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Yeancaemvie cmapuexiaccHuru!

DroT yueGHUK IPOAOIKaeT Kype anre6psl 7—9 Kiaccos. B Te-
yeHue CIAEAVIOMUX JBYX JIeT BEl pacIIMpHUTe U yriaybure cBou mMa-
TemMaTHUecKue 3HaHusd. M, rmaBHOe, HAYYMUTECh HX IPUMEHATD.

3HaTh MATEMATUKY — 3HAYHAT YMETh pemars sajaun. IMeHHO
3azauy BaM npejacrouT pemars Ha EI'D.

B yuefHUKe 3ajaHHUs DasHOil cremeHm ciroxkHocTu. B 3ana-
HHUAX, HOMepa KOTOPHIX He MMeIOT CHemHaJbHBIX obo3HaAYEeHHI,
BBI HE JOJIKHBI UCTTBITEIBATE HUKAKUX 3aTPyAHEHMI.

Bnaukom «O» orMeueHs! 3alaHUA, B KOTOPBIX OYTh K OTBETY
CBSI3AH C HEKOTOPHIMM TeXHUUECKUMU CIOKHOCTAMHU.
BagaHusa, HAL KOTOPBIMH CIEAyeT IOAyMaTh, HMeIoT 0003Ha-

vernue «®». [lnan pelneHus TaKUX 3afaHU MOJe3HO OOCyAUTH B
KJacce ¢ yuuTeJem.

Homepa caMbIX TPYAHBIX 3afaHuil *MeOT 0003HAUEHHE « ~5.

Buauxom «M» ormMeueHs! 3ajaHuA, KOTOPhIE CJIeAYyeT BHIIOJI-
HATH ¢ TOMOIIBIO KAJLKYAATOPa. B yueO6HHKe paccMaTpUBaeTca
KaJbKYJIATOD onepanuonHoi cucrembl Windows.

Ilpu M3yYeHUH MATEeMAaTHKU BAM IPEACTOUT CTPOUTH MHOIO
rpa¢pukos. B HEKOTOpHIX ciaydadax paboTy B TeTpaju IOJE3HO
COBMEIATh, 4 HHOTAA ¥ 3aMeHATH paboTol Ha KOMIBIOTEPE B OX-
HOIl M3 KOMNBIOTEPHBIX IPOrpaMM IOCTPOEHHs M HCCIIeJOBAHNA
rpadukoB QyHKOUi u ypaBHenuit. Takue nporpaMmMsl ¢BOGOAHO
u GecriaTHO pacnpocrpadsiores B MaTepHere. Mbl pekoMeHyeM
ABe pycudumuposanasle nporpaMmmsl GeoGebra n WinPlot.

IIporpammy GeoGebra moKHO CcKadaThb C NpeAjaraemMoro
Hmke caiita http://www.geogebra.org

Ha sTowm e caliTe Bl eTAJbHO II03HAKOMUTECH C BOBMOYKHOC-
TAMH mporpaMMbl. IloJe3Ho 3aperscTpUpOBATBCA Ha caiTe
http://geogebra.ru Cubupckoro nacruryra GeoGebra u npoiitu




HavaxbHbIH Kype obyuyenns. Camo HasBaHMe IPOrpPaMMBbI, CO-
CTaBJIEHHOE U3 JYacTeil cj0B geometry u algebra (reomerpus u an-
re6pa), FOBOPHUT O TOM, YTO €8 MOMKHO MCIOJIb30BATE IPH naydge-
HHHA U reoMeTpuH, u aaredpsl. Yrober ckauats nporpammy Win-
Plot, moxHO 3aiiTu Ha caiir http://math. exeter.edu/rparris/
winplot.html u BeiGpars Tam pycckumit aseik (Russian).

B Texcre yuefHMKaA peKOMEHZAIMA UCIIONB30OBATE KaKylo-HH-
OyAb KOMIBIOTEPHYIO IPOrPAMMY 0603HAYAETCH CHMBOJIOM :

BrimosHenHbIe B 2THX mporpaMMax pelIeHus 3a4a4 KPACHBEI
u Harnaaael. MHOrMe M3 HUX Da3MeIleHbl IIKOJIbHUKAME U YIU-
TeaAMU MaTeMaTHKu B MHTEpHeTe, I/le X MOMKHO MoucKkars. Ha-
AeeMcH, YTO H BaIllU PellleHUA MOKHO OyaeT TaMm HaiiTH.

Bmecre ¢ 0CHOBHBIM MaTepuasoM, U3yUeHHe KOTOPOro 06A3a-
TeJIbHO, B y4eOHUKe eCTh H JOIOJHNATEIbHELR MaTepua, 3HaKOM-
CTBO C KOTOPBIM ¢esnarenbHo. Hagano rakoro marepuasa o6o3Ha-
HaeTcd 3HAYKOM « V¥ », a KOHeIl — « /\ ».

B konue yuebuuka B pasgene «OcHOBHbIE (DOPMYJIEI» BEI MO-
erTe HAUTH HYKHYI0 QopMyTy.

Pemus sagauy, cpaBHUTE CBOit OTBET C OTBETOM B yueGHHKe.
Ecay BHINOTHUTE 3ajaHue BBI He MOJKETe, TO IPOYMTATE COBET K
3ajiajue UJIM MIOCMOTPHUTE e€ pemeHne. B aToM Bam nmomoryT pasze-
asl «OTBeTsI», «CoBeTn» U «Pemenus».

Kaxapiii nyskT yuebHuKA 3aBepHIaeTcs KOHTPOJIBLHEIMH BOII-
pocamM¥ M 3aJaHMAMM, a K rjaBaM ydyeOHHKA MpeaJIaralorcsa Ko-
MalllHWe KOHTPOJbHBIE PaboThl ¢ yKasaHUEM IPUMEPHOIO Bpe-
MEHH, Ha KOTOpOe PacCYMTAHO MX BHINOJHEHHE.

3afaHuA TOMAIIHMX KOHTPOJBHBIX paGoT pasbuThHl Ha TPH
YPOBH#A, KOTOpbI€ COOTBETCTBYIOT Y/OBIETBOPHUTEIBHOM, XOpO-
mei U OTAMYHON oumerke. Tak YTO BBl CAMH CMOKETe ONEHHUTH
CBOM MaTeMaTHYeCKHe JOCTHUIKEeHHU .

B koHIe yueOHMKA MMeeTCHA IpeJMeTHEIH yKasaTeils, 0CoOBeH-
HO IOJIE3HBIH IIPU NOBTOPEHUH,

B yue6HWK He BOILIM MHOIHME BajkKHEIe M MHTEPECHbIE MaTeMa-
THYeCKHe BOIPOCHI, MOITOMY AJIA TeX, KTO MHTEpecyeTcsa MaTe-
MAaTHKOM, B CHPAaBOYHOM pasfiesie yIeOHUKA UMEeTCH CIMCOK J0-
TIOJIHUTETBHOM INTePATYPBI M HHTEPHET-PECYPCOB.

AemopuL wcenarom éam ycnexoes!



dYHKUMUN U TPADUKUA

BrI yike 3HAKOMBI C IOHATHEM (QYyHKIMA U3 Kypca anrebpsi. Oa-
HAKO U B Pa3JMYHBIX pasfeax MaTeMaTHKH, U B PASHBIX IIKOJIb-
HBIX YIeGHMKAX onpejeneHue QyHKIUN AaETCHA 0-PAZHOMY. By-
IeM MCHOJIB30BATEH OJHO M3 CAMBIX MPOCTBIX ompezieJieHUH 3TOTO
BaIKHeHIIero MmareMaTndeckoro noEATuA. C aTuM onpejenesuemM,
a TAKKe ¢ HEKOTOPBIMH CBA3AHHBLIMY C MIOHATHEM QYHKIUH ob6o-
3HAYEHUAMY ¥ MATeMATHUYECKMMH TePMHHAMH Bbl IIO3HAKOMM-
TeCh B IEPBOM IIYHKTe I'IaBbl. BO BrOpOM MyHKTEe BhI BCTPETUTECH
¢ HEKOTOPBIMH ViKe B3HAKOMBIMH (QYHKIUAMH H rpatpuramu,
B TpeTheM peub MONAET O BasKHBIX CBOMCTBAX GYyHKIUHA, 9acTo
NpUMeHsAeMbIX DU PelIeHNH yPaBHeHU U HepaBeHCTs, a B UeT-
BEpPTOM — 00 OCHOBHBIX Ipe0oOpasoBaHUAX rPaUKOB.

B ) 1. Nousitne dyHkuMM

B oxpy’kaiomieM HAC MUpe MHOrHe BeJIMYMHbI B3AMMOCBASAHEI,
HampuMep KOJIMJecTBO OyKB HA CTPAHMIE dTOrO yuYeOHUKA 3aBU-
CHT OT HOMEpA CTPAHUIEI, BpeMs pasmopo3ku B CBY-meun 3a-
BHCHT B OCHOBHOM OT MAacChl IPOAYKTAa, a IJIOIIaAb KBajpara —
OT AJIAHBI ero CTOPoHBI. Bo Bcex TPEX caydasx Kamaomy donyc-
mumomy (BOBMOIKHOMY) 3HAYEHHIO BTOPOM M3 BEJIUUMH COOTBET-
CTBYeT OlHO 3HaYeHne nepsoii. [IoHATHO, YTO B NEPBOM IpUMepe
3a HOMEp CTPaHUIb] yYeOHUKA MOKHO B3ATH na0b0e HATYpalIbHOE
yucso, He 6oabimee 319, Bo BTopoM npuMepe Macca NpoAyKTa or-
paEnueHa pabouum o6péMOM meun, a JAMHA CTOPOHBI KBajpara
M3 TPETHEro NpuMepa, KOHeYHO, [0JOKUTeIbHA.

Mpl OIpUBEJH 3/1eCh IPOCThIe IPHMEpPHI 3aBHCHMOCTEH MexIy
aByMa BeanumaaMu. OZHAKO HA MPAKTHKE BCE HECKOJBKO CJI0M-
wee. Tak, HAIpUMep, BpeMsi pa3MOPO3KH 3aBMCHT He TOJBKO OT
MAaCChI IPOAYKTA, HO ¥ OT ero (popMsl ¥ OT MOIIHOCTH MUKPOBOJI-
HOBOTO UBJIYYEHUA.

B MaremMaTuke OOGBIYHO OTBIeKalOTCs (abcTparupyioTcs) OT
(bu3MYeCKO IPHUPO/ABLI BEJIMYHH ¥ PACCMATPHUBAIOT 3aBUCAMOCTH
MeK Iy YACIOBLIMY IIePeMEeHHBIMHU.



Fnaea 1. ®YHKUWK WU ITPADUKA

Ilepemennyio y HasbBalOT PyHKIMEN IEPEMEHHOT X,
€CJIM KaXKAOMY NONYCTUMOMY 3HAYEHHIO X COOTBETCTBYET
€/JMHCTBEeHHOe 3Ha4YeHue Y.

Ilepemennyio x Ha3LIBAIOT APryMeHTOM DYHKIINHM Y.

IIpaBuio, Mo KOTOPOMY IJIS KAMKAOTO JOIYCTHMOTO 3HAUYCHU A
X HaXOJAT COOTBETCTBYIOIee eMy 3HaueHue QyHKuuH, o6o3Haua-
10T Kakoi-1ubo Oyksoii. Tak, Hanpumep, 4TOGBI YKas3aTh, 4TO
3HAYEeHUA Y NONYHaIOT U3 3HAYEHHH X 110 IpaBUIy f, HUIIyT:

y = f(x).

MHO0XeCTBO JONyCTAMBIX 3HAYCHHI APIYMEHTA HA3LIBAIOT
o0acThIO onpeeeHN s (PYHKIMHI
n obosuaualor D(f) niu D(y).
MHOKecTBO, KOTOPOE COCTABIAIOT BCe 3HAYCHUA (PYHKIIHH,
Ha3BIBAIOT 00aCTHIO 3HAYCHHH PYHKIIHM
u obosnavaior E(f) niu E(y).

Mpumep 1. Haiitu obracTs onpesenenus GpyHKmuM y =§

¥ BBIYMCJIUTE 3HAYECHUA (PYHKIIMY DU X, paBHOM: 2, g , —6.

PeweHwne. Ha apryment x dopmysa Y =§ HaKJIaJbIBaeT

€IHHCTBeHHOe orpaHudenue: x # 0, moaromy 061aCTHIO OIIpeese-
HUA NAaHHOU QYHKUMM ABIAETCA OObeAMHEHHEe ABYX UHCIOBBIX
NPOMEXKYTKOB (uETepBasoB): D(y) = (—oo; 0) U (0; +o0).

3Hauenue QYHKIMA, KOTOPOE COOTBETCTBYET, Hanpumep,
x = 2, obosHauawT y(2):

L g 81008 sl 36 | et AL |
¥2=3 =2 y(4) o O e S ) e S
: =4 : S 3) _ 16
OtBeT: D(y) = (—; 0) U (0; +); y(2) = 2, y(;{) g
=
E Ilpumeuanue 1. B aToM npuMepe MpaBmio, o KOTOpOMY IIO

JHAYeHHIO apryMeHTa HaXoAAT 3HadYeHWe (QyHKUOuUH, ObLIO mpejcras-

4 -
JIEHO BEIDaXKeHHueM =" Taxoit cnoco6 3agasus (VHKIIHMHA HA3BIBAIOT



1. NoxaTue pyHKLuMK

ananumuieckum. ITuM crocoboM 3aJaHO GOJNBIIMHCTBO (DYHKILMIA,
KOTOpBIE BCTPETATCH HA CTPAHMIIAX ITOr0 yueOHUMKA.

Ilpyras cuTyanusa ¢ oOJacThio ONpejeseHHs BO3HUKAaeT, ecliH, Ha-
npumep, GykBamMu x 1 iy 0603HaYeHB! JJIMHBI CTOPOH B CAHTHMETPAaX Mps-
MOYTOJILHHKA, UMEIOIIero mjiomans 4 cm?, Torzia B CHITy TOJIOKUATENb-

1 o
HOCTH JJIAH 06J1acThb onpejle/leHns QYEKIHA § = = npeacrasaseT coboi
ymucaoBoi naTepBai (0; +00).
4
PaccmarpuBas QyHKOHIO i = 5 Ha MHOXecTBe HATYpPaJbHBIX YHCEJ,

AMEIOT [e/0 ¢ BecKOHewHOU nocnedoéamenbHocmyio. O6s1uHO
SIS TIOCJELOBATENLHOCTeH MCIONB3YIOT ClelnuasbHble 0003HAUEHUA:
n — JIA aprymMeHTa M Y, — IS COOTBETCTBYIOIIEro 3Ha4YeHHs (QyHK-

MH, KOTOPOE HASBIBAIOT 71-M YJIeHOM II0CIe/[0BATETHbHOCTH.
4
Camy dopmyay y, 255 HasbIBatloT GOpMYyJION n-ro %JaeHa nocjesoBa-
TeJLHOCTH.

E IMIpumeuanne 2. 3aKk «U», KOTOPHIH HCIONB3OBAJCA IS
06 Bedunenua NPOMEKYTKOB, B MaTeMaTuKe 00beJuHsAeT J100b1e MHO-
sxecrsa, Hanpumep: {1; 2; 3} U {3; 4} = {1; 2; 3; 4}.

IlepeBepHYB 3HaK O0beJUHEHM, IIOJTYIUM MaTeMaTHIeCKHH CHMBOJI
Ans nepecevenusn Muoxects: {1; 2; 3} N {3; 4} = {3}. Ecau nosepayTs
3HaK obbeamHeHnus «Us Ha 90°, TO MOJNYYHM 3HAK, KOTODBIM MOKa-
3BIBAET, YTO BCE DJIEMEHThI OJ[HOT'0 U3 MHOYKECTB ABJISIOTCH 3JIeMeHTAMH
apyroro, sanpumep: {1; 2; 3} C {1; 2; 3; 4}. Kak roBopAT B TAKKUX CJyYa-
fX, IePBOe MHOKECTBO ABJIAETCH 00 MHONCECME0M BTOPOIO, MJIK BTO"
poe MHOYKECTBO 8Kaiovaem 6 ceba nepBoe.

Mpumep 2. @yuknus y = f(x) 3agana spaguuecku (puc. 1).
Haiimu: 1) D(f); 2) f(=1); 3) 3Ha4eHns apryMmeHTa, lIpu KOTo-
pBEIX 3HaYeHHWe (QYHKIMH paBHO 2; 4) HyIH QYHKIHH;
5) ganboJiblIee U HAUMEeHbIIIee 3HaUeHU s PYHKIUHA.

PeweHwue. 1) Obnacrs onpe-
geleHus 9TOM QYHKIIUHE — YHCIO-
Boil mpomexyTok [-3; 6]; 2) f(-1) =
~-0,7; 3)f(x) = 2 npu x = -2,9,
x~0,4ux=~1,7; 4) aynu GyHrnum,
T. e. 3HAYEHWA X, NPH KOTOPBIX
f(x)=0:x~-2,3,x~-0,4ux=~2,T;
5) maubosbiiee 3HaYeHUE DYHKIIUH:
max f(x) = f(1) = 4,5, HauMeHbIIEE
3HAYeHUEe PYyHKIUH:

min f(x) = f(6) = -3. Puc. 1




Fnasa 1. ®YHKUWU U TPADUKN

CTBO TOYE€K KOODAMHATHOMN ILIOCKOCTH TIpej-
CTaBJIAJO c000¥ rpadux QyHKIUYA Y, BCe OTH
TOYKH AOJIKHBI MMETh pasHble abcrmucchl —
awbas npamas, nepneHOUKYIAPHAA OCU
abcyucc, unu umeem eQUHCMBEHHYIO MOY-
KY, wiu He umeem HuU 00HOIL 00uieit mouxu
¢ 2pagurom pynryuu y. Ha pucyrke Bug-
HO, 9YTO OChb OpAMHAT (npAmMasa x = 0) mepece-
KaeT NaHHYI0 KPUBYIO B JABYX TOYKAax, 3Ha-
YHUT, 9TA KpHUBasg He ABIAETCA rpadurom

x = f(y), aprymMeHTOM KOTOPOIi ABJIAETCA IIePEMEHHASA y. fB-
JAETCA JIA 3TO MHOKECTBO TOYEK KOOPAMHATHON IJOCKOCTH
rpapukoM QyHKIHH y?

PeweHue. YTo6s1 HeKOTOPOE MHOMKE-

byHKIUHY Y.

YnpaxHeHus
L

ITpuBenuTe cBOM IpUMEPH 3aBHCUMOCTEH MeXKAY ABYMSA Be-
JIMYAHAMH, ¥ B KAXKIAOM CIydae YKaKHUTe MHOMKECTBO JIO-
NYyCTUMEIX 3HAYEHHUH BTOPOM M3 HUX.

ABnsaerca nu y GyHEKOHEH X, eCau y — 9TO:

1) nromaae NPAMOYTOJBHMKA, 4 X €ro: a) JHaroHais; 6) me-
pPUMETp; B) OTHONIEHUE AJMH CTOPOH; 2)9YMCIO HAeCATBIX
B IECATUYHOM 3amMCH X; 3) ABY3HAYHOE YHUCJO, & X — CyMMa
ero nudp; 4) xaTa, a ¥ — TeMIepaTypa BO3AyXa B KOHKPeT-
HOM ropozie B 10 u; 5) nara, a X — KOJMYeCTBO ABTOMOGH-
Jieif, BRINYIIEHHBIX 3a AaHHBIE cyTKHM 3aBogom ABTOBAB3;
6) armocdepHOe faBIeHMe B JaHHON TOYKE 3eMHOM IIOBEPX-
HOCTH, X — KOHKDeTHOe BpeMms cyTok? B Kakux cayyaax x
ABjAerca QyHKuuei y?

B kuure 300 crpanun. Ilets kak/ bl JeHb IPOYUTHIBAET 110
50 crpanun aroit kauru. O603HaYUB GYKBOIT Y KOJIN4YeCTBO
He npouuTaHHBIX Ilereit crpanun, a GYKBOH X — YHCIO
nuei, korga ITerss uuraer ganuyo KHUry: 1) sagaiite ana-
JUTHYECKU QYHKIOUIO y; 2) YKaXKUTE €€ eCTECTBEHHYIO B pe-
aJIBHYIO 00/1aCTH OIIpeIeJIeHHU A.



1. NonsaTue dyHKLMN

4.

59

Jlana GyHKIAA:

1) f(x)=2x+ 3; 3)f(x)=x2+3x+4;
2) f(x) = —4x + 5; 4) f(x)=x2+Tx—4.
Haitngure: a) f(3); 6) 3Hauenus X, NIpu KOTOPBIX f(x) = 4.

Ipasuio f, sagaomee GyHKIUIO y = f(X), CTaBUT B COOTBET-
CTBUE KasKA0MY ABY3HAUHOMY 4MCIy cyMMy ero nudp. Haii-
anre: 1) D(f); 2) f(17), f(35), f(59); 3) npu KAKUX 3HAYEHM"
ax x QyHKIMA f(X) TpUHUMaeT 3HaYeHNe, paBHOe 3; 4) Hau-
Gosblllee ¥ HAUMEHbIIee 3HAYEHHWS (QYHKOUM; 5)™ Kakoe
sHavyeHre (GQYHKIUH COOTBETCTBYET HamOOJbIIEMY KoJHUe-
CTBY BHAUEHUI apryMeHTa.

Ilo xasxaomy u3 rpadukKoB (QPYHKIWH, M300pPAXKEHHBIX Ha
pucynkax 3—8, maigure: 1) D(f); 2) E(f); 3) f(—2); 4) npu
KAaKOM 3HAYEHHM apryMeHTa 3HaueHWe (QYHKIMU DPaBHO 3;
5) mynu dysrnuu; 6) maubosibiiee 1 HauMMeHbIIEe 3HAYE"
HUA QYHKIUH.

IToxymaiiTe 1 ONpeAeIUTE, CYyLECTBYIOT I TAKNEe 3HAYEHU A
aprymMeHTa, IpH KOTOPHIX (DyHKIHH, 3aJaHHBIE rpadukxa-
mu: 1) Ha pucyHKax 3 u 5; 2) Ha puCyHKax 5 u 8 — npuHA-
MAIOT ONHHM H Te ke sHauenus. Haiigure ux.

Haiigure obnacts onpefenennsa GQyHKIUA Y1

1)y=2x2-Tx+9; 5)Oy=m;
2)y=x3+g—7; G)Oy=m;
3)y=x21—4; 7).y=x—lxl;
VY= oy %=

1) Haiigure obiacTs onpeieneHusa QYHKIHA Y:

a)y=+x -2 Jx+2;
B)y=+x -2+ Jx+2;
B)y = J(x + 2)(x - 2);
Jx+2,
JE—2

ny=AJx+5-Jx+3;

r)y=

e)y=Jx+5-Jx—-3;
w)y=AJx+5+ Jx+3
3)y=J(x+5)3 - x);
o . s
Jx=2=8
yz__~/x+5_
Jx+3-2

u)

x)o
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Puc. 4 Puc. 7

Puc.5 Pwuc. 8




1. NonaTve pyHKUNM

10.

11.

2) @ C noMOmIbi0 KANBKYAATOPa BEIYMCAUTE C TOTHOCTRIO 10

COTHIX 3HAYEHMA (PYHKIUN NPU X, PABHOM J2, ecim aTo
BO3MOXKHO.

IMocTpoiiTe rpaduK Kakoi-HUOYAL PyHKIIAHT f(x), nna xoro-
POt BREIMOJTHAIOTCA YCIOBUA!

1) D(f) =[-1; 5], E(f) =[-3; 3};

2) D(f) =[-3; 2], E() = [-2; 4].

Ha rpaduxe (puc.9) moxasaHO M3MEHeHHe TeMIepaTyphbl
BO3AyXa Ha NPOTHKEHUH TPEX CyTOK, HauuHas ¢ 0 gacos
11 mionsa. Ha ocu abemuce oTMedaeTcd BpeM#A CYTOK, Ha OCH
OpJMHAT — 3HAYEHHEe TeMIepaTypPhl B rpajgycax.

1) Korpa 6s11a caMasi BRICOKAs, a KOrJa caMasd HU3Kasd TeM-
neparypa?

2) Kakas Temneparypa Bosayxa 6sia 12 uroad B 18 u?

3) CKOJILKO pas B TedeHne TPEX JHEed TeMueparypa J0CTura-
nal2°C?

4) Onpenenure mo rpad@ukKy, 10 KaKoOu HauboJabIIel TeMIe-
parypsl nporpejics Bo3ayx 13 urons. Orser pa¥re B rpaay-
cax llenscusd.

Ac

18
17+
16

15 +

14
13
12

11

195
9

8_..

r
6 -
5 -
4

-

I N =

T ] I | I 1 ] 1
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

11 mons 12 mions 13 mionsa

Puc. 9
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MMh

7-

6 4 -
5 .

44 e

3 -

8 . *

14 & Y

0 . R el
3 5 7T 9 .11 13 15

Puc. 10

12. Ha pucynke 10 ToYkaMu MOKa3aHO CyTOYHOE KOJHUECTBO
ocaakos, Beinagasmux B Kasann ¢ 3 no 15 gespans. Ilo ro-
PHU30HTAIH YKa3bIBAIOTCA YUCJIa MecAna, M0 BePTHKAIN —
KOJHMYECTBO OCaAKOB, BBINABIINX B COOTBETCTBYIOIIWiL
JleHb, B MUJJIUMETpax.

1) CronbKO AHEN U3 JaHHOrO IIepHoa He BBINAJAJIO OCAKOB?
2) CKOJIBKO MUJLTMMETPOB OCAAKOB BhImaso 10 deBpans,
4 heBpana?

3) Kakoro yncsna semano 2 MM, 1 MM ocagkos?

4) Kakoro uncia BeITaI0 HaubobIIee KOJIHYeCTBO ocagKos?

13° us KBazpara co cTopoHoit 10 ¢cM BEIpesaHbl KBaJ[PATUKH CO
CTOPOHOM X CM, U U3 IOJy4YeHHO# GUTryphl cAeaana OTKPBI-
Tadg Kopobka (puc. 11). Beipasure o6sém V (cm3) aroit Ko-
pobxu uepes x. Ykakure 061acTh ONpeNeSeHUA GbyHKIUYT
y = V(x).

14%8 NPAMOYTOJBbHBIN TPEYTOJBHUK C KaTeTaMd 3 ¢M U 4 cMm
BIUCAH NPAMOYToabHUK (puc. 12). O6o3rauns 6yKBoii x (cM)
JUIUHY €r0 CTOPOHEI, Mapajje/IbHOM MeHbIIeMY KaTeTy, BhI-
pasure nepumerp P (CM) NpsSAMOYroJbHUKA. YEKAMXKHTE 00-
JIACTH OlIpe/ie/IeHus ¥ 00JIaCTh 3HaYeHUH PyHKOUHM y = P(x).

4
X
ooy ekl = __
: X
- : 3
Puc. 11 Puc. 12



2. Npamasn, runepbona, napabona 1 OKPYXHOCTb

15.. 3anumuTe NI0LIanb:
1) IpaBHJILHOIO IIECTHYIOJBHUKA KaK QYHKIHUIO OT AJTHHEBI
ero CTOPOHBI;
2) kBazpaTa Kak (QYHKOHMI pajgayca BIIMCAHHOW B HEro
OKPY>KHOCTH.

169 Bapaiite dopmynoit GyHrnmio S(x) — HaWGOJBIIYIO IIO-
mank rpeyroasauka ABC, eciu U3BECTHO, UTO!

1)AB=4,BC=ux; 2) ABe ero MeJuaHbl 110 X KaxAad.
17. Haiigure snavenue dyaxuuu f(3), f(—2), /(0), ecan
f(x) = x + |x|.
189 dyaxnus y = f(x) onpeseseHa Ha IPOMEKYTKE:
1)[0;1]; 2)[-1; 0]; 3)[-1; 2]; 4)[1; 2].
Haiigure 0651acTh onpeeeHusa QyHKIHAL
a) y = f(-x); B) y = f(x - 1); n)* y = f(x + |x|);
6) y = f(2x); r) y = f(x?); e)* y = f(x — ).

19® B maTemaruke 3a HEKOTOPHIMU YHCJIOBBIMH MHOKECTBAMU
saKpeIJieHsl cTaHAapTHBIe 0003HavYeHUA: N — MHOXECTBO
HATYDAJbHBEIX 9HCeN, Z — MHOMECTBO IeJBIX 4uces, @ —
MHOJKECTBO PAIMOHATBHBIX unces, R — MHOKecTBO AeicT-
BHTENbHBIX unces, R, — MHOKeCTBO NOJIOKHUTENbHbIX Jei-
CTBUTEJIbHBIX YHCEJI.
BeraBbTeé BMECTO MHOTOTOYMSA OAWH M3 3HAKOB «N», «U»,
«C» TaK, 9T00BI NOJYYHIIOCH BePHOE YTBePKAeHHe:
1)N...Q; 3)N...Z=N; 5)R...N=R;
2)N...R; 4)R,....Z=N; 6)N...Q=Q.

KoHTpoOnbHbIE BONPOCHI U 3aAaHUNA

B rakux caydagx OgHA IepeMeHHAad ABAAeTCHA dyHKIEEH Apyroi?
Yro TaKOE ecTeCTBeHHAS 061acTh onpefeeHus GyHKmun?
IIpuBenmTe npuMep QYHKIMK, HYJIb KOTOPO donbiue, gem f(0).

Jx

x-1"

o !"’.”."=

Haiigure D(y) u y(3), ecim y =

i) 2. Npsamas, runepGona,
napabona u OKpYXHOCTb

C JIMHUAMHA, HA3BAHMA KOTOPLIX IIPUBEAEHBLI B 3arJaBHH 9TOIO
ITYHKTA, BBl He Pa3 BCTpeyaanch. B HameM Kypce UM TaKsKe OTBO-
nuTes BaskHad posb. Caenyiomye TPH PUCYHKA HAIIOMHAT BaM O

JUHEeHHON QYHKITHUHA.
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Y T S
: y-_-!
L A 1 =
/o i 0] 1 131X
Puc. 13 Puc. 14 Puc. 15

IIpamas Ha pucyske 13 mpegcrasiser coboii rpauk JuHeH-
HOW QyHKIMK y = kx + lupu k > 0, [ > 0, na pucynxe 14 — npu
k<0,1>0, a tuaeiinas GyHKIUA HA pucyske 15 zagaércs dop-
MyJIO# Y = I, B KOTOpOI, Boob1e, kak 6Bl HeT aprymenTa. Ha ca-
MOM JeJjie yriaoBoil xoapdunuent k sToi npamoit pasen HYJIIO:
y=0-241.

DyHKOUA, KOTOPAHA NP BCEX 3HAYEHMAX APIyMeHTa
NPUHHAMAaET OJHO U TO JKe 3HaUYeHHe, Ha3bIBAeTCH
KOHCTAHTOM (MJIX MOCTOAHHOM),

Mpumep 1. Bagars dyuxnuo, rpadux KOTOpPO# mapaJjiie-
JIeH IpAMO#t y = 2x + 3 U NPOXOAUT Yepes TOUKY (—5; 2).

PeweHune. ckomoe ypaBHeHHe HMeeT BHJ y=kx + L.
Yznosore KoapPuyuermo. napaieivHoLx npamuLx paéHul, T. €.
k= 2. Ocraérca HaliTH HAYATBHYIO opausary l. ITockonbky x0op-
AMHATBHI JAHHOM TOYKH JOJIKHBI YAOBJIETBOPATH HCKOMOMY yDaB-
HEHHWIO, MOJYUYHM:

2=2+(=5)+1, I=2+10=12.
OxonuarenbHO uMeeM: y = 2x + 12,
OtBeT:y=2x+12.
v I:I;")I;n;l;;; 5._éanawjb_n_nueﬁn;;o_@yam_n;m, rpadux KOTO-
PO IPOXOUT Yepe3 TOUKH (x5 yy) 7 (255 Y,).

PeweHwne. Jliobas nuneitnana Gyaxnna sagaéres ypaBHe-
HHeM y = kx + [. IlogcTaHOBKA B 3TO ypaBHEHUE KOOpAUHAT nep-
BOil TOUKM NPUBOJUT K YPABHEHHIO OGIIEr0 BUAA NpPAMBIX, IPO-

y=kx+I1,
XOAALMX Yepes TOUKY (X3 y,): yy = kx, +1, Y-y, =k(x—x,).

TR




2. Mpamasn, runepbona, napabona n OKPyXHOCTL

Ilns onpenesennsa k MOACTABMM B 9TO yPaBHEHME KOODAMHATHI
BTOPO# U3 JaHHBIX TOYEK: Y, — Y, = k(x, — x;),

k=y2—yl

xz_xl.

Hmeem: y — y, = H(x — X;). 'pynnupys Mrpeku ¥ MKChI

B Pa3HBIX YACTAX YPABHEHHUs, IOJYIUM YpaBHEHHE IPAMOIA.

Y=t +£—X

Ya— Yy Xp— X

Takx 1 3anMCHIBAIOT 00BIYHO YpasHeHUe NpamMoil, npoxodaueil
yepes 06e OarHbLe MOYKU.

E IlpuMeuarEme. B nonyyeHHOM ypaBHeHHM 3HAMEHATEIH
apobeit NOJKHBI OTIAHYATECA OT Hyad. OfHAKO HHUKTO HEe 3alpeliaeT
ABYM AAHHBIM TOYKAM MMETb, HAIPHUMED, PABHbIE ODAMHATBIL: Yy = Y.
B asrom cayuae rpaduk JuHEHHONW (QYHKIHMH OKA3LIBAETCHA Iapajuie-
JieH ocu abemuce U cieiyeT cpasy HaIucaTh HCKOMOe ypaBHEHHE: I = U/,

Ecnm y nasHBIX TOYeK cOBmaiyT abCIMCCBI: X, = X, TO YDABHEHHE
COOTBETCTBYIOIIEl MPAMOI x = x,; He OyneT 3agasaTh QyHKIHIO ¥ (0AHO-
MYy 3HAUEHHIO X B 9TOM CJIydae COOTBETCTBY-
er DoJree OTHOTO BHAYEHHS ). /\

Ha pucyske 16, a u 6 usobpaKeHBbI

rpauKH QYHKOHU Yy = E npu k>0 n

upu k <0 — zunepboabl, Kaxgas u3 Ko-
TOPBIX COCTOMT M3 Hapbl CHMMeTpPHY-
HbIX OTHOCHTEJIbHO Hadajia KOOpAMHAT
BeTBe.

(DYHKLIHSI y =£ onpegesieHa Ha MHO-

HecTBe BCex AeﬁCTBHTeJIBHHX quces,
kpome 0, T. e. HA O0BEAUHEHUH [IPOME-
KYTKOB: (—o0; 0) U (0; +00).

IT0 Ke MHOKeCTBO ABJAETCHA U 00-
JIacThIO 3HAUeHUH PYHKIUH Y.

k
T'unepb6ona y = UMeeT 1Be ocH CUM-

MEeTPHH: NPAMBIE y =X U Y = —X. Puc. 16
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ObparuM BHMMaHMe Ha BayKHOE CBOMCTBO I'H- 1 iy=x2 1
k - o
nepboJbl Yy = 55 Ilpu aBusKeHHH 1O rpaduKy OT
OCH OPAMHAT PACCTOAHUE OT TOYEK IrpaduKa 10 ocu
abcnuce ymMeHbInaeTcsi, U rpaduk Kak Obl cimBa-
ercd ¢ ocklo aberuce. I'oBopar, uTo y empemumesn
K HYI0, K020a X cmpemMumes K 6eCKOHEeHLHOCMU.

AHaJOrHYHO, KOrga X CTPpeMHMTCA K HyJo, 0l 1 'x
Y CTpeMUTCA K OeckOHeYHOCMU NN K MUHYC bec- T '
KoHeyHocmu (B 3aBHCHMMOCTH OT TOrO, ¢ KaKoil Puc. 17

CTOPOHBI TOYKa NPUOIHIKAETCA K OCH OPAMHAT).
Ocsp abecnuce 1 0Ch OPAMHAT HA3BIBAIOT COOTBETCTBEHHO TOpPH-
30HTAJBHOM W BEPTHKAJIBLHOH acumnmomamu rpapura QyHK-

=
nEmy = .

Ha pucynke 17 usobpaxena napabona — rpaduk enié ogHoOU
XOpOIIO M3BecTHOM (YHKIMU y = x2, BerBum eé HampaBieHBI
BBEPX, 4 BePIIMHA PACIIOJIOMKeHAa B Havaje KoopauHar. @yHKIUA
y = x2 onpezesieHa HA MHOXKeCTBe BCeX NeHCTBUTEIbLHBIX YHUCeI,
a o0JacThIO €€ 3HAYEHWH ABJAETCHd MHOMKECTBO HEOTPUIIATENb-
HBIX YHCeJI.

B JIpesuei I'peniun, rae mHanbosiee pasBUTOM 4acThIO MaTeMa-
TUKK ObLjIa reOMeTpUd, NPAMYI0, runepdony u mapadoyry ompe-
JelAJIN KaK reOMeTpUYecKre MecTal ToOueK IJIOCKOCTH.

IIpamas — reoMeTprUeCKOe MECTO TOYEK, DABHOYZATEHHBIX
OT ABYX JAHHEIX To4eK (puc. 18).
I'unep6oaa — reomeTpuyecKoOe MeCTO TO4YEK, PA3HOCTh pac-
CTOAHMM OT KarK/I0# M3 KOTOPHIX 0 ABYX JaHHBIX TOYEK
paBHa AjaEHOMY 4ucay (puc. 19).

AM = BM F,M - F,M =1

Puc. 18 Puc. 19

1 Peouempuuecrcuu Mecmom moiex Ha3blBaloT MHOMECTBO BCeX
TOYeK IIJIOCKOCTH, IJdA Kaa0oi us KOTOPBIX BBINIOJIHAETCA HEKOTOpDOE yC-
JOBHE.



2. Npamas, runepbona, napabona n OKPYXHOCTL

Ilapa6ona — reoMeTrpuuyecKoe MECTO TOYEK, PABHOYAAJIEH-
HBIX OT JJAHHOM TOYKM U JaHHO# npsMoi (puc. 20).

Bo Bcex Tpéx ONMCAHUAX TeOMeTPH-
YeCKMX MEeCT WCIOJb3YeTCH IOHATHE
paccrosinusi. [TonesHo yMeTs BBIpaKaTh F
paccTosTHHEe MEXAY JBYMS TOYKAMH KO- M
OPAMHATHOM IJIOCKOCTH 4Yepe3 KOOpPIH-
HATBI 3THX TOYEK. _

IIpumensas Tteopemy Iludaropa k K
IpAMOYTOJbHOMY TpeyronbHuky ABC Puc. 20
(puc. 21), nmonyuum:

FM=KM

AB=.JAC2+ BC2 = [(x5— x,)® + (yy — y1)?.

Mpumep 3. Banucare ypaBHEHHE OKPYKHOCTH C IEHTPOM

B Touke K(3; 4), Kacaromeiica ocu abcmucc.

PeweHwue. Uzobpasum AaHHYIO OKpPYyKHOCTHL (puc. 22).
IleaTp oxpy»kHOCTH K OTCTOMT OT KacaTeJbHON K OKPYIKHOCTH
Ha 4, 3HAYUT, PaJUyC OKPYKHOCTH paBeH 4. PaccrossHue ot nmpo-
HM3BOJIBHOM TOUKH OKpYysHOCcTH M(x; y) no eé nentpa K(3; 4) pas-
HO 4:

J(x-38)+(y-4)% =4
WIIH, TIOCTIe 0C8000%deHuUs om KOpHA, (x — 8)2 + (y — 4)? = 16.
OtBeT:(x—3)2+(y—4)2=16.

' IIpumeuanmue. OKpy:KHOCTL He ABjIderTca rpapuxkoMm QyHK-
IIH#, HOCKOJBKY IJIf Heé He BHIMONHAeTCA TpeboBaHHEe 0JHO3HAYHOCTH
BRIDAYKEHHUsA Yy Yepe3 X, Hanpumep npamas x = 0 mepecekaeT TaHHYIO
OKPYIKHOCTB B JIBYX TOYKAX, OPAUHATHl KOTOPHIX — KOPHM YpPaBHEHUA
(0-3)2+(y—4)>=16.

) .
. : JlB(xa; yzj ~ M(x; y)
. .ya..l.--__ 3
Al 92_/_ I
8 B GRiEIEEER
Puc. 21 Puc. 22
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YnpaxHeHus

20. 1)Ilocrpoiire rpadurk GyHKUMHA y = . x + 3. Haitgure o

7
rpauKy:
a) KOOPAMHATEI TOYEK IepecedYeHns aToro rpauKa ¢ OcAMH
KOOPAMWHAT;

0) sEauenue pyHKIuK opu x = —3,5; 10,5;
B) 3HAYEHHE apryMeHTa, KOTOPpoMYy cooTBeTcTByeT iy = 1; 12;
r)® ecrts 1 Ha rpaduKe TOUKHM, 066 KOOPAMHATEI KOTOPLIX —

neJsle yucsa. Kcau ecThb, TO CKOJNBKO TAKUX TOYeK? Q

2) IlocrpoiiTe rpadur GQyHKOUN Yy = §Jc — 1. Ha#ipure no

4
rpaduKy:
a) KOOPAMHATEI TOYEK [IePecedYeHnsl 3TOro rpadpuka ¢ ocaMu
KOOpJAMHAT;

0) sHayeHue QYHKIHKA OpH X = —4; —6; 2; 8;

B) 3BHAYEHHE APTYMEHTa, KOTOPOMY COOTBeTCTBYeT iy = 15 25 53
r)® ecrts au Ha rpadpuxe TOYKH, 06e KOOPAMHATHI KOTO-
pPBIX — HATYpaibHBIe yucla. Eciu ecTh, TO CKOIBKO TAKHX
TOYEeK ?

210 Haiigure k u l, eciu u3BeCTHO, 4TO npaAMaa y = kx + L:
1) mapannenssa npamoit y = 0,3x 1 IPOXOAUT Yepe3 TOUKY:
a) A(0; 7); 6) B(0; 8); B) C(2; 5); r) D(-5; 6);
2) napannensaa npamoit y = 0,75x + 11 u npoxogur yepes
Toury: a) K(8; 1); 6) M(4; 9);

3) mapaJiesbHa OPAMOIL Y = — g x — 6 ¥ IpOXOJUT Yepes TOU~
Ky: a) P(7; 4); 6) E(3; 0).

229 Kakoso npuMepHOe pacnoJioskeHue rpadpuxka GyHKRIER
y=kx+ 1, ecnn:

1)k>0,1>0; 4)k<0,l<0; NEk=0,1>0;
2)k<0,1>0; 5)k>0,1=0; 8)k=0,1<0;
3)k>0,1<0; 6)k<0,1=0; 9)k=0,1=0?

23® Onummre NpUMepHOe PacIoJIoKeHue npamMoi y= kx + 1l un
onpejenuTe 3HaKu k u l, eciiu rpad MK pacnoJioKeH B KOOpP-
JHUHATHBIX YeTBepTAX:
1)s1, Il u III; 3)BL,IIIulV;
2)sL,1IIunlV; 4)poIL, IIT m IV.




2. Mpamas, runepbona, napabona u OKPYXHOCTL

24® Moxer rpaduK TuHeHHON QyHKOWHU Iy = kx + [ pacnona-

25.

26.

raTbCs TOJNBKO:

1) B I u Il KoOpAMHATHEIX YeTBEPTAX;

2) Bo Il 1 IV xoopauHATHBIX YeTBEPTAX ;
3) B III n IV KoopamHATHBIX YETBEPTAX;
4) B I u I1l KoOpAMHATHBIX YeTBEPTAX;
5)B1u IV KOOpIMHATHREIX YeTBEPTAX;
6) Bo Il u II] KoopaHHATHEIX YeTBEPTAX?

BajaiiTe aHAIUTUYECKH JIMHEHHYI0 QYHKIHUIO, TpaduK KO-
TOPOM IIPOXOJAMUT Yepes TOUKH:

1)© A(-1; 2) m B(1; -1);

2)0 A(-3; -5) u B(2; 4);

3)® A(-5; 13,5) m B(17; 18,5).

1)O He BeinosHsas nocrpoeHusa rpaduka GyHKInu
Y= %x + 9, onpepenuTe:

a) KOOPAMHATHI TOYEK ero nepecevyeHusd ¢ OCAMHU KOOPAWHAT;
0) npUHALJIEKUT JIK rpad@UKy TOUKA:

A(100; 84), B(-0,05; -7,9), C(—30; 30,5);

B) ® ecTn 1u Ha rpaduKe TouKa, abcIEcca KOTOPOit paBHa eé
opauHATE.

2)O He BrInONHAA NOCTpOeHNA rpaduka GyHRIAM
y= ‘_§ X = 8’
onpesexuTe:
a) KOOPAMHATEI TOYEK ero nepecedyeHusd ¢ OCAMHU KOOPJAMHAT;
0) npuHaAJIeKaT Ju rpa@uKy TOYKA:
A(50; 12), B(-0,05; -7,98), C(52; 28);
B) ® ecTr i Ha rpaduKke TouKa, abenucca ¥ OPAMHATA KOTO-
POii — IIPOTHBOMOJIOXKHEIE YHCJIA.

270 1) IIpamas y = 3x + [ mpoxoxgut 4epes Touky A(17; 30).

Haiigure [ u oupenenuTe, MPOXOAUT JU 3Ta IpAMas 4yepea
Touky B(25; 54).

2) Ilpamasa y = -2,5x + [ npoxoxut yepes3 touxky M(—20; 66).
Haijigure [ 1 onpexgenuTe, NIPOXOAUT JH 3TA NPAMAHA depes

Toukry C(20; 36).
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28" Bamonmas Tabnunel 3HAYeHUN 00paTHO NPONOPIIHOHAJL-

HBbIX NePEeMEeHHBIX, YIeHUK JONYCTHAJ B HUXKHUX CTPOKAX 110
onHOM omubke. UcnpasbTe UX.

4 7,5 50 0,5 0,25 0,125

1,55 0,8 0,12 16 35 70

299® SanaiiTe (hopMynoil 3aBHCUMOCTH MEXKAY NePEMEHHBEIMHU 2

30.

u x. fBnsores gu nmepeMeHHBIe 2 1 X: 1) NPONOPIIHOBAJIL-
HBEIMH; 2) 00pPaATHO NPONOPLUHOHATBHBIMHU, €CJIN:
a) nepeMeHHBIE X ¥ y 0OpPATHO MPOMOPIMOHANILHEL, & Hepe-

MEeHHBIE Y ¥ Z IPOIOPIUOHANBHEI, IPUUEM I = g uz=0,5y;
0) mepeMeHHbIE X ¥ ¥ IPONOPIUOHAJILHEI, & IepeMeHHbIe [

H 2 00paTHO NPONOPIMOHANLHBL, TPAYEM I = 2,5x U 2 = g ?

Haiigure 4mcio k£, eciu M3BECTHO, YTO rpaduK (QpyHKIUU

y= g npoxoaut yepes roury: 1) M(10; 0,4); 2) E(-1,2; 15).

310 T'paduk byHxkoum y = :% npoxoaut yepes Touky A(16; 2,5).

IIpoxopur nu ou yepes Toury: 1) P(—8; —5); 2) M(12,5; 3,2)?

32.. Touka C(a; b) npunagie;xkut rpabury pyaxnun: 1) y = kx;

33.

2y= f . [TpuraamexuT U 3TOMY rpad@uKy TOUKA:
a) A(—a; —b); B) C(0,1a; 10b); 1) D(-b; a);
5) B(za; é b) . 1) M(3a; 3b); e) P(b; a)?

1) ITocTpoiiTe B OZHOH cHcTeMEe KOOpPAWHAT TrpaQuKu
byHKRIAA:

a)y=xny=%; r)y=0,5x+1uy=x%
o’ e | -
O)y=—2xmy=—; Ry=,1Yy=x5
i 14 =4 3 iy
B)y=2x-2my="=; ey=—ny=+* @

2) YKaxnuTe KOOpAUHATHI TOUYEK IIepecedeHn s rpa)mKoB.



2. MNpamas, runepbona, napabona 1 OKPYXHOCTb

34. Hwmeer i acuMOTOTEH rpapuk QYyHKITUN:

3 1 L
 e—— = e— lj
y ok 2y= ;7 2

35® Cronpko 00IIUX TOYEK MOT'YT MMETh rpauKu:

1) nuHeltHON QyHKINY B QYHKIIUHA i = :—: :

2) mapa6oJisl y = x2 1 runepboJIBL Yy = f ?

OTBeTHI HOATBEPAUTE CXeMATHIECKUMH PUCYHKaMH.
36.“MoryT i1 6BITH DPABHBIME CYMMbI KOODAMHAT TOYEK Iepece-

YeHUA NIPAMOM C BETBBIO runepboJsl iy = i , PACIIOJIOIKEHHO

B Il uerBepTn? Kakoil yriopoi Koa@UIIMEeHT JOMKHA UMETh
Takas npamas?

37® Yem ornmuarores byaruuu y =kxuy= E npu k= 07?

38.7 Ha pucysnke 23 n306pakeH0 HECKOJIBKO CJYYaeB B3aUMHO-
I'o PacHmoJIOMKEeHHs HA KOOPAMHATHON NpPAMON Touek A(x),

B(x?) n C(,’t ) Ilpu sToM AONYIIEHO HECKOJBKO OIIHOOK.

B cnyuaax, xorjga yKkasaHHOE B3aMMHOE PACIIOJIOXKEHUE TO-
ek A, B u C BOBMOIKHO, YKa)XUTe, I'jie IPUMEPHO PACIIOJIOo-
skeHsl Touku O(0) u E(1).

39® 3ajaiire anannTHueckn ¢yHKDU0, TpaMK KOTOPOH npen-
craBasgeTr cob0if MHOKeCTBO TOYEK KOOPAMHATHOM MJIOCKOC-

TH, PABHOYAJEHHEIX OT TOYEK: |

1) A(-1; 2) m B(1; -2); 3) A(13,5; —2) m B(13,5; 5);
2) A(-3; -5) u B(1; 3); 4) A(3; —4) n B(—4; 3).
1
A(x) B(x?) C(;lc) A(x) C(;) B(x?)
a) x o) =
1 1
Bey am ) sen %) A(x)
" x 2) x
1 1
C[E) A(x)  B(x?) C(x) B(x?) A(x)
a) x e) x
Puc. 23
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40® SagaiiTe aHAIUTHYECKU QYHKIOUIO, rpaduK KOTOPO# mpex-
crasiageT coboil MHOKECTBO TOYeK KOOPAMHATHON MA0CKOC-
TH, PABHOYNAJIEHHBIX OT NIpAMOM y = —1 1 oT Touku K(0; 1).

©n® 3anumuTe ypaBHeHWE OKPYIKHOCTH C I@HTPOM B TOYKe
K(2; —3), xacawieics:
1) ocu abenmce; 2) ocu opamHAT. EA

42.. 3anUIIATe ypaBHEHHE OKPY2KHOCTH C PAJHYCOM, PABHBIM 5,
IEeHTP KOTOPOH PACIIOJIOMKEH:

1) B rouxe K(4; 4); 3) Ha NpAMOH i = —X;
2) Ha mpAMOii iy = x; 4) ga ocu oppuuar. ||
439® Haiigure obnacTts onpeesieHus u 3agaiire GopmMysion GyHkK-

nuio S(x) — HaubONBIIYIO IJIOUIAAL TPEYTOJBHUKA CO CTO-
POHOM 4, BIUCAHHOI0 B OKPYXHOCTb paguyca Xx.

n KoHTpOsbHbIE BONPOCHI U 3afaHNA

1. Bce nu npamele, npoxogAmue yepes Touky A(2; 1), Mok HO 3a/1aTh
ypaBHeHHsAMM Buaa y — 1 = k(x — 2)?

2. HaiiguTe KOOPAHHATEI TOUEK IepeceueHus NPAMOM
Yy =12x — 11 n napaboms! y = x2.

3. Banmmwure ypasHeHHe, 3ajal0lllee TeOMETPHYECKOE MECTO TOYeK,
paBHOYIAJEHHBIX oT Touek A(2; 0) u B(5; 3).

() 3. HenpepbIBHOCTH

Y MOHOTOHHOCTb PYHKLIUNA
I'padbuku nuneiHol GyHKIUN u QyEKIUH Yy = X2 IpeACTaABAAIOT
c0o00il CIIOIIHEIE HenpephIBHBIE JMHUH, KOTOPBIE MOXKHO HM30-

OpasuTh, He OTPHIBafA Kapaujai ot Oymaru. [Toaromy u camu aTH
()YHKIUM Ha3BIBAIOT HeNPEePbLEHbLMU .

k
B orsinume or HUX, rpaduK QYHKIUH J = - COCTOHT M3 IBYX

M30JIMPOBAHHBIX HENPEepPHIBHBEIX BeTBeil. ['oBOpAT, 4TO QyHKIUA

Y g HeIlpepsIBHA HA mpoMexRyTKax (—oco; 0) m (0; +o0), a npr

0 umeeT paspsis.

8
]

- @




3. HenpepbiBHOCTL 1 MOHOTOHHOCTE DYHKLWIA

{xz, npux > 1,
Y= 18-x,mpux<1?

PeweHwue. lannasa pyHKIHUA HAa PasHBIX TPOMEKYTKAX
3ajaércAa pasHBIMH BhIpaKeHHAMH. Takue QyHKIHMHA HA3HIBAIOT
KYCOYHO-3A0AHHbLMU.

ITonsiTHO, uTO HA IpOoMexkyTKe (1; +00) HaHHAS
bysrIMA He uMeeT mouex paspwviéa. Henpepsie-
Ha OHA ¥ Ha IPOMEXYyTKe (—oo; 1),

3HAuUUT, OCTAETCA BBICHUTH, KAK BBITJIAJUT
€€ rpauK B HEIIOCPEACTBEHHOM BJIM30CTH OT TOY-
Ku ¢ abcuuccoit 1, Kak roBopsAT, 8 OKpeCMHOCMU
moukxu 1.

