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NPEAUCNOBME

Jamnpiii yaeOHHK ABIACTCA NepBoii YACTEIO Kypea «Anredpa H Ha-
yasna MaTeMaTHUecKoro aHarisa» xnsa 10—11-ro kiraccos cpeganx obine-
ofpasoBaTeNbHEX VIPEeXKASHNIl PA3JIAYHOTO THIA, B KOTOPHIX HA A3y-
YeHHE MATEMATHAKHR OTBOARTCH 4—5 4acoB B HEARTIO.

B HOBOM y1e06HAKE HATOMKEHE] 2JIEMEHTEI TEOPHH AeiiC TEATEILHOTO
4HCMa, MPeACTARIEHHOTO B BAjAe (eCKOHeuHoi fecATERIHOI apobn. B oe-
JIOCTHOM BHJ€ TAKKE NPe/ICTABJIEH Pa3ieN TPATOHOMETDHAR, HAYHHASA C
ONpeAeJeHHA CUHYCA, KOCHHYCA, TAHICHCA H KOTAHTEHCA YI1a H KOH-
Y4 peleHHeM TPHIOHOMeTPHYECKAX HEPaBEHCTE B N3y1eHAeM oGpaTt-
HBIX TpuroHoMerpruecknXx $yarunii. Ilapoxo npeacTapiIeHLl PasHBIE
THTIH TPEINOHOMETPHIYECKAX YPABHEHRI K METOALI NX PeIIeHHA (YPaBHe-
HHA, CBOAALIHEeCH K anrefpantiecKnM; JHHEHHLIE YPABHEHAA OTHOCH-
TeJBHO 8iN X M ¢O8 X} YPABHEHH, COAEPIKAINe KOPHHM M MOAY.JIM; METOA
PAa3/I0¥eHAd Ha MHOXKHATEIH, METO]] 3aMeHElI HEH3BeCTHOTO, METOJ OIlEH-
KH /1eR0ii M npanoii YacTeil ypapEerua). BKkaueHa rnaea, B KOTOPOi H3-
JIOKeHH OCHOBHBIE METOLH PEUIeHNA CHCTEM YPaBHeHHH
(pauMOHANBLAMX, HPPAINOHANBALIX, IICKA3ATEIbHEX, JorapadMIIe-
CKHX H Ap.), IPEBEAEHEI IPHMEPH! PellleHNA TeKCTOBHIX 3884 ¢ TIOMOIIBI0
cHcTeM ypapHeHuii. Kpome Toro, oTnennHad riasa NOCBAIEHA H3YYSHHAK
CTeneHHEoH (GyHKIOHH, IAe PacCMATPHBAIOTCH BOOPOCE!, CBH3AHHEIE ¢ O-
HATHAMHA 0GpATHOIH (PYHEKOIEH, PABHOCHJIHHOCTH N CASACTBHA. B Kamaoil
riaaee yuefERKa EMEeTCA KPATKAA ACTOPHYSCKAST CIPABKA.

Haxonen, BaxHasa ocofeHEOCTE YUefHUKA — DACNTADEHHAA CHCTE-
M8 387144 H YIPasKHeHH#H ¢ yueToM ypopHero# Anddepesuuanuu obyye-
HHA H notpebnocTeil yaalllMxeca B NOJYYEHHR 3HAHKIE, Heo0XOIHMEIX
AJIA DOCTYIUIEHHSA B BY3H.

Jna ymoberea yauTeneii H yyalixcd B TEKCTEe KHUMH BEIAEJICHBI:

1) HazpaunA naparpad)oB, MaTepPHal KOTOPHIX OOBIYHO M3YYAETCA
VYAIIHMHCAH, IIDOABRNAIOIIAMH MOBLINIEHHEIE AHTEPEC K MATEMATHKE;

2) HomMepa 3a/1a4 B TEKCTE H B KOHIE Iaparpados, AAS pelieHud KO-
TODHX TpeGyeTcsa NpAMeHeHAe PASIHYELIX NPHEMOB H METOAOB, He BXO-
AAIMX B HePedYeHb 00A38Te/NLHEIX A8 BCeX YUAINHXCA.

YUps:KHEHNA ¢L0 YePTH», DACTIOOMKEHHBIE [TOC/IEe KAYKAOTD AParpa-
da, COOTRETCTBYIOT 00A3ATEIEHOMY YPOBHID YCBOEHHA MATEpHaJa;
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VOPaKHEHHA ¢34 9epToii» — NpPOABAHYTOMY YPOBHIO YCEORHHA. 3aatK
MOBHIIEERON TPYAHOCTH 0003HAYCHEL OHOM IIH ABYMS 3Be3XOUKAMA.

B yuefnuke ana 11-ro Kaacca HAPAAY ¢ TPALATHAOHERIMA pasena-
MH Kypca «Anrefpa M HAYAJIA MATEMATHIECKOTO AHAJA3a» (TIPOA3BOT:
HaA H ee IPHMeHAeHHAe, HHTErPAJ) NPeACTABACHH IJIaBhl, CBA3AHHRIE C
H3YUE€HHEM KOMILIEKCHMX THCe/, 31eMeHTOR KOMOMHATOPHKH M TEOPHK
BepoOATHOCTEH,

Asmoput

YCNOBHLIE OBO3HAYEHWA:

FaY Havano peweHun agpaqu
A OKOH4aHKE PeLLeHA 338341
O Hayanc 000CHOBAHWA YTBEDH(IEHNA UAK BHIBOAA OPMYNHI

OxoHuyaHue cOCCHOBAHUA UNK BLIBOAA



AEACTBUTENIBHBIE YUCNA.
CTENEHb C AEACTBUTESIbHbIM
sl | | NOKASATENEM

§ 1. PaunoHanoHble Yncna

HanoMHAM H CACTEMATH3APYEM T CBEACHAR 0 ALHCTERTEIBLALIX YHC-
JaX, ¢ KOTOPEIMM BEI ViKe 3HaKOMbI. MayueHHe MaTEMATHKHM BB HAYAJIA
¢ HAMYPARBHLLY Hucex, T.e. cuncenl, 2, 3, 4, 5, ...

IIpr croennn B yYMEOKEHHH HATYPAJIGHLIX WHCEN BCETAA IOAYYA-
OTCH HATYPAALHEIE uRena. HAK0 BX Pa3HOCTE H YaCTHOE MOTYT He GHITh
HATYPAJLHBIMA YACJIAMH.

JoGaBnenAeM K HATYPANBHEIM YHACAEM OTPHOATENLHRIX YHCEN B
HY/ZIA MHOMKECTRO HATYPAILEEIX YHCEJ PACOIEPAETCA 10 MHOMKECTBA e~
JBIX ypcen, T.e. 0, 1,2, 13, ...,

Ona no6eIX DeJbIX YACE] HX PasHOCTh ABIACTCH OEJRIM YHCHAOM.
OaEaK0 YACTHOE ABYX HENIEIX YHCET MOMKeT He GRITH meabIM YHCIOM.

Beenenne payuonanbHbiX Yticen, T.e. GACLT BALA -E , TG M — me-
JIO8 H R -—~ HATYPAJhLHOE, MO3BOJAI0 HAXONHTh YACTHOE OBYX pamuo-
HANBHEIX YHCEJ NPH YCJI0BHH, YTO JeJATENL HE DABeH HYJII0. 3aMeTHM,
YTO KAXKAOE IeNIoe YHCJO M ABJNAETCE DANHOHANLHLIM, TAK KAK €T0

m
MO HO NPEICTABATE B BHAE T .

HTak, IpH BEIOOAHEHAHR YeTRIPEX ApH(PMETHISCKAX AeHCTBHIL (Kpo-
Me JIeJICHAA HA HYJIR) HaJl PAIMOEANILHEIMH YACIAMA BCETAA NOAYUIAIYT-
CH PAIEOHAJRHLIE YHCIA.

m
Ecan paneoHansHOE YHC/I0 MOXKHO NPEACTABATE B BHIE APOGH 1o

e m — menoe B K — HaTypanbHOE, TO er0 MOKHO 3anHCATh B BHAe

az7

KOHEUHOH gecaTAYHOH Apobn. Hanpamep, yncao 100 MOMRHO 3aNUCATh

2
TaK: 3,27; umeao ~ 70 MOMEHO 3amEcaTh Tak: —2,3.

CyiecTByIOT pAOMOHAMBHLEIE YNCJIa, KOTOPEHIE HeJAB3H JAMHCATE B
1 2 3

BHIe KOHeTHOHN AecATAYHOH ApobHa, HATIpHMeD E, ——9, ?

EcJE NONEITATECA 3ANACATE YHCI0 3 B BAje AecATHIHON xpobn, He-
NOALIYHE ASBECTHLIA ANTOPHTM Ae/NeHRA YIOAKOM, TO HONYVUHTCH OeCKo-
HeuyHas gecaTudnas apobs 0,333... .

Beckoreunyio gecatnunyo apobs 0,333... HasmBaloT nepuojuec-
Koit, nopTOpanmylcs Dadpy 3 — ee nepHOIOM K KPATKO 3AIIHCHIBAIOT
rak: 0,(3); uaraerca: « Hynb HenwX 1 TPH B nepHoges.



Boobme nepuoduvecxan dpofe — sro GeckoHeUHan ACCATHYHAA
apofb, ¥ KOTOPOii, HAYEHAS ¢ HEKOTOPOr0 AecATHYHOTO 3HAKA, IIOBTO-
PReTCA OAHA H Ta e Madpa AIn HeCKONsKo nudp — nepuod dpotu.

Hanpamep, aecarwanas apobn 23,14565656... = 23,14(56) — ne-
pHoOZMYecKad ¢ neprogoM 56; unraerca: «23 menwix, 14 coTrix n 56 B
epuoies,

27
3aaaual. 3anrcars YRCIO 11 BBHAe BeckroHeuHOH NecATHUYHOR
ApoOH,

A BocnoanayeMces AMrOpATMOM AEIEEHMS YTOJIKOM!

27 |11
22 | 2,4545...
50
S
60
55_
50
44
6...

OcTaTKn NOBTOPAKTCA, MOITOMY B qg?'mom OOBTOPAETCH OAHA M TA
e rpynna nudp: 45. CaexosaTensHo, - 2,4545... = 2,(45). 4

OrMeTHM, 9T OPH AeJeHAR LEI0TO YACKA 71 HA HATYPAILHOE YHC-
A0 R RCErja MOAy49aeTcA GecKoHeuHadA NePHOAYECKAA NeCATHIHAA
ApobE, TAK KaK Ka*KABIA B3 OCTATKOE MEHLINE 71 ¥ II03TOMY IPH Aaih-
HeHAmeM AeJIeHHH B YacTHOM GyaeT mOBTOPATHECA OLHA ¥ TA MKE rpynma

uudp. Tar, meprog MoKeT OBITE paBeH EYAIO0, T.8. MOMET NOAYIUTLECA
LEJI0e YHCAO MK KOHeuHad fecATAYHAA Apo0h.

Hanpumep:
36 1
% = -6 =-6,000...; 3= 0,2 =0,2000...;
-15
> = -3,75 =--3,75000...; 0=0,000,., .

Boofme kaxwdoe payuoHanbrOe HUCRO MOXHO pedemasume 6 sude
OecroHeynolt nepuoduvecxoii decamuynoil dpodu.

CnpapeJ/IHRO K 0GPATHOE YTEEPRACHAE: Kaidar SecKore Har ne-
puoduneckan decamuynas 0polv ABAREMEA PAYUORAALRHIM YUCIOM,

m
TAK KAaK MOMeT BRITH NpeACTABIEHA B BAAE ApoGR — > TAe m — nesoe, a
n — HATYPANBHOE THCJIA.
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3apaua2. [IpencrapATE: GeCKOHEUHYIO MIEPHOAHYSCKYIO NECATHAY-
ayio Apobs 0,2(18) B Biae 06HKHOBEHHOMN.

Allyers x =0,2(18) = 0,2181818... .

Tak KaK B 3anHACH 3TOTO YHCJA AC NEPHOAA COAEDHHTCA TOABKO
OLHH ASCHATHYHLIN 3HAK, TO, YMHOKAH Ha 10, moayuaem:

10x = 2,181818... . (1)

Ilepuoa sroit Apabu cocrorT M3 ABYX MAdp. IlosToMy, yMEOIKAs obe
YACTH NOCJeAHEr0 papeHcTEa Ha 102 = 100, HaxoxeEm:

1000x = 218,181818... . (2)
BerunTas us papeseTsa {2) paperacrro (1), noayuaem: 990x = 216.
216 12
Orcropa: x= 990 '5—5'
12

OrBer: 0,2(18)= —. A&
a5

3anpmauad. IIokasars, uro 2,999,.. = 3.

A Ilyere x = 2(9). Torza 10x — x = 29,(9) - 2,(9) = 27, orkyaa:
x=3.4

ARANOrHYHEO0 MOYXHO IOKA3ATE, YTO A6V KOHETHYIO JeCATHUHYIO
Epobb MOXKHO 3aIHMCATh B BHAE OecKOHeYHOH Apo6H ABYMA cnocobaMu:
¢ nepuogom 0 1 ¢ nepuogom 9.

Hanprmep:

1,76=1,75000...=1,74999..., - 0,2= -0,2000...=-0,199999... .

YonosEMcA B AANBHEHAIIEM He HCIONB30BATE GeCKOHEYHBIE JeCATH-
HEIE ApoOH ¢ nepacioM 9. BMecTo Takux apofeii OyaeM 3aMHCRIBATE KO-
HEYHERIE JeCATHYHEIE ADOGH BHaH GeCKOEeUHbIE ZeCATAYHEE APOdHA ¢ me-
prozom 0.

Hanprmep: 5,2999... = §,30000... =5,3.

YnpaxxweHua
1. BanucaTs B BHAe KOHeuHol (ec/H 3T0 RO3SMOKHO) HIIH GeCKOHEUHOHN
HepHOAUYECKOH AecATHUHON ApOOH:

2 3 3 1 1 10

= -3 =3 - -3=; —_—
1) 3 2) 11 3) 5 4 4 %) 7 6) 101

2. BRNONHHUTE AeACTEAA A 3ANMCATE PE3YIALTAT B BHAe KOHEYHOH HIR

fecronedHOI gecATAYEOH apodn:

2 1 T 2 1 1

— + —=; —+ = = +1,25; = +0,33;
1)11 9 2 37 8 3)3 4)9

T
5) "131 105 §) 23T,



3. 3anHcaTe B BHJe 00LIKHOBeHHO ApoOH GecKOHEUYHYIO IIepHOIHYEC-
KYI0 JeCATHYHYIO IPo0h:
1) 0,(6); 3) 0,1(2); 5) -3,(27);
2) 1,(45) 4) -0,(7); 6) -2,3(32).

4. Buuncantsn:
1)(5,4-1,2-3,7:0,8)(3,14+0,86) : 0,25;
2)(20,88:18 +45:0,36) : (19,59 + 11,95);
3)(3,14:(8,7—-2,42)+ 5,2): (7,86 - 0,26 (1,38 + 28,12));

1) (5%*32] 18 45 :15%;

12 71 6
9 5
L 948 e
5) 32 10 18

5. BLI‘{HCJIHTB
1) [62—-41)-33 [E—-@)-zsi;
6 8) “4lz0 18) a1
2) (i+i+i) . {l+i+1i] H {l_i]
16 72 12) \5 28 115, (18 24
3) [3i+ 0,24] 215+ (5,1625—2—) .2,
25 16) 5
4) 0,364:15+li:0,125+21-0,8;
(325-* )625 (55 3_) 5

+
2- 075) (2-0,8)- 1—

§ 2. BeckoHe4yno yGniBalowan
reomMeTpuYecKkan nporpeccua

HanmoMuuM: reoMeTpiYecKol nporpeccneii Ha3kIBACTCA TAKaA HHC-
JIOBAH TIOCAEAOBATENHHOCTS b3 by b3 ..05 B, ..., 9TO ANA BCEX HATYPANE-
HEIX 1 BRITIOJHACTCA PABEHCTRO

bn+1 = bnq’
rae b, # 0, ¢ # 0. Hampumep, TAKOBEI NOCAEA0BATEALHOCTH:

1;3;9;27;...;3*1; ... (b,=1,¢=3);

11 1 1y1 1
1;—;—;—;...;(—) 3 ( =1.Q=—);
5 257125 5 h 5

2; —4; 8; —16; ...; ~(-2)%; ... (b;=2, g=-2).



ITo dopray e

b =b,q"!

BEIMUCIIAETCA 71-i1 WIeH reOMeTPHYECKOH mporpeccnn, a no hopmMye

hd-4¢")
S = 1-g

CYyMM4 e IepBLIX 1 WIeHOB, ecil ¢ = 1.

Cpenu reoMeTpHIYecKAX nporpeccuil 0cobklil HHETEpeC IPeACTABIIIOT
OeckoHewHO YObI6aUlLe TPOTPECCHH,

BHAYANE PACCMOTPHM KBAADATHI, uaoﬁpamennmla Ha pucylKe 1. Cto-

POHA 1€PBOTO KBAADPATA PABHA 1, CTOPOHA BTOPOro 3’ CTOPOHA TPeTLero

% A T.4. TaxuM 06pasoM, CTOPOHE KBaAPATA 00pasyloT reoMeTpRIec-

1
KY0 IPOrPECCHIo CO 3HAMeHATeeM 5, &

11 1 1
’Ev?!F1---’ F’---- (1)
Ilnomaa\ STEX KBAAPATOB 00Pa3YIOT reOMeTPHUECKYIO IPOTPECCHID CO
SHAMEHATE/IeM -‘1‘— :
11 1 1
L‘Z’?!Fn"&‘in—_l,-"- (2)
Wz preyrxa 1 BEAHO, 9T0 CTOPOHE! KBAZPATOB H MX MIOIIAAH € BO3-
PacTaHAEeM HOMEpA N CTAHOBATCS ECE MeHBINE, NPAGIEKAACEH K HYIIO.
IToaromy nporpeccnn (1) u (2) HasuBaIOTCA GeCKOHEYHO YOBIBAIOITEMH.
OTMeTHM, YTO ¥ 3THX [POrPeccHii 3HAMEHATESIA MERbIIe e JHHHITH.
PaccMOTpEM Teneps reoMeTPIIeCKYH OPOrpecCHIo

1yl
L1110 e

E’?, _g,.u,F,... (3)

3uvaMenaTens 3rolt nporpeccmm |

_ 1 _ 1
9=-3. a ee wienn b, = 1, bz—‘g,
ba=%» by=- 217 AT.AL.

C BoapacTanHeM HOMEpa 71 YJIEHEI
370l nporpecc UpHOAMKAIOTCA K BYAIO.
IIporpeccxuio (3) Takie HASKBAIOT OECKO-
Heuno youBamoigeii. OTMETHM, 4TO MO-

AL ee 3HAMEHATe/ s MEeHbIIe e HERIEL
lg|<1. Puc. |

—

o ool dul—
- |
oal—



TeomeTpHYECKaA TPOrPECCHA HATBIBACTCH fecKoMe O Ylvisniouell,
£CJIF MOAYNE ee 3HAMCHATe/Id MeHbIIe e AHHUILEL.

3agawa 1. JoxkasaTs, TTO reOMeTpHEIECKAA TIPOrpeccHd, 3agat-
HaA GopMynoit n-ro unena b, = gs;, apageTcd feckoHedHO YORIBAIOIIRH,

5 25
Tak Kak | g| < 1, TO faHHAA TreOMeTPHYECKad TPOrPeCcCHA ABJAET
ca GecKOHeUHO YORIBAIOIEH. A
Ha pacyBke 2 H300paXkes Kpagpar co croporoi 1. OrMeTEM mTpR-
XOBKOIi €r0 10JIOBHHY, 36T€M NOJIOBHHY OCTaBIIEHCcA JacTn u T.4. [Lno-
miaf¥ 3aIUTPHXOBAHHEIX MPAMOYLOJLHEKOB 06pasyor GecKoHeYHO

3 3_3 1
ATlo yeosmo b =5, b =13 =20, omxyma fI:%:E'

1111 1

N\ T

Ecnn 3amTpHX0BATE BCE NONYHAIOIIA-

ecd TaKHM o0pa3oM NPAMOYTOJEHHKH, TO
A IITPAXOBKOH OKpoeTca Bech KBaApar. Ec-
N
N

TECTBEHHO CUHTATE, YTO CYyMMAa ILTOmMAanzeH
BCEX ZAITPAXOBAHHBEX MPAMOYTOJNBHAKOB

paBHa 1, T.e,

l+ l+ l+ L1y e =1

2 4 8 16 32
Puc. 2 B snepoii HacTA 3TOro papeHCTBa CTOMT
cyMMa GeCKOHeYHOr0 YACAA CIAaraeMbIX.

PaccMOTDHMM CYMMY NEepPBHIX 1 CIATAEMBIX:

S,,=1+ 1,1+
2 4 8 2"
ITo hopMyne cyMMBI 71 WIEHOB T€OMETPHUYLCKOIH IPOrpeccil HMeeM
1 I
S\
Sy == —2=1-—
2 -2 .4
2 1

Ecs| n HeOTPAHEWYEEHQ BO3PACTALT, TO 57 K&K YroaHo 6nnsKo mpa-

GnmaeTeA K HyA0 (CTPEMHTCA K HYJI0). B »ToM cryyae mHmyT:

1 .1
o npA 1 — o0 WIH l1m2n 0

i L

1
(uuTaeTCA: « —; CTPEMATCA K HYJO IPH 1, CTPEMAMENCH K GeCKOHeTHOC-
1

2".
TH» HIH: «Opefiest o; TR 7, CTPeMAleMes K BGeCKOHEYUHOCTH, PABEH
HYNIIOb ).
10



2N
S8, —1 upu n—>e uar lim S, =L ITosromy Beckoneanyio cymmy

1 1.1 1 1 =

S =t — 1+, =
2 1 8 16 82 CYMTAIOT paBHOH 1,

Tl'oBopaT, 4uTO cyMMa GecKoHeuHO YORIEaKOINeli reoMeTpaYecKoi npo-
TPeCcCHH eCTH MPEeAeN MOCAEAOBATeNALHOCTR 8,5 Sy S5 ...3 8,5 ... &
Hanpumep, miad nporpeccHy

1
Tak kak — —0 upm n— e, ToO (1—2—1“)%1 npa -0, T.E.

1
raeb; =1, q =—3, EMeeM

Ao 3
Brienen gopmyay cymmbl OecKOHELHO YObisaouieil zeoMempuvec-
KOil npozpeccul.

3 3 1Y
MooTomy th h = TAKKak ].lm[——] =0.

Bocnonbsyemcs gopmyaoit S, = b‘(ll q") 3anuieM ee TaK:
q
_bh b
S"_Tq_ﬂ'qn' 4)

Tak kak |¢ | <1, 7o g® — 0, ecau n reorpannyenso Boapacraer. Ilo-
TOMY lbqu -q" TaKKe CTPEMHTCH K HYJIIO IpH 71— o= . [IepBoe crarae-
Moe B hopmy.te (4) He 3aBucHT oT 1. CregoBaTensHo, S, cTpeMHTCA K

b
yHCay g npu N — o,

TaxuMm oGpasoM, cyMMa S GeckoHedno yOeIBaromeil reoMeTpiraec-
KO¥ DIPOrpeccHH DABHA

s=2

B wacrnoctH, npr b, = 1 moryuaem S = L ST0 paBeRCTED OOEIYHO
3aMUCHIBAIOT TAK: —9
1+g+¢%+...+¢" 7+ o=t
1-g
TloguepkreM, ITO 3TO PABSHCTEO H PABEHCTBO (5) CIPABEIIABL TOJR-
xoupm|g|<1.
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3agaua 2. Haiitu cymmy GecKOHeUHO YORIBAIOIIEH reoMeTpHIEC-

i 1111
KOl IPOTPeccr > ~ & 18 541 -

A Tak Kak bl:E'b2=_E' TO q=;=—§, 2 no dopMyae
g= b

1q TOTyHM

3agaua 3. HaiiTu cyMmy GecROHeTHO YORIBAIOINEH reoMeTpRYCE-
KOl IPOrpecern, ecnd by=—1, ¢= 7
A Ilpumenasa ¢opMmyny b, = blq"", opa 7 = 3 Doayyaem

1= - ( )31 -1=Y- .o'mynab =—49.

ITo popmye (5) HAXOLHM CYMMY S

S= :4_51’ = _57_
-1

7
3axaua 4. ITonszyack dopuyiaoit (5), 2anHcaTE HeCKOEEYHYIO
OepHOgAYecKYI0 JecATAYRYIC apods a = 0,{(15) = 0,151515... B sEge
0OBIKHOBEHHOH fpobu.
A CocTaBMM moc/eZOBATENILHOCTE NMPHOAHIKEHHLIX SHAYEHHRHE AaH-
Hoit GecKoHeuHO ZpobH:
4 =015= 1—050,
ay=0,1515= 2> 4 1%
100 100°
15 15 15
+ + .
100 100* 100°
3anack npUOAMKEHEE 10KASEIBAET, YTO JAEHYIO NEDHOARYECKYIO
ApoGBb MOCHO IPEACTABHTE B BHAE CYMMBI GeCKOHeYHO yORIBAIOIIETH I'eo-
MEeTPHYECKOH TIpOTPEecCHH:

a; =0,151515 =

15 15 158 N
100 100° 100
Ilo popmyne (5) monyuum |

a=

g=_100 _15_5
;L 99 33
100
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YnpaxHeHHa

6. SfBnsercsa au reoMeTPEYLCKOR mporpeccueil DOCIeTOBATENEHOCTE,
s3agaHHaA HoPMynoH n-ro 1ICHA:
)b, = —22n, 2)b, = 3877
7. B reoMerpEYeckoil TPOTPECCHH HAMTHA CYMMY ee eDBBIX NATH Yie-
HOB, BCJIH:
1)b,=88,g=2; 2)b,=11, b, =88,
8. HorasaTs, 4TO reOMeTpHMILCKas MPOTPECCAA ABAAETCA BeCKOHeUHO
yOnIBarlien:
11
11, PLERRS 3)-81,-27,-9, ...
111
2) g 4)-16,-8, -4, ....
9. BLIACERTEH, ABAAETCSH I TEOMETPAYECKAA IPOrPeccHna GecCKOHEYHO
yORIBAIOIEH, eCJIH:
1) b, =40, b,= —gO; 3)b,=-380,b,= 15{;
2)"7:12”’11:;3 4)b5=—9,b9=—§.
10. BRIYHCIATE:
.1 . "
1) lim —;  2) lim (02)"; 3) lun(niJ; ) lim ((E) -2].
R—yes gft f—peo N0 an n—es | \5
11. HaitT cymmy Geckoneuro yORBaomei reOMeTpHYECKOM IPOTPECCHH,
eCcIIH:
i 1 i 1,
ng=ph=g 3)q—§,b5—a,
1 1 1
=——, -_-9; =——,b = ——
2)q=-3 b 4) §=-2.0=-¢
12, Haitt cymMmy Gecikoreuno yOREBAIOMEH reOMeTPIIeCKO nporpeccHm:
11 1 1
1,—,—,---; 2 —geesy _2 y ,_1, - 4 =y =L ——yseea
DL )6.1,6 3)-25, -5 )71,7
13. 3anHcaTh OecKOHEYHYIO IIEPHOARYECKYIO JeCATHYRYIO APo0s B BHIE
OOEIRHOBEHHONE Npodn:
1) 0,(5); 2) 0,9); 3)0,(12);  4)0,2(3).
14. ApnAercd JIK TOC/IEOBATENEHOCTE GeCKOHEUHO YOBIBAKOLLEH reoMer-
PHYECKOii Iporpeccneil, eCJN OHA 3afilaHa (GODMYIQH 71-T0 WieHA:
1\
1)b,=3-(-2); 8 b=2(-3) ;
1 r-1
2)b,=-3- 4% 4) bn=5-(—§) ?

13



15. Haiiti cymmy GecKOHeUHO YORBAOIIEH NeOMeTPIIeCKOH IPOrPecCH:

112 4, ‘—;, 2) 100, -10, 1, ... .
16. HaiiTn cymMmMy GecKOHEUHO YORIBAIOIIEH NeOMeTPHIeCKO Hporpecens,
eCJIH:
S, _J2 Y3, 9
1) g= b =10 2) g= by =

17. Cymma GeckoHeuHO YOBIBAIOIIEN Te0METPEYLCKOH NporpeccHn paBHA
150, Haitra:

i
1) b,, ecnn q=§; 2) q, ecau b, =T5.
18*, BeiuRCAHTE:
R o e
A+2 - " .
2) ﬁm[a +2} 4)lim(2" 32 +32'+9)
n—oo 3" A—dem 3. 23"
19%, Ha kyG co cTOpOHOM & TOCTABHIH KY6 €O CTOPOHOMA %, Ha Hero Ky0
€O CTOPOHO %, 3aTeM Ky6 co cTopoHOl % u 1.4 {puc. 3). Haittu

BBICOTY HOJNYYHABIIETicA HHIYPEL.

20*. B yrou, paeuxsrii 60°, mocreoBaTesHO BIBCAEE OKPYIKHOCTH, Ka-
caomuecs apyr apyra (puc. 4). Pagmyc nepeoit okpyXHOCTH R,.
Haiitu paguycs Ry, R, ..., R, ... OCTANLHEIX OKPYIKHOCTEH 1 IO-
Ka3aTh, 4TO OHK 00pasylT GecKoOHEeYHO YORIBAIOIIYIO MeOMeTpHYEC-
KYI10 NpOrpeccrio. Jlokasars, 4To cymma R, + 2(1‘i.’2 + R+ ...+ R +..)
paBHa PACCTOSHHID OT MEHTpa NepPBOi OKPYHHOCTH A0 BEPIIHHEI
yraa.

Puc. 3 Puc. 4
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§ 3. eACTBUTEIbHbIC YMCNa

B § 1 Beum0 nokasaHo, YTO A1060e PALEOHAILHOE YACIO MOMKHO 3a-
NHCATE B BHE GeCKOHeYHOH NepROANIeCKOoi Jec ATHIHOH Apotn B KaxK-
Zan GecKoHeUHAS NeCATAYHASA TEPAOIHTIECKad Apolh — PAIAOHEAILHOE
yucao. Ecar xxe GecKoHeuHaa JecHATHYHAA APoln He MePHEOAHMYECKAS,
TO OHA HE ABJAETCH PAODHOHANBHHEIM dmciaoM. Hanpamep, apobsn
0,101001000100001..., & KoTopoii nocae eppoi HHMPH 1 CTOUT OTHH
HYJb, NOCHE BTOPOi nadprl 1 — gBa Byna A poobmie nocne n-it nadps
1 cToRT n HyJaeil, He apxgerca nepuogadeckoi. Ilosromy Takaa apobs
He NPeACTABIAeT HUKAKOTO PANMOHANLHOTO uncaa. B aToM cayaae roso-
PAT, 4TO AAHHAA APOOEH ABAAETCA HPPALMOHANBHEIM THCIOM.

Hppayuoranerum Luciom Hasweaemcs beckonevnas decamuy-
HAR Henepuodureckar dpols.

HppaurosaabHEe YHCJIA, TAK ¥e KAK H PAllHOHAJbLHBIE, MOTYT
OHITH M0J0KETEIbHEMH A OTPHIIATEABHBIMA.

Hanprmep, uucno 0,123456..., B xoTopoM nmocne sanaroil sanuca-
HE DOAPAJ BCe HATYPAJLHEIE YHC/IA, SBASeTCH IOJ0KUTeNLHEIM Hppa-
OHOCHANBHEM YHcaoM. Uncro —5,246810..., 8 KOTOpPOM nmocJie 3anAToOH
BATHCAHEI TOAPAJ BCE YeTHRIE YAC/IA, ABASETCA OTPANATENRHELIM HDPA-
OHOHANBHEIM THCIOM.

Yucna ﬁ, ﬁ .y — yﬁ » T TaK)Ke ABNAIOTCH APPAUMOHANBEHEIMHE, TAK
KaK OEH MOTyT ORITE 3a0BCAHE] B BHAE SeCKOHEeUHEIX ALCATAYHKX He-
OePHOTAILCKEX npobeii.

PagmoHanbREbie H HPPADROHANEHEIE YHCAA OGPASYIOT MHOMECTBO
dellemaimenbHbIX YUCeR.

Tarkum ofpazoM, FelicMEUMEeRLRB MU YUCAGMU Ha3bldalom GecKo-
Heunbte decamuunnie dpobu, T.e. ApobH BUAA

+04,8,8585 .- 5 T8y ByBy ey
rie a, — 1e/Noe HEOTPHIATEAbROE YUCH0, & GYKBRI &, 4y, ... 0G03HATA"
10T KaKue- 160 U3 aecama nudpp: 0,1, 2, 3,4,5,6, 7, 8, 9.

Hanpaudep, B 3a0ACH ASHCTEHTEILEONO aucaa it = 3,1415... uneno
a,= 3, a nepebIe TPH AECATHYHEIX 3HAKA TAKOBR: @, =1, a,=4, g, =1,

B saneEch AeiicTBATENLRHOrO YHCIA —\/ 234 =-15,29T058... wucao
@, =15, a JecATHYHEIC 3HAKHA TAKOBLL 8,=2,8,=9,8,=7,a,=0xnT.2.

B sanucu geficTeUTensROr0 YHeaa 37,19 = 37,19000... uncno a, = 37,
a JecATHYHbIE 3HAKH TAKOBRL: @,=1,4,=9,4,=00mpun =3,

JelicTBITEILHOE WHCAO MOXKET OBITH DOJOMATENLHEIM, OTPHIIA-
TEJILHEIM HJIH PABHRIM HYJIIO.

BecxoHeunas fecaTHIHAA APOGE PABHA HYJIO, eCaH Bee DU B e
SAMACH — HYJH.

15



IonoxETensHOE ASHCTBATENLHOE YACAO — ITO ALCATAYHAA AP0,
He DABHAA HYJIO, CO 3HAKOM «+», i OTPANATENBHOE — €O ZHAKOM «—~».
3HaK «+» nepel Apodeio 0OEIYHO ONYCKAGTCA.

BaM H3BecTHO, KaK BRITIOJHAITCA AeHCTRHA HAJ{ KOHEYHRIMH JecH-
THYHBIMA ApobaMu. ApAdpMeTHYeCKAEe OePAlMHE Haj NeifCTBHTE hHE-
MH YHCJIaMH, T.e¢. eCKOHETHBIMH JeCATHYHLIMA Apo0AMA, 00BIYHO 3a-
MEHAITCH ONEePATTHAMHE HaJl HX 1 pubIMKeHHAMH.

HanpuMep, BEIMHCIEM NPAGIHKEHHEIE 3HAYEHHA CYMMEI \/E + ﬁ .
C noMoms0 MEKPOKANBKYISTOPA HAXOAHM

J2=1,4142135..., J3=1,7320508... .

IloaroMy ¢ TOYHOCTHIO B0 €XHHHITEL:
V2+8=1,4+1,7=3,1~3;
€ TOYHOCTEIO A0 ofHo# necaTol:
J2+3~1,41+1,73=3,14=3,1;
C TOYHOCTLIO A0 OAHOH cOTOMH: '
J2+3~1,414+1,732 = 3,146 = 3,15

HT.A.

Hrak, npH CI0KEeHNHE YHCAA J§ " J§ 3aMeHANIHCEH HX npubanie-
HHAMH — PalOHAJIBERIME YHCIEMH, CA0YKEHNE KOTOPHX BHITIOAHANIOCE
10 H3BECTHEIM IIPABILIaM.

AHAJOIHYHO, BHYAC/IAA NPOU3BENeHHE ﬁﬁ ,» HaIpHMep, ¢ To4-
"ocTsIO Ao 0,1, moayuaem

J2-8=14-1,7=2,38~24.

Boofme mycrs x;, X5, ..oy X5 ... — HOCHAENORATENLEELIE MPHOMLKe-
HEA AeACTBATEILHOrO IACHA X ¢ TOUHOCTERIO 10 1, xo 0,1, x0 0,01l m 1.4,
Torna
TAK K4K HOTPeIHOCTL IPHGIRKEeHn X — xn| — (0 opn n, cTpeMameMes
K GeCKOHEUIROCTH.

Hanpemep, 3HaA, 9T0 \ﬁ =2,6457513..., NpA BEIUACIEHEAH 3HATE-
HHUH YUCAOBEIX BRBAKEHHH, COIePKAIEX ﬁ » MO}XHO BOCTIO/IE30BATh-
ca JOGBIM ero PANKOHANLHEIM NpubnKenEeM: x, = 3; x,= 2,6;
x,=2,65; ....

OTMeTHM, UTO BCe OCHOBHEIE CBOMCTBA AeiiCTBREI HAA PANMOHAJILHEI-
MU YHACJAMH COXPARANITCE U ANA AeiCTBATENLHLIX Ynce (IepeMecTH-
TeNBHEIHE, COYETATENRERIH H pacupeleNHTeIbHHA 38K0HE, TPABHAA
cpaBHEHHA, IPABHIA PACKDHITHA CKOOOK H T.I1.).
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Modyas aeficTBuTensHOTO YHCAa X 0603Hauaerca | x | m ompenens-
eTcs TAK )Ke, KaK A MOLYJb PAIlNOHANLHOTO YHCAA:
x, ecna x 20,
X =
el {—x, ecan x < 0.
Hanpramep, ecrm x = —0,1010010001..., ro | x |=—x=0,101001... .

T'eoMeTpHiecKH HeHCTBHTENLHLIE YHCAA H300PAKAIOTCH TOUKAME
YRCJI0BOK TpaMoi (pue. 5, a).

—3 2 V2 -1 -05 (IJ 05 1 v2 2 3

Puc. 5, a A

TokasxxeM, HATIDHMED, KAK MOXHO 1
TEOMETPHYECKH YKA3ATH HA YHCA0BOH OCH

TOURY ¢ KOODAAHATOHR ﬁ . IToerporMm

KBaapar co cToponoii 1 (puc. 5, )| c no- 0 1 V2 x
MOINLI0 DHPKYJIA OTJ0KHM AHATOHAID Prc. 5.6
OA Ha unCA0BOH OCH. ’

3aMeTHM, ITO ecAl Ol He OBLIO MPPAIMOHALHEIX YMCEN H COOTEBETCTRY-
OIIHX IM TOYEK YHCI0BOH OCH, TO IPAMAA OKASAMACE OBl € « TMPKAMH®», B

YACTHOCTH, He OhLno ORI Ha YHCAOBOH OCH TOYKH ¢ KOOPAHHATOIX JE .

MEHO¥eCTBO AeHCTBETEIEHEIX YHCE]I «3aN0JHAET» BCI YHCJIOBYIO
NPAMYID, KaKA0MY AeliCTBATE/IEHOMY YACIY COOTBETCTEYET eAHHECTBEH-
HAA TOYKA YHCJIOBOH npaAMoil, H, Hao60pOT, KAXKION TOUKe YHCIOBOH
NpAMOH COOTRETCTEYET IAHCTBEHHOE NeHCTBHTEIRHOE THCO.

Touxky, Rz06paKalomy IACI0 &, TaKxe ofosnaualor 6yrBoil a. Ot-
MeTHM, 9TO eCJIH 2 < b, TO TOYKAa a JEeKHAT JeBee TOIKH b.

MuoXeCcTEO BeeX AeHCTBHTENLHLIX unce) obosnagaerca R. 3anuchs
x € R (unraercd: «x NpEHanieXAT B») o3AagaeT, 9TO X ABIAETCA Heil-
CTBHTEILHLIM YECJI0M.

YnpaxHeHun

21. (¥emuo.) BHACHETE, KAKAE H3 AAHHRIX ZeCATHYHHX ApoGeii ABaa-
TCA HPPAIHOHAJLHBIME YHCIAMM:
1) 16,9;
2) 7,25(4);
3)1,21221222... (mocye n-i eqUHHOLI CTORT 7 ABORK);
4) 99,24681012... (mocne 3anATOH 3anMCAHEl TOAPAN BCE UETHEIE
qHCHa).

K parmgense HAAKE £ &7 17
EEXPUARY




22,

¥craHOBRTE, Kakag U3 nap uucen 4,4 u 4,5 uan 4,5 n 4,6 odpasyer
AeCATHYHEIE NPAG/IAKeHEA Yrcaa (/21 ¢ HeA0CTATKOM B ¢ H3GEITKOM.

23. Kakoe M3 paBeHCTB | x | = x i | x | =—x aBnaeTcsa BepHEIM, eCIH!

x=8-./8; 2x=4-82; 3Hx=25-32;

Hx=2-39; 5)x=3- ¥30°?
24. BEIACHHTH, KAKEM HHCAOM {pADHOHAJBHEIM HJIH BPPaNEOHANL"

HBIM) ABJAAETCH HHCJI0BOE 3HAYCHAEC BHIPAKCHEA:

1) (/8-3)3+2/2); 1) (5/3+27): 3;

2) (/27 + 2)(2- 3/3); 5) (f3-1P + (3 +1)%

3) (/50 + 42)y/2; 6) (/5-1% -(2/5+ 1)
25. BEIYRECHRTE:

) J7-J28; 2)J20./5; 2.4 ) YBLY9;

5) /50:/8; 6)J12:/27; 7) ¥16:¥54; 8) ¥500:3108.
26. CpaBEHTE YHCIOBLIC 3HAYCHAHA BHIPAKSH A

) B8+ B ufII+yTh 2 (TI-y21n 103
27. Yupocrurs:

18

1) J(,/7—2JE+JE)-5JE; z)J 16 - +J_) 3;
3) \N5-2Jt—‘) +y5+2J6 + 4;

1) J(J8+2J1_5—\/8—2JB)-2+7;

(V2—V8)(5+V8)+V27 (J' +2)(7-V12)-8
2f3+2/2-2 3f12+6J3-9

5)

§ 4. ApupmMeTHieCKHiA KOPEHD
HaTYpanbHO# cTeneHn

3agauxa 1. PemunTs ypasaenne

x4=81.
A 3animeM ypABHeHHNE B BHIE
x1-81=0



HIH
(x2—9)}x2+9)=0.
Tax kak x> +9=0, 10 x? -9=0,0rkyza x,=3,x,=-3. 4
Hrak, ypasaenne x*= 81 umeer ABa AeliCTBATEILHLIX KOPHA x,=3,
¥,=—3. AX HASLIBAIOT KOPHAMH YeTBepToii cTeneHn Ha yucia 81, ano-
JOKATENLHLIA KOPeHb (Ureso 3) Ha3uBAIOT apidMemuteckuMm Koprem
ueTBepTO# cTemenn K3 uncaa 81 1 obosmauawt 481 . TakuM ofpasom,

481 =3.

MoxHO AOKA32TH, TTO YPABHEHNE X° = @, TAe NI — HATYPATLHOE YHC-
JI0, @ — HeOTPADATENBHOS THCIID, HMeeT eIHHCTBEHHEI HeOTDANATENB-
HEIf KOpEHb. JTOT KOPEeHL HASEIBAIOT APHPMeTHYeCKUM KODHEM n-i
cTeneHH M3 4HCHTa 4.

OnpeneneHdH e Apudamemuieckus KOPHEM HAMYPAALHOLL
cmenentt ° 2 2 U3 HEOMPUYAMEADROZO LUCA 4 HA3LEREMCR HeOMmpPU-
HYamensHOe LUCRO, N-R CMENERb KOMOPOZo PASHA .

ApndMernyeckuii KopeHb n-if ¢cTemeHu M3 uucaa a 0003HaAdYaAeTCA

TAK: (‘fz . Unenro ¢ HASHIBASTCHA HOAKODEHHRIM BHpaKeHHeM. Ecrm
n =2, To BMECTO %’E MHIIYT \/_ .

ApnpmernyeckHii KOpPeHEL BTOPOH CTEIeHN HASHBAIOT TAKKe Kead-
pemHbM KOPHEM, A KOPEHDb TPETheH CTeneHH — KYyOuYecKuMm.

B Tex cayuasx, KOrga SCHO, YTO pedun HAert 00 apHbMeTHYECKOM
KOpHEe 1-i1 CTelleHA, KPAaTKO TOBOPAT: ¢KOPEHB N-il CTEIEHH .

Yrofml, HCNOIL3YS ONPEACNICHRES, JOKAZATh, UTO IpH 4 = 0 {*/E pa-
BeH b, HY>KHO NOKA3ATh, 9TO!

1bz0; 2)b" =gqg.
Hanpumep, W =4, Tak Kax 4 > 0 m 43=64.
H3 oupegesenna apupMeTEUECKOIO KOPHA CIEAYeT, YT0 ecom a # 0,

(o) =0 §@ =a

Hanpumep, ({ﬁ)s =7, §13% =13,

JleficTBEE, NOCPeACTBOM KOTOPOTO OTHICKHBAETCHA KODEHD - CTe-
TIeHH, HA3LBAETCA U3GALLENILEM KOPHA N-it CTeneni. DTO neficTBIE aAB-
AfeTCa oOpaTHLIM K ACHCTBAIO BOSBCASHHA B 7t-10 CTEIEHbD.

3agava 2. PelIuT: vpapHeHEEe
x*=8.
A 3anumeM vpaBHeHHE B BAAE
x¥-8=0
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(x-2)(x2+2x+4)=0,
(x - 2) [(x + 1)2 + 3} =0.
Tak kaxk {(x + 1)°+3=0,m70 x—2 =0, 0otkyza x=2. A

Hrak, ypapHeHHe x° = 8 HMeeT OfME AcHCTEATEILHEI KOPeHb X = 2.
Tak xak 2 > (), To 370 YHCA0 — apudpMeTHUCCKHMIT KOPeHb H3 8, T.€.

¥8 =2.

3axava 3. Pemuurs ypaspenue

A 3aunieM ypaBEeHHE B BAAES
x3+8=0
HIIA
(x+2)(x2-2x+4)=0,
(x+2)[(x~1)2 +3]=0.
Tagk kak (x~1)2+3=0,rox+2=0,0Tkygax=—2. A
Hr1ak, ypasEeHRe x> = —8 AMeeT ONAH AeHCTBRTeNLHELN KOpeHb X = —2,
Tak kax —2 < (, To uncao —2 gBIAETCH KOPHEM H3 YHca —8, HO OHO He

ABAdeTcA apupMeTHYecKEM KopHeM, HYucao —2 HaskIBaloT KOPHEM KY-
6HYeCKEM H3 YHCaa -8 # 0603HAYAIOT TAK!

{’f—_S =-2 pmm {’f—_S = —\3f§ ==2,

Boobime ana moforo HeTeTHOro HaTyparsaoro ancaa 2k + 1 ypae-
Hende x2**1 = g npu a < 0 AMeLT TOALKO OAWH KODEHb, IPHYEM OTPH-
maTeasERId. JTOT KOpeHs 0603HavYaeTCS, KaKk K apHMeTHUecKHH Ko-

PeHEb, CAMBOJIOM 2“’*\}’5 . Ero HasEIBAIOT KOpHEM HedtemHuol cmenenit U3
Ompuqame.ubuozo Yucaa.

Hanpumep, § - 27 = -3, {'/ ~-32=-2,

Kopens HeueTHO# CTeleHH H3 OTPHUATENLHOTO YHCAA & CBA3ZAH C
apHdpMeTHYeCKIM KODHEM U3 YHc/a ~a = | g | ciefy1ommM paBeHCTBOM:

lfy = _2k+y__a=_2k+:f lal.

Hanpamep, § - 243 = -§243 = -3,

3amaqva 4. Buuncnars:

30,027 - 40,0016 - $729 - Y-128.

AY=0,027 - 40,0016 - 4729 - Y-128 = §-(0,3)° - §(0,2)* - §/3° - V2" =
=-0,3-0,2-3+2=-1,5. A
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AprdMermueckuii KODeHE i-# cTeneBHE c0)aaeT CAeAYIOIAMH CE0k-
cmaamu.

Ecama>0,0>0 1 n, m — HATypalpHbeE YUCA4, IPAYEM 1 2 2,
m=2,t0

1. Yab=Yab. 3. {¥a)" =¥a™.

a_ %
P=S 4.%ftfa ="fa

B croiicTee 1 uncao b Moxker Tak:xe 6uITE paBEEIM 0, B cBOMCTBe 3
HUCA0 M MOMKeT GRITh JI06KM nessM, ecau a > 0.
NokaxceM, HaTpUMEp, 9TO

Yab = Ya .

O Bocnoas3yeMea onpesesennen apRpMeTHIeCKOro KOpHA:
1) Ya¥b >0, raxkaxa>0ub>0;

2) (%%)ﬂ = qb, TAK Kak (%(‘/E)n = (Vc_l)n (%)ﬂ =ab. ®
AHATOTEYHO AOKAILIBAKTCH H OCTAJIBHEBIE CBOMCTRA.
IIpuBeseM opEMEDL] IPAMEeHeHAA CBOMCTB ApAQMETAYECKOTO KOPHA:

)Y =427 3=481=43" =3

d_ J_ 2564 _ ¥6d _4,
6255 9125 5
3) 5% = 57y =((/5_7) = 5° =125
4)%’/#4096:134096:@:2;
=
%) (¥9 ) 81 3
3apgaga 5, YnpocTATE BEIpakeHAE

(fovy

A Henonbaysa cBoficTEA apEQMeTEYeCKoro KOPHER, NoAyYaeM
(4 LR

, Taea>0,b> 0.

—abA
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OTMeTHM ewe OAHO CBOMCTBO APH(METHYECKOT0 KOPHA YeTHOH cTe-

OeHH.

IIpn x0boM 3HAYCHAR @ CPABEAJHEO PABEHCTBO

%o =|al.

0 BocnonnsyeMcs onpeaesieHREeM apa(hMEeTHIeCKOr0 KOPHS:
1) | @ | > 0 o onpeneTeHKHIO MOZYIA;
2)| a |P* = a®*, rak kak|a 2 =a2 @

3agaua 6. YOPOCTETE BREIPASKEHHE

Yo -5)* + Yz -3,

ecma 3 < x < B,

28,

29,

31.

22

AYx-5t +F(x-80 = |x-5] + |x-38].
Tak Kax 8 <x <5, TO
|x~5]| ==(x~5)=5-x, |x~3|=x-3.

Ioaromy
Yx-5"1 +J(x-3P =5-x+x-8=2. A
YnpaxHeHuws
(Yemno,) 1) Haiite apudpmMeTruecKHit KBAAPATHAIH KOPEHE H3 YACHA;

1
1; 0; 16; 0,81; 169; 268
2{ Haiite apudMermuecKEH KyGHuecKEH KopeHs U3 yucaa: 1; 0; 125;
E’ 0,027; 0,064.
3) Haiita aprdpMeTHISCKH KOPEeHEL YTBEPTOHN CTENeHA H3 YHCaAa:

0;1;16 =, @'00016
¥ '1 ¥ 81’ ’ 9 *

625
Brramenuts (29—-31).
1) §/36%; 2) Y642, 3 {;—5]2: 1) §o25°,
1 hes; 2 ¥ 3) H: " (i]ﬁ
1) ¥8; 2) 4T, 9§ 9 Yoz

5) ¥-34°; 6) Y-8



32. Pemutr ypasHeHue;

1
1) xi=81 2)*= T 8)5x°=-160;  4) 25=128.

Burymeauts (33—37).

33.1) ¥-125+_964; 1) ¥-1000 --4256;
2) ¥/32 - 0,5¥-216; 5) 40,0001 -2/0,25 + #—_é;
3) -%é/ﬁ +¥625; 6) ﬁ + 370,001 - 40,0016.
34.1) §343.0,125; 3) 4256 0,0081;
2) ¥512- 216; 4) ¥/32-100000.

7
35.1) ¥5% .7%;  2) $11° 3% 3);7(0,2)5-85; 4)7[%J 217,
86.1) ¥2.4500: 2) ¥0,2-¥0,04; 3) ¥324-¥4;  4) ¥2-¥is.
37.1) 3. 215, 2 ¥’ 5% 3 3‘2[1]B; 4 1#4"“-[1]1)-
2

3
38! Hsnmeun KOpeHB!

1) Y6422, 2) $a8p'2;  3) Y32x'%®; ) Va'%'S.

39. ¥npocTUTh BHpAKeHHE:
b a
D Y2ar’ Yaas 9 =4
[+
2) Y3a%° . Y27a%;  4) #l%‘i - #ﬁ
b

BrruncanTs (40-41).

64, 16, 3. 19
40.1) # o 2) a(; ; 3) ﬁ, 4) 732.

1
41.1) 4324 : 44; 2) %28 : ¥2000; 3)%‘ 4)%‘

5) (V25 — V45) : V5; 6) (3625 - ¥5): ¥5.

1 B1ecks ¥ Aanee GYKRaMHA O00IHAYEHE [IOJOKUTEILHEE YNCAA, SCAHE HET JO-
NONHHTENBHKX YCI0BHIE.
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42. YUpOCTHTE BHIpAKeHHE:

1) a8 : Yar?; 3) ( d_

92
2) ¥8Lx'y : ¥3ay; 1) {— J;
Briuncanrte (43—44).

so(fP): (@) s(¥E); oG
a4.1) fthze; 2 i0ed; e Y5 4 45 965

45, YNpoCTETE BRIDAKEHHE:
3
1) (5/;)6; 2) (?/F) ; 3) (Va - ¥5)’;
6
o (¥ 4F) 5) (J%Tb] ; 6) (Js o1a® ]‘.
48. IIpy KaKKX 3HAYEHHAX X AMEET CMEICH BEIPAIKCERES:

2-3x

D ¥2x-3 ¥z ped-x-n DT

Brrancants (47—-48).

47.1) 9+ V17 -9 - VI7; 3)(J5+J_+J5—J2_1)2;
2
= R
LLERITER 33 41844 - JV56;
8.1 = OF fe 24 ;
2) méﬁ’; 5) $11-J57 - §11+37;
3) %ﬁﬁ—ﬁﬁ; 6) $17-v33 - {17++/33.

YopocTuTs Beipaskenne (49—50).

Yaos? - Y3020
49.1) ¥2ab - Y4a?p - 270, 3 - 27,

Y3ab
2) i‘/aﬁ Ya?v?e - W; 4) %@
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20D 3%1_84{\]@}3; 4) 3W“4(5xy2)5;
N e R N s

3) 2yva's® —[%/Jasb‘* ]2; 6) (5 o¥a )=s ~¥a } 92,

51. BelaacauTe:

n 3, 3) (¥4~ 410 + Y35) (42 + ¥5)
2 L8, 9 (%9 +¥6 + Y1) (45 - ¥2).
852, YupocTuTh:

1) Q}(Jc—."..)3 npu: a)x > 2;6) x < 2;
2) J(3-x)* npn: a) x< 3;6) x > 3;
3) Y(x+6)* + J(x- 3, ecm -1 <x < 2;

4) (!(2:: +1)8 - {l(4 +x), ecm -3 < x < -1.
53*%. CpaBEHTEH 3HAYEHNA BEIPAKEHRIA:

1) 3 + %30 = ¥63; 2) Y7+ V15 u 8 + ¥28.
54*, IlokasaTk, 4TO:

) Ja+2y3-Ja-2/3=2  2) ¥9+80 +¥9- 80 =3.

55*, YnpocTATE BRIDaYKeHHE:

1) JE—JI;_.JEH/a_b. 3) a-b  a+d |
Yo Yasip Ya-¥ Ya+rdb

1 1 . a+b . (5~ 2.
e

§ 5. CreneHb C pauvuoHaNbHbiM NOKa3aTenem

3aaava 1. BeluncinTe 5.
ATar kax 512= (531, 10 ¥52 =% =53=125. . N

Taxnam 06pazoM, MOHO BEIACATE 5% =125 = 5% sm Y512 = 57,

12
TAaK KAK 3 =—.
4
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1%
g] -156 _w 5
TouHO TAK e MOMHO 3aIncaTh, 9ro ¥¢ =17 5,
Boobme ecain 1 — HATYPAJLHOE YHCIO, A Z 2; m ~— IeA0e YHCJI0 H

m
q4aCTHOE ; HBJIACTCA LIENBIM YHCJIOM, TO IIDH @ > 0 CIIpapeJINBO pa-
BEHCTBO

Ya™ =ar. 1)
m

ITo yenorumo 7, — WeJoe THCIIO, T.€. TIPH AIeHHN /7L HA 1 B PEayiL-

m
TaTe AMeeM mesoe ameao k. Torna @3 paBeHCTBA — = & cJIeAVeT, UTO
n

m =kn, IlIpaMenas ¢Bo#CTEA CTENEHA A APAGDMETAYECKOrO KOPHA, NO-

nyuaem
d_ Yo = fa*y =a* —a”

Ecan e yacTHOE n — He ABJAETCA meJbM YHCIOM, TO CTEIeHb 0 "

rae a > 0, onpegensaoT Tak, YTOGH ocTanacs BepHOi dopmyra (1), T.e.
H B 3TOM CAyYae CIHTAIOT, YTO

a =¥a™. (2)
Tarnrm ofpasom, popmyna (2) cnpageanapa gaa modoro meaoro yuc-
JIa m 7 JI000ro HATYpaJasHoTO URcnan > 2u a > 0.

Hanpumep,
{163 =422 =B -g;
=47 - 6’_ 74‘/'

2
273 =277 = =Ll
272 3 9

) m
HanoMHEM, YTO payUORAALHOE YLCAC I' — 3TO YHCAD BHAA —, T.e.
m

r= -. rAe m — UEIoe, R~ HATYPAILHOE YHCJIA. Torpa mo (hopmy.ne

-h.lm hlm

2) no.nyqaem a'= g7 =%a™. Taxum o0pasoM, CTENEHE ONIPeeIena A
JI60T0 pAIHOHAILHOTO NOKASATENA H AI060T0 N0J0KETEILHOTO OCHO-

m
pawud. Ecnun 7 =— > 0, To BHpasKeHRe Ya™ HMeeT CMEBICK He TOABKO
n
opr a > 0, 50 1 mpu & = 0, npeaem Y0™ =0, ITosToMy cumraior, uTO
npu r > 0 Bemoanaerca pasegcTeo 07=0.

Ilonsaysce dopmynoci (2), cTreness ¢ PATNOHATLHEIM IIOKA3ATENIEM
MOKHO MDEACTABWUTE B BHe KOPHA H Ha0G0poT.
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m mk
Tar rak : = _nk + Tle 1 — HATYPAJIBHOS YHCI0, M H kB — Iejble

yHeaa, k=0, To npu awboma > 0

32 8§ 3 a"=a".

HanpmmMep, 74 =78 =712,

MosxEO IOKA3aTh, YTO 8Ce CA0ICMEa CMenenl ¢ HAMYPEAbKLLM RO-
Kazamenenm SePHbL OAR cmeneny ¢ 006N PAUUOHARLHBIM ROKA3QME-
AeM U NORONMUMELHLLM OCHOBGHUEM., A UMEHHO AJAA NIOGHIX panmo-
HEABHKIX YACEA P B ¢ A 00X a > 0 1 & > 0 BepHEI paPSHCTEA:

1. aPa? =g, 4, (ab)? = aPb®,
P
2,07 al=aPl. 5 (2] =%,
b b?
3. (aP)?=a.

9TH CBOHCTBA NOJYIAIOTCA M3 CBOICTB KOPHe.
TJoxaxceM, HAIIPEMep, cBOlicTRO aPa? =af'd,
m k
OIlyers p=—, g==, rge n ul — HAaTYypaAbHue, M Ak — menne
T
gncaa. TpeByerca nokazaTs, ITO

mk  mk
!

atal =g" }, (3)

m
IIpupena apobu : B — K o0IleMy 3HAMEHATeJHD, 3aNHCEIBAeM Je-

i
BYIO YaCTh paBeHcTRa (3) B BHE:
mk m ok
arta I = a n a nl
Henonssys onpeaelleHHE CTENEHR ¢ PATHOHANBHEIM NMOKA3ATENEM,
CBOIiCTBA KOPHA H CTEIIEHN ¢ OeJhiM NIOKAa3aTe/leM, OJIyIaeM
mk mm
aral =qian =Yg Yo =Ygt gt = Ygrihn =
mckr  m k
=g " =gn ! [ ]
AHAJIOTHYHO AOKAIBIBAIOTCH OCTANLHEIE CBOHCTBA CTETIEHH ¢ PaIuo-
HAJILERIM IOKa3ATEIeM.
IIprBeAeM OpHMepPHl OPHMEHEHAA CBOACTE CTeIICHN!
1 3 1.3

1) 74 74 _.74 4=7;

9
= | e

a7



2
8

2 2 g2
1) 243 = (2.3)3 =2 3.3% = 4§3% - 4%0;
1 1

1 -
2 3 3
5) (i ii._(z) _2

273 3 )3 8

1 1
3apaga 2. Buuncrurs 2551255,
1 1 1 1
A 2551255 = (25.125)5 = (5°)° =5. A

4 4

3b+ab®
3aagaga 3. YupoCTATE BLIpAXKeHRE LAl a0y
Yo+ ¥
4 4 11
A @%b+abd _ ab[a3+b3)_ab A
= T 1 4%
TR
17 1 5

a®-a® a 3-g3
3apaua 4. YUpOoCTATE BEIpAXKEeHNRE N N S T

a3-a® ad+a 3
17 1 5 1

a’-a3 g 3-g° a’(l-a%) a 3(1-°
p8a alad _ad-a) a*-a)_y., (1-g)=20. a

at-a® a*+a? ad3(l-a) a 3(l+a)

3agawa 5. Beragurk nomemaet B 6ank 1000 p. Bark exeroamo
BBIIIAYBBaeT eMy 3% oT cyMMH BRIaga. Kakyio cyMMy gemer nouy-
YHUT BRAATUHK Hepes 3 roga H 5 Mecaner?

A HcKoMaa cyMMa BEIYHCIAETCA 00 GOPMYae CA0KHEIX IIPOIEHTOR

3
S=a{1+ﬁ] , (4)

rAe & — NePBOHAYANLHAA CyMMa JeHer; p — YACI0 NPOOEETOB, HAaTHC-
AAeMbIx 6aHKOM B rof; ¢ — YHCKIO JeT, B TeYeHHE KOTOPLIX ASHETR Ha-
XOAMIHCE B DaHKe.

B pannoil sagave a=1000,p =3, ¢t= —% [To dopmyne (4) Eaxomgum
§=1000-1,03 ‘2
BrIuHCcIeRNa MOMKHO IPOBECTH HA MEKPOKANBKYAaTope. Hamprmep,
aa MK—54 210 MOXHO CAeJATE OO CAeAYIOIIEH mporpaMme:

5 BT12 [ 3 [H 1,03 [F] [x¥] 1000 [x] 1106,2684.

Oreer.1106p. 27k, A
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YopaxHeHws

86. (Yemno.) IlpepcTaBuTs B BUAE CTENEHK ¢ PAIMOHANLHLIM IOKA3ATE-

Jem:

e ¥ Y. ¥t 5Ys 6 e

57. (YVemno.) IlpeacTaBsUTs B BIHAE KOPHA U3 CTENEHH ¢ OEABIM IOKA3A-
TeJeM:
1 2 s ¥ 1 2
Dzt 2)y5 3as b3 5) @ 6) @b s
Brruncaurs (58—62).
t 1 2 3
58.1) 647; 2) 27%; 3) 8%; 4) 814 5) 167%™ ¢) 9718,
4 n 2 s 2 1
59.1) 25.25; 2) 57.57; 3) 93:9¢8
1 5 W2 1
H43:45 5THE 6 @
2 2 2 2 3 3 3 3
60.1) 95.275;  2) 73.493;  3)1444:9¢  4) 1502 : 62,
P 4 9 2 8 4
61.1) [l] +[_] 3, 3) 87 : 87 - 35.35;
2) (0,097 -(0,125) &; ) (6 5)°+(G2M™
1 7 19V
62.1) [_] +810000°'25—-(7—]5;
16 32
1 2yt
2) (0,001) 3 -22(64)* -8 3;
2 1
3) 273 -(-2)-2+(3§] 3
8 1
1Y
4) (0,5 -625%% (21)
5) (0,0625)%% + (-2)% + ¥/25.5°.
63. Haiith snayenne BHIpAKEeHNA:
2
1) ¥z - %a npra=0,09; 3) "’-’i"_ npab=1,3;
2)\/-'%npnb—27° 4) Y- Ya- %npua-z?

. HDB.H,CTRBHTL B BHIE CTGIIBHH C PAITHOHAJIEHEIM IIOK&S&TBJIBM

1)a3JE 2)b2b32f 3) 3 bﬂ
4
1) a® : ¥a; 5) 7228 B 6) (¥ )it
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65. BrinecTH obimnit MEOKHTEND 34 CKOGKH:

1
1) x2+x;
1 1

2) (ab)® + (ac)’;

& 1
Hyt-y 4
1 1

4) 1."..xg|rE - 3x§y.

66. TTonpayace TosaecreoM a’— b2=(a — b)(a + b), PasIOIKATL Ha MHO-

JHKHATEeAH:
1 I 2

1)a?-b%  2) -1
i 1
Hx-y 5) 402 —

11
3) as —_

11
6) 0,01mS® —nt,

67. PasnoKuTes HA MHOMKATENN, ACIOJILIY S TOMECTEA
a®+b% = (a +b)a? — ab+b%) nnma® - b3 =(a - bXa? + ab+b?);

3

1)a—x; 2) xE—yE;
¥YupocTHTE BEIpaKenne (68—B69).

3 2Y®
68.1) (a*) 4-[b 3] ;

41 2

aa( 3+a3)

69.1) 1(§ 1)
atlgt +a *

oo{ 5"~ 95

2y g———

b3(¥5- ¥ ?)

70. BoruMcsnTe:

5 1 8 1
1) {23.3 3_.33.9 3].-3/6;

71. YUpoCTHTh BRIDA3KEHAE;

1

1) a?’%a%;
1

2) b2 §p¥b;

72. CoxpaTaTs aApobb:
x_
R
x2 4y
a5
2) Y11

30

1 1 1
3) a2 -b?; 4) 27a +c2,

[T

5 1

Sl
3ab

%’_ﬂ_

aaw/_+b3\f~.

Y et

13 13
2) {54:24—24:54} $1000.

1
3) [%b‘z +(ab) § J%b“;
2
(Vﬁ/‘)[ahbs ﬂ].
11
3) m2+n?

m+2v'nm+n’
c— 203+1

4
)Jcl



YopocTRTs sHpaXkenue (73—786).

78.1) T - 105 2) <+ -

T
x2-y?  xliy? c2+b2 Y22

2 1
» b)Y (i .3 1 qt bp2_pe
74.1) (1—2‘E+;}[az_bz]; 3) a.1 a5 S

i 1
1 -2 5 =
o Vo™ gaia3b
2 1
75.1) 2 ab?_ _ 2a%-dab, 8) ——t o - Yardp
. - _ ' . :
Ja+de  Jb-Va a-b e+ 3p T
2y 34 _ wy  wx 4)@-3?_20_5 N
oy el el {E_?E a3+ ¥ab+b3
o, 1) 202t ped 1
a8 T 1 ~ T
Yo- ad+b3 cls b.l. 233
atd a-b a3-p3 1
R i & 9 arb £ 1@ I
@6?~ab3+ht  ad+atbi+b? a3—adh3+bs
77*. ¥npocraTe: .
x+y x— xz_ ;
o T T A5 S
x3-x3yd4y® xBixlydapgd a3 8

(a-b) a?-v? )
g Ft7rT 1y 11 Yy
a?-b2 a2+b? Ia+a3b2+b]

1 1

a2 202 2
3| —+5—-—5 {1+

n-1

2
1 1 1
n2+l 1-n2 n?

2 1 1
3 3 =
MEER N [4xs+4+_11.}_

-1

1
x+1 =
x3+l

x3

78%, BaaguHk a0kt B 6ank 5000 p. nox 2% ropoprix. CKOJBKO Je-
HET OH NOJYIHRT Yepes 3 roga?

T9*, BaHK BLINIAYHBAET e2XeToAHO 3% OT cyMMH BKiIaga. CKOABKO ae-
HET NOJIYYNT BRIATHHE depes 2 roga 7 MeCHLEB, eCll IepEOHAYANE-
Had CyMMa BEJIaga cocTasisaa 2000 p.?
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§ 6. CreneHb ¢ AeRCTBUTENIbHLIM NOKa3aTeneMm

TloxakemM, KAK MOMCHO ONPEAESIHTE CMENeHDb ¢ UPDAUUOHAALHIM No-
Kaszamenem Ho. IpUMepe 3‘!5 .
IIyets ry, Ty Fgs ey Ty oo — NOCTAEXOBATENLEOCTH AECATHIHRIX
npubiHReHA Yncaa J2 (HanpuMep, ¢ HEJOCTATKOM):
ry= 1,4; ry= 1,41; ry= 1,414, ....

978 MOCNETOBATEALHOCTE CTPEMATCH K UHCIY J2 » T.€.
limr, = V2.

R—pe
YUncna ry, ry, Ty, ... ABNAOTCA PAIMOHANLEEIMH, H 414 HAX ONpe-

neneEwn cremenn 37,8%,3%, ..., T.e. onpegenena nocreA0BATENBHOCTD
31,4, 31,41, 31,414’

Mo:K$HO NOKA3aTh, UTO HTA HOCISAOBATEALHOCTE CTPEMUATCA K HEKO-
TOPOMY AEHCTBHRTEILHOMY YHCAY, KOTopoe 0603HAYAIOT g% s T8,

3%2 = lim 3™,
A=y
Ilyers @ > 0 B x — DpoOH3BOALHOE HPpPAIHOHANLHOE YACcH0. Pac-
CMOTDHM MOCIeAOBATENLHOCTD X 5 Xgy Xg5 ey X5 «oo JECATAYHLIX IIDH-
OnmxeHnil THcaa x. ITa TOCAefOBATEIEHOCTD HMEET Ipe e
limx, =x.
nN—oo

MoKHO NOKA3aTh, YTO MOCJIEAOBATENLHOCTE a1, a2, a™, .., a™,...
TAKIKE EMeeT Opefei. IToT npeges 0603EATAIOT 4° H HASLIBAIOT CTeIe-
HBEK) 9HCJIA 4 ¢ IOKA3aATEeNeM X1

a” = lima™,
N—poe

Taxmm ofpazom, cTeneEs a* onpexesnena pia jwobore a > 0 1 mo-
§0r0 JeiicTBETeALEOr0 MOKA3ATENA X.

IIpe nwbom x € R m mobom a > 0 cTenesr a* ABIAETCH MOAOMKH-
TeJIEHBRIM ,I[Bi.lCTBHTEJIBHHM UHCJTOM:

a*>0npm xe R, a>0.

Ecim ocHoBaHme cTreneHu @ = 0, To cremeHs (¥ ONpeAenaIoT TOABKO
npu x > 0 1 camrator, wro 0 = 0 opr x > 0. Hanpanep, 02 =0; 001-0.
IIpn x < 0 puzpaxenne 0 gre nMeeT cmuciaa. Hanpumep, snIpasxeHnd
071, 02, 0° me nMeroT CMbICaA.

IIpu TaKoM onpefesIeHAK CTEeHH ¢ AeHCTEHTE/ILARIM TOKA3ATEIEM
COXPAHAKTCA BCE H3IBECTHERIE cnoﬁc'rna CTEIIEHH ¢ PAIHNOHANEBHEIM I10-
KasareseM. ChopMyIEpyeM 5TH CBOHCTRA.
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Nyerea>0, >0, x, x, 1 x, — J00kIe AeHCTBUTEIbHEIE YACIA.
Toraa cnpase/THBRI PARSHCTRA!

a®la*2 =g *2, (1)
2% =an, (2)
(a-ti )-‘72 = g2 . (3)
(ab)* =a*b*, 4)
hiE

JoKasaTeALCTEO 3THX PABEECTB OCHOBBBAETCA HA CBONCTBAX CTEIE-
HH ¢ PALHOHAILHBIM IOKA3ATEAeM H HA TEODHHA IIPE/e)I0B II0C/AEL0BA-
TeIbHOCTEH, KOTOpas N3yuaeTcd B KYPCe BHCLIEH MATEMATHKH.

@31y
3azava 1. YnpocTHTE BHDAIKERNE R

A TlpuMeHAA CROMCTBA CTENEeHH C AeiCTBHTEALHEIM NMOKA3ATEIEM,
noayaaeM
Jﬁ-l)ﬂ’_&-l _ a(fﬂ-l)(&l) &2

@ =L -a a
gt grh 3B

IIpusegem elfe 0gHO CBOMCTBO CTEIICHH, AOKAIEIEAEMOE B KYDCE BLIC-
nieif MATEMATHKH € IOMOIIEI0 TEOPHH NPEAENIOB: Ang moboro a > 1 1 mio-
Goro x> 0 wueno a* Goaswe 1, T.e.

a* >lopra>1, x>0. (6)

C noMmompbio ceoiicTs (1) — (8) A0Ka3KIBAIOTCH CIeAVIOIMHEE CROACTRA
CTeNeH™,

Teopema. Ilyctea> 1nx; < x,. Toraa al <a™,
¢ Ilo yenosmo x, — x, > 0. Iloaromy no ceoiicrey (6)

a1,
YuuckmM 06¢ IaCTH TON0 HEPABEECTBA HA MONOAKHTEILHOE YACAO &7
a®t . g® ™™ 5 gf
Orciona mo cpoitersy (1) noayunm a2 >a™. @
Caexcreme 1.Mycre 0 <a <1 r x, <x,. Torza a™ >a™,.

1
OTakkak 0 <ag < 1,10 ; >1. MoatTomy u3 TeopeMul cieaAyer, 9To

T ¥

2-10. M, Koxxrny, 10 ka. 33



. CnegopareasHo, .~

1 1 1
F a" a > or

1 X
ITo ceoficTRyY (5) cTeneHH [;J =

xg
Kyaa a*l >a™2, @

Cunencrsme 2. Ilycrea >0,a=1, a* =a™, Toraa x,=x,.

O IIpesmosto:KHM, UTO PABEHCTBO X, = X, HE BHIIOJHAETCH, T.e.
X, < X, WA X, > X, . [IycTs, HanpuMep, x; < x,. Toraa opa ¢ > 1 no
TeopeMe NOMKHO OHTE ¢™ <a™2, anpn 0 < a <1 mo cregersuio 1
nomxao 6p1Te a™ >a™2, yro npornBopeunt yenosuw a*! =a*, @

3anaga 2, CpaBHATE YECAA 52"% n 53&.

A CpaBHAM TOKa3aTenl 2J3 n 3J2. Tak kak 2J§=JE,
32 =18 n 12 < 18, To 243 < 3v2. TTosromy mo Teopeme 523 532 A

x J8 R
3amaua 3. CpaBanTL YHCIA [;) " (z] .

ATak kak 0 <t < 4, 10 0<%<1.

CpaBHHM mOKa3aTENH: J§ < JQ_), T.C. J§ < 8.
J& 3
R r A

IIpaMenasa caeacTeRe 1, moryyaeM (1) > [;) .

3anaua 4. Pemars ypapsenme 4* = o8,

A TIo cBoficTRaM cTenedH 4* = (22)* = 22, [TosroMy ypaBHEHHE MOXK-
HO 3amHCATH TaK: 2% = 24‘[3. IIpumensas crepcTBHe 2, nojaydaeM
2x = 443, OTKYRA X = 2/3. 4

p

Cnexcreune 3.IIyers 0 < x, < x,. Tornaecan p > 0, T0 x <xb,

aecomp <0, To0 xf:»xzp.

X
¢ Ilo ycaomruio x_z >1. 1) Ecan p > 0, To no popmyne (6) nmeem

1
Xo - xg P r»
[“T > 1. TIo cBoficTBY cTenenH i 1, oreyma x; > X, T.6. xf <x§.
*1

-P
2) Ecnu p < 0, To —p > 0 11 no popmyne (6) nMeem (ﬁ] >1,
xf M

x*
orkyaa — > b —Z>1 xf>xf. @
Xy xg

TaxuM 06pasoM, IPH BO3BEAEHAN HEPABEHCTRA, ¢ TOJOMKHTEBHE-
MH JIeBOH H IPaBOi YACTAMH B MIOJIOKHTENBHYIO CTeNeHb 3HAK HepapeH-
CTBa He MEHAETCH, a IPH BOZBEAEHHA B OTPHIATEALHYIO CTENEHD 3HAK
HEPABEHCTEA MEHAECTCH Ha MPOTHEOMOIOKHEIH,
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Jamaga 5. CpaBHETE YRCIa Zni3.
Allo cnonc-rnam CTENEeHH no.nyqaeu

(f)e‘(22)6—23 8; #/3)° ‘(33)6—32—9 Tak xkak 0 <8 < 9, 10

8“<93, T.e. V2 < ¥3. 4

YnpaxHeHus

Brramcaure (80—83).
80.1) 2¥% .25,
81. 1) 2235 . g%,

P4 31"2’?5 : 9'35;
3) 61+2J§ : (4\-@ . 9\-@ );

82.1) 2122 42,
2) 8233 .a748,

3.1) 10>
P

2 o

) 22;-\(3_31“'5’

2) 32, Q‘E;

3) 6% 4) (0,5%)".

9 By,
5) (Z\E )\IE + (3J§+1 )\E—l;

6) (51—'JE)I+‘JE _(‘Jg)o-
3), 911—\)"5 . 31—\}’5 B 3—2—\'@;

4) 432 glV2 o432

3) (251+J§ _ 52\1@) i 5—1—2'\"5;

4) (22\1’5 - 4\!’5—1 ) N 2—2\;5.

84. BEIACHNTE, KaKoe M3 yuces Goable:

7 8
1) 0,13 HIH 0,19

2)531{.111-154

3)3‘/—11.11113‘[—;

of =(af

85. CpaBHATE YACI0 ¢ CANHALIENH:

1) 27% 2) (0,013)°%;
3
5) 275, 6) [%] ;

86. anoc'rm BLIDASKEeHHe:
1) a l \{_

2) avr 1‘0J_+1;

i

5) 4% mam 472

14 2
7) 1 HIH [ll H
2 2

8) rl i WIH [l}
9

f
3 (2];

7
B2 1 JB-3
ot o]
\ 4 3

4) 27%%;

3) ng-h& . b\‘rf_!—ﬁ;
4 %)% ;p2,
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87. CpaBauTL ACHA!

1) %2 ui3; 2)¥5 u 47.
YupocTuTh Beipaskenne (88—89).
G
88.1) 21 3) (@ -p7)a? + b7,
(m)2+J§
N7 Tt
2) =¥ 4) (Za-"ﬁ-lb-*@}(lbﬂ’%m-“ﬁ).
{xy) 3 3
89.1) (@2, 3) (a7 %)%,
5
D (o) W2, 4 @By,

90. PemnTL YpaBHeHHE!

-1
1) 5% =5%; 2) (%]21=[§] s 8) 97 =382, 4) 16% =25,

91. PemnuTs ypasHeHRE:!

1) 758 = J7; 8) (V2)* = 2V2;

2) 25*2 = 5.5; 4) (V3)* =3J3.
92. CpapHHTE UACHA:

1) 310 n %; 3) V17 n ¥28;

2) ¥5 u ¥7; 4) 13 u Y23.
93. PelunTt ypapHeHHe:

1) (l ]2”1 = (33)%; 3 99452,

3 V3
2 @ —:=(£)”; PELENYCRY |
) (2" ¥2 ) 2y’

Ynpaxnenus K rnase |

94, BRUMCAHTE:
5,48+8,02 20,88:18+45:0,36

b (7,97 +8,77}:3,72’ 2) 19,59+11,95

3) (0,645 . 0,3-123]-(4 : 6,25-1:5+1-1,96];
180 7
1 5 7
8 (- -0,375] . 0,125+(-——J : (0,358-0,108).
2 6 12
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95. IIpencTapuTs B BIAE 0OLIKHOBEHHOH ApOGH:
1) 1,3(1); 2) 2,3(2); 3) 0,(248); 4) 0,(34).
Brruncants (96—99).

i 2 3
96. 1) 152; (0,5)%; [5 ; (-1,1)% [ ] ; (0,2)%
2! 1Y?
2) 48% 1072 (g) 3 (0,373 (-1,2) % (21] ;

3) ¥27; 431 ¥3%; ¢8%; Y16’ Yo%
1 ! 1 2 2
i vl 27 3

3
4) 83; 275; 10000¢; 325; 32 5; E] :
97.1) 5°.7%; 432444 152: :

101 -1 1 4
2) 56°: 872 164-252; [—) : 92; 33( ] 1167
. 2
1oy 3 1
273[-J : 814 J100-492.357%;

3 i

1 1 _1

3) (16-81-625) 4; (27.0,008-125)%; (—0’25'64} 2
11 14 0,01

B8t TTE 030y

52 72 » (0’3)1.3 i
_1 o 2
3 (2 1 19513 3
n3.(2); 2) | —-125 } ; 3) 275+ 9%
1 64Yz(8Y" 103 3]2
2, 2. ~ 1 a2
4) (0,01)2 : 100 2; 5)( ] (5] 6) (227} (4

B afi @
4) dll_i:ﬁ; 5) (%/E)z; 6) (\[eﬁ)s_

100, Pacmono:KATE 9BCAA B NOPAAKE BO3PACTAHHA:

_3 -1
1)13.7 21, &] : 2) 980, [g] » 32%.
101, Cpanuu'lrb quc.ual: “
1) (088)° = [ﬁ)" »@o®u(sl)
5 V4 -t 11 127"
2) (E) u (0,41) 4; 4) (12] H (_lg) .
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102, ¥npocTuTs BHpayKeHAe, MPEACTABKE ero B BAAE CTEIeHH ¢ OCHOBA-

Hnemla: 7
- -
24704 8,3
1) 5 2) 25 3) (0> ¥a;
al ad
3y 5 B%, o)
4) Va_z[a“]; ) — 1 6)|—=i-
aa 8 at

103, ¥upocTHTE BRIPAIKEHHE;

42 J341 1
b x_z‘@. 1 +1' 2 aJE 8 1-/3
x-«'ﬁ-l ! b“rs--l b_2 )

104, CpapHUTE uKCIa:

SRR COM )

105. Pemurs ypaBHeHEe;
1

1) 62 = 65; 2) 8% =27; 3)y7i-dr =710
-3
4) 22x+1 = 32; 5) 42 =1; 6) [%] =5.
106. CorcpaTn'r{, Apabn; . s
~16y2 as-b
U AT T
5yt+20 ad-bb
107. YnpocTHTh:
31 1
ab2-b2 b b2
AN B AT
a?h?-1 40 e2ip2
Nposepb cebn!
1. BeIMHCANUTE!
2z 2 1
3.93 . \3
1 15 13 . 2) (‘_1] _.[i)ﬁ+4.37°9°; 3)( 128+q@]:§/§.
53 5 a7 4

2. Yupoc-m'rb Bmpamenne

a8



) i
a—9a2
3. CoxpaTtuTs apobs -1

Tat+21

4. CpapHATE THCTA J&T H Q!-[%—T.

5. Vipocruts sripaxcenye (Ja + ¥b)% —(% -3

108, [ToxasaTk, YTO reOMeTPHYECKAH NPOTPECCHA ABNACTCA BECKOHETHO
yORIBAIOLIEIA, eC/IH;
1)b,=—-81, S,=162; 3) b,+b,=130, b, - b, =120,
2) b,=33, 8§,=6T,; 4) b,+b, =68, b,—b,=60.

109. 3amHcaTh GeCKOHEUHYIO TEPHOAAYECKYI) ZeCATAIHYIO Apolis B BAE
00BIKHOBEHHOIT:
1) 1,10(209);

110. IIpopepHETEL PABEHCTEO:

1) ¥26+15J3.2-v3)=1; 2) P52 +7-Y5/2-7=2.

111. OcBoSoIETHCA OT EPPAIIHORAJLEOCTH B 3HAMEHATE e TpobH:

2) 0,108(32).

2 V5 3
1) ————; 2 ; 3H —
) 5k ) 5ovio )7
52, 5 3, 11
42—7'1 -4 $ ef"
v Y EE

112. BoiuHCIHTE!

1) @7 -¥4)¥19+ ¥28+ ¥16);

2) (¥4-$10+25)F2+ ¥5).

¥YupoctuTe Bupamenne (113—114).

118, 1) El ety g J2 #_Jr%,-
Ye-4y ¥+ 4y g—'._ﬂ—
x—y _ x+y . n xJ_—yJ_
y— W y'wr xy- y\f-
4 4 2 2 2 2
114, 1) “_Ei’*_“lba; _11_1_ . 3) 03 b3 a3+§_b+bs,
a3+b3  a%® as+b3 a-
11 11 4 4 4 .
2) ai—p? abs_asb 4) ad-_ps 'as—yaﬂbz«rbs
o Yardo G G
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YopocruTs supaxenne (115—116).
{42 -2 » Y
115, 1) (=9  o*-4+3a ] 2)! ! —(‘:—"8] ]-(ab)“.

2a—3a’1 a-a’l (a+b)“"' a’-b

116, 1) [Herde (e ¥ %"I@/‘ 5" +3{¥a-+ 45" )
( a+¥a g p
2 (g_+§_+1)(ﬂ_+¥_ 1) Ha ]

5| (848 +(fa —%)] s

a+ab
3 3 [
g | 2o ab%" +ab3 1
Ja-vb v a3+b3 ath

117*%, HokasaTs, 4TO:

1) 1:3? =Y15-2942;  2) ¥20+14V2+ ¥20-14/2 = 4.

MUCTOPHUYECKAR CINPABKA

1. HcTOpuA ABIICTBUTANBLHBIX HMCEN

Eme B V 8. 10 H. 2. B mKoae IHugazopa 66110 70KA3aHO, YTO MHO-
JKeCTBA PAIHMOHAJNBHEIX YACEJ] He XBATAET AJNA TOUHOTO H3MepeHnA
AmeH MO0k OTpeskoB. OnHOH A3 DEepPBRIX 34889, BRIBOAAIHAX HA MO-
HATHE HECOM3MEPHMOCTH OTDE3KOE, GBLIa 3aa4a HAXOKAEHHSA CTOPO-
HBI KBAJpaTa, I0mMazab KoToporo pasaa 2. TeM caMbeiM On1710 AOKAa3a-
HO CYIIECTBOBAHNE HECORIMEPHMMEIX OTPe3Kos. Hael0 KoKA3aTeNbCTEE
METOAO0M OT NPOTHBHOTO DAKTA HeCOM3MEePHIMOCTH AMATOHATIEH KBagpa-
T4 ¥ €r0 CTOPOH MOXKHO HaitTh B ¢«Hawanax» Eexauda (IV B. zo n. 2.).

Bee nocnexyiomme nocae Eexanga rogur, sonors go XII B., matema-
THEN Hagnn 1 BocToka HENONL30BANIE HPPAnROHAJILAEIE BeIHYHEE JJIA
HYML MATeMATHYECKON HAYKH H ACTDOHOMMHE, HO He MPH3HABAJIR HX 34
ymcsa. B Hauase XII B, nepcAACKHA B TaaXHKCKRIT 11097, MATEMATHE X
dunocod Oxap Xaitan (0. 1048 — nocite 1112) TeopeTHUeCKH PACIIIN-
PHJI NIOHATHE YACJA L0 MOJOMHTEAbHOrO AeiicTBHTEJNBHOTO YACHA.
B XV B. caMapKaHACKRE yUeHHH aAb-Hauli ¢Tan NpAMEeHATE JeCATHY -
HEIe Zpo0H I1A YBeJIHYEHAA TOYHOCTH HM3BeyeHnA KopHeii. B 1594 r.
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HUAEPAAHACKUI MaTeMaTHK i BEHKeHep Cumon Cmesun (15648-1620) B
kuure <IIpnbamxenna K aarebpes DOKa3as, 4TO AeCHTHEYHLIE ApoOH
MOYKHO ACTIOJIB30BATE AMA BecKOHeURO BJAR3KOTO npAbIDReANA K TO4-
HOMY 3HAYMEHHIO APPALIHOHANLEOrO Yrcaa. [lodxe ppannyscruii MaTe-
MATHK, ¢uaocod, busnkx u pusmonor Pene Hexapm (1596—1650) mo-
Ka3aj, 4YTO HPPADHOHAJIBHEE YHCJIA, KaK B PAlHOHA/NLEEIe, A300panka-
IOTCH TOUKAMH HA YHCIOBOH OcH B 00pasyloT BMecTe ¢ PATIAOHALHLIMEA
YHCIAMHE MHOKECTBO AeICTBHTEIBHEIX YHCE.

2. McTopws YncnoBbIX NOCNBR0BATeNLHOCTEH

B ppesHoCTH yXKe yrnoTpedaaiN NOHATHE MOCAEA0BATENEHOCTH
6pnr B3BeCTHEI GeCKOHEYHbIE IOCAEA0BATEALHOCTH HATYPAABHEIX, YeT-
HEIX A HEYETHEIX THCeJ, TOCAeAOBATeIEHOCTH NPOCTLIX uneen u ofpat-
HBIX HATYPAJILHBEIM. Pasimyany nocaeaoBaTENbHOCTH BOSPACTAIOINAE H
yORIBAIOLAE, JJIA HEKOTOPEIX NMOCHeAOBATEABHOCTER YMeNIl HAXOAUTh
BEIpAKeHHe-hopMyay X o0inero wieHa, /8 nocaes0paTeILHOCTH IPO-
CTRIX Yymce/ hopMyJia ofmero 4ieHa HeM3BecTHa, HO empe B III B. 70 H.9.
aNeKcaHAPAHCKEN yueHEIH Jpamocder ykazan cnocod (HA3BAHHLIN
HO3IHee ¢pemeToM IpaToctenas) NoNyIeHNR TPOCTHIX HHCRM.

YnoMuEaHNA O OPOrPECCHEAX, YACTHEBIX BHAAX MOCIeZOBATEIBHOC-
Tei, BOCXoAaAT Ko II ThesyeneTo A0 H.5. [IpuMepsl apudMeTHISCKEX
M reOMEeTPIFIEeCKEX Nporpeccnii Halizensl B KIHHONNCHBIX TaOIHYIKAX
BABHJIOHAH H B ETHIETCKAX NAMAPYCaX, SHAKOMYI) HaM GOPMYIy CyM-
MLI FeoMeTpHYECKol nporpeccHd Mo:KHO HaiitH B «Hauanaxs Esrng-
ga. Haea HaX0KAeHEA npefea YORIBAIOMEH MOCaAe 0BATEIEHOCTH 110
apaaacs B V-IV BB. 10 H.3. B KHure Apxumeda «KpagpaTypa napaGo-
au» (III B. A0 H.9.) npUCYTCTBYeT cyMMa OeckoHeuHo yObIBalomeii reo-
MEeTPHUYIECKO [IPOTpecCHE

a+l+ 248, =8 4,
4 4 4 1-1 3
4
HaTepecHO, 9T0 ANING B 1484 r. ¢ppannyscknii Mmaremarnx H. I o-
Ke B cBoedl KHure «Hayka o umcrax» Aaer OPABHJIO NNA HAXOMASHAR

CYMMEI J1060i1 becKoHeYHO YORIBAIOIEH reoMeTPHYeCKO Iporpeccu.

3. Mcropua NOHATHA Npeaena

o vammx gHed gomne 9 anopuii (3ATPYAHUTENBHEIX NMOJ0KEHKIH-
napafokcoB) aneiickoroe punaocoda 3erona (V B. Ao H.9.). B anopun «Ju-
xomomua» (OT rped, —- eJeJIeHAE NOTOJIAM » )} 38HOH YTBEPRAAJ, UYTO

ABHKenHe BOO&]IIB HEBO3MOXHO, TaK KaK AJAA TOTQ, YTOOKL npoiTH
1

PacCTOAHAE OT OFHOM TOUKH A0 APYroil, Hazo CHAYANA TPOATH E 3TOTO
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111
4’ 8’ 16
TEJEHOCTE TAKAX OTPesKoB GecKROHeYHA, ZHAYHT, KOHETHAS TOIKA OIYTH
He Byger aocTareyTa. Ilapagore, npeacTapideMslil Kay JOrHUeCKad
6e3LICXORHOCTE, 3AKIIYALTCS B TOM, YTO PACCMATPEBASMAA CYMMA
1,10, 0,3,
2 4 8 16
GeCKOHEUHOTO YHCIA CIIATAeMBIX KOHeTHA.

HecmoTpa Ha TO 9TO NapafOKCchl 38HOHA OCTABAJIACH HEPAIPEeLIAMEL-
MH, OHH He YHRYTOXHAIHN BAe10 GecKOHeTHOCTH B MaTeMaTake. Ilepeoe
TEOPLTAYECKOS HCCISNOBAHEE, B KOTOPOM B HeABHOM BHJAE HCIONBIO-
BAJIECE NPeqeasHEIe Depexonl (IPA BRYACISHAN ILIomaeil a c0reMoB
KPHBOJHHEHHEIX (hUTyp), GELI0 MPOBENEHC APEBHETPEYECKAM MATEMA-
THKOM ¥ acTposHoMoM Esdoxcom Knudckux B IV B. o 0.5. B XVII B. Me-
rox EBfokca Ba30BYT MeTOZOM ucyepnbiéanus. B HeM QaKTHYECKH pedk
HAZeT O Npefee BOIpAcTaOmell nocaeLoBaATeNBLHOCTH UIOMaAeil opa-
BAJTLHEIX BNIMCAHEKX MEOTOYTOMEHEKOB: MPOCTPAHCTRO MEXAY KEPYroM
¥ BMACHIBAEMEIME B HET0 MHOTOVTONRHHKAME KAK OhI « HCUEPTIRIBAET-
CH IPDE KX «BO3PACTAHEH».

B mauaye XVIII B. MHOTEE MAaTEeMATHKM, eIOe He AMes CTPOroi Te-
OpHH AeHiCTEATENLHOTO THCHA, paGOTANH CO CTENeHHEIMA GYHEKITEAMA
7 BRIBOAAIH MHOTHe cBoiicTEa 3TEX dyurnuil, [Tomarue xe crenenn g®
¢ JAWOLIM NeliCTBHTENLHEM NOKASATENIeM O OKOHYATEALHO chopMADO-
Banock ToasKo B XIX B., KOrga B MATEMATRAKY NPOYHO BOIIIO NOHATHE

Ipezena.

PacCTOAHNA, 3ATEM s +++ 9TOI'0 PACCTOAHHA. Ho nocaegosa-



rnasa || l | NOKASATENBHAA ®YHKLNA

§ 7. MNokaszarenbHan GpyHKuMA,
€e CBoiCcTBa M rpadpuk

C nonaTEeM (PyHKOEH BBl DIOSHAKOMENHCE B Kypce amrelpn 7—9
KJIACCOB,

EciH Ka’KA0MY SHAYEHHMIO X M3 HEKOTOPOr0 MHOMECTEA JefiCTRHTENb-
HEIX YACE NOCTABJIEHO B COUTBETCTEHE M0 ONPEAEIeHHOMY NPABRITY 9YRC-
JI0 i, TO TOBODAT, YTO HA STOM MHOMKECTEE CIIPDEAENEHA QY HKILA.

IIpm 3TOM X Ha3HBAIOT HE3AGUCUMOIL NePeMeH Ol I GP2ZYMEHIOM,
a i — 3asucuMol nepemennoil MK PyrKyLell.

MuoxecTBo 3HaueHHH X, 114 KOTODHIX ONpeielle el 3HAYEHRA Y(x),
HAZKIBAIOT 00ACCMbIO ONPedeneHUR GYHKUUL.

Haa obospauennst GyarIuE 00EMHEO HCTIONL3YIOT Gyresl f, g, FET.A.
Hanpumep, TOBOPAT: JaEa (pyEKUAA = f{(x), HaE dyHKomEs glx) =2x— 1,
Wi dpyarmna F(x) = x2.

DYHKIHH MOrYT OLITE 3846 HE GOPMYJIAMH, TPAdRKaME, Tabauma-
Mu. B 79 knaccax BBl MO3HAKOMANACE ¢ HEKOTOPEIMH (byHKIMAMH,
H3YUWIH HX cBOiicTBa M cTponan rpadpnkn. Huxenprneegennaa tabam-
OA HAMIOMHHT BaM 0 HEX.

B § 6 cremens 0118 onpefesieHa A4 M0G0T0 DOJIOKHTEABHOTO OC-
HOBarud % moboro geifcTerTencHoro nokasarend. [Ivers oczopanne cre-
nenx a > 0. Toraa KaxgoMy x € R COOTBETCTEYET OAHO OUIpefeNieHH)e
yucao y = a*. Tem cameiv sagana byRKOuA ¥ = a*. Ecan a = 1, o dysk-
LER ¥ = ¢* IPEEAMAET OAHO H TO K€ 3HAYEeHNE i = 1 IpH Beex x.

Dynkyuo y=a*,
20ea> 0, a= 1, Hasvsaiom noxazamenvion pynxyuel.

Taxoe vaspaHHe PYHKIAH 00'BACHASTCA TEM, UTO €2 APTYMEHTOM AB-
JNAETCA NIOKA3ATENE CTENEHH.

TokazarenpHaa GyHRIUA 00IagaeT CAeAYIOIIHME CBOHCTEAMH.

CeoiictBo 1. O6racms onpedercHus nOKQIAMeAbHOU QYRKYUY
y = a* — muroxweemso R ecex feficmeumenvrbix wucenr.

IT0 CBOHCTEO CASXYET H3 TOI'O, 9TO CTENEHE ¢ TOJIOYKHTEIBHBIM OCHO-
BAHAEM OTIPE/IENeHs A Moboro AeifiCTBATENLHOTO SHAUSHA A TOKASATEN.

CeoiticTBo 2. Mromecmao anaveruil noxazamenbHoll Gynxyuy
Y = 8% — MHONECME0 NOAONCUMEADHBLX LHCER,

Bropoe cBoiicTEO cnexyer U3 TOro, wroecna a > 0ma # 1, To ypas-
HeHHne a* = b iMeeT KopeHs npH soboM b > 0, T.e. GYHKIIHA N1PAHHMAET
npoe MOMOXKATEARHOS JHAUCHAS, JTO AOKA3LIBACTCA B KypPCe BEICIIETH
MATEMATHKH.

