Apxumen

(ok. 287—212 o H.3.) —

BENUKUINA y4eHbIA. [TepBOOTKpLIBaTeNb MHOMMX (PaxToB
W METOOOB MATEMaTUKKA U MEXAHUKK, BNecTAalniA VK-
xeHep. Fny6okue n ocTpoymHele uaew ApxuMmepa,
CBA3aHHbIE C BbIYUCAEHUEM nnowaner u o6LEMOB,
pewleHneM 3afay MexaHuku, no CyulecTsy, npeasoc-
XMULLLAIOT OTKPLITUE MaTeMaTU4ecKoro aHanusa, cge-
naHHoe noytv 2000 net cnycTs.

60ro BIMCAHHOIO; 2) MOKA3BIBAETCS, YTO IPM HEOrpaHHMYEHHOM YABOE-
HUH YHCJa CTOPOH PA3HOCTD ILIOINAJAEA 3THX MHOrOyroJhbHHKOB CTpe-
MHUTCA K HYIIO; 3) I8 BHUYKCJACHHA ILIOMAAM KPyra OCTAETCHA HaWTH
3HAaUeHNe, K KOTOPOMY CTPEMHTCA OTHOULICHHE IJIOIaZN TPaBHJIbLHOTO
MHOTOYTOJbHMKA IIPH HEOTPAHHUUEHHOM YABOEHHM UNCJHA €ro CTOPOH.

C noMoIlbI0 METOAA MCUEPITRIBAHMA, IEJIOTO pAfa APYTHX OCTPO-
YMHBIX cooOpaxeHu# (B TOM uYMCIe C IPHBJIeUeHHeM Mogejeill Me-
XaHMKHM) ApDXHMeJ pelnuy MHorue 3azauu. OH Han OHEHKY YHcaa

T (3% <m< 3% , Haures oO6beMBl IIapa M JJLUIAICOMAA, IJOCIIAXbL CEr-

menTa mapabosast ¥ 1. 1. Cam Apxumes BBICOKO LEHUJ HTH DPe3yib-
TATBI: COrJIACHO €T0 JKeJaHWI0 Ha MOTHJe ApXHMeZa BrIC€YeH IIap,
BOHMCAHHBIA B muanuzap (Apxmme] IoKasaj, 4To 00'beM TAKOrO IIapa

paBeH % o0beMa IUIMHIDA).

ApxuMeJ DPEeFBOCXUTHUJ MHOTHE MIeH HHTEerpaJbHOTO HCYHUCTe-
Hud. (JJo6aBuM, YTO NMpPAKTHYECKH ¥ IIePBhIe TEOPEMEl O Ipeaeiax
6n11n gokasaubl MM.) Ho morpefoBajiock 6oJsiee moayTopa THICAY JIeT,
Tpexae YeM 3TH MAeM HAILIH YeTKOe BbipakeHUe ¥ ObIIM HOBEHZEHHI A0
YPOBHS HCUMCIEHHUS.

Marematuru XVII crosermsi, moJy4yMBIIINe MHOTHME HOBEIE pe-
3yJbTATEI, YYMIHCH HA TpyAax ApxuMeza. AKTHUBHO IIpHUMEHSJICH
¥ Apyroit mMeroj — Mmemold Hedeaumbix, KOTOPLIH Tak)ke 3apoANICHA
B IIpeBrBeil I'penin (oH cBA3AH B IEPBYIO O4Yepellk ¢ ATOMUCTHYECKHMHU
Bo33peHUsAME [leMo Kk puTa). Hanpumep, KPHBOJINHERHYIO TpaIeUIO
(puc. 131, a) onu npegcraBiasanu cebe cCOCTaBICHHOH M3 BEPTHKAJIBHBIX
OTpesKOB AAWHOH f (x), KOTOPHIM TeM He MeHee NPHUINCHIBAJIH IIJIO-
maAb, PaBHYIO 6ecKonewHo maaoii éexuyune f (x) dx. B coorBeTcTBUM
C TAKMM NOHMMaHHEM HCKOMasdA nJjomaab CUHTAJacCh paBHOﬁ cyMmmMme

S= Y f(x)dx

a<x<b

6eckoneuno Goaninoro umcyia GecKoHeYHO MaJblx mnjaomiageid. MHorza
JajKke MOAUEPKHMBAJIOCH, UYTO OTHAEJILHEIE CJiaraeMEle B 9TOI CyMMe —
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Puman leopr ®puppux BepHxapa

(1826—1866) —

HOMELKUIA YUYEeHbIV, OAWH U3 KPYNHeWwux marematu-
ko XIX ctonerus. Caenan 3amedatesnibHble OTKPbLITUA
B TEOpPUM 4MCEN U Teopuu (QYHKUMA KOMMNNEKCHOro
nepeMeHHoro. 3anoXxua OCHOBLI HOBOW HeeBKAVAo-
BOA FEOMETPUM, NONyYUBLUEW Ha3BaHWe PUMaHOBOW.
Co3nan Teopuio vHTerpana, o6o6liaolLyio pesynbTa-
Tbl Kowwm.

HYJHM, HO HyAH oco0oro pojxa, KOTOpHIE, CJHOXKEeHHbe B GeCKOHeUHOM
YucJje, JAOT BIOJHE ONpeleeHHYIO HOJIOMKHTEJIbHYI0 CYMMY.

Ha Taxoil kaxxkyineiicss Tenepp I0 MeHbINe#l Mepe COMHUTEIbHOMN
ocHoBe U. Kenaep (1571—1630) B cBoux counHeHnax «Homasa act-
poHoMusi» (1609 r.) u «CrepeomeTpusa BUHHMX Godex» (1615 r.) mpa-
BHJIBHO BBEIYMCIAUJ pPAL Iomageil (Hanpummep, mjaomaas (Urypsl,
OrpaHHUYEHHOH 3/LIHIICOM) H 00'beMOB (TeJIO paspes3ajoch HA GecKOHeu-
HO TOHKHE ILTACTMHKM). ITH HCCIeJOBAHMUA OBIIH IPOJAOJKEHBl NTalb-
AHCKUMHU Marematukamu B. KaBanrvepwm (1598—1647) u 3. Top-
pudenan (1608—1647). CoxpaHsieT CBoe 3HAUeHHEe 1 B Hallle BpeMA
chopmyauposanuaslii B. Kapajbepn npuHALMI, BBEJeHHBIA UM IIpHU He-

_KOTOPEIX JONIOJHHUTEJbHBIX IPENIOIOXKEeHUAX.

yA yA
y=fx)+c
///’,ii/
e y=1(x)
¢
0 a x b x 0 a b %
a) 6)
/7 \ N
/. N\ N\
y A \ N
7 X\ A N
4 AN /L N
B) D, @,
Puc. 131
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Yeb6uiwen MacdHytuin JlbBOBUY

(1821—1894) —

DyCCKUA MaTemaTux U MexaHuk. Ero uccneposaHus,
nony4YmslIMe MUPOBOE NPU3HAHWE, OTHOCATCH K Teo-
PYUU NPUBAKXKEHUA DYHKUWA MHOFoYNeHaMu («MHOro-
yneHbl HebbiweBa» Hauny4dwero NPUGNUXEHUs), UH-
TerpansHOMy WCHUCNEHUIO, TEOpUU BEPOSTHOCTEN,
TEopuK# MexaHU3MOB.

IIyers Tpebyerca HaiiTH momane GHUIypsl, HM300paKeHHOH Ha
pucyHKe 131, 6, rne kpuBkle, OrpaHHUYHBaOIINE GUTYPY CBEPXY H CHU-
3y, uMeloT ypaBHeHuA y=f(x) n y=f (x) + c.

IIpeacraBnasa mHamy GUrypy COCTABJIEHHOHN M3 «HEAEIHMBIX», IO
TepMmunoyorun KaBarrepn, 6eCKOEEUHO TOHKHUX CTOJIOHKOB, 3aMetuaeM,
YTO BCe OHHM HMEIOT obmiyo AMUHY ¢. [lepeaBuras ux B BepTHUKAJLHOM
HATPABJICHHHU, Ml MOXXEM COCTABUTH U3 HUX HPAMOYTOJBHHUK C OCHO-
paHueM b — @ u BrIcOTOH c. [loaToMy HMCKOMaa maomaAh paBHA IJIOLIA-
JU MOJYyYeHHOTO NMPAMOYTOJBHHKA, T.e. 8=8, =c(b - a).

O6muit mpuHnmun KaBanbepu AAA TOMANed IUIOCKHX QUryp
dopmyaupyercsa Tak:

IIyers npsaMble HEKOTOPOrO NyYKa IapanjiejbHBIX Iepe-
cexaior ¢urypsl ®; u @, 0o orpesxkaMm paBHOH AJNHBI
(puc. 131, 6). Torza naomazu ¢uryp &, n d, papusl.

(B nyxe paccyxgenuit maremaTukoB X VII cTomeTna Mbl oIlyCKaeM OTo-
BOPKH, 06e3 KOTODHIX 3TO YTBEDP:KAeHHEe He COBCEM BEpHO.)

AHajgornyHblf OPUHINO JeCTBYET B CTEPEOMETPHH M OKAa3hIBa-
eTcA MOJIE3HBIM IPU Haxo:xKiaeHMM o06bemoB. Ilpocreilmme ciaeacTBua
npuanuna KaBajibepu Bbl MO)KeTe BHIBECTH caMu. JloxakuTte, HATIPU-
Mep, UTO HOPAMOA M HAKJOHHBIM NHIMHAPH ¢ OOGIMMM OCHOBaHHEM
A BBICOTO# MMEIOT paBHbIe O0HLEMBI.

B XVII B. 6blim chaeiaHbl MHOTHE OTKDBITHA, OTHOCAIHECA K
nHETErpasbHoMy mMcumciaenmnio. Tak, I1. Pepma yxke B 1629 r. pemun
3azauy KBaJpaTypsl Ji060il KpHBOit y = x", TAe n — nexoe (T. €. IO CY-

LIEeCTBY BEIBeJN GPOpPMYyJay Ix"dx = %

psiA 3aaY Ha HAXOXKJAEHUWe IeHTpoB TsKecTH. V1. Kennep mpu BhiBOAE
CBOMX 3HAMEHHTLIX 3aKOHOB JBHKEHHUSHA NJaHeT (GPaKTHUUECKH OIUpaJICH
Ha wujei0 npubamxeHHoro uHrerpupoBanua. WM. Bappoy (1630—
1677), yuutrens HbloTOHA, 6AM3KO mOAOMIES K NMOHHMAHHIO CBSI3M HH-
TerpupoBaHus 1 AuddepeHINPOBAHUA. BoJbIIOoe 3HAUEHNE MMEJH Da-
fOTHI 110 DPeACTABIeHHIO (BDYBKIMIl B BAAE CTENIEHHBIX DALOB.

x"*1), u Ha aTOH OCHOBE pemnJ
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Nle6er Anpm

(1875—1941) —

dpaHyy3ckuii matematuk. Cosgartens Teopun Mepbl
(o606LWweHne NOHATUA NAOWAan M o6bema), Ha OCHO-
BE KOTOpO# paspaboran HOByiO TEOpMIO UHTerpana.

OpHaxko IIPH Bceil 3HAUYMMOCTHM DPE3YJIbTATOB, MOJYUYEHHBIX MHO-
TUMH 4Ype3BHIYaHO H300peraTeNbHBIMH MaTemMaTHkamMu XVII ctoie-
THA, HCUACJIEeHHUs elne He OwIo. Heobxoammo OBLIO BEIZENTHTH OOHIHE
HJeH, JieXKallue B OCHOBe pellleHMs MHOTMX YACTHBIX 38784, 4 TAKIKe
YCTSHOBHTH CBA3b onepanuit nuddepeHNPOBAHAA ¥ HHTErPUPOBAHHMS,
AAIOIIYI0 JOCTATOYHO ofmiuil aaroputMm. 3o caenann HerwTor u Jleii6-
HUIL, OTKPEIBIIIHEe HE3aBUCUMO IPYr OT Apyra (axT, U3BECTHHIH BaM
mox HasBaHueM ¢opmynasl Heiorona — Jleii6Enuma. Tem camsiM OKOH-
yaTenbHo odopmusca obmuit meroa. Ilpeacroano emre HayuYnThcA Ha-
XOAHuT: HepBoo0pasHele MHOTMX (yHKIMI, AaTh JOTHYECKHEe OCHOBBI
HOBOrO MCYHCJIeHHA H T. . Ho riaBHOe yxke Obwno cpenaHo: Aubde-
PEHIMAJIbHOEe M WHTErpajibHOE HCYHCJAEHHE CO3AaHO.

MeTtoabr MaTeMaTHYECKOTO aHAMU3a aKTHBHO PA3BUBAJINCH B ClIE-
AYIOIEM CToJIeTHH (B NEpBYIO oOuepeab CJeAyeT HA3BaTbL HMeHAa
JI. Jiinepa, 3aBepHIMBILETO CHUCTEMATHUYECKOE WCCJieJOBAHWE HHTETrDH-
PoBaHUA 37ieMeHTapHHEIX GyHKUMHN, 1 . Bepryaru). B pazBuTum HNH-
TErpajlbHOr0 HCUMCACHUS NPHUHAJIH Y4YacTHe pPYCCKHe MAaTeMATHKH
M.B.Ocrporpagcrkuii (1801—-1862), B.A. ByuaxoBckuit
(1804—1889), II.JI. Yebnimer (1821—1894). IlpunnmonanbHoe
3HAYeHHe HMeJIH, B UYaCTHOCTH, pe3yabTaThl YeOBimeBa, AOKA3aBHIETO,
YTO CYIUIeCTBYIOT WHTErpajbl, He BLIPA3MMBIE 4Yepe3 3JeMeHTAPHBIE
GDYHKIHH.

Crporoe usjoeHre TEOPUH MHTErPajia MOSBHJIOCH TOABKO B XIX B.
Peunrenue 370l 3amaun ceasano ¢ umenamu O, Komu, oguoro us xkpym-
HeRIIMX MaTeMaTHKOB HeMenkoro yueHoro B. Pumama (1826—
1866), dbpamuysckoro matrematnxa I'. Jap6y (1842—1917).

OTBeTH Ha MHOTHE BONPOCHI, CBASAHHBIE C CYIIECTBOBAHUEM ILIO-
mageii m o6beMoB Guryp, OsLIu moaydeHsl ¢ cosgapueM K. #Kopaga-
HoM (1838—1922) Teopunu mMepHI.

PasnuuHble 0000IeHHA NOHATHA HHTerpaja B Hadalle HAMIETO
cTosieTda ObBLIM NpejJyoyKeHH ¢dpaHHy3cKMMH MaTeMmaTuramu A. Jle-
ferom (1875—1941) mw A. Jaux ya (1884—1974), coBeTCKUM Ma-
TeMaTEKOM A. JI. XuHuuam M (1894—1959).
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Bonpocm U 3afayn Ha NOBTOpPEHUe
1) Cdopmynupyiite omnpeaeneHne nepsoobpasHOi.

2) JoxkamxmnTte, uro GyHKuUus F ABIAeTca mepBooOpasHoit mida
dbysEknuy f Ha R:

2) f(x)=2x+3, F(x)=x*+3x+1;
6) f (x) = sin 2x + 3, F(x)=-"22% . 3x;

B) f(x)=-2+5, F(x)=—%+5x+2;
r) f(x)=—cos§+1, F(x)=-2 sin§+x.

3) fAmasierca nu dyuxknma F nepBoobGpasHoil aAnsa byHrmum f
Ha 397aHHOM IIPOMEKYTKeE:
a) F(x)=x2—-x, f(x)=2x -1 Ba R;

6) F(x) =i2—sinx, f(x)=—i3 —cosx Ha R;
X X

3 x*
B) F(x)=x°+1, f(x)=T+x Ha R,

r) F(x)=x+cosx, f(x) =1-sin x Ba R?

1) ChopmyanpyiitTe npusHax NOCTOAHCTBA (QYHKIHMH Ha 3ajaH-
HOM npomexkyTke. ChopmyaupyiiTe OCHOBHOE CBOMCTBO IIePBO0O-
pasHoii.

" 2) BamummuTe o6mMMi BHA NepBOOGDA3HHIX ANS DYHKIMH:

1
cos?

a) f(x)=kx+b (kK u b — IOCTOSAHHEIE); 6) f(x)=

.
?

X
B) f (x) = x" (n — nenoe yucao, n # —1); r) f (x) = cos x.

3) laa byskuum f HalifuTe nepBoobpasHyl F, NpHHHUMAIOIIYIO
3a/jaHHOe 3HAUEHWME B JAHHOIH TOUKe:

a) f(x)=sinx -cos x, F(n) =1;
6) f(n=%-2, F@ =5

xz ’
B) f(x)=2x-5, F(1) =-2;
r) f (%) ===, F (6) = 10.
Jx-2
1) ChopmynupyiiTe Tpu OpaBUJIa HAXOKJAEHUA MepBOOOPDA3HEIX.
2) Haiignte obumit BUA mepBoOOPa3HBIX AaA (GYHKIIUH:

= g 2 . =3 __1 .
a) f (x)=sin 3x coszg’ 6) f(x) praPw
B) f(x)=(4-5x)% —— L r) f(x)=x - 10 cos 2x.

(2x-1) ;
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3) Odaa ¢yuxunu f naligmre neppoobpasHylo, rpaduk KoTopoii
MPOXOZUT uYepe3 TOURy M:
a) f(x)=(2-3x)*, M (1; 2);

6) f (x) = sin 2x, M(f; _2);

B) f(x) =2 cosx, M(f; 2);

r) f(x)=-—1—, M(0; 3).

Jx+1

1) Kakyo ¢urypy HaselBalT KPHUBOJUHeHHOH Tpamemneir? 3amu-
muTe GHOPMYJY NS BEIYNCJIEHHA IIOMAAX KPUBOJHHEHHOMN Tpa-
IENH.

2) IIpuBeauTe NPHMEPHl KPHBOJHHEHHEIX TpANEIHil.

3) HzobpasuTe KPHUBOJHHEIHYIO Tpaneuwio, OrpaHUUYEHHYIO JaH-
HBIMHU JINHAAMHY, U HAWJWTe ee IJIOWIAAL:

a = i , =0,x=£, =£;
) y=sinx, y 5 * 3

6) y=-x%, y=0, x=-2;

B y=(x-1)% y=0, x=38;

r) y=3-2x-x2%, y=0, x=0, x = -2,
1) ObbacHUTE, YTO TAKOE HHTErpas.

2) 3anumnre ¢popmyny Heioroma — Jleii6euna. Beruuciaure un-
Terpa:

3 2
_':[ (x+dfO)2; 2 '!‘%’
B) fsinxdx; r) fxzdx.

n 0

3
3) Burumcaumre miaomzagbs GUrypbl, OrpaHUYeHHONR JHHMSIMH:
a) y=x?%, y=3x;

6) y=x>-4x+6, y=1, x=1, x=38;

B) y=4-x% y=3;

r) y=cosx,y=1,x=—g, x=

A



Iloka3aTeanpHas
U JorapudmuueckKas

byHKRIMHT

§ 9.
O06o0111eHMEe MOHATHA CTEIIeHU
32. KopeHb n-n cTeneHn u ero CBOUCTBA

1. Omnpepenenne KopHa. C MOHATHEM KBaJpATHOI'O KOPHA
U3 YWCJia a BBl y)Ke 3HAKOMBI: 9TO TaKoe 4YHCJ0, KBaApaT KOTOPOro
PaBeH a. AHaJIOTHYHO ONpefesseTca KOpeHb n-ii cCTelleHW M3 4ucja 4,
rfie n — OPOW3BOJIBHOE HATYPAJIbHOE YHCJIO.

OnpepnenexHue. Kopuem n-ii cmenenu u3 wucae a
HA3BIBAETCA TAKOe YMCJIO, Nn-i CTeNmeHb KOTOPOro pas-
Ha a.

. IIpumep 1. Kopens TpeTweil cTemieHH M3 uuciaa 27 paseH 3,
tak Kak 3% = 27. Yuena 2 u -2 ABAAKOTCA KOPHAMH INECTOH cTemeHH
u3 uucna 64, mockoasky 2% = 64 u (-2)% = 64.

CornacHO JAHHOMY OIpeAeNeHUI0 KOPEHL n-# cTemeHM M3 YuC-
Jla @ — 9TO pelueHue ypaBHeHua x" = ¢. Yueao kopmeit aToro ypas-
HEHHA 3aBHCHUT OT n W @. PaccMorpum ¢yHKOuio [ (x) = x"

Kak usBecTHO, Ha npomexxyTke [0; oo) ara byHKIEA Dpu J1060M
n Bo3pacTaeT W IPHHUMAET Bce 3HAUEHUSA U3 IpoMe:xyTka [0; co).
Ilo reopeme o kxopue (. 8) ypapHenme x" = g guada awboro a € [0; o)
uMeeT HeOTPHUATENbHBIH KOPeHb, M IPHUTOM TOJBKO ofMH. Ero Haskl-
BAOT apupmemuyecKum KOpHeMm n-il cmeneHu u3 yucaa a u oGo3Ha-
valor 3/a; 4MCIO n HASHIBAETCA NOKA3AMeENeM KOpHA, a CaMO UHCIO0
a — nodkopeHHbIM 8bipaiceHueMm. 3HAK KOPHSA \/_ HA3LIBAIOT TaKIXe

paduxanom.

OnpepeneHune. Apuppmemuueckum KopHem n-U
cmenenu u3 uucAa @ HA3LEIBAIOT HEOTPHLATEJbLHOE
4YHCJO, N-A CTENcHh KOTOPOro paBHA 4.

B Opuwmep 2. Haiizem suauenme: a) 3(/5; ) 4,%.
a) ¥8 =2, rak xaxk 23=8 u 2 > 0;
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4

6) ‘?\E=§, TaK Kak (é) =81, §>0.

16 2 2 16 2

Ilpu ueTEmX n dyarnus [ (x) = x® vetHa. OTciofa ciegyeT, 4To
ecau ¢ > 0, To ypaBHeHHne x" = g, KpoMe KOPHA X, = “/a, umeer Takxe
KOPeHb X, = — “Ja. Ecin a = 0, To roperb oguH: x =0; eciim a < 0,
TO 9TO ypaBHEeHHe KOpHell He MMeeT, IOCKOJbKY YEeTHafA CTelmeHb JIO-
Goro umcia HeoTpHILaTeJ bHA.

Hrakx, upun 4eTHOM 7N CYLIECTBYIOT gBa KODHA n-#i CTeNeHH N3
J1060T0 IOJIOMKHUTEJbHOTO YUCAa d; KOpeHs n-i crenenu us yuciaa O pa-
BeH HYJ0; KOpHeHM 4YeTHOH CTemeHM M3 OTPHUIATENbHBEIX YHCe] He Cy-
IIEeCTBYET.

B IIpuwmep 3. Ypasaenwe x*= 81 umeer xBa KODHA: 3TO YHCHIA

3 u —3. Takum oOpazoM, CYIIECTBYIOT /jBa KOPHA YeTBEPTOH CTeleHH
4 4
us 81. IIpu stom 81 — aTo HeoTpHUIATENbHOE YHCIO, T. €. V81 =3,

a —3=—‘i/ﬁ.

IIpuMep 4. ITonoxkurTenbHHIM KOpHeM ypaBHeHHA x*? =3 saB-
3 e
JeTCA YHECA0 +3. 9ro 4meao (Tak ke, BIpoueM, Kak B — v 3) uppa-
OHUOHANBHO. Ero gecATHUYHRIe 3HAKM BBHIYUCJIUM IIOCJIeOBATEJIBHO:

1<43<2, rak kak 1% < 3 < 24,
1,3<%8 <14, rax xak 1,84 <3<1,4*u r. 1.

(ybegurech, uro 3= 1,31607...).

IIpu HeueTHBIX 3HAUEeHMAX n GyHKIHA [ (X) = x* Bo3pacTaeT Ha
Bceil YuC/I0BOil MPAMO#H; ee 06;1aCTh 3HAYEHUY — MHOMKECTBO BCEX Jei-
CTBHUTEJBHEIX uHceJ. [IpuMeHaAs TeopeMy O KOpHe, HAXOA¥M, YTO ypaB-
HeHMe X" = @ UMeeT OTUH KOpeHb Ipu JIoOOM a M, B YACTHOCTH, IpPHU
a < 0. 3roT KopeHDb AN Moboro 3HaUeHUdA a (B TOM YHCJe ¥ ¢ OTPHOA-

TEeJIBHOrG) 0603HAYUAIOT Ya.

Hrak, Opy HEUYETHOM Il CYIIECTBYET KOPEeHS 7-# cTemeHu
u3 Jaio6oro umuciaa 4, ¥ MPUTOM TOJLKO OXMH.

HOnsa wopHeill HeueTHOHl CTeNEeHHM CIPaBEJIMBC DABEHCTBO

’Q/—:a_t-:—"\a.

B camowm nerne, (— "«/E)n =(-1)" . ("\/E)n =-1.a=-a,r. e unc-

JI0O €CTb KOpeHb n-i crereHn U3 —~a. Ho Takoil KOpeHb IPK HEYETHOM 71
eAMHCTBeRHHI. CilefoBaTesbHO, \—a =~ /a.

Pasencreo 7/-a = - '{/E (IIp1 HeYEeTHOM 71) IIO3BOJAET BHIPA3UTH

KOPEHb HEYeTHOHM CTemeHM H3 OTPMIATEALHOrO YHUCJA dYepe3 apud-
\ N 5 5

MeTHdecKM# KopeHb ToH ke crememu. Hampumep, v-71=-%YT71,

3-27 = -¥27=-3,
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Sameuanue 1. [Ina nmoboro AeHCTBHTEIBLHOT'O X

ros |x|, ecnu n ueTHo;
X, €cIu N HeyeTHo.

{(dorkaxkure 3TO CBOMCTBO CAMOCTOATEJLHO.)

SamMevanue 2. YH00OHO CUATATH, YTO KOPEeHb IepBOi cTeme-
HM M3 YMCJIa @ paBeH a. Kak Bel yiKe 3HaeTe, KOPeHb BTOPOi CTeNneHH
M3 UHCJa HA3BLIBAIOT KBAJPAMHBLIM KODHEM, & YOKA3aTedb 2 KODHA
IIPH 3afdcH onyckKaoT (HaopHMep, KOPeHb KBAIpDATHHIA u3 7 0003HA-
YaI0T IPOCTO «/7). KopeHb TpeThbeil cTemneHM HA3BIBAIOT KYOUUECKUM
KOpHEM.

. Iipumep 5. Pemum ypasmenue: a) x°=-11; 6) x8= 7.

a) Ilo ompegeneHKMI0 KODHA n-il cTEIleHW YHCAO X — KOPEHb Iif-
To# cTemenuu u3 -11. IJoxkaszarejr KOPHS — HEUETHOE UYMCJIO 5, HO-
ITOMY TAKOHM KOPeHb CYDIeCTBYeT, M IPHUTOM TOJNBKO OAWH: 3TO 311,
Hrax, x =— 2/1—1

6) Ilo ompepmeneHMI0 KOPHA n-H CTelNleHHE DelleHMEeM YpPABHEHHA
x8 = 7 aBnsgerca 4muciIo %f’?. Tak Kaxk 8 — 4HCIIO UEeTHOE, — W TaKMxe

8 8
#ABIASETCA pelleHueM JaHHOro ypaBHeHus. Wrax, x,= 3T y Xg=-— 1.

8
OrBeT sanumeM Tak: X =1 \/7.

2. OcmoBHbIe cBoilicTBa KopHeii. HanmoMHMM HW3BeCTHHIE BaM
CBOHCTBa apudpMeTHUeCKNX KOpHEH n-ii cTemeHH,

HOna awboro HATYpPaNLHOTO N, HEAOro B u mobnx He-
OTPULATENbHBIX uMcell d ¥ b BHIMOJHEHBHI PABEHCTBA:

1°. Vab ="Va - Vb.
0 na_="~/; )
20, \/: s (b % 0)

3. Ya ="a (k>0).
4. a ="a* (k>0).
59 Ya* =(Va)* (ecam k<0, 0 a = 0).

Noxaxewm cpoiicreo 1°. Ilo onpenenernio vab — 3T0 TaKoe HEOT-

pHLAaATEJNIPHOE YHCJA0, 7n-A CTeIlIeHb KOTOpPOTOo paBHAa ab. Yucao % n\/E
HeOTpHLATEe/NbHO. I'Ioa'romy LOCTAaTOYHO IIPOBEPHUTH CIPaBealrBOCTH

n =
paBeHCTBa ( n\[(; . %) = ab, KOTOpO€ BRITEKaeT N3 CBOUCTB CTEOeHM
C HaTYPaJABHBIM IIOKa3aTejieM M OIlIpeleJIEHNHA KOPHA n-# creneHu:

(Va V)" =(Va)" (Vo)" =ab.
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AHaNIOTUYHO AOKA3BIBAIOTCH cjeayrwoiniue Tpu cBOMCTBA:

Vesg oy (_C] (a)” _a,
n\/*b— nﬁ (n\/-) b

Vs u (¥ )"<((¥5) | - @ra

Va>0 u (”\/E)""=(("~/E)"Jk=a”-

HoxasxeM Temeps cBoiicTBo 5°. 3aMeTHM, UTO -4 CTeHeHb YHCI&

(Va)* pasma a*:
(cvay [~ (xay | -

B n
Mo ompeaenenmio apubmerwueckoro xopaa (3a)'="Va* (rax
k
kax (Va)
IlpuBeneM npmMephl npuMeHeHmHs cBoiicts 1°—5° K peme-

HMIO 3aJa4 Ha IpeoGpasoBaH{e YHCIOBBIX BHIPAMKEHHWH, coepsKalllux
KODHH.

B Ipuzmep 6. IIpeoBpasyem BripaxceHua: a) 38 -34; 6) ‘Vﬁ%,
)y WTs 1) 2%*1 ;1) 7\/1283
a) HEBI i/ SV = 2 (epoiicTtBo 19);

6) \/—‘ \/__ ————— (CBOHCTBO 20);

B) V7 =47 (cBoiicTeo 39);
r) V12 =%/27 =3/2 (coiteTso 49);
x) mpumenss croficreo 59, maxomum 4/ 1283 = (V128)% =23 =38,

Hoxraxem ciegymolree CBOMCTBO apu(pMeTHUECKOTO KOPHS:

. Jlng n06nIX uucen a n b Takux, urto 0 < a < b,
BEINOJIHAETCA HEPaBEHCTBO \, < J_

IIpoBeseM OOKA3aTeILCTBO METOAOM OT mporusHOro. omy-
n n . rrs
ctam, uro Va > 3b. Torma mo cBofcTBY cTemeHel ¢ HaTypaibHBIM

MoKasaTejieM («/— ) > ( 'i/—) , T. €. @ 2 b. 9TO IPOTHBOPEUYHUT YCJIO-
BHIO a < b.
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. IIpumep 7. CpaBHHM umMcJIa ?4./5 2 'i/g

Hpenc'raBnM 3/5 u33s BHJE KOpPHEH ¢ OJHHUM M TE€M e IIOKa-
aaTenem: 32 = ='%/32, ¥3-"33 =1%27 (csonc'mo 49. U3 me-
paBemcTBa 32 > 27 fIo cBoOMCTBY 6° cienyer, aro '3/32 > 13 27, 1, 3Ha-

uuT, W > 5«/5

Ipumep 8. Pemum mepasemcTBo x° > 20.

9T0 HEpABEHCTBO PABHOCUIbLHO HepaBeHeTBy x% — 20 > 0. Tax
Kak oyarnua f(x) = x% - 20 HenpepsiBHA, MOMKHO BOCIONB30BATHCA
MeTOJOM HMHTepBajioB. YpaBeeHue x% - 20 = 0 uMeeT ABA KODHSA: 2/?6
u -%20. dru uncaa pasbMBaloT YUCIOBYIO NPAMYI0 Ha TPU HpoOMe-
JKYTKa. PermeHue JaHHOrC HepaBeHCTBa — O0beIWHEHWEe OBYX M3 HHUX:

(—o0; —-%20) u (Y20; ).

YnpaxHeHus
IIpoBepsTe cnpaBedinBOCTh paBeHCTB (381—382).
381.— a) V16 =2; 6) V-1=-1;
B) lm =2; T) i/-24_ =-3.
a) 'V1=1 o6) %64=2 =) ¥-343=-7; r) Vo -0
¢ Briuuciute (383—384).
a) g -27; 6) %I' B) 5{/——3—2; r) 3{/—

Pemure ypaBHenus (385—388).

382,

383.
384.

385. 8 a) x*+4=0; 6) x5=5; B) x3=4; 1) xt=10.
386.-8 a) x1°-15=0; 6) x"+ 128 =0;

B) x% — 64 =0; r) x*=3,
387.- 8 a) 16x*-1=0; 6) 0,01x® + 10 = 0;

B) 0,02x5 - 1,28 = 0; r 122-352-0,

388. 0 a) x=-06; 6) ¥Yxr=3; 8 Jx=5 1 Yxr=-

HaiinuTe 3HaueHMe YMCIAOBOI0 BHpakeHnda (389—394).

389.8 a) (-V1D)'; 6) 2¥-2)%; 8 &N; ) (-¥Y2)°
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390.—

391.—
392.—

a) V16.625; 6) 3/32.243;

B) 3/8.343; r) %/0,0001-16.
a) 3/160-625; 6) ¥24.9; ) ¥48.27; r) 375 45.
a) ¥9 -%9; 6) V16 -3/-8;
 8) ¥27 - V9, —25 - 3/25.
: 3/_625 3 6
2) V-6 , 6) 128, 5) 3243; ) J6128_
V-5 J'é ) V2
2) \[ 100000000 \/ 337
. 6 5[111. 5«/5, )\/ 243 5,17,
16 5/388 1024 27’
r) ¢ 3§ll +ﬁ_5_.
| V82
Haiiaure nepBhie xBa AECATHUYHHIX 3Haxka (mDociae sanaroir)
qucJa.
a) V2; 6 V5 » J7; ) VB

IMonpayAck TabMHLIAME MIH KAJIbKYJAATOPOM, HAlAHTE MPHAGJIH-
JKeHHOe 3HA4YeHHe KOpHA ¢ TouHocthio x0 0,01 (396—397).

a) 3/10,17; 6) V71; B) /13,21; r) ¥11.
a) 213,7; 6) %10; B) 4/2,8: r) ¥13.
CpaBaure umcia (398—401).
a) /0.2 n 0; 6) 2/0,4 u 12[%;
B) Y1,8 u 1; r) 8/0,2 u 3/0,3.

2
3)5214‘3/5; r) '%0,8 u 1.

a) 40,3 n 3/0,05;
B) Y7 n %;

a) 3/-0,4 u 3/-0,3;

) 4-2 n 3[4
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r)\/gnm.
6) 5/-5 u 3/-3;
r)3—5n5\/——3.
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402,—

403.«%

404.
405.

406.

407.

408.—

409.—

410.—

Boinecure MHOMUTENs 3a 3HAK KopHaA (a > 0, b > 0):
a) W; 6) m—; B) W; r) W.
Brecure MuOKUTENH DOA 3HAK KopHA (a > 0, b > 0):

a) -b %; 6) ab 3\[50173; B) af/?; r) —ab i/—:z

IIpu kKakux 3HaUEeHUAX a BepHO paBeHcTBO (404—405)?
a) Va? = -a; 6) 8a® =a; m) Ei/;"::IaI; ) Va* =a.
a) ¥a? = —a; 6) Ya® =-a; B) VaT=|a|; r) Va7 =a.

TpexcrasbTe BhIpaskeHWe B Bujae Apob6u, 3HaMeHATeNb KOTODOM
He COIEepKHUT 3HaKa KopHs (406—407).

3 . a—\/2_ 1 . V8 +1

2) */7—'\/3, %) a+«/§, B) \/5.;.\/5’ r) w/_ﬁ_-l'
a, 5 V7 4, 5
) 32 ) 2Vx E) x4 ) 335

IIpuBeauTE YKUCJIOBOE BhIpaXKeHHE K BUAY @ '1/3, rae a — pa-
IVOHANBHOE uMceyo, a b — HarypaabHOoe (408—409).

2 6 3 10
a) -—; 6) ; B) —°—; r) —.
% 3er-25 iz V8
3
) W25's 0 31-V2;  m i ny2ls

4
Pemnre ypPaBHeHle C NOMOIIBI0 IOACTAHOBKH § =+ X HIM

t=%x:

a) Vx-5Vx+6=0; 6) vx+3Vx =2

B) Vx-3Vx+2=0; r) ¥x-5%x =6.

PemmuTte mepaBencTBa (411—412).
a) x4<3; 6) x11>7; B) x1°>2; r) x3 <5.
<38.

o) Vo<, 6) Vx>2; ) Vx >2; r) Vx

! Yopocture pripaykenns (413—414),

a) Ya®, rae a < 0; 6) Vat, rae a > 0; 8) Va®.
a) 3a® -Va?, rre a < 0; 6) Vat +2Va?, rge a > 0;
B) Ya® -%as, rae a = 0; r) Va3 +3%a?, rae a<o.
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415.— HaiiguTe 3HaueHWEe BLIDAYKEHMUA:

3 2
a) 310+ v73 - ¥10 -J73; 6) __ﬁ____v(:*m +J17;
/417

5) 3/9-65 - 4/9 + J65; r) V3-+5 - 3+ 5.

IIpeacraBbTe BRIpajKeHHe B BUZEe ApoOH, 3HaMEHaTeJb KOTOpOH
He COAEep:KHT pafuKaJa;

8) ;== 6) —2—; B) =2 —; 1) - 8a .
2-Y3 a-Vb Vs+¥7 Va2 -%ab+ Vb2

416.1

33. WUppaunoHanbHble ypaBHEHUA

¥YpasHeHUsI, B KOTOPBIX IIOJ 3HAKOM KOPDHS COIEDMKUTCA
nepeMeHHas, HA3HIBAIOT uppayuocrHaavisvimil. TaKkoBo, HAIPUMEpP, YpaB-
3
HeHue Vx — 2 = 0.

. IIpumep 1. Pemum ypasgenue ./ x% -5 =2.

BosBemeM ofe 4acTm 2TOro ypaBHeHHS B KBaJpaT M HOJYYHM
x2 -5 =4, oTKyz#a ciexyeT, 9To x2=9, T.e. x =3 wm x = -3.

IIpoBepuM, 4TO IIOMY4EHHBIE YHCAA ABIAIOTCH PEeIIeHASMH yDAB-
HeHusA. JleficTBUTENbHO, IDHM NOACTAHOBKE MX B JaHHOe ypaBHEHHe IIO-
JNyYaloTCs BepHBIE PaBEHCTBA

J#-5=2u [(-32-5=2.

CrnepmoBaTennHO, ¥ = 3 U X = -3 — pellleHUA TaHHOIO YPABHEHHS.

IIpumMmep 2. Pemrmm ypaBHeHUE Jr=x-2.

Boseegas B xBajgpaT ob6e 4YacTH YpaBHEHHUA, IOJYIAM X =
=x2-4x + 4. Tlocoe mnpeoOpasoBamuMil TIPUXOOAM K KBaIpPATHOMY
ypaBHeHHI0O X% — 5x +4 =0, xopHu Koroporo x=1 m x = 4. Ilpo-
BeDHUM, ABIAKTCA JU HafJeHHBIE YHCNA pPelleHMsMH JAaHHOIO ypaB-
HenusdA. [Ipu moacraHoBKe B HEro uucia 4 nojyyaeM BepHO€ DaBEHCTBO
Ji=4- 2, T. e. 4 — pelmeHHe NJaHHOTO ypaBHerud. [Ipu noxcraHoBke
ke uncaa 1 moaydaem B mpaBoit uacti —1, a B JjieBoi vacTe uyucao 1.
CrenoBarenbHO, 1 He ABJAsieTCA pelleHNeM YpaBHEHUA; roBOPAT, YTO
8TO NOCMOPOHHULl KOpeHb, MOJYUYEHHBIN B PE3YJAbTaTe NPHHATOTO CIO-
coba pemtenua. OTBeT: Xx =4,

MsI BuAUM, YTO DM PEIIeHNN HPPAIMOHANBHLIX YpPaBHEHHH I10-
JNydeHHBIEe peHIeHWuA TPeGYyIOT IIPOBEpKH, IIOTOMY, HAIPHMED, YTO He-
BepHOe PaBeHCTBO IPH BO3BEAeHHMU B KBajpaT MOKeT OaTh BepHOe pa-
BEHCTBO. B camMoM Jesie, HeBepHOe paBeHCTBO 1 = —1 [pH BO3BEAEeHUU
B KBAAPAT maeT BepHoe pasencrsBo 12 = (—1)2.
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. Ilpumep 3. Pemnm ypaBHeHue - x2 -2 =x.

Boseegem ofe uacTH 3Toro ypaBHeHUs B KBagpaT: xZ-— 2 = x,
OTKyZAa HoJy4yaeM ypasHeRue x2 — x — 2 = (, KOpPHE KOTOpoTO X = ~1
u x = 2. Cpasy ACHO, 4YTO 4YMCJO —1 He ABNASTCA KOPHEM JAaHHOT'O ypaB-
HEHHsI, TaKk Kak o0e dacTy ero He ompezeiensl npu x = —1. Ilpu moa-
CTAHOBKE B VypaBHeHMEe UYHcJIa 2 NoJAyuaeM BepHOe pPABEHCTBO

22-2 = \/E CregoBaTeNlbHO, peUIeHNEM JAHHOTO ypPaBHEHHH ABJIAECT-
cA TOJNBKO YHCIO 2.

Npumep 4. PemuMm ypaBHeHHe X —6 =+/4-x.

Bossoma B xBajgpaT ofe uacTH 3TOr0 YPaBHEHHA, IOJyYaeM
x-6=4-x, 2x =10, x = 5. ogcranoBroii yGexpaeMca, 4TO YUC-
J0o 5 He ABJAETCH KOPHEM AaHHOro ypasHeHma. IlosToMy ypasHenne
He HUMeeT pelleHMi.

HMuorga ynoGHee pemarh HPpPAUMOHAJABbHEIE YPABHEHWS, HCIOJIb-
3ys paBHOCHW/IbHBIE IIEPEXOAHI,

- IIpumep 5. Pemmmm ypaBHeHme vx -2 = x -8,

ITo ompefeneru’o + x ~2 — 3T0 TaKkoe HEOTPHUIATENBHOE YHUCIIO,
KBaJPAT KOTOPOT'O PaBeH IIOAKOPEHHOMY BHIpasKeHUIo. [[pyruMu ciaoBa-
MH, ypaBHEHHE VX —2 = x —8 PaBHOCHJILHO CHCTEME

x-2=(x-8)2,
x—-820.

Penras nepBoe ypaBHEHME CHCTEMBI, DABHOCHJIBHOE YPABHEHHIO
x%2 -~ 17x + 66 = 0, noxyuum xKopuu 11 u 6, Ho yenoeue x — 8 > 0 BbI-
HOAHAETCA TONBKO Ads x = 11. TlosTomy samHOe ypaBHeHHe HMeeT
of¥H KopeHb x = 11,

Opumep 6. Pemum ypasmenme xr—1=3/x2-x—1.

B orauuwve oT paccMOTPEHHBIX paHee NPUMEPOB JaHHOE Hppa-
[UOHAJLHOE YPABHEHHE CONEP/KUT He KBAJADATHBLIM KODEHb, a KODEeHb
Tperbeil cremeHu. Iloatomy ans Toro, urofbpl «u30aBUTHCA OT pajgu-
Kaja», HAJZO BO3BeCTH 00e YACTH ypaBHEHHs He B KBaApaT, a B KyO!
(x —1)® = x? — x — 1. Tlocne npeoGpasoBauui HoJy4aeM:

x2-3x2+38x-1=x2-x-1,
x3 ~4x2+4x =0,
x(x®-4x+4)=0,
x(x~-2)2=0.

Urak, x, =0, x, = 2.

IIpumep 7. Pemimm cucremy ypaBHeHHH

Ve +3y =4,

x+y=28.
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3
IoyioKHB U =X H U =%, OPHXOJHEM K CHCTeMe

u+v =4,
ud +v3=28.

PasnoxuM JEeByH0 YACTH BTODOTO YPABHEHHS HA MHOMMTEJM:
ut+ ¥ = +v) (W? - uv + v? — ¥ moACTABHM B HETO M3 IIEPBOro
ypaBHeHHMA U + v = 4. Torga NONIyYHM CHCTeMy, PaBHOCHJIBHYIO BTO-

poit:
u+v =4,
u?—uv+vi="7.
IlopcTaBnsAa BO BTOpDOEe ypDaBHEHWE 3HayeHWE U, HAHAeHHOe M3
nepsoro (v =4 - u), UPHXOAUM K YPABHEHUIO

W-ud-uw+4-ul=T7T.e ut-4u+3=0.

IlonyuerHoe KBajpaTHOe ypasHeHNe HMMeeT JBA KODHA: u, =1
H U, =3. CooTBeTcreyiompue BHAYEHNST U TAKOBRL U, =3 m v, = 1.
Ilepexossi K NePEMEHHEIM X W Y, TOIydaeM: Vx = Uy, T.€ X;=
=uf=1, y;=0v3=27, x,=ud =27, y,=vi=1

OrseT: (1;27), (27;1).

YnpaxHehnus

Pemure ypaBresus (417—420).
417.— a) /xt+19 =10; 6) ¥x*-28 =2;
§ 5) V612 =5 r) Yx-9 =-3.
4188 a) Vr+1=x-5; 6) x+vV2x+3 =6;
B)«[2T—_l=x—2; T) 3+43x+1=x.
419§ a) V2x+1 =22 -2x+4; 6) Vx =Jx2-x2-3;
B) Vx+2 =223 r) VO—x =Jx+9.
420.-8 a) x=‘°§/x3+x2—6x+8; 6) x—2=m;

B) x =32~ x> -8z +20; r) x+1=3x3+2x2+ x.
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421.— Pemiure cHCTeMy YpaBHEHHH:

) Jx+23y=1, 6 1Vx-{y=22,
a
3Vx -3y =10; 2 Vx +34y =82;
9 2Vx+4y =7, 9 Jx+3fy=545,
4y -3Vx =6; 5 y-2Jx=45.
Pemnre ypaBHenna (422—425).
1
422.— a) Jx+1Jx+6 =6; 6) 2 - =Jx-1;
a) vx + x )ﬁ:c———l x
5) 28 _ 3rva; N Jxv2-x=2x

Jxr—-2
423.— a) V5+¥x+3 =3 6) %2 —16 + x =2;
B) V18 -¥x+10 =4 1) Jx-x2-5 =1

424.— a) Jx-83=1+Vx—-4; 6) vX+2-yx~-6=2;
, B) 2+10 —x =+/22 — x; r) v1-2x -3=16 + x.
425.— a) Jx-3-6 =Vx_3; 6) Vx+1+2%x+1=3;

) Yx—5=30-Vx_5; r) 3'x2-3+3/x2-3=4.

.. PemuTe cucrembl ypaBHeHuit (426—427).

2Jx -y =5, 6+x-3.,3y+4=-10,
426. a) V= -y 6) v6+x Y
g (Ve y=3 4f3y+4-56+x =6;
Jx+38.y=10, | 2Jx -2+ /5y+1=8,
r
Jx Jy =8; 3Jx-2-2 By+1=-2.
— 3 3 _
427.4 Vx+y =8, 6 | Vx+Vv=5
x -y =16; xy = 216;
Vx5 =1, y {VE-Yu-2,
x -y =32; xy =27,
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34. CteneHb € pauMoHanbHbIM rnokKasarenem

Bam y»xe 3HAKOMO NMOHATHE CTEIICHM UMCJa C IEJBIM IOoKa-
saTeneM. BripaskeHuwe a” oImpefieleHO AJIA BCEX a4 U 7, KpOMe CIydad
a =0 npu n < 0., HamoMuuM cBOMCTBA TAKMX CTeIeHeil.

Jas mo6bIx yHcen @, b ¥ JII00BIX IlEJIBIX YHCEJI M ¥ N
CIlpaBeiaIuBEl DABEHCTBA:
a”-a*=a"*"% a":a"=a""" (a=*0)
(am)n - amn.
- ’
n
n_. . K. a = a” .
(aby" = a” - b"; (b) 22 (b#0)
R, 0
a'=a; a°=1 (a=0).

OTMeTHM TaK)Ke cjedymollee CBOHCTRBO:

Ecam m>n, 7o a™>a” npu a>1 un a™ < a" upn
0<a<l.

B sTOM NyHKTe MBI 0606ILIMM IOHATHE CTEeHNEeHU YHCJa, HPHUIAB
5 1

cMmuica Boipaxkermam rtuna 203, 87, 4 2 nu 1. 1. EcrecTBeHHO mHpH
3TOM [OaTh onpejpesieHHe TaK, YTOOBI CTEIIeHN C PAllMOHAJIBHBIMH IIOKAa-
3aTeJAME OOJANaNH TEeMM JKe CBOMCTBAMH (HMJIM XOTA Obl X YaCThIO),

YTO M CTEelleHH C LeJhIM IOoKaszaTeneM. Torga, B 4aCTHOCTH, - CTe-
m

meHb YKMCNa a” HoJKHA GhITh paBHa a™. [elicTBHTENbHO, €CIH CBOMCT-
BO (a?)? = a?? BHIIOJNHAETCH, TO

Tlociennee paBeHCTBO O3HadaeT (IO OIpPEAeIEHHIO KOPHA n-i

m
CTENleHH), YTO INCJO a” JOKHO ObITh KOpHEM 7-H CTeleHH H3 YHC-
Ja a™.

Onpenenexne. Cmenenvio wucra a >0 ¢ payuo-

HAAbBHBIM noKasamenem r = —”—1, rme m — I1ejgoe 4HucC-
n

J0, a n — HaTypajisHoe (n > 1), HaspIRaeTCA YHCIO
n
va™.

I/ITaK, 0o onpelnesieHNuIo

a" =Yam. 1)

Crenmenpr uncya O ompenesneHa TOJNBKO NS TIOJNOMHTEIBHBIX
nokrasareneii; no omnpegexenuro 0" = 0 gna moGoro r > 0.
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B IIpumep 1. Ilo onpexeneHuio CTeNeHH C pAIMOHATBHEIM IIO-
KasarereM
1 5 _r
74 =47, 26 =825 %32, 4 5 ='%a 7.
1

Npumep 2. HalizeM 3HaueHHMA 4YMCAOBHIX BhlpakeHmit 8§23,
3 2

814, 128 7,
Ilo onpemenmeHmio cTemeHM ¢ pPAINMOHAILHBEIM IIOKA3aTeleM

1 3
M cBoficTBAM KopHedt, mmeem 83 =38 =2; 81% =813 =(4,/81 )3=

2
=87=27; 128 7 =V1287 = (}/128)2=2%= 1.

Bameuanue 1. U3 ompezenenus cremeHu ¢ pamUOHAIBHLIM
moKasarejieM cpa3y cleayeT, 4YTO AASA JIO00ro IOIOKHUTEIBHOTO a
¥ J1060T0 PAIMOHANBHOTQ I YHUCI0 4" MOJOMUTEIBHO.

Sameuyanue 2. Jiofoe panuoHaspHOEe YHCIO AONYyCKAeT pas-
mk

JIMYHBIE 3aIIMCH €r0 B BUAe APOGH, IIOCKOMBKY = =% Ias Jio6oro
n n
HaTypanabHOro k. 3HaueHue 4’ TaKKe He 3aBUCUT OT (GOPMBI 3alHCH

panmoHaNLHOTO uynucaa 7. B camoMm jene, u3 cROHCTB KOpHei caenyer,
mk

m

nk n ‘n

uto a™ ="Va™ =Na™ =a".
3ameuanue 3. Tlpu a < 0 panmoHAaJLHAS CTEeNEeHL UYUCJIA a

He onpefleIfeTCA, U BTO He ciyuaifino. Ecau 661 MBI cOuJIM BepHOH Gop-
. 1

myny (1) u zna a < 0, To, HalpuMep, 3HaueHMe (-8)° paBHATOCH GBI
3/-8, 1. e. —2. Ho, ¢ apyroi CTOPOHEI, %: %, M IIODTOMY HOJMHO BBI-
1 2
3 s 6
MONHATBCA paBeHcTBO —2 = (—8)3 =(-8)% =8%/(-8)? =482 =2,
IloxaxxeM Temeps, ITO MPH cHOPMYIUPOBAHHOM BEINIE OLpenesIe-
HUU CTENEHH ¢ PANMOHAJLHLIM IIOKA3ATENEM COXPAHSIOTCS OCHOBHEIE
cBoiicTBA CTemeHel, BepHBle AAA MIO0BIX NOoKasaTeneil (pasHuIA 3a-
KJI0YaeTcd B TOM, ITO IPUBOAMMEIE Aajiee CBOMCTBA BEPHEI TOJILKO A
TIOJIOKUTENbHEIX OCHOBAHMIL).

Jaa n06bIX panmuoOHAJIBHBLIX YMCEJI ' M § U JIOOBIX HO-
JIQXKATENBHBIX @ U b cIpaBeiJMBEI PABEHCTBA:

10. a -at=a""'"5.
20, g":a’=a""".
30' (ar)s =a’s.

4%, (aby =a” - b".
5, (£)r=i.
b b’
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Jlnsa norasaTebCTBA BTHX CBOMCTB HAZLO BOCHOJIB3OBATHCH OIpE-
AeleHNeM CTeleHH ¢ pAaIjMOHAJBHEIM [OKAasaTeleM M JOKA3AHHBIMHU
B n. 32 cpoiicTrBaMu Kopmeii. [lokaykem, Hampumep, csoiicrsa 19, 3°

m

u 4% Myere r =" u s =£, roe n ¥ ¢ — HaTypanbHBIe yMCJIa, 4 m
n q

u p — uensie. Torpa
mq +np
a"-a® =am - YaP ="Yam ."‘i/anp ="Z/amq+np =aq ™ =a't%;
hiic 4
(ar)szq,(ar)p =q¢(n/am )P - a™ =g™ =q";
(ab)’:"\[(ab)”' ="ampm ="%am . bm =a"-b.

Croiictea 2° u 5° goxasriBaloTCs AHAJIOTMYHO (ITPOBEJHTE COOT-
BETCTBYIOIIME PACCYKJICHUS CAMOCTOSATENBLHO).

r 3
M Ipuwnep 3. Haiigem sHauenme Bepaxenua V40 -24:5 ¢,
18 18 3,1 1,3
Va0 .24 : 54 = V2% .5.2¢ .51 =24 .54 4=21.5 =10.

IIpumep 4. TIpeobpasyeM BhIpasKeHH:
11

aZ _p2 ali2 _p2.1
a) ———; 6) .

11 a®8 4 g0,4p0,7 L p1,4

at + b4

1o (2 1o o

a2 -b2  lat) - |\b¢ at-b4)lat + b4 i
a) = = =a4—b4;

11 i1 11

a4 + b4 ad + b4 at + b4

al,2 _b2,1 _ (a0,4)3 —(b0'7)3

6) = =
a0 84 g0:4p0.7, pld (a0,4)2+00,4b0,7+(b0,7)2
=aO,4_b0.7.

OTmeTHM cnenyioLiue ZBa CBONMCTBA CTeNeHell ¢ palMOHAJIbHBEIMH
TMOKAa3aTeJ AMH:

6°. Iycrs r — panmonanpHOe uncno u 0 < a < b. Torpa
a<b umpu r>0,
a >b" mpu r<o.
7°. Ina mobkIX PANMOHANBHBIX 4YHCeX r U § U3 Hepa-
BEHCTBA I > § cJeAyeT, 4TO
a >a upu a>1,
a <a® opu 0<ag<1.

Hoxkaxxem csoitctBo 6°, Ecam r > 0, To r MOKHO 3aIHcaTh B BHIe
m

r==, rge m u n — HaTypajJbHbe unucja. VI3 mepaBeHcrBa 0 < a < b
n

N CBOMCTB CTeIeHHM C ILeJLIM IOKasaTeJeM cJjexnyer, urto a™ < b™,
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IIo croiicTBy KopHeit (cBoiicto 6°, n. 32) u3 sTOrO HepaBeHCTBa MOJIY-
n n °

yaeM va™ < vb™, T.e. a" < b
B cayugae r <0 nposoauTcsa aHAJOTHYHOE pacCyKIAeHHE.
Ilna noxasarenbcTBa cBoiicTBa 7° mpuBeZeM CHaYAkA PAHOHANE-

HEle YMCJIA I' ¥ § K obI[eMy 3HAMeHATe 0. 7' = » u § = £, rAe n — Ha-
n n
TYypajgbHOe YHCJIO0, &8 M U p — Hensle. VI3 HepaBeHCTBa r > 8 clenyer,
1
yrom > p. Ecama > 1, Toa" = “a>1umo CBOMCTBY CTENEHH C Le-

n" 1\?
JBIM IOKAa3aTeJyieM a") >la .
Ocraercss 3aMeTHTBH, UTO

0Nt om n r
a®) =a"=a” u \a| =a"=a’.

Cnyuait 0 < ¢ < 1 pasOGupaerca aHaJOTHUYHO.