I'paduk nanvoit GyHKmum (puc. 24) cocrour
M3 JacTH IpAMOH y = 3 — x ¥ yacTH napaboibl
y = x%. Koraa abcuuccs Toyex JieBoif yacTu rpa-
(uka npubaukamoTca k 1, ©X OpAMHATE OPUOIHIKAIOTCA K YHC-
ny 2. IlpaBas e BeTBb rpaduka HauuHaercsa B rouke (1; 1). ITpu
nepexojie OT JIeBOi BeTBH rpaduka K IpaBo# NPUAETCA OTOPBATh
Kapasgam or 6ymaru. 3HauuT, QYHKIUA

Puc. 24

_{ x2, opux>1,
Y=18-x,mpux<1

HMEEeT Pa3phiB B TOUYKe x = 1.
O TBeT: GyHKIHA UMeeT pa3phHIB.

E Ilpumeganue 1. Mul cBA3AIH NOHATHE HelpepbIBHOCTH
(DYHKIAU C BO3MOKHOCTBLIO H306pasuTh eé rpaduk, He OTphLIBAA KapaH-
sawm or 6ymaru. B GoabmuHCTBE ciyyaes Takoe NpeACTABICHUE BIIOJIHE
AOCTATOYHO AJA pemeHHA 3ajgad. C Oojiee CTPOrMM onpeje/eHHEM
HeIPePBIBHOCTH BBl BCTPeTHUTECH B Kypee 11 Kiacca.

E IIpumeuanue 2. Bee (yHKOUHM, 3afaHHBIE AHATHTHYECKH
(bopmynamu), ¢ KOTOPBIMH Bbl BCTDEYANUCH B Kypce MaTeMaTHKH:

y=P(x), y= g—ig » Yy =AP(x) mr. 1., rae P(x) 1 Q(x) — MHOT'OYJIEHEI,

HeNpepvLéHbL Ha 1I000M NpoMeNcymie, 8X00auem 8 06Aacmb ux onpe-
denenus.

IlosrakoMuMca ¢ AByMA (DYHKIMAMH, HMEOIUMH GECKo-
HeYHOe MHOXKeCTBO TOYEK pasphiBa. YIKe B b KJacce, DU 3amu-
CH HEeNPaBUJIBHLIX Jpobell B BH/Ie CMEIIAHHBIX YHCEJ Bl BCTpE-



Fnaea 1. ®YHKLUWWN N TPADUKN

THJIMACH C NMOHATHAMH IEeJOoH M ApoO0HOM uacrteit yucna. Hampnm-

mep, % =4+ g 3xech 4 — mesas 9acTh, a % — apobOHas 4acTh
14
amena o= .

Ilenoii yacThIO YHMClIa X HA3BIBAETCA HauboIBIIee TIeJI0€
YHCJIO, He IPEBOCXOAAIIee X,

Ins obosHaYeHUs HEJIO YaCTH HMCHOJbL3YIOTCA KBaJpaTHbIE
ckobku: [x] — yenas wvacme uncna x. J[po6ryio wacme {x} MOMK-
HO OIpeJeJHUTh Yepes caMo YHCJO X U ero eyl dacTb [x]:
{x}=x-[x].

E IIpumeuanue. U3 onpegenedus meyoi u ApodbHoit yacTH clie-
AVeT, 4To:

1) nenas gacTh 1eJOro YKCAA paBHA caMoMy umcay. B aTom ciyuae
npobHasi 4acTh OKAa3kIBAETCA PABHOM HYJIIO;

2) npobHasa yacTek uuciaa He 00s3aTebHO ABNASETCA JAPOOHBEIM YHC-
aoM. MuI yaKe BHIeJIH, YTO OHA MOYKeT OKas3aThCA PABHOMH IeJIOMY YHCITY
0, npobHAsA YacTh MOYKEeT IPeJCTABIATE co00M H MPpPAIlMOHANBHOE YMC-

no: {42} =42 - 1.

Paccmorpum pyaruun y = [x] u y = {x}. Obe onM onpeneseHbl
Ha MHOKecTBe R Bcex [efCcTBUTENbHBIX YUcesl. 3HaUeHHeM IIep-
BO# M3 HEX MO’KeT ObITh JII000€ LieJI0e YHCJI0, 4 3Ha4eHH A BTOPOH
dyarmuu sanonusoT mpome:xkytok [0; 1). Ha rpadpukax arux
GyHKLuA (puc. 25) BUAHO, YTO BCe IleJble YUCIa ABJIAITCA HX
TOYKAMM Pa3phLIBA.

C HenpepsIBHOCTHIO (DYHKIMH CBA3aHO IOJE3HOe IPU PeIreHun
Pa3IMUYHBIX 3a/1a4 YTBEP:KAeHUe, KOTOPOe ABJIAETCA TeOPeMOii.

_ | y=[x]
SN T, O T ) M y.jk... ]
PR v
O 7Y G | X A j :1 ,: :, : p
—_— HP
a) 0)

Puc. 25




3. HenpepbIBHOCTL M MOHOTOHHOCTL (PYHKLIMIA

Teopema 0 npoMexyTOYHOM 3HAYCHHH
Ecnu HenpepbIBHAA HA OTpe3Ke PYHKIMA IPUHUMAET HA ero
KOHILaX 3HaYeHHs PABHBIX 3HAKOB, TO II0 KpaiiHeil mepe
B OZHOM TOYKE 2TOTO OTPe3Ka OHa o0palaeTcs B HYJIb.

ITO yTBep:KIAeHHE CTAHOBUTCH OUYEBHUIHBIM, €CJIH 00OPATHUTBLCH
K rpamdecKoii HHTepIpeTaluy: HelpepLIBHAA JUHH A, COSHHAIO-
1af TOYKH BepXHel U HuKHeH Koopau-
HATHBIX IIOJIYIIJIOCKOCTEH, IepeceKaer
ock abeuuce (puc. 26). /’.'
3amMeTUM, UTO €CJIM HempephIBHAA :
Ha IpoMexyTKe GYHKIuA He oOpamia- “I \/\} b %
eTcA B HYJIb HA B OAHOM ero Todke, To I
Ha 3TOM IIPOMEKYTKE OHAa cOoXpaHdAer
suak. Takum o6pasom, nepemena 3Ha- Puc. 26
Ka 1060l PYHKYUU MONHCem nPoucxo-
Jumo moavKo npu nepexode eé yepes Hyib, ULU MOYLKY PA3PbLEA.
Ha srom cBoiicTBe (yHKOMII OCHOBAH TNPHUEM peIIEHUS Hepa-
BEHCTB, KOTOPBIi HA3BIBAETCA MEMOJOM UHMEePEAL08.

10(x2 + 16x — 26)
3(x2-5x+2)

Mpumep 2. Pemuuts HepaBeHCTBO

P e weHwne. Haiiaém npoMeskyTKH, Ha KOTOPBIX (QYHKIIUASA
10(x2 + 16x — 26)

3(x2-5x+2)
coxpaHsieT 3HaK. B 1aHHOM ciiyuae rpaHULIAMY €6 NPOMENCYMKO8

3HAKONOCMOAHCMBA ABIAIOTCA HYJN YHUCIUTENA U HYJIH 3HaAMe-
HaTeJsA ApodoH

y::

10(x2 + 16x — 26) a) o—
3(x2-5x+2) -2,8 g 1

Hynn ‘{PICJIHTGJIH' 1 u-2,6, aynu 6) 7

2 Xx
3HameHaTens: 1 u = 3 Taxum obpasom, -2,6 3 1

TOYKH PaspbiBa PyHKOUK y — Touku 1  8) —— ; 1 ;3 >
" % , & eé HyJIb — TOYKa —2,6. 20 3 *

OTH TOYKM PasbMBAIOT KOODAMHAT- ) T AL i
HYH IOpPAMYK Ha 4YeThbipe HHTepBajia —2,6\:-;‘2 1 %
(puc. 27, a), Ha KAMKAOM U3 KOTOPBIX 3
(byHKRIIMA Yy cOXpaHAeT 3HAK. Puc. 27
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Ocraéres aTH 3HAKY onpeneJuTh. I 3TOr0 MOMKHO BBIUHKC-
JIUTh 3HaAYeHNe QYHKI UM B KaKOH-HUOYAb TOUYKe KaXXI0T0 HHTEeP-
Basa. Ho MOXHO wucnoab30BaTh U gpyrue coobpaxxkenma. Taxk,
HAIpHMep, 3HAsdg, 4YTO KaM/Iblil M3 KBaJpaTHBIX TPEXUJIEHOB,
CTOAIIUX B YMCIHUTEJIe M 3HaAMeHaTeJ e Apobu, cipaBa OT CBOEro
60JBIIEeroc KOPHA NIPHHUMAET MOJIOXKHUTEIbHbIe 3HAYEHHUA, MOMK-
HO OIpeAeNHTh 3HAK (DYHKOHMH HAa CaMOM NIpaBOM HWHTepBaJe
(puc. 27, 6).

Ka)xAplii U3 JaHHBIX KBAAPATHBIX TPEXYJIEHOB MeHsET 3HaK
IIpH Iepexo/ie Yyepes CBOM KOpeHb. 3HAYUT, IPH Iepexoje uepes
uXx o01nuit KopeHb 1 3HAK U3MEHAT U YHUCJIUTENb, U 3HaMeHaTelb
apobu, a cama Apobsr MpHM 9TOM CBOM 3HAK coxpanut (puc. 27, 8).

2
IIpu mepexoze depea TOUKY 3 SHAK M3MEHHT TOJNbKO 3HAMEHA-

Telb, & IPHA Tepexoie depesd TOYKY —2,6 M3MEHHT 3HAK TOJBKO
yucauTenab. Kaabiii 3 9TUX Hepexo0B NPUBeJET K HM3MEHeHHU IO
3HAKa Bcei ,qpoﬁn, YTO MOMHO MOKA3aTh ¢ IOMOIIIBIO rcpueoa 3HA-
rxoe (puc. 27, 2).

OTBeT: (—o0; —2,6)U(§; 1) U (1; +e0).

' IIpumeuanwue. OTBeT MOMKHO 3aIIMCATH C IIOMOIIBIO IIPOCTeN-
IIKMX HEPABEHCTB:

x<-2,6, f—;’ <x<1, x>1.

TeopeMa 0 HDPOMEXYTOYHOM B3HAYEHHH IMO3BOJIAET YCTAHO-
BUTh, UTO HA HEKOTOPOM IIPOMEXYTKe HMeeTCA HYJIb QyHKIUH
y = f(x), HO U3 Heé He clegyeT, 9TO ITOT HYJb €AWHCTBEHHBIM.
A raxaa uH(popmanusa Owwna Obl OYEHB NOJIE3HA, HAIIPHMED, IpH
pelueHnH yPpABHEeHUI, KOTAa HYKHO HAUTH 6C¢ KOPHUA YPABHEHUA
f(x) = 0. 3mecr HA TIOMOIIL IPHXOAAT APYTrUe CBOMCTBA, KOTOPbI-
Mu 001a1210T HEKOTOPBIe (DYHKITUH.

PaccmorpuMm nuHeiHYI0 QYHKOui y = kx + [ ompu k > 0
(cMm. puc. 13). Jlerko BueThb, 9TO ¢ yBeJIHUeHHEM 3HAYEHHU A apry-
MEeHTa yBeJuuuBaeTcs (BospacraeT) ¥ 3HaYeHHMEe (QPYHKIHUH.
DyHKOUM, 00ajaoliMe TAKUM CBOMCTBOM, Ha3bIBAIOT 603pdc-
mawuum.

IIpu k < 0 (cm. puc. 14) ¢ yBeJImueEHeM 3HAUEHUSA apryMeHTa
3HAYeHMe JHHeHHOH QyHKmuu ymeHbmaerca (youiaer). Takue
(hyHKIINH HA3BIBAIOT YOblEAOUWUMU.

KoHeuHO, HE TOJLKO JUHelHbIe QYHKIWHU ABJIATCA Bo3pac-
TaomuMu uian yoeiBalomumu. Tak, HanpaMep, A3BeCTHAA BaM

(28



3. HenpepsiBHOCTL U MOHOTOHHOCTL (YHKLIWIA

Puc. 28 Puc. 29

byarnusa y = x3, rpadukom KOTOpOil ABIAETCA KyOUUecKas ma-
pabousia (puc. 28), ABAAeTCA BO3pacTaiomieil, OHA BO3pacTaeT Ha
BCell cBoeil o6nacTu onpenenenusi. Ha Bceit cBoeit o6actu onpe-

JleJleHuA Bo3pacTaeT U GyHKIMUA Y = Jx (puc. 29).

Yacro, ogHaKO, BCTPEYAOTCA (PYHKIHM, KOTOPbIEe HA ONHHUX
IPOMEIKYTKaX BO3pacTaior, a Ha Apyrux yorreaior. Tak, manpu-
mep, GyHKIHA y = x2 (cM. puc. 17) Ha npomexyTKe (—oo; 0] y6bI-
Baer, a Ha npome:xkyTKe [0; +o0) BO3pacraer.

~ N
DyuKOuA Y = f(x) HagsIBaeTCH BO3pacTalomiel Ha HEKOTO-
POM NPOMEIRYTKE, €CJIH /s JIOOBIX ABYX 3HAYEHUH X, U X,
13 DTOrO NPOMEKYTKA U3 HEPABEHCTBA X, < X,
ciepyer HepaBeHCTBO f(x,) < f(x,).

Dyukuua y = f(x) HaseiBaeTcs yObIBaOme Ha HEKOTOPOM
NPOMeKYTKe, eCJIU AJ1s A100bIX ABYX SHAYEHHH X U X,
M3 3TOr0 NPOMEXKYTKA U3 HepaBeHCTBA Xy < X,
cuexyer HepaseHETBO f(x,) > f(x,).

Bospacramomue u yosiBaomue GyHKINE HAa3bIBAIOT
MOHOTOHHBIMH, & IIPOMEKYTKH BO3PACTAHUA U YOLIBAHUA
k Ha3BIBAKOT NMpoMeRKyTHKaMH MOHOTOHHOCTH. J

Bepuémca K BOIpOCY O eMHCTBEHHOCTH KOpHA. IIycTh He-
KOTOpas HenpepeiBHAA QYHKIUA Yy = f(X) MOHOTOHHA HA OTpe3-
ke [a; b] 1 npUHEUMAaeT B ero KOHIAX 3HAUEHUA PA3HBIX 3HAKOB.
Torpa Ha aTOM OTpe3Ke OHA MMeeT eAMHCTBEHHBIN HYJb, T. €.
ypaBHeHHe f(x) = 0 mMeeT eJMHCTBEHHBLIH KODEHb HAa OTPE3Ke

[a; b].
&
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P e w e Hue. Henpepuisaas Gyakuua y =./x3 + x — 12 asusa-
eTcd BO3pacramolneil (Ipu yBeJIMYEeHUN X YBeJIMUHBAIOTCA 3HAYe-

HUA KayKJ0T0 U3 BRIDAMKEHU: x3, JE £ J:F‘ +xH Jx_3 +x-12).
IIpome Bcero HaiiTH eé sHavenue npu x = 0. 9To 3HAYEHUE OTPH-
aTeJIbHO, a, HAIpuMep, Opua x = 12 sHadeHue PyHKIUH I10J0-
JKATEJIbHO. S3HAYNUT, €IHHCTBEHHBIN KOPeHb JaHHOTO YpaBHEHHUA
npuHaAaexuT orpe3ky [0; 12]. B nanHOM ciaydae ero Jierko Io-
nobpars:

N43 +4-12=23+4-12=0.
OTtBeT: 4.
B IIlpumeuanHwue. MOHOTOHHAA (PYHKIMA KaJoe CBOE 3Hade-
HUe NPUHUMAET TOJBKO OJMH pa3 (T. e. IPH OJJHOM 3HAYEeHHUH apryMeH-
Ta). 3HauuT, ypasHeHnue f(x) = a, rae a HEKOTOpPOe YHCIIO, a f(x) MOHO-

ToHHAA (PVHRIMA, Tub0 He MMeeT KOpHel, mub6o MMeeT eJUHCTBEHHBIH
KOpPeHb.

YnpaxHeHusn
[
44. Haiigure f(-1), f(—0,5), f(0), ecnn:
_J8+x2, -1 <2< 0,

”f(x’_{x(a—x).Os x< 3;

e
2) Ax)=4 x+38°

1 - x|,-1< x< 2.

<k el TF

45. Haiiaure 3Havenue Gpyuknun y = [x2 — 1| opu x = 1 n

x=-0,5.
46. Haiiure NIpOMEXYTKH, HA KOTOPBIX HelpephiBHA QYHKIUA:
1)y= i I 3)y= el By
5x+ 17’ x2+4x+4’
M S ___2x+3
D8 bt e A v g e

4709 Haiigure Touky paspbiBa QyHKIIMH:

- lx -5 - = |x + 5|
Dy x3 - 8x2+ 15x’ 2y 23+ 9x2 + 14x "



3. HenpepeiBHOCTL U MOHOTOHHOCTb DYHKUMIA

48.

49.

50.

51.

52.

53.

1) ITocrpoiite rpaduK KyCOYHO-3aAaHHON (QYHKIIUM:

xupux <0, 2x—1lmpux>1,
ry=

ﬁ}y={x2npnx;0; inpn0<x<1;

Xopn-1<x<2,

6y {xnpux;O,
b= xnpnx>2

x+2nprx<-1,
mOy=
x2 nmpu x < 0;

2
= x< -2,
3x—-1lmprnx<1, x TPRES

@ .
xZopux>1; o) ¥

3)y=<{ x—lopu-2<x<1,
5—xnupmx > 1.
2) Umeror nu pysKmun paspeie? B kakux troukax?

Haiinure obnacThs onpefeieHUA U 3ajaiiTe KYCOUYHO PYHK-
nupo S(x) — HanboubiIyIO IJI0IIaAs Tpeyroasauxka KMN,
y Koroporo KM < 3, MN <4, KN < x.

ITpusenuTe npuMep PyHKIMY HEIIPEPHIBHOM!:

1)O IpH BCeX 3HAYEHHUAX X;

2)0 IIpH BCEX 3HAUEHHUSHAX X, KpOMe X = 2;

3)O IIpH BCEX 3HAYEHUAX X, KpoMe x = 2; 51 9.

4)® B sapanuax 2) u 3) npuBeauTe NpUMEpHl DYHKIWIA,
OIIpe/IeJIEHHBIX B TOYKAX PA3PHIBA.

5)* B saganuu 3) npuseguTe npuMep (GPYHKIAH, HeOIpege-

JIEHHOHM B TOYKAX paspbiBa ¥ MMEION[eH eIUHCTBeHHYIO Bep-
TUKAJBHYIO ACUMIITOTY.

Iokaxure, aro ypasaenue 3x3 — 4x2 + 2x — 1 = 0 ma npome-
wyTKe [0; 2] nMeeT KOpeHb.

Pemure HepaBeHCTBO:

1) x(x—1)(x+8)>0; 4) (3x+ 5)(x —3)x+ 1)< 0;
%+ 38 i O(x-1)(2x +5)
%) x(x-17) <G %) 7 —6x — x2 <9

M_x__?_ O 2 o 5
e T 6)~ x(3x2 + x - 2)(8x-2)< 0

Peumure HepaBeHCTBO:
t—1 2t b 3x—-1 2x+1
Nsiaa w1 % . Pa-i ari

2z+1 6z—-1 y E!
+ -
rr e v e L 4)y+2+y— -8,

=13

2)




Fnasa 1. ®YHKUWN N TPADUKKN

540 Haiizure obracTs onpepesieHUA QYHKIIMA:

55.

56.

y-= /32‘_’1; 2)y=Jx + 2)(x2 - 4).

Dyaxnusa y = f(x) sagasa ceoum rpaduxomM (cm. puc. 3—38,
c. 12). Banumure NpoMeKyTKH BO3pACTAHUA U yOBIBAaHHA
aTOu (PYyHKIUHA.

Ha rpacduke (puc. 30) mokasaH nmporecc pasorpesa JBurare-
JIft JIETKOBOTO ABTOMOOUJIA MPH TeMIepaType OKpy»kalomie-
ro soaxyxa 10 °C. Ha ocu aGecnuce oTKJIaJbIBaeTCA BpeMs B
MHHYTaXx, Ipoluejlee OT 3alyCcKa JBUTraTe/ld, Ha OCH OPJH-
HAT — TeMmueparypa asurartens B rpaaycax Ileascusa. Korpa
TeMIIepaTypa AOCTHIaeT OIpeJeJéHHOr0 3HaYeHHsd, BKJIIO-
YaeTcsa BeHTHIATOP, OXJaXKJAIoNuii ABUraresb, 1 TeMiepa-
TYpa HAUMHAET OHUKATHCH.

0 —r—T—T—t—T -
4 5607 8910 tMaH

(=}

et
[
o

Puc. 30

1) CkoNbKO MHHYT HOPOIILJIO OT MOMEHTA 3allyCKa ABUTaTed
JI0 BKJIIOYEHHA BEHTHIATOpa?

2) Ilpu kakoif TeMnepaType ABUAraTeasd BKJIIOYHJICA BEHTH-
aarop?

3) 3anumuTe NPOMEKYTKH BO3PACTAHUA M yOBIBAHUA TEM-
nepaTyphl JBUTATEJIA.

579 1) JokakuTe, 4TO ecam Bo3pacramomue GyHKIHU ¥y = f(x)

1 y = g(x) ompenesneHsl Ha npomeKyTKe L, TO X cymMma
y = f(x) + g(x) Ha aTOM IPOMEIKYTKE BO3pACTaeT.

2) MoXHO M yTBEpIKIAaTh, 4YTO (DYHKIHHA, ABIAKIIAACH
cyMMOii IByX yObIBaOIHUX QYHKINI, oIpeeIEHHBIX Ha O/
HOM M TOM 3Ke IPOMEXKYTKe, sBiserca youBaomei?



3. HenpepbiBHOCTL U MOHOTOHHOCTE DYHKLIWA

58. 1) Haiiaute mpoMeskyTKM BO3pacTaHusa U yOnIiBaHUA (YHK-

IHUH:
-1

e oAl g =
a)y=(x-2)*+1; BY= 53

o et —2x+1
ﬁ)y_x2—4x+5’ i T
2) Haiizure HauMeHbIIee UK HAKOOJIbIIee 3HaYeHHe PYHK-
IUH.

59° Kaxwue us ciaeAyoIuX QYHKIIUHA ABIAIOTCA BO3PACTAOIIHN-
MH, YOBIBAIOIITUMMA 7

Dy=2x+1; 4) y = x3 + x; Ny=x2Jx+ 2;
2)y="5-0,5x; 5)y=x%+ Jx; 8)y=L;

Jx
3)y=x2+1; Oy=x(38+x);  Ny=-—.

Jx

60® Joraxure, 4To ecau y = f(x) — Boapacrawuas QyHKIHA,
To QYHKIUA Yy = —f(x) — QyHKuuA yOsIBAIOLIAA.

619 Ioxaxkure, 94TO ecaH Bo3pacrawinas QyHKOud y = f(x) npu-
HHMAaeT Ha NpPoMexyTKe L TOJNBKO MOJOKHUTeNbHEIE 3HAYE-

HUA, TO QYHKIUA | = L gaarom IpOMeXXKyTKe yObsIBaeT.

f(x)

62. Jloxaxxure yrBepkaenue: «Ecau f(a) < g(a) u f(b) > g(b),
rge dyHKnua y = f(x) HenpepblBHA ¥ Boapacraer Ha [a; b],
a pyEKOua y = g(x) Ha 3TOM IPOMEKYTKe HelpephIBHA U
yOnIBaer, To ypaBuenue f(x) = g(x) umeer ua (a; b) exuncr-
BEHHBIN KOPEHB» .

639 Hoxaxure, uro ypaBuenue f(x) = g(x), rae y = f(x) Bospac-
Tamoulas, a y = g(x) yosiaomas QyHKIuH, 1100 He UMeeT
KOpHeii, 1160 NMeeT efMHCTBEHHBIN KOPEeHb.

64® Pemure ypasuenue: 2
1)Jx + Jx+5 =5; 2)Jx+6+Jx—-1=1.

65® C nomomsio noxasammoro 8 Ne 63 YTBEDKACHUA PEIIATe
ypaBHeHue: [

DJ/x-3+.Jx+2=19-2x; 2)~/x—9+4/3_c=14~§.

2




Tnasa 1. ®YHKLUWW U TPAGUKA

66° Iokaxure, 4To ypaBHeHHe 3x3 + 2x — i = 0 umeeT efUHCT-

BEHHBIH KOpeHb Ha npomexkyTke [0,5; 2]. Q

67° Hzobpasure rpapur Kakoi-HuOyAb HeNpepPBIBHOH (YHK-
OuH, 3HAA, YTO:

1)

2)

3)

4)

a) GyHKIMA oIpe/esieHa HA npoMeKyTKe [—3; 4];

0) sHaYeHUA (PYHKIIMH COCTABIAIOT IPOMEXKYTOK [—3; 3];
B) MYHKIIUA Bo3pacraer Ha npoMme:xkyTie [-3; 0], a yObI-
BaeT Ha npomexxytke [0; 4];

r) Hyau pysxoun: -1 u 2;

a) obuacte onpepeneHus (PYHKIHUHU €CTh IPOMEKYTOK
[-4; 3]s

0) sHaYeHUA (PYHKIMH COCTABIAIOT IPOMeXYTOK [—1; 4];
B) GyHKIMA BospacTaer Ha npome:xyTtke [—-1; 1], a yobI-
BaeT Ha npomeskyrtrax [—4; —1]u [1; 3];

r) Hyau pyExoun: -1 u 2;

a) obsacTe onpejesneHHNA QYHKIUH — IPOMEXKYTOK
[-4; 3];

0) sHAYeHUA (DYHKIIUYU COCTABJIAIOT IPOMEXKYTOK [—5; 3];
B) byHKIusA yObiBaeT Ha mpomexkyTkax [—4; 1] u [2; 3],
a BoapacTaeT Ha npomexkyrke [1; 2];

r) HyJu QyHKIuA: —2 U 2;

a) Gyskuusa onpejesena Ha npomexyrire [-5; 2];

0) sHayeHUA (HYHKIIMU COCTABIAIOT IPOMEKYTOK [—2; 5];
B) hyuKkuma yOsIBaeT Ha npoMexxkyTKe [-3; —1], a Bo3pac-
TaeT Ha mpoMexkyTKax [-5; —3]u [-1; 2];

r) Hyau QyHKOuA: —4 1 —1.

68. “Haiigure Bce 3HaYeHUs k TaKue, 9TO ypaBHEHHUE:

1)

kx—1=[x]; 2) kx — 1 = {x} numeeT pOBHO:
a) ABa IOJOKHUTEJBHBIX KOpPHA; 0) Ba OTPUIATEIbHBIX
KOPHSA; B) ABA KOPHA.

B} KoutponsHeie Bonpocs u 3apanus

1.

HM3zobpasure rpapuk Kakoi-Hubyas (DyHKIMM, onpeaeéHHON Ha
orpeske [—3; 4], Tak, uTo0bI Ha mpoMesxkyTKax [-3; 1) u [1; 4] ona
6blJ1a HEIIPEPBLIBHOM, a B TouKe X = 1 mMeJia pa3psIB.

Kaxoii ¢cMBICTI HMEIOT «IyCTOM» ¥ 4YEPHLIM KPY’KKH Ha rpadpukxe
¢dyHEKIUH, H300pakéHHOM Ha pucyHKe 24 (cM. c. 25)? Kak cineny-

eT

M3MEeHHUTh 3ajlaHue 3TOH PYHKOHH, 9TOOBl KPDY>KKH NOMeHH-

JINCE MecTamMu ?

0.



4. KsagpartuyHan n gpo6Ho-nuHenHas dyHkumu. Npeobpazoanue rpadgukos

3. Hazobpasure rpahuk kKaxkoi-uubyas GyHKOUM y = f(x), HenpepsIB-
HOil Ha orpeske [1; 4], Tak, 4TOOBI OfHOBPEMEHHO BBINOJHAJINUCH
yeaoBus: 1) x = 3 — Hyas dyarnun; 2) QyEkuua yosiBaeT Ha oT-
peake [1; 2] u BospacTaer Ha oTpeske [2; 4].

Cronbko KOpHeil umeer ypaBHeHue f(x) = 0 Ha ortpeske [1; 4]?
B kakoii Touke (DyHKIOHMA IPHHAMAET CBOE HAMMeHbIllee 3HaYeHue?

B ) 4. KeappatuuHas
M APOOHO-NMHeHaa GyHKLUUN.

NMpeob6pa3zoBaHue rpapmkos

YmMeHHe CTPOUTH rpaPuKy GyHKIMH, pACCMOTPEHHBIX B IpeAbI-
AYIIEeM NYHKTEe, 9YaCTO IIOMOTAaeT B IIOCTPOeHHMH 0oJiee CIIOMKHBIX
rpaduxoB. Haubosee ApKkuii 13 3HAKOMBIX BAM IIPUMEPOB Ipeos-
pa3oBaHUsA rpaUKoOB — MmoJiydeHHe rpauka KBaJpaTHYHON
byaxknun y = ax? + bx + ¢ ua rpadpuka GyHKIUH I x2.
BenomauM aT0 nnpeobpasoBanue.

1. Ecau @ os0KUTeIBHO, TO IPH Iepexose oT rpapuka y = x?2
K rpaduKy y = ax? nepssii rpaduK Kak ObI PACTATHBAETCH OT OCH
abcuucce B a pas. Ha pucynke 31 noxkasansl rpadpuku GyHKIIHHI
Y = ax? NIpu HEeKOTOPHIX 3HAYCHHUAX d.

I IIpumeuanmue. Ha pycckoM f3bIKe CTPAHHO 3BYUHT «pacTd-
vyTh B 0,5 pasa». EcrecTBeHHee B TAKHX CIYYafAX I'OBOPHUTH: «CIKATH B

2 pasa». Do, npasja, He IOMOXKeT, Korja a 6yaer paBHO, HANpUMeED, % &




Fnaea 1. ®YHKUWKX U TPADUKN
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pooofoeagdl
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I
L i1 ek S8

Puc. 32

Ecau a orpunarensno, TO CHAYAIA HYKHO nepeiTi ot rpadu-
Ka y = x2 K rpaduKy y = —x2, CHMMETPUYHOMY OTHOCHTEJIBHO OCH
abcuuce, a 3aTeM pacTAHYTHL IOJY4YeHHBIN rpadux or ocu abe-
nuce B —a pas (puc. 32, a, 6).

v llns rex, KTO U3 Kypca reOMeTPHUH 3HAKOM C IIOHATHEM T'O-
MOTEeTHH, 3aMEeTUM, 4TO rpaduk QYHKIUHE y = ax? mojaydaercs U3
rpaduka QyHKIUM y = x2 ¢ MOMOIbIO FTOMOTETUH C IEHTPOM B Ha-

yaJie KOOpAUHAT U KO3 PHUIIHEeHTOM }z (puc. 33). Orcrona, B yacT-

HOCTH, CJIeAyeT, YTO Bce napadosibl nog06HBI. A

2. Ilepexox or rpaduka GyHKIUHM Yy = ax? K rpadury DyHK-
nun y = ax? + bx + ¢ MOKHO OCYIIECTBHTH C IOMOIILIO ABYX Iepe-
HOCOB napaJjuiesibHO ocaAM KoopauHar. CHayasa BBIAEIAM KBaj-
paT AByUYJIeHA U3 BeIpayKeHud ax? + bx + ¢:
d4ac - b? _

4a

2
ax3+bx+c=a(x+i) +
2a

= a(x — x5)° + Yo,

b 4ac - b?
r,uexo=—% Hy0= T

3areM ¢ IOMOIILIO IEepeHoca
Ha X, NapajiejbHO ocd abc-
uMcce, M3 rpagpumeKa  (QYHKULHHA
y =ax? nonyuum rpadur QyHK-
nuua y=a(x - xﬂ)z, H, HaKOHeIl,
nepeHecs MNOJYYMBIIMIiCA rpadhux
napajajejlbHO OCH OpAHMHAT HAa
Yo» TPHAEM K rpaduKy QyHKIUH Puc. 33

&




4. Ksappatuunas u Apo6Ho-nuHeitHan GyHkuum. NMpeobpasosaHue rpadukos

y=ax? + bx + ¢ (puc. 34). dror rpa-
¢dux npeacrasaser coboit mapabory ¢
8€pPULUHOIL B TOUKE C KoopduHamamu

_ b 4ac-b?
2a’ 4a i

Badukrcupyem B Tabauie mpeobpa-
30BaHUA IrpapMKoOB, ¢ KOTOPBIMH MBI
BCTPETHJIMCH IPHU MOCTPOEHUU rpagu-
Ka KBaJpaTU4YHON PYHKIIUHA.

i

y =ax?

y=ax?+bx+ec

H:;:gl:;:ﬁ IIpeoGpasoBanne
y=f(x) CuMMeTpHs OTHOCHUTEJLHO ocH abenuce = —f(x)
y=f(x) Paersxenne ot ocu abeuumce B k pas y = kf(x)
y = f(x) Ilepenoc BaoJik ocH abcnuce Ha a@ y=f(x—a)
y=f(x) | IlepeHoc BAOJH OCH OPAMHAT HA @ y=f(x)+a

Otu u apyrue npeobpasoBaHUA YACTO HCIOJNL3VIOTCA NPH 10~
CTPOEHHUH Pa3JIUYHBIX rpauKOB.

Mpumep 1. ITocTpouTs rpaduk Apo6HO-TUHEHHON QYHKIAKA

_4x+2
2x-1"
4dx+ 2
Pe weHwue. [IpeobpaszyeMm BeIpakeHue e

4x+2 _4x-2+4 _

2x-1  2x-1
_ 4x -2 4 _ 2
C 2x-1 2x-1 2+x-0,5'
2
= +
I'padpux pysROIUHT Y 0.5 2

MOKHO TOJYy4YUTE U3 rpaduxa pyHK-

oun y = i C IOMOIIBI HEeIIOYKH upeoﬁ-

pasoBanuii (puc. 35):

1 L - n il 2

x%x—0,5 x-0,5




Fnasa 1. ®YHKUWM N TPADUKU

3amMeruM, 4YTO IPH MOCTPOEHUH I'padMKOB B TeTpagH GhIBaeT
ya06HO caBUraTh He caMm rpad@uK, a ocu Koopausar. Tak, BMecTo
casura rpadgura snpaso Ha 0,5 MOMHO CIBUHYTE OCh OPAMHAT HA
0,5 Bnero, a BMecTo caBura rpadguka BBepxX Ha 2 ONYCTUTH Ha 2
ochk aberuce.

Ilosyuennslit rpaduK MMeeT rOPH30HTANBHYIO ¥ BePTHKANb-
HYIO aCUMITOTHI: y = 2, x = 0,5.

_4dx+ 2

DyKIMA Y =5, OUPesenena Ha o0beIUHEHUH HHTEPBAa-
7108 (—o0; 0,5) U (0,5; +c0), HenpepsIBHA 1 yOBRIBAET Ha KaiKJIOM U3
HHTEpPBAJIOB (—c0; 0,5) u (0,5; +00).

PeweHwne. Bysem npeobpaszoBuiBaTe rpadux (GyHKIUH
y=x.

@ 3aMeTHM, UTO BCE TOYKH Ipa-
¢uKa y = X ¢ HEOTPUIATEJbHBIMH
abcouccaMu NPUHHAAIEKAT TI'pahQUKy
y = |x|, 7. e. npu npeo6pasosaruu rpa-
(puKa ocTaloTca Ha MecTe.

(@ Mockomsry |-x| = |x|, Touxn
rpadpuka y = | x| B 1eBoit moayILIOCKOC- _
TH CMMMETPHYHEI €r0 TOYKAM B IIpa- r 210 L
BOM IOJYIJIOCKOCTH OTHOCUTEIBHO Pt '
OCH OpAMHAT. ITHMH TOYKAMM 3a- 114 ]
MeHAeTCH 4YacTh HCXOJHOTo rpaduka i
Y = X, pacmoJIoKeHHas B JIeBOH Koop- Puc. 36
AMHATHON moJaymiockocTu (puc. 36).

=Y

E Ilpumeuanne 1. IlposeséHHBIE paCCYKAEHHUA OCTAHYTCH
COpaBeJIMBLIMHA IPH npeobpa3oBaHMHM Joboro rpaduka QyHKIHH
y = f(x) B rpadux pyrxmun y = f(|x]).

E HDpumeuanue 2. llpu nocrpoenun rpadbura GyHKIun y = | x|
MOKHO OBLJIO paccysaaThk U no-apyromy. Tak, MOCKOJBKY IMOCTAHOBKA
3HAKA MOJAYJs He U3MeHAET HOJOMKHUTEeNbHBIX YUCe ¥ HYJIA, a OTPUILA-
TeAbHBIE YHCJIA 3aMEHAeT Ha UM IPOTHBOIOJOMHBIE, MBI MOIJIM OCTA-
BUTh HA MECTe BCe TOYKM I'pa)MKa y = X B BepXHeM MOJYIJIOCKOCTH U 3a-
MEeHHTh Ha CUMMETPHYHELIE OTHOCHTEJLHO OCH abCIMCC BCE €ro TOYKH
HUKHEH TONYIJIOCKOCTH.

Q



4. KsappaTtuyHaa n Apo6Ho-nuHeHan dyHkumn. Npeobpasosarve rpadukos

Jono/THAM CIIHCOK IpeoGpasoBaHuii rpapuKos.

HMexomabrit Hossrit
rpaduk Ilpeobpaszosanue ————

y=f(x) CuMMeTpHs OTHOCHTEJHHO OCH OpAUHAT y=1f(-x)

y=1f(x) | CumMeTpus OTHOCHTEIHHO HAYAJIA KO- y==f(-x)
OpAMHAT
y=f(x) | YeEuuromenwue yactu rpadguKa ciesa oT y = f(x))

ocH OpAMHAT U AyOJMpPOBAHHE OCTABILEH-
¢ YaCTH CUMMETPHYHO OTHOCUTEIBHO
OCH OpAHWHAT

y=f(x) | CuMMeTpus OTHOCHATEJIBHO OcH abcuuce y = f(x)|
yacTell rpad)uKa, pACHOJIOMEHHbBIX B
HHJKHEH IIOJIYIIJIOCKOCTH

y=f(x) | Vanurosxenue uactu rpaduxa nog oceio | |yl = 7(x)
abenuce u gy6aupoBaHue ocrasiieiica
YacTH CHMMETPUYHO OTHOCHTEJILHO OCH
abcouce

B IOpuwmeuanne 3.Ilocnexnee npeobpasoBanue NPUBOJKT K rpa-
UKy, KOTODBIi1, BoOGIIe rOBODPS, He ABJIAETCH rpahuKOM QYHKIUY Y.

PelleHwue. Bemoasum nenodky npeodpasoBaHnii rpadu-
Ka QyHEKDuH y = x2 — 2x:

y=2x2-2x—y=|x]2-2|x| > |yl = |x[? - 2|x| (puc. 87).

Puc. 37



Fnaea 1. @YHKLUMK N TPADUKK

Vv MNpumep 4. N306pasurbh MHOKECTBO TOYEK KOODIHHAT-
HO# IJIOCKOCTH, KOOPAMHATEI KOTOPLIX YAOBJIETBOPAIOT He-

—x2+2|x| -1
4-x2-y

7] 2
paBeHCTBY > 0.

PeweHwue. Bygem pemars ary
sazady crnocoboM, HATOMHUHAIOIIAM
meToJ uHTepBasioB. CHauasia oTMeTHM
TOYKH, KOODJAHHATBEI KOTOPBIX 0o6pa-
LIAIOT B HYJb YUCIUTENbh U 3HAMEHAa-
TeJdb JaHHOHU Apobu:

y2-x2+2x|-1=0, y2=(x-1)2
y=|x|-1
PR
y=_|xl+1s 4_x2'_y=0¢
y=4-x2

ITocTpoeHHbIe JTMHAM Pa3feJUIH KOOPAMHATHYIO ILIOCKOCTH
Ha 10 obnacrei, AIsi KOOPAMHAT TOYEK KasKAOH M3 KOTOPBIX
Apobb coxpanser 3HAK (puc. 38). Ocraéresa onpeaesuTh 3HAK
Apobu B Kax0# U3 obacTeit UM ONpeIeTUTh ero B OJHOM U3 06-
JacTeil U y4ecTs, YTO IPH IepecedeHu 0ol U3 JUHHA Apobs
u3MeHsAeT cBo# 3Hak. Tak, Hanpumep, aasa Touku (0; 5) 3HaueHune
Apo0M OTPUIATENIHHO, CJEAOBATENbHO, COOTBETCTBYIOIAfA 006-
JIACTH B HCKOMOE MHOJKECTBO He BXOIHUT, a cocefHHe ¢ Heill BXo-
AAT — UX CIeAYeT 3aKPACUTE.

B Ilpumeuamwme. ToukHu, B KOTOPHIX UWHCAMTENH ApoGH 06pa-
miaeTcs B HYJb, BXOJAAT B HCKOMOE MHOYKECTBO ¥ H306pasKaroTc CIJIONI-
HBIMH JIHHMAMH, & TOYKW, B KOTOPHIX 3HaMeHaTejlb obpamaercs B

HYJb, — WITPHXOBEIMH. /\

YnpaxHeuusa
S

69. HaiizuTe KOOpPAMHATEI BEPIIMHEI TAPABOIIBI:
1)y=§x2+6; 5) y =—2x%+ 8x + 3;
2)y=-3x2-2; 6) y = —2x% - 8x + 3;
y=x2—-4x+1; T y=2x2—-10x;
4)y=-x%2—-6x+ b; 8)y=0,5x2+ Tx.



4, KagpatudHaa u apobHo-nuHeinas ¢dyHkumu. Npeobpasosaque rpadpukos

70.

71.

T2

y(M)

x(M)

MOJIOTHO MOCTa

Puc. 39

CaMble KpacuBbIe MOCThHI — BaHTOBBIe. BepTHKaJbHEIE IIH-
JIOHBI CBA3aHbI OPOMHOM NpoBHcaoInei neneko. Tpockl, Ko-
TOpBIE CBHCAIOT C IeNH ¥ MOAAEDPIKHBAIOT IIOJOTHO MOCTA,
HA3BIBAIOTCS BAHTAMM,

Ha pucysKe 39 m3obpaxkeHa cxema OJHOI0O BAHTOBOTO MOC-
Ta. Beeiém cucreMmy KoopauHar: ock Oy HanpaBUM BepTH-
KAJBHO BJOJIb OJHOIO M3 NHJIOHOB, a ock Ox HampaBUM
BJIOJTH TIOJIOTHA MOCTa, KAK IIOKa3aHO Ha pucyHke. B atoi
cucTeMe KOOPAMHAT JHHUA, [0 KOTOPOH NpOBHCAET IeNb
MoOCTa, UMeeT YypaBHeHue:!

y=0,0061x% - 0,692x + 29.

1) Haiigure AJMMHY BaHThI, pacmnojoxkeHHoil B 100 M ot
nuinora. OTeeTr gaiiTe B MeTpax.

2) HajinuTe paccTossHHEe MeKJY MUJIOHAMH C TOYHOCTBIO 10
1 M.

BajajiTe ypaBHEeHHEM KaKyoo-HUOYab mapaboiy ¢ BepIIHHOMI
B Touke: 1) (0; 2); 2) (2; 0); 3) (—2; 3); 4) (3; —2) Tak, 4TOOBI
BeTBH napabosibl ObLIN HAIDABJIEHHI: a) BBepX; 0) BHUS.
IlocTpoiiTe rpadpuk Gyaruuu y = f(x), ecnn:

1) f(x) = 0,6x2 — 5x + 2; 2) f(x) =—-0,5x2+4x + 3.



Fnasa 1. DYHKLUMWN N TPADUKK

73.

74.

75.

Haiigure o rpadpuky:

a) f(-1); 0) f(2);

B) BCe 3HAYEHHH X, IPUA KOTOPHIX f(x) = 6;

I') Bce 3HAYEHUA apryMeHTa, IPH KOTOphIX f(x) > 6;

1) IPOMEKYTKH BO3PACTAHUSA U YOBIBAHUSA (DYHKIIAH;

e) HauboJbIIee ¥ HAMMEHblIIee 3HAYEHNUA, KOTOPbIe IPHUHNI-
maeT QpyHKnusA Ha npomexxyrke [—1; 7). Bl

1) ITocrpoiite rpadux GyaKIUA:

a) y=x*+3; r) y=>5-2x — x2;
6) y=2x — x%; n) y=x2—8x+ 20;
B)y=1-x-x% e) y=2x2-6x+2.

2) Ina xamaoit GyHKnuM HalizuTe: a) obiaacTs ompezelie-
HHA; 6) o6acTs 3HAYEHHIT; B) KOODAMHATEI BePIIMHEI Mapa-
6oJiBI; T) 3HAYEHWE AUCKPUMHHAHTA; J) KOJUYECTBO KOp-
Heil; e) HaubosbIlee W HAMMEHbIEe 3HAUEHWE HA MPOMe-
xkyTke [-1; 7].

1) M300pasure cxeMaTUYeCKH, KAKUM MOKeT GbITh rpaduk
byaxnun y = x2 + bx + ¢, ecnu ypaBHenue x2 + bx + ¢ =0

umeer:

a) Ba MOJIOKUTEbHBIX KOPHS;

0) 1Ba OTPHUIATEIBHBIX KOPHSHA;

B)U eAMHCTBEHHEIN TOIOKNATEIBHBIA KOPEHD;

r)© eguncTBEHHBI OTPHUIIATEJILHBIN KOPEeHb;

m)® o06a xopus Ha npomexkyTre [—1; 2];

e)® Hu ogHOro KOpHsa Ha mpoMexkyTKe [—1; 2].

2) Yro MOKHO CKas3aTh B 3aflaHUAX a)—) 06 abemucce Bep-
IIWHBI COOTBETCTBYIONIEH napadoas:?

ITpu KaKuX 3HAYEHUAX k HEPaBEHCTBO:

1) 2x2 - 6x + k> 0; 2)kx2-8x-20<0
a) BEPHO [IDX BCeX 3HAYEHHUAX X;

0) BEPHO IPH BCeX 3HAYEHUAX X, KPOME OZHOTO;

s |
L

8)C HeBEpPHO HM IPH KAKOM 3HAYCHUHU X7 =

76.. Omnpepennre 3HaK 4YHMCHIA @, €CJIH U3BECTHO, YTO KBaZAPaTHOE

ypaBHeHMe ax? + bx + ¢ = 0 He umeer Kopueit ma —b + ¢ > 0.

77.. Haiignre Bce 3HAYEHUA @, IPU KOTOPBIX

&

1) onun KopeHs ypaBHeHns x2 — 2x + a = 0 6onsine, a Apy-
rofl MeHbIIle, YeM a;
2) ypaBHeHue x2 — ax + a — 1 = 0 uMeeT e/MHCTBEHHEI I10-

JIOKUTeNbHBI KODeHb. ||



4. Ksagpartuunas U Apo6Ho-nuHenHas PpyHkumn. NMpeobpasosaHune rpagykos

78® Nneer nu KODHH YpDaBHEHHE!

1)957x2 —4x—23=0; 3)114x2-497x +379=0;
2)311x2-821x+431=0; 4)613x2+812x +135=07

79. Haitnure Hauboablllee 1 HAUMEHBIEe 3HAYEHNUA, KOTOPhIE

80®B NPAMOYTOJIbHBINA TPEYTOJBHUK C KATETAMH

npuHMMAaeT QyHKIOHAA:

1)Oy= J2x2 + 5x + 1 na npomexyTke [3; 4];
2)Oy = J%(xz — 5x + 13) va npomesxyTKe [3; 6];

3)®y e npomesxkyTie [-1; 3];
’3 +x— iy
4
4)® y = = Ha mpomeskyTke [2; 3].
2x2-x -1

3cM u 4 ¢cM BOHMcaH NpPAMOYIOJNbHUK (pHC.
40). Oboznauus OYKBOI X AJUHY €ro CTOpPO-
HBI B CAHTUMETpPax, MapajljielbHON MeHbIIe-
MY KaTeTy, BeIpaduTe mromazns S (cmM?) mps-
MOYTONBLHUKA. YKa)uTre o067acTh onpeneie-
HuA ¥ 06acTh 3HAYeHWH QyHKINH Y = S(x). Puc. 40

3

81" 1) ITocTpoiiTe rpaduk APOOHO-ITNHEHHON QYHKIMMA:

82.

ey =2x—1,
a)y=3 x? B)Y x+1~7

3 2-3x |
Gy == -2 Ny="—7- &
2) Hanumure ypaBHEHUS ACHMITOT 3TOTO rpauka M yKa-
JKATE IPOMEKYTKM BO3DACTAHMA MM yObIBAHHUA NAHHON
byHKIMH.

ITepepucyiite B TeTpajs rpadpuk Gyaxnun y = f(x):

1) puc. 3; 3) puc. 5;

2) puc. 4; 4) puc. 6 (c. 12).
HpeoﬁpaayﬁTe ero s I‘DB.Q)HR, 3a,naHHmﬁ YpaBHEeHHEM:
a)© y = 0,5f(x); x)O y = f(-x);

6)C y = f(x - 1); 3)® y = f(|x);

B)O y = f(x + 2); u)® y =[f(x)];

r)0O y = f(x) - 2; k) ® |y = f(x);
m)Oy=f(x)+1; 1)® y = f(-x|);

e)” y=—f(x); M) ® y = [f(|x])].

@



Fnaea 1. @YHKUWW N TPADUKIA

83®

3anuimuTe 1enoYKy npeobpasoBaHuil ¥ HA30BHTE Impeodpa-
30BaHUA, KOTODBIe BBl MCIOJb30BaNu. Kakue u3 mosydeH-
HBIX rpauKoOB 3aJal0T QYHKIHIO i; QYHKIHIO X7

1) C nomomipio npeobpasoBanuii mocTpoiiTe rpaduk ypasHe-
HHA:

a)y =—|x; e) |yl =lx+2[;
6)y=|x+3; x) [y| +|x| = 4;
B)y=2-|x; 3)|y|=4 + 8|x|- x%
r)y=|x+3[-1; n) y = {x|};

m lyl=|x-1]; k) y = [|x[].

2) HasoBuTe npeoGpasoBaHnsi, KOTOPbIE Bl HCIOJIbB30BAJH,
3) Kakue us nocTpoeHHBIX rpaQuKoB 3a4ai0T GYHKIHUIO Y,
dyaKI MO X7

Kakum ypaBHenmeMm Oyjer 3agaBaThCs rpaduk, NOJTydYeH-
HBIH U3 rpaduka Gyaruun y = f(x):

1) cummeTpueit OTHOCHTENBHO IPAMON X = 3;

2) cuMMeTpuel OTHOCHTENBHO IPAMOHN Y = —5;

3) YHHYTOKEHHEM ero 4acTH, PACIOJIOKeHHOH cIpaBa OT
OCH OpJAMHAT, U AyOJIMPOBAHMEM OCTABIIEHCH YaCTH CHM-
METPHUYHO OTHOCHUTEILHO OCH OPAUHAT;

4) YHUYTOKEHHEM ero 4acTH, PAacHOJIOMKEHHOH Hajx OChIo
abcmuce, u 1yGJIMpoBaHMEM OCTaBIIENCHA YaCTH CUMMeTPHY-
HO ocH abcmucce;

5) cuMMeTpueit OTHOCHTENBHO Touku M(—3; 5);

6)* yamuroxxenuem ero wacreii, pacnosoxensaepix B I, II
u IV KoopauMHATHBIX YeTBepPTAX M AYOJMPOBAHMEM OCTAB-
mre#ics 4acTH CHMMMETPHYHO OTHOCHTENLHO OCell M Hauaya
KoopauHAaT?

Bosemure rpaduk dyaxkmun y = x2 + 2x - 3. ]

3aKpachbTe MHOKECTBO TOYEK, KOOPAMHATEI KOTOPHIX VIOB-
JIeTBOPAIOT HEPABEHCTBY:

1 + - > — || <0;
)(y+2x)(y—x)=0 4}y_y—+x2—4 0
g g4
2)(y-x+3)(2y+x-4)<0; 5);2_;,;_3{0;
Y2550
y-x2+2 ’ y?-x2-2x-1
3) y+x 20’ 6)y~x2—2x—1 > 0.



4. KsagpatvyHas u apo6Ho-nuHeiHas dyHkuuu. Mpeobpasosarne rpacdukos

86?® 3akpacbTe HA KOOPAMHATHOH IJIOCKOCTH (PUIypYy, KOOPAM-~
HATHI TOYEK KOTOPOH YOBJIETBOPAIOT CHCTEME HEDABEHCTB!

y<4-x2,
1){x2+%2g4, 3) ysx+l,
yzx*-1; 2+ x>2;
?+@y-2P2<4, (x~-12+y2<4,
2 {yzlxl; Dl e-x-1. =

B} KowutponsHuie Bonpocs v 3apaHus

1. Bagaiite Kakyo-HEOYAL PYHKINIO, TPAPHKOM KOTOPOM ABIAETCHA
napa6osia ¢ BepIIMHOM B TouKe (—3; 4), BeTBH KOTOPO# HanpasJje-
HbI BHH3.

2. BapaiiTe aHATUTHYECKH APOOHO-TMHENHHYI0 QYHKIMIO, ACHMIITO-
TaMM KOTODO# SABNAIOTCA npsiMbie x = —1 u y = 2. CroabKO Cy-

miecTByeT Takux QyHKIHi?

3. TIlocrpoiiTe rpaduk GYHKOHH Y = x2 + 2x — 4 1 yramxure eé

DO -

CBOMCTBA.

4, Banumure ypaBHeHHe, rpadMK KOTOpOro, M300pasKEHHBINA HA pH-
cyHKe 41, moJyueH ¢ IOMOIbI0 MpeoGpa3oBaHuii 1apaboJIk.