43



DYHKIAER g MuaoxecTo Cpadpux HeTepraamn POMEREYTER
" E : JHAYeHHH CIJYHKI.T,HH SHAKOIIOCTO- QIPACTARHMA
5 & g GYAKOHH AHCTDBA (y6reanua)
= §< a2 dyaroun dyEKIMK
[=R-K-)
y=kx+b B R k>0 y>~0nmmr>—2 Boapacraer
k0 ¥ ’g Ha BCeit
<O mpH x < —— | IMCAOBOH
2 x y P g npaMol
y=0npux= —;
k<0 _b
< y>0mpux < ¥6uEBaer
y b |Ha Beeit
y <0npua x> - |yucaopoi
% 0 x g npaMoi
y=0npux= -;
y=x2 R y20 y y > 0 mpH BoapacTaer
x>0,x<0 Ha opoMe-
1 y=0nprx=0 |xyrrex>{,|
yOrInaer Ha
NPOMENYT-
o Ix Kex%Q
y=2x8 R R y y>0npu x>0 ]Boapacraer
y<0npu x <0 |HaBcei
y =0mpu x=0 |umcaopoit
x OpaIMOoi
y=Jx x>0 | y=0 ¥ y>0mpa x>0 |BoapacraeT
y =0nopr x=0 |Hanpome-
HYTKE
¢ x x20
k k>0
y=73 xz0 | y=0 >y g>0npu x>0 | ¥Y6upaer
y<Onpu x <0 jHanpome-
HYTHAX
x<0n
x>0
k<0
¥ y>0nmpn x <0 |Boapacraer
y<0npu x>0 {nanpome-
HYTHAX
o ¥ x<0n
x>0
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POyrrunua g |Muomeerro T'padur HeTepraan IipoMesRyTKH
a E g 3HAYeHUN beﬂmll 3HAKONOCTO- BO3paACTARHA
§ % E hyRRIHK SHCTRA (yOLIBaENg)
g §< B dyaroun dyBRONK

g
y=ax+ R | y>y, ;1%;_4M>0 ¥ > 0 mpn BoapacTtaeT
+bx+e, x<x,, x> x,|HanpoNe
a#l; y y < 0 mpn HYTKE X > X,
Xp=-75» x, <X <Xy yOuIBAeT Ha
_ . *ol X =0 npu NDOMEIKYTKe
Yo=Yl A VA i:xl,x=x2 xsx,
X% X,
rae ysy, a<0,D0>0 y > 0 npu Boapactaer
Fy» ¥ — ¥ X, <x<x, |H&aTIpOMe-
KOopHA ¥ y <0 npu HYTHR X < Xy,
YPAnHEHHA x<x,, X> X, |younaer na
ax?+ by + 5o x, x3 £ |y=0npa NpOMEIXyTKe
+c¢=0npr X=x, X=X, |X3X
D=t -dacz
20 ¥2Yy, ¢>0,D0<0 |,-9 Bospacraer
¥ npuxe R HA IpoMe-
\ HKYTHE X2 X,
yOHBaST HA
3 IPOMEKYTRE
° x€x,
o xp x
ysy, e<0,D<0 ¥y <0 Boapacraer
y npuxe B Ha IpoMe-
1 ¥ HKYTHE X %X,
Y yirsaeT Ha
IPOMERYTHE
/ x2x,
y20 2a>0,b=0 y > 0 npu BoapacTaer
¥ XEX,, HA OpoMe-
=0 npu KYTKEX 2 X, ,
f x=x, yObIsaer A
DPOMEXYTHE
Ty x x%x,
yso0 a<0,D0=0 )y <Onopm Boapactaer
y XEX, HA NpoMe-
x y=0npu HYTHE X & %},
0 x| x=x, yOnIBaeT Ha
ILPOMEKYTE
x2x
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IIpm & < 0 ypaBReHue g¢* = b He HMeeT KopHel, TaK KaK a* > ( npe
JI000M X,

CroiicTBo 3. [TokasaTennnas QYHKOEA § = a* ABARETCH BO3pac-
Talmell, ecan ¢ > 1, B yérreaomeii, ecan 0 <ag < 1,

TpeTse cBOMACTEO CASAYET N3 TEOPEMEL B CICACTEAA 1, JoKasaHHEIX B § 6.

3anavua 1. ITocTpouTs rpaduK GyEKIRE Y = 2%,

A CocTapHM TaGaHITY:
x -3 -2 -1 0 1 2 3
1 1 1
=2* = = = 1 2 4
y 2 4 2 8

ITocTpOHM 5TH TOYKHE K NPOBENEM Y€Pe3 HAX KPABYIO, YIATHIBAA, UTO
dyrKORa y = 2* Boapacraer (pnc. 6). A

Boobwe rpadme noxasaTensAol GyRKOMA ¥ = a*, rae 4 > 1, aMeer
BHJ, OPeACTARICHHABIA HA PACYRKe 7.

9toT rpadrar pacnoroKeH Beie oca Ox, Tak Kak a* > 0 npa x € R.
C BospacTaHMEM apryMenTa SHa4YeHHA QYHKIRHA YBeJIHYHBAKIOTCHA, TAK
KaK ¥ =a® — pospacTaiomen pyHKINA, ectia > 1.

3agaua 2, IToctpouTs rpad®EK GYHKITHA Y = (%] .

A CocTaBuM Tabanoy:

x -3 -2 -1 0

1
y=(§r 8 4 2 1

ITocTpoMM 5TH TOUKH W IIPOBELEM deped HHX KPHByIO (pHc. 8). A

DO |
-] DN
o= o

3

| [}

¥ ! _y y ‘ y
8_ - y=ax, ] 8
- a>1 i
4 4
b2 | 2 y=(l]
X
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Boofme rpadexk nokaszaTensnoi pysroum y =a*, rae 0 < a < 1, ame-
€T BH]], MPEACTABEHHRI{ HA pACYHKe 9.

2tor rpathHK pacmonOkeH Bele oca Ox, Tax Kak ¢* >0 opa x € R.
C ypeiueHHeM ADryMeHTA 3HAYEHES (PYHKIAA YMe hIIAITCH, TAK KaK
y=a* — yOupawmaa GpyHKNnA, ecaa 0 <g <1,

Hs cBoficte 2 1 3 caeayer, 4To ypasHenue a*=b,rae a >0, a=1,
b > 0, umeem eduncmsennvlit KopeHs, T.e. 10 3a5AaHHOMY 3HAYEHHIO b
CTENeHH a* NOKA3ATE b CTelleHN X ONHOZHAYHO onpefeasercd. ['eoMer-
PHYECKH 3TO 03HAYAET, YTO NpAMAdA ¥ = b nepecexaer rpadbrk GyHKIHA B
OfHOH TOUKe, afcnECCcA KOTOpOoil ABAAETCA KOPHEM YPABHeHHA a* = b
(pac, 10).

3agaua 3. Pemnts rpadutiecksl ypABHEHHE (%) =x— g

3

PHACYHEA 7 BHAHO, WTO rpahuKHA 3THX (DYHROHI NepeceralTca B OFH0N
Toure. CneqoeaTeIbHO, JAHHOE YDABHEERE AMeeT OAHH KOpeHs — abe-
orecy 9Toil ToukH. M3 pueyaka BUAHO, 4T0 X = 1. IIpoeepka norassipa-
€T, 4TO X = 1 ABAAeTCA KODHEM YpapHeHnA. A

IlokasaTencnaasn GYHEKINA YACTO HCIIOJIL3YETCH IDH OIIHCAHHH Pa3-
JHYHHX QH3HYECKHX nponeccoB. Tak, paANOAKTHRHEIN pacnal OnHChHI-
paeTcs QpopMy o

A IlocTponm rpadnke GyHKIMIE i = (lT HYy=X —-g {pmc. 11). s

m(t)=m0(§]%°, 1)

rae m(f) m m, - MacCchl PAREOAKTHBHOTO BEINECTBA COOTBETCTBEHHO B
MOMEHT BPEeMEHH ! M B HAYAILERI MomMenT Bpemenn 1 =0, T, — mepuoz
MoJypacnaza (MPOMeKyTOK BPEMEHH, 34 KOTODMI NePBOHAYATEHOS KO-
JHYECTBO BeINEeCTBA YMEHLIIACTCH BIBOES).

yl yil
x 9-
y=a
b
1
S— N ]
0 x 0 x
Puc. 9 Puc. 10 Puc. 11
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C noMolIpio nOKA3aTeAbHONH GQYHKINH BLDAXKAETCA AaBIeHHe BO3-
LyXa B 3aBHCHMOCTH OT BEICOTEL H NOA'LEMA, TOK CAMOHHAVKIIHH B Ka-
TYIIKE [I0CH€ BRANYeHHNS IOCTOAHHOTO HANPAKEHRA B T.A.

3amaua 4% ANbNMHENCT, HAXOXACH HA BhICOTE A, = 1100 M Bag
YPOBHEM MOPA OIPEXETHI, YTO AaBJIEHHe BO3LYXA P, = 741 MM DT. cT., a
reMnepaTypa 15°C. Karoso zasnenme Bosayxa Ha BLICOTe A, = 2300 M
IpH TOi e TeMIepaType?

A HaBecTHO, YTO JaBJIEHHE p, HAXOAHUTCA 110 clienyiomeit GapomeT-
puteckoii popMyie:

Pa= Py (0’8886)"2_"1-
ITopcrasnan B aty GopMyAy AaHHEIE H3 YCIOBHH 3agayuH, HMeeM
P, ~ 741(0,8886)2300 -1100,

BeInOTARE BEIYECIERHS ¢ MOMOIILK MEKPOKANBKYJIATODA, TIOJIYIIM

P, =639 MM pr. cT. A

3anaua H* Ilepmoxg moaypacnaaa nnytonns pasen 140 cyT.
CEroJIBKO IUTYTOERSA ocTaseTca yepes 10 rer, ecym ero Havansaasa macea 8 r?
A Bocnonnayemca dopmyinoit (1). B xamHol 3anate m, = 8 r,

t =10 - 365 (cunTaem, uro B roay 365 aneiil), T = 140. Toraa
3650

m(3650)=8-(% )ﬁ .

BHINOJIHEB BLYACAEHAS ¢ MOMOINLI0 MAKPOKATLKYIATOPA, IOy IHM
m=1,13-10"r, A

YnpaxHeHua
118. ITocTrpouts rpadnk pyExOomA:
1 X
) y=3% 2)y=(§J .

119. Henoassya rpadur dpysrnnn (puc. 12), yrazats:
1) sHaueHNA APTYMEHTA, IPH KOTOPEIX 3HAYeHie GyHKIHK papHo 0;

J,“ "s 'v }:“

|
]
~y
c\»—
-y

ﬁ X /-2—]0 1

K 0
(T
a) ) &) 2)

Prc. 12
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2) sHaUeERdA APTYMEHTA, IPH KOTOPLIX QYVHKIIAA IPHENMAET
NOJIOKATENBHEE (OTPANATENLERIC) SHAYCHH ;]
3) npoMekyTKE Bo3pacTaHns (yOrBanus) hpyEKOAA,

120, Haittu o6n1acTs onpefenesda GyEKIAR;

1)y=3x+2;

Dy=—xF+x-2;

1
3)f(x)= 051/

Hix)= 3o-2

3 8(x)= xz—;x+2;

6) g(x)= \2¢% + 5x - 3;
T y(x)= Je-1+Jx+2;

8) y(x) = Jx - V2-x;
1,
Ny= iz

10)y= —-1

e f1-2x’
1
11)y = 3x;
Jx
(1Y,
12)y—(5] :

18)y=2571;

1
14) y= 0'2£ .

121. ITocrpouTs rpadbuk byEKnuN ¥ = 3* A, ACIIOAL3YA 3TOT rpadiK,

HATH upﬂﬁaﬂmeﬂnozz
D 3 2) 33;

1
3 5 4) 313,

122. H300pasuTE CXeMATHYECKH rpadaK QYHKIAH:

Dy=©4%5 2= (V) 3)y=[i]’; 4)y=(+8)".

vz

123, Masa nasHoit QYHKIMA BEIACHATE, ABMASTCH JH OHA BO3PACTAIOmeit

FUTH yORIBalomeit:

1)y=(1§)x; 2)y=(0.57 3) y=[ir: 4)y=[3§]_x.

vz

124. (Yemnuo.) Hcnonsaya cBoiiCTBO BOZPACTAHEA AAM YOLIBARHAA MO-
KAa3aTeAsHOol (QyEKIAA, CDABHATE IACHA:

DN1,7n1;
4)0,2% 1 0,2°%;

125, CpaBHETE yECHO ¢ 1!

2) 0,3%2u 1;
2 1M
) ) | (—T H 6) 3° u3>14,

5)[

2 t -3
n(3] a(ep: 9er® o (1 0 %

3) 3,215 3,218,

b

’

126, Ha ogHOM pHECYHKe IOCTPORATE rpadraru dhyaxmmii:

Dy=27"u y=2%

awe(if (]
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127. HaiiTi ROOpARHATEI TOTKH IIepeceyeHnA rpadpuiros GyHKImi:

" 1Y 1
1)y=2"n y=8; 3”’:[2) Y=g
1 X
2)y=3*m y=3; 4)y=[%) Hy=9

128. (¥Yemno.) PemnTs ypaBsHeHRE:
x _ l.. 2 — . l i =4/3: l i
1) 5 = 2) 7% = 49; 3)(3J NETIY -
129. PemruTs rpathHYeCKH YpaBHEHAE:

.

1) (%]’=x+l; 3)2*=3x-2;
1Y 1 x_q1
2) [E =x- 43 =1 -x
130, Henoanaya rpabuxn GyHRIAA, PEIIATE HEPABEHCTBO:
1)8*<1; 2) 2% > 1; 3) 4% > 4; 4)4x<i.

131. Pemute rpadEYeCKH HEPABEHCTEO!

)2 >-x+8;  2) (%Jjéx+ 4.

132. BracHRTE, BO3pacTalomei mim yoeiBaiomeii ApageTcs yHKIAA:
1) y=2*1 3)y=0,2c.8%;

1 1-x 3 2 - X
2)y=(§) ; 4)y=(g],'[1§] :
133. HaitTi MuEOMceCcTBO 3HA4eHHN PYHKIINA;
1) y=2% 2) y=(0,2)%; Ny=2"+1;
4)y=2-0,2% 5) y=2lxl; 8) y=2x+11,
134. IocTponTs rpadpRr HyHKROHH:

1)y=38-2; 2)y=(%]’+3; BHy=2"L  4)y=3-2,

1 ko
135. JokasaTh, uro rpadEKE pyREKOml y=2* my = [E) CHMMEeTPHT-

HEI OTHOCHTEJIBHO OCH ODAMHAT.
136. ITocTporTk rpadEK QYHKOIHAR:

x|
1) y=217k 2)y=(§1; 3) y=i3=-2 y=2-3°.

137%. IIpx pagHOAKTHRHOM pacilage KOJMYeCTRO BeINeCTEa YMeHbIIaeTCH
pABOe 3a cyTKH. CKOJBKO BemecTBa ocraHerca oT 250 r uepea
1,5 cyT.; 3,5 cyT.? BoucAeHNA NPOBECTH HA MUKPOKAIBKY IATODE,
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138*. Ha ecHOM YYACTHe MOKHO 3aT0ToBRTE 4-10° M3 apepecunsr. Esxe-
TOLHEL IPEPOCT fepeBbes cocTaBraeT 4% . CKONBLKO MOMEO 3aT0-
TOBMTH JPEBECHHEI HA 3TOM Y4acTKe uepes 5 re1? Boruncaenna npo-
BECTH HA MHKPOKAJIBLKYJIATODE.

§ 8. MNoxasaTtenbHble ypaBHEHUA U HEPAaBEHCTBA

PaccMoTprM HECKOIBKRO IPAMEDPOE NOKA3ATE/ILHEIX YPABHEHHH H He-
PABEHCTE, B KOTOPEIX HEH3BECTHOE CONEPSKHATCH B MOKA3ATENE CTENEHH,

Penrerne TAKHX NMOKASATENLHEIX YPABHEHRI YaCTO CBOARTCA K De-
OeHNI0 YPABHEHAH

a*=qab,

roea > 0; a# 1. Tak Kak U3 pABCHCTEA CTeIIeHeH ¢ OAHHAKOBEIMH OCHO"
BAaHEAMH CIIEAYeT PaBeHCTEO MOKA3aTe e, TO yPaBHEeHAEe KMeeT eAH-
CTBEHHBI KOpeHb X = b,

HanpuMep, vparHeBEe 3% = 81, T.e. ypapueHue 3* = 3%, uMeer eaun-
CTEEHHEII KODEHE x =4,

Sanaqa 1. PemnTs ypasrerne 4. 2=1,
A BanmanreM ypasaenme B puge 272 = 20, oreyga x +2=0.
Oreer. x=—2. A

3anaua 2. Pemurs ypapHenue 23 . 3*=576.

A Tax rar 25% = (23y = 8%, 576 = 242, 10 ypapHeEMe MOMKHO 3aIM-
caTe B BEAe 8% - 3% = 242 mnm B Buge 24% =242, Qrcopa x = 2,

Orser.x=2. &

3amaga 3. Pemurs ypapnenue 351 — 2. 32 =25,

A BrIHOCH B eBOi HacTH 3a CKOBKA ob1mrii MEOKATENL 32, noay-
amm 372 (3% - 2) = 25;

3%-2.25=25, otkyvaa 3*2=1,x-2=0, x=2.

Orper. x=2. &

3anaua 4. Pemours ypasnenne 3% = 7%,

X

ATax kar 7*# 0, To ypaBHeHHAES MOKHO TPEACTABHATE E BHJE == 1,

3 x
OTKYIa (?) =1,x=0.
OrBeT.x=0. A

3anmawva 5. Pemurs ypapHesHe 3« 2411 1 2. 5*-2= Kry 902,
A Banumem ypasuenne B suge 3 - 2711 — 29 2= 5% - 2. 552 orkyma

x-2
2:%(3.28 - 1)=5*"%5%- 2), 2*2.23=52 .23, [g) =1,x-2=0.
Orper. x=2. A
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Sagawua 6. PemnTs ypasHenHe 9 —4-3*—45=0.
A 3aMenoit 3* =t gapHOe ypaPHEeHHe CBOAMTCHA K KBAADATHOMY YpaB-
HEHHEKD
t2-4t-45=0.
Pemas aTo ypasHeHHe, HAXOANUM ero KOpum £, =9, #,=-5, oTKyAa
3*=9, 3*=-5. YparHeHne 3* =9 nMeeT KOpeHE X = 2, a ypaBHeHne
3* = -5 re AMeeT KOpHEI, TAK KAK TOKA3ATENbHAA DYHKOIAA He MOMKET

OTPpAHAMATH OTpPIILaTeJIbHHe 3HaYeHHA,
OTBeT.x=2. A

3 anava7* HaitTi Bce 3SHAYEHNAA @, IIPH KOTOPBIX YDaBHeHHE
—a3*+3-a=0 (1)

AMeeT X0TA 681 OANH JeiicTBHTEILHEIH KODEHB.
Allyers 3*= ¢, Torga ypasuesne (1) upuMer saA

t2—at+8-a=0. (2)

3anava paBHOCHAJLHA CAELYVIOMEi: HallTH BCe 3HAUYEHHA &, IIPH KO-
TOPHX ypaBHeHAe (2) EMeeT XOTA GBI OAHH MONOXATENLHEI KODEHB.
JMCKPHMAHAHT KBaApaTHOTO ypasaeHasa (2) D =a? - 483 -a)=a? +
+4a-12=(a + 6){a — 2) reorpruATEeNIEH PR < —Gunpna > 2,

Ecim a € —6, To —~a >0, 3 — g > 0 1 no Teopeme, obparHoii Teopeme
Buera, o6a kopHA ypaBHeHHA (2) OTPHIIATENBHEL

Myere a2 2, Toraa npu 2 € a < 3 06a kopHA ypaBHeHAA (2) mono-
sxuTensss (—¢ < 0, 3 —a > 0); npE a = 3 oquH A3 KOPHEI paBeH HY.JIO, a
Apyroi pasen 3); ecna g > 3, To 3 — a < 0 1 MOITOMY KOPHH YPABHEHHSA
(2) nMeroT pasHble SHAKE (0AMH H3 HIX IOI0MRTENEH, a APyroii — oTpi-
LATEeIEH).

Orper. a>2, A

PaccMoTpaM Teneps NpHMEPL! PEIIeHNA TOKA3ATE/ILHEIX HePAaBEHCTB.
Taxue HepABEHCTRA HACTO CBOAATCA K NPOCTEHIIIAM HepABEECTBAM
a* > a’ a* <a’
IIpm pemeERH TARHX EEPABEHCTB ACNIONBIYETCS CBOHCTBO BO3pacTa-
HAA GYEKOME a*npu a > 1 n yoessaaua npu O <a < 1.

3azaua 8. Pemurs vepasescTeo 3* < 81.

A BanEmem HepaBeHCTBO B BEfe 3° < 34,

Tak xak 3 > 1, To pyEKnAA § = 3* ABNdeTca EospacTameii. Cie-
JOBaTeALHO, TPH X < 4 BLINOJHAETCA HepaBeHCTBo 3* < 34, ampmx >4
BHINOJIHAETCH HepaBencTso 3* > 34, Takmm o6pasoM, opm x < 4 Eepa-
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BEHCTBO ABJIASTCA BEDHLIM, A [IDH X 2 4 — HeBepHLIM, T.2. HEDABEHCTRO
3* < 81 BEImoJiHseTCH TONLKO TOLA, KOTAa X < 4.
OrpeT. x<4. A

1
3anaga 9. PeluaTs HepaBeHCTEO (ET > /8.

A 3annImeM HepABEHCTBO B BHAE

3 -5 (3] -2

1 3
Tak KaK [E — yOrBaIOIIAA QYHKIRA, TO X < ard

OTBerT. x<*E. A

Sapava 10, PentuTs HepaBeHeTBO 16 +4*—- 2> 0,
A OBozHaunM 4 = £, TOrga HePaBEHCTBO 3AIAILETCH B BHAE
2+t-2>0.

9TO HepABEHCTBO BRINOJHAeTCA IpH t < -2 H npm ¢ > 1. Tak kar
t = 4%, To noxyuMM [Ba nepapeHcTsa: 4* < -2 u 4% > 1, [Tepeoe He HMeeT
pemennii, Tak kakK 4% > 0 npu Beex x € B. Bropoe HepaBencTB0 MOXHO
sanmcaTs B BUge 4* > 40, orkyga x > 0.

Orser. x>0. A

YnpaxHeHus
PemnTe ypapHenne (139—145).
_ » -\E 1 3: 1 -2
189. 1)4x1=1; 2)0,3%2=1; 3)2%=2+B; g (-) - 5) .

3
1 1 1V A
140. 1)27== 2 2)400°= = ) (2] =25; 4) (2] =—.
ey D= B (g) ) (3)
1
141. 1) 8- 9*=81; 2) 2. 4%=64; 3)377.32_1;
4) 0,5* +7, 0’51—2;1::2; 5) 0,61 +3=0’62x —5; 6) gix-1_gl-2x,
1y5x-1 2
142. 1) (E) 85 =32 3) 36-6* =36 - 65
1
2) 2% — 48, 4)8*+2=2. 64%.
143, 1) 32x14 320 =108, 4) 3*1- 374 3v+1 = 63;
2) 2372 _ 23x-2 - g); 5) 7. 2041 4 2% — g%+l - 52
3) 2+ 4+ 271 + 2¥=28; 6) 253 —10- 3"+l + 3*2=36.
144. 1) 5 =8%; 2) (é) = (5) ; 3) 3% = 52=; 4) 4= 32,
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1435,

Pemnte ypaBaeHHe:
1)9*-4.3*+3=0;
2)16*-17-4*+16=0;

146. Pen1eTs HEpaBeHCTEO:

1)37>9;

1
x .
4) 4 <2,

Pemnre ypaseenne (147-155).

147.

148.

149,

150.

151.

152,

153.

154,

54

1) 3.1‘2 +x-12 - 1;

2) 212 -Tx+10 = 1;

1) 0,318—124-1—1 = l;
1 —x2_2x+3

2) (2— ) =1
3

1) 10* = ¥100;

2) 10" = §10000;

3) 22527 24 =15,
0’ ()%
2y 500e. (1] -5,

D 27 .57 =100;
3 8 10
2) 03° -7* = 77
1) 75— 71 = 6;
2) 3%-1 4 3%-2— 3%~4=315;
1) 752 = 32—x;
2) 9x-3 = 33-::
1) BB =Tl 4 B 7%
2) 314 3. 5¥3 = 5rrd 4 g3
3) 284 Pr =4z 2317,

1 1,
2) [ET>Z,

x s, 1,

3)26*-6-5"+5=0;
4)64*-8*-56=0.

3) (:lj-:z;

x-1
6) (IJ <L
3 9

x-1

3) 27 % =4

l 1
4) 0,57 =4~

1
3) 5127 =51 .51;

4) 100°°-1 = 10+,
1,

410000°

5) (V10)" =10";

6) 100%*-1 =105,

(1G] -6

4) 0,712 .0, 7°2 = 0, 7%,

4) 107 =

3) 27%. 2% = 36;
4) 327 .95V - 9295,

8) 5% + 8. 5% 2= 140;
4)2*143.2%1-5.2*46=0.

r+2

3) 3T = 5x+2;

4) 47 —gaem,

4) 9x+l L x-1l g% 1,352 _9r 3,9, 393



155,

156,

157.

158.

1)8-4‘—6-2"+1=0; 4)321-10-3*+3=0;
1Y (1Y

23]+ 3] 6<% 5)28%4+8-2—6-2%=0;
3)13%«+1 - 13*-12=0; 6) 531134 . 52— 7.5%=0,
PemnTts BepapescTEO (156—158).
x
1) 551 < J5; 2) 32 >9; 3) 351>y
223 2-3x
x248x 4. g 13 E
4 28 oy, 5)() >2; 6)( <
1) 372 + 3*-1 < 28; 3) 22014 92¢-2 ¢ 9258 > 448;
2)25 14258 > 17, 4) 53x+1 _ 53x-3 ¢ §24
1)9*-3*-6>0; )52l 4.5 °—1>0;
24 -2 <13, 4)3-9+11-3* < 4,
159. Pemnates rpadhmuecKH ypaBHEEHe:;
1Y . 7
1) (5 =x+1; 3) 2 =-x-7
LA N B 1] -
2) 5| =% 3 4) 8*=11-x.
160, Pemnnts rpadAYecKH HEPABEHCTBO:
1Y 1
1) (5 2x+1; 3)2’%9—5::,
1Y 1, . 201
2) (*2—) <x—E; 4) 3 >-3%-3-
161. PemnaTs rpadEaecKn ypABHEHAE:
1)25=3 - 2x - x3 3)[ T““g‘
X
2) 3= x; 4) E =x3-1.

162, [Tpu KAKAX 3HAYEHAAX X cyMMa uncen 2571, 274 y 272 papya cym-

163,

164.
185.

Me GeckoHeuHo yOmBalomell reoMeTpmueckoil nporpeccuH 6,5;
3,25; 1,825; ... ?

PemuTe yparaenne (163—165).

1) 3348 = 27+3; 3)2%. 3= 36% ;

2.4 254, g—vx=1_1
2) B =4 x4 4) pr:
1)3-16*+36*=2-81%; 2)25%+18-10% =7 - 225+1,
1) 817" =27, 2) 5l2-6| —g5Loe-4,
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Pewnts HepapencTeo {166—167).

166. 1) 0,4* - 2,5"”‘l >1,5; 3 4—:_?«4;
l X 1 -1
2) 25 - 0,04 22 > 0,240, 1) (Z) _32. (E) <0.

2
167. 27-37%% > 9%,
168*, HaiiTn BCe e kle 35A9€HAA @, TPHA KOTOPLIX (PYHKIAA

1 +2r —&
y= (ﬁ) OpAHMMAET 3HAYCHAA, MEHRIIHe 3.

169*, HaiiTn 3Ra4esna g, OpA KOTOPHX AMeeT KOPHA YPABHEHEE!
a-9+9+4-3+a—-2=0;
2)a-4*-4*-4-2°+a+2=0.

YnpaxueHus x rnase I

170. CpasERTL YnCIa:

1,4 J2
1) 43 u 47, 3)(%) n(%) ;
1 b4 1 3.14
2) 2¥8 y 217, 4) (5) u [5] )
171, CpaBRETE ¢ eAEHR IR ‘IJIECJIOZ & &
&, 1)% 5) 52 (1) -
nef k) aff) s off)

172, (Yemno.) fiBnaerca | pyHKLIAA BOZPACTAKOMEH NN yORIBalOmei:
-x
1)y =0,78%; 2)y=1,69% 3 y= (%) ; 4)y=47*7
173. B Rar0oM POMEMKYTRE HAXOAATCA SHAYEHNA GyHKImMH upn x € [-1; 2]

1)y =5% 2) y=5*7
Pemmnmre ypasrerre (174—178).
174. 1) 5°°~1=0; ) 2121, 3) 15T =(_§)"*l :
5-x S
4) 0,75%%8 = (1%) i B 5 SS_y  §) (%)’2 =2 :%.
175. 1) 10~ =0,0%; 3) gt = 42515,
2) 5= 6215,; 4) 16 =643~
176. 1) 27+ 273 =18; 5)2.871 - 6.83%1-8==9;
2)3*+4-3*1=13; 6)5*1+3.51-6.5°+10=0;
37 +2.T*1=15; 7) 3%+ - 31 4 3% = T5;
4)5-2*213.2*1=29; 8)3*1 4+ 5.35—3.8+1=21,
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177. 1) 5% -5 -600=0; 3)3*+971-810=0;
2)9°-3*-6=0 4) 47+ 27+ - 80 =0.
178. 1)2-16*-3-4*=2; 3)3-81*-8-9*=3;
2)2.4*+2.2*-4=0; 4)4-16*-17 -4+ 4=0.
179. PernuTs HePaBLHCTBO!

1)8*2>9; 3) 0,772 < 0.7%;

1 1Y" 1
2x - . —
2) 6+~ < 25 4) (3) > o7

180. Pemunts rpadiieckn ypasHeHHe:
-x
1) 2% = 3x + 10; 2) (%) =21 +5.

MPOBEPb CEBA!

1. ITocTpORTE cXeMaTHYeCKH rpadikH GyREmui:
1 x
y= (E ny=5"%
02 1142
2. CpasRHTE yBCHA! (5] R ('5] 3502 5712
3. PeluAT:L YpaBECHRAR!
3;\4.] - 27:—]; 0,2;\:2 +4x-6 = 1;
2x+3 _ gr+l — 12, 4.22-5.2°41=0.
4. PemATL HEPABCHCTBO:
2
72> 49; (0,5)° —2%.

181. Moxa3aTk, YTO NOCASAOBATEALHOCTE 3HAYEHAH GyRKIMA ¥ = 2% TpA
HATYPANLHAIX 3HAYCHHAX X COCTABIAET NeOMETPHIECKYE) IDOrPACcCHIO.

182. 3a mepserii rop paGoTH npesnpAsTAE EMENO ¢ pydnell mprdeinmn. B
JanpHeIeM Kax el rog npadeELs yeeARIuBAnack Ba p% . Ka-
Ko0#i cTaHeT NPHEOLIIL NPEANPHATHEA 38 1-i rox padoTs1?

183. Haitru obaacTs onpeaesreHEd PYHKITAHA;

1) y= 257, 3) y= 0,277+,
1
1
2) y= 35, 9 y- (25

184, HaiiTi MHOMKECTBO 3HAYEHHH HYHKIHN:
Yy=38=1 2)y=1-38% 3y=2vY  4Hy=0,5'"+2.
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185. ITocTpouTh rpadMK QYHKIIEH:

Dy=38-1; 2)y=3<1 3)y= (1

+2
5)’ -2 4)y=2¢*:3.

Pemnrs ypasaenne (186—-188).

+2_12 a x
186. 1) 0,6*’-(%] =(%] . 2) 1640,25% 7 =2/,

187. 1)2-3%14 27" 3 2g+142. 821,

.

2) 2972 _g¥rel _ g o1,

3) 22.9%1 _%'3“3 +%'3x+2 —4

4)5-4*1-16*+0,25- 2224+ 7=0,
188. 1) 27+ + 2942 = §r+1 4 3. 5,

2) 52— Tr - 525 1T+ 75 17=0;

3) g1 _ge _gxi1_giez,

4) 3_4x+%_9x+2 __,6_4x+1_%_9x+1.

189. Pemiure: HepapeHCTRO:

x=3

1) 8-4*°+1 <13 3)

452148

21—:
1 1
2 2757 108007 ) FcEg

190. ITocTponT: rpabHk GyHKOEA:

<8x;

1) y=2+Hxl; 2)y=(3*1-3|.
Pemars ypasrerne (191—194).
02:&&5
191. 1) =5.0,04%; 3)2-4*-3-10%*-5-25"=0;
N3
x =z

2)4-3*-9-2*= 5.82.22; 4)4.-9*+12-3.16*=0.
192%, 1) 4% + 25% = 29; 2)3* +4*=91.
193. 1) 2/=+5l=8; 3) 31l =g =2i;

2) 512-*1 = 125; 4) 4132l = glx2|,

194*, 2lx+1—|22_1|=1+ 2%,
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Pemurs Hepaeencteo (195—196).

195. 1) 3lx2l<9; 3) 2x-2l » gle+i],
2) 4la+1] > 15; 4)5|:c+4|<25|xj.
s "
196. 1) [IT 2 5 gastz2, 2) —9; 32*;1<32*+1.
9 -

UecTopMyeckan cnpaBka

B nrcemax HeMenrkoro pnocoda, prsnka-A300peTATeIA A MATEMA-
ruka I', Jeiibnuya (1646-—1716) x roanauackomy yuedomy X. IMoii-
zexcy (1629-—1695), natuporanuwx 1679 r., MoxHO HaWTH HCIOAL30-
BaHHe (0e3 noAcHe M) nepeMe O BeIMUKHE! B [I0KA3ATEJe CTEIeHH.

Haunpaa ¢ XVIII B. eBponeiicKkie MATeMATHEH, elll¢ He AMed CTPO-
TOH TeOpHH AeHCTENTENLHEIX YHCE, H3YUYAIR OTACILHEIE CBOKCTBA IO-
rasarebHolH @yHEKNEH. B XIX B., nocne Toro KaK B MATEMATHKE YIIPO-
YHJI0CH TOHATHE IPeNeNa H OLlJI0 BBEZIeHO IIOHATHE CTEIleHH ¢ JeiicTBH-
TeJALHBIM IIOKA3aTeJIEM, YIAJOCH CTPOrO 000CHOBATE H CBOMCTRA NOKA-
3aTesHOM GYHKIIER,

Teopisa mokasaTensHON QYHKIINE AMeeT OPOMHOE IPHEKAAIHOE 3HA-
yeHne. HapecTHO, YTO MHOTHe [IPHPOAHbIE H O0IIECTBEHHEIE ABACHRA
OPOHCXORAT IO 3AKOHAM IOKazaTensRo# Gyaruun. HampaMep, opn pa-
JAHORKTABHOM PacIaje BeecTsa €ro Macca YMeHbIIaeTCH 34 PABHEIE TIPO-
MEXYTKE BPEMEHH B OXHO H TO ke 1ucno pas. Ecou uepes T, ofosmauurs
TepnoJ MoNypacnaia BemiecTRa, To uepes T' JeT QCTABIIAACHA MACCA Be-

1n
mtecTea M Bripamaerca popmynoi M = M, [E] , rae M, — neproHa-

qaJIpHAA Macce. Pa3sMHOeHAe JKABLIX OPPAHHIMOB B IPRPOE TAKMKE HA-
XOOUTCA B IOKA3ATEALHON 3aBUCAMOCTA OT BpEMeHH.



rmea lll ] | CTENEHHASE GYHKUWS

§ 9. Crenennan ¢pyHxuMA, ee CBOWUCTBA U rpadux

Bbl 3HAKOMEI ¢ QYHKIEAMBA ¥ =X, § = X2, y=X°, y= % nT.A. Beeatn

GYHKUHH ABAAIOTCA Y8CTHLIMH CAVIAAMH cmenernoil Qyrkyui, T.e.
$yrROEN
y=x%, (1)

rae p — safaHAoe fefCTBRTEAbHOE YNCJIO.

CeolicTea B rpahrK cTeneHHo# yErUAA (1) CymecTBeHHO 3aBUCAT
OT CBOMCTE CTENeHH ¢ AefCTEATEILELIM MOKAZATEIEM H, B YACTHOCTH,
OT TOT'0, IPA KAKAX 3HAYEHEAX X K P HMEEeT CMAIC/ CTeneHh 1P,

Ilepeiigem Kk NoAPOOHOMY PACCMOTPEHHK) DASAMYHERIX CAYYIACE B 3a-
BHCHMOCTH OT IOKA3aTeJA CTeNeHH p.,

1. Iloxazareds p = 2n — YeTHOE HATYPANLHOE HHCIHO.

\ B 3T0M cayuae cTenenHan PYHRIHA i = x2°, rie
¥ n — HATYPAJIEHOE THRCIO, 06ragaeT caenyomuMI
CcBOMCTBAMI;
— ofxacTE ompeneneAnd — BCe OeHCTBHTENL-
y=x' gye YyHCa4, T.€. MAOXeCTBO R}
— MHO}KECTRO 3HAYEHHIH — HEEOTPHIIATEIEHLIe
yAcaa, T.e. ¥ = 0;

0 I — byuxknomra y = x?* — wernas, TaK Kak
(_x)2n = x2n;
Puc. 13, ¢ — #BJAeTca yORBAKIEH Ha TpoMesxkyTRe X <0

¥ BOSPACTAIOINEHA — HA IpoOMerKyTHe ¥ =0,
I'pabek dyEKOMY i = x2* HMeeT TaKkoii e BIJ, KaK, HanpuMep, Ipa-

duk ynkmun y = x2 (puc. 13, a).
2. ITokazaTeas p=2n — 1 — HeYeTHOE HATYPAABHOE UHCO.

B sTomM cay4ae crenenHad QyHKIRA ¥y = x°% 1, pae n — HATYpaab-
HOE 4YIen0, obnagaer CIeIyIOLHME CBOHCTBAMH:

— 00J1aCTh ONIpROEIEHIA — MHOMECTEO R

— MHOHECTBO 3HaYeHHH — MBOXMecTBO K;

— byrEKnua y = x2*1 — geuerHasA, TAK KaK
(_x)2n—l =_x2n.-l;

— fABJIAeTCS BO3PACTAIONIEH Ha Bceil meiicrBH-
TenbHOH ocH.

I'padpur GyEromm ¥ = x2*1 gMeer TaKol xe
BMJ[, KaK, HanpuMep, rpaduk PyExanm y = x°
Puc. 13,6 (pmc. 13, 0).
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3. IlokaaaTens p=—2n , rAe n — HATYPAJILHOE YHCIO,

B aToM corydae creneHHAs GYHKINA ¥ = x™2" =

AVIOIINMH CBOMCTBaMI:

— ofi1acThL onpeneseHAA — MHOMKe-
ctBo B, rpome x =0;

— MHOXeCTBO 3HAYEHHA — mOJOMKH-
TeJABHEIC Yucaa iy > 0;

1
— QYHKIMA y = T3; - UeTHAM, TK
11
(_x)zn x2n »

— HABJAETCA BOZpaCTAIOIER Ha mpo-

KaK

MexyTEe ¥ < 0 B yOrBaomeil 5a mpoMexyTEKe x > 0.

1
o ofaapgaer cae-

le

Puc. 14, 2

1
I'padrr dyRKkonm ¢ = 2n AMeeT TAKO# Xe BAJ, KaK, HAIDHMED,

1
rpadpuk GYEKIHN Y = ? (pmc. 14, a).

4. Ilokaszarens p =— (2n — 1), rae n — HaTYpaJdLHOE YHCHO.

B aToM cayuae cTeNeHHAd GYHKIAA
y=x2""D= prr=y obaragaer caexyomA-

MH CBOCTBAMH:

— oJaCTE OUPEACSICHAA — MHOMKE-
creo R, kpome x = ()

-~ MHOJKECTBO 3HAYEHHH -~ MHOMKEe-
crBo B, Rpome y =0;

— GYHKUAA y= —— — HeYeTHad,
x

1 1
TAK KAK T a1~ _2a-1 5
(_x)zﬂ 1 xzn

— aBjfgeTca yORIRAKWINEH Ha mpoMe-
HyTKax x <0mx >0,

i
Tpaduk GyHKIHYM ¥ = —— HMeeT
x

yll

Puc. 14, 6

1
TAKOMH JKe B, KaK, HanpAMep, rpabuk byaxoau y = — (pac. 14, 6).

x3

5. IMoxazareds p — NOI0KHTEALHOE JEHCTBATENLHOS HELEJIOE YHEIIO,

B aromM ciyuae hyHKURA Y = xP 00aaeT cneqyIoMUMH CEORCTBAMH:
— olnacTs onpeneyeHHa — HeOoTpHUATENbHELE dncaa x = 0;

— MHOMECTBO 3HAYEeHHI — HeoTpHUATEAbLHEIE YHeHa ¥ 2 0;

-~ ARJAAETCA BOIPACTAIOIEH Ha MpoMexyTKe x = 0,
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I'paduk GyEKONKE i = P, Ife P — NONOMKHTENBHOE HELle0e THCIIO,
1

HMEeT TAKOIl e BAJ, KaK, HANPEMeD, Tpabur QYERIHR i = x? (npu
4
0 < p < 1) aau, raK, HanpuMep, rpadur GYHKOHRH Y = x3 {npr p>1)

(pmc. 15, a—0).

Puc. 15, q Puc. 15,6

6. IloxkazaTens p — OTPHUATE/ALHOE AEHCTBHTEALHOS HEIEII08 YHCIO,
B aroM cayuae GYHKIHA i = xP onanaer crexy-

yik IOIIMMA CBOMCTBAMI:

— 00J1acTh onpefeieHHA — IMOJ0KHATENEERE

ancnxa x > 0;
— MHOMKECTBO 3HAYEHHH — NOJOHTEeNBHEE

ymera y > 0;
- — apagerca youRaomeit Ha mpomesxyTKe x > 0.
0 X Tpabux dysxmmn y =27, re p — OTPUIATELEOE
HemeJioe UACH0, HMEeT TAKOH e BAJ, KaK, HAIpHA-

Puc. 15, ¢ !

Mep, FpAdK QYHKIpA y = X ° = —lf (puc. 15, 8).
x§
3agavda 1. PemnTs HepapeHCTBA:
1 4
1) x3 > x; 2) x? > x.
1

A 1) HepagencTeo x? > x mmeer cauica npH x 2 (. Ilpe x = 0 gepa-
BEHCTBO He BrInonugercH. Ilpu x > 0, B03BOAS HePaBRHCTEO B KyD, mo-
JAYUAEM

x>x%, te x(l1-x%)>0.

Tak kak x > 0, To 1 — x2 > 0, orryga 22 < 1, | x| < 1. CnepoBarens-
HO, 0 <x <1. 4

2) AnanoradHo, BO3BOAA HEPABEHCTBO x? > X npu x > 0 B Ky6, mo-
AyUaEM
x> a8, re xx-1)>0,
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Takkak x>0, T0x-1>0, Tre. x> 1.
Oreer. 1)0<x<1; 2)x>1. 4 .

Pemenne »1oii 3aga9n TOKA3LIBaALT, YT0 rpadnr GyErnnR i = x3 ne-
mnmmerpadmxadaymmmy=xn}m0<x4 lrHmxe —~npE x> 1

{prc. 16, a); rpadpuk GYEKIHEH i = X3 NeRUT BEILIE rpajpnra pyEKOAN
y=xnpu x> 1 uunxe — opa 0 < x < 1 (puc. 16, 6).

4 %

]
-
o
=y

Puc. 16

B3agaua 2. CpapanTs uncia (3,2 ™ u (3,5)%.
ATak kak 3 < ®<4,70 8~ < 0. PyHruua y= x** y6LiBaer Ha
npoMexxyTre x > 0. IToatomy
(3,2 > (3,5)°™". A

3 anxaqa 3% Haiitm rourn nepeceyeEna rpadukos GpyRKOEit
4

y= ¥x = y=x8,
A Ing HAXOXKACHAA TOYCK TePeCeYeHnH 3THX rpadHKOB DPeIIHM
YpPABHEHHAE

4
¥x = a8,
JleBas 4acTh STOTO YPABHEEHMS HMEET CMLIC) NPH BCEX X, A npa-
Bag — TOJBKO IIpH X 2 0. .
IIpa x 2 0 pyRROua i = ¥x coenaaaer ¢ dyarOomei y = x? , mosTo-
My YPABHSHHE MOMXHO OIPeACTABATE B CJAEAYIOMEM BRIE:
1] k)
x% = x8,
Bossoaa aTo ypasaenne (mpu x # 0) B Ky6, nomyaaem
r=x4,
orkyama x(x*-1)=0, x,=0, x,=1.
Orser. (0;0)(1:1). &
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3apava 4%, [TocTpouts rpadur GyERRIHNI

1
y=1+|x[F.

A 3aMerumM, uTO 9Ta (PYHKOHUA YETHAH, TAK Kak | —x | = x. [Tosromy
JOCTATOYHC MOCTPONTE ee rpaduk aaa x 2 0, a 3aTeM CHMMETPHYHO OT-
PA3HTE er)Q OTHOCATENIBHO OCH OPAHHAT,

1 1
Iipm x > 0 emeem y = 1 + |x{® =1 + 2%, Crponm rpadmk Gysrman

1
y= x? (up: x = 0), cIBEraeM ero BEEPX HA eMHHHILY H OTPAKAeM NOIY-
YeHESBIH rpadMK OTHOCHTEIEHO OCH OpAWHAT (puc. 17). A

|

Puc. 17

YnpaxHeHuwa

197. H300pasuTe cXeMaTHYeCKH rpadik GYHKIINKE B YKAIATE €8 061aCTh
onpedesIeHASA ¥ MHOKECTRO 3HAYeHIH:
1

1) y=ux* 2) y=x5; 3) y= x%;
1
Hy=x273 5) y=x7% 6)y=x%.
198. (Ycmno.) fAenserca au dyuxuma y = xP pospacraiomeii (yorsalo-
meit), ecnn;
2
1)p=13; 2p=7; 8) p=1-+5;
Hp=1; 5p=2-% 6 p=e?
199. HaobpasuTe cxeMaTAYECKH rpadme GyHKOAR:
2 5
Dy=x5  y=x5;  YHy=xr%  4y=xL
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200. ITons3yacs CBOMCTBAMM CTeNIeHEON QYHEOMK, CDABHITE ¢ €LMHH-
neit: 02
1)4,127; 2) 0,203 3)0,7%%; 4) (JE] ;

201. ITonrayace pacyHKOM 15, 6, HallTH DpOMesKYTKH, HA KOTOPHIX

rpadpnkn pyEronia: 1) y = x‘ﬁ; 2) y = x™ — neraT BEIme (HHxeE)

rpaguka GyEKOHH § = X.
202, ITonesyacs pucyakoM 106, a, HAlTH IPOMEYTOK, HA KOTOPOM Tpa-
1
duxn pysromii: 1) y= x™ ; 2) y=x "2 4" — jemar Beime (HmKe)
rpadeKa QYHKIHH ¥ = X.
203. CpapHHUTH 3HAYEHHA BHDAKERHIL:

2 2

1) 3,172 4,372 5) (%) n (%) :
10123 712\>8 14\ (151

2) ﬁ) B ﬁ) ; 6’(5) “(1—)'

2 2
3)0,3°% 10,209, 7 (4/3) u (3/4);
-0,2 -0,2
4) 2,575 12,673, 8) (2¥6) ~ = {632} .
204. B ogzoit cHcTEeME KOODAMEAT MOCTPORTE rpadhnKA QYHKIHIL;
1
Dy=2*u y= x3; ) y=22m y=x3%

1
2y=xtnm y=x4; ) y=x"m y=x"5%.

205. ITonbsyacek pacyukoMm 15, 6, RalTH NDOMEIKYTOK, HA KOTOPOM I'pa-
ki dyERIE:
Hy=xt  2y= "
JIeJKAT BhINE (HAAKe) rpabHKa GYEKIHY i = X.

206, N3006pasHTs cXeMaTHYecKA rpadHK GYHKIHA:

1
Dx=x"+1; Dy=x -1; y=(x—-2)

Y y=(x+1) 2, By=2+x71; 6)y=(x-2)%
1
- 2

Dy=8x*; 8).’9':;:@'-

3-10. M. Koanrem, 10 xa. 65



207*, IlocTponTs rpaduK GyHKLIHH:
1

Dy=|x[; 2)y=|xP y=|xP+1;
1 1
Hy=|xP -2 Syy=lx—1F; 6)y=|x+2);
1
7)y=|f+T”’—: 8)y=|2x 3.
208*, Hcnonbaya rpabukn dyHKNRIE, BRIACHHTD, CKOJALKO KOpHe# HMe-
eT YypaBHeHHe:
L A
Dx3=3%-2; 2) x% = (5) -3.

§ 10. BsaumHo obpaTtHbie dyHkuUmn

Ecnm sapgasa dyukoma y = f(x), TO AAd KaXIoro 3HaYeHAd X H3
obsacTH onpegencHus PYHKOIAN MOM¥CHO HAHTH COOTBETCTBYICIICE JHA-
yenne y¥. Hepenko npuxonuTea pemarts 06paTHYIO 38489y — 10 AAHHO-
MY SHAYEHHAK (PYEKIHNA § HAXOAATEL COOTBETCTBYIOIIeE 3HAYEHHe apry-
MEHTA X.

IIpuMepoM MOKET Cy:XHTh GopMyaa v = v, — gf, KOTOpasa Bupa-
JKaQET 3aBHCAMOCTE CKOPOCTH U ABMMKEHHS Te/a, GPOIIeHHOI0 BEBEPX C
HAYANBHOH CKOPOCTEIO Uy, OT BpeMeHn AprxeHdd ¢. U3 sroit popMynur
MOXXHO HaliTH 06paTHYIO 32aBHCHMOCTL — BPEMEeHH ! OT CKOPOCTH U:

t=1"Y
g

B paccMoTpeRHOM OIPUMEDPE KAMAOMY 3HAYCHRIO (PYHKIRHE COOTBET-
CTEYET OJIHO OIpPeAeIeHHCe 3HAaUeHHe apryMerTa. Ina rakux GyRempi
MOXHO BHIPASHTE 00PAaTHYIO 3ABHCHMOCTE 3HAYEHHI ApryMeHTa OT 3Ha-
yennit dyuxomu, [IosToMy TaKme PYHKIIAA HAZRIBAIOT OODATHMEIMM.

Ecnu gpynryua y = f(x) npunumaem xaxc-
} fJoe esoe 3HaueHUE Y MOAbKO RpU 0THOM 3Ha-
YeHUL X, MO SMmYy QYHKGHI0 Ha3bisalom obpa-

mumot.

Hanpnamep, dbyaxknmaa y = 2x — 2 obpara-
M4, TAaK K&K Ka)KI0e SHAMeHHEe Jf IPHHAMAET-
1 CH OPH eAHMHCTBeHHOM 3HAYEHHMH apryMeH-
Ta x. JTO 3HAUPHHE MOMKHO HaiiTH, pemas
ypeBHeHHe i = 2x — 2 OTHOCHTEJILED X,

y

-1 0 1 x @yarnng y=x2 He apngerca obpaTHMol,
TaK Kak, HAanpUMep, 3HadeHne i = 1 oHA OpH-
Puc. 18 HEMaeT npa X = 1 1 mpu x =-1 (puc. 18).

66



IIyers y = f(x) — oOpaTaMan ¢yuknea, Toraa KamaoMy y M3 MHO-
}KEeCTBa 3HAYEeHHH GQYEKIMA COOTBETCTBYET OJHO ONPEAEeRHOe THCIO
X 13 00NacTH ee oOmpeAesieRns, Takoe, 9410 f(x) = y. OT0 COOTBETCTBHE
onpezenser GYEKIHIO X 0T I, KOTOPYIO 0003EaUHM X = g(y). B aroi 3a-
IHCH, B COOTBRETCTEHA C NIPHHATHMH 0003HAYEAHAMH, IOMEHAEM MeC-
Tamn ¥ R y. [Toxyuum

y=g(x)

PDyEKITHIO ¥ = 2(x) HASKBAIOT 00pamuoil K QYHKIEM I = f{x).
2amaua 1. Haiivm pysxomo, obparEyio ¥ GyEKORN

y=38x+5. (1)
A Pemas 370 ypABHEHHE OTHOCETEIBLHO X, IIOTYYaeM
x= % (- 5).
B aroit hopMyiIe noMeHASM MECTAMH X B Y
1
y=3(x-5). 2)

Pyarona (2) seagerca obparnoii K dyaxuun (1). A

Ecan oGparuMan Gyaxoua ¥ = f(x) zagana GopmMynroii, To nud Ha-
XOaeHNA o0paTHOH GQYHEKINK HAAO PEIIUTh YpaBHeHHe [(x) = y or-
HOCHTEJILHO ¥ M 3aTeM HOMEHAThH MECTAMH X H Y.

3aMeTHM, ITO PACCMOTDEHEAA B 3aaave QyHKURA i = 3x + 5 Apnger-

1
cA ofpaTHoi K HaliazeHROH Ana Hee 0BpaTHONA GyHKINA Y = g {x—5H).

IToaToMy 9TH HYHEKOHN HAILIBAIOT 83AUMHO 00DAMHBIMU.

H3 onpeaeneana o6parHoii QYHEKIHN caelyer, wmo odaacme onpe-
derernun obpamuoll pyHKyuy cosnadaem ¢ MHONECMEOM IHAVEHL
ucxodroit, @ MHONcecmao snavenuil o6pamuoil pynkyul coenadaem ¢
obaacmoio onpedereHunr ucxodnoi QyrryLL.

danmaga 2. Haiite dpyEKIHIO, 00PATEYIO K QYHKIHUA ¥ = % .

1
A Pemas 9To ypaBEEHHe OTHOCHTENABHO X, noxydaeM x =2 + ; . Ba-

A
MEHHAB X Ha M Iy HA X, HAXOARM iy =2 + 7"

1
B sroii sagaue ofaacte onpepgenenns dyskomam y = ~_2 €CTh MHO-

sKEeCTBO NeliCTBETENHHRIX YHCEN, HE PABHRIX 2, 4 MHOXKECTBO €€ 3HAYe-
HHi — Bee AeficTBUTENLERIE YKCaA, He paBARE 0, I'paduk sToil GyHKk-
LIH [IPeACTABJEH HA PHCYHKe 19,
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Jast obparnoi dbyakmum y=2 + i obiacTs oopegeneHuss — MHO-

JKECTRBO AeACTBHTENBHEIX YHCE), He PaBHEIX 0, & MHOXKECTBO 3HAYE-
HH#t — Bce AeliCTBHTELELIE UHela, He paBHEle 2. I'padur obparHoi
¢yHKNRN H300paKe na pucyrke 20,

y“. E }’j
E y=2+1
NG T 2T .
] V2 x \
| \E X
Puc. 19 Puc. 20

l Teopema 1. Morvomonnar PyHKUUR A6AREMCA o0pamMuMoii.

¢ Ilyers, HanpuMep, GYEKINA i = f(x) Bo3pacTaeT ¥ UyCTE ¥, — ee
3HAYEHHE B HEKOTOPOH TOUKE X, T.€. ¥,= f(x,). Torga ecan x npanazne-
AT ofuracTH onpeaesiennsa GYHKUKH, TO IPH X > X, BRIIOJHAETCH Hepa-
BeHCTBO f{x) > f(x,) = Yy, 8 IPU x < X, — BepaBeHCTRO f(x) < f(x,) = y,,.
Cneaorarensro, 3HAUERHAE ¥, PACCMATPHBaeMad GYHKIHA IPUEHMAET
TOJBKO B OJJHOI TOUKE A NOSTOMY ABNAETCA 00paTUMO. @

Hanpuwmep, bysxkuus y = x® Bospactaer, 1 noaToMy oHa ofpaTama,

oBpaTHO K Heil ABnagerca GyHKOAA i = Yx (puc. 21, a).

Ecou dyrrknusa y = f(x) Bospacraer, TO ¢ yBeJIHICHAEM X SHAYCHRA [f
BO3pAcTaloT M, EaoopoT, ¢ YyBeIMYeHAEM ¥ BO3pacraer x. JTO O3HaYa-
eT, uTo 00paTHA" (PYHKIKA TAKKE BO3PACTACT, AHAJOTAIHO €CJIH QYHK-
oea y = f(x) yonBaeT, To oGpaTHAd K Heil GYHKIAA TaKxKe yOMEBALT.

Hanpumep, pyEKINA f(x) = 1 ~ 2x yOupaer, ¥ obpaTHad K Hell

dyExKnRg g(x) = 1_;_" TaKxKe yoreaer, PyHKNHEA, He RBAANIMAAC MO-

HOTOHEOH, MOMKET He UMeTh 00paTHOH.

Hanpumep, byHxnua y = x2, paccMaTpABacMAad HA Beeil YHCI0BOM
ocH, He uMeer ofpaTHOI. OARAKO ecaH HYHKIAK® ¥ = X2 pacCMaTPHBATh
TOJABKO NPH X 2 (), TO HA HTOM NPOMEKYTKE 0HA BO3PACTAET H, CJIe0Ba-

TeNLHO, HMeeT 06DATHYIO I = Jx (prc. 21, 0).
DyEKIUA y = X2, paccMaTprBaeMasa npn x < 0 , yOniBaer B Takxe

AMeeT OOpaTHEYIO i = — Jx (puc. 22).
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Puc. 22

Puc. 21,6

T y=ft0)

¥,
P

’,’0 V Yo _J;;
y=g)

Puc. 23

Teopema 2. Ecau Qynruus umeem obpamuy, mo zpaux
ofpamuoil PyrRKYUL cumMempuren padury ParRoil QYRKLUU OMHO-
CUMEALHO NPAMOIL I = X.

O Ecnm Toura (x,; ¥,) OPEHAIIERUT rpa-
dnky pyExumEM ¥ = f(x), To TOUKA (¥4; X,)
UPHHANIEHHT rpaduKky oOparHoil GyEKINH vy
¥ = 8(x) (puc. 23), a Toukn (xy; y,) 1 (Y5 %)
CHMMETPHYHEL OTHOCETEILHO OPIMOM ¥ = X

(pmc. 24). @

Preyrxn 21, 6; 22 mInOCTPHPYIOT STY Te-

opemy.

OrMeTrM, 4TO cTeneHEAA (PYAKOHAA § = 2P

y ey
1 (xo: ¥0) ﬂ/

fay -
Xg (¥y3xg)

0 *o Yo x

¢ oBaacTeio onpegenenna x > 0 u p = 0 obpa-

TEMa, TAK KAK M0 ¢BoiicTBy 3 § 9 oHa MoOHO-

Puc. 24
1

torHa. OGparHOil K Beil aeaserca Pyukoes y= x° .
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YnpaxHesuma

209, (Yemno.) BHACHHTE, ABAAETCA JIH 00paTHMOH GyHKIEA:

1y=3x-1; Dy=x2+T; Hy= %;
Yy=r; B)y=x*; 6)y=x, x <0.
210, Haiitn pyEKRIKIO, 0GPATHYIO ZAHHOM:
Dy=2x~1;  2y=-5x+4  8y= %x_g;
_ 3x-1 _ .3 .3
Y= g By=x*+1; 8)yy=x°-3.

211. HaiiTi 062¢TE ONPEeAeIeHN K MEOKECTBO 3HAUCHANR (PyHROMA,
obpaTHoiil gagHoil dyHKIHA:

Dy=-2x+1; y= x-T Yy=r-1L;

2 3
= — 3. = — = = —
Yy=(x-1)%  Sy=_; 8y=_——4-
212, dynruna y = f(x) sagara csonm rpajmrom. [locrporrts rpadbnx
dyuxomn, ofparaoit narHoi (pac, 25),

» yh
—
2
N i
I T S
o 1 «x ol 1 x
a) o)

213. AsaAwrea 1A B3aHMEC 00PATHBIMHA DYHKLAH:

1
y=-x*ny=—%x; y=xny=+—;
J_
y=—xn y= Yx; 4)y=%?n y=§f??
214. Haitti dyERUIMIO, O0PATHYIO JAHROI:
1 3 3 1
Dy=-x%; 2)y=—x"; 3y=x*; Yy=-x*.
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215. Ha ogHOM prCYHKe DOCTPOATE rbadhHK JanHOH HYEREKOAR B PyHK-
uuH, obpaTHOl TaHAOH!

1)y=8x-1; By=x2-2;

2y= 23, 6 y=(x- 1)
3)y=x2-1 npax>0; Ny= Jx - 1;
Yy=(x—1¥npux=1; 8)y=~/;+1.

§ 11. PaBHOCUNIbHbI® YPABHOHUA U HEPABEHCTBA

1. PapHOCHALHEIC YPABHEHNA
3amaga 1. Hajlitu ToukE nepeceueHns rpadmxos GpyHROmAi

y=3-J; Ay=x+2.

A Ecnm (x; ¥} — TOYKa NepecedYeHnd JRRHRIX rpadMKoB, TO ¥ =3 J_ =
= x + 2, CaezoBarennHo, ANA HAX0XEAeHUA abcuuce TOUeR nepecetienns
HAJAO PEIIATE YPABHEHAE

3Jx =x+2. (1)
Boasons ob6e yacTH ypasneHnd (1) B
KBajpaT, moxyuaeM 9x = x2 + 4x + 4, or- vi 5
Kyna x2 — 5x + 4 = 0. Koper sroro ksaju- S
paTEOro ypaBHeRus X, =1, x, = 4. IIpo- 1 3
BEPKA NOKA3KIBAET, 1T0 008 3TA KOPHA 6 y=3x

ABNHAIOTCA TAKKEe H KOPHAMH YDAaBHEHH S b

(1). .

Tenepk HAXOJEM OPAEHATE TOUEK 31

nepecedyeHHA AARHHX TrpadHEKOEB /

]_

y1=3Jx_I =3, y2=3Jx_=6. Hrarg, . 1 P -

/2 0 1 4 x

JaHHble rpadEKH NEPeceKaloTCA B ABYX

Toukax {1; 3) 1 (4; 6) (puc. 26). Puc. 26

Oreer.(1;3);(4;6). 4

IIpr npeolpasoBaHAA HCXOOHOTO YPABEEENS

3Jx =x+2

NOJYIRIA
Ox=x2+4x+4;

x2—B5x +4=0.

Bcee TPH ypapHeHHA HMEIOT OAHH H Te Xe KOpHH X, = 1, x, = 4. Tarkue
YPABHEHHA HAIBIBAIOT PAGHOCUALHLIME,
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Ypasuenua, umMeuie O0GHO U MO He MHONECTNS0 xopneﬁ. HA36L-
8aOMCH PABHOCUNBHRBIMU .

HanpumMep, ypapaeHns 4x — 3 =2x + 3 u 2x = 6 paABHOCHJIBHE]L, TAK
KaKk Ka)kAoe H3 HUX HMeeT TOJILKO OOHH Kopens X = 3. ¥YpasHenns
(x—2)x+5) =0 mx2+3x— 10=0 Taxixe PABHOCHJBHLI, TAK KAK
OHHE HMEIOT OAHM M Te JKe KOPHE X; = 2, X, =—5.

Mz onpegeneuns papEOCHILHOCTH YpPaBHeHHIl clrenyer, uro Jea
YPUBHEHIULA PABHOCUABHYL, €CAU KEWILLL ROPEHD TEPBOZO YPABHEHUR
AGAAEMCA KODHEM 6Mopozo u, Haolopom, Kaxcduiit xopers amopozo
YPABHEHUA AGRALTICA KOPHEM NEPE020. YPASBHeHUA, He UMeUuue Kop-
Hell, maxice cuumaiom pasHoCUALHLIMU,

H3 kypea 7 Ksacca BE 3HAETE, YTO MOKHO CAEJATE CAEAYIOLIME 1pe-
00pa30oBAHEA YpaBHeHMI:

A0b0il ureH YPAasHEHUR MONCHO NEPEROCUMD U3 0dKoil wacmu 6 dpy-
2Y10, USMEHIE €20 3HAK HA NPOMUSCNOIONHbIL;

ofie wacmi YPABHEHUA MONHO FMHONCLID WAL pasdenums Ha 00HO
U MO e YUCRO, HE PABHOe HYRID,

IIpn oTHX npeodpasoBAHNAX MCXOAHOE YDABHEHKE 3AMEHHETCH HA
PABHOCHTLHOE €MY YDABEEHHE.

3aMeTHM, YTO £CJIA HEKOTOPOR BRIPaKeHAe B JICBOI AJIA NPaBO# 9a-
CTH YPABHEHHH 3AMEHHTH TOMAECTBEHHO PABHEIM €My BEIPaXKeHHeM, TO
NMOJYIATCA YPABHERHE, PABHOCHILEOE HCXONHOMY ., OIHAKO He TIPH JTI0-
GoM npeobpa3oBARNA YPABHEHHE 3AMEHAETCHA HA PABHOCHIBHO,

Hanpemep, npn BO3ZBeAeBHH B KBaJpaT oberdx gacTeil ypapHeHAA

Jx =x-2

x=(x-2),
He PABHOCHJILHOE HCXONAOMY: IEPB0OE YPABHEHAE AMEET TOJRKO OJHH
KOpeHb X =4, a BTOpoe - ABa KopHA x,; =4, x, = 1.

B 3ToM cayuae BTOpOE YPAEHEeHHEE HASKIBAIOT CAedCmaleM NEPBOro
YpABHEHHSA.

Ecsu npH nepexofe 0T ONHOTO YPABHEHNA K APYroMy He NpPOHCXO-
JWT NOTEpPH KOPHEil, TO BTOpPOe YPABHEHHE HASKIBAIOT CAeGCmBUEM TIeD-
Boro. JIpyruMu CIoBAME, €CAU 6C€ KOPHU NEPBOZ0 YPABHEHIUS ASARIOM-
CA KODHAMI 8MOPOZO, MO 8MOPOE YPABHEHIE HA3blGAEMCA CAedemel-
€M Nepevzo YpasHeHUA.

H3 aToro onpefieleERA U oNpe/ieIEHAA PABHOCHILHOCTH YPABHEHAS
CIeAYeT, YTo:

1) ec/im IBAa YpPABHEHHEA PABHOCHJLERI, TO KaMKJOE U3 HAX ABIAET-
CA CIeACTBHEM APYTrOro;

2) ecnm KaxAoe U3 JBYX YPABHEHHH ABJIAETCH CIEACTBHEM IpYyro-
ro, T0 3TN ypaBHEHHUS PABHOCHJLHEI.

noJIydaeTcA ypapHenHe
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IIpn penrenu ypapHeHH# M1aBHEOE HE TOTEPATE KOPHNA, 8 HAJAYHE
TIOCTOPOHHHX KOpHeH MOXKHO YCTAHOBATE Nposepkoil. IlosToMy Bask-
HO CIEATH 3a TeM, YTOOR Kaj)kKJoe YPABHEHRE, NOJYYeHHOE IPH Ipe-
o6GpasoBaHHM SAHHMOTO YPABHEHHSR, OLLIO €ro C/IefCTBHEM.

dapavua 2. PemuuTs ypaBHeHHE
2 _x+l_ 4
x-2 x-1 (x-D(x-2)
A YMHOoxAM ofe 4aCTR ypaBHEeHAA Ha o0Immii 3HaMeRaTearL BCex
Tpex ApoGeii, T.e. Ha (¥ — 1)(x — 2). Hoayunrm
2x(x—-1)—(x+1Xx - 2)=4, (3)

2)

OTKYIA
¥?-x-2=0, x,=2, x,=-1.
IIpopepxa. 1) Ipu x = 2 sHaMeHaTe R IBYX ApoGeil ypasEeRuA
pasuH nymo. [ToaroMy x = 2 He ABAAETCA KOPHEM JAHHOTO YDABHEHUA,
2)Ilpu x = —1 neBad HacTh YPAPHEeHHA PABHA
2.(-1) -1+1_2
-1-2 -i-1" %

Opasasd YacTek DABHA
4 _2
1-)(-1-2) 3

OrBer. x=-1. A

BaMeTHM, 4TO J/IS NPOBEPKH KOPHA X = —1 N0OCTATOYHO YBUAETh, ITO
3HAMeHaTe R Apobel ypapHeHNA NPH X = —1 He pABHBI HYJI (€CaH, KO-
HEYHO, IPA PeIICHRH YPABHeHHA He AonYIIeHs omHOKA B npeobpaso-
BAHNAX H BHYHCJAEHHAX),

Ilpn pemieHHn 3Toi 3agayy B3 paBeHCTBa (2) mosyuyeHo ypasHe-
HHe (3), KoTopoe ARJIAETCA clefcTBAEM ypapHeHda (2). Kopens x, = 2
ypasHeHNA (3) He ARNAeTcH KopHeM ypasEeHnd (2), Ero HaguealoT no-
CMOPOHHUM KOPHEM ANIA YPaBHEHAA (2).

Hoemoponnie KOpRU MOTYT HONYYATHCA PR YMHOXKeHAHN ofenx
YACTe YDAPHEERS HH BEIPAXKEHHE, COAep Kalllee HEHaBeCTHOE.
3aapawxa 3. PemunTs ypagHeHHe
x2-4=Tx-14.
A IIpeoGpasyeM AagHOe YPABHEHNE TAK:
(x+20x—2)=T(x - 2), (4)
(x—2)x+2-7=0,
(x -5 x—-2)=0,
OTRYOR X; =D, x,=2. A
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Ecsi oGe uacTH ypasBEeHHA (4) pa3sfeanTs Ha X ~ 2, TO NOJYYHETCA
ypabHeHHE X + 2 = 7, KOTOpOe HMMEeeT TOJABKO OZHE KOPEHEb X = b, T.e.
TPOH30AAET NOTEPA KOPHA X = 2 H peIIeHAe 384Ul 6yaeT HeBePHRIM.

Ilorepsa kopHeil MOXeT NPOHICITH OpH AeneHnn ofenx gacteit
YPABHEHHA HA BEIPAXKEENE, COAEPKalee HeA3BeCTHOR.

HTak, OpH pemieENl YPABECHAA MOYHO ASJATE TONBKO TAKHE mpe-
00pa30BaHNA, IPH KOTOPHX HE NPOMCXOONT noTepn Kopueil. Ecanr npu
STOM DONYYAKIOTCA YPABHEHHRA-CJAEACTBHA AARHOrO, TO HeoGxoAHMA Ipo-
BEPKA HAMAeHELIX KOpHEH.

2. PapHOCHILHLYe HEPDABCHCTRS

AHATOTAYHO ONpefeNAeTcA PABHOCHJILHOCTE HEPABEHCTE ¢ HEHS-
BECTHBIM.

Hepasencmea, umewuiie 0010 1 M0 He MHONECTEO Pelueruil, Ha-
3bi6AION DAGHOCUALHBIMIL,

HanpuMep, HepaBeHCTBA '1;_31 <0 # x— 3 < 0 paBHOCHJIEHH, He-
X

paBeHCTEa X2 —4x < x — 6 u x2 — Sx+ 6 < 0 TaKxe PARBHOCANBHEL.
IIpn pemeHHH HEpaBeHCTB OULIYHO JAaHHOEe HEPABEHCTBO Npeobpa-
3yeTcA B PABROCHABHOE eMY.

3amaga 4. PermInTs HepapeHCTEO

bx-3

>1.
22 +1

A Tax kak x2+ 1 > 0 npH Beex AefiCTBATENLHKX 3HAYEHHUAX X, TO,
YMHOXAA AaHHOE HePABEHCTRO Ha X2 + 1, oJTyYaeM HepaBeHCTBO
5x—-3>x%+1,
PABHOCHJIBEHOE JAHHOMY.
Pemasa 910 HEPaBeHCTRO, TOIVYAEM

x2-5x+ 4 <0,
(x—-1}x—-4)<0,
orkyral <x <4, A

3amgawa §* PemuTs ypasHEHHAE

(Bx- 922 = (3 — 4)5,

Al)3x—-4>0,808x-4%1, Te. x> %,no x#%,mma2x2+2=5x,

4 1 4

1
2_ - - — 2 12 L
2x2-5x+2=0,x=2nmm x= 2>3,2<3,x1—2.

59
5
2)3x—-4=1, T, x5= 3> TAK KaK 1% = 1 upu moboM .
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16
3)3x—-4=0,1.e. X= % BrINOJHHM MPOBEPKY: 023 0, 0
4
3= 3 — KOPeHb yPABHEHMH.
4)8x-4<0,503x—4#—1,1.8. X < g, HOo x # 1, Torma 2x2 + 2 = 5x,

i
_1 1.4 5\ 5%
X= 5 MM X = 2; 2 3" . BHITIOJTHUM NPOBEPKY: [—E)E;e(—g] ,» TAK

KAK (—%)’ He CYIIEeCTBYer.

5) 83x — 4 =-1, r.e. x = 1. Bumoxan™ npopepky: (—1)21+2 = (-1)4 > 0,
(-1)* <0, x =1 — He KopeHs.

5 4
Orser. x,=2,x,= 3° %<3 A
YnpaxHeHns
218. Pemurs ypapHeHHE!
x-2 1-2x

1)(x+7) - 83=2x+14; N T~

1 5x-15 2
9 2+ = = .
R i v L D e+ x+3

217. BMACHATE, PABHOCHJIBHEI JIM YPABHEHHA:

1)2.:\:— T=4x+5 u 2x+12=0;
2) (2x 1)= 1n%1;
3)::2 3x+2=0 1 x2+3x+2=0;
4)(x-22=8(x-2) m x—-2=3;
5)x2+1=0 n 2*1=0;

6)jx—-2|=-3 m 8=(-1)

218. BriacEUTR, PABHOCHARLHEL JTH HEPABEHCTRA:
1)2x-122 n 2(x-1)21;
Dx-1x+2)<0 1 22+x<2;
x-2Yxr+1)<3x+3 u x—-2<3;

Y x(x+3)>2x u x(x+3)>2x2

219, YeTaHOBHTR, KAKOE H3 ABYX AAHHBIX VPABHEHHH ABAAETCS CIE-

CTEHEM APYTrOTO YPABHEHHA:

2
DNx-3=0u x2-5x+6=0; 2) x;—3x1+2=0 g x2—3x+2=0,
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220. PemnTh YpaEHEHHAE:

1) x+2x=4x

x4+l x-1 x2-1

3)(x - 3)(x - 5)=3(x - 5);

gl 2.1, 4) (x — 2)(x2 + 1) = 2(x2 + 1).
x-2 x x-2
221. PemiThL HEpABEHCTRO:

x+3 x-2
<3 2 ———=>=1.
2+ 12 ) 5-x

1)

BrIACHWTE, PABEOCHJIBHE] IH YPaBHeHAA (222—224),
222, 1)|2x-1|=3m 2x—-1=3;

2) 3"‘5_2—4_x—3"‘7_5=2:1t:—2 u2x+3= E)
3 2 6 3
223, 1)1=0nx2+1=0; 3 x?=2x uw x=2;
x
2)Vx =—2 m x+3=x; 4) 3212-5":_; n 2x%-5r=-2,

224, 1)2x-1=4-1,5x m 3,6x—-5=0;
2)x(x—1)=2x+5m x2-3x-5=0;
8) 231 =278 y Bx+1=3;
4) Jx+2 =83 m x+2=9.

225, VcTaHOBNTE, KAKOE N3 IBYX FAHHEIX YDaBHEEHH ABIAETCA cnes-
CTBHEM JDYIOTN0 YDABHEHHS!

2) —-=—— n x2=4;
x+2 x+2
N (x—50x+3P2 =2(x+3P mx—-5=2;
4 F2 F8 L (x-2)(x+2)=(x - B)x +3).

x+3 x+2

1 2
226. PemnTe ypaBHEeHEE -2 . 5: =3 5
3x+1 3x-1 9x°-1 1-9x

227. HaiATi KOpHA YDABHCHHA:
3 4x-1_ x2%45 5 x+2 x(x-4)_x-2 4(3+x)
- = -5 - -

1 = )
)x—l x+1 221 -2 x*-4 x+2 4-i
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228, PeninTs HEPABEHCTRO!
DxP-3x2+2x-6>2x3 - x2+4x-2;
Dx®-8x2-4x+12>-3x% + x2+ 12x — 4.

229*, PemnTs ypaBHeHHe:

1) (x-3F =1, 3) (x+ 87 4 =(x+3y;
2) (Z -1 =1 1) (x+ 3 3 =(x+ 3.

§ 12. UppauyuoHansHbie YpasHeHUs

B ypaBHerRAX Jx+i=x-1, J5x—4 =2+ J.; HEHIBECTHOR X HA-
XOMHUTCA 1104 3HAKOM KODPEA. TaKkne ypaBHeHHA HASKBAIOTCA UDPPALLO-
HAALHLLMU,

[Ipueeaem eme npHMephl MPPAIHOEAJLHEIX YDPABHEHHIA:

Yerip=x+1, Ye+6=16-2x.
HppanmoHalbHBIe YPABHEHHA YACTO MOAYIAKTCH NPHA PeIIEeHHA
pasHMX 3aga4. HX penleHHe cCHOBAHO HA CIEAYIOMIEM CBOHCTBE.

ITpu soagedenuu ofeux wacmeil YypasHeKUA 8 HAMYPAALHYIO cme-
nent NoAYLaAemcs YpasHerue-ciedcmeue faHnozo.

O I[TyeTh ¥ — KOpeHB YDABHEHHA
f(x} = g(x),
T.e. f(x) = g(x) — BepHOe YRCIOBOE paBeHCTBO. Torga mo ceoiicTBaM Bep-
HEIX YECJOBEIX PABCHCTB f(x) = g%(x) — TakiKe BEPHOE YHACJIOBOE pa-
BEHCTEO, T.e, X — KOPeHb YPaBHEHHH
fi(x)=g"(x). ®

O6patHoe yTBEPXAEHHE HEBEDHO,

Hanpumep, ypapHenne 6 —x = X HMeeT oflAH KOPeHb X = 2, a ypas-
HewHe 6 — x = x° WMeer ABa KOPHA x,=2,x,=-8.

[Ipu Bo3pegeHuH 0GeAX YacTel HPPAIHOHANLHOTO YPABHEHNA B HA-
TYPAALHYIO CTENEHb MOTYT MOABUTLCA NMOCTOPOHHEE KOPHH, TIODTOMY
HeoOX0mIMAa DpOBEPKA.

Hanprmep, npma BO3IBeIeHAR 00eHX yacTell ypaBHeHHSA

Nl +x-1=x
B KBAADAT DOXYIAM YPaBHEHHAE
x2+x-1=x, T.e x2=1.

9ro ypapHEEHHE HMeeT ABa KOpHA x, =1, x,=—1. Bropoii KopeR: as-
AseTcA IOCTOPOHHEM JJIAl MCXOAHOTO YPABHEHHUA, TaK KaK MOLKOPEEHEIE
BEIPAYKEHNA NPH X =—1 OTPHUATENBLHEL.
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Samaua 1. Permmr: ypasaeHHE

Je+6—Jx+1=+/2x-5.
A Bosgopa o0e yacTH YPABHEHRA B KBAZPAaT, HOJIy4aeM
x+6-2,/(x+6)x+1) +x+1=2x-5,

orkyaa J{x+6)x+1) =6.

Bozeezem 0be YaCTH MOCHeAHEr0 YPABHEHHS B KBAADAT
x24+Tx+6=36, mm x2+ Tx-30=0.

Kopru sToro ypasuennsa x,; = 3, x,=—10.

IIposepxa noKaseiBaeT, 9T0 X,=—10 — DOCTOPOHHAA KOPEHB.

Oreer. x=3. A

3agaua 2. Pemuurs ypaBHeEHE

Yx2+12=x. (1)

A Bozsegem 06e 9aCcTH YPAaBHEHNA B Y€TBEPTYIO CTENEHE
x2 +12=1x4,
orkyza xt— x2 - 12=0.
Pemum sT0 GAKBAgDATHOE YPABHEHRE

. 1+ I+ 48 _ 127
2 2’

Te. 22 =4 @A x%=-3.

Vpasrenne x2 = 4 uMeeT OBa KOpHA: x = 2. Vpapnenne x? = -3
He AMeeT gelicTENTEeNLHEIX KOpHeH.

Tak Kak OpH BosBefeHNH ofenx yacreil ypapHeHus (1) B weTBepryio
cTeneHb MOTJIH [I0ABETHCA MOCTOPOHHEE KOPHH, TO HYM¥HO COLJIATE IPO-
Bepky. Ilpm x = 2 ofe wacrm ypaeEeHnnd (1) pasHH 2, T.2. X =2 — KO-
PeHb YpaBEeHHA (1).

IIpn x = —2 nepasa uacTs ypasueHusd (1) paema 2, a npaBaa paBHa
-2, T.e. x=-2 He ABIYETCH KODHEM ypaBHeHHS (1).

Orser. x=2. A

3anava 3. PemnTs ypaBueHRe

¥ —19=x-1. 2)
A Bossopsa ofe 4acTH YPABHEHEA B KY0, ToIydaeM
#-19=(x - 1§,
OTKYIAa
2 -19=(x-2x+1)x-1),
2-19=x-8x2+8x—-1, 3x2-3x-18=0, x2-x-6=0.
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Kopgewu sroro ypasHeHus: x, = 3, x,= —2. [I[popepka noxassipaet, 4T0
00a 3TN 3HAYECHNS EEASBECTHOrO ARIAIOTCA KOPDHAME ypapHeHnd (2).

OrseT. x,=3,x,=-2. &

Huoraa npe pemreHHN HPPAIHOHAJNLHOTO YPABHEHRA NOJIE3HO HC-
MOJb30BATE TPADHKH DYEKIIHIN.

dagaga 4. BHACHHTE ¢ HOMOIILIO vh
rpadHKOB, CKONLKO KOpHell HMeeT ypaBHe- y=lx

HHE ‘J; =1 — x2, HaiiTn npubanxenase
JHAYEeHMA ITHX KOPHeii, 1
A TlocTporM Ha OAHOM PHMCYHEKE rpadH- ol 0.5

ke pynkmEi y = Vx ® y=1- 22 (pre. 27).
I'pacdmkn nepecexaTCA B 0HOIH TOUKE IPH y=1—x"
x=0,5,

Orser. x=0,5. A Puc. 27

=y

damgaga 5% PemATs OTHOCATENALHO X YPAaBHEHAE

Jx+2.Jx-3=a (3)

A Boapoas ofe 4acTH YpABHEHHSA B KBaapaT, ONyIaeM
{(x+2)x-3)=a?,

oTKyAA
x2-x-6-a2=0,

x =é(1+ V251 442 ) % =%(1— J25+ 402 ) (4)

Jlna mposeprH oTMernM, uTo 25 + 462 > 25 n N25+44% 25 npA
MOBLIX ACACTBATENLHLIX dHa4eHAAX a. M3 dopmya (4) momyurmm x, 2 3,
Xy &2,

IIpa x = x; ofla NOAKOPEHHEIX BHIPAXKEHHEA B YpasHeHHH (3) HeoTpR-
HATeJBHE, & IIPH X = X, I0AKOPEeHHOe BLIPa)KeHHe BTOPOTO KOPHA OTPH-
HATeIBLHO: X, — 3 < -3 < (. CnegopaTebHO, X, — IOCTOPOHBAN KOPEHb.

Jna oxonvaTeasHOH NPOBEPKH KOPHA X, AOCTATOTHO 38METHTh, YTO
NpH X = X, JEeBAA 4acTh YPaBHeHHH (3) HeOTPAIIATEIbHA, C/ICAOBATEb-
HO, NIPABaA YACTh TAKKE J0JKHA GRITH HEOTPANATENLHOH, T.8. AOIKHO
BBIIJIHATECA HEPABEHCTBO @ > 0.

Orper.Ecama 20, To x=%(1+w)25+4a2); ecan a < 0, To Kop-

Heil BeT. A
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YnpaxHeHus

230. (Ycmuo.) Pemars ypaBHesne:

1) Ve=2; 2) Jx=T; 8) Yr=2 4) Yx=-3;
5) V2x-1=0; 6) 1-3x=0; 7N¥r=1: 8) ¥2-x=0.

PemnTts ypasuenne (231—240).

231, 1) Vx+1=3; 3) Vx+2=3-x;
2) Jx~2=5; 4) Vi+x=2x-1.
232. 1) ¥2x+3=1; 3) 1-2x=¥x;
2) Y1z =2 1) Y37 -3 -z
233, 1) x+1=+1-x; 2) x=1+Jx+11; 8) Vx+3=5-x;
4) Vr+d=+2x-1; 5)Vx*-23=15;  6) Vx®-x-3=3.
234, 1) Vx-x=-12;  2) x+Vx=2(x-1;  3) Vx?—20=+Bx;
HVr-1=x-3 5)J2-5=vl-z; 6)Ve+x—-r?=1-x.
235. 1) x+3=38+27; 1) VBx +14-x =8;
2) J;z——36,73=x—3,5; 5) V15+x +/3+x =6;
3) V2x—34=1+x; 6) V3—2x -1-x =1.
236. 1) \/:|:2+2+\/:<:3+:\¢2 =0; 3) Vr-2+1-x=+5-x;
2) Va-2=v1-x; 4 Yrext + Y427 =0,
237. 1) VB-x-B+x=2; ) Vr+7+/x-2=9;
2) ViZ+x-VI-z=1 5) Ve +17T —Vx—-T=4;
3 Vr-2+Vx+6=4; 6) V2x-15-x+16=-1.
238, 1) VHx-83—y/2x-1=+/3x-2;

239.
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2) V1-2x -J18+x=Jx+4;
3) Vx-10+vx -8 =+/2x+11;
4) JTx+1-/6—-2x=15+2x,

1) Yr-2=2; 3) {2502 -144 = x;
2) ¥2x+7=§3(x-1); 1) x? =\19x2-34.



240. 1) ¥x®-2=x-2; 2) Yu® 522 +16x—5=x-2.
241. BrACHUTH ¢ NOMOIIBIO TPahHKOR, CKOJBKO KOPHEH AMeeT YpaBpRe-
HHe, 1 HaliTh 1pHubanienable 3RAYMeHAA 3THX KOpHeH:

1) Vx - 6=—x% N Vr+l =22-7;
2 ¥ =(x-1)% ) x¥-1=Jx-1.

242%, PeaTs ypaBHeHAE:

1) Vax+ 2322 +4=x+2  3) VxP+8x+12-V22+8x=2;

2) 8- x=+0-V36x2—5x'; 4) Vx? +5x+10—vx?+5x+3=1.

243%, Penmrs OTHOCHTENBEO X CAEAYIOLEe YPABHEHES:

1) Ve+lJx—2=g 2) Jx - Jx+2=a-1.

§ 13. UppaunoHanbHbie HepaBeHCTBa

3apaga 1. Crpensfa H3 cIOPTHBHOTO IHCTONETA IO KPYIJIOH MHI-
OeHH AHaMeTpoM 1 M BegeTcHa M3 TOMKH NPAMOI, NepIeHANKYIAPAOi
TUIOCKOCTH MAIIEAN H IPOXoAAIIei Hepes ee menTp. Ha kakoM paccros-
HEH OT MHILIEHH LOJKHA OHIThH TOUKA BRICTPENIA, YTOOL! DA3HOCTE pac-
CTOAHHIA OT Hee [0 KPas MHIIEHH K A0 IeHT-
pa 6nina we Boabme 2 cM?

A IIyers A — ToOuKa BricTpena, O —
IIeHTp MAIIeHA, B — T0uKa HA OKPYKHOCTH
muameny (puc, 28, a). Ilo yeaosno BO = 50

cM. OGoszwauuMm AQ = x, rTorga
AB = Jx? +2500. Ilo yenosmio AB — A0 < 2,
T.C. Puc. 28, a

Jx? +2500 - x< 2,

2242500 <x+2. (1)

Tak KaKk mo cMeICAy 3agaun x > 0, TO JeBas K npaBas YacTH HEpA-
eercTea (1) noxo:xurencusl. Cneaoparessno, obe yacTn AepasencTsa (1)
MOKHO BOIBECTH B KBALDAT, IIPH 3TOM 3HAK HEPABCHCTRA He H3MEHUTCA
H HOJYYHTCA PABHOCHJIBHOE HEDABEHCTRO

x4+ 26500<x2 +4x+ 4,

oTKyZa 4x 2 2496, x > 624 cm.
OrpeT. He Mmenbme 6,24 M, A
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B 9T0ii 3aja"ue OPHNOLIOCE PeIaTsE HepaBeHcTBo (1), coaep:xamee He-
H3BECTHOE 110/ 3HAKOM KOPEA. TaxHe HepaBeHCTBA HASKIBAKT UPPAYLO-
HAALHLLMU,

PacemoTprM npAMepH PEIIEeHRH EPPaIEOHAILHEIX HEDABEHCTE.

3agaga 2. PemuTs HEPaBeHCTBO

Vh—-x <4, (2)

A Haiigem o6aacTe OOpefe/ieHHA HEPABEHCTEA (2), T.e, MEOHECTBO
TAKEX 3HAYEHUHA X, IPH KOTOPEIX HMEKT CMEICH 06e uacTH HepapeH-
cTia. IIpapas 4acTs HEpaBeHCTEA OIpEeAENeHA IPH BCEX SHAYCHHAX X,
a nepaa — npH 5 — x 2 0, r.e. npr x < 5. CnegosaTensno, 06aacTe oo-
peaeneHnda HepasencTsa (2) — ayq x < 5.

IIpu x < 5 0be yacTh HepaBeHCTRA (2) HEOTPHIATEALHEE, B IOSTOMY
OpPHE BO3ZBECHHH B KBAJAPAT ofeMX MX YacTel MoNy4yaeTcH PABHOCHNIE-
HOe (HA MHOXXeCTBe X < 5) HepaBeHCTBO § — x < 16,

Taxum oGpaioM, HepaBeHCTEO (2) PABEOCHILHO CHCTEME Hepa-

BEHCTB
x<b,
5-x<16.

Pemiad aTy cHCTEMY, osydaeM —11 < x < 0.

Orser.-ll<x<5. A

Paccy:xmernd, npABeAeHHLIS OIPHA PEIISHAR 381a4f 2, MOMKHO Npo-
BECTH YCTHO H CPasy 3AMACATE, YTO HEpaBeHCTBO {2) pPABHOCHANEBHO CHC-
TEME HEDABEHCTR

5-x<186.

3anava 3. Penrurh HepaBeHCTBO

{5—90,

x?-3x <2, (3)
A HepapercTio (3) paBHOCHJABHO CHCTEME

x%~3x>0,
X -3x<4, @
Penras nmepeoe HePABEHCTRO CHCTeMH (4), moayuaem x <0 , x > 3.
Pemasa BTopoe HepaBeECTRO CECTEMEI (4), moaydaem —1 < x < 4, O6a He-
paBeHCTBA cACTEME! (4) BRINonHAKTCH IpH —1 < x £ 0, a Takxke OIpr
3<x <4 (puc. 28, d).
Orper.~1<x<0, 3€x<4. A

Puc. 28,6
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3agaaa 4. PellNTE HeDARSACTRO
10+x—-x% 22. (5)
A JT0 HePABEHCTRO PABHOCHJIBLHO CHCTEME

10+x-x2>0,
10+x-x2>4,

Tak kaK KaxkA0E PeOIeHAe BTOPOro HePapeHCTEA CECTeME! (6) ABna-
eTcd PenIeHAeM OePBOro HePaBeHCTEA CAcTeME! {6), To 3Ta cHCTEMA paB-
HOCANBHA OfHOMY BTOPOMY HEPABEHCTBY

10+ x—x22 4, (7N
Cruenosarensno, HepaseHCTBO () paBHOCHMIBHO HEPABEHCTBY (7).

Pemaa sepaBencTno (7), monyyaeM —-2< x < 3.
OTrBer.-2<x<3. A

(6)

3anaua b. PemnTe HepaBeHCTEO!
1) V8x-4<-5; 2) V2x? +5x-3<0.

A 1) TIpe peex NONYCTUMBIX 3HAYEHAAX X, T.€, MPHE X = g 3HAYEEHA

V8xr—-4 peorpmpartensnbl. ITooTOoMY HepaBeHCTBO +/3x—4 <—5 perle-
HUIt He MeeT.

2) HepaseHCTRO V2x% + 5x — 8 <0 BLINONEAETCA TONLKO TOTAA, KOTAA

V2x% +5x-3=0, r.e. ecnm 2x2+5x~3=0, orkyza X, =~3, x,= %

3aamava 6. PemIuTs HEpaReHCTBO

V3x+1<x+1. 8)

A OfnacTs onpemeneHHA 3TOT0O HEPABEHCTBA — JIyY X ?—-% . Ilpn

3THX 3HAUEHHAX X NMPaBaA Y4CThH HepaBeHCTEA (8) nonoxxurensHa. Cre-
AOBATENBHO, HEPAaBeHCTBO (8) PABEROCH/IBLHO CHCTEME

3x+120,
3x+1<(x+ 12

1
Pemas 3Ty cicTeMy, moayuaeM —-5 x50, x>21.

OTBer. —% €x€0,x21. A
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3amaga 7.PemuTs HepaBeHCTEO

Jx+8>x+1, 9

A OGnacTs oIpeAeneHEUs 9TOTO BEPaBeECTBA — Jryd X = —3, IIpm Beex
x 2 -3 JeBad 4acTh HEPABEHCTRA HEOTPHIATEIbLHA, TDABAH JKe YACTh
3TOr0 HepaBeHCTRA OTPHIATENLEA HPH X < ~1. [TosTOoMYy Bee 3HaueHHA
X A3 IPOMEKYTKA —3 € X < -1 ABAAKOTCA PellIeHHAMH HepaBeHeTBa (9).

PaccemorpnM coryuait, korga x 2 —1. Torga o6e uwacTi HepaBeHCTEA
{9) HeOTpMOATENBLHE], H NOTOMY ¢0e YaCTH 3TOr0 EEPABEHCTEA MOMKHO
BOBBOZMTH B KBAAPAT: X + 3 > (x + 1)2. PemennAME 3TOro HepaBeACTBa
ABJIAIOTCH 3HAYCHAA X H3 IpomMeskyTKa —2 < x < 1. Orcoga, yauTh-
Bad, yTO X 2 —1, moayuaem -1 € x <1,

Hrak, pelneruaMe HepaBeHCTBA (9) ABAAIOTCA BCe BHAYEHAS X H3
HpoMexXyTKa —3 € ¥ < 1, a TaKk®XKe 13 npoMexyrka —1 < x < 1, T.e. ua
npoMexRyTKa —3<x < 1.

Orser. -3< x<1. A

Hepasenctpo (9) npome pemaTe ¢ noMomeio rpagpuros. Ha pucyn-

ke 29, g mocrpoern rpaburn byEkuMi ¥y = vx+3 1 y=x+1. Hs
STOr0 pHCYHKA BUAHO, YTO PLINeHAAMHA HepageHCTRA (D) apnaiores saa-
YeHAA X B3 OpoMexyTKa —3 Sx < 1.

3agaua 8, C noMmomeio rpadhKOR PEITETE HEPABEHCTBO

JE42—x.

A Ha oguoMm prcyHKe ODocTpouM rpadmeu dyHKNAA ¥ = Ja_c H
¥ =2 — x (puc. 29, 6) ¥ BRIACEAM, TPH KAKAX 3JHATCHHAX X TOYKH rpadha-

Ka QyHRIUH i = J_:E JIEKAT HILKE TodeK rpadura dyrrmman =2 — x.
M3 prcyHka BULHO, YTO 3TH IrpacdhiKH IEpecekalOTCa B ONHOH Tou-

Ke, afcnueca KOTOpoii ABNAETCA KOPHEM YpaBHeHHS Jr =2 - x. Bror
KOpeHb X = 1.

vh NS 34
*E/ﬁ \
2 3
4 N R 2N RS R N
Lb\
2
a) a) Np

Puc. 29
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I'padnx byHEUHEA ¢ = Jx nexwr amxe rpahura pysxkmpa y =2 — x
mpul<x <1,
Orper.0<x<1. A

3anaga 9. PemATs HEPABEHCTRO

V2x? -8x-8>x~1. (10)

A Haiigen ofacTs onpenenenna 3T0ro HePABCHCTEA, T.€. PEIIAM Hepa-
peHeTBo 2x2 — 5x — 8 2 0. Tak Kax KOpHEAMM ypapreHnd 2x2 — 5x — 3=0

ABJIAOTCA THCHA X, = —-% » X5 =3, TO HEDABEHCTBO 2x2— 5x - 320 BoI-

OONHACTCH IPHU X & —% anpn x 2 3 (puc. 30).

TaxuM 00pa3oM, LA PellleHEA HEPEBEHCTRA HAKO BHIGHPATE TOALKO
TaKHe 3HAYEHNA X, KOTOPLIE NPpUHALIEKAT ero 06IaCTH onpelesieHHA.
1)Ecm x — 1 <0, 1.6. x < 1, T0 H3 3TOTO NPOMEXRYTKA 00I4CTH

onpeneneHuia nepasencTea (10) yZOBIETBOPAIOT TONBKO HHCHA X < —%
(puc. 31).

NN \k Leciiddds o M
3

x _1 1 X
2

I o

Puc. 30 Puc, 31

2)Ecau x -1 >0, 1.e. x 2 1, To, RO3BOAA 00e YACTH HEPABEHCTRA

(10) B KBafpAaT, IONYYAEM
2x2-5x-3 >x%2-2x+1,
OTKYIa
x2-3x-4>0.

Tak K&K KOPBAMA YPaBHEHHR x° — 3x — 4 = 0 apasIoTCA YBCaa x,=—1,
X, =4, To HepaBeHCTRO x2 - 3x — 4 > 0 BNOAHACTCA TIPK x,<~1,x,>4,
Mz 3THX ABYX IPOMEXYTKOB 0GIACTH OnpeAeIenls HePaBEHCTEA H yC-
AOBHIO X # 1 yAOBIETBODAIOT TONEKO YHCHa X 2 4 (puc. 32).

OTherT. xs—-%, x>4, A

VA Sy

i 3 4 x
Puc. 32
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3anawa 10* Pemarsh 0THOCHTENLHO X HEPABEHCTBO

J2ax-x*>a-x, (11)
ecma > 0.

A Hafiaem o618cTh Onpeie/IeHNA aTOr0 HepaBeHCTRA, T.e. PeIIEM He-
paseHcTBo 2ax — x2 > 0. Tak Kak KODHAMH ypasaennd 2ax — x2 =0 ap-
aawred yieaa x; =0, x, = 2a u g > 0, T0 067aCTHIO ONPEAENEHHA He-
paBeHcTEa (11) apnserca npoMexyrok 0< x < 2q,

1)Ecnz a — x < 0, T.e. x > @, TO H3 9TOrO NPOMEKYTKA 06macTH Ono-
pezeneHnasa HepaBeHCTRA (11) yA0BAETBOPAIOT TOARKO UMCAA @ < X € 24.

2)Ecama — x 20, r.e. x € g, TO, BO3BOAA 00 4ACTH HEPABEHCTBA
(11) B KRAApAT, IOAYYAEM

2ax —x2 2 (a - x)%,
OTKYAQ
2ax - x2 > a?- 2ax + 2%,
2x2 - dax + a2<0,

Tak Kax KOpHAMH ypaBEeHEA 2x2 — 4ax + a? = 0 apagwoTea yuera

xy= ‘_2‘(2_J§), Xy = §(2+J§] B a > 0, 1o sepasenctso 2x? — 4ax +a® <0

BHITIOJIHAETCA TIPH g(z—ﬁ)s xs %(2+ \/ﬁ) . W3 sTHX 3HaveHmil HagO

BHIGDATH TE, KOTOPLIE MPAHAANEKAT OGNACTH ONpefesicHHA, T.e, IPo-

mMexyTKy 0 € x € 2¢ B yR0BIETBOPAIOT YCJIOBHIO X < &, T.€. H3 IpoMe-

xkyTKa 0 <x<a (prc. 33).

2-42 <1, 2+42
2 2

B 3TOM CJIy4ae PelleHNAMH HepaseHcTBa (11) ABJIAOTCA yncaa

g(z—ﬁ)sxsa.

Tak kak 0<

>1, TO N3 pHcyRKa 33 BHAHO, YTO

O6nenanaa oba crydad, MOyIaeM

‘—;(2—J§)< x<2. A

f 6// ////) \ 2a -

X
0 g(zu-»fz‘ ) a §(2+J§ )

Puc. 33
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YnpaxHeHwn

244, PemaTEs ¢HCTEMY HEPABEHCTE!