2
. 2
B TOpumep 5. Cpasamm uucia 38 m 23.
5
Banmmem 38 B BHAE CTENeHN ¢ PALMOHAILHBIM [IOKABATENEM:

3
V8 =25,
2 3

Tlo ceofictey 7° noayuaem 23 >25, tak kak < >

eofbd
oo

Ipumep 6. Cpapaum umcna 2300 u 3200,

3anumeM 3TH 4ucaa B BHUAE cTeneHeil ¢ OAUHAKOBREIM IOKAa3a-
TeJeM:

2300 (23)100 = 8100; 3200 (32)100 = glo0,
Tax xax 8 < 9, mo ceoiicrey 6° momxysaem
8100 £ Q100 1 o 2300 & 3200,

YrpaxHeHusa

428.— IlpezcraBnTe B BHAE KODHSI M3 UMCJA BhIpAMKEeHUe:

2 41

a) 8% 6)5°%; B) 4% 1) 6 2.

429.-§ IlpepcTaBbTe BBIp&XKEHHE B BHUAE CTENEeHH ¢ PAIHOHAIBLHLIM
moKasaTeneM:

a) Ya-2; 6) ¥3b; ®) b7 1) e,

Haiignte 3HaueHMe 4HUCAOBOrc BHIpa)keHHs (430—431).

1 5 2
o 64% ) 8 1. 273 e
430§ a) 243°% 6) (3—3) » B 16% 1) (1256) '
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1 (1 3 8 5
431.— a) 82: (86 : 92); 6) 3100 - (+/2)3 [%)3
1 _1
5) 8 3:810.75, r) (1 1—1)—0’5-(41—7) s,
’ 25 25

i Pasioxure Ha MHOXHTENH (432—433).

1 1 1 1 1 1
a) (ax)?® +(ay)®; 6) a—-a?; B) 3+3%; 1) (8x)% -(5x)2.
11 1 L 1 1
4 a) x3yd —x3 -y + 15 6) c? +c?;
1 1 1 11
© B) 4-43; r) a+b% +a? +a?b2,

Yupocrure Bripakenus (434—435).
1

a-b z2-8 x2 -4 a+b
D7 O B g D o
a2 - b2 23 +223 +4 a3 -aBb3 + b3
11 11 1
- 2,4 4 o452 - 2 2
x-y  xlyteaxty? a-1 _a+1 _ 5.
e S i B A B wi e e
xt 4+ x2yt x2Z +y2 a+a?+1 a%2-1
1 1 a® -6
B) T 7% 2’
11 11 a® +ab+b
a+a?b2 a-a2b?
Jr+1 1

r)

xvr+xz+vx x2-dx

CpaBHuTe 4Hcaa:
15

19
a) Us® u 38 ; 6) 0,427 u (2)7;

5
B) Y65 u 6.7, r) (%)3 w71,

32

437.— Hailigure 3HaUueHHe BBHIDASKEHHA:
1

_1 _3
arom (1) (£)
125 32 ’

1 2 1

_1 < 11
6) 0,001 3 —(-2)2643-8 3 +(9%)?;
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438.—

442.

443.

444.

§i ImMeeT 1M CMBICJ BHIpa)KEHHE:

2 1 -0,75
B) 273 +(1—é) - 2505,

al

r) (-0,5)"* -625%:2% —(2 i—) 2119 (-3)3.

Yupocrure BrIpaskeHume:

4 1
sl Jard¥a g
3 1 Jag+1
at +q2
2 -1
Yz 14vz s 1)z
6) + Sl =+=1
1-Jx Vx Je %
1 1
3 _9743
g) .22 -27ad :[1_33\/5)_3(——(12;
2 11 2 a

a3 +3a3b3 +9b3

RN TESREY
m+w/-§ m3+2\/§ 2 \/E m )

HPE,IICTB.BI:TB BhIDaXe€Hne B BHJe CTENIeHH C PAIHOHAJBHBEIM I10-

;. Ka3aTeJieM:

a) %7 25 .ax3; 6) Ja?ia: ) Yb? Vb: 1) % V27¥x.

TlpescraBbTe BEIPAYKEHHWE B BHJAE KODHA:
3 3 2 2 i

2

a) 3.2 5; 6)a*:b% 1) 20 3; 1) b3cl.

& CpapruTe wuCcIA:

5
: 6 - 1.
o) (3) ¢ n Yt 4L

5 3

(1) =

2 4

: 1 2
1) (-3) 75 6) (-2)% B) 5% )0 7?

HafinuTe 00J1acCTh OnpelesIeHUs BBIPAKEHW:

2 3 3

) 730 1 499,

2

# a) (x+1)‘?; 0) x‘%; B) x'Z; T) (x—5)§.

6) 3600 " 5400;

Ipu KaKUX 3HAYEHHAX ITePEeMeHHO# BepHO PAaBEHCTBO:

1 1 1

a) (a“_) =a; 6) (a')* =-a; B) (a®)® = L

la]

1
r) (a%7)
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§ 10.

ITokasaTenbHass U JorapudmmuuecKas
QyHKIIUN

35. MokasaTtenbHaa yHKUMUA

1. CreneHs ¢ HpPpPANHMOHAJNBLHRIM HOKazaTeideM. 3abuk-

CHpyeM IOJOMHTEJbHOE UYMCIO d U NMOCTABHMM B COOTBETCTBHE KaXKJgo0-
m
m

My umeay - upcao a”. Tem caMbIM mTOXyYrM YHCIOBYIO (DYyHK-
oup f (x) = a*, onpeZeleHHYI0 Ha MHOMXKECTBe @ palMOHAJIBHEIX YHCEN]
H o0JafanInyio IepeuucJeHHBIMH B 0. 34 cBoiicTBamu. Ilpm a =1
dyernua [ (x) = a* DocroAHHA, TAaK KakK 1* =1 zuad gooboro pammo-
HaABHOTO X.

HaneceMm HeckoJBLKO TOUeK rpadura GyHKIuUM y = 2%, npenBapu-
TEJBHO BREIYHCIHE ¢ MIOMOIIBI0 KAJLKYAATOPA 3HAYEHNA 27 Ha OTpesKe

[-2; 3] ¢ marom i (puc. 132, a), a saTeM c Imarom 81 (puc. 132, 6).

11

16° 32

MBI BHAUM, YTO IIOJNyYAIOIMHEcS TOYKK MOXKHO COeAHHUTH IJIaBHOMH

KPHBO#l, KOTOPYIO €CTECTBEHHO CUNTATH IPa@MKOM HEKOTOpOil PyHK-

KU, ONpefeNeHHOM M BoapacTaomieil y)Xe Ha Bcell UUCAOBOH nmpamoit
m

Hpo,uo.mkaa MEICJIEHHO TaKHe e IIOCTPOeHHus C IIATOM urT. o,

¥ I[pUHHMAaoIeH 3HadyeHHss 2" B palUOHANBHEIX TOYKaX x=2
n
‘(puc. 132, 8). IlocTpouB pocTaTouHOo OOJIBIIOE YHCJIO TOYeK rpadbuxa
x
byHKIU]N y=(%) , MOXKHO y6eIHTBCA B TOM, HYTO AHAJOTMYHBIMU
cpoiicrsaMu o0iagaeT M 3Ta QYHKIUA (OTIUYHE COCTOMT B TOM, 4YTO
x
byuxrnua y =(%) y6riBaeT Ha R).
9T HalJOJeHUA NOACKA3EIBAIOT, UTC MOMKHO TaK OIPEJEINTh

a
yucna 2% u (%) IAA KaXKAOro HPPAIHOHAJILHOrO o, YTO QYHKIHNH,

x
saxaBaemele dopMmysnamMn y = 2% u y=(%) » OYAYT HenpephIBHBIMH,

x
npuueM QyHrnus y = 2* BozpacTaer, a PYHKIUSA y=(%) y6riBaeT
Ha Bceill YUCIOBOH mpaMoOi.

Onuiem B O0IINX 4epPTax, KaK ONPERENAeTCS YHUCI0 a® AN HD-
PAIUOHAJIBHEIX ¢ IIpH a > 1.

Mpl xotuM po6uUTBCA TOro, uyro0el HYHKUMA ¥ = a* Opina BO3-
pacralomieii. Torga npu m06bIX panUOHANBHMX I, M T, TaKHX,
yto r, < o < r,, 3HAYeHHE a° JOJDKHO YAOBJETBOPATH HEPABEHCTBAM
a" <a®<a’?.
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Bribupas 3HaueHMss r;, W r,, NpubmIMmKaIIUecd K X, MOXHO
3aMETHTb, YTO M COOTBETCTBYIOIIHe 3HA4YeHHA a'' um a’? 6yayT Majo
oTauyaThca. MOXXHO JOKAa3aTh, UTO CYINECTBYeT, M IPHUTOM TOJBLKO
O[HO, 9HCJIO Y, KOTOpoe GoMble BceX a'' AJA BCEX PANMOHANBHBIX 7

¥ MeHblle Bcex a'? AJA BCEX PANTHOHAJBHBIX Iy, 9To uncIo U 110 oIlpe-

OeJeHU ecTb a‘.
Hanpumep, BEIYACIMB C IOMOIIBLI0 KAJbKYJIATOpa 3HaYeHuUsa 2%

B TOUKAxX X, U X,, TAe X, ¥ X, — HNeCATHYHBLIe MPUCIHMIKEHHA THUCIA
x =+/8, MBr oﬁnapymnm, 4ro yeM Gumxe X, U X, K V3, Tem membme
ommuatorca 2% m 2%h,

Tak kak 1 <+/3 <2, To

21=2< 23 <22 4,
1,7 < J§ <1,8 u, 3Haunr,
2L7 ~ 3,2490096 < 23 < 918 5 ~ 3,4822022.

AHAJIOrUYHO, PACCMATPHBAA CHEAYIOIIHNE JECATHYHLIe NPUGIN-
KeHUA 3 mo HeAOoCTaTKy H H36HTKy, OPpUXOAUM K COOTHOIIIEHHUSM:
2L.78 & 3,3172782 < 273 < 2174 & 3,3403517;

21732 ~ 3,3218801 < 23 < 21738 ~ 3,3241834;
217320 & 3.391801 < 2Y3 < 217321 & 3,3221104;
21.73205 » 3,3919952 < 2V3 < 2173206 » 3 3220182;
21732050 , 3 3919952 < 23 < 21732051 5 33219975,

Brauvenne 22 , BEIYACJEHHOE HA KaJbKYJATOPE, TaKOBO:
23 ~ 3,321997.

Amajsoruuno on efegderca YHucJio a® A 0 <a<1. Kpome
P
TOro, noJjararwT 12=1 I Jwoboro a m 0*=0 AJdA o > 0.

2. CroiicTBa mokazaTeasHo#t GyHERIMH,

Onpepenexnve. dysxkuusa, 3aganHas (Gopmyaoi
y = a* (rue a > 0, a # 1), Ha3EIBaeTCH NOKA3AMENbHOU
dynryueir ¢ ocnosanuem a.

CdopmyanpyeM OCHOBHBIE CBOHCTBa NOKa3aTeNbHOH (yHKIUHU
(MX I0Ka3aTeJbCTBO BBRIXOAMT 38 PAMKH IIIKOJILHOIO Kypca).

1. Ob6nacTe omnpegeneHMsa — MHOXecTBO R meiicTBu-
TEJBHBEIX YHCEN.

2. OBmacTe 3HaYeHHil — MHOKeCTBO R, Bcex IOJOMXKH-
TEeNILHBIX JeHCTBUTEIBLHBIX YHCE.I.
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yA ba
y=a*
b=ac a>1 ac=b
1 y=ar
0 c ;x c 0 i
Puc. 133 Puc. 134

3. IIpu a > 1 pyHKUMA Bo3pacTaeT Ha BCEH YHCJIOBO#M

npamoii; opu 0 < a < 1 pyaxknusa yOnIBaeT Ha MHOMKECT-
Be R.

I'padpurn mokasaTenbHBIX QYHKOHE fAAA caydaes a>1 m
0 < a <1 mzobpakennl Ha pucyHKax 133—134.

4. Ilpu no6uIx ZefiCTBUTENBHBIX 3HAUEHHAX X U Yy CIpa-
BelJIABEl PaBEHCTBA
a‘al =a**v; a¥ =a*¥;
a¥
x x
(ab)* =a*b*; | 2] =9
b bx
(@*)¥ = a™.

3t GopMYyJabl HASEIBAIOT OCHOBHLIMU caolicmaeamu cmeneHel.
CroiicTBa 3 1 4 o3Ha4alOT, 4TO ZAsA GYHKUUK y = a*, OIpefeIeH-
HO# HA BCeH YMCIOBOM HmPAMON, OCTAIOTCA BEPHBIMH CBOHCTBA GYHK-

nuu y = at,

KOoTopad cHavajga Oblja ompexelieHA TOJALKO AJI pPamyo-

HaJBbHBIX ¥ (cM. cBoiictBa 1°—70, m. 34).

YnpaxHeHus

445.— Ilepeuucnure cBoiicTBa GYHKUMM U HOCTpoiiTe ee rpaduK:
~a) y=4%5 06) y=0,2%5 B) y=0,75 r) y=2,5%
446.4 Hai#igure o6xacThk 3HaUeRMH QYHKITHU:

2) y=-25 ©) y=(l)x+1; ) y=—(ljx; r) y=-5-2

3 4

447.- @ CpaBHUTE YKCIA:

_‘,/3 2.8
a) (i) > u 6) 312 u (l) ;
7 3
/5 1
B) 2,5°V2 u 1; r) 0,36 1 0,3%.
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448.—

Brruncaure:
a) ((V2)'2)2; 6) 31-2v3 . g1+ 3,

449.

450.

451.—

452.—

453.—

' B) y=(£)x, y=(%)x; r) y=B-V7)*, y=

454.—

455.4

456.

Yupoctutre BHpakeHua (449—450).

- (1 vz -1
a) a2 (—) ; 6) x™ - Aax2:xtn;
a
B) (%)%, r) yTyta s 3T
2J2 _ 3243 2J3 _ 2J3 V3 3J3
2) ¥+1; 6) (a 1)(a +av® +a );
(a2 _p¥3)? atV3 _ g3
= I 1 b4
aVs —bﬁ ’ b Ty2 ( ™ )
B~ s D Vet - 4y

a3 +a3bsd +bs3
BriuncauTte ¢ Tounmocrsio Ao 0,1 (mommsysics Tabnumamu mniau
KaNbKYJAATOPOM) 3HAUEHUA:

a) 101,41 " 101,42; 6) 101,414 u 10],415;

B) 102,23 " 102.24; I‘) 102,236 u 102,237.

Iloneayacs moaydyeHHBIME B 3agade 451 pesyarraTtamMu, Haligm-
Te snauerns 10¥2 u 10Y3 ¢ rowsocThIO xo 0,2.

VraxkuTe, Kakasd M3 JAHHBIX PYHKOUN ABAsSETCA BO3PACTAIO-
meit, Kakag — yOnIBaOWiel Ha MHOKecTBe R;

1
3 B-V1)*

Haiinure ob6nacTh 3HAYEHHN QYHKIHH:

) y=38"*1-3; 6) y =2 - 2];
1 x-1
¢ B) y:(Ej +2; r) y =4l
Hatiaure HauboJibIIee ¥ HAaUMeHbIee 3HaueHusa GyHKIMY Ha R:
sin x
) y=(§) ; 6) y =5 + 3o ;
|sin x|
1)
B = 4¢°08 ¥, T = = -2.
) ¥y ) ¥ (3)

Haiisure 3Hak KOpHA ypaBHEHUWA:

a) (%) =10; 6) 0,3*=0,1; B) 10*=4; 1) 0,7" = 5.
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Pemiure rpadpmuecku ypaBuenus (457—458).

457.— a) 3 =4 — x; 6) [%) —x+3
1)* x
B) (5) =x+1; r) 4 =5- x.
458, a) 317 = 2 — 1 6) 4+ 1 =6 — x;
i B) 25— 2=1-x; r) 3-~x=—%.

459.-8 Bepuo au, uTo mokasarenbHaa GyHKuua [ (x) = a*:
a) MMeeT 3KCTPEMYMBEI;
6) npuHuMaeT Haubojbllee 3HaUeHMe B HEKOTOPOil TOuKe X,
B) IIPUHUMAET B HEKOTOPOH TOUKE 3HAUEHHE, DARHOE HYJIO;
r) ABAsgeTcA 4YeTHOH (HeueTHOI)?

36. PelseHne nokasaTenbHbIX ypaBHEHUW
W HepaBeHCTB

1. Ypasaeauda. PaccMoTDHM mpocTelililee TIOXKasaTeJbHOE
ypaBHeHHe

a* = b, (1)
rge a > 0 1 g # 1. O6nacts sHaueHHit GyHKOUMN Yy = ¥ — MHOMKECTBO

OOJIOMKUTENbHEIX umncea. IlosTomy B cayuae b < 0 mwam b = 0 ypaBHe-
Hue (1) He HMeeT pellleHHMH.

IIyers b > 0., ®yEKIAA §y = a* HA OPOMEXYTKe (—o0; co) BO3pa-
craerT npu a > 1 (y6siBaeT npu 0 < ¢ < 1) u HNpUHAMAET BCe NMOJOMKH-
TeabHEBle 3HAUeHUA. IIpuMensiss TeopeMy O KopHe (1. 8), HonyuaeM, 4TO
ypasHenue (1) npu 1:060M 0J0KHUTEILHOM @, OTIUYEOM OT 1, u b > 0
MMEEeT eSHHCTBEHHBIM KOpeHb. A rToro urobwl ero HaliTh, HaZo b
openctaBuThb B BHAe b = af. O4eBUAHO, UTO ¢ ABIAECTCHA peIIeHHEM
ypaBHeHHNA a° = a° (puc. 134).

. Hpumep 1. Pemium ypaBrenme 7*-2 =3/49.
2

3amerumMm, uto 49 = 72, a 3{/71—5 = 75 . [TosToMy nmanHOe ypaBHeHUe
2

MOJKHO 3ammcaTh B BuIe 7% 2 =73, CienoBaTe lbHO, KODHAMH AaH-
HOrO YpPABHEHUA HABJAIOTCA TaKHe YUCjaa X, OJIA KOTOPHIX ¥ —2 = g,

T. €. x=2--2-. OTrBerT: x=23.
3 3

2
Ilpumep 2. Pemum ypaBHeHHe H* ~2%~1=25
2
Tlepenuiniem ero B Buge b* ~2*~1=52, Kopmamu storo ypasHe-
HUS ABJAIOTCA TAKHe YUeIa X, IJad Koropeix x2 — 2x — 1 = 2, Tipuxo-

IUM K KBaJpaTHOMY YPABHEHHIO, KOPHH KOTOporo — umcaa 3 u —1.
Orser: 3; ~-1.
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Opumep 3. Pemum ypasrenue 6*+! + 856! =171,

3ametuM, uTo 6**1 =36 .6""1, Ilosromy [daHHOE ypaBHeHHe
MOJKHO 3anmcaTh B BHZe 36 - 61+ 35 .6 1=71, r.e. 71 .6%"1=
=171, otkyna 6*-1=6% x-1=0, x=1. OrBeT: 1.

IIpumep 4. Pemum ypasHemme 4* - 5.2 +4 =0.

Crenaem 3aMeHy IepeMeHHOi# ¢ = 2%, BamernMm, uTo 4% = (2%)2 = {2,
IlosTomy namHOe ypaBHeHHe mpuHuMaeT Buj t2 — 5t + 4 = 0. Haitgem
pellleHNs 3TOro KBaJApaTHOro ypasHeHus: f{, =1 ®m i, =4. Pemas
ypaBHeHUA 2* =1 u 2* =4, monyuaeM x =0 u x=2. Orsem: 0; 2.

2. HepaBencrBa M cucTeMbl ypaBHeHHiH. Pernenne mpocrefmmnx
[OKas3aTeIbHLIX HEPABEHCTB OCHOBAHO HA M3BECTHOM CBOMcTBe (PyHK-
ouu ¥ = a*: ata (QYHKIMA Bo3pacraerT mpu a > 1 u yGeIBaeT Ipu
0<a<l.

[ | INIpumep 5. Pemum mepaserncTBo 0,57 3% < 4,

IToxbsysack TeM, uto 0,52 = 4, nepenumieM saganHOe HepaBeHCT-
Bo B Buze 0,57 - 3* < 0,572, ITokasareabHas dyaxona y = 0,5 y6riraer
(ocuoBanue 0,5 mensme 1). [IosTOMYy HaHHOE HepaBeHCTBO PAaBHOCHJIL-
HO HepaBeHCTBY 7 — 3x > -2, orryma x < 3. OrBerT: (—00; 3).

Opumep 6. Pemnm HepaBeHCTBO 6% +2% > 63,

ITokasaTtenvnasas dyHknua y = 6 Bospacraer. IloaTomy npamzoe
HEpABEeHCTBO PABHOCHUJILHO HepaBeHCTBY x2 + 2x > 3, pemas KoTopoe,
moayuuM orBerT: (—oo; —3) m (1; co).

x
IIpumep 7. Pemum HepaBeHCTBO (%j 28 .3.0.

3x+1

X X
Crenaem 3ameHy ¢ =(%) , TOrAa (%) =¢? ¥ HepaBeHCTBO Ilepe-

numercsa B Buje t2 — gg t+3 <0, oTkyza % <t <9, CnegoBaTeJbHO, pe-

IIIeHNeM JaHHOTO HepaBEHCTBA SABJAAKTCA UHUCJaA X, YAOBJIETBODSIOIINE

x 1
HepaBeHCTBAM % < [%j <9, m ToaBbKO TakKme uucaa. Ho % = (%) ,
_2 1 x 1
9= (%j , 4 byHKIUA Y =(—3—) yOnLIiBaeT, MOCKOJBKY 3 < 1. TTIoaTomy

X
pellleHNeM HEPABEHCTB %<(%] <9 6yayT uuciaa X, YAOBJIETBOPAIO-
mue mepaBeHcTBaM —2 < x < 1. OrBeT: (-2; 1).
IIpumep 8. PemunMm cucreMy ypaBHeHHit
2*¥42¥ =12,
3%-v =3,
W3 BToporo ypaBHeHMA cucrteMbl HaxoauMm 2x — y =1, orryna

y =2x — 1. IlogcraBnas BMeCTO y B IIepBOe YpABHEHME BHIpaKeHHUe
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2x - 1, monyunm 2% + 22¢-1 = 12, orryza 2%+ %-22" =12, O6o3HaYNB

2* yepes {, DPUXOAMM K KBAaApaTHOMY ypaBHeHHI0 t2+ 2t — 24 =0,
orkyza t, = -6, t, = 4. Ypapueune zamenn 2* = —6 penrernit He uMme-
er. KopreM ypasnenns 2* = 4 asasaerca x = 2. CooTBeTCTByIOWIEe 3HA-
yeHne y paBHo 3. OTBerT: (2; 3).

YnpaXxHeHva

Pemure ypapHenus (460—464).

x x
460.— a) 4% = 64; ©) (l) ~27; B) 3*=81; 1) (l) -1
3 2 64

461.— a) (ET.(E)I—H- 6) V8*F =g =,

3 8) 64’
3x+1 5x-3
B) V2* - /3% =36; r) (%) =(%) :
“ 2x24+x-0,5
462.% a) 36 =33 -2, 6) (l) = “/—7
7 7
§ B) V37 =9 r) 25%+2x-0.5 4 [2,
463.8 a) 7**2+4-7*+1 = 539; 6) 2 -3*+1 - 3* =15;
B) 4*+1 4 4% = 320; r) 3.5%+*8 4 2.5+ =77,
464. @ a) 9*-8-3*-9=0; 6) 100* - 11 - 10+ 10 = 0;
B) 36 -4 .6*-12=0; r) 49* -8 -7+ 7=0,
465.-@ Pemwure cucreMy ypaBHeHHH:
{4“?:16, 6) 6% = V6,
x+2y-1 _ 1. 2y—21=i;
4 1; 72
dx-y
g2y-x - 1 (l) -
B) { 81 r) 5 25,
3¥-¥+2 = 27, 79x—y:ﬁ.
Pemiute HepaBencTBa (466—467).
l x} . . X gi_
466. -8 2a) (3) 27; 6) (V6) 36
B) 0,27 < r) 1,5* < 2,25.
467. 4 a) 4°- 2% < 0,25; 6) 0,37+4x > 0,027;
B) 0,42¢+1 > (,16; r) 32-% < 27.
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Pewunre ypaBHenusa (468—470).

x-1 x+1
468.— &) 3*+1-2.3*-2= 75, 6) (%) —G) —4,8;
x-3 x+1
B) 5(1) +(l) =162; r) 5.9+ 92 =406.
2 \ 2
1 x-1 1 1-x
469, — a) 5x+1=8x+1; 6) (_) :(_] ; B) 7x—2=42—x‘
3 4
470.— a) 3*+3-*=12; 6) 4‘/£T2—+16=10-2/x'2;
1-x x
B) (%) —(%) =4,96; r) 4* - 0,25~ 2 = 15,

471.— Pemnrute cucTeMy YpaBHEHMIi:
5*+¥ =125, x+ y=>5,
6)

4lx-y)2-1 -1, 4% + 4Y = 80;
{3x+3y =12, {4x+y =128,
B) r
6=ty =216; 58x-2y-8 -1,
Pemnre HepaBeHcTBa (472—474).
2 1 2z-3 1 2 x2+3,75
472, a) 2* >(.,) ; 6) (—) <5 T
*’ 2 25
% x2 10x 92 _ .2
4x+3 l) 2, 1 3 .
EE (9 ; r) (4) > 64
& x x-1
473.& a) (%] +(223—) >2,5; 6) 22c-1 4 22x-2 4 22x-3 < 448;
x+1 x
i _ i _3_ x + 2 x-1 <
B)(s) (3) >T6? r) 324+ 3 28.
2 2x-1
474.§ a) 7F - 1% > 0 6) (%) -10-3*+3<0;
B) 4 - 2+1_-8 > 0; r) (L] ~5.6% -6 <0.
36

475.

Pemure rpaduuecKkn HepaBeHCTBO:

a) 27 < 3 - x; 6) (%) <2x+5;

X
B) G) >2x+1; r) 3t >4 - x.
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37. Norapnchmbl U ux cBomcTBa

1. Jlorapudm. Bepuemca x ypapHeHH®© a* = b, rue a > 0
u a #z 1. Kak moxasaHo B mpeABIAYIEeM IYHKTEe, 3TO YPABHEHHE He uMe-
er pemenuil npu b < 0 M MMeeT eZUHCTBEHHHIH KOPEHB B ciyuae
b > 0. 3TtoT KOpeHDb HA3BIBAIOT Jorapudmom b mo ocHOBaHMUIO @ U 060-
sHauawT log, b, T. e,
a'€eb = p,

Onpepnenedne. Jozapupmom wucna b no ochosa-
HUI0 a HA3BIBAETCH MOKa3aTelb CTENeHH, B KOTOPYIO
HYKHO BO3BECTH OCHOBAHHE @, UYTOOBI IIOJIYUHTH YMCHO b,

®opmyny a'e® =p (rme ® > 0, a > 0 u a # 1) Ha3EIBAIOT OCHOS-

HbIM 02apUPMULECKUM MOodXiOecmaEonm.

Il Ipuwmep 1. Halizem snauenue: a) log, 32; 6) log, 0,04.
a) Bamernm, gto 32 = 25, T, e. ;UIA TOTO YTOGHEI MOIYUYHTH UHCIO
32, Hajo 2 Bo3BecTH B IATYIO cTemeHs. CienoBaTenbHO, log, 32 = 5.
6) 3amernm, uto 0,04 = 515 =572, mostomy log; 0,04 = 2.

IIpumep 2. Haitaem Jgorapudm uucia % 10 OCHOBAHMIO /3.
3aMeTuM, ITO (\/§)—4 = % ITosToMy 1O ompeAeaeHUIo Jorapugma

logﬁ % =-4.

IIpumep 3. Haiinem x, Taxoe, uto: a) logg x = %; 6)log,. 8 = —%.

BOCIIOJIBBVGMCH OCHOBHBIM JIOTAPHU(PMUUECKHM TOXXAECTBOM:
1

a) x=8fs ¥ _g3 _g

3 4
1

6) ¢'6<8 =8, r.e. x * =8, oTkyZa x =8 §=ﬁ.

2. OcsoBHb1e cBOMCTBa JorapMpmon. IIpu paborte ¢ morapupma-

MY OPMMEHSIOTCA CHEAYIOI[MEe HX CBOMCTBA, BHITEKAIOUIUE U3 CBOMNCTB
NOKAa3aTeNbHON QYyHKIHU:
IIpn aw6om a > 0 (a # 1) ¥ MO6GBRIX NOJOXKUTEIBHERIX
X U Y BBITTOJHEHLl PaBEHCTBA:

1% log,1=0.

29, log, a = 1.

3% log, xy = log, x + log, y.

4% log, ; =log, x — log, y.

5% log, x* =plog, x
Ans n11000T0 ReHCTBUTEALHOTO p.
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Haa zoxasarenncrsa npasmia 3° BoCIOMB3yeMCA OCHOBHBIM JIO-
rapudMuIYecKuM TOMKAECTBOM:

x=alogax, y=alog¢y. (1)

ITepeMHOKAA TMOYNEHHO 3TH DABEHCTBE, HOJYyYaeM:

logg x log g ¥ logg x+1log, ¢
*

xy=a ‘a =a

log 4

T. €. xy=a'"e**1¥a¥ CrenoBarensHo, mo ompeAeNeHMIo JorapudMa

log, (xy) = log, x + log, y.
| JlorapudM npomsBefeHNs paBeH CyMme JiorapudMos.

Ipasuao 4° gokxaskeM BHOBbL C IMOMOIILIO paBeHCTB (1):

x _ qlogs * - aloga x-log, v,
¥ glogavy

C/IefOBaTEeNIBHO, IO oIpeaexeHHio log, i = log, x — log, y.

| Jlorapmdm wacTHOrO paBeH DPasHOCTH JOTapudMOB.
IOns poxasarenscrBa npaBuia 5° BOCHOJB3YyEMCHA TOMKIAECTBOM
x=a'%2% orxyna xP =(a'€c* )p= a? %8s *  CrepoBaTensHoO, IO Ompe-
nenenuto log, x? = p log, x.

JlorapudM CTeneHH paBeH MPOU3BEACHHIO IIOKA3ATEIA
cTeleHM Ha JorapudM OCHOBAHMA 3TOH CTEIeHH.

, OcHOBHEIE CBOiicTBa JIOTapPH(MOMOB IIHPOKO IIPUMEHAIOTCA B XoIe
opeo0pa3oBaHUA BHIPAKeHWI, cofeplKaltux Jyorapudmel. [Joxaxem,
HanpuMep, (QOopMyay nepexoda OT OTHOI'0 OCHOBAHHMA Jorapmbma K
APYrOMY OCHOBaHHIO:

1 log, x

og, X = Tog, "
(Ora ¢opmyna BepHa, ecan obe ee UACTH HMEIOT CMEBICA, T. €. NIPH
x>0,a>0uma=l,b>0ub=1)

Ilo mpaBmay JorapudMHPOBAaHHA CTE€HNEHH M QOCHOBHOMY JIOra-

PHM(PMUYECKOMY TOMKZECTBY IOJydaeM:

log, x =log,(a'*®° %),

OTKyZOa
log, x = log, x - log, a.

Paznenus ofe wacTu mONYy4YeHHOro paBeHCTBA Ha log, a, mpuxozum
K Hy»KHOH dopmye.

C nomombio GOpMYJBI IIepexoaa MOXKHO HafiTu 3HaueHMe Jiora-
pudMa ¢ MIPOU3BOJILHEIM OCHOBAHMEM ¢, MMeA TaGJIUILI JorapudMos,
COCTaBJIeHHBIE JIJIS KAKOro-HHOYZb oaHOro ocHoBaHuUs b. HambGonee
yHOTPpeOUTeNbHE TAOAUIIE JeCATHUHBIX U HATYPAJLHBIX JOrapudmos
(decamuuHbuiMu HASHBAIOT jJorapudmsal o ocHoBaumio 10 u obosnaua-
0T lg, a ¢ HaTypaJLHBIMU JOorapudhMaMy BE MO3HAKOMUTECH B I. 41).

234 Iloka3aTeanHana M jJorapudmundeckas GyYHEUMH



B Ipuwmep 4. Hattmem log,, 7. :
Ilosbsyacs KampkyndaTopoM (MaM TabaumaMme), HaXogUM
lg 7=0,8451, 1g 0,3<=0,4771 -1=-0,56229. CrnemosareabHo, IO

0,8451
dbopmyre nepexoma log,g 7 ~ 05229 ~-1,6162,

IIpumep 5. UsBeeTHO, uro log, 5 = a m log, 3 = b. Buipasum
log, 300 uepes a u b.

IMonpaysck OCHOBHBIMK CBoBCTBaMHM JoraputMOB, HOJyuaeM:
log, 300 = log, (3 - 52 - 2%)=log, 3+ 2 log, 5 +2log, 2=b + 2a + 2.

Npumvep 6. Bupasum Jorapudm BuIpasenHud 8al Ub* uepes

log, a u log, b. (KopoTKo rosopaT: mponorapudbMupyeM aHHOE BHIPA-
JKeHHEe II0 OCHOBAaHHIO 2.)
Ilonp3ysfick OCHOBHBIMHM CBOMCTBAMM JOrapH(pMOB, MOJyUaeM:

4
log (8a® Vbt ) =log, |28 -a% -b7 | =3 log 2+3log,a+%log, b=
2 2 2 2@+ 7 08,
=3+3log2a+§1og2b.
Ilpumep 7. Haitigem x, ecam

log, x = log, 7 + 2 log; 3 — 3 log, 2.

Cuauyana npeoGpasyeM MPaByl0 YACTL JAHHOTO PABEHCTBA, IOJb-
3yfACh OCHOBHEIMM CBOMCTBAMHM JOTapH@MOB:

log; x = log, 7 + log, 3% — log; 22 = log, %9 =log; §8§’

T. e. log, x = log, % H MOTOMY X = % =17,875.

1g72-1g9

1g28-1g7’
Tonp3yachs OCHOBHEIME CBOMCTBaMM JOrapH(pMOB, mnpeobpasyem

YHCANTENb ¥ 3HAMEHaTenb aToH aApobu: lg 712 -1g 9=1g —792 =lg 8=

IIpumep 8. Halinem 3HaueHWe BBIDAKEHUA

-31g 2; lg28—1g7=1g278=1g4=21g2.

lg72-1g9 31g2 3

Caepona HO, = =9,

TICAOBATEMALHO, 12817 2lg2 2
Ynpaxuenus

Haiigure sorapudM 0o OCHOBAHMIO G UNUCA4, [IPEACTABICHHOTO
. B BH/e CTENeHW ¢ ocHoBaHHeM a (476-—478).

476.% a) 32=9; 6) 2-° =L o165 52 L
1 1
477. 8 a) 92=3; 6) 7°=1; B) 825=2; 1) 31 :{1;.
2 3 3 2
478. 8 a) 27° =9; 6) 325 =8; B) 814 =27; 1) 125° =25.
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479.—
480.—

481.—

482,

183. 8

484.
485.

486.
487.

488.

489.

490.

IIposepnre cmpaBegiuBoCcTh paBeHcTB (479—482).

1 . .
a) log, 81 —4; 6) log,c 1=0;
B) log, 16 = 2 r) log, 125 = 3.
a) log, 0,04 = -2; 6) log, 343 = 3;
—_ D .1_ = —
B) 1g 0,01 = -2; 1) log, 543 5.
a) log ;8 =6; 6) log i 27 =-6;
. V3
. B) log, 9 =-2; r) log,, 4 =-2.
3
a) log, 128 =14; 6) log,, 0,008 = 3;
Zﬁ 3 El 0,2 B ’
.. B) logv,-s— 0,2 =-2; r) log,, 125 = -3.
Haitnnre norapudMbl JaHHBIX YHKCEJ II0 OCHOBAHUIO 4@
& a) 25, %, J5 opu a = 5; 6) 64, %, 2 npu a = 8;
B) 16, %, \/E npHu a = 2; r) 27, é,«/gnpna:&
Hasigure uncao x (484—486).
a) log; x =-1; 6) log, x =-3;
6
B) log, x = 2; r) log, x = 2.
a) log, x =-3; 0) logﬁ x=0;
B) log, x=1; r) log, x =-3.
7 2
a) log, 81 = 4; 6) log, % =2; B) log, i =-2; r) log, 27 = 3.
SamuiunuTe UNCIO B BHAe Jorapudma ¢ OCHOBaHHEM Q.
a) 2, % 1, O npu a = 4; 6) 3, -1, -3, 1 mpu a=3;
B) 3, % 0, -1 npu a = 2; r) 1, -2, 0, 3 px a = 5.

YopocTuTe BRIpAXKEHHUSA, IOJB3YACh OCHOBHBIM JioTapudMuye-
cKMM TOAecTBoOM (488-—490).

! 2 log 5,2 1
a) 1,7°Fv7%; 6) p'°8=%2; gy plog2; 1) ggles.sll,

1+ log, 2
a) 51+log53; 6) 101—lg2; B) (%) 73 P) 32~]0g318.

4log, 3 21 5
z ;3 1) 6°°86°,

W) £°4%; 6) 5 a)(é)
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491.— IIponorapupmupyiite no ocHosauuio 3 (a > 0, b > 0): .

2 -0,2
a) (Va)*; 6) (2‘—"—) ;

492.

493.

8) 9a* ¥/b; r) L

Iponorapudbmupyitte mo ocuoBanmo 10, rme a > 0, b > 0,
¢ > 0 (492—-493).

1 1 2
5 3 ) 3
a) 100 vab3e; 6) — 3 __: ) Y10 a3bic 2; 1) 0,01¢?
0,1c2 Vb o
a?b
1 2 2 1
a) 103a*b%2¢3; 6) 'Tb?é—s; B) 104 a2b%c3; 1) —<*
10°a 107 a5 55

494.— Wa3BecTHO, uTo log, 2 = a u log; 3 = b. Bripasure uepes a u b:
a) log, 72; 6) log, 15; B) log, 12; 1) log, 30.
Brruucanre (495—496).

495.— a) lg 8 + lg 125; 6) log, 7-log, .116;

B) log,, 4 + log,, 36; r) lg 13 - 1g 130.
1g8+1g18 logs 16

496.— a 21g2+1g3’ 6 logs 4 °
B) log, 11 - log, 44; r) log,; 9 — 2 log, 5 10.

497.-.:— Haitgure x, ecau:

? a) log; x = 8 logg 2 + 0,5 logy 25 ~ 2 logg 3;
¥ 1 .
;j 6) lgx = 3 lgb5a —31gb+4lgc;
i 2 1
B) 1gx=5lgm+§1gn —4—1g‘p;
r) log, x =% log, 216 -2 log, 10 + 4log, 3.
498.-§ Hoxaxmre:
2) log13+log3%<—2; 6) 4% 7 =7"8s¢,
3
logy 5 _ xlogs3
B) log, 7 + log, 3 > 2; 3 =5 .
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38. Norapudmuyeckan pyHKUMA

IIycts @ — mosokuTesBHOE uMCIO, He paBHoe 1.

Onpepenexnve. dyarumio, sazannyio dopmyaoi

y =log, x, a

Ha3BIBAIOT Nozapudmuieckou @yrryuel ¢ oCHO6a-
Huem a.

IlepeuncanM ocHOBHBIE cBOMCTBa JorapudmMudeckodl byHKIHU,

1. O6nacrts onpegeneHua JgorapudpmMuueckoit GyHK-
UM — MHOJKECTBO BCEX IIOJOKUTENbHHIX uymcen R,

T. e. D (log,) =R,.

JleiicTBATENILHO, KAK OTMEUA&JOCh B NMPEeALIAVIIEM IYHKTE, Kak-
Joe IOJOXUTEJILHOE UMCJIO X MMeeT Jorapugm Mo OCHOBAHUIO 4.

2. O6nacTh 3HaYeHHH JorapupMuAYecKo DYHKIUHT —
MHOJKECTBO BCEX AefiCTBUTENBHBIX YUHCEN.

B caMoMm gene, mo ompemejeEuio Jorapuma mawboro aelicTeH-
TeJBLHOI'0 Y COPABENJINBO DABEHCTBO

log, (a¥) = y, (2)

T. €. QyHKOMA y = log, X MPUHUMAaeT 3HaueHHe J, B TOUKe Xy=a”’.

3. Jlorapupmuueckas GyHKIusi Ha Bcelt obmacTu
omnpefeneHdsa BoapacraeT (upu @ > 1) mam yOniBaeT
(mpn 0 < a < 1).

Joxarkem, Hampumep, 4uTo npu a > 1 ¢yEKnus Bospacraer
(B cayuae 0 < g < 1 mpoBoguTCs aHAJOIWYHOE Daccy’KIeHHE).

Ilycte x; ¥ X, — NPOM3BOJIbHbIE IIOJOXKHUTEIbHBEIE YHMCIA X
x, > x;. Hapo nokasarts, uto log, x, > log, x,. HonycTum npoTHBHOE,
T. €. 4TO

log, x, < log , x,. 3)

Tar xak ImokKasaTejbHas (GYHKIMA y = a* Opu ¢ > 1 BoapacrTaer,
u3 HepaBeHcTBa (3) ciaegyert:

alog,, *z aloga X

) 4)

1 1
Ho a ¢ %2 = x,, a"*®*" = x,(no onpepenenuio jorapudma), T. ¢. He-

paBeHCTBO (4) O3HAuUAET, UTO X, < X;. ITO HPOTHBOPEUHUT AOMYILICHHIO
x, > x|
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4 yA .
y=log, x
b O<a<l
y=log,x
a>1 ab
0 1 ab x ol 1 x
b
a) 6)
Puc. 135

IOaa nocrpoeHusa rpadpura sametum, uro 3HadeHue 0 sorapud-
MHuyecKad (yHKnuA npuEuMaer B Touke 1; log, 1 =0 mpu mo6om
a >0, rak xKak a®=1.

BenencrBue BodpacTaHust (pyHKIUM mpu a > 1 moayuaeMm, uTO
npu x > 1 aorapmpmMuveckad QYHKIHA OPUHIMAET IIOJOKMTEIBHEIE
sHaueHudA, a npu 0 < x < 1 — orpuLaTeJbHEIE,

Ecmm 0<a<1, 10 y=1log,x ybeiBaeT Ha R,, n03TOMYy
log, x>0 npu 0 <x<1ulogyx<0 mpu x > 1.

Onupasch Ha JOKA3aHHEIE CBOMCTBA, HETPYAHO NMOCTPOUTH r'pa-
¢ux dyuxknuu y=log, x mpu a>1 (puc.135,a) u 0<a<1
(puc. 135, 6).

CopaBefgmvuBeo caefyioljee yTBep)kfeHUe (ZOKa3aTeIbCTBO CM.
B 11, 40):

T'padurn noxkasarespHOM M JorapudMuUUecKod (PyHK-
ouif, UMEIMUX OAUHAKOBOE OCHOBAHHE, CHMMMETDPHYHBI
OTHOCHUTEJIBHO npamoil y = x (puc. 136).

PaccmoTpuM nmpuMephl IPHMeHEHHUSR CBOMCTB Jiorapudmuueckoit
GOVHKIUA.

YA _ YA

a>1 y=ar O<ac<l1
y=a*

1 y=log,x

/ 1
A > 01 %
y=log,x
a) 6)
Puc. 136
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. IIpumep 1. Haidinem obmacte onpejeneHnsa QyHKIINHA

f (x) = logg (4 — 5x).

ObaacTe ompefeneHds JjorapupMmuieckoil (yHKINHN — MHOMKe-
crBo R,. IlooTomy 3ajammas QYHKIUA ONpeleNeHAa TOJBKO L4
Tex x, nIpu Koropeix 4 — 5x > 0, 1. e. mpu x < 0,8, CnegosareabHO,
o0nacTei0 ompejeseHMA 3aJaHHON (QYHKIWH #ABIAETCA HHTEpPBAJ
(-0 0,8).

IIpumep 2. Hadigem oGiaacTh onpenejeHuA (PYHKIIHU
f (x) = log, (x? - 3x — 4).

Kax u B mpegmigylneM npuMepe, QyHKOus [ ompegeseHa Aas
BCEeX TeX X, IPH KOTOPhIX x° — 3x — 4 > 0. Pemas aTo KBagpaTHUYHOE
HEepaBeHCTBO, moaydaeM, d4ro D (f) — o0begmHeHHWe WHTEPBAJOB
(-00; -1) u (4; o).

IIpumep 3. Haiigem obiacTh onpegeseHUs PYHKIUH

- s f (x) =log, 2212,
; g—’ Pemasn Mgzof[gm HHTEPBAJIOB He-
T2 7 PaBeHCTBO Pt >0, HaXxoauM
Puc. 137 (puc. 137), uro D (f) =(-.g_; g)

IIpumep 4. Cpapeum umcaa: a) logz; 5 m logz 7; 6) log, 5

u log, 7; B) log; 10 u log, 12. 8

3
a) Jlorapupmuueckaa GyHKIUA ¢ OCHOBaHHEeM, GonbiuM 1, Bo3-
pacraeT Ha Bcelt umcsIOBoit npamoit. Tak xak 7 > 5, o logg 7 > log, 5.
6) B mamHOM cayuae ocHoBaHume Jorapupma MeHsnule 1, mosTomMy
dyurnua log, x ybusaer, u, ciegoBaTesnbHo, log, 7 <log, 5.

3 3 3
B) 3amerum, uro 10 > 9 = 32, u nosromy log, 10 > 2, ¢ gpyroi

croponsi, 12 < 16 =42, wu, cnemsosareabHo, log, 12 < 2. Hraxk,
log, 10 > log, 12.

IIpumep 5. Yto 6Gonbine:
log, 3 + log, 7 unu log, (3 + 7)?

Ilo ocmoBHOMY cmoiicTRy Jorapmdmos log, 3 + log, 7 = log, 21.
A rak xax log, (8 + 7) = log, 10 n 10 < 21, a ocHoBanme Jiorapupma 2
fosbme 1, To log, 10 < log, 21, ciexoBaTenrHO,

log, 3 + log, 7 > log, (3 + 7).

240 1lokasarearnasn u Jorapupmuueckan GyHKUHHU



YrpaxHenna

Haiinnre o6imacThs ompezenesusa BhipakeHusa (499—500).

499.— a) log, (10 - 5x); 6) log, (9 — x?);
B) log, (x — 4); r) log,; (x2 ~ 16).
~ —x2?); 2x+5,
500. a) 10gJ—(6+x x2); 0) g 1T
2+3
i B) logg o = = 216 r) logﬁ(x2—2x—3).
Cpasuure yucia (501—503).
501.-8 a) log, 3,8 n log, 4,7; 6) log, 0,156 logl 0,2;
3 3
B) log, 5,1 u log; 4,9; r) log,, 1,8 u log,, 2,1.
502. 8 a) log 73 u L 6) log, 1,9 u log, 2,5
V3 R
B) log 2,9 n 1; r) logy ¢ V2 u log, ; 0,3.
503. 4 a) log, 10 u log; 30; 6) logy 2 n logg 3
B) log; 5 u log, 4; r) log, 10 u logg 57.
504. 8 TlepeuucauTe OCHOBHBIE CBoiicTBA (YHKIIMM M IIOCTpoOiiTe ee
rpaduk:
a) y = logy x; 6) y=log, x;
2
B) y = log, x; r) y=loglx

3

505.— HaiiguTte 067acTE onpefesieHUs BHIPAKCHUA:
a) log, sin x; 6) log; (2~ 1); B) log, cosx; r) Ig (1 - 3%).
2
5068.— Hailignte 3HaYeHHEe BHIPDAXKEHUA:

a) log, 2 s,mE +log, cosig

6) log, (¥7-%3) + 1og, (V49 +¥21+%¥9);
:B) lgtg a+lgctg 4
' 1) log, (5+2+6)+log, (5-2+6).
TTocrpoiiTe rpaduk GyHKIMHU:
a) y =log; (x - 2); 6) y=-log, x;
2
B) y = log, (x + 1); r) y=loglx+2.
3

507.
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508.— Pemmnre ypaBHeHHE:
a) log; x = 2 log, 6 — log, 12;
6) log, x =log, ; 35-2 log, ; 25V7;
2
5) log, =% log, 144+ log, 0,75;

r) log, x =3 log,, 4 +2log, , 1%.

509.— Pemurte rpaduyeckn ypaBHEHHE:

a) lgx=1-x; 6) log, x=x-4
: 3
© B) log; x=1x-6; r) log, x =3 - x.
510 BepHo sau, uto norapudpmMnueckad QYHKINA:
a) UMeeT 3KCTPEeMYMHI; 6) ABIAeTCH HeudeTHOH;
B) ABJAAETCA IEpMOANYECKOili; T) ABJAETCA YEeTHON?
Haiinure Hanbonbpuiee n1 HauMeHbIIee 3HaYeHUA QyHKINY [ Ha
npomMexytre I:

Q) 7(x)=log, = I=[Li 4 ©) f(x)=loggx I=[2:9];

4

511.8

B) f () = log; x, I=E; 1}; r) f(x)=logl X, Iz[%; 4].
2

39. PeiweHue norapudmmnyeckux ypasHeHUW
M HepaBeHCTB

PaccmorpuMm mpocreiiniee sgorapupMuueckoe ypaBHeHHe
log, x = b.

JlorapudmMuyeckaa GpyHKIUA Bo3pacraeT (Mjin yObIBaeT) Ha IpoO-
mexkyTre (0; 0o) M npHHEMMaeT Ha 3TOM IPOMEXKYTKE Bce AeHCTBUTEIIb-
Hele gHavenus (puc. 135). Ilo reopeme o kopre (u. 8) orcioga creayer,
uTo Aaa a106oro b gaHHOe ypaBHeHHE MMEeT, M IIPHUTOM TOJLKO OXHO,
peurenne. U3 onpepenesus jorapudma dmcia cpasy caexyer, uto a’
ABIAETCSA TAKUM DEHMIEHHEM,

. Ilpumep 1. Pemum ypasHenue log, (x% + 4x + 3) = 3.
JTaHHOMY yDaBHEHHIO YAOBJETBOPAIOT Te 3HAUYEHUA X, AJA KOTO-
PHIX BLIIIOJHEHO DABEeHCTBO X2 + 4x + 8 = 28, Mul HOnyuHIu KBagpart-
HOe ypaBHeHue x2 + 4x — 5 = 0, kopHn KoToporo pasusl 1 u —-5. Cixegno-
BATEJNBHO, YKcaa 1 m -5 — pelleHMA ZAaHHOTO ypaBHEHHA,
IIpumep 2. Pemtum ypaBHeHue log, (2x - 3) = log; (x + 1).
9T0 ypaBHeHHUE OUPEJeJeHO AJSI TeX 3HAUEHHH X, IPH KOTOPBIX
BeINOJIHEHBI HepaBeHcTBa 2x +3 > 0 x + 1 > 0. [ana atux x mamHoe
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ypaBHeHHe PABHOCHJBLHO ypaBHeHHIO 2x + 3 = x + 1, u3 KoToporo Ha-
xoauM x = —2. Yneno x = —2 He yA0OBIETBOPAET, OJHAKO, HEDABEHCTBY
x +1 > 0. CaegoBaTenbHO, JaHEOe YpABHEHHE KOpHeil He MMeer.

JTO Ke ypaBHEeHMe MOXKHO peInnTh uHAadYe. Ilepexois K cJen-
CTBHI0O JAHHOI'0O ypaBHeHMsa 2x +3 =x+ 1, HaxoguMm, Yo X = —2.
Kaxk Bcerga, npn HepaBHOCMJABHEIX Npeofpa3oBaHMAX YpPaBHEHHI
HaillleHHOe 3HAa4YeHMe Heo6XOoAMMO MpOBEPUTH IOACTAHOBKOH B MHC-
XOAZHOE YypaBHeHWe. B JAaHHOM cjy4Yyae IIOJy4aeM, UYTO PABEHCTBO
log, (-1) = log, (~1) HeBepHO (OHO He MMeeT CMbiC.a).

IIpumep 3. Pemnm ypaBHenue log, (x®2-2x+2)=1.

OToMy ypaBHEHHIO YOBJIETBOPAKT TAKHME Y¥CJIA X, AJA KOTODBIX
BRIOJIHEHBI yeaoBuA: X > 0 u x # 1 (x — ocHOBaHue JorapudgmMmaye-
ckoli GYHKOUM) W paBeHCTBO %2 - 2x+2=x, T.e. x2-3x+2=0.
Ilonyuennoe KBaspaTHOe ypaBEeHMe mMeeT KOpHH 1 m 2. Ho x =1
He MOxeT OBITH pelIeHMeM JaHHOTO ypaBHeHwusd. CliefoBaTesibHO, pe-
mieHNeM JaHHOrO YPaBHEHHS ABIAECTCA TOJBKO YHMCIO 2.

MIpumep 4. Pemum mepasencrso log, (5-2x) > -2,

3
Yucao ~2 passo log, 9. IToaToMy JaHHOe HEPABEHCTBO MOXHO
3
mepenucaTs B Buzge log, (5-2x) >log, 9.
3 3
JlorapudmMuueckad GYHKIUA € OCHOBaHUEM % onpenesieHa u

yﬁmnae’r Ha R, Tak Kak % < 1. CnegosaTesbHO, BTOPOMY HEPaABEHCTBY

YAOBJIETBOPAIOT TaKHe 4UCJIa X, JJA KOTODPBHIX BBINMOJHEHO VCJIOBUE
0<5-2x<9, orryna -2 < x < 2,5.

Hrak, MHOMKECTBO DellleHWHl JAHHOro HEepABeHCTBA €CTh HMHTEep-
Ban (-2; 2,5).

IIpumep 5. Pemum ypaBHeHUEe logg x —log‘/g x-3=0.

ITepeiizeM BO BTOPOM cCJIATAeMOM K OCHOBAHHIO D M chejaeM 3a-
MeHy nepeMeHHO#H ¢ = log, x, Toraa
logsx ¢
log 5‘/g %

Tenept naHHOe YpaBHEeHHe nepemmiuercd B Buje t? — 2f — 3 = 0. Kop-
HHU DTOTO KBaApaTHOro ypasHeHuss 3 u —1. Pemrags ypaBHeHHs 3aMe-
HH log, x = 3 u log, x = -1, HaxoAuUM X = 53 =125 u x=51=0,2.

IIpumep 6. Pemum cucteMy ypaBHeHHIE
lg (y-x)=1g2,
log, x —4 =log, 3 -log, y.

10g£x=

IlepBoe ypaBHeHHE CHCTEMBI PABHOCUJIBHO YPABHEHHUIO J — X = 2,

a BTOPOe — YpPABHEHHIO - = §, npudem x > 0 u y > 0. Ilogcrasaaa
p b y Yy

16
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Yy=x+2 B ypaBHeHue i% = %, monyuuM x (x + 2) = 48, oTKyza
x2+2x-48=0,T.e. x=-8 uam x = 6. Ho taxk kak x > 0, To x = 6
u Torga y = 8. Mrak, naEHAs cHCTeMa YpaBHEHUH HMeeT OXHO pelle-
HMe: x =6, y = 8.

3aMeTHM eIlle, YTO ¢ IOMOIIBI JOrapuhMOB MOKHO 3aIUCATH
KOpeHb JI00ro HOKa3aTe/lbHOr0 ypaBHeHHA Buja a*=b, rome b > 0
(1ero MBI He MOTJIM eIlle CAesaTh, pemiad IpuMeps! B i, 36). 9TuUM Kop-
HEM ABJAETCA YHCIO X = log, b.
Ilpumep 7. Pemmum ypaBmenue 5! 3% =7,
Ilo onpegenenmio gorapudma 1-3x=1log, 7, orrymax=
L log, 7.
3

1_
3

YnpaxKHeHns
Pemmure ypaBHenusa (512—515).
512.— a) 9*=0,7; 6) 0,3*=7; B) 2*=10; r) 10" = .
513.— a) logy x =2; 6) log,, x =-1; B) logyx =~ %; r) lgx=2.
514.— a) log, (2x -4) =-2; 6) log_ (x? + 2x + 3) = log_ 6;
3
B) log,, (5 + 2x) = 1; r) log, (8 — x) = 0.

5154 a) 0,2¢"*=3; 6) 5*°=7; ) 32-%=8; 1) T=*=4.

Pemmure nepasenctea (516—517).

516.4 a) log; x > 2; 6) logo‘5 x> -2;
B) logy, x <1; r) log,, x < 2.
517.48 a) log, (x - 2) < 2; 6) log,(3-2x)>-1;
3
B) log, (3x +1) > 2; r) log, (4x+1) <-2.

7
Pemnre ypaBuenua (518—520).
a) log, x = 2 log, 3 + log, 5;
6) lg(x-9)+1g (2x-1)=2;
B) log, x = log, 10 - log, 2;
r) log; (x + 1) + log; (x + 3) = 1.

518.

519.8 a) %logz(x—4)+%log2(2x—1)=log2 3

6) lg(8x2 +12x+19)-lg(8x+4)=1;
B) lg(x2+2x-T)-lg(x-1)=0;
r) log,(x? +8)-log, (x +1) = 3log; 2.
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520.— a) log? x+log, Vx-1,5=0;  6) lgx~1gx?+1=0;
B) log2 x — log, x = 2; r) log2 x — 2log, x — 3 =0.

&

521. Pemure cucTeMy ypaBHeHMIL:
{x+y=7, 6 {log4 (x+y)=2,

lgx+1gy=1; log; x+log; y =2 +log; 7;
x+y =234, ) log, x ~log, y =0,

T
log, x +log, y =6; x2-5y2+4=0.

