIATEIbHBIX MHOXHTeJIeil paBeH
NPOU3BEJIEHUI0 KOPHEH M3 3TUX MHOMKUTEJIeH.
6) Ecoim a2 0 u b >0, To

a _Na
b b
Kopens u3 apobu, YHCIUTENsL KOTOPOIl HEOTpUIlaTeJleH, a 3HaMeHa-
TeJb IMOJIOKHUTENEH, pABeH KOPHIO U3 YHCJIUTe/Nsd, NeJIEHHOMY Ha KOPeHb
W3 3HaAMeHaTesd.
B) Ilpu sm000M 3HAaYEHHH @ BEPHO PaBEHCTBO

Ja? =|d.

YpaBHeHus

13. Kopsem ypaBHEHHSI C OAHOW NepeMeHHOH Ha3bIBAeTCA 3HaYeHUe
nepeMeHHOM, NPH KOTOPOM ypaBHeHMe obpamiaeTca B BepHOE DaBeH-
cTBo. Hanpumep, unciio 2 — KopeHb ypaBHeHHS x° — x = 4x° — 10, Tak
Kak BepHO paBeHcTBO 2° — 2 =4 - 2% - 10,

PemuTs, ypaBHEHHE ¢ OJHON NepeMeHHOW — 3HAYUUT HAWTH BCE €ro
KODHH HJIM JJOKas3aTh, YTO KODHe#H HeT.

14. YpaBHeHHs, B KOTOPBIX JieBas M IpaBad 4YacTH SABJIAIOTCHA pa-
IMOHAJBHBIMM BBIPDAXKEHUAMHU, HA3BIBAIOTCS PAlUOHAJLHBIMH. Eceam u
JleBas W IIpaBas YACTH DAIlMOHAJILHOTO YPABHEHHUHA SABJIAIOTCA IEJbIMU
BEIDAYKEHUAMH, TO ypPaBHEHHE HA3BIBAIOT LeJbIiM. PamuoHanbHOE ypas-
HEHWe, B KOTOPOM JIeBas WM TpaBas YacTh ABJIsAEeTCA APOOHBIM BBIpa-
JKeHHEeM, HasbIBaloT JPOOHEIM.

15. YpaBHeHHusi ¢ OJHON HepeMeHHOM, MMeIoIHe OJHU U Te Ke KOop-

HY, HA3hIBAIOTCHA PaBHOCHABHBIMEU. Hampumep, ypaBHeHus x° = 36 u
(x — 6)(x + 6) = 0 paBHOCHUNBHEIe. Ka)kioe U3 HHX HMeeT IBa KODHHA:
—6 n 6. YpaBHeHHs, He UMeIOIHe KOPHeH, TaKiKe CYUTAIOT PABHOCHUJIIL-
HBIMH.

VYpaBHenus 006J1aaoT CIAEAVIOIMMMMU CBOMCTBAMM:

ecIu B YypPABHEHHHM II€EpPEHECTH cJlaraeMoe M3 OAHOH YacTH B ApY-
Iy, M3MeHUB €ero 3HaK, TO NOJYYHTCA ypaBHeHHE, PABHOCHJIbBHOE
AaHHOMY;

ecau ofe YaCTH YpaBHEHHS YMHOXKHUTH HJIW pasfellUTh Ha OOHO H TO
JKe OTJIMYHOE OT HYJA YHCJIO, TO MOJYUUTCH VPaBHEHHEe, PaAaBHOCHIbHOE
JAaHHOMY.

16. JIuaeHBIM ypaBHEHUEM C OJHOU IepeMeHHOM HasbIBaeTCs ypas-
HeHue BHUAa ax = b, rge x — mepeMeHHas, a 1 b — uwmena. Yucao a
HasbIBAETCA KO(POHUIMEHTOM IIpH IepeMeHHOI, 4ucyio b — cBOGOAHBIM
YJI€HOM.

CeepeHna u3 kypca anrebpbl 7—8 knaccos
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Ecnux a#0, 10 ypapHeEHe ax = b MMeer agMHCTBEHHEIN KOpeHb -2.

Hanopumep, ypanHenue 5x = 3 umeer Kopens 0,6.

Eciu a = 0 u 5+ 0, To ypapeesHe ax = b He umeer Kopaeid. Hanpn-
Mep, ypaBHeAHe () - x = § He HMeeT KopHe#,

Ecma ¢ =0 1 =0, T0 xopHeM ypaBHeHUd ax = b asagercs awoboe
THCNO,

17. Kpa/|paTHEIM ypaBHEHHEM HAILIBAETCH VPABHEHHWE BRJA ax + bx +
+¢=0, rae x — DepeMeEHad, @, b ¥ ¢ — HEKOTODHIC YHCIA, OPHIEM
a® 0. Ymeno ¢ HagnIBaioT OepBLIM ROMMDHIIHEBTOM, b — BTODRIM KO-
s@PUIHEeHETOM B ¢ — CBOOOZHEIM YIAEHOM.

KaanpaTeoe ypasHeHMe, B ROTOpoM nepesti xoadpdumuesr pasen 1,
HAZBLIBAIOT NNpPHBEASHBEIM KESAPATEBIM YpaBHEeHHEM.

18. Eciu B kRaJpaTHOM VDaBHEHHEHW ax’ + bx + ¢ = 0 XorTa 6B ogmny
u3 KootbdHmueHToR & UNAH ¢ paBeH HYJH, TO TAKOE YPABHEHHE HAALI-
BAIOT HEOOJHHIM KBAADATHEIM VDaBHEHHEM.

Henoxamoe keagpaTEOe ypaBHeHHE BHAA ax® + bx = 0 mmeer aBa

b
kopHA! 0 u ——. Taxne ypaBEeBus O0HYHO PEmMAIT DAANOMKEHHEM HX
JeROH 9YACTH HA MHOMETeAH, HampuMep,
8x* - 15x =0, 3x(x~5)=0, x,=0m x, = 5.
HenosaBroe KBazpaTHoe ypaBHEHHe BEAS ax” + ¢ = 0 uMeer aBa
f { ¢ . ¢
KOpHA: — —E n —%, ecn —_ > 0, u He ¥MeeT KOpHe#, eerm ——- < 0.

PemaioT TakWe ypaBHEHMA, CBOAA WX K VDABHeHHAM BHAA X° = m.
Hanpmmep, 0,5x% — 18 = 0, 0,5x% = 18, x* = 36, x; =-6, x,=6.

19. HECKPUMHHAHTOM XBAAPATHOIO YDARHeHAKA ax:+bx+e=0
EASHIBAIOT BEIpameEHe D = b% - dac.

Ecru D > 0, To xBajipaTHoe ypaBHEHHE HMeeT ABA KODHA; eclna
D = 0, To oAHUE KopeHb: eccnmx D < 0, To KPaZpaTHOE YDABHEEHE KOD-
Hell He WMeeT.

KopHm KBagpaTEOro ypasHeHMA ax’ + bx + ¢ = 0 mpm D > 0 maxo-
Bar no dopMyae

-bt D

2a

Aag KBajipaATHOTO VPaBHeHUA RHIAA ax*+2kx+c=0 dopmyry
KOpPHEEH MOMKHO 340HCHTE TAK:

X wm—————, The D1=k2—ac.

20. Teopema BueTa: cyMMa KOpHeH OPHRBESAEHHOrO KBAJAPATHOrO
VYPABBEEHHA pABHA BTOPOMY KOpDUIINEHTY, BIATOMY ¢ NPOTHBOIOIOMK-
ELIM 3HAKOM, & OPOHZBeAcHHe KopHell paBHO croGOAHOMY uneHy. HHa-

ye roBOpA, €CIM X, M X, — KODHH ypaBHeEma x° + px + ¢ =0, 1o
Xyt Xg="pP U XX, =1

CeeneHwus M3 kypca anrebGpel 7—8 knaccos
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Hz Teopemsr Brera caenyer, 4To ecia x; 1 X, — KOPHE KBaApPATHOIO
ypasHenusa ax’ +bx +¢=0, 10 x, + x, = —%, Xy = %

Teopema, o6paTHAA Teopeme BHeTa: ecnm umena m H 1 TAKOBEL, YTO
X cYMMA PABHA —p, 8 IPOM3BeZeHHEE PABHO ¢, TO aTH YUCJIA HBJIHIOT-
¢ KODEAMH YpaBHEHHS X° + px + g = 0.

21. NMpu pemenun APolHHEIX panuHOHANBHEIX YpabBHenwmit mesaecooG-
pasHEO MOCTYNATH CAENYWINHM 00pazom:

1) maiiTi obmuit spamesarens apodeil, BXOAAMIMX B VDABHEHHE;

2) yMHOXKHATE 00e JacTH ypaBHeHHS Ha oOIMHil 3HAMEHATeNh;

J) pelUINTE OOAIYYHBIICSCA Wei0e YVPaBHeHHE;

4) BCKAKUATE U3 €ro KopHeid Te, koTophae o0pamnaioT B HYIL 06-
muil 3HaMeHATEIE.

Pemum, sampuMep, YPARHEeHHAES

ax 2 _x+1
x—2_x2_2x 2-x"

¥Ymuoxkue ofe 4aCcTH YpaBHeHHA Ha OOOLHH SHaMeHATeab Apodeii,
T, e, Ea x(x — 2), monyauM 2x° = 2 + x(x + 1). DT0 ypaBHeHHe OPHBO-
ARTCH K KBAADATHOMY YDaBHEHHIO x° — x — 2 = 0, umeoimemy xopEy 2
7 -1. [Ipr x = 2 ofmuia spaMenatrens rpofeil MCXOXHOTO YPABHEHH:A
ofpamaerca B HyJib, 3TOT KOPEHL HYMHO HCRJINYATh. Ilpn x = —1 ob-
mupl omamMerarent x(x — 2) B gynn me obfpamaered, ClIei0BATEILHO,
YACA0 —1 ABIAETCA KOPHEM HCXOAHOIO YPABHEHHSH.

22, PeimeRmeM YDABHEHEHA ¢ ABYMA NepPeMeHABIMH HA3BIBAETCHA Iapa
SHaYeRMH HepeMeHHEIX, OOpAIMANIIAA STO YPARHEHHL B BePHOES DAREH-
ctrO. Hanpumep, mapa 4dces x = —5, y = 3 ABIAeTcH pelIeHHEM ypaB-
mesps x° — 4y = 13. Bro pemesme MOXKEHO 3AOHCATE Tak: (~5; 3).

JuaeliHEIM YpaBHEHEHEM ¢ JABYMA OepPeMEHEHEIMU HAIHBACTCH YDABHE-
HHe BHfa ax + by = ¢, 'ae ¥ ¥ y — TNepeMeHHEIe, &, B W ¢ — Yucaa.

YpaBHEHHA ¢ IBYM#A NEPEMEHEBLIMN, HMEIOOIHe OAHY K Te JKe peine-
HHUA, HAGHIEAIOT PABHOCHMJILHLIMI, Ypanneamz, B¢ HMEKIOHe peureHmit,
TAKIKE CUHMTANIT PARHOCHIILHAIMH,

23. Kaxpoe pemeHHe (x; Y} VPABHeHHA ¢ ABYMS IePSMEeHHLIMH
MOHO H306PA3NUTE B KOODAMHATHOM NJOCKOCTH TOUKOH ¢ KOOPAAHATA-
MH x u Y, Bre Takue TOYKH oOpaayioT rpabHK YpaBHEHHSA.

I'padhrKoM AHHEHHOTO YpABHeHHA C ABYMA OepeMeHHBIMH, B ROTO-
poM XoTH OH ofWH H2 KOsbGOHIMEeHTOR IDU NePeMeHHLIX He DARSH Hy-
0, ABIAETCA OPAMAMH.