Y

. ﬂ \ r

Puc. 41




CTEMNEHUN N KOPHU

Co crenenHEIME QDYHKIHMAMY Y = X", T/Ie N — HATYPAJIbHOE YHC-
JIO, BBl IIO3HAKOMMJIMCh B Kypce anre6pbl OCHOBHOM IITKOJEI.
B ar0ii riiaBe BBl CHAYATIA TOBTOPUTE OCHOBHBIE CBOMCTBA CTENEH-
HBIX QyHKIUHA (1. 5), 3aTeM OT KBaApPaTHLIX KOPHeH nepeiaéTe
KOPHAM HaTyPaJBHOU CTeNeHH n (N »# 1) 1 HayYnTech NPUMEHATH
uX cBoicrsa (m. 6, 7). U, HaKkoHen, MO3HAKOMHUTECH CO CTeNeHs -
MH, IOKA3aTeJHu KOTOPLIX — Apob6HbIe unca (1. 8).

0- 5. CreneHHas pyHKumsa y = x"
npuv HaTypanbHOM 1

Paccmorpum aBe crenensbie hyakuuu y = x? u y = x3 u cpaBHUM
HX cBoiicTBa (puc. 42, 43).

1. O6e aTm pyHKIMYM ONpeAes e bl U HeMpPePLIBHBI HA BCEH Ymc-
JIOBOH NPAMOIA.

2. 'padux dpysxnun y = x? cUMMeTPUYEH OTHOCHTENBHO OCH
OpAMHAT, & rpad@uK PYHKIHHK ¥ = X% cHUMMeTpHYEH OTHOCHTEIHHO
HayaJjia KOOPAWHAT.

9TO CBOMCTBO MOKHO chOPMYIMPOBATH MHAYE.

IIpn nepemene 3Haka apryMeHTa 3HaueHue GyHKIUH y = x2
He U3MEeHseTCs, a 3HaYeHue PYHKIMHU § = X° MeHsAeT 3HaK.




5. CtenexnHan dyHkuma i = X" Npu HaTypanLHoM n

________ e

n— He4YEeTHoe

X

n— 4éTHoe

P |

= Puc. 44 )

3. O6nacTh 3HAYEHHH DYHKIUHA Yy = X2 — BCe HEOTPUIATENIb"
HBbIE YHCJIA.

O6nacts 3HaYeHMH QyHKIUM y = x3 — Bce AeilcTBUTEIbHbIE
qucJa.

4. ®ynxnua y = x? youisaer Ha npoMesxyTKe (—oco; 0] 1 Bospac-
TaeT Ha IpoMexkyTKe [0; +o0).

DyHKIEA ¥ = X° Bo3pacTaeT HA BCeil YUCI0BOH NPAMOIA.

Ha caexyiomeM pHCyHKe M300paskeHbl rpaduku QyHKIHE
y = x" npu uéraom (puc. 44, a) u HeuéraoM (puc. 44, 0) n.

MO2KHO 3aMeTHTh, YTO IPH UYETHBIX 71 CBOMCTBA CTEIEHHBIX
GyHKIHU aHATOTUYHBI CBOHCTBAM (PYHKIUH Y = x%, a npu HeuéT-
HBIX — QYHKIUH y = X3,

CeoncTBa QyHKUUMN Iy = X"

1. ®yHKOUA y = X" ONpejiesieHa U HellpepPhIBHA HA BCe YHUCIO-
BOM TpAMO.

2. 'padpuk QYHKIHHA y = X" IPU YETHOM 72 CHMMETPNYEH OTHO-
CHTEIBLHO OCH OPJAMHAT, 4 IIPA HEYETHOM 71 CHMMEeTPUYeH OTHOCH-
TeJIbHO Ha4aJJia KOOpJHHAaT.

3. ObsnacTh 3HA4YeHHH QYHKIUH y = X" IPH YETHOM n — BCe
HEOTpHIATeJbHbIE YACJIA, a IPU HeYETHOM 1 — BCe JAeUCTBUTENb"
HEIE YHUCJAa.

4. ®yuKuMsA y = X" NpU YETHOM n yObIBaeT Ha NPOMeXYTKe
(—c0; 0] 1 BO3pacTaer Ha npoMeRkyTKe [0; +00).

@yHKIHUA Yy = X" IPA HEYETHOM 71 BO3PACTAET Ha BCEH 4UCIIO0-

BOM IIPAMOIA.



Fnaea 2. CTENEHW W KOPHW

CaoiictBom 2 061aza0T He TOABKO CTeneHHbIe DYHKIHH, HO
Has3BaHWA 3TOMY CBOMCTBY JaJIH 110 CTENEeHHBIM QYHKIIUAM.

7~

~

Pynxuusa y = f(x) HasbIBaeTCA YETHOIM,
€CJIN BEITIOJHAIOTCS IBA YCJIOBUSA !
1) pna moboro suavyenus x ua D(f)
—x Toxe Bxoxut B D(f);
2) f(-x) = f(x).
DysKnua y = f(x) HazsIBaeTCA HEYSTHOI,
€CJIM BBINTOJIHAIOTCSA ABa YCIOBUA:
1) pna mo6oro suauenus x ua D(f)
—x Toxke BxomuT B D(f);

K 2) f(=x) = —f(x).

J/
[4 — x2
MNpumep 1. [loxasars, urto GyHKIUAA y= :3—';— SABJAETCA

HEYETHOM.

Hist JOKa3aTeIbCTBA HY/KHO IPOBEPHUTDH BLINOJHEHHE ABYX VC-
JIOBM¥ U3 ONIPEJIeJICHUS HeYETHOH (DYHKIIHH.

HNoxasaTtenbcTBo.1)Haiiaém D(y). Yucaurens apobu
NOKa3BIBaeT, 4T0 —2 < X < 2, a 3HAMEeHaTeJ b, — 4ro x = 0; +1.

3uauut, D(y) = [-2; ~1) U (-1; 0) U (0; 1) U (1; 2]. Haiigennoe
MHOJKECTBO TOYEeK YMCJIOBOM NPAMOH CUMMEMPUYHO OMHOCU-
MenbHO HYNs, CTIeOBATEJIBHO, BMECTE ¢ JTI0OBIM YUCJIOM U3 9TOTO
MHOJKECTBA B HEro BXOJHUT M NPOTHBOIOJIOMKHOE YHCIIO.

_Nd-(—x)2 _J4-x2 _ Ja-—x2
2) y(~x) = - _ ek
S e St i ot o

— 2
O6a ycaoBus BEINONHAITCH, 8 BHAYAT, QDYHKIUA y = ﬁm _

HeuéTHAad, 4TO ¥ TPeGOBaIOCh JOKA3AT.

PeweHwne,

(1) Muorousen, crosmuii B TeBoH yacTy VPaBHEHHUS, IIPH JO-
Oom sHaueHum @ 3azaér QyHKOUIO y = x8 — 4x* — 3ax2, onpene-
JIEHHYIO Ha Bceil yncioBoi npamoii. IIpu nepemene smaka y apry-

)



5. CreneHHas GyHKums Y = X" Npu HAaTYpansHoMm n

MeHTa 3HaYeHHe (PYHKIUW He MeHAeTCsd, 3HAa4YHUT, 9Ta PyHKIUA
yéTHaA.

@ EcJsn HEKOTOpPOEe, OTJIHYHOE OT HYJIs, 3HAUEHHE X ABJIAETCH
KOpHEM JaHHOIO YPaBHEHWHA, T. €. [IPH 9TOM 3Ha4YeHUH y(x) = 2,
TO ¥ IPOTHBOIIOJIOKHOE €My YHCJIO TAKKe KOPeHb 9TOro ypaBHe-
HudA: y(—x) = 2. CnregoBaTesbHO, YUCJIO HEeHYle8blX KOPHel ypas-
HEHH#A He MOXeT ObITh HeYETHBIM.

@ x = 0 He aABIseTcA KOpHeM IaHHOI'O YpaBHEeHHMsA, 3HAYHT,
YHCJIO 8CEX ero Kopneﬁ HE MOJKeT ObITh HEUETHEIM.

OTBEeT: YuC/I0 KOpPHEH NaHHOrO YPABHEHMA HHU IPH KaKOM
3HAYEHHUH @ HE PaBHO 7.

YnpaxHeHusa
ST

87. CymecrByer JH HATYpajabHOE n, IPHA KOTOPOM TIpadur
GYHKIMHA Yy = X" IPOXOLHUT Yeped TOUKY:

. _39): _2._ 382,
1) F(-2; -32); 4)0( Sisam s
2) A(7; 343); 5) D(-0,2; —0,0000001024);
3) B(—6; 1296); 6)® E(-3; -6561)?

88. Kakum HaTypaJbHBIM YMCJIOM, Kpome 1, MosKeT ObITH IOKAa-
3aTenb CTENEHH apryMmeHTa QyHKIHU y = X", eClIid U3BeCT-
HO, YTO IPHA HEKOTOPOM IeJIOM 3HAYEHHUH X 3HAYeHue (PyHK-
U4 J PABHO:
1)4; 2)8; 3)-8; 4)16; 5)81; 6)64; 7T)—-64?

89. B KakMX KOODAMHATHBLIX YETBEPTAX PACIOJIOXKEeH rpaduk

(DyHKIMHU:

1)y = x1; 4)° y = (x - 5)1°;
2) y = x16; 5)° y = (x — 4)!7 - 10;
3)° y=(x+3)7; 6)° y=(x+6)24 + 12

90® Mosxer u rpapuk GyHKUUM y = (x — a)* + b uMeTh TOUKH
BO BCeX KOOPAMHATHLIX YeTBEePTAX, €CJIH:
1) n — 4éTHOe HaTypaJLHOe YHCJIO;
2) n — He4yéTHOe HATypAaJIbHOE YHCI0?
Eciu MoKeT, IpUBeIUTEe KOHKPETHLIC 3HAYeHUd a, b u n.

019® Onpeznenute, 4epe3 KaKue KOOPAUHATHBIE YETBEPTH IIPOXO-
aut rpaduk pysxkmuu y = k(x —a)" + b, rge:
1) n — 4éTHOEe HATYPAJIbHOE YHCJIIO;



Fnasa 2. CTEMNEHW U KOPHK

93.

94.

95.

96.

2) n — HeuyéTHOe HATYPAJIbHOE UKCJI0, HPHIEM:

a)k>0,a>0,b>0; ANk<0,a>0,b>0;
6)k>0,a>0,b<0; e)k<0,a>0,b<0;
B)k>0,a<0,b>0; #)k<0,a<0,b>0;
Nk>0,a<0,b<0; 8)k<0,a<0,b<0.

.. Ompenenure, eciay BO3MOMHO, YETHBIM MJIM HEUYETHBIM YMC-

JIOM ABJIAETCS IOKAa3aTeN]b crenesu n GyHknuu y = f(x), rae
f(x) = x", 3nas, aTo:

1) f(=5) > 7(-3); 3) f(-5) < f(-3); 5) 1(5) > f(-3);
2) f(=3) = f(3); 4) f(=5) < f(3); 6) /(5) > f(3).
CpaBHuTEe, €CcJIH BO3MOKHO, HaTypajbHBIe 4YHCIA M U 1,
3HAasd, 4TO:

1)1,3<1,87% 4)(J/2)" < (J2)";
2) 0,3™ < 0,37 5)® (/3 —1)m < (J3 - 1)7;
3}(§)m<(§)"; 6)® (1 - /2)™ < (1 - J2)".

1) C nomouikio Kakux npeobpasoBaHuil u3 rpadpura Qpy=HK-
OUH Y = X" MOXXHO NOJYYHTH rpa@uK (PYHKIIHHA:

a)y=—x" 6)y=0,2x"?

2) ® MosxHO 11 yTBEpKAaTh, YTO BCe TPH PyHKOMH y = X",
y=—-x"uy=0,2x" uMe0T OAUHAKOBYIO YETHOCTL (BCEe OHHU
4ETHEIE WJIHM BCEe OHU HeYETHBIE)?

Hoxkamure, 4T0 QYHKIMUA ABJIAETCA YETHOM:

1)y =3x6-3x2+T; 3).y=xn.xn+2_4;
o x86+8 - ®, - xnt+1
Dy="7g"3 i
IlokaskuTe, YTO (PYHKIIUA ABIAETCHA HEUSTHOIM:
x8+8 . B B
1)y=3x5_5x3; 2)y=;3_-._._..._’ 3).y_x xn-l-l x.

97" 1) ABaserca nu GyHKIHUA YETHON, HEYETHON WJIN OHA HE AB-

JdeTcda HY Y8THOMH, HM HEeUETHOM:

_J-x2npu x <0, _ JA(x+12npux<0,
a}y_{xznpnxzo; B)y_{(x—l)znpux>0;

_ J-x3npnx <0, _J(x+1P2mprx<1,
0y {x3npux20; Yy {—(x—l)znpnx; 1?
2) ITocrpoitre rpadukn stux pyaxuuii. Kakas u3 QyHKIMHA
uMeeT TOYKY paspsisa’?



6. NoHATME KOPHA N-i4 CTENEHU

98" IIpeacraBbre QYHKIINIO B BUE CYM- Y
MBI YETHON M HEUYETHON (DYHKI[MI:
1)y =4x5%+ 5x — 4;

|x] — 2x3
yy=""-1—",
)y P

99® gpnserca mu: 1) cymma; 2) pas-
HOCTB; 3) IpousBeeHHe; 4) yacTHOE
YETHON ¥ HeUYeTHOU PYyHKI U ¢ 01~
HaKOBBIMH o06JacTaMu onpejese-
HUA: a) 4€THOM; 0) HeuéTHOU PYHK-
nuei?

(=
jn—l
=Y

Puc. 45

100. 1) Ha pucysnke 45 usobpaxena yacts napabossi. Jlomonaau-
Te e€ TaK, 4To0bl NONYUYUBIINNACA rpaduK 3agaBa:
a) 4éTHYIO QyHKIHIO; 0) HeUETHYIO PYHKIIUIO.
2) ® Bapaiite a1y QyHKIMIO GOPMYJION HIM KYCOYHO U yKa-
JKUTE IPOMEeIKYTKH e€ Bo3pacTaHuA U yObiBaHuA., MMeer au
aTa QYHKIUA TOYKY paspbiBa?

101.® Mosxer 1u IIpH KaKoM-HUOY/Ib 3HAYEHUM @ YPABHEHHE:
1) 2x% — x* + ax? = 1 uMeTH POBHO TPH KOPHS;
2) ax® — 5x5 + 4x! — x2 = 8 UMeTH POBHO IIATH KOPHEii;
3)ax™ — 6x5+ 3x® — x = —2 UMeTH POBHO TPH KOpHA?

B} KontponsHuie Bonpocs! n 3apanus

1. Hasosure cpoiicTBa, obmue 1is Bcex QyHKIAN iy = X", T1le n — Ha-
TYpPaJbHOe YHCJIO.

2. Hagzosure cBoiicTBa QYHKIHNA y = X", pasaIUUYHBIe JJId YETHRIX U
HEeUYETHBIX .

3.  MosHO M c/ieNIaTh BBIBOJ O TOM, UTO M > N, 3HAfA, YTO IPH HEKOTO-
POM TOJIOKHUTENBHOM @ BEPHO HEepaBeHCTBO a™ > a"? Yramure Bce
NOJIOXKHUTENbHBIE 3HAYEHUA @, TPH KOTOPLIX 3TOT BBIBO/I BEPEH.

4. Sensiercs nu pyEROuA y = 5x°% — 3x2 + x — 1 yérHOM, HeYBTHOI
WK OHA He ABJIAETCSH HH Y8THOM, HU HeUETHOM ?

O 6. MoHATUE KOPHA -1 CTEeneHun

ITo rpaduky GyHKOHY y = x2 11a 11060T0 MOJOKUTETHHOTO YHUC-
JIa @ MOYXHO HAallTH YMCJa, KBaJApaThl KOTOPBLIX PABHEL @. ITH UHC-
Jia HasbIBAIOT KBaJpPAaTHLEIMHU KOPHAMH 13 a (puc. 46, a).
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N/ W vk
| | S, S50 IO ar
H. L la x¥ 2}
Ix= -
-2 -1/ 10

a0l 1 G IE
4) Puc. 46 %)

Ilo rpadpuky pyEKIHH y = x? gus 060ro YKuCIa @ MOKHO Hail-
TH TaKoe 4ucio b, uro b3 = a (puc. 46, 6). ITO YUCIO HAZLIBAIOT
KYOUuYecKuMm KOpHeM U3 a WK KOPpHeM mpembell cmenexu us a.

Boo6ime, no rpadury QyHKUHK y = X" MOMKHO HAWTH YHUCJIO,
n-s cTeneHb KOTOPOTO M3BECTHA.

qHCJIO, -5 CTelleHb KOTOPOI'c paBHAa a, HA3BIBAIOT
KOopHeM n-M CTEeNeHH U3 a.

Tax, KOpHEM HATOI CTEleHW M3 YHcJa —32 ABJIAETCHA YHCJIO0
-2, Tak Kak (—2)% = —-32, a KOpHAMH UeTBEPTOIl CTenmeHHM U3
gyucaa 16 ABIAIOTCA IPOTHBOMOJIOMHEIE Yucaa 2 U —2, TaKk Kak
24=(-2)4=186.

IIpu mobom a npsamas y = a umeer ¢ rpadukoM GyHKIHH
y=x", rie n — He4YETHOe HATYPAJbHOE YHCJO0, OTJIHYHOE OoT 1,
oxny obmyo Toury (puc. 47, a), abcumeca KOTOPOH SBIAETCA

KOpHEeM - CTeleHH U3 a. ITOT KOpeHb 0003HAYAIOT 'ifa (uura-
eTCA: KOPeHb N-# CTelleHu U3 a).

yh  y=x" yA
y==x"
a y=0
1..
~%/a] \ / |Ya
S0 iy
a) Puc. 47 0)



6. MoHATHE KOPHSA N-i CTENEHU

IIpu n1060M MOJOMKUTENBHOM @ NPAMAasA Y = a UMeeT ¢ rpa-
hurom pyHKIUU y = X", rge n — 4YETHOe HATypaJbHOE YHUCJIO,
aBe obmme Touxku (puc. 47, 6), abcuKUCChl KOTOPBIX SABJIAIOTCH
KOPHAMM n-# crenesy us a. OAUH 13 9TUX KOPHEN MOJIOMKUTEJeH,

ero ob6o3Ha4aT "JE , APYroii — IPOTHBOIIOJIO}KHOE €My YHCJIO,

r.e.-"/a.

Kopens uérHoii creneru us 0 pased 0 (0" = 0 npu siro6om HATY-
PaJILHOM 71):

nf0 = 0.

Jlio6oe uncia0, BO3BeAEHHOE B CTEIIEHb ¢ YETHBIM HATYPAJb-
HBIM IIOKasaTejeM, HEOTPULATENbHO, CJEJOBaTeJbHO, HE CYy-
IIecTBYeT KOPHA YETHOI CTeNeHN U3 OTPUIATEIBHOTO YHCIA.

B zanmucn "JE a Ha3BIBAIOT NOOKOPEHHbLM YUCLOM WINA NOdKo-
PeHHbLM 6bLDANCCHUEM, 8 N — NOKA3AMeLeM CMeneHu KOPHA.

Ilpu 3anucu KBaAPAaTHEIX KOPHEH IIOKasaTelb CTEIIEHH KOPHA
He YKa3bIBaloT.

B 3aBUCHMOCTH OT YETHOCTH HJIH HEUYETHOCTH 71 BBEIPpAYKEHHE

"/a wMeer MM He UMEET CMBICH IIp1 OTpHOATEeJbHBIX a. M3-3a
39TOro NpH IpOBeJeHUHN ODIIUX paccy/AeHAH OTHOCUTETBHO KOp-
Hell n-# cTeneHU NPUXOAUTCA PACCMATPUBATE ABa ciayuasn. Ecre-
CTBEHHO [0O3TOMY IOPH PACCMOTPEHHH CBOHCTB OTPAHHYUTHCH
KOPHAMH M3 HEOTPHIATEJbHBIX YHCEJ — apu(pMeTHuYecKUMH
KOPHAMHU n-i cTeneHH. A KOPHM HEYETHOH CTEImeHH M3 OTpHIA-
TeJIbHBIX YHCeJ, KOTOpbIe IIPU ATOM Kak Obl ocTaioTca «3a Gop-
TOM», MOXKHO OyJeT Bcerjga BbIPpasuTh depe3 apU(pMeTHUYECKHE:

n/—a = —"/a, rae n — HeyTHOE YUCIIO,
a > 0. 9ro crenyer, HAIPUMED, U3 CHM- yk
MeTpuH To4eKk A m A, rpapuka QyHK-

¥y y = X" OTHOCHUTEJNBbHO HaudaJja Ko- -~ -~ ¥A(a; b)
opausar (puc.48). Tax, manpumep,

VT = T {
11 /11 e

®opmyna y = %/x sagaér y kaxk : 0 ;z=“./5§
(DYHKIHAIO X. !
Jna pemenus obpamuoil sagauym — |
HaXO0MJIeHUs 3HAYEHHUS NepeMeHHOH X A, (—a;-b)
110 3aIaHHOMY 3HAUYEHWIO Y u3 aToii op-
MYJIBI MOYXHO BBIPDA3UThH IIEPEMEHHYIO X
Kak (YHKIHUIO IepeEMeHHOH : x = Y". Puc. 48

y=x"

|
I
I
|

£
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Yy
Pasencrsam x = y" u y = /x yzxosier- ’ M(a: b)
BOPAIOT KOOPAMHATEI OJHMX M TeX Ke TO- b -
yeK (MBI IIPOZOJIZKAEM PACCMATPHBATH
TOJBKO HEOTpHIlaTeIbHbIe 3HAYEHHUA X U I/).
a N(b; a)
JpyrumMu cioBamu, QyHKUuU Y = nfx u _

X = y" umerom o0um u mom xce zpaux. /0 a b ¥

U sroT rpadmKk MOKHO MOJYIUTH, TIpe-
obpasoBaB rpaduk QyHKIUM y = x".

Paccmorpum  crenenHble  (DYHKIIHH
y=x"ux=y"upux >0, y > 0 (gamom-
HHM, 4YTO aprymMeHTOM BTOPO# (PYHKIMH
ABndAeTcA nepemenHasa y). Ilyers Touka
M(a; b) npuraznexUT rpa@UKy QYHK-
Ouu y = x", rorga b = a”. Ho u3 aroro xe
paBeHCTBa ciaexyer, yro Touyka N(b; a)
NPUHAAJIEKHUT rpapury GyHKIum x = y".
IIpamas y = X OPOXOAUT Yepes MPOTHBO-
IOJIO}HbIEe BEePIIMHBLI KBaJpaTa ¢ AHMAro-
Haab0 MN (puc. 49) u, 3HauuT, ABAAETCA
ero ocepl0 cummerpuu. CremoBaTelbHO,
Touku M(a; b) u N(b; a) cuMMeTpUIHBI
OTHOCHUTEJIBLHO IPAMOii § = X,

AHaJIOrMYHO MOJKHO IIOKas3aTh, 4TO J000# TOukKe rpaduxa
(GYHKOHMU X = y" COOTBETCTBYET CHMMETPHUYHASA €l OTHOCHTEJIbLHO
npAMOM y = x Touka rpaduka GyHKIEu y = x" (puc. 50).

=

O o cok G ~1000

Puc. 50

Takum o6pasom, rpaduku GyHKmmit y = x" 1 y = /x (manom-

HHM, 4TO QYHKIUH Y = nfx mx= Y™ UMeIOT OJHH U TOT JKe Irpa-
(HK) CHMMETPUYHEI OTHOCHTENBHO NpAMON y = x. B ganbHeii-
IIeM BCTPeTATCH M Jpyrue napbl QyHKOHUA ¢ CHMMETPHUYHBIMUA
OTHOCHUTEJIBHO IPAMOH y = X rpapurammu.

DysKnun y = f(x) 1 y = @(x), rpad@uKH KOTOPLIX CUMMET-
PUYHBI OTHOCUTEILHO MIPAMOM Y = X, HA3LIBAIOT B3aHMHBO
00paTHBIMH, & KaXyI0 U3 TAKUX QYHKIHA — oOpaTumMoi.

PaccmarpuBas cxemaTudyeckue rpa@uKH B3auMHO 0OpaTHBIX
GyERIUA Yy =x"ny = nfx, usobpakéHHbIe HA pUCcYyHKe 50, MOK-

HO ¢(hOpMYIHPOBATE HEKOTOPEIE CBOMCTBA DYHKIIUM Y = nfx.

2



6. MNoHaTHe KOPHA N-i CTENEHU

YA

5

4l ; y=+x
3 i y#‘%’:_c
) I i ) 1 st >
1 i '

0 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 X
Pwuc. 51

4 ~3
CroilicTBa byHkuuu y = n[x ,x>0
1. Dyurusa Bodpacraer, TAK Kak Touyka rpaduka ¢ 60ab-
mreit abenyccoit uMeeT U HONIBIIYIO OPAUHATY.
2. 'padur GYHKUHUM NIPOXOAUT Yepes TOUKH ¢ KOOPAUHA-
ramu (0; 0) m (1; 1).

3. U3 cummerpun rpapuxoB GYyHKUHHA y = X" U y = 1[x

cieAyeT, 4TO 3HaYeHUs QYHKIUH y = "A/x Moryr OBITH Kak
\yro,uno BEJIUKH. >

Ha pucyske 51 uzobpaxkensl rpadurn GyHKIMHE y = %/x npu
x > 0 gna n, paBEBIX: 2; 3 u 4.

Mo>KHO 3aMeTHThb, YTO rpadukK Toi n3 yHkumit y = “/x , y Ko-
TOPOM TIOKasaTellb CTelleHW KOPHA n 0oJjblle, Ha IIPOMEXYTHKe

(0; 1) maxogurcs BhIIIe, a Ha npomMexytrke (1; +o0) — HMKe
APYrux.
Mpumep 1. Pemuts HepaBeHCTBO Nx2-25 <0

Jx+6-2

PeweHue. ITogkoperHbIe BhIPpaMKeHUA NOJIMKHBI OBITH He-
OTPUIIATELHEI:

x2—-25>0, x<-bummx > 5,
x+6>0, x>-6,

IIpr -6 < x < —5 uam x > 5 YUCIAUTENb APOOH MOJIOKUTEEH.
Haiipém Hyu 3HaMeHaTeNA:

Jx+6 —2=0, Jx+6=2, x+6=4, x=-2,

-6< x<-5ummx>5.



Fnasa 2. CTEMNEHW U KOPHW

IIpu x > —2 3HAaYeHNA 3HAMEHATEJ A
MOJIOKHUTENbHEL, a IpH —6 < x < -2 — ﬁ:
OTPHMIATEbHbI. 3HAYMT, NPH X > D
Apobb TpPUHUMAaET IOJOXKUTeNbHble 6 -5 -2 5 -

3HadYeHUd, a npu —6 < x < -5 — orpwu- =
nareJbHBIE (pUC. 52).
OTtBeT: -6 < x<-5,

E Ilpumeuanue. YpaBHEeHUA, B KOTOPLIX HEM3BECTHOE CTOMUT
noJ 3HAKOM pajuKasa, HaselBAIOT uppayuoraibibvimi. OBBIYHBIN CIIO-
cob pemreHua — H30ABUTHCA OT PANMKAJIOB, BO3BOAA 00e uacTy ypaBHe-
HHUA B cTeneHsb. OHAKO IPH 9TOM CJI€[VeT UMeTh B BH/Y, YTO IIPH BO3Be-
JAeHHH B YETHYIO CTElleHb MOI'YT NOABUTHCH JIHINHHE, TAK HashiBaeMhIe
nocmoponrue, kopau. Tak, HanpuMep, BO3BOAA B KBAJApAT ypaBHEHHe

Jx = —1, me uMelomee KOpHEH, MBI IIOJYYUM YDaBHeHHEe X = 1, KOpEeHb
KOTOPOr'o He sABJIfAeTCH KOPDHEM HCXOJHOIO YPABHEHHA — IOCTOPOHHMA
KOD@Hb.

PeweHue. [lepen Tem KaK BO3BOAMTEL JaHHOE YpPaBHEHUE
B KBaJpaT, MOJIE3HO DA3HECTH PaAHKAaJbl IO PA3HBIM YacTAM
VPaBHEHHSA:

J2x+8 +fx—2=4, 2x+3=4-Jx-2,
2x+3=16+x-2-8/x—2,8/x -2 =11—=x.
Emé pas Bo3BOAHM B KBaJIpar:
64(x — 2) =121 + x2 - 22x, x2—-86x+249=0, x, =3, x,=83.

Temneps ciepyer npoBepuTh, ABIAIOTCA JH HAWJAeHHBIE YHCIA
KOPHAMM MCXOJHOT'0 YPABHEHHHA, T. €. HEeT JIK CPeJH HallAeHHBIX
KOpHeH IOCTOPOHHHUX.

Npoeepka.1l)Ecimx=38,T0 /2+(83+3) + /8 -2 =4 —
BEPHO.

2) Eciim x = 83, To /2+(83+3) + /83 -2 = 4 — HeBepHO
(Tak Kak yJKe IepBbIi KOpeHb Gonbine 4).

OTtseT: 3.

E Ilpumeuanne. Moxuo 661710 HAHTH MOAGOPOM KOpPEeHb X = 3,
M, HOCKOJBKY JIeBasd YacTh YPaBHEHHA 3aJaéT BO3pACTAIOIIYIO (PYHK-
MO, CAEJNATH BEIBOJ 00 OTCYTCTBUH APYTHX KOPHEH.

Q



6. NMoHATHE KOPHA N-A CTENEHU

Mpumep 3. Pemuts uppayuorHailbrHoe HEPABEeHCME0

Jx2+ x—-12 > x.

P e weH une. 3necs rakike HY»KHO U30ABUTHCH OT PAJUKAJIA.
Oanaxo B OTIWYME OT YPABHEHMI, IPU PEIIEHUH KOTOPBLIX HAXO-
AAT BCEr0 HECKOJBKO YHUCeJI, pellleHue HePaBeHCTB OOBIYHO IIPHU-
BOAUT K OECKOHEYHOMY MHOYKeCTBY 3HA4YeHH NepeMeHHOH u
IIPOBEPHUTH X BCe HEBO3MOKHO.

Bynem paccysxaare mHave. 3amMeTdM, 4YTO, KOrja npasas
4acTh JAaHHOTO HepaBeHCTBA OTPUIATEeIbHA, HEPABEHCTBO BEPHO,
ecJI¥, KOHeTHO, OHO IIPH 3TOM MMeeT CMbIC]. 3HAUUT, BCe pere-
x<0,

SABJISIIOTCS PELIeHUSIMH JAHHOTO
x24+x-12>0 P "

HHA CHCTeMEI {

HepaBeHCTBA.

Ecan ke mpaBsas 4acTh HepaBeHCTBa HeOTPHIATEJbHA, TO He-
PaBeHCTBO MOYKHO BOBBECTH B KBajpaT (o cBoiicTBaM Hepa-
BEHCTB C HEOTPHIIATEIbHBIMU YACTAMM):

{x;(},
x2+x—-12> x2,

Takum ob6pasom, BCEé MHOKECTBO PeIlIeHWH HMCXOJHOTO Hepa-
BEeHCTBA ABAAETCA 00beUHEHNEM PEIIeHU JBYX CHCTEM.

{xéO, . {x;O,
x2+x-12>0 x2+x-12>x2,
{xéo, i {x;O,
x<-4umx >3 x>12,

x<—-4nmx>12,
OtBeTix<-4,x>12.

E Ilpumeuanue. CpolicrBa HEepaBeHCTB C IOJOKHTEILHBIMH
yjeHaMHu YZ00HO HMCHOJIB30BaTh H MPH pPEIIeHMH HPPAlHOHAJIbHBIX
ypaBHeHUil, ocobeHHO KOT/Ja NpPoBepKa KOpHei# Tpyaoémka. Ha ocHoBa-
HHH COOTBETCTBYIOIEro CBOHCTBA HEPABEHCTB HJIM ONpeesieHHuA KBaj-

paTHOro KOPHHA, IPH PellleHuH ypasHeHuA Buja ./f(x) = g(x) gocrarouso
HpOBEPHTH, 4To g(x) > 0.

YnpaxHeHus
102. BepHo am, uTO:
1) yucno —3 ABAseTCH KOPHEM YETBEPTOMH CTEIIEHH W3 YHC-

na 81;
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103.

104.

105.

106.

107.

108.

109.

(se)

1 k
2) umciio 5 ABJACTCS KOPHEM TpeThel cTeneHu U3 YHca g’

3) uncyuo 0,1 sBIAETCA KOPHEM IECTOM CTEeIeHM M3 YHCJa
0,000001;

4) gucnao —10 aBasercs KOpHEM HATOH CTEIeHH M3 YHCJA
—100 000?

HajiguTe KOpHU YypaBHEHUA:

1) x2=10; 6) (3x — 2)°=-82;
3_1A. T TR 0

2)x 16; 7)(5—-3x) 64’

3) x5=-43; 8) (bx + 7)*=81;

4) x8 = 15; 9) (x2 - 5x + 2)6=64;

5)(8 -2x)*=8; 10) (9x — x2 — 4)1 = 256.

C momompio rpaduka QyHKIuM y = X3 HaiauTe mpubIn-
JKEHHDBIE 3HAYEHUA KYyOMYEeCKHUX KOPHEeH 13 yuce:

1) 5; 2)-T; 3)4,7; 4)-6,5.1

BriacauTe ¢ momMompio rpauka, CKOJbKO KOPHed HMeer
VPaBHeHHe, W HaWauTe NPHUOJIHUKEHHBIE 3HAYEHHMA ITHX
KOpDHeii:

1) Jx — 6=—x2; 3)Jx+1=x2-T;
2) 3/x = (x-1)% Haxd-1=Jx+1.
Pemmure rpaduuecky HepaBeHCTBO:

1) Jx > x; 3)Jx >2x-1;
2) Jx <x; 4)x2g Jx.

IIpunapmesxuT nu rpa@uky GQyHKIUY I = 31/3_: TOYKA:
1) A(3,375; 1,5); 2) B(-0,125; —0,5); 3) C(—343; -17)?

Hana pyHRUIMA Yy = n[x . Haiizure n, ecau rpadux GyHKIUHN
IIPOXOJHUT Uepe3 TOUKY:

1) A(-0,00032; -0,2); 2) B(2187; 3).

Kaxkum HaTypaIbHBIM YHCJIOM MOYKET OBITH I — MOKAa3aTelb
CTeIlleHU KOPHA ¥ QyHKIHUN [ = n[x , ecam MBBECTHO, UTO y

NPpUHUMAET HaATypajlbHOe 3HaYeHHe, KOTjJa apryMeHT X
paBeH:

1)4; 2)8; 3)27; 4)16; 5)81; 6)64; 7)1024?
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110.

111.

112.

113.

114.

CpaBHMTEe HaTypaJbHBle YHCJIA AT
m ¥ n, 35asdg, 4TO:

) T <l EEERBEINNE
2) m/0,7 < /0,7 ; /
3),,:/1{“]1; 1
J2 J2
4)Om@<nj@; |
b1 b

5°m/x—3 </n-3; Puc. 53
6)®"/n—4 <2/n—4.

1) BagaiiTe GyHKUMIO, 06PATHYIO QDYHKIIUHA:

a)y=x; B)y=2x-1;
1. "
5)y—x. I")y 53 3x.

2) ® Kax casansl KoabduumenTs k, u k, B3BauMHO ofpar-
HBIX JUHEHHBIX QYHKIUA Y =k x +luy = kyx + m?

Ecnu pynknusa y = f(x), sagannas pucyakom 53, obparuma,
nepepucyiite B rerpaab eé rpauK u B TOH Ke cucTeMe KO-
opauHar wus3obpasure rpaduxk oOpaTHOH el QyHKOUH

y = g(x).

Hwmeer nu cMeIcT BhIpayKeHHue:

1)4/10; 5)3/-15;
2) 6/18; 6) 3/-5;

3)4/-25; 7O 45 - /23 ;
4)8/-8; 8)C 12/7 - (5)/22

Bripasure uepes apudpMernuecKue KOPHHU Te U3 KOPHEH, KO-
TOpBIe apU(PMEeTUYeCKUMH He ABIAIOTCH:

1) 3~7; 5)® %/-1-a?;

2) 3/-6; 6)® 3/~(4 + 4b - b?);
3)° 81 - J2; 7@ e x+1;
4)° 43 - ./5; 8)® 2/~(c2+5c-17).



Fnasa 2. CTEMNEHW N KOPHU

115. IIpu KaKHUX BHAYEHHUAX X UMEET CMBICJI BEIpAsKeHHe:
1) 8x; 4) 4/2x - 5; 7O &/ax?-1;
2) 19/x%; 5) /3 + 6x; 8)® 8/x% - x - 90;
Dull; 6042 9)® 1920x- 221967

116. IIpu kakUX 3HAYEHUAX X HE UMEeeT CMbICJIA BRIPaKeHHe:

1. 3) 8/x . 5) 10/x2 — 25
sx-2 x2-4° x+13 °’
B . Jx + 3 10/49 — x2
p : 4) % ) ~——st
ﬁ +3 -X x+3
117. Pemure ypaBHeHue:
1) 4/x = g 3)42x+1=0,2; 5)8x2+7=2
2)%x=3; 4 %2-52-0,6  6)¥x5+37=-3.

118.° Pemmure ypasmenue: [
1) /3x2+5x+6 =1-x; 5) Jx + 6 — Jx =1;
2)/3x2+ Tx+6 =x-1; 6) Jx + J13 —x =5;
3) J9x2 + 16x = 2x+ 3; NBx+7T-Jx+1=
4) J6x2-15x-1=8-2x; 8)J/I5-x+J/3-x=6.

119. PemuTre HepaBeHCTBO:

-7 J1T—15x - 2x°2
1) el < 0; 2) > 0.
4x2 - 19x + 12 x+3

120. Pemnre HEpaBeHCTBO: m

1)© J/9x — 20 > x; 5)C Jx2 - x - 12 < x;
2)0 2x+ 15 >x; 6)° J13 + 8x — 5x2 < 4x;
3)C0x+2<./4+5x; 7® 522+ x >3x-1;

4)Cx-1>Bx+17; 8)® /10x2 + 9x > x+ 2.




7. CeoiicTea apudMeTUHeCcKux KopHen

n KoHTpOnbHbIE BONPOCHI U 3afaHnsA

1. Yro ozHauaeT 3alIMUCh 'R/E ?
2. Tlouemy IpH pellleHMH HPPALMOHAJLHEIX YPaBHEHHI HeoOX0ANMO
JieslaTh NPOBEPKY KOPHEH?

3. Pemmnre uppanuoHaibHOe ypasHenue /11 — 2x = 4 — x. O6wsac-
HHUTE, IOYeMy IpH IpoBepKe KopHeH jJocraTodHo ObL10 GBI ybe-
auaTbes, utro 4 —x > 0.

4. K pPelleHH0 KaKHX CHCTeM CBOJHTCH PellleHHe HPPAlHOHAJIBHOI'O

HepaBeHCTBa A/f(x) > g(x)?

0 7. CBoucTBa
apudmMeTUYeCKNX KOpHen

Bbl 3HAKOMBI CO CBOMCTBAMM KBaJApPATHBIX KOpHEH. AHalorud-
HBEIMHU cBOMcTBamMu obinagaioT u apudMeTHYeCcKHe KOPHU n-if cre-
TIeHH.

CroiicTBa apudmeTHUeCKHX KOPHEH

CaoiicTBa KBaapaTHbie KOPHH Kopau n-i crenesn
1 Jab = Ja - Jb fab = "/a - /b
2 a _ Ja a _"a
b b b nfp
3 Jam =(Ja)m nfam = (Wa)"

Ilo onpegenesuo apudMeTUUYECKOro KOPHA N-i CTeneHH AJsA
11060T0 HEOTPUIATEILHOTO YHACIA

CrnezpoBaTeNnbHO, 9TOOBI YOEAHUTHCA B CIIPABEIJIMBOCTH pPaBeH-

crBa /x = Yy, rae nfx — apu(pMeTHUYecKUil KOpeHb n-i cTeneHu,
HYXXHO IIPOBEPHUTH BBINOJHEHHE ABYX YCIOBHM:
Dy>0u2)y*==x.

Hoxaskem, HanpuMmep, 4To “/a™ = (’!./E)m .
Iossxao 661Te: 1) (Ba)” > 0u 2) (YVa)™" =am.
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1)%a > 0, xak apu(dMeTHYeCKU# KOpPeHb, B3HAYUT, MU

m
(’i/&) > 0. (3amerum, 9TO €CJM M — IeJ0e OTPHUIATeILHOe YHC-
J10 uiu 0, TO YHUCIO @ JOMKHO GBITH MOJOKUATEIHHBIM. )

2) (Wa)™" = (Wa)™" = (Wa)")™ =am.
Oﬁa YCJI0BM A BRINIOJHAKTCA, 3HAYNT, BEePDHO PABEHCTBO

m
2fam = (Wa)" .
ITpuBeaém mpumepsl HMCHOJL30BAHUA CBOMCTB apudmMeTHue-
CKHX KOpHeIi.

PeweHwne.

3/8a5 = 3/8a3- a2 = 3/8a3 - 3/a? = 3/(2a)® - 3/a® = 2a%/a2.

Mpumep 2. YupocTuTs BEIpaXkeHne

(3/x? - 3a )2 - 3/x? - (3/x? - 2%/a).

PeweHwune. Packpoem ckoOKu 1 IpUBEAEM OAOOHBIE ClIa-

raemMmeie:
(¥/x? - Ya )2 - Yx? - (3/x? - 2%a) =
=45 + 4a? 2 8/x2 - Ya - ¥xt + 28/ - Ya = Ya?.

PeweHnune. 23/5 =3/23.3/5 =3/23.5 =3/40;
3
é%/soo - .;}(%) - 3/300 = 3%.300 —3/37.5.

Ddyuxnus y = %/x Bozpacraomas, T. e. 6OIbIIEMY NOLKOPEH-
HOMY YHCJIY COOTBETCTBYeT O0ibiiee 3HayeHue KopHsa: 40 > 37,5,

cJIeloBaTeJILHO, 3@ > 8/87.,5.
OTtBeT: 23/5 > % 3/300 .



7. CeoilcTea apudMeTHYecKnx KopHen

Csoiicra 1—38 ucnonsayiores aia npeobpazoBaHusa apugpme-
THYECKHX KOPHel OZHOM H To# ke creneHu. OQHAKO B OJJHOM BhI-
pakKeHHH MOTYT OKa3aThCA KOPHH Pa3HBIX CTeIleHeH.

ApudmMerTnyecKue KOPHH Pa3JHYHBIX CTENeHell CBA3LIBAIOT
caeayionue ABa CBOMCTBA.

4. nkJE = n}kJE“
5. kg = [

HoxaxeM cBoicTBO 5. JI0JIKHO OBITH:

1) %am > 0u2) (Yam)™ = amt,
1) Ha™ > 0, xax apudMeTHUIECKH KOPEeHb;
2) (Wam)™ = ((am)")* = @"yk=am*.

E [Iprmeuanne. Ecau nokasaTesb CTeNIeHN IIOJKOPEHHOTO BhI-

pajkeHus JeJIUTCH Ha MOKAa3aTelb CTelIeHH KOPHA, TO CBOMCTBO 5 3amu-
n

celBaeTcsd Tak: Wa™ =a”" .

28
Hanpumep, %/328 =37 =34=81,

P e weHwe. Baecém a? noj sHak KyOM4eCKOro KOPHA:

Ya2-3/a = Y3/a®?-a.

IIprMeHHM CBOMCTEO 4 B YIIPOCTUM IIOJKOPEHHOE BHIDAYKEHHE:

Y3/(aDB-a =2/af-a = 2L/a7.

IIpumMeHHM CBOMCTBO 5 (COKPATHM IOKAa3aTeJb CTENIeHH KOp-
Hf ¥ IOKAa3aTeJb CTelIeHH MOAKOPEHHOT0 BEIPAYKEeHUA):

21 (a7 =3-7J£T.r E%.
OtseT: Wa2:3/a =3%/a.

Mpumep 5. IlpeacraBuTs B BU/e KOPHA U3 UUCIIA BIDAYKEHHE
Y3 4/2
/6



fnasa 2. CTENEHW M KOPHMA

PeweHwne. [Ipusesém ganabie KOPHH K OAHOMY U TOMY 2Ke
nokasarenio crenenu. Haubosiee npocThiM 00IIUM MOKa3aTeeM
ABIsAETCA HauMMeHbIee ofIjee KpaTHOe IIOKasaTeJsiell CTeNeHH
KOpHe#n — qucyo 12.

aﬁ 1g/* 12J‘?; 1%/_

Taxum ob6paszom,

3fg .4 12 /94 ,12/93 4.93
/3-4/2 _'43 J2_=12J3 2 IJJ } - 13/32.2 = 1218,
6/6 12[52 6 32:2

YnpaxHeHusa

TN
121. okaxkure, 4TO QA apnq:ume-mqecxnx KOpHei BepHO paBeH-
ctBO “Jab = "/a

122. Beruucianre:

1) J25-81; 7© 4/125 - 405;

2) /49-0,16; 8)° 4/32-648;

3) s[5 :4fE; 9)° J1,6-12,1;

4) 3/8-27; 10)© ¥/1,25-6,4;

5) 3/250 - 32; 11)® 3/7 — /22 - 3/7 + J22;

6) 5 % 5J23—5; 12)® 3/5 - 2./6 - 3/5 + 2./6.
123. BeiHecHTe MHOMKUTEJb U3-TI0/ 3HAKA KOPHA:

1) 1212, 1) 4/b; 7)® 4/-a5;

2) 4/215; 5) %/a%p11; 8)® 9/-128413p14;

3) 3/at; 6)° 3/32x16p10; 9)® 3/64x12y10
124. IlpeacrasbTe B BU/Ae KOPHA ¢ MEHBIIHM IIoKasaTeieM:

1) 44; 4) %/85%; 7® 42 - J5)%;

2) 8/27; 5) 4/64x3; 8)® %/(2./6 - 5)°;
3)® 12/16a4; 6) 12/16at; 9)® 8/(3./5 - 7)*.

ke



7. CeoiicTea apudMeTUIecKkux KopHewn

125. 3anummuTe ¢ OJHUM 3HAKOM pajguKaia:

1)3/Ja; 3) Jad/a; 5)° Jﬁ--‘aﬁc;
2)3/ada; 4) 3/b2./b; 6)” 5};1—33;]2

126. CpaBHure:

1) /3,356 u4/8; 3) J33/3 u 4/3./3;
2) /2,46 n%/8; 4) 4/8./2 u \24/8.
127. IlpencraBbTe B BUJE KOPHS:
1) 32 -%/0,5; 4) %/2,5 : 4/0,5;
2)6/6 -4 Ilé‘ 5)© 12/0,5 - 3/25 - 40,008 ;
8)341.,5 : 13/8; 6)° 2/0,6 : 12/9 - 4/10.

128.° Pemmure VpaBHeHHUe:
1) Jx2+32 - 24/x2 + 32 = 3;
2)3/3x%+ 16 — 8/3x4 + 16 = 2;
3) x2 + Jx2 + 20 = 22;
4)x2+3x-18+4./x2 + 3x - 6 = 0;
5)4x+1 - —> —1;

/2 +1
3
g)—L— 4 &5"3 =2
3x+2

1209 1) HoxaxkuTe (GOPMYJY «CIOMKHOIO PASUKAIIA»

ai£=Ja+.j;2—biJa—A/gz—b_

2) C nomo11b10 3T0M (POPMYJIbI YIIPOCTHUTE BhIPAYKEHUE:

a)J17+2Jm_J17—2Jm; 6)~/6+2A/5+'\/6-2~/5-

1309 He pelnas ypaBHeHHA:

1) /26 — x — /12 — x = 2, HaliiuTe 3HAYEHHE BHIPAIKEHUA

J26 —x + 12 - x;
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2) J5x + 39 + J5x — 8 = 10, HaiiguTe 3HAYEHHE BHIPAKE-
Hua J/5x + 39 - J/5x - 8.

131.® Pemure VpaBHEHHE:
)31+ Jx +31-Jx =2; 2)3/x+10-3/x-9 =1.

132. Pemure cucreMy YpaBHEHMM:

A gl 4
1O {Jx Jy 3’

xy=9;
20{2(JE+J§)=3@,
“lx+y=5 B

3x +3[y =
3).{x+y=28;

3x Jy +3y Jx =12,

&
4 {xy=64.

133. HaiiguTe Bce 3HAYeHHUA @, IPH KOTOPHLIX YPaBHEHHE UMeeT
©/IMHCTBeHHBIN KOPeHbB!

1)®3/x+ Jx +4%x + Jx +a=0;

2)%2:+4/z-8422+42z+1+a+1=0.

134° VYupocTruTe BhIpajkeHHUe, CYUTasA, 4TO TIepeMeHHbIe IPHHHA-
MAaroT TOJBKO MOJOKUATEIbHbIe 3HAYCHU A

2) 1 ”-F 5)3Ja2JE-Ja_E;
3)—F J_ 6) Nx3/x? : 3xt -4z,

135.® Buruuciure:

1)3/1- 42 -%/3+242; 2) 197 +4.3-8/3-2.




8. CreneHs € paumoHansHbIM NokasaTenem

n KOHTpONbHbIE BONPOCHI U 3aaHNA

1. Jlokamwure, 4TO AJia apudMeTHUUYECKUX KOPHEH BEPHO DPaBEHCTBO
n
nﬁ = ﬁ,mea;ﬂ,b:*o.
b naja

2. Beoruucaure Jg "3 g - 6/96 .

3. Cpasunre 3/23 u2./2.

B ) 8. CteneHb C pauMoHanbHbIM
nokasarenem

m

PasencrBo \Ja™ = a” B caydae, KOrjia m AeJATCA Ha N (T. e. 4uc-

m .
JI0 "; — IIGJIOE) , IO3BOJIAET 3aMeHHUTH 3PH¢M9TH‘IGCI{HH KOpeHb

9 8 -10
cremennio: 3/39 = 33 =33, /58 = 52 =54 5/2-10 = 2 5 — 2-2
u 1. 1. Ecam oke 1es10e 94Mcsio m He AeNUTCHA HA HATYPAJIbHOE JHC-

m
JIO n, TO 4YHUCJIO ; ABIAETCH ,l.'l,pOﬁHhIM.

OnpesenuM cTeneHb ¢ APOOHBIM TOKAasaTesieM C IIOMOINbIO
n
paBeHcTsa a” = "/a™.

Crenens ¢ palMOHAJBHBIM MOKa3aTejleM

m
an = "/gm .
rje m — IeJoe, a n — HATYpaJlbHOe YUCJIOo,
He paBHoe 1, a > 0.

ITo onipeennennio, HAITpUMep,

7 -3
35 =5/37,5903=510=10/5-3 yr. m.

PaumoHaIbpHOE YHMCI0 MOMHO BAIIUCATh B BUAE APOOH pasind-
1 2 _ 3
HBIMH criocobamMu, HaIpuMep 38§ B IloxaseM, 4TO

JHA4YeHUe CTeIIeHH C palliOHaAJbHBIM IIOKAa3aTeJleM He 3aBUCHUT OT



Fnasa 2. CTEMEHW U KOPHW

TOr0, KAKOW M3 paBHBIX Apobeil IpejicTABJIEH €€ MoKasaTelb,
T. €. ecJu

m e

-2 poqa" =a9,
noq
rje m u p — neJjsle, a n 4 ¢ — HaATypaJbHbIE YUCJIA.
JeiicTBATEIBHO, YIUTHIBAA, YTO MG = PN, HMeeM:

m 2
an ="nfam = "gfame = "q[qpn = 9/aP = a4,

B Ilpumeuanune. BgokasareapcTBe NPeANIOIAraaoch, YTo HA 7,
HH (¢ He paBHBI 1, TOCKOJBKY IOKA3aTeJk CTeneH: KOopHs He pageH 1. Ec-

JIH JKe BCE-TAKH, HAanpuMep, n=1,T.e. m = g , To Mpeofpa3oBaHuA CTA-
- e
HYT emé npome: a™ = 4a™? = YaP = a9.

Mo’KHO TOKAa3aTh, YTO AJIA CTelleHel ¢ palliOHAIbLHBIMH IIOKA-
3aTeNAMH OCTAIOTCH CIpPABeAJIUBBIMH CBOMCTBA, pAHEE YCTAHOB-
JIEHHBIE JAJIfl CTeTIeHEeH ¢ IeJIbIMH MOKA3aTeJAMH.

CsoiicTBa cTeneHei ¢ LeJbIMH NoKa3aTeJaMH

a*a¥ =a*+v a*b* = (ab)* a - [ e )x
a% o ax-v b* b
a¥ -

(a-")b' = aq*V

Hokaxem, aro (a*)¥ = a*¥, rge x 1 y — palnHOHAJIbHEIE YUCIA.

m\ e m\ p
HyCTbx=%uy=§,'roma(a-')y=(a")"= (a") =

mp  m p
=Y fam)’ =9nfamp = gna = gn 9 = g*¥, g0 U TPEBOBAIOCH KO-
KasaThb.

B paMKax mpuHATOrO ONpeeIeHus CTeTIeH! ¢ APOOHBIM ITOKa-

1 6

3aTejieM Takmue BhIpaskeHus, Kak (—2)3, 025, (-3)18, me umeror
cMBbICJIA.

¥ IloneiTKa pacnpocTpaHUTH ONpejelleHHe CTeNeHU ¢ Apob-
HBIM MOKasaTejieM HA OTPUUATeJbHLIe OCHOBAHHMS NPHBOJHAT K
nporusopeunsam. ITonpobyem, HATpUMeEp, IPUMEHHUTD 3TO OIpese-

6 6

JileHHe K BBIPajKeHHIO (—3)ﬁ. a MMEHHO: {~3)Hg = 18/(_3)8 =



8. CteneHs C paunoHankHbLIM NokasaTenem

6 1
= 18/36 — 3/3 . B 10 xe Bpems, (—3)F3 - (—3)E =388 =-
Tlonyuusioch, 9TO OJHO M TO <€ BhIPasKeHUe MMeeT JBa pPasjiud-
HBIX 3HauYeHusrA. [IpoTuBopeuns MOXKHO M30eKaTh, €Cau JOroBO-
PHMTBCA COKpAIATh APOOHEIE IOKASATENH CTeeHH. /\

ITockonbKy “JO-’“ = 0 npu sr06oM HATYPAJIBHOM M, €CTEeCTBEH-
E
HO CUHATATh, uTO 07 = "J()_"‘ , i doonpedeaumb CTENeHb ¢ APOO-
HBIM IIOKa3aTejIeM.