Pemiure yparumenus (522—524).
522.— a) ———+_0 -1 6) log, % = — 12

lgx+1 lgx+5b logzﬁ-l
B) 2lgx ; r) —+ 5 1
lg(5x-4) lgx-6 lgx+2

523.— a) log, x=log ;2 +log, 3;  6) log, 2 -log, x+% =0;
B) log3x—210glx=6; r) log25x+log5x=log1~/§.
3 5
524.— 3a) log, (9-2%)=3 - x;
. 6) log, (256°*3—-1)=2 + log, (5¥*3 + 1);
© B) log, (2-4*"%-1)=2x - 4;
= 1) log, (4* + 4) = log, 2* + log, (2**! - 3).

¥ Pemure Hepasencra (525—528).
525.@ a) 1g 2x - 3) > lg (x + 1);
% 0) log,,; (2x - 4) > log, g (x + 1);
2 8) lg(Bx -7 <lg (x+1)
| r) logy; (4x - 7) < logy; (x + 2).
526.4 a) log,; x > log, (3 — 2x);
g 0) log, (x + 1)+ log, x <log, 2;
B) lgx+lg(x-1)<lg 6;
r) log, (x? — x — 12) < 8.

527.-4 a) logZ x — log, x < 6; 6) log’ x-4>0;
3
B) Ig2x+21g x> 3; r) logix -9 <0.
528. 8 a) log, sin§<—1; 6) |3~ log, x| < 2;
B) log cos2x >1; r) |3lgx-1|<2.

2
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Pemnite cucremsl ypeBHeHH# (529—530),

log, (x+y)=2, 6) {lg(x2+y2)=2

529.— a 3
) 3 log,g x+log,s vy =1;
logg(x-y) =

log1 x+log, y=2,
3 " {1g(x2+y2)=1+1g13,
log1 x- log y=4; lg (x+y)=lg(x-y)+1g8.

3v.9% =
{ g(.1c+y)2 —lgx 21g 3;

530.4¢ a)
6) 101+1g(x+y) _50
lg(x+y)+lg(x-y)=2-1g 5;
) 3*.2¢¥ =576, lgx-lgy=1glb-1,
B
log 5 (y—~%) =4 10e(3=-2y) = 39,

40. MoHsiTme 06 o6paTHOW HYHKLMM

1. O6parumocts QyHrumit. B xome wmccaegoBaHua pas-
AMYHBIX QYHKOUH BB HeOJHOKDATHO PEINAJIH TAKYIO 387a4Yy: BBIYHC-
ZUTh 3Ha4YeHHe QYHKIMM f [0 JaHHOMY SHAYeHMIO X, apryMenra. Ya-
CTO MPUXOUTCHA PACCMATPHBATEL M 0OpATHYIO 3ajady: HAlTH 3HAYEHHS
apryMeHTa, IPH KOTOPHEIX (pYHKIUsA [ IPUHUMAaeT JaHHOe 3HAUYeHHE Y.

. IIpumep 1. IIyers f (x) = kx + b (B # 0). YT06H HaNTH 3HAaUE-
HUS apryMeHTa X, IPH KOTOPBIX [ (X) = y,, HaRO peIIATh YPaBHEHUe
f (x) = yo 1. €. ypaBHeHne kx + b = y,. Pemasn ero, Haxogum, 4TO IpH

17} —b
a060M Y, OHO WMeeT, M NMPUTOM TOJBKO OJHO, DellleHHe X = g

Mpumep 2. Ona byuxnuu f (x) = x* ypaHenue f (x) = y, 1pu
Yo > 0 umMeeT ABa peineHHdA: X; = J;;, x = —m. (Ecnu y, = 0, pemre-
HUe ORHO X, = 0.)

DyHKUKI0, TPUHAMAKHIYIO Ka)KJoe CBOe 3HAUEHWE B eUHCT-
BEHHOI TOuKe 00JIacTH OmpefeseHHNs, Ha3bIiBalOT obpamunmoill. Takum
obpasom, npu k # 0 dynxuusa [ (x) = kx + b obparuma, a QYHKIHA
f (x) = x? (onpesesieAHAsA Ha BCell YHCJIOBOM NPAMOIl) He ABIAETCA 06-
PaTHUMOM.

Sameuanue. Us omnpegeneHuss obparnMoil (GPyHKIHH cpasy
caenyer, uTo ecau f obpaTuma, a YHCI0 ¢ NIPUHAAJIEIKUT 06JIacTH 3HA-

vyenunii E (f), To ypasHenue f (x) = a ©MeeT penieHne, # IPATOM TOJLKO
OIHO.
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2. O6parnaa dyrrmmua. Ilycte f — mpoussonbHas obparumasn
dynxuua. Ous aoboro uncraa y, us ee obiacrtu sxauernit E (f) nmeer-
CA B TOYHOCTH OAHO 3HAUEHMe X,, NPHHAANeXxalee ofiacTu ompenene-
uua D (f), Texoe, uto f (x,) = y,. [locTaBUB B COOTBETCTBHE KaXKIOMY
Yo 9TO 3HAUEHMe X, IOJYHHMM HOBYI0 QYHKIHIO £ C 00JacThIO OIpene-
nenus E (f) u obnacteio 3rauvenuit D (f). Hanpumep, naa o6parumoit
dyarnum f () = kx + b (k # 0) 3gayeHde HOBOH# QYHKUUM g B IPOUS3-
BOJILHOK TOuKe Yy, 3aj4aeTca opmynoi
Yo -

k

Bribupaa ana aprymeHTa ¢GYHKIMH g IpUBBLIYHOe o6GoaHaue-

HUe X, HAXONUM, UTO b

g(x)=*k—-

Ecim ¢ynruua g B Kakjoil Touke x obiaacTi 3Hauenmit obpa-
TUMOM PyHKUMM [ IpUHMMaeT TaKoe 3HaveHue y, 4uto f (¥) = x, TO ro-
BODAT, YT0 QYHKIUA & — ofpamuas QyHxyua k f.

Kax noxasaHo Bmre, GQyHKnHe#, ob6parHoi K GQYHKIUHK

f(x)=kx+b (k+#0), asaaerca ¢yHREODUA g (X) = % PaccMoTpuM

g (Yo) =

ele OAVH IpHMMED.

. MMpumep 3. Hoxaskem, uto dyHKmRA f (x)=x% obpaTuma,
¥ BEIBeZeM (opmyay, sajaiomyr QysHKuNo y = g(x), obparaywo k f.

IIo ompenenernio o6paTHOM (PYHKIMM CHAYAJA HALO AOKA3ATH,
uTo ypaBHeHme f (y) = X Opu JTH060M 3HAYEHUM X UMeeT eTMHCTBEHHOE
pemrerne y. B mamuOM ciyuae 3TO ypaBHeHHeE y° = X, KOTOpOe HMMeeT
eAUHCTBeHHOE pelIeHVe yz:i/; npm jawbom x (cMm. m. 8). IlosaTomy

dyuxnua f (x) = x* obpatuma u obparHON K Hell ABiAercA QYHKIRA
g(x) =§/;. I'pabuknu satux GpyHKuUME H30GpakeHH Ha pHcyHKe 138.

YA YA
f(x)=2x3
g(x)= =
1 1+——

-1 0 1 x -1 } 1 x

-1 -1

a) 6)
Puc. 138
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YA YA
y=Ff(x) :
| y=1()
a
y=g(x)
b 0 > 0 %
R
._—/
a) 6)
Puc. 139

Ecnu saganm rpajur obparumoii ¢pyukuuu f, To rpadur QyHK-
guy g, obpaTHoil K f, HETPYAHO MOCTPOHUTH, HMOJAb3YACH CIIEAYIOIIHM
YTBEpPIKJeHUEM:

I'padpuru dpyuxruuy f u obpaTHOM K Hell QYHKIEH £ CHM-
MeTPHUYHEI OTHOCHUTEIBHO NPAMOM [ = X.

JokxaxxeM 3TO CBOMCTBO. 3aMeTUM, 4YTO MO rpadukry GyHKuuA f
MOJKHO HAWTH 4YHCJIOBOe 3HaueHHe o0parTHO# K f QYHKIHK £ B IPOHU3-
BOJILHOH TouKe a. /I 9TOTO HY!XHO B3ATh TOUKY C KOODAHHATOH a He
Ha M'OPH3OHTAJBLHOM OCH (KakK 970 OOBIUHO Aeiaercs), 8 HA BePTHKAIDL-
Ho#i. U3 onpeznesennd ob6paTHO GYHKINUHM caexyeT, UTO 3HaueHue g (a)

"paBHO b (pmc. 139, a).

Taxum o6pasoM, eCJIH CUHTATDH, UITO BEHIGpaHa HECKOJHKO HEOOKIU-
HafA CHCTEeMa KOOpAMHAT (APryMeHT OTKJIaAbIBAeTCA HA BEPTHKAJIBHOMN
ocH, a 3HAYEHUA QYHKIHUU — HA TOPH3OHTANLHON), TO MOXHO CKa-
3aTh, 4TO rpadur obpaTtHoil K f dyuruuu § — »ro rpadpur byaruuu f
(mocTpoeHHO¥ B 00BIYHOM cHcTeMe koopauHat). [Iasi Toro uTobBI M306-
pasuTh rpaduK £ B IPHUBBIYHOM cHCTEMe KOOPAMHAT, HaJ0 OTPa3UTh
rpahuk f oTHOcHUTEJBHO NpAMoOiH y = x (puc. 139, 0).

Ecnu pyurnua g — obpaTHada K QyHKIMH [, TO GYHKIMA £ 06-
patTuMa u obpaTHOil K Hel sBidAercAa bvuknua f. IlosTtomy roeopsar,
4yTO QYHKIWHU f U & 63AUMHO O6pAMHbL.

Teopema (06 obpamnoii pyuryuu). Eciu dyaxous f
BoapacTaer (mam y6GeiBaer) Ha npomexyrre I, To oHa
o6paTuma. O6pataas k [ ¢pyaxuus g, onpegeieHnasn
B obnacTu 3HaveHmit [, TaKiKe ABASETCH BO3PACTAO-
mei (CoOOTBeTCTBEeHHO YOGRIBalOIIEi).

HoxazatenbcTro. IlosoxkuM puas oupeneneHHOCTH, YTO
dyexnua f Bospacramomasn. O6patuMocTeE GYHKIN#M [ — OYeBHIHOE
cjaepcTBMe TeopeMEl 0 KopHe (1. 8). IlosToMy ocraercs IOKa3aTh, YTO
byurnus g, obparHaa K f, Boapacraer Ha MHOXecTBe E (f).
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YA
f (x)=x?

g (x)=Vx

S
=
Ry

a)

Puc. 140

Ilycts x; U x, — Tpon3BOJbHBE 3HaueHud u3 E (f), Taxue, 9To
x, > X, M IYCTH
y, =€ (xl)a Y, = & (xz)-
Ilo onpenenennio ob6paTHo# (GYHKIMHA

X, =f(y) 7 x,=71 (Y

Bocnonpsosasmncs TeM yeioBmeM, uTo f —— Boapacraiomas QpyHK-
OHud, HAXOAWM, 4TO JOIyIieHHe Y, = J, NPHBOZUT K BHIBOAY [ (y,) =
2 f(yy), T. €. X, 2 x5, OTO IIPOTHBOPEUHUT NPENIOJOKEHHIO X, > Xy.

IlosTromMy y, > y,, T.e. M3 YCIOBHA X, > X, CHeAyeT, 4YTO
8(x5) > g(xy).

HMmennO 310 M TpeGoBasIOCh HOKA3aTh.
. Mpumep 4. Kax ormedasnocs Beime, Gyaroud f (x) = x2 He AB-
ngetca obpatumoii. OgHako dyHKINA f*, onpejesleHHadA HA IPOMEXKYT-
ke [0; o) dopmymoii f* (x) = x2, Bo3pacTaeT Ha 3TOM IIPOMEMXYTKE H,
3HAYHUT, ¥MeeT o6paTHYyI0. O6paTHOI K GyHKIUHY f* ABIAeTCA QYHKIUA
g(x)= Jz. I'padurnm satTux dysrnumii nsobpakeHsl Ha pucyHke 140,a.

Boo6me dyuEknua f (x) = x” nopu a060M HATYPAJIBHOM 1. BO3pa-
cTaeT Ha mpoMexyTkKe [0; o) m mosTomy uMeetr obpartHyi. O6Gpart-
HO#t K dyurnum f (x) = x" aBaserca GpyHKIUS g (x)= x. I'padpuxnu

aTHX OYHKIAA OPH HEKOTODHIX 3HAYEHUAX N1 M300pasKeHbl Ha PUCYH-
ke 140, 6, 6.

YnpaxHeHrusi

Brisegure GopMyay, 3aLaiomyo GpyHKIHIO &, 06paTHYIO K JaH-
HOM ¢dyraxkmuy f. Ykakute 00JacTh OmpeiedeHUA H 0OJACTH
3HaveHu#t QyEHKuuu g (531—532).

5318 a) f(x)=2x+1; 6) f(x)=—21-x—1;

B) f(x)=-2x+1; r)f(x)=—%x—1.
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532.— a) f(x)=-1; 6) f (x) = 2x2 (x > O);
X

B) f(x)=-2 r) f(x)=vx+1.
x+2
533.— Ilocrpoiire rpadpuk GyHrIMM, ob6paTHOH K f:
a) f(x)=2x%+1; 6) f(x)=(x+1)2 x e (—o0; -1];
‘. B) f(x)=-2x3+1; ) f(x)=(x-1)3 x e[1l; o).

#
534.&

Ilo rpadury dyuruun f (puc. 141) mafigure sHavyeHnsa obpar-
HOW K f dbyHKOuUM g B Toukax —2, 1 u 3. IlocTrpoiiTe rpaduk
|| GyeEKIHE g, yKaxuTe ee o0iacTs onpefenenus U o61acTs 3Ha-
. YeHHH:

a) f(x)=1, (x); 6) f(x)="1, (%)
B) f(x) =[5 (x); r) f(x)=f, (x)

[TT 7] 2
r T T
FTT 71 7
‘ 116 = 1 16
T s A Y= @ y=ne s
PTTTTE 14 + 4
- ET 113 3
T 21, 2
. - 1 -
1-61 -4_74% | 123456 x | 1-61-41-210N123456|x
-3 -3
4 -4
als -5 -5
-6 -6
t |
YA ] [T T T YA
7 Ly =714(x) 7
F 6 6
A y =73 (2) 3
31 3
12
] _ 1 -
L 1-6.]-4 -2/00 123456 [x - 1-61-41-2 [0 1N34 56 [x
-2 -2 N
1 /-3 -3
bttt -4 -4
: ~+-5 -5
~T ot =611~ -6
1.1 !
Puc. 141
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Hoxaxure, uro GyHKuusa [ umMeeT OGPATHYIO H& YKA3AHHOM
npoMexxyTke, IlocTpoiire rpabux ¢yHruuu, ofparHod ® |

(5635—536).
535.— a) f(x) =22+ 1, x < 0; 6) f (x) = 2x, (—o0; 0o);
£ B) f(x)=Vx, x>0 1) f(x) =23+ 1, (003 co).

2
B) f(x)=cos x, x € [0; ©]; r) f(x) =ctg x, x € (0; 7).

536.-8 a) f(x)=sinx, x € I:—g; g}, 6) f(x)=tgx,x ¢ (—g; E);

§ 11.

IIpousBogHas moxasaTeyibHOU
1 Jorapud@mMuueckKkon GpyHKIUN

41. NMpoussoaHas NoOKa3aTenbHOK (PYHKLUW.
Yucno e

1. Yucao e. B npegpigyumx nyHKTaxXx rpapukn Ioxasa-
TeJabHON QyHKUMH m3obpakanuchk B BHAe IIaAKMX JuHHH (0ea nuaio-
MOB), K KOTOPBIM B KaKJOH TOYKE MOKHO IPOBECTH KacaTeJbHYIO.
Ho cyuiecTBoBaHue KacaTeJMbHOH K rpaduxy GyHKUuM B TOuke ¢ abc-
LECCOd X, paBHOCHIBHO ee Audeperuupyemoctu B X, IlosTomy ecre-
CTBEHHO INIPEeAIOJIOKHTh, UTO MMOKasaTeapHad GyHKUUA AuddepeHnu-
pyeMa BO BCeX TOUKax o0sacTu OIpeacaeHud.
Hapucyem HeCKOABKO rpa®uKoB GYHKINY y = a¢* AJA G, pAaBHOTO
2; 2,3; 3; 3,4 (puc. 142), m mposefleM K HUM KacaTeabHble B TOUKeE
¢ abcouccoit 0. Yrabl HAKJIOHA 3THUX KacaTejbHBIX K ocH abcumec IIpu-
GansuTenbHO paBHB 35°, 40°, 48° u 51° cOOTBETCTBEHHO, T. €. C BO3pa-
CTaHWEM a yrioBoil KooddHIMEHT KacaTeAbHON K rpaduKky QyHKIWN
y=a* B touke M (0; 1) mocremeHHOo yBeauumBaeTrca OT tg 35° mo
tg 51°. IlpeacraBngercA O4YeBHAHBIM, YTO, YBEJIUYHMBAsg a oT 2 10 3,
MBI HaliieM Takoe 3Ha4eHHE d, IPH KOTOPOM YIJI0BOil KoahdHIueHT
COOTBETCTBYIOIIlell KacaTenbHOH paBeH 1 (T. e. yroJa HaKJIOHA paBeH
45°), BoT ToyHasn GOpPMYJIUPOBKA 3TOTO IIPEAIOXKEHHA (MBI IIPUHHMAEM
ero 0e3 JZOKasaTeJbCTBA):

CyiiecTByeT Takoe UHCJO GoJibIiee 2 U MeHbIunee 3 (3TO
yucno 0603HaualoT 6YKBOI ¢), UTO MOoKas3areabHasd PYHK-
ousi y = ¢* B Touke (0 MMeeT TPOHU3BOAHYIO, paBHyWO 1,
T. €. oir _q
vl - lapu Ax — 0, (1)

X

3ameuanue. J[okasaHo, 4YTO YMCJIO ¢ UPPANUOHATIHHO U IIO3TO-
MY 3alHChIBAeTCA B BMAe OeCKOHEUHON NeCcATHYHON HeMepHOAMUYEeCKOH
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2x

%
Puc. 142

apobu. C mOMOINBIO 3JIEKTPOHHBIX BBIYMCAMTENBHBIX MAIlIWH HAaWTEeHO
‘Gosee ABYX THICAY JECATWYHHIX 3HAKOB uucia e. IlepBble 3HAKM TaKO-
BHI: e = 2,718281828459045... .

DYHKIHUIO e* 4acTo HABLIBAIOT 2KCNOHEHMOIL.

2. dopmMyaa xpoM3BOXHOH MOKa3aTeJabHOM GyHEUHM,

Teopema 1. ®Oyaknua ¢ auddepennupyemMa »
Kaxaod Touxe o6JACTH onpenejieHnd, M

() = ¢*.
HdowrvasaTenbcTro. Halimem cHauana npupamenue GQyHKIUN
Yy = €* B TouKe X, :
Ay =ex0+Ax —e*0 =eg*0 . eAx —e¥*0 =e%o (eAx — 1)'
Ilonssyace ycnoesuem (1), Haxomum:

A exo eAx_l Ax_l
—y=~w¥:e”0 . -e——-)exo IpHu Ax —> 0.
Ax Ax Ax

Ilo ompeneneHMI0 IPOM3BONHOI OTcIOa cjaegyer, 4To Yy’ = e~,
T. €. (€*) = e* upu aoboM x.
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. IMpumep 1. Haiinem nNpom3BogHyI0 QyHKIUHN y = e5*: )
(€57 = e5* . (5x)" = beb*,

Ynco e moJ0KUTeNbHO M OTAMYHO OT 1, m09TOMY OIpeZeseHEI
JorapudMel II0 OCHOBaHHUIO €.

OnpepeneHne. HamypanrvhsiM JrRozapugmom
(o6osnauaerca In) HasplBaeTca jJorapu¢dM mo OCHOBaA-
HHIO e:

In x = log, x. (2)

IIo ocHOBHOMY JIOrapH®MHYECKOMY TOXAECTBY JAJA Jio6oro
MOJOKUTeNRHOTO uncaa e" % = g, IlosroMy a* MoeT OLITE 3alUCAHO
B BHE

a* = (eln a)x = eg¥ina, (3)

BrisegeM (hopMyay HPOM3BOLHOM MOKA3ATENBHON (QYHKIWU IPU
MPOW3BOJIPHOM 3HAUEHWH d.

Teopema 2. Hoxazareasnaa ¢ynxnua a* aud-
depenuupyema B Kammoil Touke o6aactH omnpene-
JNeHnd, H

(a*) =a*In a. 4)

JoxkazaTeabcTBo. VI3 popmyns! (3) 1o TeopeMe 0 IIPOU3BOI-
HO# CJIIOXHOMH QYHKIIMA HOJYUAeM, UTO II0Ka3aTeJdbHadA QyHKOUA Tub-
depernUpyeMa B KaXJOH TOUKe u

(a%) = (e*n8) = egxInan g = g* In a. (5)

Canegcreue. IloxasarenbHasas GYHKIIASA HeIpepbIBHA
B Ka)XJA0H TOYKe cBoeil ob6JacTu omnpeaeleHus, T. €.
a* > a* upu x = x,.

910 BHITEeKaeT M3 IUPePeHIUPYeMOCTH IOKA3aTeJbHOH (QYHK-
IUY U JeMMBI O HempepweIBHOCTH aubddepeHnUpyemMol OQOYHKIHH
(cMm. 1. 15).

. IIpumep 2. Haiinem nponssoauble GYHKIHR y = 2% n y = 5734,
ITlo dopmyne (4) numeem

(2¥) =2%1n 2; (53) =(-3)- 5% In 5.

Hpumep 3. Uccrenyem dyuxnuio f (x) = xe* Ha BospacTaHue
(yObIBaHUE) M 3KCTPEMYM.
HaitneMm mpousBOIHYIO 3TOH QyHKIHHU:

f(x) =(xe*) = x'e* + x (e*) = e* + xe* = e* (1 + x).
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VA Tak xak e* > 0 gaa aooboro x,
3Hak f' cosmagaer co sEakoM (1 + x).
CaepoBarteasHo, f'(x) > 0 Ha mpowme-
KyTKe (—1; o), moaToMy f BO3pacraer
Ha mnpomexyTke [-1; c0). Ha upome-
KYTEKe (—oo; —1) mmeem [’ (x) < 0, mo-
aTomy f y6GriBaeT Ha (—oco; —1]. B Touke
%, =-1 npousBogHas MeHSET 3HAK
-1 ¢ MHHyca Ha IJIIOC, ¥, 3HAIHAT, X, = —1
0 ¥  #BIAETCH TOYKOH MHHHMYMa.

I'papuxk GyHKOUE NOpUBEIEeH Ha
Puc. 143 pucyHke 143.

Y

3. IlepBooOpa3Has nokasaTelbHOH (PyHKLUHH.

Teopema 3. Ileproo6pasmoit nas dysxuun a” Ha R
asngerca GyEEUNA -5"1;‘%.

JleHCcTBATENBHO, 1N @ — HOCTOAHHAA, U I03TOMY

ax' a* 1 x
lna() aanaa

Ina

x
ope mio6oM X. 3THM JOKa3aHO, UTO la_ eCTh mepBooGpasHas Ias a®
na

Ha R. A n3 paBencrBa (e*) =e* aasa

V4 BCE€X X CJeayeT, 4YTO e* ecTh IepBOoo6-
pa3uaa ana e* Ha R.
9 B pumep 4. Haiizem meppoob-
pasEnie ANA PYHKIMHA:
a) f (x) = 5%
6) g(x)=4-2%
B) h (x) = 4% - 10 - 0,6%.
IToapayace Teopemoit 3 U HmpasBu-
JIAMH HaXOKAEHHA IepPBOOODA3HEIX,
BHIIINCBIBAEM OTE€ ThI:
a) F(x)=2 +C;
Inb
4.2%
6) G(x)=——+C;
In2
1 x
= i 3x _ 1 O 6 +
// B) H(x) 3 ° 0106C
10 L 2 7; IIpuMmep 5. Haiigem nnoniagre
dburypsr, OTDAHMYEHHON  JHHHAMHU
Puc. 144 y=38% y=0, x=-1, x=2.
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Ora dErypa ecth KpuBosanHelHaa Tpaneuus (puc. 144). Iloaro-
My ee IJIOUIaAb S HaxoguM mo ¢opmyJie ILIOWAAN KPUBOJIUHEHHON
Tpanennu:

9 371 26

2 .2
S=j3xdx=3— = = .
% In3],;, In3 In3 3In3

YnpaxHeHns

537.— HadiauTe mo TabaunaM HATYpaIbHBIX Jorapudmos (HJHA C MO-
MOIIbI0 KAJbKYJIATOpA):
a) In 3, In 5,6, In 1,7; 6) In8, In17, In 1,3;
8) In 2, In 35, In 1,4; r) In 7, In 23, In 1,5.

. Halinure mpousBoguyo Kammod us dynknuit (538—539).
538.4 a) y=4e* + b; 6) y=2x + 3e™;

@ B y=3—%e"; r) y=5e* - x2,

539.4 a) Yy = e* cos x; 6) y = 3e* + 2%
B) y =3 - 8x%; r) y = x2e*.

540.-8 Hanumure ypaBHeHHe KacaTeldbHOH K rpadmKy GyHKuun f

B TOUKe C abCIMCCOH X,

a) f(x)=e" x,=0; 6) f(x)=38% x,=1;
B) f(x)=¢€% x4=0; r) fx)=2% x,=1.
541.-F Haiigure obmmii BMJ mepBooOpasHeIX ANA (QYHKITMH:
a) f (x) = 5¢%; 6) f(x)=2- 3%

B) f(x)=45 ) f(x)=jer+1

542.-@ Broruuciante HMHTerpan:

a) IIO,S"dx; 6) fezxdx; B) J‘IZ"dx; r) j]3"dx.
0 0 1

-2

2

Haiigure npowsBomuyo Kaxaoi naz pynxmuii (543—544).

543.— a) y=e*" sin%; 6) y=T2 tg 3x;
© B) y=e'* cos 2x; r) y=2"% ctg g
6 -x
544. 8 a) y= *—; 6) y=-2";
)y 4% +5 )y x2+2
3= 0,3°*
B = ; r == :
)y 2% +5% )y Jx+0,5
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545.— HUccaenyiiTe Ha Bospacrtanue (yOLIBAHME) M 3KCTPEMYMHBI PYHK-

1074 01
a) f (x) = xe®; 6) f(x) = x*27%
B) f (x) = xe™%; r) f (x) = x*0,5%.

546.— Haitgure oGmmit Buj mepBoOOpPA3HBIX AJAA DYHKIIUHU:
a) f(x) =ed-2% 6) f(x)=2-0,9%* - 5,67
B) f (x) = 2710%; r) f(x)=e3 +2,81+%,

Hafigure nmnomages Gurypel, OrpaEM4YeHHON JHHHAMH
(547—548).

547.~§§ ay y=e*, y=0, x=0, x=1;
i 6) y=35, y=9%, x=1;

B) y=2% y=0, x=-1, x = 2;
r)y y=e*, y=e?, x=1.

x
548. a)y:(%),y:S,x:l; 6)y=ex,y=e—x,y:e;
(1Y _ o, 1 R
B)y—(g),y—l,x——& r)y=(5),y—4,y—4-

42. MNMpoussogHana norapupmMuyHeckon yHKLUN

IloxarxeM cHavuaJsia, UTO JorapupmMuiueckas QyHKInA Jud-
depernupyemMa B KaxkZo# Touke. I'padurm odymrnumit y =log, x u
Y = @* CUMMETPHUYHBI OTHOCHUTEJLHO NpAMOH y = x. Tak Kak IIOKa3a-
TenbHAA PyHKIUA AuddepeHnpyeMa B J000# TouKe, a ee TPOM3BOJ-
Hasi He obpamaerca B HYJb, rpapMK NOKA3ATENBHONR (QYHKIUK HMeeT
HErOPHU3OHTAJNLHYIO KacaTeNbHYI0 B KasKgoil Touke. [losTomy u rpadux
sorapupmMudeckoit (PYHKIUHA HMEET HEBEPTHKAJLHYI) KACATEIBHYIO
B r000# TOYKe. A 9TO PAaBHOCHJIBHO AubdepeHIUpyeMocTH Jorapud-
MHueckoil QyHKIWY Ha ee 006JIaCTH OIpeiesieHUS.

HoxaxeM renepsb, UTO NPOU3B00HAR Jozapupmuyeckoil PynKyuu
ans awboro x U3 06J1aCTH OIpemeseHHsT HAXOAUTCA II0 ¢opmyJe

ln’x=l. (1)
x

IIo oCHOBHOMY JNOrapHPMHUYECKOMY TOMXIECTBY X = ¢! mpm BCex mo-
JIOSKUTEJNBHBIX X, T. €. B 3TOM paBeHCTBe crpaBa ¥ CJeBa CTOUT OXHA
u Ta xe ¢pynxknus (ompegesennaa ma R ). IlosTomy mpomssozmbie X
U e™* papHEH, T. e.

x' = (e™*y. (2)
H3zBectno, uro x' = 1. IIpouspoguHyio mpaBoil uacTH BHIYHCHIA-
eM @O [OPaBUIy HAXOMXKJEHUS TIPOUSBOTHON CIOMKHOA (QYHKIHUK
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u teopeme 1 (1. 41): (el* ¥y = e'"* In’ x = x In’ x. Iloacrapias HafixeH-
HBle IPOHM3BOLHLIE B paBeHCTBO (2), HaxoamM 1= x In' x, oTkyaa

Inx==
X

. IIpumep 1. Haiizem npomsBogHbie byHKIUiL:
a) y=In(5+2x); 6) y=logs x; B) y =log, 2 x.

a) (In(5+2x)) = (5+ x) = +2x;
' Inx , _ 1 .
©) (og, xy=( 122 3j - L
[ In22x __ 2 =_1
B) (log; 2) ’( In7 ) 2x1n7  xIn7

Ipumep 2. Uccrenyem dbyakumio f (x) = x? In x Ha Bospacra-
HUe, YOLIBaHHE, SKCTPEMYM H IIOCTPOMM ee rpaduk.
dyarnous onpeaeneHa npu x > 0. HaiizeMm ee mpoM3BOZHYIO!

F'(x)=2x1Inx+ x? -%=2xlnx+x=2x(lnx+-;—).
x > 0, mo3TOMy 3HAK IPOM3BOAHOII COBHAZAET CO 3HAKOM (lnx+%).

Orcioma cnexnyeT, uro f'(x) > 0 Ha nmpomeKyTKe (—1— OOJ, B IO3TO-

Jz’
MY Ha IPOMEKYTKE [%, 00) ¢dyEKOIHAA BO3pacTaeT, Ha IPOMEXYTKe
e
( ’ 1 ) VA
0; —— | mpomussogHAs OTPULATENb-
Je
Ha, noatoMy [ yGniBaeT Ha IIpoMe-
1 1

wyTke | 0; —= |. B Touke —= npous-

( ’ Jz] T
BOJHAS MeEHSeT 3HAK ¢ MEHyCA Ha 1
IJIIOC, 3HAYMT, 5TO TOUKS MUHHUMY- Je
ma; f|-L|=-L. Ipadux oyuk- TlLV1 i}

Je 2e
OUM IpHUBeJeH HAa PHCYHKe 145, Puc. 145

dopmyaa (1) IoOKa3bEIBAET, YTO AJMA QPYHKUHMH —31; Ha Hpo-

MeskyTKe (0; oo) arobaa mepBoofpasHas MOMeT OBITH
sanmucasa B Buge In x + C.

dynrnnsa % HMeeT NepBOOOPA3HYI0 ¥ Ha IpOMeKyTKe (—co; 0),

ato byrnuaA In (-x). I[ei»‘chBn'reJmHo,

(In(-x))'=—-(-x)'= ( 1)——
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Tak kak |x|=x nmpu x > 0 u |x|=—x mpu x < 0, Mel A0Kasanu cie-
Rympomee:

Ha mmo6oM npomeskyTke, He comep:kainem Touxky O,
nepBooGpasHoil AaA QYHKIHH 1 gensercs byurnusa
X

In |x|.

. Hpumep 3. Ina oyurmun ~i—§ nepBoOGpa3HBle DPABHEI
X

In |x + 8| + C (ua mo6om NpoMexyTKe, He coJepiKallleM TOUYKY —3).
Hiua pyHKIUA

5x1+ - OOmmil BUA N€PBOOGPAIHEIX ; In |5x + 7| +

+ C (ua n0060M IPOMEXYTKe, He COAepiKallleM TOUKY —% ).

yp IIpumep 4. Haifizem  mio-
mans (Gurypel, OrpaHHYEHHOH JIn-
HAAMH y=%, y=0, x=1, x=2

1 (puc. 146).
Ilocxkonsky Inx mpm x >0
ecTh mnepBooOpasHas AadA %, ILJIO-
0 1 p >  Iajb MHTepecylomiedl HAC KPHBOJIHU-
HEWHOH TpanenmuH paBHA
Puc. 146 S=In2-Inl1=1In2.
YrnpaXHeHus

HaiinuTe npon3BOAHYIO Kaxaoi u3 pyurnumit (549—550).

549.— a) y=1n (2 + 3x); 6) y = log, s x + sin x;

B) y=1n (1 + 5x); r) y=1lg x ~cos x.

w‘ — a2 . = ln_x' = M = L
550.« a) y=x"log, x; 6) y o B) y=xlnx; 1)y nz’
551.4 Hatizure o6muit Bug mepBoOOpPasHBIX Aad GYHKIHNH:

__38 . 1_ 2 .
a) f(x) =733 6) f(x)=_~-_"%;
__1 . -4
B f(x)= 1o D fx=t.
552. 8 Hanwmmmure ypaBHeHHe KacaTeJdbHON K rpaduky ¢byHKmum f

B Touke c abcmuccoif x,, ecou:
a) f(X)=In(x+1), x,=0; 6) f)=lgx+2, x=1;
B) f(x)=21nx, xy=¢ r) f(x)=log, (x — 1), x,=2.
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553.— BriuncauTe WHTerpa:
e 3

o 7 1
a) jm; 6) I—dx i B) J‘ix; r) _[ ax _,
1 x b 3-2x / x 0 3x+1

554.— Halinure NpOoM3BOAHYIO QYHKIUA:

a) y:ln(5+3f_)- 6) y= Nx
x2+1 lg(1-2x)’

_ o a? _ logg x*

B) Y= s’ D oy= x+1

WccnenyitTe GyHKIMI Ha BospacraHmue (yObIBaHHE) U 3KCTpe-
mMymul (555—556).

555.— a) f (x) =+/x Inx; 6)f(x)=l1§;
B) f(x)=2x - 1n x; r) f(x)=x1nx.
556.— a) f (x) = x In? x; 6) f(x)=-=2%;
5 lg x
% B) f(x) =12, r) f(x)=!+lnx.
vx x

Briuycnure miomanb QHEIypBl, OTPAHUYEHHON JWHUAMEA:
. a) y=i+2, y=0, x=2, x =6;
- X

6) y=—%,y=0,x=—4,x=—1;
L B
2z’

r)y=3—%,y=0,x=—6,x:—&

B) Y= y:O,x=i-,x=2;

43. CrterneHHas cyHKUNA

1. Crenennaa (pyHKI[MA U ee MpPOU3BOAHAaA. Bl y)xe 3Ha-
eTe, 4TO [Jis JIIo00ro AefCTBUTEJLHOTO UHCNa O H KaXXJOTrO ITOJIOXKH-
TEJBHOTO X OHpejieleHo uHuciIo x% 3adburcupyeM uucIo o0 Ha IpPOMe-
xyTtKe (05 o0).

OnpepeneHue. ®yaknua, sagamEas dopmyaoci
f (x) = x*, Ha3pIBaeTCH cmenennoll (¢ MOKazareixeM
CTeNmeHu o).

Ecim o > 0, 7o cremeHHaa (GyHKIuA omnpefexeHa m npu x = 0,
nmockoaAbKy 0% = 0. TIpu mensix o ¢Gopmynoi f (x) = x* cTeneHHas
dyukuus f onpegenesa u gna x < 0, Ilpu dyerHBIX o 9Ta QyHKIUA HeT-
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Has, a IPU HEYETHHIX 0 — HeweTHas. IlosroMy mccnepoBanue cremeH-
HOM (DyHKIIMM AOCTATOYHO IPOBECTH TOJIBKO Ha mpoMexkyTke (0; oo).

B mpeppiaymux pasgenax Kypca GbLIM IOJYYeHBI (DOPMYJBI A
npon3pogHOM GQYHKOUHA y = Xx* JIUIIE OPHU LEJIHX NOKa3aTeNsX cTere-

HH, a TaKXKe O = —;— Teneps HaM ocTaeTcd BuiBecTH GOpMYJIy IPH IPO-

H3BOJIBHOM Q. JIOK&)KEM, yro gas aroboro x us objacrm onpeneyeHHUA
IPON3BOOHAS CTeNeHHOH GYyHKOMN HAXOAUTCA TaK:

(x*) = ax® 1L, (1)

IleficTBUTEIEHO, TAK KaK x = e™*, 10 x% =e®™* OQOrcioga mo
IpaBUJIY BEIYHCIEHHS IIPOM3BOLHON CHOMKHON (PYHKIMM HIOJIydaeM:

(x%) = (e*n*y =erln* (g lnx) =x* o - % =ax*" 1
Dopmyna (1) pokasana.

IIpr o <0 crenennasa (yHKUMA YyORIBaeT Ha HOPOMEKYTKE
(0; c0), mockombKy (x%) =0ax®*"1< 0 nmpu x > 0. IIpu o > 0 umeem
(x® =oax*~1> 0, mosromy cTemeHHas (YHKIHA BO3pACTAeT IPH
x > 0. Kpome Toro, mago yuects, uro npa x = 0 crenennas GyHKHUA
paBaa 0 z x* > 0 opu x > 0 u x > 0, Iloaromy Touka 0 OIpHCOeEHHA-
ercd K NPOMEXXYTKY BO3DACTAHHUs, T. e. IpH o > 0 cremeHHass GyHK-
nua Bo3dpacraeT Ha npomesxkyrke [0; oo). Ilpumeprr rpadukoB cremen-
HOoif GYHKIMHN NPH pasaUYHBEIX O IpUBeJeHHl Ha pucyHKe 147,

U3 dopmyawm (1) caeayer, 4TO IPOMSBOAHOM cTemeHHOH GQYyHK-
ouu f (x) = x* asaderca crenesdas ¢yurmua (f' (x) = ax*~!). Huave
ofcrour feno ¢ nepBoobpa3Hoil cTenmeHHOH (GYHKOUH.

IIpn o # -1 obmuif BuA nepBOOGpPASHEIX CTEIEeHHOH (QYHKIUU

a+l
X _+cC.

f (x) = x%, Kak JerxKo npoBepuTh, TakoB: F (x) =
P P a+1

Ilpu a = -1, xaK u3BecTHO, IepBoOGpasHOil byuKIUK [ ABAAETCSH
dyuxnusa F(x) =1n |x| + C.

VA YA VA
=x¢ y=x y=x
y= O<ac<l 0<0
a>1
1 1 1
] 1 £ 0 1 % 0 1 x
a) 0) B)
Puc. 147
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2. Borumcienue 3HaYeHMM creneHHOM ¢yHExkumu. BriBegem npmn-
6amxesHy0 popmMyry

(1+Ax)*=1+ aAx. (2)

PaccmorpuM dyHKIHIO f () = X* ¥ BOCIOJIb3YyeMCA OPUOINIKEH-
HO#l dopMyIo#

F(x) = (xg) + ' (xg) Ax, (3)

u3BeCTHOM u3 m. 20, npu Xy =1 m x =1 + Ax. Vimeem f (x)) =f(1) =1
u f'(x) = ax®"1, orkyaa f'(x,)) = f (1) = a - 1°-! = a. Ilo popmye (3)

F(xX)=0+Ax)*~1+ aAx.

Yame Bcero aTy ¢GopMyJay IPUMEHAIOT [JIs BRIYUCJIEHHAS KOPHe.
Ilonaras o ==, HaXOOUM:
n

1
Wi+ Ax =(1+ Ax)"z1+%. (4)

. IIpumep. Boruucaum npubamixeHHble 3HAYEHUA:
a) 4/1,08; 6) 3/27,03; =) 'Y1000.

Bocnonnsyemcs dopmysoi (4):
1

a) 41,08 =(1+0,08)* =1 +%-0,08 =1,02.

6) 327,08 = 3 27(1+°_;;3) - 33f1+——°;9,3 z3(1+%.0£3)z

~ 3,0011 (3nayeHue 3/27,03 C CeMbI0 SHAKAMH IIOCJIe 3alaTOoH Ta-
xoBo: /27,03 ~ 3,0011107);
B) zaMeTuM, uyro 210 = 1024. Wmeem:

1971000 =Y/210 _24=2. 1of1—52%z2[1—— 24 %1,995.

10.210

YnpaxHeHuns
IToctpoiite rpadhux GyHKuum f U HalijuTe ee NPOM3BOAHYIO
. (858—559).
558.8 a) f (x)=x ?; 6) f(x)=1x"3;
B) f(x)=x%; r) f(x)=x"5.
-1g5
559.8 a) f(x)=x"°; 6) f(x)=(§) ;
B) f(x)=x"; r) f(x)=(2x)""3.
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560.—
561.%

Jeed
Fy

562.

563.

564.

565.—

566.—

ttttt

567.

Briuncante ¢ gomompoo (popmyasl (4) NpubauKeHHEIe 3HaYe-
Hua (560—561).

a) 24%; 6) 3/625-3; ) ¥/81; r) V48.
a) ?{/56; 6) m; B) +/9,02; r) HEER

Haitgure Haumbosblllee ¥ HAMMEHbIllee 3HAUeHUA (PYHKIUH [
Ha IpOMeXyTKe I:
2

2 4

a) f(x)=x%, [ =[1; 32} 6)f(x)=x3,f=[§;27}
3

B) f(x) = x°*, I:[%; 1}; ) f(x)=xt, I=[%; 81}.

HaiinuTte oﬁmnﬁ BYJ IepBOOOPA3HBIX MJA (PYHKIIHH:

a) f(x)——- -2, 6) f (x)=x2¥3;

B) f(x)=3xY; r) f(x)=x

Brruucanure mHTErpaJ:

2
1

4 4 8 e 81
a) J‘xgdx; 6) J‘%, B) IZx‘ldx; r) J.5xzdx.

1x3

Brluncaute miaomans QUryphl, OTPAHUYEHHON NHHUAMMU:
a) y=x‘/5, y=0, x=1;

6 = x‘/§, = 1 X = 1;

)y y=» 2

B) y=x%% y=0, x=1, x =32;

T) y=i, y=0, x=38, x=5.

Ha munamumerposoii Gymare moctpoiiTe rpadurm GyHKIHHI
y=vx, y=Vx, y=Vx (x > 0).

1) Haiigute ¢ momomsio rpadprka NpuGIMIKEeHHbIE 3HAUEHUAS

a) V2, ¥3; 6) v3, 2,5 1) V2,5, V3 1) 2,5, V2
2) Haiiaure 3HaueHHs 3THX KOPHEH C IIOMOIIBI0 KANBKYJIATOPA.
3) Brrumcnute ux npuGanuikKeHHBIE 3HAYEHUSA, NOAB3YACH Gop-

mynoit (4). Vkasamume: 2,5=1,6%2-0,06; 2,5=1,8%+

¢ +0,3038; 2,5 =1,25%+ %; 2=1,4%+0,04; 3 =1,4% + 0,256;

¢ 3=1,81=0,1439,
_ 4) CpaBHUTe mMoJXyUYeHHEHIE DPe3yJIbTaTHL.

i Bepao nu, uto dyErnua f (x) = x5 obnagaer cBoiCTBOM:
| a) B 06;1acTH ompeiesieHNda MOYKHO HAiTH OTPe30K, HA KOHLIAX KO-

TOpOro GYHKIUA NPUHUMAET 3HAUEHNA Pa3HBIX 3HAKOB; 6) AB-
JAeTCS 4YeTHOH; B) MMeeT BKCTPEMYMEI; I') CYIeCTBYEeT TOY-

i Ka X, B KOTOPOH QYHKIIMA TPUHUMAET HauMeHbIIlee 3HaUeHHe?
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44. MoHsitue o aundpdepeHunanbHbiX ypaBHEeHUAX

1. HemocpeacTBeHHOe HHTerpHpoBaHMe. B Xoze pelueHus
3aJa4 eCTECTBO3HAHUA YACTO BOSHHUKAKOT COOTHONIEHHA, CBA3LIBAIOLIINIE
[IPOH3BOAHLIE HEKOTOPOH (yHKuuMH (mepByIO, BTOPYIO M T. 4.), cCaMy
aTy (YHKOUIO M HEe3aBUCHUMYI0 mepeMeHHy. Hanpumep, coriacHo
BTOpOMY 3aKoHy HbpiOTOHa IpH ABHKEHHMH [0 NPAMOHM MaTepHaIbHOH
TOYKHM TIOCTOSIHHO#M Macchl m crpaBefiwsa ¢Gopmyna F = ma, rae
F — cuna, BuI3HIBawoINas ABUKeHWE, 4 — YCKOpDeEWe TOuKH. IIycTh
cuna F zaBuCHT TOJBKO OT BpemeHu £, T.e. F=F (f). BcnomuHasn,
YTO YCKOpeHHe ecTh BTOPas TPOUSBOLHAS KOODAWHATHI MO BpeMeHH
(a () = x" (1)), nonyuaeM gudepeHUaANbHOE YPABHEHNE OTHOCHUTENb-
HO pyuxknuu x (t):

F(t)=mx"(t), T.e. x" (t) = Friit)’

ANs pellleHMA KOTOPOTC CcHauvaja HaxoAuM x' (i) Kak mepBooOpas-
F(t

HYI0O QYHKITHHN ( ), a 3ateM U x (f) KaxK nepBOOOPA3HYIO QYHKIIUHU

m

v(t) = x' (t). ObOlIee pelleHENe 3aBHCHUT OT ABYX IIPOU3BOJLHLIX IIOCTO-
AHHEBIX. 1A Toro uToOBl MX HAWTH, OOBIYHO 3aJal0T KOOPAUHATY
M CKOPOCThb B KaKOH-IMOO0 MOMEHT BpeMeHH t.

- IIpumep 1. IIpy BepTUKANBHOM JBUXKEHUHU IOf AeiicTBHEM
CHJIBI TSASKECTHM KOooOpauHAaTa h () TOUKU eJUHUUHOM Macchl yHOBIJIe-
TBOpaAeT nuddepeHnUaNbHOMY ypaBHeHUIO (ochk Oz HampamJieHa Bep-
THKAJbLHO BHU3):

R () = g.

Obmee pemeHUe dTOT0 YpaBHEHUs uMeeT BUI:
gt?
h(t)=hy+vet+ = rae hy = h (0), v, =v (0).

3anaB hy u v,, MBI NOJNYYUM yiKe eAMHCTBEHHOE DeIleHUe.

Boobmme mepsooGpasuyio F aaa GyHKRIUM [ MOMKHO paccMaTpu-
BaThb KaK pellleHWe npocmeiiutezo ougpepenyuanbHoz0 ypaeHeHUus

F'(x) =T (x), (1)
rae f (x) — zanHas GyHKOuUA, F (X) — pelleHUe 3TOTO ypPaBHEHHA.

2. TuddepennuaarHoe ypasHeHHe NOKa3aTeJbHOrQ pocTa H
NOKa3aTeJbHOro yOmBaHNA. Pemenne MHOrux sajgad QU3MKM, TeXHH-
KU, OHOJIOTMH K COOHMAJIbHBIX HAayK CBOAMTCA K 3a7aue HaXOXK/JeHHUS
dYyHEOUN, yIOBAETBOPAKIUX AN(depeHINaTIbHOMY YPaBHEHHUIO

f'(x) = Bf (x), (2)

roe kB — HEKoTopasa KOHCTaHTa.
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3Hada ¢opMyNy NIPOU3BOAHON MoKasaTedbHOH (QYHKIWH, JErKOo
JOorajaThCsd, 4TO pellenneM ypasHeHus (2) aBnsiercs niobas GyHKDUS
BHUAA

f (x) = Ce*, 3)

rae C — mocroaEnasa. Tak Kak C IpOH3BOJIBHO, ¥ AHddepeHnAanbHO-
ro ypasHeHua (2) 6eCKOHEYHO MHOI'O pelIeHHi.

HoxaxxemM, 4TO OPYyrux perneHmil, Kpome dyHruuii Bupga (3),
ypaBHeHHe (2) He umeeT. J[JId 9TOro pacCMOTPHM IIPOM3BOJILHYIO BYHK-
nue f, YOOBAETBODAWINYI ypaBHeHUI0 (2), M BCIOMOTaTEAbHYIO
DyHEKIIAIO

g (x) = [ (x) e*=. 4)

HaiigeMm ee IpPOM3BOAHYIO:
g (x)=1f'(x) e + f (x) (™) = f' (x) e** - kf (x) &7,
Ioacrasasa kf (x) BMecro f'(x) U3 ypaBHeEHS (2) mOIXYyYUM:
g' (x) = kf (x) e™®* — kf (x) e** = 0.

W3 paBeHCTBa IPOU3BOAHON (PYHKNHK £ HYNIO ciaeryer, uto £ (x) =C
npu Bcex x. V3 (4) moayuaem:

f(x)e**=C, orryna f(x)=_Ce",

4TO M TpeGoBaJIOCH AOKAa3aTb.

SaMeuaHnme. B IpuBeeHHLIX BLIIIE PACCYMAEHUAX MBI Ipen-
noaarajgu, uro ¢yHKHUA [ onpejelsieHa U YAOBJETBOPAET ypaBHe-
HUI0 (2) Ha Bcell UMCIOBON mpAMoii. B KOHKPETHHIX 3agadax wIacTo
IPUXOJATCHA PACCMATPHUBATL (DYHKIIHM, YAOBJETBOPSAIOINE YypaBHEe-
HUIO (2) TOJIBPKO HA HEKOTOPOM IIpOoMe)KyTKe. EcTecTBeHHO, UTO B Ta-
KoM ciayuae ¢opmyaa (3) 6yaeT AaBaTh o0lijee pelleHne 3aJadH TOJbKO
HA NPOMEXYTKe, Ha KOTOPOM BLITIOJHAETCS ypaBHeHue (2).

CmEelca guddepeHINanbHOro ypaBHeHU (2) 3aKJII09aeTcsd B TOM,
YTO CKOPOCTL M3MeHeHNd GYHKIUH B TOUKE X NPONODIHOHAJLHA 3HA-
YeHUI0 camMoii GYHKIHH B 3Toil TOuKe. 9TO VYpaBHEHUE YACTO BCTpeUa-
eTcs MpHU pelleHUM NMPaKTHUYEeCKUX 3ajadu.

. IIpumep 2. (PagumoaxTuBHLIM pacnaxn.) Ilycrs B HaualdbHBIHN
MOMEHT BpPEMEeHH MAacca pafHOaKTHBHOTO BeLIeCTBA PaBHA:

m (0) = m, . (5)

IKCIEepUMEHTANPHO YCTAHOBJEHO, 4YTO CKOPOCTH YMEHBIIEHUSI
Macchl BelmecTBa m (i) co BpeMeHEeM ¢ NpPONOpPLHHOHAJNbHA €ro Ko-
JauYecTBy, T.e. m' (t)=-km (t), roe k> 0. Kak mokasaHo BEmIle,
m(t) = Ce™™. Komcranra C maxogurca ma yciosusa (5). A HMeEHHO
npu t=0

my=m(0)=Ce* 9 1.e. C=m,.
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OxoHuYATENIBHO MOJydYaeM: )
m (t) = mge7*, (6)

PaccmoTrpennblii IpUMep THOHYEH: YTOOBI BBIZENHTHL H3 0ECKO-
HEYHOTO YMcJja peuleHui# fuddepeHInaInLEOre YPaBHEeHNA OGHO, 00BIU-
HO Tpe0yeTcs elle BBECTH HAYaJbLHBIE yCAOBAA (B HAIlEM CJIydae 3TO
ycaosue (5)).

IpomexyTox Bpemenm T, yepes KOTOPHIA Macca pPafgUOaKTHB-
HOT'O BEIeCTBA YMEHLIIAETCA B 2 pasa, Ha3LIBAIOT Nepuodom noaypac-
nada sroro semiecTBa. 3Haa T, MoxkHO Haiitm k. Tak Kak

m(T)=%m0, T. €. mge *T =%m0,

umeem e *T = %

Cneposarensro, e*T = 2, kT = 1n 2, orxyna k = %

Hanpumep, pnsa pagua T = 1550 ner. Tlostomy {(eciam Bpems

n3Mepsercas B Trofax) k= 1‘;‘520 = 0,000447. Yepez MHUAIHOH JeT

OT HAYAIBHOM Macchl pagus m, ocraHerca ToiabKo m(10%) =~ me ™47 »
0,6 - 109m,,

3. Tapmounnveckue koneGammsa, IIpousBOAHYI0 OT NPOM3BOJ-
Ho#l f' byHEKOMEH [ HaswIBAIOT 6mopol npou3eodnoii byHkomu f
n ob6osHavalT " (unraercA: <3¢ ABa mTpMxa»). Hanpumep:

sin’ x = cos x, sin” x = cos' x = —sin x,
cos’ x=—sin x, cos” x =-sin’ x = —cos x.

(7)

Bropasa mpounssogHas noMmoraeT Gosree nmoapo6HO uCCieAOBATH IIO-
Begenne (pyHKRmmu. IlepBasa NpPoM3BOAHAA €CTh CKOPOCTh U3MEHEHHSA
GyHKIANA, a8 Bropas OPOM3BOAHAS €CTh CKODOCTh M3MeHeHnd 3Toif CKo-
pocTH.

Ananmusupya dopmyasl (7), MOXXHO 3aMeTHTh, UTO BTODBIE IPO-
HM3BOAHBIE CHHYyCA M KOCHHYCA OTJIMYAKTCA OT caMuX GYHKIHNHA TOJIBKO
3rakoM. MlHaue roeops, o6e 3TH GQYHKIUHK YAOBJIETBOPAIOT IPH BCEX
3HAYEHHAX ApryMeHTa { ypaBHEHHIO

f" @) =—f ().

B ¢uswke, B YACTHOCTH B MeXaHHKe, GOJILIIYIO DPOJb HUTPAIOT
dysKIMK f, KOTOPBIE YAOBJETBOPAIOT YDPABHEHHIO

f" @) = -?f (1), 8

rie ® — MOJIOKHUTENbHAA MMOCTOSHHAS.

Pasbepem 3afauy M3 MEXaHWKW, TDUBOAAUIVIO K YDaBHEHWIO
Takoro BuAa. [Iycrs K mapurky Maccoil m IpUEpensieHa pacloyOXeH-
Has TOPHU3OHTAILHO IPYMHHA, APYroil KoHel KOTODOH 3aKpelieH
(puc. 148), ¥ NycThr B COCTOAHUM PABHOBECHA KOODAMHATA X IEeHTpa
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Puc. 148 Puc. 149

ImaprHKa paBHA HyMI0. [IpyM nepeMeleHuM LEHTPpa B TOUKY ¢ KOOPIHHA-
To#t x # 0 BO3HWKAET CUJIA, CTPEMAIIAACST BEPHYTH LIAPUK B IIOJOXKE-
HKe paBHOBecma. CorsacHo saxkoHy I'yka aTa cuna mMpomopumHOHAILHA
nepeMeIneHwio x, T. e. F = —kx, rae k — mojioskuTeIbHAA KOHCTaAHTa
(puc. 149). Ilo Bropomy 3akoHy HreloToHa F = ma, HO3TOMY, YIHUTHI-
Basf, UTO DY ABH)KEHHUU TIO0 NPAMOI yCKOpeHMe eCTh BTOPAasA IPOU3BO/I-
Hasi OT KOODAMHATLI, HMEeM:

ma(t) = mx"(t)=F, 1. e. x"(t)= -:l x (t).

Unaue TOBOpPA, ABMMKE€HME ILI€EHTPpa HIapuKa IIon HeHdCTBHEM CHUJE

yOpyrocTy NOZUYNHEHO ypaBHeHuIO (8) npum o= ;fl .

Ilokaxxem, uTo (usuvecKass BeIMUWHA, U3MEHSIIONIAACSI BO Bpe-
MEHH B COOTBETCTBUH C ypapHeHHeM (8), coBeplmaeT rapMoOHHUUECKOe
kosebanue (cMm. n. 7). Camo ypaBHenue (8) Ha3wIBaOT JupeperHyuars-
HbLM YpAGHEHUEM 2APMOHUNECKUX Koaebanuil.

IIpoBepum, uTO npw JMIOOBIX HOCTOAHHBIX A U ¢ GYHKUHA

f (t) = Acos (ot + @) 9)

eCcTh pellleHHe ypaBHeHHs (8). B camom mene, moab3ysch dopmyJioii
JJiA IPOM3BOJHOM CJIOXKHON (QYHKIIMM, NHOJIydyaeM:

f' (t) = -A w sin (0t + @),
" () = —-Aw? cos (ot + @) = —0?f ().