24, PenrenneM CHCTEMEl VPABHEHHH ¢ ABYMS HePeMEHHRIMH HAZhIBA-
eTcH IOapa 3HAUeHHH NepeMeHHBX, 0OpaINawilad KasKioe YDABHEHHE
CHCTEMEl B BepHOE paBeHcTRO. HampuMep, mDapa upeen x =3, y = 8 —
pemenne CHCTEME]

{Sx —y=1,

x + 2y = 19.

PemruTe cHCTEMY YDAaBHeHWII — aHAIHT HAHTH BCe ¢ pEMeHHT IR
AOKA3ATL, YTO peImeHHHA HeT.

CeefeHusa 13 kypca anrebpbl 7—8 knaccos
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CucreMBl ypaBHEHHH C ABYMs HEePEeMEHHBIMH, MMEMOIHe OHU H Te
JKe peIlleHHdA, Ha3hIBAIOTCA PABHOCHJBHBIMH. CHCTeMbl ypaBHEHHUH, He
HMeIIIHe pPelleHnil, TaKKe CUMTAIOT PABHOCHJILHBIMH.

Jlna pelmeHHsi CUCTEM YPaBHEHWH C ABYMS IepPeMEHHLIMH HCHOJb-
3yloTcd rpadudecKuil crnocob, crocod moACTAHOBKH, cHOoco0 CJIOKeHHd.

IIpum rpaduyuecKkoM criocobe CTPOAT rpa@MKM JHHEHHBIX YpaBHEHHMH
(npsaMBble) U AHAJMBUPYIOT UX PACHOJIOsKeHUe:

€CJIX TIIpsAMBIE COBIANAIOT, TO CHCTeMa uMeeT OECKOHEYHO MHOTO pe-
IIeHUH, OpHYEM KOOPAHHATHI JOO0M TOUKM MIPAMON SABJIAIOTCA pelle-
HHEM CHCTEMBI;

ecId mpsAMble DapajlielbHBI, TO CHCTeMA He HMMeeT DeIleHMi;

eci¥ IpsAMbIe [IepeceKalmTcs, TO cHCTeMa HMeeT eJHWHCTBEHHOe pe-
IlIeHue, MPUUYEM KOODAWHATHI TOUKU IEPECeUYeHHs NPAMBIX SBJIAIOTCH
pelIeHreM CHCTEMBEI.

Ilpu pelmeHHMHW CUCTEeMBI ABYX JHMHEHHBIX YpPaBHEHHUH C ABYMA Iiepe-
MEHHBIMH CIIOCOOOM IIOJCTAHOBKM IMOCTYIAKT CleAyOmHuM obpasom:

BEIPAXKAIOT M3 KAaKOro-ambo ypaBHEHUs CHCTEMBI OJHY IepeMeHHYIO
uepes JAPYTYIO;

MOACTABJAIOT B JPYroe ypaBHeHHE CHUCTEMEBEI BMECTO 3TOH IIepeMeH-
HOI IOJIYYeHHOE BBIDAYKeHHeE;

penarnT IOJyJYHBIIEeCcs YpPABHEHHE C OJHON IepeMeHHOMH;

NOACTABJIAIOT 3HAUEHHWEe HAWAEHHON mepeMeHHOH B ONHO M3 ypaBHe-
HUAH ¥ HAXOAAT COOTBETCTBYIOINEE 3HAYEHUe JPYyroi mepemMeHHOI.

Ilpu peilleHMU cHCTEeMBbl ABYX JIMHEMHBLIX YPaBHEHHMH C AByMdA Ilepe-
MEeHHBIMH CIOCODOM CJIO?KEeHHMs HOCTYIAKT CIeAYyIIIuM obpasom:

YMHOKAKT NOYJEHHO YPABHEHUA CHCTEMBI, IDOAOMpas MHOMHUTEIH
Tak, 4ToOBl KO3(M@OUIMEeHTH IIPHU OJHON M3 MepeMeHHBIX CTAJM B ypas-
HEHHUAX IIPOTUBONIOJIOKHBIMHA YUCJIAMU;

CKJIa[bIBAIOT IIOYJIEHHO JieBble M IIpaBble YacTH ypaBHEHHWI CHCTe-
MBI;

pelIaioT NOJIyYMBIIIeecs ypaBHEHHE ¢ OJHOM IepeMeHHOM;

TIOACTABJAIOT 3HAYeHHe HaWJeHHOW NepeMeHHOH B OZHO M3 ypaBHe-
HUHA ¥ HAXOAAT COOTBETCTBYIOIEee 3HAYEHHWe JAPYroil nepeMeHHOM.

HepaBeHcTBa

25. Hucso a Goabmie umcaa b, eciid pasHOCTbs @ — b — HOJOXKHUTENb-
HOe uuceyio; numyT: a > b. Yueno a mMeHbme uucia b, ecim pasHOCTH
a — b — oTpunaTesbHOe YHMCJO; NHINYT: a < b.

Ecam a 6oapme b uam a pasBHO b, To nmimuyt: a 2 b. Eciu a MeHb-
me b unu a pasHo b, To numyT: a < b.

HepaseHcTBa, cocTaBJIeHHBIE C ITOMOINLI0 3HAKA > WM <, HasblBa-
for crporumu. HepaBeHcTBa, COCTABJIEHHBIE C IIOMOINBI0 3HAKA = HIIH
<, Ha3bpIBAlOT HECTPOTUMH.

26. CgoiicTBa YHCIOBBIX HEpPaBEHCTB.

a) Ecim a > b, To b<a; ecimu a < b, T0 b > a.

0) Ecitm a <bub<e, To a <ec.

CeeneHus 13 kypca anrebpol 7—8 knaccos



B) Ecsiv a < b u ¢ — mo6oe umeno, To a + ¢ < b + c.

Ecnu k oferM UYacTAM BEpHOrO HEpaBeHCTBA NPUOABUTE OJHO M TO
’Ke 4YMCJIo, TO IMOJYUYHUTCSA BepHOe HepaBeHCTBO.

r) Eciu a < b B ¢ — DONOKHATENBLHOE YHCIIO, TO

ac < be;

eca @ < b ¥ ¢ — OTpHIATEIBHOE YHCJO, TO

ac > be.

Eciu obfe yacTH BEPHOrO HEPABEHCTBA YMHOMKHTH MM pPa3/ieIUTL Ha
ONHO ¥ TO e TOJIOMKHUTEIBHOEe YHCJIO, TO IOJYYUTCS BepHOEe HepaBeH-
CTBO;

ecau ofe 4acTH BEPHOTO HEPABEHCTBA YMHOMKHUTH WM DPa3/IeJIATh HA
OJHO W TO € OTPHUIATEeJbHOe YHCJIO U M3MEHUTh 3HAK HepaBeHCTBA Ha
IIPOTHBOIOJIOKHBINA, TO IIOJYYHUTCS BepHOe HepaBEHCTBO.

27. CnoxeHHe U YMHOKEHHE YHCJIOBBIX HepPaBEHCTB.

a) Ecom a<buc<d, T

a+e<b+d.

Ecnu caouTh NOYJIEHHO BepHbIE HepaBeHCTBA OZHOTO 3HaKa, TO IIO-
JYYHTCA BEpHOe HEPaBEeHCTBO.
6) Ecim a < b u ¢ <d, rge a, b, c 1 d — nonokuTeNpHble YUCIA,
TO
ac < bd.

Eciu nepeMHOMUTH HOYJIEHHO BepHEIE HepaBeHCTBA OJHOTO 3HAKA,
JIeBble M IpaBble YACTH KOTOPBIX MOJIOKHUTEJbHBIE YHCJIA, TO IIOJIYYHUT-
cs BepHOe HepaBeHCTBO.

Ecnu a m b — nosoxurTenbHBEIe YMCHA, @ < b M n — HaTypaJbHOe
YHUCJIO, TO

aﬂ < bﬂ'

28. PemmeEueM HepaBeHCTBAa ¢ OJHOM IepeMeHHOH HAas3wIBaeTcA 3HA-
UeHHe IIepeMeHHOIl, KOTopoe ofpalmaeT ero B BepHOe YHUCJIOBOE HEePABEH-
crBo. Hampumep, uucao 1,8 — pemenme HepaseHcTBa S5x < 10. DToMy
HepaBeHCTBY YAOBJIETBOPseT W Jioboe ApPyroe 4mciio, MeHbIIee 2.

PemuTs HEPaBEHCTBO ¢ OAHOW IMEepPEeMEHHON — 3HAYUT HAWTH BCE ero
PelLlleHNs WJIH JOKAasaTh, UTO PEHIeHWH HeT.

29. HepaBeHCTBa, UMEIOI[HE OJHU U Te K€ DeIleHUs, Ha3bIBAIOTCHA
paBHOcHIbHBIMU. HepaBeHcTBa, He MMelomue pelmIeHWM, TAKKe CYHTa-
I0TCA PABHOCHJIBLHEIMH.

HepaBeHcTBa ¢ OfHON IlepeMeHHOH 00/a7alOT CJAEAYIOINIMMH CBOMH-
CTBaAMH:

€cJM M3 OJHOW YacTH HepaBeHCTBa IEPEHECTH B [APYTYIO cjaraeMoe
C IPOTUBOIMIOJIOXHBIM 3HAKOM, TO IOJYYUTCA DPAaBHOCHJIBHOE eMy Hepa-
BEHCTBO;

ecnu obe 4yacTH HepaBeHCTBA YMHOJKHTH MM PA3ZeNHTL Ha OXHO H
TO K€ IOJIOMKUTEJbHOe YHCJIO, TO IOJYYHTCA PaBHOCHJILHOE eMy Hepa-
BEeHCTRBO;

ecau ofe YacTH HEPABEHCTBA YMHOXXHUTH MJIU DAas3Ze/IATh HA OJHO M
TO JKe OTPHIaTeJbHOe YHMCJI0, U3MEHHB IIPH 9TOM 3HAK HEpaBeHCTBa HA
IIPOTHBOIIOJOXHEIH, TO IOJYYUTCS DPABHOCHIBHOE €My HEepaBeHCTBO.

CeepeHus ua kypca anrebpbl 7—8 knaccos
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30. YucnoBoit mpomexxyTok [a; b], HasbiBaeMbIil YHMCJIOBBIM OTpe3-
KOM, — 3TO MHOKECTBO BCE€X YHCeJ X, YAOBJETBOPAIOINUX JBOMHOMY
HepaBeHCTBY a < x < b.

YucnoBoir npomMekyTok (a; b), HasbIBAeMBIM HMHTEPBAJIOM, — 3TO
MHOJKECTBO BCeX YHCeJ, YIAOBJIETBOPAIUX IABOMHOMY HepaBeHCTBY
a<x<b

Yucmosoil npomexxyTok [a; b), HaseIBaeMBIM IIOJYyHHTEpPBAJIOM, —
9TO MHOKECTBO BCEX UHCEeJ, YAOBJETBOPAIIIUX ABOMHOMY HEpPABEHCTBY
as x <b.

YucnoBoit npomexyTok (a; b] HasbpIBaeMBIM IIOJIYHHTEPBaJOM, —
9TO MHOXKECTBO BC€X YHCeJ, YAOBJIETBOPSAIOIIUX JABOHHOMY HepaBeHCTBY
a<x<bh.

YucnoBele NpoMe:RYTKH [a; +90) u (a; +90) — 2TO MHOKeCTBa BCEX
Yuces, YVAOBIETBOPAOIINX COOTBETCTBEHHO HEPABEHCTBAM X 2 4 U X > 4.

YucnoBble IpoMeRKyTKH (—00; b] m (—°°; b) — 2TO MHOXKeCTBa BCEX
YmceJl, YZAOBJETBOPAIOIIMX COOTBETCTBEHHO HepaBeHCTBAM X< b u
x < b,

YucnoBele OpoMeRKyTKH [a; +00) u (—°°; b] Ha3BRIBAIOT YMCJIOBBEIMH
JyYaMH, a YHUCJIOBBIe NPOMEKYTKU (a; +°°) u (—°°; b) — OTKPBITHEIMH
YUCJIOBBIMH JIy4aMU.

