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Joporue neBATHKJIACCHHKHU!

B arom roay BEI mpoposkuTe umaydeHue aiaredpsl. Anrebpa, Haps-
Ay ¢ apu@MeTHKO# M reoMeTpuUeil, MPUHAMJIEIKUT K YUCJIY CTapelmmx
mMaTeMaTH4YeCKUX Hayk. B 9 Kiacce Bel ofpaTurech K BOIPOCAM, KOTO-
pble JaBHO HHTEePECOBAJH YUYEHEIX, — BTO METOABI PEelleHUs YpPaBHEeHHUH
U HepaBeHCTB, JOKAa3aTeJbCTBO HEpPaBEHCTB, GopMys mansa apudmerude-
CKOM M reOMeTPHMYECKOH IIPOrpecCcHii, TPUTOHOMETPHUYECKUX (HOpMY.I,
dopmysn KomburaTopuku. He ciyuaiino B yueOHUKe IOMEIEeHEB! 3a1a4yH,
CBsf3aHHBIE C UMEHaMH BhIAAIOINIMXCA MaTeMaTukoB: IIudaropa, Esxiau-
na, II. ®epma, . HeloToHa u ap.

B 9 xkyacce BEI HAy4UTECh PENIATHL HEPABEHCTBA — JIMHEHHBIE U BTO-
POM CTeIleHH, U3YYUTe MeTOJ MHTEPBAJIOB AJs PelleHUA PamuoHaJbHBIX
HepaBeHCTB. Bce yMeHus, CBsI3aHHBIE C HEPABEHCTBAMM, BaM IOTpPeby-
I0TCA IIPU U3YYEeHHU anredpel He TOJABKO B 9 Kjacce, HO M B CTAPIIUX
KJIaccax.

B sroMm roay pacmupuTcs Kpyr H3Yy4YeHHBIX (QPYHKIHI, uyTo obora-
THT Ballld IIPEACTABIEHUA O (DYHKIUAX M HMX CBOMCTBAX M II03BOJIAT
BBECTH IOHSATHE KODHA CTeIeHU 7. Bbl MO3HAKOMUTECHh ¢ (PYHKIMAMU
HATYpPaJbHOI'0 aprymMeHTa — IIOCJIEJOBATEJILHOCTAMHU, C apudmMeTHye-
CKOM M IreoMeTpHYecKOil IIporpeccusaMHu, (GopMynamMy AJIs BBIYMCIIEHHUS
CYMMBI IIEPBHIX 71 YJIEeHOB 3THUX IIPOrPECCHii, PEIlIuTe PAJ CTADUHHBIX 3a-
Jad, CBA3AHHBIX C IIPOTPECCHAMH,

Emé B Kypce reoMmeTpuu BBl IO3HAKOMHUJINCH C CHHYCOM M KOCHHY-
COM, TAHIeHCOM M KOTaHreHCOM yrJia. VIzyyeHue TPHUTOHOMETPHUYECKHX
dopmyn B 9 Kkyacce He ABIsAETCA 00A3aTENIBHBIM JJIA OOBIYHBIX KJIACCOB,
HO JIJISl KJIACCOB € YIVIyOJIEHHBIM H3YUEHHEM MATEeMATHKH 3TOT MAaTEPHAJ
o Tpaaunuu 00A3aTeNbHbINA. BiaseHne UM IOMOKeT yCIelIHee OCBOUTE
NporpaMMy CTapliuX KJIACCOB.

Bospioe sHaueHne MMeeT MaTepuasl 3aKJIIOUNTEIBHOM IIaBhl yueh-
HUKa «DJIeMEeHThl NPUOIHIKEHHBIX BBIUUCJIEHUH, CTATUCTHUKH, KOM-
OMHATOPUKHM ¥ TEOPHUU BEPOATHOCTEH». 3[eCh PACCMOTPEHLI IIPaBHJAa
IpUOIUKeHUA Pe3yJIbTATOB BBIYUCJIEHUM, ONpeleeHUus TOYHOCTH IIPH-
ONMMIKEHHBIX PE3YJIBTATOB, CIIOCOOLI IpeCTaABIeHNA JaHHBIX, UCIOIb3ye-
Mble B ONHCATEJbHON CTATHCTHKe. BOnmpockl KOMGHHATOPUKY HHTEPECO-
BaJNu YYEHBIX JaBHO — IIEPBOHAYAJIHPHO B CBSA3H C a3apTHLIMH MIPDAMH,
IIOTOM OKAa3ajoCh, YTO HalileHHbIe MU (PAKTHI ¥ (DOPMYJIBL JaIH HAYAJIO
eIé OZHOI MaTeMaTUYECKOU HAYKe — TEOPHU BEPOATHOCTEH.

Anrebpa Hy’kHa B IIOBCEHEBHOM YKMU3HU, TAK KaK YUIUT OOIIUM ITpa-
BUJIaM JeHCTBMU HaJ o0beKTaMU, YUUT PEIIATh YDABHEHUS U HePABeH-
CTBAa, JOKAa3bIBATh TOXKJECTBA, HEPABEHCTBA, IIPUMEHATh QYHKIUHA AJIA
pelreHuA 3amad.



Becr marepuaJ yueOHHKA pasbur Ha 5 rias, a Ka)kjas rjasa — Ha
naparpa@sl ¥ IYHKTHI, COJepIKaIue TeOpeTHUYeCKHe CBeAeHUA M IIPaK-
TUdecKHe yhnpa)kHeHus. HoBbsle TepMUHEBI U BasKHbIE (DAKTHI BbIJE€JIEHBI
B TeKcTe sKMpPHBIM mpudrTom. [IpaBuina U cBOHCTBA, KOTOPbIE IIOJE3HO
3aIIOMHUTL, AaHBI Ha IBeTHOM (DOHEe MJIHM B PAMOYKE.

Kasxmada riiaBa uMeeT JOMNOJHEHUs, II03BOJIAIINEe PACIIHPUTD 3HA-
HUs, TOJYyUYeHHBbIe DU U3YYEHUM IVIaBbl, M Hay4YHUThCcA pemiaTh Oosee
CJIOKHBIE 3aZaud., ITH MaTepHUanbl OXBATBIBAIOT TPAJAUIHMOHHYIO IIPO-
rpaMMy KJAaccoB ¢ yriyOJ€éHHBIM U3ydYeHHeM MaTeMaTHKU. B ncropude-
CKHX CBeJeHHAX NpuBeleHa wmHOOPMAIUA, AOIOJHAKIIAA H3YUEHHOE
B IJIaBe, PACCKA3hIBAOIAA O PASBATHH MaTeMaTUKHU U 00 yuEHbIX-MaTe-
MAaTHKaX.

B xonie yuyeOHMKA mMeeTcs pasjen «3aJaHUA AJA IIOBTOPDEHUS»,
B KOTOPOM cOOpaHbI VIIPpA)KHeHUS Ha BHIYUCJIEHUA, YIpOIleHne OYKBeH-
HBIX BBIpA)XeHHI, pelleHHe ypaBHEHUN, a TaKKe TEeKCTOBBLIe 3aJadH.
3mech MMeeTCA MHOIO HMCTOPMUYECKHX 3a7ad U 3aJaHUU M3 CTapPUHHBIX
y4eOHUKOB U COOPDHMKOB 3azady. K HEKOTOpBIM 3aaHUAM B ydueOHHKe
IIpUBEAEeHbI OTBETHI.

Ecin BBl XOTHUTE YYUTHCSH YCIEIIHO, TO ¢ BHHUMaHHEM OTHOCHUTECh
K TOMY, YTO HAIIMCAHO B yueOGHUKe U 00bACHAET yUHUTeJNb, K BBIIOJHE-
HUIO JOMAIIHUX 3aJaHUH.

Ilepex BBIIOJHEHMEM AOMAIIHEr0 3afZaHusA 00A3aTeJbHO MPOYHUTAM-
Te 3aJaHHBIA Ha AOM IIYHKT y4eOHHKa, BCIOMHHUTE OObACHEHHE yUYHUTe-
JIf. DTO MO3BOJIUT IOATOTOBUTLCA K BHIMOJHEHHIO 3afaHuil. OTBeThTe Ha
BOIIPOCHI, MAYIIHE IOcCJe y4eOHOro TEeKCTa, a B cjlydae 3aTPyAHEHH
HaWJAMUTEe OTBETHI HA HUX B TeKcre ydyeOHuKaA. O0bACHeHHEe TOTO HJIH
WHOIO TEPMHHA HINWATE B IpPEeJAMETHOM yKasarese. TaM OHU BBIIIMCAHBI
B ayq(paBUTHOM HOpPAIKeE.

Ocoboe BHUMAaHUE y/eJIuTe PelIeHUI0 TeKCTOBBIX 3asayu. ITH 3aJa4u
YacTO BBLIHOCATCHS HA UTOroBBIA KOHTposb: 'MA-9 m EI'3-11. Kpome
TOro0, paboTa ¢ TEeKCTOBBIMH 3aauaMy HeoOXoauMa AJIA PA3BUTUSA MbIIII-
JIEHHS ¥ CIIOCOOHOCTH K YUYEeHHIO.

JlyunieMy YCBOGHHIO M3YUEHHOI'O MOMOXKET HCIIOJB30BaHHE AUJaK-
TUYECKUX MATEPHAJIOB, COAEePKAIUX 3aJaHUs AJd CAMOCTOATEJbHBIX
M KOHTPOJBLHBIX paboT, a Takke MaTepuaibl AJf IOATOTOBKH K CaMo-
CTOATEJBHBIM paboTaM.

Kemraem BaM ycIexoB B H3y4eHUH ajrebpwi!

Aemopul



wartb HepaBeHCTBa — NIMHEWHbIE U BTOPOI CTENeHw, N3y41uTb METOoL,
WHTEPBANOB /1 PELUEHNS PALMOHANbHBIX HEPABEHCTB, KOTOPbIit By-
[eT 4acTo UCMNoAb30BaTLCA HE TONbKO B 9 knacce, HO U B CTapLuMx 5
Knaccax.
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- gL, Jluneitnbie HepaBencTBa
' C OAHMM HEeMW3IBECTHbBIM

1.1, Hep_Cl“BEHCTBU nepBow crenenn
-~ | € OAHUM HEW3BECTHbIM

il § HepasercTBo BHIa
. Ex+b>0 (1)

Ex+b<0, (2)

rae kR u b — paHHBIEe uncaa, npuuéM k # 0, Ha3LIBAIOT HEPABEHCTBOM
IEePBOH CTEIIeHU C OMHUM HEHU3BECTHBIM X.

Yucno k Ha3bIBAIOT K03((UIHEHTOM IPH HEU3BECTHOM, & UHC-
a0 b — cBobogHBIM wieHom HepaseHCTB (1) u (2).

PemenneM HepaBeHCTBA C OJHHM HEM3BECTHBIM X HA3BIBAIOT Ta-
KOe YHCJIO X, IIPH MOACTAaHOBKE KOTOPOTO B HEPABEHCTBO BMECTO X
mosy4yaeTrcs BEPHOE YHCJIOBOE HEePABEHCTBO.

HJINA

Pemuts HepaBeHCTBO — 3HAYMT HaWTH Bce ero penieHnsa
HJIH JOKa3aTh, 4TO MX HeT.

S.IEGCI: U naJjiee pacCMaTpHBamwOTCA HepaBeHCTBa C HEM3BECTHBIM X,
XOTA BMECTO X MOMKHO IHcaThb J00yi0 OYVKBY: £, U, Y, ... .
Ilpumep 1. Pemum HepaBeHCTBO
2x + 5 <0, (3)
YrobbI ero pemuTh, MOJKHO paccy’XJaTh TaK.



IIycTs HEKOTOpOE YHCJIO X, ecTh pemeHue HepaseHcTBa (3). Iloacra-
BHUM ero BMectTo x B HepaBeHCTBO (3). IlonyurM BepHOe UMCIOBOE Hepa-

BEHCTBO 2, + 5 < 0, 4)

IIpubaBisaa K obeMM YaCTAM STOrO HEPABEHCTBA YHCJIO —H, MOJYYUM
BEepPHOE UHCJIOBOE HEePaBEHCTBO

2%, < —5. (3)
Ilensa 3TO HEPABEHCTBO HA IOJIOMKHUTENLHOE UHCJIO 2, MNOJYYHM BepHOe

YHUCJIO0BOE HEPaABE€HCTBO

b5
xD<—§. (6)

Hrak, mo6oe penrenue HepaBeHCTBa (3) ABIAETCA pelIeHUEM Hepa5-
b
BEHCTBA X < —3 ITorkaxem, uro jar0b6oe pellleHHEe HEPABEHCTBA X < “3

ABJAETCA pemeHHeM HepaseHcTBa (3). IlycTes HexoTOpoe 4HCIIO X; €CTh
pellieHHe HepaBeHCTBA X < ~3" Torga BepHO uKCI0BOEe HepaBeHCTBO (6).

YMHOKHB 3TO HEPABEHCTBO HAa MOJIOMKUTEJIbHOE YHMCIO 2, MOJYyYUM Bep-
HOe uHncJI0BOoe HepaBeHCTBO (5). [IpubaBisas nanee k o6euM yacTsaM Hepa-
BeHCTBA (5) umcio 5, mMONyYUM BEPHOE UMCJIOBOE HepaBeHCTBO (4), T. e.
NOJYYHUM, UTO X, ABJIAETCA pelleHHNeM HepaBeHcTBa (3).

HWrar, MHOXXECTBO BCeX pelleHUI HepaBeHCTBA (3) eCTh MHOMKECTBO

2 5 o
BCeX pelIeHHHr HepaBeHCTBa X < ——, T. €. MHOMECTBO BCeX pelleHHH

5
HepaBeHCTBAa (3) cocTaBjisieT WHTEPBAJ (—oo; - .

OTgerT: (—oo; —é]
2

AnaloruyHble paCCYKAEHHs MOXKHO IPOBECTH IJisA J000ro Hepa-
BEHCTBAa IepBoii creneHnu. M3 oTHX paccysKIeHU# BEITEKAET CIeAYIOLui
CIoco0 pelleHUs HePABEHCTBA IIEPBOM CTENEHU C OZHHM HEH3BeCTHBIM:

nepeHecTH CBOOOJHEIN YJIeH 3TOI'0O HEPABEHCTBA B IIPABYIO
YacTh (M3MEHHUB 3HAK 4YHCaa b Ha IPOTUBOIOJIOMHBIN);
paszfenuTh obe YacTH IIOJYYEeHHOT'O HepaBeHCTBAa Ha K0ad-
dUIMEeHT NpU HeuadBecTHOM (mpu aToMm ecau k > 0, To 3HAK
HepaBeHCTBa He U3MeHAeTcHA; ecau B < 0, To 3HAK HepaBeH-
CTBA M3MEHSAETCH Ha IIPOTHBOIOJIOMKHBIN); IOJYUYEeHHOe He-
PaBeHCTBO M OIpefesigeT MHOKECTBO BCEX PELIeHUH MCXOA-
HOT'O HEPaBEHCTBA.

Ilpumep 2. PemuM HepaBeHCTBO
—-4x + 13 < 0. (7
ITepenecs cBOGOAHBIN YJIeH B IIPABYIO YACTh, IIOJYYUM HEPABEHCTBO
—4x < -138.



T Hepasencrsa
e 2 o s B = 3y

Pasnenus ofe wacTu aTOoro HepaBeHCTBA Ha OTPHUILATEJbHOE UHC-
JIO —4, OJNYYUM HepPaBEeHCTBO
13

x> —
4

(obpaTuTe BHMMaHWe Ha M3MeHeHHEe 3HaKa HepaseHcTBa). Takum obpa-
30M, MHOJKECTBO BCeX pellleHHit HepaBeHCTBa (7) cocTaBisieT HHTEPBAJ

(E; +m].
4 13
OTrBerT: [T; +oo].

1. MHzo6pasure Ha KOOPAMHATHON OCH HMHTEPBAJ:

a) (-2; 7); 6) (—17; 34); B) (1234; 1398);
r) (-o0; 0); A) (05 +o0); e) (—oo; —3);
) (2; +o0); 8) (—o0; +00); ) (—;— 0,5].
2. UMzobpax€éHHOe Ha DPHCYHKe 1 MHOXKECTBO UHCeJl 3ajaiiTe B BHUe
HepaBeHCTBaA.
a) 6) B)
1 x 0 X -1 3 x
¥ Puc. 1

3. MHM3o06pasuTe HA KOOPAUHATHON OCH MHOKECTBO BCEX YMCEJ, YAOBJIe-
TBOPAIONINX HepaBeHCTBY (IBOMHOMY HepaBEHCTBY):

a) x> 0; 0) x < 3; B) x> 3579;
r) x<-2; n) x>-1748; e) x <0,06;
}R)x>J§; 8) X <1 H) 0<x<J§;
K) -2 < x <-0,5; n |x|<1; M) |x|> 1.

4. Kaxoil 3HaK (=, #, <, >) cieayeT IIOCTABUTL MEKJIY YHCIaMu a U b,
eclIM UX pasHoCTh a — b:
a) IOJIOMKUTEIBHOE YHCJIO; 6) oTpHIaTEeNBHOE YUCJO;
B) HaATypaJIbHOe YHCJIO; r) He paBHAa HYJIO;
) paBHa HYJO?
5. Kaxkoe uucio 6ossme:
a) a unu a + 3; 6) b+ 1 unu b+ 2;
B) a — 5 uiu a + 2; r) b—-T7 umm b — 67
3neck a u b — y00ble JaHHBIE YUCJA.
6. CpaBHuTE C HyJIEéM Da3HOCTh X — @, ecau: a) x >a; 0) x <a.

7. 3BanumuTe KakKoe-HUOYAb HEPABEHCTBO IIEPBOM CTENIEHH C OJAHUM He-
usBecTHBIM. HaszoBuTe KO3(pdHUIMEHT NPU HEM3BECTHOM MU CBOGOJ-
HBIH UJIeH 9TOr0 HepaBeHCTBA.
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8. a) Yro Has3bIBAIOT pellleHNeM HepaBeHCTBA C OAHUM HeM3BeCTHbIM?
6) YTo 3HAYMT PEUINTHL HEPABEHCTBO C OAHUM HEU3BECTHHIM?

9, MosKHO JH yKasaTb:
a) HauMeHbINlee pellleHWe HepaBeHcTBa X > 0;
6) mHaumOoJiblllee pelleHNe HepaBeHCTBa X < —2;
B) HauMeHbIIlee IleJi0e DelleHue HepaBeHCTBa X > —5;
r) HamuboJbllIee IeJioe pellleHre HepaBeHCcTBa x < 17

10. SBinsercs jou umcao 3 pelleHHEM HepaBeHCTBA:
a) x> 0; 6) x>-2; B) x <T;
r) x<3; 1) x <+10; e) v8,7 < x?

PemuTte HepaBeHCTBO (11—25):

11. a) x-1>0; 6) x+5<0; B) x - 0,6 <0;
r) 3+4x>0; 1) T+x>0; e)x—1%<0.
12. a) x+4>T; 6) x— 11 <-T; B) x+7>T;
r) x—6<6; o 4+x>2; e) 3+ x<-6.
13. a) x—-2>0,2; 6) x-3,6<4; B) 2,1+x<T,;
r) x-2>-0,6; n) x+10,7> 17,9; e) 5,013 + x < 0,13.
1 1 5 1
14. - - = . = =
a) x 3;< 3 \ 0) x+g7< 19:1, B) ,{3+;:c>22;5
r]x—2§<—1~5-; ) x+%cﬁ; Q)E+x)7ﬁ'
15. a) x~3,ﬁ>2é; 6) 7,4+x>7§; B) x-12%4<15,3.
16. a) 2x > 4; 6) Tx <-14; B) —bx < 100;
r) -3x<9; n) —2x > -2; e) —3x > —6.
17. a) 3x < 2; 6) —2x < 11; B) —4x > -2;
r) -bx>1; ) —-17x > -2; e) 13x < 3.
18. a) 2x > 0; 0) 2x < 0; B) —x < 2;
r) —x < 0; a) —x >-2; e) —x > 1.
1 ; 3 ” _3 e
19. 2a) Ex<3, 0) 4::c~<1, B) 3x> 1:
1 . 2, . 8
r) gx>0, o) 2x > 3 e) 4x < o
2 5, _ 1. 8. = 1,
20. a) §x<g, 0) 7x>7, B) 2x<13,
1 : oo i 32,31
r) 2-5~x>3, ) 12x> 22, e) 37x< 37.
21. a) 0,2x > 3; 0) 3x > 1,8; B) —0,001x < 1.



9 Hepagencrea

2, 2, ! 2.
22. a) 0,2x>g, 0) 1,5x: o B) ;,1.::445,
x . L O L IEH ]
) §>3, ) 4; T e) 2 < —8.
23. a) 2x—4>0; 6) 3x-1<0; B) —2x — 4> 0;
r) Tx+4<0; n) 4x +3>0; e) 4x+3<0.
2 ; 4 _ ; 1_4 :
24. a)1+§x40, 6)3 3x < 0; B)l7 7x>0,
1 2 N | A= ) . 5 5
r) 45—8§x>0, I) 23x 32<0, e) 7x 7>0.
25. a) 0,3x - 20 < 0; 6) 4x + 0,1 > 0;
B) 1,35 - 27x > 0; r) 0,15 - 150x < 0;
n) —-0,3x - 13 > 0; e) —-0,17x - 51 < 0.

[ 1.2. MpumeHeHne rPadGUKOB K PeLLEHMIO |
| HOPABEHCTB NEPBOA CTENEHU € OAHUM HEN3BECTHLIM |

ITokaeM, Kak MOXKHO, MCHOJBL3ys rpaduk JTuHeWHON (QYyHKIIHH,
peliatTs HepaBeHCTBa BHJAA

kx+b>0 (1)

kx+b<0, (2)

rae k u b — pmanHble yucana u k # 0.

B nexaprosoii cucreme KoopauHaT xOy paccMOTPUM IIPAMYIO

y=Fkx +0b. (3)

Ha pucysnke 2, a usobpaskeHa Takas npamas npu k > 0, a Ha pu-
cynke 2, 6 — npu k < 0.

PemuTh HepaBeHCTBO (1) — 3T0 3HAYUT HAWTH BCe 3HAYEHUSA X, AIA
Ka’JOTO M3 KOTOPBEIX COOTBETCTBYIOIIAS TOYKA IPAMOI y = kx + b pac-
moJioskeHna Beime ocu Ox.

a) yn/ 6) yA

=kx+b
4 (k> 0) y=kx+b
(E<0)

HJIH

N
[=]
&)
Ry
o
RY

sy
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IIycTe Touka A — TouKa mepecedyeHus npamoi (3) ¢ ocsro Ox. Abe-
nuccy Touku A o60o3HauYMM yepes x,. Tak Kak eé opAUHATA PaBHA HYJIIO,
TO X, yAoBJeTBopseT ypaBHeHuio 0 = kx, + b, orkyga

b
X 5

O6parumcsa K PUCYHKY 2, @, COOTBETCTBYIOIIeMY ciaydaio k> 0. Ms1 Bu-
JHUM, UYTO TOYKH IPAMOH y = kx + b pacmoyioskeHs! Boilire ocu Ox 1A Bcex X,
HaXOAAMIUXCSA NIpaBee TOUKHU X, T. €. VI BCeX X U3 MHTEepBasa (x,; +oo).

Hrak, npu k > 0 mHOKecTBO pelreHuil HepaseHcTsa (1) cocraBisger
MHTepBaJ (Xy; +00), a MHOXKECTBO pellleHuii HepaBeHcTBa (2) cocraBisger
HHTEPBAI (—00; X,).

IIpu k < O (puc. 2, 6), Ha060POT, MHOKECTBO PeIlleHUIl HepaBeHCT-
Ba (1) cocraBiseT MHTepBaJ (—o0; X;), & MHOKECTBO PELIeHU HepaBeH-
crBa (2) cocraBaseT MHTepPBAX (Xy; +00).

IIpumep 1. Mcnonsays rpaduk JUHEHHON QYHKIMH, PEIIUM Hepa-
BE€HCTBa

2x+1>0 (4)

B 2x+1<0. (5)
Paccmorpum B mexaproBoii cucreme xoopausar xOy NpaMyio

y=2x+1, (6)

KOTOPYIO MOXHO IIOCTPOHMTH IIO ABYM TOuKaMm. B KauecTBe mepBoOil TOU-
KN BO3BMEM TOYKY IlepecedeHMs Halleil mnpsamoi ¢ ockio Ox. Ilona-

rag B opmyie (6) y = 0, monyunm ypaBHenue 0 = 2x + 1. Ero pemre-

1 -
HHEe X, = —— eCTh abcrnucca TOYKH A — TOYKHU [epeceyeHus NpPAMOit
1
¢ oceio Ox. HUraxk, A(_E; 0].

B xauecTBe BTOPOH TOYKHM MOYKHO B3fATh TOYKY B IepeceyeHHs Ha-
mei npsaMoii ¢ oceio Oy. Eé abenucca x = 0, aopgunaray =2 -0+ 1 = 1.
Hrak, B(0; 1).

Yepes Touku A u B NOpOBOAUM HOpPAMYIO. 9TO M €CTh NpAMAas
y=2x+1 (puc. 3). I3 pucyHxka 3 BHAHO, YTO MHOXKECTBO DeIIeHUH

YA YA
y=kx+b
y=2x+1 (£>0)

LB 0;1)
L 1
40320 o A(3;0)
7 3

B Puc. 3 B Puc. 4

ok
wny
]
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1
HepaBeHcTBa (4) cocraBifgeT MHTEPBAJ [_E; +oo], a MHOKEeCTBO pelle-

HHU HepaBeHcTBa (5) — mHTepBan [—oo; —%J

IIpumep 2. PemuM HepaBeHCTBO
kx+b>0, (7)

ecJiu M3BECTHO, 4YTO mpsaMas Yy = kx + b mepecekaer ocb Ox B TOuKe
A(3; 0) 1 eé yrnoBoil KoaDUIMEHT MOJOKUTEJEH.

V4uTeIBasi, 4TO YIJI0BOM KO3 HHUIUEHT NpaAMOH y = kx + b monoxu-
TeJIeH M npamas nepecexkaer ocb Ox B Touke A (3; 0), MOKHO moKasaTh
(cxeMaTHUYECKH), KAK PACIIOJIOKEHA [IPAMAasa B KOOPAMHATHOM IIJIOCKOCTH
(puc. 4). VI3 3TOro pucyHKa BHAHO, YTO MHOXKECTBO BCeX DeIlleHU# Hepa-
BeHcTBa (7) cocraBiasier uaTEpBaXI (3; +00).

OrBeT: (3; +00).

5
26. Ilocrpoiite rpaduk JUHEHHON (QyHKIMN:
a) y=x—4; 0) y=2x+ 2; B) y=-3x — 3;
r) y=5x—6; n) y=-0,5x+ 1,5; e) y=1%x—0,3.
C momonibio rpaduKa onpeenTe HHTepBaJ, Ha KOTOPOM QYHKIASA
IIpUHUMAaET II0JIOMKHUTeIbHEIe 3HaYeHHUA; OTPHIlaTeJIbHbIe 3HAUEHHUA.

27. 3anumuTe MHTEPBAJ, Ha KOTOPOM JIMHelHAaA QYHKIUA, rpadHK KO-
Topoii M300paYKEH HA PUCYHKe 5, IPUHHUMAaeT MOJOMKUTeJIbHbIe 3HA-
YyeHHUA; OTPHUIlATeJIbHbIe 3HAUEHUA.

y yA
a) 0)

o
S
_O|

it

H\L

(e}

=
7

®y

y yA
B) r)
1 1T
> o EE I : >
o| /1 x =3 0| 1 -
=1 '\

B Puc. 5
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28. Kax MOXHO pemuTh HEPABEHCTBO IEPBOM CTEIIEHH C OLHUM HEH3-
BeCTHBIM, HMCIIOJIb3ydA rpaduK JuHeHHONH (GyHKIHN?

29. PemuTe HEPaBEHCTBO, UCIIOJNB3YSA rpaduK JUHEHHON QYHKIIMH:
a) x+2>0; 6) —x+2>0; B) 2x - 1< 0;
r) 2x-1<0; n 0,2x+1>0; e) ——31-x+540;

%) 400x+100>0; 3) 200x-500>0; u) 0,01x-0,05<0.

[ 1.3. NluHeliHble HEPABEHCTBA € OAHUM HEW3BECTHbIM |

Hep&BeHCTBO, JieBad M IIpaBasd YacTH KOTOPOro eCTh MHOTOYJIEHBI
CTeIleHH He BBIIIe nepnoﬁ OTHOCHUTEJIbHO X HJIHM YHCJia, Ha3bIBawT JIH-
HeNHBIM HepaBeHCTBOM C OJHHMM HEeHM3BeCTHBIM X.

Cnenymmne HepaBeHCTBA MOI'YT CIHYM¥HATh IDpHUMepaMH JIUHEHHBIX
HEepaBeHCTB C OJHHMM HEH3BECTHBIM X:

2x+7T<x-5, 0x-3<0,7T<2x+9,
2¢+T7T>2x+5, 8x+2+x>x-1+2x,3x+2<0.

AcHo, uTO M1060€ HEPABEHCTBO IIEPBOI CTENIEHU €CTh YACTHBIH CIy-
yall JUHEMHOro HepaBeHCTBA.

HieHbl MHOTOYJIEHOB B JIEBOM M IpaBOd 4acTAX JUHEHHOro Hepa-
BEHCTBa Ha3bIBAIOT YeHAMH 3TOr0 HepaBeHCTBA.

JIBa HepaBeHCTBA C OJHUM HEM3BECTHBIM X HA3BIBAIOT PABHOCHIIb-
HBIMH, €CJIX J000€e pellleHNe IePBOr0 HePaBeHCTBA ABJAETCH PeIlleHueM
BTOpOro u, HaoGopot, ar060e pelleHHe BTOPOTO SBJISAETCH pelleHueM
nepsoro. JIxo0ble HepaBeHCTBA, HE UMEION[He PeIlleHUu#, CYUTAIOTCSA paB-
HOCUJIBHBIMH.

IIpu permreHMU HEPaBEHCTB MOJb3YIOTCA yTBepXAeHUAMU 1—4.

1. Ynensl HepaBeHCTBAa MOKHO INEPEHOCHTH C IIPOTHBO-
MOJIOKHBIMH 3HAKAMM M3 OJHON 4YacTH HepaBeHCTBA

B IPYTryIo.

Wrave roeops, eciu KaxkoW-HMOYAb UJIeH HEPAaBEHCTBA IEPEHECTH
C IPOTHBOIIOJIOXHBIM 3HAKOM M3 OJZHOIN YaCTH HEPaBeHCTBA B JIPYTYIO,
TO MOJIYYUTCA HePpaBEHCTBO, PABHOCHJIbHOE HCXoAHOMY. Hanpumep, pas-
HOCHJIbHBI HEpPaBEHCTBA

22=T=0m 2x<T,
3x+5>2x-9 u 3x-2x+5>-9.
2. B HepaBeHCTBe MOJKHO IIPHBOAUTH MOJOOHBIE YJIEHBI.

Wnave rosopsa, eciu B JIeBOH MJM NPAaBOM YacTH HEPaBEHCTBA NIPH-
BECTH TNOJOOHBIE YJEHBI, TO IOJYUYUTCH HEPABEHCTBO, PABHOCHJIBHOE
HCXOIHOMY.
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Hanpumep, paBHOCHJIBHBI HEPABEHCTBA
3x—4%+5x—%>0 i 8x-b550,
2x +8-1<x-2x+2 1 2x+2<—x + 2.

3. IIpu ymHOKeHuH (MM TeJieHHMH) HepaBeHCTBa Ha I0JO-
JKUTEJbHOE UHCJIO0 3HAK HepaBeHCTBA COXPaHAETCH.

Hnuaue rosopsi, eciau o0e 4acTu HepaBEHCTBA YMHOMKUTH (MU pasze-
JINTH) HA IOJIOMKUTEIbHOE YHCJIO U COXPAaHUTh 3HAK HEPABEHCTBA, TO II10-
JIYYMM HepaBeHCTBO, PaBHOCHJIbHOe HcxoaHomy. Hampumep, paBHO-
CHUJIBHBI HepaBeHCTBA

1
—x>2 x> 8;
4x u

3x+5<0 u x+g<0.

4. Ilpu yMHOKeHMH (MJIH JeJleHHMH) HepaBeHCTBA HA OTPH-
HaTeJNbHOE YMCI0 3HAK HepaBeHCTBAa MEHAETCA Ha NIpo-
THBOIOJIOKHBIMH.

Huaye roBops, ecau obe 4acTH HEPABEHCTBA YMHOMHUTE (WX pasze-
JIATH) HAa OTPUILATEIbHOE YUCJIO U M3MeHHUTh 3HAK HepaBeHCTBA Ha IpPO-
THBOMOJIOHEIN, TO MOJYYUM HEPABEHCTBO, PABHOCHUJIbHOE HCXOJHOMY.
Hanpumep, paBHOCHJIbHBI HePABEHCTBA

Tx-3>0 u -Tx+3<0,
5x+4<-83x+2 u -bx—4>3x—2.

IIpuBenéM NpuMephl pPerIeHus JMHEHHBIX HePaBeHCTB C UCIOJb30-
BaHMEM yTBep:xIeHni 1—4,

IIpumep 1. PemmM HepaBeHCTBO
4x — T < -2x + 5. (1)

IlepeHecs Bce 4JieHBI HepaBeHcTBa (1) B JIeByIO 4acTh, IOJYYUM He-
PaBeHCTBO
4x - T+2x-5<0,

paBHOcUAbHOe HepaBeHCTBY (1). [IpuBess mogo6HBIE WIEHBI B JIEBOM dac-
TH IIOJYYEeHHOT'O HepaBeHCTBA, MOJay4YruM HepaBeHCTBO HepBOﬁ CTelleHH
¢ OJHMM HEU3BECTHBIM

6x—12<0,

paBHOCUJBbHOE HepaBeHCTBY (1). Bce ero pemieHus COCTaBJISIOT WHTEP-
Baa (—oco; 2). CiemoBaTesbHO, MHOXKECTBO BCeX DeIleHUH HepaBeHCT-
Ba (1) cocraBiser MHTEpBaJ (—00; 2).

OrBerT: (—o0; 2).

IIpumep 2. PemuM HepaBeHCTBO
Tx+5<Tx— 1. (2)
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ITepeneca Bce uieHbl HepaBeHCTBA (2) B JIeBYIO YaCTh, HOJYIAM He-
PaBeHCTBO
Tx+5-Tx+1<0, (3)

paBHOCUJIBbHOe HepaBeHCTBY (2). [IpuBens mogo6HbIe YIeHB] B JIeBOH uac-
TH HepaBeHCTBAa (3), IOJYyYUM HepaBeHCTBO

0-x+6<0, (4)

PaBHOCHJIbBHO€ HEpaBeHCTBY (3), a 3HA4YUT, U HepaBeHCTBY (2).
OueBuAHO, YTO HET HU OAHOrO UMCJIOBOTO 3HAYEHHUS X, KOTOPOE

YAOBJIETBOPAJIO Obl HepaBeHCTBY (4). CiemoBaTennbHO, HepaBeHCTBO (4),

a4 3HAaYUT, U PABHOCHJIbHOE €My HepaBeHCTBO (2) He MMEIOT DeIleHui.
OrBerT: HET pelIeHUI.

IIpumep 3. Pemium HepaBeHCTBO

9x - 5>9x - 6. (5)

Ilepenecs Bce uieHEl HepaBeHCTBA (5) B JIEBYIO YaCTh, IHOJIYYUM He-
PaBeHCTBO

9x-5-9x+6 >0, (6)

PaBHOCHJIBbHOE HepaBeHCTBY (5). IIpuBens momobHbIe UIeHEI B JIEBOI yac-
TH HepaBeHcTBa (6), MONyYUM HepaBeHCTBO

0-x+1>0,

pPaBHOCHJIbHOE HepaBeHCTBY (6), a 3HauuT, m HepaBeHCTBY (5).
Ilonyunnocke HepaBeHCTBO, CIpaBeAJHBOe AJIA JIOOBIX 3HAYCHUH X.
ITO O3HAYaeT, YTO pellleHWueM HepaBeHCTBa (5) sABiIsgeTca ao060e meicr-
BUTEJIbHOE 4YHCJIO, T. €. MHOMKECTBO BCeX pellleHUit HepaseHcTBa (5)
COCTaBJsAT MHTEPBAJ (—co; +00),
OTBerT: (—o0; +00).

B
30. a) Kaxoe HepaBeHCTBO HASLIBAIOT JUHENHBIM HEepaBeHCTBOM C OJHHM
HEHU3BeCTHBIM?
6) Yro HA3BIBAIOT YJE€HAMHU JUHEHHOTO HepaABEHCTBA?
B) Kakue HepaBeHCTBa HA3BIBAIOT PABHOCHILHBIMU?
r) ChopmynupyiiTe yTBEpK/AEHUS O PABHOCUILHOCTH HEPABEHCTE.

31. IlpuBenuTe HepaBeHCTBO K BHAY kX + b > 0 mau kx + b < 0:

a) 3x—-2>Tx + 5; 6) 4—-6x<9— x;
B) 7>0,2x; r) 8-2(3-2x)<1.

32. fenserca nM uYMCNO, yKasaHHOe B CKOOKAX, peIIeHWeM Hepa-
BEHCTBAa:

a) 4x - 4>3x+ 3 (-1); 6) 2+ 12x <—-x + 3 (-2);
B) 5x — 7> 9 + x (100); r) 72x — 18 < -13x (-10)?
33. fBnaArTCA IM PaBHOCHJILHBIMM HEDABEHCTBA:
a) 2x—1>6 u 6 > 2x — 1; 6) x<3mx+2<bh;
B) 2x >4 u x<2; ) 2x>5ux—-T>-2—-x;
A 2<7T-xuldx<?h+2x; e) 3x—-T7>b6u-3x+7<-5?
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Pemnre HepaBeHCTBO (34—41):

34.

37.

39.

40.

41.

42.

43.

a) x+4 > 5x; 6) x — 2 < 3x;
B) 2x + 1 < x; r) 7Tx - 13 > 9x.
a) 2x —x—-1<2; 6) 3<Tx—5—-4x;

B) bx —2x - 8x+x— 12x > 7 — 2x;
r) 8-9x>x-3-3x+4x + 15.

a) x-2<ux; 6) x+ 5> x;

B) 6 -3x>1 - 3x; r) 12+ 4x <3 - x + 5x.

a) x+2<x; 6) x—5>x;

B) 4 — 8x < —8x + 4; r) x—-3+2x<4+3x-1.
1.1 1 1

a) Zx Ex+5>§x—1, 0) -2-x 342—§x,

1 2

3 3 1
B) 1—?x—5<6—~x———x, r) 2x—gx>1-2-x—

T SR
1 2 )
P gx'+‘2,

3 21
2 3 13 1 1 1
= - — W — ] 14 + — x.
) 5x 1<4x 20° e) 3 4x+3.:'r:-< %

a) 1,2 - 2,6x-5>3,2x — 3;

6) x-1,2<0,3x + 3,7;

B) 7-0,2x < 21,28 — 1,6x;

r) 0,8x + 0,12 - 0,3x > 76,2 — 0,1x + 0,6x;

n) 1,52 -2,8x<1,72 - 5,2x;

e) 0,014 - 12,5x > 1,25 - 0,5x + 1,086 — 12x.

12

a) 2x +(3x — 1) > 4; 6) x—16<(b—2x)—x—-1;

B) 2x —(x — 1)< 3; r) 2x-3)-(x+1)>1;
DD (x+1)-2x+3)—-(1-Tx)<x— (8 — 5x);
e) Bx—-11)-(6-9x)+(x—-1)>1-4x - (12 + x).

a) 2(x—- 1)< 4; 6) 3(2x — 1) > 12;
B) 4(1 + x) <8 — 4x; r) 256 - 10x >-52x - 7).

DokazpiBaem. [JokakuTe, 9TO JaHHOe HEPABEHCTBO PABHOCHUJILHO
JUHeHHOMY HepaBeHCTBY, M HalJuTe BCe ero pelleHusd:
a) x(2-x)<(B-x)3+ x); 6) 3(x—-1)(x+1)>3(1 + x32);

B) (x-2)(x-3)+(4-x)(x+2)>0;
r) Cx—-D(x+2)—(x—-5)(2x+1)>0.

PemuTe HepaBeHCTBO:

a)x;1<h 6) -2
B)z?x<§-—1, r)%+%"?§>8,
)x54>2_§; )2x4+1 9 3x3+2,

x) x;I#—E %er;z, 3) 7J‘:_2>1—x;1+21—12x.
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44. MosxerT AU HEPABEHCTBO NEPBOH CTEeNeHH C OXHWM HEH3BECTHBIM:
a) OBITH BePHBIM NpPU JHOO0M 3HAYEHHHM HEH3BECTHOIO;
6) He UMeThb pelneHui?

45. MoskeT M JIMHEHHOEe HEPABEHCTBO C OJHUM HEH3BECTHBIM:
a) OBITH BEePHBIM IIpH JIIOOOM 3HAUYEHUW HEHU3BECTHOTO;
0) He MMeThH pelIeHu?

46. Haiizure ob6sacTs onpejesieHus QYHKIIUNA:
5x

3)9'::/1?; my:TJlTT; B}y‘—‘t-

| 1.4. Cuctembl nuHelHbIX Hepanencml
| € OBHUM HEU3BECTHbIM i

Eciu rpebyerca HaiiTM Bce umcia x, KakJoe U3 KOTOPBIX eCTh
pellleHHe OZHOBPEMEHHO HECKOJbKHUX JAaHHBLIX JUHEHHBIX HEpPaBEHCTB
C OJHUM HEM3BECTHBIM X, TO 'OBOPSAT, UTO HAZO PEIIUTH CUCTEMY JUHEH-
HBIX HEPaBeHCTB C OJHMM HEHM3BeCTHBIM X. 3HAUEHHE X, SBJIAIOIIeecH
pellleHHeM KaKJO0TO HePaBEHCTBA CUCTEMbI, HA3LIBAIOT pellleHHeM CHC-
TeMBbI HEpaBeHCTB.

J1a Toro 4ro0bl PelMTh CHCTEMY JHHeHHBIX HepaBeHCTB,
HaJ0 PelIHTh KajK/J0e HepaBeHCTBO 3TOM CHCTEMEI, a 3a-
TeM HaHTH 00IYI0 YacTh (Mepeceyenne) MOJyIeHHBIX MHO-
JKeCTB pellleHHil — oHa M OyJeT MHOKECTBOM BCeX pemne-
HHMH JAHHOH CHCTEMBI.

OOBIYHO HepaBeHCTBA CUCTEMBI 3alUCLIBAIOT B CTOJNOMK OJHO IO
APYIrUM B 00BeIUHAIOT UX cJeBa (PUIypHOH CKOOKOI.
PaccMoTpuM npuMepsl pelleHUs CHCTEM JMHENHBIX HEepPaBEeHCTB.

IIpumep 1. Pemum cucreMy HepaBeHCTB
2x+3>0,
—-4x+5<0.

Pemur nepBoe HepaseHCTBO cucTeMsl (1), MOIYYMM, UYTO MHOMXKECTBO

(1)

” 3
BCEX €ro PellleHUi CoCTaBJsgeT HHTepPBas (_E; +oo}. Pewmus BTOpOE He-
paBeHCTBO cucTeMsbl (1), IOJYyYMM, YTO MHOKECTBO BCEeX ero perieHuii
b} i
COCTaBJIAET HHTEPBAJ (?1; +oo |. Teneps HaAliAEM Te BHAUCHUS X, JJIA KO-

TOPBIX OJJHOBPEMEHHO NPEeBPAIllaloTCsA B BepPHBbIE YHCJIOBbIE HEPABEHCTBA
oba HepaBeHCTBa cucTeMsbl (1), T. e. HaliAéM 00IYI0 YaCTh UHTEDPBAJIOB
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B L]

3 5 &
[_E; +co | m i +oo |. Jl;st aTOrO OTMETMM Ha KOOpAMHATHOH ocu Ox
oba mHTepBana. U3 pucyrka 6 BuAHO, 4TO 00llas 4acTh dTUX WHTEPBa-
5
JIOB €CTb MHTEPBAT | +oo).

CiemoBaTe/IbHO, MHOYKECTBO BCeX PeIleHHil CHCTeMbl HEPaBEHCTB (1)

5
cocTaBJigeT MHTepPBaJ (Z; +co |.

o fon
]

<
8
OTBeT: (é; +oo].
4 B Puc. 6
IIpumep 2. PemuMm cucreMy HepaBeHCTB
5x - 23<0,
2
{lzx -13>0. (2

PemuB Kaskoe HEpPaBeHCTBO cucTeMbl (2), HaWgéM, 4YTO MHO-
JKeCTBOM BCeX pelleHHWil IIepBOT0 HepaBeHCTBa fABJAIOTCA BCe X, MEHb-

mue % (x & ?), a MHOYKECTBOM BCeX peIleHHi BTOpOro — Bce X,
fospiIne 13 x> 13 ~
12 12 )° >

MHoOKecTBOM BCeX PeIlleHU# cucTe-
MBI (2) OyZer MHOKECTBO BCEX TeX X, M Puc. 7
IS KadJ0ro U3 KOTOPHIX OJHOBDEMEH-
HO IPeBpAalIalOTCA B BePHBIE YMCJIOBBIE HepaBEHCTBa 00a HepaBeHCTBA

13
cucreMmsI (2). CremoBaTenbHO, 9TO 6YAYT T€ X, KOTOPbIe 6OJIBIIE YeM 15"
23 13 23
HO MeHbINE YeM —-, T. €. BCé X W3 HHTEpBaja T < X< = (puc. 7).
Mrak, MHOKECTBO BCeX pelleHHii cucTteMbl (2) cocTraBiseT HHTep-
13 23
a|—; —|.
e 13 23
OTrBeT: (ﬁ’ ?)
IIpumep 3. Pemum cucreMy HepaBeHCTB
x—5>0,
2x—-3<0.

PeinenuaMHu OEepPBOTO HepaBeHCTBA
cucrembl (3) ABasAOTCA BCe X > 5, a pe-

(3)

3
IIeHUAMHU BTOPOI0o — BCe X < —. .
p 2 ® Pwuc.
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Pemenusamu cucremst (3) Moryr 6BITH TOJBKO Te X, KOTOpBIe 60JIb-
3
e 4YeM 5, HO MeHbIIe YeM 3 ficHO, YTO TAKHX X HE CYIIEeCTBYET

(puc. 8). CnenosarenbHo, cucrema (3) He MMeeT permeHuil.
OTeerT: HET pemIeHHH.

CucreMy HepaBeHCTB MHOTZA MOYKHO 3aIIMCATH B BUJE JBOMHOIO He-
paBeHcTBa. Hanpumep, cucremy HepaBeHCTB
2x-5>0,
2x—-5< T

MO’KHO 3aIlICATh B BHJE ABOWHOTO HEPAaBEHCTBA
0<2x-5<T. (5)
IToaromy ABOiHOE HEPABEHCTBO MOXKHO pelIaTh ABYMs CIIOCOGAMH.

I cnoco®. 3anumem aBoiiHOe HepaBeHCTBO (5) B BHAE CHCTEMbI
HEepaBeHCTB (4) U pPeIIUM BTY CHUCTEMY:

2x-5>0, 2x > B, x> 2,5,
2x-5<T; 2¢x<7+5H; |x<6,

(4)

T.e. 2,6 <x<B6.
Il cnoco6. Pemaem gBoiiHOE HepPaBeHCTBO (5) CAEAYIOMIMM obpa-
som. IIpubaBuM K KakJ0if ero wactTu ymcao 5:
b < 2% <12, (6)
Kaxxnyio wacts gBOitHOro HepaBeHCTBA (6) YMHOMKHM HA TTOJIOMKH-

TesibHOE uucio 0,5:
2,b<x<6.

CnenoBaTesbHO, pellleHUs ABOIHOIO HepaBeHCTBa (D) cocTaBaAOT
uHTepBal (2,5; 6).

3aMeTuM, 4TO Ha CAMOM JeJie BTOPOii crioco0 pereHus ABOMHOIO He-
PaBeHCTBA €CTh KpaTKad 3aIlliCh IIePBOro crocoba.

47. YTOo 3HAYUT PELIUTHL CUCTEMY JHMHEHHBIX HepaBeHCTB C OJHHUM He-

H3BEeCTHEIM?
48. Haiinure xora 661 04HO obImee perreHue HepaBeHCTB:
a) x>3ux>2; 0) x<-2ux<-1;
B) x+1>0unux-1>0; r x-2<0ux+2<0;
a) 2x>-4ux+1<0; e) 3x<9umx+3>0.

OrmeTbTe HA KOODAMHATHOH OCH BCe DEIIeHMS CHCTEMBI HeDABEHCTS,
ecnyu OHM cymiecTByioT (49—51):

a9 ) x > 3, 6) x> -2, ) x>0, ) x> -3,
* @ x>1; x>1; P lx> 4 x> 5.
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&) i 8 6) x <=1, 8) x < -b, r) x < -10,
X< 2 bl ot x < 0; x < -16.
x >0, x < -9, x>4, 2«0,
6
) {x<—1; ) {x> -T; 5) {x<4; r) {x> -5.

Banumure Kakyw-iIubo cucTeMy HEPABEHCTB, BCE PEIIeHHA KOTO-
poit o6pasyioT HMHTEpPBaJ, OTMEUEeHHBI HA DHCYHKe 9 ngBOWIHON
IITPUXOBKOH.

B Puc. 9

Ilns HepaBeHcTBa 2x < 1 moxpbepuTe APyroe HEPaBeHCTBO TaK, WTO-
OBl cCHCTEMAa 9TUX HEPaBEHCTB!:

a) He mMMeJa DeIleHWi;

6) mMMela MHOKeCTBOM BCEX pellleHHWi# mHTepBa (—oo; 0,5).

Pemure cucreMy HepaBeHCTB (54—55):

54.

57.

a) S 6) 4x>1, 8) 6x > 6,
x < 4; —T<x+5; 1>3-2x;
r) 6—2x>5, ) x—4>0, bx+3 <8,
3-2x>1; i 2x—8>0; 7—38x>2;
2x—-1>3x+1, ) Tx <x-—6,
™ 5x—-1>13; 8 2>5+3x.
2x+7 >3- x, g.1|c>8,
a) 11 6)<3
—x—-1>2x-=; 3 3
Zx-1>=-x-1;
L 4 5
x—l{l’ 2x3+1>3;x'
B) r)
7 4

a) Haiizure Bce X, AJIA KaXKAOTO M3 KOTOPBIX 3HAYeHHE PYHKIUU
y = 2x — 8 GoJblle 3HAYEHUA QYHKIUHU Y = —X + 4.
6) HaitguTe Bce X, OJA KaXJOro U3 KOTOPBIX 3HAYEHHE GbyHKOUHA
y =1 — x 6onbme 3Hauenus pyakoum y = 0,5x + 5.

a) Haiigure Bce X, AJNA KaXJOro M3 KOTOPHIX (QYHKIUM Y = 3x
u y =1+ X OAHOBPEMEHHO NPUHUMAIOT OTPUIATEIbHbIE 3HAYEHUA.
6) Haiigure Bce x, AJIs KA /JOT0 U3 KOTOPHIX QYHKIUHK Y = 0,4x+1
U y=-2x+ 3 OAHOBPEMEHHO NPUHUMAIOT IOJIOKUTEIbHbIE SHAYEHU.
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61.

@ Puc. 10

B) Haiinure Bce 3HaueHMs X, AJIA KaKAOTO M3 KOTOPBIX 3HAUE-
Hue QyHKuuu y = 0,25x — 0,5 MeHpme 3HaueHuit GyHKOHH y = x
ny=-2x+ 3.
r) Haiiaure Bce 3HaueHHMs X, AJNA Ka)KJOro M3 KOTOPHIX 3HAYE-
HAe (YHKOHMH Yy =x +4 Oosblle 3HaYeHHN (QYHKIUHE y=-x u
y=2x+ 3.
Onpenenure nuaTepBan ocu Ox, Ha KOTOPOM:
a) sHaueHue QyHKIUM y = 5x — 8 Gosblme HyJd, a 3HAYeHHe PYHK-
IUU Y = —5Xx + 8 MeHbIlle HYJIS;
6) sHaveHus QYHKIUH y = 5x — 8 GoJblIe COOTBETCTBYIOIIUX 3HA-
YyeHHI QyHKUUM y = —5x + 8.
Ha pucynke 10 msobpaskensl rpaduKy JIMHEHHBIX (DYHKIUH, 060-
3HAYEHHBIX Y, U Y,. Onpenenure Bce 3HAUEHUSA X, NIPU KAXKIOM M3
KOTOPBIX: &) Y, > Ys; 0) Yy < Ys.
Pemure cucreMy HEpPaBeHCTB, HCIOJB3YA TpadUKU JTHHEHHBIX
GOYHKIIUN:

3x <0, -5x <0, 4x+2> 0,
| 3 |

x+2>0; 3-x<0; x+1<0.

Penrure nBoiiHOE HEpPaBEHCTBO ABYMSA CIIOCOGAMU:
a) 0<3x<2; 6)—1<%x<8; B) l<x+4<2;
r) -T<x-6<-2; n) 0<3x-T7T<3; e) 8<0,bx+1<—4.

a) yA Y1 6) yA
Y2

/ 1

=y

|

B

o]

ek
3
b

W

RY

B) yA r) YA
\ 0N
2
1,5 Us
/ B
~5 o 6 1 2 x




21 Hepagsenctsa
T L L TR0t

62. Wccnepyem. Ilpu kakux 3HAUEHHUAX d:
a) umesno 1 ABISETCH pelleHHeM CHUCTeMbl HEPABEHCTB

3ax+2>6x-a,
2ax — 3 < 4x + ba;

6) umcao 1 He siBIAeTCA pellleHHEM CHCTEeMbl HEePABEHCTB
2x>b-a,
{x < 3a — 4;
B) 4uCJ0 3 ABJSAETCA pellleHHeM CHCTeMBLI HepaBeHCTB
x—4a > 2,
{2x — 3a < 15,

a yucyao 6 He ABJIAETCA PEIIEHUEM TOM CHCTeMBI?

[1.5*. HepaseHcTBa, copepXalyue HEU3BECTHOE |

| NOA 3HAKOM MoARyns _ .

B arom IIYHKTE paccMaTpHBaiOTCA HepaBeHCTBA, cojepixalgue He-
H3BEeCTHOe II0J] 3HAKOM MOAVJA, H TaKkHe, 4TO MX penieHHe IPHBOIUT
K pellleHHI JVMHEeHHBIX HepaBeHCTB HJIA CHCTeM JUHEHHBIX HepaBeHCTB.

IIpumep 1. PemuM HepaBeHCTBO
|x| < 3. 6))

| cnoco6. Mcnonbaysa onpenelieHUe MOAYJIA YHUCIA, IMOJYYHUM,
uyTo HepaBeHCTBO (1) BepHO:

1) gna x = 0;
2) nuA BCceX X, YAOBIETBOPAIOIIMX CHUCTEMe HEPaBEHCTB
x5 0;
2
{x <3 )
3) mna BcexX X, VOOBJIETBOPAIOIIUX CHCTeMe HepaBeHCTB
x <0,
{ (3)
-x < 3.

Bce pemeHusi CHUCTeMbl HepPaBEHCTB (2) COCTABJIAIOT IIPOMEXKY-
tox (0; 3), a BCce pemieHUA CHCTEMbI HEPaBEHCTB (3) — IPOMEKYTOK
(=3; 0).

O6BeIUHUB BCe X, JJIs KOTOpBIX BEePHO HepaBeHCTBO (1), moaydum,
4yTO BCe pelreHus HepaBeHcTa (1) cocTaBisAoT IPoMeXYyTOK (—3; 3). MHbI-
MU CJIOBaAMH, BCe pellleHus HepaBeHcTBa (1) ecTh Bce X, YAOBJIETBOPSAIO-
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-3 +3 e ABOMHOMY HEpPaBeHCTBY —3 < x < 3,
7 IR R | WJIH, Y9TO TO JK€ CaMoe, CUCTeMe Hepa-
o t —0 > BEHCTB
-3 0 3 x

{x > -3,

W Puc. 11 x < 3.

Il cnoco6. Ucnonsays To, 4TO Ha
KOODPAMHATHOI ocH | X | ecTh paccTogHUE OT
TOYKH X A0 Touku 0, moayuymm, 4TO BCe
TOYKH, HaXOAAIIWecd HA PpPACCTOAHHUH,
MeHbIIeM 4YeM 3 oT ToYKH 0, ecTh TOJBKO
TOYKH, HAXOAAIIKXECA MEXKAY TOUKaMu —3
u 3 (puc. 11), T. e. TOYKH HHTEPBAJA
(-3; 3).

Il cnoco6. IIpumesum rpaduru
GyHKOUNA K pemeHHI0O HepaBeHcTBa (1).
ITocrpoum rpaduku GyHRIUH y=|x|
u y =3 (puc. 12). PemenussMu HepaBeH-
W Puc. 12 crBa (1) ABIAAIOTCA TOJBKO Te YHCIA X

(Touru x ocu Ox), A KaXJI0ro U3 KOTO-
PBIX COOTBETCTBYIOIIME TOYKMU rpadura QyHKOUH y = | x| pacmonmoxens:
HIKe npamont y = 3. CrenoBarebHO, BCce pemieHus HepasBeHcrsa (1) co-
CcTaBaAT wHTEpBaa (—3; 3).
OrBeT: (-3; 3).

IIpumep 2. Pemum HepaBeHCTBO
| x| > 5. (4)

I cnoco6. Vcnonbays ompeneneHue MOAYIA UHUCIA, MOXYIHM,
UTO HepaBeHCTBO (4):

1) =e BepHO Ana x = 0;

2) BepHO A BCEX X, YAOBJIETBOPAIOIIUX CHCTEMEe HepaBeHCTB

x>0,
x > b;

)

3) BepHO ANA BCeX X, YAOBJIETBOPAIIIUX CUCTEMEe HEepPaBEHCTB

{x<0, 6)

—x > 5.

Bce pemenuss cucreMbl HepaBeHCTB (5) COCTABIAIOT IIPOMENKY-
TOK (5; +00), a BCe pelleHHs CUCTeMbI HepaBeHCTB (6) — IpoMexyTOoK
(—o0; —3).

O0BeAMHUB BCe 3TU PEIeHUs, IOJTYUHUM, YTO BCe PellleHuA HepaBeH-
cTBa (4) COCTABJIAIOT OO'beANHEHUE ABYX IPOMEMKYTKOB: (—oo; —5) U (55 +00).
WHBIMU cTOBaMHU, Bce PellleHus HepaBeHCTBa (4) ecTh Kak Bce X, VIOBJIe-
TBOPAIOIE€ HEPABEHCTBY X > 5, TaK M BCe X, YAOBJETBOPSAIOIINE Hepa-
BEHCTBY X < —H.
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Il cnoco6. Ucnoas3ysa To, 4TO
Ha KOOpAMHATHOH ocu |x| ecTs pac-
CTOSIHHE OT TOYKH X Ao Touku 0, 1mo-
JYUYHAM, 4TO BC€ TOUYKH, HaAXOAAM[He-
Ccs HA PacCTOAHUH, GoJbireM ueMm 5,
or Touku 0, ecTb KaK TOYKH, HAXO0-
AsALIHecs JeBee TOYKU —5, TaK U TOY-
K{, HaxXoAdAlHecs IIpaBee TOYKU 5
(puc. 13), T. e. TOYKH, IPUHALIEHKA-
e MHOKecTBY (—oo; —5) U (5; +o0).

Il cnoco®. IIpumenum rpadu-
KH QYHKIHH K pelIeHHuI0 HepaBeHCT-
Ba (4). IToctpoum rpaduku GyHKIHH
y=|x| u y=>5 (puc. 14). Pemenus-
MU HepaBeHCTBa (4) ABIAOTCH TOJb-
Ko Te uncna x (touku x ocu Ox), nisa
KaKJI0ro U3 KOTOPBIX COOTBETCTBYIO-
e Touky rpaduka GyHKnum y = | x|
PAacIoJIOKEeHBbl BBINIE IMIPAMON Yy = 5.
CrnepmoBaTeNbHO, BCe pellleHUs HepaBeHCTBa (1) coOCTaBIAIOT MHOMXECTBO
(—oo; —5) U (55 +0o0).

OrBerT: (—oo; —5) U (5; +00).

Paccyxnas, kak B nmpumepax 1 u 2 (I cmocob pemreHusi), MOKHO
NPUATH K CIAEAYIOINEeMYy YTBEPKIAEHUIO:

a) Bce pemenns mepaBencrsa |f(x)| < a, rae a — moxoxu-
TeXbHOe YHCJIO, eCTh BCe X, YOBJETBOPAIOIIHE IBOMHOMY
HepaBeHCTBY —a < f(x) < a, HiIH, 9TO TO ¥Ke caMoe, CHCTeMe

HepaBeHCTB { f ) >=a,

fx)<a.

6) Bce pemenus mepasenctsa |f(x)|>a, rae a — momo-
JKHTEeJbHOE YHCIO, eCTh BCe X, YAOBJEeTBOPAIOIIHEe Hepa-
BeHCTRY f(x) > a, ¥ Bce x, yAOBJIETBOPAIOIINE HEPABEHCTBY
f(x) <—a.

IIpuvep 3. PemmumM HepaBeHCTBO
|x — 3| < 4. (7)
Bce pemenusi HepaBeHncTBa (7) ecTh BCe X, YIOBIETBOPAIOIIUE CHC-
TeMe HepaBeHCTB
{x -8<4,

x— 3> —4. ®)

MHOXeCTBO peIleHU# cucTeMbl HepaBeHCTB (8) ecTb HHTepBAaJ
(-1; 7). CiregoBaTe/IbHO, MHOKECTBO pelleHni HepaBeHcTBa (7) ecTb TOT
JKe MHTepBAaJ.

OrBeT: (-1; 7).
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IIpumep 4. Pemum HepaBeHCTBO

|2x - 5| > 8. (9
Bce pemenusa HepaBeHcTBa (9) ecTh Bce X, YI0BJIETBOPAIOIIUE Hepa-
BEHCTBY
2x - 5> 3, (10)
U BCe X, YAOBJIETBOPAIOIINE HEPABEHCTBY
2x - 5 <-8. (11)

MnuosxecrBo pemeHuii HepaBeHcTBa (10) cocraBiaser uHTepBas
(4; +00), a MHOXKeCTBO pereHuit HepaBeHcrsa (11) cocrasisier uHTEpBAT
(—o0; 1). CnenoBaTebHO, MHOYKECTBO pelIeHU HepaBeHcTBa (9) cocTouT
13 00beJHHEeHUA ITUX HUHTEPBAJOB.

OrBer: (—o0; 1) U (4; +00).

IIpumep 5. Pemum HepaBeHCTBO
|2]|x]| - 5] < 4. (12)

MHuoskecTBo pemienuii HepaseHcTBa (12) ecTs Bce X, YAOBIETBOPAIO-
miue CUCTeMe HEePABEeHCTB

a)m {2|x|—544,
_4’5 4,5 x 2Ix‘ _5> —4.
6 9Ty CHCTEeMy MOMHO NepelnucaTh
) B BHIE
-0,5 0,5 x le <45, (13)
B) i _ |x| > 0,5.
__4::5 '_0','5 0,5 - 4,5 x MHOKecTBO BCEX PEIIeHHU I[epBOro
HepaBeHcTBa cucreMbl (13) — uHTepBan
W Puc. 15 (—4,5; 4,5) (puc. 15, a), a MHOKeCTBO BCcex

pelIeHuil BTOPOr0 HEPABEHCTBA CHUCTEMBI

(13) — o6vepunenue umHTEpBaNOB (—00; —0,5) u (0,5; +00) (pue. 15, 0).

MuoxecTBO Beex perenuii cucreMsl (13) ects 06beIuHEHNE IBYX HHTEDPBA-

J08B: (—4,5; —0,5) U (0,5; 4,5) (puc. 15, 8). CremoBaTerbHO, MHOYKECTBO BCeX

peieHuit HepaBeHcTBa (12) ecTh 06beAMHEHNE TEX 3Ke ABYX MHTEPBAJIOB.
Orser: (-4,5; -0,5) U (0,5; 4,5).

IIpumep 6. Pemnm HepaBeHCTBO
|x + 2| < 0,5x + 4. (14)

I cnoco6. Mcnoassys ompefenenue MOAYJIS UHCIA, ITOJYIUM,
4YTO HepaBeHCTBO (14) BepHO:

1) gna x =-2;

2) nns Bcex X, yAOBJETBOPAMOIIUX CHCTEMe HePABEHCTB

{x} -2,

x+2<0,5x+4; (15
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3) masa Bcex x, yAosxersopsomumx [ hyl |1 ]

| | gt

cHCTeMe HepaBeHCTB

—(x+2) < 0,6x + 4. (16)

{“-2’ EEEEEN

Bce pelneHus CHCTEMBI Hepa-

+2[|

BeHcTB (15) cocTaBIAIOT NPOMEXYTOK

(—2; 4), a Bce pelleHHUs CHCTEeMbl Hepa-

peHcTB (16) — mpomeskyTok (—4; —2).
O0beuHUB BCE X, IJIA KOTOPBIX CIpa-
BenIUBO HepaBeHcTBO (14), momyumm,
4YTO BCe pelnmeHHMsA HepaBeHcTsa (14) co- Puc. 16
cTaBaAOT uHTEepBaJ (—4; 4).

®Y

Il cnoco6. Ipumerum rpapuKy QYHKIUH K DELIeHUI0 HepaBeHCT-
Ba (14). Iloctpoum rpadpuxm GYHROUNR Y = |lx+2| u y=0,5x+4
(puc. 16). Pemennsvu HepaBeHcTBa (14) siBIAIOTCA TOJIBKO T YHCIaA X
(Touku x ocu Ox), [ Ka)KJOTO U3 KOTOPHIX COOTBETCTBYIOIINE TOYKHU
rpaduka GyHKIUY y = | x + 2| pacmonosxeHsl HIAe IPAMOK Y = 0,5x + 4.
CiefoBaTeNbHO, BCe pemeHusi HepaBeHCTBa (14) cocTaBIAIOT MHTEPBAI

(—4; 4).
OTreerT: (-4; 4).
PemuTe HepaBeHCTBO (63—68):
63. a) |x|>1; 6) |x|> 8; B) |x|>-10;
r) |x|<1; n |x|<38; e) |x|<-10.
64. a) |x-2|>1; 6) |x—-1|>2; B) |x - 3|>-1;
r) |x-2|<1; m |x-1]<2; e) |x-38|<-1.
65. a) |x +2|>3; 6) |x+1|>4; B) |x + 5| >-5;
r) |x+2|<38; o |x+1|<4; e) |x+5|<-5.
66. a) [2x - 3|>1; 6) |2x +1|> 8; B) |8x - 5|>1;
r) [2x-38|<1; n |22+ 1|<8; e) |8x-5|<1.
67. a) |2|x|-3|>5; 6) |2|x|-5]>3;
B) |2|x|- 8| < 5; r) |2]|x|-5|<3.
68. a) |x-3|>x+1; 6) |x +3|>2x + 4;
B) |[x-8|<x+1; r) |x+3|<2x + 4.

69. Mccnegyem. Ilpu Kakux 3HAUEHUAX @ HEPaBEHCTBO:
a) |2x — a| < x + 1 He umeer pelIeHMiH;

6) |3x — a| > 38 — 3x umeer MHOMecTBO pemteHui (1; +00)?
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gi=. Hepasencrea BTOpoO# cTenenn
C OAHUM HEU3BECTHbIM

| 2.1. Monstue HEepaBeHCTBA BTOPOM CTeneHMu
C OOQHUM HEMU3BECTHbIM '

Hepasencrso Buga
ax?+bx+c>0 (1)

ax’+bx+c<0, (2)

rae a, b u ¢ — nanHbIe yHca, NpUYéM a # 0, HA3BIBAIOT HepaBeHCTBOM
BTOPOM CTeIleHH C OJHMM HEeH3BeCTHBIM X.

Hucno a HaseiBalOT KOd(dUIMEeRTOM NPH X2, YHCIO b — K03 du-
IUHEeHTOM npu Xx. Bripaxkenus ax?, bx ¥ ¢ Has3BIBAIOT YiIeHAMM Hepa-
BeHCTB (1) m (2), unca0 ¢ — CBOGOIHBIM YJIEHOM.

Huckpumunrant D = b? — 4ac xBagpaTHOro TpéxusieHa ax? + bx + ¢
Ha3pIBAIOT TaK)Ke MHCKPHMHHAHTOM KajXl0oro u3 HepaBeHCTB (1) m (2).

IIpuMepaMu HepaBEHCTB BTOPOH CTEIEHH C OJHUM HEU3BECTHBIM X
MOT'YT CJYUTh HEPABEHCTEA

3x2-4x+5>0, -x2-1>0, -6x2-2x+1<0, -2x2<0.

HamomuumM, 4TO pemienueM HepaBeHCTBA ¢ OZHMM HEM3BECTHBIM X
Ha3bIBAIOT TAKO€ YHCJIO X, IIPH MOACTAHOBKE KOTOPOr'O B HEPaBEHCTBO
BMECTO X IIOJIy4aeTCs BepHOe YHCJI0BOe HePaBEeHCTBO; PEIIMTh HepaBeH-
CTBO — 3HAYMUT HAWUTHU BCe eT0 PeIIeHUsA UM JIOKa3aTh, YTO UX HET. Ilpn
DEIIeHNH HEepaBeHCTB BTOPOH CTemeHu OyAyT MCIOIB30BATHCA YTBED-
KACHUA O PABHOCHUJIBHOCTH HEPABEHCTB, NPHBEAEHHBIE B NPEbIAVIIEM
naparpade, rie 9TH yTBePKAEHUA HIIIOCTPUPOBAHCH HA IPUMepe JIH-
HEeWHBIX HepaBeHCTB. Ha camMoM Jiejle OHM BEepHBI U AJIS MHOTHX APYTrHUX
HEPaBEeHCTB, B YaCTHOCTHU [JII HEPABEHCTB BTOPOH CTEIleHH.

3aMeTHM, UTO eCJIM @ — OTPUIATEJbHOE YUCJIO, TO, YMHOKUB Hepa-
BeHCTBO (1) Ha —1, moayYUM HA OCHOBAHUU yrBepxaeHud 4 o. 1.3 pas-
HOCHJIbHOE €My HepaBeHCTBO

(-a)x% + (-b)x + (-c) < 0
YK€ C MOJIOMHUTeNbHBIM Koa(duimuenTom npu x2,
AHAJIOTUYHO €C/IM @ — OTPULATEIBHOE UHCJIO, TO, YMHOMKUB Hepa-

BeHCTBO (2) Ha —1, mMONYyYUM Ha OCHOBAHMHU yTBepKaeHus 4 m. 1.3 pas-
HOCHJIBHOE €My HepaBeHCTBO

(—a)x% + (-b)x + (—¢) >0
TaK¥Ke C MOJOKUTENbHBIM KOo3(Q(HUIHEeHTOM npu X2,

YuureiBag aT0, jAanbmie Gyzem paccMaTpuBaTh peIIeHUA Hepa-
BeHCTB (1) m (2), cumras, 4yTo @ — MOMOKUTENBHOE YMCIO. B CJIeAYIO-
mMUX OYHKTaX OyJeT IpUBEJeHO DElIeHWEe 3TUX HEPABEHCTB OTAEJbHO
npu yeaosuax D >0, D=0, D < 0.

HJIH
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| .

70.

71.

72.

73.

a) Kaxkoil BUJ MMeeT HepaBEHCTBO BTOPOH CTENEeHH C OJHUM HEH3-
BECTHBIM X7

6) Yro HA3LIBAIOT AUCKPUMHUHAHTOM HEPABEHCTBA BTODPOi CTEIEeHH
ax2+bx+c¢>0 (a=0)?

B) YTO HaA3BIBAIOT pelleHMeM HePABeHCTBA C OAHWM HEM3BECTHBIM X7
r) Yro 3HAYUT PElIUTh HEPABEHCTBO C OAHUM HEH3BECTHHIM?

n) Yro 3HAYMT, YTO ABa HEPABEHCTBA PABHOCUJIBHBI?

e) ChopmynupyiiTe yTBEpKJeHUA O PABHOCHUJIBHOCTH HEPaBEHCTB.

fBnsieTcss 11 HEpaBEHCTBO:
a) 3-2x>0; 0) Tx—3<1+ Tx; B) x2-5x+1<0;
r) 7x~§>0; x) 4x - 5x2> 0; e) 3x2+7<0

HEepaBeHCTBOM IIePBOM cTemeHW? JUHEHHLIM HepaBeHCTBOM? Hepa-
BEHCTBOM BTODO# cTemeHu?

IIpuBeanTE HEPABEHCTBO:
a) 4x + 2x2-1> 0; 6) 6 + x2<0;
x? x?
B)—3-—~—x+0,2<0; r)1—7x+?>0
K Buay ax2 + bx +c¢ >0 unu ax? + bx + ¢ <0, rpe a, b, ¢ — nensre
uucna. HazoBure Koahdunuent npu x? U cBOGOAHBIN UJIeH.

BoruucauTe ZUCKPUMHUHAHT HepaBeHCTBA:
a) x2—T7x+ 10 > 0; 6) x2+ 9x + 20 < 0;
B) x2—x-T<0; r) x2+x-5>0.

fABnaercsa nu 4MCIO, YKasaHHOE B CKOOKax, pelmieHHeM HepaBeHCTBA
(74—75):

74.

75.

76.

a) x2—3x+4>0[%]; 6) x2—2x+3<0[%}

B) 2x2-5x-1<0 (-2); r) 3x2-3x+1>0 (-3);
lypa_1,.1 : g
) g 5‘."c+7<0(15), e) R 7<{)(1:Z)‘?

a) x2—11,7x + 17< 0 (V3); 6) x2 - 11,4x + 14 >0 (+/2);
B) x2+x-12>0 (n); r) x2-2x-15<0 (-n)?

Hanumure HepaBeHCTBO € IIOJIOMKUTENbHBIM Ko03ddUIIHeHTOM
npu x2, paBHOCHJILHOE HEepPaBEHCTBY:
a) x2+5x+T7>0; 6) —2x2-4x +8<0;

B) —%x2+9>0; r) --::;xz—5<0.
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77. Hanumure HepaBeHCTBO ¢ Koa(dunuentom 1 npu x2, paBHOCHIb-
HOe HepaBeHCTBY:

a) —%x2+3x—5>0; 6) %x2—8x+3<0;
l - (I . _l 2 l i
B) 5x S5x+ 17> 0; r) 4x +2x 1.<0.

78. PasnenuB mpaByi0 U JIeBYI0 YACTU HepaBeHCTBA Ha obGmuil xen-
TeJIb CBOOOJHOrO 4jeHa M KO3(OUIMEeHTOB NpU X2 ¥ NMpH X, HAIH-
IIUTe HePABEHCTBO, PABHOCHJILHOE JaHHOMY:

a) 4x2 - 6x + 10 > 0; 6) —6x2 - 12x — 6 < 0;
B) —9x2 — 90x — 81 > 0; r) 10x2 - 20x + 30 > 0;
n) 12x2 — 16x + 8 < 0; e) —11x2 —44x - 33 < 0.

| 2.2. HepaBeHcTBa BTOpPO# CTeneHu |
| € NONOXKUTENLHBLIM AUCKPUMUHAHTOM

IIycTh HAO PEeIINUTh HEPABEHCTBO
ax?+bx+c¢>0, (1)

rge a, b u ¢ — paHHbBIe yucaa, npuuém a > 0, D = b2 — 4ac > 0.
Kak MBI 3HAaeM, B 9TOM cJjydae

ax?+bx +c=a(x - x)(x — x,), (2)

rje X, u X, — KODHHU TpéxuieHa ax? + bx + c. [loaTtomy HepasencTso (1)
MOJKHO IIepelrcaTh B BHE

a(x —xy)(x - x,)>0. (3)
Tak xak @ — DOJIOKKUTENbHOE YHCIIO, TO HEPABEHCTBO
(x—x))(x —x3) >0 (4)

PaBHOCUJIBHO HepaBeHCTBY (3).

3aMeTHM, YTO TOUKH X = X; U X = X,
He YIOBJIETBOPAIOT HepaBeHCTBY (4).
Tak xkak D > 0, To x; # x,. [l1a onpeze-
JEHHOCTH OyJeM CUHTATh, UTO X; < X,.
OrMeTnM Ha KOOpAMHATHOM ocu Ox TOU-
KM X; U X, (puc. 17).

9ty TouKM genaT ock Ox Ha TpPU MHTepBana: (—oo; x;), (X1; X,),
(x5; +00).

[TyeTs x mpuHAAIEKUT HHTEPBALY (X,; +00), TOrja

=y =0 B k=i =0,

¥, claejoBaTesbHO, (x — x;)(x — x,) > 0.
IlycTs panee x MpUHANIEKUT UHTEPBALY (X;; X,), TOTAA

x—%,>0 1 x-x,<0,
M, clIeJoBaTesbHO, (x — x;)(x — x,) < 0.

wy

X1 X2

o Puc. 17
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IlycTs X mpUHAJIEKUT WHTEPBANLY (—00; X;), TOTAA

x—x2,<0 m x—x,<0,
H, cIaeloBaTeNbHO, (X — x,)(x — x,) > 0.

IToaToMy MHOKECTBO BCex pelneHHil HepaBeHcTBa (1) cocTouT u3
JBYX MHTEPBAJOB (—0o; Xx,) 1 (x,; +oo). Ero sanuceiBaioT Tak: (—oo; x;) U
U (xy; +00) — ¥ yuTaroT: o0’beANHEHNEe NHTEPBAJIOB (—00; X;) H (Xy; +00).

OTMeTHM, UTO MHOYKECTBO BCEX PeEIlleHuil HepaBeHCTBAa

ax?+bx+c<0(a>0,D>0) (5)

cocTaBysieT UHTEpPBaJ (X;; X,).

PesyinpTaT, K KOTOPOMY MBI IPHIILIH, MOMKHO TaKiXe IIOJIYUHUTH,
HCHONB3yA rpaduK KBaJpPaTUYHON (DYHKIHUH

y=ax?+bx+c (a>0). (6)

YuureiBas, uro a >0, D> 0 u x, < x,, ©1300pasuM cXeMaTHYECKH, KaK
pacniosioskeH rpaduk Gpyaxnuu (6) B KoopAUHATHOM ILIOCKOCTH (puc. 18).

OueBHAHO, YTO IJIA TEX X, IJId KOTOPBIX
COOTBETCTBYIOIME TOUYKU rmapabosbl pacmo- YA 5
JI0’KeHBI BbIIIe ocu OXx, BBIIOJHSIETCS Hepa- y=ax“+bx+tc

BeHCTBO (1), a Anda Tex x, AJNA KOTOPBIX OHUA c\
pacnojyio;keHsl HuKe ocu Ox, BBIMOJIHAETCH
HepaBeHcTBO (5). U3 pucynka 18 BugHO, UTO

MHOM{EeCTBO BCeX pemennﬁ HepaBeHCTBa

2
ax:?+bx+c¢c>0

o] 2 x5
COCTOMT ™3 J[ABYX WHTEPBANIOB (—00; Xy)

u (x,; +00), a MHOXKECTBO BCEX PeIlIeHUull He-
paBeHcTBa ax? + bx + ¢ < 0 cocrasnsier mH- M Puc. 18
TepBai (x; X5).

Taxum o6pasom, 4yT00Bl pelIUThL HEpPaBEeHCTBO
ax?+bx+c¢>0 wm ax?+bx+c<0

npu D > 0, Hamo HAWTH KOPHU X; ¥ X, (X; < X,) KBaJPaTHO-
ro Tpéxusiesa ax?+ bx + ¢, OnpeAeNUTH 3HAK TPEXUJIeHA
Ha umHTepBajsax (—oo; x;), (x;; X3) ¥ (xg; +00) W 3anucaThb
B OTBeT MHTEepBaJ (uau obbeJUHEeHNEe WHTEPBAJIOB), HA KO-
TOPOM (KOTOPBIX) HePaBEHCTBO BBINIOJIHACTCH.

IIpumep 1. Pemum HepaBeHCTBO
- bx+6<0. (7)
NuckpumMuHaHT HepasBeHceTBa (7) D =1> 0, u moaroMy TpEéxXuiaeH

— 5x + 6 uMeeT ABa KOPHA: X; = 2 U X, = 3. CiemoBaTebHO, HEPABEH-
CTBO (7) mo:xHO HepenucaTb B BHUJE _ +

(x-2)(x-3)<0. (8) s < -

OrMmeTuM Ha KoopauHAaTHOU ocu Ox
Trouku 2 u 3 (puc. 19). Jlerko Bumers, & Puc. 19
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YA
y=x2-5x+6

H Puc. 20

+ - +

-3 2
B Pwuc. 21 B Puc. 22

A |

4TO BhIpaxkeHHe (x — 2)(x — 3) MOJOKUTEJBHO JJId JI060ro X, pacmoso-
JKE@HHOTO IpaBee TOYKHU 3, OTPUIATENbHO JJIA JI0060T0 X, PACIIOI0MeHHO-
ro MeXJy ToOYKaMu 2 U 3, IOJOXKHUTEJIbHO AJIS JII000Tr0 X, PACIIOI0M¥KeHHO-
ro JieBee TOUKH 2,

IToaromy MHOKECTBO BceX pelleHUi HepaseHcTBa (8) u, cieno-
BaTeJbHO, PABHOCHJIBHOTO eMy HepaBeHcTBa (7) cocTaBiseT HHTEPBAJ
(2; 3). OroT ke peayabTAT MOIKHO IOJYYUTh, UCTIONb3YHA rpaduK GyHK-
oum y = x2 — 5x + 6 (puc. 20).

OTrserT: (2; 3).

IIpumep 2. Pemum HepaBeHCTBO
-x2-x+6<0. (9)

YMHOKUB HepaBeHCTBO (9) Ha —1, mOJyYUM PAaBHOCUJIBLHOE eMy He-
PaBEeHCTBO

x2+x-6>0, (10)

B KOTOPOM Ko0dhduuueHT Ipu X2 yiKe MOJOKUTEIeH,

JuckpuMuHaHT 9TOro Hepasencrea D = 25 > 0. Kopau KBajgpaTHO-
ro tpéxuneHna x2 + x — 6 ectb x; = -3 u x, = 2. OTMeTUM HA KOODAUHAT-
Holt ocu Ox Toukm —3 u 2 (puc. 21). Paccyxaas, Kak IpU peIleHUH
npuMepa 1, moOTyYUM, YTO MHOKECTBO BCeX pelleHuit HepaseHcTsa (10),
a 3HauuT, M HepaBeHcTBa (9) cocraBiser o6BeAWHEHHE WHTEPBAJIOB
(—o0; =3) m (2; +o0). K aTomy ke BBEIBOAY NPUXOAUM C IIOMOUIbIO0 PUCYH-
Ka 22, Ha KoTOpOoM u3oOpa)keHa mapabosaa y = x2 + x — 6.

Orser: (—oo; =3) U (2; +00).



31

HeparencTBa

79.

80.

82-

a) Kaxk pemaetrcs HepaBeHCTBO BTOPOI CTEIIEHU C IIOJOMKUTEILHBIM
JAUCKPAMHUHAHTOM?

6) Kaxk mcrnossayercsa rpadpuk KBagpaTUYHON QYHKIUM IJdA pele-
HUSA HEPABEHCTBA BTOPOH cTemeHu?

B) WmMeroT Ju pemeHus HepaBeHcTBa ax? + bx + ¢ > 0 u ax? + bx +
+¢<0, eciu @ >0 ¥ UX AUCKPUMUHAHT OoJiblIe HyaA?

IIpuBeguTe HEPABEHCTBO:

a) —x2-5x-6<0; 6) —x2—Tx+ 8> 0;

B) 3x% - 15x - 18 > 0; r) 2x2-8x+10>0

K BUAY (X — x1)(x — x5) > 0 mum (x — x1)(x — x,) <O.

Ha pucyuke 23 ormeueHnsl uucaa 1

u 3, obpamampiiue Npou3BegeHNEe I II ITI
(x — 1)(x — 3) B vyas. Onpenenu- 1 3
Te, KaKHe 3HAKH HMMeeT KaXIbIi

MHOXKUTEJb ¥ UX IpousBejeHve Ha = Puc. 23

urTepBanax I, I, I1II.

CocraBpTe HEPABEHCTBO BTOPOI CTENeHH C OJHHM HEH3BeCTHBIM,
BCe peIleHusi KOTOPOTo OTMedeHbl HA DHUCYHKe 24 IMITPUXOBKOIA.

]y

a) + - 8 6) + - +
5 5  x 4 7 x
B) + - + r) o+ - +
T3 1 x 17 -5 x
B Puc. 24

Pemure HepaBeHCTBO M OTMEThTE HAa KOODJAMHATHOM OCH MHOXECT-
BO BCeX €ero pelleHHH:

a) (x-9)(x-2)>0; 6) (x—-8)(x—-19) < 0;

B) (x +3)(x-5)<0; r) (x —4)(x+ 7)> 0.

Pemure nepaBencteo (84—89):

84.

86.
87.

a) 2x-1)8x+5)<0; 6) (1,2x - 0,5)(7x - 1)< 0;
B) (dx+8)(5x+2)>0; 1) [1%x+$](0,7x+4)>0.
a) x2—-x>0; 06) x2+ x<0; B) 5x2 - x<0;
r) 3x2+ x> 0; n) 4x2+ 7x > 0; e) 3x - 2x2<0.
a) x2-4>0; ©6) x2-9<0; B) x2-100<0; r) 1-x2>0.
a) x2-3>0; 6) x2-5<0; B) 2-x2<0; 1) 13-x2>0.
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91.

94.

a) 0,522 -x<0; 6) 1,83x%2 - 2x < 0;

B) 3%x—x2>0; r) §x2—1%x>0.

a) 2x?2-3<0; 6) 7Tx2-1>0;

B) 5-0,2x%2> 0; r) 1,2 - 3x2<0.

Pemure HepaBeHCTBO, HCIOIB3Ys rpapuK KBaAPATHYHON QYHKIIMH:
a) x2-3x+2>0; 6) x2+4x+3<0;

B) x2+5x+6<0; r) x2-5x+4>0;

o) 3x2—-2x-5<0; e) 4x2—x—340;

#) Tx2+2x-5>0; 3) 10x2+3x-1>0.

Pemtute HepaBeHCTBO:

a) 0,256x2 —4x + 12> 0; 6) 0,5x% + 8x + 24 < 0y
B)S-x+%x2<0; r) 4x+ix2+12>0;

I 5x2—-x—-T<0; e) 8x2-3-2x> 0;

K) 2x2+5—17x > 0; 3) 15x + 3 +4x2 < 0.

ITpu KakMX 3HAYEHUAX X TOUKH rpaduKa KBaJApaTHUYHON (DYHKIUN:
a) y=x2—-6x+8; 6) y=x%2-2x-8;
B)y——x2+2x+3 r)y-——xz+x+12

pacnoJioskeHs! Beilie ocu Ox? Huxe ocu Ox?

YKamuTe Bce 3HAYEHUS X, IPU KAXKJIOM M3 KOTOPBIX KBaagpaTHd-
HadA QYHKIHA:

a) y=x2+1,6x - 1; 6) y=x2-38,5x + 2;
B) y=4x2+ 19x - 5; r) y=3x%-5x-2;
o) y=-2x%2+5x + 3; e) y=-3x2-8x+9

NPUHHMAaEeT IIOJIOMKUTe/IbHbIE 3HAUEHHUA; OTPHIATEJIbHEIE 3HAYEHHA.

HccneuyeM Haiiagure 3HavyeHue k, mpu KOTOPOM HEPaBEHCTBO:
a) x2 - 3x + k < 0 BepHO TOJABKO AJIA X € (1 2),
6) —x%+ x + k> 0 BepHO TONBKO ANA X € (—2; 3).

| 2.3. HepaseHcrea BTOPOH CTENEeHMn ¢ gucxpumunamom,

| PABHBIM HyniO

HYCTI: Hajgo pelruTbh HEpPaBeHCTBO

ax?+bx+c¢>0, (1)

rge a, b u ¢ — pamHble yncaa, npuyém a > 0, D = b2 — 4ac = 0.

Karx MBI 3HAeM, B 9TOM ciayuae

ax? + bx + ¢ = a(x — x4)?,
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b s
TAe Xo = —5— — KOPeHb KBa/IDATHOTO TPEXWIeHa ax? + bx + c¢. IloaTomy

HepaBeHCTBO (1) MOKHO mepenucarb B BUJE
a(x — xg)?>0.

IIpu x = x, MHOrO4WIEH (x — X,)* paBeH Hymi0. Ilpu nrobom xe 4m-
CI0OBOM 3HAYEHMH X # X, MHOrouneH (X — Xg)?, a 3HAYHUT, M MHOrO-
wieH a(x — X,)° IPUHUMAIOT IMIOJIOJKHUTeJbHbIe 3HaueHusa. CienoBaresb-
HO, pemreHueM HepaBeHcTBa (1) Oyzer moboe YHCIO X, KPOME X = Xq.
HNuaue rosopsi, MHOKECTBO BCeX pellleHUil HepaBeHcTBa (1) cocrouT M3
ABYX MHTEPBAJIOB (—00; Xg) H (Xq; +00), Tie X, — KOPeHb KBaApaTHOTO
Tpéxunena ax? + bx + c.

W3 cka3aHHOTO CIEAYEeT TaKsKe, YTO IPH TeX JKe YCIOBUAX Ha YHCJIa
a, b U ¢ HepaBeHCTBO

ax2+bx+c¢<0 (2)

HE UMeeT pelleHWH.
ITU Ke BBIBOABI MOMKHO HOJIYUYUTH, UCIIONL3yA IpadHK KBaJpaTH4d-
HOM (PYyHKIUU
y=ax?+ bx +c. (3)
W3o6pasum (cxemarudyecku) rpadux A
dbyaxnuu (3) nas a > 0, D = 0 (puc. 25). s y=ax?+bx+c
pUCYHKa BHAHO, YTO HepaBeHCTBO (1) cmpa- \
b
BeJJIMBO JJIA BCEX X, KPOME X = X, = ~55"
a HepaBeHCTBO (2) He UMeeT peIllleHUH.
Takum oOpasom, uToObI pelIUTL Hepa-
BEHCTBO

®Y

[0 X

ax?+bx+c¢>0
HIHX

ax2+bx+c<0 B Puc. 25
npu D = 0, Ha0 HAWTH KOPEHb X, KBaJPATHOrO TpéxunaeHa ax? + bx + ¢,
OIpeJeJIUTh 3HAK TPEXUYJeHAa Ha WHTepBanax (—oo; x,) u (xy; +00) 1 3a-
nycaTh B OTBET (—00; x,) U (x4; +00), ecii HepaBeHCTBO BBIIIOJHAETCH Ha

KaXJoM M3 9THX ABYX MHTepBaJIOB, UJIU «HET pemeﬂnﬁ», €eCJIH HepaBeH-
CTBO He BBIINOJHAETCH.

IIpumep. Pemum HepaBeHCTBO:
a) 4x2+4x+ 1> 0; 6) 4x2+4x+1<0.
HaxoauM AMCKPUMHUHAHT KaXXJOr'0 M3 HEPaBEHCTB:

D=b2-4ac=42-4-4-1=0.
Tak Kak AUCKPUMHUHAHT paBeH HYJIO, TO KBAJAPATHBIN TPEX4YJeH

= 1
4x% + 4x + 1 ©UMeeT eAUHCTBEHHBIM KOPEHb X, = =% ud4x2+4x+1>0
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1
y=4x2+4x+1 y;:{ ’ IPA BCEX X # —o, OTKYAA BUAHO, UTO peie-

1
HUeM HepaBeHcTBa a) Oyzer mnroboe x # ~3

T. €. MHOJKECTBO BCEX DpeIleHW#l HepaBeH-
CTBa &) COCTOMT U3 JBYX MHTEDPBAJIOB

1 1
0 e (—oo; _5) " (_E; +ooJ. Hepasenctro xe 6),

OYeBUIHO, HE MMeeT pelleHUil.
B Puc. 26 Ha pucynke 26 B miockoctu xOy mso-
Opakena mnapabona y =4x2+ 4x + 1. Bes

|
o=

1
OHA, KpOMe TOYKHU (_E; OJ, pacnosioxeHna Beime ocu Ox. U3 pucys-

Ka 26 BUAHO, UTO MHOKECTBO BCEX pellleHWH HepaBeHCTBA a) COCTOUT U3
BCEX X, KPpOMe X = ——, a HepaBeHCTBO 0) pellleHHI He HMMeeT.

OTrBerT: a) (—oo; —%] 9] {—%; +ooJ; 0) HeT peuIeHUA.

95. lmeer sy perieHHs HepaBEHCTBO BTOPOM CTeINeHH, eCIH ero Auc-
KPHMUHAHT paBeH Hyaw? Kaxue cayyau BOSMOMKHBI?

96. C nmomompbio rpaduka KBaApPaTHUYHOU DYHKIMH OOBACHUTE, IOUe-
My HepaBeHCTBO ax? + bx + ¢ <0 npu a >0 u D =0 He umeer pe-
LIeHU?

97. HaiiguTe Bce X, IPM KaXJOM M3 KOTODBIX BhIpaKeHUe:
2
X
a) 2x2%; 6) ?; B) (x + 3)% r) (x — 1)2
IPUHKUMAET IIOJOMKUTEIbHOe 3HAUEHUE.

98. CyuiecTBYIOT JM X, IPU KOTOPLIX BhIpasKeHUe:
a) —x2; 6) —3x2; B) (2 — x)% r) —(x +4)2
NPUHUMAET IIOJOXKUTEIbHOEe 3HaYeHue?

99. OnpepenuTe, ABJAETCA JHU PEHIeHHEeM HEPABEHCTBA UMCJO, YKA3aH-
HOe B CKOOKax:

a) 25x2-10x+1<0 (—1%); 6) 4x2+ 12x+9>0 (-2,5);
B) x2—x +0,25>0 (V3); r) x2+x+%<0 -1,7).
Pemure HepaBenctso (100—101):
100. a) (x —4)2> 0; 0) (x+1)2>0;
B) (2x — 3)2> 0; r) (7T -4x)2>0.
101. a) x2-4x+ 4> 0; 6) x2-2x+1>0;

B) x2+ 10x + 25 < 0; r) x2—-8x+ 16 < 0.
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102. Pemute HepaBEHCTBO, UCHOJIL3YA rPaPUK KBagpaATUIHON (QYHKIIUH:
a) x2-2x+1>0; 6) x2+6x+9<0;
B) x2+4x+4<0; r) 4x2—-4x+1>0.
103. PemuTe HepaBeHCTBO:
a) 4x%+ 20x + 25 < 0; 6) 9x% — 36x + 36 > 0;
B) 49x2 + 14x +1 > 0; r) 25x%2-10x + 1 < 0;

) 2x2+3x+1%>0; e) 9x2—10x+2%<0.

104. Wiccnepyem. Haiinure Bce 3HAYEHUA k, IPU Ka)/I0OM M3 KOTOPBIX
HEepaBeHCTBO:
a) x2 - 24x + k > 0 BepHO npHU BCeX X, Kpome x = 12;
6) 64x% + kx + 9 > 0 BepHO IIpU BCEX X, KpOME X = —g.

105. HailiguTe Bce X, IPU KaXJIO0M M3 KOTOPHIX HEBEPHO HepaBeHCTBO:
a) x2+ 8x + 16 > 0; 6) 9x2-6x+1<0.

2.4. HepaBseHcTBG BTOPOM cTenexn |
c O'rpuua'renbl-lblm nucxpuMHHaHTOM |

P W e ey A R T e 7  pa ]

PaCCMOTpHM HepaBeHCTBO
ax2+bx+c>0 (1)

roe a, b u ¢ — panHele uucaa u a > 0, D =b%2 - 4ac < 0.
Brisiensas MOJHBIA KBajgpaT u3 TpéxdieHa ax? + bx + ¢, MOAydUM

2
ax3+bx+c—a(x+—b—] e (2)
2a 4a

W3 paBeHcTBa (2) cnexyer, uTo HepaBeHCTBO (1) MOXHO HmepenucaTh
caenyiomuM obpasom:
() -2
alx+—| -—>0,

2a 4a

OTKyJAa, yuuTsiBad, uroa > 0 u D < 0, mouy-
yaeMm, 4To HepaBeHCTBO (1) crrpaBeaTuBO AJS y=ax’+bx+c
awoboro x, T.e. HA MHTEepBalNe (—co; +00). yA

Orcioia TakKe CJlIegyeT, UTO IIPH YKa-
3aHHBIX BbInIe ycaoBuax (a > 0, D < 0) He-
paBeHcTBo ax?+ bx + ¢ <0 He uMmeer pe-
HIeHHH.

IIpu a >0 u D <0 rpapur PyHKIUNA

y=ax*+bx +c

n300pakéH (cxeMaTHU4YeCKH) HA pucyHKe 27.
Bces napabosa pacnososkena Belne ocu Ox,
A II09TOMY HepaBeHCTBO (1) cmpaBemnuBo ® Puc. 27

RY

(@)
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AN J000ro 3HauYeHHA X, a HepaBeHCTBO ax? + bx + ¢ < 0 He uMeer pe-
IIEeHWIA.

Takum obpas3om, 4TOOBI PEIINTH HEPABEHCTBO

ax?+bx+c¢>0

W
ax?+bx+c<0

npu D < 0, Hajio onpenesuTh 3HAK TPEXUYJIeHA HA MHTepBase (—oo; +00).

Ecin HepaBeHCTBO BBINIOJHAETCA HA 3TOM MHTepBaje, TO B OTBETE 3allU-
carb: (—00; +00); ecJi He BBIINOJHACTCH, TO

y=>5x2—6x+2 3amycaTh: HeT pelIeHnH.

n IIpumep. Pemum HepaBeHCTBO:

1T a) 5x%— 6x + 2> 0;

6) bx2—-6x+2<0.

JIMCKpUMHHAHT Ka)XJAOro U3 STUX He-

1 paBeHcTB D =-4 <0, 3HaAuuT, TPEXUJEH
5 5x2 — 6x + 2 He UMeeT KOpHe#. B kaskmnoii
[8) 3 1 ¥ TOUYKe MHTepBaja (—oco; +00) TPEXUJIEH I0JIO-
] JKUTEJIeH, II09TOMY HEepaBEeHCTBO a) BhIIIOJI-

HAETCA A JI0BIX X, T. €. Ha WHTEpBaje

B Puc. 28 (—o0; +00), a HepaBeHCTBO 0) He MMeeT pe-

IIIeHHuH.
Ha pucynxe 28 nsobparkena nmapabosa y = 5x2 — 6x + 2. I3 pucys-
Ka BHJIHO, 4YTO HEPaBeHCTBO a) CIIPABEAJIUBO AJIA JI000ro X, a HepaBeHCT-
BO 0) He MMeeT pelIeHUI.
OTeer: a) (—oo0; +00); 6) HeT pemieHHH.

106. limeer i HEpaBEHCTBO BTOPOU CTENEeHU DEIIeHUs, ecJIU ero JHC-
KPUMMHAHT MeHbIlle HynAa? Kakue ciyyad BOSMOXKHBI?

107. C nomomipio rpaduka KBaApaTHYHON QYHKUIUU OOBACHUTE, HOUe-
My HepaBeHCTBO ax? + bx + ¢ <0 npu @ > 0 u D < 0 He umeer pe-

HIeHUA.
108. Pemure HepaBeHCTBO, MCIOJB3Ys Ipad¥UK KBaJApaTUUYHON QyHKIUU:
a) x2-x+3>0; 6) x2+2x+2<0;
B) x2—-3x+4<0; r) x2+x+5<0.
Pemmure HepaBerncrso (109—111):
109. a) 3x2-2x+1 > 0; 6) bx2—4x+2<0;
B) 4x2+x-6<0; r) -7x2+3x-1>0.
110. a) 0,2x2-x+100>0; 6) 1,7x2+x+ 10<0;
x2 38x 2x?— %
B)'—E'-——T+8<0, I‘) T—12>0.

111. a) x2-4,8x-1<0; 6) x2+8,5x-2>0.
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112. Uccnepyem. Haiigure Bce 3HAYEHHS M, IPU KAXKIAOM U3 KOTO-
PBIX HEPABEHCTBO BEPHO IpH JIIOOOM 3HAYEeHUU X:
a) 2x2—x+ m> 0; 6) 3x2+2x+m > 0.

2.5. HepaseHcTBQ, cnonﬂmue_cn_x HEepPaBEHCTBAM
BTOPOMW CTENEH!

YacTo NpUXOAUTCH pEIIATh HEPABEHCTBA, JIeBble U IIpaBble YacTH
KOTOPBIX SABJIAKTCA MHOT'OYJIEHAMH.

Ilnsa peleHnsa TAKMX HEPABEHCTB MOMKHO IPUMEHATh YTBEePIKIeHUHA,
npuBeaéHHsle B 1. 1.3. Ha ocHOBaHMM 3THX YyTBEpPIKAEHUH IIOCJIe IIePEeHO-
ca BCeX 4JIEHOB HEPABEHCTBA B JIEBYIO €ro YacTh ¥ IMPUBENeHUA ITOJ00HBIX
YJI€HOB IOJIYYUTCH HEPABEHCTBO, PABHOCHJIBHOE HCXOAZHOMY. B mpaBoit
YacTH MNOJIYYEHHOTO HEepaBeHCTBa OYAEeT CTOATh HYJib, & B I€BOM — MHO-
rowreH. [lanbiie B 8TOM NIYHKTe OYAYT pacCMOTPEHEBI IIPUMEPHI pellleHU A
HEpPaBeHCTB, CBOAAILINXCA K HEPABEHCTBAM BTOPOM CTEIEHH.

IIpumep 1. Pemum HepaBeHCTBO
x3+x2—-2x+3>2x%2-3 - x+ x5 (1)

Hepeneca BCe YJIeHbl HepaBeHCTBA B JIeBYIO €ro 4acTh, IMOJYUYHM He-
PaBeHCTBO
x3+x2-2x+8-2x2+3+x-x%>0, (2)

paBHOCHJIBHOE HepaBeHCTBY (1).
IIpuBenss B HepaBeHCcTBe (2) mopoOHBIEe YJIeHBI, IPUXOAMM K Hepa-
BEHCTBY

-x2-x+6>0, (3)

PaBHOCUJILHOMY HepaBeHCTBY (2). YMHOMKUB ero Ha —1, MOAy4YuM paBHO-
CHUJIBHOE €My HEePaBEeHCTBO BTOPOM CTEIeHH C IOJIOMKUTEJIbHBIM Ko3ddu-
IIUEHTOM IIPU X2:

x2+x-6<0. (4)

HuckpumunadT HepaBeHcTBa (4) D = 25> 0. KpaxpaTHbIil TpEXUYJIEH
x? + x — 6 uMeeT ABa KOPHs: X, = —3 U x, = 2. IloaToMy HepaBeHCTBO (4)
MOYKHO 3alUCaTh B BHE

(x = (=3))(x - 2)<0. (3)

OrMmeTHM Ha KoopauHaTHOH ocu Ox Touxku —3 u 2 (cMm. puc. 21). Jlerko
BHUJETH, 4TO BhIpaxkeHue (x — (—3)) (x — 2) mosoKuTeJbHO A JHboro X,
PACIIOJIO?KEHHOTO IIpaBee TOYKH 2, OTPHUIATE]BHO A J000ro X, pacio-
JIOXKEHHOT0 MeXXAY TOUKAMH —3 | 2, IMOJOXKHUTENbHO IJIA Jiroboro x, pac-
IIOJIOXKEHHOI'0 JIeBee TOYKHU —3.

CrnengoBarenbHO, MHOMKECTBO BCEX pelIeHUU HepaBeHCTBA (5H), a 3Ha-
YHUT, ¥ PABHOCUJILHOTO €My HepaBeHcTBa (1) cocraBnser uaTepBai (—3; 2).

OTOT 3Ke Pe3yJIBTAT MOYKHO MOJIYIUTH, MCHONB3yA rpaduk GyHKIUN
y=x%+x -6 (cm. puc. 22).

OrserT: (=3; 2).



a) IIpumep 2. Pemum HepaBeHCTBO
S——i— 2255, (6)

Ilepenecém 5 B JIeByIO YacThb He-
paseHcTBa (6), MoydyuM HepaBeHCTBO

6) Y y—x2—5 BTOPOH CTEIleHU
x2-5>0, (7)
11 / paBHocuIbHOe HepaseHcTBy (6). Pas-
} » JIOXKMB Ha JHHEHHBIE MHOMHUTEJINA

-J5 0| 1 NE X MHOrOuYJIeH x2— 5, mpuaéM K Hepa-
BEHCTBY

(x- (-VB)(x-+5)>0,  (8)
paBHOCHJIBHOMY HepaBeHCTBY (7).
OTMeTHM Ha KOOPAHMHATHOH OCH

-5 Ox Touxu —/5 u /5 (puc. 29, a). Pac-

CysKaasi, KAk M BBIIIE, IIOJYYHM, YTO

H Puc. 29 MHOKECTBO BCEX pellleHu# HepaBeHCT-

Ba (8), a sHaumT, u HepaseHcTBa (6)

ecTh 00BeIWHEHUEe HHTEPBAJIOB (—00; -'\/g) H (\[5; +00). ITOT xKe pe-

3YJIBTAT MOJYKHO IIOJYYHUTh, MCIOAB3yA rpaduK JUHEHHOH (QYHKIUH
y = x?> — 5, n300pakKEéHHEII Ha pUCYHKe 29, 0.

OrBerT: (—oo; —-JE) u (1/5; +c0).

IIpumep 3. Pemnum HepaBeHCTBO

1
o o i A
5 2 3
ITepenecém Bce uyieHbI HepaBeHCTBA (9) B JIeBYI0 4AaCTh, IOJYYUM
HepaBeHCTBO

(9)

i P PO
3% +5x+2>0, (10)

paBHOocunbHOe HepaBeHCTBY (9). Tax Kak IIPOM3BOAUTL BbLIYUCJIEHUS
¢ menslMu Koabhohunuenramu ygobHee, ToO YMHOXKHM HepaBeHCTBO (10)
Ha yucao —30. ITonryuum HepaBeHCTBO

10x2 - 6x — 15 < 0, (11)

paBHOCHUJIBbHOEe HepaBeHcTBY (10).
KBagparHeiii Tpéxuner 10x? — 6x — 15 uMeeT ABa KOpPHA:

_ 3-4159 H _ 8+4/159
1= 10 2 10

no3TOMYy HepaBeHCTBO (11) paBHOCHJILHO HEPaBEHCTBY
(x —x2)(x — x5) < 0. (12)
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Paccyxpasa, Kak Bwime (puc. 30),

[IOJIVIMM, YTO MHOJKECTBO BCeX pelle- Xy X3 x
Huit HepaseHcTBa (12) cocraBisier uH-
TepBaya (x;; Xy). B Puc. 30

CJIE?DB&TBJII:HO, MHOKECTBO BceX 3_ J159 3+ 139
pemrenuii HepaBeHcTBa (9) cocraBasier MHTEPBaJ 10 4 10 "

- 3- 4159 3+ 4159
OrBerT: J .
10 10

113. Kax pemraioT HepaBeHCTBA, JIeBble U IIpaBble YACTH KOTOPLIX MHO-

TOYJIeHBI?

114. SIBndAwTCA M pPaBHOCUJILHBIMHA HEPABEHCTBA:
a) 3—x+x2>0u x2>x - 8;
6) x2-5<3x u 4x2 - 12x < 20;

2 _
B) =% 4y 3x2—21x-24<0;
r) ¥ +5x-7>0m 0,01x2—0,07>—%x?

115. IIpuBenuTe HepaBeHCTBO:
a) 7> 3x — bx?; 6) 2x > -3 + 2x2%;
B) 18x2 -5 < x; r) 4x + 5> x2
K BuAy ax?+bx +c¢>0 unu ax?+bx +c<0.
116. IlpuBenuTe HepaBeHCTBO:
a) 10x — x2> 1; 6) 4x2-6>09;
B) 7 < 14x + 2x2; r) 5x2>13x - 8
K Buay ax? + bx + ¢ < 0.
117. IlpuBenuTe HepaBeHCTBO:
a) —x2> 7 - 3x; 6) —x2 < bx — 6; B) —-1,2x < 3 — 0,5x2
K BUAY X2+ px+¢q¢>0 mam x2+ px+q<0.

Pemure HepaBencTso (118—123):

118. a) 0,5x2 > x; 6) 1,3x2 < 2x; B) 3%x<x2;
r) g—x>1§xz; n) 7> 4x?; e) 5<—x2%
m) 2x? < 3; 3) 3x2> 5.

119. a) 10x2 > 3 + 5x; 6) 12x2 > 8x + 3;
B) 23x < 9x2 + 8; r) 7Tx2 -6 > 25x.

120. a) 5(x-1)2>5(1 — x) — x;
6) 2(x+1)2<22x+1)-(x-1)(x+ 1);
B) (x—-1)2+(x-2)2<1;
r) (x+3)(x—2)>3x+ 10 — (x + 2)2.
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121. a) x2> 6x - 9; 6) 16x2 < 8x — 1;
B) 4 -3x <1 - 2x% r) 6x > 12 — 5x?;
I x2—Tx+ 5> 3x2 - bx; e) 4x2+ 8x > Tx — 12.
122. a) JC_1+0,2Jr241; ) x2—7_2x>0,2;
(x-D(x-2) _x+1 «x, 12-22 x _(x-3)°
k) 15 "5 3 B =5 3~ 12
123. a) [x? - 6x+8| < 3; 6) |x2 +2x — 4| > 4;
B) 4<|x*-2x-4|<11; r) 6 <|x? +4x—-6|<15.
124. Haiigure obaacTh onpejeleHus QYHKIHN:
4 -x 8x—-T
a) y = ; 6) ¥y =7 B) Yy =—F7—;
Jx_z x2-1 x*+ 4
24 -12
r) y="—==; Dy=—2_; o) y=-—=2
xZ- 4 x2+ 3 Jx2—14x + 4
1 . -5x | _ 5+x°

) Y= ————; 3 = —— u = ——=
¥ J3x—2— x? )y x2-3 )y Vb — x?

§-4. PaunonanbHubie HepaBeHcTBG

f 3.1. MeTtop uHTepBanos \

B sromM nyHKTe Oyaer paccMOTpPeHO pellleHHe HepaBeHCTB BHA
1) A(x)>0 u 2) A(x)<0, rone A(x) — MHOro4JIeH OTHOCUTEJIBHO X.

Jns pemenus J060ro U3 3THX HEPABEHCTB HA0 HAUTH KOPHH MHO-
rouyseHa A (X) 1 OTMETHTh UX HA KOOPAMHATHOM OCH, B KaXKJOM M3 IIO-
JYYUBIIUXCA WHTEPBAJOB ONpeAenuTh 3HaAaK MHorowirleHa A (x). Torma
o0begUHEHHEe BCEX UHTEPBAJIOB, I'Jleé MHOTOYJIEH ITOJIO¥KHUTEJIeH, COCTABUT
MHOKECTBO pellleHU HepaBeHcTBa 1), a o0'beJHEeHHEe BCeX MHTEPBAJIOB,
rjge MHOT'OYJIEH OTPHUILATEJIEH, COCTABUT MHOXKECTBO DEIIeHWil HepaBeH-
cTBa 2).

IIpumep 1. Pemum HepaBeHCTBO
(x+2)(x-3)(x*+1)<0.

Tarx xax muorousies x* + 1 He uMeeT KOpHel, TO OH He pasJjiaraercsa
Ha JJUHEHHbIe MHOMKHUTEJIH.

M=uorouneH A (x) = (x + 2)(x— 3)(x* + 1) umeer aBa Hyna: x; = —2
u x, =3. Ha xoopaumHaTHO!l ocu oTMeTuM Toukm —2 u 3 (puc. 31).
3areM Ha KaMJIOM U3 HHTEPBAJIOB
¥ = ¥ (=005 =2), (=2; 3), (3; +o0) ompenenum
9 3 sHak ™HOrowieHa A(x). Ilpu astom
yurém, uro x1+1>0 pana soboro

E Puc. 31 x e R.

=Y
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Ilns m06oro x u3 mHTEpBana (3; +oo) umeem x +2>0un x-3>0,
noaromy A (x) > 0. Jls no6oro x us uarepsana (—2; 3) umeem x + 2 > 0
u x — 3 <0, moaromy A (x)< 0. Jlnsa moboro x u3 mHTepBana (—o0; —2)
umeeM x + 2< 0 u x — 3 <0, moatromy A (x) > 0. CregosaresbHO, MHO-
JKEeCTBO BCeX peIleHWil HepaBeHCTBa cocTapisieT mHTepsan (—2; 3).

Orser: (-2; 3).

Bo MHOrmx ciydasix NpOIECC PelIeHus HepaBeHCTBA MOYKHO yIIpO-
CTUTB, AelCTBYSA IO NpaBUJy, Ha3bIBAEMOMY MeETOJOM HHTEpBaJOB.

PaccMoTpuM, Kak MOYKHO DeIlIMTh HepaBeHCTBA

(% — B (E~— xy) wal(=%,) =0 (1)

(x—x)(x—25) 0. (x—2,) <0, (2)
rae x; < X < ... < x,. Jlua BeIBOJja MPaBUJja IIPOBENEM ClIeAyIoIIue pac-
CYIKIOEHUSA.

OrMeTHM Ha KoopauHaTHOU ocm Ox 4ucio x, (puc. 32).

Touka x, genur ock Ox Ha ABe YACTH:

1) pna nroboro x, HaXOAAIIErocd CIpaBa OT TOYKH Xg, ABYYIEH
X — X, TIOJIOKUTEJIeH;

2) ana aoboro X, HAXOAAIErocsA CJjeBa OT TOYKH Xy, ABYUJIEH
X — X, OTpHUIaTeJIeH.

D10 CBOHCTBO ABYYJIEHA JIEKUT B OCHOBE METOJa HWHTEPBAJIOB.
Ilycts, Hanpumep, TpebyeTca pelIUThL HEPABEHCTBO

(x — x;)(x — x5)(x — x5) >0 (3)
(x — x)(x — %) (x — x3) <O, (4)

H

HJIHW HepaBeHCTBO

rae x; < Xy < X3.

OrmeruMm Ha ocu OX TOYKH X, Xy ¥ X3. OHH genaT ock OX Ha YeTHI-
pe mHTepBana: (—o0; x;), (13 X), (X335 Xx3), (x3; +00) (puc. 33).

PaccmoTpuM BhIpasKeHHe

A(x) = (x — x;)(x — x5) (x — x3). (5)

OueBUIHO, YTO AJIsA JIOOOTO X, HAXOAAIIEIOCs CIpaBa OT X3, JI000H
JBYYJIeH B IPOUBBeJeHUH (D) MOJIOXKUTENIeH, TAK KaK TOYKa X HaXOAHUT-
csl paBee BCEX TOUEK X;, X, X3. 1loaromy u A (x) > 0 ans smoboro x,
NPUHALJIEKAIIEr0 HHTEePBAIY (X33 +00).

s n060ro x, HAXOAAIIETOCA MEXKAY TOYKaAMU Xy U X3, mocjaegHuH
COMHOXXHTEJb B IPOM3BeAeHUH (5) oTpuraTeseH, TaKk KaK X HaXO0AUTCH
JleBee TOUYKH Xg, & J1000i U3 ocTaBIIUXCH COMHOYKHATEJIeI MOJ0MKUTeJIeH,
TaK KaK X HAaXOAMUTCHA IpaBee TOYEK X, U X,. ITosTomy A (x) < 0 pusa sro-
6oro x u3 mHTEpBaia (X,; X3).

AHaJOrMYHO paccyskaas, moaydum, 4to A (x) > 0 pus aoboro x us
uHTepBana (x;; x,) u A(x) <0 gna moboro x u3 MHTEpBaja (—o0; X1).

Ha sToMm paccysKJAeHHH OCHOBAH MeTOJ MHTEPBAJIOB pPeIlleHUsd Hepa-
BercTs (3) u (4), cocroAmuil B caeAyomeM: Ha ocu Ox OTMeYaroT TOYKHU

- O O
o

X0 x ES X2 X3 x

@ Puc. 32 # Puc. 33



» X, Xy, X3, HAJl UHTEPBAJIOM (x3; +00) cra-
*1 X2 X3 X BAT BHAK «IUIIOC», HaJl HHTEPBAJIOM (X,; X;3)
B Puc. 34 CTaBAT 3HAK «MHHYC», HAJ] HHTEPBAJIOM

’ (xy5 x5) — BHAK <«IUIIOC», HAJ WHTEpBa-
JIOM (—00; X;) — B3HaAK «MHHYC» (pHuc. 34).

Torma muoxecTBO Bcex pemenwuit HepaBeHcTBa (3) Oymer cocToATh
U3 BCEX WHTEPBAJIOB, HAJ[ KOTOPLIMHY IIOCTABJIEH 3HAK «IIJIIOC», 4 MHOKe-
CTBO BCeX pelleHHil HepaBeHCTBa (4) GyAeT COCTOATHL M3 BCeX MHTEpPBA-
JIOB, HaJl KOTOPLIMH IOCTABJEH 3HAK «MHHYCH».

OTmeTnM, 4TO caMu 4HCIa X;, X, X3 HE ABIAIOTCS pellIeHUuAMHU He-
paBeHcTB A (x) >0 u A(x) < 0. DTUM 0O6BACHAETCH, YTO MHOKECTBO pe-
LIeHU# 3TUX HEePABEHCTB COCTOUT U3 MHTEPBAJIOB, a HE M3 OTPE3KOB UJIH
HONYHUHTEPBAJIOB.

IMono6uEIM 06pa3oM MOMKHO pemraTh HEPABEHCTBA (1) u (2).

Ormernm, 4TO haKTUYECKU STUM XKe METOLOM MBI DelIaau HepaBeH-
CTBa BTOPOM CTENEeHH C MOJOKHUTENbHLIM TUCKPUMHUHAHTOM.

IIpumep 2. Pemum HepaBeHCTBO
(x-1)(x-2)(x—-3)>0. (6)
Bynem pemars mepasenctBo (6) MeTomom uHTepBaJIoB. OTMETHM
Ha ocu Ox rtoukm 1, 2, 3. Hax mHTepBamamu (—oo; 1), (13 2), (2; 3),
(3; +00) cipaBa HaJIEBO OOYEPEAHO PACCTABUM 3HAKM «ILIIOCH U «MHHYC»
(puc. 35), HauMHAA CO 3HAKA «IIII0C» . I3

- — + DPHUCYHKAa BHIHO, YTO MHOJKECTBO BCEX pe-
1 2 3 x IIeHui HepaseHcTBA (6) cocTouT U3 ABYX
unrepsanos (1; 2) u (3; +o0). (Ha pucysn-

B Puc. 35 Ke OHU OTMeYeHbI JyraMHu.)

OrseT: (1; 2) U (8; +00).
IIpumep 3. Pemum HepaBeHCTBO
i (x — 1)%(x - 2)?(x — 3)*(x — 4) < 0. (8)
HepaseHncTso (8) Henb3s pemaTs, Kak IIpeAbIAYIINe HePaBeHCT-
Ba, TAK KaK He BCe JIBYYJIEHBI B €0 JIeBOH YacTH HAXOAATCA B IIep-
BO#l cTeneHu. [IJIA pelleHUs TaKMX HEPABEHCTB OOBIYHO IIPUMEHSEeTCH
0o01HMii METO MHTEPBAJIOB, COCTOAIMIA B CIEAVIOMmEeM: Ha ocu Ox OTMe-
49aloT ToYKH 1, 2, 3, 4, a 3aTeM B Ka)XJOM U3 WHTEPBAJIOB

OIIpeeJdrT 3HAK MHOTI'OYJIeHAa
A(x)=(x - 1)3(x - 2)%(x - 3)*(x - 4) (10)

CleayoiuM 06pa3oM: HaJ WHTEPBAJIOM CIpaBa OT HauGOJBIIEro KOPH:A
MHOro4JIeHa A (X) CTaBAT 3HAK «ILIIOC», TAK KAK HA 3TOM MHTEpBaJe Bce
MHOMKHUTEH IOJOKUTEeNbHbI. 3aTeM, ABUIrasch CIpaBa HaJeBO, IIPH Ie-
pexojie yepea o4epeHONH KOPeHb MEHAIOT 3HAK, €CJIH COOTBETCTBYIOIIMH
9TOMY KOPHIO ABYYJIeH BO3BEJEH B HEUYETHYIO CTENeHb, U COXPAHAIOT
3HAK, €CJIM OH BO3BeJEH B YETHYIO CTEIeHb, TAK KaK 3HAKU ABYYJIEHA
U ero He48THOH CTeNeHU COBIAJAaIO0T, 4 Y6THASA CTEIleHb AByYJIeHA BCIOAY
HOJIOKUTENIbHA, KPOMe KOPHsA 3TOoro AsydsneHa. Han xakaAsIM MHTepBa-
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JIOM CTaBAT HANAEHHBIN 3HAK «ILJIIOC» WX «MHHYC». Torjga MHOXeCTBO
Bcex pemeHud HepasBeHcTBa (8) Oyaer cOCTOATH M3 BCeX HHTEPBAJIOB,
HaJ KOTOPBLIMH MOCTaBJEH 3HAK «MHUHYC».