Bepno u ofpatHoe: Jio6oe pemenne ypasHeHHA (8) ecThb DYHK-
nud Buga (9), npuueMm oOrruHO BeIOHparoT A 2 0, ¢ € [0; 2rn]. Hokasa-
TEJIBCTBO HTOI'0 BBIXOAUT 34 PAMKH INKOJBHOI'O Kypca.

IIpousBosbHEIE NOCTOSAHHEIE A W () MOXKHO ONPEREeNUTH, €CIU
sagaHel HadanbEele yeaosua f(0) =y, f'(0) = v,.

’ 4. Ilaneane Ten B atmocdepnoii cpene. Paccmorpum Gonee
enoxunlit npumep. [Ipu nagenuu Ten B arMmocdepe HYXKHO YUYUTLIBATH
COIIPOTHBJIEHHE BO3AYXa. JKCIEPUMEHTAJNLHO YCTAHOBJEHO, YTO CHJIA
COIIDOTHMBJIEHHUSI BO3[yXa UPOIOPIMOHANLHA CKODOCTH JBUMKEHWA,
T. e. cuna F, pedcrBymomags Ha Teno, paBHa F ()= mg— kR (1),
rge m — Macca Teja, § — YCKOpeHHe CBOGoZHoro mameHuda, h (1) —
KoopauHaTa Ha nOpamMoH (oce Oh HampaBjeHa BEPTHKaJBHO BHHS),
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k — roaddunuent nponoprmonansHocTu. [lo Bropomy 3axony Heloto-
Ha F = ma, noaToMy noJiyyaeM ypaBHeHUE

mz" () = mg — k2' (t), T.e. 2" (t) =g - 7’;- 2'(t),

KOoTOpoe yAo0HO paccMaTpmMBaTEk Kak AuddepeHInalbHOE YpaBHEHHE

v () =g - bv (t), Tae b =% >0, (10)

OTHOCHTEJbHO CKOPOCTH ABUMKeHuA U (t) = 2’ (¢). Jas Toro uTodsl mMpu-
BECTH 3TO YPaBHeHHe K 3HAKOMOMY BHAY, BBeJeM HOBYIO HEH3BECTHYIO

dyarIUIO ¥ (1) = % -v (t), Torza y (1) =(% ~-v (t))' =-v' (1) 1 ypaBHe-
Hue (10) sanmceiBaeTcd B Buje

-y @) =by (), T.e. y'(¢)=-by(®),
PeIIeHUA KOTOpOro ys:ke wusBecTHbl: y(t)= Ce™®. CrnepmosarennHo,
v(t)=%—y(t) =i§ —Ce %,
®yuxuua y = e y6rsaer Ha R, Ipu 5TOM ee 3HaUYeHHA HEOTPa-

HMYEHHO yMeHBIIaloTcsa Opu Bospactranmu t (r.e. Ce? — 0 npm
t > oo gaa moboro C). 3To O3HauaeT, UTO CKOPOCTH NpUOIHMIKaercsa

K MOCTOAHHOMY 3HAYEeHHNIO %, KOTODPOE 3aBHUCHUT OT BeJHYHHEI K03 du-

IYeHTa IPONOpIMOHANBHOCTM k£ U Macckl m. Hampumep, mpu 3a-
TSUKHBIX IPBIKKaX (mapamrioT He PacKpbIT!) sTa CKOpPOCTHL DPaBHA IIPH-
MepHO 50 M/C, a CKOPOCTHL IAPANTIOTHCTA NPH MPHU3EeMJEeHHH (Korma k
SHAYNTENLHO 6oJibilie) oKogo 4—5 M/c.

PaccmoTpeHHbBIe TPHMEPE! MO3BOASIOT HAM IOHATH, HACKOJLKO
MOINHBIM alllapaToM HCclefoBapus aABIdAlTCa JauddepeHnuanpHuie
ypaBHeHns. OueHBb 1acTO 3JIeMEHTAPHBLIC 38KOHBI, YIIPABISIOIINE KAKUM-
Jubo HpoIeccoM, 3amMUCHIBAIOTCS B BHAe JUdIEpPeHIINANLHLIX ypaBHe-
Huii. [{1sa Toro uTofb! BRIAACHUTH, KAK IIPOIECC PA3BEPTHIBAETCS BO BpeMe-
HU, OPUXOAUTCA HTH JuddepeHNMNATIbHEIE YPABHEHUA PEINATE.

YnpaxHeHus

568.— IIpoBepbTe, uTo pyHKUUE Yy () ABIAAETCA pelIeHHEM SAHHOTO
. AnddepeHINATBEHOTO YPABHEHHUS:

& a) y(¥)=3cos (2t +m), y"' =-4y;

. 1 m 1
6 t)y=4sin| =t —-— |, "= _2 ys
) 4B s (2 3] y 4y

B) y(t) =2 cos 4t, y" + 16y = 0;
r) y (1) =% sin (0,12 +1), y" + 0,01y = 0.
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569.—

570.—

’os
g

571.

572,

573.

574.—

575.—
576.—

577.—

579.

Ioxasxxure, yTo QyHEKNHA y = He3* ynosieTBOpseT ypaBHEHHIO
y' = 3y.

Hdoraxkure, uTo QyEKIHNA Yy = Te~2* yaoBieTBOpAeT YPaBHEHUIO
Yy =-2y.

Hokaxure, 4To PyHKIHA y = 3¢~ '* yAOBJETBOPAET YPaBHEHUIO
y =-Ty.

Haiinnre Kaxoe-#mbynps oTiHMYHOe OT HyJasA pelueHue sudde-
PeHIUAJILHOrO YPaBHEHUA:

a) y" = —25y; 6) %y” + 4y = 0;
B) 4y" + 16y = 0; r y" = -—i y-

Hannmure auddepeHRnalbHOe VPABHEHHE TIaAPMOHHYECKOTrO
KoJeOaHuA:

a) x = 2 cos (2t — 1); 6) x = 6,4 cos (0,11: +$);

B) x=4sin(3t—§); r) x =0,71 sin (0,3t - 0,7).

Jloxaxure, 4YTO CyMMa JBYX TapMOHHMYECKHX KoJae0aHUH
x, (1)=A, cos (o, + (p12 U x, (1) = A, cos (0, + @,) Gyzer me-
puoguvYecKoil GyHKIHelH TOrAa M TOJBKO TOrAa, KOrZka OTHOIIIe-
[0
HHe YacTOT eCTh PAamHAOHAIbLHOE UHCIO F, T. €. —- =T,
®2
Ot m MyAIrpaMMoB pagus C dyepe3 ¢ MUHYT PAAHOAKTHUBHOI'O
pacmana OCTajoch n MuiaaurpamMmon. HaligmTe mepmox moxy-
pacnana pazgusa C.
K mavany paamoakTHBHOTO pacuaga umeau 1 r pagua A. Yepes
CKOJIBKO MHHYT ero ocraserca 0,125 r, ecau ero mepuoZn moay-
pacnaza paBeH 3 MuH?

ITepuox noaypacmaza pajuOaKTUBHOIO BelecTBa paBed 1 u,
Yepes CKONBKO 4acOB ero KOJHYECTBO yMeHbmUTes B 10 pas?
Brruucanre, Kakasa jpoad pagus ocraderca depes 1000 Jer,
ecIH TepHof ero nojaypacnaga pasex 1550 jer.

OzHO Teno wmumeer Temmeparypy 200°, a agpyroe — 100°.
Yepes 10 MUH OCTHIBAHMS STHX TeJ HA BO3AyXe C TeMIEpaTy-
poii 0° nepsoe Teso octhio Ao TemmepaTyprl 100°, a Bropoe —

% no 80°. Yepes CKOJBKO MHHYT TeMIOepaTypel Tel CDaBHA-
& rorca?

(Temnepatypa tena T (f) ymoBiaeTBopseT ypasHeHmio 1V (t) =
L=k (T -T,), rne T, — TeMnepaTypa OKpy>Kalomieii cpejsl.)

JIBa Tesa mMelT OJMHAKOBYIO Temneparypy 100°. OHn BriHece-
Hbl Ha Bo3AyX (ero temmepatrypa 0°). Yepes 10 munm reMmepa-
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Typa ogHOro Tena crana 80°, a Broporo — 64°. Uepesa CKOILKO
MUHYT HOCJe HAadajia OCTHIBAHKHA Pa3HOCTh MX TeMmiepaTyp 6y-
aetr paBHa 25°7
580.—~ MoTopHaa JogKa IBUMKETCS MO 03epy co cKopocThio 30 xM/u.
KakoBa CKOPOCTE JIOZKH depe3 3 MUE NOCJe BBIKJIIOUEHHA MO-
ropal (BocmonbayiiTech TeM, YTO CKOPOCTHL JIOAKH v (t) yao-
BJIeTBOPAeT auddepeHnnaIbEoMy ypasaeHuo U’ (&) = —kv (1),
rae k =%, U — CKOPOCTb B METPax B MHHYTY.)

CeBegeHns n3 ncropum

1. O mpoMcxokIenuMn TepMMHOB H o0ozHauenmit. K ymmomxe-
HUI0O PAaBHBIX COMHOKHTEJEH NPHBOAUT pellleHNe MHOTHX 3agad. Ilo-
HATHE O CTEIIEHH ¢ HATYPaJbHBLIM NOKa3aTejeM BO3HHKJO yike B [Ipes-
He#t I'penuu (BrIpaskeHHe keadpam Huciad BO3HHKJIO IIpH BBIYHCIIE-
HUM IJIOWIaJW KBazpaTa, a Kyl uucla — IpHM HAXOXKAEHUH 00DeMa
kKy6a). Ho coBpemernble o6osHadeHus (tuma a®, a’) B XVII B. BBex
HexapT.

HpobGHbIe mMOKasaTeNu CTemeHM M Hambojiee IPOCTHIE IIpaBuia
OeHCTBHHA Haj CTeNeHAMHN ¢ JPOOHBIMH IIOKA3ATENIAMH BCTPEYAIOTCH
B XIV B. y dparmysckore matematuka H. Opema (1323—1382). Ha-
BectHo, uYto Illoxe (or. 1445—ok. 1500) paccmaTpmBan CTeIeHH
C OTPHUIATENbHBIMH U HyneBlin noxasaTenramMu. C. CTeBHU H mpexn-

JIOKHJI MOAPasyMeBATL IIOL a" KOpeHb “Va. Ho cucreMarnuecku
panyoHanbHBIE NOKA3ATEIHN HEePBHIM cTail ynorpebaars HuioToH.
Hemenxuit matemarux M. llltndens (1487—1567) nan onpe-
menenne a’ =1 nopu a # 1 m BBea HasBaHme nokasameas (3To Oyk-
BEHHEIN niepeBof ¢ Hemenxoro Exponent). Hemenkoe potenzieren
osHauaeT 6038edenue 6 cmenenb. (Orcioma TPOMCXOZUT U CJIOBO
nomenyupoéams, 4acTo ymorpebigeMoe IpH mepexojax THUIA

- log, F(x) _ ,logg g(x)
log, f(x) = log, g (x) =>a™*" =q °*° .) B cBow ouepesn Tep-
MEH exponenten BO3HHMK IIDM HE COBCEM TOYHOM IepeBOje C rpede-

CKOrC €JioBa, KOTOpeIM JIumodauT obfosHauan KBaapaT HEU3BEeCTHOM
BEJIMIHHEIL,

Tepmunsl peduxan B KopeHs, BBeJeHHBIe B XII B., mpoumcxoaar
OT naTUHCKOro radix, mMewmInero JABa 3HaUEHHSA: CMOPOHA U KODEHbD.
I'peuecKkiie MAaTEeMATMKHN BMECTO <«H3BJe€Ybh KOPEHBL» TOBODMJIM: «HalTH
CTOPOHY KBaJpaTa IO ero AaHHON BeamumHe (ILIOIaAMu)». 3HAK KOPHA
B BHAe cuMBoja \ HOABAICH Buepsnie B 1525 r. CospemeHHBI# cuUM-
BoJ BBegeH Jlexkaprom, f06aBUBIIMM TOPHM3OHTAIBHYI0 YepTy, HuioTOH
yiKe YKa3bIBaJ IIOKa3aTeju KOpHeii: 3\/—', “NF .

CinoBo n102apuhm TPONCKOAUT OT IpedecKoro A9yog (OTHOIIEHHE)
M dplOudc (YHCI0) W TEePEeBONUTCH, CJIENOBATEIBHO, KaK OMHOWEHUE
yucea. Bribop wusobperarenem (1594 r.) norapudmor I:x. Hemepom

269 lloxasarcanan » gdorapudgmuuecran dynnunn



TAKOr0 HA3BAHWA OOBACHAETCS TeM, UTO Jorapndmrl BOZHMKIN PN
COIIOCTABJIEHMYU ABYX UMCEN, OXHO U3 KOTOPHIX fIBJfeTCA 4WIEHOM apud-
MeTHUIeCKOH IIporpeccuy, a APYroe — reoMeTpudeckoil (cM. HuMKe).
Jlorapudmsl ¢ ocHoBaHueM e BBeal Cnoedizea (1619r.), co-

CTaBUBINMI mnepsble Tabaunel aAaa ¢yHkuuu In x. HasBanume Gonee
' IMO3OHEro MPOMCXOXACHHA HAMYPALbHbLL (eCTECTBEHHBIN) 00BACHIET-
CH «EeCTEeCTBEHHOCThbIO» 3TOro Jorapubpma. H. MeprarTop (1620—
1687), mpesyoKuBIIMiE 3TO HasBaHue, OGHAPYXKHJ, UTO AJA JI0GOTO
%, > 1 umemo In x, — aTo miomMans QUTryphl, OrpaHMuYeHHOM runep6o-

Jgo#t y = i, ocpi0 abciuce M OpAMBIME X = 1, x = x,.

2. Uz ucropuu norapucpmoB. B Teuenue XVI B. pesxo Bo3poc
o6'beM paboThl, CBSIBAHHBIN € NpOoBeneHUeM NPHOJMIKEHHBIX BBEIUHCIIE-
HUE B XOJe pellleHHs PasHBIX 3aa4, ¥ B IEPBYIO OUepelb 3a1aY ACTPO-
HOMUH, HMelooell HemOCpPeACTBEHHOe INPAKTHYECKOe IIpUMeHeHHe
(B YacTHOCTH, IIPH OIpeAeNeHUN IOJOXKEHUA CYNOB II0 3Be3faM H IIO
Connny). Hanbonsmune npobsemsl BOBHUKANIHN, KAK HETPYAHO IOHATH,
IpY BHIIOJHEHHM OIlepalMil YMHOMEHHA U JeaeHusd. IlonvITKu ua-
CTHYHOrO YIPOIIEeHWA ITHX Omepanuil IIyTeM CBeJeHUA HX K CJIOXKe-
HuMIo (Gbla cocTaBjeHa, HANpuMeD, TabauIla KBAAPATOB LIEJEIX YHCEJ
or 1 mo 100 000, nosBoasroniasd BLIYUCIATL HPOM3BeleHHA MO Gop-

Myne ab = i (a+b)? —41 (a -b)2) Goabmioro yemexa He OPUHOCHJIH.

IlosToMy oOTKpbITHE JIOTAapU(PMOB, CBOAMALLECE YMHOMEHHE H J[eleHUe
YHCeN K CJHOKEHHIO M BBIYMTAHHIO X JOTapudMOB, VAJHUHHJIO, IO BbI-
‘paskeHuIo Jlannaca, KU3Hb BBIYHMCJINTENEH.

Jlorapudmsl HeoObIYaiiHO GBICTPO BOIULJIH B NpakTury. Usobpera-
TeIH JOTapudMOB He OrPAHMYMIKMCH paspaboTKOX HOBOH TeopHu.
BalI0 ©O37aHO NPAKTHYECKOE CPE/CTBO — TabJMHILI JIorapudMoB,—
PE3KO IIOBBICHBINlEE MPOHU3BOAUTEIBLHOCTh TDPYda BhIumcaureseit. [oba-
BUM, uTO yxKe B 1623 r., T. e. Bcero uepes 9 JeT mocse M3aHUA TIEp-
BBIX Tabuur, aarauiickuM maremaTukom [l. I'anmTepom OpLia mszobpete-
HA nepBas jorapudMUUecKas JHHENKA, CTaBIIasd paGouMM UHCTPYMEeH-
TOM AJIS MHOTHX HOKoJeHu#. (BnioTs g0 caMoro nocjiefHero BpeMeHH,
KOrJla HA HAIIMX TJIa3aX I[IOBCEMECTHOe pAaCIPOCTpPAHEHWEe MOJIy4yaerT
3JIEKTPOHHAA BLIYHCAATENbHAA TEXHUKA W pPOJAL JOrapudMoB Kak
CPEACTBA BHIUHCJIEHHNH pe3KO CHUIKaeTed.)

IlepBrie Tabuuiel JOTapu(pMOB COCTABJEHLI HE3aBHCHUMO APYT
oT apyra moriaangckuMm maremaruxoMm xx. Hemepowm (1550—1617)
u mBeiinapueMm W, Bropru (1552—1632), B Tabnuner Henepa, usgan-
HBle B KHHrax moi Haspamuamu «QOnucanve yXHBHTENLHOH Tabaunb
gorapudmoe» (1614 r.) B «¥YcTpoHcTBO YAUBHUTENbHOH TaOJIHIBI JIO-
rapudmoB» (1619 r.), BomIm sHadYeHHS JorapudmMoOB CHHYCOB, KO-
CHHYCOB W TaHTeHCOB Jjs yriaoB ot 0 go 90° ¢ mrarom B 1 MHHYTY.
Biopru moJroToBus cBou Tabauubl IorapudMoB 4YHCeJa, O-BUIUMOMY,
K 1610 r., 5o BeINIJIM B cBeT OoHM B 1620 r., yxe mocie uanauus Tab-
aul Hemepa, U 103TOMY OCTAJMCh HE3aMEUEHHBIMH.

270 1lokasarenbnas n aorapupmuueckan hyHkunm



Henep [AxoH

(1550—1617) —

aHrnuMCKUin matematnk. N3obpertatens norapmcmos,
coctasutens nepsoi tabnuubl norapvuchmos, obner-
yuBWeEN paboTy BLIMUCIUTENEH MHOMMX NOKONeHUA
v oKasastlen 60NbLIoe BAWAHUE HA pas3sUTUE npuno-
XEHUA MaTeMaTuKuU.

Onna u3 BaKHEIX HAEH, JeKaIllUX B OCHOBe M300peTeHHs Jiora-
pudmMoB, 6bina yike mabecTHa. Itudens (1487—1567) u pag apy-
THX MATEMATHKOB 00pATHIM BHUMAHHWE Ha TO, YTO YMHOXKEHUIO U Aee-
HHUI0 YJISHOB IeOMeTPHYECKOH mporpeccHu

v, @, a2, al, 1, a, a?, ad, ...

COOTBETCTBYIOT CJOXKEHHE H BHIUHTAHHE IOKasaTenel, o0pasymoiInx
apupMEeTHYECKYIO [IPOrPEcCHI0

ey =8, -2,-1,0,1, 2, 3, ....

Ho opsoit aToit maeu HezocrarouHo. Hampmmep, «CeThb» IEIBIX
cTeneHel umcia 2 CIMIIIKOM pPefKa; MHOPHE UMCJa «OCTalTcA 6es Jo-
rapudMoB», IMOITOMY HeoOxogumma ObmJIa elie OgHA HIeA: BO3BOOHTH
B CTeNeHb 4YHCIa, OUeHEL OJM3KHEe K eIUHHIEe. 3aMeTHB, UTO CTelleHH

n n+l
(1 + L) u (1 + —) npu 6onpmuX 3HaveHnax n 6ausku, Hemep
10" 107
u Bopru npumsaad aHajdorudyHoe pemlenne: Hemep 6pan B KauecTBe
OCHOBAaHMA YHCJIO (1 B ), a Bropru — uncio (1 + 1. .
107 104

HanpHelmmii X0 MX pPacCyKAEHHH M ONKCAHHEe CXeM BLIYHCJIe-
HUJA IepecKasarb AOBOJBHO TPYLHO KaK IOTOMY, YTO MMeEETCS MHOrQ
HEMPOCTHIX AeTajneili, TaKk U HOTOMY, 4TO BooOIme TexkcThl XVI B. Zo-
BOJIFHO TYMAHHBEI. 3aMETHM TOJBKO, UTO (QaxTudecku gpasiee Hemep

107
MepexXoAuT K OCHOBAHHUIO (1——17 , a Boprm — K O0CHOBAaHHIO
10
1 104
(1+WJ . OTO He HUBMEHWJO CYINecTBa Aeka (KaK BaM HM3BECTHO,

log . x= 1%,,—10&1 X, M IOITOMY YKaszaHHBIE NEpPeXOAbl IPHBOAAT
a

JUITL K [IePEeHOCY 3anfATOoH B Jorapudgme), HO MO3BOJINUIO HECKOJILKO
YIPOCTHTH BLIYMCJICHUS U caM¥ TaBJIHITHL.
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Takum ofpasom, IO cymiecTBy, 006a msobperarensa gorapudMos
OPUILIHA K BEIBOAY O LEJIECO0BPa3HOCTH paccMOTpeHMSA creleHell Buja
M

(1+ ﬁ) , rie M — ouenp Goasmioe dnciao. PaccMoTpeHHe umcela Ta-

KOro spja InpHBOAHUT K H3BECTHOMY BaM YHCIHY e, KOTOpoe onpeneys-

n
Joch Kak lim (1+l) (onpemenenue mpejena INOCHEA0BATEIbHOCTH
n—w n

zaHo B «CBeieHMAX H3 mcTropun» K rjase III). Ocranock yixe HEMHOTO
IO HOeH NPHHATHS B KAUeCTBe OCHOBAHMSA JOTapu(pMoB umciaa e (oc-
HOBaHUA tabamusl JorapudmoB Biopru cosBmajaeTr ¢ TOYHOCTBIO [0
TPEThero 3HaKa ¢ ¢, ocHOBaHWe TabGamMnel JorapudmoB Henepa 6am3ko

K YHACHY l).
e

Ilepsrie Tabaunpl gecaTuuHbIX Jorapugmos (1617 r.) 6pliu co-
craBieHH no coseTy Hemepa amramiickum marematnkoM I'. Bpurr-
coM (1561—1630). MuOorMe M3 HHX ObLLIM HAHAEHE] C MOMOINBIO BHI-
BegenHOIt Bpurrcom npubanixensoit GopMyJsn

log, a ~ 2Ya-1)
10 m(W—l)’

ZOCTATOYHO TOYHOH npH 0OJBIIMX 3HAYEHHAX m U n. Bpurrc Gpan sHa-
YeHHs m U NI B BAJe cTeleHell ABOMKH: 9TO JABANO €My BO3MOYKHOCTH
cBecTH BHUHCIeHMe 3¢ u V10 K IIOCIEfOBATENLHOMY HSBIEUCHHIO
KBaJPaTHBIX KOpHeIi.

Ipyraa ugess Bpurrca mossojiseT HaAXOAUTh 3HAUEHHA AECATHY-
HBIX JOrapudMOB HEKOTODPHIX UMCEJ CAMOCTOATENbHO, 6e3 oMoy
rabnun. Ilenasa gacTs Jorapudma IeJIOTO UHCIA HA eSUHMILY MEHbIIe
KonndyecTBa nudp B caMoM 4ducrae. [Iosromy, HAOIPUMED, IJIA HAXOMK-
JeHuda lg 2 ¢ TOYHOCTHIO OO TPeX 3HAKOB AOCTATOYHO HalTH YHCIO
nudp 21°°. Bro me ouens TpyaHO.

IIpn cocrapienun Tabaun Jorapu(p)moB BAKHYIO POJb CHITDAJO
Halifendoe Henmepom u Biopru coormomernme MexJy NpUpamieHUAMU
Ax m Ay B npogasonmoﬁ TOuKe X, A QyHKHHN y= log, x. OTBNEKa-
ACk OT feTajielf UX CHCTEMBI M3JIOMKEHHUSI, OCHOBHOH pe3yJBTAT MOXKHO

A
BBIDAa3NTE TaAK: A—y = —’E, roe B — HEeKOoTOopasa NOoCTOAHHAaA. Eciau ocHoBa-
X X

n
HHE Jorapu()MOB — CTEIEHb (1 + l) , I'le n — ZOCTATOYHO GOJIBIIOE
n

A
YKCJIO, TO 4 = l.
Ax x

Yerpemaas Ax K HyJo, IpUXoanM K AuddepeEnuaibHOMY ypaB-

HEHHIO Y = l, pellleHMeM KOTOPOTO, KaK BBl 3HaeTe, siBjiAeTca GyHK-
x

nua In x + C. CymecTByeT cHcTeMa H3JIOKeHHMA, IIPH KOTOpoii In X,
X0

C CaMoro Haudaja oIlpezaesaeTrca Kak I«‘i—x, T. e. In Xy — njaomaib
1
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KPHMBOJHMHEHHON Tpaneluu, orpasudenHo runepboaoit, ocslo afecnuce

H OPAMEIME ¥ = 1 U x = x,. BEiBox M3BecTHHIX BaM CBOiCTB Jorapud-
MOB, HCXOJA K3 9TOrO ONpeAeIeHHus, He OYEeHb IIPOCTAR, HO JOCTYIHAA
BaM 3ajada.

BOHpOCbI W 3afavd Ha nosToperne
1. 1) Maitre onpegenenre KOpHA n-#i cTemeHu M3 uUmcaa. UTo Takoe
apudMeTUYeCKN# KOPEeHb n-H cremeHu?
2) Haiiznte sHaueHHe:
a) ¥-27; 6) Y625; ) V-128; 1) 6/612‘ n) (V).
3) PemnuTe ypaBHEHUE:

3 _ . 4. 64 5 .1, 4_ _16.
a) x*=125; 0) x*=64; B) x 243’ ) x 16

2. 1) IlepeuncauTe OCHOBHBIE CBOMCTBa apudMeTHUYECKHUX KODHEH.
2) IlpeoOpasyiiTe BEIpa)KeHHE:

a) V8- V4 6)%55‘ B) (“—21)2; r) ,/—"452-
(4

3320 8
3) Kaxoe u3 uucesn Gosnure:
a) V128 nam V; 6) 2190 gau 10020

B) 326 mu %; r)55mm HEY

3. 1) [aiite ompegeneHMe CTeleHH ¢ PAI[AOHAJLHBIM IIOKA34TENEM
¥ TIEPEeYMCANTEe OCHOBHEIE CBOHCTBA TAKMX CTeleHeH.
2) Haitante 3HAaueHHeE:
1
12513 ° (4 4 81 Yt
3 5 4
a) || =2 ; 6 64:25-(2“’)' B) 16 4; 1) | == |*.
(2] 5 e ; w164 (8L
3) Kakoe u3 uucen Gosblre:
5

5 _2 _8
a) 316 wm 2¢4; 6) 33 uam 9 4;
4 .4 .2
B) 0,37 uim 0,3 7; r) 5% wm 59962

4. 1) IlepeunciuTe OCHOBHBIE CBOMCTBA NMOKA3ATEJbHOH GYHKOUM.
2) Ilocrpoiite rpadpux PpyHKRINA:

a) y=4% 0) y=(i—)x; B) y = 6% 1) y=(%)x-

3) Kakxoe u3 guces Goasble;
J3

a) 2% pan 2?; 6) 1,23 mam 1,2V5;
1 5 NEY
B) (E) HIH (%) ; r) 0,3 uau 0,337
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1) a) Haiizure KopHHM ypaBHeHHA a* =a‘ (g > 0, a =-1).
6) Pemute HepaBeHCTBO a* > g° (paccMOTpHMTE J[ABa Cciaydad:
0<a<1lwuma>1l.
2) Pemnre ypaBHeHmHe:
1

a) 27% =9%; 6) 9514+ 3%+2= 18;
B) 0,5%°+*-2:5 = /2, r) 8%+2- 3% =12
3) Pemmte HepaBeHCTBO:
a) 5r2-1>%; 6) 0,2%°-2 > 5;
1 x+1
B) 3"<1; ) [—) > 4.
9 2

1) Haiite ompegenenue jgorapudma uucia,
2) Hatigure:
A
a) log, 16 v2; 6) log,, 25; B) 1g 0,01; r) log, V3.
3
3) 3amuurure ocHOBHOe JorapudmMuueckoe ToxzgecTsBo. C ero mo-
MOIIILI0 BBIUHCIHUTE:
1 1+logy 3 11 2
a) 32+log35; 6) (5) ; B) 5 T%5%. 1) 0’21+1080.25.
1) Ilepeuncaure OCHOBHBIE CBOiiCTBa JaOTapHU(MOB.
2) IIponorapupmMupyiiTe mo OCHOBaHWIO a4 BoIpaxkeHue (¢ > 0,
b>0):

ct

a) 1657 3¢ npu a = 2; 6) opu a = 10;
3100 b
3
B) ﬂJ—Z npu a = 3; ) 0’—4%? opu a = 0,7.
ct cdye

3) Haiigure x, ecnm:
a) log; x=21log, 7+ % log, 27 —g log, 16;

6) log, = 2 log, 5 -% log, 8 + log, 0,2;
B) log, x = log, 1,5 + % log; 8;
r) lgx=1+21g3—%lg 125.

1) HatiTe ompegesenue JOorapudMHUUYecKod GYHKOHM M Iepedmc-
JIATEe ee OCHOBHEIE CBOMCTBA.
2) TlocrpoiiTe rpadbur GQyHKIMHK:
a) y = log, x; 6) y:logl(x—l);
5
B) y = log; x; r) y=log, x+1.
4
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10.

11,

12,

3) Kaxoe uucnao Gossiue:

a) lg 7 unmm 3 lg 2; 6) log, 5 uan log, 6;
3 3
B) log, 5 niaum log, 6; r) log, 3 nnu log, 2?

1) a) Vxamure Bce KOpHM ypaBHeHus log, x=b (¢ >0, a=1).

6) Pemvre HepaBeHCTBO log, x > log, ¢ (paccMorpuTe ABa CIy-
yaa: 0<a <1, a>1).

2) Pemure ypaBHeHHE:

a) log, (x — 15) = 4; 0) lg2x+21gx=8;

B) In2 (x — 2) = 4; 1) lg (x%2 - 2x - 4) = 1g 11,
3) Pemure HepaBeHCTBO:

a) logye x > 2; 6) lg x<-2;

B) Inx > -3; r) log, x <1.

1) 3amumure ¢opMyay INIPOU3BOAHON Aas GYHKIHUM Y = e”,
Yy = a*.
2) HaitiauTre npoM3BOAHYIO0 QOYHKIIHH:

a) v(x)=5— 201~ 3%, 6) u(x)=3-57*-1;
2x
3) Haiinurte ofmuii Buj mepBooOpASHBIX g GYHKIUU:
a) v(x) = e5 - Te™*%; 6) u (x) = 5e0'%;
B) g (x)=e 1) f(x)=e?.

1) Kaxyio npoussoguylo umeer bynsuua y = log, x? Hafigure 06-
muii BEA NepBoobpasHeIX And byHKDuM [ (X) =%.

2) Haiiagure nNpoMsBOAHYI0 QYHKIINN:
a) y=x1n 3x; 6) y =log, (7 - 2x);
B) y = 2 log, x; r)y=ln§.

3) Haiinure obunii Bug nepBoobpasHbIX Aasa QPYHKIIUHN:

) f(=L; 9 gm=-L; Du@=2 1 hrx= 2.

1) Kakymo npousBozHyw uMeeT cTeneHHAA QYHKIHUA y = x¢?
2) IocrpoliTe rpadpuxk GYHKINN ¥ HalguTe ee IPOM3BOLHYIO:
a) y=x7; 6) y=x% B) y=x%% 1) y=x2,

3) Haiiagure npubnmixenHoe 3HaUYeHUE:

a) 3/32,02; 6) V127,9; ) 3/64,3; r) 1/80,6.
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13. 1) Kakue ypaBHeHHA HA3HIBAIOT HPPALUOHANBHBIMHA? -
2) Pemnre ypaBHeHUE:

a) Vx-3=2x-T; 6) ¥2x+3=2;
B) x—Jx =12; r) x+3=+33+x2.

3) Pemrure cucremy ypaBHEHMIi:

G [T g e

x—-y=9; xy =16;
8) Ja+ . fy =4, o) x2+y="1,
x-y=8; xty=12.
14. 1) Yro HazblBalOT pelleHHEeM CHCTEMbI ABYX ypaBHEHHH ¢ LByMA
TNepeMeHHBIMU?
2) Peurure cucTreMy YpaBHEHWMIi:
x—3y=5, 52x—y=0’2,
a) { esor 1 6) B .
2% x=z; 5¥-* =125;
) 2xy=9, ) 33x+y=\/—§,
r
4*-2 = 1; 5x -4y =15,

3) Pemure cucTeMy ypaBHEHUII:
x-y=4, 5) 3*-%y =1,
log, x-log, y=1; lgx+lg(y+5)=2;
l — =2, 2 2 s
8) og;(bx—-y)=2 r) x4+ y 26
xy =2; log, x =1+log, y.



3aJauM HA MOBTOPEHHUE

o SR I |

§ 1.

HelicTBUTENIbHBIE YHCJIA

1. PauyuoHanbHsble U UppauUOHanbHbLIE YUCN3

BepuO nM yTRepiKACHME!
a) ecJ¥ HATYpaJbHOe YHCJIO JenurcA Ha 6, TO OHO AennTcd HA 3;

6) ecsm cyMMa ABYX UHMCEJ — YeTHOE IHUCJI0, TO Ka)Joe cjarae-
MOe YeTHO;

B) ecqId IpOM3BefieHHEe ABYX UHCEN DPABHO HYJIO, TO KAKABIH
MHOKHTENb PaBeH HYJIIO;

r) ecqix Ky® HEKOTOpPOTo 4YHCAA OeJAMTCA Ha 8, TO DTO YHUCIO
gyeTHO?

HoraskuTe, 4TO CyMMa TpexX MOCJEAOBATEJLHEIX HATYDPAIBHBIX
upces AeJHUTCA Ha 3, a KX OpousBeieHMe — Ha 6.

K uncay 523 ponmmumre aABe mudpH cHopaBa Tak, 4TOOH mONy-
YeHHOe MATH3HAYHOE YHCJIO AeNHJIOCH HA:

a) 3 n 5; 6) 8m 9.
Hoxraxnure, aro umeao 1056 — 1 geamrca mHa 3 m 11.

B aBysnauHOM umcie nudpa efunnn Ha 2 Goasme mudpn gecsar-
KoB. Camo umcyo Gonpure 30 u mennpme 40. Haitgure 1o uncino.

HdoxasKuTe, 4TO ecau ApoOb % HECOKpaTHMa, TO HECOKpaTHMa
b
u apobs 22,
Ap a+b
Joxaskure, 4TO!:
a) la|=|-al; 6) x<|x|; B) |x|2=x2

Hafignre snavyenna srpamenuii (8—9).

2,75:1,1+ 31 3l:10+0,175: L
3 . 3 20 .
a) 1)’ 6) 3 .11 51
-04./-81 18 141 ol
2,8 0’4( 33] 4 17 56
1 1 1+%.0125
4 - :121:2, 122, - .
B) (1, 35 14) 2,4+34 2¢ r) — 16
1+2,2:10
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

0,52-0,5 1,22 -1,82

; 6) —— )
2) 0,42+ 0,12 +2.0,4-0,1 ) ,2.-0,2-1,2.0,8’
) 2 y 2"'2‘ ’6' ’ 2
5) 0,62 + 0,1 0 01; r) (1§‘J _(4_5__2’4):§.
1,5-1,52 5 8 8

Yxaxure BepHble UUGPHI B 3amuCH NPUOAMIKEHHOrO 3HAYCHUA
qucaa:

a) 3,82+0,1; 6) 1,980 - 10* + 0,001 - 10%;
B) 7,891 +£0,1; r) 2,8 -10%+0,3- 10,

Ionsaysce ¢opmymoin (1 + x)” ~ 1 + nx, BhHUNCAHTEe NpUGIA-
JKEeHHO:

a) 1,002%; 6) 0,9974; =) 2,0043%; 1) 3,015,
WUssecTHO, uTO a ~ 11,5, b = 3,8, Haiigure npubiauxeHHoe 3Ha-
ueHMe BhIpaykeHnms: a) a+ b; 6) 3a - b; B) ab; 1) %.

SanumuTe B BuZe OOBIKHOBEHHOH Apobm:
a) 2,(3); ©6) 0,(66); B) 1,0(8); 1) 1,(33).

IIOK&)KI’ITG, 4TO HE ABJISAETCA PAIlMOHAJBHBIM KaxKLoe U3 YHCeJl.

a) v5; 6) 247; B) V5+1 1) g

Bepro 11, uTo cymMMa (IpousBefeHUe) ynucesx a U b aBiagercs pa-
UHOHAJBHEIM (MPPalHOHANBHBIM) YHCJIOM, €CJIH:

a) @ 1 b — panuOHAJBbHBIE MHCJAa;
6) a 1 b — UppanHOHANLHLIE UHNCJA;
B) a — panuoHaigpHOe, a b — uppamuoHAILHOE YUCI0?

Haitnure ¢ Tounoctsio zo 0,01:

a) v2+2; 6) v5-2; B) V3+2; 1) J6-1L.
9 7 6 11

Pacoonosxkurte 4yucjaa B nopaaxKe po3pactaHud. yHa?KHTe, KakKue

M3 HHX ABJIAKTCA DPaAamHOHAJIBHBIMH, a KaKHW€ — HppanHaOHaJb-

HBIMWA YHUCJIaMH:

a) V8 -2 -1L7T; I 6) log, 3 ~1; 35 —5;
B 0,2 L -V 1) e ~1,6); VI0; Ig 100.
Cpasuute umcaa (18—19).
a) 1 m 6) (VB+2) u JIT;
g leg
B) logs 7 u log, 3; r) (WV7T+3) u 31.
a) 156310 p 1Qloes’®, 6) (vV2 ++/3) u (30— /3);
B) sin 2,1 u sin 7,98; r) (V8 +5) u (V3 ++10).
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20.

21.

22.

23.

24,

25.

26.

27.

I[oxcaxcm*e PaAnOHANBHOCTD YHC/IAa:

V8 +42

o G -2

6) (V2 +1)% +(1-V2)? - (VT + DT - 13
JT+45

5 T

r) (318 +2 V8 +4/50): /2.

2. MpoueHTbl. Mponopunn

Haiigure uncno x, ecau: a) x cocrasaser 2,5% or 320; 6) 2,5%
YHeaa X paBHBI 75; B) X paBeH 4MCJY IIPOLEHTOB, KOTOPOE CO-
crapiaser 2,8 or 84; r) x cocrasasier 140% ot 35.

3a 1987 r. BHIIYCK HpefIpUATHEeM OPOAVKIMK Bospoc Ha 4%,
a 3a caeaymomuil ronx — Ha 8% . Hailijure cperHuil eXerogHbIi
IPHUPOCT MPOAYKIMK 38 ABYXJETHHI NepHOL.

K3 faHHBEIX YeTHIPEX YHCE/I NEPEbie TPH MPOIOPLUOHAJILHEl YHC-
aam 5, 3, 20, a uerBepTOoe uMcyO cocTasaser 15% Tperbero.
Ha#igure sTH 4Mcaa, €CAA BTOPOE YHCIO Ha 375 MeHbIIE CYMMEI
OCTANbHEBIX.

3a oceHHe-3MMHMI OepHOJ IleHa HA OBOIU Bospociaa Ha 25%.
Ha cKOJBKO IPOLEHTOB CNeAyeT CHU3WUTEH IeHY BECHON, UTOOEI
JIETOM OBOII[H HMEJH IIPEKHIOK IeHy?

Haiinure Heu3BeCTHLIN YJeH NMPONOPIIHH:

a) 12 l— x: 556 6) x:(-0,3)=0,15: 1,5;
5) 0,13 26, r) x _ —62.
x 3l 2,5 15

Pemnre ypaBHeHHue:

x-2 6, x _ 48,
D 5 T 9 571
B) x-3 =85, r) 4-x_ 5

x-2 15 1,2 x+3

Yepes Touky E cToponsl AB TpeyronbEnka ABC npoBegeHa nps-
Mad, napajyiensHasa cropoHe AC. Haiigure:

a) OTpe3xkM, Ha KOTOpPHEIe mOpaMas JeauT cropony BC, ecau
AB = 22,5 cm, AE = 18 ¢m, BC = 15 cm;

6) mnonjazu GuUryp, Ha KOTOphle AeIuUTCH TpeyroabHUkKk ABC,

econ AB = 7,5 cm, AE =5 cm, a miolnans tpeyroianauxa ABC
paBHa 72 cm2.

279 3ajiaum Ha HOBTOpPEHHNE



28.

29,

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

3. Nporpeccum

Haiigure cymmy 20 ujeHOB apmdMeTHYECKOH IPOTPECCHH, €CJIH
IepBHIH ee 4jIeH paBeH 2, a cegbMoil pasen 20,

Mesray umcnamu 4 u 40 HafignTe Takme YeTHIpe YUCJA, YTOGLI
BMeCTe C NaHHLIMH OHH O6pasoBasiu apumdpMeTHUeCKyIO Iporpec-
cHIo.

1 1 1
log;; 2’ 10g6 2’ log12 2
IIOCJEeAOBATENILHEIMHU YjeHaMu apudMeTHYeCKOl HIpOrpeccuu.

,D;OI-C&JICPITG, arTo 4YHCcJaa ABJAIOTCA TPEMdA

CyMMa IIepBOro M MATOTO YJIEHOB apHA(PMeTHUYeCKOH NIPOTPEeCcCHH
paBHa 26, a mpousBeaeHHE BTOPOro # YeTBEPTOrO €€ YJIECHOB paB-
Ho 160. Haiigumre cyMMy IeCTH MEPBHIX YJIEHOB NPOrPECCHH.

Vupocrure Bopasenue (@ —c)2+ (b - ¢)? + (b - d)? - (a - d)?,
ecJu M3BECTHO, 4TO YHCJA @, b, ¢, d, B3ATHIe B YKAa3aHHOM IO-
pALKE, COCTABIAT I'eOMEeTPHYECKYIO IPOTPECCHIO.

V241 1
J2-1"2-42

Hdoxasxkure, uTo uucaa u % 06pasyioT reoMerpuue-

CKYI0 TpOrpeccuio.

YerrepThI WIEH reoMeTPUYECcKOM nporpeccum GoJipllie BTOPOro
Ha 24, a cymMMa BTOpOro u Tperbero pasua 6. Haitaute mepBbIit
YieH M 3HAMeHAaTeJ b IIDOTPECCHM.

Haiiiure Yncio 4eHOB KOHEYHOI reoMeTpHUYecKO NMporpeccum,
Yy KOTOpOH NepBhIH, BTOPOH M MOCAeAHHI YJeHBbl COOTBETCTBEHHO
paBHH 3, 12 m 3072.

3HaMeHATeTb KOHEUHON reOMeTpPHUYecKOd IpPOrpecCHM paBeH —1-,

3
YeTBEpThIil ee YjleH paBeH é, a cymMMa BCeX YJICHOB % Cxoas-

KO WIEHOB B 3TOH mporpeccun?

Haiigure yeTsipe 4mcja, U3 KOTOPHIX LEPBLbIe TPH COCTABJISIOT
reOMeTPHMYECKYI0 IPOrpecCHI0, a HOCJefHHE TPH — apupMeTH-
YeCKYI0, €CJHM CyMMa KpafHHX uHceJ paBHa 14, a cymma cpea-
HUX 12.

Haiinure 3HaMeHaTenp U cyMMy OGecKOHeYHO YOLIBAIONIeiH Treo-

MeTPHYEeCKON IpOrpeccHH, B KOTOpoit b, = v/3, b, = 2

J3+1
CyMMa IepBHIX TpexX 4JeHOB GeCKOHeuHO YOBIBAOIIEd reoMeTpH-
yecKo# nporpeccum paBHa 10,5, a cymma nporpeccun paBHa 12.
Hajinure ee nepBrIii YMeH ¥ 3HAMEHATE]b.

Tpu yucaa, KaMaoe M3 KOTODBIX ABJSAETCHA CTEIEHLIO C OCHOBA-
HEeM a (a > 0, a#1), cocTaBadT TeOMeTpHUYECKYIO IIporpec-
cnio. IJoxaxure, uTo JorapudmMel 3THX YHCEJ COCTABJISIOT apud-
METHUYEeCKYI0 IPOrpeccuio.
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§ 2.
ToxxgecTBeHHBIE ITPeo0pa3oBaHUA
4. Npeobpa3oBaHusa anrebpanyeckux BbipaKeHWN

PaanoxuTe Ha MHOMHTEJM:
a) a? + b2 + 2a — 2b — 2ab; 6) ¥ +(y—-1)x+y;
B) ab - 8: r) x* —x% (y? + 1) + y2.

42,

43.

44.

45.

Hoxkaxxure, uTo:

a) n*+ 2n® — n? - 2n menutcd Ha 24, ecim n € N;

6) (n2+ 4n + 3) (n2+ 6n + 8) geaurca Ha 24, ecam n € N;

B) n® - n genurcs Ha 6, ectx n € N;

r) n® - 4n genutcsa Ha 48, ecnu n € N, n — deTHOe.

Coxpature ApoOhL:

a)

ad+a®-a-1

x2+x-12

a%+2a+1 2 +8x+16
2a% -5a+2 x% -27
B) — r —————.
ab-2b—38a+6 x2y+ 8ay+9y

Vupocture Bhipamenua (44, 45).

a) (m+n—4m"):( m_._*n

m+n
ad+ b3 2 b
6 1(a?-b2) 429 ___2 .
) +b ( b )+a+b a? - b?
2
B) x 8 X 2x + x+8;
x2 -4 x%4+2x 4-x x+2
1 2 2 (c—3)2 +12¢
r) 5 + 5 ¢ + 1 . .
c2+3c+2 c2+4c+3 c2+5c+6 2
g 8___2 1}, 12
2x-y 2x+y 2x-5y) 4x%-y2’
-1
3 4 2a 3 a-12
6 + +-=22_ 1. - :
) a-3 a2-5a+6 a-—2) (2a+1) 3(3-a)’
8_8 -1
B) | TS 42x|-(4-x2)1 -2,
-2 2-x

2mn
m+n n-m m2-p2)

¥2_ 9

3+k'k2_3k 3-k
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46.

47.

48.

49.

5. MpeobpazoBaHne BbipaXEHUN,
coepXalnx pagukansl U CTeneHwu

C ﬂpOﬁHblMM nMokKa3arTenamu

OCBOGOJ.IHTGCL OT HpPaAanvoOHANBHOCTH B 3HaMeHare

22 g B m 2o
V3++5’ J5-+2’ NiT
Berunciaure:

8) J(+5-2,52 - 3(1,5-5)* - 1;
(5/3+50)(5-/24)

V75 -52 ’
5 (2197 - fa-vey ) +os:

2.6 -20
r) NI - (11 + 2 /30).

6)

Yupocture Bhipa)kesus (48—51).

g [8*2__e 2  Va-v2,
V2a J2a+2 a-+42a a+2 ’
ax/E+b\/3 JE.}JE 2.

o () (55

r)

g i) (0 05)
\/?E_ 1 ]2(5—1_\/?“)-

2Je) \Je+1 Je-1

-1
; mu] YR+ JE

PP T A
g) | (/arv8)’ =22 Ja-vb| 82646
a-b Ja+4b ) Ja+b'

o[ ()

J& Vo AT
Vob + Vato-Vabt -Vab
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50.

51.

52.

x-1 x0%+1
a) 1 x5 —1 x—zos ’
x+x2+1
1 1
11 = 1
2,2 __ ab . (ab)t —b2
6) |a?b e e
a+a?2b?
ST 3 3
2x+ x2y? x2—y? =y
D et iy - ;

—e-? i -2 _ -2
r) Lo _2e2 - -(1+1) .

L1 2 1 1 2
c2_c 2 ¢ C2—C 2 ¢
z 5 2 1
) a3 -2a3b3 + ab3 —%_
) 51 iz 4
a3—a3b3—ab3+adb
1
y*) y—x
Y B A e
2 4 4y2 x2_y2
11 1
c-1 c2+ct ;
¢ 4
B) PR T ct +1;
ct+c? cz+1
I 3 3
) 3(ab)? + a?—b2j +2a2 +b2
8 a-b g 8
az+b2

6. NpeobpasoBaHua TPUrOHOMETPUUECKUX
BblpaXeHuu

Yapocrute Bhipakenus (52, 53).
a) tg? o - sin? a — tg? o sin? «;

6) /sin? B (1+ctg B) +cos? B (1+ tg B);

B) (8 sin o + 2 cos a)? + (2 sin o — 8 cos a)%;

cosP tgP
inp

—ctgP cosP.

283 3da1ayu Ha NOBTOpeHHE



53.

54.

55.

56.

57.

a) 2tga- tg (o - n)+ctg(————a)

6)

B)

r)

sin(—a)

tg (E—a)
_ 2 +__coso

sin(n-o)

b
clga sin(gﬂx)

tg(—B)cos (n-) tg (-5 )

(2 ) ote (Z+a ) g (B o)

tg(3n+a) sin == sin =—— cos =~
2 2 9

3r 16w 13n
18

11n

ctg(n-o) cos 3% gin 17 oooon

8 9

Hoxaxnre Toxaectso (54, 55).

B)

tg(a+pB)-

tgo—tgp

tgatg(a+ﬁ)
cos(a + B)+ cos(a—-P)

= tg B;

1 - cos 20 + sin2a

sin(a + B) + sin(a -B)

= ctg o; r)

1+ cos 20 + sin2a.

=tgo;

sino — sin 3a
cosc — cos 3¢

= —cig 20.

a) \/%—%\/—2]1+%cosoc =cos% npu n < a < 2x;

6) ‘F—‘/l—-lcosmx = V2 cos (f—%) opu <o <ﬂ

B)J
/1_1 = T_a 3n
r) 1+ 3~ 5 cosa «/§cos(4 4)npn 5

JlokaKHTe COpaBeAJMBOCTh PABEHCTBA:

a) cos X cos

B)

o 3rn

2’

+ 1 cos20 = —cos 3 P o= < o <2m;

A% cos5 = L,

7 7 7 8
6) tg 20° — 4 5in20° sin50°= -2 s5in20°;

1 _4
sin10°

sin70°=2;

r) cos 20° + 2 sin? 55° — \/2 sin 65° = 1.

ﬂoxamn’re CIIpaBeaJINBOCT:E HepaBeHCTBA:

a) tgx+ctgx>2, ecnm 0 < x < I

6)

2
sin(nga)
5 +Zsin%<2w/§;
(o 51_a
sm(12+4Jsm(12 4)
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58.

89.

60.

61.

62.

63.

64.

65.

B) (1 + sin ¢ + cos ¢) (1 — sin ¢ + cos ¢) (1 + sin ¢ —
—cos Q)(sin@ +coso-1)< 1;
r) 2 sin 4a sin 2a + cos 6a > -1,

Brraucaure (68, 59).

a) cos? a + sin? a, ecam sin 2a = %;
1-2 sinZ% u
6) Trsina eciu tg 3= m;
B) cos 0, ecau sin a tg o = %;
r) sin a, cos 2a, cos%, ecau tg%=— 2, <o < 2

aylgtgl°+1gtg 2°+ ... + lg tg 89°;

6) lg tg 1° - 1g tg 2° - ... - 1g tg 89°.

CpaBHETe UHCNO C HYJEM:

a) lg sin 32° - lg cos 7° - 1g tg 40° - lg ctg 20°;
6) lg tg 2° + 1g tg 4° + g ctg 2° + lg ctg 4°.

Haitgure cymmy tg? §+ tg? -2‘lf+ tg2 g, ecn

cosx=-—%_, cosy=—-L—, cosz = —E
b+e c+a a+

7. Npeo6pa3oBaHua BbIpaXKeHUN,
copepxawmx creneHn u norapudmbi

CpasHuTe uucaa (62, 63).

a) 3400 y 4300, 6) —log5-;— " 710;31;
B) 5200 y 2500, r) log, J2 u log, é

a) log; 2 +log, 7 m log; (2 + T);
6) log, 5 - log, 3 un log, (6 - 3);
B) 3 log,; 2 u log, (3 - 2);

r) log, 1,5 + log, 2 u log, 1,52

YopocTuTe BhIpaXKeHHe:
11

=-=logg 4 Liog ~a
a) 814 2 +25log1258; 6) g1logsa _ g3 g5 ~af

3anuumiuTe YUCIO B BHJE JECATHUYHON ApoGH:

1
a) 491718721 5; 6) 362 "1 2-leat0,
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66.

67.

68.

69.

70.

71.

72.

73.

74.

Haiigure sHaueHMe BHIpAXKEHUA:

lg8+1g18 B )
a) 21g2+ g3’ 6) 2logy; 3 — 2 logy, 10;
31g2+31g5
B) lg13—lg1~5ﬁ; r) (2 log,, 2 + log;, 3) (2 log,, 6 - log,, 3).

IIponorapudgMupyiiTe 10 OCHOBAHWMIO @ BRIDAYKEHHE:
a) 25b% Vc7 upwm a=5;
0,0016 &4
6) ——— mpr a=0,2, >0, ¢>0.
2
cNC
Haiinute x, ecnu:
2) log, x = 2 log, 10 + 2 log, 81 - % log, 125;
6) log, x = Llog, 16 —log, 8 +log, 28.
1 2 1 1 1
3 3 3 3
BoiypcauTe OpW DOMOIM TaGAHIL:
a) 7,832. 4\)12,98 . 6 102,32
52562 392,14 -6,341

VYopoctuTe M HaliguTe NPHOJMMKEeHHOe 3HA4YeHHE BhIPAXKEHHA
log; 2 - log, 3 - log, 4 - logg 5 - ... - log,, 9.

HseectrO, uTO log, (V3+1)+ log, (V6 -2) = A.
Haitigure cymmy log, («/g -1)+log, (V6 + 2).

§ 3.
DOyHKIINU
8. PauuonanbHble thyHKUUMU

Onuo ocHOBaHMe paBHOOEAPEHHOH Tpalenuu PaBHO GOKOBOMH CTO-
poHe, yroa npu ocHopanmu 30°. 3agaiite Qopmysioin:

a) IJIOWAAL TpalmelnuH KakKk (GyHKIHUI G0KOBOM CTODOHBI;

6) mepuMeTp Tpamelluu KaK (DYHKIHIO ee BBICOTEHI.

BoxoBoe pe6po NMpaBuJIbHON TPEyroJbHOH INPU3MBEI PAaBHO CTODO-
He OCHOBaHHA. 3ajaliTe Gopmysoil:

a) o0beM Tpu3Mbl KaK (DYHKIHIO CTODOHH OCHOBAaHUA;

0) miomAags, GOKOBOM NMOBEPXHOCTH MPM3MBI KAk (PYHKIUIO o6beMa.
MaTepuajibHasi TOYKA, JABHrAafich NPAMOJMHEHNHO, COBEpIIAeT
rapMoHHYecKHe KojebGauusa. 3anaiite GopMynou:

a) KOODAWMHATY TOYKH KakK (QDyHKIIWI0 BpeMeHH;

6) CKOpOCTH TOUKM Kak (QYHKIUIO BPEeMeHMN.
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75,

76.

77.

I T - T T T
| ! L.
{ ' I '
1 | o
TR - | ~T_ _
L.
i Lo
i ’\L | _}_._ e b -

G T

A a1

L | A
1 ) I |
1 2 3 4 5 6 7
Puc. 150

Ha pucynrke 150 usoOpaskeHbl rpadUKM ABHKEHUA JBYX TYPHU-
CTOB, KOTOpHIE BHIILIHA OJHOBDEMEHHO HABCTPEUY APYI APYry U3
nyHEKTOB A m B.

a) B xaxkce BpeMa TypHCTH NpHUOBLIM B NyHKTHI A u B?

6) CKoIbKO BpeMeHM ObL1 B NMYTH KaMALIA n3 HUX?

B) B Kakoe BpeMA KayKAbIil TYPHUCT OIPHOLII K MECTY OCTAHOBKH?
r) CKOJLKO BpEeMEHM KaXKALIX M3 HHUX OTALIXan?

I) C KaKoOlf CKOPOCTHIO ABHTAJICH KAKABIA TYPHCT O OCTAHOBKM
m mocye Hee?

e) KaxoBa cpeAHfa CKODPOCTH ABHIKEHHA KaXJ0ro Typucra?

IIo rpaduky dyHKnum (puc. 151) oTBeThTe Ha BOIDOCHI:

1. KaxoBH mpOMeXyTKH BospacTaHua GyHKRmuu?

2. KaxoBsl nmpoMexyTKM yOmiBamus QyHKIun?

3. HasosuTe TOYKHM MakcuMyMma u muHMMyMa byHriuu. Kakue
3HAYEHUA MPUHUMAaeT DYHKOUA B 9THX TOUKax?

4. KakoBnl Haubosblllee N HaUMMeHbIllee 3HaAUEHUS ITUX (DYHK-
nuii Ha orpeske [-2; 2]?

5. B xakmx Toukax QYHKIHUA He ABJSETCA HEIPEpPLIBHOH U Ka-
KOBBEI 3HAUYEHUSA (PYHKIUH B DTHUX TOUKAX?

6. Ha xakmux npoMeskyTkax (pyHKLu#A HempepniBHA?

7. Kagve u3 aTMX GQYHKUOMI 4YeTHHE 4 Kakhe HedeTHhie?

Hatigure o6nactey ompegenenusa GyHRINUM:

x—-2 x2
a) y=—— : 6) y=—*;
)V x2+2x-8 )y -1

x2—1 x

B y= —— r) y=- —
)y x!-9x2+20 )y 3x2-5x+4
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78.