Yucaoroil MpoMeKyTOK (—00; +00) — 3TO MHOMKECTBO BCeX JeiCTBHU-
TeJBHBEIX YHCeJl.

31. HepasescTBa BuUga ax > b u ax < b, rue a u b — HEKoOTOpbIE
Ypcsa, 8 X — IepeMeHHas, Has3bIBalOTCA JIMHEHHBIMHM HEPaBEeHCTBAMU C
OIHOI IepeMeHHOIi.

32. Ecoim craBuUTCA 3aauya HAWTHU 00IHUe peIlleHUs HEeCKOJbKUX He-
PaBEeHCTB, TO TI'OBOPAT, YTO HALO PEIIUTH CHCTEMY HepaBeHCTB.

PemenveM cHCTeMBI HEDABEHCTB C ONHON HepeMeHHOI HasbIBaeTcs
3HAUEeHHE NEePEeMEeHHOU, MIPU KOTOPOM BEDHO Kajk/oe M3 HepaBeHCTB CHUC-
TeMEI.

PemuTh cucTeMy HEpaBEHCTB — 3HAYUT HAWUTH BCe €€ pellleHHdA HJIH
JOKAa3aTh, UTO PemIeHHH HeT.

DyHKUUMN

33. 3aBucuUMOCTh NMEPEMEHHON I OT IIepeMeHHOM X HasblBaeTcs (QyHK-
muel, ecJH KaXXJOMY 3Ha4YeHHIO X COOTBETCTBYeT €JMHCTBEHHOe 3Ha-
yeHue y. Hesarucumyio mepeMeHHYIO X HHAa4Ye HaA3bIBAalOT apryMeHTOM,
a 0 3aBHCHMOM IlepeMeHHOH Yy TOBOPAT, YTO OHa #ABJAeTCA (PyHKIHen
aToro aprymenTa. Bce sHaueHHsi, KOTOPble IPDUHUMAaeT He3aBHCHMAasd IIe-
peMmeHHas, obpasyior obyiacTb onpefeseHUs (QYHKIIHUH.

I'padbmxomM GYyHKIOHM HA3BIBAETCA MHOMKECTBO BCEX TOYEK KOOpIM-
HATHOM MJIOCKOCTH, abcIucchl KOTOPHIX PABHEI 3HAUEHHAM apryMeHTa,
a OpAMHATHEI — COOTBETCTBYIOIIMM 3HAYEHHAM (QYHKIHH.

34. JIuneitHol ¢yHKIUell HaspIBaeTcd (PYHKIMA, KOTOPYIO MOXXKHO
3ajgaTh (Qopmysoit Buma y = kx + b, rge x — HesaBUCHMAasd IIepeMeH-
HadA, B u b — uncaa. Eé oGiacTeio onpe/ieieHUA ABIAETCA MHOMKECTBO
BCcexX JeHCTBUTEJBHBLIX YHCel.

CsepneHusi U3 kypca anrebpbl 7—8 knaccos



Cpapuxom maseiinofl GYHKOHN SBAAETCA UpAMas. ‘IBCI0 k HaA3EI-
BAIOT YIIOBHM KoabhdunueEToM npsiMmoii, Arnaomeitcs rpadEKoM
dyaruua ¥ = kx + b,

Ecmn £ # 0, To rpadpux ¢pyeruun y = kx + b 1epeceraer och Xx;
ecim k=0 1 b # 0, To npaMaa y = kx + b oDapasesbHa OCH X; €CJaM
kE=0mn b=0, ro rpadbux GyHEKIHU COBIATAET C OCBRIO X.

35. M'padhku ABYX ARHEHAHHX GYEKIOHH mepeceKaloTcd, €Cai BX yT-
JIOBEIe KO3(PUIMEeHTH DASJAHYHLEI, H OApaidefAbHBl, €CAH HX YIJIOBLIE
KoadhbumHeHTHL 0gRAAKOBEI.

36. JIzneinyo PYHKOAK, 3a1aBaeMy10 GopMysnoil ¥ = kx npr £+ 0,
IASLIBAIOT ODpAMCOH IPOINOPITHOHANLHOCTLIO,

Tpaguk nmpAaMeil IPONOPIUOHANLHOCTH €CTh NpAMadA, IPOXOAANIAT
uepe3 Hauaao KoopazHAart. IIpwm & > 0 rpadik pacnoaoseH B Oepeoil u
TpeThell KOODAMHATHEIX YeTBepTaX, mpw % < 0 — Bo BTOpo#l M veTBép-
TOK KOOPAMHATHEIX YeTBEDTHX.

37. O6parsoil DpPONOPOHOHAARHOCTHIO HASHBaeTCA (PYHKINA, KOTO-

k
pPYI0 MOXKHO 3a4aTh POPMYNOH BUAa ¥ = , P/le X — HeIABECHMAR Nepe-

MeHHS&A, £ — He paBHoe Hymio uuciao. O6IacThbic onpefefeHEs PyHK-
MK SBIsSeTcA MHOMKECTBO BCEX JeHCTBATEJIBHBLIX HUACSN, OTJIHYHEIX OT
HYIA.

k
Iipa k& > 0 GyHKMHA Yy = - OPUHHAMAET OTPHMOATEJIEHBIE 3HAYEHHA,
ecna x < 0, ¥ DOJNORHATENBHERIE 3HAYEHHA, ecmd x > 0.
&
ITpr & < 0 QpyHKOKA Y = — OPEHHMAET MOJOKUTENbHEE JHAYEHNT,

ecam X < 0, ¥ oTpUNATEIbHBIE AHAYEHHA, ecnH X > 0,

I'pagzr  ofpaTHOH NponopuUMOHANRHOCTH — runepbona. LIp:
k > 0 rpajduk pacmosiokeH B TepRoif M TpeTheH KOODAMHATHBIX YeT-
BepTsX, IpH £ < 0 — BO BTOPOl W TeTBEPTOH KUOPAMHATHLIX YETBEPTAX.

38. 06:1acTBIO ONpefeseHEA (HYHKIHH y = x° ARIAETCA MEOKECTBO
BeeX AeficTBHTENLHEIX yHcen. @yaxona ofpamaetcs B Hyas upu x = 0,
a upH x # (| IpUEEMaET TONOKHATEIbELRIE dHAYeHUA. ['pahur QYHKONK
y = x° — mapabosna. 3TOT rpaduK OPOXOLUT UYeped HAYANO KOODIMHAT
¥ PACTIONOKCH B TEepBOM M BTOPOH KOODAHHATHBIX deTBepraAx. OH cHuM-
METPHYEH OTHOCHTEILHC OCH Y.

39. O614CTEI0 OLPeAENCHAA PYHKOMM J = X° HBIHETCH MHOMNKECTBO
BCeX feHCTBATeNsHBIX w4ncen. PyERIHA ofpamiaeTea B HYAL HPH
x = 0, OpUENMAST OTPMIATENLHLES BHAUEHHH, ecam x < (), u nono-
HUATEALHEIS SHAYSHHA, echaH x > 0. pabuk OYVHEOUE ¥ = x? OPOXOOHNT
Yepes HATAJN0 KOOPEHEAT H PACIIGI0’KEH B NEPBOI M TpeTbeH KOODIMHAT-
HHX gerpeprsix. OH CHMMeTpHUYEH OTHOCHTEJIBHO H&YAIS KOODANHAT.

40. Obnacte onpegeneana GYHKOMH U = J.; — MHOMECTBO BCEX He-
oTpHEIATeNbHBIX Yducen. Pysxums obpaimaerca B HYXbL Ope x = 0, mpe
x > 0 OYBKOHA OPHHEMSET IOJ0KHTeNkERIe 3HadYennda. I'padr QyHK-

ouu iy = s/; PACHOJIVKEH B IepBoH KOODAUHATHOH YeTBepPTH, OH IIpej-
crasjgdger cofoll BeTBE nmapabGoani.

Ceepenus M3 kypca anrefpul 7—8 knaccos
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AencrButenbHble Yucna.
MpubnuxéHHbie BbIYUCEHUN

41. llensie u ApOGHBIE YHCIA COCTABJASIOT MHOXMCECTBO DPAllMOHAJIb-
HBIX Yuces. BcsiKoe panMOHAJIBHOE YMCJIO MOMKHO NPEACTABHTH B BHUIE

m
Apobu —-, TAe m — IeJioe YHCIO, & N — HATYpAaJbHOe.

Kaxxnoe panuonanpHOe 4mcIO MOKeT OBITH IIPECTABJIEHO B BHIE
OeckOHeYHOH JecATHUYHON mepuoguueckoit Apobu. Karknas Geckoneunas
AecATHYHAA NepuoAMYecKas Apobb IpeACTABIASIET HEKOTOPOEe pAaIuo-
HaJbHOE YHCJIO.

ITonoxurenbaEle GeCKOHEYHBIE JECATHUYHBIE APOOM, IIPOTHBOIOJIOMK-
Hble MM YHCJA M YHCJIO HYJb 00pasyOT MHOMKECTBO JAeHCTBUTEIbHBIX
Yucel.

Yucno, KOTOpOe MOXKHO NpPEACTaBUTh B BHAe GECKOHEYHOH pecs-
TUYHOU HeNepuoAMYeCKOH APoOH, HA3BIBAIOT MPPAIMOHAILHEIM YHCIIOM.

Kamxzpomy gelicTBUTENILHOMY YHCIY COOTBETCTBYET TOUKA HA KOODAH-
HATHOH NpPAMOH, M KaKJ0M TOYKe KOODAMHATHOM NHPAMOH COOTBET-
CTBYeT HEKOTOpOe NeMCTBUTEJNLHOE YHCJIO.

42. CragfapTHBIM BHAOM YHCJIa (. HA3BIBAIOT €ro 3aIucCh B BHE
a*10", rme 1 < a < 10 u n — Hes0e YUCIIO, YKCJIO N HA3LIBAIOT nopAx-
koM uuesa. Hanpumep, 73 000 = 7,3 - 10%; 0,0026 = 2,6 - 107°.

43. AGCOJIIOTHOM NOrpPeIIHOCTHI0O HNPHOAMIKEHHOrO 3HAYEHUSA 4Yucia

HasbIBaeTCA MOAYJIL PA3HOCTH TOYHOIO W IPHUOJIHMKEHHOro 3HAYEHWH.
Hanpumep, abGconiorHas morpemHocTs npubiauskéaHoro sHaveHus 0,3

1
4ncia 3 paBHA

.
10 ~ 30"

Eciu abconmorHas morpemnocTh NPUOIMIKEHHOrO 3HAYEHUSA HE IIPeBOCc-
XOJIUT HEKOTOPOro yucja h, TO 3TO 3HAYEHHE HA3BIBAIOT NPHUOIHIKEHHBIM
3HAYeHHeM C TOYHOCThIO a0 h. Hanpumep, 1,41 saBiasiercss npuOIMKeéH-

HBEIM 3Ha4YeHueM +/2 ¢ touynocteo go 0,01.

Ecnm umeno x paBHO a ¢ TOYHOCTBIO 70 h, To mumyT: x = a+ h.
ITpu srom umcsio h 06bIYHO GepyT ¢ OAHOM MJIM ABYMS 3HAUYAIIMMHU IHUQ-
pamu. Hanpuwmep, NERS 1,73 + 0,01.

44. OTHOCUTENIBHON TOrpPeIlHOCTHI0 NPUOIUKEHHOrO 3HAYEHUS Ha-
3BIBAETCA OTHONIeHHWe abCOJIIOTHOM HOrPEeIIHOCTH K MOAYJI Opubiu-
JKEHHOTO 3HAUYeHHd.