1) {2x—1>0, 3) {x2-1>0,
xr+1>0; x>2;
2) {3~x<z, 4) {g-xzso,
2x+1< 4 x+5<0.
PemaTe HepaBeRcTBO (245-—250).
245. 1) Jx > 2 2) Jx<3; 3) ¥x>1;
4) ¥2x <3; 5) V3x>1; 6) Y2x<2.
246. 1) /x-2>3; 2) Jx-2<1; 3) V3-x <5;
4)Ji-x>3; 5) J2x—3>4; 6)@;2;
7 VBx-5<5 8 ng%.
247, 1) VxE-1>1; HV1I-x2 < 32 >4
252 <4; By Jx®-8x>3  6) V3x2—26x—1>2VZ;
()] m»-%; 8) m<—2.
248, 1) V2% +32-2>0; 5) Vo2 + 2 > -3 x%;
2) V2rx— 22 >-1; 8) Vix—x? >-2-3+%;
3) V62— 2 <5; T Va2 -8xr+2<-1-2x%
4) E:-JE; 8) Nri-x-25-1-22,
249. 1) Vx+2>J4"x; 5) Bx+11>x+3;
2) V3+2x 2x+1; 8) Jx+3>x+1;
3) V2x—5 <Bx+4; 7) V2x—17 </6x +13;
4) V3z-2>x-2 8) V3—x </3x-5.

250*. 1) Jx+1-+/x <fx—1; DVx+8<T-x+v10-x.

87



Pemunte HEPaBeHCTBO, HCNIONBE3YA rpaduen Gbyarmmii (251—252).
251. 1) Vx > x; 2) Jx <x; HVe>x-2  Jxr<x-2.
252. 1) Vx<2x; 2 Vxr>05x; 3 Jr>22x-1; 4) Jr>al

253%*, PeruTe HePpaBeHCTRO:

pVr-1<a  2)V2ax-x*2a-x ecama<O.

Ynpaxuenus K rnase il

254, Nz00pazAaTs cxeMaTAYECKHE rpad K G yEKOIAA, YKA3ATE ee 001acTk
OIpeZeSieHAA H MEOKECTEO 3BAYeHHEI:
1

Dy=x"% y=7% 3y= x?;
l X
4)y=[5) ; Sy=x% 6)y=x72

255. Ha ozaOM PHCYHKE DOCTPORTS rpadukn dyrenmit y = x> 1 y = 2%,
CpaBHETE 3HAYEHHA 3THX GYHKIHA pr x=0; 0,5; 1; g :2:8;4; 5.
256, PacrronoixuTh YACa B NOPAAKE BO3PACTAHUA:

0’33,1415;

2
33;
e
) Y 13

'

_2 _2 2 2
4)053; 1,3%; n3; V2’3,

257. PelInTh YpaBHEeHME C IOMOIILID I'DAGAKOB:

1)0,3*; 0,3%5; o,

-

2

2) V2°; 1,95 {
1

| -

8)57%; 5-07; 53%; (

1) ¥e=3""4 2)x 2= x.
258, HaiiTi 0612¢TE OnpegeneEna O yHELHA:
1) y= $1—x; By=(Bx2+1y%

2) y= (2#2)2; 4) y= g2,
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259. Haiitr ¢yarnuio, o0paTHYIO JaHHOM, e 00J1aCTE OnpefeneHns |

MHOMKECTBO 3HAYeHHIE!

1)y=0,5x+3; 2)y=i3; By=(x+2)% 4dy=r3-1.
x—

260. HMaobpasnTs rpadek dyHKnun, ofpaTHoii K Hyaxoun y = f(x), rpa-
tbuk xoropoii u3obpaxen Ea pucyske 34, an 4.

yll

y=fx
1-- -

y 3
y=flx)

a)

=

X 0 1
6)

Puc. 34

261. BMACHUTS, ABIAIOTCH JIN PABHOCANBHLIMA yDaBHeHHA:

1) 2"2"3"’=22 H x24+3xr=2;

2) JJE:JE HE x2+3x=2;
3)#@:@ Hx-2=3-x;
4) Ye+18=32-x w x+18=2-=x

262. PelmyTs ypaBHEHHEE!
1) 3-x=2
2) 3r+1=8;
3) V3—dx =2x;
4) VBr—1+3+% =3x;

263. PentaTs HepaBeHCTBO:

1) Vx-1>1;
2) Vi-x <3;

5) V2xr-1=x-2;
6) V2-2x=x+3;
7 Yx2-17=2

8) ¥x2+17=3.

3) V2-x<x;
4) 3+ x> 2x.
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HHA X, IPA KOTOPHX Y > 0,

NPOBEPL CEER!

1. HafiTi o6:1acTh onpeAeieHHA GYHKIHH:

1) y=3(x - 1)°3; 2y=Yx?-3x-4.

2, ITocTporTs rpadnk hyHEKIER:
4
Dy=¥x+1; 2) y=2x"2; By=".

ILra kaxaol QYHKINA YKASATE O0JIACTE ONPEfe/ e HUA B 3HaYe-

3. Pemuts ypapHeHHE:

1) ¥x-3 =5 2) V8-x-x% =x.

4, PeliuTEs REPABEHCTRO:

1) V2x+1<1; 2) Jax? -1 <x.

265.

266,

267,

90

. Ha ogHOM pEcyHKe H306DASATE cXeMaTHYecKH rpadmkn GyHK-

19707 1
1y=Vr®,y=2r,y=201
2)y= y;’ y=x°’7, y=17°’1;

3)y=x—1,5, y=x—1.2, y=x—2,l;
4)y=x‘!§, y=x‘,y=x’ﬁ.
HABnawTcH U 3agaARALIE PYHKIAA B3SAMMHEO 00PATHEIMH!
yyy= 08 | dxel0
Y= %1 "VT sl
3x-6 6-x
D=0 1 VT3 e
By=51-xtmay=(5-x x4
2-x 2(x-1)
dHyy=— mw y=—-7
) 2+x y l+x

HaiiTi pynrnuio, o6paTHYIO ZaHHOI, ee 00NACTh ONpeAeIeRnd U
MHEOMECTBO 3HAYSHAH;

Dy=2++x+2; 3)y=+8-x-1;
Dy=2-Jx+4; d)y=J1-x +38.

PemiaTs ypasneune (267—268),
1) Ve-4=vx-3-J2x~1; 3 Vx-3=v2x+1-Vx+4;
2) 2Jx+8—v2x +7 =+/x; 4) V9-2x =24 x~1-x.




268%.1) Vx+4-3Yx+4+2=0; 3) N-x-5N-x=-6;
2) Je-3=8¥x-3+4 4) 22 +8x+Vx® +3x=2.

PemnTt HepaeeacTBC {269—270).

269, 1) Vx+li<x-1; 3) J8x-25x-2
2y Ji-x>x+1; 4) J2x+1<x+1.
2
270+, 1) 22132140 gy ¥2&F +7x-4 1
19x-22-78 x+4 2

271*, IIpy pasIMYHKEIX SHAYEHAAX & PEIIATE HEPABeHCTBO!

1) Jx-2+Jr-6<a; 2) 2x+vaZ-x%>0.

UcTopuueckan cnpaska

YyeHne 0 CTENEeHHWX GYHKOMAX PAa3BEBATOCH MAPANIIENLHO € pac-
[IHPeHHEM NOHATAA CTeNeHH (HAYAHAA CO CTEIeHell ¢ HATYDANLHEIMA
TIOKAa3aTeJIAMA M 3aKAHYHABAS MOHATHEM CTeneHH ¢ JI00LIM AeficTBH-
TeALHEIM NokazaTenen). Tak, paencrsom a° = 1 (rae a # 0) HoJaB30BAJ-
ca B Havase XV B, caMapKaHAckdit yuenmii ax-Kawu. B XV ke Bexe
dpannyackrii marematak H. [l ke BBe IOHATHEE OTPHUATENEHOIO NO-
KazaTens crenend. Haea spefeHEa ApoOHEIX IOKAa3aTeaeld BCTpedaeT-
ca eme B XIV B. B paborax dppannysckoro yuenoro H. Openxa, rae B cao-
BeCHO# (hopMYIRpOBKE OH ONKRCAJ NPABKIA AeficTBH CO CTENeHAMH,

CoppeMeHBYI0 CHMBOJIMKY CTenleHell ¢ HYIEBhIM, OTDHIATEIEHRIM H
IpoGHEIM MOKa3aTeNAMN HA4aJ ACIO/IB30BATE AHTVIHIACKHAN MAaTEMATHE
A. Baaxruc (1616—1703), a 061uenpuHATOI 3Ta CAMBOJIEKA CTAJA HOC-
ne ynorpebaernd ee H. Horlomonom (1643-—-1727) B cponx paborax.

B sauane XVII B., B Pe3yJLTaTe OTKDPLITAA METOJA KOODARHAT H
AHAJHTHAYECKO NeOMETPRH, HOABAANCE PPadHIecKHH MeTO HCCIe 0"
BAEHA GYAKOAR A rpadEuecKmil coocol pellleHE] ypaBHeRHH.

HroToH HASKIBAJ BCEe KPHBHIE, 3agaBaeMure GyHKomei

y=ax+bx?+ecx®+ ... +px?,

napaforuLeckKuMy KpUGbLMIL, XOTA TPAAALHOHEO BCE MKe HTHM TepMH-
HOM HASHIBAIOT Ipadukri dyBKIml

y=cx™,
e ¢ — DOJA0YKHTENbHOE AefCTBHTENBHOE YHC0, M — IOJOKATEIBH0E

panmoEansHoe Yuenao. Ecan m < 0, To rpadnka GbyHKpi y = cx™ Hashl-
BAIOT 2UNEPOOAULECKUMU KDUBLIMU,
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rnszalV ] [ JIOTAPUOMUYECKAS DYHKUMS

§ 14. Norapu¢dmbi

3 anmagal. Haiith Dono:xnTenbHbli KOPeHb ypasHeHus x? = 81.
A TIo onpefieseHan ApAGMETHYECKOTO KODHA HMeeM

x= ﬂﬁ=3. A

3anaga 2. Penmuts ypargereEe 3*= 81,
A BanmmueM fagECE YypaBHEeEEE TAK: 3% =34, orryga x=4. A

B zagaue 1 HEH3BECTRHIM ABIAETCA TOJBKO OCHOBAHME CTENEHH, a
B 3amayde 2 — noKasaTenp CTEHeHR.

Cnocob pemennd 3aaa4K 2 COCTOAN B TOM, YTO JIEBYIO H IPABYIO Ha-
CTH YPaBHE€HHA YAAMOCE IPEACTABUTE B BHE CTEIIEHA ¢ OOHHM H TEM JKe
ocHoBaHueM 3. Ho yiKe, RranpuMep, ypaBHesHe 3* = 80 TakuM cnoco-
GoM pemnTh He yaaeTcs. OaAHaKO B 3HAETE, YTO 3T0 YPABHEHAE HMEeT
Kopedb. UTofkl yMeTs pellaTh TAKEE YPABHEHAA, BEOAUTCH IOHATHE
noeapuma vucaa.

B § 5 6nu10 cKka3aHo, 4TO ypapHeHue a* =b,rae a> 0,a=1, 0> 0,
HMeeT € EHCTBeHHEIH KOpeHb., 9TOT KOPeHb HASHIBAIOT JOrapadMoM
qucaa b o OCHOBAHHIO @ H 0003HAYAIOT loga b. HanpuMep, KODHEM
ypasgeHns 3* = 81 aanaerca ancno 4, r.e. log, 81 =4.

Jdozapugmon noroxumervrozo wucaa b no ocroeanuw a, rie
a > 0, a # 1, HA3EIBAGTCA NOKA3ATE/NE CTEIEHH, B KOTOPYIO HAAO BO3-
BECTH YHCJIO @, YT00B NOAYIUTE b,

¥

|-

1
Hanpawmep, log, 8 =3, rak kax 23=8; log, 9= -2, TaK Kak 3 2=

log,7=1, rax kax 7' =7, log,1=0, rax kax 4°=1.
Onpedenenue NOZAPUPMA MONCHO KDAMKC 3GRUCAMb MAK:

a'%a® = p,

9To0 paBencTso cupaserneo upn b > 0, a > 0, a # 1. Ero o0uuH0
HASHIBAIOT OCHOGHLLM A02aDUGMULECKUM MOoXdecmeon,

log; 3 Jogra 2
Hanpumep, 4°%4° =5 (;) 2 =313 4 =§.
C moMOImMEBI0 OCEOBHOTO JOrApAPMAYECKOro TOMXRACCTEL MOMCHO IOKA-
3aTh, HATIPAMEP, YTO X = log,; 80 aBnaerca KopHeM ypasHenns 3* = 80. B

camoM nesie, 38380 - g0,
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dapgauad. Buuncnnurs logg, 128,
A OBoanaunym logg, 128 = x. [lo ompenenennio torapngma 64* = 128,

Tak kak 64 = 25, 128 =27, ro 26* =27 orkypa 6xr=17, x= %

7
Orper. logy, 128= 8" A
3anavad4. Boameants 3210885,

A Henonkaya cROMCTEA CTENEHH H OCHORHOE JJOrapHOMEYecKoe TOM¥K-
JeCTBO, HAXOAHM

~2logg5 _ gloggty-2 _g-2_ 1 L
3 3 y°=5 25

3anmaual. Pente ypasuenue log, (1 —x)=2,
ATlo onpenenennio rorapadma 32=1— x, oTkyzna x=—8. 4

x-1
3apaaqa6. Ilpn xaknx 3Ea9eRAAX X cymecTByeT log; 5, 7

A Tak kak ocHOBaHHe jJorapadma 5> 0 u 5 = 1, To JaduLIA sora-

x-1
PHGM CYIECTBYET TONBKO TOTAR, KOTAZ 5, > 0.

Penras 3To HepaBeHCTBO, HaXoaAM 1 < x <2, A

YnpaxHeHua
Hatitu log , x, Hcxons u3 paseHcTBa X = ¢¥ (272-273).
272. 1) x=27, a=3, y=3; 3) x=9, a= % y=-2;
2) x=625, =5, y=4; 4) x=2, a=%, y=_%.
278. 1)x=4, a=16, y=3; Yx=7, a=T, y=1;
2

2yx=9, a=27, y= 33
IIpoBepuTE COpapPeIABOCTE papeHCTBA (274—276).

4) x=1, a=16, y=0.

274. 1) log,, 225 = 2; 3) log, % =—5;
2) log, 266 = 4; 4) log, %?: =-3,
275. 1) log; 64 =-3; 3) log, 2_{? =3
4 3
2) log, 81 =—4; 4) log, = =6.
3 F 64
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3
276. 1)log;,1=0; 3)log,, 64 = 33

2)log, 7=1; 4)log,, 9= %
277. Haiia Jlorapnqmm YACEJ] IO OCHOBAHHEIO 3!
1
3;9;27:81; 1; 3 9 243"/_’34"9#_
Bruncanrs (278—-285).
278. 1) log, 16; 2)log, 64; 3) log, 2;
1 1
4) log, 1; 5)log, 3 6) log, e
279. 1) log, 27; 2) log, 81; 3) log, 3;
1 1
4)log, 1; 5) log, T 6) log, 3"
280. 1) logl 325 2) log% 4; 3) log, 5 0,125;
1
4) log, , 25 5)logy, 1; 6) log; ¥2.

2z
281. 1) log, 625; 2) log, 216; 3)log, -11—6; 4) log, %
1

282. 1) log; 125; 2) log; 27; 3) log; —; 4) log, 36.
5 3 164 3
l(gl 6
283. 1) gles18 2) 5loes 16, 3) 1002, 4) (Z) .
6log, 2
284, 1) 3°les2,. g (% z ;  3)0,3°0%as, 4 72 ogr®
285, 1) gloez5, 2) gloga12 3) 161647 4) 0,125'0s!
286. PemETE ypapHeHHE:
1)logg x = 3; 2)log, x=4; 3) log, (5 - x)=3;

4)log, (x+2)=3; 5)log; (x—%) =-2  6)log; (0,5+x)=—1.
4 6

287, BriacHATL, IpA KAKKMX 3HAYEHHAX X CYIIECTRYET JorapudM:

1) log; (4 x) 2) log, , (T - x); 3)log, —L ;
1 ' 1-2¢
5 2 3
4) 108'3 m; 5) IOgl (—x%); 6) l°go‘7 (—2x%).
4
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291,

292.

203,

294,

. 1) log g

Brramcaurs (288—-204).

. 1) log, 42

. 1)logy, 64;

1
3¥3’

1
D185 55

1 1 7
2) log3 m; 3) l()g{‘."5 E H 4) log? % .

2) log,, 243; 3) logg, 2T, 4) log, 5 8.

3) log, 25%5;
5

4) log , 6¥/36.
&

1) log,, (0,01); 3) log,, ( 108100);
1
2) logyy 4) log,, (100310).
1) les4

1) (0,1 oen03;  2) 107¥e0d;  g) 53 4) (é) .

?logg 4 ~5logy 3
1) 97’ (3 »(d)

9 4
—dlog, & 1+2log; 3
4H27 3 5) 10° 15105 | 6) (%) T
1) log, log, 81; 4) 3 log, log, 8;
2) log, log, 8; 5)log, log,, 256 + log, J2;
3) 2log,, log,, (1000); 6) 3log,log, 16 + log; 2.
2

295, PelunTh ypapHeHHe:

296. 1)log, (49— x%);

1)log,27=3;

4)log, \/5 =-4;

1 1
2) log, 7 =-1; 3) log, J_ =3}

31
5)log, (V3) = 55 6)log,8=-0.6.

BHIACHETH, OPH KAKEX 3HAUEHHAAX X CYIIECTBYET JOraprpM

(296—-298),

3)log, (2~ x - x%);

2) log, (x2+x - 6); 4) log, (x% - 3x + 2).
297. log, (x2+4x +4); 4) log, (6 x - 10— x2)

2) log, ; (ix‘" +x+ 1]; 5) log; (x% +4);

3)log, (6x — x2 - 9); 6)log, (2x2 — x + 10).
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4-x

2-x 2x+4
298. 1) log, , ﬁ; 2)log,, 3z 3) log, ~—3° 4) log, Bxeb

PemnTh ypabpHenEe (299-303).
299.1) logv;g x-1)=4; 2) logﬁ (3x—4)=86.
300. 1)2*=5; 2)(1,2*=4; 3) 3 =10; 4)239r=3,
301. 1) 42x+3 =5, 8)(1,3)32=3;
1 Sdx

2) T12x=2; 4) (§) =1,5.

302. 1) 72+ 7 - 12=0; 5)25*+2.5*-15=0;
X
2)9% - 3%~ 12=0; 6) [1)'—5(1) +6=0;
9 3
3165 - 471 - 14 =0 7) 9+l - g*+1. 9 =—_g;
4) 8++1 — g2x-1 - 30, 8) 64* - 8¥*1 = -15,

308%. 1) (3% + 2 %) (8"+3-29) =8 - 67;
2)(3-5%+2,5-3%)(2-3*— 2. 5%) =8 15~

304%. BrisacHATE, NIPA KaKHX 3HAYEHHAX X HMelOT CMBICA BEIPAKeHUA!

1)log (2x - 1); 3)log ., | x -2
2)log, , (x+1); 4) Iogl 42| (1-x).
305%*%, HafiTn Bce 3HaAYeHRA 4, IPA KOTOPLIX YPABHEHHE
9+9a(1 -a) -3*2-a%=0
AMeeT KOPHH, K PeIATEL 3TO YPABHEHHE,

§ 15. CeoicTea norapudpmon

IIpn BEImONHEHHA NPeoOpPA30BAHAN BEIPAKEHAN, COOLPHALAX JH)-
rapEdMel, IPA BEYACASHEAX H NPH DeIIeHAR YPAaBHEHHH 4acTo HC-
OOAL3YIOTCA PasHRIE Cca0iicmea rozapudmos. PaccMoTpamM OCHOBHEIE H3

HEX,

IIyersa >0, a =1, >0, ¢> 0, r— noboe geiicTEATENILHOE TAC-

no. Torpa copaBegnaeer GoOpPMyIRL:

log, (bc)=log, b +1log, ¢,

b
log,, = log,b—log, ¢,

log, b" = rlog, b.
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0 Ilo ocHOBHOMY JIOTAPHPMHYECKOMY TOHALCTRY
al%ab = p (4)

@ =, (5)
1. IlepeMuokas papescTra (4) 1 (5), noxyuaeM

gl brlogae _p..

>

OTKYZa no onpeaenennio norapadma log, b+ log, ¢ = log, (bc). Dopmy-
aa (1) poxazana.
2. Pasaenns papenctea (4) n (), nonyuum

- b
glBab-1oggc _ 0 R
¢
OTKYZA [0 onpejereno sorapudsa creayet dopmyia (2).
3. BospoaA 0CHOBHOE JOrApHPMHUYECKOE TOKAECTEO a'*%® =p pere-
OEeHE ¢ DOKA3aTeJeM r, moJIyJdaeM

arlogaEI:br,

OTKYA 110 OTIpe/ie/IeHAK) JorapagMa caegyer dopmayna (3). @
IIpneenen npamMepu npEMereHnd dopmya (1) — (3):
1)log, 18 + log, 2=1log, 36 = 2;
2)log,, 48 —log,, 4 =log,,12=1;
logg4 _ logg4 _
3) —+= I =T7.

1033 4? ? 10g3 4

3agawa 1. Boamennrs log, /3 - % log, 12 +log, 50.
ATlpamenas dopMyas (1) — (3), HaxoauM

1 J3-50
log, /3 — 3 log, 12 +log, 50 = log, —Jﬁ =log,25=2. A

Saxgaua2 Joxasark,utoecima>0, a =1, >0,p =0, 10
1
logﬂp b= Elog‘a b,

A Ilyers logap b = x, Torga no onpegenennio jorapugmMa b = af¥, a
log, b = log_ aP*, no ceoitcTey (3) log, a?* =px - log, a = px, cneposa-

TessHo, log, b=p- logap b logap b= %logab. A

4-10, M. Koasruz, 10 xa. 97



YnpaxHeHuwa
Briyncauts (306—310).

306. 1) log,; 16 +logg 4; 3)log,,2 +log,, 72;
2)log, 8 +logg 27 ; 4) log, 6 + log, g .
307. 1)log, 15 - log, 1o 3) log; 54— log; 2;
3 3
2) log, 75 - log; 3 4)log, 15 - log, 32.
308. 1) log,, ¥169; 3) log, ¥243;
3
1
2)log,, ¥121; 4) log, Viss -

309. 1)log, 12— log, 15+ log, 20;
2)log, 15 +log, 18 - log,10;

1
3) 2 log, 36 — log, 14 — 3log, §f21;
4)210g; 6 - ; log; 400+ 3log; ¥45 ;
3 2 3
5)4log; 3- = log, 27~ 2log; 6;
2 2 2

2 3
6) 3 log,,0,001 +log,, #1000 - & log;, V10000 .

log, 8 log. 36 —log; 12
310. 1 s 3y —— =%,
) log; 16 ° ) log; 9 '

logs @ log, 15—log; 30 °

311. Haiito x 1o aaHHOMY ero norapudgmy (@ > 0, b > 0)

1) log; x=4log a + 7log, b; 3 log% x =§ Iog% a—% log% b;
2)log, x =2log, a — 3log, b; 4) logg x= % logg a+ ; log; b.
312. BupasaTs log, x uepes log, a, log, b, log, ¢, raea >0, b>0,¢>0:
1) x= a®? e ; 3) x g
2) x= o’ {‘l_ Y x= #_
Ya2?
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Brruyucanrs (313—-315).

1
313, 1) log, 24—5108'2 72 . 3 log,4+log,J1_6.
logy 18- 1 log; 72 ' log, 20 +3log, 2°
1 1
log, 14— L log, 56 3log, 2~ log, 64
2) 3 ; 4) 2 :
log, 30 -% log; 150 4log; 2+ logs 27

314. 1) 361865 10102 _ghez3,

*-2loge4 1 logy 2
2)[814 2 +aplad | ygler2,

1

1
| 9-log; 6 -
4) 72{492 o +5 BB ‘}

1
315. 1)log, 2 - 3 Iog% 3;

2) 2]log,, 30 + log(,_2 6;
3) log 5 7 +1ogg 25 +logg, 16 — log, 1470;

4) logy, o, 0,64 +log,, 0,16 + log 75+/20 ,
316. BripazeTs AaEHEIH JOrapugM yepes JorapiugM ¢ ocHoBaHHeM 2:
1) log, 7; 2) logl 5; 3] logﬁ 15; 4) log, 0,1.
2

317. Noxasars, urompr a >0, a #1, x> 0,p #0 copasenansa
dopmyna
log , x” = log, x.
318. BrIuHCINTE:
N 210323; 2 log;_?S ; 3 logé7 ; 5 3105_1%17-
log, 9 -3log, 2 log,; 49 logp 2517

319. Bripasutrs uepez an b:
1) log 5 50, ecxm log, 15 =a, log, 10 =b;
2)log, 1250, ecnu log, 5 = a.
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320. Nokaaars, yronpua > 0, a =1, x; #0, x, #0 copasesnnBLI

opaysres
Dlog,|x;x,|= log,|x, [+1og, | x,;
2)log, % = log, | x, | +log, | x,|.

321. PemETEL YpaBHEHHE:
1) lngg 9+ log& 4=2;
2) loglz 16 - log& 7=2;
3) Iog%,; 5+ logxz 64=3;

1 1
4)2log, 7~ Elogxg 16 + zlogJ; 64=2;

x

5) logy 5+ log, 12+ ;log,3=1;
2

1
B)Elogx'?— 10871_; 3- logxz 28=1.

§ 16. flecATU4YHbIE U HaTypanbHble norapudmbl.
®opmyna nepexopa

Jna norapmdMoOB UHCeJI COCTABISHH cnenualbHbe Tabaunnl (mad-
Ruyst aozapugpmos). JlorapapMu TAKKE BEYNCIAIOT C IOMOIILI0 MH-
KPOKaJabKyAATOpa. I B TOM B B ApyroM cayuae HaXOAATCA TONBKO de-
CAMUYHbIe HIH HAMYPAAbHLE Z02aPUDMbE.

Hecamuvuroin Rozapugmom THCIA HASHEBAIOT JorapudpmM IToro
HHCJA o ocROBaHKI0 10 1 numyT lg b Mecto log,, b.

Hamypanonsis n0zapudmom 4icia HASEIBAIOT JOrapadM STOTC
YHMC/AA 00 OCHOBAHUWIO ¢, I € — HPPAINOEANLHOE YHCT0, mpubmu-
senHO paBHOe 2,7. IIpu srom numyr In b smeco log, b.

prajmonananoe qHCAO ¢ HrpaeT BAXHYI) DOJAL B MATEMATHKE H €€
NPANOKEHHAX . YHCI0 ¢ MOXKHO NPeACTABATE KAK CYMMY
1 1 1 1
e=1+4_"—+ et Foaen s
112 1.2.8 1-2-3-....n
Boiyucnerniie wucaa e Ha MUKPOKGALKYARMOPE NPOBOANTCH HO IPO-
rpaMme

1 2,7182818.
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OrMeT:M, uTO B sanucH uucia ¢ = 2,718281828 nocne nephoro ae-
CATHYHOrO 3EaKa T JBa pasa noapan sanucas rog poxaenusa JI.H. Tox-
CTOro.

Brerqucnennsa Ha Mukporansrynarope lg b u In b nposoaarcs coor-
BeTCTBEHHO Oo nporpaMmam (ecan Ha MK ecTs cienmuaNbHEIe KIaBATIH

F,1g uln):

b[F ] » »[Fm

Hanpumep, Briuncaasn lg 13, moayaaem

13 [F] [lg] 1,1139488;

puIyncaas In 13, noayuaem

13 [F] [In] 2,5649493.

OxaskiBaeTcd, YT0 JOCTATOYHO 3HATH JHAYEHHUA TONBKO JeCATHYHBIX
HJI¥ TOABKO HATYPANBHEIX JOI'apadMoB Yucen, 4Tobsl HAXOOKUTE JIOTa-
pdME wBcen mo AlboMy ocHOBaAHHIO. A sTOrO HCROAL3YVeTCA dop-
MYyaa nepexoda 0T Joraprdma 1o 0AHOMY OCHOBAHUIO K JAorapudMy no
EPyroMy OCHOBAHHIO

log. b (1)

log, b= og.a”

raieb>0,a>0a #1, ¢>0, c21,
HoxaxeM cupaseIMBocTh GopMyaw (1).

O* QanHImeM OCHOBHOE JOTrapHGMHAYECKOE TOXIECTEO gl = p.
BozrMeM ot ofenx ero yacTe# aorapudMel 110 OCHOBAHHIO ¢

log, a'"%® =log, b.
Henonsaya cBoMCTEBO JoOrapH(pMa cCTeeHY, IOJAVIAEM

log, b
log,b-log a =log b, orryna log, b=m. ®

Ha dopmyan (1) opu ¢ = 10 1 ¢ = e noayuanTca GopMyas nepexo-
AA K AeCATHYHBIM ¥ HATYDAABHEIM JIOrapudMaM

_lg _In
logab— ]ga; logab— m B (2)

M3 roi xe dopmyan (1) cregyer dopmyaa

1
log, b= Toga® (3)
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3agagal.CnoMomeio Murporansryaaropa MK-54 srramennts
log,, 80.
A 1) C noMombIo AECATHYHAIX JOTAPUHMOB

80 [F][ig] 3 [Elg][5] 3,9886927.

2) C DoMOIOBI HATYPANBERIX JOorapadgMos

80 [F|[1n] 3 [Fi[n] [z] 3,9886928.

Oreer. log,80=3,99. 4

GopMyna nepexoja 0T OXHOTO OCHOBAHMA aorapudma K APyromy
HMCI0JIB3IVETCA HHOTAA NPH PelleHHH YPABHeHHI.

ba | G

3anpaua2 Pemurs ypasHenue log,x +log, x =
A Ilo dopmyae nepexona

logyx _logy x
log, 4 2

log,x=

.

1 3
Mosromy ypaBHeHue npumet Bua log, x + Elc-g2 X = 5, OTKyAa
log,x=1,x=2. 4

3anaua3. Pemute ypasnenue log, x +2 log, 3=3.

A Ilo copmyane (3) umeeM log, 3 = . ¥pasHeHWe TPUMET BHJ

log, x

log, x + = 3 wm (log; x)* — 8log, x + 2 = 0. Pemaa aro kBagpar-

2
logy x
HOe ypaBHeHHe OTHOCHTeALHO log, X, nonydaem: 1) log, x =1, x,=3;
2)log,x=2,x,=9.

Ormer. x,=3, x,=9. 4

3anxavad, OeyxuponeaETHRIE BKAAS B cepianK, paBHEIH a py6.,
qepea n JeT CTAHOBHTCA paBHEIM a(1,02)", a TpexmpolueHTHHI BRJAAT
cTaHOBHTCA paBEHIM a(1,03)". Yepes CKOMBKO JeT KAXKALIN H3 BKIAJ0B
YABOHTCA?

A 1) Iaa nepsoro sxaaga 2a = a (1,02)*, orkyza (1,02)" = 2,
n =log, o, 2. Brluncierud uposeaem Ha MK-54:

2 [F[l] 1,02 35,002788.

2) 151 BTOPOrO BRAAKA 7 = log'l'03 2, 1 nporpaMMa BEIYMCAEHHI TAKOBA!

2 [Fi[ln] 1,03 [Fl[n] [s] 23,449772.

O r B e T. Ilo nepBomMy BKAany opubansntensso yepes 35 net, a mo
BTOpOMY — depes 23,5 rona. 4
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YnpaxHeHns
BEYHCIHTE ¢ TOMOMIBI MEKDOKAABKYAATODA (322-323).

322, 1)1g 23; 2)1g 7; 3)1g0,37; 4)1g g .

323. 1)In 81; 2)In 2; 3) In0,17; 4)In g

324. Bripasnth ZaHHEINA JorapadM dyeped AeCATAYHELIL B BRMHCAHTE HA
MEXPOKATBKYAATOpPE ¢ TOYHOCTRIO go (0,01
1) log, 25; 2) log, 8; 3) log, 0,75; 4) log'o’.r5 1,13.

325. BrpasuTh aZaHHME norapudM depes HATYPANLHBMHE B BEIYHCIHTE
HA MHKPOKRANBKYJIATOPE ¢ TOUHOCTHIO A0 0,01:

1) log, 5; 2) logg 15; 3) 11:’gn’.r 9; 4) logl’1 0,23.
326. BuIipasnTh JaHEEI Jorapu@M dyepes JorapadM ¢ OCHOBAHUEM 71
1) log; 3; 2)1g 6; 3)log, 7;
4) log, % ; 5) g 7; 6) log, 7.
327. Hauo: 1g 2 = 0,301; 1g 5 = 0,699; 1g 3 = 0,477. BeruucanTs opu-
GIHMEeHHO:
1) log, 2; 2) log, 3; 3) log, V53

4) log, 0,25; 5) log, 25 + log, 0,5; 6) log, J125 + log, 27.
328. Bng%n'rs:

1) 595, 2) log; (log, 4 - log, 3).
1
Pemmre ypabpHenne (329—330).
329. 1)log; x = 2log, 3 +4log,; 2; 4) log, x2 +log BX=3
2) log, x =9log,, 8 — 3log, 4; 5)log, x + log, x=8;
3) logp x—2log; x=9; 6)log, x —log,, x= %
2
330. 1)log, x +logg x +log,, x = % H 3)log, x log,x=4log, 2;
2) logz x+log 5 x+log; x=6; 4) log, x log, x=9log, 8.
3

331. Hano: log, 17=m. Halitu: log, 51; log,, 17; log,, 51; 2log, 153.
332. Hano: log, 2 = m, Haitru: log,, 28,

333. Hano: Ig 8 = m, 1g 5 = n. Ha#itn: log,  30.

334. Nlano: log, 2 = m. Haiitu: log,, 72.

335. Hano: log,, 8 = m. Hailtru: log,, 9.

336. ano: log, 125 = m. HaliTn: log,, 64.
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337. BeraacanTs:
log; 216  log, 24 ; 2) log, 192 log, 24 i
logs 3  log;; 8 log;;2  loggs 2
338. BripasnaTe yHcao ¢ 4epe3 @ u b, ecan;
1) ¢ =logg,, 600; a = log, 3, b=log, 2;
2) ¢ =log,,, 140; a =log, 2, b=log, 5.
Pemurt ypasrenne (339—340).

1)

339. 1) log% x—9%logsx=4; 3) log23 x+5logyx-1,5=0;
2) logh x~15log,,x+6=0; 4)16logl »+3log, x— 1=0.
340. 1) log, x + 6log,2=5; 3) logﬁ x—5log,3=9;
2)log, x — 3log,5=2; 4) 2log 3 - log% x=5.
341%. BerauceauTe (He ACOOAB3YHA MEKPORANTBEKYIIATOD):
logs 2 log, 3 2log, 3,
)log56+log46' 3 g0
log,; 8
2) (log-; 2+—— }lg"? 4) Tog, 4 °
342, Haitta:
1) log, (a®b), ecnm log, b=3; 2) log, (b a), ecnu log, 2 =9.

343%% Yueno xureneli ropoaa-HOBOCTPOUKH YBEIHYHBACTCA €XKeT0N-
HO Ha 8% . Uepea CKOALKO JeT HX THCAO YABORTCAT

344+%, JIpu oAHOM KAYAHHH NODITHEBOT'O HACOCA H3 COCYAA YAANACTCA
1,2% uMelomeroca B HeM BO3AYXA. epes CKOJBKO KayaHuil Ha-

1 LT}
COCaA B COCYyAe OCTAHETCA IoTs YaCTh NePBOHAYATBPHOH MacChl BO3-

Ayxa?
345**, BRIaucaMTE HA MEKDOKAJABKYJIATOPE NPHOIMKeHHOe SHaYeHAe
qHeaa e oo popmyne

1 1 1 1
e = - .
2+5teatsEat a4 n

opu: 1)n=T; 2)n=8; 3)n=9; 4) n=10.

3468%, UapecTHO, 70 HpH GOABIIKX HOJOMHTEILHEX SHATEHIAX N THC-
T

JI0 € MOXXHO NPHOAHIKEHHEO HAXOZUTL 10 GopMyJe ¢ ~ 1+;

BriuwcauTe oo 3T0# dopMysie HA MUKDOKANBKYIATOPE Opuban-
JKeHHOe 3HAYEHKE THeAa ¢ pu: 1) 7 = 100 000; 2) n =1 000 000,
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§ 17. Norapudpmmnueckan pyHkumna,
ee CBOMCTBA M rpadmk

Br1 agaeTe, wro Bnipasienne log, x onpepenexonpua > 0,a#1, x> 0.

Tlycts 3anaHo ocHOBaHue norapudiva g > 0, a # 1. Torga vamaomy
x > 0 coorBercTByer uncao ¥ = log, x. Tem camuim sagaua GyHxoEn
y= loga x.

| Dynryuio y =log, x, 28e a > 0, a # 1, Hasvieawom nozapudmutieckol.
Jlorapudmuyeckad dyurnua obnanaeT caeLyIOLINMA CROMCTBAMHE

CeoiicTro 1. Ob6racmb onpefenerun nozapugpauiecxkoil dynx-
YUU — MHONCECTMEO0 606X NORONUMEALHLLX YUCeR, TAK KaK Jorapudm
oupefeneH TOALKO ANA MOACKUTENLHEIX YHCET.

CroitcTno 2. Mrowecmeo snavenuii rozapugaureckoil gymnx-
yuu — muoxcecmeo R scex delicmaumenvrux wucen.

O Ilyers samano ¥ € R. Torpa GyHRIUA loga X NpRHAUMAST 3HATE-
HHe i IPH X = a¥, TaK KakK loga a¥ = y. TaxuM obpasoM, Joboe gefcTBH-
TeJILHOEe THCJIO ¥ IPUHAANEeKHT MHOKECTBY 3HaYeHH Jorapudmuyec-
KoH pyHKIHH, @

3anaga 1. Ilocrponrs rpadux Gyeknmm y=log, x.

A CocraBaM Tadauny ee sHAYEHHHA:

X 9 3 1 3 9 27

y=log,xy -2 -1 (01 |2 3

FeM depes HHX KPUBYIO, YVYNTEIBAL, YTO
tyaknud y = log, x oupefesnena npn x > 0
(pme. 35). A Pue. 35

TlocTponm HAafiAeHHEIe TOUKHA H OPOBe- 01 / 13 9 x

3apgaqa 2. Hocrpours rpadux byukuun y = log, x.
A CocrasumM TaGuamAny ee aHATCHNIH: 8

1
* 9
p=1log, x| 2
B

113 ]9 |27

- ] -

0¢-1|-2|-3

IlocTponmM HalijeHHEIE TOYKHA B DPOEBe-
JeM uepes HAX KPHUBYK, YUHTHIBAS, UTO
dyHRIUA ¥ = log, x onpedeneHa OpH x > 0
(puc. 36). 4 3
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CroiicTro 3. Jozapupmuuecxar gynxyur y =log, x aeanemen
soapacmawiyeli, ecai a > 1, u yéusawwelt, ecau 0 <a < 1.

O Hoxamem, uro npa a > 1 dyexnns y = log, x asnaercsa sospac-
Tameii. PaccMoTpumM mofkie ABa YHCAa B3 00JIACTH onpeaeJeHUA JaH-
Hoil pyHKIHUM, T.€. X, > 0, x, > 0,

Ilyers x, < x,. Tpebyerca noxasarts, uro log, x, <log, x,.

ITo ocHOBHOMY JOrapH(pMAYECKOMY TOMICCTBY

x =a1°§a A x5 =a1°gnx2 .

To yenoBuio x, < X,, HOITOMY 0% T ¢ glo%a %2 |

H3 aToro HepaBeHCTBA H H3 CBOMHCTB CTelleHH ¢ JefiCTEHTEXBHEIM
NeKasaTexeM W OCHOBaHMeM ¢ > 1 caefayetr TpefyeMoe HEDABEHCTBO
log, x, <log, x,. ABanoru4HO A0KAa3LIBAETCA, UTO NMPH 0 < g < 1 dyuk-
und y = log, x Aasngerca youBaomeii, @

CeoijicrBo 4. Echu a > 1, To dyuxuna y = log, x mprHUMaeT
ROAONUMENRbHUe 3HAYERUR NP X > 1, ompuyamensnvie — NpH
0<x<1. Ecim 0 < a <1, To pyeKnud ¥ = log, X npaHuMaeT DOJO-
JKUTEALHBIE 3HAaYeHUA 1pn 0 < x < 1, orpuuarenblsle — upu x > 1.

70 CAenyeT U3 TOro, uTe PYHKINA i = log, X NpMHUMaeT 3HaueHHe,
PagBHOe HYJAI0, IDY X = 1 B ABAAETCH BOIPACTAOIIEH HA IPOMEsKYTKE
x> 0,ecana > 1, u yosiBaomeif, ecmr 0 <a <1 .

Hs paceMoTpeHERIX ¢BOHCTB orapadmvuueckol Gyurumn y = log, x
caeayer, UTo ee IpaduK pacoonoxkeH npasee oc Oy 1 KMeeT BIUA, YKa-
gaHnurIil Ha pucyHKe 37, ecoit ¢ > 1, 1 Ha pucyEKe 38, ecnu 0 <a < 1.

OTMernn emne paa, 4ro rpapur moboit Jorapndmuideckoil QyEKIHE
y= loga X mpoxogut depes Toury (1; 0).

f
yh 10_’,\ )1?
%
z 1
1 a -
o a1 x
1
a
0 G X -1
~H v=log,x, O<a<]
Puc. 37 Puc. 38
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Csoiicrno 5. Jlorapadmayeckas GbyHKnuA y = log, X 1 noka-
saTenbpHaa QyHroua y = a*, rae a > 0, a # 1, B3anMHO 0OpATHEL
(pmc. 39 a, 6).

0 Hz dopmyar y = a* BeIpasum x wepes ¥, Ilo onpesenennio aora-
pudma y =log, y. Mensaa MecramMu x u y, nonygaem y=log x. ®

Puc. 39

Tax xax pysxnmn y =log, x n y = a* Boaumuo ofpaTHEL, TO ¢BoficTBA
A1000E H3 HAX MOKHO YCTAHOBHTE, 3HAA CBO¥CTBa Apyroii. Hanpumep,
MHOMeCTBOM sHaveHul QyHKIUY § = ¢* ABAAeTCS MHOMeCTRO ¥ > 0,
nosroMy 00JacTEIO OnpeReneHusa GyHKIRK ¥ = log, X ABAAETCA MHO-
secTBo x > 0 dyERIEA [ = 8* BOAPACTAET, €CAK & > 1, MosroMy DyHKIAA
y =log, x Tak:Ke BoapacTaer, ecim a > 1.

3aaavad. CpaBHETH UUCHAA:
log, 3 mlog;6; 2)log; 3 u log) 5; 3)log, 5 u log, 3.
2 2
A 1) Tak kak 5 > 1, ro pyHKnua ¥ = log, x Boapacraer H HOITOMY
log, 3< log, 6.

2) Tax kax 0O< :—13 <1, To dynruus y = log) x yGrmaer u nosromy
log; 3>log; 5. 2
2 2

3) 3amerum, uro log; 5 > 1, rak xax log, 3 = 1 u yHxnaa y =
= log, x noapacraer. AHaNOrHTHO log, 3 < 1, Tax Kak log, 5=1u dyu-
KIma ¥ =log, x Bospacraer. [loaromy log, 5> log; 3. 4

3apagad. CpasEnTts yncaa a H b, ecau:
1)a="Tlog, 2, b=3; 2)a= -;-log4 65, b=log,ll.
Al)a=log, 27=log,128, b=3=log; 125, a>b.
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Da= %lo&i 65; 2a=log,65; b=log,11; 2b=2log,11=log,121;

log,65 > log,64 = 3; log,121 < log,125 = 8. Takum o6paszom,
2a =log,65> 3, 2b=Ilog 121 < 3, crepoBaTensuo, 2> b. A

3apgaga 5% IloctponTe rpabux GyHroAA:
1) y =log,(x + 2); 2)y=2+ log, x.
3

A1) I'padur Gynxnmnm y = log (x + 2) momyuaerca casuarom rpadu-
Ka ¢yErumn ¥ = log, x BreBo pAoAL ocE OX Ha 2 eHHHIEL, TAK KAK
3TH QYEKIMA OPHHAMAKT OSHHAKOBRIe 3HAUECHHSA, EC/IF APTYMEHT oep-
BOH B3 HMX Ha 2 eAMHHAIL MEHbINE COOTBETCTEBYIOMIErND APIYMEeHTa BTO-
poit, T.e. logg(x, + 2) = logg x,, ecnu x,+ 2 =x, uAn x,=x, — 2
(puc. 40, a).

2) I'pacdbnax ¢yaxnan ¥ = 2 + log,; X noayvaeres capurom rpadmra
3
byHRIBEY Y = logl X BBEPX BAOAL ocH Oy Ha 2 eARHHUIOH, TAK KaK IPH

3
OZHOM H TOM K€ SHAueHWH X 3EavYeHne nepsoit pyHKIHN HA 2 Goabine
aHaveHns wropold pyuxunu (puc. 40, 6). A

4 ¥
24 7.
y=logy(x+2)

-

- 1Y

-
/ Lo~ y=logyx AN
w L ame M 1 1

2 0 1 2 % o 1~ 2 3 *t
i 1 "J" iy y= log;‘f“ﬁ ‘‘‘‘‘

Puc. 40

YnpaxHesus
347. IToctponrTh rpaduK GyHKINH!
1) y =log, x; 2)y = log) x.
3
Kakwe ua ganuuX GyERUuH S8aA10TCT BoapacraomiuMn? yobEa-
wmuEva? [Ipr KaKnx 3HaYEHEHAX ¥ KaXIed QYHRKOEA NPHHEMa-

T DONOKHTENARHEEIE aHAYeHNA? OTpPHLATEILHEIE AHAYEHHAT 3HA-
YeHH A, DPABHEIE HYJIOT?
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348. ITo rpadmky pyuKrinm y = log, x Hadiri MprOIOKEHHO:
log, 3; log,0,3; log,5; log,0,7.

349. Hz06pasuTh CXeMATHYECKY rpadhuK QYHKITHN:
1) y=log 5 x; 3) y =log, , x;
2) y=log, x; 4)y = log, «.

350. CpageuTh YHCHa: 8

6 5
log; ¢ n logg o 3) logy e n log; m;
2 2

2)log, 9 mlog; 17;  4)log, 1/25 ulog, l/_zg .
3 3

351. BRIACHUTE, ABAASTCH JU NONOMHTEABHEM HIAE OTPHIATEIBRHBIM
YuCao:

1}log, 4,5; 2) log, 0,45; 3) log, 25,3; 4) logo’,) 9,6.
352, CpaBHHTL ¢ eSUHATEH YHCIIO X, CJIH;

1) log, x =-0,3; 3) g x=0,2;

2) log! x=1T; 4)log, x=1,3.

3

353. BeiacuuTe, ABNAETCA A BO3pacTalmell unn youisamwmeil dyuy-

£1456;

1)y=ll:vg'0,075 x; 2)y=log gz x; Dy=lgx; Hy=Inax.

T

354. Pemnprs rpadudecKi HepaABEHCTRO!
1) log, x> 3; 2) log, x < 1; 3) log; x<2;
2
4) log; x> 1; 5) log, x > -1; 6) log, x<-2.
2 2

356, Haiiti ofnacts onpefedeEns GyHKIVHE:
1)y =log, (x - 2); 3) y =log, (x® - 3x);

2) y=log, (2 +x); 4)y=logz (9-29).

358. Hoxasars, wro:
1) dyarnus y =log, (x2 — 1) Boapacraer Ea mpoMexkyTHe X > 1;

2) pyExnus y = log; (x2 — 1) y6eisaer Ha npoMesxyTKe x > 1,
2

357. CparunTek yacaa & n b, ecan:
Da=log,6+log;5,b=2; 3)a=2log, 7,b=1+2log,5;
2)a=log, 36, b=log,; 288; 4)a=log, 5, b=log,3.
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858, CpaBEATL 3HAUEGHHA BRIDAYKEHMI;

1) % +1g3 w lgl9-1g2;  3)3(lg7-lgh)m 2(%1g9—%1g8);

lg5+1g<7 5447 1
9) £ *2"3‘/_ ulg *2‘/_; 9lg Qg nlgy.

359. CpapHATh yACHAa ¢ H b, ecan:
1
1) a=5"%7 4 7, p=7ioks5 7310,

1
2) a=866, 5, p=gtsd 73 %"
360, IlocTpouTs rpadmy QyHKIMM:

1) y=log, (x- 1% 4) y=log; (x- 1)
3
2) y=log; (x+1); 5) y= 1+logy(x—1);
3
3) y=1+log, x; 6)y=log1 (x+1)-1.
3

361. Haitta ofaacTs onpegeneEna GyHKIAKR:

1) y =log, (x* - 3x - 4); 5) y =log, ¢ (| 4x — <2|);

2)y=logg (-x%+ 5x + 6); 6) y=log,(2x*- 7|x|+3);

x*-4
y= ll:ugr,,.r 137 Ty y=log, (3*—3);
— x—4 " - x=1_

4)y= 108% Frd’ 8) y=log, (2 4).
862%, PemuTh rpathuuecKn ypaBHeHHAE:

1) log,x=—x+1; 5)lg x = Jx;

2) logl x=2x-5; 6)lgx=2%

2
3) log, x=4x% Ty log, (x - 2)= ;2;
2
4)log, x=2- % x2; 8) log, (1-x)=2*
2

363*. IlocTporTe rpadhnk GyHKIHH:

D y=|log; x|; 4)y=|1-log, x|;

2)y=logg|x; 5) y = 2osz¥+loez (D)

3) y= 108’2 I 3-x I. 6) y= 31033 (3-x) + 5log5 (l-x)

364*, Iloxa3aTs, 4ro rpaduky pyHxIMA y = log, x » y= logl X cum-
MeTPUYHH OTHOCHUTEABHO 0CH aGeIHce,

110



365%. Haitri oGnacrs oipefejieHuda QyHKIIHH !
Dy=log,|3-x|-log,|x*-8|;

2)y=log, ; Jx+1 +log, , (1 - 8x%).

§ 18. Norapupmuieckue ypaBHeHUS

IIpu pemieHuH JorapuMHUYECKHX YPABHEHHE YACTO MCNOL3YETCH
CIeRyoIlasa Teopema.

Teopema. Echmlog, x,=log x,,taea>0,a#1,x, >0,x,>0,
TO X, = X,

O IIpeanonoxkumM, 9ro X, # X,. Bcau a > 1, ro U3 HepaBeHCTBA
x, < x, cneayer, wro log, x, < log, x,; ecan 0 < @ < 1, To ua Hepasen-
cTRa X, < X, chegyer, uro log, x, > log, x,. B ofonx cayuaax umeeM
nporueopeune ¢ yeaoesueM log, x, =log, x,. Cregoparensso, x,=x,. ®

3apawga l. Pemnts ypasHenne log, (3x — 2)=log, 7.
A Mcntoabsyd AOKA3AHHYIO TeOpEMy, noayuaeM 3x — 2 = 7, oTkyOa
3x=9,x=3. A

3anayvaZ2 Pemurs ypasHeHHE

x+9
g w1l 1g x. (1)
A CnegcredeM ypasHeHRA (1) ABAdeTcH ypaBHeHUE
x+9
m =X. (2)

YMuKAad 970 YpaBHeHHe Ha X + 1, moaydaeM
x+9=x(x+1), (3)

KOTOPOE ABJAETCA cliegcTeneM ypaBHeHni (1) u (2), Pemas ypasueane
(3), naxonum x + 9 = x* + x, x2=9, orxyzRa x, = 3, x, = —3. [Iposepxa
IOKA3BIBAET, YTO KODHEM HCXOAHOIO YPABHeHHUA (1) ABNAETCH TOABKO
x,=3.

OTereT. x=3. A

Ilpn pemennn aorapupmMavecKuX ypasHeHnl TaKMxe YaCTO HTEpexo-
Aa7 or ypasHennd log, f(x)=b x ypasneruio f(x)= at, rmea>0,a=1.

TeopemMma.llycmsa>0,a= 1. Hycms dana pyrxyua y = f(x)
u deiicmsumenvroe aucao b. Tozda ypasrenue
log, f(x)=5 (4)
u ypasuenue

f(x)=a* (5

PABHOCURBHDbL,
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O JlokakeM, YTO KAX/LI KODeHb YpaBHeHUA (4) ABAAETCHE KOPHEM
YPaBEeHHA (5) U, HaolopoT, KayKIBIH KopeHb ypasHeHWd {5) — KopeHB
ypaBHeHu4a (4).

1) ITyeTs X, — HEKOTOPLIA KOpeHb ypaBsHeHnd (4), T.e. f(xo) >0n
papeHcrBo log, f(x,) =t Beproe. Toraa ne onpeaeleHuio Jorapudma
BEPHO paBeHCTBO f(Xy) = ab, r.e. X, — KOpeHs ypasEeHn (5).

2) Ilycrs X, — HEKOTOpHIA KOpeHs ypasHeHAd (5), T.e. BepHo pa-
BEHCTBO f(xo) =g’ Tak xex a>0,a#1, ro0 f(xo) > 0 = o onpegene-
HU10 JlorapugMa BepHo paseHcTso log, f(x,) = b, T.e. X, — KopeHb YpaB-
HeHud (4). @

3 anaqa 3. Pemurs ypansuenne log, (x* + x +3)= 2,

A McxomHoe ypapHeHHe PABHOCHJABHC ypaBHeHuio x2 + x + 3 = 32,
otKyma xZ+x-6=0,

Pemas 310 KBagpaTHoe ypABHEHNE, HAXOANM KOPHHU X, = 2, X, =—3.

Orser: x,=2,%,=—3. 4

PaccMoTpaMm 4acTo HCIIOAb3ayeMble npeobpasosannd Jorapudmayec-
KOT'0 yPaERHEeHNA, KOTODHE 3AMEHAIOT TAHHOE YPABHEHHE €0 CASACTBH
eM.

1, Ecnu 8 ypagueHUy CYMMY R02APUHMOE Deyx eviDaNeHull 3aMe-
HUMb A0ZAPUGMOM UX NPoUIEedeHUA, MO ROAYHeHHOE YypasHeHue Gy
dem caedcmeuem danHoz0.

IloscuuM Ha npuMepe YPABHEHKS

log, f(x) + log, g(x)=b. (6)
O Ecam x, — Kopess ypasaenus (6), To mo onpeaenennio norapadg-
Mo f(x,) > 0, g(x,) > 0. ITostomy f(x,) - #(x,) > 0 1 BmONTHAETCS pa-
sercrso log, f(x,) + log, g(x,) = log, [ f(x,) - &(x,)]. Cneponarencuo,
X, — KOPeHb ypasHeHus

log,[ f(x) - g(x)] = b, (M

T.e, ypapHeune (7) — ciaencTeue ypasHeuud (6). @
OrMernM, UrTo ypasHenre (7) MOXeT HMETh KOpeHb, KOTODBIH He
Apagercd KopHeM ypasHeHns (6). S1o ofpAcHAeTCA TeM, YTO HePaBeH-

ereo f(x) - g(x) > 0 Momer BEINOJHATHECA He TOJALKO npu f(x) > 0,
2(x)>0, vomupu f(x) <0, glx) <0.

3anauad Peminrs ypasHerne
log, (1 - x)=3-log,(3 — x).
A TTepeneceM AoraprdM H3 Tpapoil YacTH B JeBYIO:
log, (1 - x)+log,(3 - x)=3,
OTKYAS8
log, (1-x)(3-x)=3,
(1-x¥3-x)=8.
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Pemas 310 ypasuenue, noaydaem x, = §, x,=-1.

Ymcno x, = 5 He ABAAETCHA KOPHEM HCXOZHOrO YPABHEHHA, TAK KaK
npH x = 5 Jepas ¥ NIPABafA YACTH YPaBHeHEHNH TepaioT cMuica. [Ipopepka
HDOKA3HIEAET, YTO THCHO X = —1 ARIAETCA KOPHEM HCXOAHOTD YPaBHEHNA.

Oreer.x=-1. A

2. Ecau @ ypasrenuu pasiocms rozaplidmoa deyx svipaicenuis 3a-
MEHUMb A0ZAPUHMOM UX LACMHOZ0, MO ROAYUCHHOE YpasHeKue Oydem
caedcmelem JaHKH0zZ0.

3apgaqgab. Pemars ypasrenue

log, (x* — x) —log, x=log, 3. (8)

A 3aMeHAA pasHOCTh Jorapu(MoB JorapudMoM YACTHOIO, HOXY%a-

€M ypaBHeHHe

log, % =log, 3, )

KOTOpOe ABAAETCA CaedcTBHeM ypasHeHud (8).
YpapHeuue () papHOCHALHO YPABHEHUIO

Pox _

X

3.

Pemas 1o ypaBHeHue, HAXOZUM ero KopEM X, = 2, x, = —2. IIpo-
Bepxoil yberkaaeMed, qro x, = 2 — KopeHb ypasHeuusd (8), a x, = -2 He
ABAAeTCA KopHeM ypaBHeHRA (8).

Orser. x=2, A

Ilpn peliennn sapaun 5 NOCTOPOHHAHA KOPEHD X, = —2 NOABHIACH
1pu nepexofe or ypasHenus (8) k ypasuenuo (9), r.e. 068 ypaBHeRns
HEepPABHOCHJIBHBI.

OTMeTuM, YTO [PV PerieHNH JOrapubMEYecKnX ypapHeHHH saMe-
Ha JorapudmMa nporapefeHUs (MacTHOrC) cyMMoil (pa3HoCTEIO) Jora-
PHOMOB MOMeT TPHBECTH K MMOTEDe KODHEH.

Hanpumep, ypastenne log, (x + 1) (x + 3) = 3 umeer gpa KopHa X, =1
" X, = -5, a ypasHenre log, (x + 1) + log, (x + 3) = 3 umMeer TOALKO
oaus KopeHs X, = 1. Ilpn nepexoze oT neppero ypaBHeHKs KO BTOpOMY
TEPAETCH KOPEHb X, = —5.

PacemMotpnm eme mpuMeprl orapundMEYecKnX ypaBEeHAN.

3anaya6. PeiuuTte ypapHeHHE
log, x%=4. 10

A TTo onpeaenenn norapadmMa STo ypaBHeHHE PABHOCHIILHO YPaB-
HeHHO x° = 7%, oTRyma x = +72=+49,

Orser. x; ,=+40. A
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OTMeTHM, uTo ypaBHeHEHe (10) Eearas 3aMeHATh YPABHeHHEM
2log, x = 4, TaK KaK OPH 3TOM TepAeTcH KopeHs x = —49. Opmako ypans-
nenne (10) paBHOcRALHe ypaBHeuuio 2log, | x | = 4, oTkyaa | x|= 49,
x =149,

3anava7. Peminars ypaBHeHue
log,(2x - 1) - log, x = 2log, (2x — 1). (11)
A TIpeobpazyeM faHHGE YpaBHEeHHE
log,(2x—1) - log, x - 2log, (2x - 1) =0,

log,(2x — 1) (log, x — 2)=0.

IIpupasHEBaf KaXAbIH B3 MHOXHTEeNEH NeROll YACTH ypaBHEHUSA
HYJI0, HOJAYYaEM:

1) log,(2x - 1)=0, orkyaa 2x—-1=1,x,=1;

2) log,x—2=0, orxyna log, x =2, x, = 16.

IIposepka noKaskBaeT, ¥TO 00A 3HAYEHWA X ABAAIOTCH KOPHAMU
ACXOAHOrC YPaBsHeHKA.

Orser. x;,=1, x,=16. A

OrMeTHM, YTO ecan obe yacTH ypaeHeHud (11) pasaennts Ha BRIpa-
wenHe log, (2x — 1), To OyAeT noTepaH Kopeus x = 1.

3 anaua8* HaliTe Bce 3HaYeHHA ¢, NPA KOTOPHIX ypaBHeHHE
log, x + log, x + log, x =1 nMeeT KOpHH,
ATlepefigeM K oCHOBAHKIO 2

logy x
logya

1
log, x + +§log2 x=1.
CrefcTBHAMH 3TOr0 YPABHeHHUHA GYAYT YpaBHeHHA

1
log, alog, x + log, x + 3 log, x log, a =log, a,

3 3
Zlogy 2+l xﬁkgg a+l

(glogz a+l)- logg x=logy a, logyx? =log, g, =a,

2

OTKyAa X =a°%2%*? Tax kak napamerp @ CTOUT B OCHOBAHHH JOrapud-
2

ma, roa >0, a#l,7.e. log,a+220 na=x2 3.

2
Oreser.Ilpae>0,e#21, a2 3, A
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YnpaxHeHus
Pemmnrs ypapHerne (366—375).

366. 1) log, (5x-1)=2; 4)log, (x+3)=2;
2) log, (3x +1)=2; 5)1g(82 - 1)=0;
3) log, (2x—-3)=1; 6)lg(2-5x)=1.
367. 1)log, (5x + 3)=log, (Tx + 5);
2) log, (3x-1)= logl (6x +8).
H 1
368. 1) log, 2 =log, % 3) 1gi_3=1gx;
2) log, 7 O -log, % 4) lg'—w-]gx
g x ]
369. 1)log, (¥* - x)=1; 4)log, (x* +2x - 4)= 2;
2) log, (x*+ 3x)=2; 5) logl (x2+3x-6)=-2;
2
log, (x?~4x-2)=1; 6) log, (x2-5x+338)=-3.
3
370. 1)log,(x —5)+log,(x +2)=3; 3)lg(x+ ¥3)+1g(x - J3)=0;
2)log, (x — 2)+logy(x +6)=2; 4)1lg(x—1)+1g(x+1)=0.
37 Dlig(x-1)-lg(2x-11)=1g 2;
DlgBx-1)-lg(x+5)=1g5;
3) log, (2x% - Tx + 6) - log, (x - 2) = log, x;
4) log, (x® - x) — log; x =log, 3.
1 1
372. 1) Elg(x?+x—5)=lg5x+lg 5
2) Jlg(x - 4x~ 1)=1gBx - 1g 4.
373. 1)log, x?=0; 3)log, x°=0;
2) log, x*=3; 4)log, x3=6.
374. 1)log,(x — 1) log, x = log, x;
2) log; x log; (3x - 2)= log; (3x-2);
3 3 3
3) log, (3x + 1) log, x = 2log, (8x + 1);
4) logJE (x - 2) log, x=2log, (x — 2).
375. DNigxt+lgdx =2 +1g x5 2)1g x +1g x2=1g 9x.
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Peminte ypasHeHHE (376—388).
x-2

376. 1) log, (x + 2)(x + 3) + log4 T3

=2; 3)log, x2-log, x—i——ﬁ- =3;

x-1 . x+4 o _
2)log, 774 tlogy(x —1)(x+ 4)=2; 4)log2? +log, x*=5.

1
lgx elgx . . &
877. 1) 2%'¢=.5'%8* =1600; 3) —— Tt ao lgx =1
logy £ . logg x = - 1 _...__2 =

2) 2 5 400; 4) P
378. 1) logi(x - 1) - 8log, (x - 1)=4;

2) logj (2 — x) + 5log, (2 - x) = 6.
379. 1)log,(x— 1)+ 2logy (17T +x)=7+ log; 9

3

2)log; x+ log ;. x - logé x=6;

3) log& x+410gx2 x +logg x = 16;

4)log ; (x +2) - log, (x - 8)= 1log 1 (4x-8).

s 9 =

380. 1) x'8*=10; 4) x® sz g,

2) xlog3x+1 =9; 5) xl—0,251032x=2;

2_]0343'

3)0,1x%*%=1000; 6)x 2 =8,
381. 1)log,x—2log, 2=-1; 3)log;x + 2log, 3=38;

2)log,x +log,2=2,5; 4)log, x - 6log 3=1.
382%.1) log » 9+ log; 4=2; 2)log» 16 - log - 7=2.

383+ 1)1g(6-5*—-25.-207)-1g 25="x;
2)1g(2‘+x+4)—x—xlg5

3 x-3

logJ—(x D% 2) 2logy X . 7+1 log3x I

385. 1l)log, ,(x— 4) ~log, , (T—x)=0;
2)log s, o x*+log 2 (x*+Tx—3) ~2=0;
3)log,, ;(2x—3)=log,, ;(2x~1);
4)log, , (x—0,5)=log, g (x+ 1).
386%. 1)1g2(x + D) =lg (x+ 1) lg(x — 1) + 21g2(x — 1);
2) 2log, (4 — x) log, (4 — x) = Blog, (4 — x) — log, 2.

384. 1) 1+logs =7 x

116



387+, 1) log, [log, (log, x)] = % ; 2) log, [log, (log? (x - 3))]=0.

388+%.1) .flog, 25+ 8 = igg}—x; 2) 2log? x+3log, x—5 =log; (2x).
L]

389% HailiTu Bce 3HAYEHHA NApaMeTpa @, IPH KOTOPhIX yPaBHeHHe
Slog, x +log, x — 4log,, X =a MMeeT KOPHH, A PEIINTD 3TO YPAakHeHHe.

§ 19. Norapudpmmnueckue HepaBeHCTBA

ITpu pemrennn JorapebMAYecKHX HePABSHCTB YACTO MCHOAB3YETCH
cleIyIOLLAA TEOpeMa.,

Teopema.Ilyctba >0,a#1, x;, >0, x, > 0, Ecan
log, x, <log, x,, ToXx, <x, npra>1lux,>x, npu0<a<l.

0 Ilycrs, HaOpUMep, & > 1. IlpeanonoxuM, YTo HEpaABEHCTBO
x, < X, He BHIONHAETCH, T.€. X Z X,. Toraa no ceoiicTBy BOSpacTaHEA
®yEkoun y = log, ¥ nupu ¢ > 1 J0MKHO BHOOJHATHCA HEPABEHCTBO
log, x, > log, x,, 4T0 OPOTHROPEYHT YCAOBHIO, @

damaua 1. Pemurs Hepanenctae log, x < 3.
A 3amenss 3 Ha log, 8, samAmeM HePAaBEHCTEO B BUAE
log, x <log, 8.

Tak Kax dpyHKUuA y = log, x onpeseseHa npu x > 0 1 Boapacraer, 10
HepaBeHCTBO log, ¥ < log, 8 BrmosAAET-
cA ToI'la ¥ TOJABKO TOTAa, Koraax > 0 u ¥
x<8,re.npml<x<8 3 =3

OrBer.0<x<8. & .

I'paduyecku pellieHWe HepaBeHCTEA 15
log, x < 3 cpopuTes K Haxoxaenuio tex O] /1 8
SHAYEHHI X, TPH KOTOPMX TOUYKH rpadu- ]
k& GYHKUNK § = log, X AexxaT HUxe IpH-
Mot y = 3 (puc.41, a). Puc. 41, a

y=log,x

Yy

3amaua2, Peunrs Hepaseucrso logy x>-2,
3
A Tak xak -2 = log; 9, T0 faHHOe HePABEHCTBO NPHMET BHA

3
108'1 x 2 log; 9,
3 3
POyurnnEa y = logl x onpegenexa npa x > 0 n yGpBaer, TAK Kak
3

1
0< 3 < 1. CaenopaTte/bHO, HEPABEHCTBO logl x > log, 9 suinonaseTcn
3 ]
TOT/A ¥ TOJABKO TOrAa, Koraa 0 < x < 9.

OrBer.0<x<90. &
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3 anaua3d. Peurars HepaBeHCTBO
lg(x+1)<2. (1)
A ITpapad 4acTh AAHHOTO HEPABEHCTBA HMEeT CMEICH IIPH BCEX 3Ha-
YeHuAX X, 4 NeBad 9acTh — upu X + 1 > 0, r.e. mpu x > —1. IIpoMexy-
TOK X > —1 HasmBalor 06nacTL0 onpedenenus nepasencmea (1), Tax
Kak Jorapupmugeckas QyHKouA ¢ ocHosarnem 10 soapacralomad, To
HepapeHcTeo (1) IPE yea0BRE X + 1 > 0 BHNOAHAETCA, €caH X + 1 < 100
(rax xak 2 = lg 100). Takum obpa3soM, Hepasencteo (1) pasHocurbHo

cucmeMe Hepuasencms
x>-1,

(2)

x+1<100,

T.e. HepaBeHCTBO (1) m cucTeMa (2) AMeoT 0JHO H TO e MHOIKECTED pe-
mennii. Pemas cucremy (2), Haxoanm -1 <x <99, 4

IIpupeneM npumMepw penreHnd 0o/iee CAQKHRX JIOTAPADMHIYISCKAX
HepapeHCeTB., OOLIYHLIL CIIOCO0 pelIeHHS TAKHX HEPABEHCTR 3aKAI0UA-
€TCA B Ilepexofe oT HUX K §0jiee IPOCTOMY HEDABEHCTBY WM CHACTEME
HEDaBEHCTH, HMEIQIIeil TO e CaMoe MHOMKeCTEO DelIeHuii.

Hanpuamep, vepapercrso 1g (x + 1) € 2 nMeeT TO ixe MHOMKECTBO pe-
LUIeHMIi, YTO H CHCTEMA HePABEHCTB

x+1>0,
{x +1<100.
3apgayuad4. Peuats HepaBeHETBO
log,(x-3)<1-log,(x-2). (3)

A JlorapmpmMurueckan GyHKINA ONpefeseHa IPH MOAOMHUTENbHBIX
JHAYEHNAX ADTI'YMEHTAa, NOTOMY JeBasd YacTh HePABEHCTBA HMeeT
CMBIC NP X = 3 > 0, a npagad yacTh — OpH X - 2> 0.

CnepoBaTeaAbHO, 00 JACTH HEeDABEHCTBA OLHOBPEMEHHO HMEIOT
CMBICJ IIPH X > 3. IloaToMy B nansHelmeM 6yaeM CYHTATE, YTO X > 3.

HepapeHcrso (3) npa ¥ > 3 MOMKHO 3AIIHCATE TAK:

log, (x—3) + log,(x—2)<1

log, (x — 3)(x - 2) <log, 2. (4)
JlorapndmMuveckan GyHEKONA ¢ ocHOBaHHeM 2 Boapacratoman. ITo-
9TOMY HPH X > 3 HepapeHeTBO (4) BEIIOAHASTCA OOHOBPEMEHHO ¢ Hepa-
BEHCTBOM
(x-3N(x-2)<2.

TaxuM o6pasoM, ucxodioe Hepasencmaso (3) pasHocUAbHO cucmeme

repacerieme (x-3)x-2)<2,
x>8. (5)
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IIpeoGpasyeM mepBOe HePaBEHCTEO CHCTEMH (x — 3}(x —- 2) € 2,
xX2-5x+6<2, x2-5x+4<0.

Pemas KBAADATHOE HEPABEHECTEO, IOMyvaeM 1 € x £ 4.

Yuureead, 9T0 x > 3, nonydyaeMm 3 < x <4,

OrpeT.3<x<4, A

O6GHMHO IPH pelleHHH NOTAPHGMHIECKOr0 HEPABEHCTEA CHATANA
HaxofAT o0JacTh onpefefieHns JAHHOTO HEPABEHCTBA,

3anmauad. PemuUTsE HEPABEHCTBO

log; (x+15)3> log; (x-1)-2. (6)
3 3

A Haiinem o6aacTh onpeaesieHAA JAHHOTQ HepaBeHCTRa, Jlorapudm
B JeBOll YACTH HePABEHCTBA MMEET CMEICA IpM X > —15, jorapudm B
npansoii yacTH — NpH x > 1. CnegosaTensuo, oba JorapudmMa onpenene-
HEL NpH X > 1, 1.e. obnacTs onpefeneHus Hepapencrsa (6) — ayu x > 1.
IIpu x > 1 HepaBercrso (6) MOXKHO 3aNUCATE B BHIE

log; (x+15) - log; (x-1)> log; 9,
3 3 3
T.E.
x+15
l(:Ig'%a ﬁBlog% 9.

1
Tak Kak ocHoBanne norapudma 3 < 1, ro npu x > 1 ameeM

x+15

o<,

Taxum c6pasoM, Hepagencmaso (6) pasrocurvho cucmene
x+15
£9,

x-1 N
x>1,

YMHOKEM 00e YacTH IepBOTO HepaBeHCTBa CHCTEMBI Ha x — 1, npa
STOM 3HAK HepaBeHCTBA He H3MEHHUTCA, TaK Kak x — 1 > 0. Iloayunm

x+15<9(x-1),
{x >1.
CaeaosaTensHO, HepareHCTEO (6) paBHOCHABHO CHCTEME
{x+15€9x—9, {x>3,
x>1, T.e. CHCTEMe |, 4

OTeeT.x23. A
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3 a n ava6. PeirTh HepapeHCTBO
log; (x2+2x—-8)>4. (8)
2

QdnacTk oOpefeeHHA HEPABEHCTRA HAXOAHTCA B3 YCIOBHA
x24+2x-8>0,
HepapeEcTBo (8) MOMHO JANHCATE B CAEAVIOLIEM BAAE:

log, (x%+2x - 8)2 log, 16.
2 2

1
Tak Kak JorapadMudeckad QYEKIHNA ¢ OCHOBAHHEM 5 ABIAeTCA

yOnpaomefi, To AA4 BCeX X H3 00ASCTH onpeAesecHNA HePABEHCTEA TI0-
IyqaeM
x2+2x—-8<16.
Taknm obpasoM, ucxodHoe Hepaaercmao (8 ) paaHOCURLRO CUCTIEME
HepaaeHcmes

- o {xz+2x—8>0,

Puc. 41,6 2 +2¢-8>0,
L, . e uc0
—6 0 4 X

Pernasa nepsoe KBagpaTHOe Hepa-
Puc. 41,6 BeHCTBO, oJyJaeM X <-4, x> 2 (puc.
41, 6). Pewuas sropoe KBagpaTHOe He-

g 2 é E . PABEHCTEO, moaygaeM —6 < x < —4 (pue.

6 4 0 2 4 x 41, &). Creaosarentro, oba Hepasew-
CTBA BREIDOAHAWOTCA OAHOBpPEMeH-
Puc. 41, 2 Ao npn -6 <x <-4 nnpu 2 < x<4

(pmc. 41, 2).

Orper.—b6sx<—4, 2<x<4. 4

3apngaga 7% Pemurh HEPABEHCTBO
8 — x <log, (20 +5%).
A NaHHOe HEDABEHCTRO PABHOCHARHO KAXOOMY U3 CAEAVIONIAX He-
paBeHCTE:
log, 53% <« log, (20 +5%), 53 %« 20+5%, 52%420-5*-125>0,
(5* - 55*+25)>0, H*>5, orTkymax>1.
OrBer. x>1. A

3 apmayua8¥ PemnTh HepapeHCTBO IPH PASHBIX 3HAYCHHAX &°
log, x +log, (x+1)> 2. 9
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A OBaacThIO OnpefesicHHA HEPABEHCTEA ABAAITCH Bee AeHCTBHTENB-
Hble 3HAYEHHA X > 0, mapaMeTp & MOXeT IPHHHMATH 3HaueHnA: ¢ > 0,
a * 1, TAK KAK CTORT B OCHOBaHWE Jorapudma.

IIpn secex x> 0, a >0, a # 1 AaHAOCE HepPaBEHCTEO MOXKHO IIpescTa-
BPHTL B BHJE

log, (x(x + 1)) > log, a®. (10)

PaccMoTpiM IBA BO3MOMKHEIX CAYUAd PEIIEHUA HEPABEHCTBA! puU
a>1ud<a<l.

1) Ecana > 1, ro x > 0w x(x + 1) > a2, rak Kak JorapadmudecKas
hyHRIHA ¢ OCHOBAHHEM OOJIBIIE eAWHHIN Bo3pacTawimasa. To ecTs He-
paBeHceTRO (10) paRHOCHMIBAO CHCTEMe HepDABREHCTH

{x >0, an

2(x-1)>a’.

i a2
Ypasuenue x%+x-a%®=0 nmeer KopHH X =% ,
144 2
Xy =% » rae x, < 0, x, > 0. CnegosaTenbH0, MHOXKECTBO pe-
—1+/1+4a?
— -
2)Ecmm 0 <a <1, 70 x> 0ux(x+ 1)< a2, Tak KaK JorapupmMuuec-
Kaf GYHKIKUA ¢ OCHOBAHNEM MeHLIIe efMHHNN yomBalomada. To ecth

HepaperceTso (10) pasHOCKNLHO cHCTEME HEPABEHCTE

{x >0,
(12)

meEn# cucremsl (11) — mpoMesKyTOK X > X,, ANA X >

x(x+1) <a’.

MHoskecTBO pemreHuii HepapeHcTba X2 + x — @2 < 0 — uHTepBRAN
(%33 x,), a pemennem cucremsl Gyaer muurs warepean (0; x,).

—1+1f 2
& npu a> 1;

Oreer. Herpemennitnpua< 0, a=1; x> 2

~1+1+ 44®

0<x< 3 nmpul<ae<1. 4
YnpaxHeHus
Pemnurs HepapercTso (390—391).
390. 1)log, x > log, 3; 3gx<ligd;
2) log, x < log, %; 4)Inx>1n0,5.
5 5
391. 1) log; x < 2; 3) logl x>186;
2
2) 11:;g0‘4 x> 2; 4) log0,4x€ 2,
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392. Haiita ofaacTe onpegenenna GYEKIHE:

393.

394.

396.

)y=1g (8x-2) 8)y=log; (x*-2)
2
2) y =log, (7 — 5x); 4) y=log, (4 — x?).
PemuTh HepaseHcrso (393—3935).
1) log, (x +2) < 3; 4) log; (x~1)>-2;
3
2) log, (4 - 2x) > 2; 5) log, (4-32)>-1;
B
3)logy (x+1) <-2; 6) log; (2 - 5x) <-2.
3
Digx>1g8+1; B)log, (x—4) < 1;
2)lgx>2-1g4; 4) log, (3x—5)> log; (x+1).
H 5
1) log,  (x ~3)+log; (x - §) <1;

2) logl (x—2)+ log;, (12-x)>-2;
3 3

DlgBx-<lg(2x+1);
4) log; (2x+3)> log;, (x+1).
2 2

396.

397.

398,

399.

122

Haiiti ofnacTs onpefeeERA QYHKIAR:
1) y=log (x% —4x + 3); )y= Jlogs 6x%+x-1);
2 y=log, 3:“2 By= .[lgx+lg(x+2);
B y=log; (+"-2x+5);  6)y= flgGx—D+lgx+1).
Pemnrs Hepanenc'rao (397-411).
2r® +3
1) log, xz > 0; 2) log_; x_’:‘, <0.
Dlogg(x?-4x+3) <1 3)log, (x2+2x) > 1;
2) log, (x% - 8x + 2) >1; 4) log, (x2- 2,5x) <-1.
3
1)1g (x2 - 8x +13) > 0; 3) log, (x?+ 2x) < 3;
2) log; (x2- 5x+7)<0; 4) log; (x2-5x-6) »-3.
5 3 -

- 1logg , x — logy (x — 2) < log, , 3;

ADlgx- log'u_l (x—1)> logo_l 0,5.



401.

402,

403.

404,
405,
406+

407+

408+,

409*

410*
411%
412%

413.

414,
4135,

4186.

417,

1) log; log, x*>0; 2)log, log; (x?-1)<1.
3 2

1) logg,g xr=- 5log0,2 x<-6; 2) logg'l X+ 3103'0.1 x>4,
1 2 . 1 1
1) 5—]gx+1+lgx<1' 2) E+1_lgx<1.
Dlog,(2-3°)<x+1-log, 4; 2)log,(6+27)>4 - x.
1)log, (26 + 3 *) <x +3; 2)log, (8- 4") <log, 11 -2x-4.
1) Ingg_a (dx +7)>0; 3) logx2+2 Bx+6)<1;
2) log ;.1 (V6-2%) <0; 4)log ;, (4x-2)>-1.
56 e
L2ty 2 >202,
& (J16H —1+2) <44%-1],
2 ki
| < ¥ -2
- 1) logig,,q %% > 2; 2) log,,, *¥°> 2.

.1 ./loga (9x +18) <logy (x+2); 2) Jlogz x+ Jlog, 22 %

. PellluTs HepaBeHCTBO MIPH PAITHUHEIX JHAMEHUAX @:
Dlog,(x-1)+log, x> 2; 2) log2 x%>1.

YnpaxseHuws k rnase IV

Briuncauts (413—-417).

1 1
1) 103'15 225; 2) 10g4 256; 3) 108'3 %; 4) log., @ .

1 1
1) log% 64; 2) log% 81; 3) logi o7 4) logé a.
1} log,, 1; 2)log, T; 3) log,, 64; 4) log,, 9.

1y logs 4
1)(0,1)7'€%3;  2)107%4; 3) 57lo#s 3, 4) (3) .

1) 4log, 3-Zlog, 27-log, 6;
: 3 3 2

2) 212 0,001+1¢ ¥7000 - 1¢ 10000.
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418.
419.

420.

421.

422,

423,

424,

425.

4286,

427.

428,
429,

124

CpaBHuTh wHCAA @ M b, ecan a = 2log, 4, b=3 log 1

137
27
BrurcadThs ¢ NOMOINBI0 MHKPOKATLKYJIATODA:
1)log, T; 2) log,12; 3)log, , 0,17; 4) log, 5 81.
HocTponTe rpadurn dyarouii:
1) y=log, x; 2)y=log; x.
rl

Kaxasa ua gausmx hyHxknuil Apaseres sospacraiomeii? yompaw-
mei? IIpH KaKBX sHAYEeHAAX X KAKAAA QYHKINA IPAHAMAET 10
JOXKHUTeNbHEIE JHATEHAA? OTPHIOATe/bLHEIe 3HAYCHNAT SHAYEHHA,
PaBEEIe HYJI?

BrsacHATH, ABJAETCA AW BOZPACTAIMEH nn yORBaomel (HyHK-
oHA:

Dy=logy,x 2}y=loggx; 3yy=logix; 4)y=1logszx.
e T

PemuTh rpadHyecKkz ypapHEHHE:

1)log, x=5-x; 2) log; x=3x.
3
HaiiTu 061acTh onpefeseHEA GyHKINY;
1) y =log, (5 - 2x); 2) y = log, (x? - 2x).
Pemnre ypasHeHne (424—42@).
1)log, (B3x~1)=2; 3)2log;, x= log;, (2x% - x);
3 2
2) log; (7-8x)=-2; Hlgx?-2)=1gx.
A
Dlg(x2-2x)=1g30-1; 3)lg2x-3lgx=4;

2)log, (2x2+x)=log, 6 —log, 2;  4) log} x - Slog, x +6=0.
1)log, (x - 2)+log, (x - 3)=1;
2) log, (65— x) +log, (-1 —x)=3;
Dlgx-2)+1gx=1g 3;
1) log 5 (x— 1)+ log 5 (x+4)= log 5 6.
PemuTe HepapeHcTBO (427—429).
1) log, (x - 5) < 2; 3) log; (2x+1)>-2;
2

2)log, (T—x)>1; 4) log; (3—-5x)<-3.
2

1)log; (5 -4x)<logg(x—1); 2) logo,3 (2x+ 5) = ll:ug{,'3 (x+1).
Dig(x2+2x+2)<1; 2)log, (x%+ Tx - 5) > 1.



NPOBEPL CEBR!
1. BEIMHCAHTS:
log, 125; 1g0,01; 2'°%23; g%oma®, |40 68 -log,17.
2. IocrponTts cxeMaradeckn rpadbuk GyHROHK:
y=log,,x; y=log,x.
3. CpaBuuTE UHCHAA:
log, , 3mlogy 5 2,5; log, 0,7 nlog,1,2.
4, PemmaTe ypaBHeHHe!:
log,(3x +1)=2;
log, (x+2)+log, x=1;
In(x2-6x+9)=In3 +In(x +3).
5. PemmuTE HePABEHCTRO;

log, (x—1)<2; log; (2-%)>-1.
3

Brruucaurs (430—-431).

1 1 -
430. 1) logﬁﬁg; 2) 1og£ﬂg; 3) g¥-loe25

4) 3,6'°83610+1. g 2log, 5 +3log, 8; 6)log,log, log, 2!°.

log; 30 log; 150 log; 42 log; 378
431.1 - ; 2 - .
) logau 5 logs 5 log-l% 3 lOgl«l 3
432, CpaBEMTE YHCIA;
. X 2logy 5+ log; 9
1) log, - ulog, = 22 * u.8.
3 3 32
433. Yupocrurs BEIpAXKeHHe 1- loﬁ b a
(logab+logba+1)¢loga3

434. Bupasurs log,, 64 yepes uncnaa=1g3u b=1g5.

435. Bupaanrs log,, 8 wepeauncaaa=1g5u b=1g 3.

436, Bupasurs log, .. 56 wepes wncna e =log,, Tm b=log,, 5.
437. Ha#iTy 3HAUEAHA X, OPHA KOTOPHIX COPABSAIHED HEPABEHCTBO!

3 1
1)log, 8 <log, 10; 2)log, i <log, 2"
438. Peumurs rpadageckn ypaBEeHHE:
1) log3x=§; 2) 2% = log; x.
* 2
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Pewntes ypapHerne (439—445).
439. 1)3%=10; 2)2%=3; 3)1,3%?=3 4) (% =1,5;
5)16% — 4**1 - 14=0; 6)25%+2. 55~ 15=0.
440. 1)log, x +logy x +log,, x = % ;
2) logg x+log 5 x+log% x=6; 4)log, x - log, x = 9log, 3.

3)log, x - log, x = 4log, 2;

441. 1) log,log, =—2= 1

442, 1) log, (2 - x?) - 11::g3 (-x)=0;
2) log, (x* — 12) - log (—x) = 0;

3)log, Vx-3 +log, J3x-7 =2;
) 1g(x+86)—1g v2x-3 =1g4.
443. 1) logv,ﬁ x +4log, x +log, x=13;

2) log, log, log, (x% - 48) = 0.

2)logy 5 (v +2) - log, (x ~ 3) = 3108 (~4x-8).
7

444. 1) log, 5+ log, 12+ —;-logx3=l;
x 2

x

1
2) Elogx'i’- 108% 3 - lngz 28=1;
3) ﬁlogu 2 - 5log, 2= 0;

4) log5 +log, 25=1.

2 — - 8 L3
445, 1) logz Tl —logz 4 3) lg ﬁ = lg X5
2) logl = logl x; 4)1g —x—-% =lgx

PBIHHTB Hepaneuc'rno (446—-448).
446, 1) logJE (x—-4)+ long (x+1)<2;
2) logm (x—5)+ logm (x+12)<2;

3) log; (8x% + x) > 2 + log, x%+ log, x;
4)log, x +log, (x - 3) > log, 4;

5) log1 (x-10) - log1 (x+2)2-1;

8) ll:)g1 (x+ 10)+lctg1 (x+4)>-2.
K3 o
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447*. 1) 4log, x — 33log_4<1; 2)log,3<4 (l+log1 x].
3

1+x

448*. 1) log (log _
U 21415

) > 0; 2) log1 (log, (x2 - 5)) > 0.
3
449%, oxa3zaTk, YTO €CJIH OOCHEIOBATEARHOCTE NOJIOKHUTENBHEIX YH-
CeJl ABNIAETCA reoMeTpPAYECcKo nporpecereii, To ux gorapudMer oo
OAHOMY OCHOBAHKIO 06pasyOT ApPAQMETHYECKYIO IPOrPECCHIO.
450%, HaitTy 1py DoCAeA0BATENBHEIX YIeHa MreoMeTprayecKol nporpec-
CHM, eCJIH HX CyMMa DaBHa 62, a cyMMa HX JecATHIHBIX AoTapud-

MOB paBHa 3.
451%, TTocrpours rpaduk QYHKIMN:
1 1
l)y_l(ggx, 2)y—m.

PewisTh ypasnenne (452~4654).

g’z 2ig

452+ 1) 19 1 9lex = 6; 2)x - 3 =100%10.
453**. 1)3 + 2log,,, 3=2log, (x + 1);

2)1+2log, ., 5=1og, (x+2).
454%*, 1)log, (2 — 5) - log, (2* - 2)=2 -~ x;

2)log, (2%+ 1) - log, (2**1 + 2) = 2;

3)log, . (3-x)=logy , (1~x);

4)log,,  (5x+3)=2-log,, . (Bx+T).

PemmuTs HepaseECTBO (455—456),

455**. 1) log; (272 - 4% >-2; 2) log , (6! -36%)>-2,
3 V&

456w, \13* +3-|13° - 4| <1.
457%*, Pemnrh ypasHeHRe:

4x+11 4
1) logg 4;_1 +1=logg %;

2) log, x - log, (x — 3) + 1 =log, (x* - 3x).

Igax) _
EG+D

458*% HaliTH Bce 3HAYSHHA 4, IPH KOTODLIX YPABHeHUE

HMEeT TOJBKO OOAH KOPEHE.

1 1

459%*, PemniuTh HEPABEHCTBO + <1.
log, x-1 log, x*+1
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UcTopuvyeckas cnpaska

Ewme apepHerpevecknii yuenslit Apxumen g 111 8. a0 H.3. B CBOEM CO-
ypHeHHH <IlcaMmmuts («Heunenenne necywHOK » ) paCCMATPURAJ IO~
CAeLoBATENBHOCTD CTENEHEH OAHOr0 N TOTO Ke ynucis (OCHOBaHIA):

a% al,a? ad,....a"% ...

H BBICKA3IAJN YTEBEpX aeHne, KOTopoe B conpemeﬂnoﬁ CHMBOJMHKE BRITJIA-

T KaK
at-a™ =g,

Haes ceeeHdsa AeACTENA YMHOKEHHA YHCce], IPeCTABACHHMY B
BHIe CcTeNedeli OHOTO ¥ TOT'O JKe YHCJA, K CHAOMKEeHHI) AX NOKasaTe/ eH
HOABAANACL B MATEMATHYECKHX HCCASNOBAHRAX YUeHBIX OTBIeYEHHO K
BoaoTh A0 XVI—XVII 8B, ¥ He HaXoAKAS PEeAJLHOTO NPHMEHEHHEA.
B 5TH BeRa OPAKTHRA DOCTABLIA IIEPE MATEMATHKAMY 388491 YIPOLIe-
HAS FPOMO3AKAX BEITHCACHHH, CBA3AHHEIX ¢ PACIETAMH CAOKHEX IpO-
LEHTOR B (HHAHCOBOM, CTPAXOBOM B KPEAUTHOM AeaaX. Bruncautens-
HEIe CpelCcTBa TOraa OBLIM OTPAHUYEHEl — HCOOJIB30BAIUCE B OCHOBHOM
OTIEPANIVIE C HEeJKIMH YHCIAMH ¥ 00LIKHOBEHHLIMH ADOOAMH, 8 JecATHY-
HEI€ ApO6Y TOJILKO BXOZHAH B IPAKTHKY.

Yroefel BOCOOAL3OBATECH 000aHAYEHHON KHAeel, Hy)RHEI GLLIH Tab-
JHUEL, B KOTOPBIX CONOCTARIAMACE ORI OCAEAOBATENLHOCTH CTelleHel
YHCeJ ¢ TOCAeAOBATENbHOCTAMHE HX MoKasaTeneil, Ileperle Tabauns
CIOMCHBIX NPOIICHTOB cocTaBii B Hauasie XVII B, Hunepnasackuii yue-
HEI# 1 pHReHeD C. Cmegun. Ity Tabaunbl GELIN aHANOTHYHEL IO eTPYK-
Type TabaunamM JorapubMoB, KOTOPEE NPAKTAUECKH OJE0BPEMEHHO 34~
KOHYHIM cocTaBaaTs meeiinapew M, Bopzau (1552—1632) u auranua-
HuH e, Henep (15560—1617). Ognaro apropom uaofipereHus morapud-
MOBE ¥ COCTABATENEM IePBHX Mmalauy rozapughmuos ncropnd cauraer He-
mepa, TAK KaK oH paHbie Biopran onybankosan (8 1614 r.) ceow pabo-
Ty B aTo# 06JaCTH N0 HasRaHHeM «OnHcadHe YAABATENBLEOH Ta0MMIIBI
Jorapudmors» . Creqyer 0OTMETHATE, YTO TEPMYH «JOTapu(M» OepBLIM B
ynotpebaenne peen Taxxe Herep (cnoBo «norapudm» BOIHHKIIO H3 COYe-
TAHAS FPEYECKUX CJIOB A0YOO — orHOWEeHHe 1 ap1Bo’c — Jreso).

s gecarnanoii cucreMel CTRCHEHHA, KOTODOH MBI TIOJIR3YeMCH, ca-
MEIM YZOOHEIM OCHOBAHHEM AJA TAOHKRD JorapudMos SBAASTCA YACAO
10. OeiicrenrensHo, moboe HOJIOKETEALHOE HHCA0 N MOXHO OPEACTS-
BHTH B cCTaHAapTHOM BHAe N = a -107 (n — nenoe ynucno, 1 < a < 10).
Tak Kax HOPANOK YWC]Ia JerKo oupeaendercd, TO 1A HAXOMKACHUA
norapacdma yncaa (lg N = n + 1g a) gocraroudo umers JHIIL Tabaumy
MaHaTHCC (Tabnany uncen 1g a, rae 1< a < 10).
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YcoBeplIeHCTBOBAHERe TAOIANEI JecATAYHEIX JorapadMoB, KOTO-
PEIMH IOJIBES0BAIACE B Poccnn gecATKR JeT (110KA KX He BEITECHITHA KAJb-
KyAATOpEI) GHIIY COCTABNEHH OTETECTBEHHEIM HEATOroOM-MaTeMATHHOM
B.M. Bpaducom.

Ha ocHOBe Tol e HIeH 3aMeHL] NPOM3BEAEHAS CTeNeHed — CyM-
MO#, YACTHON) — PA3HOCTHI IOKAa3aTeNell oCHOBaHA GBLIA KOHCTPYK-
TMA A02epuGMULecKol AUHelkY, KOTOPOH NOMb30BANNCE HHXKEHEPhl H
MaTeMaTHKH Bcero Mupa 6ojaee 300 aer. HaobperareneM xorapudmn-
yeckoil aneiiku (B 1624 r.) cunraeresa agrmuiickué yaenrit 3. Nyxmep.

JecATHaHEIE JOTAaPH(MEl ¥ CETOAHA TRCTO UCHOAL3YIOTCH B CHAY
AcTopAYecKuX Tpagumuil m yaobers mpakTrki. OgHARO OIA MaTeMa-
THYeCKOl HAYKH H e NPHJIOKeHHH fojee 3HAUMMEIMH ABIAKTCA HA-
TypajabHbIe JorapugmMel. BasxHoeTs norapadmirdeckost pyaroua y =1In x
OG’BHCHHBTCH TE€M, 4YTO B MATEMATHHE YaIlle BCEr) HCOOABIVEITCH IIOKA-
saTeabHbIe GYHKIHUY ¢ OCHOBAHHEM €, IOITOMY BaXKHEI B 0OpaTHHIE HM
(PYHKIIHH,

Ecau cumtars, 4T0 uAed AorapudMrdecKoil GYHKIIMU BOSHMKIA ¥V
Henepa npH pelleHNH KHHEMATHUYECKHX 3axad (9TH 3agavH oH peraj
Paju COCTABMEHMA Tabaun morapadMoB), TO 3AKOHYEHHEL BUL TEOPHH
norapadMuveckoil HyHRIEHN npuaan Begaomuica mateMatuk X VI e,
JI. Sitrep (1707—1783). OrMeTnM, 9T0 SHAYATEALHYIO TaCTh CBOeH
sKugHA JiaeDd, ¢siH HefioraToro nacropa us Baseas, oposea e Poccny,
npuuap B 1727 r. npurnamenne paGoTars B TOABKO YTO OPraHA30BaH-
"ol B Ilerepbypre AkageMuu HayK. EMy npuHaane:xat ofmHe onpeae-
AeHnsa nokKagarenbEo#l H AorapupMudeckoll dyEKINA KaK B3aMMHBO
oBpaTHHIX, BBeJeHNEe CHMBOAS € A8 c00o3HaATeHHA OCHOBAHHA HATY-
PaNLHEMX JorapudMoB.

ITocae Ditnepa pasBuTHE TeopHA JorapudMuYecKnX GyHKONH Opo-
HCXOAHKJIO B OCHOBHOM B DAMKAX MATEMATHYECKOrQ aHaausa. Jlorapud-
MEYecKWe QYHKIAY, IOMUMO KHHEMATAYECKOI, BOOCAeACTENY OIPHOG-
PEeIH reoMeTPHYECKYIO H AHATHTHYECKY HETSPPeTAIMH.

Ins awboznamenvHbix TPOLEMOHCTPHDYEM, K&K C TOMOINBIO YETHI-
pexsHaqHEIX Tabnun Bpagica MKOABHUKY NPEAIAYITUX MDOKOMEHHH

HAXOAWIM, HAITpUMep, 3HaveHKe nponasepenns N = §513,2.0,505 :
1
lg N = 1g(¥/513,2-0,505) =1g (513,2)5 + 12(5,05- 1071 )=

= % lg (5,132 - 10%) + Ig (5,05 - 10-1) =

=

=z (1g5,132+1g 109+ 1g 5,05 +1g 101 =

1g 5,132 + % 2+1g 5,05 —1=-0,6+ %lg 5,132 + 1g 5,05.

ol =

5—10. M. Konarau, 10 xa. 129



Ilocne peinoNHeHENS STHX OpeodpasoBaHuil B pasaene rabmmn « Man-
THCCH JIOTApUPMOB» HARO ORI HallTH sHaueHud lg 5,132 u lg 5,05.
[IpuBOAMM «HYXKHYIO» YACTH 3TAX TAOAUD, B KOTOPOll DoguepKEyYTA
MaHTHCcCca-AorapadM vHeaa 5,132 («monpapKas Ha YeTBEPTVIO 3HAYA-
mylo nudpy 2 HaxoauTea B NpaBoll YacTH TAGIWMIK H NpHbaBAAeTCa K
nocjeAHEMY PaspARY HOAYEPKHYTOrO YeTRIPEX3HAYHOTO YHCJIA OCHOB-
HOH yactn Tadaunel). Mantucca-morapadgm aucaa 5,05 B raGaune BH-
AeaeHa AHUDHEIM mpidroM:

a|0 1 2 3 4 5 6 7 8 9 123 456|789
50(6990 | 6998 | 70077016 | 7024 | 7033 | T042 ; T060| 7069] 7067|123 | 345|678
§51(7076 | 7084 | 7093 |7101 | 7110 | 7118 | 7126 | 7135 | 714317152 ) 123 | 345|678
52

Hrax, Ig 5,132 = 0,7101 + 0,0002 =0,7103,
1g 5,05 = 0,7033.

OxouuarensHo: lIg N~ -0,6 + % -0,7103 + 0,7033 =~ 0,2454.

Tocae naxoxaeHns 1g N ¢ noMoOIEB0 pasness « AHTAAOIAPAPMELS
(B orux e rabannoax) no uncny 0,2454 naxoaares yacao N = 1,759,



meaV | [ CUCTEMBI YPABHEHMIA

B aroit rmase BE MOIHAKROMHTECH ¢ PAJHEIMY JIONEAHEIME DPHEMAMKE
pelleHNA CHCTEM YPABHEeHWI, YACTE M3 KOTOPEIX BAM H3BECTHA.

§ 20. Cnocob noacraHoBkw®
3anpmaua 1. Pemunrt cucreMy ypasaeHuai

{3x—y—6=0,

%+ dxy—2y% =29, (1
A W3 nepBorg ypapHeHWA BEIDABHM ¥ YEDES X
y=3x—-6 (2)
¥ NO/ICTABNM 3T0 BHPa)keHWe BO BTOPOE YPaBHEHHE
x?+4x(8x—8)—-2(3x - 6)2=-29, (3)
¥rpocTHE 9TO YypaBHEEeHMe, TOJIYIUM
5x% - 48x+43=0, 4)

otKyza X, =1, x, = 8,6. IloacraBnas oTu sHaueHna B popmyay y = 3x — 6,
Haxogum y, =3, y, = 19,8.
Oreer.(1;-3),(8,6;19.8). 4

Cnocob moficTaHOBKH BAM SHAKOM, OH ABAAeTcA ONHKM K3 CAMBIX
OPOCTHX H HAZEKHBIX cocoboB pelieHns cuereM ypaBsHeHnit, Ilpupe-
AeM ero o0ocHOBAHME HA NIPHMepe peltieHnd 3aaayn 1.