ITpu n060M NOJIOKUATETBEHOM PAIMOHAJIBHOM
noxasaresie crernenu r umeem 07 = 0.

CreneHu ¢ pallMOHAJBHBIMY TOKA3aTeJIAMH Ya4CTO BCTPEYAIOT-
CA B TOMJECTBEHHBIX IPeo0pasoBaHUAX BhIPAYKEHMI.

Mpumep 1. HaiiTu 3HaYenue BhIPpaKeHUA
+ b
s > mpua = 1,5, b=40,5.
a - a3b® + a3b?
Pe weHwue. IlonsiTaeMca yOIPOCTUTE JaHHOE BhIpaXKeHHUe.
B spamenaresie Apobu KA bl U3 YI€HOB COAEPIKHUT CTEIeHb Ne-
peMeHHOIt @, I03TOMY IONBITAEMCS BEIHECTH O0IIA MHOMKHUTEb:

2 1 12 1/ 2 11 2
a — a3b3 + a3b® = a3\a3 - adb3 + b3). IMocKkoABKY
2 (132 2 [ 1) g, 4.1 3
a3 =(a3) u b3 = (b-“) , Beipaskenue a® — a b3 + b3 aBaserca

1 1

HEIOJHBIM KBagpaToM ABywiena a3 — b3 . IIpu aToM BeIpaskeHue
a + b, crosamee B uncauTene podbu, MOMKHO PACCMATPHBATE KaK
cyMmy KyboB:

1 (18 (1 1\ 2 11 2
a+b=\a3]| +|b3| =|ad3+b3)|ad—-ad3b3+b3|.
Teneps UCXOAHYIO APOOL MOYKHO COKPATHTD!
(ﬁl 1)( g sl g) i . 1
a+b _\a?®+ b3 a’b® + b3 _ a®+ b3 b3

= Z 1 1
3 ad ad

1
b3

)

mm
aol—- I

21 12 1
a—a’b® + a%p? a?l\a

wli-‘ o
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!

Puc. 54

Hopa INOACTABHUTE JaHHBIC 3HAYEHHU A [IepeMeHHBIX
1 1
1+(§)3 =1+273=1+3=4,

OTtBeT:4.

B IIpumeuasnue. B paccMOTpeHHOM HpHUMepe YAANOCH VCTHO
HaiTH CcTemeHb uHcaa. B Tex ciayuasx, Korjia aTo He yjAaéTcs, HA IO-
MOIIb OPUXOAUT KAJbKyIATOp. Tak, Ha HHKEHEDHOM KAIbKYJIATODE
(puc. 54), KOTOPBIH ABIAETCSH OJHON U3 CTAHAAPTHELIX NOATIPOTPAMM I10-
IIyJAPHOTO KOMIIBIOTEPHOTO naKkera « Windows»
(ITyck — Ilpozpammvt — Cmandapmmuste — Kanvrkyiamop —
— Bud — Huacenepuutit),

AJ151 BO3BEJEHUA B CTEIIEHE eCTh cenuaNtbHas Kiaasuma. Yrobsl HaliTH,
HanpuMep, 3Hadenue crernesu 3,719 HyHO:

1) BBecTH OCHOBaHMe cTenedu 3,7;

2) Ha)KaThL KJIaBumy xX°y;

3) BBecTH NoKasaTe ik crenesn 1,9;

4) Ha)KaTh KJIABHINY «=» HA KaJbKyaarope (mim «Enter» Ha kia-
BHATYDE).

Ha pucnree kanbkynaTopa (puc. 54) noasurcs npubimxeéHHoe 3HAa-
YeHHEe CTeNeHH, BhIYMCIEHHOE C BEICOKOH TOYHOCTLIO!

12,0111136337617598559088970536459.

Mpumep 2. JloxasaTtsk, uTo npu 0 < a < 125 BepHO paBeHCTBO

1 R 1\l 1
a®+5| —20a3 |*+ a3 =5.



8. CreneHsb C pauMoHanbHbiM nokasarenem

JokasaTtenbcTBo0. IIpeocOpaszyem JeBy0 4acThb JaHHOTO
paBeHCTBAa:

I Ay 1\l 1 r \2 1\l
ad+5 —20a32+a®=({a®+5] —-4-543 °+a

£ ey 1 1
= a3—52+a3=a3—5‘+a3.
1

Ilpu 0 < a < 125 passocTs @ — 5 oTpHuIaTe bHa, 3HAYUT, MO~
AYJb 9TON PA3HOCTH — YHCJIO el IPOTHBOIIOJIOMKHOE!

ol

qTO M TpEﬁOB&JIOCL JOKasaThb.

YnpaxHeHus

ax
136. /lokaxkure, 4TO o =ag* ¥ rpea>0,axuy— pauoOHAIb-
HBIE YHCJa.

137. IIpeacrasbTe B BUe CTEIIEHN HJIN IIPOU3BEIeHUA CTeNeHel ¢
APOOHBIMY TOKA3ATEIAMU:

H3z; 485, 7) 1/%; 10)® J=a3;

2) Vy; 5) Va2b3; 8)7/3—&; 11)® a’—a—a;
x> 2b1

3)%a%;  6)3bet; 9)® 8/ 5; 12)®,/-3¢,

d3

138. IIpencrasbTe B BUjAE KOPHA WM NPOU3BEJleHUA KOPHE:

2 12 =5 &
1)a’; §)e 3; 9)® 2 4.33;
5 ~§5 A 2
2) b9; 6)b 2; 10)® 3 2. 53;
_3 a
8)x &3 7)a%8+b07; 11)® (a +b) 2;
a
4) a %% 8) x0:8.y~0.9; 12)® (x + 2y)3.
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139. IIpeacrasbTe B BUE CTEIEHHA:

111 X & 4 5107
1) x3 x4 x8; 4)b 10p 5p 15, 7)(b7) -b;
11 1 L 1. 348 12
2)y ty Ty 1 5){a%a%a 6 ; 8) (c3) 3;
A 8 8 L 18578
3)c bec9:c 4; 6)(x3x2xﬁ) ; 9) (d9%)3 .+ d.
140. Beruncaure:
1 _2 93.5
1) 272 5) 0,001 3; ) ==}
27’3
1 3 "
3 A 2
. 27 L2 128
3)81 1; 7)[6_4)3’ 11) 2 1
2°3.33
2 3 Srrid
-2 _3 6.96
4) 125 3; 8)(51—16)4; 1|
1812
141 .O IIpeacrasbre B BUJE CTENIEHH ¢ OCHOBAHUEM:
1) 2; 2) 42; 3) 4; 4)0,125;  5)3/4
: .6y L. g 5/16 - |
uyucaa: a) 0,25; 6) 35 B) /16 '7) ork n)8.2.
1420 ITpepcraBbTe B BUie CTENEHHN C OCHOBAHHEM:
Dz 2% % 4k 5) 3/81
1 1
yucaa: a) — ; 6)81; 8 "’i/!—);r) ;gx)27J§.
81 ) } ?}'243
143. IIpeacraBbTe BHIPaYKeHUEe B BUJle KBAApaTa:
2 1
1)a; 3) x3; 5) 4c; 7) 64xy?;
2 1
2) y3; 4) b 5; 6) 25a; 8)9b3ec.



8. CreneHb C pauuoHanbHbIM Nnokasarenem

144. IIpeacrasbTe BhIpa)KeHUe B Bujie Kyba:

3 1
1)p; 3) at; 5) 8z; 7)125ay3;
3 1
2) a?; 4H)b 7, 6)27x; 8) 1000b2c.

145. PackpoiiTe CKOOKHU:

3 1\#
1)(24:;‘*+3E:v2 3

1 1 1 1
6)|a2+d 3) a2 -p3|;

1 1 L 1
7) x6+23)(23_x6 :

1 1 £ 11 2
8) a3+b3)(a3—a3b3+b"),

146. IIpeacrasbTe BhIpa)KeHHe B BUJe DAa3HOCTH KBaJpaToB H

PAa3Ja0KHATe HA MHOYKHUTEJIN:
1

1)10 — a; 4) x4 - y?; 7) 8x — y*;
1 i
2)b—T; 5)a? - 9; 8) p® - 9q;
1
3) a3 - 25; 6) 25 — b3; 9) x4 — 28y.

147. IlpeacraBbTe BEIpaXKeHUe B BUJIe CYMMBbI UJIH Pa3HOCTH KY-

0OB M PA3JIOKUATE HA MHOKUTEJIH:
1 1 1
1)8 —a; 3) 1000x — 3; 5) a2 + 8; 7) x2 — 24;
1 1 1
2)b+ 27T; 4) 125 + 2y; 6) 64 — b3; 8) b6 + 8c2.
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148. CoxpaTture 1pobs HA a:

1
at a .. g 3 a-—a?
1)_1! 2) 1 » 3) 19 4) 1'
a? a®+a a - a? a-a®
149. YupocTtuTre BeIpaskeHue:
do 1, %
1] 2.2
l)a a1b1; 5)a+21axl+x;
b—a2b? ax?+a2x
1 2 1 1
x + x3y3 e
2)___25'_1; 6)_‘—11;
y+ x3ys b+3-2-32p2
1 1
= 4 2
3)al 25; 7)0 1a _ 13 + @ 1;
a2-5 a*-6 al+ 6 36 — a2
1 1 1 1 1 1
25[2_x2- O x3 y3 x3+y3
4)x—4y’ B =3 TR % T e
x6y6 + Y3 x6y6 _ 43 xBy6

150. 1) Beruucaure 3Ha4YeHME BHIPAYKEHUSA, €CJIH HYKHO, YIIPOC-

THB €ro:
4
5
a) 147" ; npua = 2;
a®%-3a 5
r A
3 _ g3
6) £ :‘ npua=4;
5a3
B)L—gfi"'—lﬁnpna=27;

i} 1
a® -2 a3+ 2
1
2_g,2
r)yy_ay CH npu y = 25;

4 1
y2+2
1 1 11
(@) x2_y2 B x2+y2 - o= B
) W i ll:[1p1«11|c—12,8.yf 5;
xZyd _ x3y2 2484 43,2



8. CreneHsb C pauMoHanbHbIM nokasarenem

Bl 2
8. "3 Tk
e)O : g i f Y 2npux=4;y=0,5.
23y +xyd  xBy - xy’

wine

2)0 IIpoBeguTe BBIYMCJIEHMA C MNOMOLIBIO KaIbKyJIATODA
6e3 IpeBapUTEILHOTO YIPOIIEeHNA BEIPAKeHUIA.

151.© Bamennure KOPHMU CTEIIeHAMHU M YIPOCTHTE BhIpaKeHne:

1)( 3le _33JE-1)..:+1_
32 -3e+1 €1 ) Y21

9y _y—1 ( gtz 1 );
TR VR T
3)4J5.(“J!T3+@_4J5)_ b-x

Jb +4/bx Jo—Jx’
4)( 49  %x-3 )_ﬂ?—z’r%_w—%}?
x-27 3[3,33x+9) 16-%x? 4-3x
152 ® Pemnre ypasuenue: ]
1 1
6 _ 2 _o, _y_pfyr1 )’ _
1)(x+9)° -(x+3)*=0; 2= 2( = ) 3.

153.® Haiinure Bce 3HAUEHMA @, TPU KOTOPHIX HE MMeeT KOPHeH

ypasHenue: Ll
1
1)x—2ax’-a+2=0; 2) x +3(2 + x)®% +a=0.

n KOHTpOnbHbIE BONPOCH! U 3a8aHns

1. MHcnonsays onpejesieHue CTENIeHU C PANMOHAIBHBIM IIOKa3aTeIeM,
JIOKaxuUTe, 9TO a*+a¥ =a* "' ¥, rne a > 0, x m y — panHoHaJIbHEIE
yHCJIAa.

2. BanumuTe He3 3HAKOB KOpPHEl BhIpaskeHue u yIIPOCTHTE ero

3/a? - 4/a3
Yas - Ja
1
x2 -8

3. Coxparure Apo6s — 3

x*+2x°+4



NMOKASATEJIbHASA
U JIOTAPUDMUYHECKASA
DYHKUUUN

B aroii rnase cHuMeTCs mocHeAHee OrpaHUYEHME HA TOKA3aTeNlhb
CTENEeHH — BBl CMOJXKETe MCHOJIb30BATh CTEIeHH, TOKA3aTeIIMHU
KOTOPBIX ABJAIOTCA JI00ble AeficTBUTEIbHBIE Yncaa. B nyuKkTe 9
Bac OXHUAAET TaKKe 3HAKOMCTBO C HOBOH (YHKIHeEH, aprymMmes-
TOM KOTOPOM #ABJSAETCA MOKa3aTe/lb CTEIIeH! YHUCIa, — MOKAa3a-
TeJbHO#U (yHKIueil. CroiicTBa NMOKazaTeTbHON DYHKIAK oymyTt
HCIOJIb30BaThCA B PelleHUM ypaBHeHMI U HepaBeHCTB. IIpobire-
Ma peIleHHus MOKasaTeJbHOro ypaBHeHHA a* = b B nyHKTe 10
OPHBEET K MOHATHIO JorapudMma, a B MOCTeHEeM IYHKTE IJIaBbl
BBl HAyYHTeCh NPHMEHATH CBOMCTBA JIOrapu(MOB K peIIeHHIO
PasIMYHBIX 3a7ad.

0.9. DyHKuMA y = a*

B npearigymieit riase Bhl HO3HAKOMUJIINCE C IOHATHEM CTEIIEHH C
PalMOHANTBHBIM IOKasaTeJeM. 9TO IO3BOJIAET HAM pPacCMaTpU-
BaTh PYHKUUHU BUJA Y = A%, apryMeHT KOTODPLIX MOXKeT IPHUHMU-
MaTh JiI00ble paMOHAJbHbIE 3HAYEHUSA. APryMeHTOM GbYyHKIUH
Y = a* ABIAAETCA IOKA3aTe]b CTEIIeHH, I03TOMY TaKue (DyHKIIMA
NOJIYyYUJIY Ha3BaHUe NOKA3AMeNLbHbLX.

OcHOBaHHEM CTENEeHH ¢ PAIMOHAJLHBIM [IOKA3aTeJIeM MOMKeT
OBITH TOJBKO MOJIOKHUTEIHLHOE YHUCJIO, HO, TOBOPHA 00 OCHOBAHUH
OKa3aTeJbHOH (QYHKIMH, CJELYeT BBECTH ellé OJHO OTpaHHYe-
Hue. [lockonpky 1% = 1, dyHknusa y = 1¥ apiasercs He mokasa-
TeJIbHOHM, a THHeHHOM’.

PyHKnHIo BUAa y = a*, raea > 0, a = 1, HaszwIBAOT
MOKAa3aTeJIbHOM.




9. OyHkuua y = a*

Mocrpoum rpaduk Gyrknuy y = a*, Hanpumep npu a = 2. [laa
3TOro, KaK OOBIYHO, HAWAEM cHAYAJIA KOODAWHATEI HEKOTOPBIX TO-
yek rpadMKa u 3anoJHUM Tabinuny sHaYeHuH QYHKIUN:

ol 515 - % £0,13;2-28=2-8+06= [TTTTIGRTTTTTTH]
= 9-3,90,5 = . ~ .
23.205% £ +1,414~0,18; -
2= == = . . 3t5—_.— B B s | 8
22=5 =7 =0,25...; 2 EENwEEa
—23.205~8-1,414~11,31.
x y=2x x y—_—2x i ;.._;.5l bt | |
-3 | 0,13 0,5 | 1,41 ] 4,.
—2,5| 0,18 1 2 L B 105 18 8 2 e
-2 | 0,25 1,5 | 2,83 2
-1,5| 0,35 2 4 A 0 O O R
1 [ 05 | [25 |56 SAKE SN BN
05[0m| | 8 [ 8 = B WS B B
0 1 3,5 | 11,31 o s

OTMeTHM 3TH TOYKHY Ha KOOPAMHATHOM IJIOCKOCTH (pHC. 53).
CocraBisas TabaMIly, BEIUMCAUIN 3HAYEHHA DyHKOUU y = 2*
1A 3HAYeHUH X, BaATHIX ¢ marom 0,5. Ha pucynke 56, a usobpa-




Fnaea 3. NOKA3ATEJIbHAR U NIOTAPUDMUWNYECKASA DYHKUWKN

YKeHBI TOYKHU rpaduka QyHkoun y = 2%
AJA 3HAYEHUH X, B3ATHIX ¢ marom 0,1,

MosxHO 3aMeTHTh, YTO ¢ yMeHbIIe-
HUeM 1Iara TOYKH BCE I'ymie pacroJia-
ralTcAd HAa HEKOTODPOH HelnpephIBHON
KPUBOM JUHUH (puc. 56, 6).

Bee Toukm aroit mmHEMM, abcmumcces
KOTOPBIX panMOHaNbHbI, HABIAKTCH
TOYKaM# rpapuka QpyHKODum y = 2%,
Ho xpome HuX Ha Hell uMeeTcs TaKKe
0eCKOHEYHOE MHOKECTBO «JIMITHUX»
TO4YeK, abcruechl KOTOPBIX HMpPpaIHo-
HAJBHBI. Y CJIOBUMCH CUYHUTATh, YTO M
npu ja10060M HppauMoOHATLHOM 3HAYe-
HUMM X OpAMHATA COOTBETCTBYIOIIEH
TOYKM Halleil KpuBOit paBHa 2%,

Torpa monyuennas xpusas Gyxer
ABIATHCA Trpa)MKOM NnOKasaTeJIbHOH
byHKOUM y = 2%, aprymesT KoTOpOil
MOMeT NPUHUMAThH JI00BIe AelcTBUTENIbHBIE (PAallMOHANBHEIE U
HppanuoHalbHbIe) 3SHAYEHH A,

ABanoruyHbIM 06pa3OM, YCA06UMCA CHUMAMb, YO npu nio-
0OM nONOHUMENbHOM a, OmAuvHOM om 1, apzymenm noxasa-
MenbHOl QYHKYUU Yy = a* mMoxcem npurumams 1iobbvle deilcmeau-
MenbHble 3HAYEeHUA.

Crenenu ¢ efiCTBHTENbHBIME OKABATEIAME O6IAAAIOT TAKH-
MH 7K€ CBOMCTBAMM, KAK M CTEIIeHU C PAllMOHAJILHBIMY ITOKAa3aTe-
JIAMH.

-1 0!1 318 Iz
Puc. 57

CBoilicTBa crenenm ¢ PaAllHOHAJIBHBIMH NMOKaA3aTeJAMM

a*a¥ =a**v; a*b* = (ab)*; a* _[al*,
£ =a*~V; a¥ b ’
av ’ (a*)¥ = a*v.

Ha pucynke 57 B 0{HO# cucTeMe KOOpAMHAT u300paskeHsl rpa-
(PUKH HECKOJbKMX IOKa3aTeJabHbIX (QYHKIHI ¢ OCHOBAHUAMH,
Gosbmumu 1. PaccmarpuBas aTu rpadMKH, MOXKHO OTMETHTH He-
CKOJBKO CBOMCTB, OOIIMX A BCeX (PDYyHKUMH BUAA y = a* npu
a>1.

L



9. dyHKUMA Y = a*

4 )

Cpoiicrea bysxkuun y =a*,a>1

1. ®yHKNUA ONpeseseHa U HelpephIBHA HA MHOXKECTBe
BCEX JeHCTBUTENbHBIX YHCeI.

2. 061acTh 3HaYeHUH (QYHKIUN — MHOKECTBO BCeX II0JIO-
JKHUTENbHBIX YHCce.

3. @yHKIMA ABIAETCA BO3PACTAIOIIEH.

4. Ilpu x = 0 3mavyeHue QyHKIUHU pasBHO 1, T. e. rpadux
npoxoxuT 4epes Touky (0; 1).

5. Och abcumce — ropM3OHTAJbHAS ACMMIITOTA rpaduKa

\(pynm:mn y=a*. J

M3 aTUX CBOMCTB ciaeayer, 4To npu x > 0 3HaYeHHA QYHKIUHA
Goapine 1, a npu x < 0 3HaUeHUA PYHKIUMU 3aKIIOUEHBI MEMAY
Oul.

Jlns nmocTpoerusi rpadpuka GyHKIMM Y = a* IPA 0 <a <1 mox-
HO, KOHEYHO, CHOBA COCTABUTH TaOJHILY 3HAYEeHWH, HO JydIle
nocTynuTts uHade. Ilycrs, Hampumep, HYMKHO MOCTPOUTE Ipa-

x x
bur GyHKIMK Y = ( ‘13‘ ) : I'Iocrco.nmcy( % ) = 27%, rpaduK QyHK-

2

C IIOMOIIBI0 CHMMETPHH OTHOCHUTEJIb-
HO ocH opauHAT (puc. 58). [ T T T WL

Ha rpapuxax GyHKOuua y = a* f
npu a > 1 n npu 0 < a < 1 BUAHO, 4TO
pasjuYme B UX CBOMCTBAX OTHOCHUTCH
TOJBKO K CBOMCTBY 3 — XapakKTepy
MOHOTOHHOCTH: npu a > 1 mokasa-
TenbHAd (PYHKIIMA BO3pacTaeT, IPH
0 < a < 1 yOnuiBaer.

CBoiicTBO MOHOTOHHOCTHM YacTO
NpUMeHseTCA NPH pellleHuH MoKasa-
TeJLHBIX YPABHEHHUH U HEPABEHCTB.

X
ouu Yy = ( 1 ) MBI MOYKEM TIOJYUYUTH U3 rpaduKa QyHKIUHA Y = 2%

PeweHwne. Beeagém BemoMoOraTelIbHYIO IepeMeHHYIO (!
t = 8%, Toraa 9% = (32)* = (3%)2 = t2. IlockoAbKYy nepeMeHHas t



Fnaea 3. MOKABATE/IbHAS U NIOrAPUOMUYECKAA DYHKLMW

MOKeT MPHHUMAaTh TOJBKO IIOJIOXKUTENbHbIe 3HAYEHHUSH, 3ajada
CBOAUTCA K HAXOMKACHHIO IOJIOKHUTEIbHOTO KODHS ypaBHEHHSA
t2— 8t — 9 = 0. Kopuu aroro KBaJpaTHOro ypasHeHus t, = -1,
t, =9, 3HAYAT, HCKOMBIH KOpeHb 9.

Bosspamasce k nepemeHHoi x, moayanm 3 =9, 3* = 32, Ben-
JIy MOHOTOHHOCTH CBO€ 3HaueHHe 32 QyHKIUA y = 3° npUHHAMAET
€/INHCTBeHHBIN pa3 npu x = 2,

OTBeT: 2.

9x+1 = 33y+ 2'
{4x2 -2x=y+13.

PeweHwne. Ilepenumem nepsoe ypaBHeHHE B3aLaHHOI
cucrembr 9% * 1 = 3% * 2 xak paBeHCTBO cTemeHell ¢ OJMHAKOBLI-
MU ocHOBaHMsAMHE: 32% * 2 = 33 + 2, [JocKOMBKY KalKmoe CBOE
3HaYeHMEe NOoKasaTeJbHad (PYHKIUA NPHHUMAET [0 OJHOMY pa-
3y, M3 paBeHCTBA 3HAYEHHH NOKA3aTeJbHOM (DYHKIHH cieayeT
PaBeHCTBO 3HAYEHMUII e€ aprymenra: 2x + 2 = 3y + 2, 2x = 3y.

IMoacrasnaa 3y BMecTo 2x BO BTOpoe ypaBHEHUE CHCTEMBI, TIO-
JYYHM:
By)?-3y=y+13, 9y2—-4y-13=0,

13
yp=-1, B g

Haiigém cooTBeTcTBYIONINE 3HAUEHUA X U3 paBeHcTBa 2x = 3y
13

P e w eHue. Beipaskenne, cTosAIee 0K 3HAKOM KOPHS 96T-
HOM CTeIleHH, JOJXKHO OBITh HEOTPHIIATEJIBHO!

0,25 1-9.0,5¥+ 2 > 0.



9. DyHkuma y = a*

BBesém BcoMoraresbHyI0 nepeMeHHyIo t: ¢ = 0,5% u mainém
IOJIOXKUTeNbHBIE pelenus Hepasescrsa 0,257 112 -9t + 2 > 0:

{4t2—9t+2;0, t< g mmmt>2, — = —
1 x
t>0, t>0, o 2 2

Puc. 59

0<t< < nnut > 2 (puc. 59).

-

Beprémca k nepemenHoit x. 0 < 0,5% < i nau 0,5¢ > 2. ITo-

ckonbKy 0 < 0,5% npu Bcex 3HAUCHUAX X, UMEEM:
0,5* < 0,52 uanm 0,5 > 0,571,

IloxasarenvHaa Gyuxkuus ¢ ocHoBanuem 0,5 aBisercsa yObI-
BaIe#, I03TOMY 0OJIbIIEMY €€ 3HAYEHHUIO COOTBETCTBYET MEeHb-
1iee 3HaYeHWE apTyMeHTa, 3HAYHAT, X > 2 uau X < —1.

OT1BeT: D(y)=(—o0; —1]U[2; +0).

E IIpumewanue. [Ipy nepexosie OT HEPABEHCTB CO CTENEHAMH K
HEePaBeHCTBAM C UX INOKA3ATeJIMHU MBI, B CHJIy YOBIBAHHA NOKa3aTelb-
HO#l (YHKIHMM ¢ OCHOBAHHWEM, MEHBIIWM 1, MBMEHHMJIM 3HAKH Hepa-
BeHcTB. IloEATHO, YTO ecym GBI MBI HMEJIH JeJIO ¢ BodpacTalomei GyHK-
nued, 3HaK HepaBeHCTBA CJIeAoBao0 Obl COXPaHHUTh, Hanpumep, 3* < 32,
<,

C mokasaTenbHOU (GQYHKIUEH, ONpeAeJéHHON HA MHOXeCTBe
HaTYpaJbHBIX YHCEJI, Bbl BCTPEYaJNCh B Kypce anredpsl 9 Kiacca
B TeMe nporpeccuu. [leiicTBuTenbHOo, GopMysia n-ro 4jieHa Ireo-
MeTpuYecKoit nporpeccun b, = b,¢" ~ ! npn b, = g sagaér nokasa-
TeJIBHYIO QYHKIIUIO

b, =b(n)=q".

ITokasarenpHas QYHKIOHA Yy = a* oblajgaeT BaXKHLIM CBOMCT-
BOM: IIPH YBEJIMUEHHAU apryMeHTa Ha 1 oHa u3MeHAET CBOE 3HAYe-
HUe Ba pas: a*tl=aqa-a*.

Taxue 3aBMCEMOCTH JOBOJIBHO IIUPOKO PACIPOCTPAHEHEI B OK-
pyskatomem Hac mupe. Ilpusegém Tpu npumepa us GmoJOrHH,
(pU3UKH U IKOHOMHMKH, IIPUBOAAIIMX K HNOKA3ATEJIbHOM (PYHK-
IIHHA.

buogornsa. B nurarensHol cpejie GaKTepua KUIEYHOH IaJI04-
Ku genurcda xaxasle 20 munyrt. IloaarHo, uro obimee uncao 6ak-
Tepuil 3a Ka)KJbIA yac yBejuuusaerca B 8 pas. Ecam B Hagane
npornecca 6ply1a 0fHA 6aKTepHsA, TO Yepes X 4acos ux uucyo N cra-

HET paBHBIM 8*:

N(x) = 8~.



Fnasa 3. NMOKASATENIbHASA U JIOTAPUDMUYECKAA OYHKLMN

dusuxa. Bpems, 3a Koropoe pacnmazaeTcs NOJOBHUHA MACCHI
PajuOaKTHBHOI'O BellleCTBa, HA3BLIBAIOT €r'0 IepHoAOM IoJaypac-
naza. ¥ mnesusa-137, ABIAKOMIEroca OCHOBHBIM KOMIIOHEHTOM pa-
AMOAKTUBHOTO 3apa’XeHHUsl MeCTHOCTH nocye YepHOOBIIBCKOH
Karactpodsl, mepuosa noaypacnaga 30 jger. 3HAUUT, OT HAYAIb-

i

1
HOM Macchl M e3uA Yyepes X JIeT OCTAHeTCH m * ( 3 )W :

m(.‘r)=mo'((%)§)".

Oxonomuka. Ecinu e:xemecauHo Ha GAHKOBCKHMH BKJaJ, pas-
HEIN S, pyOneit, Hauncnsercsa p% , TO yepes X MeCHLEB BKIAJ S

B
100)

s(x)=so-(l+ ﬁ)x.

Haiigém, HanpuMmep, Ha CKOJBKO IIPOIEHTOB BO3pacTeéT OaH-
KOBCKHI BKJIaJ] 3a I'OJI, €CJIH eXeMecA4YHO OAHK HaYMCJIAEeT HAa He-
ro 2%.

1. Crauajya HaliIéM, KAKKM CTaHeT BKJaj] yepes 12 mecAnes:

$(12) = 5o+ (1 +0,02)12 = 5.+ 1,0212 = 1,275,

CTaHeT paBHBIM S, * ( 1+

2 BHQCHHM, Ha CKOJIBKO BBIDOC BKJIAX 3a roxu:

3. OnpezenuM, CKOJILKO IPOLEHTOB OT HAYAJIBHOTO BKJIaAa co-
CTABJIAET 9TOT IPUPOCT:

82) - % _ 100% = 2% . 100% = 27%.
8¢ 39
YnpaxHeHusa

154. C nomompio rpaduka pyakuuu y = 2 (M. puc. 56, 6) naii-

AuTe:

1) npubnuxéHHOEe 3HAUYEHUEe (DYHKIIUHY, eCJIM:

a) x =0,8; B) x =-0,4; mC x=.(2;
6)x=1,T; r) x =-0,6; e)” x=./3; B



9. DyHKUMA I = a*

155.

156.

157.

Puc. 60

2) npubnuKEHHBIE 3HAYEHUA apTyMeHTa, eCJIun:

a)y =0,6; B)y=2; mny=6;
6)y=1,5; r)y=3,5; e)y=4,5.

IIpuragne:xut mu rpadguky GyHKINHA ¥ = 2% TouKa:

1) A(5; 32); 3)C(4,5; 16./2);
2) B(-3; 0,125); 4) D(~1,5; %)?

Hcnonesya rpadur dyuxkuuu y = 1,5% (puc. 60), maiigure
npuGIMKEHHEIE PEIIeHNsI ypAaBHEHUA U HepaBeHCTRa: ||

1)1,5*=3; 4)1,5*=0,3; 7)0,5 < 1,5% < 4;
2)1,5*>T; 5)1 < 1,5% < 6; 8)2< 1,55 <T;
3)1,5*<3; 6) 1,5 = 0,8; 9)3 <1,5% < 4.

CpaBHHUTE 3HAYEHUS BRIDAKEHWI:

1) 2-7u 2-53; 4)0,3% 1 0,3%1; 7) 0,2%8 1 0,242,
2)4 1414003, 5) 1,18 x1,17;  8) 174 u 172,
3)5%u 50:1; 6) 26 y 2-2:5, 9) 3-8 » 348,



Fnasa 3. NOKASATENbHAA U NOTAPUGMWUHECKAA DYHKLUMIA

158. PemuTe ypaBHeHUe, IPEJCTABIASA €TI0 IIPABYIO YACTh B BUE
CTeIIeHH C TeM Ke OCHOBAHMEM, YTO M CTelleHb B JIEBOM

JacTH:

X = . =.L' O lx=f@-
1) 2¢ = 16; 4) 5% = =3 7) (2) &
2) 5% = 625; 51(1)x=%; 8)C0,2¢= _L_;

3 1125
3) 2+ = 0,25; 6) 2% = ——; 9)© ( : )x = 81.
5/16 3

159. Onpepenure a, ecau U3BECTHO, 4TO rpaduk GyHKIUHK | = a*
npoxoauT uepes Toury: 1) M(0,5; 3); 2) K(2; 5).

160.° I'paduk pyEKIUHE y = a* OPOXOAUT ueped Toukry A(4; 25).
IIpoxoauT u 3TOT rpaHuK Yepes TOUYKY:
1) B(-6; 0,008); 2) C(6; 125)?

161.© Ha pucyHke 57 mzobparkeHnl rpa@uMku (QYHKIHUHA BHUAA
y = a*. Oupejenure 3HAYEHUE @ JJIS KAMKAON U3 HUX.

162.O 1) IlocTpoiiTe rpadhux GyHKIHU:

|| e -1
6)y=(%) 3 r)y=(§) ;

2) Vraxure 006sacTh 3HAYCHUH QPYHKIMH, €€ MPOMEKYTKH
Bo3dpacTaHus M yObIBaHMA, HauOoJIblllee MM HaWMMeHbIIee
3HAYEHHE.

163.° YupocTuTe BEIpajkeHue:

23 3 . 26

3

2.3 _p2.f5 : i)
a b 1: 2) a

(af by

—a3b3 +b3
al3 + b5

164.® He peiuas ypaBHeHus 4* + 4% = 19, gaiifure 3HaUEHUE
BBIpaskeHuda 2* + 27%,

165. BriacHuTe, ABAsieTCA JU QYHKIIA:

Dy=2*+27% 2y=2*-2~*
y8THON, HeUSTHOM, UM OHA He ABJAETCA HA Y6THOM, HU He-
YE8THOM,

166.9 IokaxuTre, 4TO NpHU J10OOM 3HAUEHUHN X BEPHO HEPABEHCT-
BO 2*¥+ 2% > 2.

()



9. ®yHkuma y = a*

167. Pemure ypasHeHue:
1\ _ [1,
(%) =5
2)8*=128./2;
3)(2,573=152;

0,25
4)0,125-42¢+3 = .29,
. 2

168. Pemure ypaBHeHue:
1)7*+2-14.7x=5;
2)3**1-5.3*-1=36;

5) 92Jx — 32x-6,

6) 10~ - Jx24+5x+1 = 1000;
7) 5% - Bx-5 = 125;

3 \2-2« 8 x~2_
LOREEINT

3)5%+2_4.5%+14 4.5%-1=29;
4)5+2*-T7+2*"14+9.2%-2=§0;

SP(3) (1] (3] -o

6)© 0,25-3-3.0,2c-2- 60,251 = 500;
7). 9x — 2x+0,5 = Qx+3,5 _ g2x-1,

x+l

1
8)®4x-3 23
169. Pemure ypaBHeHHe:
1)4*-9:2*+8=0;

o(3 )-8 ) -9-0;

x

3)3-2¢—7.22 _20=0;

170. PemuTre cucreMy ypaBHeHHH:

BT |

1) {27-‘” 2y = e
3x—-5y=4;

1
25tV = i
2) { NBE-V

3x -2y =6;

171. PemnuTe HepaBeHCTBO:

1)(%)’>16;

2 _g92x-1

4)0 5x+1+51—x=26;
5)° 55%—3+5%=2;

-2

x
6)C2x-183.2 2 —-12=0.

3% - 2% =17,
Hey. ¢

82 +2v=17;

{u—(ﬁ)&v—(ﬁ)",
4)%

u+vi=12.

2) J3* < 27;

B
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30 @3- JBy>1; N2+ BL
O x " ® 3 3.

4)° (J15 - 3)* > 1; 8)®3<>=;
02*-0,5 P x x.
5) g >0; 9)* 3*+ 5* > 8*;

6)0 3 - 81 S 0; 10)‘;‘.‘ 3x 4 4* < §x,

5+4x—x2 7

172 .O Haiigure obxacTs onpeaeseHus QYHKIHMH:

1) J9* — 28 - 3% + 27; 2) 1 )

0,5* - A 3
0,5~

1739 Haijigure BCe 3HAYEHUS d, IPH KOTOPHIX YPaBHEHHE
4*-g+2*+a-1=0:
1) uMeeT ABA KOPHA;
2) He ©UMeeT KOpPHe;

3) UMeeT eIMHCTBEHHEI KODeHb. =
174.0 IlponesT MHMIAIIUN TOKA3bIBaeT, HA CKOJIBKO MPOLEHTOB
(B cpegHEM) BBIPOC/IN I€HBI.

1) BeipasuTe NpoleHT UHDJIALMY 3a X MEeCAIeB, eClIH exe-
MecaYHas HHQIALNA cocTaBana 3% .

2)® BrrypcauTe ¢ MOMOIIBI0 KAJBKYJATOPA TOLOBOM IPO-
IeHT UHPIATUHA.

n KoHTpoOnbHbIe BONPOCHI U 3aAaHUA

1. Jlroboe J¥ MOM0KHATEIHLHOE YHCJIO MOMHO IIPeICTABUTE B BHIE CTe-
[IeHH C OCHOBAHHEM 2 M PallMOHAIBHBIM ITOKasaTeseM?

2. Mexay KakUMH I10CJIef0BATe/NbHBIMI HATYPAJIbHBIMH 4HCIaMH

3aKII09eHo Yncyo 242 ?
10
3. CpaBHHTe 3HAYEHHA BRIPAIKEHHN 1" 1 13 .

4, Pemure sepasencrtso 0,25 —4-0,5*<0.

i) 10. NonsiTne norapudpma

Ilpu pelreHNH OKa3aTeAbHBIX YPABHeHHMI B IPEABIAYINEM IyHK-
Te yZABAJOCh MPEACTABUTHL 00e YacTH ypaBHEHHs B BUJE CTeme-
Heil ¢ 0AMHAKOBLEIMHA OCHOBAHMAMHU U PAIMOHAILHBIMH IIOKa3aTe-

@



10. NouaTtve norapngma
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Be NMOKasarenei: ¥ = —c. Opuako, .
4yTo0Bl PEelINuThb, Kasajaock Obl, Gojee
IpocToe ypaBHeHUe 2% = 3 UMEeIOLUXCA YV BAC 3HAHMN OKa3bIBAET-
cA HeJocTaTouHO. [leo B ToM, YTO YHCJIO0 3 HEJIb3sA IPECTABUTL B
BHJIe CTEIIeHHU ¢ OCHOBaHUEM 2 M PalMOHAJbHBIM IIOKa3aTeseM.

E

V¥ JeiicrBuTesbHO, eciu ObI paBeHCTBO 2" =3, TAe m u n —
HaTypaJbHbIe YHcJia, ObLI0 BEDHBIM, TO, BO3BE/A €r'0 B CTEIEHb 1,
MBI JZOJIPKHBI Ob1IX ObI NONYYHATE BEPHOe paBeHCTBO 2™ = 3", Ho
nmocjaefHee paBEHCTBO HEBEPHO, TAK KAK JIeBas ero 4acTh ABJIAET-
CcA YETHBIM YHCJIOM, 4 OIpaBasg — HEYETHBIM. SHAUHUT, HE MOMKET

m
OBITH BEDHBIM ¥ paBeHCTBO 27 = 3. A

C apyroii cropoHBl, rpapuK HEIPEePLIBHOK QYHKIAM Y = 27 ne-
pecexkaercsa ¢ npamMoit y = 3 (puc. 61), u, 3HaAYKUT, ypaBHEHHE
2* = 3 ©UMeeT KOpeHb.

Taxum obpasom, mepes HaMH CTOAT JABa Bonpoca: «Kak samu-
caTh 9TOT KOpeHb?» U «Kak ero Beruuciaunts?». Ko Bropomy Bon-
pocy MBI BepHEMCA B CHEAYIOIMIEM IIYHKTE, a4 OTBET HA NEPBHIH
BOIIpOC CHOPMYJIMPYeM B BH/IE OIIPeAeIeHH .

Puc. 61

IToxaszaTenb cTeeHH, B KOTOPYIO HY?KHO BO3BECTH YHCJIO
a(a>0,a1), uTo6bl MOJNYYATE YUCIIO b, HABLIBAEGTCA
aorapugpmom b no ocHoBaHMIO a 1 obozHauaercs log, b.

Teneps MBI MOKeM 3alIMCaTh KOPeHb ypaBHeHU 2% = 3:
X = 10g2 3-

Pasencrsa a* = b u x = log, b, B KOTOPBIX YUCJIO @ TIOJOKH-
TeJIbHO ¥ He PABHO €JIUHUILe, YUCJI0 b IOJOMKHUTEIbHO, a YUCJIO0 X
MOKeT OBITh JIOOBIM, BBIPAXKAIOT OJAHO W TO K€ COOTHOILIeHHE
MexJy yuciaamMu a, b u x. ITogcraBue B mepBoe paBeHCTBO BHIPA-

&
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Fnasa 3. NMOKA3ATENbHASA U IOTAPUDMUHECKAR DYHKLIMKA

D<a<l

i

01 x
\y x=al
y=log,x
a)
Puc. 62 f

JKeHHe X U3 BTOPOro, nojJy4YumM OCHOBHOE erapntbmmecrcoe TOH -
OecTBO.

OcHOBHOE JOrapudMUUYecKoe TOKIECTBO
a'%fsb =p

Beipasum x u3 paBeHcTBa Y = log, x, monyuum x = a¥. Ilocuex-
Hee PaBeHCTBO 3a4aéT (PyHKUMIO X = @Y, rpadUK KOTOPOH CUM-
MeTpHYeH rpad@uKy moKasaTeJlbHOH (PYHKIMH y = @ OTHOCH-
TeJbHO OpAMOH y = x (puc. 62, a, 6).

IokasarenpHas GYHKIUA X = @Y ABIAETCA MOHOTOHHOM, H,
3HAUUT, PA3HBIE 3HAUEHUS Y COOTBETCTBYIOT Da3HBIM 3HAYEHUAM
X, HO 9TO F'OBOPHT O TOM, 4TO Y = log, X, B CBOIO O4epejsb, ABIALT-
cA pyHKIIMeH x.

TlokasaTenpHasas GYHKOUA Yy = a* U aozapupmuueckKas QyHK-
yus y = log, x apnaiorca B3auMHO obpaTHbIMU. CpaBHMBAA MX
rpaduKH, MOKHO OTMETHTh HEKOTOpPbhIe OCHOBHBIE CBOMCTBA JIO-
rapudmMudecKoi GyHKIUHA.

= K

CgoiicrBa pyaxknun y = log, x,a>0,a=1

1. ®ysrnua y = log, x onpejgeseHa W HeIpepbIBHA Ha
MHOKECTBE II0JIOKHTEeIbHBIX YUCeJI.

2. O6nacTs 3HaveHnt QyHKOHUA ¥y = log, X — MHOXKeCTBO
IeHCTBUTENbHBIX YHCeJ.

3. Ilpu 0 < a < 1 dpyskunsa y = log, x asnaerca yobiBao-
mieit; npu a > 1 pyuxnus y = log, x ABIAETCA BO3PACTAIOMIE.

4. 'paduk pyErnum y = log, X TPOXOAHUT 4Yepes TOUKY
(1; 0).

5. Ocs opaguHAT — BEpPTHUKAIbHAA acHMOTOTA rpaduxa
\cpynmmn y=log, x. )

.




10. Mousatvre norapudpma

PaceMoTpHM HECKOIBKO IPUMEPOB, B KOTOPBIX MCIOIB3YIOTCA
cBoiicTBa norapudmMuuecKoil GyHKIUH,

PeweHwue 1. Ilo onpenenenuso sorapudpma nmeeMm:
2B-x=2x_17,

Hanee: 2% — 2% = T7=0. IIockonbkry 2% # 0, noayuaem:

(252 - T7+2¢—8=0.

Byaem paccmaTpuBaTh NOJyYeHHOE YypDABHEHHME KaK KBajparT-
HOE OTHOCHUTENbHO 2% M HalZéM ero IOJIOKUTEeNbHBIH KOpEeHb,
MOCKOJIBKY 2% > 0, To 2* = 8, Jlanee nmeem: 2% = 23, x = 3,

OTtBeT: 3.

PeweHue 2. Jlesas uacTs ypaBHeHHs 3aaéT BO3paCTalO-
my o pyHknuio y = log, (2* — 7). JleiicTBUTENBHO, IPH YBEJIHYE-
HUAU 3HAYEHUSA X COOTBETCTBEHHO YBEJIMUYHMBAIOTCA 3HAUYeHHA 2%,
2* — 7 u log, (2% — 7). IlpaBas e yacTs ypaBHeHUA 3a7a6T yO6bI-
BAIOYIO0 (DYHKIMIO ¥ = 3 — X. 3HAYUT, JaHHOEe ypaBHeHHe JuO0
He UMeeT KOpPHeil, 1160 uMeeT eIMHCTBEHHEII KopeHsb. Herpyano
noaobpaTh KOPEeHb JAHHOTO YPaBHEHUA — YHCJIO0 3.

P e weHue. Haiiiém MHOKeCTBO 3HAYEHU I TePEMEHHOH X,
IIpY KOTOPBIX BCE BXOAAILIME B JaHHOE HEPABEHCTBO BHIPAYKEHU A
MMEIOT CMBICI — 00acmb donycmumblx 3HAYEeHUI nepemerHoil
HepaBeHcTBa (00BIYHO McnoOab3yercs coxpamenue 0J13). Oxno-
BPEMEHHO JAOJIXKHBI BBINIOJIHATBHCHA CJEAYIOIIHEe YCJIOBHA: OCHO-
BaHMe JiorapudmMa u BelpakeHue, CTOALIee o/ 3HaKoM Jiorapud-
Ma, MOS0 UTEJbHEI, & OCHOBaHUe Jorapudma, KpoMe TOro, OTJIH-
gaercs or 1. Cnepoparensuo, OJ13 coeTour ua pemesnii CHCTEMBI

b—x>0, <35,
x+ 250, x>-2, OI3:(-2;-1)u(-1; 5).
x+2=1; x=-1,

Has moboro saavenus x us OJ13 npasyio yacTh JAHHOTO HEpa-
BEHCTBA MOJKHO IPEJCTABUTH B BuJe jorapudma ¢ oCHOBAHMUEM
x+2:

log, ., (5—x)>log, ., (x+2).

(0]



N

L

Fnaea 3. NMOKASATEJNIbHAA W NOTAPUDMUHECKARA DYHKLIUA

OcHoBaHue x + 2 jorapudmMoB MoxkeT 6bITH Kak Gosbine, Tak
u MeHbine 1. B nmepBomM cirydae GoJibireMy Jiorapu@mMy COOTBETCT-
ByeT OoJibIlee 3HAUYEHME CTOAINEro IIOJ er0 3HAKOM BhIPDayKeHHudd,
a BO BTOpoM — MeHbInee. CiegoBaTebHO, YTOOH IepeiTH OT He-
paBeHCTBa JIOTApU(PMOB K HEPABEHCTBY BBIDAYKEHUM, CTOAIIHX
IO MX 3HAKAMM, HYKHO PACCMOTPETSH JBa caydas:

1) ocuoBanue sorapudma Gonbine 1 (3HaK HepaBeHCTBA He H3-
MEeHAeTCHA);

2) ocHOBaHMe Jorapugma MeHblre 1 (3HAK HepaBeHCTBA MEH-
eTcs Ha IPOTUBOIOIOMHBIN).

. xt2>1, x>-~1,
C.xzytcaul.{5_x>x+2; {2x43;
Haiinesnsie sHadernsa x BxoxaT B O/13 u, COOTBETCTBEHHO,

B MHOJKECTBO pellleHHii HepaBeHCTBA.

} {x+2<1, x<-1,
Cayuai 2. 5—x<x+2; x> 1,5;

OtBeT:-1<x<1,5.

=] =X < 1,9.

HeT peleHui.

Mpumep 3. Pemrurs HEepaBeHCTBO
log; logg 5 (2x +1) > 1.
P e w eHwue. 3anumem obe yacTH HepaBeHCTBA B BHJE JIOra-
pr(dMOB ¢ OAUHAKOBLIM OCHOBAHUEM 3!

logy logy 5 (2x + 1) > 1, logg log 5 (2x + 1) > logs 3.

Jlorapupmuueckas GYHKUHMA C OCHOBaHMEM 3 BO3pacTaeT,
3HAYUT, log‘o’5 (2x + 1) > 3. IloHaTHO, Y4TO B 3TOM CcJIydae 3Ha4de-
HUA BeIpaXkeHus log, 5 (2x + 1), crosmiero moj 3HaKOM BHEIITHEro
Jorapu@dma, MOJOKHUTETbHEL. 3anuineM obe JacTU HEPABEHCTBA B
BHJIe JOTapu(MOB ¢ OAUHAKOBLIM ocHOBaHHEM 0,5:

log,, 5 (2x + 1) > log, 5 0,5%.
Jlorapudpmuueckas ¢yaxnus ¢ ocHoBanmem 0,5 yOniBaer;

VUHTHIBASA, 9TO MOJ 3HAKOM JIorapu@Ma A0JKHO OBITH MOJIOMKH-
TeJbHOe YHCJIO, AMeeM:

3
{2x+1«.0,5, 0<2I+1{§1§’

2x+1>0;
) 1 v
—1<2x<—§, -3 <*<-16"
1 7
e <L —_—,
OTBET: 5 x 16



10. Nonatune norapudpma

E IIpumeuvanue. OcBoboxaasicek OT BHemHero Jjorapudgma,
MMeOINero OCHOBaHMe 3, MBI COCJIAJNCE HA BO3pACTaHHE COOTBETCTBYIO-
miei sorapudmMuueckoit PyHKIHH, T. €. HA TO, YTO GOJBIIEMY 3HAYEHHIO
Jorapudma cooTBeTcTByeT Oosbllee 3HAYEHHE BHIDAXKEHHA, CTOAIIErO
nop ero 3Haxkom. OfHAKO cieayeT MMeThb B BHAY, 4TO eciau (PYHKIIHIO
y = logg log, ;5 (2x + 1) cumraTs sorapudMutdeckoii, To e€ aprymesT He
nepeMeHHas X, a BCé Bepaxkenue log, - (2x + 1). Eciu sxe Bcé-raku pac-
CMaTpHUBaTh X KaK aprymMenT pynkumu y = logy log, 5 (2x + 1), To aTa
(YHKIIUA OKaXKeTCA yObIBaOLIE#, TAK KaK IIPHA VBEeJIWYeHUHA 3HAYEHHUA X
VBeJIMYMBAETCSH 3HAUEHHE BhipaykeHus 2x + 1, yMeHbIIAETCA 3HAYECHHE
BeIpaykeHud log, 5 (2x + 1) u, COOTBETCTBEHHO, YMeHbIIaeTCA 3HAUEHHE

camMoi (PYHKIIUH.

YnpaxHeHusa

175. ITonb3ysack onpegenennem Jorapudma, HaiguTe:

1) a)log, 4; 2) a) log; 25;
1
6) log, 81; 6) log1 ==
.2 3 27
B) log, 5 0,125; B) log, 64;
r) log, 2—17 . r) log, o5 16;
n) log 5 8; n) logg é ;
e)© log, +2; e)© log,; /3;
@) 1, O
i) logﬁ o7 i) lOg‘*JE 0,125.
176. 3anumnTe B BUAe Jorapudma ¢ OCHOBAHHEM
: L 2, g X,
D2 23 8% M4 5y 6)x+1
yucia: a) 1; 0) 2; B) 3; r)0; o) -1;

e)—2; x) —3; 3) 0,5; n) % : k) -0,5; a) g i

177. PeminTe ypaBHeHHEe:
1) log, 32 =5; 3) log, J5 =38;
2)log, 27 =-3; 4)log, 3/49 = -2.



Fnaea 3. NOKA3ATE/IbHARA U NOFTAPUDOMUYHECKASA PYHKLIMA

178. Pemure ypaBuerune':

1) log, (x +3) = 2; 3)0 log ;3 (x2-3x—T)=2;
2) logg g (x — 5) = —2; 4)0 log 5 (x%+ 5x +2)=—6;
Fl

5)O log 2 (x+ 1) —logz(x +1)—2=0;
6)O log § 5 (2x— 1)+ 3logy 5 (2x — 1) +2=0.

179. Pemnre ypaBHeHHE, HOJb3YACH OIIPeeieHUeM Jiorapudma:

1) 2% = 5; 3)5x+1=2;
2)0,5% = T; 4)(%)"=3.

180. Pemure HEpaBeHCTBO:
1)(%)">3; 3)0 (3 J3)* > 6;
2) /3% < 16; 4)0 (V15 - 3y < 6.

181. B oHOI cucTeMe KOOPJHHAT IOCTPOHTE rpaduKu QyHKIMI,
1) y =log, x u y = log, x.
Hcnonws3ya rpadmKku, CDAaBHATE YHCIA:
a) log, 5 u log, 5; B) log, (5— /17 ) mlogy (5 - J17);

6) log, 0,9 u log, 0,9; r) log, (/2 — 1) mlog, (42 - 1).
2)y=log,xuny=log, x.
2 3
HUcnone3ysa rpad@uku, CpaBHUATE YHCJIA:
a) log, 4u log, 4;

2 3

6) log, 0,8 u log, 0,8;
2 3

B) log, (/17 —4)u log, (J/17 —4);
2 3

r) log, (3~ /2)mlog, (3~ /2).
2 3

182.1)0 B oxHOi#l cucTremMe KOOpAMHAT M300pasuTe cxeMaTude-
cKku rpaduks QyHKUui y = a* u y = b*:
a)upua>b=>1; 6)upul<b<a<l.

I MIpunaro o6ozuauenne log? b= (log, b)".

_0




10. MNouaTue norapudma

2)© B a10if ke cucTemMe mocTpoiiTe rpaduKu 06PATHBIX UM
dyaxnuit y = log, x u y = log, x

3)O Hcnonb3ys rpaduku, peluTe HEPABEHCTBO

log, x <log, x

4)® ChopmynupyiiTe npasujio CpaBHEHUs JOrapudMOB OJ-
HOTO ¥ TOTO Ke YHCJIa.

1839 CpaBHuTe:

6 7 6 8 9 8
1) log, 79 logg g H logg 7 2) log, 7 logg g logg 7
184. Haiigure obacTs onpeieIeHUA BhIPAXKEHU A"
1) log, (7x2 + 10x + 3); 5)° log, , , (Tx2+ 10x + 3);
2) log; (7 + 10x — 17x2); 6)° log,, , 5 (7 + 10x — 17x2);
3) log, _,, (2x + 3); 7)° logs, _, 23”" xl ;
3x -1
4)logy . (7 - 3x); 8)° log, x —
185. Pemure ypaBHeHHE:
1) 25% —8+5%+15=0; 3)[§)x-7-(§)’+6=0;
2)2%+10-2*—-7=0; 4)2+(0,1)*+10°+1-21 = 0;

5)® 4% —6+145.9x=0;
6)3-4%—5:6%+2:9%=0;
7)25+1-3.2%+ 5.2¢-1=15;

81(%)2” 3—2-(%)" 1 —4-(%)”=10.