79.

80.

81.

82.

83.

84.
85.

87.

Haiigure npoMeXyTKH HENDPEPHIBHOCTU (PYHKITHHU:

x-4 4
= 5 6) y=2x2+ "
a) y P ) y=2"+——
x _2 1
B = —-=3 r =————,
) 2 x ) ¥ 3x%-2x% +5
Jokaxunte yeTHOCTh (HEYETHOCTb) QPYHKIMH:
3
a) y =3 - 3x; 6) y=-%_;
1-x2
oy=xt@z+2y 1) y=2
x
Haitaure IpoMeXYTKM 3HAKOIOCTOAHCTBA (PYHKI[MH:
a) y= x-1 6) y= x?-4x-5
y 3x s y= 9—x2 ’
2x-3
B) y=1- ;_x; r) y=2x%-5x+ 2.

Haiigure npoMeXyTKH Bo3pacTaHHUA (yOBRIBAHUA), TOUKH MAKCH-
MyMa B TOYKHM MUHUMyMa byHKIAH:

a) y=4x% + 3x - 1; 6) y=1—%;
_ 1\ _ 9. =.1c+4
B) y=(x-1)*-2; T) ¥y 1

Heccenenyiite ¢pyHErnuoo m nocrpoiite ee rpadux (82, 83):

a) y=38x - 5; 6) y=2x*-Tx+3;

B)y=2—%x; r) y=12 - 4x — x2.

= —i.' ] —_ 3_ .

8) y=2-—"13 6) y=(x-2)°-1;
4

m y=31Y ) y=4-(x+ 20

x4

ITocrpoitte rpadukx kaxzgoit ms pyuxnuii (84—86).

a) y=3x-2; 6) y=x2-4x-5; B) y=%—1; r) y=x3+2.

a) y=3x+|x|; 6) y=|-x2-x+2|;
B) y=2x - |x - 3[; r) y=x2—4|x|+3.
x+1 1 [x]|-2 2x% -1
AL =1 42 - : = ,
a) y ] 6) y=—>3 B) y=—_—3 r) y=——
Hmeror su obmue Touku rpadpuru QyHRIMI:
a) y=x2umy=x+6; 6)y=%ny=4(x+1);
B) y=xtmy=2x2+1; ) y=-1 uy=x2-2?

x2
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89.

91.

92.

93.

94.

95.

96.

Hoxaxnre, 4TO ypaBHeHHe HMeeT KODEHb, NPHHAAJNEKAIINNA 3a-

ZaHHOMY IPOMEXYTKY I:

a) x3*-6x+2=0, I =[0;1];
6) x4-3x2+§=0, I1=1[1; 2]
B) ¥*+38x =5, I=[1; 2];

1) 4+2x5_x5=0, I=[1; 2]

Pemrnre rpadmyeckn ypaBHeHMA (HepaBeHctsa) (89, 90).

a) 4-3x< x+2; 6) x2 - 2x = —x;

B) %=4x; r) 2+2x+2>x+1.
3. 8 ., = 9 _ |l

a) x 7 6) |1 -x|=2-|x];

B) x3=-31;; r) |x-1|=38-|x|.

Fpaguk GyHKIuUH y = ax + b mpoxoamr uepes Toukm A (2; 1),

B (b; 10). Haiigure a 1 b.

Mo rpadpuKy kKBagpaTHuHOH GyHKOuu (prc. 152) ompegenwute

3HAKH Ko3dduimeHTOB a, b, ¢ U AUcKpuMHHEaHTa D.

Moxer nu JuHe#Aaa MM KBajpaTHdHad GYHKIHA ObITh:
a) yeTHoM; 6) HeYeTHOH; B) HEPHOAUYECKOHN?

IIpeacraBpTe QYHKLOUIO B BULE CYMMEI YeTHOM ¥ HeueTHOH GyHK-

ui:
x+1
8) y="r 6) y=x%-x|x|+3;
3 2 _
%f; r) y=2x5+x* - 3x+8.
x p—

fiBnsercAa nm 4eTHOM MNHM HEUETHOH (pyHKMHUA:

a) y=5x0 - 2x? — 3; 6) y=4x% - 2x3 + x;
B) y=%+1; r) y=—%?
X X

9. TpuroHomeTrpuueckue yHKUUK

Haiigure o6aacTh onpeaeeHdsa Kaxaou us GyHrui (96, 97).

2 1
a = M 6 - - s
) v cos? x )y 1+2sin2x’
3
B) y=——‘/——3; r) y=-—7+—.
J§cosx—§ sinEcosg
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97.

98.

UA vA
0 %
0 / x
a) 6)
Aly yﬂ\
0 x
0 x
B) r)
YA
7Y
0 x
0 x
a) e)
Puc. 152

a) y=m; 6) y=\/3-ctg'x;
B)y=\/m; r) y=m+\/c—o§.
Haitante obnacTes 3HaueHuili kamjaoit m3 dyukmmii (98, 99).
a)y=1—3sin§; 6) y=2 cos x tg x;

B) ¥y =2+ 3 cos 5x; r) y=2|sin x|~ 1.
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99.

100.

101.

102,

103.

104.

105.

106.

107.

- 1 . - = .
a) y_—1+sin2x’ 6) y=.1-cos4x;

3
cosx—1

B) y= H r) y=tgx +ctg x.
Haiiniire NpoMeXyTKH 3HAKONOCTOSHCTBA QYHKIMT:

a) y=3cos(x+%); 6) y=1-tg 3x;
B)y=1—\/_2'sin§; r) y=1+ 2 cos 2x.
Kaxne n3 pgananix QyHKOMHE ABIAIOTCA YeTHHIMH, KaKHe HedeT-

HBIMH:
2

a) y=tg3x—ctg§; 6) y:il.}_x_.z.(m._x;
3 _ .
B) y = sin x2 :; r) y=32%_cosx?

Cpean gaHHBIX QYHKOuUit yRasKuTe nepuoAudecKkme m HalizuTe
HAUMEHEITHE MONOKHUTENLHLIEe NEePUOAEI TAKUX (QYRKIWHA:

a) y =1 - sin 5x; 6) y = xsin? x — x cos? x;
B) y=3tg(§—§); r) y = (sin x + cos x)2.

Haitgnre npome:;xyTku BospacTamnsa (yOHBaHHA), TOYKH Mak-
CEMyMa, TOYKH MHHHMyMa (QYHKIHH:

2
1—-cosx

B) y=0,5cos (%—-2x]; r) y=.1-sin?x.

Haitaure HauGonbinee H HauMeHbINee 3HAYeHUs GyHKDun (ecau
OHH CYII{eCTBYIOT):

a) y = cos 2x + sin? x; 6) y=1-4sin 8x;
B) y = sin x — cos x; r) y=1+]|tg x|

a) y=1+sin(x—-g); 6) y=

Ilocrpoiitre rpaduxm dysxmuii (105, 106).

a) y = 2 sin? -;5; 6) y=+1-cos?x;

B) y=1+ 2 cos 2x; r) y=sin(x—§)—2.
a) y=|x|$; 6) y = (sin x — cos x)3;
B) ¥ =cos x + |cos x|; r) y =sin x ctg x.
HUccnenyitre dyHKkIUI0 N mocTpoiite ee rpadpHk:

1 - n 1 X =T
a ==+ x——1 6 =_tg|l==-=|;
)y P sm( 6) Yy 28’(2 3)
B) y=l+%cos(§—x); r) y=1 - tg 2x.
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108. HMasecTtHO, YTO X, — KODEHb YDaBHEHHH sin I% = x%, Caegyer in

0TCIOZia, UTO YHCIO (—X,) ABIsSETCA KODHEM 5TOr0 ypaBHeHMA?

109. CpaseEuTe umMcna:
a) sin (n+%) M COS (n+%); 6) tg 72 u ctg n2;

B) tg 2 m ctg 2; r) sin1 m cos 1.
110. Joxaxwure:

a) sina+cosa > 1, ech0<a<-’25;
6) cos (sin ) > 0, o € R.

111. PemuTte rpad®udyecKkn ypaBHEHHE:

a) sin x = —x; 6) tg x = V2 cosx, —§<x<g;

B) tgx=x,—12‘-<x<—; r) cos x =1 — x2,

10. CreneHHan, nNokKa3aTefnbHas
u norapucpmuyeckas yHKUUK

Haitanre obnacrs onpepesieHnA Kaxgon U3 pysroui (112—114).

112. 8) y=v16x— 2°; 6) y= —1—;

Yx3+8

B) =61’5—-x——5-; r) =—1_.
! * Y Jxd+x-20
113, a) y=./x2-3—8*"1; 6) y= 32 _1;

B) y=log;(4-3x+ x?%); r) y = log, sinx.
Jx2=5x+6
114. a = 6 = ,/log. cos x;
)y g (x+10)2 )y g5
5) y= 23272, r) y=4fig G=*-22).
x¢=x-2

Haiigure obnacty smauenm# waxpoil us dbymkmmit (115, 116).

115. a) y=2x+1; 6) y=52"*-1;
B)y=2lgx+1; r) y=3x2,

116. a) y = 200 %; 6) y=2-Vx;
B) y =1 +|log, x|; r) y=1+|¥x|
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117.

118,

119.

120.
121.

122,

123.

124.

125.

Hajigure npoMe)xyTKH 3HAKONOCTOAHCTBA KaKAoH M3 GyHKLMHA
(117, 118).

9u=(1-4 0 y-log =+
B) y=2-3%5 r) y=Jx -4
a) y=4*"2 4% 6) y=1lg(x-2)-1;
B) y=~/3c_+3; r) y=2—%.

Haiignre cpeam AaHHBEIX (GYHKIWHA uYeTHRle M HeueTHBIe (119,
120).

a) y=5"+5" 6) y=1g (1 - x?);
2x
B) y=(—21-) ; r) y=x3x.

2
a) y=x%; 6) y=8*-8> B) y=20%% 1) y=x* +1

Hcecnenyiite dyEknmuio n mocrpoiite ee rpaduk:
a) y=2Jx-1; 6) y=4*"1-2;

B) y=%log2(x+1); r) y=3«/x—2+1.

ITocTpoiite rpadbuxn dbyuknuit (122, 123).

x-1
a) y=vx-2+1; 6) y=(l) ;

3
B) y=2—§/x+1; r) y=1+log, (x + 2).
a) y=>5"s0"1; 6) y=|log, x{-1;
2
B) y=2I*l; r) y = log, x2.

Haiignre nanboasinee u HauMeHsInee sHadeHuA GYHKUHUH (ecan
OHM CYILECTBYIOT):

_1 <x<
a) y=+36—x2; 6) y={x+1 mpu 0 <x <7,

x34+41 mpu —2< x <0;
. x—12 mpum -1<x<1,
B) y = 3%in r) y= ( ) P
log, x mpn 1< x<8

Pemute rpadmuecku ypaBHeEHHE:

a) log; x=x-3§ 6) Vx— =%;

2
8) log, x = 25-% r) 207l =11 - |x|
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126.

127,

128,

129.

130.

131.

132.

133.

Peuyure rpaduuecku HepaBeHCTBO:

a) log, x> x-3; 6) Vx—-2 <%;
z
B) 2-1%1 > x2 + 1; r) log, x>2x-1.

3

JoxaskuTe, 4YTO PpaBHHI HauboJpOIve 3HadyeHus QyHRNHI
y = (log, 3" * m y = (log; 2)**.

Haliqure sHaueHue apryMenTa Xx;, ecju:

8) f(x)=ﬁ—¢1—x2, f (x,) = 0;

6) f(x)=lg(x+15) +1g x, f(xy) = 2.
Hoxkaxkure, 4ro:

a) dymknusa f (x) =(

1
3
6) ¢yuxnusa f (x) = log, 3x Bospacraer Ha nmpomexkyTke (0; co).

x+1
) yﬁmaae'r HA MHOXKeCcTBe R;

§ 4.

YpaBHeHHsI, HEPABEHCTBA,

CHCTEMBI YPaBHEHHHN M HepaBeHCTB

11. PauvoHanbHble ypaBHeHUs v HepaBeHCTBa
Pemure ypasrerma (130, 131).

a) 3(x-2)-5=4-(5x-1); 6) |2x - 3| =5;
B) T-2B-x)=4(x-1)+5; r) |4-8x|=2.
3x+1 _, 4(x-3), x—3 o
a) E =2 T 6) 5 +5|=4;
¥x-3 _ 3(5-2x) _x+2)
B) 1 3 =X Z ; T) 11 3 = 5.
[Ipy kaKMX 3HAUYEHHAX @ SAHHOE YpaBHEHHE:
a) ax-2x=3(x - 1); 6) a(l-x)+2=3x-ax;
B) x(2-a)-x=5+x; T 5+3(x+3a)=9a+5 —

HMeeT eSJUHCTBEeHHOe pellleHHe; He mMeeT pellleHmil; mMeeT Oec-
KOHEYHOEe MHOYKECTBO permeHMmit?

Pemnre mepaBencra (133—135).

x-1 5x—-2 38-=x
a) —2~+x<1,5x+3,5, 6) 3" "3 > 1
B) x-4(3-x)>2x+T; p)3+§ff_x<2x.
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134, a) |[4x - 8| < 5; 6) [2x + 5| >1;
B) 'x;7|<2; r) 4]2 - x| < 12.
|[2x- 3] . x+2 <0
135. a) 22205 o, 6) (Trg<0;

136.

137.

138.

139.

140.

141.

142,

B) (x -4)|5-3x]|<0; r) [2x+7|(3-x) <O.

Pemurte ypaBHeHHE:

a) x2+2x-15=0; 6) 7x2+ 5x = 0;
B) (x - 3)(x-2)=6 (x — 3); r) xz—%-;-%:&

Ilpr xKakoM SHAYEHHH @ UMEIOT O0IME KOpeHb YpaBHEHHA:
a) x2-ax=0wu x2—x—-3a=0:

6) - (a-1)x=3u 4x2 - (4a+3)x+9=0;

B) xX2+ax+8=0ux2+x+a=0;

1) 222+ (8a-1)x=3 n 6x2-(2a-3)x=1?

Hailigpure 3HaYeHusA k, IPH KOTOPHIX MMeeT OJAHH KOPEHL ypas-
HeHue:

a) (k-1 x2+(k+4)x+Ek+T7=0;

6) 9x2 - 2x + k=6 - kx;

B) 2k-5)x2-2(k-1)x+8=0;

r) 3kx®2-6x+k—-2=0.

He pemas ypasHeEHs 3x2 — 5x — 2 = 0, Haitaure:

a) cyMMy ero KopHeii; 6) Ipou3sBefeHHMe ero KopHeii;

B) CYMMYy KBaJIpaTOB €ro KopHeil; r) cymMmy Ky0oB ero xopHeit.

Pemure ypasHennsa (140, 141).

6x-x2-6 2x-3 2x+1 4x
8) — 7 o1 U O a1

2 3 15 14 3 5
B) + = H r + = .

x2+5x 2x-10 x2_25 x2-4 (2-x)% (x+2)
a) —* 4+ 5 _—9 6) 2x%—5x2+2=0;

x2+4 x%2+5

-1)\? _ 2
5) [3‘—1) —3["—1)+2=o; p Ftly 2 g5
X X

x 22+1

Peninte HepaBeHcTBa (142—144).

a) 2x2+6x+ 17> 0; 6) x2-3,2x < 0;
B) (8x - 2)%2 - 4x (2x - 8) > 0;

r) 6x-1)(1+6x)+ 14 < 7x (2 + 5x).
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(x— 1)(x 2) x%+2x~ 3 ¢

x—2 x2+5x+4
g EEsTEE TR e S
144, a) (x-1)(x+2)(x—-3)(x—-4) < 0; 6) x*-8x2+2<0;
7

B) — > ——3 r) 1+-—<~
X

145, Hoxamm‘e CIIPaBEeqJINBOCTh HepaBeHc'rBa

a) m+; 24 upu m > 0; 6) <1;

1+ m2

B)
r)

22nopna>0,0b>0;

gh|°‘
+

a._
b
%<Z—— mpr a > 0, b>0,¢c>0, a<b.

12. UppaunoHanbHbie ypaBHEHWst U HepaBeHCTBa
Peminte yparHenns (146-—149).

146. a) \x*+2x+10=2x-1; 6) Vx2-16 = x2-22;
B) V17+2x-8x2 =x+1; r) Jx2+9 =x2-11

147. a) Vx+17 —Jx -7 =4; 6) 12/x-1-Vx—1=3;
B) «/x+7+«/x—-2=9; r)2¥x+1-Yx+1=6

148. a) Vx - +2+x=0; 6) Vx+Vx—-2=0;

J—

F_

t5_ 1, r) ¥Bx+1-V3x+1=0.

/ 7’

149. a) 4225+x2 = x2-4T; 6) ¥x-2=x-2;

B) x2+36 = x? - 54;

r) ifx3—5x2+16x—5 =x-2.

Pemrnre mepasencrTea (150, 151).

150. a) x2-5 > 2; 6) J(x—2)(1-2x) > -1;
B) Jx2—-16 > 1; r) (Wx -8)(x2+1)> 0.
2 _
151. a) x?-6x+9 > 3; 6) _-—-—M >0;
x“ 4+ x4+

B) v25-20x+4x2 <1; r) v2x-x2 +15@x-x2-4) <0
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152.

153.

154,

155.

156.

157.

158.

159.

13. TpuroHomeTpuyeckme ypaBHEHUA
U HepaBeHCTBa

Pemure ypaBuesnsa (152-—158).

a) cos x + 2 cos 2x = 1; 6) 4sin2x—351n(2x—§)=5;
B) 2 cos? x + 4 cos x = 3 sin? x;

r) cos? x + 4 sin? x = 2 sin 2x.

a) sind x — cos® x = 1 + SiR2X,

6) cos (£+x)+cos (lt-—x)=1;
4 4
J3

B) cos* x —sint x = X°;
2

r) sin(£+x)—sin (E—x)=1.
6 6

a) cosdx +2cos’?x=1; 6) 4 (1 +cos x) =3sin2§cos—’5;

2
B) cos 3x +sin xsin2x=0; r) 4(1 -cos x)=3 singcos2 -;-
a) cos 2x — cos 6x = 0; 6) sin x + sin 2x + sin 3x = 0;
B) sin x + sin 3x = 0; r) cos (g + 5x) + sin x = 2cos 3x.
a) ctg_(th2=3—c1;gx; 6) 1 +2cos 3x cosx—cos 2x =0;
B) sinlf+1=11_2 sin x; r) ctg x+1—_%:—x=
a) tg 3x -tgx =0; 6) tgx—sinx=25inzg;
B) sin x tg x = cos x + tg x; r) sin x + sin 2x = tg x.
a) arccos 1+2x _ 2?"; 6) arctg (2x—1) = —g;
B) arcsin i:——z = —g; r) arctg (2 - 3x) = 53‘_172

Pemure HepaBeHcTBa (159—162).

. 3n «/—2-, T _ _1.
a) s1n(-2-—x)<— 6)«/§tg(Z x)? 1;

2 ’
B) sin2x sin ¥ —cos2x cos X > 1;
) 2 2 2’
r) sin 3x cos x + sin x cos 3x < {3—
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160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

a) 2sin® x < 1; 6) 3tg22x<1;
B) 4 cos? x < 3; r) tgzg—-lZO.
a) |cos x - 1|<0,5; 6) sin x < cos x;
B),Sin2x+%’<%; r) tgx+ctgx>0.
a) sinx —+/3 cosx; 6) log, s sinx > 1;
B) sin x + cos x < 1; r) logﬁ cosx > —-1.

14. MNoka3aTenbHble ypaBHEHWA W HepaBeHCTBA

Pemnre ypaBHeHms (163-—167).

a) 0,2::2—16::—37,5: 5J_. 6) 2x2—3 . 5x2—3 =0,01 - (lox—l)s;
2_6x+0,5 _ 1 6*° _ 315

B) 2500 = 162 r) 9-15  gl2-12x

a) 5% -2.5%-1_3.5%-2=60;

6) 4* 3x—05 3x+05 22::—1.

B) 25x -1 4 9ix-2 | 956x-3 - 896

I") 52x -1 4+ 22x _ R2x _ 92x+ 2

a) 97°-1-36. 3*°~3 +3=0; 6) 531 434 .52 = 7. 5%
B) 16* - 50 - 22% = 896; r) 74V% 8. 7Vir 4 7= 0.
a) 3-4*+2.97=5. 6% 6) 8% + 187 =2 . 27%;

B) 2-25*-5:10*+2-4*=0;
r) 3-16*+2.81*=5 . 36~

a) 32~/? +32\/?~1_32~/7—2 =11 6) 5sin2x_25cosx.__..0
1 1 1
p) 2ein®xp geoe®x — g r) 3-9% +6% =2.4%.
Pemnre mepaseHcTBa (168—170).
3+x
16 > (1) . 6 3x2+x < 101g9.
a) T3 5 ; ) 5
1 2-3x 1 2 | .
B) 3-] — <=3 r) 4% tx-1l 5 5082
‘ (Jﬁ) 5 )
a) 0,04 - 26 - 0,2* + 25 < Q; 0) 9"—84-3‘2"+%>0;
1 2x+1
B) 4* - 10 - 2% + 16 < 0; r) 22x+1+(5) —g>o.
x242x-15

a) x2-8%-38*+1< Q; 6) 3,7 ** >1;
B) x2,5x_52+x<0; I‘) 2x+2_2x+3_2x+4>5x+1__5x+2
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171.

172,

173.

174.

175.

176.

177,

178.

179.

15. Norapudmuyeckne ypaBHeHNWA n HepaBeHCTBa
Pemvre ypaBaenma (171-—175).
a) log? x = 4 - 3 log, x; 6) 2lg@x-1=1-IgJx-9;
B) log, Jx-5+ logg V2x-3=1
r) 3lg2(x-1)-10lg(x-1)+3=0.
a) 2 log, (Ig x) = log, (10 - 9 1g x);
6) lg(83*+x-17)=x1g 30 — x;
B) 2lg(lgx)=1g (3~ 21g x);
r) x-xlgb=1g (2*+ x - 3).

4 k. — @-
a) log, x+m—5, 6) log, x+logﬁ x—log%x—G,

B) 2log‘/§x+log1%=3; r) log 5 x + 4log , x +logy x = 16.

a) x'¥2*"2=g; 6) x'°%5* = 125x2;

B) x7 =10 000; r) x'g8*-3 %.

a) 3 log? sin x + log, (1 — cos 2x) = 2;

6) logo‘1 sin 2x +lgcos x =1g 7;

B) log, 5VE+2 (x—4) log, 5;

r) lg@: -5"+24-20°)=x+1g 18.

Pemute HepaBerHcTBa (176—179).

a) log, (x? - x — 4) < 3; 6) log ;5_,(5-2x)> 2;
B) lg(x®~x+8)>1; r) log 7_,(3-2x) <2.

a) 2 logy, x < 2 + log, (x + 3);
6) log, (10~ x)+log,(x-3) =2 - 1;
6 6

B) log,(x—2)+log,(12-x) > - 2;
3 3
r) log,, (4 - x) > log, 5 2 - log, 5 (x — 1).

8) lg (2 + x - 6) - lg (x + 3) < lg 3; 6) log, 32"_‘x1 <1
3x-5
B) In (x2 +8x - 10) - In (x — 2) > In 4; r) logg 1 <1
a) log, (4*-5-2*+8)> 2; 6) logi; x +6 > 5 log, ; x;
B) lg2x21g x + 2; r) log , (6**1 -36%)> - 2.
5
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16. CunctemMbl paunoHaNbHbIX YPaBHEHUH
M HepaBeHCTB

PemuTe cucrembl ypaBEeHuii (180-—183).

2 =-1, -9y =12,
180. a) x+3y=-1 6) 3x—-9y=12
bx+4y=1; 4x-12y =16;
) x+2y="1, 5 5x-8y=0,
2x -3y =5; x-16y=1.
Yy, x_138
O X — 1
181, a) x y 6 6){ ya
x+y=25; =
L x3+y* =85
B) {x r) ’
(x-1)2+y?=1; x+y=8.
- 2_ 2y~ 2 32 =1
182, o) {(x y) (x%— y?) = 45, 6 {xzy +x 2,
x+y=>5; 2P -3y =4
2y3=16, -
5) x 1) xy= 28,
X3y =2 yz—xy——
2 -
183. 2+yd= 6) x2+ yt =5,
x8 8 =—8 xy?=2;
1.1
=4 ==95,
x¥+y3 =9, x y
B) T)
xy=2; L+loas
x Yy
184. TIpm KaxoM 3HAYEHHH @ CHUCTeMa YDABHEHHii:
-5 =7, 2 =a,
2) x -5y 6) x+2y=a
ax—y=-3; 2x+4y=5;
3) x+ay=2, 5 x-y=2,
3x-2y=-6; 2x-2y=2a —

AMEeT eANHCTBCHHOE DEINeHNe; He NMeeT pellleRu#; uMeeT bec-
KOHEYHOEe MHOMEeCTBO pemenm‘fl?

185. PewnTe cucTeMy HEpaBEHCTB:

2x>3—13x_2, P Xt x+d x-1
a) \ 1 520 6) 2 "3 P

X2 0 *-<v. -2,5<x;

6+3(x < rat 1,5x -2, X3
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Hl xyx1 L o ) 2(8x-1) <3(4x+1)+16
4(2+ x) <3x+8.

0,5x <2 - x;

17. CUCTeMbl UpPaLMOHANbHbIX ypaBHEeHWUN

Pemnre cucreMul ypasHernumii (186—188).

- 4, Jx+.Jy =8,
186. \/_ \/5 6) \/Z
2 [x+3.[Jy=18; Jx o Jy =15
3J— Jy =8, )
r
Jr+2 Jy=19; Je+Jy=
X + 30 —_ E
187 y y«/— 6) x+y—Jxy=1,
xy=09;
«/—_+ Jy =6, xy =64
B) r)
x-y=12; x—y+.Jxy=20
Jx +.Jy =26, 3x-3y=33
188. a) y 6) ‘/; ‘/_
‘-1\/; + 4 y= 6, xy = 1;
B) \/’;— y=5, %+3y-—
f/_ — 4@ =1; xy = 8
18. Cucrembl TPUroHOMETPUHECKUX YypaBHEHUWU
Pemure cucteMbl ypaBHeBuii (189, 190).
. 1
=V, 59 - =

189. a) {s?nx cosy=0,2 6) x—-y 3
siny cos x = 0,75; cos? (1x) — cos? (ny) = 0;
4sinx siny =3, - sin? x = cos x cos y,
tgxtgy=23; cos? x = sin x siny.
tgx+tgy=2, ty= 5_1:

190. 6 IFTVT 2
cosxcosy—E sinx +cos2y = ~1;
sin x smy=l cos2y+cosx =1,

B) 1 r) x
ctgxctgy=3; rty=y5.
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191. a

192,

193.

194.

195.

196.

19. CucrteMbl nokasarenbHbiX
n norapucmMmyecKux ypaBHeHWN

Pemure cucremnr ypasnermit (191—196).

9=+v = 729,
gx-v-l=1;

{Jg)x ¥ = 25,

26y x- 1_

a)
3log3(y+x)
22x+y—16
a) 8

3*+ 7Y -16

B)

4% . 4Y =64,
4* - 4¥ = 63;

{lgx lgy=1,

lg2x +1g2y =5;

a) 12
x¥ =3%;

L
5) {log5 x+3°8¥ =7,

x¥ = 512;

og4 ~logy, y=0,
a) 2y2_

) logg x~log; y =0,
B
x2-5y2+4=0;

410342::__ y= _1’
52444+ 5%=52;

lgx_lgy= 7v
lgx+lgy=2>5;

{y—loga x=1,

x_ y=
) {2 2v = 16,

x+y=09;
{ %4 8V = 28,
r)

*+3¥ =17,
2x+2 3y+1_. ’

{
{log,/—(y % =
i

6)

3*+2-3¥"2=171.

6)

r)

logz(x2+ y?) =5,
2 log, x+log, y=4;

loga(x+ 1)=log2(y+l),

log, x 2log2(y——) 0.

6)

r)

5 {31+1og3(x2+y2) 15,

logs(x? - y?) -logz(x—y) =0
{51%“5("2‘”2’ = 25,

r)
log, (x2— y?) =log, (x + p).

32V*-Vu - g1,
6)
lgfxy =1+1g3;

2 log, x— 3V = 15,
3y logz X = 2 10g2x+3y+l.
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197.

198.

199.

200.

201.

202.

203.

204.

20. 3apaym Ha cocTaBneHwe ypaBHEHWW
M CUCTeM ypaBHEHWH

Bpems, saTpaunBaeMoe aBTOOYCOM HA IPOXOKAeHHE PACCTOAHMA
325 KM, IpU cOCTaBJeHHMHU HOBOI'0 PACIHHMCAHUA ABUIKEHUA ABTO-
6ycoB coxpamgeHo Ha 40 muH. Halinure cpegHI0I0 CKOPOCTH ABH-
JKeHnA aBrofyca o HOBOMY PACIOHCAHMIO, ecjn oHA Ha 10 KM/4
Gosblle cpeXHEeN CKOPOCTH, NMPELYyCMOTPEHHOM CTAPHIM pACIHCA-
HUEM.

MoTopHaa J0LKa, CKOPOCTh KOTOPOH B CTOSYE Boje paBHA
15 kM, npomuia 139% KM BHH3 II0 Te4YeHUIO PeKH W BEpHYJACh

obparno. Haligure CKOpOCTh TeueHHS DEKH, ecjiH HA BeCh IYTh
saTpaueno 20 u.

IToesn ponsxen 6n11 mpolitu 220 KM 3a onpegeseHHOe Bpems. He-
pe3 2 4 mocjie HauyaJa ABH)KEeHHMA OH ObIN sajep:kaH Ha 10 mmB
H, 4To0H IpHHTH BOBPEMA B IYHKT HasHAYeHUdA, YBEJIHYHN CKO-
pocts Ha 5 kM/4. Haliaure mepBoEaYanbHY0 CKOPOCTDE MOE3AA.

ITocne BCTpeum ABYX TENJOXOAOB OJHH M3 HHX MOOINEeJa HA IOT,
a Apyroii — Ha 3anajx. Yepe3 2 u nocje BCTPEYHM pAaCCTOSTHHE
Me)xay HUMH 06110 60 kM. HaifiznTe cCKOpOCTH KAaMX/AOI'0 TEIJIOXO-
A4, ecJH M3BECTHO, UTO CKOPOCTH OZHOro M3 HuX Ha 6 KM/4 GoJib-
e CKOPOCTH [PYroro.

OBa Tesa ABHM:KYTCA HaBCcTpedy APYT APYTY M3 ABYX TOUYEK, pac-
croanne Mexkay Koropeimu 390 M. OgHO Tes0 NPONLIO B MEPBYIO
CeKVHAY 6 M, a B KaXKAYIO CJAEIYIOMYIO IPOXOZXa0 Ha 6 M Goub-
me, YeM B IpeAbIAYINYIO. Bropoe Teso ABMraJoch pAaBHOMEPHO CO
cxkopocTeio 12 M/c 1 Havaso ABMIKEHHE CIYCTA 5 ¢ Hmocje IIepBo-
ro. Yepes CKOABKO CEKYHJ IIOCJE€ TOI'O, KAK HAYAJO ABUIATHCA
nepBoe TeJIO, OHH BCTPETATCHA?

Ha crpouTexsCcTBe XEIe3HOZOPOIKHOM MATHCTPAIM Opuraga
cTpoHTeNei 3a HECKOJBKO AHeH JoJkHAa Oblna II0 IJIaHY IepeMe-
etuts 2160 Mm® rpynra. B Teuenme mepBEIX Tpex AHeil 6purajga
eXXeIHEeBHO BRIMOJIHSAJIA YCTAHOBICHHYIO HOPMY, 8 3aTeM KaM ALl
JNeHb IepeBLIoNIHaANa HopMy Ha 80 M3, nosromy yske 3a JeHb X0
epoka Gpuraza mepemecrmiaa 2320 m® rpynra. Kakosa mo miany
AHeBHAsA HopMa OGpuraiani?

JBe Opuraasi, paborada cOBMECTHO, 3aKOHYMINA NOCALKY AeDeBbeB
Ha y4ye0GHO-onEITHOM yuacTke 3a 4 gHA. CKOJABKO ZHeH moTpe-
Gopasiocy ObI HA BHINOJIHEHHe 2TOH paboTEl Kamxioit Gpurane
OTAEJNbHO, €CJH OZHA M3 Opurag Morua Obl 3aKOHYHUTH HOCALKY
nepepwes Ha 6 aHeil pambuie Zpyron?

Ins nepeBoaxu 60 T rpysa 3aTpeboBaiy HEKOTOPOE KOJHAYECTBO
mamnH. B ¢BA3M ¢ TeM uTO Ha KaXKAYIO MAIIMHY HNOTPY3HJIH HAa
0,5 T MeHbIle 3aNJAHHPOBAHHOIO, AONOJHHUTENLHO OLIJIO 3aTpe-
GoBano emie 4 mMamuabl. CKOJBKO MamuH GBLIO 3aIJIAaHUPOBAHO
NePBOHAYAIBHO?
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205,

206.

207.

208.

209.

210.

211.

212,

213.

OBa rycka naryau pnmefor maccy 30 xr. Ilepsniit Kycok copep-
KHUT D Kr YucTOd MeAM, a BTOpoll Kycok — 4 Kr. CKOJBKO IIpo-
LEHTOB MeAH COJAEPUT NEPBHI KYCOK JATYHH, €CJIH BTODPOM co-
JepEuT MeAu Ha 15% Gonpiue mepsoro?

K pacrBopy, cogepsxamemy 40 r conm, mobasuam 200 r BojgmI,
mocjle Yero MacCoBasl JOJIsl PACTBOPEHHOM CONMHM YMEeHBHUINIACH HA
10% . CkoabKO BOAMK COAEPIKAJ DACTBOP M KAKOBa OLINTa B HEM
MaccoBas Koas coan?

JIBe aBTOMAIIMHEI BHIEXAJM OJHOBPEMEHHO H3 OZHOTO NYHKTA
B OZHOM ¥ TOM e HauparjeHHu. OpHa MammuHA ABUIKETCA CO
ckopocThio 50 kMm/4, aApyras — 40 km/4u. Cnyera mojadaca u3s
TOr'0 JKe MYHKTAa B TOM >XKe HalpaBJIeHUH BhIEXaja TPeThs MAaIlu-
Ha, KoTopas oOorHaja lepsyio Mamuuy Ha 1 u 30 muH mos:xe,
yeM BTOpPyI0. HaiijuTe CKOpPOCTH TpeTheil MAIIUHEL.

Haitxute cropocTh W AJMWHY IIoe3fja, 3HAs, YTO OH IPOXOJUI
¢ IOCTOSHHOW CKODOCTBI0 MHMO HENOIBHIKHOrO HAOIIOZATEIA
B TeueHMe 7 ¢ ¥ 3aTpaTHI 25 ¢ HA TO, UTOGH IPoeXaTs C TOH e
CKOPOCTBIO BXOJBb IIATGOPMEL AJMHONA 378 M.

U3 nyekToB A n B, pacno/osKeHHBIX Ha paccroauauu 50 KM, of-
HOBPEMEHHO HABCTPeYy APYT APYry BHIILUIM JBa Hemexoaa. Je-
pe3 5 u OHM BCTpeTHJHCH. 1I0oCiie BCTpeUH ICINeXOJ], MAYINUHA U3
A B B, yMeHbIINA CKOPOCTh Ha 1 KM/4, a BTOPOil YBEJIHNUHUI CKO-
poctb Ha 1 kM/4. IlepBhIil memexo puOeL B B Ha 2 4 paHblile,
ueMm BTOpO#l B A. Haifijure nepBOHAYAIBHYIO CKOPOCTH KaiKAOro
eIgexo/a.

Ha saBome Ass M3roTOBJIEHHA OFHOI'O 3JIEKTPOABUraTeNs THIa A
pacxoayerca 2 Kr Meau 1 1 Kr cBHHIIA, Ha M3TOTOBJEHHUE OLHOTO
aneKTpoxBurarTens tuna B — 3 Kr meau ¥ 2 Kr cBuHna. CKOJIb-
KO 3JIEKTPOABHTaTeNell KasKA0ro THUNA ObLIO M3TOTOBJIEHO, €CJH
Bcero uapacxogosaan 130 kr meau w 80 Kr csuHNa?

JBoe paGoYmx COBMECTHO MOI'YT BBINOJHHUTE ILJIAHOBOE 3aZaHme
3a 12 gueii. Ecan nosoBuHy 3agasns OyAeT BLINOJHATH OLUH pa-
Oounii, a saTeM BTOPYIO OJIOBHEY — Apyroii, To Bce saganue Oy-
JeT BHIIOJHEHO 3a 25 gHeil. 3a CKOJIBKO SHEH MOKeT BLIIIOJHUTD
sajJaHne KaXAbIi pabGounii?

Uz psyx xmaxocrefl, ILUIOTHOCTH KOTOPBIX COOTBETCTBEHHO
1,2 r/em® u 1,6 r/cM®, cocraBnena cmecks mMaccoit 60 r. Cxoasko
TPAMMOB KEOKJOM JKHAKOCTH B CMECH M KaKOBAa ILJIOTHOCTEH CMe-
cu, ecu ee 8 cM® MMEIOT TaKyo e MacCy, KaK Macca Bceil me-
Hee THKEJNIOH M3 CMENIAHHLIX MKHUAKOCTEN?

Briuucaure Maccy W MAaccoByo oA (B mpoueHTax) cepebpa
B CIJIaBE ¢ MeAbl0, 3Hafd, UTO, CIJIABUB ero ¢ 3 KI' YHCTOro cepeb-
pa, moayyar cnnas, cofepskamuit 90% cepebpa, a CIIaBUB ero
¢ 2 xr cmaaBa, cozepkamfero 90% cepefpa, moJyuar cIjaaB
c 84% -no#1 MaccoBoii moneii cepeGpa.
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214.

215.

216.

217.

218,

219.

220.

221.

Ilo okpy»xxHOCTH, AyuHA KOTOpPO# 60 M, paBHOMEPHO M B OTHOM
HaNpaBJIeHNH ABMKYTCA ABe ToukH. OaHa nemaer mojHbIN 060-
por Ha 5 ¢ cKopee ApPYrofl M IpH 3TOM JOTOHAET BTOPYIO TOUKY
KasxAylo MuHYTY, Halizure CKOPOCTh KaKAOH TOUKH.

CyMMa KBaZpaToB LH(D IOJOMKUTENILHOTO JABY3HAYHOTO YHCIA
paBHa 13. Ecnu u3 aroro umeaa BHIUYECTh 9, TO HMONYYUTCH YHC-
JIO, 3allHCaHHOEe TeMH Xe Inuppamu B odparHoMm mopsaaxe. Haii-
AATE 3TO YHCIO.

HaijinuTe BCEe mapel HaTypajbHBIX UYHCeJ, DA3HOCTH KBaJIpPaTOB
KOTOPBIX paBHa 55.

§ 5.
IIpoussogHas, nmepBooOpasHad,
HHTErpaJd U UX IIPUMEHEeHHus

21. MNponasopHasn

Haitaure oTHOMmEHME i—i ana GyHRDuR [, ecam:
a) f(x)= %xz, x,=1, Ax=0,1;

6) f(x)=vx—1, 5= 2, Ax = 0,21;
B) f(x)=38-2x, x,=2, Ax =0,2.

Tlonpsysace ompemenendeM, HalgWTe NPOU3BOAHYIO GyHKIMM [
B TOYKE X,, €CJIH:

a) f(x)=1-4x, x,=3; 6) f(x)=1,5x2, x,=2;
B) f(x)=3x+2, x,=5; r) f(x)=x3+1, x,=-1.
Haiiaure npomssogusie Gyakuunit (219-—222),
a) f(x)=:11—x4—%x3+—21-x2~x+5; 6) f(x)=(4 - x% sin x;
B) f(x)=(x%+5)(x*-2x +2); r) f(x)=08%
2-x8
3 5 5 . .
a) f(x)=»x?—\/2+ﬁ, 6) f(x)=(2-Vx) tgx;
_ ¥ -8x ___sinx
B) f(x)_'l_zx', r) f(x)—Im.
a) f(x)=2"+1g x; 6) f (x) = e + 2 log, 2x;
B) f(x) = x2 - 527, r) f(x)= Inx
e*+e™*
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222,

a) f (x)=sin 3x + cos 5x;

6) f(x)=V1+x® +—1

(2x-1ﬁ;
B) f(x)=(3 - 2x%)%
r) f(x)=1g (3x) - 3 tg (2x—%).

223. Peurute ypasmenme [’ (x) = 0, ecam:
a) f(x)=x*-2x%+1;
6) f(x)=1,5sin 2x - 5 sin x — x;
=20 L 10x% g,
B) f(x) - 5 + 3 9xv
r) f(x)=x+ cos 2x.
224, dyuxuuda sagana rpabuxom (pmec. 153).
1) Vkakure, B KAKUX M3 OTMEUEHHEIX TOYEK:
a) f'(x) > 0; 6) f'(x) < 0; B) f'(x) =0.
2) VrakuTe NPOMEMYTKHM, HA KOTODBIX:
a) f'(x) > 0; 6) f'(x) <0 B) f'(x)=0.
3) B xaxux Toukax mHTepsana (a; b) byuxkuusa f He uMeeT mpo-
HA3BOAHOI?
YA YA
7 b a 0 \fa X7 st -
a X Xy 0| X3 x4 X5 V x /xl Xg X3 x5 b x
a) 6)
YA YA

ATNATIN . A ,,

B)

X3 X9 x30 Xy X5 X¢ b x ax; 0| %3 x4 X5 %¢ x

T)
Puec. 153
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AL D

ISR

225.
226.
227.

228.

229.

230.

231.

232.

0 x4 x4“ x

Puc. 154 Puc. 155

CpaBHNTe 3HAYEHHsS OPOM3BOAHON B 3aJaHHEIX TOUKax (225, 226).
a) x, 1 x,3 6) x, m x5; B) x, ¥ x5 1) x3 U x; (puc. 154).
a) x; u x,3 6) x; m x;; B) X, u x;; 1) X, u x, (puc. 155).

®dynxoun u, v, w guddepeEnUpyeMsl B Touke x. Joxasxure,
10 (Lvw) = u'vw + u'w + uvw',

22. NpumeHeHne NPON3IBOAHON
K uccnenoBanHuio hyHKUUM

Brruucaure npubiamxxkeHHoe 3HaueHHe (DYHKOMHM B TOYKax X,
H X,

a) f(x)= %x3 - x, x, = 2,0057, x,=1,979;

6) f(x)=2+4x-x2+3x%, x, =3,005 x,= 1,98

Boiuucinre OIpUGIMIKEHHOE SHAYEHHE BEIPAsKEHHS:

a) /9,009; 6) 1,0001'% =) 0,999-5; 1) 3/8,008.

Hadiaure mpoMeskyTKH BO3PACTAHMA M YORIBAHMSA, TOYKH MAKCH-
MyMa ¥ MUHHMyYMa (ysxouil (230, 231).

a) f(x)=-Lud +4x%—Tx+18; 6) f(x)= 222,
3 3—x
_ x(x°-4) _ x
B) f(x)__T—’ P) f(x)-—z—:.
a) f (x) = cos 2x — 2 cos x; 6) f(x)=2—sin%;
B) f(x) = 2 s8in x + cos 2x; r) f(x)=3x - cos 3x.

Uccrepyitre pyHRIuIo M mocTpoiiTte ee rpadnx (232—234).

8) [(x) = (x - 2)% 6) f(x)=2+%;

B) f(x)=x% — 3x% — 9x;
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233.

234,

235.

236.

237.

238,

239.

240.

241.

242,

243.

244.

a) f(x)=1-2sin 2x; 6) f (x) = cos? x - cos x;

B) f(x)=3—cos%; r) f (x) =sin® x - sin x.
8) f(x)=VxInx 6) f(x)=;
B) f(x)=2%""%%; r) f(x)=2x-In x.

Hajipure maubosbillee W HanMeHbIIee 3HaueHUs QYHrOouu [
(ecm OHM CYIIECTBYIOT) Ha JAHHOM IIPOMEKYTKE:

8) f(x)=18x%+ 8x® — 8x¢, [1: 3];
6) f(x)=2cos x — cos 2x, [O0; =];

D) f(0)=2+27, [; 1}

r) f(x)=sinx-x, [-w; n].

Yncao 10 npescraBbTe B BUAE CYMMbI ABYX HEOTPUIIATENLHBIX
ciaraeMblX TaK, 4To0B cymMMa Ky6OB 3THX wYucesa Oblia:
a) mauboiabmieit; 6) HamMeHbIIel.

CyMMa JIIMH KAaTeTOB IPAMOYIOJBHOIO TPeyroJbHHKa paBHA
20 cm. Kakoit AIMEBI SOJMKHBL OLITH KaTeThl, YTOOBI ILIOINALhL
TpeyroJsHuKa Obina HawubGosbImeir?

Cymma QJRH gmaroHadeil napasiesiorpamma pasaa 12 cm. Haii-
IUTe HAUMEHbIIee 3HAYEHNEe CYMMBI KBaJApaToB BCEX ero CTOPOH.

Ilo zByM yaunmam ZBUIKYTCA K IIePeKPECTKY ABe MANIMHEI C IO-
croaHHBIME cKopoctsimu 40 kM/4 u 50 km/u. Cunras, uro yau-
OB HOpPAMOJMHEHHBle U MEpPeCeKalOTCA MOoJ IPAMBIM YIJIOM,
a4 Tak’Ke 3Haf, UTO B HEeKOTODHIH MOMEHT BpeMeHM ABTOMANIHMHEI
HAXOASATCS OT HepeKpecTKa Ha paccrodHuu 2 KM u 3 KM (COOT-
BETCTBEHHO), OMPEAETINTE, UePe3 KaKoe BpeMsd DACCTOSHUME MeXK-
AY HMMHW CTaHET HaMMEHLBIIIHM.

Kapruna BeicoTO# 1,4 M mOBerieHa HA CTeHY TaK, UTO €€ HHMIK-
uuit xkpait Ha 1,8 M BhInre rya3 Habmozarensa. Ha xakoM paccro-
AHKHU OT CTeHbI JOJIKEH BCTATh HaONIOAATENbL, YTOOLI ero IoJo-
JKenue OrLIO Hambonee OJMATOONPUATHO AJAA OCMOTPA KAPTHHEI
(T. e. uTOOBLI YyroJ 3peHUs IO BEPTHKANM OblM HaAMGONBIINM)?

Crarysa BBICOTOR 4 M CTOHT Ha KOJIOHHE, BHICOTA KOTOpo# 5,6 M.
Ha KaxKoM paccTOAHMH AO0JHKEH BCTATH YEJOBEK pocToM (10 YPOB-
Hd raas) 1,6 M, aTo6bl BUAETh CTATYIO MO/ HAUOOJLIINUM yrjom?

N3 Bcex UMIMHADOB, HMewmuXx obwpem 16n Mm%, malimure mu-
AHHADP ¢ Ha¥MeEHbIIEH IJIOWAAPI0 MOJHOH IOBEPXHOCTH.

Hafignte BRICOTY nuiuugpa Haumboabilero o6bemMa, KOTOPLH
MOXKHO BOMCATH B ImIap pagmycoMm R.

B xomyc, paguyc ocHOBaHMSA KoToporo R u Beicora H, TpeGyercsa
BOMCATh HWJIHMHAP, HMEKIMNE HamGOJbINYIO ILIONIAAL TOJHOMR
noBepxHocTu. Haltaure pagmyc DUJIHHADA.
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245.

246.

247.

248.

249,

250.

251.

252.

253,

254.

255.

256.

OKO0/I0 ZaEHOrO LMJIMHADPA HYMKHO ONMCATE KOHYC HAWMEHBIIETro
o6beMa (IIJIOCKOCTH OCHOBAHWUH LUJIWHADA ¥ KOHYCA COBIAJAIOT),
Kax aro cpenats?

HaiimnTe BBICOTY KOHyCa HauMeHbIIEro o6GbeMa, ONUCAHHOTO
OKOJIO 1Iapa pagmycoM R.

Haiinure BLICOTY KOHYCa HaWMeHbINIero ob6heMa, OMHUCAHHOTO
OKOJIO TOoJIyIliapa paguycoM R Tax, uTOGHLI HEHTP OCHOBAHHUA KO-
HycCa JeXKaJi B IeHTpe LIapa.

W3 kpyriaoro 6pesHa guamerpom 40 cMm TpebyeTcsa BRIpe3aTh Ga-
Ky HOPSAMOYTIOJBLHOTO CE€YeHHsS C OCHOBAHMEM b m BEICOTOHM A.
IIpounocTs Ganku mponopuumoHatbHa bh2. IIpy KakWX SHAYCHH-
ax b u h mpounocts 6ymer HanbosasImei?

OxHO mMeeT QopMy MPSAMOYIOJALHHKA, 3aBEPIIEHHOT0 IOJAVKPY-
roM. Kak omnpefenuTs pasMephl OKHA, HMEIOUIEro HAMGOIBIIYIO
mIomajh NPH 3aJaHHOM Ilepumerpe?

Ha okpyxHOCTH maHa Touka A. I[IpoBectu xopay BC mapajieib-
HO KacaTeJbHOH B TOuKe A TaK, uTOOBI IIOINAJbL TPEYIrOJBHHKA
ABC 6pl1a HauboJIBIIEH.

KakoB fgojaxeH ObITh YIroJ IIPH BepLINHE paBHOOEAPEHHOro Tpe-
YroJIbHHKa 3aJaHHOM NJomany, 4To0bH pajgHyc BOHUCAHHOIO B
3TOT TPEYTOJBHUK Kpyra O6bl1 HauOoAbIIAM?

Ha napa6oine y = x? maiifuTe TOYKY, PACCTOAHHME OT KOTODOiH IO
Trouku A (2; 0,5) HamMeHbIIEE.

06BbeM mpaBUIBHOM TPEYroJbHOI npuaMbel paseH V. KakoBa moJ-
JKHa OBLITH CTOPOHa OCHOBAHHA, YTOOH IJIONUIAAL IIOJHON MOBEpPX-
HOCTH NPU3MBbI Oblla HaMMeHbINe#?

23. NpumeHeHne npousBofHON B husnke
U reomeTpuu
Ilo npamoii gBukyTCA ABe Tourm. QnpeaesnnTe OPOMeKYTOK Bpe-

MeHH, B TeYeHHe KOTOPOro CKOPOCTH II€PBOH TOUKM ObLIa MEeHb-
IIe CKOPOCTH BTOPOH, ECJIH;

a) xl(t)=2§ 3, x, () =2t - 3;

6) x, })=9t2+1, x,() =1

¥Yron moBopora Tefa BOKPYI OCH H3MeHSETCA B 3aBHCHMMOCTH
OT BPeMeHM II0 3aKoHy ¢ (¢) = 0,12 - 0,5¢ + 0,2. Haiinure yrio-
BYI0O CKOPOCThH BpallleHUA Tesa B MoOMeHT BpemeHu ¢ = 20 c.
(Yron usmepseTrca B paswaHax.)

Kpyrawiii MerajniuuecKHi IUCK DacUINpSeTCs NMPM HATDEBAHHU
TaK, UTO €r0 pajuycC paBHOMepHO yBejxuuuBaercd Ha 0,01 cm/c.
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257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

C Kaxkoil CKOpPOCTHI0 YBEJIHYHBAETCA IJOINAAL AWCKA B TOT MO-
MEeHT, KOrfia ero paguyc paseH 2 cm?

W3 nyHEKTa A MO ABYM OPAMEIM, yTOX MeXAy Koropeimu 60°,
ONHOBPEMEHHO HAYaIWX ABUraThcA JABa Tena. IlepBoe xBHKeTCH
PABHOMEPHO €O CKOPOCTBI® 5 KM/4, BTOpPOE€ — HO 3aKOHY
s (t) = 2¢2 - ¢, C KaKo# CKOPOCTHK OHM YAAAAIOTCA APYT OT APyra
B MoMeHT ¢ = 3 u? (5 M3MepaAeTCA B KUJAOMETpax, I — B 4acax.)

Kounsr orpeska AB AAUHON 5 M CKOJB3ST MO KOOPAMHATHBIM
ocaMm. Cxopocts nepememenusi Kouna A pasaa 2 m/c. Kaxosa
BEJMYMHA CKOPOCTH [epeMeIeHisa KOHua B B ToT MOMEeHT, KOTZa
KOHel, A HAXOAWTCSA OT Hayaja KOODAMHAT Ha paccToAHuK 3 Mm?
JInuEa BEepTHKAJIBHO CTOSIIelH JecTHHObI paBHa 5 M. Husxumi
KOHeIl JICTHUIE HAaUWHAET CKOJb3HUTh C NMOCTOAHHOM CKOPOCTHIO
2 M/c. C Kakoil CKOpPOCTLIO ONyCKaeTcsi B MOMEHT BpeMeHHU i
BepXHHI KOHeI JIeCTHHIIH, ¢ KAKHMM YyCKOpeHHeM?
Heopuopoguuiit crepskeas AB umeer gauny 12 cm. Macca ero 4a-
cTH AM pacTeT IPOIOPUMOHAJILHO KBaAPATY PACCTOSHMUSA TOUKH
M ot xouna A u pasga 10 r npu AM = 2 cm. Haiiaure: 1) macey
BCETO CTEePKHA AB M JHHEHHYIO ILJIOTHOCTH B JII00OH €ro Touke;
2) nuHeHHYI0 NJIOTHOCTH CTEP)KHS B TOYKaxXx A u B.

Koseco Bpaigaercda TaK, WT0 YroJ OOBOPOTA IIPONOPIIHMOHAJNEH
KBaZpary BpeMenu. IlepBriit o6opoT 6BIA chesiaH KoJecoM 3a 8 c.
HaiiguTe yrioBYI0O CKOPOCTH KoJieca 4epesd 48 ¢ mocsie HavaJja
BpallleEnA.

Teno ¢ BeicoThl 10 M 6polmIeHO BEPTHUKANIBHO BBEPX ¢ HAYAJIbHOH
ckopoctsio 40 m/c. OTBerpre Ha Bompocsl: a) Ha xakoit Buicore
OT MOBEePXHOCTH 3eMJIM OHO OyaeT uepes 5 ¢? 6) Uepea CKOJBKO
CeKYHJ TEJI0 AOCTUTHET HAaMBHICHICH TOYKM M HA KAKOM PACCTOSA-

HHMH OT 3eMJH (cumraTh g = 10 m/c2)?
2
B xaxoil Touke nmapaboasr y = — x? — 1 xacaTenbHaA HAKJOHEHA K

ocu abenmec mop yriom: a) 45° 6) 135°7

Haiizure abeiicesr Touek rpadguka dyurmuu f (x) = x3 + %xz -
— x — 3, KacaTeJbHbIE B KOTOPHIX HAKJIOHEHHBI K OCH abcuyce moj
yriom 135°.

Hokaxure, dYro Jamobad KacaTesjbHadA K TrpaduKy OQYHKIHH
f(x)=2x%+ %xz + x — 3 mepecexkaer och abcmuce.

Hokaxxute, 4ro Japbas xacaTejpHass K rpaduky GQyHKIUH
f(x) = x°+ 2x - 7 cocraBageT ¢ OChi0 alCIHCC OCTPBIH Yrou.
Iokaxwure, uro rpabgukn OQyHKOEA [f(X)=(x+2)° =m
g (%) = 2 ~ x? umeroT O6GIIYIO TOUKY M OGIIYIO KAacaTeJbHYIO, IPO-
XOJAIYI0 Yepe3 3Ty TOUKY.
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268.

269.

270.

271,

272,

273.

274.

275.

24. MepBoo6bpa3Han

Haiigure ofmuit Bux NepBoOOGpasHBIX AJA QPYHKOIHMU:

8) f(x)=4sinx+cos3m  6) f(x)=x2+xd+ 2205,
B) [ (x) -1 ) f(2) cos?2x gin® 3x

Hua pyaxuuu f HajauTe nepBoobpasryo, rpadpuK KOTOPOH Ipo-
X0ZHUT 4Yepe3 ToOYKy M:

9 r@=2 m(Liz)i 0 r@=x2+cosx b (5 -2}

B) f(x)=a*, M (2;-3); 1) f(x)=sin2x, M (0; 1).

Haiiaure QpyHKINIO, OIPOM3BOAHAA KOTOPOil paBHa 2x — 3 B JIO-
6011 TOuKe X W 3HAYEHME KOTOpPOil B Touke 2 paBHO 2.

HatiguTe ypaBHeHHe KPUBOi, Hpoxoadleil yepes Toury A (2; 3),
ecny yriaoBoi koshpHIUEHT KacaTeJbHOH B Touke ¢ abcuuccoi x
paBen 3x2.

MarepranbHas TOYKA ABMIMKETCA IO KOODAMHATHON mpAMoil co
ckopocTeio U (t) = sin ¢ cos {. HaliguTe ypaBHeHHe ZABUXKEHHA

TOYKH, €CHH IIpH [ =i£ ee KOOpDAMHATA paBHAa 3.

