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I'TABA I

HEPABEHCTBA

§ 1. IMHEWHBIE HEPABEHCTBA
C OHHMM HEWU3BECTHbIM

1.1.HepaBencrsa nepBoii crenenm ¢ OlHHM HEH3BECTHbIM

HepageHncrso Buaa

kx+b>0 (1)
HJIH _ :
kx + b<0, (2)

roe k.." b — nannbie uncaa, npuuem k #0, HasbiBalOT HepaBeHCTBOM
NEpBOH CTENEHH C OJHHM HEH3BECTHBIM X.

Hucno k HasbiBaoT kKoadpHLHeHTOM NIPH HEH3BECTHOM, a YHCJIO b —
CBOGOLHBIM 4/I€HOM HepaBeHCTBA.

Pewennem nepaBeHcTBa ¢ OfHHM HeH3BeCTHBIM X Ha3bIBalOT TaKoe
HCJIO X, TIPH MOJCTaHOBKE KOTOPOT'O B HEPABEHCTBO BMECTO X noJy4aeTtcs
BEPHOE YHCJOBOE HEPABEHCTRO. :

PewnTth HepaBeHcTBO — 3HauuT HaiiTH Bee ero pellleHHs HaH noKa-
3aTh, YTO HX HeT.

3aech H antee paccMaTpHBaOTCS HEPaBEHCTBA C HEU3BECTHEIM X, XOTSH
BMECTO X MOXKHO nHcath 100yi0 6yKBYy: ¢, v, y, ... .

lTpumep 1. Pewum HepaBencTso

2x+ 5 < Q. (3)

HTOGbl ero pelnTb, MOXKHO paccysKnaTh Tak.
Ilycts HekoTopoe uncno x, ects peiienne HepaseHctsa (3). IToacraBum
€ro BMecto x B HepaBeHCTBO (3). [Tosyunm BepHoe uncaoBOE HEPaBEeHCTBO

2x,+5<0. (4)
Ilpu6asnsst k 06eum yacTsim storo HEpaBEHCTBA YHCJIO —d, MOJyYHM BepHOe
YHCJIOBOE HEPaBEHCTBO

2x, < ~5. (5)
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Jlesist 3T0 HepaBeHCTBO Ha NOJOXKHUTENbHOE YHCIO 2, MOJYYHM BEPHOE YUC/O0-
BO€ HEPaBEHCTBO '

Xy <=2 (6)
O6parHo: mycTb HEKOTOPOE YHCJIO X, YAOBJETBOpsieT HepaBeHCTBY (6).
YMHOXHB 3TO HEPABEHCTBO Ha NOJIOXKUTEJIbHOE YHCJIO 2, TIOMyYHM BepHOe
qucyaoBoe HepaBeHCTBO (5). IlpuGasasis nanee Kk 06eUM yacTsM HEpaBeH-
crBa (5) uuca0 5, MOJYyYHM BEpHOE YHMCJIOBOE HepaBeHCTBO (4),T.e.
TMIOJIYYHM, UYTO X, YIOBJETBOpPSieT HepaBeHCTBY (3).
Hrak, MHOXECTBO BCeX pellleHHH HepaBeHCTBa (3) e€CTb MHOMXKECTBO

BCEX YHCEeJ, YAOBJECTBOPAIUUX HEPABEHCTBY X < —% . MoxHo ele cka-

3aTh, YTO BCE pellleHHs] HepaBeHCTBa (3) 06pasyloT HHTepBal (—oo;—%),

UJIH MHOXECTBOM BCeX pellleHHH HepaBeHCTBa (3) sIB/isieTCS HHTEpBA
.. 5
(—-OO, —'5') .

OTBeT: (—oo; —g)

AHaJslorHuHBle pacCyXXIeHHsI MOXKHO NPOBECTH M [IPH pellieHHH JIIoGhIX
HepaBeHCTB nepBol creneHd (1) u (2). M3 3THX paccyXIeHHil BbITeKaeT
CAeRyIOLIMH crnocob pellleHHs HEPABEHCTB NEPBOi CTEMEHH C OHUM HEH3-

BE€CTHbLIM:
nepeHecTH CBOOOIHBIA YJIeH 3TOro HEPABEHCTBA B IIpaBylo 4acTb

(M3MeHHB 3HAK Ydcaa b Ha MPOTHBOMOJIONKHbI ); ,
paszesuTb 06e YacTH MOJyYEHHOTO HePaBeHCTBA Ha KO3 ULHEHT NpH

HEM3BECTHOM (TIPH 3TOM eCJIH £ > (), TO 3HAK HEPaBEHCTBA HE H3MEHSIETCH,

ecan k < 0, To 3HaK HepaBeHCTB2 U3MeHAETCS Ha NMPOTUBONOJOMXKHBIH ).
[TosyyeHHOe HepaBEHCTBO M QAT OTBET.

llpumep 2. PemwiuM HepaBeHCTBO

—4x + 13 <0. (7)
Tlepenecs cBoGOMHBIE WieH B MPABYIO YacTh, MOJYYUM HEePABEHCTBO
—4x < —13.
Pa3nenuB o6e 4acTH 3TOro HepaBeHCTBA HAa OTPHLATEJbHOE YHCIO —4,
[OJIyYHM HepaBeHCTBO 13
X > T

(o6paTHTe BHHMaHMe Ha H3MeHeHHe 3HAaKa HepaBeHCTBa). TaKuMm
06pa3oM, MHOXKECTBO Bcex pellieHUH HepaBeHCTBa (7) ob6pasyer uHTep-

BaJ (%’; + 00).

OTBeT: (14—3; +00).

1. M3o6pasnre Ha KoOpaHHATHOI ocH MHTEpBaJI:
a) (—2;7), 6) (—17; 34), B) (1234; 1398);
r) (=o0; 0); 1) (0; +o0); e) (—oo; =3);

#)(2; +00);  3) (—00; +o0);, ) (%;0,5}

2. YkasaHHmble Ha pHCyHKe 1 HHTEPBaJIbl 3aNHLIHTE C [TOMOLIbIO 3HAKOB

HEPABEHCTB.

1 x 0 x -1 3 x
a) 6) B)

Puc. 1
3. Ha koopaunatHOi ocu H3006pasuTe BCe YHCIIA, YAOBJIETBOPSIOLLHE

HEepaBEHCTBY:
a) x>0 6) x<3; B) x > 3579;
r)yx<-2; n) x>—1748; e) x < 0,00000006;
x)x>./5; 3) x < 1; H) 0 < x < J2;
K) —2<x<-0,5; a)|x|<1; M) [x—1]|>1.

4. Kakoit sHak (=, #, <, >) cleyeT NoCTaBHTH Mexay a u b, ecau
pasHocTb @ — b:
a) TNOJIOXKUTEJIbHOE YHCIIO; 6) oTpHLATe/IbHOE YHCJIO;
B) HaTypajbHOE YHCJIO; T) He paBHA HYJIIO;
1) paBHa HyJi0?

5. Kakoe 4ucio Gospiue:

a)awma+3; 6)b+ 1 vn b+ 2;
B)a—-5wuma+2; r)b—7wm b— 6?
3nech a v b — mo6bie gaHHbIE YHCa.

6°. MoxHo am yKasaTb:
a) HauMeHbllee pelleHHe HePAaBEHCTBA X > 0;
6) HanGoJIblilee pellleHHe HepPABEHCTBA X < -2,
B) HaUMeHbLIee LeJIoe PellleHHe HepPABEHCTBA X > -5;
r) HauGoabiliee Lesoe pelieHHe HepaBeHCTBa X < ]?

7. CpaBHHTe C Hy/leM PasHOCTb X — @, ecilH: -
a)x>a; 6)x<a.

8. 3anuwmute Kakoe-HMGYZb HepaBEHCTBO NepBOd CTENEHH C OAHUM
HeH3BeCTHbIM. HasoBuTe KoshduLmenT npH HensBeCTHOM U cBOGO]-
HBI YIEH 3TOr0 HEPABEHCTBA.
0
9. a) Yro HasbiBaloT pelieHueM HEpPaBEHCTBA C OJHHM HEH3BECTHBIM?
6) UTO 3HAYHT PEIUHTL HEPABEHCTBO C OJHUM HEH3BECTHHLIM?
10. SlBnsiercs s yncao 3 peurenuem HepaBeHCTBA:
a) x>0; 6) x> -2; B) X<,

r) =3<x<3; n) x<J10; e) BT <x<./0]?



1.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.
22,

23.

24,

25.

Peiunte HepaBenctso (11—25):

a)x—1>0;
ry3+x>0;
a)x+4>7,
r)x—6<6;
a)x—2>02
F)x'—2>_096;

a) x—1783 <~ 1

_ol _13.
F)x 2'2-< 151

a)x—3,6>2-;-;
a) 2x > 4;
r) —3x<9;

a) 3x< 2;
ry —5x > 1;

a) 2x > 0;
r) —x<0;
a) %x<3;

r) %x>0;

2 5.

a) FE< %

1 .

I‘) 2_5'X>33

a) 0,2x > 3;

a) 0,2x >—2—;
r) 32‘->3;

a)2x—4>0;
r)7x+ 4 <0;

2 .
a) 1+§x<0$

1 2 .

a) 0,003x —20<0;

B) 1,35 — 27x > 0;

n) —0,3x—-13>0;

6)x+5<0;

n7+x>0;

6)x—11<-T7;

n)4+x>2;

6) x — 3,5 < 4;

a)x+10,7>7,9;

6) x +%<199;
37 11 .

6) 7.4 +x>72;

6) Tx < —14;
o) —2x > —2;
6) —2x<11;
n) —17x > —2;
6) —2x < 0;
n) —x > =2,
3 .
2.
ﬂ) 2X>§’
4 8 .
6) —FX>7)

1 —9l.
n) 1o x>=25

6) 3x > 1,8; B) —0,001x < 1.
6)1,5x<-1%; B)—l,1x<4%;
2x
H’)%>1ZQ; 6)—-5‘<—8.
6)3x—1<0; B) —2x — 4 >0;
n) 4x+3>0; e) —4x+3<0.
6)%—3x<0; B)l——7x>0
o) 2%):—3% <0; e) %x—% >0,

B)x—05<0;
e)x—l—é—<0.

B)x+7>7,
e)3+x<—6.

B)2,1 +x<7;
¢) 5,013+ x < 0,13,

5 1.
B) 7+x>22,

i3 15
e) Z§+x>7_16'

B)x— 121 <153,

B) —5x < 100;
e) —3x > —6.
B) —4x > —2;
e) 13x< 3.
B) —x < 2;
e) —x>1.

B) —%x>—1;
8
e) —4x <.
B) —2x < 1L,
3’

e) —3%x<—3%.

6) 4x + 0,0001 > 0;

r) 0,15 — 150x < 0;

e) —0,17x — 51 <0.

1.2. lNpumenenne rpadukos K pemennio HepaBeHCTB
NEepPBOH CTENeHH C OAHHM HEH3BECTHBIM

IlokaxeM, kak MOXHO, HCIOMB3ys rpaguk JuHefHOH GYHKUKH, pe-
IIaTh HepaBeHCTBAa BHAA

kx+b6>0 (1)
HJIH
kx+b<0, (2)
rae k 1 b — panHble yucaa H £ # 0.
B nekaproBoii cHcTeme koopauHaT xOy paccMOTPHM npaMyio
y=rkx+b. (3)

Ha pucynke 2,a usobpaxena takas npsimas npu k>0, a Ha pu-
CyHke 2,6 — npu k < 0.

yAV \-‘/T
y=kx+b
y=kx+b
(k>0) (k<0)
4 - = — -
7z, (0] x (o) X9 x
a) 6)

Puc. 2

Pewntb HepaBenctBo (1) — 3T0 3HAuMT HaliTH BCe 3HAYeHUS X, Basi
KaXJOoro M3 KOTODEIX COOTBETCTBYIOLUAsi TOuKa MpsiMoi y = kx + b pac-
noJiokKeHa Boiine ocH Ox.

Ilyctp Touka A — ToOuKa nepeceyenus npaMoil (3) c ocio Ox. Abc-
uucey Touku A 0603HauMM uepe3 x,. Tak Kak ee opiuHaTa paBHa HyJIO,
TO X, yAOBJeTBOpsieT ypaBHeHHuo 0 = kx, + b, otkyna

=—t.

O6patumes Kk pucysky 2,a, COOTBETCTBYIOIEMYy cJaydaio £ > 0. Mui
BHIHM, YTO TOYKH NPSAMOH y = kx + b pacnoJioxeHnl Bbiuie ocH Ox ans
BCEX X, HAaXOMALMXCA TNpaBee TOYKH X,, T. €. /Il BCEX X U3 MHTepBasia
(x5 +o00). =

Hrak, npu k>0 MHOXecTBO pellenuii HepaBeHcTBa (1) o6pasyer
HHTepBaJ (X,; +00 ), a MHOXKECTBO pellleHHi HepaBeHCTBA (2) o6pasyer
HHTepBaJ (—00; x,).

Ilpu k < 0 (puc. 2,6), nao6opot, MHOXKeCTBO pelleHHH HepaBeHCTBa

(1) oGpasyeT uHTepBai (~00 ; x,), a2 MHOXKECTBO pelenui HepaBeHcTBa (2)
06pasyeT uHTEpBaJ (X, +o0).



Mpumep 1. Vicnionb3ysi rpaduk JHHEHHOH (QyHKLHH, DEIIMM HEPABEH-
cTBa

2x+1>0 (4)

" 2x+ 1<0. (5)
PacemoTpHuM B 1€KapTOBO# cucTeMe KoopaHHat xOy npsmylo

y=2x+1. (6)

Jlns 3TOro HyXHO 3HaTh fiBe ee TOUKH. B KadecTBe nepBod TOUKH
BO3bMeM TOUKy IepecedeHdsi Hauled npsmod c ocblo Ox. Ilonaras B
dopmysne (6) y = 0, moayuuM ypaBHenne 0 = 2x + 1. Ero pewenue x, =

1 "
=3 - ecTh abcupcca TOUKH A — TouKH nepeceyeHus IpsAMOH € OCblO

Ox. Urak, A (—%; 0).

B kauecTBe BTOPO# TOYKH MOXKHO B3ATb TOYKy B nepecedeHus Haulei
npsimoii ¢ ocbio Oy. Ee a6euucca x =0, a opaunata y =20+ 1 =1L
Hrak, B (0; 1).

Yepes Toyku A u B nposoaum npsamyn. IT0 H eCTb npsaMas
y=2x+1 (puc. 3). VI3 pucynka 3 BHIHO, 4TO MHOXECTBO pelleHHH

HepaBeHcTBa (4) o6pasyeT MHTEDBAJ (—é—; + 00 ), a2 MHOXECTBO pelleHHH

HepaBeHCTBa (5) obpasyeT HHTepBaJ (—oo;—%).

[Ipumep 2. Pemium HepaBeHCTBO
kx+b>0, (7)

€CJIH H3BECTHO, uTo npsiMasi y = kx+ b nepecekaer ock Ox B Touke A (3; 0)
H ee yrJIoBol Ko3(PULMEHT MONOKHTENEH.

YyHTBIBas, YTO YrJaoBo# Ko duuyeHT npsaMoll y = kx + b nonoxure-
JieH | npsimasi nmepecekaet och Ox B Touke A(3;0), MOXHO MOKasaTh
CXeMaTHYECKH, KAK pacroJjoXeHa INpsMas B KOODAHHATHOH IJIOCKOCTH
(puc. 4). Us 3Toro pucyHka BHAHO, 4TO MHOXECTBO BCEX pelleHHH
HepaBeHcTBa (7) ecTb MHTepBan (3; +00).

OTBerT: (3; +00).

y Yhy=kx+b
y=2x+1 (> 0)
. 1B (0;1)
4(-3:9) | 11 Jaso
/o 1 x 0 '1/ x

Puc. 4

0
26". Kak MOXHO pewuTL HepaBeHCTBO NepBON CTENEHH C ONHUM
HEU3BECTHBIM, HCMOJIb3Ysl rpaduK JHHeHHON (YHKIHU?
27. Tloctpoiite rpaduk yHKuHY:
a) y=x—4; 6) y=2x+2;
r) y=>5—6; o) y=-—005x¢+ 1,5

C nowmomelo rpaduka onpenesnute HHTEpBaJl, Ha KOTOPOM YHKLHSA
NIpUHHMAET NOJIOXKHTEJIbHbIE 3HAYEHHS; OTPHLATE/NbHbIE 3HAYCHHUS.

28. 3anuwuTe uHTepBad, Ha KOTOpOM ¢yHKLHsS, rpaduk KOTOpOIl
H300paxKeH Ha DHCYHKe 5, NPHHHMAeT MOJOKHTENbHbIE 3HA-
YeHHsI, OTPHLATeNbHEIE 3HAYEHHUS.

B) y=-3x—3;
&) y=12x-03.

y vA
3

&"

Q
7

Ry

1
—1/0’ 1
a)

y‘4 YA

1+ 14
0l /1 x g1 i
/ —1\

B) r)
Puc. 5

29. Pewmnre HepaBeHCTBO, HCNOMIB3YS rpaduk:
a) x+2>0; 6) —x+2>0; B) 2x— 1 <0;
T =% —1<0; 1026+ 1>0; e —Lr+5<0,

x) 400x + 100 >0;  3) 200x — 500 > 0; u) 0,0lx — 0,05 < 0.

1.3. JluHeliHble HepaBEHCTBA ¢ OHUM HEH3BECTHLIM

HeupaBeHCTBO, Ji€Bass W npaBass 4YacTu KOTOPOro €CTh MHOTIOYJI€HbI
NMEPBOH CTENMEHH OTHOCHTEJbBHO X HJH YHCIa, Ha3bIBAIOT JHHEHHbIM
HEPABEHCTBOM C OJAHHUM HEH3BECTHBIM X.



CJIe}IYIO[uHe HepaBEHCTBa MOTIYT CJYXHTbL IpHMEpaMu JIHHEAHBIX
HEPABEHCTB ¢ OJHHMM HCH3BCCTHBLIM X:

2x+7<x—5, O0x—3<0,

7<2x+09, %x+0,7>2§x+5,

2¢+7>2x+5, Ix+2+x>x—1+x,
Ox+2>0, 3x+2<0.

SIcHo, uTO JI060e HEPABEHCTBO NEPBOi CTENEeHH eCTh YaCTHBI caydal

JIMHEHHOTO HEepPaBEHCTBA. .
YieHbi MHOTOUYJIEHOB B JIeBOH M NpaBod 4acTAX JHUHEHHOro HepaBeH-
CTBa HA3bIBANT YJEHAMH 3TOr0 HepaBEHCTBA.
UYneno x, HA3BIBAIOT pellleHHeM JKHEAHOro HepaBeHCTBa € HEH3BeCT-

HbIM X, €CJIH IIPH NOACTAHOBKE €ro BMeCTO X ToJiyyaeTcs BepHOe 4HCJIO-

BO€ HEPABEHCTBO.
ﬂBa HepaBeHCTBA C OIAHHM HeH3BeCTHBIM X Ha3biBalOT paBHOCHJIb-

HbIMH, ecJi J60e pellieHHe NepBOro HEPAaBEHCTBA SIBASETCS peLIeHHEM
BTOPOro H, Hao60poT, /o6oe pelleHHe BTOPOTO SABJAETCH pEIICHHEM
nepeoro. JlioGble HepaBeHCTBa, He HMeOlMe pELIEHHH, CHHTAKTCA
PaBHOCHJ/IbHBIMH.

[Tpu pelleHHH HePaBEHCTB MOJb3YIOTCH YTBEPXKICHHAMH:

1) YneHni HepaBEHCTBA MOXHO MEPEHOCHTb C MPOTHBOMOJOKHBIMH
3HAKAMM K3 OJHOM 4acTH HepaBeHCTBa B JpPYryio.

HMHaue roBopsi, ec/i KaKoH-HUOYyIb 4ieH HEPaBEHCTBA MEPEHECTH C
TNPOTHBOIOJIOKHBIM 3HAKOM H3 OJHOM 4acTH HepaBeHCTBA B JpYrylo, TO
MOJIyYHTCS HEpaBEHCTBO, PAaBHOCH/bHOE HcxoaHomy. Hampuwmep, pasHo-

CHJIbHbI HEpPABEHCTBA

2x—7<0 wu 2x<7,
3x+5>2x—9 wu 3x-2¢+5>-9.

2) B HepaBeHCTBe MOXKHO MPHBOJUTb NOJOGHBIE HJEHbI.

HMnuade roBops, ecqd B JeBOH HJIM NpaBOHd YacTsX HepaBeHCTBA
NPHBECTH NMOAOGHBIE YWIEHBI, TO MOJYYUTCS HEepPaBEHCTBO, PABHOCHJbHOE
ncxognomy. Hanpumep, paBHOCHJIBHBI HepaBeHCTBa

8 —5>0,
x+2<—x+2.

3x—4%+5x—%>0 "
2+3—1<x—2x+2 "

3) Hpu yMHOXeHHH (HJIM JeJeHHH) HepaBEHCTBA HAa MOJOXKHMTEJb-
HO€ YHCJIO 3HAK HepaBeHCTBA COXPaHseTCH.

HHuaue roeopsi, ecsid 06e 4acTH HepaBEeHCTBAa YMHOXHTb (WJIH pasge-
JIATh) HA TMOJIOXKUTEJIbHOE YHCJAO W COXPAHHUTb 3HAK HEPaBEHCTBA, TO
MOJIyYHM HepaBeHCTBO, paBHOCHJbHOe wucxomsHomy. Hanpumep, pasHo-
CHJIbHBI HEpaBeHCTBa

%x>2» u x>8,

3x4+5<0 =wm x+%<0.
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4) Npu ymHoxenun (uam AeJIEHHH) HEPABEHCTBA Ha OTPHLATEND-
HO€ YHCI0 3HAK HEPABEHCTBA MEHSETCH Ha NMPOTHBOMOJNOKHBII.

HMnave rosops, ecau 06e yactu HEPaBEHCTBA YMHOXHTb (HJIH pasje-
JIHTh) Ha OTPHLIATE/IbHOE YHC/IO H H3MEHHTb 3HAK HePaBEHCTBA Ha HpOTH-
BOINOJIOXXHBIH, TO IOJYYHM HEPAaBEHCTBO, PAaBHOCHAbHOE HCXOXHOMY.
Hanpumep, papHoCHABbHB HepaBeHCTBa .

7x—3>0 u 3-7x<0,
Sx+4<-3x+2 u —Bx—4>3¢—9
[Ipumep 1. Pewum HepaBeHCTBO
4x—-7<-2x + 5, (1)

[lepeHecst Bce wienn H
epaBeHCTBa (1) B JeBylo uacTh, mosyy
HepPaBeHCTBO g ’ v

4 =T+ 2% —5<0,

PaBHOCH/IbHOE HepaBeHCTBY (1). ITpuBens nmofoGHbe uneHbl B JeBOM yac-
TH TIOJy9€HHOTO HePaBEHCTBA, MOJYYHM HePABEHCTBO NePBOH CTENEHH ¢
O/(HHM HeH3BECTHBIM

6x—12<0,

PaBHOCH/IbHOE HepaBeHCTBY (1). Bee ero pemenus 06pasyloT HHTepBaJ
(=00;2). CnenoBatenbHO, MHOXKECTBO Beex pelreHuit HepaBeHcTBa (1)
o6pasyer uHTepBai (—oo ; 2).

OrBert: (-o0;2).

lIpumep 2. Peuum nepasenctso

x+5 <7x—1. (2)

IlepeHecss Bce uneHb He
paBeHCTBa (2) B JIeBYW0 4acCTb, MOJYVYH
HEePaBEHCTBO d ’ v

x+5—-7x+1<0, (3)
PaBHOCH/IbHOE HepaBencTBy (2). [MpuBeas nomo6Hbie unens B neBoH Yyac-
TH HepaBeHcTBa (3), UMeem
0-x+6<0. 4)
OueBHIHO, YTO HET HH ONHOTO YMCJOBOrO SHAYEHHS X, KOTOpO€ YIOBJIET-
BOpsiIo Gbl HepaBeHCTBY (4). CiieloBaTelbHO, HepaBeHCTBO (4) H paBHO-
CHJIbHOE €My HEPaBEHCTBO (2) He HMEIOT pellleHH.

O TBeT: Her peieHHi.
lpumep 3. Pewnm HepasercTso

9% ~5>9x — 6. (5)

Ilepenecst Bce uneHnl HepaBeHcTBa (5) B ;eBy10 yacTb, MoJyyHM He-
paBeHCTBO

9x—5—9x+6>0, (6)
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paBHOCH/IbHOE HepaBeHCTBY (5). [IpuBensi mogoGHbIE UeHb B J€BOK Yac-
TH HepaBeHcTBa (6), UMeeM

0-x+1>0.

[Toayunsnoch HepaBeHCTBO, CHpaBeIMBOE Jyisi JOGBIX 3HAYEHHH X, 3TO
O3HauaeT, 4TO pelieHHeM HepaBeHcTBa (D) sABJAsAerca Jw6oe JEHCTBH-
TeJIbHOE YMCJO, T. €. MHOXKECTBO BCex pelleHHil HepaBeHcTBa (5) o6pasy-
eT HHTepBaJ (—oo; +oo).

OtBeT: (~00; +00).

30°

31.

32.

33.

34.
35.

36.
37.

38.

12

a) Kakoe HepaBeHCTBO Ha3bIBAaIOT JHHEHHBIM HEPABEHCTBOM C
OIHHM HEH3BECTHBIM?

6) YUro Ha3LIBAlOT YMeHAMH JHHEHHOr0 HepaBEHCTBA?

B) Kakue HepaBeHCTBa HA3bIBAIOT PABHOCHJILHBIMH?

r) CopmynupyiiTe yTBepXKAeHHSI O PaBHOCHJIBHOCTH Hepa-
BEHCTB.

IIpuBenyTe HepaBeHCTBO K BUAy kx + b >0 wiu kx +b<0:

a) 3x—2>7x+5; 6) 4—6x<9—x

B) 7 >0,2x; ry 8—2(3—2x)< 1.

flBasieTcsl JIM 4HCAO, yKa3aHHOE B CKOGKaX, peLleHHeM HepaBeH-
CTBa:

a) dx —4>3x+3 (—1) 6) 2+ 12x< —x+3 (—2);

B) 5bx — 7>9 + x (100); r) 72x - 18 < — 13x (—~10)?

SIBAIIOTCSA M DABHOCHJILHBIMH HEPABEHCTBA:
a)2x—1>6 u 6>2¢x—1;, 6)x<3 U x+2<b;

B) 2x > 4 H x<2; r) 2¢>5 U x—7>-2—x
p) 2<7—x u 3x<b+2x e3x—7>5u —-3+7<-—5?

Peiunrte nepaBeHncrso (34—44):

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

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

ay x —2<x; 6) x +5>ux;

B) 6 —3x>1—3x; r) 12+ 4x<3 —x+ 5x.
a) x+2<ux; 6) x—H>ux;

B) 4 —8x< —8x+ 4, r) x—3+2x<4+3x—1.

a) %x—%x+5>%x—l;

6) %x—3<2——;;x;

3y L2 ..
B) 1—7x 5<6 3X 5%

3 1, 1_2 )
r) 2x—3x>12x 5 5x+2,

2, 3,_13.
) £X l<4x 2
1 1 1
e) 3--= L 1
) 4x+3x<14+12x.

39. a) 1,2-2,6x—5>32¢x— 3
6) x — 1,2 <0,3x + 3,7;
B) 7—0,2x<21,28—1,6x;
r) 0,8x+0,12—O,3x>76,2—0,1x+0,6x;
n) 1,52 -28x< 1,72 — 5,2x;
e) 0,014 — 12,5x > 1,25 — 0,5x + 1,086 — 12x.
40. a) 2x+(3x—1)>4; 6) x—16<(5—2x)—x— I;
B) 2x—(x—1)<3; ) (2x=3)—(x+1)>1.
41. a) (x+l)—(2x+3)—(1—7x)<x—(8—5x);
6) (3x—11)—(5—9x)+(x—l)>l—4x—(12+x).
42. a) 2(x—1)<4; 6) 3(2x—1)>12;
B) 4(1 +x)< 8 — 4x; r) 25— 10x > —5(2x — 7).
43. a)x(2—x)<(3—x)(3+x);
6) 3(x=1)(x+1)>3(1 + )
B) (x—2)(x—3)+(4-—x)(x+2)>0;
r) (2x—l)(x+2)—(x—5)(2x+l)>0.

’

44, a)"T‘l<l; 6)%—§>2;
B)%‘<§— ; r)%‘+%—%">8;
ﬂ)x—g‘l>2—§; e)QL:'_l+2<3x3+2;
S S Rt ) Brlsi-tplyoly

0
45, Moxer JIH HEPABEHCTBO NEePBOH CTEINeHH ¢ OlHHM HEH3BECTHLIM:
a) 6bITh BEPHLIM TPH JIO60M 3HAYEHHH HEH3BECTHOIO;
0) He UMeThb pelleHuil?
0 o
46. Moxer JH JIHHEHHOoe HEPAaBEHCTBO C OJHUM HEH3BECTHBIM:

a) ObITb BEPHBIM NMPH JIO6OM 3HAYEHUH HEH3BECTHOTO;
6) He UMeTb pelleHHI;?

1.4. Cucrembl auHeiiHbIX HepaBeHCTB
_ C OJHHM HEHU3BECTHBIM

Ecnu TpeGyercst HaiiTh Bee wnena X, KaXJioe U3 KOTOPHIX ecThb pelle-
HHE ONHOBPEMEHHO HECKONBbKHMX NAHHBIX JIHHEHHBIX HEPABEHCTB C OHHM
HEH3BECTHBIM X, TO TOBOPAT, YTO HaAO PEWIUTb cucmemy suneiimoix
Hepasencms ¢ O0HUM Heu3secmHuuM x.

HAnas Toro yro6nl pemmts CHCTEMY JIMHEAHBIX HePaBeHCTB, Halo
PEUIMTL Kaxaoe HepaBEHCTBO 3TOi CHCTEMBI, a 3aTeM HaiTH o6uryio
YacTb (MepeceuyeHHe) MOJYYEHHBIX MHOKECTE pelleHHi#t — oHa u Gyner
MHOXKECTBOM BCeX pelleHHH JAHHOM CHCTeMbI.
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O6b1yH0 HEepAaBEHCTBA CHCTEMb! 3anUCbiBaKlOT B CTOJIGHK OAHO NOA

APYFHM H OGBbeJUHAIOT HX cjeBa (HrypHOH CKOOKOH.
PaccMoTpuM npHMephbl peHieHHs] CHCTEM JHHEHHbIX HepPaBeHCTB.
Ilpumep 1. Pemum cucteMy HepaBeHCTB

2x+3>0,
-4x+5<0.
Pewns nepBoe HepaBeHCTBO cHCTeMbi (1), MOMYy4YHUM, 4TO MHOXKECTBO

(1)

BCEX €ro pelleHHH COCTaBJseT HHTepBal (—%; +00). Peums BTOpOE
HepaBeHCTBO CHCTeMbI (1), MOJMyYHM, YTO MHOXKECTBO BCEX €ro pelLieHHH
COCTaBJISIeT HHTepBal (-Z—; +00). Tenepb HaiifeM Te 3HaYeHHs X, ISt

KOTOPHIX OJHOBPEMEHHO MpPEBPAILAIOTCS B BepHble YHCJIOBbIE HEPABEHCT-
Ba 06a HepaBeHCTBa cHcTeMbl (1), T. e. HaliieM 061yl YaCTb HHTEPBAJIOB

(— -g; +00) H (%; +00) . J1n1g 3TOrO OTMETHM Ha KOOpAaMHaTHOH ocH Ox

06a untepBaja. M3 pucyHka 6 BugHO, 4TO 06LIast YaCTh 3THX HHTEPBAJIOB

€CTb HHTEpBaJ (—i—; +00).

Vo /2777 222222 288808888 e
_3 5 x
2 4

Puc. 6

CrieoBaTe/bHO, MHOXKECTBO BCEX pellieHHil CHCTeMbl HepaBeHCTB (1)

obpasyeT HHTepBaJ (%; +00).

OTBeT: (%; +00).
Ilpumep 2. Pemnm cucteMy HepaBeHCTB
5x-23 <0,
(2)

12x-13 > 0.
PelinB xaxnoe HepaBeHCTBO cHCTeMbl (2), Haijem, 4TO MHOXeCT-
BOM BCEeX pelIeHHHl MepBOTr0 HepaBeHCTBA SIBJASIIOTCH BCe X, MeEHbLIHE

2 (x< 23), a MHOXeCTBOM BCeX pelleHHH BTOporo — Bce X, OoJbline

5 5
1 0> 5)-

MHoXecTBOM Bcex pelleHHi cHcTeMbl (2) GyleT MHOXECTBO BCeX Tex
X, OJASl KaXJ0ro U3 KOTOPBIX OJHOBPEMEHHO NpeBpallaloTCd B BepHbIE
YHC/IOBLIE HepaBeHCTBa 06a HepaBeHcTBa cucTeMbl (2). CaeoBaTtesbHO,

14

la”:‘:'I'Z*:':':*2'Z‘:':*2‘2‘:'2':'1‘2*1':‘:4".\\ W m’
13 23 x 3
12 5 ) 5 ¥
Puc. 7 Pue. 8

3T0 GYIYT Te X, KOTophle GoJibile YeMm % , HO MeHble yem 23 1 e pee
5T e

13 23
X U3 MHTepBaJa 12 <*¥<% (puc. 7)3

5
Htak, MHOXecTBO Bcex pewenmit cueremn (2) o6pasyer untepsan

(38
12> 5/°

Orser: (13'23)

12’5/
Ipumep 3. Pewum CHCTEMY HepaBEHCTB
x-5>0,
2x-3<0. (3)

Pelwenunsimu nepsoro nepasencTsa creteMyr (3) aBasioTCs Bee x > 5,
4 pelIeHHSMH BTOPOro — Bce x <—‘;’-.

Pewennsamu cueremnr (3) MOTYT GbITb TOJIbKO Te X, KOTOPbie GOMbile Yem
5, HO MeHblUe yem 3
5 ScHo, uTO TakMX x He cywectsyet (puc. 8). Crenora-
TeJbHO, cHcTeMa (3) He HMeeT pelueHHil.
O TBeT: Her peiwenuii.
CHCTeMy HepaBEHCTB MHOIZA MOXHO 3anucaTh B BHJle JBOIHHOTO
HepaBeHcTBa. Hanpumep, cucremy nHepasencrs

2x-5>0,
2x-5<7 (4)
MOXKHO 3aMHCaTh B BHIe ABOHHOTO HepaBeHCTBA
0<2x—-5<7. (5)

Iostomy nBoiinoe HepaBeHcTBO MOXHO pellaTb ABYMs CIOCoGaMH,

I cnoco6. 3anuumem gpoitnoe HEepaBeHCTBO (5) B BHIAE CHCTEMbI
HepaBeHCTB (4) W peurMM 3Ty cucTemy:

{2x~5>0, {2x>5, x>205,
2x-5<7, 2x<7+5; {x<6,
T.e. 2,6 <x<6.
Il cnoco6. Pemaem agoitnoe HepaBeHCTBO (5):
5<2x<7+35,
25<x<6.
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CnenoBaTesibHO, pelleHHsl [BOHHOrO HepaBeHcTBa (5) o6pasyloT HH-
tepBaxn (2,5; 6).

OrtBer: (2,5; 6).

3amMeTHM, 4YTO Ha caMOM JeJie BTOPOH CMOCO6 pelleHHs ABOHHOTO
HEPABEHCTBA eCcTh KpaTKas 3aluch MePBOro crnocoba.

470 UYro 3HAYMT PEINHTb CHCTEMY JIHHEHHBIX HEDABEHCTB C OJHUM
HEeH3BECTHBIM?

48. Haiinute xots 6bl 0fHO 0ofllee pelliéHHe HepaBeHCTB:
a)x>3 H x>2; 6)x<—-2 wu x<-1;
B)x+1>0 u x—1>0; rNx—2<0un x+2<0
N2x>—4 u x+2<0; e)3x<9 H x+3>0.

OTMeTbTe HAa KOOPHMHATHOH OCH BCE pPEIUIeHHS CHCTEMBI
HEePaBeHCTB, ecJM OHHM cyilecTByoT (49—51):

49. a) {">3’ 6) {’””2’ 8) {”O’ r) {x>_3’

x>1; x> x>4; x >-b.
x<7 x<-1, x <=5, x <-10,
’ 6 r
20. ) {x< 2; ) {x<3; 5) {x< 0; ) {x<—16.

x> 1 x<-5 x>4 x<0,
51. a) ’ 6) ’ B) ’ r)
x<-1 x>-7; x<4; x >-b.
52. 3anuukrte Kakyio-1H60 CHCTEMY HEPABEHCTB, BCe PeLIEHHs KO-
TOpO# 00pasyloT HHTepBaJ, OTMEYeHHBIH Ha pHCyHKe 9 ABOMHOM

LWITPHXOBKOH.
NNV e 77779 W V777777 5 BN, g
-5 4 x 0 3 x -4 1 x
a) 6) B)

Puc. 9

53. SlBnsieTca M pelieHHEM CHCTEMbI HEPABEHCTB YHCJIO, YKa3aHHOe

B CKOOKax:
2x+3>0 5x > 10
(—1); 6 ’ 3);
2) {7—4x>0( ) ){6x+1<0(

— — <
5) {8 £<0, By {7)5 10<0, %)
3x >3 3x+1>0
54. Jlns HepaBeHcTBa 2x<1 mopbepuTe Apyroe HepaBEHCTBO TakK,
4To6bl CUCTEMA 3THX HEPABEHCTB:
a) He HMeJia pelIeHH;
6) uMeJla MHOXKECTBOM BceX pelueHHil uHTepBaa (—oo; 0,5).

FTIT e wovs —

S e L0 0 S N S e G e W T g TR

Pewmnre cuctemy HepaBencts (55—56):

55. a) 3>x, 6) 4x>1,
x<4: -7<x+5;
6x>6y 6—2x>5,

B) r)
1>3_2x; 3—2X>l;
) x—4>0, e) 5x+3<8,
pi 2X—8>0; 7—3)C>2;
2x—1>3x+1, Tx<x-6,
X) 3)
5x_1>13; 2>5+ 3x,
2 +7>3-x, 35>8,
56. a) {1 L. 0
\ §x—l>2x—z, éx_1>—3~x—l;
4 5
-1 2¢x+1  3-x
) <1 N T
B r
4—x>£—;—5; §‘1<2—48x'

57. a) Haipute Bce x, A5 KaXaoro u3 KOTOPbLIX 3HaueHue (PyHKIHH
Y=2x — 3 GoJbille 3HAYEHHsSt QYHKUMH § = —x + 4.
6) Haitaure Bce x, Ansi KaXIOro H3 KOTOPbIX 3HAYEHHe dyHKIHH
Y =1 — x Gonbiue 3naveHns dyHkuuu y = 0,5x + 5.

58. a) Haiizute Bce x, misi Kaxporo us KOTOPHIX (YHKLHH § = 3x u
Y =1 —X oOnHOBDPEMEHHO NPUHHMAIT OTPHUATENbHbIE 3HAYECHHSI,
6) Haitnure Bce x, ans kaxmoro us3 KOTODBIX (YHKLHH
y=04x+1u y=—2x+ 3 oaHospemeHHO NPHHUMAIOT [0JI0-
XKHTeJbHbIE 3HAYEHHS.
B) Haiinute Bce 3HaueHus x, [ist KaXKI0ro U3 KOTODBIX 3HAYEHHSA
byHKUHH Yy = i X — % MeHbllle 3Ha4yeHH# QyHKUMA y=x H
y=—2x+ 3. ,
r) Haiinure Bce 3HaueHHs x, ISt KaXAOTO U3 KOTODBIX 3HAYEHHUSA

— PYHKUMK y=x+4 GoJblue 3HAYCHHH DYHKLH Yy=—x H y=2x+3.

99. Jlanbl GyHKUMH y =5x — 8 u y = — 5x + 8. Onpenennte untep-
Basl ocu Ox, Ha KOTOPOM:
a) o6e QyHKLMH NMONOXKHTEbHBL;
6) o6e QYHKLHH OTpHLATE/NbHbI;
B) GyHKuUs y = 5x — 8 Gosblue Hyas, a GyHKLHS y = — 5x + 8
MEHbLle HyJsi;
) 3HaueHUss GYHKUMH Yy = 5x — 8 Goublie COOTBETCTBYIOLIHX
3Havenuit dyHKUMH y = —5x + 8,
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60. Ha pucynke 10 mpuseneHbl rpadukn nuHedHbIX QYHKLMH, 0603Ha-
YeHHbIX Y, U Y,. Onpenennte BCe 3HAYEHHA X, NPU KOTOPHIX:

a) y'>,y2; 6) y1<yg-
Y\

a) 6)
A
L)
2
11 Yz
1 2 *
0
r)
Puc. 10
61. PeliuTe cHCTEMY HEPABEHCTB, MCIOJb3ysl rpaduky (yHKLHH:
3x <0, -5x <0,
) : 6) :
x+2>0; : 3-x<0;
4x+2 >0, 3x—-6>0,
r
x+1<0; 2x—-4<0;
2x+4 >0, 2x+4 <0,
1) x+3<0; x+3>0;
0,5¢+3>0, 0,56x+3<0,
) x+2>0; x+2<0,

62. PewnTe ABOIHOE HEPABEHCTBO AByMs CIIOCOGAMH!
a) 0 < 3x < 2 6)——1<%x<8;

B) l<x+4<2; ry =7 <x—6<-2;
1) 0<3x —7<3; e) 8<05bx+1<—4

§ 2. HEPABEHCTBA BTOPOW CTEIEHU
C OJHMM HEM3BECTHHIM

2.1. MNonsTHe HepaBeHCTBA BTOPOIi cTeNeHU
C OJHHMM HeH3BeCTHbIM

HepaBencrso Buja
ax’+bx+c>0 (1)

HIIH
ax’ +bx + ¢ <0, (2)

rae a, b ¥ ¢ — naHHble uHcaa, npuueM a # 0, Ha3bIBAIOT HEPaBEHCT-
BOM BTOPO# CTeNeHH C OJHMM HEH3BECTHHIM X.

Uheno a HasbiBaoT KoadpuuMeHTOM NpH x°, uncio b — koadpdu-
UHMeHTOM npu x. BripaxeHus ax”, bx W ¢ Ha3BIBAOT 4JAEHAMH Hepa-
BeHCTB (1) 1 (2), yucio ¢ — cBOGOAHBIM YJIEHOM.

Juckpumunaar D = b — 4ac xBagpatHOro Tpexunesa ax’ + bx +c
Ha3bIBAKOT TaKXKe Ouckpumunanmom Hepasercms (1) u (2).

[IpumMepamMu HepaBEHCTB BTOPOM CTENEHH C OJHHM HEH3BECTHBIM X
MOTYT CJIYXKHTb HepaBeHCTBA

3 —4x + 5> 0,
—-6—2x+ 1 <0,

HanomHuM, 4To pellieHHeM HepaBEHCTBA C ONHAM HEH3BECTHBIM X Ha3bi-
BaiOT TAKOE YHCJIO Xy, TIPH TMOJCTAHOBKE KOTOPOrO B HEPABEHCTBO BMECTO X
HOJy4aeTCsl BEDHOE YHCJI0BOe HEPABEHCTBO; peulurmov HepaseHcmeo —
3HAYUT HAWTH BCE €ro PelIeHMsi HJIH J0Ka3aTh, YTO HX HeT. [Ipu pewenuu
HEPaBEHCTB BTOPOH CTemeHH OyAyT HMCIIOJIb30BATHCS YTBEPHKAEHHS] O PaBHO-
CUJIbHOCTH HePaBeHCTB, NMPUBeJeHHbIe B IpeAbAyILeM naparpade, riae 3TH
YTBEPXKIEHHA HILIIOCTPHPOBAJIHCD HA IIPHMepe JIMHEHHBIX HepaBeHcTs. Ha ca-
MOM [ejie OHH BEPHbI H I/ MHOTHX APYTHX HEepaBeHCTB, B YaCTHOCTH JJisl
HePaBeHCTB BTOPOH CTENEeHH,

3ameTHM, YTO ec/IH @ — OTPHLATE/]bHOE YUCJIO, TO, YMHOXHB Hepa-
BeHCTBO (1) Ha —1, moslyuuM Ha OCHOBaHHH yTBepxkiaeHus 4 1. 1.3 pas-
HOCHJ/IbHOE eMy HepaBeHCTBO

(—a)¥*+ (=b)x +(—c)<0

YXKe C TOJIOKHTENbHBIM KO3((ULHEHTOM NpH X,

AHaJIOrHYHO eCJIH @ ~— OTPHLATEbHOE YHC/IO, TO, YMHOXHB HepPaBeH-
crBo (2) Ha —1, moJlydHM Ha OCHOBaHMH yTBepXkieHHst 4 m. 1.3 paBHO-
CHJIbHOE €My HepaBEeHCTBO

(—a)£+ (=b)x +(—c)>0

TaKKe C [OJIOXKHTEJIbHBIM KO3 pHUHEHTOM NIpH x°.

YuuteiBas 370, AJajiblle GyldeM pacCMaTpHBaTh PELUEHHsI HEPaBeHCTB
(1) u (2), cuntas, 4TO @ — NOJIOKHTEJBHOE YHCJIO. B ClleyIONHX MyHK-
Tax OyfieT pacCMOTPEHO pellleHHe THX HePABEHCTB OTAEJbHO IIPH YCJO-
Busix D>0; D=0; D<0.
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63°

a) Kakoii BHI HMeeT HepaBeHCTBO BTOPOil CTENEHH C OLHHM He-
H3BECTHBIM Xx?

6) o Ha3bBalOT AMCKPHMHHAHTOM HEPABEHCTBA BTOPOIl CTerle-
HH ax’ + bx + ¢ >0 (a #0)?

B) UTO Ha3HIBAIOT pellleHHEM HePaBEeHCTBA C OJHHM HEH3BECT-
HBIM X?

r) UTo 3HAaYHT PelIMTb HEPABEHCTBO C OJHHM HEH3BECTHBIM?

A) UTo 3Ha4MT, 4TO ABA HEPABEHCTBA PABHOCHJIbLHBI?

e) Chopmyanpyiite yrBepx/ieHHs 0 PABHOCHILHOCTH HePABEHCTB.

64. SlBnsieTca /I HepaBEHCTBO:

65.

66.

67.

68%,

69.

70.

20

a) 3 —2x>0; 6)7"—5‘§<1; B) x> —Bx+ 1 <0;

N 7x-3>0; 1) 4x—5>0; ) 3x* +7<0
HePaBEeHCTBOM NEPBOM CTENEHH; JUHEHHBIM; BTOPOi CTeNMeHn?
IlpuBenuTe HepaBeHCTBO!
a) 4x+ 27— 1>0;

6) 6+ <0;
B) £-x+02<0; ) 1-Tx+ £ 50

K BHLY ax’+bx+c¢>0 uau ax’ + bx + ¢ <0, HasoBuTe
K03 dUUHENT TIpU x° H CBOGOIHBIH UJIeH.

BbluKcnTe IMCKDHMHHAHT HepaBeHCTBA:

a) X —7x+10>0; 6) £+ 9x +20<0;

B) X —x—7<0; r) X +x—5>0.

SIBJIAIETCS JIH YHCJIO, YKa3aHHOe B CKOOKAX, PelleHHeM HepaBeH-
crBa (67—68):

a) X’ —3x+4>0 (%),
B) 24°—bx—1<0 (-2)

n) §x2—%x+%<0 (15);

2
r) 3¢ —3x+1>0 (=3):
e) %"’+x-;<o (12)?

6) ¥ —2x+3<0 (1);

a) = 11,7x +17<0 (J3); 6) x*— 11,4x+ 14>0 (J2);
B) X+x—12>0 (n); r) = 2x—15<0 (-m)?
Hanuuiure HepaBeHCTBO ¢ mNOJIOKHTEJNbHBIM K03 puLHeHTOM
npu x2, paBHOCHJIbHOE HEPaBEHCTBY.

a) —xX*+5x+7>0; 6) —2x° — 4x + 8 < 0;

B) —%x2+9>0; r)—%x2—5<0.

Hanuumute nepabenctBo ¢ kospduumentom 1 npu 17, pPaBHO-
CHJIBHOE HepaBEHCTBY:

a) —-é—x2+3x—5>0; 6) %x2—8x+3<0;

B) %x2—5x+7>0; r) —%x2+%x—l<0.

71. PaspenuB npasyio u neByio 4acTH HEpaBEHCTBA HA OGLUMH Jesu-
Te/b CBOGOJHOrO 4neHa H ko3(dULHEHTOR npH x° U NpH X, HaTIH-
LWIHTE HEPABEHCTBO, PABHOCH/BLHOE HEPAaBEHCTBY:

a) 4x*—6x + 10 > 0; 6) —6x° — 12x — 6 < 0;
B) —9x"— 90x — 81 > 0; r) 10x* — 20x + 30 > 0;
1) 12x*— 16x + 8 < 0; e) —11x* — 44x — 33 < 0.

2.2. HepaBencrsa BTopoii crenenu
C NOJOKHTEIbHBIM JHCKPHMHHAHTOM

IlyeTs nago pewnts HepaBeHcTBO
ax’+ bx+c¢>0, (1)

rae a, b u ¢ — jaHHble yHCaa, npuyeM a > 0, D = b* — 4ac > 0.
Kak mbl 3Haem, B sTOM cayyae
2
ax’ +bx+c=a(x—x)(x —x,), (2)

2
A€ X, W X, — KODHH Tpexu/eHa ax + bx + c. [Tostomy HepaBencTso (1)
MOXXHO TIepenucaTh B BHAE

a(x—x)(x=x)>0. (3)
TaK KaK @ — MOJIOXHUTeJBLHOe YHCJIO, TO HepaBeHCTBO
(= x)(x ~x,)>0 @)

paBHOCHJIbHO HepaBeHCTBY (3).

3aMeTHM, YTO TOYKH X = X, H X = X, HE YNOBJIETBOPSIIOT HEPABEHCT-
By (4). Tak xaxk D >0, 1o x, # X,. Jlast onpejeneHHOCTH 6yaeM CYHTATb,
UTO X, < X,. OTMeTHM Ha KoopaMHATHOM ocu Ox TOYKH X, u x, (puc. 11).

- —O—————2
Xy Xg X

Puc. 11

DU ToukH jensit ock Ox Ha TpH HHTepBaJa: (—oo; x,), (x; X,),
(x,; +o0).
Ilycts x mpuHamexur uuTepBasy (x,; +00), TOrIA
x=x>0ux~-x,>0,
H, cllejoBaTeNbHO, (x—x)(x—x,)>0.
~IlycTh najiee X npHHALIEXUT HHTEpBaJy (X; x,), Toraa
x=—x,>0unx—x,<0,
H, creloBartesibHo, (¥ — x,) (x — x,) < 0.
Ilyctb x npunamiexxut untepsany (—oo; X,), Toraa
x—x<0 n x—x,<0,

H, C/le0BaTeNbHO, (x—x)(x—=x)>0.

21



[TosToMy MHOXeCTBO Bcex pelleHHE HepaBeHcTBa (1) COCTOMT U3 ABYX HH-
TepBanoB (—oo;x,) u (x, +oo). Ero sanuchiBaloT ¢ NOMOLIbK) 3HAKa
obbenuHenuss MHoxecTB (U): (—oo; x,)U(x,; +00) — H UHTalOT TaK:
«OO6benHHe e HHTePBAJIOB (—00; x,) U (X,; +00)».

OTMeTHM, 4TO MHOXKECTBO BCEX pelleHHi HepaBeHCTBa

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

obpasyer HHTepBaJ (X,; X,).
PesynbTaT, K KOTOPOMY Mb! IPHILUIH, MOXKHO TaKXKe MOJIYYHTb, HCIIOMb-
3ys rpad MK KBaIpaTHUYHON YHKLHH
y=ax’+bx+c(a>0) (6)

YuurbiBag, uro a>0, D>0 wu

y 2 X <Xy, TOKaXeM CXeMaTHYeCKH, Kak

y=ax“+bx+c pacnojioxeH rpa¢uk ¢ynkuud (6) B
KOOPAHHATHOH MJ0CKOCTH (pHc. 12).

c OueBuaHoO, 4TO 4151 TEX X, ISl KOTOPBIX
COOTBETCTBYIOLIIHE TOYKH nmapaboJibl pac-

HOJIOXKEeHH Bbillle ocH Ox, BHINOJIHSETCH

» HepaBeHcTBo (1), a s Tex x, jas

o x‘l\/xz X KOTOPbIX OHH DACNOJIOXKEHBl HHXKe OCH

Ox, BuimosHsieTcsi HepaBeHCTBO (5). U3
pucyHka 12 BHAHO, YTO MHOXKECTBO BCeX
Puc. 12 pellleHHH HepaBeHCTBA

ax* +bx+c¢>0

COCTOMT U3 IBYX HHTEpBaJioB (—oo; x,) B (x,; +00), a MHOXKECTBO Bcex
pellieHHil HepaBeHCTBa ax” + bx + ¢ < 0 o6pasyer unTepBan (x,; x,).
Takum 06pa3oM, 4ToGbl peUIuTb HEPABEHCTBO

ax* +bx+c>0mmax’ +bx +c<0

np D>0, wago HafiTH KOpHH X, H X, (X,<X,) KBalpaTHOro Tpexd/leHa
ax’+bx+c, onpenenuTsh 3HaK TpexusieHa Ha HHTepBanax (—oo; x,), (X,; X,)
H (X,; +00) U 3anKcaTh B OTBET HHTePBaJ (WIH OObeMHEHHE HHTEPBAJIOB ),
Ha KOTOPDOM HepPaBEHCTBO BHIMOJHSIETCS.

[Ipumep [. Peum HepaBeHCTBO

£—5x+6<0. (7)

s nepapencrpa (7) muckpumuHant D = 1 > 0 u Tpexuned x* — 5x + 6
uMeeT ABa KOpHsi: x, =2 u x,= 3. Ilosromy HepaBeHCTBO (7) MOXHO
nepenucarh B BHIE

(x—-2)(x—3) < 0. (8)

Otmetum Ha koopauHatHoOH ocu Ox Touku 2 u 3 (puc. 13). Jlerko
BHJIETb, YTO BhIpaxkeHHe (x — 2)(x — 3) MONIOXKHTENbHO 4151 M1060T0 X,
pacmoJioXxKeHHOro npaBee TOYKH 3, OTpUUATENBHO IS JIOGOrO X, pacmo-
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+ ~ +
O
3 x

NO

Puc. 13

JIOKEHHOTO MEXJly TOYKAaMH 2 U 3, MOJIOXKHTE/IbHO A1sl 1060T0 X, pacmo-
JIOXKEHHOTO JleBee TOYKK 2.

IlosTomy mHOMecTBO Bcex peieHuii HepaBeHcTBa (8), C/leOBATENBHO,
H PaBHOCHJIbHOTO eMy HepaBeHcTBa (7) o6pasyeT unrepBan (2; 32‘ 10T XKe

pesyJibTaT MOXKHO TOJIY4HTb, HCNO/B3YS rpaduk GYHKUMH y = x° — Bx + 6
(puc. 14).
OrBeT: (2; 3).
llpumep 2. Peuium HepaBeHCTBO
—x'—x+6<0. 9)

YMHOXKHB HepaBeHCTBO (9) Ha — 1, NOJyYMM PaBHOCHJBbHOE €My HepaBeH-
CTBO
L+ x—6>0, (10)

B KOTOPOM K03(dULHMEHT MpH X y)Ke M0JI0KHTEJIEH.

HduckpumunanT storo Hepasencrsa D = 25 > 0. KopHH kBagpaTHOroO
Tpexunena x*+ x — 6 ecTb X, = =3 ¥ x,=2. OTMETHM Ha KOOPAMHATHOH
oct Ox Toukn —3 u 2 (puc. 15). Paccypasi, Kak npH peluieHHHu nprMepa 1,
TOJIy4HM, YTO MHOXKECTBO BCeX pelueHHH HepaBeHcTBa (10), a 3HauuT, U
HepaBeHcTBa (9) o6pasyeT oGbelHHEHHe HHTepBaJoB (—oco; —3) m
(2; +00). K 3ToMy ke BLIBOAY MPHXOAHM C MOMOILBIO pucyHka 16, Ha
KOTOpOM H306pakeHa napa6oJa y =x"+ x — 6.

OtBeT (—o0; —3)U(2; +o00).

y% y=x*+x-6

Yy
y=x2-5x+6
i1
_1
2 . -
-3 o 1 2 x
14
o] 1 2773 x
Puc. 14
+ » - . + o | _6l
._3 2 ; 4
Puc. 15 Puc. 16
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72,

73.

74,

75.

76.

77.

78.

a) Kak peliaetcsl HepaBeHCTBO BTOPOH CTENEHH € MONOKHTEb-
HbIM JHCKPHMHHAHTOM?

6) Kak ucnonb3yercst rpathuk KBajpaTHIHO GbyHKUHY 1S pelle-
HHUsl HEPABEHCTBA BTOPO# CTENeHH?

B) HMmeloT yu pelnenns nepapenctsa ax’+ bx + ¢ >0u ax’+ bx +
+¢ <0, ecin @ > 0 ¥ UX IUCKPHMHHAHT GOblie HyJIs1?
IIpuBenute HepaBeHCTBO:

a) —x*—-bx—-6<0; 6) —x*'—7x +8>0;

B) 3x*— 15x — 18 > (; r) —2¢°—8x+10>0

K BHLY (X — x,) (x — x,) > 0 nam (x — x,) (x - x,)<0.

Ha pucynke 17 ormeuens yucaa 1 u 3, oGpaluapliiue npousse-
nenne (x — 1)(x — 3) B Hyab. OnpegesinTe, Kakne 3HaKH HMeeT
KaXIblli MHOXHTE/b M HX IIPOM3BefeHHe Ha uHTepBanax I, 11, III.
CocraBbTe HepaBEHCTBO BTOPOI CTEIEHH C ONHHUM HEH3BECTHBIM,
BCE pellieHysl KOTOPOro OTMeYeHbl Ha puCyHKe 18 wTpuxoBKoil.
Pewmnre HepaBencTBo M onpenesuTe, SBJSIETCA JAH HCIO, yKa-
3aHHOE B CKOOKax, pellleHHEM HepPABeHCTBA:

a) 9*~10x+1<0 (0,(3)); 6)3x°— 14x+8>0 (3,(8));
B) 5x° —6x— 11 <0 (J/5); r) 6x° — 5x — 4 >0 (1,(3)).
PellTe HepaBeHCTBO M OTMeTbTe Ha KOOPAMHATHOH OCH ero
pelLueHHs:

a) (x = 9)(x = 2)>0;
B) (x+3)(x—5)<0;

Peunre nepasencrso (78—83):
a)(2x—1)(3x+5)<0;
B) (4x + 3) (bx + 2) > 0;

6)(x—8)(x—19)<0;
r)(x—4)(x+7)>0.

6) (1,2x — 0,5)(7x — 1) < 0;
r) (l%x+%§)(0,7x+4)>0.

24

Puc. 18

83. a) 24°-3<0:

R ———————S

79. a) X¥*-x>0; 6) X' +x<0;
B) 5x°-x<0: r) 3x°+ x> 0;
1) 4x°+7x>0; e) 3x-2¢'<0.

80. a) x’-4>0; 6) ¥’~9<0;
B) x’~100< 0; r) 1-x">0.

81. a) ¥’'-3>0: 6) ¥*-5<0;
B) 2-x"<0: r) 13-x*>0.

6) 1,35 — 2x < 0;
r) %xz— 1% > 0.
6) 7x°—1>0;
B) 5~ 0,2¢* > 0; r) 1,2—-3x"<0.
84. Pewnre nepasencrso, HCHOMb3Ys rpaduK:
a) ¥*-3x+2 >0; 6) x’+4x+3<0;
VB) X’ + 5x+6<0; r) x*~5x+4>0:
1) 3x5°-2x-5< 0; e) 4x’—x-3< 0:
X) 7x* + 2x-5>0; 3) 10x"+3x—1>0.
85. Pewure nepabeHcTBo;
a) 0,25x° —4x + 12> 0;
B) 3—x+ 1—16x2< 0;

82. a) 0,55 —x<0;

B) 3%x—x2> 0;

6) 0,5x°+ 8x+24< 0;
r) 4x+ %x2+12> 0;

1) 5x2—x—7<Q; e) 8x'-3-2x>0;
X)) 2x° + 5 17x> 0 3) 15x +3 + 4x%< 0.
86. Ilpn KakMX 3HAYEHHSIX X TOUKH rpadHka GyuKuuH:
a) y=x"—6x+8; 6) y=x"—2x—8;
B) y=—x"+2x+3; r) y=—x"+x+12
pacnoJsioxeHsl Bellite ocu Ox? Huxe ocH Ox?
87. YraxuTe Bce 3HAUEHHS X, IPH KAKAOM H3 KOTOPBIX QYHKIUHS:

a)y = X"+ 1,5x— 1; 6) y = x*— 3,50+ 2;
B) y = 4x°+ 19x — 5; r)y =3x"—5x—2;
)y =—-24"+5x+3; e)y = ~3x"—8x+9

[IPHHAMAET TO0JIOXHTEJIbHbIE 3HAYEHHSI; OTPHLIATE/IbHbIE 3HAYCHMUS.
2.3. HepaseHnctBa BTOpOIi cTenenu
C IMCKDHMMHAHTOM, PABHbIM HYJIO

IycTb Hago pewnTh HepaBeHcTBO
ax’ +bx + ¢ >0, (1)

Tie a, b M ¢ — naHHble YHCa, npuueM a >0, D = b®— 4ac = 0.
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Kak mbl 3HaeM, B 3ToM cayuae
ax*+ bx +c=a(x— x),

rie x, =—% — KopeHb KBajpaTHoro TpexuieHa ax’+ bx + c. INostomy

HepaBeHCTBO (1) MoXHO mepemucaTh B BHAe
a(x—x,) >0.

Ipu x = x, MHOTOWIeH (x — X,)° paBeH HyJ0. [IpH JIO60M e UHCIOBOM
3HaYeHHH X # X, MHOTOWIEH (x — x0)2, a 3HAYMT, H MHOTOWIEH a (x — xo)2 pu-
HHMAIOT MOJIOXKHUTEJIbHble 3HaueHus1. CJeJ0BaTeIbHO, PellEHHEM HEPABEH -
ctBa (1) Gyaer nob6oe uucio x, KpoMe x = x,. FlHaue roBopsi, MHOXeCTBO
BCEX pellleHUH HepaBeHCTBa (1) COCTOMT U3 ABYX HHTEPBaJOB (—00; X;) H
(xo; +00), TIE X, — KOpeHb KBaJpaTHOTO TpexwieHa ax’ + bx + c.

M3 ckasaHHOro ciexyeT Takxke, 4TO MPH TeX XKe YCJOBUSX Ha 4MC/a
a, b U ¢ HepaBeHCTBO

ax*+bx+¢<0 (2)

He HMeeT pelleHHuH.
ITH 2Ke BbIBOJABI MOXKHO [IOJIYYHTb, HCIIOJB3YS rpathvk KBagpaTHUHOM
yHKUMH
y=ax’+ bx +c. (3)
Tak kak a >0, D=0, To MOXeM H306pa3uTh CXEMATHYECKH, KaK
pacrnosioxen rpaguk dynkimn (3) (puc. 19), oTkyna cpasy BUIHO, 4TO HEpaBeH -

b
5, » @ HepaBeHCTBO (2) He

cTBO (1) cnpaBeyInBO 1151 BCEX X, KPOME X = X, =— 5

MMeeT pellieHHH.
Taxkum o6pas3oM, 4ToGbl pelINTh HEPABEHCTBO
ax’*+bx+¢>0
7817 \
ax*+bx+c<0

npu D = 0, Hano HalTH KOpeHb X, KBaJpaTHOro TpexujeHa ax’ + bx + c,
ofpeJie/INTh 3HAK TPexwieHa Ha HHTepBanax (—oo; x,) H (X, +oo) H
3anucaTh B OTBeT (—o00; x,)U(x,; +00), ec/ii HEPaBEHCTBO BHINOJHAETCS
Ha KaX/lOM H3 THX ABYX HHTEPBAJIOB, /U <HET PELICHHII», €C/IH HEPABEH-
CTBO He BBIIIOJIHSIETCS.
Ilpumep. PeliuM HepaBeHCTBa
4+ 4x + 1 >0, 4)
4+ 4x + 1 <0. (5)
Haxoaum auckpuMuHaHT HepaBeHncts (4) u (5):
D=b"-4ac=4"-4.4.1=0.
Tak kak JUCKPHMHMHAHT paBeH HYyJ/I0, TO KBafpaTHLIH TpexujeH

4x’+ 4x + | UMeeT eMHCTBEHHBII KOPEHD x0=—% udx’+ 4x + 1 > 0 npu
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y“y=ax2+ bx +c

T
oy

\ g - L -
O X0 x 1 O x
2
Puc. 19 Puc. 20

1
BCeX X #—2 , OTKYAA BHAHO, YTO PEllleHHeM HepaBeHCTBa (4) Oyler moboe

1 .
X#~5 , T. & MHOXECTBO BCeX pellleHHH HepaBeHCTBa (4) COCTOHT U3 JIBYX
HHTEpBaJiOB (—oo; —?12-) H (—%; +oo). Hepagenctso xe (5), oueBuaHo,

He uMeeT pemlenuid. Ha pucynke 20 B miockoctu xOy u3o6paxeHa
napa6oJa

y =4+ 4x+ 1.

Best ona, KpoMe ToukH (——é-;O), pacnoJsioxena sbiie ocu Ox. M3 pucyn-

Ka 20 BMAHO, 4YTO pellleHHEM HepaBeHCTBa (4) SIBJSIOTCH Bce X, KpoMme

1 . .
X = —3, a HepaBeHCTBO (5) pelIeHHii He HMeerT.

0 o
88". MMeer s peuleHHst HepaBeHCTBO BTOPOH CTeNeHH, eCJM ero
JNHCKPHMHHAHT paBeH HyJ10? Kakue cilyuam BO3MOXHBI?

89. C nomotieio rp2a¢mKa KBafpaTHYHOH QYHKUMH OGBSACHHTE, MOYEMy
HepaBeHCTBO ax” + bx + ¢ < 0 npu a > 0 u D = 0 He umeer pelueHuii?

90. Haiinute BCe x, Npu KaXIOM H3 KOTOPBIX BHIpAXKEHHE:
425 6) A5 B) (x+3% 1) (x—1f
NPHHHMAeET MOJIOXKUTEeNbHOE 3HAUEHHE.

91. CyuiecTByloT /i X, IPH KOTOPBIX BhlpaX<eHHe:

a) —x%  6) =3« B) (2—x)% 1) —(x+4)
NPUHAMAeT MOJIOXKHTENbHOE 3HAaUeHHe?

92. Onpepenute, ABJIsSETCS JH PelleHHEM HepaBEHCTBA YHCJIO, YKa-
3aHHOE B CKOOKax:

a) 25x°—10x+1<0 (_13); 6) 4x’+12x+9>0 (—2,5);
B) ¥—x+0,25>0 (J3); r) x2+x+%<0 (=1,7).
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Peuwnte HepaBeHcTBO (93—94):
93. a) (x-4)’>0; 6) (x+ 1)’>0;
B) (2x-3)'>0; r) (7-4x)*>0.
94, a) X*~4x+4>0; 6) £*-2x+1>0:

B) ¥+ 10x+25<0; r) ¥-8x+16<0.
95* Pewnre HepaBeHCTBO, HCNOJIb3Ys rPadHK KBaAPATHYHON (yHKLIMH:
a) x*-2x+1>0; 6) x2+6x+9<0;

B) X’ +4x+4<0; r) 4x'-4x+1>0.
96. PenTe HepaBeHCTBO:
a) 4x"+20x+25<0; 6) 9x*—36x+36>0;
B) 49x° + 14x+1>0; 1) 25¢’~10x+ 1<0;
1) 2x2+3x+1%>0; e) 9x2—10x+2%<0.
97. HailauTe Bce 3HaueHHs k, PH KaXAOM H3 KOTOPbIX HEPABEHCTBO:
a) x*~24x + k>0 BepHo IIpH Bcex x, Kpome x = 12;

6) 64x* + kx + 9 > 0 BepHo IPH BCex X, Kpome x=--§ .

98. Haiinure Bce x, npH KaxkaoM H3 KOTODBIX HEBEDHO HEPABEHCTBO:
a) X+ 8x+16>0; 6) 94 -6x+1<0.

2.4. Hepasencrsa BTOpOit cTenenn
C OTPHUATEJbLHBIM JUCKPHMHHAHTOM

PaCCMOTpHM HEPABCHCTBO
ax’ +bx+c¢>0 (1)

rae a, b u ¢ — nannble uncaa v a > 0, D = b2 — dac < 0.
Bbigessisi no/Hbifi KBanpaT H3 TpexuaeHa ax’ + bx + ¢, noJydum
2
ax’ +bx+c =a (x+—!’-) D (2)

2a)  4a-

W3 pasenctsa (2) caenyer, uto HepaBeHcTBo (1) MOXHO Mepenucath
clefylolMM o6pa3om:
2
a(x+ i) D o,
2a

T 4a

OTKyJa, y4uThiBasi, yto a>0 u D<0, BHaHO, yTo HepaBeHcTso (1) BbIMO-
HACTCS I M0GOTo X, T. €. HA HHTepBaJje (—0o; +00).

Ortciona Takxe cJejlyeT, 4TO NPH yKa3aHHBIX Bhbille ycJioBusx (a > 0,
D < 0) nepasenctso ax’ + bx + ¢ < 0 He HMeer pelIeHHE.

Ilpu a>0 u D<O0 rpaduk dyukuun

y=ax’+bx+c
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y=ax’+bx+ec

yA y
1 "
1
) 5 L L —
0 x 0 3 1 x
5
Puc. 21 Puc. 22

CXeMaTH4eCKH H306paxkeH Ha pucynke 21. Best napa6ona pacnosioxena
Boiwe ocH Ox, W M03TOMy HepaBeHcTBO (1) cmpaBemiuBo anst JMo6oro
3HAYEHHS X.

Takum o6pasoM, 4ToGbl pelIHTL HepaBEeHCTBO

ax’ +bx+¢>0
HJH

ax’+bx+c<0
npu D < 0, Hajio onpene/uTh 3HAK TPeXWIeHa HA HHTepBae (—o0; +0o) U
3afHcaTh B OTBET (—00; +00), ec/ii HePaBEHCTBO BBITMOJHSETCA HA 3TOM

MHTEpBAaJie, WK <HET PEUICHHH», eC/IH HEPABEHCTBO HE BLINOJHSETCS.
lIpumep. Peunm HepaBencTBa

56¢°-6x+2>0, (3)
568°-6x+2<0. (4)
JHCKPHMHHAHT KaXIOro M3 5THX HepaBeHCTB D = —4 < 0, 3Hayur,

Tpexuned 5x° — 6x + 2 He umeer KOpDHEH H Ha HHTepBaje (—oo; +00)
UMeer 3HaK «+». [lostomy nepaBeHCTBO (3) BhiNoJHAeTCH 115t JIOGBIX X,
T. €. Ha HHTepBaJe (—oco; +00), a HEPABEHCTBO (4) He HMeeT pelleHHil.

Ha pucynke 22 n3o6paxena napa6ona y = 5x* — 6x + 2. Us pHCyHKa
BHIHO, YTO HepaBeHCTBO (3) cnpaBensiBo st MOGOrO X, a HEPABEHCTBO
(4) e umeer pewenwil.

99°. lmeer /M HepaBeHCTBO BTODOH CTeMeHH peLIeHHs, €CJH ero
AMCKPUMHHAHT MeHblle Hyas1? Kakue ciyuad BO3MOMXHBI?

100. C nomowpio rpaduka 2KBaﬂ,paTlrIl{Hox?l (OYHKUHH OGDBACHHTE,
noieMy HepaBeHCTBO ax” +bx+c¢<0 npu a>0 u D <0 nHe
HMeeT pelIeHHH.

101. PewnTe HepaBeHCTBO, HCNOb3Ys rpadHK KBaipaTHYHON DYHKIIHH:
a) xX*-x+3>0; 6) xX*+2x+2<0;
B) X’-3x+4<0; r) x*+x+5<0.
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Pewnre nepasencro (102—104):
102. a) 3x*-2x+1>0; 6) 5x°—4x+2<0;
B) —4x"+x-6<0; r) —=7x*+ 3x-1>0.
103. a) 0,2¢° — x + 100 > 0; 6) 1,7x* + x + 10 < 0;
B) 153_%+8<0; r) 2—x;-_x—12>0.

104. a) ** —4,8c—1<0; 6) £ +3,5x—2>0.
105. Yxamme BCE€ 3HAYEHHSA m, pH KaxKJ1oM H3 KOTOprX HepaBeHCTBO
BEPHO nopH J1060M 3HAYE€HHUH X.

a) 2x°-x+m>0; 6) 3x°+2x+m>0.

2.5. HepaBencrBa, cBoasIuHECS K HepaBeHCTBaM
BTOPOH cTeneHH

HacTo npuxoauTcs pellath HepaBeHCTBA, JieBble H MpaBble YACTH KO-
TOPBIX AIBJISIOTCH MHOTOUJICHAMH.

Jlnst pelleHHs TaKHX HEPABEHCTB MOXKHO MPUMEHSTh YTBEPKAEHHS,
npusefiennble B 1. 1.3. Ha ocHoBaHuH 3THX yTBeDXKAEHHI NOCe NepeHoca
BCeX 4/IEHOB HEpPABEHCTBA B JIEBYI0 €r0 YacTb M NpPHBENEHHS MOZOGHBIX
WICHOB MOJIyYHTCA HePABEHCTBO, PAaBHOCHJIbHOE HCXOAHOMY. B npasoit
HacTH MOJy4eHHOT0 HepaBeHCTBA OyNeT CTOATb HyJib, a B JIeBOH — MHO-
rouned. [lanpie B 5ToM NMyHKTe GYIyT PacCMOTPEHBl NMPHMEpHI PelIeHHs.
HEPABeHCTB, CBOASILUMXCS] K HEPAaBEHCTBAM BTOPOH CTENEHH.

lIpumep 1. Pelium HepaBeHCTBO

¥-2x+3>2%*-3-x. (1)

HEPEHECSI BCE YJIEHbI HEpaBEHCTBA B JIEBYID €ro 4acTh, MOJIY4YHM
HEPABEHCTBO

F£-2x+3-2x24+3+x>0, (2)

paBHOCH/IbHOE HepaBeHCTBY (1).
IIpusens B nepasencTBe (2) nopo6HbLIe UNeHB!, TPUXOAMM K HepaBeH-
CTBY

-xX*—x+6>0, (3)

PaBHOCHJILHOMY HepaBeHCTBY (2). YMHOXHB ero Ha —1, moslyyum paBHO-
CHIbHOE €My HEPABEHCTBO BTOPOM CTENEHH C MOJIOKUTEJbHBIM KO3(dH-
LHHEHTOM TIPH X'

X +x—6<0. (4)

%HCKPHMHHaHT HepaBeHcTBa (4) D =25 >0. KsagpaTHbii TpexuneH

X+ x — 6 HMeeT 1Ba KOPHA: X, = —3 H x, = 2. [I03TOMy HepaBeHCTBO (4)
MOXKHO 3alucaTh B BHJE

(x=(=3)(x—2)<0. (5)
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OTmeTHM Ha KoopauHaTHOH ocH Ox TOUKH —3 H 2 (cm. puc. 15). Jlerko
BH/ETD, YTO BbIpaXKerHe (¥ —(—3)) (x — 2) MO/0KHTENbHO 415 JOGOTO X,
PAcCIoIOXKEHHOrO NpaBee TOYKH 2, OTPHLATENbHO A5l JI0GOTO X, pacno-
JIOXEHHOT0 MEXAY TOYKaMH —3 H 2, MOJIOXKHTEJLHO A5t JIOGOro X, pac-
MI0JIOXKEHHOFO JIeBee TOYKH —3.
CiiefioBaTebHO, MHOXECTBO BCeX pellleHHii HepaBeHCTBA (5), a 3nauwur,
W PaBHOCH/IbHOTO eMy HepaBeHcTBa (1) o6paayer uHtepBan (—3; 2).
DTOT XKe pesyNbTaT MOXKHO NOJIy4HTb, HCIOAB3YS rpaduk ¢yHKUHH
y=x"+x—6(cMm. puc. 16).
Otsert (—3; 2).
llpumep 2. Pewnm nepaBeHCTBO
x> 5. (6)
Ilepenecem 5 B JieBylo yactb HepaBeHncTBa (6), moJyuuM HEepaBEeHCTBO
BTOPOil CTereHH
£ -5>0, (7)

PaBHOCHJIbHOE HepaBeHCTBY (6). Pasnaras Ha siHHe/ Hble MHOXKHTEH MHO-
rouseH X —5, NPHXOAHM K HEPABEHCTBY

(x = (-BY)(x-5) >0, . (8)

paBHOCHJILHOMY HepaBeHCTBY (7).

OtMeTHM Ha KOOPIMHATHOMH ocH Ox TOUKH —/5 H /5 (puc. 23, a). Paccyx-
Aast, KaK H BblLUE, IOJY4HM, YTO MHOXKECTBO BCeX pellleHUil HepaBeHCTBa (8),
a 3HayMT, M HepaBeHCcTBa (6)
o6pasyeT o6belHHEHHE HHTEPBAJIOB . 4
(~00;-/5) u (J5; +00). DTOT XKe —0 O- —
pe3yabTaT MOXKHO TMOJIYYHTb, HC- ~V5 V5 x
noJb3yst rpadUK JHHEHHOH BYHKLHH a)
y=x"—5,  u3oOpakeHHbi  Ha
pucyHke 23, 6. y A

OTBeT:(~w;—J§)U(J5;+m) y=x2-5

lIpumep 3. Pewuum iepaBeHcTBO

1 1 1,2 i
X+ = >=x°
57 273 (©) '
[lepenecs Bce untensl HepaBeH-
ctBa (9) B J1eBylo YacTb, NOJYYHM
HePaBEHCTBO

1,2 1 1
—sf+ 3+ 150, (10) 75

paBHOCH/IbHOE HepaBeHCTBY (9). 6)
Taxk kak pou3BOAUTL BBIYHCJIEHHS C Puc. 23
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N7/,
X1

X X

Puc. 24

UeJBIMH KOS @HUHMEHTAMH yI06HEe, TO YMHOKHM HepaBeHCTBO (10) Ha
yrcao —30. [Nosyyum HepaBeHCcTBO
(11)

105> ~ 6x — 15< 0,

paBHOCH/IbHOe HepaBeHCTBY (10).
Tak kak kBanparHbii Tpexuned 10x?—6x~ 15 umeer gpa KODHS:

3- /59 3 + /159
S TR 2 R T e

TO HepaBeHCTBO (11) paBHOCH/IBHO HepaBeHCTBY

(x = %) (x = x,) < 0. (12)

Paccyxpas, kak Bblwe (puc. 24), noJyyuMm, 4TO MHOXECTBO Beex
pewenuii HepaBeHcTBa (12) o6pasyer HHTepBaa (x,; X,).
CJieioBaTe/IbHO, MHOXECTBO BCeX pelleHHUil HepaBeHcTBa (9) o6pasyer

HHTEpBAJ (3—;/0159 : 3 +1A0/159) )

OrBer: (3—;/0159 : 3 +1~0/159) '

106°. Kak pemaior HEPaBeHCTBA, JIEBble H NPaBble YaCTH KOTOPLIX MHO-
rouJieHbi?

107. SBnsitorcs /M PaBHOCH/ILHBIMH HepaBEHCTBA:
a) 3-x+x*>0 u x*>x-3;
6) x*-5<3x i 4x'—12x < 20;

3x*-21x-24<0;

©—Tx 4
B) —5— < H

r) X +5x-7>0 u 0,01x2—0,07>—%x?
108. IlpuBenuTe HepaBeHCTBO:

a) 7>3x-5x%; 6) 2x>-3+ 2x%;

B) 13x*-5<x; r) 4x + 5 > x*

K BHIY ax’ + bx + ¢ > 0 uan ax® + bx + ¢ < 0.
109. INpuBegure HepaBeHCTBO:
a) 10x-x*>1; 6) 4x2-6>9;
B) 7 < l4x + 2x%; r) 5x*>13x-8
K BHOy ax’ + bx + ¢ < 0.
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110. Ipusegure HepaBeHCTBO:
a) x*>7-3x; 6) —x*< 5x-6;
K BULY x* + px+ g >0 unn ¥ +px+g<0.

Pemnte nepapencrao (111-115):

111. a) 0,5x%> x; 6) 1,3x°<2x;
B) 31 2. z 3x?:
) gX <X r) 8x>15x,
1) 7> 4x%; e) 5<—x;
x) 2x7< 3; 3) 3x°>-5.

112. a) 10x*>3 + 5%
B) 23x<9x’ +8;

6) 12x*>8x+3:
r) 7x*—6>25%.
113. a) 5(x—1)2>5(l—x)—x;
6) 2(x +1)" <2(2x + - (x— 1) (x +1):
B) (x=1)"+ (x-2)"<1;
r) (x+3)(x-2)>3x + 10— (x + 2)°.
114. a) x*>6x-9; 6) 16x*<8x-1:
B) 4-3x<1-2x: r) 6x>12-5x%;
R) xX*~Tx+5>3x*—5x; e) 4x° +8x>7x—

115. a) %+0,2x2<1;

B) G=D(x-2) o x+1 _ x .
15 5 37

116. Haiigure o6nacts onpesieieHHA (DYHKLMHU: ’ l
) y=x; O y===: )y~
0y=L; ) y= ) y=
>g)y=%; Ny=E=s wy-
K)y=m; Ny=E w)y=
117. Hasigure o6aacts Olipefe/IeHHs HYHKIIHH:
a) ¥= Ay 6) ¥= 525 B) y=
22596

2 2
]‘) 12;x _X . x~—3

B) -1,2x<3-0, 552

12.

6) ¥ 152> 0,2

2
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§ 3. PALMOHAJIBHBIE HEPABEHCTBA
3.1. MeToa uHTepBajioB

OtMmeTHM Ha koopnuHaTHOH ocu Ox 4ucio x, (puc. 25).

Touka x, pesut ocb Ox Ha JBe YacTH:

1) nst moGoro x, HaXoAALLEToCA CNpaBa OT TOYKH Xy, ABYW/IeH X — X,
TMOJIOXKHTe/IeH;

2) st 0GOTO X, HAXONSWIErOCs C/leBa OT TOUKH X,, ABY4JI€H X — X,
OTpULATEJIeH.

ITO CBOHCTBO AByWIeHa JIEXHT B OCHOBE METOA HHTepBaJIoB. IIycTh,
Harpumep, TpeGyeTcst pelliuTh HEPABEHCTBO

(x=x,) (x=x,) (x—%;) >0 (1)

HJIH HEPABEHCTBO
(x=x) (x—x,) (x—x;) <0, (2)

rae x,< X,< X,.
OrmeTuM Ha ocd Ox TOUKH X, X, # X;. OHH JeasiT och Ox Ha ueThIpe

HHTepBaJa: (—00; x1), (X} X,), (%, X;), (x5 +o00) (puc. 26).
PaccMoTpuM BhIpaxeHue

A(x) = (x=x)(x = x,) (x = xp). (3)

OueBupHO, uTO M1 JIOGOTO X, HAXOAAIIErOCH cripaBa OT X,, J1000H
ABY4J/IeH B MPOH3BEACHHH (3) NMOJIOXKHTEJEH, TAK KaK TOYKA X HAXOAUTCS
fpaBee BCEX TOUEK X, Xy, X, [To3TOMY 1 A (x) > 0 mst mo6oro x, npuHaz-
JIeXKAIEro MHTEpBaJy (x,; +o00 ).

Hast 06010 x, HAXOAALLETOCS MeXAY TOYKAMH X, M X,, TOCAeIHHIL
COMHOXHTEJb B NMPOU3BeAeHUH (3) oTpUUaTesNeH, T4K KakK X HAXOIUTCH
JleBee TOYKH X;, a JIIOOOH M3 OCTABLIHXCSA COMHOMHTENEH MOJOXKHTEJEH,
TaK KaK X HaXOUTCH NpaBee TOYEK X, U X,. [Toatomy A (x) < 0 ans moboro
X H3 HHTepBaJa (X, x,).

Auanornuno paccyxpasi, noayuum, uro A (x) >0 s mo6oro x u3
HHTepBana (x;; x,) A (x) < 0 pis a06oro x U3 uHTepBana (—oo; x,).

Ha stom paccyxmenus ocHOBaH MeTon HHTEpPBaNOB peliueHHst
HepaBeHcTs (1) u (2), cocrosiumii B cnepyrouiem: Ha och Ox OTMeuaoT
TOYKH X,, X,, X5, HaJ HHTEPBaJOM (X,;, + 00 ) CTABAT 3HAK <ILIIOC», HAJ
HHTEPBAJIOM (Xy; X;) CTABAT 3HAK «MHMHYC», Hal MHTepBaJOM (X,; X,) —
3HAK «ILMIOC», Hajl HHTEPBAJIOM (—00; X;) —— 3HAK «MHHYC» (pHc. 27).

Torna muoxectBo Bcex peureHuii HepasencTsa (1) 6yet cocTosTb U3
BCeX HHTEPBAJIOB, Haj KOTOPLIMH MOCTABJIEH 3HAK «TWIIOC», 4 MHOXKECTBO
BCeX pellieHHH HepaBeHCTBa (2) GyleT COCTOSITb M3 BCeX MHTEPBAJIOB, HaJ
KOTOPBbIMH OCTABJIEH 3HAK <MHHYC>.

O

X0

Q

=
o —O
X

X1 X3 X3

]Y

Puc. 25 Puc. 26
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- + - +
—O~ ~O— —O— —
X1 X2 X3 x
Puc. 27
- rN -
- ~—> —-
1 2 3 x
Puc. 28

OrMetum, uto camu uucna x,, x,, X; He SABJITIOTCS PELICHHSIMH HEPABEHCTB
A(x)>0 u A(x)< 0. dtum OGBACHSETCS, YTO MHOMECTBO DeLUCHME 3THX
HEPABEHCTB COCTOMT H3 HHTEPBA/IOB, 4 HE U3 OTPE3KOB HIH TOJIYHHTePBAJIOB.

Iono6HbIM 06pasoM MOxHO pewiaTh HepaBeHCTBA

(x = x)(x— 1) ... (x—x)>0

(x=x)(x=x,)...(x ~ x,) <0,

Toe X, < X,<..<Xx, n— HaTypaJbHOe YHCJ]O.
OTmeTHM, 4TO PaKTHUECKH 3THM XKe METOJIOM Mbl PeIlaJii HePaBEHCT-
Ba BTOPOH CTEMEHH C MOJIOXKHTEJLHBIM THCKPHMHHAHTOM.

Ilpumep 1. Pemum wepaBescTBO
x=Dx-2)(x-3)>0. (4)

Bynem pewars nepasenctso (4) metozom HHTepBajoB. OTMETHM Ha ocH
Ox rtouku 1, 2, 3. Hag HHTepBanamu (—oo; 1), (1;2), (2; 3), (3; + o0)
CIpaBa Ha/leBO MOOYEPEIHO PACCTABHM 3HAKH <IJIIOC» M «MHHYyC» (puc. 28),
HauyHHast ¢ «mmoca». M3 pHcyHKa BMAHO, YTO MHOMECTBO BCex pewenui
HepaBeHCTBa (4) COCTOMT M3 1BYX MHTepBaJjoB (1] 2) u (3; +o0). (Ha pu-
CYHKE OHH OTMEUYeHBI Iyramu. )
OtBer (1; 2) U(3; +x).
llpumep 2. Pewum HepaBeHcTBO
(2=x)(*—4x+3)(x+ 1)>0. (5)
Pasiiaras kBagpatubiii TpexuieH x° — 4x + 3 Ha MHOXHTe/H:
X —4x+3=(x—1)(x— 3),
IOy iHM, 4TO HePaBEHCTBO (5) MOXKHO 3aMHCaTh B Buje
(x = (=12 =x)(x = 1)(x - 3)>0. (6)

YMmuoxkas Hepasenctso (6) Ha —~1, NOJIy4HM, YTO OHO PaBHOCHJILHO
HepaBeHCTRBY

(x—(-—l))(x—1)(x—2)(x—3)<0. (7)

[TostoMy ocraerca pewnts HepaBeHCTBO (7). OHo yxKe 3amucaHoO B Hyx-
HOM LJist MeTola WHTepBaJoB BHie. OTMeTHM Ha och Ox Touku — 1, I, 2,
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3 (puc. 29). [TpuMeHsist METOA HHTEPBANOB, HAXOLHM, YTO MHOMKECTBO BCEX
pelleHul HepaBeHCTBa (5) cocTout U3 ABYX MHTepBanios: (—1; 1) u (2; 3).
OrBer (—1; 1)U (2; 3).
O [llpumep 3. Pelinm HepaBeHCTBO
(x =1 (x=-20(x—3)(x—-4)<0. (8)

Hepasenctso (8) Heabssi pewats, kak npeabaylle HepaBeHCTBA, TAK
KaK He BCe JBYYJEHBl B €ro JIeBOH YaCTH HAXONATCS B MEPBOH CTEHEHH.
Jisi peuleHHsi TaKMX HEPaBEHCTB OOBLIMHO NPHMEHSIETCS OGHME MeTon
MHTEPBAJIOB, COCTOSILIMY B CJefyiolieM: Ha ocd Ox oTMeTHM Touku 1, 2,
3, 4, a 3aTeM B KaXKIOM U3 MHTepBAJIOB

(—o0; 1), (1;2), (2;3), (3; 4), (4, +o0) (9)
HCc/leflyeM 3HaK MHOTOYJeHa
A(x)y=(x = 1) (x = 2y (x — 3)* (x — 4). (10)
Han npomexytkom cnpaBa ot HauGoJbliero kopHs MHOrouwieHa A(x)
CTaBAT 3HAK <«ILIIOC», TaK KaK Ha 3TOM IMPOMEXYTKE BCE MHOXKHTEJH
MOJIOXKHATE/IbHbI. 3aTeM, JBMrasch CIpaBa HaleBO, NMPH Tepexofe uepes
OYEpEeHOH KOPeHb MEHSIOT 3HaK, €CJH COOTBETCTBYIOLIMI 3TOMY KOPHIO
ABY4/IeH BO3BEJleH B HEYETHYIO CTeNeHb, M COXPAHSAIOT 3HAK, €CJH OH
BO3BEIEH B YETHYIO CTelleHb, TAK KaK 3HAKH [BY4JE€Ha M €ro HeueTHON
CTENEeHH COBMNAJAIOT, a YeTHAasi CTeNeHb JBYY/IeHA BCIOAY MOJIOXHTEJbHA,
KpoMe KOpHsi 3TOoro AByuwieHa. Ham kaxnbiM uHTepBasom cTaBsT Haii-
AEHHBIH 3HAK <IUIOC» MMM «MMHYC». TOrZa MHOXECTBO BCeX peleHHil
HepaBeHcTBa (8) GymeT cOCTOSTH M3 BCEeX MHTEPBAJOB, Haj KOTOPBIMH
MOCTABJ/JEH 3HAK «MHHYC». :

Hccnenyem snak MHorousena (10) B KaXKIOM M3 HHTepBA/OB (9). Han
HHTepBa/laMH (9) L0/DKHBI CTOAITh 3HAKH, KaK Ha pHCyHKe 30, Tak Kak TnpH
X >4 Bce MHOXHTEJH MOJIOXKHTE/IbHEI, B TOUKe 4 MPOU3BENEHHE MeHSeT
3HaK, TaK KakK pasHOCTb (X — 4) Bo3BelleHa B HEYETHYIO CTeNeHb 1: B TOu-
Kax 3 M 2 MpoM3BeNieHHe He MEHsIeT 3HaKa, TaK KaK PasHOCTH (X — 3)u
(x — 2) BO3BeleHB B YeTHYIO CTeMeHb, B Touke | NMpou3BeleHHe MeHsieT
3HAK, TaK KaK pasHOCThb (X — 1) BozBelleHa B HeueTHylo cTereHb. [TosTomy
MHOXECTBO BCeX pellleHHi HepaBeHCTBA (8) COCTOMT W3 TPeX HHTEpPBAJIOB:
(15 2),(2; 3), (3; 4).