OTHOCHTENBHYIO NOTPENIHOCTh OOBIYHO BHIPAXKAIOT B NPONEHTAaX.
Hanpumep, npu okpyriesun apobu 25,4 A0 eAUHUI NOJIYyYaeTCsd MpHU-
6mmxénnoe 3HadeHue 25. Ero orHOCUTENIBHAS TOrpPeNIHOCTH PABHA

1 : 1
E‘&4=§

25,4 - 25
BSA-30 _ 04 _ 0,018 = 1,0%.

CeeaeHunsa U3 kypca anrebpsi 7—8 knaccos




3nemeHTbl CTaTUCTUKMU

45, [Ipu aHanus3e AAHHBIX HCHOJB3YIOTCS Pa3JIUYHbIE CTATHCTHYIEC-
KHe XapaKTepHCTHKH: cpefHee apu(pMeTHYECKOe, MOJa, MelnaHa, Cpea-
Hee rapMoOHHYeCKOe.

Cpenaum apudMeTUdeCKUM pAAA YHUCEJ HA3EIBAeTCA YacTHOE OT [e-
JIeHHA CYMMBI 3THX YHCeJ Ha YHCJIO cllaraeMbIX.

Hanpumep, cpefHee apudmMeTndecKoe pAfa 4ducesa

26, 29, 31, 43, 57, 63

paBHO
26 +29+31+43+57+63 _ 249 _
s o e 41,5.
Moot psAxa HaskIBaeTCs YHUCIO, KOTOpPOe BCTpedaeTcd B PAAY 4da-
me ApPyrux.

Hanpumep, Mozoii psga 4ucel
26, 18, 43, 16, 18, 21, 18, 17
ABasgercsa yucio 18.
Pan MokeT uMeTh OoJiee OJHOM MOJABI, a MOXKeT He MMeTh MOJBI
COBCEM.
Hanpumep, pAnx dHcen

34, 38, 41, 19, 41, 38, 35, 21
uMeeT aBe Moabl: 38 u 41, a paxg ywucen
19, 27, 29, 385, 37, 41, 43, 49

He WMeeT MOJEL.

MenuaHO# YIOPAMOYEHHOTO psfa YHUCeJ ¢ HeYETHBIM YHCJIOM dJje-
HOB HA3ELIBAETCA YMCJO, 3aO0UCAHHOE IIocepefuHe dTOro psAja, a Meaua-
HOH YHOPAJOYEHHOTO pPAfa YKces ¢ YETHBIM YHMCJIOM 4JE€HOB HasblBaeT-
csi cpesiHee apudMeTHYeCKOe ABYX YHMCeJI, 3alMCAHHBIX IIOCepe/lnHe
8TOro pAza.

Hanpumep, MeauaHa psaja ducel

17, 21, 27, 29, 32, 37, 41
paBHa 29, a MeguaHa pAna YHCeJI
28, 43, 54, 56, 58, 62

paBHa 59.

MeauaHO# NPOM3BOJLHOrO psifla UKCes] Ha3bIBAETCS MeJuaHa COOT-
BETCTBYIONIET0 YHOOPAZOYEHHOTO pALA.

PasmaxoM pAjia uuces HA3LIBAETCSH PA3HOCTb MEXKJAy HAaWOONBIIUM M
HAVUMEHBIIUM K3 3THX YHCel.

Hamopumep, pasMax p#ajga 4ducel

173, 117, 286, 299, 105, 304, 318
paBen pasHoctd 318 — 105, T. e. paBen 213.

CeepeHna U3 kKypca anrebpel 7—8 knaccos
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CpefEAM TAPMOHMYECKHM DA IOTOMHTEALHLIX TUCE G, gy wony
@, HABEIBAETCA YHCAO &, KOTODPOe BEITHCASETCA IO (hopMyIe

a _ n
-1, 1, ,1°
on &

46, Bea MayiaeMaa COBOKYIHOCTh JAHHBIX HASKIBAETCH NeHepaJbHOL
COROKYOHOCTRIO. B cayuasx, KOPEA CAOKEO KHIH [AAKe HeBOIMOMKHO
OPOBECTH CINOIIHOE HCcJdeA0BAHHE TeHEPANLHON COBOKYNHOCTH, COCTAB-
JifAeTcA BHIGOPOYHAA COBOKYIHOCTE (BRIGODKY), KOTOpas IMOABepraeTcd
uccnepopadnio. [Ipu aroM BHOGOpPKA AcHEHA OHITH penpeseHTATHBHOM
(mpepcraBATENBHOH), T. €. AocTAaTOYHON D0 00BHEMY H oTpaskalouledt xa-
pPaKTepHBIe 0COOEEHOCTH MCCIeAYeMOH reHepaisHOH COBOKYITHOCTH.

47. Ina 0606merna W CHCTEMATH3ATYY AAHERIX, TIOJYICHOLIX B pe-
ZYJARTATE MCCJHEAOBAHHSA, HHOTAA HX MO KAKOMY-IND0 Dpuamary pas(m-
BAIOT HA FPVINL! M Pe3yJIBTATHI IPYUNHPOBKK NOPEACTABISIOT B BHIE
TaOIHOE 9ACTOT HJIH OTHOCHTENLHBIX YACTOT.

Ecnu B paay uMces HMeeTca OONbIIOe YHCAQ AAHHBIX H OAMHAKO-
BHe JIaNHBIE BCTRPEYANTCA PeOKO, TCO OAA SHAJIHE34 AAHELIX OOpAAYIOT
HHTEDPBANLHBIE DAJX, VKASBIBAA AJSI KAMNRAOTO MHTE)BAIA COOTRETCTBYIO-
IIYI0 YACTOTY MM OTHOCHTENLHYW HACTOTY.

48, [lna HarMAAHOTO OPEACTABNCHUS JAHHEIX, OOAYYEHHWX B pe-
3YABTATE CTATHCTHMECKOTD HCCIRACRAHMUA, HCIOAB3VIIT CTOAGYATEIE M
KPYTOBRIE ANATPAMMBI, OOJHECOHLI H HCTOIPAMMEL.

CrepeHna u3 kypca anrefpel 7—8 knaccos



CnucoK AOMNONIHUTENbHOW NUTEepaTypbl

L

10.

11.

12.

13.

14.

15.

16.

Araxamos H. X. Maremaruka. PalioHHBIe onuMIOIUaAbl. 6—
11 xnacesr/ H. X. Araxasos, O. K. Ilognunckuit. — M.: Ilpo-
cBemerue, 2010.

. Baspuna WM. U. Crapunnsie 3agaun / U. . Baepun, E. A. ®pu-

6yc. — M.: IlpocBemenue, 1994.

. Bonomuros A. B. Myapocts dnnazer / A. B. Bosomusos, —

M.: IIpoceemenune, 2009.

. Bcepoccuiickaa onuMnuaza IIKOJBHHKOB 10 MaTtemartuke., Cmorpu-

Teé B HHTepHeTe IIO ajgpecy: www.problems.rug

. Tankwuwre E.B. 3agaum c¢ wmenbimu ymceaamu: 7—11 xiI./

E. B. lankusa. — M.: IIpocsemenue, 2011.

. 'meiizep I'. . Ucropua marematTuku B mioyge: VII—VIII xn./

I'. !A. TI'neiizep. — M.: IlpocBemenue, 1982.

. TocynapcrBenHas (urToropas) aTrrecTanusa BBINYCKHUKOB 9-x KJjac-

CcoB B HOBOH dopme. 9 xinace. CMoTpuTe B MHTEpHeTe IO ajapecy:
www.fipi.ru

. lopodeena A. B. CrpaEunsl HCTOPUX HA YPOKAX MATEMATHKN/

A. B. Iopodeesa. — M.: IIpocsemenune, 2007.

. Arearses E. W. B mapcree cmexkanxku, uiad ApudMeTHKa IIA

Bcex. Ku. 1 / E. . Urnarres. — M.: Ilpoceemenue, 2008.

Hruarses E.H. B napcrse cMmexanku, uau ApudmMerura s
Bcex. KH. 2 / E. 1. Urnarses. — M.: Ilpoceemenue, 2008.

HUruarses E.W. B mapcrse cMerkanku, uau ApudMeTHKa LI
Bcex. Ku. 3 / E. U. Urnarees. — M.: IIpocsBemenue, 2008,

Kopmemcrkuit B. A. Benukue XHM3HH B MaTeMaTHKe: KH. AJA yda-
muxcss 8—11 xkxa. / B. A. Kopaemckuii. — M.: Ilpoceemenue,
1995.

Kopmemcrkuit B. A. YausuTenbHBIH MUpP YHUCEJ: MaT. IOJIOBO-

JIOMKH ¥ 3aJa4y¥ [OJA J603HATENBHBIX: KH. OIA ydYamuxca /
B. A. Kopuemckuii, A. A. Axanos. — M.: IIpocBemenue, 1996,

MoCKOBCKHMHA IIeHTDP HEIPEepBIBHOIO MaTeMaTHYecKoro obpasosa-
HusA. CMOTpHUTEe B MHTEpHeTe IO agpecy: www.mccme.ru/ Pekomen-
ayem pyopmkm: «OumMnuazsl I8 MDIKOJBHHKOB», «JKypHan
«KpasT».

ITepensman . . BauumarensHas anrebpa. S3aEUMaTe/bLHAA
reomerpusa/ fA. U. Ilepensman. — M.: ACT, Acrpens, 2002.

IInuypur JI. ®. 3a crparunamu yueGauKa anredpei/ JI. @, ITu-
gypuH. — M.: IIpocBemenue, 1999.

Cnucok OONOSIHUTENbHOW nuTepaTypsl
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" N i A

Aprymenr 5
Acumnrora 60

Beposataocts cobsitua 203
Bepmuna napa6onbr 36

I'pachux ypaBHeHHMA ¢ AByMA IIe-
pemenasimu 109
— ¢yHKOUEE 6

JMCKpHMHHAHT KBaJIPpaTHOroO
Tpéxurena 23

3HaMeHATeJh TreoMeTPHYeCKO
nporpeccun 161

KBajapaTasiii Tpexuien 22
Kom6uHaTOpHOE NpPaBHJIO YMHO-
sxeHua 184

KopeHs KBaZpaTHOr'O TpExdlle-
Ha 23

— n-# creneHu 54

— — — apudpmerudeckuii 56

MeTox mHTepBandoB 94
— MaTeMaTHU4YeCKOH HHIAVK-
mum 173

O6nacre 3HaveHunn pyskmun 6
— omnpeaeneHus GyHKIuu 6
OrHOCHUTENIBLHASA YacToTa CJydai-
Horo cobweiTusa 199

Ilepecranosku 187
ITocnemoBaTenbHOCTE 144
IIporpeccusi apudmerndeckas 148
— reomerpuyeckas 161
IlpoMeKyTKH BHAKOIOCTOSHCT-
Ba 15

Pasmemennsa 191

PasHocTh apupMeTHUecKOil IIpo-
rpeccun 148

Pexyppeataasa dopmyna 146

MpeamMeTHbIA ykasaTenb

NPEAMETHbIN YKA3ATEJb

n ] »