186 ® Pemure ypasnenue:
1)logs (3*—8)=2 — x; 2)log, (4 *+3)=x+1.

1879 Haiigure Bce 3HAYEHUSA @, IPH KOTOPHLIX YpaBHEHHE
log, (4* — a) — x = 0 umeerT:

1) eAMHCTBEHHBIN KOPEHb; 2) nBa KOpHA.
188. Peminre HepaBeHCTBO:
1) log; (x + 2) > 2; 5)C log, — (2~ 3x +4) <1,5;
2) log, 5 (x — 2) < —2; 6)° log j; (x2 - 5x — 6) > 6;
3) 1ogJ§(x+2)€4; ®log, (x+2)>1;
4) log%ﬁ (1-x)>6; 8)®log, ., (x—-2)<-1.



Fnasa 3. NOKASATENBbHAA M NOTAPUDMUYECKAA ©YHKLIMA

189. Breinmonaus sckuasl rpadukos Gyarnuit y = f(x) u y = g(x),

penrure:

1) ypasuenue f(x) = g(x);
a) f(x) = log, x, g(x) = 5 — x?%

6) f(x) = logl 25, 8(20)= Jx =2 =2,
3

2) vepaseHeTBo f(x) < g(x), rae:

190. Pemnre HepaBeHCTBO, UCIONL3YsI METO HHTEPBAJIOB:

logs x — 2
2 - logex
loggp,5x+ 2
"2 - logsx

(@) 10g0'4 x—-2 > 0'
) 8x2-10x+7 2

191. Pemnure HepaBeHCTBO:
1)Clog, 4 (7-x)>0;
2)Olog, . (x-3)>0;
3)Clog, ;(7T-x)>1;

1) > 0;

2) <0;

2 _
4)®log ., =1 <0,

3
5)® log , ,(x+4)>0;
3
6)®log. ,(x+10)<2;
192® Pemure HEpPaBEeHCTBO:

1) log, log; (x —1) > 0;
3

2) logg g logy 5 (x +1) > 0;

2 _
4)0 7x?-10x+3

log'o.g x—2 é 0;

2
@ x:-9x-10 _ .
2 logo,e (x2-9) = %

logs (9 — x?)

08 0-x%

6) x2-3x-4 =

7)® log,, (x2—5x + 6) <1;
8)®log, ,(x2-6x+9)<1;
9)®log,. 4,.o(*x-1<1;

10)® log ,,, (3x+6)<1;
11)¥ log Aige_g (x+4)>0;

12)% log, , , (x2 + 3x — 4) < 0.

4) log, log, (2x -1) <-1;
3

5)% log, slogs i—:—g > 0;

4

ot =1

n KoHTpoObHbIE BONPOCHI U 3aAaHUsA

1. Banumwure COOTHOIIEHHMe a° = b Mekay 4YHCJIaMHu a, b U ¢ ¢ mo-
MOIIbIO JJorapudMa ¢ OCHOBAHHUEM d.
2. [Ilouemy uucno 1 HeJb3A pacCcMaTpHBaTh B Ka4YecTBe OCHOBAHUA

norapudma?



11. CeoiicTBa norapndmos

3. B uém oramume cBoiicTB JiorapudMuYecKHX (GyHKIMH ¢ ocHOBA-
HUAMHA OoapmnMu 1 1 MeHbIIIME 17

4. Pemmure: 1)ypasuenwme log, (x®—-5x +6)=-1;
2

loggx -2
S5x+1

5. Kaxwue gBa ciydas HaZio pACCMOTPeTE IPH PellIeHWH HepaBeHCTBA
log, (7 — x) > 0? Pemnre 23170 HEpaBeHCTBO.

2) HepaBeHCTBO Z ).

O_ '11. CBoiicTBa norapucpmMos

B npepsigyimeM MyHKTE Bbl HAYUMJINCH HMEPEXOAUTH OT IOKA3a-
TeJbHOW (OPMBI 3aIIMCH paBeHCTB a* = b K JorapuMuyecKoi
x = log, b u obparno. CBa3p aTuX ABYX (HOPM 3amMUCH COOTHO-
IIeHUA MEXAY YHCIaMu a, b U X Mo3BOJIAET MOJYIUTh CBOMCTBA
JsorapudMoB, OCHOBBIBASICH HA M3BECTHBIX CBOMCTBAX CTEIIeHeM.
PaccmorpumM, HanpuMmep, NpOH3BeJeHHE CTeleHed ¢ oJMHA-
KOBBIM ocHOBameM: a*a¥. Ilycte a* = b u a¥ = c. Ilepeiiiém K
norapupmudeckoit dopme: x = log, b u y = log, ¢, Toraa

be = q'°8a® . gloBac = glogab+logac Oy pokasarTensHON GOPMEI

pasencTBa bec = @%bt 108ac

(opme:

nepeizéM K JorapudMuyeckoin

log, (bc) = log, b + log, c.
3aMeTHM, YTO B JIeBOH uacTH (POPMYJIBLI 4YHCIa @ U b MOryT
ObIThH oTpULaTeEHBIMU. Torga opmysaa 6yaeT BRINIALETE TAK:
log, (be) = log, |b| + log, |e
AHanOrmyHO MOJKHO IIOJYYHUTH eIlé JBa CBOHCTBA JJIA JOra-
pu@dMOB YACTHOI'O M CTENIEHU.

CeoiicTBa norapugMoB

JlorapadM IpoHU3BeACHUA log, (bc) = log, |b| + log, |c|
norapudM 4acTHOTO log, %’ =log, |b| —log, |c|
norapudm crenesn log, b? = p log, |b|

ITocnexnee CBOMCTBO HAET BO3MOMKHOCTL BBLIBECTH BAYKHYIO
¢opMyay, € IIOMOIIBI KOTOPOM MOYXHO BEIDA3UTH JIOTApH(PM
C OJHUM OCHOBaHHEM depes Jorapudm ¢ JpyruM OCHOBAHHUEM.



Fnaea 3. MOKASATEJIbHAA WU NNOTAPUDMUYECKAS DYHKLIMKA

ITycts log, b = x. Ilepeiiném k nokasaTeabHOH hopme a* = b,
Ilponozapugmupyem amo pagenHcmeo no 0CHOBAHUI C, T. €. Hal-
mém morapudMBI ¢ OCHOBaHHWEM ¢ 00eHX JacTeil 3TOro paBeHCTBA:
log,. a* = log, b. IIlpuMenAsa K JeBO# YacTH CBOMCTBO Jorapudpma

log.b
creneHH, moay4um x log, a = log. b nam x = Ge. o’ OTKYIa
[
_log.b
log, b= .o

dopmyJia nepexoaa Jorapugpma
OT OHOT0 OCHOBAHMSA K APYTroMYy

log, b= logc b
log. a

Ilone3Ho 3aIOMHUTE YACTHBIN ciay4uail GopMysasl Iepexoja,
KOT/Ia OJTHO 3 OCHOBAHHUH ABJISAETCA CTENeHbIO APYroro:

log,» b=}3 log, b.

' IIpumeuasnmne. Bece paccMoTperHbIe cBoHcTBa ¥ (hopMya 1e-
pexopa «padoraioT», KOHEYHO, TOJbBKO KOT/la BCe BXOAANIHE B HUX BbI-
pasKeHHA HMEIT CMBICJI.

PaccMOTPpUM HECKOJBKO IPMMEPOB YypaBHEHHH 1 HEePaBeHCTB,
B PeIIeHUH KOTOPHIX IPAMEHAIOTCH CBOHcTBAa Jorapudmos.

Mpumep 1. Pemurs ypaBHeHUE
log, x =3 — 4 log, /3 + 3 log, 3.

PeweHwe. Ucnonsaya ceoiicTBa Jiorapudma npoussesie-
HH, YACTHOTO U CTENeHH «CIIpaBa HaJIeBO», IPEeJCTaBUM IPABYIO
4acTh paBeHCTBA B BU/Jie jorapu@ma ¢ ocHOBaHHEM 2:

3 -4log,./3 + 3log, 3 = log, 2% — log, (//3)* + log, 33 =
3 3
log22ﬁ = =log 3— = log, (8 3) = log, 24.
MbI OpHILIA K paBeHCTBY log, x = log, 24. ITomenyupysa ato

paBeHCTBO, T. €. HAXOAA YHMCJO II0 MBBECTHOMY ero Jiorapudmy,
nojydyum x = 24,

OTBeET: 24.
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P e w e H un e. Buipaxkenus, crosguiye Moj 3HaAKaMu Jorapud-
MOB, IOJIO¥XUTENBHBI IPHA X < —2 B IPH X > 2. OTUM YCJIOBUEM OII-
penensercsa OI13 namHoro ypaBHeHus. [Jis Bcex 3HAYeHUM X U3
O/13 k JeBO# YacTH ypaBHEHHUA MOYKHO IIPUMEHUTH CBOMCTBO JIO-
rapugMa Ipou3BeJeHHs:

logy =2 + logy(x? - 4) = log, (;‘ —2 (x2- 4)) =
= log, (x = 2)(i :_z)(x +2) _ logg (x — 2)2.

ITo onpenenenuio norapudma or paBeHcrsa log, (x — 2)? =
NPUXOAUM K paBeHCTBY (x — 2)% = 34,

Hanee umeem x — 2 = 19, x, = 11, x, = —7. O6a HalifeHHBIX
yucya Bxogar B O13, a 3HAYUT, ABIAIOTCH KOPHAMH HMCXOJLHOI'O
VPaBHEHHUS.

OtBeT:.—-7;11.

@ Ilpumeuanmmue 1. B sesoit vacTu ypaBHeHHA logy (x — 2)%2 =4
MOJKHO OBLIO BOCIOJIB30BATHCA CBOMCTBOM JiorapudMa CcTeneHu:
log, (x — 2)? = 2 log; |x — 2| (Moaynb HEOGXOAMMO IIOCTABUTE, YTOGEI He
noTepAT: KOPHHU, IIPH KOTOPBIX BhIpa)keHHe X — 2 NPUHUMAaeT OTPHILA-
TeJbHble 3HaAYeHnA ). Boobie, nojiesHo HMETh B BUAY, YTO

log, b?* = 2n log, |b|, rne n — nesoe uncio.

B Ilpumeuanume 2. CpoifcreamMu norapudmos B npeobpasosa-
HHUAX BBEIPAYKEHWH ¢ MepeMeHHBIMH CJeIyeT MOJb30BATECHA OCTOPOMKHO,
MOCKOJIBKY OHH MOTYT H3MeHHUTh 00JIaCTh HONYCTHMBIX 3HAYEHWIT nepe-
meHHEIX. Tak, HanpuMep, IPHMEHHB B JIEBOIl YACTH PACCMOTPEHHOI'O
ypaBHEHHU A CBOMCTBA JOrapudMoB YACTHOT'O M IIPOU3BEAeHHAS, MEI ITOJIY-
YUY OBl YypaBHEHHE

log, (x — 2) — logg (x + 2) + log, (x — 2) + log, (x + 2) = 4,
2 log, (x - 2) =4,
OJI3 xoroporo x > 2 aBaserca aums Yactsio 013 ucxogHOrO ypasHe-
Huda. [Ipogomkas pemenue, noryuyaeM:
logz(x-2)=2, x-2=9, x=11.
IIpn Taxom pemreHHM KOpPeHb —7 OKA3AJICH «CheJleH» YMeHbIIeHHeM
MJIH, K&K F'OBOPAT MaTeMaTHKH, cyxcenuem OJ13. TlouaTHo, uTO MOTEPIO

KOpHel HeJib3si 00HAPYKHTh, IPOBEPAA OCcTaBIINecs KopHU. IIpu peme-
HWM YpPaBHEHUN JKelaTeNbHO usfezame cyxcenusn obracmu donycmu-

MbLX 3HAYEeHUIL.
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Mpumep 3. Pemurs ypaBHeHNE
2log,5-3log;x=1.

PeweHwne. Ilpuseaém sorapudmbl JeBOH Y4ACTH ypaBHE-
HHUA K OAHOMY OCHOBAHUIO:

5 logs5 _ 1 2

log, logs x logsx’ logsx

—3logyx=1,
nockoabKy x # 1, log; x # 0 m ymMHOKeHMe ypaBHeHMA Ha logy x
He HApYIIaeT PABHOCUJILHOCTE IpeodpasoBaHu s

3 log? x +logsx—2=0.

Pemas monydyeHHOe YpaBHEHHE KAK KBaZPATHOE OTHOCHTEJb-
Ho log; x, moaydaem:

log5x1=—1, x1=%; logsxzzg, x2=9‘,\/2—5.
OTBeT:%;:’sz—é_

B npegpigymem nyHKTe ObLI IOCTaBJIeH BOIIPOC O TOM, KaK BBI-
YHUCJATH 3HA4YeHHA Jorapudmos. [Ipome Bcero sHagenue Jjora-
pudMa MOKHO HANTH C IOMOIILIO MHKEHEePHOTO KaJbKyJIATOpA.
Kak mpaBuio, KalbKyJATOPHI NO03BOJIAKT HEIOCPEACTBEHHO Ha-
XOAUTH 3HAYEHUA JOrapu@MOB Ha BRIOGOD 10 OJHOMY H3 OCHOBA-
auit 10 uau e = 2,7 (6osiee GIU3ZKOE 3HAKOMCTBO C YHCJIOM € 03KH-
JaeT Bac B CJIeAYIOMIEM KJacce).

Hecamuunvie nozapugmur (nmorapucdmser ¢ ocHOBaHmeM 10)
IIHMPOKO INIPHMEeHAJHCh B BH‘IHGJIKTBJIBHOI‘:I IpaKTHKe B J0-
KOMIIBIOTEPHBIM IepHOoJ, a JIorapu(Mbl ¢ OCHOBAHUEM €, TaK Ha-
3bIBaeMEbIe HAMYPAJbHble JO2aPUpMbL, ACTIONb3YIOTCA B Pa3JInd-
HBIX Hay4dHBIX pacuérax. Illupokoe pacrnpocTpaneHue Jyorapudg-
MOB ¢ ocHoBaHHAMH 10 M e gajo MM IpaBO Ha CHelHAabHbIE
obo3HaUEHUA:

log,pa=lga,log,a=I1na.

Ha HHX{eHepHOM KAJNBKYJIATOpPe JAJNA BbIYHCJIeHHHA 3Ha4de-
HUA eCATUYHOTO Jorapudma umeercs KJaaBuma «log», aasa
HATypaJbHOro Jorapudpma — kjaasuma «ln». A nma BeIYucIe-
HHUA JIOTAapH(MMOB C APYIrHMH OCHOBAHMAMM ecTh (popmyia ne-
pexoza.

IlyeTs, HAanpuMep, HY»KHO HalTu suauyenue lg 23,5. Habupaem
gucao 23,5 ¥ HasKuMaeM KJjaaBuiny «log». J[lucnieit KanxbKyIATO-

.
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Puc. 63

pa mokaker uucao 1,37106786227173626920048050472471
(puc. 63), KoTOpOE OKPYIIAETCA ¢ HYKHOM TOYHOCTBIO.

JlorapudMsbl, Kak CpeACTBO AJA YIPOINEHHUsS BLIYMCJICHHH,
Ob111 u306perens! B Hauane XVII B. Turarugeckuii Tpyx mseii-
napna U. Biopru, mornasana J[. Henepa, aarnuuanuna I'. Bpur-
ca ¥ roanasana A. Banakka, cOCTABUBIINX MHOTO3HAYHBIE JIOTA-
pudmuvgeckue rabauikl, 6onee 300 ner moMoras JOAAM BEIIIOJ-
HATHh pasJdvYHbIe BBIUHCIeHUA. «Omupvimue aozapu@mos, —
KaK CKasaJl 3HaMeHHUTHIH (QpaHIy3CKUHA MaTeMaTHukK, (PU3UK H
actrporom Ilwep Jlammac, — ydAuUHUNO HeR0BEUECKYIO HCU3HD,
€CU OUCHUBAMDb €€ He HUCTIOM NPONCUMBLY Jem., @ KOAULEeCMEOM
cdenannoil pabomer».

T'enpu Bpurc cocrasun 14-zHaunsie Jorapupmudeckmue tad-
aunsl. C IPHHOUAIIOM HX HCIOJIb30BAHUA MOMKHO IO3HAKOMHTHCA
Ha nmpuMepe J8Y3HAYHOIL Mabauybl 0ecCAMUYHbLY 102apUPMmo8,
paccmoTpeHHo# Ha ¢. 100.

B oroit Tabnune ¢ AByMs BXOJAMM YKAa3aHbl 3HAUEHHA Je-
CATHUHBIX Jorapudpmor umcen or 1 xo 9,9. Ilyers, manpm-
Mep, Hy:KHO HaiiTu lg 6,4. 3uaueHue sroro JyiorapudmMa Haxo-
AuUM Ha nepecedyeHuu crtpoku 6 u cronbuma 0,4. OHO paBHO
lg 6,4 ~0,81.

BeruucsiuM KopeHb ypaBHeHUA 2¥ = 3, ¢ KOTOPOTO B IPeABIAY-
ieM IIyHKTe ObIJI HAYaT pasrosop o Jorapudmax:

- _lg3 0,48
x=log, 3 g2 ~0.30 1,6.

&
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o0|01}02)|03|04|05)|06]|07]| 08109

10,00 | 0,04 0,08 |0,11|0,15|0,18 | 0,20 | 0,23 | 0,26 | 0,28

[

0,30 0,32 | 0,34 | 0,36 | 0,38 | 0,40 | 0,41 | 0,43 | 0,45 | 0,46

0,48 | 0,49 | 0,51 | 0,52 | 0,53 | 0,54 | 0,56 | 0,57 | 0,58 | 0,59

- | W

0,60 | 0,61 | 0,62 | 0,63 | 0,64 | 0,65 | 0,66 | 0,67 | 0,68 | 0,69

o

0,70 (0,71 | 0,72 | 0,72 | 0,73 | 0,74 | 0,75 | 0,76 | 0,76 | 0,77

0,78 | 0,79 | 0,79 | 0,80 | 0,81 | 0,81 | 0,82 | 0,83 | 0,83 | 0,84

0,85 | 0,85 | 0,86 | 0,86 | 0,87 | 0,88 | 0,88 | 0,89 | 0,89 | 0,90

0,90 | 0,91 | 0,91 | 0.92 | 0,92 | 0,93 | 0,93 | 0,94 | 0,94 | 0,95

L@ || >

0,95 | 0,96 | 0,96 | 0,97 | 0,97 | 0,98 | 0,98 | 0,99 | 0,99 | 1,00

He caummxom Gonbmias TOYHOCThb, HO BeAb U Tabauma ABY-
3HAYHAA.

B rabaune HeT 3HaYeHMH JgorapudMoe unces, doxsmux 9,9 n
merpmux 1. OgHaxKo TabaUIy MOMHO HCIOJIbB30BATE U JJIA HUX.
Tak, Hanpumep,

lg 438 =1g (4,38+100) =1g 4,38 +1g 100 =
~lg4,4+2~0,64+2=2,64~2,6.
120,078 =1g(7,8+:102)=1g 7,8 +1g 102~ 0,89 -2 =
=-1,11~-1,1.
' IIpmmeuanwune. 3aMerum, 4T0 B 000UX CIAyYaAX YHCIO, CTOAB-
Imee moJj 3HAKOM Jorapudma, NpeJcTABIANOCHE B CTAHAAPTHOM BHUZE!

a+*10", rae 1 < a <10 u n — menoce. [Ipu arom cam Jorapudm npeacTas-
JIAJCA B BUJIe CYMMBI cBOei po6HOIL | 11e10il yacTei:

lg(a-10")=Ilga+n.

JIpo6HYI0 9acTh AeCATHYHOrO jJorapudma Ha3bIBAIOT MAHMUCCOIL, a 1e-
Y0 — XApaKmepucmuKoil.

ITokakeM Teneps, KAK MCIOJIb30BAJIMCH JOTapPH(MEI B BEITHC-
JIeHU Y 3HAYEHUH BhIPAaKeHUN.

0,632
0,575+ .23

Mpumep 4. Beraucaurs NPUOIHKERHO
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PeweHwne. Obozrauum OYKBOH X HaHHOE BhIpasKeHUE:
0,632

0,575 /23
ocHoBaHuO 10:

H uponora,pnq:lmupyem NoJIYVUeHHOe PaBeHCTBO IIO

0,632

—=0% __ _120,632-1g (0,575 J/23)=
0,575 ./23 & g( )

lgx=Ilg

=21g0,63—(51g0,57+ % 1g23) =21g0,63-51g0,57 - %lg23.

Haiigém sHaueHU A JOrapudMos:
120,63~0,80-1=-0,20,1g0,57=0,76 - 1 =-0,24,
lg23~0,36 +1=1,36
M TIOACTABMM MX B MOJIYIEHHOE BhIPAXKEeHHEe
lg x~ 2+(—0,20) — 5+(-0,24) +§ 1,36 ~

~-0,40+1,20- 0,68 =0,12.
Haubosee 6iu3kue U3 sHadeHui, nMelommuxca B Tabaune 0,11
u 0,15, coorBercreyior lg 1,3 ulg 1,4, 3nauur,

lgl3<lgx<lgldmul,3<x<l1,4.

C moMOINbBI0 JBY3HAUHON TAOJUIIEI ¥ HEJNb3A OBLIO IOJYUYHUTH
foJiee ueM aBe 3HAUAIUE IUQPPEI, OAHAKO BCe BEIYUCIEHUA OLLIH
yerasiMu. IIpoBepsia pesysabTaT ¢ IOMOLIBIO KAIBKYJIATOPA, Ha-
xogum x = 1,375.

OTtBeT:~1,375.

YnpaxHeHus

193. 1) U3 Kakux CBOMCTB CTENeHel noay4aTca (POPMYJIb:
a) log, g = log, b—log, c; 6) log, b” = p log, b?

2) ® Buisegute aTH GOPMYJIBI.
194. Briuucaure 3HaYeHUE BEIPAYKEHUA:

1) logg 2 + logg 3; 3) log 5 12 - log ;34;
2)log, 25+ log, 9; 4) log, 12 + log 5 3;
15 15
5)® log,; 10 + logﬁ 100 - log% 0,1+ log% 16;
5
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6)® log, 49 log . 5 - log,; 27;
7)® log, 4 -log, 5-log; 6+ logg 7+ log, 8+ logg 9;
8)*log ;5 _, (V3 —48)~log ;5 , (43 +4B).

195. 3nas, uro log,; 2 = a, BEIpas3uTe Yepes a BHIPAXKEHHE:

1) log, 16; 4) log‘m 0,125; 7)® log, 2;
2) log 5 2; 5)° log, 6; 8)® log, 3;
3) log, _8; 6)° log, 3; 9)* log,, 54.

196° Haiigure:
1) 1g 56, snas, urolg 2 =a ulog, 7= b;
2) log,, 8, snasa, urolgb=aulg3=>b.

1!'-.)7.O HaiiguTe uncio a, 31as, 4T0:

1)logsa=3+2 log 57— %Iog‘9 16 —4log; 7;
2)log,a=log, 7T+2 logﬁ3 +0,5log, 57— 2.

198.® Haiipure HaTYypalbHOE YHUCIO N1 TAKOE, YTO:
1) 32.35.38. . .33n-1 =8110;
2)log, 3-logz4-log, 5-...-1log, (n +1)=10.

199.® He srruncisis snavenmii morapu(pmMoB, JOKAMKHTE, YTO
2 <log; 2 + log, 3 < 3.

200® Haijigure HauMeHbIIEe 3HAUEHUE BBIPAKEHUA
llog, 7+ log; x|.

2019® CpaBHure yuca:
1) log, 8 u logg 9; 2)log, 6 ulogy 7.

202. IIpn pemnieHNH CIeAVIONINX YPaBHEHUI HasbiBaliTe CBOIICT-
Ba Jorapu(mMoB, KOTOpPbIE BBl UCIIOJIL3yeTe B mpeobpasosa-
HUAX, ¥ mojyManTe, I3MEHAIOT JIX BLEIIIOJHAEeMbIe ITpeobpa-
soBanus OJ13 (u ecam Aa, TO Kak):

1) log, x + log, x + logg x = 11;
2) log; (8x — 2) + log, (x — 7) = 2 + logj 2;
3) log, (4+3*—6)—log, (9* - 6) = 1;

4)10gﬁi (4"—6)—1ogﬁ} (2*-2)=2;
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203.

5)log, 9 + log , 729 = 10;

6)o log,ox+ logm x+ iog%_0 f o OO logwm x=5,5;

7© ]ogﬁ x+ logh’a" x+ Iog% X+ ..+ logl% x = 36;

8)Clg (5% +x—20)=x—x1g 2;

9)0 3log, 2 + 2 - x = log, (3 — 52~ *);
10)© log; (81* + 32%) = 3 log,; 90;
11)log, ,3-log, ,2-0,5=0;
12)C log,, ., 7+ logy, 7=0;

13)° 2 log, 27 - 3 logy; x = 1;

14)° log, log, x + log, log, x = 2;

b

15)® log, x +logg x * log,; x * logg, x = 25

16)® 3x — logg 8* = logg (3%* + x2 - 9);
17)® log .16 + log,, 64 = 3;

18)® log, (9x%) - log? x=4.

Peurure ypaBHenue, torapudmupys obe ero yacTu:
lgx+5
1) x'2x =10 000; Dx 3 =105+kx;
2) o0k £+ 2 gy 8) 102x+1 = 7%
3) xiogsx—-i:%; 9)2x=3x—2;
4) x1-1&x=0,01; 10)O 5% +1=0,2.32+1;
5) x'°¥33* = 9, 11)® x%* = (%/x )* npu x > 0;
6) xlogg x _ 4x; 12). xlogg (x+3) _ 5!033 x 2

204® Pemure yerrO ypasHenue

205.

2logs x* . glogax — 400,

1) CpaBauTe BeIpaxkeHus a'°6¢ ¢ u ¢80 ?

2) Ha ocHOBaHuMM C(OPMYJMPOBAHHOIO BHIBOJA peIIUTe

yYpaBHeHHe:

a) 51 = 50 — x1¢5; 6) 25'¢% = 5 + 4x1¢5,

pos



Fnaea 3. NOKABATEJSIbHAS U JTIOFAPUDMUYECKARA DYHKLIMA

206" Pemmure YpaBHeHHE:
1) 21g x2 - 1g2 (—x) =4;
2)3lgx2-l1g2(-x)=9

207. PemuTe HepaBeHCTBO!
1)© log, (x + 27) - log, (16 — 2x) < log, x;
2)© log; , (2x+3)+log; , (4-x)<log; | (2-3x)
3)C log, (2 - Tx)—log, 4(2-8x) > log,_, (x + 4);

4)O log; (83— 1)- log, (3“2 - %) > —-3;
3

5) logs (4% + 1) + log,. , , 3> 2,5;

6)O log, log, x + log, log, x < 0;
7)® log, (x + 1) < log, (2 - x);

x
8)® log, log, (4* - 12) < 1;
9)® log, ; log, log, , 9> 0;
10)® log, log » log »x*>0.

208® Pemure CHCTEeMY HepPaBEeHCTB:

1) 25*-30-5*+125 >0,
log,(x—1)-log (x+1)<0;

x%log,, x > log‘25 x% + x log; x,

be+5=> 1L

1
{—,
{ 3 2J§+2 6

lc:g1 x -~ 1) e e H

8:4¥—-65-2*<0,
logm x* + log, 2% < 18.

4)

@
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209. 1) C noMombIo ABY3HAYHOM TaOAHIEl JorapudMOB HaiAuTe

-
.

npubaMKEHHBIe 3HaYeHNA BblPaXKeHUM:

0,4 3 2
a) 7,2 ; 5) o,oiazﬁé; Z 0,632
3,9 0,83%/13
1
) _ﬁi 3 r) 3441 | e) 14085 _ _5,[5_§ .
J5,4-3 0,783/81 /0,67

2) ® Haiizure ¢ MOMOMIBIO KAJIBKYJIATOpPA 3HAYEHUA OTHUX
BHIpAYKEHHH ¢ YeTHIDbM#A BEPHLIMHM 3HavYamuMu (KpoMe HY-
JIeil B HayaJie 3anMCcH yucia) nudpamu.

KOHTpOnbHbIE BONPOCHI U 3aAaHus

Yro npoucxozaur c¢ OJI3 npm samene log, (x(x + 3)) mna
log, x + log, (x + 3)? Yro npoucxXomuT c OI13 npu obpaTHOU 3aMe-
me? B KakoM ciyuae MOryT noTepaThesa KopHH? B kakom ciayuae
MOryT 06pasoBaThCH MOCTOPOHHUE KOPHU?

B xaxom caydae npu 3amere log, (x + 4)° Ha clog, (x + 4) moxer
npousoiitu usmenenue OJ137 Moryr im npu aToM npeobpasoBa-
HUH [IOABUTHCSA IOCTOPOHHUE KOPHU?

PemnTte ypasaenne log, x2 + logg x — log 15 x=1.
Kak ¢ moMompio Tabauilbl 3HAYEHHH AeCATHUYHBIX Jorapupmos

HalTH 3HaYeHHA Jorapudmos unces, 6onemux 10?7 Haiigure ¢ mo-
MOIIBIO ABY3HauHON Tabauns: morapudmos g 0,0057.



Fnaea 4

TPUTOHOMETPUYECKME
DOYHKLUN N UX CBOUCTBA

C0BO «TPpHIrOHOMETDPHfA» TIPOMU3OMIJIO OT ABYX I'DEYECKHUX CJIOB
«MpUZOHOH» — TPEYrOJIbHUK U «Mempeo» — HM3Mepsio, U ero
MOXHO IlepeBeCTH KaK 3HAKOMOE BaM IO KypCy ILIaHMMEeTDPHH
«pewrenue mpeyzonbHuko8». IIpH pelleHHM TIPAMOYIOJBHOIO
TPEYroJIbHUKA BbI BIEPBLIE BCTPETHIIHMCE ¢ CHHYCOM U KOCHHYCOM
ocTporo yria. B aToif riiaBe BhI paciiupuTe CBOE 3HAKOMCTBO C
CHHYCOM, KOCHHYCOM, & TAKXKe I03HAKOMUTECH eIE C ABYMA TPH-
TOHOMETPHUYECKHUMH QYHKIUAMMI: TAHTEHCOM ¥ KOTAHTeHCOM,

B ) 12. Yron nosopora

B xypce reomerpuy HaM GBIJIO JOCTATOYHO YIJIOB, HE NPEBOCXO-
pamux 360°. Muaue obeTout esio B pAze 3a/iad MeXaHUKH, CBA-
3aHHBIX C BpalllaTelLHBIM JBUKEeHHeM. B aTHX 3azjauax yacTo uc-
IOJB3YIOT MOHATHE YIJIOBOH CKOPOCTH BPAIEHUA — YI'OJI HOBO-
poTa B €IHHHUILY BDEMEHH.

Ha pucyske 64 uzobpaxéH NpoUrpeiBaTe/] b rpaMILIaCTHHOK.
B 3aBHCHMOCTH OT IOJIO}KEHUsA NEPeKJI0YaTe/d rPAMILJIACTUHKA
cosepmaet 33, 45 unu 78 o6oporos B MuHYTY. Hatizém, Ha KaKkoit
YToJI IOBOPAYHBAETCA IIJIACTHHKA 3a 1 ¢ IPHU KaXKI0M M3 II0JI0MKe-
HUH NepeKJII0YaTeNs.

YuureiBad, 4To oAuH 060POT — BTO
moBOpOT Ha yroa 360°, umeem:

_ 33:360° _

33 06/MuH = 0o 198 rpazg/c,
_ 45-360° _

45 06/MuH = 50 270 rpan/c,
_ 78-360° _

78 06/Mun ~ 05 468 rpan/c.

B nmociaeanem caydae yroJi, Ha Ko-
TOPBIA [IOBOPAYMBAETCH AUCK ITPOMT-
peiBaTens 3a 1c, okasaicsa Goabmie '
360°. B TexHHKe 4AacTO BCTPEUAIOTCH Puc. 64

©
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N

Puc. 65 Puc. 66

CKOPOCTH BpAallleHUs, AOCTUralonie coTeH 000pOTOB B CEKYHAY,
[O3TOMY IPHUXOJUTCHA PACCMATPHUBATE YIJbl, BO MHOI'O pas mpe-
pprmatomue 360°. Tak, HanpuMmep, JasepHBIH AMCK, IPHUIIEN-
MU Ha CMEHY IpaMILIACTHHKE, BpallaeTcd CO CKOPOCTBIO A0
900 06/MuH, a JUCKU B BUHUYECTEPE COBPEMEHHOI'0 NePCOHAIBHO"
ro KOMObioTepa — co ckopoctsio 15 000 06 /muH.

IIyeTs, ABUIAsCh 10 OKPYIKHOCTH, TOYKA IIepellia U3 Haualb-
HOTO TIOJIOXKEHUA A B KoHeuHoe mnosoxenue B (puc. 65). Ilpnu
3TOM OHA IOBEPHYJACh BOKPYT IeHTPA OKPYKHOCTH Ha HEKOTO-
PBI# yroJ.

0603HaYMM yToJI ITIOBOPOTAa uepes o°, Ha4aJlbHYIO0 TOUYKY I10BO-
pora yepes P, 1 KOHEYHYIO TOYKY IOBOpoTa Yepes P .. (puc. 66).

OpHAKO 3HATH HAYAJBHYIO M KOHEYHYIO TOYKH IIOBOPOTA eIé
HEeJOCTATOYHO, UYTOOBI OJHO3HAYHO ONpeAeJIUThL BEJHYMHY yr-
Ja o, TaK KaKk HeHM3BeCTHO, CKOJbKO 000pOTOB M B KaKOM Ha-
npasJieHHH (110 YACOBOM CTPEJIKe UM IPOTHB) COBePIINJIA TOYKA.
Ha pucyske 67 uzobpaKeHO HeCKOJbKO BAPHAHTOB BO3MOKHOTO
nepeMeInenua TOYKHU. OueBHJHO, YTO CyIlecTByeT OeCKOHEeuHO
MHOT'0 II0Z00HBIX IIOBOPOTOB.

YceaoBUINCh CUUTATE Y2abl NO60POMA NPOMuUE 4acosou
Cmpearu NOLONUMENLbHbLMU, @ N0 YAc060il cmpeike — ompu-
uamenbHblmu.

Tax, sa pucyake 67, a yron nosopora paser 120°, Ha pucys-
ke 67, 6 usobpakén mosopor Ha yroa —240°, a Ha pucyHke 67, 6
IOBOPOT COCTOMT M3 JBYX IIOJHBLIX 00G0pPOTOB HPOTHUB YaCOBOM

a) P, 6) P, 6) P..
840°
), (6 5
Po -240° Py Po
Puc. 67

G
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CTPeJIKH ¥ IMoBOpoTa Ha yroJu 120°, 3gauuT, yros aToro moBopoTa
pasen 120° + 360° - 2 = 840°,

3aMeTuM, 4TO JH00bIE JBa TOBOPOTA C HAYAIBHON TOYKOMH Pynu
KOHEYHOM TOUKOM P . OTINYAIOTCA APYT OT APYTa Ha IeJI0e YUCI0
NOJHBIX 060pOTOB, T. e. Ha 360° * n, rae n — mesoe YUCIIO.

B paccmoTpenHOM cirydae obmmit Buj yrios o° GyaeT paBeH
120° + 360° « n, rme n — m06oe 1eI0e YHCIO0.

O6muit BEJ YIJI0B IIOBOPOTA C KOHEYHOR TOUKOI P .:
0.° + 360° « n (n — moboe nesoe YUCO).

Iloacrasnas B Beipaskenue o° + 360°+ n BMecTo n wmena +1,
+2, +3 u 1. x., OyAem mosaydaTh yIJIbl, IIOBOPOTHI HA KOTODBIE
HMEIOT OJ{HY U TY K€ KOHeUHYIO TOUKY P ..

YnpaxHeHus
Lh o e T

210. IIpuBeuTe HECKOJIBKO IPUMEPOB BPAINATEIBHOTO IBUIKE-
HUS,

211. BapabaH cTHpajNbHOW MAIIWHEI B DeKUMEe OTIKHMMA MOMKET
cosepmarek uan 400, uau 600 oboporos B munyry. Haitgn-
Te, C KAKOH YIJIOBOM CKOPOCTHIO Bpalaerca 6apaban B Ka-
JIOM M3 3THX CJIyUaeB.

2120 CpaBHUTe 3HAYEHHA yIJa IOBOPOTA MHHYTHOH M 9acoBOH
CTPEJIOK 4acoB 3a:
1) 20 mumg; 3) 1 4 20 mun; 5) 40 u 30 muH;
2) 2 4 45 mumn; 4) 74 10 mus; 6) 10 4 40 muH.

2139 JBa yueHMKa, HAOMIOJABIINE 3a IPOEXABIINM BeJIOCHIIe-
AucToM, nocrnopunu. OXUH 3adBUII, 4TO KOJI€CA BeJIOCHIIea
BpaIllaJBCh II0 YACOBOU CTPEJIKe, 4 APYrodl — YTO NPOTHB.
MoryT 11 oHU 06a 6BITL IPaBhI?

214 ° Beayimas ¥ BejoMas 3BE3JOUYKH
OHOM U3 MOJeJIeil BeJJocCunena ume-
10T cooTBeTcTBeHHO 40 1 15 onguHA-
KOBBIX 3yOneB (puc. 68). Ha rakoit
yr'oJl IMOBEPHETCA BefoMas 3BE3J0u-
Ka, eclnd BeAylnas IOBEPHETCA HA
yroJ:

1) 360°; 2) 540°?




12. Yron nosopoTta

215. IlpeacrassTe yroa B Buge o’ + 360°n, rae n — nesoe 4ucio
u 0° <a® < 360°%
1) 840°; 3)-170°% 5) 3200°; 7) —2450°;
2) 1200°; 4) -390°%; 6) 3500°; 8) -3100°.

216. 1) IIpeacrassTe yroxa B Buje o.° + 360°n, rae n — mesoe 9uc-
gou —180° < o < 180°:
a) 700°; 6) 3500°; B) —470°; r) —2890°.
2) C noMoMip0 TPAHCIOPTUPA MOCTPOATE HA OKPYKHOCTH
HAYAJIBHYIO ¥ KOHEYHYIO TOYKH II0BOPOTA HA AaHHBIN yIroJ.

217.© Bemnumure Bce yIJbl, MOJAYJH KOTOPBIX HE NPEeBBIIIAIT
1000°:
1) 40° + 360°n; 2) —70° + 360°n (n — meJioe YUCJIO).

218. 1) O IlocTpoiiTe TOUKY Pjp — KOHEYHYIO TOYKY IIOBOPOTa
Ha yroa 30°. ITocrpoiire: a) kBaapar; 6) paBHOCTOPOHHHM
TPEYroJbHUK C BEPLIMHAMH Ha OKPYXXHOCTH TaK, 4TOOHI OA-
HOH M3 BepinuH ObLIa TOYKA Pgy.. Jla Kaa0i U3 BePIIUH
yKaskuTe 06LIMil BHJ YIJIOB IIOBOPOTA C KOHEYHOH TOYKOHA B
9TOM BepIIUHE.
2)® B kakaoMm ciaydae 3ajaiiTe OAHUM BbIpaXkeHueM 00-
Wi BUJ BCeX TAKMX yIJIOB.

2109 1) ITocTpoiiTe OKPYHOCTL C IEHTPOM B Hadajie KOOpPAH-
HAT. 3a HAYAJBHYIO TOYKY [IOBOPOTAa BO3bMHTE TOYKY €€
nepecedeHus ¢ ocbio abenucc. IlocrpoitTe T0UKY Prpe — KO-
He4YHYIO TOUYKY IIoBOpoTa Ha yroa 70°,

2) IlocrpoiiTe TOYKY PB" — KOHEYHYVIO TOYKY IIOBOPOTAa Ha
yrou B° Tak, 4To6bl TOUKH Py, 1 Py, GLIA CHMMETPUYHBIL

a) OTHOCUTENhLHO ocu abcruce;

0) OTHOCHTEJLHO OCH OpJAMHAT;

B) OTHOCHUTEJIBHO Ha4YaJja KOOPAUHAT.

3) [lna KaKaoro ciaydas yKa)KnTe:

a) HauMeHbIlIee [10 MOAYJII0 3HaueHue [3;

6) HauMeHbIIIee OJIOKUTeIbHOe 3HaYeHne [3.

220® Ilo OKpy’»XHOCTHM B NIPOTHBOIOJOKHBIX HAIPABIEHHAX
ABMIKYTCA JBE TOYKHM, OJHA ¢ yruoBoii ckopocTeio 30 rpa-
nye/c, npyras — 45 rpagyc/c.
1) Kakoe BpeMs IPOXOAHT MEXIY ABYMSA IOCIEA0BATENb-
HBIMM BCTPEYaAMH TOUEK?
2) CKoJBbKO BCEero ToYeK BeTpedn?
3) Yepes kakoe BpeMs IIOcjie BCTpedr oOe TOYKM CHOBA
BCTPETATCSH B TOM YKe caMoM MecTe?
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Bl KontponsHsie sonpocs! u 3apanus

1. Vxaure Kakoil-HUbY b OTPUIATENLHBIH VIO, MOBOPOT HA KOTO-
Pl MMEeT Ty e KOHeYHYIO TOUKY, YTO U II0BOPOT Ha yroa 100°.

2. Vraxwure 00Ul BUJ YIVIOB, HOBOPOT HA KOTOpPbIe MMeeT KOHeY-
HYIO TOURY P gc..

3. TlocrpoiiTe ¢ IOMONIBIO TPAHCIOPTHPA KOHEUHBIE TOUYKH IIOBOPO-
TOB Ha yrusl 145°, 215° u -250°.

B ) 13. Paguannas mepa yrna

Ve B [lpesnem Basuirone 3a10/1ro 0 Halueit apbl YIIbl H3Mepsi-
au B rpagycax. I'papye, Kak Bel 3HaeTe, — 3T0 5{1;"6 YacTh IMOJIHO-
ro obopora. MHOrAa Takas eAMHHIIA M3MEDEHHA OKA3BIBAETCH
CAUIIKOM Oousbimoii. Tak, HanpuMep, B apTH/JIEDUH DU YKa3a-
HHUH LEeJH YIJbl U3MEPAIOT B MbLCAYHbLY (IECTUTHICAYHBIX I0-
JIAX IIOJIHOrO 000poTa), KOTOpHIe OBbLIM BBeZeHbl BO ®paHIHUU B
koHne XVIII s.

B aToM nyHKTE Bbl IO3HAKOMUTECH Ié ¢ OMHUM CIIOCO6OM M3-
MepeHUdA YIJIoB, KOTOPhIi HanboJiee 4yacTo NIPUMEHAIOT B MaTeMa-
TUKE.

PaccMoTpuM neHTpasbHBIN Yo B 01°, KOTOPOMY COOTBETCTBY-
I0T IYTH ABYX NMPOU3BOJBHBIX KOHIEHTPUUYECKHUX OKPYKHOCTEH:
ayra A,B, pauuoit l; u nyra A,B, anunoii L, (puc. 69). O6osna-
YUM PaguyChl 3THX OKPYKHOCTe COOTBETCTBEeHHO ueped R, u R,.

Purypst A,0B, u A,0B, 1006HbI, I09TOMY OTHOIIEHUE AU~
HBI [YTY, COOTBETCTBYIOIEH IIeHTPAIbHOMY YTV B 0.°, K Paguycy
OKPYXHOCTH HE 3aBHCHT OT pasMepa OKPYKHOCTH, a 3aBHCHT
TOJIBKO OT BeJIMUMHBI yria o,

CremoBaTesbHO, YACTHOE Ii? MOXKHO
HCIOJIb30BATE AJIA ONpeNeleHUus BellH-
YHHBI COOTBETCTBYIOIIETO IeHTPAIBLHO-
ro yriaAa.

B Tom cnyuae, Korma AJMHA OYTH

paBHA pajuyCcy OKDPYKHOCTH (g = 1).

MBI nIOoJIydaem yroJa B 1 paduan — epu-
HUILY paduaHHOoll MepblL yria. Puc. 69



13. PaguanHan mepa yrna

IleHTpanbHEIA yroJ, ONUpaIuica Ha AYTY,
IUIMHA KOTOPOM paBHA Pafinycy OKPYKHOCTH, Ha3bIBAETCA
yriiom B 1 paguaH.

Ypo6bl YCTAHOBATE CBASHL MEK/Y T'PAJyCHON U paiMaHHO#| Me-
paMu OJHOT'O ¥ TOTO e yIJja, PACCMOTPUM IeHTPaJbHbIA yIol B
180°. Ou onmpaercs HA NMOJOBHHY OKPYKHOCTH — AYIY AJMHON

nR. PajuanHas Mepa 3TOro yrJja paBHa 3%? = n pax. Takum ob6pa-

som, 180° = 7 pax. Pasnenus obe wacti paBencrsa Ha 180, mo-
aygum, 910 1° = ﬁ pax. 1 HakoHeIl, yMHOXHB 3TO PABEHCTBO

Ha O, DOJYYHM:

(10 = _.gi pM.
180
AmHajlornuHo, u3 pasBeHcTBa T pax = 180° MOXKHO MOJYYUTH
(dbopmyny nepexona U3 pauaHHON MephI B rPaJlyCHYIO!
_ «180°
pag T =

dopMyIl IepeBoAa rpagyCcHON Mepsl
B PaJIMAHHYIO H 00paTHO

°=ﬂ =_a._1.§2°
© 5180 #¥e:  Gpa™ g

Pe weHue. Bocmonsayemcs dopmyoit (1):

0o_30'm _ = o_40-m _ 2z
30 180 6 paz, 40 180 9 paz,
i o SABRA 2
480° = 180 231tpa,n..
LE21 52
OTBeT.ﬁ, 9’ 23n.
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1 3
g9

, —6 pagman.

P e w e Hue. Bocnonsayemea hopmynoii (2):

B ot AB00, ous BE . Sx180° _ i
3 Paxn & T 60°, 5 ban T 270°,
_—6-180° -6-180° _ g
6 pan % g i 344°.

OTBeT:60° 270°, —344°.

Kak ornOmeHMe OAHOMMEHHBIX BeJIWYMH, pajMaHHAS Mepa
yriia ABJIAETCA YUCLOM, mO3TOMY oOo3HauYeHUe pad 0OBIYHO He

YKa3bIBAIOT, 3alIUCKIBAA [IPOCTO g = 60°, 270° = Sx -30° = —=

uT. 0. Takum obpasoM, pajgmaHHas Mepa IO3BOJSET HCIOIb-
30BaTh AEHCTBHTEIbHBIE YUCJIA JJI U3MEPEeHUSA YIJOB, YTO OCO-
0eHHO Ba)XHO B MaTeMaTUKe, MMEIOIIeil JIeJI0 ¢ YMCAOBBIMUA MHO-
JKecTBaMH.

V Paguannas Mepa yrioB IO3BOJSeT 3HAYATEILHO YIIPOC-
THTh MHOTHEe (opMysibl GU3NKH U MaTeMaTHKU. Beipasum, Ha-
TpuMep, ¢ IOMOIIbIO PAJHAHHON Mephl YIJjia 3aBUCUMOCTD MY
yriioBo# () ¥ JIMHEHHO# (V) CKOPOCTAMM PABHOMEDPHOI'O J[BUKe-
HUA 110 OKPYIKHOCTH.

ITycrs 3a t ¢ MaTepuanbHas TOYKA IPOXOAUT 1O OKPYIKHOCTH
pazguyca R nyTh, paBHBIH /, M cOBepIIAeT IIPH 9TOM IIOBOPOT BO-
KPyr IeHTPa OKPYXHOCTH Ha yroJ ¢. Torga nuneitHas CKOpoCTh

1 -
TOYKH U = -,  YIJIOBAs €8 CKOPOCTH O = 5;3 ;

W pasencrsa ¢ = }% HaxoauM, 4To [ = @R. IToagcraBum npous-
BeJileHne QR BMecTo | B hopMyury aukeilHoil ckopocmu:

v=%=5’%=mR.&

JlnneliHas CKOPOCTH PABHOMEDHOrO ABHMKEHHS IO OKPYIK-
HOCTH DaBHA NPOHM3BEJEHHUIO Y2/]060il CKOPOCMU HA PAZUyC OK-
PYKHOCTH

@

v=0R.



13. PaguaHHas mepa yrna

I'pagycHas mepa yriioB OOLIMHO IIPAMEHAETCA NPH PelleHHH

InpaKTH4YeCKHX 3ajgad.

YnpaxHeHus
be

221. IlepeBeaure yroa ua rpagyCcHoOi Mephbl B PaJHaHHYIO:

1) 0% 3) 20°; 5) 1256°; 7)-225°
2)1°; 4) 45°; 6) 185°; 8) -375°
222.1lepeBepuTe yroj u3 paguaHHOW Mepbl B IPAAYCHYIO:
. — . _.l .

1) m; 4) -0,3mn; 7) 0™

2% , T, .
2) ‘_g‘ ’ 5) 4 ’ 8) 1987"
3)0,2x; 6) 2mn; 9) 2.

223" IlepeBeguTe yroa u3 rpafyCcHOM Mephl B PATHAHHYIO, IPEJ-
CTaBJIAA Pe3yJIbTAT B BUJe IPOU3BeleHNA kT, riae B — pamu-

OHAaJIbHOE YHCJIO:

1) 36°; 4) 265°; 7)870°;
2) 48°; 5) —-120°; 8) 1020°;
3) 225°; 6) —135°; 9)-2510°,

224" 3anumure B Tabauny pajgMaHHBIE MephI () YKa3aHHBIX
YIJIOB (1°.

a®|0°]30°|45°|60°)|90°|120°| 135° | 150° | 180° | 270° | 330° | 360°

¢

225" 1) Ha pucyake 70 B OKpY’KHOCTH n %
nposesieHsl 8 nuamerpos. Cromum- 2 3 E

pyiiTe PHUCYHOK B TeTpaib. ¥ KOH-
IOB JHaMeTpPOR VEaXHUTe YIJEI 10~
BOPOTOB B rPajyCHOM M B pajMaH-

HOI Mepe.

2) VraKuTe yriibl KOHEYHBIX TOYEK
TIOBOPOTOB, KOTOPbl€é CHMMETpPHY-
HbI OTHOCHTEJILHO:

a) TOpPU30HTAJIBHOTO JUaMeTpa;

6) BepTHKAJIBHOrO AUaMeTpa.
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226.3nasa, uto —— =~ 0,0175, nepeBeanuTe B PAAMAHHYIO MEDPY

180
BeJIMYUHBI VIVIOB:

1) 20°; 4) -100°; 7) 1030°;
2) 50°; 5) 250°; 8) 1300°;
3) -80°; 6) 310°; 9) —1600°.

227. OKpy’XHOCTH MOPCKOr0 KOMIaca AeJINuTcA Ha 32 paBHEIE
JacTH, HasbiBaeMbie pymbamu. BripasuTe pym06 B rpagycax
M paguaHax.

228. Yrusl TpeyrojisHHKa oTHocATcH Kak 1:2:6. Haiigure ux
BeJIMYHMHBI B pajuaHax.

229, BeipasuTe B pajuaHax yroJj, ONUPAaONIUiCcA HA AYTY JJIAHBI
2,15 M oKpy:xHOCTH, PaANyC KOTOPOi paBeH 1,24 m.

230. 1) BeryucauTre momaas KPyrosoro CeKTopa, yroJ K0Toporo
pases 1,32 pax, a paauyc 2,26 M.
2) IInomans xpyrosoro cexropa pasaa 0,38 M2, Haiigure
YIoJI CEeKTOpa B pajiaHax, ecjii pajuyc Kpyra pases 1,52 M.

2319 IlepeBeguTe M3 pagMaHHOM Mephl B I'PafyCHYIO, B3AB

nx3,14:
1) 0,25; 3)-1,625; 5)1,15; 7)—4,382;
2) 3,45; 4) 5,285; 6) 2,64; 8) 7,168.

232. Hanumrure o0uuii B/ YIJIOB IIOBOPOTA BOKPYT HaYasa KOOp-
AuHAT, nepeBoAAamux Toyky P(1; 0) OKpYKHOCTH C IIEHTPOM
B HAYAJIE KOOPAMHAT ¥ PAZAUyCOM, PABHBIM €MHHUILE, B TOYKY:
1)M(0;1); 2)N(0;-1); 3)K(-1;0).

233. Haiigure yriioBele CKOPOCTH YaCOBOM, MUHYTHOM U CEKYH/-
HOI#1 cTpesioK 4acoB (B paz/c).

234. 1) O ¢ raxoit YIJIOBOM CKOpPOCTHIO O (paj/4) 3eMya Bpama-
eTcsi BOKPYT cBoeii ocu?

2) ® C kaxoii 1uHEHHOH CKOPOCTHIO U (KM/4) IIDH 9TOM JABH-
JKEeTCHA TOYKA 3KBATOpa 3eMJH, OTCTOALIAA OT OCH Ha pac-
croagaune 6370 KkM? BBIDOJHHUTE BBLIYHUCIEHHA C IIOMOINLIO
ABY3HAaUHOM Tabaunel Jorapudmos (cm. c. 100).

235.11IkuB cKopocTHOTO 3yeKTpoasuraresns geiaaer 120 000 obo-
poTOB B MHHYTY. OIlpeenuTe yriIoByI0 CKOPOCTH BpAallleHUsA
3TOT0 MIKUBA:
1) B rpagycax B CEKYHIY; 2) B paguaHax B CEKVHIY.

®



14. CuHyc n kocuHyc noboro yrna

236.Y9T0 0O3HAYaeT CJIOBO «PAAMANBLHAS» B CJIOBOCOYETAHHAX
«pagualibHadA JUHHAA MeTpO», «pagualbHad IJIAaHMUPOBKA
ropoxa»?