25. WnTerpan

Briuncaure:
2 2
a) f cos (1,57 + 0,5x) dx; 6) _[ (2% + x?) dx;
n 1
£ _2
B) fcos (8x — sin2x) dx; r) j(5—6x—x2) dx.
n 5

12

Haiigure HanGosibinee M HaMMeHbIIee 3HAYeHNA HHTErpaJa:

L4
a+o
2

a
a) J. cos—g- dx, a € R; 6) j cos2xdx, ac R.
0 0
Bouucanre maowazs ¢pArypsl, OrpaHNdYeHHON JIMHHAMH:
a) y=0,5x2-2x+3, y=T7-x;
6) y=(x-2) y=4-x%
B) y=x2-3x+4, y=x2+1;
r) y=x2-2x+2, y=2+4x — x2.
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276.

2717.

278.

279.

280.

281.

Haiigure njomaas xaAol u3 ¢uryp, Ha KOTOpHE OpAMas
y=x+4 penur GuUrypy, OrpaHMYeHHYIO JIHEHAMH Y= %x"’
uy=8.

Haiigure nmaomans GUrypel, OrpaHMYEHHOH JUHHAMH Y = 2,5 +
+ 2x ~- 0,5x2, x = ~1 u KacarenbHO#l K ZaHHo# mapaboie, mpoBe-
JeHHOH uepe3 ee TOUKY ¢ abcmuccod x = 3.

Haiigure 1miomaxs ¢Gurypsl, orpaHudeHHoift mnapaGosoii
y = x2 — 4x + 5 u KacaTeALHHIMH K Heil, IIPOBEICHHLIMHA Jepes ee
Toukn ¢ abcmuccamu x =1 n x = 3.

B KaxoM OTHOIEHMH AeNHTCS ILIOMAAL KBagpara lapabosoi,
opoxoasAleil uepes ABe ero COCeIHHMEe BEepINUHLI M Kacawomeiics
OXHOI CTOPOHLI B ee cepenuHe?

IIpu kakoM 3HaUYeHMH G IUIOIHALL (QUTYDHI, OTPAHUYEHHOMN JH-
ausMu y=x2+4x+a (@>0),x=0,x=2u y=2, papga 127
(A3BecTHO, uTO GUIrypa JeXXKHT B BepPXHel NOJYILIOCKOCTH.)

Haiigure mapsl uuces @ u b, mpm KoTophx GyHEmusa [ (x)=
2

= a sin nx + b ygosnaersopsieT yeaopuam: [’ (2) = 2, If (x)dx=4.
0



V| 3ajayM IMOBBIIIEHHOH
EEEEE TDYAHOCTH

§ 1.
Yucsia 1 mpeobpas3oBaHUA BhIPpAXKEHUM
1. Llenblie 4ucna

L. IoraxxuTe, YTO: a) €CHH p — HNPOCTOE YHCIO U p > 3, 1o p? — 1
aeaurcs Ha 24; 6) ecom a + b + ¢ menurca ma 6, To ad + b3 + 8
aeautca Ha 6 (a, b, ¢ — Leasle uucxa); B) ecam a? + b? geaur-
ca Ha 7, 10 a? + b? menutcs u Ha 49 (@ u b — mesble guciaa);
r) uncno n?+ 5n + 16 HM OpM KakKoM IeJOM n He IeJIUTCH

Ha 169.

2, IIpu xaxux Oenwix g oba KOpHA ypaBHeHus x2 +ax?+6=0
ABAAIOTCA LEeJALIMH YHCAaMHT

3. Hokaure, 9T0: a) HAUMEHbINHH (OTAMYHBIA oT 1) JAeamtensn

COCTABHOTO u4mucia N He TPeBOCXOIMT + N; 6) uncro N uMeer

HeueTHOe UHCJIO J[eauTejeil Torga M TOJBKO TOTZa, KOTAA
N — TouHHIHE KBajpaT.

4. Halinure uncao pgeanrteseli wucaa n, ecam: a) n = 1024;
[+ 3 a [+
6) n=210; B) n =p, 'py?...p* (o, Ay, ..., @, — HATYDAJIb-
HBI®, D;, Py, ---» P, — PA3IUYHBIE IPOCTHIE uHcaa); r) n = 10!
(k! — obosnauenue mpomaBemeHmsa 1 -2 -3 - ... - k).
5. a) Karxwe ocTaTKH MOryT JaBaTh TOUHLIE KBAAPATHL IPU AeIeHHUH

Ha 3, Ha 4?

6) Moxer sm OUCKPMMHHAHT KBAZPATHOI0 YPABHEHMA C LEJBI-
MH KoaddunuenTaMu paBHATbCA 237

B) JlimHBLI BCeX CTOPOH NPAMOYTOJbHOTO TPEYTOJbHUKA — Iie-
avie. Moryr aAmM AJHMHBI KATETOB OBITh HEYETHHIMH UYHCHAMH?
r) B gecaruumoit sanmcm 12-zmaunoro umcna N nudpsr 2 m 9
BCTPEUAIOTCS MO 2 pa3a, a OCTaJbHbIe — 0 OFHOMY pa3y. Mo-
eT U N OBITh TOYHBIM KBagpaTom?

6. a) B mecsiruuHO# 3anmen umeia 300 eZMHUI, U HECKOJBKO HYJeH
(a gpyrux mudp =Her). MoxkeT au 370 umeao OLITH TOUHBIM KBaj-
parom? 6) 2008-zpaunHoe uucao a genurca Ha 9. Cymma nudp
a — uuciao b, cymma nudgp b — 4duciao ¢, cymMmMa Hu@p ¢ — 4HC-
Jgo d. Haiigure d.

7. JoxaskuTe MpUsHAKU AealmMocTH Ha: a) H5; 6) 3; B) 9.
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PemuTte B nenwix uuciax ypasrenus {(8—9).

8. a) 3 =1+y5 6) 2* -1 =y?
B) x%-y?=91; ) 2 +1 =42,
9. a) 13x- Ty =6; 6) x!+yl=(x+y)
B) 27x - 9y = 15; r) 11+21+... +xl=p2%

10. [Mokamure, uTo AiA MOOOr0 HATYPAaJILHOTO yHucia N CYIECTBY-
eT pAL MoCjefoBaTeJbHBIX N 4mces, Kamjgoe M3 KOTOPHIX CO-
CTaBHOE.

11, amo: 1g 16 = 1,20412... . HaiinuTe KoauuecTBo Nubp U NEPBYIO
mudpy umcaa 125100,

2. Meton MaTemaTMYECKOW MHAYKUMM

Pemenue sajau 12—15 ocHoBanO HA HNpPHHIUIE Mamemamuue-
cKoil uHdYKYyUu, KOTOPEII YacTo IPUHKMAIOT 33 OOHY W3 aKcHOM apud-
METHKHM. JTOT NPHHIHUN QOpPMYIHpYyeTcs Tak:

Ecax mpepnosxenue, saBucdAdlee 0T HATYPAJLHOrO YuC-
Ja n:

a) BEPHO AJH HEKOTOPOIrO HAYANBHOTO 3HAUEHUA N = Ng U
0) M3 HOOyNIeHHHA, UTO OHO BEepHO JAJa n =k, riae
k 2 n, — NPOM3BOJLHOE HATYPAJNLHOE YNUCJIO, BHITEKALT,
YTO NpEeAJIOYKEHHe BEepHO M AJA n = k + 1, To npegaoxe-
H¥e BepHO AJA JI000r0 HATYDPaJbHOTO N = N,

HokaskuTe paBEeHCTBA METOJAOM MATEMATHUYECKOH WHAYKIHY
(n € N) (12—13).
12, a) 124224+ 82+ .., +n2= n(n+1)(2n -1),
6 y
6) 124824524 ...+ (20— 1)2 = (En2D@nr L),
3 ’

B) 13 +33+53+...4+4(2n-1)®=n2(2n%- 1)
r) 1-11+2.-21+3.-381+...+rn-nl=((n+1)! -1,

13, a) L 4+ 1,1 1 n_

L, 1,1, 4 5
4-5 5-6 6.7 (n+38)(n+4) 4(n+4)
6) 22+ 62+ ...+ (4n - 2)% = 4"(2”‘?(2“ b,
B)L+-—7—+—7——+...+ 7 =1--1 ;
1-8 815 15.22 (Tn-6)(Tn +1) Tn+1
p L, L, 1 ., 1 1 1
4.8 8.12 12-16 4n(4n+4) 16 16(n+1)
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14.

15.

16.

17.

18.

19.

20.
21,

22,

23.

24,

HokaxkuTe MeTOZOM MaTEMATHYECKON HHAYKIUMN HEPABEHCTBO
(n € N):

] . 1 1 1
< - B —] —_— s 3
a) |sin nx| < n |sin x|; 6) nil Tneat +3n+1>1’

B) (1 + h)* > 1+ nh pna awboro HaTypaiasHOro n = 2, h > -1
u h# 0 (nepasencmao Bepuyaau);

r) A+A4A)>1+nh+ ﬂnz;l)h2 Aasa  Joboro BaTypaJbLHOTO

nz23uh>0.

JMokakuTe METOLOM MaTeMaTHYeCKOH HMHAVKIIHH, 4TO AJA JIIO-
60ro HATYDPAJBHOTO n.

a) 62"-1+ 1 xpaTHO T; 6) 337+2 4 24n+1 gparno 11;

B) 4" + 15n - 1 kpatrHO 9; r) 72*-1 kpatHOo 48.

3. OencrButenbHble 4ucna

Hokamxure, uro j1000e palOHANILHOE YHCIQO MOKET ObITE Ipen-
CTaBJIEHO B BHAe OECKOHEYHOM NEepPHOZUYECKON JeCATHYHOHN
Apobu.

I_Ionamn're, yro Jgi06aa 6ecKkoHeuHAaA nepuoguyecKada necATHUYHAaA
,El;pOSL €CTh 3allHCh HEKOTOPOro pamuoHAJBbHOT'O YHCJAa.

,[[oxaxcwre, 4qTOo eCXH HaTypaJibHOe YHCJIO @ He ABJAeTCA IIOJHBIM
KBaxpaTroMm, To0 vd — HPPAIHOHAJIBHOE UHKHCJIO.

Mosker nn OBITE PAIHOHANBHBIM YHCIIOM:
a) cyMMa ABYX HDPpAIlMOHA&JBHBIX YHCEJI;
0) MpPpamHOHAJbHOE YHCJIO0 B HPPAINMOHAJILHOM cTemeHM?

Hokaxure MppamyoHaIbHOCTh umcea (20—22).

a) V3 6) V3; ) lg5; 1) log, 9.

a) V3+V5 6) V2 +43; r) V2 +%/3.

1
B) —————==;
J2+ 43
a) kv2 + pv/3, rae k u p — nensie uMcHa, OTIUYHBIE OT HYJIA;

0) 3,272772777277772... (noce mepBoii ABOMKY CTOMUT OLHA Ce-
MepKa, Iocjie BTOpOil — JBe, MoOcCje TpeTheH — Tpu U T. I.,
nocixe n-# IBOMKHM — n CeMEpPOK # T. O.).

Yopoctute Bhipaxkemus (23—24).

a) V2 -3; 6) 1129 —56/5;
B) 7 +210; r) 57 + 12415,
a) {67-42V2 +19-642; 6) {51477 — /47 -4+/33.
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25.

27.

28.

29,

30.

31.

32,

33.

Ocro6oauTecs oOT nppaunona.nbnoc'm B 3HaMeHATeJe:

1 1
) ———; B) .
J2+¥3 ’ w/— \/E + f Y2+ s +37
Moryr nu ObITh UleHaMH OLHOI reoMeTpHYeckoil mporpeccuu
yycaa:

a) 10, 11, 12; 6) 81, -36, 24?

f
OKaXKHUTe, UYTO YHUCJO + .+ — .55 PAIHOHAJBHO.
II 3@ 82477 36 82477

HoxaxuTte, 94T0 AJNA Jdi000r0 uncaa M RaiieTCA TaKOe HATYPAJb-
HOe 1, YTO CyMMa

1.1 1
14+ 2+ ...+ =
2 3 n

6ynmer Goapme M.

4. MNpeobHpasoBaHne BblpaXXeHUN
Pasnoxure Ha MHOMKHTEIH:
a) x*+4; 6) x*+x2+1; B) X°+x+1;
I‘) (xz + y2)3 + (32 — x2)3 - (yz + 22)3;
D (x+y+2P-x3-y8-2% e) x®+y®+2%- Bxyaz.
JloKayKuTe TOMAECTBO:
(a? + b?) (22 + y®) = (ax + by)? + (ay - bx)>
Jdokaxxure GOpMYIHL:

a)\/;_4-— Ja+,[a —b+\/a— a2—b;

2

HsBecTHO, 4TO 0 +fB+y=7n, npuieM «, §, Y DOJOKUTENbHE!
JloraxuTe TOMAECTBO:

a) sin o + sin B + sin y =4cos—g- cos%cos%;

6) cos? o+ cos? B+ cos?2y=1~ 2 cos a cos B cos y;
B) cos 20 + cos 28 + cos 2y = -1 — 4 cos o cos P cos ¥;
r) sin? o + sin? B + sin2 y = 2 + 2 cos o cos P cos v.
HoxaxuTe paBeHCTBO:

a) arcsin x + arccos x = 5 mns moboro x € [-1; 13;

=z,

6) arctg x + arcetg x = 5
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34.
35.
36.
37.
38.

39,

40.

41.

42,

43.

1.
i+ 22
Vi-x?

x

B) cos (arctg x) =

r) tg (arccos x) = gng jioboro x € [~1; 1] m x = 0.

Borumcaure (34—35).

1 + 1 .
c0s290° /3 sin 250°'

6) sin® a + cos® a, ecam sin a + cos o = m;
B) cos 84° cos 24° cos 48° cos 12°
r) cos® a - sin® a, ecxm cos 2a = m.

a) arcsin (sin 10); 6) arccos {cos 12);

B) arctg (tg 2); r) arcctg (ctg 3).

IposepsTe, d4TO UHCAO X, HABAAETCA KOPHeM YDPaBHEHHHA
n V3-1

arctg x = — =

, Xg= —.
12° 707 /341

i sin
HaBectno, arto o + B+ y =n, I - bB =
a

a? = b? + ¢2 - 2bc cos o, npuueM o, P, Y HEOOA3ATENLHO ONOMKH-
TeJIbHBIE UHCJA.

sin
Ly Hoxkaxure, 4To
[4

Ioxkasxkure, 9ro sin 47° + sin 61° — sin 11° — sin 25° = cos 7°.

a) Hafizure log, , u, ecin log, u =a, log, u=", log, u=c.
6) Haiianre log,, 168, ecan log, 12 = a, log,, 24 = b.

. .
a) Hokaskure, uro 2VI€2* = xVI8«2 ecqy x > 1.

6) Borumcaure Gea Tabamn: 2V'108z3 _ 3vlgs2,

5. Mporpeccum

PemnTe B LeEJBIX UHCJIAX YDAaBHEHHE
-l ,x-2,2-3, +l_.3
X X x X

HokakuTe cnpaBesJlHBOCTL DPABEHCTBA

J2 cos ¢

2sin(£+ )
4 ¢

AN

1-tgop+tg2o-—tgdo+...=

4

CyMMa dYeThIpeX UMCeJ, COCTABJAIINX reOMeTPUYECKYIo IIpo-

rpeccuro, pasaa —40, a cyMMa uX KpajapaTtoB pasHa 3280. Haii-
JUTe 5TH YHCIA.

Jiasa awoboro ¢ € (O; Ej.
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44.

45.

46.

417,

48,

49,

50.

51.

Haiizure TpexsHauHOe 4ymciao, ecam ero nudphbl 00pasyioT reo-
METPHYECKYI0 IIporpeccHuio, a nudpbl YKUCia, MEHBIIErO JaHHOTO
Ha 400, — apudmMeTHUUeCKyIO.

IIlpu kakoM 3HauYeHMM a Haligyrca Takue x, UTO YHCJA

Bl+x 4 5l-x —g—, 25% + 25~ (B yxkasaHHOM IOpAZKE) COCTaBIA-
10T apu(dMeTHUECKYIO IIpOrpeccHio?

Yuena x, y, 2 (B ykazaHHOM MOpsizKe) o6pasyloT reomerpuie-
CKYI0O IIPOI'DEcCHIO, a Yucia X + Yy, Yy + 2, 2 + X — apudmMernye-
ckyio. Halizute 3HamMeHaTenb reOMeTPHUUYECKOH NIPOrPECCHH.

HsBecTHO, UTO CYMMEBI TIEPBBIX M K N UNeHOB apudMeTHIECKOi
oporpeccum pasHEI, T. €. S, = S,. Haiigure S

m+n*

Haiigure npousseleHne NepBLIX N YJIEHOB IeOMETPHYECKOM IpO-
rPeccHyl, eCsid M3BECTHA MX cyMMa A H cymMMa OOpaTHBIX K HHM
BeapuuH B (B = 0),

Ynenn apudpmernueckoit (a,) u reomerpuyeckoii (b,) nporpeccuit
YAOBJIETBOPAIOT YCAOBUAM a,, = b,y > 0, agy = bgy > 0. Uro Gonb-
me: ay, unu by,?

Haiigute cymmy:

a) 1+11+...+111...1; 6) x+2x2+ 3x% + ... + nx";
S —
n efMHUAI

) 1 1 1

+ + o0+ M
E(k+1) (kE+1)(k+2) (BE+n-1)(k+n)

r) sin x + sin 2x + ... + sin nx.

§ 2.
daeMeHTapHble GYHKINN
1 UX CBOMCTBa

6. UccnepoBaHne yHKUUIA

Haiigure o6aacThk ompegesieHuA (PYHKIHH:

\/lxl—x. Z\/S_—_Zx-xz,

a = ; 6

)y tg2x )y cos x
arcsin 0,5x .

B = = ./cos (sin x);

)y Jﬂ r) y=,/cos(

1) y =10g5 gin x COS X3 e) y= 1

g (1-yF 1)
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52.

53,

54.

55.

56.

57.

58.

59.

O6nactes ompegenennma ¢ynknum y = f (x) — orpesox [-1; 2].
Hajigure obaacTs ompesesneHus (PyHKIUH:

a) y=f(x)+1; 6) y="7(x+1); B) y = 2f (x);
r) y =1 (2x); m) y="f(x); e) y=—f(x);
x) y=|f (2)]; 3) y=1(x|) ) y=1(1-x)
k) y=fQ-|xl% m y=rfx) M) y = f (x?).

Haiiznre obnactes sHaveHMH Kaxzoil us dyrxmuil (53—54).

a) y = cos? x — cos x; 6) y=+1-sinxctgx;
1

B) y=3cosx—-4sinx - 1; ry y=—"-——.
tg2£+2
2
a) y = cos? x + cos? x; 6) y=[x)%
1
B) y = 3 sin®? x — 4 sin x — 2; r) y=
£+ 1
2
flpnserca au deTHOH (MAIM HedeTHOU) QYHKIHSA:
a) f ()= 6) 7 (x)=log, (x+Jx?+1);
x* +
3 2 3 2
5)2 ~ -
S YP g (CEL ks (EELIR r) f(x)=loga(“1)?
X cosx x-1

a) HoraskuTe, uTo Ans a060il ¢pyRROum [ ¢ CUMMETPHUHON

OTHOCUTENbHO TOUuKM O o6JacThI0 onpefeleHus QYHKUUSA
f(x)+f(-x) f(x)-7(-x)

y= — yeTHAd, & QyHRIUA Y = — HedeTHAad.

6) Joxaxkure, 4TO J00a8 (PYHKUHA C CHMMETPHYHOH OTHOCH-
TeJbHO TOUuKH 0 06JacTeR0 ompeleNeHMs IpeJcTaBiaserca (mpH-
TOM eAVHCTBEHHBIM 00pa3oM) B BHJe CYMMEI YeTHOH M HEUETHOMH
bYyHKITHH.

B) Haiiaure Bce dyHKIUUN, ABAAIONIUECA OTJHOBDEMEHHO YETHLI-
MU ¥ HedeTHBIMH.

®yurnuu f u g uepuogudeckue ¢ odbuuM nepuogom T. [oraxu-
Te, uto pyHKuHU Yy = f(x) + g (x) mn y = f (x) & (x) aBaAOTCA IE-
proaudecKkuMu ¢ mnepuogom T,

Horaskure, 4YTO CyMMa JABYX HEIPEPBIBHEIX IIEPUOAUYECKHUX
GYHKIUH, onpefe/IeHHBIX HA BCell YHCIOBOI MPAMOHN 1 He HMeIo-
mux o0mIX MepuoAoB, He ABIAECTCA IIepPHOTUUYESCKOM.

CymiecTByer Ju nepuogudeckass GyHKIUA, Y KOTOPOii: a) Bce pa-
IMOHAJBHEIE UNCIA ABIAIOTCA NepHOoJaMH, 4 BCe MPPAIIUOHANL-
Hele HeT; 6) Bce MpPpPALMOHAJBHEIE YHCJIA ABASIOTCA IEPUOAAMH,
a Bce panMoOHAJLHEIE HET?
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Hdoxaxure, 4T0 QYHKIMA He ABJACTCA MEPHONUYECKOM:

a) f(x)=cosxcos(x«/_2_); 6) f(x)=cosx+cos(x'«/§);
B) f (x) = sin x2; r) f (x) = sin Vx.

HaiignTe HauMeHBIIMA TONOMKHUTEJLHEINM MepHOoA (PYHKIINM:

a) y = cos?® x; 6) y =/|sin2x| ;

B) y=cos(x\/§)+cos—x—; r) y=1{1-2x}.
J2

HoxaxnTre, 4T0 QYHKOUS He ABJAACTCA MEPHONAUECKOM:

a) y=+vx; 6) y=sin|x|;

B) y=x2+x+1; r) y = sin x + sin (x+/2).
CpaBruTe uncina:

a) log, 3 u log, 8; 6) logy, 10 u Ig 11;

8) 23'° gx 32'%%; ) cosec;— H 4(1—sin%).

Pacmono:xuTe B nmopsigke BO3PACTAHHMA YHCJIA:

a) sin 4°, cos 2, tg 3, ctg 6;

6) sin 10°, cos 275°, tg 190°, ctg 100°.

MaBectHo, uro QyHKuma y = f (x): 1) soapacraer; 2) yGmBaer
Ha npomesxyTke I. fiBnserca nu dynxknus y = kf (x) Bospacraro-

me#t (yGniBalowmeil) Ha TpoMexyTKe I, eCJH HM3BECTHO, 4YTO:
a) k> 0; 6) k<O0?

Ilycts [ — BoO3pacTramolliad K IOJOKHTEJBHAS HA BCell UMCIOBOMH
apamoil byEKnng. JJoKaxnuTte, 4TO:

a) dyaxnusa y = f2 (x) BospactaeT Ha R;

6) dyaxmua y= f_(l—xi yGbiBaeT Ha R;

B) ¢yuxuusa y =.f (x) Bospacraer Ha R;

r) dyrruua y = lg f (x) Boapacraer Ha R.

Ilpu xexux n GyHKUUA [ MOMKET UMETH POBHO 7 TOURK IKCTpE-
MyMa, ecJIH H3BEeCTHO, 4TO f: a) uerHad; 6) HederHasi; B) Ie-
puoguueckas PysHroua?

Cpenu dyukuwit Buga f (x) = ax + b HalifuTe Bce TaKkMe, UTO OJIA
moboro x: a) f (f (x)) =f (x); 6) f(f(x)) = x.

Haiinure dyaxouu f, (x) = f (f (x)), f3 (X)) = (F (f (x))) u 7. &m.,
fo(x)=1(f(f... (f(x))...)) n o6nacTb onpenenenus f, (x), ecam:

) f@®=3~x 6 (=1 » f(x)zi_}_;,

ax+b
L . ¢ y=

ax+b cx+d
BCE, COBIAZAIONINE ¢ ODPATHBIMM K caMuM cebe,

Cpexn ¢yEKUUiT BUa: a) y = — HalguTe
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71.

72.

73.

74.

75.

76.

‘yA

a)

YA

IIpnBenuTe npumep obpaTumMoil GyHKIHMHK, ONpeAeeHHON Ha OT-
peske [0; 1] u mMeroifedi ABe TOYKH 3KCTpEeMyMa.

Haiinute ¢ynxumio, obpaTHyo panHoi. Iloctpolite rpaduru
HaligeHHBIX GyHKOUA (72—73).

a) y=vx-1;, ©6) y=1lg(l-x); 1) y=E; r) y=ylgx.

a) y = sin x, xe[—g; —‘ﬂ, 6) y =cos x, x e [0; 7];
{ . =n

B)y=tgx,xeg—5;5; r) y=ctg x, x e (0; n).
\

7. Tpaduku chyHKUUNIA

Jokaxkure, yro: a) rpadux yeTHOH PYHKIUHA CUMMETDUUEH OT-
HOCHTENBHO OCH OpAuHaT; 0) rpaduK HeueTHOH (PYHKIUU CHUM-
MeTpHYeH OTHOCHTEJNbHO Hayajla KOODAMHAT.

HonmonxuTe (ecau 3To BO3MOXXHO) rpadmku GYyHKIUE, H300pa-
JKEHHBIX Ha pucyHKe 156, mo rpadukoB mepHoamdecKuX (GyHK-
IU#¥ C HAaMMEeHbIIUM IOJOKUTENbHBIM NepuoioM T, ABIAIONINX-
cA NPH 3TOM: a) YeTHEIMH; 0) HeUeTHHIMH.

Ha pucyuke 157 mnaobpakena dacth rpapHkKa IepUOSHICCKOH
dyHKLHN, onpeneaeHHOl Ha Becel 4ucaoBOM npamoi, Kakum mo-
skerT OBITh HAMMEHBINHHA IONOMUTENbHBIN Iepuol GyHKUHH [?

YA YA
rox of] T T % 0 T T *
2 4 4 2
6) B)
Puc. 156
YA YA

a)

\J

g\y

O 1 2 8 4 5 6 0] 1 2 383 4 5 «x

6) B)
Puc. 157
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LY A

1 A,

—:7—2 10] 1 2 3 x —3/—2W0 1 2 3&4}
-1 -1

77.
78.

79.

80.

81.

82.

83.

a) 6)
Puc. 158

Har rpadur dyernum y = f (x) (puc. 158). IlocrpoiiTe ackus
rpabpura ¢pyurmunm (77—78).

a) y=f(-2x); 6) y=7f(x]); B y=FfA-x); 1 y=|f &

- . .
a) y=-2f (x) 6) y= Fx)
B) y = (2x + 4); r) y=-f (x|

Haiigure rocnefoBaTel-HOCTL NTpeofpasoBaHuil, ¢ IOMONILIO KO-
TOPLIX M3 rpadura PyHKIuuH [ MoxeT ObITL HonydeH rpaduk

byrxnuu ¢:
a) f(x)=sin x, @ (x) = sin x + cos x;
6) f (x) =sin? x, ¢ (x) = sin* x + cos? x.

Hoxamure, uro rpadpur mnwoboit apoOHO-MuHEHHON GYHKIUM

+b
= »:—;4 ¥ (c 2 0 1 ad - bc # 0) MmoxkeTt OBITH TIOJIYUEH U3 rpaduka

k
Y == TapaJlIefbHEIM IepeHocOM. YKaskure KodhOUNUeHT K.
x

Haiizure wnambonbulee U HAUMeHbIlee 3HaUYeHUA GYHKRIUYU
(ua R):
a) f(x) =2 cos 2x + sin? x; 6) f(x) =t
\[2 x2-4x+3
B) f (x) = 2 sin? x - cos 2x; r) f(x)=-cos? x + cos x + 3.

HaiiguTe nmpoMeXyTK# Bo3pacTauuA (YOBIBAHHA), MaKCUMYMBI

¥ MUHEMYMBI QYVHKIHH:
2

-2
a) y=2sinx + 3 cos x; 6)y=f—;i——;
x“ -1
B) Yy = cOs 2x — 2 coS X; r) y =lg sin x.
Haiigure acumnrorsl rpaduxa pyHKIHAM:
2 2 2
x x“+1 x x“+4
a) y=—=%; 6) y= ;B y= ;oM Y=
)y P )y - ) y x+1 V=3,
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84,

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

Ilocrpoiite rpaduxk xawzoit m3 ¢pynknnit (84—85).
2

12+x-x

a) y=1{1,bx - 1}; 6) y=-"7"—";
Y y xZ - 16

1-cos? x J1+2x+ x?

B) y=——u——; T) y=————.
cos X x+1

a) yzsinxm+cosx‘/—sin_zx;
6) y=m+sinx;
B) y = sin®(,/tg x) +cos? x (|/tg x);
r) y=M+cosx.

Ilocrpoiite rpadur pyaxouu (86—89).
(xh-1f 6) y=2'%27; 5) y=2M%r"L 1) y-log, £,

a) y=4[x]; 6) y={x}; 8 y={x)% ) y={x2; y=%z—§-

a) y=

8) y=vx+J-x; 6) y = /1083000 08P x;
B) ¥ =ctg§ sin x; r) y = {cos x}.

a) y = sin (aresin x); 6) y = arcsin (sin x);
B) y = cos (2 arccos x); r) y = arctg (tg x).

Haiignre ¢ moMompeo 3CKH30B rpadMKOB YUCAO DEIleHUil ypas-
HEeHHH:

a) sin x = 100x; 6) arcsin x = x;

B) lg x = cos x; r) x2 + tg? x = 100.

Ha pucynxe 159 nmsobpaskeH rpaduy QyHKIIHU
y=ax3+ bx?+cx +d.

Onpegenure sHakm rosdpdunuentos a, b, ¢, d.

H3ofpasure Ha KOOPAMHATHON IIOCKOCTH MHOYKECTBO TOYEK, KO-
ODAMHATHI KOTODBIX YAOBJIETBOPAIOT 34JaHHOMY VCJIOBHIO
(92—96).

a) x(y-2)=0; 6) |yl =|x? - 2x];
B) (x -2)(y +4)=0; r) |yl =sin x.
a) x| <1, lyl<1; 6) lx-3|<1,|y-4|<1
B) |yl >|x+1}; r) |x+y|+|x-y|> 2.
- g 6 ly| =4
- S U + =4;
PR ) [x]+ 1y
J >|x; Ayl yrl
B) Jx+y>|x|; r) 1> v 1
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Ya ylr

S~
S
]RY
\
e\
R‘V

a) 6)

95.

96.

97.

98.

RW
/
-
wY

\
B) r)
Puc. 159

a) y? +cos? x = 1; 6) x2+y2=x%+1;
B) |y\=logl“x+2|—l|.
3

a) Jx+y > \lzl; 0 |x|-|yl<a; B) [xI<[y} 1) {2} > {yh

n)i>l; e) sinx >siny; ®) min(x; y)=1; 38) xzy+1 2 0.
y

§ 3.
VpaBHemm, HepaBeHCTBa M CHUCTEMBbI
8. PaumoHanbHbie anrebpanyeckue ypaBHEHWUS

Haiigute 3HaueHusi 4, MPH KOTOPHLIX JAHHOE YPABHEHHE HMMEET

pemenne. Halizmre sHakm KopHe#n:

a) x>’-2@~-1)x+2a+1=0;

6) @a-3)x*-2Ba-4)x+T7a-6=0.

a) I{ns xaxkux 3HAYEeHUH a4 OAMH U3 KOpPHell ypaBHEHUSA
(@a-2)x2-2(@+8)x+4a=0

Gosbme 3, a APyroi Mennuie 27
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99.

100.

101,

102.

103.

104.

105.

106.

107.

6) Hailigure Bce sHaueHMA @, NMpHU KOTOPHIX 06a KOpHA ypaBHe-
HEA

2a+3)x2+(a@a+1)x+4=0
npuHagNexar orpesxky [-2; 0].
Yucna x, U X, — KOpHH ypaBHeHMs xZ + px + ¢ = 0. Bripasure
uyepes p H g a) x2 +x2; 6) x3 + x3; B) _.1?+__%; r) xi+ xi.

1 %2

a) CymMMa KBAagpaToB KopHell ypaBHeHua x2 - 4x +p= 0 pae-
Ha 16. Haiigure p.

6) [Ipy KakoM 3HaueHMM a CyMMa KOpPHeil ypaBHeHUS
x%2+2a (x -~ 1)+ 1 =0 paBHa cyMMe KBaJpaTOB 3THX KOpHeii?

Vpasuenue ax? + bx + ¢ = 0 He uMeer JeHCTBUTEIbHEIX KOpHeH,
mpuueMm a + b + ¢ < 0. Oupegeaunre 3HaK c.

IokaxkaTe, UuTO ecad ypaBHeHusa ax2+bx+c=0 u
bx? + ex + a =0 (a # 0) umelor 06Ul KOpPeHb, TO ¥ ypaBHEHHE
cx? + ax + b =0 uMeeT TOT e KOpeHb.

Joxka)knre, 4TO: a) eciIn X, = P _ HecoKpaTuMaa Apobb, ABJA-
q

oHaacad KOpHEM YPaBHEHHMA d,x” + alx""1 +...+a,=0c uens-
MM KO3(QGbUIIMEeHTaMH, TO p — JAeAUTeNb a,, a § — JIeJUTeNb dy;
0) ocraToxk oOT JejieHAa MHorouneHa P (x) Ha OXHOYJIEH
(x — a) paBeH 3HAYEHMIO 3TOTO MHOTOUJIeHA B TOUKe 4 (B YaCTHO-
CTH, €Cii @ — KOPeHb MHorounexa P (x), TO sTOT MHOTOUJIEH Je-
autca Ha (x — a) Oes ocrarka).

Ilonbsyace pesyabTatoM sagaum 103, pemure ypaBHeHme!:

a) 2x3 ~x2+x+1=0; 6) 10x% - 8x%2-2x+1=0;

B) x*+x3+x-x-2=0; r) 2x? - Tx3 +6x2+ 7x - 6=0,.
Pemnre ypaBrHenusa (105—114).

a) (x+1D)(x+2)(x+4)(x+5H)=40;

6) (x -1+ (x+8)°=242 (x + 1);

B) (x+1)(x+2)(x+3)(x+4)=100;

r) x*+(x+2)*=17.

a — Lt 1 _ 1. 6) 6-— 2L _qxx?;
x(x+2) (x+1)2 12 x% -4x-10
B) 1 + 2 5

(x42)(x-7)  (x<2)(x=3)
r) (x2-3x+1)(x2+3x+ 2) (x2-9x + 20) = -30;

a) x2+—1—+2(x+1):6; 6) 6x _, llx _ _o,
x? x ¥2+2x+8 x*+Tx+38
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108.

109.

110.
111,

112,

113.
114.

116.

117,

118.
119.

120.

a) x4—2x3+%xz~2x+1=0;

6) 2x*+x3 -3x2+x+2=0;

B) x* - 2x% - 3x2 +4x+ 4 =03

r) x*-4x%-18x2-12x+9=0.

a) 8x%+ 8x% - x-190=0; 6) 4x4—4x3+%=66.

a) x*+4x-1=0; 6) x*t-4x*-1=0.
a) 2(x?+x+1)2-T(x-1)2=13 (2% -1);
6) (2 -2+1)24+2(x*+1)=(x+ 1)2
9 x? x?
a) x? + =7 6) x2 + =
) (3 + x)? ) (1+ x)?
a) x?+|x|-2=0; 6) x2-2x -3=|3x - 3|.
a) J||lx-1]+2| -1 +1]|=
6) 2|x+6]-|x]-|x-6|=18;
B) |2x - 3| =|x2-2x - 6|;
r) lx+1|-|x]+8lx-1|-2|x-2|=x+2.

9. PaunoHanbHble anrebpavndveckMe HepaseHCTBa

Pemure HepaBedcTBa (115—118).

.a) (x2+3x+1)(x2+3x-3)25

3(x-1)(x+2)?
(X +D(x+1D2(x-2)
a) ¥*+83x3+2x2+3x+1>0;
) (x-D(x-3)(x-4)(x-6)>17
a) x1B— x4 x0T+ x2-x+1>0;
6) x2-x¥ 4+ xt-x+1<0.

=0

’

a) |x? - 2x| < x; 6) 3x%2—|x - 3| > 9x - 2.
I[orcamm'e HepaBeHCTBO:
4+b s Jab (@ >0, b> 0); 6)a+-~ 2 (a > 0);
B) 9-~+ b—}ﬁﬁ %bcd (a, b, ¢, d — TONOKUTENRHLIE UMCJIA);
r) i’—f;’_+€ > 3abe (>0, b>0, ¢ > 0).

Hokaskure HepasenctBa (120—124).
a) a®+ b2+ c2 > ab + ac + be;
6) (a+b)y(b+c)(c+a)>8abc (a>0,b>0, ¢c>0)
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B) ect a+b+c=1, o a2 +b%2+¢? >

r) at+b*+ct>abc(a+b+ec)

328 3anaum noeeuuenmoi

1,
3’

1,1 1 _n-1

121, 52—+3—2 "'+;5<T'

122. (a + b) (a® + b3) < 2 (a* + bY).

123. 5a2 - 6ab + 5b% > 0 (a2 + b2 £ 0).

124. [(a+c)(b+d) > Jab++ed (a>0,b5>0, ¢c>0, d >0).
10. Cucrtembl pauuoHanbHbix anrebpavn4eckunx
ypaBHeHW#

Pemmure cucremn ypaBuenmit (125—134).
_ 2 _ 2y _8g.8 2 _ 2 _

125. a) (x-y)(x*-y°) =38a°, 6) " xy+y° =21,

(x+ ) (x%+y?)=15a3; y?-2xy+15=0.
126. a) u+v =2, lx-1]+|y-2|=1,

|8u—-v|=1; y+|x~-1|=38.

x+y-z=2, x+y+z=-2,

127, a) {2x-y+4z =1, 6) <x-y+2z2=-T7,

-x+6y—z=5; 2x+38y—-z=1.

128. a) x+y=3, 6) x+y+xy=0,

xt+yt =17, 2 +y3+ 238 =12,

129. a) x-y+xy=17, 6) (x2+1)(y2+1) =10,

x2+y? =34; (x-y)(xy+1)=-3
2y 3,2 x+y=2,

130. a) {xz'zxy_zy 6‘ ’ 6) {y+ 2% = 1322,

Froexry =0 2(x%+2%) =22
2_ .2 _ (x%+ 2)x 6,
131. a) {xz v =3 6) Y
x+xy+y- =T (xz__y)y 2.
3_,38_ 3_
132. a) x° -y’ =19(x -y, 5) x*=bx+y,
By =T(x+y) Yy} =x+5y;
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133.

134.

136.

137.

138.

x2+y+2=2, x2+2yz =1,

B) {x+y’+2=2, r)1y2+2xz=2,
x+y+22=2; 22 +2xy =1,
2x[£+5J=15, y _6

2 Yy x+y b
a) 3y(—’5+i)=20, 6) { % =3
} z x x+2z 4
2y 2
62| X+ Y =13; =3
L y x z2+y
(234 Y8 — 23 —xyz = -4, 422 +4y+1=0,

a) {x*-y® +2% —xyz =8, 6) {4y2+4z2+1=0,
—x3+ P + 2 —ayz =-2; 422+4x+1=0.
(x+y+z=4, x%+ xy+ y? =37,

B) { x2+y% +2%2 =14, r) 4 x%+x2+22=28,
ny+xz+yz=9; Ptyz+22=19.

11. 3apaun Ha cocraBfieHUe ypaBHEHUMN
M MX CUCTEM

JBe TOUKKM ABHralOTCA IO OKPYKHOCTH AJAuHOHE 1,2 M ¢ mocToaH-
HBHIMH CKOpPOcTAMH. Ec/in OHEM JBHATalOTCA B Pas3HEIX HalpaBJeHH-
AX, TO BCTpeuaiTca depes Kakgwie 15 ¢. Ilpu aBum:xenuu B of-
HOM HAIIpaBJEeHMH OJHA TOYKa JOTOHAET ADPYrylo depes KaxtJble
60 c. Halizure cropocTh Kamkzoll TOUYKH,

a) Cymma nmudp TpexsHauHOTO 4HCIa paBHa 17, a cymMMa HX
kBagpatos 109. Ecau M3 gaHEHOTO 4ucia Buiyects 495, To mo-
JYYUTCA YHCJIO, 3aMMCAHHOE TeMH JKe Ou(ppaMH, HO B 06paTHOM
nopaake. Haitgure umcao. 6) Haiigure Bce TpexaHavyHEIE YHC-
Ja, cymma uudp XoTophix paBHa 17, a cymMma KBaapaTos mubp
pasza 109.

Ilacca:xup MeTpo cOyCcKaeTcsa 10 IBMIKYIEMYCH 3CKajlaTopy 3a
24 c¢. Ecan e OH MAET IO HEIOABHXXHOMY 3CKaJIaTOPY C TOH xKe
CKOpOCTEIO, TO COYCTHTCS BHH3 3a 42 ¢. 3a KaKoe BpeMs macca-
JKHP CIYCTHTCA BHHU3, CTOS HA CTYIEeHbKaX ABHIKYILIEroca aCKa-
Jaropa?

Tpu nyakra A, B u C coefuHeRbl IPAMOJHUHEHLEIMY AOPOTAMH.
K orpesky zoporm AB mpuMBIRAaeT KBAAPATHOE IIONE CO CTOPO-

HO#, paBHOH %AB, K oTpe3Ky jgoporu BC mpuMbIKaer KBajgpat-

HOe NoJie co cToporoii, pasuoii BC, a k orpesky jnoporu AC npu-
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139.

140.

141.

142,

143.

144.

MBIKAET NpPAMOYTOJBHHIM Y4YacTOK Jeca JJAWHOIM, paBHo# AC,
¥ mmpuHo# 4 kM. [lromans geca sa 20 xM? 6oabIIe CYMMBI ILJIO-
mageit KBaApaTHHIX Iojsedi. Hadianre nmaoimmans meca.

Jna HarpakjeEms mobeamTeldeil IIKOJBHON OJMMOHAABI GBLIO
B8aKYIJIEHO HECKOJIBKO OJMHAKOBBIX KHHI M OJMHAKOBBLIX 3Ha4-
KoB. 3a kHury samaatuau 1056 p., 3a sHauku — 56 p. Kuur ry-
uuan Ha 6 mTyK GoJbiie, yeM 3Ha4KOB., CKOJIBKO OBINIO KYILJIEHO
kaur? (IleHsl M KHUTH, M 3HAUKA B PYOJAX — IeJbe YHUCIA.)
IIIxonbHEMK 3aTPaTHJI HEKOTOPYI0O CYMMY JeHer Ha NOKYIKY
noprdensd, aBTOPYUYKH M KHUTH. Ecam O6bl moprdens CTOUI
B 5 pa3 JeleBjie, aBTOpyUYKa — B 2 pasa JellleBse, a KHUTra —
B 2,5 pasa JelieBjie, yeM HA caMOM JeJjie, TO Ta JKe IOKYHKa CTOo-
nja 661 80 p. Ecan 651 moprdens cTona B 2 pasa JenieBjie, KHH-
ra — B 3 pasa Jellesje, a aBTOPy4YKa — B 4 pasa Jemesie, TO 3a
Ty e HOKYNKY IIKOJAbHHUK ymaatuia Oul 120 p. CKOJIBKO CTOHUT
BCA IIOKYINIKA M YTO JOpOXKe: moprdeab uju aBTOpPyukKa?
HMeroTeas TPH KYCKA Pas3IMYHBIX CIJIABOB 30JI0TA € cepebpom.
H3BeCTHO, UTO KOJNYECTEBO 30J0Ta B 2 T CIJIaBa U3 TPEThero Kyc-
Ka TO ’Ke, UTO BO B3ATHIX BMecTe 1 I U3 mepeoro u 1 r U3 BTOPOro
Kycka. Macca TpeTbero KyckKa paBHA CyMMapHOM MaccCe YacTu
IepBOro Kycka, cogep:kamieit 10 r sosora, 1 9acTu BTOPOTO KycC-
Ka, comepxameit 80 r sonora. Tperwit Kycok, Macca KOTOpPOTO
B 4 pasa Goibpime IepBOro, coiep:kuT 75 r zosmora. CKOIBKO
FPAMMOB 30JI0Ta COLEPSKUTCA B NEPBOM Kyckre?

N3 nyuxra A B nyHKT B B 8 u yTpa BBIXOLHT CKODLIH IIO€3..
B atoT Xe MomMeHT 13 B B A BHIXOAAT MAacCCAXKUDPCKUI M Kypbep-
CKHH moesja, IPUYEM CKOPOCTH IIacCaKHMPCKOTro moesza B 2 pasa
MeHbIIE CKODOCTH Kypbepckoro. Ckopelii noesy npubGhiBaer
B nyHKT B B 17 u 50 mMmuH Toro ke ZHA, a BCTPEYaeT KypPbepCKUH
noeszg He paHee 10 u 30 mun yrpa. Haligute Bpems mpubritns
MaccasKUpPCKOro moesfa B IYHKT A, €CJIM H3BECTHO, UTO MEMKIY
MOMEHTAaMH BCTPEY CKOPOTro moesfa ¢ KyPhepCKUM KM CKOPOTO To-
e3ga C HacCasKMDCKHUM IIPOXOZHMT HEe MeHee daca.

CamoJsieT coBeplliaeT mOCAAKy M JBIIKETCHA II0 3eMJjie¢ B TeUeHHe
HEKOTOPOT'0 BpeMeHH PABHOMEDPHO CO CKOPOCTHIO U. 3aTeM JIeTYUK
BKJIIOYAET TOPMO3a, U [BHIKEHMe CaMO0JIeTa CTAHOBUTCA PaBHO3a-
MeAJIEeHHBIM, IIpUYEeM B KaKJyI0 CEKYHAY CKOPOCTh YMEHbINAETCA
Ha 2 m/c. IIyTe OoT Mecrta Ipu3eMJIeHHA A0 MOJHON OCTAHOBKHU
paBeH 4 KM. OTHOILIeHHe BpPEeMeHH, 3a KOTOpPOe CaMoJeT HPOXOo-
aut nepsbie 400 M, K BpeMeHU, 3a KOTOpPOe CaMOJIET MIPOXOIUT
Beck IyTh HO 3eMie, paBHO 4 : 65. Onpegenure CKOpOCTb U.

12. UppaunoHanbHble ypaBHEHUA U HepaBeHCTBa
Pemnre ypaBuenus (144—152).

a) J1-yxt-x2 =x-1; 6) \/x2—3x+3+Jx2—3x+6 =3;
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B) 1+xJx2-24=x-1; r) \/x+1 _4l

x1+\lx+1 4

145. a) Vx+3x-1=1; 6) ¥10-x + ¥3-x =1;
B) x+3x =2 3o -Vesl + Y7+Jxr1=4.
146. a) V1+cosx =sinx; 6) \/1—2 cos ¥ = sin x;
B) J/4-3cosx =-2cosx; r) 42 sin2x =-2 sinx.
147. a) \/;—1—2\/x—2 + \fx+7—6\/x—2 = 23
6) yx+3-4Jx-1 + Jx+8-6Jx-1 =1.
148. a) vx-2 +41 =17;
6) 4x(2-x) + 3,/x (2-x)7(x+3)P° + Y(x-2)(x+1) x? +
+ 3(x+2)(x+6) =2.
149. a) Y(x+1)? + 2% x?2-1=8%(x-1)2;
6) 3(2-x)2 +3(T+x)? =Y(T+2)(@2-2).
150. a) ¥x+1 + 38x+1=¥x-1; 6) ¥x + ¥x-16 = ¥/x-8.
. TroallE oty B )
151, a) V2rx V12rx 641 6) x?—5x-4+vx+13=0.
x 12 3
152. 1+ x- \/2x+x —97. \/2+x+\/?-
1+x+\/2x+x2 V2 + x—vx
153. [aa xaaoro AefcTBHTENLHOTO UHCJIA @ HaliAuTe Bce pelIeHud
ypaBHEHHUA:
a) x++1-x% =a; 6) yx2-1+x=a.
Pemnte nepasercra (154—158).
154. a) Jx2-3x+2>2x-5 0) V3x—x% <4-x;
B) 3vx—Jx+3>1; r) x—1-|x} <O.
“J1-ax2 [x2-1+1
155. a) 1_@"_«?,; 6) LL}B

X x
B) 4x2+12xJ1+x <27 (1+ x)
r) \/;+\/x¥_7+2\/x—2;7x <35-2x.
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156. a) x> -2x+3 <+4-x?; 6) «/3—x—«/x+1>%.

X 35

Fasigrs

157. a) x+

3524+ 4
9

29 5 .
2(x—l)+ ’x(x—g)
3 3
158. 8) 9 +3*-2 > 9_3%; 6) Va2V 59
B) log,(Jx+38 -x-1)<0; r) J4* 1417 -5> 27,

Pemmnre cucremnr ypasEenmit (159—162).

3 3/ _ X E=§
159. a) {ﬁ@+ﬁ@_12, 6) \/;J'\/x 2’

xy =64;

x+y=>5;
§/—_+ y= =4, 3x+§/— 3,
x+y=28; 3x? —8xy +3[y? =2.
160. 8) Yx+2y+8x-y+2=3, 6 22 +2y+Jx2+2y+1=1
. 2x+y="T; 2x+y=2;
1 1 1
— 1’ 2—4 2 :2, —a= =
B) ToUTNE Y r) V/; % 6
x5 x2_4y2 =0; 3V'x_y=6.
x? -y xy =36, [6x
161. a){ . N 6) x+y
y o xyxy =725 xy—-x-y=0.
3yvx =36, (23/x-2 3[y =3¢
162. a) xx+ y«/; 6) 125x -2 ﬁ 3
y y+3xﬁ=28; x -y =063;
2 2 2_ 2
3x— ’xy+2y=29, \[x + Y +\/x y =5+ﬁ'
) 2x - xy -y =20; R L o 5-7

x3+2y% =118.
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163.

164.

165.

166.

167.

168.

169.
170.
171.

172,

173.

13. TpuronometTpuyeckne ypasHeHNs,
HepaBeHCTBA M CUCTEMbI

PemuTe ypaBuenus (163—165).
a) 3 + 2 sin 2x = tg x + ctg x;
) tgx—-sinx=1-tg x sin x;
B) sin? x + sin? 2x = sin? 3x;

1) 6 sinx -2 cosx =0.

a) |x|sin x + x = 0; 6) /sinx-1+2x=0;

2
B) |x| cos x ~ x = 0; r) [—@2—-—— ‘_x) =sin§.
a) 1 -tgtx =17; 6) tg 3x — tg x = 2 (sin 4x - sin 2x);
cos* x
2tg£—cosx
B) 3 (log, sin x)? + log, (1 - cos 2x) = 2; r) 2 2 = 4.
Hoxaxkute QOpMYay:
2tg5 1-tg?%
a) sing =-———; 6) coso = ———=;
1+ tg? 2 1+ tg2 2
2 2
2tgd 1- tg2%
B) tga=-———2—u; r) etg o= ol
1-tg”5 2tg g
Pemnre ypaBHeHue:
a) sin 2x + tg x = 2; 6) sinx+ctg§=2.

Jloka)kuTe TOMKAECTBO
a sin x + b cos x = A sin (x + 9),

rae (¢ yaoBJeTBOPpAeT YCJIOBHUAM:

-__4a o= 0 -
COS@—ﬁ,sm(p——-\/;T—T_-I;,A—Ja2+b2.

Pemure ypaBnemus (169—175).

a) sinx - v3cos x=1; 6) 2sin x + 3 cos x = 4.

\/§(Sinx+cosx)=tgx+ctgx.

nXx 2nx 4nx 8nx 16nx 1
cos ™ cos 2™ cos 2™ cos 2 pos ==
31 %31 31 31 3l 32
a) sind x + cos® x = %; 6) sinl® x + cosl® x =1,

2cos X =2% +2-%,
cos10 2
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174. x? + 2x sin (xy) + 1 =0,

3
V3 " .1 )
Ccos x 8sin x

175. 8 sinx =

176. [oka)xkuTte, uro ypasHeHwue (sin x + V8 cos x) sin 4x = 2 ne ume-
€T pelIeHuiH.

Peminre mepasencrsa (177—178).

177. a) V3 tg2x-4tgx+/3>0; 6) — 19 _ <11-2sinx;
sinx+1
2

_2 _.9_ . > 1
B) tgx+1<2 tg x; r) tgx+ctgx \/§+J§'

178. a) cos 2x < cos 3x — cos 4x;
6) cos? x + cos? 2x + cos? 8x + cos? 4x > 2;
B) sin 2x - 2 sin x > 0;
r) (1 + cos 2x) (tg x — V/3) > 0.
179. IloraskuTe cnpaBeJINBOCTL HEPAaBEHCTBA:
x,
9

npu JaboM .

a) Jcoso <x/§cosg, ecn —g <p<

6) sin* a + cos? o >

DO | =

Pemure HepaBeHcTBa (180—181).
-180. sin (4—" cosnx) P ﬁ
3 2
181. /5-2sinx > 6 sinx-1.
182. Mokaxxkute, yto ecaum 0 < x < 72‘, TO cos sin x > sin cos x.

183. Hoxaxkurte, uto ecau A, B mw C — yriasl TpeyroJLHHMKa, TO
cos A + cos B + cos C < g’

Pemure cucrembr ypaBuenuit (184—186).
1

184. a) e 5 {sin(y—3x)=28in3x,
cosx ——L. =cosy; cos (y —38x) = 2 cos? x.
cos x

tgx tgy= —S0Z__ 13
y 2 cos X cos Yy
tey t gy = = sin x
185. 2 2 \/§ 186. tgytgez=—>"2 -~
cos y Ccos z
tgx+tgy=2\/§. sin
tgx tgz = y __
COS X COs 2
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187,

188.

189.

190.

101.
192.

193.

194.

195.

14. NMokasarenbHble N norapuprMmmueckue
YPaBHEHWA W HepaBeHCTBa

Pemnre ypassenns (187—189).
a) [ 5+ \[2—4-)" 4 (Js-@)x - 10;
6) 3* + 4% = 25;

B) (2++/3)% +(2-/3)* =4;

1) (2 ++/3)% +(2 -V3)* =4~.

5
-~2cos3x
4
a) |x_3‘3x2—10x+3:1; 6) x* =\/_Jz;
B) |x—2|10x% 8r-1.71; r) 2% =sin x2,
in 2 2
a) zsm x+4.2cos x=6; 6) 31gtgx_2,3lgctgx+1 — 1;
1
B) 43+—2c052x_ 7.41+cos2x=42; I‘) (2 sinx)cosx=1_

IIpy kaxkux B3HAUEeHHAX a ypaBHeHHe a (2 + 27¥) =5 wumeer
eIWHCTBEHHOE pemenue?

Pemture mepasenctBa (191—192).

a) 2% +2¢l > 2./2; 6) 25-2% — 10* + 5% > 25;
-1
B) a* < b2~ 7 )Z—x—_"—1<2.
2x+1+1
a) (x—2)% - 6x+8 57, 6) 9v**-3 _ g gix’-3 2,

Hajinure Bce 3HaueHWs a4, /JAJA KOTOPHIX HEPaBEHCTBO
4* - g .- 2*-a + 3 < 0 nmeeT XOoTaA OBl OAHO pemIeHME.

Peuinte cucremy ypaBHeHHUii:

32+ 4 42/ =82, 5 | @2 =,
3% —4Y =8; J3x+y? =x+y;
1
2cosx+za)ég} =5 Q2tgx+cosy =3
B) ’ T ’
cosx+ L {9“’”—81‘“:2.
cos y _4;

PemuTte ypasHeunsa (195—197).
a) \/1+log2x +‘/4log4x—2 =4;

6) log, 2**3 — logy [3* - 3| = x3
B) log, (3 +|sin x|) = 2" - 2;

3
r) ?§/1+1g tg x + i/l—lg tg x =2.
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196.

197.

198.

199.

200.

201.

202.

203.

204.

a) 9x€* + 91x718* = 60; 6) |x—1|'o8zx-logzxt_ |0 13,
e r) log,,, (x*+x - 6) = 4.

a) lg (arctg x) + lg (arcctg x) = a;

6) log,,, (x> -9x +8)-log, , (x+1)=3;

B) arcsin (lg x?) + arcsin (g x) = g;

1

r) lo 9-16x) =2+ —0-—-
) 108 4 ( ) logy (3-4x2)

IIpn Kaxux 3HaYeHHAX a ypasHenue 2 log2 x —|log, x |+a =0
HMeeT YeThIpe pemeHua?

IIpx xakmx 3HaUYeHHAX a ypaBHeHue 3x1lg x = 1 + a lg x nmeer:
a) oxHO peineHHe; 0) ABa pemmeHuA?

IIpr kaxumx 3HAYeHUAX a ypaBHeHme x In| x |=a umeer ozusm
KOpEeHB?

Pemnre HepaBeHcTBa (201—203).
a) log, (1 +loglx —logg x) < 1;
9
6) log3 (x — 1) - log, 5 (x — 1) > 5;
B) log, (log, log,_, 9) > 0;
2

r) log, (log, log, x) > 0.
2

2
a) log, (2* - 1)log, (2**1 - 2) > 2; 6) 8'%3 %4 xlogs 7 < 6,
2
B) 3l8x+2 < gle2e+5 _ g, r) 55 F4 x 057 10,
a) log, 5 (x-4)<2; 6) 2108 2-x(x%+8x+15) 4.
B) log _, r;-_;l > % r) log, (log, (3* - 9)) < 1.

H3BeCcTHO, YTO HepaBeHCTBO
2 _ _ a2
log, (x* — x - 2) > log, (3 + 2x — x?)
BHIIOJIHAETCH IIPH X = g. HaiifTe Bce pelleHHs1 3TOro HEpaBeH-

CTBa.
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205.