© IIpenmonosxamM, 4o cylecTByeT peurenne (x; y) cicreMH (1), T.e.
XMy — TaK#we YHcaAa, 4ro oba papeHctsa (1) sepurl. Toraa ma Hux mo
CEQICTBAM BEPHBEIX YHCJIOBRIX PABEHCTE MOJYYAETCA, YTQ PABEHCTBA
(2)— (4) raxsxe pepunt. M3 pasencrs (2) u (4) wadigenn x, = 1, y, = -3,
x,=8,6, y,=19,8.

HraK, NpeanojoxKEB, 4To cucTeMa (1) EMeeT pelleHHA, MBI yCTA-
HOBIJIM, YTO ¥THMK PEIIeHAAMH MOI'YT OLITH TOALKO ABe HalifeHHbIE
uapsl tacen. Ho, moxer 6LITh, Hallle npenironoxkenne Hepepro? Iloaro-
My LOK&MEM, IT0 HAHAECHHEIE ABEe HAPE] THCEN B CAMOM AEJE SABATIOT-
ca pemteHnsaMn cucreMsl (1).

2T0 MOKHO coeNnaTh 0DRYEOH NPOBEPKOA: HOACTABITL HAlileHHEIE
BHAYEHHA X ¥ Y B ypaBHeHUA cucreMsl (1) u yGeaArTHCA, YTO MOJYYA-
I0TCA BepHEBIE YHCA0OBEIE PABEHCTEA. JTHAKO MOKHO JOKA3aTh, YTO Ta-
Kad [IpopepKa HeoDA3aTeNbHA, TAK KaK IOJAYIeHHEEe AaHHKM CIIoco00M
TAPK YHCeN BCerfia ABAAIOTCA PellleHHAMH CHCTeMH (ecId, KOHeYHOo,
He JIONyNIeHBl OIINOKY NMPH BBIYUCJIEHHA).
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IiprBegeM 3T0 AOKABATENLCTEO.

IIycrs ¥ — KopeHs ypaBHeHnA (4), T.e, ¥ — TaKOe YHCJIQ, YTQ pa-
BEHCTEO (4) apnAerca BepHEIM, H3 Hero mo cEOHACTEAM BePHEIX YHCJIO-
BRIX DABEHCTE MOJMYIaeM BepHOe paBeHcTBo (3). Cunrad y pasHEIM 3% — 6,
T.e. BEPHBIM paBeHcTEO (2), B3 papeHeTs (2) ¥ (3) HMeeM BepPHEIE PABeH-
C¢TBa, o0pasyionue cEcreMy (1). @

SaMeTHM, 9TO IPMBEASHHOE PACCYHKACHHE COCTOANO U3 ABYX vac-
Tel. CHauana, OPeIOI0MHUE, YTO AAHHAS CHCTEMA HMEeT PelucHHA,
6BLI0 YCTAHOBASHO, KAKAMY OHH MOTYT GEITe. Bo Bropoit uacTu Geino
MOR&3aHO, YTC PellleHAA CHCTEME! CYIIeCTEYIOT ¥ HAKAeHALIE [Be Taphl
THCE] B CAMOM Jigjle ARIAIOTCA PeOIeHASIMYA ACX0AHOH CHCTEMEL.

Taxum o6pasoM, crnocod NOACTAHOBKH OGOCHOBHIBASTCHA CBOMCTRA-
MH BEDHEIX YHCAOBLIX papeHCTB. Ilo2ToMy 9T0T cmocod MOMKHO CMeNo
MPEMEHATE, He TPHBOLA KAXARH pas nopodHEe AOKASATENLCTHA.,

3agmava 2. PemuTh cHCTEMY YPaBHeHRH

ks

ATloncrasasas x =y 2+ 1 po BTOpOe ypaBHeHHe, MoayuaeM yo +y=
=2+ y3, orkyma gy - 1)=0,y,=0,y,=1,

ITo dopmyae x = y 2+ 1 HaxoanM x,=1,x,=2.

Orber.(1;0),(2;1). 4

3agaqa 3. Peumrs cucreMy ypaBHeHRR

{xz—xy+2y2=16,
- 2xy-322 = 0.

A BrIpasnm Ma BTOPOrO YPABHEHRA I Yepes X, peliasd 370 YPaBHeHHe
KAK KBAJAPATHOE OTHOCHATEILHO Y:

y=xt Jyx® +3x% =x+2ax,

T.8. WIKR ¥ = 3x, WIH § =-X,

1) Ilopcrapaaa ¥ = 3x B Nepboe ypaBHeHHe CHCTeMEI (D), nMeeM
16x%=16,x, ,=+1,y, ,=13.

2) IToacTannAad y = —x B NeDPEOe ypaBHeHue cucTeMBl (5), moayyaem
4x2 =186, Xg,=%2,y,,=%2

Orser. (1;3),(-1;-3), (2, -2),(-2; 2). 4

(5)

3apgaua 4. Pemuts cucreMy ypaBHeRHit
{3.‘; -4y = 2,

2 2 (6)
9x% - 1652 = 20.
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A Ilyers (x; ) — pemeHpe sroit cucTeMsl. 3aMeTHM, 9TO BTOPOE
YpasHeHHe MOYKHO 3a1BCATD TAK:

(8x — 4y)(3x + 4y) = 20,
& TEK KK H3 HePBOro YpasHeHns 3x + 4y =2, To

(B3x—4y)-2=20,
T.C.
3x-4y=10.
Tloayyniack cHcTeMa

3xr+4y=2,
3x - 4y = 10, (M

KOTOpAasA MMeeT TO JKe caMoe peieHne (x; y).

HaoBopoT, echu (x; i) — peieHue cucTeMH (7), T0, YMHOMKAaA BTO-
poe ypaBHeHHe TOM CHCTEMEl Ha Meproe, noiaydaem cucremy (6), r.e.
(x; y) — pemenne cucremkl (6).

HTax, obe cucreMul (6) u (7) mMeloT 0IHY U Te JKe pemeHns, Taxkue
CHCTEMEI HABBIBAIOT pasHocuasHbimi. Peman cucremy (7), Haxogmm
x=2,y=-1.

Orser. (2;-1). 4

IIpopeperuEIME TpPH peuleEdH 3agaud 4 paccyxaeEnAMA ofocHO-
BaHA BOSMOKHOCTH NIOACTAHOEKH 3HAYECHHS BRHIDAMKEHMA, COAepIKalIe-
TC HEH3BECTHRIE, B3 OJHOPD YPABHEHWA B PYTOE,

3amayva 5. PemuTscHCTEeMY YPABHEHMIT

{x2—2xy+4y2=7.
x°+ 85 = 35,

A Tlo dopMmyne cyMMM Ky00B BTOPOf YPABHEHHE J3AaTHLIEM Tar:
(x + 2yHx? - 2xy + 4*) = 85,

Orciofa H H3 IePBOT0 YPABHEHAA CUCTEMEI HOJIy4YaeM

(x+2y)-7T=235,

orryzax=>5—2y.

IHoacrapnas 3710 3HAYEHHE X B IepBoe YPaBHeHHe NCXOAHOI cHeTe-
MEL, HIOIYuaeM

(B-2y)2-2y(5- 2 +4)°2=T1.
Ilocne ynpollleEUd 3TOTO YPaBHEHHA HAXOAHM
6y’ - 15y +9=0,

¥, =1, y,=1,5, ans dopmuyas: x =35 — 2y Haxoaum x, =3, x,= 2.
OreeT.(3;1),(2; 1,5). A
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3agavua 6. PeluTs cHcTeMY YPABHERHH

{JE+J§=12,

x—-y=24.

A IlepBoe ypaBHeHHE CHCTEMEI HMEET CMEICH, ecau x 2 0, y 2 0, ITpu
TaK|X 3JHAYCHUAX X H If AMeeM

2-y= (V2 +V5)(VE- o)
MO3TOMY CHCTEMa TAKOBA:
Jr+fy=12,
(e
OTKYZA
Ve fy=12,
{«/.T: ~Jy=24.
Pemasa 3Ty CHCTeMY, HaXOgAM +x = 7, J; = 5. CxegoBaTensHo,

x =49, y=25.
Oreer.(49;25). A

3axaga 7. Pelnurs cHcTeMY YpaBEeHWH

log, x—log, y=1,
4% +x-12=0.
A IlepBoe ypaBHeHHe CACTEMBI AMEET CMBICI, ecau x > 0, y > 0. ITpn

TAKHX JHAUYEHUAX X H If BRIJAIAM X yeped ¥ B3 nepporo ypaBHeHnd CH-

cremml log, 3 =log, 2, g = 2; x = 2y. IlopecTaBasaa x = 2y O Bropoe

ypaBHeHHe CHCTeMEI, momyuaeM 4y® + 2y — 12 = 0, oTkyzaa =3
3

y,=-2. Tak Kak y > 0, T0 y, = ~2 — nocroporHU# Kopeus. Ilpu y, = 3

13 (POPMYJIKL X = 2y HAXOZHM X, = 3.

OrBer. (3,%] A

3apgagua 8. Pemwmrt cHCTeMy YPABHEHUH

4%. W =32,
3.3 =am,
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ATak xax 4 = 22, 27 = 32, 10 o cBoficTEAM CTElIEHH CUCTEMY MOMHO

3AIOHCATE TAK:
22y - 95,
{38:&1 —8%,
T.8.
2x+y=5,
{Sx +1=3y.

Pemas 3Ty cucTeMy, HaxoquM x =1, y=3.
Creer.(1;3). 4

YnpaxHenus
PemuTe cacTeMy ypapHerni (460—470),
480. 1) |x-y=2, 2) [x+y=38,
3x+2y=16; bx-2y=1.
461. 1) {x+y=8, 5) |x%-y® =200,
xy="T x+y=20;
2) [x+y=1, 6) |x2-y% =9,
xy=—6; x-y=1
3) {x+3y 10, T |22 +4% =10,
x xy=-3;
4) [x- 2y 8) x2+y2=13,
xy xy=6.
462.1) {x +y =41, 4) [x-y=3,
¥- 2ey=5
2) J2x® - y2 46, 5) [(x-y)F =4,
Xy = 10 x+y=6,
3) x+y 7 6) [x%+y=1,
Py=12
463. 1) x+y =5, 2) |[x-y=1,
2 +y° =35 ¥ -yt=19

135



464. 1) [lgx-1gy="T,
lgx+1gy=>5;

2) {log2 x+= logz —=4,

3) (lgx-lgy=2,
x-10y=900;

4) {loga x+log, y=2,

Xy-24+9=0,
465. 1) J§+ ¥ =8, 2) [Vx -y =1,
x b= 161 x—y=5
466. 1) =152, 3) {2y+x—L
:»:yﬂ,;2 19; 22y’ + 2"y =3
2) [2x—y=5, 4) |xy(x+y)=6
2x2y xy =15; P+y*=9
467.1) [P+ xy+2° =18, 2) [ +20y-1542 =0,
822 - 2xy- 1P =0 2%+ 2y + 27 = 25.
3
468. 1) x=-y§ 7, 2) {x+y-Jx_y_G,
11 =
x+xiyt+y="T y=16
469. 1) {lg2x+lg2 y=5, 2) (9%¥ =729,
lgx-lgy=1 37¥vlzg
470. 1) |4*-2¥ =32, 2) [3%.9¥ =27,
31 gd, lg(2x+yP -lgx=2lg3

§ 21. Cnocob cnoxeHns

3agava 1. Pelnmuts CHCTEMY YPABHEHHHA

x2+y2=13,

1)

A IlpnGapuM K mepBoMy YPABHEHHIO BETOPOE, YMHOMKEHHOe Ha 2, a
BTOpOE YPARHEHWe OCTARHM (es naMeHeHwmi:
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(2)

x? +2xy+ y2 =25,
xy=6.

HoxaxkeM, uro cucteMH (1) 1 (2) paPEOCHIBLHEI.

Iyets (x; y) — pelleEne cacreMu (1), T.e. 06a pasexcTEa (1) Bep-
uel Torga no ¢soficTBAM BEPHEIX YHCIOBHIX PABEHCTE BEPHLI 00a DaBeH-
cTBa (2), T.e. (X} y) — pellleHHe cHCTeMEI (2).

Iyers, HaoBopor, (x; y) — peineHre cucTeMel (2), T.e. BepHEI 06a pa-
seHerBa (2). [Ipn6apuM K NeppoMy B3 HHX BTOPOe, YMHOMKEHHOe Ha (—2).
IToayunm BepHbIe paBeHcTRa (1), T.e, (X; ¥) — pemmeHde cacrems (1),

Pemum cucremy (2). Ileproe ypasHeune cuctemsl {2) 3ananreM Tax:
(x+y)?=25,orkynax+y=15, re. wmay=5-x, mwmy=-5-x.

1) Iloacrasnas y= 5 — x Bo BTOPOe YPaBHeHHe cUCTEMH (2), moay-
vaem x(5 — x) = 6, orkyna x2 - 5x + 6 =0, x, = 3, x,= 2, Ilo popmyne
§="5—x HaxoauM y, =2, y,=3.

2) IloacTrasaaa y = —5 — x BC BTOpoOe YpabBHeHUe cuereMs (2), noiy-
uaem 2(-5 — x} =6, orkyna x2+ 5x + 6 =0, x; = -3, y,=-2m x,=-2,
y,=-3.

OTreerT. (3; 2),(2; 8), (—3; -2),(-2; -3). 4

IIpuBeneHnkie IpE peineHny safaaun 1 paccyxaeHns 00OCHEOBEIBAICT
CIeRYIOIiee CBOMCTEO CHCTEM OBYX YPABHEHWH ¢ ABYMSA HEH3BECTHEIMA.

Ecau x ofnomy us3 ypaanenuil dannolt cucmemsi npubasums opy-
20€, YMHONMEHHOE HO LUCA0, HE DABHOE HYNIO, U COCMABUME CUCTeMy
U3 ROAYUEHKOZ0 YPABHEHLA U 2100020 U2 ypaaHer il darHOl cucmemyt,
mo ROAYHUMCA cucmeMa, pasHocurbran dannoil.

AHAJIOTHYHO AOKA3LIBAETCH A CReAyIollee CBOHCTBO TAKHX CHCTEM.

Ecau xaxdoe uz ypasHenult aHHOI cUCTHEMb YMHONKUMD HA He
paeHoe YW wucao (008 YPasHEHUR HA OOHO L MO e NUCAO UAU HA
PAIHbIE YUCAL ), MO NOAYLUMCR CUCMEMA, PASHOCURLHAR JaHKOlL,

3aMeTHM, ITO BMECTO CIOB ¢ YMHOMKKHTD 00e UaCTH YPABHEHWS Ha YHC-
JI0» KPATKC TOBOPHATCH: «YMHOMHTE YPABHEHHE HA YHcao». Tak e BMe-
CTO CJAOB «CJIQOMKHTE JISBBIE H IIPDABHIE 9aCTH YpaBHeEHA®» KPATHKO I'OBO-
PHTCH: «CJIOKHUTh YDAaBHEHHAS .

3anaua 2, Peurnts cuctTeMy ypaBHeHWA

X2 -2xy+ 3y =2,
24 _ By + 447 = 3. @)
A YMHOKUE Depeoe YpaBEeHAe Ha 3, a Bropoe HA (—2), noayaum
322 - 6xy+ 92 =6,
4 4 6ay 812 = 6. 4
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CKraaanIBad yDaBHEHHA CACTEMH (4), NomyuaeM
x2-y2=0,
OTKYZA Y =X UAH Y =—X.
1) Hoacrasnias y = X B nepboe ypaBHeHHe CHCTeMH (3) (MOKHO B
mioboe ua ypasteuwnit cucrem (3) u (4)), umeen:

x2-2x2 4+ 3x2=2,
orkyrax?=1,x =y, =1, x,=y,=-1.
2) [ToacTapnaan ¥ = —x B NepBOe YPABHEHHE CUCTEMEI (3), moayuaem
x24+2x% 4+ 3x2=2,
=1 __1 __1 1
» xa—_"/gy ys—__"Jg n x4—_"J"—3_, y‘i—ﬁ.

OrBer.(1;1),(~1;-1), [715—;-715—], [—%,-j—g] A

3amaua 3. PemuTs CHCTEMY YpABHeHAH

OTKYZA X =

Ga | =

x-xy-—-y=-1,
x+2xy—y=>5.

A JInsa roro urofE MCKIKYHTE B3 THA YPABHeHIH nponaselerne Xy,
Tpu{aBAM KO BTOPOMY YPABHEHHIO IIepBoe, YMHOXeHHOe Ha 2, [Toayuum
3x—3y=-9, oTKyAa

x—y=-3,y=x+3.

Hoacrasnas 310 BEIPasKeHHe [ Yeped X B IePBoe YpaBHeHUE CHCTe-

MEI, HMeeM

x=-x(x+3)-(x+3)=-T,
orkyna x2+3x~4=0, x, =1, x, =—4. Ilo hopmyne y = x + 3 Eaxo-
aum y, =4, y,=-1,

Orser.(1;4),(-4;-1). A

3apmaua 4. Pemurs cAcTeMy YPABHEHMR

{3x2+2xy+2y=3,
22 + 2xy— i — 2x+ 6y =8.

A BriuTeM B3 IEPBOrG YPABHEHHA BTOPOE, IIOJYTHM
22+ y%+2x - 4y=-5.
970 ypaBHeHHe MO HO NpecGpasoBaTh TaK:
224+ 2x+1+y°—4y+4=0, (x+1)Y+(y-2)*=0,
orkyaa x = —1, y = 2. Ilposepxa nokaseisaer, uro (—1; 2) — pellleHue
CHCTEMEI,
Orser.(-1;2). &
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3anauva 5. PemuTs cCACTEMY YPABHEHKIH

8% + 2l 5,
gel_gv =1,

ATlpmmenss cuoificTeo creneHy, 3aNEIIeM TaHHYIO CHCTEMY TaK;

3F+2.2¥ =5,

3.3F-2%v =1,
IIpu6aBasad Kk mepEOMYy YPaBHEHHIO BTOPOR, YMHOMKEEHOE Ha 2, II0-
ayyaem 7 - 3* =T, orkyaa x = 0. Ioacraeaaa x = 0 B nepeoe ypaBHe-

HHe ACXOHOH cHeTeMEl, monysaem 1+ 2¥1 =5, orkyaa y=1.
Oreer.(0;1). 4

3apgaqga 6. PemunrTh cucreMy ypapHeHUH

2J2x-1-3/3-y =0,
3J2x-1-2,/8-y=

A YMHOXUM IepBoe YpaBHeHHWe Ha (—2), a Bropoe HA 3 H CAOHKHM
NoJIyyeHHBIEe YPABHEHUA:

—42x-1+6,/3-y=0
T 92x-1-63-y-2r

5v2x-1 = 3x
Pemaem nocnefnee ypasuenue: 25(2x ~ 1) =922, 9x% - 50x+25=0,
x,=5,%,= g .

Tlopcrapassa x, = 5 B NepBoe ypaBHEHHE VCXOAHOM CHCTEMEI, HAXO-
aum 2.3-3,/3-y=0, \{ =2,y,=-1

Hozcranass x, = 5 B mepBoe ypasHeHue HCXOZHOH CHCTEMEI, Ha-

XomgamM; 2 |—— 3J =0, ,f = ==, yz_z_

81 81

IIpopepxa noKaskIBaer, 4To 00¢ HalifleHHbIe TaPH ABJIAIOTCA perre-
HUAMA ACXOAHOHA CACTEME.

Ornewr. (5;-1), §;2E . A
g 81
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3anaua 7. PeumnrTs cHCTEeMY YPABEEHMIA

logy x+log, y=5,
10g4 x+10g2 y=1.

00a ypapHeHIS CHCTEME! AMEIOT CMEICT, ecan x > 0, y > 0, Ilpn srux
SHAYEHHUAX X, I/, NCMIOJIb3YA (GOPMYIY €PeXola K xorapidbmaM 0o ocHO-

log, x

BaHuIO 4, moryyaeM log, x = g = 2log, x, log, y = :Og—"‘g ==2log, y.
Og

log, A
IloaroMy cHcTeMa YPARHEHWH TAKOBA:
2log, x+log, y=5, (5)
log, x +2log, y=1.

Brlunran us IepBoIro ypasHeHHHA 1ol cHCcTEME BTOPOE, YMHOXEH-

1
Hoe Ha 2, HaxoguM —3log, y=3,log, y=-1,y=4"1= e
BriuuTanA U3 Bropore ypaBHeHHA cucTeMEI (5) Ieppoe, YMHOMKEHHOE
Ha 2, HaxoanM —3log, x =9, log, x=3, x= 48 =64,
IIpoEepKy MOMKHO He JeNIaTh, TAK Kak HalileHHEe 3HAYeHHA X, I
HOAOMNTeLHEL.

Orser. (64,1] A
4
YnpaxHeHus
Pemurt cucremy ypasnernsi (471—479).
471. 1) [3x+5y=10, 2) [4x-6y =86,
{2x—7y=14; {3x+8y=15.

472. 1) {x2 + 2 =10, 2)
xy=-3;

x—xy+y=3;

2) [x—xy-y=-T, 4)
x+xy—-y=1

473. 1) {x+xy+y=—l, 3) {xz—y+2=0,

474. 1) {x2+3xy=54, 2) (22 -Bay+32 =11,
442 + xy=115;
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3) {x2+xy—2y2=0, 4) {x2+xy-6y2=0,

32+ 2+ =9; F+x2=5.
475. 1) [T2%-19xy- 317 =3, 2) {x+y—xy=1,
2¢% —Gay+y” =1; 24yt -xy=3.

4% + Bxy + 4y =2, 2) {5x2—xy+6x+y2=1,
3x2 + ay - y? - 2y+ dx=15; 4x? — xy—4x+ 2y=27.

32 _2¥ =7,

478* 1) [Vx+1 2\/ =0, 2) {2& +31-y =35,

477*. 1) ‘2 3 +3 29—— 2) {3‘—2”:77,

Je+1+32-y=25; 3fx-2/1-y=2.
479+, 1) (lg(x+y)-lgbd=1g (xy)-1g6, 3) {log3x+log9y=2,
lg(y+6)-(lgy+1g6)+lgx=0; logg x-logg y=1;

2) {10,;9 22 +logg (x-y)=1, 4) {310g5 x—logy y=10,
logy y=log, (xy-2); log; x+ 3log; y=5.

§ 22. PewieHne cUCTEeM YPaBHEHMA
pas3nuyHbIMN cnocobamn

3agaga 1. Peinnrh cucremy ypasHeHmd

x+y=3,
{xy =-10. 1
A 3Ty eECcTeMY MOMKHO PEIITEH, HANPHEMED, cOocoboM NOACTAHOBKH.
OaHako BEI 3HAETE, YTO &CAH X H ¥ TAKOBLI, TT0 paseHcTea (1) BepHEI,
TO OO Teopeme, oOparHoil reopeme Buera, ¥ U y ABNAKTCA KOPHAMA
ypapreHnus 22 — 8z — 10 = 0. Pemad 10 ypapHeHKe, HAXOUM €10 KOD-
HH: 2, = B, 2, =—2. [lo Teopeme Buera nafifieHnnie uucaa 5 u -2 — yA0B-
nerpopsaoT cacrene (1). Ilpn atom x Moxker PaBHATHECA b, ToTAA i = —2,
amnx=-2,y=>5.
Orser:(H;-2),(-2;5). &
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S3apgagaa 2. Pemnrs encreMy ypasHeHrlH

1,1 4
x y 3
1_1_8
P
1 1
A JInsa KpaTKOCTH 34IIHCH BBeAeM HOBbIe HEH3BECTHRIE: U = PRELAIS
ITonyuum
4
u+U=§,
2_2_38
u—-v°=—_.
9
Pewas aTy cHCTEMY, HATPUMED, COOCOGOM NOACTAHOBKH, HAXOLHM
1 1 1
u=1,v= E.A'ra!ucal{x= PR ;,'rox=1,y=3.

Oreer.(1;3). 4
IipuBeneM elle IpAMEPH, KOI'MA IS KPATKOCTH 3AIHCH II0JIE3HO
BEECTH HOBLIC HEHIBECTHRIC.

3apgaua 3. Pemunrs cncremy ypasHerni

x-y+xy=1,
o @)
x“+y +xy=38.
A BeepeM HOBEIE HEM3BECTHEIE: X — If = ¥, XY = I, 3aMEeTHM, YT NpA
3TOM
2+ =(x-y)P+2xy=u?+2v.
ITosromy cuctemy (2) MOXKHO 3aIIMCATE TAK:
u+v=1,
u? +3v=3.
Pemas Ty cHCTeMy, HATPHMED, ¢IIOCOH0M DOACTAHOBKH, HAXOAHM
u,=0, v,=1, =3, v, =-2.
Bosppamasach K CTapeIM HEH3BECTHEIM, IIOAYIAEM ABE CHCTEMEL:
1) x_y=0's 2) x—y=3,
xy=1; xy=-2,
Wa neppoi cucreMul HaxoguM x, =1, ¥, =15 x,=-1,y,=~1,aua

BTOPO CHCTEMBI HAXOTNM X =2, y,=—1;x,=1, y, =-2.
OrBer. (151), (-1;-1),(2;-1),(1; -2). 4
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3anaua 4. Peuruts cACTeMy YpaBEEHMIA:

45+ 9 -7.2°-5.3Y +18=0,
{ + + 3)

2*-3=1.

A BeegeM HoBEIe HemaBecTHEIE: 25 = i, 3% = v, Tak Kag 4* = (27)2 =
=u?, 9 = (8%)2 = v2, 70 B HOBBIX HENBBECTHRIX cHCTeMa (3) TaKoBa:

{u2+v2—7u—5u+18=0, )

u-v=1.

Pemnm o1y cECcTEMY cocoboM nogcTaHoBKA. Ha BToPOTO YPARHEHAS
umeeM v = ¢ — 1. IlogcTarnasa aTo 3HaYEHAE U B NEPBOE YPABHEHHE CHC-
TeMH (4), monyuaem

w2+ (u—-1)*-Tu—-5{u-1)+18=0,
OTKYAa
uf+u?-2u+1-Tu-5u+5+18=0,
2u?—14u+24=0,
WE-Tu+12=0,
u,=4,u,=3.
Ilo ¢opmyane v =u — 1 maxopam v, =3, v,= 2.
Boappamasachk K cTAPHIM HEHIBECTHRIM, TOJYIAeM JBE CHCTEMEL:

1) |27 =4, 2) [2*=3,
F=3 F=2.

M3 nepsoli cucreMH HAX0AUM X, = 2, X, =1, 2 B3 BTOPO# CHCTEMEL:
x,=log, 3, y,=log; 2.

OrBer.(2;1), (log,3;1og; 2). &

PaccMoTpHM IpUMeEpHI, KOT/a NPH PLIleANH CHCTEeME OJIe3Ho me-
PEMEOMKATE KIA OOAENHTE €€ YPABHEHHA, T.¢. TePeMHOXKHTE HIH IO-
IEeNUTH ee JIeBLIe ¥ OPABKIe YaCTH,

3amaua 5. HaiitTu aeiicTRHTEILHEIC DEIIIeHHA CHCTEME! YDABHEHWI:
3

x +24=£—~,

4 ¥

e P (8)
xy ﬁ_x'

A IlepeMHo:xan ypasHEeHAd (5), NoayyaeM
(xy + 24) (xy - 6) = x%?,
x%y2 + 18xy — 144 = x2y2,
xy=8. (6)

OTKYAA
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Iloacrapasa (6) B ccremy ypasHerwuii (5), moayuaeMm cECTEeMY:

—3‘;:32,

()
V.a,
x

YMHOKAA NepBoe YPABHEHHe cacTeMbl (7) Ha ypaBHeHHe (6), nomy-
yaem x4 =8 - 32 = 44, Tax Kak TpeGyeTca HalTA TOJLKO AeHCTBHTENDL-
HbI€ DeIleHRd, TO X, , =14. U3 ypasrenus (6) naxoqum y, , =12.

Pemenne cucTeMs! (5) HEAB3A CUNTATD 3AKOHUYEHHEIM, TAK KaK GLLI
HCIOJB30BAH HOBRIM AAA BAC NPHEM — YMHQEKEHHEe YPABHEeHHH cHCTe-
MH. Cregyer vOeAATECA B TOM, UTo, IO KpaiiHell Mepe, ypapHeHud (6)
u (7) apngoTea caenersuamu cucteMs! (5). Hokaxem sro.

IIyets (x; ) — pemerre cucremsl (5), r.e. 06a pasercrsa (5) pep-
HEle, 3aMeTHM, 4To rorga x # 0 i y # 0 (Ha Hyas Deaurs neansal). Ha
paBeHcTB (5) monyyeHH peprble pasencrsa (6), (N ux, =4, y,=2 H
x,=—4, y,=—2. ObpaTHHI Mepexop OT ITHX nap wHcen (X; ¥) K papeH-
cTeaM (7), (6) H, HaKoHen, K (5) B ofIeM BUJIe TPDYAHC N0KA3ATH. B Ta-
KHX CYIafgX ONpoIe CAeNaTh NPoRepKY. lloAcTapaas KasKAYIe U3 HAll-
AeHHBIX Iap avMcea B 06a ypasHeHua (D), moaviaeM BepHEEe YHCAOBHE
paBeHCTEA.

OrBer.(4:2),(-4;-2). 4

3anaga 8. Pelunrs cacremy ypasEeHuit

xy=6,
yz=38, ®)
zx=2.
A TlepemHOKAA BCe TPH ypabpHeuns, Baxoaum x2 y2 22 = 86, orkyaa
xyz =16,
1) ITyets

xyz=06. (9
TloacTaenasa noouepeqHO B paBeHCTRO (D) KaKaoe u3 ypaBHeHwil (8),
HaxomuM x, =2,y =8, 2, =1,
2) Ecnn xyz =—6, To aHAJIOTHYHO HAXOAHMM X, =~2, y,=-3, Z,=-1,
IIpomepkoit yoexxaaeMca, 4To ode TPORKH YHCe) ABJIAITCA pele-
HHAMH cHCTeMEI (8).
OCreer.(2;3;1),(-2;-3;-1). &

3anaga 7. Pemnrs cucremy ypasuennit

3*.4Y=1728,
2*.9¥ =5832,
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A PaznosuM OpaBkie YaCTH YPABHEHMI CHCTEMBI HA MHQIKHATENN!
1728 =64 - 27 =26. 33, 5832 =720 . 8 = 272 . 23= 35. 2% HcxogHas
CHCTeMa TAKOBA:

{3"-22#:26-33, 0

2*.3% =523,

VYMHOMUB B PasleNns YpasHeHusa o710l CACTeME], HOIYTAM CHCTEMY

x+2 9
6% =§°,

Ol

3aMeTHM, 4T0 ecan (Xx; y) — pemreHme cucreMu (10), T.e. 0ba pa-
BeacTBa (10) BepEBIE, TO SeBHe H HpabBHe KX YACTH He PABHEL HYJO.
Tiosromy BepHEI paBeHcTBa (11), T.e. (X; ¥) — pemieHne cacTeMer (11).
B aroM cayuae cucremy (11) HasrBaior caedemauenm cactemsr (10),

OTMeTHM Tar:xKe, YTO ypaBHeHEHA cHcTeMEl (10) noayuanTes yMHO-
KeHHueM ¥ geseHuen ypasHenuii (11), r.e. cucrema (10) asndaercd chen-
cTEBeM cHcTeMEl (11). ITosTOMY 5TH CHCTEMBI PABHOCHIBHEL.

Teneph 0rMeTHM, 4T0 B chcreme (11) papercrso 62 = 6% mo cpoii-
CTBAM CTENeHH ARIAETCH BEPHEIM TOJBKO TOIEA, Korga X + 2y = 9, Tak
kax 6 > 0, 6 # 1. AnanoruaHo Bropoe pasercrso (11) BepHO TOABKO
opu x — 2y = —3. CregoBarensHo, cucrema (11) pasEOCHUALHA CHCTEME

x+2y=9,
x—2y=-3.

(11)

Pemas sty cucteMy, HaxoguM x =3, y=3.
OreeT.(3;3). A4

3agaua 8. Haitru aelicTBHTENLHEIE PEIIEHAS CACTEMEl YPABHEHIIH

{M—xy—?'y%o,
x% —3xy+ 27 =—1.

A 3aMeTHM, uTO ecau (x; ) — pelleHKe 3Tol CHUCTEMH, TO X # 0,
TaK Kak opn x = 0 13 nepBoro ypaBHeHHA CHCTEMEl NOAYYAETCHA, YTO
y =0, vonpu x =0, y=0sropoe ypaBHeHHNe CHCTEME! He ABNACTCA Bep-
HHM DPABEHCTBOM.

Pasaenue ofe yacTH mepuore ypaeHeHHA cucremsl (12) na x2, mo-
JAYIaeM

(12)
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T.€.

2
3(2] +¥_2-0.
X x

Pemtasg aro KBagpaTHOe ypapHeHHEe OTHOCHTENbHO = » moayvaen

¥,2 ¥__ =2 -
Loz WM = 1, re. y= gXmmy=-x
1) Iloncrapasan y = gx BO BTOpOE YPABHeHHe cucTeMbl (12), moay-
JaeM
2 2
x* —3x(—x]+2[—x) =-1,
OTKyZa
2 8
1-24+— 1=~
x ( 9] 1
gx 1,
x?=9,
x, =8, x,=~3,
2
Ilo dpopmyne y = 3 ¥ HAXOXUM Y, = 2,y,=-2.
2) lToacrapaaa y = —x Bo Bropoe ypasHeHne cacremsl (12), nmoay-
qaeM
x24+38x24+2x2=-1,

T.€.
6x?=-1.
910 ypaBHEHHE He HMeeT AeHiCTBUTEeNBHEIX KOPHeit.
Orser. (3;2),(-3;-2). 4
3anaua 9. Haiiti zeficTBUTeLHEIE pellleHHs CHCTEMB] ypaBHe

{xz-sxy+2y2=3,
222 _ 9y 1 = -6, (13)

A SamernM, 4ro ecal (X; ¥) — pelueHEe 1ol CUCTEMEL, TO JeBble B
npaBble 4aCTH CHCTEMEL He PABHB Hynio, ITosromy ypasaernd (13) Mos-

HO PASIENNTD.
Paspennm Bropoe ypaBHEHWE HA II€PBOE:

92 _ Dy —
e ? (14)
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Teneps 0OTMeTHM, 4TO eca¥ (X} i) — pellenne cucTeMsl (13), To x # 0,

3
TaK KaK ecau x = 0, To u3 neproro ypasueuns (13) nonyuaerea y2 = 37

8 3 proporo — y2 =6, IloaroMy YHCANTENE H 3HAMEHATEB APOOH, CTO-
selt p Aepolt uacTH ypasRerwud (14), MoxxHO pasfeanTs Ba x2:

OTKYAA

2
3(1’-) -8¥44-0.
x x
Pentas 870 KBaAPaTHOE YPABHEHWE OTHOCHTENBHO  , HONYYaeM
¥ y_2 - =2
po =2 uau -3 e y=2xummy= 3%

1) Iloxcranaan y = 2x B nepsoe ypapaeHue (13) (MokEC Bo BTOpoe —
OOJYIATCHA TO JKe caMoe), AMeeM
x% - 3x(2x) + 2(2x)% =3,
OTKYyIa
x*(1-6+8)=8,
x*=1,2,=1,x,=-1.
Ilo gopmyne y = 2x Haxopam y, = 2, y, =—2.

2) IloacTasnsan y = ; X B nepBoe ypasEeHne ¢cAcTeMEl (13), noxyaaem

2
2_gn.d2 2,1 -
x 3x[3x}+2[3x) 3,

x2(1—2+—g]=3,

OTKYyAa

—§x =3.

910 ypaBHEHYe He HMeeT NeliCTBUTENBHBIX KODHel.
Otrser (1;2),(-1;-2). A

CucTeMEl YpaBHEHHIL HACTOMBKO PAHOOODAIHBI, UTO IDAKTHYECKH
HEeBOIMOMKHO AATEH KaKue- 00 ofii[ie PEKOMEHIAIMH 110 cllocodaM ux
pelreHnsa, B Ka# /oM KOEKPETHOM CJAydae HYKHO HCNOJAbB30BATH CBOH
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OUEIT PellleHAuA CHCTEM, XKeNaTebHO HaXonA HanGonee pocToil cnocod
ux peimedusa. [lo3ToMy NpH pelleHAH MOJe3HO HAKANJIMBATE TAKOH
ONEIT.

TIpuBeseM eme HECKROILKO OPAMEPOB PEIlleHH PAHOOODAZHEIK CH-
¢TeM ypaBHeHWA (063 DOAPOOHEIX 00 BACHEHNH),

3apgaqa 10. Peruts cacreMy ypasHeEnit

3*-2.6".2V+6-12V =0,
2.3 +4.6¢.2" -12° =0,

A Henonnaysa ¢BOHCTRA CTENOHM, SanAlleM JaHHYKI) CHCTeMY ypae-
HeHHH TaK:

{3*(1-2. 25y =_6.12¥,
2.3(1+2-2%¥)=12"%
YMHOMAA YPaRHeHHEA aTol CHCTEMBI, IIOAYIaEM
2. 8%Y(1-4-45V)=—6.35V . 4™V,
OTHYZA
1-4. 4% =_3.4¥,
4%+ =1,
x+y=0,
¥=-x.
Iloacraenaa iy = —x B 1IepPBOE YPABHEHWE NCXOAHONE CHCTEMBI, TOJAY-

qaeM
3*-2.6*.2%-6-12*%=0,

OTKYI&
3-2.3%.2%-6-127*=0,
3*=6-1277,
3%-12* =86,
1
36":6:365,
I Cpe-l
x—z. 0aTOMY Y =-X==7.
OrBer. [1;—1].1
2 2

3amava 11. Peurk cHCTEMY YPABHEHHH

10(y—x)—x* =9,
J;+«Iy—2x=~/§.
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A 3anHueM Bropoe ypaBHeHHe CHCTeMB] B BILIE ,fy— 2x= J§ - J‘z;, |
BOSEEeM ofe JaCTH AaHHOTO YPABHEHHUA B KBaIPAT!

y—2x=2-2.[2 +y,

orkyza 2y =x+ 1.
Bosapens 0be 4acTH 9TOr0 YpaBHEHUA B KBAAPAT, HONyIaeM

_ {x+1)
y= 9 -

Toacrasum aHageHWe Y B 11€pBOE YDABHEHUE HCXOAHON CHCTEMRL

10[(“1)2-:;]_::4:9.

2
Iocne opeobpasoBaHKil STOTO ypasHeHUA HMEEeM
xt—5x244=0,
otkynax, =1, x,=-1,x,=2, x,=-2.
x+1)° 9 1
( 5 ) HaxomuM ¥, =2, Y, =0, y, = 20 Y= 735+
Ilpoeepkoit ycranasauBaeM, 9To (X, ¥,), (X5, ¥,) — pemeEns cac-
TeMHl, a (X3, ¥a)s (X4, ¥,) — TOCTOPOHHTE PelUeHAS.
OrseT.(1;2),(-1;0). &

Tio dopmyne y =

3apaua 12 PemnaTe cHcreMmy YpasEeHni

J2x+y+x—y=1. (15)

A BanuiueM nepBoe ypaBHEHYE CACTEMBI B BIAE [ TX+ Y =5—/2x+y
H BO3BeAeM 00e 2aCTH 5TOr0 YPABHEHYA B KBAADAT:

7x+y=25—10\/2x+y +2x +y,
OTKYAR

IloacTasnasa sHAYEHHE ,/2x+ Y BO BTOpOE ypasHelue cucTemsl (15),
nosrydaeM
b-x
T +x=y= 1,
OTKY/AA

x=2y-3.
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IloacTapnasa 3Ea9eHKE X BO BTOPOE YpaBHeHHe cHeTeMel (15), mony-

Taen
Joy-6 =4-g.

Boasensa offe 4acTH 5TOro YpaBHeHHA B KBAADAT, TOMYIAEM
5y—6=16—-8y+y?
OTKY A
¥y -13y+22=0,
y, =11, y,=2.
Ho dopmyne x = 2y — 3 naxopam x, =19, x,=1.
IIporepKoii yecTauasaEBaeM, uTo (19; 11) — nocTopoHHEe pelneHne,

a(1; 2) — pemenue cucreMsl (15).
Oreer.(1;2). 4

Jagava 13. PemnTh cucTeMy YPABHEHHH
log, y+log x=§
X ¥ 2’
xy=217.

A IlepBoe ypaBHeHWe CUCTEMB HMEeT CMHCA TOJABKO npm x > 0,
x#1,y>0, y=1. Ilpu TaKnx sEaveHRax ¥, i no dopmyne nepexoaa

logy x= logl y IoaToMy tepRoe YypapHEeHHE CHCTEMBL TAKORQ:

X

oTKyZAa
2(log, y)* - 5log, y+2=0.

Peman 3710 KBaApaTHOE YPABHEHHE OTHOCHTENBHO log, ¥, HaXoaHM
1
log, y=2wmlog y= 2°
1) Ecau log, y = 2, To y = x? u BTOpOE YpaBHeHHe HCXORHOMH CHCTe-

MBI TakoBo: x% = 27, oTKy/a X, = 3, a mo dopMyne y = x% nonyuaem y, = 9.

1
2)Ecan log, y = 2 T0Y= Jr u BTOPOE YPABHeHHe HCXOMHOH cHC-

8
TeMEl TaKoBO: x2 =27, oTRyzna x, =9, amo dopmyne y = \/-:; noayuaem
Yo= 3. A

Orser. (3;9),(9;3).
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3agmaua 14*% IIpu KakuX SHAYEHHAX ¢ CUCTEMa YDABHEHWH

2x+(9a* -2)y=3a,
x+y=1

He HMeeT pelneHui?
A BunTaa A3 IepPROTD YPABHEHUA BTOPOE, YMHOKEHHOE HA 2, mo-

aydaeM
(9a*-4)y=3a -2,
D10 ypaBHeHNe He uMeet pemenn, ecan 9a2-4=0,a8a — 22 0.

Mz pasercTpa 922 — 4 =0 HaxoguM & = i% .

2
H3 sepaBeHceTEa 3 — 2 # 0 HaxoqmM g = 3"

oo
>

CJIG,EI;OMTGJIBHO, CHCTEMA He HMeeT pemeﬂuﬁ npa g¢=-—

YnpaxHeHua

Pemnars cucremy ypasHennii (480—495).

480. 1) [x+y=4, 3) |x+y=3.5,
xy=3; xy=155;
2) [xy=6, 4) [Bxy=-1,
x+y=5 8x+3y=2
a81. 1) [1+1=3 2) |1-1-g
x ¥ * ¥
1 1o 2,3
‘;2-"'?—5, xz+y2 21,

482. 1)

483. 1) {2x—y = 3)
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484.1) (57429 =7,
5%. % =10,

485.1) {logg o +1H)=7,
log x+2log, y=6;

2) 3"’+4y 7,

2) |logs x+logs y=2+10g, 7,
log, (x+)=2.

486. 1) {x+y=4,

487*. 1) !x +yi=x+y,

xt+y -—(x+y)2;

2) [x* +;,f'l =1T7(x+ y)z,
xy =2x+y);

488. 1) {9x+4v-2v-7-3=+10=0,

3*-2¥=1

489. 1) [5°-5% =100,
5714551 =30;

2) {2"—9‘3"=7,
8
.av _ 9%,
2.3 9
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3x2y+2x -1;

6) [(x-D{y-1)=3,

(x+2)(y+2)=24;

7 |xy(x+y)=84,
xy+x+y=1%

8) |xy(x-y)=6,
xy+x-y=5.

o
{
5) {x2+y x=4,
{
{
{

3) {x2(1+y+y2 +%)=160,
PA-y+y*-yf)=-80;

4 x(@*+1) _3
A
y(-1)_4
L+ 5

2) {3‘-2v=2,

-15p+56 =L

3) jx¥"
y=x=>5;

n {yxz—4x+3 -1,

y+2x =17,

2+l 32  ax g2 _4



642” 12, 2) (8% + 271 =19,
gel_ory 1.

3) |logy x+log, —*4, 4) |log, x+log, y=%,
x%y =186.

b6x+y-2xy="T; J;+\fx+2y=\/§.
Sy x+x=2, 2) {J?x+y+,/x+ =6,

3y-— x+x+y 2; y+x=2.

493%, 1) 5(logyx+logx y) =26, 3) (log, y- 210gyx 1
xz-r2y2 3;

3(logy :c+10g, =10, 4) [log"r x+log, y——

491*, 1){ 91+ 3-5=3, 2) {y“+19=20(x+y),

x +y =20,

494%, {xm"g‘ ¥=4x+3,
log, y* =log, (xy).
495%. (logj (x+ y)+1og§ (x- y)-log§ @x)=1,
2
log: (x+ y)-log: (x-y)-log: (2x)=0.
3 3 3

498. Haliru Bre gelicrBareabHEle SHAYCHKA &, IIPH KOTOPLIX CHCTEMA

ypaBHeHHH {xz -y =1,

HMeeT NeHCTBHTeNbHEIE PEIEHHA TPH JI0-
y=ax+b

tom gelicTBATENRHOM 3HAYCHHH b.

497 . HafiTa Bce 3HAYEHHA @, TPH KOTOPHIX He HMeeT DellleHui cHeTeMa
YPABHEEHHH

ax+3y=a®+1,
(Ba+14)x+ (a+8)y =5a2 +5.
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§ 23. Pewenne 3ana4 ¢ NOMOLLLIO CUCTEM YPABHEHMA

PenteHue MHOMAX 34881 CBOSITCA K PEIICHAIO CHCTEMBI ABYX yPaB-
HeHuit ¢ ABYMA HeHsBecTHHIMEU. PaceMoTpiM npaMepsl.

3anaua 1. Iaccamupckuil ¥ ToBApPHEIH 110€348 OAHOBPEMEHHO
OTUPABHANCH OT IBYX CTARDWI HABCTPEYY IpYT Apyry. PaccrosHue MexK-
AV CTAHIIRAMH, papHoe 120 KM, naccaykBEpeKHil moean npomes Ha 1 v
OrIcTpee ToBAPHOTO. C KaKol CKOPOCTHIO JBRTAJNCH MIOE3AA, €CJAH OHH
BCTPETHAUCH yepes 1 v 12 muE mocse wavana Aeukenna? (IIpenoonara-
eTCH, YT KayKAbIH Moeas IBHraicd ¢ TOCTOAHHOE CKOPOCTHIO. )

A OG0O3HAYHEM CKOPOCTH ABWKEHUA NAacCakHPCKOT0 H TOBAPHOID [0~
€3/l0B COOTBeTCTBEHHO X H ¥ (B KM/4). Toraa paccrogune 120 KM oHH

120 120 120 120
IPOILLIK COOTBETCTREHHO 38 —— U - 4, ITo yeaoBKIo > x =1,

3a BpeMA ABMKEHHA A0 BCTPeuH, papHoe 1 v 12 MuH = g Y, Iacca-

6 6
JKHPCKH#A H TOBAPHEIE NOE3Za MPOILIA COOTBETCTBEHED 5 ¥ B LY KM,

a BMecTe — paccroazne 120 km, 1.e.
6 6
—~x+-y=120.
it
Taxum 06pasoM, MOJAYYHIACE CHCTEMA YPABHEHUH

¥ X
6

6
§x+gy_120.

Pemum a1y cuctemy. Ilepsoe ypaBHeHHAe YMHOMXKKM Ha Xy (110 CMBIC-

Jy sagaum xy =0), a BTopoe — Ha % :

120x-120y = xy,
{x +y =100,
H3 sTOpOro ypaBHEHHA BHIPAIAM I Yepes X
y=100—x
¥ NOICTABEM B nepBoe ypasHeHne, ITonyzum
120x — 1200100 — x) = x(100 — x).
¥opocTaM 3T0 ypaBHEeHHe:
120x ~ 12 000 + 120x = 100x — x2,
x2+140x - 12000 =0.
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Pemnnm noyueHHOe KBagpaTHoe YPABHeHne:

x=-702 ./4900+12000 =-70 130,
x, =60, x,=-200,

ITo cMBICAY 38A849W CKOPOCTH MONOMUTENAbHA} CAeLOBATEABHO,
x =60. ITlogerannas »ro aaveHne B bopmyay y = 100 — x, Haxogum
y=100-60=40.

OTreeT. 60 KM/u, 40 KM/u. A

3agauva 2, I'unoTeHysa NPAMOYIOIBHOING TDEYIOJAbHHKA DAEHA
10 cM, a ero naomans 24 cm?, Hafitn ero KaTeTH.

A TIyeTh KATETH PABHE X W ¥ caHTAMeTPoB, Hcmoas3ya TeopeMy
Mugaropa u GopMyIy NIOIAAN TIPAMOYIOJALHONG TPEYTOALHHKA, 3a-

O¥ileM YCJIOBHE B BHAE
x2+ % =100,

1
—2~xy = 24.

PettuM aTy cncremy. Ha BTOPOro ypanHeHHSA BEIPAIAM Y Tepes X!
8
Y=
H NOACTABYM E epRoe ypaeHeAwe, [loayyum

x° +1:—3 =100,

VOpoCTHM 3T0 YpaBHeHHe:
2%+ 2304 = 10022,

xt - 100x2+ 2304 = 0.
Peinasn noayueHHOe SHKBAAPATHOE YPABHEHHE, HAXOMHM:

x2=50+ 25002304 =50+ 14,
x2 =64 unu x% = 36,

Tak kak Do cMEICAY 3agaud x > (0, To BHOApaEM TOABKO DOJIOMKH-
TeJibHEIE KopEM: X, = 8, &, = 6. IloacraBnas sTA 3HAYEHHA B BEIpAKe-
Hue And Yy, T7.e. B popmyay (1), naxogum y, = 6, y,= 8. B obonx cayqa-
AX ONHH KaTeT pabeH 8 cM, Apyroi — 6 oM.

OrBer.B8cM,6cM. 4

3amaua 3. Bacceiin HaNoOMAETCA ¢ IOMOIILIO ABYX TPyO 3a 7,5 4,
mpuYeM Nepeasd TpybGa, paboTasd ofHa, HANMOJAHAET HA 8 4 OrIcTpee, YeM
BTOpAA. 34 CKOJBKO YACOE NepBada rpyba Moxer Hanonnnrh accefin?

A TlyeTs mepeas TpyOa sanoaader facceiln 3a X, a Bropad aa y 4a-
con. IIpuMeM BMECTHMOCTE Oacceilina za eguHHy. Torga 3a 1 4 neppasa

Tpy0a samonHAeT 1 YacThk Gacceiina, a BTo — ;, a BMecte obe Tpy-

681 3a 1 4 3aOMHAIOT P +§ JacTh Gaccelina.
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IIo ycaoswio mepsas TpyGa samonugeT faccelin Ha 8 u OrIcTpee, O1-
cioas
y=x+8,

1 2
a ofe TpyGHI 3amo1HAOT 38 1 4 TE-15 bacceiina, CrefoBaTeaEHO,

1,1_2

x y 15
Takum o6pa3aoM, IOJAYIAEM CUCTEMY YPARTeHUH

y=x+8,
1. 1_2

PAPRITS
Peuram sTy cHCTEMY:
y=x+8,
{15(;\: +y)=2xy,
15(2x + 8)=2x(x + 8),
30x+ 120 = 2x2+ 16x,
2x2-14x-120=0,

1
2,5= 5T+ V49+240), x,=12, x,=-5.

ITo cMEICTY 3a084¥ X = 0,
OrpeT.124, 4

3anaga 4, Tenaoxen npomen paccToAHNEe MEXKAY ABYMSA OpPH-
craEAMu 3a T |, a ofpar=o 3a 9 v, Hafity paccTroaume Mexxay mpucTa-
HAMK H COOCTBEHHYK CKOPOCTE TEIJIOXOAA, eCJH CKOPOCTE TeUeHHHA
pern 2 KM/u.

A ITyeTe ¥ KRIOMETPOB — HCKOMOE DACCTOAHHE, i KWIOMETDOR B
yac — coGCTBEHHAA CKOPOCTE Tenaoxoaa. [lo yeaoenio:

=7,

L]
¥ + =
]

=9,

[

w

PelunmM sTy cHCTEMY YpaBHeHRil. PasaealM mepeoe YPpAEHEEHRE Ha BTOpOE:
y-2_T

y+2 9
orKyaa 9y —18="Ty + 14, 2y =32, y=186.
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Hopcrapasaa y = 16 B nephoe ypapBHeHHEe CHCTEME, HAXOAUM

X
T = =126.
16+2 7%

Oreer, 126 kM, 16 kM/u. A

3anaua 5% Bak o6memom 425 M m3 aBYX xpaHoB GELI HamON-
HEeH BOA0IH, MPUYeM NePBEIA KpaH GhLI OTKPEIT AOALIIE BTOPOrO Ha § 4.
Ecnun Ge1 nepBEIil Kpad GBI OTKPEIT CTOABKO e BpeMeHH, CKOIBKO0 BTo-
poii, 8 BTopoii Kpaa OHA G OTHPEIT CTOABLKO /He BpeMeHH, CKOJIBRO lep-
BHIH, TO H3 MEPBOI'0 KPaHA BHITEHII0 OBI B 2 pasa MeHblIe BOLBI, TeM K3
proporo. Ecan ogHoBpeMeHAO OTKDHITH 004 KpaHa, 1o 6aK HATIOJIHHET-
ca 3a 17 u. CKONbKO BpeMeHH GBI OTRPEIT BTOPOIL Kpan?

A IIyers x wacoB — HCKOMOE BpeMsda, Ha KoTopoe GBI OTHPHT BTO-
poif KpaH, v KyOHUECKKX METPOB B 4AC — CKOPOCTD HOCTYNACHAS BOIH
U3 TIEPBEOr0 KpaHa, W Ky0mJeCHHX MeTPOB B YAt — CHOPOCTDL oCTyl-
JEeHHA BOALI H3 BTOPOro KpaHa,

CocTaBHM CHCTEMY YPABHEHWIL:

x +5)+wx=42H,
(v+uw). 17=425.
Pemmas o1y cucTeMy, HYKHO HAHTH TOALKO X,
Bropoe 1 TpeThe YpaBHEHMA CHCTEMH (1) MOMKHO IIpeACTABATE TAK:
Zvx—-w{x+5)=0,
{v +w=25. 2)
Hz 3r0ii cHCTEMEL BEIPAIAM U K I YEPE3 X, T.€. pellluM cucreMy (2) orHo-
CHTENLHO U H 10,
CHavana NprOGARHM K NepBOMY VDARHERHIO cHcTeMH (2) BTOpOE,
YMHOKeHHoe Ha (x + 5):

2ux~wlx+5)=0,
+ o{x +5)+w(x+5)=25(x +5)

2(3x + b) =25(x + 5)

25(x +5)
Sx+5 °
SareM npulaBuM K NepBOMY YPaBHEHHIO cUcTeMEl (2) BTOpOC, yM-
HOMKeHHOoL Ha (—2x):

OTRYIE U=

2vx—w(x+5)=0,
+ -2vx — w2x=-50x

—w(3x + 5)=—50x
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TloacTagnaa HailieHHARIE IEAYCHUA U H i B IePROe YPABHeHHE CHUC-
TeMsl (1), HMeeM

25(x+5)° . 50x2

3x+5H 3x+5

ITocae npeobpasosauuit 3TOro ypasHeHud NOMYIHM
3x2-41x-60=0,

=423,

OTKYAa X, = 15, x, = —% .

Tak xak o cMuCxy 3aga9u x > 0, ro x =15,
OreeT.154. A

YnpaxHeHusa

498, IIpu reneHun ABY3HAYHOTO YHCAS HA CYMMY €r0 ORGP B 4ACTHOM
nonyzaercsa 6, a B ocTatre 4. IIpr AeseHyy aToro ;Ke YHcaa HA
nponsbeaeswe ero Adp B YaCTHOM moayuaercd 2, a B octaTie 16,
Haiitu aro ancao.

499, Eciu Apy3HAUYHOE YACO PASACAHTE HA CYMMY €ro TUdp, TO B YacT-
HOM moayanTcd 4, a B octatxe 12, Eeau sxe 9710 uMea0 pasaenars
Ha nNpouzBeaeHue erg nudp, To B YaCTHOM NOJAyIUTCA 1, a B oc-
Tatxe 20. HaliTn sT0 yneno.

500. Hs nysxTa A B IyHKT B 0TIpABKIICA ABTOMOGHIE, & HABCTPEYY MY
U3 NYEKTa B 0fHOBDEMeHHO OTIPABRHJCA aRTobyC. ABTOMOGUIL
npubrin B B, a anTofyc — B A cnycta cooTBercTBeRHO 4() MHUH U
1,5 4 nmocae ux Berpeun. Haitta ¢ckopoctn aBroModfana 1 apToby-
ca, ecJI paccTosdHue MeKay nyEKTaMn A 1 B passo 100 &M (cko-
pocTH aBTOMOOINA ¥ aBTOGYCA NOCTOAHHE).

501. e MamuauancTRA, paboTana EMeCTe, MOTYT NEPLNSYATATh DYEKO-
nuck 3a 6 7. OpgHa MarmuHACTKA, paGoTasd OTAEABHO, MOMKET Ie-
pemeuaTarb ee Ha 5 ¥ SuicTpee, yeM Apyrad. 3a CKOJBKO YacoB MO-
JKeT NepelevyaATaTh PYKONHChE KA AAA H3 HAX, paGoTas B oTAEIL:
HOCTH?

502, Ipoe pabouaux B TeueHne 45 MIUH BHINOJIHATH OAHY padoTy, saTeM
IepBLIA U3 HEX yIleX, a Bropoiil sakoHuma pabory 3a 2,25 u,
CroabKO BpeMeHH NOHaAoGWIoch GRI KayxaoMy padoyeMy B 07-
AeJBHOCTH Ha BEITIOJIHEHWe Beeil pafoThl, ec/ia nepBeIii MOT Gl ee
BHIOONHKTE HA 9aC paHbIIe?

503. KaTep npomesa paccTodAHHe MeXKAY NoceNKaMu 3a 4 1 1 BepHyICH
o6GpaTHo 3a 6 4. Kaxopo paccToanye Mek Ty DPHCTAHAMH, €CIH CKO-
POCTE KaTepa B croadeil Boge cocrapiaser 20 xm/4?
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504, Paccroauue oT A Ao B no TeYeHHI0 PEKH TENIOXOX MPOXOIUT B
1,5 pasa 6picTpee, YeM RaTep, XPHUYEM 3a KaXAabldl mac Karep or-
craer ot Teloxoaa Ha 8 kM. Ilporie revennda pekn nyTs oT B a0
A Tennoxox apoxofur B 2 pass Oelerpee karepa. Hadira nx cio-
POCTH B cTodAtdest Boje.

505. Or npucrtaiua A OTHOBPEMeHHO HATIDARNAKCH BHH3 N0 TeYeHUIOo
peKn xKatep H naoT. Karep, upoiing 96 KM, moeepuya o6paTHo,
BCTPETAJ NJIOT HA 00pPaTHOM IYTH B 24 KM 0T A B BepHYJICH B A,
BATPATHB Ha Bech OVTh (Tyaa K obparso) 14 u. Haiira ckopoers
KaTepa B crogvell Bofle ¥ CKOPOCTh TEYCHRA PeKH.

506. KoMI/IeX T ;K YDHEANOB MOKET NOAHOCTRIO 3an0AHETE 13 cTrangapr-
HHIX N0JI0K. B Ipoaase GLIIM MOJIKH, HA KAXKAYIO H3 KOTOPBIX IO~
Memanoch Ha 2 ;KYpPHANA MeHblIe, YeM Ha cTaEgapruyio. Ilosto-
MYy npEmaock KynaTek 17 nojox, u npy 3T0M 0CTANOCE CBOGOHOE
MEeCTO A ABYX XKYDHAMOE, CKOMBKO KYPHANOR OHLIO B KOMILIEK-
Te?

507. Bpuraga pabounx crpour moct 3a 14 anedt. Ecan 6w B Gpurage
Ou110 Ha 4 yemoBeKa GoAbIe ¥ KaXKARIN padoTaa 6K HA OAVH Yac
B J€HBb JOJIbIIE, TO TA Ke pafoTa Onna O11 BEIIOAHEHA 38 10 qHeii,
IIpm yBenmuennn ke Gparagn eme Ha 6 venoBek u padouero gEA
eme H& OAHH 4yac Bea pabora Oblaa 6L BLINOAHeHA 38 7 gHeli.
Cxoanko yenoeek Gpiro B GpArase n CKOABKO YACOB B AeHbL OHHA
paborann?

508#%. Bacceiln sanoasserca BOAOH A3 ABYX KpaHoB. CHAvANE GRIX OT-

1
KPBIT TOJALKO nepestit KpaH Ha E TOI'0 BpeMeHH, KOTopoe IIoTpe-

60BanoCh GH IAA HANOJMHeHWA GacceilHa JAMIL BTOPHIM KPAHOM.
- 1
3aTeM ORI OTEDPBIT TOJILKO BTOPOH KpaH Ha 3 TOTQ BPEMEHH, KO-
Topoe norpefoBanocs Om Ana HanonEeRda GacceilHa aAUIIL Nep-
13
BRIM KpaHoM. B pesyabTaTe 0KasaJoch HATIOJHeHHEIM s Gacceii-
HA. 3a KaKoe BpeM#A KAXAKA KPaH B OT/eLEOCTH HANOIHUT ero,
ecan oba KpaHa Hanoa=EaKT acceiin 3a 3 u 36 mun?

509%, OpuH BRIAAIHK DOAOKKI B OHAHK HEKOTOPYIO CYMMY AGHET, APY-
ro#i — Bapoe SoabIyIo cyMMy. CyMMa NePBOTC BEIAAYHKS Yepes
m JNeT COCTABWIA p PyD., a BTOPOre 4epes i et (TAe n # m) —
g py6. OnpenennTs, KAKOBA NePBOHAYANLEHAA CYMMA JeHET IEPEO-
10 BEAAAYRKA B CKOJALKO IIPONEHTOR B I'0f BHILIAYABAET GAHK.

159



¥Ynpaxnenun K rnage V

$10. BriacEnTh, Kakad W3 AAEHEIX nap uicen (1; 3), (1; J:-_3 ) (-1; —«/5 )
ABAAETCA DellleHHEM CACTEME]l YDaBEeHHH

{xz +yf=4,
Ky’ =3.
11, BriACHHTE, KAKad K3 ABYX CHCTEM YpPaBHeHWI
{x—y=2, n {x—y=2,
22—y =38x-3y x+y=3
ABRJAETCH CNEZCTBHEM APYIroi.
512, BHIACHHKTL, ABNAIOTCA ¥ PABHOCHIBHEIMHE CASAVIOLIAE CACTeME

ypaBHEeHHUI;
x+y=1, x+y=1,
1) i,
2+2y=8 (x®-2x+2=8;

x+2y=>5, x+2y =35,
2) ¥ 7Y n{ y
x“—-4y° =15 x-2y=3.

PemuTh cucTemy ypasHeuuii ($513—516).

513. 1) [x-y=2, 4) [x-y=1,
3x+2y=—-4; xy=06;
2) [x-2y=3, 5) [x+y=-1,
5x-y=24; 22 -yt =-5;
3) [x+y=1, 6) [x—y=38,
xy=-2; 2.yt =3
514.1) [2x-y=5, 3) [x®+y% =8,
3x+2y=11; xy=4;
2) [8x-2y=5, 4) |x2+ % =20,
4x+3y=1; xy=8
1.1 3 1,1_5
x+y=12% x+y=10
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516. 1) {3’-5!':75, 4) {x+y=29,

F.5%=45; lgx+lgy=2;

2) |2*.3 =12, 5) {1032 x+log, y=log, 12,
2.3°=18; logsy (x+y)=38;

3) {y—x=9, 6) flog; x+log; y=log, 63,
lgx-lgy=1; log, (x -y =1.

517. 1) Cpennee apundmMerameckoe ABYX Hncen 25, & HX cpegHee reoMer-
pE"ecKoe pabHo 15. Hairi o1 uymcaa.
2) Ha#iTi fBYSHaYHOE YACHO, KOTOPOE B 3 pasa GOJIbIIEe CYMMH €I'0

27
nagpus T f0JbIe NPOHIBEACHUS ero Iadp.

NPOBEPL CEBA!
1, PeuraTs CHCTEMY YpaBHEHWIT;
1) [x-y=2,
{xz - y2 =12,
2) |logy ¥ +log, y=1log, 6,
{xz +yi=13;

3)|1,1_9
x y 14
x+y=9.
2. PasHocTh OBYX uHCea B 24 pasa MeHbIDe HX IIPOH3BEAEHHA, A
CyMMa STHX 4Kicen B 5 pas Gonrme ux passocti, Haittna atn uncaa.

518. BusacHuTs rpathUyeckH, CKOJBKO PelIeHHii HMeeT CHCTEMa YPaB-

HeHH:
1) {x2+y2 =4, 3) {1032 x=y-1,
x-y=2 0,3 =y;
2) {y—«/:?=1. 4) [22-y=2x-1,
xy=1; y-log; (x-1)=0.
2
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Pemurs cucremy ypasaennit (619—-531).

519. 1) [x+y=4,
{xz—xy+y2=52;
520. 1) [P +xy+ 27 =74,
{2x2+?.ty+y2=73;
2) {5;:2 6oy + 5% =29,
Tx2 - 8xy+ Ty = 43;

521. 1) [(x-D(y—-1)=-8,
(x+24y+2)="T;

2) [x+y+xy=11,
x2y+xy® =30

—ay+yf=21,

522, 1) {xz
e 2xy+15 o
3_

2) {:u:2+2:ut;,v+y2 =1-xy,
x+y=-2.

3) {sz—x+y2=4,
827 — xy+ 27 =8;

4) {xz—axy+2y2=3,
2¢% - 2xy - 1? =-8.

g [L__1 _1

Jxy x+y 2’
lyrayi=2

4,_£=
)xyyﬁ,

¥y 15
*y x 27

2) {2y2—4xy+3x2=17,
-2 =186,

2) fxt4yt=17,
xy=2,

2) [2/5+ﬂ5=5,
%/x_z—%+?jg?=7.

525%. 1) {#3x—2y+9+%/2x+y—6=3, 2) {J7x+y +yfx+y =6,

J8x-2y+9-\f2x+y-6=3;

526. 1) |3-5°-2-3¥=21,
5%. 3 =675;

527.1) |2*.3¥=1152,
logﬁ (x+y)=2;

528. 1) {1;;2 x+1g% y =5,
lgx-lgy=1

162

\/x+y—y+x=2.
2) [6x+7.2=2,
3.2l _5.=93,
2) {3%9!*:27,
lg@2x+y)-lgx=1g3.

2) {loga x+logs y=2+1og, 2,
logy (x+)=2.



529.1) {lg(x2+y2)=1+2132, 2) {log9x2+log3 (x-y=1,

lg(x+y)-lgx-y)=1g2; logy y=log, (xy-2).

530%. 1) 1082 (i - 2)— ].Ogg U= 2103‘4 (y+ 1)’

5+log, - l4x;
10g2—
¥

2) (2+log g (2x)=log, 4%,

2log, (9+% ]—log3 2% =2log, (¢ +2).

lgx-+lg(x+y)=2-1g5;

531. 1) {1 oG _ 50,

2) |(842) " =05%,
logs (- 2y)+logs (Bx+ 24) =3,

532. Ipa neinexoaa BHIILTHE OAHOBPEMEHHO HARCTREYY ADYT ADYTY, Hep-

BRI — M3 IYHKTA A, BTopoil -— ma nyHKTa B. Jlo MecTa AX BCTpE-
Yyl nepBHii npoies Ha 1 kM Sonbine, yem sropoii. Ileppriil meme-
KXo npubLLI B OVHKT B yepea 45 Muna nochie uX BeTpedw, a Bro-
po#t — B nyHKT A yepes 1 7 20 mun. Halltn paccroasne or A 1o B.

533%. na coopreMeHa Geraror no saMKEyroit nopoxie craguoka. Cro-

POCTE KAXKAOTO NOCTOAHHA, K Ha nNpoder Beell ZOPOSKKH OOHH TPa-
THT H8 5 ¢ MeHbIle Apyroro. Ecan oHE Crapryior OAHOBPEMEeHHO
H B OIHOM HANIPABJCHHH, TO OKaMKyTCA pAAOM vepea 30 ¢, Yepes
KAKOE BPeMA OHM BCTPETATCA, eC/IH Io0eryT OAHOBPEMEeHHO ¢ 00-
meii JTMHHH CTAPTA B IPOTHBEOIIOIOMKHHX HATPABJEHHAX T

534*, BacceiiH HATONEAESTCA TPeMA HACOCAMM 3a 3 4, IpAYeM IePBBIH

HAaCOC BABGE MPOU3BOAUTEAEHEe: BToporo, Ecar Gacceiin cHauana
HAMoMHHTH Ha 0,5 oiheMa DepBBIM U TPETHHM HACOCAMH, A 3aTeM
0,5 of'beMa BTOPHKIM Y TDETHHEM, TO OH HAMMOJHHTCA 34 5 4. 3a Ka-
KO& BpeM#A HanoJdHATCA Gaccefil, ecaH 6yaer paboTaTh TOIBKO Tpe:
TR Hacoc?

835*. IiMesoTca ABa CIJIABA, COCTOAIIME H3 JKeNe3a, HAKEIA M XpoMa,

G*

IIponeuTHoe cofepkaHWe XPOMA B NePEOM B 5 Pas Goabmie, YeM
HHEKEeNd B0 BTOpoM cnaase. Kycox mepBoro crinaea maccoi 200 r
CIJIABHIIM ¢ KYCKOM BTOpOI'e cnjapa maccoit 400 r a1 noayunian
CILaB, copepskamuil ¢% Hurens. CHOIBKO rpaMMOB KeJjleda ¢o-
AepIXAT HOBRIHA CIJIAB, €CJIH NEPBLI cIaap cogepkuT 30% uare-
nd, a sropoii — 409% >xenesa?
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UcTopuueckana cnpaska

Eme co BpeMeH BaBWIOHAH K APEBHHX HHAYCOB CUATAETCH, YTO Off-
HOIi U3 QCHOBHEIX Lejeif anreOphl ABNAeTCA PellleHle YPABHEeHUH 0 HX
CHCTEM.

B Ipesuem Bapunone 6omee 4000 ner Hasan yMeNn pelllaTh Ypas-
HeHHA NepBoid, BTOPoi ¥ HeKOTOPEe YPABHEHHMA TpeThell creneuu. On-
Hako o0u1eil TeopHH penieHus YpaBHeHHIL B Te BpeMeHa elle He 6hi710.

IIpaeenem sanauy, HaligeHHYI0 B nanupyce Kaxyua (XVIII—
XVIsB. g0 H.3.). 3agaua cOpPMYNIHPOBAHA B COBPEMEHHEIX 0f03Have-
HHAX U CBOAUTCA N0 CYINECTBY K DELIeHHIO CUCTEMEI ypaBHeunid: «Haii-

'mtmcuaxny,mxo'ropblxx2+y3=100nx:y=1:go.Bnannpy-

ce 38848 pPellleHA MeToAOM «J0KHOI'0 nonoKeunsd», «Ioxomum x=1,
3 2, .2_(2 2, .2 2
Toraa y =, mAt+ Y= | . Ho B yenosuu x2 + 2 = 102, sHaunr, B

KavecTBe X HY»KHO GpaTte He 1,2 10 % =8. Torgay="6».

B apeBHOCTH YpaBHEHASAM NPHAABANACE reoMeTpEIeckad Gopma. Ce-
TCoAEA HATOMHHAHHAE O «TeOMEeTPHYeCKOl anrefpes BCTPEYAETCA, HANPH-
Mep, B TEPMHHAX «KBaJpPaT YACTas, +Ky6 aucaas u ap. (22 mu1 unraem
Rak «Jaa 8 xeadpame», 2 — Kak «98a & xyle», ypaBHEEHHe BAAA ax° +
+ bx + ¢ = 0 HasLBAEM «KE8adpamubiM» W T.4.).

H3pecTHO, YTO BIEPBhIe IPABKHIA IPpeobpaloBaEKl ypapHeHHI, 060-
CHOB3B HX, NPABAa, FreOMeTPHYECKH, Pa3paloTan BRIAAIOIANCH Y3hek-
CKMil yIeHLI# neppoii nonoeuHE [X B, are-Xopesmu. B XI1 B. Tpyam ans-
Xope3mu GrLIN NepeBefeHbl Ha JaATHHCKWI A3HE W JJOArN0e BpeMda B Ep-
pone ABJIAAMCE OCHOBHMM DYKOBOACTBOM IO anredpe. ApaGcKoe Ha3Ba-
HHE ONepatMi «BOCHONHEHAEe» («IePeHeCeHRe OTPULIATeNbHRIX WIEHOB
VDABHEHHA B ADYIYIO YACTh» ) 3BYYAJO KAK «a1-I:KebD», UTO H A8JI0 He-
SBaHHME Pasfely MaTeMaTHKW, SAHHMAIOIEeMYCA DellleHHeM ypaBHe-
HHH, — «anreGpar.

Hauano ocpoGoxrennd anreSpel or reoMerpradeckoil dopmsl s 111 B,
CBA3HBAIOT ¢ HMeHeM ApeBHerpedeckoro yueroroe Juoganma. Ogaaro
JHIIE IOCJe TOro, KaKk dpanuyscKHilt MaTeMaTRK @, Buem (1540—
1603) seen OykBeHHEBIE 00O3HAYEHHA JJH HEHIBECTHHX W HM3BECTHRIX
BEJIHYMH, U IoCke noasaesnd rpyaos P, Jexapma (1596—1650) u apy-
rax eBponeiickux yaeHmx XVI-—-XVII ee. mponecc oceoGoXAcHHA Al-
refpel OT reoMeTPAYECKO TEPMUHOMIOIAKR OLL 3aBePINed. JTOT NpoIece
crocofCTROBAN DAacIBeTy anarefphl H PASBHTHIO DASANYHEIX ee Hanpas-
JIeHHIi: TeODHAM YpaBHeHHH, MHOTOWIEHOB, (pyHKIAH # 1p.
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TPUTrOHOMETPUMECKMUE
rnasa VI ] dOPMYNbI

§ 24. PapuanHan mepa yrna

IlycTe BepTuKanbHAA NPAMAA KACAETCA B
TouKe P oxpyxHOCTH ¢ neHTpoM O paguyea 1 }
(puc. 42). ByaeM cUBTATH 9TY IPAMYIO YACHO- 3
BOH OCBIO C HAYANNOM B TOuKe P, a nmojo:xmu-
TeNEHEIM HANPABJCHHEM Ha NPAMOA — Ha-
OpaBJeHHe BBEPX. 38 eIAHHANY A/IMHEL HA YUC- 2
JIOBCH OCH BO3BMEM DAARYC OKPY:KHOCTH. OT-

- n
MEeTHM Ha NPpAMOil HeCROXBKO ToueK: 11, iE’ .

13, ix. st

HanmoMHEM, 4T0 YHCIQ T — OTHOIICHHE .
AJIAHBI OKPYIXHOCTH K JAAGMETDY STOH OKPYHK-
HoeTH. YHeAo T ARIAETCS APPANACHANFHEIM, 0 P
npryem 1 = 3,14, Boobpasus sry npamMyio B
BIe HEPACTSIKHMOK HITH, JaKpenIeHEHOHA Ha

OKDY'KHOCTH B TouKe P, 6yaer HaMaTEIBATH M, M, 11

€e Ha OKPYRHOCTE, IIpHu 3TOM TOUKH YHCAG- | T
BOii MpAMOil ¢ KOOpPAWHATAMY, HaOpuMmep, 1, T2
T .

3’ -1, —2 cooTBeTCTBEHHO NePediyT B TOUKH b —2

oKpyxHOCTH M, M,, M,, M,, rakue, 4ro

Amuda ayru PM, pasna 1, anuna ayra PM, _3

T
g T—N
paBHa - M T.A. TaxuM obpasoM, kawdoi Puc. 47

mouke npamoil cmasumcea 8 coomeemcematie
HeKOMOopaR MotKa CKPYNCHOCTLL,

Tar xKax TouKe NpAMO#A ¢ KOOPAHHATOHA 1 CTABHATCA B COOTEBETCTEHE
TOuKa M, TO ecTecTBeHHO cUuTaTh yroa POM, eAMHHYBEIM H Mepoi

3TOrO yrja HaMepsaTs gpyrae yraul, Hanpuwep, yrox POM, ciexyer

.4
CYUTATL PABHEIM — , YO POM, — paeunM —1, yroa POM , — paBHHM

-2. Takoii ciocel MaMepeHnA YIVIOBR HIAPOKO NPHMEHASTCA B MATEMA-
THEe 9 ¢usnKke. B 3ToM caydae roBOpAT, 9TO VIVIBI UIMERAIOMCR 6 DA-
duannoii mepe, a yron POM | nasvieaom yzaoxm 6 1 paduan (1 pax). Or-
METHM, YTO AMAEa AYTH OKpy:kHocTn PM, paBHEa paguycy.

PaccMoTpHM OKDYKHOCTE paaayca R u ormeTHM Ha Hedi avry PM,
JuuHa Kotopoit B, u yrox POM (puc. 43).
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Heurpansuniit yron, ouupaioniniicd Ha Ayry, ANIHEA KOTOpo# paB-
Ha paguycy OKDYIKHOCTH, Haskipaercd yzaonm 8 1 paduan.

Haiiren rpagycayo Mepy yria B 1 pag. Tak kax M
AyTa AnnEeil TR (MoayoKpyHHEOCTE) CTATABAET HEeH-
TpanbHEI#A yroa B 180°, To gyra gausaol R crarn- R
BAET YroJ, B 7 pa3 MeHbIOnH, T.e.

180%°
Lpan= (%

Tax kak n =~ 3,14, To 1 pag = 57,3°.
Ecau yroJ cofepyXuT of paguaH, TO ero rpagyc- Pyc. 43

HAS Mepa paBHa
o pan= (1;'0 ) . M

3agawua 1. Haifra rpagycuyio Mepy yriaa, paBHOTO:
T 3n
1) mpax; 2) 5 pax; 3) 4 par
ATlo dopuyne (1) Haxoaum:
T 3n 180 3rm\°
1)n pag=180°; 2) 2 pax=90° 3) 3 b=l =135° A

Haiinem paguanHyio Mepy yraa 1°. Tak xak yroa 180° paser & paj, 10

"
(=]
I° = 750 Paa.
Ecau yroJ conep:BRT o rpa.u;ycon, T0 €ro PATMAHHAS MEDa PABHA:
- T 2
o’ 1 80 o paj. (2)

3agaua 2. Haiitu pagmanayro Mepy yriag, pasroro: 1) 459 2) 15°,
Allo l:l]opmy.ne (2) H&XO}IHM:

1)456° = — - 46pag= 4 pan;

180
2)15°= 130 .15 pag= —pan A

IIpupenem Tabauny Eaubosee YACTO BCTPEYAIOLAXCA YIJIOB B I'ha-
AYCHOI H B pAXAaHHO Mepax:

I'paaycst 0° 30° 45° 60° 90° 180°

PaanaHel 0 n

3]
Wl H
oA
ol

OGEIYHO IpA 0003EaYEHHE MepPHI YIila B PAAHAEAX HAWMEHOBaHNe
«paj» ONYyCKAIoT,
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Pagmannas Mepa yria yoobHa IUIA BEIYHCACHHA AMAHE AYTH OKPYK-
HoeTd. Tak Kax yrox B 1 pag ¢cTAraBaeT Ayry, AJAHA KOTOpoI papHa pa-
auycey R, Toyroa B o pam cTATABaeT ATy AMAHOA

I=oR. (3)
3anaua 3. Koweu MUHYTHOH CTPEKH KDEeMIEBCKHX KYDaHTOB
JABMKETCS N0 OKPYXKHOCTH paguyca B = 3,06 u. Kakoil nyts mpoxonar
KOHe[] 3T0# cTpe K 3a 15 Mue? .
A 3a 15 MuH cTpenKa NOBOPAYHEAETCH HA YrOJ, PABHEIA 3 pan. Ie
n
tdopmyne (3) mpa o= 3 HaxomuM

ﬂRgi’.!'i

=3 2

Orner.4,8mM. A

Ocobeuno npocToll 3ua dopMyna (3) HMeer B cliy4ae, KOs pagiyc
oxpyxHocTda R = 1. Toraa AnuHa Oyra paBHA DeHTPAJILHOMY YIAY, CTHA-
THBAEMOMY 3TolH IyToif (B paauanax), T.e. { = o.. ITnM ofibAcHsgeTCA YA06-
CTBO IPHMEHEHNS PATHAHHOA MepPLI B MATEMATHAKE, (PESHKe, MeXaHHKe
nT.A.

3agaga 4. Joxasars, 9T0 ILNOIIALL KPYTIOBOI'O CEKTOPA PATHYCA
R, 00pa3cBaHHOID YIJIOM B & paj, PABHA
2

S= R?oc, rie 0 <o <m.

3,06 =4,8Mm,

2
A ILnomaae RPyTOBOTO CEKTOPE B 7L paj (IONyKpyTa) pABHA 11:% . Io-
STOMY IJIOILIAAhL CEKTODa B 1 paj B T pas MeHbIe, T.e. n% :n. Cneno-

Ra
BaTENbHO, INIOIAAL CEKTOPA B O, pajg PABHA —-Ci. A

2
YnpaxneHun

536. Hairru pajragAyIo Mepy VIVIa, BRIPAXKeHHOTo B rPaTycax:

1) 40°; 2)120°% 3)105%; 4) 150°;

5) 756%; 6) 32°; 7)100°; 8) 140°,
537. Hailta rpagycEYIO MEPY YIVIA, BRIPASKEHHOTO B PANHANAX

n n 2 3
I)E! 2)6! 3)3“; 4)1“;
5) 2; 6) 3; 71,5 8) 0,36.

538. (Yemuo.) OnpenenuTs rpagycHYI0 ¥ DAJHARHYIO Mephl YIVIOE:
a) pABHOCTOPOHHETO TPEYTOALHEKA; §) papHOGEADEHHOI'O OIPAMO-
YrOABHOTO TPEYroJIbHHKA; B) KBaAPaTa; I') IPARMABHOIC IIIECTH-
YTOABHEKA.
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539. BelyucvTE pagnyc OKPY,XHOCTH, ecJy Ayra Aaudoi 0,36 M crary-
BaeT HeHTpadbLEE yroa 8 0,9 pan.

540. HafiTu pagnaHuyIo Mepy yIriaa, CTArABaeMOI'e AyTroll OKpyXHOCTH
RnauaHo# 3 cM, ecam ee paguye 1,5 e,

ar
841. [lyra KpyroBoro ceKTopa CTAKB&ET YToJ B - Ppaa Hai#iTn nuno-
OIaIE CeKTODA, €C/IH Pagnye Kpyra 1 cm,

542. Pagmye kpyra 2,5 ¢M, a miomaas Kpyrosoro cekropa 6,25 em2,
Haiirn yroa, KOTOpsIH CTATHBAETCA LYo 3T0T0 KPYTOBOTO CEK-
TOpS&.

543. Banonurrs rabany:

I'pagycer 0,5° | 36° | 159° [ 108°

5 3

Pagmasm " | o 2,6 | 1,8
544, 3anoasnTs TAbMADTY:

¥roa, rpaj, 30°
¥rod, pax 1;— 2
Paauyc, cm 2 10 5
Hnuna gyra, cM 2 5 10
Ilnomags cexTOpa, cM? 50 25 50

§ 25. MNoBOPOT TOMKU BOKPYI Ha4ana KoopaMHar

B npeaniaymenM naparpade HCnoAbL3OBANCA HATTIAAHBIEH c110c00 yeTa-
HOBACHHS COOTBETCTBHA MEXKAY TOUKAMH YKHCIOBOH DPAMOHA B TOYRaMH
OKPY:KHOCTH, Teneph NoKaKeM, KaK MOMKHO YCTAHOBHTE COOTBETCTBHE
MEKAY AeHCTENTEABHLIMHE YHUCAAME B TOUKAMH OKPY/KHOCTH € IIOMOIILIO
IOBOPOTA TOUKHA OKPYHKHOCTH,

PaccMOTPHM Ha KOOPAMHATHOH ILTOCKOCTH OKPYIKHOCTE PagHyCa 1
¢ OeHTPOM B HadaNe KoopArHaT, Ee HABHBAIOT eQUHNYHOIL OKPYNHOC-
mbio. BeeaeM nonamue nosopoma mowkl eZNHHYHON OKPYKHOCTH BOK-
PYT Ha4YaJaa KOOPIHHAT HA yTOJA O Pall, e o — noboe aelicrsarenbHoe
YUCAO,
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LIlyere o> 0. [Ipegnonoskum, uro TOMKA, ABAradch 10 eTHHAY-
HOH OKPYKHOCTH 0T TOMKK P nporus uacosoii crpelkn, Npollaa IyTh
ZmrHoi o (puce. 44). KorerHylo roury nyru oboanaymnm M. B srom coy-
yae GyaeM ropopuTh, 9T0 T09Ka M noayuena ns rouku P noBopoTOM BOK-
PYT Havasna KOOPAHHAT HA YT'OJ O, Paj.

2. MIvere ¢ < 0. BaroM caxydae NOBOPOT Ha YTOJ O Pan 03HAYAET,
YTO ABAHEHHE COBEPIIANOCE IO YACOBOH CTPEAKe H TOYKA IPOILIa IyTh
LmaEoi |¢| (pmc. 45). ITooper Ha O pax o3HavaeT, wT0 TOYKS OCTAETCA
H& MecTe.

yil y‘
M

a>Q
& \)Pas0y P(130)
H X 0 v X
o<0

M

Puc. 44 Prc. 45

IIpamMepw

1) ITpu nosopoTe Touku P{1; 0) ua yrox % pap (puc. 46) noayuaer-
cd rouka M ¢ xoopauHaTamu (0; 1). x

2) IIpu mopopore Touk: P(1; 0) Ha yron —— 2 Pan (cm. puc. 46) no-
Jayuaerca rouxa N(Q; —1), 3

3) IIpn noBopote Tourn P(1; 0) ra yron - pag (puc. 47) noxyua-
ercda rouka K(0; -1).

4) IIpu noeopote ToukK P(1; 0) Ha yroa —n paa (cm. puc, 47) noay-
yaerca Touka L{—1; 0).

Moy s

= an
™Ne Yeao o ko TN2 PO,
oV = ’ A

NO:-1) K(0;-1)
Puc. 46 Puc. 47
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B Kypce reoMeTpHH pacCMATPHBAMUCE YIE 0T 0° no 180°, Henone-
3Y¥H ODOBOPOT TOUKH eIHHHIHOH OKPY/KHOCTH BOKDYP HAYAAS KOODPIH-
HAT, MOMHO PACCMATPHEATE yINLL, 6oabmrae 180°, a rakiKe orprnaTenb-
HEIE VPR, ¥T'0J MOBOPOTA MOXCHO 38J6Th KAK B I'pagycax, TAK K B Pa-

7

0 X % 30°
y
|-
y

v
Prel-
Y
697 T | 180°
¥
697 iIn | 270°
¥
697 2 | 360°
¥
Dolsl-
y
69—; 7 |-180°

Puc, 48

170

auanax. Hanpumep, nosopor roukn P(1; 0)

4
Ha yroa ? 03Ha4YaeT TO e caMoe, YTO H

nosopoT Ha 270°; noBopoT Ha - % ~— 3TO NO-
BODOT Ha —90°,

IIpugegem Tabanny QOBOPOTOR HA He-
KOTOpPEIe YTVIEL, IO MOAYJII MeHBINEe 27,
BRIPAJKEHHEIE B PAAUAHHOH W rpagycHOil
Mepax (puc. 48).

OTMeTHM, 4YTO IPH IHOBOPOTE TOUYKH
P(1; O)ua 2m, r. e. 2a 360°, roura Boaspa-
maercd B NePBOHAYANLHOE IIONOKEHHE,
IIpu moBopoTe 5T0H TOUKH HA —27, T. €. HA
—360°, oHa TaK)Ke BOSBPAIAETCA B IIEPBO-
HAYANBHOE [ONOKEHHE,

Teneps paccMOTPHEM IPHEMEDEI IIOBODO-
TOB TOYKH HA yroi, 6oapmmuit 27, 1 HA

yroa, Meubmuit -2n. Tak, npu nosopore
9n n
—=2.2n+—
Ha yrox - 5
AB& NOJHHX 060pOTA NPOTHUE YacoBOil

1
CTPEJKH H NPOXOAMT EIie LIyTh (pamc. 49).
IIpn noBopoTe Ha yroda —%=—2-21|:—%

TOYKA COBepIIaeT IB& NMOJHEIX 0501)0‘]'& o

TOYKAa coBepuiaer

- n
YacoBOH CTPeJIKE | ellle NPOXOANT NYThE E

B TOM »Xe HanpaeneHuy (puc, 50).
3aMeTnM, YTO HPH HOBOPOTE TOYKH

P(1; 0) ua yron % NOAYIAETCH TA e ca-

n
Masa TOYKA, UTO H IIPA NOBOPOTE HA VIO E

I
(cm. puc, 49), IIpu noBopoOTE HA YIOA — Y

TOAYyJaeTcs Ta e caMad TO4YKA, YTO H IPH
LA
TIOBOPOTE Ha yrox — 5 (cm. pace. 50).



y ¥y
in
é? P30} AN LE)
o * & *
2
Puc. 49 Puc. 50

Boobme ecain & = ¢, + 21k, rae £ — 1es0e YHCIO, TO IPH IOBOPOTE
HA YTOM O¢ IIOTYXBETCH TA 7Ke CAMAA TOUKA, YUTO H P NOBOPOTE HA YTOMN O,

Hrak, xaxdomy deiicmeumenshomy TUCrY O coomaememayem
eAUHCMBERHAA TROLKA eDURUYHOL OXPYNCHOCTRI, RORYLAEMAR NOBODG-
moxm mouxi (1; 0) ne yzox o pan.

Oxnaro ofxolt n To0i e Touke M efHEAYHOA ORPYKHOCTH
COOTBETCTBYET DeCKOHEYHOE MHOMKECTBO AeHCTBATENLHMX THCEN
O+ 2nk, rae B — Uesoe YHCAO, 3ATAIONIHX noropoT TouKkK P(1; 0) B TO4-
Ky M (puc. 51).

y y
M 5 M
o

P(1;0) \ A(1;0)
0 x Q X

T—27T

a) 6)

Puc. 51

3aaaga 1. HaliTn RoOpAHHATEI TOURH, DOXYYeHHOH NOBOPOTOM
5 .
ToukH P(1; 0)ma yrawi: 1) Ty 2) *%‘ .

A1) Tak kak Tn =7+ 2x - 3, To UPH TOBOPOTE HA TN IOAVYAETCA TA
e caMadA TOYKA, YT0 H IPH NOBODOTE HA R, T. €. NOJAVIaeTcd TOYKA ¢
KoopanuataMu (—1; 0).

5n r 5
2) Tak KaK - 2 ="3" 27, T0 IpY NOBOPOTE HA — - NoOJAYIaeTeA
i
Ta ¥e CaMasd TOYKE, YTQ H OpH TOBODOTE Ha — 20 T. €. IQJAYIAETCH TOY-

Ka c KoopAHHAaTaMH (0; =1). A
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3 anxaqga 2 3anucarhk Bce YIVIK, Ha KOTODEIE HYKHO MOBEPHYTE
TouKyY (1; 0), YTOOH DOJYIHTE TOURY g; % .
A Wz npaMoyrosHOTD TPEYrojLHAKA 4
AOM (pmc. 52) caeayer, uro yroa AOM Y

b1
E » T. €. OOWH H3 BOSMOKHBIX YI'JIOB IIOBO- M

T
pora paBeH ¢ . CnepoBatelibHO, BCE YITIEL,

"y

6
Ha KOTOpBIe HAZO NOBEPHYTE Touky (1; 0), 0 Af(1;0)

V3.1
4T06H IOJNYIUTE TOUKY | 53 5 |, BEIPA-

n
KAKOTCS TAK: & + 2nk, rae Bk — moboe oe-

Aceuvicno, T. e k =0;+1;12; ..., A Puc. 52

YnpaxHeHus

545. HaiiTH KOODAWHATH TOYKY eAWHHYHOH OKPYKHOCTH, TONyYeHHOH
HoBOPOTOM TOYKHE (1 () Ha yroi:

1) dm; 2) - %n ; 3) 3,5m; 4)-6,5m
n n =1 -
5% 6% 7) 225°; 8) —45°,

Ha eguHUYHON OKPYKHOCTE DOCTPOUTE TOUKY, TOXYYEHHYIO IIOBO-
potoM Touxd (1; 0) ua yroa (546—548).

s6. D5 9-3; » T g-In
5) %"; 6) - %n: . T)318°%  8)-225°.
547. 1) % +2m; 3) 2—; + 6m;

n an
2)“"3' + 27; 4)—‘4— + 8.
3n
548. 1) 2t 2nk, B — pesoe uyuCao;

2) —glt + 2nk, b — memoe uneno;

3}~ n+ 2nk, & — Uenoe YHCHO;

4) —g— + 2nk, B — nenoe ynucio.
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549, HaitT KOODAMHATE TOURH, HOJYYEHHO D0BOPoTOM Touku P(1; ()

Ha YTOI:
7 15
1) 3r; 2)—§1t; 3)—?::,
4) 5x; 5) 540°; 6) 810°.
550. HafiT KoOpAUHATH TOUKH, TOJYVIeHHOH nosopoToM ToukH (1; 0)
Ha yroJ (£ — mesoe YHCA0):
1) - 3% 4 onks 3) °*  anks
2 2
2)%+2mk; 4)—%" + 2rck.

551, HaliTH KOOPAHHATH TOUKH, NOAYIEHHEOIH noeopoToM Touku (1; 0)
Ha yroa (R — nesnoe YECAO):

)2 im 3)—3?“ + ks

2) 7 tm 4) -n + mk.

8552. HaitTi BCe yTUIEI, HA KOTOPEIE HYKHO NoBepHYTE ToURy (1; 0), uro-
GBI DOJMYIHTE TOYRY ¢ KOODAHHATAME:
1)(-1;0) 2)(1; 0); 3)(0; 1); 4) (0; -1).
553. OnpeaeanTs YeTBepTE (KBAAPAHT), B KOTOPOH pacIooKeHa TOY-
K8, HoJy9YeHAaS TOBOPOTOM ToukH P(1; 0) Ha 3agaHHBH yIoa:
1)1;

2)2,75; 3) 3,16; 4) 4,95,

554. Hailite 9aucao x, rae 0 € x < 27, ¥ HATYPAJIBHOE YHCJIAO Rk, TaKHe,
YTOOKI BHIIOJHAIOCH PABEHCTRO; (1 = X + 27k, ecJu;

) a=6,71; 2)o.=9,8x; o= 4%‘-'!;
1 11 17
= {—T. = —7I3 =—7 .
1) o T3 Sa TRl 6)a= 3
5458, Ha egmenuEoil OKpYRHOCTH HOCTPORTE TOYKY, HOAYUEHHYIO I1OBO-
poroMm TourH P(1; 0) Ha aagaHHRIE yroa:
T n 2
RadEe iy, PN - 2 4 Dyre o + B
1)4-21:, 2) 3*2n, 3) 31t*6n,
4)— 3Tu + 8n; 5)4,5mr; 6) 5,5m;
7)—6n; 8)-Tr.
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8§56. HaiiTe KOODARHATEI TOUKH, ROJXYYEHHOM moBopoTOoM TOUKH P(1; 0)
Ha yroa (R — umexoe THCA0):

1)—?'23 + 2mk; 3)7—2"+2nk;

2) 2% 4 ank; 9= 1 ok,

567*, 3anucaTh BCE YIVIM, HA KOTOPHe HAJ0 DOBEPHYTH Touky P(1; ),
UTOOR HOAYEHUTE TOUKY C KOOPAWHATAMH;

1) (£ —£]. 3) [% —%;
2) {—l/z—é—; —3/2_?-]; 1) {—%; —%]

§ 26. OnpepeneHne CUHyca, KOCUHYCa
M TAHTeHCca yrna

B Kkypce reoMeTpHH OGRMAH BReAeHB CHEYC, KOCEHYC ¥ TAHTEHC yIia,
EBIPAsKEHHOrO B rpagycax. JToT yIoa PACCMATPHBAJICH B MIPOMEIKYTHE
ot 0° a0 180°. CuHYc M KOCHHYC HPOXZBONLHOTO YIS OUDeNeNsIoTcd
caeayoutum obpasom (pue. 53):

\ Onpegenenne 1. CauycoMm yraa o
HA3bi8OEMCA OPOUHAMA MOYKY, ROAYEeHROL
P noeopomonm mouku (1; 0) aoxpyz Havanra

InQ . roopBunam xa yzox ¢ (06oauayaercs sin o ).

yl

a P(1;0) Onpenenenne 2. Kocuuycom yria o
cosal X § Hasweaemca abcuucca MoLKY, NOAYIEHHOI
noaopomon moixku (1; 0) soxpyz navara
Koopdunam sHa yeox o (0D03HAYAETCH COS ).

=

B 3TEX oupefeJeHHAX YIOA (@ MOXET
Puc. 53 BLIpAXKATECH RaK B I'Dajycax, Tak H B pa-
AUaHaX.

1
Hanpumep, npi nopopote Touku (1; 0) Ha yroa 5 T €. yroa 90°,
nonydaercs rouka (0; 1). Opamuara rouxu (0; 1) passa 1, mosTomy

., K .
sin 5 =sin 90°=1;

abconacca sToil ToukK paBHa (0, mO3TOMY

cOo g =cos 90°=0.
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OTMeTHM, YTO OPHBEACHERIC OIPEACICHNS CHEYCA M KOCHHYCA B CJIy-
yae, KOrAA YroJl 3aKA0ueH B apoMe’kyTRe oT (° o 180°, copnagaior ¢
ONpeAeeHHAMHI CAHYCA M KOCHHYCA, H3BECTHERMI U3 KYPCE MeOMEeTPHH.

Hampuwmep: )

T
in — = si 0= =
s1n6—81n30 X

cos T =cos 180°=-1.

3aaaua 1. Haitta sin (—n) 1 cos (—n).
A Touga (1; 0) Ipu DoBOPGTE HA YTOJI — nepeiifieT B Touky (—1; 0)
(puc. 54). CaeposaTennuo, sin (-n)=0ucos(-m)=-1. A

3aaayva 2 Hajita sin 270° 1 eos 270°.
A Touxa (1; 0) npa noeopote Ha yroa 270° nepeitger B Toury (0; —1)
{(puc. 53). CaeposaTennuo, cos 270° =0 n sin 270° =-1. A

10) (1;0) N o)
pUA i 270"\‘ ° i

-1
Puc. 54 Puc. 55

3angaga 3. Pemmts ypasHerne sin x=0.

A Pemnrs ypasaeHne sin x = 0 — 370 sHaTHT HaliTH BCe YLK, CH-
HYC KOTOPHIX paBeH HYJIIO.