Bl KoutponsHsie Bonpock: n sapanus

1. Yro TaKkoe yroJs B OAMH paguaH?
2. Brmipasure:
3

a) B rpagycax 1,2n, —0,7Tn; 0) B pagunanax 64°, —145°.
. INocrpoiiTe HA OKPYHHOCTH HAYAJIBLHYIO H KOHEUHYIO TOYKH TI0BO-
pora Ha yroJ: 135°, ? 5 —% .

B ) 14. Cunyc n kocuHyc nio6oro yrna

Ilpu pemeHHMH OPAMOYTOJNBHBIX TPEYrOJbHHUKOB
HaXOJAT CHHYC U KOCHHYC OCTPBIX VIIOB. B Teope-
MaxX CHHYCOB U KOCHHYCOB AJIf KOCOYTIOJbHBIX Tpe-
YTOJILHHAKOB IIOABIAIOTCA U TYIIbIE YIJIbL.

Teneps HAM NPEACTOUT HAXOANTH CHHYCHI M KO- °
CHHYCHI IIPOM3BOJILHBIX YIVIOB, ¢ KOTOPBIMH BhI I10-
3HAKOMMJIMCh B ABYX HpeAbIAyIIUX NOyHKTax. Ho

CHavaja HallOMHHUM, KaK OlIpeJessieTcs CHHYC B KO- o
CHMHYC OCTPOr'o yIJjia B IPAMOYTOJbHOM TPEyTroJbHH- b
Ke (puc. 71). Puc. 71
Cunyc yraa pasen Kocunyc yraa pasen
OTHOIIIEHHIO IPOTHUBOJIEH KA OTHOIIEHUIO TIPUJIEIKAIIETO
I[ero KaTeTa K THIIOTeHY3e. KaTeTa K rHIIOTeHy3e.
sina°=2 cosa°=t—’.
¢ - c

Iloesno MOMHHMTHL 3HAYEHUA CHHYCOB M KOCHHYCOB HEKOTO-
PBIX OCTPEIX YIJIOB.

a’ 30° 45° 60°
¢ pax - - z
" 1
sin @ - g J?-‘._i
3 2 1
cos 2 - 3
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YA Y
- 1 Pw Al
1 ¢
*le \, cosog/ [\ \Po_
T 0 x i % -1\ C (o] 1
sin @
P’I
1 ¢ -1
Puc. 72 Puc. 73

CHuHYC 1 KOCHMHYC IPOM3BOJILHOTO yIJjia NPUAETCA ONPEAeIATh
no-apyromy. PaceMorpum Ijist 91010 €OUHUYHYIO OKPYNCHOCMb —
OKPY?KHOCTH C LIEHTPOM B HadaJjie KOOpPAUHAT 1 paguycom 1.

ITycrs, ABUrasch 1o aTOM OKPYIKHOCTH, TOYKA IepeLia u3 Ha-
ganeHOM Touku P (1; 0) B KoHeunyIo Touky P (puc. 72). Iloxo-
MKEeHUe TOYKK P MOMHO ONpPEAeNATE ABYMA crocobamMu: ykasasB
BEJIMYMHY YIJIA () WM yKAa3aB eé KOOPDAWHATEI X H i B JAHHOI cUC-
TeMe KOOpAKWHAT.

sas yraos ot 0 o E (ot 0° 10 90°) KoopaAMHATH TOUKH P, Hali-
2 P

A€M U3 IpAMOyTroabHOTO Tpeyronbauka P CO (cm. puc. 72), ru-
IOTeHy3a KOToporo paBHa 1:
x=cos¢, y=singq.
PaBeHCTBa OCTAIOTCS BePHBIMM AJIsA JIOOBIX YIJIOB, €CJH OIpe-
[IeJIATh KOCHHYC U CUHYC CJIEeAYIOIIAM 00pasoM.

Cunycom yraa (¢ HasbIBaeT- Kocunaycom yraa ¢
cs OpAMHATA KOHEYHOH TOY- HaskiBaeTca abcuucca
Ku nmosopora Trouku (1; 0) KOHEYHON TOYKH II0BOpPOTAa
BOKPYI Ha4YaJjia KOOpAUHAT ToukH (1; 0) Bokpyr Hauana
Ha yToJ (. KOOPAMHAT HA YyIoJ @.
y=sino X =co8 ¢

Taxum obpasom, abcyucea 11060l moLKu eOUHULHOU OKPYNC-
HOCMUu pasHa Kocunycy, a e€ opdunama — CUHYycy coomeemcm-
syiouwezo yzaa (puc. 73).

PaccmaTrpuBas () Kaxk NePeMeHHYIO, 3aMeTHM, 4TO JioboMy eé
3HAYEHHUIO COOTBETCTBYET €JMHCTBEHHOE 3HAUEHUE BhIPasKeHHs



14. CuHyc v kocuHyc nioboro yrna

cOS (@ ¥ e[MHCTBeHHOE 3HaYeHHe BhIpaxkeHud sin ¢. CrexoBarens-
HO, GOpMYJIBI ,

x=cos@uy=sing
3a7ai0T PYHKYUL TIEDEMEeHHOH (.

PeweHwue. IloctpouM eUHUYHYIO OKPYsKHOCTH C IL@HT-
pom B Hadase xoopaunat. Touxka Py(1; 0) — mavanpHas TOUKa
nosopora (puc. 74).

IToBopor Ha yrox 310° MOKHO 3aMEHUTH OJHUM ITOJHBIM 000-
poroM Ha 360° 1 noBopoTom Ha yroa —50°: 310° = 360° — 50°.

OTnoxuM OT HaYaJbHOM TOYKH P, C IOMOIIBIO TPAHCIIOPTHPA
yroa, paBHbIi —50°, u HalAéM KOODAMHATHI TOUYKH Pg . — KO-
HEYHOH TOYKH moBopora Ha yroa 310°: x~ 0,64, y~-0,77.

OTBeT:cos310°% 0,64, sin 310°~-0,77.

B 3aBHCHMOCTH OT BeJIMYMHBI yIVIa KOHEYHAS TOYKA MOMKET
OKa3aThCA B JIIO00M U3 YeTHIPEX KOOPAHUHATHBIX Ye€TBepPTeH.

ITo nonroxcenuio KOHewHOU MOYKU Yeobl HA3bLBAOM Yeaamu 1,
II, IIT wau IV vemeepmau.

B paccmorTpeHHOH 3ajade KOHeYHas TOYKA HAXOJHUJIACH B
IV werBepTH (cM. puc. 74), saauuT, 310° — yroa IV gerseprHn.
Mpumep 2. Hajitu npubiuKEHHO yIJIbl, KOCHHYCHI KOTO-

peixX paBubI 0,8.

PeweHwue. Kocuryec — ato abcmucca cooTBeTCTBYIONIEi
TOYKH eIHHUYHOH OKpy:KHOCTH. Bee Touku ¢ abcyuccaMmu, pas-
seivu 0,8, npuHaZIEKaT IPAMON, NAPAJLIEAbHON OCH OPAUHAT U
npoxopAme gepes Toury C(0,8; 0) (puc. 75). 9ra npamas nepe-

v\ Yi
1 1
Y 2
310¢
0,64 Py N37° e PE’_
et &5 0 s
-0,77 Pﬂ"
P31IJ“
-1
Puc. 74 Puc. 75



Fnasa 4. TPUTOHOMETPUYECKUE ®YHKLWMK M UX CBOMCTBA

CeKaeT eAMHUYHYIO OKPYXKHOCTh B ABYX TOukax: P u Py, cuMm-
METPHYHBIX OTHOCUTEJILHO 0cH abciuce.

C noMoIIbi0 TpaHCIOPTHPA HAXOAMM, YTO yrou o° mpudiim-
*KEHHO paBeH 37°. 3HauyuT, 001Ul BUJ YIJIOB IOBOPOTA C KOHEY-
HO# TOuKOi# P _.:

aU-
a’=37°+ 360°n, rae n — nioboe 1esIoe YUCIO.
B cuiy cUMMeTpHH OTHOCHTEJNBHO OcH abcIuce TOYKa Pﬁ., —

KOHeYHAas TOYKAa IOBOpoTa Ha yroJ —37°. 3HauuT, Aad Heé obnymii
BH/] YIJIOB IIOBOPOTA:

B°~—-37°+ 360°n, rue n — xr0bGoe 1ea0e IUCIO0.

OTBeT: 37° + 360°n, —37° + 360°n, rne n — Js0boe meJsoe
YHUCIIO.

PeweHue. CuEHyCc — 9TO OpPAMHATA COOTBETCTBYIOLIEH
TOYKH €IMHUYHON OKPY’KHOCTH. Bce TOYKM ¢ opAMHATAMH, PaB-
weivMu 0,5, mpuHAAIE)KAT IPAMO, HapalieJbHON ocH aberuce 1
npoxoasamiei uepes rouky D(0; 0,5) (puc. 76).

9ra npAaMas nepecexaeT eIMHUYHYIO OKPYKHOCTD B JIBYX TOY-
kKax: P, u P, _ , CAMMeTPHYHBIX OTHOCUTEIBHO OCH OPJMHAT.
B npamoyronbaom Tpeyronsauke OKP karer KP  paBeH mo-

n
Jn0BUHE rUnoTeHy3sl OP , 3HAYUT, ¢ = 5"

OO0muii BHJ YIJOB IIOBOPOTA
C KOHEYHO# TOYKOi P : yi

1

!
s + 2nn,
By
rae n — Jn0oboe 1esioe 4ucio. 0.5 [D P
-1

[}
O6muit BUJA YrjaoB MOBOPOTA / i
C KOHEYHOH TOUKOM P _ 8] .
O K|l
n—-Z% 4 2nn= bx + 2nn,
6 6
rae n — Jaboe 1ea0e 4ucio.
OTBeT:g+2nn.%+21m. -1
rae n — Jawdoe 1esoe Yucio. Puc. 76

@



14. CuHyc u kocuHyc nioboro yrna

YnpaxHenus

237.1) Jausl KoOpAMHATE! TOYKM P, eJMHUYHONW OKPYKHOCTH.

238.

239.

241,

YrkaxKuTe sin o 1 cos o

a)(é;g)‘ B)(—%;%);
6)(—?;—%]; r)(—g;—g)_

2) B xaxoif KOOpIUHATHON YeTBEPTH PACIOJI0MKEHA KaXKAan
TouKa?

OnpeznennTte, B KAKOH KOOPAWHATHON YeTBEPTH HAXOAHTCH
P, — xoHeuHas TOYKA IIOBOPOTA HA YIOJ (L A KAKOBBI 3HAKH
COS (L ¥ Sin o, eCIH yroJi o, pABeH:

1) 260°; 4) 480°; 7) 8760°;
2) 290°; 5) -915°; 8) 8000°;
3) 565°; 6) -825°; 9) —-9000°.

Hcnonp3ys pUCYHOK eAMHMYHON OKDPYIKHOCTH, OIIPe/ieTuTe
8HaKH cos } u sin B, ecou:

1°p=%; 3)0p=--31; 5)® B = 5,5;

2)° p=-1,6m; 40 p=1,2m; 6)® p=4,8.
240® C IIOMOIIBIO €IMNHUYHON OKPYKHOCTH HalguTe:

1)sin 1115°%; 3) sin (-2120°);

2) cos 1490°; 4) cos (—2030°).

HaiignTe o6mimii BU yrios, I8 KOTOPLIX YHCIO:

1)0,4; 3) -0,6; 5) 2;

2)0,7; 4)-0,3; 6)-3

242.

243.

ABJIAETCA: a) CHHYyCOM; 0) KOCHHYCOM.

B xaK¥X KOODAMHATHBLIX YETBEDPTAX 3HAKM CHHYCA M KOCH-
HYyca:

1) coBnapasor; 2) IpOTHUBOIIOIOMHEL?

IToctpoiite Touky P, u HaiiiuTe COS O U Sin O, €Cau:
1)a°=72° 2)a°=320° 3)a°=105° 4) a® = 215°,



Fnaea 4. TPMTOHOMETPUYECKUE ®YHKLIMU M UX CBOMCTBA

244 .O Haiignure yrisi:

1) cuHYC KOTODPBIX paBeH: a)0,5; 6) -0,5;
2) KOCHHYC KOTODBIX PABEH: a) 0,5; 6) -0,5.
245. Haiijure 3HAUEHUE BEIPAXKEHUA:
1) 3 sin 90° — 2 cos 270°; 4) 2 sin 270° — 3 cos 180°;
2) 4 cos 0° — 3 sin 270°; 5) 3 cos 270° + 5 sin 0°;
- T, . y
3) sin 3 ~Cos 53 6) sin 5 COST.

246. [Ina xakux yroos ot 0° go 360°:
1)O CHHYC paBeH KOCHHYCY;
2) O CHHYC IIPOTHUBOIOJIOMEH KOCHHYCY;

3)O CHHYC M KOCHHYC HMEIOT PaBHEIE MOJAYJIN;
4)® cunyc Gosble KOCHHYCA;
5)® cunyc MenbIIe KOcuHYCA?

247.O 3anoJsiHUTE TAOIHUILY.

a’® 0° 30° 45° 60° 90° | 120° | 135° | 150°

n T T

¢ 0 | & 1 3

- 1 | B | B
sin @ 0 3 S 2
3 2 1

Ccos ¢ 1 5 > 3

a’ 180° 216" 225° | 240° | 270° | 300° | 315° | 330°

sin ¢

cos @

248° HaiiguTe yrisl TPEyroJbHUKA X, Y U 2 B pafuaHax, eClu

sinx _siny _sinz

1 /3 2




14. CuHyc 1 kocuHyc nioGoro yrna

249, meeT J1H CMBICJ BEIpasKeHHE:

1)o A/sin165°; 6)O log, cos — 11“

2)© 1g sin 195°; 7)® /sin40° — cos40°;

3)° log,, 5 cos 243°; 8)® log, , (sin 50° — cos 50°);
4)© Jcos287°; 9)® In (sin 1 — cos 1);

5)C cos? 10)® ./sin7 — cosT?

250" Vkamure Bce 3HaYeHHud ¢ U3 nmpomexyrka [0; 2n], gua xo-
TOPBIX BEPHO PABEHCTBO:

1)singp=1; 3)singp=-1;
2)cosp=1; 4) cos ¢ = —1.
251° Banummre obmiuit BUJ yIiOB (O, AJis KOTOPBIX BEPHO pa-
BEHCTBO:
1)sin ¢ =0; 2) cos ¢ = 0.
2529® ykaxure sce snauenus ¢, IPX KOTOPLIX He UMeeT CMBICJIA
BRIpajKeHUue:
sing | cos . _ﬁ._‘_P_
1) cosg’ 8) 1-sing’ 5)" lg 1+ smq}
sin ; A ing
2) Gine smtp ) 1+ cosg’ 6): g Slnlp
253" O6macuure, Kak IoJIy4eHa [eNoYKa PABeHCTB:
= 05 5T = cos 2% — cos [—37 ) — eos [ 7%
1)cos§ cos2 0032 cos 2) cs(z),
2) sin nt = sin (—nt) = sin 3% = sin (-3n).
254.1) CpaBHUTE YHCJIOBEIE 3HAUCHHU A
Qigse T in|=%1: O i3 .
a) smﬁnsm( 6)' 0) cosﬁncos( 6)'

2) ® Kakue IpEANONOMKEHUA O IOCHEACTBUAX M3MEHEHUS
3HAKa apryMeHTa CHHYCca U KOCHHYCA MOXHO BBICKA3aTh?

B} KontponsHbie Bonpocs: u 3apanus

-
.

YTo Ha3BIBAETCA CHHYCOM M KOCHHYCOM Ji06oro yraa ¢?

N

BrimoniHue Heo6X0AuMbIe TIOCTPOCHUSA W U3MEDeHHs, HaluTe KO-
CHHYC ¥ cMHYC yrua 150°.

3 B kakoii ueTBepTH HAXOAWTCH KAXABIA M3 CIEAVIONIUX YTJOB
0,8, 1,37, 1,7r? Kakue 3HaKH UMEIOT €T0 CHHYC H KOCHHYC?

®



Tnaea 4. TPUTOHOMETPUYECKUE ®YHKLMK M UX CBOUCTBA

0 15. TaHreHC U KOTAHIreHC
moboro yrna

B xypce reomeTpun Bbl IO3HAKOMHUJIKACE C TAHTE€HCOM OCTPOTO yT-
Jia, PABHBIM YaCTHOMY CHHYCA ¥ KOCHHYCA 9TOTO yria:
sing
cosQ

C NOMOIbIO 3TOr0 PABEHCTBA MOKHO OIIPE/IeIUTEL TAHTEHC JI10-
60ro yria (¢, KOCHHYC KOTOPOT'O OTJIMYEH OT HYJIA.

tgop=

Tanrencom yria Has3blBaeTcsa
JacTHOe CHHYyCa M KOCHHYCA 3TOT0 yrjia.
sin @

tgo=-——

cos @

JI1st yrI0B, KOCHHYCHI KOTOPLIX PABHBI HYJIIO, T. €. YIJIOB BHJA
T
3 + nn (n — mo6oe 1eaoe YMCJI0), TAHTeHC He CYIIecTBYeT.

Kocuryc u cunyce mwoboro yria usobpaxkaioTred Kak abciucca 1
OpPAMHATA COOTBETCTBYIONIIEH TOYKHM EeJUHWYHOH OKPYKHOCTH.
EanHunuHas OKpPY;KHOCTS IOMOKET U IIPY U300pakeHUH TaHreHca.

Ha pucynke 77 K eIHHAYHONA OKPYIKHOCTH B Touke P, mpose-
AeHa KacareabHad; P, — KOHEYHAA TOYKA II0OBOPOTA HA YroJ @;
C — TO4YKa nepeceueHn s KacaTeJbHON U IPAMON OP.p-

a) v 0) yi
1 P < 1
P; \
(0}
“" Py | ™y Py
18] 1 x D O 1 =z
/ 'C
8) A 2) Y
1 c 1
o) P
D] Ry ﬁ N\ DlPo
0/ 1. x Q 00
PC
P, Puc. 77



15. TaHreHc v koTanreHc nioboro yrna

Opdunama mouxu C pasrna marnzency yzaa ¢.

V¥V [oxaxxem aT0. 3aMeTHM CHavaja, 4To tg ¢ 1 opAMHATA TOU-
ku C oguMHAKOBBEI 1o 3HaKy. Tak, eciau P, — rouka I wim
111 xoopauHATHOI YeTBEepTH, TO COS @ U Sin (p uiam oba MoJoMXKu-
TeabHbl (puc. 77, a), uam oba orpunarensusl (puc. 77, ). 3Ha-
YUT, UX yacTHoe tg ¢ monmoxurensHo. Tourka C B aTUX caydaax
pacnoJio)keHa B BepXHeM NOJIVIUIOCKOCTH H, CJIeJ0BATENLHO,
HMMeeT MOJIOMKUTENLHYIO OPJNHATY .

Ecau xe Touka Pm Haxopured BO II wmm B IV KoopaunaTHOI
JeTBEPTH, TO 3HAKH COS (¢ U sin ¢ pasaugnsl (puc. 77, 0, 2), cueno-
BaTenbHO, tg ¢ orpunarenes. Touxka C npu 3TOM HAXOAMUTCH B
HUKHEH IIOJIYIIOCKOCTH M MMeeT OTPHIATeNbLHYIO ODAUHATY.

Ocraérca nmokasars, uro |P,C| = |tg ¢|. 9To paBencTBO cirexyer

U3 noaobus Tpeyronsaukos PyOC n DOPQ (cmM. puc. 77):

[PoC| _[DPy| _|sin g _
1 |OD| |cos ol Itg ol.

Wrax, yrBep:kaeHue fokasaso. A

KacaTe/nbHYI0, IPOBEAEHHYIO K e AMHHIHON OKPYIKHOCTH
B TOuUKe P, Ha3bIBAIOT OCHIO TAHTEHCOB.

Hagepnoe, noaromy maremarux T. @unk B kouue XVI B. Ha-
3BaJI OTHOIIIEHUE CUHYCA K KOCHHYCY « TAHIE@HCOM», UTO B IIePEBO-
Jle C TATBIHHN 03HAYAET «Kacalomuiica».

ITpsimass OC npoxoxuT yepes HAYAIO KOODAMHAT, eé ypaBHe-
HHe, KaK Bbl 3Haere, y = kx.

ITpu x = 1 nonxyuaem y = k, T. €. yraosoit koadGUIUEHT Ops-
Mo y = kx paBen opguHare Touku C. BHauur,

k=1igq.

¥Yron ¢, o6pasoBaHHBIA B BepXHEH MNOJYIIOCKOCTH NpAMOMi
Yy = kx m nyyom Ox, HA3BIBAIOT Y2/0M HAKAOHA npamol. Takue
e yriasl 00pasyloT ¢ IOJIOKUTEeNbHBIM HaIpaBJIeHUEM OCH abe-
OHCC BCe NpAMBbIe y = kx + b:

yenoeou Koappuuuenm npamoir y = kx + b pasen manzency
€é yzaa HAKAOHA.

B Tpuronomerpum Hapaay ¢ CHHYCOM, KOCHHYCOM M TAHI'€H-
COM pacCMaTPUBAIOT KOMAHZEHC Y2]d.



Fnasa 4. TPUFOHOMETPUYECKME DYHKLIWMM 1 MX CBOMCTBA

Kotasreacom yriia HasplBaeTrcH
YJacTHOe KOCHHYyCa 1 CHHYyCa 2TOoro yrJja.
CcOs

sin @

DTO pPaBEHCTBO MO3BOJISAET ONpeJeIuThH KOTAHTEeHC J1000ro yr-
Jia, CHHYC KOTOPOTr0 OTJIMYeH OT HyJId, T. €.

¢ = nn, n — Jgoboe 1eoe YUCI0.

PeweHwne. [loctpouM eSHHUYHYIO OKPYKHOCTh C IEHT-
poOM B Hauajie KOODAMHAT M IPOBeAEM OCh TaHreHcoB. Orme-
THM HA OKDYKHOCTH C IOMOIILI0 TPAHCIOPTHPA TOYKY P,y
(220° = 360° — 140°). Yepes 109Ky Pjyyp 1 HAYAJIO0 KOOPAHHAT
NnpoBefiéM NpAMYI0 — OHA IepeceuéT och TAHreHCoB B Touke C
(puc. 78). Opaumara sroit Touxku npubamxkénHo pasaa 0,84.
3Ha4YHUT,

tg 220° =~ 0,84.
3aMeTHB, 4TO

cos 1 1
Ctg(p—sin$=sin T
cos @
Hamaem:
& 1 1
ctg 220° =———— 1,2.

tg 220° 0,84
OTBeT: tg 220°~ 0,84, ctg 220°= 1,2.

MoskHO OBLJIO AJIA BEIYMCIEHWA 3HaAUeHHs KOTAHIeHCA BOC-
[I0JIB30BATECA 0CbI0 KomaHzencos (puc. 79). Abcnucca TOUKH

Y\ L
1 1 D(1,2;1)
0.84—>— C(1; 0,84)
2 220°
ol Bis. e Po
= | 9 1 x -1 0 SR
=140°
Py Poge
=1 _1
Puc. 78 Puc. 79



15. TaHreHc v koTaHreHc nwboro yrna

nepeceyeHuss MPAMOM, Kacawineica eINHUYHON OKPYXXHOCTH B
rouxe (0; 1), c npamoit OP  paBHA KOTAHTeHCY yrJia ¢.

IToxasarenbcTBO 2TOro (hakTa AHAJIOTHYHO HAOKA3aTeNlbCTBY,
IIPOBEEHHOMY AJIA OCH TAHTEHCOB.

Mpumep 2. Hajitu o6muit B YIJIOB, TAHIM€HC KOTOPBIX pa-

BeH —1,2.

PeweHwne. Ormerum Ha ocu TaHreHcoB Touky C ¢ opau-
HaToM, paBHOU —1,2, u nposegém npamyio OC. Ilpamas OC nepe-
CexaeT eJMHUYHYIO OKPY’KHOCTb B TO4Kax P, u Py — KoHIax
oxHOro M TOrO e auamerpa (puc. 80). Yriasl, COOTBETCTBYIOIHE
9THM TOYKAM, OTIHYAIOTCA APYT OT Jpyra Ha Iejoe 4YHUCJO I0-
ayoboporos, T.e. Ha 180°n (n — mexoe umcao). C momMouisio
TPaHCIOPTHPA HaxoAuM, uro yroa P .OP, pasex —50°. 3uauur,
o0muil BHJ yIJIOB, TAHTEHC KOTODHIX paBeH —1,2, cleqylOIui:
-50° 4+ 180°n (n — nenoe unucio).

OTBeT:-50°+180°n,ne Z.

Ilo curycy m Kocunycy yruos 30°, vh
45° 1 60° nerko HaUTH UX TAaHI'€HCHI P. 1
1 KoTraHreHcel. Hanpuwmep, &
1 p
cos 30 g s 8 0 i =
> ~50°
IlepeuncieHHBIE YIJIBI AOBOJBHO k
JacToO BCTPEYalTcsaA B Pas3HBIX 3aja- =1 %
4ax, [O03TOMY IIOJIe3HO 3alIOMHUTH -1,2
3Ha4YeHUA TaHIeHCA ¥ KOTaHreHca C(1;-1,2)
9THX YIJIOB. Puc. 80
«® | 30° 45° 60°
| n n n
@ pang 6 1 3
tg ¢ ? 1 J3
ctg ¢ J3 1 -“gi




Fnasa 4. TPUTOHOMETPUYECKME DYHKLMWN U X CBOWNCTBA

YnpaxHeHus
ST

255. JlaHbl KOODAMHATEI TOYKH P, Ha eIUHUYHON OKPYKHOCTH.
Beruucaure sin «, cos o, tg a, ctg a:

8.4\ 12 94,

1)(_5'5)’ 3)(13’ 13)’
_1,_43), 2, /5
(-4 2), 4)(3, 3].
256. Onpegenure 3HAK BEIPAYKEHUS:
1) tg 148°; T)ctg X tg 33";
A 2n 5T,

2) ctg 248°; 8)tg + ctg %
3) ctg 348°; 9)0 tg 68° — sin 68°;
4) tg 548°; 10)o tg 125° + sin 125°;
5) tg 230° sin 130°; 11)tg 1,71 —sin 1,7x;
6) cos 285° ctg 185°; 12)© tg 1,2 + sin 1,27.

257. B kaKUX KOOPAMHATHBIX YETBEPTAX CUHYC U TAHIEHC HMe-
1o1: 1) ofuHAKOBBIE 3HAKY; 2) pasdHblie 3HAKKA?

258. 1) B kakux yeTBEePTAX TAHI€HC H KOTAHI'EHC:
a) MOJIOYKUTEJIbHBI; 0) orpUIATeIBHBI?

2}0 MoryT Jiu TaHTreHC ¥ KOTAHTI'eHC OJHOT'0 yIJla UMeTh pas-
HbIE 3HAKU?

259. C noMoIsi0 OCH TAHTeHCOB HaguTe:

1) tg 72°; 3) tg 126°; 5)C ctg 215°;

2) tg 40°; 4) tg 310°; 6)° ctg 165°.
260° Haitigure o6mui BUA YIJIOB, TAHI€HC KOTOPHIX PABeH:

1)1,3; 2)0,7; 3) -0,4; 4)-1,17.

261.9 Hna kakux yraos ot 0° go 360°:
1) raHreHC paBeH KOTAHI'€HCY;
2) TaHreHC IPOTHUBOIIOJI0KEH KOTAHTeHC Y ;
3) TanreHnc 0oJiblIe KOTAHI'@HCa;
4) TaHreHC MeHblIIEe KOTaHreHca?

2629 IMoxkauTe, 9TO CHHYC OCTPOTO yIjla MeHbIIIe TaAHTeHca To-

ro JKe yria.



15. TaHreHc v kotaHreHc nioboro yrna

263" C nomomsio eAnEUTHOM OKPYIKHOCTH ONPEAeIUTe, HMEeT
JIFL CMBICJI BEIDaKeHHUe:

1) Jtg 2; 2)lg tg 4; 3)4tg5; 4)1gtgh.

2649 HoxkaxuTe, uro abcrnucca TOUKHM HepecedeHUA IPAMOM
OP, c 0chbI0 KOTAHT'EHCOB paBHa ctg o.

265" BanoxsuTe Tabauny.

o’ 0° 30° |-45° .| /60°;)::902 |+1202 |, 185° |+150° |-180°
T N
B |18l =B e gl
tg o 0 43 1 —
3
ctge | — | /3
266. Boruncaure:
T, T T,
tgn cos 33 3)coss+tg4,
s 3z _1
2)ctg3+tg3, 4) 2 cos ) ztgn.

267. IIpoBephTe CIIpaBeJINBOCTH PABEHCTBA
cos 30° + tg 45° — 1 = ctg 60° (1 + sin? 45°).
2689 HaiiguTe BCe yrisbl 0, IPY KOTOPEIX BEPHO PABEHCTBO:
1)tg o= 0; 2)ctgep=0; 3)tgo=1; 4)tgo=-1.

269® Haiigure Bce yrasl ¢ us npome:xkyrka [0; 2n], ana xoro-
PHIX BEPHO PABEHCTBO:

1tgo=/3; 9 tgo--2;
2)ctg(p=J§; 5)1g tg 9 =lg sin ¢ — lg cos @;
3)tgo=-43; 6) lg ctg @ = 1g cos ¢ — 1g sin o.
2709 yxaxure Bce VIJIBI O, JJISI KOTOPBIX HE MMEeT CMBICJIA BhI-

paskeHue:

1 1
) ize Y sgi=1 Jgtg e

1. : [
2)ctg¢. 4)tg‘p+1, 6) 1g ctg o.
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271.® Banumure ypaBHeHMe NPAMOI, eCOH M3BECTHO, UTO OHA
npoxoaur: 1)depes HAUANIO KOOPAHWHAT; 2)Yepe3 TOUYKY C
koopaunaramu (0; 3) 1 e€ yroJs HaKkJIOHA PaBeH:

a) 30°; 6) 45°; B) 120°; r) 135°.
272.Yro Gosple:

1) sin 1° mam sin 1; 3)C sin 15° wam sin 15;

2) tg 1 unm tg 2; 4)O cos 3 niu cos 4?7

n KOHTpOsbHbIE BONPOCHI U 3aAaHNs

;[ Yro HasbIBaeTCA TAHETEHCOM M KOTAHIeHCOM Jioboro yriaa ¢?

2. Ilpum Kakux sHaueHHAX () BEIpakeHnue ctg ¢ tg ¢ He mmeer cMeicaa?
IMokaxuTe, 4TO paBeHCTBO ctg ¢ tg ¢ = 1 BepHO NNPH BCeX JONYCTH-
MBIX 3HAYEHHUAX (.

3. C nomompio ocu TaHreHcoB HalauTe tg (—40°).

16. Npocrenwimne
TPUroHOMeTpU4YecKkue ypasHeHus

B npeaplAyIuX IIYHKTAX BRI YK€ HAXOAHUJIM YTOJ MO 3HAYEHHIO
ero CMHyca, KOCHHYyCca, TAHNeHca WK KOTaHIeHca.

Ypasuenus suga
sinpg=a, cos¢o=a, tgo=a, ctgop=a
HA3BIBAIOTCA NPOCTEHITHMH TPUTOHOMETPHYICCKHMH
YPaBHEHHAMH.

B pmanpreiimem OyayT BCTpedaThcs pPa3iHYHBIE TPUTIOHOMET-
pUUecKue ypaBHEHHs, OAHAKO BCe OHM B Ipolecce pemenus Oy-
AYT CBOAWTHCH K mpocTeiimum. EcrecTBeHHO MO3TOMY CHaYasa
BBIACHUTH, KAK PelIalTcs IIPOCTeHInue TPUTOHOMETPHYeCKUe
ypaBHEHH .

YpaBHeHwme sin ¢ = a

Ilpamas y = a upu —1 < a < 1 mepecexkaerT OKPYXHOCTb B
AByx Toukax P, m P, (puc. 81). Yucaro @, npunadredxcauiee

npoMeNymry [—g; %}, CUHYC KOMOPO2O paAGeH @, HA3bLBAIOM

apxcunycom a. O603HaYeHue: arcsin a («arc» o3Havaer «ayra»,

fas



16. MNpocTeine TPUroHOMEeTPUYECKNE ypaBHeHus

a MeJHKOM «arcsin a» MOKHO IIepeBecTH Yy
KaK «yroJ, CHHYC KOTOPOI'O PaBeH a»). 1P,

Ws pucynka 81 BugHO, uTO ypaBHe- p_ q/’*"\p
HHUe sin @ = a npu —1 < a < 1 umeer aBe a .2
Cepuu KOpHeM. [ \Po

~1 0 1 x
sing =a,
1) ¢ = arcsin a + 2nn,
2) ¢ =t — arcsin a + 2nn, ~1hp
s —(n/2)
n — moboe 11eJ10e YHCI0.
Puc. 81

Bripakenwue /71 BTOPO# cepuy KOPHEH MOYKHO HECKOIBKO yII-
POCTHTH, BAIUCAB:
¢ =-arcsina + (2n + 1)n.
Pemenne Kaaoro U3 ypaBHeHH sin @ = 1 u sin ¢ = —1, Kak
BEI y3Ke BUJI€JIH, 3AallIMChIBAeTCA B BU/IE OJHOM CEepHH KOPHEH.

sintp=1,cp=g +2nn,neZ;

sinq:=—1,tp=—g+2:m,uez.

YpaBHeHue cos ¢ = a

B pamHOM ciiydae HaZlo pacCMOTPETH NPAMYIO, NEePHeHAUKY-
JAApHyl ocu abcnmee, kotopas npu —1 < a < 1 nepecexaer
OKPYKHOCTB B ABYX Toukax P, u P_, (puc. 82). Kax u B npe-
ABIAYINEM cJiy4dae, AJA YHUCJaa () BBOAAT CIelHanibHOe HA3BAHUE
«aDKKOCHHYC a» — KOpPeHb YpABHEHUS COS X = a, npunadJe-
scawuir npomexncymry [0; n] (1a puc. 82 coorBercTByIOmIAas Ayra
€IMHUYHON OKPYIKHOCTH BhIjeJieHa); obo-
3HAYAIOT ApKKOCHHYC 4YHCJIA d: arccosa
(yrosa, KOCHHYC KOTODPOT'O PaBeH a).

W3 pucyHKa BHJHO, YTO ypaBHEHUE
cos ¢ = a npu —1 < a < 1 umeer JBe cepum
KOpHEeH.

cos g =a,
¢, = arccos a + 2an,
(= —arccosa +2nn,n € Z.

Puc. 82

&



Fnaea 4. TPUTOHOMETPUYECKUE DYHKLIUA U X CBOMCTBA

Kak u B cayyae cuHyca, pellleHHe KaXJOoro U3 ypaBHEHHI
cos 0 =1 1 cos ¢ = —1 3anuchIBaeTCA B BUAE OJHOM CePUH KOPHEei.

cosg=1,9=2nn,n€Z;
cospg=—-1,9g=n(2n+1),n€Z.

OTMeTHM, 4TO ecJIM yucio a 6oabure 1 wiu MeHbIne —1, TO HU
ypaBHeHMe Sin ¢ = a, Hi ypaBHEHMUe COS () = @ KOPHe# He HMeIOT.

YpaBHeHua tgg=anctggo=a

Pemennsa ypaBHeHHIl tg ¢ = a u ctg ¢ = @ IPOMJIIIOCTPUPYeEM C
IIOMOIIIBLIO OCel TAHTeHCOB M KOoTaHreHcos (puc. 83).

9)
al — 4(1;a)

9
K P,

y

(a; 1) 1

.(.)/1‘;;

a)

Pwuc. 83

SICHO, YTO YMCJIO @ B DTHUX YPABHEHUAX MOKeT OBITH JII00BIM.

T. e. arctg a — yroJ us npo-

MeKyTKa | — I. Z) raHreHc
25 2

KOTOPOTO PaBeH a,

\ tg (arctg a) =a.

& tgg=a, ctggp=a, ™
g=arctga+nn,ne€Z, ¢=arcctga+mnn,n€Z,
0 <arcctga <m,
-2 <arctga<£, 5
2 2 T.e.arcctga — yroa wus

npomesxyrtka (0; w), koraH-
reHc KOTOpPOTO paBeH a,

ctg (arcetga)=a.

@_




16. Mpocreilune TPUroHoOMETPUYECKUE YPaBHEHWS

Mpumep 1. Haiitu kopuu ypasHenus 2 sin x + /3 = 0, npu-
Hajexamue npome:xkyrry [0; 2x].

PeweHwne. 3amenum nanHOe ypaBHEeHHe IIpPOCTEHITUM

J3

YpPaBHEHHEM Sin x = 2 Ero kopHH:

1) x = arcsin (—%J +2nn,necZ;
J3

2) x =t — arcsin (—?] +2nn,neZ.

W3 pucyska 84 BuIHO, 4TO
arcsin (—a) = —arcsin a.
C y4€TOM 9TOr0 MOJKHO 3aITMCaTh:

: J3 . J3 n
rcsin | —2— | = —arcsin = =——,

a ( 2 ) arc ) 3

ITpoponskas peleHue ypaBHeHU A, TOJTYIUM:

1)x=——g+2nn,nez; 2)x=n+§+21rn,nez.

Byanem noacraBiaATe B 9TH ABe CePHU PeIIeHUIl 1esble 3HaUYe-
HUSA N ¥ OUpejAesATh, IPUHAMJIEKAT JU [OJydaeMble TIPH 3TOM
peineHusA npomekyTry [0; 27].

IIpu n = 1 umeem

T on
X, =—= +2n==—,
1 3 3
Jpyrue peimeHus 3TOW CepUM BHIXOAAT 3a I'DAHMILI IIpPOMe-
JKYTKa, IIOCKOJIBKY OTCTOAT OT X, He MeHbIlle, 4eM Ha 27, a rpa-

HHUI(BI TPOMEKYTKA OTIMYAIOTCH OT v
X, MeHbIlle, yeM Ha 27. 1
AHAJOTMYHO TOJYyYaeM eJHHCT- p
BEHHOE pPellleHue BTOPOi CepHU, BXO- 7 i S
AAlee B YKa3aHHLIH IPOMEKYTOK 7
npu n = 0: S
-1 0] S
T 4n
Xy =Tz =5 5,
9 3 3 N EE
Pamsln(—a}
Orsev 38, 4, =
3" 3 Puc. 84



Fnaea 4. TPUTOHOMETPUYECKUE ®YHKLMWU U UX CBOMCTBA

J3

B IIpumevaHHue. Honmnupocreﬁmeeypaanennesinxw—?,

MOYKHO OBLJIO H300pasHuTh ero pellleHHd HA eJUHUYHON OKPYXHOCTH
(puc. 85) u cpa3y 3anucaTk OTBET.

Mpumep 2. HaiiTu 3Havenne arccos (cos 3—; ) i

PeweHwne. [lasa ao6oro a us npomexyrka [0; n]
arccos (cos a) = a.

ITockounsry 0 < 3—5“ < T, arccos (cos %) — .3:52 :
OTBET: 3?“

PeweHune. Oboznauum tg x 6ykBoi y, Toraa fagHoe ypas-
HEeHHe IPUMeT BHJ
Ty2 -y —-6=0.

Ero kopum: y, = 1, y, = —- . Boaspamascs K IepeMeHHOi X,

-~

IOJAYy4YHM:

Dtgx=1, x =g + nn (n — nr06oe nenxoe IUCI0);

2)tgx= —g , X = arctg [—g) + nin (n — m0b0e meioe YUCI0).

3ameTumM, 4To arctg (—g ) = —arctg g (puc. 86).

Y|
914 1
6
/\ 7 arctg-g
n f-\\ 21‘:__=
-1 1 x -1 0 1 x
"/;é 6 arctg (-(—57—)
47 L —"5n 7
¥ asx =
3 2 3 1
Puc. 85 Puc. 86



16. MpocTeilune TPUroHOMETPUYECKWE YPaBHEHWS

ITosToMy BTOPYIO CEPHIO PeIIeHU i MOXXHO 3aIMCcaTh TaK:
6
x =nn — arctg 7 (n — moboe negoe 9Yucio).

L3

OTBET: 3

+ nn, nn — arctg g (n — mo6oe 1meJioe Yucio).

YnpaxHeHusa

2730 HUcnonwaysa Tabiauny sHa4eHUH CHHYCOB M KOCHMHYCOB, IO~
JYYEeHHYIO IPH BuIMOJAHeHUH 3ananud 265, sanoasuTe Tabd-

JULY.
a . = 2 |_2| B |_B
1 1 0 0,5 0,5 5 5 5 5

aresin o

arccos o

274. Vcnonbays Tabauny sHaYeHWH TAHIMeHCOB M KOTAHTE€HCOB,
MOJYYEHHYIO TIPH BBINOJHEHHH 3ajaHua 247, 3anoyHUTe

Tabauny.

« -1 1 0 3 | -3 ? - 2?
arctg o
arcctg o

275. IlocTpoiiTe yroj, paBHEI:

1) arcsin % : 3) arctg 2;

3). o
2) arccos (_Z)’ 4) arcctg( 4).

276" Hcenone3ysa rpadpuyueckKyo HINIOCTPAlMI0, ONpenenTe
3HaK pPa3HOCTH:

1) arcsin g — arcsin 1; 3) arctg 1 — arctg 4;
2) arccos % —arccos 1; 4) arcctg 3 — arcctg 1,5.

e



Tnasa 4. TPUTOHOMETPUYECKUE ®YHKLIMM M UX CBOMUCTBA

277® B kaxux rpaHuIax 3aK/IOYEH YIoJl:

1) % arcsin p;

2) 2 arccos p;
278. Beruucaure:
T
1) arcsin 3}

_3

2) arccos ( B

)

279° Haiianre 3HaueHne B

)

2) aresin [sin g),

3) arctg (-1);

T
Ccos =

1) arccos ( 6

3) arctg (tg 1);

3) g + arctg p;
4) n + arcctg p?

4) arcctg J3; 7) arctg -":/3-»5 :
5) arccos 0; 8) arcctg 0;
6) arcsin 1; 9) aresin @

BIPAYKeHHA:
4) arcctg (ctg 1);
J2

arccos ~“—
2

5) cos (

)
)

=

6) sin (arcsin 2

280" Haiigure sHaueHNe BLIPAIKEHUAA:

/3

1) sin (arcsin

2

2) cos (arccos B

-— =+ arccos =—
2 2

+ aresin

J3

)
)

My

2

3) cos (arctg 1 + arcctg 1);

J3

4) tg (arcsin 2

281° Mosker mu: 1) arcsin ¢; 2) arccos ¢; 3) arctg t; 4) arcetg t

NIPpHHHUMATDHL 3HAYEeHHe:

a) 0; r) J/2;
6)-1; S
B) 1; e)—%;

54

+ arctg ﬁ)

}K]g; K) —27;
3) 53 1) 3./5;
) ; M)-"{?—:_;?



16. MpocTeiwmne TPUroHOMETPUYECKNe YyPaBHeHUs

282.Cpasnaure . 1 3, ecau:

1) ba +E = arcsin (— g ) u 103 + — = arccos (—?2);
- 1 _dn _ _J3
2) 3(1—5 —arccos( 3 ) u 3p arcsm( ) ]
283. [Ina kaKUX 3HAYEHUI @ MMeeT CMBICJ BhIpasKeHue:
1) arcsin a; 2) arccos a; 3) arctg a; 4) arcctg a?
2840 HaiigjuTe KOpHHM ypaBHEHMS, IIPUHAJJIEKAIINe OTPe3Ky
[0; 2n]:
1)sin x = 0; 5)251n(§—x)=1;
2)cosx—1=0; 6)ctg(x—m)—1=0;
3)3tgx+.3 =0; 7)2cos(x-g)+ﬁ=o;
4) ctg?2x -3 =0; 8) 2sin2x — /2 sinx =0,
2859 1) BepHo 11 yTBEpKeHUE, YTO IPH JIIOOOM 3HAUEHUH a:
a) arcsin (sin a) = a; B) arctg (tga)=a
6) arccos (cos a) = a; r) arcctg (ctg a) = a?

2) Ecsiu BBI cumMTaeTe, 4TO YTBEPKAeHUe HEBEPHO, IPUBeIH-
Te OIPOBEPTalIIAii IpUMep.

2869 BepHo au yTBepiKIeHUe «arcsin (cos a) = g — a pjna nwbo-
ro 3HAYEHUuA a»?

287° Yro osmauaior ciosa apka, aprada? CymiecTByeT JH Ka-
Kasg-HUOYAb CBA3H ITHX CJIOB CO 3HAUEHHMEM IIPUCTABKH
«apK» B CJIOBAX «APKCUHYC» , «APKKOCUHYC» ?

288® Pemure ypaBHEHUe:
1)4sin?x+5sinx+1=0; 2)3cos?x+2cosx—5=0.

289.1) O0bsicHUTE ENOYKY PABEHCTB

g = arcsin £ = arccos % = arctg /3 = arcctg g 5
2) COCTaBbTe AHAJOTHYHBIE HMENIOYKH PAaBeHCTB OJIA YHCeJl
L
6 4

&



Inasa 4. TPUTOHOMETPUYECKWE ®YHKLUKN N UX CBOWCTBA

B} KontponsHsie Bonpocsi n 3apanus

1. Cohopmyimpyiite onpejeseHus apKCHHyca, ApKKOCHHYCA, APK-
TaHMeHCa ¥ apKKOTAHIeHCa YHCIa.
2. Breruuciaure [arcsin @ + 2 arccos I'? arctg

/3

2 2 3/

3. HaiiguTe KOpHH ypaBHEHUs, NPHHA/IeKaITHe oTpe3Ky [0; 21]:
a)sinx-0,5=0; 6)tgx—-1=0.

B ) 17. ®opmynsi npuseneHus

Yie B [OPEBHOCTH NPHU BLINOJHEHWN pPA3JIUYHLIX pPacyéTOB
NPUMEHANUCH TaOIUIBI, B KOTOPEIX OBLIN OPHUBEAEHBI 3HAUYEHUA
CHHYCOB, KOCHHYCOB M TAHI'@HCOB OCTPBLIX VII0B. YT00HI 1M0OIB30-
BATHCA TAKUMH TabIMIIAMH, HYKHO GBLIO YMETh IPUBOJAUTH TPH-

roHoMeTpHYecKHe PyHKIMH K yriam ot 0° mo 90° (o'r 0 nog ),

T. €. BBIPA’KaTh 3HAYEHUA TPHUTOHOMETDHYECKHX (DYHKIHH JI0-
OBIX YIJIOB Yepe3 3HAYEHUSA TPUIOHOMETPHUYECKUX (DYHKIHMIA yr-
gos ot 0° mo 90°.

PaccmorpuMm cHavasa, KaKk TPUrOHOMETpHYECKHe (DYyHKIUH
moboro yryia npuBogAaTca K (QyHkmmam yriaos or 0° mo 360°
(or 0 o 2n).

ITockonbKy MOBOPOTHI HA YIVIbI, OTJIMYAIOLIKECHA APYT OT Apyra
Ha 360°n (Ha 2nn), rae n — n060€ 1eJI0e YUCI0, UMEIOT OJHY U TY
JKe KOHEYHYI0O TOYKY, TO YMeHbIIeHHEe HJIN VBEeIWYeHUe apry-
MEHTA TPUTOHOMETPHUYEeCKON (pyHKIHMH Ha 27 He H3MeHseT eé
3HAYEHU .

sin (¢ *+ 2n) =sin @

cos (g £ 2n)=cos @
tg(px2n)=tgg

ctig(px2n)=ctgyqy

Mpumep 1. [Ipusectu k yray ot 0° go 360° (ot 0 g0 271):
597 )

cos 2000°, sin (— &



17. ©opMynbl NpUBEAESHUS

PeweHue. cos 2000° = cos (2000° — 360° - 5) = cos 200°;

=sin X
X

6 6

Eiin(—@)=sinE —-2m+5

OTeeT: cos 200° sin g

[MosyuuTs caeAyiouue Tpu GopMyJisl NpUBEAEHUA HAM ITOMO-

I'yT PUCYHKH.
Ha pucysxe 87 rouxu P, P_,, P,

H

P

n+qg

— KOHe4YHEkIe TOY-

KU MOBOPOTOB Ha YTJIBI @, —(p, T—Q n n + ¢. Touxkn P, u P_, cum-
MeTpPHYHBI OTHOCUTEJLHO ocu abciucc, 3HAUMT, aﬁcunccm 9THX
TOYeK PaBHBI, & OPAUHATEI IPOTUBOIOJIOM HEI.

cos (—¢) =cos ¢
sin (—@) = —sin @

Touxku P, _ u P_q,, a TaxkiKe TOYKH Plp
u P ABIAIOTCA KOHIAMH COOTBETCT-
BYIOIIMX JMaMETPOB EAWHHUYHOH OK-
PYIXHOCTH H, CJleJ0BaTeJbHO, CHMMeT-
PUYHBI OTHOCHUTEJILHO €€ IleHTpa — Ha-
yana KoopauHar. A6cnucchl 9THX
TOYEK IIPOTHBONOJIOMKHBI, ITPOTHBOIO-

JIOHBI ¥ X OPJMHATEHI.

cos (T — @) = —cos (—¢) = —cos ¢
cos (m+@)=—cos ¢
sin (n — @) = —sin (—¢) =sin ¢
sin (1 + @) = —sin @

Dt HOPMYJIBI IOZBONAIOT TPUBECTH
& yrutam ot 0 10 g (ot 0° o 90°) cunyc 1

KOCHHYC JIO0BIX YIJIOB.
Touxkn P, n PE ’ (puc. 88) — xo-
2~
HeuyHEBIe TOYKHM [OBOPOTA HA YIJbI () U

L
3~ ¢ 9TH TOYKH CHMMETPHYHBI OTHO-
cuTeNbHO npaAMoit ¥ = x. C cummMeTpueit

vk
1
B P,
Pl)‘__
x| 1 x
P
R+ o i Pw-a
Puc. 87




Fnasa 4. TPUFTOHOMETPUYECKUE DYHKLM U UX CBOMCTBA

OTHOCHUTEJIbHO 3TOM NIPAMO# BBI yiKe BCTPEYaInCh, paCCMaTpPHBas
rpaMKy B3aUMHO-06paTHBIX QYHKIMIL.
Abcnucca roukn P_ paBHa OPAHHATE TOUYKH Pq,, a opauHaTa
50
2

Touku P,  paBna abcnucce Touku P
39
2

U = gj i s =
008(§ —q}) =sing Sln(z @) COoSs ¢

[Tonryuennsie GopmMyTbl IPUBEEHNUS O3BOIAIOT IIOHATE PO~
UCXOXK/IeHUe TePDMUHOB «KOCHHYC» M «KOTaHTeHc». B dopmyse

sin (g - cp) = COS () apryMeHT KOCHMHYyCAa [AONOJHAET apryMeHT

CHHYCa 0 g , IOJIy4aeM g = tp] +¢= g . OT HepecTaHOBKH CJIOB

sinus complementi (CUHYC JONIOJHEHUS) ¥ COKPAINEHUA OLHOIO
U3 HUX 00pasoBajiC TEDMUH «KOCHHYC». TeDMHH «KOTAHI'GHC»
CTAJIM IPUMEHSATH 110 AHAJIOTUH C « KOCHHYCOM» .

n

J1st npUBEAeHNA K Yrily (¢ CHHYCOB ¥ KOCHHYCOB YIJIOB 3 0
3n 3n
3 ~ @ H 5 + ¢ MOXHO HCIONB30BATE CHMMETPHUY TOUYKH P
3~ ¢
C TOUKOW P,  OTHOCHTENLHO OCH OPAMHAT, C TOUKOH P,
27 ° L
OTHOCHTEJIbHO Ha4yajJa KOODAMHAT M ¢ TOYKO#W Py oTHOCH-
e
TeJbHO ocH abenuce (puc. 89).
Ho moxuO mpumenuts u yxe mo- i
JiyueHHBIE (OPMYJBI NpUBENEHHA. p 1
JLJIsz 9TOr0 AOCTATOYHO BAMETHTD, UTO g 3 V— P
n
3-°
2
x = z _
§+(p—1t—(2 (P)o Pn..-
3 / 1 =x
1l n
— —p=7014+(= -
T ¢ ﬁ + ¢
2
32—“ +(p=27t—(g ~cp).
Puc. 89

©



17. @opMynbl NpuseaeHUs

@opMyJIsl IPUBEACHHUA JJIA TAHIeHCA U KOTAHTeHCa JIETKO 110~
JIVYUTH, PACCMATPUBaA UX KaK YaCTHbIe CHHyCa X KOCHHYCa, Ha-
npuMep:
sin(n—¢) _sing _

O o) s 9 —tg ¢.

a ¢+ 2an - "R—¢ a+q
sin a sin @ —sin @ sin @ —sin @
cos o cos @ cos ¢ —Cos ¢ —CoSs ¢

tga tgo -tg ¢ -tg ¢ tgo
ctg o ctg ¢ —ctg o —ctg o ctg ¢
sin o cos cos ¢ —Cos —cos @
cos O sin @ —sin @ —sin @ sin ¢
tga ctg ¢ —-ctg ¢ ctgo —-ctg ¢
ctga tgo -tg o tgo —tgo

dopmMyIbl TPUBEAEHUA SABIAIOTCA TOMKAECTBAMH, T.€. OHH
BEpPHBI A1 JIOGLIX JOMYCTHMbIX 3HAYEHUH (. AHAINSUPYA IOy~
YeHHYIO Ta0/IUIy, MOKHO 3aMeTHUTh, YTO:

1) 3nak 6 npaeoit wacmu (Popmy.sv. cognadaem co 3HAKOM
npueodumoit PyrKyuu 6 coomeemcmeynujel wemeepmu, eciu
cyumams (¢ OCMpbLM Y2JoMm;

2) Ha3éaHue MeHAIOM MOAbKO QYHKYUU Y2/06 * ¢ u

Nia

3?" + ¢ (90° + a° 1 270° + a°).

MNpumep 2. Ilpusectu cos 289° K TPUrOHOMETPUYECKOM
(YHKIIUHE OCTPOTrO yrJia.