Oteet: (1;2)U(2;3)U(3; 4). @

-1 1 2 3 x
Puc. 29

+ - - - + o

1 2 3 4 x
Puc. 30
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Puc. 31

llpumep 4. Pewunm HepaBeHcTBO
(4-3x—x2)(x2—4x+5)(x—1)<O. (11)
[pexnae Bcero HCC/IClyeM KBaJpaTHbe TPEX4I€Hbl B JIEBOH 4YacTH

HepaBeHcTBa (11). ¥ kBajgpaTtHoro Tpexusnena 4 — 3x — x2 JUCKPHMUHAHT
D =25>0, nostomy sror KBaJpaTHbIH TpexuleH MMeeT /Ba KODHSI

X, = =4 ¥ x,=1 1 cnpaBesIHBO TOMIECTBO
4=3x—x"=—(x—1)(x+4) (12)
Y xBazmpatHoro TpexwieHa x’—4x + 5 AHCKpUMHUHAHT D = -9 < (,

MI0O3TOMY 3TOT KBapaTHBI TPeXU/leH He HMeeT KOpHel M s J060ro x
CIIpABEVIHBO HEPABEHCTBO X~ — 4x + 5 > ().
Hcnonbsys toxpecrso (12), nepenniem Hepasencrso (11) B BHze

—(¢" —4x + 5) (x + 4) (x — 1 <o. (13)

310 HEPABEHCTBO MOXHO peWIHTb Y4UTBIBaf, 4YTO A1 BCeX x
MHOXHUTeNb X~ — 4x + 5 nosokureJien. Has storo orMetum Ha ocu Ox
TOUKH —4 W 1 ¥ onpesesuM 3HaK JieBo#l 4acTy HepaBeHcTBa (13) Ha
KaMIOoM U3 10JlydeHHbIX HHTepBaoB (puc. 31).

[Tonysaem, uto mHOXecTBO Bcex peilenuii Hepasenctsa (11) ects
MHOXecTBO (—4; 1) U (1; +00).

OrBeT: (—4; 1)U (1; +00).

0
118", a) B 4eM 3akmouaercs meTox HHTEPBAJIOB PELIEHHS HEePABEHCTB?
K HepaBeHcTBaM kakoro Buaa ou NpHMeHUM?
6) PaBHOCH/IBHBI /M HepaBeHCTBA X > 2 Uy — 2 > 0?
B) Bepno mu, wro ecau x > I, tox—1>0?
r) Bepho s, uto ecnm x < 1, 10 x — | < 0?
119. Ecau yucao x pacCnoJiolKeHo Ha KOOpAHHATHOH OCH JieBee yHC-
J1a 5, BepHO Ji, uTo: a) X ~ 5 < 0 6) x —5>0?
120. Ecau uncno x pacnonoxeno na KOODIHHATHOH OCH TipaBee 4uc-
Ja —2, BepHO JH, yTO: a) x—(—-2)<0; 6)x + 2 >0?
121. 1) Ecan yneno x pacnosoxero na KOODJAHHATHOHR OCH JieBee YyucJa
4, BepHo JaH, yT0: a) x — 5 < O; 6) x—2<0?
2) Eciu uneno x pacriosioxeHo Ha KOODAHHATHOH OCH mpaBee
uncsia 10, BepHo JH, yto: a) x — 11 > 0; 6) x—9>0?
122. a) Ecau uncno x pacnosoxeno Mexay uyncaamH 1 u 3, To Kakue
3HAaKH MMEIOT IBy4JeHbl X — 1 u x — 3?
6) Ecnu uncno x pacnosoxeno Mexay 4uciamH —3 u —1, T0
KaKHe 3HaKH UMEIOT IABYYNeHb X + 3 U x + 1?

37



38

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Jan pByuier x — 6. [IpH KakKux 3HaueHHsX X 3TOT IABy4YJIeH
NpHHHMAET:

a) 3HaueHHe, paBHOE HYJIIO;

6) moJoXHTe bHbIE 3HAYEHHS;

B) OTpHLATeJIbHbIE 3HAYEHHUS?

a) Ecau uucio x pacrnosiokeHo Mexay uucaamMH 2 H 5, kakue
3HAaKH HMEWT [BYyWieHHl X —2 W x — 5; Kakoil 3HaK HMeeT
BhIpaxkeHue (x — 2)(x — 5)?

6) Ecau 4ucao x pacrnofioxeHO JeBee yHcsla 7, KaKHe 3HAKH
UMeIOT AByWIeHbl X — 7 U x — 8 u BblpaxeHue (x — 7) (x — 8)?
Ha koopnuHaTHo#l ocH oTMeuenbl uucaa 1, 2 u 3. Onpepesnure
3HAKH KaXJIoro AByuJeHa x — 1, x — 2, x —~ 3 ¥ 3HaK BLipaxe-
Hua (x — 1)(x = 2)(x — 3) Ha wmHTepBaNax (—o0; 1), (1;2),
(2;3), (3; +o00).

a) Hafizute Bce Takue x, uTo BhipaxeHnue (x ~ 1) (x — 3)(x — 4)
NIPUHMMAaeT 3HAY€HHe, PABHOE HYJIIO.

6) Onpenesute UHTEPBabl, Ha KOTOPBIX BhIpaXKeHHE

(x — 1)(x —~ 3)(x —~ 4) npUHAMAET MOJIOXKHTEJIbHbIe 3HAYEHUS; OT-
pUUATeJIbHbie 3HAYEHHS.

Pewinte HepaBeHCTBO MeTOAOM HHTepBanoB (127—133):
a) (x—1)(x—3)(x—5)>0; 6) (x—1)(x—2)(x—4)<0;
B) (x+ 1)(x—1D(x—-2)>0; 1) (x+2)(x+1)(x—3)<0.
a) (£* +x)(5x +5)<0;

6) (3x + 12)(2x + 10) («* — 2x) > 0;

B) (6x" — 12x)(x + 4) < 0;

r) (2% — 16x) (4x + 4)(7x — 21) > 0.
A)2—x)x+)Hx—-7)<0;

6) (b—x)(x—3)(x+12)>0;

B) 3x—4)(1 —x)(2x+ 1)>0;

r) 2x—5)(7Tx+3)(x+8)< 0

n) (5x ~6)(6x —5)(1 —x)(3x+1)>0;

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

a) (x—3)(X*—3x+2)>0; :

6) (2—x)(xX* —x—12)<0;

B) (! —3x—4)(£+x—12)<0;

r) (£ = 5x—6)(x* + 2x — 15) > 0.

a) (x*—16) (¥ —x—2)(x+2)>0;

6) (4+x)(9—)(XF*—2x+1)<0.

a) (x—2)2gx—l)>0; 6) (x+4)(x+3)22<0;
B) Bx— 1) (x + 1) >0; r) (x+2)(5x + 3 <0.
a) (2—4x)(x*—x—2)<0;

6) (—4—3x)sx2+3x—4)>0;

B) 3x—T7)(x +2x+2)<0;

r) (5x — 8)(x* — 4x + 5) > 0;

R (X +4x+5)(F—4x+3)(x—1)<0;

e) (—x>+6x — 10)(x* = 5x + 6) (x — 2) > 0.

3.2. Pemenne pauMoHaibHBIX HepaBeHCTB

Ilyctb nana anreGpauyeckas apoGb g%)),

rme A(x) u B(x)—
MHOTOU/IEHbI OTHOCHTENBHO X.
Hepagenctso
2@ >0 (1
B(x)
Ha3blBAOT PAUHOHAJILHBLIM HEPABEHCTBOM.

HanoMuumM, 4To pelneHHeM HepaBeHCTBAa C OZHHM HEM3BECTHBIM X
Ha3bIBAIOT TaKO€ YHCIO X, MPH MOACTAHOBKE KOTOPOrO B HEPaBEHCTBO
BMECTO X MOJIy4yaeTCsi BEPHOE YHCJIOBOE HEPaBEHCTBO.

Pewums nepasencmso (1) — 3Haunt HallTH Bce ero pelleHUs1 WIH
J0Ka3aTb, YTO HX HET.

Jlerko BuzeTb, uTo MOGoe peluenne HepaBencTsa (1) ecTb pellleHUe
HepaBeHCTBa

7 A(x)y-B(x)>0. (2)
JleACTBATENbHO, €C/IH YHCIIO X, €CThb pelleHHe HepaBeHcTBa (1), To
A(x
CMPaBe[/IMBO YHCAOBOE HEPABEHCTBO % >0, osHauamwuiee, 4To yHC-
. .

aa A (x,) u B (x,) onHoro 3Haka, T. e. 4To
A(x,) B (x,) >0,

a 3TO O3HAa4YaeT, 4YTO X, €CTh pellleHHe HepaBeHCTBa (2). AHaJoruuuo
TOKa3bIBaeTCs, 4TO JHOGOe pelueHHe HepaBeHCTBA (2) ecThb pelueHHe
HepaseHcTBa (1). CuenoBaresbHo, HepaBeHcTBa (1) u (2) paBHOCHIBHLI.

Byaem chavana paccmatpuBaTh JHMIIbL TOT ciydai, KOrga MHOTOuJe-
Hbl A (x) U B(x) pasjaraiorcsi B NPOH3BENEHHE PA3ZHbLX dByunrenos BHUla
x — x,. Torna HepaBeHCTBO (2) MOXHO PeIUHTb METOLOM HHTEPBAJIOB.
ITosToMy 06BIYHO He MOBTOPSIIOT WISt HepaBeHCTRa ( 1) paccyKueHns, npoBeneH-
Hbl€ palee Il MHOTOYJIEHOB, a Cpasy K HepaBeHCTBY ( 1) npuMeHsioT MeTox
HHTEPBAJIOB.

llpumep 1. Penrum HepaBeHCTBO

x-3
=3 > 0. (3)

[Ipumenss merton uuTepBasoB (pHc. 32), HAXOAMM, YTO MHOMKECTBO
BCeX pellieHHli HepaBeHCTBA (3) COCTOMT W3 IBYX HHTEePBAJIOB: (— oo ; 2) 1
(3; +o0).

OrBeT (—00;2)U(3;+00).

+ ) —
2

Puc. 32

J

3 x
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Ilpumep 2. Pemum HepaBeHCTBO

2_2x-3
;’;_3%2_ <0. (4)
Pa3ioxXXuM Ha JIMHeHHble MHOXMTEJH KBA[paTHbie TPeXUJeHbl
X —2%—3 (5)
" -3+ 2 (6)
Keagpartubiii Tpexunes (5) umeer gpa kopHsi: x, = —1, x,=3 #u

pasJjlaraercsi Ha JIHHeHHbIE MHOXHTEJIH:
X =2=3=(x—(—1)(x-3).
Ksanparubiii Tpexunen (6) umeer aBa Kopusi: x, =1, x,=2 wu
pasJlaraercsi Ha JHHeHHble MHOXHTEJIH:
£ =3x+2=x—-1)(x—2).

CiriefoBaTeJ IbHO, HepaBeHCTBO (4) MOXHO MEpenucarh B BHAE

G- CE-3)

x-1)(x-2) )

Ipumensist MeTox HHTEpBaJIOB (pHC. 33), HAXOANM, UTO MHOMXKECTBO BCex
pelueHui HepaBeHCTBa (4) COCTOMT M3 IBYX HHTepBasoB: (—1; 1) u (2; 3).
OrBert (—1;1)U(2;3).

IMycTb naHbl anreGpandeckue ApoGH A0y Ay(0) rae A, (x), B, (x),

By (x) By(x)”’
A, (x), B, (x) — MHOTOUJIEHbl OTHOCHTENIbHO X. HepaBenctso

Ai(x) A, (x) 7
B,(x) ~ B(x) )

TaKkKe Ha3blBaIOT palHOHANbHbLIM HepaBeHCTBOM. [ljisi €ro pelieHHs Hamo
NiepeHecTH BCe €ro WieHbl B JIEBYIO 4acCTb, BhIYeCTh APOGH B JIEBOH 4aCTH
U, He COKpallasl YUCJHUTeJb U 3HAMeHaTeJsb Apo6H Ha OGILHEe MHOMKHUTEJH,
NIPUBECTH HepaBeHCTBO (7) K BHIY

Ax)

L2859 8

40 >0, (8)
rae A (x) u B(x) — MHOTOY/IEHB OTHOCHTEJNBHO X.

3atem pewHTh HepaBeHCTBO (8). Tak kak HepaBenctsa (7) u (8)

PaBHOCHJIbHBI, TO BCE pellieHHs HepaBeHCTBa (8) 6yayT BCeMHU pellleHHSIMH
HepaBeHcTBa (7).

40

+\ - [+ - O+
3 -1 0 '3 x

Puc. 34

lIpumep 3. Pewnm nepasencTso
X 1
x+3 % (9)

1
Ilepenecs npo6e X B neByio wacts HepaBeHcTBa (9), NoJy4HM Hepa-
BEHCTBO *

X 1
2x+3~;>0, : (10)

paBHOCHJIbHOe HepaBeHCTBY (9).

Bouutast npo6u B seBoil wacTu Hepasencra (10), moayuum Hepa-
BEHCTBO

£ -2x-3
m>0, (11)

PaBHOCH/IBHOE HepaBeHcTBy (10). Pasnoxus ksanpatHbiit TpexwieH x* — 2x — 3
Ha MHOXHTEJIH, nepenuiieM HepaBeHCTBO (11) B BHge

_xEDE=3) g (12)
2(x—0)(x+g)

[Tpumenss k Hepasencray ( 12) meron unrepranos (puc. 34), nonyuum, yto
MHOMECTBO BCeX €ro peUleHHH COCTOMT M3 O0GbeiuHeHHs HHTepBaJIoB

(Fe03-2), (=1;0), (3; +o0).

OTBer: (—oo ;—g) U(=1;0)U(3; +o0).

0
134", Kakue HepaBeHCTBa HasbIBAIOT PaBHOCHJIBHBIMH ?
135. PaBHOCH/IbHBL JH HepaBeHCTBa:

3on.
a) 3x>0n 2>0; 6)—5x>0u§<0;
B) %w H(x+1)(x+2)<0?

Pewnre nepasencrso (136— 149):

136. a) 5 >0 -3 <o0; < 0; 1
D320 0 -i<o w Lco nLloso
x—1 . -4 . xt3 —

137. 2) 253 >0;  6) &=L<0; ) PIe <0 ) L0,
x—-6 . 4~ . 2x+4 ==
138. a) 5 >0; 6) x_g<0, B) 4;I2<0; r) %§f§>0.



139.
140.

141%,

142%,

143*.

144*,

145.

146*.

147%,

148%,

149*,
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2x+3 . 7+x > ()
a) x—4 <0; 6) 4x-3 0;

a) L=022) 5
B) !x+l)g7—x}<0;

(8+x)(x-5)

45— x
2 =X 50
a) x+1 ’

13x-2x2 .
22X 0
B) 4x—-x2 ’

x2-1 .
>0
a) x+4 ’

2
X —4x+4<0;
x=-1

2-x-2 .
>0
a) -9 ’
2-7x+6 <0:
(32— 12)x-1) ’

2
x“—x+2 .
__<0
a) 2-Tx+6 ’

x2-3 .
—Zx=° 590
B) 7x2+3x+2 ’

a) ()C_*'M>O;

(x+3)2

B) (-1PE=2 >0:
(x-3) '

Il) gx—l!zgx—Sg >0
x+3 !

6)
r)
6)
r)
6)
r)
6)
r)
6)
r)
6)
r)
6)
r)
6)
r)
6)
r)
6)
r)
e)

12x -6 .
B) Fxog >0 1)
(x+1!(x—2g<0.

x+3 ’

(x—6)(4-x) >0,
(x=1)1+x)
2
<0
2
e il
2
x2—7g;19 >0

2x+5

16 —x? .
—2=X <0
2*-5x-6 ’

25x% - 1
—=2X -1 <0
5x%—26x + 5

xi+4x-21 .
=1 > ();
2-2x+5

4% +5x+ 3
5 <0.

Log.
X

=l oy
X

5

5x.
3’
3-%°
2+6x+6 <0:
x+2
i >0,
32— 4x-1

(r+1)° (x-2)° _ 0:

x+3

(x + l)gx—2!3 <0.

x+3
(x—1Y(x+2)? <0:

x+3
gx+1!(x+223 <0;

x+3

&Mﬂ<0
x—4 )

35
X
2>x—2
x

7x-1 <0.
X

3.3. Cucremsl paumonansHpix HepaBeHCTB

Ecan Hano wmafitn Bce umcna X, Kaxjaoe H3 KOTODLIX eCThb pelueHHe
ONHOBPEMEHHO BCEX JAHHBIX PALMOHAMbHbIX HepaBeHCTB, TO rOBOPST, 4TO
HAJ0 PEIUHTD cucmemy payuoraronox Hepasencms ¢ 0dnun Heuasecm-
HbiM X.

Hdas Toro 4ro6u pewnts CHCTEMY DallHOHANbLHBIX HEPABEHCTB, HALO
PELIMTL Kakpoe HePaBeHCTBO CUCTEMbI, 3aTeM HaiiTH ofmyo yactb
(nepeceuenne) noayyeHHbIX MHOXeCTB pellleHUd — oHa u 6yaeT mHo-
HKECTBOM BCeX pelieHHH CHCTeMBbl.

lpumep . Pewnm CHCTEMY HEpaBEeHCTB

(x=1)(x-58)(x-7)<0,
=2@=3) | g (1)
x—4 '

IMpumensii MeTon HHTEpBasOB, HAXOUM, 4TO MHOXKECTBO BCEX pelie-
HHH T1€PBOT'0 HEPABEHCTBA CHCTEMb (1) cocrour us HHTEPBaJIOB (—o0 ; 1)
H (5; 7) (puc 35, a), a MHOXKeCTBO Beex DEeIIeHHH BTOPOrO HepaBeHCTBa
cucTeMsl (1) cOCTOHT U3 MHTepBanoB (2;3) u (4; + 00 ) (puc. 35, 6).

OtMetuM Ha koopnuHaTHO# ocH Ox NIepBOE H BTOpOE MHOMXeECTBA (pHc. 36).
O6wasn yacTs 3THX MHOXKeCTB — uHTepBan (5; 7). CrepoBatenbno, MHo-
KEeCTBO BCeX pelleHHl cHeTeMsl (1) cocrasasier HHTepBan (5; 7).

OrBert: (5; 7).

lIpumep 2. Peuium CHCTEMY HEeDABEHCTB

x*-6x+10<0,
xg—x3+x+2 (2)
xtox?+ ] >0.

Tpumensis meton, Beinenennst mosHoro KBazpata, MoxKHO HamKcaTh,
40 X ~ 6x + [0 =x"~ 2-x-3+ 32— 324 10 = (x =37+ 1.

1 5 x
a) 7
- (N - - .
2 3 4 x
6)
Pue. 35
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[TosToMy nepBOe HEPABEHCTBO CHCTEMBI (2) MOXHO 3anucarh Tak:

(x—3)*+1<0,

OTKyJla BHIHO, YTO OHO H€ MMEET pEI.[IEHI/IPI

Tenepb MOXHO He pelllaTh BTOPOE HePAaBEHCTBO CHCTEMBI (2) TaK Kak

OTBET yXKe SICeH: CHCTEMa HePaBEeHCTB (2) He MMeeT peLieHHH.
O TBeT: HeT peilleHHH.

150°. a) UTo 3HAuMT pelTb CHCTEMY PallHOHAJbHbIX HEDABEHCTB?

44

151,

6) Kak pelualotT cHcTeMbl PalOHaAbHbBIX HepaBeHCTB?
SIBAsieTCs 1M KaKoe-HUGyab H3 unces: —1,
CHCTEMBI HEPAaBEHCTB:

2) {<x—3)2 >0,

{(x + 4)(x-4) >0,
(x-2)(x-5)<0;

(x + 5)2>0;

, 0, 2 — pemeHnem

(x-2)(x-3)>0, (x+2)(x+10)<0,

_1_<2;

-3x+5>0,
B)
x-4

_’L+_4>5
r) x '

©-6x-8<0?

Pewnre cucremy HepaBeHcTB (152—158):

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

52. a) {(x+ D(x-3)<0,

x+2)(x+D>0,
(x+6)(x-3)<0;

{( x-1)(x-2)<0,

6) {x(x+5)<0,

(x-1D(x-4)<0;

(x-5)(x-6)>0,
x+3)x-4)<0.

6) {(x + 10)(x-13) >0,

156. a) x+2 >0 6) x-3 <0:
(x-4)x+4) ’ x+4H(x+7) ’
rx2>4, x* < 25,
B) | -9 > 0: I‘) X —16 <0
£ —8x+ 16 L+6x+9 )
x-5
J >0, <0
x+3 x—4 ’
157. a) x+7° 0) x+8
x-3 <0; x-7 >0;
-1 ’_16
Erwid P
B) xX-5 F)
= < 0; -2 50
x“ -4 -9
2 2
x =3|x|+2>0, x"-b|x| +4<0,
158%*. a) 10 6) 1t |
—=>0 =<0
X x
[fxl-1 xl+1 59
B) IX|+2 r |xf — ’
fxl- x| -5
|x|+4 +o1 <0

3.4. Hecrporue panuoHaibHbie HEpaBeHCTBA

PaCCMOT‘prIM pelleHHe HEeCTPOruX HepaBEeHCTB

N

H

=21 20

Aw) <,

rae A (x) u B(x) — MHOrousieHbl OTHOCHTEJBHO X.

153. a
x(x-3)>0; (x+8)(x-12)<0;
¥-4<0, ) x <=2,

5 x>0 D¢-9>0

154, ){( -1 (x-2)>0, 6) {(x+3)(x+2)<0

x-1)(x-3)>0; x-4)(x+2)>0;
5) (x+ D(x=1)>0, . (x+4)(x-6)>0,
(x+1D(x-3)<0; ©-1<0,

155. ){(x 5)(x + 1) >0, 5) {(x+2)2(x+3)<0,
(x —10)>0; (x+2) >0;

" {x —4x+3>0, 9 {(x2—1)<x+3)>0,
Px-7)>0; (x+5)(x-1)" >0

Ecaun nekoTopoe uncio x, ecTb peuleHde HepaBeHctBa (1), To
crnpaBelJMBO 4YUCJIOBOE HEPaBCHCTBO
A A (xq) >0.
B (x;)
Toma B CHJy onpeacJieHUA 3HaKa HECTPOIroro HepaBeHCTBa cnpasen-
JIUBO HJIM YHCJIOBOE HEPaBEHCTBO

A(xg)

B (x,) >0,
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HJIH YHUCJIOBOE paBeHCTBO
Alg) _
B (xp)

HHave roBops, ec/H YHCJIO X, €CTb pelleHHe HepapeHcTBa (1), To oHO
au60 pellleHHe HEPaBEHCTBa

A (x)

sy >0 Q
Ju60 pelileHHe ypaBHEHHst

A@x) -

) 0. (3)

3aMeTHM, 4TO J1I060€e pelleHHe HepaBeHCTBa (2) u Jwo6oe peLIeHHe
ypaBHeHust (3) ecTb peuieHse HepaBencTtsa (1).
A(x)
B >0
A (x)
B(x) >0

Criel0BaTeNIbHO, MHONECMBO BCEX peweuuti HepaseHncmsa

ecmb 06BeCuHeHUe MHOXCeCmBa 8cex peuleHull Hepasexcmaa

Ax)
B(x)

u MHoxecmsa scex peuteuuti YypasHeHusn

A(x)
1) <0
Ax)
15 <0

AHAJIOrHYHO MHOMEcmBso 8cex pemenuﬁ HepaseHcmsa

ecmb 06BeduHenUe MHONECMEBa 8Cex petueuuti HepaseHcmsa

A =
B (x) )

3aMeTHM, YTO eCJH MHorowieH B (x), cTosiui B 3HaMeHaTeJse aJ-
re6pauueckoii Apo6H ’;%;-, eCcTh YyucJo 1, TO npHBeReHHbIE BBILIE pac-
CyXJIEHHS TIPUMEHHMBI U Jnist pelueHus1 HepaBeHeTB A (x) 20 A (x) <0,
rae A (x) — MHOrouJieH OTHOCHTEJIbHO X.

[Ipumep 1. Pelium HepaBeHCTBO

u MHOJXKecmea 8cex pemenud ypasHeHus

3x—~720. (4)
CHayasia pellHM ypaBHEHHe

3x—-7=0. (5)
Ero eauncTBeHHOE pelieHHe x,= %

3areMm pelllMM HepaBEHCTBO
3x—7>0. (6)

MHoXecTBOM Bcex pelleHHi HepaBeHCTBa (6) siBAAKOTCA BCe X >% .

OO6beanHss MHOXKECTBA BeeX pellleHHii HepaBeHeTBa (6) u ypaBHeHHs (5),
noJiydaeM, YTO MHOXECTBO BCeX pellleHHH HepaBeHcTBa (4) cocraBasier

noJiyHHTepBas [%, +‘oo).
Orser; [L: )
[3, + oo
46

IIpumep 2. PelmiuM HepaBeHCTBO

28— x—1<0. (7)
CHavana peuIdM ypaBHeHHe

2% —x—1=0. (8)
Ono uMeeT KopHu x, = —% Hx,=1.
Teneps peiunM HepaBeHCTBO

2 —x —1<0. (9)
Tak Kak KBaapaTHbIA TpexuieH 2x° — x — | HMeeT KOpHH x, = —% H

X, =1, T0 HepaBeHCTBO (9) MOXHO 3anucath B BHJE

Q(x-(_%)) (x—1)<0.

Pewas ero metonom unTepBasos (puc. 37, a), nony4aeM, 4TO MHOXECTBO

BCeX pelieHHH HepaBeHcTBa (9) cocTaBJsieT HHTEpBa (—%; 1) .

OG6benuusisi MHOXeCTBa BCeX pelleHHA HepaBeHcTBa (9) M ypaBHe-
Hust (8), nosryuaeM (puc. 37, 6), 4TO MHOXKECTBO BCex PelleHHH HepaBeH-

cTBa (7) cocTaBJsieT OTPe3oK [—-%; l].

OTBer: [—%;1].

Ilpumep 3. Pewnm HepaBeHCTBO

9%’ —6x+1<0. (10)
CHauasa pelMM ypaBHeHHe
9%’ —6x+ 1 =0. (1)
OHo HMmeer eﬂHHCTBeHHb[ﬁ KOpeHb X, = - —2% = T6§ = %
Teneps pewnM-HepaBeHCTBO
9%’ —6x+1<0. (12)

o 2 o
Tak kak KBajpaTHbIH TpexueH 2x° — x — | UMeeT eUHCTBEHHBIl KOPeHb
1

X, = 3, TO HEPABEHCTBO (12) moxHO 3anucath B BHie

1 2
9(x-1) <o,
+ L - 4+ g
-1 1 x -1 1 x
2 2
a) 6)

Puc. 37
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-3 -2 0 4 x
a)

oL, -0 L3

-3 -2 0 4 x
6)
Puc. 38

C.nenosaTe.ano HET HH OJHOIo JeHCTBHTEJLHOIrO YHCJa X, yAOBJIeT-

BOPsil01ero 3TOMY HEPaBEHCTBY ( KBaJpaT JI060T0 JelCTBUTENLHOTO YHCIa |

He MOXeT ObiTb OTpUuATe/bHBIM). [T03TOMy HepaBeHCTBO (12) ne umeer
peleHHu.

Hrak, nepaBencrso (10) HMeer €IHHCTBEHHOE pellleHHe X = %
. L
OtBer: 3
llpumep 4. Peunm HepaBeHCcTBO
x+2)(x-4) <
x+3)x 0. ( 13)
Chrayana pelinM ypaBHeHHe
(x+2)(x—-4)= (14)

x+3)x

Jlerko BHzeTb, 4TO OHO HMeeT KOpHH X,=—2 4 X,=4 ¥ IpYrux KopHe# He
HMeer.
Tenepsb peium HepaBeHCTBO

(x+2)(x-4) < 0

(x+3)(x-0) (15)

[Tpumensist MeTox HHTepBasoB (pHc. 38, a), HaleM, YTO MHOKECTBO BCexX
pewennit HepaBeHcTBa (15) cocraBaser na umTeppana: (—3; —2) u
(0; 4).

OG6benuusis MHOXKeCTBa BCeX pelleHHil ypaBHeHnust (14) u HepaBen-
crBa (15), noayunm (puc. 38 6) MHOXeCTBO BCeX pelleHHH HepaBeH-
crBa (13): (—3; —2]U (0; 4

OrBerT: (—3; —2]u (0, 4].

L]
159°. Kax pewaior HecTporue HepaBeHCTBA?
Pemre HepaBencTo (160—166)

160. a) 2x -~ 3 < O; 6) 4x — 3 > 0;
B)5x—8>3x—-l, r)2x—-4<4x—3
.a)x—12x+32<0, 6) x° +8x+12

B)2¢+x—7 > 0; r)3x—5x—l<0
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i
;
i

','
1
3
g
£
i

164.

166*.

| SETYS

L 169+,

162.

163.

165.

168. a

a) —

£+2x—-120;

B) 3x* + 18x + 27 < 0;

a) x°

—-3x+520;

B)8*—x+1<0;
a)(X*—1)(x+3)>0;

B) (12— 5x) (x* — 4x + 4) >

a) L>0;

)x8>0

2

)x

B) 1

x + 3

—4x+3>0

-9
—x>_1
* x-3"

6) —x*+4x—~4<0;
r) 2x* — 20x + 50 > 0.
6) x*+ 7x + 10 < 0;
r)4x* — 55+ 6 > 0.

6)(7—x)(4—x)<0;
0; r)(x*—5x+6)(x—3)<0

) x ;57x+10>0

1_,) 5 4<2x+3
x-1

Pelunte cucremy HepaBencts (167—169):

o {

a)

B)

|

;‘2‘_%<0,
B) x2—4 >0

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

x*-5x+6<0,

T+2

[x]| <2, |
(x-3)(x-2) >0;

X —5x+6 <0
2x2 3x+1

(x+ 1)(x*-x-6)>0,
-D)(x*-5x+6)<0,
(x + 3)(x*-4)>0;

x(x-4)<0;

6) {(x+ 3H(x+ 2)<0:

x2 +5x+6>0

D¢ ax+3<0

’

x+2>0

x- ’
r) 2

{!x 2!gx+3!>0

16 >0,

5 |x| >4,
) (x+5)(x-4)<0;

X - 32
x2 5x+2

x(x- 4)<O

(x + 1)(x + 8x + 15)<0,
e) {(x+ 2)(x*+ 10x + 24)>0,
(x + 3)(x* + 9x + 20)>0,
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HOTIONTHEHHS K I'JIABE I

1. JloKa3aTe/ibCTBO YHCIAOBBIX HepaBeHCTB

Haist 4ucOBBIX HepaBEHCTB ClpaBe/lHBbI ClenylolHe YTBePXKACHHS:-

1. IInsa mo6bIX JeHCTBUTENLHBIX YHCeN @, b H ¢ U3 crpaBeIJHBOCTH
HEpaBeHCTB @ < b W b < ¢ clellyeT CHPABEVIMBOCTD HEPABEHCTBA a < ¢
(CBOHCTBO TPaHSHTHBHOCTH HepaBEHCTB).

2. Ilnsi mo6bIX AeHCTBUTENbHBIX YHCe d, b, ¢ u d u3 cnpaBenyiuBo-
CTH HEepaBeHCTB a <b W ¢ <d ciresyeT CIpaBelTHBOCTD HepaBeHCTBa
a + ¢ < b+ d(o1HOUMEHHbIE YHCIOBbIE HepaBeHCTBA MOXKHO CKJIafbIBATh ).

3. Jlnst mo6bIX TOMOKHTENBHBIX YHCeN a, b, ¢ ¥ d u3 CrpaBe/IHBO -
CTH HePaBeHCTB a < b u c<d chelyeT CpaBeANHBOCTb HepaBeHCTBA
a-c<b-d (onHOHMEHHble YHMCNOBble HepPaBEHCTBA C MOJOKHTELHEIMH
YI€HAMH MOXHO MOYJIEHHO MEepPEMHOKAT ).

4. Ins moGbiX NeHCTBUTENbHBIX YHCEN 4, b M ¢ U3 CTIpaBe/IMBOCTH
HEpaBeHCTBA a4 < b cleflyeT cpaBe/VIMBOCTL HEPABEHCTBA @ + ¢ < b + ¢ (x
06eHM YacTsM HePaBeHCTBA MOXHO NPHGABHTH J0Goe HHCJIO).

5. Jlas moGBIX AEHCTBUTELHBIX YHCE &, b H MOGOr0 MON0XKHTEBHO-
FO YHCAA ¢ H3 CIPABEAIMBOCTH HEPABEHCTBA a < b CJleyeT CpaBel,IHBOCTb
HEPABEHCTBA @ "¢ < b ¢ (HepaBEHCTBO MOXHO YMHOMHTb HJIH pasaesuTh Ha
JI0G0E TIOJIOKHTENBHOE YHCJIO),

Bce 3TH yTBepxeHMs SBAAIOTCA CJEACTBHSMH OCHOBHBIX npaBuJI,
KOTOPbIM NOAYHHEHbI NEHCTBHTE/IbHBIE YHCAa. OTMETHM, YTO YTBEPIKAEHUS

—5 ocCTalTCs CIpaBeJHBBIMH, €CJd B HHX 3HAKH CTPOTHX HEPABEHCTB
3aMEHHTb Ha 3HAKH HECTPOTHX HEPABEHCTB.

Ilockosbky He cywecTByer o6uwero npueMa J0Ka3aTeNbCTBa
HEPABEHCTB, TO PACCMOTPHM JIHIIb NIPUMEPbI JOKA3aTeNbCTBA HEPABEHCTE
C IOMoLUbI0 CBOKCTB 1 —5.

Tlpunep 1. NokaxeM, 4To A5 JIOGBIX MOJNOKHTEAbHBIX YHCEN @ H b

CHpaBe,ZlJlHBO HEpaBeHCTBO
atbh> jab. (1)

2
Tak Kak Ja u Jb — AeHCTBHTENbHbIE YHCAA A JHOGDLIX [OJOMKH-
TeJIbHbIX YHCEN g U b, TO HEepaBEHCTBO

(Ja-b)'>0 (2)

CMIPAaBEIUBO 1151 JIOGHIX 10JI0XKHTENbLHBIX YHcen a U b (KBagpat AeHCTBH-
TEJIbHOTO YHCJla HEOTPHLIATENEH ).

Hpumensis dopmyny keampaTa cymmbi u YUMTBIBAsA, YTO IS JIIOOBIX
TI0/IOKHTE/IbHBIX YHCEN a M b BepHbI paBeHCTBA (,\/L—z)“) =a (JI;)Q =b,
nepenuuieM HepaBeHCTBO (2) B BHie

a-2.Jab + b>0. o (3)

U3 yreepxnenns 4 caenyer, uto us CpaBeJyIHBOCTH HepaBeHCTBa (3)
CJIellyeT ClpaBe/IHBOCTEL HEpaBeHCTBA

a+b>2./ab. (4)
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M3 yTBepxzeHus 5 cJefyer, 4To M3 CIpaBe/IMBOCTH HepaBeHCTBa (4)
cyle[lyeT CripaBe/IHBOCTb HepaBeHCTBa (1), 4To H Tpe6oBaJioch J0Kas3aTh.

OTMeTHM, 4TO JIeBYI0 YacTb HepaBeHCTBa (1) Ha3BIBAIOT CPeSHHM
apHpMeTHYeCKMM 4Hces a M b, a npaByl 4YacTh — CPeAHHM reo-
METPHYECKHM 4Hced a u b. Tlosromy yacto CBOHCTBO, BbIpaXeHHOe
:HepaBeHcTBOM (1), popMmysupyloT Tak:

Cpeanee apudmeTnuecKoe IBYX NMOJOKHTENbHBIX YHCEN HE MEHbIE
HX CpeJHero reoMeTpH4ECKoro. ‘

Hepasencrso (1) mexny cpenHuM apudMeTHYECKHM M CPeIHHM reo-
‘METPHYECKHM YacCTO MCMONb3YIOT Jifl 10KA3aTeJbCTBA HEPABEHCTB.

v Ilpumep 2. HokraxeM, 4to A JOOBIX MOJOMKHTENbHBIX YHCEN X
CIIpaBeNJIHBO HEPABEHCTBO

x+ %>2. (5)
PaccmotpuM HepaseHcTBO
” w+l
SE>1, | (6)

B8 JIEBOH yacTH KOTOpOro 3amuCaHo cpejiHee apmbmemqecxoe OJIOXKH -

TE@JIbHBIX YHCEJ X H L ,dB npasoﬁ — HX CpeiHee reoMeTpPHYECKoe. Cie-
X

AOBaTeNbHO, HepaBeHCTBO (6) cnpaBeqiHBO Ha OCHOBAaHHH CBOICTBa
'CPE/IHEro apH(pMeTHYECKOTr0 H CPEfHEro reoMeTpHYECKOro. '

M3 yrBepxkaenus 5 cresyer, 4To H3 CIpaBeAIMBOCTH HepaBeHCTBa (6)
ClIeflyeT CIpaBeVIMBOCTh HepaBeHCTBa (5), UTo H TPe6OBaNOCh [OKA3AaTh.

Tlpumep 3. [Joxaxem, 4To p/isi NOGBIX MOJOKHTEbHBIX YHCed @, b U C
CNpaBeAJHBO HEPABEHCTBO

(a + b)(b+ c)a+c)>8abe. (7)

U3 cnpaBensnBoCTH HepaBeHCTBA [Jsl CPEAHEro apH(pMETHYECKOTO H

:CpeiHero reOMETPHYECKOro JBYX MOJIOXKUTENbHBIX YHCeJ CJaenyeT cnpaBen-
. JIHBOCTb HEPDABEHCTB

P

a+b>2.Jab,
a+ c>2Jc1_c,
\ b+c>2./bc.

|
[lepemHOXas MoYNeHHO TH HePABEHCTBA, HA OCHOBAHHH YTBEpPXKIe-
HHsl 3 NOJlyYHM, 4TO CNpaBEAJHBO HepaBeHCTBO (7), 4T0 M TPeGOBaNOCH

HOKa3aThb.
HacTo npH MOKa3aTeNbCTBE HEPABEHCTB GLIBAET MOJE3HO HCIOMb30-

'BaTh pas/inyHble (OPMyJIbl, OLEHKH, IPYNIKHPOBKY CJAaraeMbiX H T. II.
i IIpumep 4. JlokaxeMm, 410 414 JOObIX MOJOKHTEbHBIX YHCEN @ ¥ b
¥ CrpaBelJIMBO HEPAaBEHCTBO

4(a® + b%)>(a + b)*. (8)

o
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Paccmotpum Boipaxenne A=4(a® + b*)-(a + b)*, npeo6pasyem ero:
A=4(a+b)(a’—ab+ b>)-(a+b)a®+ 2ab+ b)) =
=(a+b)(4a*-4ab+ 4b*—-a*-2ab-bH) =
=(a + b)(3a*-6ab + 3b%) =3(a+ b)(a-b)*.

Teneps oueBunHo, uto A 2 0, ecqiu @ > 0 u b > 0, 1. e. g0Ka3aHa crpa-
BENIMBOCTb HEPABEHCTBA
4(a® + b¥)—(a + b)*>0. (9)

[To yrBepxaeHuo 4 U3 cnpaBelIMBOCTH HepaBeHCTBaA (9) caenyer
clpaBeJJHBOCTb HepaBeHCTBA (8), 4To H Tpe6oOBAJOCH A0KA3aTh.

TIpumep 5. [lokaxem, uto st J106GOTO HATYPaJbHOrO 7 CHPaBELIHBO
HepaBeHCTBO

2 1 __1 10
@n+1)2 2n 2n+2° (10)
JleByio yacTh HepaBeHcTBa ( 10) MOXHO 3anwucaTh B BHAE ——2——— |
4n?+4n+ 1
a mpaBylo — B BHAE Zﬂ—me .

Tak kak 4n*+ 4n+ 1 >4n®>+ 4n s mo60oro HaTypaJbHOIO 1, TO

2 <_ 2
4n2+4n+1  4n’+4n’

4TO U TPpe6GOBAaJOCh JJIOKA3aTh.
IIpumep 6. HokakeMm, 4TOo i JIOGOro HaTypanbHOTO. 4MCla 1
CTIpaBelINBO HEPaBEHCTBO

1 1 1 1
stEmt ot e ST (11)

[Ipumensias HepaBeHcTBO (10) M yTBepxkneHue 2, moJyuaem, 4YTO
CrnpasejiiBO HEPABEHCTBO

2($+2—15+ +(2_,IJW)<(5_%)+&-%)+_“

1 1 =1_ 1
+(2n 2n+2) 2 2n+2° (12)
I[JIH J1060ro HaTypaJibHOI'O 4YucJaa n CripaBeiJIMBO HEPABEHCTBO
1 1 1

——
2 2n+2 2

Teneps, ucnonb3ysi TPAH3HTHBHOCTDL HepaBeHCTB (yTBep:aeHHe 1), no-
JlydaeM, YTO CIIpaBe[JIMBO HePAaBEHCTBO

1,1 1 I
2(g+ o+ . + (2n+1)2)<§, (13)

52

YMHOXKHB MpaBylo M JeBYIO 4acTH HepaBeHcTBa (13) Ha -;-, NOJy4YHM

HA OCHOBAHHH YTBepXKieHus 5, uto cmpaBegiuBo HepaBeHcTBO (11). Tem
cambIM HepaBeHCTBO (11) Rokasano.

Ipumep 7. [lyctb a v b — mo6ble el CTBUTE/bHBIE YHC/IA, TAKHE, YTO
a + b = 2. lokaxeM, yTo

a'+b'>2. (14)

Jlns nokasaTeabcTBa o603HauyuM a = 1 + ¢, Torma b =1 — ¢, tae ¢ —
HEKOTOpOe JNeHCTBHTEJIbHOE YHCIIO.
[TosToMy, npuMeHsisi ¢HOpMyJibl COKPAILIEHHOTO YMHOXEHHs, HMeeM

ad+b=(1+c)+(1—-c)=2+12¢+2c" (15)

Tak Kak oueBHmHO, uto 2 +12¢° + 2¢' > 2, To M3 cnpaBeTHBOCTH

pasencTBa ( 15) cieayet cnpaBeIHBOCTL HepaBeHcTBa (14), uro 1 TpeGo-
BaJOCh J0KA3aTh.
;. OTMeTHM, 9TO CIPABE/IMBOCTb HEKOTOPBLIX HEPABEHCTB MOXKHO /10Ka3aTh C
MOMOLIpI0 MeToda MaTeMaTHdeckod HHIyKuud. Jlake Takoe O4YeBHAHOE
HEepaBeHCTBO, KaK HepaBeHCTBO ( 12), Hallo IOKa3bIBaTh C IOMOLIBIO METO/IAa Ma-
TeMaTHYeCKOH HHAYKLIHH.

Jlokaxure HepaBenctso (170—173), rxe a, b, ¢ — peicTBH-
TeJIbHble YHCJA!

170. a) 45 + 1 > 4c;
B) a® + b* > a’b + ab’

6) (a + by’ > 4ab;
(a+b2 0)'

r) a+<>2 (a>0) 0 a’+ 5 >2 (a#0);
. a b
e)a+1 <1; >K)-5+_a>2(ab>0).
171. a) Jab > 2_‘ib,ec.rma>0,b>0;
6) (a+b)( ) 4,ecana>0,b>0;
1 .
B) (1 +a)(1 +2)>4, ecan a > 0;
r) 2(12+b2+c2 2a (b +c);
) aQ/ +l ecan a >0, b>0;
e) (a - b’y /4ab(a—b)“’.

172. a) a* + b* + ¢’ > ab + ac + be;
6) “—b+%c+%>a+b+c,ec.zma>0,b>0,c>0;
c

B) ~2<a+b< 2, ecan a+b=

53



173. a) la+b|< [a]+]b)|;
B) llal -6l < |a-b] .
174. oxaxute, yTo:
a) CyMMa Ky60B KaTeTOB IIPSMOYTONBHOTO TPEYroJIbHHKa MeHbliie
Ky6a IHIIOTEHY3bl;
6)a"<b",ecnlO<a<bun— HaTypaJbHOE YHCJIO
175. a) 3adaua IManna Anexcandpuiickozo (Il 8.). Jlokaxure, yro

ec a, b, ¢ U d — NOJIOKHTENbHBIE YHCIA | % > 5 ,

6) la-bi<|a|+|b];

TO BbII10J1-

HSI€TCSl HepaBeHCTBO ad > bc.
6) 3adaua Esxauda (Ill 8. do n. 3.). llokaxure, yto ecau a, b,
¢, d — NOJOXHTeJbHbIE YHCAA M 4 — HaHGOIbLIee YHCJO B

a __c¢
NIPOTIOPLIHK 7 = =, TO BBINOJIHAETCA HEPaBeHCTBO a + d > b + c.

2. NMpousBonHbie AHHENHOA K KBaJpaTHYHOH dyHKumii

MrHoBennas ckopocts. Haunem ¢ npHMepa.

lIpumep 1. TlycTb MaTepHa/ibHAs TOYKA ABHXKETCS NPAMONHHERHO 110
3aKOHY

s(t) =4,
e é(M) ~ TyTb, NPOAJEHHBIN elo 3a Bpems £ (c).
NIpallIMBaeTCA: KAKOBA CPEHSAS CKOPOCTb 3TO
apenieim o1 1< 5 s f 53 p H TOYKH 33 [IPOMEXYTOK
[TyTs, npokinennnii 3a BpeMs ¢, =2, paBeH:
§(2)=4-2"= 18,
a MyTh, MPOHAEHHbIA 32 BpeMs £, = 5, paBeH:
s(5)=4-5"=100.
Ho rorma nyrs, NpOM/IeHHLIH 34 npoMe =
b e poMexyTok BpemeHH ot f,=2 o
5(5)—s(2)=100— 16 = 84.

Cpenusst e CKOpPOCTb TOYKH 3a NIPOMEXYTOK BpeMeHH 0T t,=2 po
t,=5 paBHa: l

—s(5)-s(2) _ 84 _

Ilyets Touka mBueTCH npsMosHEeliHO Mo 3aKOHY
s = f(t).

HTo6b! BLIYHCAUTD €€ cpenHioio CKOPOCTb 33 POMEXYTOK BPEMEHH OT
MOMeHTa ¢ 10 MOMeHTa f + A, paccyxnaem aHaJOrHYHO.

IyTs, npoi:'meﬂnbm TOYKOM 32 BpeMms {, paBeH f(t).

I1yTs, npokinennnisi Toukol 3a BpeMms ¢ + h, paseH f (¢ + h).
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Ho torza myTb, npolifieHHbIN TOYKOH 33 IPOMEKYTOK BPEMEHH OT ! A0

t + h, paBen:
f(E+h)—f(2)

CnemoBatesIbHO, CpeOHAR CKOPOCMb MOYKU 34 NPOMEHYMOK
epemenu om t do t + h pasna:

t+h)-f(t

vcp.=f( h) f()' (1)

BBeleM Temeph NOHSITHE CKOPOCTH TOYKH B MOMEHT BPEMEHH !, WJiH
MTHOBEHHOH CKOPOCTH B MOMEHT BpeMeHH I,

OG6patumMcst K npumepy 1.

HrtaK, nycTb TOYKA ABHMKETCS 1O 3aKOHy s (f) = 41"

3ananuM MOMEHT BpeMeHH ¢ = 3.

Bynem BbIYHMCJATD /IS PA3HBIX MAJbIX A CPEIHIO CKOPOCTh JBHKEHHUSA
Hamle#l TOYKH 32 BpeMsi OoT { =3 jgo { = 3 + h. PeaynbTaThi BhiuHCAEHHR

cBelleM B TaGJHLLY.

h [£; t+h] RN
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 310 TaGAMUBI BAAHO, YTO CPELHSSl CKOPOCTD U,, TOYKH Ha OTpe3Ke
BpeMeHH [3; 3 + h] mis Maabx h npubauxeHHO paBHAa 24:

v, = 24.

D10 npUOKKEHHE TeM Jydlle, YeM MeHbIle /. MOXHO elile CKasarb,
4TO U, CTPEeMUTCS K 24 mpu h, cTpemsileMcs K HyJIo, T. €.

U, — 24 mpu h— 0.

B nmanHoM cayyae uncio 24 Ha3bIBAIOT CKOPOCTBIO TOUKH B MOMEHT

BpeMeHH { = 3.
B ofuem ciaydae ecau mouka O8uMemcs NPAMOAUNEUHO NO 3a-

KOHY

L s=f(1),

Mo ee cKopoCmbIO, UM MEHOBEHHOL CKOPOCMbIO, 8 MOMENM BpeMent |
HA3bI8AIOM YUCAO U, K KOMODOMY CMPEMUNICA ee CPeOHIs CKOpOCmb
Ha npomexcymke spemenu [t t + h] npu h — 0O:
_fu+n-f1
cp. h
IIpunep 2. Hatinem MIHOBEHHYI0 CKOPOCTb U TOUKH, JABHXYLIEHCS npsi-
MOJIMHEHHO MO 3aKOHY § (¢) = 41", B MOMEHT BpeMEeHH /.

— v npu h— 0.
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CpenHsisi CKOPOCTb 3a NPOMEXKYTOK BpeMeHH [f; ¢ + k] paBHa:

v =‘M—’;1L4t2=8t+4h.

cp.

Orciona 8¢ + 4h — 8t npu h — 0. CirenoBatennbho, v = 8¢. Hanpumep:

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

Mpoussoanbie aunefinoii u kBagpatTHunoi Gynkuui. Iycts dyHkuus
y = f(x) onpenenena Ha unrepsade (a; b). [yctb X — M06as Touka 3TOro
HHTepBaJa. PaccMoTpuM ellie ToukH x+A TOro e HHTepBaja.

Yucao, K KOTOPOMY CTPEMHTCS OTHOLUEHHE
fx+h)-f(x)
h

npu h, ctpemsimemca K 0, Ha3bIBAIOT NPOM3BOAHOA QYHKUMH [ B TOuKe
X 1 o6o3HavaloT f’ (x) (4uTaercs: 3¢ WTPHX OT X):

. ————f(x+h,l)~f(x) —f’(x) npu h— 0.

Ecau npoussonHas npy JaHHOM 3HAYEHHH X CYUIECTBYeT, TO OHA €CTh
onpejejieHHoe 4uc/10. Takum 06pa3oM, ecCsH MPOH3BOAHAs OT (PYHKLHH
CYLIECTBYET NPH KaXAOM 3HAYeHHHM X U3 HHTepBaJa (a; b), To OHa ecTb
¢yHKUHS OT X, ompefeseHHast Ha UHTepBaJe (a; b).

Ha ochHoBaHHH NpHBefeHHBIX BbilIE pAaCCyXAEHMH MOXKHO CKas3aTb, YTO
M2HOBEHHAA CKOPOCMb U 8 MOMERmM 8pemeru t mouku, dsuxcyuwelica no
sakony s=f(t), pasna npoussodnot ¢ynkyuu f 8 mouke t, m. e.
v=f"(t).

BoiunciumM npousBoasbie 111 HEKOTOPHIX yHKUMH, OMpeneNeHHbIX Ha
MHTepBaJe (—oo; +o0).

1) f(x)=x. lna mo60# TOUKH X

fx+h)—f(x)=(x+h)—x = h
[TosTomy
fx+h)-fx)
% =1.

CaenoBatenbHo, npousBofHas QyHKuun f (x) = x B J1060H TOYKE X paB-
Ha l, T.e. ¥ =1.

2) f(x) = C'. TTocTosiHHYI0 MOXHO PacCMATPHBATb KaK TaKylo (yHK-
LHI0 OT X, KOTOpasi paBHA OZHOMY H TOMY e 3HaueHHio C mis mo60ro
3HaYeHHs1 X U3 HUHTepBana (—oo; +oo). [TosTomy mist 3TN DyHKLMK

f)=f(x+h)=C,
L+ ft) o

! O6osnauenue C 1151 NOCTOAHHON IPOUCXOAMT OT JaT. constans {constantis) — nocro-
SIHHBIH.
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CnenoBaTeNbHO, IPOU3BOLHAsA NOCTOAHHOM f(x) = C B JI060i TOUKe paB-
'ya HyJo, T.e. C' =0,

‘ 3) f(x)=kx + b, rae k u b — paHHBle 4yHcAa.

. Jlna no60oi TOUKH X HMeeM

forh)f&) _ (kx+m)+b)-(kx+b) _p
h h )

‘iJC)Ie}IOBaTeJIbHO, NPOH3BOJHAsS JUHEeHHOH GyHKUMH [ (x) = kx + b B M0GO#
“JOYKe X paBHa 4HCHy R, T. €.

(kx + b)Y = k.

-Orciona ceyeT, 9TO ecH TeJIo ABHKETCH 110 JUHEAHOMY 3aKOHy s = at + b,
%0 ero MrHOBEHHasi CKOPOCTh U B JiI060H MOMEHT BpeMeHH { paBHa:

v=f"(t)=a,

€. €ero CKOPOCTb B 3TOM CJIy4ae NMOCTOSIHHA.
4) f(x) = x*. Jlnsa mo6oil TOYKH X HMeeM

flx+h)=f(x)=(x+ h}— £*= 2xh + K’

¥losTomy

fo+ f;l)—f(x) oyt

IMockoabky 2x + h crpemutcs K 2x, Koraa h crpemutes K 0, To
[ (x)=2x.

. 2
CrnenoBaTesibHO, NpOH3BoAHAA GYHKUMH f(x) = x° B J060# TOuKe
.paBHa 2x, T. e.

() =2x.

5) f(x)=ax’+bx+c, e a, b u ¢ — nauHbie ynHcaa, npudem a # 0. s

f(x—-'r’;l)—:—f—(x—)=2ax + b+ ah.
‘ITockonbky 2ax + b + ah — 2ax + b, xorga A — 0, T0
' f'(x) = 2ax + b.
CJIe[l0BaTeIbHO, IPOH3BOJIHAS KBAAPATHUHON (yHKLHH f(x) = ax’+ bx + ¢
 106Go# TouKe x paBHa 2ax + b, T. e.

“;\ (ax’+bx+c)y=2ax+b. (2)
3ameuanne. Tak KaK

(ax’y =2ax, (bxy=b, ¢ =0,

TO paBeHCTBO (2) MoXeT ObITh 3allHCAHO B BHJE
] (ax’+ bx + c) = (ax®) + (bx) + .

£
¥
{ ,
b
;
#
!
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OTO paBeHCTBO 03HAYAET, YTO MPOH3-
BO/IHAs CYMMbI claraeMbix ax’, bx, ¢ pas-
Ha CyMMe HX NPOU3BOIHbLIX. :

IT0 yTBepXKeHHE BEPHO U B 06IIeM
caysae: (f(x) + @ (x)y = f'(x) + ¢ (x),
HO Mbl HE OCTaHABJHBAEMCH Ha ero 060-
sy CHOBaHHH.

6) U3 ¢dusuku Mbl 3HaeMm, uto ecsiu

Puc. 39 « TeJIO NajaeT Moj AeHCTBHEM CHJIBI TSKEC-

. TH C HYJIEBOH HauaJbHOH CKO -

KOTOPOU BBICOTBI, TO, MOMECTHB HayaJo KOOPIHHAT B Haqanb%(;';rbgfx};en

HaNpasHB MOJIOXHTENbHYI0 nosyoch Os k semae (puc. 39), Moay4uM 3aKoH
IBMXKEHHS TOTO TeJia:

vy

£2
s() =4,

Tle g — yckopeHue cuiibl TskecTd (g = 9,8 M/c?). Ho Torma mraoBennas
x;‘(opocrb Majalolero Teja B MOMEHT BpeMeHH ! paBHa: v = s (t)=gt
bl NIOJIY4HJIH U3BECTHYIO B (DU3HKe DOPMYJly ISt ONPeeIe HUst CKOPOCTH
aTorl(_: ABHXKEHUS B JIOGOA MOMEHT BpeMeHH I: v = gf.
epBoobpasnas aus auHeitHo# dynkuuu. [Ipouss ?
. OfiHasi (YHK
paB}I{_eIl byskuun 2x: (x°) = 2x. P pHAR Gy x
0 TOBOPST TaKkxKe, YTO (QyHKUHS X’ eCTb I1EPBO
— ¢y pBooGpa3Hast misi QyHK-
Boo6ue gpynxyuro Fv(x) Hasvigaom nepsoobpasnoi 0 pyrk-
yuu f(x), onpederennoti na unmepsane (a;b), ecau npouseodnas
dynxyuu F(x) pasna f(x) na amom uxnmepsaaae:

F (x) = f(x).

3ameTuM, yTo ecau F(x) ectnb nepBooGpasHas i GyHKUMH f(x), TO
cymma F(x) + C, rae C — mo6asi MocTOsHHAS, TaKXKe eCTb nepsoo6pas-
Hast juis f (x), notomy uto

(F(x)+CY =F (x)+ C =f(x).

Taxum o6pasom, mo6as
, nepBoo6pasHas st dyHKLuu f(x
Flo e byskuuy f(x) umeer Bug
2
Hanpumep, He tonbko x* ects nepBoo6pasHas st 2x, Ho u x°+ C
rie C — npoH3BoJIbHAsK MOCTOSIHHAS, €CThb nepsoo6pasHas s 2x. ’
OtTmeTtuM paBeHcTBa

’ g r__ 2 4 ’
C=0(x+Cy=1, ("5+c) =x, (aTX"’+bx+c)=ax+b.
U3 stux pasencrs CJefyeT, 9T0 (PYHKUHH | ”
C, x+C, -"2—2+C, 5;—2+bx+C,

rie C — npou3Bo/ibHAs NOCTOSIHHAS, SBASIOTCS COOTBETCTBEHHO MEpPBO-
o6pasHeiMH 1t dyukumi 0, 1, x, ax + b. '
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Brille Mo 3aKoHy JBHKEHHS Onpeje/sjiach CKOPOCTb ABHXKEHHA TeJia
i B I060H MOMeHT BpeMeHH. YacTo TpebyeTcs pewiuTs U 06paTHYyIO 3ajavy:
i 3Hasi CKOPOCTD IBHXKEHHs Tesla, ONPeJie/IuTh 3aKOH ABHXKEHHSsI 3TOro TeJa.
~ OTmeTHM cpasy, 4TO A5l pellleHHsi STOH 3amaud TpebyloTcs ele 10-
NOJHATEAbHBIE JaHHBIE O TOM, Ille HaXOAWJOCh TeJO B MOMEHT HadaJja
. aBixeHus. TIpH pelieHHH 3THX 3alay CyILECTBEHHO HCIOJIb3YeTCA MOHs-
i Tie nepBooGpasHoii. [TokaxkeM Ha MpUMepax, KaK peilaloT TaKHe 3aJayH.
Mpumep 3. TlycTb Teno [BHXKETCS NPSMONMHEAHO C NOCTOAHHOM
. ckopocThio a. HailieM 3aKoH JBHXeHHs 3TOrO Tesia s = f(t), cunras, 4ro
L s=0mnput=0. ;
Tak kak npousBonHas f (f) paBHa CKOPOCTH ABHXEHHS, TO

f()=a

u f () ecTb nepBoo6pasHas s @, HO TOrAA

" s=f(t)=at+C,
. rie C — HeHM3BeCTHas NMOCTOSHHAS.
Tak xak s = 0 B momenr ¢ =0, To C = 0. [Tosromy HCKOMBI 3aKOH
| IBHXXEHHS ONPEAEJIAeTCs PaBEeHCTBOM :
; ’ s = at.

.

Mpumep 4. Tlyctb Teso ABHKETCS NPAMOJHHEHHO CO CKOPOCThIO
v=gt+a,

rie ! — BpeMsl, OTCUHThIBAeMOe C Hauasla ABHXXeHHs. Haiinem 3akoH fBH-
xeHusi § =f (), cuntas, yro s = 0 npu ¢ = 0.
Tak Kax npousBopHas f' (f) paBHa CKOPOCTH ABHXKEHHH, TO

ft)y=gt+a (3)
U f(t) ecTb mepBooGpasnas s dyskuun gt + a. Ho Torna
s=f({) =g§t3 +at+C,

rie C — HeH3BeCTHas NIOCTOSIHHASA.
Tak kak s = 0 B MomeHT £ =0, To C = 0. [To3TOMy HCKOMBIH 3aKOH

IBHXKEHHs! ONPE/IE/IAETCS PaBEHCTBOM
2
s = g2t— + at.

3ameTum, 4to v =a npu f =0 (cM. (3)). Ito nmoKaspiBaer, 4TO B
MOMEHT HayaJla JBHKEHHS TeJIO HMeJOo HayajbHY0 CKOPOCTb U = 4.

176'. KAk BLIYHCAAIOT CPEIHIOI0 CKOPOCTb [BHXEHHsi Tena U, 3a
NPOMEXYTOK BpeMeHu OT ! 0 ¢+ h, eciH H3BeCTeH 3aKOH
NPAMOJHHEAHOTO ABHXKEHHA Tesa § ()?

1

) B 3azaHusiX NaHHOro NyHKTa BpeMsi H3MepsieTcsl B CeKyHlax, NyTb — B MeTpax, a
f CKOPOCTb — B METpPax B CEKyHIY.
n
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177.

178°.

179.

180.

181°
182°,

183°.

184°.
185.

186.

187°.
188°.

189.
190°.
191.
192.

193.

KakoBa cpeansisi CKOPOCTb U,, 32 NPOMEXYTKH BPeMEHH
T S )
[5,5+m], [5,5+ ] [5,5+

100
IJIS1 TeJ, 3aKOHb! NPAMOJHHEHHOro ABHXKEHHUS KOTOPHIX TAKOBbI:
a) s(t)=>5¢t+ 3, 6) s(t)=3£+4?
UYro Ha3biBalOT MIHOBEHHOH CKOPOCTbIO TOYKH, ABHXKYILEHCS
OPSIMOJIHHERHO TI0 3aKOHY § = f(f), B MOMEHT BpeMeHH £?
KakoBa MruoBeHHasi CKOPOCTb U B MOMEHT BpeMeHHU ! Ans Tedl,
3aKOHB! MPAMOJIMHEHHOTO JBHKEHHS KOTOPHIX TAKOBbI:
a) s(t)=>5t+ 3; 6) s(t) =3t +4?
Jlan 3akoH NPSMOJIMHEHHOTO ABHXKEHHS MaTepHaJbHOH TOYKH:
a) s(t)= 24 6) s(t)=2t+ 3.
BuiuHc/IHTe MTHOBEHHYIO CKOPOCTb U TOUKH B MoMeHT ¢, = 0; 1; 5.
BhipasuTe v Kak QYHKUHMIO ! U NOCTpoiTe rpadHK 3TOH (yHKUHUH,
ecau t €[0; 5}
Uro Ha3biBAIOT NPOH3BOAHOM GyHKUMH f(X) B TOuke Xx?
Yemy paBHa MTHOBEHHAsi CKOPOCTb TeJia, ABHXKYILETocs Mo 3aKo-
Hy s =f(1)?
YeMy paBHa NPOU3BOAHASE MOCTOSHHOM?
Yemy paBHa npousBoaHas yHKUMH y = kx + b?
KakoBa npou3BofHasi B TOUKe X (DYHKUHH:
a) y=2x+3; 6) y=-2-—3x;
B) y=2¢—-3x+1; r)y=-x+2x~-1?
3aKOH NPSIMOJNIHHEHHOIO JABHXKEHHA TOYKH oripefessieTcs (PyHK-
uue:
a) 3t; 6) 3 + 1.
KakoBa CKOpOCTb ee JBHXKEeHUs B MOMEHT BPEMEHH [, B YaCTHOC-
TH { = 27
Yro nHasbiBaloT nepBoobpasHoil aya QyHKUMH f (x)?
OpHo3HauHo JH oOfpejeJsieTcs nepBooOpas3Has IJsl NaHHOH
byHKUMH?
YeMy paBHa nepBoobpa3Hasi Iyl (PYHKIHH:
a) f(x)=0; 6)f(x)=1; B) f(x)=x; 1) f(x)=ax+b?
Jna peureHdsi Kakux (pU3HUECKHX 3afay NpHMeHsSeTCs MepBo-
o6pa3Has?
YeMy paBHa nepBooGpasHas Jjisi yHKLHH:
a)2; 6)3x—2; B)yx+1; r) ~x~4; n)2-2?
CkopocTb MaTepHabHONH TOUYKH OrpejessieTcs GopMyJIon:
a)v(t)=3;, 6)v(t)=2t B)v(t)=2t+ 1.
3apaiite GopMyJioi 3aKOH JBHKEHHSI MaTePHAJbHOH TOYKH S (I),
eca u3BectHo, uto s (0) = 0.
CkopocThb Tesia, GPOLIEHHOr0 BEPTHKAIbHO BBEPX C HaualbHOH CKO-
pocThio U, 3afaetcs dopmyJoi v (t) = v, — g, a Bbicota H —

15000)

dopmysoit H(t)=H,+ vt — th? , Tne g=9,8 m/c® — yckope-

s AT R s R N A AR

HHe 3eMHOro MpuTsiKeHus, f, M — HayajbHas BLICOTA. Jloka-
XKHTE, YTO:

a) ¢yHkuus v (t) ecTh IPOH3BOAHAS (PYHKLKMH H(t);

6) cdyukuus H (f) ectb nepsooGpasHas byHxuun v ().

194. 3aBHCUMOCTb NYTH § OT BPeMEeHH { IPH MPAMOJHHEHHOM IBHKEHHH
TOuKH 3afaHa rpaduuecky (puc. 40). [Tocrpoiite rpadHK 3aBHCH-
MOCTH CKOPOCTH U OT BpeMeHH ¢ Ha mpomexyTke € [0; 2“].

195. 3aBHCHMOCTb CKOPOCTH U OT BPeMeHH ! IpH MPAMOJHHEHHOM JIBH-
JKCHHH TOUKHM 3ajaHa rpapuuecku (puc. 41). Ioctpofite rpaduk
3aBHCHMOCTH NYTH S OT BpeMeHH f Ha mpoMexyTke ¢ € [0; 2].

S, S.m S,

\ \
4 4 4
3 3 3 //
/
2 2 2 /
1 1 1
/
o o —
o 1 2 tc O 1 2 telO 1 2 te
a) 0) B)
Puc. 40
v.a/c v,M/C vM/c
A
4 4 4
3 3 3
- 2 2
1 1+ 1
L - - -
o "4 | 2 elOl | 1 | 2 telO | 1 2 e
a) 0) B) [
Puc. 41
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3. Hcropuueckue cBeaenus

IToHsiTHA paBeHCTBA W HEPaBEHCTBA 4YHUCEN BO3HHKJIH B TJIYGOKON
ApeBHocTH. Tak, 3ajaud Ha [0Ka3aTe/bCTBO DABEHCTB H HepaBeHCTB
BCTPEYaiOTCsl y BEJHKHX MAaTeMaTHKOB IIPOLIOTrO, KOTOpbie A 060-
3HAYEHMS] PaBEHCTBA H HEPaBEHCTBA MCIOJb30BAJH CJI0BA HJH CIEeLHab-
Hple 00603HAa4Y€HHs, NMPOHCXOJAMBIUHE OT COKpalleHHsl 3THX cJaoB. Eie
Gosee 2000 sieT 10 H. 3. GBLIO H3BECTHO HEPABEHCTBO Jab < a;b , Tie
a>0, b>0. 310 HepaBeHCTBO 06palaeTcss B BEepHOE PaBEHCTBO IPH
YCJHOBHH a = b.

CoBpemeHHbIe CrielHasbHble 3HAKH /it 0603HAYEHHS] PABEHCTBA H He-
PaBeHCTBA CTa/lH MPHUMEHSATb CPABHHTEJBHO HENABHO. 3HAK PABEHCTBA =
BBea B 1557 r. anramiickuit MaTeMaThk P. Pukopn. OH MoTHBHpOBas 3T0
TaK: HHKaKHe JBa NpeiMeTa He MOryT GbiTb Gojiee PaBHBIMH, YeM [Ba
napanjefbHbiX OTpe3Kka. 3HAKH HepaBEHCTBA > H < BBEJ B CBOE€H KHHTe
«[1pakTeka ananutHueckoro HckycctBa» (1631) aurauiicKuii yueHsli
Xapput. 3HaKH HECTPOroro HepaBeHCTBA > (He MeHbile) H < (He 60Jb-
ue) BBefieHsl B 1734 r. dpanuysckum matematukom I1. Byre.

3anaun, cBsi3aHHble ¢ HepaBeHCTBaMH, BCTpeyalotest B V KHure «Ha-
yan» Epkmupa (IV B. g0 H. 3.). Tam pokasauo, yto ecau a, b, ¢ u d — no-

NOXHTeNbHBIE YHC/IA H @ — HAHGOJbLIEe YHCJAO B NPONOPLHH % = %, TO

BBITOJIHSIETCS] HepaBeHCTBO a +d > b +c. B ocHoBHoM tpyae Ilamna
Anexcangpuiickoro (IIl B.), HasBaHHOM «MarteMaTH4YecKoe cobpaHHe>,
J0Ka3biBAeTCA, YTO €CH a, b, ¢ U d — MOJOXKUTENbNbIE YHCAA H %>?Ci’
TO BhINOJIHSIETCS HepaBeHCTBO ad > bc.

4. 3apaHus AN OBTOPEHHS

196. OTmeTbTe Ha KOOPAMHATHOM

OCH YHCJIA:
a) 0; 0,1; 0,2; 0,35; 0,7; 0,95; 1,05;
6) L;1.3.2.1.5.7.4.11
24447887878’ 16°
197. CpaBHuTe 4HCaa:
a) 6 u 4; 6) 7,1 u 7,(09); B) % u 0,25;
r) % u 0,6; 1 —2 u —2,2; e) —3,(5) u —3.5;
x) 0,125 u ?15.; 3) /2 u 1,41; H) mu 3,14.
198°. TpounTalite 3anucH:
a) 7>2,5; 6) -10<3<7,1; B) 5,2# 5,(2);
r) x>2; o) —2<x<4; e) x <—9
x) |x|>8; 3) [x+ 1] < 4; H) |x-2|=2.

199. 3anuukte, HcnoJb3yst GYKBH U 3HAKH HEPABEHCTB, BCE YHCJA:
a) Gosbline 5; 6) He mpeBblUAKILHE —2;
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B) GoJblune 1, HO MeHblIHE 11; r) He menbuwue 12;
1) He GonbiuiHe —6; €) TMOJIOXKHTeJbHEIE.
200. INoayuutcs JM BepHOe HepaBEHCTBO, eCJH o6e 4acTH HepaBeH-
crea 9 > 6:
a) yBeJMYMTb Ha MOJIOXKHTEJbHOE YHCJIO;
6) YMEHBILUHTb Ha IOJIOXKHTE/bHOEe YHCIIO,
B) YMHOXHTb Ha T10JIOXKHTEJIbHOE YHCJIO;
r) pasiesiuTb Ha OTpHL@ATeJbHOE YHCHO? :
201. a) 3anuuuTe BepHble HEPaBEHCTBA, MOJyYeHHbIe yMHOXKEHHEM

. S
epasencrsa 4 > —2 Ha: 3; —3; 5 -3 -

6) 3anuikTe BepHbie HEPaBEHCTBA, TNOJyYEHHbIE [EJCHHEM
. 9. S Y
HepaBeHcTBa —3 < 7 Ha 2; —2; 373"
202. a) 3amuuinTe BepHble HEPABEHCTBA, MOMYUCHHbIE npHGaBICHHEM
K 0GeHM 4acTsM HepaBeHcTBa —2 < 5 uncaa 3; uMcaa —-8.
6) 3anuiukTe BepHble HEPABEHCTBA, MOJyYEHHblE BHIMHTAHHEM

w3 oGeux uacTeii HepapeHcTBa —7 < —3 uncaa 1; uncaa -1

‘ 203°. BepHo /i HEPAaBEHCTBO:

a) 8>8, 6)726 B)—1<2 1) -9>-8

4 b
204°. a) Moryr /M OZHOBPEMEHHO BHINOJHATHCA HEPABEHCTBA 4

na<b? . <
6) MoryT 11 0AHOBPEMEHHO BLINOJHSATLCS HepaBEHCTBA 4
ub<a?

'205. a) Ecnu a>b, To BCerna JM BHIMOJHAETCS HEPABEHCTBO

ac > bc? TlpuBenuTe NpUMEpHL. 42
6) Ecau a > b, To BepHO JIM HEPABEHCTBO —a < — 0«
B) Ussectno, ut0o c<d. BepHo  JH HepaBeHcmg
c(a®+ 1)<d(a’+ 1), rae a — mo60e AeACTBHTENLHOE THCIIO!
206. a) [lokaxkute, YTO €CJH 4 > buc>d, Toa+c>b+ ccit
6) JlokaxuTe, YyTO €ClH a>buc<d,Toa—c>b—d.
: : 2> b*? Tlpusenute
) Jlano nepaseHcrBo a >b. Bcerma su a”>077 lip
npHMepBHl, s e s y
207. a) CnpaBejJMBO JIH HEPaBEHCTBO @ + b° > a” npu mMoOHIX AeH
?
CTBHTEJbHBIX 3HAYEHHUSAX @ H b? s e )
6) CripaBeJuBO JH HepaBeHCTBO a + b* > b° npu nOO6LIX IeH-
?
CTBHTEJIbHBIX 3HAYEHHUSIX 4 U b.2 .
208. a) MoxeT Jiu HEPaBEHCTBO A'X > d (a?— Jaio6oe JaHHOe JeH-
CTBHTEJbHOE YHCJIO) HE HMEThb pPelleHHH: )
Tokaxure HepabeHcto (209—211), rre g, b, ¢ — neHcTBH
TeJlbHble YHCJIA!

209. a) 1 <%,ec.rma>b,ab>0; 6) % >%,ecnna>b,ab<0.

;a R v
210. (q/+b+c)2>a(b+c—a)+b(a+c—b)+c(a+b-c).
211. a)\a2+b2>%,ecnua>0,b>0,a+b=1;

2 2a
6)a+1>a2+1.
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212%,

213>,

214.
215.
2186.

217.

218.

219.

220.

221.
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a) ABTOMOGWIHCT eXaJl HEKOTODOe BPEMsi CO CKOPOCTBIO @ KM/d,
TIOTOM TO4HO TaKOE€ e BPeMsl CO CKOpOCTbio b kM/u. BripasuTe
yepes a U b CpefHIO CKOPOCTb ABHXKEHHsSI Ha BceM NyTH (060-
3HaybTe ee v,).

6) ABTOMOGHJHCT MNpoOeXal HEKOTOPOEe pAacCTOSIHHE CO CKO-
POCTBIO @ KM/4, TIOTOM TOYHO TaKOe K€ PACCTOSHHE CO CKO-
pocTbio b kM/u. Bripasute yepes a M b CPeIHIOI0 CKOPOCTb JABH-
JKEHHsl Ha BceM yTH (0603HaybTe ee U,).

B) CpaBHuTe v, H U, ( CM. NpebIAyIUME 3aaHHsT).

r) Jns nonoXKUTENbHBIX YHCe @ U b pa3nuyaior: cpeaHee apud-
MeTHYecKoe 4Hces @ U b — uncyio A = “;’b ; CPefHee reomer-
pudeckoe uucen a M b — uncao G = .Jab; cpenuee rapMoOHH-

1,1

1 a b
YyecKoe uyuces a U b — quciao H, TakKoe, 410 ﬁ = _é_’ OTKyAa

H= ff_bb. Hokaxute, uto aas uucea G, H 1 A BuinoaHsiercs
HepaBeHCTBO H < G <A.

B kakyro noropy camodser, Jetsamuil u3 Mocken B Cankr-ITe-
TepOypr H 06PaTHO, BBIMOJHHT GbICTpee peiic: B Ge3BETPeHHYI0
HJIM TIPH BETpe, AyIOilleM C MIOCTOSAHHON CKOPOCTbIO 0T MOCKBH B
Hanpasjenun CaHnkrt-IlerepGypra?

JloKaxkuTe, 4TO CyMMa KBaJpaTOB ABYX Pa3J/iHYHBIX I1OJOXKHTEJb-
HBIX YHCeJ 60JIbIlle YABOGHHOrO MPOMU3BEJEHHS ITHX YHCEJI.
Kakoe HanMeHbluee 3HaueHHe MOXET MPHHATH BhIpaxeHue a’ + b’
eciia>0,6>0,a+b=2?

Ecau cuctema 1ByX JIMHEAHBIX HEPABEHCTB He UMEET peLIeHHi,
TO CJefyeT JIH U3 3TOro, YTO Ka)KA0e HEPABEHCTBO CHCTEMBI He
BBITIOJIHAETCA HU MPH KAKHX 3HAYEHHAX HEH3BECTHOIro?

Opna cropoHa TpeyroJbHHKa paBHa 6 M, a CyMMa ABYX APYTHX
14 M. Onpepsennte BO3MOXKHBlE [JIHHBI CTOPOH TPeYyroJibHHKA,
€CJIH OHH BBIPAXKaI0TCH HATYPaAbHBIMH YHCJAMH.

Hajiqute Bce 3HaYeHHst X, IPH KOTOPHIX HMEIOT CMBIC/ BblpaXke-
HHUS: :

1. . 1 . 1
a);! 6)x1 B) -1 F) x+12°
Hafinure obaacte onpeaenenust pyHkuuu (219—221):

a) y=Jx-T7; 6) y=2+J12-x;
B) y =1-3x; r)y =-—>

2x+7
a) y=dJx+1; 6) y =43-2x;

B)y =Jx +Jx-1; r) y =J3+4x +J7x-5.
I - 3x .
a),y—x—_—s’ 6)y—'x+6_3—7x’

r)y= -5 4 [5-x;

3x-1

=/ L.
B) Yy =N4-3x+ 5=

) y=+2x-3; e) y=A3x+5;
X) y=dJx'-1; 3) y=Jx*+5.

Pemite HepaBeHCTBO, CYHTAsl, YTO @ — JAHHOE YHCJO!
a) ax > 0; 6) ax > 1; B) ax+1>3;
r) ax—8<11; L) ax > x; e)ax+1>x

. JlokaxuTe, 4TO MOJYNePUMETP TPeyro/bHHKa GoJiblie KaX/IO0H H3

CTOPOH 3TOTO TPEYro/ibHHKA.

JlokaxuTe, 4To ecid |x| <a, 10 —a<x<a.

3anuIIKTE HEPABEHCTBO B BHJE JABOMHOTO HepaBeHCTBa:

a) |x-0,5]<3; 6) |x-38|<1; B) |[x+2|<5.

YKaKHTe Ha KOOPAMHATHOH OCH BCe pElUeHHs HepaBeHCTBa:

a) |x-0,5]<3; 6) lx+25|<1; B) 12x-1[<2.

Peunre HepaBeHCTBO:

a)lx-11<1;6) |x+1]<2;8)|2x+ 1| <4; r)|3x-2{<5.

Hanpumep: |2x-1}<3.

—8<2—1<8 —-2<2x<4, makkak 2>0,mo—1<x<2

Omsem: (—1; 2).

Pemmte HepaBeHCTBO:!

a) [x-1]>1;6) |[x+1|>2;8) |1+2x/23;7r) {7x-3]>1.

ITpu KaKuX SHaYEHHAX X 3HAYeHUsi QYHKLMH Yy = 5x — 3:

a) Goabiue 1; 6) meHblue 5;

B) He MeHblle —2; r) He GoJblue —5?

Hajinure Bce 3HauyeHHs !, TMPH KOTOPLIX ypaBHeHHe HMeeT JBa
a3JIHYHbIX KOPHA:

g)x2—6x+tp=0; 6) (t+3)+2(t—1)x+1t=0.

Haiimute Bce 3HauyeHHs f, TNPH KOTOPbIX ypaBHEHHe He HMeeT

HIeHCTBUTEJbHBIX KOpHeH:

a) £’ + 4x + 6t =0; 6) tx’ —2(t—2)x+t=0.
Haiinute Bce 3HaueHWsi f{, NPH KOTOPHIX KBaApaTHOE ypaBHEHHE

92x* — bx — t = 0 uMeeT [Ba TOJIOKHTEIbHbIX PasNHIHBIX KODHA.
TMokaxuTe 1pH NoMoILY rpaduka, YTo ypaBHeHHe X — 2x + f = 0:
a) npu Jo6oMm f < 0 nMeeT 1Ba NAEHACTBHTEJbHBIX KODHSI PasHbIX
3HAaKOB, MNPH 3TOM a6COMIOTHAs BEJHYHHA II0JIOXKHTEJILHOIO
KopHs 6oJibliie aGCOJIOTHOH BEJMUHHbI OTPHLATEILHOTO KOPHS;
6) npu Jmo6oM 0 < £ < | uMeeT ABa Pa3iHYHBIX MOJIOKUTEIbHbIX
KOPHS; )

B) 1pH Jio6om f > 1 He uMeeT JIEﬁCTB;lTeJIbeIX KopHeil.

IIpu KakuX 3RaUEHHsX 4 ypaBHeHHe X + ax + 4 = ( umeer pas-
JAHYHbIE KOPHH? )

Flpu Kakux 3HaYeHHSIX /M ypaBHEHHe He HMeeT ACHCTBHTEJbHbIX

KOpHeH: \

a) 2x* — 3mx + 1 = 0; 6) 3mx>—x+m=0;

B)((m+ )X +mx+3+m=0?
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236.

237.

238

239.

240.

241°,

242,

243%.
244.

245*,
246*.

247.

66

Ha pucynke 42 uzo6paxeHsl rpauku AByX KBaapaTHYHbIX (DYHK-
uui, OGO3HAYEHHBIX Y, H Y, IIpH KaKHX X BBIIOJHSIOTCS

HepaBeHCTBaC
a) y, 6) 22 <0?
Y

I[Tpn Kakux 3HauYeHHSIX M ypaBHEHHE MMEET JBA PABHBLIX MOJIOXH-
TeJIbHbIX KODHSI; ABA PABHBIX OTPUUATE/bLHBIX KODHS:
a) 3’ +4mx+ 1 =0; 6) mx’ —(m+l)x+2—0?
Ipu Kakux 3HaueHHsix ¢ ypaBHeHne x° — 2tx + £ — 1 = 0 umeer
ABa Pa3NHYHBIX KOPHs, 3aK/II0UEHHbE B HHTEpBAaJe:
a) (0:3);  6) (1;4);  8) (=40 1) (=5;-2)?
[1pn xakux sHauenusix f ypasHenne (f + 1) x" +2(t — 1)x + ¢ —
—3 = 0 uMmeer Ba AeACTBHUTE/IbHBIX KOPHSI:
a) OTpHLATEJbHBIX; 6) MOJOXHTENbHBIX;
B) PasHbIX 3HAKOB, MpHYEM MOJOXKHTENbHbIi KODeHb HMeeT
60/1bLIYI0 A6COJIIOTHYIO BEJHYHHY;
I') pasHbiX 3HAKOB, IIPHYEM OTPHLATEJIbHbIH KOPEHb HMeeT 64.1b-
Y10 a6COJIIOTHYIO BEJIHYKMHY?
Hanuumnre kakoe-n1u60 HepaBEeHCTBO BTOPOil CTEIEHH C OJHHM
HEH3BECTHBIM, pelleHHe KOTOPOro MoOXeT ObiThb MPOMJIIOCT-
pHpoBaHO: a) pUcyHKoM 43, a; 6) pucyHkom 43, 6.
Peuure ypaBHeHue:
a) (x—2)(x—1)(x—3)=0;
B) (2x—3)4—-3x)=
Pemnte HepaBeHcTBoO:

a) % —2x 3 0;

“Y,>0;

6) (x+ 1)(x+2)(x=5)=0
r) (5x — 1)(2x + 7) = 0.

) x*-2x-3 < 0

x"’ 2x+3 ’

3 x 242 . 1,8

B) - 36 > 0; r) x4+ x-1 <0
I'Ipu KaKHX 3HaueHusix m ypasHenue (m —2)x* +(m+2)x+m=0
HMeeT pa3JIHuHble KOPHH?
3anuiuuTe C MOMOLIBIO HEPABEHCTBA YTBEPIKAEHHE, YTO 3HAKHU
yhces a U b:
a) pasjuuHble; 6) ONMHAKOBHIE.
Hpn KaKHX SHAUEHWAX p OlUH K3 KOPHel KBaIlpaTHOI‘O ypaBHeHUs
x* + px — 5 = 0 Gonbwe 1, a apyroii Menbure 1?
Ha pucynke 44 uso6paxenn napabona y = ax’ + bx + ¢ u na-
pannesbHble TIpsiMbie M H [, nepecekawlme napaboay B TOYKax
A u B, C u D coorBerctBeHHo. [loKaXkuTe, 4to npsMas, Ipoxo-
Isiuiasi Yepes cepeiavHbl otpe3koB AB u CD, napannenbHa ocu
Oy.
YnpocTtute BhIpaKeHHe W HaHIMTE €ro 3HaueHHe MPH 3aJaHHOM
3Ha4yeHHH OyKBBI:

3

o) (B m)iCh - g m =}
3 —_

6) (‘;:28 ):(4‘a2)";T; npna=%.

= g2
YA y=ax?+bx+c "

-1

a) Puc. 43

248. JlokaxuTe aiare6panyeckoe paBeHCTBO:

5 (xy+y? N_ 2 _ Byy:
2) - (BEL +xy+y7)- 2L = Bxy;

- +4 1
6) 6a— 35a + t(2a++4la) :(az?alﬁ— a‘;—4a )= 6"
249. NokaxwuTe, 4TO 3HaYeHHe XPOOGH PaBHO HYJIO!
(1,08-1,33)- 18 +0,6: 25 (2,14~ 1,39)- 1,2_0,75:%
a) 20,1- 0,1-2,1 ’ 12,1:0,1-1,2
250. okaxure, UTO BHIPaXKECHHA!
a) (x—23)3 _ (x-;3)3 " _9(x24+ 3) :
6) (x—3)3 + (x+ 3)3 g X2 +27)
3 3 27

He SIBJISIIOTCA TOMAECTBEHHO PaBHHIMH Ha MHOXKeCTBE BCeX Jei-
CTBHTEJ/IbHBIX YHCE.
Ynpocture Boipaxenue (251—254):

251, a) ({5 -7 ) 7 O (55 Bt tdm)(m- ).

x+y) x‘-y

20 (6 B B0 0 (B +g)
253. a) G )(x y)+(x+y)(.__-y-);

o) (4-2) (-5 2h (54 1)
- (4 R R
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260*,

68

2565.

2566.

257.

258.

259.

JHoxkaxure, uto uucio (107 + 5) aequTes Haueno Ha 3.
Peuvre ypaBHenne (256—260):

267. Peumre rpaduueckuM crmocob6oM CHCTEMY ypaBHEHHI:

a) x+3_ x+5 — x-6 .
Zox x+x 1-x2"
5x 1 = 11
6) 3x+1 9x+3 16’
1 4 5
a + = ;
) 2+ x2+ 1 x+2x%+ &8 9x + 242
7 3 _ 15
6) 6x + 30 + 4x-20 2x%-50 °
2 3
a) 2x2—3x+x =0: 6) xgl—x)=6;
x“-2x+ 1 1+x
1 2 . 2+x. 1 5 _ b5+x
B) x+1+x—l -1 r) x+1 x-1 -1
a) 2 __1 - 10 .
2-10x+25 x+5 x2-95 "'
6) = L - _12
22+12x+36 x-6 £2-36
a) L4 L 4 1 L _g,

6) -3 4 -

-2 x-1 -4 x-3°

x-8 x-6 x+6+x+8
1

Perinte cuctemy ypaBHenuit (261—-265):

2x + = - =
261. a) x + 3y 4, 6) 9x - 10y 3,
4x-6y = b; 2x-3y = 6;
5x + 4y = 6, ) 5x + 3y = 15,
7x + 6y = 10; [0x-6y = O
"ty =14 =
262.a) ~ YT 6) {¥FY =5
x+y = 2 x+y =13
xy(x+y) = 6, x+y =2,
263. a) {0 Y’ 6) {° 7Y,
X’ +y 9; x+y'-2 =0
L_S = l X +.’L1 =2
264. a) {x+2 3’ 6) Ju-1 x ’
xy+3x+4y = 0; 2x-3y =5

265.

266.

IToctpoiite rpaduk pyHKIKH:
a) y=x"—17x;
B) y=x2—-5x—6;

6) y=3—x
r) y=3x"—x+1.

268.

269*,

270.

271.
272.

273.

274.
275%,

276*,

= 2+1, = - _27 = 2_1
a) Y X 6) y X ; B) Yy x 2,
y=x+7; y = 4-x y = 1-x%

y = 2x-1, y=x"-2x+1, y =
r) ; B 1o 1. e)
y = 2x"-1; y==> Y

|
&

Tpoe paGounx BLIIONHSIOT OBUHAKOBYIO paGoTy: nepsbiii 3a 12 u,
BTopoit 3a 15 4, Tperuit 3a 20 u. Cko/JbKO 4acoB 3aTpaTaT
pabouyie Ha BLIMOJIHEHHE 3TOH PabOThHl COBMECTHO?

HBe Gpuraapl, paGotasi BMecTe, MOTYT OTPEMOHTHPOBATh ILOCCE
3a 18 pabounx nHefi. Ecnu nepBas Gpurana, pa6oTasi OfiHa, Bbi-
TOJIHHT % Bcell paGoThl, a BTopasi OpHraja — OCTaBILYIOCH
4acTb, TO Ha peMOHT 1occe noHaxoburtcst 40 nHeli. 3a cKOJbKO
AHeH Kaxas 6purana, paboTast OTAe/bHO, MOXKET BHINIOJHUTb BCIO
pa6oTy?

Tpu TpakTopHble 6pUraibl BMeCTe BCNAXHBAIOT MoJe 3a 4 JIHS.
IlepBasi u BTOpasi 6purajsl BMeCTe MOTYT BChaxaTh 3TO MOJie -3a
6 nHell, a mepBas U TpeThbs BMecTe — 3a 8 gHel. Kakas
6puraga — BTOpasl WJIH TPeTbs — MOXET BClaxaTb GoJblile 3a
JleHb H BO CKOJIbKO pas?

Ha nepBom yuactke myTu B 96 KM 03]y 111eJ1 O CKOPOCTBIO Ha 2 KM/4
6o.bliiel, 4eM Ha BTOpPOM y4acTke B 69 kM. Bechb nmytb 6bu1 npoii-
geH 3a 3 4 30 mua. OnpenenuTe CKOPOCTh r0€3[a HA BTOPOM
y4acTKe ITyTH.

MortopHnasi Jiogka, co6CTBeHHasi CKOpocTb KoTopoil 20 KM/,
NpOLIVIa PAcCTOSIHHE MeXAy ABYMsSl HyHKTaMH Ha peKe Tyaa u
o6paTHO, He OCTAaHABJHUBasCh, 32 6 u 15 MuH. PaccTosiHne Mexay
nyHktaMu paBHo 60 kM. OmnpesesuTe CKOPOCTb TEUEHHST PEKH.
Hns nepeBosku 75 T rpy3a BbIAEJUJH HECKOJbKO TIPY30BHKOB.
OpHako 5 rpy30BHKOB IepeBeJid Ha IPYTofl y4acTOK, MO3TOMY B
KaXKIbIY U3 OCTABLIHXCS TPY30BHKOB MPHIJIOCH NOTpy3uTh Ha 0,5 T
rpy3a OoJblie, yeM npeanoJaranocb. CKOJbKO T'PY30BHKOB HC-
N0Jb30BaJOCh B MepeBO3Ke rpysa?

Eesn noesn, naymuii us ropoga A B ropog B, yMeHBIIHT CKOPOCTb
nmxends Ha 10 KM/4, To BpeMsi, 3a KOTOpOe OH TpOMJeT pac-
crosinue ot A 1o B, ysemuuurces Ha 25%. Onpenenute CKOpPoCThb
JBHXXEHHS 1oe3Ja.

ConpoTHBJIeHHe UeNd ABYX MapauieJbHO COEJHHEHHBIX MPOBOJ-
HHKOB paBHO 15 Owm. [lepBriii MPOBOJHUK UMeET COMPOTHBIEHHE
Ha 16 Owm Goublue, yeM BTOpoi. OmnpesnesuTe CONPOTHBJEHHE
KaXkJIoTO MPOBOAHHKA.

Ha repmomerpe llenbcust TeMnepatypsl TasiHHS JIbJA W KHITEHHS
BoJbl 0603HayawTces coorBeTcTBeHHo 0° u 100°. Ha Tepmomer-

© pe Dapenreiita 3TH TemnepaTypbi 0603HaYeHb! COOTBETCTBEHHO
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277%,

278.
279.

280.

281.

282.

283.

284.

285.

286.

—32° n 212°. Tlpu Kako#i TeMnepaTtype o6a TepMoMeTpa GyAyT
[I0KA3bIBaTh OJHHAKOBOE YUCJO Ipaaycos?

Il npoM3BoACTBA ONHOTO 3JIEKTPOABHIaTE s THNA A HCNOMB3Y-
ercs 2 Kr cniiaBa, cogepxamero 20% cauHua u 80% wmenu. das
[POU3BO/ICTBA OJHOTO 3JIEKTPOABUraTe st TUNA B ucnonbayercs 2 Kr
cnnasa, conepxauero 60% cBunua U 40% meau. Ilpu6biib
OT IPOM3BOJACTBA OAHOTO 3JEKTPOABHTraTeNs THina A Wiu THna B
COCTaBJIsIeT COOTBeTCTBeHHO 8 p. HiH 12 p. CKOJBKO HYXHO
H3TOTOBHTH 3JIeKTPOABHIaTeJiel KaXKAOro THIA, YTOGLI MOJyUYHTh
1000 p. npu6blin, H3pacxoqoBaB Npu 3TOM He GoJsiee 84 Kr
CBHHUA H He GoJiee 111 kr meau?