Onpenenum 3Hak MHOrownesa (10) B KaxJoM u3 MHTepBaJOB (9).
Hap unTepBasamu (9) MOMIKHBI CTOATH 3HAKH, KaK Ha pucyHke 36, Tak
KaK IpH X > 4 Bce MHOMKHUTENH IMOJIOYKUTEIbHBI; B TOUKe 4 Ipou3Beje-
HUe MeH#AeT 3HAK — pasHocTh (x — 4)
BO3BeJeHA B HEYETHYIO CTemeHb 1; + - = = +
B TOUKax 3 U 2 mpou3BeJleHue He MeHdA- 1 9 3 i =
eT 3HaKa — pasHocTH (x — 3) 1 (x — 2)
BO3BEeJeHbl B YETHYIO CTENeHb; B To4- M Puc. 36
Ke 1 mpousBeieHHe MeEHAET 3HAK —
pasHocTh (x — 1) Bo3BeieHa B HeuéTHYIO creneHb. [loaTomMy MHOXKeCTBO
BCeX pelleHMil HepaBeHcTBa (8) cocromT M3 TpPEX umHTepBayos: (1; 2),
(2; 3), (35 4).

OreeT: (1; 2) U (2; 3) U (3; 4).

IIpumep 4. PemuM HepaBeHCTBO
(4 - 3x — x?)(x2-4x+5)(x-1)<0. (11)

IIpesxae Bcero mccjaenyeM KBaZpaTHbIe TPEXUJIeHBI B JIEBOM YacTH Hepa-
serctBa (11). ¥V kBagparsHoro TpéxuieHa 4 — 3x — x? NUCKPUMUHAHT
D = 25> 0, mosToMy 3TOT KBaAPATHBIH TpEXUJeH MMeeT [JBa KOPHHA
X, =-4 1 x, =1 ¥ cIpaBeiJNBO TOXKIAECTBO
4-3x—x2=—(x-1)(x+4). (12)
V kBazpaTHOTO TpéxuneHa x2 — 4x + 5 auckpumuHauT D = —4 < 0, mo-
3TOMY 3TOT KBaJpPATHEIN TPEXUJeH He MMeeT KOpDHe# u ans jwoboro x

cIpaBeJJIUBO HepaBeHCTBO X2 — 4x + 5 > 0.
Hcnoas3ysa Toxaectso (12), nepenmimem HepaBeHcTBO (11) B BHAE

—(x% — 4x + 5)(x + 4)(x — 1)2 < 0. (13)
1o HepaBeHCTBO HaAO pemiars, Y4UHUThIBad, 4TO AJIA BCeéX X MHOMKH-

Tenb x2—4x + 5 momoxkureneH. Jna
aToro oTMeTuM Ha ocu Ox Touku —4 u 1 ol = Y e
¥ OIpeAes UM 3HAK JIeBOM yacTH Hepa- -4 1 x
BeHcTBa (13) B KarKIOM M3 IIOJIydeH-
M Puc. 37

HBIX WHTEepBasaoB (puc. 37).

ITosryyaeM, UTO MHOXKECTBO BCceX pelueHHil HepaBeHcTBa (11) ecTs
MHOMKecTBO (—4; 1) U (1; +00).

OrseT: (-4; 1)U (1; +0). @

125. a) B uém sakJodaeTcsa MeTOJ MHTEPBAJIOB PelleHusd HepaBeHCTB?
K HepaBeHCTBaM KakKOro Bua OH NPUMeHUM?
6) PaBHOCHJIBHEI U HepaBeHCTBa X > 2 u x — 2> 0?
B) Bepno su, uro ecoim x > 1, To x — 1 > 07?
r) Bepro au, uto ecau x <1, To x — 1 < 0?

x
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126.

127.

128.

129.

133.

Ecnu unesno x pacrnosnosxeHo Ha KOOPAWHATHOM OCH JieBee Yucia 5,
BEPHO JIM, 4TOo: a) x — 5 <0; 6) x—5>0?

Ecnu umeso x pacmosokeHo Ha KOODAMHATHOH OCH IIpaBee 4ucC-
na —2, BepHO JH, 4yTo: a) x — (-2) < 0; 6) x + 2 > 0?

1) Ecam umcio X pacnosiosxeHo Ha KOOPAMHATHON OCH JIeBee umc-
ja 4, BepHO M, 4TO: a) x —5<0; 6) x— 12> 0?

2) Ecam umcio X pacIoONIO}KeHO Ha KOOPAMHATHOI OCH IpaBee
yucaa 10, BepHO jam, uT0: ) x —1<0; 6) x—9>0?

a) Ecaum ymeno x pacnosioseHo MexAy uuciaamu 1 u 3, To KakKoii
BHAK MMeEeT Ka’KJbIi M3 ABYYJIEHOB X — 1 u x — 37

6) Ecam umcrno x pacmososkeHo Mexay umeaamu —3 u —1, To Ka-
KO# 3HAK MMeeT KajKIbli U3 JBYYJIEHOB X + 3 U x + 17

Han aByunen x — 6. IIpu KaKUX 3HAYEHUAX X TOT ABYUJIEH [PH-
HHMAaer:

a) 3Ha4YeHHe, PABHOe HYJIIO;

0) HOJIOYKHUTeIbHBIE 3HAUEHU;

B) OTpMIlaTe/JIbHbIE 3HAUEHNA?

a) Ecam umcno x pacmosioyKeHO MexAy duciaaMu 2 u 5, Kakoit
3HAK HMeeT KasKAbId M3 ABYYJEHOB X — 2 U x — 5? Kaxkoil 3Hak
uMeeT BbIpaskeHue (x — 2)(x — 5)?

6) Ecam umMclio X pacmosioskeHO JieBee umciaa —7, KaKOH 3HAK
UMeeT KaKAblH U3 JBYUYJEHOB X+ 7 MW X — 8 M BhIpa)keHHe
(x + 7)(x - 8)?

Ha xoopaunaTHOit ocu ormeuens: uncna 1, 2 u 3. Onpenenure 3Ha-
KM KaXJoro asyuneHa x — 1, x — 2, x — 3 u 3HaK BBIpAKEHHUS
(x —1)(x - 2) (x — 3) Ha mHTepBaNax (—oo; 1), (1; 2), (2; 3), (3; +o0).

a) Haiinure Bce Takme X, JUIsl KaXKAOTO M3 KOTODPBIX BBIPAYKEHHUE
(x — 1)(x — 3)(x — 4) npuEUMAaeT 3HAUEHUE, PABHOE HYJIIO.

0) Omnpenenure MHTEpBajbl, HA KOTOPBIX BBIPAYKEHHE (x-1)x
X (x = 3)(x — 4) npuHUMAET NOJOKHUTEIbHbIE SHAYCHUA; oTpHuIa-
TeJIbHbIE 3HAUEHU.

Pemure HepaBercTBO MeTozom uHTEepBanos (134—140):

134.

135'

136.

137.

a) (x—-1)(x—-3)(x-5)>0; 6) (x—1)(x—2)(x—-4)<0;
B) (x+1)(x—-1)(x-2)>0; r) (x+2)(x+1)(x-3)<0.
a) (x2+x)(bx+5)<0; 0) (3x+12)(2x+10)(x2- 2x)>0;
B) (6x2—-12x)(x+4)<0; r) (2x2-16x)(4x+4)(7x-21)>0.
a) 2-x)(x+3)(x-T7)<0; 6) (5—-x)(x—3)(x+12) > 0;

B) (3x—4)(L-x)(2x+1)>0; 1) (2x - 5)(7Tx +3)(x + 8) < 0
a) (5x —6)(6x — 5)(1 —x)(8x+1)>0;

e) (10x —1)(x+ 2)(7Tx — 4)(7Tx + 5) < 0.

a) (x—3)(x2-3x+2)>0; 6) (2-x)(x2-x-12)<0;

B) (x2-8x—-4)(x2+x-12)<0;

r) (x2-5x - 6)(x%2+ 2x — 15) > 0.
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138. a) (x2-16)(x2—x - 2)(x+2)>0;
6) (2 -4x)(x*—x—2)<0;
B) (-4 — 3x)(x*+ 3x —4)> 0.

139. a) (x - 2)*(x - 1) > 0; 6) (x +4)(x + 3)* < 0;
B) Bx—-1)3(x+1)>0; r) (x +2)(5x + 3)*< 0;
m (4+x)(9-x?)(x®2-2x+1)>0;
e) (x — 1)(25 — x2)(x% — 4x + 4) > 0;
K) (Bx—T)(x2+2x+2)<0;
3) (bx — 8)(x%2-4x+5)>0;
n) (x2 + 4x + 5)(x2 — 4x + 3)(x — 1) < 0;
K) (-x2 + 6x — 10)(x2 - 5x + 6)(x — 2) > 0.

140. WUccnepyem. a) Ilpu Kakux 3HAYEHUAX 4 MHOKECTBO penreHui
HepaBeHcTBa (x — 3)(x — 5)(x — a)® > 0 cocTouT U3 ABYX UHTEPBA-
n0B? U3 TPEX MHTEPBAJIOB?

6) IIpy KakuX 3HAUEHUAX 4 MHOXKECTBO PeIleHWH HepaBeHCTBA
(x — 3)(x - 5)(x — a)®> < 0 cocrouT U3 OAHOTO uaTepBana? U3 ABYX
WHTepPBAJIOB?

i_ 3.2. Pewenne pquﬁ&uanhuux Hepanencrhé;

Ilycrs nana anrebpandeckas Apo0Ob gg;, rae A(x) u B(x) — MHO-
ro4jIeHbl OTHOCUTEJIBHO X.
HepagBeHcTBO K
X
1
B(2) (1)

HA3BIBAIOT PalMOHAJBHBIM HEPaBeHCTBOM C OJJHMM HEH3BeCTHBLIM.

HanmoMHMM, 4YTO pellleHHeM HepPaBEeHCTBA C OJHHM HEHM3BECTHBIM X
HA3BIBAIOT TAKOE UMCJIO X,, IPH IOACTAHOBKE KOTOPOTO B HEPABEHCTBO
BMECTO X IIOJIYUAEeTCS BEPHOE YHMCJIOBOe HePaBEHCTBO.

Pemuts HepaBeHCTBO (1) — 3HAYMT HAWTH BCe €r0 pPelIeHUsA WX
JoKasaTh, 4TO UX HeET.

Jlerxo BUIeThb, UTO Ji060e pernenue HepaBeHcTBa (1) ecTh perneHue
HepaBeHCTBAa

A(x) - B(x) > 0. (2)
IleiticTBUTENHHO, €CIHM YUCIIO X, €CTh PEllleHHe HepaBeHCTBa (1), To
A(xy)

cIIpaBeJJIMBO YHCJI0BOE HEPaBeHCTBO > 0, o3HauaIee, 4TO YHCIIA

B(xo)
A (xy) u B(x,) ogHOrO 3HaKa, T. €. 4YTO
A (xp) - B(x0) >0,

a 9TO 0O3HAUAET, UTO X, €CTh pelleHue HepaBeHCTBA (2). AHAJIOIMYHO IIO-
Kas3pIBaeTcsi, 4To Jioboe pemesue HepaBeHCTBa (2) ecTh pelleHue Hepa-
sencrsa (1). CiaemosaTensno, HepaBencTsa (1) u (2) paBHOCHIBHEL.
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Ilpumep 1. Pemum HepaBeHCTBO

x—-3
j|:_2>0. (3)

Hepasenctso (3) paBHOCHIBHO HepaBeHCTBY (x — 3)(x — 2) >10.
Ilpumenas MeToxm  WHTEpBAJIOB

+ N = .+ (puc. 38), HaxomuM, YTO MHOKECTBO
2 3

-

x  BCeX pellleHWN HepaBeHCTBa (3) cocTouT
¥3 ABYX MHTEPBAJOB: (—oo; 2) u (3; +00).
H Puc. 38 Oreer: (—co; 2) U (3; +00).

IIpumep 2. Pemnum HepaBeHCTBO
x2-2x -3

< 0. 4
x?—8x + 2 )
Pasnoxum Ha nuHeHHbIe MHOKUTEMN KBaApATHBIE TPEXUJIEHBI
x2-2x-3 (5)
H
x? - 3x + 2. (6)

Kazparusiit Tpéxuinen (5) umeer aBa KopHs: x; = —1, Xy, =3, u ero
MOYKHO Pa3JIOKHUTH Ha JIMHENHBIe MHOMKHUTEIH:
x%-2x - 3= (x-(-1))(x - 3).
Ksazparubiil Tpéxunen (6) umeer ABa KODHS: x,=1, x,=2, u ero
MOYKHO Da3JIOMKUTE HA JUHEHHBIE MHOMUTEIN:
x2-3x+2=(x-1)(x - 2).
CnenoBatesbHO, HepaBeHCTBO (4)
* = + MOJKHO IIepelucaTh B BUE
- L (- ()=-3) _,
® Puc. 39 (x - 1)(x - 2) ’

ITO HEepaBeHCTBO PABHOCUJILHO HEPABEHCTBY
(x-(C1)(x-1)(x-2)(x-38)<0.

IIpumensas meron mHTEepBanoB (puc. 39), HAXOAUM, YTO MHOIKECTBO
BCeX peIleHuil HepaBeHCTBa (4) COCTOMT U3 ABYX HMHTepBamoB (—1; 1)
u (2; 3).

OreeT: (-1; 1) U (2; 3).

! IIpumep 3. Pemum HepaBeHCTBO
(x —1)(x - 2) -
x-2

0. (7

HepasencTBo (7) paBHOCHIBHO HEepaBeHCTBY
(x-—1)(x-2)2>0.
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N P T g
a) 6)
S o Vo S _ R
1 2 x 1 x
E Puc. 40

Ilpumenas obmuit Merox mHTepBasnoB (puc. 40, a), MOTYIUM, 4TO
MHOJKECTBO BCeX pemneHuii HepaBeHcTBa (7) cocTouT U3 O0bEAUHEHHA
aByx uHTepBasoB (1; 2) u (2; +o0).

OrseT: (1; 2) U (2; +00).

2 3amevanme. Ilpu pemenunm HepaBeHcTBa (7) HeJb3A COKpallaTh
npobs Ha ABYYJIeH (x — 2), TaK Kak Takoe COKpalleHue npHUBeHET K He-
pPaBeHCTBY

x—1>0, (8)

HepaBHOCUJILHOMY HepaBeHCTBY (7). B camom gesie, MHOXECTBO peIle-
Huii HepaBeHcTBa (8) comepaxutr umcao 2 (puc. 40, 0), He ABIANIIEECT

pemeHueM HepaBeHcTBa (7). @
A (x) Ay(x)

u )
B, (x) B, (x)
B, (x), Ay(x), By(x) — MHOro4JeHbl OTHOCHTEJIBHO X. HepageHCTBO
A (x) - A, (%)
B,(x) B,(x)

Ilycts maHbl anrebpamueckue Apodu roe A, (x),

(9)

TAKI)Ke HA3BIBAIOT pPAIMOHAJLHBEIM HepaBeHCTBOM. [l ero pelleHus
HAJO0 IIepeHeCTH BCe ero WiIeHBI B JIeBYIO YacTh, BBIUECTh Apobu B JieBOH
YaCTH ¥, He COKpAIas YMCIUTEeNb U 3HAMEeHAaTeNb 1pobu Ha ofIiue MHO-
JKHUTEeNV, IPUBECTH HepaBeHCTBO (9) K BHAY

A(x)
B(x) > 0, (10)

roe A(x) u B(x) — MHOroOw4wIeHbl OTHOCHUTEIbHO X.

Barem pemnTs HepaBeHcTBo (10). Tax xkak HepaBercrsa (9) u (10)
paBHOCHJIbHBI, TO Bce pemleHus HepaseHcrBa (10) OyayT BceMu perne-
HuAMHA HepaBeHcTBa (9).

IIpumep 4. Pemum HepaBeHCTBO
x 1

2%x+3 % an

1
Ilepenecs ApoOb — B JIeBYIO yacTh HepaBeHcTsa (11), mosy4dnm Hepa-
BEHCTBO %

x 1
2x+3_3§>0’ (12)

paBHOCUJIbHOE HepaBeHCTBY (11).
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Beruuras apobu B seBoil yacTH HepaBeHCTBA (12), monyuum Hepa-
BEHCTBO

x2-2x~3

x(2x + 3)

PaBHOCH/IbHOE HepaBeHCTBY (12). Pa3noKuB KBajgpaTHBIH TPEXUJIEH
x? — 2x — 3 Ha MHOMKUTENU, nepenuireM HepaBeHcTBO (13) B Buge

5.0, (13)

(x + 1)(x—3) < 0.
3
2(x - O)(x o EJ

F = = + OTO HEPaBeHCTBO pPaBHOCHUJIBLHO

_8-1 0 3 X  HEpaBeHCTBY

2
3

B Puc. 41 (x— (-E)](x-(—l))(xwﬂ)(x—3)>0.

ITpumenus meTox unTepBasoB (puc. 41), MOIYINM, YITO MHOIKECTBO BCEX
pemeHuii HepaBeHcTBa (11) cocrouT u3 OOBEAUHEHWS WMHTEPBAJIOB

(_00! _gJ’ (-_1; 0), (3! +OO)'
OrserT: (—-oo; —g) U (=1; 0) U (3; +o0).

' IIpumep 5. Pemum HepaBeHCTBO
= x®—-3x2-4x _3(x2-3x-4)
(x+ 1(x-2) x2-x-2 °
Ilepenecs Bce 4IeHBI HEPABEHCTBA B JIEBYIO YaCTh M YYUTHIBAS, UTO
x2—x-2=(x+ 1)(x — 2), monyuum HepaBeHCTBO
x — 8)(x?—-8x —4)
( (x 1( 1)(x - 2) <4, (15)
PaBHOCUJIbHOE HepaBeHCTBY (14). Tak kak x% — 3x — 4 = (x + 1)(x — 4),
TO HepaBeHCTBO (15) MOXKHO mepenucaTths B BUIe
x—-3)(x+1)(x -4
: (x): 1)(x )~( 2) <0, {9
HepasercTBo (16) paBHOCHIBHO HepaBEHCTBY
(x+1)2(x—-2)(x-3)(x—-4)<0.

IIpumenus o6miuii MeTox wuHTepBanoB (puc. 42), mOIYyYUM, UTO
MHOJKECTBO BCeX pellleHUuil HepaBeHCT-
=~ - N+ =\ + _ Ba(l4) cocrour u3 06’beAUHEHUA TPEX
1 2 3 4 x HHTepBaJoB (—co; —1), (-1; 2) u (3; 4).
Oreer: (—oo; -1) U (-1; 2) U

B Puc. 42 U(; 4). ®

(14)
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B
141. Kakue HepaBeHCTBa Ha3bIBAIOT PABHOCUJIBHBIMU? PaBHOCHIBHEI
JIX HepaBeHCTBA:

a) 3x>0m>>0; 6 ~5x>0 12 <0;

*t1 o om(x+1)(x+2)<0?

B
) x+ 2

Pemure HepaBeHcTBO (142—155):

B 3 . 1 _ 1
142. a);>0, 0) _§<0’ B)—x_1<0, r) 2x+1>0
x-=1 ; x—4 - x+3 ; x—-1T7
143. a) x—2>0’ 0) x_2<0, B)x_5<0, T) x+8}0°
x—6 4-x 2x +4 3x+ 6
144. : - < 0; — > 0.
. 2—x>0 6)x—9‘<0 B) 4x + 2 r) 9x - 3
2x+ 3 T+x 12x -6 Tx -1
’ —<0; 3 0;
145. a) x_4<0 0) 4J‘:_3>'0 B) 5x_4> r) 2x+5<
146. 5) - 1x+2) 1""3* 250 gy Erlite—D) *:’:"3‘ 2 < o;
x—
(x+ 1)(7T —x) 2 (x —-6)(4—x)
5) 8+ x)(x - b5) <1 r) (x - 11 +x) ’
2 _ )
147. a)%l—x>o; 6) 3:_; < 0;
13x — 2x? . 15x — 5x?
B) 4x — x2 <0; r) 12x — 3x2 =
2 _ .
148. a)";+41>0; 5)’;_;<0;
x2—-4x+4 T+x
s - — <0 —_ .
B) x—-1 ) x2—6x+9>0
x2—x—-2 16 — x?
149. a) —x"z_—9‘>0; 0) méo;
5) x2-Tx+6 & O r) 25x2 -1
Bx2-12)(x - 1) ’ 5x2 - 26x + 5
x2—x+2 x>+ 4x - 21 .
= e O F- e
x2-8 4x2+5x+ 3
) 7x2+3x+2>0’ r) 5 — x2 e
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1 . 1 . x+1 . x -1
151. a} ; > 1, 6) ; < 1, B) >1; I') 5 <1
152. a) = <l; 6)§>§5—; )x+1<§; r)3>x_2.
x-1 x x—-1 =x 3—-x
& 2
153.a)ﬂﬁ>0; 6)x+6x+6 0;
x-1 x+ 2
x*-5 . 3-—x2
2) 2x2-3x—2<0’ B 3x2-4x-1>0'
- 1)%(x - 2 1)z~ 2)*
154 a)"‘T’_%;—lw; 6 LU= o,
-1¥(x-2 il - 2)3
B) o lye=9) (x)_(;’;g )>0; r) __—(x+x)4(-x3 ) < 0.
(x+ 1)%(x - 2) : (x - 1)2(x + 2)2 :
155. a) i3 > 0 6) s < 0;
+ 1) (x -2 1(x + 2)3
B)(x_&)_(Tx)z_lqo; P)EE%_)_.{O;
- 2 = o 2
) (x ch)+(-; 3)>0; e) (x i)_(i+4)40.

156. Uccnepyem. a) IIpu KakuxX 3HAUEHUAX @ MHOJKECTBO DelIeHHH
(x + 5)(x - 83)
(x - a)?

U3 TPEX UHTEPBAJIOB?

6) Ilpu Kakux 3HAYEHUAX G MHOKECTBO DeIleHHH HepaBeHCTBAa
(x + 5)(x - 3)

(x — a)?
BaJIOB?

HepaBeHCTBAa >0 cocToUT H3 HABYX UHTEPBAJOB?

< 0 cocrouT M3 omHOro mHTepBana? M3 ABYX HHTEp-

\3.3.__ _C;cr_en_au E&uuougnbum_(“ue?:c_:—ﬂ_gucra }

Eciu HaJl0o HaWTH Bce 4Yucia X, Kamaoe U3 KOTOPBIX €CTh pelleHHne
ONHOBPEMEHHO BCeX JaHHBIX palMOHAJbHBIX HEPaABEHCTB, TO roeop4r,
YUTO HaLO PellIMTE CHCTEeMy paluHOHAJIBHBIX HEepaABeHCTEB C OJHUM HeH3-
BeCTHBIM X.

Aas Toro 4robhl pelMTh CHCTEMY PAalMOHAJBHBIX Hepa-
BEHCTB C OlHHM HeHM3BeCTHBIM, HAZI0 PeUIHTH KajK/J0e Hepa-
BEHCTBO CHCTeMBbI, 3aTeM HAWTH 00yl uyacTs (mepece-
YeHHe) IOoJyYeHHBIX MHOMKECTB pelleHHH — oHa H Oyaer
MHOMEeCTBOM BCeXxX pemenm‘i CHCTeMbI.
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Tlpumep 1. Pemum cucreMy HepaBeHCTB
(x-1(x-5)x-7<0,
(x—2)(x—-3)(x—4)>0.

IIpumeHsis MeTO MHTEPBAJIOB, HAXOAHUM, YTO MHOXKECTBO BCeX pelle-
HUI IepBOro HepaBeHCTBA cucTeMbl (1) COCTOMT U3 MHTEpPBaJIOB (—oo; 1)
u (5; 7) (puc. 43, a), a MHOKeCTBO BCeX pellleHUli BTOPOTO HEpPaBEeHCTBA
cucteMsl (1) cocrouT u3 uHTepBanos (2; 3) u (4; +oo) (puc. 43, 06).

OrmeTuM Ha KoopauHaTHOM ocu Ox mepBoe U BTOPOe MHOMKECTBA
(puc. 43, 8). Ob6mas yacTh 3TUX MHOKecTB — uHTepBaJ (5; 7). Crenosa-
TeJbHO, MHOMKECTBO BCeX pelleHui cucreMsbl (1) cocraBiasieT MHTepBal
(5; 7).

OreerT: (5; 7).

(1)

a)
= T o N O
1 5 7 X
- AN - B .
2 3 4 x

B)
1 2 3 4 5 7 x

B Puc. 43

IIpumep 2. Pemum cucTeMy HepaBeHCTB

x2-6x+10<0,

9 __ .3

xx“fxzf-:2>0' @

Bripenasa IOJHBIA KBajpar, moJydaeM, 4TO
x2-6x+10=x2-2-x-3+32-32+10=(x-3)2+ 1.

ITosToMy mepBoe HEpPaBEHCTBO cHCTeMEI (2) MOXKHO 3amucaTh TakK:

(x-3)2+1<0,

OTKYZa BUAHO, YTO OHO HE MMeEeT pelleHMH,

Teneps MOXKHO He pelllaTh BTOPOE HEPABEHCTBO CHCTeMBI (2), Tak
KAK OTBeT y’Ke fCeH: CHCTeMa HepaBeHCTB (2) He MMeeT peIleHui.

Or1geT: HET PEIIeHU.

3ameyanue. Ecim cucremMa HepaBeHCTB MMeeT pellleHHsA, TO TOBO-
pAT, YTO OHA COBMECTHA, & €CJIM OHA He MMeeT pelmleHui, TO roBOpAT,
4TO OHa HECOBMECTHA.
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157. a) Yro 3HAYMT pEImIUTHL CHCTEMY pAaIMOHAJIBHLIX HEPABEHCTB
C OTHUM HEU3BECTHBIM?
6) Kak pemaoT cucTeMbl panydOHAJbHBIX HEPABEHCTB C OXHHUM
HEeHU3BECTHBIM?

158. fBnserca nu Kakoe-HUOyAb U3 umcesa: —1, 1, 0, 2 — pemenuem

CHCTEeMbl HePaBEHCTE!:
_ o2
a) (x-3)°>0,
(x— 2)(x—-5) < 0;
22 -3x+550,
B)

1
—_— 2
x—4 ’

) (x+4)(x—4)>0,
(x + 5)* > 0;

x—+4.>5’
r) x
x2 - 6x—-8<0?

Pemure cucremy HepaseHCTB (159—164):

x+1)(x-3)<0,
x+2)(x-1)<0;

x-1)(x-2)<0,
x(x—-3)>0;
x*-4<0,
x>

x-1)(x-2)>0,
x—-1)(x-3)>0;
(x+1)(x-1)>0,
(x+1)(x-3)<0;

(x-5)(x+1)>0,
(x —10)% > 0;
x2-4x+3>0,
*(x— 72> 0

5. o

160. a

=)

)

161. a)

o

)

o

)

(x—2)(x—-3)>0,

x+ 2 s
(x — 4)(x + 4) ’
x—5

e > 0,

+ 7
x -3

163. a)

|
{
{
|
162, a) |
|
e
i

< 0;

(x—5)(x—-6)>0,
) {(x+3)(x~4)<0.
(x+10)(x-13)> 0,
(x+8)(x—12) < 0;
x < -2,
x2-9>0.

r)

(x+3)(x+2)<0,
(x—4)(x+2) > 0;
(x+4)(x-6)>0,
x2-1<0.

J
{
{
-
{(x+ 2)(x+3)<0,
{
phe o
|

=]

)
r)

&) (x+2)*>0;

(% - 1)(x + 3) > 0,

D @+ 52 1) > 0.
G+ 2 +10) <0,
0) 3

- 4](x - 7)

+3<0

4
+ 8

> 0.
x-1
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x2> 4, x? < 25,
164. a) x*-9 : 6) x* - 16 .
x2-8x+16>0’ x2+6x+9€0'
2 _ 2 _
.:c2 1 0, x : 16 <0,
x°+ 4 x+1
B) r)
x—-5 x—2
< 0; > 0.
x2—4 x?2-9
| 3.4. Hectporue Hepuneucfécu—l
PaccMOTpHM pellleHHe HeCTPOTHMX HepPaBeHCTB
A(x) o 1
B0 > 0 (1)
u
Al <o
B (x)

rae A(x) u B(x) — MHOTOUJIEeHEl OTHOCHUTEJIIBHO X.
Ecniu HeKOTOpOe YHCJIO X, ecTh pelleHHe HepaBeHcTBa (1), To copa-
BeJJIMBO YHCJIOBOE HEPABEHCTBO
Axg)
= 0.
B(xy)

Torma B cuiy ompeiesieHWs 3HAKA HECTPOrOoro HepaBeHCTBA CIpa-
BeIJIUBO HMJIM YHCJIOBOE PAaBEHCTBO

Alxo) _
B(x,)

HJIH YHUCJIOBOE HEePaBEHCTBO
Al(x,)
N0 = 0.
B (xg)

HNuaue roBops, eciIM YHCJIO X, €CTh pelleHume HepaBeHcTBa (1), TO oHO
1ub0 pellleHHe YpaBHEHUSNA

A(x) _

B @
aubo PellleHHe HepaBeHCTBa

e 3)

B(x)

3ameTuM, 4TO Ji000e pemenue ypasHeHus (2) u aoboe pelneHue He-
paBeHcTBa (3) ecTh pemenue HepaseHcTsa (1).
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A
(x) >0,

B (x)

rae A (x) u B (x) — MHOro4JIeHbl OTHOCHTEJIBHO X, €CTh 00'beIHHEeHHE

A(x)

B (x)

CJIe,I[OB&TEJIbHO, MHOMXeCTBO BCeX pememu‘i HepapeHCTBa

MHOKeCTBa BCeX PellleHN# ypaBHeHUd

Ax) > 0.
B (x)
AHaJIOTMYHO MOXKHO [[OKa3aTh, YTO MHOKECTBO BCeX pelleHUil He-
A(x)
B (x)
HO X, ecTh O0OBeJHHEHHE MHOMKECTBA BCEX peINeHUH YypaBHEHHI
A(x) A(x) Si0:
B (x) B (x)
3aMeTHM, 4YTO ecJau MHoroujeH B(x), croamuii B 3HaAMeHaTele
A(x)
B(x)
CYXJIeHUsA IPUMEHUMBI U JIJ1d pelleHus HepaBeHCTB A (x) 2 0u A(x) <0,
rge A (x) — MHOTOUYJIEH OTHOCUTEJBHO X, T. €. MHOXXeCTBO BCeX pelleHu il
HepaBeHCTBa A (x) = 0 ecTh 00beINHEHNE MHOKECTB BCEX PEIIeHUH YPaB-
HeHuA A (x) = 0 u HepaBeHcTBa A (x) > 0; MHOKECTBO BCeX PEIIeHUIH He-
paBeHcTBa A (x) < 0 ecTh 00beAHEHE MHOKECTB BCEX PEIIeHUN ypaBHe-
Hua A(x) = 0 u HepaBeHcTBa A (x) < 0.

= 0 1 MHO’KecTBa BCex pe-

IIeHHH HepaBeHCTBa

paBeHCTBA <0, rne A(x)u B (x) — MHOTOYJIeHbBI OTHOCHTEJb-

= 0 u MHOMKecTBa BCex pemenuﬁ HepaBeHCTBaA

anrebpaunyeckoi gpobu , €CTh YHCIO0 1, TO IpUBeAEHHEIE BBIIIIE pac-

IIpumep 1. Pemum HepaBeHCTBO

3x-720. (4)
CHauajya pemruM ypaBHEHUE
3x—-T7=0. (5)

7
Ero eguHCTBEHHOE pelieHue x, = g.

3areM pelIuM HepaBeHCTBO
3x-T>0. (6)

& 7
MHOKeCcTBO Bcex pellleHW# HepaBeHcTBa (6) cocToUT U3 BCex x > e

ObvenuHAA MHOXECTBA BCeX pelieHUWW HepasBeHcTBa (6) u ypaBHe-
HUA (5), monydyaem, UTO MHOYKECTBO BCeX pellleHui HepaseHcTBa (4) co-

CTaBJIAET IIOJYHUHTEDPBAJ {%, +oo).
7
OrBeT: | —; +oo |[.
5 +)

IIpumep 2. Pemum HepaBEeHCTBO
2x2-x-1<0. (7



Hepasencrsa
AR TS

e
e

a) 0)
+ /T\ + _ 4 Y =
=1 1 x =1 1 x
2 2
B Puc. 44
CHavaja pemiuM ypaBHEHHeE :
2x2-x-1=0. (8)
0 R
HO MMEeT KOPHU X; = —o ¥ X; = 1.
Tenepr pemimM HepaBEHCTBO
2x2-x-1<0. (9)
Tak Kak KBagpaTHBHIA TpéxuneH 2x% — x — 1 uMeeT KOpPHHU Xx; = A

2
U X, = 1, To HepaBeHCTBO (9) MOKHO 3amUCATH B BUAE

2(::- (—%D(x— 1)<0.

Pemras ero meTonoM uHTEpBaNOB (puc. 44, a), mojy4yaemMm, 4TO MHOMKECT-

= 1
BO BCeX pellleHMiT HepaBeHCTBa (9) cocTaBiseT HMHTEpPBAJ —g 3]

O6beauHAsA MHOKECTBA BCeX pelleHWil HepaBeHcTBa (9) u ypaBHe-
HuA (8), momyuaem (puc. 44, 6), 4T0O MHOXKECTBO BCEX DeEIIeHHUIl Hepa-

BeHcTBa (7) coCTaBISAET OTPE3OK l:—%; 1:’.

OrBer: [—l; 1]
2

IIpumep 3. Pemnum HepaBeHCTBO

9x2 - 6x+1<0. (10)
CrHauasa pelmnM ypaBHeHHE
9x2 - 6x+1=0. (11)

= ||

OHO MMeeT eAMHCTBEHHBLI# KOPEHb X, =
Temepsr pemumM HepaBeHCTBO
9x2 - B2+1<0. (12)

Tax xaxk kBagpaTHbIN TpéxuneH 9x2 — 6x + 1 uMeeT efUHCTBEHHBIH KO-

1
PeHb X, = 3 TO HepaBeHCTBO (12) MOKHO 3ammcaTh B BUJE

2
Q(x— %] < 0.
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CiemoBaTesIbHO, HET HM OJHOTO AEMCTBUTEJIHLHOIO YHCJIA X, YAOBJIe-
TBOPAIOIIET0 3TOMY HepaBeHCTBY (KBagpaT JH60T0 AefCTBUTEIBHOI'O
yHcaa He MOXeT ObITh oTpunateabHbsiM). I[TosTomy HepaBencTBO (12) He
HMeeT pelIeHMIi. 1

WUrax, HepaBenctso (10) umeeT eUHCTBEHHOE pPellleHHE X = 3

OrBer: l

IIpumep 4. Pemmum HepaBeHCTBO
(x+2)(x-4) _

13
(x +3)x (13)
CHauajyia pemiuM ypaBHEHHE
(x + 2)(x — 4) _ (14)
(x+3)x
OHO MMeeT KODHHM X; = -2 U X, = 4 U JPYTAX KOPHEH He HMeeT.
Teneprs pemuM HepaBeHCTBO
(x + 2)(x — 4) ] (15)
(x + 3)(x - 0)

IIlppmensasa meron umHTEpBanoB (puc. 45, a), HAXOAWM, UTO MHOYKECTBO
BceX pellleHu# HepaBeHcTBa (15) cocrouT M3 AByX mHTepBasioB (—3; —2)
u (0; 4).

O0begMHUB MHOXKECTBaA BCeX peureHui ypaBHeHus (14) u HepaBeH-
crBa (15), monyuum (puc. 45, 6) MHOKECTBO BCeX PEIIeHHHN HepaBeHCT-
Ba (13): (-3; —2]U (0; 4].

Orser: (-3; -2] U (0; 4].

a)

|
(V]

|
o
(=]
Y

=Y

6)

# Puc. 45

IIpumep 5. Pemum HepaBeHCTBO
(x + 1)(x — 2)? =

- 0. (16)
CHauyajia pemruM ypaBHEHHE
_ o2
G+ DE-2 _ o a7

X
OHO uMeeT ABa KOpPHA X; =—1 U x, = 2.



HepageHcrsa

BES e s S s =]
a) P + 0) P ) - -
e | 0 2 x -1 0 2 x
B Puc. 46
Tenepbh peHIXM HepaBeHCTBO
_ 92
(x + 1)_,(: 2) 0. (18)

Ilpumenss obmuii MeTo) WHTEpBaJoOB (puc. 46, a), moiydaem, 4To

MHOJKECTBO BCeX pellleHH# HepaBeHcTBa (18) ecTs mHTEpBAJ

(-1; 0).

O06BegUHUB pelleHns YPaBHEHUSA (1 7) u vepaBercrsa (18), monyaum

(puc. 46, 6) MHOKeCTBO Bcex pemenui HepaBeHcTBa (16): [-1;
Orser: [-1; 0) U {2}. ®

165. Kak pemaloT HecTporue HepaBeHCTBa?

Pemure mHepaBencrBo (166—175):

166. a) 2x — 3 < 0; 6) 4x — 32 0;

B) 5x —8=3x-1; r) 2x —4 < 4x - 3.
167. a) x?—12x + 32 < 0; 6) x2+8x+12<0;

B) 2x2+x—-T720; r) 3x2-5x-1<0.
168. a) x2+2x—-120; 6) —x2+4x -4<0;

B) 3x2+ 18x +27<0; r) 2x% - 20x + 50 = 0.
169. a) x2-3x+ 5= 0; 6) x2+ Tx+10<0;

B) 8x2-x+1<0; r) 4x2-5x+62=0.
170. a) (x2-1)(x+ 3) = 0; 6) (7T-x)(4 - x?) <

B) (12 — 5x)(x? —4x + 4) =2 0; r) (x2-5x +6)(x - 3)%

1 5 x -8
- z 0; — s 0; = 0;
171. a) —— >0 6) z—<0 B ——-%0 r)

x2—-4x+ 38 x2-Tx+ 10
nB) =2 G ———2=0;
172. a) —— 0 6) 5 0
1 5 2x+3
-x2 - = -4< .
B) 1-x T r)x 4 ]
173. a) [x|<3; 6) |x|=>4; B) |x-3[<5
r) |[x—-6|21; o |lx+4|22; e) |x +2|<4.
174. a) 1<|x - 2|<4; 6) 5<|x-3|<7
B) 1<|x+2|<3; r) 3<|x+4|<5.
175. a) [x2-6x+ T7|>2; 6) |x2-9x+19|<1

0) U {2}.

B) 2<|x2-2x-1|<T; r) 8<|2x2-8x+3|<13
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Pemure cucremy HepaBeHcTB (176—178):

(x-1)(x-2)>0, (x+3)(x+2)<0
176. a

{( iDE-3)<0 O {x(x 4<0;

x2-5x+6<0, x2 +5x+6 0,

2+x-2>0; -4x+3<0.

(x+2](x—1) (x-2)(x+3) 2)(x+3) >0
177. a) x+ 1 6) x-1 ’

x+320:; x+2>0;

2) |2l <2, ) |x| > 4,

(x-3)(x-2)= (x+5)(x—4) <
x+1
178. 2) Jc2 9‘\0' 6 xz—I;O'

ok ikl S ) 2-16 _ o,

x+2 > £=d 7
~5x+6 (x-3?

B) 2x2 3x+1 r) {3x2-5x+2
x2-4<0; x(x—-4)< 0;
x+1)x®2-x-6)=0 (x+1)(x2+8x+15) <0

o) {(x—-1)(x?-5x+6)<0, e) 1(x+2)(x%+10x+24)= 0,

(x+3)(x2-4) = 0; (x+3)(x? + 9x + 20) = 0.

;3.5*. 3CIMEHG HEU3BECTHOrO Mpy pelueHUn HepaBeHCTs |
TR S e =

IIpu pemeHuM panmoOHAJIbHBEIX HEDABEHCTB MHOrAa yA00HO mpume-
HATH 3aMEeHY HEH3BECTHOTIO. l'[orcamem, KakK 9TO feJjiaeTcs, Ha IpuMepax.

IIpumep 1. Pemrum HepaBeHCTBO
(x2-4x—-1)2-3(x2-4x-1)-4<0. (1)
BBensi HoBoe HemsBecTHOe t = x2 — 4x — 1, mepenuIineM HepaBeHCT-
Bo (1) B BHAE
—-3t-4<0. (2)
HepasencTBy (2) yaoBiaeTBOPSAOT Bee t, Takue, uro —1 < ¢ < 4. Cre-
JOBaTeJbHO, BCe pelleHHs HepaBeHcTBa (1) cCOBHAAAOT C pELIEHUAMU
JIBOiiHOro HepaBeHcTBa —1 < x2 — 4x — 1 € 4, KOoTOpOe MOMKHO Tepenu-
caThb B BHJE CHCTEMBI
2
x°—4x-12 -1
{ ’ 3)

—4x-1<4
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a) 6) B)
0 4 x -1 5 X =1 0 4 5 X
B Pwuc. 47

IlepBoe HepaBeHCTBO cucTeMbl (3) HMeeT MHOXKECTBO peIIeHHH
(—oo; 0] U [4; +o0) (puc. 47, a), a BTopoe HEPaBEHCTBO CUCTeMbI (3) uMe-
eT MHOKecTBO pemtenu#t [—1; 5] (puc. 47, 6). CnegoBaTeslbHO, CHCTeMa
HepaBeHCTB (3), a 3Ha4YUT, ¥ HepaBeHCTBO (1) MMEIOT MHOKEeCTBO pelle-
Huit [-1; 0] U [4; 5] (puc. 47, 8).

Orser: [-1; 0] U [4; 5].

IIpumep 2. Pemum HepaBeHCTBO

S .50, (4)

2
X2 -bx+T7T——————2
x2—bB5x+6

Bsensa HOBOe HeusBecTHoe f = x? — Bx + 6, mepenuileM HepaBeHCT-
BO (4) B BUZE

t+1—-—-2=20

~ |

HJIN B BHJE
t2+t-6
t

HepasercTBy (5) yaoBIEeTBOPAIOT BCe t, TaKkue, uTo —3 < t < 0, a Tak-
;e Bce t = 2. CiiefioBaTesibHO, BCe pellleHus HepaBeHcTBa (4) ecTb 00bequ-
HeHUe BCeX pelleHui ABORHOro HepaBeHcTBa —3 < x2 — 5x + 6 < 0 u Bcex
pellleHU# HepaBeHCTBa x2 — 5x + 6 = 2.

JIBoiiHOE HEepaBEeHCTBO MOJYKHO IIEPENHCATh B BHJE CHCTEMBI

{x2—5x+640,

= 0. (5)

(6)

x2—Bx+6= -3.

ITepBoe HepaBeHCTBO cucTeMsl (6) HMeeT MHOKeCTBO pemeHuii (2; 3),
peleHNeM BTOPOroO HepaBeHCTBa cucTeMsl (6) aBiasercs a060e YKUCIO, 1IO-
aromy cucreMa (6) umMeer MHOMKecTBO pemienuii (2; 3) (puc. 48, a).

HepasenctBo x?-5x+6>2 wuMeeT MHOKECTBO peIIeHHMA
(—oo; 1] U [4; +o0) (puc. 48, 6).

IlosTomy  HepaBeHCTBO (4) wMMeeT  MHOKECTBO  peIIeHHUH
(—oo; 11U (2; 3) U [4; +00) (puc. 48, 8).

OTrBeT: (—oo; 11U (2; 3) U [4; +00).

a) 6) B)
R itk S T
5 3 x 1

B Puc. 48

m
!
|

N
=Y
(=Y
[+
<]
L=
]
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IIpumep 3. PemimM HepaBeHCTBO
x2—4x-5|x-2|+10<0. (7
HepagBencTBo (7) MOKHO IepenucaTb B BHE
|x -2 -5[x-2|+6<0.
BBeas HOBoe HemsBecTHoe t = |x — 2|, mepenumenm zepaBencTso (7)
B BHJE
t2-5t+6<0. (8)
HepagsenctBy (8) yaosieTBopsaioT Bce t, Takue, 4to 2 < ¢t < 3, 03TO-

My MHOXKECTBO pellleHUN HepaBeHCTBa (7) ecTh MHOMKECTBO peIIeHUN
JBOMHOIO HepaBeHCTBa

2<|x-2|<3. 9)
HepagsencTBo (9) umeer muoxkectBo pemenui [—-1; 0] U [4; 5]. Cue-

JOBaTENIbHO, U HEPaBeHCTBO (7) MMeeT TO jKe MHOXKECTBO DelIeHMii.
Oreer: [-1; O] U [4; 5].

3

Pemure HepaBencTso (179—183):

179. a) (x-3)*-5(x—-3)* +4 < 0;
6) (x+ 1)t —-13(x+ 1)2+ 36 <0;
B) (x+1)*-5(x+1)°+4=0;
r) (x—3)*-10(x - 3)2+9>0.

180. a) (x2+6x+5)2—2(x2+6x+5)—15<0;
6) (x2—-6x+ 72 —-9x2-6x+T)+ 14 = 0;
B) (x2+4x+22-6(x2+4x+2)—-T7>0;
r) (x2+4x+1)2-T7(x2+4x+1)+6<0.

181. a) x® +4x -2 - 215 < 0
x“+ 4x
6) x? - 6x+13+ —2__ < 0;
x2— Bx ?
2 _@v_A_ 36 .
B) x* —6x—4 pe - rorny gl
24

2_ ™ ey

r) x 8x+4+xz_8jch15
182. a) |[x +42 - T|x + 4| > 0; 6) |x+ T]2—4|x+T7|<0;

B) (x—8)2-5|x—-8|+4<0; r) (x+2)2-T|x+2|+12<0.
183. a) x2-10x+37-T7|x-5|>0;

6) x2+ 14x + 54 — 6|x + 7| < 0;

B) 3x2+ 12x + 14 - 5|x + 2| < 0;

r) 2x2—-12x+ 23 - T|x - 8|2 0.
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Hepasencrsa
Y e

184. Pemure cucremMy HepaBeHCTB:
x?-38|x|+2>0,
a) 10

x2-5|x|+4>0,
6) 11

——>0; S

a—1%] - s

|x|_1)0, |x[+1>0’
B) |x|+2 I‘} |x|—4

|| -8 |x|-5

et 1 —_ < 0

x|+ 4 | x|+ 0,1

2 3

2 + — 2z , x‘-22+_“‘/ 3

1) SR~ g e) ¢ ) (x - 2)

X2+ xP-T@x2+x)+6<0;

(x—2*-5(x-2?2+4<0.

HRononunennsa k rnase 1

— ==
_1. AoKa3arenbCcTBO HUCNOBbIX HEPOBEHCTBW

JIJ1s YMCIOBBIX HEPABEHCTB CIIPaBEe/JINBEI CJIEYIONHE YTBEDIKIACHNA:

1

Has mo00BIX HeHCTBUTENbHBIX YHCEX d, b U ¢ U3 crupa-
BEeJJHBOCTH HEepPaBeHCTB a < b u b < ¢ caeayer cupasej-
JHBOCTH HepaBeHCTBA a < ¢ (CBOHCTBO TPaH3UTHUBHOCTH
HepaBeHCTB).

Jnsa mo0bIX JeHCTBUTEABHBIX YKce] a, b, ¢ u d u3 cupa-
BEeIJIHBOCTH HEPaBeHCTB a < b u ¢ < d cieayer crpaBej-
JHMBOCTh HepaBeHCTBA a + ¢ <b +d (ogHOUMEHHBIE YM-
CJIOBBIE HEPABEHCTBA MOYKHO CKJIAJBIBATH).

Jia nr00BIX MOJOMKHTELHBIX YHCeNI &, b, ¢ u d U3 cupa-
BeJIMBOCTH HEPaBeHCTB a < b U ¢ < d cJienyer cupagBef-
JIMBOCTHh HEePaBeHCTBA @ - ¢ < b - d (0OJHOMMEHHEBIE YHCJIO-
Bble HEPABEHCTBA C IIOJIOMKUTEJNBHEIMM UYJeHAMM MOXKHO
IIOYJIEHHO IIEPEMHOXKATE).

Jdaa ao6bIX DelCTBUTENBHBIX YHCEN a4, b u ¢ u3 cmpa-
BeNJMBOCTH HepaBeHCTBa a <b cienyer cupaBemu-
BOCTh HepaBeHCTBaA a + ¢ < b + ¢ (kK ofeum gacTaM Hepa-
BEHCTBA MOKHO NpubaBuUTH Ji000e YHCIO0).

Jnsa n106bIX TeMCTBUTEJNBHBIX YHCeJa @, b 1 J1000ro mo-
JIOKHTEJBHOIO YHCJIA ¢ H3 CIIpaBedJIMBOCTH HepaBeHCTBA
a < b cieayer cupaBeNJIMBOCTL HepaBeHCTBA @ - ¢ <b - ¢
(HepaBeHCTBO MOXKHO YMHOMKHUTH MJIH PA3JEeJHUTh Ha JI0-
00e MOJIOKHUTEJIBHOE YHCJIIO).
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Bce atu yTBep:KAEHNA ABIAKTCA CIAEICTBUAMM OCHOBHBIX IIPABHII,
KOTOPBIM IIOAYMHEHBI AefcTBUTEeNbHEIEe yncaa. OTMeTHM, 4TO YyTBEpIKIe-
HuA 1—5 ocTaTca cIpaBeAJIMBBIMH, €CJIM B HUX 3HAKM CTPOTMX Hepa-
BEHCTB 3aME€HHUTh HA 3HAKU HECTPOTIMX HEpPABEHCTB.

ITockonbsKy He cymiecTByeT o0liero mpuémMa AOKA3aTeIbCTBA HeEpa-
BEHCTB, TO PACCMOTPHM JIMIIb IIPHUMEPHl AOKAa3aTeJbCTB HEPaBEHCTB
C IOMOIILIO CBOMCTB 1—5.

IIpumep 1. [oxarxxem, 4TO AJIA JIIOOBIX MOJIOMKHUTENBHBIX YHCET @
¥ b cnpaBeAIMBO HEPABEHCTBO

“’2’52«/5. (1)

Taxk xax JE u JE — JelCTBHUTEJbHBIE UKCTIA AJA JIOOBIX IOJOMKH-
TeJNbHBIX YHCeJ a U b, To HepaBeHCTBO

Wa-+b)y2=0 2)

CHpaBeAJINBO AJIA JIOOBIX IOJIOMKUTENLHEIX YHceN a U b (kBagpar geicr-
BUTEJBHOI'0 YHCJa HEOTPUIIATEJIeH).

IIpumensas GopMyay KBafpaTa PA3HOCTH KM YUUTHIBAS, UTO IJIS JIIO-
OBIX IIOJIOXKUTEJILHLIX YKCeJ a 1 b BepHEI paBeHCTBA («/5)2 =au (\/5)2 = b,
ImepenuineM HepaBeHCTBO (2) B BuAe

a— 2vab+b = 0. (3)

ITo yrBepikgeHuio 4 U3 crupaBeJIHMBOCTH HepaBeHcTBa (3) caenyer
CIpaBeJINBOCTh HEPABEHCTBA

a+b > 2Jab. (4)

Ilo yTBep:KAeHUIO 5 M3 cIpaBeIHMBOCTH HepaBeHCTBa (4) cienyer
cIpaBeIMBOCThL HepaBeHcTBa (1), uTo 1 TpeGOBAJIOCH JOKA3aTh.

OrMeTuM, YTO JIeBYIO UacTh HepaBeHCTBa (1) Ha3EIBAIOT CPeJHHM
apudMeTHUYECKHMM YHCeJ @ M b, a IpaByl0 4acTb — CPeJHHM reoMeTpH-
yecKHM uHucet a ¥ b. IToaTomy 4acTo CBOHCTBO, BhIpasKeHHOE HEPABEHCT-
BoMm (1), GOopMyIUDYIOT TaK:

Cpennee apudMeTHUYECKOe ABYX IOJOKHTENBHBIX YHCEJ
He MeHbIlIe MX CpPeJHero reoMeTpH4YecKoro.

HepasercTBo (1) Mexay cpeHIM apu(pMeTHUYECKHNM U CPEeIHHUM Ieo-
MeTPHYEeCKHM UYacTO MCIOJIB3VIOT AJIS AOKAa3aTeJbCTBA HEPABEHCTB.

IIpumep 2. JokakeM, 4TO AJA 0000 IIOJOMKHUTEJLHOIO HYHCIA X
cIIpaBeaInBO HEPABEHCTBO

x+—=22, ()

PaccmoTpuM HepaBeHCTBO

x +

Rl B

= 35 (6)
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B JIEBOH YacTH KOTOPOTO 3alIMCAHO CpelHee apH(pMeTHYECKOe IMOJOMKH-

1 ™
TeJBHBIX YHCEJI X 1 ;, a B IpaBOou — HX CpeJHee reoMeTpHYEeCKOe. Cie-

JOoBaTeJIbHO, HepaBeHCTBO (6) cupaBeaInBO HA OCHOBAHHU HEPABEHCTBAa
MEXXKAY CPeJHHUM apu(PMeTHYeCKHM KU CPeAHHUM IeOMeTPHYECKHM.

ITo yTBep:KaeHHIO 5 M3 cOpaBeAIMBOCTH HepaBeHcTBa (6) ciexyer
CcIIpaBeINBOCTL HepaBeHcTBa (5), uTo U TpeboBaIOCH AOKA3aTh.

Ilpumep 3. oxaskeM, 4TO AJd JOOBIX IMOJOMKUTENBHBIX YHCEN &, b
U C CIIpaBeJJIUBO HEPaBEHCTBO

(@ +b)(b+c)(a+ c) = 8abe. (7

W3 copaBenIMBOCTH HEPABEHCTBA MeEMKIY CPEJHUM apudmeruye-
CKHM M CPeJHHM reOMeTPHUUYECKHUM JBYX IOJOMKUTEILHBIX YHUCEJ CIeLy-
€T CIpPaBeAJINBOCTE HEPABEHCTB

a+b>2Jab, a+c>2Jac, b+c> 2/be.

Hepemnomaa IIO4YJIEHHO 3TH HepaBeHCTBa, HA OCHOBaAHHHM yTBEepXKe-
HUA 3 MoJiydyaeM, 4TO CIIpaBeiIuBO HepaBeHCTBO (7), uTo U TpeGoBaIOCh
JOKA3aTh.

YacTo IIPpH OOKas3aTeJIbCTBe HepaBeHCTB OBIBaET MMOJIE3HO MCIIOJIB30-
BaTh pas3jiM4yHble (OPMYJIBI, OLIEHKH, 'PYNNUPOBKY cJaraeMblX X T. II.

IIpumep 4. [oxaxem, 4TO AJA JIOOBIX MHOJOMHUTEIBHBIX YHCEJ 4
u b cupaBeAJINBO HEPABEHCTBO

4(a® + b®) 2 (a + b)d. (8)
Paccmorpum BeIpaxkenue A = 4 (a® + b%) — (a + b)3, npeobpasyem ero:
A =4(a+ b)(a® - ab + b2 — (a + b)(a? + 2ab + b?) =
= (a + b)(4a% — 4ab + 4b?> — a® — 2ab - b?) =
= (a + b)(3a® - 6ab + 3b?) = 3(a + b)(a — b)2.

Teneps oueBugHO, uTo ecain a >0u b >0, 0 A 20, T. e. fOKa3aHa
CIpaBeIMBOCTE HEPABEHCTBA

4(a®+b%) —(a+b)®=0. 9)

ITo yrBep:xkaeHU0 4 W3 cIpaBeAJuWBOCTH HepaseHcTBa (9) ciaemyer
cIpaBeJJINBOCTL HepaBeHcTBa (8), 4uTo u TpeboBaloCh AOKA3ATh.

IIpumep 5. IloxaskeM, uTo Aas Ja000ro HATYPaJdbHOTO YHCIA N
CIIpaBeJINBO HEPABEHCTBO
2 1 1

@r+12 “2n 2n+2 {10}

JleByro wuacte HepaBeHcTtBa (10) MoKHO 3anmcaTs B BHIAE

2
———————, a IpaBylw — B BUJe ———.
4n?+ 4n + 1 T OPARY W A+ an
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Tak kak 4n%+ 4n + 1 > 4n? + 4n ansa a060ro HATYPAJbHOI'O YHUC-
Ja n, To, paszenuB obe YaCTH ITOrO0 HEPABEHCTBA HA IOJIOMKUTEIBHOE

YHCIIO %(4:12 +4n+1)(4n? + 4n), monyuuM no yTeep:xKAeHUO (4), UTO

2 & 2
4n?+ 4n+1  4n2+ 4n’

uTO U TpeboBaAJIOCH TOKA3ATh.

Hpumep 6. Jloxkakem, uTO AJsA J060ro HATYPalbHOTO YHCIA N

cClipaBeJJINBO HEPaBeHCTBO
1 1 1 1
—t—F . <=, 11
9 25 2n+1)? 4 ub

IIpumensia HepaBeHcTBo (10) m yTBepskaeHHe 2, IOJydaeM, 4YTO
CIpaBeJINBO HEPaBEHCTBO

1,1 1
2|+ -+t —— <
(9 25 (2n+1)2]

L. _d i 1 1 1 1 1 1
<|lz-=|+|[z-Z|+ccH+|—————=|==~- . 12
(2 4_] (4 6} [Zn 2n+2) 2 2n+2 (1=
Tak xak Aida jg000ro HaTypaJbHOr'O YHCIA I
1 1 1
—_—— { .
2 2n+2 2

TO, HCIIOJIB3YA TPAH3UTHMBHOCTHL HEPaBEeHCTB (yTBep}KnEHHe 1), nojgyda-
eM, 4TO CIIpaBeJJINBO HepaBeHCTBO

1 1 1 1
2[§+g+...+—7(2n+1)2]<§. (13)

1
VYMHOXXUB IIPABYIO U JIEBYIO YacTH HepaBeHcTBa (13) Ha 3’ TOJYyYUM

HAa OCHOBAHUM YTBEPXKJeHUsA 5, 4TO clpaBeAIuBo HepaBeHCTBO (11). Tem
caMbIM HepaBeHcTBO (11) moxasaHo.

IIpumep 7. IlycTh a u b — ni00ble AelicTBUTENLHBIE YHCJIA, TAKHE,
uto a + b = 2. Jlokaxkem, 4TO
at* + bt = 2, (14)
Jnsa qokasareabcTBa o6osHauum a =1 + ¢, rormab=1 - ¢, rae c —
HEKOTOpPOEe AeHCTBUTE/IbHOE YMCJIO.
IToaTomy, npuMeHsas GOPMYJIBI COKPAIJEHHOIO YMHOXKEeHU A, IMeeM
at+bi=(1+c)t+(1-c)=2+12c% + 2¢4. (15)
Tax xak 0O4eBHAHO, 4To 2 + 12¢2 + 2¢* =2 2 pns no6oro geicTBH-
TeJILHOI'O YHCJa ¢, TO U3 CIpaBeJJIuBOCTH paBeHcTBa (15) cimexyer cupa-
BeJINBOCTH HepaBeHcTBa (14), uro u TpefoBaioch AJOKAa3aTh.
OTMeTHM, UTO CIIPaBeAJMBOCTh HEKOTOPBIX HEPABEHCTB, a TaKiKe
paBeHCTB, MOJKHO [JOKA3aTh C IIOMOIIbI0 MeTOoJa MaTeMaTHYeCKOM WH-
ayxnuu (cm. . 1 Jononnenuit K riase 3).
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DoxasbiBaem. [Joxaxure sepasencTso (185—188), rxe a, b, ¢ — neit-
CTBHUTEJIbBHBIE YHCJIa:

185. a) 4c2+ 1 2 4c; 6) ad®+ b3=a?b + ab?® (a+ b = 0);
B) (a+b)2 4ab; r)a+%é—2 (a <0);
2a
,u;)a+ =z 2 (a#0); e)az_‘_1 1
9 a® _ 6
;&c)b-!-a 2 (ab>0) 3)@2-%25 5(a;¢0)

186. a) Jab > 22‘5& (@> 0, b>0);
a

5) (a+b)(%+-§—)?4 (@>0, b>0);

B) (1+a)(1+§]>4 (a > 0);

r) 2a2+b%2+c222a(b+c);

a b L .1

R T R .
) b2+2 a+b (a>0, b>0);
e) (a? — b?)?2 = 4ab(a - b)2.

187. a) a?+ b2+ c? 2 ab + ac + be;

6) a—b+—+b—2a+b+c (a>0,6>0, ¢c>0)

B) —J_<a+b<\/_ ecan a’ + b%2=1;
r) 9a+ 2212 (a>0);
) 25a+§;20 (a> 0).
188. a) |a + b|<|al|+|b]; 6) la—-b|<|a|+|b];
B) |la|-|b]|<|a - b].

Hoxkazsisaem (189—191).

189. [Joxaskurte, 4TO:
a) cymmMa Ky0OB KaTeToB IPAMOYIOJBHOTO TPEYIrOJbHUKA MEHBIIe
Kyb6a IrMmOTeHY35I;
6) a" < b", eciu n — HaTrypansHOe yuciao 1 0 <a < b.

190. 3adaua ITanna Axnexcandpuiickozo (I11 6. ). Jokakure, 4TO ecau

a c
a,b,cn d — TOJIOXKHUTENbHBIE YUCIA U 3 i E’ TO BEPDHO HepaBeH-

cTBO ad > bce.
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191. 3adauva Esxauda (IVe. 0o H.3.). Joxkaxure, 4ro ecau a, b,
¢, d — IOJIO}KUTeJNbHBIE YUC/IA U @ — HaubOJbIIee YHCJIO B IPO-

a
IOPIIAH “ %, TO BEpPHO HepaBeHCTBO a +d > b + c.

r’i. np-oiliibhh_l’le NUHEHWHOW M Khdnparﬁ_ul-loﬁ byHKUMA |

CpepHas ckopocTb. Hauném ¢ mpumepa.

IIpumep 1. IlycTs MaTepuanbHas TOYKA ABUMKETCHA NPAMOJHHENHO
II0 3aKOHY
s(t) = 417,
rae 8 (M) — OyTh, NpOHAEeHHEBIA TOYKOM 3a BpeMmd t (c).
CropamimBaeTcs: KaKoBa CpeJHAS CKOPOCTH ATOM TOYKH 3a IIpoMe-
SKYTOK BPEMEeHH OT t; = 2 10 ¢, = 5?
Ilyrs, npoiiieHHBIHA 3a BpeMd f; = 2, paBeH

s(2)=4-22=16,
a OyTh, OPOIeHHBIN 3a BpeMd f, = 5, paBeH
s(b)=4-52=100.

Ho rorpa nyTs, NpOMAEHHBIN 34 IPOMEKYTOK BpeMeHH oT t; = 2 1o

t, = 5, paBeH
s(8) — s(2) =100 — 16 = 84,

CpegHAdA Ke CKOPOCTh TOYKH 3a IIPOMEKYTOK BpeMeHH OT ¢, = 2 10
t, = 5 paBHa
_s(5)-s(2) _ 84

® B5-2 3

IIycTh TOUKaA OBHIKETCA NPAMOJHUHEHHO IO 3aKOHY
s=f(1).
Yr0o6bl BEIYNCIAUTL €6 CPeJHIOI CKOPOCTh 3a IPOMEKYTOK BDeMeHU
oT MoMeHTa t 40 MoMeHTa t + A, paccyxgaeM aHAJIOTUYHO.

IlyTe, npoiifileHHBIA TOUYKOI 3a Bpemsa t, paBeH f(1).
IlyTh, npoiifleHHBLIN TOUYKOIl 3a Bpemsa t + h, paseH f(f + h).
Ho Torga nmyTs, NpoiileHHBIH TOUYKOM 38 IPOMEKYTOK BPEeMEeHH OT i

go t + h, paBeH
f@¢+h)—-7Q@).
CrnenoBaTesbHO, CPEIHAA CKOPOCTh TOUKU 34 IIPOMEKYTOK BPeMeHH
or t go t + h paBHa
_fe+h) - 1@ (1)
cp h #
MrHoBeHHasl CKOpPOCTb. BBeZéM Terneph IIOHATHE CKOPOCTH TOYKH

B MOMEHT BpeMeHHU f, WX MCHOBEHHOH CKOPOCTH B MOMEHT BPeMeHH .
Ob6parumca Kk npumepy 1.

= 28.
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Hrak, OycTh TOYKA ABHMIKETCA IO 3aKOHY S (t) = 412,

3azaguM MOMEHT BpeMeHH t = 3.

BygeM BBEIYMCIATE OJs Pa3HbIX MaJbIX i CDeJHIOI CKOPOCThH ABH-
JKeHUs Hallell TOYKH 3a BpemsA or t =3 go t = 3 + h. PeaynbraTs!l BbI-
YHUCJIeHUUA cBeAéM B Tabaumy.

h [t; t + Rh] Uep
0,01 [3; 3+ 0,01] 24,04
0,001 [3; 3 + 0,001] 24,004
0,0001 [3; 3 + 0,0001] 24,0004
0,00001 [3; 3 + 0,00001] | 24,00004
0,000001 | [3; 3 + 0,000001] | 24,000004

W3 aToii TabauLBl BUAHO, YTO CPEAHSAS CKOPOCTH V., TOYKH Ha OT-
pesxke BpeMmeHH [3; 3 + h] ana manbix h npubIMKEHHO paBHa 24:

Vep ~ 24,
9To npuOJAMIKEeHHEe TeM JydIle, yeM MeHblne h. MoKHO elné cka-
3aTh, YTO U, CTpeMHUTCA K 24 npu h, cTpeMslleMcsa K HYJIO, T. €.
Vep —> 24 mpu b — 0.

B namsOM ciiydyae uucyio 24 HA3BIBAIOT CKOPOCTHI0 TOYKM B MOMEHT
BpemMeHH t = 3.
B ofuiem ciaydae eciM TOYKA ABMIKETCH NPAMOJHMHEHHO IO 3aKOHY

s = f(1),

TO €€ CKOPOCTHIO, UJII MTHOBEHHOM CKOPOCTBIO, B MOMEHT BpeMeHH { Ha-
3BIBAIOT YHCJO U, K KOTOPOMY CTPEMHTCHA €€ CpefHAS CKOPOCTH Ha IIPO-
Me}KyTKe BpeMeHH [t; t + k] upu A — O:

f@+h)-1F@)

Vp=— 5 VU npu h — 0.

IIpumep 2. HaiiiémM MIrHOBEHHYIO CKOPOCTBL U TOYKH, JABHIKYIIeHcs
NPAMOJIMHENHO 10 3aK0oHY S(t) = 412, B MOMeHT BpeMeHH .
CpenHsisi CKOPOCTH 3a IPOMEIKYTOK BpemeHH [t; ¢ + h] paBHa
_ 4@+ h)2- 4¢2
A
Orcopa 8t + 4h — 8t npu h — 0. CrnegoBarensHo, v = 8f{. Ha-
IpumMep:

= 8t +4h.

v=16 nmpu t = 2,
v=24 npu t = 3.

MpoussoaHble nNUHEWHOW M KBaapaTuuHOW ¢ yHkumin. Ilycrs
dyuruus y = f(x) ompexmesieHa Ha WHTEpPBaJe (a; b). Ilycre x — umio-
6as To4YkKa 39TOro MHTepBaja. PaccMOTpUM eIIé TOYKU X + A TOro xe
HHTEepBaJa.
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Yucao, K KOTOPOMY CTPEMHTCS OTHOIIIEHUE
f(x+h)-F(x)
h

nupu h, crpemamemcsa K 0, Ha3LIBAIOT NPOU3BOAHON (yHKUUH [ B TOU-
Ke x u obosHayator f'(x) (uuraercs: a( MWITPUX OT X):

x+h)- f(x
w — f'(x) opm h — 0.
Eciu npousBomHas IIpH JAHHOM 3HAUYEHHUHM X CYIIeCTBYeT, TO OHA
ecTh onpenenéHHoe uucao. Takum o6pas3oM, eciIM NIPOM3BOJHAS OT
(DYHKIMK CYIIECTBYeT NPHU KaXA0M 3HaAUeHUU X U3 uHTepBana (a; b), To
OHa ecTh (PYHKIMA OT X, OIpeAeléHHas Ha uHTepBamue (a; b).
Ha ocHOBaHUM NpHUBENEHHBIX BHIIIE PACCYKJeHUII MOXKHO CKa3aTh,
UTO MZHOBEHHAS CKOPOCMb U 8 MOMEHM 8peMeHU t mMOouKU, 06uicyu,eil-
ca no 3axony s = f(t), paéna npou3sodnol. pynrxyuu f 6 moure t, m. e.
v=FE).
BeluncauM OpoM3BOAHBIE OJSA HEKOTOPHIX (DYHKIHUI, onpeneséH-
HBbIX Ha HHTepBaJie (—oo; +00).
1) f(x)=x. daa n000i TOYKH X
f(x+h)-f(x)=(x+h)—x=h.
ITosTomy
flx+h) - F(x) _4
h
CnepoBarensHo, npousBogHasa Gyakuun f(x) = x B 11000H TOUKe X paB-
Ha 1l, T. e. x' = 1.
2) f(x)= CL IloCcTOSHHYIO MOYXHO PACCMATPHUBATEL KAK TaAKYI0 PyHK-

U0 OT X, KOTOpad paBHA OJHOMY M TOMY ke 3HaueHuio C ans aroboro
3HAYeHHWsa X U3 mHTepBana (—co; +oo). Ilosromy ansa naHHON (QYHKIOIUH

f(x)=Ff(x+h)=C,
flx+h)—f(x) _ 0
=

CrnepoBaTesibHO, IpOM3BoAHAasA mocrosinHON [(x) = C B m1000i1 TOUKe X
paBHa HyI0, T. e. C' = 0.

3) f(x)=kx + b, rie k u b — pauuslie yncaa. [Insa n1060d TOYKH X
nMeeM

fx+h) = f(x) _ (Rx+h)+b) - (hx +b) _,
h h '

CiemoBaTesIbHO, TPOU3BOJHAA JUHeWHON GyHKuuM f(x) = kx + b B m10-
001 TOuKe X paBHa uuciay k, T. €.

(kx + b) = k.

1 O6oszaauenne C misf TOCTOSHHON IPOMCXONUT OT jar. constans (con-
stantis) — mocTosHHBI.
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Orcioza cieayer, YTO €CJAH TeJNO ABHIKETCS II0 JUHEHHOMY B3aKOHY
s =at + b, TO ero MI'HOBEHHAsI CKOPOCTb U B JII000H MOMEHT BpeMeHH f
paBHa:

v="F"(t)=a,
T. €. €ro CKOPOCTb B 3TOM CJIydYae MOCTOAHHA.
4) f(x) = x2. Ina n1060f TOYKH X UMeeM

f(x+h)—f(x)=(x+ h)?— x2=2xh + h2.

ITostomy
Pes D=1 _ x4+ b,
ITockonsky 2x + h crpemurca K 2x, xorga h crpemurca x 0, to
i) = 2x.

CrnepoBarenbHO, IpousBoaHas Gyaxnuu f(x) = x2 B 11060#i TouKe X pas-
Ha 2x, T. e.

(x2) = 2x.
5) f(x)=ax?+ bx + ¢, rae a, b u ¢ — nanHble yncaa. [ua aoboit
TOYKH X UMeeM

fx+h)—f(x)=(a(x+ h)2+b(x+h)+c)—(ax®+bx+c)=
= 2axh + bh + ah?.

f(x+h) - f(x)
h

ITockonwsky 2ax + b + ah — 2ax + b, xorga h — 0, TO
f'(x) = 2ax + b.

CnemoBaTeslbHO, TPOHM3BOAHAA KBaZpaTuuHou OQyHKmuu f(x)=ax?+
+ bx + ¢ (a # 0) B 11060# TOuKe x paBHa 2ax + b, T. e.

(ax? + bx + ¢)’ = 2ax + b. (2)
3ameuanue. Taxk kakx
(ax®)'=2ax, (bx)=b, c’'=0,
TO paBeHCTBO (2) MoxkeT GBITH 3aIHCAHO B BHIE
(ax? + bx + ¢)’ = (ax?)’ + (bx) + ¢'.

9TO paBEHCTBO 03HAUAET, YTO IIPOM3BOJHAA CYMMBI CJIaraeMblx ax?,
bx, ¢ paBHa cyMMe UX HPOUBBOIAHBIX.
9TO yTBepIKAeHHEe BEePHO U B 00IEeM ciaydae:

(f (%) + ¢(x)) = f'(x) + ¢'(x),

HO MBI HEe OCTAHABJIMBAEMCS HA ero 00OCHOBAHHH.
6) Vs (pusuKKM MBI 3HaeM, 4YTO €CJIH TeJO HAaJaeT HOJ AeHCTBHEeM
CHJIBI TAMKECTU C HyJeBOIl HAYAJNBHON CKOPOCTHIO C HEKOTOPOM BBICOTHI,
TO, IOMECTHB HAYAJI0 KOOPAHHAT B HAYAJBHYIO TOYKY M HAIIPABHUB II0JIO-

IToatomy
= 2ax+b +ah.




KUTEJbHYIO moJiyock Os Kk 3eMae (puc. 49),
HOJYYUM 3aKOH JABHKEHHUSA 3TOr0 TeJa:

2
s() = £-,
rae g — YCKOpeHWe CHJbl TsaXKecTH (g~
~ 9,8 m/c?). Ho Torma MrHOBEHHAs CKO-
Sy POCTh HMagalolero Teja B MOMEHT BpeMeHH 1
paBsHa v = 8'(t) = gt. MBI moy4yuix u3BeCT-
B Puc. 49 HYI0 B (pusuke dopMyny auasd onpejeseHus
CKOPOCTH 3TOr'0 ABMMKEHHUSA B JIO00H MOMEHT
BpeMeHH {: v = gt.
MepBooGpasnas ana nuHeiHo dyHkuum. IlpousBogHas GYHK-
nuu x> paBHa QyHKmuu 2x: (x2) = 2x.
Ho rosopaT Tak:ke, 4To0 (QYHKLMA X2 ecTh IepBooOpasHas oA
byEKIHN 2X.
Boobmie dbyuxuuio F(x) masesiBaloT nmepBoobpasHoi maas GyHKIHK
f(x), onpenenénnoit Ha unTepnaie (a; b), ecau npousBogHAA DYHKIUKA
F(x) paBHa f(x) HA 3TOM HHTepBaJIE:

F'(x) = f(x).
3ameTuM, 4TO ecau F(x) ecth mepBoobGpasHas ausa QysHKIum f(x),

To cymma F(x) + C, rge C — nwobasi mocTOAHHASA, TAKYKe eCTh IIEPB0O0G-
pasHasa gaa f(x), moTomy 4TO
(F(x)+C)Y=F'(x)+C'=f(x).

Takum obGpasom, Jobas nepsoobpasHas s GyHKuuu f(x) umeer
Bun F(x) + C.

Hanpumep, He TOJBKO x2 ecTh nepBoobpasHasa aiasa 2x, Ho u x2 + C,
rge C — npoma3BoJIbHASA IOCTOSIHHAS, €CTh IepBoo0OpasHadA AIA 2X.

OTMeTHM paBeHCTBA

o
RY

r

2 ’ 2
C'=0, (x+C)=1, {%+CJ=x, (%+bx+0}=ax+b.

W3 sTuX paBeHCTB CJEAYeT, 4TO (PYHKIIAU

2 2
C, x+C, %+c, %+bx+0,
rae C — OpoM3BOJBHAA MOCTOSAHHAA, ABISIOTCA COOTBETCTBEHHO IIEPBO-
obpasaepiMu aasa Gyaxmui 0, 1, x, ax + b.

Brile mo 3aKOHY IBHIKEHUSA OIpPENeNsaiack CKOPOCTH ABUIKEHUS
Tesa B J1000# MOMeHT BpemMeHH. HacTo TpebyeTcsa pelluTh ¥ 0o0paTHYIO
3ajzady: 3Has CKOPOCTH JBHUYKEeHUS TeJja, OIpeNeJNuTh 3aKOH ABUIKEHHA
aTOTrO TeJja.

OrmeruM cpasdy, 4TO AJIs pellleHHs IIOZOOHOH sajzauyu TpedyroTcs
ellé IOMOJHHUTEJbHbIe JHAHHBIE O TOM, I'lé HaXOAHUJIIOCE TeJO0 B MOMEHT
Hauaja ABUKeHHA. IIpy pelieHUM 2TUX 3a7a4 CYI[ECTBEHHO HCIIOJIL3Y-
ercs noHATHe nepBoobpasHoii. ITokarkem Ha nmpuMepax, KaK pelrarnT Ta-
KHe 3aJa4yu.
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IIpumep 3. IlycTh Teno ABMIKETCA NPAMOJIMHEHHO C IMOCTOAHHOM
cKOpoCThIO a. HaliiéM 3aKoH ABUKeHUA dTOro rteaa s = f(t), cuuras,
uyro § =0 mpu t = 0.

Tax xax npousBoaHas f’'(t) paBHA CKOPOCTH ABUMKEHHA, TO

ft)=a
u f(t) ects nepBooOpasHas AJNA @, HO TOTAA
=f()=at+C,
rae C — mocroaHHasi. Eé 3HaueHHWe olpejesigeTcd YCIOBHAMM 3aJadH.

Tak xaxk s =0 B moment ¢ = 0, To C = 0. I[ToaToMy UCKOMBIil 3aKOH

IBYIKEHUSA ONpeeideTcs PaBEeHCTBOM

s = at.
IIpumep 4. IlycTs Teso ABUIKETCA NPAMOJHUHENHO CO CKOPOCTBIO
v=gt+a,

rge ¢ — BpeMs, OTCUMUTHIBAEMOe C Hauajga ABrkeHusa. Haliném 3akoH
aBuKeHUA S = f(t), cuurasa, uro s = 0 npu ¢t = 0.
Tax xax npomsBoaHas f'(f) paBHA CKOPOCTH ABHMKEHHUA, TO

f'(t)=gt+a (3)
u f(t) ectsr nmepBooOpasHasa A q)ym-:mm gt + a. Ho Torpa
s=f({t)==>2=—+at+C,

rge C — mocrosinHasa. E€ 3HaueHMe OIIpefessdeTcs YCIOBHAMHU 3aJauu.
Tax xax s =0 B momenT £ =0, To C = 0. IToaToMy UCKOMBIH 3aKOH
ABHI)KEHUS ONpeJesdeTcsd PaBeHCTBOM

gt?
s=%"tat.
2

3ameTrum, uTo v = @ upu t = 0 (cm. (3)). 9To MOKAa3LIBAET, YTO B MO-
MEHT Hauajia JABHIKEHUSA TeJI0 MMeJ0 HAauYaJbHYI0 CKOPOCTE U = @.

B

192!, Kaxk BBIYHUCJIAIOT CPEIHION CKOPOCTH ABUIXKEHHUS TeJa Ugp 38 IPO-
MeKyTOK BDEMeHH OT t mo t + h, ecin M3BECTEH 3aKOH HpHMOJIPI-
HeHHOro ABUKeHus Tesa s (t)?

193. Kaxosa cpejHssi CKOPOCTB U, 3a IPOMEXYTKU BPEMEHU

1
[5 5+10] [5 5+Eﬁ] [5, 5+10000]

IJIA TeJl, 3aKOHBI IPAMOJIMHEHHOIO ABUIKEHUSA KOTOPHIX TAKOBBI:
a) s(t) =5t + 3; 6) s(t) = 3t2+4?

1B 3aJaHUAX HaHHOIO IIYHKTa BpeMs H3MepseTcsa B CeKyHAax, OyTb —
B MeTpax, a CKOPOCTh — B MeTpax B CeKYHAOY.
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195.

196.

197.

198.

199.

Yo HA3BIBAIOT MI'HOBEHHOUN CKOPOCTHIO TOUKH, IBUIKYIIEHCH IIPA-
MOJIMHEMHO 110 3aKoHY $ = f(f), B MOMeHT BpeMeHU t?

KaxoBa MrasoBeHHas CKOpPOCTH VUV B MOMEHT BPEMEHH t niadA Tej, 3a-
KOHBI HpﬂMOJ’IHH&ﬁHOI‘O ABHMEeHHUA KOTOPBIX TAKOBBI:

a) s(t)=5t+ 3; 6) s(t) = 3t2+ 4?7
Ilan 3aKOH IPAMOJUHEWHOIO IBHIXKEHHUA MAaTePUAJIbHOM TOYKH:
a) s(t) = 2t; 6) s(t) =2t + 3.

BeruucinuTe MrHOBEHHYIO CKOPOCTE U TOYKM B MOMeHT ¢, = 0; 1; 5.
BreipasuTte v Kak QyHKIUIO { ¥ mOCTPOHTe rpaduk 2Toi QPyHKIINH,
ecnu t € [0; 5].

a) Yro HA3BIBAIOT NPOU3BOAHON MyHKIUH [(X) B TOUKe x?

6) Yemy paBHA MrHOBeHHAHA CKODOCTH TeJja, JABHIKYINErocs Io 3a-
koHy s = f(1)?

B) Yemy paBHAa HNpPOU3BOAHAS MOCTOSHHOM?

r) Yemy paBHa npousBojgHasa GyHKROuUH y = kx + b?

KakoBa nmpomsBojHas B TOYKe X (QYHKIIMH:
a) y=2x+ 3;

6) y=-2 - 3x;

B) y=2x2-3x+1;

r) y=-x2+2x - 17

3aKOH NPAMOJMUHENHOTO ABUIKEHUS TOYKH oupejeisercs (QyHK-
nue:

a) y=3t; 6) y=3t2+1.

KaxoBa CKOpoOCTb €€ IBUKEeHUsI B MOMEHT BPEMEeHH {, B YACTHOCTH
=27

a) Yro HaswiBamT nepsoobpasHoil ausa ¢pyHKmuu f(x)?
6) OxHO3HAYHO JIM OIpejeisercd nepBoobpazHasa Ijud SaHHOH
byarmuu?

Yemy paBHa neppoobpasHad A8 QYHKIUHA:
a) f(x)=0; 6 fley=1:
B) f(x)=x; r) f(x)=ax+ b?

Ins pemreHus Kakux (GU3HUYECKUX 3a7a4 IPUMeHAETCA I1epB0o0s-
pasuas?

Yemy paBHa mepBooOpasHad MIa MYHKIHUH:
a) y=2; 0) y=3x-2; B) y=x+1;
r) y=-x—4; B y=2-2x?

CKOpOCTh MaTePUAJLHON TOYKH OIpefesdeTcsa (POPMYJIOH:

a) v(t) =3; 6) v(t) = 2¢; B) v(t) =2t + 1.

BagaiiTe (hOpMyJIO 3aKOH ABUMKEHHA MaTepHaJbHOH TOYKH (1),
ecnu usBecTHO, uTo S(0) = 0.
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HepageuncrBa
ST T

CKOpOCTh Tejla, GPOIIEHHOr0 BEPTUKAJIBHO BBEPX C HAYAIBHOM
CKOPOCTBIO U, 3amaérca (hopMyJaoi
v (t) =V — & t,
a seicotra H — dopmy.ioi
2

H(t)= Hy + vt — %,
rae g ~ 9,8 M/c? — ycKOpeHHe 3eMHOTO NpUTsKeHus, H,— Ha-
yajgbHad BeIcoTa. [loka)kure, 4TO:
a) dyEknusa v(t) ects npoussoaHaa Gysxkuuu H (1);
6) dyuxmusa H (t) ects nepsoobpasHas Gyskmum v (f).

3aBUCHMOCTh IYTH § OT BpeMeHH ¢ IPU NPAMOJIUHEHHOM JABHUIKe-
HUM TOYKM 3afaHa rpadudecku (puc. 50). ITocTpoiite rpaduk 3a-
BUCUMOCTH CKOpPOCTH U oT Bpemenu ¢ aua t € [0; 2].

ﬂ) 1 T | T a) L W . ﬂ) 1 —m
—----S,M“ : T S'M]K_ : i | S.M“ -
4 . 4 | 14
1 / I 9 I: | | /
3 .
! / _ i . ; 3 /
VT T 11
1 /?/ . 1 | —T1
NiAEEEEN HEENE ¢ >
Ol T1[atel 1Ol [112¢te ] 1Ol 112 tcl
B Puc. 50
207. 3aBHCHMOCTEL CKOPOCTH U OT BpeMeHH { IPHU NPAMOJIHHEHHOM ABH-

JKeHNM TOUKH 3amaHa rpadudecku (puc. 51). ITocrpoiite rpadpux
3aBUCHMOCTH TIyTH § OT BpemeHu ¢ anas t € [0; 2].

i)v,.m}cj.\—[ ! ! ) ;|v,|M/c“ i | : B) v, M}c \ l |I | .
4 RN 4 |. | : W |
[ [ I
3= 811 3 /_/ |
24— -2 : ; L9 | ——
1+ _ 11 —r1 '
l O 11 l2¢te | O [1]2tel 1Ol 112 tel

E Puc. 51
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[TonAaTuA paBeHCTBA M HEPABEHCTBA YHMCEJ BO3HUKIU B IVIYGOKOH
apesHocTu. Tak, 3ajaum Ha J0KAa3aTeIbLCTBO DPABEHCTB M HEPABEHCTB
BCTPEYAlOTCsd B MaTeMaTHYeCKHX paborax, rie aas obo3HaueHUsa pa-
BEHCTBA ¥ HEPABEHCTBA HCIIOJIB30BAJIM CJIOBA WJU CIeluaibHBIE 060-
3Ha4Ye€HH#A, NPOHCXOAMBINME OT COKpAalleHHs OJTHUX cJoB. Emé OGoiee
2000 set 10 H. 3. 6BLIO MBBECTHO HEPABEHCTBO MEXKAY CPeXHUM apudme-
THYECKUM U CPeJHHMM IeOMeTPHYECKHM [ABYX MOJIOMKHTEIbHBIX YHCel.

3anauym, CBA3aHHbIE C HEPABEHCTBAMM, BCTPEYAIOTCA B V KHHre
«Hauvan» EBkauga (IV B. 1o H. 3.). Tam, HanmpuMep, ZOKAa3aHO, YTO €CJIHU
a, b, ¢ u d — NONOKUTENbHBIE YUCJIA U @ — HAUOOJBIIEe YUCIO B IPO-

a [+
IIOpIHH —5 = E, TO BBIIIOJIHAETCA HepPaBeHCTBO

a+d>b+ c. BocaoBaom tpyze Ilanna Anex-
cagapuiickoro (III B.), HazBamHoM «MaTema-
TUYecKoe cobpaHHe», HAIpUMeEp, NOKA3bIBAeT-
Ccfd, 4TO eclu a, b, ¢ u d — TOJOKUTEJIbLHBIE

a (o3
qyuciia u E = E’ TO BBIIIOJHAETCHA HEpaBeHCTBO

ad > bc.

OrmeTuM, YTO paBEHCTBA UM HEpPABEHCTBA
MaTeMaATUKH JPEeBHOCTH AOKAa3bIBAJIH, OIHpa-
fICh Ha reOMeTPUYECKHe IOCTPOEHHS, TAK Kak
anrefpanyecKMil anmnapar eié He ObLI Pa3BUT.

RN CoBpeMeHHBIE CcllelUaJbHble 3HAKH [
Eexaud o603HaYeHUsI PABEHCTBA M HEPABEHCTBA CTAJH
NpUMEeHATh CPABHUTEJIbHO HEJABHO. 3HAK pa-
BEHCTBA = BBEJ B 1557 r. aHrIMHCKHI MaTe-
matuk P. Puxkopa. OH MOTHBHPOBAJ 3TO TakK:
HHKaKHe ABa IIpeaMeTa He MOryT ObITh OoJjiee paBHBIMHM, UeM JBa IIa-
pajllelIbHBIX OTPe3Ka. 3HAKM HEPABEHCTBA > M < BBEJ B CBOEH KHHTIe
«IIpakTuKa aHaJIMTHYECKOro mcKyccTBa» (1631) amrsuiickuit yuénbIit
XappuT. 3HaKM HECTPOrOro HepaBeHCTBA = (He MeHbIle) u < (He GoJibIme)
BBeZieHBI B 1734 r. ¢ppannysckum maremaruxom 11, Byre.

B Cpennue Beka MHOro paGoT GbLIO MOCBAIIEHO JOKA3aTEILCTBY pa-
BEHCTB ¥ HepaBeHCTB. B HaIlu QHU PABEHCTBA U HEPaBEHCTBA IIIHMPOKO
HCIOJB3YIOTCA BO BCEX pasfeiax MaTeMaTHKH.




: ' TNABA E :

TENEHD YNCNA

‘ Mpy M3yyeHun matepuana rnasbl 2 Bam NPeacTouT NOo3HaKOMUTLCA
C KOPHSIMU CTEMeHn n 1 UX CBONCTBaMU, HayunTbea npeobpasoBaHu-
aM anrebpavyeckux BblpaXeHWi, coaepXaliMx KOPHWU CTeneHu n.
31oT martepwan cocrtasut 6asy ANA paclMpPEeHUs MOHATUA CTeneHn
Ha cnyyail pauMoHanbHOro M MPPaLMOHANbHOro nokasatenen.

§4. q’yuxquﬂ y=x"

[4.1. Ceoiictea u rpadguk dyHkummn y =x", x>0 |

TS TR T TR T T TR

®dyuarnun y = x2, y = x3, y = x4, ..., paccMaTpuBaeMble TOJBKO

Ha mpomexyTke [0; +00), uMelOT psAj OAMHAKOBEIX cBoiicTB. IloaTomy
0OBLIYHO PAcCMATPUBAIOT PYHKIIUIO

gy=x% 220, (1)

rze moj n HmoApasyMeBaeTcs JI000oe HATypajibHOe 4ucio, 6ombimee 1.
Chopmynupyem cBoitcrBa dyrrnum (1).

1) Ecom x=0, To y =0.

2) Ecrm x=1, To y=1.

3) Ecoim x >0, To y > 0.

4) Oysxuus y = X" ABIAETCA BO3pacTallleil Ha mpome-
myTre [0; +c0).

5) Ecau x — +00, TO y — +0o0.

6) ®yaxuusa y = x" HenpepbiBHA Ha npome:xyTre [0; +00).

CgoiicTBa 1 1 2 HemocpeACTBeHHO cieAyioT u3 (popmyasl (1). T'eo-
MeTpHUYeCKM OHH 03HAUYAIT, 4To rpad@uk QyHKOUHN Yy = X" OPOXOAUT
yepes HAYaJI0 KoopamHAT U Touky (1; 1).

CpoiicTBo 3 ciaeayer u3s Toro, 4ro ecau x >0, To x> 0. 9o
CBOMCTBO 03HAYaeT, 4To rpaduk Gdysruuu y = x" qaa x > 0 pacnoJio-
skeH Bbimre ocu Ox.

CsoiicTso 4 ciexyer ua Toro, 4ro ecau 0 < x; < xp, TO xf < x3.
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CsoiicTBo 5 oueBuano. B camom zeste, ecau x CTPEMHUTCH K +00, IIPO-
Geras marypaiabHble umciaa 1, 2, 3, 4, ..., To Yy = x" TOXe CTPEeMHUTCHA
K +00, mpoGerast yucaa 17, 2%, 3%, ... . [l OCTAIbHBIX YHCEJ X CIIPABE]-
JIMBOCTH BTOT'O CBOMCTBA COXpAHAETCH.

CsoiicTBO 6 n1s n = 2 craHOBHTCA OYEBUAHEBIM, €CJIH, HaIpuMmep,
CUHTATh, UTO Y €CTh IJIOIIAAEL KBaJpara co CTOPOHOH x. flcHo, uTo Maoe
H3MeHeHHe CTOPOHBI KBaJpaTa BJIeYET 3a co00il Majioe M3MeHeHHe IIJIO-
aau, a 3TO M O3HAYaeT HelNPEePhIBHOCTh PYHKIHA Y = X2 AJd IOJIOKH-
TEJbHBLIX X.

s n = 3 coiicTBO 6 TaKKe CTAHOBUTCS OYEBUAHBIM, €CJIH, HAIIPH-
Mep, CUYUTaTh, YTO Y ecTh 060bEM Kyba co croponoit x. fcHo, uTO Masoe
HU3MEHeHHe CTOPOHBI Kyba BieuéT 3a cobDoOil Majioe HU3MEHeHHEe ero
00béMa, a 3TO U 03HAYAET HENPePHLIBHOCTb MYHKIMH Y = x° JJId [OJO-
JKUTEJbHBIX X.

s n 2 4 cBoiicTBO 6 HaO AOKA3BIBATE, HO ATO JOKA3ATEIBCTBO MBI
IIPOBOJAUTEL He OyaeM.

CpoiictBo 6 o3HauaeT, uTo rpaduk GYHKIUU Yy = X" — HeIpepHIB-
Hasdg JUHUA Ha npoMmexxyTre [0; +oo).

3ameuanue. [JoxkazaTenscTBa cBOCTB 3 U 4 TPeOyIOT IPUMEHEHUS
MeTo/la MaTeMaTH4ecKoi MHAYKIUHU (cM. n. 1 Jomonnenuit K ruase 3).

Ha pucynke 52 B ofHOI U TOM ke HeKapTOBOH cHCTEMe KOOPAMHAT
usobpaxeHsl rpabuku QyHKIHH

y=x% y=x3, y=xt (2)
TIOKa TOJBKO JUIs HEeOTPHUIATeJIbHBIX 3HadeHUil x (x = 0). Oty rpaduxu
OTpakaroT cBoiicTBa hyHKIMI (2),

Janum MosiCHeHUs K PUCYHKY H2.
Ha unrepsane (0; 1), T. e. gus 3HaAUeHUH X, JJIS KOTOPBIX

O<x<1,

y= x4 BBINIOJIHAKTCA HepaBeHCTBa

1L 5a 5% 2050l S (3)

HelicTBUTeIEHO, YMHOMKas HePaBEHCTBO
1>x Ha x, TAe X — MOJIOKUTEJBLHOE UHCIO,
y=x2 T1OJy4aeM HepaBeHCTBO X > x2. YMHOKas 3To

HepaBeHCTBO Ha x (x > 0), mojyuaeM HepaBeH-
ctBO x2>x3 u 1. A,
B cuny mepaBeHcTB (3) rpadur GysKnun
y = x® Ha uaTepBase (0; 1) pacmonoxkeH HUMKe
rpaduka GyHKOUU y = x2, rpadux GyHKIUH
y = x* pacmonoxkeH HuKe rpadura QyHKIHHA
y=x3wur. n.
Hanee, Ha uuTepBase (1; +o0), T. e. gasa
) l —>  3HA4YeHHWH X, JJId KOTOPBIX 1 < X, BBIIIOJHAIOT-
1 *  cs HepaBeHCTBa

B Puc. 52 l<e<a?< x?<,.. . (4)

y=x3




i Crenens uucaa
P

JleficTBUTEIBHO, YMHOXKasA HePaBeHCTBO 1 < X Ha IOJOMKHUTEJbHOE
yueao x, MMoJiydaeM HEepaBeHCTBO X < X2, YMHOXas 3TO HepPaBeHCTBO
Ha x (x > 0), moay4yaeM HepaBeHCTBO X2 < X% M T. A.

HepagsencTBa (4) mokaseIBaloT, 4TO Ha MHTepBaJe (1; +o0) rpaduk
GYHKOUHR Y = x3 pacnoJioskeH Bhime rpapura QyHKOINUU Y = x2, rpaduk
dbysxnun y = x* pacmosoykeH BelIle rpapuxa QyHKOUU Yy = x3m T. A

-.‘

208. a) Bospacraer su Ha npomexyTke [0; +00) QyHKIUA Y = xn?

6) Hana @yuaruua y = x". K uemy CTpeMUTCA Y HpU X — +00?
209. Jlasa dyuarnus y = x3 (x = 0).

a) HasoBuTe 3aBUCHMYIO U HE3aBUCHUMYIO IepEeMEHHEIE.

6) KakxoBa o6iacTe 3HaYeHUil AaHHOW QyHKIUU?

B) Brrumcaure ans gamvoi Gynruum sHavenus y(0), y(1), y(2),

y(3), y(0,5), y [%), y (2%) . Pemtenne odopMmure B Buge TabIUIIBI.

210. Jlana Gyekmusa y = x* (x > 0). BanonauTe TAGIUIy 3HAYEHUM
¢yuknuu npu x, pasgom 0; 1; 25 3; 0,5; -%; 0.25: 1.5.

211. Jlana ¢pysrnua y = x5 (x = 0). BepHo Ju paBeHCTBO:
a) y(1)=5; 6) y()=1; B) y(2) = 32; r) y(0)=0?

212. CocrasbTe TabauIy 3HAUeHUH 06bEMa Kyba, eclIu AJIUHA ero pe6-
pa (B merpax) npuHumaer 3Hadenus ot 0,2 no 2 yepes 0,2.

213. a) Jlana dysxuusa y = x* (x 2 0). [Ipu KaKux 3HAYEHUAX X 3HaUe-
HuA Gyaxknuu passs 0; 1; 16; 817
6) Iana pysxnous y = x3 (x 2 0). IIpn kakux 3HaYeHUAX X 3HAUE-
Hua ¢yaknum pasael 0; 1; 8; 647

214. [Ipu xKakux 3Ha4YeHHAX X (x 2 0) BBIIOJHAETCA HEPaBEHCTBO
Y1 (x) <y, (x), ecom:
a) y,(x) = x5, y,(x) = x% 6) y;1(x) = x?, yy(x) = x°?

4.2. CsoiicTBa M rpaquu d)ynkuuii y = x*" 1 y=x>""1§

PaccmoTpuM Temeps cBoifcTBa (pyHKIMHU Y = X" Ha BCcell obnacTu eé
ompejieNeHNsA, T. . AJs X, IPUHAIJIEKAIIUX HHTepBady (—00; +00).
Ins 4éTHBIX CTeleHeil BEINOJHAIOTCA PaBeHCTBA!

(=x)? = x2, (-x)* = x4, (-x)° = x°.
Boobiie eciu n = 2m (m € N) ecTs 4éTHOe HaTypaJbHOE YHCJIO, TO
(_x)Zm = x2m.
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4t y=ab y=at y=x

-1 O 1

H Puc. 53 ® Puc. 54

®Y

JeiicTBUTENBHO,
(_x)2m = (,,_1 . x)2m = (_1)2m . x2m = ((_1)2}m cx2m=1m., x2m = x2m_

CnepnosarensHo, QyHkuus y=x2", m € N, yérHas u rpacduk eé
CHMMeTPHYeH OTHOCUTeJ bHO ocu Oy.

Ha pucynxe 53 msoGpaskeHbl rpadpuxu GyHkmuit y = x2 u y = x*
OJ1A JI00BIX NefICTBUTENbHBIX 3HAYEHUH X.

s HeUETHBIX CTeleHeH BBINOJIHAIOTCA PaBEHCTBA:

(-x)? = -3, (-x)° = -5, (-x)" = -x".
Boobwe ectu n = 2m + 1 (m € N) ecTb HeUETHOE HATYpAJIbHOE YHC-
JIO, TO
(_,x)zm +1 = _y2m+1,
HeiicTBUTENBHO,
(_x)Zm +1 = (_x)2m (_x) = xlm (_l)x = —x2m+1

CrenosarenbHo, pysknus y = x2m+1 m e N, HeuéTHAA M rpadpux
eé cHMMeTpHYeH OTHOCHTEJIbHO HAayaja KOODAMHAT.

Ha pucynke 54 wusobpakensl rpaduxmu GyHKIUH Y=, y==x°
Uy = x° qis M00BIX NeHCTBUTENHHEIX 3HAUCHUH X.

Ormerum, uro ecnu n = 2m (m € N) — uéTHOe HaTypaIbHOE YHUCIIO,
T0 QYHKOUA y = x*" gBisgerTca yOhIBalollel Ha HpoMmeskyTKe (—oco; 0]
U BO3pacramolleil Ha npomexyrke [0; +co). 9ta GQyHKIMA IpUHUMAET
BCe 3HAYEHHS U3 mpoMe:kyTka [0; +o0),

Ectu n=2m+1 (m € N) — HeuéTHOe HATypaJbHOE YHUCJIO, TO
byHKIuA y = x*"*1 gengerca BogpacTramiiel Ha MHTEpBase (—oo; +00),
JTa QYHKIUA MPUHMMAET BCe 3HAUEHUA M3 MHTepBaia (—oo; +00).

Kaxnasn ua ynxnuuit y = x2™ u y = x2m+1, m e N, HenpephIBHA Ha
IIpOMeXKyTKe (—oo; +00),
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CreneHns yMcaa
P =

z“l

217.

219.
220.

222.
223.

224.

Ilna KaKUX HATYPAJbHBIX 3HAUEHWH n QYHKOUA y = X
a) uérHad; 6) HeuéTHAaA;
B) HeNpepLIBHA HA MPOMeXyTKe (—oo; +00)?

OTHOCHUTEIBHO Yero cuMMeTpuueH rpaduxk GyHKIHU y = X"
a) IpU n 4ETHOM; 6) npu n HedéTHOM?

Mana ¢yskuusa y = x°. Beraucaure suavenus y(0), y(1), y(-1),
y(=2), y % ,y(=0,5), y (%), Yy [—%] Pemenue odopMuTe B BUJE

TabJIUIEI.
Nana dysknusa y = x4, Banonaure Tabaumy 3HaueHUH QYHKIUU
npu x, pasaom 0; 1; -1; 2; -2; 3; —3; l; -0,5; l; —l; l; -0,25;
1 1 2 3" 8 4
1= -1-=.
2 2

Nana pyuxnusa y = x°. BepHO g1 paBeHCTBO:
a) y(-2)=-32; 6) y(-1)=-1; B) y(38)=243; 1) y(-2) =327

BrrupcsuTe 3HaYeHUA GyHKnuu y = x3, B3gB x or —1 10 1 ue-
pes 0,2. Pemenue opopmure B Buje TabIUILBL.

[Ipu KaKUX 3HAUEHHUAX APTYMeHTA 3HaUeHWe QYHKIIUHU:
a) y = x* pasro 0; 1; -1; 16;
6) y = x% pasuo 0; 1; —1; —-8; 647

Kakosa o6acTh sHaueHWH GyHKOuU: a) y = x4 6) y = x37

Nana GyEKOUA y = x5,

a) Kakue 3HaueHus NpUHUMAaeT NaHHAs (QYHKIUSA, €ClId X =0,
x < 07?

6) B KakuX UYeTBEPTAX PACIOJNOXKEeH rpaduk JaHHOM dyHRIEN?
Otrser obocHYyHTE.

B) fBnserca au JaHHAs (PYHKIUA UYETHON (meuérnoit)? OtseT
obocHyiTe.

r) ITokaskure, 4yTo AaHHas (QYHKIOUA BO3pacraeT Ha HMHTepBaJe
(—o0; +00).

n) IlocrpoiiTe B JeKapTOBOM cucTeMe KOODJAMHAT TOYKH (x; x9),
BaaB x ot —1,5 mo 1,5 ygepes 0,5.

e) ITocrpoiiTe B TOH e cCuCTeMe KOODAMHAT TOUKHM (X3 x3), B3AB X
or -0,5 nmo 0,5 uepes 0,2.

s) YuuTbiBasi HEIPEPBIBHOCThE (PYHKIUH Y = x3, moctpoiTe eé
rpaduK.

3) YkauTe ¢ IOMOLIbIO rpaduKa QYHKIHUHK Y = x3, IpU KAKUX X
sHaueHUs GyHKIuM Goxbine 1; mensme —1.

Iana ¢pyaxnus y = x4, Hccaenyiite aTy QYHKIUIO IO CXeMe Ipe-
IBIOYINEro 3aflaHusA M IOCTpoiiTe eé rpaduk.
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227.

231.

234.

YuureiBass 4€THOCTH (HEYETHOCTH) ()YHKIUH, IOCTPOiTE €6 rpa-
bux (Ans mocrpoeHus rpaduKa ZOCTATOYHO ONPEAEJUTH UETBED-
TH, B KOTOPHIX OH PACIIOJIO}K€H, 1 IPHUMePHOe ero PaclojIoXKeHue
C DOMOIIBI0 HECKOJILKHUX TOUYEK):

a) y = x5 6) y=x7; B) y = x%

r) y=x% A) y = x'9 e) y=uxt

ITocTpoiiTe rpadpux GyHKIHA:

a) y= x20; 6) y= x190,

[Ipuragnexur au rpadury GyHKIAKA Yy = x° rouka:

a) A(-1; -1); 6) B(2; 64); B) C(2; 32)?
[Tpuragnesxur au rpadpury bysxnuu y = x5 Touka:

a) A(-2; 64); 0) B(-1; 1); B) C(2; 32)?

B oxnoil cucreme KoopauHAT IoCcTpoiiTe rpadukK GYHKIIHI y=xt

Hy=x%

a) CpaBHUTe 3HaYeHWA 3THUX (QYHKUUHE Ha npomexytke (0; 1);
(1; +o0).

6) Ilpu KaKuX 3HAYEHUAX X BHAUEHUS KaXKAOU U3 JAHHBIX QYHK-
uuii 6oasure 0? mensme 0?7 6onpme 1?7 meHbITE 12

B) CyuiecTBYIOT JM TaKue 3HAYEHHUS X, IIPH KOTOPBIX 3HAYECHHA
GbyEKOuM y = x3 Gosible COOTBETCTBYIOIIUX 3HAYEHMH (DYHKIMA
y = x1?

r) Ha xakom npomMexyTke Kaykaas u3 NaHHBIX QYHKIUHA ABIAET-
cs Boadpacrampulei? yOnIBaromiei?

B opnoit cucreme KoopauHAT ¢ eqUHMYHBIME oTpe3dkamMu 10 cM Ha

naTepsane (-1; 1) mocrpoiite rpaduru GyHKIHH y = x, y = x2,
o a8 o Tl

y=x7, y=x"

CpaBHuTe 3HaueHMA (PYHKUMN y=x ¥ y=x° OpU 3HAYEHUAX

apryMeHTa:

a) O<x<1; 6) x>1; B) -1<x<0; r) x<-1.

CpaBuuTe 3nauenua QyHkuuit y = x* u y = x° npu sHaueHuax ap-
TYMeHTa:

a) x> 1; 6) x <-1; B) -1<x<0; ) 0<x<l.
HNana dbyaknus y = x'2, CpasHure:
a) y(1) u y(2); 6) y(-2) u y(-1);

B) y(-3) u y(3); r) y(0) u y(5).

Hana pyuxnus y = x°. CpaBHuTE:
a) y(-1) n y(1); 6) y(-2) u y(0);
B) y(4) u y(-5); r) y(6) u y(3).

CpaBuure ¢ efuHMIEN 3HaYeHUs QyHKOUH y = x18:

a) y(0,5);  6) y(%}; B) y(-2);

r) y(6); o) y(0); e) y(-1).
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\ 5.1. MNoHsTHEe KOPHSA cr_enén-i_u n|

IIyeTs n — HATYpaJbHOE YHCIO U N = 2.

KopHeM cTemeHH n M3 YUCJA @ HA3BIBAIOT TaKOe YMCJIO (ecau OHO
CYIIeCTBYeT), n-f CTelleHb KOTOPOro paBHA 4.

MpI y2Ke 3HaeM, 4YTO KOPeHb CTelleHU 2 HA3hIBAIOT TaKKe keadpam-
Hoim KopHem. KopeHb cTeneHH 3 HA3BIBAIOT emIé KYOuLecKuMm KOpHeM.

Ipumep 1. Pasencrea 03 =0, 13=1, 23=8, 33=27, (-1)*=-1,
(-2)? = -8, (-8)3 = —27 noxasmiBaloT, 4TO uMcaa -3, -2, -1, 0, 1, 2, 3
ecTh KyOuYecKHe KOPHHM COOTBeTCTBeHHO u3 uucen —27, -8, -1, 0, 1, 8,
27.

IIpumep 2. Pasencrsa 05=0, 15=1, 25 = 32, 3% =243, (-1)°=-1,
(-2)® = -82, (-8)° = —248 nokassBaioT, 4ro yucaa -3, -2, -1, 0, 1, 2, 3
ecTh KOPHHM CTEIleHH 5 COOTBeTCTBeHHO u3 uncen —243, -32, -1, 0, 1, 32,
243.

Ilpumep 3. PaBencrsa 04 =0, 14=1, 2¢=16, 3*=81, (-1)'=1,
(-2)* = 16, (-3)* = 81 mokassIBaIOT, YTO €cTh ABa umciaa +1 u —1, KoTo-
phle ABJIAIOTCA KOPHAMH UYeTBEPTOH cTemeHM u3 1; ecTh aBa umcia +2
U —2, ABIAIOIINECS KOPHAMHU YeTBEpTOM cTeneHn u3 16; ecTs Taxsxe ABa
yucna +3 u —3, ABIAINNECS KOPHAMU 4eTBEépTOM cremeHu u3 81. [la-
nee, 0 ecTh KOpeHb ueTBépTOi crenenu us 0.

He cymecTByeT KOPHA 4eTBEPTOIi CTENeHH H3 OTPHIATEJIbHOI0 YHC-
Ja, TOTOMY dYTO YeTBEpPTas CTeleHb JI000T0 AefCTBUTENbHOIO YHCJIa
eCTh UMCJIO HeOTpUIlaTeJabHOe. 3[ech M Jajiee pedb MAET O CYIIeCTBOBA-
HUU JeHCTBUTELHOIO YHCJa, ABIAIONIETOCH KOPDHEM U3 JeHCTBUTEIbHO-
ro 4ucJja.

B cnepyromeM ImyHKTe GYAYT IMoJydeHbI OOI[He 3aKIOUYeHUsA, KOTO-
pble COTrJIACYIOTCS C PACCMOTPEHHBIMM BBIIIEe YaCTHHIMU (haxkTaMu.
236. Uro HA3BIBAIOT KOPHEM: a) KBaApaTHBIM; 0) KyOMYecKHuM; B) If-

TOii crenenu; r) crenesu n (n = 2, n € N) us yucaa b?
237. a) CKOJBKO CYIIECTBYeT KOpHEeN 4eTBEPTOM cTemeHHu u3 uucaa 1;
81; 0?
6) CKOJIBKO CyLIecTByeT KOpHell nAToi creneHu us uuciaa 0; 1; —17
238. an%u(x}%%e BCe HATypaJbHbIe YKucia, KyObl KOTOPHIX He IIPeBhIIa-
oT 1 i

239. BrinmumuTre Bce IIeJble YMCJA, YeTBEPTHIE CTEIeHH KOTOPBIX He
npeseimaiT 10 000.

240. CKOJBKO CYHUIECTBYET HATYPaJbHBIX YMCeJI, [IIecTasg CTeIeHb KOTO-
peix He npessimaer 1 000 0007?



241.

242.
243.

244.

245.

- 247.

248.

Haiinure pebpo kyba, ecau ero o6béM paseH:

a) 1 m3; 6) 8 cm3; B) 27 am3;

r) 64 mm3; ) 1000 xkm3; e) 1 000 000 m3. "
Haiigure uncno, ky6 koroporo pasen: a) —8; 6) 0,001; B) o7
Horkaxure, 4T0 YUCIO:

a) 3 ecTh KOpeHb TpPeThel crerneHu us 27;

6) —0,5 ecTs KOpeHb uyeTBEPTOI crenenu ua 0,0625;

B) 7 — KOpeHb 4eTBEpTOi# cremeHu m3 2401;

r) —1% — KOpeHb TpeThell CTeleH! U3 —2%.

Haiinure Ky6uueckuit KopeHb U3 yucsa:
a) 1000; 6) 64 000 000; B) 125 000 000 000;

r) —0,001; 1) 3%; e) -1%.
JokakuTe NPaBUIBLHOCTh PElIeHU.

HaiinuTe KopeHb 4eTBEPTON CTEHNEHH M3 YMCIA:

a) 0; 6) 160 000; B) 62 500 000 000;

r) —-0,0001; o) 1-10%8; e) 1,6 - 103,

[oxaXuTe NMPaBUILHOCTEL peIleHusd.

CymiecTByer in KOpeHb IIECTOM CTENeHW M3 HAaHHOTO YHCIa, eCIH
CYIIeCTBYeT, TO eAUHCTBEHHLINM JIU 3TO KOPEeHb:

a)1l; 6)0; B -1; r) 1,2; nx) -1,8-10% &e) 7,2-105?
Bcerma nu cymiecTBYIOT ABa KODHA YETHOH CTeNeHH U3 OXHOIO
M TOrO e HeOTPHUIATEJHLHOIo uucjaa?

IIpoBeprTe, ABAAETCA JIM YHUCJIO:

a) 6 xopHeM ImIecToi cTeneHu u3 46 656;
6) —3 xopHeM cexbMOil cTeneHn u3 2187;
B) —3 KOpHeM ceabMOi cremeH:u us —2187;

r) —0,4 xopHeM mATOH cTemeHH U3 ﬂ—.
3125

. KopHu 4éTHOW ¥ He4yEéTHOW cTeneHen |

TeorPeEMA L

CyuiecTByeT, 1 NPUTOM €OMHCTBEHHbIN, KOPEHb HEeYETHOM CTeneHu
13 nboro AENCTBUTENLHOMO YUcna a, NPy 9TOM KOPEeHb HEYETHOW
CTeMneHwn: a) 13 MoNOXUTENIbHOrO YMCna €CTb YUCIO MNONOXUTESb-
Hoe; 6) M3 OTpMUATENbHOrO YUcna ecTb YUCIO OTPULATENbHOE;
B) U3 HYNS €CTb HY/b.

JowxazartenncTno., IIpumenum rpadpuueckuit merox. Ormerum,
uTO J11000e HeuéTHOe Yucio, 6osbiuee 1, MOJKHO 3aNucaThL B Buae 2m + 1,
rge m — HaTypaJlbHOE YMCJIO,
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ITocTtpouM B [OeKapTOBOM CHCTeMe KO- yA

opauHat xOy rpaduk QYHKIUHU
y=x2m+1 B(O;a) M

(puc. 55 u 56). OTa GyHKUMA BO3pacTaeT Ha e
IpOMEXYyTKe (—co; +00), IPUHUMAA BCe 3Ha- 1+
YeHHdA OT —oo A0 +oo, eé rpaduK — Helpe-
pBIBHAsA KpHUBafd, IPOXOJAIIAA Yepe3 HAUAJO
KOOpAUHAT, CUMMETPHYHAA OTHOCHTEJIBHO 73] 1 b %

Hayajga KOOpJHHAT.

3anaauM IIPOMUSBOJIbHOE YHCJIO0 a. Yepes
Touky B(0; a) npoBesém npaMymo y = a, Ia-
pamnensnyio ocu Ox. OHa mepecekaeT rpa-
buk dyHxkmum y = x>"*1! B OGHON M TOJBKO
omHOM TOuKe M, UTO cieiyeT M3 BO3pAacTa-
HUS GyHKOMM y = x2"+1, Touka M umeer = Puc.55
opauHaty y = a. O6osnauum eé abcuuccy de-

pes x = b. yA

Taxum 00pasoM, MOJIy4YEeHHOe YHCIO b
eCTh eUHCTBEHHOE, I/ KOTOPOr'0 BHIIIOJHA-
eTcss paBeHCTBO

b2m +1=gq, 1

Ecau a > 0, To b > 0 (puc. 55).

Eciu a <0, To b < 0 (puc. 56). b R

Haxomnern, eciu a =0, To u b =0. 9] t x

Wrax, MOKA3aHO, YTO AJIs JI06Oro AeicT- 1
BHUTEJBbHOTO YHCJA d CYLIeCTBYET, M IIPUTOM B
OAWH, KOpeHb creneHu (2m + 1), on ob6o3Ha- B(0;a) y=a
yaeTcs Tak: M

2m +‘UE.
Teopema 1 moxasaHa. B Puc. 56

IlpuBeném npuMephl:

38 =2, 3-8=-2

/100000 = 10, %¥/-100000 = -10.

TeEorPeEMA &

CyLLeCTBYIOT AiBa U TONbKO ABa KOPHA YETHOW cTeneHu n3 niodoro
NONOXWUTENIBHOIO YMCcNa, KOTOPbIE OT/IMYAITCA NUWbL 3Hakamu. Ko-
peHb YEeTHON cTeneHn u3 0 eaMHCTBEHHbIM, paBHbll HyM0. KopHs
YETHOW CTEeneHun U3 OTPULATENLHOrO YACNa He CyllecTByerT.

JNoxazarensctTso. OTMETHM, YTO BCAKOE IOJOXKUTEIbHOE UET-
HOe YMCJIO MOJKHO 3alucaTh B Buje 2m, rae m — HaTypaJbHOE UUCJIO.
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yA Ecau moboe uymciio, OTIMYHOE OT HYJIA,
BO3BECTH B YETHYIO CTENEeHb 2M, TO IO-
JYYUTCS IIOJOKHUTENbHOE YHCIo. Eciam
M B(0;a) /N
JKe HyJIb BO3BECTH B CTeIeHb 2m, TO IO-
¥=a  jgyyurca Hyab. 9TO W AOKA3LIBAET, UTO
KODEeHb CTEeIeHHU 2/m U3 HYJSA eJUHCTBEeH-
HBIH, PaBHBIH HYJIO, U 4YTO KOPHSA YET-
HOHM CTeNleHM M3 OTPHIATEILHOTO UHCJa
He CYIeCTBYEeT.
3 b Yro6w1 fOKA3aTH IEPBOE YTBEPIXKIE-
HUe TeopeMbl, IPUMEHUM rpadudecKui
meTofn. Pacemorpum rpapuy (yHKIHH
-b o 1 b y = x2m, (1D
B Puc. 57 Ira GyHKIHUA BO3pacTaeT Ha MpO-
mexyTKe [0; +o0), npuHEMAas BCe 3HAYe-
Huda ot 0 5o +co, u yOsIBaeT Ha npoMesKyTKe (—oo; 0], mpuEEMas Bce 3Ha-
yeHHsA OT +co g0 0. Eé rpaduk — HempephIBHAss KpUBasi, NPOXOAAIIas
yepe3 HAYaj o KOODAMHAT M CHMMETPUYHAA OTHOCHTEJbHO ocu Oy
(puc. 57).
3azlauM IIPOU3BOJIBHOE IOJIOKHUTeNbHOe ducao a (a > 0). Yepes
Touky B(0; a) nmpoBesém mnpsamyoo, mapajiienbHyio ocu Ox. 9ra nps-
Mad Iepecekaer rpaduk QyHKIHK Yy = X2™ B ABYX M TOJBKO B ABYX TOU-
kax M u N, UMeOImUX OJHY U TY K€ OPAMHATY d. AGCIHCCEI UX B CHJIY
CHMMETPUYHOCTH Ipaduka OTHOCHUTEJbHO ocH Oy MMeT IPOTHUBOIO-
JoykHBIe 3HaKH. Touka N MMeeT HOJIOXKUTENBHYIO abenuccy, 0003HaYuM
eé uepe3 b (b >0). Torga Touka M uMeeT OTpUIATENBHYIO abciucey,
pasuyio (-b).
OueBuzaHO, uTO b2™ = (=b)?™ = q.
WUrak, moxasaHO, YTO CYIIECTBYIOT ABa M TOJbKO JBA KOPHA CTEIIEHH
2m n3 11060r0 IOIOKHUTENbHOr0 yncaa ¢. OauH u3 Hux b, IMOJOKUTEb-

HbI, 0603HavaloT Tak: 2"Va. Jpyroii, orpunaTelbHBI KOPEeHb CTEIeHHU
2m us a (a > 0) obosHauaoT Tax: (—2%a).

Kopess crenenn 2m us uncaa 0 (Kax MOKa3aHO BBINIE, eIWHCTBEH-
HBIHM, paBHBEIH () 0003HAUAOT TaK: 2”%/6 =05

Teopema 2 moxasana.
IlpuBeéM mpuUMeEpHI:

416 = 2, 81000000 =10, o =0,
-4/16 = -2, -§/1000000 = -10.
3ameuvanue. 3anucu
4-16, 4/-81, §/~1000000, 4%/-13,2, 8-0,1

He UMEIOT CMEBICJIa, IIOTOMY UTO KOPeHb YETHOM CTeIleHU M3 OTPHUIATENh-
HOT'0 YHCJIA He CYIIeCTBYeT.