ColGsiTia gocroBepHbie 206

— HeBo3MOKHBEIe 207

— HesaBucumsble 212

— HecoBMecTHBIe 211

— paBHOBo3MOxHEIe 203

— cayuarasie 198

Coueranua 194

CreneHs ypaBHEHHS C OJHOMH Iie-
pemeHHOM 76

— — C HECKOJBKHMH IepeMeH-
BERIME 109

¥YpaBHenue okpy:xHOCTH 109
YpaBHeHnus OuKBazpaTHble 78
— BosspaTtHbeie 101

— npobHble panuoOHAJIbHBIE 82
— mesasle 76

dopmyna n-ro yieHa apupmeru-
yecKo# mporpeccun 149

— — — reoMeTpHUYecKO#l 1po-
rpeccun 162

— CYMMBI IepBBIX 7 YJIEHOB
apudMeTHYeCKOR nporpeceun 155
————— reoMeTpU4YeCcKOn
nporpeccun 169

dyuxusa Bozpacraiomas 15

— npobuo-nuHelHas 60

— KBajgparudHaa 31

— CcTemeHHAA C HATYPAJIbHEIM
nokasareyieMm 49

— yo0siBatomas 15

Yucna Pudonauuau 146

JxcnoaenTa 163



OTBETbI

I'nasa I

4,24, 7.a) x = —2; 6) x = —14; B) He cymecTByeT. 8. a) —2; 6) 8; B) 13.
9, a), 6), A) x — m0o6oe umMcao; B) xZ 5; 1) x# -1 mw x# 4; e) x= 5.
11. a) x — moboe umecno; 0) x # —1; B) x = —9. 12. h—st a) = 51 m;

6) 160 c. 13. a) 36 xm; 6) ~ 490 M/c. 14. B) (—o0; —1] U [1; +oo), 1) (%03 0,5].
18. a) [1; 7]; 6) [-7; 14]. 20. (—o0; +00); [0; 1). 21. P(x) = 2x + 20, rae

10 < x < 40; (40; 100]. 29. ) 2; 6) 5. 30. 1) +V2; e) 0; —<1.. 31. ) ~0,5;
3;r)1; 1%. 40.a) 15; 6) 6 u 3%; B) —2; r) Hyneii Her. 41. a) Umeer,

x = 33%; 6) umeer, x =0 m x = 2; B) umeer, x = 6. 42.a) [-6; —5) U

U (=5; +°), y = 0 mpu x = 3; 6) (—o0; 1) U (1; 1%] y =0 opu x=—-6%

u x=0. 45.a) IIpu a> 2; 6) upu a< 2; B) npu a = 2. 51. a) Bos-

pacralomasn; 6) yOwiBaromasi; B) Boapacrawinaa. 92.a) 0; 6; 06) iJE_);
B) 0; —8,5; r) kopHe# Her. 56.a) 0; 7; 6) 2,5; B) —2; 0; 2; r) —-2; 2.

59. a) -3; 2; 6) -31~; ~§-; B) —20; 5; r) —%; ) xopHe# Her; e) 0; 5. 60. a) —1;

%; 6) 3; B)l—\/-f'_); 1+JE_>; r) -1; 1. 63.1; 4. 68.IIpu x = 1;

HauMeHbIIee 3HadeHuwe paBHOo 4. 69.IIpu x = —3; HauMeHbIIee
gnayenue paBHo 1. 71.145 m. 72.a) IIpu x = 2; 6) npu x > 2;

B) mpu x < 2. 73.a) 0,018 m; 6) 0,018 m. 74. a) —23; -2; 6) —-2;

2i5. 76.3) g(x+1)(x+2); m) - 1 -15) =1 -y - 15);

2
x) 2(x — 1)[:\: - %J =(x-1)(2x -3). 77. a) Z[x - %) ; 6) —(8x — 2)%

B) (4a + 8)%; 1) (0,56m — 2)%. 78.6) —(m — 2)(m — 3) = (2 — m)(m — 3);
B) 3[x - %](x +2)=(Bx-1)(x+2); 1) 6(x - Ej[x = fgl] =(3x - 2)(2x - 3).

3
81. Hennass. 82. Hanpuwmep, x> + 3x + 2. 83. a) %_1-; 6) #;

4+b 2 1 1~
B) - bjs, r) 255 1) 5555 €) —2rg. 85.8) —0,3; —0,93; —0,993; 6) 3;
12; 15. 87.a) -1; 23; 6) 2; 21. 97.a) lla; 6) Aa; B) mer. 98.(-3; ~9);
(1; —1). 99. Umeror; (1000; 10 000). 100.IIlpu k=-4 u k= 4.

OtBeThl
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1-
104. a) 5a+2’ 8) 2'”_1 114.a8) — 2, 2, 6) Eyneil mer; B) ByneHE Her.

115. [Ipx a < 0. 117. a) Kopaeit mer; 6) 0; 2,8. 118, a) (-o0; 2,9);
6) [0,25; +o0); 3)[ 1 8; +o0); r) (—o¢; 0 2) 129.5 = -1. 130. Ipu n = 5;

(—1; 13). 182. 251 133.2) 1 - J5; 1 +4/5; 6) -2; 2 . 134. 100 Ta.
3y 1, 24

185. 8 manmn. 156. a) 55 6) 24—, 160. 1) 1,55 €) 1,5. 161.6) 11;
) 8. 168. 1) 05 €) 10. 171. 6) 12; 1) ~64. 172. 5) 48; 1) ~54. 178. a) 1;
6) 2. 179.22 12 180.a)x=8, y=-2; 6 x=-2, y=-3.

182. a) x =2, y=1;6) x = -3, y = —-1. 185, 1 u 3. 1886. (4; 13),
(14; 3). 187. (-7; D), (—1;: 15), (1; 1), (7; 7). 189. a) 0; 4; 6) 1; 3;
B) KopHel mer. 200. a) (—o0; —6) U (-6; 0) U (0; +co); 6) [4; +oo);
B) (—o0; =1) U {(—1; 0) U{0; +o0). 201. y = 10x, roe QO < x < T; [0; TO].
202. y = 1,5x, rpe O € x £ 4; [0; 6]. 203. Tpadbuk He nepecexaeT oChb X,
a ock Yy nepeceraer B roure (0 1). On pacnonoxceHs B I 1 II RooOpAMHATHEIX

20¢, e 0 < £ < 3,
gerpeprax. 204. I = 160, ecnm 3 < ¢ < 5, 209. a) 4; 4) 1.
-12¢t + 120, ecim 5 < ¢ £ 10,

210.y = 22 + 5, y—"-x —4,y=Jr+1,py=2"+x%+6.214.2) -6; 2;

6) 21:6-/2-2; 5) 412'.{_ ‘/_ . 216. ITpu p = —1,5; —%_ 218. x° + x - 2.

219. @ = 1, B=41—mna=4,ﬂ= 1. 222. a) 3%; 6) 12. 223. Ilpm
a=b=20225.-1n 1, sm -1 un 8, man -1 »w -3, wmm -1 u —-1.

226. x* + bx + 1. 227, a) 25::;5’,6) 2m ol 228, a) 2E_2 ) T4
x+6 x+2 3x -

B) x* — bx; 1) 5 ,Jl)x_,_l,e) x—1'229' a) Ilpx a = -0,28; 6) opn

a=3;B)opu a = —2; r) mpu a = 0,001, 238. a) Ilpu ¢ > 13; 6) opu
¢ >8.239. TIpu b= —12, ¢ = 24. 240. Tlpu a = 2. 241. IIpu a > O
uc€<mpur a<0uc > 0. 242, IIpu a = —6 v b = 26. 257. B) 3;

2
r} 3,5; 1) —0.5; e) % 259. r) Ilpm a 2315; e) upa b = 1,5,

T'nasa I1

266. a) -2; 6) -0,2; 0,2; 8) -3,5: 2; ) -0,56; 0,5. 267. a) 0; 5,5: 6) - T3
B) 15; 1) —6%; 5. 270. 6 om. 271. 17 n 12 rum —12 u -17. 272. 2) - ~6;

0; V63 6) 05 B) 05 1.5; 25 1) —0,2; 05 0,55 1) —5: 33 2 ) —4; 03 1; 4

x)—1: 1;8)-1;0; 1; 3. 274.a) -3 - -J_; -1; -8 + \/_ Yrazaunwue,
TIpencrassre Tx% B BHme x° + 6x% 6) -2,5 — J1,25; -2,5 + J/1,25; 1.

OTeeTul



275. (1; 0), (2: 0), (3; 0) x (0; —-6). Yxasanue. [IpeacranpTe —6x° B
auxe —x2 — 5x2, 276.8) —2; 2; 6) —1; 1; 3; B) -3; 2; 1) 1,55 13

= _4J1_7: R +4ﬁ 277.a) -2; -1; 15 2; 6) 2; B) —4; 3. 278.2) =3 3;

6)—J_J_ -2; 2; 8) kopueik HeT} T) — 2,2,—, ) — J_,J_, (,(,
e) ——2—; E‘ 279, a) —3; 3; —4; 4; 6) kopHei HeT; B) —J_; 2. 1) "J—, J3;
) —JI; %: —2; 2: e) xopueit mer. 280, a) (—2; 0), (2; 0), (-1; 0), (1; 0)
1 (0; 4% 6) (—2; 0), (+2; 0) u (0; —10); ®) (—10; 0), (v10; 0) u (0; 100);
r) (0; 0). 282.a) Kopreit ser; Q—JI; \[g; —2; 2. 283.8) —1; 1; —/5; VB3 6) 1;
-J3:4/3. 284.a) 1; 6) —2; 1; 2. 286.a) (—0; 8,6); 6) (-2,5; +0).
287.3a 66 u w 55 u. 288.a) 0; —3: 6) 0; B) 0. 289. a) —Jﬂj; m;
6) 4. 290. ) 10; 6) 0. 291 a) -1; 7; 6) 2; 83; =) 4. 292. a) 1,5; 6) —0,5.
293. a) §,2; 13; 6) —6,6; 3. 204. ) 8,2; 8; 6) -13; 2. 295. ) (-1; -9),
(-3; -3), (3; 3). 296.8) ~1,4; —0,5; 0,5; 6) —: 5; 2. 207a) —1; 3; 6) —4; 3;
B) ~2; 4. 298.8) 1; 2,8; 6; 6) 2; 5; 7+ 44/2; 7 — 42. 300. a) —g;

-1-y5 -1+ 1

7 ;. YKABaHHE BeegnTe HOBYK flEpeMEHHYIO Y = X —
-3- 45 4 dx+12

6)1;3; 2, B 5oy ) 2245 222 303, 24 guw 12 pme,

304. a) (-8; 6); 6) (—00 1,5) U (2; +00); B) (—00; —3) U (5; +0o0); r} (15 1,2);
o) x # 1,5; e) pemenuii mer; :x) (0; 0,9); a) (—co; 0) U (8,b; +00),

805. a) (—o0; —2,5] U [1; +00); 6) [2; 3k B) (~o0; —vB] U [¥B: +o0).

806. a) (—o0; —7) U (0,5; +0); 6) x # %; B) [—;-, 1%]; r) (—oo; —4,6] U [2; +co);

R) (—00; 0) U [% +°°J: e) (—o0; ~24/2) U (2v2; +°), 307. a) TIpu x < —1,5

w x> ~1; 6) mpa x * —¢. 308.a) (—4; 4); 6) (003 —v/3] U [8; +oo)

B) (=003 =3) U (3; +o0); 1) {—oo; —%) U [05 +20); m) [—5; 0]; e) (~co; 0) U

U (7; +00). 309. ) [-10; 10]; 6) (-o0; ~2VB) U (2V8; +o0); B) [~4; 0;
3

r) (‘c"’ ‘ﬁju({fﬂr‘”) 1) (=203 0) U (0,4; +0); &) (=203 —0,5) U (B +00).