Haiinute Takue vethipe yucna, 4ToGbl CyMMbl, 06pa3oBaHHbIe
TpeMs U3 HHX, ObLIM COOTBETCTBEHHO paBHbl 20, 22, 24, 27.
CyMMbl CTOPOH YeTHIPEXyroJIbHUKA, B3STHIX MOCJEN0BATENLHO 110 3,
pasubl cooTBeTcTBeHHO 130, 135, 147, 152 cM. Onpegenute Au-
HY KaX/I0# CTOPOHbI Y€ThIPEXYrOJbHHKA.

ITo okpyxnoctd auHoit 100 M aerxkyTes ase Touku. Ilpu napu-
KEHHH B OIHOM H TOM K€ HallpaBJIEHHH OHU BCTPEYAIOTCS Kax/ble
20 c, a npy ABHXKEHHH B NPOTHBOIOJOKHBIX HANpABJEHHAX OHH
BCTpeualoTes Kaxaple 4 c. OnpeliesiHTe CKOPOCTh KaXKAOH TOYKH.
Ha 720 p. nomxHbl GblaM NPHOGPECTH HECKOJIBKO PagHOIpHEM-
HHUKOB, HO LieHa KaXJOro U3 HHUX CHH3HJach Ha 24 p., MO3TO-
MY KyNHJH Ha OJMH DaiMONpDHEMHHK OoJiblile, YeM IIaHHPO-
Bajocb. CKOJMBKO KYMWJH DajHONpPHEMHMKOB, €CJIM HX LI€Ha
OfIMHAKOBast?

Ilpu nocrpoiike 3nanusi Tpe6oBajoch BhiHyT 8000 M° 3emuu B
onpeneJieHnbid cpok. Pa6oTta 6bliia 3aKOHYEHA paHbllie CPOKa Ha
8 nHeil, Tak Kak GpHrajia exKeIHeBHO MepPeBINO/HAIA IaH Ha 50 M.
Onpepnennte, B Kako# CPOK A0/KHA 6bl/1a GbITh BHIIONHEHA Pa6O-
Ta, ¥ OIIpeJeJIiTe eXelHEBHbIHl NPOLEHT BLIIOJHEHHA TLIaHa.
Bpuraga tpakTopHcTOB f0/DKHA Gbljia BCNaxaTh yYacTOK LEJHHbI
niowansio 120 ra. OxHako GpHraje ymanoch YBEJHYHTb HOPMY
AHEeBHOH BbIpaOOTKM Ha 2 ra. B pesysbTate Cpok BCnamiky
COKpaTHJICl Ha 2 nHs. KakoBo 6bljIo AHEBHOe 3ajaHHe GpUrazne H
B KaKo# CPOK Hy»XHO ObiJI0 BLINOJHHUTL paGoTy?

Bpurana secopy6os no/kHa Gblja B HECKOJBKO [HEH MO IJIaHy
3aroToBuTb 216 M° npos. ITepsbie Tpu mHs GpHraia paboTada no
IJIaHy, a 3aTeM Kax[biil AeHb 3aroToBJsiia Ha 8 M [poB GoJblile
miana. B pesyabraTe yxe 3a JeHb 10 CPOKa 6blI0 3arOTOBJIEHO
232 M® npoB. CKOJIBKO Ky6OMeTpOB J0/UKHA ObljJla 3arOTOBJATH
6puraja B IeHb 1O ILIAHY?

ABTOMOGH/Ib ¢ IPy30M npoexas 140 KM ¢ HEKOTOpO# NMOCTOSHHOM
CKopocThio. Ha o6paTHOM nyTH, ABHrasich OPOXKHSIKOM, aBTOMO-
GHJIb yBeJHYHT CKOpocThb Ha 20 kM/u. B pesyJbrare Ha o6paTHbI#
nyTb OH 3aTpaTusl Ha 48 MHH MeHblie. Omnpegesdte nepBo-
HayaJbHYI0 CKOPOCTb aBTOMOOGHJISA.

W3 BuHTOBKH npou3BefeH BbicTpes BBepx. CKOPOCTb Myau IpH
BblJIeTe M3 CTBoOJIa BHHTOBKM paBHa 800 Mm/c. CuuTasi, 4To BbI-

287.

288.

289.

290.

291.

292,

crpes npousBefied npu £ =0 B Touke s=0 ocu Os, HanulHTe
3AKOH J[BUXKEHHS MyJH B CJydae, eCJH:

a) ocb Os HampaBJieHa BBepX; 6) ocb Os HampaBJ/ieHA BHH3.
C KaKoil BHICOTH T1ajjaJia Ha 3eMJIo (HayaJbHas CKOPOCTb pas-
Ha 0 M/c) MaTepranbHAasA TOYKA, €CJIH ee MaJeHHe MPOAOJIKA -
Jocs 5 ¢? ConpoTuBJieHHeM Bo3llyxa npeHeGpeyb.

CKoJIbKO BpeMeHH OyAeT majaTh Ha 3eMJII0 MaTepHasibHasg TOYKa
¢ BoicoTel 10 000 M? OTBeT aafiTe NPHOJIHIKEHHO C TOUHOCTBIO 10
1 ¢. ConporuBsieHueM Bo3ayxa npeHe6peyb. ,
MartepHanbHasi TO4Ka aaeT Ha 3eMJII0 N0 3aKoHy A = 5t (h us-
mepsieTcs B MeTpax, ! — B cekyHiax). OnpefeJnTe NpHOIMKeH -
HO CPE/HIOI0 CKOPOCTb TOYKH 3a MIPOMEXYTKH BPEMEHH MeXiy:
a)t,=0unt=01; 6)t,=1lut,=1,1,

B) {,=2ut,=21,; r)t,=3ut,=3,l1.

3aKkoH MPAMOJIMHEHHOTO [BHXEHUS MaTepHaNbHOH TOYKH 3afaH

¢dopmyJion:
a) s=5F,t>0; 6) s= 10t +5¢, t>0;
B) s=10f— 5, t>0.

1) Hapucyiite rpacuk IBHKeHHS.

2) Onpenenurte s B MOMeHT BpeMeHH { = (.

3) Onpeneaute CKOPOCTb TOYKH B MOMeHT BpeMeHH £ = 0.

4) YkaxuTe, B KaKylo CTOPOHY HanpaBJ/eHa CHJa, JeHCTByOLlast
Ha TQUKY.

MartepranbHasi TOYKA ABHIKETCS C MOBEPXHOCTH 3e€MJH BEPTH-
KaJbHO BBEPX C Haua/bHOk ckopocTbio 20 M/c. CKOJIbKO BpeMeHH
Toyka OyJeT HAXOAMTHCS B [BHXKEHHH M Ha KaKyl BBICOTY OT
[OBEPXHOCTH 3eMJIH OHa nogHUMeTcA? ConpoTHBJEHHEM BO3yXa
npexHe6peub.

C MoBEpXHOCTH 3eMJIM BEePTUKAJbHO BBepX OpoileH KaMeHb C
HaYaJIbHOM CKOPOCThIO U, (M/c). Uepe3 CKOJIbKO CEKyHI KaMeHb
ynazeT Ha 3emiiio? ConpoTUB/IEHHEM BO3yXa NpeHe6peub. Pely-
Te 3ajauy, ecan: a) v,= 15 m/c; 6) v= 25 m/c.

293*, CreJieosior J/isi BHISCHEHHs [NyGHHBI IOA3€MHON MOJOCTH 6pocua

BHH3 6e3 HavyaJbHOH CKOPOCTH KaMeHb. 3ByK OT MaJleHHs KaM-
HSl Ha IHO MOJIOCTH JOLIeJN 0 creJieosora yepes 3 ¢. Kakosa ray-
61HA NMOA3EMHOH TOJIOCTH, €CJIH PUHATD CKOPOCTb 3BYKA PABHOH
330 M/c u npene6peub COMPOTHBJIEHHEM BO3AyXa?

294*, [TapalulOTHCT NOKHHYJI JETSUMI CaMoJIeT Ha BbicoTe 3 KM H Yepes

3 muu npusemsuacs. Onpejesnte BpeMsi €ro CHHXKEHHs [0
PACKpBITHS MapallloTa H ¢ PacKPHITHIM NapallloToOM, €CliM Cpe-
HAiS CKOPOCTb CHHXKEHHS C PAacKpPhITBIM NapaluioToM paBHa 6 M/c.
ConpoTHB/MIeHHEM BO34yXa TIPH CHHXeHHH Ge3 napaiuiora mnpe-
HeOpeub.

295. 3adaua-wymrka. B HexoTOpoM uUapcTBe, B HEKOTOPOM roCy-

napctBe MBdHoB B HeckosibKO pa3 Gosblie, yeM [TeTpos. Koro B
3TOM LIAPCTBe-rocyaapcTae Gosblie:

a) Upanos MpaHosuueit unn IleTpoB IletpoBuuei;

6) Uanor Ilerposuueit wau [letpos MBaHoBuuei?



'JTABA II

CTENEHDbL YNCJIA

§ 4. KOPEHb CTEITEHH n

4.1. CeoiicTea dyHkuun y=x"

2
(DyHKI.LPII/I y =X, y =x3, y =x4, ... HMEIT pﬂll ONHHAKOBbLIX CBOﬁCTB.
[lostomy B o6lueM ciydae paccMaTpPHBAIOT (YHKLHIO
y=1x", (1)

rae n (n>2) — HeKoTOpoOe JaHHOE HATYPaNbHOE YHCJIO.

CDyHKu,uﬂ y = x" onpelesieHa sl JIIOGBIX X, T. €. 06J1aCTb ONpeaeNeHHs
3ToH (QYHKUHH ecThb MHOXecCTBO R.

Kaxk Mbl 3HaeM, rpaduk dynkuuu y = x* HasbiBaloT napa6osoii. Temeps
Mbl Ha30BeM 3TOT rpaduk napaboqoit BTOpoii cTeneHu.

I'padux byHkIHH

y=x" (n>2)

Ha3bIBAIOT napaﬁo.noﬁ n-#H creneHu HJH, KOPOTKO, napaGoJoi y = x".

OtMmetuM csoicmea ¢yHkuuu y =x" (n>2) noka TOJbKO IS He-
OTPHLATEJNLHBIX X.

1) Ecim x =0, 10 y =0.

2) Ecmmx=1,T0 y=1.

3) Ecam x>0, 10 y > 0.

4) PyHKUMA y = X" ABJSETCA BO3PACTAIOMIEN J11 HEOTPHLATENbHBIX X.

5) Ecan x >+ 00, To yy >+ 00

6) ®yHkuMsa y =x" HenpepbiBHA.

Caoiictea 1 u 2 HenocpescTBeHHO cieayioT U3 ¢opmyan (1). Teo-
METPUYECKH OHH 03HAYaloT, YTo napabosia y = x" NPOXOAUT Yepes HayaJo
KOOpAHMHAT H Touky (1; 1).

CaoiicTBo 3 caeayer u3 Toro, 4to ecqad x > 0, 1o x" > 0. CBoiicTBo 3
03Hayaer, 4To Hapadosa y = x" 1151 x > 0 pacnosioxeHa Boilie ock Ox.

CeoiicTeo 4 CJeayeT U3 TOro, 4To €CJIH 0< S X, <X, TO )Cl < X2

72

" IUHHUA.

CaoiictBo 5 oueBugHo. B camoM jgese, ecqM X CTpeMHTCH K + 0o,
npoGerasi HaTypanbHble yncaa 1, 2, 3, 4, ..., To y = x" Toxke CTpeMHTCH
k + 0o, npo6eras uucaa 1°, 2°, 3" ,[Inﬂ OCTAJLHBIX YHCEN X ClpaBef-
JMBOCTb 3TOTO CBOHCTBA COXpaHHeTCH.

CeoficTBO 6 11 n = 2 CTAHOBHTCSl OYEBHIHBIM, €CJIH, HaNpuUMep,
CYMTaThb, YTO Y €CTh MJIOLIAAb KBaJpaTa cO CTOPOHOH x. SIcHO, 4To Masoe
H3MEHEHHe CTOPOHBI KBajgpaTa BjedeT 3a coboil Maloe H3MEHEHHe MJI0-
1UAZH, A 9TO U 03HAYAET HeNpephIBHOCTb (PYHKLHH y = X° LIS MOJOXKH-
TeJbHBIX X.

Hns n =3 ceoiicTBO 6 TaKXKe CTAHOBHTCSA OUYEBHIHBIM, €CJIH, HAlIPUMED,
CYHTATh, YTO Y €CTh 06beM Ky6a co CTOPOHOH x. SIcHO, uTO Majioe H3MEHEHHe
CTOPOHHI Ky0a BJ1eyeT 3a co60H MaJloe M3MEHEHHE ero o6beMa, a 3T0 H 03HaYaeT
HeTpepLIBHOCTD (byHKuun y = x° )15 IONOMXKHUTENBHBIX X.

Jast gpyrux n cBoiictBo 6 Hajo NOKa3biBaTb, HO 3TO A0KAa34aTeJbCTBO

- Mbl IDOBOJIUTH HE 6y11€M

CaoitctBo 6 03Hauaet, 4To rpaduk QyHKUMH y = x" — HelpepbiBHasA

3ameuanue. JlokasatenscTBa CBOHUCTB 3 u 4 TpebylOT NpH-
MEeHEeHHs MeToJa MaTeMaTHyecKod MHAYKuu# (cM. n. 1 JlomosHeHHH K
rnase 1I1).

296°. Kak Ha3bIBaioT rpaduk q)yHKuun y=x"?
297°. Bospacraer Ju (pyHKuH;I Y = x" sl HEOTPHLATENbHBIX X?
298°. Jlana dyskuus y = x". K uemy cTpeMutcs y npu x — + 00 ?
299. Kak nameHsieTcs x" ¢ yBeJMYeHHEM HaTypaJbHOro MOKasaTess n
npH QHKCHPOBAHHOM X, €CJIH:
a)0<x<l1; 6)x>1; Byx=1; ryx=0?
300. Dynkuust 3azaHa opmyJol y = x°.
a) HasoBure 3aBHCHMYIO H HE3aBHCHMYIO NepeMeHHbIe,
6) Kakosa o6aacTb onpeaeieHns LaHHOH GyHKUHH?
B) Bbiuncaute s gauHoil dynkuuu 3nadenus y (0), y (1), y(2),

y(3), ¥ (0,5), y(é), y(?é—). Petiene odopMuTe B BHIE Ta6AULBL.

301. ®ynkuua 3azaHa gopMynoil y = x'. 3anosuute TaGauLy 3Haue-
Huil Pydkumu npu x, pasHoMm O; 1; 2; 3; 0,5; %; 0,25; 1,5.

302. Oynkuust 3anaua popmynoi y = x°. BepHo au paBeHCTBO:
a) y(1)=5; 6)y(1)=1; B) y(2)=32; r) y(0)=0?

303. Cocrasbre Tabaully 3HaueHHH o6beMa Kyba, ec/H JJIHHA ero pe6-
pa (B Merpax) NPHHAMAET 3HAYEHHS OT 0,2 no 2 uepes 0,2.

304. a) Jlana oynkuus y = x'. TIpH Kakux 3HAYeHHSIX X 3HAUEHHs
¢yHkuuu pasHbl 0; 1; 4; 16?
6) Hana beHKu,lflS{ y=x". TIpu KkaKkux 3HAYEHHSAX X 3HAUEHHSI
¢dyukuun pasHu 0; 1; 8; 64?

305. Ilpu KaKux 3HaYEHHsIX X BBLITIOJHAETCS HEPABEHCTBO Y (X) < yy(x),
ecau:

a) y,(x) = x°, y,(x) = 2% 6) y,(x) =X, y;(x) = £
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4.2. T'paduk bynkuuun y = x"

Ha pucynke 45 B ofgHoii M TOH e [I€KapTOBOH CHCTEME KOOPIUHAT
1306paxkeHbl rpapuky ByHKUU

- W2 L3 A
y=x,y=x,y=x (1)
TI0Ka TOJIBKO Uil HEOTPHLUATEJbHBIX 3HAUCHUN X (x 0). 214 rpaduku or-
pa)kaloT OTMeUeHHEBIE B NpelblAylleM IYHKTe cBoicTBa QyHKuui (1).

CnenaeM. MosiCHEHHS] K PUCYHKY 45.
Ha unrepsane (0; 1), T. e. ajs 3HauYeHHl X, 151 KOTOPHIX

O0<x<l1,

BBINOJHAIOTCS HepaBeHCTBa
1>x>x2>x3>x4>.... (2)

JeficTBUTENBHO, YMHOXKAS HEPABEHCTBO | > X Ha X, T X — TI0JIOXKH-
TeJIbHOE YHMCJIO0, HOMYYMM HEPAaBEHCTBO X > X°; YMHOXAs 3TO HepPaBeHCTBO
Ha x > 0, NOJAYYHM HEpPaBEHCTBO X > X H T. IL.

B cusy nepaBencts (2) rpaduk dyskuun y = x° Ha uureppade (0; 1)
pacrniosioxxen HuxKe rpaduka Gysxuus y = x°, rpadpux GpyHkuHd y = x* pac-
MOJIOXKEH HUXKe rpaduKa (GyHKUHH y = X° U T. .

Hanee, na uurepsase (1; + 0o0), T. e. A1 3HAYEHHH X, JJII KOTOPBIX
I < x, BHIMOJIHAIOTCS HepaBeHCTBa

l<x<i<il<... (3)
HefictBuTenbHO, yMHOXKas JHiepaBeHcTBo 1 < X Ha MONOKUTENBbHOE YUCIIO
X, TIOJly4HM HEPaBEHCTBO X < x YMHOXasl 3T0 HepaBeHCTBO Ha X (x > 0),
MOJIyYHM HEPaBEHCTBO X° < X' H T. JI.
Hepasenctpa (3) nokassiBatot, 4To Ha uHTepBajde (1; +90) rpadux
¢yHKUHH Y --)c3 pacnosiokeH Bblllle rpadHka QyHKUHH y = x°, rpaduk
¢yHkuMM y = x' pacronoxen Bbile rpaduKa GYHKLIMH ¥ = X° HT. 4.

y=x

y=x°

y=x?

®Y

Puc. 46
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PaccMoTpuM  Tenepn  cBOHCTBa
¢dyHKUMH y = X" Ha Bceli o6JacTH ee
onpenesierys, T. e. I X, TPHHaLIe-
JKallpX UHTEpBafy (— 00 ; +00 ),

OueBuaHo, 4TO

(—0) =2, (=x)' = o', (—x)= 2.
Boo6we ecau n=2m (méeN)
€CTb YeTHOE HATypaJibHOe YHCJIO, TO
(_'x)2m = x?m'
JlesicTBHTENBHO,
(_x)2m=(__l .x)2m=(_l)2m . x2m_
= ((_1)2)”1 . x2m=1m . x2m___x2m
CaenoBaTenibHo, QyHKyua y=x"
npu YemHOM N 4emHas u epagux ee Puc. 47
cummempuser omnocumeasro ocu Oy.
Ha pHCyHKe 46 u3oGpaxeHnl rpadbHKH GYHKUME ¥ = x° ¥ y = x* s
JA10GBIX AeHCTBUTEbHBIX 3HAYEHUH X.

Jlnst cTeneHHbIX QYHKIMI C HEYETHBIMH CTENEHSMH BBIITOJHAIOTCS yXKe
ApyrHe paBeHCTBA:

(=x)==x (—x)’=—x", (—x)' =—x".

Boo6ite ecan n = 2m +1 (m € N) ecTb HedeTHOe HaTypaJbHOE YHUCJIO, TO
(_x)2m+x —

JleficTBHTEABHO,
(_x)2m+l — (_x)2M(__x) — x2M(_1)x _ _x2m+l‘

CrefoBaTesibHO, QYHKYUA Y = X" NpU HEYemHOM N He4emuas u
epaguK ee cummempuyer OMHOCUMENbHO HAYAAA xoopdunam

Ha pHCyHKe 47 u306paxKeHb! rpaQ)mm byskupii y =x, y =x"ny =x°
IJist oObIX AefiCTBHTENbHBIX 3HAYeHHH X.

OTMeTHM, yTO e n = 2m (m € N) — deTHOe HaTypaJibHOE YHCJIO,
TO (PyHKUHMS y = x*" sBaseTca yObiBawlleil Ha npomexytke (—o0; 0] u
BospacTawolleii Ha npoMexyTke [0; + 00). [lns Bcex x 3Ta QyHKLKS IPHHHA-
MaeT Bce 3HaueHHst U3 npomMexyTka [0; + 00).

Ecau n = 2m + 1 (m € N) — HeuyeTHOe HaTypa/ibHOe YHCJO, TO BYHK-
2m+

Cwua y = x"" sBAsSeTCA BO3pacTalollel Ha HHTepBaje (— 0 ; +00 ). Dra
GyHKIMA TPUHUMAeT BCe 3HaYeHMs H3 HHTepBaja (—oo; + 00).

-
306°. JInst KaKux HATYpasibHbIX 3HaYeHUi n QyHKUHs y = X" YeTHas?
307°. Ilna KakHX HaTypaJbHbIX 3HaYeHHil 7 QYHKUMA y = x" HeveTHas?

308°. OTHOCHTeNbHO 4Yero cUMMeTpHYeH rpaduk QyHKUHH y = X"
a) mpu n yetHoM; G6) MPH 1 HEYETHOM?
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309.

310.

311.

312.

313.

314.
315.

316.
317.

318.
319.
320.

Oynkuus 3agana GopMysiol y = x°. Beruuciaure sHauenns y (0),
1
y (1), 4 (=1, 5 (=2), y(5), ¥ (=0.5), 4(3), y(-3)- Pewenne

0¢opMHTE B BUIE TaGJaULpbL.
®yukums sagana dopmyaoi y = x'. 3anoanure Ta6nnuy 3Haye-

Hull ¢yHKuuu npu x, pasuom 0; 1; —1; 2; —2; 3; —3; 2 ; —0,5;

1. 1. 1. _ 1
3 7F g 0,25; 1 —12.
DyHKUHA 3a1aHa (bopmynon y=x BepHo sin paBeHcTBO:
a)y(l)--56)y(—1)——lB)y(O)—Ol‘)y(2)-32>
Buiuncsiute 3HaueHUs] QYHKLHH § = x*, B3asiB x o1 —1 g0 1 yepes
0,2. Pewenne ogopMuTe B BUIE Taémmbx

[lpH Kakux 3Ha4YeHHUsIX apryMeHTa 3HaueHue (YHKUHUH:

a)y—x paeho 0; 1; l 16;

6) y = x° pasHo 0; 1; -8; 647

KakoBa o6nactb 3Ha‘{eHHH dyskuun: a) y = x'; 6) y = x*?
Hana dbyukuns y = x°.

a) Kakue 3HaueHusi NMpHHUMaeT NaHHas (yHKUUA, ecau x > 0,
x<0?

6) B Kakux 4eTBepTsX pacioyoxeH rpaduk gaHHo# ¢yHkuuu? OT-
BeT 060CHYHTE.

B) JIBnsieTcs JM AaHHas ¢QyHKuUus deTHOH (HeueTHo#)? OTser
o6GocHy#Te.

r) IlokaxuTte, uTo jnaHHas (yHKiMsS BO3pacTaeT Ha HHTepBaJe
(—00; +00).

n) ITocrpofite Touku (x; x %), B3siB x or —1,5 10 1,5 uepes 0,5.
e) IToctpoliTe B TOH K€ CHCTEMe KOOPAMHAT TOUKH (X; X ) B35B
x or —-0,5 go 0,5 uepes 0,2.

K) Y4HTBIBasi HeNpPepBIBHOCTb (DYHKUMH Y =i
rpaduk.

3) YKaxuTe ¢ nomolbio rpaduka GyHKUHH y = X° , IPH KaKHX X
3HaueHHsl PyHKUHH 6onbme 1; mMenbure —1.

Jana ¢yukuus y = xt. I/ICCJIeﬂ,yHTe 3Ty (YHKUHI0O TO CXeMe
NpeAblAYLIETro 3aJaHUs H NMOCTPONTe ee rpaduk.

YuuThiBas 4eTHOCTh (HEUETHOCTH) (PYHKIMH, MOCTPOUTE €€ rpa-
thuk (s mocTpoeHus rpaduka AOCTATOYHO ONPEAEHTh YETBEp-
TH, B KOTOPBIX OH PacloJIOXKeH, U NPUMEPHOE €ro PaciiofoKeHHe
C MIOMOLUBIO HECKOJIBKHX TOlIeK)

MOCTPOKTE ee

a)y—x 6)y—xd B) y =x,
r) y=x% n) y=x" e) y=1x"
HOCTpOHTe rpacduk byHKUHHU:

a) y=x" 6) y =x"

Hpnﬂalme)xm au rpaduKy Q)yHKuHH y = x° TouKa:
a) A(—1; 1) 6) B(2;64)?
TlpuHaneXuT Jiu rpaduKy GYHKLUMH y = x° TouKa:
a) A(—2;64), 6) B(—1;1)?

321. B 0111-1014 CHCTEMe KOOPAHHAT TOCTPO#Te rpaduKH GyHKIWH y = x* u
y=x"

a) Kakue snayeHHs NPUHUMAIOT 3TH GYHKUMH, ecan x > 0, x > 1,
x>2,0<x<2?

6) HpH KaKHX 3HaY€HMSAX X 3HAYEHHS KaKAOH M3 JaHHBIX (QyHK-
uuk 6oabine 0; menbie O; Gonbiue 1; MeHblue 1?

B) CymeCTByIOT JM TaKHe 3HAYEHWS X, IIPH KOTODhIX 3HAYEHHS
(byHKuym y = x° GoJbllle COOTBETCTBYIOLIHX 3HAYEHHI bYHKLMH
y=x"?

r) Tlpu Kakux 3HaueHHsX X KaX/asi U3 JaHHBIX QYHKLH SBJASETCH
BO3pacTaiollie#; yOhlBaowei?

322. B oxHoli cHcTeMe KOOP/MHAT C eIMHHYHBIMK OTpe3KaMH 10 cM Ha
HHTEpBane (—1; 1) nocTpoiite rpaduky QyHKuMi y = x, y = x°,
y=x" y=1x"

323. CpaBHme 3HaueHHss QYHKUME y =X H y = x° TPH 3HAYEHHSX
aprymeHTa:

a) 0<x<1; 6) x> 1; B) —1<x<0; r) x<—1.
324.Cpasuute 3Hauenusi dyHkuuil y = x' u y = x° npu 3HaueHusIx

apryMeHTa;
a) x>1; 6)x<—l B) ~1<x< 0 ry0O<x<l.
325.1ana ¢ynkums y = x'°. Yro Goabiue: '

a) y(1)  wm y(2) 6) y(=2) mm y(—1);
B) y(—3) mm y(3) r) y(0) mm y(5)?
326.Jana ¢yukuus y = x°. CpaBuure:
a) y(=1) m y(l) 6) y(—2) u y(0)
)y(d) u y(=5) r)y(6) u y(3)
327. CpaBHme C eMHHULEH 3HaYeHNss QYHKLUHH y = X'

a) y(0.5)  6) y(3);  B) y(~2)
r) y (6); n) y (0); e) y(=1).

4.3. TloHsiTHE KOPHSA CTeNeHH 7

IlycTe 1 ecTh HaTypaJbHOE YHCAO H 1 2> 2.

Kophem cTenenu n M3 YHCla @ Ha3bIBAIOT TAKOE YUCIO (€CAH OHO
CYIUeCTBYET), n-1 cTelneHb KOTOPOro paBHa d.

Mbi yxxe 3nHaeM, uTO KOPeHb CTENEHH 2 HA3bLIBAIOT TaKXke Keadpam-
HbIM KODHEM. KopeHb CTeNeHH 3 Ha3bIBAIOT elle Kybu4eckum KOpHeMm.

IIpumep |. PaBenctBa

m—o 1°=1, T—8 ?-27

(—1)* =—1, (—2)° = -8, (—3) —-—27
nokasbiBawT, 4To Ydcaa —3, —2, —1, 0, 1, 2, 3 ectb KyGudyeckue KOpHH

1, 8

COOTBETCTBEHHO H3 yHces —27, —8 -1,0, 1, 8, 27.

[Ipumep 2. PaBeHctBa

05-0 1°=1, 25-32 35-243

(—1) =~l (—2) =—32 (—3)° = —243
TI0Ka3plBaioT, uTo yneqaa —3, —2, —1, 0, 1, 2, 3 ecth KopHu cTenenu 5
COOTBETCTBEHHO U3 YHUCeJ —-243, —32, -1, 0, 1, 32, 243.
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Takum o6pa3oM, II0Ka3aHO, 4TO CYLIECTBYIOT KOPHH 3-# u 5-ii crene-
HeH U3 JeHCTBHTEJIbHBIX YHCEeJ.

Ilpumep 3. PaBencrsa

0°=0, 1'=1, 2°=16, 3'=8l,

(=1)=1, (- 2) =16, (—3)* =81
M0Ka3bIBAIOT, 4TO €CTh ABa 4Hcaa +1 u —1, KoTophie ABJSAIOTCH KOPHIMH
4YeTBEPTOH CTeleHH H3 |; ecThb ABa uncIa +2 W —2, ABJAIOWMECH KOPHAMU
yeTBepTOMH cTeneHn U3 16; ecTh Takxe jBa yucaa +3 u —3, ABJsOIHeCS
KOpHAMH uYeTBepTOH cTenenu u3 81. [lanee, 0 ecTb Kopeub YeTBepTOH
creneny u3 0.

TakuM 06pasoM, MokasaHo, YTO CyLHECTBYeT KOpPeHb 4-H CTEMEHH H3
HeOTpHLIATebHBIX YHces. He cyujecmayem KOpHs wemeepmoil crmenenu
U3 ompuyamesbHO2O 4ucAda, NOTOMY YTO HETBepTasi CTelleHb JI60ro
JIeHCTBUTEJIBHOTO YHC/A eCTh YHCJIO0 HEOTPULATEJBHOE.

B ciepyolieM nysxre 6yayT noJydeHsl o6lude 3aKII0YeHHs, KOTOPLIE
COIJIACYIOTCS C PACCMOTPEHHBIMH Bhillle' YaCTHRIMH (PaKTaMu.

328°. UTo Ha3BIBAIOT: a) KBAJAPATHBIM KOpHeM; 6) KyOHUECKHM KODHEM;
B) KOpHEM NATOH CTeNeHH; T) KopHeM cTerneHd n (n>2, neN)
U3 ydcaa b?

329°. a) CkoabKo cyliecTByeT KopHeii 4-i cTemeHH u3 uucaa 1; 81; 0?
6) CKoJbKO CyLIecTBYeT KOpHel NAToH cTeneHH 3 yHcaa 0; 1;
-1?

330. BuimHiuMTe Bce HaTypasbHbie 4HCJ/A, KyObl KOTOPbIX He NPEBbI-
wator 10 000.

331. BuinumuTe Bce LeJsble YHCJA, YeTBEPThe CTENEHH KOTOPbIX He
npesbimatr 10 000.

332. CkxosbKO cyIileCTBYeT HaTypasbHBIX YHCEJ, IecTas CTeNeHb KO-
Topbix He npesbimaer 1 000 000?

333. Hannme pe6po Kyba, ec/id ero o6beM paBeH:

a) 1 Mm% 6) 8 cM®; B) 27 oM>;
r) 64 Mmm>%; 1) 1000 km*; e) 1000 000 M.
334°. Hainute unciio, Ky6 KOTOPOTO paBeH:
a) —1; 6) —8; 8) 0,001; r)y L.

335. JlokakuTe, 4TO UHCJIO:
a) 3 ecTb KOpeHb TpeThel cTeneHH u3 27,
6) —0,5 ectb KopeHb YeTBepTOl cTenenHd u3 0,0625;
B) 7 — KopeHb 4eTBepTOH crenenu u3 2401;
r) —1 é- —— KOpeHb TpeTbel CTeNeHH H3 —2% .
336. OnpepesnTe KyOHUECKHH KOPEHb H3 YHMCJA:
a) 1000; 6) 64 000 000; ) 125000 000 000;

r) —0,001;  n) 33; e) -18
IIOKamee IPaBHJIbHOCTD pELUCHHUS.
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337. Hafinute KopeHb YeTBepTOH CTeleHH U3 YHCJA:
a) 0; 6) 160 OOO B) 62 500 000 000;
ry —0,0001; @) 1-107% e) 1,6-107°.
JlokaxkuTe MpaBWJIBHOCTb pEIIEHHS.
338. CymecTByeT JIH KOpeHb IEeCTOd CTENEeHH M3 JaHHOrO YHC/AA H
€[IHHCTBEHHBIH JIH 3TO KOPEHb!
a)1; 6)0; B) —1; r)1,2; n) —1,8-10% e)7,2-107%
339. Bcerma sin CyLIeCTBYIOT [Ba KOPHSI YETHOH CTENleHH U3 OIHOTO H
TOrO K€ HeOTpPHUIlaTeJbHOTO YHcJIa?
340. ITIpomepbre, ABAAETCH JU YHCJO:
a) 6 KopHeM 1ecTod crerneHd U3 46 656;
6) —3 KopHeM cenbMofl cTenenu us 2187;
B) —3 KopHeM cenbMoii cTenenu uz —2187;
32

r) —0,4 kopHeM nATOiH cTelmeHH H3 3798 -

4.4. KopHu 4yeTHOH H HeueTHOH cTeneHeid

Teopewma 1. Cywjecmayem, u npumom eduHcmaenHbll, KOPEHb
Heuemnol cmenenu u3 1106020 OelicmMBumMesbHO20 HUCAA 4, NPU IMOM
KOpeHo HewemHol cmenenu: a) U3 NOAOHUMEAbHO20 YUCAA ECMib
HUCAO noaoxcumenvroe; 6) U3 OMPUYAMENbHO20 YUCAQ eCHlb HUCAO
ompuyamensvHoe; 8) U3 HYAsR ecmb HYAb.

JokasatTenbcTBo. [IpuMeHuM rpaduyecknii MeTox. OTmeTuM
4TO JIoGoe HeyeTHOe YHCIO, Goblliee 1, MOXKHO 3anucath B Buie 2m + 1,
e m ~— HaTypajbHOe YHCJIO.

I'IOCTpopIM B NPsSIMOYroJibHOH cucteMe KoopauHaT xOy rpaduk ¢(yHK-
upd y = x" "' (puc. 48). D10 ecTh HenpephiBHAs KpHBasi, NPOXOAALLAs
depe3 HA4aJl0 KOOPJIHHAT, CHMMETPHYHAs OTHOCHTENbHO Hayajia KOOpJH-
HaT. JIns KaXKaA0oH TOYKH 3TOH KPUBOIl IIpH BO3pacTaHHHU ee aGCUMCCH X OT
~co JI0 +00 ee OpAMHATa Y TOXKe BO3pacTaeT OT —oo HO + 0.

3anaaum npousBoabHoe uHucao a. Yepez Touky B (0;a) nposesieM
npsAMyIo ¥ = a, NapaJienbuyio oci Ox. OHa nepecekaeT mapaGouy y = x°"

yA yA
B (0; a)| pm

wvY
v Y
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B ORHOH H ToMbKO B ofiHO#l Touke M. Touka M uMeeT opauHaty y = a.
O6o3Ha4uM ee aGcuuccy vepes x = b.

Taxkum o6pa3oM, noJydeHHoe YHCJO b eCThb eJUHCTBEHHOE, HJIS KO-
TOpPOTO BHIOJHSAETCS paBeHcTBo b *'=q.

Ecau a >0, to b > 0 (puc. 48).

Ecau a < 0, 10 b < 0 (puc. 49).

Haxoneln, ecin a =0, Tou b = 0.

Urak, nokasaHo, yTo A1 J06OT0 JeHCTBHTEIBHOTO YHCIA 4 CYIIECT-
BYeT, U NPHTOM OIMH, KOpeHb cTeneHy (2m + 1), oH o6o3Hayaercs Tak:

2m+ 1 a

Teopema | nokasana.
[Ipumepei.

B =2, 38=-2
3/100000 = 10,  %/~100000 = -10.

Teopema 2. Cywyecmsyrom 0dsa u moavko 08a KOpHA uemHOl
cmenenu u3 2106020 NOAOIHUMENbHO2O YUCAA, KOMOPbLe OMAULAIOMCA
moavko 3nakamu. Kopeno uwemmuoid cmenenu us 0 edurcmsenusill,
pasnbitl Hyao. KopHa wemnol cmenenu u3 ompuyameibHo20 4UCAQ
He cyujecmsyem.

HokaszaTeabcTBo. OTMETHM, YTO BCAKOE MOJIOKHTEJNbHOE YeT-
HOe YHCJIO MOXKHO 3anucaTb B BHAe 2m, TJe m — HaTypajbHOE YHCJO.
Ecau mo6oe yueso, OTIHYHOE OT HYJISl, BO3BECTH B YETHYIO CTeleHb 2m,
TO IOJYYHTCS MOJOXKHTeAbHOe yucno. Ecau e HyJIb BO3BECTH B CTelNeHb
2m, TO MOJMyYHTCA HyJNb. DTO H HOKA3bIBAET, YTO KOPEHb CTENEHH 2/ H3
HyJIsl €JHHCTBEHHBIH, PAaBHBIM HYJIO M 4YTO KODHSl YETHOH CTemeHH H3
OTPHLATENBHOTO YHCJIA HE CYUIECTBYET.

Yro6bl HOKA3aTh MepBOe YTBEPKAEHHE TEOPEMBI, IIPUMEHHM rpad-
4eCKHi MeToJ.

Paccmorpum rpaduk ¢pyHKuMH

y =x" (1)

yA D710 HelpephIBHAasi KpUBas, Mpo-

XOJdAll[as Yyepe3 HayaJo KOOPAHMHAT,

CHMMeTpHYHAas OTHOCHTEJIbHO ocH Oy

(puc. 50). Ias Toukd 3TOH KpHBOH

NpH BO3PACTaHHH ee aGCLHCCH X OT

0 no +o°0 ee opauHaTa Yy TaKXe
Bo3pacraet ot 0 go + 0 .

3ajaguM NpOH3BOJILHOE ITOJIOXKH-
TeJibHOE uncyo a (a > (). Uepes Tou-
1+ Ky B(0;a) npoBexeM mnpsimymw,
napauiensHylo ocu Ox. Jdrta npsMas
nepecekaer napa6ony y = x°" B AByX

M B(0;a) N

«
I
8

b 0 1’ b ;x H TOJBKO B JBYX ToukKax M u N,
HMEIOLIMX OJHY H Ty XK€ OPAHHATY d.
Puc. 50 A6cuuccenl UX B CHITY CHMMETPHYHOCTH
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rpaduka OTHOCHTeNbHO ocH Oy MMEIOT NPOTHBOMOJIOXKHbBIE 3HAKH. Touka
N HMeeT MoJIoXHTeNbHYI0 abeuuccy, 06o3HaunM ee yepes b (b > 0). Torna
TOuka M MMeeT oTpHIaTeJbHyl0 abcuuccy, papHyio (—b).

2 2
OuesunHo, uto b = (—b)" = a.
ViTak, moka3aHo, 4TO CYIECTBYIOT [Ba H TOJbKO [jBa KODHfl CTENEHH
9m U3 J106Oro NOJOXKHTEJbHOro uMcia a. OfMH M3 HHX b — MOJIOXKH-

TeJbHbIH — 0603HAYaIOT TaK: ol Ilpyroii, oTpHLATe/bHbIA KOPEHb CTe-
nenn 2m u3 a(a > 0) oGosnauaior Tak: (—*¥a). )

Kopenb crenend 2m 13 yucaa 0 (Kak M0Ka3aHo Bbillle, MHCTBEHHDIH,
paBHblii 0) 0603HaYaIOT TaK: /0 = 0.

Teopema 2 pokasaHa.

[Tpumepeot.

Y16 = 2, 81000000 = 10, Jo =0,
— 416 = -2, -£1000000 =—-10

SaMeyaHue. 3amucu

¥o16,  4=81, Y-1000000, 4~132, &-0,1

He MMEIOT CMBIC/Ia, IOTOMY YTO KOPeHb YeTHOH CTEMEHH U3 OTPHLATEJb-
HOTO 4YHCJIa He CYILeCTBYET.
ITogeenem urtory. IlycTh m — AaHHOE HATypaidbHOE YHCJIO.
CyLuecTByeT, W NPUTOM TOJbKO OJHMH, KOPeHb CTeleHH (2m + 1) u3
1060r0 neficTBHTeNbHOro uhcaa a. Ero o6osHavaior Tak: *"*Ja , mpu
3TOM

ecan a >0, T0 *Ma >0,
ecina =0, 10 m+lfg =0,
ecnm a<0, To Ya <0.

Cy1uecTBYIOT 18a H TOJIbKO ABa KOPHSI CTeNeHH 2rm u3 Jo6oro noJjo-
JKHTEJLHOTO YHC/IA 4, OHH OTJIHYAIOTCA TOJBKO 3HAKAMH. .

[TonoxuTe bHbIH KOPeHb 0003HAUANT TaK: 2mfg , a OTpHLATEJbHBIA
KopeHb TakK: (- ‘va).

Hy/ib ecTb eMHCTBEHHBI KOpEHb CTEMEHH 2 H3 4HCJA HyJib, €ro
o6oanauaior Tak: *%/0 . Takum o6pasom, *%/0 = 0.

KopeHb cTeneHd 2m U3 OTPHUATEJLHOrO YHC/A He CYLIECTBYET.

3aMeuanue. [lpd nogpoGHOM H3yuyeHHH KOMILIEKCHBIX HHCeJ MO-
Ka3biBaeTcs, YTO KOPHH 4eTHOH CTeNeHM M3 OTpPHIATeJbHbIX 4HCe] fB-
JSIOTCA KOMIJIEKCHBIMH 4Hcaamd. C/ioBa «KODeHb YETHOH CTeNeHH M3
OTPHIIATENLHOTO YHC/IA He CYIeCTBYET» O3HAYalT, YTO HE CYLIeCTByeT
NeHCTBHTEJBHOrO 4YHCJa, SIBJSIOLIErOCH KOPHEM 4YeTHOH CTeneHH H3
OTPHILATENbHOIO YMCJIA.
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341°. a) Ckouabko CYLLECTBYeT KODHell HEYeTHOH CTeneHH W3 J060ro
JOeHCTBUTENbHOTO YHCAa?
6) MoxXeT /1 KODEHb HEYETHOH CTEreHH M3 TOJIOKHTENbHOTO
YKkcJa ObITbh YHC/AOM OTPHIATENLHBIM?
B) Byzer su KopeHb HeueTHON CTENEHH H3 OTPHLATENBHOTO YHCIA
YHCJIOM OTPHUATENbHBIM?
r) UeMy paBeH KopeHb HeueTHO! CTeNeHH W3 HyJis?

342. Kak 0603Ha4aloT KOpeHb HEYETHON CTEMEHH M3 YHC/a a?

343°. Jlna mo6oro Ju AefiCTBUTeABHOTO YKCa CYILECTBYET KOPEHb YeT-
HOH cTeneHu?

344°, Cywecrsyer s KOpEeHb YETHOM CTENEHH: a) U3 MOJOXKHTEIbHOTO
YHCJIa; 6) M3 HYJISI; B) U3 OTPHLATEJNbHOTO YHCJia?

345°. Yemy pasen KOpeHb YeTHOH CTeNeHU 3 Hy.ss?

346. Kak 0603Ha4aloT NMOJOKUTEbHBIA KOPEHb YETHOH CTENeHH W3
NOJIOXKHTEJIbHOrO uncaa? ITpuBenurte npumep.

347. Kak 0603Ha4aiOT OTpHLATE/bHbI KOPeHb YETHOH CTENeHH W3
TOJIOXKHTe/IbHOTO uhcna? [IpuBenure npumep.

348°. Touemy ne CYL1eCTByeT KOPHeH YeTHOH CTeNeHH H3 OTpHLATe/b-
HOTO 4HcJsia?

349. Tlokaxure ¢ nomoubo rpaduka byskimn y = x°, yto CYLECTBYET
€HHCTBEHHbIM KyOH4eCKHH KODEHb H3 YHCJA:

a) 1; 6) 5; B) 0; r) —3.
350. C nomoubio rpaduka dyHkumun y = x° HaiiMTe ¢ TOYHOCTBIO 0
eJIMHHL;
a) ¥2; 6) ¥7; B) ¥-3; r) ¥-5.
351°. IMpouture BbIpaKeHHe:
) ¥ 6 -2 w W 1) YT

352°. MMeeT Ji4 CMbic/ 3aMHCh:

a) ¥5; 6) ¥=5; B) ¥5; r) ¥5; n) ¥0; e) ¥0.1>
353. BepHo sin paBencTBO:

a) ¥-27=-3; 6) 4~6=-2; 8) ¥6d=—4; r) #625=-5>

354. Haiinute 3HaueHue BBIPAXKEHUST:
a) (42)°;  6) (J12);  8) (¥B)"; 1) (3" .
Boiuncanre (355—357):
355. a) ¥2*;  6) Y5, B) Y(-4)*; r) ¥(-0,5);
n) Y8+ 4; e) IB1-27; x) ¥=36-0,06; 3) ¥5-95.
356. a) ¥1000; 6) 310000000 000 :
B) ¥3200000; r) ¥=343000000.

357. a) s % ; 6) s %; B) 3—3% s T) 35 %.
358. Ilpu nomouy rpaduka pemmnre ypaBHeHue:
a) x*=8; 6) x’=125; B) x*=32 )i =1;
n) £ ==27; e)x"=2; X) =—1; 3)x'=-7.

_— .
359. IoxaxuTe ¢ noMoupio rpadrka QyHKIHH y = X', 4TO:
a) CyIIeCTBYIOT JiBa AEHCTBHTE/bHbIX KODHS HeTBEPTOM CTENEHH
U3 uhcaa 3; . . o o
6) CymwlecTBYeT eNHHCTBEHHbIH [EACTBHTE/NbHbIH KODEHb M
BepToil crernenu U3 uucaa 0; ) .
B) He CYLIECTBYeT JeHCTBUTE/bHbIX KOPHEH YETBEPTOH CTENeHH
U3 yucaa — 1.
360. Hoxaxkure, 4TO YHCJIO: '
a) 10 ectb KOpeHb 1IECTOH CTENEHH H3 1 000 000;
6) —2 eCTb KOpeHb 4eTBEpTOMH CTeneHH 3 16;
o 1.
B) 0,5 ecTb KOpeHb LIECTOH CTEMeHH M3 i

. 1
r) —?13- ecTh KOPEHb YeTBEPTOH CTeMeHH H3 .

361. Haiinyre KopeHb W NOKAXKHTE NPAaBUIBHOCTh PEIUEHHA!
) S . 4
a) M10%; 6) H5005° ) 5/64 ; r) ¥8I.

362. Bepno /i paBeHCTBO!

a)ﬁ/ﬁ=-2;o)%=1;3)1/1E=—2;r):/ﬁ=2?

363. HMmeer u cMBIC/ BbipaxeHHe:! 5
a) ¥35-62; 6) 327-5%; B) J(-2)°; r) ¥(-8)%?

364. IlpoBepbTe, ABJAAETCS JH YHCJO:
a) 5 Kophem nsTol cTeneHu u3 3125,
6) —2 KopHeM BOCbMOH cTemeHH u3 256; ‘
B) 1,1 KopHeM 4eTBEpPTOH CTENeHH H3 1,4641;
64

2 f H3 — .
r) ~% KOpHEM LIeCTO# CTeNeHH 755

4 -
365. [TokaxuTte ¢ momouiblo rpaduka QYHKLMH Y = X', YTO CyLIeCT
BYIOT C/leflylolllie KOPHH, W YKa)XXHTe MX 3HAYeHHs C TOYHOCTHIO

J0 eJHHHLL

a) 43; 6) -43;  B) ¥2; r) -42;
n) 40; e) f05; x) -405.

366. Buiuucsute KODHH:
a) 416; G)WEO-O;B):/%; r) e -

367. Broiuucaure:

) 5+41; r) 8-38%;
a x) 167 ;

k) 16- 256.

r) x* = 81;
3) x°=8.

6) 64+3; ) ¥16-1;
n) 327 - 481; e) Y4 +3-125;
3) 425%; u) ¥2. 32;

368. Ilpu nomowuu rpaduka peumre ypagﬂeﬂne:
a) x'=1; 6) x'=—1; B) X" =0;

) =4 e) =25 x) ®=1;
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4.5. ApudmeTnueckuii KopeHb

Iycts n — HatypansHoe uncsio, n > 2.

HeotpuuatenbHbiii Kopenb crenexu n u3 HEOTPHLATENBHOTO YHCJIa
a (a > 0) Ha3biBAIOT apHPMETHYECKHM KOPHEM CTENEHH /I W3 YHCIA .

Kak yxe ormeyanoce B nyskTe 4.4, misi HeueTHoro n cyliecTByeT
TOJLKO OMMH KOPEHb H3 J1060r0 yncia a. IIpi 3TOM OH HeoTpHUATENbHbIH,
€CJIH a4 HeOTpULATeJbHO. [103TOMY MOHSITHS KOPHS HeueTHOH cTeMeHH H3
HEOTPHLATEJBHOTO YHC/IAa @ H apH(METHYECKOr0 KODHS TOi Xe CTereHH
H3 TOTO K€ CaMoro YHCJa d COBNAAaIoT.

B cayuae ke wetHoro n, kak yxe oTMeuanoch B nyHkre 4.4, cyuiect-
BYIOT IBA KODHSI CTEHNE€HH 71 U3 NOJOXHTENbHOro yncaa. OmuH U3 HUX

ifa — nonoxutenbubi, T. €. apudMeTHUECKHII KOPEeHb CTeNeHH 71 U3 a,
a JIpyrod paBeH eMy Mo aGCOMIOTHONH BeNUMYHHE, HO NPOTHBOMONOMKEH MO

3Haky: —a . Kopenb crenenn n (n > 2) us nyas no omnpeseseHHI0 eCTh
apruMeTHYeCKHI KOPEeHDb CTeNeHH 11 U3 HyJs:

0 = 0.

Iomuepkuem, uro:

1) ecnn a — HeoTpuuaTenbHOE YHCJIO, a 11 — JI060e HaTypaJibHO€
yuesto (n > 2), To 3anuch Zfa o3Hauaer apudMeTHYeCKUIl KOPEHb CTelne-
HHM 7 U3 YHCJIA a;

2) ec/m a — oTpHLATeNbHOE YHCA0 U 1 = 2m + | (m € N) — neyer-

HOe YHCJIO, TO 3aMuch “"*\/a o03HauaeT KopeHb cTeneH 2m + 1 u3 umc-

J1a @, HO 3TOT KOpeHb He sIBAseTCA apiH(MeTHUECKHM KOPHEM:
3) ecan a — oTpuuaTeNbHOE YHCAO, a 1 = 2m (m € N) — uetHOe

4HCJI0, TO 3aNHCh 2%/a He HMeeT CMBICJA.

[Mpumepwi. 1) 3anucu ﬁ, f/(_), 1/5 5/8 — 3anmcu apudpMeTHIECKHX
KOpHeH.

2) 3anucu -3, ¥4, -45, -8 — sanucu KODHEH, KOTOopble He
SABJISIOTCA apH(PMETHYECKHMH KOPHSIMH.

3) 3anucu «/-—3, M5, ¥-11, —J=1 He uMeroT cMmbicaa.

Teopema 1. ua namyparvrozo wucra n (n>2) u neompuya-
MmeabHoeo Yucra a cnpasediuss. pasencmaa

(Ya)' = a, (1)
Yat=a. (2)

II OKas3aTeabCcTBO. Tak Kak ¢ — HEOTpHLATE/NbHOE YUCIIO, TO Z/C_l

116 ONpeNe/IEHHIO HEOTPHUATENbHOE YHCNO0, M-S CTENEHb KOTOPOTO €CTh a.
IT0 U BhIpaxaeTcsi paBeHcTBOM (1).
Tak kak a 2 0 — HEOTPHUATeNLHOE YHCIO, TO, KaK NOKa3aHO B MyHK-

Te 4.1, a"20 u %a" no ONpeJe/IEHUI0O HEOTPHLATENbHOE YHCJO, M-
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cTeneHb KoToporo ectb a'. TakuM 4HC/IOM fIBJASIETCA @, YTO H 3alHCaHO
npH NOMOIUK paBeHcTBa (2). Jlpyroro HEOTpPHLATENbHOTO YHCAA, M-S CTe-

TleHb KOTOPOro paBHsieTcs a”, HeT.
Teopema 1 nokasana.

IIpumepeL. o
¢Ry=2 @0=1 &N'=1,
3i=3, Y100°= 100, %07=0.

Teopema 2. na HAMYPAALHOSO HUCAQ I (n=22) u ueompu_t_;cz—
meabHbix quces a u b uz pasencmsa a” = b C/rtledye”m pasercmso a = b.
okKasaTeJbcTBO. M3 paBeHcrBa @" =" cnegyer paBeHCTBO

tfa® = /6" . YuursiBas, yro a >0 u b >0, u ucnosnb3ysi papexctso (2),

noJy4aeM, uTo
ffat=awn 4b"=b.

CuoiefoBaTesbHO, a = b.

Teopema 2 nokasana.

Teopema 3. [ua namyparorozo ducsa n(n >2) u neompuya-
menvHolx uuces a, b u ¢ (¢ # 0) cnpasedause. pasencmsa

ya b= a0, (3)

a _ e (4)
c e

NokaszateabcTso. [lo coiicTBy (1) umeem
(Ya- b)Y =a-b,
(Ha- 3b)" = (Ha)" - (4f6)" =a-b.

I'IpaBbIe YaCTH 3THX PAaBE€HCTB paBHbI. C.ne,u.oaaTe.ano, PaBHbI H JIEBbBIC

HX 4acCTH:
(nla, b)n = (:/(—1 . 2/5)’1 .

Tax kak uncna Ya - b u fa - 2/b HeoTpHuUATeNbHBI, TO, IPHMEHSS TeOpe-
My 2, moJiyyaeM, 4TO CNpaBelIHBO paBeHCTBO (3). AHAJOTHYHO JOKa3bl-

BaeTcsl paBeHCTBO (4).
Teopema 3 nokasaHa.

IIpunmepet.
448 = 416. 3 = 416 - 3 = 243,
Yoi = B3 =483 =233,
:/?=£=i§- 3§=£=I§.
81 ' 8 38 2

n

3aMeuyaHHe. Eciau n — HedeTHOe 4HCJO, TO TeopeMmnl 1, 2 u 3
CripaBeJIHBBI JUisl IO6LIX AefCTBAUTEbHBIX uncen a, b u ¢ (¢ # 0).
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Kpome Toro, aist HaTypasibHOTO 4Kc/aa m M J1I06GOro JeiCTBHTENbHOTO
YHClla ¢ CTIPABELJIHBO PAaBEHCTBO

2m+l_a =_2m+)\l/‘_1’
IOTOMY 4TO
2m+Al/__a = 2m+V(_—l)(-l = 2m+V:f 2m+la _
=(~1)2M+Al/t_l — _2m+%
[Ipunmepe.

S2T=-1/FT =3 , §71 = -3 = -,
3-8=-38=-2 , 5100000 = —510° = -10.

CaoiicTBa KOpHe# CTereHU /1 MCIIOMb3YIOT VIS BHIHECEHHS MHOXKHTENS
H3-TIO/ 3HaKa KOPHs, BHECEHHs] MHOXHTEJIA O 3HAK KOPHS H NPH OCBO-
GOXeHHH APOGH OT HPPALMOHAJIBLHOCTH B 3HAMEHaTeJe.

[Ipumepeor.

1) 3-135 =-3/135 = -3/5.3% = _3/33.3/5 = _35;
2) 243 = 42" 34f3 = 4273 = _¥/48;

0
369". a) Yto HasbiBaloT apHMETHYECKHM KODHeM CTeneHu n (n > 2)
U3 uKcsa a?

6) ln Kkakux [EHCTBHTE/NbHBIX YHCEN oOmnpejeseH apudMe-
THYECKHI KOpPeHb CTelleHH 1 (1 > 2) U3 JaHHOTO yHucJsa?

B) CKOJIbKO cyliecTByeT apH(MeTHYeCKHX KODHeH CTeneHd n
(n 2 2) u3 nanHorO yHCHa?

370°. BepHbl i s J060r0 HEOTPHUATEJNbHOI0 4HCJa a H Ji6oro
HaTypaJsibHOTO YHCaa n (n 2 2) paBeHCTBa

Ya" = (a)" =a?

371°. Ecau a" = b", 10 BCeraa Ju a = b?
372. Yemy paBeH KopeHb cTenend n (n.> 2) u3:

a) NMPOM3BeJIeHHsl HEOTPHLATE/IbHbIX YHCE;

6) 4aCTHOIO MOJIOXKHTEJNbHBIX YHCeJ?
37%. Yemy paBeH *"*Y-a, eciu a — J1060e JeHCTBHTENLHOE YHCIIO?
374". SlnsieTcs Ju credylowast 3amMch 3amHChlo apHpMETHYECKOro

KODHS:

. . 3 2.

a) ¥=2); ©) -¥3: ) Y2 1) A3y

375. BbluncaiuTe apudMeTHUECKHE KODHM:

a) ¥(-8)*; 6) ¥10000; B) 32-16; r) £9.8I.
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376.

3717.

378.

379.

380.

381.
382.

383.
384.

385.

386.

387.
388.

389.

390.

Briuncaure (376—380):
a) 3/1000 - ¢160000; 6) /3200000 + /8000;

8) 30,008 + 40,0625, 1) i/g‘i/%

a) ¥8. 327; 6) 3125. 27;

) 416. 4625; r) 481. 16;

n) 32 ¥4 e) J16. 32;

x) 5. 4125, 3) ¥9. 4.

a) 32 (/4 + 3/500); 6) /5 (%2000 - 4/125);
) ¥0,81- 309; r) 48. #1250.

a) 8. ¥4; 6) 4. 316;

B) ¥4. 38. 3-2; r) ¥=7. 349. 3/49.
a) (¥-2)° + (48)’; 6) ¥~1-3-8.

BhiHecHTe MHOXMTEJb H3-M0J 3Haka KopHs (381—383):

a) ¥40; 6) ~64; B) ¥-96; r) ¥54.
a3 o T i 0%
a) ¥32:  6) 4243; ) Y1296; 1) 450625.

OCBO6011HTEC]: OT UppalHOHAJIBHOCTH B 3HaMeHaTeJie leO6HZ

1 . 1 . 3 . 5'
a) o 6) 7 B) Tl r) s

a) 3anuuuTe yxcaa, apudMeTHIECKHE KOPHU NATON CTENEHH KO-

TOPBIX paBHbI 2; 3; 41; 0,2.

6) 3anuiuuTe Yuciaa, apHipMeTHICCKHE KOPHH Y€TBEPTOU CTENEHU
KOTOpbIX paBHHI 2; 3; % ; 0,2.

BoiuncJure:

. 7 . 113 . 59
a) 45%’ 6) 34§, B) 42@, I‘) 366964

JTlokaxkute yhcaoBoe HepaBeHCTBO (387—388):

a) 10>2; 6) 3<#100; B) J7>416; 1) 481<J10.
a) ¥3>44; 6) Y3< 24,

B) ¥2<.B; 1) J7>420.

CpaBHHTe yHcJa:

ay2u 7; 6) 412 u2 8) ¥3ul5 1) 75 u3.
Haﬁume JBa MocJjea0oBaTEe/NbHbIX HATYPaJbHBIX YyHCJa, MeXAY KO-
TOPBIMH 3aKJIOYEHO YUCJO:

a) 3; 6) 4, B) 42; r) 43.
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391. Hafigure uncno x, yAOBJETBOpsiiOllee PaBEHCTBY:
a) x=2; 6) Yx=2 B) Jx=1; 1) =1
392. Briuucaure:
a) J(-27;  6) J-B); B) N(¥2-1);

r) J(2-2); 1) N(2-43); e) J(B-NTY.
393. YnpocTHTe BbIpaXKeHHe:

a) ¥32; 6) Y800; ») 303/};%#%}5@;

r) 348 - 375 + /32 - 3/40; n) 4/80; e) 4/405;

x) Y81. (4-J17)"; 3) 30,001 - &0,000064 .

394. YnpocTuTe BhipaXKeHHe:
a) Ym*; 6) Y(-m)*;
B) Mx—1)", ecinx < 1; 1) J(1-x), ecinx>1

(m, x — nefcTBUTEbHBIE Imc.nal).
395. Jlna KaKUX 4MCeJ @ HMeeT CMBIC/] BblpaXKeHHE:

a) J2a; 6) Ya~1; B) Y-a; r) ¥l-a?

396. Haifigure o6JacTh onpeaeseHust GYHKLHH:

a) y=J3x; 6) y=3-5x; B)y=42x-1; r)y=34-5x.

397. JInst Kakux 4Hces k CIpaBelJIHBO PaBEHCTBO:
a) Jk-1Y=1-k; 6) J(1 + k)Y =—1—Fk?

398. YnpocTute Bhipaxenue 4(x + 1)*, ecan:
a) x2—1; 6) x<—1, rae x — AeHCTBHTEJbHOE YUCJO.

4.6. CgoiicTBa KOpHeil cTeneHHu n

Teopewma 1. [asa namyparvneix uucer m, n (n22, m=22) u
HEOMPUUAMENbHO20 HUCAQ A CNPAB8edAUByl pasercmaa

m

(Va)" = Yam, (1)
"fam = a, (2)
e = mfa . (3)
JlokasaTenbCcTBO. 3aMeTHM, 4TO, B cHJay Toro 4yro a =0,
YHCJa, CTOSIIME B JIEBbIX M MpaBbIX 4HacTAX (IOKa MpenroJiaraeMblx)

paBeHCTB (1) — (3), HeOTpHLIATEJNIbHBI.
MeToa moKasaTeNbCTBA 3THX PABEHCTB OCHOBAaH Ha IPUMEHEHHH

TeopeMbl 2 myHKTa 4.5, B CHJIy KOTOPOH €CJ/H r-e CTeleHH HeOTPHLATEb-
HBIX YHcCeJ/ paBHbI Mexay cOo00H, TO H CaMH 4HCJa PaBHB Mexzy co0oi.

1
3pech 1 manee GykBaMH 0603HaueHb! YHCJA, A KOTOPBIX pacCMaTpHBAEMble BbIpa-
EHUST UMEIOT CMBICJ,
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Ecayn BO3BeleM OTAE]bHO JIEBYIO H MPaBylo 4acTH NPEAIoJaraeMoro
paBeHcTBa (1) B n-lo cTenenb, TO MOJy4HM paBHble YHCJA!

()™ = ()Y =a",  (Ya™)" =a".

CaenoBaTesbHo, paBeHcTBO (1) BepHo.
Ecann Bo3BeleM OTAEAbHO JIEBYIO H IIPaByI0 YaCTH IPEAIOJIaraeMoro

i paBeHCTBa (2) B CTeNeHb mn, TO NOJYYUM paBHble HHC/A:

(W™ =am, ey = (Ja))" =am.

& CuemoBaTesibHO, paBeHCTBO (2) BepHoO.

Ecau Bo3Be[eM OTIEJbHO JIEBble W TIpaBble YaCTH MPEANOJIAraeMoro
paBeHcTBa (3) B cTeneHb mn, TO MOJyYHM PaBHbIEe YHCJA!

()" = (7)) - -, o

CuaegosaTesbHO, paBeHCTBO (3) BepHO.
Teopema 1 nokasana.

[Ipumepuo.

Y6i = 42 = J2 =25, 2=y, JJT6=416=2.

3aMeuanue. Eciim m W n — HedeTHble 4yucsa, To Teopema |
crpaBeNiuBa JUIsi JIOOBIX JeHCTBUTE]bHBIX YMCeJ d, He06s3aTe/IbHO He-

OTpHLATENbHBIX.
Teopema 2. s namyparvroeo uucaa m u a06020 dedcmeu-
MeAbHO2O HUCAQ A CRPAB8edAUBO PABEHCM B0

fa’ = |al. (4)

ﬂ 0Ka3aTeabCTBO. nyCTb a eCTb I[IPOHU3BOJILHOE JeACTBUTEJIbHOE

L
81

“-

b uucso. Torna

a’=|a|*20.

[TosTomy B cuay paBeHcTBa (2) 1. 4.5

w2fa = T = lal,

| 4TO M TPe6OBAJIOCh JOKA3aTh.

Teopema 2 pokasaHa.
[Ipumepot.

=3¢ =1-31=3, ¥5'=15=5.
Sameyanue Jis J1060ro HaTypajipHOro 4Hcjaa m M Jio6oro

JeHCTBHUTEJNbHOTO YHcya a CIIpaB€JIuBO paBeHCTBO
2m+ 1 a2m+l = q

CripaBeTHBOCTb 3TOTO yTBEPXKIEHHS CJefyeT H3 3aMeyaHHus Ha c. 85.
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Teopema 3. /lycmv a — noaoxmumenrsroe uucio, p — yenoe
YUCAO U 1 — HAMYPAIbHOE YUCAO, N = 2,
Toeda cnpasgedaruso pasencmeo

Y = (Hay . (5)

HNokasatenbctpo. Ecim p — narypaibHoe uyueso, To paBeH-
ctBo (5) yxe mokasano (cM. (1)).

Eciu p =0, 1o
Yo = 41 =1, (o) =

Caenosatensho, ia? = (Xa)’ .

Ecnu p <0, 1o p =—|p|, tre |p| — natypannnoe uncmo. Torma, uc-
Nosib3ysl ONpejie/ieHHe CTENeHH C OTPHLATE/IBHBIM LeJIBIM NoKa3aTeseM M
CBOMCTBa apH(PMETHUECKHX KOPHEH CTEeNeHH 7, NoJyyaem:

R R R TR C O O

Teopema 3 nokasana.
Ipumepor.

T = 327y =31, 9t =(J9)’ = 3°.

399. a) Ccopmyaupyiite cBOHCTBa KOpHe#l CTeNeHH A.

6) Uemy paBen 2m+ia?m+t,
YHCJIO P

ecyJH a — Jio6oe AeHCTBUTEJNbHOE

B) Uemy paBen 27/a®" | ecam a — mo6oe AeficTBHTENbHOE UHC-

Jo?

r) CnpaBemnBo i pasencTso a’=(%fa)’, ecan n — HaTy-

pasibHOE YHCHO, 71 2 2, p — LeJIoe YHCIO0, d — IIO0JOXKHTEJbHOe

YHCJO0?

Bblqnc.nme (400—=402):
400. a) (/3); 6) 8%

n) J49%; ey 327,
401. a) 9%,  ©6) 425
n) Y27 e) Y8I%;

8) 3/125%; r) A81°;
x) 416°; 3) §/32°.
B) 387 r) §16%;
X) 20/491% . 3) %0/125™
402. a) 481; 6) #625; B) #160000; r) 40,0625
n) ¥729; e) /64000000; ) 0,000729.
Hanpumep: f/6_4=m=f/§=2.

1
403". BbiHecHTe MHOMKHTE/b M3-110J 3HAKA KODHS:

a) ¥/80; 6) 38I; B) 250; r) 3-648;

i
3nech 1 panee 6yksamu 0603Ha4eHbl YHCIIA, 151 KOTOPBIX PACCMATPHBAEMbIE BbipaKe-
HHS HMEIOT CMBICIL.

90

404. a) X2-31; 6) %3418 ;
B) 53%2a-34b ; r) Ya-2%a*.
405. a) 32c*. if4c; 6) 30x-39x® ;
B) Wa-Wb-We; 1) Ya-da?lx
BHecuTe MHOXHTeJb NOJ 3HAK KopHA (406—407):
406.a)33/%; 6) 241 B)5£; r)73/%.
' x2 .
407. a) bs2:  6) cg/;,
B) —'i 2y ;1) %?4%, roe b>0.
YHpOCTme Bbipaxenue (408—411):
Amd . 82 . a®h . Ymind
108.2) 35 0) T2y ) oEE 0 JEE
409. a) (0)'; 6) (Ym)’s  B) (Jab®; 1) (YA
410. a) Ya?; 6) Ya’; B) Ya*bh?; r) Ya‘bt.
411. a) 527; 6) ¥16; B) ¥64; r) ‘¥81.
412. 3amuunte Ja (a > 0) Kak KopeHs:
a) 4eTBEPTOH CTerNeHH; 6) wecTol CTeneHH;
B) JECATONR CTENEeHH; r) IeCTHAAUATON CTENeHH.
413. 3anuumrte Jx(x > 0) KaK KOpeHb: .
a) BOCbMOH CTeMNeHH; 6) nBeHaNLUATOH CTENEHH;
B) /BaliaTh YeTBEPTOH CTENeHH; TI) TPHUALUATOH CTEMEHH.
414. YrpocTHTe HHCJI0BOE BbipaXKeHHE:
a) J24/3; 6) ¥3.42; B) ¥233;
0y J2iadi: n) N23R:2.; e) U3242-N2yaya .
415. 3anuuinTe B BUAE KOPHEil OJHO# M TOH XKe CTeIleHH TPH 4HCJA:
a) ¥3, /2 u ¥5; 6) /5, 415 u 4/50.
3anuuuTe B BHAE KOPHEH OIHOM M TOH XKe CTereHd M YMPOCTHTE
BhipaxkeHue (416—419):
416. a) Ya-3a; 6) ¥b-b; ) Ja-¥b; 1) Yx-Wy.
¥ . /100 . m . [n . p..[¢e
a7.a) B0 B B),‘/—;i/—;, r) {q[p

\
a) ia'b; e) Y16c%d%, ecam ¢ >0, d > 0;
x) 4b5x*, ecim x < 0;  3) ¥3xPy.
Hanpumep: 316x*y* =32'x"yb = 3Y23.x3.(y?)? - 2x =

=32xy?) - 2x = 2xy*i2x.
Ynpoctute BoipakeHue (404—405):
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418. a) YWa; ©) Pb;  ») L r) LA
419. a) Jadfa; 6) Yudx; ) Axdrx; ) daibi.

420. Ha#izure 4HCa0 X, YIOBJETBOPSIOILEE PABEHCTBY:
a) x+5=2; 6) Yx+79=3; B) 2x=3; r) éi‘/} =h.

421. Ynpocrurte BbipaxKeHHE:

346 16p12
a) 3 8x /) : 6) 4 16a1%h .
27a'2p® 81x24p4
422. Hcnosb3yst cBOHCTBA KOPHEH CTENEHM 1, 3aNHIIMTE YHCJO TaK,
YTOOBI O/ 3HAKOM KODHS OBLIO LeJIoe YHCJIO:

a5 04l wsgd o

423. YnpocTuTe BhIpaXeHHE:
a) (Ya-1)(Ya+1); 6) (Vx+ Yy)(Wr-4y);

B) (¥m-Ym)(Ym+3m); vy (Yp-3p®)p* + 4p).

4.7*. Kopenb cTeneHu n U3 HaTypaJbHOro 4ucia

ITyets n (n>2) — natypanbHOe ymcso. OYeBHAHO, YTO CTeMeHb 71
HAaTypaJIbHOTO YHCIa b ecTh HaTypanbHOe uncao. Ho He Besikoe HaTypadb-
HO€ YHC/I0 €CTh CTEMNEHb 71 HEKOTOPOTO HATypPaJdbHOTO YHCJA.

Hanpumep, cpeau HaTypanbHbIX 4ucesd, He 6Goabwnx 100, ToabKo
yeThipe, T. €. 4%, SIBASIOTCS Ky6aMH HATypaJIbHBIX YHCEJ, 4 HMEHHO

3 3 3 3

1°, 2°, 3° 4°.
Cpenu HaTypa/bpHbiX ynces, He Goablunx 1000, Toasko 10, 1. e. 1%, #B-
JSAI0TCA Ky6aMH HaTypaibHbBIX YHCeN, a HMEHHO

1%, 2° 3% ..., 10°%

Mbi BHauM, 4TO cpea GOJMbIIHX HATYDPaJbHBIX YHCEN PEAKO BCTPEYAIOTCH
CTeleHH HaTypaJbHbiX YHCEI.
OtmertuM caenyomuii ¢akr: apupMeTHYECKHH KOpeHb CTENeHH N
(n >2) 13 HaTypaJbHOTO YHCJA MOXKET GbITh HAH HATYPANLHBIM HYHCJAOM,
HWJIM HPPALMOHAJIBbHBIM YHCIOM.
Takum o6pa3oM, HarpuMep, KOpHU

V2,35, 43, 37, Y19

€CTb YHCJa HppaUUOHAJIbHbIE.

KoHeuno, 370 yTBepxeHue npu n060oM 7 > 2 Hago J0oKasbiBaTh. OHO
AOKa3bIBAETCA TaK Xe, KaK Obl10 J0Ka3aHO paHee NpH n =2,

Ecsu nannoe HaTypaJibHOE 4HCJIO He €CTb CTeneHb 1 ( 1 > 2) HaTypaJib-
HOI'0 YHCJIa, TO H3 3TOTO YHCJ/1Aa KOPEHbL CTENeHH f1 TOYHO He H3BJEeKaeTcs.
[TokakeM, Kak MOXHO NpPHOGIHKEHHO M3BJEYb KOPEHb CTENlEHH A U3 Ha-
TypPaJbHOr0 YHCJa, He ABJSAIOLIETOCH CTENEHbIO A HATYPAJbHOrO YHCJA.

OrpaHuynMcsi IPUMEDPOM.

’
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Brruncaum HpHéJII/I)KEHHO\ ¢ TOYHOCTBIO 10 BTOPOro 3HaKa f10cJ/ie 3arsi-

roit uncao 17 .

Mpbl 3HaeM, YTO 3TO YHCJO NOJOXKHTeJbHoe. OHO HMeeT HeKOTopoe
JeCATHYHOE Pa3JIoKeHHUe: 37 = 01, 0,0,0... .

Bbl4KCAWTE TPHGAHKEHHO C TOYHOCTBIO 0 BTOPOrO 3HaKa rnocje 3a-
MATOMH (¢ HELOCTATKOM ) UHCJIO 3/17 — 5To 3HAUUT BBIYMCJKTb TOYHO YHCIA
Cpy Oy, Q. 3 13 03 o3 .

Paccemotpum uncaa 07, 17, 2°, 3%, ..., 4ToObl HAlTH [Ba CTOSILIUX PALOM,
MexXIy KOTOPbIMH HaxoauTcs yHeao 17. OuesuaHo,

8=2°<17<3 =27

CrenoBaTtesbHO, 2 < 317 <3 u o= 2. , \ \ s

Tenepb paccMOTpPUM uHcC/a 2% 2.1% 2.2% 2.3% 24°% .. 2,9 3,
HalJeM CPeH HUX ABA CTOSIIIHX PAJOM, MEXKAY KOTOPLIMH HAXOMUTCSl YHCJIO
17. Nmeem

15,625 = 2,5°< 17 < 2,6°= 17,576,

OTKyJia
2,5 <317 < 2,6,

H, CJefoBaTe]bHO, Oy = 5.
Tenepb pacCMOTPUM C TOH e Lesblo Yhc/aa

2,5% 2.,51% 2,52% ...; 2,59% 2,6°.

OkKasbiBaeTcsl, YTo

16,974..= 2,57° < 17 < 2,58 = 17,173...,

cJlefloBaTeNbHO, O, = 7.

Urtak, 317 =2,57....

Kak BHOHO, MCIOJb30BAHHLIH METOH BbiUMCJEHHS NMpPOCTOH, HO TIpo-
MO3JKHH.

DIeKTPOHHbIE KaJbKYyJNSTOPbl 9TH BHIYHCJEHHS IIPOM3BOAAT MIHOBEH-
Ho. To4HOCTH pesyJbTaTa ONpefAe/fAeTCs TeXHUYECKHMH BO3MOXHOCTAMH
OaHHOI'0 KaJibKyJsTOpa.

[TpHOHKeHHbIE 3HAUeHUSE KBAJIPATHLIX M KyGHYECKHX KOPHEH H3 Yncen
TaKKe MOXHO IMOJIy4HTb, HCIOJIb3YS COOTBETCTBYIOLIHE TaG/HLbL.

424°. MoskeT JH ObLITb DalMOHAJLHBLIM YUCJAOM KOD€Hb CTENEHH n
(n>2):
a) M3 NPOCTOro uKcsa; 6) U3 HaTypabHOrO Yucaa?

425, UTo 3HAYMT BHIUMCJHTb C TOYHOCTHIO JO TPETbEro 3HaKa IocJe
3ansiToil (¢ HEAOCTATKOM) 3/N, rne N — mpocToe uucJo?

426°. Ecau natypasbHoe 4ucio N He ecTb Ky6 HaTypaJbHOrO YHCIA, TO
aBasieTcst JH YHca0 YN MppalHOHaNbHBIM?

427. Vimelotcs Jiu cpenr HaTypanbHbIX uncen ot 100 go 200 yeTBepThie
cTeNneHH KaKuX-JHOO0 HATYpaJbHBIX YHCEJ?
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428°. SIpnsiercs M Ky6OM HATYpaJbHOTO YHCJA:
a) 0; 6) 1; B) — 8§; r) 1000?

429*, [JokaxkuTe, UTO He CYIIECTBYyeT PaUHMOHAJILHOTO 4HCHa, Ky6 KO-
TOpPOroO paBeH:

a) 2; 6) 3; B) 4; r) 5.
430%*. HMokaxuTe HppaUHOHAILHOCTb YHCJA:
a) ¥2; 6) ¥n, rme n — npocTtoe uucJO.

431. SBasercst M paLMOHAJIBHBIM YHCIIO:

a) J4; 6) ¥/64;  B) ¥b5; r) 464?

432. Jlna xaxnoro us uucen 7; 10; 17 Hadigute:
a) HauGoJiblliee HaTypajbHOE YHCJIO, Ky6 KOTOPOTO MeHbIle JaH-
HOTO YHCJIA;
6) HaHMeHblllee HATypaJbHOE YHUCJO0, Ky6 KOTOpPOTro GoJiblle JAaH-
HOTO YHCJIA;
B) HauGoJsblliee HATypajbHOE YHCJO, YeTBepTas CTeNeHb KOTO-
pOro MeHblile JaHHOTO YUC/A;
r) HauMeHbllee HATypaJbHOe 4YHCJO, YeTBepTas CTeleHb KOTO-
poro 60Jbllle JAHHOTO 4HCJA.

433. Haiiaure npubinkeHHOe 3HaYeHHe KyGHYECKOTO KOPHS C TOYHO-
cTbio Ao 0,1 u3 crepylounx Ynces:
a) 3; 6) 6; B) 8; r) 10.

434. Boluucaute ¢ ToYHOCTbIC f0 1:

a) ¥1756;  6) ¥241; 8) 4105; ) 4273.

435. TlpoBeprre crpaBeliMBOCTb HEPaBEHCTB:
a) 3<3/30<4; 6) 7 < 3/350 < 8;

B) 5,1 < 3135<5,2; r) 3,5 < 345 < 3,6.

436. Kakoe uucio siBJsieTCs JydIUHM NpHOaHxKenneM 396 :
a) 4 uau 5; 6) 4,5 uu 4,67

437. BbiYHCJHTE C TOYHOCTBIO IO TPEThEro 3HAKa TMOCJe 3alsiTol:
a) ¥3; 6) 3/5; B) 7.

438. BhiudcauTe ¢ TOYHOCTBIO A0 NMEPBOTO 3HAKA IOCJE 3ATISTOMN:

a) 43; 6) ¥7; B) 8.

4.8%. dynkuus y = Yx (x > 0)

Mycme n (n>2) — namyparvroe wucro. Kaxmdomy neompuya-
MEAbHOMY HUCAY X NOCMABUM 8 COOMBEMmMcmaue HUCAO Y, pasHoe
apugmemuueckomy KOprIO cmenenu n ud x. Mnoimu crosamu, Ha MHO-
Hecmee HEOMPUYAMEAbHOIX Ylces 3a0adum PyYHKYLIO

y="1x. (1)

Takum o6pasom, o6aacTbio onpefesenust GpyHkuuy (1) sapasercs MHo-
KeCTBO HeOTPHUATEbHBIX YHcen: x = 0,

OTmeTHM caepylolie cgodcmaa (yrxuuu (1).

YEciu x =0, T0 y = 0.
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2) Ecau x >0, To y > 0.

3) dynkuus y=2/x BO3pacTaer.

4) Ecau x — +00, TO Y+ +o0.

5) dynkuus y = Y/x HenpepbiBHA.

CeoitcTBo 1 ciiefiyeT u3 TOro, 4To KOpeHb CTENEHH I M3 HyJisl paBeH
HYJII0. ‘ )

CBoiiCTBO 2 crieflyeT u3 TOro, YTO apu(MeTHUYECKHH KOpPeHb CTeNeHH
1 U3 MOJIOXKHTEJLHOTO YHC/IA €CTh YHCJIO MOJIOXKHTENbHOE.

Iloka)keM Tereph CBOHCTBO 3, T. €. A0KaXKeM Cnoco6oM OT MPOTHBHOTO,
yro ecan 0 < x, < x,, 10 %, < Yx;. TIpeanonoxkum, 4To HaHIyTCs YHuCIa

)Cl H x2, TaKHe, 4TO
0<x, <x,, HO xy 2 Hx,.

YuuTelBas, 4TO 3TH 4YHCJia HEOTpHLATeNbHblE, MOJMYYHM, YTO

Gle)' = Glxe)",

T. €. X, > X,, YTO MpoTHBOpeunT HepaBenctsaM 0 < x, < X,. CrenoBaTesb-
HO, Halle NPEeANOJOXEeHHEe HEBEPHO, a BEPHO CBOWCTBO 3.
Ecau x cTpeMuTCs K MJIIOC GECKOHEYHOCTH, npoGeras YHc./a

n
1’, 2", 3, 4", .., m" ..,

10 y = ¥ mpo6eraer uncaa
1,2, 3,4, ...,m, ..

|, OYEBHIHO, TAKXKE CTPEMHTCS K IUIIOC GeCKOHedHOCTH. [list Apyrux 3Haye-
HHH X 3TO CBOHCTBO COXpaHAETCS.

JlokasaTesqbcTBO cBopcTBa 5 OydeT CJef0BaTb H3 PacCMOTPEHHS
rpaduka ¢ysxuus (1).
P ¢ﬁepe;‘/':?gem K HO(CT;)OGHH}O rpaduka QyHKUMH y = #fx (x 2 0) B mexap-
TOBOIl cucTeMe KoopauHaT xOy.

PaccMoTpHM CHayajia CTENeHHyo (QyHKUMIO

x=y" (y=0) (2)
M u306pa3uM ee rpadHK B TOH XKe A
cucTeMe KoopauHat xOy. y
Yro6bl MOJYYHTb TNPOU3BOJNLHYIO .
TO4KY 3TOr0 rpaduka, HMEIOLLYIO Op- AWy Y)
nuHaty y (y > 0), orMmetum Ha ocu Oy ¥ .
Touky (0; y) {puc. 51), mposeneM uepes A (x;%x)

Hee MnpsiMylo, napaienbyio ocn Ox, 41
M Ha mnocjeIHel Bo3bMeM TOuUKy A,
HMeotlyl0 abeuuccy X =y".

Touka A 6yfeT HMeTb KOOPAHHAThI }
A (y"; y). D10 u ecTb TouKa rpaguka o 1 x
Gynxupn (2). Puc. 51

' |
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CoBokynHocTh Touek A (¥"; y), COOTBETCTBYWOWMX JI0OLIM HEOTPHLA-
TENLHBIM Y, €CTb rpadHk GyHKIHH x = y" (y > 0).

Ho tak kak aist y > 0 w x > 0 paBeHctBa x = §"  y = %x BhIpaxaioT
OJIHY H Ty K€ 3aBHCHMOCTb MeXIy X H Y, TO KOOPJAMHATHI TOYKH A MOXHO
sanucats B BHge A (x; Ifx ).

910 nokasniBaet, 4T0 A — To4ka rpaduka dyukuuu (1) — oaHoBpe-
MEHHO fIBJISIeTCA M TOUKOH rpaduxa ¢yHkuuu (2).

Ho oueBuano u o6patHoe: ecim A — Touka rpaduka GpyHKUuH (2), TO
OHa SBJIAETCA U TOYKOM FpaQJHKan)yHKHHH (1).

Hrak, rpaduk dyskuun y = Jx (x > 0) ecThb yacTb NapaboJIbl CTENEHH
nx=y pisy=0.

Jlerko Bumetb, uto rpaduk ¢yukumu (1) orpaxkaer cpoiictea 1—5
yuxuun (1).

HefcTBurensro, rpaduk yuxiuy (1) IpoXomuT yepes Havano Koop-
AuHAT — cBOMCTBO 1; rpaduk ¢yHkuuu (1) pacrnosoxen sbiime och Ox
st x >0 — cBOKCTBO 2; rpaduk H3o6pa)kaeT BO3PACTAIOLLYIO (YHKLHMIO —
CBOHCTBO 3; MpH X —> + OO OPIMHATHI COOTBETCTBYIOLIMX TOUEK rpaduka ByHK-
UMH HEOTPaHHYEHHO BO3PACTAlOT — CBOHCTBO 4; rpaduk ¢yuxuuu (1) ecTb
HenpephIBHAs KpUBasi — CBOMCTBO 5.

IlpuBenem ewe HeKOTOpbIe cB0LUCMBA APUPMETHYECKHX KOPHEIl.

1) Ecim x >1, 10 i‘/J_c >1.

2) Ecan 0 < x <1, 10 0 <2/x <1.

Ha unrepBane (0; 1), 7. e. aast 3HadeHHH x, AJs KoTophix O <x <1,
BbIMOJIHAIOTCH HepaBEHCTBA

x<,\/)_c<2/,_r<§/)_c<.... (3)
Hanpnmep, AJ151 3THX X OUEeBUAHBI HepaBEHCTBa
Wx)' =5 <2 =),

OTKYJa H Moay4aeM, uto /X < 3/x. AHAaJOrHYHO 0KA3LIBAIOTCS H OCTA/D-
Hble HepaBeHCTBa (3).

B cuny nepasencts (3) rpaduk dyHkuun y = /x Ha unrepsane (0; 1)
pacniosioxeH Bblie rpacduka GyHKuMH y = x, TpaduK OGYHKUmH y = 3/x

pacrioyiokKeH Bbilile rpadyka GYHKUMH § = /X HT. 1.
Ianee, Ha uateppase (1; + 00 ) BHLINOJNHAIOTCS HepaBeHCTBA

x>ﬁ>§/§>i/;c>.... (4)
Hanpumep, a1st 3THX X O4eBMAHBI HEpABEHCTBA
(V6)' =>4 = (x)°,

OTKYZa MoJlydaeM, uto ~/x > ¥/x . AHAJIOrH4HO JOKA3EIBAIOTCS U OCTANbHbIE
HepaBeHCTBA (4).

B cuay mepaBencts (4) rpaduk dyskuuu y =.x Ha HHTepBaJle
(1; + 00) pacnosoxen Huxe rpaduka GyHkuud y = x, rpaduk OYHKLHH

y =%x pacronoxeH Huxke rpaduka dyHKuuH y =.Jx U T. 4.
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CnpaBeguBocTh CBOiCTBA 2
cJefyeT M3 TOro, 4TO X

=0 11=1,

H TOTO, YTO YHKIHSA

y=:x (x>0)
BO3pacTaer.
Ha pucyuke 52 B onHo#l 4 ToM
JKe IeKapToBO# cHcTeMe KOOp/MHAT
xOy n3obpaKenbl rpaduku ¢yHkK-
HuH Puc. 52

y=x y=Jx; y=¥Yu(x=0).

439. a) KakoBa o6nacth onpenenenns GpyHKIHH y = 2/x ?
6) KakoBbl cBoiicTBa dynkuus y = 2x (x > 0)?

B) Kakas xpuBas sBasiercs rpadukoM dyskuun y = Jx (x > 0)?
440. Hcnoab3ys rpaduk GyHKIHH
' y=x (x>0),

ofpeae/uTe NPUOIIMKEHHO ¥y s CleIyIOUMX 3HAYEHHH y:
a)l;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.
INocrpotite rpaduk ¢yukunu (441—442):

441. a) x = 2y; 6)x=—>5y; B)x=y%5 T1)x=4"
NDx=2—4; e)x=y+5 x)x=24% 3)x=54"

Ay =20,
442. a)y=3x;  6)y=4x; B)y=3%¥x; ny=
s x 2 0.
443. Hcnombsys rpadmkn oyrkumii y =3x u y=~4x, CpaBHHTE
3HaYeHUs (YHKUMHA (eJUHHYHBIE OTPE3KH 1Mo 3 cM):
a) ¥4 wn i4; 6) ¥3u 43;
B) ¥0,5u ¥0,5; r) 0,3u 40,3.
444, UsBecTHO, 4TO:
a) Ya>1; 6) Ya<l.
BepHo JH, uto a GoJiblie eAHHHLBL, GoJblUe HYJs?
445. [Tocrpoiite rpaduk PyHKuud y = ¥/x. C nomoibio rpadHka Hail-
JuTe:

4
a) TMpH KAaKHUX X CIpaBelIHBO HEPABEHCTRBO x > 1;
6) IpH KaKHX X CIpaBeAJIMBO HEPAaBEHCTBO X < 1.

446. Ucnosbays rpadux dyrkuun Jx, moxkaxure, uTo:
a) ¥10>2/5 ; 6) 7>34;
B) %0,5>%0,2; r) 30,9>%0,4.
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447. CpasruTe HaTypajbHble uHcaa m (m > 2) u n (n 2 2), ecau:
a) %56>15; 6) %/8 >48;
B) %0,2>%0,2; r) 7/0,2<%0,2.

448. a) CpaBHHUTe C eNMHHIEH IOJOXHTEJIbHOE YHCJIO &, €CJIH:
1) Ya>¥a; 2) Ya<ifa; 3) Ya>ia; 4) Ya<la.
6) Kakum mMoxeT GbiTb HAaTypasibHOE YHCIO 7 (1 2 2), ecln:

) 216 < 4; 2) /16 < 4?

449*, Tlocrpoiite rpadux QyHKIHH:
yy=Axl; 6)y=Ix-1l;
N y=A-x; n)y=-Jx;
x) y = Nxl; 8)y=2Yx-8.

B) y = —x;
e)y = Jx—4;

JOIIOJIHEHHS K I'JIABE 11

1. MonsaTne crenenm ¢ palMOHAJbHLIM TOKa3aTeJeM

Panee YXKe OblJI0 BBEJEHO U H3yuYeHO TNOHSITHE CTENEHH C LEJBbIM

nokasaresieM p (a’), T. e. KOTJa NOKasaTelb p — LieJ0e YHCJIO (MOJIOKH-
TeJbHOE, OTpUliaTeJbHOE HJIH Hy/b). Tenepb onpeesum creneHb ¢ paluo-

HaJLHBIM [10Ka3aTeJieM, T. €. C I[I0Ka3aTteJjieM 5 , TAe p — LeJoe 4ucJo, a

g — HaTypaJbHOe YMcao, g 2> 2.

ﬂycn a — MOJIOXHTENbHOE YHCIO0, a -g— — palMOHAJbHOE YHCIO

g > 2. Mo onpenesenuio a B cTeneHH = paBHO apumeTHYECKOMY KOp-

HIO CTENEHH ¢ U3 a B CTENeHH P, T. €. 0 OfpeeleHHI0
P
a' =Yar.
Hanpumep:
3 1 3
2 B " =
Y52, 37 = JB, 77 = 7,21 = 427,

Teopewma. Hycmb a4 — NOAOMCUMENAbHOEe HUCAO, P — Ueaoe
wucao, k u g — namypaasvueie yucaa, 4 > 2; k > 2. Toeda cnpasedauset

paseHcmsa
a’ = (a7) , (1)

a’ =a", (2)

@ =a’ . (3)

alws

o [
|
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,H O0Ka3aTeJabCTBO. rIO OIIpeeJIeHHIO CTENEHH C pauuoHaJ/JibHbIM
nokKasaTteJieM
[ LB

Ipumenss Teopemy 3 1. 4.6, uMeem
Yo = (Yay

Onstb HCIIOJNb3Yysi ONIpeAeJieHHEe CTENEHHU ¢ pPALHOHAJbHLIM IIOKa3aTelJieM,

ITOJIYYHM, 4YTO
1Yy
(%Y=@0.

M3 3Tux paBeHCTB BhITeKaeT paBeHCTBO (1).
Hokaxem Tenepb paBenctBo (2). I1o onpenesiennio cTeneny ¢ pauuo-
HaJIbHBIM NOKa3aTeJsieM

£
a’

" - 47, 4)

C npyroii CTOPOHBI, B CHJy TOTO K€ ONpefe/ieHHs H CBOHCTB KOpHeil
CTENEHU ¢ UMEEM
ﬂ
0 = War = W@y - Yz . (5
Tak kak mpaBble 4acTH paBeHCTB (4) H (D) paBHBI, TO paBHB M JIeBble
YaCTH, TEM CaMbIM 10Ka3aHO paBeHCTBO (2).
[IpumeHsisi onpejeseHHe CTENMEHH C PAlHOHAJLHLIM NOKAa3aTeJeM H
CBOMCTBA KOpHeH CTeNeHH 7, MOJYYHM, YTO
Pg
a?® = Yagr1 = "(a”)q = qF.

. . Tem caMbIM f0Ka3aHo paBeHCTBO (3).