=Yy
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ITopsepém uror. Ilyects m — pgaHHOe HATYpAaJbHOE YHCJIO.
CymiecTByeT, ¥ IPUTOM TOJBKO OJWH, KODeHb cTeneHH (2m + 1)

w 2m +1
73 J1060T0 AeCTBUTEeNBHOTO Uncia a. Ero 0603HauaoT TaK: Ja, npn
3TOM
2m +1
ectma>0, 0" "Va >0,

2 1
ecima=0, 10" Va =0,

2 1
ecau a < 0, To m*ia < 0.

CyIIecTBYIOT Ba ¥ TOJBKO B KOPHS CTENeH! 2m U3 J000ro moJjo-
JKHUTEJBbHOrO YKCa @, OHY OTJIMYAIOTCA JIMIIb 3HAKAMM.

ITonosxkuTensHBIN KOpeHb 0603HAYAIOT TaK: 2’"\/5, a OTpHUIIATEJbHBIN
KOpEeHb TaK: (—2”{/;).

Hynas ecTh eqUHCTBEHHBIN KOpEeHBb CTENeHu 2m U3 Yucjaa HyJb, ero
oboamauator Tak: 2%/0. Taxum obpasom, 23/0 = 0.

Ropenb cTemeHW 2m M3 OTPUIATENHHOIO YHCJIa He CyIIecTByerT.

| 3ameuanue. IIpu nonpoﬁﬂom H3Y4YeHUH KOMILJIEKCHBIX UHCeJI IOKa-
3mBae'rc3 4TO KODHM YETHOH CTeNeHH M3 OTPUIATEeNBHBIX YHCeJ SABJIsA-
IOTCA KOMILIEKCHBIMK umcaamu. ClioBa «KOpeHb YETHOM CTeleHH u3
OTPUIIATEJILHOTO YMCJIA He CYIIecTByeT» O3HA4aloT, YTO He CYIIeCTBY-

eT AeHACTBUTEILHOIO UHMCJA, ABJAIOIIErocs KOPHEM YETHOH CTeleHH U3
OTPUIATEJBHOTO UHCJIA.

249. a) CKOJBKO CyLIeCTBYeT KODHeil HeY&THOH CTemeHH Hu3 JI60ro
JEeNCTBUTEJIBHOr0 dyucaa’?
0) MosxeT M KOPEeHb HEUYETHOH CTeNeHM M3 IOJIOMKUTEJIbHOr0
yypcsa GBITh YUCIOM OTPHIATEIBHBIM?
B) Byzaer 1 KOpeHb HEUETHOI CTEIIEHU U3 OTPULATEIHBHOIO YHUCIa
YHCJIOM OTPHIIATEJIbHBIM ?
r) Yemy paBeH KOpeHb HEUETHON CTENeHU U3 HyIa?

250. Kax 0603Ha4YaloT KOpeHb HEYETHOM CTemeHM U3 ducja a?

251. Kax 0603HAUaOT NOJIOKUTEIbHBIN KOPEHb YETHOM CTEIIeHN U3 II0-
JoxkuTeabHOro yucaa? Ilpusegure mpumMep.

252. Kax 0603Ha4aOT OTPUIlATEbLHBIA KOPeHb YETHOI CTeleHH M3 II0-
JoxxuTenbHOro uynucyaa? IlpuBenure mpumep.

253. Ina moboro s JAEHCTBHTENBHOIO 4YHCJA CYIIECTBYeT KOPeHb
YETHOU cTeneHU?

254. CymecTByeT Jid KOpPeHb YETHON CTENeHH: a) U3 IOJIOKUTEJTbHOI'O
yucsa; 0) U3 HYJNA; B) U3 OTPHIATEJBHOIO yucuaa?

255. Yemy paBeH KOpPeHb YETHOH CTENEHU M3 HyIaA?
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257.

261.

[Touemy He cymiecTByeT KOPHsI YETHOU CTEHNEHUW U3 OTPULATETHHO-
ro uucjaa?

Hcnonesysa rpaduk QyHKIUHA Yy = X3, TOKAXKUTE, UTO CYIIECTBYeT
eIVMHCTBEHHBIA KyOHMUYeCKHil KOpeHb U3 YMCJa:
a) 1; 0) 5; B) 0; r) -3.

Ucnonsays rpaduk GyHKOMH y = x3, HaliiuTe C TOYHOCTHIO IO
eqUHHUI: a) 3/2; 6) ¥7; B) ¥-3; r) 3/-5.

IIpouTuTe BHIpaKeHUE:

a) i/5; 6) -V-2; B) %7, r) —-%/-7.

HiMeeT i1 CMBICJ 3aNUCh:

a) 3/5; 6) ¥/-5; ) 4/5; r) 4-5; ) Yo; e) §-0,1?
BepHo i paBeHCTBO:

a) ¥-27=-3; 6) ¥-6=-2; B)V64=-4; 1) 625=-5?

HajiguTe 3HAYeHUE BBIPAXKEHHUA:

a) ®2% 6 (123 ) @-8)% 1) (V-3

Beraucaure (263—265):

263.

264.

265.

267.

a) ¥23; 6) ¥5%; B) 3/(-4)%; - 1) §(-0,5;
o) ¥8-4; e) V81.27; x) 3/-3,6-0,06; 3) ¥-5-25.

a) 3/1000; 6) 5{/1000{)000000; B) 3/3200000; r) 3/-343000000.

{8 /125 ’ 3 , 23
] ] foado il gl_g2a gl 2=
2) 27’ °) 216’ B) 38 ’ ) 564°

Pemure ypaBHeHMe, UCTIONBL3YHA IpaduK QYHKIINN:

a) x3=8; 6) x3=-1; B) x3=-27; r) x3=25;
a) x%=-T; e) x5=1; x) x°=32; a) x%= 2.
ITokakuTe, UCIOJAb3ys rpaduk GYHKIUM y = x*, uTo!

a) CYIIEecTBYIOT ABA NEeUCTBUTEIBHBIX KOPHS YETBEPTON CTENeHU
H3 umucia 3;

6) cyuiecTByer eJUHCTBEeHHBIN AeHACTBUTENbHBIA KOpeHb
4eTBEPTOM cTreneHH u3 uuciaa 0;

B) He CVYIIECTBYeT IeHCTBUTEJBHBIX KOPHEH UYeTBEDPTOM CTeleHH
us3 yucaa —1.

JokaxuTe, YTO YHUCJIO:
a) 10 ects KopeHs mectoit crenenn u3 1 000 000;
6) —2 ecThb KOpeHBb 4YeTBEPTOM cTemeHu u3 16;

= 1
B) 0,5 ecTh KOpPeHB IIECTOI CTENEHH U3 a;

1 i ., 1
r) -3 €CTh KOPEeHb YEeTBEPTOM CTEIeHU M3 TR
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269. Briuyuciure KopeHsb: a) ¥10%; 6) 4‘110{1)00; ) §64; 1) ¥81.

Jokakure NpaBUIBHOCTh PEIIEHUSA.
270. BepHO JM paBeHCTBO:

a) 416 = -2; 6) 1 =1; B) ¥-16 = -2; r) 416 =
271. VmMmeer Ju CMBICT BhIpajXeHue:

a) ¥35-62;  6) ¥27-5%; ) J(-2°; 1) {(-8)°?

272. IlposepsTe, ABIAETCA JIH YHCIIO:
a) 5 KopHeM nATOM cremeHu u3 3125;
6) —2 KopHeM BOChbMOM crerieHHn us 256;
B) 1,1 xopHeM ueTBépTOH crenenu u3 1,4641;

2 64
r) —— KOpPHEM IIeCTO# CTeNeHH M3 729"

273. IloxkakuTe, UCIONB3YysA rpaduk GYHKOUM y = x*, 4TO cymiecTBy-
0T cJIeAyIOI[He KOPHU, U YKa)XUTe UX 3HAUYEHHUA C TOUYHOCTBIO [0
eqUHHIL:

a) ¥3; 6) -¥3; ) ¥2; r) -¥2; ) Y0; e) 40,5 x) -40,5.
274. Buruucnure: a) 416; 6) 410000; ) 4\%; r) #%.

275. Bbruucaure:
a) 5+ 41; 6) 64 + 3; B) 16 -1; r)8-982;
n) %27 - 481; e) Y43 +3/-125; x) V162; 3) V252%;
n) $2-32; k) $/16-256.

276. Pemure ypaBHeHHE, UCIOJb3YA rpaduK QYyHKIIWH:

a) x4=1; 0) xt=-1; B) x8 = 0; r) x*=81;
n) xt=4; e) x*=25; k) x%=1; g) x9=8,

[ 5.3. Apudmerunueckuii KOpeHb CTENEHU 7 |

IIycTe n — HATYpaJbHOE YHCJO, 1 = 2.

HeorpunarenbHbIA KOPEHb CTEIIEHU 71 13 HEOTPUILATEJIBHOTO YUCJIA 4
(a 2 0) maseiBaloT apudMeTHIeCKHM KOPHEM CTeIeHH 7 U3 4YHcia da.

Kak y»xe oTmMeuasoch B OIYHKTe 5.2, I/ HEUETHOIO N CYINECTBYET
TOJIBKO OAHH KOpPeHb u3 J0b60oro uucia a. IIpu 5TOM OH HEOTPHIIATEIhb-
HBI, €CJIM @ HeoTpuuaTesibHo. [103TOMY IMOHATHA KOPHA HEUYETHON cTe-
MMeHN U3 HeOTPUIATEeJbHOTO YHcJa @ U apudMeTHYecKOro KOPHSA TOM ke
CTEeIleHM M3 TOTO Ke CaMOro UHCJa d COBIAafaloT.

B cayuae ke 4€THOTO 1, KAK y2Ke OTMEUAJIOCh B MyHKTe 5.2, cylue-
CTBYIOT JIBa KODHSA CTEIEHH 71 U3 MOJOKHUTEeJbHOro unuciaa. OauH U3 HUX:

Ya — moJIOKHUTENBHBIM, T. €. apu(MeTHUYECKHl KOPeHb CTeNeH! N U3 a,
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a Ipyro paBeH eMy I10 aOCOJIOTHOM BeJIMYUHE, HO MMPOTUBOIOJIOMKEH 110

3HaKYy: ~%a. KopeHns crenenu n (n = 2) U3 HyJIA [0 ONpeAeseHUIO eCTh
apu(pMeTHUeCKUN KOPEHb CTEIIeHH 71 U3 HYJA:
0 = 0.

I/Ig BBINIEU3JIOMKEHHOI0 CJIEAYEeT, YTO €CJIM CYIIEeCTBYeT apupMeTH-
YeCcKUIl KOpPeHb CTENeHHW N U3 YHCJja @, TO OH eJMHCTBEHHbIN.

IloguepkHEM, UTO:

1) ecaru a — HeoTpuUIaTESILHOE YHUCJO, a N — JI000€ HATYpAJIbHOE
guciso (n > 2), To sanucek Ya osmauaer apudMeTHYEeCKHUH KOpPEeHb CTele-
HHU N U3 4YHUCa a;

2) ecnu a — OTPHULATENBHOe TUCIIO0 U N = 2m + 1 (m € N) — Heuér-
HOe YMCJI0, TO 3amuch - va o3Hadaer KOpeHb cTeneHH 2m + 1 u3 4uc-
Ja @, HO 3TOT KOPeHb He ABJAETCI apu(dMeTHUYeCKHM KOPHEM;

3) ecam a — oTpuULATEJBLHOE YHCJI0, a n = 2m (m € N) — uéTHoe
YHUCJI0, TO 3amucCh 2"Ya He WMeeT CMBICIA.

IIpuBeném npumepsI:

1) 3amnucu
‘Jg’ 3‘J6} ‘Vg, yg =

3alMCH apu(MeTHYeCKUX ROpHeﬁ .

2) 3anucu
-3, ¥-4, -45, Y-8 —

3almcH ROpHeﬁ, KOTOpbIe He ABJIAKTCH apmpme'rnqecxnmm KOPDHAMHM.

3) 3amnmcu
v-3, ¥-5, %11, -J—1
He UMEIOT CMBICJIA.
TeEoFPeEMA L

Ons HaTypanbHOro yucna n (n = 2) 1 HeoTpULATENbHOro Y1ucna a
cnpasen/ivBbl paBeHCTBa

#a)" = a, (1)
Ya™ = a. (2)

JoxasarteabcTBo. Tak Kak ¢ — HeOTpHUIATEJIBHOE YMCJIO, TO
%a o OIIPEJIeJIEHNI0 HEOTPHUIlATEIbHOE YHCJIO0, M-A CTENeHb KOTOPOro
€cTh a. ITO W BhIpaxkaercsa paBeHcTBoM (1).

Taxk xaxk a = (0 — HeoTpHIATeJNbHOE YHCJIO, TO, KaK IIOKas3aHO

B nyHKTe 4.1, a"=20 un ﬂa_“ IO OIpejesIeHUI0 HeOTpUIlaATeJIbHOe YHUCJIO,
n-s cTeneHb KOTOporo ectb a”. TakuM UHCIOM SBIAETCHA d, YTO U 3alH-
caHo npu momoinu paseHcTBa (2). Ipyroro HeoTpuIIaTeIbLHOI'O UHCIA,
n-s cTelneHb KOTOPOro paBHsAETCA a", HET.

Teopema 1 noxasana.
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ITpuBenéM npHUMepHI:
&2r=2 @7r=17 @ELP=1,
431 =3, ¥100° =100, %07 = 0.

TeorPeMAa &
[lns HaTypanbHOro yucna n (n = 2) ¥ HeoTpULATENbHBLIX Yucen a u b
13 paBeHCTBa a" = b" cneayeT PaBeHCTBO a = b.

NowazareascTno., 3 pasedcrBa a® = b", rge a u b — HeoTpH-

naTeJbHbIE YUCIA, ClefyeT paBeHCTBO Va" = VYb" , Trak Kak apudmerude-
CKHUJ KOpeHb CTeNeHH 7 U3 HEeOTPUIATeJIBHOrO YHWCJA eJMHCTBEHHBIH.
VuuteiBas, uto @ =2 0 u b 2 0, 1 ucrnoyb3ys paBeHCTBO (2), mojgydaeM, 4To

Ya"=a u Yb" =b.
CrnepgoBaTenbHO, @ = b.

Teopema 2 nmoxasana.

TeoreEMA 3
Onsa HaTypanbHoro Yncna n (n = 2) n HeoTpuuartesbHbIX Yacen a, b
n ¢ (c # 0) cnpasegnMBbl paBeHCTBa

2a-b = 4a -3, (3)
a_%a
il (4)

n

NowxasateascTso. [lo ceolicTBy (1) uMeeMm
Fa-b)"=a-b,
Wa o) = Fla) - &o)" = a-b.

HpaBHe JacTH 3THUX PaBeHCTB PaBHBEI. CJIe,I[OBaTeJ'IBHO, PABHEL H Jie-

BbIe UX YacCTH:
Wa-b)" = @a - Yo)".

Tax xax uucna ¥a-b u Ya - b HeOTpUIIATeIbHEI, TO, IPUMEHAA Teope-
My 2, mojaydaeM, UTO CIIPaBeJJIUBO PABEHCTBO (3). AHAJIOTUYHO JOKA3bI-
BaeTcs paBeHCTBO (4).

Teopema 3 moxasaHa.

IIpuBegéM mpPHUMEpPHL:

148 = 416-3 = ¥16 - /3 = 243,
Y24 = /8.3 =8 -3 = 23/,
J2 - ‘-‘f ‘«FJ‘ ¥ iz
81 ’
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* 3ameuvanue. Eciu n — HeuéTHOe umcao, TO TeopeMs! 1, 2 u 3 cmpa-
BeAJIMBEI JIUIA JMIOOBIX NedCTBUTENBHBIX uucesa a, b u ¢ (¢ # 0).

Jaa HaTypaJapHOTO YHMCJIAa M M J060ro AelCTBUTEIHLHOrO
YHCJIa @ CIpaBeJJIMBO PABEHCTBO

2m+1 2 1
m _a=_m+ (—a'

IeiicTBUTENIBHO, IPUMEHASA TeOpeMy 3, a 3aTeM TeopeMmy 1, moaydum

2m+{[__: 2m+m - 2m+1_12m+1a -
— (_1)2m +{/E — _2m +%-
ITpuBeném nmpumeps!:
Y-27=-Y27=-3, ¥Y-1=-%1=-1,
{-8 = -8 = -2, §~100000 = -¥/10° = -10.

CBolicTBa KOpHEH CTENEHU N HCIOJBL3YIOT JJIf BHIHECEHUA MHOMKU-
TeJiA U3-I10J] 3HaKa KOPH#A, BHECEHUA MHOXKUTENA O] 3HAK KODHSA U IPHU
ocBOOOXKAEeHUM APOOH OT MPPALMOHAILHOCTH B 3HAMEHATeJe.

Hanpuwmep:

1) ¥-185 = -3185 = -¥5. 3 = -¥33 . {5 = -3¥5;
2) —24/3=-421.43 = _42¢.3 = _{48;
3 2. 2:¥3 28 _2B
Yo ¥z.y3 Y@ 3
Brenenne KopHeii creneHy n (n = 2) H03BOJIAET PEIIATH PAIMOHAb-
Hble YPaBHEHHUA, KOTOPHIe PaHBINe He MOTIJIM ObITH penreHbl. Hampumep,

KODHEM ypaBHEHHs X7 = 2 SBJAETCH YUCIO V2, 3TOT KOpPeHb eJUHCTBEH-
HbIl. A ypaBHeHue x!° = 3 umeer gBa KOpHA 19/3 u -19/3.
Ilpumep. Pemum ypaBHeHHe

x16 — 5x8 + 6 = 0. (5)
BBexns HOBoe HemsBecTHOe ¢ = x8, mepenumem ypasuenue (5) B Buje
t2-5t+6=0. (6)

YpaBHeHue (6) umeer gBa KopHsA ¢, =2 u t, = 3. CiezoBareibHO,
MHOJKEeCTBO BCeX KOpHell ypaBHeHHs (D) coBmajgaeT ¢ o0beJHHEHUEM
MHOJKECTB BCeX KOPHeH ypaBHeHW

#=2 u x8=3.
IlepBoe u3 5THUX ypaBHEHMII MMeeT JBa KODHA: X; = 82, X, = -8,
¥ BTOpOE MUMeeT JBa KOPHA: X3 = §/§, X = =43,
CnemoBaTenbHO, ypaBHeHHe (5) HMeeT ueThIpe KODHSA: %@, —%/é,

'8J§1 _‘8J§o
OreerT: %/E, ~§/§, ?\’/5, —%.
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CreneHb 4uncJa
TR RN R TyES |

277.

a) Yro HaseIBAIOT apudPMETHUECKUM KOPHEM cTeleHu n (n = 2) us
yucsaa a?

0) isa KakuX AeHCTBUTEJBHBIX YHCeJ OIpejesiéH apudmerude-
CKUII KOpeHb cremeHu n (n = 2) us3 JaHHOTO yuca?

B) CkoJbKO cyumjecTByeT apudMeTHUYeCKMX KODHEH CTelleHH N
(n = 2) us gas”Oro umciaa?

r) BepHsbl nu ana n000ro HEOTPHIIATEJNBLHOI'O YHUCIA a U Jioboro

HATypaJbHOro umciaa n (n = 2) paBeHcTsa Va" = (R‘/E)" =a?
1) Eciu a® = b", To BCcerga iu a = b?

BepHo 1 paBeHCTBO (278—279):

278.

279.
280.

281.

a) Ya- =*«‘/E-%,meneN,n22,a20nb?0;
0) .*{/E=£, rneneN,n=22,az0ub>0;

b b
B) ¥Va- =’\‘/E"\‘/S,I‘,u;eneN,n22,a<0nb<0;

r) RE=JE rneneN,n=22,a<0ub<0?

b iy’

2 1 2 1 o
"t d-a = -“""Ja, rne me N, a — moboe neiicTBUTEIbHOE YHCIO?

fABngerca nM cleAyoomas 3amUCh 3alHUChI0 apuGMeTHYecKoro
KOpHA:

a) ¥-2; 6) —4/3; B) 3/(-2)%; r) 4(-3)3?
Brruncaure apudpmMeruyecKkue KOPHHU:

a) 3(-8);  ©6) 410000; ) ¥2-16; 1) ¥9-81.

Breruucaure (282—286):

284.

286.

a) 3/1000 - 4/160000; 6) 3/3200000 + %/8000;
3 4 . 1 g 1
B) /0,008 + 4/0,0625; r) d; 3J125.

a) /8 -3/27; 6) 3125-27: ) 416 -4/625; r) 4/81-16;
n ¥2-%Y4; e) ¥16-32; x) 45 -4125; 3) 3/9-3/24.

a) ¥2 (/4 +3/500); 6) 4/5 (42000 - 4125);
8) 3/0,81 - 3/0,9; r) 48 -41250.

a) ¥8-¥4; 6) ¥4 -¥16;
s) ¥4-¥8-3-2 r) ¥-7-¥49-¥40.

a) §-2° +@By; o) ¥-1-¥-8.
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Briaecure MHOMKHUTENb U3-TI0J 3HAKa KOpHA (287—289):

287. a) 3/40;  6) ¥-64;  B) ¥-96; r) ¥/54.

288. a) S{E; 6) ﬁ; B) s/_%; 5 3/_%,
289. a) 4/32; 6) 4/243; 8) 4/1296; r) 4/50625.

290. OcBoGoguTech OT UPPAIIMOHAJBHOCTH B 3HAMEHAaTeJe Jpobu:

a) 3—\/1;; 6) %; B) %; r) 5_\/%'

291. a) 3anuuuTe yncia, apudMeTHyYecKue KOPHH IATOH CTEIeHH KO-
TOPBIX PaBHHI 2; 3; -i—; 0,2.
0) SBamuinure ymciaa, apudMeTHUYECKHEe KOPHU YeTBEPTOM CTeNeHH

KOTOPBIX PaBHBI 2; 3; %; 0,2.

292. Brruuciaure:

1 17 113 59
a) 45E; 0) 1{/‘;; B) 41’2%; r) 3116695.
293. Ilogbepure yuciao X, yAOBJETBOPAIOIIEe YPABHEHUIO!
a) ¥Yx = 2; 6) ¥Yx = 2; B) ¥x =1; r) Yx=1.
294. Brruuciaure:
a) (-2?; 6) J(=5)*; B) V(2 - 1)%;
r) V2-22%;  p) JW2-3)%;  e) YW - VT,

295. ViopocTuTre BhIpaKeHHe:

a) ¥/32; 6) ¥/800; 8) 328 — 3/750 + /6 + 3162;
r) ¥80; x) %/405; e) 30% i %aﬁ + 53/144;

k) 481- (4 - VIT); 3) 3/0,001 — §/0,000064.
296'. YupocTuTe BhIpasKeHUe:

a) Ym*; 6) Y=m)*;

B) (x—1)?, ecnm x < 1; r) (1 - x)?, ecam x > 1.

297. [Ina KaKUX YHUCEJ @ UMEEeT CMBICJ BhIDAYKeHHUe:

a) 2a; 6) 3/a—1; B) 4-a; r) ¥1-a?

13necs u nasnee GykBaMy 0003HAYEHBI YHCJIA, A KOTOPHIX paccMaTpUBae-
MEIe BHpaJﬂeHHﬂ HMeKT CMEICJ.
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298. [ln1a xakux 4uces kR cIpaBeaJIMBO PaBEHCTBO:
a) Jk—1?2 =1-k; 6) JA+k)? = -1-Fk?

299. VYuopocrure Bhipaxkenue i/(x + 1), ecom:
a) x=-1; 0) x<-1.

300. [loxaxuTe, 4TO 3HAUEHUE BHIPAKEHUA:

a) 417 -122 - V2; 6) 497 — 5643 + 3

ABJIAETCA ILEeJBIM YHCJIOM.

Pemure ypasaernue (301—302):

301. a) x*=15; 0) x3 = 26; B) x%=381;
r) x6=2; n) x3 =-5; e) xt=-4.
302. a) x*-3x2-4=0; 6) x6—3x3-4=0;
B) x84+ 5x*-6=0; r) x8—-T7x*-8=0;
n) x8—5xt+4=0; e) x8+ Tx*—-8=0.

303. Mccnepgyem. YiakuTe Bce 3HAUYEHHSA @, AJA KaXKJOro U3 KOTO-
pBIX ypaBHeHHMe x*=g uMeeT JBa KOpHS; MMeEeT eJUHCTBEHHBIN
KOpeHb; He UMeeT KOpHeH.

| 5.4. CBo¥icTBA KOPHeii cTeneHn 7 |

TeorPeEMA 1L
Onsa HatypanbHbiX Yncen m, n (n 2 2, m 2 2) N HEOTPULLATENBLHOIO
yucna a cnpasennvBbl PaBeHCTBA

&a)™ = Yam, (1)
"Hfam = Ya, (2)
nfifa = ™/a. (3)

JowaszareascTso. 3aMETHM, 4YTO, B CHJIY TOro 4ro a = 0, umc-
Jla, CTodAIlMe B JIEBBIX M IIPpABBIX 4YacTAX (IIOKa IpeAmojaraeMblx) pa-
BeHCTB (1) — (3), HeoTpUIIATEILHEI.

MeTon mokasaTesbCTBa 3THX pPaBEHCTB OCHOBAH Ha NPUMEHEHUH
TeopeMsl 2 1. 5.3, B CHJIy KOTOPOU €CJIM /1-€ CTeIeHU HeOTPUIlATEeJIbHBIX
ypceJ PaBHBI MeKAY c0o00ii, TO M caMM YHCJa PaBHBI MeXXAy coBoil.

Ecnu BO3BeAEM OTAENBHO JIEBYIO M IPABYIO YACTH IIPEAII0IaraeMoro
paBeHcTBa (1) B n-10 cTeneHb, TO MOJYYUM pPaBHEIE YHCJA:

(Faymy" = (@ayym = am, Eam)=am.

CnenoBarenbpHo, pasencTso (1) BepHo.
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Ecnu Bo3BeZEM OT/€BHO JIEBYIO M IIPABYI0 YaCTH IPEAIIOJIaraeMoro
paBeHcTBa (2) B cTemeHb mn, TO MOJYYUM PaBHBLIE YUCJIA:

("am)™ =am, Fa)™ = (Ha))" = am.
CnemoBarenbsHO, paBeHCTBO (2) BepHO.

Ecnu BO3Be#EM OTAENBHO JIEBBIE M IPAaBbIe YACTH IIPEAII0JIAraeMoro
paBeHcTBa (3) B cTenmeHb mn, TO MOJYYUM PABHBIE YHCJIA:

(Wa)™ = (YWa)")" = Way* = a, ("Ya)™ = a.

CnenoBaTenbHO, paBeHCTBO (3) BepHO.
Teopema 1 moxkasaHna.
IIpuBeném nmpumepsl:

1 1.1 1
¢ == 2, 3\%:{3@} =¥ = a0
164 = 428 = 23 = 22, YVi2=%12, V16 =%16=2.

3ameuvanme. Eciiu m u n — HeyéTHBIE YHCJA, TO Teopema 1 cmpa-
BeJJIMBaA JJIsA JIO0OBIX JeHCTBUTENbHBIX YUCEJ] @, B TOM YHCJIe U OTPHIA-
TEeJIBHBIX.

TeorPeEMA &
Ina HaTypanbHOro 4ucna m v nwboro AerNcTBUTENLHOrO Y1cna a

CnpaeefnnMeo paBeHCTBO
2mfo2m — lal. (4)

Jowrasarenscrro. IlycTe @ ecTh IPOM3BOJIBHOE IEMCTBUTEID-
Hoe uucyo. Torga
a® = |altm 2 0.
IToaTomy B cuny paBeHcTBa (2) m. 5.3
2m\(a2m =2mJ|a|2m = |al,

4YTO U TpebOBaJIOCh JOKA3aTh.
Teopema 2 moxasaHa.
IIpuBeéM npUMepHI:

8/(-3)® =|-8|=3, 5% =|5|=5.

JInsa mo6oro HATYPaJbHOTO YMCHAa m U JH060ro mAeicTBH-
TEJBHOr0 YHCJIA @ CIPABENJIMBO PABEHCTBO

2m+1
'Ha2m+1 = a.

CrpaBeIMBOCTHL 3TOTO VTBEPIKAEHUA CJIeJyeT U3 3aMeUYaHHd Ha
c. 90.
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TeorPeEMA 3
MycTb @ — NONOXWUTENbHOE YUCNO, p — LENoe YUCNo U n — Harty-
panbHoe Yucno, n = 2. Torga cnpasenMeBo PaBeHCTBO

tar = (Ya)». (5)

JorasaTenscTso. Ecau p — HaTypanbHOe YHCJIO, TO PaBEeHCT-
BO (5) yxe mokasaHo (cMm. paBeHCTBO (1)).

Ecau p =0, T0
Yar =31 =1, (%a)r=1.

CrnegoBaTenbHO, %—P = (’{/E)P.

Eciu p<0, To p=-|p|, rme |p| — nmarypansroe umciao. Torxa,
HCIIONB3YsA ONpejleJieHre CTeleHN C OTPHUIATeNbHBIM IeJIBIM IOKas3aTe-
JIleM ¥ CBOMCTBa apudMeTHUecKUX KOPHEeH CTemeHH 7, IOJydaeM

M pry LN (D SENPTY s S (SR
Var = alpl_W_(%)lpI'(JE) ?l= (Nay.

Teopema 3 mokasaHa.
IIpuBeném nmpuMepsl:

3274 = @27)4 = 34, VO3 = (JJO)® = 35
=

304. ChopmynupyiiTe CBOMCTBA KOPHE! CTeleHHU 7.
305. BepHO /1M paBeHCTBO:
a) A +-v"1 a’m™*1 = a, rne a — nwoboe HeHCTBUTEIHHOE UHCIIO;
6) 2”%/(.12—"‘ = |a|, rae a — m06oe meiicTBUTENBHOE UHCIIO;
B) 2ar = (%/a)?, ecniu n — HaTypaJbHOE 4HCJO, N = 2, p — IeJoe
YHCJIO, @ — IOJOXKHUTEJHLHOE YHUCJIO?
Beruncaure (306—308):
306. a) (v3)2;  ©6) ¥82; ) 8125%; 1) 813;
x) V/49%; e) ¥272; x) V163; 3) ¥/32¢.
307. a) 1/o2; 6) 4/252; B) ¥82%; r) 8163;
m) Y272; e) ¥813; x) 20949100 a) 399125100,
308. a) 181; 6) V625; B) 4/160000; r) 4/0,0625;
n) Y729; e) §/64000000; x) §/0,000729.
Hanpumep: 864 = m =38 =2.
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309'. BuiHecuTe MHOKUTENb M3-II0J 3HaKa KOPHHA:
a) ¥80; 6) ¥81; ) ¥250; ) ¥-648;
n) Yap; e) V16¢°%d8, ecim ¢ > 0, d > 0;
x) @, ecan x < 0; 3) 5-\[:565—3;
Hanpumep: 3{{16x4y5 = :{/2“x“y6 ~ %{23 « XV (y®)RRp = ﬂ(Z;vcyg)3 X
x &2x = 2xy?%/2x.
VYupocrure Boipaxkenue (310—311).
310. a) ¥/2.3/4; 6) ¥/3-%18;
8) 53/2a - ¥/4b; r) ¥a-2%at.
311. a) ¥2¢2 - Y4c; 6) 3/9x - 3/0x?;
8) Wa - Wb - We; r) ¥a -¥a? - ¥x.

BHecuTe MHOMKHTENb HOJ 3HAK KopHA (312—313):

312. a) 33“/5; 0) 2‘41; B) 5"{/1; r) 7#%.

2 2
313. a) b-'ﬁ“jE; 0) c3 bx r) ‘L‘lb—x, rge b > 0.
b a’y’ b Vad

VYupocrure Boipaxkenue (314—317):

W, gil=, gl ks

Um’ Yt Ya?pt’ Ymdn

315. a) (¥x)%; 6) (Ym)’; B) (Vab?)?; r) (34x%y?)3.
316. a) iaz; 6) Ya3; B) Ya%b?; r) §la*p?.

317. a) 27; 6) %16; ) ¥64; r) '%/81.

318. Banumure Va (a = 0) xak KOpeHb!:
a) 4eTBEPTOI CTEImeHH; 6) IIecTo# CTeleHH;
B) JIeCATOH CTEIeHH; ') IIecCTHAAIATOM CTEeIleHH.

319. Banumure Vx (x =2 0) xaK KOpeHb:
a) BOCBMOI CTEIleHH; 0) JABeHaALIATON CTEIeHH;
B) ABajIATh YEeTBEPTOH CTeIeHH; r) TPHUALATON CTEIeHH.

314. a)

320. YIpocTHUTe YHCJIOBOE BhIpAXKeHHE:

a) 1243; 6) 33v2; B) §2¥/3;
y V24ava;  m) 2¥2:3242; o) 33292 - 24/4¥.

1351ecy 1 ganee 6ykBaMu 0603HAYEHBI UMCHA, AJIS KOTOPLIX paccMaTpuBae-
Mble BBIPDAXKEHUS HUMEIOT CMEICI.
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321. BanummuTe B BUJEe KOPHEH OJHOU ¥ TOM Ke CTeIeHM TPU 4YHCJa:

a) /3, V2 u ¢5; 6) V5, 415 u £/50.

VuopocruTe Boipaxkenue (322—326):

322. a) Ya-¥a;  ©6) Yo-¥b; ) Va-¥b; 1) Vx 3.
Y4, 3100 | m an . E'JE

323. a) J— 0) o B) J;f*"j;, r) %j; 4;.

324. a) :‘J"{/_;; 6) 34b; B) 34[y10; 1) 5/3/10 .

325. a) yaia; 6) 3xvx; B) x\jx\[.;; r) 3a¥biec.

8x3ys 16a'%p!?
326. a) 3—2— ] 41’— ;
) § 27429 ° ) 81x24p*

327. Ucnoib3ysa CBOHMCTBA KOpPHEH CTeNEeHW 71, 3alMIINATE YHCJIO TaK,
yTOOBI 11O/ 3HAKOM KOPHSA OBLJIO IjeJI0e YHCJIO:

a) {g; 6) *{g; B) 55‘;]%: r) ?i/g'

328. YopocTuTe BHEIpasKeHHe:
a) (Ya -1)(Va +1); 6) (4x +4y) Wx - o)
) ¥m - Ym)Am +¥my; ) & - pHEP? +4p).

| 5.5. Jiméu_un y=%Yx, x>0 i

IIycrs n (n =2 2) — HarypanpHOe umucyao. KagoMmy HeoTpHULaTeNlb-
HOMY YHCJY X IIOCTABMM B COOTBETCTBHUE YHCJO Y, paBHOe apudmeTnye-
CKOMY KODHIO CTeIleHH 72 U3 X. U HBIMH CJIOBAMH, Ha MHOKECTBE HeOTPH-
IATeJbHBIX YHCEJ 3a7aAuM (PYHKIHIO

y = Yx. (1)

Taxum obGpasom, obnacteio omnpepenenus ¢yaxnunm (1) aBasercsa
MHOKECTBO HeOTpUIaTeJbHbIX yncesa: x = 0.
OrmeTuM cuepyoinue cgoiicmea GyHruuu (1).

1) Ecom x=0, To y =0.

2) Ecim x>0, To y > 0.

3) ®ynxuua y = Yx Bospacraer Ha mpomesxkyTre [0; +co).
4) Ecam x — 400, TO Yy — +oo.

5) ®yaxnus y = Yx menpepsiBaa Ha npomesxyTke [0; +00).
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CgoiicTBo 1 cieayer u3 TOro, 4To KOPeHb CTENEHU 7 U3 HYJSA paBeH
HYJIIO,

CpoiicTBO 2 ciefyeT M3 TOro, 4To apudMeTHUECKUl KOpPEeHb CTele-
HU N U3 MNOJOXHUTEJBHOIO YHMCJa €CTh YHCJI0 IOJIOKUTEJIbHOE,

JorxaxeM Temepb CBOMCTBO 3, T. €. JOKAMKeM CIOCOOOM OT IIPOTHB-

HoOro, 4to ecau 0 < x; < x,, TO "1’-’51 < %/x, . IIpegmonoxum, 94To HARAYTCA
YHCJa X; U Xy, TAKHUE, YTO

0<x<xy HO 3Yx, 2 Yx,.

quTHBaﬂ, UTO 3TH YHCJIa HeoTpHuuaTrejJbHbIe, IIOJYYIUM, 4YTO
(n\J‘x1)n = (n\}xa )"

T. €. X; 2 X5, 4TO IpoTuBopeuuT HepaBeHcTBaMm 0 < x; < x,. Cneznosa-
TeJIbHO, Hallle IPeAIoJIOyKeHNe HeBEePHO, a BEPHO CBOMCTBO 3.
Ecnu x crpeMutcs K Iioc 0ECKOHEYHOCTH, Ipoberas yucia

ln, 2“: 3”1 4”’9 seey mn’ seny
TOY = %fx npoberaer uucJsa
1, 2, 3,4, ooy My wus

M, OYEeBHJHO, TaKKe CTPEMHTCA K IIIOC OecKOHeYHOCTH. IlaA Apyrux
3HAUEHUN X 3TO CBOMCTBO COXPAHSETCSH.

JokxasaTenbCTBO CBOiCcTBa 5 GYET ClIeJOBATH M3 PACCMOTPEHUSA I'pa-
dbuxa dyaxoun (1).

ITepeitném K mocrpoenHuio rpadura pyaxnum y = Yx (x =2 0) B ge-
KapToBO# cucremMe koopauHaT xOyY.

PaccMoTpuM cHavasla CTENIEHHYI0 (DYHKIIHIO

x=y"(y=0) (2)
M mocTpouM eé rpaduk B TOH Ke cucTreMe KoopauHAT xOy CIeAYIOIMIUM
obpasom.

Yro6bl HMOJYYUTH TOYKY 3TOr0 rpadmukKa, COOTBETCTBYIOIIYIO 3HA-
4eHUI0 Y, (Yo = 0), ormerum Ha ocu Oy TOUKY, COOTBETCTBYIOU[YIO UHC-
ay Yo (puc. 58), npoBenaém uepes Heé NpAMYI0, NnapaiieilbHyo ocu Ox,

orMeTMM Ha ocH Ox TOUKY, COOTBETCT-
BYIOIIYIO 4HCIY X, (Xo=Yg), IpoBeméM

YA yepe3 Heé IPAMYIO, NapajjIeJbHYI OCH
Oy. Touka A mepecedyeHHUS ITHUX IPAMBIX

A(Yg; Yo) Oyzer MMeTh KOOPAWHATHI (Xg; Yo), OHA

Yo ABJAETCA TOYKOM rpadura GyHEIMHT (2),

A(x9;%x0) coorBercTByIOLIEll 3HAYEHMIO Y.
CosokymHocTe Touek A (y"; y), co-

| OTBETCTBYIOIIUX JIIOOBIM HEOTPHILATEJb-
HBIM Y, ecTb rpad@uk GyHEOUH X = Yy"

0 +— - (y =2 0)
1 Xo x Ho rak kak ana y =0 u x>0 pa-

H Puc. 58 BEHCTBA X = y"my = 2fx BBIPAXKamwT OJHY
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U Ty e 3aBHUCHUMOCTb MEXKAY X ¥ Y, TO KOODAWHATHI J11000H TOUuKH A
MOKHO 3ammcaTh B Buae A (x; 'w‘/;}.

910 mokaswiBaeT, 4To A — rTouka rpaduxa pyrnuu (1) — oxHO-
BpEeMEeHHO ABJIAETCHA U TOUKOH rpaduxa byHrmuu (2).

Ho BepHo u obparHoe: ecniu A — Touka rpadbuka ¢GpyHKuuu (2), TO
OHa ABJSAETCA U TOYKOH rpaduxa ¢ysruuu (1).

Hrak, rpabur GyHKIHHA iy = %/x (x = 0) ects yacTh rpaduxa GyHK-
nuu x = y" gas y 2 0.

Jlerko Bujers, uro rpadur ¢pysxmuu (1) orpasaer csoiictBa 1—5
byarouu (1).

He#crBurensHo, rpadux Gyuxnuu (1) mpoxoauT uepe3 HAUAIO
KoopauHAT — cBoMcTBO 1; rpadbux ¢dyHxunum (1) pacnosokeH BEIIIe
ocu Ox pna x > 0 — cBoiicTeBo 2; rpaduKk m3obpakaeT BO3PACTAIOIIYIO
(QYHKIHNIO — CBOMCTBO 3; IPH X — +00 OPAMHATEI COOTBETCTBYIOIIHUX TO-
yek rpacduka GyHKIHUH HEOrPAHNYEHHO BO3PACTAIOT — CBOICTBO 4; rpa-
¢ur ¢pyarnuu (1) ecTs HenpepsIBHAS KPUBas — CBOMCTBO 5.

IIpuBeném eilé HEKOTOpPBIE c8olicmea apudPMeTHUeCKUX KODHEMH.

6) Ecau x> 1, 10 ¥x > 1.

7) Ecm 0<x<1,100 <%x < 1.

CopaBeainBOCTEL CBOMCTBa 7 cJeAyeT M3 TOro, 4TO

o=0, ¥1=1,

A TOrO, 4TO PYHKIUA
y="%x (x>0)
BO3pacrTaer.

8) Eecmm0<x<1, T0
x<Jx<¥Yx<¥Yx<... (3)

Hanpumep, AJs 8TUX X OYEBHIHO, UTO
(Wx)® = x% < x2 = (¥x)5,

OTKY/Ja U IOoJy4aeM, 4TO Vx < ¥/x. Amanoruuno qoxassIBAIOTCS M OCTATD-
Hble HepaBeHcTBa (3).

B cuny mepaBeHcTB (3) rpadur GyHKIUU Y = Jx ma HHTEepBaJe
(0; 1) pacmosokeH Bhimle rpadpuxa QYHKIUM J = X, rpadur GyHKIUU
y= ¥x pacmoJyio}KeH BhIIIe rpapurka QyHKIHU [ = Jx u . .

9) Ecau x> 1, 10

x>Jx>¥Yx>Yx>.... (4)
Hanpumep, Aas 9THX X OYEBUAHO, UTO
Wx)® = 28 > x2 = (V)8

OTKyJa I0oJy4yaeM, 4YTO Jx > ¥/x. Aranormuno JOKAa3bIBAIOTCA M OCTAJb-
Hble HepaBeHCTBa (4).
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y=x B cuny =HepaBeHcTB (4) rpadux
yA byHKIUM Yy = \Gpﬂa unrepsaiue (1; +oo0)
o pacnojio;KeH HuiKe rpadpuxa GQyHKIHH

o Yy = x, rpadpur GyHKOUU Yy = Yx pacmo-

= JIOXKeH HUKe rpapuxa GyHKOUH Y = J.;
y=Yx uT. Hd.

1
Ha pucyake 59 B omHOH H TOM
JKe IeKapToBO# cucTteMe KoopauHaTt xOy
0 1 ; uzobpaskensl rpaduku QYHKOHHA Y = X,
y= \/;, y= x A8 HEeOTPHULATEJbHBIX
H Puc. 59 qyuces Xx.

[
329. a) Kaxora ob6macts sHaueHuit pyuxnum y = Vx (x = 0)?
6) KakxoBse! cBoiicTBa QYHKIMH Y = tx (x = 0)?
330. Hcnonssysa rpadpur GpyHKIAH
y=x3(x20),

OoIpeeuTe NPUOIHKEHHO ﬁf; IUIsl CAeAVIOIIUX 3HAUYEHHUH Y:
a) 1; 2; 3; 4; 5; 6; 7; 8;
6) 0,5; 1,5; 2,5; 3,5; 4,5; 5,5; 6,5; 7,5; 8,5.

ITocrpoiiTe rpadhur pyarnuu (331—332):

331. a) x = 2y; 6) x =-5y; B) X=7y3 r) =y’
n) x=2y—4; e) x=y+5; K) x = 2y% 3) x = 5y?
ana y = 0.

332.a)y=§/;; 6]y=‘-‘\/§; B)y=%; r)y=‘§/;
ana x = 0.

333. Ucnonwsyda rpaduru byarnuit y = 3{/; ny = ‘-‘JJ_C, CpaBHHUTe 3Haue-
HUA QYHKOUHA (eIMHUYHBIE OTPE3KU [0 3 CM):

a) ¥4 u ¥4; 6) 3/3 u 4/3;
B) 3/0,5 u 4/0,5; r) 30,3 u 4/0,3.
334. HsBecTHO, 4UTO:
a) ¥a >1; 6) Ya <1.
Bepuo nu, uTO @ Gosblne egUHUIIBI? OOJbIIE HYJIA?

335. Ilocrpoiite rpadhux GyHKIHHU I = ‘%/;. C nmomomibio rpaduKa HaM-
AUTE: i
a) IpH KaKMX X CIpaBeJJIMBO HEPaBEHCTBO VX > 1;

0) npm KakKHX X CIpaBeJJIMBO HEPABEHCTBO ‘3/; <1.
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336. Ucnonw3ya rpaduk OYHKIUH Y = ‘V;, IIOKAaXXUTe, 4TO:

a) ¥¢10>%5; o) ¥7>%¥4; ) 305>30,2; 1) 30,9 >30,4.
337. JokasbiBaem. [[oxaKuTe HEPaBEeHCTBO:

a) ¥Y10>2; 6) 3<4100; B V7>416; 1) V81 <410;

) ¥3 > Y4; e) ¥3 < ¥/4; x) ¥2 < /55 3) J7 > 4/20.
338. CpaBHuTe 4uCJIa:

a) 2u¥T; 6) 412 u 2; B) 43 u 1,5; r) 75 u 3.

339. Haiigure ABa HOCJIEeI0BATEIbHBIX HATYPAJBHBIX YHCJIa, MEXAY KO-
TOPBIMH 3aKJIIOYEHO YHCJIO:

a)¥3;,  6) ¥4 B V2, ) V8.
340. CpasHuTe HaTypajbHble uucaa m (m = 2) u n (n = 2), ecnn:

a) %5 >1%5; 6) %8 <%8; ) 7/0,2>120,2; r) 70,3 <12/0,3.
341. CpaBHUTe C eIUHUIEH IIOJOKHUTEIbHOE YHCJIO @, €CJIH:

a) Ya > Ya; 6) Va < Ya; 8) Ya > Ya; r) Ya < ¥a.
342. KaxkuMm MosKeT ObITH HaTypajbHOe 4ucio n (n = 2), eciau:

a) Y16 < 4; 6) 416 > 4?
343. Haiigure obnacth onpeaejeHus QyHKIIHAN:

a) y= JZ3_x; 6) y= J—t')—x; B) y=142x-1; r) y=34-5x.
344. IlocrpoiiTe rpaduK QYHKIIHUU:

8) ¥ = x; 6) y=-yx;  B) y=4-13;

Dy=-y-x Dy=4lxf} e y=Yr,x>0;

x) y=4xl; o) y=4x ) y = 4-x;

x) y = 4| x].

| 5.6*. KopeHb CTeneHu n M3 HATYPANbLHOTO yucna |

IIycte n (n = 2) — HarypasnsHOe 4uciao. OueBHIHO, UTO 71-A CTe-
neHb HATYpaJbHOIo yuciaa b ecTs HaTypanbHOe ducao. Ho He Bcakoe Ha-
TypaJibHOe YHCJIO eCTh N-A CTelleHbh HEeKOTOPOTO HaTypaJbHOTIO YHCcia.

Hanpumep, cpenu HaTypaibHBIX umuces, He Oonpmux 100, Tonsko
JeTeIpe, T. €. 4%, ABIANTCA KybaMH HATYPaJbHBIX YHCEJ, & UMEHHO

12,:22./8%,.4%
Cpeaun HaTypaibHBIX uuces, He Ooabmux 1000, Toasko 10, T.e. 1%,
ABIAIOTCA Ky0aMH HaTypaJbHBIX UHCEJ, & HMEHHO
18, 28, 39, .o 109
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MEI BHAUM, YTO CPeau DOJBIINAX HATYDPAJbHBIX YHCEJ PEJKO BCTpe-
4alOTCA CTENeHHW HATypPaJbHBIX YHCEJ.
OrMeTuM ciaenyiomuii GaxT:

apudpMeTHIECKHII KOpeHb cTeneHu n (n = 2) U3 HaTypaJb-
HOT'0 YHCJIA MOKeT OBITh WJIM HATypPAJbHBIM YHCJIOM, HJIH
MPPAlMOHAJIBHBIM YHCJIOM.

Hanpumep, KopHuU JE, %, ‘%/5, ?ﬁ, 19 — AppanuoHaJIbHbBIE YHCA,
a KOpHHU \/EE, Y58, Y72 — marypanbHbIe yncIa.

KoneuHo, 910 yTBep:KjeHne IIPU JIOO0M 7 = 2 HaZ0 J0Ka3biBaTh, HO
MBI OKa3aTeJbCTBO OINYCKAaeM.

Ecnu ganHOE HATYpaJbHOE YHCJIO HE eCTh 71-f CTelneHb (n = 2) Hary-
PanbHOTO YHCJA, TO HET PAllMOHAJIBHOTO YHMCJa, PABHOTO KODHIO CTeIle-
HHU N U3 3TOrO YHUCJa; I'OBOPAT, YTO M3 3TOr'0 UMCIa KOPEeHb CTENeHH 71
TOYHO He Hu3BJIeKaeTcdA. [IoKaskeM, KaK HaWTH palHOHAJIBHOE YHCJIO,
npubJIMKEHHO PaBHOE KODPHIO CTEIleHW 71 U3 HATYPAJbLHOTO YHCJa, He
ABIAIOMIETOCA N-iI CTENEeHBI0 HATYPAJBHOTO YHCIA, T. €. KaK MOYKHO
npubAUKEHHO U3BJIEUYb KOPEHb CTEIIeHHM N M3 HATYPaJLHOI'0 YHCJAa.

OrpaHuuuMCcA TPUMEPOM.

BreruucauM npubinKEéHHO ¢ TOUHOCTHIO A0 BTOPOro 3HaAKa IIocJe 3a-
nsaToit yueso Y17.

Mzl 3HaeM, 4TO 3TO YHCJIO MNOJOXHUTeJIbHOe. Ono umeer HEeKOoTOopoe
AJeCATHYHOEe pas3jioxeHHe:

317 —
17 = 0,0, 0503, .. .
Beruucaute HpHﬁJIH}RéHHO C TOYHOCTBIO OO BTOPOr'o0 3HaKa IIocie

3amAToi (¢ HemocTaTKOM) YmMCiaOo 317 — BTO 3HAYUT BBIYUCIHTH TOUHO
ymesaa Oy, Oy, O,

Paccmorpum gucaa 0%, 13, 23, 33, ..., uToObl HAWTH Cpeau HUX ABA
CTOSAAIIUX PANOM, MEXAY KOTOPBIMM HaxoauTcsa uuciao 17. OueBupgno,
8=28<17<3%=27.

CienoBaTesIbHO, B CUJIYy BO3pacTaHUA QYHKIUH Y = x

2<¥17 <3,

U II0BTOMY (g = 2.

Tenepr paccmorpum umeaa 23; 2,13; 2,23; 2.33; 2.43; | ; 2,03; 33,
HalgéM cpeau HUX ABa CTOAUIAX PAJOM, MEXIY KOTOPBIMH HAXOIHUTCH
yucso 17. Umeem

15,626 = 2,68 < 17 < 2,6% = 17,576,
OTKY/Ja B CHJIYy BO3DACTAHHSA GYHKIMHA y = 3x

2,56 <317 < 2,6,
H, CJe0BaTeNbHO, () = 5.
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Teneps paccMOTPHM C TOH ’Ke IEJbI0 YHCJIA
2,6% 2,61% 2,62% .5 2,60% 2,6%
OxaseIBaeTcsa, UTO
16.974...=2,5T2< 17 < 2,68%=17.,178...;
cl1emoBaTeNbHO, Oy = 7.

Urax, 317 = 2,57....

Kax BUAHO, UCIOJB30BAHHBIN METO/ BEIYMCIEHUA IIPOCTOMH, HO I'PO-
MO3IKHIA.

ONeKTPOHHBIE KaJbKYJIATOPLI 9TH BBIYHCJIEHHUSA IIPOU3BOAAT MIHO-
BeHHO. TouHOCTEL peayJbTaTa OIpene/igeTcd TeXHHUYECKUMH BO3MOMKHO-
CTAMH JaHHOI'O KAJLKYJSATOpA.

ITpubnmkéHHble 3HAYEHUSA KBaAPATHBIX U KYOMYECKUX KOPHEH U3
YHCeJ TaKKe MOXKHO IMOJIYYUTh, UCII0JIb3Ysl COOTBETCTBYIOIIUE TabINIbI.

345. Moxxer Jism OBITH pAIUOHANBHBIM YHCJIOM KODEHb CTeme-
HEA n (n =2 2):
a) M3 IPOCTOrO UMCJIA; 0) u3 HATYPAJIBHOTO yucaa?

346. YTo 3HAYMT BREIYHCJIHUTL C TOYHOCTRIO O TPETHEro 3HAKA IOCJIe 3a-
naroit (¢ HegocratkoMm) 3N, rme N — mpocTtoe 4ucao?

347. Ecnu HaTypanabHoe unucyio N He ecTh Ky0 HATYPaAJbHOIO YMCIA, TO
ABJAAETCA JU unucao 3N MppamuoHATLHBIM?

348. Iwmerorca au cpegu HaTypanabHBIX ducesa oT 100 xo 200 yerBépThle
CTelleHH KaKHUX-Iu00 HATypaJbHBIX YHUCeN?

349, flBinserca au KyOOM HaTypaJbHOI'O YHCJIA YMCJIO:
a) 0; 6) 1; B) —8; r) 1000?

fAokasbiBaem (350—351).

350. [loxaxxuTe, 4TO He CYIIECTBYET PAIlMOHAJIBLHOrO 4YHCIa, Ky0 KOTO-
poro paBeH:
a) 2; 6) 3; B) 4; r) 5.

351. JlokaXuTe MPPAIUOHAJILHOCTE YHCJIA:
a) 8/2; 0) n, rge n — MIpPOCTOe YHCJIO.

352. SfBasgerca MU pamMOHANBHBIM YHCJIO:

a) V4; 6) ¥/64; 8) ¥/5; r) 4/64?

353. lna xkaxxkmoro m3 uucen 7; 10 maiigure:
a) HauboJblllee HATYpPaAJIbHOE YHCJO, KY0 KOTOPOro MeHbIIle JAaH-
HOT'O YHCJIA;
0) HauMeHBbIlee HATYPAJBHOE YHCJIO0, KyD KoToporo GoJblle naH-
HOTO YHCJIAa;
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B) HaubosbIllee HATYpaJlbHOE YHMCJIO, YETBEPTAA CTEIeHb KOTOPO-
0 MEHBINE JAaHHOTO YMCJIA;
r) HauMeHbIllee HATYpPaJbHOE YMCJIO, YeTBEPTas CTENEHb KOTOPO-
ro 0oibllle JAHHOTO UMCJIA.

354. Haiigure npubim:xkéHHOoe 3HaAUYeHHMe KYyOMUYECKOr0 KOPHS C TOY-
HOCcThIO o 0,1 u3 caeayoOIMUX UKCEeN:
a) 3; 6) 6; B) 8; r) 10.

355. Brruucaure ¢ TouHOCTERIO 40 1:
a) ¥175; 6) ¥241; B) V105; r) ¥273.

356. IIpoBepbTe crpaBenIMBOCTh HEPABEHCTB:

a) 3<%¥30<4; 6) 7 <¥/350 < 8;
B) 5,1 <3135<5,2; r) 3,5 <%/45< 3,6.

357. Kaxoe 4HC/I0 ABIAETCA JYUYIIUM NPUOIHIKeHHEM 3/96:
a) 4 unu 5; 6) 4,5 unu 4,67

358. BriuucauTe ¢ TOYHOCTBIO [0 TPEThEro 3HAKA IIOCJe 3aIlATOM:
a) %/5; 0) 35; B) 37.
359. BriuuciuTe ¢ TOYHOCTBIO A0 IIEPBOTO 3HAKA IIOCJE 3aIlATON:

a) ¥3; 6) ¥7; B) ¥8.

T+ s B

!:'_5:._'7:.__I?I_pguq;c:;ﬁabm;_le Y{)—Q_BHEIHHSI

YpaBHeHHE, B KOTOPOM XOTs ObI OJ{HH YJIEH COAEPYKHUT HEeU3BECTHOE
0o/ 3HAKOM KOpHS, HAa3bIBAIOT HPPAIHOHAJLHBIM YpPaBHEHHEM.

Hanpumep, ypaBHeHHe VX + 5 = x — 1 ABIgeTCcA UPPAIlMOHATIBLHBIM,
a ypaBHeHUe x2 — (\/E + \/g)x + \/6 = 0 He aABJAeTCA.

Jna pelreHuss MPPAIIMOHANBHBIX YPABHEHHH YacCTO NIPUMEHSIOT
mepexo] K ypaBHEHHUIO-cIeACcTBHIO. B 8 Kiacce yixe roBopujiocs 06 ypas-
HeHUAX-caeAcTBuAX. HanmomHuUM onpeneneHue.

Ecnu 110601 KOpeHs ypaBHEHUSA

f1(x) = g,(x) (1)
ABJSAETCA KOPHEM yYpaBHEHHUSA
f2(x) = 85 (x), (2)
TO ypaBHeHMe (2) HasbIBAIOT caeacTBHeM ypaBHeHus (1).
W3 aToro omnpeneneHus cieAyeT, YTO BCe KOPHHU MCXOJHOIO ypaBHe-
HUsA ABIAIOTCA KOPHSAMY ypaBHeHUsA-ciiegcTBUA. OJHAKO He KarKIblIi

KOpPEeHb YPABHEHUA-CIEACTBUSA ABJAETCA KOPHEM HCXOAHOI'O YPABHEHUA.
Hanpumep, Ijsi ypaBHEHUSA

—x=4x (3)
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ypaBHEHHE

2= x (4)
ABJIAETCA ero CJEJACTBMEM, TaK KaK eIMHCTBeHHBIH KopeHb 0 ypaBHe-
gusa (3) asiserca KopHeM ypasHenus (4). Ho ypaBuenue-ciaeactsue (4)
UMeeT eIlé OJMH KOpeHb 1, KOTOpBIH He ABJIAETCA KOPHEM HCXOIHOIO
ypaBHeHud (3).

Hrak, npu nepexoje OT UCXOAHOI0 YPaBHEHUs K ypPaBHEHHUIO-CJIex-
CTBMIO BO3MOXKHO IOABJIEHHE KOPHEH, He ABIAIIIUXCA KOPHAMU HCXO/-
HOI'0 ypaBHEHHS. JTH KODHU Ha3bIBAIOT NMOCTOPOHHHMH KOPHAMM 75
“CXOAHOro ypaBHeHus. Kopens 1 ypaBHeHus (4) — NIOCTOPOHHUH A
ypaBHeHus (3).

Ecaun npu pemeHHM ypaBHeHHs Obli BBINOJHEH Iepexon
K yPaBHEHHIO-CJeJCTBHIO, TO HeOOX0AHMO NPOBEPHUTH, Ka-
JKIBIA TN KOPeHb YPABHEHUA-CIEICTBHA ABJIAETCA KOPHEM
HMCXOQHOT0 ypaBHEHHHA.

Bameny ypaBHeHHs f(x)= g(x) ypasHenuem f*(x)=g*(x) (ke N,
k > 2) HasbIBAlOT BO3BeJeHHeM ypaBHeHHs f(x) = g(x) B cremens k.
CnepcrBueM ypaBHEHHA

f(x)=g(x)
ABJSAETCH YpaBHeEHUeE
f2m (I] = g2m (X),
rae 2m — (QPUKCHPOBAHHOE UYETHOE HATYpAaJbHOE YHCJO, CIeN0BaTe/lIbHO,

NpH BO3BEeHHH YDaBHEHHA B ‘léTHYlO CTelneHb ImoJjgy4daer-
cA ypaBHeHHeE-CJEeJCTBHEe MCXOJHOT0 YPABHEHHA.

IIpumep 1. Pemum ypaBHeHHe
x—2=+3x-2. (5)

Bossens B KBajapaTr ypaBHeHue (5), IOIy4YHUM ypaBHEHUE
(x-22=3x-2, (6)

ABJIsIONIeecA ciaeacTBUeM ypasHenusa (D). YpasHenue (6) umeer nBa
KOpHA x; =6 1 x, = 1.

ITpoBepuM, ABJIAIOTCA JHU YUCIA X; U X, KOPHAMH ypaBHeHUs (5).

Tak Kak x; —2=6-2=4u ,/3x, - 2= ,/3:6— 2 = 4, To YHCIO X,
ABJIAETCS KOPHEM ypaBHeHHA ().

Tak Kak x, —2=1-2=-1, a \/3;:2—2:\{3-1—2:1 ul=z-1,
TO UMCJIO X, He SIBJIseTcd KOpPHeM ypaBHeHHS (5).

CiemoBaTeslbHO, ypaBHeHue (5) uMeeT eZUHCTBEHHBIH KOpeHb 6.

OrserT: 6.

IIpumep 2. Pemum ypaBHeHUe

x+3=+x+1. (7)
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BosBens B ueTBEpTYyIO CTEneHDb ypaBHeHUeE (7), HOJIYINM ypaBHEHHE
x+ 8= (x+ 1)? (8)
ABJsIOMIeeca ciaencTBueM ypaBHeHHA (7). YpaBHenue (8) mmeer aBa
KOpHA X; = 1 u x, = —2. IIpoBepKa MOKA3bIBAET, YTO UUCIIO X, ABJIACTCH
KopHeM ypaBHeHHs (7), TaKk Kak i‘\/xl +3=41+3=21n J, +1= V2.

Has x, = —2 npaBas yacTs ypasHeHus (7) He UMeeT CMBICIA, T. €. YUCIIO

X, = —2 He ABIAETCA KOpHeM ypaBHeHHA (7).
CnenosarensHo, ypasHenue (7) uMeeT eMHCTBEHHBIH KOPEeHb 1.

OrBeT: 1.
IIpumep 3. Pemum ypaBHeHue
Ve +1+Jx+6 = /3x +16. 9)
Boasens B kBazpar ypasHenue (9), HoJy4HuM ypaBHEHHE
x+1+2Vx+1Jx+6 + x+6 = 3x +16, (10)

ABJAOIeecs ciaencreueM ypaBHeHud (9). [lepeHecs B mpaByio 4yacTh Bce
cjraraeMele, KpOM€ KODHeW, ¥ IpUBeAs IOJ00OHEIE YJIeHBI, IepenuIneM

ypaBHeHue (10) B Buze
2Vx+1Vx +6 = x4+ 9. (11)
Bosseaa B kBazpar ypasHenue (11), moayuyum ypaBHeHHE

4(x + 1)(x + 6) = (x + 9)?, (12)
ABJAIONIEECHA clieficTBUeM ypaBHeHud (11), a 3Hauur, u ypasaesus (9).
Ypasuenue (12) umeer gBa KOPHA X, = —6% u x,=3.

ITposepka moxaskIBaeT, YTO YHMCIO X, ABJIAETCA KODHEM ypaBHe-
HudA (9), a yucio x, Her.

CnenoBarensHo, ypaBHeHUe (9) UMeeT eIMHCTBEHHBIM KOpeHs 3.

OrBeT: 3.

HppanuonanbHble ypaBHEHUA MOT'YT COAEDP:KATh HEU3BECTHOE IO
3HAKOM KOPHA HEYETHOH cremeHH. [IJIA MX DEIleHHS NPUMEHSAIOT cJe-
AVIOIee YTBEepIKAeHUe.,

YpaBuenus f(x)=g(x) u f2m+1(x)=g2m+1(x), roe 2m + 1 —
(buKCHPOBaHHOE HEYETHOE HATYpPAJIbHOE YMCJIO, PABHOCUJIBHEI, CJIeI0Ba-
TEJBHO,

NP BO3BEJeHHH YyPABHEHHMS B HEYETHYIO CTEIeHb IOJyYa-
eTCHA ypaBHeHHe, PABHOCHJIBHOE MCXOJHOMY YpPaBHEHMIO.

Ilpumep 4. Pemum ypasHeHHe
V7x+1=x+1. (13)

Bossens B TpeThio cTeneHs ypaBHeHue (13), mosyumMm ypaBHeHUe
Tx+1=(x+1)3, (14)
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paBHOcHMJbHOe ypaBHeHuio0 (13). VpasHenue (14) mmeerT TpM KOpHHA
x, =0, x=1u x5 =—4. CiegoBaTeJbHO, 1 PABHOCHJIbHOE €My ypPaBHEe-
Hue (13) uMeeT Te jKe KODHH.

OrseT: —4; 0; 1.

IIpumep 5. Pemum ypaBHeHUe

Ux? +2x+3 =72x2 +3x +1. (15)
BoaBens B celbMYIO CTelleHb ypaBHeHue (15), mosyuum ypaBHEeHUEe
x2+2x+3=2x2+3x+1, (16)

paBHOcHJBbHOe ypasBHeHuwo (15). VpaBuenume (16) ummeer ABa KOpHSA
x, =1 n x, =-2. CnefoBaTeabHO, U PABHOCUJIbLHOE eMy ypaBHeHue (15)
UMeeT Te JKe KODHH.

OrBeT: -2; 1.

HHOI‘,I[& HppanuoHAJNBHOE ypaBHEHHE MOMHO pPemHuTh, IIPHMEHAA
3aMeHy HeHM3BeCTHOI'O.

IIpumep 6. Pemum ypaBHeHUE
Jx2 +2x+10+2x2 +4x+18 = 7. (17)
BBens HOBoe HemsBecTHOe t = 4x? + 2x + 10, mepenumieM ypaBHe-

"Hue (17) B Buge
N2t =2 ="T~#, (18)

Bossensa ypaBHenue (18) B kBagpar, IOJYyYHM ypaBHEHUE
2t2 — 2 =49 — 14t + ¢, (19)

ABJAIOIIEecs ciaencTBueM ypaBHeHusA (18).

Vpaeuenue (19) umeer asa Kopus t; =-17 u t, = 3. IIpoBepka
ITOKAa3BIBAET, YTO 008 BTH YMCJIa ABJISIOTCA KOPHAMH ypaBHeHus (18).
CremoBaTeslbHO, MHOMKECTBO KOpHell ypaBHeHUd (17) ecTs ob0beauHeHNE
MHOK€eCTB KOPHe# IBYX ypaBHeHHH

1) Jx2+2x+10=-17 u 2) x?+2x+10 = 3.

VpasHeHue 1 He UMeeT KOPHeii, TaK KaK ero jiesas 4aCTh HEOTpHIa-
TeJbHA IJA JIOOBIX X, a IIpaBas YacTh OTPHUILATeJbHA.
PemuB ypaBHeHHe 2, MMOJYYUM, YTO OHO MMeeT eJIMHCTBEHHBIA KO-
peHb x; = —1.
gﬂe,IIOBaTEiIbHD, ypaBHenue (17) umeer eJUMHCTBEHHBIH KOpeHBL —1.
TBeT: —1.

WHorza BCTpeYarTCs YpaBHEHUA BHUA
f(x)-g(x)=0, (20)
riae xord 66l ogHA U3 QYHKUUE f(x) 1 g(X) COAepUT HEU3BECTHOE IIOA
sHaxoM KopHsa. OObruHO ypaBHeHudA Buja (20) pemraiooT Tax:

1. Pemaror ypasHerue f(x) = 0 u or6bupaioT U3 ero KopHei Te, AJs
KaXJ0Oro U3 KOTOPBIX MMeeT CMbICA (PpyHKIus g(X).
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2. Pemaror ypaBaenue g(x) = 0 u oT6upaoT U3 ero KOpHei Te, [
Ka[oro U3 KOTOPBIX MMeeT cMbica QyHKIuA f(x).

3. O6peauHAIOT HAl/IeHHLIE KOPHH, OHU U COCTABJIAIT MHOKECTBO
BceX KOpHe# ypasuenus (20).

IIpumep 7. Pemum ypaBHeHHe

x?-4)Wx-1-2)=0. (21)
CHauana pemuM ypaBHEHUeE
x2-4=0.
OHO mMeeT Ba KOPHSA X; = 2 U X, = —2.
Tax kak Belpaxkenme . x; — 1 — 2 HMeeT CMBICJI, TO YUCIIO X; — KO-

peHb ypaBHeHHud (21).

Tax xax BeIpaskeHHe /X, — 1 — 2 He UMeeT CMBICJIA, TO YUCJIO X, He
ABJIAETCA KOPHeM ypaBHeHus (21).
Teneps peirnM ypaBHeHHe

vx—-1-2=0.

OHO MMeeT eAUHCTBEHHBIH KOPEHb x3 = 5.

Tak kak BeIpaskeHHe X — 4 UMeeT CMBICJI, TO YHUCIO X; — KOPEHb
ypaBHeHus (21).

Hrax, ypasHenue (21) umeer gBa KOPHA X; U Xj.

OrBeT: 2; 5.

360. fsiserca g UPPaNMOHAJBHBIM ypDaBHEHUE:

a) {2x+5 = Tx - 5; 6) 5x—4 = x;
B) x2— x—+/2=0; r) x2—(5-1)x-+5=0?

361. [ToxGepure ynca0 X, yAOBJETBOPSAIOIIEEe PABEHCTBY:

a) ¥x+5=2; 6) Yx+79=3; ) 2¥x=3; 1)

Pemure ypaBaenune (362—368):

362. a) /6x+11 =x+1; 6) J4x+13 = x— 8;
B) 3x+13=x+3; r) J2x+19 = x + 2.

ix = 5.

2
2

363. a) /3x- 7 = ,/2x - 5; 6) Y5x—9 = 2x+3;
B) {15x +14 = /14x +13; r) 15x - 14 = 14x - 13;
n) 42x+1=2x-1; e) 42x-1=,2x-3.
364. a) \x— 2+ Jx+3=,8x+7T; 6) yx—4+x+1=,Bx+1;

B) y2x—1+2x+4=6x+10; 1) J2x-3+2x+2=,/6x+4.
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365. a) Jﬁ: x—1; 0)
B) Y3x+1=|2x-1]; r) |Tx— [6x 4;
) ¥x-1=2-1; e) ;
x) 3/5x— 3 = 3/8x - 5; 3) 3[Tx+4 = 3bx—2;

u) Yx2+5x-5=72x2 - x; k) Yx2 — 8x+6 = {3x% — 4x.

366. a) 12 +2x+10 +x2 +2x+17 = T;
6) yx? +6x+10 +/x® + 6x+13 = 3;
B) Jx? +3x—1+42x2 +6x—-4=T;

r) Jx? — 5x— 23 + /222 — 10x — 32 = 5;

1 2

) + =2
Jx?—6x +10 |Jx2-6x+13

e) 1 + - =42.

Jx2—8x +18 |x2-8x+24

367. a) (x2 - 4)(Yx+1-2)=0
6) (x% - 16)(x + 3 — 1) = 0;
B) (x2-—x-6)Vx+1-3)=0;
r) (2 +2x-15)(x+4-1)=0

) (2/2;:2—7+§/x—3)(4,/x2—£x~2-1) = 0.

368. a) ’13x+3 ’x+3 ~10=0;
13x +
6) 11x—14+36 x+1 12 = 0.
x+1 \Illx—14

nononneuun kK rnase 2

I'lomn'ue CTEI‘IEHH C pOU.HDHOJ'leth I'IOKCI3CITEJI8MJ

Panee yixe ObLIO BBEJEHO W H3Y4YEHO IIOHATHE CTEIEHU YHCJIA @
(a # 0) ¢ pensIM HokasarejieM p, T. €. a’, rope mokasaresb p — IieJoe
yuco (IoJI0KUTEeIbHOE, OTPUIlaTeJIbHOE WK HyJb). Teneps onpeneaum

CTeIlleHb YHCJa C palMOHAJBHBIM IIoKas3aTejieM, T. €. C IIoKasaTejleM g

rie p — Ieoe Yucio, a ¢ — HaTypajJbHOe 4HCJIOo, q = 2.
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ITycrs @ — mosioskurenbHOE UHCIO, a g — panuoHAJIbHOE YHCJIO

(g 2 2). I1o onpeneneHHIo @ B CTEIEHH P PaBHO apu(pMeTHYECKOMY KOp-
q p

HIO CTEIleHH ¢ M3 a B CTelleHH P, T. €.

BerasERasERR R sRRARRS RS

B :
a? ={ar.

Hanpumep:
2 3 1 3
55 = Y52, 8% = VB, 78 = 47, 271 = 435,
TeoremnAa

MycTb @ — NONOXUTENLHOE YNCNO, p — LeNoe Y1cno, k u ¢ — Haty-
panbHble Yncna, g = 2, k = 2. Torga cnpaseanvebl paBeHCTBa

£ :
a? = (a?)" (1)

P 2k

— ke
at=a®, (2)
a?=a¥’. (3)

Horaszarenscrtso. Ilo onpeseseHuio creneHy ¢ panuoHAIbHBIM

nmoKasarejeMm p

a? =%

af.
Ilpumenss teopemy 3 m. 5.4, mmeem
Yar = ay.
Onsare MCHONB3ysA ONpejesieHUe CTEeNeHH C PANMOHAJLHLIM IIOKA3aTe-

JIeM, NIOJNYy4YHUM, YTO 1
et 0
(Ya)r = (a‘? ) ’

W3 aTuX paBeHCTB BEITEKaeT paBeHCTBO (1).
Hoxaxkem Temepb paBeHcTBo (2). Ilo ompeneneHMIO cTemeH: ¢ pa-

IIUOHAJBHEIM IIOKa3aTejieM »

a? = %ar. (4)
C npyro# cTOpoHBI, B CHIIy TOTO e ONpeeNeHnus U CBOMCTB KOpHe
CTeIleHN ¢ MMeeM ok
o gk
a® = Yark = H@ry = Yar. (5)

Tak xax mpasble yacTu paBeHCTB (4) u (5) paBHBI, TO PABHBI U JIEBBIE
4YacTH, TeM CaMBIM JOKAa3aHO paBeHCTBO (2).
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IIpuMeHss OIpejeJeHNEe CTeNeHM C PAlMOHAJBHBIM IIOKa3aTeIeM
M CBOIiCTBA KODHEH CTeNeHH! 71, IOJY4YHM, UTO

Pq
a? = %Yar? = Y(@P)? = aP.

TeM caMbIM AOKa3aHO paBeHCTBO (3).
Teopema morxasaHa.
IIpuBeaéM IpUMepHI:
12

4 1 1 3 6
2773 = (275)*4 =34 65=6° 23=2"1, 53=572

3ameuanue 1. Ecsiu k u ¢ — HaTypajJbHBIE YHUCJIA, & P — LeJioe YuC-
p _ pk _ P _ Dbk
JIO, TO CIIPABeAJMBO paBeHCTBO — = —, IloaTomy ecau r = —, TO 7 = ~—
g qk q qk
asa ao6oro HaTypanbHoro k. PaBeHCTBO (2) MOKasbIBaeT, 4To onpenese-
HUe CTeIeHHW C PalMOHAJBHBIM IOKasarTejeM @ He 3aBUCUT OT (OPMEI
3AIIMCH YMCJIA I', 4 3aBUCHUT JHIIb OT camoro uucJa r. Ilpu moboit popme
3anmucH MAHHOTO DPAIlMOHAJNBHOTO YHCJIa I OIpejesieHHe a" NPUBOAHUT
K OZHOMY ¥ TOMY e umucyy. Ecau 651 2T0 6110 He TaK, TO ONpejeneHune
CTENeHN ¢ PAIMOHAJLHBIM IOKasaTeseM Obl10 Obl IPOTHBOPEYHEBO.
3ameuanue 2. Pasencrso (3) mokassiBaeT, UTO ONpeJieleHHe CTeIle-
HY C palMOHAJIbLHBIM [IOKAa3aTe/leM COIePIKUT B cebe onpeseieHne cTeme-
HH C IeJIBIM IoKasaTejieM, 5
¢ 3ameuanue 3. Ecau gbﬂ, TO ecTecTBeHHO cyuTaTh, uro 07 =0,
P
eCJIH Ke g < 0, To sanuck 0? He uMeeT cMBICTA.

369. a) Yro moHMMAaeTcA IOJ CTEleHbIO C PallMOHAJBHBEIM IIOKasare-
gem g (¢ = 2) nonoxurensHOro yucua a?

6) CdopmynupyiiTe TeopeMy, JOKa3aHHYIO B 9TOM IYHKTE.
B) ITouemy B OIpeAeJeHHH CTeIIeHM C PAIMOHAJIBHBIM IOKaszaTe-
JeM HeT NPOTUBOPEeUUs?

BanumuTe B BUAE CTEIEHH C PAIHOHAIbHBIM Hmokasarenem' (370—372):

370 ) 2, 45, 7, 1 i, o) ¥, 47, 401 {3, 425

s) ¥22, 435, {75, V37, ¥28.
371. a) ¥a?, Ya, Jx, a2, Jx®; 6) 42a, 33x, 4/523, J2xy®, 3/8a2b3.
372. a) Ja-1; 6) ¥m+n; B) }/(x +1)?; r) Y(x-4)%.

1 3nece u ganee 6GyxBamMu 0603HAYEHBI YHCIA, A KOTOPBIX paccMaTpuUBae-
MbIe BBIDAYKEHUS HUMEIOT CMEICI.
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danumure B BuJe KopHei (373—374):
1 1 1 1 1 7 L
373. a) a2, a3, b4, (ao)"; 6) (x+1)2, (a— b)4, (m+ 3)%;
2 8 2 5 12 i1 2 m
B) 33’ 45’ 63, 79’ 100.6; Iu) a 3’ 61’4, xn, xz, yn,
rae n U m — HaTypaJIbHBIe Yucjaa U n = 2.
2 1 2 1
374. a) a—D.S, b_3; 9_2'5; 6) (02 = b)_§1 (1 - 29‘)—5, (x - az)_nv
rpe n — HaTypaJIbHOe YHCJI0o, N1 = 2.

Breruucaure (375—376):
1 1 3 2 2
375. a) 252, 273, 16%25; 6) 252, 273, 161:25; ) 25715, 2773, 16-0.75,

2 1 1
376. a) (%J [‘—g}z 6) (0,01)°2 - (6,25)05.

377. O6mbsacHuTe, mouemy AnsA Jyo6oro umeaa a = 0 BepHO PaBEHCTBO:
N 1 LN 1
a) (a3)°'=a; 6 @)P=a; ) @)’=a 1 @r=a

1
378. Wccnepyem. Ilpu Kakux 3HAYEHUAX @ YDABHEHUE (ax)? = ¥a:
4) uMeeT efMHCTBEHHBIA KOPEHb;
6) umeeT GeCKOHEUHOE MHOKECTBO KODHeii;
B) He UMeeT KopHei?

2, Cﬁ?ﬁtT_B&_&EH-éHH ¢ PALMOHANLHBIM _ﬁoxa:’.u'renenﬂ_

Teoremna 1
MonoxvTenbHOe YUCNO a B CTENEeHU C NI0OLIM PaUMOHaNbHLIM NOKa-

3artenem r nonoXunTenbHo:
ar> 0. (1)

,JT_lORa{iaTEJILCTBO. 3anunieM 4ucJo I B BUOE

r= E,
rfe ¢ — HaTypaJibHOe YHCJIO, ¢ 2 2, a p — uejoe (IOJ0KUATeJbHOe, OT-
pUIaTeJSbHOE UIN HYJIb).
Tak Kak @ — MOJOKUTENIBHOE YHMCIIO, TO, UCIOJAb3ys OIpeaeeHHne
CTeNleHN C PAallMOHAJbHBIM NOKAasaTejeM M CBOMCTBA KODHHA CTEIeHH ¢,
IOJIYYUM, YTO 1

a’=%a >0,
T. €. BepHO HepaBeHcTBO (1) mpu p = 1.
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Hcnonp3ysa CBOMCTBA CTEMEHU MOJIOKUTEIBEHOTO YHUCJIA C IeJIbIM 10~
KasaTrejieM, UMeeM IIpH J00M IeioM p

2 L
gl=q% = (a‘i) >0,
T. e. HepaBeHCTBO (1) mokasaHo.

TeEorPEMA 2

MycTb @ — NONOXWUTENbHOE 4uCno, a ry, ry U r — pauuoHasbHble

yucna. Torga crnpaBeafivMBbl CBOMCTBA:

1. MNpw YMHOXEHUN CTEMNEHEeN C paunoHanbHbiM NnokasaTtesnem oaHOo-
rO U TOrO Xe MOMOXUTENbHOro 4YMcna nokasatenun cTeneHewn

CKNaablBatoT:
ar] - ar‘g — ar1+r2. (2)
2. Yucno a B cTeneHu (-r) paBHO eauHuLe, AENEHHON Ha a B cTene-
HW 7
il
a’=—. (3)

r

a

3. MNpwv neneHuu cTeneHei ¢ paunoHanbHbIMK NokasaTensiMmm ogHo-

ro ¥ TOro Xe NONOXWUTENbHOro YMcna rnokasaTenu CTerneHen Bbl-

YMTAIOT:

arl :arg = arl—-rg. (4)

4. MNpw BO3BEOEHWM CTEMEHM C PaUnOHanbHLIM nokasarenem nono-

XUTENbHOIro YuCNa B paunoHanbHylo CTeNeHb nokasarenu crene-
HEel NepeMHOXaloT:

(afl )f‘z =q'l" "2, (5)

JorasarteascTso. IlycTs r; u ry — panuoHaJbHBIE YMCIa. 3a-
nHIneM HMX B BHIOE

n=2 u r= .

i 2=

rae m U k — neJysle 4MCJia, n — HaATypajbHOe uucio, n = 2. Ucnoasaysa
onpegesieHHe CTelleHH C pallHOHaJBbHBIM IIOKasaTeJIeM, CBOﬁCTBﬂ apmbme-
THYECKHUX KOpPHeil M CBOICTBA CTEeIleHeH C IeJIBIM IIOKasaTeseM, IOJYIHuM

m k
arl.arzz anm -gn = “,‘,‘am .“ﬂfak — rt,‘am _ak e
m k
) F = o
="%am*t®R =g n =gn n_ar1+"2,

T. €. paBeHCTBO (2) AOKA3aHO.
Teneps HA OCHOBaHUU cBOiicTBa 1 MMeeM

a-aT=a=1,
OTKY/Zla U cJIeyeT paBeHCTBO (3).
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Hanee, B cuay csoiicts 1 u 2
a’l :arg — arl _a-rg = a"l"‘(“"2) = aq—rz’

M paBeHCTBO (4) TeM caMbIM JOKAa3aHO.

Tenepr mokaskem paBeHcTBO (5).

IIycrs ry m ry — panuoHANBbHBIE YHCJA. SalHUIIeM UX B BHUJE
m k
n F i
rage m U B — uenbie 4uca, n U | — HaTypajabHBIe uHciaa, n = 2, [ = 2.
Hcnonpays onpeaesieHne CTEEHH C PAIIMOHAIBLHBIM IIOKa3aTeJ eM U CBOM-
cTBa apu(MeTHUECKHUX KODHEH, uMeeM

LA S B
@t = (%)= {(a%)'= foTamy = (Vo = e =

U paBeHCTBO (5) moxasaHo.
Teopema 2 moxasaHa.
IIpuBeném mpumepsl:

3 1

3 1
274.9271=921"1=91_

Ll L
BO|
I
]

- 43,

Ll L
Il
w

1
, 82:34=3

1
2
3"%)4= 3(2) @ _g_g

TEorPEMA 3

MycTb @ b — NONOXUTENbHbIE YUCNA, @ r — PauMOHaNbHOE YMUCIO.

Torga cnpaseanvebl CBOMCTBA:

1. CTeneHb C paunoHanbHbLIM NoOKasaTenem NPon3BeaeHUNA NONoXu-
TeNbHbIX YMCEN paBHa NPOU3BEOEHUID TEX Xe CTeneHei COMHO-
XUTENnemn:

(aby =a" - b". (6)

2. CteneHb C paunoHanbHLIM NokasaTtenem 4acTHOro MoMOXUTE b-
HbIX YUCen paBHa 4YaCTHOMY TEeX Xe CTeneHeih OenMMmoro u ge-

niuTtens: .
a)"_a
[5)=+ g

P

JorkaszarteascTBo. IIycTh r = T e ¢ — HaTypaJbHOe 4HCJIO,

q =2, a p— uenoe uyucao. Torpa, HCHIOJL3ysA OIpeJeJeHHe CTelleHHU
C panMOHAJBHEIM IIOKasaTeleM ¥ CBOMCTBa apudMeTUYeCKUX KOpHEe,
[MOJIy4YaeM, 4UTO

£ I
(ab) = (ab)? = Y(@b)? = Ya? - b» = Ya? -YbP = a7 .67 =a’" b,
u paBeHcTBO (6) moxaszaHo.
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AnajiorudHo maoxassiBaercsa paseHcTso (7).
Teopema 3 moxasana.
IIpuBenéM mpuUMepHI:

2 2 2@
(0,125)3.873 = (0,125-8) =13 =1,
1

1 1 7 1
(4,4)3 : (0,55)3 = [%Ja -85 =138 = 2.

379. Mosxer 1 OBITH OTPHUIIATEJBHBIM YHMCJIOM CTEIEeHb C pallMOHAab-
HBIM MOKAa3aTeJieM IIOJIOKUTeJIbLHOro yucsuaa?

380. Ilo xakoMy mnpaBuJy: a) YMHOKa0T; 0) AeJAT CTelleHU C paliuo-
HAJBHBIM IIOKA3aTeJeM OJHOTO U TOTO e IMOJIOXKUTEJIbHOT0 yucaa?

381. Ilo xaKxoMy IpPaBHUJIY BO3BOAAT B CTEIEHDb C PAIMOHAJIBHEIM IIOKA-
3aTejieM CTeIleHb IOJIOMKUTEJLHOro uuciaa?

382. Yemy paBHA CTEIEeHb C PAIMOHAJNBHBLIM II0OKA3aTEIeM:
a) IIpOM3BeJeHUA MIOJIOKUTEIbHBIX UHCEJ;
0) YACTHOI'O MOJOKHUTEJBLHBIX Yucesa?

383. 3anuinuTe BHIPAKE€HUE B BHUAE IIPOUBBEINEHUS CTEIIEHEH C pamuo-
HaJBbHBIM IIOKa3aTesyeM:

a) @%@, 6) \/7_3-%/2_3‘675—?,

L35, V8% g7z, Y&
B)‘\/g. 2‘—, I‘) ‘JS_a'ﬁ.W.

384. Briuucaure:

Ng Lol NS
ad . 3 . 2. = . 2 . 2 . i
a) (2] 83.2 2, 6) [27J 62.2 2.3,
B) (315 — 21.8) (315 4 21.5); r) (225 — 31.5)(225 4+ 3L.5);
1 2 2 2 1 2
m (55 - 23)(5% +25 .59 +49);
2 1 2 2 1 1)1
e) [(33 +7%) (97 - 33 .78 +493)] .
Yuopocrure Boipakenue! (385—391):
2 1 3 2
385. a) x05. x0.25; 6) a?-ab; B) x8.x05; r) b-b 5,
3 3 3 1 1 1 2 38 8
386. a) a’ -a; 0) a® -a 8; B) y2.-yt-y3; r) z8 .z4.z26,
3 1 1 1
387. a) 12515.2571; 6) 2125.1616; B) xZ - 4x; r) ¥x. x4,

13neck u ganee 6yxkBaMu 0603HAUEHBI YHCIa, AJIA KOTOPBIX pacCMaTpHBae-
MbI€ BBIPAYKEHHA UMEKT CMBICJ.
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1

388. a) a_%:\/g; 0) z§ : "{/?; ) im : m_%; r) ¥a:a’s.
389. a) Vavava -a_%; x\fxafx\/_ ‘"36 }
o 0 () &G mEDh  nGHE

391. a) (ab%)_g; 6) (x%y)_l; B) (3a2b3) r) (2x5y ) i
392. quncnnTe

a) (94+(2J') 5) - (4o - (@V2)° )
5)((5J_)a+J31i) ((5\/_)3—81 )

VYupocrure Beipaskenue (393—394):

393. a) x%y%(x% - y%); 0) (a% - 1)(:1% +1);
B) (x%—y%)(x%+y%); r) (m%+3)(m%—3).
394. a) (Zx% - y%)(yé + 2x%); 0) (?ym*‘i - n*‘l)(n% + 3m4£);

5) (x5 - 5) (x5 +5); r) (85 - x3)(35 +23).
Pasnoxure Ha muHOxKHTeau (395—396):

395. a) a—-1; 6) b-3; B) X —U; r) 5-m.
1 1 1

396. a) 4a - b2; 6) aZ — b2; B) xa—\@; r) ,/_-—\/;
Hanpumep: ;
1 1 1 1 il 1 1
Ja-b=a?-(b2)"= (a?)’ - (b7)" = (a% - b7)(a7 +b2).
IlpencraBeTe B Buae cymmsbl (397—399):
1

397. a) (a% +f)2 6) (x% -y)’5 ® (m§ _ na)z; r) (eé _d%)'{

I 1 2

398. a) (xs 448 +1)(.1.:g -1); 6 (a3 + b3)(a3 ~ aBb3 +b3).
1 1 2 3 1 3
399. a) (x3 —y? ) ) (m2 + n3) : B) (a2 - b3)
Coxkparure apo6s (400—401):
1 1
400. 2) “f"‘;; gyt B ‘“b)j_ ;1) 7‘/?_1‘ ;
2va =2 3x2 + 3 la 2xy)? + 2x
-b x—y x2 -y %a + Yo
401. a) g : 0) ——; B) 3 r) i
R V= + b = Va - ¥
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Yupocrure Beipakenue (402—403):
1 1 1

2 2 _ 2
402. a) az+2 a 2| a +1;
i a-1 1
a+2a2 +1 a?
1 1 4 X 1 L
x2 + 3y2 x2 —3y2 | x2-—y?
6) 191' i 1 s

x—2x2y2 +y

_1 _1 _1 _1i e
403. 2) (@ Z+b672) +(a? -b2);
1 5

=8
5){ By (o aiy ))2

2

B) 2 1 - 1
a3 —a3 +1 g-q?

CpaBHHUTE '-mc.na (404—406)

1 1
404. a) 154;:392 6) 2-3% u 3-23;
1 1 1 8 1.3
B) 3-43;14-23; r) (2-37)%u (3-27)2
3 3 3 2 3
405. a) 82 u 127; 6) 12 u 5; B) 122 u 183; 1) 645 u 362,
i1 3
8 1 895 7
406. 2a) EJS u (3]4; 6) ¥z Vo
5 5 ez i
1

DEE o if (i)

6

| 3. Uctopuueckue ceepenns |

Maremaruxu JIpeBHeil I'pemun m3ydanu KBagpaTHbBIE KOPHU 3a40J-
TO 10 HOBOI apbl. Crioco0bl U3BJIEUEHUA KOPHSA CTEIIEHU N TAKKe U3BEeCT-
HBl gaBHO. Hampumep, xopeamckuii maremaruk Bupyam (972—1048)
B cBoell KHuUre «Kiaroun k apudpmervre» ONHCHIBAET CIOCOO M3BJIEYCHUHA
KOpDHA c J00BIM HATYpPaJbHBIM IIOKasarejeM. BrnpoueM, crmocob 3TOT
rpomo3akuii 1 HeygoOHbIH. Haunnas ¢ XIII B. uTanbaHCKHE U Apyrue
eBpOoNeHCKHe MATEeMAaTHUKH O0003HAUAJHM KOPEHb JATHHCKUM CJI0BOM
Radix (xopeHp) mam cokpaménno R. Tax, (GpaHIY3CKHMil MaTeMaTHK
H. ITioxe (ym. ok. 1500 r.) B XV B. nucan R2?12 BMecTO NPHHATOTO

Tereps v12.
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Hemenkue marematurku B pykomucu XV B. 0603HAuaau KOPEHb
KBaZpaTHBIH 3HakoMm {, KOpeHb 4eTBEPTOii crenenu 3HakoMm 00, KopeHb
kybouueckuit saaxkom 000,

Hranpsaackomy marematury . Kapmano (1501—1576) npunanie-
kaT GOpPMYJIBl pelleHHs KyOMUYeCKHX YpPaBHEHHH, B KOTOPBIX MCIIOJb-
3yoTca KybOudeckume KopHH. B 1626 r. HuaepiraHACKHN MaTeMaTHK
A. Hupap BBén O6au3KOe K COBpeMEeHHOMY 0OoO3HaueHHe AJA KBajaparT-
HBIX, KYOMYECKHUX KOpPHEH u T. H.:

2 3
LV LY S—

Pagencrso a®=1 (ana a # 0) npumensan B Hauage XV B. camap-
KaHJacKkuil yuénsii anb-Kamwu. HesaBucumo OoT Hero HyJIeBOH IOKasa-
resb BBéa u H. Ilioke.

B XVI B. paamasgckuii yuénpiii C. CreBun (1548—1620) mpen-
JIO}KHJI IOHNMATh Y a KaK CTelleHb IIOJIO}KPITEJ}BHOI‘O qpcsa a ¢ ZpoGHBIM

1 o
IIoKasaTeyneM E, T. €. CHHTaThb, YTO % = an. CucreMaTU4eCKU HYyJe-

Bble, OTPHUIIATENLHEIE U APOOHBIE ITOKasaTenu crai npumeHaTs M. Hero-
ToH (1643—1727).

PanuoHanbHasA CTEIleHb YHMCJIA MO3BOJHUIA ONPEAeNTh OKa3aTesb-
HYI0 QYHKIUIO § = @*, CYIeCTBeHHBIN BKJAJ B U3y4EeHHEe KOTOPOi BHEC
JI. Qitnep (1707—1783).

a+b
0O6o6mennemM HepaBEHCTBA

= Jab (a >0, b>0) Ha cayyaii n
IOJIOMKUTENBbHEIX YUCEJ SABJIAETCH HEePaBEHCTBO

Gyt+at+tagt..ta,
. > ta,a,a3...4, . (1)

IoxasaTenbcTBO HepaBeHcTBa (1) BmepBeie onyOaukoBan B 1729 r.
anruiickui marematuk K. Makmnopen (1698—1746), HO U3BECTHBEIM 3TO
HepaBeHCTBO CTAJIO ITOcje Toro, kak B 1821 r.
dparnysckuit marematux O. Komu (1789—
1857) onybnuxoBay CBOE JoKasaTesbCTBO. [lo-
KasaTeJbcTBO HepaBeHcTBa (1) ZOBOJIBHO TPYA-
HOe ¥ 3Jech He IIPUBOJHUTCAH.

Yucna

G+t agt..ta,
= u %a,a.a,...a,

HA3bIBAIOT COOTBETCTBEHHO CPEeJHHM apudme-
THYEeCKHM H CpeJHHM TreoMeTpHYeCKHM II0JIO-

SKUTEJBHBIX YUCEJN 4, A3, A3, ..., 4,. IloaTOMY
CBOMCTBO, BhIpa)keHHOe HepaBeHcTBOM (1), uu-
TAIOT TaK:

Cpednee apugpmemuieckoe HeCKOJLbKUX NO-
JOHCUMENbHLX YUCe] He MeHblle ux cpedHezo
2eomempuyecKkozo.




——

Mpy n3ydeHun marepvana rnaebl 3 Bam NPeacTOMT NO3HAKOMMUTLCSH
C nocneposaTenbHOCTAMM, cnocobamu ux 3adaHus U CBOWCTBAMMU, |
N3y4nTb apuPMETUYECKYIO U FrEOMETPUYHECKYIO NPOrpeccuu, Ux CBOI-
cTBa U GopMy”bl, CBA3AHHbIE C HUMU. ApudMeTUYeckas 1 reomeTpu-
4yeckasa Mnporpeccum He TONbKO CBA3aAHbI C KpacuBbIMK 3ajadvamu
W nereHgamu nNpoLunoro (nereHpa o WwaxmaTtHOW AOCKe), HO U No3BO-
NAT U3y4aTb YacTO BCTPEYaKLMECH HA NPAKTMKE MPOLECCHI.

T T ST I TR T PR TR Ciaualic o

§5. Yucnosbie nocneposarensHocTy
M UX CBOMUCTBO

| 6.1. MoHsaTHE 4YMCNOBO NOCNEAOBATENLHOCTH |

BT e i e T £ S N ke e A TR T T A

Ecau xasaomy HatypanbHOMY umeay n (n =1, 2, ...) nocrasie-
HO B COOTBETCTBHE II0 HEKOTOPOMY 3aKOHY YHCJIO X,, TO TOBOPAT, 4YTO
3a/laHa IIOoCJeIOBaTeNIbHOCTE YHCeJI

Lin. Xfi wern Xgn wons (1)
HiIH, KOpode, 3alaHa YHMCJIOBadA IMOCHeJOBATEJIBHOCTH {x,,}.
Yucna Xy, X9y «uay X,, ... HA3BIBAIOT YJIEHAMH IIOCJIEJO0BATEIBHO-

CTHM, 8 YJIeH C HOMEPOM N — €€ n-M YJIeHOM, ero eIlé HasbIBalT 00-
UM YJIeHOM.

3anaTe MOCHENOBATENBHOCTh — JTO 3HAYHUT YKA3aTh 3aKOH, IIO
KOTOPOMY MOJXHO BBIYMCJIUTE €€ n-# 4ieH X, AJIA KaxI0r0 HaTypasb-
HOTO 7.

OTOT 3aKOH MOJKeT BHIPAKaThCSA PA3HBIMHU criocobamu: popmya-
MH, CJIOBECHBIMHM OIMCAHUAMH M T. II.

Paccmorpum uncoByI0 mOCIeA0BaATeIbHOCTD, 7-ii YUJIeH KOTOpOit
3azaH dopmyJioni

xo=n% (=1;'2; 8; s (2)

ITonb3ysce aToit (HOPMYI0il, MOMXKHO BEIUMCIUTE JIF060MH UIeH 1mo-
CJIEJOBATENBHOCTH (2), COOTBETCTBYIOINHUI JaHHOMY KOHKPETHOMY HO-
Mmepy n. Hanpumep:

X4 = 42 = 16, X9 = 122 = 144-, x]_'? = 172 = 289.
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ITocnenoBarensHOCTH (2) 3aIHCHLIBAIOT CJEAVIOIIUM 0oOpasoM:
1; 23, 8%, ez B suns
HIH
1: 4, 9, .o 02, s
B sTO0i1 3anucu IpUBEJEeHO HECKOJIBKO IIePBBIX UJE€HOB IIOCJIeJ0Ba-
TEJLHOCTH U €€ n-U 4JjeH.

IIpumep 1. IlycTe uucioBas IOC/IeAOBATEIbHOCTH 3allHicaHa B BH-
ae (1):
1 1.1 D
L) 3r 4’ weey n 3 sse s
Torpa eé obmuil uneH 3agaH GopMyJIoi
_ D"
n n *

=

IIpumep 2. IlycTs umciOBas MOCJIENOBATEIbHOCTH 3ajaHa (opMy-
Joi obiiero (n-ro) diaeHa:

Torma eé MOMKHO 3amHcaTh CJAEAVIOIMHM o0pasoMm:

L1 1 1 14"
> 4’ 27’ 2560 T \m) T
I/IHOI‘,D;& (B OYeBHIHBIX cnyqaax} YHCJOBYIO IIOCJIeJ0BATEJIBHOCTE 3a-
JarT HeCKOJBKHMH eé IIepBbIMH 4YJieHAMH, HMMedA B BHOAY, YTO 3aK0HO-

MEPHOCTh NOJIVUEHHA KaxJO0oro cjleyIollero 4jeHa COXpaHAeTCA U IJIA
BCeX OCTaAJIBHBEIX YJIEHOB IIOCJIeJOBATEJIBHOCTH.

IIpumep 3. IlycTs uncioBas MOCaeLOBATEIHLHOCTE 3aJaHa HECKOJIb-
KHAMH €€ IIepBBIMH YJIeHAMH:

2,/4,.6, 8; 10, ... 3)

Torma o4eBUAHO, 4TO (hopmyia obmiero (n-ro) 4jaeHa 3TOH IOCJexOBa-
TeJIBHOCTH eCTh a, = 21.

YucmoBas mOCJIEI0BATEIBHOCTh YIOPAJZOYEHA! ¥ KaA0T0 eé 4iieHa
eCTh IOCJHeAVIOUNNA UYJieH W V Ka)KJI0oro eé 4jeHa, KpoMe IIepBOro, ecTh
MpeJIIeCTBYIOIIUHA UJIeH.

IIpumep 4. IlycTs 3ajaHa nocienoBaTeabHOCTS {a,}: 1, 3, 5, 7, ...
Torpa, HaAIpUMeEp, y YJ€HA IIOCJIEeA0BATEIHFHOCTH A3 = 5 €CTh IIOCIEAYIO-
Ui 9JieH @, = 7 ¥ eCcTh IPEJAIIeCTBYIOINUI WileH a, = 3.

' . 3ameuanme. UHCIOBYIO IOCIEA0BATEIBHOCTE MOMKHO 3a/1aTh pe-
' KyppeHTHO!, T. e. 3aJaThb OAWH HJIK HECKOJIBKO IeDPBHIX YJIEHOB
MOCJIeA0OBATEIBLHOCTH M (POPMYJY, BBIPpAMAIOINyio J000i eé ujeH

! PexyppeHTHBIHI — OT J1aT. recurrens (recurrentis) — Boaspalaiomuics.
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yepes OJJMH WJIM HECKOJBKO npeainecTByomux. HanpumMep, nmociiegoBa-
TeNBHOCTH (3) MOXKHO 3aJaTh TaK:

a4 =25 a,.4=a.+2, n=1;2, 8, .cxc

HW3BecTHasa IociaenoBaTelbHOCTE umcesl PuboHaYuM 3amaéTcAd TakK:
Uy=uy=1, u,,s=u,,1+u, n=1, 2, 3, .... BeIUUCIUM HECKOJHKO
TIepBBIX €€ YJIeHOB:

1,1,.2,8.:5, 8, 13,21, 84, ... @

407. a) Yro HA3BIBAIOT YUCJIOBOM MMOCJEA0BATEIbLHOCTHIO? YIeHAMH YH-
CJIOBOM TocaemoBaTenbHOcTH? IIpuBeanTe NIpUMEPHI UYHCJIOBBIX
OoCJIeJOBATEILHOCTEH.

6) Yro 3HAUUT 3a4aTh YUCJIOBYIO IIOCJIEI0BATENHHOCTH?

B) Kakme crmmoco0nl 3ajaHusd YHCJIOBBIX MOCJEI0OBATEJIBHOCTEH BbI
3Haere?

408. [lana mociepoBaTelbHOCTH uucen: 2, 4, 6, 8, 10, 12, ....
a) HazoBuTe €€ mnepsBnlii, BTOPOH, TPETHH, YEeTBEPTHIA, NATHINA
M IIeCTOM UJIeHBI.
6) Banummure Gopmysy obuIero dyiaeHa mocjaegoBareasHocTu. Haii-
OUTe CeabMOM, BOCBMOM W ABAAIIATHIA YJIEHBI 9TOH IIOCJedOBa-

TeJIbHOCTH.
409. 3amumure L‘popMYJIy 06]'.“81"0 yJieHa IIOoCJIeJO0BATEeJIbHOCTH:
a) 1,2 3,4,5,6, 7, ...; 6) 1,3, b, 7,9, 11, 13, ..
1 1 1 1 1
B) 43 81 12, 169 20, 24! seny P) 1'! E? g, Z’ g’ Ea “ees
N 1,-1,1,-1,1, -1, ...; e) -1, 1,-1,1, -1, 1, ....

410. [lasa dopmya oﬁm.er'o YjieHa IIOCJIeA0BATENBHOCTH:
a) a, = 3n — 1. Haiigure a,; as; as; o0}
6) a, =3+ 2(n — 1). Haiinure a,; ay; @35 Qy-

411. Hajigure cyMMy IEpPBBIX IIECTH YIEHOB IIOCJIELOBATENBLHOCTH, 3a-
AaHHOM (hopmysioi obmiero ujgeHa:

a) a,=3n+ 2; 6) a,=(-1)"-n
412. YucsnoBasa IociefOBaATENBLHOCTE 3agaHa (Gopmysoi obiiero uileHa
x, =10 + 2n.

a.) HaﬁﬂHTe X15 X100 X100-

0) BanumnTe HOCHEAYIONMNA U HNPEJIIECTBYIONIHNA UYJIeHBl OIA X,
(n=2).

B) 3anuIINTe YJeH IIOCJeA0BATEIBLHOCTH, UMEIOIINN HoMep n + 2.

413. [lociemoBaresibHOCTE 3a7aHa (GOPMYJIOH 71-T0 YJIeHa:
a) a,=3n - 2; 0) bn=16-[%J i B) ¢, = (-2)".

BeruucianTe TPU MEPBBIX U JECATHIN YJeH 3TOH MOCJEJOBATENb-
HOCTH.
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414.

416.

417.

418.

419.

420.

421.

422.

424.

ITocnenoBaTenbHOCTL 3a7jaHa NMePBLIMM uJjeHamu: 1, 5, 9, .... 3a-
numure popmyny eé obiiero uieHa.

ITocenoBaTeIbHOCTE 3aJaHAa PEKYPPEHTHBIM CIIOCO0OM:

a) a;=2,a,,,=a,+ 3; 6) b=-2,b,,,=5:0b,;

B) c;=4,¢,.,=c¢,—8; r) &, =8, %,,41=0,26+%,.
3anuuuTe OATh NEePBLIX €€ YJIeHOB.

ITociemoBaTebHOCTEH 3aZaHa PEKYPPEHTHBIM crocobom:

a) a;=38,a,,,=a,+2; 6) by=-5,b,,,=2'b,;

B) ¢;=8,¢c,,1=¢,—-4; r) ,=9, x,,;,=0,3 - x,.
3azaiiTe mocsiefoBaTEJBHOCTE (GOPMYJIOH n-ro YieHa, BHIYHCINTE
MATH MIEPBBIX €€ YJIEHOB.

ITocnenoBarenbHOCTE 3aJaHa IEePBBIMHM UJ€eHAMM:

a) 5,10, 15, 20, ...; ©) 32,16,8,4,...; B) 2,-2,2,-2,....
3amaiiTe IOCIeJ0BATEJHLHOCTh PEKYPPEHTHHIM CIIOCOO0M, BBIYMC-
JUTe eé BOCBMOM 4JIeH.

B npensiayineM 3agaHUM 3afaiiTe IocIeJ0BaATEIbHOCTE (POPMYI0H
1n-ro 4JeHa, BbIYUCIUTE €€ NeBAThIH YJeH.

YucooBas IOCJe0BATEJLHOCT 3ajaHa (DOPMYJION n-ro 4YjeHa:
n
a) a, = 5n; 6) b, =27 (%J i B) ¢, = (-0,5)".

3ajaiiTe moc/Ie0BATEIbHOCThE PEKYPPEHTHBIM CIIOCOOOM.

ITocnenoBarensHOCTE 3amaHa (GopMyJIOi n-ro 4JjeHa:
a) a,=177 - 3n; 6) b,=125 - Tn;
B) x,= 23— 1,5n; r) y, = 100 - %

CKOJIBKO TIOJIOKUTEJIBHBEIX YJIEHOB V 3TOH II0CJIeJ0BATEJIEHOCTH?

ITocremoBaTeIbHOCTD 3afaHa GOPMYJION n-ro 4YaeHa:
a) a,=-117 + 3n; 6) b,=-222 + 1,5n;
B) x,=-237 + 5n; r) y, = -100 + ;

CKOJIBKO OTPHUIIATEJIBHBIX YJIEHOB ¥ aToM HOCJIE,EOB&TEJIBHOCTH?

CKOJIBKO OTpHIATEJIbHBIX YJIEHOB UMeeT IIOCJIeJ0BaTeIbHOCTh, 3a-
paHHasa Gopmysnoi obuiero djgeHa:
a) a,=n?-12n + 27; 6) a,=n?-20n + 75?

Hajigyure HaAMMEHBIIMU UYJIEH IIOCJEZ0BATEIbHOCTH, 3aJaHHOU
dopmynoil obimero ujeHa:

a) a,=n%-19,8n + 113; 6) a,=n?-22,2n + 126.
MUccnepyem. Haitaure Bce 3HAUYeHUA 4, TIPH KaKJIOM M3 KOTO-
PBIX IIOCJIEZOBATEJBLHOCTh, 3afaHHasa (OpMyJIOH oOmiero djeHa
Y, =n?-20n + 100 - a, umeer:

a) eAMHCTBEHHBIN OTPHUIlATEJILHBIN UYJIeH;

0) POBHO HATH OTPHUIATEJILHBIX YJIEHOB;

B) POBHO ABAJAILIATH OTPHUIATENLHBIX YJIEHOB.
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425. Haiigure uncia ®@uboHAUYUN: Uy U Uj.

426. [oxasbiBaem. [loxaxure, 4TO AJsA JOOBIX HATYPAJBHBLIX N IO-
clefoBaTenbHOCTE umcen Pubonauuum {u,} obiamaer CBONHCTBOM:
a) u; +tuUs+ ... +uU,=u,,,—1;
6) u, +ug+us+ ...+ Uy, = Uy
B) Usg+ Uyt Ug+ oo + Uz, =Ugp 1 — 13
r) ul+u+ui+..+ui=u, -u,,,.

| 6.2. CBOMCTBA YMUCNOBBLIX NOCNEAOBATENLHOCTEN |

s i

ITocnemoBaTenbHOCTH {X,}, IJisi KOTOPOM NPH KaXXAOM HaATypasb-
HOM N BEHIIOJHSAETCS HEPaBEHCTBO

xn+l )xn’

HA3BIBAIOT BO3pacTawiei (cTporo Boapacraroliei).

Kasxaeiil cienyoimuil 4YjgeH BO3PACTAKOINEH IIOCIEA0BATEIBHOCTH
GonbIIe MpeabIAYINero.

IIppmepoM Bo3pacTalImeil MOCJIeJ0BATEILHOCTHA CIYIKHAT IIOCIEH0-
BaTEJILHOCTH {a,}, 00U YieH KOoTopoi 3azaH (hopmysoi

a, = 3n.

HepasencrBo a, ., > @, BHINOJHAETCA AJA KaKAOr0 HATyPAaJbHO-
Ton, Tak Kak a,,, — a,=3(n + 1) — 3n = 3 > 0 npu n0boM HaTypaIb-
HOM 7.

ITocnemoBaTeIbHOCTH {X,}, AJA KOTOPOH IPH KAa’KAOM HATYpAJb-
HOM 71 BBINIOJHAETCA HEPaBEHCTBO

Xpi1< Xps

HAa3BLIBAIOT yObIBalomiel (CcTporo yOnIBaIOIIEH).

Kaxxapiit caenyioniuii wieH yOsIBAIOIIEH 1OCIEN0OBATEILHOCTA MEHE-
e IMpeAbIAYIIEero.

IIpumepom yGBIBaIOLIEH IMOCHEAOBATENLHOCTH CJIAYXKHUT IIOCJIEeH0BA-
TeJBHOCTH {C,}, OOIIMI YIeH KoTopo# 3agaH (GOopMyJIoi

Cp=— (1)

Hep&BEHCTBO C,+1 < C, BBINOJHAETCA IJA KaXXJIOI'0 HATYpPaJbHO-
ro n, TaKk Kaxk
1 O |

X
n+l n nn+1)

Chsli—Ch =

opH aobom HaTypaJbHOM 1.
HOCJIE,I[OB&T&JIBHOCTL- {xn}, AJIA KOTOpOﬁ IIpH KaXJIoM HAaTypalb-
HOM 7 BBIINIOJIHAETCHA HEepaBeHCTBO
Xni1 Z Xns

Ha3hIBAlOT HeyObIiBaomeii. [IpuMepom HeyOBIBaIOIIEH ITOCIE0BATEILHO-
CTH CJIYIKHUT IOCJIEA0BATEJILHOCTh yuces PuboHaquu.
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IlocnemoBarenbHOCTH {X,}, IJIA KOTOPO#l NpPH KaykKAOM HaATypalb-
HOM 7 BBIIIOJIHAETCA HEPABEHCTBO

xn+1"‘<“x

n?

Ha3bIBAIOT HeBo3pacrammei. [IpuMepoM HeBoapacTawmieil IMOCJegoBa-
TEJBHOCTH CJYKHUT IIOCJeA0BaTeIbHOCTS {c,}: 5, 5, 4, 4, ..., KOTOPYIO
MOJKHO 3aJaTh TaK:

Copoy=Cp=b=n,n=1,2, 3, ....

ITocnemoBaTenbHOCTH BO3pacTamlnue, yObIBaOIIUe, HEBO3PaCTAIO-
e U HeyOBIBAIOIMe HA3LIBAIOT MOHOTOHHBIMH.

PaccMoTpeHHEBIe BBIIIE ITOCJEA0BATEJIbHOCTH U IIOCJIEL0BATEIbLHOCTD
yuces PuboHAUYN ABIAOTCA MOHOTOHHBIMH, a MIOCJIeA0BATeIbHOCTS {Y, ],
raoe

yn = (_l)na
He ABJISETCS MOHOTOHHOH, TaKk KaK, HallpDUMeEp, Y, > Yy, & Yz < Ys.

ITocnepoBaTenbHOCTH {X,} Ha3bIBAIOT OTPAaHUYEHHOH CBEpPXy, €CIH
CYILIEeCTBYeT TaKoe YMCJIO B, 4To JJIA Ka)KJ0oro 4JjieHa IIoCJef0BaTeIbHO-
CTH BBHIINOJIHAETCA HEPABEHCTBO X, < B.

OrpaHn4YeHHOH CBEPXY, HAIPpUMep, ABJIAETCA II0CIeA0BaTeILHOCTD (1),
TaK Kak A Ka’kIOoro eé 4JieHa BHIIOJHAETCS HepaBeHCTBO ¢, < 1.

ITocnenoBaTebHOCTL {X,} HA3HIBAIOT OTPAaHHYEHHON CHH3Y, €CJIH
CYIIECTBYeT TaKoe 4yucjao A, 4To AJIs Ka)KA0ro 4JjeHa II0CJieOBATEeJIbLHO-
CTH BBHIIOJIHSAETCS HEPaBEHCTBO X, = A.

OrpaHuvyeHHOH CHU3Y, HAIpUMep, ABIAETCA IIOCJIEJ0BATEJILHOCTH
qyuces PuboHayuy, TaK KaK JJIdA KAKAOro e€ ujeHa BBINIOJHAETCA Hepa-
BEHCTBO u, = 1.

ITocnexoBaTebHOCTH {X,} HA3BIBAIOT OTPAHMYEHHOI, €CJI OHA Orpa-
HUYEeHA U CHU3Y, U CBEPXY.

OrpasuueHHOM, HAIPUMED, ABJSETCS MMOCJel0oBaTeJLHOCTD (1), Tak

KaK JJIg Ka)kJOoro eé 4djeHa BHINOJHsAeTcsa HepaBeHcTBO 0 < ¢, < 1.
0. 3ameuanue. YuciioBas IIOCJIE€NOBATEJNBLHOCTH BcCerja uMeeT Oecko-
HEeYHOe YHCJI0 uieHOB. MHorga ObiBaeT yZOoOHO pacCcMaTpPHMBATB YHCJO-
BYIO IIOCJIeJOBATE/ILHOCTh C HOMEpPAMH €€ 4JIeHOB, Ipo0eralomuMHu Ko-
HeUHOe 4YHCcJIo 3HadeHuun 1, 2, ..., m. Torga npuHATO TOBOPUTH, UTO
3alaHa KOHeYHas IIOCJeJOBATeJHHOCTh C YHCJIOM UYJIEHOB M.

Hanpumep, mnociiefoBaTeIbHOCTH IIPOCTBIX YHCEJI Cpefu IIepPBBIX
ABAIATH HATYPAJBLHBIX YKCEJ KOHEYHA, OHA COJEPIKUT 8 UJIeHOB:

2,38,5,7 11, 13, 17, 19 (m = 8).

ITocegoBaTeIbHOCTL BCEX MPOCTHIX YHces] OecKOHeuHa. ITOT GaKT
ObLI gokasaH emmé EBKaummom.
ITocnegoBaTenbHOCTE {a,}, 3aganHas HOPMYJIOH 7-T0 YiIeHA
a, = 3n,

fecKkoHeuHaaA — JII000MY HATYPAJbHOMY 71 COOTBETCTBYET YJIEH IIOCJIeNO-
BATEJBLHOCTH 31.
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9Toii ke (HOPMYI0if MOMKHO 3aJaTh KOHEUYHYIO MOCIEA0BATEIbHOCTD,
ecJI n IPUHUMAaeT JUIIbL HEeCKOJBKO IEPBBIX HATYDPAJbHBIX 3HAYEHHM.
Hamnpumep, mociiegoBaTeIbHOCTh

b,=3n (n=1, 2, 3, 4)
KoHeuHas. OHa comepxxut 4 unena: 3, 6, 9, 12.

IlepBriil U HTOCIEAHUY YiI€eHBI KOHEUHOM IIOCAeA0BATEILHOCTH HA3KI-
BAIOT KPAaMHMMH YJIeHAMH IIOCJIeJ0BATEJIbHOCTH.

427. Kakyio mociieoBaTeIbHOCTh HA3BIBAIOT:

a) HEeBO3pacTaloIIei; 0) HeyOBIBaIOIIEH;

B) MOHOTOHHOM; ') OTpaHUYEHHOH CBEpXY;
) OrpaHUYEHHOH CHH3Y; €) OrpaHUYEeHHOI;

’K) BO3pAacTaloIIei; 3) yoOsIBaroen?

IIpuBenuTe IpUMEpPHI.

DokasbiBaem (428—429).

428. IlocnenoBaTenbHOCTh 3ajaHa (HOPMYJION n-rO YJieHa:
a) a,="Tn - 11; 0) b,=6" B) ¢, =-3 + (1,2)"
r) a,=2+ 3n; z) b,=8.2% e) ¢, =-3-(0,2)".
[oxaxuTe, 4YTO IIOCJIEAOBATEJIHLHOCTH SBJISETCA BO3PaCTAaIOIIei
¥ OrpaHWYEHHON CHHAY.

429. IlocnenoBaTesibHOCTH 3aAaHa (QOPMYJION n-Io YjeHa:

a) a,=-2n+ 1; 6) b, =(0,2)% B) ¢, =3 - (1,1)%
r) a,=3-2n; 1) bn=9-[%); e) ¢,=-16 - 27,

JlokaKuTe, 4YTO IIOCIEAOBATENBHOCTH SABJAETCA YOBIBAOINEed u
OrpaHUYEHHOU CBEpPXY.

430. IlocnemoBaTenbHOCTE 3ajaHa (HOPMYJIOH n-ro 4jaeHa:

a) a,=(-2)" 6) b,=2-(-1)% B) ¢,=n-(-1)%
r) U, = (_%J J m) x,=2+(-1)% e) y,= (1"

INokaskure, 4YTO OHAa He fABJIAETCA MOHOTOHHOU. Kakume us mpu-
BeJIEHHBIX IIOCJIEOBATEJLHOCTEH ABJIAIOTCS OTPAHUUYEHHBIMHU?

431. IlpuaymaiiTe CBOH mpuMep IOCJIEN0BATEIbHOCTH:
a) MOHOTOHHOM; 6) HEMOHOTOHHOM;
B) OrpaHHYEeHHOH CHH3Y; I') OrpaHUYEeHHOM.

432. BepHo Jm, 4TO BCAKAA BO3pacTallas IOCIEL0BaTEIbLHOCTL OTrpa-
HUYEeHa CHHU3Y, a BCAKasa yObIBamlad II0CJeL0BATEJILHOCTL Orpa-
HUYeHa CBepxy?

433. [JokaszbiBaem. [JoKaKuTe, 4TO NOCAEI0BATEIHEHOCTD JeCATHYHBIX
npubiaMKeHHl 4YumcJa T ¢ HejocraTKoMm 3; 3,1; 3,14; 3,141; ...
ABJISAETCS OTPAHHUYEHHOM.
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434.

3azaiiTe (hOpMyJIOi IOCIEI0BATEIBHOCTD:
a) 2,2,3,3,4,4,5,5, ...;

6) 2, 3, 3,4,4, 5,5, ...

B) 0,,0,0,1; 1, 1, 2, 2, 2,3, 3,3,

r) iy 05 1y 270,515 25 0, .

dokasbiBaem (435—436).

435.

436.

437.

438.