Opauuary, pasHYIO HYJIIO, AMEIOT ABE TOYKK HA eIHHAYHON OKPYK-
moct: (1; 0) m (—1; 0) (cy. pre. 54 ). DTH TOURK HOXYIAKTCH B3 TOUKHA
(1; 0) moBopoToM Ha yraw ), w, 2%, 3T K T. A., a TAK¥e Ha YIAH — T,
-2n, ~3n | T. m.

CrnepoBarennHo, sin x = 0 npu x = 1k, rae k — moboe neyoe YHCa0. 4

MuoskecTBo Oenbix yuces ofo3uauaerca Gyksoit Z. Jina oGosHaue-
HWA TOr0, YTO YHCAO 2 OPAHAANEKHT Z, HCNOALIYIOT danack k € Z (uu-
Taerca: «k opaHaanexuar Z»). IlosToMy oTheT K zagaue 3 MoXHO 3a-
TUCATH TAK:

x=nk, ke 2.
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vh 3aaaqua 4. Penmrs ypapaenne cos x=0.
(0;1) A Afcnucey, PaBHYIO HYJIIO, HMEIOT ABE
TOYKH €IMHAYHO# oKpyxkHOocTH: (0; 1) u
pin (0; —1) (prc. 56). ITH TOUKH MOMYYAIOTCH U3
/“\\2 n =
5 > ToukH (1; 0) DOBOPOTOM Ha YTJIH 2°3 t%
7—"'+7}‘ - = n
2 E+2nur.n.,araﬁmenayrmi—u,i—2n
1) H T.H., T.¢, HA YL 1; +kn,rne ke Z.
Puc. 56 0TBeT.x=g+ﬂ.k,kEZ.A

3anaqga 5. Pemunre ypasuerne:

Dsinx=1; 2)cosx =1,

A 1) OpauHary, paBHYIO eUHHIIEe, EMeeT Touka (0; 1) eauuuyuoit
OKDYXKHOCTHA, JTa TOUKA moaydaercda H3 ToUKH (1; () moBopoToM Ha

ymug- +2nk, ke Z.

Orper.x= % +2nk, ke Z.

2) AGcoucey, paBHYK eJUEHOE, HMEeT TOUKa, HOJYYEeHHAS A3 TOY-
rH (1; 0) moBopoToM Ha yrawl 2 &k, ke Z.
Oreet. x=2kn, kc Z, 4

Onpenenenne 3, TanrescoM yraa ¢ HE3bEACMCA OMHOWUEHLE
CURYCA Y2aa o K e2o xocunycy (oGo3Hauaercs tg o).

Taxum obpa3oM,

Hanopumep:
o g sinz JE
o, SN0 _0_ ®_ T 4a_ 2
th—wso‘,-l-O, tg4-cos£—75—1
14 2

Haoraa ncoonnsyerca komarzene yzaa o (oGosnagaerca ctg ¢), Ko-
TOPHI# onpefennerca GhopMyaoi

CcOoS o
ctgaza.
Hanpumep: i
o cos270° _ 0 _ n_ By
ctg270—8m270°-—_—1—0, Ctg4_m.nE_l
4

OrmernmM, uTo sin 0. u cos 0. onpexesersl Aad Al0boro yria, a uX
sine
3HAYEHNA 3aKJII04YeHH oT -1 1o 1; tg ¢ = —— onpegeaeH JnIIb AAA
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TeX YIJ0B, AJA KOTOPEIX ¢o0s O # 0, 1. e. A JOOKX YIVIOB, KpoMe
n

o = 3 +nk, ke Z;ctga= ﬁ onpeneNeH JAIE A9 TeX YIJ0B, AAA

KOTOPHX 8in & # 0, T. . AaA IKOLEIX YIIOE, KpoMe o.=1tk, k€ Z.

[IpupeaeM TabaAny YACTO BCTPEYAKIIHXCA 3HAYEHME CHHYCA, KO-
CHHYCA, TAHMeHCH B KOTAHPeHca:

x X " n 3n
o 0 5 1 3 2 4 <> 2r
(0% [ (80°)] (45°) | (60™) | (90°) | (180°) | (270°) | (360°)
sina| 0 | 3 g g 1 0 1 0
cosae| 1 % -J?E % 0 -1 0 1
1 He cy- He ey-
tg o 0 1 3 - LH - 0
¥ V8 | meer o
He cy- 1 He cy- He cy-
o] B[ 1 |5 | o | x| o |E
BYeT BYyer BYET

3agaga 6. BuusacauTsn:
, . 1 n
431n6+\/§cosﬁ —tg4.
A Hcoonpaya Tabauny, noayyaeMm
. K n i 1 J3
4sin 3 +J§ cos & —tg 2 -4-E+J§--?—1—2,5. A

BHaveHEd CHHYCA, KOCHHYCA, TAHTEHCA W KOTAHIeHCa JAJIA VIA0E, He
BOIIEAINAX B STY TAGAHIY, MOYKHO HANTH IO YeTRIPeX3HAUHLIM MATE-
MaTHYecKuM Tabaunam B.M, Bpaguca, a Takie ¢ MOMONILIO0 MUKDO-
KaJIbKYJLATODA..

Jagaua 7. BEIYHCAHTE HA MUHKPOKAJBKYJIATODE C TOUHOCTHIO A0
0,01:

1) sin 25°% 2) cos % : 3)tg 5.

A Ha mofoM MEKDOKANERYAATOPE BENACIEENA TPOBOSATCA ¢ IIOMO-

b0 OTHHUX H TeX e KAABHII: s s » IepPes, KOTOPLIMH
HYMKHO HAKMMATD KJABHITY IE . Hepe,n BEIYHCAEHHEM HALH YCTAHO-
BHTE Depekmioaarens P-T (pagnar — rpagyce) B HyAHOM DONXOMKEHHN:

1) 25 [F| 0, 42261825.
OrrerT 0,42,
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2)[F [ 5 [+ [H 0,80901703.

OreerT: 0, 81.

3)5 [F -3,380514.

Orper:—3,38. A

Ynpaxnennn

558, HsofpasATes HA efMEMYHON OKPYKHOCTH TOUKY, COOTBETCTBYIO-
LY YHCAY O, eCIIH:

1)sing=1; 5} sin 0c=-0,6;
2)sino=0; 6)sin ax=0,5;
3)cosa =-1; 7)cosa=11i;
4)cos ot =0; 8)cos a =-0,25.
559. BriuncauTh:
l)sin§+sin§2£; 4)sin 0 — cos 2n;
2) sin (‘%) +cos %; 5) sin A+ sin 1,5%;
3)sin n - cos m; 6) sin 0 + cos 2x.
560. Ha#iTi 3EAYEHHA CHHYCA ¥ KOCHHYCa yncha P, ecan;
1) B=38n; 4)[5:%1:;
2)B=dm; 5)B=nk, ke Z;
3)p=3,5x; 6)p=(2k+1)m, ke Z.
Breraucaute (561 — 562).
861. 1)sin 3n - cos %’E :

2)cos 0 - cos 3n + cos 3,5m;
3) sin nk + cos 2nk, roe ke Z;

4) cos @ - sin @,meke Z.
562. 1)tg n+cosm; 2) tg 0° - tg 180°;
3)tgn+sinm; 4)cos w1 — tg 2.

563. HajiTu auaveHne BLIpaKeHnd!

. R T 3
1)3 sin 6 + 2cos 6 tg 3}

. R n n n
2)551114 +3t.g'4 —5cos4 —lOctg4,
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I n r
4)sm3 ‘cosﬁ tg4.

5684. Pelnrt ypapHeune:

1) 2sinx=0; ecosx—-1=0;

2)%cosx=0; 4) 1 -sinx=0.

. MoxceT M1 8in ¢ MAH C08 ¢ ORITH PABHBIM;
1)0,49; 2)-0,875  3) —v2; 4)2 -27

567.

568.

569,

. HaiiTn sgavenne BRIPpAYKEHH S IPH AAHHOM 3HAYeHHH .

1) 2sin o+ Jﬁcosa opu Q= %;

20,5cos o~ J3sina npu 0. = 60°;

3) sin 3¢ — cos 20 npnor.=%;
4 % ogin & - I
) cos g tsin o mpmo= .

Haiity sHaYeHRe BMPAXeHNA:

Dsin X cos X ~sin & - cos &
SlIl4 0084 sma COSB,

28 _ g *_ o E r,
2)21g 3 ctg g ~sin g -cos o3
n " n n

3) (th ctgg) (ctgz + tgg}

2 _ inz ¥ R r
4) 2 cos g —Sin 3+1;g'6 ctga.

JIoKa3aTh, ITO

n n . T . T 2n
coss—cos—- 31n§+31n—- =Co8—.

6 6 3

Pewars ypaEHeHNE!

1)sinx=-1; 4)cos 0,6x=0;
2)cos x=—-1; 5) sin (:‘25+6n)=1;
3)sin 3x =05 6)cos(bx +4dn)=1.
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570. Henonbsysa MARPORANBRYIATOP, IPOBEPHTE DABEHCTBO!

1) sin 60° ~ 0,866; 3) cos % ~ 0,996;
2) cos 45° = 0,707; 4) sin % = (0,225,
571. Hlcnonbsysa MAKPOKATBKYAATOP, BRIYHACIHTE ¢ TOUHOCTLIO Jo 0,01:
1) sin 1,5; 9) sin 38°;
2) gin 0,866; 10) sin 13°;
3) sin 3,53; 11)sin 51°15’;
4) 5in 8,071; 12) sin 60° 20";
5) cos 0,5; 13) cos 12°;
6) cos 0,138; 14) cos 42°;
T cos 4,81; 15) cos 45°12’;
8) cos 10,035; 16) cos 30° 10,
572. Henonk3sysa MAKPOKAALKYIATOP, BEYHCARTE ¢ TOUHOCTBIO A0 (0,01:
1) sin = ; 5) tg g : 9) sin 368°;
T I
2)ecos — 6) ctg 9 5 10) cos 1025°;
1
3) cos 701:; 7) tg %n; 11) tg 773%
4)tg l—ggu , 8) tg %:: , 12) tg 423°.

§ 27. 3HaKM CUHYCAa, KOCUHYCa
M TaHreHca yrna

1. 3nam CUMHYCA W KOCHHYCA

ITycres Touka (1; 0) ABMIKETCA MO eAMHUYHON OKPYIKHOCTH IPOTHE
4acoBoi cTpenkH, JIaa Touek, HAXOAAIMAXCA B NepBoil ueTpepTH (KBAA-
paHTe), OPAMEATE H A0CIHCCH TOM0KHETeNALHE, IloaToMy sin ¢ >0 n

coso >0, ecau 0 <o < —g (puc. 57, 58).

JIJISI TOYEK, PACIIOJIOKEHHEBIX BO BTODOH YeTEePTH, ODAKHATH NOJ0-
JKHTENbHH, & afcnucchl OTPHIATEABHEI, CaenopaTennHo, sin ¢« > 0,

cos ¢ < 0, ecnn % < O < 1 (cM. pue. 57, 58). AHaTOrMYHO B TPeTheil

yerBepTH 8in ¢ < 0, cos ¢ < 0, a B yerBepTOif sin & < 0, cosa > 0
(cM. puc. 57, 58). IIpr gansHeiineM ABMMKeHMH TOUKH II0 OKDYIKHOC-
TH 3HAKY CHHYCA ¥ KOCHHYCA ONPEeAAIOTCA TeM, B KAKOH YeTBepTH
OKEVKeTCH TOUYKA.
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“‘-.-_
‘cn-_

(=]
=y
f=

L
sino, cos o
+ | + - | +
x
+

Puc. 57 Puc, 58

Ecau Touka (1; 0) ABm:KeTcA D0 YACOBOH CTPEKE, TO SHAKY CURYCR
i KOCURYCA TAKIKE ONpedeRIOMCE MeM, 6 KAKOL YemBepmu 0KaANKemes
riouxa; aTO MOKA3aHO Ha pHCYHKAX 5T, 58.

3aaaual. Onpenennts 3EAKH CHHYCA M KOCHHYCA YIVIOB:
1) 3{ ; 2) 745°% 3 —% .

3n
Al) ¥ray 4 COCTBETCTBYeT TOUKA eTUHATHOR OKPYIKHOCTH, PAC-
3n

. an
NoJIoKeHHAA BO BTOpoii yeTnepTa. IloaToMy sin vy >0, cos vy <0.

2) Tax rakx 745° =2 - 360° + 25°, To mosopory ToukH (1; 0) Ha yrox
745° cooTBETCTBYET TOUKA, PACIIONOYKEHHAS B NePBoii yeTBepTH. IloaTo-

My sin T45° > Q, cos 745° > Q.

3) Tak rar —x < —-572 < —g » TO 1Ip. NoBopoTe ToukH (1; 0) ua yron

o . on

-7 noAy4aeTca TouKa TpeThell verpepru. IloaToMy sin [—7) <0,
5n

€os |~ | < 0. A

2. 3Hakm TaHreHca

sino
IIo onpegenennio tg « = — . IToaTom
pexn, 4 po—— y

tg o> 0, ecan sin ¢ ¥ ¢0S 00 KMEIOT OAHHAKOBEIE yil
3HAKH, H tg o < 0, ecaH sin of ¥ COS O HMEIOT HPO- tgo
TABONOJCKHEIES 3HAKH. 3HARH MAaH2zeHcq A3006-
PajKeH:! Ha pHCyHKe 59. - +

3anavua2 BrACHHTE 3HAK TAHreHCA 0 =
yraa: 1) 260°; 2)3. + —_

A 1) Tak xax 180° < 260° < 270°, to
tg 260° > 0.

n
2) Tak xak 5 <3<m7r0tg3<0. , Puc. 59
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YnpaxHeHus

573. B kakxoit yerBeprn HAXODUTCH TOUKE, NOIYIEHHAA OBOPOTOM TOT-
kn P(1; 0) Ha yroa o, ecan:

i
l)a—g o= s
3
2)a= ik TNo=3,5;
"
3)a=—E; 8)ua=4.,8;
Ho=-2,; 9) a=-1,31;
Tx
bla= ry 10)o=-2,7?

n
574. Ilycte 0 <t < rh B xako#i ueTBEPTH HAXOAUTCH TOUKA, IONYIEH-

Had ToBopoToM Toukn P(1; 0) Ha yroa:

3
1)—-0£, 2) a-m; 3)%‘—0&;
n T
4)§+0'., 5)0£—E, 6y —a?
575. Onpegenuth 3HaK Yucaa sin o, ecan:
bn br 13 33n
1)0'-—7 2)(1—'6— 3)(1—?11, 4)‘1——'7—,

5 4 7
fo=-gm Ga=-m To=-_m Boa=-0,lx

Na=4; 10) a=5,1; 11 e=-73; 12)u=-6,1;
13)ax=210° 14)0=-230° 15) x=850° 16)a=-470°.
576. OnpegenuTh 3HAK YUCJA COS O, 8CJIM:

=2 =T =.5% =2
1)(1-315, 2) o ﬁn, Hoa= e 4) o 51'|:,
5)a=2; 6)a=4,6; Tyoo=-4; 8)o=-5,3;
9) o= 290°; 10) x=-150°.
577. Onpeaenars 3HaK uucia tg o, €CAH:
1)a=%u; 2)a—1—2n:; 3)a=—§n; 4)a=—%n;
S5la=1; MHo=3,7; TDa=-3.4; 8)a=-1,3;

9) o =190° 10) o = 283°,
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578. OnpefeuTs 3HAKH YHCEX Sin o, cos &, tg o, ecan:

3 3 n
1)11:<a<§1t, 2)§1t<u<?,
™
N T~<0z<21'|:; 4)2r << 2,51

579. Oupemencrs IHAKH Y¥ced sin o, cos o, i o, ecan:
Dao=1; o=3; Hoa=-3,4; 4)o=-1,3.

580. Ilyete 0 < o < g . OnpegennTs 3HAK YHCAA:

1) sm(g—a} 2) cos(§+a); 3) cos (&~ 7);
vu(a-3}  Du(F-ef  eme-w
581. Kaxopr aHakn sin o, cos ¢, tg o, ctg o, econ:
107, sn 11z
1)3n<a<T, 2)2<a< 4‘i'

982. [Ina KaruX aHAYEHHN apryMeHTa O, 3aKNKYeHHBIX B IPOMEKYT-
ke ot 0 go 2 1, 3HAKHA CHHYCA B KOCUHYCH COBIANAIOT (PASAHIHEL)T?

583. OnpeaenuTE 3HAK YACA:

2n 3n Sln%
1) sin r sin T; 3) -—-—:,
4
2r n bn . =®
Z)ms-a—cosa, 4) th+s1nE.

584, CpABHUTE 3HAYEHUHA BRIPAKEHMII !
1) sin 0,7 usin 4; 2ecosl,3ucos 2,3.

585. PelnuTh YpaBHeHUE:

Dsin(dn+x)=1; 3)003[%1t+x]=—1;
(9
Dcos(x+3n)=0; 4) mn(izt+xJ=—1.
586%, B xaxoil ueTBepTH HAXOAMUTCS TOUKA, COOTBETCTBYIOIIAS THCHY
O, eCJIH:
l)sinx+cosa=-1,4; 2)sing—cosot=1,47
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§ 28. 3aBUCUMOCTL MEXAY CUHYCOM,
KOCWHYCOM W TaHreHcom
OAIHOro U TOTO Xe yrna

BrIACHYM aasucumocms Mendy CuHy-
yh COM U KOCUHICOM,

IIycre Touka M(x; ¥) efMHAYHOH OK-
PY3CHOCTH NQUIYYeEa TOBOROTOM ToukH (1; ()
o Ha yroa o (pac. 60). Toraa oo onpenenennro
x / _0\ P(IQO)_ CHHYCa H KOCHHYCa

X

x=coso, y=sina.

M{(cosocsin (J;) Toura M npuUHAANEHKUT eTUHMIHOIM OK-
PYHCHOCTH, IOTOMY €€ KOODAWHATH (X; )
YMOBAETROPAIOT ypapHeHHIo xZ2 4+ y2 = 1,

Pue. 60 CnenoraresrHo,

sin?g+ecos?a=1. (1)

Pasercteo (1) BrnosEAeTCH NPK JIOOKX SHAYSHUAX ¢ M HASHIBAST-
CSH OCHOGHBLM MPUZOHOMEMPURECKUM MOXNTeCMEOM.
H3 papedcTba (1) MOXHO 8in O BHPA3UTE YEpPes COS 00 K COS O Te-

pe3 sin o
sina=i,/1—oosza, 2)
cc»soc:i,h—:sin2 a. 3)

B srux dopmynax sHAR nepes KoOpHeM ONPEAENACTCS S3HAKOM BhI-
PfUKeHRA, CTOALIErC B 1eBOH YacTi GOPMYNEL

3n

) 3
3amava 1. BeraueanTs sin ¢, ecas cos (6= 5 @ T<e< > -

A Bocnonbayemca dopmynoit (2). Tak kax 1 < @ < 3—; ,Tosino <0,

moaToMy B hopMyne (2) nepes KOpHeM HAQ DOCTABHTh 3HAK ¢MEHYC» !
. ( 9 4
= 1 - 2 F ==, A
sino cos” ot o5 5

. 1 n
3aaaua 2. BeIluvcauTh oS O, €CJH sin o= 3% 3 <o<0.

A Tar Kak —g < @ <0, ro cos o > 0, noaromy B popmyae (3) nepea

KOPHEM HYKHO MOCTABHTE 3HAK «ILIIOCH !
. 1 242
cosa=f1-gin’ o = ,'1—5 = TJ_ A
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BbIRCHEM TeNepb 3GBUCUMOCITLL MeXOY MAKZEHCOM U KOMIHZEHCOM,
ITo onpenenenuIo TAaHreHCa H KOTAHIeHCA
ginao
tgo=——-, citga= ﬂ.
C0S O gino

IlepeMuo>xaa 3TH PABEHCTBA, NOIYEaEM
[tgo ctgo=1.] (4)

Ha pasercrsa (4) MOXEO BHpasnTh tg o depes ctg o 1 HaobopoT:

1

tgo= m, (5)

ctg o= é. (6)

Paperctsa (4)—(6) cnpapegnKBEL NpK o # gk, ke Z.
3agayga 3. BeluscauTs ctg o, econ tg o= 13.

A Ilo dbopmyae (6) waxoamm: 1 1
ctgo= _th(_I.' = ﬁ.

3anava 4. Buruucants tg o, ecmagsina=0,8 u g <Q<R.

IIo dopmynae (3) HaxoguMm cos o, Targ Kax g <o<|,Tocoso <0
Iosromy

cosa= —y1-sgin®a = —/1— 0,64 =—0,6.
CneaosaTelsHO,
gine 08 4

Hcnons3ya 0CHOBHOE TPHTOEOMETPHAYECKOE TOMKJECTE0 U ONpefens-
HHe TAHTEHCH, HAMJIEM 3a68UCUMOCTID MEX Y MANZEHCOM U KOCURYCOM.

PaspesumM ofe yacTn papeHcTBa sin? ¢ + cos? o = 1 Ha cos? o, npea-
MoJIarad, aTo cos & = 0, .

IloayuuM pageHCTBO

o+sin’ o _ 1
cos®a cos’a’
orkyza
1
1+t.g2a=msga. N

Dra dopMyns BepHa, ecan cos ot 0, T. e, OpH O # g+ Tk, ke 2.

W3z hopmynst (7) MOMXHO BEIPA3UTEL TAHTEHE Yeped KOCHHEYC I HOCH-
HYC Uepes TAHTeHC.

185



3anaua 5.ancmntga,ecnncosa=—§ 24 g <O <.

A Ha doprMyasl (7) HaxoanM
1 1 16
2= -1= -1==.
tg*a eos” o 3 9
5 )
TaHTreHC BO BTOPO YeTBEPTH OTPALATENEH, IOFTOMY tg ¢t = 3 A
Jamaua 6 BRYHCIHTE COS O, ecaRtg =3 uA <0 < 3?“
A W3 bopMyast (7) HaxomuM
1 1
2 = .
o O g 10
Tak gag T <o < 3?“, To cos ¢t < 0 @ mosToMy cos ot = — /0,1, A
Ynpaxnennsn

587. Moxer an crHyC (KOCHHYC) NPHHAMATE CIAeAYVIONIHEe SHAYCHAA,

2 5 1
0,03; S HEEL

’ 3 3 13’
$88. MoryT n 0ZHOBPEMEHHO BEIIONHATHCHA DAaBEHCTBA:

. 2 3 R 23

l)smoc:£ ncosu=£; 4)sino= —1@ ncosa=-—J:;
3 3 5 5

, 4 3 ) 2 36
2)sin o= B HCOS O = 5’ 5)sm0t—? HCOS Ol = 7

. 1 2 .
3)sma=—§ HCOSO= 33 6)sin ¢=0,2 mcos u=0,8?

589. BeraacanaTe:
1) sin o, tg o, cig o, ecam cos o = —g L §<Q<E;

3r
2)ecos o, tg o, etg o, ecmE sin e = —g - n<a<?.

590. Bruncanrh sHAYeHNE KaycAoH U3 TPArOHOMETPHYecKHX (PyHKI,

ecau:
5 3n 13 3n
lcosa= Tha ~2-<a<21t, 3tga= g ¥ 1t<(1<—§,
. n 3n
2)sinae=08=n E<a<n; 4d)ctgo=-3 m E<a<21t;
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5)coso=0,8 1 0<a<g; 7)tga=—2,4ng<a<n;

.5 3 . _T 3x
ﬁ)sma——ﬁn 2<0t<21t, 8)cigo= 24nn<a<2 .
591. Kaxkue sHaYeHENA MOI'YT OPHHEKMATE:
1)cosu,ecnnsina=¥; 3)sina,ecnncosa=g;
2)sin ¢, ecAK cO8 L= — 1, 4)cos o ecnnsina——i?
] - 75 * ¥ - .Jﬁ
§92. Moryr 11 0AHOBPEMEHHO BEINGIHATLCS PABEHCTRA!
. 1 1 J7 3
l)sma—g ntga—72—4, etgo= 3 ncosoc—z?
593. Ilyers ¢ — ogHH A3 YIJIOB OPAMOYTOJABHOIO TpeyroasHuKa, Hait-
THCOS O Higo,ecansino= 1—'10

594. Vron npm sepmmEe paBEOSEPEHECID TPEYTOJLHMKA HMEeT TAH-

TeHC, PABHHIHA 2J§ . Ha¥iTH KOCHHYC 3TOrO ¥ria.
1
595, Haiitu cos o, ecau cos? o — sint o= 3

596%, Hapecruo, aro tg o = 2. Haliru spaveHve BLIpasKeHnd:
1) ctga+tgo, 3) 2sinc+3cosa,

ctgo—tgo’ 3sino - 5cosa’
2) sino —ocosa, 1) sin® a+ 2c08? o
gino+coso’ sinfo—cosea

597*, Hasectao, yTo sin ¢t +cos ¢ = % . Haditi:
1)sin o - cos o 2) sin? o+ cos? .
598% PemaTs ypapHeHne:
1) 2sinx+sin?x+cos® x=1;
2) sin? x — 2 =sin x — cos? x;
3)2cos?x—1=cosx— 2sin?x;
4) 3—cos x=8cos? x +3sin x.
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§ 29. TpuroHOMeTpHUMECKNE TOXAECTBA

3apaua 1. JoxasaTs, uto npa o # nk, k € Z copaBefIHBO PABEH-
CTBO

1
2y
1+ctg?a= eyt 1)

co8 O
A o onpenenennio ctg o = sno’ MO3TOMY

cog? sin® o + cos® 1
1+etg?a=1+ 35 L (%2 a=,2.
mla Sin- o sin O

Jru npeobpasoBauus BePHEL, TAK Kak sina#0npun o= nk, ke Z. 4

PapencTro (1) cnpageannsoe i BeeX ACNYCTHMMX 3HAveRni o, T.€.
TAKHX, IIPH KOTOPLIX €I0 JeBad K NPABAA YACTH UMEKT cMBIch. Takue
PABEHCTBA HABLIBAIOT moXdecmaamu, a 3ANaYN HA JOKAZATEILCTED TA-
KHX PABEHCTB HA3BIBAIOT 3ANAYAME Ha JOKAATEALCTBO TOMIECTB.,

OGEIYHO NPY JOKAIATENLETEE TPATOHOMETPHYESCKHX TOMXKACCTE YN
IPH yUPOLIEHNH BEIPAXKEHKH AONYCTHMEIC SHAYSHHA YIVIOB He YCTAHAB-
JHBAKOT, ECJH 5TO He Tpebyercd B YCJAOBHH.

Janaga 2 [oxasaTh TOXIECTEO
cos? o= (1 — sin o) (1 + sin @).
A(l-sina)(l+sina)=1-sin?a =cos2o. &
daaxaua 3.loxasaTh TOXKIECTBO
cosox _l+sine
l-gina cosa

A YrobH A0KA3ATE 3TO TOMKAECTBO, HOKAKEM, YTO PASHOCTE MEKTY
€ro Jeeoil 1 NpaBoi YACTAMH PABHA HYIK:

cos0 _l+sing_ cos’ o —(1-sin‘or)  cos’o-coe’a

=0. 4
l-sine  cos cosa(l—sina)  cosc(l—sina)

IIpu pemenuy 3anay 1—3 HCNOAL3OBAAHCH CAEIVIOIEE CROCO06L Jo-
Kasameavcmaa moxdecma: NpeodpPasoBalpe MPABOIL YACTH K NEBOA;
npeofpasoBaHye JeBoH uacTH K upapoil; yeTaHOBAeHHe TOI'C, WTO pas-
HOCTL MeXIy npapoil m aepolt wacraMu pabHa Hymawo. Huorga yaobao
DOKA3ATENbCTBO TOMAECTBA NPOBECTH NPeolpaASOBAHHEM €ro JIEBoH n
npaecHi yacTell K OQHOMY H TOMY e BHDasKeHHIo,

Jagaga 4. I[oxaaa'ra TOXKAECTBO

O ed 4
Wamam

sin’a
1-tgfo coszu cos” o —ain® & _os? . 3
7 cos”® ot —sin® o,
1+tg2a Lsin'a " coslatsina
coszu
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cost o - sin? o =(cos? & — sin? &) (cos? o + sin? &) = cos? ot — sin? o,
ToxntAeCTBO AOKA3AHO, TAK KAK eI JIeBafd U NMPABasS YACTA PaBHLI
cos?or-sin®a. A

1
3anaga 5. YopocTuTs BEIpasReHHE igardige
1 1 gino coso .
= = = =ginacosc. A
tgarciga Sna 08 sinfarcoa oo
coso.  sing
YnpaxHeHusa

599. ToxasaTh TOMAECTRO!

o
1) (1 - cos o} (1 + cos o) = sin? o 4) oo a =ctg? oy
1
2) (1 - sin o) (1 + sin o) = cos? o} 5) 1+t a +sinfa=1;
gin® o 1
3)m—tg o 6)m+cosza=l.
600. YopocruTh BHpa’keHde:
. sino |
Dcos o - tg oo — 2sin o 3) 1+ ooag’
. . cos” o
2)cosa—sina - ctgo; 4) 1-sina’

601. YupocTuTh BHpaskeHHe U HANTH €ro YHCAOBCE 3HaYEHAe NPH 3a-
AAHHOM 3HAYEHUH O

2) cos?® o +otg® o+ sin? o npﬂ(l"%

)—— -1 Irpnot— -
cos® o 3

cosf a+tg?actg?a+sinfo npu o= %

602. TorasaTs TOXIECTBO:
1)1 -sin*o)(1+tg2a)=1;
2) sin? o (1 + ctg? o) —~ cos® o = sin? qi.
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603. YnopocTaTs BRIpaXReHTe:

1 (1+tg2o)cos®oa—1; Hl+tgla+ ——;
sin Ot
: 1+tea
— ain2 2 0. 1+tg"a
2)1 -sin® o (1 +ctg® a); 4) Trdtla

604. JJoxazaTh TOKAECTBO:
1) (1 - cos 2¢) ( 1 + cos 200) = sin? 2a;
2) sine-1_ 1
cos? o 1+sinc’
3) cost o — sint ot =cos? ¢t — sin? o
4) (sin? o - cos? o)2+ 2 cos? o sin? o = sintol + cos? o
5) ging +1+cosa= 2 ,
1+cosa sina gsina
6) sina _ l+cosa;
1-cosa sino
7 1 _, 1 =1
1+tgta  1+ctg’o
8) tg? o — sin? & = tgZ o sin? q.
605*, HaiiTn sHaYeHwe BHIPAsKeHH A sin o cOS o, ecaH sin o — cos o= 0,6.
606. Hajirn sHauerne BuIpaskeHns cos® o — sind o, ecou cos oo — sin ot = 0,2,
607. UssecTtHe, uTo tg o + ctg o = 3. Haiitu tg? o+ ctg? o.
608. Pemuuts ypasHEeHAE:
1) 2sinx +sin x +eos? x =1;
2)2sin? x+ 3 cos2x-2=0;
3)3cos?x—2sin x=3 - 8sin? x;
4)cos?x—sin2x=2sinx -1 - 2sin%x.

§ 30. CuHyC, KOCMHYC, TAHIeHC
yrnos o v —o

IIycrs Touxn M, u M, eauemauoi ok-

¥ PYXHOCTH OOJYYEHB TOBOPOTOM TOUKH

. M, P(1; 0) Ha yrael ¢ ¥ —0t COOTBETCTBEHHO
sma (pmac. 61). Torga oce Ox genuTt yroa
o P(1,0) M ,0M, nononaMm, n HO3TOMY TOUKK M,

K M, cHMMETPUAYHE OTHOCHTENLHO OCH

0 cosow X
o Ox. Abcmucchl 9rHX TOYEK COBIAAIOT, 4

sin Co) OPAWHATH OTIHYAITCA TOABKO JHAKA-
T— M, mHu. Touka M, mmeer KoopamHATH
(cos o; sin @), Touxa M, uMeer KOOPAUHA

Puc. 61 el (cos (—0r); gin (—0)). CrepoBarenseo,
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sin (—ot) = —sin «, cos (—0) = cos a. J

Henoavaysda ounpefelenne TanIeHea, AMEEM
L Sin(o) -sine __
tg(-o)= cosCa) ooser tg o.

Taxum obpaszonm,

tg(—a)=—tg o,

(1)

(2)

Oopmynu (1) cnpasesmmern opu AOEIX o, a dopmyna (2) — npn

o g +nk, ke Z.

MoxxHO moKasaTs, 4To echu o # Tk, k € Z, 10 ctg (—o) = —ctg o.

Oopmyas (1) — (2) no3BoOAMIOT CBOAUTE BEIYHCACHHE SHAYECHWI CH-
HYCa, KOCHHYCA M TAHINeECa OTPHOATEJBHBX YIA0B K BEIYUCICHUI0 HX

aHAYEHHH J/IA NOMOMKHTENBHBIX YIVIOB.

. g Yo ein Fo 1.
Hanpmmep: sin (- E)_ sin g =-53

609. BrluHCIHTE:

1) cos (* g) sin (' g] +tg (— E],
(5]
Lo ()

3) 2 sin (-’E‘]cos (-g] +1g [-g] +8in? (_g];

4) cos (—m) +ctg (—g) —sin (—grt] +ctg (_E);
3-sin’ (_%)_msz(_:_; .

()

2)

5)

in[-2] - _xr 1 3
6)2sm( 6) 3ctg[ 4)+7,5tg(—1t)+8cos(—§n].
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610. YnpocTHTE BEIpAMKEHHE:
1) tg (—ot) cos o+ sin oy
2) cos ¢ — etg o (—sin o);

3) cos (—za} +sin (o) :

cosla—sin® o

4) tg (o) ctg (—o) + cos? (—a) + sin? a.

611, JloxasaTh TOMKALCTRO
cos? o —sin® a

“cm +tg (—C() cos (—0) = cos ¢

612. BoruncanaTe:
2—sinz[—§— ]+ cos? {—E]
1) 8 3,
2c0s (—E ]+ sin(—f—]
3 [

2) V3sin (—%) +3tg (—2) - 2ctg (—E) + 4003(— gn)

613. Yupocrurs!

sin® (o) + cos® (-9, 2) 1-(sin o + cos (—))? )

1) 1-sin (-0t} cos (o)’ -sin (o)

614. TorasaTs TOXAECTEO:
1) cos asin (67— o) - (1 + ctg? (—o)) = ctg (—o);

1-sin®(-o) sin(o.-2r)

2 oo Tocos’ ey 8™
615. PemruTs ypaBHeEHE:
1)sin (-x)=1; 4) gin (—-2x)=0;
2) cos (-2x) = 0; 5) cos? (~x) + sin (~x) = 2 — sin®x;
3 cos(-2x)=1; 6) 1 - sin? (—x) + cos (4n — x) = cos (x — 2n).

§ 31. Dopmynbl cnoxeHns

DopMyAAMI CRONCEHLT HASKIBAIOT GOPMYARL, BEIpAkasompe cos (ot )
H sin (o £ B) 4epes KOCHHYCH ¥ CHBYCH yIvIoB oL i .
TeopeMa. Jasawobsix o fcnpasedauso pasencmso:

cos (0 + B)=cos e cos § — sin ¢ sin P. (1)

OlIlyere Toukn M o M-B uM a+p TOTYUEHE NOBOPOTOM TOUKH
M, (1; 0) va yraer o, ~§ n ¢+ paguan coornercTReHHO (pHC. 62),
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Tlo onpegeneHno CHHYCA H KOCAHYCA 3TH
TOYKH MMEKT CAeAYIOINHE KOODAWHATRI

M, (cos o; sin t);
M _g (cos (—B); sin (-B));
M5 (cos (e + B); sin(a+p)).
Tax wak ZMOOMG+B = AM_B OM,, o
pae=oGeapenutie TpeyroasHaKu M OM 8

H JM_ﬁ OM_, paBHEI H, 3HAYHUT, PABHEI HX
OCHOBAHKA MoMa+ﬁ L M—B M . Cnegosa- Puc. 62

TeNbLHO,
(MM, = (M_g M_)2.

ITpumenan GopMyay ANA PACCTOAHAN MEXKTY IBYMA TOUKAMH, A3Be-

CTHYIO H3 KyPCa [eOMeTPHN, IOIYIaeM
(1 - cos (o + B))*+ (sin (@ + B))® =
= (cos (—P) — cos o) + (sin (—B) — sin o).
IIpeo6pasyem 310 paBeHCTBO, ucnoiaeays Gopmyae (1) n3 § 30:
1~ 2 cos (o + B)+ cos® (o + B) +sin? (o +p) =

=c0s? B — 2cos P cos o + cos? o+ 5in® B + 2sin P sin o+ sin .
IIpuMeHEB OCHOBHOE TPHMOHOMETPHUECKOE TOMAECTBO, HMCEM
2-2cos(ot+B)=2- 2 cos ot cos B+ 2sin o sin B,
oTKyzAa cos{o+P)=cosccosPp—sinasinf. @
3amaya ) Buuncants cos 76°.

A ITo dopmMyae (1) HaxoauM
cos 75° = cos (45° + 30°) = cos 45° cos 30° — sin 45° sin 30° =

. A

2 2 2 2 4
Bamenun B popmy.e (1) § ua —B, moayaum
cos (¢ - B) = cos & cos (-B) - sin a sin (—p),
OTHYAA

cos (0.~ B)=cos . cos P + sin o sin . (2)

3apavua 2 Beruncaurs cos 15°.
A Tlo dbopmyae (2) Haxomum:
cos 15° = cos (45° — 30°) = cos 45° cos 30° + sin 45° sin 30° =

B VB B 1_JB42

2 27227 ¢4 + 4
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3angaga 3. JoxasaTte hopMyas::
cos(%—a} sino, sin(%—a)= COSC. (3)
Allpm = g no hopuyne (2) noayaum
cos{ Z—p =cos£cosﬁ+sin£sin[i=sin[i, T. €.
2 2 2
T X
003(5 -B }= sinf. (4)
3amenus B aToll Gopmyae P Ha o, AMeem
cos g—a =sgino.

b
Honaras B dopmyne (4) f= 3 ~ @ moxyaem
sin g—a =Coscl. A

Henoasays opmyan (1)—(4), BeiBeseM fopMyIbt CAONCHUA O1a

cunyca:
sin(0t+[3)=003(%—(a+[3)]=cus[[%_a]_ﬁ]=
=008[§—a)003|3+8in[%—aJsinB=
=gin ¢t cos f§ + cos cesin f,
Tarnm o6Gpasom,

gin (o + B)=sin e cos f + cos a sin f. (5)

Bameuss s dopmyne (5) B ua ~B, uMeem
sin (ot — B) = sin ¢ cos (—P) + cos o sin (),
OTRY/A

| sin(u*B)=sinacos|3-cosusinBJ (1]

Jamawa 4. Buraueants sin 210°,
Asin 210° = gin (180° + 30°) = sin 180° cos 30° + cos 180° sin 30° =

J3 1

3 1_
=0'?+(—1)'§— E. ‘

3agaga 5. BuyneaaTe:
8n

sin 81tccns":—e,inﬂ:cos
7 7 7 7"

ﬁsins—ncos£~sin£ooss—u—sin 8 =z =sinn=0. A
7 7 7 7T T 7 ’
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J3anawa 6% JloxaszarTs paBeHCTBO

tg(a+l3)=i%- (7)

gin(e+p) _ sinccosp +cosasing
cos{o+p) cosacosP-sinasinp’

A tg(a+p)=

Pasnenup yucauTensb 1 3HAMEHATEN L NOCAeAHel Tpobu Ha TponaBe-
JeHve cos o cos P, noxyuum bopmyny (7). 4

Dopmysa (7) MoKeT OKITH DOKE3HA NPY BHYNCAeHEAX. Hanpumep,
o 370ii hopMyIe HAXOLHM

tg 225° = tg (180° + 45°) = ~E180 +1€48
1-tg180 tg45
YnpamxHexua

6186. C nomomei0o dopMyJ1 CICKeHNA BEIYHCIATD:

1) cos 135°; 2) cos 120°; 3) cos 150°; 4) cos 240°.
617. He noapaysachk TabAHIAME, BHIYUCAUTD:

1) cos 57°30° cos 27°30° + sin 57°30" sin 27°30";

2) cos 19°30° cos 25°30° — sin 19°30" sin 25°30/;

Tn 11x n . 1ln,

1.

3 —cos——-gin-—sin—";
)oosgoos ? smgsm 9
4) ooss—ucos£+sin8—ﬂsin£.

i 7 T

618, BHuBcIuTS:

1) co&[%hﬁ} eCan sina:i HO0<qa< z

J3 2
R 1 .
= =—— B — <Q<A.
2) cos| o r €CJIA COS O 3 K 2 a4<n

619. YupocTATE BEIpaxKeHHAe;
1) cos 3ot cos & - sin ¢ sin 3o
2) cos 50 cos 2 + sin 5p sin 2f;

n 5n . fn . [ B
3) oos(?+u)coe(ﬁ—u]—mn[?+a]sm[ﬁ—a],

4) cos %hﬁ os(—zg+a)+sin 75—n+a)sin(—2-g-+a}
620. He noarayace TabianaMn, BEIYHCIRTE:
1) sin 73° cos 17° 4+ cos 73° sin 17°;
2) sin 73° cos 13° — cos 73° sin 13%;
. On n, . K I,
3) smEcosE+smEcosE,
Tn n Tn

4) St~ oS~ — 8in —— cos —.
12 12 12 12

7 195



621. BLIYHCANTE:

. n 3 3r
1) sin a+§ ecaIy cos 0= — AA<O< PR

2) sin %—a} ecym sin L= g n g <Q<A.
622, YopoCTHTE BLIDAKeHHE:

1) sin (o + B) + sin (&) cos (—B);

2) cos (—o) sin (—PB) — sin (e — B);

3) ms(g-a]sm[g—ﬂ] - sin (o~ B):

4)sin (ot +p) + sin [g— a] sin (- B).

623. Brruucaurs cos (o + B) 2 cos (o — B), ecan sin oo = —g, gn <o<2n
D Ro B x
7 sinf= 17° 0<p< 2°

624, Buuucauts sin (o — p), ecan cos o = -0,8, g <g<n u

inpa 12 3
sinf= 13,Tl:<|3< 2" ) .
625. Beruncauts tg (o + B), ecan sin ¢ = 5 g <o<{ ucosf= 17’
3 < P < 2r.
626. Yupocrars BHpamenue:
1) cos (o — B) — cos (e + B); 3) cos 3at + sin o sin 20
2) cos(%+a)cos(%—a)+%sinzu.; 4) cos 2 — cos o cos 3.

627. JoxasaTh TOXKAECTRO:

sin(a+f) _tga+tgp,

sin(c—p) tga-tgp’

gy 8(@—P) _clgacigp+l,
cos(x+B) ctgoctgp-1’

1)

3) cos(%+a)=%(cos ot—sin a);
4) %%% =ctg p-tg o

5)cosocosfi= %[cos (e + B} + cos (o — B));
6)sinasinB= %[cos{a—ﬁ)—cos{uﬂh].
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628, BriuneanTn:

1) 1829 +ig31 3)

1-tg29°tg31°’

1+tg10° tg 55°
[
tg55° —tg10°

n 3
L i g L1818 117

2)
7 .3 ; 5

Litgntgd 217" + tg13
AT

629. BrrancanTs:

1) tg (o.+ B), ecmm tg o= ‘% g B=2,4;

4
2) ctg (o~ B), ecnu ctg o= o metg f=-1.

630. ¥YnpocTHTE BRIDAXKEHHe
sm[£+a)—cos[f+u]
6 3
(= n )
gin| Z+a [+cos| S+
(5 rou(ive)

631. Yupocrirs BrIpaKeHne:
1) sin ¢ cos 20 + sin 20 cos ¢
2) sin 5B cos 3p - sin 3f cos 5p.
632, PemmuTe ypaBHeHHE,
1) cos 6x cos 5x + sin 6x gin 5x =—1;
2} sin 3x cos 5x — sin Sx cos 3x =-1;

3) ﬁws[g+x] —-cosx=1;

4) Jésin(

R x P
Z_X)isinZoy,
i 2J 512

§ 32. CuHyC, KOCMHYC M TaHI€HC
ABOMHOTC yrna

BuiseaeM gopmyint CUHYCA U KOCUNHYCE P80itHoz0 Y2aa, ACTONb3YR
¢ropMyan cloXKeHAs,

1)sin 2 =sin (o + o)=sinwcos  + sin e cos o0 = 2 sin ¢ cos oL,
Hrax,

lsin 200 =2sin acos a.l (1)

2) cos 200 =cos (ot + &) = cos 0 cos oL — sin & 8in o =cos? ¢t — sin? or.
Hrak,

|0032a =cosza—sin2a.] (2)
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. . an
3apava 1. Beuncmors sin 20, ecansino=-0,6un <o < —.

2
ATlo hopuyne (1) Haxoaum
gin2¢ =2singcosa=2-(-0,6)-cosx =-1,2cos Q.

3n
Tax Rax T < ot < -2—,mcosa<0,nnom'omy

cos o= —f1-sin? 0 =—1-0,36 =—0,8.

CaenoeateasHo, sin 2a=-1,2 - (-0,8) =0,96. 4

3apava 2. Beluncnurs cos 20, ecau cos € =0,3.

A Henonnaya dopuyay (2) U ocHOBHOEe TPUTOHOMETPHYECKOE TOMXK-

AeCTBO, HMeeM

cos 20 =cos? o —sina=cos?a— (1 —cos? )= 2cos?a—~1=
=2.(0,3%-1=-0,82. A

sinocosa

3agaqa 3. Yupocrurh AKeHHe .
Aad poCTHIE BHP 1-2sin’ a

sinoicosol _ 2sinccos o _ sin 2ot _
Al 2sinfa  2(sin® o+oost - 2sin’ @)  2(cos’ o —sin® o)

1
3apgaga 4. Buuneants tg 2o, ecnu tg o= 3

A Tlonaraa B dopmyne tg (o + B) = tgovigh (cm. § 31) B = o, mo-

JaydaeM

1-tgatgp
__2ga
tg 20c= 1-tgte’
Ecau tg 20= %,TD oo dopmyae (3) HaxoauM
2.1
tg2a= 2 =—g—. A

)

. . 1
3apmaua 5*.Buqncmsm3a,ec.nnsma=z.

A sin 3o = sin{ct + 20t) = sin ot cos 20+ cos £ sin 200 =
=sgin &t (cos® o — sin® o) + cos o 2sinrcos O =
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=sin o cos? @ - sin ot + 2sin o cos? oo = 8sin o cos? o — sinfo =
=3sin ot (1- sin? o) — sin? o = 8sin o — 4sind o =sin o (8 — 4 sin o).

IIpu sina=% nosyaaeM sin 3o = —1{3—1]=—1—1.

4 4] 16
Ynpaxnenusn
Henoarnaya dopMyan EOIHOTO YIVIA, TpeobpasoBaTh (633 — 634).
633. 1)sin 48°; 2) cos 164°; 3)tg 92°;
4) sin 45°% 5) sin %’5; 6) cos 5—; .
634. 1) sin(ha); 2)sin[5+|3} 3) oos[f—a];
2 4 2
4) cos(3—;+a} 5) sin o; 6) cos .
He ucnoassyda Tabaniusl, BRYicaAnTs (635 ~ 637).
635. 1) 2sin 15° - cos 15°  3) —2 &30 _.
1-tg*15°
2) coa? 15° —sin?15°  4)(cos 75° — sin 75°)2.
2tg?
636. 1) zsing-oosg; 3) —2;
1-t2 "
tg2 8
2
2R _gn2 T 2 _(cosFigin®
2) cos 8 sin 3 4) 3 (cossﬂnns].
637, 1) 2sin 75° - cos 75 3 ﬁ;
1-tg? 75°
2 o
2)cos? T5° —sin?75%;  4) 22301
tg 22°30°
638. BrruucanTs sin 2a, ecau:
X 3 n . 1
l)sma—5 . 2'<U.'<:It, 3)31na+cosa—-2-,
4
2)cosa=—5 B R<a< %; 4)sina—cosa=—%.
639. BeraucauTs cos 20, ecau:
4 g = -2
l)cosc::g, 2)sing = 5 -
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640. Bruueauts tg 2o, ecan tg a0 =0,5.
Yopoerurh Brpaxenue (641—-642).
641. 1) 2 cos 40° - cos 50°; 3) sin 20+ (sin o - cos &)%;
2) 2 sin 25° - sin 65°; 4) cos 4o + sin? 2o,
in 20 1+c0s 20
2. 1 s ; 2) TOSL
64 )(aina+eosa)2—1 ) 1-cos S

643. JokasaThk TOXAECTEO:
1) sin 2¢ =(sin & + cos &)* — 1; 3) cos? ot — sin® o= cos 205
2) (sin o - cos a)? = 1 -~ sin 2¢1; 4) 2 cos® . —cos 2 =1.
644, Brruncanrs sin 2, ecau:
1 1
l)sina+cosa=5; 2)sina—cosa=-§.
645. lokasarh TOXAECCTRO:

1) — B2 ga-1

SN cos o+ 8in” O

gin 20— 2cos o
2 Gno—sifa | 2%
3) tg o (1 + cos 2a) = sin 2¢;
1- cos 20+ 3in 20
1+ cos 2o +sin 2o
(1 2c08® o) (2sin® - 1)

2 90y
4sin? g cosu =ctg” 2o

4) ctgoa=1;

6) 1 — 2sin? (Z_E) =gin o

sin40t.
4 1

7) cos® o sin o — sin® o cos o0 =

8) gino -+ gin 200
1+ coso+ 008 20

646. loxasaTh TOXIECTEO

. . 2J§sin[a—2]

=tga,

sin® o _ cos” L
cosc(l+ctgo) sinoa(l+tga) gin 20

647. Peiiurh YypapHeHHE;
1) sin 2x - 2 cos x = 0; 4) sin? x = —cos 2x;
a1y X x_ =z
2)cos 2x +3inf x=1; 5)sm2 cos 5 + 3

3) 4cos x = sin 2x; 6) cos? % = gin? %

=0
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§ 33. CMHyC, KOCUHYC W TaHFreHC
NONOBUHHOIO yrna

ITo HeKOTOPHIM 3HAYEHEHAM Sin (¢ W cos 0. MOMKHO HANTH 3HAYeHAHUA

Lo o o .
s1n E s COS E ntg E » BCJIH H3BECTHO, B KAKOH YETBEPTH JIEHRT YIoJl oL

2

. ot
N3 dhopMyaml cos 2x = cos? x — 8in? x npm x = - UMeeM

2
a . o
cos 0. =cos? - —sin? —. oh)
2 2
BanumeM OCHOBHOE TPDUTOHOMETDHYECKOE TOXASCTBO B BUAE
o o, 0
1=c032§+sm2§. 2

CrnaapBaa modieaHo paBeHCTEA (2) u (1) 1 BHYUTAA TOWIEHHO H3
paBeHcTBEA (2) paseEcTBO (1), Nony4yaem

1+cosu=20032%, 3
1 - cosct =2 sin? %. (4)

Poprynm {3) 1 (4) MOXKHO OPEACTABHTh TAK:

o 1+coso

2 % _

cos® 5 = 2 (5)
_22#1—003&

sin® 5 = —5—. (6)

GopMyaH (3) 1 (8) HasnBaOT GopMYIAaMHM CHHYCA U KOCHHYCA 10~
JIOBHHHOTC YTJIa. THOTIIA WX HASRIBAIOT TAKXE (hOpMYyNIAMH DOHMIKeHIHA
CTelleHH.

. .o
Ecau usBecTeH cos 0., To U3 popMya (5) u (6) MomHaO HaliTh 8in

2
o
M €Os 5 ¢ TOUHOCTBIO A0 SHAKA. 3HaK MoeT GBITE ONpeAeSeH, eCJIH Ba-
. o
BECTHO, B KaKOH 4eTBEPTH JeXKHT Yyroa — .

2
3amaua 1. Beraucaurs cos %,ec:m coso=—0,02u0<o<mn.
ATlo dopmyne (5) saxoaum

2% - 1+(;osa _ 1—2,02 = 0,49.

cos

a = o
Takkak 0 <o <m 100 < 3 < 5+ M TI09TOMY COS 5 > 0, CnenoBa-

TeJHHO, COS % =049 =0,7. A
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Pasnenis nowiendo paseHcTsa (6) u (5), mosryunmM GopMysTy TAHIEH-
€A IOJIOBMHHOTO YIJIA:
o 1-cosa

tg2_2.=_

l+cosa” M

3agaga 2, BouncnuTs tg %,ec.nncosa=0,8n <0< 2m
A Ilo dhopryne (7) BMeem
tgz__1 cose _1-08 02 1
l+coso 1+0,8 18 9

o
Io yeuroBHIO T < @ < 21, TIOSTOMY E < — <r:ntg — < 0. Cnego-

2
o 1 1
BATENLED, tg 5 = -J; =-3- A
3anaga 3. YOpocTETE BRIpaXKeHHe
1-cosa o _l+cosa
1+ cos o 2 2
A Henoasayda ¢opmyawl (7) u (5), no.nyqaem
231112
: cosa %_1+(;osa i'cng_ngi
+Cco8 0 200525
=t -—ct —cos® E=1-cos® L=sin® <. 4
g g 2 2 2

3agava 4. PemuTs ypaBuerne 1+ cos2x =2 cos x.
A Tax kax 1+ cos 2x = 2 cos? x, To AaHHECE YpaBHEHUE TIPHMET BHJ
2cos®x =2 cos x, oTkyAaces x (cos x — 1)=0,

1cosx =0, x= z +nk, ke Z;

2
2yeosx =1, x=2mn,nec Z.
Hrak, mtxogHoe ypaBHEHEE HMeeT ABe CEpHH KopHe#: x = + nk,

2
ke Zu x=2nn, nec Z.

B oTBeTe MOXKHO 3ANNCHBATH 00e CeDHH ¢ oTHoH GyKBoO#H (B Wian n).

OreerT. x=g+ﬂ:k, x=2nk, ke Z. A

. o
3anava 5. Bulpasuthsin ¢, cos o i tg ot yepes tg 2"

.o o P 1.8 o
X X o O O 23]““50035 231”50035
Al)smu=sm[2-§]=2sm—2-cos§= 0 = ==
sin® 2 4 cos? 2
2 2
2tg—
— Hrax,
1
+tg3 2tgE
sing=——2_, (8)
1+tg2%
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2 B 02 @ in2 X 2 2 _ 2 2 _
Jeos 005(2 2] cos” 5 —sin” 5 i RLIONY
2 2
1-tg?2
2 Hrak,
o
1+1;g”E . g
cos (L= .
1ot S ©)
2
2te 2
Niga tg(z- }— 2_ Htax,
1-tg? %
2
2tg 2
tgo= 2_, (10)
-tz &
2

ATy GOpMYNIY MOKHO TAKME TOJYYUTE IOLICHHEIM AeTeHEeM hop-
Mya(B)u (9). 4

Hraxk, oo dopuynam (8)—(10) MoXAO HRaXOOHTHL CHHYC, KO-

¢4
CHHYC M TAHTEHC YI'JIA O, 3HAA TAHI'eHC Y8 E .

YnpaxneHna

648. BripaznTs uepes gpolinoi yrou:
Dain?15% et gs 3 eos?(G-af 4 eint(Fral

649. HaliTz 3Ha9eHHe BRIDAKEHUA:

1) 2 cos? g—l; 3)§+2sin215°;

J3
2 __ P 2 15
2)1-2sin 12, 4) 5 + 2 cos“ 15°.

650. TIyctecos a=0,6 ud <a < g BHYACIHTE:

.o o o o
l)smE, 2) cos g5 3) tg 25 4) ctg 3
. 3 n
651. Ilycetesina= 543 < o< 7N. BHYHACIHTE:
.o o o o
1) sin —; 2) cos 25 3) tg 25 4) ctg 2
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652. BeruucimTe:
1) sin 15°; 2) cos 15°%; 3) tg 22°30°.
653. BrluHCIMTL:

1
1) sin o, ecnn tg% =3; 3)tg 2a, ecnutgo= 35
a 1 I
2) cos o, ecant ctg 2= 4) ctg 40, ecom ctg 20 = 3
Yopoerurs (654 — 655).
654, 1) 1+ome, 8) (1+c0s 20) tg 0
1-cosce
gy lrsinoreos2e, 4y ooo00)ctga.
sino +cosa
1-coso l+cosda
2) sinog 4 1-cos 20 + sin 2o
l+cosc’ 1+cos 20 +8in 20
656, Haitrn:
o . 3 n
l)tg-z—,ec.nnsmza— 5 uld<o< re
. .« _5 dn
2)8in 201 sin E,ec.nntga— g Hr<e< 5.
Hoxasats ToxaecTso (657—659).
9 2 E_E =1 H . NH2 2 E+E =1 —si .
657. 1)2cos 3 3 |=1+sing; ) 2 cos b sin ot
o T,
2) 2 gin? [E—-z-}zl—sina; 4) 2 sin? [Z+E)=1+3ina‘
3-4cos2o+c08de |, 1+sin20+co8 20 _
858. 1) 3 doosdnroosda & & 2 {rein2o-cos2e  CE*
1-cos 20 . 1-2sina _ 1-tga
659. 1) “snlo ctg a=1; 3) 1+sin20 ~ 1+tgo’
gin 20 1+sin2x {E )
e - : 4y ——" = o,
2) 1+cos 2ot g ) cos 20 e |
T . . .0
660*, loxasars, uroecmn 0 <o < 5, 10 Jl+mn0r._—Jl—sm0: =23m§.
tg 2a
* - = =
661*%. YOpoCTATE BHpAsKEHUE ein_tg2a
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662. Pemnts ypaBHeHHE!

¥ x F ]
1)1-cosx=2sin 5 ; 5)1-cos 3 =2 cos E_Z]’
x x . [x 3x
2)1+cosx—2003-2—, 6)1+cos§_2 sin Z_?)’
3)1 -cos 6x =2 sin 3x; 7)25in2-§+%sin2x=1;
4)1 +cos Bx=2cos 4x; S)Zcmzx—% gind4x=1.

§ 34. ®opmynsl npuBefeHnA

Tabnuun saEaveHnit CHHYCE, KOCHHYCA, TAHIMNHCE B KOTAHTEHCA CO-

craBnawTed Ana yraos ot (° go 90° (uaum ot 0 go g). 9710 ofpACHASTCA

TeM, YTO HX 3HAYCHHA [ OCTAALHEIX YIJIOB CBOAATCA K 3HAYEHHAM UL
OCTPHIX YIJIOB,

3apgaga 1. BLucauTs sin 870° u cos 870°.

A 3amernm, wro 870° = 2 - 360° + 150°. CaenopaTensno, IpU NOBO-
pore Touru P(1; 0) sorpyr mauana Koopounat ua 870° Toura coBep-
LIXT IBA TOAEBIX 060pOTA M emie IOBepHeTCA Ha yroa 150°, 1. e. moay-
uHNTCA Ta Me camas Toura M, uro »m npu nobopoTe Ha 150° (puc. 63).
IosTomy sin 870° = sin 150°, cos 870° = cos 150°.

y vt
M 150° M M,
P(1;0)_ 30" 230<130° |V P150)
X 0 X
870°
Puc. 63 Puc. 64

ITocTpoum Touky M, CAMMETPHURYIO TOUKe M OTHOCHTENILHO OCH
Oy (puc. 64). OpaunaTh Touek M i M, OXMHAKOBHI, & AGCIUCCH OTIH-

1
yaTcA TONMLKO 3HAKOM. [Toatomy sin 150°=sin 30° = —, cos 150° =

2
=—cos 30° = —ﬁ.
2 1 NE]
OrserT: sin 870°= E,c03870°= —5 - A
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IIpu pemeanu sagauu 1 NCIEOAL30BANIHCH PABEHCTBA

gin (2 - 360° + 150°) =sin 150°, cos (2 - 360° + 150°) = cos 150°, (1)
sin (180° — 30°) =sin 30°, cos (180° - 30°) = —cos 30°. (2)

Pagenctra (1) BepHuI, TaK Kax Opu nosopoTe Touku P(1; 0) ua yron

o+ 2nk, k € Z, monydaerca Ta e caMaf TOYKA, 9TO M IpPH IDOBOPOTE

Ha yTOJI 0.
CregoepaTensHO, BEPHBI QOPMYNSI

[ sin (o+ 2rnk)=sin o, cos{o+2xk)=cos o, ke Z. | (3)
PapencTia (2) ABNAIOTCA 9ACTHEIMU cAYIaAMHE GOpMYI

sin(t—-o)=s8ina, cos{R—O)=-cosa. (4)
JoraxeM dopMyny sin (n — o) =sin a.
O IlpuMeraAa GOPMYIY CIOKEHNAA AJIA CHEYCA, UMeeM
gin(t—a)=sinwcosa—cosnsina=
=0-coso—(-1)-sina=sinc., @
AnajorryHO AOKAZEIBAETCA M BTOpada u3 gopuyn (4). Dopmuyns (4)
HAZHIBAIOTCH POPMYAGMIL npUGeIeHUA.

Boobine gopamyramu npusedenus daa cunycs HaSEIBAIOT ClIeAYIOLINE
miecTs popMyI:

sin [ X_¢q =c¢os @, sin Tia =Ccos o}
2 2
gsin(r—-a)=sino, sin{(t+o)=-sinag; (5)

. 3n . an
gsin ?-—a =—cos0, S8in —-2—+a =—Cos (L.,

Crexyiomue mecTb GOpMYJI HASKIBAIOT GOpMYyRAMiL RPpucederus Oan
Kocuryca:

cos (g—a}=sin0t, cos (g+a]=—sinu;

co8 (M- Q)=—-cos0, cos(N+0)=—cosaq; (6)
3n . an .
cos | o--0 |=—sin@, cos|—+a |=sinao.

dopmynss (5) u (6) copaseAMMBLI OpH MGOLIX SHAYCHHIX Of.

3azgava 2, BuauoaeTs sin 930°,
A Henonbaya u3 gopMya (3) neppyio, noaydaeM
8in 930° = sin (3 - 360° — 150°) = sin (—150°).
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ITo doprayae sin (—0) = — sin . EMeem
sin (—150°) = — sin 150°.
ITIo hopmyne (4) HRaxogUM:

- gin 150° = - sin (180° - 30°) =~ sin 80° = _% )
. 1
0TBET.S]II930°=-—§.A
3apaga 3. BuuucanTe cos -l%
ACOSls—K=COS 4]'I:—E =008 -z =c03£=£_‘
4 4 4 4 2

IokaxeM Teneps, KAK MOKHO CBECTH BEIYMCIEHNEe TAHTeRca 1060~
ro yTiia K BHYHC/IeHHAM TAHPEHCA OCTPOrC Yria.

OrmeTHM, ©T0 B3 hopMmyn (3) H onpeAeseHUs TAATEHCA cieagyeT pa-
BeacTBO tg (0+2nk)=tgo, ke Z.

HAcnonsayd aTo papeHCTEO H HOpMYIEL (4), moNy1aeM

tg{o+n)=tg(c+x—~2n) = tg(a—n):

=
CrenoBaTensHO, CIPaBeATHEa opMyaa
| tg (et nk)=tgo, ke Z. | (7
Ananormuso JoKaseieaeTca GopMyna
cig(ou+nk)=ctga, ke Z. (8)

Ciegymomue weTsipe GOPMYIH HASBIBAIOT GOPMYAAMU RPpUSedeHA
dnsa manzenca u KOMaHzeHCa:

tg( +a]——ctga, tg (——a] ctg o,
(9)
ctg( +0L)——tga, ctg (——02) tg o.

Oopmyisl ($) copase/IMBEI IPH BCEX AOOYCTHMEIX 3HAYCHEAX (X,
3angauad. BHUHCIHTE: l)tgnTn; 2)tgliﬂ.

111: n
Al)tg = [41:—-] tg( )=—tg§=—J§.

Z)W&—tg(s T+— ) tg%:l.A
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PopMy ARl IPpHBENEHNUA ANA CHHYCA H KOCHHYCE JOKA3BIBAITCA ¢ 110~
MOIOBID GOPMYJ CIIOKEHHA SHAJIOTHYHO TOMY, KAK HOKA3ana IepBas
dopmyaa (4).

DopMyns (9) MOMHO TOAXYYUTs U3 dopmyn (5) u (6), saaa, uTo

tg o=

ooso

DopMyIL IPUBEAeHNA HeoBAIATENHHO SANOMUHATE. 1A TOrO YTO-
OBl 3aTfHCATh JIOOYIO H3 HHX, MOMKHO DYKOBOJCTROBATHCA CACTVIOIIH-
MH RPAGUAGMU:

1) B opasoit yacT GOPMYAR CTABHTCA TOT 3HAK, KOTODHIH HMeer
bl
2"

3
2) Ecxu B NeBoit uacTit GOpMYIIH YTOJ PABEH g toumm ?n: +a, To

CHHYC 38MEeHAeTCH Ha KOCHHYC, TAHI€HC ~—— HA KOTAATEAC M HA0HO-
por. Ecyti yroJ paBeH & T ¢, To 3aMeHBI HE TIPOHCXOXHT.

JieBada YACTh OPpH YCJIOBHH O<a<

Hanpuwmep, noxased, KAK ¢ NOMOIIBIO STHX IPABHI MOMXHO IOXY-

YHTH GOPMYIY IPHBEACHHS IJIA COS g + 0 ) ITo nepsoMy IMpaBIJTY B IIpa-

BOH 4acTH dopMyan HAAO0 NOCTABUTH 3HAK «—», TAK KaKk eclim
n

T b “
0<a< 27 TO 2 < 2 + o0l < N, 4 ROCHHYC BO BTOPOH 9eTBEPTH OTDHLA-

Texen. I1o BTOpOMY IPABMIY KOCEHYC EY3XHO 3AMEEETE HA CHHYC, CJie-
" .
ROBATEJILHO, cos| - +0 | =~ sina.

Hraw, dopmynst (3), (7) u GopMyas OpHBEASHNA DOSBOJAINT CBEC-
TH BEITHCIIEHAE CEHYCA, KOCHAYCA, TAHMEHCA H KOTAHIeHCa JIOHoro yria
K BBITHCICHMIO HX 3HAMCHH A8 OCTPOrO yria.

YnpaxeeoHus
663. Haitta ocTpsiil yroa ¢, IPpH KOTOPOM BRIDOJHAESTCA PABEHCTED:

1) cos 76° = cos (90° — v); 5) sin %n =gin (K + 0);

. : n n
2) 8in 150° =sin (90° + a); 6)tgg= (E—a);

. X in 3
3) sin 150° = gin (180° — o) 7) cos i cos(?u-a);

11

4) cos 310° = cos (270° + a); 8)ctg 3= ctg (2n— o).
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664, IIpusecTHK yrayv o, rae 0<o<

ol A

1)cos 110°; 2) sin 148°; 3) sin %n; 4) cos %n;
5 5
b)tg 291°; 6) ctg 305°; T ctg 3 8)sin e
1 1 2
9) cos 4F'u; 10) 8in 751t; 11) tg %n; 12) ctg ?Bn.

Henonbaya GopMynsl NpUBedeHHA, BRIMBCANTL (665-666).
665. 1) cos 150°; 2) sin 135°%; 3) ctg 135°; 4) cos 120°;

5)cos 225°%; 6) sin 210°; T) ctg 240°; 8) sin 315°.

b
?;

i (2180), _1m). _om), T
5)3111(—?}, ﬁ)cos[ 3), T)tg( 3), 8)ctg( 4).
Yuopocrurs (667—668).

666. 1)tg %ﬂ; 2)sin7—u; 3)cos 4) ctg -5—3E;

ctg[%—a]—tg(n+a)+sin[3—;—a)

cos (R+a)

667. 1)

2

gin (n—a)+cos{§+a]+ctg(n—a)

3n
tg| ——o

sin[%ﬂx] tg[gﬁx)
668. 1) o @r-o sn@io)’

2)

sin® (z+ o)+ sin’ [gﬂx]

2) an -ctg(a—;—a].
cos[—+a]

2

b8

669. IlpmeecTu R yraiy o, rAe 0<a < 1

s H BRITHCIHNTE:

1)cos 7560°  2)sin 1140°%; 3) tg 405°; 4) cos 840°;
25n 2ix

. 47Tm 27n
5)81!1 —75'-, ﬁ)tg T, 7)ctg T, 8)()08 T.
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870. HaitTu 1UCIOBOE 3HAUCHIE BEIPAKOHHUA'

1) cos 630° - sin 1470° - ctg 1125°;

2) tg 1800° — sin 495° + cos 945°;

3) 3 cos 3660° + sin (—1560°) + cos (—450°);

4) cos 4455° — cos (—945°) + tg 1035° — ctg (—1500°).
671. BHUMCIHTD:

23n . 15¢ 1lin
1) cos 4 smT ctg (—T},

. 25n 17 10%
2) sin 3 cos( 2] tg~—3-—,

3) sin (-7n) — 2cos 3—:‘ -tg 7#:;

4)cos (—9n) + 2 sin [—%) —ctg (—-2%}

Horasars Tosgectso (672 — 673).
672. 1)sin (E"'Uﬁ) - cos (E—u) =0
- gin (3 +o ) =0:

an
Betgo - ctg (-—2— OL] =-1;

673. 1) sin

4) cos [a—%} =C08 (a+%).

874. JoxazaTs, 9TO CHHYC CYMME JBYX BHYTPEHHHX YTJIOB Tpeyrois-
HHUKa PABEH CHHYCY er0 TPETHEro YIia.
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675. PemInThH YpaBHEHHE:

1) cos {g+x]=1; 3)cos(x—-m)=0;
2sin [ 4+ x|=1; fsin [z-E)=1;

8 2 =13 5 g | =
5) sin (2x + 3n) sin (3x+§25]—sin3xc032x=—1;

6) sin | Hx - 3?“) cos (2x + 4x) — sin (bx + n) sin 2x = 0.

876%*_ [lokazaTs, 4TO BEIMHC/IeHENE 3HATCHAN CHHYCA, KOCHHYCA B TaH-
TeHea Jloro yrjia MOKHO CBECTH K BEVMCISHUH) X 3HAYEHHR

T
BAA yrila, SaKAIYeHHOTO B IpoMeXyTre oT 0 1o 1"

§ 35. Cymma M pa3HOCTb CUHYCOB,
CYMMa W Pa3HOCTb KOCUMHYCOB

ITpu pasauvARX NpeodpascBARMAX TPHTOHOMETPHYECKHNX BRIpAXKE-
HUE GEIBACT [OJIE3HO NPELCTABIATS CYMMY HIIH PASHOCThL CHHYCOB H KO-
CHHYCOB B BHJE IIDOH3BELEHHA.

Tak, 2714 cyMMBI CHEYCOB CIIpeBeJJIHEA QOpMYJIa

sina+sinB=2sinaT+Bcos “—;9. (1)
o+p o-pB
0O OGosHAMHM — =% 5 =¥ Tormax+y=o,x—y=, uno-
BTOMY
sina+sinP=sin(x+y)+sin(x—y)=
=ginxcosy+cosxsiny+sinxcosy-cosxsiny=
=2sinxcosy=2sin —0—%9 cos 'IT-B. L
Bamenus B dopmyie (1) B ma (—f), umeen
sina—sinB=2sina—;EcosE—2tE. (2)

AHANoruyHo BEIBOANTCA GOPMYIIA [ CYMMEI KOCHEYCOB!
coso+cos B=cos(x +y)+cos{x —y)=
=cosxcosy—sinxsiny+cosxcosy +sinxsiny=

=2cosxcosy=2cosaT+Bcos %.
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Hrak,

a+f o-p
5 008 5 (3)
TouHO TAK Ke BHBOARTCH GopMYIa
cos ¢ - cos ff =2 sin %Esm 9—;&. (4)

3aapava 1. Berugemts sin 75° +sin 15°.

Asin 75° + gin 15° = 2 8in <2 ;15 cos 750;150 = 2 ain 45° 08 30° =
_o¥2 V3 _+6 ,
2 2 2
11n %4
3apaga 2. BuuncianTe cos Sz T 008 15+
Noog I _cog TF _ g 88 o BT _ o 2w
€08 [ —C08 y, == snlzsm sin - sin o =
J3J2_ B
B ALSMLIEL AN
22 2 2
3amaua 3. /[oxazaTe DABEHCTBO
__ sinfoc+p)
tgatigh= cosc cosf
gina smB smuoosB+schosa sin{o+p)
A + A
tgot+tgh= coset cus[i 008 0. 005 3 "~ cosa cosp’

3anaua 4. Pemnts ypasuenne cos 3x —cos x=0.
Henoawkaya ¢opmyny {(4), noxyeaeM —2 sin 2x sin x=0.

k
1)sin2x=0, 2x=nk, x= % yhe Z;
einx=0, x=nn,nec Z.
Kamxaplil KopeHs B3 BTOPOH CepHH COAEPRHTCHA CpeH KopHei mep-
Y rk .
BOH CEPHH, TAK KaK N = — pn k = 2n. IloaroMy B mepBoil cepHaE Co-

AePIKATCH BCe KODHH HCXOAHOTO YPABHEHHA.
nk
OrBeT. x= ?,kez. A

3apmaga ). [Ipeobpasoeats B npousBefeEre 2 sin o+ \[é .

A2sgin o+ J§ =2 (sina+—‘/2§]=2 {sina+sing]=

o N g n
=4 gin [2 +6)COS (E*‘E)- A
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3anmaua 6% MoxasaTh, IT0 HAEMEHbIIEE 3HAYCHEE BRIDAKEHAEA

§in 0.+ oS 0. paBEO —v2 , 3 HAHGOIBITEe PABED 2 .
A TIpeoGpaayem AanHoe BHIpaskeHMe B NpOM3BeJeHME:

877,

878.

. . et , T o
sma+oosa=sma+sm[E—a)=23m—cos(a——)=
i
= cos fOol—— 4,
2 [ 4]

Tax KaK HaRMeHLINEE 3HAYEHHEe KOCHMHYyca pasHO —1, a HanGoss-
mee — 1, To HauMeHBIIee 3HAYEHME 3TOrC BEIDAMKEHHHA PABHO

V2 -(-—1)=—J§ ., 3 HaHOOoJbIIee PABHO J2 1= -JE A

4 4

YnpaxHexsus
BrragpcauTs Ges Tabmui;:
1) cos 105° + cos 75%; 5) tg 267°+ tg 93°;
: o _ adny TEO- 5n KL

2) sin 105° — sin 75°; 6) tg 13 +ig 12’

11x o ., m , T
3)cos—1-2-—+cos 12 7)s1n—1-§—sm T

1lx 5n . o s s o
4)cos§—cosﬁ, 8) sin 105° + sin 165°.
¥YNpocTHTH BEIDAYKEHHE:

L4 n
1) sin [E"'U] +8in (5—3);

2) cos [E—B)—cos[gﬂz"];

3) sin? (EHI) - sin? (E—a];

4) cos? (G*E) ~ cos? [OHjI‘).

679. MokasaTst TOXKOECTBO:
sino +sin3o _ . sin20 +sinda _
D msa+oos3a_tg2a' 2) mszlx—msm_ma'
680. ¥YnpocTHTE BHpAKeHHE!

681.

1) Heosa +cos3u),

) 1+ sina - cos 20 —sin Jo¢

2sin 20+ sinde ’
JoKazaTh TOHTECTRO:

20in? o+ sina -1

1) cos* o — sin? ot + sin 20 = 2 cos [20:—3];

2) cos oL + cos [E:;Eﬂx] +cos {%—a] =0;
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682,

683.

684,

685.

3) cos® o + cos? (gﬂx) +cos? [g—u) = g;

ain 2o + sin 4o - gin 3
9 cos‘a‘a+cus4a—cos3a=tg3a'
IIpeobpazopaTs B IPOH3BEdeHIE!
1D1+2s8inog 5)1+ sina;
2)1-2sinao; 6)1 -sino;
3)1+2cosq; 7)1 +cos 0.+ sin o
4) 3 —2cos 8)1 - cos 0. - sin 0.
JokaaaTh TOXOECTBO:

o a0
1) cos 0. + cos 20+ cos 60 + cos Tor=4cos g €08 5 cos 40

. T
2) cos 20, + cos Ho — cos 30 — cos Toe=— 4sin % sinccos —.

2 2

VOpocTHTh BHpPAKeHHe:
1) 1+sino—sin3x-cos 20, g) B+P-tga

2sin’ ot +sino-1 1+tga-tg(e+P)
PemuTes ypaBHEHHE;
1)sin 3x +sin x=0; 6)c03(2x—n)—3in(4x+3—;~]=0;
2)cosdx+cosx=0; 7) sin 3x +sin x = 2 cos x;
3)sin 3x =sin x; 8) cos Hx - cos x =2 8in 3x;
Htgx+tg3x=0; M cos (x+§)—ms [x—E)=O;

5)sin 5x+cos{x—3?ﬂ]=0; 10)sin[2x—g]—sin{2x+g]=0,

686%, PanTosKHUTE HA MHOKHTEIH:

1) 1 —cos o +8in o 3)l+sina—-coso~—-tgo;
2)1-- 2 cos o+ cos 20 4)1 +sino+cosa+tg a.

687%. Briumcauts 6e3 Tabaein:
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§ 36. NponaseaeHne CUHYCOB U KOCUHYCOB

B xoge npeobpazoBanEiii TPUMOHOMETPUYECKUX BEIpasiteHUA OnIBaeT
TAKME [I0JIe3HO IIPDEACTABIATE IIPDOE3BEICHHE CHHYCOB H KOCHHYCOB B
BH/le CYMMEI RJIH PA3HOCTH,

Tak, na Opon3sBeAeHNA CHEYCA H KOCHAYCA CIPaBe/IHBA (JopMya:

sinacosB=% [sin {o+ B )+ sin (o — B)]. (1)

0 ITo opMysIaM CAKEHHA HMeeM
sin (o + B)=sin ¢ cos B +cos asin B;
sin {o.— B)=sin o cos fp — cos a sin .
CrafBIBasA DOWIEHAO STH PABSHCTEA, OJIYIaeM
sin (o + B} + sin (0. — )= 2sin o cos B,

OTKYZA cneaver popMyna (1). @
AHANOrMYHO JIOKAIBIBAKOTCS (POPMYJIBL:

sinasinB=% [cos (0. — B) — cos (o + B)], (2)

cos acosﬁ=% [cos (¢t + B) + cos (. — B))- (3)

3anaua 1. DoxasaTh TOXRILECTRO:
. . (= . (& :
4 gin ot sin (§+ 0’.) sin (E_a) =gin 3 .
A Ilpumenan gopmyay (2), UmeeM
3 2

2 1
2 sin (g+a] sin (g—a] =cos 200 — co i =cos 200+ .

Torns neBad YacTh TpHMeT BuA 28in o cos 2o + sin o. Ucnonksya
dopmyay (1), Haxonum 2sin o cos 2¢ = sin 30 - sin o, 0OTKYZA caegyeT,
YTO JeBAS YACTH TOMJecTBa PABHA 8in 30, A

5 n
3angaga 2. BeruncauTs 4 cos 1z ©08 15-
A Ilo popmyie (3) nosyuaem
br T 6n 48\ _
4 cos 12 %% 13 —2[cos—1-§+cosﬁ)—

=2(oosg+cosg)= 1. &
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3apgaua 3. PemuTs ypasHeHHe
2 sin 2x cos x =sin 3x.
A Ilo gopmyate (1) naxoamM
sin 3x +8in x =sin 3x,
oTkyda sinx=0,x=nk, ke Z. A

YapaxxeHua
IIpencTasuTs IpoM3BeAeHEE B BHAE cyMMEI (688-690).
688, 1)sin 4° sin 6°; 3) cos 7° cos 90°;
2)s8in 11° sin 13%; 4) cos 15° cos 3°.
689. 1) sin (o + B) sin (o — B); 3) sin (ot + B) cos (o — B);
2) cos (0. — ) cos (a +P); 4) cos (0. + B) sin (o — B).
690. 1) 4 sin 10° cos 50° cos 40°; 2) 4 cos 15° sin 15° sin 100°.

.

0o |

691. Beraupcnute: sin (60° + o) sin (60° — o), ecmicos 2 =

692, HoxkasaTh TOXKIECTBO:
1) 2 sin x 8in 2x + cos 3x=cos x;

o0 T o, 7 T
% —_—— —+— | =&t —ein —
2)23111[2 12]“'05(2 12) sin 0. —sin ¢

.o T
693. BHUNCIHTL COS (Z+ a] cos [Z_ a] , BCAU Sin & =

W | G0

n n
694. BrraucauTe sin (§+ 0’-) cos [§+ 0'-), eCAH CO8 0L =

695, Pemutn ypaBHeane:
1) 2sin 3x sin 2x = cos x; 3) sin 2 x cos x =sin x cos 2x;
2)2sin3xcosx=2sinxcosx; 4)sinxcos 3x=sin 3x cos x.

698. IIpeoOpasoBaTs MIPOU3BEACHNE B CYMMY!
1) sin o cos 3o cos 403 2) cos 3o cos 5o cos Tt

YnpaxHeHus K rnase Vi

697. Hafitu:
1)008a,ecnnsina=i3§- " g<a<n;
2)tg o, ecomcos o= —iag- B R<O< 3?“;
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Psina, ecmuntgo= 2J2 u 0<a< g;

4)cos o, ecau ctg o= \E HA<O< %ﬂ

698. YnpoCtTHTE BHIpAXKEHHE!

1) 2 sin (—a) cos (g—a] —2cos(—) sin(g— a];

2) 2 sin (n - @) cos {g—-a) +3 sin? (—g—a] -2

2)(1+1g? (~a)) [m];
sin(n+a)cos[3—;—u]tg[u-g)

4) R 3n )
cos E-!-a COB ?+a tg (T+ 1)

BrrunucauTe (699-700).

AT
699. 1) sin — ; 2) tg %"; 3) ot 3%’—‘-; 4) cos 243_
700. 1) cos % —sin %; 3) cos 3660° + sin (~1560°);

2 1
2)sin o ~tg —%; 4) cos (—945°) + tg 1035°.

Yupocrurs Brlpaxenue (701-702),

2 a2
701. 1) [ll?”—“—sina]ltgu; 2) ctga(w—cosa].
aing 2 coOsS ¢
. T T . n x
afirafoefZa) anftafean(i-a)
702. 1) — 4 i/ 2) X
. n T . T n
sin| = +¢ |[+cos| =+ 0ot gin| = —¢ [-cos{ ——q
(e rooe(ve] (o )os{i-e]

708. MoKka3aTs TOMAECTBO:

D1+igatgh= Toob;

sin(o—B)
coso cosp

2)tgo-tgh=
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Barupeants (704—-705).
704. 1) 2gin 60 cos? (E+3a] —gin 6o npu o= Ly

24’
5
2) cos 3oL+ 2 cos (r — 3¢ 8in? (2—1,5(1] TpH (L= 3_: .
@ o 2c08? r 1
705, 1) Y3(c0s 75 —conls’), P
1-2gin®15 1+8sin? Foos? ®
8 8
706, MoxazaTh TOXIECTBO:
2sin2o-sinda 200820 -sinde (%
D Senoa+sinds =% 2 Sos2u+sinda =8
707. IlokasaTs, ITO;
1)sin 35°+8in 25°=cos 5%  2)cos 12° - cos 48°=5in 18°,

NPOBEPbL CEEA!

. 4 b 4
1. Berauenurs sin o, tg o, cos 2, ecmucosoi= - B 7 <O <.

5 2
2. Haiitm 3aaJeAMe BRIDASKEHAA;
8n n X 2n
o. o . . 2T _ain2 22
1) cos 1356°; 2) sin 3 3)tg 3 4) cos g —sin® o

3. JokazaTh TOMAECTRO:
1) 8 cos 2o — sin? ot + cos? ¢ = 2 cos 2¢1;

sinboe—ginde _ .,
D) oesdx  SR®

4. YOpoCcTUTE BHDAKCHHE:
1) sin (ot — P) - sin (g - a] sin (-B);

2) cos? (m— o) — cos? (g—“];

3) 2 sin ¢ s8in B + cos (x + B).

T08. YOpoCTHTH BEIPAYKEHUE
cosp . sinf) 1-cosdo
sine coso | cos(n—-P+a)
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Hokazate Toxaectso (709-710).

sin(2a—3u)+2cos['%‘+2a]

709. 1) =—Betg 20;
2cos(%—2a]+J§cos(2a—3x)
4sin® (o - 1,5x) _ .
2) G (e - 25m)+cos® (@ + 2pm) -1 2etg” o3
—2cos® (- 1) N .
D) ot -ty raint(os L1~ %
n +
N 2oos[g—2a]—~/§sm(2,5u-2a) _iga
cos(4.5n—2a)+2oos(g+2a] V3
gin ¢ +sin—
710. 1) 1ooosaroosdn _ 0. 2 — 2 g%
sin 2o —gino 1+ 08 ¢+ cos 2

711. BorauemaTs:

o 1 51 3n

= == < =

l)ctgz,ec.nucosa 33 4 (14 53
2)t & BCJIHCOSCL"'—E ul<o<n
g2 T 5 2 :

sinfa  eos®o

coEQ sing

712, BRUHCAMTE 3HAYEHAHEe BHpaXeand

, ecam

sino—coso= %
4gin 20 + beos Sx

713. BHYHCIHTL 3HAUEHHE BHDRKeHHA 2sin2u_3mm,ecmctga=

o) =

JokasaTh ToxaecTso (714-715).
714. 1) sin? (0. + ) = sin? o+ sin® B + 2 sin o sin B cos (x + B);
2) sin 0.+ 2 sin 30 + sin 50 = 4 sin 8¢ cos?a }

1-sin 20 _ L tgat+cotgo
3 +emzo 'Ctgz(4+°°]’ D I tgotgae 2082

715. 1) cos’ a +sin' a—cos' o _ 2c0s? &
l-cosc 2
2 sin o + sin 30 + gin 5o = te 3o
) c0s ¢ + 008 3ct + 008 Hox te
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716*, Haiitu 3HaYeHne BHIDRIKEHUA;

singt

D i oresia O A=
sin® 20
2) % secntg a=3.

cos? o +8in® o cos
Horasars Tosxgectso (717 - 7T18).

Ctga= Botge,
T17*. 1)tg 20— tgo= inde

2) sin® o+ cos (g—a] cos (gﬂx): i;
S)tgatg P+ (tga+tgP)ctg(a+P)=1.

1
718+, 1) sin® o+ cosba = g (5+3cosda);

1
2)sin® o +cosBa= 33 (cos? 400+ 14 cos 40+ 17);

3) sin 30 sin® o + cos 3o cos® o =cos® 20 ;

n .
4)tg 3o=tgatg {Eﬂl) tg [5"(1).

Mcropuueckas cnpaexa

Kak u MHOrHe pasaens MATEMATHKH, TDUTOHOMETDPHUS BOSHUKIA B
APEEHEE BpeMeHa N3 noTpebHocTel moaeil Npe BefeRHK PACHeTOR, CBA-
BAHHEIX ¢ 3eMEJILHBIMK pAGOTAMH (1 oNpedencHUA PACCTOAEHA A0 He-
LOCTYIHBLIX NPEAMeTOB, COCTABIGHUA reorpaguuecKHX KAPT H mp.).
Eme apeeHerpetdecKkue yueHsle COZAANH « TPHTOHOMETDPRIO X0PX*, B KO-
TOpPOH BRIDAXKAIECEH 3ABUCHMOCTH MeXKAY NeHTPAABHRIME YIIAMU KPYy-
ra F XOpAaMH, Ha KOTODEe OHH OONMPAIOTCA. ITOi TPHroEOMeTpHed
noas3oBaaca Bo I1 B. A0 H. 9. B CBOHX pacyerax JpeBHErpedecKHi acT-
poaoM I'unnapx. Bo 11 B. H. 3. rpevecknii yueHn#t IImoaoseis B croelt
paGoTe « AnMarect» (¢BelHKaa KHATA») BREIBEJ COOTHOLWIEHMA B KPY-
re, KOTODEIE 10 CYTH CBOelt HAJOIHYHEI COBPeMEeHHKM (hOPMYJIaM CH-
HYyCA IOJOBEHHOI) B JEOHHOT(Q YIJIOB, CHHYCE CYMMEI M DAZHOCTH ABYX
YIJIORB,

Joxrge rogsl TPHrOHOMETDHSA CAYKHIA M PA3BEBANACE Bnarogaps
acrpornomMmun. B VIII B. yeuwneamu MaremaTuroB BausxHero u Cpegnero
BocToka TPHIOHOMETDHA BHIASAINIACH K3 ACTPOHOMHEH U CTAJA CAMOCTO-
ATenbaoi MaTeMaTnueckolt AucuHaEauHON, K sTOMY BpeMeHH XODIH B
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TPUTOHOMETPHHE OBLIE 3aMEeHEHBl CHEYCAMH (OTHOIIEHEAME TOJOBHHE
XOpAH K pAZUYCY KpyTa), 6bUIE BBeeHbl HOHATHA KOCHHYCA U TRHTEH-
ca, 4 TAKMKEe COCTAB/NEHR TaGaNIbl 3HAUeHHH TPHTOHOMETPHIECKHX QYH-
KIIHIf.

CoBO ¢CHHYC» NPOE3ONUIO OT JIATHHCKOTO sinis («meperub»),
KOTOpOE, B CBOIO QYepedk, MPOMCXOAHT OT ApaOCKOTO CJIOBA «JKHBA
(¢TernBa JyKa»). CIOBO ¢«KOCHHYC» — COKpAlleHKe CIIOBOCOYSTEHMA
complementi sinus («CHHYC JOIOJIHeHHA» ), O0BACHAIOUIENO TOT daKT,

b4
E s T.8.

A
cos 0 =81n [_ - 0'.] . JlaTHCKOE CI0BO tangens nepeBOSHTCH KAK «Kaca-

49TO0 COS (. PABEH CHMHYCY YIrja, AONOJHAILIEr0 YIoJ o A0

2
TenbHaA» («KacaTelbHAA K ORPYHKHOCTH? ).

Hjed BefieHHA TPHIOHOMETDHYECKHX DOHATHEH € IOMOMIBIO KPYra
eIMHIYHOTO pAgHYCa MIoNy4raa pacipoctpaHenne B X—X1 es.

IlepBhilt HAYYHLIA TPYA, B KOTOPOM TPUIMOHOMETPHSA YTBEDAMIACH
KaK CAMOCTOATEILHAA BeTBh MATEMATHKHY, GBLT cosgan B 1462—-1464 rr.
HEeMeILKHM ACTPOHOMOM H MaTeMaTHKOM M. Miorrepom, H3BECTHHM B
HCTOPHH NoJ NceBAoREMoM Pezuomonmarn (1436—1476). Hocne Peruo-
MOHTAHA 3HAYMTENLHEIH BKJIA/ B TPHTOHOMETDHIO BHEC MOALCKHI acT-
poaoM u maremataxk H. Koneprur (1473-1543), nocparuemuti sroi
HayKe ABa pasjaesa CBOErd sHaMeHUTOro Tpyaa «00 obpamennax nebec-
HEIX Tea» (1543). Hoaxe, B counneanax H. Kenaepa (1571-1630),
H. Biopeu (1552-1632), &. Buema W Apyrux H3BeCTHEIX MATEMATHKOB,
BCTPEUAIOTCA CIOMKHBIE IIPecOpa30BaARMA TPHIOHOMETPHYECKHX BEIPASKE-
HUI{ U BRIBOAATCA MEOTHe (hopMyasl, HETepecHs], HapuMep, PEKYPPeHT-
HEle GOpMYIEL, noaydeEnre P, Buerom:

cos mo=2 cos o.cos (m — 1) — cos (m — 2o
cos mo.=—2 sin o sin (m — 1)+ cos (m — 2)o;
sin mo=2cos o sin (m - D)o —sin (m - 2)o;
sin mo.= 2 sin ot cos (m — 1)a+ sin (m — 2)a.

TpUTOEOMETPHYECKAA CHMBOJINKA ¢ F'OZAME COBEPIICHCTBOBAJIACEH H
Jmmb B TpyAax J. Sitrepa 8 XVIII 8. npuoGpena coBpeMeHHEIH BUE, Y00~
HBIT A8 PEIIeHRA BEIYHCIINTEILHEIX 3aaa4.

Chaeayer OTMETHTE, 9TO NOMUMO «IUIOCKOCTHOR» TPHIMOHOMETPHH,
A3Y9aeMOi B OIKOJIe, CYINECTBYET cihepuieckans mpuzonomempus, sip-
NARmasca YacTew cheprdeckoit reoMeTpun. Cheprueckans TPUTOHO-
MeTpHA PpacCMATPHBAET COOTHOIICHNA MeX Iy CTOPOHAMH H yIIAMHY Tpe-
YTOJBHEKOE Ha cepe, 00pA3OBAHHBIX JyTaMH GONBIIHX KPYTOB cthephl.

Heropuyeckn cepEiecKan TPHTOHOMETPHA BOSHHKIIA N3 DoTpedHOCTel
acTpoHoMEAH (GAKTHYECKH PAABIIE TPHMNOHOMETPHH HA IIOCKOCTH.
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TPUrOHOMETPUYECKME
rmasaVll | | YPABHEHMS

00 onpegeleHHH TPHIrOHOMeTPHYECKHX dyarumit

Bei 3naeTe, 4TO KAMAOMY AeACTBHTEILHOMY YACHTY X COOTBETCTBYET
€AMACTBeHHAA TOUKA eAHHIMYIHON OKPYHOCTH, IOVIYYaeMa [OBOPOTOM
ToukH (1; 0) Ha yrox x pagmuas. [lng aToro yria onpeaesieHs Sin X ® co8 X.
TeM cEMEIM KalKOMY AeHCTBUTEILHOMY YHMCAY X IOCTABMEHE] B COOTBET-
CTBHe YHCAS 8in X H €08 X, T. . HA MHOXXecTBe R BceX AeliCTBHTEMBLHEIX
YHCeJI oNpeneaeHs! GYHRIHY

y=sin x ¥y =C08 X.

Kamstnana us srux Gyuxonit nprEnMaeT sEavenus or —1 qo 1, . e.
-1<sinx<1,-1< cosx<1.

sinx
Tak xan tg x = wosr’ TO TAHTEHAC YHCJA X OIIpefeaeH LJIA TeX X, Aud
0s

KOTOPEHIX €08 X # 0, T, €. N4 BeeX AefCTBETeNBHEX 3HAYEHH X, KPOMe

n .
x=5+ ik, k € Z. PyHKIMA ¥ = tg X IPMHEMAET BCe AeHCTBHTENbHEIE

3HAYPHERH.
cos X "
OyHruud ctg x = i onpefeeHEa JIA BCEX JeHCTBHTE/ILHEIX SHA"
sin

yegn#i x, kpome x=nk, k€ Z, 1 IpUANMAST BCE ALACTPHTEALHEIR 3HAYS"
HHHA.

dyunxyuu y=s8in x, y =cos x, y = tg ¥, y =ctg x HALIBAIOT Mpu20-
HoMempuveckumi, a ypapaeHusa sin x=g,cos x=a,tgx=a,ctgx=a
HASJLIBAIOT RPOCMEUUML MPULOHOMEMPUNECKUML YPABHERUAML.

Pewums mpuzonomempuiveckoe ypasienue, HanpEMED YPaBHeHRe
€08 X = &, — 9T0 3HAYMT HAHTH BCE EI0 KOPHH, T. &. HAHTH THCIa X, KO-
TOpEIe 00pPAINAKCT YPABHEHHE B BEPHOR THCJIOECE PABEHCTEO, IJIH YCTa-
HOBHTS, HTO TAKHX YHCA]I HET.
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§ 37. YpaBHeHMe cOs x = a

PaccMorpuM ypasHeEHe
cos x=4d. (1)
Tak KaK MHOMKECTBO 3HaYeHHI KocHHEYCca — oTpeaok [—1; 1], To ypas-

aeane (1) uMeeT KOPEU ToNBKO NP -1 < a< 1,
Kopuu ypapsenua (1) npur a=0,a=1, a=—1 66 Halineur: B § 26:

cosx=0 x=§+nn,nez (2)
cosx=1 x=2n,ne Z (3)
cosx=-1 x=n+2rn,neZ (4)

3agaga 1. Pemmmrs ypaBHenue cos 3x=1,
2nn

A Io dopmyae (3) umeem 3x = 2nn, n € Z, oTKyja x = 3 ¢

neZ. A

1
3agavwa 2. PeamTs YpaBHEHHE CO8 X = 3

A HanoMHuM, 4To cos ¥ — abcmmeca yh
TOUKY eMHIIHOM OKPYKHEOCTH, TIOMYdeH- M
Hoii moBopoToM Touku P(1; 0) BoKpyT Ha- '

Yana KOODOWHAT Ha YT0J X paguan. AGcouc: X, P(10)

1
CY, PABAYIO o , MMEIOT /{Be TOUKH OKDPYX- 0 %, L x

Hoctr M, u M, (puc. 65). Tak kax
1 R
3 =C08 3, TO TOUKa M, nosxyuaerca us
TourH P(1; () DOBOPOTOM HA yroi X, = g s

T
& TRKKe HA YISl X'= 3 +2nk, rae k=11, 2, ... . Touxa M, moxy4aerca

Puc. 65

m

na rouku P(1; 0) nopopoToM Ha yroa X, =~ 3’ a4 TaKe Ha yMIb
r

-3 + 2nk, roe k=11, 12, ... . UTaK, Bce KODHH YPaBHEHHA COS X = %

MOYKHO HAMTH 0o dopMyslaM X = g +2nk, x= —g + 2nk, k€ Z. BmecTo

ABYX 3TEX GOPMYJ 00LITEQ IOABIYIOTCH O HOI:

x=:§ +2nk, ke Z. &
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I
3agaqaa 3. Pemmnypannennecosx=—§.

1
yi A Abcoyccy, PABHYIO —3 HMET JBe

TOYKH OKpYHocTH M, u M,, cuMMeTpEd-
HbBIé OTHOCHTENLHO ocE abcouce (pac. 66).

M,
/ x, ; 1 2n 2r
™\ P(1;0)  Tax xar -3 =¢c0s 5, Tox; =,
19/ x o
2 *2 Xy=—g CnenonaresibHO, BCe KODHH YpaB-
Mc 1
HeHMs C0S X = —3 MOKHO HaitTit 10 (op-
Puc. 66

2r
MyJe x=:|:? +2nk, ke Z. A

N 1 1
Taknm 0OpasoM, Kaska0e N3 YpaBHeHALR cos ¥ = 3 HCOSX=—7 HMe-
eT 6ecKOHeTHOE MEOECTBO RopHel,

Ha orpeake 0 € x <M KajKN0e U3 3THX YPABHEHHH HMEET TOJIBKO ORMH

n 2r
KODeHb: X, = 3 — KOpeHb YPABHEHHHA CO8 X = 5 3

— KODEHB

1 L 1
YPaBHEHMA C08 X =~ . YHC/I0 ; HASHIBAIOT APKKOCUNYCOM YUCRA - A

2 3 2
i = T 1
BaANIECHB&IOT: Arccos 23" a Yercuno 3 APRKOCUNYCOM HUCRA (—E)
2n
H 3AMHCHIBAIOT: ArCCOs 3 =73

Boobme ypapHEHME 0S8 X = 4, TAe —1 < a € 1, uMeeT A4 OTpesRe
0 < x< 7 TONBKO OOUH KOpeHEb. Ecoint @ = (0, To ROpeHs 3aKJIIOYeH B IPo-

MEeXKYTKe [0; g] ; eCAIK @ < (), TO B MpOMeXKYTKe (g, 11:] . DTOT KOpeHb Ha-

SEIBAIOT ADKKOCHHYCOM YKCAA @ ¥ 0003HaYAI0T arccos a (pHe. 67).
ApPKKOCHHYCOM YHCIA @, MOAYIbL KOTOPOTO He Bople eAMHUITH,
HA3BIBACTCA TAKOE YRCAC X B3 MpomerkyTia ) € X < I, KOCUAYC KOTOPO-
I'0 PABeH 44

I arccosa=x,ecmu0<x<nucosx=a. | (5)
Hanpuwmep:

V3 _= = z_+3
1)arccos7—6,TaRKaK0<6€nnooss =5

V2 3 3n ar J2
2)arocos[ 2 =T,T3RK81{0€T§EHCOST=——2—.
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arccos a, arccos a,
12a20 -1<a<0
mo (Y Yo,

0 7 x ( 0 x

|1

a) 6)
Puc. 67

OopMyay (5) MOXKHO TAK)KE IPEACTABHTDL B BIE:

lcos(arccosa)=a,ecnu|a|€1.| (6)

Hampumep, cos (arccos 0,3)=0,3.