206.

207.

208.

209.

210.

Pemure cucremn ypasHenmit (205—206),

log, y =2, (x+ Y =(x-p)Y,
6)
log, ,,(y+28)=3; log, x =1+log, y;
(x-y)-*=125, ) 2 log, x —3% =15,
182 (x y) 1 3y . logz x =21032x+ 3y+]_.

log, sinx +log, siny =-2,

08 I
30082‘ ,
{log2 (sm x —cosy) +log, (sinx + cosy) = -1;
0) {

log; cosx +log; cosy =1 -log; 4.

§ 4.

Hauana mMaTeMaTHUYeCKOTO aHAJIMU3a

15. NpoussopHan
a) HoxakMTe mpusHak Bo3pacTaHMa byHxnun: dyHkmua [ Bos-
pacTaeT Ha ONpoMeXyTKe I Torza m TOABKO TOrjaa, KOrAa AXA JIO-
Omix ABYX 3HAaYeHWil aprymeHTa x M X + Ax (rae Ax # 0) ua npo-

A
MexyTKa | BBIMOJHAETCA YCJIOBHE th— >0.

6) ChopmyaupyiiTe H DOKAXKHTE AHAJOTHUHLIA DpH3Hak ybGmIBa-
HUA QYHKOUE HR OpoMexyrke I.

ITonrsysace moxasaHHBIME npusHaramu (cM. Ne 207), Hafigure
NMPOMEKYTKY BO3PACTAHMA M yOHIBAHWA QYHKIMU:

a) f (x) = 2x%; 6) f(x)=3- 4x~

B) f(x)=3- % r) fx)=1 —;

Hoxrsaysick onpepeneHNeM IPOHM3BOAHOH, HOKAXKHTE, YTO PYHK-
uua [ puddepeBnupyeMa B TOUKe Xgs €CHAU:

a) f(x)=x|x|, x,=0; ©6) f(x)=|x2-1|(x+1), xg=-1;

x2 -1 mpm x<1,
B) f(x)={ 3
x°-x mpn x>1, x,=1;
x? mpm x>0,
N fx)={",
x° mpr x <0, x,=0.

Hokaxure, uTo ecan pysruus f auddepernmupyeMa B Ra g0
TOUKE YMCJHOBOH HPAMOM ¥ ANA JIOOLIX 3HAYEHHNH X, ¥ X, BHI-
nonHeHO paBeHCTBO f (X, + x,) = f (x,) + f (x,), To f'(x) mocro-
SIHHAA.
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211.

212,

213.

214.

215.
216.

217,

218.

219,
220.

221.

Joxkaxxnre, uro ¢dyHKnus f (x) =?{/x_2 He MMeeT IIPOM3BOIHOI
B Touke 0.
Bepro nm, uro dyEKnEa ¢ (x) =f; (x) - f, (x) He MMeer nmpomus-
BOJHOIl B TOUKe X,, €CJIH:
a) f, (x) nuddepennupyema B Touke x,, a f, (x) Her;
6) ofe QyHKNUH He MMEIOT IPOHM3BOLHOH B TOuUKe X,?
Hoxkaxure, uTo eciaun ¢yHKIHA [ guddepeHIupyeMa B KaKIOU
TOUKE YHCJOBOH NpAMONH W JAad N00LIX 3HAUEHHH X; U X,
BBITIOJIHEHO DaBeHCTBO [ (¥, + x,) = f (x;) - f (x,), To f(x)=e**
wia f (x) = 0.
Brisegure ¢hopMyJibl NPOU3BOAHEIX OOpPATHHIX TPUT'OHOMETDUYE-
cKkux GQyHrInii:
1 ; 6) arccos’' x :——1——;
1- x? 1-x?

1
1+ 2%

a) arcsin’' x =

B) arctg’ x =———; T) arcctg’ x =—

+x?
Haiinute npousBogHYI GMYHKIHH: &) Yy = x*; 0) y = (sin x)°%~*.
1
2

Haiinure 7-10 NpoM3BOAHYI0 QYHKIUK § = ——— .
x°-3x+2

Hoxraxure, uro ecau f (x5) = g (xy) u f'(x) > g'(x) upu x > x,,
o f (x) > g(x) mpu x > x,.
Brrauncaure cymmy:

2 3 4 n
a) 1+2+—22 +é_3 +...+——2n_1,
2 3 4 n
6) 2+3~2+4-é2 +5-53 +...+(n+1)-2vﬂ—w1.

16. lNpuMeHeHne NMPON3BOQHON
K uccnegosaHumio PyHKUMN

Hcecenenyitte pyaxnuu Ha BoapacTaHue (yObIBaHHE) M 3KCTDEMY-
mel (219-—220).

a) f(x)=x?(Vx-1); 6) f(x)=x2J1-2x;
B) f(x) =6 sin x — cos 2x; r) f(x)=2sin x + 3 cos x.

a) f(x)=-0,2x%+ 0,5x% — 3 — x2 — x;

HaiizuTe Bce sHaueHUA g, IPH KOTOPHIX GyHKOUs [ BO3pacTaer

Ha R:
1 +(@-1) x2+2x+5;

a) f(x)= 3
6) f(x)=2x*-3(a+ 2) x? + 48ax + 6x — 5.

a2
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222,

223.

224,

225.

226.

227.

228.

229,

230.

231.

J];oxamn're, yTO LJAaHHOE€ YypaBHEeHWe HMeeT eL[HHCTBeHHbII‘:I KO-
peHk:

a) cosng——x; 6) sin x =-x — 1.

Pemnte HepaBeHCTBO:

8) 2+sinx>—1_;  6) 2-cosx> —L_.
1+ x2 1+ x2

Ioraxnute, uro mamo6oe KyOudeckoe ypasHeHHe x° + ax? +
+ bx + ¢ = 0 uMeer x0TA Obl OOMH OEHCTBUTEJILHLI# KOPEHb.

Joxkaskure, 4TO MHOrOYJeH CTeleHH n uMeer He (Gojee ueM n
KopHeH u He Gojee 4yeM (n — 1) ToOUeK 3KCTpeMyMa.

HokraxxuTe, UTO KaKJoe CBOEe 3HAUEHHE MHOTOUWIEH CTEeNeHu
npuuuMaer He Gosiee uem n pas.

P(x)
IIyers R (x) = o Apo6Ho-paitnosanbaasd dyurnua (n — cre-
nesk P (x), m — creness @ (x)). [Joxaxxure, uro:
a) R (x) ramJoe cBoe 3HadYeHmHe NPUHHUMAaeT He (ojiee YeM IIpH
k = max (m, n) sHAYEHUAX X;
6) R (x) umeer He Gomee ueM (m + n — 1) TOUueK 3KCTpeMyMa,
ecain m #n, u He Gonee wem (m + n — 2) TOUEK SKCTPEMYyMa,
ecam m = n.

Haiigure Hambolbilee W HAMMeHbIIee 3HAYCHUSA (DYHKIHUH:
a) f(x)=4x®-x|x - 2| na [0; 3);

6) f(x):m’?x ~-lo———+cosac .

x%+ 4nx - 41

Tpu nymxra A, B, C He JjgemxaT Ha OJHOH NpaAMON, HpHUUYeM
ZABC = 60°. OgHOBpEeMeHHO M3 TOUKH A BHIXOIUT aBTOMOOHJb,
a U3 TOUKM B — moean. ABTOMOOHIL JBHIKETCSA IO HANPABICHUIO
kK B co ckopocreio 80 kM/u, moesg — K C CO CKODOCTHIO
50 kM/u. B Kaxoil MOMeHT BpeMeHH (OT Hauaja JIBUXKEHUA) pac-
CTOSTHHE MEXXJY MOoe3IOM M aBToMoOuneM OyaeT HAMMEHBIINM,
ecmn AB = 200 xm?

Ha cTpaBHIe TekcT Ao/KeH 3anuMaTh 384 cm?. BepxHee M HIK-
Hee MOoJIA AOKHBI OBITH IO 3 ¢M, IpaBoe M JeBoe — IO 2 CM.
Eciu npuaMMaTh BO BHHMaHHE TOJBKO 3JKOHOMHIO OyMarH,
TO KAaKOBHI JOJKHBI ObITh HauOoONee BHIFOAHBIE PA3MEpHI CTpa-
HUIE?

Pacxoze:r Ha TONNWBO A4 HMapoxoja Aendarcd Ha JBe dacTH. Ilep-
BAf U3 HUX HEe 3aBUCHT OT CKOpocTM M paBHa 480 p. B uac.
A BTOpas 4acThb PACXOLOB NPONOPIUOHAKLHA Ky0y CKOpOCTH,
npuueM npu cxopocTH 10 KM/4 sTa yacTh pacxonos paegHa 30 p.
B dac. IIpu Kakoii cxopocTm ofmjas cyMma DacxoJoB Ha 1 kM
nytu 6ymeT HauMeHbIIeHR?
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232.

233.

234.

235.

236.

237.
238.

239.

240.

241.

242,

243.

Hai#igure xpaTuaiiniee paccrosaune ot trouku M (0; 1) xo rpadu-
1

ka oyHxouu [ (x) =-- 5
4 «/E x2
Yro Soxapie: . .
a) 3'2 wam 273, 6) (-—1 )1987 8 070 (—1 )1988?
1987 1988

JTloKkasKuTe, YTO €CHH X € (0; g), TO:

x2 . 23
a) cosx>1—7; 0) smx>x—?;

x2 x4 x3 x5

<l—— 4+ — inx<x——+-—.

B) COSX 3 54 r) si x s 150
JoxraxxurTe HepapeHCTBO:
a) e*>1+x opu x > 0; 6) In(1+x)<x opu x> 0.
Pemurte ypaBHeHHe:
a) lInx=1- x; 6) 2*=3 - x.

Hafiznre uncao KOpHeH ZAaHHOTO YPaBHEHHMSA B 3aBUCHMOCTH
OT IapameTpa a:

a) x}-3x=a; 6) |x% - 4x + 3| = ax.

K pere mupuHoil @ npoBefieH noJ NPAMBIM YIJIOM KaHAJ IIADPH-
HoH b. Kakyio MaxcHUMAaJLHYIO0 AIAHY MOTYT HMeTh CyZ8, UTOOLI
npoiiTu B raHan? (@ u b M3MepHAOTCA B METpax).

Haiigure MunrMasbHOe 3Ha4YeHHMe PYHKIIUHA

2
f(x)=2x+ leL + cos x ma muTrepsaie (0; 10).

17. NpumMeHeHue NPOU3BOAHON B (pu3uke
U reoMeTpuu

Kouseco paguyca R kartuTca o HpaMoii. YToJ ¢ HOBOpOTa KoJeca
2
3a { CeKyHA ONpejeldeTcs ypaBHeHNeM ¢ =t + % Haiigure cxo-

pOCTh M yCKOpEeHHE ABHMKEHHUSA LEHTpa KoJeca.
JlamMna nojaBelieHa Ha BeicoTe 12 M Haj IpAMOM ropHM3OHTAJbHOM
IOPOKKOH, Mo KoTopoil maer denosek pocrom 1,8 M. C kKakoii
CKOPOCTBIO YAJHHAETCH €r'0 TeHb, €CJAU OH YAAJNAECTCA OT JAMIIbI
co ckopoctho 50 M/MHA?

ITox kaxmM yriom mepecekaiorcs rpabuky GyHKIME y =8 — x
uny=4vx+4?

3anuuIATe YPABHEHHE KacaTeXbHOH K rpabuky GyHKnum f, mpo-
xopAmed depes TOUKYy M, ecum:

a) f(x):—jlz,M(O; 3); 6) f(x)=x2-4x+ 1, M (-1; -3);

B) f(x)=+v2x-1, M(-1; O); r) f(x)=v9-x%, M (0; 6).
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244.

245,

246.

247.

248,

249.

250.

251.
252.

253.

Haiigute Bce 3BEAY€HHA APryMeHTa, NPH KOTOPHIX KACATENb-
Hble, UpoBeAieHHHIE K rpaduxam ¢Gyaruui f (x) =3 cos 5x

¥ g(x)=5cos 3x + 2 uyepes Toukm c 3TuME abcumccaMu, mna-
paJliiesibHh.

Hokaxxure, UTO OTPe3OK KacaTerbHOH K rumepbone y =2, sa-
x

KJIIOYeHHBIH MeXay OCAMM KOOpAMHAT, AeJTHTCHA TOYKON KacaHMA
IoII0JIaM.

JokaxxuTe, 4TO TpPeyroJnbHHNK, 00pasoBaHHBIM KacaTeJlbHOR K I'u-
nepbone xy = a2 ¥ OCAMHM KOODAMHAT, MMEeT NOCTOAHHYIO ILIO-
mazab, paBEYo 202, a TOMKa KACAHHA SABAAETCH LEHTPOM OKDPYIK-
HOCTH, ONMCAHHOM OKOJIO 3TOr0 TPeyroJbHHKA.

TIpn xakwx sHaueHUAX a rpapur dysrnoum f (x) = ax—

nepe-

cexaer ock abcmuce mox yrinom 45° (xors Gbl B OAHOM U3 TOUYEK
nepeceuyeHus)?

Hpz raxux spadenusax a u b opsamas y = Tx — 2 kacaercs rpa-
duxa GyEKOuM y = ax® + bx + 1 B Touxe A (1; 5)?

Hoxaxxure, uTo IpH JIO60M 3HAUEHHH @ CYIIECTBYeT KACATEJb-
Had K rpaduxky oyuxnmu [ (x)= x? - ax, DepHeHAMKYIAPHAA
npsamoit y = -x.

OnumuTe MHOMXECTBO TO4eK M, KOODAMHATHON ILJIOCKOCTH, TIe
M, (=0, 1, 2, ...) — muaoxecrBo Touexk M (x; y), Taxux, 4TO
u3 Touk# M (x; y) MOXKHO IIPOBECTH B TOYHOCTH kB KACATEIBHBIX
K napaboie y = x2.

18. NepBoo6pasHas
Haitgure Bce nepsoobpasunie ana dyaxkuum f va R (251, 252).

a) f(x)=|x|; 6) f(x)=|x-1f; B) f(x)=]|x?-1|

a) f(x)=x+v1+x?; 6) f(x)=xe *%;
B) f(x)=ctg x, x € (0; n); r)f(x):tgx’xe(_g; gj

Haltnure Bce pyHXOUR f, TAaKWe, 4TO:
8) f'(x)=—17 u f@)=-1;

6) f"(x)=83-x, f(0)=1, f'(1)=0;
B) f'(x)=cos xm f(e) =m;

r) f"(x)=-1u f(0)=71(2)=0.
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254,

255.

256.

257,

258.

2569.

260.

261.

262.

Hdaa dyaxnun f Haligure nepsooOpasHy0, rpadmK KOTOpOIl mpo-
xogut uepes Touky M. Ilocrpoiite rpapuk mepBooGpasHO,

a) f(x)={

cosx mpu x <0,
1 npu x>0, M (0; 0);

1 opu x<1,

OFTM=V L pw 231, M0,
Jx

Jloxaxxure, uro aobada mepBoo6pasHas HEUETHOU HeNmpepBIBHOM

GVHKRIIUN, OIpeJeNeHHas Ha [—a; a], sABiasfeTcs YeTHON (QYHK-

nuel,

Hoxaxkure, UTO YeTHad HenpepbiBHAsA (QYHKINA, OnpegejieHHAas

Ha [—a; a], uMeeT N0 KpaiiHell Mepe OJHY HEUETHYIO ITepBoOOpas-

HYIO.

JIlBa Tea Hadaau OBHMKEHHE IO IIPAMOI OJHOBPEMEHHO U3 OLHOM

touxn. CKopocTh mepBoro v (1) = 3t2 — 6¢, sToporo v (t) = 10t + 20.

B kakoii MOMEHT ¥ Ha KAKOM PAcCCTOAHHY OT HAYaJbHOH TOUKH

npousoiiger ux Bcrpeua? (CKopocTh m3MepsieTcA B METpax B ce-

KYHZY.)

IIyers npu ABUMKEHWM 1O MPAMOI TeJI0 MACCOR M B TOYKE C KO-

opauHaroil x obsajzaeT mOTeHIMUMANBHON 3Hepruen u (x). Hoka-

XHUTE, UYTO!.

a) kKoopmuHara x () Teia IIpW ABAXKEeHHHU IO NPAMOM YAOBJIETBO-

paet puddepeHuaibHOMY ypaBHeHHio mx” (t) = —u' (x);

6) moTeHumManbHAA 2Heprua U (x) MaTepHaJbHOM TOYKH Mac-

coit m, coBeplIaiollieii rapMoHHMYecKoe KojeGaHMe X" = —wix,

B2
paBHa —-;f—, rae k = mo? (moxomure u (0) = 0).

2
my .
Hoxaxkure, 4TO NMonNHasa sHeprud E = — + u (x) MmaTepuaTbHOU

TOUKM MacCod m, ABUMKYINe#cs IO HPAMOIl COrJacHO BTOPOMY
3akony HrioToHa, coxpamsierca (u (x) — HOTeHIIHAJILHAA SHEpP-
THA).

IIyers x, (t) # x, () — A&Ba pellleHMA ypaBHEHUA x" (1) = —w?x (t).
HoxaxnuTre, uTo QyHKIUM X, (t) - x, (¢) n kx, (t), roe k¥ — mpo-
U3BOABHOE YHCJIO, TAKXKe ABIAKTCA PEHIeHUSMH 3TOr0 Ypap-
HEeHHd.

JorakuTe, UYTO CYIIECTBYeT pPeIleHne ypaBHeHuA x" (t)=
= —w?x (t), uMeromiee BUg X = A cos (wt + @) ¥ YIOBJIETBOPAIOIIEE
HayaubHEIM ycaoBuaM x (0) = x,, x' (0) = v,

Tloas3ysice peayabraramu 3agau 260—261, moxaKure, 4TO JIO-
Goe pemeHMe AubPepeHIMANBLHOr0 ypaBHeHHA X" (1) = —w?x (¢)
MokeT ObITH 3anucaHo B Bufe x = A cos (ot + ¢).
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263.

264.
265.

266.

267,

268.

269.

270.

JloxanATe TORLECTBO C IIOMOI[BI0 NIPHU3HAKA NOCTOSHCTBA DYHK-
182128

a) arcsin x + arccos x = %; 6) arctg x + arcetg x =X

Haiifure QYBKIAIO |, €CIH U3BECTHO, 4To y'y? =2uy (2) = 2
Hajinute mepeooOpasHble ajA GyHKIuUA e sin x u e* cos x.

19. WUHTerpan

MaTepuanpHasi TOYKa ABHKeTcA IO npamoit. loxaskure, 4TO:
t

a) x (t) =x,+ I v (t) dt, ecain U3BeCTHA €e CKOPOCTH U (1) B JI10-
to

foit MOMeHT ¢ MW KOOpAMHATA TOYKM B HAaYaJIbHEIH MOMEHT i,

paBHa X,;
¢

6) v(t)=v, + j a (t) dt, echn wHU3BeCTHO ee YCKOpeHue a (t)

to
B 110G0# MOMEHT ¢ W CKOPOCTH B HAUAJBLHBIH MOMEHT t, PaBHA Uy,

Ilyers f (x) — MHOroudieH cremnenu He Bhinie 3. Jokaxknre, 4TO

+4y, + y3),

b
jf(x)dx:"‘“

rae y, = f (a), y2=f(“'2”’), ys =1 (D).

Jlokaxkurte, 4TO:
a

a) I f(x)dx =0, ecnu f (x) — HeuerHas GYHKIUSHA;

—-a

6) j f(x)dx = 2] f (x)dx, ecan f (x) — ueTHaa GbyHKUHA.

-a

Bocnosssyiitech pesynbraraMmu sajaum 268 u Bhiumciaure:
Fid

3 b4
a) J.(tgx+sinx)dx; 6) Ixcosxdx.
_é -7
Bbmncmn'e'
1
a [ 25 dx 6) j xe*® du;
3 1+ 0
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0 2
B) J x 31 —% dx; 1) J (cos? x + cos? x) dx.
2 .1

2
271. C noMompl0 MHTErpajioB HaWAWTE Ipeme:

a) lim —1-(sin~7—‘+sin-2—"+ ...+sin£~n_1)n);
n-o>x N N n n n
6) lim | -1+ .1 4 41
nox\n+l n+2 n+n
. 1P+ 27 + ... p
B) lim re et apu p > 0;
n—x nF+1
{ -1 -1 -1
r) lim _n? P . nfr_ opu p > 1.
noso \ (n+1)?  (n+2)? (n+n)?

2792. Brruucaure:
2n
a) j cos?nxdx (n € N);
0

2n
6) I sin kx cosmxdx (m € N, k € N);
0

B) jsinz x dx; r) I sin3x cosbxdx.
0

-

273. Hcrmoabsys TreoMeTPHYECKYIO HMHTEDIPEeTAHI0 HHTErpaja, BhI-
YHMCIIUTE!

2 1
2) _Hlxl—l’dx; 6) [V1-x* dx;
-1

2
5) f|x2—1]dx; r) f’{x}-.zl_’dx.
0 0

274. Bruucaure mrolnaas GUIypPHl, COCTOAIIEH M3 TOYEK, JEXKALIUX
BHYTPH 3JjuIuInica. (QJIJINICOM HasbIBaeTcA (QuUrypa, KOOPAHUHATHI
2

2
TOYEK KOTOPON YAOBJIETBOPAIOT PABEHCTBY -’fé— + Y- 1)
a

b2
275. Hpm xKakux 3HavYeHUAX [TapaMeTpoB a, b U ¢ onpelesieH HUHTEr-
paJi:
b 3 b
dx dx dx
e fE w ]y
) .[x—z ) x-c B) x+c
a ) a

276. Haiiagure maomanb GuUType, OrpaHMYEHHON JUHUAMH:
a) y=|x? -1 my=>5+|xf; 6) |y| = 2x — x2
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277.

278.

279,

280.

281.

282.

283.

284.
285.
286.

IInomafs GUrypel, OrPAHMYEHHON JIUHUAMM y=1, y:—l-—

x 2x-1’

4 .
x=2, x=a, y=0, pasHa In - =. Haligure q.
=m0 75

Joxkaxure, 4TO MHJOmIaAb NapabojiMYecKOr0 CerMeHTAa, 3aKJIo-
YeHHOr0 My napaboiodl y = x% U UpOU3BOJLHOM mpsMoli, ma-
pajLIenbHON ocm abcuucc, paBHA % njaomansyu IPAMOYIOJbHUKA

¢ BEpIIMHAMH B TOYKaX IepeceueHUs NpaAMo# ¢ mapaGosoi
1 OCHOBAHHMAMH NEPHEHAUKYISAPOE K OCH abCIuce, ONyIeHHBIX
A3 TOYEK TepeceuyeHMH.

IIpysxkuHa pacTaruBaercd Ha 2 ¢M nof peiictBueM cuabl B 180 H.
Ilepponauansaas gauna npyxuHnl paBHa 20 cm. Kaxyio pa6ory
HYXXHG COBEPIINTH, YTOObl PacTAHYTH IPYXUHY A0 25 cm?
TIpu kakom 3HaueHMM 4 ILIOUIAAL QUTYPLI, OTPAHMYEHHOM OCBHIO
Ox, rpabuxoM ¢yHxmuu y = x% + 3x%2+ x +a ¥ BeprUKaTAMH
x = const B TouKax sKcTpeMyMa dTOH QYHKIUM, OyJeT HaUMeHb-
meit?

Kanna Boawl ¢ mauvannrHoit Maccoii M majaeT mop JeHcTBUEM
CHJIBI TAMKECTH H PABHOMEDHO MCIAPAETCS, TEPAA eXKeCeKYHIHO
Maccy m. Kakosa paGoTa cunbl TAMKeCTH 3a BpeMd OT Hadajia Ma-
JeHUd Kaniu X0 ee TOJHOTO HcmapeHus?

Kagyo MuHAMaabHYI0 paboTy N0 OPEOAONeHHI0 CUJILI THMKeCTH
HAaJO0 NPOM3BECTH, UTOOHI HACHINATE KYUy Iecka B GopMe KOHY-
ca BeicoTol H u pammycoM ocuopaHusi R? IIn1oTHOCTE meckKa
paBHa p, ¥ €ro IOKHUMAIOT ¢ IJOCKOCTHM OCHOBAHWA KOHYCA.

OnHopoJHasi TPeyroJLHas IJACTHHKA ¢ OCHOBaHUeM a = 40 cM
u BbIcOTON h = 30 cM BpamaeTcsa BOKPYI OCHOBAHHSA C MOCTOSH-
HO#i yrioBo# cxopoctbio ® = 57 c¢’!. Haliaure KHHETHYECKYIO

3HEPruIo IJIACTHHKH, ecanl ee TonmuHa d = (0,2 ¢cM, a IJAOTHOCTS
MaTepHuajia, K3 KOTODOI'O H3IOTOBJIEHA NINAaCTHHKA, paBHA

p = 2,2 r/eMd, (ToMmumHEON NAACTHHKM NpeHeGpeds.)
HajiamTe 11eHTP MacC OAHOPOIHOrO IMOJYKpyra paauyca R.
Hajignre meHTp Macc OZHOPOAHOrO moJayiapa paguyca R.

Horaskure, uro pabora, KoTropas NPOUIBOAUTCS HPOTHUB CHJILI
BRITAJIKUBAHUSA BOJIH NPHU NOTPYXKEHUH OJHOPOJHOrO Tejia B BO-
&y, pasHa pgVh, rae p — WIOTHOCTL BOJABI, & — YCKOpEHHE
cBoboAHOTO mazeHudA, h — raydumHa NOTpysKeHHsA ILEeHTPa Mace
YacTH TeJja, HaxoAadmecA B BoJe, V — ee o0meM.



OTBeTbl ¥ yKa3aHUA K YNpaXHeHUsim

G

I'nmaBa 1
1.0 §é~t-; ﬁg—t-; g 2. 1) 225° 270° -105°. 3. B) 4; 1) 3. 4. B) Her; za; na.
5. B) Her; r) ma. 6. B) Her; r) ma. 7. r) sina:—%; tga=—%;
15 24 161, 84 77
tga=-"2. 8. 1) —-1. 9. 1. 10. 6) -==; ——; 2% —-—. 1L tg o.
ctga=-g- 81 B) ) 95’ 280° 85° "85 B) te o

12. 6) tg X, _cos ™; cos g, -ctg 0,1n. 13. r) 1. 14. B) Her; 1) na.

5 18°
4, 1
15. v) -4 ;- 1.4 16.8) 0,7833; 0,6216; 1,2602; 0,7936. 17. 6) 22°6";
V1T 17
27°30'7"; 63°35'54”; 84°47°52". 18. 3) O,lm; 1) Onm. 19. a) 0,05 m.

20. 6) 1. 21. B) 3; r) 22. B)

—‘/63 3‘21@. 27. 1) -2. 30. B) IV;

IV; II. 31. r) Ilnroc. 36. B) D(y)=R, E(y)=[-2;0]. 37. r) D(y)=R,
EW =[-1,5; 1,5]. 38. r) (0; -1), (; + 27n; 0), neZ 39 1) (0; 3,5).

41, 8) Loy 1t
0
44. B) YncioBas npsaMmad, XKpoMe uucenxr nn, neZ. 45 B) D(y)=E(y) =
= (—o0; 1) U (-1; o). 46. 1) D(y)=1[-4; 3), E (y) =(-1; 4]. 49. r) Puc. 1.
50. B) BeinonuseM pacTsxeHHe Trpadura
¢GYHRUMMN § =COS X BAOJL OCH ODAMHAT
(k=10,5), a 3areM mnepeHOC Ha BEKTOp
(0; -1),  pue. 2. 52. 1) S, (x)=x?,

D(Sl)=(0; Qf J; Sy(x)=a?-x%*, D(8Sy)=

a2
5 |

9 + 1. 42. B) Her. 43. B) (—o00; —4) U (—4; 2) U (2; o0).

YA

/
= ' 0;
\
54. r) D (y)=R, E(y)=1[1; 1,5]. 64. r) 3m.

53. B) [-2; 1,5) U (1,5; o0).

—+ \0 : > 65. 5) . 67. 1) 4;.68. 8), r) Her. 69. r) He-
yertHada. 70. B) Hu uerHasa, HuU HeueTHad.

72. r) Yernan. 73. r) 2r. 77. r) Boapa-

Puc. 1 craeT Ha [-4; -2], [0; 2], [4; 6]; yOmniBaer
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YA
y=0,5cosx-1 1
_3n e = 0 n n CLI
2 2 2 2
-1
-1,56
Puc. 2

Ha [-6; -4}, [-2; 0], [2; 4] x =2, %, = 2, X =4, 2, =0, x . =4,
Y=y @) =38, y(0)=0, y(-4) =y (4) =—-2. 82. r) Boapacraer ua [3; oo);
y6riBaer Ha (-co; 3] x;, =3, y(3)=0. 83. B) Bospacraer ma (~c0;-3),

T 2nn],
2

(—8; o0); Touer axcTpemyma Her. 84. T) Bospacraer Ha [—g + 27n;
yObIBaeT Ha [g + 2nn; % + 2nn}, X pax = g + 2nn, y(%+2nnj =-1, x5 =

=- 725 +2nn, y (—g+2nn) =-2, neZ. 85, r) Bospacraer Ba [-T+ 2nn;

2nn}, yOwisaer Ha [2mn; m+ 2rn]; x,, =270, y(2rn)=0, x_,; =n+ 21n,
y(n+2rn)=-2, neZ. 86. B) IlepBoe Gonpuie. 87. r) sin (-1,2), sin 0,8,
sit 1,2, 88. ) YGmBaeT Ha (—o0; —1], [0; 1], Boapacraer nHa [-1; 0], [1; o0),

Xar =0, y(0)= Ypn=t1l, y-H=y(1)=-1. 89. B) Bospacraer Ha
4n

=" 4 2nn,
3

—?g +2mn; T 3 + Zrm], yOBIBaeT Ha {3 ~2nn; - + 2nn}, Xpax = 3

.

y(g+2nn)=1, xmin=43n+2nn, y(43n+2nn)=—l, neZ. 90. B) ctg ?g

ctg in , ctg 12n , tg 6“ . 91, B), 7) Ykasaunue. Bocnojas3yiiTeck CBOHCTBaA-

Mu dysxnui y = x5 u y=x5. 92. 6) Yrasanue. Ilycts —b < x; < x, < —a,
Toraa a < —x, < ~x; < b u f{-x,) > f (~x,), Tak KakK f y6riBaeT Ha [a; b], cye-
HoBaTeABHO, [ (x,) < f (x,). 93. B) 1) D()=[-6; 6], E (/) =[-2; 2]; 2) QyHk-
uus HeverHasn; 3) (—4; 0), (0; 0), (4; 0) — rouku mnepeceuernus ¢ ocwo Ox,
(0; 0) — Touxa nepeceueHus ¢ ockw Oy; 4) f(x) >0 na (—4;0), (4; 6],
f(x) <0 ma [-6; —4), (0; 4); 35) f Bospacraer ma [-6; -2], [2; 6], yOniBaer
Ha [-2; 2] 6) x, =2, f(2)=-2, x_ ., =-2, f(-2)=2. 96. 1) 1) D(/)=
=E(f)=R; 2) (1;0), (0; -1) — ToUKH DnepeceueHUA ¢ OCAMH KOODIMHAT;
3) f(x)<0 ma (-o0;1), f(x)>0 mnHa (l; c0); 4) f Bospacraer HaA R.
97. 8) 1) D() =[-1; =), E(f) =[0; o0); 2) (-1; 0), (0; 1) — Toukm nepece-

yenust ¢ ocamu, 3) f(x) >0 ua (-1, ), 4) f Bospacraer Ha [-1; ).
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98. 8) 1) D (/) = E (f) = R; 2) pyrxuusa neuernasn; 3) (0; 0) — Touxa mepecede-
HHA ¢ ocaMu; 4) [ (x) < 0 Ba (-o0; 0), f(x) > 0 Ha (0; o0); 5) f Bo3pacTaer Ha R;
r) 1) D (y) =[2; o), E (f) =[-2; o0); 2) (6; 0) — Touka mepecedeHHA C OCHIO
Ox; 3) f(x) <0 Ha [2;6), f(x) >0 Ha (6; o©); 4) f BoapacTaer Ha [2; co).

99. B) 1) D(H=R, E(H= (—oo; i], 2) pymxaua versas; 3) (0; 0), (-1; 0),

(1; 0) — Touxku nepecevenus ¢ ocamu; 4) f(x) <0 ma (—oo; -1), (1; 00),

f (x) > 0 ma (-1; 0), (0; 1); 5) f Bo3pacraer Ha (—oo; %:I, [0; 0,5], f ybriBaeT Ha

[-0,5; 0}, [0,5; o), x,, = + 0,5, y (-0,5) =y (0,5) = 0,25, x_. =0, y (0) =

max

100. r) -cosg, —ctg%. 101. B) D(f)= (3 L”;—l—)) neZ, E({)=R.

102. r) f(x)>0 npm 520—<x<%+%’5, f(x)<0 mpum f+%<x<w,

T+ I neZ. 103. r) Bospacraer Ha [ r,In.

f(x)=0 opu x= >

" |

.3
104. B) I'padmx dyaxknum uzobparken Ha pucyHke 3. 105. B) 'padux dyHK-

y6uiBaeTr Ha [

nun uzobpaken Ha pucynxe 4. 106. r) A=0,5, T =4, m=—72t—, x(t1)=%

110. B) R, xkpome umcen 2nn, n € Z. 111. 8) [0; \/E]; r) (0; 2]. 113. B) I'pa-

dux o¢yEKUME n306paken Ha pucyexe 5. 114. B) A=12, T=1,2,

I(t)=12 sm~5g—t 115. r) 2— 118. =) -—, r) —.120. r) —34—" 121. r) —z—.

122, 1) ———, r) 0. 124, B) Her; r) ma. 125. 6) Her. 126. r) - —. 127. B)

VA
f (x)=-1,5cos 3x

1,5
1

! _af _z_n\ g [z n = T %

2 3 6 6 3 2

—1
-1,5

Puc. 3
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Y4 fx)=-2ctg 3
21 B¢
4
~6n ~-3n " 3n 0 3n  3n 6n x
2 2 2

Puc. 4

r) -%. 128. B) —g; r) ’2‘— 129. ) Ilepsoe membme. 130. B) 0,8948; 0,5010.

131. 1) —§£. 132. 6) Beaem of6o3HaueHHA O = arccos Xy, B = arccos X,

2
Ilpeamonoxum, uro o < . Tax kKax o B B wpuHagsexar npomMexyTy [0; n],
TAe KOCUHYyC yOBIBAET, IOIYYHM COS O, > c0s P, T. e. x; > X,, UTO HPOTHBOPEUHAT
yexoBuio. 133, 6) Ykasaunne. UcnonpayliTe npueM, OMUCAHHEIN B PeIlleHUN

yopasxkHerus 132 (6). 136. B) + % +2nn, neZ. 138. r) -—-72t- +27nn, n e Z.
130. ) 1" Eamn, nez 141 ) Zoan 142 8) 1" 2—; + 4nn,

neZ. 143. B) + arccos 0,3 + 2an, neZ. 145. r) -2-3n—+4nn, nelZ.

146. 1) 3%'1 §+ 3’;—” neZz. 147, 1) (1) % + -355 +8tn, nez
y f(x)=4cos(’3£+73—t)

4

\ |
—4n -2t -n 0| n\g 2n 4n 6n x

2
—4
Puc. 5
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148, B) (gigmn 1) (g—+4nn; 1], neZ 149. r) -%", 0, g —%
3n T, fi3
151, z. ) 152. (-m; ), 153, (-— ) 154, (—— 2nn;
B) (4 n B) 3 3) r) 2 1 r) 1 + 2nn;

~g~+2nn , neZ. 155. ){——+2nn, E+21m—| neZ. 156. r) - ——+n'n,
n . 171'c

~4 +7nn|, ne€Z. 159. B) (dnn; n+ 4nn), ne Z.160. r) H+2 n;

/

2—5T£+21m) neZ. 161. r) i—£+21m; rc+2rmj, neZ. 162, r) [—»—+
24 3 4
+larcsing+ an. —larcsm2 + M) neZ. 163. B) [—E; E]. 164. r) (-1)* x
4 5 2° 4 5 2 4 4

X aresin i +nn, ne Z. 165. r) 2rn, + arccos E]; + 2nn, ne Z. 166. r) n + 2nn,
neZ. 167. B) x, +xn, x,+mn, x;=-aretg2~-1,1071, x,=arctg ;— 2

= 0,4636, neZ. 168. r) * 6+7rn, neZ. 169. B) ‘—+rm, arctg 3,5 + nn,

neZ. 171, r)i§+nn, neZ. 172, B)(l)”-~arcs1n;+752—n, neld.
173. B)(l)"+16+nn, neZ. 174.a)~§~, gﬂ‘g; k,neZ.

175. r) (——nn nn} neZ. 176. B) (—+21rk 2+nn),ne‘Z,keZ.

I'maa 11

177. 6) 3) 1,2881; 4) nth(2R+ h). 178. r) 0,205. 179. r) Ax=0,125,
Ax

Af=0,1. 180. 1) - ~——---, 181, B) 65 KkM/4. 182. r) Ha 4 B orpunaTeIbHOM
xO(xO + Ax )

HaIpas/leHHH, vcp=—2. 184. B) 1,5, ocrppiii. 185. B) 6 (2x + Ax) Ax.

-2
186. r) A 20 7A% | 187 B) v, = g2ty + At). 188. 6) Mu-
Ax ((xo +Ax)2+1)(x2 +1) 2

HyC, IJIIOC, MUHYC, 1oc. 191, 6) 2,5; 2,1; 2,01. 192. ) -2, -4. 193. r) 5,
-2, 194. ) —i, -1. 195. r) y=4x-4. 196. B) 2; r) 5. 197. B) Henpe-

PhIBHA B TOYKAX X, X,, He ABJAETCH HENPePHIBHOHN B Touke xy. 200. B) 5; 4.

201. B) 6. 202. 1) 0,25. 204. h = 0,04 gm. 206. h = 0,01 am. 208. r) 3x% +

+ -1 200 r) -8x3+ 922+ 2. 210. B) —34 . 211, ) 740 - 202 + 2;
2\/ x (5x+8)2

r) x-9x% 212, B) 1.5; 4. 213. B) 4; -1. 214. 1) (-o0; -2), (2; ).

215. B) -§-’-‘--(flx _34;; *3) 216. B) -1. 217. 1) (~00; ), (3; o0). 218. r) Ha-
X
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npuMep, 3x3—%x. 219. a) Her. 220. 1) f(x)=3x+§, g(x) =cos x.

221, B) f(x)=2x+1, g(x)=x". 222, 8) [-0,5; 0,5]. 223. r) [2nn;

n+2rnl, neZ 224 1) —— 30 225 1) 65 (5x—2)'2+ 24 (4x + 7).
(6x-1)5

L
226. B) [g + 27n; %t+2rmJ, neZ. 227 a) 3-2x% B) (3-2x)2

228. 6) \/_1:, [0; 1) U (1; o0); B) Cos x, [—g +2nn; g+ 27tn:|, nelZ.

229. 6) f (x)=x2 D(f)=[0; oo); 1) f(x)=-x-1.230. 1) 1522 (3 — x%)* +

+—1_ 232. r) 2cos x — 1,5 sin x. 233. B) — 1‘~-—. 234. r) 0; -1.
J2x -7 2 cos? x

235. 1) —g L2, neZ. 237, 6) - LS082%

sin®2x 12

. 239. 1) * T, nn, (—i%+rcn;

%+ nnj, neZ.  240. B) Hanpumep, f(x)=—sinx. 241. r) Ha, pga.
242, B) R; 1) (—00; 2), (2; ). 243. B) 0,7. Yrasaunue. IlpoBepsTe, 4TO
7(0,8) <0, f(0,6) > 0. 244. 1) (—oco0; 1), (2; 6). 245. B) (-o0; —4), [-2; -1),
[2; o0). 246. 1) (—o0; —3] VU (-1; 1) U [3; o0). 247. 1) m > 0. 248, 1) (-2; -1),
(1; 2). 249. B) (=2; 0), (0; 3); r) (—o0; =53], [2; o0). 250. B) (—co; —4] U [0; 4].
253. B) 3.254. 1) 0. 255. 1) y=3x+1, y=12x-17. 256. B) y=2, y=1 +

+g — x. 257. B) (~1; -1), (0; 2), (1; -1). 258. 1) [Z +2nn; V2 (g + 2nn - 1)]

[-—i— + 27n; V2 (Znn + 1= :j], neZ. 259. a) arctg3 B Touke (0;0),

n —arctg 6 B Touxax (—\/5; 0)n (Jg; 0); ) Z B TOYKax (;—[+ 2rn; 0), %

5m
6

r) 40,52, 9,86. 263. r) 2,0004. 264. r) 0,9302. 265. 8) 0,526. 266. B) 0,1247.
267. a) (-t + 41+ 5) m/c; B) 5 c. 268. 35 m/e, 22 m/c?. 269. (6t —4) pan/e,

20 paa/c. 270. a) 2,8 pag/c. 271. 12t cm/c; a) 112 c; 0) éc. 272. a) 6c;

. .
B TOUKAX k_; + 273 0), neZ. 260. a) Z—; r) °%. 261. B) 24,52, —0,16:

6) 18 m/c. 274. 22m. 275. a) 0,04 H; 6) 0,0025 Hsx. 276. a) 65 r/cm;

2_
6) 125 r/em. 277. 0 <t < 2 2 278, of ~9t*21
3 V412 —6t+21

craer Ha (-oo; -3], [3; o); yGeiBaer Ha [-3; 3]. 281. B) Boaspactaer

npu t > 0. 280. r) Bospa-

Ha (—oo0; 2], [2; c0), y6EBaeTr ua [-2; 2]. 283. r) I'paduk bysknum nsobpa-
skeH Ha pucymke 6. 284. B) I'padux GyHKIHM u300pa’keH Ha PHCYHKe 7.
286. 1) f{(x)=-3x2+6x=3x(2—x), f (x) <O OpH BCeX X H3 NPOMENKYTKOB
(—o0; 0) u (2; co0), caenoBarTenwuo, f y6uiaer Ha [-2; 0] u [2; 3], f(-2) > O,
F(0) <0, f(2) >0, f(3) <0, o TeopemMe 0 KOpHE ypDaBHEHHE HMeeT eNUHCT-
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yi UA
16

)
w¥

_ﬁ\—%\i/@ x —2v2|-2 o] 2|2
-14

Puc. 6 Puc. 7

BeHHOC pelleHMe HA KAXKAOM M3 mpomexyTkos [-2; 0], [2; 3]. 287. 6) x,, x,,
X5, Xg, %;. 288. B) i"—;+2un, neZ;r) +2. 200. 8) x,, =-1, x,,, =0;

' 1 . ’ .
min =% 1, 25, =0. 201, a) f'(x)=—=; F(x)#0 Am OpE Kakux X;

2Vx
f' (x) me cymecTsyer npu x = 0, HO 3Ta TOUKA He ABIAETCA BHYTpeHHei# nia

npouexcyrsca [0; ). 202. 3) (-1)**1-Z 4 nn, n e Z; 1) i%. 293. B) + 3;
r) 0; £ 2. 295. r) I'papux dpyexoum uaobpasken Ha pucynke 8. 297. r) I'pa-
bux pyEKnEE H3o6paxen Ha pucynke 9., 298. r) Bospacraer Ha (—o0; —1],

[5; oc), y6riBaer Ha [-1; 5). 300. B) D (=E () =R; f — HeuerHad; f (x) =0
npr x =0, x=:t‘j%; fx)>0, ecnnxe(— %; 0), xe( gég; 00]; f(x)<O0,

r) x

vA
21
77§
44
0 1 2 x
-1
of 2 |3 x
Puc. 8 Puc. 9
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VA
vA
1
1.
> 2-1 flo h 2 x
01 2 «x
Puc. 10 Puc. 11

ecjin xe(—OO; - %), xe(o; 1’%?]; [ Boapactaer Ba (—oo; —2], [2; o©);

f youmaer ma [-2;2) x,,, =-2, f(-2)=4 14—5, X =2 f(Q)=—4 —1‘%;

r) D(f)=E (f)=R; { — Beuersaa dyexuus; [ (x) =0, ecqiu x =0, x=iE;

f(x) >0, ecnu xe(—oo; - —g—], xe(o; E), [ (x) <0, ecin xe[—\/%; O),

xe (\/g, 00); f Boapacraer 8a [-1; 1], y6uBaer Ha (—oco; ~1], [15 00); x, =-1,

fC1)=-2; x_ . =1, f(1)=2. 301. B), r) I'padmxn PyHKIMH H306pAKEHDB
Ha pucyHrax 10, 11. 302. B), r) I'padukn Gyuxnmii n3o6paskennl HA PHCYH-
rax 12, 13. 304. B) 2; r) 3. 305. B) [151a;:]f(x)=f(2)=56, [glirzllf(x)=

=f(1)=-2; max f(x)=7(3) =594, min f(x)=Ff(2)=56; r) max f(x)=
[25 3] [2; 3] [-3;-2]

=f(-2)=2, min f(x)=f(38)=15 min f(x)=f(1)=l, max f (x) =f (5) =
[-8; ~2] [1; 5) 2 1:5]

= -‘rl. 307. 6c. 72mM/c. 308. min f(x)=7f(-2)=9, max f(x)=Ff(2)=25.
6 [-2; 51 [-2; 5}

VA
21
/\ |
N\ L
\.Zén\/ -1 ..F. 0 E T 3_1[\./211;\-/ x
2 2 2
Puc. 12
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309. 10 c. 310. B) _max f(x):f(5]=3_‘/§,
s

min f(x)=f(ﬂ)=—2; r) max f(x)=
[0;3_,: 2 [-5; -2,5]
2

1 =f(-3)=-4, mm f(xy=rf 5)-—-5—
[-5; -2,5]

- 311.24=12+12.312.4=2+2.313.12 m,

_'1 0 1 2 ; 12m. 314. 54=12+24 + 18. 315. 16 =4 - 4.

316. 8 cm, 8 cm. 317. Bricota — 1,5 om,

CTOPOHA OCHOBAHMA — 3 AM. PemeHHe.

IlyeTe x — cropoHa ocHOBaHuA Gaka (x > 0).

Bripasum ero BeICOTY depe3 06HEM U CTOPOHY

Puc. 13 ocHoanua. 13,6 =x%-h, k= 13;5- Haitnem

x
1 b
moBepxHOCTH Gaka S = x2 . 325 =x2 - @. Hailizem HamMeHBIIEe 3Haue-
X X
2, 54 . Vi 54
HpHe ¢GyEKnEE S(x)=x° + 5 na npomexyrre (0; o). S'(x)=2x— =
x

x =3 — xpurHyeckaa Touka. PyHknua yboiBaer Ha (0; 3], Bospacraer
Ha [3; oo). CuemoBaTelbHO, (‘r)nin) Sx)=8S(@3)=27. 318. 30 cm, 20 cm.
;T ®

319. 202 cm, 202 cm. 320. B TOYKY, YAaJeHHYI0O Ha 3 KM OT HaceJeH-
" HOTO NyHKTa M Ha 12 KM OT TOYKM mrocce, Ommmadmmedt x 6yposoil BHIII-
Ke. 321. K toure orpeska AB, yganemnoi or B ma 1 km. 322, -0,5.
324. Ksagpar.

Fmasa 111
327. r) Her. 329. B) Hanpumep, —4x. 331, B) Her. 332, 8B) Hanpuwmep, x

334. r) f(x)=3 - 2sin x. 336. B) x + 3% +C. 337. r) —cos x — 2.
x

4
339. B) —cos\x+§)—2. 341. r) x(t)=—cos . 343. 1) —sm(g—i)* C.

844. 5)-— % 1. 345.1)- -1 _ 2454 3x + 4,5. 346. 5) g-tg (Bx+1) -

3(3x-1) 2x2

3 1 1
-3 4-x)+x2+C. 347. 1) - x2-4=. 348. x(t)=—t3+t2—-1t.
cos ( x)+x r) 3+2 3 x(t) 3 +
349. x(t)=4 sin%+2. 350. x (t)=t*+ 2t2 + 2t + 7. 351. 1) x(t):—;:t3+

+t2+t—1%. 352. B) —2; Bropoii. 353. B) 2 r) % 354. 1) 10‘;:; r)m+ 1.

354 Oreerst U VRAZAHASN R YyNPAKHEHUSEM



355. B) 1%; i. 356. ») V8-%. 857. 1) 1. 358. ) 0.9. 360. 1) 10%.
1 r , 1 T
361 1) 5 3. 362. 1) 4. 363. 3) L+ 1. 364. 1) V3-I. 365 1) 45.

366. r) —. 367. 5%. 368. 4,5. 369. a) Ilycrs F (x) — mepBooGpasmasa xis

f(x), G (x) — nepBoobpasrasg auxa g (x). Toraa F (x) + G (x) — nepsoobpas-
b b
Haa paa [ (x) + g (x). Iloaromy I (f(x)+g(xDdx=(F(x)+G(x))] =F(b)+

a

b b

+G(b)~F(a)-G(a) = F(b)—F(a)+ G(b)-G(a) = jf(x)dx+jg(x)dx.

2
370. r) 187 371 1) B 372, ) PHZ (3R_H) &) "L (RZ4 Rr+ 1)
15 6 3 3

11 1q

373, 374. 0,16 . 375. yq\—g—;). Yraszaune. F(x)——— rae
x

b
. 876.

a

b
Y4 2
Y > 0 — mocroannas. [loaToMy A = I [ ]dx = QI%M_

Vraszague., Cuna ZaBlneHHs KMUIKOCTH HA IOTPYHKEHHYIO B Hee NIacTHH-
ko

Ky (BepTHKanpHyI0) BHUHcAderca mno ¢opmyre P=pg I S(x)dx, rae
hy

8 {x) — nnomaznr MIACTHHKH, ITy0HHA TOTPY:KeHUA h MeHseTcsa oT h, no h,.

21,2 213
377, "TRIPE gqg. %nR“pg. 379. &g‘;—l- = 416000072 spr. Pemenne.

Macca uacTH cTep)KHA, OTMeUEHHAs Ha pucyHKe 14, paBHa pS Ax; nperebpera-
€M JMaMeTPOM CTep)KHHA (CUNTAeM OTMEUeHHYIO UACTh OTPE3KOM JIHHOH Ax),
TOrga ¢ TOYHOCTHIO 10 BeIWYMH NOPAAKA Ax JUHEHHA# CKOPOCTh KAXEON TOUKK
aroil wactu paBHa wx. O6osHaumm deped E (x) KMHETHUECKYIO DHEPTHIO UACTH
[0; x] crepxna. Ilpupalenne KHHETHYECKON JHEPTUHE 34 CIET OTPesKa [x; x + Ax]
NpPUOGNIN3IUTENEHO PABHO 2222—, T. €. giu)_zz_i_, moaromy E’(x)=— pS(o =3
[
E (0) =0, u, ciemopaTesnbHO, HCKOMasa d»Heprus ects E (l) = IE’(x) dx =

0
l
2 2 273
pSm x“dx _ 2 [ X pSw=l®
- =pSw 2 dx = 6 . Ax
o 0 e
\ ' ' !
380. Touxra BEICOTEI KOHYCA, HAXOLAIAACS _(M S e., - 6 - et
|
1 1 ’ x
H& DACCTOAHAU % BBICOTBI, CUMTAA OT €ro
d !
BEPILIKUHEL. < >
Puc. 14
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I'nasa IV

384. ) —-23. 386. B) 2. 387. r) ++/17. 388. r) —1. 391. ®) 6. 392. ) —5.

393. r) 2. 394. B) 2 395. r) 1,44. 396. r) 2,22. 397. B) 1,29. 399. »),

r) IlepBoe mesbme. 400. B), r) IlepBoe Goanime. 401. B) Ileproe OGonbmie.
402. ) a®b V602, 403. r) Y4a3b%. 404. B) a > 0;1) a > 0. 405. a) a =0;

5/
6) a <0; r) npu Bcex a. 408. r) Zj—z—ﬁ 407. 1) g

. 408. 1) 5%4.

409. r) %‘%/320. 410. 1) 6°. 411. 1) (~o00; ¥/5]. 412. 1) [0; 81]. 414. B) O.

3 3 3
415. 1) 2. 416. B) ~2° f + V49 . 417. B) 6. 418. r) 8. 419. 1) 0,

-1. 420. B) -10; 2. 421. B) (16; 81). 422. r) 0; 0,4. 424. r) -12.

425. r) 12.  426. B) (16; 4), (36; ng 427. r) (27; 1), (-1;-27).

7 1 1 1

428. 1) V6-3. 429. B) b 13. 430. B) 32. 431. 3)123,?-. 432. 1) x2 (32 - 52).

1 1 1 11
433. r) (a2+b2)(a2+1). 434. 1) aB+ b3. 435. r) x — 1. 436. r) Ilepsoe

mememe. 437. r) 10. 438. 1) —Tzl—. 440. 1) &/b7c6. 441. B) Pasun.
m

442, 1) Her. 443. B) (0; c0). 444. B) a=+1; r) a=0. 446. r) (-2; c0).
447. r) Tlepeoe Menbme. 448. 1) 9. 450. 1) | 2™ - y™ |. 451. B) 169,8; 173,8.

x
452. 10Y5 2172,4. 453. 1) y=(8 - v7)* — yGnBaer, y=(—1—J — Boapa-

3-7
craer. 454. 1) [1; o). 455. 1) -1; —1%. 457. 8) 0;1) 1. Vkasanue. C mo-
MOIOBLIC 3CKH30B I'padMKOB ¢yraibiBaems sabcrnmecy TOUKM mepecedenms x = 1,
ocTAaeTcA JIOKA3aTh, UTO APYTHX TOUYEK NepecedeHHsi HeT. J[nA 5TOr0 BOCHOJB-
3yeMcs CBOHCTBEAMM COOTBETCTBYIOIHMX IIOKAa3aTeJbHOA m JjumEedHOH QVHK-
nuit. IIpu x > 1 pyErnus y = 4* npueErMaer 3HaueHus, Goabiime 4, a QyHEK-

muA y=5— x — Messmue 4. (IIpu x < 1 dpyEKOuUM OPUHUMAIOT COOTBETCT-
BeHHO 3Ha4YeHHMT — MeHpmue M Goabmue 4.) CnepoBaTenbHO, APYTHX TOYEK

nepecedenna rpadpuxm He umelor. 458. r) —1, 461. B) 4; r) % 462. ») 4;

r) -3; 1. 463. B) 3; r) -1. 464. B) 1; r) 1; 0. 465. B) (-2; -3); ) (%, 4).

466. B) [2; c©); T) (—c0; 2), 467. B) (—oo; 0,5); 1) (-1; o). 468. B) -2; 1) 2,
469. a) -1; B) 2. 470. B) 2; r) 2. 471. B) (1;2), (2;1); r) (2; 1,5).

472. B) [-3;-1]; 1) (—00; —%), (4; c0). 473. B) (-2; ©); 1) (003 1).
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R
49’

485. r) 8. 486. r) 3. 487. r) log; 5, logy '2'13’ logy 1, log, 125. 489. r) %

474, B) (2; o©); 1) [-1; 00). 475. B) (—00; 0]; 1) [1; c0). 484. 1)

490. 1) % 491. 1) 2logg b - 3 7 log, a. 493. r)%lgc-7—%lga—81gb.
2

53
494. r) 1 +a+b. 496. B) -2. 497. B) ﬂ—'IL 498. B) Pemenne. Pac-

pt
CMOTPHMM DA3HOCTH> MeXAY BBIDAKEHHAMH, COREDXKAIIHMNCA B JaeBol m opa-

Boli uaCTAX HepaBeHCTEBA, CPaBHMUM ee C HyJem: logz7 + logl 3
7

_ log27-21logg T+1 _ (1-logg T)?

= >0. r) Pemenue. [IpeoGpasyem Jie-
log; 3 log,; 3

loga3
log 25 =(5log53)l0825= slogsd logb _ logss

=523 499 1) (~co; —4) U (4; o0). 500. B) (-%; 2—21-) 502. ), r) Iepsoe

log2 5

BYI0 4aCTH pDaBeHCTBA: 3

merpme. 503. B), r) Ilepsoe Gonbmre. 505. B) (—-725+21m; g+21m), nelZ.

506. B), r) 0. 507. r) T'padmk byaxnun naobpaxker Ha pucyuke 15. 508, r) n-2.
509. 8) 5. 510. r) Her. 511. B) 0; -1. 512. B) log, 10. 513. r) 100.

514, v) -2,35. 515. 5) %— logs 2. 516. B) (0,7; co). 517. 5) (8; wo); 1) (12; co).
518. ) 5;1) 0.519. B) 2; 1) 0; 8. 520. B) 25,%”) 27,%.521. 8) (32; 2),
(2; 32); ) (1;1). 522. B) 4; r) 100, 108, 523. B) 9; 1) % 524. 8) 2; 1) 2.

526. B) (1; 3); r) (-4; -3) U (4; 5). 527. B) (0; 0,001) U (10; o0); 1) [-2—1,;, 27].

528. 5) (—%+ g -4 nn)U(%+ rn; §+ nn), neZ; r)(30,1; 10).