IMocnenoBarensHOCTE 3amaHa (GOPMYION n-ro 4jeHa:

n-1 2n+ 3 3n+5 4n -3
a) a,= ; 06) b, = ; B) X, =———; T = ;
) & n D= s B ATy DT
Hokaskure, 4YTO MOCJENOBATEJIBHOCTH SABJIAETCA BO3pacTaioIlei
¥ OrPaHMYEHHOH.
ITocnenoBarenbHOCTEL 3agaHa (opMyJsIoN n-ro twena:
n+1 2n+ 5 _ 3n+ 4n -1
= ; 6) b, = ; B) x r =
2 Ry BREgont BRI +1 ) ¥n 3n -2
Jokaure, UTO IIOCJIEIOBATEJbHOCTL fABJIAETCA yObIBAaIOIIEH u
OrpaHUYEeHHOM.

ITocnemoBaTenbHOCTh 3azaHa GOPMYJIOH n-ro 4jaeHa:
a)a=3n+5' 6)b=2n+1' _38n-5, r) y =2n+1'

2 gm-—a1" OO T T L e " 8m+5
fBnsiercs U mocJIeOBATENBHOCTH BO3PACTAIOMIEl, yObIBaIOIIE,
OrpaHUYeHHOM ?

a) a

B) X

VYrasKuTe BCe 3HaUYeHUA b, IPU KOTOPBIX MOCIE10BATEeIbHOCTD, 3a-
_1999n + b

2000n
6) yOnIBaroleit.

JaHHasdg Q)OpMy.TIOH a, , ABJIAETCH:

a) BoO3pacTralollei;

§7. Apudmernueckas nporpeccus

(7.1,

ﬂomlrue apud)meruuecxou nporpeccuu l

ApudmMernyeckoil nmporpeccuei Ha3BIBAIOT YUCJIOBYIO IIOCJeL0OBa-
TeJBHOCTh, KaXAbIH IIOCIeAYIOIINY UleH KOTOPOil paBeH IpeAIIecTBYIO-
IeMy, CJIOXXEHHOMY C IIOCTOAHHBIM AJIA AAHHON IIOCJIeJOBATE/bHOCTH
YHCJIOM. OTO YHCJIO HA3LIBAIOT PA3HOCTHIO apH(MeTHIEeCKOH NMPOTPeCcCHH,

Takum o06pas3oM, eciau 4YUCJIOBasg IIOCJIENOBATEIbHOCTh {a,} €CThb
apudMeTHYEeCKas IPOTrPeCcCUs, TO AJIs Heé CYIIecTBYeT TaKoe YHCI0o d —
pasHoCcTh apudMeTHYecKoi IPOrPecCUuu, UTO

a,,.1=a,+d

AJLA awoboro HaTypaJbHOI'O 4YHCJAa 7.
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Hanpumep, mociaegoBaTeIbHOCTH
La2i 8, As onns Ba sess (1)
3,1, -1, -3, ..., 5-2n, ... (2)

ABJIAITCA apu(pMeTHYeCKHMMH IIpOrpeccuaAMH. ¥ apudMeTHUECKOH Ipo-
rpeccuu (1) passocts d = 1, a y apudmeruyeckoi nporpeccuu (2) pas-
HOCTE d = —2.

OTMeTHM HEKOTOpHIe c80lcmaea apudMeTHUeCcKoil MPOrpeccuu.

1. Ias nobGoit apudmernveckoit nporpeccun {a,} eé n-i
YieH @, BhIpaskaeTcd 4Yepe3 eé NepBBIi 4jieH @; U pas-
HOCTB 3TOH mporpeccun d npu nomMouu Gopmysi

a,=a;+(n-1)d,
Ha3pIBaeMoi ¢Gopmynoi n-ro 4ieHa apudMeTHUecKOM
IIpOrpeccHH.

B camom geine,
al = (11 + 0 . d,

a2=ai+d,
az=a,+d=(a;,+d)+d=a, + 2d,
a,=az+d=(a,+2d)+d=a, +3d,

= s s & & 8 8 = % ® " " ® s w s s w

Ha (n — 1)-M arame aTHX paccyskX[IeHUI MMOJYUYUM, YTO
a,=a;+ (n-1)d.

2. JIro60ii uieH apudMeTHYECKOH IPOrpeccuu, Kpome Imep-
BOTO, €CTh CpelHee apH(pMeTHYECKOe IpealIecTBYIOLe-
T0 M IOCJHeAyIOIIero 4jeHoB.

To ecTs
an_1+a +1
an= —“’
2
RS TE =208y v «
B camom pene, a,_,=a,-d, a,,,=a,+ d, Toraa

a,_ +a,,; a-d+a,+d
= =a,.
2 2 H
Hanpumep, eciu um3BeCTHHI ABa ujieHa apudMeTHueckoit mporpec-
CUH a; =-3 U Ay = 1, TO MOKHO HaWTH ag:

artay -3+1 _
2 = 2

-1,
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" 3ameuanue. IlonHoe mokasaTenscTBO cBoiicTBa 1 Tpebyer mpume-
HEHUA MeToJa MaTeMaTHdecKod wMHAYKIuH (cMm. n. 1 JlomosHeHM
K riase 3).

3agava. Briaguuk mojiosKuU Ha cuéT B OaHKEe @ p. OIPH YCJIOBHUH,
YTO eKeMeCAUHO Ha ero cuér Oyaer HauuciaAaTbeds p% OT IMepBOHAYalb-
HOM CYMMBI BKJaja. BKIaJuWK He CHMMAJI JIeHer cO CYéTa 71 MecHIlEes,
a B Hayajue (n + 1)-ro mecsAna cHAJ BCe AeHLI'M co cuéra. Kakyio cymmy
OH CHAJ co cuéra?

Pemenue, CHauaja Ha CUéTe BKJIAAYUKA OBLIO @ P., Yepe3 MeCHI]

a- = i

y Hero 6swu10 (a + d) p., rae d = ﬁ Kaxkaelii MecdArl cymMa Ha cuére
yBeJIMUYMBAaJach Ha OJAHY U TY JKe CYMMY d pP., IO3TOMY 4epes 71 MecHAIleB

i n-p
Ha cuére BKJIAAUYMKa Oblia cymmaa+nd=a|l+— | p.

100
n-p
( 3 +——| p.
JTBET a(l 100][)

3aMeTuM, UYTO €CJW pPacCMOTPeTh apU(PMEeTHUYECKYH NIPOrPecCHIo
C DepPBBIM UJE€HOM X, = @ ¥ Pa3HOCTHIO d = 00" TO, BBIYMCJINB 110 op-
MyJie ob1iero yjeHa apupMeTuyecKkoit nporpeccuu (n + 1)-i uneH, moay-
YHUM TOT K€ pes3yJIbTaT:
n .
X,,1=a (1 + __p]

100

A1y popMyJy HA3BIBAIOT (POPMYJIOH MPOCTHIX NMPOIEHTOB.

439. a) Kaxyio mocaenoBaTebHOCTh HA3BIBAIOT apu(pMeTHUYeCKOH Ipo-
rpeccuei?
6) YrTo HA3BLIBAIOT PA3HOCTHIO apu(dMETHYeCKOU Iporpeccuu?
B) Sanummure GOPMYJy n-r0 4aeHa apuMeTHYeCKOH IpOrpeccu.
r) Kakumu cBoiicrBamu objazaer apudMeTHYeCKas Iporpeccus?

440. Jlana nmocnenosaTeNbHOCTH {a,): 2, 7, 12, 22, 27, ....
a) OnpepenuTe Pa3HOCTh MEXAY KAXMKIBIM IIOCIEeAVIOIIHM YJI€HOM
¥ TPEeABbIAYIIIIM.
6) fBadeTcs MM IOCJELOBATENBLHOCTH {a,} apudMeTUUYECKON IIPO-
rpeccuei?

441. Apudmernueckas nporpeccus {a,} 3afgaHa opMyI0ii o011ero 4sie-
Ha a,=a, + (n - 1)d, rge a, =3, d = 2. Haligure naTh NepBLIX
YJIEHOB IIPOTPECCHH.

442. Jlana apudmeruueckas nporpeccus {a,}: 1, 7, 13, ....
a) Haiigure pasHocTs apu(PMeTHUIECKON IIPOrPECCUH.
6) Haiigure a;; ag; ag; Q.
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443.

444.

445.

446.

fABnsaerca nu apudMeTHUECKON MpOrpeccueil mocaenoBaTeIbHOCTE:
a) -5,-2,1,1,4, 7, 10, ...; 6) 7, 0, -7, -14, -21,

5) 1%,11 §x g4 gl r) -1, 4, 9, 14, 19, 24, ...?

T
3anuiuuTe MEePBLEIX YeThIPe YJeHa apu(MeTHuecKoil mporpeccuw,
ecau a, = 2, d =-3.

" N o 1
HaiiguTe naThHI 4leH apudMeTUdYeCKoi mporpeccuu {a,}: 2, 45,
2
6=
3

B apudmernyeckoii nporpeccuu {a,} HaliguTe:
a) a,ud,ecimaz=>95, a,=9;

6) a,ud,ecmma,="7, a;=4;

B) as u d, ecaim ag =8, a, = 12;

r) a; u d, ecnu ag =-15, ag=-11.

dokazbieaem. Jlokakure, 4TO B apu(dMETUUECKON IPOTPECCHHU

{a,} pasHOCTH d MOXKHO BHEIYMCJIUTHL IO (OpPMyJIe

a.—a
d=2=2 ;,m¢k.

B apudmeruueckoit nporpeccuu {a,} nHaiiaure (448—450):

448.

450.

452.

453.

a) aud, ecqima, =5, az =13;
6) a, ud, ectm ay, =3, a,p=19;
B) a; ud, ecnu a;p3=-2, ag="1T;
I') 0101, eCJIHx A9 = 20,5, ar; = 10,5.

a) a, + ag, ecnu a; + a,;, = 120; 6) a, + ay;, ecau a, + ay, = 24;
B) ag, eciu a, + a; = 48; I) ag, €clIu ag + aq = 160.

a) a7, €CIU Q5 + G19 = 12; 0) ayy, ecanu a9 + ay = —20;
B) Qj, €CIH az + a; = 6; T) ag, €CJIHU Ay + a4 = 28.
ABnsierca nu HHCIIO 12 unenom apmbme'rnqecxon IIPOI'PECCUM:
a) -10, -8, 6 6) -11, -8, -5,

B) -3, 0, 3, r) 44,5, 43, 415

Ecau gma, To yxamnfre ero HoMmep.

fBnsaerca nmu uucno 34 ungeHOM apudMETHUECKON IPOrpeccuu
—47, —44, —-41, ...? Ecau ga, TO YKasKUTE €ro HOMep.

CR.O..TII)RO IIOJIOHUTEJBHBIX YJI€HOB HMeeT apn@mefrnqecnaﬂ mnpo-
rpeccus:

a) 3’8! 3,5, 3;2, vess 6) 791! 699; 6,7!
1432 : 3 141 123 .9
B) 143, 133, 18, .0s3 r) 154, 144, 12 Tidaat
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454. CKOJIBKO OTpPUIATENBHBIX YJEHOB MMeeT apudMerudeckas IIpo-

rpeccus:

a) -3,9, -3,7, -3,5, ...; 6) -8,2, -7,9, -7,6, ...;

s <A82, <5l 48« B <161, <16~ 145, .2
3 3 4 2 4

455. [Joka3zsisaem. JloxasxkuTe, 4TO MOCJIENOBATEJILHOCTb, 3aJaHHASA
dopmyJioi obiiero yjieHa:
a) a,=3n-"7; 6) a,=-3n+5; B) a,=2n+8; r) a,=-2n-3,
ABJseTcA apu@METHUYECKOH IIporpeccueii.

456. Bepno jiu, uTo apudMeruyecKas IIPOrPECCHs:
a) Bo3pacTaeT M OorpaHMuYeHa CHU3Y, ecau d > 0;
6) yObIBaeT M orpaHMdYeHa cBepxy, eciau d < 0?

457. Ilpepnpunumarenb B3AJd B 0aHKe KPeIUT HA CYMMY a4 P. IIPH yCJO-
BHM, UTO B KOHIIE KasKJOr0 MeCsAlla ero JOJr mepef 6aHKoM OyzeT
YBEJIMUUBATHCA HA p% OT CyMMBI B3ATOr0 Kpeaura. IIpeanpuauma-
TeJib BEPHYJI JIeHbI'M OAHKY CIONHA B cyMMe b p. 4epes n MecHILeB.
a) Kakyo cymMMy nOpeanpuHMMAaTeNIb BepHyn 0aHKY, eclH
a=500000, p=2, n=10?

6) Ha xkaxyio cyMMy NpeAlNpUHUMATEb B35J KPEJHUT, €ClIH p = 2,
n=12, b =992 000?

B) Yepes CKOJNBKO MeCAIEB IIpeJIpUHHMAaTENb BEpHYJI OaHKY
nensru, ecau a = 600 000, p = 3, b =852 0007

r) Iloxg Kako¥ IpoLeHT B MecsAll NpeJlIPUMHUMATEb B3AJd KPEeJuT,
ecau a = 700 000, n =6, b =910 000?

458. IlokakuTe, KaK OTBET K KaxKJOil 3ajadue U3 NpeabIAYIINEro HoMepa
MOJKHO MOJYUYUTH C IIOMOII[bI0 (hOPMYJIEI 00IIIero ujeHa apudmeru-
YEeCKOH IIPOTPEeCcCHH.

| 7.2. Cymma nepebix n uneHos |
| apudpmeTUUECcKON Nporpeccum

Yucsio, paBHOE CyMMe IEePBLIX 71 YJIE€HOB apu(MeTHYeCKoi mporpec-
cuu {a,}, obosHayamT S,, T. €.
S,=a;+as+ ... +a;_1+a:
CyMMa mepBbIX 7. 4ieHOB apudMeTnyeckoi nporpeccuu {a,} pas-
HA MPOM3BEIEHHIO MOJYyCYMMEBI IIEPBOTO U 11-T0 eé 4eHOB HA YHCJIO cJia-
raemsix (mn), T. e. cupaseaauBa (opmyJa
P 8, =———"-n. (1)

IleiicTBUTEIBLHO,

28, =S,+S,=(@, +ay+..+a,_+a,)+@,+a,_1+...+a+ay)=
=(a1+an)+(a2+an_l)+-oo+(an+al).
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iy mo - Cmizteals = . w3 A ) G kv

IlockonsKy @y +a,_;=a;,+d+a,—-d=a, +a,,
a;+a,_s=a,+2d+a,-2d=a,+a,
u T. 1., TO IOJy4yaeM
28,=(a, +a,) - n.

Orcroza caenyer cnpaBeduBoCcTh Gopmyas (1).

Ecinm B dopmyne (1) samenuts a, Ha a, + (n — 1)d, T0 monyuyum
APYTI'yI0 3anuch GOPMYJBI AJIA BEIYUCIEHHS CYMMBI IIEPBBIX 71 YJIEHOB
apu(pMeTHYeCKOH! IIPOrPEecCHH:

n. (2)

Ipumep 1. B apudmeruueckoit nporpeccuu {a,} 3afaHbl NePBBIi
ujieH a, = 11 u narHanuaTei 4ieH a,; = 27. BeluucaIuM cyMMy IepBBIX
NATHAALATHA YJIEHOB apH(MMETHYECKON IIPOTPEeCCHH.

ITo ¢popmyae (1) umeem

a,+a
Sy = 12 L 11+ 27

-15 = 285.

IIpumep 2. B apudmerudeckoil mporpeccuu {a,} 3aJaHBI IepBBLIi
uneH a; = 9 u pasdHocTh d = 2. BEIUMCIUM CYMMY MEPBBIX JeCATH YJIEeHOB
apupmeTnuecKON NPOrpeccuu.

ITo ¢popmyne (2) umeem

2a,+ (10 - 1)d
sm=-—‘[2—)-10=(2-9+9-2)-5=180.
3ameuanue. Ilonnoe nokasarenbcTBO (hopmyusl (1) Tpebyer npume-
HEHHUA MeToJa MareMaTudecKod HHAYKIuH (cM. 1. 1 JlomonHeHUN
K riaase 3).

459. 3anumuTre (HOPMYNY NI BBIYMUCIEHUS CYMMbI IEPBBIX N YJIEHOB
apupMeTHYECKON IIPOTPECCHUH IIO eé:
a) mepBOMY M 71-MY YJIEHaM;
0) mepBOMY YJIeHY M PA3HOCTU IPOTDECCHH.
460. Brpiuuciurte cymMmy:
a) 1+2+3+...+98+ 99 + 100;
6) 30 +31+ 32+ ...+ 38+ 39 +40;
B) 11 +12+ 13 + ... + 87 + 88 + 89,

Iana apudmerudeckas nporpeccud {a,}. Beraucaure (461—463):

461. a) S,y, ecnu a, = 1, ay, = 20; 6) Sjp, ecau a,=-10, az, = 20;
B) S,3, ecim a, =17, a;3=13; r) S,; ecam a, =11, a,; = 19.
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462.

463.

464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

a) Sy, ecim a; =1, d=1; 6) Sy, ecim a, =2, d = 2;

B) Sy, ecau a, = -2, d = 4; r) S,;, ecam a, =-3, d =3.
a) Sy ecmm ay, =1, d =-2; 6) S;, ecmu ag=4,d=-1;
B) S,;, ecau aq = 2; r) Sig, €CIU a1y = 4.

a) Onpepenure cymMmy nepBbIX 40 4éTHBIX HATYpaJbHBIX YHCEJ.
6) Onpexpenure cyMMy BCeX TPEX3HAYHBIX HATYPAJBHBIX UHCEJI.

B) Omnpezenure cymMmMy BCeX HaTypaJbHBIX uymcesx or 1 mo 100,
KpPaTHBIX 3.

OnpenennTe CyMMY BCEX JBY3HAYHBIX YHCEN:
a) gensAmUXcs Ha 3;

0) mensuxcs Ha 4;

B) JOeJAMIUXCA W Ha 3, U HA 4;

r) He JeNAIlIUXCA HU Ha 3, HU Ha 4.

CoKuJIM HEeCKOJIKO IePBHIX UJIEHOB apu(MeTHYecKoil Iporpec-
cunm {a,} u nmonyuunu 430. CKOJBKO UJIEHOB CJIOMKHJIH, E€CJIH
a; =—1; 4=387

CKOJIBKO yIapoB CAeJIal0T HacTeHHbIe Yachl 3a CYTKH, €CJIH OHH
OBIOT TOJBKO OJHH Pas B yac, OTOMBAS YHCJIO YacoB?

B apudmernueckoit mporpeccuw {a,}: as; = 11, ag = 17. Haiigure
CYMMY IIEPBBHIX AECATH YJE€HOB 3TOH IIPOIPECCHH.

IlpuaymaiiTe 3agauy Ha HAXOMKJAEHUE CYMMBI 71 YJIeHOB apudmeTu-
YeCKOU IIPOIpPEecCHH.

HoxazbiBaem. Jloxakure, 4To s Ja060i apudMeTHUECKOH
Iporpeccuu {a,} cupasejgausa Gopmy.Ja
Ss,1 =a,(2n~-1).

Ilnss apudmeTnyecKoil mnporpeccuu {a,} BBIYUCIUATE Sy, €CIH

Badauwa IMugazopa (580—500 zz. do H.3.). Haligure cymMmy mep-
BBIX HEUYETHBIX HATYPAJBLHBIX YHCEN:

1+3+5+...+(2n-1).
Badaua us nanupyca Axmeca (XVIII—XVII 6. do H. 3.). Pasne-

aute 10 mep x1eba Ha 10 yesoBeK, €CIU PA3HOCTh MEXAY KOJIHYe-
cTBOM XJiefa y KasKJoro 4ejJoOBeKa U eMy IIpPeAIIecTBYIOIIero co-

1
cTaBIsAET 3 MepEI.
Hoka3ssiBaem. B apudmernuecKol NIporpecCuu CyMMa HePBBIX M

YJeHOB pPaBHA CyMMe IepBbIX n ujeHoB (m # n). Jlokaxure, 4To
cyMMa IepBBIX (m + n) 4JIeHOB paBHA HYJIO.
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&8, FeomeTrpuueckas nporpeccus

| 8.1. MoHsATME reomMeTPUYECKOH NPorpeccum |

T

I'eomeTpH4YecKoii NporpeccHeil HA3BIBAIOT YHCJIOBYIO IHOCIEAOBa-
TEeNBHOCTb, KAXX/ABIH MOCJIEAYIOIINUI YIeH KOTOPOH paBeH IIpeAlIecTBYIO-
HieMy YiIeHY, YMHOMKEHHOMY Ha OTJHYHOE OT HYJfA, IIOCTOAHHOEe IJd
JAHHOM IIOCJIEAOBATEJBHOCTH YHMCJI0. JTO YHCJO HA3bLIBAIOT 3HAMeHAaTe-
JleM reOMeTpPHYeCKOil NMPOrpeccHuu.

Koneuno, nmociegosarensaocts 0, 0, 0, ... MOKHO paccMaTpuBaTh
KaK reOMeTPUYECKYI0 IPOTDECCHUI0 C IEePBBIM 4YieHOM a; = 0 u yo0bIM
3HAMeHAaTeJeM, HO NPUHATO HCKJIYATHL 3Ty MNOCIeJOBATEJNILHOCTHE H3
paccmorpenus. Ilosaromy gansmie 6ygeM cuuTaTth, 4to a; # 0.

Takum obpaszom, eciIiu IOCJef0BATEJIbHOCTL {@,} €CTh reoMeTpude-
CKas mporpeccusa co 3HamMeHarenem ¢, Togq# 0w a, ., =a, - ¢ 4aa JI0-
foro HaTypaJbHOro uucjaa n. Hanpumep, IociefoBaTeIbHOCTH

2,4, 8,16, 32, ..., 2% .cey (1)
1! _1, 1} _1; 19 reny (_1):14-1’ ey (2)

1 1 1 1 1 1)}
?r '—ﬁ) as _ﬁ! seay ?'(_EJ 3 ses (3)

ABJISIOTCA TeOMETPHUYECKHMH IIPOrpecCUAMH. ¥ TeOMEeTPHUYEeCKOU IIpo-
rpeccuun (1) sHameHaTens ¢ = 2, y nporpeccuu (2) saHameHarTenasb q = —1,
1

y nporpeccun (3) 3HaMeHaTeNlb g = —3

OTMeTuM HEKOTOpPEIE c80lcmaa reOMeTPUYEeCKON IPOTPeccHH.

1. las ax060it reomeTpuyeckoil mporpeccun {a,} eé n-i
YjleH @, BbIpaxaeTcsd uepes e€ NEepPBbIH 4WieH 4, ¥ 3Ha-
MeHAaTeJb 3TOH IporpeccMu ¢ NPH NoMolgu (opmMyJiIbl

a,=a;-q"",
Ha3bIBaeMoOi (opMyJIoH n-ro WieHa reoMeTpHYecKOH
IIPOTrPEeCCHH.

B camowm nede,
a, =a, - q°
a,=4a; * q,
A3 =0y q=0a;- q%
ag=az-q=(,-q¢)-qg=ay- ¢,

Ha (n — 1)-m srane paccyKAeHHUN HOJYYUM, UTO
a,=agr-1
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2. JIxo6o0ii wiIeH, KpoMe ImepBOro, reoMeTpHYECKOH mporpec-
cun {a,} ¢ NOMONKHUTEIHLHBIMH YIEHAMH €CTh CpelHee
reoMeTpuYecKoe NpeamIecTBYIONIEro M IOCJeAylolero
qJIeHOB:

A, = @y 1" Cp -

B camom peae,

aﬂ
s = . -
\Jan—l'an+1_]’?'an'q_‘\ﬂan =a,,

Tak Kak a, > 0.
Hanpuwmep, eciiu M3BeCTHEI JiBa YJleHA TeOMeTPUUYECKOM MPOrpeccun
C TIOJIO’KUTENBbHBIMHA YJeHaMH a; = 32 W a9 = 2, TO MOXXHO HAHTH ag:

dg = yJa; -8y = /32.2 = 8.

3ameuanue. ITonHOe AOKas3aTeNbCTBO cBoicTBa 1 TpeGyer mpumeHe-
HUsA MeTOJa MaTeMaTH4yecKo MHAYKnu# (cM. m. 1 JJomonHeHU# K ria-
Be 3).

3amaya. B Hauvase Mecsana BKJIAAUWK IIOJIOKUJ HA CYET B DaHKe
a p. IpU YCIOBHUHU, UTO €3KEMEeCSUHO Ha ero c4ért Oyzer HauucaaTbed pY%
OT TOM CYMMBI BKJIajia, KoTopas OyZeT HaXOQUThCA HA ero c4éTe B Hayda-
Jie 3TOro Mecsauna. BKiIagumK He CHHMAaJ JeHer CO cyéTa n MecdAleB, a B
Haygajae (n + 1)-ro Mmecana cHAJ Bce JeHbI'H co cuéra. Kakyio cyMMy oH
cHAJ co cuéra?

Peurenne CHauasna Ha cuéTe BKJIAAYMUKA OBLIO @ p., Yepe3 MecCAI]
y Hero ObLI0 a + 2P _g.[1+-2 p. Kamapiit mecsarn cymMa Ha cuére
100 100
p

yBeIH4YHUBaJach B q = 1+ ﬁ pa3, no3TOMYy Yepe3 n MeCAIleB Ha cuére

n
BKJaguuka ObLna cymma aq” = a {1 B LJ p.

n 1
O!Be’l.a 1+_ [].

3amMeTHM, UYTO €CJIH paccMOTpeThk TIeOMeTPHYeCKYI0 IpOrpecCHuio

C IepBbIM YJIEHOM X, = d H 3HaMeHaTeJIeM ¢ = 1+ Fpo, TO, BBIYHCJIUB II0

dbopmysne obmjero ujeHa reoMeTpUYeckoil mporpeccuu (n + 1)-i uiesn,
IOJIYYUM TOT YK€ pe3yJbTar:

p n
=a|ll+—].
xn+1 a( 100)

Ity dopMyay HaA3BIBAIOT (POPMYJIOI CJIO0MKHBIX IIPOLEHTOB.
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475.

476.

477.

478.

479.

480.
481.

482.

484.

a) Kakymo mociezoBaTebHOCTh HA3LIBAIOT I'eOMETPHUYECKOM IIpO-
rpeccueii? Yro HA3BIBAIOT 3HAMEHATEJEM IeOMeTPHYECKOH IIpo-
rpeccuu?

6) Sanumure (hopMyJay n-ro 4yjaeHa reoMeTpUYECKOH IPOrpeccu.
KaxuMmu cpBoiicTBamMu ofjazaeT reoMeTpuuecKas nporpeccusa?

a) 3azaHa IIOCIeA0BaTeJLHOCTE {a,): 2, 4, 8, 16, ... . Onpenenure
YaCcTHOE OT JeJIeHHA KaKA0ro MMOCJeAYIOIero YjIeHa Ha IpeAIecT-
BYIOIIIHH.

0) fBasileTca nU MOC/IEAOBATENBHOCTH {d,} T€OMETPUYECKON IPO-
rpeccueii?

a) [lama reomerpuueckas mporpeccus 1, 3, 9, 27, .... Haiigure
3HaMeHaTeJb 3TOH IIPpOrpeccHy M €€ IATHINA, IIeCTO M ceabMOit
YJIeHBI.

6) T'eomerTpuueckas nporpeccus sagasa opmynoit obiiero uieHa
a,=3:5""1, HaiiguTe nATh MepPBBIX UJIEHOB JTOH IPOrPECCHH.

fABnserca 1M reoMeTpUYECKOI IpoOrpeccuei ImocJel0BaTeIbHOCTD:
a) 1, 8, 15, 21, 26, ...; 0) 4. 2, 1,.0.5, 0,29, ...}
B) -2, 2, -2, 2, -2, ...; r) 0, 4, 16, 64, 256, ...?

3anumuTre 4YeThIpe IEePBLIX UYJEHA I'eOMeTPHUYecKOHl IIporpeccuu
{a,}, ecim a, = 2, ¢ =0,25.

o=

3 wes =

O =

HaiinuTe nATEIN YjieH reoMeTpUdYecKon mporpeccuu 3, 1,

£

3azaHa reomMeTrpuyeckas nporpeccus {a,}. Beraucianre:
a) as, ecau a, =0,5, ¢ =-2;

6) a4, ecau a, =-2, q = 3;

B) az; U ¢, ecnu a, = 3, a, = 4;

r) a; u ¢, ecnu a, = -4, a, = 6;

n) a, 1 q, ecIm a, =—1, a; = 2;

e) a, 1 g, ecIu ay, = -3, az = -2;

®) ¢, ecnu a; = 4, ag = 108;

3) g, ecau ay =95, a; = 320.

JaHbl TPU MOCIEA0BATELHLIX UJIeHA TeOMETPHYECKOM IIPOrPecCHH:
a) 7; x; 63. Hatigure x, ecan x > 0;

6) 2; x; 18. Haitpure x, ecnu x < 0;

B) 3,2; x; 0,2. Haiigure x.

Haiinure a, u g reomerpuyecKkoil nmporpeccuu {a,}, eciu:
a) a;—a,=18 u a5 — az = 36; 6) a, +a, =30, a;, + a; = 10.

fdoxkassiBaem. [lokaxkure, uro Aas J1060# reoMeTpudecKon mpo-
rpeccuu {b,} BEDHO pPaBEHCTBO:
b+ by byt by 6) bs+bs+ by byt byt byg

by+by byt by bg+ b+ by byg+ bys+ byg
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487.

488.

8.2.
reoMeTpU4ecKon nporpeccum

Bepro 1, uTO reomMeTpuUecKas NPOrPeCcCHS C IIOJOIKUTEILHBIMU
YJIeHaMH:

a) BO3pacTaeT M OrpaHUYeHa CHHU3Y, ecyau ¢ > 1;

6) yOmIBaeT u orpaHuWYeHa cBepxy, ecaum 0 < g < 1?

Onpepenurte, Bo3pacTaeT U/IKM yObIBAET reOMeTPHUYECKasd IIPOrpec-
cus {a,}:

a) ectma; <0, g>1; 6) ecima; <0, 0<g<1.

fABinserca 1y OHa OrpaHUYEHHOM?

3adawu H. Hviomona (1643—1727). a) Jlanbl yeTsIpe IOCJIEM0-
BaTeJbHBIX 4YJIeHA IeOMeTpMUYecKoil mnporpeccuu. CymMma ABYX
KpaWHHUX 4JieHOB paBHa 13, nByx cpemHux pasHa 4. Omnpenenure
9TH UJIEHBI.

6) daHbl TpH MOOCIEJOBATENbHBIX UYJIE€HA IeOMEeTPHYECKON mpo-
rpeccun. Ix cymma paBuHa 19, a cymma ux KBajgparoB paBHa 133.
OnpegennTre 3TH YJIEHBI.

B Hauase MecAana BKJIAAUYHUK IOJOKHJ Ha CcUé€T B OaHKe 4 p. IIpH
YCJIOBHH, UTO B KOHIIE KasKJOro MecsAlla Ha ero c4ér OyaeT HadHC-
naTeea p% oT ToM cyMMBI BKJIaJa, KoTopas OyAeT HaXOJUThCA Ha
ero c4yéTe B HayaJle 8TOro Mecslna. BKIag4yuMK He CHHUMAJ JeHbI'H
CO cuéTa n MecsieB, a B Hauage (n + 1)-ro mMecsimia CHAJ CO cuéTa
BCe AeHBLI'H B cyMMme b p.

a) Kaxymo cymMmmy BrIaguuk cHAJI co cuéra, ecaum a = 600 000,
p=1, n=22

6) Kaxyio cymmy BRJAAUUK MOJIOMKUI Ha cuéT, ecau b = 530 604,
p=2, n =37

B) IlokaskuTe, KaK OTBeT K KaKJIOH M3 3a7ay a) u 6) MOIKHO IIOJIY-
YUTH C IOMOINEIO (hopMyJaBl ODILEro 4jeHa reOMeTPHYECKOH IIpo-
rpeccuu.

CyMMma nepeBbiX 72 4IeHOS |

Yucno, paBHOe CyMMe IEPBBIX NI WIEHOB I'eOMeTPHUUYECKON Imporpec-
cuu {a,}, obogHauawT S,, T. e.

S,=a;+az+ ... +a,_q+a,.

CymMma nepBbiX 1 4JEHOB reomMerpudyeckoil mporpeccuu {a,} co
3HaMeHaTeJleM ¢ paBHa:

: S,=na, npu g=1; (1)
: -(1-g" ;
ésn=——a11(_ q)npnq;tl.g (2)

B camom gese, ipu ¢ = 1 dopmyna (1) oueBugHa.
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ITycrs Teneps g # 1. CnpaBefiuBeEl OUeBUAHBIE DABEHCTBA
S, (1-¢)=8,-S,gq=a,+a,g+ ... +a,q" "1 -
-(@g+a,@®+ ... +a;g" "' +aq?) =a, - a,¢"=a,(1 - q").
CienoBaTenbHO,
S,1-¢)=a,(1-qg",
_ay 1-g¢"
= “—l—q_.

¥ TaK Kak ¢ # 1, TO
S

n

dopmyna (2) goxasaHa.
BameruM, uTO opMyioit (2) ymobHO moib3oBaThCcH, ecam ¢ < 1.
Ecawu ke ¢ > 1, To y106HO IMONB30BaThCA APYroil 3anuckio Gopmyisl (2):

a0 (@"-1)
= (3)

Sn
IIpumep 1. B reomerpuueckoit nporpeccuu {a,} a; =8, ¢ = é—, BBI-
YUCAUM CYMMY TI€PBBIX NSATH €€ 4JIeHOB.
ITo dopmyae (2) umeem

15
8 1-(—) g. 31
_a-(1-¢%) _ 2) ) " 32 31
B T2

Sg= = 15,5,

1-gq 1 1
1-= —
2 2

Ilpumep 2. B reomerpuueckoi mporpeccuu {a,} a; =8, ¢ = 2, BbI-
YHCIAUM CYMMY IIE€PBBIX IOATH €€ Y4JeHOB.
Ilo dopmyne (3) umeem
a;-(g° -1 8(25 —
S=00 — S0 D _ g,
g-1 2-1
3ameyanune. Ilonsoe nokasarenbcTBO (popmynabsl (2) Tpebyer mpu-
MeHEeHHs MeToja MaTreMaTuuecKoil MHAYKOHH (cM. m. 1 JlomosHeHMM
K rJase 3).

489. Ilo xakoii hopMyJe BEIUMUCIAIOT CYMMY II€PBBLIX N YJIEHOB reOMeT-
puYecKoil mporpeccuu?

490. HaiiguTe cyMMy MepBBIX MATH YIEHOB I'eOMETPUYECKOH mporpec-

CHH, eCJIHn:

a) a; =5, g=2; 6) a, =4, ¢g=-3;
1 1

B) @,=-2,0=3; T) &= -5 =2

) a;=-2, a3=8; e) ag=2,a,=1.
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491. B reomerpuueckoii nporpeccuu {a,} Beruncaure Sg, ecau a, = 48,

=eld
g= g

492. B reomerpuueckoii nporpeccuu {a,} a, =1, ¢ =—1.
Berumenure: a) Syg0; 6) Syop-

493. BroluncauTe CyMMy IIEPBBIX JECATH YJIEHOB MeOMeTPHYECKOi Ipo-

rpeccuu:
a) —-32, 16, -8, 4, ...; 6) 32, 16, 8, 4, ....
494. B reomeTpu4ecKoil mporpeccuu {a,} BIYUCIUTE:
1
a) SIO' eciaun a,; = _%! q= 2; 6) SIG! eCclIu aq = _ﬁ$ q= -2;
1 1
S ’ TR = ; » — =0,
B) Sg, ecnu a, 57 4 3 r) Sg, ecnu a, o 4 3

495. Brruuciure cymMMy HepBBIX IIECTU UJEHOB I'eOMeTPUYECKOH Ipo-
IpeccHuy, ecJiu:
a4) pasHOCTh M€Y BTOPHIM M IIePBBIM YJIeHAMH IPOTrPECCUM PAB-
Ha 4, a MeXJy 4eTBEPTHIM U TPETLUM paBHa 16;
0) pasHOCTBH MeKAy BTOPHIM M IIEPBHIM YJeHAMH IIPOTPECCUU pPaB-
Ha 3, a cyMMa TpEX e€ mepBhLIX YJIEHOB pasHa 21;
B) CyMMa TPEX NepBHIX UJIeHOB mporpeccuu pasHa 111, a xyb eé
3HaMeHaTeJs paBeH 4,

496. CymMa nepBBIX JeCATH YJIEHOB reOMETPUYECKON IIPOrpeccuy pas-
Ha 64, npousBeeHNWe MEPBOrO M AECATOTO YjeHoB pasHo 16. Haiinu-
Te CYMMY 4uces, oOpaTHBIX 9TUM JEeCATH YJIeHAM I'eOMeTPHUYEeCKON
IIPOTPECCHH.

'8.3*. BeckoHeuHo y6biBaiowwias |
reomerpuueckas nporpeccus |

TeoMeTpUUYECKYIO IIPOTIPECCHIO
Tin Q55 B Wl wvne

Ha3BIBAIOT 0eCKOHEeYHO YOBIBAIOLIEH, €CIM MOAYJIb €€ 3HAMEHATeIA MEeHb-
me 1: |¢| < 1. Hanpumep, reoMmeTpudecKas IIPOrpecCHs
1 I & % 1
R 2n
feckoHeYHO yOBIBAIOINAA, IMOTOMY YTO MOAY/IL €8 3HaMeHATeJd MeHb-
me 1:

lgl=3<1.
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e

OrMeTHM, 4TO A JI000H reoMeTpHYecKoil mporpeccuu (GopMmyny
CYMMBI IIePBBIX 71 €€ UJIEeHOB MOYKHO IIepDenHCcaTh TaK:

a a
- .q" (1)

"T1-q 1-g¢
Ilnss 6ecKOHEYHO yOLIBAIOIIEH reOMEeTPUUYECKOi IMpPOrpeccuy BTOPOM

YyJjileH B NpaBo¥i dacTH paBeHcTBa (1) mpu HeorpaHWYEHHOM yBelu4Ye-

HHUU N CTPEMUTCH K HYJIIO, HO TOT/la JieBas 4acTk paBeHcTBa (1), 1. e. S,

CTPEMHUTCHA K UHUCIY
a;

: (2)

o o
a s

9to umcyo S = 1—1 Ha3LIBAIOT CyMMOM OeCKOHeUYHO yOBIBarOIIeH
-q

reoMeTPHYEeCKOM IMPOrpecCHH
yy Boy wsss: Qin-ivas

co aaamenaresneM ¢ (|g| < 1).
ITumyr:
a,
I~

=a,+Ay+ .. +Ap + ooy

rae
a,=a;g""* (g/l<1.

Ilpumep 1. Beruncaum cymmy GecKOHEUHO yOBIBalOIieil reoMeTpH-
YeCKON IPOrpeccHUH

I D LA | 1
§+Z+§+E+"..
3xech a, = %, qg= % ITo hopmyne (2) nmeeMm
1
s= 4 -2 _
1-g¢g l—l
2

Eciu paccMOTpeTh KBaapaT, ILIO-
majgbs KOTOPOTo MPUHATA 38 eAUHUILY, 3a-

[

l\:ln—l

1 1
KpacHuTh cHa4Yaaa 3 KBajgpara, MoTOM g

IIOTOM %, IOTOM 1_16 u T. g. (puc. 60), To

cTaHeT SICHO, UTO IIPOIecC TAKOro 3aKpa-
mMuBaHUA OECKOHEeYeH W CcyMMma IJio-
mazeil 3akpallleHHBIX YacTed KBajapara
HEOrpaHWYeHHO NpubIMKaeTcsa K ILJIO-
1agu JaHHoro KBajpara (crpemures K 1). ™ Puc. 60

5=

00|
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IIpumep 2. Beryuciaum cymmy GecKoHeYHO yObIBalomieii reoMeTpH-

2 T G |
ecKo eccun 1—- —+=-—=-+—— ..
q # mporp u R T
1 1 2
3pecr a, =1, g = g Ilo dopmyse (2) umeeM S= —— = 3

-

Wnorpa nna obpamieHus mepuoamMuecKux Apobeil B 0OBIKHOBEHHBIE
HCHOJB3YIOT (POPMYNY CYMMBI O€CKOHEYHO yOBIBaIOIell reOMeTPUYEeCKOH
nporpeccuu. Ilokaxkem, Kak 5TO Aesaercs, Ha IpUMepax.

IIpumep 3. O6paTum GeCKOHEUHVIO mepuoAudecKyio apobn 0,(7)
B OOBIKHOBEHHYIO JPOOL.,
CHavasia 3anmiieM JaHHYIO Apo0Ob B BHjE

0,(7)=0,777...= 0,7 + 0,07 + 0,007 + ... . (3)

IIpaBasi yacTe 9TOro paBeHCTBA €CThb CyMMa GECKOHEYHO yOBIBaio-

Liei reoMeTpUUYECKO# nporpeccuu {a,} ¢ mepBLIM YieHOM a, = 0,7 u 3Ha-
menarenem ¢ = 0,1, mosromy o gopmyse (2) umeem

0.7y = %7 07 _7

1-01 09 9

IIpumep 4. O6patum OeCKOHEUYHYIO IEPUOAMUYECKY0 Apobb 0,1(45)
B OOBIKHOBEHHYIO APOOE.

CuHauaJjyia sanuineM JaHHYIO Apo0b B BHIE

0,1(45) = 0,14545... = 0,1 + 0,045 + 0,00045 + ... .
B npasoit yactu aToro pasesctsa mocie 0,1 sanucana cymma 6ecko-
HEeYHO yObIBaOIei# reoMeTPUYECKON IIPOTPECCHH {@,} C TIEePBBIM YIEHOM
a, = 0,045 u snamenarenem ¢ = 0,01, mosromy 1o ¢opmye (2) umeem

- 0045 _ 1 0045 _ 1 45 _ 8
0,148 =0.1+ =10 " 090 — 10 " 990~ 55°

3ameuanue. IlosscHuM, mDoOueMy CcHOpaBeAJUBO paBeHCTBO (3)
W aHaJOTUMYHbIe PABEHCTBA A/ APYIHAX NePHUOAMUYECKHX AeCATUUYHBIX
gpobeit. Ilyers Bagana reomerpuueckasa mnporpeccuma 0,7, 0,07,
0,007, ..., 0,7 - (0,1)*- 1, .... Torga mo opmyiae (2) umeem
0,7 0,7 7

S=1"6i 09" 9 @

7 3
Mgsl 3HaeMm, 4TO 5 MOMHO 3allHCaATh B BHJE 0eCKOHeUHOM nepuomgm-

yeckoi gecAtuuHou apobu 0,(7) =0,777.... IlosroMy cCUMTAIOT, YTO
0,(7)=0,7+ 0,07 + 0,007 + ....
Torza dopmya (4) ects dhopmysia obpanieHus 6€CKOHEYHOU epuo-

= - 7
audecKon gecAtruuHoi apob6u 0,(7) B 0OBIKHOBEHHYIO APOOHL e
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497.

498.

499.

a) Kakyio reoMeTpHuecKyi0 IIPOrpPecCHI0 HAasbIBAlOT GECKOHEUHO
yOpIBaOIIIEH ?
6) Ilpuaymaiite npuMep OeCKOHEYHO yOBbIBaroleil reoMeTrpuye-
CKOif IIporpeccuu, KoTopas He siBJsieTcs yObIBalolleil Iocjenosa-
TeJbHOCTHIO.

BeluucauTe cyMMy OeCKOHe4HO yObIBaoIleil reoMeTpHYecKOi
nporpeccuu {a,}, eciu:

1 1
a) a1=4,q=§; 6) a1=4,q=—§;

1. 1
B) a;=95,q= 16° r) a,=>5,q= T

O6paTuTe B OOBIKHOBEHHYIO ADP0OL OECKOHEUHYIO IIePHOAUYECKYIO
JEeCATUYHYIO APO0b:

a) 0,(3); 6) 0,(8); B) 0,(5);
r) 0,(13); ) 0,(27); e) 0,(45);
x) 0,(123); 3) 0,(456); u) 0,(1999);
k) 0,5(7); a) 0,23(8); M) 0,2(38).

Doxka3piBaem. 3adaua II. Pepma (1601—1665). oxaxwure,
yTO [y OeCKOHe4YHO yOBIBAIOIIEH reoMeTpPHUYeCKOH IIporpeccuu
{a,}, umeromeil cyMMy S, BBIIOJHAETCA PABEHCTBO

S 4

S -a a,’

Hafigure cymmy OecKoHeduHO yOBIBalOIneil reoMeTpHdYecKoil mpo-
IrPEecCHUH:

\/_+1 1,«/5—1_

«/5—1 ,\/§+1'

V2 +1, 1_J§—1_m

B-1 7 AB41 a7

IOax ocTphI# yroj, BeIWYMHA KOTOPOTO

pasua o. Ha ero cropoHe Ha paccTosd-

HMHA [ OT BEpPIIMHBEI OTMETHUJIH TOY-

Ky A,. I3 Heé mpoBenu mepneHJUKY- Az
asap A;A, KO BTODOH CTOpOHe yria,

U3 TOUYKHU A, IPOBEJIU MEePHeHAUKYIIAD A
A,A; K mnepBoil CTOpPOHe ¥ T. . y
(puc. 61). I[Tonyunnace Jomanas c Gec-

KOHEYHBIM 4YMCJIOM 3BeHbeB. Bprumc- o

JuTe eé AJMHY, eCJIH: A Ay As
a) I=1mwm, oo =45°%

6) I=1mM, o= 30°. B Puc. 61

0)
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Hdononnenns x rnase 3

| 1. MeToa maremaTnueckoi MHAYKuMK |

TFETrat IR L. SISt LETE FAT DR A G S ST Tty s

ChopmynnpyeM NPHMHIMI MaTeMATHYECKOM HHIYKIIHH.

Ecau cBoiicTBO, 3aBHCsIIEe OT HATYPAILHOTO 7, BO-IIEPBEIX, BEPHO
npu n = 1 U, BO-BTOPBIX, U3 IPEANOJIOKEHNA, YTO OHO BEPHO IIpHU 1 = k,
cjieiyer, 4TO OHO BepHO Ipu n =k + 1, TO CYUUTAIOT, YTO 3TO CBOMCTBO
BEPHO A J11000T0 HATYPAJIbLHOTrO 7.

Hanpumep, mycTs Hazo goxasars, uro ecau a > 0, To

a">0 (1)

Ans nb0ro HATYPAJILHOIO 7.

CornacHO NMPUHLMIY MaTeMaTHYECKON MHIVKIIMHU, YTOGBI CUUTATH
BePHBIM HepaBeHCTBO (1) Ans Bcex HATYpPaJbHBIX 7, NOCTATOYHO IIPOBE-
PHTh, YTO BBINOJHAIOTCA CJEAYVIOIINE ABA YTBEDIKICHHUA:

1) nepaBeHcTBO (1) cnpaBeaauso ansa n = 1;

2) ecau AOMYyCTUTH, YTO A HEKOTOporo n = k HepaBeHcTBO (1)
cIpaBeAJIMBO, T. €. UMeeT MecTO HepaBeHCTBO a* > 0, To OHO cupaBeaIu-
BOo M 1A n=~Fk+ 1, T. e. UMeeT MeCTO HepaBeHCTBO

ak+t1l >0,

YrBepkaenne 1 neficTBUTENbHO BBINOJHAETCH, IIOTOMY YTO, ITOJIO-
JKUB B HepaBeHCTBe (1) n = 1, moanyuyum HepaBeHCTBO a > (0, BepHOe IO
YCJIOBHIO.

YrBepaxaenue 2 Toxe BHIIOJHAETCH, BeAb €CAU IPEAIOI0KUTE Bep-
HBEIM HepaBeHCTBO a* > 0, TO mocjie YMHOMKEHUA ero Ha IOJIOKUTEIbHOe
YMCJIO @ MOJYYUM BepHOe HepaBeHCTBO a**! > 0,

Taxum obpasom, yrBepsxaenus 1 u 2 sermosnnsaiorca. Ho torma co-
IJIACHO NPHUHIMIIY MaTeMaTUYeCKOM MHAYKIMU HepaBeHCTBO (1) BepHO
Aad a060ro HATYpPaJIbLHOIO 7.

JloKkazaTenbCTBO, OCHOBAHHOE HA NPUHIMIE MaTeMaTHYeCKOH WH-
AVKIIMK, HA3bIBAIOT JOKA3aTEeJNbCTBOM IO HHIYKIHM WU TOKA3aTeJbCT-
BOM METOJAOM MaTeMaTHYeCKOH MHIYKIIHH.

3amMeTHuM, UTO He TOJBKO JOKA3aTeJLCTBO IIPUBEAEHHOI0 BhIIIe CBOI-
CTBa, HO H OIpejeJIeHUe n-ii CTeleHu, CTPOro TOBOPA, HYXKHO AaBaTh I10
UHAYKIUH.

Hanpumep, roBopaT, 4T0 @ Np¥ HATYPAJILHOM 1 €CTh TAKOE YUCJIO,
KOTOpOe OIIpe/essieTca CJAeAVIOIINM o0pasoM:

al=a m gttl=qg*.a (2)
Aas J060ro HaTypaJasHOro k.
Ilone3ysice 9TUM ompezesieHUeM, MOJYYUM, HAIPUMED, UTO
a°=ag*-a=a*-a-a=a*-a-a-a=
=a-a-a-a-a.
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IIpumep 1. JlokakeM IO MHAYKIIMH, YTO
0*»=0 (3)

ans aoboro HaTypaJabHOTO 1.
IIpu n = 1 paBeHCTBO (3) OYEBHIHO.
Ecau gomycTuTs, uto paseHctso 0F = 0 gokasano, To orcioga Gyzner

cJefoBaTk, 4TO
0F+1=0*.0=0-0=0.

Torza COrjacHO NPHUHIMIY MaTeMaTHYECKOM MHIAYKIHWH DaBeHCTBO (3)
HaJ0 CYMTATH BEPHBEIM AJIA JIIOOOro HaATypaJbHOIO 7.

IIpumep 2. Hoxaskem, yto ecau 0 <a < b, TO
ar< b? 4)

1A 1100070 HATYPAJIBHOTO 71. DTO YTBEPKAeHMe JOKAa3bIBAIOT II0 HHAYK-
WU cJaeayoomuM obpasoM.
IIpu n = 1 HepaBeHCTBO (4) BepHO, TAK KaK IO yCJOBHIO a < b.
Ilyers npu n = k HepaBeHCTBO (4) BepHO, T. €.

ab < bk, (5)

Tak KaK IO YCJIOBMIO @ — IIOJIOKHUTEIbHOe YHUCIO, TO U a* — moJo-
JKUTEJbHOe YMCJIO, YTO OBLIO AOKA3AHO BHINIE. Y MHOXKHMB HEPaBEHCTBO
a < b Ha a* u Hepasencrso (5) Ha b > 0, monyduMm

ak'{"l(ak,b u ak.b(bk+1,
OTKy[Ja cJefyer, UTO
ak +1 < bk + 1.
Torza coriacHO NPUHIIUIY MaTeMaTUYeCKONH HHAYKIWUH HepaBeHCTBO (4)
HAJ0 CUMTATH BEPHBIM JJsd JOO0Oro HATYPAIbHOTO 1.

Ipumep 3. Hoxasem, yro jgus joboro umcna b 2 1 u aroboro Ha-
TYpPaJLHOT'O 7 CIPaBeJJIUBO HepaBeHCTBO

(1+b)" > 1 + nb. (6)

IeitcTBuTeIbHO, TaK Kak (1 + b)! =1 + b, To npu n = 1 HepaBeHCT-
BO (6) BRITIOJIHAETCH.

Ilpeanonoxum, 4To HepaBeHCTBO (6) BEINOJIHAETCA IPU HEKOTOPOM
n =k, T. e. uto HepaseHcTso (1 + b)* > 1 + kb Bepro. Tak kak 1 + b 2 0, To

1+b)f+t1=(1+b)-(1+b)=
2(1+kb)-1+b)=1+(k+1)b+Ekb22>
z21+(k+1)b,
T. €. MBI JOKasaju HepaseHcTBO (6) gas n =k + 1. CiregoBaTesJbHO, CO-

rJIaCHO NMPUHIIUIY MaTeMaTHUeCKON WHAYKIIMM HepaBeHCTBO (6) BepHO
npu a:060M HaTypajlibHOM 7.
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IIpumep 4. JloxkaskemM paBeHCTBO
am.ght=gm+n (7)
AaA M00BIX HATYpPadbHBIX M U N.
3ajazuM IPOM3BOIBHOE M U Gy[eM, KaK TOBODAT, BECTH MHAYKIIHIO
no n. Ilpu n = 1 paseHcTBo (7) BEPHO 110 OIpPeAEJeHUIO CTEIIeHH C HATY-
payibHBIM ITOKasarteneMm (cM. (2)):
am-al=agm-.-g=qgmntl,
ITycTs Tenmeps pasencrso (7) BepHO npu n = k:
am . ak — am + k'
Torpa mo onpezenenuto crenesu (cMm. (2)) umeem
am ,ak+1:am,ak_alzam+k_alzam+k+1,

T. €.
am.gktl=gm+k+1,

CorsnacHO npuHHUIY MaTeMaTHYeCKOH MHAYKIUU paBeHCTBO (7)
BEPHO JJIs JI000r0 HATypaJbHOTO N IIPH MPOU3BOJIHLHO BHIODAHHOM m,
T. €. paBeHCTBO (7) BepHO AJs JIOOLIX HATYPAJIbHBIX M U 1.

IIpumep 5. oxasxem, 4To o6L(Mii YIeH apudMETHIECKON IIpOorpec-
cuu {a,} BeYHCIsAeTcsa o hopmyIe

a,=a;+(n-1)d. (8)
HeiicTBuTeNIBHO, TAK KaK @, = a; + (1 — 1)d, To npu n = 1 paBener-
BO (8) BBIIOJIHAETCA.
IIpeanonoxum, uTo paBeHCTBO (8) BHINOJHAETCA NIPU HEKOTOPOM
n==k, T. e. 4TO
Torna

T. €. paBeHCTBO (8) BrImonHseTca Mius n = k + 1. CiregoBaTenbHO, CO-
rJIaCHO NIPHHIIUIY MaTeMaTU4eCKOl MHAYKIIUN PaBeHCTBO (8) BepHO npu
a1060M HaATYpPaJIbLHOM 7.

Ilpumep 6. [lokakem, 4TO cyMMa HEePBBEIX 71 UJEHOB IeOMEeTpHYE-
CKoit mporpeccun (¢ # 1) Beruncaserca mo GopMye

a,(@" - 1)
S, = ———. 9
s 9)
JelcTBUTENIBHO, TAK KaK
_ a;(¢'- 1) —a
- 1

To pu n = 1 paBeHcTso (9) BRIIOSIHAETCA.
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IIpeanonoxkuM, 4TOo paBeHCTBO (9) BBHINOJHAETCS IPH HEKOTOPOM
n==~k, T. e, UTO

S = a1(qk' 1)
T g1
q
Torma
_ a;(¢" - 1) a,(¢" - 1) .
Sps1= S+, = ?+ak+l= e pa
_adt-a+a ¢t -a¢"  a¢*tl'-a a(¢*'-1)
g1 g—1 g~k

T. e. paBeHcTBO (9) BRIMONHseTcs AasA n =k + 1. CiregosaTenbHo, CO-
rJIacHO IPUHIMIY MaTeMaTHYeCKON MHAYKIHU paBeHCTBO (9) BepHO npH
n1000M HATYpPaJIbBHOM 7.

503. a) B uém saxjoouaeTcs NPUHIUI MaTeMaTHYECKON HMHAYKIIUMA?
6) O0BaACHUTE, KAK AOKA3BIBAIOT YTBEePKJAEHUA METOJOM MareMma-

TUYECKOH WHAYKIMH, HA IpUMepe AOKas3aTelIbCTBA paBeHCTBA
n =1 pas a1060r0 HATYPAJIBLHOTO Il.

Hokassisaem (504—516).

504. [loxa)XuTe METOJOM MAaTeMATUYEeCKOH MHAYKIIMHA PABEHCTBO!
a) a"b" = (ab)™; 6) (a*)™ = a™".

505. IIycts a < 0. [JoxkakuTe METOZOM MaTeMaTH4YeCKOM MHAYKIUM, YTO:
a) a® > 0 gna gboro 4ETHOro HATYPAJBLHOIO 1}
6) a® <0 gns a60ro HeYETHOrO HATYPAaJBHOIO 1.

506. [[oka)xuTe METOJAOM MATEMATHYECKON MHAYKIUWH, UTO!
a) ofImu#A YJIeH TreoMeTPUUYeCKOM IPOrpPecCHy BBIYHCISIETCH II0
dopmyse a* =a, - ¢"~1;
6) cyMMa IIepBBLIX 71 YJeHOB apu(MeTHUecKOH IIPOI'PeCCHH BBIUKC-
2a,+ (n - 1)d
nsierca mo dopmyne S, = — n.
507. JlokaskuTe METOAOM MaTeMaTH4YeCKOH MHAYKIIUY, UTO A JH060oro
HATYypaJbHOTO I BBINIOJIHAETCHA paBEHCTBOI
a) 1+2+3+...+n=@;
6) 2+4+6+...+2n=n(n+1);
B) 1+3+5+...+(2n-1)=n%
r) 3+12+...+3-4r"1=4r-1;
n 4+0+...+4-(2-n)=2n(3 —n);
nn+ 1)(n+ 2),

e) 1-2+2.-3+3-4+...+nn+1)= 3 :
*) 1:4+2-7+8-10+...+n@Bn+1)=n(n+ 1)>2
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511.

514.

Hokaxkure METOAOM MaTEeMaTHYECKON MHAYKIIAM, YTO AJIA JI06Oro
HaATYPAaJIbHOT'O 1l BHIIOJHAETCA HEPABEHCTBO!

a) 1+2+3+...+n<n?% 6) 2+4+6+...+2n<(n+ 1)%
B) 2_4..9 = 2n >i- r) l.g.é. .zn_]‘{ 2n >

357 7 2n+17 2n° 2 46 7 2n 2n+1’
n) 4" > Tn — b; e) 2">b6n+1, n=5.

I[OK&J'RHTB, 4TOo Ay a1000ro HaTypaJIbHOI'O I BBINIOJIHAETCA PaBeH-

CTBO
1242248+, +p2= 202 D)
5 .
HOK&?KHTB, uTOo AN awboro HaTypaJIbHOI'O N BBIINOJHAETCA DABeH-

CTBO

n?(n+1)>2
——

3adaua anrv-Kapadwu (Hpan, XI 6.). [Jokamure, 4To Aas a1060-
ro HaATYPaJbHOI'O 71 BBIIOJHAETCA PABEHCTBO

13423433+ ..4n8=(1+2+3+... +n)

3adava anrv-Kawu (XIV—XV gs.). [lokaxuTe, 4TO AJA JNI060r0
HATYPAaJIbLHOrO 71 BBIMOJHAETCA PABEHCTBO

14+ 24+ 34+ ... + nt = %(6:15 + 15n* + 10n3 - n).

13+224+3+...+n3=

3adava Payavxabepa (I'epmanus, 1580—1635 ). Jorkaxure, 4TO
AJIA Jwbdoro HaATypaJbHOI'O 1 BBIIIOJIHAETCA PaBE€HCTBO

15+ 25435 4...+nd= %(2:;6 + 6n° + 5n4 — n2),

JokaxuTe, 4TO AJA J0OOOr0 HATYDPAJBLHOTO N:
a) 5" + 3 menurcs Ha 4;

6) 7" + 5 menurcs Ha 6;

B) 4" + 6n — 1 genurca Ha 9;

r) 5 + 4n — 1 pgenurcqa Ha 8.

Hokaxure, uTo:
a) 7"+ 9 menurcs Ha 8 nas JOOOr0 HEUETHOrO HATYDPAJIBLHOTO 1}
6) 38" + 7 menurcsa Ha 8 Ans a1060ro 4YETHOTO HATYDPAJBLHOTO 7.

Ha opuH 43 TpéX IITHIPLKOB HACAYKEHBI 71 PA3JIMYHBIX KOJIeIl Tak,
4TO GOJIbIlIEe KOJBIIO JIEXKHUT HUMKEe MeHbIIero (Ha pucyHke 62
n=3). 3a OogMH XOJ pa3peliaeTcs

nepeHecTH OXHO KOJBIO C OJHOTO

IITHIPbKa Ha APYro#, IpPHU 3TOM He pas-

pemraeTcs 6oJIbIllee KOJBIO KJIACTEL HA

MeHbInee. Jloka)kuTe, 4TO HAMMEHb-

Iree 4YHUCJIO0 XOMO0B, 38 KOTOPOE MOXK-

HO IIEPEHECTH BCE€ KOJIbIIa C OJHOIO

IITEIPbKA Ha APYyroii, paBHo 2" — 1. B Puc. 62
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| 2. Ucropuueckue CeepeHun

CioBO «mporpeccusi» JaTHHCKoe (progressio), 0HO O3HAYAeT «ABH-
JKeHHe BIepén» (Kak CJIOBO «IpPOrpecc»).

C mHagajia Hamme#d 9phl H3BeCTHA CcleAylollasd 3ajada-JIereHaa:
«Mupuiickuit napes Illepam nmossan x cebe msobperarens IIaxMaTHOR
urpsl, csoero nmogganuoro Cery, 4ToObl HarpaguTh €ro 3a OCTPOYMHYIO
BeiiyMKy. CeTa, u3geBasch Haj mapéM, rorpe6osaj 3a IEePBYIO KJeT-
Ky IIaXMaTHOM AOCKM 1 IIIeHWYHOEe 3ePHO, 3a BTOPYIO — 2 3€pHa, 3a
TpeTbio — 4 3epHa u T. A. OKasasock, 4TO Iaph He ObLI B COCTOAHNH BbI-
IIOJIHUTB 3TO ,,CKpoMHOe“ :xenanue CeTnl».

B sagaue Hano HalTH cyMMy 64 4I€HOB reoOMeTPUYECKOM IPOrPECCUN

1,2, 28, 28, ..., 2%
c mepBbIM WieHoM 1 u 3HamenaTesneM 2. DTa cyMMa pDaBHa
264 — 1 =18 446 744 073 709 551 615.

Taxoe KOJIMUYECTBO 3EpEH IIIEHHIIEI MOMKHO coOpaTh JWINb C yporxKas
ILIaHEeThl, TOBEPXHOCTh KoTopoi nmpuMepHO B 2000 pas Gosblire nmosepx-
HOCTH 3€eMJIH.

3azayy HA reoMeTpUUYecKHe U apudMeTHUECKHe IIPOI'PeCCHH BCTpe-
4al0TCA y BABUJIOHAH, B EIHIETCKUX IIalUpycax, B APEBHEKUTAHCKOM
Tpakrare «MaremaTnKa B 9 KHHrax».

Tak, B OZHOA M3 KJIMHONMUCHBIX TAOJAWYEK APEeBHUX BaBUJIOHAH
mpeaJaraeTcs HAWTH CYMMY IEPBHIX JAEBATH YIEHOB IeOMeTPUYECKOH
IPOrPECCHH

1:12,8% vy @™ Y wae

Bor apyras samaua, Koropyio pemanu B JIpeBHem Basuione BO
BTOPOM TBICSIYEJIeTHH A0 HOBOM aphl: «10 Gparees, 15 MUHBI cepebpa.

Bpar majx 6paTromM nDOZHUMAaeTCdA, Ha CKOJBKO IIOJHUMAETCH, He 3HAIO.
IHonss Bocemoro 6 1mexeseit. Bpar Haj OparoM — Ha CKOJIBKO OH
BBIIIE? »

3aecs Tpebyercsa MO CyMMe IIePBBIX AECATH WJIeHOB apudmeruuye-

CKOH mporpeccuu 1§ MuHEBI (1 Mmura = 60 meKeseli) 1 U3BECTHOMY BOCh-

MOMY 4YJIeHY OIpeAeUTh Pa3HOCTb apu(PMeTHUEeCKON IIPOIPEecCHH.

B manupyce Axmeca npejiiaraeTca sagava: «¥ ceMH JIHIL 10 CeMHU KO-
ek, Ka)<Jasa KOIIKa C'’heJaeT II0 CEMU MBIIIeH, Kaaad MBIIIb Chefaer
IO CeMH KOJIOCheB, M3 KOJIOCA MOKeT BRIPACTH IO ceMu Mep aumeHsa. Kak
BEJIMKH YMCJIa 9TOTO PAAa ¥ UX cyMma?»

OTMeTHM TaK:ke, 4TO ApXHMeJ yMeJ BBIUUCIATL CyMMy J000T0
YHCcJia YJEeHOB TI'eOMeTpUYecKoil mporpeccuu. IIpaBHIO HaXOMX/JAeHUA
CYMMBI YJICHOB apu()MeTHYECKOINl IIPOrpeccHy BIIepBbleé BCTpPeYaeTcsHd
B «Kuure abaxa» (1202) Jleonapgo ITuzanckoro.
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@dopmysa aad cyMMbl OECKOHEYHO VOBI-
BaloIell reOMeTPUYECKOM IIporpeccuu ObLIa U3-
BectHa II. ®epma (XVII B.).

B crapopycckoM HOpHUIMUYECKOM COOpHUKE
«Pyccrkaa mnpasma» (X—XI BB.) comepskarcsa
OLleHKU KOJIMYecTBa 3epHa, COOpPaHHOTO C ompe-
JEeJEHHOTO VYYacTKa B3eMJIH 34 OIpeAesIéHHOe
BpeMs; HEKOTOpble M3 HHUX IPeAIosaraioT BbI-
JuCcJIeHNe CYMMEI I'eOMEeTPHUYECKOH IIPOrpeccHu

CO 3HaMeHAaTeJIeM E

HWuTepecHble 3agauydl HA INPOTPECCHH €CTh
B <«Apupmerure» Marmunkoro. Bor ommHa us
Takux 3amad: «HekTo npoaasas KOHA W IPOCHII
3a "Hero 1000 pybOneit. Kymen ckasay, 4ro 3a
KOHS 3ampolleHa CJIHIIKOM OoJblnas IleHa.
«XO0polIo, — OTBETHJI IPOJAaBell, — €CJHU Thl
FOBOPHINE, YTO KOHBL JOPOTO CTOMT, TO BO3BMHU
ero cebfe gapoM, a 3amjaTH TOJBKO 3a OJHYU I'BO3AU B ero HOJKOBAax.
A rBo3zeit BO BCsAKOM mogkose mo 6 mryk. M Gygems THI MHE 3a HUX
JIATATE TAKUM o0pasoM: 3a mepBbIi rBo3ib moaymky (0,25 Komeiku),
3a BTOPOI I'BO3[b 3aIlJIATUING JBe MOJIYIIKH, 38 TPETHH I'BO3Jb — YeThl-
pe DOJYIIKH M TaK Jajiee 3a Bce TBO3JIU: 3a Ka)K/AbIM B /{Ba pasa 0oJbIIIe,
yeM 3a npejbIayinuii» . Kymer ke, gymasi, 4To 3aJaTUT HAMHOTO MEHb-
me gem 1000 py6Gieit, corsacuicsa. IIporoprosajcsi JH KyIlel, ¥ eClu
Aa, TO Ha CKOJBKO?»




TPHFOHOMETPHYECKHE |
POPMYNb)

MaTtepuan aToi rnaebl He aenseTcsa ob6g3aTenbHbIM 48 KNaccos, He |
U3yHaloWmMX MaTeMaTvky yriaybnéHHo, oH ewé sctpetutes B 10 knac-
ce, HO 3HaHue xoTsa 6bl HecnoxHbix ¢akToB U Gopmyn U3 aToi rna-
Bbl 061EeryuT gansHenwee nayyeHne marematTuku. @opmysbl TPUro-
HOMETPUM HeoBXOAMMBbI He TONbKO ANA M3ydeHus kypca anrebpsbl
(aB 10—11 knaccax — anre6pbi U HA4aNn MaTeMaTU4eckoro aHanusa),
OHM MOMOTraIoT Nyylle pa3obpaTbCs B BONpOcax reoMeTpun n usnkm.

Bt o ™ T . 2 TR

T

§5‘*. Yron n ero mepa

CJ10BO «TPHTOHOMETPHSA » I'PeYeCKOe, OHO NePeBOAUTCH KaK «H3Me-
peHue TPeyroabHUKOB» . KaKk M3BECTHO U3 reOMeTPHH, CUHYC, KOCUHYC,
TAHT'eHC ¥ KOTAHTEHC YIJIa UCIIOJIB3YIOTCSA IIPH PellleHUH TPeyTroJbHUKOB,
mOo3TOMY (POPMYJBI AJIA HUX HA3BIBAIOTCA TPUTIOHOMETPHYECKHUMHU.

B Kypce reoMeTpMm OHM paccMaTPHBAJIACh JJIA YIJOB, He 0OJb-
muxX pasBépHyToro. B aroit riiaBe 0006IMeHO TOHATHE yIjia M HA HETO
pacipocTpaHeHbI IOHATHS CHHYCA, KOCHHYCa, TAHIeHCa M KOTaHIeHea.

[ 9.1*. MousTwe yrna |

BeesiéM Ha MJIOCKOCTH IIPAMOYIOJbHYIO cucTeMy KoopauHaT xOy
C TOJIOKHUTENbHOM moiyochlo abcmmcee Ox, HampaBJIeHHOII BIPAaBo,
H ¢ TOJOKUTEJLHON moayockio opauHar Oy, HalmpaBJIeHHOH BBepX,
U paccMOTPHUM OKPYXHOCTH paauyca R ¢ IEeHTPOM B Hadajle KOOpAu-
Har. Ilycrs monokurenbHas mojyoch Ox mepecexkaeT OKPYMKHOCTH

B TOuKe A, M IyCTh Ha OKPY’KHOCTH JaHa emié Touka B. BekTops! OA
—>
u OB o6pasyior yron AOB (puc. 63, a).
Byaem cuuraTh, 4TO HApALY ¢ GHKCHPOBAHHBIMHU BekTOpamu OA

—
n OB ecTh elé BeKTOp, HAYaJo KOToporo — toyka O, a KOHel —
TOYKA, ABHIMKYINAACS 10 OKPYKHOCTH. DTOT BEKTOD HA30BEM IOJBHMkK-
HBIM BEKTOPOM.

i

£
!

. ,_i_
B
|
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a) yA 6)

Ry

B Puc. 63

Hcnoneaysa A3bIK MEXaHUKM, MOXKHO CKas3aTh, uTo yroax AOB noxy-

— —
YeH IOBOPOTOM IIOJBMIXHOI0O BeKTOpa oT BeKTopa OA no Bexkropa OB (Ha
pucyske 63, 6 cTpesika IOKa3bIBaeT, KaK JBUTAJICH TOJABUKHBIA BEKTOD).

IIpuaATO cuuTaTh, YTO 06O MOBOPOT IMOABUIKHOIO BeKTOpa 00pa-
3yeT yroa.

Ormerum, uro yron AOB o6pazoBaH mOBOPOTOM, HNPH KOTOPOM KO-
HeIl IOJBU}HOTO BEKTOPa, ABUIafCh [0 OKPYKHOCTH, IIPOII&NT AYTY, He
60IBIIYIO TOTYOKPYIKHOCTH (cM. puc. 63, 6).

OnHaKO MOKHO COBEPIIUTH U TAKOW IOBOPOT, IPU KOTOPOM KOHEI]
TMOABUIKHOTO BEKTOpAa, ABUTAfCH IO OKPYKHOCTH, HNPOHIET AYTrY, 6GOJIb-
Iy 4eM MOJYOKDPYsKHOCTh (puc. 64, a).

IIpu moBopoTe MOABMIKHOIO BEKTOpPa MOKeT 00pa3oBaThCA Yroll,
MeHbIINH pa3BépHyTOro (cM. puc. 63, 6), u yrou, 6onbIIKii pasBépHYTO-
ro (cm. puc. 64, a).

6)

B1

# Puc. 64
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IIycTh MOABUIKHEINA BEKTODP COBEPIIMJ TAKOH IMOBOPOT, YTO BIIEPBLIE
—
ero KOHeuHoe IoJjioskeHue (BexTop OB) coBmaso ¢ HAYaJlbHBIM IIOJIOXKE-

—
aueMm (BexkTopoM OA). Taxolt mOBOPOT HA3LIBAIOT MOJHBIM 000POTOM
(puc. 64, 06).

IToBOpPOT HOABMIKHOTO BEKTOPA MOXKET CKJIAABIBATBCH M3 HECKOJIb-
KUX IOJHBIX 060POTOB ¥ IOBOPOTA, COCTABIAIOIEr0 YacTh IIOJHOT0 060-
pora (puc. 64, 8).

JI1060if TIOBOPOT MOJBUIKHOIO BEKTOPa MOXKeT OBITb COBEDIINEH
B ABYX IIPOTHBOIIOJIOXKHEIX HAIPABJIEHHAX: II0 YACOBOM CTpeJIKe M IpO-
THB 4acoBou crtpenku (puc. 64, 2).

IIpuHATO CYUTATL YIJBI, 00pa3soBaHHBEIE IIOBOPOTOM IIOABHIKHOTO
BEKTOPA IIPOTHUB YACOBOHM CTPEJIKH, IOJIOKHTEeJbHBIMH, & yIbl, 00paso-
BAHHBIE IIOBOPOTOM IIOABHIKHOI'O BEKTOpA II0 YACOBOM CTpeJIKe, OTPHIA-
TeJIbHBIMH.

Eciu moaBMIKHBIN BEKTOP HE COBEPINMJ IIOBOPOTa, TO OyaeM cUHU-
TaTh, 4TO 00pasoBaH HYJEBOMH YyroJ.

517. a) Kaxoii moBOpOT HA3LIBAIOT ITOJHBIM obopoToM?

6) Kaxoit yros Has3hIBalOT HYJIEBBIM? IOJOKHUTEJIbHBIM? OTpHUIIA-
TeJbHBIM?

518. Ha pucysxe 65 msobpaxkén yroJ AOB nonyqennmu TIOBOPOTOM

MOJBUKHOTO BEKTOpa OT BEKTOpa OA A0 BEKTOpa OB. CxomnbKo
HOJIHBEIX 000POTOB comepskuT yroa AOB?

a) yA 6) YA B) yA
B
WENWEANY
0 x —Qj 0 x

r) YA

x) Yl
\9 Bl x \gy

B Pwuc. 65 B
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519. I/Iaoﬁpasu're Ha KOOpPAMHATHON mockoctu yroia AOB, nonyudeH-
HBIH NOBOPOTOM NPOTUB tiaconoﬁ CTPEJKHU MOABHMKHOTO BEKTOpAa

OT BEKTOpa OA 0 BEeKTOopa OB ua:

a) ) moJIHOTO 0bopoTa; 6) 0,25 nonHoro obopora;
B) % moJIHOTO 00opoTa; r) 1,75 nosnoro obopora;
A) 1 moanbiii obopor; e) 2,5 monHoro oGopora.

| 9.2’f FpapycHas mepa yrﬂ

1
HYCTI: IOABHU MK HBI I BEKTOp COBEpIIMJI IIOBOPOT, paBHBIﬁ ggﬂ qacTu

IIOJIHOTO 000pOTa IPOTHUB YaCOBOIl CTPEJIKHU. B 5TOM ciy4ae TOBOPAT, 4TO
obpasoBaH yroj, rpajgycHas mMepa KOTODOTO paBHa OAHOMY Tpanycy,
WJIH, KOpode, YroJ B OAuH rpaayc (mumyT: 1°).

CremoBaTeIbHO, COBEPIINUB MOJHBLIA 060POT IPOTHUB YacOBO# CTpe-
Ku, nonyuuMm yros B 360° (puc. 66, a), a copepluuB OguH MOJHBINA 000-
pOT IIO YacoBOIi crpesike, noaydum yroa B —360° (puc. 66, 6).

CoBepHIMB IIOBOPOT B IOJIOBHHY IIOJHOr0 000pOTa IIPOTHB YACOBOM
cTpenky, moayuum yroua B 180° (puc. 67, a); cCOBepIIUB MOBOPOT B UET-

yl

B Pwuc. 67
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.,

B Puc. 68

BepTh IIOJHOTO 0oBOpOTa 10 YacoBOM CTpesaKe, moaydum yron B —90°
(puc. 67, 0).
ITockoabKy
450° = 90° + 360°,

TO, COBEpPIIMB MOBOPOT B UeTBEPTh IIOJHOTO 000pOoTa NPOTHB YaCOBOM
CTpEeJIKH, a 3aTeM eIlé MOJHBEIA 000pOT IPOTUB YACOBOH CTPEJIKH, IOJIY-
yum yroa B 450° (puc. 68, a).

ITockoabKy —H40° = -180° — 360°, TO, COBEpPIIUB IOBOPOT B IIOJIO-
BHHY IIOJHOIO 000pOTa II0 4YaCOBOM CTpeJIKe, a 3aTeM eIlé MOJHBIA 060-
pOT IO YacoBOH cTpeJiKe, mojayuum yroa B —540° (puc. 68, 6).

Hamomuum, uro 1’ (ogHa MuHYyTa) paBHa 80 yacTu rpajayca, a 1”
(ogHA ceKyHIa) paBHa % YacTH MHHYTEI.

Hna nwoboro neHCTBUTENBHOIO 4YHCIA 4 CYIIEeCTBYET, M IPHUTOM
TOJIBKO OAWH, YroJ, rpagycHas Mepa KOTOPOTO paBHa 4.
OrMmeTnM, 4YTO T'PAAYCHYIO Mepy J00Oro yrijia a MOXKHO 3alucaThb

B BHJE
a=a,+ 360° -k,

rae a, ynosinerBopsier HepaBeHcTBaMm 0° < gy < 360°, a k — HexoTopoe
1eJjoe YHuCJo.

ITosromy npu k # 0 yron ¢ rpagycHoil Mepol @ MOYKHO IIOJNYYHUTH
KaK pesyJbTAT JBYX IIOBOPOTOB: 1) B MOJOMKUTEILHOM HAIIpaBJIeHUU Ha
YIOJI ¢ TPajyCHOM Mepoi a, u 2) Ha | k| MOJIHEIX 000POTOB B MOJIOKUTENb-
HOM HampaBJeHuu npu £ > 0 u B orpunaresssom npu k£ < 0.

Ipumep 1. Tax xax 2000° = 200° + 5 - 360°, To yrox B 2000°
MOJKHO IIOJIVUNATH KaK pe3yJIbTaT ABYX MOBOPOTOB: 1) B IMOJOKUTEIEHOM
manpasgesun Ha 200° u 2) B mOJI0KUTEILHOM HAIPaBIeHUU Ha 5 IIOJI-
HBIX 000pPOTOB.

IIpumep 2. Taxk kaxk —2000° = 160° — 6 - 360°, To yrox B —2000°
MOJKHO IIOJIVUUTH KAK Pe3yJbTaT ABYX MOBOPOTOB: 1) B IIOJIOXKUTEIEHOM
Hanpasjenuu Ha 160° u 2) B orpumaTeJbHOM HanpaBJeHMU Ha 6 moui-
HBIX 00OpPOTOB.
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* 3amevaHnue. VI3 ckasaHHOrO BBINIIE SICHO, YTO TOJIBKO B CJIyyae, KO-
rjla yroji, pacCMaTpUBAaeMBIl B TPUI'OHOMETDPHH, HEOTDHUIATEJeH U He
GosibIlle Pa3BEPHYTOrO, €ro MOKHO OTOKJECTBUTHL C YIJIOM, PACCMATPH-
BaeMBIM B I'eOMETPHH.

IloaToMy BBeZEHHOe BEHIIIE MOHATHE yIJja ABJAETCA 0000IIeHHEeM
NOHATHSA yIJja, pacCMaTPUBAEMOr0 B MeOMETPHH.

520. a) Yro Ttakoe yroa B oguH rpajgyc? CKOJIBKO I'PAfyCOB COAEDHKHUT
MOJIHBIA 060poT?
6) Jlnsa moboro nau yuciaa a CYIIeCcTBYeT yroJi, rpajycHas Mmepa
KOTOpOro paBHa a?
C nmomomsio TpaHCIOpPTHpa H300pasuTe HA KOOPAMHATHOM ILJIOCKOCTH
—
yros AOB, nosny4eHHBIH IOBOPOTOM IIOABHUIKHOI'O BEKTOpa OT BeKTopa O A
—

1o BexTopa OB Ha yroJ, rpajgycHas Mepa KoToporo pasHa (521—522):

521. a) 60°; 6) 120°; B) 200°; r) 245°;
o) 270° e) 300°%; k) 380°; 3) 420°.

522. a) —45°% 6) —30°; B) —120°; r) —160°;
o) —270°; e) —300°; &) —500°; 3) —1000°.

523. 3anumure rpagycHyio mepy yria AOB, u30o0paKéHHOro Ha pH-
cyuke 69.

a)

yi

B Pwuc. 69
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524.

527.

a) Yy \B 0) YA
|
C —
< 5 >
L
D
B) yh
C ‘B
60’
D: B
® Puc. 70

CKONBbKO NIOJHBEIX OG0POTOB M B KAKOM HAIIPABJIEHHUH COHEPIKHUT
yroJj, rpafiycHaf Mepa KOTOpPOrO paBHAa:

a) 700°; 6) —-320°% B) 2000°; r) 3800°;

x) —600°; e) —800°; x) —1500°; 3) —2400°?

a) Onpexgenure 1no pucyHky 70, a HAUMEHBIIYIO 10 AOGCOJIOTHOM
BeJIMUMHE IpaaycHyio mepy yraos AOB, AOC, AOD.

6) Onpepenure no pucyHky 70, 6—2 HaUMEHBIIYIO II0 abCOTIOT-
HOU BeJIMUYMHE rpagycHyio mepy yriaos AOB, AOC, AOD, AOE.

ITocTpoiiTe 6e3 MOMOIIM TPaHCHOPTHPA B KOOPAWHATHOMN IJIOCKO-
CTH YIJIBL:

a) 90°, 180°, 270°, 360° 6) 45°, 135°, 225°, 315°%

B) 60°, 120°, 240°, 300°; r) 30°, 150°, 210°, 330°;

n) —45°, -90°, -135°, —180°%; e) —-60°, -120°, -240°, -300°.

YraKuTe HECKOJBKO IIOJOMKHUTENBHBIX M OTPUIATENBHBIX YIJIOB,
o0pa3oBaHHBIX TAKMMH NTOBOPOTAMH, IIPH KaXJOM H3 KOTODPBIX
YroJl MeXKAY HAauaJbHBIM M KOHEUHBIM ITOJIOMKEHHUEM IIOJABUYKHOIO
BexTopa pasen 30°, —45°, 60°, -90°.

YraxkuTe HaUMeHbIIMHM 10 abCOJIIOTHOM BeJMUYMHE YIroJl Cpenu
JaHHBIX YIJIOB:

a) 30°+360° - n,rnenecZ, 6) -120°+360°-n,roene Z;
B) 270°+360°-n,roe ne Z; r) —270°+360°-n,rogen e Z;
n) 400°+ 360°-n,romene Z; e) —-700°+360°-n,raencZ.
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529. IIpexacraseTe ciaenyiomue yriasl B Buje a+ 360° - n, roe 0<a < 360°,
n — HEKOTOpOoe IeJIoe YHCJIO:
a) 400°; 0) —500°%; B) 600°; r) —900°.

530. 3anumuTe rpagycHble Mepsl Beex yriaos AOB, AOC, AOD, AOE,
n3o0pak€éHHBIX Ha pucyHKe 70,
Hanpumep, Bce yraet AOB pasasl 90° + 360° - n, rue n € Z (cm.
puc. 70, a).

| 9.3*. Papguannas mepa yrquq\

IIycTh moaBUKHBIA BEKTOP COBEPIINJ TAKOM IOBOPOT IIPOTUB Yaco-
BO# CTPEJIKH, YTO €ro KOHell, ABUTrasicCh 110 OKPYKHOCTH, IPOIIEJ pac-
cTOsAHHE, paBHOe panuycy R sroit oxpy:kuHOocTH. Torga roBopsaT, 4To
o0pasoBaH yroJji, pagfMaHHasd Mepa KOTOPOTO paBHa OAHOMY pajuaHy,
HJIA, KOpodYe, Yrojl B oguH paguaH (numyT: 1 pan).

MosxHO TaK’Ke CKas3aTh, YTO PAAWAH — JTO BEJUUYMHA IEHTPAJIbHO-
ro yrJjia OKpPyKHOCTH pajauyca R, onmuparomierocsa Ha Ayry aiauHon R. U3
reoMeTpPMM M3BECTHO, UTO dTO oIpejeseHue He 3aBHCHT OoT R. IloaTomy
00b14HO BeIOHpapT R =1.

ITockonpky mAiuHa OKPYIXKHOCTH pazuyca 1 paBHa 27, TO, COBEPIINUB
OIMH MOJHBIN 000POT IPOTUB YACOBOM CTPEJIKH, ITOJYYUM YroJ B 21 paj.
CnepoBaTensHO, yroa B 2m paxg um yroa B 360° — aT0 ofMH H TOT
»ke yron. Ho torma yrosn B 1° u yroJ B ET:} panm = Tgﬁ pajn Takike OLUH
u ToT ke yroi. Ilosromy mumyT: 360° = 21 pan,

1°= - pag,
180
-360° = -2n papn,
s 180° — o r "o o
1 pag = = 57°17'45" = 57,296°.

=6 par= —-:- .180° ~ —286°,

o s | 00 i
P — .
CnoBo «paguaH» B TAKHX 3aIMUCAX OOBIYHO OIYCKAIOT, HO HOApPAa-
o
3ymeBalT ero. Hanpumep, numyt: 180° =mn, —60°= —l;-, 1= 1?? 5
n
1°=— = 0,017453....
180 2B
ITockoabKy
n 3
-—=-—n - 27,

2 2
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B Puc. 71

TO, COBEPIIHB INOBOPOT B TPH YeTBEPTH IIOJHOI'O 060p0'ra II0 4YacOBOM
CTpeJiKe, 3aTeM IIOJIHBIN OGOPOT IO 4acoBOit CTpeJiKe, IIOJIY4YHM YyIoJi

B —%‘ (puc. 71, a).

ITockonbKy 17
b s
—=—=+2-2n,
4 4
TO, COBEPIIHUB IIOBOPOT B BOCBMYIO YaCTh IIOJIHOI'O 000pOTa IPOTHUB 4aCo-
BOI CTpeJIKH, a 3aTeM [Ba IOJHBIX 000pOTa INPOTHUB YAaCOBOH CTPEJKH,

IIOJIVYUM YIOJ B ”TT[ (puc. 71, 06).

Hna npoboro AedCcTBUTENBLHOro 4YHCJa O CYNIeCcTBYyeT, M IIPUTOM
TOJIBKO OJAMWH, YroJ, pagaHHad Mepa KOTOPOro paBHAa 0 pajuaH.

YciaoBuMcsa Jajiee BMECTO CJIOB «YIroJl, paguaHHAs Mepa KOTOpPOro
paBHA 0. paguaH» TOBODHTH KOPOTKO «yIOJ OL».

OrmeTum, uTo a060€ AeHACTBUTENHLHOE UHUCJIO 0. MOMKHO 3aIllACaThb
B BHIE

o =0, + 2nk,

rZie 9MCJIO (f, yAOBJeTBopser HepaBeHcTBaM O < o, < 2m, a B — Heko-
Topoe mesaoe umcyao. IToaromy npu k # 0 yros o0 MOKHO HMOJYYHUTH KaK
pes3yJIbTAT ABYX IIOBOPOTOB: 1) B MOJOMKHUTEJHHOM HaNpaBJIEHAU Ha
YTOoJ Oy u 2) Ha | k| HOJHBIX TOBOPOTOB (B MOJIOKUTEIEHOM HAIIPABICHHH
upu k> 0 u B orpuUiiaTelbHOM HanpasieHuUu npu k < 0).

IIpumep 1. Tax Kax
19n _ 3= i
T = —4 +2 275,

19n
TO yTOJI 5 MOJKHO IOJIYYHUTE KaK pes3yJIbTAT ABYX IOBOPOTOB: 1) B 110-
3n
JOXKUTEeJHFHOM HallpaBJIeHHHU Ha yToJ = 1 2) B HOJIOMKUTEJILHOM HaIpaB-

JIeHUHU HAa 2 IIOJIHBIX oﬁopo'ra.

IIpumep 2. Tak kKax
—Hn =X _3.2n,
2 2
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11
TO Yyroa —‘E‘ﬂf MOMHO IIOJIVIYHUTE KaK pe3yJabTaT [ABYX IIOBOPOTOB:

s
1) B HONMOMKUTENILHOM HANPABJEHUM HA YIOJ 3 H 2) B OTPHUIATEIBLHOM

HamnpaBJIeHUU Ha 3 moJHbIX oBGopora.

534.

537.

a) 4Yro Takoe yroa B 1 paguan?
6) CKOJBKO paguaH COAEePIKUT IMOJHBIH 060POT? MOJIOBUHA IIOJHO-
ro obopora? ueTBepTh MOJHOIO oBopoTa?

BripasuTe B paguaHax BeJUYUHY yIJja, rpagycHas Mepa KOTOPOro
paBHA:

a) 360°; 180°; 90°; 270°; 0°% 6) 45°; 135°; 225° 315°%

B) 60°; 120°; 240°; 300°; r) 30° 150°; 210°; 330°;

x) —45° -90°; —135°; —180°; e) —270°; —-360°; —1800°.
BripasuTe B rpagycax BeJHYUHY yIJa, pafHaHHadA Mepa KOTOPOTO
paBHA:

3an nt 3m Hn Tn
2m; m; o5 S5 05 R
a)“nzzo 6)4444
B) T, 2n, 4n 5w, r) n,5n, Tn, 1lln,
8" 8" 838”"8"’ 6”6’ 6" 6
B i iy 0 P gy B OD, B N
2" 12" 4% @’ 4’ 57 6" 6

Cuuras, uro © ~ 3,14159, onpenesure NpubIU3UTENBHO C HELO-
cTaTKoOM ¢ ToyHocThio no 0,01 pagmanHyio Mepy:

a) nosHOro obopora;

0) IOJIOBHHEI IIOJIHOTO 000pOTAa;

B) 4eTBEPTH IOJHOI'O obopora.

UssectHo, uTo 1 paxg = 57°. Usobpasure Ha rias yroua B 1; 2; 3; 4;
5; 6 papuan. IIpoBepbTe CBOI riasomMep, U3MEPHUB IIOCTPOEHHEIE
VYIJIBI C IIOMOIIBIO TPAHCIIOPTHPA.

Kaxoit yroa 6ossbie:
a) B 3 paguaHa WJIXA B T pagHaH;
0) B 6 paguan uau B 21 paguaH?

CKONIBKO TOJHBIX 0601)0'1‘03 H B KAKOM HalIpaBJIeHUHW COOEpPKHUT
yroJi, pafiiaHHasi Mepa KOTOPOro paBHA:

a) 4m; —6n; 12n; —-Tn; 6) -0,5m; 3%n; -13,2m; 21,7Tn?

HasoBuUTe HECKOJIBKO ITOJIOMKHUTENbHBIX W OTPHULATEJIBHBIX YIJIOB,
00pasoBaHHBIX TAKMMH HOBOPOTAMH, IIPDH KaMIOM H3 KOTOPBIX
YIoJI MEXIY HadaJIbHBEIM M KOHEYHBLIM ITOJIOMKEHHAMH IIOJBHIKHO-
ro BEKTOpA PaBeH:

T
a) i

K. ol 5
6) 5‘! B) 43 l") 2'
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539. 3anumure B BUAe O + 2N - n, rae n — HEKOTOpPOe IleJoe YHCJIO
(0 < 0 < 2m), crepgyromiue 4yucaa:

a) 6,51;  6) %n; B) -12%1:; r) ~17%n.

540. Ilo pucysry 70 onpexpenure:
a) HAMMEHBUIYIO IOJOXKUTEJbHYI0; HAMMEHBIIYIO IO abCOTIOTHOH
BeJIMYMHE PajuaHHy Mepy yriaos AOB, AOC, AOD, AOE;
6) pagmaHHYIO Mepy Bcex yriuos AOB, AOC, AOD, AOE.

541. a) IlocrpoiiTe OKPY’KHOCTH pajuMyca 5 CM C I[eHTPOM B HaJaJe
cucreMbl koopauHar. Touky eé mepeceueHUs C IOJIOKUTETHHOH

Bt
nonyoceo Ox o6osznaubTe A,. Cunras OA, HaYaIbHBIM IOJOXKE-
HUEeM I[IOJBUKHOTO BEKTOPA, MOCTPOMTE (C IMOMOIIBI0 TPAHCIIOPTH-
——

pa) BexkTop OA,, roe o0 — rpagycHas Mepa yrja IoBOpOTa IIOJ-
BHJKHOI'O BeKTOopa. BeimonHuTte 3aganHue npu o, pasaom 0°; 30°;
45°; 60°; 90°.

6) ITocTpoiiTe TOUKH, CHMMETPUUHBIE TOUKAM A, OTHOCUTEJH-
HO ocu Ox; ocu Oy; Hauasa cucteMbl KoopauHaT. Ompemenure
yTroJ IIOBOPOTA, IPH KOTOPOM TOYKa A, IepeXOAUT B IIOCTPOEH-
HYIO TOYKY.

§1D*. Cul-lyc, KOCMHYC, TAHTEHC

M KOTAHreHc yrna

101_5‘ jaﬁ-geugnlé_qu CUMHYCa M KOCMHYCa yrna

)

Ianee paccmaTpuBaeTcs IPAMOYroJibHas cucTeMa KoopauHat xOy,
Y KOTOPO# MOJIOMKUTENbHAA MoJyoch Ox HANIPABJIEHA BIIPABO, 4 TIOJIOMU-
TeasHas mojyock Oy HampasieHa BBepx. HaTmOMHHMM, 4TO €JUHHYHBIM
BEKTOPOM KOOPAMHATHOW ocu OXx HA3bIBAETCA BEKTOP, UMEIOLIHUN AJIH-
Hy 1, Hayayo B Touke O ¥ HaONpaBJIEHHBIH BAOJE IIOJIOKHATEIBHON IIOJIY-
ocu Ox.

Enuauunoii OKPYKHOCTHI0 B TPUIOHOMETDHM HASLIBAIOT OKPYXK-
HOCTBb pajguyca 1 ¢ HeHTPOM B Hauajle CHCTeMEBI KoopauHAT xOy 1Ipu ycio-

—
BHUH, 4YTO eJUHHUYHBIN BeKTOp OA ocu Ox NPpUHAT 3a HAUAJIBHOE MOJI0MKe-
HHe TMOABHUMHOI'0 BEKTOPA M YTO HANpaBJIeHHE IIOBOPOTA IPOTHUB YaCOBOM
CTPEeJIKM NPUHATO 328 IOJOMKHTEIBHOE.

—
IIycThs moABHIKHBINA BEKTOP, COBEPIIUB IOBOPOT OT BeKTopa OA mo

—
BekTopa OB, o6pasyer yron AOB, paguaHHasi Mepa KOTOPOI'O paBHA O pa-
auaH. Touxky B e JUHUYHOH OKPYHOCTH HA30BEM TOUKOM, COOTBETCTBYIO-



meir yray o (puc. 72); oTMeTHM, YTO TOY-
Ka B COOTBETCTBYeT TaKKe J00MY VYIIy
o+ 2nk, rne ke Z.

Ywucsio, paBHOE OpAUHATE TOUKH €AHHUY-
HOM OKPYIKHOCTH, COOTBETCTBYIOIIEH yIiy 0,
HashIBAIOT CHHYCOM yrja O u 000o3HadaroT
sina, T. e. sina = y.

Yuciio, paBHOE abcuucce TOYKYA €AUHUY-
HOM OKPYIKHOCTH, COOTBETCTBYIOILIEH Iy O,
Ha3bIBAIOT KOCHMHYCOM YyIJa O ¥ 0003HAYAIOT
M Puc. 72 cosSC, T. €. COSO. = X.

1 3ameuanme. [lia yriaoB, paguaHHasdg Mepa KOTOPBIX 3aKJOUYeHA Me-
&y 0 u T, npuBeAéHHBIE ONIpPeJeJeHIA CUHYCA M KOCHHYyCca yrIJja COBIAa-
JaloT C OIpeAeIeHUsIMU, M3BECTHBIMU M3 Kypca reOMeTpPUH.

W3 ckasaHHOTO cjefyeT, 4To AJs J00ro yria o

a) CyIIecTByeT CHHYC 3TOT0 yIja, U IIPUTOM €IHUHCTBEHHBIH;

0) cyliecTByeT KOCHHYC 3TOI0 yIVIa, ¥ MPUTOM €IUHCTBEHHBIMH.

IIpumep 1. Brrumcaum: sin0 u cosO,
sin3—n H COS 3—“.

2 2

¥Yray nosopora (0 pagmaH COOTBETCTBY-

30)  er Touxra A(1; 0) (puc. 73), ciemoBaTelbHO,

sin0 =0, cosO0=1. ¥Yray 3?“ COOTBETCTBYET

Touka B(0; —1) (puc. 73), ciepoBaTeNbHO,

B(0;-1) sina?n = -1, cos 3" = 0.
B Puc. 73 Ipumep 2. Boruuciaum: sin% M COS 5%
Tax Kax 5—:~ =T+ 1;-, TO, ONYCTHB M3 TOYKH B, COOTBETCTBYIOIEH

yriay 5%, nepnesgukynap BC Ha ock Ox (cM. puc. 72), monydum, 4TO

B IpAMOYroJibHOM TpeyroasHuke BCO yron COB paBeH% = 45°, HO TOT 1A

Tpeyroabauk BCO pasHoGeapennsii, T, e. BC = OC. Tak kak OB = 1, o,

V2

ucnonbsysa reopemy Iludaropa, monyuum, uro BC = OC = 5 Tarx xak

Touka B(x; y) HaxonuTCcA B TpPeTheil yeTBEepTH, TO o0e eé KOOpAMHATHI
OTpPHUILIATENBHEI, caeAoBaTenbno, x = —0C, y = —-BC, 1. e. Touka B umeer

V2. V2

KOOPAUHATHL | ——
pA 2 5

53,4 «/E 5w JE

S —— = = _—= ——

4 Rl 2

am
. Tax kak Touka B COOTBETCTBYET yIJIY a1’ TO
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a) y 6) y

o

(1; 0)

A(1;0)
B(1;0) x B(-1;0) x

ah
ah

NIZ N

H Puc. 74

S

a 6)

Y4B (0; 1)

A\

A(1;0)

A(1;0)

@
ah

N

B Puc. 75 B(0;-1)

IIpumep 3. Haiigém Bce yrasl o, AN KaJOro U3 KOTOPBIX
sina = 0.

W3 onpenenenusa cuuyca yria cieayer (puc. 74), uro sin0=0, sinnt=0,
sin(-n) =0, sin2n =0, sin(-2n) =0, sin3n =0, sin(-3n) =0, ..., T. e.
sinkn =0

AJA ar00ro IeJyioro ymcia k.

Takum ob6pasom, sino = 0 gas yriaos o = kx, rae k — moboe mesnoe
yucao. dnsa no6eIX YIJIOB O, OTJIUYHEIX OT kT, sina # 0.

IIpumep 4. Haiiném Bce yrasl o, AJs KaMJJIO0r0 M3 KOTOPBIX
cosa = 0.

W3 onpenenenusa KOCHHYyca yria ciaeayer (puc. 75), 4ro cosg =0,

L4 3r | . _3n | _ 5m | _ _5m | _
cos(—EJuo,cos[zJ—O,cos( 2} O,COS(zJ 0,cos( 2} 0,

vers T. €.
cos(% - kn} =0

IJIs Aroboro meJsioro yucsa k.
n
Taxkum obpasom, coso. =0 pas yrjos o = 2 + kn, rne kK — nwboe

T
nesioe yucio. s Jo0bIX YriIOB O, OTJIMYHBIX OT a + km, cosa # 0.
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W3 reoMeTpuu yike W3BECTHBI CHHYCHI M KOocuUHychI yrios: 0 = 0°,

%= 30°, —E =45, % = 90°, Huyke mpuBoguTcsa Tabiuma CUHYCOB MU KO-
CHUHYCOB 9THX YIJIOB.
n n T T
o 2 6 4 3 2
sina 0 - V2 33 1
2 2 2
cos o 1 é 2/_5 1 0
2 2 2

I];JIH APYrHX yIJVIOB, pajuaHHasg Mepa KOTODBIX 3aKJII0OYeHa MeXay
T =
Ou E, HX CHHYCBI 1 KOCHHYCBI MOMHO HaxXoJUTh HpHﬁJIHJK&HHO C II0-

MOHIBIO CHEIUATBHBIX TPUTOHOMETPHUUYECKUX TabJuI UIKU 3JeKTPOHHBIX
KaJabKyJIATOPOB.

B caenpyiomem nyHKTe OyAYT IMOJayUyeHbl (OPMYJIBI AJIA Sin O M COS O.

C ux

IIOMOII[BIO BEIYHCJ/JIeHHEe KOCHHYCOB U CHHYCOB JH00BIX VYIJIOB MOMHO

CBECTH K BBIUHCJIEHHUIO KOCHUHYCA UJH CHHYyCa HEKOTOpPOro yrijia, paguaH-

T
Had Mepa KOToporo 3akjroueHa mesxay 0 u —.

542.

543.

544.
545.

546.

2

a) YTo B TPUIrOHOMETDUM HA3LIBAIOT €AUHUYHON OKPYKHOCTHIO?
0) Kakyo TOYKY eIMHHYHOM OKPY’KHOCTH Ha3BIBAIOT TOYKOMH, CO-
OTBETCTBYIONIEH yray o.?

B) YrTo Ha3BIBAIOT CUHYCOM yrja 0? KOCHHycOM yria o?

r) Jlia xakoro yria ¢ cyluiecTByer sin o? coso?

n) Jlns maHHOrO yria ¢ e[WHCTBeHeH WJH HeT sino? coso?

a) IlocTpoiiTe eIUHUYHYIO OKPY’KHOCTS.

6) Kakoit BeKTOp mpuHMMAaeTCd 3a HavaJbHOE IIOJIOYKEHHE II0J-
BHUIKHOTO BeKTopa?

B) Kakoe mHampaBjeHue MOBOPOTA MPHUHATO 3a IOJOKUTEIbHOE?

IIna xkakux yraos o: a) sino = 0; 6) cosa = 07?

Haitgure: =

a) sin0°; 0) cosO; B) sin90°; r) cosE;

nm) sin 180°; e) cosT; k) sin270°; 3) cos270°;
u) sin2m; K) cos 360°; a) cos0°% M) sin%.

Hcnons3ya cBOMCTBA IIPAMOYTOJbHBIX TPEYrOJBHUKOB, HaWAHUTe:
T

a) sin45° 0) cos%; B) sin%; r) cos30° px) sin60° e) cos;3
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ITocrpour yroxa, Beiuucaure (547—>549):

547.

548.

549.

551.

552.

554.

2n a 3n

a) sin120°; 6) cos — 3 B) sin135°; r) cos?
) sin%; e) cos150°; ) sinm; 3) cos180°.
; & 3n .
a) sin225°; 0) cos[—T]; B) sin(-m);
T) cos < : a) sin = ; e) cosa—n.
3 2 2

11n 13n . Tm 13n
a) smT 0) cos {“T]’ B) sin 3 r) cos( 5 J
Ha MunnumeTpoBoii Gymare mocTpoiiTe CHCTEeMY KOODAMHAT C eIH-

HUYHBIM oTpe3koM 10 cm. ITocTpoi#iTe OKPY:KHOCTHL C IIEHTPOM
B Hadajle KOOPAUHAT, IPOXOoAAIIyo uyeped Touky (1; 0). Haligure
NIPUOIMKEHHO (C TOYHOCTBHIO 10 COTHIX):

a) sin 30°; 6) cos60°; B) sin 150°;

r) cos150°; ) sin 190°; e) cos250°;

%K) sin 250°; 3) cos300°; u) sin 300°.

a) Ha egurununoii oxpymnoc'm nocTpoiTe TOYKM A,, COOTBETCT-
BYIOIHE YIJIaM o, paBHBIM 0, 6 i ; g

6) IlocTpoiiTe TOYKM, CHMMMETPUYHbIE TOYKAM A, OTHOCHUTEJBLHO
ocu Ox; ocu Oy; Havaja CHCTEMbl KOODAWHAT.

B) Ompenenure pafuaHHYIO MePY yIVIOB, KOTOPEIM COOTBETCTBYIOT
IIOCTPOE€HHEIE TOYKH.

Haijigure cuHYCBl U KOCHHYCHI cleAyIOIuX yriaoB (kB — mioboe 1e-
JI0€ YMCJIO):

a) g + 2nk; 6) -g + 2nk; B) T + 2nk; r) —m + 2nk;
n) 2nk; e) 4nk; xK) Tk 3) —mk;

gt = r . .
%9 7% K) 2 JI) 3 + nk; M) > + mk.
BepHo 11 paBeHCTBO:

‘ T ain . _r | s
a) sm(—z}— 51n2, 0) cos( 4} cos 4?

a) OTmeTbTe Ha eJUHUYHON OKPYKHOCTH IIPUMEDHOE IIOJIOMKEHHe
TOYEK, COOTBETCTBYIOIIUX yIJjaM, pajuaHHas Mepa KOTOPBLIX paB-
mal, 2, 3,4, 5,6,7.

6) Omnpexmenute ¢ TouHOCTHIO 710 0,1 3HAUEHUA CHHYCOB M KOCHUHY-
COB 3THX YIJIOB.
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555. Uccnepyem. Eciu orMeuars Ha eIMHUYHON OKPYKHOCTH TOYKH,
COOTBETCTBYIOIME yIilaM, paJjuaHHas Mepa KOoTopeIxX paBHa 1, 2,

3, 4, ..., MOTYT JM KaKue-HUOYIb U3 3THX TOYEK COBIACTH?
556. Omnpegenure 3HaAK 4mHcja:
a) sind; ©0) cos 3%; B) sin[—g—); r) cos(—4).

557. BrinosiHsieTca Ju paBeHCTBO COSOL = SinO npu KaxoM-HHOyAL O
IIponnniocTpupyiiTe CBOE pellleHHe HA PUCYHKeE.

558. OTMeThTe Ha eJUHUYHOH OKPYXXHOCTH TOYKH, COOTBETCTBYIOIIHE
yraam O, IJif KOTODBIX:

a) cosa > 0; 6) cosa < 0;
B) sino < 0; r) sina = 0.
Yro boawime (559—560):
559. a) sin40° unn sin%; 6) cos% uiu cos 60°;
B) sin120° unm sin 130°; r) COSSTT[ HJIH COST;
x) sin 300° unm sin 130°; e) cos 3% HJIH COS %;
. 13=n . T
»k) sin(—300°) unu cos 120°; 3) cos — = uau sin (—-E]?
560. a) sin3 ujau sinm; 6) cos4 uau cosH;
B) sinl wmuam sin(-1); r) cos(-2) unu cos2?
561. Onpenenure 3HaK NPOU3BEJEeHUA: " "
a) cos130° - sin170°; 0) sinT1rc - COS —3-75;
. 3n 5m 11 . 17n
B) 31n(—?J-cos(-?), r) coszn sm( 3 )

Beruucaure (562—563):

562. a) 3cos0+ 231n%—4cos%— T7sin(—m);

6) cos-;— - 3sin (—37“) + 4cos(-2n) — 2sin(-3m).
563. a) sin X + cos - — Dgin| ~= +2c055—n°
' 4 4 6 6’

T .. 2n 2n ; 51
0) 3cos§ - 2sm? + 7 cos (—?J — sin [-TJ
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564. [loka3biBaem. [JoKaKuTe, 9TO eClayu TOYKa A, eITUHUYHOHN OKPYXK-
HOCTH COOTBETCTBYET HEKOTOPOMY PallHOHAJBHOMY YMCJIY, TO OHA
He COOTBETCTBYET HUKAKOMY APYIOMY pPallMOHAJLHOMY YHCIY.

[_l_d.—i_;‘_._ac;o“g-ﬁpl_e dopmynsl ana sino m cos o |

s

TeorPeEMAa 1
Ons noboro yrna o cnpasBeniMBo PaBeHCTBO
sin?o 4 cos?o = 1. (1)

IJTO paBeHCTBO HA3bIBAIOT OCHOBHBIM TPHIOHOMETPHYECKHM TOXKJe-
CTBOM.

JJoraszarenscrro, Kak mH3BeCTHO, OKpPYIKHOCTH paauyca 1
C LIEHTPOM B HavaJjie KOOPAHHAT MMeEeT YPaBHEHHUE

xr+yt=1, (2)

Kax cnexyer u3 ompelelieHusi CHHyca M KOCHHyca yrJja O, TOYKa
B(x; y), npuHamjgemamas B3TOH OKPYXHOCTH M COOTBETCTBYIOIAf
Yy O, AMeeT KOODAMHATHI

X =cosq, y=sina, (3)

KOTOphle yAOBJIeTBOPAT ypaBHeHuio (2). IlomcraBnsasa HX 3HaAYeHUA
B ypaBHeHue (2), mosyuyum paserctso (1).
Teopema 1 moxasana.

; 3
IIpumep 1. Berumcaum sino, ecau coso = ~z E O IPHUHALJIENKUT
3n
HHTepBaay | t; -"2— .
13 OCHOBHOrO TPUIOHOMETPHYECKOIO TOKAECTBa CJIeAYeT, YTO
sina0=1 - cos?a =1 - (—g) = g Hns nro6Goro yria o 13 YKasaHHOI'O
: . 16 4
uHTepBasa sino < 0, ciegoBarenbHO, Sino = — CT A
Cneacrene
Ons nio6oro yrna o cnpaBeasiMBbl HEpaBeHCTBa
|sina| <1, [cosa|<1. (4)

HelicTBUTENIBHO, TaK Kak cos?a = 0 gans moboro yriaa o, TO
sin?o < sin?a + cos?q,

OTKyZa, NPUMEHsSA OCHOBHOE TPUTOHOMETPHYECKOEe TOKJeCTBO, IOJY-
yuM, uro sino < 1 miwm [sina| < 1.
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ABaJOrMuHO JOKA3BEIBAETCH CIIPABEIMBOCTh HepaBeHCTBa [coso| < 1.
3amMeTHM, 4YTO HepaBeHCTBa (4) MOXKHO 3anucaTh Tak:

-1 <sino <1,

-1 <cosa<1.
TeorPeEMA &
Ona noboro yrna o cnpasesiuBbl paBeHCTBa

cos(—a) = cosa,
sin (-0 = —sina. (5)

Nokasareasctro. Touka B, coor-
BETCTBYIOIIAs yIJy O, ¥ TouKa B;, cCOOTBeTCT-
Byomasa yray (—o), cuMmMmerpudHsl (puc. 76)
orHocuTenbHo ocu Ox. IToatomy abemucchl
3THX TOYEK PAaBHBI, 4 OPAWHATEI PABHEI IIO
abCcoJIFOTHON BeJIWYMHE, HO HPOTHBOIIOJIOMK-
HBI 110 3HAKY, T. €. OPAUHATHEI — IPOTHUBOIO-
JgokHbIe uncia. CiegoBaTenbHO, CIIPaABEIJIH-
BbI paBeHCTBa (5).

Teopema 2 mokasasa.

B,

B Puc. 76

IIpumep 2.
. T _ v T __l_ ooy S ﬁ

a) sm[—g)— it~y 6) cos(—30°) = cos 30° = 5
; o e G BB n)_ _om_ 2

B) sin(-45°) = —sin45° = ST r) cos 1 cosz— >

TeEorPEMA 3
Ons noboro yrna o u noboro uenoro Yicna k cnpasenvebl paBeH-
cTBa

sin (o + 2knw) = sinq, (6)
cos (o + 2km) = cos 0.
HNorkazaTteaxscTBO. YrjaMm o 1 0.+ 2kn
COOTBETCTBYET OAHA M Ta JXe Touka B
(puc. 77) enuanuHOM OKpyxHOCTH. [TosaTOMY
cnipaBeJInBEI paBeHcTBa (6).
Teopema 3 moxkasaHa.

IIpumep 3.

a) sin(g—+21tJ = ginZ = i i

2

0) -':,-os[E - 107c] = cos = = 0;
® Puc. 77 2 2
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B) cos 300° = cos(360° — 60°) = cos(—60°) = cos60° =

DO | =

V3

r) sin660° = sin(720° — 60°) = sin(-60°) = —sin 60° = ——.

2

PasencrBa (1), (5) u (6) HassIBalOT OCHOBHBIMH (hopMyJIaMH 1Jid

sino 1 cosa.

B panbHeilimem HaM MoHAmo0ATCH erné

cieayroiue QOPMYJIblL:
sin (m + (I) = —sinao, (7)
cos(m + o) = —cos o.

IToxaxxem, 4TO 3TH paBEHCTBA CIIpaBel-
JUBBI AnA Joboro yria o. IeiicTBUTENBHO,
TOYKa B, cooTBeTCTByIOIAas yray o, ¥ TOY-
ka B,, coorBeTcTByOIIaA yray (o + 1), cuM-
MeTPHUYHBI OTHOCHUTEJILHO Hauaja KOOpPAUHAT.
ITosTomy aGcuucehl 1 OPAUHATEI 3TUX TOYEK —
IIPOTHBOIIOJOKHEIe uucia. CliegoBaTesbHO,
cupaBeIJIMBEI paBeHcTBa (7) (puc. 78).

IIpumep 4.
n_ 2

4 2
6) cos225° = cos(180° + 45°) = —cos45°

. om . b9 .
a) sin—=s8in|t+—|=-sin—= ———;

B) sin 240° = sin(180° + 60°) = —sin 60°

4r T n 1
r) cos — = —|= —cos= = —=,
) cos 3 cos(z+3] cos 2 3

n
B
P}\ A(1;0)
Aome ¢
a+m B,
® Puc. 78
__V2.
J3

565. 3anumuTe OCHOBHOE TPUTIOHOMETPHUYECKOE TOXKIECTBO.
566. Vka)kurte HauboJiblllee ¥ HaUMEHbIIIee 3HAUCHUA:

a) |sinal; 6) |cosal.

567. a) KakoBbl OCHOBHBIE (hOpMY.JIBEI A sino u coso?

6) Kaxue 3HaAKM MMEIOT CUHYC X KOCHHYC yIJa O, €CJIA TOUKA equ-
HUYHON OKDPY’KHOCTH, COOTBETCTBYIOIIAS YIVIY O, PACIOJIOMKEeHAa
B I werBeptu? Bo II yerBepru? B III yerBepTu? B IV uerBepTn?

568. CyuiecTByeT JIU TAKOU YyroJ ¢, JJs KOTOPOro:
a) sino = -1, coso = -g; 0) sina = g, cos O = ~g;
. 3 4 : 12 5
o= — oL = —; e — = ———?
B) sin z cos 3 r) sina 13 cos o 13
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569. Bo3M0XHO 1 paBeHCTBO:

a) sino = —\/5; 6) coso = 49 = 1: B) sino = %;
r) sino = —E; I) coso = ﬂ; e) coso = =Xy
3 3 3
570. Briuncaure sin o, eciau:
a) COSOL=-1-,0<0L<£; 0) cosa:—}—,ncaég—n.
4 2 3 2
571. Breruucaure cos0, eCJu:
a) sina=08 S <a<m 6 sina=—0,6,3?n<a<21t.
YnopocruTte BhIpaxkesue (572—575):
572. a) 1 -sin?q; 6) 1 - cos?o;
B) sinfo - 1; r) cos?o — 1.
573. a) (1 +sino)(1 - sinw); 6) (cosa — 1)(1 + cosa);
B) cos?q — sin?o + 1; r) 1+ sin?o — cos?a.
Y2 2
574l.5) SO . 6) _cos“a .
) 1+ cosa sina — 1’
1-sina cos® o — 1
R — L) — =
cos® O sin”® o

rae yroJg o TaKOﬁ, 4TO 3HamMmeHaTeJlb npoﬁn HEe 06pa1.uae'rca B HYJIb.

575. a) 1 —sin®a — cos?q;
6) sin‘o — costoy
B) sin*a — cos*o — sin?a + cos? 0
r) (sina + cosa)? + (sino — cos o)2.

576. MoskeT JHM CHHYC HWJIM KOCHHYC yIrJia IPHHHMATh 3HAUEHHS, IO
abCoMIOTHON BelHUYHHE OOJIbIINE eJUHUIIbI?

n .
577. Ecom 0< o < s u sino=1+ b, To KaKkue 3HAYCHUA MOMKET IIpPH-
Humats b? Onpepenure coso.

578. Mo:xeT i KOCHHYC yrja ObITb PABHBIM:

21 V3 -2
a)y——=: 0) ————;
37 J2 =1
. T
1 Slﬂ"s-
—_— 9
™ sinE, W cosi.
6 6

J 3xeck U gajee pacCMATPHEAIOTCHA BRIpAMEHHA, HMeIIHe CMBICI.
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579.

581.

Breruucaure:

i - T 2 51 r |.
a) Gcos[ 6} 23111(—3]—551n[——6—)+cos(?],

6) 3sin (—%’"‘J — 4cos [—%) + 5sin (7n) + cos (~11m).

OmnpezesnTe 3HAK MPOU3BEJEHUA!

a) sin157°sin 275° sin (—401°) sin 910° sin 328°;

6) cos 73° cos 140° cos 236° cos 301° cos (—384°) cos 1000°.
Haiigure Bce yrinl o u3 uarepsaina (0; 2r), Aaa KaaI0ro u3 KoTo-
PBIX CIpPaBeIJIMBO PABEHCTBO:

a) |sino| = sino; 6) |coso|=—cosa.

PacnonoxuTe B IMOPSAAKe BO3pPacTaHUA UHCIA:
a) sin(-55°), sin600°, sin 1295°;
6) cos653°, cos(—68°), cos295°.

Cpasuaure (583—585):

584.

587.

590.

a) sin91° u sin 92°; 6) sin 195° u sin 200°;

B) sin354° u sin 959°; r) sin 734° u sin(-1066°).
a) cos101° u cos157°; 6) cos190° u cos 200°;

B) cos 1000° u cos 2000°; r) cos860° u cos510°.

a) cos1,6m u cosl,68m; 6) sin4,5 u 0;

B) cosb,1ln u cos5m; r) sinl u cosl.
doxasbiBaem. [lokaskuTe CIpaBeJJMBOCTbL PABEHCTBA!
a) sin(n — o) = sino; 6) cos(m — o) = —cos0;

B) sin(3n — o) =sino; r) cos(bm — o) = —cos .

YuopocTuTe BRIpaKeHHeE:
a) sin(—o + m); 6) cos(o —m); B) sin(o + 7m); 1) cos (o — 9m).

Breruucaure:
a) sin Biexl|: 6) cos T _8n|; B) sin Qén
4 d 3 ¢ 6 )

YapocTuTe BBIpaKeHHUeE:
a) sin(m + a)cos(m — a); 6) cos(m — a)cos(m + a);
sin (ot — m)cos (o + ) sin(o. — m)sin(n + o)
B) sin(o. — m) sin (o + ®) — cos(® + o) cos (0 — T);
r) sin(2r + o) sin(8n — &) — cos(3n + o) cos (o — 2m),
rie yroJi 0. TaKoi, 4T0 3HaMeHaTeJb Apobu He oOpamiaeTcs B HYJIb.

Ina aob6oro Ju yria O cIpaBeJJIMBO PaBEHCTBO:
a) coso. = cos|al; 6) sino = sin|a|?
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| 10.3*. TaHreHc U KoTaHreHc yrna |

Hucso, paBHOe OTHOIIEHHWIO SiNnC K COS(, HA3BIBAIOT TAHTeHCOM
yraa o 1 obosHauaT tgo, T. e.

tga=——. | (1)

Tanrenc yria o. onpezienés A BceX YrioB O, 32 UCKJIIOUYEHUEM TeX,
JUIsT KOTOPBIX COS 0. paBeH Hyii0. IlosaTomy B ompepesieHuu tg o HOJMKHBI
OBITE MCKJIIOUEHBI BCE YIJIBI

a:%+kn, (2)

rae k — moboe 1esoe 4ucao.

W3 onpenenenus ciaegyer, 4To AjdA a060ro yria o, He COBIazalomie-
ro HU C OAHUM M3 YIJOB (2), TAHreHC 3TOTO YIJa CYIIeCTBYEeT, ¥ IPUTOM
eIUHCTBEHHBIH.

Yuco, paBHOE OTHOLIEHHIO COS( K Sin 0/, Ha3bIBAIOT KOTAHTEHCOM
yraa o u obosmauaioT ctgo, T. e.

ctgo = . 3)

Koranrenc yria o ompezenén ajs BceX YIJIOB 0., 38 MCKIIOUYEHUEM
TeX, [IJisi KOTOPBIX Sino. paBeH Hyma0. Ilosaromy B ompezaesieHHU ctg o
JOJIXKHBI OBITE UCKJIIOYEHBI BCE YIJIBI

o = km, (4)
rae kB — snmwoboe 1esioe 4UCIo.