Teopema nokasana.
Tlpumepei.
4 1y 3 2z 8
27 = (277) =3+, 67=6°, 9%-9 ¢, 5o_g
Sameuanue 1. Ecom £ u g — HatypanbHble 4ucaa, a p — ueJoe

YHCJIO, TO CIPaBEAIHBO paBeHCTBO £ =JZ—’;. [Toatomy ecan r= %, TO
q
r= ;L’; IJs Jo60ro HaTypaJbHOro k.
PageHnctBo (2) TOKA3bIBALT, YTO ONpeJe/IeHHe CTelNeHH C PalHOHAIb-
HBIM IT0Ka3aTeJieM @’ He 3aBHCHT OT GOPMbI 3aMHCH YHCJIA 7, 2 3aBHCHT JIHILD

OT camoro yrc/a r. [1pn moGoi popMe 3aIHCH JAHHOTO PaLHOHANLHOTO YHCJIA

onpejeJieHre @ NPUBOOMT K ONHOMY M TOMY Ke YHCTy. Eca 6bl 9T0 6bLI0 He

f. Tak, To onpesesieHHe CTENEHH C PALMOHAJILHBIM TTOKA3aTe eM GbLIO Gbl IPOTH-

BOPEYHBO.
3ameuanue 2. PaBencrBo (3) nokasbiBaer, YTO oOnpeneseHHe

CTeNEeHU C palMOHAJIbHBIM IOKa3aTeJeM COLAEPXKHUT B cebe onpelesieHue
» CTEMNEeHH C LEJLIM M0KAa3aTelieM.
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N
450°. a) UTo moHMMaeTcsi MOJ CTENEHbI C PaLHOHaNbHBIM IOKa3aTe-

JeM % (g > 2) noJioXKUTENBHOTO YHCIa a?

6) Chopmyaupyiite TeopeMy, I10Ka3aHHYIO B 3TOM IyHKTE.

B) [Touemy B omnpejiefieHHH CTENEHH C PalHOHANbHBIM TOKa3aTe-
JIeM HeT NpOTHBOpeYHs?

3anulkTe B BHAE CTENEHH ¢ pPAaUHOHAJbHBLIM TOKa3zaTeseM'
(451—453):

451. a) 42, B, J7, JI ﬁi;
6) Yi, ¥7, ¥01, 4L, 25
B) 327, 43, T, BT, Y2
452. a) Ya®, Ya, Jx, WP, Jx
6) J2a, 33x, bk, J2xy*, 8a?b®.
453. a) Ja—-1; 6) ¥m+n; B) (x+1)*; r) W(x—4)>.
3anuwuTe B BUae KopHeil (454—456):

4 1

L 1
454. a) a®; a’; b*; (ao)"; (RDT;

"

6) (x+1)%; (@a-b" (m+3)* @-y’

2 5
3 9

455. a) 3°; 4°; 6°; 7°; 10°;

wifes

2
3

1

m
n

[SIEY

12
6) a 3, c'; x"; x?; y
Tae A ¥ m — HaTypaJjibHble YHCJA U N > 2.
_2
456. a) a5 b, 5 x5
1

_L 2 -
6) (a2 by *;  (x+2y)°7 (1-29)°; (m-n?)
rnen=2— HaTypaJIbHoe 4HCJIO.
Boruncinre (457—458):

1 L L
457. a) 257%;  49%; 27°%; 16°%;  100%,

ln

3 5 2
6) 16% 277 25 8% 27%
3 -5
B 8%, 167 64%; 320

1

458. a) (2)7-(&);  6) (0.01) - (6,25)°.

! Sﬂer W pajiee 6yKBaMH 0603Ha4YeHbl YUCAA, A5 KOTODBIX pacCMatrpHBaeMbie BbipaXke-
HUA KMEIOT CMBIC.
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459. OGbsicHuTe, noueMy /15 M0GOro yucsaa a > 0 BepHO PaBEHCTBO:

a) (a§)3=a; 6) (a3)3=a; B) (a§)2=a; r) (az)%

2. CBoWCTBa CTENEHH ¢ PalHOHAJLHBIM MOKa3aTejleM

Teopema 1. /Toaomumenvroe wucio a 8 cmenenu ¢ 11066im
PAYUOHARBHUIM NOKA3AMELEM I NOAONUMEAbHO:

a >0. (1)
HoxazarTesbcTBo. 3anullleM YHCIO 7 B BHAE

r==~£
q

rle ¢ — HatypaibHOe 4YMCJIO, ¢ 22, a p — uUenoe (NOJOXKHTeNbHOE,
OTDHIIATENbHOE HJH HYJb).

Tak Kak a — MoOJIOXHTe/NbHOE YHCJIO, TO, UCTOJBL3YS ONpelelieHHe
CTENEHH C PaLMOHAJbHBIM MOKA3aTe/leM M CBOHCTBA KOPHs CTEleHM ¢,
MOJIY4YHM, YTO

1
a’=1%a>0,
T. €. BepHO HepaBeHcTBO (1) ipu p = 1.
HMcnonbays cBOMCTBa CTENEHH T10J10KHTEJIbHOTO YHCAA C LENBIM MOKa-
3aTeJieM, UMeeM MPH JI0GOM LesoM p
[IN4

2 1
ar =aq=(a4) >O,

T. €. HepaBeHcTBO (1) nokasano.

Teopema 2. [lycme a — noroxumervroe wucio, a r,r,ur—
payuonarvneie yucaa. Toeda cnpaaed/zusbt ceoiicmsa:

1) [pu ymroxernuu cmeneneti c payUOHALbHOLM NOKA3AMeeM 00 -
HO20 U MOe0 JHe NOAOKUMEAbHO20 HUCAQ noKa3ameau cmenewxeli
ckaadoisarom:

"

. ar2=arl+r2.

a (2)

2) Hucao a 8 cmenenu (—r) pasno edunuye, Oesennol Ha a 6
cmenenu r:
-r _ 1
3) [lpu Oereruu cmenened ¢ payuoOHALbHOLMY NOKA3AMEAAMU 00 -
HO20 U moeo He NOAOHCUMENbHO2O HUCAA NOKA3AMEAU Cmenenel
86lUUMAIOM:
.
1

a't:at=qg"1""2, (4)

4) [lpu 8038e0enuu cmenenu ¢ payUOHANbHUIM NOKA3AMELEM NO-
AOHCUMEAbHOCO HUCAQA 8 PAYUOHALLHYIO CMeNnenb noKasameiu cme-
neret nepemHoONCQAOM:

(a')? =a"t' %2, (5)
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NokaszaTeabcTso. [lycTh r, U r, — pallHOHa/NbHbE uMcaa. 3a-
NHIIEM HX. B BUJE
=m = k
fl - 71- H r2 - ;,
rae m u k — LeJble YHCJA, N — HaTypajibHOe yHcao, n = 2. Mcnoabsys

onpejiesieHHe CTENEHH C PaUMOHAbHBIM [I0Ka3aTeJsleM, cBoiicTBa apHpme-
THYECKHX KOpHeill H CBOHCTBA CTeNeHeH ¢ LeJbIM Noka3aTeseM, MOJyuHM:

= nfgm - Yat = fam.ak=
m+k +%

= ﬂlam+k =q " =q =af1+f2,

T. €. paBeHCTBO (2) A0Ka3aHo.
Tenepb Ha OCHOBaHHH CBOHCTBa | HMeeM

13
] |a

a'l,a’2 =q" -q

sz

a’-a’=a"=1,
OTKyZa M CJIefiyeT paBeHCTBO (3).
Janee, B cujy cBoiicTB 1 u 2

a - a'l+(“’2) - a’l_’2,
H paBeHCTBO (4) TeM CaMbIM J0Ka3aHo.
Tenepb pokaxeM paBeHCTBO (5).

Tlyctb r, u r, — palHOHaJIbHBIE YHC/A. 3aNHIIEM HX B BHIE
m k
rl = — H f2 = 7,
rme m u k —ueabie 4Hcaa, n ¥ [ HaTypajdbHble uMcha, n =2, [>2.
Hcronb3ys onpefesieHde CTENEHH C PALIHOHAMbHBIM N0Ka3aTeJsleM H CBOH-
cTBa apu()MeTHUECKHX KODHeH, HMeeM

mN\ ZN
(a’l)'z = (a n)l = l(a ") = l[(ﬂ/am)k =
= l”'lamk—_— nifamk = a,:,‘_:lk = arl.’2
b

H paBeHCTBO (D) J0Ka3aHo.
Teopema 2 pokasaHa.
IlpumepeoL.

y . a’? = arl .a_r2

i 1 i
137 =37 * =37 =43,

o=
s fren

3.
4

2"3'.2'%=2 ';'=2—1=%, 3

L

(3'%)_4 3 g

Teopewma 3. llycmo a u b — noromumenrvHvie 4ucra, a r—
payuonarvroe yucao. Toeda cnpasedausel cgoticmaa:

1) Cmeneno ¢ payuorarbHuiM nOKasameaem npousgedenus no-
AONUMENAbHbIX YlUCeA pABHA npou3sedenuro mex e cmenenet co-
mHoONMUMenel:

(ab) = a" - b (6)
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2) Cmenens ¢ payuoHaLbHbIM NOKASAMEACM YACTIHO2O NOAONCH -
MEeNbHbLX YUCer PABHA HACMHOMY mMex e cmenexnel Oeiumoco u
deaumeans:

(-4 @)

= P
Hokasarenbctro. [yets r= q » TAe g — HaTypasibHOe uHCJIO,

1

q =22, a p— ueaoe uncJo. Torza, HCIOJ/Ib3ysl ONpefieJIeHHE CTeNeHH ¢
palMoHaJbHLIM NOKa3aTeJeM W CBOHCTBa apH(MEeTHUYECKHX KOpHe#, mo-
Jy4aem, 4rto

P

(ab) = (ab)’

Yaby = Y7 B =
I )
=a? - YBP =a’ b7 =a’ ‘b,
¥ paBeHCTBO (6) J0KasaHo.
AnanorudHo noxasbiBaeTcsi paBeHcTBO (7).
Teopema 3 nokasawua.
Ipumepeot.
2

_2 2 _
(0,125)° -8° = (0,125-8)° =1° =1,

wino
1
wln

1 1 1 1
(4,4)° :(0,55)° =(.g:»54_5)3 =8 =38 =2

. geopeM a 4. [lyemo uucro a>1, a r — payuonarvroe 4ucio.
o0eda

a >1 npu r>0,
r
O<a <1 npu r<0.
JlokaszaTeabcTBO. 3anuuieM 7 B BHe

_ P
r—E,

rae q (¢ = 2) — HaTypanbHOE YHCJO0, @ p — 1IeJI0e YHCJIO.
Eciu a > 1, To BepHO HepaBeHCTBO

1
a’ =4a>1.
Ecau tenepp r>0, To p >0

2 n’
a =a = a") > 1.

Ecmu ke r< 0, To p=—|p[<0, |p|>0n
Ipl

r_ G g 1
a =a =(a‘i) =05 <L
(=)
Teopema 4 mokasana.
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Teopema 5. [Tycme wucao a > 1, a payuonarvrsie HUCAQ I U T,
ydosremsopsiom HepageHcmsey

r,<r, (8)

a' <a’. (9)

JokasaTeabcTBO. Mcnonp3ys cBoHcTBA CTEMEHH C - palHUo-
HaJbHBIM TOKa3aTeseM, HOJYyYaeM, 4To

a”? —at =a"" (@ -1).

Toeda

Ha ocroBanuu TeopeMbi 1 a’! > 0 115 106010 paLMOHaNbHOTO YuCa

r

r, (TI0JIOXKHTEJbHOTO, OTPHIATEIBHOTO WK HyJst), a? "1—1 >0 Ha ocHo-

BaHHM TeopeMbl 4, MoToMy uTo r, — r, > 0. CiegoBareiibho, a2 —a" > 0.

Teopema 5 foka3saHa.
Teopema 6. Ecau 4ucro a us unmepsara 0 <a <1, a payuo-
HAaAbHOLE YUCAQ T U Iy YOOBACMBOPAIOM HepaseHcmsy

r, <ry,

mo
at >a". (10)

-1
HNokaszarteabcTBo. Ecim 0<a< 1, To a” > 1. Tenepsb, npu-
MEeHsisi TeopeMy O, HMeeM:

(a)" < (a)?,
OTKyAa
L1 (11)

al a”

Tak kak a”' > 0 u a2 > 0, To, yMHOXas HepaseHcTBo (11) Ha @'t - a2,
MOJIy4HM CIpaBeiHBOCTb HepabeHcTBa (10).

Teopema 6 nokasana.

Ilpumepet.

1 1
1) 2° <2° ,TaKKaK2>1H%<

JORO)

>(-;—)2,T3KK3K0< % <lwmu

460°. MoxeT JiH GbITh OTPHLATEIbHBIM YHCJIOM CTENeHb C paLHOHa/b-
HbIM MOKa3aTeJeM MOJOXHTENbHOT0 YHcaa?

461. Tlo Kakomy MpaBUIY: a) YMHOXAIOT; 6) AeJAT CTENEeHU C palHo-
HaJIbHBIM [T0Ka3aTesieM OJHOrO M TOrO 2Ke MOJIOXKHTEJNbHOro Yuc-
Ja?

462. Tlo kKakoMmy NpaBuJy BO3BOISAT B CTeNeHb C PALlMOHA/NbHBIM T0Ka-
3aresieM cTeNeHb MOJIOKHTEJNBHOTO YHcaa?

1
5 -

w—

1.1
3 2

104

463. Yemy paBHa cTeleHb ¢ PaLHOHAJLHLIM TTOKa3aTeJeM:
a) NPOU3BEAEHHUS NOJNOXKHUTENbHBX YHCEJ;
6) YacCTHOTO MOJOXKHTENbHBIX UHCEJ P
464. Ecan a > 1, To KaKHM [JOMKHO ObiTb PaUMOHAJbHOE YHCJO 7,
4TOOB! BBHIMOHANOCH HEPABEHCTBRO!
a) a >1; 6) a” <1?

465. Cpasnute a'' W a2, ecqnt @ > | ¥ pauMOHaJIbHBIE YHCHA 7, H T,
TaKOBbI, UTO 7, > 7.
466. C "t "2
. CpaBHute a! u a2, ecnn 0 <a <1 ¥ paunHoHanbHble YHCaa 1,
H Iy TAKOBbI, 4TO 7| > I,.
Ynpoctute Belpaxenue (467—473):
2 1 5 2
05 ., 025, 3 © B -3
467. a) x°-x"*;  6)a’-a®; B x*- ¥, )bb'
2 3 3 L1 2 3 5
L. 8, 2 4 3 N ®
468. a) a” ‘a; 6)a’-a’; B)y®' -y'-y*; r)2* 22"

N

aof—
-]

3 L
469. a) 125'°-25"%; 6) 2'*-16"; B) x

1

1 Ny o
470. a) a 2: Ja; 6) 2°: Y2, B)f/r?lim_%; r) Ya:a®.
471. a) '\/am -a-%; 6) x/\/xA/x_A/)_c :x-'%.
472. a) (a%y; 6) (xaz)s; B) (b%)%» r) (y%)%

.0 ()0 0 ()5 0 (sl 0 (o)

474. Buluucaure:

Y (9_% *@ ﬁ)_%) ' (W—(Q «/Q)_%) ;
6) ((5.5) % + 48T7) * ((5./5)F —817%)

Ynpoctute BhipaxeHue (4756—476):
475. a) x%y%(x%—y%) ; 6) (a%— 1)(61% + 1) ;
N ) ) R N P L)
116. 2) (0,7 1), F 4 0x7): O (3m* - n¥)a 4 3m?)

’ (X%—S)(x%+5); r? (3%“x%)(3%+x%).

1
3zecs u jagee 6yKBaMH 0603HaYeHbl YHCAa, AJIs1 KOTOPBIX pacCMaTpHBaEeMble BbipaXKke-
HHA HMEIOT CMbICJIL.
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IpencraBbTe BhIpaXKeHHe B BHIe NMpoussenenus (477—478):
477. a) a — 1; 6) b—3; B) X — Y; r) 5—m.

1

1 i1
478. a) 4a — b*; 6) a’-b*; B) - A@; r) A/)_C—A/g—/ .
Hanpumep:
2 1.2 P2 1 i

Ja_bﬂﬁ_(b%) =(a*) -(¢?) =(a7—b%)(a7+b%).

ITpencraBbre B Bufe cymmbl (479—481):

1190 (o + ) 6 (F0)5 o (m¥ )i (Fodd)

480. 2) (x% O D -1); o) (a®+ b°)(a’ a4 b%) .
481. a) (x%—y%)a; 6) (m% + n%)s.
Coxparute apo6p (482—483):

1

L
482. a) 2di g) x4x. gy @i-a; gy _ x|

’ ’ 1
2:/a-2 3x2 +3 Ja (2xy)? + 2x
1 .
a=b_. gy _X=4 . p) X2=4 . oy Yat b
483. a) a%_b%’ ) ,\/J_C+,\/_l;_/’ ) 3/)_‘-’\/!—/ ) %_%

Ynpoctute Beipaxenne (484—488):

1 1

1
a? +2 a?-2|. a7 +1
484, 2 _eo .
a+2a? +1 a?
1 ! 1 Es 1 1
7 7 2 2 2 2
x° + 3y x° -3y LxT -y
485. T + =y 5
x—2x2y2+y

| 12 1 1.2

486. (a_? + b‘?) + (a” ~b “‘)

1 1

487. |x 'y T +x

of—

( .
y —-x

a+ 1 a-1)?
488. |7z 1~ 1.

2
a’-ad*+1 a-a

jen
1
w|—
= i
0of—
N’
N’
]
rojeo
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CpaBuute uucaa (489—491):
489. a) M5 u J3,9; 6) 233 u 332;

B)\(?ﬁ)? u (3J42)%; 1) 3¥4 u 433,
t3 3
490%*, a) 8% u 12*; 6) 312 u JB;

3 2 4 3
B) 12° u 18%; r) 64° u 36°.
5 3

2\¢ 2\¢ . 25 2.

91. 2) (3)° u (3)"; 6) 45 M i
1 1

15/310 14/35 1N® 1IN
B) —1033 H %, r) (g) H (E) .

3. Hcropuueckne cBeaeHKs

Kak nsBecTHo, rpekH 3HaJIM KBaJpaTHbie KOPHH 330110 10 HOBOI SPHI.
Cnoco6bl H3BJIeYeHHS KOPHSI CTENEHH 7 TakKe M3BecTHbl gaBHo. Ha-
npumep, xopeamckuii matemaTHk bBupynu (972—1048) B cBoei Kuure
«Kaouu K apumeTHKe» OmHMCHIBaeT Cnoco6 H3BJEYEHHS KOPHS C JIIOGBIM
HaTypaJbHbIM NoKasaTeJsieM. Bnipouem, cnoco6 sToT rpoMo3akuii u Heyao6-
upill. Haunnas ¢ XIII B. urtanbsinckue U apyrue eBporiefickHe MaTeMaTHKH
0603HayYasM KOPeHb NaTHHCKHM cJoBoM Radix (KOpeHb) MM cokpalleH-

Ho R. Tak, H. Illioke B XV B. nucan R*12 BMeCTO NPHHATOTO Tenepb /12,

Hemenxne Matematuku B pykonucd 1480 r., HamucaHHOW, Kak 3TO
GbLI0 TOTA@ NIPHHSTO, HA JJATHHCKOM s3bIKe, 0603HAYalH KOPeHb KBajpaT-
HbIA 3HaKOM (©), KopeHb 4eTBepTOH cTeneHH 3HaKoM (OC), KOpeHb Ky-
6udeckuit s3Hakom (O00).

B 1626 r. nunepaanackuii marematuk A. JKupap BBen 6amH3Koe K
COBpPEMEHHOMY 0003HaYeHHe Jyisl KBAJPAaTHBIX, KyGHUECKHX H T. . KOPHEH:
2 3

Vv, V, ... Bunaiomemycs urasbsHckoMy Matematuky . Kapapauo
(1501 —1576) npunamnesxat GopMy.ibl pelieHHs] KyOGUIECKHX ypaBHEHHUI,
B KOTOPBIX HCHOJIB3YIOTCS KyOHUECKHE KODHH.

PasenctBo a’ = 1 (ms a # 0) npumensa B Havasie XV B. caMapKaHz-
Ckil yuenwl an-Kaum. HesaBHCHMO OT Hero HyJseBoH mnokasaTesb BBeJ
1 H. lloke.

B XVI 8. piamannckuit yuensiit C. Cresun (1548—1620) npeanoxun

MOHUMATDb /a KaK CTeNeHb YHCAA a C JApOoOHBIM IIOKa3aTesieM 1 1 e.
n

1
2fa=a" . CHCcTeMaTHYeCKH HyJeBble, OTpHLaTe/IbHble U APOGHbBIE MOKa-
3artenu cran npumenste M. Holoton (1643—1727).

PanuonanbHast cTeneHb Yuc/a MO3BOJIKJA ONPeENHTh OKA3aTelb-
Hy10 QyHKUHIO y = @, CylleCTBEHHBI BK/IaJ B H3y4eHHe KOTOPOH BHeC
JI. Diinep (1707—1783).

107



O606111B HepaBEeHCTBO %’1 >,Jab Ha cayya#i n [M0J0XKHTEJIbHBIX

yHceJ1, 3HAMEHHTHIH panuysckuii Matematuk O. Komm (1789—1857)
nokaszan B 1821 r. HepaBeHCTBO

a, +a,ta;t+..ta
D Bt t 2 Ma a.a;..4,, (1)

n

HasbiBaeMoe Tenepb HepaBeHcTBOM Kowrd. Kmaccuyueckoe 10Ka3aTesibCTBO
HepaBeHcTBa Kolln IOBOJILHO TPYAHOE H 3eCh He NMPHBOAHTCS.
a taytaz+..ta,

Yucna - H 7/a,d,0;..d, HA3BIBAIOT COOTBETCTBEHHO
CPeHUM apH(PMETHYECKHM H CPEIHHM TeOMETPHYECKHM ITOJOXHTE/NbHbIX
yHCes d,, Ay, A g, ., @, [109TOMY CBOHCTBO, BEIpaXKeHHOe paBeHCTBOM (1),
YUTAIOT TakK:

Cpeduee apupmemuueckoe HECKOLbKUX NOLOHCUMENbHOLX HUCEL He
MeHblle ux cpedHe20 2eoMempuiecko2o.

C nomolibio HepaBeHcTBa (1) MOXKHO JOKa3aTb, HAlpHMep, YTO AJs
J1060r0 HATYPasbHOTO YHCAA 71 BEDHO HEPABEHCTBO

n!' < (%)

4. 3apaHus 1719 NOBTOPEHHS
Boiuncante (492—493):
492. a) 2% 6) 2° B) (=2)5 1) (-2)%
1\, 1V, 1y, 13?
D@ o 0 (e ()
493. a) 2°: 4°—(—2)%; 6) (—3)'+3°:9%
’ 2 1. 1Y 1y
B) (125~ 15 1) (15) -(15) .
HyCTb yepes a, b, c, m, n, x, y, 2 0603HaYEHbI OTJIHYHBIE OT HYJISI

yHc/a, TPH KOTOPBIX BbIPaXKeHHs HMMeEIOT CMBbICA. YMPOCTHTE
BoipaxkeHusi (494—501):

494. a) a*-a; 6) a’-a’; B) x'*-x'%
ry x°-x 1) ab®-d’b; e) a’b’-a’b’;
x) x'y*xy; 3) £y X"y
495. a) x': x% 6) £*: x; B) m’:mb r) m':m"
6 3 n pl4
ﬂ)'rrz_v e)%’g’ )K)%E’ 3)7)’1‘2
496. a) (a’)’; 6) (x)’; B) (—x°)% r) (—a');
4
n @0V o) B3 w) (3] 1 8 (-2

6) (x"-xs-x):(x3~xe);
r) (m’n®)’: (m°n").

497. a) (a°-d’-a):(a’-d");
B) (ab®y : (a’b);
108

498.

499.

500.

501.

502.

503.

504.

505.

506.

aym - m? 6) x *-x7% B) a '’ a”'%

r) b°-57% nyiy-—2; e) x 2 x%

XK) a . a'% 3) b bt

'a) (2ab’c®)’; 6) (3a'x’y;

B) (—(=a’™")™")} ) (2(=<y"))

a) 48m2ab : 6) 64xy825 .
26ma?b® 18x2y23 °

B) 128a0b"309; r) 121 x3y%2-5
32abb-2c-9 T7x-8y—4z-2 "~

a) 38a7bic!? . 6) 144xy9211
144ab5¢3 24x5y72

(5a3(b + )2 (c~b)2Y!. (=1(=2a)?- b)?
B) ((bz + 2bc + ¢?)- 10a4) ’ r) (-2a2)3. p*

CpaBHme 4HUCJa, YKAXKHATE HX [10J0XKeHHe Ha KOOpJ.U/IHaTHOI‘;I OCH!
1 2 3

a) 0,26; (~3) 5 (0.24))5  6) (~3) 5 —(0(1)5 —0,12;

B) (J&)°; 725 (= 1,2)% r) (=3)% JBI; 1088,

Bbruncaure:
15 4

a) | —+ —— |- ;

(@5 ) B

4-2249. (%)2 *
b—l——-o‘—ﬁ + (1 - 30)2 .
8+(3) - (a)

Hoxaxxute HepaBeHCTBO:

a) m+ % > 6, eca m — MOJOXKHTEJNbHOE YHCJIO;
x? o
6) x— 1< T ecau x — Jiio6oe IeHCTBUTENbHOE YHCJIO;
n
B)* n!< (”TH) )

Pasznoxurte Ha MHOXHTEJIH.

a) x* —a’x + % (a* — b, 6) 4x* — 12bx — 4a® + 9b%;

B) 4 — 3ax +1 (2a°—ab — ), 1) 8~ 24 (1 ~2b)x—%2;

2 a2+ p? . 2 2 4 p2
P S LR
) - X I e) x* + T x+ 1.
Haiinute 3HaueHHe BhIpaXKeHUS:
R RS 1.
) (1= (2 1) mom e =
6y Mmi-m+1 ( 1 )__ 1 =
) T em T T T ) T o, npum 0,07.
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507.

508.

509.

510.

511.

512.

513.

514,
515.

516.

517.

518.

! 3xecsk u nanee ﬁyKBaMH 0603Ha4ueHbl YHCA, JJI8 KOTOPLIX PACCMaTPUBAEMbIE BbiparxKe-

JlokaxuTe, yTo:

a) 5< J26; 6) 3<.J/13; B) J7<27;
r) JI1<3,4; 1) 1,00<J/T2<1,1; ) 1,4<42,1<1,45.

Kakoe u3 unces 6oJibiiie:

) mowan J2+43; 6) JT+.3 mm JfB+.2?

BriHecHTe MHOXKUTEJB H3-TIOJ 3HAaKa KODHS:

a) 48; 6) J28; B) J320; 1) J32;
0 V755 ) N6, x) [1255  3)

BuecuTe MHOXKHTEJDb NMOA 3HAaK KOpPHSA:
2 . 1 . 2 /6
a) 5,J0,6; 6) 11A/%, 8) 146; 1) gﬁ

HOJIbSYHCb I'lpHéJIl/I)KeHHbIM 3HAa4YCHHEM!

a) J2 = 1,41, BoluMCAHTEe NPUOIHKEHHO A/1-; JI; ~J4.5;
6) 6 =~ 2,45, BpluMCAHTE TIPHOIHKEHHO A/2; A/E; A/%

INpeo6pasyiite Apo6b TaKuM 06pa3oM, YTOObl 3HAMeHaTesib He
cofiep:KaJl 9HCJa TMoJ 3HAKOM KOpHHZ
1. 3 . 2 . 1
a = s 6 = s B ’ r , ﬂ) e) .
) 3 ) 3 ) ) J2+ .3

YnpocTuTe BhlpaxeHue (513 515):

a) JB+5,0-3/8+5/7+2./8-6.7;
6) 74125427 + 8./48 - 6./75 + 2./108;
B) 243427 +3J12-2/243; 1) J50-5J8 + /2 + J/128.
a) 3 J12; 6) J10-J15; B) 60:45; 1) J72-4/30.
a) ((74/2-546)-(3./8-4.24)) - 3./2;

6) ((2420-7/8)-(3/5-3./18)) - 44/10.

BOSBQ}IHTe Bblpa*KeHHE B CcTeneHb:

a) (f3-42)"; 6) (J6+ 2

I[oxax&me CpaBeA/HBOCTDb paBeHCTBalZ
a) Ja+6 1 _ 12 ., 6) Jx 8 L x __3
a-36 o+ a-36" Ji-6 Jx+6 3b6-x  _¢

BHecuTe MHOXHTEIb 110J, 3HaK KOpHSA:
a) (a—1) 3“ O<a<1;6)(2—a) /2%, a>2

2 ’

HHA HMEIOT CMbICJI.
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519.

520%,

521%,

522%,

523.

524.

525.

526.

527.

528.

529.
530.

YHpocmTe BblpaXkKeHHeE:

9 () o (o) o
") \«/)'; il/i x«/i:.zﬁ/; ") JrTzJ’_Tj7—JE4+7 +49”—1rr.z'

,HO KaxuTe CrnpaBeaJHBOCTbL PABEHCTB

a+Jo=Jm+Jn w Ja-Jb=.Jm—-.n,
rie m = ata?-b , _ a—Ja’-b
2 ’ 2 ’

I/ICHOJIbSyH paBEeHCTBO, paCCMOTPEHHOE B IpeAbIaAyllEM 3aJaHHHU,
YOPOCTUTE BblIparKe€HHE:

a) N8+ ./28; 6) NO-JI7; B) J7+2/6; r) J/11-2/10.

YKaxcuTe, eC/iH BO3MOXKHO, HATYpPaJibHOE YHCJIO, KBAAPATHBIH KO-
peHb U3 KOTODPOro 3aK/JIIOUEH MEXy:

a) 4000 u 4001; 6) 400,0 1 400,1; B) 40,00 u 40,01;
r) 1002 » 1003; n) 100,2 u 100,3; ) 10,02 u 10,03.
Hafinute umcao x, yIOBAeTBOPSAIOLEE PABEHCTBY:

a) Jx=-3; 6) J-x=3
B) Jf2x+1=2; r) J1-x=3.

Pemnte cucreMy ypaBHeHHH:

2) |x-1] +y=0, 6) ly - 4|=x,
2x—y=1; 3x+y=1.

ITocrpoiite rpaduk HyHKuHH:
a) y=x; 6) y=—2x+1; B) y= é—x-Q;r) y=-25x—1.

Hajigute uncya a u b, 1IpH KOTOPHIX MpsiMbie ¥ +y = —b u
x—ay—2=0;

a) mepecekaioTcs B Touke (1; 1);

6) napaJJie/ibHbl U He COBNANaloT;

B) COBNAAAIOT.

HMoctpotite rpaduk ¢yuxkunu y = 3x — 1. 3amenute x Ha y, a y
Ha X M MocTpoiiTe rpadHK MOJYyYeHHOH (QYHKIHH B TOH Xe CHC-
TeMe KOOPIHHAT.

TocTpoiite rpadmk dyukuuu y = 3x° + 1. Haiinure ¢ nomowbio
rpaduKa:

a) y(1); 6) y(=2);

B) X,, Takoe, uto y (x,) = 1; 1) x,, Takoe, 4to y (x,) =
l'IpHHaﬂ,neme JH TOuKa (— -0 ,2; 0,4) rpa(pm(y (byHKan y = x’?
Pewure rpacuveckum cnoco6om CHCTEMY YpaBHEHHIl:

2x +y=4, x+y=2,
a) sx-y=-1, 6) \-2x + y=5,
y=2 2x+3y =T
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531.

532.

533.

534.

535.
536.

537.

538.

539.
540.
541%*,

542.

543.

544,
545.

546.
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3anuiukTe KOOPAMHATHl H IO- yA
CTPOHTE TOYKH, CHMMETDHUYHbIE
otHocHTeNbHO ocH Oy ToukaM: Ag
a) A(4;3);, ©6) B(5;0); K 1
B) C(—3; 2); r) D(-6; 0).
3anunTe KOOPAMHATBL H TO- —3 o
CTPOHTE TOYKH, CHMMETPHUHbIE °
OTHOCHTENBHO Hauada KOOpmH- L -1
HaT TOYKaM:

a) A(2;5); 6) B(3; —1), Puc. 53

B) C(—2; 5); r) D(—4; —4).

Ha pucynke 53 ormeuensl Touku A, B, C, D, E, K. UmeloTcsa au
CPe/l HUX TOYKH, CHMMETPHUHbIE OTHOCHTEJBHO KaKOH-JIHG0 OCH
KOODIMHAT (€C/H MMEIOTCs, TO YKaX{HTe OCb CHMMETPHH); CHM-
MeTpHUHbIe OTHOCHTEJBHO Haya/la KOODIMHAT?

[Moctpoiite rpadukH QyHKUMH y =X H y = x*. Hmerotca su
TOUKH, MpHHaexalue rpadukaM 3THX GyHkuuid, obrajaoiye
CBOIHCTBOM CHMMETPHUHOCTH OTHOCHTEJ/IBHO: @) OCH abeuuce; 6) ocH
OpIMHAT; B) Hayaja KOOPJAUHAT?

CyIlecTBYIOT JIH X, TaKHe, YTO £ =x?

Pemute ¢ nomoiupio rpadukoB ypaBHeHHE:

a) x¥*=4x%  6)x* =55 B YL=x—-4 12— 1= 1%,

%)
Q W

xY

bOO

Pemute ¢ nomolupio rpadguKoB HePaBeHCTBO:
a) x* > x; 6) X’ <x%  B) x>}
) is¥—-4 1) l<x; e x>1-3
X X X
TMoctpoiiTe rpaduK GYHKUMH:
3 2
a = %% . 6 = X .

) y="7 )y k
B)y=x'+1; r1ry=x-1
Hoxkaxute, uto GHyHKLMS Y = —x° aBJasieTcs yObLIBAOWIEH.
Tloctpoiite rpaduk GyHKUMH y = (X — 1)°.

Haiiqute 3HaueHHe apryMeHTa, IPH KOTOPOM 3HaueHHs QyHKLUMIA
y =|x| 1 y=2x— 1 paBHbl MeXHy COGOH.
BuiGpas yno6Huli MacTab, mocTpoiite ToukH (x; x") npu n =1,
n=2n=23,n=4, ecau:
ayx=2unx=-2; 6) x=3 ux=-3;
= 1 —_1. =1 - —
B) X 5 Hx=-3; r) x 3 H X
YnpocTuTe BhIpaXKeHHE!

a) Jai; 6) Ya¥; ) Ha*; 1) Ya®.

BepHo /M paBeHCTBO JE=2x+1=1—x ecmnx<1?
[Tpu Kakux a ¥ b BepHO PaBEHCTBO Ja?b=|a|Jb?
Yupoctute BoipaxeHue (546—>548):

a) J-a - a; 6) ¥~ - Y-x;

[

947.

548.

549.

550.

551.
5562.

553.

554.

555.

556.

557.

558.

B) J1-2 -53+2.2:1) Ja-1-YT-a-(-¥a=7).

a) 5316 + 33/-54 — 63128 + 73/~250 + 23/432;
6) 73/24 + 5381 + 43/~192 + 23/-375-3/1029 .
a) Tafe—43x+53x—64x - % + J*;

6) a+2Ja+3%a+4a-a?-3Ya?-Yad .

CokpaTtuTe Apo6b:

2) B4 .

N35-./14

’

o) Lu-Yui

a? | . [4b .
S =l

a) (Ya+ b) - Ya?;

B) (a¥b+ba) Ya?b?; 1) (Ya-3b)(Ya+ ¥b).

6) »ﬁﬁ‘hfﬁ .
VRV

I') nsm—m%

Ym? + Yt + 2 Ymn

Pewnte anst x > 0 rpacdrueckuM crnocoGOM ypaBHeHHe:

a) Ye=x;6) Yx=-x;8) Yx=x—1;r1) Yr=—-x+ 1.
Ynpocrtute Bhipaxkenue (551—552):

& Ly [

6) (¥a*-3ay - Ya;

HaiiguTe 3HaueHue BbIDAXKEHHA:

a) 2./5./48 +3J40./12 —2./15./27 ;

6) 30% +31 3/% + 53144 + 2 3/0,125 + 40,0016 .
YnpocTuTe BbipaXKeHHe:

0 BBy o (1o B) - 152 S,

Iloxamme CHpaBeAJIMBOCTb PABEHCTBA:

a) HELLE - 54

J3.5-3.
6) —L — =(¥3-42)(}3 + ¥2)(J/3 + J2).

Y3+ 3R

Haiiaute uncao x, yaosJeTBopsioniee paBeHcTBy (556—>557):

6) Yx=2;

a) Me=—1;

B) Y+ 1-2

a) X*—3x+2=(1—-x)Jx;

r) 32x—1=0.
6) %—J}=1.

Ynpoctute BhipaxeHue (558 —562):

a) 3/83;
n) 'Y3®;

6) 34°;
e) '¥/4%,

B) Y16°;
x) §12-%;

r) ¥64>;
3) §3+.
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559.

560.

561.

562.

563.

564.

565.

566.

567.

568.

a) JT7- T 6) AU
B) 467467, 1) ¥3F-32.
a) ¥5°:35%;  6) 49:49%3;
B) 7247, r) ¥2-10.89-12
a) ¥3°-¥8;  6) U8 s,
B) ¥12%-33%; v) Y778

a) =k 6) VR B) = r) =

Ynpocrute Beipaxenue (563—>565):

o (Gs arE

6) a?b-'—a?h3 . a-'b—-ab!
adbl+ab "~ adb

a) (3108a*b™ —3/32a72b%) : 34ab? ;
6) (x2y3 5,24}?_25-4 + }_1& s 32x'°) :E/!F;.

y*ﬁ

a) (4 3/—-—81"9 -2 534 ) e
y—2 x! 826 3-2 ?

6) (B2 4 1y B2 [ 2
4 Py 41y

Haiinure uncnio x, ynoBneTBOpsiioliee paBeHCTBY:

L 2
a) xT=2 6) x3=3; ) x5=—1;

_1 _2 3
r) x3=2;, n) xs=1; e) x5 =-2.
YnpocTHTe BHIpaXkeHue:

a) (m% + n%)(m%—n%) ; 6) (a% +b3

1 L 11 L
B) (mQ—nZ)(m+m2n2 +n); r) (a2 +5°

CoxkpaTtute apo6u:

a) X=4_: ) L B) =
X7 _y? X7 442
3 3
a2 t+hp2 | x—x05405 4 y
r A - A - A
) raradE .

8

xlS4yls 7 a+apos+b

569.

570.

571.
572.

573.

574%,

575.

YIpoCTHTE BblpaXieHHe:
2) (X05 + yO5)(x05 + 5y05) — (x05 + 205)(x05 — 2408) |
r

3y @i+ 3 '
6) Lafe—1- Y3+ 3+ 1-3x—1;

1 -3
1, N
B) X +x3 ;

L 1 -
(i/)'c+x 84 1)(;:3 +x 3-1)

-1
+ 43,2 eu? + 2
I‘) A/}'c[x x3y? +y Jxyc+y _y] + 1

(5/;+@)2 x-02y05 1 °
Pemunte ypasHenue (570—572):

- 1 L. - 1t__ 5.
a)x(x+l)—-|x+§1+-2-, 6) 6x(x 1)+5lx—2l 5,

B) X’ +5|x+2]=—4(x+2); 1) X +4x=2-|x+2].
a) 4 — 11 =3 =0; 6) 4x* —7x’—2=0.

4x 16 3x 9
a) X———= ; + 2. = x;
) 4-x x-4° 6) 3-x  x-3 %

1 10 _ 1 . 2 12 _ 1
B) x2-10x+ 25 +25—x2_-x+5’r) X2+ 12x+36 36-x2 x-6"

a) Eciu miMHy npsiMOyroJbHHKAa yMeHbIIMT Ha 1 M, a ero
LIMPHHY yBEJHYUTb HA 1 M, TO MJOUafb NPSAMOYTrOJIbHHKA yBe-
audutcst Ha 5 M°. Ha cKo/JbKO MeTpoB [JIMHA NPSIMOYTOJIbHHKA
6oJibllle ero LKPHHBI?

6) Ecau 6b mana 6bl1 Ha 2 roga MoJoXe, a MaMa Ha 2 roaa
cTaplie, TO NMPOM3BeJEHNE HX BO3pacToB Oblo Obl Ha 6 GoJblie,
yeM ceiiyac. Ha ckosibKo JIeT mamna crapiie MaMbl?

a) O6uapyxuB B 64 MmeTpax 0T cebs YNOJ3aloLIyio Yepenaxy,
Axuanec Haual ee mpecjenoBaTh. COKpPaTHB pacCTOfIHHE JO
yepenaxd B 8 pa3 H 0CO3HAaB CBO€ NMPEBOCXOACTBO, OH MPEKPATHII
norono. Kako# myth npogesian AxuJjec ¢ Hayasa IOTOHM, €CJlH
€ro CcKopocts B 1D pa3 OoJblle CKOPOCTH YepenaxH, NpHIeM
IBHKeHHe AxujJeca M yepenaxd NPOHUCXOAHJIO MO MPAMOH?

6) o npubmuxawierocs Axuiiieca ocTaBaaoch eue 6 M, Koria
yepenaxa MOHs/IA, YTO el He YHTH OT MOTOHH, H OHA OGpeueHHo
octaHoBH.ach. Kakoil mMyTh ¢ Hayasa NOTOHH NpoJeJiaJja yepena-
Xa, ec/iH ee CKOpocTh B 17 pa3 MeHbllle CKOpPocTH Axuigeca,
PacCTOsIHHe MeXXIy HMMH 32 BPEMs IOTOHH COKPATHJIOCH B 9 pa3
M HX [BHXXEHHe MMPOMCXOAHMJIO MO MPAMOM?

TTox noces nuueHMipl OTBeJeHO 3 ydacTKa MamiH{, oblias mJjo-
1afs KOTOpeIX B 3 pasa GoJibllie MUIOLAJH BTOPOro ydacTka. 3a

JNE€HDb O6blJ1d 3acesiHbl [10JIOBHHA nepeporo, % BTOpPOr'O H Be€Ch TpE-

THEt yyacTok. [lnouians, ocraBluascsi He3acesiHHOH, B 2 pasa
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576.

577.

578.

579.

580.

581.

82%,

83*.

584.

585.

MeHbllle IVIOLAAH TpeThero ydactka. Kakyio 4acTh OTBeAeHHOR
10J, MMOCeB IJOIUAAH COCTaBJSET MIOLA/b, 3acesiHHast 33 JeHb?

Ha 3aBogae cHavyasa paGotaJnu 2 niexa — nepBblil U BTOPoit. 3aTem
Obl1 TMyllleH TpeTHH LeX, B pe3y/ibTaTe Yero 3aBOJ YBEJHYHJ
eXeMecCsYHbIfl BbIMycK NpoayKuud B 1,6 pasa. Bo ckosbko pas
6osbllle MPOJAYKUHH JaeT B MeCAL TPETHH LEX, €CJH H3BECTHO,
yTo 3a 2 Mecsila MepBbI M TPeTHH LieXa BMECTE BHIMYCKAaIOT
CTOJIbKO MPOJYKUHH, CKOJbKO BTOPOH 32 1oJroga’?

JlBa nHacoca pa3yiM4HON MOLIHOCTH, paboTas BMeCTe, HANOJHSIOT
Gaccefin 3a 4 u. [las nanosxeHus 6accefiHa HaMOJNOBUHY EPBOMY
Hacocy TpebGyercsi BpeMs Ha 4 4 GoJiblliee, 4eM BTOPOMY HAcocy
AJisl HanoJHeHHs1 GaccefiHa Ha TPH YeTBepTH. 3a Kakoe BpeMs
MOXXeT HalOJHUTL GaccelH KaXKAblH U3 HACOCOB B OTAEJLHOCTH?
JuameTp 1IKHBa 3JeKTpoMOTOpa, Aeaatouiero 1200 o6oporos B
muHyTy, paBed 180 mm. Kak Hamo H3MeHUTb AHAMETP LIKWBA,
4yTOObLl IPH yMeHbIIEHHH uucaa obGoportoB no 1080 B muuyty
CKOPOCTb ABHXKEHHS [IPUBOAHOTO PEMHSI HE H3MEHHJIACh?

[Ba HikuBa coefHHeHb! peMeHHON NMepenaveii. Bripasute dhopmy-
JIOH 3aBHCHMOCTb MeXJy AMMHaMH UX okpyxHoctedl C, u C, u
YHCJIOM OBGOPOTOB r, H f,, KOTOpble [eJIAIOT LIKMBbI B E€IHHHILY
BpeMeHH. BolpasuTe Kaxiylo U3 YeThipeX BEJIMYHH Yepes 0CTalb-
Hble TpH.

OnmuH cnjlaB COCTOMT M3 JBYX METaJUIOB, BXOASIUMX B HEro B
OTHoWIeHHH | :2, a Apyroil copepkuT Te e MeTaJisl B OTHOIIe-
Hud 2: 1. CKoJIbKO YacTell Ka)kAOro CnjaBa Hafo B3ATb, YTOGHI
NOJYYHTh TPeTHH cruias, coaepxamuit 50% Kaxaoro MeTana?

I'pys Becom 60 Kr IMPOM3BOIUT HEKOTOPOE JABJIEHHE Ha ONOPY.
Ecnm Bec rpysa ymeHnbuinth Ha 10 Kr, a nuiolans ornopsl — Ha b am”,
TO jAaBneHHe yseauuutcs Ha 1 kr/maM’. Onpepesute miowab
OTOPHI.

JlatyHb cocTouT M3 Menu M uuHka. Kycok JaTtydu Becom 124 r,
NOrpy>XeHHbIH B BOdY, TepsieT B Bece 15 I, a KyCOK MeaH BecoM
89 r, norpyxeHHblli B Bofmy, Tepsier B Bece 10r. Kpome Toro,
H3BECTHO, YTO KYCOK LIMHKA, MOIPYXKEHHBIi B BOXY, Tepser %
Beca. OmpenesinTe, CKOMBKO MU U CKOJIBKO LHHKA COAEPIKHTCS
B 250 r saTyHu.

Cnaas 30J10Ta # cepebpa BecoM 13 kr 410 r npu morpyxeHuu B
BoJy cran BecuTb 12 kr 510r. Onpegesnre KoaM4eCcTBO 30J410Ta
¥ cepebpa B CIIaBe, €CJH H3BECTHO, YTO MJIOTHOCTH 30/10Ta PaBHA
19,3 r/cM®, a cepe6pa 10,5 r/cem’.

Tennoxon 3a 10 u moxer npoéity 110 kM 1m0 TeyeHuo u 70 KM
NPOTHB TEYEHHS] peKH U1K 88 KM 1Mo TeueHHI0 H 84 KM IPOTHB
TeyeHHs1 peku. OmnpenesuTe CKOPOCTb TEMJOXOJA OTHOCHTEJNLHO
BOJAbl H CKOPOCTb TE€YEHHS PEKH.

IlyTe ¥3 cena B ropoi uiet cHayasia 15 kM B ropy, MoToM 6 km
¢ ropol. Besocumnenuct ener 6e3 oCTAHOBOK B TOpy C OfHOH
NOCTOSIHHOH CKOPOCTBIO, ¢ ropbl — ¢ Apyroil. B onuu Kouen oH

586.

587.

588.

exan 3,1 4, o6parHo 2,5 4. KakoBa cKOpOCTb BeJIOCHIIENHCTA B
ropy H ¢ ropsr?

Cmapunnas 3adayva. 11 MoaoTb6bl xne6a ObLIH HaHATH He-
CKObKO pabounx. Ecim 6bl MXx OBLIO TpeMmsi MeHblle, TO OHH
npopaGotaid Obi ABYMs MAHAMH joJblie. Ecan 6bnl  HaHAH
yeThlppMsi pabounMH GoJiblie, TO pa6oTa Oblia Obl OKOHUEHA
AByMsi nHsAMH paublie. CKOJIbKO OblI0 PaGOUYHX M CKOJILKO JHeH
OHH mpopa6oTanu?

I'pysoBasi mammHa Bbiexasa u3 A B B. Cnycra 2 w u3 BB A
Bbl€XaJla JIeTKOBas MallKHa, KoTopasi npu6sina B A Ha yac nosxe,
yeM rpy3oBas MauinHa B B. Cko/1bKO 4acoB Onijia B yTH Ipy3oBas
MalliHa, ecJii K MOMEHTY BCTPeYH OHa IipoexaJa % BCETO MyTH?
Besocunenscr npoexan paccrosiie ot A jgo B u o6paTHo ¢
MOCTOSIHHOM CKOPOCTbI0. MOTOLMK/KCT Mpoexan paccrosinie AB
€O CKOPOCTbIO, B 72 pa3 BoJsbliell, 4eM CKOPOCTb BEJIOCHTIEAUCTA.
OH oCTaBuJI MOTOIMKA B NyHKTe B H BepHyJcs B A MeLIKOM cO
CKOPOCTbIO, B /1 pa3 MeHblleH, YeM CKOPOCTb BestocHnenncTa. Kro
M3 HHMX OblL] HOJIbIIE B IYTH H BO CKOJBKO pas, €CJu:

ayn=2; 6) n =257
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NOCNEAOBATE/ILHOCTU
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§ 5. YUCJIOBBIE [TOCJIEAOBATEJIBHOCTHU
M UX CBOMCTBA

5.1. MNoHATHE YHCAOBOH NMOCIENOBATEILHOCTH

Ecau kaxnoMy HatypasibHOMy umcay n (n =1, 2, ...) nocraBjeHo B
COOTBETCTBHE N0 HEKOTOPOMY 3aKOHY YHCJO X,, TO FTOBOPST, YTO 3alaHa
NocJ/1eJ0BaTeNbHOCTb YHCe

Xy Xgy ey Xy oony (1)

n

WIIH, KOpoUe, 3a/laHa YHCJ0Bas NOCAEA0BATEAbHOCTD { X, }.
Yuena x,, X,, ..., X,, ... HA3BBAIOT YNEeHAMH MOCIEAOBATEILHOCTH, A
4/JleH C HOMEPOM 11 — ee N-M YJIeHOM, ero elle Ha3biBaloT OGLIHM YIECHOM.
3apaTh MOCAEAOBATENBbHOCTh — 3TO 3HAYHT YKA3aTb 3aKOH, MO KO-
TOPOMY MOXKHO BBIYHCJIHTBL ee 7-H YjleH X, JJIfl KaXIOTO HaTypaJjibHOro A,
DTOT 3aKOH MOXKET BbIPa)KaTbCsl pasHbIMU crnocoGamu: dopmynamy,
CJIOBECHBIMH OMMCAHUSIMH H T. II.
PaccMoTpHM yHc/IOBYIO NOCE€A0BATENBHOCTD, 71-# YI€H KOTOPO# 3a1aH

tdhopmyJioi :
x,=n" (n=1,23,..). (2)

n

[Tosb3ysck 370l GopMyJI0il, MOKHO BBHIYUCJHTD JIOGOMH YIEH MOC/Iea0-
BaTe/JILHOCTH (2), COOTBETCTBYIOLIMH JAHHOMY KOHKPETHOMY HOMEpYy A,
HanpumepQ:

2
x,=4"=16, x,=12"=144, x,=17"=289.
[TocaenoBatesbHOCTD (2) 3anKMCHIBAIOT CAEAYIOLIHM 0Gpa3oM:
2 2 2
1, 2, 3% ..., n', ...,
WU
2
1,4,9,..,n, ...

B 370l 3anucH NPHBEACHO HECKOJILKO MEPBLIX YJICHOB I0CJe10BaTe/b-
HOCTH U ee n-{ uJieH.
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HpuMep 1. l’chrb YHCJIOBasAd MoCJJef0BaTeJbHOCTb 3allicaHa B BHIC

(1)

) E 3 5 4 9 ey n y s
Toraa ee o6wmii uneH 3agan dopmy.ioi
x, =D

n

[pumep 2. TlycTh uuciioBass MOCJEJOBATENbHOCTh 3aaHa (HopMyJioH

n-ro 4jieHa:
= (1}"
xn - (;) .

Torma ee MoxHO 3amucarhb CJAeAyroIlLUM 06p830MI
r 11 (L)”
47 270 256 77 \n/ 07T
Huorna (B OYE€BHAHBIX c.ny'{as{x) YUCJIOBYIO MOCJACI0BATENbHOCTL 3a-
JAalT €€ HECKOJILKMMH [I€PBbBIMH 4YJ€HaMH, HME€A B BHAY, UYTO 3aKOHO-

MEPHOCTb MMOJIYYE€HHS KaXA0TI0 CJAEAYIOIUEro 4ieHa COXpaHdaeTCs ¥ AJist BCeX
OCTaJIbHbIX 4JIEHOB IOCJ/I€A0BaTEJILHOCTH.

ﬂpumep 3. HyCTb yUCJIoBad NMoc/eJOBaTEJbHOCTh 3a/iaHa HECKOJIbKH -
MH €€ NHEepBbIMH WICHaMH!

2,4,6, 8,10, .... (3)

Toraa, oueBHAHO, YTO GOpMysa ee n-ro 4/jeHa ecTb a, = 2.

YucnoBasi MoC/ae0BaTesbHOCTh YMOPANOUYEHA: Yy KaxkJIOro ee uJjeHa
eCTb MOCJEAYIOLIUHA YIeH H y KaXJA0ro ee ujeHa, KpoMme I€PBOro, €CTh
NpeALIeCTBYIOLIMI UJEeH.

ITpumep 4. Tlycthb 3agana nocaepoBaresbHocts {a,}: 1, 3,5, 7, ... .
Torna, wanpumep, y ujsela MNOC/AeNOBATENbHOCTH ad, =5 ecTb Iocje-
IYIOLIMH 4ieH @, = 7 M eCTh NPeAIIECTBYIOIIMH UleH a, = 3.

3ameuanue YucjoByio nocieoBaTeqbHOCTb MOXHO 3aiath pe-
KyppeHTHO', T. €. 3a/laTh OJMH HJIM HECKOIBKO MEPBBIX YIEHOB [0C/Ie/0Ba-
TeJbHOCTH H (popMyJty, BhIpaxKkawllylo JI060H ee 4jeH yepe3 ONHH HJIH
HECKOJIbKO npeguiecTBylolux. HanpuMep, nocnegoparesbHOCTD (3) MOX-
HO 3ajaTh Tak:

a,=2a,,, =a,+2,n=1,23, ...
M3BecTHasi nocJenoBaTe/bHOCTh uHces PuboHayuy 3afgaeTcs Tak:

u=u=1u,,,=u,,,tu, n=1 2,3, ... BoluiC/IUM HECKOJbKO
NepBbIX €€ WIEHOB!

1,1, 2, 3,5, 8,13, 21, 34, ....

' PexyppenTsbiit — oT Jar. recurrens (recurrentis) — Bo3Bpaliamowuics.
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590.

591.

592.

593.

594,

595.

596.

597.

598.

a) Uto Ha3biBalOT UYUCAOBOH MNOCJENOBATENBHOCTBIO, HJeHaMHU
4YHCJIOBOH MocnenoBaTtesbHOCTH? [lpuBeauTe mpuMephl mocnaeno-
BAaTeNbHOCTEH.

6) Urto 3Ha4YHUT 3a4aTh YHCJIOBYIO MOC/EA0BATENbHOCTD?

B) Kakue criocoObl 3agaHusa YHCJIOBBIX T0C/AEI0BATENBHOCTEH BbI
3HaeTe?

Jana nocnenoBaTtenbHoOCTh uncea {x,}: 2, 4, 6, 8, 10, 12, ... .
a) Hasoeure ee nepBhulif, BTOPOH, TpeTHH, YeTBEPTHIH, NATLIH U
111eCTOH YJIeHBI.

6) 3anuuute ¢opmyay oOLIEro YjeHa TMOCJAeJ0BATENbHOCTH.
Hafinute x,, x4, Xy

3anuumre GopMysy o6Iero YieHa nocjeoBaTelbHOCTH:

a) 1,2,3,4,5,6,7, ..; 6)1,3,5,7,9, 11, 13 ..;

B) 4, 8, 12, 16, 20, 24, ...; T

: DbLgeg g5 g

n 1, -1, 1, -1,1,-1, ..; e —1,1,—-1,1, —1,1, ...
Hana ¢opmyna obiero 4jaeHa nocsegoBaTeJbHOCTH!

a) a, = 3n — |. Haligurte a,; a,; a;; a,q;

6) a,=3 + 2(n — 1). Hatigure a;; a,; a,,; a,,.

Hafinute cymMy nepBbIX [IECTH 4/IEHOB MOCJEA0BATENLHOCTH, 3a-
IaHHo# (opMyJioi obliero yjieHa:

a)a,=3n+2;, 6)a,=(=1)n

YucaoBasi moc/aeR0oBaTebHOCTb {X,} 3amaHa ¢opMyJoi o6lero
yreda x, = 10 + 2n.

a) Hatigure x,, x,5, X,00-

6) 3anumuTe (GOPMYJibl MOCJENYIOUIEro H IpeJuiecTBYIOLIEro
4/1€HOB NOCJEROBATEBHOCTH B X,,.

B) 3annu12me thopmMyJly UleHa TOCJIe0BATEIbHOCTH, HMEIOILEro HO-
Mmep n + 2.

[TocienoBaTesbHOCTb 3afaHa GOPMYJIOH 71-T0 YJeHa:
1y n
6) b,=16-(3); B)c,=(-2).

BoiudcsiuTe TpU nepBbIX W AECSTHIH WieHB 3TOH NMOC/eN0BATENb-
HOCTH.

[NocnefoBatenbHOCTb 3ajaHa MepBbIMH 4YieHamu: 1, 5, 9, .. .
3amumute Gopmyay ee obuiero dieHa.

IocnenoBaresIbHOCTD 3aJjaHa PEKYPPEHTHBIM CIOCOGOM:

a)a, =2,a,,,=a,+3; 6) b,=-2,b,,,=5"b,;
B) c,=4,¢c,,,=c¢c,— 8 r) x,=8x,,,=025x,.
3anuiunTe NATh NEPBLIX €€ YJeHOB.

[TocnenoBaTeibHOCTh 3aAaHa peKypPEHTHBIM CIIOCOGOM:
aya,=3,a,,,=a,t2 6) b=-5b6,,,=2b,;
B)c,=8,¢,,,=¢,— 4 rx,=9%%x%,,,=03=x,
3anaiiTe nocjie0BaTeNbHOCT QOPMYJIOHN 71-T0 YIEHA, BHIYHCJ/HTE
NATh NEePBLIX €€ YWIEHOB.

a) a,=3n— 2;

599. lTocaenoBaTeJbHOCTh 3aiaHa NIEPBLIMU YJIEHAMM:
a) 5,10, 15,20, ..., 6) 32,16,8,4,..; B)2,-2,2,-2, ..
3apnaiiTe nocenoBaTeNbHOCTh PEKYPPEHTHBIM CNIOCOOG0OM, BHIYHC-
JuTe ee 8- ujeH.

600. B npeapiayluem 3a1aHuy 3aiaiiTe Mocje10BaTelbHOCTb HOPMYJIOH
n-ro 4jeHa, BLIYHCAUTE ee 9-H dJieH.

601. UucnoBas nocaefoBaTeqbHOCTb 3aaHa GopMyJ/IoH n-ro uieHa:

6) bn=27-(§)”; B) ¢, =(—0,5)".

3apafiTe NOC/1eL0BATENLHOCTE PEKYPPEHTHBIM CHOCOGOM.
602. TTocienoBaTe bHOCTb 3aaHa GOPMYJIOH 71-TO 4jieHa:

a) a,= 177 — 3n; 6) b, =125 —Tn;

B) x, =23 — 1,5n; r) yn=100——”3—.

CKOJIBKO MOJIOXKHTENbHBIX YIEHOB Y 3TOH M0C/Ie0BaTeNLHOCTH?
603. TlocienoBaTeIbHOCTL 3a4aHa GOpMYJIOH f-TO YieHa:

a) a,= —117 + 3n; 6) b,=—222+ 1,5 n,

B) x, = —237 + 5n; r) y”=—100+%.

CKOJIbKO OTPHLATEbHBIX 4IEHOB Y 3TOH MOC/e10BaTebHOCTH?
604. Haiinnte uncna PuOOHAYUK: Uy U U5,
605* IokaxKHTe, 4To A/ JIOGHIX HATYPAJIbLHBIX 71 NOC/EN0BATENBHOCTD
yuces Pubonauuu {u,} o6aagaer cBOACTBOM:
a) u, tu,+ ... tu,=u.,,— 1,
6) u, +u,tu;+ ..U, = Uy,
B) Uy +u, tugt .ty =uy, — 1
Dt u =,

a) a, = on;

5.2%. CBoiicTBAa YHCJOBBIX NOCHEJ0BaTEIbHOCTEH

[TocnenoBaTebHOCTb {X,}, N1 KOTOPOH NPH Ka)KJIOM HATYPaJlbHOM 1
BBITIOJIHSIETCS HEPABEHCTBO

xn<xn+l'

Ha3bIBAIOT BO3pacTaloulel (CTPOro BO3paCcTaloLIEH ).

Kaxapifl cneytoiuit uieH BospacTawouied noc/e10BaTebHOCTH 60J1b-
e mpenblIyllero.

[puMepoM Bo3pacTawlleii N0CAeA0BATEIbHOCTH CJIYXHT MOC/HEA0BA-
TeJIbHOCTb {@,}, I KOTOPOH

a,=3n, a,,,=3(n+1)=3n+3.

HepaseHnctso a, < a,,, BHIIONHAETCS JUIsl KaX/I0r0 HaTYpPaJbHOrO 11,
TaK Kak 3n < 3n + 3 npy mo6oM HaTypasbHOM n.

[MocnenoBatebHOCTb {X,}, VIS KOTOPOH IIPH KaXKIOM HATypaJbHOM 71
BBLINOJIHSIETCS. HEPABEHCTBO

n

xn >xn+l7

Ha3blBaloT y6bIBatouiei (cTporo yobiBaioies).
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Kaxaplft caenyomyi uieH y6biBaoliedl Moc/aef0BaTebHOCTH MeHbILE
npeJplIyHero.

ITpumepom y6biBatoiell NOC/MEA0BATENBHOCTH CYKHT NMOCAEA0BATENb-
HOCTb {C,}, FOe

|
&= (1)
- 1
HCopy = 7 HepaBseHcTBO ¢, > ¢, ,, BBINOJHSIETCS A KaXIOTO Ha-
TYPaJbHOTO 1, TAK KakK
1,1
n n+1

NpH J;060M HaTypasJbHOM 7.
[TocnenopatenbHoCTb {X,}, A1 KOTOPOH NPH KaXKAOM HaTypalbHOM
n BBITIOJIHAETCS HEPaBEHCTBO

X, Sx

n+ 1y
Ha3blBalOT HeyObiBaloleH.

ITpumepoM HeyObIBaollel NOC/IELOBATENBHOCTH CJAYXKHT MOCJAEN0Ba-
TeJbHOCTb ynces DuboHayuw.

[TocnepoBarenbHocTs {X,}, M KOTOPOH MPH KAXKIOM HATypaJbHOM
1 BBITIOJIHSIETCS! HEPABEHCTBO

X ZXx

n n+t 1

Ha3blBalOT HeBo3pacTaloweid. [IpuMepoM HeBospacrawillell MocaenoBa-
TeJLHOCTH CJAYXKHT Noc/aeAoBaTelbHOCTE {C,}: D, 5, 4, 4, ..., koTopyIO
MOXKHO 32/aTh Tak:

=6—n, n=1,2,3, ...

IMocnenoBaTenbHocTH BO3pacTrarliyue, y6b1|3a}oume, HeBO3pacTamlHe
H HeyéblBa}oume Ha3bIBAlOT MOHOTOHHBIMH.

PaCCMOTpeHHbIe BbII€ MNOCJEN0OBATEJbHOCTH ¥ NOCAEA0BATEJNLHOCTb
yrcen DuGonayun ssasOTCA MOHOTOHHBIMH, a MNOCAE€N0BaTEJbHOCTD

{Yn}, e
y,=(—1),

He SIBJASIETCA MOHOTOHHOMH, TaK KaK, HalpuMep, ¥, < Y,, a Y, > Ys.

TTocnenoBatesbHOCT {X,} HA3LIBAIOT OrPaHHYEHHOM CBEPXY, €CJH
CyLIeCTBYeT TaKoe YHCJI0 B, 4To A/ KaXI0TO YJleHa MOCAeA0BATEbHOCTH
BBITIOJIHSIETCSt HEPABEHCTBO X, < B.

OrpaHHueHHOH CBepXy, HallpHMep, SIBJsETCSs MOCHe0BaTeNLHOCTD (1),
TaK Kak /1A KaX/0ro ee 4jeHa BBHINOJIHSAETCH HepaBeHCTBO ¢, < 1.

ITocnenoBatenpHocTh {x,} HaA3HIBAIOT OTPAHUYEHHOH CHM3Y, €CJH
CyIleCTByeT Takoe 4Hcao A, 4To Al KaXKIOTO YjieHa Moc/eA0BaTeIbHOCTH
BBITIOJIHSIETCH HEPABEHCTBO X, 2 A.

OrpaHuyeHHOl! CHU3Y, HaNpuUMep, fBJAETCA MOCJeJ0BATENbHOCTD
yrces1 PuboHa44H, TaK KaK JUISl KAXKJOT0 ee YieHa BbIMOIHAETCS HepaBeH-
crBo u, 2 1.

ITocnenoBarenbhocTh {x,} Ha3bIBAIOT OrpaHHYEHHOMN, €CJH OHa
OTpaHHYeHa H CHH3Y, U CBEPXY.

Con -1 = Cy

n
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OrpanHyeHHOl, HanpuMep, sBJsieTCs NocneloBaTenbHocTh (1), Tak
KaK JJiSl KAXKIOTO ee ujeHa BhMoJHseTcs HepaBeHeTBo 0 < ¢, < 1.

3aMmeuatue. UncJopas nociea0BaTeJbHOCTb BCEra HMeeT GecKo-
HeyHoe YHCI0 YieHoB. MHoraa GuiBaeT yoqo6HO pacCMaTPHBATH YHUCJIOBYIO
I0C/IEl0BATENLHOCTb ¢ HOMEPAMH ee 4JeHOB, MPOGeraiviuMH KoOHeqHoe
ypcyo 3navenuit 1, 2, ..., n. Toraa nmpHHATO COBOPHTBH, YTO 33/laHa KO-
HeYHas NoCAeJ0BATENbHOCTb C YHCJIOM YJIEHOB 11.

Hanpumep, nocliefoBaTeJbHOCTb IPOCTHIX YHCEJ CPEiH NepBbIX ABAN-
LATH HATYpa/bHBIX YHMCeJ KOHEYHA, OHA CONEPXKUT 8 UNeHOB!

2,8,5,7, 11, 13, 17, 19 (n = 8).

[Toc/e40BaTeIbHOCTD XKe BCeX MPOCThIX YHces 6eCKOHedHa. JTOT (akT
6bia1 0Ka3aH elie EBKIMIOM.
[MocnepoBaTesbHOCTL {a,} , 3aAaHHas GOPMYJOH 7-TO YieHa
a,=3n,

GecKoHeyHas — JIIOGOMY HATYpPaJbHOMY fi COOTBETCTBYET 4JeH MOC/eA0-

BaTeJLHOCTH 37.

droil ke GOpPMyJI0H MOXKHO 3alaTh KOHEYHYI NOC]EN0BATEJbHOCTD,
ecJ n TPMHUMAET JHIIb HECKOJIbKO MNEPBBIX HATypaslbHbIX 3HAYeHHH.
Hanpumep, nocaesoBaTebHOCTD

b,=3n (n=1,23,4)

koHeyHasi. OHa cofepxut 4 wieHa 3, 6, 9, 12.
[epBriit ¥ MOCHeIHHE YIEHB KOHEYHOH MOC/eN0BATEe/bHOCTH HA3bl-

BaOT KpaﬁHHMH YjleHaMH NnocjaeloBaTelbHOCTH.

L ]}

606°. Kakyio nocJjiefloBaTeJbHOCTb HA3BIBAIOT:
a) HeBo3pacTaloLlel; 6) HeyObiBaIOLIEH,
B) MOHOTOHHOHM; ') OrpaHHYeHHOH CBEpXY;
1) OrpaHU4eHHOH CHHU3Y; €) OrpaHUYeHHOWH;
XK) BO3pacTamollel; - 3) yG6biBaloLIen?
[1puBesnTe NpHMEDHI.

607. INocnenoBate/ bHOCTL 3a7aHa (opMYJIOH n-ro YeHa:
a) a,=7n-11; 6) b, = 6" B) ¢,=—3+(1,2)%
r) a,= 2+ 3n; n) b,=3-2% e) c,=—3-(0,2)"
JloKaxuTe, YTO MOCAENOBATENbHOCT ABJAETCS BO3pAcTaOLIed H
OrpaHUYEeHHOH CHH3Y.

608. IMocnenoBaTeJbHOCTL 3ajaHa (opMyJIOH n-TO 4YJeHa:
a)a,=—2n+1, 6) b, = (0,2)"% B) ¢,=3—(1,1),

r) a,=3-2n 1) bn=9'(%)n; e) ¢,=—16-2"

JloKakuTe, YTO MOCAENOBATEJbHOCTh sBJsiETCS yObiBAIOLIEH H
OrpaHHYEHHOH CBEpXy.

609. [TocaenoBatenbHOCTh 3afaHa QOPMYJIOH n-TO YjieHa:
a) a, = (-2), 6) b,=2-(-1);  B) ¢, =n(=1);
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= (_1)" . = . =
r) un—(—g) ; n) x, =2+ (=1 e)y,=(-1)
[TokaxwuTe, 4TO OHa He fABJAETCH MOHOTOHHOMH. Kakue u3 npuse-
JEHHBIX MOCA€A0BATENbHOCTEH SIBJAIOTCA OTPAHHYEHHBIMHU?
610. Ilpugymaite cBoOil mpHuMep MOC/IEN0BATEbHOCTH:
4) MOHOTOHHOK; 6) HEMOHOTOHHOM;
B) OrpaHHYEHHOH CHH3Y; r) OrpaHHYEHHOH.

611. Bepno siu, 4To BesiKasi BO3pacTalollas MoC/Ae0BaTeIbHOCTb Orpa-
HHYEHa CHH3y, a Bcskasd YyOblBaloLas [M0C/IeN0BATENLHOCTD
orpaHuieHa CBepxy?

612. Jlokaxure, 4yTO MOC/AENOBATEJBHOCTD AECATHUHBIX NPHOJMKEHHUIT
yucaa m ¢ Hemoctatkom 3; 3,1; 3,14; 3,141; ... aBasercs
OTPaHHYEHHOM.

613* 3apaiire dropmyJol nocJeq0BaTEJLHOCTD:
a) 2,2,3,3,4,4,5,5, ..;
6) 2,3,3,4,4,5,5, ..
B)0,0,1,1,1,2,2 23,3, 3, ...
614* [locnegoBaresnbHOCTh 3aaHa GOPMYJIOH 1-TO Y/eHa:

a) a, = n-1 :6) b, = 2n+3 . B) x, = 3ﬂ+5.r) y, = 4n-3

n 2n+5 " " dn+7 S 2n-1°

HoxaxuTe, 4To noc/1e0BaTeNbHOCTb SBJASETCH BO3pacTaloiedl H
OTpaHHYEHHOH.

615* TlocnenoBaTesIbHOCTh 3aaHa GOPMYJION 7-T0 YfeHa:
D 6= 0) b= BE8 w5, = it - =l
HokaxuTte, 4TO MOC/EN0BATEIbHOCTL sIBJseTC yObBalouUlel H
OrpaHHYeHHOH,

616* IlocienoBaTenbHoOCTb 3afaHa GOPMYJIOH 7-TO YNeHA:
0= B0 b= B 5= 8y, - 2L
SIBasieTcs M MocJle0BATEAbHOCTD BO3pacTalonleil, yOniBaloLleH,
OrpDaHUYEHHOH?

617* Ykaxurte Bce 3HauyeHHs b, NPH KOTOPBIX MOCJEL0BATENbHOCTD,
3afiaHHasl popmyJIol a, = %1 , SIBJISIETCA:

a) Bo3pacTaioulei; 6) yGbiBaoLeH.

§ 6. APUOMETHUYECKAS TTPOTPECCHSA

6.1. Monsarne apudmernueckoii nporpeccun

ApundmeTHueckoit nporpeccueit Ha3biBaIOT YHCJOBYIO NIOC/IeJ0BATEb-
HOCTb, KaXIbli MOC/eNYIOWHA YieH KOTOPOH paBeH MNpeaulecTBYIOIEMY,
CJI0OXKEHHOMY C TIOCTOSIHHBIM VISl JAAHHOM I10CJEJ0BATEJbHOCTH YHCJIOM.
OTO YHCJIO HA3BIBAIOT PA3HOCTbIO apUPMETHUECKOH NPOrpeccHH.
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Takum 0o6pasoM, ecsaH YHCJOBas NOCJeA0BaTeJbHOCTh {a@,} ecTb
apuMeTHUECKasi TIPOTPECCHs], TO IS Hee CyIeCTByeT TaKkoe YHeso d —
pa3HOCTb apU(PMeTHYECKON NPOTPeCCHH, YTO

a,,,=a,+d
pinjb2| Jawboro HaTypaJibHOro 4ucJja n.
HaHpHMep, noc/aea0BaTEJbHOCTH
1,2,3,4,..,n, .., (1)
3,1, —-1,-3,..,5 —2n, .. (2)

SIBASIOTCS apuMeTHIE CKUMHU TIPOrpecCUsiMH. Y apHdMeTHIeCKOH porpec-
cun (1) pasnocts d = 1, a y apudmeTHYecKol Tporpecchu (2) pasHocThb

OTMeTHM HEKOTOpble cgolicmaa apupMeTHIeCKOH NPOTPeCCHH.

1. Mnsa mo6oii apudmernueckoil nporpeccun {a,} ee n-ii unex a,
BbipaxkaeTcs Yepes ee Nepsblii 4ieH a, U pa3HoCTb 3TOH nporpeccuu d
npu nomouu opmyanl

a,=a,+ (n-1)d,
Ha3biBaeMoil Gpopmyioii n-ro wieHa apudpmeTHieckoi NPorpeccHu.

B camoMm peJe

a,=a, +d,
a,=a,+d=(a, +d)+d=a, +2d,
a,=a,+d=(a,+2d)+d=a,+3d,

Ha (n — 1)-M sTane sTHX pacCyIeHHH IOJYYHM, YTO

a,=a, +(n—1)d

2. Jlio6oit uneH apudMeTHHEeCcKOH NpOrpecCHH, Kpome MepBoro,
ecTb cpeiHee apH(MeTHUECKOe NPEIIECTBYIOIIEro H MNOCHEAYIOWEro
YJIeHOB, T. €. .

a +a
a,= J—'—‘Q—"“, e n=23, ...
B camom nene, a,_,=a,—d, a,,,=a, +d, Toria
Gy 1 ta,41 _ a,~-d+a,+d =a,
2 2
HanpuMep, eciy H3BECTHbI ABAa uYjieHa apH(PMeTHYECKOW MpPOrpeccHH
a,= -3 na,=1, To MOXHO HalTH ay:
— a; + ag _ =3+1 _ -1
8 2 2

3ameuyanue. [TonHoe poxasaTenbcTBo cBolictBa | Tpebyer
NpHMeHeHHsl METOJla MaTeMaTHYe CKOfi HHAYKUMH (cM. 1. 1 [lononHeHu# K
raaee I11).
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0 o
618". a) Kakywo nociienoBaTe/lbHOCTb Ha3bIBAlOT apH(pMeTHYECKOH Ipo-
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619.

620.
621.

622.

623.

624.

625.

626.

627.

628.

629.

630.

rpeccuei?

6) Uro Ha3bIBAIOT PAa3HOCTBIO apUMETHUECKOH MpOrpeccHn?
3anumuTe HopMyJy 7-To 4ieHa apudMeTHUECKOH MPOrpeccHH.
Kakumu cpoficTBamu o6.1aaaeT apupMeTHYECKAs] IpOrpeccHs?
JHana nocaepoBatenbHocth {a,}: 2; 7; 12; 22; 27,

a) Onpenennte pasHOCTb MEXIY KaXIbIM MOCJEYIOIMM YWIEHOM
H TIPE/BIAYILHM.

6) SIBasieTcst s HOCJENOBATEJIbHOCTE {a,} apuMeTHUECKO# TIpo-
rpeccHen?

Apudmernueckas nporpeccuss {a,} 3amana dopMysoit obiiero
uyteHa a,=a,+(n—1)d, rae a, =3, d=2. Hafigure narb
NepBLIX Y/1€HOB MPOTPECCHH.

Jlana apudmetuueckas nporpeccusi {a,}: 1; 7; 13;

a) Hafigute pasnocts apugMeTHIeCKOH NMPOrpeccHH.

6) Hadigute a;; a, ay; a,,.

SIsnsiercs nu apudMeTHueckoll nporpeccHedl NoOC/eN0BaATENb-

HOCTbI
a) —5; —2' 1;1; 4; 7, 10; 6) 7;0;, =7, —14; -21;

l 1. L. 1. —1-4-Q- . . .
B) 1= ,l ; Z’IE’IE""’ r)—1;4;9; 14; 19; 24; .7

3am4u1m‘e yeThbipe MePBbIX YIeHa apUPMeTHYECKO!H MPOTPECCHH,
ecqv a, =2, d = —3.
Haiinure nsaATblii uneH apudMeTHuecKol Nporpeccu#t {a,}: 2;

1. 2.
4 ; 6-3- H
B apHCbMeTH‘{eCKOﬁ nporpeccuu {a,} Haiigute:
a)a,ud,ecma, =5 a,=9;
6)a,ud, ecina,=7; a,=4;
B) a; u d, ecan a; = 8; a, = 12;
r) a,n d, ecm g, = —15; a8=-—11.
JHokaxure, 4to B apudmeTHuecKol nporpeccuu {a,} pasHocTb d
MOKHO BBIYHCJHTb 10 (opmyJie

d=ai_-%,m¢k.

B apu¢dmernueckoit nporpeccun {a,} Haiigure (629—631):
a)a,ud, ecana =5, a;=13;

6) a nd ecma,=3, a,= 19

B) a,u d, eciu a,, = —2, a,

r) a,,, ecad a,, = 20,5, a, = 10 5

a) a, + a,, ecan a, + a,, = 120;

6) a, + a,,, ecad a, + a,, = 24;

B) a,, eciHd a, + a; = 48;

r) ag ecad a, + a, = 160.

631.

632.

633.

634.

635.

636.

637*

a) a;, ecam a;;+a,,=12;

6) ay, ecau a,, + a, = —20;

B) a,, ecJHd a, + a, = 6;

r) a, ecau a, + a,, = 28.

dABasiercs s uncao 12 yneHoM apHMeTHUECKOH NPOTrPECCHH:
a) —10; —8; —6; ...; 6) —11; —8; —5; ...;

B) =3; 0; 3; ..; r) 44,5; 43; 41,5;

Ecau «pa», To yKaxkure ero HOMep.

SIBasietcst JiH uncs10 34 uneHoM aprdmeTHYECKO# nporpeccud —47,

—44; —41; ...? Ecau «ga», To yKaxkure ero Homep.

CKOJIbKO TOJIOKHTEJbHLIX YJeHOB HMeeT apudMeTHuecKas IMpo-
rpeccusi:

a)38'35’32‘ 6) 7,1; 6,9; 6,7;

B) 141,132 r) 153 141-12%;...?

CKOJIbKO OTpULATENbHBIX YJ€HOB HMeET apudmemqecxaﬂ po-
rpeccusi:
a) —-3,9; —3,7; =3,5; ..; 6) —8,2; —-7,9; —7,6; ...;
. 1. 1.
B) -182; -15§; r) -164; -155; .2

JloKaxHuTe, 4TO NMOCIEN0BATEIbHOCTh, 3afaHHas hopMyoi obe-
ro ujieHa:

a)a,=3n—171, 6) a,= —3n + 5;

B) a,=2n + 8; r) a,=—2n -3,

IBJISIeTCS apn¢>memqecxou nmporpeccueii.

BepHo i, 4To apHMeTHYECKAs TIPOrPeCCHs:

a) BO3pacTaeT M OrpaHuueHa CHH3y, ecau d > 0,

6) y6biBaeT M orpaHuyeHa cBepxy, ecau d < 0?

6.2. CymMa n nepBbIX YJI€HOB
apudMeTHYECKOH NPOrpeccHH

Yucao, paBHOE CyMME MEPBBIX /1 YIEHOB apHPMeTHIECKOH NPOTrPecCHH
{a,}, obo3nauawor S, T. €

S,=a,+ta,+..+a,_ +a,

CymMa nepBbIX 1 4ieHoB apudMeTHUeCKO# nporpeccu {a,} paBHa
NpPOU3BEACHHIO MOJYCYMMBbI NEPBOTO W 7-ro €€ 4YWIEHOB Ha YHCIO ee
4JeHOB, T.€. CripaBeqiuBa opMyJa

S,= A3 (1)

JelicTBUTENBHO,

25,=S,+S,=(a, +a,+ ..

+a)+(a ta,+..+a)=

=(a,+a,)t(a+a, )+ .. +(a,+a)
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IMockoabky a, +a,_,=a,+d+a,—d=a, +a,
a,ta, ,=a,+2d+a,—2d=a +a,

HT A, TO MOJyyaeM
25,=(a,+a,):n.

Orcioaa caefyer crnpaBefJuBOCTb popmyJnl (1).

Ecau B ¢dopmyne (1) 3amenuts a, Ha a, +(n — 1)d, To nomyuum
JPYTYIO 3anHCh GOPMYJIBI Vil BHIYUCAEHHA CYMMBI TI€PBBIX /1 4JIEHOB apHd-
MeTHUYeCKOH MPOrpecCHH:

+ —_
Sn= 2a,+(n-1)d n. (2)
2

IIpumep 1. B apucdMeTudeckoii nporpeccut { a,} 3aganbl NepBblil 4ieH
a, = 11 ¥ nATHaAUATHI} Y/eH a,; = 27. BbUHCIMM cyMMy NepBbIX NATHAA-
LUATH WIEHOB apU(pMeTHYECKOH NMpPOrpeccuH.

[To ¢opmyse (1) umeem

+
Sp= A2 5= 1227 .15 985
2 2

[Ipumep 2. B aputmetnueckoiél nporpeccuu {a,} 3ajaHbl NepBbIH
yjeH @, = 9 ¥ pa3HOCTb d = 2. BEIYHCJIHM CYMMY NepBbIX A€CATH 4YJIeHOB
apu(pMeTHYECKOH TPOTPECCHH.

[To dopmyne (2) umeem

2a, + (10~ 1)d
= 2at0-D4 19— (2-9+9-2)-5 = 180.
2

Gameuanue. [lorHoe pnokaszatenabctBo ¢opmynsl (1) Tpebyer
NPUMEHEHUSI METOJIa MAaTeMAaTUYeCKOH HHAYKUMHU (cM. n. 1 JlomonHeHuit K
raase II).

638. 3anuumute GopMy.ay S BLIYHCJIEHHS] CYMMbl NEPBBIX 71 YJIEHOB
apuMeTHYECKOH TIPOTPECCHH IO ee:
a) NepBOMY H n-My 4YJeHaMm;
6) mepBOMY WJIEHY M Pa3sHOCTH IPOTPECCHH.
639. Briuucaute cymmy:
a) 1l +2+3+...+98 + 99+ 100;
6) 30 + 31 + 32 + ... + 38 + 39 + 40;
B) 11 +12+ 13+ ...+ 87 + 88 + 89.
Hana apudmeTtuueckas nporpeccus {a,}. Brruucante (640—
642):
640. a) S,,, ecan a, = 1, a,, = 20;
6) S, ecau a, = —10, a,, = 20;
B) S5, ecan a, =17, a,; = 13;
o ecmma; =11,a,=19.
o €CH g, =1, d=1; 6) S, ecana, =2,d =2

S
641. a) S
S,,ecma, =-2,d=4;, r1)8§, ema =-3, d=3.
S
S

ecin a,=1,d=-2;, 6) S, ecin g, =4,d=~1,

)

B)

642% a)
B) r) S, ecau a,, = 4.

7 €CIN ay = 2;
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643. a) Onpenenute cymmy nepBbix 40 YeTHBIX 4HCeJI.
6) Onpenenute CyMMy BCeX TPEX3HAYHBIX YMCEI.
B) Onpezenute cymMMy BCeX HaTypajbHbIX yucea ot 1 go 100,
KpaTHbIX 3.

644. Cnoxuay HeCKOJbKO MepBBIX YIeHOB apH(pMeTHUeCKOH MNpo-
rpeccud {a,} u noayuunau 430. CKOJbKO YWICHOB CJIOKHIH, €CJH
a =-7,d=3?

645. CxoubKO ylapoB CHeJaloT HACTEHHbIE YACH 32 CYTKH, €CJIM OHH
ObIOT TOJILKO OMH pa3 B 4ac, OTOHBAs YHCJIO 4acoB?

646. a) B apudmernueckoit mporpeccun {a,}: a;=11, a,=17.
Hafiaute cymMy nepBbiX A€CATH YJIEHOB 3TOH NPOrPECCHH.
6) INpumymaiite 3anauy Ha HaxoXAEHHE CYMMBI I YJIEHOB apug-
METHYECKOH MPOrPECCHH.

647* a) Beipasure cymmy (2n — 1) uneHoB apudMeTHYeCKO# mporpec-

cuu {a,} depeanua,.
6) [das apudmeTHYecKol nporpeccud {a,} BBIYUCAUTE Sy, €CIAH
@00 = 2000.

648. 3adaua Mugacopa (580—500 ee. do H. 3.). Haiinure cymmy n
nepBblX HeYETHLIX HATYpaibHBIX YKCEJ:

1+3+5+..+(2n—1).

649. 3adaua u3 nanupyca Axmeca (XVIII—XVII 88. do H. 3.). Pas-
penute 10 mep xse6a Ha 10 4enoBek, eC/iH PA3HOCTh MEXAY
KOJIHYeCTBOM XJie6a y KaKIOro YeJJOBeKa U eMy NpefllecTByoLIe-
ro cocTaBJsieT % MepHi.

650*. B apucdmeTHuecKOH NMPOrpeccHH cymMMa rm NepBbIX Y/JE€HOB paBHA
CyMMe n nepBHIX uleHoB. Jlokaxure, 4to cymMma (m + n) nepsbix
4/IleHOB paBHa HY.JII0. '

§ 7. TEOMETPHUYECKA{ ITPOI'PECCHS

7.1. [loHATHE reoOMeTPHUECKOS NpOrpeccHu

leomeTpHyeckoil nporpeccHeil Ha3bIBAIOT YUCAOBYIO MOCAEI0BATENb-
HOCTb, KaXKAbIH IMOC/efyOlHi Y/eH KOTOPOH paBeH MpelllecTBYWILEMY
4JleHy, YMHOXK€HHOMY Ha OTJIHYHO€ OT HyJisl, [OCTOSIHHOEe /sl JaHHOH
NMOCJ/IeAOBATENBHOCTH YHUCJIO. DTO YHCJO HA3bIBAIOT 3HAMEHATENEM reo-
MEeTPHYECKOl nporpeccuu’.

Taknm o6pa3oM, ecsd NOC/AeA0BATENLHOCTh {a,} €CTb reoMeTpHYe-
CKas 1porpeccus co sHameHateneM ¢, o ¢=0u a,,, = a,- q Ajs mo6oro

| HatypasbHoro uncsia n. Hanpumep, nocjenoBate/ibHOCTH

2,4,8,16,32, .., 2" ..., (1)

L, =1, 1, =1, 1, ., (=1)y"", ., (2)

! O6b1yHO paccMaTpHBAOT reOMEeTpUYECKHE NPOrPECCHHU C IEPBLIM YWICHOM, OTJIMYHBIM OT
HyJIs1.
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Lol o1 L 1 .(_L)""

T3 B3 1890 7 3 ) e (3)
ABJSIIOTCH T€OMETPHUECKHMHU NPOTPECCUSIMA. Y reOMeTpHYECKOH mporpec-
cuu (1) sHamenatesb ¢ = 2, y nporpeccud (2) sHameHateqb g = —1, y
nporpeccud (3) sHamMeHaTeNb g = -—-é .

OTMeTHM HEKOTOpble C801icmaa reoMeTPHUECKOH NPOrPeCcCHH.
1. Jdas mo6oit reomerpuueckoil nporpeccun {a,} ee n-i wien a,
BbIpaXKaeTcs Yepes ee NepBblii WieH a, H €€ 3HAMEHATeb ¢ IPH OMOLULH

dhopmyibi l
— . n =
a,=a;"q ’
HasbiBaeMoi GopMYyIoil n1-ro YieHa reoMeTpHYECKO TMPOrpeccHH.
B camom pnene
(12 = al ) q’ 9
a;=a,'g=4a,°q,
— . = . 2 - — . 3
a,=a,79=(a,"q)qg=a,q,

Ha (n — 1)-M 3Tane paccyxJeHHH MOJy4HM, 4TO
’ — n-1
an - alq
2. /lio6oft ujleH reoMeTPHYECKOH NPOTPEecCHH € NOJOXHUTEJNbHBIMH
YJeHAMHM, KpoMe MepBOro, €CTb cpefHee reoMeTpPHYeCKOe NpeecT-
BYIOWIEF0 M MOCHEYIOIEro 4JieHoB, T.e.

a,= Qp1- QApyy -

n

B camom pedie,

a
Nanor: Guey = [ o g =J0F =y,
TaK Kak a, > 0.
Hanpumep, eciu H3BECTHBI [Ba 4J€HA eOMETPHUYECKOH MPOrpecCHH
C MOJIOKUTEJBHBIMH WICHAMH @, = 32 H @y = 2, TO MOXHO HaHTH Qg

a,= Ja; ag = 322 =8.

3ameuanue. [loaHoe aokasaTenbcTBo cBoficTBa 1 TpeOyeT
NpHMeHEeHHsl METOAA MaTeMaTHYeCKOA HHAYKLHUH (cM. 1. 1 JlonoaHeHni
k raase III).

651. a) Kakyio nocieroBaTeJbHOCTb Ha3bIBAlOT T€OMeTPHUECKOH Npo-
rpeccuefi? Yto Ha3bIBAalOT 3HaMeHaTeJsleM reoMeTPHYECKOH Mpo-
rpeccuu?

6) 3anuuiuTte GopMyJy 71-To YieHa reOMEeTPHYECKOH ITPOrPECCHH.

Kaxemu cBoHCTBaMH 06J/1afla€T reOMeTPHYECKasi IPOrpeccHs?
652*. BepHo JH, yTO reoMeTpHYeCKas NPOrpeccHs C MOJOXKHUTENbHbBIMH

YJeHAMH!

a) BospacTaer u OrpaHUYEHA CHU3Y, eCJH g > |;
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6) y6biBaeT M orpaHHdyeHa cBepxy, ecau 0 < g < 1?
653* Onpenennte, Bo3pacTaeT Wil y6bIBaeT reOMeTPUYECKasi TPOrpec-
cus {a,}:
a)eawmma, <0, g>1;
SIBssieTcst M OHA OrpaHUYEHHOMH?

6) ecina, <0,0<g< 1.

654. a) 3amana nocsiegoBaTesbHOCTL {a,}: 2; 4; 8; 16; .... Onpene-
JHTE 4YacTHOE OT JeJieHHs KaXAOro HOC/eNyILIEro ujieHa Ha
MpeAleCTBYIOLIHIA.

6) SIBasiercs JiM nocenoBaTeNbHOCTL {@,} TeOMETPHUYECKOH Ipo-
rpeccuei?