P e w e Hue. MoxkHO paccy»/1aTh CIeAyIOmuM o6pa3om:
1) 289° — yrona IV ueTBepTH, B KOTOPOH KOCHHYC IOJIOKHUTE"
JIeH, 3HAYHUT, B IPaBoit yacTu GOPMYJIbl HET 3HAKA «—»;
2) 289° = 270° + 19° — HagBaHMe MEHAETCH.
TaxuMm o6pasom, cos 289° = cos (270° + 19°) = sin 19°.
OTBeT:sin 19°.

@



Fnasa 4. TPUTOHOMETPUYECKME dYHKLIMM M MX CBOMCTBA

B DNpumeuanume. Moxno 6b110 mpeacraBuTe 289° kak
360° — 71°, Torza HasBaHWe He MEHAETCH M
cos 289° = cos (360° — 71°) = cos T1°.
IlonaTHO, yTO cos T1° = cos (90° — 19°) = sin 19°.

BbruncaaTe 3HaYEHHA TPUIOHOMETPUYECKUX (DYHKIMH MOK-
HO € NOMOIIBIO TAOJHUI[ MJIM MHIKEHEPHBIX KaabpKynaaTopos. Ha
UHXEeHePHOM KanpKyaarope us Windows, o KoTopom MBI yromu-
HAJIA B CBA3H C BLIYHUCIEHUEM CTElleHeH U JorapudMoB, HeT Hy -
Abl MCTIONB30BATE (DOPMYJIBI NPUBEAEHUAA [AJIA BBIYMUCICHUA 3HA-
YeHUH TPUTOHOMETDPHYECKUX DYHKIMIT — 9TO AeIaeT caM Kajlb-
KyaaTop (puc. 90).

PeweHwune. Yrobel Haittu sin 43,5, HyxHO cHauaja Ie-
pPeiiTH B pexuM paGoTel ¢ pagMaHAMH, AJIA ITOTO «IIEJTK-
HYTb» MBINIBIO Ha ykasartene Paamanbi (Rad), mabpars 43,5,
«IHEJKHYThb» KJIABHIIY Sin ¥ MPOYMUTATH B OKOIIKE HCKOMOE 3HA-
YeHHe

-0,46381551598382738881409597093642 (puc. 90),

sin 43,5 ~ -0,4638155159838 ~ —0,46
C TOYHOCTBIO A0 COTHIX.
OTBeT:sin43,5~-0,46.

¥ Kanerysarop

bl - M e -
v - Msaalasﬁmnwmﬁam

R " AR S i——

Oﬂu G)Dw ODet O% : Ol'nm ©Pavare O fpaam
Dw  owe [~ [T

(o (<)) (] LT )

_____ - HE0 M OCEOIGE

= R ) GG )
) ) GG
RG]

Puc. 90




17. ®opmMynbl NpUBEAEHNSA

MNpumep 4. BruucauTh € NOMOMBIO KAJBKYJAATOPA
ctg 48757° ¢ TOYHOCTHIO A0 THICAIHBIX.

PeweHwue. Yrobsl nepeBecTH KAJbKYIATOD B PEXKHUM pa-
OOTHI ¢ TPAAYCHOM Mepoii yIiIoB, cliefyeT «IIEJIKHYTh» HA yKasa-
rene I'paaycet (Deg). Beeps uucio 48757, HaXMMEM HA KJIABUIIY

1
tg (mau tan — mHOE 06o3HaYeHHE TAHTEHCA) ¥ Ha « % » — TaK Kak

crnenuaabHON KJIABMIIM JJId KOTAHTE€HCA HET, Mbl HAXOAUM €ro
KaK BeJMUYUHY, 00paTHYIO TAHTeHCY:

CcosSX 1 1
Clg x=— o — -
sinx sinx tg x
cosX

Ha maauraTope NOABATCH YHCJIO
-2,3558523658237528339395866623439.
OTBeT ctg 48757°~ -2,356.

Ecan npu BBIYMCJIEHHUH OKAMKETCH, 4yTO TAHI€HC He CyLlecT-
ByeT, 3HAYMUT, KOTAHI'€HC PaBeH HYJIO, & €CJIA TAHTeHC OKAaXKeTCH
PaBHBIM HYJIIO, TO HE CYIIECTBYET KOTaHI'eHC.

MNpumep 5. BLIMUCIATH ¢ TOMOLIBIO KAJTBKYIATOPA
arcsin 0,7.

PeweHwue. Ilomoraer MHKEeHEPHBIH KaJbKYJIATOP X B Ha-
xomaerun yrios. Tax, urobsl HaiiTh arcsin 0,7, HY»?CHO BBeCTH
0,7, «mM@NKHYTh» Ha ykasarene Inv (OT aHIIMICKOro ciosa
inverse — obpaTHEIi) u Ha KJiasuine sin. Eciu KaabpKyJIATOp HA-
XOAMJICA B pekuMe paboThl ¢ rpajyCHON Mepoii, TO OH HOKaKeT
44,42700400081, eciu B peskume pabOTHI C paguaHamMu, TO B
oxomke yBuaum unciao 0,7753974966108.

OtBeT: arcsin0,7 =~ 44,42700400081°, arcsin0,7 =
~0,7753974966108. (IIpaBaa, TPyAHO HNPEACTAaBUTh, HUTO BaM
Korga-HubyAb nmorpedyercda BBIYHCIAATH YIJIBI C TAKOM BBICOKOM
TOYHOCTHIO. )

C pasBUTMEM 3JIeKTPOHHO-BBIYMCIMTEIbHON TEXHUKH, [I03BO-
Asgomeit 6LICTPO U TOYHO MONYYATh 3HAYEHUSA TPHUTOHOMETDH-
yeckux (YHKIMI yIrJoB, 3afaHHBIX KaK B IPajyCHOM, TaKk U B
pasuaHHOll Mepe, BHIUMCICHUA 3HAUCHUH TPUTOHOMETPHYECKUX
(DyHKOMA NPaKTHYECKH MepPecTald BBINOJHATHCA BPYIHYIO. On-
HAKO B MNpeo0pasoBaHHUAX TPUIOHOMETPHYECKHX BBIDAYKEeHHUH
dhopMy Bl TPHBEIEHUA UCIONb3YIOTCA JOBOJBHO 9aCTO.



F'nasa 4. TPUFTOHOMETPUYECKME DYHKLMM U UX CBOMCTBA

YnpaxHeHus

o
AR s
g

290.IIpuBeauTe K TPUrOHOMETPUYECKOM (QYHKIMH OCTPOTO yIJa:

1) a) sin 152°; B) sin 242°; a)sin 312°;
6) cos 124°; r) cos 196°; e) cos 326°;

2)a)sin 175°% B) sin 221°; ) sin 290°;
6) cos 166°; r) cos 235°; e) cos 306°;

3)a)tg 111°; B) tg 187°; o) tg 286°;
6) ctg 163°; r)ctg 215°; e) ctg 319°;

4)® a) ctg (-11,2); B) sin 19,3; n) sin (-12,5);
6) cos 5,7; r)tg (-8,3); e) cos (—17).

291. ITpusenure K yraam or 0° go 45°;

1) a) sin 72°; 6) cos 71°; B) tg 65°;

2) a)sin 175°; 6) cos 155°; B) tg 102°;

3) a) sin 285°; 6) cos 273°; B) tg 250°;

4) a) sin (—355°); 0) cos (—451°); B) tg (—317°).

® ITo xakoMy NpUEIMIY CrPYIIUPOBAHEI 3aKaHMA?

292. VopocTuTe BeIpaskeHue:
1) sin 146° + sin 304° + sin (-56°) + cos (-34°);
2) cos 220° + cos 320° — tg 110° + ctg 380°.

293® yupocrure BBIDAsKEHUE:

cos(m — x)ctg(% i x)

1) : 3) sin(n — @)cos(3n + @) :
tg(g—x) sin(m + x) cos(&p—g)cos(%+¢)
Sin(a—zﬂ—x)ctg(g+x) sin(s—;—a)sin[u—%‘)

P TenGrowen Y tg (%E + o) tg(5 - a) |

2948 Haiigure ¢ TOYHOCTBIO O THICAYHBIX 3HAUYEHUS cHUHYyCA,
KOCHHYCa, TAHreHCA U KOTAHTeHCa yTJaa:

1)a) 120°; 6) —-225°; B) 300°;

2) a) -150°; 6) 210°; B) 315°;
Tn, 5r, _43n

3)a) ¢ 6) 3%, ») - 431,

295 ™ Brryucoure ¢ TOYHOCTBIO [0 ThICAUYHBIX:
1) 3 arccos 0,06 : arcsin (-0,316);
2) arccos (-0,5213) — arctg 3,148;



17. ®opMynbl NpUBeaeHns

3) arcsin 0,87 + arctg (—57);
4)0O sin (arctg (-2)).
206® IlorajaiiTech, KAK HAXOAUTH HA KAJNbKYJIATOPE 3HAUECHUA

APKKOTAHTEHCOB.

297.® Haiigure npubamxénHoe 3HadeHue arcctga, ecau a
paBHO:
1) 15; 3) —26 589; 5)® tg J/2;
2)-0,000547; 4) —g; 6)® tg (-46°).

298, Pemute ypaBHeHHe Ha npomexkyTke [0; 27]:
1)zsin(g+x)=ﬁ; Htg(n+x)=1;
2)2003(%5—x)+1=0; 4)3ctg(2n—x)=./§.

299. PemnTe ypaBHeHHE:

1)2sm(x+ )+J§ 0;
+x)=J§;

2) cos (2 — x) +sin g

!

vhl?! A

3)51:1(5 —x) sin

4)O3tg( x-——) ~-J3 =0.

300.. Haiigure 3HaUeHHE BHIPAKeHUA!

1) arcsin (sin gn) : 4) arctg (tg 10);
2) arccos (cos —24—77! ); 5) arctg (ctg 10);
3) arccos (sin 6); 6) arcctg (tg 10).

I} KoutponeHsie Bonpocs v 3apaHus

1. Kaxme KoopAHHATHEI HMeeT TOYKa B, CHMMeTpHYHAA TOYKE
A(m; n) OTHOCHTE/ILHO:
a) ocu abcmuce; B) Ha4YaJa KOOPJAMHAT;
6) ocu OpAMHAT; r) npaAMoH y = x?

2. Joxawure, uro sin (270° + «°) = —cos a°.

3. Haiigure: a) sin 855°; 6) tg 3—“-’1

¢



Tnasa 4. TPUTOHOMETPUHECKME dYHKLIMU M UX CBOMCTBA

() 18. CeoiicTea u rpaduk
dyHKUMM y = sin x

Bl nossakoMmiuCh ¢ HEKOTODBIME CBOHCTBAMHE byHKIUR
Y = sin @, apryMeHsT ¢ KOTopoii MOYKeT NpPpUHUMATE J100ble 3HAUe-
HUSA. ITH CBOMCTBA YAOOHO MCHOJIB3OBATH IIp¥ MOCTPOEHUH rpa-
buka pysknuu y = sin x (aprymesT QYHKIMH, KAK BB 3Haere,
00b19HO 0603HaYaT GYKBOI X).

ITocTpoum cnavana rpadpuk Gysxmun Yy = sin x HaA HpoMeKyT-

ke ot 0 g0 12_|: ()ma sHaveHui x ot 0 g0 g) . Ha pucynke 91 noka-

3aHO, KaK MOKHO MOJYYaTh TOYKHM rpapuka QyHKIAM y = sin x
C IOMOIIBIO €AHHNYHOM OKPYKHOCTH.

v\
1
RIF
2 [an
8
x
4
3n
1
N
E 4 -
0 Jo] = = 38z = 1 3z E ox
16 8 16 4 8 2
Puc. 91

CoeMHMB TOYKH NIaBHON JMHHEI, noaydyuM rpadpux pyHk-
ouu Y = sin x Ha npomexyTke ot 0 1o g (puc. 92, a).

I'padux pysknum y = sin x Ha apyrux OPOMEXYTKAaxX IOoJIy-
YUM U3 HOCTPOEHHOH yacTH rpaduka.

y y
YA Jr 2.9
2
11 /
B
0| madnr 181 n % 0 = 11 m-xzn x
168 16 4 8 2 2
a) Puc. 92 0)



18. CeoicTea 1 rpadpmk pyHKUMK y = sin x

Puc. 93

@opmyna sin (T — x) = sin x NO3BOAAET, HCHOAB3YSH CHMMET-

puio rpaduKa OTHOCUTEIBHO IPAMON X = g (puc. 92, 6), nocrpo-

_'.I'E
2

Popmyna sin(-x) = —sin X NO3BOJAET MOJIYYUTH rpaguk
(pyHKnuM y = sin x Ha npoMexkyTKe oT —7 10 0, HCIONB3YA 00BIYU-
HBIH AJIA DOCTPOEHUSA Ipa(MKOB HEYSTHBIX (PYHKIMH IPpHUEM —
CHMMeTPHIO OTHOCUTEIbHO Hauaya KoopauHar (puc. 93).

Popmysa sin (2n + x) = sin x moxassIiBaeT, 4TO 3IHAYEHHS
(GyHEKOHH Y = sin X yepe3 Kaykble 21 IOBTOPAIOTCA, T. €. AJIf JII0-
60ro 3HAYEHHS X

sin (x — 2n) = sin x = sin (x + 27).

IloBTopsilomuecs coOBITHSA MIKN ABJIEHUS B OKPYIKAIOMIEM HAC
MHpe BCTPeYarTCA JOBOJBHO YACTO: BOCXOA M 3aX0/ COJHIA, 00kt
yacoB Ha Cnacckoit Gamue Mockosckoro Kpemus, xkomeGanue
MaATHUKA HACTEHHBIX CTAPDMHHBLIX YacoB. M B mareMaTHKe MBI
BCTPEYAINCh ¢ GECKOHEUHBIM MOBTOPEHUEM IPYIIbI uMP B AP06-
HOM 4acTH AeCATUYHON Apo6M, HANpUMep NpH AeleHUH 4 Ha 33
nonyuaercsa GeckoHeyHas gecsTuuHas npobs 0,1212121212....
Taxue 1po6u Ha3BIBAIOT IEPUOANIECKUMHU. DTOT e TePMHUH npu-
MEeHAIOT ¥ K QYHKIHAAM, 3HAYCHN S KOTOPHIX IOBTOPAIOTCH.

HTb eT0 Ha IIPOMEKYTKEe OT = 10 T.

(HOJIO}KHTEJIBHOE qucyo T Ha3BIBAETCH MEPHOAOM betElKH,HH\
y = f(x), ecnu gna 1060ro 3HAYEHAA X U3 €6 00,IaCTH ompene-
JIEHHA BBITIOTHAKTCH YCJIOBUA:

1)x — T u x + T Toxe BXogaT B 06JACTh ONpeAeeHHUs
byHKIIH;

2) f(x-T)=f(x)=f(x + T).
\tpymcuna, HMeIOIKe IePHOoJ], Ha3bIBAIOT MePHOTHICCKHMH. )

e




Fnaea 4. TPUFOHOMETPUYECKUE ®YHKLMX 1 X CBOMCTBA

5n T 37 y=sinx
Toa N RN T LN
w12 *n\4°i§ N2 I e\l F

Puc. 94

ITepuoangHOCTL QYHKIMH ¥ = Sin X MO3BOJAET MOJYYHUTE €€
rpaduK HA IPOMEXKYTKAaX OT T &0 37, OT —3T 10 —T, OT 37 A0 57, OT
—57 10 —31 ¥ T. I. C HOMOIIBIO CABUTa IOCTPOEHHOM YacTH rpadu-
Ka BAOJb OCH abcmuce BIIPABO U BieBo HA 27, 4w u T. 4. (puc. 94).

E Ilpumeuanue. B KadecrBe nepmoga GyHKuUuH y = sinx
MO3KHO 6B1710 GBI B3ATE 47, 67 1 T. 1. Yncno 21 ABIdAeTCA HAMMEHbIINUM
¥3 eé nmepHojoB. B sToM Jerko yGeiMThCH, €ClM HAWTH paccTosHMe
MeKAYy ABYMS COCEJHUMH TOYKaMU rpaduxa ¢ OpAHHATAMM, PABHEI-

mu 1. Hanpuwmep, g - (--2—) = 2.

IMosyyeHHAs KpHWBas HA3BIBAETCHA CUHYCOUdOiU. DTO MEepPBBIH
rpadMK TPUTOHOMETPUYECKUX PYHKIMIA, KOTOPLI#H 6611 omy6n-
KoBaH B 30-x rogax XVII B.

CuHycouza — OAUH U3 CAMBIX INONYJAPHBIX rpa@uKoB B ¢u-
suke. C Heil HemoCpeJACTBEHHO CBA3aHO MPaKTUUECKH Ji0boe Ko-
ne6anue. Ha pucynke 95 Bl BuAnTE, 94TO QUIHIECKUN MAATHUK
HA JBHOKYIIeHcs ¢ MOCTOAHHOM CKOPOCTHIO OyMayKHOM JIeHTe BBI-
yepuYMuBaeT CHHYCOUAY.

Cuaycouay obpasyer U Kpaii cpesaHHOI0 HAUCKOCE PyJIOHA oy-
maru (puc. 96).

Puc. 96




18. Ceoicrea v rpacduk pyHkumKM iy = sin x

Puc. 97

IToBepxHOCTH BOJIH, KAK NOKa3aHO Ha pUCYHKe 97, uHOrAa Ha-
noMuHaeT cuHycouay. HasepHOe, MNMEHHO MOTOMY YaCTh CHHY-
COMJbI [IJIMHOW, PaBHO mepmoay (Hampumep, Ha NPOMEKYTKE
or 0 1o 2n), HA3BIBAIOT BOJIHOM CHHYCOMIBL.

OcHoBHble cBOMCTBA DYHKLUM y =sin x

1. AprymesT QyHKIMHE MOMKEeT IPUHUMATS JII00bIe 3HAYCHU.

2. PyHKNUA NpHHUMAaET Jo6ble 3HaYeHHA 0T —1 10 1.

3. @®yBKIMA y = Sin x HeuéTHAA, TAK KaK JJIA JI000ro 3Hade-
HHA X BBINOJHAETCHA yCa0BHe sin (—x) = —sin x.

Fpadux GyHKIMM y = Sin X CHMMeTPUYEH OTHOCHTEJIHHO HA-
Jajga KOOPAUHAT,

4. PyEKIMA y = Sin X DepUOANIECKAN, €6 HANMEHbIITNM mepu-
O/I0M ABJIAETCH UHCJIO 27,

5. a) PyHKOUA y = Sin x Bo3pacraeT HA IPOMEKYTKAX

[—E +2nn; X + 27n :[ , TAe n — noboe meaoe YUCIIO.

2 2

Hanpuwmep, npu n = 0 monyuaem npomMeskyTox Bo3pacTaHus
T, - T, 9n

[ 3% 3 ],anpnn 2 npouemy'rox[z 5 ]

0) PyHKIUSA yOBIBAET HA npomemyncax[g + 2nn; %I + 2nn ] "

rae n — maioboe meJioe uneo. (Tan. npu n = 0 nosyuaem mpome-

HYTOK [E ; % ], anpu n =-1 — npoMexyTox [—% H —g] )

6. a) PyEKIUA NPUHUMAaET CBOé HAHBOIbIIEe 3HaA4YeHHe, pas-
i
2
0) PyHKIUA PUHUMAET CBOE HAMMeEHBbIIee 3HAUEHHe, pPaBHOe

Hoe 1, mpu x = = + 2nn, rae n — m060e MeI0e YHCIIO.
-1, opnx= —g + 2nn, rae n — m060oe mesoe YKUCIIO.

7. ®yHKOUA y = Sin X OpUHUMaeT 3HAYEHHE, paBHOE HYJIIO,
IIpH X = 1n, rae n — jawoboe 1ej0e YuciIo.



rnasa 4. TPUFOHOMETPUYECKWUE ®YHKLWN U X CBONCTBA

Mpumep 1. PacnosioskUTh B IOPAAKE BO3PACTAHUA
sin 225°, sin 310° u cos 118°.

PeweHune. @yaknusa y = sin x Bo3pacTaeT Ha IPOMeXYT-

Ke oT —E o g, CJIeZIOBATENBHO, H0JAbIIEMY OCTPOMY YIJIY COOT-

BeTCTBYeT 0OJBIINN CHHYC. BhIipasuM AaHHBIE B YCJIOBHM BbIpa-
JKEeHUH Yepes CHHYCHI OCTPBIX YIJIOB:

sin 225° = sin (180° + 45°) = —sin 45°,
sin 8310° = sin (360° — 50°) = —sin 50°,
cos 118° = cos (90° + 28°) = —sin 28°.
Tak Kak B ImepBoii uerBepTH QYHKIUA y = Sin X Bo3pacTaer,
umMeeM: sin 28° < sin 45° < sin 50°. 35auur,
—sin 50° < —sin 45° < —sin 28°.
OTserT: sin 310°, sin 225°, cos 118°,

Npumep 2. Jloxasarb, 9TO YHCIO T ABJIAETCH IEPHOAOM
¢yHrmHuu y = sin x + cos x.

Noka3aTenbcCTBO. [IockoNbKY apryMeHT X aTOi QPyHK-
LAY MOXKeT IPUHUMATE JiI00ble 3HaUeHUA, HYKHO 0Ka3arTh, ITO
IIpH BCeX BHAYEHHUAX X

sin(x —mn)cos(x —n)=sinxcosx =
= sin (x + ) cos (x + n).
Henonsaysa GopMyJibl IPUBeeHUA, IOJIydaeM:
sin (x — m) cos (x — ©t) = —sin (n — x) cos (T — x) =
= —sin x (—cos x) = sin x cos x;
sin (x + m) cos (x + 1) = —sin x (—cos x) = sin x cos X,
4YTO U TPeBOBAIOCH SOKA3ATh.

YnpaxHeHus

301. BocnoasayiiTech rpadukoM GYHKIUM Y = Sin X AJA BHIOJ-
HeHHA CHAeJYIOMAX 3aJaHul.
1) MosksO 1 10 rpaduKy ONpeAeJuTh IepuoA QyHKIuuU?
ABASIOTCS U CAeAYIONMe YHACIa IePHolaMHy TaHHOH PYHK-
ouu: T, 2xn, 37, 4n?
2) Kax no rpaduKy onpeAeanTs 46THOCTh GyHKIAN?

©



18. CeoitcTea 1 rpadmk GpyHKUMM y = sin x

3) Haiigure Touky, npuHaAIeMk amue OQHOBPEMEHHO U IIPO-
MeXyTKaM BO3pacTaHud, H IPOMEXKYTKaM yOblBaHUA DYHK-
IMH.

4) HazoBuTe HaubonbIIMe ¥ HAMMEHBIIHAE 3HAYCHUA GyHK-
IUH.

5) HasoBuTe KOpHM YDABHEHHA:
sinx=0;sinx=1;sinx=-1.

6) Haiinure sHauenna: sin 0; sin g ; sin (—7—; ) y

302.Hcnonbays rpaduk GyEknum y = sin x, maiigure npubin-
KEHHBIE BHAYCHUSA:

1)sin 1; 3) sin 0,5; 9) sin E; 7) sin (—g );

2) sin 2; 4) sin (-1); 6) sin £ ; 8) sin (—g )
303.Hcnonraya rpaduk u cBoiicTBa GpyHKUME y = sin x, cpas-

11!;{:191; 160° m sin 170°; 3)sin 1 u sin 2;

2) sin 230° u sin 300°; 4) sin 5 u sin 6.

304. 1) ITocTpoiite rpaduk GyHKIUY y = Sin X U BHIAETATE IBET-
HBIM KapaHZJAIllOM Te ero TOYKH, OPAUHATEl KOTOPBIX:
a) NOJOKUTEILHEI; 0) oTpHIIATENBHEI.

2) O Ha kakux IPOMEXYyTKax QyHKIUA J = sin x npuEAMa-
eT MOJOXKUTEeJbHbIe M HAa KAKUX — OTPHUIATeJ bHEIe 3HAUe-
HUAT

305. 1) ITocTpoiiTe 0fHY BOMHY CHHYCOMABI ¥ = Sin X Ha mpome-
xyTKe oT 0 no 2m, B3aB 3a equuruny 2,5 cm. Beigenure ka-
PaHJamaMHy Pa3HBIX [BETOB TOYKH rpaduKa, OpAUHATEHI KO-
TOPBIX:

co:1._1.42. 2 3. B,
a) paBHEI: 0; 2 3 33 g3 g3 g
1,. 42 N3, 2
5 -

6) 6onbmre: E; s . B) MeHBIIIe: — 2= ;

2) ® Banummure a6CHUCCH BHIETEHHBIX TOYEK.

o

306~ Pemmre HEepPaBeHCTBO!
1)sin x < 1; 3)sinx > ./2;
2)sin x > -1; 4)sinx<—./§.



rnasa 4. TPUTOHOMETPUYECKME ®DYHKLWKW N UX CBONCTBA

307. 1) Ilocrpoiite rpadpuk PyHKIUYM y = Sin X ¥ OPOBeAHUTE He-
CKOJIBKO €r0 0ceil CHMMeTpHH. [
2) ® Hanumure obuuil BAA ypaBHEHHS OCH CHMMETDPHUU
rpadpuka GyHkoum y = sin x.

308.1) ITocrpoiite rpaduk PyHKIUHA y = Sin X U OTMETbTE HE-
CKOJIBKO IeHTPOB CHMMETDHH 3TOTO rpaduKa. Ll
2) ® Vraxkure obmmit BuA abcumcc IEHTPOB CHMMETDHHU
rpaduka QyHKIHH y = sin x.

3009 1) JloxaskuTe, 9TO YUCJIO T ABAALTCA NePHOAOM PYHKIMH:
a) y = sin? x; 6) y = |sin x|.
2) N3o6pasure cxeMaTH4eCKu rpaduK aToi PyHKIMH.

310. Bnsercsa au nepuoguIecKod GQYHKIUA:

1) y = {x}; 2)y =[x]?
Eciu aBisieTcs, TO KAKOl Y Heé HaUMeHbIIM i IOJIOKUTEb-
HBII nepuon?

311.9 1) ITocrpoiite rpadux GyHKIAM:

a) y = {2x}; 6) y = {0,5x}.
2) VkakuTe eé HAUMEeHbIINH II0JIOKUTEIbHbBIN TIePHOA.

312.® yraure HauboIbIIIEe U HAMMEHBIIIEe 3HAUSHUs (DYHKIIAM:

1)y =2sin x; 4)y=3-2sin x;
2) y = —sin x; 5)“ y=sin? x —sin x + 4;
3)y =sin x + 0,5; 6)‘?"y=sin2x+3s'mx—2.

@) il 5
313.- Kakue u3 cieaywimux (GYHKIUN ABIAIOTCA YeTHBIMH,
a KaKue — HeYETHBIMH!

1) y = sind x; 3) y = sin x?;

2) y = sint x; 4) y = sin x37
314..1)uHocwpoﬁTe B OIHOI cUCcTeMe KoOpAuHAT rpaduku QyHK-

:)H;= sin x; B) y = sin 2x;

6) y = 2 sin x; r)y=sin(x-g). 2

2) C moMompb0 Kakux npeobpasoBaHuil rpaduxa QyHKIUAH
Y = sin X MOKHO NOJYYUTh rPapuKu dTUX byarIui?
315.9 Ilpu KakuX 3HAUYEHHAX a QyHKOINAA
y=sin22x +6sin2x +a
NPUHUMAET TOJBKO ITOJIOKUTEIbHEIe 3HaueHHUA?

ged



19. CeoitcTea 1 rpadmk GyHKUMK y = cos x

316, HaiiguTe Bce 3HAYEHHUSA @, NP KOTOPBIX OIpeAe/IEHHAA Ha
T.R
HHTepsaJje (—6 ;6) (PyHKINA:
1)y=sin?x-2asinx - T;
2)y=cos?x—2acosx-1T
NIPUHAMAET CBOE HAUMEHbIIIee 3HAUEHHe,
3179 1) ITocTpoiite rpadux pyHKIMMA:
a) y = |sin x|; 6) y = sin |x; B) y = |sin | x|
2) fiBnaroTca u 3T QYHKIMH TePHOAHIECKAMHE?

3189 1) Asnsrores mu GyHKIuE cekanc (Y = sec X) 1 Kocexanc
(y = cosec x) YETHBIMH, €CJIN:

1 1
Secx = —— , COSec X = — ?
COsS x sin x

2) U3o6pasuTe aCKU3HI rpaMKOB 3TUX QYHKIIHIA.

n KoHTponbHbie BONpockl U 3aaaHus

1 Hsobpasure rpaduk GyHKOmuu y = sin x ¥ MepeuncIUTe OCHOBHBIE
CcBOMCTBA 3TOM QYHKIHA.
2. Cpasawure sin 305° u sin 215°.
3. Ilorpadury pyarnuu y = sin x maiigure:
sin (-0,5), sin 1,5 u sin 2,5.

0_ 19. CBowicTBa M rpaduk
dyHKUMM y = cos x

3azauy NocTpoeHus rpapura QYHKINH J = COS X MOYKHO CBECTH
K IOCTPOeHuIo rpaduka QyHKnum y = sin x. JleficTBUTEIBHO, TIO-

& T
CKOJIBKY COS X = sin | x + 5| rpaduk GYHKIIHK I = COS X MOKHO

IONYYHUTh U3 rpapuKa PyHKIMH y = Sin X CABATOM IOCJEIHEro

BIOJIb OCH abCIIMCC BIEBO HA g (puc. 98).

y
e Y=ginx y=cosx




rnaea 4. TPUTOHOMETPUYECKMUE DYHKLUWX U UX CBOWNCTBA

Yy
1 y=cosx
Snfon-om NG [010NG B 2n 51N *
2 2 9 = 2
Puc. 99

TlosyuenHslil rpaduk apageTcA rpaPuKoM QYHKIINH § = COS X
(puc. 99) 1 Ha3bIBAETCA KOCUHYCOUDOIL.

OcHOBHbBIE CBOMUCTBa QYyHKUMN
Yy =CoSXx

1. AprymenT (YHKIUM MOMeT NPHHHMATH JOOble 3HA-
YeHHUs.

2. @yHKIUA TPUHAMaeT Jo0ble 3HaYeHus ot —1 o 1.

3. @yHKIUA Yy = COS X 4éTHAA, TAK KaK A/ JI000ro 3HaYeHUA
X BBINIOJHAETCH YCIOBHE cOS (—X) = cos Xx.

I'padhuk GyHKIHUH y = COS X CHMMETPUYEH OTHOCHTEJBHO OCH
OpAMHAT.

4. ®yHKNUA Y = cOos x nepuoanveckasd. E€ HanMeHbIIUM Ie-
PHOZOM SIBISIETCA YHCJIIO 2T,

5. a) @YHKIOMA BO3pACTAeT HA IPOMeXYTKax [-n + 2nn; 2nn],
rae n — mioboe 1enoe yucao. Hanpumep, npu n = 0 noaydaem
NpOMeIXyTOK Boapacranus [-n; 0], a npu n = 1 — NpOMeRKYTOK
[m; 2m].

6) ®yEKnua yObIBaeT Ha npoMexyTkax [2nn; m+ 2nn], rae
n — mwoboe nenoe uncyao. Tak, npu n = 0 mosyyaeM IPOMeKYTOK
[0; n], a mpu n = —1 — mpomexyTOoK [—27; —7].

6. a) DyHKIUs OPpUHAMaeT CBoé HauboJblIee 3HaAYeHHe, Pas-
Hoe 1, npu x = 21n, rae n — a1000e 1eJ0e YUCIOo.

6) @yHKIKUA IPHHUMAaET CBOE HauMeHbIllee 3HaUeHHe, paBHOe
-1, npu x = + 2nn, rage n — a060e 1eJ10€ YUCIO0.

7. OyHKINAA y = COS X IPMHUMAaET 3HAUYEHHE, paBHOE HYJIIO,

opu x = g + 7n, rae n — ab0e meIoe YHCIIO.

Mpumep 1. CpaBEUTL 3HAUCHUSA COS % H COS 57: .




19. CeoiicTea 1 rpadwvk hyHKUMK iy = cOS X

PeweHwne. Ha npomexyrke ot 0 g0 % GyHKIHA Y = cOs X

yﬁmBae'r. HpHBeﬂéM AaHHBIe BBIDaAyXeHHUsd K KOCHHyCcaM yIJIOB H3
aTOro NpoMeXyTKa:

iy A B 2wl T,
cos 5 ——cos(-.-t 3) cos 3 ;
cos I Zicos [+ % | = —cos &

4 4 4°

B cuny yb6eiBaEMA GYHKOHH Y = C€OSX HA NOPOMEKYTKE

ot 0 mo T ameem:

2
T bis 5 T
COS = > C0S =, OTCIOZIA —COS = < —COS —=.
1 3’ A 1 3
OTB&T:COSZ—; >cos%.

PeweHwne. OGozmauum aprymMeHT KOCHHyca OyKBOH x,

s
T. €. 3¢ — g Pasgenum obe yacTu HepaBeHCcTBA Ha 2!

1
i
cos Xx 2

Ormerum Kakyio-HUOYAb 9acTh rpadguka GyHKOHUHA Y = COS X,

» 1
TOYKH KOTOPOH MMEWT OpJAHHAaTHI, MEHbIIHE —5, n obozHAUUM

rpaHunbl IPOMEXyTKa abcinyuce BRIOpaHHOM YacTH rpaduka Kak
X, 1 x, (puc. 100). Torga

cosx1=cosx2=-%,x,=%,x2=4—3—“.
YA

y=cosx
LN\ = /]'"\x[. BTN
L i : o L 4 i RS
- )Iy ™ T b g

i 2n 5 2n 3

Puc. 100



Tnasa 4. TPUrTOHOMETPUYECKWUE ®YHKLIMX N X CBOWCTBA

27n 4n
IIna Bcex x M3 IPOMEXKYTKA 3 5R A 3 HepaBeHCTBO

1
cos x < 3 cupaseaineo. JI000i U3 NIPOMEIKYTKOB, COCTOAIINX

—é , OTCTOMT OT JAHHOI'O IIpPoO-

MEeXKYTKa Ha [eJioe YHUCJI0 IIepHuog0B: % +2in<x < 4—3“ + 2nn,

n e Z'. B BuAe TakKoro ABOIHOro HEpaBEeHCTBA M 3AIIMCBLIBAIOT
00BIYHO MHOJKECTBO BCEX pelLIeHH# Hepa-

M3 pelleHni HepaBeHCTBA COS X <

BEHCTBA COS X < —x
2" 2x 41
BepHéMcA Teneps K NepeMeHHOH §: 3
%+21tn43(p E<%-¢-2:m,nez; /
a1 /o g~
2n dn | = | S
+& <3p< = += + :
= g + 2nn < 3¢ 5 Ta 2nn, n € Z; v
1llin 197 4n
< : =
i3 + 2nn <3¢ < = 12 +2nn,n e Z; 3 -1
In', 2 19x | 2
—_— + = < + Z. Puc. 101
BB B P gs B e
OTBeT: iz, 2nn<(p~< 19% gnn,neZ.

36 3 36 3

BB Ilpumeuanme. [[1a pemeHHss NIPOCTeHINero HepaBeHCTBa
cos x < —é MOYKHO GBLIO MCIONB3OBATH TPHTOHOMETPHYECKYIO OKPYIK-

HOCTH (puc. 101).

YnpaxHeHvs

319. Ucnonbaya rpaduk GYHKIMY I = COS X, OTBETHTE HA BOIIPO-
Chl ¥ BHIIIOJIHUTE 3aaHUA.
1) IlpomeskyTKy BOBpaAcTaHMA MIKM yObIBAHHS IPUHAAIE-

JKUT TOYKA: a) & 0) —% ; B)S?

2) Yraxure I{aRDe'HHﬁy,ﬂ;b 3HaueHUe X > 4, NpUHAJJIEXa-
1ee OJJHOBPEMEHHO U IPOMEXYTKY BO3pAaCTaHUsA, U IpoMe-
KYTKY yObIBaHHUA.

1 Byksoit Z 0603Haua0T MHOKECTBO I1eJIbIX YHCeJl, I09TOMY 3alHCh
«n € Z» (n — 2JIeMeHT MHOKecTBa Z) 4acTO MCHOJIb3YEeTCA B TOM XKe
CMBICJIe, UTO B «n — Ji0boe Lejoe YUCIO» .

&



19. CeoiicTea u rpadmk GyHKUMK iy = cOS X

3) Kak no rpaduky onpegesuTs Y6THOCTE QYHKITUN ?

4) HazosuTe HauboJiblllee ¥ HANMEHBIIEe 3HAYEHUSA (PYHK-

n.

5) HazoBuTe HECKOJBKO 3HAYEHHI ApryMeHTa, IIPU KOTO-

PBHIX (PYHKOHUA Y = COS X IPHHEMAeT 3Ha4YeHWe, paBHoe 1,

—1. Bagaiire o6imeit hopmMy0it KOPHU ypaBHEHUS ﬁos x|=1.

6) Pemiure ypasuernue cos x = 0.

7) Halinnte npubamkéHHOE 3HAYEHHE:

a) cos g : 0) cos (—3); B)cos 1; r) cos 56:“
320.1) ITocrpoiite rpaduK GYHKIUH ¥ = COS X U BhIJEJTUTe Ka-

pPaHAaIoM OJZHOTO IIBETA Te ero TOYKHU, OPAUHATEI KOTOPBIX

MOJIOXKHUTEJIbHBI, 8 APYTUM [[BETOM — TOYKH C OTPHILATENb-

HBIMH OPDAUHATAMHA. @

2) ® Ha xakux NpoMeXyTKaxX QYHKIMA Y = COS X IpUHHA-
MaeT IOJOXHUTEeNbHbie 3HAYEeHWA U Ha KAKHX — OTpHIa-
TeJibHbIe?

321. 1) ITocrpoiiTe rpaduK GYHKIHUK Yy = COS X HA IIPOMEKYTKe
or 0 mo 27, B3aAB 3a eguauNny 2,5 cM. BoljieanTe BETHEIMHU
KapasHjallaM¥ Te TOYKH rpa)uka, OpAHHATEl KOTOPHIX:

1. 1.2, 2.3, 3,

a)paBHm:O;és 2, 2 H 2 ] 2 ] 2 »
LB o2, ol 2

0) 6oabie: 5 5 2 . B) MEeHBIIIe: 3h g

2) ® KaxoBbl a6CIICChI BBIJAEICHHBIX TOUEK ?
3220 CpaBHHUTE 3HAUEHHA:

1) cos 0,8n u cos 0,7n; 3) cos lg“ H COS 1—{1;35 :

11xn Tx. o . o

2) cos — g Hcos = 4) cos 218° u sin 230°.
323° Pemmure HEepPaBeHCTBO:

lecosx<1; 38)cosx <—./2;

2)cos x > —1; 4) cos x > 3

324. 1) ITocrpoiite rpaduk QYHKINK ¥ = COS X U NPOBEJATE HE-
CKOJIBKO €r'0 0Ceil CHMMeTpHH. E

2) ® Hanumwure o6mumii Buj YPABHEHHUA OCH CHMMETPHH
rpadpuka GyHEKIUHU Y = cos X.

325.1) ITocrpoiite rpaduk PyHKIMHE Yy = COS X M YKAKHUTE He-
CKOJIBKO IEHTPOB CHMMETPHH 3TOT0 rpaduka.



Fnaea 4. TPUTOHOMETPUYECKUE dYHKLIMK U UX CBOMUCTBA

2) ® Yxamxure obmuit Bua abcnuce IEHTPOB CHMMETDPHHU
rpauka QyHKIUHK J = COS X.

326" JokaKuTe, 9TO YACJIO T ABIACTCH NEePHOAOM PYHKIIHH:

)y=1tgx; 2)y=ctg x.
3279 yxaxure naubonburee u HaEMEHbIIEE BHAYCHUSA BEIpasKe-
HUSA:
1=cos x, 1 !
1) 5 2 8) 2+ cos x’
2—-5cos x 1
) 10 i 4)3—200535'
3289 1) B omHO# cucTeMe KOOPAMHAT NOCTPOITe rpaduKH PyHK-
Wi
a) y = cos x; B) y = cos 2x;
g | . . =
ﬁ}y—zcosx, r)y cos(x+2).

2) Vkaxure HaMMEeHbIIHE IePUOLI JaHHBIX (DYHKIIHIL.

3299 1) C nomompio kakux npeobpaszopannii rpaduka QyHKIUHA
Y = sin x MOXKHO NONYYUTH rpaduK QyHKIHUHU

y=2sin x+z ?

2) C nomouipio Kakux npeobpasoBaHuil rpadpuxa QyHKIUH
Y = COS X MOYKHO NOJYYUTh rpaduk QyHKINMN

_1 _n
=3 cos(x 4)?

330® Haiignre nanmenbmmit nepuoy; GyHKINH:

1) y = cos 2x; 2)y=sin§.
3312 Kaxue us (byHKI U ABIAIOTCA:
a) 4YETHBIMH; 0) HeUEBTHBIMM :
1) y = cos® x; 4) y = cos® x + sin® x;
T P _sin? x+cos"x+1,
2)y sin 23 5y o :
3) y = sin x + cos x; 6) y = 3 cos® x + sinb x?

332.Ucnonk3ysa rpaduk, peluTe HepaBeHCTBO:

l)sinx{-“‘g‘; 3)2sinx >-1;
2)cosx>~~2—, 4)-2cosx > 43 B

e



20. CeoiicTea v rpadmkm dyHkumin y =tg xny =ctg x

333° Pemnre HEpaBEHCTBO:

1)2sin2x -1 > 0; 3)sin(éx+i5];0;
2)2sin(3x+g) <-1; 4)—2cos(2x—g) <.2.

BB KouTponsheie Bonpocs! u 3apanus

1. IlocrpoiiTe rpadux GYHKIUE y = COS X U NEPEUHCIUTE €€ OCHOB-
HBI€ CBOMCTBA.

2. CpaBHHTe 3HAYEHHHA COS % M COS %ﬁ i

3. Haiigure mo rpaduky GYHKIHK Y = COS X CJAEAVIOLIHMe 3HATCHHUA:
cos 1, cos 2,5 u cos (—2).

- 20. CeoncTea u rpadpmku
dyHkuMny =tgxmny =ctgx
ObGxnacth onpegenenus GpyEkmumn y = tg x BKaouaer B cebsa Bce
YHCJIa, KPOMe YHUCeJl BHIa g + nn, rae n € Z. Kak 1 npu nocrpo-
€HMJd CHHYCOHIBI, CHa4YaJia 1ocrapaeMcsa IMNOJYYHUTH rpanR

dyarnuu y = tg ¥ HA TpOMEKYTKE [0; -g ) :

B nesom KOHIE 3TOro mpoMeXyTHKa TaHIreHC paBeH HYJIO,
anpmu IIDHGJIHH{BHHH K IIpaBOMY KOHILY 3HAYeHHUHA TAHIeHCa He-

A Y\ |
J3 3 i
|
I
1 L1 1 !
TASNE B ;
3 3 3 |
d ;
6 |
2 0 i
674 ¥ 3
5
Puc. 102



Fnaea 4. TPUTOHOMETPUYECKUE ©YHKLIUK U UX CBOWUCTBA

ylh

-

Puc. 103 Puc. 104

orpaHudeHHO yBenmuusaiorca (puc. 102). I'padpudecku aTo BBI-
TAASUT TaK, Kak OyaTo rpaduk pyEKnuM y = tg X nprmKuMaeTcsa

5 n
K IIPAMOM X = 3 , YXOAs BMeCTe C Hell HeOrpaHHYeHHO BBEPX.
Brl yike BCTpedanuch ¢ TAKUM CBOMCTBOM rpaduka GyHKIHH
k
g (B = 0): npu npubiInKeHUN apryMeHTa X K HYJII0 KpHUBasd

Kak Obl IpUIKHMaeTcs K OCH OPJAHMHAT, a IPHU YBEeJIHYEHUH apry-
MeHTa — K ocH abenuce (puc. 103). Ock abenuce HA3BIBAIOT 20pU-
30HMANbHOIL acumnmomoil, a 0cb OpANHAT — BEPMUKALLHOU

acumnmomou rpadpuka yHKIHA Y = % .

AHaJIOrM4yHO, MpAMAA X = g — BepTHKaJbHAsA ACHMITOTA
rpaduka QyHKOUH Yy = tg x.

V¥ HeckoabKO cJlOHee BHIACHUTH, KaK BBINIAAHUT rpadux
dyEKnUE y = tg x npu DpubGIMIKEeHHH TOYEeK K HadaJly KOoop-
JAUHAT.

3eck CHOBA NPHAET Ha NOMOILNbL Ock TaHreHcos. Ha pwu-
cyHKe 104 ¢ mocienoBaTe/bHBIM yBeJIHMYEHHEM IIOKasaHa 30HA
TOYKHM KACAHMSA OCH TAHINEeHCOB M TPHUIOHOMETPHUYECKOH OK-
PYHOCTH (KaXKAbIH CIeAYIOLIAI PUCYHOK NOKAa3biBaeT Ty 4acTh
mpeAbIAYIIero, KOTopas HAXOMHUTCA BHYTPH IPSAMOYIOJBHOM
paMKH).

Mg1 BUAMM, YTO IIPH JOCTATOYHO GOJIBIIOM YBEJIMUYEHHH IAyTra
OKPYH¥HOCTH B 30H€ TOYUKH KaCaHHsA CJIHBaeTcH C KacaTeabHOM.
9TO 3HAYHUT, UTO NPU JOCMAMOYHO MALbLX 3HAYEHUAX X AUMeeM
npakTudecku tg x = x. [Tosaromy rpadpuxk pynkuum y = tg x npu
MaJIblX 3HAUYeHHAX X camBaercsa ¢ npamoii y = x. To ke camoe,
KCTaTH, IpOMCXOoAuT M ¢ rpadpurom ¢pyHxknmu y = sin x. Ha
pucyske 105 nzobpaskens! yacTu rpadpukos GyHKOUi y = tg x,
y=xuy=sinx. A

©



20. CeoitcTea v rpadpmkn GyHKUMA y =tg xny = ctg x

Yi Y\
y=tgx
y=x
y=sinx
I
0 0,5  x tg(-x)=—tg x
Puc. 105 Puc. 106

ITonyunTts rpaduk GyHKIHY ¥ = tg X HA IPOMEKYTKE (—g H 0}

MO’KHO € NOMOLIbBIO paBeHcTBa tg(—x) = —tg x, ropopsimero
0 CHMMETPHH rpa@HKa OTHOCHTEJIbHO HayYajda KOOPAHHAT
(puc. 106).

W makoHel, paBeHCTBO

tgx=tg(x+nn),necZ
YA

pal A

Puc. 107

T, T
IIO3BOJIAET PaAaZMHOMHTE NOCTPOEHHYIO HAa IPOMEXKYTKe ("'5 H é)

4acTh rpaduKa, cABUras eé BIoJib ocu abcnuce Ha T, 2, 3T H T. A.
BJEeBO 1 Bupaso (puc. 107).
I'padpux hysruun y = tg x HA3BIBAIOT MaHzeHcoudoil.

OcHoBHble ceBocTBa PyHKUMMN yy = L8 x
1. AprymeHT QYHKIMM MOMKeT IPUHUMATE JI00ble 3HAUEHUS,

T
Kpowme 3 +nn,raen € Z.

2. OYyHKIUSA MOKET IPUHUMATD JI00bIe 3HAYHU .,

g2



Fnasa 4. TPUTOHOMETPUYECKWE ®YHKUMW U MX CBOWUCTBA

3. dyaxkuua y = tg x HeuéTHaAdA, TAK Kak A a060ro 3Have-
HUA x U3 obnactu onpexenenud tg (—x) = —tg x.

I'padpuk byHKIUYN y = tg X CHUMMeTPUYEH OTHOCHTEIHHO HAYA~
J1a KOOPAHHAT.

4. Dyaruua y = tg x nepuoguueckasn. Eé HaumMenbnuM me-
PHOAOM SABJISAETCHA YHCJIO T.

5. PyHKIHA BO3pacTaeT HAa MHTEPBAJIaxX (—% + nn’% + rm),

rae n € Z. Tak, npu n = 0 nonyyaeM IpoMeKyTOK BO3paACTAHUA
oo n, 3n
( 5} 2) a npun =1 — NpoMemxryTOK (2 > )

6. Pyuxknusa y = tg x IpUHUMaeT 3HAYEHHE, PABHOe HYJIIO,
npux=nn,ragen c Z.
7. 'padur pyHKIUK y = tg ¥ ©UMeeT BepTUKAJIEHEIE ACHMIITO-
Thl, YPABHEHUA KOTOPHIX UMEIOT BUJ X = g +nn,raen € Z.
Ionyuures rpapur GyHKIUK Yy = ctg X MOKHO C IIOMOIIBIO
T

npeoOpasoBaHKUA TAHMEHCOHABI, TAK Kak ctg x = —tg (x -3 } .

IIpu aTom cHavasa, cauras rpaduk QyHKIUU y = tg X BAOJB

1Y
ocu abcmmec Ha 5 BIpaBO, moIydaeM rpadur GyHKIHNA

T
y=tg (I— é), a 3areM BBINOJHAEM CHMMETDHIO IOJYYEeHHO-

ro rpa)uKa OTHOCHUTEJbHO OcH abcumucc. B peaynprare monyua-
ercsi rpabuxk GyHKOUM y = ctgx — xomanzencoudwl

(puc. 108).

Ry

Puc. 108



20. Ceoiictea v rpadukn dyHkUMA y =tg x n y = ctg x

an T
PeweHwne. IlpuBeném naHHble TAHIEHCHI K yIrjaaMm OT ~3

T,
LT

tg 8=tg (8 — 3n), tg 12=1tg (12 — 4n).
CpaBauM 8 — 31t m 12 — 4n:
8-3nt—-(12-4n)=n-4<0,
BHAYUT,
8-3n<12—4n.

ITocKONBKY Ha TPOMEXKYTKE ("E 3 g] dbyuaknus y = tg x BO3-

pacraeTt, UMeeM
tg8=tg(8-3n)<tg (12 -4n)=tg 12.
OTteeT:tg8<tgl2.
Mpumep 2. Halitu HauMeHbIINAH 1TepHog QYHKI A
f(x) = tg x - ctg x.

PeweHwne. Yrobsl HANTH HAMMEHBLIIHH NepUOJ MYHKIIHK
f(x), samerum, uTo eé obracTs onpefeieHUA BKIOUAET B ce0A Bce
nn

5 » TAe n € Z. IToaromy s 1106010 IMOJIOMKUATEb-

gucia, Kpome

Horo T, MeHBIIETO, YeM g , TpeboBaHMe 1) U3 onpefeIeHUA IepH-

0/la He BHINIOJHAETCH, TAK KaK X =g — T Bxoaurt B obJiacTs onpe-
menesusa,ax + T = (g — T) +T= g — He Bxoaur. C a1pyroii cro-

poHBI, aaa T = g 3HaueHHdA x, X — T u x + T ogHOBpeMeHHO

BXOJAT WJIH He BXOAAT B 06JIacTh onpejieieHus AJd J0boro x.
IIpu no6om sHaYeHUH X U3 obnacTu onpejeneHus f(x) umeem

r(x - g) =f(x)= f(x + g) Takum 06paszomM, HAMMEHLIIUM IIePH-

bLe

onom pyHKIHH f(x) = tg x * ctg x apnsgerca 3

. R
OTBeT: 3"



Fnasa 4. TPUTOHOMETPUYECKUE ®YHKLIMKU U MX CBOMNCTBA

334

335.

336.

YnpaxHeHus

.BepHbI 11 yTBEepxKenna?

1) ®yaknun y = tg x u y = ctg x HeueéTHEIE,

2) BosrblieMy 3HAYEHHIO apryMeHTa COOTBETCTBYET 00JIb-
1llee 3HaUYeHHe TaHreHca. PaccMOTpuUTe HAHHOE YTBEpIKIe-
HUEe OPH CJIeAYIOMHUX 3HAYEHUAX apryMeHTa:

a)x=g; B)x=m; B)x=%; r) x = 2m.

3) BosbiieMy 3HAYEHWIO APIYMEHTA COOTBETCTBYET MEHb-
IIee 3HaAUEHHE KOTAHTeHcA. PaccMOTpUTE JAHHOE YTBEepHK-
JeHue IIPH CIeIVIONINX 3HAYEeHUAX apryMeHTa:

2n ,
? ’
BremmonnuTe 3ajanus, uenoab3ysa rpaduk QyHKDEM y = tg x.
1) Haiigure npubiauxKéHHoe 3HAUYEHUE:

a)x=21; 0)x=m; B) X =

3 r)x = 2n.

a)tg s 6) tg 1; B) tg 2; r) tg (-1).
2) CpaBHHATE 3HAYCHUA:

a)tg(ﬂg)ntg(—g); B)tg 1 mtg 2;

6)tg 5 mtg > ; r) tg (~1) m tg (~2).

3) BanumuTe TPOMEKYTKH, HA KOTOPLIX QyHKIUA iy = tg x
IIPUHUMAET:
a) IIOJIOYKUTEeNbHEIE 3HAYCHNA;

6) orpunaresbHBIe 3HAYEHHA. [

Brimonsute 3amaHus, WCHONB3Yys rpadur  QYHKIUH

y =ctg x.
1) Haitgure npubiauxEéHHOE 3HAUEHHE:
a) ctg % : 6) ctg 1; B) ctg 2; r) ctg (—1).

2) CpaBHHTE 3HAUYEHUHA:
a)ctg = metg - ﬁ)ctggnctgs—n' B)ctg 1 mctg 2.
11 12’ 7 77

3) BanuuruTre IPOMEKYTKH, HA KOTOPLIX GyHKOUA y = ctg x
NpPUMHHUMAET: a) MOJIOKHUTENIbHEIe 3HaAYeHudA; 0) oTpHUIaTehb-
Hble 3HAYEHUA.



20. Ceoirctea v rpadukm GyHKkUMA y =tg xny =ctg x

337. 1) IlocrpoiiTe rpaduxk GyHKIUHA y = tgXx H BBIJEGJHTE
PasHBLIMY IBETAMHM T€ TOYKH rpaduKa, OpAUHATEI KOTOPBIX:
a) paBHsl 1, 6osbure 1, mesbie 1;
6) paBHBI —2, Gosabuie —2, MeHbIIE —2.