W3 onpenenenus ciaenyer, 4To AJis Ja060ro yria o, He COBIagaloIie-
ro HY C OAHUM M3 YTIJOB (4), KOTAHre€HC 3TOr0 yria CyIlecTBYeT, ¥ HpHU-
TOM eJUHCTBEHHBIH.

W3 pasencts (1) u (3) cienyeT cnpaBefIMBOCT:E PABEHCTBA

tgo-ctga=1 : (5)
I BCeX YIJOB O, AJfA KOTOPHIX CYIIECTBYIOT OJHOBPEMEHHO Hu tgo.
u ctgo. JleBas yacTh paBeHCTBa (5) cylmiecTByeT Qi BCeX YIJIOB, 3a HC-
KJIIOUYeHHeM TeX, JAJA KOTOphIX uad sino =0, uau coso = 0, mosromy
?opmyna (5) cpaBegIMBa IJs BCEX YIJIOB, KPOMe VTIJIOB ¢ = — k, TH€
— m000e TIeJI0e YHCIIO. 2
I/Ia onnpenegeHHus TaHreHca U ROT&HI‘QHC&IYI'JIB. cjengyer, HallpuMep, 4TO

sin —

b1
COoSs — _3.
6 2
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sin 45° sin 60°
4_ = = = — 3 .
tgdo cos 45° 1, 1g60 cos 60° V3

T T
Taurenc yria 3 He cymecrsyer, TIOTOMY HTO COS o = 0, HO CyIIecTByerT

T
KOTaHIeHC yria -

ctg % = =
sin —
2

Insa yraa 8 0 pagualn, Ha060pOT, HE CYIECTBYET KOTAaHIe€HC, IOTOMY UYTO
sin0 = 0, HO CcyIIecTBYeT TaHIeHC:

sin0 0
t — = —=U.
g0 cosO0 1 9
OcuoBabIMH (hopMydaMu A tg 0 ABIAIOTCA CIENYIOIIUEe:
tg(-0) =-tga, (6)
tg(a+nn)=tga, (7)

rage n — maoboe Ieaoe YHCIIO.

Koneuno, paseHcTBa (6) u (7) BepHBI TOJBKO AJA TAKMX YIJIOB O,
IS KOTOPBIX OJHOBPEMEHHO MMEIOT CMBICJ IIpaBble M JIeBble YacTH
PaBEHCTB.

Ons noboro yraa 0., AJA KOTOPOTro cyllecTByeT tg o, T. e. AJd yrja,
T
OTJIMYHOT'O OT yIrja o = 2 + km, voe k — mioboe 1esioe 4YMCJI0, UMEIT

cmeica u tg(—o), u tg (o + nn). [Tokakem cupaBeAIHBOCTH paBeHCTB (6)
u (7) gnsa nwboro rtaxkoro yriaa o. Hcrnonsdyda (OpMyJIBI AJA COS
H sin o, ©MeeM

sin(-a) _ —sina

tg(-0) = cos(—0)  coso

= —tga.

Ecnu n — uérHOe unciao, T. e. n = 2l, rue | — 1mesgoe 4HUCI0, TO

sin(o. + 2In) _ sino
cos(o + 2it)  coso

tg (o + nn) = tg (o + 2in) = = tgoL.

Ecnu n — HeuéTHOe umcyio, T. e. n =20+ 1, rge | — nesoe 4uciao, TO
sin(o + 7w + 2in) _
cos(o. + m + 2In) -
_ sin(a + ) _ -sino _
- cos(o. + T)  —cosol

tg(o + nn) = tg(o + 1 + 2Iin) =

Taxum obpasoMm, paBeHCTBO (7) ZoKasaHO AJ#A J0OOro IIeJ0ro uucja 7.
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IIpumep 1.
a) tg{—%] =-tgZ=-1;  6) tg(-60°)=-tg60° = —3;
1A (N SR IO (N ) DI S
B)tgﬁwtg[6+n)_tg[ GJ_ tgﬁ— 3
o {s] o — (a] , ¢ - J§
r) tg150° = tg(-30° +180°) = tg(-30°) = ~tg30° = —=.

OcuoBHBIMM (hopmMynamu AJjist ctg O ABIAIOTCH CHeAVIOIIHe:
ctg (o) =—ctga, (8)
ctg(a +n) =ctgo, : (9)
rpe n — Joboe 1ejgoe 4uco.
Koneuno, 3T paBeHCTBA BepHBI TOJBKO AJSA TAKHX YIJIOB O, IJId
KOTOPBIX OJHOBPEMEHHO MMEIOT CMBICJI IIPABBIE€ U JIEBBIE UX YACTH.
Hna moboro yria o, AJIs KOTOPOTO CyIiecTByeT ctgol, T.e. s
YIJIOB, OTJIMYHBEIX OT yria o = kn, rae k — nioboe 1e10e YKUCiI0, UMEKT
cmeica u ctg(—a), u ctg(o + nn). JJokasaTeasCTBO CIpaBeAJTHBOCTH pa-
BeHCTB (8) u (9) ana m060oro TaKOro yria (¢ aHAJOTHYHO AO0KAa3aTeJIbCTBY
paseHcTB (6) u (7).

IIpumep 2.
a) ctg(-45°) = —ctg45° = -1, 06) ctg(—%) = —ctg—g— = —/3;

Il

B) u::1;g5TTL = ctg(n + %)

r) ctg135° = ctg(—45° +180°) = ctg(-45°) = —ctg45° = —1.

T
Ctgz— 1;

591. a) Yro Ha3bIBAIOT TAHIE€HCOM yIJia 0?7 KOTAHreHCOM yrja o7
6) llnsa kakoro yria o He cyumecTsyer tgo? ctgo?
B) Jn1a KakUX YIJIOB 0. COPaBEAJMBO PaBeHCTBO tgo - ctgo = 1?

592. a) Eciu gna yria o cymgecTByer tg o, TO eIMHCTBeHHBIA ju OH?
6) Ecau nns yraa o cymgecrsyer ctg o, TO eAMHCTBEHHBLIH JIH OH?

593. KaxoBel ocHOBHBEIe (Qopmynsl ansa tgo? ara ctgo? Iaa xakux
YIJIOB (. OHM CIIPABEIJIHBbBI?

Haiigure (594—595):

594. a) tg0°; 6) tgm; B) tg3m; r) tg1440°;
n) tg30°; e) tg%; 3K) tg%; 3) tg90°.
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597.

599.

a) ctg%; 6) ctg270° B) ctg%;

r) ctg90°; ) ctg%; e) ctg45°;

x) ctgg-; 3) ctgO.

Kakue 3HAKM MMEIOT TAHIME€HC U KOTAHTeHC yIJja O, ecJU TOYKa

eIUHWYHON OKPY’KHOCTH, COOTBETCTBYIOIIAA YTy O, PACIOJIOXKe-
Ha B I uerBepTu? Bo II yerBepTu? B III uerBepTH? B IV yerTBepTHU?

Onpegenure 3HAK BBIPAXKEHUA!

a) tg71°tg139°tg235° tg 304° tg (—393°) tg 1000°;
6) ctg282°ctg(-401°) ctg(—910°) ctg 140° ctg 240°;
B) coslsin3tg4ctgbtg2tgh;

r) tgl,6ctg4,5tg(-3,1)ctg(-3,1);

sin6 + cos(-4) |

tg(-2) - ctg(—4)’

sin(-8) + cos9

cos11- tg(-9) "

)
e)

DoxkazpiBaem. s Bcex 0, IPU KaXJIOM M3 KOTOPBIX IpaBas
¥ JieBasg YacTH PABEHCTBA MMEIOT CMBICJ, AOKAMXUTe CIIpaBeAJIu-
BOCTH PaBEHCTBA:

a) 1+ tg2a = :
) g cos? o
1

6) 1+ctg?a = :
) g sin? o
Beruucnure:

i n 3
a) sino, tgo u ctgo, ecnu 0 < o < r1 H cosSO = 5;
0) cosa, tgo u ctgo, ecan % <0 <Tusino = %;

B) sinoq, tgoa u ctgo, ecmu © < @ < 3?1‘ u coso = —0,6;
r) coso, tgo u ctgo, ecan §2£ <0 < 2n u sino =-0,8;
n) sinao, cosa u ctgo, ecan 0 < o < % u tgo=2,4;

e) cosoa, sino u tgo, ecan % <o <muctgo=-1;

) sino, ecnn tgo = -5 " —% <o <0;

12
3n
3) coso, ecnu ctgoa=1un <o < =
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Yupocture Beipaxkenue (600—602):

1- cos?a sin?o — 1 2sina - cosa
600.a) ————; 6) ——; B) ——Mm8M———:
) 1- sin?0’ ) 1- cos?a’ ) 1- sina
. 1 1
r) sin?a +cos? o +ctg2a; B ———1; 8) L=—=—
cosZ o sin? o
sino sinf | ) coso sinf
coso. cosB’ sino cosP

601. a) sinfctgf; 6) tgo:ctgoy B) sinf:1yB; r) coso tgo;

n) cos?o(l + tg? o); e) 1 —sin?o + ctg?o sino;
tgo + tgh | 3) cos?a — ctg?a
ctga +ctgp’ sina - tg2o
1- sin?q tga
602. a) ———— + tgo ctgo; 0 :
) 1- cos?e; | © £ ) tgo ctgo + tg2a

; 1
2 2 2 240
B) sin“p + ¢ - - T —ctg®o — cos“a
) B+tg*p cos?p’ ) sin o g ’
) sin o sino. | e) cos B cos 3
l-cosae 1+cosa’ 1-sinfp 1+ sinp’

603. [loka3bisaem. JoxaxuTe CIpaBeIINBOCTbL DABEHCTBA:

cos O 1-sina m
- = Ipu O # — + Nk, rIe B — HEKOTOopoe IeJioe
1+ sino cos o 2
YUCJIIO;
cos P + ct :
0) 2t—ngB— =1+ sinf npm P # nk, rae k — HeKoTOpoe 1eJs0e
YHCJIIO.

Yupocrure Beipaxkenue (604—606):
tg(o + m) — tg(B + 2m) ctg(m — o) + tg(—at)
. B) ctg(-p) — ctg(-a) ’ 6) ctg(a + 3n) — tg(o + 2m)°

) sin(2r — o) sin (o — ©) cos (ot — 27) |
cos(2n — a)etg(n — o) tg(Bn — &) ’

6) sin(n + a) sin(o — @) cos(2n — o) tg(3n — o) )
cos(m — o) cos(a — 5m) cos(2m + o) tg(—o — )

605. a

606. 2) 1-cos*o — sinfa | cos® o — sin®a
: sinfa — 2sin?o + 1’ 1+ sino coso

! B saganuax 600—606 yraer o u B TAKOBEI, UTO JaHHBIE YHCJIOBEIE BHIPA-
JKEHHUS HMEIT CMBICJI.
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Hononuenus x rnase 4

[ 1. KocuHyc pasHOCTH U KOCMHYC CymMMbl ABYX YrnoB |

SRR e e i e =

TeEorPEMA 1
Ons nobbix yrnos o 1 f cnpaseaIMeBo paBeHCTBO

cos (0. — B) = coso. cos P + sina sin B. (1)

9TO paBeHCTBO HA3LIBAIOT (hOPMYJIOH KOCHHYCA Pa3HOCTH ABYX yI-
JIOB.

Teopemy 1 MOKHO chHOPMYJIHUPOBATH TAK: KOCHHYC PA3HOCTH ABYX
YIJIOB paBeH MPOU3BEAEHUIO KOCUHYCA IIEPBOT0 yIjla ¥ KOCUHYCa BTOPOTO
IUTIOC IIPOM3BEJIeHNe CHHYCa IIepBOro yrJja ¥ CuHyca BTOpPOro.

JdokaszaTteascTso. IlycTs gans ABa yraa o u 3, Touka B Ha enu-

HUYHOM OKDY’KHOCTH COOTBETCTByeT yriay o, a Touka C — yray B
(puc. 79). Torga, ucnosas3ys ompejesieHre CUHYCa U KOCHHYca yrja, Io-

Jy4aeM, 4TO TOYKa B mMMeeT KOOpPAMHATHI X = COSO, Y = sino, a Tou-
- —
ka C — KoopAuHATHI X =cos 3, y = sin . BexkTop a = OB nmMeeT KOOpAWHA-
- —
THI (cos O; sina), a Bekrop b = OC umeer Koopaunatsl (cos fB; sinB).
BhruucauM cKansipHOe IPOU3BeJeHHe 9THX BEKTOPOB:
-
a - b=coso cosp + sino sinp. (2)
Ho, xaK HM3BeCTHO W3 reOMeTPHUM, CKAJIsIPHOE NPOU3BEJeHUE ABYX
BEKTOPOB PaBHO IPOMU3BENEHHMIO UX AGCONIOTHBIX BeJWYMH Ha KOCHHYC
-
yrua Mexay HuMu. O603HAYMM Uepes Y YroJ Meskay BeKTopamu a u b.
Vuurersas, uto |@| = |b| = 1, momygyaem

a-b=cosy. (3)

OrMeTHM, YTO B '€OMETPHH IIOJ YyIVIOM MEXKJy BEKTOPAMHU IIOHMMA-
IOT HEOTPMLATEJNBHBIA yroa Wua vA

npomexkyTra or 0 mo n. Iloaromy !
C (cos B; sin B)
O<sys<sm.

3anuieM yriasl 0. ¥ [ B Buge
o =04+ 2kn, B=P,+ 2In, 0

rae 0<og<2rm, 0<By<2m, a k

u | — HeKOTOpBIE lLieJble YHCJIAa.

Torma MoOXHO cuuTaTh, 4TO TO4Y- B (cosa;sina)
Ka B cooTBeTcTByeT yriay O,

a Touka C — yray fB,. B Puc. 79

\a@;0
I
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B Puc. 80

Jlerko BuHAeTh, 4TO JHGO Y= 04— By, amO0 Y= Py — 0 JaH6O
Y= 21 — (0 — Bo), 160 ¥ = 21 — (B, — o) (puc. 80), HO B M06OM U3 ITUX

CIIy4aeB
cosy = cos (0t — Bop)-
Tax kKak

cos (o — PB) = cos (o — By + 2(k — 1) 1) = cos (0 — Py),

TO IOJIy4aeM, 4TO
cos(o — B) = cosy.

Teneps u3 paBeuncrts (4), (3) u (2) crexyer, 4To
cos(o — B) = cosa cosP + sina sinf.
Teopema 1 pmokazana.

IIpumep 1.

3 4 3 4
B VB VB _ 2+ B
2

2 4

T n n ... T
—ZJ=COS—COS“—‘+SID—SIH—=

(4)
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TeoremMA 2
Ona mobbix yrnos o. 1 B cnpaseavBO paBeHCTBO

cos (0. + PB) = cos o cos B — sino sin B.

DTO paBeHCTBO HA3bIBAIOT (hOPMYJIOH KOCHHYCA CYMMBI IBYX yIJIOB.

Teopemy 2 MOKHO CHOPMYJIHPOBATH TAK: KOCHHYC CYMMBI JABYX
VIJIOB paBeH NPOM3BeJeHNUI0 KOCHHYyCa epBoro yrja u KOCHHyca BTOPO-
ro MUHYC IIPOU3BeJE€HHe CHHYyca IepBOro yrjia ¥ CHHyca BTOPOTO.

Nokasateascrso. Mcnonesys GOpMyny KOCHHYCa PasHOCTH
ABYX YIJIOB ¥ (DOPMYJIBI JJIA SinOQ U COS O, ©UMeeM

cos(a + PB) = cos (o — (—B)) = coso.cos(—B) + sinasin(-P) =
= coso.cos P — sinosinf.
Teopema 2 moxasaHa.

IIpumep 2.
coss—JrE = cos[1rt +£) = cosﬁcos£~ sinﬁs.inE =
12 6 4 6 4 6 4
_¥3 V2 1 V2 _6-V2
2 2 2 2 4

607. 3anumure GOPMYJIy: a) KOCHHYCA PasHOCTH ABYX YIJoB; 6) Ko-
CHHYyCa CYMMBI ABYX YIJIOB.

BeruncauTe, He IOJB3YACH Tabaunei uian Kaabkynaropom (608—610):

608. a) cos15°; 6) cos75°% B) cos 105°.
3n T .38t . T
609. a S — COS — + SIn — —3
) co 3 3 3 sm8
6) sin 10° sin 70° + cos 70° cos 10°.
n 6m o 0 e G 3n T 3n n
610. a) cos — cos— — sin— —; 0 n— — — CcOSs — -
) 7057 in 7 sin = )5;1431n4 S4COS4

611. YnpocTuTe BbIpaskeHue:
T T . LA B
a) cos[o:+6] cos(a—g} 6) 803(3 oc) cos[ )
612. Brruuciaure cos (o + B) u cos (o — B), ecam sino = :;, cosf = g
0O<a<ZX, 0< B -

613. ﬂoxaahmoem. I[ona}i-:m'e cIpaBe/lJINBOCTh PABEHCTBA:

3n . 3n .
a) cos ?ro: = —sino; 6) cos ?+0& = sina.
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614. a) Beruucaure cos(o—P), ecau n <o < §2’5-, 3?“ <B<2rn mn

. 1 1
sinog = ——, Ccos = —.
4’ B 4

6) Berumcaure cos(o+ B), ecau % <a<Tm, % <B<mn m
cosa =-0,8, sinf} = 0,2.

615. Brruuciure: o 31 o 31
sin — sin — — cos — cos —
cos 2° cos 28° — sin 28° sin 2° 6) 5 5 5 5
cos 47°cos 2° + sin 47°sin2°’ g Wz T s n
sin — sin — - cos — cos —
8 8 8 8
616. YopocTure BeIpaskeHHe:
8 cos(a + B) + cos(o — B) . sino sinP — cos(o — B)
cos(a — B) — cos(a + B)’ cos (ot + B) — coso cosP’

rae yriel o 4 B rakue, 4TO 3HAMEHATeNb He O6pAINAeTCA B HYJb.

Brruucaure (617—618):

3n n n 11ln
17. —1 _ —_— —_
617. a) cos g 0) cos 173 B) cos 12 r) cos 13
618. a) cos75° + cos 15°; 6) cos—n—-—cos{)—n.
12 12

Yupocrure Berpakesue (619—620):
n i . (n . (= .
619. a) cos(z + aJ cos (Z - a] - s1n(z — a) sm(z + oc),
2n 2n
6) cos{? +(xJ +cos(? - a) + cos o,

620. a) cos?(60° + B) + cos?(60° — B) + cos? B;

6) cos? {CL - %J + cos? (0{ + %J + sin? o,

621. a) Kocunyc ocrporo yria pasen 0,2, Haiiaure KoCHHYC CMEXKHOTO
yria.

6) Cunyc ocTporo yrja paseH E;- Haiigure cCHHYC CMEMXHOTO yrJia.

622. a) Haitaure coso cosf, ecam cos(o + B) = 0,2, cos(o.— B) =0,5.
4

6) Haitaure sinoa sinf, ecau cos (o + ) = —%, cos(o - B) = %
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623. a) Haiigure cos(o + ), ecam coso = %, sinf = —;}, O<o< %’

3n & %
T<B< 5 Haiigure HauMeHbIIee 110 abCONIOTHOM BeJIUYHHE 3HA-
yerue (o + B). 5
" . 2 3n
6) Haitgure cos (0. — ), ecim sinot = ———,cos f =—1, 5 << 2r.

2
Haitgure HaMMeHbIIIee o aGCOTIOTHON BeandrHe 3HaueHue (o — ).

| _
' 2. Dopmynbl AN [OMNOMIHUTENbHbIX YrNOB ]
IIBa yrna o u B, cocraBisiomiue B CyMMe %, Ha3bLIBAIOT JAOMOJHH-

TeJbHBIMH yIJIaMH.

TeEorPEMA 1L
Ons noboro yrna oo cnpaeefnvebl paBeHCTBa

cos(%—tx]=sina, (1)

sin (% - (x] = COS O.. (2)

NowxaszareascrTso. Mcononb3yda (opmyny KOCHHYCa PasHOCTH
IBYX YIJIOB, ©MEeM

b1 T g TB . »
cos(; — a] . cosgcosa + smE sinat =0-cosa+ 1 :sino =sino,

u ¢popmyna (1) Tem caMbIM JOKasaHa.
Teneps noxakem dopmysay (2), UCIONb3YA yKe NOKa3aHHYIO (op-

myay (1). O6osnauum ff = %— o, Torga mo Gopmyse (1)

sin B = cos (%— B]. (3)

Tenepb, nmoacrasaas B dopmyny (3) %— 0. BMecTO f3, moJy4umM, 4TO
sin(i— a) = COS L.
2
Teopema 1 moxasaHa.

1 T T N T
IIpumep. sin o= sm(2 12]-003 13"
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624. [loxasbieaem. [Jokaxure popMyy:

n ; o [V
a) cos(a+a) = —sino; 6) sin E+a = cos 0.

Ynpocrure Beipakenue (625—626):

625. a) cos[%— %), 6) cos (%— E-}, B) COS (%_ -:;—J,

r) cos(%—-zgi]; ) cos(a—%); e) cos{%—a}.

i . ; = | o [ . R,

626. a) sin(m — o); 0) sm(u ZJ' B) s.ln(6 2),
r) sin(i—E s ) si E—E)' e) sin(i—i)

2 6) Ll Ty 2 7)

627. IlpuBenuTe YHMCIOBOE BBIPAKEHUE K BUILY CHHYyCa HJH KOCHHYyCa
IOJOXKHUTENBHOI'O yIJja, He IIpeBhImawIero 45°;
a) sin80° =sin(90° - 10°) = ...; 6) sin 70°; B) cos82°,
628. [IpuBeauTe YMCIOBOE BHIpA’KEHUE K BHUAY CHHYCA WJIH KOCHHYyCa
n
IIOJIOXKUTEJBHOTO YIJla, He IPEeBHIIIAIIIero Z:

i W n . ST 6
a) smg, 0) cosg, B) 5111—7—, r) cos Th

| 3. CuHyc cymmbl CMHYC Pa3HOCTH ABYX Yrnos |

TeorPeEMA 1
Ana nobbix yrnos o 1 B cnpaBegnnMeo paseHCTBO
sin(o + B) = sino cosP + cosa sin B. (1)

9TO PaBeHCTBO HA3BLIBAIOT (DOPMyYJIOH CHHYCA CyMMBI JABYX YIJIOB.

Teopemy 1 M0xkHO cHOPMYyTHPOBATE TAK: CHHYC CYMMBI ABYX YIJIOB
PaBeH IPOM3BEAEHHUIO CHHYyCa IIePBOTO yIjia ¥ KOCHHYCA BTOPOTO ILIIOC
IIpou3BeJleHre KOCHHyca IMepPBOr0 yrjia U CUHYCa BTODPOTO.

HorasareancrTso. Ucnonbadysa GopmMyas! As HONOJIHUTEIBHBIX
YrJIOB ¥ (pOopMYJIy KOCHHYCA PA3HOCTH ABYX YIJIOB, UMeeM

sin(a+]3):cos[—;——a—Bchos((g——aJ— ﬂ}:

= cos(% - a]cos[i + sin(% - a)sinﬁ = sina cos + coso sinB.
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Teopema 1 moxasaHa.
IIpumep 1. Beruucaum sin 75° 6e3 Tabaui ¥ KaJabKyJIsaTOpa:
sin 75° = sin (45° + 30°) = sin 45° cos 30° + cos45° sin 30° =
_¥2 V8 V2 1_6+42

2 2 2 2 4

TeorPeMA 2
Ona mobbix yrnoe o v B cnpaseaMBo paBeHCTBO
sin (o — B) = sino cos P — cos o sin . (2)

9T0 paBeHCTBO HA3BIBAIOT (POPMYJIOH CHHYCAa Pa3HOCTH ABYX YIJIOB.
Teopemy 2 MOKHO C(HOPMYJHPOBATH TaK: CHHYC PasHOCTH ABYX
VYIJIOB PaBeH IPOM3BEJEHUI0 CHHYCa IIePBOro yrja ¥ KOCHHYyca BTODPOI'O
MHUHYC IIpOM3BeZileHNe KOCHHyca IIepBOro yrja U CHHyca BTOPOro.
JHowaszarenscTso. Ucnonesya (GopMyny CUHyca CyYMMBI ABYX
yryioB ¥ (OpMYyJIBI A SinO B COS O, ©MeeM
sin (0. — B) = sin (o + (-P)) = sin o cos (—P) + cosa sin (-P) =
= sino cos P — coso sin B.
Teopema 2 noxasaHa.
IIpumep 2. Boeruucaum sin 15° 6e3 Tabnui ¥ KaJabKyJaaTOpa:
sin 15° = sin (45° — 30°) = sin45° cos 30° — cos 45° sin 30° =
_ B V3 2. 1_J6-42

2 2 2 2 4

629. 3anumunure hopMmyay:
a) cuHyca CyYMMBI ABYX YIJIOB;
0) cuHyca Pas3HOCTH ABYX YIJIOB;
B) KOCHHYyCA CYMMEI IBYX YIJIOB;
I') KOCHHYCA PasHOCTH JBYX YIJIOB.

Doka3biBaem. Jlokaxure crnpasBeainBocTh paBeHcTBa (630—631):
630. a) sin(w + o) = —sina; 6) sin(n — o) = sino;

B) sin[%‘—a]:—cosa; r) sin(%’-‘-+a]=—c05a.
631. a) sin(45° + o) = cos(45° — o); 0) cos(45° + o) = sin(45° — o).

Breruucaure (632—633): r: in i n
632. a) sin20°cos 10°+cos20°sin 10°; 6) sin 3 cos — + cos 5 sin =
B) cos80°sin 10° +sin80°cos 10°; r) cos 3?:1 sin% + cos % sin %—
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633. a) sin150°; 6) sin105°; B) sin 165°; r) sin195°.
Ynopocrute Bhlpaskenue (634—635):

634. a) sin {a + %] — Ccos {a + 5}; 6) 2cos [a - %J — 2sin (g + a).

4
635. a) 3‘/2§ sino — —;—cos o 0) g(cosa — sina);
B) g(sina +cosa); r) %sino: + gcosa.

636. Briuuciaure:

a) sin(o + B), ecan 0<ac%, 0<B <g~n sina:%, cosB:%;

6) sin(o — B), ecom %<a<n, :r:-<13<37Tt u cosa=-0,2,
cosf =-0,1.

637. fdoxassiBaem. HJokakuTe CIIpaBeAINBOCTL PABEHCTBA:
a) sin(a - B) + sin(o + B) = 2sin o cosB;
6) sin(o — B)sin(o + B) = sin? o — sin2 .

| 4. CyMMa 1 pa3sHOCTb CMHYCOB M KOCMHYCOB j

L n e o - s,

e T ST T T Y e T

TeoreEmAa 1
Ans mobbix yrnos o u B cnpaseanneo paBeHCTBO

DH'Bcosm;ﬁ.

sina + sinf = 2sin

9TO PaBEHCTBO HA3BIBAIOT (JOPMYJIOH CYMMBI CHHYCOB.

Teopemy 1 mHaue MOMKHO cHOPMYIMPOBATH TAK: CYyMMa CHHYCOB
JI00BIX ABYX YIJIOB DaBHA yJBOEHHOMY IIPOU3BEJEHUIO CHHYCA HOJIYCYM-
MBI 3TUX YIJIOB M KOCHMHYCA MX IOJYPA3HOCTH.

TeEorPeEMA &

Ona nobeix yrnoe o u B cnpaseannBo paBeHCTBO
. = o O o +
sina — sinff = 2sin zﬁcos 2B.

ITO PaBEHCTBO HA3HIBAIOT (POPMyJIOH PA3HOCTH CHHYCOB.

Teopemy 2 emé mMokHO cHOPMYJIMPOBATH TAK: PA3HOCTH CHHYCOB
JI00BIX BYX YIJIOB paBHA YABOEHHOMY NPOM3BENE€HUIO CHHYCA noJypas-
HOCTH 3THX YIJIOB M KOCHHYCA MX IOJYCYMMBEI.
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TeorPeEMAa 3
Ons noBbix yrnos o 1  cnpasenineo PaBeHCTBO

cosa +cosf = 2cos 2 ;B cos < ;ﬁ.

9TO paBeHCTBO HA3BIBAIOT (OPMYJIOH CYyMMBI KOCHHYCOB.

Teopemy 3 MOKHO cGHOPMYJIUPOBATE U TAK: CyMMa KOCHHYCOB JIIO-
OBIX JBYX YIJIOB paBHA YABOEHHOMY IPOM3BEAEHHIO KOCHHYCA IIOJYyCYyM-
MBI 3THX YIJIOB M KOCHHYCa HX IIOJYPA3HOCTH.

TeEorPeEMA a
Ons noBbix yrnos o 1  cnpaseanveBo PaBeHCTBO
o+ . -
‘3 sin L B
2 2

coso — cosf = —-2sin

9TO paBeHCTBO HA3HIBAIOT (hOPMYJI0i PA3HOCTH KOCHHYCOB.
Teopemy 4 MOXKHO cHOPMYJIHUPOBATH TAK: PABHOCTH KOCHHYCOB JIIO-
OBIX ABYX YIVIOB paBHA B3ATOMY CO 3HAKOM «MHHYC» YABOEHHOMY IIPO-
HM3BEJeHHI0 CHHYCA IIOJIYCYMMEBI 3THX YIJIOB ¥ CHHYCA MX IIOJYPasHOCTH.
31ech I0J Pa3HOCTHIO YIVIOB HOHMMAETCA TaKas pa3dHOCTh, KOrja M3
yrja, CTOAIIEro Ha MeCTe YMEHbIIAaeMOI'0, BBIYUTAETCHA YI0JI, CTOAIIHMI
Ha MeCTe BLIUMTAEMOTO.
HdoraszaTteanwscTBO Teopem 1, 2, 3, 4. ITonoxum:
o+Bp _a-B

x =
2 Y 2

Torga OL=x+y, P=x-y.

Hcnonbaya ¢GOpMyaIbl KOCHHYCA CYMMEI, KOCHHYCA Pa3HOCTH, CHHY-
ca CyMMBI M CHHyCa PasHOCTH, II0JyYaeM

sina + sinP = sin(x + y) + sin(x — y) = (sinx cosy + cosx siny) +
+(sinxcosy—cos.acsiny)=2sinxcosy=29.in0t;i3 cosa;B,
sino — sinf = sin(x + y) — sin(x — y) = 2cosx siny =
a+p . oa-PB
3 Sl
cos + cosP =cos(x + y) + cos(x — y) = 2cosx cosy =

o+ B o-B

= 2cos cos ’
2 2

cos0 — cosP =cos(x + y) — cos(x — y) = —2sinx siny =
o+f . a=P

3 sin 3

Teopemsr 1, 2, 3 u 4 gokazaHHL.

= 2cos

= —2sin
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Ilpumep. Brruumcaum:

. .o T oo 0 b \/:?: \/E \/E
a) sin— +sin— =2sin—cos—=2:- —+ — = —;
) 12 12 3 4 2 2 2
51 n i TE e T V2 1 J2
6) cos — — cos — = —2sin — —=-2 — == ——
) 008 12 LT 2 2 2
638. Banumure hopmyay:
a) CyMMBI CUHYCOB; 0) pasHOCTH CHUHYCOB;
B) CYMMBI KOCHHYCOB; I') pPasHOCTH KOCHHYCOB.
IIpeacraBeTe B Buge npoussenenuns (639—642):
639. a) sin20° + sin 10°; 6) sin60° — sin 30°;
B) cos 70° + cos 20°; r) cos80° — cos 30°.
T T . . I
640. a) cos — — cos —; in— n—;
) dog 4 §) By telng
. T LT i n
B) sin— — sin—; ) cos — + cos —.
) 3 4’ ) 10 5
641. a) sino + sin 3o 6) cos3o — cos;
B) sin 3o — sin 50 r) cos7o + cosq;
I) sino + coso; e) coso — sina.
642. a) cos40° + cos 30° + cos 20° + cos 10°%;
6) sin5° + sin10° + sin 15° + sin 20°.
643. Brruucianure:
53,4 T n T
a) cos-1—2+cosﬁ; 0) cosl—z—cosﬁ;
B) sin5—n+sin1- ) sin7—n— sin -
12 12° 12 12°
Aoka3siBaem (644—645).
644. [loxa)kuTe crupaBeIMBOCTHE PABEHCTBA:
a) sin50° + sin 10° — cos 20° = 0;
6) cos48° +sin18° — cos12° = 0.
645. [Joxaxure cIpaBeJUBOCTL PABEHCTBA:
a) cos%+cos%=0; 0) sin%[—sin%rzo;
9n 5n . 3n . Tn
— + — = 0; — - — = 0.
B) cos T4 T eos r) sin 10 sin =
646. Brrumncaure:
a) cos75° - cos 105°; 6) sin 75° - sin 15°;
B) cos i cos L r) sin105° - cos 15°.

D) 5
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647!. YopocTuTe BhIpDAYKeHHE:

. T . (=m T T
sinf —+4+ o |+ sin| —-a cos| —+0a |+cos|o——
[4 ) (4 ] (4 ) ( 4]
a) : 6)
sin(a+£]+sin(a—£} cos(a+£}—cos( waJ
4 4 4

AokaszbiBaem (648—651).
648. [loxa)xuTe CIIpaBedJIMBOCTHL PABEHCTBA:
a) sin35° + sin 25° = cos 5°; 6) cos20° — sin 50° = sin 10°;
B) sin87° — sin93° — sin 59° + sin61° = sin 1°.
649. Jloxaxure, 4To AnA Ja000ro yrJjia O CIpaBelJIMBO HepaBEHCTBO
|sina + cosa | < /2.

Hoxakure crupaBelInBOCTE paBeHcTBa (650—651):

N

sino + sinf B-a coso + sino T
- = ; 6 _— t _+a -
B0, o) coso — cosf3 S4E 2 ) coso — sina 8 ( 4 )
651. a) (sina + sinP)? + (cos o + cosP)? = 4 cos? g ; B;
B

6) (sino — sinP)? + (coso — cosB)? = 4sin? %
652. IlpexcraBpTe B BHUAE IIPOU3BENEHUA:
a) 1+ 2sina = 2(% + sina) — Z(Sin% + sinoc] = i}

6) 1 -2 cosa; B) V3 - 2sina.

| 5. ®opmynbl ANS ABOWHBLIX W NONOBUHHBIX yrnoaj

TeEorPeEMA 1
Insa noboro yrna o cnpaBeaiMBO PaBeHCTBO
sin 20 = 2 sin o cos .

9T0 paBeHCTBO HA3BIBAIOT (hOpPMYJIOH CHHYyCA IBOIHOrO yria.
Teopemy 1 moxkuHO chOpMynaMpOBATH TaK: CHHYC yrjaa 20 paBeH
YABOEHHOMY IIDOHM3BeNEeHHIO CHHYycCa yIJia O i KOCHHYyca yria o.
JorazarteascTso. Ucnonb3ya dopMyny cHHyca CYMMBI ABYX
VIJIOB, IOJIYyYHUM
sin 20 = sin(o + o) = sino cos o + cosa sino = 2sin o cos o.

Teopema 1 moxasaHna.

! B saganuax 647 u 650 yroa o TakoB, YTO 3HAMEHATEIh Apo6H He obparia-
erTcAa B HYJIb.
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TeorPeMA 2
AOnsa noboro yrna o cnpaseaiMBo paBeHCTBO
cos 20. = cos? o — sin?q.

9TO paBeHCTBO HA3BIBAIOT (JOPMYJIOH KOCHHYCA JABOMHOIO yrJja.

Teopemy 2 MOKHO CHOPMYJIHPOBATH TAK: KOCHHYC yrja 20, paBeH
KBaJpaTy KOCHHYyCa yIjia 0. MHHYC KBaJpaT CHHyca yria o.

JowasaTteuanctso. Henmonasaysa GopMyay KOCHHYCA CYMMEI ABYX
YTJIOB, TOJYYUM

cos 20. = cos(0 + 0) = cosocoso — sina sina =
= cos?0, — sin?q.

Teopema 2 moxasaHa.
IIpumep 1. Haiipém sin 20 u cos 20, ecam sino = g H O IpHHaIJIe-
SKUT UHTEPBATY %; rc].

,[[JIH aroboro yria O U3 YKasaHHOI'O MHTepBaJia Cos Ol oTpHIlaTeJieH,

O3TOMY
- 2 4
coso = —1,/1 — sin“o = =5
CrnemoBaTesbHO,
. . 24
sin20 = 2sinocoso = ——,
25
cos 20, = cos?0 — sin?o = —235—

TeorPeEMA 3
Ons noboro yrna o. cnpasBenivBo paBeHCTBO

. 2% _ 1-—cosa 1
sin® o = ———. (1)

9TO paBeHCTBO HASBLIBAIOT (POPMYJIOH KBaJpaTa CHHYCa IIOJOBHHHO-
ro yrJa.

TeoreEMA a
Ons noboro yrna o cnpaBeavBo paBeHCTBO
20 _ 1+coso

cos® 5 = ———. (2)

9TO PaBeHCTBO HA3BIBAIOT (POPMYJIOH KBaJpaTa KOCHHYCA MOJOBHH-
HOTO yrJa.
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Tpuronomerpuueckne opmyJisl
rEomm s

CHHYyCa ,IIBOfIHOI"O yrjia ¥ OCHOBHOE TPHUIOHOMETPpHYeCKOe TOXIeCTBO,
HMeeM

o
CcOS 0. = COS (2- —J = cos?

Nowaszareascrtno Teopem 3 u 4. Hcmonesysa dopmyny Ko-

. o0
= - sin® 2,
o .

1 = cos? = + sin?

R MR

CRJ’[&I[I:IB&H U BBIUHTAadA 3TH pPaBEHCTBAa, IoJy4dYaem

o. . o O
1+coso=2cos?2—=, 1-coso=2sin?—,

OTKyZa u cieayior dopmyusl (1) u (2).

IIpumep 2. Haiiném cos =

IIpumensas ¢GopMyay KBagpaTa KOCHHYCA IIOJTOBUHHOIO yIja, UMEeM

1+cosE 1+£

cos? E = 4= 2 =2+J§.
8 2 2 4

n
Taxk xak COSE DOJIOXHTeJIeH, TO

8 2

Ipumep 3. Haiigém sin %, ecay sino = ~ﬂ U YroJ 0. IpuHAaIjIe-

JKUT MHTEPBAIY (11:; 3?11)

Tak Kak yroJ O IPUHANJIEKUT YKA3AHHOMY HHTEpPBaIy, TO COSOl
OTpHIIATEJIeH, B II03TOMY

coso = —4/1 — sin?a = .

ITpumenasa dopmMysry KBagpaTa CHHYCA IIOJOBHHHOIO yIJja, IIOJIy4aeM
At % = 1-cosa _ 8

2 2 9’

o T
Jlerko BUAETH, YTO YIoJ 3 NPUHAIJIEKUT HHTEepBaIy {E; T}, IIO9TOMY
sin — momoxkureneH. Tenmepr HaXogMUM, UTO Sin —

o _ 22
2 8"
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653. 3anumure GopmyIy:
a) cuUHyca ABOHUHOIO yrJja; 0) KocmHycCa ABOWHOIO yrJja.

654. Yemy paBeH KBajpar:
a) cHHyCa IOJIOBHHHOTO YIJIa;
0) KocHHYyca MOJOBMHHOIO yrjia?

655. 3anummnTe cireaymolue yrisl B Buge 20, Il€ YroJ 0. PaBeH:

a) 30°; 6) 90°; ) E; r) £; n) 4m;  e) m  K) 3—“.
2 3 2
656. YupocTuTe BBIpAXKeHUE:
a) 2sin15°cos15°; 6) 4sin22°30’ cos 22°30’;
T T . -
B) 551“15 cos 753 r) cos(—15°)sin(-15°).
657. Briuucaure sin 20, ecoun:
; 1 n, _—.
a) s1na—2,0<a<2, 6) cosa 3,2<a<1r.
Yupocrure Breipaxkenue (658—659):
658. a) cos?215° — sin215°; 6) sin?215° — cos?215°;
B) cos?20° — sin?20°; r) (sino + coso)(coso — sina).
659. a) sin? F‘g— — cos? %; 6) 2 sin50° sin40°;
B) cos215° — cos? 75°%; r) (sin80° + sin 10°) (cos 80° — cos 10°).
660. Bripasute cos 20, TOJBKO uepes: a) sino; 6) cosa.
661. Ecitu 0< o < %, TO 4TO DOJBIIE:
a) cos20o niu 2 cos o 6) sin20 nau 2sino?

662. CymiecTBYIOT JH YIJIBI ((, AJIS KOTOPBIX BBHIIOJHSETCS PABEHCTBO

sin 20 = 2sin o (oa o < % ?

663. Boruuciure: a) 1 — 2sin? %; 6) 2cos? 1n_2 -1.

664'. YIIpoCcTUTEe BHIPAXKEHHUE:

. . sino + coso)?
a) sinocosocos2a; 6) cos*o — sinto; B) (eino + cosn)”,

1+ sin 20
cos20. | i sin20.  cos2a 1- tg?a
sino — cosot sino.  coso 1+ tg2o’

13mecy U manee UMeOTCA B BHAY TaKHe 3HAYEHHS O, IPH KOTOPHIX pac-
cMaTpUBaeMbie BbIPayKe€HHUA WMEIT CMBICH.
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665. a) ctgo tga; 6) ctgo + 1;
cos 20 ctg?o — 1
B) tgoa(l + cos20); r) (1 — cos2o)ctgo;
o) 2cos?o — cos2a; e) cos20 + 2sin?a.

HDoxasbiBaem. Jlokaxxkure cnpasBeAJuBOCTh paBeHcTBa (666—667):

. . . :
666. a) 2sin (E - a} sino. = sin 203 0) sin‘o — cos?o = —cos 20,

B) (sino + coso)? =1+ %in 20, r) (sino —cos 0(): =1 _tSi[Iil 20..
tga + tg go — 1g
& 2 e el = =
BZ. 8) gl el) = g e 6) te@ - B)= T o iep
_ 2tga
B) tg2o = T

668. Haiinute tg (o + B) u tg (o — B), ecn tga = g, tgP = -§-
669. Brruuciure:

tg39° + tg6° tg72° - tg12° |

) T tg39°tg6°’ O T+ tg72° tgize’
B) tg 75°% r) tg15°; o) tg105°.
670. Ilpu kakux BHa'LIl;HHﬂX (. BepHO PaBeHCTBO: ;
+ - tga
a) tg(d5°+ o) = ﬁ; 6) tg(@d5° — o) = TH%?
671. Jdoka3sbiBaem. JlokauTe crupaBeJIMBOCTE PABEHCTBA!
a) : : = tg 20; 6) sin20 — tgo = cos 20.tg o

1-tga i tga
o
672. 3anumuTre CclHeAVIOIIHe YyIJabl B BHAE 2’ rIze yrojg O paBeH:
30°; 180°; m; 2m.

673. HdokazbiBagem. [JokaxuTe cupaBeJINBOCTE paBeHCTBA:

a) 1+cosa=20032%; 6) 1—cosoz=2s’1n2%;
2sino — sin 20 o 1+ sin2a T
= tg?—; — = tg|=+0|;

®) 2sina + sin 20 & 2 &) cos 20, g[4 )

o o
tg— tg—
€% €2 1 1

) ot o = tgos e) i o = e
1+tg— 1-tg— 1-tg— 1+ tg—

g2 g2 82 g2
2tg > ctgZ — tg
2 2 2

xK) — tg o; 3) — o — coso.

1 =tgh— ctg— + tg—

2 2 2
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674.

675.

676.

677.

. 1 b4
a) BrrumcauTe sin 27 €CJIN COS O = 3’ D<o < —.

2
o . 1 3n

0) Beruucaure cos 2’ ecyau sino = -3 <o < >
Yuopocrure BhIpaKeHHe:

i o
a) Zs1n2§+cosa; 6) 2c052~2——cosa;

sin 2o coso | o 2sino - sin 20

1+cos20 1+ coso’ 2sino + sin20

Brerunciaure:

a) tg135°; 0) ctg120°; B) tg210°; r) ctg330°;
n) 12sin120° tg 300° ctg 225°;

e) 20sin330° cos(—240°) tg 120° — 2 cos 150° tg (—135°);

#) c0s20° + cos40° + cos 60° + ... + cos 160° + cos 180°;

3) tg20° + tg40° + tg60° + ... + tg 160° + tg 180°.

Yuopocrure BhIpaxkeHHe:
a) sin(m — o) + cos {% + aJ —tg(@r — o) + ctg {3?“ - aJ;
6) sin(90° - o) — cos(180° — o) + tg(180° — o) — ctg (270° + o).

HAoxassiBaem. Jlokaxure cipaseiuBOCTL paBeHcTBa (678—679):

678.

679.

tg(90° + o) cos(270° + o) cos(—a)

= —sinu;
) = tg(180° — ) S @70° + @) R
2(3n
cos?’| — +
2 cos? (—a)
0) z 1.
tge(o — 2m) ) 3
t A i
g1 o D)
o 1-cosa o sino
tg—-=—_"""—, 0) tg—=—"—;
a) g2 sino ) g2 1+ coso

B) sin 20 (sin 20 + sin 2B) + cos 20 (cos 20, + cos 2B) = 2cos? (o — B);
r) sin2o0(sin 20 - sin 2B) + cos 20 (cos 20. — cos 2B) = 2sin? (o — B);

n) cosPasino — sinfocosa = i—sin 40

e) 2sin2asino + cos 30 = cos 0

%) 1+ 2cos20 + cosdo = 4cos? o cos 20
3u

8) 1+ 2cos30 + cosbo = 4 cos? — cos 3o

u) sin3ca = 3sino — 4sindo;
K) cos 3o = 4cos?0 — 3coso.
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680. Briuunciaure:

T 2n 4n | n 2n 4n
a) cos§ cos? cos i 6) cos 7 cos T cos 7

681. Haiigure: &
a) sino, coso, tg 20 u ctg 20, ecau tg-zﬂ =3;

6) sin2a, cos2a, tg 20 u ctg 20, ecom tgo = %;
B) sindaq, ecau tgo = 3.

6. Mpoussenenme cunycos u Kocunycos |

e = e e g

TeorPeEMA

Ons nioBbix yrnos o v B cnpaseanvebl paBeHCTBa
sinacosB=%{sin(a+ﬁ)+sin(0{—B)); (1)
coso cosf = —;—(cos (o0 + B) + cos(a — B)); (2)
sino sinf = %(cos (o0 — B) — cos(a + B)). (3)

JloxaszaTenbcTso. BeimumeM H3BeCTHBIE (OPMYJIBEI CHHYCOB
U KOCHMHYCOB CYMMBI W Pa3HOCTU JBYX YIJIOB:

sin(o + B) = sina cosP + sin P cos o; (4)
sin(o. — B) = sino cosP — sin cos a; (5)
cos (o + B) = coso cosP — sina sin f; (6)
cos (0. — B) = coso. cosP + sin o sin f. (7)

CnoxuB modeHHO paBeHcTBa (4) u (5), moayuyum
sin (o + B) + sin(o — B) = 2sina cos P,

OTKyJa IoJiydyaeM cIpaBeAJHuBOCTL paBeHcTBa (1).
CrnoxuB no4jeHHo paBeHcTBa (6) u (7), moayuyum

cos (o + B) + cos(a — B) = 2cos o cos B,

OTKyJa IoJy4yaeM CIIpaBeJJIMBOCTL paBeHcTBa (2).
Brrurem mouseHHO U3 paBeHctsa (7) paseHcTBo (6), moaydum
cos (o — B) — cos (o + B) = 2sina sin B,

OTKyJa IoJIydaeM CIIPaBeJJIMBOCThL paBeHCTBa (3).
@opmyusl (1), (2), (3) ucnonbayior Aas npeobpasoBaHUS TPUIOHO-
MeTPHYeCKHUX BhIParKeHMH.
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IIpumep 1. Brruuciaum 6e3 Tabaull ¥ KaJdbKyJsaTopa

3)

cos E cOos —
8 8’

IIpumenus dopmyny (2), moaydyum

]

COSECOSE_}- cOSs £+3_TI: + cos E—
8 8 2 8 8 8

= %(cos%+cos[-%n = -21—(0+§J =

IIpumep 2. [Joxarkem cupaBeJIMBOCTHL PABEHCTBA
sin 2o sin o + sin 6 sin 3o = sin 5. sin 4. (8)
IIpumenus Gpopmyny (3), moayuum

N |

sin 2a sin o + sin 6o sin 3o, = %(cos o — cos 30) +
+ %{cos 30 — cos9a) = %(cos o — cos 90).
IIpeo6pasyem mo dopmyie (3) mpaByio dacTe paBeHcTBa (8):
sin 5o sindo = %(cosa — cos 9a).

Tax Kak npasad U JieBas 4acTH JOKasblBaeMoro paseHcTa (8) pas-
HBI OTHOMY U TOMY K€ BBIPAYKEHHIO, TO paBeHCTBO (8) mJokasaHO.

682. IIpeobOpasyiiTe B CYMMYy HJIH PA3HOCTh:

a) cos 30 cos 0 6) sinbo sin 3o B) sin4o cos 2q;
r) cosc cos20; nx) sin 2o sin 3o e) sino cos4o.
683. [okazbisaem. JlokaxuTe, 4TO:
a) sing—n cc-s5—It - sinﬁ—]r cos ~ = L2 sini;
28 28 35 85 2 2 5
0) o::osS—Tt cos ~ — 0055_1: 0053_11: = Q
16 16 16 16 4
684. Briuucaure:
a) sin 1z sin oL, 6) cos 18x cos 7—ﬂ; B) sin Ix cos 2%
24 24’ 24 24 24 24’
r) cnas?—:rt ccusa—j't - s'ml sinﬂ;
20 20 15 15
11n 3n oo 11T 5. 1TE
a) cos —— cos — — sin—— sin——.

56 56 42 42
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| 7. Ucropuueckue ceepieHus |

IlonaTua cuHyca, KOCHHYCA M TAHI'eHCA YIJa BO3HUKJINU B reoMeT-
pun u acrpoHomuu. iMu onepupoBasu eiié ApeBHHE MATEMATHKHU, pac-
CMaTpHBadA OTHOIIEHHE OTPE3KOB B TPEYIrOJbHHKAX M OKDPYIKHOCTAX.
HOpeBHerpeueckuit yuénsiit Knasnuit IlTonemeii, sxusmmuit Bo II B., co-
CTaBHJI TIOJPOOHYI0, BEChMAa TOYHYIO TabJMIy CHHYCOB YIJIOB, B TeYeHHE
MHOTHMX BEKOB CJIYKUBIIYIO CPEACTBOM [AJIA PEIIeHU TPEeYroJbHUKOB.

B XI—XIII BB. B Tpyaax marematuxoB Cpenmeit Asuu, 3axas-
Kases, Banykaero Bocroka u MUuaum Hauanoch (h)OpMUpPOBAHUE TPHUIO-
HOMETPHH KaK OTAeNbHON HayKu. WHAWICKMe y4EHBIE BBOAUIYN HOHS-
THE JUHUM CHHYCOB JJIf YIJIa 0. — 3TO XOpJa eAUHUYHOI OKPYKHOCTH,
COOTBETCTBYIOIIAA IleHTpanbrHOMYy yriay 2c¢. Eé gauua pasma 2sino.
JIuHMA CHHYCOB y HMX Ha3bIBAJAaCh «apXalKHUBa», YTO OYKBAJIbHO 03-
Ha4YaJo «II0JIOBUHA TETHUBLI JyKa». B Uuaunm Oblnu cocrasyieHsl Tabau-
bl 3HA4YEeHUH CHUHYCOB Aisa Bcex yryos ot 0° mo 90° uepes Kakmble
3°45'. OHu 6bL1u TouHee Tabaun IlTonemes. O6 UX BBICOKOI TOYHOCTH
FOBOPHUT TOT (aKT, 4TO AJIf CHHyCa U KOCHHYca 3°45' ObIIM BEIYUCIIEHE]

3HAYEeHUHA 1—15%% u %, OTJIMYAONIMecs OT MCTHHHBIX MeHee 4eM Ha
0,00000001.

Bospmraa saciyra B ¢GOpMHpOBaHMM TPUTOHOMETPHM KaK OTHENb-
HON HayKH NPHUHAJJIEKUT asepbaiizxanckomy yuénomy Hacupy ag-Ilu-
Hy Myxammany ar-Tycu (1201—1274). OgHako u B ero Tpyjaax emé He
Oblia BBeleHA HeOOXOAUMAas CHMBOJIMKA, ¥ II09TOMY Da3BUTHE TPUTOHO-
MEeTPpHM NPOUCXOAHUIIO O4YeHBb MemyneHHO. B XV B. HeMeukKuil yuéHBIH
H. Mrwonnep (1436—1476), ussBecTHbIl B HayKe IMOJ UMeHeM PermoMoH-
TaH, usjgasu Tpys «IIATe KHHAT O TPEeyroJbHUKAX BCeX BUAOB», ChIIDABIINI
Ba)XHYIO POJIb B Pa3BUTHU TPUTOHOMETPHUU,

B XV—XVII Bs. B EBpone 6n1710 cocTaBiieHo
M H3JaHO HECKOJBKO TPUIOHOMETPHUYECKHUX Tal-
sun. Hax ux cocraBneruem padoranu H. Komnep-
HUK (1473—1543), U.Kemmep (1571—1630),
®. Buer (1540—1603) u ap. B Poccun mepsble
TPUTOHOMETPHUUYEeCKHe TabNuIbl OBIIM U3TAHBI
B 1703 r. npu yuacruu JI. @. Maraumnkoro,

CoBpeMeHHBII BHJ TPUTOHOMETDPHSA MOJY-
uuna B Tpypax JI. 9iaepa. Om, B uwacrHOCTH,
BbIBEJI BCeé TPUIOHOMETPHYEeCKHue (DOPMYJIBI U3
HECKOJbKHUX OCHOBHBIX, VCTAHOBMJ HECKOJBKO
HEeU3BEeCTHBIX A0 Hero ¢opmyJs. Buepsbie B ero
TPyAax BCTPedYaloTCd 3AIHCH Sinx, coOSX U Ip.
Ha ocHoBammu pa6ot JI. Ditnepa 6wl1M cocTaB- H. Koneprukx
JIeHbl Y4eOHMKU TPUTOHOMETPHH, M3JIaraBIIve
€€ B CTPOrod HAYYHOM I10CJIEOBATEILHOCTH.
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BEPORTHOLTEN

MaTtepuan aToV rnasbl BBIHOCUTCA Ha UTOrOBbI KOHTPONb B HEBONb-
WwomM 0O6bEME, HO 3HaHWEe NpaBun NPUOAMNKEHHbLIX BbIMUCAEHWIA, CMO-
coboB NpeacTaBNeHns AaHHbIX U UX YUCNOBbIX XapakTepUCTUK, KOM-
6uUHATOpHLIX Npasun U GopMyn ANs BLIYUCNEHUA BEPOATHOCTEW He
TOMILKO FOTOBUT Bac K 9K3aMeHaUNOHHbIM UCMbITaHMAM. OTWU Npasuia
LWMPOKO NPUMEHUMBbI Ha MpakTUKe U NOMOraioT OPWUeHTUPOBaTbLCH
B OKpY>XalolemMm Hac U pacTywem MHOopMauuoHHOM MOTOKE.

T —————TE T = T AT e S i

sLL. Mpu6nuxennsa uucen

Teopussi npubIMKEHHBIX BBIYHCICHUH 3aHUMaeTCA H3YyYeHHEM
TOr0, HACKOJIBKO OJM3KH K MCTUHHBIM pacCMaTpUBaeMble IIpubImxKe-
HUSA YHUCeJI.

L'I'l.'l. A6conioTHas NMOrpeLIHoCTb npuénmwKeHns |

Mgzl yaxe 3HAeM, UTO eCJIX YHUCJI0 a (a ¢ 4epToil) Majgo OTaudaercs
OT YHCJa @, TO I'OBOPSAT, YTO a NPUOIHIKEHHO paBHO @, U NHIIYT:

a=a.
ToBopAT emié, uTo a ecTh NMpUOAHMKeHHe yucaa a. HamoMHHUM,
YTO BHAK =~ — OTO 3HAK NPUOIMIKEHHOTO PABEHCTBA.
Benuuuny |a — @| HaseiBalOT aGCOMIOTHON NMOrPeNIHOCTHIO NPH-

OMIKEHHOTO PaBeHCTBA @ =~ 4 WJIM NPHOJMIKeHHA YHcja @ IPH IIOMOo-
WM Yuciaa a.
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OpyruMu cioBaMy, aOCOJIOTHOM IMMOTPEIIHOCTHI0 IIPHUOIUIKEHUA
4yycja @ IPY IOMOIIY YHCJa & Ha3bIBalT abCONMITHYIO BEJIMYUHY pPa3Ho-
CTH 3THX YHCEJ.

Beakoe umcino h, Gonbiiee aGCOMIOTHON HOTPEIIHOCTH IIPHUOIHIKe-
HHAA UJIA paBHOE eii:

h=|a-al,
HA3BIBAIOT OLEHKOH IOTrPeIIHOCTH NPHOIMKeHHs WJIH, KOPOTKO, II0-
rpemHoCTEI0 NpHoaNKenuda (a = a).

OueBugHO, abCONIOTHAS MDOTPEIIHOCTH NPHOIM)KEeHUS ecTh HaH-
MeHbIIaA (caMasd MaJjas) IMOIPEeIIHOCTh IPUOJIHIKeHU .

fcHO, 4TO ecsiM YHMCJI0 B — IOTPEeLIHOCTh NPUOIMIKeHusa, TO Jioboe
6onbiee ero uucao h,; (h; 2 k) Takke ecTh NOTPEIIHOCTL NPUOINAHEHHA.

ABCONIOTHYIO MOTPENIHOCTh NMPUOIHIKEHUA BaxKHO 3HATh. OgHAKO
Ha IIPaKTHKe OHA JAJeKO He Bcerga MoKeT ObITh um3BecTHa. IloaTomy
00OBIYHO HAXOAAT JIMIIL MOrpelnHocTh npubamskeHus. Ilpu atom crapa-
I0TCS, YTOOBI IIOTPEIIHOCTE ObliIa 3amucaHa B JOCTATOYHO NpocToi dop-
Me H 4uTOOBI OHA He OblLIa OYEeHL 3aBBHINIEHA.

Ecau 4wmcno a yAoBJIeTBOPAET HepaBEeHCTBAM

a; sa-s<a,,
rae a, u a, — npubnaukenue uuciaa a (a; = a, a, = a), To TOBOPAT, UTO
a, ecTh NpUOJUIKEeHNEe C HeJOCTATKOM (CHHU3Y), a a, ecTh NpUbInxKeHHe
¢ u30BITKOM (CBepXy) YHCIa @ C TOYHOCTBIO 10 Ay — (4.

IIpumep 1. HMMmeer MecTo nmpubIMIKEHHOE PABEHCTBO
17,32 = 17
¢ TOYHOCTBHIO A0 1, MOTOMY 4YTO
17,82 -17|=0,82< 1.

B narHOM cayuae abcosroTHas norpenrHocTs pasHa 0,32, HO B Kade-
CTBE IOIPEeIIHOCTH MBI COUJIM HYXHBIM B3ATh umcio 1.

Hanpumep, eciu paccToAHUE MeMXKAY ABYMS aBTOOYCHBIMH OCTaHOB-
kamu 17,32 KM, TO BO MHOTHX CJIyYasaX MBI CKasayu ObI, YTO OHO PAaBHO

17 ¥M 1 Hac OBI IIOHAJNHM B TOM CMBICJE, 4TO 17 KM ecTh NIPUOIHKEHHOE
3HAUeHWE PACCTOAHUA MEXKAY OCTAHOBKAMH C TOUYHOCTBIO A0 1 KM.

IIpumep 2. Umeer mecTo npubian:KEéHHOE PAaBEHCTBO
879 =~ 900
C TOYHOCTBIO 0 50, moToMy 4TO

1900 — 879 = 21 < 50.

B mamHOM ciayuae aOCONIOTHAS MOTPEIIHOCTh NPUOJUIKEHUs paB-
Ha 21, HO B KaYecTBe MOIPENIHOCTH MBI COYJIM HYKHBIM B3ATh yucyo 50.
Hanpumep, Opu omjaTe JKeJjIe3HOLOPOXKHOTO IIpoesa O0JIbIINEe PacCTOsA-
HUA BBIPAXKAIOTCA C TOUHOCTHIO A0 50 KM.

IIpumep 3. IIpu uamepeHuu TeMIepaTypbl 60JbHOTO OOHADYIKUAIH,
4YTO ypOBEHB PTYTHOro crojba Tepmomerpa Haxopurcsa Mmexay 38,3°
u 38,4°. Ilycre T — ucTuHHasA TemmepaTtypa 6oabsHoOro. Torga rosop4r,
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yro T npubamkénno pasaa 38,3° ¢ Tounoctsio g0 0,1° ¢ HemocTaTKOM
nian T npubnum:xéHHo paBHa 38,4° ¢ Tounocthio A0 0,1° ¢ ma3dbITKOM,
H THIIYT:
T ~ 38,3°
Rk A (1)
T = 38,4°.
Tounoe sHauenue T HaM HEM3BECTHO, abDCOJIOTHAA IIOTPEIIHOCTH
VKa3aHHBIX NPUOIMIKEeHHIl To:ke HemsBecTHa. OpHAKO MBI 3HAEeM, UYTO
38,3° < T < 38,4°. Orcrona ciueayer, uTo

|T - 38,3°| < 0,1°,
|T - 88,4°| < 0,1°.

IToaromy nmpubnu:xenus (1) umeroT mMecTo ¢ TouHOCTHIO g0 0,1°.

IIpumep 4. Iia uucia
a=-13,23089107
UMEIOT MEeCTO HepaBeHCTBA
-13,231 < a < -13,230,
IIOKa3bIBAIOIIe, UTO
a=-13,231 u a = -13,230

¢ TrounocTsio 10 0,001 cooTBeTCTBEHHO ¢ HEJOCTATKOM M H30BITKOM.
Yucna MOKHO NpPUOIHMIKATE C OKpyriaeHweM. HamoMHHM mpoliecc
OKDYIJIEHUS HA NIpUMepax.

IIpumep 5. IIpuGIN3UM UMCIO @ ¢ TOYHOCTHIO IO BTOPOro 3HAKA ITO-
cjie 3amATON ¢ OKPYIVIEHHMEM M YKa)XXeM IIOIPeIlHOCTh MPUOIMKeHUusd,
ecnu: a) a = 3,5629; 06) a=3,56812; =B) a= 3,565.

a) B cuny HepaBeHCTB

3,56 < 3,5629 < 3,57

B Ka4decTBe NPUONMKeHHA yncsa a = 3,5629 ¢ Tounoctsio 10 0,01 momx-
HO B3ATH Kak 3,56, Tak u 3,57. Ho ecau Mbl BO3bMEM cpenyu HUX OJIH-
JKaillllee K 4@ YHCJIO0, TO MNOJAYYUM NOPUOJHKEHHEe ¢ TOYHOCTBIO IO

% - 0,01 = 0,005. Tak kKak y uncna @ TpeTha nudpa mocje 3anATOH ecTh

2 u 2 <5, To Giamkaiimee K @ 4YUACJI0 eCcTh 3,56, 0OHO U ecTh MpPuUbIUHKe-
HHUE C OKPYIJIEHUEeM.
6) CropaBemyinBbl HEpaBeHCTBA

3,56 < 3,56812 < 3,57.

IIpu arom passocts 3,57 — 3,56 = 0,01. Ho uucno a = 3,56812 umeer
TpeThi0 Hubpy mocie sansaToir 8, 60abmyIo 5 (8 > 5). CienosarensHO,
a 6nmxe K uumeny 3,57, yuem k uucay 3,56. BuiGupas B KauecTBe IpH-
6nmxeHna umcno 3,57, moiydyaeM IIOIPEIIHOCTh HPUOIHMIMKEHUA, MEeHb-
myio yem 0,005. Yucno 3,57 ecth npubauskenue ¢ OKPyriaeHHAEM.
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B) BepHEI HepaBeHCTBA
3,56 < 3,565 < 3,57.

Tperbsa nudpa nocae 3ansitoit v uucaa a = 3,565 ects 5, T. €. a Ha-
XOAUTCA MOCPpeAnHe MexXAY yuciaamu 3,56 u 3,57. Ilpuraro 6pars B Ka-
YecTBe NPUOIHIKEHUSA C OKPYIJIeHHeM OoJibilee U3 HHX: 3,57,

OrseT: 1) 3,5629 = 3,56; 2) 3,56812 = 3,57; 3) 3,565 =~ 3,57.
IlorpeniHocTs B TPEX CJAYYAAX He IpPeBLIIIAET 3" 0,01 = 0,005.

E
685. a) Yro Taxoe npubiuixkéHHOE PABEHCTBO?
6) Yro Takoe mMOIpemIHOCTL ¥ AGCOJIIOTHASA MOTPEINIHOCTh IPHUBJIT-
sKeHuaA?
B) KaxoB 3Hak nmpubiaukénHoro pasescrna?
r) Yro Ha3BIBAIOT NPHUOJUIKEHUEM C HefocTaTKoM (cHu3y)?
n) Yro HaspIBaOT NpUOIMIKEHUEM ¢ H30BITKOM (cBepxy)?

686. C xakoil TOYHOCTBIO NMPUOJMIKAET YHUCIO @, (@,) YUCIO @, ecau
a,sa<ay?

687. Kak maiiTy npubiniKeHHe UYHCIa ¢ TOYHOCTHIO A0 BTOPOrO 3HAKA
mocJje 3anAaToi ¢ okpyriaesuem? Kaxosa morpemrsocTs 3Toro mpu-
OmmsKeHUA?

688. a) Kak uuraior BeIpakenue a ~ a,?
6) MOJXHO JIM CYHTATH PABEHCTBO 3 = 3 NPUOJMKEHHBEIM paBeH-
cTBOM?

689. Kaxue M3 umcesJ MOMKHO CUMTATH TOUHBIMH, a KakKue — Npubam-
JKEHHBIMU 3HAYEHUSIMU BEeJIMUNH:
a) 7439 m — BeIcOoTa nuKa IloGenbl:
6) 16 cm — mupuHa TeTpagu;
B) 100 xomeek ecTh OJUH pyOJIb;
r) 12° — remneparypa Bosayxa?

690. VkaxxuTe abCOJIOTHYIO IOTPEINIHOCTh NPHUOJUMKEHUSA IJIA CIeAy-
01ero NpuOINKEHHOTO PABEHCTBA!
a) 2,7= 3; 6) 5,789 = 5,79; B) 0,83 = 0,8; r) 32 = 30.

691. [na npubnau:xE€HHOrO 3HAYEHHUS YUCIA g VEKaKuTe abCoMIOTHYIO
IOIPEeIIHOCTE IPUOIHIKEHUA:
a) 0,4; 6) 0,5; B) 0,42; r) 0,43.

692. a) C Kakoii TOYHOCTHI0O MOYKHO WM3MEPATH AJUHBLI C ITOMOIIBIO
OOBIKHOBEHHOU JHHENKM?
6) C xakoil TOYHOCTBHIO MOKABBIBAIOT BPeMs 3JIEKTPOHHBIE HAPYU-
Hble Yachl?
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693. a) MoxxHO M CcuMTaTh HNPUOJIHIKEHHE YHCJIa d C TOUYHOCTBIO IO
0,01 mpubamkenuem 4ymcyaa @ ¢ Tounocrtso g0 0,17
6) MookHO su mpubiauikenue uuciaa a ¢ TouHocTsio go 0,01 cuwm-
TaTh NPUOIMIKEeHHeM 4HcJa @ ¢ TouHocTho xo 0,0017?

694. Vrka)kuTe Ha KOOPAWHATHOW ocu Bce mpubnmxeHus yuciaa 2,185
C TOYHOCTBIO JIO:
a) 1; 6) 0,1; B) 0,01.

695. Kakoe npubsamskenue uuciaa T =~ 3,1415 ayume: 3,14 nam 3,157

696. Haiigure npubnamxenus gucen 1372,05; 0,000137208; —1,3027;
—17,002 ¢ okpyriieHHeM C TOYHOCTBIO:
a) o0 ofHOM HUMPLI IIOCJe 3aIATOMN;
0) mo aByx mudp Iocye 3andaTOH;
B) 10 Tpéx nudp mocie 3amATOM.
Vikaxkure abCoOJMIOTHYIO HOIPEIIHOCTh NPUOIUKEHU.

11.2. OTHOCUTENbHASA NOrPELUHOCTL NPUGAMKEHUs |

| P

—— T [-o Bigs

OTHOCHTENBHOM MOTrPEeIIHOCTHI0 IPUOINKEHHOTO PaBeHCTBA
a=a
Ha3bIBAIOT OTHOLIEHHEe ero abCoJI0THOM IMOTPeIIHOCTH K abcoM0THOMH Be-
JUYHHe duca a, T. e.
la —a]
|a|

Hanpuwmep, ecan
a=17,83, a =18,

TO MOJYYUM IPUOJMKEHHOE PABEHCTBO
17,83 = 18
¢ abCoOJIIOTHOM IOrPelIHOCTHIO
la —a|=0,17
U OTHOCHUTEJBbHO! MMOrPEelIHOCTHIO
|la - @] _ 017 %
la] 17,83 17

0,17 _ 0,01,

KoTopasi, KaKk Mbl BUAUM, OlleHUBaercs csepxy uucyuom 0,01.

Eciu HEeKOTopoe YHCJIO IIPEeBBINIAET JaHHOe, TO TNOBOPAT, YTO OHO
OLIEeHUBAET JAHHOE YKUCJO CBEPXY MU ABIAETCA OLEHKON CBEPXY JaHHO-
ro 4UHcia.

Ecau 6Bl KTO-HUOYAL U3MEPUJI IJINHY AETATH, UMeIOIeil HCTUHHYIO
anunay 10 ¢cM, 1 Ipu 5TOM ZONYCTHI a0CONIOTHYIO IIOTPEIIHOCTh, PABHYIO
1 cm, TO MBI OBI CKa3aju, YTO 9TO U3MEpPeHUe IJI0X0e — IpPUOIMKeHne
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rpy6oe. Mexay TeM ecJy IPH M3MepPeHHH AJIHNHBI KOMHATHI, HCTHHHAA
JUIMHA KOTOPO# 5 M, JOIYCTHUTH Ty »Ke abCOJIOTHYIO IOTPeIIHOCTh 1 cM,
TO MBI OBI CKa3aJH, 94TO 3TO udMepeHue Hemroxoe. TouHOCTh MIPUGIHIKe-
HHS, KaK IPaBUJIO, XapaKTepuayeTcs He a0COJIOTHOH IOrpPeIIHOCTHIO,
a OTHOCHTeJIbHOM. B mpuMepe ¢ uaMepeHHEM JeTall OTHOCHUTEJIbHAA II0-

1 i
ﬁ, a B IpHMepe ¢ KOMHATOM OTHOCHUTeJIbHadA IIorpelr-

HOCTBH paBHA EIO Yem MeHbIIE OTHOCHUTEJIbHAS INOrPEIIHOCTH NpHOJIN-
JKeHusA, TeM GoJiee TOUHBIM CUMTAeTCHA MpUOIUIKeHUe.

B »XKM3HH HaM 4YacTO IPHXOAHUTCA YIPOIIATH IIOJOUTEJNbHBIE JUC-
Jla, 3aMeHssd B IIEJIOM YHCJe HEKOTOpPBIe ero IocJIefHNe IUMPHl HYJIAMU
UIW 3aMeHssd HYJAAMH B JeCATHYHON Apobu Bce MUMPEHI IOCJe 3alATOM’,
HaumHas ¢ Hexkoropoil. Eciu ussecTHO, uTo B ropoje 253 624 »xurens,
TO O00BIYHO JOCTATOYHO CKas3aThb, uTo B ropoze 253 000 mam naxe
250 000 xureneii.

Mg ynpoeTuM gecaTuuHyio apoos 0,037123, ecau 3aMeHUM B Hel
nocjennue TpPU mUdpPLl HyJIAMU, moaydum apobs 0,037.

IIpu arom umcio 253 000 asaserca npubiamxerueM uncia 253 624
C TOYHOCTHIO OO0 TpeThbell 3Hauameil OU(PEI ¢ HEJOCTATKOM; YHCJO
0,037 — npubaum:xenuem uucaa 0,037123 ¢ TOUHOCTBIO AO BTOPOM 3HA-
yameil nudphl ¢ HEJOCTATKOM.

B ToM ciyuae, KOrja >KeJIaloT MOJYYUTH 0ojiee TOUHOe HMPUbIHKe-
HUe 4uciaa, npuberaroT ¥ okpyriaenuo. Tak, 254 000 ects mpubauxke-
Hue upciaa 253 624 ¢ TOYHOCTEIO OO TpeThel 3Hauvalned HHU@PELI ¢ OKPYT-
aeaueM. Yucao 0,037 ects npubamxenue yucaa 0,037123 ¢ TouHOCTHIO
[0 BTOPOH 3Hauameil mudpel ¢ OKPYIJIEeHUEeM.

Bosaukaer Bompoc 00 OIleHKE OTHOCHTEJHLHOH HOTPEIIHOCTH IIPH
MOJOOHBIX VIPOLIEHUAX, KOTOPhIe MOXKHO paccMaTpHBaTh KaK IIPH-
OnMKEHHBIEe paBeHCTBA.

OueHUM OTHOCHTENBHYI MNOIPEIIHOCTh NPUOIUIKEHHBEIX DABEHCTB

253 624 = 253 000, (1)
0,037123 = 0,037. (2)

IIpr oIleHKE OTHOCHTEJbHBIX IOIPEIIHOCTEeN yAOOHO 3amHCHIBATH
YpcJia B CTAHAAPTHOM BHJe. 3allMIilleM BCe YHCJa B NPUOJMKEHHBIX pa-
BeHcTBax (1) u (2) B craggapTHOM BHIE:

2,53624 - 10° = 2,53 - 10°, 3,7123 - 102 = 3,7 1072,

3necs umecao 2,53 - 10° ectr npubaumixenue uucaa 2,53624 - 10°
C TOYHOCTBIO A0 TpeThel sHauvaimmed u@PBI ¢ HEJOCTATKOM, & YHCJIO
3,7 - 102 ectr npubaukenue unucaa 3,7123 - 1072 ¢ TOYHOCTBIO 0 BTO-
poii 3Havanie# mu@pe ¢ HEZOCTATKOM.

Jlerko BuaeTs, 4TO CIpaBelJIMBbLI HEPABEHCTBA

|2,58624 — 2,53| < 0,01,
13,7123 - 8,7| < 0,1.

I'DEIIHOCTE pPaBHAa
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Teneps OLlEHMM OTHOCHUTEJIbHYIO MOTPEIIHOCTH MPUOIMKEHHBIX pa-
BeHcTB (1) u (2):

|253 624 — 253 000|  [2,53624 — 2,53] - 10° < 001

< < 0,01,
253 624 2,563624 - 10° 2,563624
[0,037123 - 0,037| _ [3,7123-3,7|-102 _ 01 _
= = = 0,1-
0,037123 3,7123 - 102 3,7123

OTH IpPUMEPHI IOATBEPXKAAIT CIPABEAJHBOCTEL CJIEAVIOIIero mpa-
BHJIA:

Eciu 3aMeHUTH MOJIOKUTENIBLHOE YHCIIO ero IPUGIHIKeHeM
C TOYHOCTBHIO A0 k-# 3Havameil nudpbl ¢ HEZOCTATKOM, TO
OTHOCHUTEJIbHASA MOTPEITHOCTEL 3TOT0 MPUOIUIKEHUA He Ipe-
BeImIaer 10~ -1,

Teneps OIeHUM OTHOCHUTEIBHYIO HOIPEIIHOCTh NPUOIMKEHHBIX pa-
BEHCTB

253 624 = 254 000, 3)

0,037123 = 0,037. (4)

B mpaBpIx bacTAX NpuONMKEHHBIX paBeHCTB (3) u (4) 3amucaHbI
npubIMIKeHUsA YuceJ, CTOAINUX B MX JIEBBIX 4YacCTAX, C OKPYIJIeHUEM.
SanumieM Bce yucia B paBeHcTBax (3) u (4) B cTaHZAPTHOM BHE:

2,563624 - 105 =~ 2,54 - 105,
3,7123 - 102 = 3,7 - 102,

B aTux npubiam:k€éHHBIX paBeHcTBax uuciao 2,54 - 10° ects mpu-
bmmoxenue umcina 2,53624 - 10° ¢ TOYHOCTBIO O TpeTbel 3Haualnei
uudpel ¢ OKpyriaeHueMm, a uucyao 3,7 - 1072 ects nmpubimxeHMe ywmcia
3,7123 - 10°% ¢ TOYHOCTBIO O BTOPO# 3HAUaIIel nudpPhI ¢ OKPYTJIeHHEM.

Jlerko BHJETH, UTO CHpaBeJIUBLI HepaBEeHCTBA

12,53624 — 2,54| < % . 0,01,
13,7123 — 3,7| < % . 0,1.

OueHuM OTHOCUTENBHYIO IMOTPEINHOCTH NPUOIUKEHHBIX DPABEHCTB
(3) u (4): i

|253 624 — 254000|  |2,53624 — 2,54| - 10° < 2 +091 <1 001
253 624 - 2,53624 - 10° T 253624 2

l - 0.1
[0,087123 — 0,037 | _ 187123 -37[-102% _ 2 o1

0,037123 3,7123.102 37123 2

—t

01
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OTH IpHMephl IOATBEPXKAAIOT CIPABEAJIHMBOCTHL CJIEAYIOLIEro Ipa-
BUJIA:

ECJ'IH 3aMEeHHNTH IMOJIOKHTeJbHOe YHCJIO ero npnﬁnumennem
C TOYHOCTBIO N0 k-¥ sHauameil u@dpsl ¢ OKPYIJIeHHEeM, TO
OTHOCHTeJIbHadA IIOI'PeIIHOCTh 3TOor0 IIpHﬁJIH}RGHHﬂ He IIpe-

BBIIIAET % <107,

Ormerum, uro uwmciao 0,037 sBiaserca npubiIHiKeHUEM YHCIIA
0,037123 ¢ TOYHOCTBIO O BTOPO¥M 3Haualleil mudpbl Kak ¢ HELOCTAT-
KOM, TAK ¥ C OKPYIJIEHUEM.

Ipumep 1. Ipubauxenue
0,012316 = 0,01231 (5)

IPOMU3BEeHO C TOYHOCTBHIO [0 YeTBEPTOI 3Hadaimed NU@PHI ¢ HeZOCTaT-
KoM (6e3 OKpyIJVIeHHs), ero OTHOCHUTEJIbHAsA IIOTPeIIHOCTh OlleHHBAaeTCH
TaK:

11,2316 — 1,231|- 102 _ 0,0006

= <1078,
1,2316 - 1072 1,2316

OrHOcHTeNbHAA IOTPEIIHOCT, HIPUOJIHIKEHHOIO paBeHCTBa (O) He
npessimiaer 10 -1, rpe k =4 — nmomep 3Hauvamei UuUMPHI, ¢ TOIHO-
CTHIO IO KOTOPOH IPOM3BENEHO NpPUOJIHIKeHHe.

Ecnu xe B paBeHcTBe (D) B3saTh npubiamixeHue ¢ OKpyrJjaeHUeM

0,012316 = 0,01232,

TO ero OTHOCHTeJIbHadA IMOI'PeNIHOCTL OLeHHBAETCA TakK:
1

11,2316 — 1,232 102 _ 2

1,2316 - 102 1,2316

1073

1 103
q210.

IIpumep 2. OueHUM OTHOCHTEJBHYIO IIOTPEIIHOCTh MPUOIHMIKEHU:
a) 32 481 = 32 400; 6) 32 481 = 32 500;

B) 0,011756 = 0,01175; r) 0,011756 = 0,01176;

x) 9431 = 9400.

OTHOCHUTENBHAA MOIPENIHOCTh NMPUOIUKEHHOIO PABEHCTBA He IIpe-

Beimaert: a) 1072; 6) %-10‘2; B) 103; 1) %-10‘3; ) —21“-10‘1.

ITpubnuskenue B cayyasax «a» u «0» OpoOM3BEIEHO ¢ TOUHOCTBIO A0
TpeThell 3Hayamed nudpel, B caydae <«a» — C HeJOCTATKOM, B CJIY-
yae «0» — ¢ OKpYyIJIeHHEM; B CJy4YasdX «B» U «I'» — C TOYHOCTBIO OO
4YeTBEPTON 3Haualmeld Hu@pPLI, B cjaydae «B» — C HEJIOCTATKOM, B CJY-
4yae «I'» — C OKDPYIJIEHHEeM; B CJy4Yae «JA» — C TOYHOCTBIO JI0 BTOPOH
3Havyalen udpel ¢ OKPYIriIeHneM.



699.

700.

701.

702.

703.

a) YTo Ha3BIBAIOT OTHOCHTEJIBHOM MOrPEIIHOCTHIO NPUOIMIKeHnd ?
6) CdopmynupyiitTe NpaBUJIO OLEHKH OTHOCHUTEJLHOM MOTrpPENIHO-
CTH IPH YIIPOIIEHUM 3AIIUCH YHCJIA.

Omnpenenure aGCONIOTHYIO M OTHOCHTENbHYIO MOTPENIHOCTH IIDH-
OMMIKeHUA:

a) 127 = 130; 6) 17 = 20; B) 1,2=1;

r) 0,12=0,1; xn) 0,185 =0,19; e) 1,00384 = 1,004.

Oxpyriure 4nciio 10 oAHOM IUGPHI IMOC/Ie 3aNATON U OIpegeuTe
abCOIIOTHYIO M OTHOCHTEJILHYIO IIOTDEIIHOCTHA NMPUOIUIMKEeHUA:

a) 0,48; 0) 1,324; B) 17,55;
r) -0,51; ) —1,287; e) —173,6051.
OneHNUTE OTHOCHTEJNBHYIO IOIPEITHOCTH NMPUOBIHIKEHHOIO paBeH-

cTBa:
a) 23 392 = 23 000; 6) 25,136 = 25;

B) 0,324 = 0,3; r) 0,000578 = 0,0006.
Oxpyriure ciefyiolue 4uUcjIa, 3aMeHssA IIOCHeJHUEe ABe IUDpPBI
Hynsamu: a) 71 523; 6) 0,568; B) 0,00328.

OneHUTE OTHOCHUTENBHYIO I[OTPEIIHOCTH IIOJYUYEHHBIX IIpUOII-
KEeHHUH.

OKpyriuTe 4uCIO A0 eIUHHUI] U ONpEeJesuTe OTHOCUTEJILHYIO IO-
rpemHocTs npubamxenusa: a) 17,89; 6) 0,568; B) 0,98347.

Oxpyriure uyucaa:

a=23 807 113, b=10,006348, ¢ =0,00238072113,

3aMeHAd IU@PBI, HAYNHAA C HEKOTOPOrO paspsja, HYJAMH Tak,
4TOOBI MOJIYyYeHHbIe YHCIa NPUOIMKAIN a, b, ¢ ¢ OTHOCUTEJBHON

MOTPeIIHOCTHIO, MeHbIIeH wem: a) 0,001;  6) %-0,001.

| 11.3%. MpubnunxeHus Cymmbi U PasHOCTH |

st

Ilycrs nane! uncia a u b ¥ nycThb a u 5_— ux npubinxerusa. Bygem
CUMTATh, YTO CyMMa @ + b 1 pasHOCTE @ — b COOTBETCTBEHHO NMPUOBIUIKA-

0T CYyMMY @ + b u pasHocTs a — b, T. e. OyzemM paccMaTpUBATh NPHUOIH-
HeHHnsdA

a+b=a+b, a-b=a-b.
Teoremn
ABconioTHas NnorpewHoCTb I'IpMﬁJ'IH)KBHMH CYyMMbl WK pPa3HOCTU

ABYX 4uCen He npesBbllaeT CyMMbl abCOMOTHLIX MOrpewHocTen
NPUBNMXEHWIA 3TUX Yucen.
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JoxasarenscTso. Tak Kak albcoJrOTHas BeJIHYHHA CYMMBI
JBYX 4ucesa He 00JbIlle CyMMbl a0CONIOTHBIX BEJIWYHUH ITHX UYHUCEN, TO

[(@+b)-@+b)|=|(@a-a)+(-b)|<|a-a|+]|b-b]|
B HEBOﬁ qacTH 3TOI'O HepaBeHCTBa CTOHUT aﬁco_ﬂmTHaa IIOI'perrHoCTb
CYyMMBI unucea a u b, a B npaBoii — cyMmMma abCOJMIOTHBIX HOTDEeNIHOCTei

NpUOIMIKEeHUH dTHUX YUCEJI.
AHaNIOru4YHO

l(a-b)-@-b)|=|(a-a)-(-b)|<|a-a|+|b-b
Tenepb B JIEBOﬁ JaCTH HepaBeHCTBa CTOHT aﬁconm’maa Iorpeim-
HOCTB NPUOIUKEHUA PA3HOCTH uuces a u b, a B mpaBoit — cymma abco-

JIIOTHBIX HOTPEITHOCTeH NPHUOJMIKEeHHH 9THX YHCEJI, YTO M JOKA3BbIBaeT
Teopemy.

IIpumep 1. IIpubau:kéHHoe paBeHCTBO
3,47086 + (-2,3697) ~ 3,47 - 2,36 = 1,11
UMeeT MeCTO C TOYHOCTBIO JI0

1
2.-—=0,02,
100
IIOTOMY 4YTO MBI NPHONHMIKAIKM cjJaraeMble C HEZOCTATKOM, a IIpH-
OJIMKEHHOEe PaBEeHCTBO
3,47086 + (-2,3697)
MMEEeT MEeCTO C TOYHOCTBLIO 0
1072
2 e 0,01,

IIOTOMY YTO MEI upuﬁnnmann ciaraeMebie ¢ OKPyIrJieHHueM.

3,47 -2,37=1,10

u

IIpumep 2. IIpubaukéHHOE PABEHCTBO
-3,(01) + (-6,(724)) = -3,0101 + (-6,7247) = -9,7348
HMeeT MEeCTO C TOYHOCTBIO [0

2-%-0,0001 = 0,0001,

IIOTOMY YTO MBI HPHOJMIKAJIN CJIaraeMble ¢ OKPYTJeHHEM.
TeopeMa O MOTPENIHOCTH NPUOIHIKEHUS CYMMBI ABYX CJIAraeMbIX
obob1maercsa Ha a1000e KOHEUHOE YHCJIO CIaraeMbIX.

TeoremnA

ABCONIOTHAA NOrPeLHOCTL NPUBANXEHUA CYMMbI KOHEYHOrO Yucna
cnaraembiX He NpeBbiaeT CyMMbl aBCONIOTHBIX NOrPELIHOCTEN 3TUX
cnaraembix.
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Jdoxaszareunwcrso. I[Iyers uMeoTca NPUOIMIKEHHBIE DABEHCTBA
a=a,b=b, .. 0=0,

a+b+...+t0o=a+b+..+0.

Torna = _
l@a+b+..+0)—@+b + ... + ®)|

=l@a-a)+(®b-b)+ ...+ (@-®)| <
Sla-al+|b-b|+ ... +|o -]
B JjeBOil yacTy 9TOro HepaBeHCTBA 3ammucaHa abCOMIOTHAS I[IOrperr-
HOCTBb NPHUOJIMIKEeHHUsI CYMMEI cjlaraeMsix a, b, ..., ®, a B IpaBOf — CcyM-

Ma a0COJIIOTHBIX IIOTPEIIHOCTEH NIPHOMMIKEeHUN 3THUX cllaraeMbIX, 4TO
U JOKas3bIBaeT TeopeMy.

Ilpumep 1. JlaHbl DPUOIMIKEHUSA @y, Go, ..., oo ABaALIATH YHCEJ
ay, @y, ..., Q. IlepBBIe AecATs U3 9THX npnﬁnnmennn Ay, Qoy ooy Gyg —
JaHbI C TOYHOCTBIO JO TPEThHEro 3HaKa IIOCJEe 3aIfaTOH C oxpyrnennem.
Ilocnenyroniue ke AecATh NPUOGIMIKEHHNA: au, Q55 ...y Qg9 — HAAHBI
C TOYHOCTBIO AO BTOPOTO 3HAKAa IOCJEe 3aIfATON TOXKE C OKPYIJIEeHHEeM.

Haiigém morpeinHoCTs NPpUOIHMIKEHHOIO PaBEHCTBA

i+ ay+ ..+ Gy =aQy + 0y + ois + 8y (1)
Jasa aToro HajO CHIOMKUTH IOIPEINHOCTH IPUOIMIKEHHBIX PABEHCTB
Ay = @y ey Qi @ygs @iy = Aypy eees Qo = G-
Kaxjgoe w3 mepBbIX HeCcATH IPHUOIMIKEHHH KMMeeT HOTPELIHOCTH
1 o
2 109 = 2000, KayJoe U3 MOCJeJHUX AeCATH IMPUOIMKEeHN UMeeT II0-
5 1
TI'PEIIHOCTH E +10™° = 300" Ilosromy abconoTHaA MTOTPENIHOCTHL IIPH-
OJIMKEHHOTO paBeHc'rBa (1) He mpeBBIIIAET YHCJIA
1 1 1 11
10. —— +10- —_—t == =,
2000 200 200 20 200

Ilpumep 2. Hano 20 uucen (mecATHUHEIX Apobeit):
A1y Agy «evy Qype

BeruucauM cyMMy 9THX 4YHces NPpUOIHKEHHO ¢ ToyHOocThiO mo 0,1.
Ecnu uucna 3afarh ¢ TouHoCcTh0 A0 107%, To cymma ux 6yaer oTau-
yaThCcAd OT UCTUHHON cyMMBI He Gojiee yueM Ha BenuuuHy h = 20 - 1075,
Ilpu k = 1 nmoanyuaem, uto A =20 - 107! = 2.
Ilpu k = 2 noayuaem, uto h = 20 - 102 = 0,2,
IIpu k = 3 nonyuaem, uro h =20 - 103 =0,02 <0,1.
Wrak, 3afanHbIe YKCIa HAAO0 B3ATh C TPeMs 3HAKAMH II0OCJIe 3alATOMH.
Ecim UX CIOXKHUTE, TO IIOJIVUEHHAA cymMMa OyzeT npubau:KEéHHO pas-
Ha MCTUHHOHN ¢ TouHOCcThi0 1o 0,02, Tem Gosee ¢ TouHOCThIO HO 0,1.
OnHAKO eCJIM MbI 3alUIIeM NPUOIMKeHUA HAIIUX YUCeJ C OKpyTJie-
HUEM C AByMA 3HAKAMH IIOCJIe 3alsATOi, TO 9TH YHCJIA HPUOIUIKAIOT CO-
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1
OTBETCTBYIOIIHWE YHCJa ¢ TOUYHOCTBIO JO 3" 1072, Torga ux cymma Gyzer

npubIMIKEHHO PaBHA MCTUHHOM C IIOIDEIIHOCTHIO, PaBHOM

20—%—10-2 - 0,1.

Mgl BUAUM, 4TO OOJlee 9KOHOMHO IIOCTaBJIEHHYIO 3a/4a4y MOYKHO pe-
IIUTH, Gepsa TPUOIMKeHUs YUCes C ABYMSs 3HAKAMU IIOCJe 3alsaToM, HO
C OKDPYIJIEHHEM.

tﬂ.

704.

705.

706.

707.

703.

709.

710.

a) Kax oneHuBapT abCONIOTHYIO IOTPEIIHOCTh CYMMEBI, PA3HOCTH
IBYX umHces?

6) Eciu npubAUKEHHO BBIYHCIAKT CYMMY HJIM PasHOCTb ABYX
yuces ¢ TOYHOCTHIO A0 108, TO KaK HAZO YIPOCTUTH TH Yucaa?

OneHuTe TOYHOCTH HNPUOJIUIKEHHOTO PaBeHCTBA:

a) 123 784,5 + 3897 = 124 000 + 4000 = 128 000;
6) 0,784 + 0,385 ~ 0,7 + 0,3 = 1,0;

B) 2,583012 + 7,00284 =~ 2,583 + 7,002 = 9,585;
r) 0,5872 + 0,3895 ~ 0,59 + 0,39 = 0,98.

Hajigure npubamxénso a + b u a — b, npubamxkas a u b go co-
THIX ¢ OKpyrieHumeM. OnpejseauTe TOYHOCTH NPHUGIUKEHUA a + b
ua-—b, ecim:

a) a=12,35817, b =6,9879;

6) a="7,1723, b =0,8192;

B) a=11,1429, b= 3,2872;

r) a=-3,12(27), b = 1,22(891);

n) a=17,23(38), b =-21,(136).

Haiigure ¢ Tounoctsio no 0,01 cyMMy U pasHOCTb UHCEJI:

a) a=3,1567, b =2,0921;

6) a= 17,3281, b =-2,9856;

B) a =-7,0003, b =-2,9812.

a) Kak omneHuBaioT aGCONIOTHYIO IIOTPEIIHOCTh NPHUOINIKEHUA
CYMMBI HECKOJIBKHX CJIaraeMbIX?

6) Ecsu Tpebyercsa HaiiTu npubamxénso cymmy 20 apobeii ¢ Tou-
HocThio Ao 0,1, TO KaK JaydlIe UX OKPYIJIUTH?

V uucen 7,178219; 9,000017; 11,532478; 0,543712 ocTasbTe TPHU
3HaKa IOCJIe 3amATol ¢ okpyriaenuneM. Onpegesnure, ¢ KaKkoil To4-
HOCTBIO CyMMa HOJYUYeHHBIX TAKUM OKPYTJIeHHEM uYuces npubiu-
JKAeT MCTHHHYIO CYMMY.

Kakoe oxpyrienme umcen 0,378561; 2,235622; 3,789012;
4,251617 HeoH6XOAUMO IIPOBECTH, YTOOBI UX cyMMa ObLia mojy4de-
Ha ¢ TouHOCTHIO A0 0,17 BrImoJHHTE CJIOKEeHHE JaHHBIX YHCEeJI
IpUOIMIKEHHO.
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711. Ilon KomMHATEI COCTOUT U3 17 HOCOK, IIMPUHA KaXKI0i U3 KOTOPBIX
35 cm ¢ TouHOCTBIO 0 0,5 cM. Kakyio BO3MOMXHYIO omubKy MbI
caesaeM, ecau OygeM CYMTaTh, YTO IIMPHHA KOMHATHI (B HAIpas-
JIEHUU IIUPUHBI JOCOK) paBHA npubamkeéHHo 35 - 17 cm?

! 11.4*. MNpubnuxenue _n_r.ion3aén_t;|-|; M 4aCTHOrO l

PaccMoTpuM npubnuikéHHbIe paBeHCTBA @ ~d, b ~b.,
Bynem cuurats, uto @ # 0 u b # 0 u uro npousBeseHue ab npubIm-
JKaeT npousBeleHue ab: _
ab = ab. (1)

ITpu onenke OTHOCHTENBHOM MOTPENTHOCTH IIPOU3BEAEHUA OOBITHO IIOIb-
3YIOTCA CJIEAYIONIUM IIPABUIOM:

OTHOCUTeNBPHAS HOrpeIHOCTh NPUGIMIKEHHUS IPOU3BE/e-

HHUA YUCEJ @ U b He NpeBHIIIAeT CYMMBI OTHOCUTEIBHBIX I10-

TPEeILIHOCTe 9THUX YMCesI:

ab - ab
ab

a-—-a
a

<

(2)

b—E,

+
=

3ameuanme. ITO IPaBUJIO HE COBCEM TOYHO, HO OHO IIUPOKO IIpUMe-
HAETCA B IPAKTUKe BBEIYHCIEHUN TOTMA, KOIZa OTHOCUTEIbLHEIE TOrper-
HOCTH NPHOIMKEHUH YKces @ ¥ b HACTOJIBKO MAaJbl, UTO MOMKHO npeHeo-
peyb UX NPOM3BEJAEHHUEM CPABHUTEJIBHO C CAMUMMU MOTPENIHOCTAMH.

B camom gere, Tak Kak

ab—&E:a(b—E)+§(a—a‘)=
=ab-b)+ba—-a)+ ( -b)(a-a),
TO abCOJIIOTHAs TOrpeIrHocTs npubauxenus (1) omenuBaercs cIeayio-
muM obpasom:
lab —ab| < |b|la - a| +|a||lb-5&|+|b-b]||la-al, (3)

IIOTOMY YTO abCONIOTHAA BENMYMHA CYMMBI He IPEBEIIIAET CYMMY a6co-
JIOTHBIX BeJTUYHMH U a6COIIOTHAS BeTMYNHA IPOM3BEEHUA PABHA IIPOM3-
BeleHNIO abCOJIIOTHEIX BEeJIWYMH.

Pasnenus nepasencTBo (3) Ha mpoussexenue |a||b|, Koropoe mo
IIPEAIIOJIOMEHUIO He PABHO HYJO, MOJYYUM

ab - ab b-b
ab b

a-a
a

a-a
a

<

+

5 | (4)

[os8

CienosaTenbHO, OTHOCHUTENBHAS MOTDEIIHOCTH IPUGIHIKEHUS mpo-
U3BEJIeHUA ABYX 4YHCeN a M b oneHMBaeTcsa Npu noMmoiu Gopmyasl (4).
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O6LIYHO NMPUOIMIKEHUA YKCes BHIOMPAIOT TaK, YTO UX OTHOCHUTENb-
Hble IIOrPelIHOCTH MAaJjbl HACTOJBKO, YTO HMX IIPOU3BEJeHHEM MOXKHO
npese0peuys CPAaBHUTEJNBHO ¢ UX cymMoii. Takum o6pasom, B MpaBoit yac-
TH HEpaBeHCTBA (4) MOKHO ONYCTUTH TPETHUH UJeH U MBI IIOJYYUM Hepa-
BeHCTBO (2).

OrmeruM, 4YTO OpPH OPHUOIMIKEHHOM BBIUHUCIEHHUH IIPOU3BEACHUA Y-
a-a b-

a

ces a ¥ b OTHOCUTEJILHEIE IIOTPenIHoOCTH

g ’ HAaJI0 CTapaTsCs

cleJaTe paBHBIMHA.

IIpumep. Haiiném npubiauixk€éHHO IPOM3BEJIeHNe IBYX YHCeN
a=3,7536 u b=12,289

C OTHOCUTEJbHOW MOrpelrHocThio, MeHbiieit yvem 0,02.

Ecnn npubausuTs 4yucia a 1 b ¢ OTHOCUTEJIbHBIMHU ITOTPEITHOCTAMM,
He Goapmumu 0,005, To oTHOCHTE/NBHAS IOTPENIHOCTH MPUOIMKEeHUS
npousBesenusi He Gyger mpessimars 0,01. Mmeem

a=3,7536 = 3,75
C OTHOCHUTEJbHOM IOrpenrsHocTbio, He dosbireit 0,005;
b=1,2289-10~= 12,3
C OTHOCHUTEJ/IbHOU IOrpPeIIHOCTh0, He Oonbiiei 0,005;
ab= 3,75 - 12,3 = 46,125
C OTHOCHUTEJIbHOUN MOIPENIHOCTBIO, He DOJbIle
0,005 + 0,005 = 0,01.

Oxpyraum nojaydyeHHoe yucyao 46,125 ¢ TOYHOCTBIO O TpeTheHl 3HAaUa-
et nugpsr: 46,125 = 46,1 (c oTHOCHTEIHHON NOTrPEIIHOCTLIO, He 60JIb-
meit 0,005). Torga

ab = 46,1 (5)

C OTHOCHTEJbHOM MOrpemHOCTbo, He GojabIeit
0,01 + 0,005 < 0,02,
1 abCOJIIOTHOM HOTrpPelmIHOCTHIO, He Goabmieil
0,02 - |ab|<0,02-4-12,5=1,

TaK Kak |a|< 4, |b| < 12,5.
ITycTes maHB! NpUOAMIKEHUS YHcesS @ U b, OTIIMYHBIX OT HYJA:

a=a,b=b,b=#0.
PaccvoTpum npubimiKeHNe YaCTHOTO 3THX YHCeJ:

‘ (6)

a-‘w

—

b

| 8
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IIpu oLeHKe OTHOCHUTENIBHOM MOTPENIHOCTY NPHUOIMIKEHUA YACTHOTO
OOBIYHO MOJIB3YIOTCH CJEAVIOIMIUM IPABUJIOM:

OrHOCHTENbHAST IOTPENIHOCTD NPUOIMIKEHUA YACTHOTO UM-
ces @ U b He IpEeBHIIIAET CYMMbI OTHOCUTEJLHBLIX IOI'DeI-
HOCTel NpubIMKeHUI d5THUX YUCeNT:

e &

b

o &

<

(7

2
b

3ameuanue. ITO IPABUJIO HE COBCEM TOYHO, HO OHO IIMPOKO IIPUMe-
HAETCA B IPaKTHKe BBIYMCJIEHHH TOrga, Korga ducijo b G6JHM3K0 K Yuc-
ay bulb|=|bl.
B camom gmene, Tak Kak
a_a_ab-ab_ab-ab+ab-ba _ab-b) a-a
b b bb bb bb b

TO abCOMIOTHASA MOrpelIHOCTh Npubiukenusa (6) oueHuMBaeTCA CIEAYIO-
utum obpasom:

- _ 1 N
’E—azg i_|b—b|+7]a—a|.
b b bb 5|
Paa,I[EJIHB 9TO HepaBeHCTBO Ha YHCJIO ‘g- , II0 YCJIOBHIO HE€ paBHOe
HYJII0, TTOJYYUM _
a_a
b b a-a b—b | b |
< =+ = g 8
2 |< (1255|552 )Is ®

b

Hrak, oTHOCUTENbHAS IIOrPEIIHOCTh Npubaukenus (6) omenusaer-
cAa npu nomoiu GopMyas! (8).

W3 osroit (hopmMynasl MBI Temepb IOJay4uM OoJiee mpocTyio (opmy-
ay (7), eciu b BO3bMEM HACTOJNBKO OJMU3KHUM K b, 4T06BI MOKHO 6BLIO
CYUTATh, YTO UMEET MECTO HepPaBeHCTBO

bled,

Ilanee nyiA OLEHKH OTHOCHTEJIBHON NOTPEINHOCTH MBI OVAEM IIOJIb-
soBaThcA HepaBeHCTBOM (7).
OTMeTHM, 4YTO OPXA OPHUOJMIKEHHOM BBIYHCIEHHH YAaCTHOTO YHCEs
a 1 b Haxo craparhcA CAEJAaTh PABHBIMU OTHOCHUTEJbHBIE IMOTPEIIHOCTH
b—b
"
b

a-—a
a
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Npumep. Ilycrs a = 12,345, b = 0,7876. Beruncaum NpUOIUKEHHO
YacTHOe % ¢ OTHOCUTEJIbHOH MOrpenIHocThIo, He Goabmeidt 0,02.

Tax xak a = 1,2345-10= 1,23 - 10 ¢ OTHOCHTEIBbHOIH IIOIpeIl-
HOCTBIO, He Goxbmeit 0,005, u b= 7,876 - 101 = 7,88 - 107! ¢ oTHOCH-
TeJBbHOM MOTpeInrHocThIo, He Goasmrei 0,005, To

a 1,23 - 10

e B ey 2, 2 )
b 7,88.107! 102 -0,15609...= 15,6009.. (9)

¢ OTHOCHTENBbHOH morpemHocTsio, He Gonpmei 0,005 + 0,005 = 0,01.
OKpyYrinB 4YMUCJIO B IpaBod yacTu paBeHCTBa (9) ¢ TOYHOCTBIO 0
TpeThell 3Hauameil nudpPhl, MOAYYUM OpUOIMKeHne

15,609 = 15,6

¢ OTHOCUTEJBbHOI MOTrpemHocThio, He 6oabireir 0,005. 9Ty norpemHoCcTh
TOXKe MpUAETCA ydecTb. OKOHYATENBHO MOJNydYaeM NpubIuKeHue

2 ~ 15,6
b

C OTHOCHTEJIbHOI MOrpenIHocTsio, He 6osbiiei
0,01 + 0,005 < 0,02,
u ¢ abCcoNMIOTHON MOTPenIHOCTEHI0, He 0oJiblrei

0,02-|2|<0,02- 12 = 0,4,

2z =
b 0,7

Tak Kak |a|< 14, |b| > 0,7.

712. Ilo xakoMy IpPaBHJY HaAXOAAT OTHOCHTEJNBHYIO IMOTrPEIIHOCTh IIPH-
OIMIKeHNs NMPOU3BEeJIeHUsT YNCes?

713. Breiumcaure nNpUOIMMKEHHO C OTHOCHUTEJNBHOW IIOrPELIHOCTHIO,
menpmein 0,001, npousBeneHue ABYX UHCEJI:

a) 0,12345678... u 2,(7); 6) 0,000(7) u 16,723561;
B) 1,(3) u 0,0001436; r) T u 1567,23.

714. Briuucaurte NpUOIMKEHHO C OTHOCHUTEJBHOW MOTPEIIHOCTHIO,
MeHBIIeH S0’ Pou3Besenue ABYX YHCe:

a) 7,0(17) u 12,345678;
6) 0,013133133313... m 16,723561;
B) V2 u V3; r) V5 u 7.

715. Ilo xaKoMy IIpaBUJIY HaXOAAT OTHOCHTEJNBHYIO MOIrPEIIHOCTh IIpH-
OJIMIKeHUH JyacTHOrO yucen?
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716. BrrumcanuTe npubIMKEHHO C OTHOCUTEILHON MOT'PENIHOCTBIO,
mesbinei 0,01, yacTHoe ABYX ywmces:
a) 0,12345678... u 2,(17); 6) 12,3(4) u 0,015639;

B) 123,567 u 0,13(7); r) 4,(567) u 31,5(32).

717. BeruncianTe NpUGIHIKEHHO C OTHOCHTENHHOH IOIPELIHOCTHIO,
MeHBIIeH 5007 TACTHOE ABYX YHCel:
a) 7,9(17) u 1,234567...; 6) 12,(45) n 0,012(4);

B)Jgnﬁ; r) V5 u V7.

| 11.5*. Npubnnmxénnbie Bm'fmcneauq n _thbwhnraﬂ:_

IlpakTuyeckue BBIYHC/IEHHs, MOAOOHBEIE PACCMOTPEHHBIM BBIIIE,
NIPOMBBOJAT OOLIYHO Ha JIEKTPOHHBLIX KaJbKyJasaTOpax. Kak aTo genars,
HOAPOOHO pPacCKa3bIBaeTCAd B MHCTPYKIIMM, KOTOpAs NMPUJIATAETCS K Ka-
HAOMY KaJbKyaAaATOpy. IloaToMy MBI OCTAHOBMMCH TOJIBKO HA HEKOTO-
PBIX BOIIPOCaX, CBSABAHHBIX C NPUOIMIKEHHBIMHM BbIUHCIeHUAMH. Camu
BBEIYHUCIEHUA KaJbKyJATOP IIPOU3BOAUT MOMEHTaJbHO. OZHAKO 3TO He
3HAYHMT, YTO 3HAHUA 00 abCOMIOTHBIX M OTHOCHUTEJbHBIX IOIPEITHOCTSX
Heé HYXHBI TOMY, KTO IOJIB3YeTCA KaIbKyaIATOpoM. OHU HYMKHEI, YTOOHI
NpPaBUJIbHO IIOCTABUTH 3ajauy M M30e)XaTh UIJIUIIHE I'DOMO3IKHX BEI-
YHUCJIEHWUH.

Kpome Toro, aTu 3HaHHSA HOMOTAIOT NMPABUJIBHO HHTEPIPETUPOBATH
pesyabTaThl, MOJYy4YeHHEIE C IIOMOMIbI0 KalnbKyJiasTopa. Eciau Ha Tabio
KaJbKYJIATOPA, B KOTOPHIH BHECEHBI NPUOJIMIKEHHBIE 3HAYCHUA UYUCEI,
[IOJIy4YeHO YHCJIO C HEeCKOJIBKMMM 3HAKaMH, TO OHM He BCerja BepHBIe.
Hazno pasoGparsca B ToM, KaKUe U3 HUX 3aBeJOMO BepHBIE U KaKue Cje-
ayeT or6pocuTh. B aTOM nmoMoryT sHaHUA 06 a6COMIOTHBIX U OTHOCHTE b-
HBIX IIOTPELIHOCTHAX.

OrmeTuM, 4TO KaNBKYJIATOPH OOBIYHO AAIOT PE3yJIbTATHI 6e3 OKPYT-
JIeHH.

Bynem najnee roBopuTh 0 KaNbKyJIATOPaX, B KOTOPble BBOAUTCH He
6osee BocbMu U@D.

Hanpuwmep, uucna 13,757689; 0,00035; 0,0000001; —2,000002
KaJBKYJATOP IPUHUMAET.

Takue uyucaa MOMKHO Ha KAJbKYJATOPE CKJAALIBATH, BBIYUTATD,
VMHOXKAaThb, AenuTb. Ha Tabso KaJbKyJaAaTOpa pe3yJAbTAT BBIAAGTCSH
B BHJe 4YHCJa, 3alMCAHHOro He Gojiee YeM BOCEMbIO Hu(pamu.

Ecnu TouHBIN pesynsTaT BRIpa)kaeTcsi He 60jiee UeM BOCEMBIO IUd-
paMu, TO OH M BBIZaérca Ha Tabso. B aToM ciyuae pesynsTar nmosaydyeH
TOYHO.

Ecsu xe TOUHBIM pesyabTar BRIpajkaeTca 60Jiee ueM BOCEeMBbIO nudg-
pamMu u ero abconoTHaA BeauduHa MeHbire 108, To Ha Tab6y0 mOABISET-
cA NpUONIMIKEHHOe 3HAYEHHE DPe3yJbTaTa, COCTOAIIee M3 IMEePBBIX ero
BOCBMH 1u@p.
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Ecnu ke abcoioTHAs BeIMdYMHA peaysbrarta 6yaer G6oabme yem 108,
TO IPUXOAUTCH yiKe MOCTyNaTh WHade, IPUMeHAs 3aluUCch YHCce] B CTaH-
JapTHOM BHJE.

HanpuMep, BOCIOJIB30BABIINCH KAJBKYJIATOPOM, IMOJIYYUM

356 x 781 = 278036, (1)

23,1 x 3,47 = 80,157, (2)
35,272 x 62,116 = 2190,9555, (3)
0,00304 x 85,123 = 0,2587739, 4)
20,2 x 187 235 = 3 782 147, (5)
23: 2,1 =10,952380. (6)

B aTux paBeHCTBaxX KakJoe U3 NJaHHBIX YHCeJ COCTOUT He 0Oojee yeM
13 BoceMH mudp. Takue uucia KaabKyJAATOP NPHHUMAET.

PasenctBa (1) u (2) TouHBIE, IOTOMY UTO IPOM3BEAEHHE IBYX YH-
ceJ, KadJaoe U3 KOTOPBIX COCTOUT U3 TPEX NHU(PP, CAMO COCTOUT He GoJree
yeM u3 mecTd nudp. Taxue uMcaa KaJbKYJIATOD BBIAAET TOUHO.

PasencTro (3) npubiau:KéHHOe, BEDHOE C TOUHOCTHIO J0 UETBEPTOIO
3HaKa rocJye 3anaToi. KalpKyasaTop BBIUMCIHJ HPOU3BEJEHHEe TOYHO
u orbpocuJ (6e3 oxkpyriaeHusa!) JumiHue (CBepX BOCBMH) HU@PHI:

35,272 x 62,116 = 2190,955552 = 2190,9555.

Taxum 06pasoM, 3TOT NPUOJIHUIKEHHBIN Pe3yabTAT IMOJYYeH C TOYHO-
creio go 0,0001 = 1074, 1. e. ¢ aBCOMIOTHON MOTPEINHOCTBIO, MEHBIIe
uem 1074,

AHaTOTHYHO KaJbKyJATOP BBEIYHUCIUT pe3yJbTaThl B ciaydaax (4),
(5) u (6).

B npuBeaéHHBIX IpHUMepax CYWUTANIOCH, UTO B KAJbKYJIATOD BBOJAH-
JUCh TOuHBIe uucaa. OQHAKO Ha IMPaKTHKe YacTO NPUXOAUTCA BBOJUTH
B KAJbKYJSATOP Pe3yJbTaThl M3MEPEHUA HEKOTODBIX BeJUYHUH, T. €. UX
npubiuskeHusi. B aToM caydyae pesyJbTaThl BBIYMCIEHHH MOI'YT MOJY-
YUTHCA C OOJBIIMMHU IMOIPElIHOCTAMM, UYeM YKashliBaJoch BhIme. Kak
00BIYHO, MBI OyZIEM CUMTATh, YTO Pe3yJbTAT U3MEPEeHUs HEeKOTOpO# Be-
JUYUHBL @ (AJAMHEI, IJIOIIAAN, MACCHI U T. [.) IPOU3BEJEH C TOYHOCTHIO
IO TOCJeqHero 3HaAKa 4Yucjia, 3aJalollero aTy BeJIH4YHHY.

IIpumep. Beruncaum Ha KaJbKyJAsATOpPe IPOU3BeJeHHE M HacTHOe
yuces a u b, npubauskenus xoropsix 35,1 u 0,871, u ynpocTuM moJy-
YeHHBIH Pe3yJLTAT ¢ OTHOCHTEJLHLIMM MOTPEIIHOCTAMU, He GOJBIINMM

yem 0,021:
a-b=35,1.0,871 =30,5721 = 30,57,
a:b=35,1:0,871=40,298507 = 40,30.

MNosicHenne. Umeem a ~ 35,1, b= 0,871 ¢ OTHOCUTEJIBHBIMH IIOT'DEIII-
HocTaAMH, He Gonbmmmu 0,01, anee, ab = 30,5721 ¢ oTHOCHTEILHOM 110~
rpemsocTso, He Gossmen vem 0,01 + 0,01 = 0,02, u 30,5721 = 30,57
C OTHOCHTEJBbHOU HOrPeIIHOCThIo, He Goapmei yuem 0,001. Oxonuarens-
HO ab = 30,57 ¢ OTHOCHUTEJbHOI HOrpenIHocThio, He Gosbmreir 0,02 +
+ 0,001 = 0,021.
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ITpu nenenuun a : b = 35,1 : 0,871 uMeeM OTHOCHUTENBHYIO norpeni-
HOCTb, He Gonpmyio yem 0,02,

Ranprynarop Beigan Ha Tab6ao uucao 40,298507 ¢ oTHOCHTENBHOM
IIOrPelIHOCThIO, MeHbIned uem 0,02. HakoHemn, Mbl OKPYIJIMIU YUCIO
40,298507 ¢ oTHOCHTENBHON MOIPENIHOCTHIO, MEeHbIIeH uem 1073,

B pesyisTaTe HaKONMJIach OTHOCHTENbHAA MOTPENIHOCTb, HE GOJb-
masi yem 0,02 + 103 =0,021. Urak, ecau a = 35,1, b~ 0,871, To
a: b= 40,30 c OTHOCHTENBHON MOrPENIHOCTHIO, He Goabmeit 0,021.

§1E. Onucarenbnas crarucruka

OnucaresnbHas CTATHCTHKA 3aHUMAETCS MOJyYeHHEM, CHCTeMAaTH3a-
nueit, 06paboTKOM ¥ M3yYeHUEM TeX MJIM WHBIX JAHHBIX C HCIIOJIb30BAa-
HHUEM DPa3JIMYHBIX YHUCJIOBBIX XAPAKTEPHUCTHUK.

'! 2.1. Cnocobwi npe'ngd_B_Ile_FIHﬂ YMCNIOBBIX AAHHBIX k

OpHMM Hu3 cIOCOGOB IpeACTaBIeHUS YHUCJIOBBIX AAHHBIX SBJISETCH
Tabauia.

Ileppasi Tabiuma, ¢ KOTOPOH CTAJKHUBAETCA KaKABIN ydaluics
(1 ero poguresnu), — 310 Tabeab YCIEBAEMOCTH 3a YETBEPTb.

IIpumep 1. Paccmorpum taGens ycmeBaemocTu 3a I ueTBepTh yue-
Huka 9A kinacca II. Heamnosa.

IIpeamer Ormerka

Pycckuit A3bIK 3

JIureparypa

Hcropusa

Aunrebpa

T'eomeTpus

Duzukra

Lol =L B = L B V'L T (-

Xumusa

Hsyuas namHble 9TOH TAGIUNBI, MOYKHO 3aMETHUTh, UYTO YUYEHHK
I1. UBanoB GoJiee CKJIOHEH K TOYHBIM HAYKaM, YeM K I'yMaHHTAPHBIM.
Takoi BBIBOJ MBI JlelaéM HA OCHOBE CPABHEHUS OTMETOK II0 IIpeaMeTaM
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eCTeCcTBeHHO-HAyUHOro nukJaa (anre6pa, reoMerpus, GU3NKa U XUMHSA)
¥ IYMaHMTAPHOIO NUKJA (PYCCKUM S3BIK, JUTEPATypa, UCTOPHS).

Te ke YUCJIOBBIE JaHHBIE MOXXHO IIPEJCTABUTL B BUJE CTOJOUATOM
auarpammsl (puc. 81) 1 MoJyuYUTH HArJAAAHOE IIOATBEPIKIEHHEe cleaH-
HOMY BEIIIIe BBIBOZY.

i HArJASAAHOTO NPEACTABJIEHUS O COOTHOIIEHWH 4YacCTeil, COCTaB-
JAIMUX HEKOTOPYI0 BeJIHYHMHY, YacTO MCHOJB3YIOT KPYroBble [IHa-
rpammbl. Kpyrosas auarpamMma CTPOUTCA IYyTEM pasjesieHHuA Kpyra Ha
ceKTOphl. PadMep ceKTopa ompejesisercsa BeJIMYMHOW yria, COOTBETCT-
BYIOILIEr0 JI0JIe NAHHOW BEJIMYHUHBI CPeJH BCeX paccMaTpUBaeMbIX Be-
JIMYUH.

Ipumep 2. [donsi NIPOZOBOJIbLCTBEHHBIX TOBApPOB B O0bEME DO3HMY-
HOro ToBapoobopora Poccun cocrasuna B 1992 r. 55%, a B 1997 r. —
49% , mONa HENPOJOBOJILCTBEHHBIX TOBApOB cocraBuaa 45% mu 51% co-
OTBETCTBEHHO.

ITocTpouM KpyroBble AWArpaMMbl, Aalollie IIpeJcTaBJIeHHe O J10-
JIAX TPOJOBOJBCTBEHHBIX U HEIPOAOBOJIBCTBEHHBIX TOBAPOB B PO3HUY-
HOM ToBapoobopore B kKamkaom roxy. Mzobpasmm aBa Kpyra OJUHAKO-
BOTO pajuyca, ONpeieIUM BeJWYUHBl IEHTPAJIbHBIX YIJIOB CEKTODOB.
Tak kak 1% coorsercrsyer 3,6°, TO AN IPOJOBOJLCTBEHHBIX TOBAPOB:
3,6° - 55 =198°, 3,6° - 49 = 176,4°; nis HEOPOJOBOJLCTBEHHBIX TOBAPOB:
3,6° - 45 =162° 3,6° - 51 = 183,6°. Pagnenum Kpyra Ha COOTBETCTBYIO-
IUe CeKTopbl, yunTeiBas Aanaele 1992 u 1997 rr. (puc. 82).

1992 r. 1997 r.
D TIPO/IOBOJIBCTBEHHbIE
TOBaphI

49%
I:I HenmpoA0BOJILCTBeHHEIE
TOBapPHI

M Pwuc. 82
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[1st u3yueHus xapakrepa U3MeHEHUA BeJIMUYMH U B3AUMOCBS3H Das-
JIMYHBIX BEJIWYHH HCIOJB3VIOT JHHelHbIe auarpammsl (rpabuxn). Ux
CTPOAT B CUCTEME KOODAMHAT. 3HAYEHUS BEJIHUMHBI H300paKaioT TOYKa-
MU WU APYrUMH 3HAKaAMHU, KOTOPhIE COEAMHSAIT JOMaHBIMH. Ha ock
abcruce HAHOCAT XapaKTePUCTHKMA BPeMeHM (IHU, MeCHAIbI, KBapTAJbL,
rofbl), a Ha OChb OPAMHAT — 3HAYEHUSA IOKa3aTessd.

Ilpumep 3. Ha pucynke 83 KUDHBLIMM TOYKAMM IIOKasaHa IeHA
He()TH Ha MOMEHT 3aKDBITHA OGHPIKEBBIX TOProB BO Bce paboume aHH c 4
o 19 anpensa 2002 r. ITo ropusoHTaIN YKa3BIBAIOTCH YMUCJIA MECAILA, 110
BepTHKaJIKX — ILeHa Oappenda HedTu B gosapax CIIIA. Jlna mHarasgHO-
CTH JKUDHBIE TOYKHM Ha PUCYHKEe COeJHHEeHB! JHHUEeH.