655. a) llana reomerpuueckas nporpeccus 1; 3; 9; 27; ... . Haiigure

3HaMeHaTeJIb IPOTPECCHH U ee MSTHIH, LIeCTON H CeIbMOH UJIEHH.
6) T'eomerpuueckasi mporpeccus 3afaHa GopMyJol o6Iilero uje-
Ha a, = 3-5""'. Haiiiure nsiTh nepBbIX WIEHOB 3TOMH NPOTrPECCHH.
656. SlBasieTcs 1M reOMeTPHYECKOM MPOrpecCHel MoCAe0BaTEAbHOCTD!
a) 1; 8; 15; 21; 26; ...; 6) 4; 2; 1; 0,5; 0,25; ...;
B) —2; 2; —2; 2, —2; ..,; r) 0; 4; 16; 64; 256; ...?
657. 3anuiuMre YeThipe MNEPBLIX YIEHA EOMETPHUYECKON MNPOrPECCHH
{a,}, ectna, =2, g=0,25.
658. Haiigure nsaThill uneH reoMeTpuyeckoil nporpeccud 3; 1; -;)-;
1.
g
6569. 3amaHa reoMetpuueckasi nporpeccusi {a,} . Bouncaure:
a) a,, eciua,=0,5,9g=-2; 6)a, eumna =-2,¢q=3;
B)a,ug,ecana, =3,a,=4; r) a,uq,ecHa, =—4,a,=06
A) a, uqg,ecmma,=—1,a,=2;e) aug,ecma,=—3,a,=—2;
X) q, ecin a; =4, a, = 108;  3) ¢, ecsu @, = 5, a, = 320.
660. [lanbl Tpu mocsefoBaTe/bHBIX YieHa eOMETPHYECKOH mporpec-
CHH:
a) 7; x; 63. Hatinute x, ecau x > 0,
6) 2; x; 18. Hafinure x, ecqn x < 0;
B) 3,2; x; 0,2. Haiimute x.
661. a) Hatinure a, u g reomerpuyeckoit nmporpeccuu {a,}, ecJu:
a)a,—a,=18 u a; — a, = 36;
6) a,+a,=30, a,+a,=10.
662. [lokaxure, uto L5l /060 reoMmeTpHueckoil nporpeccuu {b,} BepHo
pPaBEHCTBO:
a) bo+byg _ byt by, ) bs+bs+b;, _ by tbytbg
by + bg by+ by’ bg + by + by byt bs+b”

663*. 3adauu H. Heromona (1643—1727). a) Jlausl 4eThipe TOCJAE0-
BaTeJbHBIX 4eHa reoMeTpHyeckoil nporpeccun. CyMMma ABYX Kpaii-
HHX WIeHOB paBHa 13, aByx cpeanux 4. Onpege/nTe 3TH YJEHBL.
6) JlaHbl TpH MOC/eNOBaTe/bHBIX WJeHa reOMeTpPUYecKOd Mmpo-
rpeccud. Mx cymma paBza 19, a cymma ux kBagpatos 133. Omnpe-
JeJUTE 3TH YJEHBL.
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7.2. CyMMa n nepBbiX 4JIeHOB
reoMeTPHYECKON NpPOrpeccun

Yneaio, paBHOE CyMMe 71 fIePBbIX 4IEHOB reoMeTpHYeCKOH MPOrpeccHH
{a,}, o6osHaualwT S,, T.e.

S=a +a,+..+a,, +ta,

CymMMa nepBbIX n 4IeHOB reomerpuueckoil mporpeccuu {a,} co
3HaAMeHaTeJeM ¢ paBHaA:

S,=na,npunqg=1; (H)
S,,=‘%‘l:-) npu g # 1. (2)

B camowm gede, npu ¢ = 1 dopmyaa (1) oueBHaHa.
IMycts Tenepb ¢ # 1. CnpaBenJHBbl O4eBHAHBIE PAaBEHCTBA
S (1—-¢)=S,—-Sg=a,+ag+..+aqg" -
_(alq + al‘f +..+ alqn_l + alqn) =a - alqn =4q (1 - q”)-
CJiefloBaTeIbHO,
S,(1—q)=a,(1-4¢",
H TaK Kak ¢ # 1, to

S, = .

®opmyaia (2) nokasaHa.

3ameTuM, uTo opmyJoi (2) yao6Ho nonb3oBatbes, ecdu g < 1. Ecan
xe g > 1, To y106HO MOJIb30BATLCS APYro# 3anuchbio ¢opmyisl (2):

S = a1~(q"—l) (3)
n q_ 1 .

Ipumep 1. B reomerpuueckoi nporpecud {a,} a, =8, ¢ =% , BBIUHC-
JIHM CyMMy MEpBbIX MATH €€ YJIEHOB.

[To dopmyse (2) umeem

a;-(1-¢°) - 8(1—(

1

2

S5 = A —
2

lpumep 2. B reomerpuueckoll mporpeccu a,=8, g=2, BbIYHC/IHM
CYyMMy MEpPBHIX MATH €e YeHOB.
[To dhopmyane (3) nmeem

_a (-1 _8(2*-1) _
8 = 2t = 248,

3ameuanune, [lonHoe pnokasatedbcTBO ¢opmyint (2) Tpefyer
NPUMEHEHHs] METOJla MaTeMaTHYeCKOH HHAYKUuH (cM. n. 1 JlonosHeHH#A K
raase 11).
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664. Ilo kakoii popmyJie BHIUHC/SIIOT CYMMY /1 TEPBbIX Y€HOB reOMeT-
pHYECKOH NpPOrpeccHu?
665. Haiinute cymmy nsiTH MNepBBIX 4YJIEHOB TeOMETPHYECKOH Mpo-
IpecCcHH, eciu:

a)a,=5,¢9=2 6)a, =4, qg=-3;

B)alz_2aq=‘l‘§ r)a,=—%,q=—2;

n)a,=4,a,=7, e)a,=2,a,=1.

666. B reomerpuueckoii nporpeccu {a,} Beruucaute S;, ecau a, = 48,
4=z

667. B reomerpuueckoit nporpeccuu {a,} a, =1, ¢ = —1.
Boruucaute: a) Syqy 6) Sy,

668. BoiuucauTte cyMMy IepBBIX J€CSTH YJIEHOB F€OMETPHYECKOH NPOF-
pecuu:
a) —32; 16; —8; 4, ...; 6) 32; 16; 8; 4; ... .

669. B reomerpuueckoit nporpeccur {a,} BbluHC/HTE:

a) 510’ €CJH a, =—§16 ,q4=2; 6) Sm, ecs a, =,_.% g =—2;
BS,eCJIPIa=——1—,q=3; rS,ec.rma=—-2-, = —3.
6 1 27 6 1 7 q

670* DBpluncanTe CcyMMy IIECTH [€PBbIX WIEHOB IeOMeTPHYECKOH
NpOrpeccHU, ecJiu:

a) pa3HOCTb MeX<Iy BTOPBIM H II€PBbIM YWICHAMH IPOTPECCHH PaBHA
4, a Mex/y YeTBEPTbIM U TPETbHM paBHa 16;

6) pasHOCTb MeXXJy BTOPbIM H [ePBbIM YeHaMH NIPOTPECCHH paB-
Ha 3, a CyMMa TpeX ee MepBBIX WIEHOB paBHa 21;

B) CyMMa Tpex MepBblIX YIEHOB Nporpeccu# pasHa 111, a ky6 ee
3HaMeHaTeJssl paBeH 4.

671* CymMa necsiTH WieHOB reOMeTPHYECKON NPOrpeccHd paBHa 64,
NPOH3BEEHHE NEPBOTO H AECATOTO uieHoB paBHO 16. Haligure
CyMMy 4HCeJ, 0OpaTHBIX Y4/IeHaM 3TOH reOMeTPHYeCKON nporpec-
CHH.

7.3*%. BecxoneuHo y6niBawmas
reoMeTpuueckasi nmporpeccus

['eomeTrprueckyio nporpeccuio

a, Q, .., a, ..
Ha3bIBaloT 6ecKOHeYHO y6biBalOLEl, €C/i MOMLYJ/b €€ 3HaMeHaTeJs MeHb-
we 1: |g| < 1. HanpuMep, reomeTpuyeckasi nporpeccus .
;L1 L 1
b 2 ’ 4 3 8 ’ sy —277

6eCKOHEeYHO yﬁblBalO[Ilaﬂ, NOTOMY 4YTO MOJY/Ib €€ 3HAMEHATEJIs1 MEHbIlie 1:

lgl =1 <1.
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OrMeTuM, uTO 15 M0G0 reo-
MeTpUYEeCKOil nporpeccHd dopmy.y
CYMMbI 72 TIEPBBLIX €€ YJIEHOB MOXCHO
nepenxcath Tak:

Se= 114 (D

Hasi G6eckoHeyHo yObiBalolleH
reOMeTpHYECKOH MpPOTPecCHH BTO-
1 pO¥ WieH B NpaBoOH YacTH PaBEHCT-
16 Ba (1) npu HeorpaHH4eHHOM YyBe-
JIHYEHHH 1 CTPEMHUTCA K HyJHO, HO
TOorga JieBasi 4acTb PaBeHCTBA
(1), 7.e. S,, cTpEMHTCS K UHCTY

s=-2 (2)

=

nof—

00|

1-
Puc. 54 7

a » ©
Orto uyucyo S = —1——‘—‘; Ha3hLiBalOT CyMMo#H GeckKoHeuHo yGbiBaloiiel

reoOMeTPHUECKO Nporpeccud

a, Ay ooy Gy e

co 3HaMmenaresieM g (lg] < 1).
[MuiyT: .

lalq =a,+a,+..+ a,+ ..,

rae 1
.
a,=aq (gl <1)
[Tpumep 1. Boluncaum cymMMy O6ecKOHeYHO yObIBalOLle#t TIeoMeT-
pHYeCcKOH Nporpeccux

1
=4 -2 _
S = g =1 1.
2
Ecnu pacemoTperh KBaapaT, IJIOLA&b KOTOPOro NPHHATA 32 eIHHHLY,
3aKpacuTb CHavana %Knanpara, MOTOM %, MOTOM %, HOTOM _11?5" HT. I

(puc. 54), To craHeT SICHO, YTO IPOLECC TAKOro 3aKpallUMBaHus GecKo-
HeUYeH U CyMMa ILIoLafiel 3aKpallleHHbIX YacTell KBaJpaTa HeOrpaHHYEHHO
NPUOAHKAETCH K TIOMAAN AAaHHOrO KBajpaTa (cTpeMuTes K 1).

[lpumep 2. BobiupcauMm cyMMy OGeckoHeyHO yObIBalOllled reoMeTpH-
4eCKOU NPOTrpecCHH

-5+ +

LI S N S
2 478 16 -
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3pecb g, =1, g = —% . Ilo popmysie (2) numeem

Huorma nast obpaiiieHdst nmepHoaHuecKux Apo6Geidl B OObLIKHOBEHHbIE
MCIIOJIb3YIOT GOpMYJTy CyMMbl GeCKOHeYHO yObIBAIOLEH reOMeTpHYeCKOk
nporpeccu. [lokaxeM, Kak 3To JeJlaeTcsi, Ha NPHUMEpaXx.

llpumep 3. O6patuM GeckoHeuHyl Nepuomuyeckyo aApo6b 0,(7) B
OGBIKHOBEHHYIO JpOOb.
CHavana 3anuiueM JaHHylo apoGb B BHAE

0,(7)=0,777... = 0,7 + 0,07 + 0,007 + ... . (3)

IlpaBasi yacTb 3TOro paBeHCTBa eCTb CyMMa GeCKOHEYHO YGhIBaloLled
reomMeTpuyeckol nporpecciu {a,} ¢ nepbiM uneHoM a,=0,7 u 3HaMeHa-
tejeMm g = 0,1, nostomy mo dhopmysne (2) umeem

Ipumep 4. O6patuM GecKoHeuHylo nepHopuyeckyio apo6s 0,1(45) B
0OBIKHOBEHHYIO IPOOb.
CHauaJjia 3an{lleM JaHHYIO IpOGb B BHJE

0,1(45) = 0,14545... = 0,1 + 0,045 + 0,00045 + ... .

B npaBoi#i yactu 3TOro paBesctBa nocdqe 0,1 sanucana cymma Gecko-
HeuHO yOblBalolled reoMeTpHyecKoi nporpeccHd {a,} ¢ NepPBLIM WIEHOM
a,=0,045 u 3namenaresem g = 0,01.

[Tostomy no dopmyse (2) umeem

- 0045 _ 1 , 0045 _ 1 . 45 _ 8
0’1(45) 0’1 + 1-0,01 10 + 0,99 10 + 990 55°

3aMmeuaHnHe. [losicHAM, NoyeMmy CIpaBedMBO PaBeHCTBO (3) H
aHAJIOTHYHblE PABEHCTBA JUIA APYIHX IePHOAHYECKHX AeCATHYHBIX APOGEH.
IlycTh 3anaHa reoMerpudeckasi Nporpeccus

0,7; 0,07; 0,007; ...; 0,7-(0,1)"""; ...
Torpa no dopmysne (2) umeem

5=__?,_7_=Qi=l‘ (4)

7
9
omuyeckoi gecsithaHol apo6u 0,(7) = 0,777.... TlostoMy cudTaioT, 4TO
0,(7)=0,7 + 0,07 + 0,007 + ... .

Torna dopmyna (4) ectb ¢opmyna ofpaiieHuss GecKOHeYHOM

Mbi 3HaeM, 4TO MOXHO 3alucaTb B BHJe OeCKOHEUHOMH rnepy-

neproaMueckoii aecsatHyHoil apo6u 0,(7) B 0GLIKHOBEHHYIO APOGb 'g73 .
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672°. Kakyio reoMeTpHyecKyio mHporpec- A /
CHI0 Ha3bLIBalOT GeCKOHEYHO YOHI- 1
BaloLIei?

673% [Ilpumymasite mnpuMep OeCKOHEYHO
yObiBaiolleli [eOMEeTPHYECKOH Ipo-
rpeccHH, KOTopasl He sIBJseTCs YObl- Aj
BaloLied NMoc/ieJ0BaTeNbHOCTLIO.

674. BoiuncauTte cyMMy GecKoHEUHO yObi- As
Baiolllell reoMeTpHYECKO# IMporpec-
cuut {a,}, ecan:
o

R A
a) a,=4, =9 6) a,=4,q DA A, A,

= =_1. — =_1 Puc. 55
B)a,=5, g 10,F)‘11 5,q R
675. OGparuTte B OGLIKHOBEHHYIO APO6b GECKOHEUHYIO 1€ PHOAHYECKYIO

JECATHYHYIO IlpOébI

a) 0,(3); 6) 0,(8); B) 0,(5);
r) 0,(13); R) 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).

676*. 3adaua [1. Pepma (1601—1665). Nokaxure, 4To 1 6ecKo-
He4yHo y6blBalollell reoMeTPUYECKOH nporpecchu {a,}, HMeloule#
CcyMMy S, BBLINOJIHSIETCS PABEHCTBO

S -4
S-a, a,’
677* Haiiqute cymMy OeCKOHeYHO YObIBalOled TIeOMeTpHYECKOH
NPOTpecCUU:
a) “/§+1;l; “/3‘1;...; 6) ﬂ+1;1; ﬁ‘l;...
J3-1 J3+1 JS2-1 J2+1

678%*. Jlan ocTphili yroJi, BeJM4HHa KOTOpOro paBHa o.. Ha ero cropone Ha
paccTosiHMM [ OT BepIIMHB OTMETHIH TOUKY A,. I3 Hee mpoBeH
nepneHauKyasp A A, Ko BTOpOil CTOpOHe yrJia, U3 TouKH A, mpoBe-
JIH MeprieHIMKyJIsip K MepBoi cTopoHe H T.A. (puc. 55). Ilo-
JIyuHJIach JioMaHast ¢ 6ECKOHEeUHBbIM YHCJIOM 3BeHbeB. Bbruucanre
ee [JIHHY, eCJIH:

a)l=1m,a=45°; 6)/=1wm,a=230°.

JOITOJIHEHHS K TJIABE 11

1. MeToa MaTeMaTHY€CKOH HHAYKLHH

ChopMynupyeM NPUHLHN MOJHOR HHAYKUHMH.

Ecau cBoiicTBO, 3aBHCsiliee OT HATYypa/bHOTO f1, BO-IIEPBbIX, BEPHO
np n = | U, BO-BTOPBIX, H3 MPEANONOKEHHS, YTO OHO BEpPHO MpH 1 = k,
cl/leflyeT, 4TO OHO BEPHO MpH 7 =k + 1, TO CYHTAIOT, YTO 3TO CBOMCTBO
BEPHO JIs I060r0 HaTYpPaJbHOrO 1.
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Hanpnmep, NyCTb HaaAO A0Ka3aTb, YTO €CJH a > 0, TO
a" >0 (1)

)i 10 6Oro HaTypasbHOTO 1.

CornacHo NpHHUMIY MOJHOU WHIAYKLHH, 4YTOOBI CYHTATh BEPHBIM
HepaBeHCTBO (1) AA BcexX HATypaJbHBIX f1, JOCTATOYHO MPOBEPUTb, YTO
BBIIIOJIHAIOTCS CJEAYIOLIHE IBA YTBEPKIEHHS:

1) HepaseHnctBo (1) cnpaBegnuBo ag n = 1;

2) ecqau JAOMYyCTHTh, YTO sl HeKoToporo n = k HepaseHctBo (1)
CIIpaBeiJIuBO, T. €. HMeeT MeCTO HepaBeHCTBO a* > 0, TO OHO CIpaBeIHBO
upas n=Fk+ 1,1 e HMeeT MecTo HepaBeHcTBO a* ' > 0.

YrBepxkIaeHHe | AEHCTBUTEJNbHO BBINOJHSETCS, TIOTOMY YTO, TOJIOKHB
B HepaBeHcTBe (1) n = 1, noayyum HepaBeHcTBO a > 0, BepHOe MO yCJ0-
BUIO. YTBepXKIeHHe 2 To)Ke BHINOJHSETCS, Befb €CJH NPEeANoJOoXKUTD
BepHBIM HepaBeHCTBO a* > 0, To nmocJe YMHOXEHHUS €ro Ha NOJIOXHTEIIbHOE
YUCJIO @ MOJYYHM BepHoe HepaBeHcTBO @ > 0.

Taxum o6pasom, yTeepxkaenus | u 2 Boinonnsitores. Ho Torpa coraac-
HO MNPHHLUIMY [MOJHOH HMHAyKLHH HepaBeHCTBO (1) BepHo ans J06oro
HAaTYpaJlbHOTO n.

HokasatesbcTBO, OCHOBaHHOE HAa MNPHHIMIE HHAYKLHH, HAa3bIBAIOT AO-
Ka3aTeJbCTBOM M0 HHAYKUKH HJIH J0Ka3aTeJbCTBOM METOJOM MaTeMaTH-
YeCKOH HHAYKHHH.

3aMeTHM, YTO He TOJILKO JIOKAa3aTeJbCTBO NPHBEIEHHOIO BhHILIE CBOM-
CTBa, HO M OmpelesieHHe A-H CTEMeHH, CTPOTO FOBOPS, HYKHO AaBarth IO
HHAYKLHH.

Hanpumep, rosopsr, 4to @" Np¥ HATypaibHOM /I €CThb TAKOE YHCJO,
KOTOpOe OMpefesieTcs CJAeIyIOLHM 06pa3oM:

ad=a u a"*"'=d"a (2)
IJs1 1I060ro HaTypaJbHOTO R.
[Tosb3ysich 5TUM omnpejesieHHEM, TOJYYHM, HalpUMeEp, 4TO
d=d-a=d"aa=daaa=aaaaa
Ipumep 1. JlokakeM 10 UHAYKLUH, YTO
. 0"=0 (3)
ans no6oro HatypansHoro s [lpu n =1 paBeHcrBo (3) oueBuaHo. Ecau

JAOIYCTHTb, YTO PABECHCTBO Ok =0 J0Ka3aHo, TO OTCroaa 6yue'r CJ1ea10BaTh,
4yTo

0"*'=0"0=0-0=0.
Torpa corsacHo MPHHLMMY MOJHOM HHAYKLHH paBeHCTBO (3) HAlo CYUTATh

BEPHBIM s JII060T0 HATypaJbHOTO 1.
[Ipumep 2. Jokaxem, uto ecau 0 < a < b, To

a"<b" (4)
115t TIO60ro HATYyPabHOTO 7. DTO YTBEPKIECHHE JOKA3bIBAKOT 10 HHIYKLUH

clefyolHM o6pa3oM.
[Ipu n = | uepaBeHCTBO (4) BepHO, TaK KaK IO YCJOBHIO a < b.
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Iycts npu n = k HepaBeHCTBO (4) BepHo, T. €.
a* < bt (5)

Tak Kak 10 yCJOBHIO d — IMOJIOXKHTEbHOE YHCJ0, TO H a° — moJo-
HUTEJILHOE YHCII0, 4TO 6B110 K0KA3aHO Bbillle. YMHOXHB HEPABEHCTBO
a < b na a* u HepaBencTBO (5) Ha b, MoJyYHM

R+t
adt'<d"b u - b<bt,

k+1 k+1 o
oTKyna caeayet, uto a“*' < b**'. Torna corsiacHO NPUHUMNY NOMHOMN HH-
AYKLMH HepaBeHCTBO (4 ) HaZlo CUHTATh BEPHBIM IS JIIOGOT0 HATYPAJbHOLO 11,

lIpumep 3. Joxkaxem, uro mis Jwo6oro uyucaa b>1 u mo6oro
HaTypaJIbHOTO 7 CTIpaBeIHBO HEPABEHCTBO

(1+b)'>1+ nb. (6)

HeiicTBHTeNbHO, TaK Kak (1 + b)l =] + b, To npu n = | HepaBEHCTBO
(6) BbINOJIHSIETCS.

[Ipeanonoxum, 4yro HepaBeHCTBO (6) BEIMONHACTCS IPH HEXOTOPOM
n =k, 1. e. uro HepaBenctso (1 + b)* > 1 + kb BepHo. Tak Kak 1 + b >0,
TO

(L+oy" "= +b)-(1+b)>(1 +kb)- (1 +b)=
=1+(k+1)b+kb*’>21+ (k+1)b,

T. €. Mbl JOKa3a/Jud HepaBeHCTBO (6) ansi n =k + 1.
ChnenoBaTe/IbHO, HepaBeHCTBO (6) BepHO MpH JI0GOM HaTypPaJbHOM 1.

IIpumep 4. JlokaxkeM paBeHCTBO
am.an=am+n (7)

AJist MoOLIX HaTypasbHBIX M U 1.

3ajanuM NpoH3BoJIbHOE M U GyIeM, KaK FOBOPSIT, BECTH HHAYKIHIO [10 7.

ITpu n =1 paBeHcTBO (7) BepHO MO OMNpEAEJEHHIO CTENEHH C Ha-
TYpa/bHbIM N0Ka3aTeqeM (cM. (2)):

am_al =am_a =am+l
Iycrs Teneps pasenctBo (7) BepHo npu n = k:
am . ak = am+k-

Torga no onpepenenuio crenenu (cM. (2)) umeeM

k+1 k
am.a =am‘a.al=am+lz‘al=am+k+l’

am.ak+l - am+k+l'

CornacHo NpHHLMIY MOJHOH HHAYKUMH paBeHCTBO (7) BepHO ans
106010 HaTypaJbHOro r IPH IPOU3BOJBLHO BHIGDAHHOM M, T. €. PaBEH-
¢TBO (7) BepHO AJIs MOOBIX HATYPAJbHBIX M H 1.

Tpumep 5. [lokaxkeM, uTo oGLIUI YieH apuMeTHYECKOH MPOrpeccHH
{a,} Bbluucasiercs no dopmy.e

a,=a, +(n-—1)d. (8)
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JleficTBUTENBHO, TaK KaK @, = a, + (1 — 1)d, 1o npu n = | paseHcT-
BO (8) BbIMOJIHSIETCS.

[TpeanonioxuM, uto paBeHCTBO (8) BHIIOJHAETCS MPH HEKOTOPOM
n=~k,te uroa,=a,+(k—1)d. Torma

a,,,=a,+td=a,+t(k—1)d+d=a, +kd,

T. €. paBeHcTBO (8) Buimosinsieres aast n = k + 1. CiienosarelibHO, paBeH-
¢TBO (8) BepHO NpH NOGOM HATYPAJILHOM 1.

[Tpumep 6. [JokaxeMm, UTO CyMMa 71 NEPBBHIX 4JIEHOB reoOMeTPHYECKOH
nporpeccuu (g # 1) BrYMcasieTcs no QopmyJe

5, = aash, (9)
a,(qg'-1)

JleficTBUTENbHO, TaK Kak S, = =@, TO Ipd n = | paBeHcT-

g-1
Bo (9) BoimosiHAETCS.
[Ipeanonoxkum, 4To paBeHCTBO (9) BHINOJHSETCS MPH HEKOTOPOM

ax(q D

=k, 1.e. 410 §, = . Torna

- _a(q”—l) = ai(g*-1 -
Sppi=Sta,, = "1—;;_'_ T = "1‘7]‘:‘1"_'+ agq =
= aig*—a +alqk“‘alqk — a gttt -a = al(qu—I)
g-1 q-1 g-1
T. €. paBeHcTBO (9) BhimoaHsercs il n = k + 1. CiiegoBaTelIbHO, paBeH-
cTBO (9) BepHO HpH /l06OM HATYPaJbLHOM 1.

]

679°. a) B uem 3akmiouyaercs NPUHLMN MOJHOH HHAYKLHH?
6) O6bsicHuTe, KaK JOKa3blBAIOT YTBEPXKIECHHS METOAOM MaTte-
MaTHYECKOH HMHIAYKIHMH HAa MPUMEpPE [OKa3aTeJbCTBA paBEHCTBA
1" =1 nast moGore HaTypaabHOTO f1.

680. JlokaxuTe METOIOM MaTeMaTHYeCKOH HWHIYKLUUH PaBEHCTBO!
a) a"b" = (ab)" 6) (a")" =a™

681. Ilycrb a < 0. [lokaxkute METOAOM MaTeMaTHYECKON HHAYKLMH, 4TO:
a) a" > 0 npu 4eTHOM HaTypasbHOM 11;
6) a" < 0 npu HeyeTHOM HaTypa/bHOM 1.

682. JlokaxkuTe MeTOAOM MaTeMaTHYECKOH HHAYKUHH, UTO:
a) o6wuH 4sieH reomeTquecxou [POrPECCHH BbIYHC/SETCH MO
dopmyse a"=a, ¢""
6) cyMMa 7 TIepBbIX YieHOB apH(MeTHYECKOH IPOrpecCHH BhIUMC-
Jsietcst 1o opmyae S, = 2o, +(n-1)d (2"_1)‘1

683*. JlokaxKHTe MeTOIOM MaTeMaTHYECKOH HHIYKLHMH, 4TO AJsi J106O0ro
HATYPaJbHOrO N BLINOJHAETCS PaBEHCTBO:

a) 1+2+3+ .. +n= 208,

6)2+4+6+..+2n= n(n+1)
B) l+3+5+.. .+ (2n—1)=n"

‘n.
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684 %

685%,

686*.

687*

688*,
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r)3+124...+3-4"""'=4"—1;
B 4+0+..+4-(2—n)=2n(3— n);
e) 1:2+2- 3+3-4+.. Hn(n+l)=ntDnt2).

) 144274310+ ..+nBn+1)=n(n+ 1)

3) 14_2+ﬁ+3_f4+.. +m=nil;

H) 4%5 + Tle + 6+7 toot (n+3)¥(n+4) =4(nn+4);
K) T1§+§—%+ﬁ+"‘+(2n—l)-l(2n+l)=2n,:-l;
) '1'171+Z%“7'+'7”.1"16 (3n—2)~1(3n+1) kT

Ykasaunue. lokasats pasenctso A(n)= B(n) nas nob6oro
HATYPAJILHOTO 7 METOIOM MAaTeMATHYECKOH HHAYKLUHH MOXKHO TakK:
1) Y6enurncsi, uto paBenctBo A (1) = B(1) Boimosusiercs.

2) JokasaTb paBeHCTBO

A(k+ 1) = A(k)=B(k + 1) — B(k). (*)

3) Tenepb u3 npennosoxkenust A(k) = B(k) u u3 paBencrpa (*)
caenyet, yto A(k + 1)=B(k + 1). Torma cornacHo mpHHUMITY
MOJIHOH MHAYKUMH JOKa3biBa€MOe PaBEHCTBO BepHO sl JIo6OTO
HAaTypaJIbHOTO 1.

JlokaxnTe MeTOIOM MaTeMaTHYeCKO! HHAYKLHH, 4TO AJst Ji06oTro
HaTypaJbHOTO 1 BHITOJHSIETCS HEPABEHCTBO!

a) 1+2+3+ ... +n<n’
6)2+4+6+...+2n<(n+1)2;
B)gig 2n >L;
3 5 7 2n+1 2n
[ L.3.5. 2ol o 20 .
2 4 6 2n 2n+1
n) 4">7n—5;

e) 2°>bn+1,n>5.
JlokauTe, YTO NPH BCeX HATYPaJbHbLIX 7 BbIMOJHSETCS PaBeH-

CTBO
L+ nt= ngn+l!12n+1[‘
6
,H,OKa)KHTe, 4TO NpPH BCEX HATYpaJbHbIX 1 BbINOJHAECTCA pPABCH-
CTBO
nt= nEnt 1) ”4+ 12

3adaua ar-Kapadwcu (Hpaw, XI 8.). Jlokaxure, 4To 0pH BCeX
HaTypaJlbHbIX 7 BHINOJIHAETCH PAaBEHCTBO

P+22+3+ .. +n=(1+2+3+ ... +n)

3adaua ar-Kawu (XIV—XV ss.). Jokaxure, uTo ais Jio6oro
HaTypaJlbHOTO 71 BEPHO PABEHCTBO

+2'+3+ ... +nt= 3_10(6n5+ 150 + 10n® — n).

12+ 224+ 3+

P+2°+3+

&
£
&
i
3
i
&
g

689* 3adaua Payavxabepa (lepma-
Husn, 1580—1635). Hoxaxure
410 AJS JI06GOro HATYPANLHOTO 1
BEPHO PABEHCTBO

1°+2°43°+ ... +n°=
= i2(2n6+6n5+5n4—n2).

Puc. 56

690* [lokaxuTe, 4TO NMPH BCEX HATYPAJbHLIX 71

a) 5" + 3 meautca Ha 4; 6) 7" + 5 meaurcs Ha 6;

B) 4"+ 6n — 1 pemurci ua 9; 1) 5"+ 4n — | mesurcs ua 8.
691%*. Jlokaxmwure, uToO:
a) 7" + 9 penutcst Ha 8 NPH BceX HEYETHBIX HATYpPAbHBIX 11;
6) 3"+ 7 peautcs Ha 8 MpPH BCeX YETHBIX HATYPAJbHLIX 71,
Ha oanH u3 Tpex IUTHIPHKOB HACa)KEHbl 1 pasJIMUHbIX KOJell TaK,
yro GoJiblilee KOJbLIO JIEXHT HHXe MeHbIlero (Ha pHCyHke 56
n=3). 3a OIMH XOA pa3pellaeTcs MNepPeHeCTH ONHO KOJLLO C
OZHOTO WITHIpbKA HA JpYroil, IpH 3TOM He paspeiuaeTcs 6oabliiee
KOJIbLIO K1acTb Ha MeHbllee. JIoKaXkuTe, YTO HaHMeHbLUEE YHCJIO
XO[IOB, 3a KOTOPOE MOXHO TeEpeHecTH BCe KOJbla C OAHOTO
IITHIPbKA Ha APYroi, pasHo 2" — 1.

692*

2. UcropuuecKkHe cBelieHHs

CJ0BO «1mporpeccusi» JAaTHHCKOE ( progressio), 0HO 03HAYAET «JBHXKe-
HHe Bllepel» (Kak CJOBO «IpOrpecc»).

C nayaJsia Hallle#l 3pbl M3BeCTHa cleflylonlasi 3afada-yerena: « Muauii-
ckuii naps [llepam nossan K ce6e uso6peTateisi LLaXMaTHOH UTPLI, CBOETO
nopgaHHoro Cety, 4ToGbl HarpafMTh €T0 3a OCTPOYMHYI0 BbAYMKY. Cera,
u3leBasiCh Haj llapeM, noTpe6oBaJ 3a MEPBYIO KJAETKY IIaXMaTHOH JOCKH
| muieHuyHoe 3epHO, 32 BTOpPYI0O — 2 3epHa, 3a TpeThio — 4 3epHa U T. 1.
Okasanioch, 4T0 Lapb He ObLT B COCTOSIHMH BLIIIOJIHHTb 3TO «CKPOMHOE»
xKenaHue CeTbi».

B 3agave Hago HaBTH cyMMy 64 Y/eHOB reOMEeTPHYECKOH NPOTPECCHH

1,2, 2% 2 ..., 2%

C NepBbHIM YiieHOM | M 3HaMeHaTeJseM 2. 3Ta cyMMa paBHa
2% — | = 18446 744 073 709 551 615.

Takoe KosHuecTBO 3epeH MIIEHHLBI MOXHO cOGPAaTh JIMIIb C ypoXKas fJja-
HeTbl, TOBEPXHOCTL KoTopoi npumepHo B 2000 pa3 GoJibilie NOBEPXHOCTH
3emau.

3agaud Ha TreoMeTpHYeCKHe H apH(MeTHUYeCKHe I[POTPeCcCHH
BCTpPEYalOTCs y BABHJIOHAH, B €THIETCKUX Manupycax, B ApeBHEKHTalCKOM
Tpaktate «Marematuka B 9 KHurax». Tak, B OQHOH H3 KJIHHOIHCHBIX
TabJiyeK BAaBHJIOHSH TpejJlaraeTcst HaiTH CyMMY MepBbiX JeBATH YJeHOB
reoMeTpHUYEeCKOH Nporpeccuu

1,2, 2, ., 27",
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Bort apyras 3ajaya, koTopywoo pewaJu B [lpeBHem BaBusione Bo BTopoM
ThiCsiUEJIeTHH 10 HOBOH 3phl: « 10 6paTbes, 1% MHHBI cepebpa. bpar Hax

6paToM fOfHUMAETCS, Ha CKOJILKO NOAHMMaeTcs, He 3Hatw. J1oJist BocbMoro
6 wmekesel. Bpar Hay 6paToM — Ha CKOJIbKO OH Bbille?»
3nech TpeGyercs MO CyMMe [ePBbIX AECSTH 4IEHOB apH(MeTHYeCKOH

nporpeccuu 1% muHbl (1 MuHa = 60 wekenell) ¥ U3BECTHOMY BOCBMOMY

wjieHy ONpe/eJHTh Pa3HOCTh apudMeTHYeCKOH NporpeccHy.

B nanupyce AxMmeca mpepJaraercsl 3ajaya: «Y ceMH JHL M0 CeMH
KOLIEK, KaX1as KOILIKa CheJaeT [0 CeMH Mbllliefi, KaXaas Mbllib CbeflaeT
[0 CEMH KOJIOChEB, H3 KOJIOCZ MOXKET BhIPACTH IO ceMH Mep suMeHst. Kak
BEJIHKH YHCJIa 3TOrO PAfa H HX cyMMa?>»

OTMeTHM Takxe, 4T0 ApXMMeJ 3HaJ, YTO TaKoe TeOMeTpHHecKas
NporpeccHsi, # yMeJ BHIYHCASATD CyMMY Jii060ro 4yucia ee yieHos. [IpaBuio
HaXOXKJAeHHsI CYMMBI YJIeHOB apu(MeTHUECKOH [pOrpeccHH BIIepBhLIe
BcTpeyaercs B «Kuure a6aka» (1202) Jleonapno IMusanckoro. @opmyana
I CyMMbl 6eCKOHEYHO YObIBaloiilell reOMeTpPHUYEeCKOH mporpeccHy Oblia
uaBectHa I1. ®epma (XVII B.).

B crapopycckom opuanueckom c6opHHKe «Pycckast npasga» (X—XI BB.)
COIepXKAaTCsl BHIKIAAKH KOJHYECTBA 3epPHA, COOPAHHOIO C ONpeneJeHHOTO
yyacTKa 3eMJIH, HEKOTOpble H3 HHX COAepXKaT BbIYHCJEHHE CYMMbl reo-
METPHYECKOH MMPOrpeccH! Co 3HaMeHaTesieM 2.

HHtepecHble 3a/jauu Ha NMPOTPECCHH ecThb B «Apudpmetnke» Maruuu-
Koro. BoT oiHa u3 Takux 3ana4: «Hekro mpogaBas KOHsI 4 POCHJ 3a HEro
1000 py6aseit. Kynew ckasan, 4to 3a KOHS 3anpoleHa CJHILKOM 60Jbllas
ueHa. «XopoLIo,— OTBETHJ [POAABELl,— €CJH Thl FOBOPHLIb, 4TO KOHb
JOpPOTO CTOHMT, TO BO3bMH ero ceGe 1apoM, a 3aIlJlaTH TOJbKO 3a OJHH
rBO3JH B €ro MojkoBax. A rBosfel BO BCAKOH moakose no 6 mryk. Y
6yfemib Tl MHe 3a HHX IJIATHTh TaKHM 00pa3oM: 3a MepBbIf TBO3[b
noaywky (0,25 konelikn), 3a BTOpoil rBO3/lb 3amnjaTHIIb ABe MOJYILKH, 3a
TPeTHH TBO3Ib — 4YeThIpe MOJYIIKH U TaK Jlajiee 3a BCe FBO3JH: 32 KaXK/Abii
B [IBa pasa GoJibllie, 4yeM 3a npeaplayluii». Kyneu xe, gymMas, 4To 3anyaTut
HamHoro MeHblue yeM 1000 py6aeit, cornacuics. [lporoprosancs qu Ky-
net, 4 ecJiM Jia, TO HA CKOJBKOP»

3. 3apanus ans NOBTOPEeHHS

693. Broiuucaure:
a) __(33814:7.05+212) 0,15

1,6 +187,5: (16,25 - 3,75 — 3,75°)
6) (0,73° — 0,73 - 0,27%): 0,023 + 2,4
(18,544 : 3,05 — 1,83) - 0,16
694'. Ynpoctute BhlpaxKeHHe:
4(a-2) a-3Y.a2-4 _ 2
a) (aﬁ—a~6+4—a2) a-1 a-3’

' 3mech u nanee 6ykpaMH 0603HAYEHB YHCAA, A1 KOTOPHIX PACCMATPHBAEMBIE BHIPAXKeE-
HHSl MMEIOT CMBICJL.
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695.

696.

697*

698*.

699+

700.

701.

702.

3 3y+12 (2y-1 _ y-5 .
+ :
6) y-2 25 - y? (y"’ 25 2y2+9y—5)
a a —2a a+8
B : >
) (a2—4 a’ +2a) Tawe

2

(a5 e
(

a+3b a—3b) . a’+3b’
(a-b? a?-b¥  (a-b)?
e) (a+2b _a—4b) . b +2ab

(@a+b)P® a?-b2 " (a+b)?

-

)

1)

Peiunre YPaBHEHHE!

) 2 _ X - _2 .
Cx-DExE+2) 5(x+2) 2x-1"
6) 4 2¢r _ 3

Gr-Dx+1) 3x+3 dx-1°

Onpepenute, NpH KaKHX 3HAYEHHSAX X BblpaXKeHHe HMeeT CMBICI,
YIPOCTHTE BhIPAXKEHHE:

L (Ax=1 x4l
2) (—ZJ£ 2J2) (ch+1 chtl)

6) 1-x2 2 , x%-x
1 1 3 [

x2-x 2 x2 xZ_yx?2
3adaua Apxumeda (287—212 ce. do H. 3.). Halinute cymmy
KBa/(DATOB NEPBLIX 1 HATYPAJbHBIX YHCEJL.

a) Hafizure cyMMy KBagpaToB rn nepBbIX YETHBIX YHCeJI.
6) Haiinute cyMMy KBajipaTOB 1 NMepBLIX HEYETHLIX YHCEJI.

Cmapunnas 3adava (Hnrous, IV 8.). Haligute cymmy Ky6oB n
NepPBLIX HATYPAJbHBIX YHCEJ.

Haﬁzm’re LeJ0€ YHCJIO — 3HAYE€HHE Bpra)KeHHﬁZ
a) J7T-43 + J4-2./3; 6) N11—-4./7 — J8+2.7;
B) NO—4./5 + J14-645; 1) JT+26 —J10-4.6.

Haiiiyite 3HaueHHe p, IpH KOTOPOM KOPHH ypaBHeHHsi 2¢° — 5x + p = 0
YIOBJIETBOPSIIOT YCAOBHIO

x +fi=6_5
X3 X9 8 ’

Haiinure JI0JI0XKHTEIIbHOE 3HAUEHHE ¢, IPH KOTOPOM KODHH ypas-
nenus 2x° + gx — 18 = 0 y10B/IeTBOPSAIOT YCAOBHIO

L_1 _ 65
£ & 3%
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703.

704.

705.

706.

707.

Haiizyre 3HaueHHe p, IpH KOTOPOM KOPHH ypaBHerHs 6x° + 3x — p =0
YIOBJIETBOPSIIOT YCJIOBHIO

63

5

3adaua bxackapo (Huousa, XII 8.). Ilokaxure, uto

J10 + /24 + J30 + J60 =2 + /3 + /5.
3adasu M. Ulmudens (lepmanusn, 1486—1567).

a) IpoBepsre paBencTBo /16 + /8 = J/3/4096 + /3/64 .
6) YnpoctuTe BhipakeHue 545 + 1682 .

[py KaxkHX 3HAYEHHSIX b HePaBEHCTBO HEBEPHO MNPH JIOGOM X:
a) 38— bx—1<0; 6) x*+ bx +4<0?

Ipu Kakux 3HAYEHUAX M HEPABEHCTBO He HMEeeT pelieHui:

a) X' —4x + m<0; 6) X’ +2x + m<0;

B) X’ —mx+4<0; ry x> + mx +9<0?

[TokakuTe IITPHXOBKOH BCe TOYKH KOOPIMHATHOH MJIOCKOCTH,
KOOPJHHATH! KOTOPBIX YAOBJETBOPAOT yeaoBuio (708—710):

X)Xy 4 Xo-x) =

708. a) x > 2; 6) y<3; B) x22Hy<3;
rx>2 wmu y<3; naxs<-—1 wm y=21Il;
) {|x|<2, ) {Ix|>2,
lyl <2; lyl>2;
3) ¥ +y° < 4; H) X +y°>1;
x2+y2<4, 2 2
B (x=1y+(y—2)y<4
{xuy%; ) (x= 1P +(y - 2)
709. a) x < —3; 6) y>-—1; B) x<—3uy>—1;
r) x<=3um y>-—1; 1) x>-3 wm y< —1;
o) {|x|<3, ) {Ixt>3,
lyl < 3; lyl >3;
3) XX +y’<9; H) X +y >4
2+ 2
¥ ry<d, n) (x+ 1P+ (y+ 27> 4.
X+ yt>4;
> < —x?+4,
710. a) Y2 "2 L 6) 17
y>x-2; yzx+2,
711%* YkaxuTe BCe TOYKH KOOPAMHATHOH IJIOCKOCTH, KOOPAHHATHI KO-
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TOPBIX YJOBJETBOPSIIOT HEPABEHCTBY
(Ixl =1+ (@ —1)<1
WJIH CHCTEME HEPaBEHCTB
{(lxl— D+ (yl-1)y>1,
x| +lyl< 1.

712%,

713.

714.

715.

716.

717.

718.

719.

720.

721.

722,

JlokaxxuTe HepaBeHCTBO:
a) %+%+% 23, ecqiua>0,b6>0,c>0;

3
6) #)(9;—”) ,ecan a >0, b>0;

B) (a + b)' > 8a* + 8b%;

r) (a+2)(b+ 22((1 + b) > 16ab, eciu a > 0, b > 0;

1) ab(a+b)<a’+ b’ ectua>0,b>0;

e) a’+ b’ + ¢’ < 2(ab + bc + ac), ecau a, b u c — CTOPOHBI He-
KOTOPOTO TPeyroJibHUKA.

YKaxuTe HaWMEHbIIHH YsieH 110C/eJ0BaTeNbHOCTH {X,}, 3a/laH-
HOl thopmyioil:

a) x,=n" —6n+5; 6) x,=n"— 18n + 1;

B) x,=3n"— 16n — I; r) x, = 7n* — 50n.

Hs «Kypca uwucmoti mamemamuru» E. JI. Boimsaxosckoeo.
CayxuBlUIEMY BOMHY laHO BO3HAarpax/JeHue 3a nepylo paHy 1 K.,
3a BTOpYIO 2 K., 3a TpeTbio 4 K. ¥ T. 1. Bcero BouH mosyunn 655 p.
35 k. CnipaiiuBaeTcsl 4HCJIO €ro paH.

['pynna TypucTOB BbILJIAa U3 ropoaa A B HanpasJieHHH ropoja B,
yIaJieHHoro oT ropoja A Ha a KM. B nepBbiii AeHb Ipynna npouuia
40 KM, a B KaxIplil CJeIyIOlHMH feHb OHA NMpPOXoAusia Ha | KM
6osblile, 4eM B mpeabiayuiuii. Yepes ¢ gHeft u3 ropoga B B Tom
K€ HalpaB/eHUH BHIIJIAa BTOpasi Tpynna TyPHCTOB, KOTOPAs B
nepBbiil geHb npouwia 30 KM, a B KaIbl#l CAefylOLMH AeHb
npoxoguaa Ha 2 KM GoJiblle, yeM B npeaplayiHil. Uepes ckoibko
JHel HocJje CBOEro BhIXO/A repBasi IpyIa JOTOHHT BTOPYIO, €CJIH:
a) a=100, t=1; 6) a=114, t=2;

B)a=91, t=1; r) a=131, t=2?

Brruucaure: )

a) 1+2+3+4+..+17+18+19;

6) 30+ 31 +32+ ... +47 + 48 + 49 + 50.

Jlast mo6oro HaTypasnbHOTO A BBIYHCJ/IHTE CyMMY

3+8+ 134 ...+ (5n—2).

Hafinpute cymMy NSTHAAUATH TepBLHIX YieHOB apHMeTHYeCKOH
IPOrpeccuu, BTOPOit YJieH KoTopoit paBeH 0,5, a ueThlpHaAUATHIA
paBen —33,5.

Haiiqute cyMMy NsSITHIECATH NATH MEePBBIX 4IEeHOB apHpMe-
THYECKOH MPOTPECCHH, NOCJEAHHH 4JIeH KOoTopoi paseH 5,8, a
CyMMa JByX mocJieHux paBHa 11,5.

Hafinure pasHocTh apudMeTHYECKOH NHPOrPECCHM, 4YeTBePThIM
yjleH KoTopoi paBeH 1,25, a meBsiThill paBeH %.

CyMMa ujiIeHOB KOHEYHOH apudMeTHUeCKOH NPOrpecCHH, coCTos-
el M3 TPUALATH 4YieHOB, paBHa 3645. IlepBmii umen 3TOM
nporpeccud paBeH 20. Hafigute BTOpPO# 4/ieH MPOTPECCHH.
CyMMa Bcex 4/ieHOB KOHe4HOH apugMeTHUeCKOl NPOrpecCHH pas-
Ha 28, Tperuil unen paseH 8, a yerBepThii paBeH 5. Halinure
YHCJIO Y/JIEHOB MPOTPECCHH H ee KpaliHHe 4/eHbl.
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723.
724

725.

726

727.

728.

729.
730.
731.
732.
733.
734.

735.

736.

7317.

738.

a) Haiiante cymMy Bcex JBY3Ha4HBIX YHCeJ, KPATHBIX 2 HJIH 3.
6) Hafinute cyMMy BceX Tpex3HauHbIX YHCeJ, He KPaTHbIX 7.
Haiinure cymMy Bcex Tpex3HauHbIX YHCeJI, KPaTHbIX 3, HO He
KpaTHbIX 2.

Cymma 40 nepBbIX u/eHOB apHMETHYECKOH NPOrpecCcHH paBHa
340, a cymma 39 nepshix ee uieHoB pasua 325. Haiigure pas-
HOCTb MPOrPECCHH.

Haubl 1Be apuMeTHHECKHE NIPOTPECCHH: &, Oy, ..., 4, ... U b, b,,
oy by, ... . SIBAsieTca M apudMeTHUecKOl mporpeccHelt mocJae-
AOBaTEJNbHOCTS:

a)a, +b,a,+b, ....,a,+0b, ..,
6) a, —b,a,— b, ..,a,— b, ..;
B)a "b,a, b, ..,a, b, ..,
r) lal, |a, ..., |a.], ...;

a4 % 2 ?
n) B by U B (Bce b, # 0)?

1 1 1

ABJISAIOTCSH -
b+c’ c+a’ b+a fo
cJe0BaTeNbHbIMH YJIEeHAMH apPId)MeTH'{eCKOI‘;l [IpOrpeccuH, TO

uncaa a’, b, ¢* TakxKe ABASIOTCS MOCJELOBATENLHHIMH YJIEHAMH
apudMeTHIECKO# NPOrpeccHy.

Yucna a, b, ¢ uuncaa —Lll- , % , % AIBJIAIIOTCS T0OC/Ie[0BATEbHbIMH
YneHaMu apudmeTHYeCKHX nporpeccuil. Jlokaxurte, utoa = b = c.
Haiinute nepsbiit uieH 1 pasHoCTh apHMETHYECKO# MPOTPeccHH
a, 4, .., 4, ..., eCJIH U3BECTHO, YTO:

a) a,+a,=16, a, a; = 28; 6) a,"a,, =44, a,+ a,, = 24.

Hajizute cymMy Beex ABY3HAUHBIX YHCEJ, HE KPAaTHBIX HH 2, HU 3.
3anuinTe nepsbie 11 4eHOB reOMETPUYECKOH IPOTPECCHH, €CJIH
M3BECTHO, YTO €€ 3HaMeHaTesb paBeH 1,5, wecTol uwien pasen 2.
Onpenenute nepBbIil YieH FeOMETPHIECKO! MPOrPECCHH, eCIH ee
3HaMeHaTeab paBeH 4, a BOCbMOH 4JeH paBeH 256,

[lepsbifi unen reoMerpHyeckoi nporpeccud pased 2058, a uer-
BepThiil uieH paBeH 6. Haiiaure 3HameHaTesb 3TOM mporpeccus.
Mexny uncnamu 1 u 14 641 Haiiaure Tpu umciaa, KOTOpble BMecTe
C 3aJIaHHBIMH 4HCJIaMH SIBJSIOTCS T10C/A€A0BATENbHLIMH YJeHAMH
reoOMeTpHYECKOIl MPOTPECCHH.

15 1 240 — kpaiinne wIeHb KOHEYHOH reOMETPHYECKO# porpec-
cuM. 3HaMeHaTeJb 3Toi nporpeccuy pasel 0,5. CKOJIBKO 4€HOB
B 3TOH MporpeccHu?

Haitnute cymMmy u/leHOB KOHEYHOH reOMETPUYECKOH TIPOrpecCHH,
3HaMEHaTe/b KOTOPOH paBeH 3, a KpaliHde ujieHn paBHbl 20 m
131 220.

IlepBelil 4neH KOHEYHOM reoMeTPHYECKOM NpPOrpeccHH paBeH 7,
3HaMeHateJb paseH 4. HaliuTte mocsienHMit ujieH nporpeccu,
eCJIM CyMMa BceX 4jieHOB paBHa 9555.

Haiigute mocnemnuii uieH KOHeYHOM reoMeTpHYecKoil mporpec-
CHH, €CJIH H3BeCTHO, YTO CyMMa MepBbIX ABYX WIEHOB paBHa 4,

JlokaxkuTe, 4TO ecJid 4yHucaa

739.

740.

741.

742,

743.

744.

745.

746.

747.

748.

749.

750%,

751%

Pa3HOCTb 3THX K€ YIEHOB pPaBHAa 2, YUCJO Y/IEHOB NpPOrPecCHH
paBHO 8.
3uaMeHaTelb KOHEUHOH reOMETpPHYeCKOH IPOrpeccHH, COCTOsf-
ueH M3 CeMH WIeHOB, paBeH 2, CyMMa BCeX YieHOB paBHa 635.
Hafinute mocjefqHuil 4ieH NpoOrpeccHy.
IepBbiii YieH KOHeYHOH reOMeTPHYECKOH MPOrpeccHH, COCTOs-
el M3 [IeCTH UJeHOB, paBeH 768, mocjenHuil YieH NMPorpeccuH
meHnblle yeTBeproro B 16 pas. Haliagute cymMMy Beex ujieHOB
MIPOTPECCHH.

3

TepBbiit 4/eH KOHEUHO reOMETPHYECKOH MPOrpeccHu paser -,

nocJefH{e JBa wieHa paBHbl cooTBeTcTBeHHO 750 M 7500. Haik-
JUTE YUCJO HJIeHOB IIPOrPecCHH.

IMepBriit uieH KOHEYHOM T€OMETPHYECKOMN NMpPOrpeccHH paseH 1,
nocnenuit paBeH 64, cyMma Bcex uneHoB paBHa 127. Haiinute
4HCJI0 WIEHOB ITPOTPECCHH.

JlBeHanuathii 4ieH reOMeTpPUUECcKOl mporpeccuu paseH 1536,
yeTBepThIH ued paBeH 6. Halinute cyMMy mepBbIX OJMHHAALATH
4IEHOB 3TOH NPOrpecCHH.

B reomeTpuueckoil Iporpeccuu ceapMoi 4ieH paBeH 27, NeCAThIA
ujged paBen 729. Halinure cyMMy nepBBIX JeCATH YIEHOB reo-
MeTpHYECKOH MPOTPeCcCHH.

Hafizute 3sHaMeHaTesnb FeOMETPHYECKOH NPOrpecCHH, B KOTODOH
CyMMa NepBbIX ABYX U/ieHOB paBHa 16, a cymMa NATOrO M 11€CTOrO
4neHoB paBHa 1296.

3anuuuTe NepBLie BOCEMb YJeHOB reOMeTPHUEeCKO# NPOrpecCHH,
B KOTOpO#l Mpou3BelleHHe NepBbIX [ABYX WIEHOB paBHO % a

Npou3BeieHHe MEPBOro YleHa Ha NMATLIH PaBHO 6_14' .

CyMMa repBbiX TpeX YJIEHOB reoMeTPHYECKOH NMpPOrpecCHH paBHA
28, cymMa clleyoLIUX Tpex 4ieHoB paBHa 3,5. Haiiaute Bocbmoit
4eH MpOrpecCHH.

Hadizure cyMMy TMATH 4/ieHOB reOMeTPHYECKOMN NPOTPECCHH, €CIH
H3BECTHO, 4YTO IepBHIH ujieH paBeH 9, a cymMMa Tpex MNepBbIX
4jieHoB paBHa 58,59.

HecKonbKO OJHOKJIACCHHKOB OPraHH30BaJH TYDHHP IO LUALUKaM.
Kaknplit y4aCTHHK TYPHHpA ChIrpaj ¢ KaXKAbIM 110 OJHOH NapTHH,
a Bcero 6bl10 chirpano 28 naprtuil. CxoJbKO ObLNO YYaCTHHKOB
TypHHpa?

[IlecTs MaAbYMKOB U HETBIPE JIeBOYKM OPraHH3OBAIH TYPHHD NO
mwaiukaM. Kaxapiil y4acTHYK TYPHHPA CHITpaJl ¢ KaX/IbIM 110 OfHOM
MapTHH. 3a BBIMIPBILI NIPHCYXKAANH 2 04Ka, 33 HHUBIO — 1 04KoO,
3a npourpsin — 0 oukoB. JleBouku BMecTe Habpaiu 40 oukoB.
Krto BbiMrpas GoJiblile OYKOB: MaJbUHKH y NI€BOYEK MJH A€BOYKH
y MaJb4MKOB — H Ha CKOJIbKO?

B TypHupe 10 LI1axMaTaM Kax/blil YYaCTHHK CHITPaJl C KaXIBIM 10
JBe NapTHH. 3a BBLIMIPHIL B MapTHH TNpHCyXAand 1 odko, 3a
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752%,
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HHYBIO — % 04Ka, 3a npourpuit — 0 oukoB. TpH JyulIKX HTpOKa
Habpaau BMecTe 24 OuYKa, YTO COCTABWJIO IMOJIOBMHY OT UMCJa
OYKOB OCTaJbHbIX YYACTHUKOB, BMecTe B3AThiX. CKOJBLKO Obljo
Y4aCTHHKOB TypHHpa?

Heckonbko yuyaumxes 9 «A» u 9 «B» kiaccoB opranusopajin
TYPHHp 1O WwamKaM. Kax/plil y4acTHHK TYPHHPa CHIFPa/ ¢ Kax-
AbIM IO OJHOH NapTHH. 3a BHIMTPHILI MPUCYXAaJH 2 O4YKa, 3a
HH4blO — | ouko, 32 mpourpeili — O oukoB. Yuaumecs 9 «A»
K/Jacca BMecTe Habpaan 26 oukoB, a yuyaiipecs 9 «Bb» knacca,
KOTOPbIX Obl10 Ha 3 Gosblie, HaGpadu 04KOB OPOBHY. CKOJLKO
6bII0 YYACTHHKOB TypHHMpa?

a) B naulem xnacce 32 vyesnoBeka. 23 yenoBeka JIOOAT KOLLeEK,
18 yenosek — cobak. Ilpnuem 10 yesioBek JMOGAT M KOlIEK, U
co6ak. CKOJIbKO YesIOBEK Haillero Kjaacca He JIOGAT HH KoOllek,
HH cobak?

6) B nawem ksacce 30 yuamuxcsi. Ha skckypcHio B Myseii X0/
23 4YenoBeka, B KHHO M My3ell — 6 4esioBeK, a 2 YeJIOBEKAa He
XOJIMJIM HU B KHHO, HH Ha 3KCKypculo. CKOJIbKO 4eJI0BEK HalIero
KJacca XOAHJIH B KHHO?

B namwewm kiacce 20 yyauuxest g1069T 1160 GH3MKY, JHOO MaTe-
MAaTHKy, JH60 06a 3TH npeameta. Cpeau Jobuteneit dpusuka 50 %
JMI06AT MaTeMaTHKY, a Cpeld Jio6uTeaell MaTeMaTuku 25 % J06sIT
¢u3uky. CKOJIbKO yyallluXCsl HAalIero Kjaacca Jio6AT U (QHU3MKy, H
MaTeMaTHKYy?

a) Ckosbko yucen ot | o 100 He menutcs HU HA 3, HU Ha 5?
6) CkoJibko uncen ot 1 go 100 ve gennrtca vy Ha 6, HM Ha 8?
Cpean aGuUTypHeHTOB, BblAepKaBIUHX NMpPHEMHbie 3K3aMeHbl B
BY3, OUEHKY «OTJHYHO» [OJIYYHJIH: [0 MaTeMaTHKe — 96 abu-
TYPHEHTOB, N0 (pu3HKe — 74, mo pycckoMmy sseiky — 84, no
MateMaTHKe WK pu3MKe — 150, N0 MaTeMaTHKe HJIH PyCCKOMY
s13blKy — 152, no ¢uanke unu pycckomy siseiky — 132, no scem
TpeM npeameraM — 8. CKOJbKO aOUTYPHEHTOB MOJIySHJH XOTS
6bl oany nATepKy? CKOJBKO CpeAH HHX MOJYYHBLIMX TOJbKO
OIHY NSITEPKY?

Hapucosanu pomGel M mpsmoyrojbHUKH. Pom6GoB — B 2 pasa
GoJiblile, YeM MPSAMOYroJNLHUKOB. Yucsio poMGoB, He SBJIAIOLIUXCS
IIPIMOYTOJibHHKAMH, B 3 pasa GoJiblle YHCJAa MPSIMOYrOJbHHKOB,
He SBJIAIOILUXCS poMGaMHu.

a) OnpesenuTe HaHMeHbllee BO3MOXKHOE YUCIAO (UIYD.

6) Bo ckoabKo pas KBaApaToB OblIO MeHbILe, YeM POMGOB?

B) CKOJIbKO KBaJipaTOB HapHCOBAJIH, €CJH BCEro HapHUCOBAJH
20 ¢uryp?

KoJioHHa coJIZaT MJIHHOH [ M JABHIKETCS CO CKOPOCTBIO X M/MHH.
M3 KoHLa KOJIOHHBl B ee Hayas0 OTNPABJSETCH CEPMKAHT CO
CKOPOCTBIO i M/MHH, 3aTeM C TOH Xe CKOPOCTbIO OH BO3Bpalid-
eTcsi B KOHell KoJoHHB. Ha myte Tyma u o6patHo cepxaHT
3aTpatuJ { MHUH.

759%,

760%.

a) Bripasure f; [; x; y depe3 OCTa/bHbE BEJIHUHMHHL.

6) Boiuucaure ¢, ecan [ = 510, x =70, y = 100.

KoJioHHa coaaat LuHo#M [ ABHXKETCS ¢ OCTOAHHON CKOPOCTLIO MO
mocce. Kyphep M3 KOHI2 KOJIOHHBI OTIPABWJCA B ee Havaso.
JIOCTHIHYB HauaJjla KOJIOHHBl, OH TYT XKe IOBEepHYJ 006paTHO H
rollesl B KOHEL, KOJIOHHBI C TOH JKe CKOpOCTbI0. 3a 3TO BpeMs
KOJIOHHa mpounta paccrosiHue s. OnpefesnTe pacCTOsIHHE, KO-
TOpOE Mpoile] Kypbep B 06a KOHLA, €CJ/H:

a) [=400 M, s=300mM; 6)/=2300m, s=400 m.
KoJioHHa coagat IinHo# | ABHXKETCA C OCTOSIHHON CKOPOCTbIO MO
wocce. Kypbep M3 KOHL@ KOJIOHHBI OTIIPABHJCA B €€ Havaso.
JlocTUrHYB Hauyaja KOJIOHHBl, OH TYT e MOBepHysJ 06paTHO H
nollesi B KOHEL, KOJOHHbI ¢ TOH e ckopoctbio. HM3pecTHo, uTO
CKOpPOCTb Kyphepa B 1 pa3 GoJibliie CKOPOCTH KoJoHHbl. Onpene-
JuTe TyTh KOJIOHHBI 32 TO BPEMs], KOTOPOE Kyphep MOTPATHJI Ha
nyTb B 06a KOHLA, €CJIH:

a) [ =250 m, n=1,5; 6)[=300m, n=2
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§ 8. CMHYC, KOCHHYVYC,
TAHTEHC Y KOTAHTEHC VYIJIA

CloBO «TPHTOHOMETDHSI» TIPEYECKOe, OHO MEepPEBOAMTCH KaK «H3-
MepeHHe TPeyroibHUKOB». Kak M3BecTHO M3 reoMeTpHH, CHHYC, KOCHHYC,
TAHTE€HC M KOTAHT€HC YIJla MCIOJb3YIOTCS NPH DellueHUH TPEYroJbHHKOB,
1103TOMY (GOPMyJIbl 4151 HHX Ha3bIBAIOTCSl TPUTOHOMETPHUYECKHMH.

B Kypce reoMeTpHH OHH pacCMaTpHBAJHCh st YIVIOB, He GOJLIIHX
pasBepHyToro. B 3Toii rnaBe 0606lIeHO IOHSiTHE yIJa M Ha Hero
pacrpocTpaHeHbl MOHATHS CHHYCA, KOCHHYCa, TAHT€HCAa H KOTaHTeHca.

8.1. MonsTe yraa

BBenem Ha IJIOCKOCTH NpPIMOYToJIbHYI0 CHCTeMy Koopauuat xOy c
TIOJIOXKHTENBHON NoJlyochio abecuuce Ox, HAaNpaBJeHHOH BIPaBo, H € IO-
JIOXKHTEJIbHOM IM0JYoCblo opavHat Oy, HanpaBJeHHOH BBepX, H pac-
CMOTPHUM OKPYXXHOCTb pajuyca R ¢ LeHTPOM B Hayaje Koopaunart. Ilycts
TN0JI0XHTeNbHas nosyock Ox nepeceKaeT OKPYKHOCThb B Touke A, M mycThb
Ha OKPYXKHOCTH faHa elue Touka B. Bexrtops OA u OB o6pasywt yroa
AOB (puc. 57, a). .

Bynem cuntaTh, 4To Hapsizy ¢ ¢puKCHpOBaHHBIMH BekTopamu OA u OB
ecTb elle BEKTOp, HayasJo KOTOporo — Touka O, a KOHel{ — TOuKa, ABH-
KYIAsACsA MO0 OKPYAKHOCTH. DTOT BEKTOD HA30BeM MOABHMCHBIM BeK-
TOPOM.

HMcnonb3ys si3bIK MeXaHMKH, MOXHO cKa3aTb, 4To yroa AOB noJyuen
[I0BOPOTOM MNOABHXKHOrO BekTopa oT BeKropa OA no Bekropa OB (na
pucyrke 57, 6 cTpeJiKa NOKasbiBaeT, KaK JIBHIa/ICs MOABUXKHBIH BEKTOP).

Otmerum, uto yron AOB o6pa3oBaH nNOBOPOTOM, NPH KOTOPOM KOHel]
MOABHXKHOTO BEKTOpa, ABHrasach MO OKPYXKHOCTH, MpOIUea Ayry, He 6oJb-
LIYIO TOJyOKPYKHOCTH (pHc. 57, 6).

OnHako MOXHO COBEpIUNTb H TaKOH MOBOPOT, TMPH KOTOPOM KOHell
TMOJBHXKHOTO BEKTOPA, ABHIasiCh M0 OKPYXHOCTH, NPOHAET YTy, 6OJbILYIO
ueM M0JyOKPYKHOCTb (pHc. b8, a).
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[punATO CYMTaTh, YTO A41060U NOBOPOM NOOBUNHOZ0 BeKmOopa
obpasyem yeoa. .

[Tpu noBOpOTE MOABHAKHOIO BEKTOPa MOXKET 06Pa30BaTLCsl YIoJl, MEHBIUHH
pasBepHyToro (puc. 57, 6), 1 yroJi, Gosiblunii passepryToro (puc. 58, a).

[TycTb MOABHXKHBIA BEKTOP COBEpIIHJ TaKoOH IOBOPOT, YTO BIepBhIe
ero KoHeyHoe noJjoxeHue (Bektop OB) coBnano ¢ Ha4ajJbHbIM OJIOXKEHH-
em (BekTopom OA). Takoii MOBOPOT HA3LIBAIOT MOJHBIM 060OPOTOM
(puc. 58, 6).

[ToBOPOT MOBHAKHOTO BEKTOPA MOXET CKJAJbIBATHCS M3 HECKOJbKHX
NOJHBIX 060POTOB M MOBOPOTA, COCTABJSIOLIEr0 4acTh MOJNHOr0 060poTa
(puc. 58, 8).
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JI1060ii NOBOPOT NOJABHKHOTO BEKTOPA MOXET GbITh COBEpPILIEH B ABYX
NPOTHBOIIOJIOXHBIX HAllPABJEHHAX: 110 YaCOBOH CTPEJIKE U MPOTUB YaCOBOH
cTpesku (puc. 58, e).

ITpunsito cyuTaTh yribl, 06pa3oBaHHble IOBOPOTOM MOABHXKHOIO BEK-
TOpa NPOTHB YaCOBOH CTPEJIKH, MOJOXKHTENAbHBIMH, 4 yIJbl, 06pa3oBaH-
Hbleé MOBOPOTOM IMOABKXKHOIO BEKTOpPA 10 HacOBOH CTPeJiKe, OTPHUA-
TeNbHbIMH.

Ecii mopBHKHBIH BEKTOP He COBepIUHJ MOBOPOTA, TO GYy[eM CUMTATS,
4TO 06pa30BaH HyJEBOMH yroJ.

IycTh MOABHXKHBIH BEKTOpP COBEpPLIMJ NMOBOPOT, PaBHBIM ﬁ 4acTH

NoJIHOrO0 060pOTa MPOTHB YaCOBOH CTpPesKH. B 3TOM ciyuae rosopsr, 4o
06pa30BaH yeoa, epadycHas Mepa KoOmopo2eo pasHa o0HoMYy 2padycy,
HJIH, KOPOYe, YroJ B OAuH rpagyc (numyt: 1°).

Ci/iepoBate/ibHO, COBEPLIMB IIOJHbBIH 060POT MPOTHB YACOBOK CTPEJIKH,
MOJIY4HM YroJl B 360° (puc. 59, a), a coBeplUHB OAHH MOJHBIH 0GOPOT MO
4acoBOH cTpeJiKe, MoJy4uM yrod B —360° (puc. 59, 6).

CoBepHIHB OBOPOT B MOJIOBHHY NOJHOTO 060pOTa MPOTHB YacOBOH
CTpeJsIKH, moJiyunM yroa B 180° (puc. 60, a); coBepiuuB MOBOPOT B Yer-
BepThb TMOJHOTO MOBOPOTA MO 4aCOBOH CTpesiKe, NOAY4YHM yroa B —90°
(puc. 60, 6).

[TockosbKy

450° = 90° + 360°,

YA v

Ry

a) 6)
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Puc. 61

TO, COBEPLIMB MOBOPOT B 4YeTBEPTb MOJHOTO 060pPOTa MPOTHB 4aCOBOH
CTPEJIKH, 2 3aTeM elile MOMHbIA 060POT MPOTHB YaCOBOH CTPEKH, MOJYTHM
yron B 450° (puc. 61, a).

[Mockonbky —540° = —180° — 360°, To, coBepLINB NOBOPOT B M0J10-
BUHY NOJIHOT0.060POTA 110 4aCOBOH CTpeJIKe, a 3aTeM ellle MOJHbIA 060poT
Mo 4acoBoil cTpeJiKe, mojsyuuM yroa B —540° (puc. 61, 6).

HanomHuM, yto 1’ (oaHa MUHyTa) paBHa GLO yacTu rpajgyca, a 1” (ogHa

CeKyH/a) paBHa 61—0 4aCTH MHHYTHL

IIJIH 006010 JeHCTBUTEJNBHOIO YHCIA d CyLIeCTBYET, H IIPHTOM TOJIBKO
OJHH, yroJi, rpafycHasi Me€pa KOTOPOTO paBHa 4.
OTMeTHM, UTO BEJHYHUHY Jaboro yrjla @ MOXKHO 3alucaTth B BHIE

a=a,+ 360° k,

e a, ynoBieTBopsier HepaseHctBam 0° < g, < 360°, a k — HeKoTOpOE
1ieJ10€ YHCJIO0.

[Mostomy npu k& # 0 yros ¢ rpafycHoil MEpOH @ MOXKHO TOJIyYHTb KaK
pe3yJbTaT ABYX MOBOPOTOB: 1) B MOJIOXHTEILHOM HAaNpaBJIEHHH HA YroJa ¢
rpajycHOi Mepoil a, H 2) Ha |k| MosHBIX 0GOPOTOB B MOJIOKHTEILHOM
HalnpasJieHHu Tpu k > 0 u B oTpHllaTenbHOM npu k < 0.

Mpunmep 1. Tak kax 2000° = 200° + 5 - 360°, To yroa1 B 2000° mMoxHO
MOJIYYHTb KaK Pe3y/bTaT JABYX MOBOPOTOB: 1) B MOJIOXKHTEJHHOM Hanpas-
neHud Ha 200° U 2) B MOJIOXKUTENLHOM HAaNpaBJeHMH Ha 5 MOJHBIX
060pOTOB.

Mpumep 2. Tak kak —2000° = 160° — 6 - 360°, To yron B —2000°
MOXKHO TOJIyYHTh KaK pe3y/ibTaT ABYX MOBOPOTOB: 1) B IOJIOXHTENbHOM
HanpapJeHdd Ha 160° u 2) B OTpHUATE/LHOM HANpPaBJIECHHH Ha 6 MOJIHBIX
060pOTOB.

3aMeuaHHe. M3 npeapiayniero scHo, 4TO TOJbKO B CJy4ae, KOraa
yroJi, paccMaTpUBaeMblii B TPHTOHOMETPHH, HEOTPHLATEJEH H He 6oablie
Pa3BEPHYTOTO, €r0 MOXKHO OTOXIECTBHTb C YIJIOM, pacCMarpHBaeMbIM B

FeOMETPHH.
[TosToMy BBeJeHHOE Bblllie IOHSTHE Yrila ABJSETCSi 060GLIeHHEM 110-

HSITUA YIJa, paccMaTpuBaeMoro B FreOMEeTpHH.
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761°.
762°.

Kakoil noopor HasbiBaioT MoJIHLIM 060pOTOM?

a) Kakoil yron HasbiBaloT Hy/€BBIM; MOJIOMHTENbHBIM; OTPHLEA-
TeJbHbIM?

6) Urto takoe yrosi B onuH rpagyc? CKoJbKo rpanycos COAEPIKHUT
NOJHBIA 060pOT?

763°. Idns moGoro au uncna a CYLLECTBYET yroJl, rpajycHasi Mepa Ko-
TOpOTrO paBHa a?

764. Ha pucynke 62 usoGpaxen yron AOB, NOJy4eHHLIH TTOBOPOTOM
NOABMXKHOTO BekTOpa OT BekTopa OA nmo Bektopa OB. CKoJbKO
NOJIHBIX 060POTOB cofepkuT yroa AOB?

765. Hso6pasuTe Ha KoOpaHHATHOI nockocTH yroa AOB, NOJIyYeHHbBIH
NIOBOPOTOM IPOTHB Y3COBOH CTPEJIKH NOABHKHOTO BEKTOPA OT BEK-
topa OA 1o Bektopa OB Ha:

a) -é— MOJIHOTO 060pPOTa; 6) 0,25 mosnxoro o6opora;
B) % NoJIHOro 060poTa; r) 1,75 nosHoro o6opora;
a) —1 monHbi 06opor; e) —2,5 nosHoro o6opora.
C nomoubio TpaHcnopTHpa u3o6pasHTe Ha KOOPAHHATHOH MJIOC-
KocTH yron AOB, nonyyeHHBIi OBOPOTOM MOABHXHOIO BEKTOpPa
or BekTopa OA 1o Bektopa OB Ha yroa, rpajychas mepa KOTOPOTo
pasHa (766—767):
766. a) 60°; 6) 120°; B) 200°; r) 245°;
n) 270°; e) 300°; X)) 380°; 3) 420°.
yi Ly yh
B3
N a5l N Mo f N s
9] x [9) x \(z x
¥
a) 6) B9
A ya yA
ﬁ \\é 4 /ﬁ- N 4
Q/l Bl x 0 x g J x
)
B B
r) ") e)
Puc. 62
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767.

768.

769.

770.

771.

772.

773.

a) —45°; 6) —30°; B) —120°; r) —160°;

n) —270°; e) —300°; w) —500°; 3) —1000°.
3anuumute rpajycHyio Mepy yraa AOB, H306paXeHHOTO Ha PHCYH-
Ke 63.

CKOJIbKO MONHBIX 0GOPOTOB H B KAaKOM HAINPABJEHHH COMEPXKHT
yroJi, rpafilycHasi Mepa KOTOPOrO paBHa:

a) 700°; 6) —320°; B) 2000°; r) 3800°,

1) —600°; e) —800°; x) —1500°; 3) —2400°?
Omnpenesnte no pHCYHKY 64, a HaWMEHbIUyI0 110 a6GCOMIOTHOH
BeJIMUMHe rpamycHyio mepy yraos AOB, AOC, AOD.

Onpegenute no pucyHKy 64, 6 — 2 HAaUMEHbIIYIO 10 a6COMIOTHOM
BeJM4MHe IpagycHylo Mepy yraos AOB, AOC, AOD, AOE.

[Tocrpofite 6e3 MOMOIM TPaHCIOPTHPa B KOOPAMHATHOMH IIOC-

KOCTH YIVIbI:

a) 90°, 180°, 270°, 360°;  6) 45°, 135°, 225°, 315°;
B) 60°, 120°, 240°, 300°, ) 30°, 150°, 210°, 330°;

n) —45°, —90°, —135°, —180°% e) —60°, —120°, —240°, —300°.
yKamee HECKOJIbKO MOJIOXKHTEJbHLIX H OTpHULATEJIBHBIX yrJaos,
OépHSOBaHHbIX TaKHMH [OBODOTaMH, PpH KaXaoM K3 KOTOPBIX
yroJq Mexiay HadaJjdabHbIM H KOHEYHBIM IOJIOXKEHHEM IOABHXKHOI'O

BekTopa paBeH 30°, —45°, 60°, —90°,

Ui Ua
dANRY! 4
\,O__ Jx [o) x
Y Y
B a) B 6)
yAB UA
|
(AN A
1\
B) B r)

Puc. 63
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774. YkaxuTe HaMMEHBIIHH 1O aGCOMIOTHOH BEJMUHHE YroJ CPeiu
JAHHBIX YIJIOB:
a) 30° +360°-n, tne neZ; 6) —120° +360° - n,rnencZ;
B) 270° + 360° - n, tae n€Z, r) —270° +360° - n, rne n€Z;
) 400° + 360° -n, rne n€ Z; e) —700° +360° - n, rneneZ.

775. llpencraBbre cheaywuide yrael - B BHAe a + 360° - n, rae
0<a<360°, n — HeKOTOpPOE LEJIOe YHCIIO;
a) 400°; 6) —500°; B) 600°; r) —900°.

776. 3anuiuMte rpagycHele Mepnl Beex yraos AOB, AOC, AOD, AOE,
H300paxKeHHbIX Ha pucyHke 64. Hanpumep, Bee yrisl AOB paBHbi
90° + 360° - n, rue n € Z (puc. 64, a).

8.2. PapuanHas mepa yraa

[TycTb nogBHXHbBIA BEKTOP COBEPLIMJ TAKOH MOBOPOT NPOTHB YaCOBOK
CTPeJIKH, YTO €ro KOHeU, [ABHIrasiChb 110 OKPYXKHOCTH, MPOLLeJ PAcCTOSTHHE,
paBHoe pamuycy R 3T0# okpyxHocTH. Toraa rosopsit, uto o6pasoBan yeos,
paduanras mepa KOmopozo pasHa 00HOMY paduany, Wik, KOpoye, yroJ
B OIWH paguad (muuwyt: 1 pan).

MoxHo Takxke cKasaTb, YTO PajHaH — 3TO BEJHYHHA LEHTPANLHOTO
yIj1a OKDYXKHOCTH pajgdyca R, onupawulerocsi Ha ayry aaunol R. V3 reo-
METPHH M3BECTHO, YTO 3TO oMpejedeHHe He 3aBHCHT oT R. [lostomy
06bI4HO BEIGHpalOT R = 1.
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[TockodbKy JJIHHA OKPYXHOCTH paavyca | paBHa 2w, To, COBEPLIMB OHH
TNOJIHBIH 060POT NIPOTHB YAaCOBOH CTPEJIKH, MoJyduM yroa B 2n pan. Caefo-
BaTeJbHO, YroJl B 2m pam M yroa B 360° — 370 oauH H ToT XKe yroa. Ho

Torga yroa B 1° u yroa B Z?é% pan = ﬁ pajl TakxKe OfMH U TOT K€ YroJ.
[Tosromy nuiyt: 360° = 2n pan,
o—_T_
1° =15 pan,
—360° = —2x pag,
I pan = 12~ 57°17'45" ~ 57,296°.

—5 pan = —2 - 180° ~ —286°,

o pon = (122

CuaoBo «pagdHaH» B TAaKHX 3alIHCAX 0O6BIYHO OITyCKAIT, HO Nnojipasyme-

—60° = —E& | = 180°
3’ T

[+

paloT ero. Hanpumep, nuwyt: 180° =,

?

o T_ ~
1° = 180 0,017453....

[Tockoabky
m -_3
I =_2q— 2m,
2 2

TO, COBEPUIHB MOBOPOT B TPH YETBEPTH MOJHOr0 060pOTa MO YACOBOK
CTpeJiKe, 3aTeM MOJHBIH 060POT 110 YAaCOBOH CTpEJKe, [OJYYHM yroJ

B —-72—” (puc. 65, a).

IMockoabky

e — % 4+ 2-2n,
4 4

TO, COBEpIUHB NNOBOPOT B BOCbMYIO 4aCTb ITOJIHOTO 060p0Ta IIPOTHB 4aco-
BOH CTpPEJIKHM, a 3aTe€M [Ba IOJIHbIX 060p0Ta [IPpOTHB 4aCOBOH CTPEJIKH,

MIOJIYYHM YToJ B 1—‘715 (puc. 65, 6).

Yip YA
B

Puc. 65
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Aast 106010 AEHCTBUTENBHOTO YHC/A O CYLIECTBYET, H IPHTOM TOJIBKO
OIIMH, YTOJ, pafiiaHHasi Mepa KOTOPOTro paBHA O PajMaH.
YcsoBuMcsa Jajiee BMECTO CJIOB «YroJ, pajMaHHasi Mepa KOTOPOTo
paBHa o pajHaH», FOBOPUTb KOPOTKO KYIOJ Q».
OTmeTuM, 4to M0OGOE NEHCTBHTEJNbHOE YHC/IO (L MOXHO 3alHcaTh B
BHJIE
o= o, + 2nk,

rae 4HUCJIO O, YAOBJICTBOPACT HEPABEHCTBAM
0< o, < 2m,

a k — HeKOTOpOe LeJoe YHUCIO.

[Tostomy npu k# 0 yron o MOXKHO MOJYYHTb KaK pesyabTaT ABYX
MOBOPOTOB: 1) B MOJIOXKUTENLHOM HANPaBJEHHH Ha yroa o, u 2) Ha k|
MOJIHBIX [OBOPOTOB (B MOJIOXKHTEJNLHOM HampaBJeHHd npu k>0 u B
OTPHLATENIbHOM HamnpaBJieHHH npu k < 0).

Ilpumep 1. Tak kak

197 _ 3z .
" 4+2 2m,

197
TO YFOJI B ~2= MOXHO FOJy4HTh KaK Pesy/IbTaT ABYX 0BOPOTOB: 1) B 1o~

JIOJKHTE/bHOM HallpaBJIEHHH Ha yroJ 34—“ H 2) B NOJIOXKUTENLHOM HaNpas-
JIEHUH Ha 2 MoJHbIX 060poTa.
Ilpumep 2. Tak Kak
1l T
—_—_ == - .
5 5 3 2m,
11

TO YTOJI B ~<% T MOXHO TOJIyYHTb KaK PeayJIsTaT ABYX 0OBOPOTOB: 1) B 1o-

JIOXKHTEeJNbHOM HalpaBJie HUH Ha YroJ g H 2) B OTpHLATEIbHOM HAIpaB-

JeHHH Ha 3 noJHbIX 060poTa.

777°. a) Uro Takoe yroa B | pamuan?
6) CkosbKO pafMaH COAEPXKHT MOJHBIH 060POT; MOJOBHHA I10J-
HOTO 060pOTa; YeTBEPTh NMOJHOr0 060poTa?

778. BbipasuTe B pajuaHax BeJHYHHY yrJa, rpafycHasi Mepa KOTOpPOro
paBHa:
a) 360°; 180°; 90°; 270°; 0°; 6) 45°; 135°; 225°; 315°;
B) 60°; 120°; 240°; 300°; r) 30°; 150°; 210°; 330°;
n) —45° —90° —135° —180°  e) —270°;, —360°;, —1800°.

779. BoipasuTe B rpajycax BeJIHUHHY yrjia, paauaHHas Mepa KOTOpPOTo

paBHa:

a) 2m m; 2 3% 0; 6) Z;3n; 8x; I,

B) 2, 2%, 4m; 5%, ry £; %%, I, Ly

ﬂ)‘g§—-l%;*i—n§—5—g; e)—i‘—;—%;—%;—%‘
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780. Cumuras, yto n = 3,14159, onpegesnte ¢ HEJOCTATKOM C TOYHO-
ctoio g0 0,01 pagnanHyio Mepy:
a) nosHoro 060poTa;
B) 4eTBEPTH NOJHOTO 060POTA.

781. HaBecTHo, uto | pan = 57°. Uso6pasute Ha ra1a3 yroa B 1; 2; 3;
4; 5; 6 paguan. [IpoBepbTe CBOH IJla3oMep, H3MepPHB TOCTPOEH-
Hbl€ YIVIbL C TOMOLUBIO TPAHCIIOPTHPA.

782. Kakoii yroa 6o.blue:
a) B 3 pagMaHa WM B Tt pajuaH;
6) B 6 paguan wau B 27 pajuan’?

783. CKOJIbKO MOJHBIX 0GOPOTOB H B KAKOM HallpaBJEHUH COAEPHKMT
yroji, paadaHHasi Mepa KOTOPOro paBHa:
a) 4n;, —6m; 127; —7x;

6) —0,5m; B%n; —13,2x; 21,7m?

784. Ha30oBHTe HECKOJBKO MOJIOXKHTEJNbHbIX H OTPHLATENbHBIX YIJIOB,
06pa30BaHHBIX TAKHMH TIOBOPOTaMH, IIPH KaXIOM H3 KOTOPBIX
YroJl MeX/y Haya/lbHbIM M KOHEYHbIM T0JIOKEHHSIMH NOJBHXHOTO
BEKTOPa PaBeH:

a) & 6) 3 B) -5 r) -5 - |

785. 3anuwuTte B BHAe o + 2% 7, TAe 1 — HEKOTOpOe LeJoe YHC-
a0 (0 < a < 2r), crenyroumpe yuca:

a) 6,5m; 6)-g-n; B)—-IQ%R; r)—l7%n.

786. Ilo pucyHky 64 onpefenure:

a) HaHMEHbILYIO NOJIOXKUTENbHYIO; HAHMEHbIIYIO 110 a6COJIOTHOM
BeJIMuMHe pajuanuylo mepy yraos AOB, AOC, AOD, AOE;
6) paauannyio mepy Bcex yraos AOB, AOC, AOD, AOE.

787. a) ITocTpoiiTe OKPYXXHOCTb pajHyca D CM C LEHTPOM B Hauasie

cuctemsi KoopauHat. Touky ee nepeceyeHHs ¢ MOJNOXKHTENbHOM
noayocblo Ox o6o3naubTe A, Cuntas OA, HaYaJbHBIM MOJIOXKeE-
HHEM TOABHXKHOIO BEKTOpA, MOCTpoHTe (C TOMOUbI0 TPaHC-
noprupa) sBekrop OA,, Tae o — rpajycHasi Mepa yrja noBopora
NOABWXHOTO BEKTOpa. BhiMoJHMTE 3ajaHue NMPH o, paBHOM 0°
30°; 45°; 60°; 90°.
6) IocTpoiite ToukH, CHMMeTpPHUHble TOYKaM A, OTHOCHTEJbHO
ocu Ox; ocd Oy; Hayana cucTeMbl KoopauHatr. OnpefennTe yrod
MOBOPOTA, MPH KOTOPOM TouKa A, NEPEXOAUT B NOCTPOEHHYIO
TOUKY.

6) NOJIOBHHBI [10JJHOTO 060POTa,

8.3. Onpeaenenne CHHYCa H KOCHHYca yraa

Jlaee paccMaTpHBaeTcs NpsIMOYroJibHasi cHcTeMa koopaunat xOy, y
KOTOPO# MOJIOXKHTebHAs noayoch Ox HanpasjieHa BNPaBO, a MOJIOXH-
TenbHas nojyock Oy HampabjeHa BBepxX. HamoMHHM, 4TO €LMHHYHBIM
BEKTOPOM KOOpPJMHATHOM 0CH OX Ha3blBaeTCs BEKTOP, HMEIOLIUH JUTHHY 1,
Hauasio B Touke O W HanpaBJeHHbIN BAOJb MOJOXKHTENbHOM noayocy OX.

159



Eounuunoi okpyicrocmoro B TPHrOHOMETPHH HA3bIBAIOT OKPYXKHOCTD
pamuyca 1 ¢ ueHTpoM B Hauajle CHCTeMHBl KoopauHat xOy TpH yCJIOBHH,
4T0 elMHHYHbIA BekTOp OA ocu Ox NpPUHAT 3a HayaJbHOE NOJIOXKEHHE
MOABHKHOTO BEKTOPa M YTO HampaBJeHHe NOBOPOTA MPOTHB YacoBOMH
CTPEJIKH TIPUHATO 32 MOJIOXKHUTENbHOE. -

[lycTb noaBixKHBIH BEKTOD, COBEPIUHB NOBOPOT 0T BekTopa OA 10 Bek-
Topa OB, o6pasyet yroa AOB, pagnaHHasi Mepa KOTOPOrO PaBHA O. PaJHaH.
Touky B enuHHYHOH OKPYXKHOCTH HA30BeM TOYKOH, COOTBETCTBYIOLIE
YrJy O, WK TOYKOH o (pHC. 66); oTMeTHM, YTO ToYKa B COOTBETCTByeT
TaKkxe Jo6oMy yriy o + 2nk, rne k € Z.

Yucno, paBHOe opAMHATE TOYKH €AMHUYHON OKPYKHOCTH, COOTBET-
CTBYIOLIEH YTy O HAa3bIBAIOT CUHYCOM Yzaa O, u 0603HAYAIOT Sin O, T. €.
sina=y.

Yucao, paBHoe abcuMcce TOUKM eJUHHYHON OKPYKHOCTH, COOTBET-
CTBYWOUle# yriy O, Ha3bIBAlOT KOCUHYCOM Yy2aa O, U 0603HayalOT
cos O, T.e.

cos o= x.

3ameuanue. [nd yrioB, paguaHHash Mepa KOTOPBIX 3aK/IIOYEHA
Mexnay 0 u T, npuBefeHHble ONpefie/eHUsI CHHYCA H KOCHHYCA Yrja COB-
najaioT ¢ onpejeJeHUsIMH, H3BECTHBIMH H3 Kypca reOMeTpHH.

M3 ckasanHoro ciegyer, 4to ans Jo6oro yraa o

a) CyLIECTBYeT CHHYC 3TOTO YIJia, U NPUTOM eJUHCTBEHHBbII;

6) cyliecTByeT KOCHHYC 3TOrO YR&&8, U NPHTOM eIHHCTBEHHbLL.

IIpumep [. Bouncnum: sin 0 u cos 0, sin -3-2’—‘ H CcoS %
¥Yrany nosopota 0 pamuan coorBerctByer Touka A (1; 0) (puc. 67),
cienoBaresbHo, sin0 =0, cos0=1. Yray 32—" COOTBETCTBYET TOYKa
B(0; —1) (puc. 67), cregosartenbHho, sin %ﬁ = —1, cos %E =
51 5

[Ipumep 2. Boiuucaum: sin = Hcos T".
Tak kak %’1 =n +% , TO, OMYCTHB H3 TOYKH B, COOTBETCTBYyMUIEH yr-

ay %n‘ , meprienaukyasp BC Ha ock Ox (puc. 66), nosyunm, 4To B npsiMo-

yA vA

B(0; -1)

Puc. 66 Puc. 67
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yA

/\A(l;o)‘ (‘

VJB o " - 0)!
a)

6)
Puc. 68
Y1B(0; 1) ‘
A
/\A (I;Q \A(l; (Q
0] g x O x
\J |
B(©0;-1)
a) Puc. 69 6)

yroabHoM TpeyroabHike BCO yron COB pasen % = 45°, Ho TorAa Tpe-

yroapuuk BCO paBHOGe/peRHbl, T. €. BC = OC. Tak xak OB = 1, 10, Hc-
= — A2

nosbays Teopemy Iludaropa, nosyuum, yro BC = OC——-2—. Tak kak

Touka B (x; y) HaxomuTcsi B TpeTbel YETBEPTH, TO 06e ee KOOPAMHATHI

OTpHIaTe/bHbl, CJIEA0BATENbHO, X = —0C, y = —BC, 1. e. To4Ka B umeer
5
KOOPAHHATHL (——“-/2-_2—; —if—) . Tak xak Touka B cOOTBeTCTBYyeT yrJjy T" , TO
in BT — _ 2 Br — _ 2
sin 2% A5 M cos 5 5

Mpumep 3. Haitnem Bce yrilbl ., JUIsl KAXIOTO M3 KOTOPBIX Sifl & = 0.
Us onpemenenus cuHyca yria caefyer (puc. 68), uro sin 0= (_)_,
sint =0, sin (—x) = 0, sin 2x = 0, sin (—2n) = 0, sin 3 = 0, sin(—3n) =
=0, .. Te.
sinkr =0

- st MoGOTO LeJsIoro Yucaa k.

Takum o6pasom, sin o = 0 ais yrjios o = kT_t, roe k — Jqwoboe 1enoe
yueno. Jlisi NOGBIX YIJIOB O, OTJIMHHBIX OT KT, sin o # 0.

Mpumep 4. Haiinem Bce yriabl o, [VIsi KaXIO0r0 W3 KOTOPBIX COS & = 0.
T[ =
U3 onpesesieHUs KOCHHYCa yraa cielyet (puc. 69), 4to cos 5 0,
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cos( 2) 0, cos(32") 0, cos( 32") 0, cos (52") 0, cos( 5")=0,

vy T.E.
cos (% + kn) =0
Aas o6Ooro Lenoro yueaa k.

Takum o6pasom, cos o = 0 215 yIJIOB & = + kx, rae k — moboe Le-

Joe yueno. JJist Jilo6GbiX YIJIOB o, OTJHYHBIX OT % + kn, cosa # 0.

M3 reomeTpuM yXe M3BECTHbl CHHYChl M KOCHHychl yraos: 0 = 0°,

-’é = 30°, % = 45°, % = 90°. Huxke npuBoauTcsi Tab/uLa CHHYCOB H KO-

CHHYCOB 3THX YIJIOB.

x n T 3
o 0 6 ry 3 2
1
sina. 0 9 “—é—é %‘5’ 1
1
cos o 1 ”g’ “g 9 0

Jlast Apyrux yrioB, pajHaHHas Mepa KOTOPHIX 3aK/JIKUYeHAa MeXIy
On % , HX CHHYCbl ¥ KOCHHYCHl MOXXHO HaXOJHTb C MOMOLIBIO CrielHaJbHbIX

TPUTOHOMETPUYECKUX TAGJIML, WM 3JIEKTPOHHBIX KaJbKyJISITOPOB.

B caeayouieM nyHkTe GyAyT moJydeHbl GopMyJsl AJs $in o, H COS (.
C HX MOMOLUBIO BbIYHUCJ/EHHE KOCHHYCOB ¥ CHHYCOB JIOOBIX YIJIOB MOXKHO
CBECTH K BBIUHCJIEHHIO KOCHHYCA HJIM CHHyCa HEKOTOPOro yIia, pajHaHHas

Mepa KOTOPOro 3akJ4uYeHa Mexay Ou -121 .