OTBETHI
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810.8) Mpu & < —6 u b > 6; 6) mpu b < —15 u b > J15. 311. a) Ilpm

~12 < t<12; 6) npp -8 < <3, 312, a) [—7; —i); ) (—00; 11) U‘

u [IE; +00]; B) ¥ — mi0060e UYHCAQ; T) (—0‘3; 9 —2\2/:?] u (9 +2;/_ +°°)

313. a) {-o0; -1) U (4,5; +0); 6) x # - 814, a) [0; 4]; 6) Bce umcaa,
xpome 3. 318. He npepocxoant 5 cM. 319 Boasme 4 cm. 320. a) (—2; 3);
6) (4; 6); B) (~12; —2) U (8; 10); r)[ ,3} 1) [1; 8]; e) pemesmwit ner,
321.a) 2, 3, 4, 5;: 6) 2, 3, 4. 328.a) -5; 6; 6) —J6; —+3; ¥3; /6.
324. 7 xr. 326.a) (-o0; —8) U (5; +o0); 6) (—10; 14); B) (—o0; —8,5] U
U {3,5; +%); 1) [—%; —%] 826. a) (~25; 30); 6) (—00; —B) U (B; +0o);

B[k il 0 (o5 6,810 [0,1; +o). 327.8) (25 5) U (12; +oo);
6) (—oo; -7} U (—1; 4), B) (—o0; —5) U (—1; 0) U (B; +00), 328.a) (—48; 37T) U
U (42; +09); 6) (—o0; ~0,T) U (2,8; 9.2). 320. a) (~o0; -9) U (2; 15);
6) (=65 0) U (5; +00); ) (1 4) U (8; 16). 330.6) [-%: -1} ») (-12; 3y
r) [—6; L], 881.a) (-o0; 18) U (19; +00); 6) (~; ~0,9) U (3,2; +o0);
5) [-3; 8,5]; 1) [0,3; 8]. 332.a)[-8; 5); 6)[-12; 1] U [9; +0).
333, a) (—%0; —2,5] U[17; +oo); 6) [-8; 0] U [4; +o0). 834, 8) (=63 5);
6) (—°0; —3,8} U (1,4; +02); B) (—o0; D) U (1,6; +o0); 1) {(—20; 0,3) U (4; +0),

335. a) (-7; 21); 6) (—oo; —4,7) U (7,2; +c0); B) (—o0; —8) U (—%; +oo):

r) (0; 3). 338, a) (—o0; 1] U (3; +0); 6) [~6; 5); B) (0; 2]; 1) (—oo; 1) U
U[1,5; +0). 337.a) (—16; —4); 6) (—o0; 2) U (2,5; +00); B) (—00; Q) U
U (0,8; +00); 1)} (-4; —1,2). 338, a} (—4: 0); 6) (—°0; —1) U (0; +0);
B) (1; 2]; r) (—o0; —2) U[1,5; +). 339.a) y = —4x; 6) y = 1,6x + 4.

340.2 1 3 1. 342.8) 2; 1~ /2; 1+ 2; 6) —3; -2; 1; 2. 848.8) -8; 2;
6) —1; 1 — +/2; 14 2. 344, (-3; 0), (-2; 0), (1; 0) = (0; —6). 345.a — 5;
(-4: 0), (2:0), (3; 0). 346.a) —1: 1; 6) —1: 1. 347.a) —-10; —4; 2.
Vrkazanue. HenoneayliTe nopcramoBKy y = (x + 4)%; 6) 2; 4:
83— TT; 3+ J77. 848.2) 4; 6) —2. 350.3; 3; 2; 5. 862.2) 0; ~1; 1;
6) 0; —2; 2; B) 0; —8; 8: r) 0; —2/5; 24/5. 853. a) 0; —5; 5; 6) 0; —V6: /6.
354.8) 1; 2; 6) -1; —3; 1; B) -2; 0,8 5 r)—1; 3;6. 355.8) —1.

-3+438 -3-.38

Yxasamme. IlpeacraneTe 2x% 5 Buge % + x% 6) —1; 5 s 5
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358.a) 3 — VB; -3+ B:—3— IT: -3+ i7; 6)-2; 4: 1 - V5;1 + 55
B) KopHeit Her; 1) —4; 0; x) -1 — J2; -1+ J2; e) —4; 5; x) —-4,5; 1;
TG T 359.4) 15 6) -1 —y3; V3. 360.2) -3 6)-1; 2.
364. a) —3; 3, 6)-1; 1. 365.-5,6; 4. 366. a] ~7; 15; 6) -2%; 5.

J— 11+-JE_

367.2) 3; 10; 6) —23; 4. 368. 4. 369.2) -1; . 6) —1;

4—3JF 4+J? . 370.8) 1; 6) 2; 2_1. 371.a) -1; 1; 6) 0. 372.a) 1,4; 3;

6) 3 9. 373 &) 1; 6) 3: 3. 374. 2; 5. 375.2) -2,5 - 5,25: -2,5 + 6,25
2,5 — 5,25; 2,5 + /5,25; 6) -2 — J', —2++5; 2 J_. 2+46; -1; 1

876.6) [-9; 1]; ) (-0 —2) U [3- to0; 13 (~o05 1,751 U [L,5; +o0)

J) x — amwboe YACIO; €) X ;é . 878.a) (—4; 4); 6) x#= —2. 379. IIpn

—4€a<——2n—2<a<6.380.1'[pub<2 V10 = b > 2 + +/10. 381, a) TIpa
¢ > 36; 6) mpn ¢ > —20, 382, 8) [Ipu 0 < k¥ < 42,2b; 6) npu & = 42,25

u k < 0; B) upu k> 42,25. 383.[-3; 1]. 384, a) (7; +90); &) [-00; —%);
n) (—co; —8); 1) (4; 5). 385, a) (—1; 2); 6) (1; 4). 386. a) (—o=; -1,2) U
U (4; 6); 6) (—17-; %] u (g; +oo); B) (~00; ~1,6) U (0,65 1,2); 1) (~o0; ~1,8) U

U (L,7; 1,9). 387. 8) —4; 12; 2; 6) (—o0; —) U (1%; 2]; B) (~4; 1§] U (2; +o0).
388, a) (—o0; 2) U (T; +);  6) (7,3; 9,8); 1) (—0,8; 4) U (20; +0);
r) (-oo; —0,3] U [5; 17]. 389.8) (—17; —4) U (4; +o0); 6) (—oo; —11) U
u (g 11); B) (—c0; —5) U (0; 5); r) (-0,1; 0) U (0,1; +o0); n) (—o0; —3) U
U {~1; 1) U (8; +0); e) (—6; 0) U (6; 15). 390. a) (—2; 6); 6) (—o; Q) U

U (4 +00); B} (—0; 1) U (1; 24); r) (—o0; =T) U (21; +00), 391, &) (—oo; —%) U

u [%’ +°0]; 6) [“‘x’; —1_21) U (4; +o0). 392. a) Her; 6) mer. 393. a) (—0; —4) U

U (8; +oo); 6) (-16; 11); Bm) [-1; 3); r) (—°; 4) V [6; +0); n) (—1; 2];
e} (—90; —1,5) U [0,2; +o0). 394. n) (—4; 18): 6) (—oc; —2) U (0; +oo);

2 i
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I'nasa III

404.a) x* + y® = 9; 6) x* + y? = 25; B) x* + y® = 64. 405.a) (x — 2)* +
+ (y + 5)° = 255 6) (x — 2)* + (y + 5)* = 169; B) (x — 2)% + (y + 5)% = 2.
408. IIpu m > 0. 409. a) Ilpu r = 7; 6) upu r = 5. 411.a) (-2; -1),
(-1;-2), . (152),. (251); 6)(-2;-1), (=2:1), (2:-1), (2; 1)
412. a) [-0,24; 0]; 6) (—0; —13) U (13; +o0); 1) (—2; 12); x) y — m060e
ancio. 413. a) (55 2); 6) (—0,75; —4,25). 414. a) (9; —7,5); 6) (30; —25).
425.11pu b = 3. 426.1Ipu a> 0. 428.16 u 18 xm/u. 429. a) (5; 2),
(2; —1); 6) (=4; =5), (6; 5); B) (15 —5), (4; —2); 1) (4; 5), (13; —4).
430. a) (10; -7), (-3; 6); 6) (-1; 0), (-2; —1); B) (-3; 5), (2; 10);
r) (2; 2), (1; 3). 431. a) (2; -1), (15 —2); 6) (1,5; 1), (1; 1,5); B) (-1; 0),

(0; -1); 1) [5% 3}]. 432. 8) (10; -2), (~2; 10); 6) (2; 1,2), (-1,2; —2);
8) (8; -1); 1) (-1;-2), (=3 -1). 433.a)[-§-1), (1; 4);

5’5
6) [25; ~§], [25; —;-); B) (-32; -18), (-10; 4); r) (-1; 2), (12; );
A) (8; 6), (=8; —6); e) (4; 0), (12; 16). 434. a) (—-3; —1), (5,5; 0,7);
6) (3; —5), (5,5; 5); B) (65 —9), (3; 4,5); r) (1,5; —2,5), (2,5; —1,5);

m) (05 2,5), (-2; 1,5); e) (-3; -1), (1”’- 1%} 435.0) x, = -2, y, = -,

17°? 2

=1

@

x2 = %’ yz = %—-3—; 6) u]_ = _3,5: v] = 2'}5; ug = 3’5, Uz - '_‘2,5.

436.a) x; = -5, y, = 4; x, = —2%, Yy = 7%; 6) py =6, t; = 2; p, = -5,
ty =~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),
(45 0); 6) (1; 2), (—1%; 3}} 441. a) (-3; —2), (3; 1); 6) (3; —5), (5; —8).
442.a) x; = -2, y;=1; x,=2, y,=-1; 6) u; = -2, v, = 8; u, = -3,
v, = 3,5. 443. a) (15; 10), (2; —3); 6) (12; —-6), (2; 4); B) (—%; 2];
[%; —%J; r) (—1; —1%), (65 2). 444. a) (2%; 1%) (6; 4); 6) (-2; 0),

(1,8; 11,4). 445. (3; —1). 447. a) (-V/6; V/6), (/65 —/6); 6) (-5; —4), (5; 4).
448. a) (-4; —1), (-4; 1), (4; 1), (4; 1); 6) (=6; —5), (=6; 5), (6; —5),
(65 5); B) (=75 —9), (8; 6). 449. a) (0; 6); 6) (—4; 0). 450. Ilpu k = 2

u upu k=-2. 451.(5,4; 10,8). 453. a) [3%; +oo}; 6) [—oo; %)
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454.2) (-14; 12); 6)(~25 s ) (005 ~14) U (15 +o0): ) (255 1,2,

455. 5 m 7. 456.3 u -4 w4 7 —3. 457.6 1 8 cm. 458, 24 u 10 cm.
459, 60 u 40 m. 480. 210 cm®. 461.4,8 u 3,6 xmM/u, 462.0.16 u
0,12 m/c. 463.6 m 5 cm. 464.8 1 6 cm. 485.5 m 12 cm. 466. 60 u
84 u, 467.8 n 12 4. 468. 5000 p.; 8% rozosnx. 469, 10 u 6 4.
470.5 am?. 471.1 u 1,2 xr. 472. 4 ¥ 5 xM/u. 473.4 1 5 BEM/u.
474. 60 u 40 gm/u. 475.1,2 u 1,4 r/em®. 476, 40 cn® onosa u 60 oM’
Menu. 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) (-=°; -8] U
U [0; +o0); B) [-2; 2]; 1) (—o0; —JE) U (v/6; +co). 489. a) Touxa (3; 2);

6) MIOKECTEC TOUEK, IPHEAVIKAIFX napaborte y = (x — 2)° + 1, u rouex,
pacuoso:EeHHRx Hke ee. 490. a) (x - 2) + y2 <9 6)xt+(y—-4)P>4.
492. a) MHo)XecTBOM pemmenHit ABAsgeTcs O0BeAWHEHWe OEPBOH H
TPeThEH deTBEPTeH KOOPAMHATHOH [OJAOCKOCTM, BHOIOYAA OCH
KOODAHHAT;, §) MHOMKECTBOM pemreHuit ABnAeTcs 00beANHEeHMe BTOPOIl M
YeTBEpTOH 4YeTRepTeil KooOpAMHATHOH IIAOCKOCTH, KpoMe oceil

Koopaumat. 494. 1. 495.(1; 8), (0; -2). 499. a) {; ; g: 5) {: 2 g:

501.a) k=3, b<-1; 6) k= 3, ¥ — nwoboe uncao; 8) k=3, b=—1.

y<15x+ 3, { < x
“+y 225 ¥ ’
. £-15x2+328, 6 > 503. -9, 504, =73
202 a)E;;o; i ){x2+y2 < 100. y -2 2)

—6; 6) —4; 12. 505.[5; 16]. 507. a) (—4; —2), (4; 2), (1,5+6; —0,5V8),

(-1,548; 0,56); 6) (-3; ~1), (3; 1), (1; 3). 508, a) (-2; -2), (Z; ),

[1+2J:)§_2-J3_9] [1_2@_2+JE]
L] * 5

s S = ; 6) (=5; —1), (5; 1). 509. a) (—2; —8),

(2 3); 6) (0; 0), (~1; 0,4). 510. a) (0; 0), (g —%g] (1,5; 0,75); 6) (-8; 3),
(_1+JH_ _1+Jﬁj [—1+Jﬁ_ -1+ JET] 511. 8) (-4; —=3),  (4: 3):

b !’ 10 5 ? 10

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), (3; 4), (4; 3%
6)(5: 1), (1;5). Bl4.a)(1;2), (2;1) 6){(—2;-3), (-8;-2),
(2 —T; 2+ J7), (2+ VT; 2 — 7). 515. 2) (4; —1), (—4: 1), (0,5; —8),
(0,55 8); 6) (2; -1), (-2; 1), (%: ~ 3) [—%; 3]. 518. a) x" - y* = 25;

6) y' + 2%y — 92— 182 +86=0; B) x°y+x® —xy -6 -6+ 6=
=0. 521.a)}IIpu ¢ =-2 u nupn a = 6; 65)‘ mpu g = 7; B) IDH & = —2;
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r) npu a=1- 2J§ u opu a=1+ 2\/5. 922. a) (-3; —2), (-3; 2),
(3; -2), (35 2); 6)(—3;-1), (-3;1), (38;-1), (3; 1). 526. a) IIpn

m =—V10 u npu m =+/10; 6) mpu —/10 < m < /10. 527.a) (5; —-2), [—2;%);

6) (0; -1), (3; 5); B)(6; —-1), (3; 5); r)(6;2), (11; 7); m) (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); 6)(-10;-8), (-10;8), (10;-8), (10; 8).

530. a) (0; —5), (1; —4); 6) [%, 1), (—é-; —1). 531. a) (—3; —4); 6) pemeHuMiIt

mer. 532.a)[~§; —%], (1; 1); 6) (T¥2; V2), (<7425 12), (7+2; -2),

(7+2; —\R); B)(3;4), (3;-4), (0;5); r)(51;-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), (=45 2), (3; -3), (3; 2);

6) (3 — 8v2; 3 + 3V2), (8 + 32; 3 - 3+R2), (2; 4), (4; 2); B) (2; 3), (3; 2);
r) (-3; =2), (-1; —4), (4; 5), (6; 3). 537.a =2, b=2 wwm a = —2, b = 6.
538. 18 u 12, 539.60 u 20 uam 25 u 37,5. 540. 10 u 0 uau 26 u 24.
541.36. 542. 2 wu 1. 543.5. 544.9 u 12 cm. 545.6 4. 546.12 u 8 w.
547. 40 u 50 xm/u. 548. 40 u 50 xMm/u. 549. 6 u 4 xMm/u. 553. a) Kpyr
¢ IeHTPoOM B Touke (2; 4) m paguycom m; 6) MHOX€ECTBO TOYEK KOOp-

JAUHATHOM ILJIOCKOCTH, PACIIOJIOKEHHBIX BBIIIE Mapabosns! y = —(x — 3)%+ 5.
555. a) O6seguHEHNE ABYX INPAMBIX YIJIOB, OOPA30BAHHBIX NPAMBIMU
x=1mu y=1 u comepxxammx rToukm (2; 2) u (0; 0). 559. a) 065-
enuHeHHe AByX obiacreit A u B, rage A — BepXHAA MOJIYIIOCKOCTH

(y 2 0), u3 Koropoit mckaouén nmoaykpyr (x + y? < 1), B — nonyxpyr,
PaCIOJIOXKeHHBIA HHKEe OCH X.

T'aapa 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 km/4. 583. 7,56 m 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;
0) Her. 592. a) Her; 6) na. 593. a) [lna nmepBBIX TPHUANATH YJIEHOB;
6) Ay BceX WIEHOB, HAYMHAA C TPUANATH IepBoro. 594. a,, — nepBhIi

[OJIOKUTENbHBIN wieH, a,, = 0,5. 599. (2; —4), (-0,5; 3,5). 600. a) 0;
—8; 4; 6) 10. 602. a) 5; 6) 10 000; B) §1~2-; r) 3. 605. a) 63; 6) 86,4.
606. 6) S;, = 2700, S100 = 10 400, S,=(n+ 4)n. 607. 670.
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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 psajos;
465 mapos. 617.10. 618.12. 619.a, = 0,8, d = 1,2. 620. a) Her;

o na. 621.0)( % 1) (-2 -1, (15 2}, (-1 -2} oy @ioh i -5), -2:),

4 3 3
(-2; —5). 625. a) %; 0) —%; B) —32; 1) —515—; ) 77 e) i;— 629. 1024 em?.
630. a) ng; 6) T52?_5' 631. a) 3 uau —3; 6) 0,4 mu —0,4. 632. a) 1000; 6) %
nau —+. 633. a) 5 wn —5; 6) ~162; 8) ~0,001 wru 0,001. 635.a = 1,

b= 1. 636.96. 643.3, 7, 11 ;mm 12, 7, 2. 644. 2, 5, 8. 646. (5,5; —0,5).
647. a) (—oc; —2] U [8,5; +0); 6) (—°o0°; 0) U (2,5; +00); B) (-2,5; 4].
649. 6) 147 5) ~63. 650.a) -39 364; 6) 171. 653. ) 205,9; 6) 2537

654. a) 1345; 6) —274,5. 655. ~364. 656. 2186. 657. 5. 659. a) 33; 6) 5.
660. a) (—oo; 0] U [1,5; +90); 6) (—o0; +o0). 673. a) a, = —34, a, = —26,5,
ay=-4; 6) a,=-10,5, az3=-6,5, az;=-2,6, ag=-0,5.
677. a) 20 - 243; 6) 43 - 7. 678.a) 15; 6) 15. 679. a) [la; 6) xa.
680. a) 1; 6) —. 683. a) ~0,1; 6) 0. 684. a) 10.;; 6) 55v3. 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.

g nz+n

n—n

692. a) 11; 6) 3. 693. -75. 694.a) x 2 ;6)x % . 695.a) 46,2; 6) —45,5.
696. 1600. 697. a) 840; 6) —51,6. 699. [la; x; = 1. 700. a) [Ia; 6) HerT;

B) HeT; T) HeT. 705. a) I1§§ 0) 12\/6. 710.a) x; = 27, x, = %; 6) g = 2,

n=4; B)n=6,xn=—é; r)x1=2\/§, n=25. 711.¢g =56, %, = 8.
712, 176.

I'maBa V

715. 10 BapuanTos. 716. 12 cnoco6os. 721. 36 mapruit. 722. 132 urpsr.
723. 28 pyxkonoskaruii. 724. 552 ¢ororpaduu. 725. Xeatur. 726. 12 coo-
cobamu. 727. 30 cnocobamu. 728. 180 rkoctiomoB. 729.a) 1; 6) —1.

730. a) (—00; 1-;—); 6) (—00; ;1‘;] 732. 24 cnocobamu. 733. 5040 mapmpy-

ToB. 734. 362 880 cnocobamu. 735. 119 Beipaxkenuii. 736. 6 BapuHaHTOB.
737.a) 720; 6) 600. 738.a) 6; 6) 6. 739.384. 740.a) 12; 6) 18.
742. 240 cnocobamu. 743. 6 mepecranoBok. T44. 4 838 400 cmocobamm.

745. 3 628 800 cnocobamu; 14 400 cmocobamm. 748, a) 15; 0) %;
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B) 1722; r) 40; a) 31,5; e) 330. 749. a) 1320; 6) 182; B) 15; 1) 630;
o) 75> ©) 9. 7350.a)Ilepsoe mnpouapepenme Goxpme B 5 paa.
751 8) 2222 6) —ab. 752.8) (-0; —0,4); 6)[3; 8] 754. 24 coo-
cobamu. 75D, 870 cnocobanu. 756. 840 crnocobamu. 757. 11 880 cmo-
cofamMm. 7568. 30 240 coocofama. 759, 27 907 200 coocobamu.
760, a) 30 coocobamu; §) 360 coocobanmy; B} 720 coocoGamm.
761. 7 893 600 cnocobamu. 762, a) 120; 6) 96. 763. 544 320 HOoMepOB.
764, 8) 24; 6) 12, 765. a) (—2,25; 2,75); 6) [-1,4; —0,6]. 766.a) x = 1,

y=4; 6)x=1,6, y=1. 767.a) 28; 6) 220; =) % 788, 21 cooco-

Bom. 769, 56 cmocofamu. 770. 210 cnocoGamu. 771, 28 npammx.
772. a) 210 conocobamu; 6) 252 cnocobamu. 773, a) 55 coocobanmu;
6) 165 coocoBamit. 774. 4950 coocobanm. 7756. 720 enocobame. 776. a) 120;
6) 24. 777.12. T778. a} 10 coocobamu; 6) 120 coocofamu; B) 45 cnoco-
oamm. 779.a) 1820 cnocobamu; 6) 43 680 crniocobamu. 780. 28 yua-
muexcs. 781. 15 rypucror. T8B2. b. 784, a) (—2; 2,5); 6) (—90; +00),
785.a) x; = 15, y; = —16; x, = 16, y, = 15; 6) x; = 4 Yy =-Tx,=

yy = 1. 786.a)0,04; 6) 229, 787.0,012. 788, ﬁ. 794. Henpas.
796, =T7. 796. a) (—o0; +00); [-42; +00); B) (—o0; 0); (05 +00),

| 1
797. a) (—0; 0) U (0,8; +o0); &) [—g; OJ; B) (—00; —2—] V(2,55 +00).
798. 0,08. 799.a) 5; ©) é 800. 1z. 801. 2 802. . 808.Y Amapes.
804. 7. B05. 15, 806. ;. 810.0 <p(A) <1, o«:p(B)< 1, 0<pO)<1,

pD)=0. 811.0,8. 814, a) E; a) g. 816. g. 814. g. 817. 0.4.
818. TfepecexarwTcea B Toukax (0; 0) m (8; 80). 819.a) —8; 7; 0) 8.
820.8) 3; 6) 553 B) 3. 82L.8) 0,012; 6) 0,008; 5) 0,02. 822. ;- 823..

1 235, ., 9 1 5 26
824.0,0012. 825. 5. 826. a) g 0) 57 B27. 5. 828. 0,95, 829, 7. 830. 5.
Yuxasanwme. Ilogeauraiite BepOATHOCTR TOrO, YTO AAHHOE COORITHE

"He oDpomsoigér. 831, 900 amcen. 834. 12 gmcen. 835. a) 6 gncexn;
0) 12 upcen. B3T.a)n=56; 6)n=10; B} n=15. 840.a) n = 6;
6) n =5, B41, a) 276 cnocobamm; 6) 552 cnocobamu. 842, 83 BapraATA.
Yrxasanue. Halimure cHagANA, CRONLKUMI CIocobaMH AHTOH MOMKET
OpMrjAacHTh OAHOTG Apyra, ABYX Jipysed u T. 5. B43. 6 xomannm,
844. a) 3024 cmocobamu; 6) 504 coocobamu. 845, & rTouek.
846. 7 866 000 conocobos. YxazaeHe. Haligure cEAYANA, CKOJILKMMHE
cmocoflaMd MOKHC BHASAHTE VUYAIMMXCA W3 KaXJI0T0 KJIACCa, W BOC-
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848. a) 495 cnocobamm; ©6) 792 cmocobamu. 849. 560 cnocoba-
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7
858. a) - 6) 13 B) 3. 859.a) o 6) 3. 860.0,81. 861 3. 862. 5.
1 37 1 k. 1 1, 1
863. 7. 864. 5. 865. a) a5 6) 155° B) T35+ 866 )—1—0-, )g. 867. 2
5 5
868. 2. 869. 0,26. 870. 5. 871.0, 00001 872 8) 353 6) 753 B) 353 T) 7%

873. lllance oxmHaKOBHEI. 874. a) §, 0) ﬁ.