277
26,59

26 el Al
25,5 y

25 - LT,
24,5+ i

24 '
280 1T—1—1

4 J s

29 | ===
4 5 8 9 10 11 12 15

& Puc. 83

—

16 17 18 19

PaccmarpuBasi pucyHoxk 83, MOMKHO IOJYYUTH OTBETHI HA MHOTHUE
Bonpocel. Hanpumep, KaKoBa HauMeHbIIAs IeHa He)TH HA MOMEHT 3a-
KPBITHA TOProB B yKasdaHHbII mepuon? (Orser: 23 mosnnapa.) Kaxoro
4ucla yMEHbIIeHHe IleHBl He)TH MO CPABHEHHIO C NPEeABIAVIIAM IHEM
6u110 HanbGonpmum? (OrBer: 5 anpess.)

Ha oxnoit muneitHON guarpaMMe MOKHO IMOCTPOMTH HECKOJBKO JIO-
MaHBIX, KOTOpPLIE ITO3BOJIAT CPABHHATH AUHAMUKY PA3JIMUYHBIX ITOKasaTe-
JIell WM OZAHOTO U TOTO jKe IOKASATeNs B PA3HBIX PEruoHAX, OTPACIAX
¥ Op.

IIpumep 4. Ha pucynxe 84 nmoxkasaHo, KaKoe KOJHYECTBO ABTOMO-
Oueil BHIIYCKAJIH ABa 3aBOfla B Te4eHHe roja. I1o ropu3oHTaIH OTIOMKE-
Hbl MeCHAILBI, & II0 BEPTHKAIN — o0Ilee KOJIMUYECTBO aBTOMOOMJIeil, BEI-
NyIIeHHOe C Hayaja roga KasKIbIM M3 3aBOJIOB, B ThHICAYAX IITYK.

Ilo amarpaMme HETPYAHO ONpEAENIHTH, UTO 3aBOA A [0 Aampeis
BBIIYCKAaJI MeHbIIle aBTomMoOuiei, yuem 3aBon B. OrcraBanue cocTaBiis-
JI0 B AHBape, espasie u mapre 100, 50 u 50 ThIC. IITYK COOTBETCTBEH-
Ho. Haunnas ¢ mas 3aBox A BeIyCKas aBTOMOOMIIeit Gosblne, yeM 3a-
Box B.
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Jlunelinas nuarpamMma IO03BOJIAET JJIA KayJ0r0 3aBOJA OUPEIeINTh
MecCHIbl, B TeUE€HUE KOTOPBIX OBLJIO IPON3BEIEeHO HAUDOIbIIee KOJTUUeCT-
Bo aBTromobmieit — 200 reic. mTyK. Tak, 3aBoj A MPOU3BEJ CTOJBKO aB-
ToMmobOueit 3a Mait, a 3aBog b — 3a M0k,

718. B rabiune npuBeeHbl Pe3yJbTAThI KOHTPOJbHOH DPAGOTHI 110 Ma-
TeMaTUKe OJHOI'0 KJacca.

OTrmeTKH 51 4 3 2
Yuenao yyamuxcs 4 12 12 2

ITocTpoliTe MO 3THUM AAHHBIM:
a) cronbuyaryno IuarpaMmy; 6) KPYroBy AUATDAMMY.

719. B rabiune npuBeaeHBl pe3yabTAThI CAAYX 9K3aMeHAa 110 MaTeMAaTH-
Ke OZHOTO KJacca.

OTMeTKH 5 4 3
Yucesno yvamuxcs 3 12 | 14 1

ITocTpoiiTe MO 3TUM HAHHBIM:
a) cronbuyaryio JuarpamMmy; 0) KpyroBymo auarpamMmmy.
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720.

721.
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Ha pucynke 85 ;XuUpHBIMH TOYKaMHU NOKas3aHA IleHA 0JIOBA HA MO-
MEHT 3aKpBITHA OHP:KEeBBIX TOProB BO Bce pabouwme gHM ¢ 12 mo
28 moabpsa 2007 r. ITo ropusoHTANIN YKA3LIBAIOTCA UMCJA MECANa,
IO BePTHKAaJMU — IeHa TOHHBI oJioBa B moanapax CIIA. Jlns Ha-
TIASHOCTH ¥KUPHBIE TOUKH HA PUCYHKE COeAWHEeHbI JuHuen, Omnpe-
JeluTe MO0 PUCYHKY:

a) HaMMeHbINYIO I[eHYy OJI0BA HA MOMEHT 3aKDBITUS TOPTOB B YKAa-
3aHHBIM IepUOJ;

6) meHb, B KOTOPBIM IleHA OJIOBA HA MOMEHT 3aKPBLITHS TOPIOB
B YKa3aHHBIN nmepuoj Oblia HauOOIbILIeId;

B) JleHb, B KOTOPLI# I[€HA 0JIOBA HA MOMEHT 3aKPBITUS TOPrOB CHU-
3UJach II0 CPABHEHHUIO C IIPEABIAYIOMM AHEM Ha HaWOOJBIIYIO Be-
JTUYHHY.

B rabnune npuBeneHbl JaHHBIE O BaJOBOM cOOpe B3epHOBBIX
KyapTyp (MJIH 1) B aByx obOnacrsax Poccumiickoin Pepepamuu
B 2006—2010 rr.

2006 | 2007 | 2008 | 2009 | 2010

Hosocubupckas obnacTs 17,6 25,0 25,7 31,9 23,5

OmMmckasa obsacTb 28,9 30,8 22,9 40,0 22,3

ITocTpoiiTe MO 3TUM AAHHBIM JHUHEHHBIE JUATDAMMEI.
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722. B rabuaune npuBeieHBLl JaHHBIE O paclnpe/ieleHUN Hace/leHHA
(MJIH YeJ1.) IO BO3PACTHBIM I'PYHIIAM TOPOJCKOr0 M CeJbCKOr'o Ha-
cenenusi Poccuu Ha 1 suBapsa 2007 r.

Topogx Ceno
Mounoxxe TpyzocnocobHOro BO3pacra 15,6 7.2
TpynocnocoGHEIA BO3pacT 67,1 23,1
Crapme TpyaocnocobHoro soszpacra 21,1 8,2

IIpeacraBbTe 9TH HaHHBIE T€M CIIOCO0OOM, KOTODPBIH BBl CUMTaeTe
OoJsiee HATIAAMHBIM.

723. Nwem wumHdopmayuio. HMcrnoapdys CHPaBOYHYIO JIUTEPATYPY
u WHTepHeT, IPUBEIUTE NPHUMEpPHI Pa3IHYHBIX CHOCODOB Ipesa-
CTaBJIeHHA YMCJIOBBIX JaHHBIX.

724. B HexkoTOpOM IlapcTBe, B HEKO-

TOPOM IOCYJAapCcTBE B XOJe BEI- IMaprun IIponenTt
OOpOB B IIapJIaMeHT II0 TeJe- rOJIOCOB
BHUJIEHUIO noKasanau HTOTH . mabupareneit
roJIOCOBAaHUA B OJHOM u3 usbu- ;

pareinbHBIX OKpPyros (puc. 86). IlapTHsa pagocTH......17,4%
Ob6msacHUTE, TOYEMY NpeACTaB- IMaprusa cBoGOAEL. .....26.3%
ngepHadg wHOOPMALHUSA O YHCIE TlapTus c4acTed.......59,7%
rojocoB wusbuparened, nomaH- - Ilaprus Hapoza........21,8%
HBIX 3a [apTHH, He ABJIAETCH

JOCTOBEPHOM.

B Pwuc. 86

'I2 2. Xapum‘epucnu(u qucnonblx AQHHBIX | |

IIpu o6paboTke M aHaJu3e TOW WJK UHOU COBOKYIHOCTH YHCIOBBIX
JaHHBIX WCIOJBL3YIOT PA3JIMYHEIE UX XapaKTePHUCTHKH.

IIpumep 1. OTMeTKH yUYeHHKa II0 MATEMATHKE COCTABJIAIOT DAL
BHaYeHUN:

4, 4, 3, 3, 4, 5, 4.

Y10 MOYKHO CKa3aTh 00 3TOM Habope YUCJIOBBIX JAHHBIX?
MO3KHO OIpeneJUTh «CpefHuii» 6ana yuenura. Ilaa sroro obwru-
HO WMCIOJIL3YETCHA CpegHee apmpme'mqecuoe JaHHBIX YUCEJ — YacT-

HO€ MX CYMMBbI M KOJIMYECTBA. fenﬂee apudmMeTnYecKoe AaHHOTO pAAa
o 4+ 4+3+3+4+9+4
3HAYEeHHH paBHO 7 3,86, oHo OJIM3KO K OTMeT-

Ke «4».
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ITO U He yAUBHUTEJHHO, TAK KAK OTMeTKa «4» B PAAY AAHHBIX 3HA-
YeHU# BCcTpedaercs dame. Takoe 3HaueHMe HA3LIBAIOT Mojoii. Moma —
9TO TaKOe 3HAYeHUe B pacCMATPHBAEMOM COBOKYIIHOCTH, KOTOPOE BCTpe-
YaeTrcd dallle APYrux. 9TO OJHAa M3 XapaKTEPUCTHK JAaHHON COBOKYIHO-
CTH 4YHCeJI.

CioBo «Mopma» MMeeT emjé OAMH CMBICT — 3TO HEHPOAOJIKHUTENh-
HO€ TOCIOACTBO ONpeNeJEHHOI'O BKyca B Kakoi-nubo cdepe KU3HH
UIW KYJIbTYDPBHI (B OJexkje, HAanpuUMep, B BbIOOpe I[BeTa aBTOMOOMIIA
M T. II.).

Mozna kak cpeiHAs BeJHYUHA YIOTpeO/geTcs dalme AJNA HAaHHBIX,
MMEIONUX HeuYHCJIOBYIO npupoay. Cpenn mepedncyieHHBIX IIBETOB aBTO-
mobuneit — Genblil, 4€PHbLLIL, CUHWI Memaanuk, Oeavlil, cuHLll mema-
AUk, Oenblii — dare BcTpedaeTcs OeJIbIH IBeT, 9TO M eCTh MOJa JaHHOTO
paga. C noMombi0 MOABI ONIPeAE AT HanboJiee IONYJISPHBIE TUIBI IIPO-
AVKTAa, 4TO YYHUTHIBAETCA IIPU IPOTHO3€ MPOJaXK WJIH IJIAaHUPOBAHUU HUX
IIPOU3BO/ICTBA.

Hnorpaa B coBoKkynHOCTH BeTpedaeTcs Gosee uem ogHa mona. Hanpu-
Mep, COBOKYIIHOCTh YMCJIOBBIX JaHHBIX

2,6,6,6,8,9,9,9, 10

UMeeT ABe Moabl — 6 m 9.

B 2T0#1 COBOKYIIHOCTH YMCJIOBBIX JaHHBIX, BBINUCAHHBIX B MOPALKE
HeyOBIBaHUSA, UHCI0 8 urpaer 0codyo poib. OHO JEJUT COBOKYIIHOCTH
Ha JBe paBHEIE (II0 KOJHUYECTBY 9JIeMEHTOB) yacTu. TaxKoe 4ucio B COBO-
KYIHOCTHU YHCJIOBBIX JAaHHBIX HASBLIBAIOT MeauMaHo. MeguaHa JeJUT He-
yOBIBAIONIYIO IIOCJIENOBATENBLHOCTh UMUCIOBBIX JAHHBIX HA JBEé DaBHBIE
YACTH: CKOJIBKO <«HUIXHUX» eIWHUI] PAJA JAaHHBIX OyAYyT MMeTh 3Haye-
HuA He OOJbIle, YeM MeJHAHA, CTOJBKO K€ «BEePXHHX» OYAYT HMEeTh
3HAYEHUS He MeHbIlle, 4YeM MeauaHa.

Ecnu COBOKYIHOCTB COAEPIKUT YETHOE UHCJO UJEeHOB U CPefHue eé
4YjieHBl PaBHBI, TO Ka)KJ0oe M3 HUX sABIdeTcsa Mmeauanoi. Hanpumep,
B COBOKYITHOCTH

2,6,6,6,9, 10

MenuaHa 6. Eciu COBOKYIIHOCTS COLEPIKUT UETHOE YMCJIIO YJIEeHOB U Cpe-
HUE eé 4JieHbl He PaBHBI, TO MeAHAHOM COBOKYIIHOCTH CUMTAIOT CPeIHEee
apudmMeTnyecKoe ABYX CpelIHHUX 3Ha4YeHHH. {151 COBOKYIHOCTH

2,6,6,6,8,9,9, 10

6+ 8
= T.

i XapaKTepUCTHUKH COBOKYIHOCTH YMCIOBBIX JAHHBIX HCHIOJb-
BYIOT eIlé OJHY BEeJIMYHWHY — pasMax — PasHOCTh MEeXAY HauboJabIINM
¥ HAUMEeHBIIUM 3HAaYeHUSAMU pe3ysbTaToB HaOMI0AeHUi. B COBOKYIIHO-
CTH

MeAUaHO CUMTAIT YHUCJIO

2,6,6,6,8,9,9, 10
pasmax paseH 10 — 2 = 8.
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IIpumep 2. [lecsaTs npeanpuHUMAaTENEH CAeNalu BKJaAbl B OJaro-
TBOPUTEJbHBINA (POHJ (B YCIOBHBIX €AUHUIAX):

5, 5, 5, 10, 10, 10, 10, 20, 25, 1000.

Onpe,u;eJmM cpengHee apmbme'rnqecrcoe, MOy, MegHaHy H pa3Max
3TOH COBOKYIIHOCTH.
Cpennee apudMeTuyecKoe 3TUX UYHUCET PABHO

5+5+5+10+ 10+ 10+ 10 + 20 + 25 + 1000
10

=110,

moza 10, meguana 10, pasmax 995.

3amerumMm, uTO cpexaHee apudpmerudeckoe 110 B sTOoM mnpuMepe
JaéT HETOYHOe MPEeACTABJIEHHE O «CPeJHEeM» B3HOCE KAaMJOro IIpej-
npuHEMarTeas, Meauana 10 moxaseiBaeT, YTO IIOJJOBMHA B3HOCOB He
doapme 10, a gpyras mojoBuHa B3HOCOB He meHbIne 10. Pazmax 995 mo-
KasbIBaeT PA3HOCTh MEKAY HAMOOJNBIINM M HAMMEHBIIUM B3HOCAMH.

XapaKTepHUCTHKONH COBOKYIIHOCTH 3HAUEHHH MOJKET CIYKHUTh M Ha-
60p UX OTKJIOHEHHUH OT CpeJHero apu(mMeTH4YeCKOro aTOM COBOKYIIHOCTH.
Breinumnrem HaGOp OTKJIOHEHUI B mpumepe 2:

-105, -105, -105, -100, —-100, -100, -100, -90, -85, +890.

Kax BHAHO, OTKJIOHEHHA MOrYT OBITH IIOJOMXKHUTEJNBHEIMUA M OTPHILA-
TeJIbHLEIMHA, MAJEeHbKUMH HJIN 00abIIMMH (II0 abCONIOTHOI BeJIMYHUHE),
CyMMa OTKJIOHeHWH NAaHHOM COBOKYIIHOCTHU PaABHA HYJI0. JTUM CBOKCT-
BOM 00JiaaeT cyMMa OTKJIOHEHHMH AJIA JII0OOM COBOKYIHOCTH, IIO9TOMY
CyMMa OTKJIOHEHHUIl He MOKeT OBITh XapaKTepPHUCTUKONW COBOKYITHOCTH.

O6GBIYHO OJIAi COBOKYIHOCTH BBIUHCJSIOT CYMMY KBaApaTOB OTKJIO-
HEeHHH, a TAK KaK COBOKYIHOCTH MOIYT MMEThb DPAa3JIMYHOE KOJHUYECTBO
Yuces, TO BRIYUCIIAIOT ellé cpefHee apudMeTHUYEeCKOe KBaJApaTOB OTKJIO-
HeHuil. Ty BeJIUUYUHY HA3BIBAIOT Aucnepcuei (or Jar. dispersio — pac-
ceaHue). B maremMaTHuecKoil CTATHCTHUKE U TEOPHU BEPOATHOCTEH 3TO
Haubonee ynorpebuTenbHas Mepa OTKJIOHEHUS OT CPeAHero.

IIpumep 3. B pesynsrare uamepenusd (B rpagycax Ilenbcusa) remie-
paTypnl Bo3ayxa B MocKBe B TedeHHe CeMH JHEH B HIOJIE MOJYYHIH CO-
BOKYIIHOCTh 3Hauenui: 15, 15, 18, 19, 19, 16, 17 (cpeguee 3sHaueHUe
15+ 15+ 18+ 19+ 19+ 16 + 17

7

IpoBeJIM aHaJOTrH4YHble H3MEepeHHA W IIOJYYHJIN HOBBIe 3HaAYEeHHA:

19, 17, 15, 15, 14 (cpenHee 3HaueHUE e B 155 ol el 16). BrI-

YHCJIHMM AUCIEPCHIO IJIA KayKJA0H COBOKYIIHOCTH.
Beinuinem B Bujae TAOJIHUILI YHUCJIOBbIE JaHHBIe, OTKJIOHEHHUA U KBaJ-
PaThl OTKJIOHEHHM IJIfd KayKJI0i COBOKYIHOCTH.

=17). B aBrycre B TeuyeHue OATH AHEH
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Tadbnuma 1

YucnoBble HaHHEBIE 15 15 18 19 19 16 17
OTKJIOHEHHUsA OT cpexHero -2 -2 +1 +2 +2 -1 0
KBagpaTsl oTKJIOHEHHH 4 4 1 4 4 1 0

Tadonuma 2

YucnoBble JaHHBIE 19 b b 15 15 14
OTKJIOHEHHUA OT cpejHero +3 +1 -1 -1 -2
KBagpaThsl OTKJIOHeHHIT 9 1 1 1 4

Jlucnepcusa mepBoil COBOKYIIHOCTH paBHA

4+ 4+1+4+4+1+0_§_23
v d 7 7*
a Aucnepcusa BTOPONW COBOKYIIHOCTH paBHA
+ 4
9+1+1+1+ :_1_6=3’2-

5 5

CnemoBaTesIbHO, AHCIIEPCUSA MEPBOMA COBOKYIHOCTH MEHBINE, YeM JHC-
mepcusa BTOPOH. JTO O3HAUYaeT, UTO 3a BhIOpaHHOE BpeMsa HaOJIIOZeHHIt
TeMIlepaTypa OTKJIOHSAJIACH OT CPeJHEero 3HadYeHHs OOJIbIIle B aBrycre,
YeM B HIOJIE.

725.

726.

727.

3a mepBbIN Yac OBLIN IPOAAHLI MYsKCKHE PyOAlIKH HOBOH KOJIJIEK-
UK CIeAYIOIIUX IBETOB: PO30BBIM, Oeblil, 3eJIEHBIH, 3€JIEHbIH,
Oenblii, rony6oit, roayooit, Gesbiii, roay6oit, Gensrit. Onpenenure
MOJAY 3TOH COBOKYHHOCTH.

Omnpenenure cpegHee UMCIIO OYKOB, BHINAAAIOIIUAX HA UTPAJbHOM
KyOuMKe, Ha KOTOPOM TOUKaMHU OTMedeHHI umesaa 1, 2, 3, 4, 5, 6.
Kakaa u3 xapaxkrepucTux (cpeaHee apudMeTHYecKoe, MOJa, Me-
AHuaHa, pasMax) yYKasbIBaeT Ha 2TO HYHCJIO?

B aBagmatu kjaccax cpegHed mMIKOJabl yauTcesa 580 HMIKOJIBHUKOB.
Brinuimem ux pacnpejeseHue IO KJjaccaM B HeyOBLIBAIOIIeM IIO-
pAnke:

23, 24, 24, 25, 25, 26, 26, 27, 28, 28, 30, 30, 30, 30, 31, 32, 34,
35, 36, 36.

Onpepnenure cpeasee apudMeTuuecKoe, MOy, MeIUaHy M pa3Max
9TOH COBOKYIIHOCTH YMCJIOBBIX JaHHBIX.
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728.

B rabauile oTpajkeHa AWHAMUKA KYPCOB JZoJLIapa W eBpo (AecAThb
3HaYeHUl, OKPYIJIEHHEBIX 0 AecATbix) B okTadpe 2009 r.

Honmap | 30,1 | 29,8 | 29,8 | 29,6 | 29,6 | 29,6 | 29,5 | 29,5 | 29,3 | 29,3

Espo

44,0 | 44,0 | 43,8 | 43,8 | 43,6 | 43,5 | 43,6 | 43,9 | 43,8 | 43,7

729.

Onpepenure cpennee apudmMeTnyeckoe, MOAY, MeJIUaHy W pasMax
COBOKYITHOCTH UMCJIOBBIX JAaHHBIX: a) AJA AoJuiapa; 0) ajas eBpo.

IlBa cTpesiKka Ha TPEHUPOBKE IMOKA3AJIN Pe3yIbTaThl, IIPeJICTABIIEH-
Hble B TabiuIe. 31ech AJIs KaI0T0 CTPeKa BEIIMUCAHO KOJIUYECT-
BO BBIOMTBHIX OYKOB AJas Kaskmoro ua 10 BeICTpesoB.

IlepBEIil CTPEIOK 7 8 7 9 10 7 8 9 10 | 10

Bropoii cTpesok 7 6 8 9 9 8 9 9 8 T

730.

731.

732.

Berymcsure cpeiHee 3HaYeHHe W AMCIEPCHUIO [JIfA IIEPBOTO CTpe-
Ka; AJA BTOpOro crpenka. CaenaiiTe BBEIBOJABI M3 IIPOBEJEHHOIO
Hcced0BaHUA.

Ilepud mDOAULMKE, TOJILKO BCTY- YHuco 207
NUBIIUH B JOJIKHOCTL, YIIOMSA- npecTyIaeHui

HYJ 0 Pe3KOM POCTe IPEeCcTYIIHO- B OKpYyTe

CTH B OKpYTe IPH CTApPOM IIepH- 198

dbe wu gaa  ybegUTETBHOCTH
TMOKAa3aJ AuarpaMMmy 4Yucja Ipe-
CTYILJIEHHH 3a J(Ba I'ofia, Ipeilie-
CTBYIOIIIHEe ero Ha3Ha4YeHHUIo
(puc. 87). eiicTBUTENBHO JH

IIPECTYIHOCTh PE3KO Bo3pociaa? b
Nwem nnpopmaumio. Mcnoons- et ]
3yfA JaHHBIE M3 CIIPABOYHON JIATE- e
parypbl 1 HHTepHeTa, IpuUBegUTE 20 20 —
OpuMepsl IIPUMEHEeHUA OTKJIOHEe-

rof rof

HUII OT CpeJHero 3HaYeHUs U
AVCHEPCUH JJIA XaDAKTEPUCTUKA @ p.. 87
COBOKYITHOCTH JaHHBIX. ’

HokasbiBaem. JJokaxXuTe CBOMCTBA AMUCIEDPCHH:

a) ecJIM BCEe YHMCJIOBbIE 3HAYEHMS COBOKYIHOCTH YMEHBIIUTH (yBe-
JUYHUTH) HA OJHY U TY Ke NOCTOAHHYIO BeJIHUYHUHY, TO NUCIEPCHSA
OT 3TOro He M3MEHUTCH;

0) ecsu BCe UYHCJIOBbIE 3HAYEHUS COBOKYIIHOCTH YMEHBIIUTH
(yzgnnqwrb) B k pas, To ,uncnepcnﬁ YMEHBIIUTCHA (YBEJIUYHUTCH)
B k? pas.
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s L. Kom6unaropuka

KombunaTropuka saHMMaeTcs M3yuyeHUeM 3a]1a4 BeIGOpa M PACIIOJIO-
JKEeHHA 3JIeMEHTOB HeKOTOPOro (0OBIYHO KOHEYHOr0) MHOYKECTBa B COOT-
BETCTBHU C 3aJJaHHLIMHU IPaBHJIAMM.

| 13.1. 3apaun Ha nepe6op BCeX BO3MOXKHBIX BAPUAHTOS |

PaccmorpuM 3azaum, B KOTOPBIX TpeGyeTcs OCYIIeCTBUTHL Iiepebop
BCeX BO3MOJKHBIX BAPHAHTOB HJIM IIOJCYUTATL UX UHUCJIIO.

3amaua 1. BanummuTe Bce TPEX3HAUHBIE YMCJA, B 3allMCH KOTODPBIX
Hcroab3yoTesa nudper 1, 2 u 3 6e3 NOBTOPeHHA.

Peurenne. 3anuIueM B IOPAAKe BO3PAaCTAHUSA BCe YMCJA, YAOBJIe-
TBOpAKIOIINE YCIOBHIO 3ajgaum: 123, 132, 213, 231, 312, 321.

3amava 2. CKOJIbKO JBY3HAYHBIX YHCEJ MOMHO 3alIACATh, HCIIOJb-
3ya mupper 1, 2 u 37
Peurenue. Borauune or 3agauu 1, 31ech MOKHO ITOBTOPATH IH(-

pel. YT0OBI OTBETUTEH HA BOIIPOC 3aZauy¥, MOMKHO BBINIMCATH BCe Yucia 6e3
IIPONYCKOB ¥ HNOBTOPEHHIL:

11 21 31
12 22 32
13 23 33

Ho mokHO paccyskaate M Tak. Ha mepBoM MecTe MOMKeT CTOATH
oxHa u3 Tpéx nmudp: 1, 2 uam 3. B ram/a0oM U3 aTUX TPEX CJIyYaeB Ha
BTOpPO€ MECTO MOXXHO IIOCTABHUThH OAHY M3 Tpéx nudp: 1, 2 nau 3. Uroro
umeerca 3 - 3 = 9 ABY3HAYHBIX YHCE], 3allMCAHHBIX nudpamu 1, 2 u 3.

OrBeT: 9.

YbepumMmcsa Tem Ke cmocobom, 4yTo B 3amade 1 MOMXKHO COCTaBUTh
Tonbko 6 umcen. Ha mepBoe MecTO MOKHO IIOCTABUTH JIOOYI0 M3 TPEX
nudp, Ha BTOPOE MECTO MOJKHO IIOCTABHTH TOJHKO OZHY M3 JBYX OCTaB-

muxca nudp, T. e. uMeerca 3 - 2 =6 Boa3-

Hugpeot MOJKHOCTeH 3aHATH JBa IepPBHIX MecCTa.
1-a 2-a Js2 B KaMIOM M3 3THX IIECTH CJIYYaeB TPeThe
] o 2 ——3 MecTO 3aiMEr ocraBilasgcs TpeThs uudpa.
AT~ ——2 Bcero, Takum o006pa3oM, MOYKHO COCTaBHTh

Ve TOJBKO 6 TPEX3HAUHBIX YHCEJI.
S, [ ToT ke pe3yabTaT MOMKHO IIOJNYYHUTh, HUC-
W i 2':;1'..___53 1 IOJNB3Yys TaK Ha3bIBAEMOE «JePeBO BO3MOK-
! HOcTell» uau «nepeBo mnepebopar». OT ero
1 KODHA, OTMEYEHHOro Ha pHCYHKe 88
S8 9 1 3BE30UKOM (¥*), IpoBeNEM TPHU OTPE3Ka, COo-

OTBETCTBYIOIIHE TPEM BO3MOJKHOCTSM IIOCTA-
B Puc. 88 BUTH IUGPY HA IIEPBOE MECTO, W IIOCTABUM
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nepByo nudpy 1, 2, 3. Or Kax g0t U3 aTUX 4

nudp DpoBesEM IO IBA OTPE3Ka, COOTBETCT-
BYIOIIIHE JBYM BOBMOYKHOCTAM IIOCTABUTH
nudpy Ha BTOPOEe MECTO, IIOCTABUM BTODPYIO
uudpy. HakoHer, oT KaXJa0H U3 3TUX BTO-
pPBHIX IH(MpP IPOBEAEM II0 OZHOMY OTPeE3KY,
COOTBETCTBYIOIIEMY OIHONW BO3MOMKHOCTH
IIOCTABUTh UMDY Ha TPeTbe MECTO, II0CTa-
BUM TPETBHIO IUDPY.

3amaua 3. Ha OKDY)KHOCTH OTMEYEHO )

5 Touek: A, B, C, O, E. Kaxxayo TOUKy coe- C
IUHUIN ¢ Kaxaon. CKOJIBKO OTPEe3KOB IIO-
JIYYUIOCK?

Pemenmne. Ha pucyake 89 orpeskm B Puc. 89
MosxHO mepecuutats — ux 10. Ho mpu
DOJILIIIOM UMCJIE TOYEK TAKOW IepecuéT MOXKEeT IMPUBECTH K OoImubdKe.

Pemum sagauy BTopbeiM crocobom. M3 Touku A npoBeneHO 4 oTpes-
Ka: AB, AC, AO, AE; u3 Touku B MOYXHO IIDOBECTH TOXKe 4 OTpe3Ka, HO
oauH u3 Hux (AB) yxe yuyT€H, 3HAUMT, U3 TOUYKU B BHIXOZAT 3 HOBEIX
orpe3ka. W3 Touku C BHIXOAAT 2 HOBEIX OTpe3ka, U3 TouKu O — OgUH.
W3 rouku E BRIXOAAT 4 OTPE3Ka, HO BCe OHHU yiKe yureHbl. TOrO NMeerT-
ca4+3+2+1=10 orpeskos.

Pemum sazauy emé ogaumM crocobom. M3 Toukn A BeIXOHAT 4 OT-
peska: AB, AC, AO, AE. U3 Touku B Beixonatr 4 orpeska: BA, BC, BO,
BE. A T. #.

W3 gaka0i U3 IATH TOYEK BBIXOAAT I10 UyeThipe oTpedka. Ho uTobbl
MMOJNYYHUTE OTBET, HAJO IIpou3BeAeHue 4 - 5 pa3enuTh Ha 2, TaK KakK Ka-
JKABIH M3 OTPE3KOB B 3THX HepeuducJeHUAX Ha3BaH ABa)kAbl. MTak, Bce-
ro orpesxkos — 10.

OTrserT: 10.

B
733. 3anumiuTre Bce ABY3HAUHBIE UKCJA, B 3alIMCHU KOTOPBIX HCIOJb3Y-
I0TCA NUDPPHBIL:
a) 5, 6, 7 6e3 moBTOpEHUS; 6) 5, 6, 7 ¢ moBTOpEHHEM;
B) 7, 8, 9 6e3 moBTOpeHHU; r) 7, 8, 9 ¢ moBTOpEeHUEM.
734. 3anuinuTe Bce JBY3HAYHBIE YHCJIA, B 3allMCH KOTOPBIX HCIIOJb3Y-
oress uugpsr 0, 1, 2:

a) Ge3 IIOBTOPEHHUHA; 6) ¢ IIOBTOPEHHUEM.

735. CKOJBLKO JBY3HAYHBIX YMCEN MOMKHO 3anucaTh nubpamu 1, 2, 3:
a) ¢ moBTOpeHUEeM LU@P; 6) 6e3 nmosropeHus mupp?

736. CKOJBKO JABY3HAUHBIX YMCeJ MOXHO sanucars nubpamu 0, 2, 4, 6
a) ¢ MOBTOPeHHeM Iudp; 0) 6e3 moBTOpPeHUA IUGDP?

737. Yernipe gpyra Kynuiau 4 6usera B KHHO. CKOJNIBKUMHU PA3JIUYHBI-
MU cImoco0aMy OHH MOTYT 3aHATH CBOM MECTa B 3PUTEJILHOM 3aje?
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738. CKONBKO ABY3HAYHBIX, TPEXB3HAUHBLIX, YETHIPEX3HAUHBIX YHCE]
MOXKHO COCTaBUTh, HCIIOJAL3YA nudppsr 1, 2, 3, 4:
a) 6e3 MOBTOpEHUA; 6) ¢ moBTOpeHuemM?

739. Bpocuiu aBa urpainbHbIX KyOuKa. CKONBKUMM PA3JIUYHLIMU CIIO-
cobaMu MOTrYT BBINIACTH OYKU HA BTHUX KyOmKax?

740. a) Ha oxpy:xkHOCTH OTMeTHJIH 7 TOoueK. CKOJIBKO MOJYyYHTCHA
OTPE3KOB, €CJIU COEeIMHUTh KAMKIAYIO TOUKY C KayKmIou?
6) Berperusnuce T papysed, KaMKAbIA IOMKAI PYKY KaKIoMy.
CxoJBKO OBLIO PYKOMOMKATHI?

741. Bocemb Apyseil penIuyy IIPOBECTH TYPHHUP IO IIAIIKAM TaK, YTO-
OBl KaKABIH ChITpAJ C KaMAbIM OJHY naptui. CKOJIbKO NapTUii
Oyzmer ceirpaso?

742. Wccnepyem. a) BerpeTuiuch HECKONBKO ApY3eil, Kam bl moKas
PYKy kaxxgomy. BoBa BecesoB ObLI Tak paj BCTpede, UTO IOMKAJ
PYKY [ABaxJbl HEKOTOPBIM M3 CBOMX JApy3eii, HO He BceM. Bcero
6110 30 pykomoxkaruit. CKOJIBKO Jpy3eil BCTPETHJIOCH?
0) BeTpeTUnuCh HECKOJIBKO APY3ei, KaMAblH MOMKAJ PYKY KaxKI0-
my. ITocnegaum npumén Ilers YrpoMoB, OH [Oa PYKY He BceM
CBOMM Jpy3baM. Bcero 6s1m0 30 pykomoskatuii. CKONBKO Apy3ei
BCTPETUIIOCH?

| 13.2. Kom6unaropHsie npasuna |

3afauyu, B KOTOPBIX HAJO0 HAWTHU YHMCJIO BO3MOMKHBLIX BADHAHTOB IJId
TOH HUJIM HHOU OmepalHuH, TOIO WJIM HHOIO COOBITHUSA, HA3BLIBAIOT KOM-
OMHATOPHBIMH 3aJadyaMu. PelneHuI0 KOMOMHATOPHBIX 3ajady IIOMOTAIOT
KOMOMHATOPHBIE IIPAaBUJIA.

IlpaBuino caoxkenus. Ecam mmeercs m crmocoboB BeIOpaTh
3JIEMEHT a U (He3aBHMCHMO OT HHUX) n crnocoboB BLIOpATE dJe-
MeHT b, To BeIGpPATH OJUH 3JTEMEHT — WIU @, WiIn b —
MOXXHO m + n cmocobamu.

Hanpumep, ecau B Kiacce 12 Manpunkos u 15 1eBodyek, To BLIOpPATH
OJHOT'0 YeJIOBEKAa — MAaJbYHMKA WM JeBOYKY — MOHO 12 + 15 =27
crmocobamu.

IIpaBuno cinoKeHWs MOMKHO O0OOMIHMTEL AJA OOJBIIEro 4YHCJa aJe-
MEHTOB.

Ecnu mmeercsa m cnoco60oB BEIOpaTh 2JIEMEHT a4, 1 CIIOCOBGOB
BBIOpATH 3/eMeHT b, ..., k cmocoboB BeIOpaTh dJIeMeHT ¢, TO
BBIOPATh OJJMH 2JIEMEeHT — WUJH d, UIH b, ..., UIKN | — MOXK-
HO m + n + ... + k cumocobamu.

Hanpumep, ecau Ha cTojie JeXHUT 3 abJI0Ka, 4 anenbcuHa u 6 maH-
JAapUHOB, TO BEIOpATh OAMH ILIOA MOMKHO 3 + 4 + 6 = 13 cmocobamu.
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IIpaBuno ymuoxenus. Ecaiu umeercs m crocoboB BeIOpaTh
DJIEMEHT @ ¥ n crnocoboB BrIGpaTh aaeMeHT b, To mapy (a, b)
MOJKHO BBIOpaTh m - n crocobamu.

Hanpumep, eciu B Kaacce 12 manbuukoB U 15 geBouYeK, TO BbI-
6parhk OLHY mapy — MaJIbUMKa U JAeBOYKY — MOKHO 12 - 15 = 180 cmo-
cobamm.

IIpaBuo YMHOMKEHHUA MOKHO 00001IUTE 1A GOJbIIEro 4ucia aje-
MEHTOB.

Ecniu umeerca m crocoboB BHﬁpaTb JJIeMeHT a, n CcIoco-

GoB BHIOpATH 3J1€MEHT b, ..., k c1oco00B BEIOpATH 3JI€MEHT £,
To Habop (a, b, ..., t) MOKHO BBIOPATH M * N * ... - t CHOCO-
bamm.

Hanopumep, ecau Ha cToje JexuT 3 abiaoka, 4 anenscuHa u 6 man-
JAApUHOB, TO AO0JOKO, AlleJIbCHMH U MaHJAAPDUH MOKHO BeIOpaTh 3 - 4 - 6 =
= 72 cmocobamMu.

Kom6uHaTOpHbIEe HpaBuJja MO3BOJISIOT HAXOJAWUTH pelleHue 3anad,
KOTOPBIE MOT'YT BOBHUKHYTH HA NPAKTUKE.

3amagya 1. M3 25 yuamuxcs KJjacca HYKHO BEIOpATh CTapocTy
KJjacca u ero samecturend., CKOJIbKHMHU crocofaMy MOYKHO OCYIIeCT-
BHUTH BEIOOD?

Pem e nne. Crapocroit kiacca MOXHO BbIOpaTh j06oro us 25 yua-
IIUXCH, a ero 3aMecTHTeJeM — J0060ro u3 24 OCTABIIMXCA YYaIUXCH.
ITo mpaBuny ymMHOMeHuA umeercsa 25 - 24 = 600 crocoboB BEIOpaTH cTa-
pOCTY KJIacca M ero 3aMeCTHTeJIs.

3amaua 2. s ropoma A B ropoj B Beayr jBe moporu, us ropojga B
B ropoj C — tpu poporu, us ropojga C B ropox D — ase poporu. Ty-
PHCTBI XOTAT IIpoexaTh U3 ropoxza A B ropon D uyepes ropoza B u C.
CKOJNBKUMH CIIOCODAMH OHM MOIYT BbIOpATH MapipyT?

Pemenune. Mapumipyr us A B B TypuCTBl MOI'yT BbIOpaThL ABYMS
crocobamu. B kKamaoMm ciyuyae oHu MOryT exath u3 B B C Tpems cIoco-
6amu. 3sauur, umeercda 2 - 3 = 6 cnocobos npoexats u3d A B C. [Iis Ka-
JKOT0 U3 9THX IIECTH cIoco00oB mmeercsa 2 crocoba npoexarts u3 C B D,
Taxkum obpasom, Bcero cymectsyer 2 -3 -2 =12 coocoboB mpoexarsb
us A B D.

Tor ke pe3ynbTaT HOAYYUM 10 IPABUIY YMHOMKeHUsi: 2 - 3 - 2 =12,

3anaua 3. CKOJIBKO pPAa3JMYHBIX aABTO-
MOOHMJIBHBIX HOMEPOB MOXXHO IOJIYYHUTh, HC-
noaedysa Tpu us 30 6yKB pycckoro angasu-
Ta (6e3 b, b, bI) ¥ YETHIPE U3 AECATH LHUMP AAA 0000
(ot 0 10 9), ecnu udps! U 6YKBBI paspela-
eTcs IIOBTOPATHL U HOMED [IOJIKEeH HUMEeTh
BHJ, KaK Ha pucyHke 90?7 Puc. 90
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Peuwenue. [TocraBuTes HA OJHO MeCTO JIO0YIO U3 TPEX OYKB MOYXKHO
TPUALATHIO criocofaMu, a JII0YI0 U3 YeThIpeX NU(PP — AECATHIO CIIOCO-
bamu. Torga mo nmpaBuIy YMHOMEHUS YUCJIO BCEX HOMEDPOB PaBHO

30-30:30-10-10-10-10=
= 270 000 000.

m

743. Ha rapenke jexur 5 maHgapuHoB u 4 anenbcuHa. CKOJIBKUMU
crocobaMu MOKHO BLIOpaTh MM MaHAapPWH, UJIH AlelbCHH?

744. Ha rapenke nexur 5 mMaHgapuHOB u 4 amenbcuHa. CKONIBKMMHU
cnocobaMHM MOJKHO BRIOpATh OJMH MaHAAPUH M ONUH alebCUH?

745. B kiacce 12 manpunkos u 15 geBouek. HysxHO BRIOpaTH cTapoCcTy
KJacca u ero samecturens. CKOJIbKHMME cmocofaMHU MOKHO OCY-
IIeCTBUTEL BBIOOP?

746. B kiacce 12 manpunkos u 15 geBouyek. HysHO BRIOpPATE cTApOCTY
KJiacca u ero samecturelssa. CKOIBKUME crioco0aMK MOXKHO OCY-
IIIeCTBUTEL BEIOOP, €CJIM 3TO HOJIKHBI OBITh:

a) ABa MaJIbBUMKA; 0) IBe mMEeBOYKH;

B) MaJbUHK-CTAPOCTA MU JEeBOYKA-3aMeCTUTEeNb;

I') JeBOYKA-CTAPOCTA U MaJbUHUK-3aMEeCTUTENIb;

) MaJb4YMK W JAeBOYKa (CTapoCcTOM MOKeT ObITh U MaJIbUYHK, U Je-
BOouKa)?

747. CKOJBKHMH criocobamu:
a) 3 ueJiOBEKA MOIYT Pa3MeCTUThCHA HA TPEXMECTHOIl CKaMelke;
6) 3 uenoBeKa MOryT PasMeCTHUTHLCS Ha YeTBIPEXMECTHOH cKamelke;
B) 4 UeJIOBEKa MOI'yT PasMECTUTHCSH HA YETHIPEXMECTHOU CKaMenke?

748. CKOJBKO PA3JIMUYHBIX ABTOMOOHMIBHBEIX HOMEDPOB MOKHO IOJIYUUTh,
ucnonbays Tpu u3 30 6ykB pycckoro andasura (6e3 b, b, bI) U YETHI-
pe us gecsaru mudp (or 0 go 9), ecnu nudps: 1 6YKBBEI HOBTOPATH
He paspeliaeTcss ¥ HOMep J0JIKeH MMeTh BUI, KaK Ha pucyHke 90?7

749. B xnacce 12 manpunkoB u 15 geBouek. [Iis reHepajbHON yOOPKU

IIKOJBI HaIo BH6paTb TpéX MaJbYHKOB H qe-rmpéx JeBOUYeK.
CKOIBKUMH crocobaMu 3TO MOMKHO C,II;BJI&T]:?

750. B xade npepsararoT aBa nepsbix 0Osroza: 00pil, pacColbHHUK, de-
TBIPE BTOPBIX OJIl0Ja: IyJsAll, KOTJIeThbl, COCUCKH, IIeJIbMEeHH H TPH
Tperbux Oiamoga: yau, Koge, xomnor. CKOJILKO BapuaHTOB obena
npepjaraioT B Kade?

751. CKOJBKO pellleHUWH B HATYPAJNbHBIX YHCJIaxX MMeeT CHCTeMa ypas-
HEeHHH:

) a+b=4, ) a+b=25, ) a+b=4,
c+d=5; c+d=5; c+d= 67



i HeMeHThI NMPHOJMKEHHBIX BBIYHCIeHHH,
227 CTATHCTHEHN, KOMOMHATOPHKHN H TEOPHH BepOATHOCTEeH

}_13.3. NMepecranoBkm ‘

IIpousBenenue Bcex HaTypaJbHBIX uuces or 1 go n (n> 1) obo3ua-
yaioT n! (YUTanT «3H (pakTopHas):

1.2.83:...:n=nl
Hanpuwmep,

2l1=1-2, 381=1-2.3,
4!=1.2.3:4, 5!=1-2-3-4.5, ....

1! cuuraror paBEeM 1: 1! =1,
PaccmoTpum Bce crmocoObl 3anmucu B psaf ABYX OykB a u b. Takux
criocoboB ABa:
ab, ba.

Tpu OyxBbI @, b U ¢ MOXKHO 3amucaTh B PsAJ| MIECThIO criocobaMmu:
abe, ach, bea, bac, cab, cbha.

Ha nepsoe mecTo nmocraBuM GYKBY @ U K Hell AByMA CIIOCO0aMHM IIpH-
nUIIeM ocraBuminecsa OYKBeI b u c. [Iorom Ha mepBoe MeCTO mOCTaBUM Oy-
KBY b u K Hell A1ByMA croco0aMu MPUIHUIIEM OCTABIINEeCH OYKBEI @ U C.
Haxomern, Ha nepBoe MeCTO IocTaBuM OYKBY € U K Heif AByM#A crocobamu
ONpUNHINEeM ocTaBIIHecsa OYKBEI a u b. Becero monyumniaocs

3-2-1= 3! cnoco6os.

IlepecTranoBKOM U3 n 3J€MEHTOB HA3BIBAIOT Kakoe-JIu60 pacoJo-
JKeHHe 3TUX JJIEMEHTOB B ONpeJesiéHHOM nopsake. Konuuectso nepecra-
HOBOK M3 n 3JIEMEHTOB NpPHUHATO o0o3HauaTs P, (or dpanu. permu-
lation — mepecTaHOBKA).

CnopaBegnusa Gopmyaa

P..=nl

HAnsa n =1 dhopmyna BepHa 10 onpejenenuio. uas n = 2, 8 ona yxe
nposepena Hamu. YTo6bl TpoBepuTsh €€ Ass n = 4, paccyxnaem rak. Co-
CTaBUM 4YeThIPe pA/ia IepecTaHOBOK musa nudp 1, 2, 3, 4. B nepBoIil pan
IIOCTaBMM BCe IIePeCTaHOBKM, HauYMHAIOIMecs ¢ 1:

1234, 1243, 1324, 1342, 1423, 1432.

Taxux nmepecranoBok 6 = 3!, T. e. CTOJBKO, CKOJIBKO Pa3 MOKHO IIe-
pecraBuTh TpU OUGPHL 2, 3, 4, crosmue nocae uudpsl 1.

Ho nHa mepBoe MecTO MOKHO IIOCTABUTH JIOGYIO U3 4eTHIPEX mudp,
U B KaXXJIOM TaKOM cJIyJdae IIOJy4uTca 6 mepecTtaHOBOK, T. €. BCero Iepe-
CTAHOBOK

P,=4.P;=4.31=4l
Jokasars, 4TO
P, =nl

n

AJIs 1106010 HaTYPAaJIBbHOTO YHUCJIA 71 MOMKHO C IIOMOIINBI0O METOAa MaTeMa-
THYECKOM MHIYKI[MH.



228

752. Yro Ha3BIBAIOT IIEPECTAHOBKON U3 n 3JIeMEeHTOB?
753. Yro obosHauaeT W Kak unraercd sammuck: a) 2!; 06) 3!; B) 6!; ) nl?
754. BrinuimuTe Bce mepecTaHoBKU u3 mudp 1, 2, 3. Yemy paBuo P;?

755. Beinuiuure Bce BO3MOJKHBIE II€PECTAHOBKH M3 YeTHIPEX OYyKB
U mojcuuTaTe ux KojgmuecTBo (P,).

756. Ilpoxkasuuna-Mapteimnka, Océn, Kosén na Koconansiit Mumka 3a-
TesJIYd ChIrPATh KBaprer. BhICHHTE, CKOJIbKHUMHU CHOCOOAMH OHH
MOTYT CECTh CO CBOMMM HHCTPYMEHTaMM Ha UeTbIpe MecTa.

757. Brruucaure:

a) Pg; 6) Pg; B) P-.
758. Bepuo au, uTO:
a) P;=5:Pg 6) Ps=6 - P;;
B) P]_UU:].OO‘PQQ; 1") Pﬂ=n-Pn_1?
759. Breruucaure:

760. ¥V xaccupa aBroOyca MMEIOTCHA AJs MPOJa’ku OHUIeTHl HAa aBTOOYyC
¢ momepamu ot 000000 mo 999999. CronpKo HOMEpOB OHIETOB
u3 sToro Habopa sanucansl mudpamu 1, 2, 3, 4, 5, 6 6e3 nosTo-
penus?

13.4. Paameu.gel-mq

PaszmMeimneHueM U3 1 3JIEMEHTOB X, Xy, X3, ..., X, IO JBa Ha3bIBAlOT
JII00YI0 YIOPAZOUYEeHHYIO Hapy, COCTABIEHHYIO U3 TaHHBIX 1 3J1emeHTOB.
KoanuecTBO pasMenleHuil U3 n 9JIeMEHTOB IO JBa 0003HAUAIOT yepes A
(mo mepBoii 6ykBe (PPaHIY3CKOTO CJIOBA amngement—pasmemenne)

Huoke BBINMCaHBI BCe pasMelleHUs U3 3 9JIeMeHTOB IIo 2:

xlxa, xlxa,
XXy, X9X3,
XXy, XgXg.

B nmepBoM psay Ha MePBOM MeCTe CTOHUT 3JeMEeHT X;, K HeMy IpHUIH-
caHbl IOOYEPEHO OCTaNbHbBIEe ABa djeMeHTa. Iloyuniocs, 94To B I€PBOM
pPAAY HAXOAATCH BCe PasMelleHWdA, HauWMHAIOIHecda ¢ X;, — HX Asa. Bo
BTOPOM ¥ B TPEThEM PAJAAX HAXOAATCHA TOXKE II0 [Ba pasMelleHUus, Hauu-
HAIOIIHecs C X, U ¢ X5 Takum obpasom, AZ = 3-2.

Pasmerenusi u3 n sJIeMeHTOB IIO JBA MOXKHO PAaCIIOJIOMKUTH B 11 Ps-
IOB. B KaK/JI0M M3 HUX HA [IePBOM MecTe CTOUT OAUH U3 JaHHBIX 3JI€MeH-
TOB X;, K HEMYy II0OYEPEAHO IPHUIMUCHIBAIOTCA OCTajlbHBIE N — 1 aJe-
MEHTOB. JTHM PacCCy»KAeHHEeM MBI JOKasalu (hopMyiry

=n(n-1). (1)
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IIpumep. CKOJIBKUMHE cHOCODAMM MOYKHO paclpeiesiuTh ABa Ouiera
Ha pasHble KHHO(MDHIBMEBI MEXKIY CEMBIO APY3baMu?

Yucno cnocoboB, ¢ MOMOLIBI KOTOPBIX MOYKHO PACHPEAESUTH ABa
Ofusera Ha pasHble KUHODUIBMBI MEKAY CEMbIO JAPY3bAMH, PABHO

AZ2=T.(T-1)=42.
Yrober B 9TOM yOEAUTHCH, BBIIHUIIEM BCe BO3MOKHBIE pasMeIeHHuf

B BHJe [ABY3HAUHBIX 4YMCeJI, IlepBad Iudpa KOTOPHIX ITOKA3LIBaeT, Ka-
KOMY IApYry JocTajica IepBbIi OujieT, BTOpad NOKAa3kIBAET KAKOMY —

BTOPOIi:
12, 13, 14, 15, 16, 17,
21, 23, 24, 25, 26, 27,

I

71, 72, 73, 74, 75, T6.

B raxzaoM u3 cemMm psagoB no 6 pasmerneHuit — Bcero 7 - 6 = 42
pa3MeIllleHudA, T. €. YHUCJO CIIOCO00B pacupeiesieHUs ABYX OMJIEeTOB B JlaH-
HOM 3amaue paBHO 42, -

PasmenienneM U3 71 9JIEMEHTOB O k HA3BLIBAIOT JII000H YHIOPAAOUYEH-
HBIM Habop U3 k 2JIeMEHTOB, COCTABJIEHHBIH M3 JAaHHBIX 71 3JE€MEHTOB.

KonnuecTBO pasMelnieHHMH uU3 7 2JeMeHTOB 1o k obo3HaAuUaoT ue-
pesa A%. Haupumep, A3 maxogum cieayiomum o6pasom. Pacmosoxum
pasMeleHHA B 11 PAKOB. B i-M pAny MOMECTHM pasMelleHus, HauHuHAI0-
muecs ¢ saeMeHTa X;. Ilocye anemenTa x; MOCTABUM BCE BO3MOYKHBIE pa3-
MeIlleH!Us M3 OoCTaBIIMXCA n — 1 smemeHTOB 1o 2, T. e. (n — 1)(n — 2)
pasju4HBIX pasMmenieHuii. Ho Bcero cTpok n, mosromy

A2 =n(n-1)(n - 2).
Paccysxpas nono6HBIM ke 00pasoM, IMOJYYHM, 9TO
Al =n(n-1)(n-2)(n - 3).
MoskHO m0Kas3aTh, 4TO
A =n(n-1)(n-2):...-(n - k+1).

BaMETHM, 410 Jrodoe pasMellleHre M3 71 3JIEMeHTOB II0 77 — 3TO OJHAa
H3 IIepecTaHOBOK H3 71 3JIEMEeHTOB, IIO3TOMY

Al=n(n-1)(n-2)-...-3-2-1=nl

761. BomumuTe BCe Pa3MEILEHUs U3 YETHIPEX 3JIEMEHTOB X, Xp, X3, X4
no gBa. Yemy paBHO AZ?

762. Boruuciaure:
a) A3; 6) A

i g; B) A3.
r) A7; n) A3;

e) Ab.
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nl
763. [loxkasbiBaem. Joxaxure Gopmyny: A* = =
764. a) CKOJBKUMM PA3JIMYHBIMH CIOCO0AMH MOXKHO DpacIpelesiuTh
MeKJy LIEeCTHIO JUIAMHU ABE PasHble NYTEBKU?
6) Cxoabkumu crnocofaMu MOKHO IPUCYAWUTH TPEM JHIAM M3
LIECTH TPH pPasHBIE IPEMUHU?

765. B rTypHupe yuyacTByOT ceMb maxmarucroB. CKOIbBKHMHU crocoba-
MM MOTYT pacIpeieAThCA MeJAy HUMH TPHU IIepPBBIX MecTa (Kam-
Jloe MEeCTO JOJIKeH 3aHATh OJAWH IINaxXMaTUcT)?

766. Y OGuieTHOro Kaccupa MMeITCS AJs MpoJasku OuiIeTsl Ha aBTOOyC
¢ gomepamu ot 000000 xo 999999. CxoabpKO HOMePOB OHUIETOB U3
aToro Habopa 3amucaHbl pasHbIMHU Huppamu?

767. YV OGuiaeTHOro Kaccupa MMEKTCS AJs Npojaku OuaeThl Ha aBTOOyC
¢ Homepamu ot 000000 mo 999999. CxosbK0 HOMEPOB GHUIETOB U3
aroro Habopa samucaHsl 6e3 HyIei?

768. V Kaccupa aBrofyca MMeIOTCHA AJIs Ipojaky 6uIeThl Ha aBTOOyC
¢ gomepamu ot 000000 xo 999999. CuacTiuBeiM Ha3oBéM Guier,
Y KOTOPOr0 CyMMa IIepBBRIX TPéx nudp COBIALAeT ¢ CyMMOH IIO-
cregHUX Tpéx nudp.
a) CKOJIBKO CYIIeCTBYeT CUACTIUBBLIX OUIETOB, Y KOTOPBIX CYMMa
Bcex nudp pasua 0; 2; 4; 6; 8?
6) CKOJIBLKO BCero cuacTJUBLIX OMJIETOB y Kaccupa?

|1 3.5. CO'-I'(._%_'_TFIHHH- _;

CoueTaHHMeM U3 N BJIEMEHTOB IO k HA3BIBAIOT JIOOYIO rpynmy us k
9JIEMEHTOB, COCTABJIEHHYIO U3 JAHHBIX 71 3JIEMEHTOB.

Yucno coueTaHU U3 n 31eMeHTOB 1o k obosHauaroT yepes Cf (mo
nepBoit OykBe (hpaHIy3cKoro cioBa combination — coderaHue).

Beskoe pasmermenue mo k 8IeMEHTOB MOXHO pacCMaTPHUBATh Kak
coueTaHHe. PasHuIIA 3aKJIH0YaeTCA B TOM, YTO €CJIHM B Pa3MellleHHH Iepe-
CTABUTH MECTAMU BJIEMEHTBI, TO IIOJYYUTCA APYyroe pasMellleHne, a code-
TaHWe He 3aBHCUT OT MOPAAKA BXOAAIIHUX B HEro 3JIEMEHTOB.

Berumensis A2, Mbl [osyuaeM Napkl, OTJHYAIOIINECH MNOPAAKOM
2JIEMEHTOB, HATIPUMED X;Xy U X,X;. VI3 ABYX 271€eMEHTOB MOHO COCTa-
BHUTH

mapsel, IIO3TOMY

cliegoBaTesIbHO,
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Beruncasis AF, MBI monmyuaem HaGOpHI M3 k 2J€MEHTOB, OTJIMYAIO-
muecs MOpPAJKOM 3JeMeHTOB. V3 k 2/1eMEeHTOB MOYKHO COCTABUTH

Py=Kl=k(k-1)(k—2)+...8-2-1
rPynmn 3JIeMeHTOB, II03TOMY
At =p1.C= B.-Ck;

k
n

otrkyaa CF = —.
E
CrnemoBaTennbHO,

Ct =

nn-1)-...-(n—-k+1)
k! '

9ra opmysra noKasaHa Beime AJaA k > 1, HO oHa BepHA U AudA k = 1.
IToaromy ona cupaBegnusa auas 1 < k < n.

IIpumep. CKOJBKUMU Pa3JIMUYHBIMHM CIOCOOAMM U3 CEMM YYaCTHHU-
KOB MaTeMaTH4YeCKOro KPYXKKa MOYKHO COCTABUTH KOMaHAY M3 JBYX dYe-
JIOBEK JJIA y4YacTuA B oamMmnouaze?

Tak Kak nMopsanoK, B KOTopoM GyAyT BRIOpAHEI [Ba YeJIOBeKa, He Ba-
YK€H, TO YHCJIO PAa3JIMYHBIX CIIOCOOOB COCTABHUTH KOMAHJIY PaBHO:

c2_ A} _7T-6
P, 2

= 21.
B

769. BoinumuTe BCe COUYETAHUA U3 IATH DIEMEHTOB X;, Xy, X3, Xy, X5 11O
aBsa. Yemy paBuo C2?

770. Broiuuciaure:
a) C}; 6) C3; 1) CF; r) C&% R C3; e) C§.

AokasbiBaem (771—772).

. PR n!
771. [oxasxure Gopmyny: Ct = - Bl
772. Jloxaxxure, uro Ct = CI~*. Brruucanre:
a) Cl; 6) Chs 3)Cle%;
r) Ciys  m) Ci3; e ClgS.

773. a) CKONTbKHMMH CIOCO0aMH MOKHO PACIIPEIeJUTH ABE OJHHAKOBLIE
NYTEBKHU MEXAY NATHIO JHIAMHU?
6) CKOJIBKMMH cIIOCO0aMu MOYKHO IPUCYAUTEL TPEM JIUIAM U3 IIIec-
TH TPH OAUHAKOBBIE IIPEeMUHU?

774. 13 BocbMH (DHMIBMOB JKIODM KOHKYDPCA MOKeT oTo6paTh Tpéx du-
HanucToB. CKOMBKUMHU CcrIOcO0aMH 3TO MOYKHO CHeJIATh?

775. U3 27 yvammuxcA KJjacca HYYKHO BBIOpaTb [ABYX /A€KYPHBIX.
CKOMBKUMHU CIIOCOBAMU 5TO MOMKHO CHEIATh?
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s 1<t Beepenne B Teopuio
BEPOSATHOCTEMN

TBOPHH BEPOHTHOCTEﬁ 3aHuUMaeTcs M3ydeHHeM 4YHCJIO0BBIX XapaKTe-
PHCTHK BO3MOMHOCTH OCYIIeCTBJIEHHUS KaKoro-aubo codbITHA IIpH Tex
HJIH HMHBIX YCJIOBHAX.

14.1. Cn*t@ﬁnbl_e_: Cl_:_)_ﬁ_-blTHﬂ|

sollstlian

Iasee 6yaeM paccMaTPUBATH OUBITHEI (9KCIIEPUMEHTEI, HCIBITAHUA),
B pe3yJbTaTe NPOBEeJeHUA KaKJI0ro U3 KOTOPBIX BO3MOKEH TOJBKO OAUH
u3 n (n > 1) 3apaHee U3BECTHBIX MCXOAOB, HO TaK:Ke 3apaHee HeU3BeCT-
HO, KaKO! MMEHHO MCXOJ[ OCYIIeCTBUTCA B 9TOM OonbITe. Takue OIBITHI
HAa3bIBAIOT CJHYYaWHBIMH OIBITAMM.

Bynem Tak:ke mnpexirosarath, 4TO IO TPOBEJEHHA OIBITA HeJIb3d
OTAAThL NPeAIIOUYTeHHEe TOMY HJIM WHOMY HCXOAY M YTO KAaM/bIA OIBIT
MOXKHO MHOTOKPATHO IIOBTOPUTL B OJHUX M TeX 3Ke YCIOBHAX. B Takom
cayyae OyJeM TOBOPHTBL, UTO y AAHHOTO OILITA MMeeTCHA 71 PABHOBO3-
MOYKHBIX HMCXOIOB.

IlpuBeném npuMepsl CAYYAUHBIX OIBITOB, HMMEIOIUX HECKOJBbKO
PaBHOBO3MOJKHBIX HCXOJOB.

Onsit 1. ITogGpacsiBaHWe MOHETBI. DTOT OIBIT MOXKET 3aBEPIINTHCA
TOJIBKO OZHHM M3 ABYX MCXOJIOB: BhINIaJeHHEeM repba HUIM BeIIaJeHHEeM
pelIKu, ¥ 9TH ABA HMCXO0Ja PABHOBO3MOKHEIE.

Onerr 2. ITog6paceiBanue UIPAJBHOTO KyOMKa. STOT ONBIT MOXKeT
3aBEePHIUTHCA TOJBKO OJHHUM M3 IIECTH HMCXOJOB: BhINaJeHHWeM uau 1,
wiu 2, unu 3, unu 4, unu 5, niau 6 OYKOB, U 9TH LIECTh UCXOJ0B PaBHO-
BO3MOJKHEIE.

OneiT 3. V3Bieuenue mapa W3 ypHBI, B KOTOPOIl HaXoJZUTCA TPH
ONMHAKOBBLIX IIapa, IIPOHYMepOoBaHHBIE YuciaaMu oT 1 10 3. OTOT OHBIT
MOJKeT 3aBepIIUTLCH TOJBKO OJHUM M3 TPEX MCXOJOB: M3BJIEUYEH IIap
c HOMepoM k, rae k wiu 1, wianm 2, unu 3, ¥ 9TH TPU HMCXO0Ja PAaBHOBO3-
MOJKHBIE.

OnsiT 4. M3BneueHue M3 KOMILIeKTa AoMuHO (28 Kocrelt) ogHOM
KOCTH. DTOT OIBIT MOYKET 3aBePHIUTHCA TOJBKO OZHHMM U3 28 HMCXOMOB:
u3BJIeUeHa NAHHASA KOCTh, ¥ 3TH 28 MCXOJO0B PAaBHOBO3MOJKHEIE.

OmnsrT 5. UsBneuenue u3 Kosoasl KapT (36 KapT) ogHO# KapThl. ITOT
OIBIT MOJKeT 3aBepIIUTLCA TOJBKO OJHUM u3 36 HCXOAOB: M3BJIeUYeHA
JaHHas Kapra, u 3TH 36 HCXO0L0B PAaBHOBO3MOMKHBIE.

IIpu wmM3yYeHUH CJIYYAWHOTO OIBITA YACTO PAcCMaTPUBAIOTCA He
TOJBKO BOIPOCHI O TOM, KAKHE MCXOABl BO3MOXKHBI 1 PABHOBO3MOYKHBIE
¥ OHU, HO M JApPYyrue Bompockl. Hampumep, NpPH H3y4YEHHH OmbITa 2
MOJKHO PacCMOTDPeTh BOIIPOC: BBHIMAJIO Jiu YéTHOe uucyo oukos? Ecau na,
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TO T'OBOPAT, YTO HPOU3OIILJI0 COOBITHE, 3aKJII0UaIneecss B TOM, YTO BBI-
[aJI0 YETHOe UYMCJIO OYKOB, MJIM KOPOTKO: IPOM30LLIO cOObITHE A —
«BBINAJIO YETHOE YMCJIO OYKOB». IIpHM M3YUYeHHH ONIBITA O MOMKHO pac-
CMOTpEThL COOBITHA:

B — «BBIHYT TY3»,

C — «BBIHYTA gaMma»,

D — «BBIHyTA KapTa ONHUK» ¥ T. II.

Nanee kaxapIi pas 6yJeM paccMaTpPUBATh TOJBKO ONUH CIydalHBIH
OIBIT, W JIAIIL Te CODBITHA, KOTOPbIE MOIYT IPOHM30MTH B pe3yibTare
sToro oneiTa. OOBIYHO B JAHHOM OIIBITE IIPO KaiK-
Joe coOBITHE HeJb3s1 YTBEePKAaTh, YTO 0HO 0bsa3a-
TeJBLHO NPOM3OUAET B 3TOM OIlbiTe. Takue cobmI- Y
THSA HA3BIBAIOT CIIydalHbIMM coObITHAMHU. [lasee
OyJeM paccMaTpPHUBATL TOJLKO CAy4alHbIE COOBI-
Tus. [IpuBeném nmpumMepsl CaydalHBIX COOBITHIA. ®

B ompiTe 2 MOMKeT MPOU30UTH cJydyaiiHoe co-
ObITHE A — «BBINAJIO HEYETHOE YKCIIO OYKOB» (MM
1, vu 3, uiau 5); M codbiTHe B — «BBIITIAJIO IIPO- =
CTOe UMCJIO OUYKOB» (unu 2, uiu 3, HIHU D). ®

B onpiTe 4 MOKeT IPOM30UTH CIydYaliHOe CO- o
ObiTue C — «HU3BJIEYE€HA KOCTh C CYMMOH OYKOB
3». flcHO, UTO 3TO COOBITHE MPOW3OHUJET JIUIIEL B °
JIBYX cayuasx: eciau OyAeT U3BieyeHA WJIUA KOCTh
(0, 3), wium xocth (1, 2) (puc. 91). ® Puc. 91

B omnbiTe 5 MOMKeT IPOM30UTHU CIydaiiHOe CO-
66ITHEe D — «U3BIEeYSH Ty3». SICHO, 4TO 3TO COOBITHE IPOU3OUAET, €CIU
OymeT U3BJIeUEH TY3 JI000M MacTy M3 YETHIPEX: UM Ty3 TpedoBbIi, NIn
TY3 NUKOBBIM, UJH Ty3 OyOHOBBIN, MK TY3 UEPBOBBIIL.

B nanHOM onbITe KaMIABLIA ero McxoJ saBjsercs codsiTueM. UToOBI
OTJIMYATE UCXOJBI OT APYruxX coObITUll, OyaeM HAa3bBIBATh UX 3JeMeHTap-
HBIMH COOBITHAMMH.

Takx, B onbiTe 2 COOBITHE «BBIIANO 2 OUKAa» 3JIEeMEHTapHOe, & COOBI-
A A u B HesnementapHsble; B onbiTe 4 cobriTue C HeaJeMeHTapHOE;
B OIBITe 5 coObITHE «U3BJe4YéH Ty3 TpedOBbIli» 3IeMeHTapHOe, a CoObI-
e D HeajeMeHTapHOe.

Ecnu cobpiTHe A sjieMeHTApHOE, TO OHO MOJKET MPOU3OUTH, eciau
OyeT MOoJIyUeH OOWH W3 11 UCXOAOB AAHHOI'O ONBITA, U 9TOT MCXOJ Ha3bI-
BalOT 0JIATONPUATCTBYIOIMUM cOOBITUIO A. 'OBOPAT TaKKe, YTO 3TOT MC-
X0J 6JIarONPUATCTBYET COOBITHIO A.

Hanpumep, B onbiTe 2 3JIeMEHTADHOMY COOBITHIO «BBINATI0 6 OYKOB»
OaronNpUATCTBYET TOJBKO OJUH HCXOJ «BBINATIO 6 OYKOB».

B omnwiTe 2 cobuITHEe B MOMKeT IPOU30HTH, €CIU IPOU30HIET OOUH U3
CAeAVIONINX UCXOMO0B: BBINAZeT WIn 2, uiau 3, UiIu 5 OY4KOB. OTH TPH HC-
XO0/la HA3BIBAIOT 0JAronpusaTcTByIOmMMu cobbiTuio B. T'oBopaT Takixe,
YTO KasKABIH M3 3THX MCXOAOB 6JIAronpUATCTBYeT coOBITHIO B.

IIpo Te MCXOABI, IPU KOTOPBIX IMPOUCXOAUT cIydaiiHOe coObITHe A,
TOBOPAT, YTO OHU OJAronpHMATCTBYIOT COOBITHIO A.




Ecnu cobbiTe He MOKeT MPOM30WTHA B JAHHOM OIILITE, TO €T'0 HA3bI-
BalOT HEBO3MOMKHBIM coObiTuem. Hampummep, B onbiTe 2 BeIDafeHHe
HYJA OYKOB €CTh HEeBO3MOKHoe cobnitTie. Eciu cayuaiiHoe coObiTHE —
HEBOBMOJKHO€, TO HeT MCXOJ0B JAaHHOI'O ONbITA, IPH KOTOPBIX OHO MHPO-
HCXOAUT. B TaKkux ciyyasx roBOpsAaT, 4YTO HEBO3MOMKHOMY COOBITHIO OJa-
roupuarcreyer 0 MCXOI0B.

Ecnu cobelTHe 00s3aTelbHO NPOU3OHAET B JAHHOM OIBITE, TO €r0
Ha3bIBAIOT JOCTOBEePHBIM coObiTHeM. Hanpumep, B onbiTe 2 BhINafgeHIe
He Oojiee 6 OUYKOB ABJAETCA HOCTOBEPHBIM cobObITMeM. Eciam ciayuaii-
HOe COOBITHEe — JOCTOBEPHOE, TO OHO IPOMCXOAMT NPH JI0O0M U3 BCex
n MCXOJOB JaHHOIO OIBITA, T. €. BCE 1 UCXOJ0B OJIArOIPHUATCTBYIOT 3TO-
MYy COOBITHIO.

Takum ob6pasom, eciu B JaHHOM ONBITE BO3MOXKHO 71 MCXOIOB, TO
Jar0boe caydaiiHoe coOBITHE B HEM NPOU3OUAET, ecu eMy GJIaronpuaTCT-
ByeT k 3apaHee onpejesIéHHLIX MCXOIOB, rae k=0, 1, ..., n.

a Bece ob6cyxnéHHBIE BbIIIE MOHATHS MOYKHO WMHTEPHIPETHDPOBATH HA
| A3BIKE TEOPHUH MHOKECTB.
Eciu pacemMoTpeTs MHOXKECTBO (2, COCTOsIIIIEE TOJIBLKO U3 BCEX 7
UCXOA0B JAaHHOTO OIBITA, TO Ji060€ ero MOAMHOMKECTBO MOMKHO CUH-
TaTh COOBITHEM B JaHHOM OIIbITe. [IpM 3TOM MMOAMHOYKECTBa, COCTOA-
II¥e M3 OJHOI'O 3JIeMeHTa, ecTh 3JeMeHTapHble cobeiTus. [TogmHOMKeCT-
BO, COBIIajaroliee co BCeM MHOXeCTBOM (), eCThb JOCTOBEPHOE COOBITHE.
ITogmHOKecTBO, ABIAIONIEECHA IIYCTHIM MHOECTBOM, €CTh HEBO3MOXKHOE
cobbITHE.

3aMeTHM, YTO IIyCTOEe MHOJKECTBO SIBJISIETCS MOAMHOMECTBOM JII060-
ro MHOYK€CTBa, B TOM uucie 1 MHoKecTBa (). Eciin MmHOKecTBO (2 cocTo-
HT U3 N 3JIEeMEHTOB — BCeX HMCXOJOB NAHHOTI'O OIBITA, TO MOXXHO AOKa-
3aTh, YUTO BCEro y 3TOT0 MHOXecTBa 2" IIOAMHOKECTB, BKJIOUAS IIYCTOE
MHOXEeCTBO M CAMO MHOKecTBO (1.

IIpu mMabIX 3HAYEHUAX N BCE 3TU IIOJMHOIKECTBA, T. €. BCe COObITUSA
B JaHHOM OIIBITE, MOYKHO II€PeUYUCIUTh.

B onsrre 1 6yaer 22 = 4 cobblTUA:

1) BeImageHue u repba, U PelIKH — HEBO3MOMKHOE COOBITHE;

2) BmImazeHume repba — dJeMEHTapHOe COOBLITHE;

3) BRINaJeHWE DELIKU — BJIEMEHTAPHOEe COObITHE;

4) BeIDaZeHMe UIK repba, WX PELIKH — JOCTOBEPHOE COOBITHE.

B onrwire 3 Gymer 22 = 8 cobbITHii: U3BNEUEeHUe IIapa:
1) ¢ Homepom 0 — HeBO3MOKHOEe COOBITHE;

2) c vOMepom 1 — sjeMeHTapHOE COOBITHE;

3) ¢ HOMepoM 2 — sieMeHTapHOe COoOBITHE;

4) ¢ HOMEpPOM 3 — »JIeMEHTapHOe COOLITHE;

5) ¢ svomepom muu 2, uau 3 (T. e. 6e3 Homepa 1);

6) ¢ somepom mau 1, uau 3 (T. e. 6e3 HoOMepa 2);

7) ¢ vomepom uau 1, nau 2 (t. e. 6e3 HOMepa 3);

8) ¢ Homepom uau 1, unu 2, nau 3 — gocroBepHoe cobbiTue. @
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776.

777.

778.

779.

780.

a) Kaxue onbiTel HaswIBaloT ciaydaitHeiMu onsiTamu? IIpuBenure
IpuUMep.

6) B kaxoM cioydyae roBOpAT, YTO Y JAHHOIO OIIBITA UMeeTCHd 1 paB-
HOBOBMOKHBIX ucxon0oB? IlpuBesuTe mpumep.

B) Kakoe cobbiTHe Ha3LIBaOT HEBO3MOMKHBIM coOwmiTmem? IIpuse-
AUTEe IpUMep.

r) Kakoe cobpiTHe Has3bIBAIOT AocToBepHBIM cobbiTuem? IIpuBenu-
Te mpuUMep.

n) Bel Brimyckaere sa6m0KO u3 pyK. Kakum coObITHEeM — HEBO3-
MOKHBIM HJIM JOCTOBEDHBIM — fABJIfAETCA cobpiTHe: A — «aA6I0K0
yIajlo BHH3»; B — «a0JI0KO yIajao BBepx»?

B oneiTe 6pocaioT urpanesaeiil Kyouk. Kakum cobeiTeM — I0CTO-
BEeDHBLIM HJIH HEBO3MOJKHBIM — SBJIAETCH:

a) BEIAJEHNE WJIN YETHOTO, MJIA HEUYETHOIO YUCJIA OYKOB;

0) BeimazeHue 7 OYKOB?

B oneiTe 6pocaroTr urpanabHblili KyO6uk. CKOJBKO BCEro MCXOIO0OB
B arom ombiTe? CKOJBKO MCXO0A0B GIAarompuATCTBYET COOBITHIO:
a) A — «BBIANO 3 OYKA»;

0) B — «BBIDAJIO YETHOE YHCJIO OYKOB»;

B) C — «BBIIIANIO HEYETHOE YHCJIO OUYKOB»;

r) D — «BBIIAJO UM YETHOE, UM HEUETHOE YHCJIO OUKOB» ?
Kaxwue mcxonbl 6JIaronpusATCTBYIOT KakaomMy u3 cobwiTuilt A, B,
C, D? Kakue us cobeituit A, B, C, D ABIAOTCA dJIeMEeHTADHBEIMH
coOBITHAMHA?

B oneiTe OpocaiooT aBa urpanbHBIX KyOuka. CKOJIBKO BCEro Huc-
xomoB B aToM onbiTe? CKOJBKO HCXOJOB OJaronpuAaTCTBYET CO-
OBITHIO:

a) A — «cymma oukoB paBHa 0»;

6) B — «cyMMa OUYKOB YETHAA»;

B) C — «CyMMa OYKOB HEUETHAA»;

r) D — «cymMMa OYKOB paBHA 2»;

n) E — «cymMmMa O4YKOB paBHa 7»;

e) F — «cymma oukoB paBHa 8»?

Kaxwne mcxosl 6/1arornpuATCTBYIOT KA oMy ua cobeiTuii A, B, C,
D, E, F? Kaxkue B3 3THX COOBLITHII ABJIAIOTCA 3JI€MEHTAPHBIMH CO-
ObITUAME?

B onsiTe u3 Kogoasl B 36 KapT M3BJIEKAT OAHY KapTy. CKOJIBKO
BCEro UCXO0A0B B 3TOM onbiTe? CKOJNBKO UCXOHA0B BJIaronpusTCTBY-
eT COOBITHIO:

a) A — «usBJIedeHa gama TpedoBafa»;

06) B — «u3BJIeUeHAa gamar;

B) C — «usBieueHa jwobas kapra Tpedosas»?

Kakue ncxoabl 6JaronpuaTCTBYIOT Ka)XaomMy us cobeituit A, B, C?
Kakne u3 sTux COOBITUN SABJIAIOTCH DJIEMEHTAPHBIMUA COOBITUAMU?
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781. B onbiTe mopOpachiBaioT ABe MOHeThbl. CKOJBKO BCEro HMCXOMOB
B 9ToM onbiTe? CKOJBKO MCXOM0B 6JIATONPHUATCTBYET COOBITHIO:
a) A — «BeIaJNO ABa repbas;
6) B — «BbIIAJIO ABE PEIIKH»;
B) C — «BbImanu repd u pemkas?
Kaxue mcxonpl onbiTa 0JIArONPUATCTBYIOT Ka)XAOMY H3 COOBITHIA
A, B, C? Kakue U3 3TUX COOBITUI SBJISIOTCH 3JI€MEHTAPDHLIMU CO-
OpITHAMU?

782. B onsiTe U3 KoJ0ABI B 36 KapT M3BIAEKAIOT JBe KapThl. CKOJBKO
HCXOJ0B 0JIATONPUATCTBYET COOLITHIO!
a) A — «u3BJIeUEHDI JBE KAPThl YEPHOI MAaCTH»;
6) B — «U3BJEeYEHBI JBe KAPTHI KPACHOU MAacTH»;
B) C — «u3BJIeUEHBI [JBEe KapThl: OJHA UYEPHOM MAacCTH, JApyras
KpacHOM» ?

783. CrONBKO COOBITHUII MOYKET MPOMU3OUTH B OIBITE NOAOPACHLIBAHHUA
ATpaJbHOTo0 KybuKa?

[I_I_E.E_B“épﬂgm_uocrb CNYuYQiHOrO -Ed6mu_g_lJ

Kak 6b110 cKazaHO B mpeAbIAyIeM IMYHKTE, €CJH B JAHHOM ONBITe
BO3MOXXHO 7 MCXOJOB, TO Ji00Ooe ciaydyaiHOe coObITHE A B HEM IIpO-
H30MUOET, ecau OyAeT mMoJydeH OAUH U3 k 3apaHee OIpeeéHHBIX MCXO0-
IOB, OarONpUATCTBYIOUX coObiTHI0O A, e k=0, 1, ..., n.

Hanpuwmep, B onsitTe 2 (mogdpacbiBaHHE UIrPAJBHOTO KyOHMKa) COOBI-
TUI0 A — «BBIIAJIO YUCIO OYKOB, KPATHOE TPEM» OJIATONPUATCTBYIOT
TOJIBKO JIBA MCXOJA: «BBINANO 3 0YKa» MU «BbINAJO 6 0OYKOB».

BepoATHOCTBIO cIy4allHOTO COOBITUS A Ha3LIBAIOT OTHOIIIE-
HHe JHucJia M HCXOAO0B, OJIaronpUATCTBYIOIIHX COOBITHIO A,
K YHCIY N BCeX MCXOM0B B JAHHOM OIIBLITE.

BeposaTtrocTs cobbiTusa A obosnauaoTr P(A). Eciau B onbiTe BO3MOMK-
HBI 71 UICXOJIOB U COOBITHIO A GJIArOIIPUATCTBYIOT M M3 HUX, TO BEPOSAT-
HOCTBL cOOBITHSA A paBHa

m
P(A)=—.
L e
B npusegénnom Bhlie npumepe P(A) = s- 3"
B aroMm xe omnbiTe COOGBITHIO B — «BBINAJIO HPOCTOE YMCIO OYKOB»
0JIaTONIPHATCTBYIOT TOJIBKO 3 HMCXOJa: «BBINAJO 2 OYKa», «BBINAJIO 3

OYKa» M «BBLINIAJO 5 OYKOB», moatomy P(B) = 6 = 3’

a cobbiTuio C — «BBINAJIO 5 OUKOB» OJATONPUATCTBYET TOJBKO 1 mexox:

«BBITTAJIO 5 OYKOB», noatomy P(C) = e
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Ecnu cobweitua By, B,, ..., B, — 2TO BCe dJIeMEeHTapHble PaBHOBO3-
MOJKHBIE COBBITHA AAHHOTO OIbITA, TO AJjdA Jgwboro k=1, 2, ..., n
1
P(B)=—-.
By =

HesosmorkHOe cobeiTie obozHavaoT . Tak KaKx HeBOZMOMKHOMY CO-
opITHIO GraronpuATcTBYIOT 0 MCX0AOB, TO BEPOATHOCTH HEBO3MOMKHOTIO
cobBpITHA paBHA

P@)=2=0.

IlocrosepHOe coObiTe 0603HavaoT 2. Tak Kaxk ZOCTOBEPHOMY coOBbI-
THIO OJIAarONPUATCTBYIOT BCE 71 UCXOJ0B, TO BEPOATHOCTH AOCTOBEPHOIO
coOBITHA paBHA

P(Q)= %: 1

BeposaTHOCTH JI060r0 cOOBITHS D yAOBIETBOPAET ABOWHOMY Hepa-
BeHcerey 0 €< P(D) < 1.

3amaua 1. IlycTs ogHOBPEMEHHO HOADOPachbIBAIOTCSA JABE€ MOHETHI.
OAMHAKOBYIO JI1 BEPOATHOCTH UMEIOT CJeAyIolue COObITHA:

A — «BBIDAJO JBa Tepba»; B — «BBINAJO JBe PEIIKH»;

C — «BBIIDAJ OAMH repd M OofHA pemIKa»?

Pemenue. Ilpm mnonbpaceisa-
HUU JBYX MOHET BO3MOHBI MCXOJBI,
npuBeaénasie B rTabuune. M3 Tabiau-
bl BUJHO, YTO uMeeTcsa 4 pPaBHOBO3- 1 rep6 rep6
MOJKHBIX HCXO0Ja.

Wexonsr | Monera 1 | Morera 2

CobeiTIO A 06JaronpuUsATCTBYET 2 repsd peIKa
TOJNILKO TepPBbI HCXOJ, COOBITHIO {3’ 3 pemka repb
6JIarONIPUATCTBYET TOJBKO YeTBEPTHIM
ucxoj, a cooeituio C 61aronpuAaTcT- 4 pemka penrka

BYIOT JBa MCXOJa — BTOPOM MU Tpe-
Tuii. [loaTomy
1 1

P(4)=P(B)=3 P()= %: >

Orser: P(C)>P(A), P(C)> P(B), P(A)=P(B).

3amava 2. Kakblii M3 ABYX MIPOKOB IOJ0pPaCHIBAET 10 UI'DAJIBHO-
My KyOHUKY.

a) IlepBBIfi UrpOK BHIMTDHIBAET, €CJM Ha ABYX KyOMKax B CyMMe
BeImazaer 6 04koB. BTOpoit MTPOK BBIMIPHIBAET, €CJAM HA ABYX KyOmMKax
B CyMMe BhINajgaer 7 ouykoB. OQWHAKOBBI JIM BEPOATHOCTH BBIMUTIDBIINIA
NS KaXXJAO0ro U3 UIPOKOB?

6) IlepBnlii UrpOK BHIMIDHIBAET, €CAM Ha JIByX KyOHMKax B cymMMme
BeIDazaer 6 oukoB. BTOpPOit UTPOK BHIMT'DHIBAET, €CJIM Ha ABYX KyOHMKax
B cyMMe BbImagaer 8 o4koB. OAWHAKOBBI JIM BEPOSATHOCTH BBIMIPBIIIA
LJIS KaJaoro U3 UTrPOKOB?
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Pemenue. HMcxoxael npu moxbpacklBaHMM ABYX KYGHKOB COOTBET-
CTBYIOT Ilapam d4muceJ (n,; n,), rae n, — 4YHUCJIO0 OYKOB, BBHINABIIUX HA
nepBoM Kybuke (n; =1; 2; ...; 6), n, — YHCJIO OYKOB, BHIMABINWX HA
BTOpOM KyOuKe (n, = 1; 2; ...; 6). Bcero rakux map, a CJIeX0BaTeJIbHO,
u ucxoznos Oyner 6 - 6 = 36. Bce 36 ucxoa0B paBHOBO3MOIKHBI.

ITycts cobeiTe A — «BBINAJIO HA ABYX KYOHMKaAX B CyMMe 6 OUKOB».
ITOMY COOBITHIO GJIATONPHUATCTBYIOT 5 MCXOHOB:

(15 5), (25 4), (3; 3), (45 2), (55 1).

ITycts cobbiTne B — «BBINAJIO Ha ABYX KyOMKax B CyMMe 7 OUKOB».
9TOMY COOBITHIO GJAarONPUATCTBYIOT 6 UCXOLO0B:

(1; 6), (25 5), (3; 4), (4; 3), (55 2), (6; 1).

ITycTs cobeiTe C — «BHIMAO Ha ABYX KYOMKax B cyMMe 8 OYKOB».
9TOMY COGBITHIO GJIATOIPUATCTBYIOT 5 HCXOLOB:

(2; 6), (3; 5), (4; 4), (55 3), (65 2).

a) IlepBblit HIPOK BBIUTPBEIBAET TOTZA M TOJBKO TOTHA, KOIAa HacTy-
naeT cobsiTre A. BTopoii MUrDOK BEIMIDHIBAET TOTZA M TOJBKO TOTAA, KO-
rpa "Hacrynaet cobeitue B, Tax kak

5 6
P(A)= —; P(B)= —
(4) =5 P(B)= o,
TO BEPOATHOCTE BRIMI'PHILIA Y BTOPOr0 UIPOKa 00JIbIlle, YeM BePOATHOCTH
BBIMT'DBIIIA ¥ IIEPBOTO UTPOKA.

6) IlepBbrii HrPOK BBHIUIPHIBAET TOTZA U TOJBKO TOTAA, KOIAa HacTy-
naer cobbiTre A. BTOpoit HIPOK BBIUIDLIBAET TOTAA M TOJBKO TOTAA, KO-
rana HactynaeT cobeitTue C. Tak rak

5 5
P(A)=—; P@IC)= —
(A) 36 ©) 36’
TO BEPOATHOCTH BBIMIDBINIA [JIA KaXKZOTO U3 UTDOKOB OJAMHAKOBHI.
ITpu BEIYMCIEHNN BEPOATHOCTH CAYIAHHOrO COBBITUA YACTO IONB3Y-

I0TCA OpMyJiaMu IePecTaHOBOK, PadMeIleHUil M coYeTaHuit.

3agaua 3. OAMH UIPOK 3amMCAJ YETHIPEXBHAYHOE UMCJIO, MCIIONb-
3yd pasjuYHBIe UU(MDPBI, KpoMe Hyad. KakoBa BeposTHOCTH TOro, 4TO
BTOPOW UI'DOK yrajaeT dTO YUCJO C IIepBOro pasa?

Peurenwue. BOIICHUM, CKOJBKO YeTBIPDEX3HAUHBIX YHUCEJ MOYKHO 3a-
yucaTh, ICHOJIB3YA TOJABKO OAMH pa3 unudps 1, 2, 3, ..., 9. Tax Kax Jgio-
6oe 13 BTHX YeTHIPEX3HAYHBIX YHCeJI ABIAETCH pasMernieHneM u3 9 nudp
o 4, TO MCKOMOE KOJIMYeCTBO uyyces pasHo A = 9-8-7.6 = 3024,

Takum 06pasoM, MOKHO CUMTATH, UTO PACCMATPHUBAETCS OIIBIT,
B KOTOPOM BO3MOHBEI 3024 ucxona, Bce aTH MCXOABI PABHOBO3MOMKHBI,
u Tpebyercs onpejesUTh BEPOATHOCTL COOLITUA A — «yrafaTh OAUH U3

1

3TUX MCXonoB». Kak cienyer u3 BhIIIen3soxeHHOro, P(A) = 304"

1
OrBeT: 3024
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' 3amaua 4. B npasgHuuHON IIKOJBHOI JOTepee IIpeajlaraercs yra-

- naTh n unucea us k. OnpegenuTe, B KAKOI JioTepee BEPOATHOCTH BhI-
urpeima 6osblire: B JoTepee «2 w3 9» MIK «3 U3 6».

Pemenue. BRIACHAM, CKOJBKO CYILIECTBYET CIIOCOOOB yragaThb

2 gmena us 5. Tak Kak NOpAAOK YrafaHHBIX YHCe]T He BaXKeH, TO

HMCKOMOE YMCJIO CIIOCoB0B ecTh Ymciao coderaHuit ua 5 mo 2. OHO paBHO

p_ 5! _5:-4_40

5 91.81 2l

Ananmornuno ymucso cnocobos yragare 3 umceaa u3 6 ecTh YHUCIO coUuera-
Huit u3 6 mo 3. OHO paBHO
cs_ 6 _6:5-4_

6_3!-31_3-2-1_20°

Taxum 06pa3oM, MOYKHO CUMTATh, YTO PACCMATPHUBAETCH IBa OIBITA.
B mepBom Bo3MokHBI 10 HCXOZOB, BCe BTH MCXOJBLI DABHOBO3MOXKHBI,
U TpebyeTcs ONpemeINTh BEPOATHOCTE COOBITHA A — «yrazaTh OJIUH U3

3THUX MUCXOAO0B», moaromy P(A) = % Bo Bropom Bo3MOkHBI 20 UCXO/0EB,

BCe 9TH MCXO/Jbl pPABHOBO3MOMHBI, 1 Tp86YETCH OIpeneJTUTh BEPOATHOCTD

1
cobpiTna B — «yrajaTh OAMH M3 9THX HCXOA0B», moaromy P(B) = 20"
1 1
Tak KaKk — > —, TO BEPOATHOCTb BLIMIDHIIIA GOJIbIIIE B JIOTEpee «2 U3 5».

10~ 20’
OT8BeT: BEDOATHOCTb BBIMIDHINIA OoJnblIe B joTepee «2 u3 5». @

784. Bausa, Mama u Ilers xoTaT KynuTh Tpu OujeTa B KMHO HA COCe[-
Hue MecTa. KakxoBa BepOATHOCTL TOTrO, YTO MecTO Mammu oKaker-
cA IocepeauHe, ecaW OHa BbIGepeT OAMH OMJeT M3 TPEX Caydai-
HBIM oGpasom?

785. Tpu xaptei: Baser (B), mama (II), xopoas (K) — mepemernanu
M IIOJIOXKHMJIM B pAA «pybamkoit» BBepx. KakoBa BepoATHOCTH
TOro, YTO IOCJIe IIepeBOpauYMBaHUA KapT:

a) oHu okakyrcsa B nopagke BIK;

6) Ha mepBOM MecTe oKakeTrca [I;

B) Ha mocjegHeM MmecTe oxaxercs [I;
r) Ha Bcex TPéx Mmecrtax oxa;kercs [?

786. Yernipe xKaptel: Bajer (B), nama (1), xopoas (K), Tys (T) — nepe-
MeIIaJy U IOJIOMKUJIN B psaj «pybamioii» BBepx. Haxkosa BepoAT-
HOCTh TOTO, YTO IIOCJIe IIepeBOpaYMBAaHUA KapT:

a) oHu okaxxyrTca B nopsaake TKIIB;
6) Ha mepBOM MecTe oxkaxkercsa T;
B) Ha mocJjeiHeM MmecTe oxayerca T?
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787. Usanos u CrenaHoB BXOAAT B IPYIIY U3 CEMH CTYAEHTOB, UMEIO-
WAX OAWHAKOBBIE IITAHCHI HOJNYYUTH OAWH U3 ABYX PA3HBIX IIPH-
30B. KakoBa BeposTHOCTHL TOr0O, 4TO:

a) VBaHOB NmOJIyYUT NepBhIid mpus, a CTenaHoB — BTOPOIA;
0) MBanoB u CTemaHoB IOJIy4aT IIPU3bI;

B) VBaHOB MOJIyYUT NepBLIA NPU3;

r) MBaHOB moay4yuT OAUH U3 ABYX IIPU30B?

788. /13 neperacoBaHHOI KOJOABI, cocTosAmel U3 36 kKapr, Hayraja B3d-
Tl 4 kKapTel. KakoBa BEpOATHOCTL TOrO, YTO B OTY UYETBEPKY:
a) momaayT Ty3bl: OYOHOBBIN, IMMKOBBIM, YePBOBBLIA U TpedOBLIit
B YKa3aHHOM IIOPSAIKE;

6) momanyt 4 rysa (B J060M IOpAIKeE);
B) nmonafér Ty3 OyOHOBBIM M €ro BOSBMYT IEPBLIM;
r) momafér Tys OyOHOBBIH?

789. B norepee mpeasaraercs yrajarth n yucesa us k. B Kakoii sorepee

BEPOATHOCTh BBIMIpbINIA GoJsbline: «6 u3 49» uam «H us 36»7?

790. B HekoTOpOM mapcTBe, B HEKOTOPOM TIocyJapcTBe pasfoiiHmka
OPUrOBOPMJIM K CMePTHOM Ka3HU, U OH I0Jajl [API0 HpOIIeHHe
o nnomuJioBaHuU. JloOpEIit 11aph, 6OABINION 3HATOK TEOPHUH BEPOAT-
HocTell, ckasan: «lloBepumcesi caydyar, OycTh pasboOMHUK caM pe-
AT CBOIO cyAwLOy. BeizaiiTe eMy MemIOK C MOJIHBIM HAabOpOM Koc-
Tell JOMHMHO W JBe HUrpajibHble KOCTH. IlycTh OH BBITAIIHT M3
MeIllKa He IJIAAd OAHY KOCTh JOMHHO UM OPOCHT ABE HUrDAIbHBIE
KOCTH — 10 cBoeMy BbIOOpPY. Ecam moJyuyeHHass B 3TOM HCIIBITA-
HUM CYMMa OYKOB OKa’XeTcs PaBHON UYHCJIY, KOTOPOE OH Ha30BET
A0 Hayajla MCIBLITAHUA, TO OBITH II0O CEMY — NYCTh KHBET». Ka-
KOH BH/JI MCHBITAHUA JOJIKEH BHIOPATh Pa300MHUK U KAKYIO CYMMY
HAa3BaTh, YTOOBI BEPOATHOCTH OCTATHCHA KHUBBIM OKAas3ajach HAW-
Goubiei?

14.3. CyMa, npousﬁe}éme 7 paé.uocrb
| cAy4anHbIX cO6bITHI

Bymem paccMmarpuBaTL HEKOTODBIN CHIVYAWHBIM ONBIT U COOBITHSA
A, B, C, ... B HEM.

Cymmoii (nnu o6beuHeHNeM) IBYX COOBITHII A u B Ha3BIBaIOT CO-
orrTue C, obosHauaemoe A + B (unmm A U B), cocTosiiiiee B TOM, 9TO HpPO-
M30IIJIO XOTsA OBl OOHO U3 cobeiTHil A u B, T. €. IPOM3OIIIO0 NJIN COOBI-
e A, uwiau cobeiTue B.

Tak, B oneiTe 2 (moxbpaceiBaHMe MIPAJIBHOTO KyOMKA) CYMMOM cO-
OBITHA A — «BBIIAJIO IPOCTOE YHUCJIO OUKOB» U COOBITUS B — «BBIIAJIO
YHCJIO OYKOB, KpaTHOe TpéM» aBJdAeTcsa coObiTe C = A + B — «BBIIIAJIO
aubo 2, aubo 3, mubo 5, Mo 6 OYKOB».

IIpousBenenuem (Mu repeceueHneM) ABYX codbITHil A u B HasbIBa-
1T cobeiTue D, o6ozuauaemoe A - B (uau A N B), cocrodAliee B TOM, 4TO
IPOU30ULI0 U coOblTe A, U cobObiTue B.



DneMeHTbI MPHOIAHKEHHBIX BhIYHCICHMIH,

241 CTATHCTHEM, KOMOMHATOPHKH H TEOPMH BeposTHOCTeH
a) 0)
A A B

A+ B A*B

B) r)

A B A B
A-B B-A

Puc. 92

Tak, B OIbITE 2 IPOU3BEJEHUEM TeX e coOpITuil A u B aABiAeTcA
cobsiTie D = A - B — «BBIIIAJIO 3 O4YKa».

Pa3HOCTHIO ABYX cOOBITHII A u B HasbiBaoT cobpiTue E, obo3Hauae-
Mmoe A — B (unu A\B), cocrosiiee B TOM, YTO HPOU3OMIILIO cobwiTHE A,
HO He NMpOU30mLIo cobbiTHe B.

Tak, B OmbiTe 2 PasHOCTbIO coOBITHIT A u B ABisercs cobbITHE
E=A — B — «BBIIAJIO WIHA 2, WIK 5 OUKOB». A pasHOCThIO coObITU B
u A sBasiercsi codsite F = B — A — «BBIIaJ0 6 OYKOB».

Bcé cxazaHHOe MOYKHO HHTEPIPETHPOBATL HA s3bIKE€ TEOPHH MHO-
! skecrB. Tak, B omelTe 2 cobbiTHe A 3ajaeércda ITOJMHOMXKECTBOM
" M, ={2, 3, 5} mO)eCTBa Q = {1, 2, 3, 4, 5, 6}, cobbiTHe B — 1IOA-
MHOMKecTBoM M, = {3, 6} Toro e mHOxkectBa 2. Torza cymma co-
G6eiTuii A u B 3azaércs MHOkecTBoM My =M, U M, ={2, 3, 5, 6},
npousBejenue cobrTuit A u B 3agaérea MEOXecTBoM M =M, N M, = {3},
pasHOCTh cOOBITHII A u B 3amaérca muOxecTBoM My = M,\M, = {2, 5},
a pasHocTh cobbITHit B u A sagaérca MHOxecTBoM Mg = M,\M, = {6}.
CobuitTusi A+ B, A - B, A\B u B\ A npuHATO N300pakaTh ¢ IIOMO-
mpio guarpaMm Jitiepa — Benna (puc. 92). @
Cob6bITHE HA3BIBAIOT MPOTHBOIIOJOMKHBIM COOLITHIO A, €CJI OHO CO-
CTOHMT B TOM, 4TO He mnpousomuwno codbitue A. CobbiTHe, IMPOTUBOIONIONK-
Hoe cob6bITHIO A, 0o6o3HauarwT A. O4eBHAHO, YTO COOBITHE, IPOTHBOIIO-

JI03KHOE COBBITHIO A, ecTh cobbiTue A, T. e. A =A.

CobuiTHIO A 6JAaronpUATCTBYIOT BCEe HMCXOJBI, KOTOpbIe He Oia-
rOIPUATCTBYIOT coObITHI0O A. Eciam cobbiTHio A 06/aronpuATCTBYIOT
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m HACXOJ0B U3 71 PABHOBO3MOKHBIX MCXO/J0B B HEKOTOPOM OIBITE, TO CO-
ObITHIO A GIATONPHUATCTBYIOT 71 — M HCXOIOB. IToaTomy
m - _n-m
P(A) = o @ P(A)= =
OTKyZa cuenyet, uro P(A)+ P(A) = 1.

CobbiTuss A 1 A Ha3BIBAIOT MPOTHBOIMOJOKHBIMH COGBLITHAMU.
B onzire 2 paccMoTpuM cobbiTHe B — «BBINAJIO YUCJIO OUKOB, Kpar-

HoOe 3», P(B) = 5= % EMy IpOTHBONOJIOMKHBIM ABIAETCHA COObITHE B —

«BBINAJIO YUCJIO0 OYKOB, paBHOe aubo 1, subo 2, aubo 4, aubo 5». Ilo-

g 1 2

saromy P(B)=1- P(B)=1- 33

CobbiTHA A u A HCYEePIBIBAIOT BCE N PABHOBO3MOJKHBIX HCXOJI0B

B NaHHOM OmkbITe, T. €. coObiTMe A + A ecTh AOCTOBepHOe cOOBITHE ()
(cyMMa IIPOTHBOIIOJOKHBIX COOLITHI €cTh AOCTOBEPHOE COOBITHE):

B A+A=Q, B
IO3TOMY COOBITHE A eCcTh PasHOCTb COOBITHI Q U A: A = Q — A.

791. B oneiTe mepBBI# YYEHUK IPOCUT BTOPOTO CAYYANHBIM obpasom
Ha3BaTh OJIHO3HAYHOE HATypaJbHOe YHucio. PaccMaTpusaioTca co-
ObITHA: A — «Ha3BAHO YETHOE YMCI0», B — «HA3BaHO HEUYETHOE
uncno», C — «Ha3BaHO YMCJIO, KpaTHOe 3», D — «HA3BaHO IpO-
croe yucao». CKOJBLKO MCXOLOB B 3TOM OIIBITE O6naronmpusTCTBYET

COOBITHIO:

a) A + B; 6) A - B; B) A — B; r) B- A;
n A+C; e) A.C; x) A-C; 38) C— A;
u) D + B; K) D - B; n) D - B; M) B — D?

792. B mpexmiymeM 3aJaHUM HaRAuTe COGBITHSA IIPOTHUBOIOIOMKHBIE
cobmiTusim A, B, C u D, a TakiKe JOCTOBEpHEIE ¥ HEBO3MOKHBIE
coObITUA. BEIYMC/IUTE BEPOATHOCTH KAKIOTO COOBITHSA.

793. CnopTuBHBIH KOMMEHTATOD OLEHUJ BEPOATHOCTH IOGEABI JLIMHM-
xa MBanosa B 90% . KakoBa BeposATHOCTS (10 OLleHKEe CIIOPTHBHO-
Iro KOMMeHTaropa) Toro, uro Msanos He mobeaut?

794. B cGopHuke 6uneros mo Guosoruu Bcero 25 6GuIeTOB, B ABYX U3
HUX BCTpedaeTcs Bompoc o rpubax. Ha aksameHe MIKOJBHUKY HocC-
TaéTCs OAMH cly4aiiHO BeIOpaHubIil 6uner. HalizuTe BeposATHOCTD
TOro, 4TO B 3TOM Ouiere He Gyzer Bompoca o rpubax.

795. B oneire 6pocairoT MrpanbHbIE KyOuk. KakoBa BeposATHOCTH CO-
ObITHSA:
a) M — «He BBIAJIO IPOCTOE YUCJIO OYKOB»;
6) N — «He BBIIAJIO YMCJIO OYKOB, KPATHOE 3»;
B) K — «He BBIIAJIO YUCJIO OYKOB, KpATHOE 2 MM 3»?
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| 14.4. HecoBmectHbie co6biTna. Hesaeucumsie cobbitus i

CobeiTuss A u B, KOTOpble He MOTYT IIPOM3ONUTH OJHOBPEMEHHO
B OZHOM M TOM K€ OIIbITe, Ha3hIBal0T HECOBMECTHBIMH COOLITHSIMU.

B omnbiTe 2 (mombpaceiBaHMe HMIpajbHOrO Kybuka) coOblTusas A —
«BBINIAJIO HEYETHOE UYMCJIO OYKOB» M B — «BBIIAJO YHMCJIO OYKOB, KpaT-
HOe 4» HEeCOBMeCTHBIEe COOBITHA.

CobeiTua A u B HecoBMeCTHBI TOrJa M TOJBKO TOrJa, Korjga IIpo-

H3BeleHHe 9THUX COOBITHII ecTh HEBO3MOXKHOe coOwbITHe, T. €. eclu
A-B=@.

! Ha si3bIKe TEOPUHM MHOXKECTB 3TO O3HAYaeT, 4YTo cobuiTua A u B He-

' COBMECTHBI TOTZia ¥ TOJBKO TOrja, Korja mogMHoxectsa M; u M,
MHOKecTBa (), KOTOPHIE OIpeesioT cOObITUA A U B COOTBETCTBEH-
HO, He MMeIOT OOIIUX 3JeMeHTOB, T. €. eciu M; N M,=J. @

Ilnsi HecoBMeCTHBIX cOOBITHI A u B crnpaseanuBa GopmyJia CI0MkKe-
HUA BEPOATHOCTEMN:

P(A + B)y=P(A) + P(B), (1)

T. €. BEPOATHOCTH CYMMEI HECOBMECTHBIX COOBITHH paBHA CyMMe HUX Be-
POATHOCTEH.

B onbiTe M3 Koaoxael (36 KapT) ciaydaiHBIM 00pasoM H3BJIEKAIOT
onny kapry. CoObiTus A — «U3BJEYEH KOpOJb» M B — «u3BJIeYeHa
maMa» — HecoBMecTHBIe coOniTus. Tak Kax cobbitTue C = A+ B — «u3-
BJIeYéH nub0 KOopoJb, 1ub0 mama», TO

P(A + B)=P(A) + P(B).

! =t
o PB)=g5=

_8._2
» PO=35=7%

O

HeiicrBurensHo, P(A)= 546 =

u P(C)=P(A) + P(B).

Ecnu cobeitug A u B He ABJAIOTCA HECOBMECTHBIMHM, TO K HHUM
HeJb3fA NMpuMeHUTHs dopmyay (1).

B sTom caydae crpaBeajuBa apyras dopmyna:

P(A+B)=P(A)+ P(B) - P(A - B), (2)
T. €. BEPOATHOCTb CYMMBI ABYX COOBITHI PaBHA CyMMe MX BePOATHOCTeH
MUHYC BEPOATHOCTb MX IIPOM3BeAEHUA.

3amerum, uto dopmyna (1) sBasieTca YACTHBIM cJiyuaeMm Gopmy-
asl (2), Tak KAk s HecOBMeCTHHIX cobmiTuit P(A - B) = 0.

3anauva 1. Umeercs 36 urpanpHBIX KapT. M3 KoJa0oAbl Hayga4y BbI-
HUMAaIOT OAHY KapTy. KakoBa BeposATHOCTH TOTO, YTO OyAeT BHIHYTA WX
TpedoBag Kapra, UiIu Ty3?

Pemenne. Ilycrs cobeiTie A — «BBIHYyTa TpedoBadg Kapra», CO-
obiTe B — «BBIHYT Ty3». Torma cobeitue A + B — «BeIHYTa MO0 Tpe-
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(oBasi Kapra, Jub0 Ty3», a coObITHE A - B — «BBIHYT TPe(MOBBIA TY3».
fcHo, uTo P(A) = _‘li’ P(B) = %, P(A-B)= %, 1moaTomy 1o opmyie (2)

Al L
36 3°

P(A+B)=§1+

O | =

1
OTrBeT: —.
rserT 3

Ecsu nBa coOBITHA TAKOBBI, YTO BEPOATHOCTH J000T0 M3 HUX He 3a-
BHCHUT OT TOT0, IIPOM3OIIJIO UJIH He IMPOMU3OIMIIO0 APYroe, TO TAKHUe COObI-
THA CUATAIOT HE3aBUCHUMbBIMH.

ITycTe ogHOBpeMeHHO noabpackIBalOTCA ABe MOHETHI. CobbiTe A —
«BBINAJI Ha IIePBOH MOHeTe repb, a Ha BTOPOU uJM repb, WIM pPelIKar,
cobrpiTHe B — «BBIIAJ Ha BTOPO# MOHeTe rep6, a Ha mepBoit mim repb,
nin pemka». CobblTua A u B TaKOBBI, YTO BEPOATHOCTD JII000T0 U3 HUX
He 3aBHCHUT OT TOTO, IIPOM3OLLIO HJM He IIPOHMBOILIO APYroe, IO3TOMY
9TH COOBITHUA HE3aBUCHMEL,

Oxnako caenaHHBIN BBINIE BHIBOJ OCHOBAH HAa MHTYUIMH. A ompeje-
JIeHVe JKeJaTesJbHO JaBaTh TaK, YTOOBI OHO He 3aBUCEJI0 OT MHTYUTHB-
HBIX (MM KaKuX-1ubo emié) coobpaxkenuii. IloaTomy B Teopuu BeposT-
HOCTell IPUHSATO TAKOe OIIpefesleHHe.

CobriTusi A 1 B B paccMaTpuBaeMOM OILITe HA3EIBAIOT HE3aBHCH-
MBIMM, €CJU CIIPDaBEJJIUBO PABEHCTBO

P(A - B)=P(A)- P(B). (3)
B rabiune nmpuBeseHbl BCe UCXOABLI PACCMATPUBAEMOrO OIBITA.
Hcxoasr Mo=nera 1 Mownera 2
1 rep6 repb
2 repb peimka
3 penika repb
4 pelnka pemka

B paccmarpuBaemMoM ombiTe cOOBITHIO A GJIATONPHATCTBYIOT ABA
ucxoza (1-it m 2-#), coberTuo B GiaronpusTcTBYIOT ABa mMcxoma (1-i

u 3-it), moaromy P(A)= P(B) = % = % CobriTuio C = A - B — «BBIIAJ

rep0 ¥ Ha IepBOi, X Ha BTOPOH MOHETe» OJATONPHATCTBYET €XUHCT-

BeHHBIH ucxog (1-it), moaromy P(C)= %4 Tax xkaxk P(C)=P (A - B)=
=P(A) - P(B), o cobbiTusi A 1 B He3aBUCHUMBIE IO ONpPeIeNeHUIO.
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3aMeTHM, UTO IPU PEUIEHUM MPAKTHYECKHX 3a/lauy PeJKO ImpoBep#-
JOT paBeHCTBO (3), a OOBIYHO IOJIL3YIOTCA HHTYUTUBHBIMU COOOparKeHU -
MM, OCHOBAHHBIMHM Ha ombiTe. [loaTOMYy B IpaKTHYECKHX 3ajadvax Hesa-
BHCHUMOCTE COOBITUI 3apaHee OroBapMBaloT.

3agaua 2. [[Ba cTpesKa CTPeJHIOT 0 MUIIeHA. BepoATHOCTE IOMa-
IaHUSA B MUIIEHb NepBbIM cTpenakom 0,6, a sropeim — 0,5. Cunras, 4ro
nomnajaHyde B MHIIIEHL KaMKJIOI0 U3 CTPEJKOB ABJIAETCA HEe3aBUCHUMBIM
cobriTHEM (T. €. BEPOSTHOCTH TONMAfaHUA B MUIIEHb KaMKJIbIM CTPEIKOM
He 3aBHCHUT OT TIONAaJaHWUs WJIM HEIOoMaJaHWsd B MUIIEHb JPYTHUM CTpe-
KOM), OTIpe/ieJINM BePOATHOCTH NONAJaHUA B MUIIEHb:

a) obouMHU CTpeJIKaMu;

6) XoTA GBI OJHUM CTPEJIKOM.

Pemenmne., Ilyecrs cobbiTHe A — «MHUIIEHbL [Opa)KeHa IIEPBBIM
CTPeJIKOM», COObITHE B — «MHIIEeHb IIOpakeHa BTOPBIM CTPEJIIKOM».
Torpa cobpiTe A - B — «MHIIIeHb IOpakeHa 000MMH CTpeJKaMH», CO-
6piTHe A + B — «MHUIIIeHbL IOpakeHa XOTdA Obl OJHUM CTPEIKOM».

Tak xkax P (A)= 0,6, P (B)= 0,5 u cobeiTua A u B He3aBUCHMEIE,
TO O paBeHCTBY (3)

P(A-B)= P(A)-P(B)=0,6 - 0,5=0,3.
ITpumenssa dopmyny (2), moayuuMm
P(A+B)= P(A)+P(B)-P(A-B)=0,6+0,5-0,3=0,8.

OTBeT: BePOATHOCTh IONAJAHHS B MHUIIEHb OOOMMH CTPeJKaMu
pasua 0,3, a xors 6s1 ogHEM cTpeakom — 0,8.

796. B oneiTe u3 Komxoxsl (36 kapr) caydaiiHBIM 00pasoM H3BIEKAIOT
Kapry. Paccmarpusarorcsa coObITHS A — «U3BJIE€YEH KOPOJb»,
B — «mu3BieuéH sayner», C — «uspjedyeHa tTpedopasd Kapra», D —

«u3BJIeuyeHa OyOHOBas Kapra». KakuWe M3 CHEAYIOUMIUX COOBITHI
ABnAOTCA HecoBMecTHRIMU A u B; AuC; Bu C; A u D?

797. IIpuBeauTre npuMephbl HECOBMECTHBIX COOBITHIA B OIIBITE ¢ OpocaHm-
eM HMIpajJbHOI0 KyOuKa.

798. B onniTe u3 Kojsoael (36 xapr) cayuadHBIM 006pasoM H3BJIeKa-
10T KapTy. PaccMaTpuBaroTcs cOOBITHA A — «U3BJIE€YEH KOPOJb»
u B — «usBieuéH Baner». OmnpesenuTe BepOATHOCTE COOBITHA
C=A+B.

799. B oneiTe u3 Koaoxwl (36 xapr) caydaiHbIM o0pasoM H3BJIEKa-
0T Kapry. PaccmarpuBaioTca COOBITHA A — «HM3BIEYEH KOPOJb»
u B — «usBiieuena OyOomoBas kapta». Omupenennrte BepOATHOCTH
cobuiTuii A, B, A- B. Oupegenure BepOATHOCTL coObITHA D —
«U3BJIEYEH KOPOJb uiu OyOHOBAsA Kapra».
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800. B onkeiTe 13 TEMHOro MeIKa HayAady BBIHUMAIOT KOCTh JOMHHO.
CobpiTHe A — «M3BJIE€YEHA KOCTb C CyMMOH OuKOB T», B — «ua-
BJIeYeHa KOCThb C CYMMOM 04YKOB H5». Onpenesnre BEPOATHOCTH CO-
OpTHii A, B. HMcnonb3ys HaiifleHHbIe BepPOATHOCTH, BHLIUHCIINTE
BEPOATHOCTE CcOOBITHA C — «U3BIEUEHA KOCTH C CYMMOM OYKOB
wian 7, uiau 5».

801. B omneiTe U3 TEMHOrO MeIIKAa HAYAAYy BLIHUMAIOT KOCThb JOMMHO.
PaccmaTrpuBaroTcad coObITHS A — «U3BJ€YEHA KOCTh C CYMMOit
OYKOB, KpaTHOH 2», B — «H3BJIeUeHA KOCTh C CYMMOW OYKOB,
KparHOoii 3», C — «H3BJIeUeHA KOCTh C CYMMOII OYKOB, Kpar-
HOi 6». Onpexenure BeposaTHOCTH coObiTuit A, B, C. Ucnonb3ys
HalJleHHble BePOSATHOCTH, BBIYMCIUTE BEPOSTHOCTEL COOBITHA D —
«H3BJIeYE€HA KOCTh C CYMMOM OYKOB, KPATHOM Mau 2, WJIHA 3».

802. /[Ba cTpesKa CTPENSIOT 10 MUIIEHU. BepoATHOCTh NONANaHUA
B MUIIIeHb nepBbIM cTpeakom 0,7, a sropeim — 0,8, Cunrasa, yro
nonajaHue B MHUIIEHb KaKIOTO U3 CTPEJIIKOB SABJISETCA HE3aBHCH-
MBIM COOBITHEM, ONpEEeIUTe BePOATHOCTh MONAAAHUSA B MUIICHD:
a) o60MMH CTpeSIKaMu; 0) xX0Ts1 OBl OMHUM CTPEJIKOM.

[ "I"4._5. qdcrb_ia CNYYQHHBIX COBBITUN _i

Ilycrs B pesysbTare OIbITA MOYKET INPOU30HTH cobbITHe A, MMelo-
miee BepoAaTHOCTE P(A) =p, 0 < p < 1. IToBTOpPUM ONBIT N pa3, U OYCTh

s - m
npu aToM cobbiTHe A npousoigér m pas. Yucio ~, HA3BIBAIOT OTHOCH-
TeJbHOM YacToTOM coObITHA A.

Marematuku . Biopdor m K. IlupcoH mpoBenu MHOIOKpPATHBIE
onbIThl ¢ OpocanMeM MoOHeThbl. FIX peaysbTaThl IPHUBEAEHBI B TabiuIe.

Yuciao OTHOCHUTENIbHAA
6 tgg;ﬁ: H BBINAJAHUN gacTroTa
P repba BhINagaHuA repba
K. Broddon 4040 2048 0,5069
K. ITupcon 12 000 6019 0,5016
K. ITupcon 24 000 12 012 0,5005

Kak BugHO M3 TaGauIlel, OTHOCUTE/IbHAS YACTOTA BhINAJaHus repba,
nojydyeHHasa B onelTaxXx Broddona u [Tupcona, Majio oTindyaercsa OT BEpo-
ATHOCTHA BBINafaHuA repba B yKasaHHOM JKcIepumeHTe, pasBHoi 0,5.

He Bcersa ypaércs onpenenuTs BEPOATHOCTh P COOBITHS HE3aBUCH-
MO OT OIBITA, KAK 9TO MMeeT MeCTO ¢ OpocaHMeM MOHETHI MJIHM Urpalib-
Hoil kocTu. Ho eciv BOBMOYKHO ONBIT MOBTOPHUTE 1 Pas, TO IIPH GOJILIIOM
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m
N OTHOCHTEJIbHAA YacToTa CcOOBITHSA = MOXeT paccMaTpHuBaTBCHA KakK

. m
HpHﬁJIHH{EHHOQ dHa4YeHHe BepOATHOCTH [?1- = p] 9TOr0 COOBITHA.

IIpu GonpHIOM KOJIMYECTBE OIBITOB OTHOCHTEJNbHAA JacToTa
CcOOBITHSA, KAK IPaBHUJIO, MAJIO OTJIHYAETCS OT BEPOATHOCTH
3TOT0 COOBITHA.

ITy 3aKOHOMEDHOCTh HA3BIBAIT CTATHCTHYECKOH YCTOMYHBOCTBHIO
OTHOCHTEJBbHBIX YACTOT.

OrmeruM, 4TO yeM OOJIbIIE NPOBOAUTCA OIIBITOB, TeM peiKe BCTpe-
yaeTca CKOJBKO-HHOY/b 3HAYUTEJIbHOE OTKJIOHEeHNe OTHOCHUTEJIBHOM Jac-
TOTBI OT BEPOATHOCTH.

3ameuanue. Ecnu OTHOCHTENBHYIO YacCTOTY COOBITHUA OIpeNeluTh
KaK NpubJn:k€éHHOe 3HaUYeHHe BePOATHOCTH BTOTO COBBITHUSA, TO MOJYUUM
TaK HasbIBaeMOe CTATHCTHYECKOe OIpeleleHHe BepPOSATHOCTH.

IIpusenénunoe B 1. 14.2 onpejesieHue BePOATHOCTU COOBITUN HA3BI-
BalOT KJIACCHUUECKHM OIpejieJiIeHMeM BepOATHOCTH.

CymecTByeTr ellé M aKCHUOMATHYECKOe OIIpejeJieHHe BepOsATHOCTH,
B KOTOPOM BEPOATHOCTH 3aJaéTcs IepedyucjeHHeM e€ CBOMCTB. B aTom
caydyae BEpPOATHOCTH 3amaércsa Kak ¢yHrnus P(A), onpenenéHHasA Ha
MHOKecTBe M BceX HMCXOAOB JAHHOIO ONBITA, KOoTopasa (AJA OIBITOB
C KOHEYHBLIM YHCJIOM HMCXOJOB) YAOBJIETBOPAET CIAEAYVIOIIUM AKCHOMAaM:

1) 0< P(A) <1 nna nwboro cobsituss A us M;

2) P(A)=1, ecitm A — nocTOBEpHOE COOBITHE;

3) P(A+ B)=P(A)+ P(B), ectu cobeitua A u B HECOBMECTHBHI.

Teopuio, M3YUAIOUIYI0 BEPOATHOCTH COOBITHHA JHUIIb AJIS OIBITOB
¢ KOHEUYHBIM UHCJIOM MCXOJI0B, HA3bIBAIOT 3JIEeMEHTAPHOH TeopHeil Bepo-
ATHOCTEI.

KoHeuHO, CYIIECTBYIOT ¥ ONBITEI ¢ OECKOHEUYHBIM YHCJIOM BO3MOMK-
HBIX cobpiTuii. Teopuio, U3yUAKOIIYI0O BEPOATHOCTh TAKUX COOBLITHI, HA-
3BIBAIOT 001Ieil TeopHeil BePOATHOCTEH.