]
788°. a) UTo B TPUTOHOMETPHH HA3bIBAIOT EAUHHYHOM OKPYXKHOCTBIO?
6) Kakyo TOYKy eIHMHHYHOH OKPYXHOCTH HA3bLIBAIOT TOYKOM, CO-
OTBETCTBYIOILEH yriy a?
B) UTo Ha3LIBAIOT CHHYCOM yIJa O; KOCHHYCOM yria o?
r) Jlasi Kakoro yrJia o CyLIecTBYeT sin a; cos a?
A) Has AaHHOTO yryia o eIMHCTBEHEH WJIH HeT sin a; cos a?
789. a) TlocTpoiiTe eIHHHUYHYIO OKPYAKHOCTb.
6) Kakoii BeKTOp NMpHHMMaeTcs 3a HayaJbHoe MOJOXKEeHHe MNoA-
BHXKHOTO BeKTOpa’
B) Kakoe HanpasJsieHHe MOBOPOTA MPHHSATO 32 MOJOXKHTeJbHOE?
790. as kakux yrjos o: a) sina = 0; 6) cos a = 0?
791. Hatinure:

a) sin 0% 6) cos 0; B) sin 90°; r) cos %;
) sin 180°; €) cosT; *) sin 270°;  3) cos 270°;
") sin 2m; K) cos 360°; a) cos 0°.
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792.

793.

794.

795.
796.

797.

798.

799.

800.

801.

HMcnonbsys cBoiicTBa NPSMOYTOJIbHBIX TPEYTOJNLHHKOB, HAMLHTE:

a) sin 45°; 6) cos %; B) sin %;
r) cos 30°; 1) sin 60°, e) cos % .
IMocrtpous yroa, suiuucaure (793—795):
a) sin 120°; 6) cos %"; B) sin 135°; T) cos 34“ ;
A) sin 56“ ; e) cos 150° k) sinmr; 3) cos 180°.
a) sin 225°; 6) cos( 3“), B) sin(—mn);
LA : . 3

r) cos (—5), I) sin (——;‘-), e) cos 2" .

Ilx . 1 . .
a) sin 2“, 6) cos (—%), B) sin 73" ;  T) cos (—1%").
Ha munnumerpoBoii GyMare mocTpoiiTe CHCTEMy KOOPIAMHAT C €U~
HHU4YHBIM otpe3koM 10 cm. TlocTpoiiTe OKpYKHOCTH C LEHTPOM B
HayaJjle KOOpAHHAT, npoxoisulyro uepes Touky (1;0). Hasigure
IIPHOJHIXEHHO (C TOYHOCTBIO O COTHIX):
a) sin 30°; 6) cos 60°; B) sin 150°;
r) cos 150°; n) sin 190°; e) cos 250°;
XK) sin 250°; 3) cos 300°; u) sin 300°.
a) Ha eaunnuuo# oxpyxmocm HOCTpoﬁTe TOYKH A, COOTBETCT-

T 1

BYIOLLMe yrjaM o, paBHbiM 0, 6 4 05

6) IocTpoiTe TOYKH, CHMMeTpUUHBIE TOYKAM A, OTHOCHTENbHO
ocH Ox; ocu Oy; Hayasa CHCTEMbl KOOPAMHAT.

B) Onpenenme PaJlHaHHYI0 Mepy YTJIOB, KOTOPBIM: COOTBETCT-
BYIOT NOCTPOEHHBIE TOYKH.

Haiigure cHHYCH M KOCHHYCHI Caefylolux yrjos (k — Jo6oe
ueJsoe gucao) (798—799):

a) g + 2nk; 6) —g + 2nk; B) m + 2mk;
r) —m + 2nk; 1) 2nk; e) 4nk.
a) mk; 6) —nk; B) %;

T . T .
r) -5 a) 3t nk; e) —g + nk.
BepHo siu paBeHCTBO:

a) sm(—ﬁ— —sm2, 6) cos (_Z) cos 71_ ?

a) OTmeTbTe Ha eIHHHYHON OKPYKHOCTH NPHMEPHOE TOJIOXEeHHe
TOYEK, COOTBETCTBYIOLIMX YIJIaM, PaJHaHHast Mepa KOTOphLIX paBHa 1,
2,3,4,5,6,7.

6) OnpeneJmTe ¢ To4HOCTbIO 10 0,1 3HAYEHHS] CHHYCOB M KOCH-
HYCOB 3THX YIJIOB.

B)* Ecai 0TMeyaTh Ha €AHHHYHON OKPYXXHOCTH TOYKH, COOTBETCT-
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BylOllMe yIJiaM, pajidaHHas Mepa KOTopbix paBHa 1, 2, 3, 4, ...,
MOTYT JIi Kakue-HHOYIb U3 3THX TOUEK COBMACTbH?
802. OmnpenennTte 3HaK YHCJa:
. n\. _
a) sin 4; 6) cos% ; B) sin (—-2—), r) cos (—4).

803. BoiroJHseTCs M PAaBEHCTBO COS O=SiN O, IPH KakoM-HUOyIb O
[MpouniocTpupyiiTe CBOE pellleHHe Ha PHUCYHKe.

804. OTMeTbTe Ha €IMHHYHON OKPY)KHOCTH TOYKH, COOTBETCTBYIOLIHE
yryam o, AJis KOTOPbIX: . '
a)cosa>0; 6)cosaa<0; B)sina<O0; r)sina>0.
Yro Goabue (805—806):

805. a) sin 40° uau sin %; 6) cos % WM cos 60°;

B) sin 120° wuam sin 130°; r) cos %T" WU COS T,

n) sin 300° wuau sin 130°; e) cos % HIH COS I ;
x) sin(—400°) uau cos 120°; 3) cos % WJIH sin (—g)?

6) cos 4 uau cos b;

806. a) sin 3 uau sin w;
' r) sin(—2) uau cos 2?

B) sin 1 uan cos (—1);
807. OnpenesuTe 3HAK NPOM3BENEHHUS:

a) cos 130° - sin 170°; 6) sin 3% | cos 2E ;

4 3

. 5 1 _( 17n
B) sin (—%) -cos(—-sﬁ); r) cos— - -sm(—T).

YnpoctuTe uncioBoe Beipaxenue (808—809):

808. a) 3 cos 0+2 sing —4 cosg —7 sin (—n);

6) 00512‘— —3 sin (—?’41')+4 cos (—2m)—2 sin (—3m).

a) sin—;E + cos(—?ﬁ)—2 sin (—%)+2 cos 2F .

809 : u

6) 3 cos% -2 sin%’E +7 cos(—%:—t)—sin(—%n).

810*. Jlokaxure 4To ec/iv Touka A, eJHHHYHOH OKPYKHOCTH COOTBETCT-
ByeT HEKOTOPOMY PaLMOHaJbHOMY YHMCJ]y, TO OHa He COOTBETCT-
ByeT HMKAKOMY [PYyroMy pPalHOHAJIbHOMY YHCIY.

8.4. Ocnosubie opmyabt 0as sin o U cOS ¢
Teopewma 1. s 2106020 yera o.cnpagediuso pagencmso

in’ a1 (1)

sin“ o + cos” o .

DT0 paBeHCTBO HA3bIBAIOT OCHOBHbLIM TPHTOHOMETPHUECKHM TOX-
NEeCTBOM.
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HokaszatenancTso. Kak usBecTHo, OKpyXXHOCTD panuyca 1 ¢ ueHr-
POM B Hayajle KOODAUHAT HMEET ypaBHEHHE

LHy=1. (2)
Kak cienyet u3 onpeaeJieHust cuHyca KOCHHyca yrJja o, To4ka B (x; y),

NMpHHaANeXKALAA 3TOH OKPY>KHOCTH H COOTBETCTBYIOLLASA YIJIy O, UMeeT
KOOpAUWHATHI

X=CoS o, y=sin a, (3)

KOTOpBI€ YAOBJIETBOPSIIOT ypaBHeHHo (2). [ToacTaBiss X 3HAY€HUs B ypaB-
HeHHe (2), nosrydum paBeHcTBO (1).
Teopema | nokasasna.

Tlpumep. Bouvcaum sin o, ecau cos a=—% H O MPHHAIJIEXKUT HH-
TepBaJy (n; %") .
M3 0CHOBHOTO TPHIOHOMETPHYECKOTO TOXIECTBA CJeIyeT, 4To sin’ o=

2
=] -—ucosz o=1 —(—-%) = —é—g— . lnst moGoro yria o ¥3 ykasaHHOTO HH-

TepBaJa sin a<0, caegoBaTesbHo, sin a=— /—;g =—§ )

Caencrtaue. [asa 4106020 yera o cnpasediuso. Hepasencmsa
Isina| <1, |cosa| <1. 4)
JlefiCTBMTENBHO, TAK KaK cos’ o > 0 Vst mo6oro yraa o, To
sin” o < sin® o + cos® a,
OTKYJ@, NPUMEHsIs OCHOBHO® TPUIOHOMETPUYECKOE TOXAECTBO, MOJYYHM,
yTo sin” o < 1 wim |sina| < 1.
AnanoruyHo 0KasbiBaeTcs ClpaBeJIMBOCTb HepaBeHcTBa |cos ] < 1.
3aMeTHM, uTO HepaBeHCTBaA (4) MOXHO 3amHCaTh Tak:
—1<sin a<1,
—1<cosax<l.
Teopewma 2. aa aw0boeo yera a cnpasedausel pagencmsa
: cos (—a)=cos a, (5)
sin (—a)=—sin a.
Jokazarteanbctso. Touka B,

COOTBETCTBYMOLIAsA yray o, H Touka B, ui
COOTBeTCTBYWOIas yray (—a), cuM- B;
MeTpHUYHLI (puc. 70) OTHOCHTEJBHO OCH o
Ox. TlostoMy aGCLHCCHI 3THX TOYEK PaB- \ (1; 0)
Hbl, a3 OpPAMHATHl pPaBHbI 110 AGCOJIOTHOM .t
BEJIHYHHE, HO MPOTUBOMOJIONKHEI [0 3HA- o) / x
Ky, T. €. ODAHHATHl — MPOTHBOMOJOXKHbIE o
yhucaa.  CaepoBaTenbHO,  CIpaBelJIHBLI B
paBeHcTBa (5).

Teopema 2 pokasana. Puc. 70
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ITpunmepui.

sin(—%)= —sin% = —%, cos (—30°) = cos 30° = 2=

vle)

sin (—45°) = —sin 45° = ——é—f, cos (——%) = cos—z- = %2—
Teopema 3. [na aw0boeo yera o u 2106020 yero2o uucaa k
cnpasgedausol pagencmsa
sin (o +2km)=sin a, (6)
cos (o +2km)=cos a.

Jloka3aTedbCTBO. YryiaM o M a.+2RT COOTBETCTBYET OfiHA H Ta
ke Touka B (puc. 71) emuHuuHOH OKpyxHOCTH. [losToMy cmpaBeiJIHBbI

paBeHcTBa (6).
Teopema 3 nokasaHa.

[Ipumepe.
sin(lz‘- + Qn) = sin% =], cos(%— lOn) =C0s % =0,

cos 300° = cos (360° — 60°) = cos (—60°) = cos 60° = %
sin 660° = sin (720° — 60°) = sin (—60°) = —sin 60° = — %97
PaBenctBa (1), (5) u (6) HA3BLIBAIOT OCHOBHBLIMH (OPMYJIaMH st
sina H cos a.
B panbHelillleM HaMm MOHAZoOO6sITCA elle clefyloliye GopmyJibi:
sin(n + a) = —sina, (7)
cos (®m + a) = —cos d.

IMokaxkeM, 4TO 3TH pPaBEHCTBA CNPaBeMIUBBI A JOOOro yraa o.
IlelicTBHTENILHO, TOYKA B, COOTBETCTBYIOWAs YINy &, H TO4Ka B, COOTBeT-
cTByiowlas yray (o+7), CHMMeTPHYHbI OTHOCHTEJIbHO HayaJja KOODAMHAT.
ITostoMy a6CcuMcChl M OPAHHATH 3THX TOYEK — MPOTHBOMNOJIOXKHbBIE YHCIA.
CunenoBaTeJibHO, CripaBe/nBbl paBeHcTBa (7) (pHC. 72).

Y4 y
B
A\ Maa:o
0] x
o+ By
Puc. 72

166

llpumepet.

5n _ T
sm—" sm(n+%)— smi‘-— 22,
cos 225° = cos (180° + 45°) = —cos 45° = — 2,
sin 240° = sin (180° + 60°) = —sin 60° = — &2,
47! _ T} e — x__1
cos 3 cos (Tt + g) Cos 3

811.
812.

813.

814.

815.

816.

817.

818.
819.

820.

821.

822°,

3anuuinTe OCHOBHOE TPUTOHOMETPHYECKOE TOXAECTBO.

KakuM uucsiom orpannues: a) |sina|; 6) |coso|min no6oro
yraa a?

a) KakoBbl oCHOBHbie (OpMy.ibi A5t Sin o M COS & ?

6) Kakue 3Haku MMEIOT CHHYC H KOCHHYC yrJa O, €CJHd. TOYKa
€IMHHYHON OKPYXXHOCTH, COOTBETCTBYIOILASA YIJIY O, PACIOJIOXKe-
Ha B | yetBeprH; Bo Il yerBepTy; B HI yerBeptH; B IV yetBepTH?
CyumiecTByeT Ji Tako# yrosa o, Ajsi KOTOPOTo:

-a) sin a=—1,cosa=%; 6) sina=l/2——2_,cosa=—§—;
3 4 . : 12 5
B) sin a=2, cosa== r =— 1z =5 3
) 5 5 ) sina i3 cosa 3
BosmMoxxHo Jlj_paseﬂcmo
a) sin a=—43; ) cos a=A3—1; B) sin a=§;
r) sina=-——“‘3“; 1) cosa=£/3—_; e) cosa=—-1?:-?
Bruiuucaute sin o, ecau:
= 1 . 1 3n
aycosa=—-=-,0<a<Z; osa=—=,n<oa<z2L,
) vl y O<a 5 6) cos o go <<
BblyncauTe cos o, ecu:
a)sina=0,8,£<a<n; 6) sina = —0,6, 3% < a < 2.

2
Ynpoctute Boipaxenue (818—821):

a) l—sm2a 6) l—-cos a;

B) sina—1; r) cos’ a—1.
a)(l+sma)(l sina); 6) (cosa—l)(l+cosa)
B) cos’a— sin‘a+1; r) 1+ sin’ a— cos® a.

a) sinfa . ) cos’a . ) 1 - sin’ a ) cos’a -1

I +cosa’ sina—1"’ cos?a sinfa
[ie yroJ o Takod, 4YTO 3HaMeHaTeJb ApoGH He ob6pailaercs B
HYJIb.

a)l—sma—cosa 6) sin*a — cos’ a;

B) sina — cos*a — sm2a + cos’a;

r) (sina +cosa)’ + (sin @ — cos a)

Moxer M CHHyC WJIH KOCHHYC yrja NMPUHHMAaTb 3HAYEHHS, 110
abCoJIIOTHON BeJIHUMHE GOJblINEe €IHHHUIILI?
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823.

824.

825.

826.

827.

828.

829,
830.
831.
832.

833.

834.

835.

836.

Ecm0< a < % U sin o=1+5, To KaKue 3HaYeHHs] MOXKET IPH-

HUMaTh b? OnpegeJure cos a.
MOo3XKeT i KOCHHYC Yr/ia ObITb PaBHBIM:

a)__?_l. 6) Jf3-2 . B) . r) Sing?

37’ ‘/é_l , sin% ' cos%
Briuucnure:
2 6o (-5) = 2in (-5) = 5 (-32) + cos ()

6) 3 sin (—%") — 4 cos (—%—Tﬁ) + 5sin(7n) + cos(—11x).
OnpepeJiute 3HaK NPOH3BEJICHHS:

a) sin 157° sin 275° sin (—401°) sin 910° sin 328°;

6) cos 73° cos 140° cos 236° cos 301° cos (—384°) cos 1000°.
Haiimure Bce yrant o u3 uHTepBana (0; 2m), mns xaxaoro M3
KOTOPBIX CIPaBEAJIHBO PaBEHCTBO!

a) |sina{=sina; 6) |cosa| = —cos a.
PacmosioxuTte B HOpPsiAKE BO3paCTaHHS YMCIA:

a) sin (—55°), sin 600°, sin 1295°;

6) cos 653°, cos (—68°), cos 295°.

Cpasuure (829—831):
a) sin 91° u sin 92°;

B) sin 354° u sin 959°;

a) cos 101° u cos 157°;
B) cos 1000° u cos 2000°;
a) cos 1,6m u cos 1,68mw; 6) sin4,5 u 0

B) cos b,1m u cos br; r)sinl u cos 1.
JloKaXKHTe CrpaBeaIMBOCTb PaBEHCTBA!

a) sin(n — o) = sin a; 6) cos (m—a )=—cos a;
B) sin(3n — a) = sin «; r) cos (bn—a )= cos a.
YOpocTHTE BbipaXKeHUE!
a) sin(—a + m);

B) sin (o + 7x);
Beluucaure:

a) sin(% + 31‘5); 6) cos(%—Sn); B) sin (Q%n).

6) sin 195° u sin 200°;
r) sin 734° u sin (—1066°).
6) cos 190° u cos 200°;
r) cos 860° u cos 510°.

6) cos(m — a);
r) cos (o — 9n).

YnpocTHTe Bbipa:KeHHe:
a) s?n(n+a)cos(n—a); 6) ct?s(n—a)Cf)s(n+a);
sin(a — ) cos (o + 1) sin (e —7)sin (n + o)
B) sin(a — w)sin (o + 1) — cos (n + a) cos (o — m);
r) sin(2r + a) sin (3x — a) — cos (3w + a) cos (o — 2m),
rjie B 3aJlaHUAX «a» U «6» yroJ o TakoH, 4TO 3HaMeHaTeJb APoOH
He o6paujaeTcsi B HyJb.
Jlnsa mo6oro Jid yrja o copaBefJdBO PaBEHCTBO:
a) cos o = cos |al; 6) sin o = sin|a|?

8.5. TaHreHc M KoTaHreHc yraa

Yucao, paBHOE OTHOIIEHHIO Sill O K COS ¢, HA3LIBAIOT TAHTE€HCOM
yraa o 4 o6o3Havaiot tg a, T. €.
— sina
tgo cosa (1
TanreHnc yraa o onpegeJsier AJsi BCeX yIJIOB o, 32 HCK/IIOUEHHEM TeX,
IJ1s1 KOTOPBIX €OS o paBeH HyJo. [1o3ToMy B onpenesieHud tg o JOKHBI

ObITh UCKAIOHEHbL BCE yrJabl

a=g+kn, (2)

rae k — Jo6oe 1es0e YUCI0.

M3 onpepenenus cienyet, yTo As J060ro yria o, He COBHaaUIETO
HU C OJHUM M3 yryioB (2), TaHT€HC 3TOr0 YIJla CYLIECTBYET, H IIPHTOM
eIMHCTBEeHHbIH.

Yucao, paBHoe OTHOWIEHHIO COS O K Sin o, Ha3bIBAIOT KOTAHT€HCOM
yria o ¥ 0o6o3navaiot ctg o, T.e.

— COS O
Ctg a= m . (3)

KoTaHreHc yryia o onpeneJieH sl BCeX YIVIOB O, 33 HCKJIOYEHHEM TeX,
AJs1 KOTOPHIX Sin o paBeH HyJo. ITosToMy B onpeaenenuu ctg o H0/XKHbI
OBITb LCKAIOUEHbL BCE YIJIbl

o = km, (4)

rae k — mo6oe 1esoe 9UCTIO.

W3 onpepenenus cieayer, 4To Anf A060T0 yraa o, He COBIAJAIOUIETO
HH C OJHMM H3 yri0B (4), KOTAHTEHC 3TOrO YIJa CYIIECTBYET, H IPUTOM
€AUHCTBEHHBIHA.

U3 paBeHncts (1) n (3) crenyer crpaBelJIHBOCTb PaBEHCTBA

tga-ctga=1 (5)

JJIsi BCEX YIJIOB oL, IJIS1 KOTOPBIX CYIUECTBYET OZHOBPEMeHHO H g o H ctg a.

JleBast yacTb paBeHCTBa (D) cyulecTByeT Ui BCeX yIJOB, 32 HCKJIO-
yeHHeM TeX, AJIst KOTOPbIX WK sin a = 0, uiu cos a = 0, nostoMy dopmy-
sia (D) crpaBef/HBa IJis BCeX YIVIOB, KPOMe YrJjioB

Y

9 ’

rae k — mo6oe 1esoe 4UCII0.
W3 onpeneneHnst TaHreHca 1 KOTaHreHca yIJia cleyeT, HallpHMep, 4To

T 1
fgI— 6 _ 2 _.5
6 cos = 12.3_ 3

tg45°= sin 45° __ 1, tg60°= sin 60° =A/§.

cos 45°
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TauHreHc yraa % He CYIIeCTBYET, OTOMY 4TO COS g = 0, Ho cylecTByeT

KOTAHI'€HC yIJa g .

T _ 2 _0_
Ctg_i_msinﬂ—l 0
2

Jas yraa 8 0 paguaH, Ha060pOT, He CyLIECTBYeT KOTAHIeHC, I10TOMY YTO
sin 0=0, HO CylLleCTBYeT TaHIeHC:

OcHoBHbiMu dopMynamu uis1 tg o SIBJASIIOTCS CAedyloLlHe:

tg (—a) = —tga, (6)
tg (o + n) = tg a, (7)

rie n — Ja6oe 1eJ0e YHCIO.

KoHeuHo, 3TH paBEHCTBA BepPHbI TOJBKO Ul TAaKHX YIVIOB o, AJs
KOTOPbIX OJIHOBPEMEHHO HMEIOT CMBLIC/ NpaBble H JieBble YaCTH.

Jlasi mo6oro yryia o, A KOTOPOro CyllecTByeT g a, T. e. AJs yraa,

OTJMYHOrO OT yIVa o =12‘— + kn, tne k — mo6Goe Lesoe 4YHCI0, HMeeT
cMbica ¥ tg (—a), u tg (a+mn). Tlokaxem cnpaBeaHBOCTb paBeHCTB (6)

u (7) mis moGoro Takoro yraa o. HMcnosb3sys dbopMydbl Ajst cos o U sin a,
HMeeM

tg(—a) — sin(-a) _ —sina __ —tg o

cos (—a) cos a

Ecau n — 4etHoe yHcao, T. e. n = 2/, rae | — uenoe yucJo, 10

tg (a + nn) = tg (a + 2In) = :;222:373— M — tga.

Ecau n — HeueTHoe uMcdio, T. €. n = 2] + 1, rne [ — nesioe 4ucjao, To

tg (o + nn) = tg (a + n + 2in) = Snlatn+dn

cos (o + n + 2im)

= {g a.

- sin(a+m) _ —sina
cos (o + 1) —Cos o

Takum 06pa3oM, paBeHCTBO (7) AOKa3aHO AJst AIOGOro LEJIOro YUCaa 1.
[Ipumepeot.
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OcHoBHbIMH dopmynaMu 1Jisi ctg o SBASIOTCS CAeAYIOLIHE!

ctg (—a) = —ctga, (8)
ctg (o + n) = ctg a, (9)

rae n — noboe Lesoe YHCIO.

KoHeuHO, 3TH paBeHcTBa BepHBI TOJBKO IS TAKHX YIJIOB o, IS
KOTOPBIX OHOBPEMEHHO HMEIOT CMbICJ MpAaBLIE U JIeBble HX YACTH.

J1a no6oro yraia o, 4Jsi KOTOPOTO CYLIECTBYeT ctg o, T. e. AJisl yIVIOB,
OTVIHYHBIX OT yriia o = km, rae & — J1060€e Lesoe YUC/I0, MMEET CMBICH H
ctg (—a), u ctg (a+nn). JokasaTeJbCTBO CIPaBEJIMBOCTH paBeHCTB (8)
H (9) ana mo6oro Takoro yria o aHaJOTHYHO [0Ka3aTeJbCTBY PaBEHCTB
(6) u (7).

ITpumepol.

cig(-§)=-ctg § =1, clg(-F)=—ctg §{ =5,
ctg5T = ( ) g% 1,
ctg =% 3 ctg( % )—ctg (—%) %= L.

0
8370. UTo Ha3bIBAIOT TAHIEHCOM YIJIa O; KOTAHI'EHCOM yria o?
8380. Has kakoro yrna o He cyuectsyer tg o; ctg o?
839°. [lisi KakuX yIJIOB ¢ CIIpaBefJMBO PaBEHCTBO
y p

tga - ctga =17
840°. a) Ecau ans yraa o cymecTyeT tg o, TO €IHHCTBEHHBIH JH OH?
6) Ecau pas yrna o cyuwecrsyer ctg o, To e[MHCTBEHHBIH Ju OH?
841. KakoBbl ocHOBHble dopMmyast aas tga; mis ctg o? Jas kakux

YI7I0B O OHH CIIPaBe[/IUBbI?
Haiinute (842-—843):

842. a) tg 0°; 6) tgm; B) tg 3m; r) tg 1440°;
n) tg 30°; e) tg %; x) tg -’3£; 3) tg 90°.

843. a) cig g; 6) ctg 270°, B) ctg %; r) ctg 90°;
n) ctg %; e) ctg 45°; x) ctg 1‘6-; 3) ctg 0.

844. Kakue 3HaKM HWMEIOT TAaHI€HC M KOTAHCEHC YIJia O, €CJIM TOUYKa
eHHHYHOH OKPY>KHOCTH, COOTBETCTBYIOLIAsl YIVIY O, PACIIONOXKEHA
B I yetBepty; Bo Il yerseprH; B III yerBepru; B IV uerBepTH?
845. OnpepenuTe 3HaK BHIPAXKEHHS;
a) tg 71° tg 139° tg 235° tg 304° tg (—393°) tg 1000°;
6) ctg 282° ctg (—401°) ctg (—910°) ctg 140° ctg 240°;
B) cos Isin 3tg 4 ctg Stg 2tg 6,
r) tg 1,5ctg4,6tg(—3,1)ctg(—3,1);
ll) sin 6 + cos (—4) . e sin (~8) + cos 9 ]
tg (-2) +ctg(-4) ’ cos 11 - tg (-9)
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846.

847.

848",

849.

850.

' B 3ananuax 848 — 854 yriibi o H B T2KOBBI, 4TO AdHHbIE YHCJIOBbIE BHIPAXKEHHA HMEIOT

CMbICJI.
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ﬂ.ﬂﬂ BCex O, NMPH KaxIOM M3 KOTOPbLIX NpaBasd W JieBass 4acCTH
paBeHCTBA HMEIOT CMbBICJ, JOKAKHTE CIIPaBE/IHBOCTb paBEHCTBAC

a) | +tgfa = ——;
CO.

S o
Boluncaure:
a) sina, tga uctga, ecan 0 < a < % H cos o = %;
6) cos a, tg o u ctg a, ecan % <o<mUSsino= %;
B) sina, tga u ctga, ecmu n < a < 321 u cos oo = —0,6;
r) cosa, tga u ctga, ecan %’3 <oa<2rusino=-0,8;

6) 1 +ctg’a = 12

sin“a

1) sino, cosa u ctga, ecan 0 < a < % Higa=24;

e) cosa, sina # tga, ecau

XK) sina, ecau tg o = _%

3) cosa, ecd ctga=1lun<a< 5

s
2
H

<a<muctga=-—1I;

-2 <a<0;
2

3n

ynpocmTe suipaxkeHue (848—850):

a) 1-cos’a :

- 2
I -sin“a

2sina-cosa .
B) =/

2
1-sin"a

1) -1

COS2G
)K) sin @ sin B :
cos o cos B
a) sin B ctg B;
B) sin B :tgB;
1) cos’a (1 + tg’a);

tga+tgB .
) ctga+ctgp’

a) l——-S'L‘i+tgactga
1 - cos’a

B) sin2[3+tg2[3— 12 ;
cos” B

sin o sin a
l-cosa l+cosa’

1)

sina ~ 1
6) ——;
1—-cos”a

. 2 2
r) sin‘a + cos’a + ctg’a;

1

.2 !
sin” a
3) cosasinf

sin a cos B

e) 1 —

6) tga:ctga;

r) cos atg a;

e) 1 —sin"a + ctg’asin’a;
3) cos®a— ctg o3

2
sin” o — tg o

tga .
6) —=£%
tgactga +ig-a

2
r) —— —ctg® a —cos’ a;
sin &

e) cosPp . _cosB )
1-sinB 1 +sinp

851. JloxaxuTe cripaBeqaHBOCThb paBeHCTBa:
a) coso . l-sina
1+ sina oS Q
LEeJJ0€ YUCIIO,
6) —%—B = | + sin B npu B # nk, rae k — HekoTOpOE 1LE-
JI0€ YHCJIO.
Ynpocrute Boipaxenue (852—854):
852. a) tg(a+nr)-tg(p+2n) . 6) ctg(n—a)+tg(-a)
ctg (-B) - ctg (-a) ’ ctg (o + 3n)-tg (o + 2m)°
853. a) sin (2% —a) sin (a.— 1) cos (a—2x)
: cos (2n-a)ctg (m—a)tg (Bn-a)

npu o # X + nk, rae k — HekoTopoe

6) sin (x + a)sin (a—-n)cos (2n—a)tg (3n—a)
cos (n—a)cos (a—5m)cos (2n + a)tg (~a—7)

4 . 4 ]
854. a) l-cos"a—sin“a . 6) cos’a—sina

. ) Py .
sinfa-2sinfa+ 1 1 + sina cos a

JOITOJIHEHHMS K TJIABE IV
1. Kocnryc pa3HOCTH H KOCHHYC CyMMBI IBYX YIJ10B

Teopewma 1. ns a06bix yeros o u B cnpasediuso pasencmeo
cos (o — B) = cos a cos B + sin o sin . (1)

DTO paBeHCTBO HAa3bIBAIT GOPMYAOU KOCUHYcA pasnocmu O08Yyx
yenos. '

DTy TeopeMy MOXHO C(HOPMYJHPOBATH TaK: KOCHHYC PasHOCTH ABYX
YIJIOB paBeH TIPOH3BEACHHIO KOCHHYCA MEepPBOTO YIJRE H& KOCHHYC BTODOTO
yria [ic NpoH3BefeHHe CHHyca HepBOro yIiia Ha CHHYC BTOPOTO yIia.

HokasateabctBo. [lycts nanb gBa yria o u . ITycts Touka B
Ha €JIMHHYHOH OKDY>XHOCTH COOTBETCTBYET yriy o, a Touka C — yray B
(puc. 73). Toraa, ncnosb3yst OnpeseseHHe CHHyca M KOCHHyca yria, mo-
JlydaeM, 4TO TOYKa B HMeeT KOOPAMHATHI X = COS O, § = Sin &, a TOYKa

YA
C (cos B ; sin B)

A(1;0)

B (cosa;sina)

Puc. 73
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C — xoopauHaThl X = cos B, y = sin B. Bextop @ = OB HMeeT KOOpIHHA-
T (COS @; sina), a BeKTop b =0C wuMeeT KoopaHHaThl (cos B; sinp).
BbiuHC/IUM CKaJisipHOE MPOH3BEJEHHE 3THX BEKTOPOB!
a-b=cosocosP + sinasinp. (2)
Ho, kak wu3BecTHO H3 TeOMeTpHH, CKaJsIPHOE IPOWU3BEIECHHE [BYX
BEKTOPOB PABHO NPOH3BEIEHHIO UX aGCOMIOTHBIX BEJIHUMH Ha KOCHHYC yryia
Mexay HuMH. OG03HAUHM uepe3 y YroJ MexJy BeKTOpaMH @ H b .
YuutbiBas, yto |a| =|ﬂ = ], nony4aem
a-b=cosy. (3)
OTMeTHM, YTO B FeOMETPHY MOJ YIJIOM MEXIy BEKTOPaMH NMOHHMAIOT
HEeOTPHLATEJbHBIE yroa u3 npoMexytka ot 0 no ©. TTosTomy

0<y<
3anuilem yriel o 4 B B BUe
o =a,+ 2kn,
B =B,+ 2=,

e 0 < ay<2n, 0<PB,<2n, a k u [ — HeKoTOpHIE LeJble YHCIA.
Torna MoXHO CUHTaTb, YTO TOYKA B COOTBETCTBYeT yri1y o, a Touka C —

yray B,.
A T

Bo a A(L;0)
x

0] o
B c

&
9
:>.

S A

Puc. 74
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Jlerko BuzeTs, uT0 MHG0 ¥ = oty — B, 60 ¥ = B,— o, aubo y = 21 —
= (o, — By), mbo y =21 — (B, — a,) (puc. 74), HO B J106OM H3 ITHX
c/ydaes cosy = cos (a, — B,). Tak xak

cos{a — B)=cos(a, — B, + 2(k — ) ) = cos (a, — B,),

TO MOJYYHM, YTO
cos(a — PB)=cosy. (4)
Tenepr u3 paBeHcTs (4), (3) u (2) caenyert, uto
cos (o — B) = cos a cos B + sin a sin B.

Teopema 1 goxasana.

Ilpumep.
I o= I_I) = z I inZsinf =
cos 12 cos(3 4) cos = cos ¢ + sin = sin Z

Teopewma 2. lua awboix yeros o u § cnpagedaiuso pasencmaso
cos (o + B) = cos a cos B — sin a sin .

DTO paBeHCTBO HAa3bIBAT QOpMYyAol KOCUHYca Ccymmo. 08Yyx
yenos.

31y TeopeMy MOXKHO COPMYJIHPOBATH TAK: KOCHHYC CYMMbI IBYX YIJIOB
paBeH MPOU3BEACHUI0 KOCHHYCA MEpPBOrO yIjla Ha KOCHHYC BTOPOTO yIJia
MHHYC TIpOH3Be/leHHe CHHyca [EPBOTO YIJa Ha CHHYC BTOPOro yrja.

HoxaszareanbctBo. Mcnoabsys dopMyny KocHHyca pa3HOCTH ABYX
yryioB ¥ GopMmyJipl s Sin oL H COS O, HMeeM

cos (o + B) =cos (o — (—B)) =
=cosa cos(—B) + sinasin(—f) =

= cos a cos B — sin a sin B.
Teopema 2 pokasana.

IIpumep.
5T I 42 =cos X X _sinZsin® =
cos -3 cos(6 + 4) cos 6 cos 4 sin 6 sin y
2 2 2 4

855. 3anuunte dopmyday:
a) KOCHHyca pa3HOCTH JBYX YIJIOB;
6) KOCHHyCa CYMMBbI IBYX YIVIOB.
Bbiukcaute, He noJib3yach TabJuuel HIH KajlbKyasTopoM (856—

858):
856. a) cos 15°; 6) cos 75°; B) cos 105°.
3n i 31
857. a) cos < cos —8- + sin 3 sin § ;

6) sin 10° sin 70° + cos 70° cos 10°.
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858.

859.

860.

861.

862.

863.

864.

865.

866.

867.

868.

8r _ gin & sin 8 .
a) cos 7 cos == sin 7 sin >

n _ 3n n
6) sin 4 sin 1 cos = €08 =

YHPOCTHTE BbIpaxKeHHe.

a) cos(a + %) — cos(a— —75) ;

5 6) cos(ﬂ—a)-—cos(

3

Buuncaure cos (o + ) v cos (o — B), ecau sin o = % cos B =%

n0<a<Zi " ,0<pB < ul
ﬂOKa)KHTe CHpaBelLHHBOCTb paBEeHCTBA:
a) cos (%—a) = sin a; 6) cos (g+oc) = —sin o;

3n — iy 3n = i
B) cos( 5~ )— sina; 1) cos( 5 +a) sin a.
Beiumcaure cos(o —B), ecam m<a< 3—2" 32" <B<2n wu
ina=—1 =1
sina 1 cos B T

Borumcnure cos (o + B), ecsu 12‘- <o<m, % <B<mucosa=—0,8,

sinp =0,2.

Boiuncaure:
) c0s 2° cos 28° — sin 28° sin 2° .
cos 47° cos 2° + sin 47° sin 2°°’

sin = sin 3n_ cos == 2n cos 3n
6) 5 5 5 5
7n n
sin 8 sin 3 cos 8 cos 3
YIIPOCTHTE BhipaKeHHe;
a) cos (o + B) + cos (a—P) . 6) sin a sin - cos (o —B)

cos (a—B)—cos (a + B) ’ cos (o + B)—cos o cos B’
rAe Yrabl o H B Takhe, 4TO 3HAMEHATEJH He 06paIlaloTCcs B HYJb.

Briuucaute (866—867)'
31r .

a) cos ~— 6) cos 12,
n lin
B) cOS TR r) cos =5 TR
a) cos 75° + cos 15°%;, 6) cos _15—005 ‘?—g

Ynpoctute BhipaxkeHue (868—=869):
a) cos (% + cx) cos (Z_ ) sin (Z_ )sin (% + (x) ;

6) cos(%ﬁ+a)+cos(%"— )-!—cosa.

869. a) cos’(60° + B) + cos’ (60° — B) + cos’ B;
6) cos’ (a— %)+ cos (oc+ ) +sina.

870. a) Kocunyc ocrporo yraia pases 0,2. Halinure KocHHyc cMeXHOro
yrJa.
6) CuHyc ocTporo yrja paBeH % Hafiqure cunyc cMexnoro

yria.

871. a) Haiimute cos acos B, ecan
cos(a+ B)=0,2, cos(a— B)=10,5.
6) Hafipure sin asin B, ecau

cos(a+B)=—%,cos(a—B)=%.

1

872. a) Haiinure cos (o + B), ecm cos o = 5 £

. 1
,smB=—§ ,0<a< 3
<P < % Hafignute HamMmeHbliee Mo aGCOMIOTHON BeJHYHHE
sHauyeHue (o + B).

2

sin o =—5~, cosB =—1,

6) Haigure cos (o — B), ecau
3n o o
S ac< 2n. Haiigdte HauMeHblllee 1o a6GCOMIOTHOH BeJHYHHE

3HaueHue (o — B).

2. ®opmyabl 115 AOTOJIHUTENbHBIX YIJIOB

lsa yrna oo 1 P, cocraBisioline B CyMMe % Ha3bIBAIOT AOIMOJMHH-

TeJbHbIMU YIJIAMH.
Teopewma 1. ua 2106020 yera 0. cnpasedruso. pagencmea

cos(g—a)—smoc (1)
sin (5— )— cos . (2)
HokaszaTeJdabcTso. Mcrnoabsys ¢popmyny KOCHHYCa Pa3HOCTH JBYX
yIJIOB, HMEEM
T _ol= us + I =
cos (2 oc) cos 2 cos o+ sin 2 sino=
={()-coso + | -sin o = sin 0,

u dopmyJa (1) Tem caMbIM [[0Ka3aHa.
Tenepn moxaxeM dopmy.y (2), HCIIOJIB3YS YxKe JOKa3aHHYO (hopMy.y

(1). O6osuauum B = E—a, torga no gopmyae (1)
sin B = cos (% - B). (3)
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Teneps, noacraeass B popmyay (3) %—a BMeCTO P, MOJIy4uM, 4TO
sin (g - ) = cos L.

TeopeMa 1 mokasana.
Tlpumep.
51

sin =% = si r )= T
5 sm(2+ ) cos .

873. Hoxaxure dopmyay:
a) cos (% + a) =—sino; 6) sin (g + OL) = COS O
Ynpoctute Bbipaxenue (874—875):

874. a) cos (% - E);

6
Des(3-3f 0 es(3-B)
1) cos (a— g); e) cos (g—a).
875. a) sin (x — o); 6) sin (a- g);
B) sin(§ -3} r) sin(2-%);
1) sin (g-g); e) sin (g—l;-).

876. IlpuBenute uuC/NOBOE BLIpAaXKEHHe K BHAY CHHYCa HJH KOCHHYyCa
HOJI0XKHTEJBHOTO yIJla, He npeBblllapuiero 45°:
a) sin 80° =sin (90° — 10°) = ..; 6) sin70°; B) cos 82°.
877. Tlpusenute yncsOBOe BbipaXKeHHe K BHAY CHHYCa WJH KOCHHYyCA

MOJIOKHTEJbHOTO yrJa, He NpeBbIILAKUIETro % :

sn.
7’

llzn

T
Y r) cos —=

a) sin % ; 6) cos X B) sin

13 °
3. CHHyC CyMMBbI M CHHYC PasHOCTH ABYX YIJOB
Teopema . [ua awbox yearos o u B cnpasedruso pasercmeo
sin (o + B) = sin & cos B + cos a sin P. (1)

ITO PaBEHCTBO HA3bIBAIOT POPMYAOL CUHYCA CymmoL OBYX yero8.

OTy TeopeMy MOXHO cOPMYIHPOBATH TaK: CHHYC CyMMbl ABYX YIVIOB
paBeH NMpOU3BEAEHHIO CHHYyCa MepBOT0 yrja Ha KOCHHYC BTOPOro ILIIOC
NpOH3BeJeHHe KOCHHYCa MepBOro yria Ha CHHYC BTOPOTO.
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JNokasaTeabcTBo. Menonbsys ¢hopMysbl As AOMOAHMTENbHBIX
yrJoB ¥ (opMyJly KOCHHYca PasHOCTH [BYX YIJIOB, HMEEM

sin(a+B)=cos(-’2£—a—B) =cos((-’2‘-—a)_p,) =

=cos (%~a)cos B + sin (—g—a)sin B=
= sin o cos § + cos a sin B.
Teopema 1 nokasana.
Ipumep 1. Briuncaum sin 75° 6e3 Tabauil U KaJbKyJsiTOpa:
sin 75° = sin (45° + 30°) = sin 45° cos 30° + cos 45° sin 30° =
BBl Y
2 4

2 2 2
Teopewma 2. s 206bix yeros o u B cnpasediuso pagescmeao
sin (o — B) = sin o cos B — cos « sin B. (2)

DTo paBeHCTBO Ha3LIBAKWT Qopmysol cunyca paswocmu 08Yyx

yenos.
ATy TeopeMy MOXKHO cOpMY/IHPOBATh TaK: CHHYC Pa3HOCTH JBYX YIJIOB

paBeH MPOU3BENEHHIO CHHYCA IEPBOro yrja Ha KOCHHYC BTOPOrO MHHYC
TPOH3BE/IeHHE KOCHHyCa MepBOro yrya Ha CHHYC BTOPOTo.
JloxkasaTeabcTBo. Mcnonb3ys ¢dopMmyay CHHyca CyMMbl ABYX

yIJIOB ¥ OPMYJIbl 4J15 Sint o H cOS o, HMeeM
sin (a — B) = sin (a0 + (—PB)) = sin a cos (—P) + cos a sin (—P)=
= sin o cos p — cos a sin B.

Teopema 2 pokasana.
Tlpumep 2. Briuncanm sin 15° 6e3 TabuuL, ¥ KaJbKyJsiTopa:
sin 15° = sin (45° — 30°) = sin 45° cos 30° — cos 45° sin 30° =

= A2 B2 1 2B
2 2 2 2 4 :

L}
878. 3anuinte popMyJy:
a) CHHYyCa CyMMBl JBYX YIJIOB,
6) crHyca pasHOCTH ABYX YIJIOB;
B) KOCHHYyCa CyMMBI ABYX YIJIOB;
I') KOCHHYCa Pa3HOCTH JABYX YIJIOB.
JlokaxuTe cnpaBeluBOCTb paBeHcTBa (879—880):

879. a) sin (123 + a) = Cos Q; 6) sin(n — a) = sin o;
B) sin (%—a) = —cos a;

880. a) sin (45° + a) = cos (45° — a);
6) cos (45° + a) = sin (45° — ).

r) sin (377; +o.)= —Cos Q.
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Briuncaure (881 —882):
881. a) sin 20° cos 10° + cos 20° sin 10°;
6) sin * in I gin 47 .
) sin 5 cos == + cos = sin < ;
B) cos 80° sin 10° + sin 80° cos 10°;
r) cos%sin%+cos—gsin%’i.
882. a) sin75°; 6) sin 105°; B) sin 165°; r) sin 195°.

Ynpocrture BblpaxkeHue (883—884):
883. a) sin (a + 7’45)— cos (a+ %);

6) 2-cos (oc— 5)—2 sin (5 + oc) .

3 3
884*, a) —‘gsin a—écosa; 6) %(cos o sin o) ;

r) Lsino+ @cosa.

B) g (sin ot + cos o); 5

885. Boiuucaure:

a) sin(o + B), ecan O<a<g, O<B<§ " sina=é,
1
cosp ==,
B-4i
6) sin(ou— B), ecan %<a<n, 1t<B<§2£ H cosa=—0,2,
cos p=10,1.

886. JlokaxuTe CnpaBeJIHBOCTL PaBEHCTBA:
a) sin (o — B) + sin (o + B) = 2 sin o cos B;
6) sin (o — B) sin (a0 + B) = sin*o — sin® P.

4. Cymma H pa3sHOCTb CHHYCOB M KOCHHYCOB
Teopewma 1. [us awoboix yeros o u B cnpasedaueo pasencmso

sina+sin[3=2sin%p- cos “—;_ﬁ.

ATO paBeHCTBO HA3BIBAIOT POPMYAOL CYMMbL CUHYCOB.

DTy TeopeMy HHaue MOXHO cOpPMYJHPOBATL TaK: CyMMa CHHYCOB
JIIOObIX ABYX YIVIOB PaBHa Y/BOGHHOMY ITPOH3BENEHUIO CHHYCA NOJYCYyMMBbI
3THX YIJIOB Ha KOCHHYC HMX MOJIypPasHOCTH.

Teopema 2. [laa aoboix yeaos o u P cnpasedauso pagercmaso

sino — sin B = 2 sin “—;ﬁ cos %ﬁ-.
D10 paBEeHCTBO Ha3HIBAIOT POPMYAOL PAZHOCTIU CUHYCOB.
DTy TeopeMy ellie MOXHO C(OPMYJHMPOBATb TaK: Pa3HOCTh CHHYCOB

JIIOGBIX ABYX YIJIOB paBHa yiBOEHHOMY NPOH3BEAEHHIO CHHYCa NOJYPa3HoC-
TH 3THX YIVIOB Ha KOCHHYC HX NOJYCYMMBI,
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Teopewma 3. [aa atoboix yeaos o u B cnpasedaugo pasencmso

cosa+cosB=2cosE_J2£ﬁ cos %ﬁ.

DTO paBeHCTBO HAa3bIBAIOT YOPMYAOU CYMMbL KOCUHYCOB.
ATy TeopeMy MOXHO cHOPMYIHPOBATH H TAK: CYMMa KOCHHYCOB JIOGbIX
JBYX yIJIOB paBHAa YABOEHHOMY MPOH3BEIEHHIO KOCHHYCa MOJYCYMMbl 3THX

YIJIOB HA KOCHHYC HX MOJYPAa3HOCTH.
Teopewma 4. las aobox yeaos o u B cnpasedruso pagencmso

cosoc—cosB=—251n_°‘_’2f_9_ sin “_;E.

DT0 paBeHCTBO HA3LIBAIOT POPMYAOL PA3HOCMU KOCUHYCOB.

DTy TeopeMy HHAYE MOXKHO CHOPMYJIHPOBATHL TAK: PA3HOCTh KOCHHYCOB
JMO6BIX IBYX YIJIOB paBHA B3siITOMY CO 3HAKOM «MHHYC» YABO€HHOMY MPOU3-
BeJEHHIO CHHYCAa M0JyCYMMbl 3THX YIVIOB Ha CHHYC HX TOJIypPa3HOCTH.

31ech Mo pa3HOCMbIO Y2A08 TIOHUMAETCS TaKasi Pa3HOCTb, KOTJa U3
yrJia, CTOSILIErO Ha MeCTe yMeHbIIaeMOro, BBIYHTAeTCs YroJl, CTOSIUIKMMA Ha

MecTe BbIUHTaeMOTO.
JlokasaTtedabcTso TeopeM 1, 2, 3, 4. Tlonoxum:

X = M Yy= tﬁ ,
2 "’ 2
TOFfA
a=x+y B=x—y.
Hcnonb3ys ¢opMyJsibl KOCHHyca CyMMbI, KOCHHYCa PasHOCTH, CHHycCa
CyMMbl M CHHYCa Da3HOCTH, TIOJyYHM
sino + sin B = sin(x + y) + sin(x —y) =
= (sin x cos y + cos x sin y) + (sinx cosy — cos x siny) =
= 2sinx cos y = 2 sin —‘%ﬁ— cos“—;ﬁ,

sino. —sinB =sin{x + y) — sin(x — y) =

=2cosxsiny=2cos%ﬁ—sin“—§ﬁ,

coso + cos P =cos(x +y)+cos(x—y)=
= 2cosxcosy = 2 cos “JQ' cos“—;ﬁ,

cosa —cosP =cos(x+y)—cos(x—y)=
——25inxsiny=—-251n%§-sin°‘—5-ﬁ.

Teopemnl 1, 2, 3 u 4 foKa3aHsl.

TIpumep. Beluncianm:

2 2 2

L]

a) sin & + sin % =2sin £ cos &

12 12 3 4
b1 T _ognEsinko_9. 2. L. _ 42
6) cos 5 — oS 15 251n45m6 2 9 3 5 -
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887. 3anuiuure popmy.ay:
a) CyMMBbI CHHYCOB; 6) pa3HOCTH CHHYCOB;
B) CyMMBI KOCHHYCOB,; T) pasHOCTH KOCHHYCOB.
Ipencrasbre B BHAe npousseneHns (888—891):

888. a) sin 20° + sin 10°; 6) sin 60° — sin 30°;
B) cos 70° + cos 20°; r) cos 80° — cos 30°.

889. a) cos £ -cos I, in-® +sinE-
) 5 ) 6) sin 7 Fsing
Ln [ n n

B) sin = —sin L ; r) cos - z.

) 3 2 ) TR

890. a) sin o + sin 3q; 6) cos 30— cos «;
B) sin 3o — sin 5o r) cos 7o+ cos o
) sin o+ cos ai; €) cos oL — sin a.
891. a) cos 40° + cos 30° + cos 20° + cos 10°;
6) sin 5° + sin 10° + sin 15° + sin 20°.
892. Jlokaxkute cnpaBeiIMBOCTb PAaBEHCTBA:
a) sin50° + sin 10° — cos 20° = 0;6) cos 48° + sin 18° — cos 12° = 0.

893. Buiuucaure:

a) cos%+cos 1—"2; 6) Cos%—cos 1_7;;

B) sin%+sinl—"2; r) sin%—sin%.

HokaxuTe cnpaseaanBocTb paBeHcTBa (894—895):
894. a) cos%+cos%= ; 6) sin %E—sin%’l=0;

B) cos%{-+cos%=0; r) sin‘:’—g—sini_g=

895. a) sinacos B = é (sin (o — B) + sin (a0 + B));
6) cos o cos P =—21— (cos (a0 — B) + cos (a0 + B));
B) sin a sin B =% (cos(a — B) — cos (a + B)).

896. Buiukcaure:
a) cos 75° - cos 105°

B) cos%~ cos 15°

6) sin 75° - sin 15°;
; r) sin 105° - cos 15°.

897'. Yupoctute Bpra)Ke2HHel
R R I o L o)
sin (a+ %) + sin ((x— %) cos (a+ %) — cos (% - )

1
B 3anannsx 897 — 900 yron o.tako, u4To 3HaMeHaTesb IPo6H B HyJb He 06pallaeTcs.
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898. JlokaxuTe CNpaBeAJHBOCTL PABEHCTBA!
a) sin 35° + sin 25° = cos 5°; 6) cos 20° — sin 50° = sin 10°;
B) sin 87° — sin 93° — sin 59° + sin 61° = sin 1°.
899*, JlokakuTte, 4TO AJS J106GOro yrja o clpaBelMBO HEPABEHCTBO
| sin o+cos af <4/2.
Jlokaxkute cripaBeaiuBocTb paBeHctsa (900—901):

900. a) M=Ctg-§;—a; 6) cosu+sina=tg(%+a)'

cos o~ cos B cos o.— sin o
901 i in B) 2_ 2 o-f .
. a) (sino+ sin )"+ (cos o+ cos B) "= 4 cos 5

6) (sin o — sin )’ + (cos o — cos B)’ = 4 sin’ x

902. IlpencrasbTe B BUJE NMPOH3BEAEHHS:
. o1 . —o(cin E 4 o -
a) 1 +2sina —2(5 + sin oc) 2(sm 6 + sin a)

6) 1 —2cosq; B) J3-2sina.

5. ®opmyJibl AAs ABOHHLIX H MOJOBHHHBIX YIJI0B

Teopema 1. Jaa awboeo yera o cnpasedruso pasencmso
sin 200 = 2 sin o cos Q.

DTo paBeHCTBO HA3BIBAIOT HoOpMYAOL cunyca 080HHO20 Yera.

D1y TeopeMy MOXHO COpPMyJHPOBAaTb TaK: CHHyc yrja 20 paBeH
YABOCHHOMY TIPOH3BENCHHIO CHHYCa YI/a O Ha KOCHHYC yrja o.

JlokasaTteabcTBso. Mcrnoab3ysa dopmylly CHHyca CyMMBI JIBYX yT-
JIOB, TIOJIYYHM

sin 2a = sin(o+o) =
= sin oL cos o + cos ALsin o0 =
= 2 sin o cos .

Teopema 1 nokasana.
Teopema 2. na 1106020 yera O cnpasediuso pasencmso

cos 20 = cos’ o, — sin’ a.
DTo paBeHCTBO HA3BIBAIOT POPMYAOL KOCUHYCA OB8OLUHO20 Yerq.
D1y TeopeMy MOXHO C(OPMYJNHPOBaTb TaK: KOCHHYC yrja 20 paBeH

KBalpaTy KOCHHYyCa yrja O MHHYC KBajipaT CHHyca yraa o.
JHoxasaTeabcTso. Vcnonsays ¢opmyily KOCHHYca CyMMbl JBYX

YLJIOB, MOJYYHM
cos 20, = cos (at+o) =
= COS 0LCOS 0L — sin o.sin o=
= cos’ o — sin’aL.
Teopema 2 pokasana.
Ipumep 1. Haiinem sin 200K cos 20, ec1d sin o =—g- H Ol IPHHALJIEKHT

HHTEpBaNy (% n).
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Ins mo6oro yria o u3 yKa3aHHOTO HHTepBaja COS O OTPHIATEJNEH,

03TOMY
coso=—A1-siifo= —% .
CJienoBaTtesbHO,
sin 20, = 2 sin o.cos o =— 24 ,
25
cos 20 = cos” o — sin a-%
Teopewma 3. aa 2106020 yera o cnpagediuso paseHcmao
20 _ l-cosa
sin” 3 === (1)

DTo paBeHCTBO HA3LIBAKT POPMYAOL K8aOpama CURYCA NOAOBUH-
HO20 yeaa.

Teopewma 4. [ana a0boeo yeaa o cnpagedius8o pasencmeo

2 0 —1+cosa
COS = = 2
2 2 (2)

DTo paBeHCTBO HasbIBAOT opmyrol Ksadpama KOCUHYCA NOAO-
BUHHOCO Yearaq.

HoxaszarteuabcTBoTeopeMm 3 u 4. HMcnonnsys dpopmyay KocuHyca
JBOHHOTO yrja U OCHOBHOE TPHTOHOMETPHYECKOe TOMKAECTBO, HMEEM

— oy _ 2 Q « 2 O
COS 0. = COS 2-—)— 2 - =2
( 9 cos” o sin” 2,
1 = cos® % + sin® &
CkJaajpiBasi ¥ BbIYHTAs 3TH PABEHCTBA, MOJYYHM

1 +cosa=2coszg,
i —cosa=251n2%,
OTKyZa W cJjeaytoT ¢opmyinl (1) u (2).
IIpumep 2. Hatinem cos %

[Ipumenss ¢opmyny KBagpaTa KOCHHYCa MOJIOBUHHOIO yria, HMeeMm

2
l+cosT 1+ A2
cos’ E = Sy 2 =2+A/§.
8 2 2 4
Tak kak cos % HOJIOXKHTENEH, TO
cos ® = M .
8 2

IIpumep 3. Haiigem sin % , €cJId sin o = — 59—“/5 U yroJi o npuHajie-

XKHT MHTEpBaJy (n, %’5)
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Tak kak yroj O TPpHHALJIEXKHT YKa3aHHOMY HHTEpBaAay, TO COS O
oTpuliaTeJsieH, U MMO3TOMY

cosa = — A1 —sin’ oc——%.

[pumensis popMyJly KBagpaTa CHHyCa MOJIOBHHHOTO YIJIa, NOJydaeM

2o _ l-cosa _ 8
sin 2 2 9 -

o

Jlerko BHAETb, YTO yroJs 5 NMPHHALJNEXKHAT HHTEPBAY Tn), N03TOMY

v (3
28

sin —gﬁ noJioxKuTeeH. Ternepb HaXOAHM, UTO sin -g- =

903. 3anuuute Qopmy.y:
a) CUHyca JABOHHOro yraa,
6) KOCHHYyCa JBOHHOIO yrJa.
904. Yemy paBeH KBajpar:
a) cuHyca [OJIOBUHHOIO YIJia;
6) KOCHHYyCa MOJIOBUHHOIO yrja?
905. 3anuinTe CAENyIOIHe YIJbl B BHAE 20, IJie 0. — HEKOTOPBIH YroJL:

a) 30°; 6)90°; B) I r) £ 1) 4m ) m x) %
906. YrnpocTHTe BhIpaXKeHHE:
a) 2 sin 15° cos 15°'

B) 5 sm—ﬁ cos — 12

907. BoiuucauTe sin 20, ecJiu:

6) 4 sin 22°30' cos 22°30';
r) cos (—15°)sin(—15°).

a) sino = %
prOCTHTe BLIpAXEHHe (908—909)
908. a) cos 15° — sm 15°; 6) sin’15° — cos’15°;

B) cos’ 20° —sin®20°;  r) (sina + cos o) (cos o — sin o).
909. a) sin’ % - cos’ % ; 6) 2 sin 50° sin 40°;

B) cos’ 15° — cos’ 75°;

r) (sin 80° + sin 10°)(cos 80° — cos 10°).

910. Bsipasurte cos 200 TONBKO Yepes:
a) sin o; 6) cos d.

T — 1 1
=20 =_— L < < Tt.
()<oc<2, 6) cos o 30 g SO<T

911. Ecan 0< a<12‘-, TO UTO 6OJblleE:

a) cos 20 uny 2 cos o, 6) sin 20wy 2 sin a?
912. CywecTBYIOT /i YIJbl O, JJIsl KOTOPbIX BBINOJHACTCSA PABEHCTBO

sin 200 = 2 sin o (0< o< %)?
913. Bbhiuucaure:
a) 1 —2sin® & 6) 2cos’ & — 1.
8 12
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914'.

915.

916.

917.
918.

919%,
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920.

921.

922.

ynpocm're BbIpaxKeHHe!:

a) sin o cos 0,cos 2q; 6) cos' o — sin’ a;

B) (sin a+ cos a!2; r) —cos 2a. ’
I + sin 2a sin o.— cos o
i 2
) 51.r12a__cos2(x; e) 1-tg’a :
sin o cos o 1+t o
x) ctga—tga; 3) ctgZa+1 :
cos 2a. ctgza— 1

u) tgo (1 + cos 2a); K) (1 — cos 20) ctg «;
1) 2 cos’ o — cos 2a; M) cos 20, + 2sin’ a.
JlokaxkuTe CrIpaBeaJHBOCTb PABEHCTBA:

a) 2sin’® (—g— —a) sin o = sin 2a;; 6) sin* & — cos* o = —cos 20;
B) (sina + cos o) = 1+ sin 20; r) (sino— cos o)’ = 1 — sin 20
Hoxaxute dopmyany:

a) tg(a+ﬁ)=Ttga_thg_ﬁ_. 6) tg (o — B) = tgo-tgB .

-tgatgp’ l+tgatgp
1-tg?a
Hafinure tg (@ + B) v tg (o — B), ecan tgo=2 , tgp =2
Briuncaure:
a) tg39° +tg6° . 6) tg72° —tg12° .
1-tg39° tg6° ’ L+tg72°tgi2° ’
B) tg 75°; r)y tg15°; n) tg 105°.

led KaKHX 3HAQUYE€HHUAX Ol BEPHO PaBEeHCTBO:

a) tg(45° + ) =LElE® . 6 tg(45° — ) = Lotea
l-tga l+tga

ﬂoxa)xme CNpaBEJINBOCTL paBeHCTBA:

1 1
a) I-tga l+tga

=tg2a; 6) sin2a — tga = cos 2otg a.

3anuiiuTe CaelyioliMe YIJbl B BHIE
yroan: 30°; 180°; m; 2=

JlokaxkuTte crnpaBefIMBOCTb PABEHCTBA:
a) 14+ cosa=2cos’ &;

% , TIe O — HEeKOTOPbIH

6) 1—cosa=25in2i2’-;

2’
2sino-sin200 _ 1,2 o . 1 +sin2a _ n .
B) 2 sin o+ sin 20 tg 2’ ) cos 20, tg(4 +(l),
o o
€9 €y . 1 L e
1) — + - =teo; e) i G "teo
l+tg§ l—th l—tg~2- l+tg-2—

I
311er W janee HMEIOTCA B BHIY TakHe 3HAYEHHSA O, MPH KOTOPLIX pacCMatTpHBaeMble
BbIpa)KeHHsi HMEIOT CMbICA.

923.

924.
925.

926.

927.

928.

929.

o o _ s &
x) ﬁ=tga; 3) ct—g—z———tg—2=cosoc.
1-tg2% ctg—g-+tg-%
Briuucaure sin —g—,ECJIH cosa=%,0<a< %
o 1 3n

Briuncaute cos 5 » eCaH sin o=— 37 <a< <=

YHpocTHTe BblpaXKeHHUe:

. 2 .
a) 25m2%+ cos o 6) 2 cos -‘23‘- — cos o

) sin 2o cos o . r) 2 sin o.— sin 2 ]
l+cos20 1+cosa’ 2 sin o+ sin 20
Briuncaure:

a) tg 135°; 6) ctg 120°; B) tg210°; r) ctg330°;

a) 12 sin 120° tg 300° ctg 225°;
e) 20 sin 330° cos (—240°) tg 120° — 2 cos 150° tg (—135°);
X) cos 20° + cos 40° + cos 60° + ... + cos 160° + cos 180°;
3) tg20° +tg40° +tg60° + .. + tg 160° + tg 180°.
YrpocTuTe BhIpaXeHHe!

a) sin(m — o) + cos(-’2l + a)— tg (2n — oc)}+ ctg(%’i-—a) ;

6) sin (90° — o) — cos (180° — o) + tg (180° — o) — ctg(270° + o).
IlokaxuTe CrpaBelMBOCTb PAaBEHCTBA:

a) tg (90° + o) cos (270° + a) cos (-0 sin o
ctg (180° —a) sin (270° + o)

g o % 90°k, roe k£ — HEKOTOpOE LeJIoe YHCIIO,

cos? (%’5 + a)

tg (o—-2mn)

+ cos2(~qL =1
tg? (a— -?325)

s o # g k, rie B — HeKOTOpOe LeJioe YHCIIO.

o)

ﬂOKa)KI/ITe CIIpaBeAJINBOCTb PABE€HCTBA!
=l1-cose. gy tg & = sino .
sinoe ) 18 2 !

a) tg % 1+ cos o ‘
B) sin 20t (sin 20; + sin 2B) + cos 20 (cos 20; + cos 2B) = 2 cosi(a - B);
r) sin 20 (sin 20, — sin 2B) + cos 20t (cos 201 — cos 2B) = 2 sin” (o0 — B);
1) cos’a sin o — sin® & cos & =% sin 4o

e) 2 sin 2asin o+ cos 3o = cos o,

X)) 1 + 2 cos 20+ cos 4o = 4 cos’ acos 2

3) 1 + 2cos 3a.+ cos 60c=4c052—312g cos 30,

u) sin 3o= 3 sin o.— 4 sin’ o
K) cos 3a.= 4 cos’ a—3 cos a.
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930%. Broluncawure:
a) cos & cos 2 cos 47 . z 2% in
) 9 5 5 6)cos7cos7c057.

931. Haitaure:
a) sin o, cos o, tg 20 u ctg 20, ecan tg % =3

T

6) sin 20, cos 20, tg 20 u ctg 20, ecan tg o =

~—

B) sin 4a, ecau tga = 3.

6. MpounaBenenne cunycos u KOCHHYCOB

Teopewma. [as 11066ix yeaos o u P cnpasediuses pasencmaa

sin atcos B = %(sin(a+ B) + sin (o — B)); (1)
cosocos f§ = %(cos (a+ B) + cos (a— B)); (2)
sin asin B = % (cos (o — B) — cos (o + PB)). (3)

II O0Ka3aTeJabcTBo. Beinuuem H3BECTHbIE CbOpMyJIbI CHHYCOB H
KOCHHYCOB CyMMBI H Pa3HOCTH JIBYX YTJIOB:

sin (ot + B) = sin o cos B + sin B cos o; (4)
sin (o — B) = sin a.cos B — sin B cos o (5)
cos (o + B) = cos acos B — sin asin B; (6)
cos (0.~ B) = cos a.cos B + sin asin P. (7)

CJ10XMB nOYIEHHO paBeHCTBa (4) u (5), nonyuum
sin (o + B) + sin (a0 — B)=2sinacosB,
OTKYla noJjiyyaem CnpaBeIHBOCTb paBeHCTBa (1).
CJ10HB 1OYIEHHO paBeHCTBA (6) 1 (7), noayunm
cos(a+ B) + cos (o — B) = 2 cos acos B,
OTKYJa NoJiyyaeM CrpaBeAIMBOCTh paBeHCTBa (2).
BriuTem nounento u3 pasencraa (7) paBenctBo (6), noayuum
cos (o — B) — cos (o + B) = 2 sin asin B,
OTKYJa ToJly4aeM CripaBe/IHBOCTb paBeHCTBa (3 ).

Gopmyas (1), (2), (3) HCIIOJIb3YIOT 1151 1Peo6pa30BaHUs TPHTOHO-
METPHYECKHX BbIPAXKEHHI.

lIpumep |. Boraucaum Ges tabaui u KaJlbKyJ19TOpa

T o 3E
COSSCOSB .

Ilpumenus dopmyay (2), umeem

3n _ 1 n 3n 3
COS = COS == = — Iy eor R_SFN o
z 2 2(cos(s+8)+cos(8 8))
=1 r _EN_ 1 J2 J2
2(0052+cos( 4))_5(0+T)=_4_
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IIpumep 2. lokaxkeM cripaBeNTHBOCTL PaBEHCTBA
(sin 200 + sin 4 sin o = sin 2« sin 3o (8)

PackpbiB ckoGKu B JieBoii uacTH paBeHcTBa (8) H NpUMeHHB (opMyy
(3), umeem

(sin 2o + sin 4a) sin o = sin 2a. sin o0 + sin 40/ sin o0 =
= % (cos o ~ cos 3a) +% {cos 30— cos 5a) =

=% (cos & — cos 3a + cos 3o — cos Ha) = % (cos o — cos 5ar).
ITpeoGpasyem no dopmyse (3) npasyio yacts paBencrsa (8):
sin 2a sin 3o =% (cos (200 — 30) — cos (200 + 3a)) =

(cos(—a) — cos 50c)=% (cos oo — cos 5ar).

2=

Tak xak mpaBasi 4 JieBasi 4aCTH J0Ka3bIBAEMOTO paBeHCTBa (8) paBHbI
OLHOMY H TOMY »Ke BBIPa)KEHHUI0, TO paBeHCTBO (8) M0Ka3aHO.

932. TlpeoGpasyiiTe B CyMMy HJIH Pa3HOCTb:
a) cos 3ocosa;,  6) sin Sasin 3o
r) cosocos 20  a) sin 2asin 3o
933. Hokaxure, 4To:

B) sin 4o cos 20;
e) sin acos 4a.

a) sin-g-g-cos %—sing—gcos% =%—%sin—§;
6) cos%cosl—’zj—cos%cos?—g =—‘-£g-.
934. Boiuucaure:
a) sin%sing—;—‘ ; 6) cos—lg’fcos% ; B) sin% cos —21‘1-;
r) cos % cos —%—-‘sin T"g sin % ;
1) cos% cos %—sin—%‘ sin%’i.

7. Hctopuueckne cBeneHus

IMonsiTus cHHyca, KOCHHYCa H TaHIe€HCa yrja BO3HHKJM B eOMeTPHH
¥ actpoHoMuH. Ilo cyiiecTBy, HMH OmepHpOBaH ellle IPEBHHE MaTEMAaTH-
KH, pacCMaTpHBasl OTHOLIEHHE OTPE3KOB B TPEYTrOJibHHKAX H OKPYKHOCTSIX,
3HaMeHUTHIH ApeBHerpeueckuil ydenwit Knasauit ITronemeit, xusimit Bo
II B., A1l CBOMX aCTPOHOMHMYECKHX HCCJEIOBAaHUH COCTaBHJ MOAPOGHYIO,
BeCbMa TOYHyI0 TaGJIMLY CHHYCOB YIJIOB, B TeYeHHE MHOTMX BEKOB CJy-
JKHBILYIO CPEJICTBOM /IS pelieHUst TPEYrOJbHUKOB.

B XI—XIII BB. B Tpynax mMatematnkoB CpeaHeill Asun, 3aKaBKasbs,
Banxuero Boctoka u Muauu Havanoch ¢opMupoBaHHe TPHTOHOMETPHH
KaK OTJeNbHOH HaykH. ¥ HHAMHCKHX y4YeHBIX JIMHHS CHHYCOB MMeHOBa-
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JIaCh «apXaRKHBa», YTO OYKBA/bHO 03HA4aN0 <MOJOBHHA TETHBBI JIyKa».
B Mnpun Gblau cocTaBnebl TaGJHIbl 3HAYEHHIH CHHYCOB /151 BCEX YIJIOB
or 0° no 90° uepes Kaxable 3°45". Dtu TabauLbl ObUTH TOUHEE TAGJULL
ITronemesi. O6 nx BBICOKOH TOYHOCTH FOBOPHT TOT (haKT, 4TO AJIS CHHyCa
H KOCHHyca 3° 45’ OblJIM BLIYHCJ/IEHb! 3HAYE HUSA % H 1%5 , OTJIMYAIOIIHE -
Csl OT UCTUHHBIX MeHee yeMm Ha 0,00000001.

Bosbuias sacayra B hOpMHPOBaHHH TPHTOHOMETPHH KaK OTHAEIbHOM
HayKH TpHHALJIeXHUT azepGailixkaHckomy ydenoMmy Hacupy an-IHuny My-
xammagy at-Tycu (1201—1274). OnHako u B ero Tpygmax ewe He Gblia
BBeJIeHa HeOGXO[MMasi CUMBOJIMKA, U TNIOTOMY Da3BUTHE TPUTOHOMETDPHH
IIPOHCXOJHNIO O4eHb MEIJIEHHO.

B XV B. nemeuxuii ydennlit Morann Miossiep (1436—1476), ussecr-
HbIll B Hayke nog umeHeM Peruomontan, usgan Tpyn «IIath KHMP o
TPeyroibHUKax BCEX BU/IOB», ChIMPABLINI Ba>KHYIO POJIb B PA3BHTHH TPHIO-
HOMETPHH,

B XV—XVII BB. B EBpone Gbl10 COCTaBJEHO H H3IAHO HECKOJILKO
TpUroHometpuyeckux tabauu. Hax ux cocrassennem paGoramaum H. Ko-
nephuk (1473—1543), . Kennep (1571 —1630), ®. Buer (1540— 1603)
u ap. B Poccur nepBbie TpuroHoMerpuueckue TabanLpbl GblIH H34aHBI
B 1703 r. npu yyactuu JI. . Maruuuxoro.

CoBpeMeHHbIH BUIL TPHIOHOMETPHS MOJyuHJa B Tpyaax JI. Diinepa.
OH, B 4aCTHOCTH, BBIBeJl BCE TPHIOHOMETPHYECKHE (OPMYJbl H3 HECKOJb-
KHMX OCHOBHBIX, YCTAHOBHJI HECKOJIbKO HEH3BECTHBIX 10 Hero opMyJ1, BBes
eaMHoo6pa3Hble 3HaKH. BriepBbie B ero Tpymax BCTpeyarTes 3alHCH Sin X,
cosx, tgx u ap. Ha ocHoBahun paGor JI. Ditnepa GBIM cOCTaBIEHbI
y4eGHHKHM TPHIOHOMETDHM, H3JNaraBLIHe €€ B CTPOTOH HAaydHOH MOCJeno-
BATeJbHOCTH.

8. 3aganus L1 noBTOpPeHHs
935. Boiukcaure:

5, 17 59 (13 17) 4
4-(12+ 1) 1522 ELEANTQEA R &
2) & (18 18) 550 6y L 16 24) 13
646,8: 21 ’ og 4 og_, 1L’

15 7 T

5) 4,58 + 6,275 : (1,25° — 1,257 - 0,45)
49,533: 16,5 — 2,522 ’

r) 1,476 + 2,08 - 4,05 :
49,938: (0,16 - 12,34%2-0,16%)-0,25

42,5904 : 6,08 — 1,245
(18,2 —5,6°+238 - 7,4):5,05 + 352"
Ynpoctute Boipaxenue' (936—941):

990.9) (34 +1)- (- D)5+ £-(5 + )

1
3nech H Jajiee HUMEITCH B BUIY TaKHE 3Ha4YEHHA 6yKB, MPH KOTOPbIX pacCMatTpHBaeMhbie
BbipaXK€HHSA HMEIOT CMbICJL.

)
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937.

938.

939.

940. a

941.

942.

943.

944.

a-2

8+4(l-a)+a? 1

6)

+

a(a-2)+4
a-1 a’+3a(a-1)-1

8

+ ad

T2+
-4a

P
4a2

a) a:

2 2a2+ 2a

a?+1-2a a?-1"

x2+29x + 78

O (3-(- )

x3—x(4x—l)-4):
x-6

x7 + 6x6—

16 .

2 _ 2 _4x -
a) (x —x-6 x*-4x 5).4x+

-4  x2-Tx+10

x—

9 ]

3x2+12x-36 °

) (x2—3x—10_ 2+ x-12 ): 4x+10

x2-25

x2-8x+ 15

5-x

a) (2/38-./57)- & J19+ /12,
6) (/T4-2.35)- - /7 +./20;

B) /2005 - /32 +2./72;
r) +./300- 2 27 +.JT5.

als+b'5 o505

5 4 p0.5

+

2505

) 29

a-b

5

ab +345q3

1

a5 + p0.5 ’

6)
(3%

a) (a+b%=ﬁ) (
(Ja-8)" +2a2:a+bab |

6)

31,5
Tz
5)3(16 —as

2
3

(o

2

+3)

e

N

N

Ja

Ja-Jb

_2
3.
]

3b

a) (a’

aJa_+bJ5

Haiinute 3naueHde Boipaxenus (942—944):

3

6) (p

I
+1  p3+1

4

757
2_p+1

4

3Jab-
a-b

(p-

X

4x x=2 .
a) (4-):2 - 4+2x)

1 - a?

X

+2 1
1

6) l“

—a  l+a?

9 3

' ((a—2)2 T l-a?

(m—3)

—x2

a

P

| 1 002
— l)-(a—l _;+—l+ 1) [pu a 0,03,

ELI) =1
p+1 ) PHP 37

npu x = —1,5;

) npu a = 2,5.

2 (&
9 (3

2.9 + 3-m
2 2

)2

) .

6
2-p2 _

2

7 (-2

) .

4

p+2

3+m

—9l.
npu m 22,

npu p = 1,5.
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945.
946.

947.
948.
.a) (b—2a)x + 2 — abx’;
950.

951.

952.
953.

954.

955*,

956.

957.
958.
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3anuinTe MHOTOU/IEH, KOPHSIMA KOTOPOTO SIBJSAIOTCH YHCJA:

a) 1; 2; 3; 4; 6) -2, —1;0; 6.

I[IpencraBbTe MHOrOY/IeH B BHAE NMPOH3BEAEHHS JHHEHHBIX MHO-
KUTEeH:

a) x° — 6x; 6) x — 5x°;
B) 3x° — 25; ry x*—2;
) 2%+ 8x ~ 7; e) 3x' — 5x + 2;

K) 3x* — 6x + 12; 3) 8x° + B4x + 36x” + 27.
PasnoxuTte MHOTou/eH Ha JiMHEeAHble MHOXKHTEJH, CYHTas!, YTO a
v b — nanueie uncsia (947—949):

a) £ — (1 +a)x + q; 6) 4x° — 2(1 + a)x + a.

a) 2ax* - (2 + a)x + 1; 6) 6+ (2 —3a)x — ax’.

6) b — (a + b*)x + abx™.
PasjioxuTe MHOrOYJIEH HAa MHOXHTEJIH:

a) (@ —b)’+(b—c)’+ (c — a)’;

6) £+ %"+ 1;

B) X +x'+ 1.

Ilpu kakux sHaueHusix p ypasHeHHe 2x° + x + 2p* = 0:

a) He UMeeT AEHCTBUTEJbHBIX KOPHEH;

6) uMeeT paBHble KODHH;

B) UMeeT HepaBHble KOPHH?

Peurnre ypaBuenue, cuutas, 410 £ — JaHHOE YHCJO:

a) X+ 2kx+(k—17=0; 6)x*—kx+k—1=0,
Ykaxkure YCJIOBHS, IDH BBIMOJIHEHHH KOTOPbIX KBAPAaTHOE YpaB-
HeHHe ax” + bx + ¢ =0, rae a, b u ¢ — pauxoHa/bHbIE YHCJa,
HMEeT HPPaliHOHAJIbHbIE KOPHH.

[TokaxuTe ¢ nomotnpio rpaduka, 4To ypasHenue 2x° + 3x + m = 0:
a) npu m < 0 uMeeT JiBa AeHCTBUTENLHBIX KOPHS Pa3HbIX 3HAKOB,
npuyeM aGCOMIOTHAS BeJHYHHA OTPHLATEJBHOTO KOPHS GOJblie
aGCoJIOTHOM BEJUYHHBI MONOXKHTENbHOTO KOPHS,

6) npu 0 < m < lé ypaBHeHHE HMeeT ABa Pa3JjHYHbIX OTPHLA-

TeJIbHBIX KODHS;
B) Npu m > 1% ypaBHeHHe He HMeeT AeHCTBHTEJbHBIX KOPHEH.

Hccnenyiite ¢ momouplo rpaduka 3aBHCHMOCTL YHCJIA KOpHEN
YPaBHEHHS OT @, [A€ @ — JAHHOE YHCO:

a) X’ —x+a=0; 6) “+x—a=0;

B) X —4x+a=0; r) X’ +ax+4=0;

n) 0,2x2+2,1x+a=0; e) 3+ 7ax+ 4 =0.

[1pu Kakux sHaueHUsAX a, b, ¢ (UK PH KAKMX OTHOILEHHSX MEXIY
HUMH) I/l KBaJPaTHOTO TpexujeHa ax’ + bx + c:

a) cymMa KOpHe# 3TOro TpexwieHa paBHa HX IPOH3BEE HHUIO;

6) KODPHH 3TOTO TpPexX4/ieHa PaBHBI 110 aGCOJIIOTHON BeJHUKHHE?
Mtuorounen  x*'+ 2x°+ mx* + 2x+ 1 sBasercs KBaJpaToM
Jipyroro MHorousieHa. Halinute uucaa m u n.

KakuMu uncaiaMi 10/KHBI GbITh p H g, YTOGB! KODHH ypaBHEHHS
'+ px+ g =0 6w pPaBHHL p U ¢?

959.

960. a)

961. a

IIpn KakoM 3HaYeHHH a CyMMa KBalpaTOB YHCeJ, COCTABJSIOLIHX
pellleHHe CHCTEMBbI ypaBHEHHH

x-2y=a,
2x-y=a+1,

OyneT HauMeHbILUeH?
Pewre cucremy ypaBHenuii (960—964):
{x+xy+y=ll, 6) {x3—y3=8(x-—y),
x-xy+y=1; x+yt=8.

) {x2+xy+y2=4,

x+xy+y=2

) x+ty+xy=7,
X+ yr+xy=13;

062, o) | GV 4T, [ EHH=20,
' xy(x-y)=210; xty=2xy.
+ y?= x2+x = 2,
963. a) { * T Y =3 6 oy
X+y=3; x-y?=0,
=2.
xy=6’ yz 3 *
964. a) { yz=23, 6) zx=§y,
xz=2; xy =62
Pewnre rpaguueckum cnocoGom cuctemy ypaBHeHui (965—
967):
N xy=—6, y=x7—4,
965. 6
) { =-x2+5; ) {xy=4.
y=x?-2x-3, y=-x>+5x-6,
966. 6
a){y=|x—l|; ){y=|x+1|,
—042_ =x2+ 5x + 4,
967, a) { Y= 1 e
y=-x*-3x-2; y=-x*+6
968. Peure ypaBHeHue:
5-2x 2 _ 3x
a) x2-x +;_x—l ’
2x 3x-1 _ 3 .,
) T T e Ty
6 2 7
B) x2-9 + x2+4x  x2+x-12°
7 —2596 193



969.

970.

971.
972.

973.

974.

975.
976.

977.
978.

979.
980.
981.

982.

983.

984.

985.

986*.

987%,
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Peunrte HepaBencrBo (969—971):
_2 8 . 4 _x_ 3
x—l‘x+l<x2—l’ 6)

> —_
x+1  x-1 %21
3x-1 2x~1
< < 2; <27 <2,
a) 1 2; 6) 1<Z=L <3

2x + 1
a) (1 +x) <[l -x7; 6) 11 -x2|< (1 —x).
IIOKa)KI/ITe, 4TO MPOH3BEACHHE JBYX HOC/JeNOBaATEJbHbIX Ha-

Typa/ibHbIX 4YHCEeJ He MOXKeT ObiTb paBHbIM 25k + 1 mnpu Ha-
TYpaJIbHOM k.

Jlan muorouneH x° — 5x° + 8x. M3BecTHO, 4YTO ecJjid 3HAYEHHE X
yBeJIHYUTb Ha 1, TO 3HAuUeHHe MHOroudneHa He uaMeHurcs. Haii-
JIUTE 3TO 3HAUYEHHE X.

JlokaxHTe, 4TO €CJIH HEKOTOPOE YHCJIO TPH AejeHUH Ha 9 jaeT B
ocratke | MK 8, To KBajpart 3TOTO YHcJa MpH AeJEHUH Ha 9 gaer
B ocTtaTke 1.

ITpencrasbre ab B Buie PasHOCTH KBAAPATOB JIBYX BHIPAXKEHHH.
Haiinure ABy3HauHOe 4YHC/I0, paBHOE YABOEHHOMY MPOH3BEICHHIO
ero uuop.

Haiiaute x u y, 3Has, yto xy = 1 nuto [x|< 1, |y|< 1

Haiiaure uudpel a v b nstusHaudoro uucna 42a4b, ecau us-
BECTHO, YTO 3TO YHCJIO AEJIHTCA HaleJo Ha 72.

Ha kakyio unopy oxanuusaercs uucio 7'°°?
Kakoii uudpoii okanunpaercs cymma 21°* + 34* + 46° ?
Iloxamme UTO eCM 1> | ¥ n — HedeTHOE YUCJIO, TO YUCJIO BUAA
n? —n® —n* + 1 geaurcs Haueno Ha 128.
Onvn U3 KopHeit ypaBHeHnsi x° — x — a = 0 pasen a + 1. Haii-
JMTE APYroil ero KopeHs.,
[Tpn kakoM 3HaueHu#t b ypaBHEHHE

£+ b0x+36° =26 — b+ 12+ 2b°
vMeeT KopeHb x = 3?
Moxer s GbITh LIEIBIM YHCJIOM BHIPAXKEHHE %? Ecmu na, To

NpH KAKOM 3HaueHHH a (a — uenoe)?
Kakoe uncio 6oabure:
) L01s80 + 1 101987 4 |
101987 | 101988 + |’
Tle @ U n — HaTypaJbHble uucJa?
3adaua bxackapu Il (1114 — ok. 1178). Pemure ypaBHende
B LJIbIX YHCJIAX:

artt 41

) a+ 1
an+24 |’

antl+]

100x + 90 = 63y.

Cmapunnas 3adaua. Vet kopa6ab No MOPIO, HA HEM MyXXecKa
noay u xeHcka 120 uejyoBek. Beero samnatuin 120 rpusen,
MYXXUHHDBI JaJH M0 4 alThiHa, a >KeHIUHHbI AaJu 10 3 ajiThiHa C
yesj0BeKa. CKOMIBKO My»KecKa ITOJy M XKEeHCKa MOPO3HL?

988*,

989.

990.

991.

992.

993.

994.

995.

996.

3adaua JI. H. Toacmoeo. Ha 100 p. kynuan 100 cKOTHH — TeJIsAT
Mo oJiITHHE, KOpOB 1o 3 p., 6bikoB Mo 10 p. CxoabKO Kymusiu
TEJSIT, KOPOB H OLIKOB?

IocrpoiiTe rpaguk QyHKUMH:

- 1 ) 1 . - 1 .
a)y 1, 6) y =5 B) y =1

= = _1 = 1 _
r) y= -x’ n) x-1 + L €) 2-x ’

=_3 _ = 2 —x+1
>K)y vz b Y= S t4 w)y=x

= XxX-3 . __2x—-1 =3x+1
K) y x+4 4 JI) y 1 y M) y x_l *
Hcnonbaysa rpaduk ¢yukuuy, pemme HepaBeHCTBO:

1 . 1 . 2 . 4 .
a)}->0, 6);<0, B) -=>0; 1) _}-<0,
n Lsy e) <2 x) £>3 ) -253.
HMcnoabsys rpaduk ¢dyHKUMH, peLinTe CHCTEMY YPaBHEHHIl:

=1, =_§,

a) Xy 6) Xy

y=x2 y=x+1;

{y=x2—4x—5, y=Ix|,

B) {1 _ 12, s _6

y= _Tv Yy ; .

3adaua I1. JI. Yebouwesa. Manvuuk ckasan: «Ecau mue pamyr
eme 40 opexoB, TO y MeHsi GylIeT CTOJILKO XKe, CKOJIbKO Y MOEro

6paTa. A ecnn MHe nanyt 90 opexoB, TO y MeHst cTaHeT B 2 pasa
Goablle, yem y Moero 6pata». CKOJIbKO OPEXOB y KaXKAOTro?

Cmapunnas 3adawa (Kumai, [ 6.). Coobuia NOKynaoT Bellp.
Ecan kaxpii yeJioBek BHeceT 1o 8 (IeHEXKHBIX €AUHHUIL), TO H36bI-
TOK paBeH 3. Ec/in kaxnplil yesioBek BHeceT Mo 7, TO HEAOCTAaTOK
paBeH 4. CrnpalHBaeTCs KOJHMYECTBO JIOACH H CTOMMOCTh BelllH.

Hz «Apugpmemuruy» JI. ®. Maenuykozo. Hekto xXenaer nathb
MHJIOCTHIHIO YOOTHM, JaB KaX[AOMY H3 HHX 10 3 MEHf3H, HO He-
nocraer feHer Ha 3 yesnoBeka. Eciu 6wl gan UM 1o 2 meHsisH,
Toraa 6bl 0CcTas0ch JeHer Ha 4 yesioBeka. CripalliiBaeTcsi, CKOJb-
KO GblJIO yOOTHX, H CKOJIBKO Y TOTO My3Ka GbLIO AEHET.

Cmapunnas 3adaua (Kumaii, Il 8.). Coo61u1a NoKynaoT Kypuiy.
Ecau Kaxiplii yesoBeK BHeceT 1o 9 (HEHEXHLIX eIMHHI), TO
octaHeTca 11, ecau Xe Kaxipiii yedoBeK BHeceT 1o 6, To He
xBaTUT 16. HaliTH KoJiM4eCTBO /I0fel U CTOMMOCTL KypHUEIL. ¢

Cmapunnas 3adaua (Kumai, Il 8.). Coo6ina nokynaiot Gyii-
Bosa. Ecau kaxaele cemb cemeil BHecyT mo 190 (meHeXHBIX
€AHHHL), To HemocTaToK paBed 330. Ecam e Kaxibie AeBSiTh
cemelt BHecyT no 270, To H36biToK paBed 30. Cko/bKO ceMeil H
CKOJIBKO CTOHMT GyHBOJI?
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997.

998.

999.

1000.

1001.

1002.

1003.

1004.

1005.

1006.
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IlepumeTp npsiMoyrosibHHKa paBeH 16 1M, a ero mJollaas paBHa
15 am*. OnpenennTe CTOPOHBI 3TOTO MPSMOYFONLHHKA.
KBagpar mMeHbliiero U3 J[ByX HaTypasibHbIX YHCEJ PAaBEH HX CYMME,
a pasHOCTh 3THX 4yuceJ paBHa 15. Haitgute s1TH uucaa.

Haigute aBa umcsa, ec/H OHH HaXOAATCH B OTHOLIeHHH 2: 3, a
UX cyMMa paBHa 20.

Hafmme 3Ha4YeHHUe x, nJsa KOTOpOFO COOTBeTCTBy}OHLee 3HaAYeHHe
y ABJACTCA HAUMEHbBUIUM, €CJIU:

a) y=(x+ 1Y — 3; 6) y=(x—2) +5.

ﬂBa KaMeHIUHKAa BLBIKJ&AbIBAOT CTeHy 3a TpPl JIHA. 3a CKOJILKO
ILHeﬁ BBIMTOJIHAT 9Ty pa60Ty TpPI KaMeHIUIHKa, €CJH HpOHSBOI[PI-
TeJbHOCTb TPyJa y Bcex paGoyHux oJUHaKoBas?

Hafiaure npa uncna, ecyii OHH HAXOHSITCS B OTHOLUEHHH 3 : 2 U UX:
a) cymma pasHa 20; 6) pasHocTb paBHa 20;

B) Nnpou3BejleHHe paBHO 150; r) 4acTHOe paBHO D.

M3 nyskTa A B nyHKT B Bblexas BeJIOCHUTIEUCT, a YEPe3 YeTBEPTh
yaca BCJle]l 32 HHM BblexaJs aBTOMOGHIb. B cepennHe mytu Mexny
A n B aBroMoGuab gorHan Bejocuneaucta. Korza aBToMoGuib
NpUOLL B NYHKT B, BeJIOCHNEUCTY OCTAIOCh TPOEXATh ellle TPeTh
nyTtu. Kakoe Bpems 3aTpaTus Ha myTh OT A 10 B BeJOCHNEIUCT H
KaKoe — aBTOMOGHJIb, €C/IH H3BECTHO, YTO CKOPOCTH BeJOCHIIe-
JYCTa H aBTOMOOGUJS TIOCTOSIHHBI?

ITpoueHnTs!l comepxaHus (Mo Macce) KpacHTesl B TPEX pacTBOpax
06pa3yloT reOMeTpHYECKyo nporpecchio. Ecau cMellaTh nepBbii,
BTOPOH M TPETHH pacTBOPbI B OTHOILIEHHU 2 : 3 : 4, TO MOJyYHTCH
pacTBop, cogepxaumit 32% kpacureas. Ecan xke cMeiath ux B
otHoweHud 3:2: 1, To moayyurcst pactBop, copepxaumi 22%
Kpacutesns. CKOJMbKO TPOLEHTOB KPacHTeJs COAEPXKUT MepBbii
pacTtBop?

M3 nynkra A B nyHkT B, paccrosiHie mexay kotopbiMi 100 KM,
BbleXaJl MOTOLMKJIMCT, H OfHOBDEMEHHO ¢ HHM H3 B B A Bhiexan
BeJiocHMeaucT. Yepes HEKOTOPOE BpeMsl OHH BCTPETHIHCH B MyHK-
te C, pacrojioxeHHoM Mexay A U B, #, NpoRoJKHB CBOH MyTh,
npHObLIKM B MyHKTH Ha3HaueHud. Ha crenyomuil neHb MOTOLMK-
JIMCT BepHyscs B A, a Besiocuneauetr — B B. [1pu 9T0M MOTOLHK-

JIUCT ABHTAJICA B -g—- pa3a 6bICTpee, 4€M HaKaHyHE€, U NO3TOMY Ha

Bech NyTh U3 B B A 3atpatun Ha 1|0 MHH MeHblie, YyeM Ha NyTh
ot A no C B nepBoiil feHb. CKOPOCTb BEJIOCHMEANCTa BO BTOPOH
JleHb 6biia Ha 10 KM/4 Bbillle, YeM B MepBblil JeHb, H Ha BeCh MyTh
ot A 1o B oH 3aTpaTii B % pasa GoJibllle BpeMeHH, YeM Ha IMyTb
ot B no C B nepsbiil geHb. C KakoH CKOPOCTBIO JBHrajcsi MOTO-
LIMKJIMCT B MepBbIH JieHb Ha nyTH u3 A B B?

JBa meliexona OfHOBPEMEHHO BbIHLIM HABCTpEYY APYT APYry H3
nyHKTOB A ¥ B, paccTosiHHe MeXIy KOTOPBIMH PaBHO 34 KM.

1007.

1008.

1009*,

1010.