VnpaxHeHus s MOBTOPeHHMS Kypca 7—9 Kiaaccos

875. a) —10; 6) %; B) —34; 1) —1%. 877. a) 7800 p.; 6) causmunace Ha 22%.
878.16%. 879.a)30%; 6)20%. 880.12,5%. 881.a) 8820 p.;
6) 10 920 p. 882.a) 10v2; 6) 242; ®) 3; r) 14. 883.73 - 3646.

886.a) —2; 6) 1. 887.a) 485; 6) ~2627. 888. 46. 889. 18. 890. -32.

891.422. 892. a) 380; 6) -5 B) 50; ) 252; x) 220. 893. a) <10

6) 1o > 10°. 894. a) 120; 6) 96. 895. 24. 896. a] 495; 6) 11 880. 897 3360.

898.1; 5. 899.a) 3; 6) 3; B) g T) 5. 900 120 901. a )14, 6) 2; ) 2.
-3 m-1

903. a) 2; 6) 15,1; B) —2; r) —1,5. 908. x) +6, 3) 2:c+2’ H)m+2.

909.a)4; 6)3. 910.a) -1 6) % )iy D)

42 -6b+9

3 >

b — 16d 3x p—5 2n —-3m . g 7
2y —a2 B3 T - 912. 2)

4
911. —
a) a ) m? —2mn + 4n?

3 2 2
B ol . 10 - 2m a-3a+9, 2,
6) 53 B) 4a’ r) 65¢ — 65. 913. a) 3 D) Tk E B) s

1 x2+y i a?‘—sa i 3
I')Z- 914'8‘)1+3m’ 6)y2 ) ’I‘) 2+3 Fg’ﬂ)l )9x2+3x+1'

a

) ) _. 16. azc3 .
915. a) 30; 6) 4,25. 917. a) 2x°y"; 6) 5 B) - oy 1) oo 918.2) 95

6) 33%; B) 15; 1) 2,5. 921. a) 2y/2x; 6) V2a — 2 B) 4\/xy; 1) 2Jx - ¥ fy.

Ja-1; x-Jwyty, Je e
922. B) P)JE+1 I) = : e)c+ —— 925. a) —4,5;

6) x — moboe uucao; B) —1; r) Kopueit Her. 926. 6,4 kM. 927. 360 KM™.
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928.4 ¥ 12 xkm/u. 929.9, 6, 16 u 15. 980. 450 r. 938. aym% 2,5;
6) m > -2; B) npn mwboM m; TY m< -4 numn m >4, 934. a) k< ——i-g;

6) k> g; B) -2 <k < 2\/_- r) TaKHX sHaYeHHH % Her. 935.a) 0; —3;

)_‘/;—, ]3, 7; r)la, 3: ) -182; —1; e) — 35, 2, 936. 110 M. 937. 25,
938. 14 939, 240M 940. a) -1; 8) -1; 3; r)—14; 1; @) 1; 2; e) =5;
) 13, 3) ~1; 5 941, 15 1 10 u. 942. 60 u 80 rm/u. 943, 15 xM/u.
944. 2 em/u. 945. 20 km/u. 946. 10 ,ue'raneu 947 25 crpaEn.
948. 70 xm/u. 949.12 xm/u. 951. a) 13; 12; 6) +25; B) +4/5; r) £1,
952. a) -0,6; 0,3; 6) 0; —1. 953, 2) 0; +4; 6) 0; L1; n)o r) 0; 2,5; x) —8:
0; 2; e)-3; 0; 2; =x)-1; +3; 3) -;- 954. a) 2; 6) —0,1; B) 0,3; ¥) j:2\/§;

ay—1;: e) i\fz_’. 857. a) (4; —1); 6) (2,45; 0,37); B) (15; 25); ) (0,32; -0,886),

958. a) (1; 2); 6) (13; 8). 980. ) 5; 6) 3; B) V34. 963. a) 5x + y = 30;
6) Tx + 4y = 26, 966, 60 u 40 geraneit. 967. 80 u 50 xm/u, 968, 48 n
65 n/ra. 969.60 u 20 km/4. 970. B orrOmIennM 2 : 3. 971. B orao-
menuH 3 : 1. 973. a) (—2; —4), (4; 8); 8) (5; 3); n) (1; 4), (4; 1); 1) (8; - 1),

(—3; 1) ) (0; 4), [22; 13%}; e) (1; 2), ({; 4%). 974. 2) (1; 5), (5; 1);

6) (3; —2), (—21~ 14]- 8) (=3; —B), (=5; —8), (35 5), (5; 8); r) (—4; -2),

(4 Z) 976. Hpﬂ L = —8. 977, Ilepecerarorca B rouxe (1; 4). 978. [Ipu
979—980 - 981.9 1 40 cm. 982. 11 1 8 ¢, 983, 15 1 30 ameit.
984 3 H ﬁnneﬁ 986 a, =10, 4 =10. 987 -2. 989, 7.2, 990. -25.

991.80. 992.2) 11 6) %2 wmr -2 993 2. 094.31,5. 995. 16,5,

9986, 635. 997.18; 12; 8. 998. 45. 1001. a) m>—-4; 8) x> -1,2;
B)a<16; r)b24; ) x<0,1; e)m>—4; x)y<10; 3)a< -0,5.
1002.8) x< 8; 6) a>-1,5; B) y>0,16; 1) m>5% a) a> 1L;
e) y < —0,4. 1003. a) ITpx &> —62; 6) upn bk < —0,76. 1004, a) (—oo; 2,5);

0) (—%; +oo); B) (—co; —%J; r) (—oo; —0,8). 1005. a) (1; 3); ©) pemenui

HEeT; B) (—oo- l); r) pemiesui Her. 1008. a8) (—3; 0); 6) pemennit =er.
1007. a) (—5,5; 1); 6) (4; +oo); B) (—29; 3): r) peimeHHi HeT.

1008, a) —3; —2; -1; 0; 6)2; 3; 4; 5; 6; 7. 1009. a) (-3; 6);
6) [-27; —71; ) [6; 8); r) [-0,56s 1,2]. 1010. a) IIpn O < x < 5: 6) upsH
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-17 € x < 18. 1011. a) (-5; 3); 6) [—oo; %] U [2; +o0); B) (—o0; —3] U

U [1%; +00); r) (-1; 1,5); m) [-0,5; 0,5]; e) (%05 —1,2) U (05 +);

x) (—00; —0,2) U (0,2; +2°); 3) (—°°; 0) U (0,8; +20). 1012. a) (—°; ~1) U
U (4; +90); 6) (—o0; +00); B) (—13; —1); 1) (—4; 7). 1014. a) [-1; 2,5);
6) (—o0; 2] U [3; 4,5]; B) 3; 1) [0; +0). 1015. a) 1; 2; 3; 5; 6; 6) 2; 3;

4. 1016. a) Ilpn x?%; 6) npu x<5; B) upu —3 < x<5; r) npu x < -2

ux>1,5 x) upu 0,5 < x<2,4; e) upn x 2 5%. 1017. a) x — nwboe

ymeso; x # 2,5; x = 2,5; 6) x — moboe gucao; x # —4 u x# 0,5; x < —4
u x> 0,5; B) x — moboe umcno; x — a060e YUCI0, X — J0boe YUCIo.
1029. a) Y6siBaeT B mpomexxyTke (—°°; —2,5] m BospacTaer B IpoMe-

wyTKe [—2,5; +90); 6) Bo3pacTaer B IIPOMEXYTKe | —00; % u yObIBaeT B

1 1
IPOMEXRYTKE [E; +oo); B) yObIBaeT B IIPOMEXYTKe [—oo; —*I] H BO3-
4’
(—o0; 0,3] u y6mBaer B npomexyrke [0,3; +0). 1032. a) (2; —=7);

6) (2; —16), (8; —34); B) (—1; —7), (1; —5); 1) (—3; 33). 1033. a) y = —2x — 4;
6)y=-2x+4; B)y =2x + 4.

1
pacraeT B TPOMEXYTKe [——* +oo]; r) BO3dpacTaeT B NPOMEXKYTKe

3amaum NMOBBIMIEHHOH TPYIHOCTH

1036. —2; —-1; -0,5; 1; 2. 1039. Ilpu a = 1. 1042. (2; 0), (4; 0).
1

1043. IIpu a = 3; (1,5; —5,25). 1045. Ilpu m < —%. 1046. [—%; -2"]

1047. ‘3;‘/5, ‘3:"5 o 3‘4\[5, @ 1048.a = 1,5 wm a = -2,5.

1049. IIpx me (-1; 3). 1050. IIpu a < 1. 1051. (13; —15), (65 —1).
1052. a) (-7; —10), (10; 7); 6) (2; 3), (3; 2). 1053. (0; 0), (2; 3), (3; 2),

(-2; -3), (-8; -2), (—T; —J7), (75 VJT), (-V19; V19), (¥19; -19).
1054. (1 +v3; 1-+3), (1-+3; 1++3). 1055.-¥10 -3 4,
- Jfﬁ -~ 3—-4. YxasaHnue. BpINOJIHWUTE IOACTAHOBKY Yy = X + 4.
1056. ‘1‘2‘/5, '1;_‘/5. 1057. (1; 8), (8; 1). 1058. (128; 2), (2; 128).

1059.3, & wm . 1060.(1; 2; 3), (-3; —4; —5). 1061. m = 23.

OTeeThl

283



284

1063. 50 4, 75 u u 60 4, 1064 Cyrqec’rnye’r; 22, 1085. C, = (2n — 1)°
1066. 2 < n € 20. 1067 . 1073. -1, -1, -1; 1, 2, —4; -4, 2, —1;

-3, 3, —3. 1074. 1, 4, 7. 1076.2) 2; 6) 1. 1078. x=-\/§, y=4.
1079 x1_8 yl 8 21='8 Ly = 8 Ha = 8 32—8 1080 x1—5
=7, 2,=2; 2= Tyz 3, 29=4; x3=17, y, =4, 2;=3; x, = 5,

=2, z,= 7. 1082. 2. 1084. 1029, 1085. 150 a 810. 1086. 54 u 6;
98 m 2. 1089. 0; 63. 1092, Tipas O.uer, rax xax P(A) =3, P(B) = 2.
1093. P(4) = P(B) = . 1094, P(A) - & P(B) 3 P(C) =3, P(D)=0

4 3
1095.0,9-—--0 809. 1096. TE'ﬁ“l?-lM 1097, 0,b4.
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) I'PA®VYECKOE PEIIEHWE CUCTEMEI VPABHEHUH

{x2+y2___9’
Xy=4.

YA

R I

N —— —

X1=1,9; X,=2,6; x3=-1,5; x,=-2,6; |

V1=2,6; Y,=15, y3=-26; y,=-1,5;




TABJIAI]A KBAJTPATOB HATYPAJILHBIX YKCEJ OT 10 710 99

JECATKA ENAHUIIBI

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

7 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 | 8649 | 8836 | 9025 | 9216 | 9409 | 9604 | 9801
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y = 2(x-3)%+1 :
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