B o0uieii TeopuH BepOATHOCTEH CBOMCTBO 3 HOHMMAETCA B PACIIH-
peHHOM cMmbIcie: P(A, + A, +...)=P(A))+ P(A,) + ....

CpoiictBa 1—3 HaswsBaloT axkcmomamu KosamoropoBa. MmensHo
A. H. Konmoropos Bnepssle B 1933 r. gan akcuomMaTudecKkoe IOCTPOE-
HUEe TeOPUH BEpPOSATHOCTEMH.

E
803. Ilposegure onbiT ¢ 6pocanmem mMoHeTHl 50 pas. Beruuciaure oTHO-

CHUTEJBFHYI0 YaCcTOTy Bhinaganus repba. CpaBHUTE CBOU pe3ybTaT
C pes3yabTaTaMM OPYIMX ydyalMxXCs Ballero KJacca.

804. IlporexuTe omnbIT ¢ OpocaHueM HMI'paJbHOMA Koctu 60 pas. Berumce-
JINTEe OTHOCHUTEJbHYI YaCTOTY KayKJO0T0 M3 COOBITHI: A — «BbIIa-
JIO 6 04YKOB»; B — «BBINAJIO YETHOE YHCJIO OUYKOB».
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805. Ilarepo yyamuxcs npu Opocanuu MoHeTs! H0 pas mosyuyuaIu AaH-
Hble, IPDUBeJEHHbIE B TabauIe:

i OTHOCHTENBHAA
YueHuk Yucao Gpocanuit Hucno Brimaganmit YacToTa BHINAJAHUA
repba
repba
1 50 27 0,54
2 50 28 0,56
3 50 23 0,46
4 50 26 0,52
5] 50 24 0,48

BeruucinuTe OTHOCHTENBLHYIO YACTOTY BBINAJaHHUA repba BO Bcex
250 ommITax.

Dononnenns k rnase 5

‘ 1. Bunom HbroTtoHa. TpeyronbHuk I'Iucxunn‘

CopaBeasuBel cieayiomue GopMyJIbl:

(a+b)l=a+b, (1)
(a + b)2 = a? + 2ab + b2, (2)
(a + b)? = a® + 3a?b + 3ab? + b3, (3)

ITokaxem, uTo
(a + b)* = a* + 4a3b + 6a2b? + 4ab® + b*. (4)

HeiicTBUTEIbHO, TpUMeHsA Gopmyay (3) U MepeMHOKasd MHOTOYJIe-
HBI, UMeeM:

(a + b)*=(a+ b)(a+b)=(a®+ 3a?b + 3ab? + b3)(a + b) =
= a* + 3a3b + 3a?b? + ab?® + a3b + 3a?b? + 3ab?® + bt=
=a* + 4a3b + 6a2b? + 4ab? + b4,

Paccmarpusas ¢opmyinsl (1)—(4), MOXKHO 3aMeTHTh, YTO IIPHU pas-
JoxKeHuu (a + b)" B MHOrO4YJIeH IOJNy4YaeTcd cyMMa 4JIeHOB a’, a" ~1b,
a® 22, ..., ab® 1, b" ¢ HekoTOpEIMHU Ko3ddunuentamu. A Haxomae-
HHUA BTHX KO03((UIMEHTOB 4YacTo HPUMeHAIT TpeyroabHuk Ilackansn.

OH ycTrpoeH Tak. B ero HyJlIeBO# CTpPOKe CTOUT €JUHHUIIA, B Iep-
BOM CTPOKE CTOAT ABe eJUHUILI, Jajlee B KaKJOH clenyIoIleill CTpoke
oo KpaAM CTOAT eIUHHIBI, a KaKJoe u3 ocraBmuxca (n—1) uywcen
n-# CTPOKH PaBHO CyYMMe JBYX YHCeJ, 3allMCAHHBIX HAJl HUM B IIPeAbIAY-
Iieil CTpoKe.
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0 1
1 1 1
2 1 2 1
3 1 3 3 1
4 1 4 6 4 1
5 1 5 10 10 5 1

Hcnonp3ysa TpeyroabHUK Ilackanis, NOJTydIUM

(a + b)> = a® + 5a*h + 10a3b? + 10a%b® + 5ab* + b5, (5)

(a + b)® = a® + 6a®b + 15a*b? + 20a%b® + 15a%b* + 6ab® + bS. (6)
KoHeuHO, MCIOIb3yfA TpeyronbHUK Ilackans, MOMXHO HAWTH pas-
nokenue (a + b)" B MHOrouJeH jis Jjo6oro HaTypajsHoro n. Ho aror
mpomecc AJA GOJBIIMX N JOCTATOYHO Tpyaoémox. Kpome Toro, Hamo
060CHOBATh IPAaBHJILHOCTE TpeyronbEuKa Ilackans. IloaTomy npuseném

o0y GopMyJay.
Ilra mo60ro HATYPaJbHOIO YHMCJa 71 clpaBeAauBa ()opMyJia, Ha3bl-
paemas (popmynoit 6uEoma HeroTona:

(@+by*=ar+Cla"-v+C2a"-2b%2+...+Cllab"~-1+0", (7)

rne C¥ — uucno coueranuit us n mo k.

CiaraeMble CYMMBI B IIDAaBOM YacTH HA3BIBAIOT 4YJIeHAMHU pasJio-
skenua 6mHoMa Hprorona. UieH a" HaA3bpIBAOT HYJIEBBHIM YJIEHOM pas-
noxkenus 6Guaoma HploTOHA, fajlee UAYT MEPBBINA, BTOPOXA ¥ T. JA. YJIE€HBI
10 n-ro (paBHOTO b") BKIIOUYUTENLHO; k-i uaeH 6uroMa HploToOHA MMeeT
BUJ

Cra®=Fp* (B=0,1; s R)

Yucna C* naspiBaloT Taxkxke GHHOMHAJBHBIMH KOI(D@HIHEHTAMH.
MoO3KHO [OKasaTh, 4yTo KoabhdunuenTs: CF neicTBUTETHHO DaBHBI
COOTBETCTBYIOIIMM YHUCJIaM n-H CTPOKM TpeyroiabHuka Ilackamnda.
@opmyay (7) MOXKHO AOKazaTh KOMOMHATOPHBIM crocobom. Pac-
CMOTPUM CHAYajIa IpOMU3BeJeHHue
(a + x;)(a + x3) ... (@ + x,). (8)
Packpoem cko6ku B mpousBeneHuu (8):
(a+x)(@a+xy)...(a+x,)=
=at+ar=1(x; + x5+ .. +X,)+
+ar2(x,%, + X1 Xg + oo + X, _1X,) +
+ A%~ 3(X XXg + coe + Xp_ 9Xp _1%p) + eoe + X1 X3Xg o Xpe 9)
3ameHnus Bce x,, (m=1, 2, ..., n) Ha b, mony4um
(@+b)r=a"+Cla*-1+C2a"-22+C3a"- %%+ ... +C}1ab"~1 +b",

T. e. popmyany (7).
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B camom peste, KoIM4ecTBO claraeMeIX B IepBEIX CKOGKAax B IPaBoOi
yacTH paseHcTsa (9) paBHO n = C! (ramzgoe us Hux pasHo b). Craraemsie
BO BTOPBIX CKOOKaxX €CTh BCEBO3MOKHBIE COYETAHHSA M3 7 3JIEMEHTOB
Xy, X3, ..oy X, 1O ABA, UX KOJMYECTBO paBHO C2 (Kakaoe M3 HUX paB-
Ho b?). CaraeMble B TPeThUX CKOGKAX €CTh BCEBOBMOKHBIE COUETAHUS
U3 YKa3aHHBIX 9JIEMEHTOB IO TPH, UX KOJUYecTBO paBHo C3 (kaskgoe us
HuX pasHO b3). U Tak gajee.

| 2. UcTopuueckue ceepeus |

Wsyuenune maremaTudeckux pykonuceii [[pesaero Erunra u Basuo-
Ha IIOKA3bIBAET, YTO €Il€ B IVIyGOKOW APEBHOCTH BO3HUKJIHM HEKOTODHIE
OpHEMEI TPUOIMIKEHHBIX BRIYUCAEHMI. 110 BAUAHAEM PasBUTHA acTpo-
HOMMH, MOPEILIABAHUSA U TEXHUKHU METOALI HPHUOIHNKEHHBIX BEIYNCICHUN
COBEPIIIEHCTBOBAJIHUCE.

Bonbmue 3aciyru B pasBUTHH TEOPUHM NPUOIMIKEHHBIX BEIYHUCIIE-
HU# uMeeT poccuBicKuii akazeMuk Asexceit HwukogaeBUY Kpgr-
708 (1863—1945), KoTopslit nucan: «Bo BceX CIPaBOYHMKAX, KaK pye-
CKHMX, TaK ¥ HWHOCTPAHHEIX, DPEKOMEHJyeMble IIPUEMBI UYHCJEHHBIX
BBIYMCJIEHUN MOTYT CHY:KUTH 00pasiioM, KaK 3TH BBEIYHCJIEHUS A€JIaTh
He Hajo... Beluncienue JOKHO TPOM3BOAUTEHCH C TOH CTEEHBIO TOYHO-
CTH, KOTOpad HeoOXoAuMa AJs NMPAKTUKM, NPUYEM BCAKAA HeBepHAs
nudpa cocrasisfer OImMOKY, a BCsAKad JUINHAA nudpa — IOJIOBUHY
OIIMOKHU».

YT00bI B NIPUOIMIKEHHBIX BHIYMCIEHUAX MOYKHO GBLIO U3 caMOil 3a-
OUCH NPUOJMIKEHHOrO dYMCJIa CYAUTh O CTENeHH €ro TOYHOCTH,
A. H. KpbL0B IpeaIosKu caeayiomiee npaBuio: «[Ipubimxéaaoe guc-
JIO CJIeAyeT 3alucaTh Tak, 4To0BI Bce mudpsl, KpoMe NIOcJenHel, ObLIu
OBl HAEXKHBIMHU», T. €, BePHBIMH.

A. H. Kpb1y0B 6511 He TOJTBKO BUAHBIM Ma-
TEMaTUKOM, HO U BBIJAIOI[MMCS MeXaHHKOM-
KopabJiecTpouTeNIeM, CAEJABIIUM DS BarKHe-
IIUX TEXHUYECKHUX OTKPBITHUIM.

B nacrosmee BpeMsi NpUOINIKEHHBIE BhI-
YUCJIeHUSA UCIOJB3YIOTCA AJIA PACUETa IOJETOB
KOCMHYECKHUX aNnaparoB, B IOATOTOBKEe IIPO-
IHO3a MOTOABI U T. II. JTH PACYETHI BeJyTCH
¢ nmomorgeo IBM.

TepMuH «CTaTHCTHKA» BBELEH B HAYKY B
XVIII B. OgHaKO cTaTHCTUYECKUIT YUéT BéJCA
HaMHOI'0 paHbllle: IIPOBOAUINACH IIEePelIMCcH Ha-
cenreHus B [lpesHem Kurae, ocymecrBisiiochk

' - CpaBHEHHE BOEHHOIO NOTeHIMajia ToCyJapCTB,
A. H. KpvLnos BEJICA YY4ET MMyIllecTBa rpakjaH B JIpeBHeM
Pume u 1. nn. IlepBoit ony6GauKoBaHHON CTATH-
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CTHYECKOi MHGpOpMAaIHel MOKHO CUMTATh IIIMHAHbIe Tabsnukn Ilymep-
cxoro napcersa (III—II TeicssyeneTus no H. 3.).

Buauane moJ CTATHCTHKOM IIOHMMAJM OIMCAHME 3KOHOMHUYECKO-
ro ¥ IOJUTHUYECKOrO0 COCTOAHMSA rocyaapcrsa uiau ero dactu. Hampu-
mep, K 1792 r. orHOCUTCHA OIpejesieHHe: «CTATHCTHUKA ONHCHIBAET CO-
CTOAHUE IOoCyJapcTBa B HACTOMAIee BPEMA MJIN B HEKOTODBIN M3BECTHBIN
MOMEHT B mpomioM». OZHAKO IIOCTENeHHO TePMHH «CTaTHCTHKAa» CTaj
HCIoJIb30BaThesa Oosee mupoxo. Ilo cioBam Hamoneona Bomamapra,
«CTATHCTHKA — BTO OromKeT Bemiei». TeMmM caMbIM CTATHCTHUYECKHE
MeTOJbl OBLIM IIPH3HAHBI IOJE3HBIMH He TOJBKO JJIA aAMUHHCTDATHB-
HOI'0 YIIpaBJeHHUdA, HO U AJA NPUMEeHEeHUS Ha YyPOBHE OT/AEeJbHOI'O Mpej-
npusatusa. CorsacHo dopmynuposxke 1833 r., «Ienb CTaTHCTUKH 3a-
KJII09aeTcs B IpejAcTaBJeHHH (pakToB B Haubosee cixxaToir ¢gopme». Bo
Bropo#t nosioBuHe XIX — mHauvane XX B. chopMupoBajiack Hay4YHad OAUC-
IMUIIIAHA — MaTeMaTU4YecKas CTATUCTHKA, ABJAIOIIAACA YacThi MarTe-
MATHKH.

Hayka cTaTHCTHKa HCIOJIb3yeT MaTeMaTH4YeCKHil ammapar, KOTO-
pBIM He u3dydaercsd B IIKOJe. 3aMeTUM, UTO CTATHCTHKA HE OrpaHUYMBA-
eTcsA IeJIOYMCJIEHHBIMH JAaHHBIMM H JaXe TOJBKO TOYHBIMHM JaHHBIMH,
IIO3TOMY TAK Ba)XHO YMETh BBINOJHATH NPUOIMIKEHHBIE BBIYHUCICHUA
W 3HATH NpaBuaa OpubIMKeHHH. MeToAbl CTATUCTHUKM IIO3BOJIAIOT He
TOJNBKO (PMKCUPOBATE YV)Ke MMelluecsa JaHHbIe, HO ¥ Ha UX OCHOBE Je-
JaTh IPOrHO3 Ha Oyayiree. BoT mouemy aTa HayKa Tak BayKHa U el yje-
JAMU HOJKHOEe BHUMaHHE BO BCe BpeMeHA.

Cratucruka paspabaTbiBaeT clenualbHble METOABI HCCIeJOBaHUA
1 06paboOTKM MaTepuasioB — MAacCOBble CTATHCTHYECKUe HabiiofeHHdd,
MeTOAbI rpaduuecKuX M300pakeHuil U APyrue MeTOAbl aHAJIu3a CTaTH-
CTHUYECKUX JAaHHBIX. B Hel 60JbIlIoe BEHUMaHUE yaeldeTcd JOCTYIHOCTH
¥ HATJISAHOCTH MHGOPMAIIMHM KaK AJA CIeIHaJHCTOB, NPUHUMAOIINX
OTBETCTBEHHBLIE PEIIeHUsA, TAK W AJA OOBIUHBIX rpakaaH. BosmgelicTBue
HaIJIAJHO U JOCTYIHO IIPEACTABJIEHHBIX CTATHCTHUYECKHX JAHHBIX MU BBI-
BOJIOB HA JIIOJEi TaK BEJINKO, YTO K CTATUCTHKE HHOTa NpuberaimoT B He-
106pOCOBECTHON peKJaMe TOBApOoB M YCIAYr («3TH AYXH IOKyHaer
KaKaas JecATas 'KeHIHHA») U Ja)ke B IIOJUTHKe, IJe ¢ IOMOIIbIO CTa-
THCTUKHM MOJKHO MAHUIIYJIMPOBaTh OONI[eCTBEHHBIM MHeHueM. MaBecr-
HO BBICKasblBaHWe, npunuckiBaemoe B. [luspasiu, npeMbep-MUHHCTPY
BenukoGpuranuu BpeMEH KopoJseBbl Buxropum: «CymiecTByioT TpHU
BUJA JIKH: JIOKb, HATJIAA JIOMKb U CTATACTUKA». Pagymeercd, 31eck pedub
uaeéT 0 HeJoOPOCOBECTHOM HCIIOJNb30BAHUU CTATHCTHUKU.

Kom6unatopuka BosHuKJA B XVI B. — B TO Bpems ObLIM OY€HBb
pacnpocTpaHeHBl asapTHBIE HUI'PHI, B IPOIEcCe KOTOPBIX BBIACHAJIOCH,
HaIpuMep, YTO HEKOTOpasg CyMMa OYKOB IPU OpPOCaHHMM [JBYX MIDaJib-
HBEIX KOCTeH BBINIAJIaeT 4Yallle APYIrHX, a TakKe Apyrue GaxTbl, 3HaHHE
KOTOPLIX MOTJIO CIIOCOGCTBOBATH BBHIMIpHIMY. MHTepec K pasiIHUYHBIM
npobjemMaM as3apTHBIX UIp ¥ OBl IepBOHAYAJBHBIM CTUMYJIOM K pas-
BUTHI0 KomOuHaTopuku. Hukkomno Tapranssa (ox. 1499—1557) onruM
13 IepPBBIX 3aHAJCA IIOJCUETOM UYHCIA PA3JIUYHBIX KOMOWHALUH IIpH
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urpe B kKoctu. JlanbHedInee pasBHUTHE KOM-
OMHATOPDUKH CBA3aHO ¢ mMeHamu [[3xeposaHo
Kapmano (1501—1576), Buesa Ilackanus
(1623—1662), Ilvepa Depma (1601—1665),
fAroba Bepuymau (1654—1705), Tordpuna
Bunsrensma Jleitoauna (1646—1716), Jleo-
Happa Jitnepa (1707—1783).

B paGorax B.Ilackana, II. ®epwma,
5. Bepuyanu u gpyrux marematuxkos XVII B.
OBLIM 3aJ0XKeHBI OCHOBBEI HOBOH MaTeMaTHUde-
CKOM TeOpUM — TEOPHU BEepPOATHOCTEI.

B XVIII B. u nvauane XIX B. pasBuTHe TeO-
pPUH BEpOoATHOCTEH ObLIO IIPOJOJIKEHO B pabo-
Tax A. Myaspa (1667—1754), II. Jlanmaca
A. H. Koamozopos (1749—1821), K. I'aycca (1777—1855),

C. Ilyaccona (1781—1840) u ap.
Bo Bropoit nmososuHe XIX B. BeRIZarOnIne-
CcA pesyJbTaThl B 00JACTH TEOPHH BEepOAT-
HOCTeH OBLIM TIOJy4YeHBI pyccKUMH yuéHbiMu II. JI. YeObIméBEIM
(1821—1894), A. A. Mapkoseim (1856—1922), A. M. JIanyHOBBIM
(1857—1919) u ap. B paborax II. JI. YebniméBa ObLI PEIIéH PAX BaK-
HBIX 33/71a4 U OBLIHM paspaboTaHbl HOBbIE METOAbl UX PEIIeHUs, UTO IIO-
CIYKUJIO (DYHOAMEHTOM JJIS JaJbHeHIIero pa3BUTUSA TEOPUH BePOSATHO-
creii.

dyHjaMeHTAJIbHBIN BKJIaJ B PasBUTHE TEOPHH BEPOATHOCTEH BHEC
BpIfaomuiica maremMaTuk XX crogerus Axzapern Huxonaesuu Kou-
moropos (1903—1987). B 1933 roay A. H. KonMoropos Bnepsble gaj
aKCHOMAaTHYeCKOe IIOCTPOEHUEe TeOPUHU BePOATHOCTEH.

A. H. KonMoropos yaensis 601b1110e BHUMaHKUe IIPobieMaM IIKOJIb-
HOrO MaTeMaTHU4YecKoro obpasopanus. M Obl1a OCHOBAHA IIKOJIA-UHTEP-
HaT (QuaHKO-MaTeMaTHdecKoro npohuns npu MIY qia cmocol0HBIX
ITKOJILHUKOB Bcel cTpaHel. Teneps ara mxosa socut uma A. H. Koamo-
roposa.
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806. OrmeThTE Ha K OpPAMHATHOM OCH UMCJIA:
a) 0; 0,1; 0,2; 0,35; 0,7; 0,95; 1,05;
5)1.1.23-1-2 T3 41
2” 4’ 4’ 4> 8 8 8 8 16
807. CpaBHuTe umcCIa:
a) 6 u 4; 6) 7,1 u 7,(09); B) in 0,25;
r) -g- u 0,6; 1) -2 1 -2,2; e) —3,(5) 1 —3,5.
Briuucaute (808—811):
808. a) 25; 6) 26; B) (=2)% r) (-2)%
1 |* 1)* 1} n 3
) (E) 4 e) [—5] 3 xK) {“EJ 5 3) (_ E
809. a) 2% : 42 — (-2)3% 6) (-3)2 + 33 : 9%
1 8 LT
B) (12,5) — 2 r) (1 J (13] ;

13/ (5]
810. a) ~2L 7
2

811. a)

1 1 1 1
- : - 2009?;
(20092 20102) [2009 M 2010] BoR
11 ).(.1 1) 2011
2010° _ 2011% ) (2010 2011) 4021’
p

812. BepHo JiE pPaBeHCTBO:

3_5).7 _(8,113].43.
(2_ ?) ﬁ—(8+116]'48'
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B) 123,456 - 98,7654 - 2,0017 = 1,23456 - 98765,4 - 0,20017;
r) 135,79 - 2,468 - 0,2009 = 13,579 - 200,9 - 0,2468?

813. [loxaxxuTe, YTO 3HAUEHUE APOOU PABHO HYJIIO:

(1,08 — 1,33)- 18 + 0,6 : 1-25 (2,14-1,39)- 1,2 - 0,75 :g
a) 20,1-0,1- 2,1 . 6) 12,1:01- 1,2 ’
93 _ 513 3l 5 47 4l _51].01, 803 505
B]714 3 51 P)526304304
g2.ol_ gl 71l.51 3901
7 "2 14 5 2
Brruncaure (814—817):
8,4-(1-§+%)—15% (1%+1%J-%
814.. a) 646,8 : 21 ’ o T
s 28°% .08 =
15 12
8) 4,58 + 6,275 : (1,25% — 1,252 0,45)
49,533 :16,5 + 2,522 !
5 1,476 + 2,08 - 4,05 )
49,938 : (0,16 - 12,342 - 0,16%) - 0,25’
S 42,5904 : 6,08 — 1,245
(18,22 — 5,62 + 23,8 7,4):5,95 + 35,2°
(35,814 : 7,05 + 2,12)- 0,15
815. :
) 16+ 187,5: (16,257 - 3.75 — 3.75)
5) (0,733 - 0,73 - 0,272) : 0,023 + 2,4

(18,544 :3,05 - 1,83)- 0,16

816. a) 1 -2+3-4+ ...+ 2007 — 2008 + 2009 — 2010;
6) 2-4+6-8+...+ 2006 — 2008 + 2010 — 2012.

1000 | 999 998 997 996 1
17. - - - +ooee +—;
. a); 2 1001 - 1001 1001 " 1001 1001 * 1001
6) 5= 1002 A 1001 1000 A 999 998 35

- - ot ——.
1003 1003 1003 1003 1003 1003

818. 3anumure yucia B BHAE AECATUUYHBIX APOOE# M PACHONOMKHUTE UX
.20 15 5 17
B IOPAJKEe BO3PACTAHUA: 21 37 310 13"
819. a) 3anumuTe B MOPAAKE BO3PACTAHUSA YMCJA:
3,(007); —0,2303003000...; 3,(0008); 3,(009); —0,23(1); —0,231(07).
6) BanuinuTre B mOpAAKe yOLIBAHUA YHCJIA:

-2,(05); —2,0(5); —0,00(1); —0,(001); —2-2-15; ~0,001.
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821.

824.

827.
828.

830.

831.

833.

834.

OkpyriuTe N0 TPeThero 3HakKa I0CJe 3alATOH clejyloliue Yucia:
a) 37,57891; 6) 0,002576; B) —117,00992;
r) 0,3(9); n) —31,72(13); e) 0,00(08).

Oxkpyraure yncio 87,5562 g0 cOThIX C HEZOCTATKOM U C U30BIT-
koM. OmpegenuTe abCOJIOTHYI0O M OTHOCHUTEJIBHYIO IOIDEIIHOCTH
KaKJoro NpuOIHuKeHusd.

Sanuiure B BUAE AeCATHUYHOMN aApobu ¢ TounocThio Ao 0,01 yucia:
2 5 20 5

a) 13, 6) 26, B) L r) =

Kax MoxHO 3ammcars, 4TO:

a) npubIMKEHHBIM 3HAYEHHEM YUCJa @ ABJIAeTCS YUCJIO a; C TOY-

HOCTBIO 10 1;

0) npuOIHKEHHBIM 3HAYEHHEM 4YUCJa @ ABJIAETCA YUCJIO 4, C TOY-

HOCTBIO 0 h?

a) Ecom 5,23 <a < 5,27, To ueMy paBHBI IPUOIMIKEHUS CHH3Y
(¢ memocTaTKoM) U cBepxy (¢ u30BITKOM)?

6) Ecoin 0,256 < a < 0,258, 1o mMoxer aum a OBITH paBHBIM:
0,2574; 0,2579; 0,256; 0,258?

WUssectHO, uTo 0,25 < a < 0,27. IIpuBeguTe IpuMepPhl BO3ZMOMKHBIX
TOYHBIX 3HAYEHUH a.

Briuucaure npubIMKEHHO ¢ TouyHOCTHIO m0 0,1:

a) 0,385 + 3,T; 6) 586,(5) + 3,7(8);

B) 0,38426 — 0,151892; r) 78,54289 — 3,78254;
n) 2,875684 - 0,3867; e) 2,333... - 0,28567;
x) 78,56634 : 0,5048; 3) 4,2534 : 1,38456.

Hoxaxure, uro unuciao (10%7 + 5) menurca Hameso Ha 3.

Banumure o6y GOPMyJIy YUCes, KOTOPbIe IPH JIeJIeHUH U Ha 3,
u Ha 4 paioT ocraTok 1.

SanuimmuTre 060y (QOPMYJay UHCEeN, KOTOpble NPH JAeJIeHUH
n Ha 10, m Ha 7 garoT octaToK 2.

Haiigure ycioBue, Ipwm KOTOPOM CyMMa JaHHOIO ABY3HAYHOTO
yycJia ¥ 4HCia, 3allMCAHHOrO TeMH e IudpaMu, HO B 00paTHOM
IopsjgKe, NIPeACTABIAET TOUHBIM KBaApaT HATYPaJbHOTO 4YHCJA.

HailiguTre ycioBue, IPH KOTOPOM PasHOCTh MEXKAY AAHHBIM JIBY-
3HAUYHBIM UHCJIOM M UMCJIOM, 3allMCAHHBIM TeMH Ke Iu{paMu, HO
B 0O6paTHOM IOpAAKe, Npe[cTaBJseT TOYHBIA KBaApaT HaTypaJb-
HOI'0 4YMCJIA.

Kaxoit nudpoit okaHYUBaeTCs IIPOU3BeeHNe BCeX HEYETHHIX ABY-
BHAUYHBIX yucea?

CKOJIBKMMH HYJAMH OKAHUHBAETCA NPOU3BEJeHHe HATYPAaJbHBIX
yucesn or 1 xo 20?7

MoskeT M cymMMa TPEX IIOCJEAOBATENbHBIX HATYPAJbHBIX YHCE]
OBITE MPOCTBIM YHCJIOM?
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AdokasbiBaem (835—838).

836.

837.

840.

841.
842.

843.
844.
845.

846.

847.

848.

849.

Hokaskure, 4To CyMMa ABYX IIOCJeJOBATEIbHBIX UETHBIX YUCE] HE
nenuTcsa Ha 4.

Jokaxure, 4TO padHOCTh TPEX3HAYHOI'O YUCJIA U YHCJIA, 3alUCcaH-
HOT'O TeMH ke nudpamMu, HO B 0OpaTHOM MOpPALKe, AeJuTcsa Ha 9.
Henurca nu sra pasHocTb Ha 277

Hoxa)xkuTe, 4YTO IPOM3BEJEHME BYX IIOCIEJ0BATEIbLHBIX HATY-
PaJbHBIX UHCeJI He MOJKeT ObITH paBHBIM 25k + 1 HM IpH KakoMm
HaTypaJbHOM k.

HokakuTe, YTO €CJU HEKOTOPOe UHUCJO NPU jejileHuu Ha 9 maér
octaToK 1 uau 8, TO KBAAPAT 9TOTO YMCJA DU JeJieHUH Ha 9 maér
ocraTokK 1.

IIpencrasbTe ab B BUJe PA3HOCTH KBajAPATOB ABYX BBIDAYKEHMUIA.
HajiizuTe nBYy3HAYHOE UMCJIO, PaBHOE YABOEHHOMY IPOU3BENEHUIO
ero mudpp.

Haiiaure x u y, 3uas, uyro xy =1 mw uro |x|< 1, |y|< 1.

Haiiagure nudpst @ u b narusHaynoro yucia 42a4b, eciu usBect-
HO, 4TO 3TO YMCJIO JAeJINTCA Haleao Ha 72.

Ha kaxyio nudpy oxasuuBaetrcs uyucjgo 71002
Kaxkoit nmudpoit okanuuBaercsa cymma 214 + 344 + 4647

HAokasbiBaesa. Jlokaxure, 4To ecnu n > 1 ¥ n — HeUSTHOE UHC-
J10, TO uucao Bupa nl? — nd — nt + 1 genuresa Hamesno Ha 128.

a+ 99
Mosker Jix OBITH IIEJBIM YHCJIOM BBEIPAKEHHE 8’ Ecnm ma, To
a

Npyu KaKkoM 3HaueHUH a (@ — uesoe 4ucyao)?

Kaxoe umcino 6osabiie:

101986 4+ 1 10"874 1 5) &"+1 a"+14+1
10787 11 % qoee 4 1’ ) e

a"*1+1 a"*?+ 1’
re @ ¥ n — HaTypaJbHBIE YucJa?

3adava Apxumeda (287—212 2z. 0o H.a.). Haligure cymMmmy KBaj-
paTOB NEPBHIX 71 HATYPAJIBHBIX YHCE].

a) Hailinure cymMmy KBaJpaToB MEPBBIX 71 YETHBIX YHCEJI.

6) Haiigure cymmy KBaJpaTOB IEPBLIX 71 HEUETHBLIX UHCEJI.
Cmapuxnana 3adava (Hudusa, IV 6.). Haligure cymmy Ky0OOB mep-
BBIX 7l HATYpPAJbHBIX YHCEJI.

HdokassiBaem (851—855).

a) Jloxaxure, 4TO TPEX3HAUHOE YHCJIO, 3alUCAHHOE TPEMsA OIH-
HaAKOBBIMH Huppamu, geaurcd Ha 37.

6) lokaskuTe, YTO YeTHIPEX3HAYHOE UMCJO, 3AIIHCAHHOE YeTHIPhb-
Ms OOUHAKOBBIMH Iuppamu, genurcsa Ha 101.
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854.

856.

857.

861.

Howrasxkure, dYro upH Jg0O0OM I€JOM 3HAYEHUU K YHCJIO
k® + 8k?% + 2k pgenurcs Ha 6.

Hokaskure, uro ecau A — ja1000e HEUETHOE YHCJIO, TO YUCIO
A? — 1 pmenutcs Ha 8.

Hokaskure, 4TO €CJM B TPEX3HAYHOM UHMCJIe JBe IOCJaeJHHe IuQ-
PHI OZMHAKOBEI, & CYyMMa ero nudp aeaurcsa Ha 7, TO ¥ caMO YHCJIO
meJuTca Ha 7.

Hokaskure, uro ecau B — menoe uueso, To uucao BZ2(B2 — 1) ge-
auTca Ha 4.

Hai#iguTe HauMeHBbIIee HATYPAJIbHOE YHCJIO0, KOTOPOE HPU YMHO-
JKEeHUU Ha 2 CTAHOBHUTCH KBAJAPATOM, 4 IIPH YMHOMKEHHH Ha 3 —
KyboM IeJIoro umcjia.

PacmudpyiiTe paBEHCTBO ## + ##:# = stk @CJIM KayKJoe W3 cJia-
raeMbIX M CyMMa He U3MEHAITCA IIPHM YTEHWU MX CIIpaBa HaJIeBO.

TpéxsHauHOe YUCJIO OKaHumBaerca nudpoit 3. Eciam sty nudpy
TlepeHecTH Ha ePBOe MecTO (Ha MEeCcTO COTEH), TO HOJIYYeHHOe YHhC-
J0 6yaer Ha 1 6oJbIIe YTPOEHHOTO HEepPBOHAYAILHOrO uncaa. Haii-
AUTE 9TO YHCJIIO,

Kaxoe mauboJsiblliee 4MCIO OAMHAKOBBIX OYKETOB MOJKHO COCTa-
BUTH U3 264 Genblx ¥ 192 KpacHBIX TIOJLIAHOB?

CymMma ABYX HaTypasbHBIX umuces Goiabine 360, Ho merbire 400.
HauGonpmuit obuit genurenas 3TUX uyncena — 32. Haiiaure atu
4ucJia, ecJM HHU OJHO W3 HHX He SABIAETCHA JeJIMTeJIeM APYroro.

Haiigure nBa mesbix yucia, 3Had, 4To uxX cymMma 168, a Haubosb-
mui o0muii genuTens 24.

Hokassisaem (862—864).

864.

Hoxasure, uro ecim A + B+ C =0, to A% + B3+ C3 = 3ABC.,

Joxa)kuTe, YTO €CJIM YHCJIO NpU JejneHuu Ha 9 maér ocraTor 3
unu 6, To Ky6 saroro uucaa geaurcsa Ha 9. denurca au Kyd aToro
qucsa Ha 277

a) Jloxaykure, 4TO ecau k — HATYpPaJIbHOE YHUCJO0, Oosabinee 4, TO
yuciao k* — 4k3 — 4k? + 16k penurca Ha 384.

6) Hoxaskure, 4To ecau B — HaTypaJdbHOE UUCJIO0, Hoabliee 2, TO
uypcao k® — 5k + 4k penutca Ha 120.

Beruucaure (865—866):

865.

866.

a) (2V3 — 3V2 + V6) (/6 — V2 — 24/3) + 8v/3 — 4/6;
6) (V8 — 3V2 + V10)(V2 + V5) — 25 + /10 - 5V2.
a) (238 — V57)- 129-J1_9+J1_2; 6) (Jﬁ-2¢§5)-%-ﬁ+@;

B) ¥200 - - V32 + 2/72; p)%\/soo—gﬁJrﬁ.
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867. Haiigure mesioe 4HCJIO — 3HAYEHUE BBIPAIKEHUA:
a) V7 — 43 + Y4 — 243; 6) V11— 447 — /8 + 2V7;
B) VO—-4V5 +114—-6V5; 1) 7+ 2V6 — y10— 4/6.
868. YnpocTure BhIpaXKeHHE:
a) V7+2V6 + 7 - 2/6; 6) V11— 210 + y11 + 2/10;
B) \/8+@+\/8—Jﬁ; r) \/9—«/1_7+\/9+Jﬁ.
869. Hajifure sHaueHHe BBIPAYKEHUA:

a) 2V5V48 + 374012 — 2415V27;
6) 303\/% % 33@ + 53144 + 230,125 + 4/0,0016.

870. YnpocTuTe BhIpAXKEHHE: ;
2
a) \NS-{%NE :J%/E]; 6) [%jlﬁ%/SJEJ .3/324/2 . /24/43/3.
871. Jokassizaem. [JoxkaskuTe CrpaBeAJIUBOCT:E DABEHCTBA:
3\)'J_+ -\/_ J_

,/3«/‘ 342
J_ B = &3 - ¥2)4/3 + ¥2) (V3 +V2).

872. Briuuciaure:

a){ 15 e I) (/6 +1);

V6 -1

=9 -2
4-22+9-[§J

ROEC
2 24
Vapocrure Bripakenue (873—878):
873. a) ‘2/873; 6) ?/F; B) ‘%/16_‘5; r) Q/ﬁél—‘a;
z) ¥/3-5; e) /a5, x) $12-3; a) ¥34.
874. a) V73 .J7%; 6) ¥a7.311; ) Y62.46%; 1) ¥38.%32.
875. a) ¥53:3/55; 6) 49:498; ) Y7 2:47% 1) §f2-10 ; §fo-12,
876. a) ¥3°.¥4%; o) Va2.Vss; m) V122.¥3%; ) V74474,

0)
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878.

879.

880.

884.

o B, GUE VE W
Va8’ Ys5’ e ¥o1’
-2 2 -2
28(8) .1 11314 (c151)
) 4 2 6) 3
0 -1? 169. 2-2
(-3
5 4
CpaBHUTe 4HCJIa, YKAXKUTe UX HA KOOPAMHATHON OCH:

Kt il b
2 026 (-1 i02or o (-1]i-0.@p -0az;
B) (VA); 7% (-1,2)% r) (-8)% VBL; 1020,
Hoxaxkwurte, uTo:
a) 5<+/26; 6) 3 <+13; B) V7 < 27T;

r) V11 < 3,4; m 1,09< 1,2 <1,1; e) 1,4 < 2,1 <1,45.
Kakoe u3 yucea dosbIre:

a) nnnnﬁ+«/§; 6)ﬁ+ 3 wam 8 +/2?

BriHecuTe MHOMXHTENIB H3-I104 3HaKa KOpPHHA:

a) V8; 6) /28; B) +/320; r) +/32;
0 V175 o) Vo6 ) 121, 5 |-L.
2 0,75
Brecure MHOMKUTENb ITOJ 3HAK KOPHS:
. 2 1 /6. 2 /6
a) 5,0,6; 6) 11\/;, B) 2J€, ) Sz
ITonb3ysace NpuUGIMKEHHBIM 3HAUYEHHUEM:

a) V2= 1,41, BeryucauTe NpUbOIHKEHHO .\g; Jg; J4,5;
0) V6 =~ 2,45, BuluuCIHTe NPHUOIHKEHHO \E; g; ‘E

IIpeobpasyiiTe Apobs Takum o6pasoM, 4TOOBI 3HAMEHATEb HE CO-
Aep)KaJj ducjaa o 3HAKOM KODPHS:

1 3 2
a) -

—; ©6) —: B) —=; 1) i; a) —1—; e) .
V3 \/§ \/5 JE 3+ﬁ J§+J§

Yupocrure Beipaskenue (886—888):

a) V8 +5v9 — 3v8 + 5J7 + 2V8 — 6VT;
6) V12 — 527 + 848 — 675 + 2/108;
B) 2v3 — /27 +3/12 - 2/243;

r) v50 - 5v8 + /2 + +/128.



260

887. a) \fﬁ\/ﬁ, 0) JE-JE; B) \/@:\@; r) JEJ%
888. a) ((7V/2 - 5V6) — (3V8 — 44/24)) - 3/2;
6) ((2v/20 — 7/8) — (3v5 — 318))- 4410.

889. BosBeaure BhIpaXeHHEe B CTEIEHb:

a) V3-427%;  6) (J6+V2)%.
890. 3adaua Bxackapel (Hnous, XII 6.). [JlokakuTe, 4T0
J10+m+m+«/6_= J§+J§+\/3.
891. 3adavu M.IImugpens (I'epmanusn, 1486—1567 ).
a) IIpoepbTe paBeHCTBO V16 +3/8 = \/m + \/%/6_4
6) YupoctuTe BhIpaskenue 345 + +/1682.
892. lzo0pasuTe Ha KOOPAMHATHON OCH 4HHCJA:

a) V2 u 1,4; 6) 1,7 u V/3;
B) V3; vV5; V2 +1; r) V11; 3,2; V13.

893. Vkakure, €CJIM BO3MOYKHO, HATYPAJbHOE YKUCJIO, KBAAPATHBIN KO-
PEeHb U3 KOTOPOrO 3aKJIIOYEH MEIY:
a) 4000 u 4001; 6) 400,0 u 400,1; B) 40,00 u 40,01;
r) 1002 u 1003; n) 100,2 n 100,3; e) 10,02 u 10,03.

BykBseHHble BbipaXeHWs

Ilycts uepes a, b, ¢, m, n, x, Yy, 2 0603HAYEHBI OTJIUYHBIE OT HYJIA YHC-
Ja, TIPU KOTOPBIX BBLIPDAYKEHUS MMEIOT CMBICJI. YIPOCTHTE BHIDA’KeHHE
(894—899):

894. a) a’- a; 0) a®-a’; B) x10. x10,
r) x0. x4 n) ab? - a®b; e) a?b? - adb7;
x) xly® - xy;  3) x0 . x0p8,
895. a) x*: x% 6) x2: x; B) ml7 : m8; r) mil : ml4;
mﬁ' n.’i all bl-i
) s e) 5 ) progs 3) it
896. a) (a%)% 6) (x?)% B) (—x%)3 r) (-a®)?%
4
1) (2x2)%; e) (3a?? x) {é—c]; 3) (—2x2)3.
897. a) (a®°-a?-a): (a®-a’); 6) (x*:-23-x): (23 x5);
B) (ab?)?® : (a2b?); r) (m3n®)3 : (m%ntd).
898. a) m! - m? 6) a2 B) a10. g9
r) b°- b, ) yd s e) x2:x3

) al0: g9 3) b3 : b,
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899. a) (2ab?c?)?; 6) (3a*x%)?%;
B) (—(-a?b71)1)3%; r) (2(=%®)1)2

900. [IpuBeguTe MHOIO4YJIeH K CTAHZAPTHOMY BHIY:
a) 4x3 — 2xx% — xx2 + 5x2 — bxx + 1;
6) 3xx3 — 4x2x% + x° — 3xx2 + 4x — 1.

Vnpocrure Beipaxkerue (901—902):

901. a) (x — 1)(x + 2); 6) (x + 3)(x — 4);

B) (x — 1)(x - 2)(x — 3); r) (x + 3)(x — 2)(x + 1).
902. a) (x —1)(x + 1); 6) (x+ 3)(x — 3);

B) (3x — 2)(3x +2); 1) (2x + 3)(2x — 3);

m (x —4)% e) (2x + 1)%

x) (x - 2)3% 3) (x + 3)%

u) 23+ (x - 1)3% K) 23— (x+ 1)3.

Pasnosxure Ha muoxkuTenu (903—906):

903. a) 2x(x-9)—x(x—-1); 6) 3x(x+ 1)+ 2x(x + 10);
B) (x—2)2x+3)—(x—2)(x+ 1);
r) (x+1)Bx—4)—(x+ 2)(x + 1);

o) (x—2)2+ 3(x— 2); e) (x+1)2-2(x+1);
x) (2x — 3)2 - (x - 1)% 3) (2x + 1)2 - (x — 2)2
904. a) x? - 4x + 4; 6) x2—4x + 5;
B) x2— bx + 6; r) x2—x— 6;
o) xt—2x2-2x-1; e) x*—x2+6x-9.
905. a) x* +a%x + (' - b); 6) 4x? — 12bx — 4a® + 9b%
2 1 9 9 s 2a a?
B) 4x ~3ax+—i(2a — ab - b?); r) 8x —?(1—233)::—?;
2 2 2 2
I) e O LV e) oA Bl iy,
ab ab
906. a) x*+ 1; 6) x3— Tx — 6.
907. 3anHIIuTe MHOTOYJIEH, KOPHAMU KOTOPOIO ABJIAITCA YHCHIA:
a) 1; 2; 3; 4; 6) -2; -1; 0; 6.
908. IlpescTaBbTe MHOTOUJIEH B BUJAE IPOHU3BeJeHUA JHUHEHHBIX MHO-
KUTeJIen:
a) x3 - 6x; 6) x — 5x3; B) 3x2 - 25;
r) x%—2; n) 2x%2+8x—-1T; e) 3x2 - bx + 2;
%) 3x2-6x +12; 3) 8x3 + b4x + 36x2 + 27.

909. PasnoxuTe MHOTOYJEH HA JHHEWHBIe MHOMKHTEIH, CUHTasA, YTO
a u b — maHHBIE YHCIAa:
a) x2-(1+a)x +a; 6) 4x2-2(1 +a)x + a;
B) 2ax?-(2+a)x + 1; r) 6 +(2 - 3a)x — ax?;
n) (b—2a)x + 2 - abx?; e) b—(a+ b?)x + abx?.
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910. PazjoxuTe MHOro4YjieH HA MHOYKUTEIH:
a) (@-bP+B-cP+(c-a)}; 6) x*+x2+1; B) 28+ xt+1.

911. MHorouseH x* + 2x® + mx2 + 2x + n ABAsAeTCA KBAAPaTOM APYTO-
ro MmHoroujieHa. Haiiaure uucia m u n.

Yupocrure Bripaykenue (912—922):

48m?ab 64xy32° 128a%73¢° 121x%22°%
912L.a) ———; sl ST ORI TE Bl i el
) 26ma’p® ) 18x2yz3 B) 32ah2¢~? ) T xSydge
38a"bic!? 144 xy°2"!
13. a) ———; e
913 9) 144ab5c%’ ) 24x%7z ’
g [B2CrR-c-b2)" Clc2? 2
(b% + 2bc + ¢2) - 10a* | ’ (-2a%)% - b*
914. a) 2 }: 2xy2; 6) (m+1—m_1+4m)(m~l}
x-y x+y x2= m-1 m+1 m
2 2 .
915. a) | L+ X _||E 4L _a|; 6) [ZYLVE . |[L+X]
x-y x+y)\y? x? x—-y x y
1.1 1 3
916. &) ;+§)(x—y)+(x+y)(;—g}
6) i—f]:[z—i—i}(lﬂ).
\ X ¥ y x x
k+1 k-1\(1 k 1
917. - -
2 [k—l k+1](2 4 4kJ’

6) m3+ m?n + mn®+ n®  m*- nt
m?+2mn+n® " (m+n)?’

4(a - 2) a-3 ) a®-4 2
918. a + . _ :
)(az—a—ﬁ 4—a""J a-1 a-3
6) 3 +3y+12: 2y-1 y—>5 1
y-2 25-y2 " \2-25 22+9y-5)°
a 8 a*-2a  a+8,
%) (a2~4 a2+2aJ' d-a Ta+2’
r) 1 a+3 | 4a-d® a+8,
a®*- 4a a?-16 a+2 a+4’

: 3nech u ganee OykBaMu 00603HAYEHEI YHCJA, OJA KOTODBIX paccMaTpHBae-
MbI€ BbIpaXeHHA MMET CMBICJI.
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e il
) a+3b+a—-3b . a®+ 3b%
Ml le-0F a-02) @-bv°
&) a+2b a-4b) b*+2ab
(@a+b? a®-b%)" (@a+b)?’
2 2
919. a) Uf‘—+~y—+1]-[l~ln:(’c—2+y—z—[f+£)];
y x x y ¥ ox y x
a-b 8+ 4(1- a) + a? 1
+ - s
ol a(a—2)+ 4 8 + a? 2+a
a-1 a*+38a@@-1)-1 —4a 4a? |
920. a) a: =, 242 + 2a a?+1-2a at-1
6) 3 J‘:‘i_:)c“+1 _xa—x(4x—1}—4 . X%+ 29x + 78
2 x24+1 x"+6x8-x-6 ) 3x%+12x-36"
(-2 2
x*-x-6 x‘—4x-5 4x + 16
21. - : :
% %) x2- 4 x2—7x+10J x-2
6) ¥*-8x-10 x*+x-12), 4x+10
x*-25 x2-8x+15)" 5-x °
1 i | 1 1 1
922. + & g ks ;
a) x(x+1) (x+1)(x+2) (x+2)(x+3) (x+3)(x+4) (x+4)x+5)
6) 1 " 1 2 4 8 16
1-x x+1 1422 1+2% 1+2x% 14+x18°
923. VnpocTuTe BhIpa)K€HHWe M HAWAWTE €ro 3HaYeHHe NPH 3aJaHHOM

3HAYeHUU OYKBBHI:

mé+ 1 c(1 a2y M _ 1,
a®-8 a-1 2
)(av2 aJ (4-a”) 53—, W A=g

Haitgure sHaueHue Beipaskenusa (924—927):

924.

1 1-2x2 1,
a) (1— l—x]'( Tou —x—l) mpu x = 2

m?P-—m+1 | 1 ) 1 _
5’m-(’" 1_mJ i 02 m = 0,07,

2_q. |1 _ = _0.03:
a) @*-1) (a—l — 1+1 npu a = -0,03;

1 3 3 ) (. 2p-1 _ 1
6) (p+1 p3+1+p2—p+1} (p p+1anﬂp_ 3’
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4x x-ZJ. 4 x wpn x =15

926. a - -
) (4—::2 4+2x ) x+2 1-x2
a 1-a? ( 1

6) l1-a 1+a ((a- 2?2

- l—aaz) npu a = 2,5.

927. a)( = $ J-(m‘3)2+ £

m2—9+(3—m)2 6 3+m
6) 2 2 (2- p)? _ 2
4-p® (p-2)° 4 p+2
Hoka3biBaem (928—930).
928. [loka)kuTe COpPaBeJJIMBOCTL PABEHCTBA:

1
apu m = 25,

opu p = 1,5.

5x xy + y° 2 xy
. +xy + - = dxy;
x+y [5x~5y S x =y v
6) a—->5 4(a+1) . 9a _ a+4 _1
6-3a a’+4a \a® -16 a?—-4a) 6

929. JloxkasKHuTe, YTO BBIDAKEHUA:
(x—8)° (x+3)> 9(x%+ 3)
) 73 z s
5) z-8)" x+33Hx(x2+27)
3 3 27

He ABJAITCA TOXIECTBEHHO PaBHBIMH Ha MHOM{ECTBE BCeX aeucr-
BUTEJIBHBIX YHCEeJI.

930. [okaxxure, uto ecau ABC =1, To
1 1 1

+ + =1,
1+A+AB 1+AC+C 1+B+BC

931. YuopocTure BhIpasKeHHe:

a) Va?; 6) Va?; B) 4at; r) {a'z.
932. Bepuo su paBeHcTBo Va2 —2x+1=1—x, ecau x < 1?
933. IIpu xaxux a u b BepHo paseHctso va®b = |a|Vb?
Vopocrure Beipakenue (934—936):

934. a) V-a - ¥a; 6) ¥-x2 - 4—x;
B) 1-v2-Y3+2/2; 1 Va-1-#1-a-¥Ya-1).

935. a) 5316 + 3354 — 63/-128 — 73/-250 + 23/432;
6) 73/24 + 53/81 + 43/-192 + 23/-375 - 3/1029.
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936. a) TVx — 4¥x + 53x — 64x — §x% + V3
6) a+2vVa +3%¥a + 4¥a — Ya? - 3%/a? — Yas.

937. Cokparure aApobb:

& V15 -6 | G)Jﬁ+\/ﬁ,
V35 14’ V8 +412’
B)'“{/x_y— xy® | nim — min
3ax—3§/@’ 3{/_ n? + 2mn

Vupocrure Beipaskenue (938—942):

2 2
322 . 4[4b, 14/&.4@: 8y,
938. a) o7 o 0) ) 1 (x°y)

939. a) (¥a +b)-Ya?; 6) (Va2 - ¥a)-Ya;
8) @¥b +b¥a)-Ya??; 1) ¥a - ¥b)Ra +¥b).

940. a [ﬁtg J\/;;jz_:_z}:‘ja—b;

2b -1 _ a‘2b3 —1b = ab—l
adbl+ab * adb?

0)

941. a) (3/108a%" - 3/32a2b° ) : 3/4ab?;

3 ,243;;‘4 y _[32x!0 | i,‘ 2
6) x2y 2 ? + Fﬁ y‘6 b4
’81:59 2 J 3y* y
942. a) (43 = = FS =" 3 ey
3 2 2
6) | 4 128x + 21y 8y* i
y <7 41y3

943. [Jdoka3biBaem. [Joxaskure cnpaBelJINBOCTE DaBeHCTBA:
&) a+6 1 _ 12
a-3 Jz+6 a-36
6) Jx 3 . I 3 ‘
Je-6 Jx+6 86-x Jx-6

944. Buecure MI—IO}KHTBJII: oJi 3HAK KOPHA:

8) @-1) =%, 0<a<l; 6) 2-a) az_“

5 T
2
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Yupocrure Beipaxkenue (945—947):
945.&)[ Jx +1}:(1-— Jx ]; 0) {\G— 1 ] Ja+1

Jr +1 Jx +1 1++a 'IAJE—a’
gy 2oy _ xVx -yl pm__ 4 om
Jx -y X~y m-7T Jm+7 49-m

946. a) (1 - (1 -a'b))2+ (1 - (1 -abl)l)y?
6) (@+va? -1)'+ (- Ja® -1)1.

1 1 1 1 2 2 2 2
947. a) (m2 + nz)(ma - nE); 0) (a3 +b3)(a3 - b3);
1 1 1 1 1 & 1 1
B) (m2 - nf)(m+m2n§+n); r) (a2 +b2)(a—aﬂb2 +b).
948. Coxparure apodb:
e X =
8~ 0
x2— 2 x2+ 2
3 3 3 8
x2 — 2 a? - b2
B) =2 r) ;
X—y a+b
x — x05y05 4 y abs — pbs
A) P PO Y N

949. ViopocTuTre BhIpajKeHHe:
a) (x0.5 4 yo.ﬁ)(xO.ﬁ ) 5y0,5) - (x0.5 + 2y0.5)[x0,5 . 29'0‘5) )

3y @ + 3/y) ’
6) Y -1-3x? +¥x+1-Yx—1;
1

-3

" 1
B) + a8
_1 1 _1
(%/;+ x 3+ 1)(x3+ x 3- 1)
r)\/; x + Y232 + ydxy? + 12 y'1+ 1
(%_'_\@)2 x 025,05 1"

Onpenenn’re, IIPH KaKHX 3HaYeHHMAX X HMeeT CMBICJ BhIpa)XeHue

(950—952):

Y 1 P (Jx-1 Jx+1),
it (?‘MJ '(&;1‘5_1]’

1- x2 2 x2-x
3

x2-x 2 x2 x2_x2
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gy

1,5 1,5
a“” + b-
a0,5b{l,5

205 + pob 2p0.5
951. a) — e
5 25
6) e L8 3453 1 1

1 2 1 1 1 11
(3%5)%ab — a3 (a3 + 3) a? -b a? - a'h?
2

952. a) (a+b%:JE)§-(‘/E_JE Vo J_E;

.  Ja-t
6) (JE—JE)2+2a2:JE+bJS+3JE—3b
ava + bJb a-b
953. Pemure ypaBHeHue:
a) (x—-2)(x-1(x-3)=0; 6) (x+1)(x+2)(x—-5)=0;
B) (2x - 3)(4 — 3x) =0; r) (bx-1)2x+ 7)=0.

954. Jlam mHOrOouneH x? — 5x2 4+ 8x. V3BecTHO, UTO eciaH 3HAYEHHE X
YBEeJMUYUTEL Ha 1, TO 3HAUEeHHe MHOrOUJeHa He usMeHurcsa. Haiau-
Te 3TO 3HAYEHHe X.

955. Haiinqure Bce 3HaYeHUs ¢, NPH KAXKAOM M3 KOTOPBIX YpPaABHEHHE
HMeeT JBa PAa3JIUYHBIX KOPHS:
a) x2—-6x+1t=0; 6) t+3)x2+2(t-1)x+t=0.

956. HaiiguTte Bce 3HAUYEHHUA f, IIPU KaXKAOM M3 KOTOPBIX YpPaBHEHHE
He MMeeT JeHCTBUTEJILHEIX KODHEH:
a) x2+ 4x + 6t =0; 6) tx2—-2(t-2)x+t=0.

957. HalinuTe Bce 3HaYeHUA ¢, OIPH KaKIOM H3 KOTOPBIX KBaJpaTHOE
ypaBHeHnue 2x2 — 5x — t = 0 MMeeT ABa MOJOMKUTENBHBIX pPas3IUdy-
HBIX KOpPHSA.

958. IIpu KaKuUX 3HaYEHUAX p ypaBHeHue 2x% + x + 2p? = 0:
a) He MMeeT JeHCTBUTEJILHEIX KOpPHEH;
6) mMeeT paBHBLIE KODHH;
B) MMeeT HepaBHBIE KODHU?

959. [Ipy KaKuUX 3HAYEHHUAX a ypaBHeHHe x2 + ax + 4 = 0 umeer pas-
JINYHBIE KOpHU?

960. IIpu Kakux 3HAUEHHAX M ypaBHEHHE He UMeeT NeHCTBUTeJbHBIX
KOpHEeH:
a) 2x%2-3mx+1=0; 6) 3mx2—x+ m = 0;
B) (m+1)x2+mx+3+m=0?

961. IIpu KaKuxX 3HAUEHUAX M ypaBHeHHE MMeeT JABa PABHBIX IIOJIOMKH-

TEeJBLHBIX KOPHS; JBA PABHBIX OTPHUIATEJNbHBIX KODHSA:
a) 3x2+4mx +1=0; 6) mx2-(m+1x+2=07?
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963.

964.

966.

967.

969.

970.

971.

972.

973.

IIpu kaxux 3HayeHusx t ypaBHenue x2 — 2tx + t2 — 1 = 0 umeer
ABa Pa3JWYHBIX KOPHs, 3aKJIOYEHHBIE B WHTEepBaJe:
a) (0; 3); 6) (1; 4); B) (-4; 0); r) (-5; -2)?

Ilpn xakmx sHaueHusax t ypaBHeHume (t+ 1)x2+2(t—1)x+ ¢ —
— 3 = 0 umeer ABa AeHCTBUTEJNBHBIX KOPHSA:

a) OTpHULATENBbHBIX; 0) IIOJIOMKHUTEJIbHBIX;

B) DA3HBIX 3HAKOB, IPUUYEM ITOJOIKHUTEJILHLIN KOPeHL UMeeT 60JIb-
11y abCoNITHYIO BEJIUYHUHY;

I') pasHbIX 3HAKOB, MPUYEM OTPHUIATENbHEIA KOpPEHb MMeeT 60Jb-
1y abCoNMITHYIO BeJIHUUYUHY?

IIpu rakux sHaueHusaAx m ypaBHeHnue (m —2)x2+(m+2)x+m=0
HMeeT pasjnYHble KOPHU?

IIpum kakux 3HAUYEHUAX P OAUH U3 KOPHEH KBAJAPATHOI'O ypaBHe-
HUA X2 + px — 5 =0 Gonpme 1, a apyroit meusbmie 1?

Hajinure B8HAYeHWe p, IIPH KOTOPOM KOPHH VpPaBHEHHS
2x2 — 5x + p = 0 yI0BJIETBOPAIOT YCJIOBUIO
L.

X X 8

HaiiguTe HOM0OKUTEIbHOE 3HAUECHHE ¢, DU KOTOPOM KOPDHHU ypaB-
HeHHuA 2x° + gx — 18 = 0 yAOBIETBOPSAIOT YCJIOBUIO
1 1 65

x2  xi 324
Hajigure 3HaueHwe p, INPpH KOTOPOM KOPHM YDABHEHUSA
6x2 + 3x — p = 0 yOOBAETBOPAIOT YCJIOBHIO
63
3"

Opue 13 KopHel ypaBHenusa x2 — x — a = 0 pasen a + 1. Haiigure
APYroii ero KOpeHb.

4 Lk

Ilpun xaxom sHaueHHH b ypaBHeHHe
x2 + b2x + 3b% = 2b%x — b + 12 + 2b3
uMeeT KOpeHb x = 37

Pemnre ypaBHeHuHe, CUuTasg, 4To B — HAHHOE YKCJIO:
a) x2+ 2kx + (k- 1)2=0; 0) x2—kx+k-1=0.

YKa)KuTe YCJIOBHUS, [IPHU BBINOJHEHWH KOTOPBIX KBaJpaTHOE ypaB-
HeHue ax?+bx+c¢=0, rue a, b U ¢ — panmoHaILHBIE YHCIA,
HMeeT MppaldoHaJbHEIE KOPHH.

ITpu kakux 3HAYEHUAX 4, b, ¢ (MWK IPH KAKUX OTHOINEHUAX MeK-
Iy HUMHU) Ui KBaJApaTHOrO TpéxdieHa ax? + bx + c:

a) cyMMa KOpHEH 3TOro TpéxXujIeHa paBHA MX IPOH3BEJEHHUIO;

0) KOpPHH 3TOro TpPEX4YJieHA PAaBHBI IO abCOJIIOTHOH BesMdYuHe?
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e

974. KakuMu uyHcJaMU JOJKHEL OBITE P U ¢, YTOOBI KOPHHM ypPaBHEHUHA
x2 + px + ¢ =0 6bLIM paBHEBI p U q?

975. 3adava Bxackaper II (1114 — ok.1178). Pemure ypaBHeHHE
B IeJILIX YMCJIax:
100x + 90 = 63y.

976. Mosxer 11 OMKBaZpaTHOe ypaBHEHHE HMMETh OAMH KOPeHb? aBa
KopHa? Tpu KopHA? B KamagoMm ciydae, eCiu OTBET IIOJIOXKHUTeJIeH,
IIpUBEAUTE IPHUMEDHI.

Peuure ypasHerue (977—990):
977. a) |x|=9; 6) |x|=1,5; B) |x—-1|=2;
r) |lx-2|=1; n |lx+38|=1; e) |x+1|=38.

978. a) |2x - 1|=5; 6) |38x +2|=4;
B) |7 - 8x|=4; r) |-2 - 8x|=5.

979. a) (x2+2)-[|2x-1|=0; 6) |xt+ 1|=xt+ x;
B) |x|=x+2; r) |x|=2x+ 1;
D |x-8|=x; e) |x + 2| = 2x.
1 1 1 5
980. a) x(x+1)=‘x+§‘+§; 0) 6x(x—1)+5‘x—§|=——2—;
B) x2+ 5|x + 2|=-4(x + 2); r) x2+4x=2-|x+2|.
981. a) 4x* - 11x2-3=0; 6) 4xt - Tx2—-2=0.
4x 16 3x 9
982. - = ; % = e
4, % 4—x x—4 o) 3-x x-3 *
1 10 1
B) x2-10x+25+25~x2‘x+5’
0 2 1 1
x2+12x+36 36-x2 x-6
2 % 2
983. - = :
®) D B+ tm-1
6) 4 _ 2x 3
Bx-1D(x+1) 8x+38 3x-1
5-2x 2 3x 2x 3x -1 3
4. g . - .
R4 2) x"’—x+x x-1 %) x+1 x2-1 =x-1
6 2 7
B) x2—9+x2+4x_x2+x—12'
x+ 3 x+5 x—6 5x 1 1
985. = = ; _ 11
%) x2—x x+2x2 1-x2 0) 3x+1 9x+3 16
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1 4 _ b
368: 2 2x+x2+1 x+2x2+ 2% 2x + 2x2°
6) 7 3 - 15
6x+30 4x-20 2x%-50"
2x% — 3x + x3 x(1-x)
7. 5) &2 G, 2E-%) _ &
87 2 x2-2x+1 L %) 1+x 6
1 2 2+x 1 5 5+x
=== . = =
B) x+1+x—1 x2 -1 r) x+1 x-1 x2-1
2 1 10 |
988. a) x-10x+25 x+5 x2-25’
6) 2 1 12
x*+12x+36 x-6 x*-36
1 1 1 1
989. = 0;
4) x—8+x—6 x+6 x+8 9
3 4 1 2
0 - = -
)x~2 x-1 x-4 x-3
1 15
990. a) <=1 0) =1
X — X - il il o)
5) 2 _ 10 _ 1 |
x2+10x+25 25-x2 x-5’
5 1 12 1
x2-12x+36 86-x* x+6°
IToxbepuTe ynciIO X, YAOBIETBOPAIOIIEe PABEHCTBY, €CJIU 9TO BOZMOMKHO
(991—995):
991. a) vx+1=5; 6) vx+8=1; B) 2x-1=3; 1) /8x-2=4.
992. a) ¥x=-1; 6) Yx=2 B Yr+1=2; 1) 32x-1=0.
993. a) x2 - 3x+2=(1- VYVx: 6)%—&:1.
x
994. a) Vx=-3; 6) V-x=3; B)2x+1=2; 1) J1-x=3.
1 2 1
995. a) x3 = 2; 6) x3 = 3; B) x5 = —1;
1 2 3
r) x 3=2; ) & B=1; e) x5 = -2,
996. Pemure ypaBHeHHe:
a) Y3x+1= J4x+1; 6) y2x+1=3x+1;
B) x;-2=x+1; r) x+1=x—1;

1) x—-5Jx — 6= 0;

3
e) x—64Jx—-T7=0.
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Japmanua aas no BTOPpEHHHA
SE

Pemure cucremy ypasHenui (997—1008):

2x + 3y = 4,
997. a) 45— B b
r)

998. a) 6)

999, a)

=]

)

1000.2) {x+2 3 6)

=)

1001. a) )

1002. 2) 6)

1003. a)

=)

x?+y%+axy=13; )

(x— y)(x? + y?) = 447,
xy (x - y) = 210;

=)

1004. a) )

1005. 2) 6)

1006. 2a)

1007 8 V.- e+ ) = =10;

x+10)(y-12)=0
2 _
y°— 160 = 0,2x;

o {
0 {

9x - 10y = 3,
2x -3y = 6;
5x +3y =15,
10x - 6y = 0.
x+y=395,
x+y?=138.
x+y—2
+y:-2=0.
= 2,
y
2x — 3y—5
xX2+xy+yi=4,
x+xy+y=2
x? ~y3-8(x )
x? +y?
x? +xy +y? —4
x+xy+y= 2

xy(x+y)
x+y——xy
x +xy y ’
x-y?

(x+3y-6)y—2x=0,
Cx+y—-12)y - 2x = 0;

xy +5(x—-y)=
x2+y?+5(x-y)=10;
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X2 +y?+x-y = 44, x+y=xy,
K) ){

.2 g, € e
5 = 1 o xy = x°+y=;
) 2x2 — 4xy + 3y? = 36, 3) 2x2 — 3xy + 3y? = 128,
3x% — 4xy + 2y? = 386; 38x? - 3xy + 2y? = 128.
1008. a) | ¥~ 1+y =0, gy LLH ~ 4 =%,
2x-y=1; 3x+y=1.

1009. IIpu xakoM 3HAUEHUH @ CYMMa KBAJApATOB YHCEJ, COCTABIAIO-
IIUX pellleHHe CHUCTeMbl YpPaBHEHHIT

x-2y =a,
2-y=a+1,
Oymer HaMMeHbIIeR?

1010. Ilocrpoiite rpahuK GyHKIMN:
a) y=x; 6) y=-2x+3; B)y= %x—z; r) y=-2,6x - 1.

1011. Haiigure umcaa a u b, OpU KOTOPBIX NpAMBIE X + Yy =-b u
x—ay—2=0:
a) mepecekaioTcsa B Touke (1; 1);
0) mapajulesIbHBI M He COBIAAAIOT;
B) COBIAJaroT.

1012. Ilocrpoiite rpaduxk ¢yHknum y = 3x — 1. 3amenute x Ha Yy,
a y Ha X ¥ mocTpoiiTe rpadMK ITONYYEHHOH (PYHKIIMH B TOH iKe
cucTeMe KOOPAHUHAT.

1013. Ilocrpoiite rpaduk dyarnuu y = 3x2 + 1. Haligure ¢ momMonbio

rpacduka:
a) y(1); 0) y(-2);
B) Xy, Takoe, 4TO y(x,) = 1; r) x,, Takoe, 4To y(x,) = 2.

1014. IIpusagnexur au rouka (—0,2; 0,4) rpadury byHKOIUH Yy = x2?
IToctpoiite rpadur pyuxnuu (1015—1019):

1015. a) y=3x — 4; 6) y=—-2x+ 1; B) y=-38x— 2;
r) y=|x|-38; n) y=|x-38J; e) y=|x-1|-2;
®) y=|x[+1; 3) y=|x+2|; m y=|x+2|-3.
1016. a) y = x2 - 4; 6) y=x2+1; B) ¥y = (x — 2)%
r) y=(x+1)% n y=—(x-3)3% e) y=-2(x+ 3)%

x) y=(x-2)2+4; 3) y=—(x—~ 1y +1;
u) y=-2(x+ 1) -4,
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s GO _ | K -
1017-a)y—m, ﬁ)y—x+2, B)y—l_x,
4 . . _ q.
Y= ny=_—7+L e y=5—F-3
- &, s Bl — X+l
}R)y_:c+2 1 3)y_x—3+4’ n) y -1
X) _x-3, 1) _2x-1 ) _3x+1
V= e+ 1 V=ge-1 ¥=ox-1'
1018. a) y = x? — Tx; 6) y=3 - x%
B) y=x%2—-5x— 6; r) y=3x2—-—x+ 1.
1019. a) y = —[x|; 6) y=|x-1|; B) y=|22x+11I;
)y=x+lxly  my=x-|x e y=T—7;
x2-1 %=1
Jl{)"”'_x-%l'

OTMeTbTe INTPUXOBKON BCE TOYKM KOOPAMHATHOH IJIOCKOCTH, KOODIH-
HaThl KOTOPHIX YVAOBJIETBOPANT ycaosuoo (1020—1022):

1020. a) x = 2; 0) y<3; B) x=22uy<3;
r) x=2wumu y < 3; m x<-1wmmy=>1;
| x| < 2, x| > 2,
) x) 1170
lyl <2 ly> 2
3) x2+y2<4; u) x2+y22>1;
x2 +y? <4, 3 8
= - 2)2< 4.
K) {x2+y221; a (x-1)2+(y-2)2%<4
1021. a) x < -3; 6) y>-1; B) x<-3uy>-1;
r) x<-3 unu y >-1; ) x>-3 wm y < -1;
{|x|<3, {|x|>3,
e) )
lyl <3 ly|>3;
3) x2+y2<9; u) x2+y?>4;
x2+y?<9,
+1)¥+(y+ 2) > 4.
R){x2+y2>4; a) (x+ 1+ @y +2)
y=-2x+1, y< —-x2+4,
1022. 0
a){yéx-z; ){y2x+2.

1023. l3o6pasuTe Bce TOYKH KOOPAUHATHOHN IJIOCKOCTH, KOOPIHMHATHI
KOTOPBIX YAOBJIETBOPAIOT HEPaBEHCTBY
(x|-1P+@-1F<1
HJIM CHCTEMEe HepaBeHCTB
{(lxl - +(yl -2 =1,

||+ |y < 1.
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1024. HaiiguTe BCce 3HAUEHUSA X, IIPH KOTOPBIX HMMeEIOT CMBICJ BbIpa-

KeHUd:

1 1 1
a) —; 6) x; B) ——; .
) x’ ) x5 ) x—1 i x+12

Haiigure obnacts onpenenenus pyuxnun (1025—1027):

1025.a) y=vx—-T; 6) y=2++12-x;

B) ¥y = V1 - 3x; r)y=—\lﬁ?.

1026. a) y = Vx+1; 6) y = v3 - 2x;
B)y=«/;+~'x—1; r)y=J3+4x+J7x—5.
= A __x  3x
i £ = OV=3ie 5-1a
- 1, _xX-9 e
B) y =4 3x+2x, r)y 3x—1+ 95— x;

o) y=+2x-38; e) y=,3x+5;
K) y=+x2-1; 3) y = x?+5.

1028. Ha pucynke 93 usobpaskeHnl napabona y = ax?+ bx +c¢ u na-
pajleslbHBIE NIpAMbIe m u [, mepeceKkawIue napaboyy B TOYKax
A u B, C u D coorBercTBeHHO. [loKaskuTe, 4TO IpAMasd, IPO-
XomAmasa uyepes cepenuHbl orpeskoB AB u CD, mapannenbHa
ocu Oy.

1029. Ha pucyske 94 wusobpaskeHbl rpa@uKu ABYX KBaZpaTHYHBIX
byHKIHH, 0608HAYEHHBIX Y, (x) U Y, (x). IIpu KaKUX X BBIITOJHSA-
eTcs HepaBEeHCTBO:

Y (x)

a) y;(x) - yy(x) > 0; 0) () < 0?
yA y=ax?+bx+c - yA
2 ; Y2
A
/ /\rl
s /—6 —1\ 1 4 x
a8 N S x n

H Puc. 93 B Puc. 94
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1030. Ilocrpoiite rpaduku GyHKIUY y = x U y = x2. AMeoTcsa U TOU-

1031.
1032.

KM, NpUHaAJIexamue rpadpuxkaM 3TUX (QyHKIWHA, obramaromime
CBOMCTBOM CHUMMETPHUYHOCTHM OTHOCHUTEJBHO: a) ocu abciucc;
6) ocu opAMHAT; B) HaYajaa KOOpAUHAT?

CyIiiecTByIOT Ju X, TaKue, 4To X3 = x?

HUcnonesya rpadhukm pyHKIMIL, OIpegeinTe 4CI0 KOPHei ypas-
HeHHuA:
a) x% = x2 6) x3 = x4; B) x%*=x2 - 4; r) x8-1=x2,

WUcnonesysa rpaburu GyHKIHE, pernuTe HepaseHcTBo (1033—1034):

1033.

1034.

1035.

1036.
1037.
1038.

1039.

1040.

) $>0;  6) £<0; B -250; 1) -=<0;
}1)%>1; e)%cz; :&c)-zx—>3; 3) —%>3.

a) 28> 6) x2 < x5; B) x> x2;

r)%>x2—4; ,u;)%<x; e)x>-}—3.

IToctpoiiTe rpaduK QYHKIIUHA:

a)y=%; 6)y=%; B) y=x2*+1; 1) y=x"-1

Hoxaxkure, uro QyHKIUA Yy = —x° ABIsAeTCA yOBIBAIOIIEH.
ITocTpoiite rpadurk pysrmuum y = (x — 1)3.

Haiigure sHaueHuWe aprymMeHTa, IPH KOTOPOM 3HA4YeHUS (DYyHK-
nuit y = |x| m y = 2x — 1 paBHBI Mexay coboii.

ITokaskure pyn nmoMoinu rpaduka, 4ro ypasHesune x2 — 2x + t = 0:
a) npu jgob6oM t < 0 uMeer ABA AEUCTBUTEJNBHBIX KOPHS PA3HBIX
B3HAKOB, IIPU 3TOM abCOJIIOTHAA BeJIWYMHA HOJOKHUTEIHHOIO KOp-
HA Oosnbmie abGCOMIOTHON BEJIMUYMHBI OTPUIATEIBHOI'O KODHS;

6) npu mo6om 0 < ¢ < 1 umeeT ABa PA3IUYHBIX MMOJOKHUTETbBHBIX
KODHS;

B) mpu jio6oMm t > 1 He umeeT AeHCTBUTENBHBIX KODHEH.

TlokaskuTe ¢ momombio rpaduka, 4To ypasHenue 2x2 + 3x + m = 0:

a) npu m < 0 uMeeT ABa NelCTBUTENbHBIX KOPHA PA3HBIX 3HAKOB,
npu4éM abCoI0THAS BeJWUYMHA OTPUIATEHLHOTO KOPHSA 6oJbIIe
abCOIOTHON BeJIMYMHBI IIOJIOMKHUTEIBHOTIO KOPHS;

1
) mpul<m<1 g MIMeeT /iBa PasTUTHbIX OTPULATENBHBIX KOPHS;

1 i &
B) npu m > lg He HMeeT AeHCTBUTEJILHBIX KODPHEM.
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1041.

Mccnepyem. [Ina kakux 3HaAYeHUH a ypaBHeHUe:
a) x2-x+a=0; 6) x2+x—-a=0;

B) x2—4x+a=0; r) x2+ax+4=0

UMeeT JBa KOPHSA, OJUH KOPEHb, He UMeeT KOpHei?

Pemnre rpaduueckum crocobom cucremy ypaBHeHuit (1042—1047):

1042.

1043.

1044.

1045.

1046.

1047.

1048.

1049.

2x +y = 4, x+y=2,
a) {x-y=-1, 6) \-2x+y =39,
y=2; 2x+3y ="1.
=—6, . s
a) xy 6) y=x"-4,
y=-x2+5; xy = 4.
2) {y=x2—2x—3, 6 {y=—x2+5x—6,
y=|x-1]; y=|x+1].
= 2x2 — i B
& y=2x*-1, 5) y=x2+5x+4,
y=-x%-38x-2; y=-x°+6.
= g 8 =x2-1,
a)yxﬂ, 6)y x B)yxl
y=x+T7; y = 4 =27 y=1-x%
y=2x-1, y=x2-2x+1, i = 5,
r){ Cox?_1 X 1, e)y _ 8
y=ex s y=% R
xy = 1, xy = -8,
") {y=x2: % {y=x+1:

x

y=x2-4x-5, y=|x|,
B) 12 r) 6

y =
IToctpoiiTe rpad@uK QYHKIIUM:

x+2 6(x - 3)

a = — - 6) y=———+-—.
)Y 2+ 22’ )Y x? - 3x
IIpn Kakux 3HAYEHUAX M IpsAMAasg Yy = /M He UMeeT C IOCTPOeH-
HBIM rpa@MKOM HM OJHOI obOIneil TOUKU?

ITocTpoiiTe rpaduk GYyHKIUU:
x2—4x+6, ecnu x = 2, —i, ecau x < -1,
a) y= ) y=4 «x
3x, ecnu x < 2; 2-x, ecnu x > -1,

IIpu xaxKux 3HAUEHUAX M IpsAMad Yy = m IepecexaeT IIOCTPOEH-
HBI rpaUK B ABYX TOYKaX?
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3agaHHA A TMOBTOPEHHA
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Hepagencrea

DokasbiBoem. [lokakure HepaBeHCTBO (1050—1052)'

1050.

1051.

1052.

1053.

1054.

1055.

1057.

a)a+b22J_b(a2,b20); 6)a+ >4 (a > 0);
B)a+ < 4 (a <0); ) 4a+ 2 4 (a>0);
) 9a+§ 12 (a > 0); e) 25a+—— 40 (a > 0).
a) m+ % 6(m>0); 6) x—1< ,B)* %(nJrlJ (neN).
8) 2+24+£538@>0,b>0, c>0);

b ¢ a

3
6)“;”32(“;”} (@>0, b>0);

B) (a + b)* = 8a* + 8b%;

r) (a+2)(b+2)(a+b)=16ab (a >0, b > 0);

n) ab(a+b)<a®+b3(@=0, b=0)

e) a?+ b2+ c?2<2(ab + be + ac), ecnu a, b U ¢ — CTOPOHBI HEKO-
TOPOTO TPEYTOJbHHUKA.

CoxpaHHUTCA JIK 3HAK HEpPaBEeHCTBA, eCJIU 0be YacTH HepaBeHCTBA
9 > 6:

a) YBEJIUUYHUTH HA NOJIOMKUTENbHOE UHCJIO;

0) YMEHBIIUTHL HA IOJIOMKHUTEJIbHOE YHCJIO;

B) YMHOXKHTH HA IIOJIOKHUTEJbHOE UHCJIO;

I) pasjejuTh HA OTPUIATEeIbHOEe YHCI0?

a) 3anuInuTe HEPABEHCTBA, IIOJIYYEHHBIE YMHOMKEeHHEeM HepaBeH-
crea 4 > -2 Ha: 3; -3; —; ——.

2" 2
6) 3anumure HepaBeHc'rBa, IIONyYeHHbIe JeJleHHeM HepaBeHCTBa
-3 < 7 na: 2; -2; .

3
a) 3anuInIuTe HEePABEHCTBA, NMOJyYeHHBLIe nmpubaBiaeHHeM K obe-
MM 4YacTdaM HepaBeHCTBa —2 < D umciaa 3; ducya —8.
6) SanuIumuTe HEPABEHCTBA, [OJYYEHHbIE BBIYUTAHUEM U3 0Denx
yacTell HepaBeHCTBa —7 < —3 uwucnaa 1; uucaa —1.

Bepno n1u HepaseHCTBO:
a) 8 =2 8; 6) 7= 6; B) -1 <2; r) -9 >-8?

a) MoryT 11 OZHOBpPEMEHHO OBITH CIIPABEJIMBLIMUA HepaBeHCTBA

a>bmnua<b?

6) MoryT Jm OHOBpEeMEHHO OBITh CIpaBeJJIUBLIMU HEPaBEHCTBA
<bumb<a?
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1058. a) Ecnu a > b, To Bcerja Jau BepHO HepaBeHCTBO ac > be? Ilpuse-
JHUTEe IPHAMEPHI.
6) Eciu a > b, TO BepHO JIU HepPaBeHCTBO —a < —b?
B) UsBecTHO, uTO ¢ <d. BepHo nm HepaseHcTBO c(a?+ 1)<
<d(a?+ 1), roe a — n060e AelcTBUTEIBHOE YHCIO?

1059. a) lokakure, ytoecama>buc>d, troa+c>b + d.
6) Jlokaskure, utro ecaim a>buc<d, oa—-c>b—-d.

B) Ecau umcina @ u b TakoBBI, UTO BEPHO HEPABEHCTBO a > b, TO
Bcerga su a? > b2? Ilpusegure NpUMepsHI.

1060. a) Cnpaseanuso Jiu HepaBeHCTBO a? + b? > a? npu a106BIX AeicT-
BUTEJIbHBIX uucjaax a u b?
6) CnpaBennmBo au HepaBeHCTBO a? + b2 = b? npu a06BIX AEHCT-
BUTEJbHBIX yucaax a u b?

1061. a) Mooker Jiu HepaBeHCTBO a?x > a (a — nwoboe faHHOE JelicTBH-
TeJIbHOE YUCJI0) He MMeThb pelIeHui?

Hokasbisaem. Jloxkakute HepaBeHCTBO (a, b, ¢ — jelicTBHUTeNbHBIE
ypucaa) (1062—1064):

1062. 2) L<l@=b,ab>0; 6 1>L1@>b, ab<0).
a b a b

1063. (a+b+c)=z2ab+c—a)+bla+c—-b)+c(a+b—-c).

1064. 1) a2+b22—;-(a>0,b>0,a+b:1);

2a
a?+ 1"

Adoxassisaem (1065—1066).

1065. JlokakuTe, UTO eCJIM MOJOXKUTEeaAbHEIe yncaa A, B, C, K ynosie-
TBOPAIOT HepaBeHcTBaM A < B u C > K, To 0OHU yAOBJIETBOPAIOT
U HEPaBEeHCTBY A < §_-

C K

1066. [JoxaxkuTe, 4TO €CJIHU:
a) a>0wua=>~b, to a* = b* npu a0b6oM HATypaJILHOM E;
6) a>b>0, To a* > b* npu n060M HaTypaJbHOM K.
ChopmynupyiiTe U AOKAKUTE YTBEPKAEHUA, OOpaTHbIE YTBEPHK-
OeHHAM «a» U «0».

1067. a) ABTOMOOGHIHCT exaJ HeKOTOpOe BpeMs CO CKOPOCTBIO @ KM/,
IIOTOM TOYHO TAKOE K€ BpeMs CO CKOpocThIO b KM/4. Breipasute
yepe3 @ U b CPeAHIO0 CKOPOCTh ABMKEeHHUA Ha BcéM myTu (06o-
3HaYbTe €€ U,).
6) ABTOMOOMJIHCT ITpOEXAasl HEKOTOPOEe PACCTOAHHE CO CKOPOCTBIO
a KM/4, TIOTOM TOYHO TaKOe e pacCTOfAHHEe CO CKOPOCTHIO
b km/4. BeipasuTe yepe3 a ¥ b CpeJHIOI CKOPOCTh JBHXKEHHA Ha
BcéM nyTH (0003HAUBTE €€ Us).
B) CpaBHuTe v, ¥ U, (CM. DpeabIAyIINE 3a0aHUA).

6) a®+1>
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r) 14 MOJOMUTENBLHBIX YHCeJ d U b pasauyaioT: cpefiHee apud-
a+
MeTHYeCcKOoe Uuces a u b — uucao A = ; CpeHee reOMeTpH-

yeckoe unces @ 1 b — gucyao G = Vab; cpegHee rapMOHHUYECKOE

1,1
1 a b
yucear a u b — umeno H, Takoe, dUTO T- 3 OTKyJa
b
H= 2_‘: 5 Hoxaskure, uro ansa uucen G, H u A cupaBeajinBo He-
a

paBeHcTBo H < G < A.

1068. B xaxyio noroay camouér, Jeramuii u3 Mocksel B Caukr-Ilerep-
Oypr u o6paTHO, BEINOJHUT GbICTDEE peiic: B Ge3BEeTPEHHYIO WM
IIpY BeTpe, AYIOIEM C IOCTOAHHOI CKOPOCThI0 OT MOCKBEI B Ha-
npasnaennu Cauxrt-IlerepGypra?

1069. [JokasbiBaem. JJokaxuTe, 4TO CyMMa KBaApPaTOB ABYX pasjiud-
HBIX ITOJIOKUTEJIBHBIX YHceJs 00JIbIle YIBOEHHOTO IIPOU3BEIeHUSA
3THUX YHCEJ.

1070. Kakoe HauMeHbIee 3HAUEHUE MOXKET IPUHATH BBIpAXKeHUe
a?+b% eciua>0,b>0,a+b=2?

1071. Eciu cucTeMa JBYX JIMHEAHBIX HEDABEHCTB He MMEET pelleHui,
TO cjaenyeT JJH M3 3TOr'o, 4TO KaxKaoe HepaBeHCTBO CHCTEMBI He
BBINTOJIHAETCA HH IIPH KaKHUX 3HAYEeHHAX HEHGBECTHOI‘O?

1072. OnHa cTOpOHa TPeyroJbHUKA paBHa 6 M, a cymMMa ABYX APYIUX
14 m. OmnpeznenuTe BO3MOKHBIE AJWUHBLI CTOPDOH TPEYroJbHUKA,
€CJIH OHM BBIPAKAIOTCA HATYPAJBbHBIMH YHCJIAMH.

dokasbiBaem (1073—1074).

1073. [lokaxxuTe, YTO IOJYNEPUMETD TPEYrOJNbHUKA GOJbIITe KaMIoi
U3 CTOPOH 3TOr'0 TPEYTOJbHUKA.

1074. Jloxakure, 4TO ecjau |x| < a, T0 —a < x < a.
1075. 3anumuTre HEPaBEeHCTBO B BHUeE ABOWHOrO HepaBeHCTBA:

a) |x - 0,5|< 3; 6) |[x-3|<1; B) |x + 2| < 5.
1076. YKa)kuTe Ha KOOPAUHATHOI OCH BCe pelleHUA HEeDABEHCTEA:
a) |x-0,5|<3; 6) |x+2,5|<1; B) |2x - 1|< 2.

1077. Pemure HepaBeHCTBO:
a) [x-1|<1; 6) [x+1|<2; B) |[2x+1|<4; 1) |8x - 2| <5.
Hanpuwmep: |2x — 1| < 3.
—-3<2x-1<3,-2<2x<4, rTak kak 2>0, 70 -1 < x < 2.

Orser: (-1; 2).
1078. PemuTe HepaBeHCTBO:
a) |[x—-1|>1; 6) [x+1]|>2;

B) |1+ 2x| > 8; r) |[7x-38|>1.
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1079. IIpu Kakux 3HAYEHUAX X 3HAUYEHUA PYHKIHUH y = 5x — 3!
a) boabine 1; 6) meHsIIe 5; B) He MeHbIe —2; TI') He boubine —57

1080. Haiinure 3HaUeHHUe X, JJIA KOTOPOTO COOTBETCTBYIOLee 3HAUYEHUe
(QYHKIHHU y ABJISAETCA HAUMEHBIINM, eCJu:
a) y=(x+1)2-3; 6) y=(x—-2)2+5.

1081. Cpeau HOJOMKUTENBHBIX YHCEJI HAWAHUTE YHUCIO X, IIPH KOTOPOM
3HaYeHHe QYHKIHUH [ ABJIAETCA HAUMEHBIIUM, €CJH:

a)y=x+%; 6)y=9x+%; B)y=x+i; 1")‘1,.v=4x+L

4x 25x"
1082. PemuuTe HepaBeHCTBO, cUMUTasd, YTO @ — JaHHOE YHCJIIO:
a) ax > 0; 6) ax > 1; B) ax + 1> 3;
r) ax - 8<11; o) ax > x; e) ax +1> x.
Pemure HepaBencrso (1083—1086):
1083. a) x2—4x > 0; 6) x2+ 3x<0; B) 3x2 - x<0;
r) 4x2+ x = 0; n) x2-9<0; e) x2—-420.

1084. a) x2-5x + 4

> 0; 6) x2+4+6x—T7<0;
B) x2+5x+420
>

3 r) x2—-6x—-7<0;
0; e) 2x2+ 3x+1<0.

x) 3x2-2x-5
1085. a) x2+2x+1>0; 6) x2—-6x+9<0;
B) x2—-4x +4 > 0; r) x2+4x+4<0;
n) —x2+ 10x — 25 > 0; e) —x2+8x —16 <0.
1086. a) x2+ 2x+ 2> 0; 6) x2-2x+2<0;
B) x2—6x+10=0; r) x2+6x+10<0.

1087. HanumnuTre HepaBeHCTBO BTOPOI CTEIIeHU ¢ OJHUM HeW3BECTHBIM,
MHOKECTBO pellleHHil KOToporo u3obpakeHo Ha pucyHkKe 95.

-1 3 x -5 -1 x
B Puc. 95
1088. [Ipu KakuxX 3HAUEHUSAX b HEPABEHCTBO He MMeeT PeIleHuii:
a) 3x2—-bx—-1<0; 6) x2+bx+4<0?
1089. IIpu KaKuxX 3HAUEHHUAX M HEPABEHCTBO He MMeeT pelleHuid:
a) x2—-4x +m < 0; 0) x2+2x+m<0;
B) x2—mx+ 4 <0; r) x2+ mx +9<0?

Pemure Hepasencrso (1090—1096):

1090. a) (2x - 3)2=> (5bx +9)% ©06) (4x + 3)2<(9x — 7)%;
B) (x —3)(x - 2)2=20; r) (x —5)(x + 1)2=0;
o) 256x*= 16x%; e) 4x*> 9x2.
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1091. a) (1 + x)2< |1 — x2|; 6) |1 - x2| < (1 - x)2
5x + 2 x+6 3x -5 x-1
1092 a) B+l B+ 1 0) 6x2+ 7 6x2+ 7T’
%) x2+1 S 22+ 1, & x2+4  x*+4,
2x -3 3x-2’ 3x-5 5x-38°
x2 4 x? 9
2 5 < ;
N zi” 51 Q) T a2
4 1 3 1
1093. +—>12; 3] > 18;
e a)l—x (1-x)? ) 3-x (3-x)
4 1 3 1
£ 5 + < 10.
B e T = O D) % B
x2—-2x-3 a2 Q8
1094. a) = —2*—"° -, X ¥ 0 =0
%) x+5 =9 6) x2-2x+ 3
3 —x-—-2x2 1,8
—_— $ — < 0.
5 x2— 36 ke r) - xtrx-1
x 2 8 4 x 3
10838 x—l_x+1<x2—1’ o) x+1—x-1>x2—1°
3x -1 2x -1
1 z < 2 <2
096. a) 1 S 2 6)1<3x T

Mocn e00BATENbHOCTH

1097.

1099.

1100.

a) Cxouabko umcen or 1 go 100 He genuTcsa vy HaA 3, HU HA 5?
6) Cxonbxo umcern or 1 mo 100 me menurca vy Ha 6, HM Ha 87

VkaKuTe HAaMMEHBIIWI 4YJjieH ITOCJeJ0BATEILHOCTH {X,}, 3aJaH-
HOH (hopMmysIo# 00IIero ujeHa:

a) x,=n?-6n+5; 6) x,=n2-18n + 1;

B) x,=3n%-16n - 1; r) x, = Tn%- 50n.

H3 «Kypca wucmott mamemamuiu» E.[]. Boumasaxoeckozo. Ciy-
JKUBIIIEMY BOMHY JAHO BO3HATDA’KIeHHe 3a HmepByio panHy 1 K.,
3a BTOPYHO 2 K., 32 TpeThl0 4 K. U T. i. Bcero BOMH HOJMYyUYUJI
655 p. 35 k. CupamuBaercsa YMCJIO €ro paH.

T'pynna TypHCTOB BEIILIA M3 ropoja A B HaIpaBJIeHUHU ropoja B,
VAAJIEHHOrO OT ropoja A Ha a KM. B mepBuIil JeHbL I'pyIIa npo-
ma 40 kM, a B Kax bl IMOCHeAVIONINHA JeHb OHA IPOXOoJuJja Ha
1 kM Goxbine, yeM B mpeablaymui. Yepes ¢t gueit u3 ropoga B
B TOM jKe HalpaBJIEHWUHM BBIIIJIA BTOpPasfg Irpylna TYPHUCTOB, KOTO-
pas B mepBBIM AeHbL npounuia 30 KM, a B KasKIbIH CleIyIONIUN
JeHb mpoxoauna Ha 2 KM OoJsblile, 4yeM B Ipeabiayinuii. Yepes
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1101.

1102.

1103.

1104.

1105.

1106.

1107.

CKOJILKO JHeH ITocJie CBOEro BbIXOOAa ImepBad rpynmna qoroHuT BTO-
Py, ecju:

a) a=100, t=1; 6) a=114, t = 2;
B) a=91,t=1: r) a=131, t=2?
Brruncianure:

a) 1+2+3+4+...+17+18 +19;
06) 30 +31+32+...+47 + 48 + 49 + 50,

s n10060ro HATYPAJbHOTO 71 BEIYMCIHTE CYMMY
3+8+13+ ... +(5n-2).

a) Haiinure pasHoCTh apu(dMeTHUeCKOl IIPOTDECCHH, €CJIH H3-
BECTHO, YTO INATHIN €€ ujeH paBeH 19, a neBATHIH 4jeH paBeH 35.
6) Haiigure pasHocTh apudmMeTHUYeCKOH IIPOrpecCHU, €CJIH H3-
BECTHO, YTO YEeTBEPTHIN €€ ujeH paBeH —13, a AecsaThIi 4JIeH pa-
BeH —43.

B) PasHocTs apudmernyeckoil nporpeccuu paBHa 9,5, a aBeHa-
auateiil yieH pased 105,25, Haligure nepBsIil 4jIieH IPOTPECCHH.

7 G u
r) Ywmcia 2 n -1 i IIepPBBIA U IBAALATHIA YJIeHBI apudmMeTHye-
cKol mporpeccuu. HaliiuTe pa3HoCTh 3TOH IIPOTpPECCHH.

a) Mexnay uuciaamu 7 u 35 Ha KOODAMHATHOM NIpPSAMON HaWAuTe
LIECTh TOYEK, KOOPAMHATEI KOTOPEIX BMecTe ¢ 4YucaaMu 7 u 35
ABJIAIOTCA HOCHE0BATEJBHEIMA YIeHAMH apudMeTHUEeCKO IIpo-
rpeccuu.

6) Mexnay uncnamu 1 1 6 HafiguTe NATH YUCEJI, KOTOPbIe BMeCTe
C 3aJaHHBIMU YMCJIAMU ABIAITCA IIOCJIEL0BATEIbHEIMHI YJIeHAMH
apudMeTHYeCKON IIPOrpeccuu,

HaiiguTe cyMMy HEepPBBIX IATHAAIATH YJIEHOB apudMeTHUYECKOM
IpOrpeccuu, BTOPOH 4jeH KoTopoii paseH 0,5, a yeTsIpHALIIATHII
paseH —33,5.

HajiguTe cyMMy HepBBIX NATHAECATH IATH YJIEHOB apupmernye-
CKOM IPOrpeccuu, MOCJaeIHUN UjieH KOTOPOoH paBeH 5,8, a cymma
ABYX mociaegHuX paBHa 11,5.

Haiipure pasHoCTh apu(pMeTHYECKOH NIPOTPecCHM, UeTBEPTHIM
4jieH KOTopo# paseH 1,25, a JeBATHIN paBeH 5

CyMMa 4JIeHOB KOHEYHOU apudMeTudecKoi porpeccuu, COCToA-
miedl U3 TPUAATH 4ieHOB, paBHa 3645. Ileperiit useH aToi npo-
rpeccun paBeH 20. HaiiguTe BTOpPOI 4YJieH ITPOTPECCHH.

CymMMa Bcex 4YJIEHOB KOHEYHOII apudMeTHUeCKOH IIPOrpeccuu
pasHa 28, TpeTui uneH paBeH 8, a ueTBEPTHIHA paBeH 5. Haiigure
YHCJIO YJIEHOB IIPOTPECCHM W eé KpailHHue YJIeHHI.
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1110. a) Haiigure cymMy BeexX ABY3HAYHBIX YHMCEJ, KPDATHBIX 2 uiau 3.
6) Haiigure cyMMy BcexXx TPEX3HAUHBIX YHCEJ, HEe KPATHBIX 7.

1111. Hajigure cymMMy BceX TPEX3HAYHBIX YHCEJI, KPATHBIX 3, HO He
KpaTHBIX 2.

1112. Cymma nepBeix 40 ujeHoB apupMeTHUYEeCKOH IIPOrpecCHM paB-
Ha 340, a cymma nepBoix 39 eé wieHoB paBHa 325. Haiinure pas-
HOCTbH IIPOTPECCHH.

1113. [Jausl gBe apudMeTHuecKue IPOTPECCHM: Ay, (g «evy gy +en
u by, by, ..., b, ... . fABnsercsa 1u apudmMeTUdeCcKOl Iporpeccueit
MoCJe0BaTEeILHOCTD:

a) a; + by, G5+ ba; vois @, + by sl
6) a]_ = bl’ ag o bz, ey an - bn, ---;
B) al - bl’ a2 . bz, EEE] an ot bﬂ’ ..o;
r) |(11|, |t12], seey |an 3 sees
a; a; an
I) —, —, vevy —, ... (BCe b; # 0)?
) b1 ’ bz £ ’ bn E ( 1 )

fAokasbisaem (1114—1115).

1 1
1114. [okaxuTe, 4TO €CJIH YHCJIA

b+c'ec+a’b+a

BaTeJbHBIMH 4YJieHAMM apu(MeTHYeCKOH IIpOrpeccHH, TO YHCJIa
a?, b?, ¢? TakiKe ABJAIOTCA MOCIEAOBATEJIbHBIMUA UJ€HAMU apud-
MEeTHYECKOI IIPOTrpeccuu,

ABJIAKTCSHA IIOCJIeno-

1 11
1115. Ywucna a, b, ¢ 1 yuciaa —, 3 e ABJIAIOTCH II0CJIeJOBATEJIbHBIMH
a c

uyreHaMu apudmernueckux nporpeccusi. Jlokaxkure, 4ro a=b=c.

1116. HailiguTe nmepBhlil UieH U pa3HOCTh apU(pMeTHUeCKOH Iporpeccuu
Ay, gy vuvy Qpy «vvp, ECJIM UB3BECTHO, UTO:
a) (12+a4=16, al'a5:28; 6) al'a11=44, a2+a10=24-

1117. Haiigjure cyMMy BCeX ABY3HAUHELIX 4YHCeJ, He KPATHBIX HH 2,
HH 3.

1118. 3anumure nepBrie 11 UYJeHOB TeOMETPUYECKOH MIPOTrPECCHUH,
ecJIM M3BECTHO, UYTO e€ 3HaMeHaTe/b paBeH 1,5, a mecroil uneH
paBeH 2.

1119. OnpenenuTe NEePBLIA YIeH reOMETPUYECKOM IIPOrDECCHHU, eCIH eé
3HaMeHaTeJb paBeH 4, a BOCbMOU 4ujeH paBeH 256.

1120. IlepBhIil ujieH reomerpuueckoi nporpeccuu paseH 2058, a uet-
BEPTHIN uJsieH paBeH 6. Haiigure 3HaMeHaTeNIb 3TOH IPOrPECCHH.

1121. Mexay yuciaamu 1 u 14 641 maiiguTe TpH 4KcIa, KOTOPBIE BMe-
CTe ¢ 3aJlaHHBIMH YHCJAMH SABJIATCA IMOCJEeJ0BATEJbLHBEIMH dJe-
HaMH I'eOMeTpPHYECKOH IpPOrpeccHuH.
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1122.

1123.

1124.

1125.

1126.

1127.

1128.

1129.

1130.

1131.

KpaiiHue ujieHBI KOHEUHOI IeOMETPUYECKON IPOrpeccuu pas-
HbI 15 u 240. 3HamMeHnaTesb 3TOH nporpeccuu pased 0,5. CKoOJIb-
KO YJIEHOB B 3TOii mporpeccumu?

Hajigure cymMMy 4JIeHOB KOHEYHOU reOMeTPUUYECKOM IIpOrpeccun,
3HaMeHaTeJlb KOTODOHl paBeH 3, a KpadHue wieHbl paBHbl 20
u 131 220.

ITepBEBIil 4I€H KOHEYHOU reoMeTpUYEeCKOM Iporpeccuy paseH 7,
3HaMeHaTenb paBeH 4. Haiinure mocinefHU# YjieH HPOTPECCHH,
ecJIi cyMMa BcexX eé uyjieHOB paBHa 9555.

Haiipure mocienHuil 4jleH KOHEYHOU reOMETPHUYECKOH Hporpec-
CHH, €CJIM M3BECTHO, YTO CYMMa IIEPBBIX ABYX UYJ€HOB paBHa 4,
Pa3HOCTh 9THX JKe YIEHOB paBHA 2, YHCJO YJEHOB IIPOrPECCHU
paBHO 8.

3HaMeHaTelb KOHEUHON IeOMEeTPUYECKOU IIPOrPecCHH, COCTOS-
el U3 ceMU YJIEeHOB, PaBeH 2, CyMMa BCeX UJIEHOB paBHa 635.
Hailigure mociaegHuit ujieH OPOrpeccuu.

IlepBbIii YeH KOHEYHON TreOMeTPUYECKOM IPOrPecCHU, COCTOS-
1ei U3 INeCTH UJIE€HOB, paBeH 768, mocjeHUNA YJIeH IIPOrPecCHu
MeHbIIe YeTBEPTOro B 16 pas. Haligure cyMMy BCceX 4JIEHOB IIPO-
IrpeccHu.

= . " 3
HepBHH YJIeH KOHeYHOM reoOMeTpHMYeCKOH IIPOrpecCHH paBeH Z’

T

IIOCJeAHHUEe [Ba 4YJieHa paBHBbI cooTrBeTcTBeHHO 750 1 7500. Haii-
AUTEe YHUCJIO YJIEeHOB IIPOTPECCHH.

IlepBrIil UneH KOHEUYHOI reOMETpPHUYECKOI mporpeccuu paseH 1,
nociaenHuil paseH 64, cymma Bcex uneHoB paBHa 127. Hailigure
YHCJIO YJEHOB IIPOTPECCUN.

I[BeHa,::ua'rmn 4jleH TeOMeTPHUYecKOH nporpeccuu paseH 1536,
yeTBEPTHIH useH paBeH 6. Haiigure cyMMy nepBhIX OQUHHAALATH
YJE€HOB 3TOH MPOI'PECCHH.

B reomerpuuecKoil mporpeccuy ceabMON 4JeH paseH 27, mecs-
THIH uyJeH paBeH 729. Haitnure cyMMy NHEpBBIX HECATH YJIEHOB
reoMeTPUUYEeCKOil mporpeccun.

Haiigure 3HaMeHaTeJb reOMETPHUECKOM IIPOTPECCUH, B KOTOPOit
CcyMMa IIepBBIX JBYX 4YJIeHOB paBHa 16, a cymMMa mATOro M MIECTO-
ro 4wieHoB paBHa 1296.

3anummuTe IepBble BOCEMb YJI€HOB I'eOMETPHYECKON IpOorpeccuu,
B KOTOPOH NPOM3BeJeHHE IIEePBBIX JBYX YJE€HOB PaBHO 37 & Tpo-

H3BeJeHHe IIePBOT0 U IATOrO 4JeHOB PaBHO — 64"
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1134. CymMa [epBhIX TPEX UYJIEHOB IeOMETPHYECKOM MPOrDecCHH pas-

1135.

1136.

1137.

1139.

1140.

1141.

1142.

1143.

Ha 28, cyMMa cJeAyIOIMX TpPExX 4YjaeHoB paBHa 3,5. Haiigure
BOCBMOM UJIeH TIPOT'PECCHUU.

Haiigure cyMMy NepBBLIX NATH 4JE€HOB FeOMETPUYECKOR mporpec-
CHH, eCJIM M3BECTHO, UTO MepPBbIM WieH paBeH 9, a cymMMa IepBBIX
Tpéx uwJeHoB paBHa 58,59.

a) Kak maMeHHTCS pasHOCTb KOHEUHOW apu(pMeTHYeCKOH IIpO-
rpeccus, €cJM IOPAJOK €€ UYJIeHOB M3MEeHHMTh Ha IPOTHUBOIIO-
JIOMKHBIN ?

6) CKOJIBKO YJIEHOB B KOHEUHOIl apu(MeTHUecKOil Iporpeccuu,
ecsqu eé kpaiinue unens: 10 u 7,5, a pasHocTh paBHa —0,47?

Haiigure popmyay obimero uieHa apu(pMeTHUYeCKOH IPOrpeccuu

Ay, Qg «evs Ay, ..., €CJIA U3BECTHO, YTO:
a) a; =5, a, =-5; 6) a;=-3, a, =0;
B) al - 6, aln — 33; I'} a4 = _4., a” — _17.
IlaHbl ABe TeOMETPHYECKHEe IIPOTDECCHUH: &1, g, evy Gpy  ees
u by, by vuvy by ... . SIBAAETCH M TEOMETPUUYECKOM IpOrpeccueit
MOCJIeq0BATEIBHOCTD:
a) a; +by, a,+ by, ..., a, +b,, ...;
6) a; — by, @y — by veey @y —byy oo
B) (11 - bl’ az * bz, wany an * bﬁ.’ .oo;

a, a, a
T) —, —) eeey —» ... (BCE b, # 0)?

l""l bﬁ brz
HaliguTe mepsulil ujieH W 3HAMEHATEJL IeOMeTPHUYEeCKOH IIpo-
rpeccuu b,, by, ..., b,, ..., eCIU H3BECTHO, UTO:

7 T

a) b1+b4zﬁ,b3‘—b2+bl=§; 6) bz—bl=2,b3-—b1=8.

Haiigure uersipe unuciaa by, by, bz, by, €CIM U3BECTHO, UTO YUCIA
by, by, b, 00pa3ylOT KOHEYHYIO I'€OMETPUYECKYI0 IIPOIDEecCcHIo,
a uucna b;, by, by 06pa3yIOT KOHEYHYIO apU(MPMETHUYECKYIO IIPO-
rpeccuto u b, + by = 37, b, + by = 36.

Haiigure Tpu uuciua by, b,, bs, obpasyromnie KOHeUHYIO apudme-
THYECKYIO IIPOTPECCHI0, eCJIU U3BECTHO, YTO X cymma paBHa 30,
a yucna b, — 5, by, — 4, b; 06pas3yOT KOHEUHYIO I'€OMETPHUYECKYIO
HPOrPeccuIo.

Haijigure n — 4HCJIO YJI€HOB KOHEUHOI reoMeTpHYeCKOM Imporpec-
cum by, by, ..., b,, ecau usBecTHO, 4TO by + by = 51, by + bg = 102,
S, = 3069.

HaiiguTe Bce umHenaa X, YIOBJIETBOPAOINHE CleAVIONeMy yCJO-
Buwo: 1+ 7+ 13 + ... + x = 280.
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1144. Cymma TpéX umces, o6pasylouX KOHEUHYIO apu(pMeTHUYecKyIo
[Iporpeccuio, paBHa 2, a CyMMa KBaAPATOB 3TUX jKe YHCeJ paB-

14 .
Ha o Haiigure atu uwmcia.

1145. a) Cymma BTOPOro M [eBATOrO 4YJIEHOB apu(dMeTHYeCKOH mpo-
rpeccun paBHa 10. Haligure cymMmMy NepBBIX JeCATH 4JEeHOB 3TOMH
IIPOT'PECCHH.

6) Cymma TpeTpero M AeBATOrO YJIEHOB apu(PMeTHUeCKOit mpo-
rpeccun paBHa 16. Haliagure cymMMy mepBBIX OJAMHHAAIATH djle-
HOB 3TOM IPOrpeccuu.

1146. B xoHeuHOI reoOMeTPHUUECKO IIPOrpeccuy YETHOe YUCIO YJIEHOB.
Haiigure e€ 3HaMeHaTeN b, €CJIH:
a) cyMMa BCexX 4JIeHOB Iporpeccuu B 4 pasa 0oJibllle CYMMBI €6
YJIEHOB, CTOANINX HA HEUETHBIX MeCTax;
0) cymMa BCexX YJI€HOB IPOTPECCHH, CTOAINIMX HA YETHBIX MeC-
Tax, B 2 pasa 0oJibLIe CYMMBI €€ Y4JI€HOB, CTOAIMX HA HEYSTHBIX
MecTax.

1147. [Ipu 3aBUHYMBAHUM MIECTUTPDAHHON ralKM TraeuHBI# KJIOY II0-
BepHYJIH Ha «JBe rpaHu». BeIpasuTe B rpajycax BeJIUUYUHY yrJia,
Ha KOTODBIl NMOBEPHYJIU IAaeUHBINA KJIOU, €CJIU YUYecThb, YTO YIOJ
II0BOPOTa OTPHIATEIbHBIH,

1148. OnpezenuTe B rpagycax BeJIUYMHY YIJia, OINHCHIBAEMOrO MUHYT-
HOH CTPEeJKOM 4Yacos 3a:
a) 5 mMuH; 6) 15 muH; B) 45 MuH;
r) 1u; x) 3 u 20 mun; e) II0JICYTOK.

1149. Ha xakoil yroa Hafo NOBEPHYTh MUHYTHYIO CTPEJIKY YaCOB, YTO-
OBl MepPeBeCTH YaCHI:
a) Brnepén Ha 10 mun; ©) Hasaxg Ha 1 u 12 Mmun?

1150. IIpu perynupoBKe KapbopaTopa aBTOMAIIMHBEI BHHT XOJIOCTOTO
X0/ia IIOBEPHYJIH IIPOTHUB YacOBOM cTpeaku Ha 1,75 moaroro odo-
pora. Beipasure yros moBopoTa B rpaaycax.

1151. Begpo B KoJsoAlle moagHuMaeTcd Ha 2 M, ecau PYKOATKY BOpOTa
IIOBEPHYTHh Ha 5 MOJIHBIX 060pPOTOB mO YyacoBo# cTpenke. Ha Ka-
Koil yroa (B rpagiycax) HaJio IOBEPHYTh PYKOATKY, 4YTOOBI Beapo:
a) moxHsAJOoChL Ha 1,5 M; 6) onycruiaoce Ha 3 m?

1152. OKpy>KHOCTH MOPCKOr'0 KOMIIaca pasfesieHa Ha 32 paBHbIE YACTH,
HaselBaeMble pymGamu. Breipasurte B rpagycax yraer 1, 2, 10,
15 pym6Gos.

1153. B 1799 r. [Tlapmxckas akageMuss HayK BBeJia METPUUYECKYIO elH-
HUIYy U3MepeHUdA YIJIOB, KOTOpas HaaklBajach rpax. 1 rpan pa-
BeH 0,01 wacTm mpsmoro yria. Bripasute B rpagax yraer 90°,
120°, 150°.
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1154. B acTpOHOMHMH HCHOJB3YeTCA eJUHHMIIA U3MEePEeHUdA NOJITOTHI Mec-

1
Ta, HadbkiBaemMasd 4acoM. Yac JOJITOTHELI paBeH EZ JacTH IIOJIHOI'O

obopora (360°), Ha KOTOpHIN 3eMJs IIOBOPAauYMBAaeTCHA 3a CYTKH.
1 gac comepkur 60 mMuuyT, a 1 MuHyTa comep:kuT 60 cekyHX.
Bripasure uac, MUHYTY, CeKYHIY AOJIOTHI B Ipagycax, MHUHyTax
U CEKYHIaX.

1155. Vrasl TpeyroabHUKA OTHOCATCS MexAy coboii kaxk 3 :4 : 5.
OmnpenenuTe paguaHHbIE MePHl 3THX YIVIOB ¢ TouHOCTBIO A0 0,01.

1156. B paBHOGeApPeHHOM TPeyroJbHUKE Yroj IpH BepIinHe B 2 pasa
MeHbIIe yrja npu ocHoBanuu. OmnpenenuTe pajuaHHBIE Mepbl
9THUX YIJIOB ¢ TouHOoCThIO mo 0,01.

1157. IlIxus sxexrpomoropa aenaer 2000 oGoporoB B muHyTy. Ompe-
JleJIATE YIJI0BYI0 CKOPOCTHL BpallleHUs IIKHWBa (B pajguaHax B ce-
KYHZY).

1158. Kakyo JuHEHHYI0O CKODOCTH MMeeT TOYKa, VAAJEHHAsS OT OCH
BpallleHUs Ha 2 CM, €CJIMU yIrjoBasg CKOPOCTh BpallleHHd paBHA

—g— paguaHa B GERYH,EI;Y?

1159. 3anumuTe BCe YIJIBI, KOTOPEIM COOTBETCTBYIOT TOYKHM Ilepecede-
HUS eIUHUYHOM OKDPYIKHOCTH:
a) ¢ OCAMH KOOPZHHAT;
6) ¢ OuccekTpHcaMU KOOPAWHATHBIX YIJOB.

1160. Kax pacmoJiosKeHbl HA eIMHUYHON OKDPYXXHOCTU TOUYKH, COOTBET-
CTBYIOILIE YIJIaM:

a) o u —; 6) o0 uo+T;

B) O+ T HuO—T; r) o+ 2nk u o;

n)£—an£+a; e)3—n#aﬂ3—n+a,
2 2 2 2

rae B — HEKOTOopoe Iiejioe 4uciao?

1161. Brruuciaure:

a) 2sin%+3cos£—2tg£—1,5ctg£+ 3 . 11-;;
e é 6 sinT cost
¢ 2 ¥ 4
6) 2sin45° + 2cos45° — 45° — 10ctg 45° = :
At PSS ctg 45 +Sin45° cos 45°
B) sin%+cos£—2tg£—1,5ctg£+ 1 _, 8 .
3 - 3 cosE sing

T n 5 |
r) sz 6c032+3tg0+m,
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1162.

1164.

1165.

1166.

1167.

1) 2sin180° — 3cos180° + 4 tg180° + — 2
cos 180°
.. 3n 3n 3n 1
e) 3 — -4 —+ 5ctg— + :
) sm2 cosz+ cg2 —
Sln;
- T8 T | b 1 1
Sin—CcosS— —CcosS— sin | —— +
) 4 3 4 ( 3) 3) cos(—30°) sin(-30°)
te2 T _ in2 & cogt ST in2(-60°) 4 — L
g 2 sin ) 0s 2 sin“( ) sin (=30°)
Haiigure Bce 3Hauenus yria f (0 < < 21), npu Kaxa0M U3 KO-
TOPHIX CIPaBeAJINBO HEPABEHCTBO:
a) sinf} cosfp > 0; 6) sinf cosP < 0.
a) Haiigure sino, coso u ctgo, ecau tgo = —% u % <0 <T.

6) Haiinure cosP, sinP u tgP, ecim ctgf=2un <P < -321
OnpejenuTre 3HAK YHCIA:
cos10 sin7 — tg10
; 6)
cos (—+/2) ctg(-4) ctg6
) (sin3 cos 4 — sin 4 cos 3)(sin 3 cos 4 + sin 4 cos 3)
(cos 3 cos 4 — sin 3 sin 4)(cos 3 cos 4 + sin 3 sin 4)

sin (-3) cos 4 tg(-5)

?

Brruncaure:

4 -
tg X 10m |cos —2—n+10ﬂ: ’
3 3
T T
2 6
6) 2 .
(5)+an(-%) s
cos| —— |+ sin| —— | cos —
2 4 4

JokaszpiBaem. [oxakuTe CIpaBefIdBOCTL PABEHCTBA:

a) ctg(o + 3n)sin(2n — o) — cos(o — ) — sin(o — @) = sina
npu o # nk, roge kB — nwoGoe Iejioe 4uciio;

6) 3tg(o — 5m)cos(m — o) + sin(—o. — ) + 2sin(n —a) =0
IIpu o # %+ nk, roe k — no6oe 1esoe YHUCIIO.

Viupocrure BhIpa)keHue:
a) sin*o + sin®a cos?a + cos? o
6) sinto + 2sin?o cos?a + costa.
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1168. Haiigure tg(o +p) u tg(o — PB), ecan sino = 0,6, cosP = —1—2—
n-g—<acn,ncﬁ<3?ﬂ. .
1169. Haiigure tg(a+p) u tg(o—P), ecom tgo = 5 sinp = 0,8
u0<p < %
1170. Brruucaure:
a) cos37°30’ cos 7°30'; 6) sin ;5:" sin 11:50;
B) cos15°cos 75°; r) sinﬂ sin 54:;
n) sin15° + tg 30° cos 15°%; e) tg % + tg %;
%) 1t§ 1t3g 1;°ttgg1177°; 3) 1ti ltg 1°ttgg4466°;
7 tg113° + tg7° | ) tg150° — tg15°

1-tgl13°tg7°’ 1+ tg150° tg15°"

Doxassisaem (1171—1173).
1171. JloxkaxuTe CIpaBefJIMBOCTbL PaBEHCTBA:

a) sin 10° cos 20° cos40° = —;-; 6) cos 20° cos 40° cos 80° = %;
2n 1 m ; 1
— = =tg—; r) sin18°cos36° =—.
5 4 g 5 ) 4
1172. Jloxkakure, 4TO €cCIu O, B U Y — YIJIBI TPEYTOJNBHHKA, TO CIpa-
BeIJHUBBl PABEHCTBA M HEPABEHCTBO:

T
B) smg cos

a) sina + sinf +siny = 4cos% cos cos-%;
= asin® gl and 1
0) coso +cosi3+cosy—431n2 sm2 sm2 +1;

B) sinZo + sin?P + sin2y > 2, rae a < 90°, B < 90°, y< 90°.
1173. [loxaxuTe ClpaBeJJIHBOCTbE PaBeHCTBA!

a) cos 20a.(sino + sin 30) = sin 20.(cos & + cos 30);

6) (sino cosP + coso sinB)? + (cosa cosP — sina sinB)? = 1.

1174. HajinuTe Bce YIJabl O, AJA KarJI0ro U3 KOTOPHIX OJHOBPEMEHHO
HMeIOT CMBbIca 06e YyacTH paBeHCTBAa:
a) ctg?a — cos?o = ctg?o cos?o;
6) cos?o(tga + 2)(2tga + 1) = 5sinocosa + 2.
Il HAWJeHHBIX YIJIOB O JOKAa’KUTE CIPaBeJ/IMBOCTh PaBEHCTBA.

Texcroseie 3apaum

1175. a) B mamewm kaacce 32 yenoBexa. 23 yejoBeKa JIOOAT KOLIEK,
18 uenoBex — cobakx. Ilpuuém 10 uenoBek JIOOAT MU KOIIEK,
u cobak. CKOJIBKO YeJIOBEK HAIIEero KJjacca He JII00AT HU KOIIeK,
HEA cobak?
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1176.

1177.

1178.

1179.

1181.

1182.

1183.

1184.

6) B mamewm kiacce 30 yuamuxca. Ha skckypeuio B My3eit xonu-
au 23 yesloBeKa, B KHHO U My3eif — 6 uesoBek, a 2 uejoBexa He
XOAWJIH HU B KMHO, HU B My3eil. CKOJBKO UeJIOBEK HAIIIEro KJac-
ca XOOHJIM B KUHO?

B mamem kiracce 20 yuammxcs mo06aT 160 Gu3uKy, a1u60 MaTe-
MaTHUKy, aub0o oba aTu mnpeamera. Cpeau mrobureneit GuUsUKU
50% mwobar maTemaTuKy, a cpeau aobuTteneit maremaTuru 25%
n00AT Qusuky. CKOJBKO yyamuxcs HaIIero KJjacca JI6AT u
(husuxy, u maremaTury?

Nmeercsa 7 TenedoHOB, ¥ KamAbli U3 HUX JOJIKEH GBITH COEIU-
HEH TOJIBKO C TpeM# APyruMu. MOKHO JIH 3TO cAeaaThb?

B uemnuomare ob6nactu mo ¢yrbony yuacryer 30 KoMmawuz.
CxoJbKO UIp HEOOXOAMMO CHIFPATh, YTOOBI KaKmas KOMAaHIa
BCTPETHUJIACH C KaXKAOM 10 OAHOMY pasy?

[dBa KaMeHINUKA BHIKJAALIBAIOT CTEHY 3a 3 AHA. 3a CKOJBKO
AHEW BBIMOJHAT 3Ty paboTy TPU KaMEHIIMKA, eCJH IPOU3BOLU-
TeJBbHOCTEH TPy/Ja y Bcex pabouux oguHaxosad?