3agaga 4. Haitra npubimmsrerHoe saauerue arccos (—0,75).

A 3nauenne arccos (—0,75) MoxEuO wh
npRrOIMKeHE0 HAATH Ha pucyHKe 68, u3-
Mepaa yroan POM tpancnopTipoM. M

Iprbnnxiennsle 3HAYEHUA apKKO-
CHEYCA MOMHO TAK¥KE HAXOZHTL ¢ IOMO-
IGLIO COCUMAALHEIX TAOIMIT MIH MAKDO-
KansKyaaTopa. Hanpumep, 3HaTIeHEHe \
arccos (—0, 75) M0:KHO BEIYHCINTE HA MEK- \
poransryaaTope MK-54 mo nporpamme

0,75 [ 2,4188583. Puc. 68

Hrax, arccos (-0,756) = 2,42,

B aaHHOM CJIyYae DePEKIIIATeNE MUKPOKATsKYAaTopa P-TPJ-T Guun
yeragoBxeH B noncxkenne P (pagman).

Ecyiv BRI9HCICHHA OPOBOIHTE B FPAXYCHOM Mepe, TO TePeKJII0YATeNE
mukpokanskyaaropa P-I'PI-T' crenyer ycTaHoBHTE B osoxaenHe I (rpa-
ave). Ilporpamma BEIMHCIICHHH OCTaeTCA IpestHe !

0,75 @ 138,59038.
Hrax, arccos (—0,75) = 139°, A
3anaga 5. Peuuuts ypasHaenue
COS X = 0S8 O, (M
e ¢t — 3aJaHHOe NelCTBHTeILHOR YHCIIO.
A amumreM vpasHeHue (7) B pige
cos8 x —cos ¢.=0,

N \eao)
—0,75 [0 X

8-10. M. Konarun, 10 ra 225



1o opMyne pasHOCTA KOCHHYCOE IFOAYIAEM —% sin ¥ %gin ¥ "% -9,

2 2
OTKYAA:
. X+ X+
1) sin 2 =0, ) =nk,
x=—0+2nk, ke Z; (8)
2)31n— 0. —nk
x=a+2nk, ke Z. (9)

O6sepmuas dopMyas (8), (9), umeem: x=30+2nk, ke Z. A

OrmeTHM, YTO ecid B ypasEeHuHu (7) oL = arccos g, rae ja|< 1, o0
€0 MOYKHO 3allMCATE TaK: CO8 X = &.

PeaynsTaTh pelueEHd 3a8a4 1---3 I0SBOJNAIOT CAENIATh CIeYIOMmUYH
BHIBOZ;

Bee xopuu ypasnenus cos x = @, rae | a | <1, aaxoasres no dpopmyne

| x= tarccosa+2nk, ke Z. | (10)

OrMeTHM, 4TO $HopMyAH (2) — (4) ABAAIOTCA YACTHBIME CJIVIAAMEA
Gopmyasl (10).

3agaua 6. PemuTs ypABHEAHE COS X = -§ .

V3

ATlo dopmyae (10) naxonuM x = + arccos = + 2nk.

V3

A :,Tox :|: +2nk, ke Z. A

Tarx KAK ATCCos ——

3agaua 7. PemuTh ypaBHeHHE COS X = —% .

A Tle dopMyane (10) monydsem x = * arccos *-Jz-é—) + 2rk. Tak Kak

V2
arccos[‘7 =3ﬂ,'rox +3—+21tk ke Z 4
4 4
V5
Janaga 8. Pemurs ypaBHeHHe €08 X = -

A Tar Kax Jg > 2,'1'0—\/5 <=2, noa’romy—"\’—zg- < -1, Cnegosaresns-

HO, YPABHEHHE He MMeeT KopHell. A
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JorakemM, umo das awbozo & € [—1; 1] evtnoanaemen pasencmao

rarccos(—a)= T — arccos 4. | (11)

O OBozHauumM arccos a = x. Ilo onpenenennio APKKOCHHEYCA THCIA
AMeen:

1)0<x<m; 2)cosx =1

Toraa:

1) mo cBoficTBEAM HepaBeHCTB —AS—X <0, oTkyna0€sn—x < m;

2) o hopmye npuBEeAeHHA €08 (T — X} = —C08 X = —11.

CreaoBaTebHO, TIO ONPEACACHIID APKKOCHHYCA YHCAA HMEeM:

arcecos{(—q@)=R—x=n—arccosg. ®

V3 V3 x
Hamnpumep, arccos [—?) =7 — arccos o =R=5= "
Oopmyia (11) no3EoAAET CBOANTE 3HAYEHHA ADKKOCHHYCA OTDHILA-
TEJIBHEIX YHUCEJl K BHAYECHHAM APKKOCHHYCA NOJOMKHTEBHEIX THCE.
ITosToMy B Tabaumax ofHRIYHO ZAIOTCA 3HAYEHHS APKKOCHHYCA TOJBKO
B8 HEOTPULATEEHBIX YHCRT.
IIpeBegeM TAGAHILY 9ACTO BCTPETAIOIIMXCH SHAYCHHA ADKKOCHAYCAS

1 JZ2 | VB
x| x xopr |
arcecos a 2 3 1 5

2
Sagaga 9. PemuTh ypaBHeHHE cosx=—7.

2
A TIo dopMmyie (2) Haxoaum x = * arccos (—3] +2nn, n € Z nan

xr=x (n—arccosé]+2nn,ne Z a

3agaua 10. Pemurs ypasaenue 1 + 2cos (2x - 1)=0.
A Tannoe ypaPEEHENe MOXKHO PEICTABUTE B BIfe

oos(2x—1)=—-;-.

1
Orciona 2x — 1 = * arccos (_E] +2nn = & (n—amoos—;-) + 2nn =

2r 2

:1"3-+2:m, 2x=li§+2nn, x==t-+nn,neZ. A

b |
@A
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(OTMeTHM, YTO KOPHU TPUTOHOMETPHIECKRX YPABHEeHHH OGRIMHO 3a-
MHCBHIBAIOTCA AeACTBHTeILHEIMY YHCIAMY, BRIPAKE@HHLIMH ¢ TIOMOIILE)
YHCJA . ITO CBAZAHO C TEM, UTO JHAYSHHA TPUIOHOMETPHYECKHX (DYHK-
1Mt NOBTOPAITCA Yepe3 NPOMEKYTKH, KDATHHE T,

Tak, KOpHAMH YPEBHEHHA COS X = ¢08 5 ABAAIOTCA unca X = 35 + 2nk,
ke Z,

Ilpueenem eine HeCKONBKO 3814 HA NPUMEHeHHE PACCMOTPEHHEX
dopmMyI.

3anaua 11.Pemers ypasaeHne cos 3x cos x =1 —sin 3x sin x.
Acos3xcosx+sindxsinx=1, cos2x=1,
2x=2nn, x=nn, neZ. A

3aagaua 12, Peruurs ypaeaenne (4cos x — 1) (2 cos 2x + 1)=0.

Alydcosx—-1=0, cosx= i—,x:iarccos i +2nn,ne Z.

2) 2008 2% +1=0, cos2x=-%,2x=i —235

L

+2nn, x=% 3

+nn,ne Z,
x

OrBer. x=%arccos i +2nn, x=% 3

+an,nc Z. A

3agmawa 13. Boluncyaurs sin [ar(ms [—%]]

A Tax rax 0 < arccos (—%] < f, TO 8in (amcos (—%]] > (), Cneno-

sl 4t ]

3amaua 14. BaraucouTe arccos (003 %)

5 5
A CHAYAIS BEITHCIHM COS Tu . Ilo hiopMysie IpEBEREHHA COS L

4
- g . CnenoBaTensHo,

. R T
= N+— | =— — =
cos( "'4] cos4



3agzaga 15. BbraucauTs arccos (cos%n]

2n 1 2n 1 2r
CO8— =-~——, cos— | = ==,
A Tax Kak 83 2 Toarccos( 3] arccos( 2) 3
Boobme A
arccos{cos x)=x npu O0<x<n. (12)
© Ilo oupefeneHEHIO APKKOCHEYCA TACAA PABEHCTEO
arccosa=x (13)

OSHAYAET, 9T0:
1N0sx<m; 2)yecosx=a.
Iozcrasnasda B papenctdo (13) a = cos x, nonyuaem opmyay (12). &
Hanpumep, no popmyne (12) naxoxum

arccos [cos%] = %, arccos (cos 2)=2.
JTy Ke 3a7aTy MOHO TAKSKE DEIINTh ¢ HOMOINEIo opmyast (12).

3aaava 16. BuragcauTs arccos [cos—sf].

A Tax xak 57": > fi, TO HeJIL3A CPa3y HpUMeHRTS GopuMyay (12).
51 3
3aMeTHM, YTO COS 3 =008 (2“——4'] = o8 T:r . Temeps dopMyxy

(12) MOXHO TpUMEeRHTS, TAK Kak 0 < 3{ < 7. IToxyuum arccos [cos %ﬂ ]=

=arcoos[cos4 1 A

3aagaua 17. BelYucAHTE arccos (cos 4).

A Tar xar 4 > 7, To HeJb3A cpasy NpHMeHATh dopmyay (12).
CHavyaJa HALO 3AMEHHATH o8 4 KOCHHYCOM 4HCJIA, NIPHHAAIEKALIET0
orpesky [0; n]. OrmernMm, uro T < 4 < 21, oTkyaa -2 n < —4 < -7,
0<2n-4<rm,

Tax xax cos (21 — 4) = cos (—4) = cos 4, To no popmyne (12) zaxoaem

arccos (cos 4) = arccos (cos (2n - 4))=2n— 4. A

YnpaxHesun
Brruucaurs (719-720). 3
719. 1) arccos 0; 2) arceos 1; 3) arccos 5 ;
4) arccos :;. : H) arccos [—}[2";1 J; 6) arccos [—{2—!}
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720. 1)} 2 arccos 0 + 3 arccos 1;

2 2

i
3) 12 arccos @ — arccos (——);

V2
4) 4 arccos [“? + 6 arccos
Beruamcauts (721--723).
721. 1)cos [arccos -’/2—5]

.
¥

2) cos [arccos -;-],

722,

723,

2) arccos [008—] ;
724, CpaBHHUTBH YHCIA:
1

1) arccos izg- H Arccos 27

2) arccos —ng H arccos 0;

725. CpaBuuTs YHCIa:

1 1
1) arccos 3 Harccos (-g);
PemuTtsk ypapHeHHe (726--728).
V2

V3

2) 3 arccos (-1) — 2 arccos O;

5

4} gin [arccos

&

2 ];
i

) tg (arccos 5);

6) tg (arccos -’/2—5)

4) sin (b arccos 0);

5) tg (281‘0008 iz_:i],

6) tg (Sarccos %] .

3) arccos (cos gn);

4) arccos (cos ?ﬂt) .

3) arccos [—%) H arccos (—%);
7]

4) arccos (—1) m arccos [—? .

2) arccos (—g) u arccos (-1).

V3

726. l)cosx=?; 3)cosx=—?;
_ 1, __ 1
2)cosx—§, 4)cos x= &
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727, 1)cosx—% 3)cos x=-0,3;
2)cosx—§ 4) cos x=-0,2.

728, 1)cosdx=1; 4)2cos"§'= 3;
2)cos 2x=-1; B)cos [x+g)=0;
3)J§cos -‘;E =-1; 6) cos (2;5-—2):0.

Briyucants (729-732).

729. 1) arccos [cos%n]; 2) arccos [cos%n); 3) arccos (sin4—;];

4) arccos [sinz:t]; 5) arccos [2008%); 6) arccos (%tgﬁ).

6 3
730. 1) cos (arccos 0,2); 4) cos (n — arecos 0,3);
2) cos (arccos _2 : 5) sin (E+amcosi ;
3 (2 V3
3), in [ — arcccs Y3
3) cos n+arcmsz]. 6) sin 2 arecos 3 ]
731. 1)sin | 3 i 1
. 1)sin arcws(—g]; 4) sin arccos 3 3
2)sin(amwsﬂ')° 5)tg[amcos 8 1,
5/ JVio )’
X 23, 2
3) sin (arccosg), 6)tg [amwsvg]
732. 1) sin [amcossi-amoosz‘/_] 2) cos [m%—mg)

783. YopocTuts BHpaxenHe, ecti—1<a<1:
1) cos (n + arccos a); 3) cos (2 arccos a);

2)sin(%+ammsa]; 4) sin (%+arwosa].

734. PenmTs ypaBHEHHE:
1) cos x cos 3x =sin 3x 8in x;
2)cos 2x cos x +8in 2x sin x =0,
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735. BHACHATS, UMeeT JH CMHEIC/ BHPAKEHNE:

1) arccos (Jg -3
2) arccos (v7 — 2);

3) arccos (2 - V10 );
PemeTs ypasrenune (736 — 737).

736. 1)cos? 2x =1 +sin? 2x;

2) 4 cos® x=3;

737. 1){(1+cos x) (3 - 2 cos x)=0;
2)(1—cosx)(4+3cos2x)=0;
(1+2cosx)(1-3cosx)=0;
4)(1-2cosx)(2+3cosx)=0,

738%*, PemuTh YpaBHEHNE:

n x+1 2m
1) arceos (2x — 3) = 3> 2)arccosT =3
739. HaiiTH Bce KODHY YPABHEHHA C08 2x = —% HA OTPE3Ke [ :. 5?

740. HaitiTu BCe KODHE YPABHEHHA COS 4x =

paBeHCTBY | x | < E

741*, NokasaTs, yroecaun —1< a<1, to 2 arccos JHTa = arccos &.

4) arccos (1 - J5 |5
5) tg (2310003[2-2-];
6)tg (Samcos%)

3)2cos?x=1+2sinx;
4)2/2 cosx=1+/2.

vo|

§ 38. YpaBHeHme sinx=a

PaccMOTpEM YPABHEHHE

sinx=a.

)

» YOOBAETBOPAIOIIHE HE-

(1)

TaK KAK MHOMKeCTEO SHAUeHHM crEyca — oTpesok [-1; 1], To ypas-
genne (1) uMeeT KOpaEK TONsKO IpH —1<a < 1.
Kopru ypassenns (1) mpr a =0, a =1, a = —1 6614 pasee HaitgeHL:

sinx=0

gsinx=1 X =

sinx=-1 x=-

x=nn,ne Z
r
E+21|:n, neZ

g+21cn, neZ
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3agaua 1. PemaTe ypaBHeawne sin 2x=1.

ATIo hopMyne (3) HMeeM 2x = g +2nn, ne Z, oTkyna
i
Xx= n +nun, ne Z. A

3anmava 2 Pemurs ypasaeEue sin x = 3

A HanoMHEERM, 4TO sin x — opAMHATA TOYKH eXHHUYHOH OKPYHHOC-

TH, TONYYeHHOH MOBOPOTOM TouKH P(1; 0) BoKpyr Hauana KOOPAHHAT
1

Ha yroJa x. OpEgEHATY, PABHYI0 — , HMEIOT JBE TOYKH OKPYIKHOCTH M 1 H

2
M, (puc. 69).

yj
T 1_ 3 E M - /I-\
&KKaKz—Sln 6,TCI'I’O‘-II'F.& IIIO Ml 5 M]
22

Ayaaerca n3 rouxku P(1; 0) moBoporoM Ha

X A 1:0)
r T 0 x
yronx, = ¢, 8 TAKKE HAVIIH X = & + 2nk,
rae k=+1,+2, .... Toura M, nonyuaercsa
u3 Touku P(l; 0) moBopoTOM HA ¥roa
5r Puc. 69

5n
X, = =, & TAKIKE HA YTUIBL X = + 2nk,

6’ 6

f
T.8. HA YIARI X = M - r +2nk, Tae k=11,12, ....

. 1
Hrax, Bce KOpHY YPaBHEeHHUA Sin X = 3 MOXHO HaiiTe o opMyIaM:

x= % +2nk, x=1m— % +2nk, ke Z.
ITH GOPMYJIH 0LEIUHAKTCA B OAHY:
x=(-1y g +nn, neZ. (5)

B caMowm fene, ecau i — 9eTHOE MUCHO, T. &. it = 2k, To U3 HOpMy IR
E

6 + 21k, aecau n — HEYETHOE YHCHO, T.e. n=2k+1, To U3

(D) uMeeM x =
31011 ke hopMy ARl IOAYIAEM X =Tt — g + 2nk.

OTrBeT. x=(-1)" g +nn, neZ, A
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1
3aaaqa 3. PemuTs ypaBHeHHE sinx=—§.

1
A OpmuHaty, paBHYIO — 5 ¢ AMeIOT ABe

3
y
TOYKH eANHHIHON oKpyRHOCTH M, 1 M,
(puc. 70), rae x, = —%, x,= _éﬁr_r . Caeno-
0 A(1;0)
X x . 1
% BATEJILHO, BCE KOPHH YPASHEHHSA Sin X =~
M, _%/M,
MOSKHO HAATH N0 (popMyIamM: x =— g + 2nk,
Puc. 70 5
x=—5 +2mk, ke Z.
97 GopMYAH 0VEeARHAOTCA B OQHY:
x=(-1) (—g) +nn, ne Z. (6)
B camom pene, ecau n= 2k, To no dpopmye (6) maeem x = — g +2nk,

Br
aec.rmn=2k—l,mnamﬁmeq:opuynunaxonnux:—-s- +2nk.

Otmer. x=(-1) {—%)Hm, neZ. A

1 1
Hrak, kaxaoe H3 ypaBHeHUI sin x = 2 Hsin x=-— 2 HMeeT GecKOHeY-

w n n
HOe MHOJXeCTBO KopHeii, Ha orpeske - 2 €£x< 5 KaMIoe M3 STHX ypas-

" n

HEHUH UMEET TONBKO OJUH KODEHB: X = r i KOP&Hb YPaBHeHHEH
. 1 x . 1 s

8ln x= E nx2=—6 —Ropenbypa.anenuasmx=—5.‘-1zcno—3 HAZRIBA~

1 . R n

T GPRCUHRYCOM HUCRA E M SANUCBHIBAIOT TAK! AICEIN E = E; 1% (6 (1] r

1

1 . .4
HAZBIEBAKOT APHCUHYCOM YUCAd — P H 3ANMCHIBAIOT: Arcsin [—5) =

-5
o n
Boobine ypasseHpe sin x=a,rae —1<a<l, Ha OTpeake — Lxs 3

HMeeT TOABKO OAMH Kopedb, Ecam g 2 0, To XOpeHbL 3aKJIIOUEH B

2
pEeHBb HA3KBAIOT APKCHHYCOM YHCea ¢ 1 0003HAYA0T arcsin g (puc. 71).

TIPOMEXRYTKE [0; E]; ecau ¢ < (0, TO B IPOMEXKYTKe [— %;0]. DTOT KO-
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4
arcsin a,

Pt N

17020
7T \.ﬂ .
T U

el N
6)

arcsin a,
—1l<a<0

u)
Puc. 71

ADPKCHHYCOM THCIA 4, MOAYJIb KOTOPOTO He (0BINe eAHHNIILI, HA"

LA T
SHIBEETCHA TAKOE YHCIO X H3 IPOMEKYTKA — - <X € -, CHHYC KOTODOTO

2 2
paBeH a:
arcsin @ = x, ecnu —g éxsg Hsin x=a. (7

Hanpumep:

. N2 n ®_x_®n_ . x 2
l)arcsxn—z——4,-raxuax 2€ 4< 2nsm4——2—,

{3 n T LA SN A J3
2)arcsm(—? =—g> TAKKaK —3 €—3 = 2 HS]H(—§]= g -

3anaua 4. Halite npubauskennoe sHaueHle arcsin 3"

2
A 3aadenue arcsin o ModxHO IpuOIIDKeHAo RAKTIE B3 pHCcyHKA 72,

3
uaMepad yroj POM Tpancnoprupom.
3HAYEHHA APKCHEYCA MOYKEO HAXOAHTL »t
00 COeVaNdbLELRIM TAGMHIAM HIH C IOMO- /__\{" arcsm
mb0 MHKDOKAABKYNATOpA, Hanpumep, 5
2 3 P(; 0)
3HAYEHHE Arcsin 7 MOXKHQ BLIYMCIHTE HA 5

MUKpoKaasKynaTope MK—54 no nporpaM-
Me;

2 [B1 3 [+ [ 7,2072769 - 107", Puc. 72
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2
Hrak, arcsin 3~ 0,73. IIpm 3TOM DEepPEeKNIOIATENh MAKDOKAILEY-

aaropa P-TPI-T" 6611 yeranosien B noao:xenie P (paguan). A
dopMyay (7) MOMHO 3ANMHCATE B TAK:

sin (arcsin a)=a, ecom |a | < 1. 8)

3amava 5 PemuTs ypapHeHHe
sin x =sin o, 9
rae o — 38JaHH0e Jeific TBETeILHOe YHENIO.
A 3anumenm ypasnenue (9) B BEAe:
sinx-sino=0.
IIo popMyne pa3HaOCTH CHHYCOB HMEeM

1. x—o r+o

sy cs =0,
OTKYIA:
. X—-0 x-o
1)8111 —2— -0, —2— = N
x=0+2nk, ke Z; (1)
x+o + n
2)cosT =0, —2——-§+ nk,
x=—o+m2k+1), ke Z. (11)

06bvegunan dopmyns (10), (11), Zoxyaaem
x=(1)'a+nn, nec Z. A
OTmeTuM, 4T0 ecam B ypaBHeHHH (9) o = aresin a, rae [a| < 1, To
ero MOXKHO NPeJCTABATH TAK: Sin x = 4.
PesyarTaTsl pemenud 3afay 2, 3 ¥ 5 No3BONAIOT CASNATE CIEAVIO-
muii BEIBOJ,
Bee kopru ypaBrenns sin x =a, rae| a |< 1, naxogarcs mo gopMyae

I x=(-1)*arcsina+an, ne Z. | (12)

OrMeTuM, 4To GopMYIH (2) — (4) ABNAITCA YACTHBEIMH CHAYUYAAMUI
dopmyasl (12).

V3

3agava 6. PemnTs ypaBuenue sin x = 3 -

A Tlo dopmyne (12) nmeem x = (—1)" arcsin —ng + nn. Tak Kar

i V8 _ % .
arcsmw?-'— —3,Tox—(—1) 3+rm, neZ. A
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V2

3anaua 7. PemrTs ypaBHeane sin x = -5

A Tlo dopmyne (12) maxoanm x = (—1)" arcsin (-—g] + nn. Tax kak

aresin [—%] = —E,T():c:—(—l)n E +nn=(-1)*"1 E +nn,neZ. A

3apawa 8, PemnTs ypaBEeHEe sin x = —;2 .

V10

A Tak rar /10 > 3, ro 3 > 1, H mo2TOMY JAHHOe YpABHEHHE HE
HMEeT KOpPHeil. A

JdorameM, 910 A2 2106020 6 € [-1; 1] avinoansemes pagercmao

{ arcsin (—a) = arcsina. | (13)

O OboanaueM arcsin ¢ = o [Io ompegeseHno apKCHAEYCA YHEIA 3TO
0BHAYAET, UTO;

n T .
1)—§€a€ 2 2)sino=a.
Torga:

1) o cBoiicTBaM HEPABEHCTB —g £ 0% g :
2) ncoonb3ysa GopMyay sin (—ot) = —sin o, moxyuaem sin {(—o)=-4.
CienoBaTensno, Mo OOpeAeIeHRIO APKCHHYCA YMeaa:

arcsin (—a) = —0. = —arcsin g. @

Hanpumep, arcsin [——;— ] = —arcsin —?— :—g .

dopuyna (13) no3BongeT CBOAUTEL SHAYEHHA APKCHHYCA OTpROA-
TEeJBHBIX YECEJ K 3HAYEHEAM APKCHHYCA TIOJIOKHTENLARX anucen. I1o-
aTOMY B TabiEIax OOLITHO ARIOTCA 3HAUEHHA ADKCHHYCH TOJLKO ANA
HEOTPHUATEALHBIX YHCEJL,

ITpreegem Tabauny YacTO BCTPEUAKIHXCA 3HATEHHUHA APKCHHYCA:

1 J2 | V3
a Otz | 2| 211!
, o | 2| ®|
arcsin a 6 4 3 3
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oo

3anaga 9. PemuTh YypaBEeHHe Sin x =

2
ATlo popmyae (12) naxonmm x = (—1)" arcsin 5 +an,necZ. A

3agava 10. PemuTs ypapuenue 1 — 2sin (3x +4)=0.

A TapHOe YpABHEHHE MOMKHO 3aIIMCATE B BRAE sin (3x +4)=

B =

Orciona 3x + 4 =(—1)" arcsin % +rn=(-1)" g +7n,
$x=-4+(1) § +7n,

%,nez. A

3agavua 11. Pemuts ypapHeHne sin 5x cos 2x =cos 5x 8in 2x.
A gin 5x cos 2x - co8 5xsin 2x =0, 8in 3x =0, 3x=nn,

4 2 X
x= §+( 1) T

x=%,nEZ.A

3aaaxa 12 Pemute ypaeuerre (3sinx - 1)(2sin2x+1)=0

1 1
Al)3sinx-1=0,sinx = §,x=(—1)“arcsin g tn, ne Z;

1
2)2sin 2x+1=0, gin 2x=—% » 2x =(—-1)* arcsin [_E) +An=

=(-1) [—aI‘CSin %} +nn=(-1)* % +rn,

n nn

x = (-1 TR R Zz,
1
Orser. x=(-1)*arcsin g +nn, x=(-1)"1 % + % neZ A

3agaga 13. BEucaeTs cos (arcsin(—gn.

ATax kaK — = < arcsin[—§] <® tocos [arcsin[—gn‘»o.
2 5 2 b

CrexoaTensHo, cos [arcsin[—%]]= +J 1-sin? [amsm(_gn -

3 4
= - —= =—. A
(-4



3anxava 14, BeraucaeTs aresin (sing)_

ATaRRaRsing=§,1'oarcsin[sing]=arcsin?3=g. A
Boobme
arcsin(sinx)=xupn—g€x€g. (14)
0 Io oupegeneHnIo APKCHAYCA YUCIA PABEHCTBO
arcsina=x (15)

O3HAYAET, UTO:
n n X
1)—5 £x< 2 2ysinx=a.
Ilogcrasaaa B papeHcTBO (15) @ = sin x, monyyaem dopmyny (14). @
Harpumep, mo popmyse (14) Eaxomum arcsin (smg ] ==
arcsin (sin (-1,5)) =-1,5.

. O
3agava 15. BuulcauTs arcsin (smgn}

5n

A CHagana BRIYECIHM sin 6

. ITo popmyne TpuBefenuAa HMeeM

sin s5n =sin n-T =sin L
6 6) 6 2°
CilenoBaTeNLHO,

arcsin sin—5-E --aarir:sinl--E
6 2 6

Banauy 15 MOXKHO TAK¥KE DEIIHTE ¢ MOMOILLID GopMys! (14).
5n X

ATak Kag — >

3 2 » TO HEJIb3A CPa3Y NPEMEHNT dopuyry (14).

n
3aMeTHM, uTO 8in 5—; =sin [u - g) =sin g Teneps bopmysy (14)

T J'II n
MOAKHO IDHMEHNTE, TAK KaK — 5 Y 6 Y 2° Ionyaaem
arcsin :z;inE =arcsin | sin = =2 a
6 6 6’
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dagava 16. Buuncanre arcsin (sin 5).

A Tar xkar §u<5<2n,1'o—’—2t <b-2r<0,1.e.56—-2n€ [—g: E].

CnepoBaTensHO,
arcsin (sin 5)=arcsin (sin(5 - 2n))=5—-2n. 4

YnpaxHenua
Brraucanrs (742—-749).
742, 1) arcsin 0; 2) arcsin 1; 3) arcsin 3 3
4) arcsin % H 5) arcsin (— % ); 6) arcsin {— ?] .
748. 1)arcsin 1 — arcsin (—-1); 3) arcsin % + arcsin g 3

2) aresin % + arcsin (—%); 4) arcsin {‘%] + arcsi [-%]

744. 1)sin [arcsm g ]; 4)cos (arcsing ];
2) sin [arcsin%]; 5) tg [arcsmg]
S)M(ucsin%]; 6)tg{ i J—j]

745. 1) sin (4 arcsin 1); 4) cos (6 arcsin 1);
2) sin (3arcsin§]; ) tg (2arcsin%);
3) cos [5arcsin§]; 6)ig [4arcsing].

746. 1) cos (arcsin (,6); 2} cos (ammn%]

747. 1) arcsin [sin ; ] : 3) arcsin (sing ];
2) aresin (sin g ]; 4) arcsin (sin g ) .

748. 1) arcsin (cos g ); 2) arcsin (cos % ]
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749. 1) arccos sing]; 2) arccos (smg)

750, CpaBEKTL TMCHa:

1 3
1) arcsin —‘li ¥ arcein [_I]; 2) arcsin [—;} u arcsin (-1).
PemuTh ypaBHeEHE (751-755).
J3 o ]
7H1. l)smx—7, 3)sinx= 5}
V2 . |
2)sinx = 5 4)smx——§.
e 3. TR
752, l)smx-4, 3)sinx= g
2 . V5
2)sinx = 73 4)sinx= 3¢
763. 1)sin 3x=1; 4)2sin-’25=J§;
2)sin 2x=-1; 5) sin [x+%ﬂ] =0
3) V2sin % =~1; 6) sin [2x+g]=0
754, l)sinx——g, 3)sinx= 1+J5;
K 3
o1 . 1-410
2)sinx= 75, 4)3111::——2 .

765. 1)sin(2x—l)=%; 2)sin(3x+2)=—71=2=.

Brruucnaurs (756-759).
8n) . . T
756. 1)arcsin | sin < I} 5) arcesin {Zsm 5 ] :

cos 5 H T) arcsin (sin 4);

2) arcsin (sinﬁ : 6) arcsin (%tgg],

cos 3n ); 8) arcsin (sin 7).
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7587. 1) sin [arcsm%), 4} sin (1:+arcsm§},
2) sin | arcsin 1. 5) cos L ammn—l—
4} 2 J5 ;
3)sin(r:—arcsin§]- 6) cos L arcsml
4) 2 5
758. 1) cos (arcsmg] : 4)cos (arcsm 1 ] 3
2) cos | arcsin(-2|; 5) tg | arcsin-L |,
5| 4 \/g H
3) cos | arcsin 1), 6) t arcsi.ni
3)) £ Jio )
. 2 . 1
7569, 1)sin [arccosg); 2) sin [arooos(—ﬁ]]
760. BorapeanTs:
1) 8in [arcsm ; +arcoosi] ; 3) cos (arcsin ¥+ arcsin%);
3 1), : 1 3
2) cos (arcmng+mcosg], 4) 8in (arcoosﬁ+arcoos5].
761. BRYHCIKNTD:
1) sin (2arcsin%); 2) cos (zamsinﬂ.
762. BrlAcHNTL, HMEeT JIE CMEBICI BHIPAYKEHIE!
1) arcsin (V5 — 2); d)aresin (2- J10 )
2) arcsin ( N 3% b) tg [Garcsin% );
3) arcsin (3 - V17 ); 6) tg [2amsin%].
Pemuts ypapueHne (763—-765).
763. 1)1 —4sinxcos x=0; 3)l+ﬁsinj:-ms%=0;
2) /3 +48in x cosx=0; 4)1-—88in-§cos%=0.

764. 131 +cos 5x sin 4x=cos 4x sin 5x;
2)1 - sin x cos 2x =cos x s8in 2x.
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765. 1)(2sinx-1)(3sinx+1)=0;
2)(4sinx~-3)(28inx+1)=0;
H2sin2x-1)(sindx+1)=0;
4)(48in3x-1)(2sinx+3)=0.

766. HaitT Bce KOopHH YypaBHeHHA sin 2x = % , IPHHAJIeRALIHE OTPe3-
Ky [0; 2n].
J3

= — , YAOBAECTBOPAOIIHNE HE-

767. HaiiT Bce RODHH YPaBHEHHA sin 2

oM

paBeHCTBY log, (x —4m) < 1.

768. Halitr BaNMeALMHH DONQKATENLERH KODEHE YPABHEHHA
. z)_ V3

sin (Zx + E] = 5 -
769%, PellnTh: YypDABHEHHE:
n

= E;

770%. NoxazaTe paBeHCTRO!

1) aresin (g-s) 2) arcsin (3 - 2x)=—£ .

1) arcsin 4 —arecos | - 1L ) _ 3z,
J65 Jiso) 4

2)arccosl+arccos A =arccos _13
2 7 24 )’

771%, lokasaTh, aro ecau 0 <@ < 1, 7o 2 arcsin @ = arccos (1 — 2 a?).

§ 39. YpaBsHenne tg x = a

HanmoManM, YT0 SHEYEHHA CHHYCA ¥ KOCHHYCA MOYKHO HAXORHTE Ireo-
MeTpHYecKH, HaMepasa ODAHHATH H afCIIHCChHl COOTBETCTBYIOIIUX TOYEK
enmHIIHOH OKPYIXHOCTH. IToxaxkeM, KaKk MOXM{HO reoMeTpHYEeCKH HaxXo-
AHATH SHAYEHHA TAHTCHCA.

n
PaceMoTpHM cHAuaRa ciydai, korga 0 < x < 2" IIyeTs Touna M,

noaydera osoporoM Touk# P(1; 0) Bokpyr Hauara KOODAMHAT HA YIOJI
x papeax (puc. 73). Coepauun orpesxom Touky M, ¢ Touroi O n mpose-
zem M, A L OP. Torga opsunara ToukH M, pasna AM, = sin x, a abe-
nucca A0 =cos x.

IloaTomy
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yh Tenepr yepes Touky P(1; 0) tpoeegem
- M npamy:o [ Depnenguryaapao PO u npo-
a=tgxp-on- ! AOJKUM Opamyo OM, Ao nepeceueHnd ¢
M npamoii ! B Toaxe M (cM. pue.73). U3 no-
‘ nobua tpeyronsHnkos M, AO n MPO no-
JydaeM
& :
¥/ PO AM, PM _
0 A X 40 - po “¥*
/ Tak xax PO =1, To
M, ] PM = tg X.

Hrar, B 9TOM caydae 3Eavenue tg x
Puc. 73 MOYXHO HANTH reOMeTPHYECKHN, H3MepHUB
ARy orpeska PM, T, . opguHATY TOY-
Eu M (cu. puc. 73).
Paccyspeansa ¥ NOCTPOSHNE MOSKHO IIPOBECTH B 0OpATHOM NOpAZKe
M HAiTH TEOMETPUIECKH YTOJ X IO 3HAYEHMIO ig X, T. . HAMTH KOPEHEB
YpPaBHEeHHSA
tgx=a,
TIe 8 — Moboe 3AJAHEOE NOJNIOMHTEARAOR THCI0. A MMEHHO: HA NpaMoit
! nocrporM Touxy M ¢ opauHaToi a, coeguENM TouKy M ¢ Toukoit O u
H3MePHUM yToX X = ZPOM TtparcnoprapoM (cM. pae. 73).

T
TarumM ofpasoM, MeRAY TUCIaMn X, rae § < x < 3 » ¥ TOIKAMM IIpA-

MOt |, e:kaluMK BRIe ocH afcipce, YCTAHOBIEHO B3aHMHO OAHO3HAY-
HOE COOTBETCTRHE,

Tar kax tg 0 = 0, To, eCTECTBEHHD, YHCAY X = () MOCTABHM B COOT-
percreue Toury P(1; 0) npawmoii I,

T
HanoMHHM, 4TO TAHTEHC YTJIA 5 He CyIecTByer. 9T0 BHAHO H I'eo-

MeTpHYeCKH: ecau TouKa M, jAemur Ha
OCH OPAMHAT, TO NpAMEIe OM | B napan-
JIeJIBHE ¥ MOSTOMY TOYKHU NepecedeHus M
He CYIecTByeT.

Teneps paccMorpuM cayuaii, korxa

¥ 4

R
~3 < x < 0. CaenaeM aHANOrHYHLIE IO~

cTpoenus (puc, 74). Toraa sin x=—AM,,
cos x = AQ,
ITozromy
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W3 nonobusa tpeyronsuukos M,AQ0 1 MPO nMeeM

arak Kak PO =1, To
PM =—tg x.

OrmeTM, 4TO M B 9TOM ciryuae tg x =—PM — 570 opaueaTa ToukH M.

8 R
HrTax, Mexny YHCAIaAME X H3 HHTEDBANA —E <x < E H BCEMH TO0Y-

KaMBR HpﬂMOﬁ I YCTAHOBNEHO B3AMMHO 0JHOIHAYHOE COOTBETCTBHE.
IIpamMyio [ HA3LIBAIOT AuMUeDl MAHZCHCOS,
Kpome Toro, noKasaHo, 2To YpaBHeHHe
tg x=d,

The ¢ — n1060e AeCcTBRTENIBHOE YHCIO, HMEeT eARHCTBEHERI KOPeH: X

n bid
Ha BHTEpBaIe — E <x< E . 91oT KOpeHbk HAIBIBAIOT GDICIMAREEHCOM YUC-

2a @ v o6osHavalor arctg a (puc. 75).

vt vt
[+
arctg a,
a=i
/ P(1;0) P(1:0)

0 X 0 ¥

a arctg a,
~ 1 a<0
a) 6)
Puc. 75

TR
ApxTaHrencoM uneaa ¢ € R HasLIBaeTCA TAKOE YHCJIO X € (_E; 3 ] .

TAHreHC KOTOPOIO PABEH &

I R
-

2 2ntgx=a. (1)

arctg a =x, eCli —

Hanpumep:
T T T oz n
l)arcth_--3,TaRRaR-—E<3<§ntg3--\/§,

2)arctg (-1)=- 5, rax kax -3 <-5 < 3 ntg [—3]:-1.
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A 3agawa 1. Haitre nprirvmxentoe
M 3HaYeHme arctg 2.

A Buaguenwme arctg 2 MomHO npHdAN-
arctg 2 JKEHEHO HARTH B3 pHcynxa 76, HaMepasn
1 yros POM TpancnopTupoM.

IIpubnuxeEHsle 3HAYEHUA apKTAH-

TeHCA MOMHO TAKMXE HaliTH mo Tabdbam-
P(10)  nam mam ¢ DOMOmBI0 MEKPORATLKYIs-
X

0 TOpA.
Henpumep, saaueHne arctg 2 MoKHO
BeMHCIETH Ha MK--54 mo nporpaMme

. 2 [H 1, 1071486.

Hrak, arctg 2=~ 1,11. 4
M3 dopMmyaet (1) cnenyer, 4T

| te(arctga)=a,a¢ R.] (2)

Hanpumep:
tg (arctg 12) = 12, tg (arctg (- V7)) = -7, tg (arctg 0)= 0.

3amaua 2. Pemrurs ypaBHeAHe

tgx=tgo, (3)
TAe 0. — 38AAHHOES HHCJO, O # g +nk, ke Z.
A TlpeoOpasyeM 3To YpaBRHEHHE!
tgx-tga=0,

sinx _sino ~0
cosx coso
Sin X cos o — Cos Xsin o
€08 X C0S 0t
sin(x-o) _
coSXCOR

=0,

4)

I
2
cos x # 0, TaK KaK IpH cos x = ) JeBasA YacTh YPABHEHHA He OIPeAeNieHa,
CrnenoBaTesLHO, 8in (x ~ o) =0, oTKYyAa X -0 =R, X=0+7AN,nE Z.
OrBer. x=a+nn,ne Z. 4
OrmeTHM, UTO ec)IM B ypaBaenuu (3) o = arctg a, a € R, 1o ypaBHe-
HEe (3) MOXKHO NpEACTABATE TAK!

tg x=a.

3aMeTnM, uTo cos 0¥ 0, Tar kar o # — +nk, k€ Z. KpomMe Toro, u
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Peay/IeTAT pellleaHs 3a0aYH 2 TPUBOLUT K BRIBOAY:
éce KopHu ypasHenuA

tgx=a,ae R
nHaxodames no Gopmyie
[ x=arctga+nn,ne Z. | (5)

3anava 3. Pemurs ypaBHeaue tg x=1.

ATlo dopmyae (5) HaxoguM x =arctg 1 + n= E +an,necZ. A

V3

3aaavua 4. PemnTs ypaBHeHHe tgx=——é—.
_I

8 +nn,ncZ. A

ATlo dopryne (5) mveen x=arctg[—?) +nn=

3agaua 5. Penmrs ypasHeERe tg x = 5.
ATlo popmayne (B) Haxoaum x =arctg b+nn,nec Z. A

3agaga 6. PemnTs ypasaenne (tg x + 1)[2cos§—\/§)=0.

T

AlDtgx+1=0, t~g‘:lc=--l,.‘,:=—£—1 +nn,ne Z,

9TH IHATEHUA X ABIAITCA KOPHAMH MCXOZHOTO YPAaBHEHUMA, TaK
KAK OPH STOM BLIPAXM(EHHUE B NepBoil cKoOKe NeBoil YaCTR ypaBHeHHSA
PEBHO HYJAIO, 8 BO BTOPOH — He TEPHAET CMEICJIA.

2)2003%—J§=0,cos£—‘(§ x

™ "
3 3°3 —16 + 2nn, x =t + 6nn,

2
ne Z.

ITpu 3THX 3HAYEHHAX X BEIDAYKEHHEe BO BTOpOI CKOOKe JeBoif uac-
TH HCXOAHOTO YPABHEEHHA DABHO HYJ, 4 B OepBOH — He HMEeT CMEIC-

sa, IToaToMy 3TN 3HAYEHHUA He ABIAITCA KODHAMH HCXOAHOTO YpaBHe-
HRA,

T
OrBeT. x== +un,neZ, A

JorasxemM, IT0 Aai A1060ro gefcTERTENABAOTO YNCIA ( BRIIOMIHACT-
¢H PABEHCTBO

| arctg (—a) = —arctg a. ] (6)

© OfosaaunmM arctg ¢ = . Ilo onpe/jeieANIO APKTAHIeHCA YHC)IA
HMEeM:

1) —12‘- <a< X, tgo=a.
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Torga:

T i
1) no cpoifcTBAM HEPABEHCTE — 2 <@ < 25

2)menonnaya bopmyny tg (—o) = -tg o, moayuasem tg (o) =-a.
CrepoBaTe/IbHO, TIO ONPede/IeHHI0 APKTAHIMeHCA YMCHA
arctg (—a)=—0o=-arctga. @

Hanpuwmep, arctg (-—3{3—5]=—arctg g =—%.

®opmyna (6) D02BOIAET CBOANTEL 3HATEHNUA ADKTAHIRHCA OTPHIA-
TeJILHBIX THCEJI K 3HAYEHNAM APKTAHTEHCA NOJOKATEAbHERIX qrcest, o-
3TOMY B TA0AHLAX 00LIYHOC AAIOTCA 3HAYEHHA ADKTAHTEHCA TOABKO IS
HEOTPHUATEALHBIX THCel,

Ipupeaem TabinIy J6CTO BCTPEYAIOIUXCSA 3HAYEHIE 6PKTAHNCHCA:

a 0 g i | V3
T T n
arctg a 0 8 1 3
3agaua 7, Beraucaurs arcltg (tg%).
T3 T J3 =
A Tak xax tg 6= v~3-,'r0arctg (tgg) =arctg 5 =% A
Boobine
T Y
arctg(tg x)=x npu -5 <x< rh (7
O ITo onpegeseHUIC APKTAHNSHCA YICIA PABEHCTRO
arctga=x (8)

OSHAYAET, HTO!
T .o
1)—§4x<§, Htgx=a.
Noacrasaada e papeHcTsO (8) a = g x, monyuaem dopmyiry (7). @
T T
Hanpumep, no popuyne (7) naxogum arctg (tg(—g)] =-3°

arctg (tg 1,5)=1,5.
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3angaua 8 Buuncaurs arcig (tgsf)

A CHava s BRIYUCANM tg 3% . ITo opMyJie IpEBeIeHHA
3n x
th#tg(n——) tgz— 1.

CaegosaTensHo, arctg [tg 3; ) =arctg(~1)=~--. 4
Bagauy 8 MOMKHO TAKKE PEIIHTE ¢ MOMOIIbIO GopMyiH (7).

A Tak kak %’t > g » TO HeJIb3A Cpasy NpUMeHUTs dopryny (7).

3
BameTum, yto tg TR = (E_Z) tg ( ] Temeps MOMXHO IDH-

MeHUTB opryny (7), Tak Kak —g < —E < g . Ilosyyaem

arctg (tg %’t) = arctg (tg[—i]) =—E. A

3agaua 9. Buumenuts arctg (tg 3).

i i T
A Tar naK 2 <3<1t,'r0—§ <3-m< E.CJIE}:[OB&TBJIBHO,

arctg (tg 3)=arcig (tg(3-n))=3-=n. 4

YnpaxHeHua
Briuucauts (772-773).
772. 1) arctg 1 — arctg (-1); 3) arctg 0 + arctg (-3 );
2)arctg% +arctg V3 ; 4) arctg (—715]+arctgo.

773. 1)6 arctg /3 — 4 arcsin (—

)

&‘n—t

2) 2 arctg 1 + 3 arcsin [—%);

3) 3 arctg (—%)+2ar¢cos (Tﬁ],
4) 5 arctg (—/3 ) — 3 arccos _;/_5]

249



774. CpapunTs yncna:

1) arctg /3 marctg1; 4) arctg (1) u arcsin {-iz_:i];
2) arctg % uarctg 3 ; 5) arctg 1 u arccos (_%];

3) arctg —?) H arcsin (—%]; 6) arctg J:)_’ H Arccos -;-

T75. BerancaaTs:

1) ctg (arctg /3 ) 4) sin (arctg 715 ];
2) ctg (arctg 1); 5) cos (arctg 1);
8) sin (arctg (—/3 )); 6) cos (arctg (—+/3)).
Penmre ypasaeune (T76-777).
1
776. Dtgx= 75 Htgx=-1;
2tgx=43; 5)tg x=4;
3)tgx=—3; 6)tg x=-5.
777. 1) tg 2x=0; 3)1+tg§=
2) tg 3x=0; 4) J3 +tg%= )
Burucauts (778-781).
778. 1) tg (arctg 5); 5) g {u—arctg% );
2) tg (arctg 3,5); 6) tg [n +arctg §);
3igarcig (-12); 7 ctg( +arctg3];
tg(arctg (-9);  B)etg (E—mm).
779. 1) arctg (t 3—“]- 5) arctg (23in %" );
2) arctg ] 6) arctg | 2sin g) :

4) arctg | cig

e (
3) arctg (ctg ); T) arctg (cos 3?“ };
( (

S
6
3;_:: ); 8) arctg
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780. 1) tg (arctg 2,1); 3) tg (w - arctg 7);

2) tg (arctg (-0,3)); " ctg[ +arctg6]
781. 1) 3 arcig [tg%}; 3) arctg (tg 7; ] H
2) 4 arctg (tg 0,5); 4) arctg (tg 13).

Permure ypaBuenze (782-783).
782, D(tgx-1)(tgx+ J§)=O; 4)(tgx—-4,6)(1 +2&inx)=0;

2)(J§ tex+1)(tgx - J§)=0; 5)(tgx+4)[tg§—1)=0;
gx—-2)(2cosx—1)=0; 6}[tg§+1](tgx— 1)=0.

783%. 1) arctg (5x — 1) = E; 2) arctg (3 - 5x) = —g

784, C IoMOIIBI0 MHUKDOKAJLKYIATOPA PELINT: YPABHEHEE!
Dtgx=9; 2) tg x =-7,8.

785, HaitTe nauMeEbImi OO HTENBHBI M HAOONLIIII OTPHIATE -
HbIll KODHE ypaBHenus 3 tg x — J3 =o.

786%, Moxa3aTh paBeHCTBA:

i
l)arci;g2+arctg‘o‘3—'74E 2)arctg—+arctg§

‘g_ lﬁh|=|

787%, Horasars, uro ecini ab # 1, To tg (arctg a + arctg b) = iab
788* IloxazaTh, UTO OPE JIOGOM AeHCTBHTEILHOM SHAYCHHH G CIpaBe]-

JHUEBO pABeHCTBO cos (arctg a) = 1
P “Tha

§ 40. YpaBsHeHue ctg x = a

PaccMoTpDHM YpaBHeHRe
ctgx=a.

Hcnons3ya hopMyny IDEBeJeHMA, JAMUIIEM 3TO YPABHEHHNE TAK:
m
tg| 5% |=a. 1)
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B § 39 nokaaamo, uTo ypareerre (1) npu moboM sagaaroM feicTBH-

L
TEJLHOM 3HAYEHHH 4 MMeeT eAMHECTBeHABIA KOpeHb B HHTEDBANTE ["" -‘],

2’ 2
T, e, TOTAA, KOrjaa
B _E___ %
2 2 2°
OTKYIa
-E<—x<0,
0< x<m.

Hrak, ypasrenue ctg x = a, a € R nMeer efMHCTBEHHEIN KODEHD Ha
uHTepBaNe ( < X < 7. DTOT KOPEHE: HA3HIBAIOT ADKKOTAHTEHCOM THCMIA
a " ofoaHavaloT arcetg a.

ApkkotanareacoM 9ncaa d € R zasusaeTrca rakoe qyucae x € (0; x),
KOTAATeHC KOTODOTO PaBed a:

arectga=x,ecmnO<x<mn mctgx=a. (2)
Haopumep:
l)arcctgg =-g—,'ralucalc0< -g—cit n ctg%:%;

2) arcetg (1) = -:-?-,TaRRaJ{O-C % <m u ctg %ﬂ -1

Hsz popmyam (2) caegyer, 4To

|ctg(arcctga)=a,ae R. | (3)

Hanpnmep: ctg (arcetg 16)=15; ctg (arcetg (-7))=-T;
ctg (arcetg 0)=0.
ITpu oIpeAeNeHRY aDKKOTAHMEHCH dHcaa a dopMyroi (2) 6o yera-
HOBJIEHO, YTOQ X = arcetg @ ABNAeTCA € AMHCTEEHHBM KODHEM YDABHEHUA
ctgx=a
Ha npoMexyTRe 0 < x < x,
Tax xe, Kax n B § 39, NOKAIRIBAETCH, UTO 6C€ KOPHU YPABHEHUR
ctgx=a,ae R
raxodames no Gopmyae

I x=arcetga+nn, ne Z. (4)

3agaua 1. PemuTs ypapHeAna:

)ctgx= J§;2)ctgx=—l; cetg x=0.

252



A ITo opryne (4) Haxoxmm:

T

1) x = arcctg J§ +Rn= 5

+nn,ne Z;

2)x =arcctg (-1)+rn= %ﬂ +rn,ne Z;

3)x=arcctg 0+aAn= g +rn,neZ. A

IIDRBH':&M, uro dAa aobozo @ € R svnoansemesn pasencmac

| arcctg (—a) =7 - arcctg a. (5)

© OBogaauum arcetg a = x, Ilo onpefenenno ApKKOTAHTEHCA THCIA
HMEeSM:

NO<x<m; 2)ctgx=a.
Torxna:
1} no ceoficTBaM HepaBeHCTB —7N < —X < 0, oTRyAa 0 < T — x < 73
2} no dhopmyne npueeaeEna ctg (1 — x)=—ctg x =—a.
CregoBsaTensHo, 00 ONPeAeNIeHWI) APKKOTAHNEHCA THCAA:
arcetg(-a)=n—-x=n-arcctgq. @

Paccy:xaas aHAMOTHYHO, MOMCHC TAKMKE IOKASATE, ITO

amtga+amctga=g,aen. (6)

dopuyna (5) I03BOAAET CBOAHTh BHAYCHMHA APKKOTAHIEHCA OTDH-
LATEABHBIX YHCE) K 3HAUYCHUAM APKKOTAHICHCA NOJOSKHTENLHBIX YH-
ceJl.

IIpuBeaeM TabauuUy HEKOTOPHX 3HAYCHHH ADKKOTAHTEHCA!

1 | V3

wia | ool

arcetg ¢ z i
g 2 1 6

ABasorH4HO TOMY, KaK 3T0 cAenaHo B § 39 11 apKKOCHHYCA, MO~
HO IOKA3ATDb, UTO

arcetg (ctg X)=x, ecm QO <x <m, (7)

IIpm pemeHuH ypaBHEAHH, COAEPHAITHX KOTARTEHC, MOMHED HCIOMb-

goBaTs popMyny ctg o= -é: npu o # Eg-, ne Z.
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3anaga 2. Penmurs ypasHeHHE ctgx=—71-.

3
A Eciiu x — KopeHb ypaBHEeHUSA ﬂ:- 1 ,Tocosx#0usinx=0,
sinx 43
IToaroMy MOMHO BOCIOAB30BATECA dopmyaocit ctg x = “tg_x ¥ 3AIHCATD
AAHHOEe YDABHeHHE B BEAR tg xr=— J§ . Oreroga
x=arctg (—/3 )+ nn =—arctg V3 +nn=*g +an,neZ. A
Boobme ypaBHeaHe
cigx=a (8)

1
TpH & # {) pABHOCHJISHO YPABHEHHIO tg X = e H DOSTOMY RODHAMHA YPan-
1
HEHHA Opi g # 0 ABNAKTCA Uncaa x = arctg . +nn,ne Z.

3anxaua 3. Pemnrs ypasrenne (tg x+4) (ctg x — 4/3)=0.

Alytgx+4=0,tgx=~-4, x=arctg(—4)+an=—arctg 4+ nn,ne Z.

ITpu 3THX 3HAYeHUMAX X BRIDAKEHHEE B IePBOH CKOOKe JIeBoil acTh
HMCXOMHOTO YPABHEHRA o0pallaeTca B HYJL, 2 BO BTOpPOi He TepHeT

1
CMBICJIA, TAK K8K B3 paBeHcTRA tg x = —4 caenyert, yro ctg x=— e Cie-

AOBATENLHO, HAlileHHHe SHAUYCHHSA X ABIANTCA KODHAMHM MCXOAHO-
ro ypaBHeHUd.

1 1
2)etg x — J_ =0,ctgx=J§,tgx= 7§,x=arctg 75 +nn =

=% +nn,ne Z,

9TH 3HAYEHHA X TaK)Ke ABAAKTCA KODHAMY UCXONHOTD YPABHEHUH,
TAK KAK NpH 2TOM BEIpaXXeHHe BO BTopoil ckobke jeBoil acTit ypaBHe-
HHUA DABHO HYJIO, & B IEPBOIT HE TEPAET CMBICTA.
r

8 +rn,neZ. A

OreeT. x=—arctgd+nn, x=

3apgaua 4 Buyucnuts arcetg (tg%]

ATlo ¢opmyne npuBeAeHUSA

2n n_2r r
tg 5 =ctg (E_ 5—)=ctg 0"
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IIo dopmMyne (7) HaxoauM
a2r n
arcctg [tg?} = arcctg (ctg 10 ]

ITY 38189y MOKHO MAAYE PEIUIHTD,
A TTo bopmMyae (6) uMeeM
arcctg [tg%u)= g — arctg [tg%): g - 2?“ = % . A

Hrak, B oToM H IpefHAYIIHX Naparpadax NOKasaAno, KaK pelamT-
cd npocTefiiiie TPHNOHOMETPHYECKHe YPaBHeHRA 8in x = g, c0s x = a4,
tgx=a,ctgx=a.

Bee gpyrie TpRroOaoMeTpUYeCKHE YPABHEHRA ¢ IOMOIIBIO TPHRIOHO-
METPHYECKHX U anrebpandecKux mpeofpasoBaHHil CBOAATCA K NpoCTeH-
meM. B eneayromnx naparpadax SyAyT pACCMOTPEER HEKOTOPHIE THIIEL
TPHTOHOMETPHIECKHX YPABHEHHH U CIOCOGEI X pelleHRiA,

YnpanHeHua
BerupcanTes (789—793).
789.1) arcctg 1; 3) arcctg J§ :
2) arcctg (—1); 4} arcctg ? .

790.1) 3 arcctg J§ - 4 arccos [%],

2) 2 arcsin (—%] + arcetg 1;

3) % arctg V3 +2 arcctg % +arcetg (-1);
J3

.2 _1
4) arcsin 5 +arcoos( E}-l—arcctg 3

1
791. 1) arcctg (-3 ); 2) arcctg (—75]
792. 1) ctg (arcctg 1); 2) ctg (arcctg /3 ).
793. 1) arcctg (ctg% ]; 2) arcctg (ctg% ]
794. CpaBRHTE YHCAA:
1) arcctg +/3 uarcetg 1; 3)arcctg 1 marctg /3 ;
2) arcetg (- /3 ) m arcctg (—1); 4) arccos % u arcetg % .
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PemuTek ypasaenne (795-801).

T85. 1} etg x=-1; 2yctgx=1; 3)ctgx=J§;

Yectgx=—+3; 5)ctgx=—%; B)etgx="1T.
796.1)1+ctg%= : 2) ctg 3x = 0.
797.1)2—ctg(2x—§)=0; 2)1—ctg[x+g)=o.

Ty _ . ny_ 1

798-1)ctg(2x—§]—J§, 2)ctg [Sx—z)—ﬁ.
799. 1) 6 cig {1—%]—7:0; 2)5ct.g(1+§]+6=0.
800.1)(tgx—5)(ctgx+J§)=0; 2y(ctgx+3)(tgx+1)=0.

801. 1) (ctg x— +/3) [23111%1—1) =0;
2) [ctg%+l] (tgx-1)=0;
3) (2sin[x+g]-1] (Zctgx+1)=0;

1) (1—J§ms§) (1+ V3 ctg x)=0.
802%*, BerancouTh:
1) arcetg (tggn]; 2) arcctg [tggn] .

803*. MoxazaTs, uroecan -1 <a <1, 1o

e ( )= o
ctg arccosa—ﬁ.

§ 41. YpaBHeHna, CBOAALIMECH K KBAAPATHLIM

PaccMoTpuM TPMIOHOMETPHYECKHE YPABHEHNA, KOTODEIE CBOAATCA
K KBAAPATHEIM OTHOCHTENLEO CHEYCa, KOCHHEYCA MK TAHTeHCA.

3agaua 1. Pemrmuth ypaBHeERe sin? x +8inx— 2=0.

A 9To ypaBHeHHe ABIAETCA KBAAPATHHIM OTHOCHTEJIBHO 8iN X.
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IloaToMy
1 1 1
inx=—--x,J-+2 =——
8in x 2 Tya 2
oTKyIa sinx=1uausin x=-2.
™

YpaBHeHHe 8in x = 1 ¥MeeT KODHH X = 2

+ 2rn, n € Z; ypaBHeane

sin x = —2 He EMeeT KOpHeH.
¥

2+21|:n,ne Z. A

OTBeT. x=

3amaua 2. Pemuts ypapHerue 2cos2 x— 5sinx+1=0.
A Bamenasn cos? x ga 1 -~ sin? x, mosyuaeM

2(1 -sin®x)—5sinx+1=0unu
2sin?x +5sinx—3=0,

-5+.f -b6x7
gin x= 5t f5+24= =,

oTRyzAA sinx=-3,sinx=

o=

. " s 1
YpaBHeHREe sin x =—3 He EMeeT KOpHeit, a4 ypaBaeHHe 8in x = 3 uwme-

eT CJIeIVIoNTMe KODHU:

x =(—1)" arcsin % +nn=(-1)" % +an,ne Z.

Oreer. x=(-1)" g +an,nec Z. A

3amava 3. Pemurs ypaBaenHe cos2x — 2cosx—3=0.

A 9T0 YpaBHeHHe ABNACTCHA KBAAPATHLIM OTHOCHTEABHO COS X, €T0
Kopau: cos x =—1, cos x = 3. ¥YpaBHeHRe €08 X = —1 UMeeT CaeAYIOITAL
KOpHHU: X =+ 21n, n € Z, a ypaBHEeHHUE COS X = 3 He NMeeT KODHeH.

Orser: x=n+2nn,nec Z. A

3agaua 4. Pemuts ypaBHerne 28inx—cosx~1=0.
A Henonssya dopmyrny sin? x = 1 — cos? x, umeem
2(1-cos?x)—cosx— 1=0wmm
2cosfx+ecosx—-1=0,

1
OTKyAa cos x=-1, cosx= 3

T
OTBeT. x=1+2nn, x=:|:§ +2nn,ne Z. A
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3amava 5. Permurs ypasHenne 3tg2x+5tgx—2=0,
A 310 ypaBHEHHE ABAACTCH KBAAPATHHM OTHOCHTENABHO tg€ X, ero

1

RopEM: tg x=-2utgx = 3+ OTKYAa OJNytaeM ABe Cepuu KOpHEei:
1

x=-arcig 2 + nn, x = arctg 3 +an, ne Z.

OreeT. x=—arctg 2+ nn, x=arctg % +nn,neZ. A
3agaga 6. Pemints ypaBuerne tgx—2ctgax+1=0.

A Tak kar ctg x = , TO YpaBHeHHE MOXKHO TIPeICTABHTE B BRIE

1
tgx

tgx— 2 +1=0.

tgx
YwmHaOXKanA ofe YaCTH ypaBHEeHHA HA tg x, uMeeM
tgZx+tgx—-2=0,
OTKYIa
tgx=1,tgx=-2,x= E +nn, x=-arctg2+nn,ne Z.

OTMeTHM, 9TO JIEBAA YACTh MCXOAHOI'O YPABHEHHEA HMEET CMBICI,
ecau tg x # 0 7 ctg x »# 0. Tak Kax Ana HaAeHEHBIX KopHel tg x ¢ (
u ctg x # 0, To UCXOLHOE YPABHEeHHWe PABHOCHJILHO YPABHEHHID
tg2x+tgx—2=0.

T
OTBeT. x= 1 +nn, x=—arctg2+nn,ne Z. A

Bagava 7. Pemnts ypaeaenue 3 cos?6x+8sin3xcos3x—4=0.
A Acnoabpsya dopMyan

sin?6x +cos? 6x=1, 8in6x=2sin 3x cos 3x,

npeobpasyeM ypaBHeHHe
3(1 -sin?6x)+4sin6x-4=0,
3sin® 6x—4sin6x+1=0.
OGoagaums sin 6x = y, moxyuum ypasaenue 3y2 — 4y + 1 =0, oTtky-

1
i1 y1=1,yz=§.

. r RN
Dsin6x=1, 6x—2+21m, x=15t+73 yne Z.
. 1 .1 -1)" 1
= — ={-1}* — = — -
2)sin 6 x 3° 6x =(~-1)" arcsin g T x= 5 arcsin _ 3+ 5
ne Z.
L -
OrBer. x= T 3 ,x— 5 arcsin 3+ P ,neZ A
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Ynpaxteuus
Pemute ypapHerue (804—-816).

804.1)sin2x=%; 3)2sin?x+sinx-6=0;

2)2sin®x +sinx-1=0; 4)3sin?x+2s8inx-8=0.
1

805.1)0082:::5; 3 2cos?x+cosx—6=0;
2)2cos2x—cosx—1=0; 4)3cos?x—5Hcosx—12=0.

806.1) 2cos?x—sinx+1=0; 3)4sin?x—cosx—1=0;
2)8cos?x—sinx—-1=0; 4)2sin? x + 8 cos x = 0.

807. ) tg2x=2; 3tglx-tgx+1=0;
2)tg2x-3tgx—4=0; 4)3tg2x—4tgx+5=0.

808. 1) tg x =ctg x; tgx- J3ctgx+1=43;
2)tgx+3ctgx=2J§; 4)J§tgx=2+ J§ctgx.

809.1)cos2x +8sin x=3;
2)}8cosx =7 +cos 2x;

8) 5 cos 2x + 7 cos x+g +1=0;

4) 2 cos? x—%)+5sin (x—g) -4=0.

£10.1) 2 sin?x +&in? 2x = 2; 2)cos 4x +2sinx =0,
1 13
811.1)ctg42x+ Sin42x—25, 2)m—ﬁ+tgx.
812.1) 2 cos 2x + 4 cos x =sin® x; 2)2sin®x + powe =8,
818.1) 16 sin*x —cos? x=sin®x;  2) 16 cos* x - sin? x = cos®x.
814.1)sin* x + 3sin? x = 4; 2 2costx+3coslx-2 =0.
815. 1) cos 2x + 20 cos? % + 8 sin [x+g)=3;
2)2cos4x+3coszx+c052x=z.
7
818. 1) sin* x + cos® x = — sin 2x; 2) sint x - cos? x = cos x.

4
817* Halirn Bce 3HAYEHUA @, IPHE KOTOPHX YPABHEHHE
4sin®x+2(a-3)cosx+3a-4=0
HMEEeT KOPHM, B PEIIETH 9T0 YPABHEeHIE.
818*. HaiiTu Bce 3HaYeHUA @&, IPH KOTOPAIX YDABHEHHAE
4co82x+(2—-4a)sinx=a+3

n
HMeeT eIHHECTBEHHM KOpeH: HA HHTEPBAIE _E; 0).
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§ 42. YpasHeHMR, oHOpOAHLIE
OTHOCMUTENbLHO SiN X U CcOS X

PaccMorpuM ypapHeAne
asinx+bcosx=0,a20,b20, (1)
KOTOpOe HABLIBAXT OMHOPOAHLIM OTHOCHTENIBHO Sin X ¥ cos x (1-i crenen).
Pazpenns o6e vacTu ypaBHeHuA (1) Ha cos X, nOJAyIUM
atgx+b=0, (2)
OTKYAa
b b
tgx= e x =—arctg Py +an,ne Z.

B npouecce pemeEna ofe YacTH YpPABHeHMA GBUIN pa3geseHbl HA
cos x. [losToMy NpoBepHM, He ABAAIOTCA X KOPHAMH HCXOJHOTO YpaB-
HEeHNs T€ AHAYEHHA X, DM KOTOPHIX €08 X ofpamiaeTca B Eyas. Ecam
cos x = 0, 7o 13 YpaBHeHHA ciaexyeT, 4To M 8in x =0, Tak Kak @ =0, Ho
paBeHcTBa sin x = 0 ¥ cos x = 0 0AH0BPEMEHHO BHIIOAHATHCA HE MOTYT,
Tak Kax sin? x +cos? x =1,

Taxum ofpasoM, IpH Nepexofe oT ypaBEeHHA (1} X ypaBHemmo (2)
KODHH He TEPAIOTCHA U NOCTOPOHERE KOPHU He NOABJSIIOTCSA, T. €. YpaB-
gennd (1) 1 (2) paBHOCHALHEL.

3agmgava 1, PemuuTs ypaBHeHRe sin x+cos x=0.
A annoe ypasHemHe paBHOCIIISHO ypaedeniso tg x + 1 =0, orkyga

tgx=-1,x= —g + .

OrBeT.X= —g +an,ne Z. A

¥YpaBHEeHEME
asinx+bsinxcos x+ccos?x=0 3)

TaKKe HAZRIBAIOT OHOPOGIHEIM OTHOCHTEILHO 8in x 1 ¢os x (2-if crenenn).

Ecu a # 0, 1o, pasgenus obe actu ypasEeHud (3) ua cos? x, ume-
€M DABHOCHJALHOE YDABHEeHHE

atg?x+btgx+c=0,

KOTODOS ABJIAETCH KBAADATHEIM OTHOCHTENILHO tg X,

3anaaua 2. Penmre ypapaenme 2 sin x + 3 sin x cos x+cos x=0.

A lagHOe ypaBHEEHE PABHOCHIILHO YPABHRHUIO

2tg2x+3tgx+1=0.
Penias 3To KBaApATHOE YPABHCHNE OTHOCHTRIILHO tF X, HAXOOANM

tgx=—1,tgx=—-;.

n 1
OrBerT. x= ~1 +mn, x = —arctg 3 +an,ncZ. A
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K ypaenenuio (3) cBoquTCca ypaBHeHHe
asin?x+bsinxcosx+ccos?x+d=0.

Jnd 9TOro ZOCTATOYHO BOCHIONB30BATHCH OCHOBHEIM TDHIOHOMETDH-
YECKHEM TONCIPECTBOM, 2aMeaus 4 ma d(sin? x + cos? x).

3apava 3. PemuTs ypaBHEeHHE
gin®x+2sinxcosx—-3cos®x+2=0.

A Bamenmp 2 Ha 2(sin® x + cos? x), samHnIeM ypaBHEeHHe B CJeIYIO-

meM Buge:
sin® x + 2 sin x cos x — 3 cos? x + 2(sin? x + cos? x) =0,

orkyga 3sinfx+2sinxcos x —cosZx=0.

Pasgenus ofe 4acTH 9TOre YPABHEHHA Ha cos? X, MMeeM YpaBHeHHe

Stg2x+2tgx—-1=0,

PABHOCHIIBHOE HCXOAHOMY .

OTtcioaa HaxoguM tg x = %,tg‘x=-—l.

1 m
Orper. x=arctg g Thn, X=— +An,ne€ Z. A

3amaga 4. PemuTs ypapHeHHE
3sinx +sin 2x + 2 cos? x = 4,

A 970 ypaBHEHIE PABHOCHIIBHO KAKAOMY U3 CISAYICIINX YPABHEHHH;
3sin? x + 2 sin x cos x + 2 cos? x = 4(sin® x + cos? x);
ginfx-2sinxcosx+2cos2x=0;
tg2x—2tgx+2=0;
tgx—12+1=0.

3T0 paBEHCTBO HE BEITOMHAETCA HH OIPH KAKMX SHAUYeHHAX tg x, Tax
Kak (tg x — 1) > 0. K sToMy e BHBOAY MOXHO NPHATE, 3METHB, YTO
JMCEDUMMHAHT KBagpaTHOTe ypasaenus tg2 x — 2 tg x + 2 = 0 orpuna-
TeNeH.

O T B e T. YpaBHEHHe He HMeeT KOPHeH, 4

Ynpaxseuun
Pemurs ypasaenne (819—822).
819.1) J§c03x+sinx=0; 3)sinx=2cos x;
2)cos x =sin x; 4)2sinx+cosx=0.

820.1}4sin?x - 5sinxcosx—Bcos? x=0;
2)3sin?x— Tsinxcosx+2cos2x=0;
3)3sin2 x +sin x cos x — 2 cos? x = 0;
4)2sin?x+3sinxcosx—2cos?x=0.
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821.1}4sin?x—8sinxcosx+ 10cos x=3;
2)3sin2x-4sinxcosx+5cos2x=2;
3)2sin x cos x + 5 cos? x = 4;
4)3sin?x—-2sinxcosx=1;
5)1-4sinxcosx+4cos?x=0;
6) 1 +sin? x = 2 gin x cos x.

822. 1)1 + 7 cos? x = 3 sin 2x;
2)8+sin 2x=4sinx;
8)cos2x+cos x+sin xcos x=0;
4) 3 cos 2x +sin% x + 5 sin x cos x = 0;
B)sin 2x+2cos 2x=1;
6)cos 2x + 3sin 2x =3.
823*%, Haittn Bce 3HAYEHUA 4, IPH KOTOPHX YpaBHEHHE
sinx—sinxcosx—2cos?x=aq
He HMeeT KopHeii.
824*%, HaiiTH Bce 3HAYECHUA &, DY KOTOPLIX YpaBHEHHE
(a®+2)sin®x+4asinxcosx=a%+3
HMeeT KOPHH, M DEIIHTh 3T0 YPpABHeHHe,

§ 43. YpaBHeHue, nMHehHoe
OTHOCHUTENLHO Sin X U COS X

YpaBHeHHEe
asinx+bcosx=c, (1)

raea #0, b # 0, AassBAKT JIRHeHHBIM OTHOCHTEABHO 51N X B COS X.
IToraxxeM Ha mpumMepe, 4To ypaBHeHHe (1) MOXKHO CBeCTH K KBaja-

X
PATHOMY OTHOCHTENLHG tg 3 IIpm ¢ = () ypaBHeHHe ARIAETCA ONHOPOA"
HBIM ¥ CBOAHTCA K YDABHEHHIO tg X = —% (cra. § 42).

S3anaga 1. PemnaTs ypaBHeHREE

4sinx+3cosx=05.

X
A IToas3yACk H3BECTHHIMH (HODMYIIAMH H 3aAMETHB, YTO X = 2- 3%

. - x 2 X o X
OHOIeM: smx=2smEcos E,cosx=cos 2 — sin -2-,5=

. X X
=5 (sm2 §+ cos? 3 ) Torga AaEHOE YPaBEEHHE MOSKHO IPEACTABHTS TAK:
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. X x X 2 X 2 x X
—_ —_ — | = mn“ —+ cos
8sin > cos 2 +3(cos 2 —sin 2] 5(8 2 0 2]
OTKYAA

. X X x
SSinzg —SSmE cos 3 +20082—2-=0.

i X
IlonyueHHOe YPABHEHNE ARIACTCA OHOPOJHLIM OTHOCHTEILHO 8iN E

x
H C0S - M IPHBOJHUTCH K YPARHEHRIO

2 X _ X 1=
4tg 5 4tg2+1 0.
x 1 x 1
Orciona HaxoaeM tg 35323 =a.rctg§ +xn.

1
OrpeT. x=2arctg 2 +2nn,neZ. &

3aagava 2. PelluThH ypaBHeHHE
ginx-cosx=1. (2)
A Vicnonsay s HopMyJIR JBOHHOTO YIVIA, TAK JKe KAK B NIPHE PellleHHH
sajgadu 1, nomysaem

X X X
P X o2 X L an2X 2 X i
2811120082 cos® 5 +sin® 3 = gin 2+cc»£c 2
OTKYAA
X X X
x L B
smzcos:2 cos® 0.

-
B mocnefineM OAHOPOJAHOM YPABHEHHH KoxppHUMeHT npH sin? 5

paBen Hyao. IlosroMy ypaBaeHEe He CBOSHTCHA K KBAAPATHOMY OTHO-

x x
CHTEJIEHO tg' E s TAK KaK NIpR JeJeHEH Ha cos? E OoTepANTCA KOPDHH.

Janeseiinee penreHne MoXKHO IIPOBECTH TAK: COS % (sin%—coa%)=0,

N x X
=0 nm gin 5 —Cos 3 =0.

po| M

OTKYAa COs

b1
§+1|:n,x =n+2rnn,ne Z;

1
e
wla

1) cos

bo M palnm
:=|

=1,

mtn

Z+nn,x=5+2nn,nez

®
[XTR

2)sin oos%,

OTrsBeT. X= 11:+21tn,x—§ 2rn,nec Z. A
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YparHeHe (2) MORHO GHJIO HHAYE DEITHTD.

A 3ametus, uTo 1 =tg %, sanuieM ypapaeHue (2) Tak:

m
sinx—tg; cosx=1,

:-'l

T
OTKYAa sin x cos | —cos xsin — =cos

r,
4 4’

sin (x—%]: 1?;

o

_E X .
2 =1 g e

Lo

T
=7 +(—1)"1 +nn,ne Z. A

3agaua 3. Pemmrs ypasHenne

V3 sinx+oosx=2. 3)
A Paznenum ofe uacTu yparHeHus HA 2:
J3

sin x + 1 cosx=1
2 2 -

3

daMeTus, UTO —

1 . T
9 = cos 8’2 ° sin 6’ npeAcTABHM YPABHEHNE TAK:

=1,

QIFI

n
sin x cos E‘I‘COS.ZSI
+ 2nn;

n
x=3 +2nn,ne Z. A

IlokaskeM, uyTo JI000e JIUHENHOE YpaRHeHHE
asinx+bcosx=c¢, (4)

OTKYAA

Oﬂﬂf—"\

rae a #0, b =0, ¢ * 0, MOXHO peILINTE TAKKAM K€ CIIOCOG0M, KaK U ypas-
HeHHe (3).

© Pasaenem obe wacTn ypasrenns (4) ma VaZ +b% ¢
= gin x + b CoBX = : (5)
Ja2+b? Jaizb? Nl
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2 2
a b

Tax Kaxg + =1, To TOUKA ¢ KOOPAUHATAME
Jal+v? Jal+b?

a b
; JIEKHT HA efTHHUIHON oKpyXKHOCTH. ClefoBATENBHO,
(Ja"#ﬁ " Jar? ] A Py oA
CYUIECTBYET TAKOe YHCAQ ¢ (TAKOH Yroa ), YTO

a . b
COS¢=W, Sln¢=w.

IToaToMy ypaBHeHMe (5) MOYKHO 3aIHCATE TAK:

. . e
smxcos(p+oosxsmtp=72—,
a®+b?

x c
sin(x+¢)= .
F az +b2
Ilocnensee ypaBHeHHEe ABJAETCA NPOCTeHEINM TPHIOHOMETDHYEC-
KHM, pemieHHe KOTOPOTQ H3BECTHO. @

OTKYOAa

3agaua 4. Pemmurs ypaBHeHIE
6ginx-8cosx=3.

A TTogenum obe yacTi ypapHeHHS Ha 62 + 82 =10, Ioxyumm

3 inx_2 -3
531nx 5 COSJ‘.‘—IO.

3 4
Toraa cos @ = 5 » Sill ¢ =~ , MOBTOMY YpaBHeHHE MOMKHO NPeACTa-

BHTHE TAK:

3
sinxcos@+cosxsing= 10°

. 3
sin{x +¢)= 10’

OTKYAa
3
x+¢=(—1)" arcsin 10 T

3
x=-¢+(-1)" arcsin 10 +nn,ne Z.

3 . 4
Tax kak cos ¢ = E >0, sing=-¢ < 0, TO YyTOJI @ JIEKHUT B YeTBEp-

. [_4 .4
TO# YeTBEDTH M MOITOMY ¢ = arcsin {—g) =—aresin .

4 3
OreeT. x=arcsin B +(—1)* arcsin 1o tAmsnE Z. A
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YnpaxHexHus

PeumiTs ypasEenne (825--828),

825.1) sinx+cosx=1; Psinx+ Jﬁcosx=1;
2)sinx+cosx=\/§; 4)J§ sinx+cosx=1.
826.1)J§3inx—cosx=2; 2)J§cosx—J§sinx=2.
827. 1) sin 3x — cos 32 =0,5J6; 2) /3 cos 5x — sin 5x =—+/3.
828.1)4sin§+3cos§=2; 3) 8 sin 3x - 15cos 3x=1;

x i X . x X
2)12c03§—5sm—3-=1, 4)24cosz+7sm2-5.

829, Haiite HanGoasmuii oTpHUATEALHBIH KOPEHE YDABHEHEA

J6 cosx+ Jﬁsinx=2.
830. HaliTi rapMensIUuil MONORUTENIBHEIN KOpeHs YpABHEeHHSA
J8s8in3x-cos8x= J§ .
831%, PeluuThH YpABHEHHE:
1) sind x — cos? x + sin x cos? x — cos xsin®x=1;
2)sin? x + cos? x + 8in x cos® x + cos x sin2x =1.
832+, HailiTu Bce 3HaenAus @, OpR KOTOPEIX UMEKOT KOPHE YDABHEHHA:
Dsin x+acos x=2; 2)cosx+asinx=2.

§ 44. PeileHMe ypaBHEHUA METOAOM
3amMeHbl HEM3BECTHOr o

3amaua 1, Pemuts ypaeueaue sin 2x -ginx—-cosx—-1=0.
A Bripazum sin 2x uepes 8in x + 08 X, ACIONL3YA TOXJAECTBO;
8in 2x = (sin x +cos x)® - 1.

O603navem sin x + cos x = t. Toraa (sin x + cos x)% = 2, sin? x +
+2sin x cos x + cos? x = t2, sin 2x = t2 — 1, YpaBHeAre OpUMeT BRJ
t2-¢-2=0, orryga t,=-1,1,=2.

Baaua cBeAaCh K PeNICHUC CAeYIOIHX YDaBHeHUIx:

sinx+cosx=-1, sinx+cosx=2.
Pemmimv nepsoe ypaBHeHHE:

V2 V2 V2

7smx+ ?cosx=—7;
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. x)__V2,
Sln(x+z]— 2 M

T o1y L .
x+4—( 1) arcsm( 2]+Ttk,

__ T g T .
xr= 4+( 1) 4+1l:k, ke Z.

n
OTclona OIpH YeTHOM k DOJIYYAEM X = 3 + 21k, a Opu HeyeTHOM K

X =7 + 2nk. Bropoe ypaBEeHMe He MMeeT KopHeil, Tak Kak 8in x € 1,
cos x € 1 u paBeHcTBa sin x = 1, cos x = 1 He MOryT OZHOBPEMEHHO BHI-
NOMHATBCH.

T
OTBer. x=n+2nn,x=-—§ +2rnn, ne Z. A

3apgava 2. PemuTs ypaBHeHKE
sin 2x +3(sinx —cos x)=1.
A OBosHaumM sin x — cos x = t. Torna (sin x — cos x)2 = t2, sin?x —
- 2sin x cos x + cos? x = t2, sin 2x =1 — 2, Mannoe ypaBReHUE MOXKHO
BAMUCATE TAK!
1-2+8t=1.
Pemasn ero, naxogum ¢ (-t+3}=0, ¢,=0,¢,=3.
Bapaua cBeJIACh K PEOISHNI0 CASAVIONIHX YPABHEHHIH:
sinx-cosx=0, sin x —cos x=38.
Pemas nepeoe ypaEHeHRe, IONY4aeM
tgx=1,x= E
Bropoe ypaBHeERe He MMeeT KODHeH, Tak Kak |8in x | <1, |cos x[<1
H, CAe0BaTeNbHO Sin x —cos x < 2 < 3.

+nn, ne Z.

T
OrBer. x= 3 TTR, nE Z A

3agau 1 ¥ 2 pentensl ¢ IOMOMBIO 3aMEHBI HEU3BECTHOI'O,
Boobme ypaBHEeHHE

a(sinx+cosx)+bsin2x+c=0, a#0
3aMeroi ¢ = 8in X + COS X CBOAUTCA K KBAAPATHOMY YPaBHEHHIO
at+b(t2-1)+c=0;
ypaBHeHHE
a(sinx—cosx)+bsin2x+c=0, a=z0

3aMenoii ¢ = Sin X — CO8 X CBOAMTCA K KBAZPATHOMY YPABHEHHIO
at+51-t)+c=0.

IIpu pemenuM HEKOTOPEIX TPHTOHOMETPHYECKHMX YPAaBHeHHIH OKBa-
10T IIOJIE3HE 3aMeHk! B APYTHX BRIpaennil, cofep:Hammux HenspecTHOR,
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3aagava 3. Pemurs ypaBHenue

. x
sin x +ctg 2=
A Bocenonbayemea GOpMyaaMBa

x
sinx = 2tg~2— ;y  ctg x_1
- x’ 2 .. x°
T+igt = =
¢ 2 g 2
x x
QGe a™1 (hODMYIIEI BEPHEI, BCJIH 8in 3% 0 = cos 7% 0. 3amernm,

*

. oXx x
9T0 3HAYEHUA X, IPH KOTOPRIX 8in 5 = 0 unu cos 3= 0, He gBIAIOTCA

KOpHAMM JaHHEOTO ypaBHeHHA. [I09TOMY MOMHO CAENaTh 3aMeHy
x
tg 3= { H CBECTH AaHHOE YPABHEHHE K BUAY

2 1
ety
Tax gak ¢ =0, To HUMeeM
312+1 =21+ 213
208 -312 +2:-1=0;
2 -22)- (2 -+t - 1)=0;
-1 -t+1)=0,

=2.

OTKYZA
t-1=0, 22-t+1=0.

H3 nepporo ypaBHeHENA nonyvaeM f =1, a BTopoe He AMeeT AeitcTau-
TeJILHBX KODHEH.

x x = m
Ecomit=1, TOth 1,§=Z+nn, x=E+21tn. ne Z.
R
OrBerT x= §+21m, neZ. &
3apmaua 4. Peomuts ypapHeEHE
L, 1 , 1 .7
sin“x+ —— =sinx— —— + .
sin® x sinx 4

1
N — —ee — g 2 _ ging -
A llyers sin x — — po t; Torga t“=sin‘ x + oin? 2 ¥ ypaBHeHHe

7 2 1
npeobpasyeTca K BURy {2+ 2=1+ 3 (t—%) =0, oTKyAA t= 20 e

. 1 . .
ginx—- —— ==, 2gin2x-sinx-2=0,
sinxy ~ 2
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1+/17

mx=

4
. 1+417 ) 1417
Vpapuenue sin x = 1 He NMeeT KOpHeil, TAK KaK 7 >1.
YumTEIBad, 9T0 ~1< 1—£_— < 1, na ypaBgenns sin x = 1—_‘\4/—1?{ HMeeM
x=(-1)? arcsin - 1- J_ +nn, ne Z.
OreeT. x=(-1)"" arcsin Jl_"i;—l +nn, neZ. A
3agaga 5. Permurs ypaBHerue
. an X X
sin [x+?] =2 sin (E——é}.
ATL ——= =t x+3— =n—-2 ———{\—n-—ztn aB-
OJIOMHM 5 2 = {; TOrgAa 5 = 5 2}-— yp

HEHNEe MPEMET BUJ
sin(n—2f)=2sint nmm sin2t=2sint,
28)0%
2sint(cost—-1)=0.
Ecousint=0,T0 ¢t =5n, a ecmacos t =1, ro ¢ = 2an. Tak Kak KopEE
BTOPOTO YPABHEHHA COAEPKATCA BO MHOYKECTBE KOPHEE IepBOro ypaBHe-

HEg, Tol=nn,nec Z, HIH g—% =7n, OTKYAa x=2(g+nn],ne Z.

OrBeT. Xx= 2(5+11:n) neZ. A

YnpaxHeHua
Pemuts ypaBHenne (833—844).
833.1)2sin2x— 3(sinx+cosx)+2=0;
2) sin 2x + 3 = 3sin x + 3cos x;
3)sin2x +4(sinx +cos x}+4=0;
4)s5in 2x + 5(cos x -sin x + 1)=0;
5)1+ 2sinx=sin2x+ 2 cos x;
6) 1+ 3 cos x=sin 2x+ 3 sin x.
834. 8in® x + cos® x =1 +sin 2x.
835. tg? x +ctg? x = tg x + ctg x.
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836, tg* 2x + —-— =25.
837.2cosx+ ——5— =
snCx
1
838.c032x+—1—=cosx— — =2
cos X cos? x

839. sin (2x+1§’-‘] = 2sin (x—g).

T
840, sin (Zx—l%] =2 cos (x+§),

841.sinfx +cosbx=1.

cos?a:+ w0sx _ o
cosx cos2x '

842,

. 1 . 1
843.sinx+ — =sinx+ ——.
sinx gin® x
844.costx +8infx=1.
845%, Hairre Bce 3HAUYEHWA G, IPH KOTOPRIX YPaBHEHWE
sin 2x — 2a V2 (sin x +cos x) +1 — 6a2=0
HMEeT KOPHM, H DEIINTE 3TO YPABHEHHAR,

§ 45. PewuoHne ypasHOHUA METOAOM
pa3noXeHns Ha MHOXWUTENN

Onaum U3 AanGolee IPUMEeHAEMEIX METONOB PEIIeHHA TPHTOHOMET-
PHYECKRX YPABHEHH SBIAETCS METOJ DAZJIOKECHUS HA MHOMHUTEIN.

3aaava 1. Pertuts ypaBHeHEne
sin 2x —ginx =,
A Henoneaya ¢gopMyny Ans CEHYCA ZBOMHOIND APTYMEHTA, 3aHHIIEM
YPABHeHRE B BEJe 2 sin xcos x —sinx =0.
Brinoca ofmpit MHOMKHUTENAB Sin X 3a CKOOKRE, MoNydyaeM

sinx(2cosx—-1)=0.
sinx=0,x=nan,nec Z;
R

3 +2an,ne Z.

2)2cosx—1=0,cosx= %, x=:%

mn

3 +2nn,neZ. A

OrBeT. x=0R,x=2%
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3apaua 2. PelIUTE ypapacHEHe
2sinxcos2x-1+2cos2x-8inx=0.
A Brinoca o0uHil MHOXKHTENs OIEPBOT0 U TPETRErO CIIaraeMbiX, 3a-
NHOIeM ypaBHeHMe B BHIe
2ecos2x(sinx+1)—-(sinx+1)=0
WIH
(Z2eos2x-1)(sinx+1)=0.

T 14
—+2nn,x=x=+nrn,nec Z;

1
1}c032x=§,2x=:|:3 3

2}sinx=-1,x=—g +2nn,ne Z.

4 11:
OrBerT. x=iE +nn, x=-5 +2rn,necZ. A

3agaga 3. Pemuts ypaBHerue cos 3x +sin 5x=0.
A TlpumMenss thopmyay OpHBeneHns sin o= cos (g - ], 3aImumen

YpaBHEHUEe B BHAE
cos 3x + cos (3—5::] =0.

Hcnonssys GopMyny ANA CyMMB KOCHHEYCOB, UMeeM
n LAY
2 cos (Z—x]cos (43: Z) =0,

n n_=x -3 .

1) cos (Z-—x]—{),x i +rn, x= 41: +nn;
b I 3 nn
4x__ = -_— = = —_— —_—
2)cos( 4] 0, 4x g =g T E= W o

3 T
En + g nE Z A
3apgaqa 4. PeumTs ypasrenHe sin Tx +s8in 3x = 3 cos 2x.
A Ilpumensasa opMyny AnA CYMMB CHHYCOB, JATHIIEM YDABHeHHE
B BHIE

3
OTBeT. X= Zn +rn, x=

28in 5x cos 2x=38 cos 2x
HJIH

cos 2x (sin bx —g) =0.

L=
2

s & YDaBHEHHRE

| =

Vpapuenue cos 2x = () UMeeT KOpHH X =

. 3 "
gin bx= 3 He HMeeT KOpHeil,
nn

T
OTBBT.x=Z +5 e Z A
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3apgava 5 Pemmmrs ypaBHeaue cos 3x cos x =cos 2x.
A Tak xax cos 2x = cos (3x — x) = cos 3x cos x + sin 3x sin x, T0
YpaBHEHHE IPEMET BUJA:
gin x 8in 8x =0,
1)sinx=0, x=nn;

2)8in3x=0,x= %

BaMeTUM, 4YTO MHCJIA BUAA T/l COAECPIRATCA CPeAH YUCeN BHLA

nn nn
X= g ,nE Z, tax Kak ecau n = 3k, T0 3 = nk. CnegoBaTensHO, Tep-
BaH CEpUA KOPHEH COASDXEUTCA BO BTOPO,
R
OrBeT.x= € Z A

3anmaga 6. PemuTsh ypaBHEeHEHEE
cos? x +sin® x = cos 2x.
A Jlepasa K NpaBasg HYacTH YPABHPHHS HMeOT 00O[Hil MHOMKHTENL
cos x + sin x, TAK RAK
3 ind 4 = ; 1 -si .
cos® x + 8in” x = (cos x + sin x) (1 - sin x cos x);
cos 2x =(cos x + sin x) (cos x — 8in x).
IlosToMY AaHHOE YPABHEHHE TAKOBO:
(cos x +sin x}(1 -sin x cos x + sin x ~ cos x) =0,

. T
Deosx+s8inx=0,tgx=-1, x==7 +nn,ne Z;
2)1-sinxcosx+sinx—cosx=0.
Bamenoii sin x — cos x = ¢ monyuaeM ypaBHeHNe 12+ 21 +1=0, o1

Kyaa t=-1,7T.e.
sinx—-cosx=-1

HIHN
sinx+1-cosx=0;
in * x in2 X o0 X X iain¥l=
2 sin 2 cos 2 + 2 sin 3 =2 sin 2 [cosg+sm2) 0.
X . X X
Ecm-lsing=0,mx=2nn,aecnncos—2-+sm§:O,T(thi=-—1,

n
OTKYAA X=—+ + 2nn.

I T
OrBer. x=-7 +nn,x=2nn,x=—§ +2nn,nc Z. A
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3apaua 7. Peunts ypaBHeHREe €08 X sin 7x = cos 3x sin 5x.

A Bripatafa npoMsBefeEHA TPHIOHOMETPHYIECKHX (QYHKIMI uepes

CYMMEI, 3alIHIIeM YPaBHeHAe B BHAR
1 1
2 (sin 8x+ sin 6x) = 3 (sin Bx + sin 2x),
OTKYAS
8in 6x —g8in 2x =0,

Henonsaysa GopMyIy pasHOCTH CHHYCOB, NOJIYYaeM
2sin 2xcos 4x=0;

1})sin2x=0, x= %;
T nn
2)cos4x=0, x= 3 + =
nn n n
OrBer. x==3 x—§+7,neZ.
YnpamHesus
Pemtuts ypaBuenie (846—856).
846. 1) /3 sin x cos x =sin? x; 5) sin 83x =3 sin x cos? x;
2)2ginxcosx=co8 x; 6) sin 4x =sin 2x;
3)sin 4x +8in? 2x=0; T)cos 2x +cos®x=0;
4)sin 2x + 2cos?x=0; 8) sin 2x = cos? x.
847. 1) cos x = cos 3x; 3) sin 2x =cos 3x;
2) sin bx =sin x; 4)sinx+cos3x=0.
848.1) cos x sin 9x=cos 3x sin Tx; 3) sinxsin3x=%;
i
2) sin x cos Hx =8in 9x cos 3x; 4)cosx0083x=—§.
849.1) cos 3x — cos bx =sin 4x; 3)cos x +cos 3x=4 cos 2x;
2)sin 7x — sin x = cos 4x; 4) sin? x — cos? x = cos 4x.

2
850.1)1 —sin bx= [cosg—sing] 3 4)sin 2x + cos 5x=0;

2)2sin2x:1+%sin4x; 5) 2 cos? 2x + 3 cos? x = 2;

3) 2 cos? 2x — 1 =sin 4x; 6) (sin x + cos x)°=1 +cos x.
851. 1) cos x cos 2x = sin x sin 2x; 4) cos Hx cos x = cos 4x;

2) gin 2x cos x =cos 2x sin x; 5) cos 3x cos x =cos 2x;

3) sin 3x =s8in 2x cos x; 6) 2 cos 2x =sin x cos 2x.
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852.1)cos x +cos 2x +cos dx =0
2ycosx+sinx+cos 3x +8in3x=0.

853.1)sin 2x=1+cos 2x + V2 cos x;
2)sin 2x +cos 2x = Jésin.?»x.

854.1)ctgx=1+2cos 2x; 2) {

855.1) cos? x = sin x(1 + cos 2x);
2)sind x +cos® x —sinx - cos x =0.
856%, 1) 8in 3x = 2 sin 2x;
2) sin x(1 + cos x)=1 +cos x +cos® x.

§ 46. PaanuyHbie npyemMsl pelueHns
TPUrOHOMETPUYECKUX YpaBHEeHUH

3anaua 1. PeumuTs ypapaEHHE
3cos*x+4sintx=3.
A PemuTs 3T0 ypaPHeHHE MOYKHO € IOMOLIBI GOPMYN MOHIKeHUA
CTENeHH:

3 1+cos20 g 1-cos 2a
cos“ o= ————, sin“a=———,
KOTOPBIe MOAYIAKTCA N3 hopMYN NOMOBHHHEONC yraa. Mcnoassys stn
thopMyabl, UMeeM
2
3 (1+ 008 2x)* 4 g Q-c0s20
4 4

7cos?2x - 2co82x— 5=0.

Penias 9To KBAAPATHOR YPaBHeHHE OTHOCHUTENLHO COS 2X, HAXOMAMM:
Dcos2x=1,2x=2an,x=nan,ne Z;

3,

5
2) cos 2x=—?, 2x =tarccos [—$]+2nn,x= i%(n—amcosg) +nn,

nelZzZ,

1
OTmerT. x=1n; x=i§ (n—arccosg)+nn, neZ. A
3agava 2. Pemuth ypaBuernue sin! x + cost (x—g) = %

A IlpuMeraa GOPMYIBI MOHMKEHNUA CTENeHH, IOJYIAEM

b ]
l+cos2| x——
[1—0032::)2_'_ * [x 4) _

1
2 2 4’
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OTMeTHM, 9TO COS 2(x—£]=cos [Zx—g}=cos (2—2::) = gin 2x.

IToaromy, ocBOGOKAAACE OT Apoleil, MMeeM
1-2cos2x+cos?2x+1+2sin2x+sin?2x=1;
1+sin2x —cos2x=0;
2sin xcosx+ 2sin? x=0;
sin x (8in x + cos x) =0,

T
OTKYAA HAXORHM X =Rn; X=—" +AN,NE Z.

n

4+1m,1rn'£ Z. A

OrBeT. x=1n; x=—

3anmaua 3. PemrTh ypaBHeHEE
sin'®x +cos® x=1.

A PentrTh 9T0 ypaEHeHHRe ¢ ODOMOIIBIC GOPMYJ DOHMKeHHSA CTele-
HE HenpocTo. [Ipoime NCIOAB3OBATE CIRIYIOIMIAL PACCYKACHA.

MspectHo, uro | sin x| < 11| cos x | € 1. TIycTs BHIDOMEAIOTCA CTPO-
ree EepaBeHcTra |sin x| < 1 u|cos x| < 1. Torgasin®?x <1, cos® x < 1
H Tem Gonee sin® x < 1, cos® x < 1, n nmoatomy sin® x < sin? x,
cos® x < cos? x. A tar rak sin? x + cos? x = 1 gaa moBoro IHAYCHAA X,
To sin® x + cos®x < 1.

HTaK, eclH EMEIOT MeCTO CTPOTHe HepaBeHCTBa [sin x| < 1 u
| eos x| < 1, To naHEOe ypaBHeHHUe He HMeeT KopHeil.

OcTanocs JHIIL PACCMOTPETh CIYy9aH, KOTAa wi | sin x |= 1, uau
T
2
H €CTh KOPHE AGHHOTO YPABHEHHA,

|cosx|=1,T. e. mmn x = < + nn, nam x =R + "n, B € Z. DTH 3HAYEHHS

n

2 +rn,nc Z. A

OrBeT.Xx=

3agava 4, Pemurs ypasEeHNe
2sintx + 3costdx =5,

ATak xak |[sin x|€<1u|cos4x|< 1, Tosin? x<1umcos? 4xr< 1,
Ecan BHNOJHAKTCA CTPOrHe HepapeHeTBa, To 2 8in? x + 3cos? 4x < 5
¥ ypapHeHHe He HMeeT KopHei, CliefoBaTeNbED, sin? x =1 ncostdx=1.

1.4 T

KopuaMn ypauenua sin® x =1 ABagioTCA UMCI8 X = 2 +nn. Ipu

3THX 3HAYEHHAX X BEDPHO H BTOPOE PaBEHCTEO: cosi4x =1,

r
OTBBT.x‘-'-E +An, ne Z, A
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3apgaua 5. PerinTts ypaBHeHHE
28inx+ Tcos8x=9.

A BoclionssyeMes ogaocTopoEHeH onenroit agateHUi cCHEYCA H Ko-
cuayea: sinx<1ucos8x< 1. ITosromy 2sin x < 2, 7 cos 8Bx < 7, OTKY-
aa 2sinx+ Tcos8x<9.