101 1%,

B 4 xm ot nynkTa A nepsblii newexon (Bolienmnit u3 A) crenan
octaHoBKy Ha 1 u 30 mun. [locse ocTaHOBKH OH yBeJaHUYHJ
CKOPOCTb Ha 2 KM/4 H BCTPETHJ BTOPOTO Meltexoa B 18 kM oT
nyukta B. Ecan 6bl nepBulil nelexon He Je/iaj OCTAHOBKH U
e BCe BpeMs ¢ NepBOHAYaJbHON CKOPOCTHIO, TO MellieXo/bl
BCTPeTUMCh Gbl Ha mosnyTH. OnpelesuTte CKOPOCTb BTOPOro
Memexoaa.

HBa xycka onuHakoBoi#l Tkanu crosr Bmecte 91 p. Korma us
NePBOro Kycka Nnpojajd CTOJNbKO, CKOJbKO GBLIO MepBOHAYANbHO
BO BTOPOM, @ H3 BTOPOT0 NOJIOBHHY TOTO, YTO GbLIO MEepPBOHAYAJb-
HO B NIEPBOM, TO OCTaTOK NepBOro Kycka okasancs Ha 10 M GosbLie
ocTaTKa BTOPOro Kycka. CKOJIbKO METPOB TKaHH GbLJIO B KAXKAOM
KycKe, ecid 1 M TKanu ctout 1,4 p.?

Paccrosinne mexny npucransimu A u B paBHo 48 kM. OTya/IuB OT
npuctand A B 9 4 yTpa, Mapoxoi MOMJIBLI N0 TEYEHHIO PEKH JIO
npuctand B. Tlpocrosis y npucranu B omuH uac, napoxof
oTmpaBuics B 06paTHbI# peiic u npubb B A B 17 4 Toro xe jausi.
CkopocTb TedeHus pekd paBHa 2 km/u. Haiigute co6eTBeHHylo
CKOPOCTb NMapoxoja, ecsi H3BeCTHO, YTO Ha nytd U3 A B B u u3
B B A oHa 6bli1a oiHa M Ta XKe.

W3 nyukra A B nyHkT B, paccTosinue Mexay KOTOpbIMH 525 KM,
BbleXa/Jl MOTOUMKJHCT. Uepe3 HekoTopoe Bpems U3 B B A Bul-
exaja MalliiHa, KOTOpasl BCTPETHAACH C MOTOLHMKJIHCTOM B TOT
MOMEHT, KOrfia OH mpoexad -;’- paccrosinua ot A go B. Moto-
LUHKJKHCT H MallHHA TIPOJOJIKAJNM JABMraThCsl Aajblle, H MOTO-
UHMKJHCT mpHexan B B dYepes 3 u mocJie TOro, Kak MaiuiuHa
npu6eiia B A. Ecan 661 MalnHa Boiexadsia u3 B Ha 1,5 4 panbiue,
uyeM B JeHCTBHTEJbHOCTH, TO OHA BCTPETHJACh 6bl C MOTOLHMK-
JucToM Ha pacctossHud 180 kM or A. Omnpegesnte CKOpOCTh
MOTOLHKJIHCTA.

a) C6epbank Poccuu ¢ 1 oktabpst 1993 r. 3a xpaHeHue aeHer Ha
NETIO3UTHOM BKJajle B TeyeHHe Toja, LIECTH H TPeX MecsileB
BbilJIayHBai J0xoA B pasmepe 150, 130 u 120 npoueHtoB coot-
BeTCTBeHHO. KaKoH J0XOR MOXHO GbLIO MOJYYHTH MPH 3THX YyC-
JIOBHfIX NPH ABYKPaTHOM BJIOXKEHHH [EHEr Ha IIECTb MeCALEB H
YeTBIPEXKPATHOM — Ha TPH Mecsiia?

6) Yepes HecKOJIbKO MeCHLER MPOLUEHTHBIE CTABKH MO JE03MT-
HbiM BkJaagam C6ep6aHka Poccuu GblIM yMeHbIUEHB H COCTa-
BHJH 70, 60 u 50 MpoleHTOB A5 JeMO3HTHLIX BK/IaJ0OB Ha rof,
[IeCTb H TPH Mecslla COOTBeTCTBeHHO. Kakoif moxol MOXHO
ObiJI0 MOJIYYUTH NMPH HOBBIX YCJOBHSX NPH [IBYKPATHOM BJIOXKE-
HHH JieHeT Ha ecTb MecsleB M 4YeThipeXKpaTHOM — Ha TpH
Mecsiua?

KakuM HauGOMbIIMM LEJNBIM YMCJIOM JOJKEH BblPaXKaTbCst
NPOLEHT TOAOBBIX ISl BKJAQNOB Ha 1UECTh MecsAueB, 4ToGbl
JBYKPaTHOEe HCTIO/Nb30BAHHE 3TOr0 BKJAaJa NPHHOCHJIO [0XOA
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MeHbIUHH, YeM BKJAaJ Ha oauH rox noa p% romoBuix? Kakum
HauGOJIbLIMM LIEJIbIM YHCJIOM AOJIKEH BbIPaXKaThCs MPOLEHT ro-
HOBbIX IJIsi BKJIAJOB HAa TPH Mecsla, YTOoObl ABYKpaTHOE HCHOJb-
30BaHHe 3TOTO BKJajla PUHOCHJIO JOXOJ MEHbILKE, YeM BKJaJ Ha
1IeCTb MecsiueB?

a) Pewnre 3agauy B 061ueM BHJE.

6) Ilonyunte otBer gast p = 150 u p = 70.

[lponkBHOH HOXIb JHJ HECKOMbKO 4YacoB moapsai. Korga oH Ha-
TMOJIHHJT HEKOTOPYIO 4aCTh OTKPHITOTO GacceiiHa, BRIIOYHIIH HACOC
st oTKauykd Boibl. OH OTKayasJ BOAy 3a O 4, Ha MPOTSKEHHH
KOTOPBIX JOXKIb NPOA0JJXKaa JHTb. Eciin 661 BMecTo mepBoro Ha-
€oca BKJIIOYHJIM BTOPOH, MOIIHOCTb KOTOpPOro B 2 pa3sa GoJiblie,
TO OH OTKadaJs 6Bl BOAY 32 2 4. 3a CKOJIbKO 4aCOB OTKayaJu Gbl
BOAy [iBa Hacoca NpHu coBMecTHOH pabote? CuuTaiiTe mpoieccs
HanoJIHEeHHsi 6accefiHa H OTKAYKH BOJAbl PAaBHOMEDPHBIMH.

a) Ha nyry pacrer tpaBa. 20 kopoB cbemst Bcio TpaBy 3a 21 meHb,
a 30 kopoB — 3a 7 JHeli. 3a CKOMIBKO AHEH BCIO TpaBy Ha Jyry
MOTJIH Obl cbecTb 22 KOPOBBI?

6) Ha nyry pacrer TpaBa. 6 KopoB cbensiT Bcio TpaBy 3a 6 aHei,
a 7 kKopoB — 3a 4 gHsi. CKOJNIbKO KODOB MOIJIH 6bl CHECTb BCIO
TpaBy Ha JyTy 3a 2 ausi?

B) Ha syry pacrer tpaBa. 60 KopoB MO 6bl IPOKOPMHTLCS Ha
3TOM JIyry B TeueHHe 14 pHeil, a 50 kopoB — B TeueHue 28 gueil.
CKObKO KOPOB MOTJIH Gbl [TACTHCh Ha 3TOM JIYTy MOCTOSIHHO, MOKa
pacreT TpaBa?

3adaua H. Hoiomona. JlpeHanuaTts GbHIKOB ChEeIAIOT 3% 10repa1

nact6uma 3a 4 Henens; 21 6bik chegaer 10 orepoB Takoro xe
nacrbuuia 3a 9 neaenb. CKoMbKO GLIKOB CheAsT TPaBy Ha 24 iore-
pax nacr6uia 3a 18 Hemean?

a) Hajigure pasHocTb apH(MeTHYECKOH NpPOTPECCHH, €C/H H3-
BEeCTHO, YTO MATLIA ee uieH pabeH 19, a neBATHIl uien paBeH 35.
6) Hadinute pasHoctb apuMeTHYECKOH MPOrpeccHH, eciH H3-
BECTHO, YTO 4eTBepThIH ee 4YjeH paBeH —13, a mecaAThil 4jeH
paBeH —43.

B) Pasnoctb apHdmeTHUecKO# nporpeccun pasHa 9,5, a ABeHas-
uateiit yied pasen 105,25. Hafinute nepseiil uien nporpeccun.
r) Yucna é H —1%— — fepBbIH W ABagUAaTHIA uWieHbl apume-
THYEeCKoi nmporpeccud. Halinute pasHocTh 3Toit nporpeccuy.

a) Mexnay uncaamu 7 u 35 Ha KOODAMHATHOH MpAMOK HalauTe
IIeCTb TOYEK, KOOPAMHATH KOTOPbIX BMECTE C 4HcAaMH 7 H 35
SIBJSIIOTCA  MOCJEAOBATEIbHBIMH  YIEeHAMH  apudMeTHYEeCKO#
NPOrPECCHH. '

' 1 1orep — ppeBHss puMcKasi Mepa maiolaaH okoso 2500 M.
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1018.
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1020.

1021.

1022.
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1024.
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6) Mexny uucnamu | u 6 HaiinkTe nsTh yucen, KOTOpLIE BMecTe
C 3aJaHHBIMH YHCJIAMH SIBJAIOTCS MOC/AENOBATENbHBIMH YJie HAMH
apH(PMeTHYECKOH MPOTPECCHH.

a) Kak usmenntcss pasHOCTb KOHeuHOH apudmMeTHYecKoil
NPOrpeCCHH, €C/H MOPS/0K €€ Y/IEHOB H3MEHHTb Ha MPOTHBOMO-
JIOXKHBIH?

6) CKoJIbKO U/JIEHOB B KOHEYHOH apH(MeTHYeCKOH nporpeccum,
ec/i ee KpaiHue wiensl 10 u 7,5, a pasHocTs paBHa —0,4?
Haiinure dopmyny obiiero unena apudmernyeckoil IpOrpeccHH
a,, a,, ..., 4, ..., €CJIH U3BECTHO, YTO:

a) a, =25, a,= —b5; 6) a,=-3, a,=0;

B) a, =6, a,=33; r) a,=—4, a,=—17.

Hanbl 1Be reomerpuueckue NpOTpeccHu: a, a,, ..., a, ...
ub,b, ..b, ... SsBaserca 1u reoMeTpuyeckoil nporpeccuer
NnocCyae10BaATEJILHOCTD.

a)a, +b,a,+b, ..,a,+b, .;
6)a,—b,a,—b, ..,a,—b, ..,

B) a b, a, b, ..,a,"b, ..;

a; &y a,
r) —, —=, .., 2, ..(Bce b#0)?
) B e 3w (Boe 6,%0)
Halinute nepebiii unen u 3HaMeHaTe/lb reoMeTPHYECKOH nporpec-
cuu b, b,, ..., b, ..., eciu H3BECTHO, 4TO:

-7 _ 7 . — —

a) b,+b4—ﬁ, bs—b2+bl—§, 6) by—b,=2,b,—b, =8

Haiinure veTeipe uncaa b,, b,, b, b,, eciu u3BecTHO, YTO uuC/a
by, b, b, 06pasyloT KOHEUHyI0 TeoMeTPHYECKYIO nporpeccHio, a
uucna by, by, b, 06pasyrt KoHedHyio apudMeTHYECKYIO Iporpec-
cio u b, + b, =37, b, + b, = 36

Haiinure tpu uncna b,, b,, b, o6pasymwime koneunyo apupme-
THYECKYIO MPOrPECCHIO, eC/iM U3BECTHO, YTO HX cymMMa pasHa 30,
auncsa b, — 5, b, — 4, b, o6pasyior KoHeuHyi0 reoMeTpHYECKYIO
POTPECCHIO.

Haliqure n — 4ucno uneHos konewHokd reoMeTPHYECKOH Tporpec-
cud by, b,, ..., b,, ecan uaBecTHo, 4TO b, +b,=51, b, + b, = 102,
S, = 3069,

Haiiaure Bee uncna x, ynosnersopsiouire ciefyomeMy ycioBHIo:
1+7+ 13+ ..+ x=280.

Cymma Tpex uymces, 06pasyiolux KOHeuHylo apudMeTHueCKyIo
nporpeccuio, paBHa 2, a CyMMa KBaJpaTOB 3THX XXe YHCeN paB-

Ha 19_4 . Haiigure 31H umcaa.

a) CyMma BTODOTO H IEBATOrO YIEHOB apH(METHYeCKOH mporpec-
cun paBHa 10. Halinute cymmy pgecsTH nepBhIX 4/€eHOB 3TOH
nporpeccuy,
6) CyMMa TpeTbero H JeBATOrO 4YieHOB apHbMeTHYECKON
nporpeccuu pasHa 16. Hafiaute cymmy nepsbix 11 4jeHoB 3T0i
nporpeccuy.
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B KOHeuHOH reoMeTpHYeCcKol NPOrpeccHH YeTHOe YHCJIO Y/ICHOB.
Hafinute ee 3HaMeHaTenn, ecuu:

a) CyMMa BCeX Y/IeHOB NPOrpeccHH B 4 pasa GoJiblie CyMMbI ee
4IEHOB, CTOSALIMX Ha HEYETHBbIX MecTax;

6) cyMMa BCeX 4IEHOB NPOTPECCHH, CTOSILIMX HA YeTHBIX MECTaX,
B 2 pasa 6oJibllle CyMMBbI €€ UYJIeHOB, CTOSIIMX HA HEYeTHBIX
MecCTax.

[Ipy 3aBUHUMBAHHH IECTUTPAHHOH raliKH TaeuyHB KJKY I10-
BEDHYJIH Ha «1Be rpaHu». Beipasute B rpaiycax BeJMuHHy yr.a,
Ha KOTODBIH MOBEPHY/IM FaeuHblil K04, €CJH y4ecTb, YTO YroJ
TIOBOPOTA OTPHUATENbHBIH.

Onpenenute B rpagycax BeJHYHHY yIiia, OMHCHIBAEMOTO MHUHYT-
HOM CTpeJiKo# 4acos 3a:

a) 5 MuH; 6) 15 mun; B) 45 MHUH;

r) 1y 4) 3 4 20 mun; €) I0JICYTOK.

Ha kaxoii yron nano nosepnytsb MHHYTHYIO CTPEJIKY 4acOB, YTOGHI
repeBeCTH Yachl:

a) sneped Ha 10 muH; 6) Hazag Ha 1 4 12 mMunu?

[Ipu perynupoBke kap6ioparopa aBTOMAIUMHBI BHHT XOJIOCTOFO
XoJa MOBEPHY/H INPOTHB 4acoBOH CTpeakH Ha 1,75 mnoJsHoro
o6opota. Beipasure yros noBopota B rpagycax.

Benpo B kosofue nognuMaercs Ha 2 M, eciM PyKOSITKY BOpOTa
NOBEPHYTh Ha 5 MOMHBLIX 060POTOB 110 YacoBOi cTpeske. Ha kakoi
yroua (B rpajycax) Hao MOBEPHYTh PYKOSITKY, YTOGbI BEJIpO:

a) moaHsiaock Ha 1,5 m; 6) omycTuJoch Ha 3 M?

OKpyXHOCTb MOPCKOTO KOMMNaca pasjesieHa Ha 32 paBHbIe YacTH,
HasbiBaeMble pym6amu. Broipasute B rpaagycax yrawl 1, 2, 10, 15
pyM60B.

ApTuniepHCTbl H3MEPSIIOT YIVIbl TOBOPOTA C IOMOLLBIO 5010—0 4acTH
NOJIHOrO  060pOTa, Ha3biBaeMOH THICAYHONW. BbipasuTe B Thi-
csiHbIX yrael 30°, 60°, 90°.

B 1799 r. Tlapuxckast Akanemus Hayk BBeJia METPHYECKYIO elH-
HHLY H3MepeHHs YIJIOB, KOTOpas Ha3biBajacb rpap. | rpas
paBeu 0,01 yactu npsiMoro yrsia. Beipasute B rpagax yrasr 90°,
120°, 150°.

B actpoHomuu ucrionb3yeTcst euHHIA H3MePEHHS! JOATOTH Me-
CTa, Ha3biBaeMasi 4acoM. Yac 1o/roTh paBeH % YaCTH TOJHOTO
o6opora (360°), Ha KOTOpHIH 3eMIst MOBOPAaYHBAETCA 33 CYTKH.
1 yac comepxur 60 munyr, a | Munyta comepxur 60 CeKYH].
Bbipasute 4ac, MHHYTY H CeKyHIy HOJTOTHI B rpajycax, MHHYTax
H CeKyHJaXx.

Yrabt TpeyronbHuka oTHocATCR Mexay coGoil Kak 3:4: 5.
Onpenennre paauaHHble Mephl 3THX YIVIOB ¢ TOYHOCTBIO 10 0,01,

1038.

1039.

1040.

1041.

1042.

1043.

1044.

B paBHOGenpeHHOM TpeyroibHHKe yros mpH BepludHe B 2 pasa
MeHblUe yria npd OcHoBaHHH. OmpejennTe pajuaHHbie Mepsl
3THX YIJIOB ¢ To4HOCTRIO Ao 0,01.

LlIxue snexrpomotopa nenaer 2000 060poTos B munyty. Onpene-
JIHTE YIJIOBYIO CKOPOCTb BPALUEHHs WIKHBA (B PAaAMaHAX B CEKYH-
ay).

Kakylo JsuHefiHyI0 CKOpOCTb MMeeT TOYKa, yjaJeHHas OT OCH
BpALIEHHS Ha 2 CM, eCJIH YIVIOBasi CKOPOCTb BPaleHHs paBHA g
paiyaHa B ceKyHOy?

3anuwnTe BCE YIibl, KOTOPHIM COOTBETCTBYIOT TOYKH nepe-
CEYEHHS] eIMHHYHON OKPYKHOCTH:

a) C OCSIMH KOOpJHMHAT;

6) ¢ GUCCEKTPHCAMH KOOPAMHATHBIX YIVIOB.

Kak pacrniosioxenbl Ha eIHHHYHON OKPYMHOCTH TOYKH, COOTBET-
CTBYIOLLHE yI/IaM:
a) ou —q

B) 0+ R uo—m,

6) au o +m;
r) o+ 2rku g

no_ z . 3n _ 3n
n)2 au2+a, e)2 au2+a,
rae R — HEKOTOpoe LieJsoe YHCAO?
Boiuncanre:
a)QSin%+3cos%—2tg%—l,5ctg%+ 8 4 1 .
sin £ cos &
6 6
: o o __ o _ o 2 _ 4 .
6) 2sin45° +2cos45° — 3tg45° — 10ctg45 T T
1 n L = 1 3 .
B) sm3+cos§ 2tg3 l,5ctg3+ n+ —~—
COSg Slng

T n 5 .
r) sin 3 6cosQ+3th+m,

. o __ o ° ——2 s
R) 2 sin 180° — 3 cos 180° + 4 tg 180° + cos180° °

o 3n 3n 3n |
e) 3 sin 3 4 cos 5 + bHctg 7 T —5
SlI‘l—2—

sin % cos %— cos % sin(—g—) .
2 . 2T 4+3n
tg 2 - sin 9 cos 0
1 1
3) cos (-30°) sin (-30°)
.2 1 ’
-60°) + ———o
Sin” (-60")+ o9y
Hailnure Bce snauenns yrna B (0 < B < 2m), npu Kaxiom us
KOTOPLIX CrpaBeliBO HEPABEHCTBO!

a) sinBcosf>0; 6) sinBcosP<0.

X)

I

201



1045.

1046.

1047.

1048.

1049.

1050.

1051.

1052.

1053.

202

a) Haipure sin o, cos au ctg o, ecau tg u:—% H g <O<T,

6) Haiigute cos B, sin p ntg B, ecan ctgf = 2un<f < % .

Onpe,aeJmTe 3HaK YyHcJaa.
cos 10 sin 7 ~tg 10 . 6) sin (=3) cos 4 tg (-5) .
08 (—+/2) ctg (-4) ’ ctg 6 ’
B) (sin 3 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)
Boiuncaure:

a) ctg (—%)(tg (-m) - cos (—%’t)) .

T 2n ’
tg (g—lOn) cos(— 3 + lOn)

o H8)s(3-5)

) 4 sin (=F) cos 3%
COS(—2)+SII‘1( 4)(:05 1

JloxaxkuTte cripaBel/IMBOCTb PAaBEHCTBA

a) ctg (o + 3r) sin (2r —a) —cos (a0 —1) —sin (o0 —1) = sin o
npu o # 7k, rae k — mo6oe Les0e YHCII0;

6) 3tg(o—5m)cos(n —a) + sin (&0 —%) + 2 sin (r—a) = 0

npu oL # g + mk, e £ — Jmo6oe uesioe YUCao.

Ynpocrute Bhipaxetie: ,
a) sin’ o + sin o cos” o + cos” ¢
6) sin*a + 2 sin” o cos’ a + cos’ o

Haiigure tg (o0 +B) u tg (o —P), ecan sina = 0,6, cosp =—-% u

. 3
=< < < < -
5 <O<T, T B 5

Haitanre tg (o0 + B)utg (o —P), ecantg o = % sin =0,8u

0<B< .’2.‘ .
Bbluncsnre:
a) cos 37°30" cos 7°30" ;

B) cos 15° cos 75°;

a)sin 15° + tg 30° cos 15°;
) lgl13° +gl7°
1-tg13° tg 17°°

tg 113° + tg7° .
M) T g 13715 7%

6) sinm 75° sin 15°;
i bW o W
r) sin 5 SN 575

lin 5m.

e) tg gy tig s
3) tg 1° - tg 46°

1 +tg1°tg46°’

k) 12150° —tg 15°
1 +tg150°tg 15°

JlokakuTe crpaBefJIHBOCTb PABEHCTBA:
a) sin 10° cos 20° cos 40° =é ; 6) cos 20° cos 40° cos 80° =% ;

: 2n 1 T
B) sin X £2 = = =
) 5 cos 5 4 tg 5°

r) sin 18° cos 36° = i.

1054.

1055.

1056.

HokaxuTre, 4To ec/IH &, B HY — YrJIBl TPEyroAbLHUKA, TO cnpaBen-
JIHBbl PABEHCTBA H HEPABEHCTBO!

a) sin a + sin B + siny =4cos%cosg—cos§;

6) cosa + cos B + cosy =4singsingsin%+l;

B) sin” a + sin’ B + sin’ y > 2, e & < 90°, B < 90°, vy < 90°.
TlokaxuTe CipaBeIHBOCTb paBeHCTBA:

a) cos 2o (sin a + sin 3o) = sin 20t (cos o + cos 3a);

6) (sin o cos B + cos ausin B)* + (cos & cos B — sin o sin B)> = 1.

Haiinure Bce yrabl o, ans Kaxzgoro us KOTOPbLIX OZHOBPEMEHHO
HMEIOT CMBICJ/ 06€e YaCTH PaBeHCTBA:

a) ctg’ o ~ cos’ o = ctg’ acos® o
6) cos’ a(tga+ 2)(2tga+ 1) =5 sin a cos o + 2.
JL1st HaHREHHDIX YIIIOB O IOKAXKHTE CIIPABEIIMBOCTD paBeHCTBa.
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F.HABA@

NPUBJINKEHHDIE
L) BbIYUCJIEHUA

§ 9. [TIPUBJIVMD)KEHHWSA YHUCEJT
9.1. AGconoTHAA BeJHYHHA YUcaa

HanomuuM, uto a6coioTHasi BeJHYMHA YKHCIA @ €CTh YHCJIO |a|, paB-
HOE a, eC/Id @ HEOTPHLIATE/IbHO, H PaBHOE —4, eC/IH @ OTPHLATEJIBHO, T. €.
al a, ecaun a=0,

a ==
-a, ecqau a<0.

Hanpumep: |7| =7, |-7|=T7.

A6cooTHas BeJIMUKMHA YHC/IA @ €CTh YHC/I0 HeoTpHLaTesbHOoe. TouHee,
a6CoNI0OTHAS BeJIHUMHA YHCJIA a, OTJIMYHOTO OT HyJIsl, €CTh YHCJIO MOJIOKH-
TeJbHOE, a aGCoJI0THAs BeTMYHHA HYJISl €CThb HYJb.

Ec/ii OTMETHTh Ha KOOpPAMHATHOH ocu (pHc. 75) TOYKH a H —a, To |a|
onpefie/isieT PacCTOsiHHE OT JIOGOH H3 3THX TOYEK 10 HyJeBOH TOYKH (Ha
pHCYHKe 75 a — MOJIOXKHTEbHOE YHCIO, (—a) — OTpUliaTe/bHOE YMCJIO).

[Mepeurcaum oCHOBHBIE c80UCMEa aGCOIOTHBIX BEJHIHH.
1. A6coJioTHas BeJIHYHHA MPOU3BENECHHUA ABYX UHCEN paBHA NPOU3-
BeJCHHIO a0COMOTHBIX BEJHYHH 3THX UHCEN:

|la-bl=]al - [8].
Hanpumep:
[7-31=7-3=17]"13],
(=7)-3|=|=7-3|=7-3=|=7|:3],
(=7)(=3)=17-31=7-3=[=T7]"|-3I.

RY
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2. A6conloTHas BeJMYHWHA YACTHOTO JBYX YHCeJl paBHA 4acCTHOMY
a6COAOTHLIX BEJAHYHH ITHX YHCE:

4 =5 ©=0.

Hanpumep:
H - _ 1
3 3 3]~
li|=‘_l‘=l=ﬂ
3 3 3 131"
|-_7l S —
-3 3 [-31"

3. A6coJIoTHAA BeJHUYWHA CYMMbl JBYX YHcesl He GoJibllie CyMMbi
a6CcoNOTHBIX BEJIMYUH STHX YHCE:

la + 6| <|a| + |6].
B camowm nedie, ecain a u b 062 HeoTpHIATENbHEI, TO
a+ b= +(la| + {b);
ecJii X&e 063 HENOJIOKHTENbHE, TO
a+ b= —(la| + |b]).
Ho Torna
la + b] = |+(lal + b])| = |a| + |b]
la + 6] = |—(lal + [b])] = la| + |b].
[IycTb Tenepsb yucaa a ¥ b pasHbIX 3HAKOB H /1S OTpeieIeHHOCTH |a| = [b].
Ecau a nosoxuTesbHO, TO
a+b=+(lal = |b]),
H eCJId @ OTPHUATEJIbHO, TO
a+b=—(lal - |b]).

Ho Toraa :
la + b| = |+(la] — 16])] = la| — |b] <la] + |b]
u
la + 6] = |=(la| = 16])| = |a] — bl < a| + |b]
NMOTOMY, YTO
—|b] < B|.

Hrtak, ansa A106bIX AeHCTBUTENbHbIX YHCEA A U b
la + b} <|a] + {b].

4. AGconloTHas BeJHYHHA PAa3HOCTH ABYX 4YuUcCeN HE 6oabuie CYMMBbI
a6 CONOTHBIX BEJHUYHH 3THX YHCEN:

la - 08| <|a| + |b]|.
3T0 CBOUCTBO JIerKo cliefyeT U3 cBoiicTRa 3. JleficTBHTENBHO,
la — bl =|a + (=b)| <la| +|=b] = |a] + [b].
2056
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1057°. a) Uro Takoe a6CoJIOTHAS BeJIMUHHA YHUCIA?
6) Bcerna sin aGcogioTHas BEJTHYHHA YHCA €CTh MOJOKHTEIbHOE
YyHcJa0?
B) Uto onpenensier Ha 4MCIOBO# OCH abcoJ/lOTHasl BeJHYHHA
KOOpPAUHAThI TOYKH?
r) KakoBbl 0OCHOBHBIE CBOHCTBA aGCOJIOTHBIX BEJIHUKH YHCe]?
1058. YxaxuTe aGCOJIOTHYIO BeJIMUKHY YHC/IA:
a)7, 6)0,35; B) 0; ry—1,3;
n) —13;  e)0,5); x) =0,(1); 3) —m.
1059. Beiuucaure:

a) 15— 2/ul2—5|; 6) |7 + 4| u|~7 — 4
B) |7 — 13]; r) 1,25 — 7,76);
n) 2—15-2] e) [7—-10]=3;

x) |—4| — -1 -3}, 3) |[-12-3|— |1 -6l

1060°. a) MoxeT JM 4HCJO OuiThb Gosblie CBoel aGCOJIOTHON
BEJIHYHHBI? :
6) Moxer JaM uHcaO OLITb MeHblle cBoed abCoJIOTHOM
BEJIMYHHBI? )
B) Kak HasbIBaloTCs yKcJ/a, OAMHAKOBO yIajieHHbie OT HayaJbHOH
TOYKH KOOPAMHATHOH OCH?

1061. OTMeTbTe Ha KOOPAMHATHOH OCH 4MCJa, a6COJIOTHAs BeJIMYHHA
KoTopbix paBHa: 1; 2; 0,5; 0.

1062. OTMeTbTe Ha KOODHMHATHOH OCH YHMCJA, YAOBJETBOPSIOILHE
ycnosuio: a) x| =4; 6)|x|<1; B)jx|>3.

1063. a) Ilyctb a = b. BepHo s yTBepxXaeHue, uto |a| = |b]?
6) Bepto siu yTBepxKaeHHe, uTO ecaH |a| = |b}, To @ = b?
B) Kakoil 3HaK HepaBeHCTBA CJelyeT NOCTaBUTh MeX]y YHC/IaMH

awlal?

1064. CnipaBenjiuBo JH INpH JIOObIX [AeHCTBHTEJIbHBIX 3HAYEHHAX a
pPaBEeHCTBO:
a) la’| = a’; 6) la’| = a%

B) |a*+3|=a’+3; r)ja+1li=a+1?
1065. Ynpocrtute Bhipaxenue npu x > 0; x < O:

. . X

a) x + |x; 6) x —Ixl;  B) lx]-x DT

1066. 3anuwute ciefyoiide BblpaxKeHHA Ge3 3Haka abCOJIOTHOM
BEJIMUHHbI, €CJIH H3BECTHO, YTO @ < O:

a)|—al; 6) la*; B) la’l; r)la® + 5|.
1067. HoxaxuTe, YTO MpPH JIOOOM [eHCTBUTENLHOM 3HAaYE€HHH X BEPHO

PaBEHCTBO:

a) |x| =|-xf; 6) |x*+ 3| =|-x" - 3|.

1068. [dokaxure, uto ecan x >0 uny < 0, To:
a) x| y<0;, 6) I—i‘—|>0; B) x+lyl>0; r)x 4y >0.
y
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1069. OTMeTbTe Ha KOOPAHHATHOH OCH MIPOMEXYTKH:
a) |x[ < 2; 6) x| >1;
B) x| < 1,5; r) x| =0,2.
1070. okaxuTe, 410 eciu —a < x <4, 10 |x| < a.
1071. Hokaxure, 4TO:
a) la| — 16| < |a — bl;
6) llal — [bll < la — b].

1072. Tlokaxure, yToO:
a) ectna<c<b,1ola—cl<b—aulb—c|<b-a;
6) eciuasc<b,tolc—al<|lb—alulb—c|<b—a.

9.2. AGcomoTHas NOrPeliHOCTb NPHBIHIKEHHS

MBI yxe 3HaeM, 4TO ecau 4ucio a (a ¢ 4epToit) MQRO0 OmMauHaemcs
OMm 4UCAQ a, MO 2080PAM, YMO a NPUOAUILEHHO PABHO A, U NUWYM:

a=a.

[oBopsiT ewe, yTo @ ecTb npuGIMKeHHe Yucaa a. HanoMHuM, uTo
3HaK = — 3TO 3HaK NPHOJHKEHHOTO PABEHCTBa, '

Besmuuny |a - g Ha3bIBalT abCONIOTHOH NOrpelHOCTbIO NPHGIIH-
XKEHHOTO PaBEHCTBA @ =d WIH NPHOAHKEeHHs] YMcCJa a TIPM NOMOILH
4YHMCia a.

Hpyrumu cnoBamy, aGCOMOTHON MOTPEUIHOCTBIO NPUG/IHKEHHS YHCaa
a TpH MOMOLIH YHC/IA @ HA3bIBAKOT aB6COIOTHYIO BEJIHYHHY PA3HOCTH 3THX
4yhcedt.

Besikoe yneno h, Gosbliee a6COMOTHON MOTPELIHOCTH MPHOIMKEHHUS
HJIM PaBHOE eH:

h>la-al,

Ha3biBalOT OUEHKOW MOrpemHOCTH TNPUGIHXKEHUS WIH, KOPOTKO,
NOrpelHoCcTbI0 NpUOanKeHHs (a ~a ).

OueBuaHO, a6COMIOTHAS MOTPELIHOCTb TPHOJHMKEHHS €CTh HAHMEHb-
wasi (camasi MaJiasi) NOrpeliHOCTL NPUGIHXKEHHS.

$lcHo, 4TO ecaM yHCJO A — MOrpewIHOCTb NPHGJHXKEHHs, TO JI060e
6oabilee ero uucao i, (h, 2 h) TakXKe eCTb OTPEHIHOCTb NPUOIMMKEHHS.

A6conoTHy10 norpemuomﬁa)npnmmmeﬂm BaxHo 3HaTb. OfHaKo Ha
NpaKTHKe OHA JaJleKo He BCerga-MoXeT ObiTh u3BecTHa. [1osToMy 06bIuHO
HaxoAAT JIMIIb MNOTPELIHOCTb NpHOAKKeHus. [Ipu 3ToM cTapatotes, 4To6H
NOrpeliHocTb OblJla 3aNHCcaHa B I0CTATOYHO MpocToi popMe H YTOGHI OHa
He Obl/1a OYeHb 3aBbllLIEHA.

Ecsii yncnio @ ynosnerBopsieT HepaBeHCTBaM

a, <a<a,

rae a, u a,— npubsXkenue yucaa a (a, = a, a, = a), To TOBOPAT, 4TO 4,
€CThb NPHOJIHXKEeHHe ¢ HEHOCTAaTKOM (CHH3Y), a 4, eCcTb NPHOJHXKeHHEe ¢
H30OBLITKOM (CBepXY) YHCJIa @ € TOYHOCTBIO 10 d,— 4.
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[Tpumep 1. Vimeet MecTo NpubaHKEHHOE DABEHCTBO
17,32 = 17
C TOYHOCTBIO 0 |, MOTOMY UTO
(17,32 — 17]=0,32 < 1.

B nanHoM ciy4yae aGcosoTHas mnorpewmHocts paBHa 0,32, Ho B
Ka4€CTBe NOrPELIHOCTH Mbi COYH HYXXHBIM B3fTb 4nucJo 1.

Hanpumep, eciu paccTosiHHe MeXXy IABYMsI aBTOOYCHBIMH OCTaHOB-
KaMH 17,32 kM, TO BO MHOTHX CJiy4asix Mbl CKa3aJH Obl, 4TO OHO PaBHO
17 kM u Hac Gbl MOHSJIM B TOM CMBICJe, 4TO 17 KM ecTb NpUG/HIKEHHOE
3HaYeHHe PACCTOSTHHA MeXIy OCTAHOBKAMH C TOYHOCTBIO 10 | KM.

Ipumep 2. Vimeet MecTo NpUGJHKEHHOE DABEHCTBO

879 =900

€ TOYHOCTbIO 110 50, moToMy 4TO
1900 — 879| = 21 < 50.

B nanHOM ciyuae aGCoJIOTHas MOTPELIHOCTb NIPHO/MKEHHS paBHa 21,
HO B KayeCcTBe I[IOTPELIHOCTH Mbl COUNH HYXHBIM B3ATb uucao 50,
Hanpumep, npu onsarte xeJse3HOJOPOXKHOro npoesna 60/bLIHe PACCTOs-
HHS BBIPaXKai0TCs € TOYHOCTHIO 10 50 KM.

IIpumep 3. Ilpu u3MepeHHH TeMIiepaTyphl 60JbHOTO OGHAPYKHIIH, YTO
ypOBEHb PTYTHOrO CTO/I6a TepMoMeTpa Haxoautcsi Mexay 38,3° u 38,4°.
Ilyctb T — ucTuHHasi Temmnepatypa GoabHoro. Torpma rosopsAr, uro T
npubauxkeHHo paBHa 38,3° ¢ tounocteio no 0,1° c HegocTaTkoM Wik T
npu6auxkeuHo pasHa 38,4° ¢ Tousoctbio 10 0,1° ¢ H3OLITKOM, H NHHIYT:

T =38,3°,
(1)

Tounoe 3Hauedue T HaM HeH3BECTHO, a6COJIOTHAs MOTPELIHOCTb yKa-
3aHHBIX M[PHOMHKEHHHA TOXe HeusBecTHa. OfHaKO Mbl 3HaeM, YTO
38,3° < T < 38,4°. OTciona caenyer, 4To

|T — 38,3°| < 0,1°,
{T — 38,4°| < 0,1°.
[TosToMy npubauxkeHnus (1) uMeloT MecTo ¢ TodHOCThIO J0 0,1°.

[Ipumep 4. [Ins yucaa
a=-13,23089107

HMEIOT MeCTO HepaBeHCTBa

—13,231 <a < —13,230,
NIOKa3blBaloILHe, 4TO

=—13,231na=-13,230

¢ ToysoCThIO 10 0,001 COOTBETCTBEHHO C HEAOCTATKOM H H3OBITKOM.
Uncna MoxHO npuGiKaTh C OKpyrjeHHeM. HamoMHMM npouecc
OKPYIJIEHUS HA MPHMepaXx.
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lIpumepot. TIpn6aH3UM YHCJIO @ C TOYHOCTBIO 10 BTOPOrO 3HaKa MocJe
3anAaToH ¢ OKpYIJieHHeM ¥ yKaxKeM IOrpellHOCTb NIPHOIHKEHHS, eCJIH:
1)a=3,5629; 2)a=3,56812; 3)a = 3,5665.

1) B cuny HepaBeHCTB

3,56 < 3,5629 < 3,57

B KauecTBe NpHOJHKeHUS yncaa a=3,5629 ¢ toynocthbio g0 0,01 MoxHO
B35ITb KaK 3,56, Tak u 3,57. Ho ecau Mbl Bo3bMeM cpeid HEX GaHKaiiee K

@ YUCJIO, TO NMOJYYRM IPUOIHKEHHE C TOYHOCTHIO 10 —é— - 0,01 = 0,005. Tak

KaK y Udcsia a TpeThs ldpa noce 3ansatoi ecTb 2 u 2 < 5, To GamKalinee
K @ YHCJI0 ecThb 3,D506.
2) CnpaBeqyiuBH HepaBeHCTBa

3,56 < 3,56812 < 3,57.

[Tpu stom pasHoctb 3,57 — 3,56 = 0,01. Ho umcao a = 3,56812 umeer
TpeThio UHdpy nmocie 3ansitoit 8, Goaburyio 5 (8 > 5). CaenoBareibHo, a
6auxe K 3,57, 4eM K 3,56. BoiGupas B kauecTse npubinKeHus uncio 3,57,
NOJTy4dM TIOTPEIIHOCTh NPUGHKEHHsT, MeHblyo yem 0,005,

3) BepHbl HepaBeHCTBa

3,56 < 3,565 < 3,57.
Tperba undpa nocse 3ansToil y ydcna a = 3,565 ectsb 5, T. e. a Haxo-
JMTCS TocpequHe Mexnay ddcaamu 3,56 u 3,57. Mbl GepeM B KauecTBe

NpHOIHKEHHUS ¢ OKpyTJieHHeM GoJibiuee H3 HUX: 3,57. Tak npHHATO.
Omsem: 1) 3,5629=3,56; 2) 3,56812=3,57; 3) 3,565 =3,57.

[TorpeliHOCTE B TpeX CJydasix He MpeBbILIaeT —é— - 0,01 = 0,005.

1073°. a) Urto Takoe npuG/KEHHOE PABEHCTBO?

6) YUro Takoe norpeurHoCTb H aGCOJMIOTHAA TOrPEIHOCTD MPHG/IH-
JKeHUs?

B) KakoB 3Hak mpHOJIUKEHHOTO DABEHCTBa?

r) Uro Ha3blBalOT NPHOHKEHHEM C HEJOCTATKOM (CHH3Y)?

1) Uto Ha3bIBAIOT NPHOJHKEHHEM C H3OLITKOM (CBEpXy)?

1074. C xakoii TOYHOCTBIO NPHOJHXKaeT YHCH0 a, (a,) YHCJAO @, eciH
a, <a<a,? "

1075. Kak HaiiTH NpHOAHIKeHHe 4HCJa ¢ TOYHOCTBIO 0 BTOPOrO 3HAKa
nocje 3anAToi C OKpyraeHHeM? KakoBa NOrpelmHoCTb 3TOro
NpubJHKEHHS ?

1076°. a) Kak untaioT BoipaxeHnue a = a,?

6) MOXHO JiH CUHTATb PABEHCTBO 3 = 3 npHO/IMKEeHHbIM PaBEHCT-
BOM?

1077°. Kakue u3 uHcesl MOXKHO CYHTATh TOUHBIMH, a KaKHe TIPHOJIHKEH-
HbIMH 3HAYeHUSIMH BEJIHYHH:

a) 7439 m — BobicoThl HKa [ToGenpr;
6) 16 cM — mMpuHa TeTpany;
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B) 100 korneek ectb OHH PyO6JIb;
r) 12° — temneparypa Bo3ayxa?
1078. VkaxHTe aGCOMIOTHYI0 [OrPELIHOCTh  MPUOJHKEHHS  JJIst
C/Ie Y10 IMX PHGIHKEHHbBIX PABEHCTB!
a) 2,7=3; 6) 5,789=5,79; ) 0,83=0,8; 1) 32=30.

1079. Jas caeaylolix NPUONHMKEHHBIX 3HAYEHHH YMCa % YKaXKuTe

a6CONIOTHYIO MOTPEIIHOCTD IPHOIMMKEHHS:
a)0,4; 6)0,5, 8)0,42; r1)0,43.

1080°. a) C Kakoil TOYHOCTBIO MOXHO H3MePsATh JHMHBI C MOMOLIbIO
0GbIKHOBEHHOH JIHHEHKH?
6) C Kakoil TOYHOCTBIO IOKA3bIBAIOT BpPEMs 3JIEKTPOHHbIE
Hapy4Hble 4achl?

1081°. a) MoXHO /i1 cHHTaTh NPUOJIHKEHHE UHC/1a @ C TOYHOCTBIO 10 0,01
NPUOGIHKEHHEM YHCJIa @ ¢ TOYHOCTbIO 10 0,17?
6) Moxno sim npubankeHHe yucaa a ¢ ToyHocteio a0 0,01
CUMTATh NPHOJIMKEHHEM YHCA @ ¢ To4HOCThIo Jio 0,001?

1082. YkaxKuTe Ha KOOPAHHATHOH OCH IOJIOXKEHHE BCEX YHCeJl, COOTBET-
CTBYIOLLMX NPUGTMKEHAAM YHea 2,185 ¢ TOUHOCTBIO 10:
a)l; 6)0,1; 8)0,0l.
1083°. Kakoe npubamxkenue yucaa =« =3,1415 ayyme: 3,14 uau 3,157
1084. Tpu6ausbre uncna: 1372,05; 0,000137208; -1,3027;
—17,002 ¢ okpyrieHHeM C TOYHOCTbIO:
a) o0 ofHo# LML NoC/e 3aNATOH,
6) no AByx Ludp nocnae 3anaTol;
B) 10 Tpex Lu¢p nocnae 3anaToH.
VKaxkuTe a6COJIIOTHYIO OTPEIIHOCTD NPHOIHKEHHS.

9.3. OTHOocHTeNbHAS NOTPEHIHOCTb NPHOIHIKEHHS
OTHOCHTEJNbHON NOTPEMHOCTHIO TIPHOJHIKEHHOTO PAaBEHCTRA
a=a

Ha3biBaIlOT OTHOLlIEHHE er0 a6CoJIIOTHOH NOrpelHOCTH K abCcoMIOTHOH Be-
JIMUHHe 4yucaa aq, T. €.

la- ol
la

Hanpumep, ecau
a=17,83, a=18,
TO NOJYYHM MPUOJHXEHHOE PaBEHCTBO
17,83=18
¢ abCoJIIOTHOH MOTPELIHOCTbIO
la-al = 0,17
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H OTHOCHTEJILHOH NOrpeulHoCThIO

a-a| _ 0,17 0,17 _
, W tres <1~ 0oL
KOTOpas, Kak Mbl BHIMM, OLleHHBaeTcsi cBepxy umciom 0,01.

EciM HeKOoTOpoe YHC/O MpeBbllIaeT JaHHOe, TO TOBOPSAT, 4YTO OHO
OLleHHBAET AHHOE YMCJO CBEPXY HJH SIBJSETCH OLEHKOH CBEpXy JAHHOIO
yucaa.

Ecny 6Bl KTO-HMOYAb H3MEPUJ LJIHHY A€TaJH, MMeEolled HCTHHHYIO
gy 10 cM, W IPH 9TOM JOMYCTHJI aGCOJIIOTHYIO MOTPELHOCTb, PaBHYIO
1 ¢M, TO Mbl 6bl CKa3aJjlH, YTO 3TO M3MepeHHe IJIOX0e — MpHUOJIHXKeHHe
rpy6oe. Mexay TeM eclH NPH H3MeDEHHH JUIHHbI KOMHAThi, MCTHHHas
JUIHHA KOTOPO# 5 M, AOMYCTHTD Ty 2Ke aGCOJIIOTHYIO MOTPELIHOCTb 1 ¢M, TO
MBI 6bl CKa3aJjH, YTO 3TO H3MepeHHe Hemyoxoe. TOUHOCTb MPUOIHKEHHH,
KaK MpaBHJIO, XapaKTepu3yeTcs He aGCOJIOTHOM MOTPELIHOCTbIO, @ OTHO-
cHTesbHOH. B mpuMepe ¢ M3MepeHHeM [eTajH OTHOCHTeJbHas Morpell-

1

HOCTE paBHa 10 a B npuMepe C KOMHAaTOH OTHOCHTEeJ/bHAas norpeutHoCTb

paBHa ﬁ. UeM MeHbLIE OTHOCHTEJbHAS MOTPELIHOCTb MPHOGJIHIKEHHUS,
TeM 6oJiee TOUHBIM CUHTAeTCS MPHOJHKEHHE.

B XM3HM HaM 4acTo NMPHXOAMTCSA YNPOLLATb MOJIOXKHTEJNbHbIE 4HCJA,
3aMeHsisi B 1IeJIOM HHCJIe HEKOTOpble €ro nocjefHHe UU(PLl HYASIMH HJIH
3aMeHsAs HyJAMH B IeCATHYHOMH APOGH Bce UMGPHI NocJie 3ansiToH, HauHHas
¢ Hexkotopoii. Eciu nsBectHo, uto B ropone 253 624 xurens, To 06bIYHO
JOCTAaTOYHO CKa3aTh, 4T0 B ropoae 253 000 uan axe 250 000 xuteseil.

Mbsl ynpoctum fmecsiTHyHylo Apo6b 0,037123, ecan 3ameHHM B Hedll
nocJeHHe TPy UMD Bl HYJIAMH, MOJdY4HM Apo6e 0,037.

Ipu 31oM 253 000 sBaseTcs npubanxennem uncia 253 624 ¢ TouHo-
CTHIO 0 TpeTheil 3Havawedl uudpsl ¢ HemocTaTkoM; uncao 0,037 —
npubauxenuem uncaa 0,037123 ¢ TOUHOCTBIO 10 BTOPO# 3Hauallel HHdPbI
C HEJOCTATKOM.

B ToMm cayuae, KOTAa XeJaloT MOJYy4YHTb 6oJee TOYHOE MPHO/HKEHHE
yKcJa, npuberaioT K okpyraenuio. Tak, 254 000 ectb npub/aHKeHke YHCIA
253 624 ¢ TOYHOCTBIO I0 TPEThEH 3Havalell UHGPbl ¢ OKpyTaeHneM. Yucno
0,037 ecTb npubauxenue yucia 0,037123 c¢ TouHOCTbIO O BTOPOH
3Hayaled Uudpbl ¢ OKPYIJIEHHEM.

BosHHKaeT Bonpoc 06 OleHKe OTHOCHTE/bHOH MOTPEIIHOCTH MpPH M0-
JOGHBIX YNPOILEHHAX, KOTOPbIE MOXKHO PacCMaTpHBaTb KaK MPHOJIHXKeH-
Hble PaBEHCTBA.

OueHHM OTHOCHTENbHYIO NMOTPEINHOCTh NPHOJIHXEHHbIX PABEHCTB

253 624 ~ 253 000, (1)
0037123 =~ 0,037. (2)
HpPl OlLeHKe OTHOCHTEJ/JIbHBIX norpeumocreﬁ y1106H0 3anuceiBaTh Yucaa

B CTAaHAAPTHOM BHJe. 3amHIleM BCe YHC]a B NPHOJMKEHHBIX paBEHCTBAX
(1) u (2) B cTaHNapTHOM BHJE:!

9,53624 - 10° ~2,53-10°,  3,7123-107° =3,7-107".
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3mecy uyucao 2,53-10° ectnb npuGanxKeHHe 4Yucaa 2,53624-10° ¢
TOYHOCTBIO 10 TpeTheil 3Hauallell UM PEI ¢ HeAOCTATKOM, a YHcao 3,7 - 107°
ecThb npubamxende yucaa 3,7123 - 107 ¢ TouHOCTBIO 10 BTOPO# 3HayalLel
MG PbL C HEOCTATKOM.
Jlerko BHEETh, YTO CIpABELTHBBI HEPABEHCTBA
|2,53624 — 2,63|< 0,01,
§3,7123 — 3,7|<0,1.

Teneps OLEHMM OTHOCHTEJbHYI0 TOTPELIHOCTb MNPUOJHKEHHBIX
pasenctB (1) u'(2):

5
|253624 - 253000 _ |2,53624-2,53| - 10" 0,01 <001,
253624 253624 - 10° 2,563624
-2
[0,037123-0,037] _ [3,7123-3,7]- 10 < Ol <0,1.
0,037123 3.7123. 107 37123

OTH NpHMepHL IOATBEPKAAIOT CPABENIMBOCTb CAEAYIOLIETO MPaBHJA:
Ecau 3amenumes ROAOHCUMEALHOE HUCAO e20 NpUbAudceHueMm ¢
mounocmeo 00 k-i 3navawel yudpol ¢ Hedocmamxkom, mo OMmHoCU -

—(k—
MeAbHAS NOZPeuLHOCMb 3Mo2o npubiuncenus He npesoiwaem 10747,
Tenepsb OLlEHHM OTHOCHTEJIBHYIO MOTPEIIHOCTL MPHOJIMMKEHHBIX PaBEHCTB

253 624 = 254 000, (3)
0,037123 = 0,037. (4)
B npaBbix 4acTsax npuGJIHXeHHbIX paBeHCTB (3) HU (4) 3amucaHbI

NPUOJKEHHS YHCeJl, CTOSIIIHMX B MX JIEBBIX YACTHX, C OKpyr/eHHeM. 3a-
nHiieM BCe 4YuCJa B paBeHCTBax (3) M (4) B CTaHAAPTHOM BHAE:

2.53624 - 10°~ 2,54 - 10°,
3,7123-107%=3,7- 1072

B 5THX TpHGMMKEHHBIX paBeHcTBax uHcao 2,54 10°  ects
npubnmxenne uncaa 2,53624-10° ¢ TouHOCTBIO 10 TpeThell 3Haualueil
uubpL ¢ OKpyraeHHeM, a uucao 3,7 1077 ecth MpHO/MXKEHHe 4HCJA
3,7123- 107% ¢ TOYHOCTbIO O BTOPO} 3HAaYallel LUGPH C OKPYIJIEHHEM.

Jlerko BHAeTh, UTO CHpaBeNJIMBH HepaBEHCTBA

12,53624—2,54| < % - 0,01,
13,7123-3,7| < %-0,1.

OueHHM OTHOCHUTE/bHYIO MOTPELIHOCTb MPHOJHIKEHHBIX PaBeHCTB (3)
" (4):

1
1253624 -254000] _ |2.5%62¢-254-10° (2 %00 1 )
253 624 2,53624 - 10% 2,53624 2 e
1
10.037123-0037] _ [3.7123-8.71-10% 3 %' 1 o
0,037123 37193 - 102 37193 - 2 O
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DT npUMepbI MIOATBEPAKAAIOT CIPABENIHBOCTb CJIEIYIOILErO MPaBHJa:
Ecau 3amenumv nOAONCUMEAbHOE HUCAO €20 NPpubALICeruem ¢
moutocmeto 00 k-ii 3navawed yugppol ¢ OKpyerenuem, mo OMmHOCUMerb-

HAA NO2PeUHOCTb 3M020 NPUBAUNCEHIUS He npesbiuaem % S 107%70,
OrmertuM, uro unciao 0,037 sBasercs npubaukeHvem uucsa 0,037123
C TOYHOCTBIO 10 BTOPOil 3Hayauled LMpPbl KaK C HEAOCTATKOM, TaK H C OKpYT-
JIEHHEM.
Ilpumep 1. TlpubamxkeHue
0,012316 = 0,01231 (5)
IPOM3BEIEHO C TOYHOCTHIO [I0 YeTBEPTOH 3HaYalleH UHPPBI ¢ HEAOCTATKOM
(6e3 OKpyrJeHHsi), €ro OTHOCHTEJbHasl OrPELIHOCTb OLEHHBACTCS TakK:
[1,2316 - 1,231] - 10 0,0006

= <107
1,2316 - 107 1,2316

OTHoCHTE/IbHAsI TOTPEHIHOCTh NPUGAUXKEHHOTO paBeHCcTBa (5) He
npesbimaer 107%™, rre £ = 4 — Homep 3Haualuei UHPPLI, C TOYHOCTDHIO
J0 KOTOPO# MPOU3BELEHO NMPHOIHKEHHE.

Ecau xe B paBeHcTBe (D) B3ATh npub/HKeHHE C OKPYIJEHHEM

0,012316 = 0,01232,

TO €ro OTHOCHTEJbHas MOrpelIHOCTL OUEHUBACTCHA TaK!:

.
L2316 - 1,232 102 _ 3107 3
! 2 < < - 107,

1,2316 - 107 1,2316 2
[Ipumep 2. OUueHUM OTHOCHTEJBHYIO MOTPEUIHOCTb NPHOJHKEHHS!
a) 32 481 = 32 400; 6) 32 481 = 32 500;

B) 0,011756 ~0,01175; ) 0,011756 ~ 0,01176:
1) 9431 = 9400.

OTHOCHTeJIbHaﬂ [IOrpeHoCTb l'IpPIGJIH)KeHHOI‘O PaBE€HCTBA HE MPEBLILIAET:
a) 107% 6)% - 107% 8) 107%; r)é - 107% 1) % 107"

[Tpn6amkeHue B cyyasix a) 4 6) NPOU3BEAEHO C TOYHOCTBIO 0 TPETh-
el 3Havalled UundpH, B caydae a) — ¢ HeJOCTAaTKOM, B ciydae 6) — ¢
OKDYIJIEHHEM; B CJIY4asix B) U ') — C TOYHOCTbIO 10 YETBEPTOH 3HadalueH
UK P, B ¢jIyyae B) — C HEJOCTATKOM, B CJyyae T) — C OKpyrJeHHeM; B
¢Jydae ) — ¢ TOYHOCTBIO 0 BTOPOH 3Hayalled LH(PLI C OKPYTAeHHEM.

ey

1085°. a) Uto Ha3bIBAIOT OTHOCHTENbHOI MOTPEUIHOCTbIO IPHOTHKEHUS P
6) CopmyupyiiTe NpaBU/IO OLLEHKH OTHOCHTE/IbHON MOrPELIHOC-
T TPH YNPOLIEHHH 3aIUCH YHCJA.
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1086. [lna caemyoliuX NPHOJMIKEHHBIX DABEHCTB OMNpefieJuTe ab-
COJIIOTHYIO H OTHOCHTEJIBHYIO MOrPELIHOCTH:
a) 127 = 130; 6) 17 = 20; B) 1,2=1;
r) 0,12=0,1; a) 0,185 =0,19; e) 1,00384 = 1,004.

1087. OxkpyrauTe cieaylouine Yucaa J0 OAHOH LM PLI MOcae 3aNAToH 1
onpefesuTe abGCOJIOTHYIO H OTHOCHTEJIbHYIO IMOrPEIHOCTH

NpUOJIHKE HUS:
a) 0,48; 6) 1,324, B) 17,55;
r) —0,51; n) —1,287; e) —173,6051.
1088. OueHHTE OTHOCHTEJ/IbHYIO NOTPEIIHOCTb NPUBJIHKEHHOTO PaBeH-
CTBa:

a) 23 392 = 23 000; 6) 25,136 = 25;
B) 0,324 = 0,3; r) 0,000578 = 0,0006.

1089. YnpocTHTe ¢ OKpyr/ieHHEM CJEAyIOIMe 4HCJa, 3aMeHsIsl NoCIe]-
HHe fiBe LUHGPH HYIAMHU:

a) 71 523; 6) 0,568; B) 0,00328.
OueHnuTe OTHOCHTENBHYIO MOTPEUIHOCTb MOJYd4eHHBIX NpHOJIH-
KeHHUH.

1090. OxpyrauTe YHCIO 10 €AMHHML U ONpEAEJHTE OTHOCHTENbHYIO
MOI'PEILHOCTL NPUGJIHKEHHSL:
a) 17,89; 6) 0,568;

1091. ¥YnpocTute 3amuch yucJa:

a=23807 113, b =10,002348, ¢ = 0,00238072113,

3aMeHslsi UMQPHI, HaYHHAs ¢ HEKOTOPOTrO paspsga, HyAAMH Tak,
4TOO6bI MOJYYeHHbIe YHCa NPUGIHKAJHY d, b, ¢ ¢ OTHOCHTEJBHOI
HOTPELIHOCTBIO, MEHbILEH YeM:

a) 0,001; 6) % 0, 0001 .

B) 0,98347.

JOINOJIHEHHA K IVIABE V

1. A6conoTHas MOrpewHOCTb NPUGIHIKEHHS CYMMbI
M Pa3HOCTH ABYX UHceN

HyCTb JlaHbl Yncsa a H b u mycTb a H 5— Hx HPHGJII/I)KEHHH. By}leM

CYMTaTh, YTO CYMMa @ + b M Pa3HOCTb @ — b COOTBETCTBEHHO NPHOJIHXKAIOT
CyMMy a + b ¥ pasHocTb a — b , T. e. GyIeM pacCMaTPUBaTh NPUGIHIKEHHS

a+b=a+b,a—b~a-b.
Teopema. Abcoriomnasn noepewunocme npubAUNCEHUS CYMMbL UAU

pasHocmu 08yx uucea He npesvluiaem Cymmol A6COMIOMHOLX NOSPEULHOC-
med npubauxce ULl amux ducea.
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ﬂ 0KazaTenbcTBO. Tak Kak aGCoJI0OTHAs BeJHYHHA CYMMbI
ABYX 4YHCeEJ He 60JbliIe CYMMbI a6COJIIOTHLIX BEJIHYHH 3THX YyuceJ, ToO

l(a+b)-(@+b)=l(a-a)+®-0)<la-al +|p-5].

B JieBo#i yacTH 3TOro HepaBeHCTBa CTOHT aGCOJIIOTHAs MOTPELIHOCTD
CyMMbl uHces a ¥ b, a B mpaBoii — cyMMa aGCOJIIOTHBIX MOTrPEIIHOCTEH
NPUONHKEHHH STHX YHCEJ.

Ananoruyno

lta-b)-(@-5)=l(a-ay--5)<la-al+|p-5.

Teneps B J1€BOM YaCTH HEPABEHCTBA CTOHT aGCOMIOTHASI TIOTPELIHOCTD
npUOIHKEHHsI Pa3HOCTH YHCeN @ U b, a B TNpaBoii — cyMMa a6CoMOTHBIX
HOorpelHoCcTel NPHOIHKEHNH ITHX YHCeJ, YTO ¥ JOKa3biBaeT TEOPEMY.

[Ipumep 1. [1pubauxeHHoe HePaBEHCTBO

3,47086 + (—2,3697) =~ 3,47 — 2,36 = 1,11

1
HMeeT MECTO C TOYHOCTBIO 10 2 - 7— = 0,02, a npu6iHKeHHOe pPaBeHCTBO
100

3,47086 +(—2,3697) = 3,47 —-2,37=1,10
-2
HMEeeT MeCTO € TOYHOCThIO A0 2 - % = 0,01, moToMy 4TO MbI MpUGIHKAJH

cJaraeMble C OKpYIJIEHHEM,
[Ipumep 2. TlpubnukeHHOe PaBEHCTBO

—3,(01) + (—6,(724)) = —3,0101 + (—6,7247) = —9,7348
HMeeT MeCTO ¢ TOYHOCTBIO 40 2 - % -0,0001= 0,0001, moTomy 4TO MBI

npnéanaJm cjlaraemMble C OKpyrJeHHEM.

1092°. a) Kak oueHHBaIOT a6COMOTHYIO MOrPELIHOCTb CyMMBI, pPa3HOCTH
JIBYX YHCeJI?
6) Ecau npu6/iXeHHO BBIYHCASIIOT CYMMY HJH PasHOCTb JBYX
yMces ¢ TOYHOCTBIO A0 107°, To KaK HaZO yNpPOCTHTH 5TH 4Hcaa?
1093. Ouenure TOYHOCTb MPHOGIMKEHHOTO 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.
1094. Haiigure nmpubauxenHo a +b u a — b, npubnuxas a u b 1o
COTbIX ¢ okpyraeHdeM. OnpenesnuTe TOYHOCTb NPHGIHKEHUS
a+bua-—b, ecan:

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).
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1095. Haiigute ¢ Tounoctsio f0 0,01 cyMMy ¥ pasHOCTb YHCEJ:

a) a = 3,1567, b = 2,0921,
6) a= 17,3281, b= —2,9856;
B) a = —7,0003, b=-2,9812.

2. A6coM0THAN NOrPEIHOCTL NPHOIHKEHHS
CYMMBI HECKOJbKHX CJlaraeMbixX

TeopeMa 0 MOrPELIHOCTH NPUGAHKEHHST CYMMBI JIBYX CJIaraeMblX 0606-
waeTcs Ha J060e KOHeYyHoe YHCJO CJaraeMbix.

Teopema. ABCOAOMHASL NOSPEULHOCMb NPUOAUIEHUS CYMMbL
KOHEYHO20 HUCAA CAA2AEMbLX He Npessiuiaem CYmmo. abCOAIOMHbIX
noepewHocmet 3Mux CAQ2AeMblX.

NoxasaTedbcTBso. [lycTb UMeloTcs NpHOJHKeHHble PaBeHCTBA

a=a,b=>b,..,0° 0,

a+b+.+o=a+b +..+ 0.
Toraa _
Na+b+..+@)—(a+b+. .+0|=

= a—a)+ (B —-b)+..+(w—0)<
Sla-al+b-b|+..+|o— @

B JIeBO#l 4YaCTH 3TOr0 HEpaBEHCTBA 3aMHCaHa aGCoJIIOTHAs NOTPelHOCTH
NPHOJIMXKEHHS CyMMbl C/laraeMbix a, b, ..., ®, a B mpaBoi — cymma a6-
COJIIOTHBIX MIOrPeLIHOCTeH PHOIHKEHHH ITHX CJIaraeMblX, YTO H J0Ka3bIBa-
eT TeopeMy.

Tpumep 1. Jana tabauua npubmakenuil 20 ynces:

a,, Ay, oovy Gy
[MepBble KECATb U3 ITHX NPUOJIHXKEHHA: T, as, ..., @p AaHBI C TOYHOCTHIO
IO TpeTbero 3Haka focje 3ansiToH C OKPYIJeHHEM. [Tocaenyouipe xe
JecATb NMpUOIHXKeHHi: @1y, @iz, ..., Too AaHBI C TOYHOCTbIO 0 BTOPOro

3HaKa 1I0CJIe 3aTATOH TOXKe C OKpYyIJieHHeM.
Haiigem norpewmsocts npuGIHKEHHOr0 paBeHCTBA

a1+a2+...+a20zﬁl+(72 ++£T20 (1)
ﬂﬂﬂ 3TOTO HAZO CJOXKHTb MOrpelIHOCTH rIpHGJm)KEHHbIX paBeHCTB
a = &y,..., Qo = Ao, Ay = 8y, ooy A = A0.

Kaxnoe U3 nepsbix AeCATH NPHO/HKEHHH HMEET NOrPeIHOCT —é— - 107%=

= 2—-016(—), KaxKaoe H3 [O0CHeNHUX NCCATH npuémuxeﬂnﬁ HMEET MOrpeUIHOCTb

% -107% = Qﬁ) . Tlostromy aGcomoTHast NOrPeIIHOCTb MPUOGIHAKEHHOro

paBeHctBa ( 1) He NpeBbIILIAET YHC/IA

1 1 1 1 11
R S = 4 o= 11
10 2000 10 200 200 + 20 200°
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Mpumep 2. Jano 20 uncen (AeCATHUHBIX Apo6eit):
a,, Qg ..., Ay

BbYHCIHM CYMMY 3THX uHces NPUGIHKEHHO C TOYHOCTBIO /10 0,1.

Ecau uncnia 3aaThb ¢ TOYHOCTBIO IO 107*, To cymma nx GyIeT OT/IHYaThCS OT
HCTHHHO} CyMMBI He GoJlee ueM Ha BeHduny i = 20 - 107~

[pu k& = | nosyuyaem, 4TO h=2

[Tpu & = 2 noaydaem, 4to h=10,2.

Ipu k = 3 nosyyaem, uto £ =0,02<0,1.

UTaKk, 3agaHHble YHC/AA HANO B3SATb C TPEMs 3HAKAMH IOC/IE 3aMATOH.

Ec/i HX CJAOXKHTDb, TO NOJydeHHasi cymMa GyneT NMPHOIHKEHHO paBHA
MCTHHHOM ¢ TouHOCThIo 10 0,02, Tem Goaee ¢ ToyHocThIO 10 O,1.

OJIHAKO eCJ/IH Mbl 3alHILeM NPHOJIHAKEHHS HALIMX YHCeJl C OKPYIIEHHEM C
JBYMst 3HAKAMH T10CJ/Ie 3aMATOMH, TO 3TH YHCJIA NPHO/HAKAIOT COOTBETCTBYIOLIHE
YHC/Ia ¢ TOYHOCTBIO 10 % - 107, Torza ux cymma GyneT NpUOIMXKEHHO paBHA
MCTHHHO# C NOTPELIHOCTBIO, PABHOM

1102 =
20 5 10 0,1.

Mpbl BUAMM, 4YTO 60Jiee 3KOHOMHO TOCTaBJIEHHYI0 3ajayy MOXKKHO
pewuThb, Gepst MpUO/IHKeHHs] YHCes ¢ IBYMs 3HAKAMH NOCJIE 3ansAToM, HO
C OKpyTJIeHHEM.

- ]}

1096°. a) Kak olieHHBalOT ab6COMIOTHYIO NOTPELIHOCTD npUOJIHKEHHS
CYMMBl HECKOJIBKHX C/IaraeMbix?

6) Ecau TpeGyercs HalTH NPUG/IHAKEHHO 20 npobel ¢ TOUHOCTDHIO
no 0,1, To KaK Jiydllle HX YIPOCTHTb?

1097. Y uucen 7,178219; 9,000017; 11,532478; 0,543712 octaBbTe
TpH 3HAKa TocJe 3amsATol ¢ okpyrieHuem. Onpeneante, ¢ KaKo#H
TOYHOCTBIO CyMMa IOJyYeHHBIX TAKUM OKDYT/JICHHEM 4HCeJ
npu6JHKAET HCTHHHYIO CyMMY.

1098. Kakue ynpowenus uucen: 0,378561; 2,235622; 3,789012;
4951617 Heo6XOmMMO TDOBECTH, YTOOB MX CyMMa Gblia
nosyyeHa ¢ TouHocTbio A0 0,17 BbimosHHTE C/IOXKEHHE AAHHBIX
qHced.

1099. TTos1 KOMHATH COCTOMT M3 17 HOCOK, IIMPHHA KaX/0¥ U3 KOTOPBIX
35 cm ¢ ToyHocThio 0 0,5 cM. Kakylo BO3MOXHYI0O OLIMOKY Mbl
crenaeM, eciu OGyleM CYUMTaTh, 4YTO LIMPHHA KOMHAaThl (B
HAMpAaBJEHHU LIHPHHBI JOCOK) PaBHA NPHOIHKEHHO 3517 c™?

3. Mpubanxenne NPOU3BERCHHS

PaccMOTpHM MpPUOJHKEHHbIE PABEHCTBA A = @, b=b. _
Bynem cuntatb, yro a # 0 u b # 0 u 4T0 Npou3BeAeHHe ab npuban-
’aeT npousBefieHHe ab:
ab=ab. (1)
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[lpy oOuEHKE OTHOCHTE/NbHOH MNOTPEIHOCTH TpPOU3BeJieHHs OO6bIUHO
[HOJIL3YIOTCS CJIeyIOLUHM TIPABHIIOM:

Omuocumenvhas . noepewHocmes npubauxcenus npoussederus
yucea a u b He npesgoiuaem cymmv, OMHOCUMEAbHbIX RO2PeuHocmel
amux yucea:

ab-ab
ab

g’a—ﬁ
a

+’b;7’ . (2)

3amMevanue DTo MpaBHJIO He COBCEM TOYHO, HO OHO LUMPOKO
NpUMeHsieTcsi B TNpPAKTHKE BBIYHCJEHHH, KOTAAa OTHOCHTE/bHble I0-
TPEUIHOCTH TPUOJAHXKEHHH yucesNl @ U b HACTOJBKO MaJibl, YTO MOXHO
npeHe6peyb UX MPOH3BeJeHHEeM CPAaBHUTENBLHO C CAMHMH NOTPELIHOCTAMHY,
B camom jaene, Tak Kak

ab-ab=a(b-b)+ b(a-a)=
=a(b-b)+b(a-a)+ (b-b)a-a),

To a6COJIOTHAS OTPEILHOCTh MPUOJHKeHus (1) oLleHHBaeTCA CAEIYIOLINM
obpasom:

lab—ab| <|blla - a| + |allb-b] + [b-blla-al, (3)

NOTOMy uTO abCOJIIOTHAsi BeJMYMHA CyMMbl He TIPEBLILIAET CYMMY
a6COMIOTHBIX BEJHYHH M aOCOJIIOTHAA BeJHYMHA TIPOU3BEJEHHS paBHa
TPOU3BEAEHHIO aGCOJIIOTHBIX BEJHYHH.
Paspgesus HepaBeHcTBo (3) Ha npousBeseHue |allb], koropoe mo
TPEANOJIOKEHHIO He PABHO HYJIIO, TOJYYUM
+lb"_"+
b

a-—-a
a

ab-ab
ab

<a-a b-b
- 252 ®)

Ciiefi0BaTe/IbHO, OTHOCHTEJbHASE MIOTPELIHOCTD NPUOJHIKEHHS NPOH3-
BeJlcHHUs JIBYX uhces @ U b oueHuBaercs npu nomouy Gopmyasl (4).

OO6b14HO NPHGAHKEHHS YHCEN BbIGUPAIOT TAK, YTO HX OTHOCHTEJbHbIE
HOTPELIHOCTH MaJsibl HACTOJNbKO, YTO HX IPOM3BeJEeHHEM MOXHO Ipe-
HeGpeub cpaBHUTENbHO ¢ HX cyMMod. TakuM oOpasom, B NpaBoH yacTH
HepaBeHcTBa (4) MOXKHO ONMYCTHTb TPETHH YJEH M Mbl IOJYYHM HePaBeH-
cTBO (2).

OTMETHM, YTO NPU NPUOJIHIKEHHOM BBIYHCJIEHHH NPOH3BEJEHHs YhCel

a u b oTHOcUTeNbHbie MorpewHoctd |2-Z| g 'b_Tb’ HaJ0 CTapaTbCs

clieslaTb paBHLIMHU.
Hpumep. Haiinem npu6inxKeHHO NPOU3BEAEHHE ABYX 4HCeJ

a=3,7536 u b =12,289
C OTHOCHTEJIbHOH MOTpeIlHOCThIO, MeHblel, yem 0,02.
Ecay npu6GaKM3uTh Yicaa @ 1 b ¢ OTHOCHTEJNbHBIMH TOIPElIHOCTAMH,

He GouabiurMu 0,005, To OTHOCHTe/NbHAasi NOTPELIHOCTb MPHOJIHKEHHS
npouseeeHusi He Gynet npesbimate 0,01. Hmeem

a=3,7536 = 3,75

218

C OTHOCHMTEJILHOH MOrpeuIHocTbio, He Goabiel 0,005;
b=1,2289-10=12,3
C OTHOCHTEJBHON MOTpelHocTh0, He Goabiel 0,005;
ab=375-12,3 =46,125

C OTHOCHTEJIbHON MOTPEIHOCTbIO, He GoJbliei
0,005 + 0,005 = 0,01.

OkpyrJuM nosy4eHHoe 4ncyo 46,125 ¢ TO4HOCTLIO 10 TPeTbel 3Haualei
uxcpbr: 46,125 ~ 46,1 (c oTHOCHTe/NLHOH MOrPelIHOCTbIO, He OoJbluei
0,005). Torna

ab =~ 46,1 (5)
C OTHOCHTENLHOH MOrpelHOCTbIO, He GoJbliel
0,01 + 0,005 < 0,02,
¥ a6GCOJIIOTHOH MOrpelHOCTbIo, He GoJibllei
0,02 -|ab| <0,02-4-12,56=1,
Tak Kak |a| < 4, |b] < 12,5.

L J]

1100°. [To KaKoMy NpaBHJy HAaXOAAT OTHOCHTEJbHYI MOIPEIIHOCTh
npuGaHKEHUSI TPOU3BEJIEHHS YHCeJ?

1101, BhiucauTte NpUGJIHKEHHO € OTHOCHTeJbHOH IOTPEIHOCTBIO,
menbiuedt 0,001, npousBeiende ABYX UHCeJ:
a) 0,12345678... u 2,(7); 6) 0,000(7) u 16,723561;
B) 1,(3) u 0,0001436; r)mnu 1567,23.

1102. Boludc/auTe MPHOJHXKEHHO C omocmem;/x?oﬁ MOTPeIlHOCTHIO,

MeHbLIeH L , MpOHU3BEIECHUE ABYX YHCEJ

500
a) 7,0 (17) u 12,345678;
6) 0,013133133313... u 16,723561;

B) N2 u J/3;
r)ﬁnﬁ.

4. MpubinxeHHe YACTHOTO

[TycTb AaHbl MPUOJIHIKEHHS YHCeI @ H b, OTJIMYHBIX OT HyJisL:
a=d,b=b,5b=0.
PaccMoTpuM npuGJMKeHHe YAaCTHOTO 3THX YHCeJ:

a. a
S (1)

[Ipy oLeHKe OTHOCHTEJbHOH MOTPELIHOCTH MPUOJAHNKEHHSI H4aCTHOIo
OGLIYHO MOJB3YIOTCS CJAEAYIOIHUM TPABHJIOM:!
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Omuocumenvrnas noepewtHocmo npubAuUNCeHUA YACMHO20 Huces a
u b ne npesviuwaem cymmor OmrocumenbHoix nozpeutnocmel npubau-
JHCeHUl IMUxX wucen:

o e
I
=8|

+lb—5'. (2)

S

3aMevyaHue. DT0 MPaBHJIO He COBCEM TOYHO, HO OHO LIHPOKO
IpUMeHsIeTCa B NPAKTHKe BbIYMC/IEHUH, KOTJa YHCA0 b HaCTONbKO GJIH3KO
K 4HCJy b, 4YTO MOXKHO CYMTATh, YTO aGCOJIOTHAS BEJHYHHA HX OTHOLIEHHA
b
He IpeBbilllaeT I(H<l).
B camom gene, Tak kKak

ab-ab _ ab-ab+ab-ba _ a(b-b) + 8-
bb bb bb b

a

y

TO a6COJIIOTHAS NOrPellHOCTh NpHbJHKeHHS (1) olleHHBaeTCH CllefyIOLIHM
obpasoMm:

1
18]
PaspmennB 310 HEPABEHCTBO Ha 4YHCJO

4
HYJIIO, TIOJIYYUM

a

|5 - 5| +
bb

|a-al.

SHEN

Salksll

&|, no ycnoBHIO He paBHOe

>R
1
SATE]

a-a
a

* 5[ 3

<

Hrak, oTHOCHTe/IbHASI MOTPEWIHOCTL NpHOAMKeHHs (1) olleHHBaeTcs
npu nomoiy Gopmyasl (3).
U3 s1oit dpopmysibl Mbl TENEPD MOJYYHM GoJiee MpocTyio dopmyay (2),

3
b

ecau b BO3bMeM HACTOJbLKO OJIM3KHM K b, 4TOGbI MOXXHO ObLJIO CUHTATH,
4TO HMEET MEeCTO HepaBEHCTBO

b

=L 1

= =

M

Janee it oleHKH OTHOCHTENBHOH MOTPEeLIHOCTH Mbl GyAEM MOJb30-
BaTbCsl HEPABEHCTBOM (2).
OTMmeTHM, YTO NpH NPUG/IMKEHHOM BbIYHCJEHHW YACTHOrO 4dces a u b
Hajo cTaparbCs CAEJAaTh PABHBIMH OTHOCHTEJIbHbIE MOTPELIHOCTH
a-a| y |b;5k
a b

Ipumep. Tlycts a = 12,345, b = 0,7876. Boiuucium npuGIHKEHHO

YacTHOE % C OTHOCHUTEJIbHOH MOrpellHoCTbio, He Gogbluei 0,02,
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Tak kak a = 1,2345-10= 1,23 - 10 c OTHOCHTEJIbHOPI MOrpeIIHOCTBIO,
He GoJibllielt 0005 H b—7876 107' = 7,88 - 107" ¢ oTHOCHTe/BbHOI
norpeiHoctblo, He Goablueit 0,005, To

a. 123-10 _ 1p2
b~ 738 10 = 10°+0,15609... = 15,609.. (4)

C OTHOCHTENLHOH MorpeurHocTbio, He Goabiied 0,005 + 0,005 = 0,01.
OKpyrJMB 4KC/i0 B MPaBOM 4acTH paBeHCTBa (4) ¢ TOYHOCTBIO MO
TpeTbell 3Havawei uUGpbl, NOJyUHM MPHOJIHKEHHE

15,609 = 15,6

C OTHOCHTeJ/IbHOM MorpelwHocTbio, He Gonbwed 0,005. Sty norpewHocTs
TOXKe mpuueTcs ydectb. OKOHYATEJNbHO NOJydaeM NpHOJIHKeHHe

2 = 15,6
C OTHOCHTEJIbHOH MOTPELIHOCTbIO, He 60JbHIEH
0,01 + 0,005 < 0,02,
U ¢ aO6COJIIOTHON NOrPeLIHOCThIO, He GoJblieH

. & =
0,02 (2| < 0,02 07 0,4,

2

TaK Kak |a| < 14, |b]| > 0,7.

1103°. [To akoMy npaBHIy HAaXOAAT OTHOCHMTEJbHYK MOTPELIHOCTD
NpUOJIHKEHHH 4aCTHOTO YHcen?

1104. Briuncanute npHOJHXXEHHO € OTHOCHTEJbHON IMOrPEUIHOCTHIO,
menbured 0,01, yacTHoe ABYX unces:
a) 0,12345678... u 2,(17); 6) 12,3(4) u 0,0156;
B) 123,567 u 0,13(7); r) 4,(567) u 31,5(32).

1105. Bouncaute npuOJAMXEHHO C OTHOCHTEJNbHOH IOrPEUIHOCTHIO,

MeHbllie# L , HaCTHOE€ JBYX HHCeEJ.

500 )
a) 7,9(17) u 1,234567..; %) 12,(45) n 0,012(4);
r) J5u 7.

B) 43 1 2;

5. [Ipu6aHKeHHble BLIYHCAEHHS € KaJlbKyJsiTOPOM
|

Hpakmqecxne BbIYHCJ/ICHHS, nofo6HbIe pacCcMOTpPEHHBLIM  BbILIE,
NPOU3BOJAT HA 3JICKTPOHHBLIX KaJbKYJATOpPaAX. Kak sto AeJaThb, HO,U,pOGHO
pacckKasbiBaeTcCss B HHCTPYKLHH, KOTOpas NMPHJAraeTCs K KaxIoMy KaJb-
KyJadaTopY. H03TOMy Mbl OCTAHOBHUMCSH TOJIbKO HA HEKOTOPLIX BOIIpOCax,
CBfi3aHHBIX C HpﬂﬁﬂH)KeHHb[MH BblyHcaeHuAMY. CaMH BbIYHCJEHHS KaJb-
KyJsiTOp NpOU3BOJUT MOMEHTAJbHO. OZLHaKO 9TO He 3Ha4yuT, YTO 3HAHHUA
06 abCoOJIIOTHBIX U OTHOCHTEJIbHBIX MIOrpeIIHOCTAX HE HYXXHBI TOMY, KTO
MOJIb3YEeTCA KaJIbKYJAsTOPOM. Onu HY>KHbI, YTOOBI NpaBHUJAbHO ITOCTABHTH
3ajpauvy, 4T06b! BHIYHCJEHUA He OblJIH H3JULIHE FPOMO3AKHMH.
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Kpome Toro, TH 3HaHHSl MOMOTaiOT NPaBHJbHO YHTATbh PEe3YJbTaThl,
TOJIyYeHHbIE C MOMOLLIBLIO KaJbKyasTopa. Ecau Ha Ta6/10 KajbKyasiTopa, B
KOTOPbIH BHeCeHbl MPHOAHXKEHHble 3HAYEHHS YHCEJ, MOJy4eHO 4YHCJIO C
BOCEMbIO 3HAKaMH, TO OHM He Bcerja BepHble. Hamo paso6parthcs B TOM,
KaKHe M3 HHX 3aBeJOMO BepHble M KakHe cieyeT oTOpocHTb. B 3Tom
MIOMOTYT 3HaHHs 06 aGCOJIOTHBIX H OTHOCHTE/bHBIX MOTPELIHOCTSIX.

OTMeTHM, YTO KaNbKYJAITOPbl OGBLIYHO JAlOT pesy/bTaThl 6e3 OKpyr-
JIEHHS.

B Hacrosiilee BpeMs BHIyCKaeTcst AOBOJILHO MHOFO Pa3J/IHYHbIX MOJE-
Jed KaJbKyJATOpOB.

Mb  6yaeM fanee TOBOPHTh O KOHKPETHOM  Ka/bKyJsTOpe
«dnekrponrka B3-38». Ho dakrhl, 0 KOTOpbIX OyjieT HATH peub, HMEIOT
MEeCTO [10 aHAJOFHH M JJIS1 JPYTHX KaJbKyJsTOPOB.

B Kaapkyastop «jekTpoHHKa B3-38» BBoAATCs 4Mc/la, KaXaoe H3
KOTOPBIX COCTOHT He GoJjiee yeM H3 BOCbMH LHPP.

Hanpumep, uucaa 13,757689; 0,00035; 0,0000001; —2,000002 kab-
KyJNATOp MpUHHUMAET.

Takue uHc/ia MOXKHO Ha KaJIbKyJATOPE CKJAaAblBaTh, BHIYHTaTh, YMHO-
’KaTh, fequThb. Ha Ta6si0 KanbKysasitopa pe3y/bTaT BblIaeTCsi B BHAE YHCA,
3alHCaHHOTO He GoJiee YeM BOCEMbIO LIH(PaMH.

Ecau ToYHBIH pe3yabTaT Bbipa)kaeTcsi He ©OoJiee uYeM BOCEMbIO
uMdpaMH, To OH U BbigaeTcs Ha TabJo. B sTom ciydae pesyJabrat noJyueH
TOYHO.

Ecan ke TOYHBIM pe3yabTaT BbipaxaeTcss 6oJiee 4eM BOCEMbIO
uudpamu U ero aGCoJll0THasi BeJIMUHHA MeHbILE 10%, To Ha Ta6Jo nosBAA-
eTcsl NMpHO/IHXeHHOe 3HayeHWe pe3y/bTaTta, COCTOsillee H3 NEPBbIX ero
BOCBMH LHGP.

Ecay e a6coJloTHAst BejMYMHA pe3yibrata OyaeT Gosiblue yem 10°,
TO NPUXOAMTCA YXKe [MOCTYNaTb HHaye, NPHMEHsAs 3allMCb 4YHCcel B
CTaHJApPTHOM BHJE.

Hanpumep, BOCNOJb30BaBUIHChH KaJIbKYJAATOPOM, MOJy4aeM

356 x 781= 278 036, (1)
93,1 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)
93:2,1 =~ 10,952381. (6)

B 3THX paBeHCTBax KaX[0€ M3 JaHHBIX YHCEJ COCTOHMT He GoJiee yeM
13 BocbMH Luep. Takue 4ucsia KaJbKyJasaTOp MPHHHMAET.

Pagencrsa (1) u (2) TouHble, NOTOMY YTO NPOHM3BEJEHHE ABYX 4YHCe,
KaX/J0€e H3 KOTOPHIX COCTOHT M3 TpeX LM(p, caMo COCTOHT He GoJjiee yeM
U3 wecty uudp. Takue yncsa KaJbKyJsATOP BbiaeT TOYHO.

PasenctBo (3) npubauKeHHOe, BEPHOE C TOYHOCTBIO /IO YETBEPTOrO
3HaKa mocJe 3ansToil., KanbKyJsiTop BBIYMCJ/HJ TPOH3BEIEHHE TOYHO H
oT6pocu (6e3 okpyraeHusi!) JiMIIHHE (CBePX BOCHMH) LUQPHI:

35,272 x 62,116 = 2190,955552 ~ 2190,9555.
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Takum o06pasoMm, 3TOT MNPHOJHKEHHBIA pesyJbTaT TMOJy4eH C
TounocThio 70 0,0001 = 107%, 1. e. ¢ a6COMIOTHON MOTPEUIHOCTbIO, MEHb-
weit yem 107,

AHaJIOTHYHO KaJIbKYJIATOP BBIYHCJUT Pes3yJbTaThl B cydasx (4), (5) u (6).

B npuBeieHHbIX IPHMEPAX CYMTAJIOCH, YTO B KaJIbKYJSTOP BBOAHJUCDH
Tounble yHcaa. OfHAKO Ha NpaKTHKe YacTO MPUXOJAUTCA BBOJHTH B KaJib-
KyJIATOp Pe3y/ibTaThl U3MePEHHsT HEKOTOPhIX BEJIHYHH, T. €. X NpUOIHXKe-
Huss. B 3ToM cayyae peaysbTaThl BbIYHC/JEHHH MOTYT TMOJYYHTBCS C
6OJIbLHIMMH TOTPELIHOCTSMH, YeM YKa3blBajoch Bbllle. Kak 0GBbIMHO, MbI
6yJleM CYMTATh, YTO PE3yJLTAT H3MEPEHHS! HEKOTOPOH BeJH4YHHbI @ (IJIHHBI,
TJIOLIAAH, MAcChl K T. [I.) TMPOU3BeIeH C TOYHOCTbIO A0 MOCAEJHEro 3HaKa
3TOTO YHCJA.

TMpumep. BblyMCJIHM Ha KaJbKyJSTOPE NPOU3BEECHHE H YACTHOE YHCeJl
a u b, npubanmxenusi kKotopsix 35,1 u 0,871, v ynpocTHM MoJy4eHHbIA
Pe3yJabTaT C OTHOCHTE/bHbIMH NMOTPELHOCTIMH, He Gonbumu yem 0,021:

a-b=351-0,871 = 30,6721 = 30,57,
a:b=35,1:0,871 = 40,298507 = 40,30.

[Tosscueunune. Umeem a=35,1, b=0,871 c OTHOCHTENBHBIMH
norpewHocTsiMu, He Gosbwume 0,01, anee, ab = 30,5721 ¢ oTHOCHTE/ b~
HOH mnorpelwHocTslo, He Gosbued uem 0,01 +0,01=0,02, u
30,5721 =~ 30,57 ¢ OTHOCHTEJLHOH TMOTrPeUIHOCTbIO, He GoJbliel YeM'
0,001. OxonuatenbHo ab = 30,57 ¢ OTHOCHTENHHOH MOTPELIHOCTRIO, HE
6oabei 0,02 + 0,001 = 0,021.

[Tpu penennu a:b=35,1:0,871 uMeeM OTHOCHUTEJIbHYIO MOrpell-
HOCTb, He GoJbiiyro yem 0,02.

Kanbkynstop Bbygan Ha Ttabjo uncao 40,298507 ¢ oTHoCHTeNbHOH
NorpellHocThio, MeHbuie# 4yem 0,02. HakoHeu, Mbl OKpYMJIHJH 4HHCJIO
40,298507 ¢ OTHOCHTENLHONM MOrPEIIHOCTbIO, MEHbLIEH YeM 107%

B pesy./ibTate HaKonuAach OTHOCHTe/IbHAs NOrPELIHOCTb, He GoJbluas
yem 0,02 + 107°=0,021. Urak, ecau a = 35,1, b=0,871, T0 a:b=
~ 40,30 ¢ OTHOCHTEJLHOH MOrpeuIHocTbio, He Goabied 0,021.

6. Mcropnueckue cBeneHusi

Usyyenne maTeMaTuueckux pykomnuceil [lpeBuero Erunta n BaBusouna
NOoKa3blBaeT, 4TO elle B TJy6OKOH APEeBHOCTH BO3HHKJH HEKOTOpPbIE
npueMbl NpUG/HKeHHbIX BoiyncaeHHi. [Ton BaMsiHMeM pa3BHTHS aCTPOHO-
MHM, MOPEIJIaBaHUSt H TEXHMKH MeTO[bl TPHOJHKEHHbIX BbIUHC/IEHHH
COBEpPIIEHCTBOBAJIHUCE.

BoJsibliMe 3aciyrd B PasBUTHH TEOPHH NPHO/IHKEHHBIX BBIYHC/IEHHH
HMeeT poccuilckuit akanemuk Anekceil Hukosaepny Kpoinos (1863—1945),
KoTopbiii mucan: «Bo Bcex cnpaBoyHHMKAaX, Kak PYyCCKHX, TaK H
MHOCTPaHHbIX, PEKOMEHIyeMble NMPHEMbl YHC/ICHHBIX BBIYMCJIEHHH MOTYT
CJYKHTh 06pa3LIOM, KaK TH BbIYMCJEHHS Je/iaTh He Hajlo... BbiuucaeHne
JOJIXKHO NPOU3BOAMTBCS C TOM CTEIEHbI0 TOUHOCTH, KOTOpasi HeoGxoauMa
AJIS TIPAaKTHKH, TpHYeM BCsiKasi HeBepHasi Ludpa cocTaBisieT OwHOKy, a
BCSIKAas JIMLIHSISA 1Hpa — MOJOBHHY OIUHOGKH>.
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Y1o6bi B MPUO/IHAKEHHDIX BbIYHCACHHUSX MOXKHO OBLJIO U3 ;a;«{ou }ga:lx;lgg

npHOAMKEHHOTO YHCJIA CYAMTb O CTENEHH €ro TOYHOCTH, c'JIeu&eTpaann-
uno: «[IpubavKeHHOE YHUCIO0

NpenJOXu clefyrliee Npas : _

CETb tak, 4ro6bl Bce UMGpBl, KpPOMe IOCIC/IHEH, Gblid Gbl HajeX

HbIMH», T. €. BEpHbIMH.
A IZ‘I KprJIOB 6B1J1 He TOJIbKO BUIHBIM MaTeMaTHKOM, HO H BbIAAIOLHMCA

MeXaHHKOM-KopaGJiecTporTeeM, CAENABLIMM DPsill BaKHEHIIUX TEXHHYECKHX
OTKDBITHH.