AuameTrp mKwWBa 3JeKTpoMoTOpa, Aenaromero 1200 o6opoTos
B MHHYTY, paBeH 180 mm. Kak Hano msMenuTs AuaMerp IIKHBA,
4TOOBI IPH YMEHBIIEHUH Yucja 060poToB 10 1080 B MUHYTY CKO-
POCTh ABHM)KEHHUA IIPUBOJHOIO PEMHS He M3MEeHUJIach?

IBa mKuBa coeAuHEeHBI pEMEHHOM nepenaueir. Beipasure dopmy-
JIOH 3aBMCHUMOCTh MeXAY AJMHAMH HX OKpyskHocreit C; u C,
¥ 9UCTIOM 000OPOTOB N U Ny, KOTOPHIE AEJAIT HIKUBLI B eUHHUILY
BpeMeHH. BrIpasure KaKAyl0 M3 4YETHIDEX BEJMYUH Yepes Oc-
TaJbHBIE TPH.

Hz «Apugppmemuru JI.D. Maznuykozo». BepéBKo#t MIJIMHOIO
5 apmuH cBasamu 100 xonuit. CrnpamuBaercs, CKOJBKO TAKUX

" - " % 1
JKe KOIIMM MOYKHO CBA3aTh APYI'OM BEPEBKOH IJIHUHOIO T E apurmHa

(npeamonaraercsi, 4YTO IYyYKHM KONHMU OGBA3BIBAIOT BEPEBKOM IO
OKPYKHOCTH).

MoryT 1 Tpu 4YesIOBEKA IIPEOJOJIETh paccTosHue 36 KM He GoJee
ueM 3a 6 u, ecam CKOpOCTH Iemexoza paBHa 5 KM/4, HO y HUX
HMeeTCsl BeJIoCHuIe[ (PacCYUTAHHBINA TOJBKO HA OJHOTO dYeJloBe-
Ka), Ha KOTOPOM MOXXHO NepeABUIaThCA CO CKOPOCThIO 15 Km/u?
Ecnu mMoryT, To nmokaskuTe Kak; ecJu HeT, TO 00bACHUTE ITOUYEMYy.

Oxuu cmtaB COCTOMT M3 ABYX METAJIJIOB, BXOAALIMX B HEro
B OTHOIIEHHH 1 : 2, a ApYroil COAepKUT Te e MeTaJJILl B OTHO-
meHun 2 : 1. CKOJNBKO uacTeéf KasKAOro CILIABA HALO B3AThH,
q-roﬁm?nonyqnm TpeTUi cnias, cogep:xkaiuit 50% xaxmgoro me-
Tajaaa
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1186.

1187.

1189.

1190.

1191.

1192.

1193.

Tpoe pa6ouMx BBHIIOJIHAKT OAMHAKOBYIO paboTy: HepBBIA 3a
12 4, BTOpOIt 3a 15 u, Tperuit 3a 20 4. CKOJBKO 4acOB 3aTPATAT
paboune Ha BLINOJHEHUE dTOH padoTeI?

Badava I1.JI. Hebviuwéea. Manbuuk ckasan: «Ecau MHe naayT
emié 40 opexoB, To y MeHA OyJeT CTOJBKO JKe, CKOJIBKO y MO€ero
6para. A ecnu MHe ganyT 90 OpexoB, TO y MeHsA CTaHeT B 2 pasa
Gousplie, 4eM y Moero o6paras. CKOJIBKO OPeXOB y Kaaoro?

Cmapunnasa 3adava (Kumaii, Ie.). Coobma INOKYHAT BeIlb.
Eenu Ka)KAbII YesloBeK BHeCET IO 8 (ZeHEe)KHBIX eJHHHIL), TO
n36bITOK paBeH 3. Eciu Kaskablil yeqoBeK BHeCET 110 7, TO HeJoC-
raToxk paBeH 4. CrpamwuBaeTcss KOJUYECTBO JIOAEH U CTOMMOCTE
BEIIH.

Hs «Apupmemuru» JI.P. Maznuykozo. HekTo xenaer faTe MU-
JIOCTBIHIO YOOTHM, @B KaxKJIOMy U3 HUX IO 3 IMeHA3U', HO HeJoC-
Taér geHer Ha 3 uesjoBeKka. Eciu ObI Zas UM mo 2 MeHA3H, TOrAa
6Bl ocTasoch AeHer Ha 4 uenoBexa. CropammuBaeTcs, CKOJBKO
6bLT10 YOOTUX M CKOJBKO y TOrO My»Ka OBLIO JeHEr.

Cmapunnas 3adava (Kumaii, I 6.). Coobiia IMOKYIamoT KypH-
ny. Ecau Kasasiil yesoBex BHECET Mo 9 (AeHeKHBIX eIHUHNI]), TO
ocraHercs 11, ecau ke KaxKABIH YeIOBEK BHecéT 1o 6, To He xBa-
Tur 16, HaliTy KOJIMYeCcTBO JIOJeH B CTOMMOCTh KYPHIIBL,

Cmapunnasa 3adava (Kumaii, II 6.). Coobmia noxynaioT OyiBo-
na. Beau kaxaele ceMb ceMmel BHecyT mo 190 (meHeXHBIX eau-
HuI), To HemocTaTok paBeH 330. Eciu ke Ka/ble IeBAThL ceMeil
BHecyT 1o 270, To u36uTox paBeH 30. CKONBKO ceMeil U CKOIBKO
crout OyiBoa?

Cmapurnas 3adava. Upér xopabib Mo MOPIO, HA HEM MYyJKecKa
mony u xKeHcka 120 uwesmosex. Bcero sammaruiau 120 rpuBeH?,
MYKUMHBI JaJd 10 4 aNThIHA, 8 JKeHIIMHBI Jalu 10 3 aJThIHA
¢ yenoBexa. CKOJIBKO My’KeCcKa IIOJY U JKEeHCKa IIOPO3HbL?

VuacTHHKAM IIKOJBHOH MaTeMaTHYeCKOi BUKTOPHMHBI OBIIO
npensoxesHo 30 Bonpocos. 3a KaXXAbli IPaBUIbHBIN OTBET 3aCUH-
THIBAJIOCH 7 OYKOB, & 332 HeNPaBUJIbHBINA CIIMCHIBAJIOCH 12 0OUYKOB.
CroabsKO BePHBIX OTBETOB OAaJI Y4aCTHHK BHUKTOPHHEI, ecJIx OH Ha-
6pan 77 ouroB?

Cymma Tpéx umces paBHa 254,772. Ecau B 04HOM U3 YHCeJ IIepe-
HECTH BamATyI0 Ha JABe IU@pPBI BIPABO, TO INOJY4YUTCHA O0OIb-
IIee M3 YHCEJ, & eCJIA NepeHeCcTH 3alATYI0 B TOM jKe uucje Ha
oaHy uudpy BJIEBO, TO IMOJYYUTCA MeHbIIee unucjao. Haligure aTn
yypca.

! [lensssr — OeHBTA, JeHBTH,
21 rpuBHa (rpusBeHHuK) = 10 k., 1 anTeig = 3 K.
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1195.

1196.

1197.

1199.

Cymma Tpéx uucen pasua 3898,32. Eciu B 0AHOM M3 YMCeJI IIepe-
HEeCTHU 3aNATYI0 Ha OfHY HuGpy BIPaBO, TO HOJYIUTCA OOJBIIEE
YHCJIO, & €CJIM B 3TOM Ke YHCJe IePEeHEeCTH 3alATyI Ha OIHY
uudpy BJIEBO, TO IOJYYUTCHA MeHbIIee M3 umces. Halaure sTu
qpca.

Ha Tepmomerpe Ilenscus reMnepaTypsl TagHUS JIbJa U KUIEHUS
BoJbI obo3Hauarores coorBercrBeHHO 0° u 100°. Ha Tepmomerpe
PapeHreiiTa 9TH TEMIePaTYPbl 0603HAUEHBI COOTBETCTBEHHO —32°
u 212°. IIpu kakoil Temneparype o6a TepMoMeTpa OYVAYT MOKA3BI-
BaTh OJJMHAKOBOE YHCJO IPagycoB?

a) Obnapy:xuB B 64 M or cebs ynoJssamomyo yepenaxy, AXuiiec
Hauyal eé mpecnaegoBaTh. COKpaTHMB paccTOSAHME IO Yepernaxu
B 8 pas ¥ OCO3HAB CBOE IPEBOCXO/ICTBO, OH IPEKPATHUJ IOTOHIO.
Kaxoit nyTs npogenan Axuiiec ¢ Hayaja IMOTOHH, €CJIH ero CKo-
pocTh B 15 pas GoJbIlle CKOPOCTH uepenaxy, MPUYEM JBUIKEHHE
Axmuieca U yepemnaxu IMPOUCXOAUIO IIO IPAMOI?

0) o npubaurkaronierocs AxXujieca OCTaBajIoch emé 6 M, Korga
yepelaxa IMOHAJNA, YTO eil He VHTH OT IIOrOHHU, M OHA OOpPEeYEHHO
ocraHoBMjachk. Kakoil myTe ¢ Hayaja IIOTOHU NPOAeJajia yeperna-
Xa, ecju eé cKkopocTh B 17 pa3 MeHbIle CKOPOCTH AXHMJjieca, pac-
CTOAHME MeXJy HMMH 3a BpeMs IIOTOHH COKpaTujock B 9 pas
M UX JBUMKEeHHE IIPOHUCXOAUJIO II0 IPAMOM?

a) Ecam pnumHY NpsSMOyroipHUKA YMEHBLIIUTHL HA 1 M, a ero mu-
PUHY YBEJIWYHUTH HA 1 M, TO maoIagb NPAMOYIOJLHUKA YBEJIH-
gyurca Ha 5 M2, Ha CKOJIBKO MeTpOB JJIMHA NPAMOYTOJIbHHKA
0OoJIbIIIEe ero IIMPUHBI?

6) Ecau 6b! mana 6611 Ha 2 rojga MOJIOJKe, a MaMa Ha 2 roja crap-
1re, TO NMPOMU3BeJleHNEe MX BO3pacToB ObliIo Obl Ha 6 Gosablle, yeM
ceiiuac. Ha CcKOJIBKO JieT nama crapiie MaMmbI?

ITox moceB NIIEHHIBI OTBEAEHO 3 ydacTKa NAIIHU, o6Mas IIo-
maab KOTOPBEIX B 3 pasa 0oJibllle IJIOMIAAXA BTOPOrO y4YacTka. 3a

2
AeHb OBILIM 3acesiHbI MOJIOBHUHA [mepeoro, g BTOPOIo U BeChb Tpe-

Tuit ydacrok. Ilimomanas, ocraBmiasics He3acesHHOW, B 2 pasa
MeHbIIIe IJIOIIAJAU TPeThero ydyactka. Kakyo 4acThb OTBeAEHHOU
II0J] TIOCeB IJIOMIAAM COCTABJIAET IUIONIAJb, 3acesHHAA 34 HeHb?

BBHOCHHE,B,HCT IIpoexaJsi pacCrosiHye OT IIYHKTAa A A0 IIYHKTAa B
u 00paTHO ¢ IIOCTOAHHOH CKOPOCTHI0. MOTOUMKJIHMCT IIpoexaJ
paccroaaue AB co CKOpPOCTHIO B 1 pa3 GoJbIlieill, 4eM CKOpPOCTh
Besocuneaucra. OH OCTaBUJ MOTOIIUKJ B MIYHKTe B U BepHyJICH
B IIYHKT A IIEIIKOM CO CKOPOCTBIO B 11 pa3 MeHbIIel, 4eM CKO-
pocThk Bejocunepucrta. Krto u3 HuUX OBLI JONBIIE B IIYTH M BO
CKOJIBKO pas, eCcJu:

a) n=2; 0) n=5?
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1202.

1203.

1204.

1206.

1207.

JIaTyHBb COCTOMT M3 MeAHu U nuHKa. Kycox jaryHu Becom 124 r,
HOTPYKEHHBIH B BOJY, TepsAeT B Bece 15 I, a KyCOK MeJu BECOM
89 r, morpy:xéHHbI B Boay, Tepser B Bece 10 r. Kpome Toro, us-

. - 1
BECTHO, YTO KYCOK IHMHKA, OrPYKEHHbIN B BOAY, TEPAET — Beca.

OnpegenuTe, CKOJBKO MeAW M CKOJIBKO IIMHKA COJEPKUTCHA
B 124 r naryHu.

Hapucosanu poM0Obl ¥ IpAMOYTroJbHHKU. PoM6oB B 2 pa3a 60Jib-
e, 4eM NPAMOYIOJBHHUKOB. Umcsio poMGOB, He ABIAIOIUXCH
NpAMOYTIOJBHUKAMHU, B 3 pasa O0JbIle UHcja IPAMOYTOJIbHUKOB,
He ABJAOIIUXCA poMbamu.

a) OmnpepesuTe HAMMEHBIIEE BO3MOMKHOE YUCJIO (PUTYD.

6) Bo CKOJBKO pa3 KBajpaToB ObLIO MeHbIe, YeM poMOoB?

B) CKONBKO KBaJpaTOB HAPHCOBAJIM, €CIH BCEro HapHCOBAJIHA
20 ¢puryp?

I'pysoBas MamuHa Bhlexaja u3 NyHKTa A B myHKT B. Cnycra 2 9
U3 NyHKTAa B B OyHKT A BbIexaja JierKoBas MalllMHa, KoTopas
npubblyia B NyHKT A Ha 4Yac IO3)Ke, YeM Ipys30Bas MalluHa
B nyHKT B. CKoJIBKO uacoB ObljIa B IIyTHU I'Py30Bad MalluHa, eCIu

2
K MOMEHTY BCTpPe4dYH OHa IIpoexala § BCEro HYTI’I?

W3 nyHKkTa A B NyHKT B BBhIeXanl BeJIOCHUNIEJMCT, a 4yepe3 4er-
BepTh Yaca BCJEJ 3a HUM BblexaJs aBromMobunb. B cepenune nyTu
MexAy NyHKTaMu A um B aBToMOOGHJIB JOTHAJ BeJIOCHIIeAHCTA.
Koraga aBromo0uib npulbla B IYHKT B, BeJIOCUNIEAUCTY OCTAJIOCH
npoexaTh einé Tperb nyTu. Kakoe BpeMs 3aTpaTHJ HA IyTh OT
nyHEKTa A 10 nNyHKTa B BeJOCHIIEZUCT U KaK0e — aBTOMOOMIb,
ecJIM M3BECTHO, YTO CKOPOCTH BEJIOCHIEeAUCTA U aBTOMOOHJIA IIO-
CTOAHHBI?

3adava JI. H. Toacmozo. Ha 100 p. xynuau 100 ckoTur — Te-
JIAT O IIOJITHHE, KOPOB 1o 3 p., 66ikoB 1o 10 p. CkonapKko Kynu-
JIU TeJIAT, KOPOB U OBIKOB B OTZEJBHOCTH?

Cnnas sosora u cepebpa Becom 13 Kr 410 r mpu HOrpy»KeHHUH
B Boay craJ BecuTs 12 Kr 510 r. Onpenenure KOJIUYECTBO 30JI0TA
M KOJIMYECTBO cepebpa B cIJIaBe, €CJAH M3BECTHO, YTO HJIOTHOCTh
sosiora pasHa 19,3 r/cm?, a cepebpa paBHa 10,5 r/cm?®.

ITo oxpy:xHOCcTH aymHOM 100 M aBmxyTca ABe ToukH. IIpm nBu-
JKEeHHH B OJHOM M TOM JKe HalpaBJIEHUH OHM BCTPEYAIOTCHA KaiK-
asie 20 ¢, a Ipu ABM)KEHUM B IIPOTHBOIIOJIOKHBIX HalPaBJIeHUAX
OHM BeTpeuaroTca Kaxkasle 4 c. OmpenenuTe CKOPOCTh KaKIOM
TOYKH.

JBa xKycka oguHakoBoi Tkanu croar smecre 91 p. Korga us mep-
BOT'0 KYCKa HPOJAJIH CTOJBKO, CKOJIbKO OBLIO IepBOHAUYAJIBHO BO
BTOPOM, 4 W3 BTOPOr'0 — IIOJIOBUHY TOro, 4TO OBIIO HEepBOHA-
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1209.

1210.

1211.

1212.

1213.

1214.

YaJbHO B II€PBOM, TO OCTATOK IIEPBOT0 KyCKa oKasaJyics Ha 10 m
Oospmie ocTaTKa BTOPOro Kycka. CKOJIBKO METPOB TKAaHH OBLIO
B KaX@XJOM KyCKe, ecniu 1 M Tkanu croéut 1,4 p.?

Cmapunnasa 3adava. [ns MonoTs0bl xJjie6a OBLIM HAHATHEL He-
CKOJIbKO pabouux. Eciu 661 uX OBLJIO TPEMS MeHbIIE, TO OHH IIPO-
paboranu 6bl AByMA THAMMU AoJbiie. Eciau 6bI HAHAIA YETHIPbMS
paboyumu Goabmie, To pabora Obla GBI OKOHUEHA ABYMSA NHAMH
pasHbine. CKONMBKO 66110 paboYMX M CKOJIBKO JHEeH OoHM npopabo-
Tanu?

Hajigure Takwe uerThipe 4yucjaa, YTOOBI CYMMBI, 00OpasoBaHHEBIE
TpeMsA U3 HUX, ObLIM cooTBeTCTBeHHO paBHEI 20, 22, 24, 27,

CyMMBI CTOPOH UYeTHIPEXYIOJbHUKA, B3ATHIX IIOCIeLOBATEIBHO
no 3, paBHbl 130, 135, 147, 152 cm. Onpenenure JIUHY Kax a0k
CTOPOHBI UYETBIPEXYTOJIbHHUKA.

Tpu TpakTopHble Gpurajgbl BMeCTe BCIIAXMBAIOT moje 3a 4 JHA.
ITepBas u BTOpas Opurajel BMECTe MOTI'YT BCIIAXaTh 3TO IIOJe 34
6 nueli, a mepBas u TpeThbsa BMecTe — 3a 8 aHei. Kaxkaa Gpura-
Ja — BTOpas HMJHM TPEThAd — MOJKET BCIaxaTh 0oJIbIlle 3a HEeHb
U BO CKOJIBKO pas?

Cpenu abUTYpPHEHTOB, BEIAEP/KABIINX IPUEMHBIE dK3aMEHEI B BY3,
OLIEHKY «OTJIMYHO» IIOJYYHJIM: II0 MaremMatTuke — 96 aburypu-
€HTOB, II0 (husuke — 74, 1Mo pycckomMy #3bIKy — 84, mo mareMma-
TUKe uau pusuke — 150, mo maremMaTHKe HIM PYCCKOMY S3bI-
Ky — 152, mo dbusuke mJIHM pyccKoMmy f3bIKY — 132, mo Bcem
TpéMm npeameraM — 8. CKOIBKO abUTYPHUEHTOB IIOJYUYHUINA XOTH
Ob1 o,u;Iy naTépky? CKOJBKO cpeiyd HUX MOJYUYUBIIUX ONHY Is-
TEPKY

Ha saBone cHauana pabGortanu 2 Iexa — HEepPBEIM U BTOpPO#. 3a-
TeM OB IIYIEH TPEeTUH IIeX, B Pe3yJabTaTe Yero 3aBOJ[ YBEJIUUNJI
exxXeMeCAYHBIH BHINYCK npoayknuu B 1,6 pasa. Bo ckonsko pas
foJibIlle IPOAYKIIUY AAET B MECSIl TPETHH 11eX, YeM BTOPOM, eciiu
HM3BECTHO, UTO 38 2 MeCHAlla IEePBBLIM U TPETUH I[eXa BMECTe BEI-
NYCKAaT CTOJBKO NPOAYKIIUM, CKOJBKO BTOPOH 3a mojroga?

Jnsi mpoU3BOACTBA OJHOI'O IJIEKTPOIABUIrATENSA TUNA A UCIIOJL3Y-
erca 2 Kr cmiasa, comepskamntero 20% ceunna u 80% mexnu. s
IPOU3BOJACTBA OJHOTO BJIEKTPOABHUTraTes] s TUIA B HCHOJb3yeTcs
2 xr cnnagsa, cogepskamero 60% ceunna u 40% menu. IIpubsLan
OT IPOU3BOACTBA OJHOTO BJIEKTPOABHUraTens THna A wmau tuna B
cocraBisger cooTBeTcTBeHHO 8 p. uau 12 p. CKONBKO HYKHO
HM3TOTOBHUTE 3JIEKTPOABUTATEIEH KaXKJA0r0 TUIIA, YTOOBI ITOJYIUTh
1000 p. npubslIK, U3PACXOAOBAB IIPU 9TOM He GoJiee 84 Kr CBHH-
na u He Gosee 111 Kr meau?
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HailiguTe nBa YHCJIA, €CJIM OHM HAXOAATCS B OTHOIIEHHH 3 : 2
H uX:

a) cymma pasHa 20; 6) pasHocTh pasHa 20;

B) mpomusBejgeHue paBHo 150.

IlepumeTp NpAMOYTroJbHUKA PaBeH 16 aM, a ero miaomajab paBHA
15 am2. OnpegenuTe CTOPOHBI 3TOrO IPAMOYTIOJBHUKA.

KBazpaT MeHBILIEr0 H3 ABYX HATYPAJbHBIX YHCEJ PABEH HX CyM-
Me, a PasHOCTh 3THUX uuces paBHa 15. Haiigure aTH uuncaa.

3adauwa Beza-9dduna (Hpan, XVI 6.). 3auny obemjaHa Harpama
B Bue OoJsibllledl M3 ABYX dacTei, gamiiux B cymme 20, mpousse-
IeHHe e aTux uvacreii 96, Kax Benuka Harpaga?

Badauva anrv-Kawu (Camaprkand, ym.ox. 1436 —1437 2z2.). Konbé
CTOSAJIO B BOJIe OTBECHO M BLICOBBIBAJIOCH HAPYIKY Ha 3 JIOKTHA. Be-
Tep OTKJOHHJ ero M IMOTPYy3HJ B BOAY TaKUM o0Opasom, 4TO ero
BEPIIIMHA CTajIa HAXOAUTHCS HA MOBEPXHOCTH BOJBI, 4 OCHOBaHUE
He M3MEHMJIO CBOEro IoJIodeHudA. PaccTogdHue MexIy IepBOoHAa-
YaJbHLIM MECTOM ero NHOABJeHHS H MECTOM ero HCYe3HOBeHUSA
B BoJe — D JoKTeH. MBI XOTHUM V3HATH MJIMHY KOIbSA.

3adava Bxackapvr (Hnousa, XII 6.). KopeHs KBagpaTHBIN U3 I10-
JIOBUHBI [TUEJIMHOIO POs II0oJeTes K KYCTy KacMuHa. BoceMmsb fe-
BATHIX podA ocranochk goma. OpHa mUénkKa mojieTesia 3a TPYTHEM,
o0ecIOKOEHHAA €ro JKY:KKaHHeM B IIBETKe JIoToca, KyJa OH II0-
majJ Be4YEepPOM, IIPUBJIEUYEHHBIM IPHUATHBIM apoMaToM, X He MOT
OTTyZa BRIOPATHCHA, TAK KaK IBETOK 3akpbuicA. CKaXu MHe uuc-
JIO TMYE€JI POH.

HeckoJIBKO OZHOKJACCHMKOB OPraHM30BAJIM TYPHUD IO IIAII-
kaMm. KasKaplil y9aCcTHMK TYpHHDA CBHITPAJ ¢ KaKJbIM IIO OJHOH
napTuM, a Bcero 0w110 chirpano 28 maprui. CKoasko 6b1I0 yua-
CTHHKOB TypHHUpAa?

IIlecTs MAJBUUKOB U YETHIPE AEBOUKH OPraHU30BAIM TYPHUD IIO
mamgam. Kaaplil yyacTHUK TYPHUPA CHIIDAJ C KaMKIBIM IO OJ-
HOIl mapTum. 3a BBIAIDBINI MIPUCYXKAATN 2 OuKa, 38 HUYBIO —
1 ouxo, 3a mpourpsim — 0 ouxoB. JleBouku BMecTe Habpaau
40 ouxoB. KTo BeiMrpan 0oJibllle OYKOB: MaJbUYUKHU Yy JE€BOYEK
WM JEeBOYKH Yy MAJIBUHMKOB — M HA CKOJBKO?

B TypHHpe IT0 maxMaTaM KayKAbli YYaCTHUK CHITPAJ C KaKJIBIM
[0 JBe MapTUHU. 3a BHEIMIPHIII B IIAPTHH IIpUCYXAanu 1 ouko, 3a

1
HUYBIO — 3 ouKa, 3a npourpeimi — 0 oukoB. Tpu aydmux urpo-

Ka HabOpaau BmecTe 24 0ouKa, YTO COCTABHJIO IIOJIOBHHY OT YHCJIa
OUYKOB OCTAJbHBIX YYACTHHKOB, BMecTe B3ATBHIX. CKOJBKO OBIIO
Y4aCTHHKOB TypHHpa?
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1227.

1228.
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1230.

1231.

1232.

Heckonprko yuamuxcs 9A u 9B KjaccoB OpraHu3oBaJd TYPHUP
no mamgaMm. KaxKaslil yYacTHUK TYPHHPA CBIFPAJ € KaMKAbIM II0
OAHOM MapTHUM. 3a BBEIMIPHIII HPUCYKAAIN 2 04Ka, 3a HUYBIO —
1 ouko, 3a npourpeim — 0 oukoB. Yuammueca 9A Kiacca BmecTe
HaOpanu 26 oukoB, a yuammuecs 9B kiacca, KOTOpeIX OBLIO Ha
3 6osbire, Habpaau 0YKOB MOPOBHY. CKOJBKO OBLIO YYACTHUKOB
TypHUpa?

Ecnu moesn, uaymuit ua ropoga A B ropox B, YyMeHBIIHT CKO-
pocTs aBukeHUA Ha 10 KM/4, TO BpeMs, 32 KOTOPOe OH HPOHAET
paccrosgHue OT ropoza A npo ropoaa B, yBemuuurca Ha 25%.
Omnpenenure CKOPOCTh ABHUKEHUA IOe3/a.

Ha nepBom yuacTke nytu B 96 KM moes[ IIEJ CO CKOPOCTBHIO Ha
2 xM/4 Gosnblrel, yeM Ha BTOPOM ydacTke B 69 xm. Becs myTs
6n1s1 mpoiizeH sa 3 u 30 MmuH. OupegenuTre CKOPOCTH IIOe3fa Ha
BTOPOM y4YacTKe IIyTH.

MoropHa#a sogKka, cobcTBeHHAS CKOPOCTH KOoTOpo# 20 KM/4, 1mpo-
I1Jia pacCTOAHME MeX Ay ABYMA NYHKTaMH Ha peKe TyJga H obpar-
HO, He OocTaHaBJIuBasAck, 3a 6 u 15 mmH. Paccrosnme mexay
nyHKTaMu paBHo 60 kM. OnpemenutTe CKOPOCTh TEUEHUS PEKH.

Jns mepeBo3ku 75 T rpysa BBIAEIHUIA HECKOJBKO I'DY30BHKOB.
Omnako 5 rpy30BHKOB NepeBeJd HA JPYrod y4acToK, IOITOMY
B KaXKJBIH M3 OCTAaBIIMXCA I'PY30BHKOB IIPUIILIOCH IIOTPY3UTH HA
0,5 T rpysa Gosbie, yeM Ipennoaaranochk. CKOJIbKO IPY30BHUKOB
HCIIOJIB30BAJIOCH B IEpPeBO3Ke rpysa?

ConporuBiIeHne Lenu ABYX MapajijeibHO COeAUHEHHBIX MPOBOJI-
HUKOB paBHO 15 Om. IlepBBIHi IPOBOAHUK MMEET COIPOTHBIIEHUE
Ha 16 Om OGoxbmie, uem BTOpoi. OnpejenuTe CONPOTHBJIEHHE
KaXI0r0 MPOBOAHHUKA.

I'pya Becom 60 Kr mpoM3BOAUT HEKOTOPOE AABJIEHHE HA OIOPY.
Ecnu Bec rpysa ymenbmuThk Ha 10 Kr, a mjiomajgs onopsl — Ha
5 am?, To maBieHue yBenuuuTcsa Ha 1 Kr/am2. Ompegesure II0-
1Iagb OIOPHI.

ABromo6uis ¢ rpysom npoexas 140 KM ¢ HEKOTOPOH IMOCTOAHHOMK
ckopocteio. Ha obpaTHoM nyTH, ABATasfch IIOPOKHAKOM, ABTOMO-
6unpb yBenuuua cxkopocts Ha 20 km/u. B pesyiabrare Ha obpar-
HBIN IyTh OH 3aTrpaTujy Ha 48 muH MeHbHIe. OnpenennTe MEepPBO-
HaYaJbHYI CKOPOCTH aBTOMOOHJIA.

W3 BUHTOBKHM IpPOU3BeAEH BhIcTpesa BBepX. CKOPOCTh IyJaH IIpU
BbLIeTe U3 crTBoJsia BUHTOBKU paBHa 800 m/c. Cumras, 4TO BBI-
crpeJ npoussenéx npu ¢ = 0 B Touxke s = 0 ocu Os, HanuIIuTE 3a-
KOH ABMJKEHHUA IYJIX B CJIydae, eCJIH:

a) oce Os HanpaBJieHA BBEPX; 0) ocwk Os HampaBJieHa BHH3.
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1233. C xakoi BBICOTHI IIaJajia Ha 3eMJII0 (HayaJibHas CKOPOCTE U, paB-
Ha 0 M/c) MaTepuaJbHAs TOUKA, €CIH e€ NaJeHue MPOoJ0JKaIoCh
5 ¢? ConmpoTuBJIeHHEeM BO34yXxa npeHebpedb. ¥ CKOpeHUe 3eMHOI'0
OPUTAXKEHUs cYuTaTh paBHbIM 10 m/c?.

1234. CxonbKo BpeMeHHU Oyaer najaTh Ha 3eMJI0 MaTepuajibHAasdA TOYKa
¢ BeicoTsl 10 000 m? OtBer patiTe IPUOJHUIKEHHO ¢ TOYHOCTBIO 10
1 c¢. CompoTuBIeHNeM Bo3ayxa npenebpeus, g~ 10 m/c?, vo=0m/c.

1235. MarepuasjbHad TOYKA HafaeT Ha 3eMJIIO 10 3akoHy h = 5t% (h us-
Mep#AeTcsA B MeTpax, t — B ceKyHAax). Ompeznenure npudInKeH-
HO CPeJHIO CKOPOCTh TOUKH 34 NPOMEXYTKH BPEeMEHU MexIy:

a) t;,=0mu ¢,=0,1; 6) tu=1umt,=1,1;
B) t;,=21ut,=2,1; r) ;=3 u t;=3,1.
1236. 3aK0H OPAMOJHHENHOrO ABHIKEHUA MaTepUaJbHOM TOUYKH 3aJaH
dopmyI0ii:
a) s=>5¢t2 t=0; 6) s=10t + 5t2, t = 0;

B) s =10t — 5t2, t = 0.

1) HapucyiiTe rpadur aBUIKEHHA.

2) Onpepenure s B MomeHT Bpemenu ¢ = 0.

3) OmnpejesuTe CKOPOCTH TOUKK B MOMeHT BpeMmeHH t = 0.

4) Vka)kuTe, B KaKyI0 CTOPOHY HANpaBIeHA CHWJa, NeWCTBYIO-
masa Ha TOYKY.

1237. MarepuanbHasa TOYKAa JABHUIKETCA C IMOBEPXHOCTH 3€MJIM BepPTHU-
KalbHO BBEPX ¢ HauaJbHOU ckopoctsio 20 M/c. CKOJIBKO BpeMe-
HU TOuKa 0yZeT HaXOJUTLCA B JBUKEHUH U HAa KAKYIO BBICOTY OT
TIOBEPXHOCTH 3eMJIH oHa nogaumercsa? ConpoTHUBIeHHEM BO3AyXa
npeHebpeus.

1238. C noBepXHOCTH 3€MJIM BEPTHKAJIBHO BBePX OpollleH KaMeHb ¢ Ha-
YaJbHON CKOPOCTBIO U, (M/c). Yepe3d CKOIBKO CEKYyHJ| KaMeHb
yoazér Ha semuro? CompormBieHHMeM BO3Ayxa HpeHeOpeun. Pe-
IuTe 3amady, ecliu:

a) vy =15 m/c; 6) v, =25 m/c.

1239. Cnesneosior AJjis BBISCHEHUs TIAYOUHBI MOA3eMHOI MOJIOCTH Opo-
cUJ BHHM3 0e3 HAUaJIbHOW CKOPOCTH KaMeHb. 3BYK OT IaJleHud
KaMH#A Ha JHO IIOJIOCTH [AOINEJ A0 cielieojora depes 3 c. Hakosa
MIyOMHA II0J3eMHOM II0JIOCTH, €CJIU HPHUHATE CKOPOCTH 3BYKA
pasroit 330 Mm/c 1 npeHebpeub compoTUBIeHHeM Bo3ayxa? Cuu-
TaTh, 4To & =~ 9,8 M/c2.

1240. IlapamoTHCT TOKUHYJ JETAIIANH cCaMOJET HA BBICOTe 3 KM H Ue-
pe3 3 muH npusemiauaca. OnpenesiuTe BpeMs ero CHUMKEHUS
0 PACKPBITHA IIApaIlioTa M C PACKPBITBIM NapalIlOTOM, €CJIH
CpeJHASA CKOPOCTH CHHJ)KEHHSA C PACKDBITHIM [IapallioTOM paBHA
6 m/c. ConpoTHBIeHNEeM BO3AyXa IPH CHH)KeHHH 0e3 mapaiiioTra
npenedpeus. Cunrarh, uro £ =~ 9,8 m/c?.
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Ha 720 p. moyokHBI ObLIM TPUOOPECTH HECKOJbKO pPaJUOIPHU-
6éMHHKOB, HO IIeHA KAayKJOr0 W3 HHMX CHH3WJach Ha 24 p., Io-
9TOMY KYIHJIHM HA OAWH PaAUOINPHMEMHHUK 0GOJbIIe, YeM ILJIaHHPO-
Bajnock. CKOJBKO KYIHJIU PAJUONPHUEMHUKOB, €CIHM HX IeHa
oauHAKOBasaA?

IIpu nmocTpoiike 3ganus rpebosanocs BEIHYTH 8000 M? 3eMiu B on-
penesn€HHBIN cpok. PabGora Obliia 3aKOHUEHA paHbIIe CPOKA Ha
8 nHeli, Tak Kak OpHraja e)KeJHEBHO IEPEBLIIOJHSAJA ILJIaH Ha
50 m3. Onpenenure, B KaKoif CPOK A0 HA ObLIA OBITH BEIIIOJTHEHA
paboTa, a Tak’Ke eKeIHEeBHBIM IPOIEHT BBIMTOJHEHUA IJIaHA.

Bpuraga TpakTopHcTOB HOJKHA OblIa BCIIaXaTh YYACTOK LIEJIUHEL
nnomazasio 120 ra. Ogaaxko Opurajse yaajoch YBEJIHYUTH HOPMY
JHeBHOH BeIpaboTKM Ha 2 ra. B pesyibTaTe CPOK BCIAIIKHU CO-
Kpatuiaca Ha 2 aHsa. KakoBo ObLIO AHEBHOe 3amaHue Opuraje
U B KaKOH CPOK HYKHO OBIJIO BBIIIOJHUTHL padoTy?

Paccroanue memxay npucransimu A u B paBHO 48 kM. Oruanus
oT npuctaEu A B 9 U yTpa, TEIJIOXO0Z MIONIJIBLI II0 TEYEHUIO PEKH
po npucranu B. IIpocTosas y npucTaHu B ofuH 4ac, TEILJIOXOM OT-
npaBUJICA B OOpaTHBIN peiic ¥ npubbla K npuctadu A B 17 4 Toro
sKe nHA. CKOpoCTh TeueHHsA peKu paBHa 2 KMm/u. Haiigure cober-
BEHHYIO CKOPOCTh TeIlJIOXO4a, €CJM HM3BEeCTHO, YTO Ha IIYTH OT
npucTaHu A Ao npucTtaEd B M oT npucTaEu B mo mpucraHu A
oHa OBLIA OfHA W Ta Ke.

KononHa conpar miauHON | M ABHMKETCA CO CKOPOCTHIO X M/MHH.
13 xoHIIa KOJIOHHEI B €€ HAUAJIO OTIIPABJISETCSH CEPKAHT CO CKOPO-
CTBIO y M/MHH, 3aTEM C TOH Ke CKOPOCTHIO OH BO3BPAIlaeTcs B KO-
Hell KoJIOHHBI. Ha myTh Tyaa U 00paTHO cepyKaHT 3aTPaTHJI § MHH.
a) Bripasure ¢, [, x, y yepes ocTaJbHBIE BEJIUYUHEI.

6) Brrumcaure t, ecnu [ = 510, x = 70, y = 100.

KononHa conpar anuHON [ JBHIKETCH € IIOCTOSAHHOM CKOPOCTBIO
no mocce. Kypbep 13 KOHIIA KOJOHHBI OTIIPABUJICA B €€ HAUYAJIO.
JocTUrHYB Hauaaa KOJOHHBI, OH TYT K€ IIOBEPHYJI 0OPATHO H II0-
II€JI B KOHEI KOJIOHHEI C TOM JXe CKOPOCTBLIO. 3a 3TO BpeMsdA KO-
JIOHHa mpouiia paccrosuue s. OmpenennTe paccTosiHue, KOTOPOe
IpoLIEN Kypkep B o0a KOHIIA, €CJIH:

a) 1=400 m, s =300 m; 0) l-300M,S-400M.

KonouHa congar AJUHON [ ABHKeTCHA C IIOCTOAHHOM CKOPOCTBIO
o mocce. Kypbep 13 KOHIIA KOJOHHBI OTIIPABUJICA B €€ HAYAJIO.
JlocTUrHYB HavYaia KOJIOHHEI, OH TYT K€ IOBEepPHYJI 00pATHO U IIO-
II€JI B KOHEI KOJIOHHBI C TOM e CKopocThio. M3BecTHO, UTO CKO-
POCTB Kyphbepa B 1 pas 0oJbIle CKOPOCTH KOJOHHEI. OmpenennTe
IyTh KOJIOHHBI 32 TO BpeMsf, KOTOpOe Kypbhep HOTPATHJI HAa IIYTh
B 00a KOHIIA, eCcJIu:

a) l=250m, n=1,5; 6) [=300mM, n=2.
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Ise Gpuraael, paboras BMecTe, MOIYyT OTPEMOHTHPOBATH IIOCCE
3a 18 pabGouunx aueit. Eciau nepsasa 6puraga, paboras ofHa, BbI-

IIOJIHUT 3 Bcel paboTsl, a Bropas Opuraja — OCTaBIIYIOCH YacThb,

TO Ha peMOHT Imocce moHajzoburcs 40 nHeil. 3a CKONBKO AHeH
Kaxjaaa Opuraza, paboras oTJeJIbHO, MOXKET BHIIOJHUTE BCIO pa-
6oTy?

JBa Hacoca pasauyHONA MOIIHOCTH, paboTada BMeCTe, HANOJHSIOT
Hacceiin 3a 4 u. [nsa mHanonHeHus GaccellHa HAIOJOBHHY IIEPBO-
My Hacocy Tpebyercs Bpems Ha 4 4 Gojbllee, 4eM BTOPOMY HACO-
cy U1 HaIloJIHeHus OacceiiHa Ha TPH YeTBePTHU. 3a KaKoe BpeMs
MOXKeT HAIOJHUTEL 0acceilH KaXAblii U3 HACOCOB B OTAEJIBHOCTH?

IIyTe U3 cesa B ropoj uAET cHadaga 15 KM B ropy, morom 6 xm
¢ ropsl. Beslocunmeguct efet 6e3 0OCTAHOBOK B ropy € OZHOM IOCTO-
AHHOM CKOPOCTBIO, ¢ TOpPHI C Apyroi. B oAuWH KOHeI] OH exaJ
3,1 u, o6parHo — 2,5 u. KakoBa CKOpPOCTH BeJIOCMNIEAUCTA B I'0-
Py u ¢ ropsi?

Tennoxon 3a 10 u moxxer mpoiiTu 110 KM mo Teuernuio u 70 KM
NPOTUB TEYEeHUs PeKH uau 88 KM 10 Te4eHHI0O U 84 KM IPOTHUB
TeueHua pexu. OnpejenuTe CKOPOCTH TEILJIOXOJ8 OTHOCHTEJLHO
BOJIBI ¥ CKOPOCTH TE€UEHUS PEKH.

Bpurazga necopy6oB goskHA ObLJIA B HECKOJBKO THEU IO IJIAHY
saroroBuTs 216 mM® apos. Ileperie 3 gua Gpurajga paborana IO
ILIaHy, a 3aTeM KaXKAbIH AeHb 3aroTosasia Ha 8 M® a1pos GoJiblre
niaHa. B pesyiaprare yiKe 3a JeHb IO CpoKa OBIJIO 3aroTOBJIEHO
232 m? gpoB. CKOIBKO KyDOMETpPOB AOJIKHA ObLIA 3arOTOBJIATH
Opuraza B AeHb II0 ILJIaHy?

IIponenTsl comepskaHus (MO0 Macce) KpacUTesJsd B TPEX DPacTBO-
pax o06pasyoT reoMeTpUUYeCKyI0 mporpeccui. Ecam cmelats
MepBbIii, BTOPO#M M TPeTHil pacTBOPHI B OTHOomeHHHU 2 : 3 : 4, TO
MOJIYUUTCH pacTBOp, coxep:kamuii 32% kpacurens. Ecam xe
cMelnIaTs UX B OTHOmeHuH 3 : 2 : 1, TO moJXyuyuTCs pacTBop, CO-
pepxxamuit 22% xpacutenas. CKOJIBKO IPOLIEHTOB KPaCcHUTENA CO-
Aep:KUT mepBeId pacTBOp?

IIsa memmexofa OMHOBPEMEHHO BBIILJINM HAaBCTDEYy APYT APYry H3
ONyHKTOB A U B, paccTosHue Mex ]y KoTopsiMu 34 kM. B 4 kM ot
nyHKTa A nepsBhlil Iemiexoy (BBIMIEAIINII U3 OYHKTa A) caeias
ocraHoBKYy Ha 1 u 30 muHu. ITocjie 0CTaHOBKM OH YBEJIMUYMNJ CKO-
pocTh Ha 2 KM/4 H BCTPETHJ BTOpPOro mnemexoza B 18 KM oT
nyskTa B. Ecinu Obl nepBbIfl Iemiexoj He JeJajl OCTAHOBKU U
IIéJ BCEé BpeMsdA C IIePBOHAYAJIBHON CKOPOCTBIO, TO IIEIIeXOJbI
BCTpeTHaHCEH Ob Ha nmoanyTu. OnpenesuTe CKOPOCTE BTOPOTO IIe-
mexona.
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W3 nysxkTa A B nyHKT B, paccTosHMe MEXJy KOTOPEIMA 525 KM,
BbleXaJl MOTOIUKJIHUCT. Yepe3 HEKOTOpoe BpeMda M3 NYHKTa B
B IYHKT A BbIexaJjia MAallliHA, KOTOPAA BCTPETUJIACE C MOTOI[HK-

JIMCTOM B TOT MOMEHT, KOI'/la OH IIpoexaa 7 PacCTOAHUA OT IYHK-

Ta A 10 nyHKTa B. MOTONUKJIMCT U MAIIKWHA NPOLOJKAIHN JBHU-
raTbCsd Jajblllie, ¥ MOTOLMKJIMCT IpHeXaJ B NyHKT B depes 3 u
Iocje TOro, Kak MammuHa npubslia B nyHKT A. Eciu 061 Mammza
BblexaJsia U3 IIyHKTa B Ha 1,5 4 paHble, 4yeM B JAeHCTBUTEJILHO-
CTH, TO OHA BCTPeTHUIACh OBl C MOTOLUKJIMNCTOM HA PACCTOAHUM
180 kM or nyHkTa A. Omnpesenure CKOPOCThH MOTOIIMKJIMCTA.

IIponuBHON AOKAL JIMJI HECKOJBKO 4acos moapsax. Korga ox Ha-
IIOJTHUJI HEKOTOPYIO YAcTh OTKPBITOro DacceiiHa, BKJOYHUJIM Ha-
coc ayA OoTKadkM Boxakl. OH oTKauan BOAY 3a 5 4, HA MPOTAMKe-
HHUM KOTOPBIX J0MKAb IPOJOJIKAJ JIUTh. Ecau ObI BMECTO IIepBOTr0
Hacoca BKJYHUJIKA BTOPOH, MONIHOCTL KOTOpPOro B 2 pasa 00Jib-
1re, TO OH OTKadaJy Obl BOAY 3a 2 4. 3a CKOJIBKO YacOB OTKAYaJIH
651 BOAy ABa Hacoca Ipu cCoBMecTHOU paGore? CumraiiTe mpoiiec-
Chbl HaINlOJIHEeHHuA OacceilHA M OTKAYKH BOJbI PABHOMEDHBLIMH.

a) Ha nyry pacrér tpaBa. 20 KOpPOB CBLENAT BCIO TPAaBy 3a
21 pmenb, a 30 xKopoB — 3a 7 aHeli. 3a CKOJBLKO AHEH BCIO TPaBy
Ha Jyry mMorjau O6bl cbecTh 22 KOPOBBI?

6) Ha nyry pacrér tpaBa. 6 KOpOB c’heAAT BCIO TpaBy 3a 6 mHei,
a 7 xopoB — 3a 4 nHa. CKOJBKO KOPOB MOIJIM OBI CHECTH BCIO
TpaBy Ha Jyry 3a 2 gHA?

B) Ha ayry pacrér TpaBa. 60 xopoB Moriiu 6bI IPOKOPMHUTHECHA HA
3TOM JIyTy B TeueHHe 14 nHeii, a 50 KOpoB — B TeueHue 28 qHel.
CKOJIBKO KOPOB MOIJIM OBl MACTHCH HA 3TOM JIYI'Y TOCTOAHHO,
Imoka pacrtér tpasa?

1
3adava H.Hvomona. IBeHagnaThs OBIKOB CheJaloT 3§ rorepal
nacrounia 3a 4 Hegmenu; 21 0wk cwhemaer 10 OrepoB TaKoOro ke

nacrbuma 3a 9 Hepenb. CKOIBKO OBIKOB C'heAsT TPaBy Ha 24 1ore-
pax macrbuina 3a 18 memenn?

11 sorep — npesHsA#A pHMCKaf Mepa ILTOmanu oxoao 2500 m2,
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1.

no nporpamme 7—9 knaccos

1) Borumesure (5,25 - 4%] 1,45 — (7 % - 6,875] . 0,75.

-4x+4 2-x) x-4

3) Iloctpoiite rpadur dyHruum y = x — 1. Onpefennre HHTEPBAN,
Ha KOTOpOM (DYHKHIUA IPUHUMAET NOJOMHTENbHBIE 3HAYCHUA.

4) CyMmma BBYX 4Hcel papHA 2, a ux npoussegenue pasHo —35. Haii-
OETe 9TH YHCIA.

2 —
2) Vuapocrure Bmpamenue( x +4 d 2} 4

1) Brruucrnure 5% + (3,25 + 2%) 12,6 g— 2,25.

x*+9 LX-38)._9
x2-6x+9 8-x) x2-9’
3) Tlocrpoitre rpadur Pyuxuuum y = —2x — 2. Onpegenute HHTEpP-
BaJl, HA KOTOpOM (YyHKOHUA OPHHHMAET OTPHIATENbHEIE IHAYEHHA.

4) IIpousseaenne ABYX uucen pasHo 20, a ux pasHocts pasza 1.
Haiigure 5TH uHcHa.

2) ¥VaopocTaTe BEIpAXKeHUe (

1) Beramesate 2: 2,25 —— 30 [ 2 1.7,
15 12
x+2 x—2_x2+1

2) ¥opocrure BBIpAXKeHUe .
) P P x+1 1-x x%2-1

3) IlocTpofire rpadmK GyHRKUMM ¥ = %xi—l. Onpegennre, IOpH

KaKWX 3HAYeHUAX X (GYHKIMS OPHHHMAET OTPUIATEJLHLIE 3HAa-
YeHUH,

4) Ilnomans OpAMOYrOALHUKA paBHa 4 aMm?, a NepHMeTp paBeH
17 amM. OnpesennuTe CTOPOHHBI HNPAMOYTONBHUKA.

1) BolumcauTe [4%: 3,5+3,5: 4%) . 4,8.

at-a¢ a-1 a-2

9-a2 a+3 a-3

3) IoctpoiiTe rpadmy dyrKuuM y = -0,5x + 2. Onpeaenure, npm
KAKHX 3HaYeHHAX X (PyHKIHA NpPHHEMAET HOJOKHUTENbLHBIE 3HA-
YeHHAd.

4) OnHa cTOpOHA NPAMOYTOJABHEKA Ha 3 M Kopode apyroil. Ompe-

JeIUTe CTOPOHHI NPAMOYrOALHMKA, €CAM ero IJOMAAL paBHA
1,75 m2.

2) ¥VnopocTure BhipareRue
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1)

2)

3)

4)

1)

2)

3)

4)

1)

2)

3)

4)
80

12,8 3—-—41£ 4,125
11
4 3
| 7°35
Yupocrure BeIpa)kenue 2m —

Brruuciaure

m- 4 . 1
m2+8m+ 16 16 — m?’

Pemure cucremy ypaBHeHUM rpadudecKuM crocobom:

x+y=25,
3x—y=1.
LI
Pemure cucreMy ypaBHEHHH { X Y
x-y=2
28,8 : 13é + 6,6 - 1l
4 2
Beruucaure
1~l- : 1,35
80
2—-x .1

VYopocTuTe BhIpaskeHue 3x + : .
p p x4+ 2x+1 1-x2

Pemiute cucreMy ypaBHeHH# rpadumyecKUM CIIOCOOOM:
x—-y=4,
{Zx +y=2.
x+y=4,
Pemure cucreMy ypaBHEHUH 4 3

2 d=i,
x Yy

(0,29 - 1,09)- 1,25
[1&9 1sl§J 8

Brruucaure

20/ 9
Ve
NS e
Pemure cucreMy ypaBHeHHU# rpaduuecKUM CIIOCOOOM:
x+3y =5,
{3x +y=-1

YopocTuTe BEIpaXXeHHE

@pe3epoBIIUK [OJIKEH MBTOTOBUTH K OIPeleIEHHOMY CPOKY
neraneit. Ecau o 6yaeT U3roTaBJIMBATE 3a CMeHY Ha OJHY JeTallb
foJibilie, YeM NMpejyCMOTPEHO IJIAHOM, TO 3aKOHYUT pabory Ha 4 nHSA
paHbllle CpoKa. 3a CKOJBKO AHeH IIJIaHWPOBAJIOCH BBINOJIHHTHL pa-

oory?
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2,2+ 1,6):1,9
1 —_—,
) Brruuciure 2.4-13):43
Ja-1 +a+1
2) VYuopocTuTe BhIpa)keHHue + :
) P E Ja+1l Ja-1
3) Pemure cumcreMy ypaBHeHuil rpaduyecKHUM cIocobfom:
2¢+y =1,
x—2y =8.

4) CropocTh TOBApHOTro Imoesjga Ha 12 KM/4 MeHbIIe CKOPOCTH Iac-
cakupckoro noeaza. Onpenenure BpeMf, KOTOpOoe NOHaZo6UTCA TO-
BapHOMY IIO€3Jy AJIA NMPOXOMKAEHUA yYacTKa AJIUHON 52 KM, eciau
naccasKUPCKUH Ioe3] MPOXOAUT TAKOM y4acTOK OhICTpee TOBAPHOTO
Ha 18 mu=.

1) Pemure HepaseHcTBo 3x2 < 10x — 3.

2

2) VopocTuTe BhIpaXKeHHe ,[3 (%) .

3) Pemute ypaBHeHUe
(x+2)(x-Dx+1)-(x-2)(x—3)(x+3)+3x—-49=0.

4) PemmuTe ypaBHEHUE % + L 1=:0);
X x

1) ITocrpoiiTe rpaduk GYHKIUU Y = %
2) PemmuTe ypaBHeHue Vx — 3 = 3,

6a + 3 6a— 3 'a2—324
a?-18a a%+ 18a at+9

3) VupocTuTe BHIpaj)KeHUe (

4) Pemute ypaBHEeHUe
P+1D)(x-2)—(x2+3)(x-1)+Tx-1=0.

1) Ira aBTOMOOMJIA BBIE3’KAIOT M3 ONHOI'O Tropoja B APYTroii.
Cxropocts nepBoro Ha 10 Km/4 Gosblie CKOPOCTH BTOPOr'O, II0O3TO-
My OH IPOe3KaeT BeCch OyTh Ha 1 u OwicTpee BrOporo. Ompeznesnure
CKOpPOCTU aBTOMOOHIIEH, ecii pacCTOSHHE MEXAY I'opojJjaMH paBHO
560 xMm.
¥*+2x+2 2x+1_ 3x°+2x

4 6 g

3) PemmuTe HepaBeHCTBO 4x2 + 6x < 9x? — 14x.

2) Pemwute ypaBHeHUe

4) ITocrpoiite rpadpuk GyHKIUK Y = _"2"
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12.

13.

14.

16.

2 2 _
1) Pemwure ypaBHEeHUE 2x3+ L 1== 2; = 16.
2) PemuTe HepaBeHCTBO 2~ 16

y+7

3) Pemute ypaBHeHHE X — 10Vx - 11 = 0.

4) CpaBHuUTE UHCJIa V6 +/8 u V3 +411.

1) Brrumcmre (-EJZ- (—1 lJ_S- 0,3)3 - (-0,3)* — (7%)0: (-1

5 3
o ] x2+ x
x—1 x+1 4x
3) Ilocrpoiite rpaduk dyHKOmum y = x2 — 3x + 1.
4) ITpousBemeHue ABYX IeabIx uuces paBHo 30, a ux cymma pas-
Ha 11. Haiigure aTH 4ucaa.

DD | =

2) Viopocture BbIpaKeHHe (

1) Berumcaure Z 5+ {2 5-=-0, 875]

12

a a a 1
2) YupocTuTe BeIpa)KeHHE - . — ;
) - P -4 a+2 (a?—a a—l)

3) IlocrpoiitTe rpadur GyHKIHU y = 2x — X2,
4) CymmMa AByxX IieJbIX ymces paBHa 6, a UX Ipou3BeJeHUE paB-
Ho —7. Haliture 3T umncia.

1) Burumenure 27 1§ ~ 3,/60 - 15,/0,6 + 181’2%.

1

a+2 a-2 16 '
+ - + 2
(a—2 a+ 2 a2—4]

2) ¥YuopocTuTe BbIpaykeHHEe

3) ITocrpoiite rpadpur Gpyarmuu y = 0,2x2 — 3.
4) IlpoussexeHwue ABYX umuces paBHO 3,5, a UX pasHOCTEL paBHa 6,5.
Haiigure aTu 4ymcJa.

1) Borumenure (4> — 42 |.0,4+0,4.
12 °15

x 3x 3 x—9
2) YnpocTure BhIpasKeHHe <+ 3 i 3 ( 2 B:  Quog? J

3) ITocrpoitre rpadpur ¢pyaxuuu y = —0,5x% + 1,5.

4) PassocTes gByX umcesn paBHa —9,7, a uX IpousBeJeHHEe DABHO
-12,3. HaliguTe 3TH uncia.
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17.

19.

1) Brrumcaure 3512 — 3512 — 351 - 350 — 3502 — 3503.
2) Ilocrpoiite rpaduk GyHKIUH Y = %
3) Iecarslii ujen apudmMeTudyecKoM mporpeccuu paseH 17, a ms-
TeIM usieH paBeH 4. Hadnure cymMMy IepBBIX NATHAALOATH UJIEHOB
9TOM IIPOrpecCcUH.
4) Pemwute cucrem aBHEHHUN xy = -8,
III
Y ¥R x+ 2y = 0.

1) Pemmure rpapuuecKumM crmocoboM ypaBHeHHUE
-——=1-x.
X
2) IIsaguarteiii ujeH apudmernuyeckoit mnporpeccun pasern 20,

a cymma nepBbIX ABagumatu uwieHoB paBHa 430. HalizuTre pasHOCTH
IIPOT'PECCHH.

3) Haiigure obnacTh onpeneneHus QYHKINUU Y = L

4) Pemute HepaBeHcTBO 20 — %x > 0.

1) PaszocTs apudmermueckoil mporpeccuu pasxHa 0,4, a cymma
nepBBIX miecTu eé wieHoB pasHa 30. Hailinure mecsaTsIl 4leH Ipo-
rpPeccHuH.

2) Vmpocture BhIpa)XeHHe

(JZJ;—1+J§1+1+ xfl](x_&)'

3) Pemmure ypaBreHue |2x — 7| = 3.
4) Haiigure obiacts onpeaeneHus GyHKIuU y = x2 — 5x.

1) Ilepsrlit unen apudMeTHUecKOd mporpeccuu paseH 1,5, a cyMm-
Ma mepBBIX gBaguaTu uwieHoB pasHa 505. Haiinure pasHocTh mpo-
rpeccun. EeTh a1 cpeam uneHoOB nporpeccun umcso 297

2) YupocTuTe BBIpAXKEeHHE

8
c+[c 1-26):(02“C+1).
c—1

3) Haiigure obnacTh onpeneneHus (QYHKIIUH

Y =4x-2)(x-3).
4) Pemure HepaBeHcTBO Hx = 8(x — 3) — 17.
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24.

1) Hailingurte mepBhIil 4ieH U Pa3HOCTH apudMeTHUYECKOH mporpec-
CHH, €ClIH aq, + ag = 22, a; + a5 = 16.

2) Pemure ypasHenme (x2 + 2x)2 — 14(x2 + 2x) — 15=0.

2
3) PemuTe HepaBeHCTBO lx £

9x2— 4 _2-x 4=
2x2-5x+2 3x+2 1-2x"

4) VihopocTuTe BhIpa)KeHUe

1) Paccrosanmue mexay cranuusaMu A u B paBHo 240 xm. Uz BB A
BbImesa moe3n. Yepes 30 MuH HaBCcTpeuy eMy u3 A BBIIIE] APYIroM
nmoess co cKopocThio Ha 12 km/u Ooabureit. Hadigure cxopocTh
KaMJoro Ioesna, ecjii U3BECTHO, YTO OHU BCTPETHUJIUCH HA CEePeH-
He IIyTH.

2) Pemurte ypaBaenue (x — 1)(x — 2)(x — 3)(x — 4) = 3.

3x+ 2
3) PemmuTe HEpaBEHCTBO >
2x + 3

e
2m ]_36 m +12m

4) VupocTuTre BhIpaxKeHHUe L - .
m—-6 m“—12m+ 36 m—8 m—6

1) TlepBwiit uneH apudmeruueckoir mnporpeccuu pased 10, pas-
HOCThL paBHa 4. Hajigure €€ oquHHAALIATEHIN YJI€H ¥ CYMMY HEepPBBIX
ONMHHAIATH YJIEHOB.

2) Pemute cucreMy HEpaBEHCTB
5(x+1)—-9x—-3> —-6(x+ 2),
{3(3 +2x) < Tx— 2(x — 8).
3) Pemure cucremy ypaBHeHHM
3(x-1)=5ky+1),
Tx-3y Sx-y x+y
5 = 3 2
4) Pemure ypasrenue 3x* — 28x2 + 9 = 0.

1) Hatigure cyMMy HOEpPBBIX IIECTH UYJEHOB I'e€OMETDHUYECKOM IIpo-
rpeccuu, ecau Gopmysa n-ro eé uxesna b, =4 - (0,5)" 1.
+4

A

1
2) Pemute HepaBeHCTBO 1

3) Pemmurte cucremy ypaBHeHHI

S S
x+y x-y
8 4+ 4 _n

X+ y X -y -
4) CpaBuuTe 3HaueHus seipaxkeruit (0,7)° u (0,7)°.
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27.

1) Haiigure cyMMy IepBBIX CeéMH YJIEHOB I'€OMETPHUYECKOH IIpo-
rDeCCHH, 3Has, 4YTO IIpOrpeccHs Boapacraiomasa u b, - by = 3bg,
2) Pemure ypasHenme (x2 — 3x)% + 3(x% — 3x) — 28 = 0.

3) PemuTe cucTreMy HepaBeHCTB

x—9_x2x—1 x-2

2 g 7
2—-x< 2x- 8.

1 1 i
4) Yupocrure BhIpa)KeHHe — - —; U HalJuTe ero 3Ha4YeHHe [PH
xl %=
x=-2.

1) IBoe pa6Gouux, paboras BMecTe, BHIIIOJHUIN HEKOTOPYIO paboTy
3a 6 u. IlepBriii u3 HUX, paboTas OTAEIBLHO, MOYKET BLIIIOJHUTEL BCIO
paboty Ha 5 u GwicTpee, ueM BTOpo¥ pabGouuii, paborad OoTHEILHO.
34 CKOJBKO YacoB KaXKJbIA U3 HUX, paboTas OTAeNbHO, MOMKET BbI-
IIOJIHATH BCIO pabory?

2) Pemure ypaBHeHue (x2 — 6x)? — 6 (:.:t:2 6x) + 9 = 81.
= 2
10

Yy
4) CpaBHuTe 3HaueHUus BeIpaykeuuit 82 u 0,572,

3) PemwuTe cucTeMy ypaBHEHHIt

=t

=9,

3
%
7
x

1) Hafigure nBy3sHAYHOE YMCJIO, 3Had, 4TO udpa ero eJUHUL, Ha 2
Oosbie HUGPH! JECATKOB M UTO IPOU3BEJeHHNe 9TOI0 YHCJIa Ha CYyM-
my ero nudp passo 144.

2) PemuTe rpaduuecku ypasHeHue x2 — 4x = -3x + 6.

3) Pemmure HepaBeHCTBO w <0
-9

a
4) VYupocrure BbIpasKeHHE —; U HalAuTe ero 3HaYeHHE NIPH
a

1 as
a=—-.
2
2-7x  x-1_ 2x2-5x-3
1) P .- = i
) Pemure ypaBHeHue z + 3 30
2) PemmuTe HepaBeHCTBO gx ~ 3 < 0.

3) Pemwure ypaBHeHUe x2 + x 2 =

4) CpaBHuTe YucJa Jv J_ \F \/-
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1) Ckopsiii moesn 6511 3ajgepykan y cemadopa Ha 16 MuH U Harsan
omnoszaHue Ha neperoHe B 80 KM, A co cKopocThio Ha 10 KM/u
foJspIIei, YeM IoJsiaraeTcsa Ho pacnucaHuio. Kakosa CKOpPOCTh I1oe3-
oa 0 pacnucaHuio?

2) Pemnre ypaBmenue x* — 10x2+ 9 = 0.
3) Pemure mepasencrso 0,01(1 - 3x) < 0,02x + 3,01.
4) Hatizure obiacts onpejaesieHusa QyHKIIUA

y=vJxr—2+/10- x.

1) Pemure ypaBuenue x* — 13x2 + 36 = 0.

2) PemuTe HepaBEHCTBO 2'”; 1,

3) Haiipure 3HaueHHe BBIPAKCHHUA

Jx?—4x+4+ . x2 - 6x+9

3
npu x = 2—.
P 17
4) Pemwure rpadpuueckum crmocoboMm ypaBHeHHe x — 1 = %

1) Haiiznre 3HaueHue BeipakeHus V18 — (V32 — (5v2 + V/200)).

2) Vkamure TOUKM NepeceuyeHuda rpadura QyHKIUA Y = Jx ¢ oca-
MY KOODAHHAT.

3) Haiigure obnacTh omnpeneseHus QYHKIHUHU Yy = E=i

x+1
4) Pemure cuUCTEMY YpPaBHEHHM

x? - 6y = —14,
y? —-4x=1.

1) Haiigure 3HaYeHUe BBIpaKeHUd a’ — 6v6a — 1 IIpu a = V5 +4.
2) Pemure ypaBHeHUe
1 1 6—-x

2—x x—2 3x2-12°

3) Ha rtypbase umerorcsa majaTKy ¥ JOMHUKHU, Bcero ux 25. B kax-
JOM JOMHKe XUBYT 4 4YeJiOBEeKa, a B IajarTke — 2 deJOBeKa.
CroabKO Ha Typb6ase MajJaTOK M CKOJBKO JOMUKOB, €CJIU HA TypbHa-
3e orpeixawT 70 yenoBek?

4) C nomouipio rpaduKoOB OIpeAeNnTe, CKOJLKO PeIleHHH nMeeT
cucTeMa ypaBHeHHUM
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34.

2x+5 2 3x

2+ 2 x+1

1) Peummure ypaBHeHHE

1 2
2) PemwuTe HepaBeHCTBO ax <1 U yrRa)XuTe BCE €ro Iejble pe-

IIIeHHu d.

3) B nepsom spurensHoMm 3ase 420 mect, a Bo BTopom 480. Bo BTO-
poM 3aJjie Ha 9 PANOB MeHbIlle, Y4eM B IIEPBOM, HO B KaXJOM DALY HaA
10 mecT GoJbilie, YeM B KaXXI0M pAAY mepBoro 3ajga. CKOJIBKO MecT
B PAAY B KaXKJOM H3 3aJI0B?

x?2+y?—xy =13,

4) Pemute cuUCTEeMY YpPaBHEHUIT
x+y=-2.

1) Beruuciute, MCHOJIB3Ys, I'/le BO3MOMKHO, (DOPMYJIBI COKPAIIEH-
HOT'O0 YMHOXEHH:
0,123 — 0,28°

0.16 -0,12.0,28.

i Q33 2 ays
2) B apudmernueckoin nporpeccun — = 17. Haliqure —.

as Q47
xy y x e
3) Vmopocrure BBIpaXKeHHE —— - peaid HalguTe 3HaAUYEHUEe
x=Y

39TOrO BhIpaXkeHus, ecau x +y = 1,7.
[3x-1 3y-1
+1 x+1
3y+3 2x+2
3x-1 3y-1

=2

4) PemuTe cucTeMy ypaBHEHUH
=1.

1) BreimosHuUTEe yKasaHHBIE AeMCTBHA:

[2 2——J§+4J_] V12 - 446 - 24+5.

2) Baxk o6bémom 1 M? 3amosHAeTCA ABYMS HACOCAMH OJHOBPEMEH-
Ho. IlepBoiit Hacoc nepekauynsaer 3a 1 u va 1 M3 Bogs! Gosble, yeM
Bropoi. HaliguTe BpeMs, 3a KOTOpoe KaKAbIA HACOC B OTAEJILHOCTH
MOXKeT HANOJHUTH 0aK, eCJH MepBOMY HACOCY HYIKHO JJId 3TOrO Ha
5 MUH MeHbIIIEe, YeM BTOPOMY.

xy y x =
3) VmopocTHTe BhIpa)KeHHe g LT HaiiuTe 3HAUEHHE
xty \x Y

3TOTO BBIPAXKEHHu#, ecau x — y = 2,9.

2 +x+1=0,
y

4) PemuTe cucreMy ypaBHEHUI
+2=0.

x—-y
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37.

1) Pemure ypaBuenue |1 +3x|—|x—1|=2 - x.
6x2+ x - T
13x — 10x%2- 3

3HAYEHHUS OHO MOYKEeT IIPUHHMATE.
3) B reomeTrpmueckoii Mporpeccuy mepBEIA YJeH paBeH V2, a celb-
MOM paBeH x/12_8 HaiignTe BOCBMOM 4YJIeH IIPOI'PECCHH.

6 _ 24 -1
(x-D(x+3) (x-2)(x+49 )
1) IlycTe ocTraTok OT HAeJIeHWUA HATYpPAJBHOrO 4ucja n Ha 9 pa-
BeH 5. Haiigure ocratok or gesnenus Ha 9 uuciaa 4n? + Tn + 2.

2) B apudmMeruyeckoil nmporpeccuu {a,} umeem a; = -85, a,q — €é
uemeI'«’I OOJIOKHUTEJBHEIA ueH. Kaxkwue oeJible 3Ha4YeHHUs MOXKeT
IPUHUMATE Pa3HOCTL IpOrpeccuu?

3) Haiigure HauMeHbIllee 3HAYECHHUE BBIPAKEHUSA

2Jx+y+1-4+3(x+4y - 3)>
Hpn KaKHX 3HAYeHHUAX X U Y OHO ,EOCTHI"&GTC.H?

4) Ia Opoxepa KYNHJIM AKIHH OJHOI'O AOCTOMHCTBA HA CYMMY
3375 p. Korga nmena Ha 3THM aKIMH BO3POCJA, OHH MPOJATH YACTh
akuuit Ha cymmy 2916 p. Ilepsmiii Opokep mpozanx 60% ceomx
aknuii, a Bropoit — 70% . IIpu sTom cymMMa OT MPOJAXKK AKIIHIA,

2) Vimopocture BhIpajKeHUE U oIpejeJnuTe, KaKue

4) PemuTe ypaBHEHHE

2
ToJIydyeHHasa nepBeIM OpoKepoM, B 1? pasa IIpeBBICHJIA CYMMY, IIO-

JIYYeHHYIO BTOPBIM OpokxepoM. Ha CKOJIBKO HPOIEHTOB BO3POCJa
neHa ONHOM akmumu?



3anaaHna M3 TPEHUPOBOUHDBIX
BapuaHTtos NMA

1. 3anumuTe B OTBETE HOMepa TeX BbIPDa'Ke€HHI, 3HaYeHHe KOTOPHIX
paBszo 0.
1) (1P # (1) 2) (1P -(=1)p & ~1P+¢(-1)) 4) ~15-(=1)
2. Ha aguarpamMmMe nokasaHO pacirpefejleHHMe NIUTaTelbHBIX BeIlecTB
B CJIMBOYHBIX CYyXapfAxX, TBOPOre, CAMBOYHOM MOPOYKEHOM M CryIIEH-
HOM mMoJioke. OmpegenuTe mo guarpaMme, B KAKOM IPOAYKTEe COAep-
JKaHMWe yrJieBoZ0B Hambousbmiee. (¥ — K IIpoyeMy OTHOCATCA Boja,
BUTaMHHBI 1 MUHepPAJbHBIE BelllecTBa.)
1) cyxapu 2) TBOpor 3) moposKeHoe 4) CrymiéHHOE MOJOKO

cyxapu TBOPOT

D yriesogbl

MOpPOJKeHOe CT'YIIEHHOE MOJIOKO

[[] mpouee*

3. Tosap Ha pacnpogake yueHuau Ha 20%, IpH 3TOM OH CTaJ CTOHThH
920 p. CKONBKO CTOMJI TOBAp A0 PAcCHpoOmarKu?
1) 1150 p. 2) 1104 p. 3) 940 p. 4) 184 p.

4. Kakoi yros (B rpagycax) o0pasylT MHHYTHAs M 4YacoBad CTPENKHU
yacoB B 5 u?

5. B dupme Tarkcu B ZJaHHBIX MOMEHT CBOOOAHO 3 UEPHEIX, 3 MKEJITHIX
u 14 genéneix mamuHbl. 110 BEI30BY BhIeXasa OJHA U3 MAIIWH, CIY-
yaHO OKasaBiiasics OJiMike BCero K saxkasduky. Hadaure BeposT-
HOCTH TOTO, YTO K B3aKA3UYHUKY IPHEJET KEJTOe TAKCH.
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6.

10.

= 95
Han,rm're 3Ha4YeHHe BhIpaXeHud ( 5.
54/5
19 19 19 19
£ = B 2 .
) 3125 ) 625 %) 25 4 5

ITocnemoBatensHOCTH {@,}, {b,}, {c,} 3aganbl popmynamu n-ro die-
Ha. IlocTaBbTe B COOTBETCTBHE KAaXKZOM IIOCIENOBATEIHBHOCTH BEp-
HOe yTBEepXKIeHUE.

DPOPMVIJIA
A)a,=6-T" B) b,=Tn + 2 B) c,=5n%+2

YTBEPXKIEHUE
1) ITocnemoBaTelbHOCTh — apu(MeTHUYECKAas IIPOrpPecCHs
2) TlocnemoBaTesbHOCTH — I€OMETPHUYECKAas IIPOTrPEecCHusd
3) IlocnemoBaTesbHOCTH HE SABIAETCS HU apudMeTHUECKOU, HU
reoMeTpHUUYECKOH IIporpeccuei

Ha uuciioBo# npsaMO# oTMeUYeHbl YHC- 3 5 5 =

Ja a, b, c. Ykaure HOMep BEpPHOTO

YTBEpKIeHUA. "

1) b2 > 2 2)§>0 3)atb<c 4) ;<-1
3 x2

-~ X
Hajiigure 3HaueHHe BBIPAKEHUS 55 2 npu x = -2.

1 1 3x
Y1ipocTuTe BEIpasKeHUE + B
x—-y x+y) x°—-y
Ha pucynxe 1 usobpakensl rumepboia y = % u npsMmas y = 2x.
Beruncaute xoopauHaTel Touku C.

I'padhuk Kako¥ u3 nmepeymncIeHHBIX HUMKe (QYHKIUN M300pakéH Ha
pucyake 2?
1) y=x2-3 2 y=x2-3x 3) y=x2+3x 4) y=-x2+3

Yi ' [y

B Puc. 1 H Pumc. 2

o
®y
-

o
—
=y

<
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13.
14.
15.

17.

x—5

HaiiguTe KOpeHb ypaBHeHUA T =5.
x —
Pemute HepaBeHcTBO x2 + 8x + 15 < 0.
C 6 52.100"
OKpaTuTe Apoob W.

ITepBas Tpyba mpomyckaer Ha 4 J BOABI B MHHYTY MeHBbIIe, ueM

Bropas. CKOJILKO JJUTPOB BOABI B MUHYTY [IPOIyCKaeT Iepsas TPy-

6a, ecau pesepByap o0bémomM 48 11 OHA 3aMOJHAET HA 2 MHUH J0Jb-

me, yeM BTOpas Tpyb6a?

(2% + x)| x|
x4+ 1

KaKUX 3HAYEHMUAX ¢ MpAMas y = ¢ He UMeeT ¢ rpauKoOM HU OAHOU
ob1eii TOUKH.

IlocrpoiiTe rpaduk (QyHKIUN Y = U OIpeaesuTe, IPH



3apnauuns Ha uccnepoBaHme

HajiguTe BCe 3HAYEHUA @, IPU KAKIOM U3 KOTOPHIX YDABHEHUE:
a) ax? - (4da + 1)x + 9a = 0; 6) ax?+ (3a - 1)x — 4a = 0;
B) ax? — (2a+1)x+a=0; r) dax?-4x+a-1=0

UMeeT eJUHCTBEHHBI KODEeHb; MMeeT ABa DPA3JUYHBLIX KODHA; He
HMeeT KOpHEeH.

Haiignre HauMenbImee 3HaueHHMe cymMMmel X2 + y2, ecam (x; y) — pe-
. |x—=3y=a,
IIeHWe CUCTeMbl YPABHEHHH Ilpu KakKoMm 3HAYEeHUH a
3x—y=a+2.

JOCTHUraeTcs 9TO HaMMeHbIllee 3Ha4YeHue?

Hajizute Bce 8HaYeHUA a, ANA KaKAOr0 U3 KOTOPBIX HEPaBeHCTBO
ax® — (2a + 1)x + a > 0 He uMeeT pemieHwHii.

IIpu KaKuX 3HAYEHUAX @ CHCTeMa HepaBEHCTB:

) {4x—4a>2ax—5, 5) {9x—2a>3ax—1,
6x — 2a < 3ax + 5; 6x - 3a < 2ax+ 2

UMeeT pelIeHus?

ITpu KaKMX 3HAYEHHWAX G CUCTEMa HEePaBEHCTB:

i) {9x—5a>3ax+2, ){ﬁx—2a>3ax+13,
6x+2a<2ax-T; 4x +4a < 2ax- 5

He MMeeT peIleHuH?

B nepuog 6yproro pocra nen C6epbank Poccuu ¢ 1 oxrabps 1993 r.
3a XpaHeHHe JeHer Ha JelO3UTHOM BKJIaje B TeueHue 12, 6 u 3 mecs-
IeB BBIILIAYHUBAJ A0Xox4 B pasmepe 150%, 130% u 120% romoBbIX
coorBeTcTBeHHO. Kakoil H0X04 MOKHO OBLJIO IOJYYHTH 3a TOZ:

a) IpU ABYKPATHOM BJIOKEHHH AeHer Ha 6 MecsIes;

0) Ipu YeTHIPEXKPATHOM BJIOKEHHH HeHer Ha 3 mecana?

Kakum HauGOJBIINM LEJBIM UMCIOM X HOJKEH BHIPayKaThCs npo-
LIEHT FOAOBBIX JJIs AEMO3UTHBIX BKJIAZOB Ha 6 mecsues, uToOBI ABY-
KpaTHOE HMCIIOJb30BaHHUE ITOTO BKJalLa IPHHOCHJIO AOXOJA MEHBLIITHI,
ueM BKJaa Ha 1 rox mox p% romoeix? KakuMm HamOGOIBIIUM IIeJIBIM
YHCJIOM Y JOJIKeH BBIPAasKaThCHA IIPOLEHT IOAOBBLIX IJIs BKJIAZOB HA
3 mMecsana, 4To6BI [BYKPATHOE HCIOJb30BAHHE 3TOTO BKJAJA IIPUHO-
CHJIO IOXOJ MEHBIIMH, yeM BKJaJ Ha 6 Mecsaien?

Pemure safauy B obmem BuAe, NpoBeauTe pacuyérsl ausa p= 150.

U3 nyekTa A B nyHKT B 10 Te4eHUIO PeKM HANO OTOYKCHDPOBATH ABA
ILIOTa C IIOMOIIBIO KaTepa, cofcTBeHHAad CKOPOCTh KoToporo 20 Km /4.
Karep mosxer GyKcHpPOBaTH TOJABKO OAMH IJIOT. IIpesosKure crocod
GYKCUPOBKH, IPX KOTOPOM 06a miaora 6yAyT nepenpaBieHbl U3 TYHK-
Ta A B ONYHKT B 3a HauMeHblllee BpeMs, €CIM CKODOCTh TEUEHHHA
pexu 3 KM/u, a paccrosinuue AB paBHo 58 kM. Haiigure HaumMeHs-
miee BpeMsa OYKCHPOBKM IIJIOTOB.
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9.

11.
12.
13.

a) Temoxox Mo Te4eHUIo pexu oT A no B unér a 4, a or B 1o A oH
ugér b u. Paccrosaue AB paBHo 36 KM, CKOPOCTh TEUE€HUS DEKH
paBHa 3 KM/4. Kaxomy 4YmHCIOBOMY IPOMEXYTKY IPHUHAJJIEKaT
3HaueHus b, ecau 3 < a < 4?7

6) Temoxof mo TedeHUIo pexu or A 10 B unér a 4, a or B 10 A oH
unér b 4. Paccroaaue AB paBHO 48 KM, CKOPOCTH TeYEHHS PEKH
paBHa 2 KM/4. KakomMy d4YHCIOBOMY IIPDOMEXYTKY IpPHHaIJIeXkKar
3HaueHud a, ecau 4 < b < 6?7

a) Ilemexon MoskeT mpoiTH paccrofHue AB 3a a 4, a BeJjocure-
AUCT MOXKeT IpoexaTh TO ke paccrofHue 3a b 4. OgHAaKABl OHHU
OTIIPABUJMUCH OJAHOBPEMEHHO HAaBCTpedy APYr APYry — MelIexox
us A, Besocunenuct u3 B — u Berperuiiuch yepes ¢ 4. Kakomy un-
CJI0OBOMY TIPOMEXKYTKY IpHUHAIeKaT 3HaueHud ¢, ecnu 20 < a < 24
nb5<bs<8?

6) Ilepsas Tpyb6a mamosuur GacceilH 3a a 4, BTOpas — 3a b 4,
a IpU COBMECTHOH paGoTe OHM HAMOJHAT TOT »Ke OacceilH 3a t 4.
KakoMy 4HCJI0BOMY NPOMEXYTKY NPHHAJAJIEKAT 3HAUCHUSA t, €CIU
20<a<24 u 30<b<40?

Hazoeém uéTHBIM (paxkTopuanom (UIu ABOMHBIM (DAKTOPHAJIOM)

yueao nll — npousBelieHWe BceX UYETHBIX UHCeJI, HE MPEBOCXONA-
MUX 71, & HeYS6THBIM (haKTOopHaaoM (WIu TPOHHBIM (haKTOpHAIOM)
gucso n!ll — nmpoussejeHne BceX HEUETHHIX UHCeJI, He MIPEBOCXOMA-

mux n (n > 4). Hanpumep, 61! =2 -4 -6 =48, 6Ill=1-3-5=15,
M=2.4-6=48, M =1.3-5-7=105.

Omnpegenure mocienHo0 nudpy B sanucu yucaa 20071,
OnpezenuTe, Ha CKOJIBKO HyJel sakaHuuBaercs sanuck yucaa 100!

OmnpeaenuTe NOCHEAHION OTJIMYHYIO OT HyJasA nudpy B 3alHCH YUC-
aa 3011,

fdoxkassiBaem. Jloxaxure (14—18):

14.
15.
16.
17.
18.

Eciu n — HarypanabHOe uuciao u n > 4, to nll - nlll = nl.

Eciu n — uérHoe umcao Goapmee 4, To nll > nlll.

Eciu n — HeuéTHOe yucyo 6ossmree 4, To n!l < nlll.

Ecou n !l >nlll 1 n — HaTypasbHOE YMCJIO0, 12 >4, TO n — YETHOe YHCJIO.
Ecau n!! < n!ll, To n — He4éTHOE YHCIO.

Pemure 3agaun (19—20):

20-

Cronbko JeT Bace, ecau uéTHBIN (hbaKTOpPHAJ ero Bo3pacra Gojbiie

2 1024
HeuéTHOTO (paKTOpHAasa ero Bos3pacra B pasa?

Ckonbko jet Ilyce, eciu HeuéTHBINA (hakTOpHas eé Bospacra 60Jb-

.. % 3003
mre yéTHOro haKTOpHasa eé Bo3pacra B pasa?

1024
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" T 18 18 i 14 @ 7 i

120. a) (—oo; 0) U (0,85 +o0); 6) (—%; ?] B) (1; 2); 1) (—o0; —3) U (2; +0).
. ~3-J@] i
"5

121. a) (—oco; 3)U(3; +00); 6) HeT pellleHHMIi; B) HET peleHui; 1) (-oo
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U[—3+J@_+m} ﬂ](—l—\/ﬁ.—1+«/ﬁJ
5 7 2 * @

6) (—c0; —4) U (=25 0) U (2; +o0); B) (—-3; —-2) U (0; 2)U(4; 5); 1) (-7; -6) U
U(-4; 0) U (25 3). 124. a) (—oo0; 0) U (0; +oo0); 6) (—oo; —1) U (1; +c0).

i e) (-oo; +00). 123. a) (1; 5);

§3
134. a) (1; 3) U (5; +o0); 6) (—o0; 1) U (2; 4); B) (=1; 1) U (2; +00); ) (~00; -2)U
U(=1; 3). 135. a) (~o0; =1) U (-1; 0); 6) (=c0; —5) U (~4; 0) U (2; +00); B) (—oc0; -4) U

U (05 2); r) (=005 —1) U (05 3) U (8; +00). 136. a) (-3; 2) U (7; +c0); B) [—oo;—%]u

U (1; g) 137. 8) (-4; -1) U(8; 4); 1) (~00; =5) U (=1; 3) U (6; +0). 138. a) (—4; -2)U

U(=1; 2) U (4; +o0). 139. a) (15 2) U (2; +0); 6) (—o0; —4); 1) (—o0; —4) U (=3; 1) U
U (1; 3); m) (=005 1) U (1; 3); k) (—o0; 2) U (2; 3). 140. a) Eciu 3<a <35, 10
MHOXKECTBO PeLIeHHH HepaBeHCTBA COCTOMT M3 ABYX WHTEPBAJIOB, €CIU a < 3
HIX @ > 5, TO MHOKECTBO DelleHUil HepaBEHCTBA COCTOHT H3 TPEX MHTEPBAJIOB.
143. a) (—oo; 1) U (2; +0); B) (-3; 5). 146. a) (-2; 1) U (8; +o0); 6) (—c0; —3) U

U(-1; 2). 147. a) (-1; 0) U [i; +00J; 6) (0; 2) U (3; +0); B) (45 6,5); 1) (—o0; 0) U

U (0; 3) U (4; +00). 148. a) (-4; -1) U (1; +o0); B) (=003 1); 1) (=75 3) U (8; +00).
149. a) (=00; =3) U (-1; 2) U (8; +00); 6) (—00; —4) U (-1; 4) U (6; +o0); B) (~o0; —2) U
U(2; 6); 1) (-0,2; 0,2) U (0,2; 5). 150. a) (1; 6); 6) (~o0; —7) U (8; +o0).

151. a) (05 1); 6) (—c0; 0) U (1; +0). 152. a) (0; 1); 6) (—oo; —%J u [O; %J,

8) (0; 1); ) (~00; —VB) U (0; V6) U (3; +0). 153. a) (3 -+5; 1) U 8+ v5; +oo);
6) (-o0; —8-3) U (-2; -3 +/3); B) (-V5; -0,5) U (2; Jg); r) [_Jg; 2 —3\/?J U

u{2+3ﬁ; 45) 154. 2) (2; 3) U (3; +00); 6) (~05 ~3); B) (=003 1) U (23 3) U

U (3; +00); 1) (—o0; =3) U (=1; 2). 156. a) Ecau -5 < a < 3, T0 MHOMKECTBO perie-
HUil HEPABEHCTBA COCTOUT M3 JBYX MHTEDPBAJIOB, €CIAU 4 < —5 Wi a > 3, To MHO-
JKeCTBO DeIleHU¥ HepaBeHCTBA COCTOMT M3 TPEX uHTepBaysoB. 159. a) (-1; 1);
6) (-3; 4). 162. a) (—o0; —1) U (5; 10) U (10; +o0); 6) (—3; —2); B) (—o0; 0) U (0; 1) U
U(3; T)U(T; +00); 1) (-3; 1) U (1; +00). 166. a) (—oo; 1,5]; 6)[0,75; +00);

-1-57 } U
4

B) [3,5; +00); 1) [-0,5; +o0). 167.a)[4;8]; 6) [-6; -2]; B)[—OO;
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U{—1+;/5_7;+m). F)[ﬁ_ﬁ;méﬁ]' 168.a) 1;  6) (-oo; +o0);  B) 33

. 6
r) (—00; +00). 169. a) (—oo0; +00); 6) [-5; —2]; B) Her pemeHuit; r) (—o0; +00).
170. a) [-3; —1] U [1; +00); 6) (=003 —2] U [2; 7]; B) (—o0; 2,4]; 1) (—o0; 2] U {3}.
172. a) (=o0; =3) U [1; 3) U (8; +0); 6) (=53 2]; B) (—o0; 3); 1) (—o0; 0) U (1; +00).
173. a) [-3; 3]; 6) (—o0; —4] U [4; +00); B) [-2; 8]; T) (—00; 5]U[T; +0). 174. a) [-2; 1] U
U[3; 6]; 6)[-4;-2]1U[8; 10]; B)[-5;-3)U(-1;1} 1) (-9;-71U[-1; 1).
175. a) (—o0; 1] U {8} U [5; +0); 6) [3; 4] U [5; 6]; B) (-2; ~11U {1} U [3; 4);
r) [-1; 0) U (1; 3) U (4; 5]. 176. a) [-1; 1) U (2; 3]; B) [2; 3]. 177. a) [-3; -2) U
U(=1;1); 6)(-2; 1)U[2;+0); B)(-2;2); r)[-55 —4). 178. a) Her pemenuii;

6) (1; 4) U (4; +o0); B) (0,5; 1) U {2}; 1) [%;1] U{ss m {-2;3}); e) {-5} U

U [-2; -1]. 179. a) (1; 2) U (4; 5); 6) [-4; —3] U [1; 2]; B) (o0 -3]U [-2; 0] U
U [1; +00); T) (=003 0) U (2; 4) U (6; +0). 180. a) (=65 —4) U (-2; 0); 6) (-o0; 0] U
U[1; 5] U [6; +00);  B) (=003 =5) U (=35 —1) U (15 +o0); 1) [-5; —4] U [0; 1].
181. a) [-5; —4) U [-3; —1]1U (0; 1]; 6) (0; 1]U [2; 4] U [5; 6); B) (—o0; —1] U
U (1; 21U [4; 5) U [T; +o0); T) (—o0; 11U [2; 3) U (55 6] U [7; +00). 182. a) (—o0; —11]U
U{-4} U[3;+c); 6)[-11;-8); B)[-1;2]U[4; 7; 1) [-6; 5]V [1; 2]

183. a) (=003 1) U(2; 8) U (9; +00); 6) (—12; —8) U (-6; —2); B) [—3; *;f;] U [—g; —1];
r) (=003 0,5] U [2; 4] U [5,5; +00). 184. a) (-3; —2) U (-1; 1) U (2; 3); 6) (-5; —-4) U
U(-1; 1)U (4; 5); B) (=3;-1)U(1;38); 1) (-55-4)U(4;5); m) [-3; -2] U
TE [ e 1 -1+5

g & 2

} UL; 2 e) [0; 2-+3] U {1; 3} U[2++3; 4].

NonmonHenus K raase 1
193. a) 5; 5; 5; 6) 30,3; 30,03; 30,0003. 198. a) 2; 6) -3; B) 4x — 3; 1) —2x + 2.
2 2 2
201. a) C; 6) x + C; B) 352—+c; r) %+bx+c. 203. a) 2x + C; 6) §’2‘—— 2x +C.
204. a) s(t) = 3t, 6) s(t) = t% B) s(t) =t + t.
§4

211. a) Her; 6) aa; B) aa; r) aa. 214. a) IIpu xaxgom x € (0; 1); 6) opu KaxkaAOM
x € (1; +00). 219. a) [la; 6) xa; B) Aa; r) Her. 227, a) [la; 6) mer. 228. a) [la;
6) na. 231. a) x > x5 6) x < x% B) x < x% r) x > x5, 232. a) x* < x5; 6) x* < x8;
B) x4 > x6; ) x* > x6.

§5
248. a) Jla; 6) mer; B) aa. 261. a) [la; 6) HeT; B) HeT; I) HeT. 263. 1) 2; e) 3;
x) —0,6; 3) —5. 266. a) 2; 6)-1; B) -3; T) a\/g; ) ﬁ; e) 1; &) 2; 3) %2.



324

270. a) Her; 6) aa; B) uer; r) ga. 275. a) 6; 6) 5; B) 15 1) 6; 1) 0. 276. a)-1; 1;
0) Her KopHeii; B) 0; r) —3; 3. 280. a) Her; 6) mer; B) na; r) Her. 282. a) —10;

6) 40; r) 0,7; n) 1215— 283. 1) 2; e) 2; x) 5; 3) 6. 284. a) 12; 6) 5; B) 0,9; r) 10.
286. a) 6; 6) 1. 287. a) 2%; 6) —2%/2. 292. a) g; 0) g 293. a) 8; 6) 16; B) 1;

r) 1. 294. ) V2 -1; 1) 2-v2; 1) V3 —2; e) V7 — 5. 295. 5) 6; 9397{/11—5-

298. a) k< 1; 6) k< -1. 301. a) -¥15; ¥15; 6) ¥26. 302. a) -2; 2; 6) -1; ¥4:
B) -1; 1. 307. %) 7; 8) 5. 309. e) 2cdVed?; x) —x4/5. 311. 8) Wabe; r) a¥x.
320. a) V12; 6)¥18; »)¥24; 1) ¥128. 324.a)¥a; 6)'¥b; 8) §[oF; 1) Y=
325. 5) ¥x7; 1) a%%. 328. a) va - 1; 6) |x - . 338. a) 2>37; 6) Y12< 2.
339.a)l<§/§<2. 340.a)m<n; 6) m>n; Bym>n; r)m<n. 341.a) a > 1;
6)0<a<1;8)0<a<1;r)a>1.354.2)¥3~1,4;6) Y6 ~ 1,8. 355. a) 3175 ~ 6
6) Y241 ~ 6. 358. a) V3 ~ 1,442. 360. a) [a; 6) xa; B) mer; r) mer. 361. a) 3;
6) 2; B) %; r) 10 000. 362.a)5; 6) 17; B) 1; r) 3. 363. a) Her KOpHeIi;
6) 4; B) Her xopmei; r) 1; x) 1,5; e) 2,5. 364. a) 6; 6) 8; B) 2,5; r) 3,5.
365. B) 0; 1,75;: 1) 1; %; n) 0; 1; 25 ) —4; —2; 0; ) —1; 8) —3; u) 1; 5; k) —3; 1.
366. a) —1; 6) -3; B) —5; 2; 1) -3; 8; 1) 3; e) 4. 367. a) 2; 3; 6) -2; 4; B) 3; 8;
r) -3; 3; 1) -8; 3. 368. a) —6; 6) —2.

JonosHenus K riaase 2

5 8
376. a}%; 6) 4. 385. a) x*75; 6) ab. 386. a)a5; 6) 1. 387. a) 125; 6) 215,
4 3 9 16 1

b ek 1 ek
388. a) a!; 6) z15. 389. 4; 0) x8. 392.a) —; 6) ———. 395. a) (a2 — 1) x
) a ) a)at; 6) x )12 ) 295 ) (a )
1
1 1 11 1 =
x (% +1); 6) (b2 — 32)(b2 + 3Z). 400. a)%; 6)%2. 402. a)
a
§ 6
409.a)a,=n; 6)a,=2n-1;8) a, = 4n; r) a, = %; o a,=(1)"*1e)a, =(-1).
411. a) 75; 6) 3. 412.6) 12 + 2n; 8 + 2n; B) 14 + 2n. 415, a) 2; 5; 8; 11; 14.
416.a)a,=2n+1; 3; 5; 7; 9; 11; 6) a, = -5 - 2"~ 1; -5; —10; —20; —40; —80.
419. a) a, = 5; a, ., = a, + 5. 420. a) 58. 421. a) 38. 422. a) 5; 6) 9. 423. a) 15;

6) 2,8.424. a) 0 <a<1;6)4<a<9; 8)100<a<121. 434.&)["“;1J+2;

2 ;6)x+3y.
-1 x—y

6)[3]*“2; B){ngl]; r)n—3-[§]. 438.2) b < 0; 6) b > 0.
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§7

441. 3; 5; 7T; 9; 11. 444. a) 2; —1; —4; -7. 445. 11—3— 446. a) a, = 1; d = 4.

448.a)a,=9; d=4; 6)a;=1; d=2; B) a, =8; d=-1; r)a, =198,5.
449. a) 120; 6) 24; B) 24; r) 80. 451. a) [la; n = 12; 6) ner. 457. a) 600 000 p.;
6) 800 000 p.; B) uepes 14 mecsaues; r) 5% . 460. a) 5050; 6) 385; B) 3950.
461. a) 210; 6) 150. 463. a) -60; 6) 45. 465. a) 1665; 0) 1188; B) 432;

r) 2484. 470.S,, ,=a,(2n - 1). 471.4 002 000. 472. n?. 473. r 9

16’ 16’
11 23 25
16" 77 167 16~

§8

476. a) 2; 6) na. 478. a) Her; 6) aa; B) na; r) Her. 481. a) 2; 6) —54. 482. a) 21;

6) —6; B) 0,8 wiu —0,8. 487. )1 11 16 64 .,04.16. 4. 1. 509 6;4
5™ 5 5 5 5 5

unu 4; 6; 9. 488, a) 612 060 p.; 6) 500 000 p. 490. x) 102,5; e) 7 + 32 uan

7 —34J2. 495. a) 252 unum 28. 496. 4. 497. 6) Hanpumep, 8, —4, 2, -1,
498. a) 8; 6)2 ;8) 52 ,r}4%.501. a]5+3‘!§.502. a) (V2 + 1) m; 6) 2+ V3) M

§9

529. a) 40° + 360° - 1; 6) 220° + 360° - (-2); B) 240° + 360° - 1; r) 180° + 360° - (-3).

532. a) 2m; m; &; 3% 0; 6) &y 3%, OF, TR 533 a) 360°; 180°; 90° 270°% 0°;
2’ 2 T )

6) 45° 135°; 225° 315°. 534. a) 6,28; 6) 3,14; B) 1,57.

§ 10
545. a) 0; 6) 1; B) 1; r) 0; a) 0; e)—1; ) —1; 3) 0; m) 0; x) 15 x) 1; ™) 1.
548. a) —£ 6) —--‘/2—_; B) 0; 1) l; 1) —1; e) 0. 552. a) 1; 0; 6) —1; 0; B) 0; —1;

r) 0; —-1; .n;) 0; 1; e) 0; 1. 559. a) sin 40° < sm ; 6) cosg = cos60°. 562. a) 5;

0) 1,5J§+ 4. 569. a) Her; 6) ma; B) HeT; r) Her; x) ma; e) Her. 575. a) 0;

6) sin?a — cos?a; B) 0; 1) 2. 587.a)sina; 6) —coso; B) —sin@; I) —COS L.

589. ) 1; 6) cos? “, 8) sinZo — cos?a; 1) 1. 594.a) 0; 6) 0; 8) 0; T)0;
o

V3

) -3—; e) 1; x) Jg; 3) He cymecTByer. 599. a) sino = ‘gl; tgo =

é; ctgo = §;
3 4
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B) sina = -0,8; tgo = g; ctgo = % 601. 1) 1; e) 2cos?0; k) tg o tgP; 3) ctgbor.
2 ; O)sinocosa; B) —cos?B; 1) sinfo;  x) _2 ;e) 2 ;
sin® o sino cosf

604. a) -tgatgP; 6) —2—1—2- 605. a) sina; 6) tg2a. 606. a) 2tg2o;
sin®a — cos? o

602. a)

() yoo o — sinc.

Homoanenus K riase 4

608. a)fe_zﬁ; 5)-"6—;‘@. 609. a)g; 6) % 611. a) —sina; 6) v3 sinc.

618. a)g; 6) % 619. a) 0; 6) 0. 620. a) 1,5; 6) 1,5. 621. a) —0,2; ﬁ)%

625. a) %; 6)%; B) —J—g, J_ . 628. a) cos—— 6) smlt», 3)003311:, r) sin -~

2 6 6 14 26
1 )J6+J§,B)I-J';r) B

633.a)—; 6 5
2 4 4

X (J§ —1). 635. a) sin (a - %] 6) cos (a + 4] 642, a) 4cos 5°cos 10° cos 25°;

. 634. a) \@sina; 6) (sina —cos o) x

6) 4cos2,5°cos 5°s8in 12,5°. 643. a) %; 6) — ‘:/f; B) £ r) —J: 647. a) ctgo;
6) —ctgo. 656. a) %; 6) \/E; B) %; r) —i. 658. a) %; 6) —g; B) cos 40°;

V2

r) cos 2a. 659. a) ~—2—; 6) sin 80°; B) ?; r) —sin 70°. 661. a) cos 20 < 2 coso;

6) sin20 < 2 sina. 663. a) %; 6) ﬁ 664. a) isin 40; 6) cos2a; B) 1;

2
r) —sino - coso; J1) L; e) cos2c.. 665. a) & ; 6) 1 ; B)sin2q;
cos o sin 2o cos 2o
sinaa . | 1-cosa
1+coso.’ = 1+coso
V2 + 1. 6) J2 -3
T ;

4

r) sin 2a; #) 1; e) 1. 675. a) 1; 6) 1; B) . 676. &) —1; 3) 0.

677. a) 2tga; 6) 2coso. 680. a) %; 6) *%- 684. 1)

§ 11
1 1
690. a) 0,3; 6) 0,001; 8)0,03; r)2. 691.a)-~; 6)-L; 5) 5 r_L
2 ) 2) *l 35 91 )350 )700

3 3 1 1 1
5. 3,14.698.a) 3w ——;6) 3w -—; 8)0,2u —=; 1) 0,02 u=; 1) 0,005 u —;
69 a)3 u a7 )3 m T B) u 5 r) " 8 ) H 37
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FrariR

¢) 0,00016 1 —L_. 699. a) 0,48~ 0,5; [0,48 — 0,5/=0,02; 202 _ 1,

274 0,48 24

r)=0,51 = —0,5; |0,51 — (=0,5)| =0,01; 2L - L. 700.2)1.107=;

[-0,51] 51 2 20

6y L.101=L; ml.100=1; yl.100=1. 701.71528~71500 ¢ roumo-
2 200 732 20 3 2

GBI KO %-10~2= ﬁ. 703. a) a ~ 2,380 - 107, b~ 10,00, ¢ ~ 2,380 - 10-%;

6)a ~ 2,381 - 107, b = 10,01, ¢ = 2,381 - 10-3. 705. a) 0,505; 6) 2; B) 1,5 - 10-3,
706. a) a + b = 19,35 ¢ Tounoctsio mo 0,0055; a — b~ 5,37 ¢ TOYHOCTBIO M0
0,0055. 709. C Tounocrso xo 0,002. 710. Eciu OKpYyrJauTE 4YeThbipe JaHHBIX
yuena ¢ rounocthio go 0,01, To umcao 10,66 Gymer nmpubiauiKeHHEM CYMMBI
aTHUX YeTHIPEX umces ¢ Tounocthio o 0,1. 713. a) 0,3428. 714. a) 86,66;
6) 0,2195; B) 2,449; 1) 5,916. 716. a) 0,05684. 717. a) 6,411; 0) 1001;
B) 1,225; r) 0,8450.

§12

725. Bennrii. 726. 3,5: cpenHee apudMeTHUeCKOe M MejHaHa, OHM PaBHBI 3,5.
727. a) Cpepsee apubmerudyeckoe 29, moxa 30, meamana 29, pasmax 13.
728. a) Cpexnnee apudpmernueckoe 29,61, mona 29,6, meguana 29,6, pasmax 0,8;
6) cpenHee apudmernueckoe 43,77, mozma 43,8, mexnmaHna 43,8, pasmax 0,5.
740. a) 21 orpesok; 6) 21 pyxomoskarue. 741. 28 mapruii. 742. a) 8 apysei;
6) 9 npyaeti.

SEIIIaHHH OJA INMOBTOPEHHUSA
1 1 2009 1
809.2a)8,5;6)9—; B) 156; r) —. 81 3; 6) —. 811. a) — —_
%) 1933 2)156; 1) 55 - 810.2) ) 2 350 % 010" ® 010
812. a) [1a; 6) na; B) aa; r] HeT. 814. a) —; 6) 0,2; B) 20; r) 5,5; x) 0,05.

01 519

815. a) 0,6; 6) 25. 816. a) ~1005; 6) ~1006. 817. a) 1-> 0L 64212 g33. 4.
844. 8, 848, Pt D@R+D g.q 2@+ 13)(2“ +1), 5 @t 1)(32n =\

865.2) 0; 6)-2. 867.a)1; 6)-3; B)1; r)3. 868.a)2V6; 6)2V10;
8)2J7; r)+34. 872. a) 5; 5)%. 881.a) T <v2+3; 6)VT+3>
> VB ++/2. 888.2)6+18V3; 6)20v2 — 4045. 891.6)3++2. 903.a)x(x-17);

6) x (5x +23); B) (x — 2)(x + 2). 904. 1) (% + x + 1)[x— 1“2‘/5] [x — 1+2Jg];

e)(x% - x+ 3)[x+ #)[x + lmgﬁ). 905. a)%[a2+ 2x — b?)(a? + 2x + b?).
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906. a) (x* — V2:x + 1)(x% + V2x + 1). 910. a) 3(a—b) (b—c) (c—a); B) (x2— V3x + ) x

X(x2+Bx+1)(x2 - x+ (22 + x+1). 914.2)2; 6)4m?. 915. a) % 'yf

6) 2 (x? + y?). .a)l=k. 5mtR 918 a)3; 6)-2.
1+k m-n
919. a) 16)—1_. 921.a) ——L ; 6) —3__ 923. ) 2,5; 6) 1.7 924. a) 2;
y—-x a+2 x+4 x+5 8

6)14%. 931. ) |a|; 6)/|al; B) |a|; r)|al®. 935. a) 2¥/2; 6)—4%/3. 936. a) Vax + xv/x:
6) a+ 43/a. 937. a)£, 6)£. 940. a)i—“; 6) —a. 945.a)2Jx +1; 6)—1;

=y ; )3‘/_‘“28. 949.2) 1; 6)0; B)x; 1) 0. 955.a) ¢ € (—o0; 9);
Ve+ly

6) t € (—00; —3) U (-3; 0,2). 964. me[ﬁ_;\[g; 2]U[2; 6+34J§

B)

J. 980. a) 1; -2;
6) mer xopmeit. 981. a) —v/3; V3; 6) —2; V2. 982. a) -4; 6) -3; B) 6; r) —4.
983. a) -2,5; 6) —1,5. 985. a) 2; 4; 6) 1. 987. a) —3; 0; 6) —3; —2; B) 0,5; ) 0,2.
988. a) 7; 6) ~12; -10. 989. a) 0; —5v2; 5v2; 6) 2,5; 5. 992. a) -1; 6) 16; B) T;
r) % 993. a) 1; 6) 1. 994. a) Taxoro yucaa mer; 6) —9; B) 1,5; r) —-8. 996. a) 0;

13,1 51, 48
3 B)O; 1) 25 ; e) 49. «8) | == et g -2; 4);
6) 0; B) T) n) 36; e) 49 997a)[8 4] 6)[ 7 7] B) (-2; 4)
1) (1,55 2,5). 998. a) (2; 0); (~1; 3); 6) [9—2\)33; 1+2J33} (9+2¢33; 1—2«!33 }

999. a) (1; 2); (25 1); 6) (1; 1). 1000. a)[ -22; - 3} 6) (-8; =7). 1001. a) (2; 3);

(3; 2); (1;5); (55 1); 6)(0;2); (2;0). 1002. a) (5; 1); (1; 5); 6)(2; 2);
(-2; -2); (0; 2V2); (0; —2v2); (22; 0); (-2v2; 0). 1008. a) (0; —1); 6) Her pere-
auit. 1026. B) [1; +00); r}|i-?-; +oo]. 1027. 6) (—o0; —6) U (—6; %] U [g +oca];

B) (=003 0) U [0; gJ; r) [&oo; %) u [% 5]. 1032. a) 2; 6) 2; B) et KopHei; r) 1.

1038. 1. 1052. a) Ykasauue. HcnoasayiiTe HepaBeHcTBo Komu mas mo-

JOMHUTENBHBIX YHCed X, Y, 2: H—ngf > §/xyz. 1067. a) v, = %b KM/4;

6) v, = 2—i% KM/4. 1068. B Gesperpenuywo moroxy. 1072. 5 M, 6 M, 9 M; 6 M,
a
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6 v, 8 m; 6, 7m, 7. 1080. a) —1; 6) 2. 1081. a) 1; 6) % 1082. a) Het peme-

Huit, ecau a = 0; x € (0; +00), ecnu a > 0; x € (—o0; 0), ecan a < 0. 1088. a) Hu
npu kakux; 6) mpu b e [-4; 4]. 1089. a) Ilpu m > 4; 6) npx m 2 1; B) npu
m € [-4; 4]; r) upu m € [-6; 6]. 1090. a) [—4; mg} 6) [—OO; %} U[2; +oo);

B) {2} U [3; +o0); T) {~1} U [5; +00); n)(—OO; —ﬂ u{o}u [g: +00 ); e][—oo; —%} U

U{U}U[%;Hx’} 1091. a) (~o0; —=1) U (—=1; 0). 1092. a) (-o0; 1);  6) (2; +00);

I T T, 3.5). ;o e o) (oo
B)[—l,a]u[2,+ ] ) ( 1)u(5 3] ) [-2; 1) U[2; +00); €) (=003 —3] U

U(-2; 3]. 1093. a) [%, l]U [1; %] 1094. a) (-5; -1) U (3; +o0);  ©6) (=1; 3);
B)(=6;-1,5)U(1;6); r1)(—o0;1). 1098.a)-4; 6)-80; B)-22; r)-88.
1099. 16 pan. 1100. a) Yepea 9 jaueir; 6) uepes 5 AHeil; B) yepes 7 nmHei;
r) uepes 7 mmeii. 1106. 170,5. 1109. n =8, a, = 14, ag=-7. 1117. 1620.

1123. 196 820. 1124. 7168. 1126. 320. 1127.1023%: 614%. 1128. 5.

1129. 7. 1130. 1535,25; -512,25. 1131. 1093%. 1132. -3; 3. 1134. 0,125.
1135. 475,6419; 237,6099. 1137 a)a,=15-10n; 6)a,=3n-6; B)a,=
=3n+3;r)a,=-n.1139. a) b, = ,q——— 6) b, =1, ¢ = 3. 1140. 12; 16; 20;

25 u 24,75; 20,25; 15,75; 12,25. 1141. 8, 10; 12 uau 17; 10; 3. 1142, 10.
1143. 55. 1146. a) 3; 6) 2. 1147.-120°. 1148. a) —30°; 6) —90°; B) —270°;
r) -360°; ;) —-1200° e)-4320°. 1149. a)-60°; ©0) 432°., 1150. 630°.
1151. a) —1350°; 6) 2700°. 1161. a) 7; 6) —13. 1167. a) 1; 6) 1. 1175.a) 1 gejo-
Bek; 6) 11 uenosex. 1176.4 yuamuxca. 1177. Her. 1178. 435 wurp. 1184. Ilo-
poBHy. 1185. 5 u. 1187. 7 ueynoBek, 53 JeHeXKHbIe eIUHUILL. 1188. 17 ueno-
Bex, 42 memsaas. 1189. 9 uenopex, 70 nmemexxHbIXx exuwHui. 1190. 126 cemeii,
3750 meue:xHbIX eauHHI. 1191, 40 my:xuyuH 1 80 JKeHIHH. 1192. 23 oTBera.

1193. 252; 2,52; 0,252. 1194. 3512; 351,2; 35,12. 1195. 22§rpap;yca.

1196.2)60 M; 6)3m. 1197.a)Ha 6m; 6)ma 5 ser. 1198. 1 1199. Moro-

mukaucr; a) B 1,25 pasa; 6) 8 2,6 pasa. 1200. 89 r mean u 35 r IIMHKA.

1201. a) 5 duryp; 6) B 4 pasa; B) 4 kBagparta. 1202. 5 4. 1203. - u iq.

1205. 8,685 kr sonora u 4,725 kr cepedopa. 1206. 10 u 15 m/c. 1207. 40 u 25 M.
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1208. 24 paGoumx, 14 ameii. 1209. 4, 7, 9, 11. 1210. 36, 41, 53 u 58 em.
1211. Bropas, B 1,5 pasa. 1212. 188 u 130 a6urypuenros. 1213. B 1,5 pasa.

1214. 41 Tuma A u 56 tmunma B. 1217.5 u 20. 1218. 12. 1219. 5§ JOKTHA.

1220. 72 muensr. 1221. 8 yuacraukon. 1222, Jlesouxu; Ha 8 oukon. 1223. 9 ydaacr-
HUKOB. 1224. 11 yuacrEmKOB. 1225. 50 xm/u. 1226. 46 xm/4. 1227. 4 KM/4.
1228. 25 rpysosuxoB. 1229. 24 u 40 Om. 1230. 15 am2. 1231. 50 KM/d.

2 2
1232. a) s = 800t — %; 6) s = —800¢ + Ez-. 1233. [Ipumepso 125 M. 1234. 45 c.

1235. a) 0,5 m/c; 6) 10,5 m/c; B) 20,5 m/c; r) 30,5 m/c. 1237. 4 ¢ (2 ¢ BBepx
u 2 c BHu3); 20 M. 1238. a) Yepes 3 c; 6) wepes 5 c. 1239. 40,6 m. 1240. 20,4
u 159,6 c. 1241. 6 paagmonpuémuukos. 1242. 40 aueit; 125%. 1243. 10 ra;

2 e anl
12 gmeit. 1244. 14 xw/u. 1245, a) 1= 200 LW =2), o o 201,

-2’ 2y t
g L+ VI + t2x2
t

; 6) 20 mun. 1246. a) 900 m; 6) 800 m. 1247. a) 600 wm;

6) 400 m. 1248. 45 u 30 gueit uau 24 u 72 gus. 1249. 16 ¥ u 5 u 20 Mu=H.
1250. 10 u 6 xm/u. 1251. 18 u 4 xkm/4. 1252. 24 m3. 1253. 12%. 1254. 4 KM/d.
1255. 50 km/u. 1256.3a 1 u 15 mun. 1257. a) 3a 15 pgmeii; 6) 10 kxopos;
B) 40 xopos. 1258. 36 6wIKOB.

3agaHusa [UIA CaMOKOHTPOJIA
2
L1)-1; )X *2%. 40, 5 2.1)5,75 2)22=+3),
9 2 3(x - 3)

- 8- 438,510,515 1)1;
1+ 3+a
¢ 2
2) 319, 3) (1,5; 3,5); 4) (1; -1); (4; 2). 6.1) 16; 2) X *2
m+4 vl

4) -5 u -4; 4 u 5.

3.1)-0,25; 2) ——*; 4) 8 u 0,5 am. 4. 1) 10; 2)
X

; 3) (2; -2);

4) (2; 2); (6;-2). 7.1)-0,5; 2) X

L5 8) 15 2); 4) a8 20 ameir. 8.1)72;

x—-y
2)—-——2‘“11); 3) (2;-3); 4)1,34. 9. 1)[%;3]; 2) 2 3)—5%; 3; 4)5 -1.

a-—

10. 2) 12; 3) 10—2; 4) 0; 5. 11. 1) 70 u 80 xm/3; 2) -2; 1%; 8) (=003 0) U (4; +o0).

12, 1)—%; 2; 2)(=7;8); 3)121; 4) nepsoe uYHCIO GoJbIIe BTOPOTO.

247 1 3

13. 1) -2247. o :4)5u6.14. 1) -83; 2 ; 4) 7 u -1. 15. 1) 30;
) 2500 Vaz 2 Vo™ ySg A 0T R )

2) %; 4)7 u 0,5; -0,5 u —7. 16. 1) 0,46; 2) 1; 4) 1,5 u -8,2; 8,2 u —1,5.

17. 1) 0; 3) 177; 4) (-4; 2); (4; -2). 18. 1) -3; 4; 2)d = ~13_9; 3) (—oo0; -1) U
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U (=1; +00); 4) (=o0; 100). 19. 1) a,=T7,6; 2) x+x; 3) 2; 5; 4) (~o0; 0] U
U [5; 400). 20. 1) d = 2,5; 29 aBasercsa 4JIeHOM naHHON apudMeTHYecKOH Ipo-

rpeccun; 2) 1 + ¢; 3) (—oo; 2] U [8; +00); 4) (—eo; 13 g} 21.1)a,=2,d=1,2

2) -5; -1; 3; 3) (-o0; 0) u[%; +oo]; 4) 2. 22.1) 48 u 60 kw/w; 2) 2> ‘;ﬁ;

5413, 5) (2; 1,50 4 -m. 28. 1) ay, = 50, Sy, = 3303 2) (T3 T 8) (1 -1

4) -3; —@-; ﬁ; 3. 24.1)Sg= 7L5 2) (05 QU 1ol 3)@;o0)
3 3 8 3
4) (0,7)°% > (0,7)°. 25. 1) S, = 381; 2)—1; 4; 3) Her pemennii; 4) —-32. 26. 1) 3a

10 = 15w 2)3-+21; 8-+3; 3+43; 3+421; 3)(1;5)

-2
4)842> (%) . 27.1) 245 2)-2; 3; 3) (003 —7) U (0; 5); 4) 4. 28. 1)—%1; 7;

2)[1%;2%); 3) -1; 1; 4) umcna pasuel. 29. 1) 50 xm/4; 2)-3; -1; 1; 3;

3) (—60; +00); 4) [2; 10]. 30. 1) -3; —2; 2; 35 2) (—o0; 0) U (0,5; +o0); 3) 1;
4) -2; 3. 31.1) 14J§; 2) (0; 0) — Touka mnepecedeHus rpadura QYHKIUH
Y =Jx ¢ ocamu koopauuaT; 3) (—00; —1) U [2; +0); 4) (2; 3). 32. 1) -10- 16+/5;

2) -3; g—; 3) 15 nanaroxk u 10 gomuxoB; 4) 2 pemieHus. 33.1)1; 2) -8; -2; -1;

0; 1; 2; 3; 3) B nmepBoM 3ane 20 mecT B pAAY, BO BTOPOM — 30; 4) (1; -3),

14 17 43
—-3; 1). 34. 1) -0,16; 2) —; 3) -1,7; 4) (0,6; -0,2), | ——; —— | 35. 1) -2;
( ) ) )25 ) ) ( ) [ 5 15] )
2) 15 u 20 mus; 3) -2,9; 4) [1; %J, (-2; —-3). 36. 1) —4; 0,4; 2) --0—’8(?3— 0,6
x—=u,

OpH YCJIOBHH X + 1; BhIpa)KeHHe NPHUHHMAaeT BCe 3HAYEHHA H3 MHOMEeCcTBa

[-00; —?] U [—%@; —0,6] U (=0,6; +c0); 3) 16 u —16; 4) —2; 0. 37. 1) 2; 2) 5;

3) —-4; npu x = ~%; y= g; 4) va 35%.

3agaHuA U3 TPEeHHPOBOUYHBIX BapuaHToB 'HA

1. 2), 4). 2. 1). 3. 1). 4. 150°. 5. 0,15. 6. 3). 7. A2, Bl, B3. 8. 3). 9. -6. 10. %

11. (-v3; —2v3). 12. 1). 13. 10. 14. x € (-5; -3). 15. 25. 16. 8. 17. —1.
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3azaHUA HA HCCJIEIOBAHHE
1. a) ExuscTBeHHBINR KOpeHs npu a = —0,1; 0; 0,5; nBa PasJIMYHBEIX KOPHS OpH
a € (—o0; — 0,1) U (0,5; + o0); He umeer KopHeit mpm a € (-0,1; 0) U (0; 0,5);
6) enuMHCTBeHHbII KOpeHb npu a = 0; ABa Pa3IUYHBIX KOPHS npH a # 0; HeT 3Ha-

YeHHH @, IPM KOTODBIX ypaBHeHHe He UMeeT KOpHeH. 2. %; npu a = —1.
1 1 25

3. Ilpu aé—z. 4. a) Ilpu a € (—c0; 2) U 2;3§ . d5.a)llpu a e —E,+oo ;

6.a) 172,25%; 6) 185,61%. 7. lna p = 150, x = 116, y = 102. 8. Haumens-

Imee BpeM#a GyKcHpOBKH III0T0B 6 4. 9. a) b € [6; 12]; 6) a € [3; 4]. 10. a) ¢ < [4; 6];
6) t € [12; 15]. 11. 5. 12, 12. 13. 4. 19. 12 ner. 20. 13 xer.
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YueOHoe Maganue
Cepus «MI'Y — mxose»

Huxonsckuit Cepreit Muxaitnoeuy
IToramoe Muxausn KoncranTHHOBUY
Pemernuros Huxonait Hukonaesuy
Illepkun Anexcaunp BaaguMupoBuy

AJITEBPA
9 kaace
Yuebuuk a5 06meo6pa3oBaTebHBIX OpraHH3aMil

3as. pepakuueit T. A. Bypmucmposa
Pepaxtop T. I'. Boiinokoea
Maapmue penaxtopsl E. A. Audpeenrosa, E. B. Tpourxo
Xypomxuuk O. I1. Bozomososa
XynosxecTBeHHBIN pegakrop O. I1. Bozomonosa
Komnerorepras rpadpuka C. A. Kpymurosa
Texanueckuit pegaxTop K Bepcraabiuk A. I'. Xymoposcrkasn
Koppexroper A. K. Paitxuun, JI. C. Arexcandposa

Hanorosas nerora — O6mepoccuiickuit knaceudurarop npoayknuu OK 005-93—
953000. Uan. nmun. Cepusa U Ne 05824 or 12.09.01. Iloanucaso B meuarn
¢ opuruHan-makera 29.07.13. ®opmar 70 x 901/13. Bymara odcernas.
Tapanurypa Illxonsnas. Ileuars odcernas. Yu.-uax. a. 17,56 + 0,60 dopa.
Tupax 12 000 sxa. Bakaz Ne 36320 ITT (n-ra.

OrkpeiToe aknmuoHepHoe obmiectBo «Usnarenscrso «IlpocBemenues.
127521, Mocksa, 3-it npoesn MapbuHoit pomn, 41.

Orneuarano no saxasy OAQ «IlonurpadTpeiin»

B pununane «CmoneHckmili monurpabudeckuii koMOGHHAT»
OAO «HagarenscrBo «Brlcmasa mxomnas.
214020, Cmounenck, yia. CMonssanHOBa, 1.

Ten.: +7 (4812) 31-11-96. Paxc: +7 (4812) 31-31-70
E-mail: spk(@smolpk.ru http://www.smolpk.ru