6

YA

N W

Puc. 15
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yAr YA

3

2

1 1

ol 1 2 3 4 x ol 1 2 x

Puc. 16 Pue. 17
529. ») (2%, 3}; r) (9; 7). 530. B) (2; 6); r) (9; 6). 531. B) g(x)=1—;-?€,

D@=E(@=R. 532. 1) g(x)=x2-1, D(g)=[0; ), E () =I[-1; ).
533. r) I'padux wusobpasken Ha pucyHre 16. 535. B) g(x)=x%, x<0;

r) g(x):g\/x—l 538. B) —%e". 539. 1) 2xe* + x2e*. 540. B) y=1+ x;

r) y=%—%(x—1)ln2. 541. 1) %e"+ x+C.  542. B) 41";12z2,5247.

X x X

543. 1) 2-% |In2 - ctgX + — 1 |, 544, g S (37115457 1n06)
3gin? X (2% + 5%)2

- 545. B) Bospacraer Ha (—oo; 1], y6miBaer ma [1; c0); x,. =1, f(l):%.

1 3, 2,3%+1 1 4 1 3
546. = %% C. 547. = e — =, 548. ——— -2=2,8.
D3¢ " mzs t ) geTety ®) Tnz
5 Inx-1 x—-2
549. ) . 550. 1) . 551. B) In|x+2(+C 552 1) y=>_2,
1+5x ln2 x In2
553. 1) 1 In 10 ~ 0,7675. 554. 5) ZZIMOXD) 5oy ) Vousaer xa (0; 1],
3 In25x 2
1 1 1
Ya BO3pacTaer Ha [E; 00); Xmin = 2’ f (5) =
4 =1+ In2. 556. B) Bospacraer ma (0; e?],
ybmBaer ma [e% o0), x,. =e?, f(e?)= 2
e
1 ~ & .~5 -1
9 557. B) 2 In8 = 1,0397. 558. r) -v5 x .
1 I'papur  wus3obpaken ma pucyHKe 17,

559. r) 2In3- (2x)"3- 1, rpapur usobpa-
skeH Ha pucyske 18. 560. r) 2,63.

RY

e+l
561. r) 2,0125. 562. 1) 27, 1. 563. 1) - + C.
Puc. 18 8 e+1
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564. r) 844. 565. r) 1n1~23—= 0,5108. 567. 8) Her; r) x,=0. 572.-r) Ha-

npumep, y = 2 cos X  573. B) x”"=-9x. 575. B) _t_ln?__ 576. 9 mun.
2 Inm-lnn
1 101g2 5
577. —— u= 3,322 u; 0,6394. 578. MuH = 14,75 muu. 580. 500¢° M/MEH =
g2 1£1,6
=~ 3,37 m/MuH.
I'masa V

1. a) Ha; 6), B) Her; 1) ma. 3. a) 52 305; 52 335; 52 365; 52 395; 52 320;

52 350; 52 380; 6) 52 344. 5. 35. 6. Yrazauue. Ilycrs apobs ‘:_bb COXpa-
a

THEMa HA 4nchao d, d — geauTens ab, mosToMy cymectsyer obmuil neaurens d’
aubo y uncen a, d, nn6o y uucen b, d; oycTs Iad OnpefesieHHOCTH d' — HenH-
TeNb @ U d, TorAa a + b nenurca Ha d’, caenoBaTeNIbHO, b AenuTca Ha d’, 3Ha-

uuT, Lpodh % coxparuMa Ha d’. 13. B) 19%)». 14. a) Ilycrs «/~=§, peZ,

geN, P_ HecOKparuMasa Apolsb, L > 0, mosTOMy MOXHO CUMTATE, YTO P
q q

2
u_g — HarypaabHble umcaa. Torga 5= p—z, 1. e. p?=5¢%, OTKyZa ciexyer,
q

uro p?, cief0BaTeNBHO, U P AeJATCH Ha 5, T. e. p = 5k. [loacTaBass p = 5k B pa-
Beuctso p° = 5¢%, momyumm 25k% = 5¢%, ¢% = 542, 13 nocnemmero pameHcTRa
BMIHO, 4TO ¢ AeNATCA Ha 5. IIoMyYniIu NPOoTUBOPEYHE CO CAeJaHHBEIM NPeAIoJIo0-
/5

p
SKEeHUMEeM: OKAa3aJIoCh, UTO APO6L — COKpaTHMa Ha 5; B) ecaH v5 + 1= r (rge r pa-
q

LMOHAIBHO), TOTAA \'5 = r ~ 1 panMOHATBHO, ITO KPOTHBOPEYHT HPPAMOHATID-
HocTH + 5. 19. a) PaBHul; B) mepBoe MeHbIre; T) nmepsoe Goabmre. 31. 87 nau 69.

32. 0. 34. b, =0,2; ¢g=5. 36. 5. 37. 12,5; 7,5; 4,5; 1,6 nau 2; 4; 8; 12.

38, q=1--1; S=38.39. b,=6; g=0,5. 43. ) =3, 44. 1) 2. 45. 1) 3.
V3 y
1 1 1

47.3) 1; 1 1. 48. 1) [p-1. 49. 1) -Va-b. 50. 6) abi (et + bt);

1
2,5 =
) - cz 5 51. B) ¢2; 1) 3. 52. 6) |sinB+cosP|; 1) sinP. 53. B) 1.
e+
58. 6) %;—:’nl; r) sina=—2—3\/:2:; cos%:—%; cos2a=——;—. 59. a) 0.

60. a) Mensme 0. 61. 1. 62. r) IlepBoe Goavme. 63. B) Ilepsoe Gonbime.
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y=x2-4|x|+3

/1

L. _2 »
—3\2/_10]' N2/8 = A0l 1 e x
-1
Puc. 19 Puc. 20

64. a) 4;31. 65. 6) 0,34. 66. 5) -3; r) 1. 67. 6) 4+4log0'2b—% logg 5 -

16V2
68. 6) 14, 69.r) 365,06446. 70. 1g 2 ~ 0,3010. 71. 2 - A.73.6) S = 3\/

77. B) (% —5)U(=/5; —2)U(-2;2)U(2; V5)U (V5; ). 80. B) f(x)> 0
HA [— co; %) u (5; o), f(x) <0 Ba (—83—, 5). 81. r) V6riBaer Ha (—oco0; 1) 1 Ba
(1; ). 85. 1) CM. puc. 19. 86. a) Cm. puec. 20. 88. B) Ilyers f(x) = x° + 32 - 5,
f (x) HenpeprmiBra, npm 3toM f(1)=-1<0, f(2)=33>0. 91. a=3,

b=-5. 92. 8) a>0, b<0, ¢>0, D<0; r) a<0, b<0, ¢=0, D>0;
m) a<0,b<0, c<0, D<O0. 93. a) Moryr (kBagpaTMyHas BUAa ¥ = ax2 + b

n JnHelinaa Buga y = b). 94. B) y= + —% . 96, B) Bce umcaa, xpo-
¥t-1 x%+1
M€ 9YHceJ BHAA :t%+ 2nn, neZ 97. B) [ + 7Tn; §4£ + nn] neld.

98. 1) [-1;1]. 99. 1) (-o0; ~2] U [2; 00). 100. B) y >0 ma (—-5?“+41m;
n n , 3= .
E+41m), Yy <0 Ha (§+ 4nn; —§—+ 4rm), ne Z. 101. B) HeuerHas; r) ver-

aag. 102. r) n. 103. B) YOnBaer Ha [%+ nn; —23—"+ nn], BO3DACTAET Ha

[—%+nn;%+nn], xmm=2§+nn, Xiax = 6+1|:n,neZ 104. r) m(my 1,

’rjn(ax)y He cymectsyer. 105. 6) Ykazamwue. y=|sin x|. 108. Ha.
¥

109. B) tg2<-1<ctg2. 111.8) 0; 7r) 0. 112, B) (-o0; 0) U[1; 4].
113. B) (~o0; c0); 1) (2mn; m+ 2an), neZ. 1l4. B) (% 2) U (2; o0).

115. r) (0; o). 116. B) [1; ). 117. B) y > 0 mHa (—oo;logyz2), y <O
ma (log; 2; c0). 118. B) y > 0 ma [0; c0). 119. B) Hu uernan, HM HeueTHAasA.
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120. B) Yernaa. 123. a) YVrasanue. y=x—1 mpu x> 1, D(y) =(1; o).
124, 1) [I}lilé]y=y(1)=0, [xrlla1§]y=y(—1)=4. 125. r) 3. 126. r) (0; 3).

.Jﬁ—l

128. a) 0 . 133. ) [lé; 00). 134. ) [1; 13}; r) [-1; 5]. 135. r) -3,5

u [3; c0). 137. B) -6; r) 2; 99 138. a) 1; 2; 7%; 3)3;4;1*)0;—1;3.

37, 140. &) -%; r) -4; 4. 141 8) -1; ) 1.

5 215
1 . =3 bl 2=,
39. a) 3 B) ) o7

142, B) (~o0; »); 1) (1; 13). 143. r) (—0; —4) U (6; o0). 144. B) (1; 3) U
U(3:5); r) (3;4). 148. B) 2; r) —4; 4. 147. B) 18; r) 63. 148, B) 4;

r) -%; 0. 149. B) -8; 8 1) ~1; -3. 150. B) (~o0; ~V17] U [V1T; c0);

r) (9; o). 151. B) [2; 8]; r) [-3; 5]. 152. a) —n + 2nn; tarccos % + 2rn,
nelZ; 6) it- - % arccos % +nn (umm arctg 0,5+ nn, ne€Z — ppyraa dopma

orsera); r) arctg 0,5 +x®n, neZ. 153. B) % i% +7nn, neZ; r) (-1)*x

xarcsinl+nn, nez. 154. 8) T4+ an, T4+ ™ pe2; 1) 2rn, 2- (1) x

/3 2 4" 2

xarcsin%+21m, neZ. 155. 8) lzn—, nelZ; P)_6+?’ —i—+nn, nelZ
156. B) (-1 )"E+1m, neZ;r) (- 1)""+nn,nez 157. B)(l)”+1~6+1m,
neZ; r) xn; i§+21tn, neZ. 158. a) ——; 6) 0; B) -2v3-2; ) O.

159. 8) (_4_‘_1_1:3, 8"+4——1m), neZ r)[ L,mn, K+M], nelZ.

5 15 5 212 2
160. B)[ +nn,5—6’3+nn} nez r)(~u+2nn;—g—+2nn]u[g+2nn;n+2nn),

neZ. 161. a) [—g—+ 2nn; §+2nn], neZ; B) [—§+ nn; nn], neZ; ) (nn;

%«Lnn) neZ. 162. a)( + 2xn; 1t+21m),neZ B)( + 2nn; 21t+2rm)

neZ;r) [—-}+2nn; E+21m), neZ.163.8) 1; 5; ) 3; 9. 164. 8B) 2; ) 1.

4

165. B) 3; r) 0; i— 166. B) +logg 2; 1) 0; —2]3 167. 6) tarccos (\/E—l)+
2

+ 2xn, neZ; r) —-1. 168. B) ( S H —5); r) (—oo; —4) U (3; o). 169. 8) (1; 3);
) (=003 =1] U [0; 00). 170. 6) (=5; 8) U (4; w0). 171. B) 6; r) 1001; 1+ 310.

172. 8) 10; r) 3. 173. r) 64. 174. B) 100; (1) ; T) 3; 9. 175. a) (—1)”~E+1m,
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neZ; 6) arcsin—1~+21m, neZ. 176. a) (—-3; 1—\[1—7J U [1+~/T'7; 4};
14 2 2
r) (ﬁ-g g) 177. ) (0;6); r) (1;21U[3;4). 178. B) (2; );

r) ( ) 179. 8) (0; 0,1] U [100; oo); 1) (—o0; 0] U [log, 5; 1). 180. B)(:? 97))

r) @. 181. B) (0,4; 0,8), 1) (2;3); (3; 2). 182 B) (0,5; 4); 1) (7; 3);
. Core (9 11 11) 11 _,g_)_
(-7;-3). 183. B) (1;2) (2 1) 1) (2 3} i3 2] 185. B) [ 3 3 )
r) (-3,5; 0). 186. B) (25; 49); r) (9; 16); (16; 9). 187. B) (16; 4); 1) (16; 4);

(-4; -16). 188. B) (81: 16); r) (-1; -8); (=8; —1). 189. a) (f—(—l)” 1—"2-+

+nn-£2’i (1)hl+nn+l‘é’i/‘, k,neZ 6) (ﬂ-l; E+l), nez;

3)( + 10+ 1k §+1m—1rk) (—§+nn+nk;—g+nn—nk} B,neZ;

r)( nzk % 2 +27m) k, neZ. 190. 6) (ﬂ:n, 5—211—7mj (( 1)’“1%+1m,
——+( -1)* E n), neZ;, B) (§+nn+nk;g+nn—nkj,(—%+nn+nk;

—g—+nn—nk), keZ, neZ; 1) (g+nn;~nn), (—735+2ﬂ:n;g—2rmj,

.[—§+2nn; %F -2nn ), neZ. 191. a) (2; 1); 6) (5; 4); B) (5; 1); 1) (3; 0).

192. a) (1; 8); 6) (3; 2); B) (2; 0); r) (2; 6). 193. a) (2; 1); (log, 7; log, 9);
6) (4; 1). 194. a) (100; 10); (0,1; 0,01); (4; 4); =) (1 000 000; 0,1);

r) (i, 1). 195. a) (27; 4); (81_1' —3); 6) (2; —-1); B) (125; 4); (625; 3); r) (3; 2).

196. a) (4; 2); 6) (25; 36); B) (1;1); (4; 2); 1) (512;1). 197. 75 KM/u.
198. 4 xm/a. 199. 55 km/u. 200. 18 km/4, 24 xm/a. 201, 10 c. 202. 240 w5,
203. 6 u 12 gmeii. 204. 20. 205. 25%. 206. 160 r, 20%. 207. 60 km/4.
208. 21 m/c, 147 m. 209. 6 km/u, 4 km/4. 210. 20; 30. 211. 20 u 30 gueit.
212, 12r, 48, 1,5 r/em3, 213, 3 xr, 80%. 214. 4 m/c, 3 m/c. 215. 32.
(x3-2)sinx + 3x2cosx

216. 8 m 3; 28 u 27. 218. B) 3; r) 3. 219. r)
(2-x3)?

x -x _ X _ p,-x
220, 1) - S8F72 g9y EreTox(emerT)inx L
(1-2cos x)? x(e*+ e *)2 xIn10

—— 8 223 1) (-1 L+, nez. 225 8) £ () =1"(x);
cos2 (Zx—lj 2 2
4
1

r} f'(xg) <0 < f (x5). 228. 6) 25,375; 9,84. 229. B) 1,005; 1) 2+E0_6~
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f(x)=2%(x - 2)

a) 6)
Puc. 21

= 2,00067. 230. B) Bospacraer ma [l; co), y6riBaer ma (-oco; 1}, x, =1;

r) Bsospacraer Ha (—oo0; 4) m (4; ). 231. B) Boapacraer Ha [—g+2nn;

%+ 2nn], [g+2nn; 5—67t—+ 2rmJ|, yOsIBAaeT Ha \:%+ 2nn; %+ 2nn:l,[5?n + 2nn;
3n T, 8t 5 .= P
> nn |, xmu—g+ nn, xmax—~6—+ nn, xmin_§+ nn, n €Z; r) Bos-

pacraer Ha (~oo; o0). 232, a), 6) Cm. pue. 21. 234. a), 6) Cv. puc. 22.

VA YA
e* 4
y=—
y=x Inx x
e
2
1 1
e? -3 -2 -1
0 1 x o] 1 2 3 x
_2 \
e
a) 6)
Puc. 22
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235. ) I;mx]f=f(—21-)=44l, [xlnin]f=f(1)=3, r) [max]f=f(—rc)=n,
_;1 2, 1‘ -n; N
2 2

min f=f(n)=-n. 236.a) 10 +0; 6) 5+ 5. 237. 10 cm, 10 cm. 238. 72 cm?

{-x:n]

239, 230q 240. 2,4 M. 241. 42 M. 242. h = 2r. 2433’_; 245. R=1,5 u.
246. 4. 247. H=R<3. 248. b= cu, h=40\/2 cw. 249. R=—F_;

J3 3 n+4
H= P 250. Ha paccroasuu 1,5 B or Touxkm Kacarua. 251. 60°.

T+

252, M (1;1). 253. 3/4V. 254. a) (0; %) 6) (6; ). 255. 3,5 pax/c.

256. 0,04m cu2/c. 257. 8 km/u. 258. [v]=1,5 m/c. 259. — 2 w/c,

V25 - 412
100 M/cz. 260. 1) 360 r; S5x r/cm; 2) 0; 60 r/cm. 261. 3% pan/c.
\/(25—4t2)3

262. a) 85m; 6) 4¢c, 90mM. 263. a) M (-1;-1,5); 6) M (1;-L,5).
264. —-:1;;0. 266. f'(x) = 5x* + 2 > 0 a1 moBoro x. 268. ) 2 + 3 In |x — 1]+ C;

1) tg 2x — ctg 3x + C. 269. n)————-223,r)——c082x+—3- 270. x? — 3x + 4.
3x8 24 2
271. y=x3-5. 272. —4lcos2t+ 3. 273. B) 7—‘-2—‘/1_2i‘/:; r) 39.
VA
v4
2 B 2f |B
4 A
. o -2 N
-2 0 2 x \_/0 2 x
a) 6)
Prec. 23
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274. 8) 2; -2; 6) 0,5; —0,5. 275. B) %; r) 9. 276. 18 u 12,

278, % 279. 2; 1. 280. % Pemernue. Vrasagmas ¢urypa saxkpameHa

2
277. 10 7.
3

Ha pucyHke (puc. 23, a coorBercTByer a < 2, a pmc. 23, 6 COOTBETCTByeT

a > 2). Ilpn a < 2 naomans »roft Gurypsl MeHbme naomazy xkpagpara OABC,
2 2

3
paBHO# 4, a upH a > 2 S=I (x2+4x+ a)dx - Spape =(£3——+2x2+ax)
0

—4=%+8+ 20 -4 =2a+ %, CJIefOBATENBHO, 2a+%=12, OTKYAA a=

Wl @

281. a=2, b=2.
T

IF'nmasa VI

1. r) Vrasanue. n2 +5n+ 16 = (n — 4)? + 13n genwrca ma 13 Tonsko mpm
n=13k+4, Ho Torma (n - 4)? menwrca ma 169, a 13n mer. 2. +5; 7.

3. 60) Ykasauue. Ecau d — genurens N, To % penutens N, npuuem d = %

Toasko mpu N = d%. 4. B) (o, + 1) (o5 + 1) ... (0, + 1), 5. 6) Her; B) meT;
r) HeT. YKasauue. N gaer ocraTox 2 mpu aeneHuM Ha 3 (cM. a)). 6. a) Hem:
YpcH0 JenuTcA HA 3 B He pmeaurca Ha 9; 6) 9. VYkasaHHe.
b<1987-9=17883, ¢<9-4+1=37, d<11 m d pemurca Ha 9.
8. a) (x;9)=(0;0). Yraszaeue. Cm. N5, a; 0) (0; 0); (1;1); (1;-1).
Vixasauue. [pu x > 2 uncno y2 JOMMHO MMeTh OCTATOK 3 OT AeNeHmd Ha 4
(cM. Ne 5, a); B) (46; 45); (46; —45); (—46; —45); (-46; 45); (10; 3); (10; -3);
(-10; -3); (-10; 3). YrazaBme. (x+Yy) u (x~y) — geanrennm yucaa 91;
r) (3;3); (8;-3). Ykasanmue, Yucaa (y ~ 1) n (y + 1) — cremenu uucna 2
opu x> 0.9 a) (Tk+1; 13k +1), ke Z; 6) (1; 1); ) (1; 1); (1; -1); (3; 3);
(3; -3). Yxasanmne. Ilpu x > 4 uncno 11+ 2! + ... + x! oxamunBaerca Ha 3.
10. +18. 11. 210; 4. Yxasanawue. lg 2= 0,30103, 1g 5 =1 —-1g 2 = 0,69897
(¢ TouHOCTHIO A0 0,00001) 1 1g 125190 = 300 1g 5 =~ 209,691, Ecan wacao N co-
Jepxur k uudpp, to k- 1<1g N < k. Kpome Toro, lg 4 < 0,691 <lg 5.

1 1 1 1
14. 6) V )
) Vrazarme. o o+ o 2t 3ned nsl

KOHEYHAaA IIepuoanvYeCKasa AeCATHIHAaA npoﬁh €eCcTh cCyMmMa KOHeYHOM ZecATHY-

. 17. Yxasanue. Bec-

HOM JApo6M M cyMMBl OeCKOHEYHON reoMeTpHYecKoOil mporpeccuy cO 3HaMeHa-
renem 10%, rme k — umeno mudp B mepmoze. 19. a) Ma; 6) aa (apumep:

(w/ﬁ)21°323=3). 20. 6) IipeamosokuM, UTO 3 =§, rge peZ, ge€N,
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3 .
L HecoKpaTumada Apo6s. Toraa 3 = p—a, 1. e. p3 = 3¢®, orkyaa crenyer, 4ro p
q q

nemnrcs Ha 3. Ilogcrasnas p = 3k B paBercrBo p° = 3¢%, monyuaem 27k = 3¢°,
1. e. 9%3 = ¢3, 13 nocaexrero paseHCTBA BHAHO, YTO ¢ AeanTca Ha 3. [loayumin

OpoTHBOpEYHre: Apobh p COKpATHMA Ha 3; B) JOIYCTHM, uTo lgh = B, OpH 3TOM,
q q

yuuTeiBad, 9ro lg 5 > 0, MOXXHO cuuTaTh, UTO p M @ — HATypalbHbIe YHCIA.
p
W3 pasencTBa 1g5 =Ep nonydaeM 107 =5, orkyna 102 = 59, a 3T0 paBeHCTBO

JOMKHO: €ro JeBas uaCTh ueTHa, a mpasad Her. 21. a) Ilycrs /3 + 5 =r, rae
2
r<-8
r — panuonaJbHoe uucnao. Torma 3 + 2J§ . \/3 +5=r2, orkyza V15 = 5
YTO MPOTHBOPEYUT HUPPALHOHAJBHOCTH +/15. 22. 6) Ykasanue. Ilycts B —
LIUHA nepuoza aToit apobu. PaccMorpum kB uudp, HauuHad ¢ GHQPH, CAeAyIO-
niet 3a k-# aBoiikoit. Bee st nndpsl — ceMepKM, I03TOMY HEPHOA 3TOH Apobu

poaxeHr ObiTh paseH (77...77), 4TO HeBEePHO: B 2TOM CJAydYac BCe CAEAYIOILHE
—— 2

k nudp \/5 1
nudprt [OKHE ObITE paBHBI cemu. 23. a) L)) 45 -1 B) J5 + 2;

V2
r) 243+ 35, 24, a) 6; 6) J8-47. 25. Vkasaumue. a) HsGasprech

crauana or HER (\/E + %} [(ﬁ)z -J2 .33 + (?Q/EJ2J=(\/§)3 + (:1/-?;)3=

— =
=242 + 3; 6) cnauasa yMHOMKBTE YHCJMATENb U 3SHAMEHATENb Ha 2 + N v5;

B) BocmoJb3yHTecn peayabraTtom N 29, e. 26. a), 6) Her. 27. Ykaaza-

Hue. Bo3Begennmem B Ky6 AOKAXHTEe, UTO x=31,6+ f% + 3116— ,}8—2477 ecThb

KOpeHb ypaBHeHMs x° — 5x —12=0, a 5T0 ypaBHeHHe HMeeT TOJBKO OJHUH
AeicTBHTEeAbHBIH Koperb x = 8. CnezoBaTe/JbHO, [JAHHOE YHCJO PAaBHO 3.
28, Ykaszanue. lna moboro HarypaasHoro B nMeeM:

1+1+.+1>1+1++1l.
2k 41 2842 T gkl 9k+1  gk+1 """ gkl 2

29, ) (x2-2x+2) 2+ 2x+2;6) (X2 +x+ 1) (P —x+1);B) (2 +x + 1) %
X(@3-22+1 )3+ R+ (x-2)(x+2; B +2)(2+x)(x+Y)

e) (x+y+2) (x2+y%+22

- xy —yz — 2x). 33. a) IlycTs o = arccos x, TOrza

U, BO-NEpPBBIX, —

n
2

[\M]

cos o =X,
2

<E—a<5, a BO-BTODHIX, sin(ﬂ—a)=
0fLas<m, 2

s :
=C¢08 O = X, C1eJ0BaTE€JbHO, E — O = arcsin x IIo onpeneyJeHur0 apKCHHYCa YHC-
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3
na x. 34. a) j%; 6) 1—%(m2—1)2; B) Tlé; r) 1”—+2L"— 35. a) 8n—10;
6) 4t -12; B) 2-7; r) 3. 36. Vxasauue. Bocmoawbsyiitecs dopmynoit
1g @ - _sina 39, abc . abr1l
g ) bt acrbe O a-5b)

2 1+cosa’
Jlorapudmur ofeux uwacreft mo ocHoBanmwoo 2 pasuni; 6) 0. 41. 7. 43. 2; —6;

40. a) YrasaHHeE.

n
18; -54. 44. 931. 45. a > 12. 46. 1 wummm -2. 47. 0. 48. (A)z

B
49. ag, > by, 50, a) Ykasanme. 99...99=10"-1; 0) yxazauwue.
————rt
k mudp
S-Sx=x+x2+..+x"—nx"*l g 1_ 1 51 a) xz X, nez
E k+n 4

B) [--1)U (132 1 B e) (-2 -1U(L V2). 52 6) [-2 1];
r) [_%; 1}; 3) [-2; 2]; =) [-2; 2]; m) [O; 4]. 53. a) \:—-i; 2]; B) [-6; 4};

r) (0; %] 54. B) ‘:-—150; 5]; r) [0; 1). 56. B) f (x) =0 maa awboro x € D (f),

npadem D (f) cummerpnama orHOcHTeaAbHO Toukm 0. 59. a) da (manpumep,
¢yarnus Jupuxie — 3HaueHue 3Toil GyHKOMU PaBHO 1, ecaM X pPanuOHANB-
HO, # 0, ecan x MppanuoHaJbHO); 0) HeT (ecau 6Bl Takad PYHKINA CYIIeCT-
BOBaNa, To AiA Hee wuena V2 1 1- Np) JOJEHBI OLITH MEPUONAMM, & HX CyM-

ma 1 "er). 60. Yrkaszanue. a) 3Havedre 1 PYyHKOUA OPUHUMAET TONBKO

B oaHoit Touke — Touke 0. 61. 6) -125; B) 2n«/_2—; r) % 63. Yrazauune.

a) log, 3> 1,5 > log, 8. 64. a) ctg 6; cos 2; tg 3; sin 4°. 67. a) Ilpu mx0-
Gom n; 6) npu uyerHom n; B) Takux n Her, 68. a) f(x)=b win [ (x)=x;

YA
0 1 x
Puc. 24
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YA
2 2
1

1,5 0]o0,5 V,s x -3 0 3 x
a) 6)
17} 7

/2

2 o 1 \4 " 33 71 0 3 x

B) r)
Puc. 25

6) f(x)=xumu f (x)=b- x. 69. a) x Opy YeTHOM n, 3 — X IPH HEYETHOM T,
obracTe onpeneneHus R; B) x npu n Buaa 3k, 1—1—; npu nsuga 3k +1u 5;—1
npn n Baga 3k+ 2; D (f)=(-o0; 1) U (15 00) npr n=1 1 D (f,) = (-o0; O) U
ax+b
cx—-a

U(0; 1)U (1; o) mpa n 2 2. 70. a) y=;—1;, a#0; 0) y=x wnu y= (ipu

be # —a?). 71. Cm., Hanpumep, puc. 24. 75. Hexnsa gomoannTs: 6) A0 YeTHOIR;
a) # 6) g0 mevwernoit byaxnun. 76. 8) T > 2; 6) T=3, T > T, rge Ty = 6,5;
B) T>Ty rae Ty=5. 77. Cmu. puec. 25. 81. a) ngnfz—l; mnp.xf=2;

6) HaMMeHBIIEro 3HAYECHUA He CYIECTBYET; mRax f=1, 83. B) y=x-1 npu

x—oo,y=-x-1luagpmx - ~o0;1) y=1,x=3, x=-3. 84. B) YrKasaHue.
y=tgx opa sinx >0 u y=-tgx npu sinx < 0. 90. a) 1; 6) 1; B) 3;
r) 14. 91. a) e >0, b>0, ¢<0, d>0; 6)a>0, ¥<0, ¢c>0, d>0.
92. a) Ilapa npaMux *x=0 m y=2; 6) y=x2 - 2x u y = 2x — x° (upe napa-
xy+1>y+1 y(1-x)
-1 y-1 (xy-1(y-1)
95. 6) (x2-1) (- 1) =0 — 4 npameix. 96. B), r) Cm. puc. 27. 97.3) a < 0

Gonbl). 94. CM. prc. 26;r) yxasanue.

u a > 4, pasHHX 3HAKOB HpPH a<—%, NOJIOKUTEILHHN IIPH a > 4, orpMIa-

TeJXLHBI TpH -—%<a <0. 98. a) 2<a<5. 99 p?-2q; r) pt - 4pPq + 2¢%

Vrkasaunue. Ilpumenute rTeopemy Buera. 100. a) p=0; 6) Takux a Her.
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yir
4
0 4 x
a) 6) yﬂ\
\
¥
\
A
VA . .
__________ __\_;_____
---e._ 0| 1 x
\\
AY
y=2t-x \\
\
0| "1 * \
B) r)
Puc. 26
YA YA
| B VAV
—
—
01 2 g =
—-1
)
-——6
i { 1 } 1 ] '
a) 6)
Puc. 27
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101. a+b+c=f(1) <0, moatomy c=f(0)<0. 102. Ykasaunue. [oxa-
JKHUTE, YTO ITOT KOopeHb 1, Torga a + b+ ¢c=0 n x =1 — KopeHb ypaBHeHUS

ex2+bx+a=0.103. Vrasanmne. a) [logcranTe Xg= L4 B YypaBHeHHEe U BOC-
q

monL3yHTECH TeM, UTC YHMCAS p U ¢ B3aUMHO IpocThie; G) mpexcraseTe P (x)

B Bie P (x) =@ (x) (x —a)+ r, rae r — ocraTok oT geaeHus P (x) ma x — a

(umciaol), mnoacraBnAA Xx=a, mnoay4aem P (a)=r. 104. B) 1; r) -3;
Vo +4+4101

0,5. 105. B) -g £ ) -1t JyE2-3. 108. 1) Yxaszanme.

@ +8x+2)(x2-9x+20) = (x+1)(x+2)(x—4)(x—5) = (x2~83x-4)x

x (x2 — 8x - 10). Hycrs y= x2—8x+ 1, rorna y (v~ 5) (y — 11) = -30, orkyza

(em. N2 103) y, =6, y, 3=5%+30. 107. 2) 1, -2+ 3; 6) 1; 8; D33 14“33.

108. a) 2; %; 6) yxasanue. Ilycrs y=x+%, TOrAA 2y2+y—7=0;
— 1++/8+2+1057
B) -1; 2 1) 1+V7+2J7+5. 109. a) 2; -2; 6) .

4
110. Yrasanue. a) (x2+1)2=2(x-1)%, orxyza x?+1=%2 (x - 1);

6) oaun u3 croco0oB pellleHWA — CBECTH K 4) 3aMeHOH y= % 111, a) 2; 4;

x2-x+1

, Torga y2+2y—-1=0.
x+1 Re v y

-1; _%; 6) ykasamame., Ilyere y=

i12. a

) li'z*/ﬁ__ 113. a) *1;6) 5; 3. 114. a) 1; 6) [6; co). 115. (—oc0; —4] U

U [-2; —1] U [1; o). 116. a) (—00; -3 ; Jg]u(_szﬁ; 00]. 117, a) (—o0; o0);

6) @. 118. a) (1; 3); 6) [—00; 4_;/E—]U[4+:;/—1_9‘; 00). 119. B) Vkazauue.

a+b | c+d

_—_+—_
a+bzc+d> 2 5 2 > fa;b-c;d>\m'v/c_d_=4\/abcd; r) yxasa-
nne. Hoxomure B B) d=ugic—. 125. 6) (3/3; V3); (-3V3; -3);
@ -5 126 0 (23] (Li1) o) ax@-sping 2<y,<3.
4’ 4 4’4 o 70 0

127. a) (1; 1; 0); 6) (-3; 2; -1). 128. a) (1; 2); (2; 1); 6) (1+v3; 1-+/3);
(1-+3; 1+8). 129. a) (5; 8); (-8; -5); (V17; V17); (=v1T; ~V17);

6) (2; -1); (1;-2); (-2;-1); (3;2) (0;8) (-3;0). 130. a) [1+2\/ﬁ;
_1+\/T§ . 1—«/T3—, -1+ 13 3(3+«/@), 3+ /69 . 3(3—«/65),
2 ’ 2 2 ’ 10 10 ’ 10 ’
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3-69
10

J 6) (0; 0; 0); (5,130 5) ( gg 9] 131. a) (2; 1); (=2; -1);

(—\%; —%]; [—%; j%]; 6) (V8; Y2y (-V8; -Y2); [“V@g 4\/%}
(—4\/2;7; —4\/%) 182. a) (0; 0); (V75 ¥7) (=73 =vT) (3;2); (2;3)
(=3; -2); (=2; -8); (V19; —19); (=V19; V19); 6) (0; 0); (2; -2); (~2; 2);
(+/6; V6); (-6; —6); [‘ﬁJ” ; _‘/7"‘[_}, [‘ﬁﬁ[ﬁ. ﬁ‘fﬁj;

2 2 2 7 2

(ﬁ-\/ﬁ. -ﬁ-ﬁ} (5, ﬁ-ﬁ); B) (-1+V3 -1+ V3;

2 2 2 ’ 2
-1+4/8); (~1-+4/8; -1-4/38; —1-4/3); (0;1;1); (1;0;1); (1;1;0);
e 1o 1% (e 90 —11e (s _Te O c 01 (1:0--1) (1.4, 1),
2;-1;-1); (-1;2;-1); (-13-132); r) (1; 05 1); (-1;0;-1); (3, 3’ 3)
[—l; —% —%) 133. a) (3; 2; 1) (3;-2; —1); (-8; 2; 1) (=3; -2; 1);

6) (3 2; 1). 134. a) (2; ¥3; ¥9); (\f \f \f]-s)( 1, %;_%);

By &; 1) (J_ Jl_ \/8_] [ % }_ J—] (4; 3; 2); (—4; -3; -2).

135. 3 m/munm; 1,8 m/Mun. 136. a) 863. 138. 40 xm2. 139. 8. 140. 280 p.,
noprdens gopoxe aBTropyuxn, 141, 12,5 r. 142, 16 u 45 muu. 143, 100 M/c.

144. 2) %; 6) 1, 2 8 T 1) +§g; 145. 8) 1; 6) 2; 11; ») 1; 1) O.

146. a) n + 2rn; g+2nn, neZ;6) g—+2nn, neZ; B) J; r) nn; f1Tn+27tn,

neZ. 147. a) [3; 11]; 6) [5; 10]. 148. a) &; 6) 2. 149. gg 25 6) yxa

sauue. Paspeaure ofe dacTH Ha 31[(7+ x)2. 150. a) -1; 6) 8; 8+ J4§

_ — 2
)m ~4.6) 2. 152. @. 153. a) @ mpu a < -1; x= 2" Y2-a" VZ“

—_._“2_‘12 <a <42 x—ﬁ

npu -1<a<1l; x= B opu 1 < —z—npna \/E;ann

2
a>Vv2; 6) ¢ mpm a < -1; x=a * 1

opr -1<a<0; @ ompn 0<a<l;

a?+1

x=2"" mpu a > 1. 154. 8) (-oo; 1]u{ H%‘/:] 6) [0; 3; B) (1; co):

. -1+4/5 1, L1 . ool 81-90T |
I‘) [—1, —2""—]. 155. a) [—E, OJU(O, ‘:]y 6) [1, OO], B) {“"9_'—7 3j|v

2
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. 841 . Ly q_¥81 . 5) (5. o)
) [O, 144). 156. a) &; 6) [ 1; 1 3 J 157. a) (1, 4) U (3, 00),

6) (—oo; _%)U(s; o0). 158. a) [1; o0); 6) (0; %)U(‘l; ) B) [i;ﬁ, 1}
1) (2 co). 159, &) (1; 64) (645 1 6) (4 1) (L 4 m) (15 2% (27; 1;
D (158 & 1. 160. ) 2 3 (125 -2 o) @2 ») i 2 (45 -2

r) (8; 27); (-27; -8). 161. a) (-2; -8); 6) ( 23° 24) [3 g) 162. a) (9; 1);

L 520 1), . 3\/,@._ e;/'@
6) (64; 1); (~1; —64); B) (9; 4); (54 54), ) (45 3): (4 9; -3 5}.

163. a) (—1)"1%+"—2”—, neZz 6)£+nn, neZz B)%+£3’i, nn, neZ;

T) £+2ﬂcn, neZ. 164. a) 0; —g+2nn, §—2nn, ne N; 6) &; B) 0; 2rn,

n-2rn, ne N; r) 0. 165. a) +arccos%+rm, neZ; 6) nn; §+?, nez;

B) (—1)"g+nn, neZ; r) g+2nn, neZ. 167. a) §+nn, nez; 6) %+
+2rn, neZ. 169. a) §+(~1)"%+ nn, neZ; 6) J. 170. §+2rcn, nelZ.
171. 2k, ke Z, rne k+31l, 1l Z; %(2n+1), rae neZ; n+33m+ 16,
mez. 172, a) gﬂ;—", n e Z; 6) ’;—” neZ 173, 0. 174. (-1; —%+2nn);

(1; —§+2nn), neZ. 175. —1—+—2—— %+ wn, neZ. 177. a) (—§+nn;

%+nn);(§+nn; %+nn) neZz 6)( + 27nn; 5?+2nnj nez; B)(—g+nn;

—§+ rm); (nn; §+nn), neZzr (nn; —g+ nn]; [3+1m, g nn), neZz

178. a) 1:—————+21|:n, ——75+2nn:| [——+2nn, ——+2Tm] [ + 27n;
6 2 3

%+2nn:l,nez; 6)—-72t—+1tn, [—?o+nn,—§+nn],[ 17:_) nn,ﬁ+nn]

1
[%+nn, "‘;—0+nn' neZ; B) (2nn; n+ 2nn), ne Z; r)( + nn; g+nn).

180. Ykasamume., cosAix=-1 wuau 4l<cosnx<%. 181. [—7—:-+2nn,
%+2nn], nelZz, 182. YVkasanne. cos sin x > cos x > sin cos x.

184. a) ——+n(2n+5) TRk nez: 6)[ + I, 1t+2nk) koneZ.
4 2/ 4" 2 2
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———~—-1+‘/E+2nk; 2acrtg1_ -J10
7 e 73

+2nn); (§+2nk;13t—+21m], keZ, neZ. 186. (§+ Tm;

3

185. (2 acrtg + 2nk;

1+410
J3

§+nn; —§+ n:(2p—m—n)); (—§+nm; a-§+7m; g+ n(2p—m—n+1)),

+21rn]; [2 acrtg 1

2 acrtg

m,n,peZ. 187. a) £2; 6) 2; B) +1; r) 1. 188. a) %; 2; 4; 6) 1; g;

2nn 1 1; 1; 3; r) 0. 189. a) §+nn, neZz;

+ X, 2 peN; B) -3 =
9 3 5 2

6) arctg 10 + n, n € Z; B) t§+ nn, ne Z; r) %+2nn,(—1)" g+nn, nelZ.
190. a=g. 191. a) (-oo; log, (V2 — 1) U [0,5; 00); 6) (05 2); 1) (~00; oo).
192, a) (2; 8) U (4; o0); 6) (—/7; - V8)U(V3;4T7). 193. a > 2. 194. a) (2; 0);
6) (1; 1); n)( + ks 3+21m), (g+nk; 2nn—§), k,neZr) (Tm; 2nk + g)

g
k, neZ. 195.a)8;6)1og33+2‘[_ 5) 0; 1) 2+ nn, n € 2. 196. 2) 10 {3;

7

13
+./lg =
10 Vi3, 6) 2; 1. g 10; 3—1—; r) @. 197. a) Ykasamne. arctg x +
8 210

3
+ arcctg x = E’ arctg x arcctg x = 10%; 6) &; 3)102‘/_,1")105 198, 0<a<%

199. a) a < 0; 6) a > 0. 200. |a|>-:-. 201. a) (% 3); 6) (3; co)U(1; 1 + 271:25),
. 10): .3 . 1, ,). 2 el
B) (4;10); 1) (L V5). 202. a) &; ©6) (3, 3), B) [loga S5t oo),

r) (% 5)- 203. a) (4 c0);  6) (~4~+2; ~5) U (-3; ~4+2) U (L; 2);
8) [J_—l' 2) U (2; 5}; 1) (logz 10; c0). 204. (2; 2,5). 205. a) (2;4);

2.1 . ). . 2n
6) (9 9) B) (13;8); 1) (512;1). 206. a)( +2mn; + 57 +21tk)

[335+21m, _§+2nk), n,keZ; 6) (%+2nn; —g+2nk), n,keZ

f(x) 1(0) _ limxlxl—o

209. a) f'(0) = L . =0. 210. Haiftem oTHOmIe-
e O _ foesan)- f(x) _I@) D) - 1) FAR)=FO) | 1o pne
Ax Ax Ax Ax

so6oro x (tak kKak f(0)=Ff(0+0)=F(0)+F(©0)=2f(0), T.e. (0)=0).
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- 32 )
f(x) f(O)z X =—1—, a 3Ta QYHKOUA He HMMeeT IIpe-

211. Ykaazauue.
x-0 x ?{/;

Jlenra mpu x, crpemsigemcs K Hymio. 212. Boobme rosops, Her. IIpumepsl:

B [ =2, f@®=|x|, x=0 6 f@)=f&=V, z,=0.

214, a) Pyaxnua f (x) = arcsin x IMeeT IPOM3BOZHYW Kak ofpaTHad K aud-

¢epernupyemoit dysxnue g (x) = sin x (¢ 06yacThIO OnpeneeHUSA [—%; %D
Huddepernupya paseHcrBo sin (aresin x) = x, DoayuyEM cos (arcsin x) X
X {arcsin x)' =1, orkyaa (arcsin x)’ = 1 = 1 , TAK KaK eclIH

cos (arcsin x) - /1 - x2

aresin x =0, To cosa=+l-sina=+1-x2 (mockombky ecos c > 1).

2 . qin2 3
215. a) " (In x + 1); 6) (sinx)cosx S8 % Zli’:lxx Insinx 916, Yxasa-

1 1 1

e. = -
o x2-8x+2 x-2 x-1

. 217. Yxasaunue, Pyuxuua kA (x) =1 (x) -

. n+2, n+2 n(n+1)
~ 8 (x) Bospacraer Ha [x,; o). 218. a) 4 - gn-1’ 0) 6—2'1—_3——;?1——

2
=16-’“2':’—_”1+8. 221. a) a<-3, a>1; 6) 0<a<28 222 a) Ykaaa-

Hue. ®yurnua f (x) = cos x + x BoapacTaer Ha (~oo; oo). 223. a) (~oo0; oo);
£) (—o0; 0) U (0; o0). 224, VKaszasue. JoxakuTe, 4YTO OPH JOCTATOUHO
GOJIBIIMX IIOJIOKHUTEJIBHEIX X JIEBAA UYACTh 3TOr0 YPABHEHMS IIOJOKUTEIBLHA,
& OpH ZOCTATOYHO GOJBIIUX MO MOAYJI0 OTPUIATEJBHEIX X — OTPHUIATEIBLHA.
225. Yrxasanue. BoconoansyiiTech METOAOM MATEMATHYECKOH HMHAYKIIHHA
u TeopeMmoii Jlarpamxa (us Teopemul JlarpaH:ka ciaexyeT, WTO MEMXAY ABYMA
KOPHAMH MHOTOYJeHa HNMeeTCsa KOPeHb NPOM3BOZHOM 2TOro MHOTOYJIEeHA).
226. Ilycte P (x) mpmHUMaeT p pa3 3HaueHue A, p > n. Torga MHoOTrouneH
P (x) — A nmeeT cTeneH:r n U HMeeT Gojiee 71 KOpHeH, UTO IPOTHBOPEUHUT pe-
3yJBTATY npeaplayiueii sazauum. 227. Ykasaraume. a) Bcoim R (x)=C,
t0 C — ropess MmuorousneHa p (x) — Cq (x) crenenu He Beime k; 6) R'(x)=

=q(x)p1x)—p(x)q1x)

u R’ (x) =0 npu q (x) p'(x) — p (x) ¢’ (x) = 0, nesas

9% (x)
YacTh I3TOro ypaBHeHﬂﬂ — MHOIO4YJIEH CTEeIIeHHU BEBIIIEe N + n — 1, ecan m # I,
. (1Y 11
H CTEIEHH He Bhime M+ n-—2, ecam m=n. 228. min f(x)= fL— ===3
[0;3] 3, 27

I(I)la;( f(x)=71(3)=105. 229, 1:21% u, 230. Mnuua crpamuner 30 cM, mupmHa
[0;3]

’

20 cm. 231. 20 km/u, 232, 1’—1‘52- . 233. a) Ilepsoe Gonnie; 6) BTOpPOE GOJNLIIE.
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238, a) 1;6) 1. 237. a) 1 xopens npu |a| > 2; 2 kopusa npx |a| = 2; ‘8 Kopua
npu |a| < 2; 6) Her xopme#t mpu -4 — V12<a <0; 1 Kopens mpu a = -4 - /12;
2 KopHA npH a<-4-12,a=0ma>4-12; 3 xopuA npna=4—«/—1_§; 4 xop-

2 2

1,5
HA OpH O<a<4-+12. 288. [ag + bS] .239. f (3n) =12n - 1. 240. R + R¢, R.

241. 115—70 /MuH. 242, 90°. 243. a) y= —% x+3; 6) y=-3, y=-12x - 15;

1 T, nn
== 1); =+43 6 244, y —+ =, Z. 247, a =4.
B) ¥ ﬁ(x+) )y x + nn 8+4 ne a
+1

248. a=3,b=1.249. YKazaHue. f’(x)=2x—anf’(x)=1npux=g—2—

250. M, — «BHYTPeHHOCTb» NAapaGoJhl ¥ = x2, M | — cama mapaGosa, M, —

. x| x
«BHEIIHAA 4acTh» 370l mapabosni, M, — mycroe tnpu k > 3. 251. a) L—| + C;

2

x* -x+C npu x=>1,

DN [

6) F(x)=

2

—%x +x+C-1 opm x<1;

[ %3

——3——x+C mpu x < -1,

3
B) F(x)= x—%+%+c npu - 1l<x<l,

3
x—3—-x+%+C npu x>1.

252, a)%(1+ )1+ 22 + ¢ 6)—%("2 +C;B)Insin x+ C; r) —Incos x + C.

3 2
253. a) In|x~1/-In2-1; 6) —x—+3i——5—‘!+1; B) sin x —sin e + n;

6 2 2
2 i 0, - >
5 _x2 L o a) F(x)z{smx upu x< 6) F(x)= 2Jx -4 mpr x>1,
2 x upu x20; x—3 nmpu x<1.

255. Yxasasue., (F(xX)-F(x)Y=F (X)+F (-x)=f(x)-Ff(x)=0, T.e.
G (x)=F (x) - F (—x) — nocroannasa. Kpome Toro, G (0)=F (0) - F (0) =0,
orkyza F (x) = F (—x). 256. Yxasanuue. Ilyers G (x) =F (x) + F (-x), Torga
GxX=f(x)-f(x)=0, 1. e. G(x)=C, rae C — nocrosnHasa, npuiem C = 0,
ecmr F (0)=0. 257. 10c, 700 M (rax kax ¢t > 0). 264. y=/6x-4. Vxa-
og5. Sinx-cosx ,» . sinx+cosx i

2 2

’

sanue. (y°)'=3yy%=86.

t
266. a) Umeem x' () =| x +Jv(z)dz =xp +(v(@)-v(ty)) =0+0'(t)=

to
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=v(t) B xg=x9+ Jv(z)dz=x0+0=x0. 267. Yrasanue, IIposeprre
to

dopmyny ana y=1,y=x, y=x2my=x°. 268, a) Yraszanue. Cm. Ne 255;

6) ykaszasue, Cm. Ne 258; F (x) + F (—x) = C, npu sTOM, noacrasaad x =0,

x
nonyuaeM C = 2F(0), orkyza I f(2)dz=F (x)— F (-x) =2 (F (x) — F (0))
-X
InA aioboro x, B TOM 4YKcie M Aasg x =a. 269. a) 0; 6) 0. 270. a) —-135,6;
x

B) -1 % Yxasanue. CrenaiiTe 3aMeHy HepeMeHHOH mo dopmyse y=1 — 3

271. a) —2—; 6) In2. ¥Yxasaeue. BriHecure 1 3a CKOOKy; B) 1 5
n n p+1

r) i"l};(zl—p—l). 272. a) &. YKasaHHe. cosznx=1—t2;08nx; 6) 0;

T 4
B3 r) 0. Pemenme. Isin3xcos5x dx = %I(sinSx—sin2x) dx =
0 0

i

= % (—% cos8x + % costJ

) 273. 0) 2 6) L ») 7%; r) g- 274. nab.

2, 2, —Ly )
275. a) IIpn as @ 6) C<0 m C>3; B) np ¢<-C, ja>-C
b<2; (b>2; b<-C; {b>-C.
276. a) 24§; 6) 2%. 277. 8: 12-2421 g o Ix. 280. a=-1.
2ap2 2 rr2
281. &M (g — ycxopeHue cBoGogHOro mageHus). 282, M
6m? 12
285. IleHTp Macc ORHOPORHOrO moxymapa R JIeKUT Ha ero OcM CHMMETpHH

HA pacCTOSHUM g R or neHTpa mapa.



Aprymert bynxnum 21
apKKocHHYC 60
apKKoTaHreHc 66
apxcuEyc 63
apkranresc 66
acuMOToTa

— BepPTHKAJbHAA 52
— ropH3oHTAnbLHAA 52
— "HarkaouHag 52

Beckoneuno mamaa 202
Benuuuna 167

fapmonn*{ecnne KoJseGanuna 60, 265

— —, aMmauTyna 60

— —, HayajgbHaa ¢asa 60

— —, mepuoa 60

— —, gacrora 60

reoMeTpHYECKHIl CMBICT IIPOH3BOL-
moit 130

rpadux ¢pyurumun 22

Jecaruunoe NpUONMMKEeHUEe YHCIA
169

Auddepenmuan pysxnum 160

InddepermnaILuOE UCYNCIACHHE
160

mnddepennuposagne 106

Apo6HaA dactb yncaa 169

ExusnuyHas oKpy»xHOCTH 14

3HaKy 3HAYEHHI TPHIrOHOMETpHYe-
ckux ¢yarnuit 8
sHadeHue yHrmma 21

MNpeameTHbIN yKa3aTenb

Hurerpan 188

— HeompexeneHanit 200

— ompepeseHHEIH 200
HHTerpajJnHoe ucunciaenue 200
uHTerpuposanue 189

Kapanevepn npuanmun 203
KacaTeabHaA K rpabuky dynrmmm 103
KOpeHs KBaapaTHwI# 209

— kybuueckuii 209

— n-# creneun 207

— — — apudmernueckuit 207

— IOCTOpOHHUE 214

KocekaHc 19

Kocunye 15

KoTraHreHnc 17

KpHMBOJIAHeliHaA Tpamenua 119
KpuTHyeckada Touka dymxmun 147

JIuge#inaa maorrocts 139
JHMHUA KoranreHcos 18
— cuHycoB 16

— raHrescoR 18
Jorapupm 232

— ZJecATHYHHA 234

— HaTypaJabHBI# 253

Makcamym ¢ynriuum 46

MTrHOBEHHAs cxropocTs 137

MeTOoJ MHTepBaaos 125

— "HepeaaMmeix 201

MEXaHHYECKHIl CMBICJI IPOU3BOXHON
137

MuHEMYM QyEKIEA 46
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Hauboarmee spauenne GyHROuu
155

HaWMeHbllee 3HAYEHNEe QYHKIUUK
155

HEePaBEeHCTBO

— norapu¢pmmaeckoe 243

— nokasarejibHoe 230

— TPUTOHOMETPHYEeCKOoe 75

Hyab byarmun 50

O6nacts 3Havenuit pyERnEu 21

— onpepmenenus pyaxoun 21

o6muii BuA mepBooGpasHuIx 177

o0BbefMHEHHE MHOXKecTB 22

OCHOBHOE JIOTapu(PMHIECKOe TOXIEe-
eTBO 233

— cBoiicTBO mepBooGpasHuIx 177

OCHOBHHIE cBo¥cTBa KopHeil 209

— — JaorapudmoB 233

— — cremeneii 219, 227

— (opmMyssl TPHroHOMeTpPHH 6

orofpaxxeHue 27

IlepeooGpasnas 174

. — TOKasaTeNbHOM DyHKnHM 254

— cTeneHHON byHKROUE 260

— TPHTOHOMETPHUYECKHX GyHKOUI
180

nepuox dysruun 34

nokasaTteas KopHa 207

npaBmaa

— puddepesuuposanusa 113

— HaxXOKAeHHW#a HanOoJAbBIIero M
HAMMEHBINEro 3HaveHWH GyHK-
nmuu Ha oTpeske 155

— HaXO0MXJieHua meppoobpasHbix 181

— upejexsHOTO nepexona 110

— cpaBHeHUA quceax 170

npenes

— mocJiefoBaTeNbHOCTH 165

— ¢yuknuu 165

npefeasHBE nepexon 108

mpenean WHTerpuposaHus 189

npeobpaszosanua rpabuxos GyHK-
nun 23

NPH3HAK .

— Bo3pacTaHns QyHxmuu 143

— maxcumyma GyrKun 148

— MuHNMyMa byHKIuUH 149

— mocTogHcTBa pyHKmEM 177

— y6niBaHus QyHxnuu 143

IpHpameHue

— aprymenTa 97

— dyarnouu 97

npousBogHasa ¢pyHruum 106

— — B Touke 105

— Jorapubmuueckoit pynxknum 256

— mocroannoit 106

— caoxxkHOM QyuKuuME 119

— creneHHo# dyHkmuu 116

— TPUrOHOMETPHUYECKHX GyHKIU
121

IPOMEKYTOK BO3pacTaHuA (PyHK-
nuu 50

— 3HaKomnocTosHcTBa GYyHEKINH 50

— ybuiBarus dynxkuun 50

Pabora nmepemennoif cunnl 196
paguax 5

panukax 207

pasHocTe uncea 170

Cexkanc 19

cuHyc 15

cuaycorga 16

CHCTEMHB YpaBHEHHH

— — JgorapudmuuecKkmx 243

— — TIOKazaTerbHuIx 230

— — TpHUroHOMeTpHUecKHX 83

CTelleHb 4uciIa

— — ¢ panuoHAJBHEIM IIOKa3aTe-
aem 218

— — ¢ MppaIjHOHAJNILHBEIM IIOKAa3aTe-
gdem 224

cymma qucen 170

cxema ucciaenoBaHus GyHKOHH 56

Taurenc 17
Taurescouna 19
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TeopeMa

— Beiiepmrpacca 155

— 06 ofparHoit ¢yEKIUH 248
— 0 KopHe 64

— (Mepma 147

TOUKA MaxcuMyma 45

— MUHHMYMa 44

— 3Kcerpemyma 46

¥YpaeHeHVe gudbdeperRnmuanLHO
263

— rapMoHHYecKOTo KojeGanusa 266

— HppanuoHajibHOe 214

— KacaTenbHOH K rpaduKy ¢QyHK-
oun 131

— NOKa3aTeJbHOro pocra (yO6bIBa-
Hua) 264

— moxasaTenpHOe 229

yckoperne 137

dokyc mapaGonsbr 141

¢dopmyna

— Jlarpan:xa 132

— HsioTona — Jle#i6auma 190

— ob6peMa Tena 194

— MJIOILNAAN KPUBOJUHEHHON Tpare-
uun 186

— Toiiniopa 164

¢dopmynnl npuaBejeHns 8§

PyHKRIIUA

— BoapacTaiomasa 40

— muddepernupyemasn 106

— napolGHo-panoHanbHAd 22

- norapupmuueckas 238

— HemnpepsIBHaA B Touke 109

— HeIpephIBHAsA Ha IMPOMexyTke 124
— HedYeTHaaA 32

- obpaTumasn 246

— obparHasa 247

— nepuoauvecKas 34

— moKa3aTenbHad 226

— cnoxHas 118

— crenenHas 259

— y6uBaromas 40

— mnenad paluoHansHadA 22

— yeTHad 31

— ypcsoBasg 21

dyurkuum BsaummHO obparHBie 248

Henas vacTh uucaa 169
uedaTp Macc 197

Yucno geictsurensnoe 167
— HUppanuoHansHoe 167

— HaTypaiabHoe 167

— panwvoHajxrHOe 167

— wenoe 167

uncao e 252

9xcrpeMyM Gyurnouu 46
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i
TPUTOHOMETPHYECKHUE ®OYHKUHH

§1.
Tpuronomerpudeckne GYHKIOHH YHUCIOBOIO ApryMeHTa
1. CUHYC, KOCMHYC, TAHI€HC ¥ KOTaHreHc (nosTtopenue) . . . . . . . . . . 5
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