7. 3apaHus I NOBTOPEHHA

1106°. BepHo Ji¥ HEPaBEHCTBO:

a)2<3; 6)5<5  B)0<2<5 1)0,4<04<5?
0 Chb:
Hor- ?)I)?(TI;TQQ s 6)~1>-10;  B)5<5;
r)2<3<4 -p1)3<3<4; e)—8<0<10.
8. CpaBHuTe: .
1o a)p3u5; 6) 2,546 u 2,545, B) —2u —6; 1
r)2,(3)u2,3; 1) i 1 0,25; e)0,12(5)n 3 ;
®) -3 n=0,3)% 3 -Z 5 -0.6; ) —1:1;1 —3—,:4;
K) 5 122, a) -3 ud7 M) —3° 137"

1109. UssectHo, yto a > b. [Toy4uTcs 1 BepHOE HEPABEHCTBO, €CIH-

06e 4acTH JaHHOTO HePaBeHCTBA: N
a) yBequuuThb Ha 7; 8; 6) yMeHbIIKTD Hag?”_Qé;
B) YMHOXHUTb Ha 5; —4; r) pa3fieIiTh Ha 2; — 0!
1110. a) 3anuuuTe BepHOE HEPAaBEHCTBO, MOJYYCHHOE YMHOXEHHEM
nepapeHcrBa 15 > 0 Ha unca0 2; -3.
6) 3anuuuTe BepHOe HEPaBEHCTBO,
HepaBeHCTBA — 12 < —9 Ha uucJgo 2; —3.
Ht ,él)m;a;m(x)TeT,ochlg icg.n. 6) a>b>0,t00a" >b".
, P b:
12. Ilist uMcen @ W b HaiiauTe ¢, Takoe, YTOObl @ < € < 3 .
! 'aI\I) a=0,b=0,0123(1); 6) a =2,13(4), b =2,135; 5
B) a=-1,b=0,172; r) a = —3,231, b= —1,17(35).
1113. CrnpaBeaJHBO JI JBOHHOE HEPABEHCTBO:
a) 0,75757 < 0,75 < 0,75758;
6) 3,023023 < 3,(023) < 3,023024°?
1114. V3o6pa3ute Ha YUCI0BOH OCH UHCAA!

a) J2 ul,4; 6) 1,74 /3;
B;:g,ﬁﬁﬂ; r) J11;3,2; J13.
Boiuucaure (11156—1117):

1115. a) (243343 + J6)(B-2-2./3) + 8./3-48;
6) (JB—342 + JT0) (42 + /5)~2./5 + J10-542.

noJiy4yeHHOE JeJieHHEM
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a_(3Y7 (_LY
1116. a) : (4) (2)

1Y, 3y’
(5] +(3)
1000 999 998 997 996 1 .
M7 a) 2= qo7 + 1001 ~ 1001 T Toor ~ 1001 + T Topr ;
1002 1001 1000 999 998 35
0) 5~ 155 + 1003 ~ 1003 " 7003 ~ 1003 T -t Too3 -

1118. Cymma Tpex umcen paBHa 254,772. Eciu B omHoM H3 umces
NePeHeCTH 3aNATYI0 Ha IBe LU PBI BIPABO, TO I0JYYHTCS 60Jbliee
H3 YHCeJ, a eCJIH [IEPEHECTH 3aNATYI0 B TOM XK€ YHCJE Ha ONHY
uugpy BAEBO, TO NOJYYHTCS MeHbLIee 9Hcao. Hafigure 311 yncia.

1119. Cymma Tpex uncen pasna 3898,32. Eciu B OfHOM H3 uHces
NE€PEHECTH 3aMATYI0 Ha OIHY UKDy BIPABO, TO NOJYYHTCH GOJb-
luee YHCJIO, a €CJIH B TOM XKe YHCJIe IePEHECTH 3aNsATYIO Ha OAHY
uu¢py BJEBO, TO NMOJYYHTCH MeHblIee W3 yuces. Haitute st
4ycsia.

1120*. Mimeercs 7 TeilepOHOB, H KAMABIH H3 HUX LOJIKEH GBITh CoeIHHEeH
TOJIBKO C TPEMs ApYTHMH. MO0XKHO Jid 3TO creiaTh?

1121. MoryT Jin TPH YeJIOBEKA NPEOIONeTh PAacCTosiHHE 36 KM He GoJee
4YeM 3a 6 4, eC/IH CKOpOCTb NellleXo/ia PaBHa 5 KM/4, HO Y HHX UMe-
€TCs BeJIoCHIeN (PaCCUHTAHHBIH TOMbKO Ha OJHOTO 4YeJIOBeKa ), Ha
KOTOPOM MOXKHO MepeBUIaThCs CO CKOPOCTBIO 15 kM/u? Ecau o1-
BET MOJIOXKHTEJIEH, TO YKaXHMTe pellleHHe; eCJH OTBET oTpHilaTe-
JIEH, TO IOKaXXHTE HEBO3MOXKHOCTb PELLICHHS.

1122, 3anuuiute o6utyio hopmy.y duces, KOTOpble NPH AeJEHHH H Ha 3,
¥ Ha 4 paioT B ocratke 1.

1123. 3anuwmre 0611tyio bopMyay Ynces, KOTOpLIe IPH e HHH U Ha 10,
H Ha 7 JaloT B ocTaTKe 2.

1124*. Haiinute yc/ioBHe, NIPH KOTOPOM CyMMa JaHHOTO ABY3HAYHOTO
YACJa M YHCJIA, 3a[IMCAHHOTO TeMH Xe UHPpaMH, HO B 06-
paTHOM mopsjKe, MPENCTABJSET TOYHbLIA KBaAPaT HaTypaJbHOro
yHesa.

1125%. Haligute ycsioBHe, NIPH KOTOPOM PasHOCTb MeXIy AaHHBIM JBY-
8HAYHBIM YHCJIOM H YHCJIOM, HANIUCAHHBIM TEMH Xe LU paMH, HO B
06paTHOM NOpsi/iKe, IPEACTaBAseT TOYHBH KBALPAT HATYPaJIbHOTO
YHCa.

1126. Kaxo# uudpoil okaHUHBaeTCs MPOH3BENEHHE BCEX HEYETHDIX JBY-
3HAYHBIX YHCEJN?

1127. CKoJIBKMMH HyJISIMH OKaHYMBAeTCsl MPOM3BENEHHE HATYPAJbHbIX
yuces ot 1 go 20?

1128. MoxeT /i cymMMa TpeX Moc/efoBaTe bHbIX HaTypaJbHBIX YHces
OLITb IIPOCTHIM YHCJIOM?

1129. okaxuTte, 4TO CyMMa [BYX MOC/€I0BATEbHbIX YETHBIX YHCES He
AesuTcst Ha 4.

1130. [fokaxxuTe, YTO Pa3HOCTb TPEX3HAYHOTO YHCAA YHCJIa, 3aMHucaH-
HOTO TeMH XXe LiudpaMH, HO B 0GPATHOM MOpsAKe, JeJHTCS Ha 9.
Heauntes in 31a pasHocTs Ha 277

8 —2596 095

1?7 . .
(3) - 31+ (=1,51)
160 2-2

6)




1131.

1132.
1133.
1134.

1135.
1136.

1137.
1138.
1139.
1140.
1141.

1142,
1143.

1144.

1145.

1146.

1147.
226

a) Jlokaxure, 4TO TPEX3HAYHOE YHCJIO, 3aMUCAHHOE TPEMS OLHHA-
KOBBIMH L pamu, nenutes Ha 37.

6) Iokaxkute, 4To YeThIpeX3HAUHOE YHCJIO, 3aTIHCAHHOE YeThIPbM$
OJIMHAKOBBLIME HHdpaMu, aenuTcs Ha 101,

JloKaxkuTe, 4TO MPH JM06OM L1eJI0M 3HAYeHHH R YHcJI0 kB° + 3k% + 2k
JeJINTCSI Ha 6.

Jlokaxkute, uto ecii A — J060e HedeTHOe uucio, To yncao A° — 1
JeJuTcst Ha 8.

JlokaxknTe, 4TO ec/IH B TPEX3HAYHOM YHCJIE JBe MOoCcJeHHe X pbl
OIMHAKOBHI, a CyMMa ero Lyudp neJuTcs Ha 7, TO H CAMO YHCJIO fie-
JUTCSt Ha 7.

Joxaxute, uto ecan B — nenoe uucio, To uncao B (B” — 1) ne-
JIUTCA Ha 4.

Hafizute HauMeHbIee HaTypaJbHOE YHCJI0, KOTOPOE MPU YMHOXKE-
HUH Ha 2 CTAHOBHUTCS KBaJpaTOM, a NIPH YMHOXEHHH HA 3 — KyGOM
1{€JI0T0 YHCJIa.

PacuindpyiiTe paBeHCTBO #% + #%* = #x%%  eCJIM KaXI0e H3 cJa-
raeMbiX H CyMMa He U3MEHSIIOTCS MU YTeHUH UX CIIPaBa HaJEeBo.
TpexanauHoe uncio okaHudBaetcs uuppoit 3. Ecau a1ty uudpy
MepeHEeCTH Ha MepBOe MeCTo (HAa MECTO COTEH), TO MOJyYeHHOe
yucso 6ynet Ha | GoJiblile YTPOEHHOTO MEPBOHAYANBLHOTO YHCIA.
HaiauTe 310 uyHciIO.

Kakoe Hau6oJIblIeEe YHCJIO0 ONMHAKOBBIX 6YKETOB MOXKHO COCTABHTh
13 264 Gebix U 192 KpacHbIX TIONbNAHOB?

CymMa ABYX HaTypajbHbiXx uuces Gosbiie 360, Ho menbiue 400.
HauGoapwnit o6uiuil geauresb 3tux uucea — 32. Haipute stn
YHCJIA, €CJIM HH OJHO H3 HUX He SIBJISIETCS IQJIHTEJIEM APYTOro.
Haiinure 1Ba uesbix yucaa, 3Hast, uTo Ux cymma 168, a HanGosbmi
o6LHH AesuTeNb 24.

JTokaxure, uto eciu A + B+ C =0, 10 A* + B* + C* = 3ABC.

a) [okaxkure, 4TO eCJIH YHCJIO [IPH AeJieHUHU Ha 9 naeT B ocTaTKe 3
nim 6, To Ky6 aToro yuchaa geautcs Ha 9. Ilenurcsa au kKy6 3TOr0
yHcaa Ha 277

6) JlokaxkuTe, 4TO €CJIH YHCJIO TIPH AeeHHK Ha 9 naeT B ocTaTke 1,
TO ¥ KB3JIPAT 3TOTO YUCJIA NIPH AeJeHHH Ha 9 faeT B ocTarke 1.

a) JlokaxHuTe, YTO ecJH B — HaTypajbHOe YHCI0 Godibliee 4, TO
uncno k' — 4k — 4k* + 16k nenutcs Ha 384,

6) HoxaxuTte, 4To ecqu k — HaTypajbHOe 4YHCJ0 GoJbluee 2, TO
yucso k° — 5k° + 4k geaurcs na 120.

YyacTHHKaM LIKOJBHOH MaTeMaTHYeCKOH BHKTOPHHBI GbLIO Tpej-
JaoxeHo 30 BonpocoB. 3a Kaxablil NPaBUJbHbIA OTBET 3aCYUTHLIBA-
JIOCh 7 OYKOB, @ 32 HelIPABUJIbHbIH CHCHIBaJIOCh 12 oukoB. CKoJIb-
KO BEPHBIX OTBETOB [aJl y41aCTHUK BHKTOPHHBI, €CJIH OH HaGpan 77
OYKOB?

B uemnuonate o6aactu no ¢gyr6oay yuacrsyer 30 komana, CKosib-
KO HTP HEOOXOJUMO ChIrPaTh, YTOOHI Kax/Jasi KOMaH/a BCTPETHJIACh
C KaXK10H 1o OXHOMY pasy?

a) Jlokaxurte,utroecii A <BuC>K,T0A—C<B—K

1148.

1149,
1150.

1151.
1152.

1153.
1154.

1155.
1156.

1157.

1158.

1159.

1160.

6) Jlokaxkute, 4TO ecsiH moJsioxKuTesbHble yHeaa A, B, C, K ynos-

JNeTBopsifoT HepaBeHcTBaM A < B 1 C > K, TO OHH YIOBJIETBOPSIOT
A B

H HEPABEHCTBY & < % -

Jlokaxkute, 4To ecJu:

a) a>0ua=b,roa" = b" npumo6om HaTypanbHOM k;

6) a > b >0, To a* > b" npn Mo6oM HaTypaLHOM k.

CdopmyaupyiiTe H ROKaXKUTE YTBEPKAEHUS, 06pATHLIE YTBEPXKIE-

HHSIM a) H 6).

Ha xoopnunaTHO#t ocH H306pa3nTe MHOXKECTBO YHCe:

a) |x|<2; 6) |x|>1; B) |x| <0,5.

Ha xoopaMHaTHOH IJIOCKOCTH H306pa3HTe MHOXECTBO TOYEK,

KOOPIUHATBI KOTOPBIX YAOBJIETBOPSIOT YCJIOBHSAM:

ayx=1,2<y<3; 6) 1<x<4,y=25;

B) |x| >2,y<5; r) lx|<3, lyl<2.

Kako# oTpe3ok cHMMeTpHUYeH OTHOCHTeJbHO ocH Ox OTpe3Ky, 3a-

JaHHOMY YCJIOBHSIMH: i = 2, | < x < 2?

PasioxuTe MHOTOY/IEH HA MHOXKHTEJIHU!

a) x'+1I; 6) x° — 7x — 6.
Pewute ypaBuenne (1153—1155):

a) |x|=09; 6) |x|=15; B) [x-1]=2;

r) |x=-2|=1;, nx) x+3[=1; e)lx+1/=3.

a) |2x-1|=5; 6) |3x+ 2| =4;
B) |7-3x|=4; r) |-2-3x| =5.

a) (X*+2) [2x-1]=0;
B) |x|=x+2; r) |x|=2x+1;

o) |x-3|=ux e) [x+2]=2x

Moxet s GHKBagpaTHOE YpaBHEHHE WMETb ONMH KOpeHb; /Ba
KODHSI; TPH KOpHSA? B KaXIoM cilydyae, ec/id OTBET NOJIOXKHTEEH,
TIPUBEJUTE IPHMEDHI.

Haiinure yncio x, yioBieTBOpsiiolliee PaBEHCTBY:

a) Jx+ 1=5; 6) Jx+3=1;
B) J2x-1=3; r) J3x-2=4,
[Myctb 6ykBaMH x ¥ @ 0603HAYEHbBI YHCJIA, IPH KOTOPIX BEIpaKe-
HHUS1 UMEIOT CMBICJ. YpocTuTe Boipaxenue (1158—1159):
1 1 1 iR
a) x(x+1) x+1)(x+2) (x+2)(x+3)+(x+3)(x+4)+
1 .
x+4)(x+5)°
1 1 2 4 8 16
0) e W wrre Ry e Sy prupr Sy g
a) (1—=(1—a b)) )2+ (1 =1 —ab' )" )%
6) (a+ JaP-1)"' + (a-Ja?-1)".
Ilokaxkure, uto ecau ABC = 1, 10

1 1 1 =1
1+A+AB 1+AC+C 1+B+BC

6) |xt+1]=x"+x;

+
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1161.

1162.

1163.

1164.

1165.

1166.

1167.

1168.

228

Pe HIHTe ypaBHEHHE!

. 1 1.
a) o=l 0 =k
2 10 _ 1.
B) @+ 10x+25 25-x2 x-5'
1 12 _ 1
r) x2-12x + 36 + 36 -x2 x+6°
Peuute cHCTEMY YpaBHEHHH:
2) (x-5)(x +y)=-20, 6) (x+3y-6)y—-2x=0,
(y-8)(x +y)=-10; 2x+y-12)y-2x=0;
+10)(y-12)=0,
){(x 160)(!/ ) 5 5y +5(—y)=7
in— 0,2x; 22+ +58((x- y)—lO
2 2 =
0 {x +;/ tx-y =i, o {x+y xy,
y_“4£=1_-4:
o Xy =xt+ g
2x%~4xy + 3y* = 36, 2x2—3xy + 3y*=128,
)K) 2 2 . 2 2 —
3x2-4xy + 2y* = 36; 3x2—3xy + 2y*=128.
[Toctpoiite rpaduK QyHKUMH:
a) y=—lxl; 6) y=lx-11; B y=[2x+1];
Dy=x+lxl;  my=x—lxl; e y=1=L;
_x*-1
®) Y x+1

3anuiunuTe 4KucJaa B BUAE JEeCATHIHBIX npoéeﬁ H pacnoJjioXuTeE HX B
20 15 5 17
nopsjke Bo3pacTtaHust: =— , — » 57 > o *
e P 41’ 377 21 42
a) 3anuuuTe B nopsiike B03paCTaHHﬂ gucJa:

3,(007); —0,2303003000..; 3,(0008); 3 ,(009); —0,23(1);
—0,231(07).

6) 3anuuikTe B NopsiaKe yObiBaHHA YHCJIA!

—2,(05); —2,0(5); —0,00(1); —0,(001), —2L ; —0,001.
OkpyrJuTe 10 TPETHEr0 3HAKa 0C/Ie 3aMATOH celyIoLLne Huca:
a) 37,57891; 6) 0,002576; B) —117,00992;

r) 0,3(9); n) —31,72(13); e) 0,00(08).
OkpyrJure 4ucio 87,5562 10 COTBIX ¢ HEOCTATKOM H € N3GbITKOM.
OnpenennTte aGCOMIOTHYIO M OTHOCHTEJIBHYIO NOTPEIHOCTH KaX-
J1I0r0 pHOJIHIKEHHUSA.

3aMHIIUTe B BAAE AECATHYHOM Apo6H ¢ TouHoCThIo £o 0,01 dncaa:
a)12; 6 22; s 2, 3.

1 ’

1169.

1170.

1171.

1172,

Kak MOXHO 3a11KcaThb, 4T0:

a) mMpHOMMIKEHHbIM 3HAUEHHEM YHC/A @ SIBJAETCH YHCJIO a, C
TOYHOCTBIO 10 1

6) TpUOJMKEHHBIM 3HAUEHHEM YuCjia 4 SIBJAAETCH 4YHCIO @, C
TOUHOCTBIO 10 h?

a) Ecam 5,23 < a < 5,27, T0 4eMy paBHbl IPHOJIHKEHHS CHH3Y (c
HeJLlOCTaTKOM) # cBepxy (C U36bITKOM)?

6) Ecan 0,256 < a < 0,258, T0o MOXeT Ji# @ GbITh PaBHbIM:
0,2574; 0,2579; 0,256; 0,258?

HasecTHo, uto 0,25 < a < 0,27. [IpuseanTte npHMeprl BO3MOXKHBIX
TOYHBIX 3HAYEHHH a.

BbIUHCJIHTE IPHOJIHKEHHO € TOYHOCTbIO 10 0, 1:

a) 0,385 + 3,7; 6) 586,(5) + 3,7(8);

B) 0,38426 — 0,151892; r) 78,54289 — 3,78254;

1) 2,875684 - 0,3867; e) 2,333..- 0,28567;

x) 78,56634 : 0,5048,; 3) 4,2534 :1,38456.
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3AJAHUSA OJ11 CAMOKOHTPOJIS
[10 [TPOTPAMME 7—9 KJIACCOB

1) BouncanTe (5,25_ 4%): 1,45 — (7 i 6,875): 0,75.

2) YnpocTuTe BbIpaXKeHHE ( el TS x‘2)' 4

x2_4x+4  2-x) x2-4°

3) Mocrpoiite rpadux dynkuus y = x — 1. Onpeneanre HUHTep-
BaJ, Ha KOTOPOM (YHKLHS MPHAUMAET MOJIOKHTEJbHEIE 3HAYCHHS.
4) CymMa [Byx uYHCeJ paBHa 2, a HX NPOH3BeJeHHE PaBHO -35.
Hajinure 3TH yHcaa. -

1 1Y}. —_2 .
1) Buiuscaure 5—6—+(3,25+2€).2,6 3 2,25.

£+9 x-3)._9
2) YupocTtHTe Bblpa)XeHHe ( 5 + 2= ): T -
P-6x+9 3-x) L9
3) Mocrpoiite rpadux dynkuun y = — 2x — 2. Onpepeure HATEP-
BaJ, Ha KOTOPOM GYHKLUSA NPHHMMAET OTPULATENbHbIE SHAYEHHS.
4) Ipoussenenne AByX yuces paBHo 20, a X Pa3HOCTb paBHA 1.
Hajigure 318 yHcaa.
1 . .9 30, (l _Z_)'
) Bbiuucaure 2 : 2,25 35 ~ 103 =t 1 05
2 2+ 1
-x  fPe1
i

2) YIpocTHTe BbIPaXKEHHE z:f +4

3) TMocrpoiite rpaduk QyHKUMH Y = 3% + 1. Onpepenure, npy

KaKHX 3HauyeHudax X (byHKLLI/IH MpHHHMAET OTpUUATEJIbHbIC
3Ha4deHus.

4) Taowanp NPsIMOYroNbHMKA paBHa 4 aM°, a nepumerp 17 am.
OnpejiesuTe CTOPOHBI NPSAMOYIOJIBHUKA.

1) Beiuncaure (4% :3,6+3,5:4 %) - 4,8.

2
a -a 4a- a-2
2) yﬂpOCTHTe BBIpAXKeHHE 9_a2 73 + =5

3) IMocrpoiite rpadux ¢yskuus y = —0,5x + 2. Onpenesure,
IIpH Kakux 3HaYEeHHUAX X Cl)yHKLlHﬂ NPpUHUMAET MOJIOXKHTEJILHDbIC
3Ha4Y€HHA.

4) OnHa CTOpOHA NpPSIMOYTOJbHHKA Ha 3 M Kopoue Jpyrof.
OnpejennTe CTOPOHb NPAMOYTOJIbHHKA, €CAH €0 NJI0Wanb papHa
1,75 m".
3 4
12,8 -3=-4—-4,125
4 11
3

4.3
2735

1) BoiuucauTe

m-4 . 1
m®+8m+16 16-m’
3) Pemnte cucreMy ypaBHeHUH rpaduueckuM croco6om:

x+y=5,
3x—-y=1

2) YnpocTuTe BbIpaXeHHe 2m —

28,8:13%+6,6- 1

1) Bpruncaute 1
1—:1,35
80
2-x .1
2+2%+ 1 T 1-x2
3) Pemmure cucteMy ypaBHeHui rpaduuecKkHM Cnoco6OM:

2) YnpoctuTe Bbipaxenne 3x +

X—y=4,
2x+y=2.
x + y= 4’
4) PeuldTe CHCTEMY YPaBHEHHH {3 1 _
x Y

(0,29-1,09)-1,25

13y 8°
(18,_9-16%) =

1) Bhiuucaure

2) ¥YnpocTtuTe BbipaXkeHHne ok _ Jy .
-y Jx+dy

3) Peumte cucTeMy ypaBHEHHil rpaduyecKHM crioco6oM:

x+3y=35,
3x+y=-1

4) dpesepoBIUMK J0/KEH H3TOTOBHTH K OfpENEJeHHOMY CPOKY

80 meraneii. Ecad od OyfeT H3roTaB/iHBaTk 3a CMeHy Ha OIHY
feTanb 6osiblue, YeM NPeAyCMOTPEHO MJIAHOM, TO 3aKOHUMT pabo-
Ty Ha 4 JHs paHblie cpPoka. 3a CKOJMbKO JHeH M1aHHPOBAJIOCH
BBITIOJIHHTEL pa6oTy?
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8.

10.

1.

12.

(2,2+1,6):1,9

(2,4-1,3):43

Ja-1 4 Jatl

Ja+1  Ja-1’

3) PewmTte cucTeMy ypaBHEeHHH rpaHyecKUM COCOGOM:

2x+y =1,
x-2y = 8.

1) Briuucante

2) ¥YnpocTuTe BbIpaXKeHHe

4) CKopocTb TOBapHOro moesjia Ha 12 KM/4 MeHbllle CKOPOCTH
naccaxupckoro noesga. Ompese/uTe BpeMs, KOTOpoe IOHa-
J0GHTCS TOBApHOMY I10€3[y sl NPOXOXMIEHHS y4yacTKa IIHHOH
52 KM, ecsH MAacCaXKHUPCKUH MOe3 NPOXOAHT TAKOH y4acTOK Obl-
cTpee ToBapHOro Ha 18 mun.

1) Pewnte HepaBenctso 3x°< 10x — 3.

L
P)

2
2) YrpocTure BhIpaxKeHHe [(%)3)

.

3) PeunTe ypaBHeHHe
(x+2Dx-Dx+1)—(x=2)(x-3)(x +3)+3x-49=0.

4) Pewnte ypaBHeHHE f/_2 = i.

1) TMoctpoitte rpaduk PyHKUHH Y = %

2) Pemnre ypaBHenue x"°= 4.

2
3) YnpocTuTe BbipaXKeHue ( ba+3 4 6a-3 ) a’-324
a’-18a d*+18a’ a’+9

4) Pelunte ypaBHEHHE
X+ Dx-2)-(F+3)(x-1)+Tx~1=0.

1) lsa aBTOMOGH/Isi BbIE3KAIOT H3 OJHOTO IrOpoja B APYroH.
CKopocTb nepsoro Ha 10 kM/4 Goaibliue CKOPOCTH BTOPOTO, NO3TO-
My OH Mpoe3aeT Bech NMyTb Ha 1 4 GbicTpee Broporo. Ompene-
JINTE CKOPOCTH aBTOMOGHJIeH, eCJIH PacCTOsSIHHE MeXy ropoJamMu
paBHo 560 KM.

2 2
2) Pelunte ypaBHeHHe i‘-i'ix—” - .2.1‘(;*_1= 3x ;2;: .
3) Pemnte HepaseHcTBO 4x° + 6x < 9x"— 14x.

4) TToctpoitte rpaduK GyHKUHH Y = —% .
2+ 1 o -2c+16

1) PeiunTe ypapHeHHe 3 5

2) Pemnte HepaBeHCTBO 25——;? <0.

13.

14.

15.

16.

17.

1
3) Pemure ypaBHeH#e x "= 0.

AL
4) Cpasrnre uncaa (27) °-(0,36)"° u 27° — (0,75)"".
2

1) Boiuncaure (—%) (-l%)'a_(o,;;)—a . (_03)4_(7%)0:(_1%)-2'

2
2) Yupocet (_1__. - __1_._) X tx
} YupoctiTe Bblpa)KeHUe y Rl P

3) IMocrpoiite rpaduk dyHKuMu y = x°— 3x + 1.
4) TpousBeeHune ABYX LieJbix Yuceq paBHO 30, a HX cyMMa paBHa
11. Hafigute 3TH uHcJa.

1 5. 1
1) Boiyucsure T 5+ 12-(2,5- -3-—0,875).

2) VYnpocruTe BbIpa a 4 _a [(_a __1
) ¥Ynpoctu pacenne -+ S5 |- ).

3) Mocrpoiite rpaduk dyHKUMH y = 2x — x°.
4) CyMMa [ByX LieJblX YHCeNn paBHa 6, a MX NMpOH3BeJeHHE DaB-
Ho —7. Hafizute 3TH uHcJa.

2 7
1) Bouuncamre 27,12 - 3./60 - 15./06 + ISJ%.
1

(a+2+a—-2__ 16 )+2

2) ¥YnpoctuTte BbipaKeHHe

a-2 a+2 ,2_4

3) Tocrpoiite rpadux dynkuun y = 0,2x*—3.
4) TlpousBesenne ABYX 4YHcesa paBHO 3,5, a HX Da3HOCTb paBHa
6,5. Hajigure atu yucaa.

5 4
1) Brruucaure (4E - 4-1-3)‘ 0,4+0,4.
2) ¥YnpoctuTte BeIpaXKeHHE
X 3x 3 x=9
x+3 + x-3 (x2-3x - 9—x2).
3) Tocrpoiite rpaduk dynkuun y = — 0,5x° + 1,5.

4) PasuocTtb AByx yHces paBHa —9,7, a UX OPOH3BeJeHHe PaBHO
—12,3. Haiigure 3TH uKcaa.

1 3
2 -7 1y3
2-4’+(81 ).(9)

1
125 2. (0,172 +(0,5)2

1) Boiuucaure

6

; .

3) HecsiToiit yieH apupmMeTHYeCcKOH nporpeccus paben 17, a ns-
T wieH paBeH 4. Haiinyte cyMMy nsiTHaauaTH MepBhIX WIEHOB
3TO{ NPOTPECCHH.

2) INocrporite rpaduk QYHKUHH Yy =

233
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xy=-8,

4) Pewnre cHcTeM aBHeHHH
) yop {x + 2y=0.

18. 1) Peuwnre rpaguueckum crnoco6oM ypaBHeHHe

19.

20.

21.

22,

2y
X

2) JlpapuaThiii uieH apupmetHueckod nporpeccuyu pased 20, a
CyMMa mepBbIX IBanuati uieHos paBHa 430. Haitmurte pasnocts
porpeccHy.

‘

3) Haiigute o6aactb onpejiesieHusi GyHKUMH Yy = T
H

<O<T.

Uil —

4) Buuucaute sin o, tg o, ctg o, ecan cos o0 = —

JE]

1) PasHoctb apudmeTtuyeckoit nporpeccud pasHa 0,4, a cymma
nepBbIX uLiecTd ee 4ieHoB paBHa 30. Haftnure jecATbill unieH
TIPOTPECCHH.

£O° 1

2) YrpocTtHTe Bbipa)keHHe (ﬁ + s

2
X—Ax

iy GO
3) Perure ypaBHeHue |2x — 7| = .
4) Haiignre ob6aactb onpenenieHust PyHKUUH y = X2 =5x .

1) Tlepseiii unen apudmeTHyeckoil nporpeccuy paseH 1,5, a cym-
Ma NepBbIX ABanuati uwieHoB paBHa 500. Hafimure pasHocTb
nporpeccud. EcTb /M cpeau 4jieHOB IporpeccHy uuciao 29?

2) ¥YnpocTHTe BbipakeHHe

¢ +(c—l -2c? ) (c%_c%+l).

c3 _1

3) Haiinure o6aacts onpeneneHust QyHKLUUH

= J(x=-2)(x-3).
4) Boiuncaute cos @, tg o, ctg o, ecau sin o= % 7 5 <O<T.

1) Hajigute nepsbiit wieH # pa3HOCTb apHdpMeTHIeCKOH nporpec-
cuu, ecau a,, + a,= 22, a,+ a,=16.
2) Pemmute ypaBHenne (x° + 2x)Y—14(x*+ 2x) —15 = 0.
x+2
1-4x <2

sin (0,57 + 2a)

1-tg?a

1) Paccrosinue mexay craHuusmu A u B pasHo 240 xm. Mis B B
A spiutes noesn. Yepes 30 MHH HaBcTpeuy eMy U3 A BhilleJ1 noesy
CO cKOpOCThIo, Ha 12 kM/4 6osbledt. HalinuTe ckopocTb Kaxporo
noes3fa, eCJM U3BECTHO, YTO OHH BCTPETHJIMCh HA cepelyHe IyTH.

3) Peuiurte HepaBeHCTBO

4) YnpocTHTe Bblpa)KeHHe - cos?aL.

23.

24.

25.

2) Pewmrte ypasHenue (x — 1) (x —2)(x = 3)(x —4)=3
3x+2
2x + 3 >4.

4) YnpocrtuTte BbipaXKeHue 208 (21-20) _gjp? g,

ctgZa-1

1) Iepebifi uneHn apudmeTHdeckol nporpeccud paseH 10, pas-
HoCTb paBHa 4. Haiinure ee ofMHHAALATLIH YIeH H CYMMY NEDPBBIX
OfHHHAAUATH 4YJIE€HOB.

2) Pemure cucTeMy HepaBEHCTB

{5(x+ 1)-9x-3>-6(x + 2),
3(3+2x)<7x-2(x-8).

3) PeunTte HEepaBeHCTBO

3) Pewmwre cucreMy ypaBHeHHH

3(x-1) = 5y + 1),
7x-3y _ 5x-y x+y
5 3 2 -

4) Pewmnrte ypaBHenne 3x' — 28x*+ 9 = 0.

1) Haiigute cymMMy I1IeCTH NepBHIX 4YJI€HOB reomeTpuqecxon
NPOTPECCHH, €CJH cpopmyJIa n-ro ee uieHa b, = 4-(0,5)""

+4y
l—3y

3) Peuiure cucreMy ypaBHeHHH

2) PeiinTte HepaBeHCTBO <1.

I SR B
x+y x-y ?
x+y Xx-y

4) CpaBHUTe 3Ha4YeHHS] BbIPAKEHHH (0,7)° u (0,7)".

1) Halinute cyMMy ceMH MepBBIX UJIEHOB TeOMeTPHYECKOM
NPOTPECCHH, 3Hasl, YTO NPOTPeCcCHs Bo3pacTaoluas u b, - by = 3bg,
b +b,=15.

2) Peum're ypaBHenue (¥’ — 3x)° + 34— 3x) —

3) PeiunTe cucTeMy HepaBEHCTB

28 =0.

s x=1l _x-2
T *7 73 3

2-x<2x-8.

4) HaiiauTte 3sHaueHHe BbipaXKeHHs

1—c0529c+ sin2a’ ecau sin o = _«/_-3.
coso— sin(2x - o) 2
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26. 1) IIsoe paGouux, paGoTasi BMecTe, BbIIIOJHUJH HEKOTOPYIO pa6o-

217.

28.

29.

30.

Ty 3a 6 4. [TepBbiii U3 HUX; pabOTas OTAENLHO, MOXKET BLIMOJHUTD
BClo paGoTy Ha 5 4 GnicTpee, yeM BTOpoOi pabouul, paboras
OTAEJIbHO. 34 CKOJIbKO 4aCOB KaXKIAbIH U3 HHUX, pa6oTas OTAe/bHO,
MOXeT BBIIOJIHHTb BCIO paboTy?

2) Pewmure ypasHenue (x° — 6x)°— 6(x*— 6x) + 9 = 81.

3_35_9
3) Pewmure cucteMy ypaBHeHHH x
74109
X y :
4) CpaBuute 3Hauenus Bepaxenuit 8% u 0,57,

1) Haiingute nBy3HauHOoe YHCJO, 3HAsl, YTO UU(Pa ero eINHHIL HA
2 Goasbliie LEGPHI IECITKOB H YTO NPOU3BELEHHE 3TOTO YHC/IA Ha
cyMMy ero uu¢p pasHo 144.

2) Penre rpaguuecku ypasHenue x° — 4x = — 3x + 6.
3) Pemmnre HepaBeHCTBO @L)(Ci‘ill <0.

4) HaiiguTte 3HayeHHe BbIpaxKeHUs!

1+ cos 20~ sin2a

1

cos o.— cos (0,5n + o)’ ecm cos a. = — 2
L =Tx x-1 2+ -5x-3
1) Peuute ypaBHeHHe z + T = 30 .
2) PelunTe HEpaBEHCTBO g" 3 <0.
3) Peiuute ypaBHeHHe LHx=2.

4) Uro 6oabure: (—1,2)" — (0,25)"° nau —2,4° + (2,5)7"?

1) Ckopbiii oe3n Gbin 3afepxat y ceMadopa Ha 16 mud ¥ HarHan
orno3janKe Ha neperode B 80 KM, Wis co ckopocTbio, Ha 10 kM/u
6oJbliiel, yeM noJiaraercs o pacnucaHuio. Kakosa ckopocTb Mo-
e3[ia [0 pacIHCaHUIO?

2) Pewmre ypasHenne x' — 10x° + 9 = 0.

3) Pewnre nepaBerctso 0,01 (1 —3x) < 0,02x + 3,01.
4) Hatfinure o6yiacTb onpejeeHHs QyHKLHH

= Jx-2+4+ J10-x.

1) Pewunre ypaBsenue x* — 13x° + 36 = 0.

2) Pemwmute HepaBenerso 2£=1 > 0.
X

31.

32"

33.

@

(=97

3) Haiigure 3HaueHue Boipaxenus (—0,75) (l

4) Pemure rpacuyeckum cnoco6om ypaBHeHne x — 1 =

><|G>

1) HaiizuTe 3HaueHHe Boipaxenus (6,25)™%° - (0,01)™".
2) YKaxHTe TOUKH Mepeceyernsi rpaduka QyHKUMH ¥ = /X ¢ ocs-
MH KOOPAHHAT.

3) Haiinute o6aacth onpeaeneus GyHKUUH Y =

4) PelunTe cHCTEMYy YpaBHEeHHH

3(x~-1) =5+ 1),
{7x—3y _ bx-y x+y
5 3 2

1) Hailigute 3HayeHHe BblpaXkeHUs

a*—6.5a—~1npna=.5+4.
2) Peiite ypaBHeHHe

1L = _L _ 6-x
2-x x-2 3x°-12

3) Ha Typ6ase umeloTcs nanaTki U IOMUKH; Beero ux 25. B kax-
JOM JIOMHKE XHBYT 4 4€JI0BeKa, a B najatke 2 yesnoeka. CKoJbKO
Ha Typ6ase NMaJaToK H CKOJIbKO JOMHKOB, €CJIH Ha Typ6ase OTAbl-
xatot 70 yesioBek?
4) C nomotibio rpadUKOB orpesiesiuTe, CKOJbKO pPetleHHH HMeeT
CHCTEMA YpaBHEHHH:

y=x,
xy = 4,
1) Peiuute ypaBHeHHe
2x+5_2_ 3x =0
P4y X x+1 ’

2) PeludTe HepaBeHCTBO H YKaXKHTe, eCJH BO3MOXHO, OJHO
3HaueHUeE X, YIOBJETBOPSAIOIlee HEPABEHCTBY

S$E<L.

3) B nepsom 3putesbhoM 3ade 420 mect, a Bo BTopoMm 480. Bo
BTOPOM 3aJi€ Ha 5 PSIOB MeHbLIE, YEM B TIEPBOM, HO B KaXK/OM PALY
Ha 10 MecT Gosbille, 4eM B KaXIOM psify nepBoro 3aja. CKOJbKO
MeCT B PSLY B KaXK/JOM U3 321087

' 3aganus 32—37 comepXkaT 3ajauM M3 3K3aMEHAUMOHHLIX pa6oT aaa 9 kaacca

NpOLBIX JIET, 3B€3/104KOH OTMeueHbl 3ajaHHs AJ15 KJ1acCOoB ¢ yFJIyGJleHHbIM H3yUYE€HUEM Ma-
TEMATHKH.
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34*.

35%,

36*,

4) Peunte cucTeMy ypaBHEHHH
L+yt-xy = 16,
x+y = -2.

1) BeiuucinTe, HCNOJB3YS, Tl BO3MOKHO, HOPMYJIBI COKpALEH-

3 3
HOT0 YMHOKeHHS % -0,12-0,28.

2) B apudmeTHueCKOl Tporpeccuu % = 17. Haitnure 22

as Qg7
1 + sina 1 - sing 2
H KICCTB = - IpH
3) B‘OKa)K Te TO 0 1-sina 1 + sine cos p
R 3n
L o< =2,
2 2

4) Pewmre cucteMy ypaBHeHH

3x-1 _32—1 — 2

y+1 x+1
3y+3+2x+2 = 1.
3x-1 3y-~1

!) BuimosiHuTe yKasaHHble AeHCTBHSI:
(3+32-443+ 4J15)- J/12-46-24.5.

2) Bak o6bemom I M° 3amosHsieTCs IByMs HACOCAMH OHOBPEMEH -
Ho. [TepBhiii Hacoc nepexkauuBaeT 3a 1 4 Ha 1 M® BobI Gosibiue, YoM
Bropo#i. Haiinure BpeMsa, 3a KOTOpOe Kax/blil HACOC B OTEIbHOCTH
MOX€eT HallOJHHTb 0aK, ecJiH IepBOMY HAcOCY HYXKHO JJISl 3TOr0 Ha
5 MHH MeHblIE, Y4eM BTOPOMY.

3) BoluncanTe COS O, ecaH sin (%—a) = 2—5/5 , —2’5 < -g —a< .

L +x+1 =0,

x_
4) Pemure cucteMy ypaBHeHH# y
L +2=0.
-y
1) Pewure ypaBuenue {1 + 3x|-|x-1} = 2-x.
6x> +x-7
2) Ynpocture BhipaxeHne —=—X-1_ y onpejeJuTe, Kakie
13x-10x" -3

3HAYC€HHA OHO MOXKE€T NTPHHUMATh.

3) B reoMeTpHueckoli nporpeccHd NepBbiil YieH paBeH /2, a
ceapMoit /128 . Haiimute BOCbMOR ujieH POrpeccHH.

37%*,

6 24 1

4) Pemmre ypaBHeHHe TR T

1) IlyeTb ocTaToK OT AeJIeHHsI HATYPaJIbHOTO YkcAa 1 Ha 9 paBeH 5.
Haiinute octaTok or nenenus Ha 9 uucaa 4n’ + 7n + 2.

2) B apudmernuyeckos nporpeccun {a,} umeem a, = —85, a,, —
ee nepsblii NONOXKHTENbHBIH WieH. Kakue leible 3HAYCHUS MOXKET
MPHUHAMAaTb PAa3HOCTh TPOTPECCHH?

3) Bouncaure sin 10° (0,5 + sin 70°).

4) lsa Gpokepa KyNHJH aKLHH OXHOrO IOCTOMHCTBA HA CyMMYy
3375 p. Korza ueHa Ha 3TH aKLMH BO3POCJa, OHH MPOAAIH YACThb
akuuii Ha cymmy 2916 p. Iepsuiit 6pokep npoman 60% cBoux
aKuuit, a Bropoii — 70%. [lpn 3T0M cyMMa OT MpoJaXku aKkLWii,

noJiyyeHHast nepBbiM Gpokepom, B | % pasa IpeBbICHJIA CYyMMY,

noJiy4eHHylo BTOpbiM 6pokepoM. Ha ckoJibko NpoileHToB BO3poc-
Ja LleHa OJIHOM aKUHH?
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HanpHMep cpeaH Beex oTUOB, MBanos Gonbule, deM [1eTpoB, B OAHO H TO e YHCO0 pas. 302. a) Her;

6)1a; B) 1a; ) Aa. 311. a) Her; 6) na; B) fa; ry ver. 319. a) la; 6) ner. 320. a) la; 6)xa. 323.a)x > x5
6)x < £ B)x< ©ir)x > x°. 324.2)x* < 15 6)x* < S s)xt > £ r)at > x°. 340, a) Ila; 6) uer;
B) 1a. 353. a) la; 6) Her; B) HeT; r) Het. 355. 1) 2; ¢) 3; k) —0,6; 3) —5: 358. a) 2; 6) 5;B) 2;

r) 1; 1) —3; e) 5/2. 862. a) Her; 6) na; B) ner; r) na. 367. a) 6; 6) 5; 8) 1, 1) 6; 1) 0. 368.a)—1; I;
6) Het kopHeii; ) 0; ) —3; 3. 374. a) Her; 6) Her; B) ia; r) net. 376. ) 8, 6) 4; r)0,7;n) _123

377.1)2; e) 2; %) 5; 3) 6. 378. a) 12; 6) 5; 8) 0,9; r) 10. 380. 2) 6; 6) 0. 381. a) 2 35.6) 252 .
386. a) %; 6) % 389.2)2 > ¥7:6) #12<2.390.2) | <Y3<2.391.a)8;6)16;8) I;
£)1.392.8) V2 -1;1)2 - /2;0) J/3-42; e) J7T- 5. 393. 5)973/__1—1_2‘ .397. a)k< 1,

6)k< —1. 401. x)7; 3)5.403.e)2 cd ¥ed? ; ) —x ¥/ .406.8) 'Yabr ;1) a Yx . 414.2) Y12;
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6) 918;8) 324 ;r) ¥128.418.2) ¥a;6) '¥b;:8) Y5 ;1) 3x2.419.8) &7 ;1) F/a%ic.

420.2)3;6)2; B) %; r) 10 000. 433.2a) ¥3=~1,4; 6) ¥6=~1,8. 434. a) J175=6;

6) 3241 ~6.437.2) Y3~ 1,442.447.a)ym<n;6)m > n;8B)m >n;r)ym < n. 448.a)a > 1;

3 9
343 T B

6)0<a<l;p)0<a<lir)a>1458.2) = :6)4. 471.2) a* ; 6) x* . 474.2) L.

12°
1

l 1 i 1 1 1 iy

16 7 T o2)(12 4 o2 Ja o1

6) ~or - 471. a)( )(a +1) 6) (b -3 )(b +3 ).482.a)—é— 16) X
2 x+3y 35 1. ooy A7 .6y 25
18, 2o 485, L3 495.0)~3,5:6) 91 1 0) 196; ) 4T . 503.2)5;6) 22

505.a)%(a2+2x-—b2)(a2+2x+b2). 506. a)2; 6)14—27—. 508. a)m< /2 +.3;

6) 7T+ /3>/8+ /2. 515.2)6+ 18./3;6)20./2—-40./5. 519.2) 2./x+ 1;6) —1;

Jxy 3Jm+ 28
B ;T) . 523. a) Het kopueit; 6) —9; B) 1,5. 524. a) (0; —1); 6) ner peiue-
) FRE i S ) Her kopicit; 6) ~9; ) )(0; =1); 6) et p

nuit. 541, 1. 547.2)0; 6) —4 33 .548.a) Jx +xJx; 6)a + 4 3/a . 549. a) j—?;ﬁ) %

556. a) Her; 6) 16; 8) 15; 1) % .557.2)1;6)1.563. a) 47(1 ;6)—a.569.a)1;6)0;8)1,75;

r) 0. 570. a) 1; —2; 6) net KopHeil. 571. a) ~J3: .43 6) -J2; J2 572, a)—2;6)—3;8)6;
r) —4. 573. a) Ha 6 ; 6) na 5 sier. 574. a) 60 m. 575. %

582. 89 r mean u 35 r uunka. 583. 8,685 kr sos10ma u 4,725 kr cepe6pa. 584. 18 u 4 kM/u.
585. 10 u 6 km/u. 586. 24 paGouux, 14 aueit. 587. 5 u. 588. MoTouukaHcT; a) B 1,25 paaa;

.576.B 1,5 pasa. 577. 16 4 1 5 4 20 mun.

6)B 2,6 paza. 591.a)a,=n; 6)a,=2n—1; B)a,=2n; r)an=%; n)a,,=(—l)"“;

e)a,=(—1)".593.a)75;6)3.594.6) 12 + 2n;8 + 2n;8) 14 + 21.597.2) 2; 5; 8; 11; 14.
598.a)a,=2n+1;3;5;7,9;11;6)a, = —5-2"_'; —5; —10; —20; —40; —80.601.a)a, = 5;
a,,;=>5+a,602.a)58.603.a)38.625.a)2; —1; —4; —7.627.a)d = 4;a, = 1. 632. a) [1a;
n = 12; 6) uer. 639. a) 5050; 6) 385; 6) 500. 640. a) 210; 6) 150. 642. a) 34; 6) 76. 659. a) 2;

_ D) —6 _ 1.4 16, 64 64, 16. 4. 1
6) —54. 660. a) 21; 6) —6; 8) 0,8 uau —0,8. 663. 5505 5 HJH 5 B
665.11)62;e)7+3J§ w7 — 342 .670.a)252mm0.67I.4.674.a)8;6)2%;3)5%;
r)4 % 677.2)(J2+ 1)m; 6)(2 +/3) m.693.2)0,3; 6) 25. 694. 2) 3; 6) —2. 695. a) —2,5;

6) —1,5. 697. ngn+1)6(2n+ 1) . 698. a) 2n(n+13)(2n+ 1) - 6) (2n+ 1)§2n—1)n )

705.6) 3 + /2. 706. a) Hu npu kakux; 6) npu b € [—4; 4]. 707. a) [Ipu m > 4; 6) npu m > 1
B)nipum €[—4; 4}, r)npum €[—6;6). 709. Y x a 3 a H u e. ['pannuy 3auTpHxoBaHHON 061aCTH
MOKaXKHTEe IYHKTHPHOH JIHHHEH — TOUKH, elf MpHHaANeXKallHe, He YI0BJAETBOPAIOT YCJAOBHIO
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safaun. 718.a) —4; 6) —80; 8) —22; r) —88. 714. 16 pan. 715. a) Yepes 9 yneir; 6) yepes b nxed;
B) uepes 7 aueil; r) yepes 7 aneit. 719.170,56. 722.n =8, a; = 14, a3 = —7. 730. 1620.

736. 196 820. 737.7168. 739.320. 740. 1023% ;614% . 741.5. 742.7. 743.1535,25;

—512,25. 744. 1093—;—?- .745. —3; 3. 747.0,125. 748. 475,6419; 237,6099. 749. 8. 750. e-

BOUKH; Ha 8 oukos. 751. 9 yuactHukoB. 752. 11 yuacTHuKOB. 753. a) | yesoBek; 6) 11 yenoBek.

) . _ 2yl . _tyP-x?).
754. _4. 756. 130. 757. a) 5; 6) B 4 paza; B) 4. 758. a) ¢ 7 sl 57 ;

X = y—g‘;Ll;y=l+m;6)20MHH.759.3)900M;6)800M.760.3)600M;6)400M.
775.2)40° + 360° - 1; 6)220° + 360° - (—2); 8) 240° + 360° - 1; 1) 180° + 360° - (~3). 778.2m;
2 32" 0:6) % 34", 54", TR 779.2)360°; 180°; 90°; 270°: 0°; 6) 45°; 135°; 225°;
315°.791. 2) 0; 6) 1:8) 15 1) 0; 1) 0; ) — 1 ) —1; 3) 0; 1) 0; k) 1; 1) 0; m) 1. 798. a) 1; 0;

6)—1;0;8)0; —1;1)0; —1; 1) 0; 1; e)0;1. 805. a) sin 40° < sin 45°; 6)cos% = cos 60°.

815. a) Her; 6) aa; B) HeT; r) Het; A) Za; e) HeT. 821, a) 0; 6) sin® o — cos? o B) 0; 1) 2.

COS o

833. a) sin o; 6) —cos o; B) —sin &; r) —cos o 835. a) 1; 6) ——— ; B) sin® o — cos® o 1) 1.

SlI’l o

842.2)0;6)0;8) 0; 1) O; 1) =~ “/3 ;e) 1; %) /3 ; 3) He cywectsyer. 847. a) sino= % tga=%;

ctga=z; B) sin a.=-0,6; tga=%; ctga=% .849. 1) 1; e)2cos’ o x)tgatgP; 3) ctgt o
. 2 . 2 2 2 .

; ; B) — ; 1) — ; .852.a) ~tgatgB;

850. a) " a, 6) sin occos o B) —cos” B; r)sin” o 1) sina’e) s P a) —tgotgB
6) ——‘—2 . 853. a) sin” o 6) tg” o 854. a) 2 tg” & 6) cos o — sin o 856. a) ﬁ{-—@ ;

.2
sin oL—Ccos O

6) “/—6—:1;[2 . 857.2a) %;6) % . 859.a) —sina; 6) Jﬁsina867.a) —“/—E—;é) £.868.a)0;

6)0.869.2) 1,5;6)1,5.870. a) —0,2; 6)——2—:“3[2.874. a) 5:96) ﬂ B) ﬁ’ : 1) ~/§

882. a) “/EZ“/Q ; 6) “/éiﬁ ;B)“/ézﬁ;r) ‘/QZ"/G .891.2a)4 cos 5° cos 10° cos 25°;

6) 4 cos 2,5° cos 5° sin 12,56°. 893. a) —“g’—; 6)—%6;3) @;r) —“/2—2 .897.a)ctg o 6) —ctga

906. 2) % :6) 42 ;8) % ;r)—% .908. 2) %3;6)—-%‘6’;B)cos40°;r)cos2a.909.a)—§;

6)sin 80°;B) = “/3 ;T)—co0s 20°.913. a) 12_2;6) %5 .914.a)% sin 4¢; 6)cos 20; B)1; r) —sino—

2 . ) 1

; ; u) sin 2¢; K) sin 20; ) 15 M) 1.
cos 20,

5 e)cos 20 K) —
cos O ) % )sm2a

—cosq A)

245



) . 6) 1: sing . 1—-cos o 2 _ 7. t
925.a) 1;6) 1; B) l+cosot'r‘) T 7cos & .926.x) —1;3)0.927.2)2tgo; 6) 2 cos .

930.3)%;6)——1-.934. a) fi" : 6)—%. 935. a)ll 6)0,2; 3)20—; r)5,5; 1) 0,05.

936. 2) ——;6) .938.2) - 6) ;%g .950. a) (2; 3); (3; 2); 6) (0; 2.2 );

+2 +4’

(0; -2.2 ); (2 J2 0); (—Qﬂ :0);(2; 2); (—2; —2). 993. 7 venrosex, 53 AeHeKHbIE eHHH -
ubl. 994. 17 yesoBek, 42 neusisa. 995. 9 vesnosex, 70 IeHEKHBIX eAHHHLL 996, 126 cemei,
3750 nenexubix exuuut. 1009, 50 km/u. 1010.2) 172,5%; 6) 185,61 %. 1011. a) JLis BKNaKOB

Ha 6 1 3 mecsaua — [x]% u [y]% cooTsetcTBEHHO, IIe X = 20 /p + 100 — 200, [%] — uenas yacTs

uucna x, y = 20/2 [x] + 400 — 400, [y] — uenas uacTs uMcAa y; 6) npd p = 150 ~ 116% u
102%; npu p = 70 — 60% 1 56%. 1012. 3a 1 4 15 mun. 1013. a) 3a 15 anei; 6) 10 kopos;

B) 40 Kopos. 1014, 36 6nikos. 1018.a) 15 — 10n;6)3n — 6;8)3n + 3,r)—n.1020.2)b, = é;

q'——-— 6)b, = 1; g = 3. 1021. 12; 16; 20; 25 u 24,75; 20,25; 15,75; 12,25. 1022. 8; 10;

12 wau 17; 10; 3. 1023. 10. 1024. 55. 1027. a) 3; 6) 5. 1028. —120°. 1029. a) — —30°;6)—90°;
B) —270°; 1) —360°; 1) —1200°; e) —4320°. 1030. 2) —60°; 6)432°. 1031.630°. 1032. ) —1350°;
6) 2700°. 1043. a)7; 6) —13. 1049. a) 1; 6) 1. 1063. a) [la; 6) net; B) 3HaK «<»: a<lal.

1078. a) 0,3; 6) 0,001; B) 0,03; r) 2. 1079, a) L;s) L4;B) —3%)-;1“) 7(‘)—0. 1086. 2) 3 n
-1%;6)3141—37-;5)0,214 r)OOQu—,}.I)OOOSH +€)0,00016 H ——er 6274 .1087.2)0,48 = 0,5;
10,48 -0,5] = 0,02; 822 24 1) —0,51 = —0,5; |~ 0,51 ~ (=0,5)| = 0,01; %ITI:BIT'
1088, a) 3 107 = 15 6) 3 10—1=2—10; 5) 5 100=25 1) 5 100=1
1089. 71 523=71500 c¢ ToyHOCTBIO O —2- 10‘2=—66 1091. a) a=2,380-10;

b~1,000-10; ¢~2,380-107% 6)a ~ 2,381 - 107; 6~ 1,000 10; ¢ = 2,381 - 107°. 1093. 2)0,505;
6)2;8)1,5- 1072, 1097. Ecaun 3a5aTh yeThipe JaHHbIX 4Kcaa ¢ Touroctbio 10 0,01, To 4ynucsao
10,63 6yner npu6xKeHHEM CYMMbl 3THX Y€ThbipEX YHCEJ ¢ TOYHOCTbIO 0 0,1.1098. 0,01.
1101. 2)0,34291. 1104. a) 0,05684. 1112. a) Hanpumep, 0,01; 6) nanpumep, 2,1345.1115.a) 0;

1501

T .6) 4219 1118.252; 2,52; 0,252. 1120, Her.

6)—2.1117.2) 03

OTBeTH K 3a]aHHSAM Asl CAMOKOHTPOJS
1. 1)—— 2)" +2" -4)7u—5.2.1)5,75; 2)—’&”'—32 4)~5u—4;4u5.8.1)—0,25;

1~
L+x’

3m?+ 16 .

2
m+4

3)(1,5;3,5), 4)(1; — 1), (4; 2). 6. 1) 16; 2) %ﬁg ;3)(2,—2),4)(2, 2%, (6, —2). 7. 1) —0,5;
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Xty . avi_1.9) . 9 .9y 2(at 1), .3y 1.7,
2) x_y,3)( 1,2),4)3a20111-1en.8.1)7“,2) = D32 3),4)1,3q.9.1)[3,3],

2)-;-;3)—5%;3;4)——- .10.2) 6474 ; 3) 2. 4)0;5. 11. 1) 70 ka/s 1 80 kw/s; 2) —2;

1% ;1 3)(—00; 0)U(4; +0). 12. 1)—— :2:2)(—1; 8); 3) et KopHeil; 4) nepBOE YUC/IO MEHD-
7

we Broporo. 13. 1) — 2400 2) ;4)5u6.14.1)—

)i 4)710,5 0,54 ~7.16.1)0,38,2) 1;4) 1,51 —8,2,821 ~1,5.17.1) = 3 -3)177;

4)(—4;2); (4 —2). 18. 1) (—3:4); (4, —3), 2)d = — E;3)(—°°; —1)U(—1; +00); 4)sina =

19. 1) ay = 7.6:2) x + Jx ; 3)2; 5; 4) (—00; 0]U[5; +0).

-]

Q

I

|
SIS

o

-

g

Q
.Jslo:

L
20. 1)d = 2,5; 29 siBsieTcs 4NEHOM JaHHOK apHMETHIECKOH IPOrPeCCHH; 2)1+¢ 8 ; 3)(—o0; 2]U

U[3; +00); 4) cos oL = — g tga——% ctgo=—24.21.1)a, = 2d=1,2;2)=5; ~1; 3;

3) (—o0; O)U(-}I;+oo) ; 4) 0. 22. 1) 48 kM/u u 60 xm/4; 2) ————5‘2“/1_3; 5———+2“/l_3; 3)

(1%; 1%-); 4)0.23. 1) a,, = 50; S,, = 330; 2) (=7; 7); 3) (1; =1); 4) =3; --?; —fi; 3

24, 1)ss=7% 2) (—o0; O)U(g +oo) 3)(1;0); 4)0,77%>0,7°. 25. 1) S; = 381;
2) —1; 4; 3) et peiwenuit; 4) — /3 . 26. 1)32 104 n 154;2)3 — 421 :3—.J3:3+.43;3+.21;

3)(1; 5); 4) 82 > (%)'2.27. 1)24;2) ~2; 3; ) (—00; ~T)U(0; 5); 4) ~1.28. 1) = 13 T3

2) (11-21

X 5), 3) ~1; 1; 4) BTopoe BhpaxenHe Goapiue nepsoro. 29. 1) 50 KM/u; 2) —3; —1;

1; 3; 3)(—60; +00); 4)[2; 10}. 30. 1) —3; —2; 2; 3; 2)(~00; 0)U(0,5; +0), 3) — % ;4)—2; 3.
31. 1) 40; 2) (0; 0) — Touka nepeceuenus rpaduka GyHKUHH § = JX ¢ 0CSIMH KOOPIHHAT;
3)(—00; —1)U[2; +00); 4)(1; —1).82.1) —10—16 ./5;2) =3; % ; 3) 15 nanatox u 10 gomu-

koB: 4) 2 pewtenns. 33. 1) 1; 2)[—3; 3], 2— onHo 43 pelileH}A HePaBEHCTBA, 3) B nepBoM 3ajie
20 Mecr B pAxy, a Bo BropoM — 30; 4) (1; —3), (—3; 1). 34. 1) =0, 16; 2) 14 ; 4)(0,6; —0,2),
(_1—57, ‘fg) 35. 1) —2; 2) 15 man 1 20 muk; 3) 2~/_ L3 4)(1 3)( —9: —3).36. 1) —4;

0,4;2)— 0, %8 — 0,6 npu ycioBuH X # 1; BolpaxxeHHe NPUHAMAET BCE 3HAYECHHUS H3 MHOXE-

crea (-oo;-l7§) (--17@ -0 s)u( —0,6; +00); 3) 16 1 —16; 4) =2; 0. 87. 1) 2; 2) 5; 3)

4)na 35%.



[TOCJIECJIOBHE IJId YUHTEJIS

Jl/is NOBHIIIEHHS YPOBHS MareMaTHuecKoro o6pa3oBaHus B CTpaHe, COBEpPIIEHCTBOBA-
HUST IIKOJLHBIX Y4eOHHKOB N0 HHUIHATHBE peKTopa MOCKOBCKOrO yHHBEDPCHTETA aKaAeMHKaA
B. A. CagoBHuyero paspab6oTaHa Ilporpamma «MIY — wKoJse» ¥ Hayajlochb H3JaHHe
y4e6HUKOB 151 5— 11 KJIacCOB, COXPaHAIOWHX M PA3BUBAIOILKX Jy4lUHe TPAZHLKH OTEYECT-
BEHHOTO MaTEeMaTHYeCKOro 06pa3oBaHusl.

YyeGuuk «Anre6pa, 9» mpogoskaer cepuio yie6uukos «MIY — wkone» asTOpoB
C. M. Huxoanckoro, M. K. ITotanosa, H. H. PeuteTunkosa, A. B. llleBkuna. 10T y4eGHHUK
npeaHasHayeH Aas 061ie06pas3oBaTe/IbHbIX KAACCOB, B KOTOPbIX JONOJIHHTEIbHbIE MaTepPHAIbI
H CJIOXKHbBIE 327241 MOXKHO He paccMaTpuBaTh. EcCJH e UMeeTcs JOCTaTOYHO YaCOB, €CJIH Kacce
IPOSIBISET HHTEPEC K MATEMATHKe, TO 3a cueT Jonoanenud B KOHLE IViaB yieGHHKA, 4 TAKKe
MYHKTOB M OTAEAbHBIX 33144 CO 3BE3J04KOH, He06SI3aTeIbHbIX B OCBMHbIX 06111e06Pas0OBaTe/IbHbIX
KJ1aCCaX, MOXKHO PACLIMPHTb M YIVIyGHTH COTEpHAHHe H3y4aeMoro MaTephana Ao 06beMa, npejyc-
MOTPEHHOFO TIPOrPaMMOR /WISl KJIACCOB C YIIyG/IeHHBIM H3yueHueM MaTeMaTHKH. To ecTh yueGHHK
MOKHO HCI0/1b30BaTh KK B OGLIYHbIX, TAK U B KAACCAX C YTTyOJ€HHbIM H3Y4YeHHEM MaTeMaTHKH.

ABTopbl yue6HHKOB cepud «MIY — 1LIKo/ie» CUMTAIOT NPHHUKIIHAMBHO BAXHBIM BECTH
06y4enHe NIKOIBHUKOB B PaMKax 0611e06pasoBaTe IbHOM IPOrpaMMbl H NIPOrPAMMBI ¢ YIJy6-
JIEHHBIM H3yYeHHeM MaTEeMATHKH [0 OXHHM M TeM Xe ydeGHHKaM, HaunHas ¢ 7 kaacca. Torna
NepeXoNl ¢ ONHOM TPOTPAMMEL OGydeHHs! Ha APYIyIo He GyAeT Bbi3blBaTh TPYAHOCTEH HH A
yyalmxes, HE A5 yuutesnei. KpoMe Toro, yuaumecs, 3anHTepecoBantbie B 6oee NyGoKoM
M3yueHHH MATEMATHKHM H He 0oGyvaiolHecs B CMNELK/IACCAX, NOJYYAlOT PeasbHYl0 BO3MOX-
HOCTb YFJYOJAATh CBOM NO3HAHMS B MaTeMaTHKe CAaMOCTOATENBHO HJH MOJ PYKOBOACTBOM
YUHTENsA, 4 YUHTENS — PeanbHylo BO3MOXKHOCTb JVIf OPraHH3auuH AuddepeHUHPOBAHHOTO
oBy4yeHHs.

YueGuux «Aare6pa, 9» Bkawouaer narh raas: 1. Hepasexersa, II. Crenems uucaa,
I11. [ocnenosareabHoctH, 1V. Tparonomerpuyeckue dopMyssi, V. I1pubinkeHHble BbIMHCIEHHS.

Kaxnas TIMaBa 3aBepludercsi HCTOPHUECKHMH CBeJICHHUAMHM M  JIONONHEHHUSIMH,
COllepKAIIMMH Heo6s3aTebHbI MaTepHal, He BXOIALME B porpammy Alsi o6uieoGpasosa-
TeJbHBIX KJACCOB, a TAKXKe 3aflaHHA /ISl [IOBTOPEHUS.

TlepBast raBa HAYHHAETCS H3YYEHHEM HEPABEHCTB NEPBOMH CTENEHH C OJHHM HEH3BECT-
oM (kx + b >0, kx + b < 0, k% 0). PellieHue TaKBX HepPaBEHCTB OCHOBBIBAETCH HA CBOM-
CTBaX YMC/OBBIX HEPABEHCTB H HILTIOCTPHPYETCS € MOMOLGI IPadHKOB JHHEHHbIX GYHKIIHH.
3aTem BBOATCS MOHATHS JHHEHHOTO HEDABEHCTBA, CHCTEMBl JIMHEAHLIX HEPABEHCTB H
paccMaTpUBAIOTCS IPHEMBl HX PelLeHHs.

3aTeM H3yyalTCs HEPABEHCTBA BTOPOH CTENEHH C OAHHM HEU3BECTHBIM, BBOMUTCS TIOHATHE
ero JHCKpMMHHaHTa D, mociejoBaTenbHO paccMarpupaiporcs caysau D >0, D= 0, D<O.
Pellienne HepaBeHCTB OCHOBAHO Ha ONpe/ie/IeHHH 3HaKa KBaJPaTHOro TPexu/ieHa Ha HHTepBasax
H WUTIOCTPHPYETCH CXEMATHYECKHM NOCTPOEHHEM IPaduKOB KBAIPATHYHBIX QYHKIMA.

TIpH pelfeHHH PalMOHANbHbIX HEPABEHCTB HCIOAb3YeTCS METO HHTEPBAJOB, KOTOPHIA Mo
CYTH TIPHMEHAJICS yXKe TpPH DelleHHH KBAIPaTHBIX HepaBeHCTB. [TokasbiBaeTCsi PaBHOCHABHOCTD

HePaBEHCTB BHAA % >0 '—;; < 0 HepapenctaMm A-B>0u A B<0 coorserctsenHo, rie A u B —
MHorouJieHbl. OIHAKO NepexoAUTb KaXIpiH Pa3 K NPOM3BEAEHHIO HE PEKOMEHIyeTCs, TaK KaK 1oce

H3Yy4YE€HHS HECTPOTHX HEPABEHCTB TakoH nepexo/l MOXeT NPUBOANTD K oiuGKaM.
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[Mocne H3yueHMsi CTPOTMX HEPABEHCTB: JHHEHHbIX, KBAJAPATHBIX, PaUHOHAJIBHBIX —
PAaccMaTpHBAIOTCS HECTPOrHe HEpPABEHCTBA BCEX PaHee M3YHEHHBIX THIIOB U HX CHCTEMBI.

B ksaccax ¢ yray6JeHHbIM H3y4eHHeM MAaTeMATHKH JOTOJHHTENBHO PaccMaTpHBAIOTCH
TEeMbI:

Jlokasamenbcmeo 4UCAOBbIX Hepasencms,

Mpoussodnse aunednoll u keadpamuunod Pyukyul.

[lpi H3yyeHuy [OOMOJHHTEJBHBHIX BONPOCOB Ha HeGonblIOM 4qHCAe TNPHMEPOB
OPMHDYIOTCH TIpEACTABJEHH O TPOH3BOIHOH JHHEHHOA M KBaApaTHuHOH (yHKUuA H
nepBo06pa3HOi JIHHEHHOH (QYHKUKMH, pellaloTcs 3a/aud, ofecrneurBapilie HOTPEGHOCTH
(PH3UKH MPH H3YYeHHH PABHOMEPHOTO H PaBHOYCKODEHHOrO JIBUXKEHHUH; NEMOHCTPHPYIOTCS
paaJiHuHble CIOCOGh I0KA3aTE/bCTBA HEPABEHCTB.

B pesynomame usyuenusn 2aasol I yuaujuecs GoAXCHOL RAYLUMOCR Pewansd aunel-
Hole HepaBeRcmea, Hepasencmaea 8mopoii cnenenu ¢ OOHUM HEUIBECTRIM, PAYUORAND-
Hole népaeencmsa U cucmembl MaxKux Hepasencms.

InaBa 11 HauWHaeTcA H3yuyeHHeM CBOHCTB (PYHKLHH y = x" u ee rpaduka. 3arem
H3YHaIOTCs KOPeHb CTENeHH f1, apH(METHUeCKH i KOPeHb H CBOACTBA KOPHeil CTENeHH 1. IMpu
pa6oTe N0 IepBOMY BaPHAHTY IIAHAPOBaHUS (B OCBIMHBIX KJiaccax) oco6oe BHHMaHHe caellyer
yAeNUTb GYHKIUAM Y = %%, y = x°, a Taixke HayueHHIO CBOACTB apHPMETHIECKOTO KODHS CTe-
nens 1 (Ha npumepe n=2 ¥ n=3) i X IPHMEHEHHUIO K IPe0GPa30OBAHHIO BBIPAXKEHHH.

B kiaccax c yrayGJeHHBIM M3yYeHHEM MaTEeMaTHKH JOMOJHHMTENBHO PacCMaTpHBaIOTCs
TEeMbl:

Dynryusn y = Yx(x=0),
Cmenens ¢ PAYUOHAAbHbM ROKAZAMELEM U ee CBodcmaa.

CnegyeT MMeTh B BHIY, 4TO [0 TNPOTpaMMe Iis KAaccoB (LIKOA) C yr/yGJIeHHBIM
H3yYeHHEM MaTeMaTHKH CTeleHb C PAallMOHANBHBIM I0KA3aTe/ieM H3y4aeTCsl ¢ Ofle PEXXeHHEM,
HO yXKe celiuac yyaliuecsi MOTYT OCBOMTh CBOMCTBA CTEleHel C pallMOHa/JbHBIMH NOKa3aTe-
JISIMH U HX IpHMeHeHHe B NPe06Pa30BaHHH YHCJOBBIX H GYKBEHHBIX BbIPaXEHHH.

B pesyasmame usyuenus zaaewt I yuauwueca doaxcnst usyiume ceoiicmea
ynxyui y = x" (na npumepe n=2 un=3) uux epaghuxu, ceoiicmea KopHa cme-
nenu n, soipabomame ymenue npeobpasossieams ssipaxcenus, codepicajue Kopru
cmenexu n.

Ilpy wusyuemun rsiasbi IlI BBOZATCA MOHATHA 4MCJOBOH TOC/ENOBATEJLHOCTH,
apuU(MeTHIECKOH H TeOMETPHYECKOH NPOrpeccuil, PeualnTcs TPaLHOHHDIE 3a1atH, CBA3AR-
Hple ¢ (DOPMYJaMH £-TO HJI€HA M CyMMbl 71 TIeDBBIX 4NIEHOB apHQMETHYeCKOH d reo-
MeTpPHYECKOH IporpeccHi.

B kaaccax ¢ yriyGJeHHbIM H3ydeHHEM MATeMAaTHKH JONOJHHTEIbHO PacCMaTpHBAIOTCA
TEMBI:

Caoiicmsa wucaossix nociedosamenvrocmet,

Beckoneurno ybulaaouan 2e0Mempuieckan npoepeccus,

Memod mamemamuueckoli UKOYKyuL.

TpH H3ydeHHH JOTIOJHHTENLHBIX BONPOCOB PACIIHPSIOTCS MPEACTaBJEHHs O NOCAeN0BA-
TeNBHOCTSIX H HX CBOMCTBAX, NOKA3LIBAETCA BAXKHBIA COCO6 J0KA3aTe/bCTBa YTBEPXKIEHHH B
MATEMATHKE — METO[ MATEeMATHYECKOH HHIYKUHH, B TOM 4HC/e i apuMETHYeCKOH W reo-
MeTpHYeCcKoH porpeccyi.

B pesysomame usysenusn zaasor HI ywauueca 00ANCHBL HaywumsCA peuams
3adauu, cea3annvie ¢ apupmemuieckod u zeomempuueckoid npozpeccuimu.

WanoxeHHe MaTepHana raasbi IV onHpaeTcs Ha onpejelieHHs H HEKOTOPBIC ¢axThl H3
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T€OMETPHH, PH 3TOM BCe TPHrOHOMeTpHUeCKHe (OPMyJIbl 1OKAa3bIBAIOTCS. TePMHHBI <TPHTO-
HOMeTpHYecKHe (QYHKUMU» H «(OpMYJibi IIPUBEJeHUsI» B yueGHUKE HE HCIOJB3YIOTCS, Tak
KaK TPHFOHOMeTpHUYeckHe (YHKUHH He SBJAIOTCA HpeAMeToM u3ydedusi. OmHako masa
o6JieTUeHHs1 3aMOMHHaHHsl GOPMYs TNPHBENEHHA YYUTEJIb MOMET MCIOJb30BATh H3BECTHOE
MHEMOHHYECKOE IPABUJIO.

B o6bIYHbIX KJIaccax MaTepHaJl AaHHOM IM1aBbl B COOTBETCTBHH € [IACbMOM MHHHCTepCTBa
o6pazoBanus P® MoxkeT He H3ydaThesl, OSTOMY OH He BLIHOCHTCH HA MTOTOBbIH KOHTDOJD,
STOT MaTepHa] MOXHO H3Y4HTb 03HaKoMuTeabHo. Ho B nporpammy st kiaccos ¢ yruy6-
JIEHHBIM H3y4eHHeM MaTeMaTHKH TPHIOHOMETDHS BXOJMT B MpexHeM o6beMe. 31ech AOMOJ-
HHTEJIBHO H3Y4aloTCs:

Kocunyc u cunyc paznocmu u cymmel deyx yaa08,

Dopmyrst Oan CONOARUMENLHBLX Y2108,

Cymma u pasHocmo CUHYCO8 L KOCURYCOS,

Dopmyasl 043 OBOLUHBX U NOAOBUHHBLX Y2A08,

IIpouseedenue cunycos U KOCUHYCOS.

I1py usyyeHuH JONOJHHTEJBHBIX BONPOCOB B KJaCCaX ¢ yrjyGJeHHBIM H3yYeHHEM MaTe-
MaTHKH IPOHCXOJHUT ONepeKeHHe MO0 CPABHEHUIO ¢ OGBIYHBIMU KJIACCaMH, H K 3TOMY BONPOCY
MOXHO OyaeT BepHYTbes B 10 knacce, HO yXKe cefiyac ydaiuecsi MOTyT OCBOMTD IIPUMEHEHHE
¢opMyJT TPUTOHOMETDHH /ISl NPeo6pPa30BaHHS TPHTOHOMETPHYECKHX BbIPaXKEHHE.

B pesyaomame usysenun enasot IV ywauwjueca 0oaxcnor oceoume nonamus
CURYCa, KOCURYCA, MAH2EHCA U KOMAHZEHCA NPOU3BONBHOZO Y2na, HAYIUMHLCA
peutams C8A3AHHBIE C HUMU BLIHUCAUMENbHbIE 3a0adu U BLINOARAMb MoXdecmeen-
Hble nPeobpa308anun NPocmeduux mpuzoHOMemPUHeCKUX 8oLpaNCeHUl.

Tlpy usyyeHus raasbl V BBOAATCHA MOHATHS aGCOMIOTHON M OTHOCHTEJNLHOMH NOTPEeLIHOC-
Tell MPHOTHKEHHS.

B knaccax ¢ yriy6/MeHHBIM H3yueHHeM MaTeMaTHKH MOKA3LIBAIOTCH NPHEMBI OLEHKH
pe3y/ibTaTOB BLIYHCJAEHHH [IPH CJOXKEHHH, BBIYHTAHHH, YMHOXKEHHH, AEJEHUH.

B pesyavmame usyvenus zaaevt V yuawyueca O0AIHCHBL OCBOUME NOHAMUA
abcoaromnol u omrocumensnol nozpeuwnocmeti npubauxcenusn, sipabomamo yme-
Hue 8bINOARAMY OYERKY pe3yabmamos soviducaenud.

Oco6Goe BHHMaHHe cjelyeT YAeJHTh OpraH#3aLMu OGOGINAIOLIEr0 NOBTOPEHHA
H3y4eHHOro B 7—9 kJjaccax nepej nposejeHHeM UCbMEHHOO 3K3aMeHa. [1py opraHuzauuy
3Tol paGoThl yuHTeNb MOMKET BOCIIO/Ib30BAThCsl 3aflaHHAMH /ISl CAMOKOHTPOJIA U3 yueGHHKA
H M3BECTHBLIMH 3K3aMEHAIIHOHHBIMH COOPHHUKAMHU.

Huxe npuBeseHbl TP BapHaHTa NPHMEPHOTO TEMAaTHYECKOTO ILaHKpoBaHus. | BapHantT —
Aas pa6orsl npu 102 4, Il Bapuant — npu 136 u u 1ll BapuanT — aas paboThl B KiAaccax
¢ yray6JeHHbIM H3yuyeHHeM MaTeMmaTtuku (170 u).

9 knacc

I Bapnant: 3 u B Heget0, Beero 102 y

§ 1. Jiunefinbie HepaBeHCTBA C OAHHM HeH3BecTHbiM (8).

1.1. HepaBeHcTBa nepBOil CTENEHH C OXHHUM HEH3BECTHBIM (2).

1.2. IpuMeHeHHe TpadMKOB K PELIEHHIO HEPABEHCTB MEPBOH CTENMEHH C OJHHM HEH3BECT-
HBIM (1).

1.3. JluHefinple HepaBeHCTBA C OfHUM HEM3BECTHBIM (2).

1.4. CucTeMbl AHHEHHBIX HEPABEHCTB C OJHHM HeusBecTHbIM (3).
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§ 2. HepaBencTBa BTOPOH CTeMeHH C OQMHM HeH3BecTHBIM (10).

2.1. INMousiTHe HepaBeHCTBA BTOPOH CTENEHH C ONHHM Heu3BecTHuM (1).
2.2. HepaBencrsa BTOpO# CTENEHH C TIONOMHTENbHNM AUCKPHMHUHAHTOM (3).
2.3. HepaBeHcTBa BTOpO# CTeNeHH ¢ AHCKPHMHHAHTOM, PaBHBIM HYJO (2).

2.4. HepaBeHcTBa BYOPOH CTENEHH C OTPHLATEBHBIM AHCKPHMHUHAHTOM (1).

2.5. HepaBeHcTBa, CBOAAMMECS K HEDABEHCTBAM BTOPOH crenenu (2).
Kourposbnas paGora Ne 1 (1).

§ 3. Paunonanbnbie HepaBencTBa (12).

3.1. Metopn unrepeasos (3).

3.2. Peulenne paupoHa/ibHBIX HepaBeHCTB (3).

3.3. ChcTeMbl paLyoHanbHbIX HepaBeHncTs (2).

3.4. Hecrporde pausoHajbHble HepaBeHCTBa (3).
Kourposbnas padora Ne 2 (1).

Jlokasameabcmeo 4ucao8bix Kepasencms™.
IIpoussodnsie aunelnod u keadpamuunod Gynyui™.

§ 4. Kopens crenenn n (17).

4.1. CpoticTpa yuxumn y = x" (2).

4.2. Tpahuk dyHKupE y = x" (2).

4.3. ITounsite KopHs crenesy n (2).

4.4, KophH 4eTHO# M HeueTHOl cTeneHedt (3).

4.5. ApudmeTnyeckuil kopeHb (2).

4.6. CaoilcTa KopHeli crenenH n (3).

4.7. KopeHb CTerleHH n M3 HaTypajbHOro 4Hcaa (2). s
4.8 Pynkyun y = Yx (x20).

Kounrponbuas pa6ora Ne 3 (1).

Tonamue cmenenu ¢ payuoRaib oM noKasamesen™.
Caoiicmea cmenenu ¢ payuoHarbHOM NOKA3AMEAEMn™.
§ 5. Uncaosbie NOCAEROBATENLHOCTH M HX cBOWCTRA (2).
5.1. TToHATHe 4MCNOBON MOCAENOBATEbHOCTH (2).

5.2.* Ceoiicmaa uuciosbix nociedosamenvhocmed.

§ 6. Aprdmernueckas nporpeccus (7).

6.1. Tlonntue apudmeruyeckoil nporpeccut (3).

6.2. CyMMHI 1 nepshix wieHoB apudMeTHueckok nporpeccut (3).
KourpoJibHasn pabota Ne 4 (1).

§ 7. FTeomeTpHueckas nporpeccus (7).

7.1. INonatue reomerpuueckos nporpeccuu (3).

7.2. CyMMBl n NEPBHIX WIEHOB [eOMeTPHUeCKol mporpecchy (3).
7.3*. BeckoneuHO yOo8aiouan 2eomempuiecKas npoepeccus.
KoutpoabHasa paGora Ne & (1).

Memod mamemamuueckoll undykyuu®.

§ 8. Cunyc, KOCHHYC, TaHTeHC ¥ KoTaHreHc yraa (13).
8.1. [Tousitue yraa (2).

8.2. Panuannas mepa yriaa (2).

8.3. Onpenesienne CHHyca H KOCHHyca yria (3).

8.4. OcHoBHbie hopMmyabl s sin o H cos o (3).

8.5. Tanrenc ¥ KoTaHresc yraa (2).

KoutpoJibnas pa6ora Ne 6 (1).

Kocunyc pasnocmu U KOCURYC CYyMMbi 06yx yaros*.
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Dopmyrst (;/m OOROAHUMENbHUIX YeA08¥.

Cunyc cymmor u cunyc paznocmu dsyx yeroe*.

Cymma u pa3nocme CUHYCO8 U KOCUHYCOB*.

Dopuyasbt 048 080UHbIX U NOAOBUHHOLX YerO08*,

[Ipoussedenue cunycos u Kocunycos*.

§ 9. Mpubanmxenus uncen (5).

9.1. A6cosmioTHas BeJHuKHa yncaa (1).

9.2. AGco/noTHas MOTPEILHOCTL NpHOJHKeHHs (2).

9.3. OTHOcHTe/IbHAs NMOTPeLHOCTb NPUGaHKeHHs (2).

Abcorromnan noepewtHocme nPuGAUNCERUR CYMMbL U PAIHOCTIL OBYX HUCEA*.
Abcoromnas noepeuwsHocms NPUBAIUNCEHUR CYMMBL HECKOALKUX CAG2AeMbIX®.
[Ipubruscenue npouseedenun*,

[Ipubarurcenue wacmnozo*.

lIpubruscenroie 8oivUCIEHUN ¢ KAAOKYAAMOPOM®.

lMostopenne (21).

IMoBropenue Kypca anre6pol 7—9 kaaccos (16).

Kontposbhas paGora Ne 7' (2).

Hrorosas koHTpoJibHast paGora Ne 8 (3).

Il BapuauT: 4 4 B Hejeso, Bcero 136 u

1. JluHefinbie HepaBeHCcTBa € OAHUM HeH3BecTHbIM (13 u).

2. HepaBencrea BTopoii cTenesu ¢ oXHMM HeuspecTHbIM (14 u).

3. PausoHaasHele nepaseHcrsa @d7 u).

4. Kopeub crenenu n (18 u). )

5. Uncaosbie nocnenoBaTeqbHOCTH H HX CBOHCTBA, apHdMeTHYECKAs M reoMeTpHYecKas
nporpeccun (17 4).

6. Cunyc, KocuHyc, TaHreHC W KoTaHreHc yraa (17 ).

7. ®opmyani croxenus (15 4).

8. Mpubaukenus uncea (10 v).

9. Nosropenue (15 u).

IIt BapuauT: 5 4 B HegmeJsnio, Bcero 170 y

1. Jluneiinible HepaBeHCTBa ¢ OAHHM HeH3BeCTHbIM (13 4).

2. HepaBencTaa BTOpO#i CcTeneHu ¢ OAHHM Hen3BecTHuim (14 ).

3. Paunonanbhbie HepaBencta (22 4).

4. Kopenb crenenn n (22 4).

5. Yucnosbie nocnefoBaTeIbHOCTH H HX CBOMCTBA, apuPMeTHUECKAs H TreoMeTpHYecKasn
nporpeccud (23 u).

6. Cunyc, KocuHyc, TaHreHc H KotaureHc yraa (17 4).

7. ®opmyabl cnoxenns (17 4).

8. Mpubankenns uncen (10 ).

9. MosTopenne (15 u).

Peseps. Pewenne 3apay (17 4).

1
Koutponbuoie pa6otel Ne 7 1 Ne 8 (110 10BTOPEHHIO ) COCTABMSAIOTCS yUHTENEM HO TEKC-
TaM 3K3aMeHaLHOHHbIX PAGOT NPOLUL/IBIX JIET.

OIJIABJIEHHE

Inapal. HEPABEHCTBA

§ 1. Jlunefinble HepaBeHCTBA € OJHHM HEH3BECTHbIM

1.1. HepaBencTBa nepBoil cTeneHd

C OOHHUM HEM3BECTHBIM ......ccciviiiiiiniiiniiiinniinnns

1.2. TlpumeHeHHe rpadMKOB K pelLUeHHI0O HePaBEHCTB MePBOH CTEMEHH C ONHHM

HEeH3BECTHLIM

1.3. JluHelHble HEPABEHCTBA C OAHMM HEH3BECTHBIM ....c.covvriiiniineinunreersinonseessens
1.4. CucTeMbl JIHHEHHBIX HEPABEHCTB C OJHHM HEH3BECTHBIM ....ccccvieiieninrnnnnens

§ 2. HepaBencTBa BTOPO# CTENEHH C OAHUM HEU3BECTHLIM

2.1. TloHsTHe HEPABEHCTBA BTOPOL CTENMEHH C OJHHM HEHM3BECTHBIM ......c.coeeee.
2.2. HepaBeHcTBa BTOPO# CTeNEHH C NOJOXHTENbHBIM JHCKPHMHHAHTOM ......

2.3. HepaBeHcTBa BTOPO# CTEMEHH ¢ IMCKPHMHHAHTOM, PABHBIM HYJO .......c......
2.4. HepaBeHcTBa BTOPO# CTENEHH C OTPHLATE/ILHBIM AUCKDUMHHAHTOM ............

2.5. HepaBencTBa, cBojsiubecs K

§ 3. PauHonanbHbie HepaBeHCTBA

3.1. MeToa HHTEPBAJIOB .............
3.2. Peuienye pauuoHasbHbIX HepaBEHCTB
3.3. Cucrembl paUHOHAJbHBIX HEPABEHCTE

HepaBeHCTBaM BTOpOﬁ CTE€OEHH ............ .

3.4. HecTporue paudOHANbHBIE HEPABEHCTBA ..ovevrevevreversemsmrrssnsncnseennecsonesoss

JlonnonHenne k raase |

1. 10oKa3aTeJAbCTBO YHCJOBBIX HEPABEHCTB ....ccoiiiiiniiiiiiniiinerineeniieiniiiieiinnieriaenannn

2. T1pousBoaHbie JHHERHON H KBAPATHUHOM YHKUM
3. UcTopHyYecKHe CBEJEHHA ..........
4. 3anaHusa A1 NOBTOPEHHS .........

Inasa . CTENEHb YHCJIA

§ 4. Kopenb crenenu n

4.1. Caoiictpa byHKuHH y = X" .......
4.2. TPADHK PYHKLHH § = X7 +ooooiaceeccncnrencncesstseasinsas st es st st

4.3. [lonsiTHe KOpDHS CTeNeHH 1

4.4, KopHH 4eTHOH M He4yeTHOl cTeneHei

4.5. ApudmeTnueckuil KopeHb
4.6. CpoiicTBa KOpHe} CTENEHH n

4.7*. KopeHb CcTeNeHH n U3 HATYPANbHOTO YUC/Ia

4.8*. Dyuxuus y= Yx (x20)

19
21
25
28
30

34
39
43
45

50
54
62

72
74
77
79
84
88
92

94



JlonoaHenus K raase li

1. TlonaTHe CcTeNeHH ¢ palOHAJBHLIM I10KA3aTE/EM ...... 98
2. CBolicTBa CTEMEHHU C PALlMOHANbHBIM TI0Ka3aTeseM 101
3. VICTODHUECKHE CBEIEHHS .eevvevrvrerererireenrureesueesreesssrassesescneansreesssesemssassseesseesns 107
4. 3aaHHA LNIA TIOBTOPEHHS ..o.eoevriirmrirreucemtenrraeensereseensettesreneeseensensasseesaensesenssanes 108
Tnasa 1ll. NOCHAENOBATEJ/IbHOCTH
§ 5. UncaoBbie NOCAENOBATENbHOCTH H HX CBOWCTBA
5.1. TIoHATHE YHCIOBOMR MOCHAEHOBATENBHOCTH ..ooovererireereeerrenreeaireessasersasessnennes 118
5.2*. CBo/CTBA YHCAOBHIX MOCAENOBATENBHOCTEH ...ccvieveevrerrreeieeerriaineenieereerenes 121
§ 6. ApudmeTHuecKkas nporpeccHs
6.1. [ToHsATHE APHPMETHUECKOH MPOTPECCHH .evvvrrreireeereniiieerirreeeninrereesenseeearsneenes 124
6.2. CyMMa n nepBbiX Y/ICHOB APHPMETHUECKON MHPOTPECCHH .oovververrvverreeeernnanrenns 127
§ 7. F'eomerpuueckas nporpeccus
7.1. TTOHATHE TEOMETPHUECKOH MPOIPECCHH ..veoerimeeueeeneeeieaneaeeasiesnienes . 129
7.2. CyMMa n AepBbIX Y4/IEHOB reOMeTPHYECKOH MPOrpeccuu 132
7.3*. BeckoHeuHo yGbiBalollasl reOMeTpHYecKas [IPpOrpeccus 133
Jlonoanenus K raase I
1. MeTof MAaTEMATHYECKOH HHIYKLIHH ....oevvreiereererrreesiineeesensnseessnssessesenssneesssnneens 136
2. VICTODHYECKHE CBEACHHI .....icveeirieiieeiaeerieatieieanesnneserenteeneeesessssesaeessesnaenseans 141
3. 3aHAHHSA VIS HOBTOPEHHS vevvveriueiraesiureerennereaeiieesesseesasssssessesrsessssnsseeensssesons 142
Tnasa IV. TPHTOHOMETPHUYECKHUE ®OPMY/Ibl
§ 8. CuHyc, KOCHHYC, TAHF€HC H KOTaHr€HC yraa
8.1. TIOHATHE YITIA ..eovvrveiiiiiieiiritieriiieeittentersente e ierasesessseessreessseesseesesseeornsensesonns 150
8.2. Paguannasn mepa yriaa 156
8.3. OnpepenieHne ciHyca U KOCHHyca yria 159
8.4. OcHoBHble HOPMyJIBl JJIs1 Sin O H COS O 164
8.5. TAHTEHC H KOTAHTCHC YIVIAu.eeiverrrereieiersreeaeeaarseniveeeiseesorsenirnesssnssensessnsessssains 169
Honoanenuns x raase 1V
1. KocrHyC pasHOCTH H KOCHHYC CYMMBI [BYX YTVIOB ...ccvcceerireererrruvereereresensessasans 173
2. DOPMYJBL AN SOTOMHHTEABHBIX YTVIOB .ovvveeererrieeerranseeserseiossessenssensnsessesreseenns 177
3. CHHyC CyMMBl M CHHYC Pa3HOCTH ABYX YIVIOB vee 178
4. CyMMa ¥ Pa3HOCTb CHHYCOB H KOCHHYCOB ..v.ocvvrerreenirrerveesareessnaneseasssenernesons 180
5. GopMyJbl ANA ABOHHBIX H MOJOBUHHBIX YIVIOB ..eoecirevereieuerereeeessianesnsnesreenseens 183
6. [1pOHu3BENEHHE CHHYCOB H KOCHHYCOR ..vecvvveirurieiueaesraaeresoseensveeesseasensseontesoneeas 188
7. Hcropuueckue cBeleHHs .. 189
8. 3apanus 144 NOBTOPeHUS 190
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[nasa V. MIPUBJWKEHHDIE BbIYMCJIEHHUSA

§ 9. Mpubanxenus uncen

9.1. AGCOMIOTHAS BENHUHHA UHCIIA ...e.coviueereemnseeseseetaesseseerersesassessassassnsasessssseseens 204
9.2. A6COMIIOTHAS NOTPELIHOCTD MPHOIMMKEHHS ..oovveeerarecrurerienrenteesreeeteesneesessenns 207
9.3. OTHOCHTENbHAS TIOTPELIHOCTD TIPHOIHKEHHS .eovievviitrereeerireenreeseneeresseenneans 211

Jlonoasenns K raase V
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Yue6uuk ans1 9 knacca
0611106 pa30BaTeNbHBIX Y4PEKISHHH

3as. pepakuuei T. A. Bypmucmposa

Penakropsl H. E. Tepexuna, T. I'. Botirokosa

Muamuwni pesakrop H. B. Cudeavkosckas

Xynoxuuk B. A. Andpuanos
XynoxecteHHbli pegakrop E. P. Jawyk
Xynoxecrsennas rpadixa M. A. lllarees
Texuuueckue penakropsl C. C. Axymxuna, T. E. Xomwon

Koppexkropst . B. Bypduna, O. B. Heawruna

Hanoropas abrota — O6wepoccuiickuii knaccudukarop npoaykuus OK 005-93—953000.
Wan. amm. Ne 010001 or 10.10.96. Cpano B naGop 11.05.2000. IToanucano X medaTH
22.02.2001. ®opmar 60 X 90'/,;. Bymara odc. Ne 1. Fapuutypa Jluteparypnas. [leuars od-
cetHas. Yea. med. . 16 + 0,38 dops. Yea. kp.-or1. 17,38, Vu.-u3n. a. 14,19 + 0,48 dopa.
Tupax 15 0003k3. 3akaa Ne 2596.

TocynapeTsenHoe YHHTapHOE MpepusATHe opiesa Tpynosoro Kpackoro 3uamenn Hszatenbcrso
«[Tpocaeluenre» Munncrepersa Poceniickoii Denepaliiy [0 fie1aM neyaTy, TeJiepaiHoBelLaHHs 1
CpeacTs MaccoBbix KoMMyHHKaumii. 127521, Mocksa, 3-# npoesi MapbHHO# polli, 41.

locynapeTseHHoe YHHTapHOe NpeinpHaThe opieHa Tpyaosoro Kpacsoro 3HaMeHH mnosurpa-
¢uueckuit komGunar Munncrepersa Poccuiickolt Qeflepauy 0 [esiaM TeYaTH, TeIEPAHO-
BELIAHKA H CPEICTB MACCOBbIX KOMMyHUKaLWH. 410004, Capatos, y.1. UepHbilueBckoro, 59.
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