CrefoBaTensHO, YpaBHEHHE 00PAIAETCA B BEPHOE PABEHCTBO TOJIL-
Ko Torga, xorga sin x =1 u cos 8x = 1. Permasa ypapHeHHe sin x =1,
™

noaydaeM Xx = P)

+ 2nn. HpH OTHX 3HAYEeHHAX X HAXOIHUM COS 8x =

T .

=cos 8 (E+ 2nn) = cos (4n+ 16nn) =1, 1. e. KOpDHK ypaBEeEHA Sin x =1
ABAAIOTCA A KOPHAME ypaBHeHRA cos 8x = 1. Ecau BMecTo IPOBEPKH pe-
IOATEL TAKKe U ypaBHeHRNe cos 8x = 1, To, NONYyIMB €ro KOpaH X = =
NpHEOLIOCH LI JONOJHATILEO YCTAHABIMBATS, KAKUe H3 HUX ABAAIOT-
¢ KODHAME YPABHEHHA sin x = 1, T. e. He ABJIAIOTCA IOCTOPOHHIMI J/14
ARHHOTO YPABHEHUA.

7

OrBerT. X= 2

+2nn,nc Z. A

3aaava 6, PemuTh ypabHeHHE
sin x sin 5x sin 9x=1.
A YpaBHeHHe MOKeT HMeTh KODHM TONLKO B CiIydae, Koraa | sin x |=1.

Ecm sin x=1, 10 x= !25 +2nn, n € Z, oTkypa caenyer, uto sin bx=1,

sin9x=1.

Ec.msinx=—1,-mx=—g +2nn,ne Z, nrorga gin bx=-1,sin9x =
=-1 1 mosTomMy sin x sin 5x sin 9x=-1.

Oreer.x=2 +2nn,nec Z A

2
3agava 7. Permure ypaBHEHHE

cos 2x
12 2 A= —
sin® 2x +sin“4dx=1 cos 3%

A VcxoaHoe ypaBHEHHE PABHOCHIBHO KA JOMY U3 YPaBHEHUHA

1-cosdx + 1 - coe 8x —1- cos 2x

2 2 cos 3x °

cos 4x + cos 8x _ cos 2x 6 2 _ cos 2x
T 3 " cos3x ' COSOXCOSET=Gog 3y
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4 NMpH BRINOJAHEHNHN YCIOBHA CO8 3x#0 P&BHOCRJIBHC YPABHEHHID

cos 2x(cos 3x-cos Bx ~1)=0.

¥Ypapaenue cos 2x =) uMeeT KOpEH X = — + —125 » € Z, a ypaBHeHHE

PR

¢0s 3x cos 6x = 1 MOM¥eT MMeh KDHH TOJIHKO B CIyiae, Koraa | cos 8x |=1.

Ecnn | cos 3x| = 1, Toraa cos 8x = 2 cos? 3x — 1 = 1, ¥ nosroMy

2
cos 3x cos 6x =1 ToABKO TOTAA, KorAa cos 3x =1, oTKyza x = -g—ri .
n fn 2rn
OrBer. x—z+?, x——E—,ne Z A
YnpaxHeuuna
PemtnTh ypaBueHue (857—864).
857.1)8sin x cos x cos 2x = 1; 3)cosaxsinx—sin3xcosx=i;
2)1 +cos? x=sintx; 4)sin3xcosx+cossxsinx=i.
858.1)sin? x +sin?2x=1; 8)sindx=6cos?2x - 4;
2)sin? x +cos? 2x =1; 4)2cos23x +sin 5x=1.
859.1) 2 cos?22x + 3 sin 4x + 4 sin? 2x = 0;
2)1 -sinxcosx+2cos?x=0;
3)2sin3x+i cos?2x=1;
4)8in? 2x +cos? 3x=1+4 sin x.
860.1) 2 cos?x=1+4sin4x; 2)2sin2x=1- 3 sin 4x.
861.1)sin® x +cos® x=1; 2)3sinfx+4cosdx="7.

862.1) 2(sin* x + cos? x) = 6 sin 2x — 5 sin? 2x;
2) 8(sin® x cos x + cos® x 8in x) + 3 sin 2x = 0.

863. 1) sin® x cos 3x + cos? x sin 3x=—g;
2)sin® x + cos® x =1+ 2sin?x cos®x.

864.1)sin xsin 5x=1; 3)cos xsin Sx=-1;

2)sinx cos4x =-1; 4) sin x cos 3x=-1.
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865*%, HaiiTi Bee sHAYeHNA @, I KOTOPHIX ypasHeHue sint x +cost x=a
HMEET KOPHH, X DEIINTS 9TO YPABHEHHE.
866%. PeruuTh ypaBEeHHEe:
1)}cos x cos 3x cos Hx=-1; 2)gin x sin 3x sin Tx=1.

§ 47. YpaBHeHua, coaepxawme
KOPHH U MOAYNN

3amaua 1. Pemuts ypapHeRuE

Jl—28i112x =2sgin x—cos x. (1)
A Boseoas ofe wacTH ypaBHEHHA B KBAADAT, NOJIYIAEeM
1 - 2 sin 2x = (2 sin x — cos x)%, (2)
OTKYAAa
1 - 4 sin x cos x =4 sin? x — 4 sin x cos x + cos? x;
1-cos2x—4sin2x=0:
sin?x -4 gin?x=0;
sinx=0, x=nk, ke Z.
Hanomaum, 4To pH BO3BeNeHHN 00enX IacTell YDABHEHHA B KBAXPAT
MOTYT HOABRTLCA MOCTOPOHHME KOPHH, TIO3TOMY HEOOXOZHMA IPOBEDKE.

IIput x =nk, k€ Z nepas YacTe ypasEeaed (1) paeaa .j1-2sin2nk =1,

8 TIpaBas paBHa 2 sin #k — cos mk = —(—1)* = (-1)**!, Bnauenue, paBHEOE
eNUHHMILE, TIPABAA YACTh IPHHUMOET TONEKO IpH k=2n + 1, tRe ne Z,
ITosroMy KopHAMM ypaBHeHud (1) apnarorea uucna x=n(2n+ 1), ne Z.

OrMeTHM, UTO B AaHHOM CJIyYae AJA MPOBEPKH AOCTATOYHO BBINO ye-
TAHOBHUTE, IPH KAKHX Hal/IeHHBIX 3HAYeHAAX X ONpAaBafd Y4ACTL YPaABHE-
HuA (1) HeoTpuUATENEHA (KOHEYHO, ECJIH He AONYILEHS! OLIHOKH B Ope-
o0pa30BAHHAX MR B BEIYHECIEHHAX ).

IIpu x = nk, k € Z opaBad 4acTh DOXOKHTENLHA, ecIu B =2n + 1,
n e Z, n OTpHELATEALHA, ecH k=2n,ne Z,

KpomMe Toro, oTMeTHM, YTO 3HAK NOJKODEHHOT) BRIDAXKEHHUA YDaB-
HeHuA (1) IpH HaltneHHHX 3HAYEHHAX X He HYKHO YCTAHABIHBATD, TAK
KaK Impasaf 9acTh ypaBaeHHA (2) HeOTPUIATENLHA H ITO3TOMY KODHA-
MU 3TOTO YPABHEHHA ABIAKTCA TOABKO TAKKWE 3HAYEHHH X, NPH KOTO-
puix 1 — 2 gin 2x 2 0, 7. e, MOAKODPeHHOE BHIDAMKEeHHe ypaBHeHH (1)
HEOTPRIIATEABHO,

Orser. x=m(2n+1),ne Z. A

Sagaua 2 PemuTs ypaBHeHHE
J7-cos x—600s2x =4sin x.
A Boasoga 00e 4acTH ypaBHeHEA B KBAAPAT, HMEeM
7-cosx— 6cos 2x=16 sin? x.

278



Henonssya dopMy Iy KOCHHYCA JBOIHOTO YTiIa, 9T0 yPABHEHME [IPU-
BOJMM K KBAADATHOMY:
4co8®x—-cosx—-3=0,

3
OTKYa COs X = l,cosx=—z.

)cosx=1,x= 2nn,ne Z;
2)cos x= (—;], x= tarccos {—2—) +2nn,ne Z.

IIposepuM, OpH KAKMX M3 HAWJEHHLIX 3HAYEHHIT X OpaBagd IaCTh UC-
XOJTHOTO YPaBHEHHA HeOTPDHIATEbHA, T. &. sin x 2 0;
1) opu x = 211 moxyuaeMm sin x = 0;

3 . .
2) yron arccos (-—Z) JIEIKET BQ BTODOM YeTBEPTH, B KOTOPOH CHHYC
OQOJIOKETENEH,

3 o -
Yron —-arccos [_Z] JIEXKUT B TPEThEH 4eTBEDPTH, B KOTOPOH CHAYC

OTPHLIATEJICH.
OTBeT. x=2nn, X=arccos (—i—] +2an,nc Z. A

J3aaaua 3. Pelunts ypaBHeHEe
2-8sin?x=2|cos x|.
TTo onpeaeseEHIO MOAYIA YHCJIA CASTYET PACCMOTDETD B8 CAVIAL:
1)| cos x| =cos x, ecnu cos x > 0;
2)| cos x| =—cos x, ecnu cos x < 0.
PaccMorpuM nepasiit cayvait. Ilpu cos x 2 0 uMeeM
2-3sin? x=2cos x;
3cos?x—2cosx—1=0;

1
cosx:l,cosx=-§.

Bropoe 3HaueHHE HEe I'OAHTCH, TAK KaK cos x 2 0. Ma ypaBHenmA
cos x =1 HaxoauM x=2nk, ke Z.
Bo emoponm cayuae, T. e. ecid cos x < 0, HmMeeM
2-3sin?x=-2cos x;
3cos?x+2cosx—-1=0;

i
cosx=-1,c08x= 3

BTopoe 3HaueHMe NOJOMUTEILHO, T, €. He VAOBISTBOPALET YCIOBHIO
cos x < 0. U3 ypaBEeHna cos x = -1 gaxoqumM x = n + 2nk, k € Z, 06
ennuAd GopMyaH x=2nku x =1 + 2nk, DoayyaeM x=nn, n € Z.

OrBeT. x=mn,ne Z. i
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3axgaua 4. PemuTs ypasHeHue
4-2cos’x=5|sinx|
Al)sinx=20;
4—2cos?x=5sinx;
2gin?x-56sinx+2=0;
1

sinx=2,sinx= 5°

Ypasaenue sin x = 2 me uMeeT Kopaei;

1 n
sinx= 2 >0, x=(-1) g tHmne Z.

2)8in x < 0;
4—2cos? x=-5sin x;
2sin?x+5sinx+2=0;

. . i
smx=—2,smx=—§.

¥YpapHeHHe 8in x = —2 He UMeeT KopHEl;

1
sinx=—§ <0, x=(-1)" —g +nn,ne Z.

T T
OrBer. x=(—l)"% + nn, x=(—1)’“‘lg +nn Hnnx:;ta + 1,

neZ. A
YnpaxHeHun
Pemuth ypasHeHHe (B87—874).
867.1) Jeos2x =sin x; 2) J1-sinx =2 cos x.
868.1)J§cosx=—\/§?s§n—x; 2)m=1+2sinx.
869. 1) | sin x| =sin x + 2 cos x; 3)|2tgx—8]=3tgx+1;
2)|3sinx-5|=2; 4)2|cosx| ~cosx~3=0,

870.1) \[sin2x = fcosx—sinx-1;
2) 4+ 3008 x-cos 2x = /6 sin x.

871.1) Jgﬂmszx =gin ¥ — coS x;

1
2) ,/sin3xﬂsin = ﬁsin x.
872.1) /5co8 x—cos 2x =-2sin x;
2) Jcos x+cos3x =—4/2 cos x;
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3) 30— t2x) =22 cos (x+—]
1) Jetg2x—ctgr = — .
873* 1)4|cos x|[+3=4sin’x; 2)|tg 2x|+1=

874%%, 1) ,f5+coszx =sinx+3cos x;

(/3 +1)sin3x +sin5x _
Isin x| = V3.

coa? 2x

2)

§ 48. CucToMbl TPMrOHOMETPUYECKMUX
ypaBHeHMA

3apaua 1. PellIHThH CHCTEMY VPABHEHME
sin x cos y=%,
ctgxtgy=1.
A M3 epBOTO YPABHEHMS ceAyeT, ITo sin x # 0 u cos y = 0. Ioato-

MY, YMHOMXASA IOWIEHHO BTOpOe YpABHeHHE Ha IePBOe, EMeeM CHACTEMY,
PABHOCHJIBHYIO JAHHOMN:

[y

sinxcosy=—,

Ll ]

cosxsiny=§.

CKIaALEBAA M BRIYATAA NOYJICHHC YPABHEHUS 3T0H CHCTEME, OAY-

qaeM ) )
sinxcosy+cosxsiny=1,
{sinxoos y—-cosxsiny=0
i
sin(x+y)=1,
{sin(x—y):O,

oTxyna
{x+y=21m, neZ,

x—y=nk, ke Z.
nk rk
Pelllaa nocaegHI00 CHCTEMY, HAXOAUM X =7an + S Y=t o,
neZ, ke Z

nk,ne Z.keZ A

nk
OTrBer. x=0AR+ — ,y n— 3
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OTMeTHM, ITO B 3A0HECH PEOIeHEA IeJLIe THCJIA X M B MOTYT ORITE
KaK OJ]HHAKOBEIME, TAK H PASHHIMH, ¥ noTped/eHHe TOAbKO OJHOTO 000~
SHAYEHEHA [eA0r0 THCIA (TOMBKO 1 WIN TOJBKO k) IpHBeao GH K moTepe
Kopaeii.

Jagavya 2 PemnTh CHCTEMY YDABHeHRI

gin ¥ =5Hsin x,
cosy=2-3cosx.

A Boapeaem ofe yacT YPABHEERA B KBALDAT M CIIOMHM IIOXYIeH-
Hble ypapHeHuA. OTcona pMeem

25sin2 x +(2 - 8cos x)2=1,
OTKYZAA

8cos?x+6cosx—14=0;

7
cosx=1 mau cosx=—z.

7
YpasHeaue cos x = — 7 He mMeet KOpHeid,

H3 ypapHeHnd cos x = 1 Haxoqum x = 2nn, n € Z. IlogcTasnan sta
3HAYEHHUA X B HCXOAHYIO CHCTEMY, TOJIYIAeM

{siny=0,
cosy=-1,
oTRYOa y=n+2nk, ke Z.

OTrserT (2nan;n+2nk), n, ke Z. A

3apgawa 3. PemmnTs CECTEMY YPABHEHHI
sinx= %si.n %,
cosx=sin.
A BoaeenesM ofa ypaBHeHEHA B KBAAPAT M CJIOKHM NOJTYYEHHKE YDaB-
HeHHA;
sin? x = % sin? 2y,

+
cos? x=gin y

1 ]
1 = sin2y+ 9 sin? 2y
OTKYZAa

1
cos?y= g4 sin?y cos? y;

cos?y (l—%sin2 y) =0;
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cos® y {g—sinzy] =0.

9
Tak kax | sin y|<1, To i —sin?y+0.

T
2
PaccMoTpumM aBa caydad: k — 4eTHoe B k — HeudeTHOe IHCJIA.

CnenoratensHo, cos’y =0, y= 7 +nk, ke Z.

1) Ecau k= 2n, To, HOACTABIAA I} = g + 211 B HCXOAHYIO CUCTEMY, IMe-

ginx=0,
cosx=1,
oreyaa x=2nl,le Z.

.4

2) Ecnu k = 2n + 1, T0O, IOACTABIAA Y = 3

+ % + 271 B HCXOAHYIO

CHCTEMY, NOJIyIaeM
sinx=0,
cosx=-1,
oTKyaa x=n+2nl,le Z.

Orser. (2nl;%+2m), (n:+2m!;3—;+2nn), LncZ a

3 agavad, Peomrs cHcTeMy YpaBAeAHH
gin y=3sin x,
cosy+2cosx=1.

A J{na MCKIIOUeAHA HENIBECTHOIO I N3 JAHHOR cucTeMH npeobpazy-
€M BTOpOe YpABHEHHE, BO3BeAeM 002 YyDABHEHHA B KBAIDAT M IIOYJICHHO
HX CAOKHM:

siny=3sinx,
cosy=1-2cosx,
gin? y=9$i.n2 x,
cos? y=1—4cosx+4coszx;

1=9sin2x+1—-4cosx+4cos?x,
OTKYAA
9-9cos?x—4cosx+4cosx=0;
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S5cosfx+4cosx—9=0;

9
eosx=1,cosx=—3.
Dcosx=1,x=2nn,ne Z;

9
2)cosx=— 3 < —1, HOpHe& HeT.

Ilogcrarnasa cos x = 1 B0 BTOpoe ypaBHeHHE MCXOJHOM CHCTEMEI,

HAXO0AHM
cosy=-1, y=n+2nk, ke Z.

Tak KaK B X0/ PeIIeHNA CHCTEeME! YPABHEHEH BOSEOXUIHUCH B KBAJ-
paT, HeofX0oqUMA MPOBEDKA,

Halineansle penieHUA YAOBIETRODANT BTOPOMY YPABHEHHIO CHCTE-
Mbl, TAK KaK OHO OBIJI0 HCIIOAL30BANO AJMA HAXMWKACHUA 3HAYEHHH  IPH
HAAeHHBIX 3HAYCHHAX X,

IIpoBepseM nepBoe ypaBHEHHRE: €10 AeBasd TACThH pABHA

sin(n + 2nk)=0,
npaBas Y8CTh
3 sin (2nk)=0.
IMocTopoHEHHUX KOPHEH HeT,
Orper.x=2nn, y=n+2nk,nec 2, ke Z &

YnpaxHeHus
PemuTs cHeTemy ypapHeauit (875-887).
875.1) [sin(x+y)=0, 2) [cos(x+y)=0,
sin(x—y)=0; cos{x—y)=1.
8786.1) sinxsiny=i—, 2) sin2x+coszy=%,
_K, _r
xX+y= 3 x+y e

877. (sinx+cosy=1,

sin? x + cos? y=

B =

878. {sinx -siny=1,

2

8in x+coszy:1.

. 1
879. SInxcosy =",

cosxsiny=-

B | =
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880. |3cosxcosy+Tsinxginy=4,
Scosxcosy—3sinxsiny=3.
1
881. |COSTXCOSTY = 7=,
=5
_x=1
y '-4"
882, {4sinx—2siny=3,

1
CO8 X =——- +CO8 I
€08 x

cosx-sinx=1+cosy-giny,

|
|
{
|
|

3sm2x-2sin2y=§.

886+, Ictg* 2 +32sin® y =55,
_ i
| sin® 2x

~4cosy=>5.

887+, ‘sill{3x+%)|=siny—cosy.

+

sin2y+2sin2x=%+23in3 2.

§ 49. MoasneHne NOCTOPOHHUX KOPHEWA U NOTEPA
KOpPHER TPUIroHOMETPUHECKOro ypaBHeHUS

IIpn pemreHMH TPHTOHOMETPREYECKHX YPAaBHeHHI (KAK B IpPH pernxe-
HHH HPPATHOHANEHBIX HIH JorapmpMAYECKHX YPAaBHEHHIH) HEKOTOpEIR
npecbpazoBaHud He IPHBOIAT JAHHOE YPABHEHAE K PABHOCHILHOMY MY,
Hanpumep, npu BogpefeHHN obeux HacTell YpABHEHHA B KBAAPAT NOJIY-
yaeTcd ypaBHeHHe — CJIENCTBHE JAHHOTO, T. €. MOI'YT HOABATHCS MOCTO-
pomane kopuu. IIpH yMuEOsteHHH 00enX yacTell ypABHeHHNA HA BEIDAMXKe-
HHA, COAEDKALTHE HEHIBECTHOE, TAKIKE MOTYT NOABUTLCH TIOCTOPOHHHE

285



KOpDHH, 4 IIPH JeAeHREH 00enX yacTeH ypABHEHUA HA BHIpAXKeHNe, cogep-
sKallee HeM3BECTHOR, MOXET IPORSOHTH MOTepA KOpHEi.

Ecnu B mponecce pelieHNA YPABHEHHA MOJYYASTCHA YDABHEHHE —
CJIefICTBHE ZAHHOIO, HAJQ NPOBEDUTEL, He MOABMINCE JH MOCTODOEHHE
KopHH. IToTepio KopHeit 06HADYXHTE TpyNHEee, [IosroMy opeobpasoBa-
HHA YPABHEHHA, KOTODHIE MOTYT NPHBECTH K NOTEPe €0 KOpHei, Byx-
HO TIPOBOJUTE OCTODOKHO.

PaccMoTpHM cayyad NpROGDETeHEA OOCTOPOHRHNX KOpHell BNHA mo-
TePH KOPHEeH OPH PRINEHUH TPEMOHOMETPHIECKEX YPABHEHMIA.

3agaua 1. Pemurs ypaBHeEHE

2 tg x sin % +4sin% ~tgx-2=0.

A CnocofoM rpyINHDPOBKH D&3JICKHM JIEBYIO YACThH YPABHEHEA HA
MHOXHTEIN

(tg x +2) (2sin§-1] =0.
Dtgx+2=0,tgx=-2, x=-arctg2+nn,ne Z;

x 1

.oXx .
2)2sm~§ -1=0, sin 3 =9’

=g emn, =1 G+
+3nn,ne Z.

Tak Kak JeBad YaCThH JAHHOTO YDABHEHHUA COTEPXKET tg X, KOTOp&IA
R
2
OOABHUJINCE JH B CBASH ¢ 3THM IIOCTOPOHANE KOPHU. BHIIOJIEHM IIPOBED-
RY:

1) eciu x = —arctg 2 + nn, n € Z, 10 tg x cymecTByeT K JeBasA YacTh
AAHHOTO YDABHEHHA He TepAeT CMBICIA;}

HE HMeeT CMEICJIA PR X = — + 7k, k € Z, To HeoOX0ZHMO IPOBEPHUTE, HE

T
2) ecnu x = (—-1)* 2t 3nn, To g x He CYIIECTRYET M JIeBAA YACTL MC-
XOAHOrO YDABHEHHA He MMEeT CMBICIA.
OrBeT.x=-sarctg2+nn,ne Z. A
3agaaa 2. Pemuts ypaBHEHHE

2sin3x +sinbx
sinx

Allyeresinx 20, T. e, x # tk, k € Z, YMEO®aa ofle 4aCTH YPaBHE-
HUA HA §in ¥, moay4aeM

+1=0.

2sin3x+s8in5x+sinx=0.
Henoassya GopMyny CyMMEL CHHYCOB, IMeeM
2gin 3x+ 2sin 8xcos2x=0;
8in 3x (1 +cos 2x)=0.
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1)8in3x=0,3x=nk, x= %’,ke Z;

2)1+cos2x=0,c082x=-1,2x=n+2nrk, x= g +nk, ke Z.

Tayk XKaK OpPE pelIeHNE YDABHEHEA 00e ero 4acTy YMHOKAIUCH He
sin x, BOSMOIKHO OOABJEARE NOCTOPOHAEX KOPHeid, BHIOJHHM IpOBREDKY:

Decan x = ﬂ—k,ke Z,10s8in x=0nupu k=3n, T. &. OpA X = AR, HO

3
sinx20npek+3n, T.e.upuk=3n+1luopuk=3n+2;

E .
2Decmnx= 3 +nk, ke Z,Tosinx=0.
x 2x T
OrserT. x= 3 +nn,x= 3 +nn, x= 3 +nn, neZ, A
3agaua 3. PemlluTs ypaBHEHHE

2-cosx _
co8 X

2.

ATlyers cos x # 0. Torma
2-cosx=2cos x;
2

COS.‘.C=§;

2
x =*arccos 3 +2nn, ne Z.

Brimonaum nposepky. Ecau x =tarccos % +2nn, ToCO8 X = g 20,

2
OrBeT. x=:=*+arccos 3 +2an, ncZ. A

3axgaua 4. Pemurs ypasuerre
tgx= sinx—cosx
sinx

sin x
A Tak rak tg x = ——-., T0, yMHO¥aA o0e YACTH YPABHEHUA HA IPO-
cosS X

usBefeHue sin x cos x # 0, Doryuaem

2

sin? x =sin x cos x — cos? x,

OTRYAA
sin? x + cos? x =sin x cos x;
ginxcosx=1;
2sinxcosx=2;
sin 2x=2.
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TocneaHee YpARHEHME ARIAETCA CJICNCTBHEM HCXOAHOTO, (HO He UMEeT
KOpHeil, cliefoPaTeILHO0, U HCXOAHOE YPABHeHIe He IMeeT KopHeit.
O 1 BeT. KopHell HeT. A

3agava 5. PemuTs ypanHeHHe
l+cosx

2
A BosBopda obe uaCTH YDABHEHHA B KBAADAT, HMEeM

=C0s X.

1+cosx

. = cos®x,

OTKYZa

.

[ ST

2cos?x—cosx—-1=0,cosx=1,cosx=—
Dcosx=1,x=2nn, nc Z;
1 2n
2) cosx=->, x=i? +2nn, ne Z.
Tar RaK OIpH PeIIeHAH 00€ YaACTH YPABHEHEHMA BO3BOARIHECH B KEAJ-
PAT, TO BHIIIOJNMM IPOBEPRY: BHIACHUM, IPH KAKHUX U3 HANACHHBIX 3HA-
YeHHi X IpaBadA IYacThk HCXOAHOTO YpaBHeHNs HEOTPHUATENBHA.

Ecrm x=2rn, Tocos x=1> O;EWx:iEaE + 2nn,moosx=—% <0,
OrseTr.x=2an, ncZ. A
PaceMoTpuM Teneps IpUMepsl YPABHEHHWH, IPHE PelIeHAW KOTOPEIX
MOXKeT OLITE TOTepA KopHeil.
3agaua 6, Pemurs ypasHerue
tg x =gin 2x,
A 3aniMmieM 3T0 YPABHEHME TAK:
sinx .
e = 2 gin x cos x.
IIyeTs cos x # 0, Torga
sin x = 2 sin x cos? x;
sin x (1 — 2 cos? x) =0.
Dsinx=0,x=nn, ne Z;
n

2)1-2cos®x,2co82 x =1,1+cos2x=1,co82x=0, 2x= 2

+7n,
nn

2
IIpoBepKka MOKA3BIBALT, UTO B 060KX caydaax cos x =0,

x=-+ ne Z.

R

T T
OrBeT.X=7N, X= 1 +5,n€ Z., A
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3aMeuaHHe. EcaH 06e YACTH MCXOHOT'O YPABHEHHA
sinx .
— " =2sinxcosx
pasaexuTs HA 8in x, T. e. TepeiiTH K YDaBHEeHHO

R S 2cos x,
co8.X
T0 GYAYT DOTepAHEI KOPDHM YpaBEeEHA sin x =0, T.e.x=nn,nec Z.

3agaua 7. PemiuTs ypaBHEHNE
tgx~-sinx=1-cosx.
A ITpeacTaBUM 9TO YPABHEHHNE TAK:
tgx—-1=sinx-cosx;
sinx .
—— —1l=sinx-cosx.
cos X

Ecmacos x =0, To
sin x — cos x = cos x (8in x - cos x);
sin x - cos x - cos x (sin x - cos x)=0;
(sinx - cos x}(1 - cos x)=0.

Dsinx—-cosx=0,tgx=1,x= g +nn,ne Z;

2)1-cosx=0,cosx=1,x=2nn,nec Z.
ITpoBepKa HOKAZBIBAET, UTO B 000MX cayuaax cos x = 0.

i
OTReT. x= Z+1|:n, x=2nn.ncZ. A

OrmeTHM, 9TO €CJIH IPOMEXKYTOUHOE YPaABHEHHE
sinx—cosx—-cosx(sinx—cos x}=0
pasAeNnThL HA PASHOCTH Sin x — cos X, TO 6YAYT NOTepAHM KOPHHE

s
x=—+nn,ne Z.

T4
3agaua 8. Pemiuts ypaBacHUE
4cos x+sin2x=4+2sin x.
A TlpeoGpasyemM 3T0 ypapHCHUE CACAVIOLIHM 00pasoM:
4cosx+2sinxcosx=4+2sinx;
cos X (2 + gin x)=2 + sin x.

BaMeruM, uro 2 + 8in x # 0, T. e. sin x # -2, NpH MHO0M ZHAYCHHN
x, IlparoMy He npou3oiigeT moTepu KopHelt, ecIH obe YACTH YpaBHeHUA
pa3ienaTs Ha (2 + sin x). [Tomyurm

cosx=1,x=2nn,ne Z.
OrBer.x=2rn,necZ. A
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S3apnaga 9. PemnaTh ypaBHEEHHE
ginx - 2cosx=2.
A BocnoseayemMca opMyIaMu
2tg 1-tg2§
2x s COSX= e
1+@-2- 1+tg”-2-

Oaraxo aTR GOPMYJIH CIEAYET OCTOPOX HO IPUMEHATS, TAR KAy OHKN

sin x =

x
He IpH BCeX SHAUECHHAX X Beprbl. ITH HOpMYJIs BeDHHL, eclil tg 3 o

HIECTBYET, T. €. COS % =0, x=n + 2nn, n € Z. IlosTroMy Tpebyerca opo-

BepHUTSH, He ABJIAIOTCA JIM BHAYCHHS X =N + 2nn, n € Z KOPpHAMH HCXOA-
HOrO ypasnennd. IIpoBepia IOKAGKIBACT, UTO 3TH SHAYUEHNA X H €CTh KO-
HH HCXOIHOTC YPABRHEHNA. 3aIIOMHHM 5TO.

IIpu IpyTUX 3HAYEHHAX X MOXKHO HCIIOJB3OBATE 3TH (OPMYJAN AJIA

pemeHEd ypapHeEnA. IIpaMennana ¢hopMysl 1 saMenan tg % =1, HMeeM

2 _8
2¢ (lt)=2.

1+¢ 1+#

Tak xak 1 +#2#0, To
2t — 2(1 - 3y = 2(1+ t%);
t—1+82=1+1¢%
t=2,T.e.tg Ly
2
*

2
Orser.x=n+2an,x=2arctg2+2nn,nc Z. A

=arctg2+nmn, x=2arcig2+2mn,ne Z.

3agaua 10. Pemnrs ypasaeane

2etgx—1tg (x+%)
A BocrosieayeMes dopMyramMu

1.

1 tgx+tg
ctgx=a,tg(x+%)= 4,: =lrigx
l—tgxtgz 1-tgx

rk n
I hopMy Bl BEPHEI DA X ¥ ?,x¢1+1tk,ke z,
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]

nk
IIpoBepEM, He ABNAIOTCA JIH X = 7 x= 1 + nk, k € Z wopuAMI

k
HcXoHoro ypapaerusa. IIposepKa IOKASBIBAET, UTO X = 5 ABrAwTCA

KOpAAMH HCXOJHOTO YPABHEHHA ToAbKo npu kB = 1 + 2n, T, e, mpu

i "
X = 5 +mn, TAK Kak npua k = 2n ctg x He CcymecTBYET; X = 1 + nk HE

ABAAKTCA KOPDHAMH MCXO0AHOr0 ypaBHeHHSA, TAK KAK IOPH 3THX 3HaYe-

T
HEAX He CYILUECTBYeT tg {x+z] .

3aD0MHEM 3TO H NPOJOKHM pellleHHe,
IIpumMenaa GopMynel U 3aMeRAd tg x = {, Tonyyaem

2 1+t

t 1-t

B xo71e npegsapeTensg=0oi NPOBEPKH DOIYUHAOCH, HToecIu t=tg x = 0
ni=tgx+1,70
2-2t-t-t3=t -3

1 1
5 T e.tgx-é,x arctg — +1tn,nEZ

I Nill—l

1
OrBeT.X=7 +1R, X= arctg +nan,neZ. A

Hrak, paccMoTpeHHEIe TpUMMepPhl MOKA3LIBAIOT, UTO MPU pelleHHH
TDHTOHOMETDHYECKHUX YPABHEHHI MOrYT MOABUTECA MOCTOPOHHNE KOD-
HH, 6CIH:

1) ypaEHEeHHe COASPXNT TAHTEHC HJIN KOTAHIeHC;

2) ofbe HacTH ypABHEeHHA YMHOKAKTCA (HIK LeJATCA) HA BRIpasKe-
HUEe, coflepiKamee HEHIBECTHOE;

3) 0be uacTH ypaBHeHUSA BOIBONATCA B KBaApAaT.

Iorepa xopHEeil IpH peEeHKH TPUTOHOMETPUUYECKHX YPaBHeHHN Mo-
JHeT Opou30iiTH, ecamA:

1) oGe yaCTH YPaBHEHHUSA AENATCSA (AIE YMHOMAKOTCA) HA BEIpame-
HHe, COAlepIXallee HER3BECTHOR;

2) vcnonas3yoTesa TPHTOHOMeTpUYecKKe GopMyILl, KOTODEIE COpa-
BE/[IMBHL HE NP BCeX 3HAYCHHAX HERABECTHOIO;

3) npr pemeHEHH cHCTeMLI TPHMOHOMETpHUYECKHMX ypaBHeHu#t ana
0603HAMERAA WEJIOro YIHCAA B HANAeHHBIX BHAYEHHAX X U i YIIOTpeOaa-
€TCA TONMBEO 0fHA GyKBa.
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YnpaxHesna

PemeTs ypapHeHEUE (888—-895).
ggg, 2o 3xromsbr o,

cosx

ggg, 282x _ sinZr
oS8 X ginx
890, tg 2x =3 tg x.

ginx
891. cig x+ Tromx = 2.

892. ig (x—g) ~2ctgx=1.

cos3x 2cosx

|oosx| c0s3x -1

893.

894. /7—cos x—6cos 2x =4 sin x.

5+3 4x .
895. % =gin Xx.

YnpaxHenus k rnase Vii
896, BLIuuc/IHTE:

1) 2 arcsin ﬂ + 3 arcsin (—1]; 4) arccos (—1) — arcsin (—-1);

2 2
1 . 1
2} arcsin 7 4 arcsin 1; 5) 2 arctg 1 + 3 arctg (“75);
3) arccos (—%) — arcsin g ; 6) 4 arctg (—1) + 3 arcig J3.

PemreTs ypaBHenue (897—-906).

897.1)cos (4 - 2x)= % 3)J§cos(2x+£)+l=0;
2)eos(6+3x)= g 4)2003(%—3;:)—\/5:0.

898.1) 2 sin (3x—%) +1=0; 3) 3+ 4 sin (2x + 1) = 0;
2)1-sin {3+ ;) 0: 4)5sin(2x—1)-2=0.
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899.1) (1 + V2 cos x) (1 - 4 sin x cos x) = 0;
2) (1 - V2 cos x) (1 + 2 sin 2x cos 2x) = 0.

900. 1) tg (2x+§] -1

T 1
D (30-5) - 5
901. 1) 2sin? x +sin x=0;
2)8sin2x-5sinx-2=0;
902.1)6sin®?x —cos x+6=0;
908. 1) tgZx+3tgx=0;
2)2tg?x—-tgx—-3=0;
004. 1) 2sin 2x =3 cos 2x;
905. 1) b sin x + cos x=5;
906. 1) sin 3x =sin 5x;
907. 1) cos? 3x - cos 3x cos 5x =0

3) J3 —tg (x—g) =0

4H1-tg (x+;)=0.

8)costx—-2cosx=0;
4)6cos?x+Teosx—3=0.
2)Beos? x —12s8inx+T7=0.
Ntgx-12ctgx+1=0;
tgx+ctgx=2,
2}4s8in3x+5cos 3x=0.
2)dsinx+3cosx =86,

2) cos x =cos 3x;

2) sin x 8in 5x - 8in? 5x =0,

1) arccos 1 + arcsin 0;

2) arccos (—%)

3) tg (arctg /3 );

4) sin (arccos-’{z_-z-]

2. PemuuTe YpaBHeHRE!

Atgx—-Bctgx=0;
4)8in 3x —-sinx=0;
5)2sin x+s8in 2x=0.

NMPOBEPbL CEBA!

1. HailTi sHaueHMe BRIPAKEHNA:

V3

—aresin —;

1)sin3xcosx—sinxcos 3x=1;
2)}2cos?x+5cosx=3;

Burmucnnts (808—-909).
908. 1) cos (arccos-‘{z_?-],

4) sin (arcoos%),

2)cos (amcosl);

8) tg (arcoos %),

2 3)sin (arccos

1).
2 ¥

6)tg {arwos%]
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909.1) sin (arcsin %) ;
2) sin (arcsin{—i]);

3) sin (n—arcsin Ti') :

PemnuTs ypasHeaue (910—927).

910, 1)sin 2x + 2cos 2x=1;
011.1)3tgtx - 10tg2x+3=0;

1
2)Btgx+l=—7;

X
912. 1) sin? x +sin?2x = 1;
913.1)8sintx+13cos 2x=T;

4} gin (n+arcsin§);

B)cos (g —arcsin 715-) ;

6) cos (§+ arcsin %) .

2)cos 2x + 3 sin 2x =3,

1
3)ctgx (ctgx+m) =13

4)sin? x =1 + cos* x.

2) 18 8in? x + cos 4x — 2 =cos 2x.
2ytgx+ctg x=3+ 2sin 2x.

914. 1) tg x (3 ctg x — 16 sin x cos® x) = 0;

1 2
D2tex+ G T dna

915.1)3sin?x+sinxcogx—2coslx=0;
N 2sin2x+8sinxcosx—2cos? x=0.

916.1)1+2sinx=sin2x+ 2 cos x;
2)1+3cosx=sin2x+3sinx.

917. 1) sin (x+%) +cos (-‘H%) =1 +co8 2x;

. T T .
2) sin (x—z) +cos (x—z) =sin 2x.

918. 1) cos® xsin x —sinfxcos x =

2)sin® x cos x +cos?x sin x =

919,1)sin?x + sin? 2x = 1;
2)sin? x + cos? 2x =1;

920. 1) sin® x — cos x cos 3x = j};

2)sin 3x = 3 sin x;
3)3cos2x—Tsinx=4;
4)1+cosx+cos2x=0;
B)cosdx —sin 2x=1;

—

e |

3)sin 4x =6 cos? 2x - 4;
4) 2 cos? 3x +sin Hx =1,

6)5sin 2x+4cos®x—8cosx=0.
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921.1)sinx+cosx= \/ﬁsin‘?x;
2)sin x +sin 2x +sin 3x=0;
3) sin x — sin 3x =sin 2x — sin 4x;
4) cos x — cos 3x = cos 2x — cos 4x.
922, sin 3x + sin 4x +sin 5x = cos x + cos 2x + cos 3x.
923. sin? 2x + sin? 3x = sin? 4x + 8in2 5x.
924, sin x 8in 7x = 8in 3x sin 5x.
63
" tgx+ctgx

926. \[—4cosxcos2x = Tsin2x .
927. | cos x | - cos 3x =sin 2x.

925 =4 -cosdx.

PerauTs cucTeMy ypapuernii (928—929).

928.1) cosxsiny=%, 2) {sinx+siny=1,
sin 2x sin 2y =0; cosx—cosy=\/§.
929.1) %=g. 2) {sinx+cosx=2+m’ny—oosy,
y 26in - sin y=1.
cosx _1,
cosy 3
Pemete yparmenne (330--938).

930%*, 4 sin 3x sin 4x =cos x (tg x + tg 8x).
931%, cos x — 2 cos 3x + cos bx =tg x cos 3x.
sin 2x gindx cos 2y

932+% 1) prm =0; 2) gnx =0; 3) pov =0;
co33x sinx oS X

4) povep =0; 5) Sinbx =0 6) o5 Tx =0.
933%*, 1) sin x sin Bx =1; 3)cos x sin Hx=-1;
2)sin xcos 4x=-1; 4)sin x cos 3x=-1.

sin3x cos3x 2

* —_
934%. s2r T sn2x - sndx’
clgx-tgx
9356%, [ Tpep—5 =ctg 2x.
936%. sin3x anx =2 cos 2x.

sinx  sin3x
987+ Btgx+10 = J sinx+ 1

cosx

295



sin4x
998, [y angx = 08 -
939%, PelunTh CHCTEMY YpaBHEHHIH:

1) 3tg%+63inx=2sin(y—x), 2) {\/1+sinxsiny=cosx,

y 2sinxctgy+1=0.
tg§+2sinx=ﬁsin(y+x);

940%, HafiTH Bce 3HAYCHHA d, IPH KOTOPLIX YPABHEHIE
sinl® x + cosl x =2 umeer KopHM.

HNcTopuueckan cnpaska

OueBHAHO, YTO €1e JPEBHErPeYeCKIe MATEMATHEH, HCTIOJIB3YA BJle-
MEHTHI TPEMOAOMETPHH I pelieHUA TPAMOYTOABHBIX TPEYTOJILHHKOE,
daKTHYeCKH COCTARIIIM H pelIany npocTeiime TPUTOHOMETPUYECKHE
7
2

Heropudeckd yueHHe 0 PEIIEEHH TPHIMOHOMeTPHIECKHX YPaBHeHH
OpMUPOBATIOCS NAPAJIIRISHO ¢ PASBHTHEM TeOPHH TPHIOHOMETPHYEC-
Knx ¢yvARIME, a TAKXKe YepIano U3 anredpsl o0mme MeTOAL HX penle-
Hua. Kak ME BUAMM, 9acTh TPMIOHOMETPHYECKEX YPABHEHRI Heno-
CPeACTBeHHO pellaeTcH CEeIeHHEM HX K NpocTelmeMy BUAY, HHOTAA —
€ OpeABAPUTEALHLIM PAsA0KeHHeM Aepoit JacTH YDaBHeHHS HA MHOMH-
TeJIH, KOT/ia IpaBad 9aCTh PABHA HYMIO. B HEKOTODRIX CIIy4aAX YAAETCA
NpOE3BECTE 3aMeHY HeH3BECTHBIX TAKHM o0pa3oM, 4TO TPHIOHO-
MeTpH4YecKOe YPABHEeHHe NpecipasyeTca B « yAo0HOoes JIA pelIeHnd al-
rebpanueckoe ypaBaeHNe. HHOrga yaaeTca pRIOATEH TPUTOHOMETPHYEC-
K0e YDABHEHME, AHAJHE3UPYA ero JEeBYI0 H IpaByl dacTe. Hanpumep,

ypaBHeHua THHA: Sin x =@, rRe 0 < x < = m|a|< 1.

ANS pemmeRmsa ypasHennus sind x + cos® x = V2 cneayer monsts, wro
sin? x <gin? x, cos! x <cos? x, 7. e. 8in? x + cos? x <sin® x +cos? x =1,

a Tax xak 1 < v2 , TO YPAaBHeHHe He HMeeT pellleHRii. Maorme Tpuro-
HOMETPHEYeCKHE YPABHEHHA B TPAAHIIHOHAOM NOHMMAHEER BOOOIOE He-
PaspeIINME], B ) HHX MOMKHO JRIOIL YKASATE MeTOH HPROIHKEHHOTO
pemesusa. Takoe uatTo, HAIPpHMED, IPOMCXOART, KOTAA B YPABHCHHH HE-
M3BECTHAA BRJIMUHMHAA BCTPEUAETCA U HOK SHAKOM TPHroHOMeTpHYecKoit
dbyERIMM, 1 BHe ee (IPHMePOM TAKOI'C YPABHEHUA MOXeT OHITH
x2—sin x + 2x = 0).

K coxanennio, HeJnh34 YKA3AThH OOLIErO METOAA PEIIEHEA TPUICHO-
MeTPHYeCKEX YPaBHEeHHH, MOUTH KAXKA0e N3 HUX (KPOMe NPOoCTeHmnX )
TpebyeT 0coforo noaxoaa.
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TPUT'OHOMETPHUYECKHUE
PYHKUUA

rnaga Vil l

B aroii ri1ase 6yoyT paccMOTpEeHB OCHOBHBIE CBOMCTBA H rpadHKHR TDH-
ToHOMeTpHYeCKHX dyHKOul y=sin x, y=cos x, y=tg x, y =ctg x.

HanoMH®M, YTO NDK H3VIEHHH DA3IHYHHIX GYyAKNU (TuHeliHOMH,
KBaJpPATHYHOMH, CTeNeHHOHA H T. [.) BHACHUAHCH TAKHE HX CBOICTEA,
Kak 00nacTs onpejAeNeHuA, MHOKEeCTBO SHAUYEHHH, BOZpACTAHUE MR
yObIBaHME, HANGOILIINE M HaWMeAbIIAE 3HAYCHUA, TIDOMEXYTKH 3HA"
KOIOCTOAHCTBE, YETHOCTh HJIH HeUeTHOCTH, HYJAH {KOPHH) GYHRIINR
(Touxu nepecevennda rpabuKa GYIKIHH ¢ ocbio abcipuec).

Ja1a rpuroHoMeTpHYecKHX GYHKUHI, KPOMe 9THX CBOHCTB, XapaK-
TEPHO CEOICTEO IEPHOTNIHOCTH.

§ 50. NepuoANMHOCTL TPUFOHOMETPUYECKMX
dyHkunin

Brl 3HaeTe, UTO A4 A000T0 3HAYCHHA X BEDHE pABEHCTBA
sin(x+2n)=sinx, cos(x+2n)=cosx.
H3 3THX paBeHCTB CHGAYET, ITO SHAUCHHA CHHYCA H KOCHHYCA HO-

BTODAIOTCA IPH H3MeHPHHH APryMeHTa Ha 2f. Taknme QyHKINRE HAZBI-
BaIOT nepuoduiecKuml ¢ nepuodom 2m.

DyHKUNA f(x) HAZEIBARTCA NEPHOTHIECKOIl, eCJIH CYIeCTBYET Ta-
Koe uneao T # (0, aro aaa nwboro x Uz obIacTE ONpeAEIeHHA STOMH
OVEKIMA BEIOOJIEASTCS DABEHCTBO

flx-Ty=fx)=fx+T).

Yucno T HasmealoT nepucdom GyHKEINM f(x).

H3 aToro oupepeseHud CIeAyeT, UTO BMECTE C KAMKALM X 3HAYCHNH
x+Tux~T TakmXe BXOTAT B 00MaCTh OIPEARJICHHA TEPROOATLCHOHN
dyvaKuMM f(x). [losToMy Bee ToukH x + BT, k€ Z TaKixe MpUHAAJIEKAT
00/IaCTH ompelle/IeHHA, H B 3THX TOUKAX 3HAYEHWA QYHKIHU PABHEI,
7.8, f(x+kT)=f(x).

Ha pucynke 77 naobpaxenar rpadMKH HOKOTOPBIX HePHOAMIECKAX
byEKLMiL,

TepuoanyecKkNME HYHKEIHAMH OOUCHIBAIOTCA MHOrHE (hU3HYecKne
nponeccs! {Konebanne MAATHHKA, BPAIEHAE NIAHET, TePEMEHHBIH TOK
H IOp.).

INokaxeM, UTO YUCA0 2R AGAAEMCA HAUMEHDUIUM NOAOH UM EADHBM
nepuodom QyHKULL I = COS X.
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yl
G 3
yj
NANAAN AN AN L
Puc. 77

O ITyers T > 0 — mepHoJ KOCHHYCA, T. €. IJA JN60ro X BHIOJIHAST
¢ papeHCTRO ¢o08 (X + T) = cos x. TTonmoxxun x = 0, noayuaem cos T'=1,
Orcioga T'=2nk, ke Z. Tar gak T > 0, To T MoxxeT NPHHEUMATS 3HAYE-
"HA 27, 4%, 67, ... H D03TOMY DepHOA He MOX(eT O5ITh Meabiue 2. ®

MoxHEO AOKABATS, YTO HAUMEHbUIL] NORONUMERbH LI nepiod
Pyuryuu y = s8in x rakxe pasen 2.

3anaava l. Jokazars, uTo f(x) = sin 3x — neprogudeckas pyuk-

2r
L5 C IEPHOAOM 5~ .
A Ecan dyEKUHA f(x) onpeAeneHa Ha Becell YMCJIOBOH OCH, TO AAA
TOoTO, UTOOH yOeAHTECA B TOM, YTO OHA ABJAAETCA IEPHOAHYECKOH C
mepuogoM T, JOCTATOYHO DOKASATE, UTO AN JHB0T0 X BEpHO PABEHCTEO
flx £ T) = f(x). Dagraa GyHROUA onpefenceHa AAA Beex ¥ € R u

f(x + %") =sin3 (x + 2—;) — sin (3% — 2m) = sin 3x = f(x). A

Ioxaxkem, 9To GyHKINA tg ¥ ABAAETCA NEPROUYECKON ¢ HEPHO-
aoM . Ecau x npunagmesur obiracTu onpepenesHa sToil GyRRuUH,
n
2
tg(x—mM=-tg(rn—-x)=—(-tgx)=tgx,tg(x+mM)=1tg x.

T. €. X# - +nn, n € Z, 7o 0o GopMyIaM IPHBSACHHA HMEeM

Taxum obpazom, tg (x — 1) =tg x =tg (x + 7). CregoBaTensHo, T —
nepHoA PyYEKIRH tg x,
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TToxkaxemM, 4ToO T — HAUMeHBLLLT NOACHKLMERLHBLIL Repuod DyHK-
yuu tg x.
O Ilyets T — nepnopg Tanrenca, Toraa tg(x + T) = tg x, oTryna mpu
x = 0 moxyuaem
tgT=0,T=nk, ke Z.
Tak kKaK HaAMMeHbIIee IEJI08 TON0MKHTEABHOE YACHO k paBHo 1, TO
fl — HAHMMPHBIOHI MONOMUTENBHE Nepro] GYHKIAM tg x. @

3angaga 2 lokasars, aro tg % — ODepHogNdecKad QYHKIHA ¢

nepHoAoM 3.

A Tax Kax tgx+31r._tg(3 )

x
TO tg 3 nepuoguvdeckasa PyHKOUA ¢ NepuogoM 3n. A

3agava 3. HaitTu aauMeHsIUHI DOJIOXRHTENSHEIH NepHog GyHER-

3x
ILHH §f = COS —~ .

A Dyers T > 0 — meprop aTofl GYHKINY, T. €. OJA JI060T0 3HaYe-
Hx+T) 3x
——= =c08 — .

7 7
3T 3T 14nk
HMEeM Ccos 7 = 1, oTryIOAa - = 2nk, T = 3 ke Z. Cpegu sTHX
YHCE HAMMEHbINee IFOJI0KHATENEHOe THCIo TonydaeTea opH k= 1. IIpo-

HIA X BBINIOAHAETCA PABESHCTBO COS Tlonoxus x =0,

14
BEpPUM, UTO THCIO 22 apnsgercs TIEPHOAOM JaHHON GYHRKIMH:

3

3( 14n ] (3x ) 3x

e+ = = = =
cos [7 X+ cos |7 +2n| = cos =

14
OTBeT. ?n F

AHaNOTHIHO TOMY, KK 3T0 OLLIO CXeJIAHO OPH DellleHHH 3anay 1—3,
MOMKHO AOKA3ATE Gosee oflee yTBep:KAeHHe: ecIH QYHKUHA y = f(x)
nepuopmuecKad ¢ nepuogom T, o pyExuua y = cf{ax + b), rae a = 0,

T
ABJIAeTCA nepHosIiecKoii ¢ nepuogoM T, = R
Hanpunep, dyuxnua y = 3 ctg (bx — 4) apnaerca nepuoandecKoi

T
¢ nepuofiom T = —, Tak Kak QYHKUMA I = ctg x NepHONUYECKAA ¢ me-

5
pROJoM T.
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YnpaxHesun

941. Ha pucynie 78 ga orpeske [(; 2] moeTpoen rpaduk neprommyeckoii
tyixomu ¢ nepruonom T = 2. TToeTponTs rpaduk 3Toit GyEKIHE Ha
orpeske [-2; 6}

3 2 - o\yiéééé%x
—-H----

Puc. 78

942, Ha pucyaxe 79 Ha OTpE3KE [—%T; %T] NOCTpOoeHsI rpadMKH nepz-
ofgnyeckux ¢yHrnui ¢ neprogom T. ITocTpomts rpaduKy sTHX GyR-
KI[Hif HA OTpe3Ke [—ET; %T] .

M-_—_-_—_-_-_—_-_-_-_
L
]
o]
-y

N R gt

a 9

Puc. 79
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943. Joxaszars, 4yTO JaHHAA PYHKOUSA ABAAETCHA NEPHOJHICCKOH ¢ Ne-

puogom 2m:
y=cosx—1; 2yy=sinx+1; 3)y=3sin x;
4)y= m:x; Byy=sin (x—%); 8)y=cos (x+%).

944. ToxasaTs, YTO JaHAAA QYHKOHEA ABNAETCHA NePHOTHYECKOI ¢ me-
puogom T, ecm;

1)y=sin2x, T=m; 3)y=tg2x,T=g;
x . dx 3
2yy=cos 5, T=4m; 4)y=sin -, T= ;™.

HaiiTh EaHMeHBIUINE TONOKHTENLHLN HepHol dyHKINY (945—
946).

2
945. 1)y =cos 5% 3)y=tg%;
a
2) y=sin 3% 1) y=|sinx|.
946%*, 1) y =sin x + cos x; 2)y=sinx+ g x.

§ 51. PyHkumna y = sin x, ee ceoicTsa M rpadmk

DYEKINA § = 8in X onpefeieHa HA Bcell YHCAOBOE IPAMOHE M ABAA-
eTcd neprogEYecKol ¢ mepuoxom 2. ITosToMy nmogcuer sHaAYEHRIT oT0ii
dyERnEM 218 MoGore apryMeHTa MOMCHO CBeCTH K BHUKCIEHNIO ee 3HA-
qeHHH I8 apIyMEeHTa, TPRAALJICHALLEr0 KAROMY-HHOY AL OTPe3KY BIH-
Hoil 2R, HATIpNMED OTPESKY TS X ST.

B § 34 6n10 oTMEUeHO, ITO ¢ IOMOINEG GOPMYN NpHBeTeHNA TOJ-
cyeT aHAUEHUN 3T0d DYHKIEE 171A A1060ro APryMeATa MOKHO CBECTH

- m
K BRIUMCJASHHIO ee SHAYCHHE Aua apryMenTa ot 0 go rh

CrnenoBaTenLHO, Bech rpadhuk HYHKIMK ¥ = Sin X MOKHO IOCTPONTE

™
¢ DOMOINGIO 9acTH rpaduKa, MOCTPoeHHOro Ha orpeske 0 < x < 2° Ilo-

KayKeM, KaK NMOCAeJ0BATEARHO CTPporTeA rpadmk »Toil GyEKOUMN: CHA-

"
YaJia HA OTpe3Ke [0;5] , 3aTeM Ha oTpeskax [0; n], [-n; «] B, RakoRen,

Ha Bcell yucaoBoil mpAMOoii,

301



1. Fpadux pyExmuu y =sin x Ba oTpeake [O;E:I

Hoxkaxem, uyto gyHKuUA i = sin x aoapacmaem Ha ompesKe [0; g] .

O IIycts x, m x, — mobile ABa 4ACIA, MPUHAANEKALIHE OTPESKY
n
[0; E:I R YAOBJIETBOPAIOLIE HEPABCHCTBY X; < X,, T. €. 0 x, <x, <€ 325
Tpebyerca aoxasars, uro sin x, < sin x,.

i co8 321‘31 Tax

PaccMoTpuM pasHoCTE Sin X, —sinx,=2sin

2 2
E Xy~ Xy E Xo+x E
Rax0<xl<x2€2,'r00< 3 <2 n0<—2 <2.Hoa'romy
. Xg— + . .
sin 22% >0 u cos %ﬁ > 0. CregoBarenbHo, sin x, — sin x, > 0,

T.e.5in x, <sinx,. ®

Jana nocrpoenna rpadpuka GyHEIMY i = 8in X HA OTpesKe [0; g] co-
CTABHM TAGJIMILY €€ SHaUCHHIA:

F. 4 h
x 0 z §

bl

kit
6

y=sinx | 0 | 0,5 gzo,n -‘g

ITocTporM HafifeHHEIE TOUKK M OPOBeAeM depes HHX KPHBYIO, YIH-

=087 1

TEIBAHA, YTO Ha OTPe3Ke [0; ;—:I dyaroua ¥ = sin x Bogpacraer (puc. 80).

Jna 6ojiee TOYHOrO MOCTPOEHUA rpadMKa HYIKHO COCTABHTH GoJee
noppoGHYo TaGANIlY, HAXOAA 3HAUEHHA CHHYCA eiule AJdd HEKOTOPHIX
sHaueHHil aprymMenTa, HaNpUMep, no tabauoam B.M. Bpaguca.

IIpuGauxeHnAO 3HAYEHNA QYHKONME i = §in X MOMKHO reOMeTpHYeC-
KH HaXOOHUTHL H 3aTeM cTPpOMT: rpadmk atoi dyaxknun. [loacanm sror

cnoco NocTpoeHNs rpapuka GYHKONM ¥ = sin X Ha OTPeaKe [0; g] .

IlocTponM OKPYXKHOCTS Paguyca 1 ¢ HeHTPOM B TouKe A ocH abe-
LHCC, JIEKAIYIO JeBee OCH OpAHHAT (prc. 81). Pasgennm neppyio der-
BEPTE 9TOH OKPYKHOCTH, HATPHMED, HA 8 paBHHIX Hacreil M wepes To4-
KH JejJeHHA NPOBeAeM NPAMEE, DapalileAbHsie ocH abcuuce. Orpezok

® -
[0; E:I ocn afcpee TaxkKe pasaeaHM HA 8 PABHEIX YACTEH M M3 TOUEK
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JeJleHHA BOCCTAHOBHM NePpHeHARKYAAPH K Hell A0 NepeceyeHHA ¢ co-
OTBETCTBYOINUME NPAMKIMH, NPOBEIeHHRIMH IAPAJLIENRHO OCK abc-
IOHCC TAK, KaK NOKazano Ha pucyHEKe 81, IlocTpoerHEHEe TOUKH mepe-
CeYeHHA NPAMEIX HO OHPEAeIeHHNIO CHHYCA YHC/E SBIAKNTCA TOYKAMH
rpacduxa GyHKIEM ¥ = sin x. [IposeseM yepes 9TH TOUKH KPUBYIO, YIH-

THIBAA, TTO PYHKOEA I = Sin X Bo3pacTaeT Ha OTPe3Ke [0; g] » TIONYYHM

rpadek 2ol GYHKIMH Ha TaHHOM OTpeske (cM. pHc. B1).

1

0 TN T X
43 2
Puc. 80 Puc. 81

2. T'patax dysxuan y = sin x ma orpeaxe [0; 1]

HoxaxkeM, 9To zpadux dynrxyun y = sin x cummempuver omHuocu-

n o
- » T. €, IpAMOf, DAPa/IIICNEEON OCH OPSHHEAT B HPO-

2 n
xopameil yepes TOUKY 3

O Haxo A0Ka3aTh, YTO JIA AWOLIX ABYX TOHUEK a U b, Jeamux HA

MERLHO RPAMOiL X =

ocH afcunce.

T
ocH abcouce M CHMMETPHYHBIX OTHOCHTEABHO IPAMOIL X = 3 » BRIOMHSA-

eTcA PaBeHCTBO 8in g =sin b. A ,t
=2
Ilycrs paccTosAHBE OT TOYeK @ U b mo {
s X T =F_
npamod x = 5 pesso o. Torraa = 3 — 0, |\ -
0] 4=8_ = x
b= 1—; + o (przc. 82) n no GopMyIamM oprse- a‘% o b‘%*ﬂ
. N
T al= Tial. @
fiema stn (2 “) s (2“‘) Prc. 82

dns nocrpoenusa rpabexa byEkOoun y = sin x Ha oTpeske [0; n]

CHAYAJIA NOCTPORM €ro YacTh Ha OTpesKe I:O;g] (cv. puc. 80). Barem
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JTy 92cTh rpadika oTobpasuM CHMMETPHTHO OTHOCHTEABHO IPAMOii X =
Ionyunm rpadux dbyvaxnue aa oTpeske [0; 7] (cM. puc. 82).

=

3. 'pa¢duk ¢pyaxuun y =sin x Ha orpeske [—n; x]

B § 30 Grino mokasaHo, 4TO GYHKIMA I = 8in X — HedeTHad, MOJTO-
My ee rpadiMK cCHMMeTPEYEH OTHOCHTENIEHO HAYANa KOOPAHHAT.

Jina nocrpoernsa rpadmka pysxnun y = sin x aa orpeaxe [—n; x] mo-
CTPOMM CHAYAIA €ro YacTh Ha orpeake [0; i} (cm. pue. 82), 3aTeM ans
KORAOH ToKH M(x,; y,) DOMyIeHHOM YACTH TOCTPOHM ToUKY M(—x4; —¥y),
CHMMETPHYHYK OTHOCHTEIEHO HATANA KOOPANHAT, H MOJTYIHM rpadur
dyEKIMA iy =sin x Ha orpeske [—7; 1) (pEC. 83).

1 e M{xo; yg)
-z Yo
_r -x, 2 _
0 - X, X
el 9
Ml‘:_xo; _yo)' / 1 2
Puc. 83

4. I'pacdux dynxipm i =sin x Ha Bcell YHCAOBOH NPAMO

B § 50 61110 noxkasano, uro GYHKONA ¥ = sin X ABNIAETCA IePHONHA-
yecroit ¢ mepuonomM 2n, T. €. ANA JWG0T0 X BHETOJRAETCA PABEHCTBO
sin (x + 2xn) = 8in x. Orcoaa caeayer, 4To sin (x + 47w) = sin x,
sin (x — 2x) = sin x u Boobme sin (x + 2nn)=sinx gana n=0,11, 12, ...
u moGoro x. CaegosarensHo, rpadbuk GyEropm gy = sin x MepHOANUECKH
NOBTOpHETES ¢ mepHojioM 2x, T. . HA oTpeskax [x; 3n], [3n; 5n),
[~3m; —n] u T.4. rpadeEk Takoil e, Kak B Ha oTpe3ke [—n; ] (pmc. 84).

1| y=sinx

-2n \ “% \n 3"& 2rt/ \3:1._
8 5. NGD Uk B VAR S

S8 b
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Kpusasa, asasomanaca rpaduroM GYHKINH ¥ = sin X, HAsLIBAETCA
cunycoudoit.
Hrax, Becs rpadrk GYHKLMHE ¥ = Sin X NOCTPOSH reOMETPHYECKH, He-

F .
XOAA B3 ero YACTH HA OTPesKe O;E . CnegoBaTensHO, cBOlicTBa QYyHK-
THH Y = 8in X MOMCHO NOJYYHUTE H3 NOCTPOSHHOrO rpaduka, ONNpAACH HE
n
CBOICTBA 910l PYHKOHMH Ha OTpPesKe 0;5 . Hanpumep, ua pucynra 82

n
BHAHO, YTO PYHKITHA ¥ = Sin X ION0MUTEIFHA HA TIOJIYHATERBAIE E; n ],

f
DPABHA HYJIIO IPK X = T 1 YOLIBAET HA OTPE3IKe I:E; TF] . Ha puicynka 83 snn-
nr

HO, 970 (PYHKEEA y = Sin X BOspacTaeT Ha OTpesKe I:—E:E . A3 pucynka
84 BEAHO, UTO QYHKUMA ¥ = sin x Bo3pacTaeT Ha OTpPesKax
[—§+ 21m;§+ 21tn] n € Z, ybuIBaeT Ha OTpesKax [g+ 2nn;3—;+ 2nn],
n € Z. IlepeuncauM ocHOBHEIE CEBOACTRBA QYHEOMH I = 8in Xx.

5. OcnoeHEle cBoficTra dyusnnu y =sin x

1. Obaacmbp onpederenus — MHOMKecTEO R Beex neficTEHTENEHLIX
qHCEN,

2. Mnoxecmso suawenuli — orpeaok [-1; 1].

3. DyuxuuAa y = sin ¥ — nepuoduueckas ¢ nepuodom 2., T. €.
gin (x + 2r)=sin x.

4, OyHEOHNA § = 8in X — nevemuan, 1. €. sin (—x)=—sin x.

b. DyAKousA y = sin x:

g803pacmaem HA OTDPEIKAX |:~g +2nn; §+ 21|:n] ,neE Z;

n 3rn
yObteaem HA OTPE3KAX §+ 2nn;?+ 2rnl,ne Z.
6. Dyaxnmsa y = 8in X npUEUIMAaET:
Hauboavliee 3HAYenUE, paaHoe 1, IpH x = §+ 2an,ne€ Z;
HOUMEHBULICE 3HAVERLE, pd6Roe —1, opn x = —g +2an,ne Z;
3HOYEHUE, PABHOE HYAW, IPU X =AN, R € Z.

3agaga 1. PasOurs orpesox I:g;zn:l HA ABA TaK, 4¥TODRI Ha Ox-
HOM U3 HAX QyHKGUSA ¥ =sin x yOuIBaNa, a Ha ADYTOM — BOZPACTAJA.

K
A H3 pucyaxa B4 BUgHO, UTO IPH YBEJIHYSHUH APTYMEHTA OT 3 Ao

3n .
2 sHayenus dbyHKOHMH y = sin x ymeRemazoTed oT 1 ao —1. Ilpe yBe-

11-10. M. Konarsu, 10 kr. 305



3n

JH9IeHHH apr'yMeHTa X OT 2

A0 27 sHaveHNA PyHKIAR i = §ih X yBenIH-

yuBawred or —1 go 0.
O TeeT. Ha oTpeske [g, 3?“] dyHEKIUA ¥ = sin x yOuIBAET, 2 HA OT-

pesre [3—;;21:] — BO3PACTAET. A

3anawa 2 Cpapantk yucaa sin 2 u sin 3,

ATak var n=3,14, g = 1,57, To g <2<3<m
Ha pucyHka 84 BRaHO, UTO Ha OTpE3Ke [g;u] PyHKOHA ¥ = sin x
youIBaeT. CaefoBaTeNIBHO, 8in 2 > sin 3. 4

3 anmavad. HaiiTH Bce yKcha X Ha OTpE3Ke [g,%] » AJA KOTOPRIX
2

BBINOAHACTCA HEPABCHCTBO: 8in xS —— .

2
A Ha orpeaxe [%,%E] dyHrRUOMA ¥ = gin x yOsiBaer (cM. pHuc. 84) u

2 3n
NPEHHMAEST 3HAYCHHE - npy x = . CrepoBaTelbHo, HEPABEHCTERO

3n

J2 3n
sinx< ?2 BBINOJTHAETCS PN — - £x< 32 A

3agaua 4* Ilocrpours rpaburxn dyERomii:

= gi Ry,
1)y-sm(x+4),
Dy=2+sinx;
3)y=2sinx;
4) y =sin 2x.

A 1) T'padux pyHKIHR ¥ = sin (x+%) TIOMy4aeTCA CABMroM rpadiina

n
dyEROHE ¥ = sin x BOOAE OcE abCcOuCe BAEBO Ha 1 & (cM. prc. 85, a).

2) I'padpuk pyExome y = 2 + sin ¥ NoaydaeTcA CABMroM rpaduia
dyEROME ¥ = 8in X BAOXL OCE OpAEHAT BBEPX Ha 2 ef. (cM. pEc. 85, 6).

3) 'padnk dyaxnme y = 2 sin x noayvaerca pacTAxeAneM rpadm-
Ka JYHKIMHU ¥ = sin X BROAB OCH OPAMHAT OT OocH abcuuce B 2 pasa
(cm. puc. 85, 8).

4) 'pachuk dyaxmnm ¥ = sin 2x noyygaerca caxaTHeM rpaduKa HyHK-
oMM y = sin x BAOAB ock abclHce K OCH ODAMHAT B 2 pasa
(cM. puc. 85, 2). A
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y=sin2x

y=sinx

|
\/\‘% 2 \’:/\ 21:/

\
H,
Fd
I
AY
=)
pS -]

Puc. 83

11%
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YnpaxneHuna

Ionbayacs rpadpuromM GYHEKIHNHE § = 8in x, BRITOAHHTD YIPAKHEHRS

(947-954).
947. (Vemuo.) BHIACHHTD, TPH KaKHX 3HAYEHHAX X, NPHHAAAEHKAIIHX

orpesky [0; 3n], pyaxues y = sin x opUARMAET 3HAYCHRA:

1) papane 0; 1; —1; 2} monoisurenbHBle; 3) oTpHEIATENLHEE.
948. (Ycmuo.) BHACHHTE, BO3pacTaeT WK yOLBaeT GQYHKOUS i = 8in x

HA NMPOMEXKYTKAX:

n
2 (5:%);

(53]
5)[2; 4];

T X
o[-35-2];
949. Pa3burh JaHHBIE 0TPe30K HA ABA TAK, YTOOHI HA OAHOM H3 HHUX
$YHRIHA ¥ = sin x BO3pacTana, & Ha APYroM yOEIBasa:
1)[0; x]; 2) I:g;&t] ; 3)[—m; 0];
950. Hcnonbsya cBoiicTBO BOZPACTAHHA HAM YO BaHAA QPYHKIHA

y=sin x, CDABHHTS YHCJIA:

e Tn 13n
) sin 10 usin — 0

11::

(-3

6) (6; 7).
4) [-2n; —n].

5) sin 3 u sin 4;

13xn .
2)sin — "sin =

3)sin (—%‘t) H sin (—%u);

4) sin (-8_,;‘) a sin (—%") ;

6)sin Tu sin 6;
7} sin (-3) m sin (-2);

8) sin (-1) m sin (-1,5).

951. HaitTu Bee pellleHMA HepaBeHCTBA, PHHAIeKamume oTpesky [; 3n):

l)sinx:-%; 3)sin x 2—1;
2)sinx€§; 4)sinx<*§.

952, BHpayKaa KOCHUHYC Yepe3 CHHYC o JopMyiaM NpUBeASHNA, CPaB-

HHTB 9HCNA;

.=
1) sin 9 H COS 9,

On o
2)&in Y H COS - Y 3
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953. Hafiti Bce pelleHNA HePABEHCTEA, NPHHALIEKAIHE HTPOMEKYTKY

3n
—? LxEm
. 1 x A2
1)31n2x?—2, 3)31112 >~§-,
2)sin3x<g; 4)sin§€—%.
954. Ilocrponts rpadik QYHKIIHY H BEIACHUTS ee cBOHcTBA:
i . —= ai -..E .
1)y=1-sinx; 5)y=sin (x 4),
2yy=2+sginx; 6) y=sin (x+g);
8) y =sin 3x; T y=sin(x—2);
4) y=2sin x; 8) y=sin (x + 4).

955%, HailiTn MHOKecTBO 3HAYeHHIT hyHKIHH i =sin x, ecly X IpHEaj-
JIEIKHT HPOMEYTKY:

o[ w[52] o[3) o34

956%*, [TocTpours rpaprr GYHRIUK:
1)y=sin|x|; 3)y=sin|x—-;—;|;

2y=|sinx|; Qy= sin%‘.

957%% Cuia mepeMeHHOTO 31eKTPHEYECKOTQ TOKA — PYyHRKIUA, 3ABACH-
man OT BpeMeHH, Brpaxaercs hopMymnoit
J =A sin (0t + @),
Tie A — aMnanTyaa xolebaHus, ® — HacTora, ¢ — HavajabHAA
daza. ITocrporTs rpadpurn 910ii GyHKIHN, eC/IH:

NA=2,0=1,¢=; 2)A=1,0=2,0= 3.

§ 52. ®yHKUMA ¥ = COS X, €€ CBOMCTBA ¥ rpadmk

OyHKIUA Y = €08 X OOpefeseHA HA Beeil yuMcaoBoii npaAMoi, 9eTHAA
H IlepHoAnYecKaa ¢ nepaoaom 2x. Ee rpaduk MORHEO IOCTPORTE TAKKM
#e crocofomM, kakuM B § 51 6uin nocTpoen rpadgmr pyarnIuy i = sin x.
OnHakKo Ipolile EOCIOAB30BATECH CAEAYIOMmEH hopMyIoi NPUBeNeHHA:

cos x'=8in (x+1—2t).
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Ora dopMyna Mo3BoNAeT NOCTPONTE rpadiK GYHKIHE ¥ = COS X H
HOJYYHUTE e€ cBoiicTBA M3 rpadHKa GYHRIMH ¥ = sin x ¥ cBoiicT T0i
PYHKIIZH.

1. F'padux GyHKUME § =cOS X
TToxameM, 4To zpadiic PyHIKLYLL I = COS X NOAYLAENICA U3 2paduKa

Pynryuu i = sin x edeuzom edort ocu abeyuce s1eao Ha 125 (puc. 86).
}’I y=sinx y—-sin[x+§]

Z
{2,\,..\ -E/\ \z z/nf\ \3n
35’\/105‘\/ CENY

Puc. 86

n
O PaccMoTrpuM a00yio TOURY X, ock abeouce. Touxa x, + 3 JlesKar

4
npasee TOYKH X, HA . Hago noxasats, 4T0 3HAYCHAE QYHKINH I = COS X

) 4
B TOUKe X, PABHO 3HAYEHHK PYHKIHMH ¥ = sin X B TouKe X, + 2

(cr. puc. 86). Ilo dopMysie npHBeAEHUA HMeEM COS X, = Sin (xo + 325) . @
I'padmx dpyuxmnm y =cos x nsobpayker Ha pucyake 87, Ilepeuncaam

OCHOBHEIE CBOMCTEA 3T0H PYAKIIMH,

¥

1 y=COS X

TN N\ N\
Gl NUDZE B NG4S AN

Puc. 87

2. OcnoBHEIe cBOMCTBA PYRKIME I =COS X

1. OBaacmo onpederenun —— mMuowecmeo R acex deiicmaumenbiolx
YUCEA.

2. Muoxwcecmeo snavenuit — orpesox [-1; 1].

3. Oyuxknma y = cos x — nepuoduveckas ¢ nepuodom 2w, T. e.
cos(x+2n)=cos x.
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4, PYHKINA Y = COS X — ¥eMHAR, T. €, cos (—x)=cos x.

5. DyHKIHA iy = CcO8 X!

soapacmaem Ha ompesxax [-n+ 2nn; 2nn), ne Z;

yOviaaem na ompesicax [2an, n+ 2nn], ne Z.

6. dyEKOMA ¥ = COS X IPHHHUMAET;

HeuboRbULICe 3HANeHLE, paBHOE 1, npu x = 2An, n € Z;
HauMeHRblLLCE 3HAeRHLE, pagHOe —]1, apH X ="+ 2nn, n e Z;

T
snauenue, pasaoe 0, npa x = 2 +nn,.ne Z.

3anxaua 1. Bupaxas CHEYC 4epes KOCHHYC N0 GopMYJie IPHEE-

3
JAE€HHNA, CPABHUTE YHCA COS ; H sin %‘ .
., 8m 3 T
A TIo dopMyse npuBeeHUA Sin B —cos (g— g) = CO8 3 Yecna
n 1'!

g | ; npAHAAIekKaT oTpesky [0; n]l n 3 < 7" "3 preysxa 87 eunno,
aT0 byHEKORA ¥ = cos X yOrBaeT Ha orpeske [0; n}. CiaenosarenrHo,

LI in 2 oecos ™. A
cos g >c0s ;;, T. e sin = >cos 7.

1
3amawaa 2 HaiiTH BCce pemieHHA HePABEHCTBA COS X = ~ g TP

HEJJIEKAIINE OTPEe3KY —NT S ¥ < 21,
A H3 pucyHra 88 BinHO, 1TO rpadhuk GYEKENE I = COS X JICKHUT BRIl

1 2r 2
rpa@nna@yﬂxmy=—§ Ha MPOMERYTKAX (_?::;?1: H (%‘;2:1:].
2n 2n  4n
O'rne'r.—?ﬁxc?, ?'ngzl'l:.A

!

M
1 =
N

=N __ 1o . - X
51 <F 7
2 y="3
Pnc. 88
3anaga 3. HaitTu o6uacts onpegeneHns GyHKIHT
1
Y= sinx+oosx’ )
A Haiigem 3HaueHHR X, IPH KOTOPHIX BHIpAXeHMe Snxiooex B¢

HMeeT CMEICHA, T. €. 3HAYEHHNA X, IIPH KOTOPBIX 3HAMEHATE: paBeH
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ByaI0. Pemaa ypapHeHue sin x + cos x = 0, Haxoaum tg x = -1,
r "
Xx=-_ +nn,ne Z. CnepopareisHO, 061aCTHI0 ONpefeTeHUSR JaRHOM

n
$yHKORU ARIAIOTCA BCe 3HAYEHHA X # — 3 tan.ne Z a

3anmaya 4. HaliTH MHOXXeCTBO SHAYCHHE DYHKITHU
y=38+sin x cos x.
A HysHO BEIACHHTH, KAKHE 3HAYSHHA MOJKET NDUHEMATEH i IPH
PASHHX 3HAYCHHAX X, T. €. YCTAHOBHATD, A1 KAKHX BHB‘IGHHﬁ a ypan-
HeHHe 3+ sin x cos x = a uMeer KopHH. [IpEMenan hopMyny cHEyCA

. 1,
ABOMHOrO yrija, sannuieM ypasHeHHE Tak: 3 + 3 8in 2x = a, oTkyAa

sin 2x = 2a ~ 6. DTo ypaBHeHHe MMeeT KOPHH, ecau | 2a — 6 |< 1, 1. e.
e —-1<2a-6<1,oreyna 5§<2a<7, r.e. 2,56<ax<3,5. Cnegopa-
TeJBHO, MHOKECTBOM 3HAUeHHN AaHHOH QYHKIIHY ABJIACTCS IPOMEMRY-
ToK 2,5<y €3,5. A

3axava 5% IlocTpouTs rpadMK QYEKIHM
y=—3coa(x—-1).

ATpadmx dyaxoun y = —3 cos (x — 1) MOKHO NOAYUNTE B3 rpadaka
bYHKIEM y = COS X CAeYVIOIEME DpeoOpASOBARHAMM:

1) casuroMm BAOAS ocH aGcrnpec BIIpaso Ha 1 exn.;

2) pacraicenneM rpaduka GYHKIHH ¥ = c0s (X — 1) BEOJH OCH OPRU-
HaT o1 ocH afcoucc B 3 pasa;

3) cemmerpIaHLIM oTOOpaKKeENneM rpaduka dryarEE ¥ = 3 cos (x — 1)

OTHOCHTEALHO ock abenyce (pmce. 89). A

» y=3cos(x-1)

1 -
Tl+m X
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YnpaxHeHns

Iloarayack rpaduroM GYHKOMH ¥ = COS X, BHINOJIHUTE YODAXKHERNA

(958—962).

9568. (Vemuo.) BoiacHHTS, DY KAKHX SHAYCLHAX X, IPHHAATEMAIIHX
orpesky [(; 3n], yExOua y = cos x¥ NPUEUMAET SHAYEHUA:
1)paernie 0; 1; —1;  2) nomouTelbHEE; 3) OTPHIATENLHEIE.

959. (¥Yemnuo.) BeiacEuTs, BO3pacTaeT MR YORIBACT QPYHKINA ¥ = CO8 X

Ha OTpeaKe:
1) [3r; 4z); o)(-2m;-n);  3) [21:; %"]
[-Z0]; 5) [1; 3; 6) -2; ~1].

960. Pasburs JaHHBIA OTPE3OK HA ABA TAK, UTOGHl HA OZHOM M3 HHX
@VHEEIMA § = COS X BOSPACTANA, & Ha ApyroM — yORIBAJIA:

EXLI0 nm]. 3], n

y|EEl 2 [ 2,2], 3 [0%); 4)[ 1:;5]-

961. Henoabsya csolicTBO BOZpACTAHMA HAH YOLIBAHNA QYHKIHK
1 = €08 X, CPABHITH YKCIA:

n 8rn 8 9n
1) cos 7 H COS o 4) cos (—7] H COS (—7),
2)cos%ncos$; §)cos 1 mcos 3;
3)cos (—6—:) H cos (*%]; 6) cos 4 u cos 5.
962. HafiTi Boe peIneHNA HePABEHCTEA, TpHHEAIIeKawMe oTpesky [0; 3n):
1 V2
1)ecos x> 2% 3)cosx<—?,
2)cosx>—%; 4) cos x < g
963. HaiiTu ofaacrs onpenenelua QyHKIIRNK:
1) y =sin 2x; 2)y=cos -J-;-; 3 y=cos %;
2 . x-1
4) y=sin pE 8)y=sin N 6)y=rcos P
964, HaifTu MHOMECTEO 3HaYeHHH DyHKIMA:
1)y=1+sin x; 4A)y=1-4cos2x;
Dy=1-cosx; 5) y=sin 2x cos 2x + 2;
y=2s8inx+3; 6)y=% ginxcosx— 1.
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965. Bupa)kad CHHYC Yepes KOCHHYC o QopMYyJIaM NpUBedeHHA, CPaB-

HHTE HHCTA]
1) cos ~ wsin ~; 4)gin 3z
)cos5usm5, ) sin 5 BCOS =3
. | r n br
2)sm7zcos7, 5)00861-13111 4’
5% ) .4 T . an
3)cos?usm 5 6)cos§nsm 10

966. HadiTn Bce perneHNA HEPABEHCTEA, TPHHANIC/KANTHE IPOMEXKYTKY

n 3n
E<x€ —'2—'

1)c032x<%; 2)c033x>§.

987%. IlocTponTh rpadux GYHKINK H BLISCHUTE €€ CBoiicTRA:

1)y=1+cosx; 4)y=3cos x;
Dy=cosx—-2; B)y=cos3x—1;

T
3)y=cos 2x; 6)y=2cos (x+§).

968%*, Haiite MEOXKecTBO 3HAYeHN HYHKIIMH ¥ = COS X, €CJIH X IDHHAN-
JISYKHT OPOMEXYTKY:

L 5z, Tn
N )
Haittn ofnacts onpeaenenns yaruuu (969—970).

969*. 1)y = /sinx+1;

4)y= f1-2sinx;

2)y=Jeosx—1; 5) y=I1g sin x;
3)y= 2co8x-1; 6)y=Incosx.
1 1
* - - . - .
970%. 1)y = 2sin® x-sinx’ 3y= ginx—gin8x’
2 1
2)y“em-; x—sin®x Yy= CO5° X +C0BX

971*, HaiiTit MHOXK€CTBO 3HAYEeHMH DYARKIINK:
1) y =2 sin? x - cos 2x; 4)y =10 -9 sin 3x;
2)y=1-8cos? xsin? x; 5)y=1-2|cosx|;

2
3)!4‘“?%; 6) y =sin x + sin (x+g).
972%*, TlocTpours rpaduk QyHKIIHH:
1)y=|cosx|; 2)y=38-2cos(x-1).
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§ 53. Dynxkumm y=tgxuny=ctgx,
MX CBOMCTBA N rpadpmkmn

dyaxroua y = tg x onpefencHa Ha Beell YHCI0BOH NpAMOE, KpomMe TO-

n

2

POMM NOCIEAQBATENsHO rpaduk 2ol PyHKONN: CHAYAA HA NOJIYHETED-
T n

BAJE [0; g ], 3aTeM HA HHTEpBane [_E; E] H, HAXOHeEIl, Ha Bceil obaacTn

ek x= _ +An, n € Z, HeverHad n MNepHOAHYECKAA ¢ TEPHOLOM T. Iloct-

onpeaeIeHHA.
1, Tpadux dyuxuun y = ig x Ha NOAYHETEPRATE [0; g] .

JIouameu,wmqbyummyﬂgxeoapacmemmnmyuume[o;g].

. P .
ollyers 0 x) <%, < —2-.Toma0<smxl<81nx2,cosxl>coax2>0.

sin x Bin x. sin x.
2 2
= =

Crneapparensso, tg x, = =tgx,, Te.tgx, <tgx, ®
g%y £OEY, COSX, CO8X, g xy Te- tgx, <ig %,
CocrasamM TaGauIy sHAYEeHHEN QYHKIMU ¥ = tg x ANA HeCKOALKEX

BHAUeHHUH X 43 TOAYHHTEPBAIA [0; g ]:

T
x 0 P

y=tgx 0 §=0,58 1 J3=1,7

WA
A

IlocTpouM HalizeRHEIe TOYKE ¥ IPOBELEM
yepe3 HHX KPHBYIO, YIHTHIBasA, YTO HA NMOTY- i

HMHTEPBAIE [0; g—] dyvEKnRa ¥y = {g x BOapac-

Taer (prc. 90).

g Gonee TOUHROTO DOCTPOSHAA rpadmKa
HAA0 COCTABHTE Goaee moapoOHYKD Tabauny,
HaxoAA sHavyeHne Qyarnun y = tg x eme aua
HeCKOMLKHAX JHAYCHHIT ApryMenTa, HATIPHMED,
no tabamuam B.M. Bpagnea nan Ha MHKpo-
KANTBKYIAATOPE.

OTMeTHM, YTO ecid x NpABIAMKAETCH K 0 ! TZC %

NIe
My

n n .
2 ™ x < grTOSINX npubamxkaerca K 1, a Pruc. 90
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cos x npubmxaerca k O n cos x > 0. IIpu sTom tg x = % HEOrpaHH-
X

YeHHO BoapacTaer (puc. 90).

2. I'padux bysxnHu y = ig x 1a aaTEpPBASC ( 2 2]
B § 30 6u110 nokasaso, yTo GyHKIEA

y y = tg x — meyernan. IloaTomy ee rpa-
M(xg;y,) (UK CHMMeTpHYeH OTHOCHTEIEHO HAYA-
Yo 768 KOOPAHHAT.

Jas nocrpoenus rpadMira QYHKIUN

22
SHM CHAYAJAA €r0 YaCTh HA NOJYMHTEREA-

¥ = tg ¥ Ha EHTEDBaNE [—E ] u3obpa-

—Xo -

3 [ 2 X e [ ) (cm. puc, 90). 3arem Aaa KaMK-
Ro#t Toux: M(x,; ¥,) nonygenHol YacTH
noCTPOUM TOUKY M, (—x4; ~¥,), cumMmer-
PHEYHYIO OTHOCHTEJHLHO HAYAJA KOOp-

-y puHAT. [loayunm rpadux byRRIEM
1}
M (—x45-v,) ¥ =tg x A HETEpRANE [— g; g] (pme. 91).
Puc. 91

3. I'paduk byEruun y = tg x ua sceii 06a8cTH OpeneseHHn
B § 50 om0 mokasaHo, uTo HPYHKINA ¥ = tg ¥ — DepHOIHUecKad ¢
nepuogom . CiaegoBaTenbHO, Beck rpabHK 5Tol GYHKEUA MONYIAETCA
n
H3 eT'0 YACTH HAa MHTepRaie (—5 E) (cM. puc. 91) CABHroM BAOJIB OCH

abecnuec BOPABO M BIEBO HA AR, it € Z (puc. 92).

»
y=tgx
1-
-2 - R 2r _
N .14 _I 0 = in 5mox
z AR 3 3 /
Puc. 92
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Hrak, peck rpaduk HpyaKORY ¥ = {g X CTPONTCSA MreOMETPHYSCKH, HC-
XOOA M3 ero YacTH Ha LOJIYHHTEepBATE [0;% ) CneaoBaTencHO, CBOHCTEA

dyaxINn § = tg X MOM¥CHO NOAYVYHTL U3 ee rpadurixa. Hanpumep, u2 pu-
cyEra 91 caexyer, uro GyHERNMA ¥ = ig X BO3DACTACT HA HHTEpPBANE

L
[— -2-; 3 ] , 8 H3 PHCYHKA 92 BEAHO, UTO 9TA DYHKINA BOSPACTAET HA HH-

TepBaJax (—g+nn;g+m), ne Z.

IlepeuHcauM OCHOBHHE CBOMCTRA YRKONHE ¥ = g X.

4. OcHoBHEIe cBOMCTBA (pyHKIMK y =1g x

1. O6racmo onpedererus — MHOMKECTBO BCeX A CTBMTELHBIY. YH-
4
CeJI, KpoMe THCel , +1n, & Z.

2. Muoxecmao 3naveruil — MHOMKecTBO R BceX NeilcTBHTEABHBIX
YHACE,

3. Dyuxnua y = tg x — nepuocduyeckarn ¢ nepuodom T.

4, dynxunag y =tg x — Hevemuas, 1. e, tg(—x)=—tg x.

5. Oyrknua y = tg ¥ gozpacmaem Ha HETEPBANAX [*—g—+ﬂu;g+m),

ne Z.
6. ODyuxuus y = tg x NpRHAMaeT sHaveHue, pasnoe 0, npu x = nn,
ne Z.

5. OPyaruEa y =cig x
Ilo dopmyne npuseneHnda ctg x = ~tg (x+ g )

CreaoparelbHO, rpadUur QYHKUHH ¥ = ctg X H ee CBOMCTBA MOMCHO
MOJYYATE H3 rpaduka PYEKINHE y = tg x ¥ CBONCTB 210l GyHKIEH,

T'patdhur dyrrng = —tg [I + ;—] NOJIYYAETCA U3 rpahHKe (PYHKIIHH

"
2
OTHOCHTENBHO ocH abeoncee. I'paduk dyErnne ¥ = ctg x u3obpaiked Ha
pucyHKe 93.

¥ = tg X CABHIOM BJIOJEL OCH afclHce BE/IeBO HA — H 3ATEM CHMMeTpHeill
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Lt
)
[
]
A

_in I
2

Puc. 93

3agaga 1. Haiith Bce pemmenns HepaseacTBa tg x < 2, npuHAaLTe-

IKAIIHE OTPEIKY — S X < %’—:

A U3 pucyaka 94, a BuaHO, uTo rpadrK QYHKIMH i = tg X JeXNUT He
BHIME NPAMOIL i = 2 Ha npomexyTrax [-7; x,), [—g;xl] u (g;xg] .
rae x, = arctg 2, x,=n + arctg 2, x3=—1t+arctg2

OrBerT. m<x<—n+arclg2, —+ <x<arctg2 <x€n+arctg2 A

3agaga 2. Pemnrs HepaseHCcTBO tg x> 1,

ATlocrponm rpaduke pyHxnrit y = tg x 1 y =1 (puc. 94, 6). Pucy-
HOK NOKAILIBAET, YTO rpadhuk PYHKIMA ¢ = tg X JeKHT BHIle npaMoi
4 =1 Ha NPOMEKYTKE ( 13 ] A TAK)Ke HA MPOMEMXYTKAX, NOJIYYeHHEX

CIBHIOM ero Ha &, 2n, 3, —n, —2RH T. 4.

n r
OrBer. 1 +An<x < 2 +an, nc Z. A

3anauga 3* Iloctpouts rpadmk QyEKOHH y=tg(2x+g).
AT'padyk pyHKINR = tg‘[2x+ ] tg‘2{x+4] KOTOpas ABASET-

.
CA NepHozWdecKol ¢ NepHoAoM 5 » MOJKHO IOJIYHATE H3 rpaduka PyHK-
IMH ¥ = tg x cneayiomnMy Npeodpa3oBaHH AMM:

n
1) caBHroM BROJE OCH aGCIIHCC BIEBO HA 4 o

2) coxarueM rpadpuka GyHKORE = tg [x +-;-t ] BAOJE OCH A0CIIHCC K
oce OpEMHAT B 2 pasa (puc. 94, a). 4
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lin Xy T 0 x

=
Re
=1
Hy

a)
4 =tgx
/ 1 / y g/ /J’=l
B /%J'-'*% "F g /%lf‘%ﬂ {il?%“

f

3
i
M

Pnc. 94

OTMeTHM, YTO IOCTPOeHHE rpaduKa QYHKERH ¥ = tg (2x+ g ] MOMK-

HO HHAYe OCYIMecTBUTE, 3ANACAB TaHHYI0 QyHKOEIO Tak: ¥ = — ctg 2x.
B aToM eayuae MOMHO CHAYUANA BEINOJHHTD C3kaTre rpadmka GyHRIHH
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¥ = ctg x (puc. 93) Broan ocu aGenuec K ocu opAREAT B 2 pasa, 4 3aTeM
rpadhuk HyHKIUN § = —ctg 2x nonyynTs u3 rpadbuka GyHKUHA ¥ = ctg 2x
C ITOMOIIIEI) CHMMETPHH OTHOCHTEARHO ocKt Ox,

TpHUroHoMeTpHYeCKAe PYHKIUHH IIHPOKO IPHMEHAKTCA B MATEMA-
THKe, (PH3AKe U TeXHHKe. Hanpumep, MHOrHe Ipoueccsl, TAKHE, KaX
ronebaHte cTPYHH, Konebanne MAATHHKA, HANPANEHHE B el Nepe-
MEHHOr0 TOKA H T. A., ONACHBAKTCA yarEuei, koTopad sagaeTca dop-
mynoii ¥ = A sin (0x + ¢). Takue npollecchl HASHBAIOT ZAPMOHUNECKY-
MU KOReOaHUAML, 8 OMTHCHBAIOIINe AX QYHKIHH — 2apMOoHuKamiu (OT
rped. harmonikos — copasmepnrstii). I'padbuk dyHKIHR § = A sin (0x + @)
HoJydaeTcd H3 CHHYCOHAE ¥ = sin ¥ C)XaTHeM HJIH DACTAMKEHHAEM ee
BAOAL KOODAMHATHEIX OCel M CIBHIrOM BAOJL OcH Ox. O6LIYHO rapMo-
HOYeCKoe KoebalHe apnaerca dbyHKIUeR BpemMenn: ¥ = A sin (ot + ¢),
rie A — aMOJANTYA2 KomebaHud, 0} — YACTOTA, (¢ — HAvajdbHas Qasa,

2
g — nepHOA KoaeGanud.

YnpaxHeHus

ITonesysace rpadmramu pyEkuuil ¥ = tg ¥ 1 ¥ = cig x, BRIDOAHENTE
ynpa;xeeHea (973-976).
973. (¥Yemuo.) BHIACHUTEL, IPH KAKHX JHAYEHMAX X U3 NPOMEXKYTKA
-n<x < 2x dpyuxuna y = tg x npuAEMaeT;
1) sHauenme, papHoe (; 2) DonomureabHEe, 3) OTPHLATENLHEE
BHAYEHHSA.
974.(YVemnuo.) Buscuuts, asaserca 1u GyEKnaa ¥ = {g x BospacTan-
el HA TPOMEeNyTKe:

z.x]. LAY X0 .
n[%2]; 2)(5,1:), 3)[2,8], 4) (2; 3).

975. (¥Yemno.) BHACHATL, IPA KAKHX 3HAUYCHHAX X M3 OIPOMEXYTHA
-2n < x < T PYHKLHA Y = ctg X DPHHUMAET:
1) suauenne, pasaoe Q; 2) nOAOKATENLEEIE, 3) OTPHIATENLHEE
SHaYCHHA.

976, (Yemno.) BuacHuTe, apngerca au QyHKus y = ctg x ybrsawmei

HA TPOMEKYTKE:
3 3

o[ wfetd o[ e

977. CpaBHATE uHCIA:
ind br
1) tg 15° u tg 25 3)tg |77 |nte g
.5 4r
2) tg (-80°) u tg (-50°); dtg putg
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5)tg 2ntg 3; 7 tg (-1)m tg (~-1,5);

6) tg 1 mtg 1.5; 8) tg (~2) u tg (-3).
978. CpaBHHTH YMCHA:
1)ectg 35°ucig 67°; 4)ctg (—g) Hctg g;
2)ctg 95°uetg 117°% Sletg 1,2 netg 1,5;
3) ctg (—%]nctg =, 6)ctg 2mctg 3.

979. BHACHUTE, BRIDOJIHAETCH JIA HEpaBeHCTBo tg x > 0 Bo Beex ToY-
KAX OTPOMEXKYTKA!

1) (03] 2) (5;3—;]; 3) [—%‘;—%]; 4) [—;;g];

S)[-1; 1] 6)[2; 4); 7(-3;-2); 8)(0,5; 1).
980. HaiiTH BCce pelrreHRA HEPARCHCTRA, IPHHANMNCKAIIHE TPOMEXYTKY
(—r; 2n):
Ntgx=1; Dtgx<—~1;
2)tgx<§; 4)tgx=—-43.
981. Haittu Bee unecna x uaTepsana (0; 1), AnA KOTOPLIX BEIMOIHAETCA
HepPaBeHCTRO:
1)etg x> -3 ; 4)ctgx < f3;
2yctgx2-1; S-1l<ctgx<y
Jetgx<1; 6)0<ctgx<1.

982, HaiiTi Bee penreHHs HePABCHCTBA, NPHHAAJCHKALNINE TPOMEKYTKY

[0; 3r}:
Itgx>3; 2ytg x <4, 3tgxs—4;
4)tg x > -3; Bictg x> 2 6) ctg x = 3.

983. HaiiTet Bee pereHNs HePaBeHCTEa, NPHHAAJICKANTHE TPOMeKYTKY

.
1) tg 2x < 1; etg £ >~
g F 2 75!

Qtg3x<-+3; 4)ctg§€1.
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984%, [TocTpouTE rpaduK GYHKIHHE H BEIACHUTE ee cBolicTea:

Dy-te(x+ ov-w s
y=tgx-2; 5)y=ctg(x—g};
3)y=%tgx; 6)y=ctgx+1.

985%, HaitTu MHOMKecTBO 3HadYeRUH GyHKIINN ¥ = {g X, €CJH X IPHABK-
JeKHT TPOMEKYTKY:

1) [—g;g]; 2) (:—’f;%’—‘]; 3) (g;u]; 4) (g‘o’f]

INocrponts rpadux pynaxnuu (986—988).

986%. VDy=tg|xfl  2) y=|tgx|; 3)y=ctgx;
1 .
4)y=_cEE§, 5)y=tg xctg x; 6) y =sin x ctg x.
sinx npu *E€x<§, COBX HPH — = <X <=,
987%, 1) y= 2 2) y= 2 2
tg x npm E€.1|c<£; ctgx opm T<xenm
4 2 2
x n
988* 1) y=1tg (31‘:—;); y=ctg [3[;5.‘.6]]

§ 54. TPUroHOMETPUYECKNE HePABEHCTBRA

PaccMoTpuM DpHMEpH TPRNOHOMETPHYESCKHX HepaBeHCTE, Ilpn ux pe-
HIEHHH HCMOAL3YIOTCA CBOMCTBA TPHIOHOMETPHEYECKHX (PYHKIHUN H HX
rpathHKH.

V3

3amaga 1. PeriiTes HepaBEeHCTEO COS X % 5 -

A Tak kak KOCHHYC — HepuHofHYecKad PYHKIUA ¢ NepEofoM 21, To
JOCTaTOYHO HANTH pEIIeHNA HEPABEHCTEA HA OTpaske IanHo# 2n. B ka-
JecTBE TAKOrO OTpPeska BogbMeM oTpesok [0; 2rn]. PaccmoTpum Ha orT-

peare [0; 2n] rpaduk GYHEOKHE [ = cOs X H NPOBEAEM NPAMYIO I = ——3

2
(puc. 95).
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Hazo saiiTe Bee Te 3HAUCHHA X H3 y
orpeska [0; 2x], Ans KoTOPBLIX coOT- 3
BETCTBYIOIIME TOYKM rpaduxa pynk- 114 7 B._
OMH J = CO8 X JIeXKAT HIKE UPAMOIl n /'] 2t

Ol x, & X, X
y= -J—§ u Ha aroit opamoli. llpamaa -1 2\/%‘

%

2 y=cosx
3
v= 5 nmepeceKkaer npe x € [0; 2xn] Puc. 95

rpaduK QYHKLIHH i = CO8 X B TOUKax A U B, abcouceH KOTOPRIX €CTh

KOPHH YPaBHEHHA €08 X = —‘go: Ha otpeske [(; 2x]). OaE0 U3 penrenmix

3 = 11x
3TOr0 YPABHEHHS: X, = ArcCOs 5 = g * Apyroe: X,=2n-x, = - - Ecnm
%, 11x <
X E 6’ 6 y TOCOS X ? -
CnepoBareabHO, Ha orpeake [0; 2n} Bce pelleAHA HepABEHCTBA

11
cos X< ? OIpemeadiTCe YCIOBHEM % x5 Tn .
11x
Orser. g +2nk€x§—6 +2nk, ke Z. A

1
3anmaga 2. PemaTs HEpAREHCTBO COB X > rh

A PacemorpuM rpadHy QYHKIHNA i = €08 X HA 0TPeske [-n; nt] 1 opo-

BeJIEM IPAMYIO I = % (puc. 96).

1
Ipamaa y = 3 nepeceraeT Ha STOM OTpeske rpadnk PyHKIHH i = CO8 X

L N
B TOYKAX A 1 B, aGCUHECCH KOTOPHIX X, = —3 %= 3

H3 pucynka 96 BIHO, YTO BCe peNIeHAS HepaBeHCTBA 0Bpasyior HETep-

FL
BaJI (_E;E]’ T.€. HA OTpeskKe [—m; n] %

BOE DENIeHHA JAHHOTO HepABEHCTBA O~ y=% 4 /l--..\ B

T x £ AN -
peNensIoTCa YCIOBHEM —— < X < —, = -
3 3 X o x nox
AN RN

OTBer. —1—; + 2k < x < g + 2nk,

keZ. A Puc. 96
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1
HepapeHeTBO COS X > 5 MOMKHO TAKIKE PEIHTL C DOMOLILE eHHIY-

HOM OKDPYICHOCTH.
A Ha egunuynoil oKpyHHOCTI CTPOUM YTOI, KOCHHYC KOTOPOrO pa-

1 . .1
BeH . Jna sTore Ha ocH OXx OTMETHM TOUKY ¢ aGCoUCCoR, pABHOM 20 ¥

Yepes 9TV TOUKY IIPOBefeM NPAMYID, NapaLIeIbHEyIo ocH Oy (puc. 97).
A Jra OpAMad NepecexaeT efHHHYHYIO OK-
¥ PY/RHOCTS B ABYX Toukax M, u M,. Touxe M,

n
COOTBETCTBYET yrol B —; Ppak. (mnu B

5
P %t Paz.), Touke M, cOOTBeTCTBYET yroa B

WiIH | WA

: ﬁ\___/?
=y

1—; paa. Hs pucyHxa BUAHO, YTO BCE TOMKHA TYTH
M, PM, exRHUYHO# OKPYXHOCTH, KpOMe ee

1
KOHOOB, HMeKT abcuucey, GonbIIyio 3¢ Ilo-
Puc. 97 DTOMY HA OTpesKe [—A; 1] Bce pemieHHA TAHHO-
o HepaBeHCTBA JAKJIIOUEHE! B IPOMEKYTKE

T

n “
3 <x< re Ha muoMecTBe NHCTBHTEILHRIX YACEN BCE PLIIEHHA He-

n
PABEHCTBA MOXCHO JAMUCATS TAK! —5 +3nk<x < g +2nk. ke Z. A
3agavua 3. Hcmoneays egRHHUYHYIO OKDYIKHOCTE, PELIATE HEpA-
1
BEHCTBO COS X & 3
A Ha pucyHka 98 BUAAO, HTO BCE TOUKH AYTH M,NM, enMEnYHO OK-
1
PYRHOCTH HMeOT afcouecy, MEHLOIVIO HIIH DABHYIO 2° IToaromy =HA OT-
¥y peake [0; 2r] Bce perneHAA faHHOTO HEPABEH-
n 5n
cTBa 00pasyloT 0TPEe3oK 3 XS 3"

Ha MuoKecTBe AeiICTBUTEIHLHBIX YACE]T BCe

1x PellleHNdA HEPABECHCTEA MOXKHO NIPedCcTABHTE

5T

n
TAK: §+2ﬂ:k<x€ 3

+2nk, ke Z,

wig
RN

b | -

Ormer. g+2nk€x€ o +2nk, ke Z. A

Puc. 98 3
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1
3amaua 4. Penmrs HepaseHCTBO sin x < 75
. 1
A Tlocrpomm rpadnke GyHrOmit y=ginxuy= N (puc, 99). Cua-

1
qana HaiifleM Bce permIeHMA HepaBeHCTBa 8in x < 72- » IPpHHAIeKALIIHE

Bn 1
OTPE3KY [ 22 ] amaoi 27, Ha 910M oTpeske ypasHeHHe sin x = N1

3n On
MMeET ABA KOPHA: X= —~ HX= —~. Ha pucyaxe 99 BHAHO, YTO peIlleHH-

5r
5 ? ABIAAKTCA BCE THCIA

AMH HEPABEHCTBa Sih x < 715 HA OTpesKe I:E;
MHTEDPBAJE 3“ Sz

ey
Tak xak GyHKOHA sin x mepuoSryecKad ¢ Iepuogom 21, Bee pemre-

. 1
HHA HepABEeHCTBA Sin x < 75 — 9T0 HHCAA X H3 HHTEDBAJOB

3
[ :+21m, 1 +2ﬂn) n € Z (cM. puc. 99).

sinx

)

N
s
)

//i.f\ £ AN 4 :E\\
X

Puc. 99

3 9
OTper. Tn+21tn<x<%+2rm, neZ. A

3aMeTHM, UTO peleHne 3aTaMH 4 MOMHO HAYATE € paccMOTpEHAA

3n ®

Apyroro orpeska AauHoll 21, HAIPHMED OTPEIKA [*? E:I

Hz pucyuxa 99 BHIHO, 9TO HA 3T0M OTDE3KE PENICHMAMY HEPABCH-

. 1
CTBA 81N X < ABNAITCH YRCIa HHTepBaJla ‘-‘-E E CJIBJIOB&TEJIB'
32 4’4
1134 Tt
HO, OTBET MOXCHO 38ITHCATE B BHAE ~ — - +2mn <x < 1 +2nn, ne Z.
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3agaga 5. Pemnrs HepaBeHCTBO CO8 X 2 *715.

ATlocrpoum rpadmkn GyHKIHA y=COBX Uy = —% (puc. 100). Ha

3
orpesxe [—7; f} yparEenne cos x = —715 HMeeT [Ba KODHA: X = ~T“ "

x= 3Tﬂ.IfI:spl-lcyﬂ:m IOOBn.u;uo,mpemeHHauuHepaaencmcosx}—?lE
3r_3n
Ha oTpeske [—7; ] ABAAI0TCA Bee YHEa X OTPesKa [_T;T]'
yh
1 | w sz I =Cosx
SR _aR n n
/ N\ 70 N / N X
e T 1
N

Puc. 100

Tax Kaxk @YHKIHA cOS X NepHEOAHYEeCKAA ¢ HepHoAOM 21, TO Bee pe-

1
INeHNA HepABeHCTBA COS X = __UE — 9T0O YHCJA X H3 OTPE3KOB

3 3
[_T“+ 2nn; Tn+ ZM] » € Z (cm. pre. 100).

3x

1 +2m€x€-3f+2m,nez. A

OrperT. -

3aaxgaua 6. Pemure HepapercTeo tg x> 1.
A Iloctponm rpaduke pyEKUM y = tg x u y =1 (puc. 101). Ha mr-

TepERaNe [—g;g ] JJAHHON N ypaBHeHHe tg X = 1 HMeeT OAWH KOPeHB
x= ; W3 pucyrka 101 pugaO, UTO perreEnaMy HepasencTBa tg x > 1

Ha MHTEpBade (—g ;g ) ABNAIOTCH BCE UNCJA X AHTEPBAIIA (E ;g )

326



=
N
iy
=
=]
1
~E
=y

Puc. 101

Tak xaxk GyHKEHA tg x NepHoAHYeCKAA ¢ IepHOAOM N, TO BCe
pellieENA HepaBeHCTBa tg x > 1 — 9T0 uHCAO X B3 HHTEpPBAJIOR

[g+m;g+un), n < Z (cm, puc, 101).

E n
OTmerT. 1 +In<x< 3 +an,nec Z. A

1
2p< .

3axgaga 7% PemmTs HepABEeHCTBO s8in 3

. 1
A DTO HEpABEHCTBO MOYKHO IPEACTABHTE B BRAE | sin x | < ok

IlocTpouM rpaduk pyHKIUH ¥ = | sin x| {14 aroro cHauaia mo-
cTpoMM rpahuy PYHKONHK ¥ = sin X H 3ATEM TACTE rpadHuKa, JeKaALIYIY
HHxe oct Ox, OTPASHMM CHMMETPHYHO OTHOCHTENEBHO 3TOH ocH

(puc. 102). Ha aTomM Ke pHCYHKe DOCTPOMM HPAMYIO If = 715 .

Puc. 102

®yexoaa y = | sin x| mepmoauyeckan ¢ mepuoaom . Ha oTpeske

nn . ) 1 .=
[ E'E} AMEHO# T ypaBHeHHMe | sin x | = 7z HMeeT AIBA KOPHA: X =~ M
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T . i
xr= Z.Hapncynxa 102 BuAHO, YTO PeINCHUAMH HePaBeHCTBa | sin x | < 7

K =x

TR
HA OTPEe3Ke [_E; —] SABJAKTCA BCe YHACAA HHTEPBAAA [_Z 1 ] . Cnenosa-

. 1
TEJbHO, BCE DEeII¢HNA HEPDABEHCTBA | 8in x | < 75 — 9T0 YHCJA X H3

4 4
HHTEPBAJIOB [-z*' Rﬂ;z*’ nn ], n € Z (cv. puc. 102).

n ™
OrBerT. 1 +AR <X < 1 +nn.necZ. A

3axaua 8% Pemrurs HepaBeHero 4 sin® x — 8sinx+8<0.
A ObosHauas sin x = ¢, IMeeM KBagpaTHoe HepaBeHcTBo 42 — 8¢ +
+ 3 < 0. PasnorkHs KBagpaTHLIR TpexuieH 4t2 — 8t + 3 Ha MHOKHTENH,

sanpIIeM HEPABEHCTBO B BAae 4 [t—%)(t—g) % 0. 3ameHada ¢ Ha sin x,

. 1 . 3 . a3
TIOMTYIaEM HEPABEHCTEO | Sin X —o smx*E <0, Tarcuansmx—§<0

IpH BCeX X, TO HCXOOHOE HEepABSHCTBO PABHOCHJIBHO HEPDABEHCTBY

. 1 . 1
sinx- =0 unu sin x > 3"
PemeHuAMH nocleqHero HepaBeHCTBA ABASKTCA HHCIA X B3 OTDes-

KOB [%+ 21:n;%“+ 2nn] ,ne Z,

OrBer. g+2nn€x< %’: +2na,ne Z. A

YnpaxweHua

Pemute nepasencteo (989—998).

989. 1)sin x < Q; 8) sin x> 1;
Dsinxz0; 6) sin x < —2;
3)sinx>-%; 7) sin x <~1;
4)sin x < 2; 8)sinx=>1.

990. l)sinxs—%; 3)sinx>—%;

. 1 . 1
2)smx>75, 4)smx<§.
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991.1)cos x < 0;
2ycosx 20
dycosx < J§;
4)cos x = —2;

1
992, 1)cosx<—7§ ;

—_—

2)cos x> 5
1
3jcosx < 35
993. tg x <0
2Dtgxz0;
8) tg x< 3;
Ytgx> 3;
994.1)1 - 2sin 2x > 0;

2)2cos2x+1<0;

995. 1) 2 sin (H%] >1;

2

o)

xF
2)cos 3
996. 1) tg?x < 1;

997+, Nig x +ctg x =0;

2)cos2x +cos x<0;
998*. 1) 2 cos? x — sin x > 2;

Bycos x < —2;
6)cosx>1;

Tycosx=1;
8)cos x = —1.

1
4)cosx>—§;

1
- —

5)cos x 3

6)cosx>%.
S)tgx<~1;
6)tgx>-1;
Nigx<3;

8tgx>-2,

3)3tg% < 3;
4)ctg 3x = 3.

8)4 cos?x<3;

-
¥

2ctglx> 1.

3)sinx—cosx20;
4)sin 2x +sin x < 0.
2)cos2xr—bsinx < 3.

4)4sin®x>21,

999*, HaitTn 06a1acTE onpegeAeHua GYHKIIHH:

y=t? x-1;

2)y = yotg? x-3.

1000, PemmTe HepapeACTBO!

1) \/5-2sinx >6sinx—-1;

2)1 +6cosx<2‘/2+4cosx.
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§ 55. O6paTtHbie TPUroHOMeTpuYeckue GyHKunn

1, dyrxuma y = arcsin x

IIo onpegenenio APKCHEYCA THCAA AaA Kaxkaore x € [—1; 1] onpe-
BeleHo OAHO THeao i = arcsin x. Tem cameiM Ha oTpeske [-1; 1] sanana
dyarOoHA y=arcsinx, -1<x<1.

Iloxaxem, uTo yrKUUA i = arcsin x sasagemcr ofpamuoil K PynK-

yiiu y = 8in x, pacemampusaemoit Ha ompesxe —g LX% g .

O PaccMoTpHM ypaBHeHHe i = sin x, rje y — 3afaHHOE YHCAO0 U3 OT-

peska—l<y=<1, a x — meuseecrnoe. Ha o-rpeafce——;- £x<€ g 210 YpPae-

HeHHe [Oo OIpPeNeNeHld APKCRHYCA YACAA HMEeT eAUHCTBEHHBIA KO-
peHb:
x=aresiny.
B monyuennoii dopMyie MeHAeM MECTAMM X 1 I
y=arcsinx, @
TaxuM o6pasoM, ceoiicTBa QYHKIHY ¥ = Arcsin X MoXKHO NOJIYIHTE
n3 ceolicTs QyHKIUH ¥ = sin x. padur pyHRIHHE § = arcsin x cuMmer-

. s r .
puyeHd rpathHKy PyHEKIHHA y=S8ih X, — 2 €xs 7 OTHOCHTEILHO IPAMOHE
y = x (puc. 103, 104).

Ilepeuncanm OCHOBHBIE cao0iicmea GYHKYUL Y = arcsin x;

4 4
Yy . . y
g | ¥ =aresinx E
2 2
1 = .
41 y=sinx
-
B
2 -1 . _
0 1 3'2! x -1 0 1 X
P y = arcsinx
’I
= -1
B I
2 2
Puc. 103 Puc, 104
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1. O6aracmo onpedenenus — orpesok [—1; 1]

- nn
2, Muoxecmeso 3Ha4ernil — OTPE3OK [*E: E] .

3. DyEKIHA § = arcsin x soapacmaent.
4, OYHKIMA ¥ = arcsin ¥ ABIAeTCA HeuemHuoil:
arcsin (—x) = —arcsin x.

2. PYHKIMA i = Arccos X

Ilo oupeseneHNI0 APKKOCHHEYCA YHCTA I8 Kaxaoro x € [—1; 1] on-
pefeneHo OOHO THCIO ¥ = arccos X, TeM caMeIM Ha oTpeske [-1; 1] on-
penenena GyHKIMA Y = arccos X, 1 € x € 1. 9ra byEKUMA aABIAeTCA
ofpaTHON K PYHKIMH ¥ = CO8 X, pACCMATpHBAeMOi Ha orpeske 0 < x < .
I'padux GyHKIHA ¥ = arceos X CHMMeTDHYEeH rpaduky QyHKIMH ¥ = Cos X,
0 < .x < 7w OTHOCHTENHHO NPAMOK ¥ = x (puc. 105, 106).

ITepeurcInmM ocHOBHBIE CBOIICMEE PYHKLLY I = aTCCOS X

Y T
)
Y T
g y=arccosx
X
-1 0 1 ;
Puc. 105 Puc. 106

1. O6racmes onpedenenunr — orpesor [—1; 1],
2. Muoxecmeo snaveniit — orpesok [0; n).
3. DyHKNEA Y = arccos x yObieaem.

3. Dyaxnusa y =arclg x

Ilo onpede/IeHHI0 APKTARMEHCA MNCJIA JIIA KAMAOrO AeiiCTBATENLHOT'O
X onpefesieHo 0GHO HIRCI0 i = arctg x. Tem caMEIM Ha Beeit yneaoBoit npa-
moit aaaana byHKINA ¥ = arclg x, x € R. Ora pyHRUIUA ApaseTcs ofpart-

HO#H K GYyHKIMH Y = tg x, paccMaTpPHBaeMoll Ha HHTEpBAJE — g <x< -125 .

I'padux dpyEronn y = arctg x nojydaercs n3 rpadpuka QYHKIUH
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y=tgx, —g <x< g (cm. puc. 92) cuMMerprei OTHOCHTEBHO IPAMOI

y = x (puc. 107),

yn
T
2 y=arctg x
0 X
W
3
Puc. 107

IlepeuncaumM ocrosHbie caolicmaa yrrkuuu y = arctg x:
1. O6aacmby onpederenur — MHEOXKecTBO R BeeX meficCTBHTENBHEIX

YHCeN.

T N
2. Muosxecmeao snauerutl — WHTEDBAT [——' —).

2'2
3. DyHKIHA i = arctg x acapacmaem.
4. DyHKINA y = arctg x Asngerca Hewemmoit: arctg (—x) = —arctg x.
DyHrkouK y = arcsin x, arccos x, y = arctg x HashklBalOTCA ofpam-
KbIML MPUZOHOMEMPUYECHUMU PYHEYUAMU.,

3agaua 1. CpasHnTs: YHCAA:

.1 .1
1) arcsin 3 Barcsin 73
2)arccos ? H Arccos g;

3) arctg [—g—) u arctg (—%]

A1) Tax xax — > 1 H $byHKIMA y = arcsin x BospacTaer, To arcsin —

3 3
s i _1_
arcsin .
V3 2
2) Tak kaxk I < 3 H PyEKOHA § = arccos X yGmBaer, To
arccos ¥8 > arccos ¥2
4 3"
2 1
3) Tar rax -3 < 3 K dyaruua y = arctg x Bospacraer, To

arctg [—g) < arctg [—%) A
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3anaya 2. Pemurth ypasHeHne arccos (2x + 1)= 3—; .

3n
A Tax xak ik [0; x], T0 Do OHpeaenenNKr APKKOCHHYCA YHCIa AQH-

3
HO€ YpABHEHHWe DABHOCHABHC YPABHEHHIO 2x + 1 = cos =t , OTKYIAa

4
2x+1=—§, x=—2+4J§. A

3anaua 3. Halfitu obsacTs onpegeneHra GyHKINYR i = arcsin le

ATar kax QyHKUMA y = arcsin X onpeaenena npu —1 < x < 1, ro pynk-

x-1
maa y = arcsin “?3“‘ onpeAeneHa ANdA TeX SHAYEHHH X, KA KOTOPRIX

1
BHINOJHAKTCA HepaBeHCTBA —1 < 22 <. Orcroga -3<x-1<3,

3
—2<x<4. A

YnpaxHeHus
CpasenTe yacaa (1001-1003).

1001. 1) arcsin g u arcsin g;

2
—
E

:nl.u mlm wlm a|,_.

3 10°

1002.1) arccos % H arccos % : 3) arccos

1

2) arcsin % H arecsin 2. 4) aresin [
2) arccos % H arccos ﬁ; 4) arceos (

[
=
:
@
|
e
\—.‘......._/

1003. 1) arctg % m arctg i; 3)arctg (—3\/2) u arctg (—4J§),

2) arctg 23 H arctg 3/2;: 4) arctg (—i] u arctg (—*L]

Pemnte ypagrerne (1004—1006).
1004. 1) aresin (2 — 3x) = ‘E; 3) arcsin t-2

2) aresin (8 - 22) = 5 4)arestn 223 =-
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1005.1)arccos(2x+3)=g; 3)arccosx—3t1—=%;
2)arccos(3x+1)=g; 4)arcc032xT_=n.
1008. 1) arctg . = 3 3) arctg (2x + 1)= -3 ;
2) arctg T = 1 4) arcig (2 - 3x)= -~
1007. Hadru oﬁnach onpegereHNs PYEKEHH:
. 1-3x _ . 1-Jx
1) y = aresin 5 = 3
2) y = arcsin x_;g; 6) y = arccos (2\/;—3);
3) y = arccos (2x - 3); 7) y = arccos (x2 — x + 1);
4) y = arccos (2 — 3x); 8) y =arcsin #
1008. Hokxasark, uTo rpaduk GYHKIHH i = arccos X cHMMeTpHtYeH OT-

1009,

1010.

1011.

1012,
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i
HOCHTEJERHO TOYKH [0; -2- ).

Ynpax+Henua x rnase Vill

Haiima 061acTh onpeseneAnda QYHKEHT;

1) y =sin x + cos x; 4)y=,/cos H
. 2x

2)y=sin x+ tg x; By= Seinx_1’

< cos x
By = ysinx; O)Y= Zeintx—sinz
Haifti MEORECTBC 3HaAYeRME QyHKIAN:
1)y=1-2sinx; 4)y=2cos’x +5;
2)y=2cos?x-1; 5)y=cos 3xsin x~sin 3xcos x + 4;
3)y=3-2sin? x; 6) i = cos 2x cos x + sin 2x sin x - 3,
BriacHuTE, ABIAETCA SN JaHHAA PYHKIAA YeTHOH ATH HeUeTHOHN:
1) y = x2+ cos x; 3)y=(1- x*cosx;
2y =x%—sin x; 4) y=(1 + s8in x) sin x.

HaiiT HauMeHsuIMii nonoxuTebHEIN nepruon byaKIAn:

1) y=cos 7x; 2)y=sin-;.



1013. Haitru xopHE ypasHeHHA, IPHHALJEKALIHE NpoMeskyTKy [0; 3x):
1)2cosx+J3_=0; 3)3tg'x=J§;
2) V3 -sinx=sinx; 4)cosx+1=0.

1014. HaiiTa BCce pellleHNA HEPABCHCTBA, IPRHALISIKAIIHE IPOMEXYT-
Ky [-2m; ~-n):
1)1+ 2cos x>0; 2+tgx>0;
2)1-2s5inx<0; 4)1 -2t x<0,

1015. BEIACHHTE rpabHuecKl, CKOJIBKO KOPHell HMeeT YpaBHEHHE:
1) cos x = x?%; 2)sinx=1-x.

NPOBEPL CEBA!

1. Haiitu obnacrs onpegeneHna @yeruen y = tg 4x. dAsnaerca
Ju 918 PYHKEAA IeTHOI?

2, ITocTpouTk rpapuk dyHKUNM ¥ = 8in ¥ (KIH Y = cOS X) HA OT-
peske [—x; 2x). Ilpn kak\x 3HAYEHUAX X M3 9TOTO OoTpeska y(x) =1,
y(x)=-1, y(x) = 0, y(x) > 0, y(x) < 0? PaabmTy faHHEIA OTPE3OK HA
OTPESKH BO3PACTAHMA H YOMBAEKA PYyHKOEAHA.

3t n

3. ITocrpours rpadpuk pyExkuun y = tg X Ha OTpesKe [—-—2—; E] .

Ilpu kaKHX SHAYCHUAX X 13 aroro orpeska tg x =0, tg x <0, tg x> 07
4. PellInTL HepaBeHCTBO tg x 2 ~1.

1016. Haittu oGaacTh onpefefeHua GyHKOUR:

1)y=tg[2x+§]; By= Jl-sfx;
2)y=Jtgx; 4)y= Jte?x-3.

1017. Hafith HauSorbmee B HaHMeHbIIee SHAYCHRS QyHKIHH!

1) y =cos? x — sint x; 3)y=1—-2|sin3x|;
2)y=sin(x+§)sin(x—-i—); 4)y=sin® x — 2 cos? x.
1018. BrisicEuTD, ABAAETCA JTH AaHHAA PYHKIAA YeTHON MM HedeTHOH:
1) y =sin x + tg x; 3)y=cosx+|sinx|;
2)y=sin x tg x; 4) y = sin x|cos x|.

1019, HaitTy HagMeHBIINIE OO0 UTENLHEIN NepHol QYHKITHHA:
Dy=2sin(2x+ 1) 2)y=3tg%(x+1).

1020. BuacHATE rpadbuueckH, CKOABKO KOPHei HMeeT YpaBHeHHe:
1eosx=|x|; 2)ysinx=|x+1]|
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1021. Haixrt Hyae QYHKEUH:

1) y=sin? x+sin x; 8) y =cos 4x — cos 2x + sin x;

2) y = cos? x - cos ¥; 4)y=cos x — cos 2x — sin 3x.
1022, Penmirs HePABEHCTBO!

1) ctg x cos x 2 0; 2)tg xsinx <0,

X

1023*, HaitTn Bee 3HAYEHHA X, TPH KOTOPEX dyHkmus ¥ = 1,5 — 2 sin® 2

NPHHHMAET NOJ0KHTEALHEIS SHAYCHRHA,

1024*, HaliTe Bce 3HAYEHHA X, NPHA KOTOPHX HYHRUHA y = tg 2x — |
NPHHUMAET OTPHIATE/AEHEE 3HAYCHIA.

1025*, IlocTpONuTE rpadUK PyHKIIERA:

N EE ¥ T
1)y=2sm(5+§]—2, 5)y—-t-g(3+3)—1,

2)y=% cos (2x—%}+2; 6)y=2ctg (x—-}]+1;

3)y=sin x+|sin x|; 7*) y = 2 arcsin (x + 1);

4)y=cosx— coszx; 8*) y =3 arccos (x - 2).
1026%*, HaitTe MEOXKECTEO BHAYCHIH PyHKOHI:

1)y=12sin x - 5 cos x; 3) y = aresin (x% — 2);

2) y=cos® x — sin x; 4) y = 2 arccos (x% - 1).
1027*, PeuTs HepaBEHCTEO:

1)sin x >cos x; 3)cosx—J§sinx< \/5;

2)tg x > sin x; 4)J3_sinx+cosx~<1.

1028*. HaiiTu o6nacTe onpeferenns GyHKIHL:

y= ,}3s.in2 x-coed x 3 3) y = arcsin (x2 - 1);

2)y= Jsin® x-3cos® x ; 4) y = arccos (x2 — 4).

WcTopuyeckan cnpaska

TprroHOMeTpHUYECKHe QYHKIIMY (NOJYIRBIIINEe HA3BAHUE OT IPeT.
trigonon — TPEYrOABHHK H meieo — M3MePSII0) HIPAKT OPOMHYIC POb
B MATEMATHKE H €€ NDRJOKeHHEX.

HecaegoBaHMeM TPHNOHOMETPHIECKAX PyHKIWIT NDaKTHYSCKH 32a-
AHMAJIACE elie APEEHErpeYecKie MATEMATHKY, A3YYAS B3AMMHOE H3Me-
HeHHe BeJHYHH B FeOMETPHHE K ACTPOHOMUH, COOTHOIISHH A MeK Y CTO
POHAMHM B IpAMOYrOJIbHBIX TPEeYroJEHHMKAX, KOTODHE IO CYTH CBoeH
ABMAIOTCH TPHTOHOMETPHYECKHME PVHKIITHAMH, PACCMATPHBAIHCE YIKe
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B III B. a0 H. 3. B paborax Esxauda, Apxumeda, AROAAOHUR N JPYTAX
VHICHBIX.

¥YueHAe 0 TPDArOHOMETPHYECKHX Be/IMYHMHAX TOIYYHIO PASBHTHE B
VIII — XV BB. B cTpanax Cpegnero u Bauxnaero Bocroka. Taxk, B I1X B.
B Barpange ax-Xopesmu coCTaBUM NePBEE TABIMILI CAHYCOB. Ar-Byad-
xanu B X B. CPOPMYJAHPOBAN TEOPEMY CHHYCOB B ¢ €€ TOMOINEBI0 110-
CTpONJ TaGAAny CHHYCOB ¢ HETEPBAIOM 15, B KOTOpO! 3HAYEHHA CEHY-
COB IPHBEJEHLI ¢ TOYHOCTLIO X0 8-r0 JecATHHHOro sHaKa. Axmad-ai-Be-
pyuu B XI B. BMECTO feeHUA PAJAYCA Ha YACTH IDH OUNpe/e/eHUH 3Ha-
yeHHi#l CHHYCA H KOCHHYCA, Coe/IAHHOre X0 Hero JITmosoxmeen, HAYAT He-
NOJAB30BATE OKPYIKHOCTE efHHHYHOTO panuyca. B nepsofl noaopae
XV 8. aa-Kawu cospan TpuroEoMeTpuYecKne TabMane! ¢ marom 1°, xo-
TOPHe OLIIH HENIPEB30iAeHHEIMHY 110 TOYHOCTH Nocheayiomue 250 mer.
CaMBIM KPYIIHBIM €BpOIefiCKHM NDeACTABUTEAEM TOH SII0XH, BHECIIHM
BKJI3Z B PA3BHTHE HCCAS0BAHEA TPHIOHOMETPHYeCKHX DYHKIHIE, cun-
raerca Pezuomonman.

B mayane XVII B. B pa3BUTHN TPHFrOHOMETPHH HAMETHJIOCH HOBOE
HallpaBiAeHHe — aHanuTIueckoe. Eciu g0 310r0 yIeaua 0 TPRroHOMeT-
PHYECKHX PYHKIEAX CTPOMIHCEH HA IEOMETPHYECKOH OCHOBE, TO E
XVII—XIX BB. TPHrOHOMETDHA NOCTENEHHO BOINAA B COCTAE MATEMA-
THYECKOTO 8HAJHAA B CTANA HIHDPOKO HCNIOJNLIOBATLCA B MeXaHHKe B
TeXEHKe, 0co0HHO OPK PACCMOTPEHHH KoJefaTeJbHBIX IPOLECCOB H
HHEIX MepHOSHYSCKAX ABJCHRI,

0 cBoiicTBAX IEPHOAUIHOCTH TPHIOHOMETPHYECKAX PYHKIUEA 3HAT
eme &. Buem. Ipeitnapcknii maremarnr M. Bepryaaru (1642—1727)
B CBOMX pafoTax HAYAJN DPHMEHATE CHMBOJIE TPHMOHOMETPHYECKHX QYyH-
ko, OxHako 6AN3KYIO K IPHHATOH Teleps CHMBONKKY Bsen JI. Diiaep
B 1748 r. B coei pafote «BeeieHne B aAHANN3 GeCKOHEUHEIX » . OH B 310l
pabore paccMOTPes BOIPOC O SHAKAX BCEX TPHMOHOMETPHYICCKRX dyHK-
Uit 110GOro ApTYMEHTA.

TparoEOoMeTpNuecKHe PYHKORRE Diilep paccCMATPHBAN K&K 0CODHE
YHCcia, HAZEBAA AX O0IIHM TEPMHHOM «MPEHCUCHIEHMHbIE KOAURE-
cmeqy», Tolydalmuecs U3 Kpyra. Jlaa spluncneEna npubGIHIReHHEIX
3HAYeHUH 8in X H €0s X OH HOJYIHJA HX PA3JI0KeHHA B DRI

P
CoOsS X = 1——2-'!-+"4—1—-6!-+ ey (1)
R AT A 4
sinx=x §+§ ﬁ+ ver o (2)

Ha pucynxe 108 noxasawo, a0 rpadpuxu yHKIHii, 06pazoBaHEEIX
PA3NHYIHEIM YHCIOM 4IeHOB pafga (1), mocTeneHHO NpUGIIKAIOTCE K

rpahuky QYHEDHRE i = COS X.

12-10. M. Konsray, 10 1. 337



Puc. 108

Janmeneiimee, nocie Jitrepa, pasEHTHE TEOPHH TPHIOHOMETPHYECKHIX
dvurnuit 66110 npogomieno B XIX B. B paborax pycCKOr0 MATEMATHKA
H. M. Jio6aveaciozo (1792—1856), a Tak:Ke B TPYJAX JPYIUX YYEHHX,
Hanpumep B paboTtax npodeccopoB MI'V 1ILE. Meunvuiosa u H. K, Bapu.
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4) x=1.94. 2) 4; 4) 2. 95. 2}2 96.2}1-001,3,371 g-;—‘:;

1 H
4}29104,8 16 972)641052124)25 7,11 . 98, 2) 15;

04 %-

4) 105; 6) . 99, 2) ; 4) g;ﬁ) 4. 100, 2) 98°; 32%; (;:]-I 10L 2)[ ]'l <

5 1

12y S a3
[Tﬁ] . 102. 2) a%; 4) a7: 6) o2. 103. 2) aZ.

v

<045 8 [};-]“r

104. 2) #{1%—1%]3 > #(1%4%]3. 105, 2) x=3; 4) x = 2; 6) x = —é
106.2) a8 +55 . 107, 2) i”i
Npogsepb cebal
1.1)135; 2) 251,3)4 5. 2.1)— 2)at.3 T {lg— #—
5. 4%ab .
109.2)%.111.2) B2y —£ ; 6y NG ‘F*‘r’ :8) ¥3-33

112. 2) 7. 113. 2) 23y 4 J_y 114, 2) (¥a- %f_) 4) a% + b2, 115. 2) 1.
116.2) e ; 4) 1.
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1 1
120 Y xe R;4)x26;8) x<-3, x> 5;8]0<x<2; 10)x=<0,0<x< 55
1
12) x 3 0; 14) x # 0. 128. 2) V6mraoman; 4) yousatomas. 125, 2) (JE)2 > 1;
) ;

2
4) 15 > 1; 6) [_J% <1.127.2) (—]; §];4] (—=2; 9). 132, 2) BoapacTalomas;

4) yérpalomasa. 133. 2) y > 0; )y < 2; 6) y > 1. 137. B8,39 r; 22,1 r.

2 2
138. 486 661,161 »°. 139. 2) x = 33 4)x=-§. 140. 2) x = -0,5; 4) x = 4,

2
141, ) x=25;4)x=9;6)x=0,4, 142, ) x = 1; 4)x=1§.143. NDx=1;4)x=3;
6)x=2144.2)x=0;4) x=0.145. ) x, =0, x,=2; 4) x=1. 146. 2) x < 2;
1
Hx<-0,5;6)x >3, 147. 9 x, =2, x2=5;4}x=—§.148. 2)x,=1,%,=-3;

4) x,=-0,5, x,= 3. 149. 2) x = 0,8; 4) x=-1; 6) x, =0,5, x,=-3. 150. 2} x, = 0,3,
2,=-0,2;4)x=4,151, 2} x=-1;4) x=1.152. 2) y=3; 4) x = 2. 153. 2) » = 3;
4)x=3,154.2)x=-3; 4)x=4.156. 2)x=-1; 4) x, =1, x, = -1; 6) x = —1.
156.2)x>4;4)x <1, x>2;6)1<x<2 157.2)x> 1; ) x<1.158. 2y x < 2;

14
4)x<-1.162.x=4.163.2) x=2;4) x=3,25. 164. 2) x=0. 165. 2) x = 5

4 3 1
166. 2) -2 < x < 1; 4) 3 <x< 2.1687. —5sx< ;. 168. -1, -2, 3, ¥4, +5,

2 6
18, .. (r.e.gae<0na>3,raeac Z).169.1)-2<a<2;2)-2<a <2,

L 3,14 J3 JE-3
170. 2) 2% > 217, 9 [—3] <.[%) 171, 2) [é] <1; 4) [%) > 1.

173.2) 0,04 <y <5.174.2) x,=-1,x,=1; 4) x=-2; 6) x,= 3, x,= 1.

175.2) x, =5, 2, = 1; 4) ,= -3, x,= 5. 176. ) x = 0; ) =2, ) x = 2;

8)x=1.177.2)x=1;4) x = 3. 178. 2) x = 0; 4) x, = -1, x,= 1.
179.2) x <~1;4) -2 <x < 2,

Npceeps celn!

102 2
2, [3) > [3] %> 512, 3 x=21x, =6, x,=1;x=1;x,=0,

x,=-2.4. x> 4;-2<x<2

182, a(1+0,01p L 183. D x#-2; ) x < 1. 184, Yy < 1; )y > 2. 186, D x =24,
187. ) x=9%: 4 x=1.188. 2) x=0; )x=-0,5.189.2) -3 <x < 1;4)-1<x<1.

191 2)x=4;4)x=1. 192 B x=3. 193. 2) x,=-1, x,=5; 4)x=—%. 194, x=-2,

1
x20.195. ) x<-3, x> 1;4]:4—§,x> 4,196, 2) x<0, x> 3-
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0,2
200. 2) 0,2°3 <1; 4) (¥3) ~ > 1. 201. 2) Betme — npw x > 1, Ewxe — npn

3
0 < x<1.202. 2)Boune — npu 0 < x < 1, mxe — mpy x > 1, 203, 2) (%%]z <
3

3
12 2'3. _ a1, 14% 153, -0,2 -0,2
<(ﬁ] : 4) 2,5-31 > 2,6-3.1; §) [15 < [E ;8) (298) " > (6%2) .

205. 2) Boimie — opn 0 < x < 1, umke — npH x > 1. 208, 1) Ara; 2) oann.

210.2)y = 4;515;4]y= Elc%Lﬁ)y: #x+3 . 211. 2) Bee pelicrenrentakte umc-

na; 4) nce AelicTeRTenLHBe yACcas; 6) MuoXecTBO 3naveHwmii: Bee felicTEuTens-
HEIe YACHA, KpoMe I = 4; o01acTh onpeAeseHna — Bee AclCTBHTENBHEE TACAA,

KpoMe x = 0. 213. 2) HeT; 4) mer. 214. 2)y = —gx_s ; 4) y = —x5, 218, 2) Her
KODHel; 4) HeT KopHeii. 217. 2) PappocisEE; 4) He pABHOCHALHEL} §) pasHoO-
cmnexi. 218. 2) Paprocnnsakl; 4) ae passocHababl. 219, 2) Bropoe. 220, 2) Her
KopHeil; 4) x = 4, 221, 2) 3,b < x < 5. 222, 2) Papnocuaruu,. 223, 2) Pasno-
cEneHE; 4) pasRocuasHeL. 224, 2) Pasaocunees; 4) passocnabesl. 225, 2) Bro-
poe; 4) oba, 226. x=38. 227.2) »=6.228.2)2<x<1, x>2, 220.1) x, =-1,
X,=2, =42 % =-1Lx=1Lx=23)x=-4x,=-3, x,=-2,x,=1;

1
Yx=-2,%=-1Lx=8BLYx=2T;49) x=5.82 ) x =-T;4) =83, x,=— 3.

233.2)x=5;4)x=5;6)x,=-3,2,=4.234. 2)x=4; ) x=5; 6) x=-1.
2385.2) x=17;4) x=5; 6) x, = -3, x,=1. 236. 2) Her pemenwmii; 4) Her peme-
umii. 237, 2) x=-3;4)x=18; 6) x=20. 238. 2) x=-4; 4) x = 5. 239. 2) x=10;

Yz, ,= +V17, Xg4= ++2. 240. 2) x; = -1, x, = -3, 241. 2) [Ipa; 4) ozum,
x=1.242.1}x,=0, 2, =£ 2; 2) x, =0, x; =2; ) x, = 4, x,=1; 4) x, =6,
¥x,=1.243. 1) x = %(1“/%) ope ¢ » 0, Her xopHelt npu ¢ < 0
2) x = —1+J¢m npaa>1, nerxopHelinpu g < 1, 244, 2) 1 € x < 1,5;

Nx<-6.240.0<x <0 Hx<13,5;6)0<x<2.248.2) 2 x < ) x <-h;

19
i6

6}:4—%,x>9;8]ne'rpemenm‘i.248.2)—1€x€2;4)x<—1,x>2;6)0€x€

5 5
6)x>—§;8)*1 Sx%— 3 . 247D 1sx<0,0<xx]; 4) 5<x<-3,3<x%5;
2
€4;8)x<-1,x22.249. ) x> -1; 4) 3 £x<6,6)-3sx<1:8)2<xx3.
250.1) x > 725; 2)-2,8<x <6.253. 1) 1 x<a?+ 1 opu a >0, zer pemennit

x 2
npm a < 0; 2) 32(2+J§)s x < 0. 256, 2) [é] , (»JE)’t , (1,9)%, % 4) x 3,
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_2 2
(v2) 3, (1,33, (0,5‘%. 257. 1)x=1; 2) x =-1. 258, 2) - V2 € x < V23

2
4)xr<1,x22.259.2)y= P 3 — ofipaTHad byEROHS; 06IACTE OUpERese-
HUA: BCe AeHCTEUTEALEHE YACAS, KpoMe X = (; MHOJKeCTBO SHAUeHMIL: Bee Nell-

CTRHTENLHEE YHCIA, KpoMe iy = 3; 4) y = Yx+1 — ofiparHas dyHEKORA; 06-
JACTE ONpefielIcHUA I MHOXECTEO 3HaYeHAH — Bee AeficTBATeNhHMe YHCHA.

1
261. 2) la; 4) pa. 262. 2) x =21, 4) x, = %.xzz g;ﬁ)xz——l; 8]x1,2=1-8.
263.2) -8 <x<1;4)-3< x<1.265. 2) a; 4) mer. 266. 2) y = x? — 4x,

obnacTs onpegenesda — x % 2, MHOXKECTBO 3HaueAMH — y < -4; 4) y = 6x -
— x2 — B, oBnacTL oopeaeseHHs — x > 3, MHOMECTBO 3Hadenmit — y s 1,

267.2) x=1;4)x=0.268.2) x = 250; 4) x, , = '3*2‘/1_3 .269.2) x <0; 4]x>~%.

1 8
270.1)6 < x<8; 2y x < 4, g Sx< ?.271. 1) Ecnm o % 2, TO pellenuii HeT;

4
ecrHa>2,106<x< %‘fﬁ;m—% <x%|a|npu a=0, ger KopHel

npr a=0.
naea IV
272, 2) 4; 4) —% . 273. 2) g : 4) 0. 274, 2) Bepuo; 4) sepao. 275. 2) Bepno;
4) sepuo. 276. 2) Bepno; 4) sepno. 278. 2) 6; 4)0; 6) —3. 279, 2)4; 4) 0; 6) -1,
280. 2) -2; 4) 1; 6) —% . 281. 2) 8; 4) —3. 282, 2) —8; 4) —2. 283. 2) 16; 4) 6,

284, 2) 64; 4) 3. 285. 2) 144; 4) 1. 288. 2) x = 625; 4) x = 25; 6) x = 5§,5.

b

2 3
287.2)x < T; 4) x > %;ﬁ)xﬁo. 288. 2) -1,5; 4}*15.289. 2) 5;4] 7

200. 2) -4,5; 4) -2,8. 291. 2) -3; 4) 2,2. 292. 2) %;4] 4, 293. 2) i;4) 512,
2 1 1 1
6)1,—(.294.2]1;4) 5;6)2.295.2}x=7;4)x= V;ﬁ)x: ﬁ.‘a'ﬁﬂ.2}x<—3,
x> ) x <1, x> 2 297.2) x ¢ R, x #—2; 4) e CYILeCTBYET HA NMPH KaKKX X;
5
6)xcR.208.2)0 < x < 2 4)—5 <x<4.299.2) x=4.300. 2) x=log, , 4;

1

1 1 1
4)x= log, 3.301. 2)x=_ - _ log; 2; 4)x=—§ + =log;1,5, 302, 2) x =
3 2 4 4 3

2

=logy 4; 4) 2, = g,x2=log3 60; 6) x, = -1, x, = log; 2; 8) x, = log, 3, x, = log, 5.
3
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1
303.1)x1=0,x2=log1‘53;2)x=logo.62.304.1) 5 <x<l,x>1;2)1<x<2,

x>213)-1l<x<0,0<x<2, x> 4)xr<-3,-3<x<-2,-2<x<-],
-1 <x <1.305. Ecina =1, ro x =0; eciu 4 > 0, To x =log, a%; ecin a < 0,

2
a*-1,ox =log, at, x, =log, (—a). 306. 2) 3; 4) 2. 307. 2) 2; 4) -3. 308. 2) 5;

2
4)—-2 .309.2) 2;4]—4;6) —2%.310.2) 2;4]—3.311.2)x= 1;35;4)::: Yallo .

312, 2) 4 log, a + % log, b — 3 log, ¢; 4) - logz logz a- g log, b.

1 1
313.2)17; 4)0.314.1) 3; 2) 19; 3) 475; 4) 22,5. 315. 1) 3 2)1;3)-1;4) 1.

1 1 3 1
316.2) -log, 5:4) 3 1og20.1. 818.2)~2;4)~5.319. 1) e +b- 1% 2)2a+ 5.
321. 1) x = 4/3; 2)x— :8) x=10; 4) x = 14; 5) x = 0,1; 6) x = 4,5,
322. 2) 0,845; 4) —0,176. 323. 2) 0,603; 4) -0,154. 324. 2) 1,29; 4) -0,42,
325. 2) 1,3; 4) -15,42. 327. 2) 1,58; 4) -0,861; 6) 4,25. 328. 1) 25; 2) -,

1
320.2)x=8;4)x=3;6)x=2.330.2) x=27; 4) x, = 27, x, = 5.331. 1+m,

1 2+m
1o, L0 ase Ly 333 1 aa4 . 335.1- 2 m. 336.
3 3 2 n+m 1+2m 3

18 ab+3b+ 2 2ab+b+1
—=_  337.1)-2; 2) -3. 338. 1 ;2 .339.2) x, =0,
2m+8" )2 2) ) roabrz’ 2 abrobel ) %1

|

=2 xy =, xy= J2.340. 1)z, =4, x,=8; 2)x, =5, x,= 125; 3) x, =819,

4
3 4
%;4} % = %, x,= ¥3. 341, 2) 1; 4) 0,5. 342. 1) 2; 2) 3 343. 9 ner,

344. 3052 KauaHug. 3495. 2) 2,7182788; 4) 2,7182819. 346. 1) 2,7182682;

5 3
2) 2,7182805. 350. 2) log, 9 > log; 17; 4) log, % > log, % . 351. 2) log, 0,45 < 0;
3 ]

4) log” 9,6 < 0. 352. 2) x < 1; 4) x> 1. 353, 2) ¥Yriralomnan; 4) roapacTalonias.

12=

1
354.2)0<x<2; 4]0<x< 16)x24.365.2) x> -2;4)-3<x<3.357.2)a> by

5 5
4) @ < b, 358. 1) o g3 <lgl9 - 1g2; 2) L +2ng_ <lg +2J_ 13)3 (1g7 -

~—]g5)3-2[ ]g9—_]g8) Hlgde H> g %.359.1}0-{!;;2)04!).361.1)::4—1,

x>4;N-1<x<6; 3)-3<xr<-2,2>2;)x>4:5)x20, x4, 0)x<-3,

344



1 1 1
~ <x<E,x>3;7]x>1;8)x>3.365.1)x:2,x¢3;2)—1<x<§.

366, 2) x = 8: 4) x = 46; 6) x = —1,6. 367. 2) Kopneii mer, 368. 2) x, =5, x,= 2;

4) ropueit ger. 369. 2) v, , = %

370.2) x=3; 1) x = J2. 371 2) Kopwueit mer; 4) x=2.372. 2) x=5.373. 2} x, , =
=18;4)x=16.374. 2) x=1;4) x, =3, x, = 5. 375.2) x =3, 376. 2) x = 3;

i) x, =2, x,=-4;6)x, =3, x,=2,

4)x, =4, x,= 8. 377. 2) x=9; 4) x, = 100, x, = 1000. 378. 2) x, = 1%,::2:0.

379. 2) x = 9; 4) xopHe# uer. 380. 2) x, = —;-, =3 x, =3, x,=98)x =4,

1 2
x,=64.381. 2 x =4, x,= \/§;3]x1=3, x,=9;4) %, =27, x,= 5.3822)x= 7
383. 2) x=-4. 384.1) x, =-11, x,=-1, x, = 5; 2) x=-5. 385. 1) x = 5,5;

1 4
Drx= g;a)x=1+7§;4)x=1.386. 1)x1=J§,x2=3; 2)x, = §,x2=2.

l
38‘7.1)x=512;2]x1= ,x2-1283881)x 53:2)x=4.389. Ecma > 0,

125
a%l,a%0,a%5 3 ,TOX= 5“’" ®.390.2)x> 3 L ;4)x>0,5.991. 20 <x <0,16;
4) x> 0,16. 392.2]x< ! 14)2<x<2.808.2) x<-30; ) 1 <x<10; 6) x < —0,05.
394. 2) x > 25; 4) 5 <x<3. 395, 2)2<x<3, 11 €<x < 12; 4) pemennii HeT.
393.2}-% <x<l; 4]x€—§,x>‘—;;6)x> V2.307.2) x> 7. 308. 2} x< -1,
x24;4)x<-0,5,x>8.308.2)x <2, x>83;4)-2sx<~1,6<xs V. 400.2) x >
>2.401.2]—\[2- <x<*%, % <x<2.402.2)0 <x <0,1; x> 10 000.
403 D0 <x<1,x>10.404, 2) x > 1.405.2].1:{——1,10&1:4 <x<log, 8.
‘*%2_1, g <x< %;4}% <x<l,x>8 407 x <log, (/2-1),

1
408.2~log45<x<1.409.~log32€x<0. glog; 2 <x<1.

408. 2) x <

51
x g-

1 1
410. 1)—- Lx<- 3,2) £x<0.41L.1Dx>27;21<x< ¥2,x>8.

1+41+ 1+ 1+ 402
2

412. 1)1 < x < upnO{a{l,x}—g—npna>1;2)|x|>~\/£_l,
0<|x|< L, ccma>1;0<|x|< va,|x|> L ecmm0<a<1. 413.2)4;
7;’ » » v‘a:t H

2 1
4)-3.414. 2)-4; 4) 6. 415. 2) 1; 4) 3 4186. 2) E 4) 4. 417, 2)-2,2, 418.a < ).
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419. 2) 2,39; 4) —3,65. 421. 2) Boapactamnmas; 4) yousaoman, 423, 2) x < 0,
x> 2, 424, 2) x = —2;4)x=2.425.2)x1= 1, x2=-—g;4)x1=4, x, =8,
426. 2) x = —4; 4) x = 2. 427, 2) x < 4; 4) x < —1, 428, 2) Pemexnnii xer.
429. 2} x < -8, x> 1. 430. 2) —4,5; 4) 36; 6) 2. 431. 1) 1; 2} 2, 432. 1) logl 1 >

2|0§25+].C§19

» 6Q-b) 3(1-a)
= 9
log1 ; 2y 2 8. 433. log, b. 434, arl . 435, e -

NI—l

3—2a 1
436. P 437. )0 <x <1, 439. ) x = 3 log, 3; 4) x = 1 [logl 1,5—5).

6) x = log, 3. 440, 2) x = 27; 4) x, = 2T, x2—2—17 441.2) x, , =18, 442.2) x=—4;

4) x, = 14, x, = 6. 443. 2) Kopneit Rer. 444. 2) x = 4,5; 4) x, = %, x, = 5.
443. 2) x, = 2, x, = 5; 4) kopneil Ber. 446. 2) 5 < x < 6; 4)x>4‘6]—4~<x<—3

M47.1D0<x< 47,1 <2<64;D0<x<1, x= 3. 448, 1)——<x<o

2)J_<x<3 -8 < x < —+/6. 450. 2, 10, 50 nzn 50, 10, 2. 452. 2) x, = 10,
,=0,1. 453. 2) x, = 23, x, = —1,8. 454. 2) x = 0; 4) x = 2. 455. 2) x < 0,

logs 5% x<1.458. x < 10g131+\[_,x>1.457. 1}x=%;2)x=5.458.a<0,
1-£ ‘]+£ 14—
a=4.459.0<x<7;,a ! wx<a,x>a %,ecome>1:0<x<ag ?,

i 1
| .l
a<x<aq ?,x> ,eean 0 <a < 1.
Ja

FnasaV

460. 1) (4: 2); 2) (15 2). 461. 1) (1; 7), (T; 1); 2) (3; -2}, (-2; 3); 3)(L; 3),
(9;% ) ;4)(-3: 2), [—4; % ]: 5)(15; 5% 6)(5; 4 T (1:-8), (-1: 3), (& 1), (-3: 1),
8}(2; 3), (3; 2), (=2; -3), (~3; -2). 462. 1) (4; 5), (-5; —4); 2)(5; 2), (-B: -2);
3) (3; 4), (4: 3% 9 (1; ~2), (2 —1); 5) (2: 4), (4; 2): 6) (% 3), (-2 3), (V3: 9),
(=33 4). 463. 1) (2; 3), (3; 2); 2) (3; 2), (-2; —B). 464. 1) (10% 0,1); 2) (8;%];
3) (1000; 10); 4) (1; 9). 465. 1) (25; 9); 2) (9; 4). 468. 1) (3; 5), (55 3); 2) (3; 1),
( -5i-6 ]; 83 -1), (—2;§ ]: £)(1; 2), (2 1). 467. 1) (2; 2), (-2 -2), (1; -3),
(-1; 3y 2) (1; 8), (-1; -B), [Ui_l;—%]’ (—7%; %) 468. 1) (45 1);
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2)(2; 8), (8; 2). 469. 1) (100; 10), (0,1; 0,01); 2) (2: 1). 470. 1) (1; 3); 2) (1: 1).

140 22 69 21
471. 1)( T ), )(25 25) 472. 1} (3; -1), (-1; 3), (1; -3), (-3; 1}

2)(3; 2), (2; 3), (-3; -2), (-2; -8). 473. 1} (2; 1), (-1; 2); 2)(1; 4), (-4; -1);

3) (05 2); 4) (53 1), (13 5), (=53 -1), (-1; =5). 474. 1) (8; 5), (-8; -5), ( 86 —3;]

23 3 /3
(—36;—];2)(5; 8), (-5; -8), (2 -1), (-2, 1); 3) (& —1), (-2 1), | P43 |»
3\/_ J' 3\/_ V2
143(2; 1), (-2;-1), T Ty | 475.1)(3; 1),

2 1 2 1
1), [gﬁ? *Jﬁ), (-753: M}‘ 2) (1; -1), (-1; 1), (1; 2), (% 1
478. 1), 2) Her pemennii. 477. 1) (0; -2, 2) (4: 1). 478. 1) (0; 1,75); 2)(1; 0,75).
479.1)(2; 3); 2)(3; 2); 3)(9; 1% 9 (1255 ; 5). 480. 1)(1; 3), (3; 1); 2)(2: 3), (3; 2);

8) (8; 0.5), (0.5; 3); 4) [1;—%]. (-1;1) 481. 1) (3 g] 2)[ )

5
(-§=-13) 482, -1+ V55 1+ 5). -1 - V35 1- JB), [3+J 4*2”’!5].
3-v5_ -3-5
2 2
4)(2; -1). 484. 1) (1; 1), (log;, 2; log, 5); 2) (1; 1), (log, 4; log, 3). 485. 1) (8; 8)%;
2H(7; 9), (9; 7). 486. 1) (2; 2); 2) (26 VB), (-28; —6); 3) (2; -2), (-2; 2);

1) (L: 4); 5) (-1; 2), [i f;] 6) (2: 4), (4:2); T) 3: 4), (4 B, (6 + V2O;

6 - V39), (6 — ¥39; 6 + ¥39): 8) (3; 1), (—1; 3),[§ 3, @],

2 2 2
(§—£, —E—J_) 487, 1)(0; 0), (1; 1); 2) (0; 0), (1, ~2), (~2; 1), (3; 6), (6 3);

]: 2)(L: 2), (2;1). 483. 1)(1; 1) 2)(0: -2), (-1; -8);; 3) (-1: -1);

3)(2: 3), (-2; 3;; 4 (35 1), (— *1) 488. 1) (1; 1), (logz2; 0); 2) (log,4; 1)

489. 1) (3; 2); 2) (3; -2} 3) (2; 7), (3; 8), (1; 6), (~1; 4); 4) (1; 5), (3: 1).
1.1} (11

490. 1) (4 6) (6 4) 2) (1; 2); 3) ( ) 4 (2; 1), (¥256;%16).

491.1)(1;-1),(2,5; 2); 2)(0; 1), (2; -1). 492. 1) (- 1; 1); 2) (2; 2). 498. 1) (2; 32),
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(32; 2); 2) (3; 27), (27; 3); 3) [ 71-) 4) (3; V3), (V35 3). 494. [712]

@+ JT:2+ 7). 495. (k%]. (1 —l) 498. -1 <a < 1. 497. a = -6. 498. 64.

499, 68. 500. 40 xM/q, 60 kM/u. 501, 10 g4, 15 4. 502. 3 g9, 4 u. 503. 36 gM.
504. 20 km/a, 12 xM/49. 505. 14 kM/u, 2 kM/4. 506. 117, 507, 20 yen.,

m 1
6« B fen. 508. 9 4, 6 4. 509 p(zf’}" 100!( . ]’“"'—1]0/0.510.{1; v8),
q

(-1; - J§ ). 511. Kaxaan n3 apyx. 512, 1) Ha; 2) pa. 513. 1) (0; —2); 2) (5; 1);

3) (2; -1), (-1; 2); 4} (3; 2), (-2; -3); 5)(2; —-3); 6) (2; —1). 514. 1)(3; 1); 2)(1; -1);
3)(2; 2), (-2; -2); 4) (2; 1), (4; 2), (-2; -4), (—4; -2). 515. 1) (4; B), (8; 4);
2) (4; 6), (6; 4). 516. 1) (1; 2); 2)(2; 1); 3) perrennii mer; 4)(206; 4), (4; 25); b) (2; 6),
(6; 2); 6) (9; 7). 517. 1)(5; 45); 2) 27. 518. 1) Ora; 2) oano; 3) onro; 4) ogHO.
519. 1) (6; —2), (—2; 6); 2)(1; —3), (-3: 1). 520. 1)(3; 5), (-3; —5), (8; —5), (-B; 3}
2)(2; 3), (35 2), (-2; —3), (-3; -2); 3) (05 2), (0; -2), (1; 0); 4} (1; 2), (-1; -2).
$21.1) (5; -1}, (-1; 5); 2) (3; 2), (2; 3), (55 1), (15 5); 3) (; 1), (15 -2), (-2; 1);

4) (4; 2), (~4; -2). 522. 1) (4; 5), (~4; -5), (33 ¥3), (-3+3; - /3) 2)(3; 5),
(-3; -5), [: 1:) (-g —-13?] 523. 1) (2; —1), (1; <2): 2) (2: 1), (1: 2),
(-2; -1), (-1; -2). 524. 1) (4; 9), (9; 4); 2) (8; 27), (27; 8). 525. 1)(3; 1); 2)(2; 2).
526. 1) (2; 3); 2) (-9; 8). 527. 1) (T; -2% 2) (1; 1), (9; —-3). 528. 1) (100; 10),
(0,1; 0,01); 2)(6; 8), (3; 6). 529. 1) (6; 2); 2)(3; 2). 530. 1) (4; 1); 2)(3; 18), (1; —6).
531. 1) (4,5; 0,5); 2) (3: —3). 532. 7 xm. 533. 6 c. 534. 12 4. 535. 15(30 — q),

1
10<g< 19—3.

Mpoeeps cebal
1.1)(4;2); 2)(3: 2),(2;3); 3)(2; T, (7; 2). 2. 12 m 8.

Fnaswl V1 — Vii

2

8) —, 537.2)20°; 4) 1356%; 6)[m)°;8)(%8)°.

539. 0,4 m. 540, 2 pan, 541, % cmZ, 542, 2 paa. 545, 2) (0; 1) 4) (0; -1);
1,43 2, 2

6)|3° 2 [8 | 27 2 [ 549. 2) (0; 1); 4) (-1; 0); 6) (0; 1). 550. 2) (0; 1);

I V2 }

4) (0; —1). 551. 2)[ 4)(1; 0), (~1; 0). 552. 2) 2k, rae k — moboe

nesoe aicao; 4) —% + 2xk, Toe k — noboe meaoe yucao. 553. 2) Bropas:
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4 5
4) uernepraa, 554. 2y x= 1,8, k=4;4) x = 3 k=3;6) x= 3 k=2,

556. 2) (0; 1); 4) (0; -1). 557. 2)~3+4’°+2nk, k=0, 1, £2, ...; 4}~% + 2nk,
k=0,%1, 12, ... . 55%; 2) —1; 4} —1; 6) 1. 560. 2) sin =0, cos p=1; ) sin p=1,
cos B =0; 6) sin p=0, cos B=-1. 561. 2) 2; 4) -1. 562. 2) 0; 4) 1. 563. 2) -7;
)—1 564.2]x= -g +nk, k=0,11,12, ...;4) x= 2 +2mk, k=0, £1, £2,

11 13
566. 2) - 4) 1+J_ . 567. 2) 2;4) i-é.569.2)x=u+2nk.k=0,il.12, el

2
NHx=n+4nk, k=0, £1, 12, .. ﬁ)x— xk, k=0, 11, £2, ... . 573. 2) Bo s10-
poit; 4) B Tperneii; 6) Bo srOpOil; 8) B qernep-roﬁ: 10) & Tpereeit. 574. 2) B Tpe-
Theit; 4) Bo sropoii; 6) so Bropoil. 575. 2) [Lmoc; 4) Muayc; 6) mwmoc; 8) Musyc;
10) munye; 12) nmoc; 14) nmwoc; 16) maaye. 576. 2) Muuye; 4) nmoc; 6) mu-
#yc; 8) nawoc; 10) munyce, 577, 2} [Imwoc; 4) Mmunye; 6) natwoce; 8) Munryc;

10) munye. 578, 2) Munyc, wiwe, Munyc; 4) nmoe, wioe, mine. 579, 2) moc,
MHAYC, MHAYC; 4) MARYC, nawce, Muaye. 580. 2) Muayc; 4) mmrye; 6) nmwoc.

581, 2) Ilmwec, Muuyc, MHHyc, Muayc. 583, 2) Mumye; 4) omwoc,

5842}00313)008235852):- +rk, k=0,11,22, ...;4) x=x+2nk,

k=0,11, £2, ... . 86, 2) Bo propoii. 688, 2} [1a; 4) wer; 6) Her. 589, 2} cos o= —J—-g_l,
2 3 4 3 1
tga= m,ctgum —J;E.mz)oosa= —g,t.gu,= 'g,ctgu.= —2;4}1;3“: -3

3 1 12 12 24
cosa=ﬁ'6,sma= 7‘6,6}003&=-1*§ tgo= 12,ctgu.——g.8)tgu.=7.
7 24 9
cosu=--2*5,sinu= ~35 591. 2):tT 4)1\(_ 502. 2} Her. 503. cos o =

10 1
tga=¥.594. —3.595.11.596.2)—3;4]2.59'7.2) E.598.2}x= *E + 2nk,

1’

’—2‘+nk,k=o,3:1.¢2, ....600.2) 0; 4) 1 +sin a.

8 a7
25 125
608. 2) x = g +ak, k=041, 42, .. 4) x= 12‘ +2rk, k=0, £1, 12, ... .

k=0,£1,42, . ;) x=

i
601. 2) S o, 45 4) 2. 603. 2) 0; 4) tg? o. 605. 6048. 807. 7.

609, 2) :‘13; 4) —3; 6) 2. 610. 2) 2 cos a; 4) 2. 612. 2) ~-g . 813, 2) -2 cos .
xk R
615.2)x= 3 + 5, k=0,41, 2, ;) x= T . k=0,11,12, i 6) x= 3 + 7k,

k=0,%l, 2, ... 617. 2) ";,4) -1, 618, 2) ﬂ . 619, 2) cos 3p; 4) -1.
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620. 2) \—fz_:i; 4) 1. 621. 2) —2+—;‘ﬁ

84 36 63 i 1 o
623. o, g5 - 624. 3£ . 625. 35.626.2) 5 cos” 0; 4) sin ¢ sin 3¢.. 628.2) 1;

. 822. 2) —sin « cos B; 4) sin « cos p.

1
4) V3.629.2) . 630. V3tg . 631. 2) sin 2B. 632. 2) x = E + 7k, k=0, 1,

. 4) x=4nk, k=0, 11,42, .... 633. 2) cos? 82° — sin? 82°; 4) 2 sin 22°30° X

5 bn
x cos 22°30°; 6) cos? e - gin2 B - 634. 2) 2 sin (8 g] cos (8 2)
3 3
4) cos? (4ﬂ+2] — gin? [Tn'!'%]; 6) cos? % - sin? E 635. 2) ﬁ : 4) 1

636. 2) ?; 4) -1. 637. 2) —?; 4) -2. 638. 2) -25; 4) § - 639. 2) ¢

5’:"‘1\:4

4 8
640. - . 641, 2) sin 50°; 4) cos? 2a.. 642, 2) ctg? . 644. 2) g - 647.2) x ==k,

3
R=0,41,42, . d)x= 5 +7k, k=0, %1, 42, .. 6) x= 5 +7h, k=0, 11,42,

1 E
1+cos l-cos}—+2n
648. 2) T’“‘; 4) 22 . 649, 2) -“;E ; 4) 1. 650. 2) /0,8 ; 4) 0,5.

J 1
651.2) J0,1; 4) :—13 .652.2) 2‘;‘/5 =J§ZJ§ .653.2) —12;4) —g.mzjzma;

5
4) sin 20 655. 2) tg 5 ; 4) ig 0. 656.2) %, 755 - 681 cos 0. 662. 2) x = 4k,

il ke Z;8)x=8nk, x=2n+4nk, ke Z;

k
x=n+2mk, ke 2'4]":%”’:% <’

8].1::% 2,kez 663. 2) 60°; 4) 40°; 6) 10° }6.664.2)00358°=sin32°:
4) —cos 3;6) —tg 35° = —ctg 55°; 8) sin _6 ; 10} sin ? » 12) —tg %.665. 2) %;
4)*1:6}*%: )*Q 333-2)*%:4)-[;:6)%:8)1-337-2)—1—338-2} ﬁ-
669. 2) \‘;_, 4h)-5:61; 8)—£ 670. 2) —v2; 4) 2 J_ 1.671.2)—ﬂ;
4)-—1.675.2):¢=:r~|-21rn'i,li:tsZ;4):\:=1t~|-21l:aﬁe,keZ;ﬁ):l:=E +n—:,ke Z.
677.2)0; 4) - JE ;6)0; 8}£ 678. 2) J§smB,4)sm2a 680. 2) 2 sin o.

w04 [85) o (5] 00 (308) o (53]
6 2sin® E*“] 8’2"53‘“[%] ' (%‘ﬂ““-zmﬁ. 685.2) x= 5 +

2nk 2k nk nk
+ g %= +T,kez;4)x=nk,x=%+E.kez;ﬁ)x=§,kez;

ol A
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rk wh
8}x=§,x=— +nk, ke Z; 10y x E + 5

2J§sin[a+ ]00322 .
4 2 687.2)4. 688, 2) (8L —0s24” ) 00818’ + 00812
CO8 L 2 2

cos2u+o0s2P | sin2u-sin2B

2 » 4) 2

k€ Z.686.2)—4 cos asin? 5 ;

4)

689, 2)

5
. 690, 2) cos 70° — cos 130°. 691. 16

7 R ke 1
693. - .694. - 6.695.2):::%.kez;4)x=~2‘-,kez.096.2)74(oosa+

18"

26
8
699.2)1; 4)—Q 700.2)—£ 4)_2+J§ 704.2}%.705.2)?.713.—45&112&.

11 4 an
711.2) 2. 712. £ .713.-5.716. 2) 7 .719.2)0; 4) % : 6) 7 - 720. 2) 2x; 4) 8.

6
1 1 3
721'2)534}§;6)1'722‘2)_1;4)1;6)_1‘723'2) %;4] ;Tt.724.2)amoos% <

+ cos 5ol + cos 9a + cos 150). 697, 2) ;4)—@.698. 2) cos? a; 4) ctg? o.

3
< arecos 0; 4) arccos (—1) > arccos (‘%] 725. 2) arccos [-%] < arecos (—1).

726.2) x =4~

n 3
3 +2nrk, ke Z;4}x=iz +2nk, ke Z.727. 2) x = tarccos

2t
+ 2nk, k€ Z; 4) x = tarccos (-0,2) + 2nk, k € Z.728.2)x=£+1:k,kez;

2

r O nk

4]x=:l:§ +0nk, ke Z;6)x = = * ?,2‘/_
2 V3 3 2 1 24

730.2)_§s 4) _0’3’ 6] T. 731. 2} 5,4) -"3"—‘,6} 5_732. 2) 2—5_733.2)0',

ke Z. 720, 2)%;4)%;6}%.

4)-a.784. 2y x = % +nk, k€ Z.735. 2) Ha; 4) ser; 6) 1a. 736.2):::1% + nk,

ke Z;4)r=%— +7k ke Z.787. 2) x=2nk, ke Z; 4) x = +— + 2nk,

8 3
2 2 4r 5x Tr
x—:tamcos( 3)4-21:]3 ke Z.738.2)x=-2,5.739. % _E 3 ?’?'—é_'
n n J2
740'i-1_§ . 742, 2) 3 ) L, 6)-5.743. 2)0; 4) — 5 . T44. 2) 2 ; 4) = H

6) V3. 745. 2) 0; 4) -1; 6) 0. 746, 2) ‘g 747. 2) 5; 4) 3' 748. 2) %
3
749, 2) 0. 750. 2) arcsin [—-) > aresin (-1). 751. 2) x = (-1)" E + nn,

2
ne Z; 4) x = (-1y*"! E+nn,nez.752.2)x=(—l)"arcsin 7+, ne Z;
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2n
¥o +nn,.ne Z.'753.2):vc=—E +ne,ne Z: Hx=(-1¢ 3 +

4) x = (~1)* arcsin 3 4

1
+21r.n,nez;6]x=—§+%,nez.754.2]x=(—1y"larcsm7§+1'r.n,nez;
4) ner Kopmes. 755, 2) x = - 2+{—1) M+ ne Z.756.2) 33 4) -4

6) ; 8) T-2m. 757, 2)—1,4) 3,6] 758.2)3.4}\’;—.6)3 769. 2)\!_

760. 2) % ;4)1. 761. 2) E . 782. 2) Ia: 4) mer; 6) met. 763. 2) x = (-1)*4 ﬁ +
3 1 3 2nn

+-“§",nez;4)x=(—1)"§ arcsin74+7n,nez.7ﬁ4.2}x=% +T.nez.

765. 2) x = (-1 1—(; +nn, x =(-1)* arcsin % +nn, n € Z; 4) x=(—1)" arcsin % +

n Bz 18t 17n 14n 6+J§

nn
+—§-,neZ.7BB.'ﬁ;E;—1§';T2*.7B7 3 768'15769 2 x=

7
772. 2) g; 4) ~ 6 773.2)0; 4) - . 774, 2) arctg T < arctg J_

4) arctg (—1) > arcsin [_3’23]: 6) arctg J§ = Arceos %.7‘75. 21: 4) 5;6) §.
776, 2]x—% +nn, ne Z; 4)3::—174t +an,ne Z;8)x=-arctg 6+nn,ne Z.
T7.2)x= %', neZ;)x=-2n+06nn,ne Z. 778. 2) 3,5; 4) -9; 6) %;8) 2,
779.2) — 53 4) —4: 6) 3 8) 0. 780. 2) ~0,3; 4) —6. 781. 2) 2; 4) 13  dx.

T82. 2 x= g +:m,x=—£6 +nn, ne Z: 4) x =arctg 4,5 + nn, x = (-1 %-Hm,
3+J§

neZ;G)x:E+un,x=—gn+ﬁun,nez 783. 2) 784, 2y x =144 +

bn 5 2n
-Mm,rnsz.'785.E ——.789.2)1;4) 790.2)—T2-;4)Tn.791.2)§

6' 6 §'
1
792. 2) J§ 793. 2) % 794, 2) arcelg (~J§) > arcctg (—1); 4) arccos g =
1
= arcetg ?.795.2):::‘—’; +na,ne Z;4)x=—16: +nn, n€ Z; 6) x =arctg 7+

3
+ Rh, B € Z.796.2)x=-§+x—;,ne Z.797.2}x=2—;+un,nez.

Tn nn

5
798.2):::% +—é*.neZ.799.2}x=—3~3arctg§ +3nn, ne Z.

1 3n
800. 2) x = —arcig 3 +nn,x=—7z + 1, ne Z. 801, 2)x——? +6nnr, x= ‘_r; +

+an, e Z:d)x=dn+8xn, x=— ;th.nez 802. 2) 10° 804.2}x_ +21m
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2n
x=(- 1)"—+1m n € Z; 4) xopreft Het. 805. 2) x =2nn, x = 13 +2rn, ne Z;

2 2n
4) xopueii wer. 808. 2) x = (-1)" arcain 3 +nrn, n € Z; 4)x=:!:—3" +2nn,ne Z,

A

807.2)x=— +nn, x=arctg 4 + nn, n € Z; 4) Kopre# ner. 808. 2) x = % R,

"

neZ;4)x= g ~|-1'r.i':,.1c=—E6 +mn,ne Z.809.2) x=2nn,ne Z;4).r=:|:g +2rn,ne 2.
810.2)x=§ + 5 , %= tg +mn, ne Z 811 2) x =arctg ;3; +7n, x=arctg i +
+mn, neZ. 812Dx=3 + g, ne Z.813.Yr=ty +m,ne Z.814x=] +
+%.nez. 815. 2)x=ig +nn, n e Z. 816. 2)x=n+2nn.x=t%+21m,

3
ne Z.817.—2<a<2, x=arcxs = + 2, ne Z. 818.a<1,a= 5,0>8.819.2)x= E +

2
1 1
+7an, n € Z; 4) x = —arctg 2 +nn, neZ. 820, 2) x=arctg 2+ nn, x= arctg 3 T

1 3
ne Z; Hx=arctg 2 +nn, x=—arctg 2+nrn,ne Z.821.2) x= E +1|:n,x=—amtg <+

1+/3

+un, ne Z; 4) x = arclg —+1m,nez 6) xopaeit ner. 822. 2) x=—- +

N N

1
+nn, x=arctg 3+nrn, ne Z; 4) x = arctg 3 + mn, x = —arcig 3 tAR, nE Z;

J10+1 Jio-1
g %7 T3

824 . ax-1,a= 1;x=arctg{2aix!3a2—3)+:rn,ne Z.825.2)yx= E +2nn,

1
8)x= E + wn, x = arctg 5 +nxn,ne Z 8B23., a < -

2
nez;4)x=2un,x=§+2nn,ne Z.826.2)x=—z—,;+2:m.nez.
n

PAR 2 12
827.2)x=T5 + 5 *=F + 5, ne Z 828.2) x=Barcsin T3 +(-1}" x

1 24 1
x 3 arcsin i3 +3nmn,ne Z;4) x=-2 arcsin 25 +(—1)* 2 arcsin 95 +2nn,ne Z.

829, x=—5.830. = £ .83 2) x=2mn, x= 5 +2mw, ne Z.832 D))a > V3.
833.2) x=2mn, x= 1—2: +2nn,ne Z; AYyx=n+2rn, x= % +2rn.ne Z;6)x= % +

7
+ TR, NE z.834.x=—‘E +nn, x=2rn, x= 3 +2rxn,ne Z. 835.x=12 +nn,

ne Z. 836. x = +_6 n;,nez.s.‘.ﬁ.x:jz+%,nez.838.x=nn.
- T
x=iarccosl f +2m,nez.839.x=$ +rn,ne Z. 840.:1::1—; +rn,ne Z.
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2r
BAlx="3 ,neZ 82 x=2nn,x=+3 +2n,ne 2. 843 x= +2m, ne Z
L) 1 .
844, x = .nezmialsl ec.m|a|€3,'mx +(-—1)’"‘amsma+1r.n.
n . 1 n .
x=~74 +(-})" arcsin 3a +7n; ecrn 3 <la|€trox=-7 +(-1)"*! arcsina+

+nn, ne Z, 846, 2)x— 5+, x=(- 1]" gt neZid)x=7 +M,x=—; +

nn n
+an,ne Z;6) x= ?,x=ig +Rn,. nE Z;S)x— o5 tan, x= arctg +nn,ne Z.

ral A

3n rn
847.2}x=un,x=g+£}.nez;4)x=§+nn,x=§ +—2~.ne Z.
n nR r
8432}:?—*‘—,!'1624) =g+t g% 13+1m,n628492) =g+t 4
r R h nn n
x=(—1)”i*8*+—§-.nez; 4]x=5+—3—.nez.850.2)x=1+

nn n 2nn 3n  2nn n R
+toeZix=¢+ g.x=+ T ,neZbx=3 +x=(-1 g+

+r|:n,neZ.85l.2)x=:|:n,nez;4)x=~?-.neZ;ﬁ)x:7:+£2E,nez.
n  2mn

852.2)x= 5 +1m,,:c_—g’;+“—2"‘,arusz.z;':f.a.z);.:_;+2,m,x=E 2,
1]

neZB54.2)x— +mn, x= 2,nEZ 855.2) x=— +m,x-%,nez.

rm
8562)x——+21tn,neZ 857. 2}x— +rn,ne Z; D x =1y 5 12 EX

T 2nn
ne 2.853.2)x=—§—,ne Z,)x= E +2:m.x=—§2~ TR Z. 859. 2) Kop-

rn nun 1 .1 nn
Mner;4}x=T,nez.8m.2)x=i+?,x=(—1)"§m§+?.nez.

961.2)Ropueﬁner.862.2)x=“—2",x=%+%‘,nez.m2)x=%'—,nez.
&Z)xh— +2rn,ne Z; 4)Kopneﬁﬂersﬁ5. Laxl, x= :l:ianms{-ia I

2,n52868.2)x—2+21mn628672)x- + 2nn, x = —aresin - +21m,
neZ.868.2)x=1r.n,neZ.869.2}x=§+21m,nez;4)x=:|:+2m,nez.

1
870.2)x=n+21tn,x=arccosj4-+2r|:n,nez.871.2)x=un,

2 2n
x=(—1)"arcsin§ +nn,ne Z.872. 2) x= —g +nn,x=i§ +2nn, ne 2Z;
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4)x=—mctg +2nn,ne Z.873. D x= 2,x—is 2,ne.28742jx=—+2m,
3r br
x=—i—+2xn.x=—g +21m,x=~ﬁ +2nn,x=—%+2nn,nez.

R nn n
875.2) [Z+§(k+2n). Z-!-E(k—zn)),k €Z, neZ 876.2) [nn, Z—nn],ne Z.

77. [(—1)"—;+nn, :I:E+21|:k], neZ ke Z 878, (( -1 S e, (- 1}"*1—+nk)

3

neZ,ke 2.879. [ +n(k+2).—%+ﬂ:(g—k]],ne Z, ke Z.880. (ig+n(n+k),

j:’—éﬂl:(n—k)},ne Z. ke Z,881. (n,n+‘—i], [n—z—i,n],ne Z. 882, ((—1)’*arcsin%+

+m(n+2k),(—1)"arcsin%+nn), ne Z ke Z. 883 (n+k-—%,n—k—%],

1 1 a nue 5n n
(n+k+-6,n—k+6] neZ ke Z. 884, [4 L. [2k+§)n),ne Z,keZ.

T o amel 1 LR .
885. [—+( " amsmm+nn, 4+( lfamnm+nk]. ne Z, ke Z.
., 1

1
+ £ K
sss.(z 2arctg\/5_ 2kt arccos4],nez,kez. 887. (( s 2

L
+( I +1m] ne Z,keZ.BBB.x=n+2m,x=%+m.x=?+m,ne Z.
889. Kopaeli ner. 880, x = nn, x =% +7n, n € Z. 891. x= (-1)° § +mn,
n 1 3n
neZ 892 x= 3 +7nn, x=—arctg 5 +rn,ne Z 893, x= +— +2nn,ne Z.

3
894. x = 2nn, x = arccos {-1]+21m,nez.895.x= '125 + 2rn, x = E + 2rn,

-‘*I%’

x= +2rnn,ne Z.806. 2)- 4)2,6)0 897. 2).1c——2j:4 2;ﬂ,nez;

2nn 1
4)x=g l’;_; 3,nez.ass.z}x=§+4m,nez;4)x=§+(—1)ﬂx

2
x Earcsin E+ It—2ﬂ,1ruzZ.ﬁ9‘3.2]:\:=i E +21|:n.x=—g + lt—;,ne Z.

o an 1
900. 2) x = 3+ n—;,ne Z;4)x= 28 vt nE Z. 901. 2) x =(-1)*! aresin 3t

1 -
+n, n € Z; 4) x = tarccos 3 +2rn, n e Z. 902, 2) x = (—1)® arcsin J3_E; 3 +nn,

ne Z.908.2)x= —; +mn, x=arctg 1,5+7n, ne Z;4)x= 7: +nn,ne Z.

1 5§ an
904.2) x= -3 arctg 5 + 3, nEZ.905.2]RopHeﬁHe'r.903.2)x=n—;,
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nn nn nn 1 1
nEZ.907.2)x=F 5 +?,REZ.908.2)§;4}§;6}1

&l H

» X = X =

2

1 1 1
909.2}—1;4)—*3;6)*5.910. Dx= 7: +nn,x=arctg§ +nn, ne Z.

1
911. Y x=nn, x=arctg3+an,ne Z; 4} x = I—; +nr, ne Z, 912, 2) :tix
X arccos Ll—l— +nn, ne Z,913. 2) x = (-1 :—2 + %‘,nez.914.2)x=
2 1
=i§ + 2rn, n € Z. 915. 2) x = arctg 3 +rn, x=-arctg 2+ nn, nec Z.
916.2) x= § +mn, ne Z.917.2) x=mm, x=4 § +21n, ne Z.918. 2) x= (-1’
x%+%’,ne Z.919.2)x=m,x=i%+:|:n,nez;4)x=1—25+2n:n,x=-—*2u§+
Znn 2n
+31 RE Z.920.2Yx=nn,ne Z; 4) x*g + xn, x=i§ +2rn, ne Z;
= n nn 2n
8)x= 5 +AR, X = -1 )"-— +rn,ne Z 921, 2)x= - G ¥= +-§ +2nn,ne Z;
T

n  2rn 2r nn n
4)x=21m,x—5+ 5 ,Ae Z. 922 x = i + 2nn, x——+§,x=(—l)"ﬁ+

yne Z. 925 x=

-3

+%l,ne Z. 923.x=g + nn, x=%,nez.924.x=

1
={—1)"% + “—;,nez.gzs.x= g + rn, x = arcsin 1 +{2n +1)n, ne 2.

927. x = -; +nn, x=2nn, x = 16: +nn, ne Z.928. 2) (( -1 "E-Eﬂc(k-!-n),

(—1}""”n+ +m(k n}] ke Z,ne Z.929. 2) ((_1}“ i ¥_%+
(—1)""larea1n‘r+:+mk} keZ, ne Z.930. x=mn, x = E + %,ne Z.
%l.xzi%+m,x={—1)"” i% + th—2ﬂ,:¢=:r.l';, ne Z.932, 2}x=i% +Rn, ne Z;

4}x=:l:% +fn, n € Z; 6) xopHeli ger. 933, 2) x = —-; + 21n, n € Z; 4) xopued
ne'r.934.x=i% +nan, ne Z. 935. x= E + n—zn,x={—l)" g +®n, ne Z.
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+ 5,neZ 937. x=arctg 2+ 2nn, x=-arctg 2+ nn, n e Z.

o=

936. x =

938, x

oA

-+

w|§ 0o B

,n e Z. 939, 2) {g(ﬁrwl}, g(sk-n], (g(ﬁn—l), ’—;(Gkﬂ)),

1
neZ, ke Z. 9M40. 16 sas 1.

Mposepn ceba! (ra. Vi)

. 3 3 7 V2
l.sinoa= g,tga=—z,cos2a= —2-5.2. 1)—?;2) ?;3)J§;

4) -\12_2- . 4. 1) sin o cos B; 2) cos 20 ; 3) cos (cx — [i).

Mponepe celal {m. Vil}
J_ n
1.1)0; 2)5,3)J3 4) = 21)x—1+m,nez 2)x=15 +2mn,

ne Z; 3)x=i% +nn, ne Z; 4)x=1m,x=-z + %‘,ne Z; 5) x=nn,

ne Z.

Masa Viil

:ﬂ

945, 1) 51; 2) 4;. 3) 2n; 4) x. 9486. 1) 2; 2) 2x. 949, 1) [ 5] [g;n];
2) [12‘%‘-] [%;27!]; 3) [-":;-g], [—%:0]; 4) [ 21:,—-—] %"_;- ]

7 13# 13n 1ix T S
950. 1) sin l—g >sin 3g; 2)sin = >sin 77 ; 3)sin (-g"] <sin [—3];

E ]

4]8‘1!1("‘%]3'81!1( 9“) 5) sin 3 > sin 4; 6) sin 7 > gin 8; 7) sin {—3) > sin (—2);

5% 13x 17
8) sin (-1) > sin (-1,5). 951. 1) g <x< &, g <x< 5 ;20< x< 3,

8n 9t 1ln n 1n 4n 5n
Téxé x4 L xs 30 x< r i €x<3n;4}-§4x4 3 -

On I 5 n 3n
952, l)sm = <cos s 2)sin g > 008 g ,3}sm 5 = 008 14,4)sm g <e08 5.
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3x 172 13 5= © 7 1ln
953.1)—?€ xQ—ﬁ,—Té—é xé——ﬁ,—ﬁ % x% = 12’ 13 % x<$m

S Mx Wn_ Sn dn__ x % Tn B _
-9 Kx<-"g,"g <A<, g <X<GyGg <X<G, G <IH

3) % < x< rr,4}—% < xs—%”.sas. 1)0sys1;2)—i2_2- <y< %;3)—1@;;41;

vrcossaons (3] (s3]0 (59 [ o [5),

.1 n 8n 8n 10x Gn
4) [-x; 0], [O;E].%l.l)cos 7 > o038 3;2)005 7 <cos T;s)cos {-7) <

9
< o8 (-g]; 4) cos [—%] < CO8 (_Tn]; 5) cosl > cos 3; 6) cos 4 < cos b.

8t 8n
ERLAY

= x=<

5n 7 2r 4n 5n
962.1)o<x<3 3 << 33P0 xS F, 5 <2< <

1 1In  13n
lTn < x%3n; 4) g <x< 5’ 6 < x53n.983.1)xc R;2)xc R;3)x=0;

Hx=0;5) x>0; 6):«—1 x 21,964 1)0<y<2; 2)0<y<2;8) 1<y<5;

5;

rain ™ <oos ™ 3oos T <sin T arain Z > cos I+ 5y oos X <sin O
}sm7€coa7, }oosaﬁmns,]mn5>cos5,}cos6 sin 715

4)-3<y<5;5) 2 éyé ; 8) -1,25 < y < —0,75. 965, l)cos—— > sin

1 3n n 51 Tn 3
6)cos§>sm1—0 966. 1)} — <x< 6 5 <*<§g-g <xxsgy

n 3 5n 17# 1 &
D-{5 <¥< 5,13 < <4 q <F<Iz-9BD-1<y< 59-F <

€y<£ 969. 1) xec R; 2Yx=2xrn, ne Z; 3}——+21m€ < 3 +2nn.neZ;

S 42, ne Z;5) 2 <x<n+Zumne z;fi)—lzr +2mn <

4)*% +2rmn < x % 6

nrn
+E.

al ®

<x< % +2nn, ne Z.970. 1) x=nn, x# (-1)° % +nn,neZ:Dx#

neZ;3x#zmn, x+ w

L RE Z;4}xa=%+1|:n,n€2.971.1]—1éy<3;
1 9
2)-1<y<1;8) 5 Sy< 3;4)1<y<195)-1<y<16)-V3 <y< 3.
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6z on
977. 1) tg 15° < tg 25°; 2) tg (-80°) < tg (—-50°); 8) ig (—7} > g £
n dx
Dtg g >ig 5:0)tg2<tg36)tgl <ig 1,5 7)tg(-1)> tg (-1,6);
8) tg (—-2) > tg (-3). 978. 1) cig 85° > ctg 67°; 2) ctg 95° > ctg 117°;

3)ct.g( 3“) > ctg 4.;.4)ctg( —) <etg 3; 5)etg 1,2 > ctg 1,5; 6) ctg 2>
>ctg 8. 979. 1) Ha; 2) an; 3) mer; 4) mer; 5) Her; 6) mer; 7) za; 8) ga.

930.1)—%E <x<-3.5<x<y, Haxe %;2)—ﬂ€x<—% -5 <x< g

z T3 ot o= 3r 3n I,
5 <X¥< g, g <x€2m3)-g <x<-7, 5 <x< Ty, 5 <x< 7}

n R n 2n 3r 5n 5n
4)—u<x<—-2—,—§<x<—2-,—3—<x< 28 € x€<2n. WL N0 <x< e

3n n n n 3n 4 n
2)0<x=% 4,3)24::4::;4}64:41!;5)54::-{ T;ﬁ];éxéﬁ.

3n 5n
982. 1) arctg 3< x < 5, n+arctg 3< £ < 5 , M +arclg3<x < 5 ;2)0< x<
3n 5n
< arctg 4, 325 < x < m+arctg 4, = < x < 2; + arctg 4, 5 <x€3n;3)?—2( <xs

3n b
<y — arctg 4, 5 < x%2r-—arctg 4, 3 <x%w3dx—arcigd; 4)0sx < g.

b
n—arctg3<x<%,2n—arctg3<x< ?,31:—arctg3<x€3n;5)0<x<

< arectg 2, 1 < x < w+arcetg 2, 2r < x < 21 + arcctg 2; 6) arcetg (—-3) < x < ¢,

3n
7 + arcctg (—3) £ x < 2x, 2r + arcctg (—3) £ x < 3n., 983, 1]—1—; <x<—§,

T m br 3n R in n ]
g <x L B2 <% L 84 4x$x;2)—~2 {:\:4—3,—6 <x<-g»

H

R 2n =n bn On 8rm 2n n 3n
E {x(—g", E < x< ?, F 4::4-9—;3)0{::{ §;4)—§ <x=0, —4—€

Cx<m 085, 1)-1< x< V3; 2 y>-1:8) y<0;4)y<—1.989, 1)+ 2nn <
<x<2n+2nn,nec Z;2)2rn<x< n+2nn, ne Z; 3)x€ R; 4) x € R; 5) pewne-

an
mult mer; 6) pernennit Het; 7) x = E] +2nn,ne Z;8) x= g +2nn,ne Z.

4x 5n 3n
990.1) 5 +2mn< x< 3 +2nn,ne Z;2) 3 +2m< x< L 4270, ne Z;
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7 7
3)—% +2mn <x < *éz +21m,1r;ez;4)—g1|t +2nn<x < g + 2rn, n € Z.

3
991. 1) % +2rp<x < 3 +2nn,nez;2)—1—2t +2nn < x < I—;+2'.-m,ne Z;

3) x € R; 4) x € R; 5) pemnennii Her; 6) pemrenwii ver; T)x=2rnn, ne Z;8)x=n+
+2rn,ne 2.992.1}-?2:- +2rn <x < -75} +2rn,ne 2;2)—% +2rn<x < % +
5n 2n 2n
+2mn,ne Z;3) 5 +2m S x < g +2mneZ ) -7 +2m S ¥ < g 4
1 1
+ 2nn, ne Z; 5 (2rn + 1)n — arccos 3 < x < {2r — 1)n + arccos g RE z;
1 1 x
()] ~arceos g + 2rn <x€arouos§ +2nn,ne Z.993.1}§ +7n < X< 7+n1n,
b n T ™
neZ; 2nn < x~<§+1r.n,nez;3)—§ +1an< x< grm,ne z; 4}§ +mns
3n 3r 3n
<x<g+m,ne Z;5}E+nn<x<?+m.ne Z;ﬁ]THm{xé-E-i-m.
ne Z; 7}—% +an<x<arctgd3+nn,ne Z;B)-arctg 2+ < x < g + nn,
5n 13n 2x
ne Z,994. 1) ot <z < 5 +nn, ne Z; 2) g +nr{<x< 3t
T 71 ) b nn
neZ,3)-x+2mn <x= 3 +2nn,ne Z; 4) 3 <X & st gone Z,
R Tn .4 n
995.1)—ﬁ +21m€x€ﬁ +21:n,nez;2}ﬁ +2an <x < 12 +2rn, ne Z;

5r

3)%+un Lx<€ 5 +1m,nez;4)%+:m éxé%ﬂm,ne Z.996.1)-- +

|

n

b2 8
+mRn Sx S g tonne Z:Dn<x <

3r
3 T g +n<x<nx+nn, ne Z.

5
997.1)rn <x < % +nn,nez;2}%+21m = x€§n+2un,nez;3)z+

5m 2n 2n
+2rn < x<-I +2nn,ne Z; 4) 3 +2rn <x<m+2xn, -3 +2rn <x<

<2rn, ne Z,.998. 1)+ 2nn <x < 7—615+21|:n,—§ +2tn <x<2rn, ne Z:

=

T n r
6 +2ﬂn,nez.999.1)z+1m<x< g+, 5 +AR <

2}—% +28 € x<
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an 5
< x <T+M’ nez;2)m<x<%+m, g trn < x<m+xwn, ne Z.

5x 13x 9
1000.1) 5 +2nn < < 5 +2mn,neZ;2) 5 +7n < x< G +mn,ne

2 3 1 2 1
1001. 1) arcsin 3 <aresin 3; 2) arcsin g < arcsin g3 8) arcsin (-75]>

> arcsin [_\E];“} arcsin [-%] > arcsin (—%] 1002. 1) arccos % < arccos %;
2) arccos 3 < arccos g 5 8) arceos [-E) > arccos [‘Jg);at)arccos (_3] z

1 1 1
> arccos (—5). 1003. 1) arctg 3 > arctg 43 2) arctg 248 < arctg 3/2;

1
3 actg (-31) > arvtg (-4 B ) ety - 73 ) < amtg( 31-] 1004 1) x= 5
2)::—""—"{§ 3xr=2-2V2; Hx=-3- J3.1005. 1}.1:-—-,2)::———:13
3}x*—§ 4y x = —].1006.1)x=1*4\/§;2)x=1;3)x=*1+f;4)x=1.

1 1
1007.1)—3(::&1;2)1 sxs5dPl< x€2;4)§€x€1;5)0$x€9;
6)1s x <4;70< x €138) -2< »x €£-1,1< x <2.1009. 1) x e R;

Dx= g +xn,ne Z;3) 20 < x< ‘ﬂ:+21m,nEZ;4]—% +2mn < x5 g+21tn.

ne Z;8)x # (—1)"% +nwn, ne Z; 6) xR0, x # {—1)"% + nn,
neZ. 1010.1)-1< g <1, 2) 1< g <3 1< y <6< g T 5 3<sy< 5;
6y -4 < y «-2. 1011. 1) Yernasa; 2) nevernas; 3) wernan; 4) ve apraercd

yeTHOH ® He dpnserca Hedernoii. 1012, 1) 2,; 3 2) 147, 1013. 1) 5; . 76“ . 1? :

R 2n Tn B8n g T8 13n 4r
2)5,3,3,3;3}—6,?,?;4)1:,31:.1014.1)—2:% xﬁ——a“:
1in 7 3n 1
2)—T{x€—€;3}*2n<x<~?.—n—arctg2<x$*:r;4)arctgE~2n$

3n
$x<-5 .1015.1) [lea; 2) omvm. 1016. 1) x » ’_‘; +"_2", neZBmn<r< % omn,

ne Z;3)xc R; 4) % +arsx< % +:m,—1—2t +nn€x<—1—; +xn,ne Z.
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1 1
1017. 1) 1 n-1; 2) 5 u-3; 3) 1 m-1; 4) 1 u 2. 1018, 1) Hewersas;
2) uernan; 3) uernas; 4) meuerrnan, 1019, 1) n; 2) 4x. 1020, 1) [ira; 2) xopreit HeT.

3n
1021.1)x=1tn,x=?+2xn,nez;2}x=2nn,x=r—2t+:rn,nez;3)x=1m,
x=(—1)“-1~n§ + %,ne Z;4) x = 9;1 X = i- + un, -3;- +2nn,ne Z.
n n
1022, ) 2in < x < nm+ 2R, ne Z; 2) 3 +2rR < x < > +2nn,ne Z.

2r 2n n onn n R
1023.—§ +21m¢x<§+21m,ne Z.1024.—Z+? <x< §+—2—,nez.

5
1026. 1) -13< y <13; 2)-1< y < 3:3) -3 <y < 3; 49 0< y < 2n.

4’
1027.1) = + 27 < 1< 2 42 z; 2 2 2;3)-—
.)4+ xn x€4+nn,ne ,):m<x<2+1m,ne .)12+

17 2r n
+2rmcx<§+2r|:n,nez;4}§+2nn<x4(1+n}2n,nez.1028.1)—6+

+an < xs%mn,nez;z)%mf; < x<%+nn,nez;3)—\/§< x<

$J§;4)*\(§€x€ —J§, J§<x$ J5.

Npoeepb celin!
n nn
lL.x# gt gene Z; uer, He aApaAercA. 2. [laa canyca: y(x) =1 opn
3
= l; gx)=-1 l'lplrlx—“-“g EX y(x)=0npn x = -x; 0; n; 2Zr, W(x) > 0 upn

L

bal A

OD<x<mpx)<O0mpu-nw<x<0, w<x<2r, mpeammapwmnna—g Sxs

an 3r
7 £ x s 21t,o'rpearcny6u3anna——n€x€—32£, g XS 5 3 And KocuHyca:

yix)=1mpn x =0; 2r, y(x)=-1 npu x=:|:r|:,y(x)=0npnx=—g

Mi?l
ro} & t\jl%’

3n
y(x)>01:rpu—g <x< I—;, 5 <x< 21t,y(x)«0upu—:t<x<—?—2(, g <x<

OTPE3KH EOSPACTAHNA - S xS 0,15 x < 2x, oTpedoK yomBapma 0 € x< 7.

an
3. tgx=0mpu x=-n, 0;tgx<0rrpn-—2— <x<*n,*g <x<0,tg x>0nopn

—n<x4—§.0<x< 2 4.—74 +RRG X < 2+nn,nez




¢DpMy.l'lbl COKPAUWEHHOINDo yMHOXeHNA
(@ £ b)? = a? + 2ab + b®

a2 -b2=(a- b)a+ b)

(a £ b)® =a® + 3a2b + 3ab?2 £ B3

ad b3 = (a + b)(a? F ab + b%)

CaoiicTea cTeneHw
a™-.-aqt= am+ n

a" -

@ "

(@a™)* = a™

(ab)y™ = a™p™

& -

b b

CeoiicTBa KBAAPaTHOrO XOPHA
Jab =Ja - b,a>20,b20
J% = %9 a = 0, >0

(Vo) =a
Va? =|a]

ApwpmeTHueckan nporpeccus

a,,=a;+(n—1)d

S,;:%_n,sﬂ:w_n

@, 3+ dy,
@n="2
leomeTpMueckan nporpaccus
bpy=b1 - Q”_l
_bg-b _bhidl-g"

Su= M, 5, = AT

bﬂ = bl'.l—l * blu-l

NMPUNOXEHUE
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Tabnuua xksagparTos uucen ao 30

Empmuag:
et T 1 23] a5 6] 75809
0 0 1 4 9 | 16| 25| 36 | 49 | 64 | 81
1 100 | 121 | 144 | 169 | 196 | 225 | 256 | 289 | 824 | 361
2 400 | 441 | 484 | 520 | 576 | 625 | 676 | 729 | 784 | 841
TaBnnua HeKOTOPbLIX CTENEHEH OAHOIHAYHBIX YNCEN
Octiopame TloxaaarTers
2 4 5 6 7 8 9 10
2 16 32 | 64 | 128 | 256 | 512 | 1024
3 27 | 81 | 243 | 729
5 25 | 125 | 625 [ 3125
6 36 | 216 | 1296
7 49 | 343
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