2) BanumuTre aGCIUCCH BbIJENEHHBIX TOYEK.

338.1) IlocrpoiiTe rpaduk GyHKIEH Yy =ctgx U BBIAEIUTE
PasHBIMM IBETAMM Te TOYKH rpaduKa, OpAUHATHI KOTOPBIX!
a) paBHEHI 1, 6oabmme 1, mersbie 1;
6) paBHEBI —3, Oosbine —3, MeHbIIE —3.
2) BanuiruTe abCcIMCCHl BEIAEJEHHBIX TOYEK.

339° Pemure rpaduyecKu HepABEHCTBO:

1)tg x < J/3; 3)tgx < -1; 5) tg x > 3;
2)tg x> —./3; 4)ctgx<§; 6) ctg x < 3.

340. [Tokaxure, 4TO:
B} ke B g %
l)tgr(—q)ﬂtg‘1 tg s
2)tg (o + ) = tg (o — 27).

341. YcranoBUTe, KaKue U3 caeaywImux PYHKOUHA 4€THLIe, Ka-
KHe HeUYéTHBIE, a KaKue He ABJIAITCA HA 9Y6THBIMHU, HU He-

YETHBIMH!

1)y =x+sin x; 5)y=tg x+|x|;
2)y=tgx +ctg x; 6)y=cos%1%;
3)y = x2cos x; 7) y = ctg x — cos x;
4) y = tg? x + sin x; 8)y=sin%

342° C nomompio Kakux npeobpasosanuil us rpaduxa QyHK-
nud Y = tg X MOMKHO MOJYYUTH rPa@UKHA QYHKIIHNA

y=tgx+2uy=tg (x -+ g )? ITocTpoiiTe B OJHO cucTeMe
KOOPAHWHAT rpad@MKu QyHKIIHIA:

y=tgx, y=tgx+2 mn y=tg(x+g).

3430 Kax c noMoie0 npeobpasoBaHus rpapura QYHKIUHA
y = ctg x mony4YuTs rpad@uK QYHKIHUHA:
l)y=ctgx—1; 2) y = ctg (—x); y=ctg(x-1)?

eg
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3440 CpaBHHTE ¢ MOMOUILIO rpaduKa:

Dtglutg 2; 4) ctg (—2) um ctg (—3);
2) tg (1) m tg (-2); 5) tg 3 u ctg 3;
3)ctg 2 mctg 3; 6)ctg 1 mcos 1.

3450 1) ITocTpoiitTe rpadux yHKIUMT:
a) y = [tg x; 6) y = |ctg x|; B) y = tg|x].
2) fiBnsierca nu Kaxkgada QYHKOHAA e PHOSHIECKOMN ? g

346. Haiigure KOpHY ypaBHEeHUA:
1) tg x = 1 na npomexyTKe:

a)( ; g) 6)(; 2 ) B) (2m; 47);
2) ctg x =./3 Ha npomexyTKe:

a) (0; m); 6) (n; 2n); B) (27; 47);
3) tg x = 2 ma npomexRyTKe:

a)(—g; g) 5)( 32"), B) (27; 4n).

347. I1lpu KaKUX BHAYEHHAX X BHINOJIHAETCH PABEHCTBO!
1) tg x = ctg x;
2) tg x = —ctg x;

3)|tg x| =lctg x[?

348.VkakuTe, €CIH BO3MOKHO, NPOMEXKYTKH BO3PACTAHUS

PyHKIIH:
1) y = sin x; 3)y=Jx; 5)y = x3;
2)y=tg x; 4) y = ctg x; 6)y=2x+3.

3499 HaiignTe mpoMeyTKH BOBPACTAHUS ¥ IMPOMEIKYTKH YObI-
BaHUA pyHKIIMA:

1)y=cos(x+£]; 3)y—tg(x+5)
6 4
- < ot LR L
2)y-—sm2, 4)y ctg(x 6)'
3509 Haiinure HaAMMeHBINNHN Nepruox QYyHKIIHMA:
1) y = tg 2x; 3) y = ctg? x;
i 1
s i D -
2)y = tg? x; Hy= =~



21. 3aBUCUMOCTH MEXLY TRUrOHOMETPUHECKMMU DYHKLMAMMK

351.9Ha MIPOMEYTHE (—% 3 g ) peimuTe rpaduuecKy HEPABEHCT-
BO:
1)tg x < x; 2)tgx>1-x2. B

B} KonTponsbie Bonpock: u 3apanus

1. CdopmyaupyiiTe ocHOBHEIe cBoiicTBa pyHKIMHA Yy = ctg x. Kaxune
M3 9THX CBOMCTB nMeer QyHKIUA y = tg X7

2 C moMoIbio KaKuX npeobpasosanuil rpadpuka GyHKOuu y = tg x
MOKHO TIOJYYUTE rpaduk Gyaknun y = —tg(2x — m)?

O 21. 3aBucumocCTHm
MeXay TPUroHoMeTpuYeckumu
dyHKUMAMU OQHOTO
M TOro Xe aprymeHrta

sin cos
PagencrBa tg ¢ = E-o?(% uctgo= Fn:f; BBIPAsKaioT COOTHOIIEeHU A

MeyKAy TPUTOHOMETPHYECKMMH (PYHKIMAMHU OAHOTO M TOIO Ke
apryMeHTa . C ©X moMOIIbIO, 3HAA CHHYC 1 KOCHHYC HEKOTOPOro
yria, MOYKHO HAUTH €ro TAHreHc M Koranredc. M3 aTux paBeHCTB
JIETKO MOJYYHATH, YTO TAHI'€HC U KOTAHTEHC CBA3AHBI MEMAY CO-
0ol cIeIyOIIUM PABEeHCTBOM.

( tgorctge-1 )

TlodHaKOMHMMCA C HEKOTOPBIMM JAPYTHMH 3aBHCHMOCTAMY
MeX Ay TPUTOHOMETPHUYECKHMH QYHKIHAMU.

VpaBHeHNE €JMHHYHON OKPYKHOCTH C IEHTPOM B HaYaje KO-
opauHar x2 + y? = 1 ceaseBaeT abcmuccy ¥ OpAMHATY JI000M TOY-
KH 9TOH OKPYXXHOCTH.

OCHOBHOE TPHTOHOMETPHYIECKOe TOKIECTBO
cos?2@+sin2¢g=1

OCHOBHOE TPUTI'OHOMETPHYECKOe TOXKIEeCTBO YacTO MCIOJb3Yy-
eTcA Npu NpeodpasoBaAHUM TPUTOHOMETPUUYECKUX BhIPAXKEHH.

e



Fnasa 4. TPUTOHOMETPUYECKWUE ®YHKLMK U MX CBONCTBA

PeweHne.
(1 -sino)(1+sina)=
=1-sin?a =cos?a + sin2a —sin? a = cos? a.
3/eck MBI 3aMEHWJIM eJUHHIY CYMMON KBaJpaTOB CHHYCA H
KOCHMHYycCA.

( 1—sin? g =cos?¢ l—coszq>=sin2(pj

OTH paBEHCTBA, KOTOPBIE IOJYYEHbI U3 OCHOBHOTO TPHIOHO-
MeTPHYECKOTO TOKAECTBA, TAKMKE ABIAIOTCA TOMKIECTBAMH.

PasznenuB nouieHHO OCHOBHOE TPUTOHOMETPHYECKOEe TOMK AECT-
BO Ha c0s? @, moayuuMm:

2 in2
S8 @ 4 o8in p i) ,T.e.1+tg2o= .
cos?o cos?¢p cos?g cos? ¢
1+tg2q=—1
cos2gq

AHaJOrU4YHO, JeJleHUeM OCHOBHOI'O TPUTOHOMETPHUYECKOro
TOMKJAEeCTBa Ha sin? ¢ moxyyaem ciaexyiomyio GopMyIy.

E -
ctg=gp+1 o

3aBUCHUMOCTH MKy TPUIOHOMETPHYECKHUMU QYHKIUAMH I10-
3BOJIAIOT MO 3HAYEHWIO OJJHOH M3 (PYHKIMH HAXOMUTH 3HAUYEHUSA
OCTaJIbHBIX TPUTOHOMETPHUUYECKUX (DYHKIMI NpH TOM e 3Hade-
HUM apryMeHTa.

. 5 i
= — - < .
sina= g u; <a 27

PeweHwne. U3 paBercrsa cos? . = 1 — sin? o monyquaem

|cos o] = /1 — sin? a.



21. 3aBUCMMOCTH MEXLY TPUFOHOMETPUYECKMMU DYHKUMAMM

i
YenoBue 2 < o < 27 TOBOPHUT O TOM, YTO L MOFKeT ABJATHCA YT~

nom II, IIT mom IV uyersepru. OgHAKO CHHYC yrja o B JIaHHOM 3a-
Jlade MOJIOKUTENIeH, 3HAYHT, 0. — yroJ IT werseprH.
Kocunycs! yriaos Il uersepru 0TpUIATEIbHBI, IO3TOMY

cosa=—-.1-sin?a.

ITopcraBuM B 9TO pPaBeHCTBO JaHHOE€ B YCJIOBHH 3HAYEHHE

sin a:
2
cosa=—,1-sin2a =- 1—(%) =
1—_ —— - e— Z—E
169 169 18°
T | R B Wl
Jamnee nmeeMm: tg o 12 13’ ctg e 5
13
12

Mpumep 3. Haiitu sin o, cos o u ctg o, ecau

B &
tg a 15 %3 <o <2m.

claenyer, 4To

U3 paBencrsa 1 + tg% ¢ =—;
cos? ¢
1 1 225

1+tglg |, 64
1+ 225

cos?a =

IToCKOJIBKY B JaHHOU 3azade g <o < 27n " tg o HOJIOKUTEJIeH,

T0 o gapiagerca yriom IIl wersepru (raHrencel yrios II u

IV weTBepTeil oTpUIIaATEIBHEI).
YVuursiBas, 4To KocuHych! yrioB 11l ueTBepTH OTpUIlATEIBHEI,

oJiy4aem:
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e sin o
M =——:
Haiiném sin o u3 pasencrsa tg o g
sina=cosa-tga=-12.8 __38
g 17715 17"
T — | e A0 -
OTBeT:sina 17 cosa 17,ctga 3

P e weHue. IIpeoGpasyem neByio 4acTh pABEHCTBA:

2
ctg? a - cos? a =22 —c032u=cosza( —— — 1) =
s51n- o sIn“ o
2 2
= n<a o
=cosa 1‘—31—~ =cos?a E:OBT =cos?a-ctg? a,
sin? o sin? o
YTO U TPeBGOBAJIOCH JOKAZATS.
YnpaxHeHuus
[

352. MoryT i CHHYC U KOCHHYC OJHOT'O ¥ TOTO K€ apryMeHTa
OBITE PABHBIMY COOTBETCTBEHHO:

5 12 a -b
— H =3 , la| + bl = 0?
1) 13 " 13 ’ Ja2 4 b2 = Ja2 o b2 |a| |bl
353. Haiigure 3HaYeHNs TPUTOHOMETPUYECKHUX (DYHKIMH yriia o,
ecau:
1)sina = % H0<a{§;
ing=50 5 & '
2)sina = g9 B3 <a<m
3)cosa=——g uld<oa<mn

4) cos a°=—:—(12 n 180° < a® < 360°;
5)tga=27; un<ao<2nm;

6) tg o® = —é—; u 180° < o® < 360°;

+©



21. 3aBUCMMOCTI MEXAY TPUTOHOMETPUHECKUMU DYHKUMAMM

5 ak cac i,

Netga=-15 u 3 2

12
= — < <
o 35 un<ao<2m.

354. YupocTHuTe BhIpAXKeHHe:

8)ctg

1)1 -sin?a;

9) tg2 B —sin?p |

ctg2p—cos2 B’

sin? o

2)cos? B — 1; 10) s T ~ctg a3
3)cosatg a; 11) 1 _81:011 By fi:o[i ik
4) sin o ctg o; 1gyimni - e L
5)1%5;%; 13) ey + e B

y oo, 14) ;220 —tgp;
7) cost o — sint a3 15)° Ji;zg:g et
8)(1-coso)l+cosa);  16)° J} teina J; sing,

3559 Haiigure sHaueHe BRIPAYKEHUA:

) 4sin o — 5cos a

_2,
2sin o — cos o npH 1§05

3

) 5sin o + 2cos o
3sin a —4cos a

npu tg oo =—0,4.

356. [loka)kuTe TOXKAECTBO:

) sing _ 1-coso,
1+ cos @ sing ’
)sina—cosa=£gu—1
sina+cosa tga+1’

3) sin’ B + sin? B cos? B + cos? = 1;

4) sin? o + sin? o cos? o + cost . = 1;

5) cos? a + cos? a ctg? o = ctg? o;

6) sin? o + sin? o tg2 o = tg2 o

7)1 + sin x + cos x + tg x = (1 + cos x)(1 + tg x);
8) 1+ cos B —sin B —tg p=(1+ cos )1 —tg P);

&
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ins 3
sin® o + cos® a
De——a———

= = sin a + cos o;
1 - sin acos a

ind 3
Sln*” o — cos
) S c—00s &

- = cos o — sin o3
1 + sin acos a Y

1 1

cos?a sinZa’

11)tg2 o —ctg?a =

12) (tg? o — sin? a) ctg? o = sin? o;

13 1 .+231n 0.CO8 O =£ga+1;
sin? o — cos? tga—1

1 - 2cos? a

sin acos o °

14)tga—ctga =

357. YupocTure BeIpaskeHue:
1) sin 165° + cos 195° ctg 255°;
2) cos 320° — sin 220° tg 130°;
3) tg 110° tg 100° tg 45° ctg 70° ctg 80°;
4) ctg 135° ctg 125° ctg 115° ctg 35° ctg 25°;

5) _t8205°  tg?65° - tg 45°,
1 - ctg? 155° ctg 295°

6) —tg144° . tg?126°
1+tg2216° " 1+ ctg?324°°

358. Pemure ypaBHeHUE!
1)© (sin x + cos x)2 — 1 = 0;
2}0 (sin x + cos x)2 =1 + sin x cos x;
8)° 8sin? x — 18 sin x + 7 = 0;
4)O4coszx—4cosx—3=0;
5)0 (sinx+1)2=sin2x+ 1;
(:'n)O cos? x + cos x = —sin? x;
7)® 3sin x = 2 cos? x;

8)’ 3 cos x = -2 sin x;
9)" sin x + cos x = 1,4;

-‘T: 1 — =-._7._
10)" sinx —cos x i3

359" Hokaskure, 4To 3HAYEHHE BHIDAKEHUA He 3aBUCHUT OT IIe-
PeMeHHOit x:
(a sin x + b cos x)? + (b sin x — a cos x)2.
360° WsBecTHO, uTO tg a + ctg o = 3. Haiigure:
1) tg? o + ctg? o 2) tgt o + ctgt o



22. CUHYC W KOCUHYC CYMMbI 1 Pa3HOCTH ABYX YroOB

361.° UssectHO, 4TO 0L — yrout I uerBept. MoryT Ju Ip# OXHOM
H TOM K€ (L 0Ka3aThCs BePHBIMHM HEPDaBEHCTEA!

l)sina<%ucosa~<é; Dtga<2uctga<2?

3629 JlokaskuTre, 4TO AJA J060r0 OCTPOro yria:
1) cymMa ero cuHyca u Kocunyca Gossie 1;
2) cyMMa ero TaHreHca ¥ KOTAHreHca He MeHbIue 2.

Bl Koutposnshbie sonpocs v 3apanms

1. Kax, sHas CHHYC yIJa, HafiTh taHreHc aroro yraa? Kak pemurs
obpaTHYIO 3a/1a4y: 3HAA TAHI'eHC yIJa, HAlTH CHHYC 3TOT0 yraa?
2. Haiinure sina, tga n ctg o, ecam cosa = —}—? H O — Yroa
I1I yeTBepTH.
cos? o
3. Vmpocrure Belpaskenne ———— *tga.
1 - cos? «

4., Haiigure 3Ha4eHWe BhIpaKeHUA:
a)lgtg3°-lgtg 6°-1gtg9° ... lg tg 87%
6)lgtg3°+1gtg6°+1gtg9°+... +1gtg 87°.

B ) 22. CuHyC 1 KOCMHYC CYyMMBl
M Pa3HOCTM ABYX YrNOB

Touxu P, , 5, P, u P_; — KOHEUHBIE TOYKH IOBOPOTOB Ha YTJIBI
a+pB,an —B (puc.109). Xopaa P, , P, eAMHUIHON OKPYIKHOC

TH IIPH II0BOPOTE Ha yroJ —f BOKPYr y

Hauyaja KOOPAMHAT COBIIajaeT C XOp- 1

mo#t P P_;, 3HAYMT, JITUHBL OTPE3KOB P,

P, 3Pyu P P_, pasHbL. P

BpipasuM JUIMHEL 9TUX OTPe3KOB,
HCHoJB3ysA (opMyny PpaccToasHHA
mesxay Toukamu A(x;; y;) u B(xy; ys)
KOOPAMHATHOM IIJIOCKOCTH:

AB= [(x, —x5)% + (y, — y5)?.
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IMoacrasnas B ary hopmysy KOOpAMHATHI TO4eK Py, P . pr Pos
P_[,, NOJIYYHUM:

PyP, .= A(cos (a + B) — 1)2+ (sin (o + B) — 0)2,

PaP-B = J(cos o — cos (=B))2 + (sin o — sin(-f))2.

Tak Kak AJTUHBI OTPE3KOB PABHBI, TO

J(cos(a + B)-1)2+sin2(a+B) =
= J(cosa — cosP)? + (sina + sinp)2.
Bosseaém o6e uacTu sTOro paBeHCTBa B KBaADAT:

(cos (o + B) — 1)2 + sin? (a + B) =
= (cos o — cos B)? + (sin o + sin B)2.

IIpeoGpasyem sieByio 4acTh NOJYYEHHOIO PABEHCTBA:

(cos (o + B) — 1)2 + sin2 (a + B) =
=cos? (o + B) - 2 cos (. + B) + 1 + sin? (a + B) =
=2-2cos (o + B).

Teneps npeoGpasyem npaByio 4acTh paBeHCTBA:

(cos a — cos B)? + (sin o + sin B)2 =
=cos2a—2cosucosﬁ+coszﬁ+sin2a+2sinas’1nB+sin2B=
=2 — 2 (cos o. cos B — sin a sin B).

CuenoBaTensHO,

2—2cos(a+B)=2—2(cosacosB—sinasinB).
Orcrona

cos (o + ) = cos o cos B — sin o sin .

DopmMya KOCHHYCA CYMMBI
cos (o + ) = cos « cos f — sin a sin
3amenss B a10i hopmyte f Ha —f:

cos (o — B) = cos a cos (—f) — sin o sin (),
noxyuum cos (o — ) = cos o cos B + sin o sin f.

DopMyJia KOCHHYCA PA3HOCTH
cos (o — ff) = cos « cos B+ sin a sin B




22. CHHYC ¥ KOCUHYC CYMMb! W Pa3HOCTW ABYX Yrnos

C nomomsio GopMyJ NpUBeieHUA BhiBeAeM (POpPMYJIy CHHyCa
CYMMBI:

31n(a+|3)—-cos(— -(a+[})) —cos((g —(1)_—[3)) -
_cos[g —a) cosB+sm(— - )smﬂ=
B.

= sin o cos P + cos a sin

dopmyiia cHHYyCa CyMMBI
sin (o + B) = sin @ cos B + cos a sin B

BameHas B 9T0# hopmye p Ha —P:

sin (o. — B) = sin a cos (—B) + cos a sin (—P),

nosyunm sin (o — B) = sin o cos B — cos a sin B.

dopmyiia cHHyca Pa3HOCTH
sin (o. — B) = sin « cos p — cos a sin f§

Mpumep 1. [lokaszarTs TOXAECTBO
cos (a—p)—cos (o +P) _
sin (o + ) — sin acos B

2tga.

DokasaTtenbcTBo. IIpeobpasyem JeByIO 4acTh paBeH-
cTBa:
cos (o — B) —cos (o +B) _
sin (a0 + B) — sin acos B
_ cos ocos P+ sin asin B — (cos acos B + sin asin B) _
- sin ocos P + cos asin B — sin acos a

_ 2sin asin f -2tga,

cos asin p

qTo | Tp&ﬁOB&JIOCb JA0Ka3aTh.

Mpumep 2. YOpocTUTE BhIpayKeHne

cos 75°cos 65° — sin 75°sin 65°
sin 85°cos 35° — cos 85°sin 85°°
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B uncanrene xpobu samMevyaem npaByio 4acTh (POPMYIIEI KOCH-
HyCa CyMMBI, & B 3HaMeHaTele — CUHYCA PA3HOCTH:

cos 75°cos 65° — sin 75°sin 65° _ cos (75° + 65°) _

sin 85°cos 35° — cos 85°sin 35°  sin (85° - 35°)

— cos 140° _ cos (90° + 50°) _ —sin 50° _ 1
sin 50° sin 50° sin 50° g

YnpaxHeHus
e
363° Haiigure 1nnny XOpAsl e AMHUYHON OKDYIKHOCTH:
1) PP %) P Pes 3) PP _; 4) P P;.
2 2 "2
364.IIpeobpasyiite Boipaskenue, HCIIOJIb3YA (DOPMYJIBI CHHYCA U
KOCHHYCa CYMMbI ¥ PA3HOCTH:

1) cos (a® + 70°); 9) sin ((p - T—t);
2) cos (20° + B°); 10) sm(% B);
LA _38n),
3)cos(a+§), ll)cos((p 2),
T i 5 .
4)cos(§~{3), 12)c¢::u£|(4 - B),
5)003(2 - y); 13) cos (o + a);
El. =,
6)cos(ﬁ—§), 14)008( 6)'
; T\, 7 T,
7)3“1(0"'_2)’ 15)sm([3+3),
8) sin(f +(1); 16) sin (o0 + a).
365. Haitgure:
. ; 3 24
1) sin (o + B), ecam sin o = 5 sin = 25
Oéacg H0<B{§,
20 ks
2) sin (o — B),ecnnsma—@,cosﬁ—zs,

’r-
0ca<2n0<342,

®.



22. CHHYC ¥ KOCUHYC CYMMbl U pa3HOCTW ABYX YINOB

3) cos (a+ B), ecrmcos o = —%,cos[}= —%,

O<a<mul<pf<m;

PR | (I -
4) cos(o—P),ecamsina = 29,3111[3 5 °
n<a{§2§ug<[_’)4n;

5) sin(a+ E],ecnntga= é‘:—i,oéain;

G)Ocos(g —o:),ecnnctga=—§ n0<a<m.

366.Mcno/ib3ysa U3BECTHRIE 3HAYEHMSA CHHYCOB ¥ KOCMHYCOB YT~

snoB 30°, 45° u 60°, HaliguTe CHHYC ¥ KOCHHYC yrja:
1395% 2) 75°% 3) 105°.

367. l)o CHuHyCBI [BYX YIJIOB OCTPOYIOJIBHOI'O TPeyroJbHHKA

pPaBHEI 1—55 " % . HaiiguTe cuHyC TpeThero yria.

2)® Cunychl ABYX YIJIOB HEKOTOPOTO TPEYTrOJbHUKA PaBHBI
0,5 # 0,6. Kakum MoxkeT GbITH CHHYC ero TpeTbero yria?

3) Yem oramualores 3agaqdu 1) u 2)?

368.. Haiignre KOCUHYC TPETHEIO yIJia TPeyroJbHUKa, eClIN KO-
CHHYCHI JIBYX €ro yrJjioB DABHEI:
T .12 20
1) 25 ¥ 137 2)0,81129.
369. VupocTuTe BhIpa)keHue (BbIABUTE 3AaKOHOMEPHOCTh Ha Iep-
BBIX IBYX 3a/JaHUAX ¥ IPUMEHHUTE €€ K OCTAIbHBIM):
1) sin (oo + B) + sin (o — B);
2) cos (o + B) + cos (o — B);

o . n :
3) cos(4 or.) +cos(4 +a),

O & 4 i —E
4) 31n([3+ 6) +sm([3 6)'
370.1) Yopocture BbIpa)keHue (BBHIABUTE 3aKOHOMEPHOCTbH Ha
IIePBEIX ABYX IPHMepax ¥ NPUMEHHUTE €€ K OCTaJIbHbIM):
a) sin (o + B) — sin (o — B);
6) cos (o + B) — cos (o — B);

@] ;[ (S T .
B) ces(4 cx) 008(4 +or.),

®
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I’)Osin([} +g) —sin(B— g)
2) ® CpaBrute 3aKOHOMEPHOCTH, BLIABJEHHLIE B 3alaHUAX
369 u 370.
3710 CpaBHHTE 3BHAUEHUA BHIPAYKEHUIH:
1) cos 50°cos 20° — sin 50°sin 20°
cos 85° cos15° + sin 85°sin 15°
cos 70°cos40° — sin 70°sin 40° ,
cos 50°cos 20° — sin 50°sin 20°’
) sin48°cos 52° + sin52°cos 48°
cos75°cos 5° — sin 5°sin 75°
cos 75°cos 85° — sin 75°sin 85°
sin 32°cos 12° — cos 32°sin 12°°
) sin (o + B) + sin (o — B) u o8 (o — P) — cos (a+[3).
cos (o + B) + cos (a — B) ~ sin (a + B) — sin (a — )

3729 Yupocrure BhIpaskeHHue:
1) sin48° — sin 23°cos 25° ) cos 40° + sin 24°sin 16°
sin 2° + sin 23°cos 25°° sin 24°sin16° — cos 8° °

373. Haiiure 3HaueHMe BEIDAYKEHUA:
1) sin 50° cos 5° — sin 5° cos 50°;
2) cos 32° cos 28° — sin 32° sin 28°;
3) sin 85° cos 65° + sin 65° cos 85°;
4) cos 160° cos 25° + sin 160° sin 25°.

3749 YupocTHTe BEIpazkeHHe
sin (g - Zx) cos x + sin 2x + sin (1 + x)

J3

¥ YKaXHTe BCe X, IPDH KOTOPBIX €ro 3HaYeHue PaBHO —? .

375° Vkasure naumenbiee NOJIOKUTEeAbHOE YHCIIO X, IPH KO-
TOPOM 3HAYeHHe BhIpakeHHus cos 30° cos x° — sin 30° sin x°

paBHO —@ ;
2
3769 JlOKaKuTe TOMXIAECTBO:
1) 2sin (a® + 30°) — cos a® _ Jﬁ;
2cos (a® — 30°) — ./3cos a°
g) fBsin (B =459 + oo B* _ oo
J2cos (B° + 45°) + sin B°




23. TaHreHc CyMMbl ¥ TRHIE@HC Pas3HOCTWU ABYX YrnoB

3779 JIoKaKuTe TOMJIeCTBO

sin (o + B) sin (o0 — B) = sin2? o — sin? B.

378. [loxkaykure ogHy U3 (GopmMyJ IPUBEAEHU, UCIOAL3YA (op-

MYJibl JAHHOI'O IVHKTA.

3799 Hoxaxxkure, uro cos 15° — sin 15° = sin 45°.
380° Hoxaskure, 4ro:

. 4.3 . 11 T n

= =N == 0O<a<?Z <B<=

1) ecam sin o 13 ,sin 13,0 o 3 n0<p 5°
T0 a+B=g;

2)ec.3msina=g,cos[}=—§),0<a< g Hg <B<m,

Too+ pB=m.

381.° Pemure VPaBHEHHE:

—
.

1) sin 2x cos x + cos 2x sin x = 0;
2)cos 2xcosx —sin 2xsinx = 1;

3) cos 3x cos g + 0,5 =sin 3x sin % -

4) sin % cos 2x = cos % sin 2x — 1.

KoHTpoOnbHbIE BONPOCHI U 3aaHus

Hanummure ¢opMysy AJHHBI OTPe3Ka ¢ KOHIAMH B TOYKax P, u
Py — KOHEYHBIX TOYKaX MOBOPOTOB Ha yriasl o u P. Haiigure mo
aToit hopmysie Auuny oTpeska P_P_.
2 6
Haitaure sin (a + B), econ:
w30 -l
sin o 41,cr:n:-3[3 5’3
cos(a + B) + cos(a — B)
sin(a + B) + sin(a — B) °

<a<mm® n<f<2n.

YnpocTtuTte BhIpaKeHue

O 23. TaHreHC CyMMbl

M TaAHreHC Pa3HOCTU ABYX YrnoB

Tanrenc CYMMBI ABYX YIVIOB MO HO BBIDA3HUTH Yepe3d CHHYCHI U
KOCHHYCHI JaHHBIX YVIJIOB:

sin (o +B) _ sin acos B + cos asin B
cos (o +PB) cos ccos B— sin asin B’

tg(a+p)=



Tnasa 4. TPUTOHOMETPU4ECKME ®YHKLMW U NX CBONCTBA

Y066 BEIDA3UTE TAHTEHC CYMMBI BYX YIJIOB 4epes TaHT'€HCHI
9THUX YIJIOB, Pasfe/ MM YHUCJIUTE/]b ¥ 3HAMeHaTe b Apobu Ha IIpo-
H3BeZieHNE COS 0 oS [} (ecu CYIIECTBYIOT TAHTEHCHI YIVIOB o U [3,
TO IPOU3BEJAEHUE KOCUHYCOB 3TUX YIJIOB OTJIMYHO OT HYJIA):

sin acos B+ cos asin B sin acos B 4 cos asin B

cos acos _cosacos B cosacos P _ tga+tgf
cos acos B—sin acos B cos acos B sin asin p 1-tg atg B’
cos acos [ cos acos B cos acos B

dopmyaa TaHreHca CyMMBI

tg (o +p) = —E—g-ﬁ“;;;tgﬂ

3ameTrum, uTo ecau tg o tg f = 1, To tg (o + P) He cymiecTByer.

Takaa cuTyanusa HaOGAOAaeTCsd ¢ OCTPHIMH YIJIaM# IIPAMO-
yroJpHOro tTpeyrojasHuka. Ix cymma pasua 90° u TaHreHca y
Heé HeT.

Dopmyiy TaHreHca pasHOCTH MoJIydaeM, 3aMeHAA B (hopMmy.Jie
TaHreHca cymMMmsl [} Ha —f:

tga+tgg B) _ tgoa-tgP
OB =] gatg =) @ +gatz b’

dDopmMyia TAaHreHCA PAa3HOCTH

HdokazaTtenscTso. Haiigém ranresc cyMMbl yIJIoB o 1 f:

5,3

tg (0 +p) = _ga+tg_§_ 13

+
—tg atg B 1 5 =L
8

i3
13

®:



23. TaHreHc CyMMBbl M TAHFEHC PA3HOCTW ABYX YIOB

Cio:xuB nmoujeHHo HepaBeHeTBa 0 < o < g n0<p< g , IOJTy-

uuM 0 <a+p<m.
EnnHCTBEHHBIM yIoM B npoMe:kyTKe oT 0 110 7T, TAHIeHC KOTO-

poro paBeH 1, aBnsgeTcsa yroa E . 3HauuT, o + = E , 9TO ¥ Tpebo-

BaJjIOCh IOKa3aTh.

Mpumep 2. YupocTurs Beipakenue

tgattgp +tga—tg[§
tg(a+p) tg(a-PB)°

PeweHwne.

tgu+tg|}+tga—tg|@= tga+tgp + tga+tgp _

tg (o + B) tg (a—p) tga+tgp tgoa+tgp
l-tgatgp 1+tgoatgp

=1-tgatgp+1+tgatgp=2.

OTtBeT: 2.

YnpaxHeHus
382. IIpn tg a®° = 1,5 u tg p = 1,5 naitgure:

1) tg (a° + 60°); 3)tg(g —B);
2) tg (45° — o°); 1) tg(i—“ + B)-

383. Mcnouas3ysa N3BeCTHHIE 3HAUEHUS TAHI'€HCOB yrioB 30°, 45°
u 60°, nanipgure:

1) te 15° 2) tg 75°% 3) tg 105°.
384. Haiiaure: 1) tg (o + B); 2) tg (o — ), ecom:
— | .
ajtga=—z,tgp=3;

6)° tga=1,2,sinB=—0,8n_g <p<0;

5 8 12 =
sina=—,cosBp=-=muz <a<m, = <B<n.

)O
17 13 2 2

B

&



Fnasa 4. TPUTOHOMETPUYECKWME DYHKLMWN U X CBOWNCTBA

385® Haiizure tg B, ecom:

1”8’(3*‘3)“2; 3)tg(a+P)=3utga=2;

3

386" HaitguTe TaHreEC TPETHETO YIJIa TPEYroJbHUKA, eCJIM TaH-
TeHCHI IBYX ero yIJIOB DABHBI:

2)tg(%ﬂ-ﬁ)=—2; 4)tg(a—-P)=25mtga=—1.

1) 2 u0,9; 2)1

3H 0.,4.

3879 Taurencu JIBYX VIJIOB TPEYTOJbHUKA PABHBL g m 1,5. Haii-

JAUTE TPEeTHI YroJl TPeyroJlbHUKA.

388. HaiiguTe 3HAYECHHE BLIPAMKEHUA:
1) 18 23° +tg 22° 3) L+ tg 273°tg 63°.
1-tg 22°tg 23°° tg 273° — tg 63° ?

tg 73° - tg 43° 1-tg 161°tg 139°
1+tg 73°tg 43°° tg 161° + tg 139°

2) 4)

389. Kaxoe U3 caeqyOMMUX BEIPaKeHU HMeeT 3HAUeHUEe % -
1) sin 23° cos 37° — cos 23° sin 37°;
2) sin 54° cos 24° — cos 54° sin 24°;
tg 18° +tg 12°
8 1-tg 18°tg 12° !
390. BepHo sii, 4TO 3HAYEHHE JAHHOTO BHIPAYKEHUA PaBHO 1:
1) sin 126° cos 36° — cos 126° sin 36°;
2) cos 152° cos 28° — sin 152° sin 28°;

tg 14° + tg 31°
b gy e 3157

391. JloxaXuTe TOMXIECTBO:

1)1_tgatg-[}=w.

cos acos B’

z)ctga+tg[} _ cos (. —PB),
ctga—tgp cos(a+p)’

tg(a+B)-tga—-tgh _ 5
8) tg atg (o + P) te p;

4) tg (B-—o)tgp =ctga.

tg (- PB) - (tg o + tg P)




23. TaHreHc CyMMbl ¥ TAHFEHC Pa3HOCTH ABYX Yrnos

392° Pemure ypaBHeHUe:

th—tgx
1)1i§:_ﬂ1giz"_:ﬁ; 4)_ﬁ—=0;
§ &g =% 1+tggtgx
tg T+ tg 2x
tgd3x—-tgx _ ; g2 & £ »/:_3
p) BT -tBX _ g 5) —2—— — 43,
goxtigx 1—tg§tg2x
3)tg x + 4ctg x =4; 6)tg2x+tgx—-6=0.

393. Jlokaxkure ogHy u3 (HOPMYJ NMPUBEIEHWUS, BOCIIOJIbH3OBAB-
much GOpMyJIaMy JAHHOTO NYHKTA.

3949 YupocTuTe BhIpajKeHHe:

tg2 50° — tg2 5° 1 - tg2 35°tg? 25°
1) - 2) ;
1 - tg? 50°tg2 5° tg? 35° — tg2 25°

395® yxaxure ABe mapel yucesa o u B rakux, aro 0 <a < m,
0 < B <, npuuém:

1) tg (o + P) = tg o + tg B; 2)tg(a—P)=tga—tgph.
396® 1) lokasure, uro:

a) yroJ Mex Iy IPAMBIMU Y = 2X A Y = % x paBeH 45°%;

6) npamele y = 0,4x u y = —2,5X B3AUMHO NEPHEHIUKY-
JAPHBI.

2) Kax cBa3aHsl MeXAY co00# yriossle KoahdUIUEHTHI k, 1
ky ABYX B3BAMMHO NEPHEeHAUKYJIAPHBIX TIPAMBIX ?

n KoHTpoOnbHbIe BONPOCH! U 3afaHus

-
.

BriBeguTe opMysy TaHreHca PA3HOCTH, 3aMeHAS TAHTEHC YacT-
HBIM CHHYCA H KOCHHYCA.

2. Haiignre tg (135° + «°), ecam tg o® = ~% ;

3. Ynpocrure Bripaxenue tg (a + E ) tg (a - g ) .

i



Fnaea 4. TPUTOHOMETPUYECKUE ®YHKLIMK M UX CBOMCTBA

24. TpuroHoMmeTpuyeckue
dYHKUMM ABOAHOrO yrna

3apaua. Tanrenc snucamHoro yraa ABC pasen -

(puc. 110). Haiitu ranrenc nearpaabHoro yriaa AOC.

PeweHwune. ObosaauuM BeMyuHy Brucanaoro yria ABC
6yKBOii 0, TOrAa BeIHuYMHA meHTpansHoro yria AOC pasHa 2d.

Hnst BeruuciaeHus tg 200 BOCHONB3yeMCH
dopmyIIoit TAHTEHCA CYMMEI:

tg2a=tg(a+a)=

_ _2tga  _ 4 _ 40
1-4gta. (5)2 9°
“\4

40
T:———.
OTBE 9

dopmyaa TaHreHca JBOHHOTO yria

2tg a
Fg= =BG
tg 2a T tah

Ilopo6uEBIM e 06pazom U3 GOpPMYJI CHHYCA M KOCHHYCA CYyMMBbI
nonydyaeM (GopMyJibl ABOMHOIO yrJja:

sin 20 = 2 sin @ cos @, cos 2a = cos? a. — sin? a.

Mpumep 1. Haiitu sin 2a, ecnu sin o = % uE<a<m,

PeweHwue. Yaurersasg, 4To (0 — YroJl BTOPO#A YeTBEPTH,
uMeeM:

cosa——J 1-sin?a

1 - 202 _ J9 49 21
292 29°




24. TpuroHomeTpuyeckue GpyHKLUK ABOMHOMO yrna

IIpumensaa GopMyay CHHYCA JBOWHOTO YTJIa, HOJYIUM:

R ricag of gyl 840
sin2a=2sinoacosa=2 29 ( 29) 341"
. 840

OTtBeT: Tk

KocuHyc ABOIHOrO yriia MOMHO BEIDA3UTH Yepe3 KOCHHYC UIN
yepes CUHYC OJMHAPHOTO yIJia:
cos2a=cos?a+sina—2sin2a=1-2sin?a,
cos 20 =cos?a — (1 —cos?2a)=2cos2a — 1.

( cos20=1-2sin2acos20a=2cos?a—1 )

W3 GopMyaBl KOCHHYCA JBOMHOIO YIila MOYKHO BBIPA3HTH KO-
CHHYC ¥ CHHYC yIJIa, B 2 pa3a MeHbIIero,

cosga=1+c052a sin2a=l—cos2u
2 2a

]
8’

iB 2 2
Peweune.(l cos2x] +(1+c;s2x)

1—2c032x+c0322x+1+2c082x+c0522x=g,

2+ 2cos822x= g
IToHN3UM CTEneHb emié pas:

24+ 1+cosdx = ,cos4x=g -3, cos4x=—%—.

polon

4x, =§§T§ + 2nn, 4x, = »—% +2nn,n e Z,

T, mn T, mn
x1=6+—~2-,x2=—6+?,nez.
OTBeT:x1=g +%,x2=—g +%,nez.



Fnaea 4. TPUTOHOMETPUYECKME DYHKLWX M MX CBOMCTBA

Pew e Hwue. I[Ipeobpaszyem mpaByio 4acTh paBeHCTBA:
sina  cos?2o —sin? a

1-

1-tg2a _ cos?a _ cos? o _

1+tg2a 1+sin2a cos? o + sin? a
cos? o cos? o

= cos? o — sin? o = cos 2a,
4TO U TPeOOBAIOCH NOKA3ATh.
YnpaxHeHus
397. IIpeobpasyiiTe o hopmysiaM IBOIHOTO yrjia BEIpayKeHHe:

1) sin 22°; 8) sin 25—" ; 15) sin 3a;

2) sin 42°; 9) cos Z : 16) cos % H

3) cos 14°; 10) cos %" ; 17)O sin (a + B);

4) cos 66°; 11) tg 0,3m; 18)Ocos (o —B);

5) tg 26°; 12) tg3—7"; 19)© sin(z —(p);

o : O b3

6)tg 51°; 13) sin o 20) - cos (Z + Lp);
1 O n

7) sin 0,2m; 14) cos o; 21)“tg (E +q:|).

398. Hajinure 3HAUEHHE:

1)sin 20, eciusina=0,8u0<a < g;

2) sin 2a, ecimcos o =-0,96 m 0 < o <m;

3) cos 2a., ecou sin o = % 2

4) cos 20, ecJIH COS 0L = ? :
5) tg 2B, ecau tg p=—0,75;
6)tg 2B, eciu tg p= g




24. TpuroHoMmeTpuyeckme QyHKUMW ABOWHOTO yrna

399. B kakoif 4eTBepTH HAXOZUTCH YIOJ O, €CJIH:

1)sin o > 0, sin 2a > 0;
2)sina > 0, sin 2 < 0;

3)sin a <0, sin 2a > 0;
4)sina <0, sin 2a < 0?

400.1IIpeobpasyiiTe B CHHYC, KOCHHYC HJIM TAHTEHC HEKOTOPOIO

401.

402.

yIJia BhIpaKeHue:
1) 2 sin o cos a;

2) 2 sin 2a cos 20

3) 2 sin 12° cos 12°%

4) 2 cos 12° sin 12°;

5) 2 cos 67,5° sin 67,5°%;
6) 2 cos 105° sin 105°;

7) cos? 70° — sin? 70°;

8) cos? 75° — sin? 75°;

9) cos? 22,5° —sin? 22,5°;

10) cos? 112,5° — sin? 112,5°;

O g8 el
11)~ cos 2 sin 5}

12) cos? (-L;—E — sin? 9—%—9 ;

13)2si.n(§ —a) cos(~ —a);

14)23111(5 +(1) cos(E +a);

1A

4 4

2tg 10° |
1-tg210°’

2tg 70° |
1-tg270°’

15)
16)

o

2tgz
Lo
—tg2 =
1-tg 1

18)

Coxparure apobb, MCHONB3YSA (HOPMYJIBI ABOHHOIO yria u

dopmyJibl IPUBEAEHUA:
sin66°

1) 2sin33°’

2)

sin50°
3) cos 20°

sin25°’

sin10° + cos10°°

cos18° — sin18° |
cos36° X

4)

5)@ 2s?n 160°
sin40° ’
2sin153°
6). cos36° >
7)® cos? 40° — sin? 40° |
2sinb°® ¥
sin40°
sin25° + cos25° "

8)®

1) Yopocrure BBIpa)Ke€HHe, MCIOAb3Yys (GOPMYJY CHHYCA

JABOMHOrO yria:
a) 2 sin 10° cos 10°%;
6) 2 sin 10° cos 10° cos 20°;

o



Fnasa 4. TPUTOHOMETPUYECKME ®YHKLIUU 1M UX CBOMCTBA

8)® cos 10° cos 20° cos 40° cos 80°;

r)® cos o cos 2a cos 4a cos 8a cos 160.

2) CKOJIBKO pas BeI HCIIOJIG30BAJH (DOPMYJIY CHHYCA TBOKHO-
ro yria B Ka)Kaom caydae?

3) B uém BBI BUIUTE YCIOMKHEHNE KaXKJ0r0 CJIeAYIOIIero Bhl-

paxkeHuA?

403.BrryucinTe KOOpPAMHATH TOYEK IlepecedeHusa rpadukos
byHRITA:
1)y =sin®xu y = cos? x; 2)y=3cosxuy==6sin 2x.

404. YxaskuTe HaMMeHbIIIee I10JI0MKHUTeIHHOe YUCIO0 X, IIPU KOTO-
pom:
1) sin x° = sin? 75° — 2 sin 75° cos 75° + cos? 75°;
2) cos x° = cos? 105° — sin? 105°.

405. Pemnre ypaBHeHue, npuMeHasa (GOpMYyJIbl JBOMHOTO apry-

MeHTa:

1) 2 sin x cos x = 1; 3)4cos§sin'§~J§=0;
2)cos"’x—sin2x=l; 4)sin? %X —cos2 X —-1=0.

2 2 2
406® Pemure ypaBHEHHEe, NOHUIKAaA ero CTeneHb ¢ IMOMOIIbLIO

thopmyr:

1)sint x + cost x =1; 2)% gin® x + cosb x = 1.

cosza=l—c;s2u Sin2a=l—c;sza

407° JloKaskuTe TOMKIECTBO:
1) cos? o — sin? a = cos 2a;

2) sin « cos o cos 2o = i sin 4a;

2
3)(sing +cosg) =1+sina;

2 2
4)(sing —cosg)Z =1—sing;

5) 1 — 8 sin? % casr.‘?%L = CoS o}

B cos? B =cos B;

2B _ 4 in2
6) cos 5 4 sin 4 y




24. TpuroHoMeTpru4eckue GyHKUMN ABOWMHOro yrna

7) sin 2o — tg o = cos 20 tg a;

8)ctg g —sin f =ctg g cos 3.

408° IIpoBepbTe paBeHCTBO:

n I 1 T | s ik

o g Vi e = - L8 5 3
1) Jz 3 ’2 2cosa sxn4,ec.1mn o<2m

) DY Y 1 [ «

gl o — — - < < .
2) jz 3 }2+2cosa COS 7, €CHU T < o 2n

4099 Joxaskure TOMKALCTBO

sin2a=—£1'ﬂ-—.
1+tg2a

410.° Mosker nu Ipu KakKoM-1u00 3HaAYeHUH X OBITH BEPHLIM pa-
BEHCTBO:
1) sin x° cos x° = sin 24°;
2) sin x° cos x° = sin 34°;
3) cos? x° — sin? x° = 2 cos 100°%;
4) sin? x° — cos? x° = 2 cos 130°?

411.@ Horaxxure, aro sin 3o = sin o (3 — 4 sin? ).

412.® [Tpu xaxux 3HAUEHHUAX apryMeHTa QYHKIHA iy IPHHAMAaeT
v
Hanbosblllee 3HAYEHHE, a IPH KAKUX — HauMmeHbmee? Ka-
KOBBI 9TH 3HAYeHUusA?

1) y = sin 2x; 4) y = cos? x — sin? x;
2) y = cos 2x; 5) y = sin x cos x cos 2x;
3) y = sin x cos x; 6) y = sin 2x (sin? x — cos? x).

413.9 1) [lokaskuTe TOMXIECTBO

cos 20° cos 40° cos 60° cos 80° = )

E -
2) IlonsiTadrech NPUAYMATE AHAJTOTUYHEIE TOKIECTBA.

BB KoutponeHsie Bonpocsi n sapanus

1. BrisenuTe (DOPMYJIIBI CHHYCA U KOCHMHYCA JBOMHOTrO yIJja.

2. Haiigure cos o, ecau sin % = —(,6.

1 - cos 20

3. OKAYKHTE TOMIecTBo tg a = =
A g sin 2ua



Fnasa 4. TPUTOHOMETPUYECKUE DYHKLIMW M X CBOWNCTBA

Of 25. Npeobpa3oBaHue
npousseneHus
TPUrOHOMETPUYECKUX PYHKLMNNA
B CyMMY.

O6paTHOe npeoOpa3oBaHue

(pﬂpMyJIbl CJIOKeHHHA, C KOTOPEIMH BBl NO3HAKOMMJINCE B IIpebl-
AVIIHX IIYHKTaxX, OTIHYAKTCA 3HAKOM B IIPDABBIX HaCTAX paBeH-
cTBAa:

cos (o + ) = cos « cos § — sin a sin B;
cos (o — B) = cos o cos B + sin o sin f;
sin (o + B) = sin « cos B + cos a sin f3;
sin (o0 — ) = sin a cos  — cos a sin B.
9T0 HABOAHUT HA MBICJb O IOYJEHHOM CJIOKEHHH WA BHIUKUTA-
HUM YKa3aHHBIX ap paBeHCTB. CI0KUM nepBhIe [Ba PABEHCTBA:
cos (o + B) + cos (o — B) = 2 cos a. cos P.

Henenunem obenx yacTeil 3TOr0 paBeHCTBA HA 2 NOJy4YUM (op-
MYJIY, HO3BOJAOUIYIO IePeXOAUTh OT IPOU3BeIeHAA K CyMMe KO-
CHHYCOB

cos o cos = % (cos (o + B) + cos (o0 — B)).

PDopmMysna nepexoaa OT NPOH3BeIeHHA KOCHHYCOB
K HX cCyMMe

cos a.cos f = % (cos (a + B) + cos (a — B))

OGossauum Teneps B hopmyie
cos (o + B) +cos (o — B) =2 cos o cos
OyKkBO# x cymmy o + 3, a OYKBO# Yy pasHOCTh O — [3:
{ o+p=ux,
a—-pB=y.
W3 aroii cucreMsl, cHAYAJIA CKJajblBas €€ ypaBHeHHsdA, a 3a-
TeM, BEIYUTASA U3 IEPBOr0 YPpaBHEHMU A BTOpOe, HAMHIEM, YTO

Y e B
o 2,B 5.

©




25. MNpeo6pa3soBaHue NPOU3BEAEHWUS TPUFOHOMETPUYECKMX (DYHKLWIA B CyMMY

IlogxcTaBuM BBeAE€HHBIE 0003HAYEHHA B QOPMYITY

cos (o + B) + cos (o — B) = 2 cos a cos B.

(Dopmy.na mepexoga oT CyMMbI KOCHHYCOB
K HX IIpOM3BEeIeHHID

x+y x—y
2 ™3

cos x +cos y = 2 cos

ITogo6uBIM %€ 0Opaszom u3 GOPMYJI CHOMKEHUA MOMKHO IOJIY-
YHTB U cjleAyiomue (POPpMYJIsl Hepexoja.

s

sin o sin f = % (cos (o — B) — cos (. + B))

XY sin X2V

cos x —cos y = —2sin > 3

sinacosﬂ=% (sin (a + B) + sin (o — B))

sinx+siny=2sin%£ 130133‘—;1’I

. J

3aMeHdAd B IocaeAHelH (hopmysie y HA —y:

sin x + sin (—y) =sin x — sin y = 2 sin x_EE cos%y-,

[OJIYIUM ellé oaHy hopMyny.

x—
¥ cos

sin x —sin y = 2 sin > >

Mpumep 1. YopocTuTh BEIpaskeHue
sin 20° sin 40° sin 80°.
sin 20° sin 40° sin 80° =

= :21~ (cos 20° — cos 60°) « cos 10° =



nasa 4. TPUTOHOMETPUYECKUE DYHKLWUK WU UX CBOWCTBA

% cos 20° cos 10° — i cos 10° =
i (cos 10° + cos 30°) — - cos 1Q° = i cos 30° = ? :
OTBET: “‘8@ .

Mpumep 2. JloxasaTh TOMKAECTBO
sin o + sin 3a + sin 5o _
cos o + cos 3o + cosba

JokasaTtenbCcTBO.

sin o + sin 3a + sin 5a (sm o + sinba) + sin 3a =
cos o + cos 3a + cosba (cos o + cosda) + cos 3a

_ 2sin 3acos 2a + sin 3o _ sin 3a(2cos 2o + 1) _ tg 30
2cos 3ocos 20 + cos 3o cos 3u(2cos 2a + 1) 2

4TO B TpeOOBAJIOCh JOKA3aTh.

PeweHwne 1. Cpegu ¢opmMyn mepexosa OT CYMMBI HJIH
Pa3HOCTH K IPOM3BeIeHHI0 HET COOTBETCTBYIOIIei opMyIBI, IT0-
9TOMY € IOMOIILIO (POPMYJILI NPHBEJEHHS 3aMEHHM Sin x Ha

o3 -5):

cos(% —x) —cos 3x=0,

. b1
sin| X +x|sin| X -2x]=0.
IIpousBeseHue B JIeBOH YaCTH YPABHEHUSA PABHO HYJIO, KOTAa
XO0Ts OBI OAMH U3 COMHOXKUTEJEH paBeH HYJIIO:

. b1
sm(z +x) On.nnsm(z —2x) 0;

T
T x=nnum’® -2x=nn,necZ,

4 4
T nn
X=7mn-- AWIHX=- ——,neclZ.
4 8 2
L9 L9 nn
T.an—-=,=-——,necZ.
OTeBeE ol 8



25. MNpeobpaszoBaHue NPOU3BENEHUA TPUMOHOMETPUHECKMX PYHKLMIA B CyMMY

PeweHwne 2. MoxkHO 6B1710 BOCIIOJIB30BATHCA YCLOBUEM DA-
6€HCMEA CUHYCA U KOCUHYCA, 3aMETHUB, YTO Sin o = cos 3 TOAbKO
B IBYX CJOYYaAX:

Da+p= g+2nn,neZ;

2)(1—[}=—; + 2nn, n € Z (puc. 111).

Torma
1)4x=g +2nn,ne Z;

2)—2x=§+21m,neZ.

YnpaxHeHus

414. IlpouuTaiiTe BBIBEJeHHBIE B 9TOM IIYHKTe (OPMYJBI, HC-
IOJIB3YA CJIOBA «IOJIYCYMMAa» M «IOJYPa3HOCTb» .

415. IlpeobpasyiiTe BhIpa)keHne B IPOU3BEEHNE TPUIOHOMETPH-
yecKUX (QYHKIUA U, TIe BOZMOXKHO, YIPOCTUTE ero:

1) cos 75° + cos 15°%; 7) sin 3. — sin 53
2) sin 152° + sin 28°; 8) cos 2a. + cos 403
3) sin 78° — sin 42°; 9) é + cos 40°;
4) cos 48° — cos 12°; 10) % —sin o

i et B et
5) sin 10 + sin 157 11)4 cos? o

XL ..y : M

6) cos 3 cos 18’ 12) Y sin® o.

416. YupocTuTe BhIpajKeHue:
1) cos (o + B) + cos (o — B);

2)003(% —-(1) —cos(g +0.).

417. 1) YupocTuTe BhIpaKeHHEe:
a) sin (o + B) + sin (o — B);

3 T . 1
6)3111(; —or.) +sm(z +0r.).



Tnasa 4. TPUTOHOMETPUYECKWE DYHKUUM KM UX CBOWCTBA

2) IlonsiTaitirecs chHOPpMyIUPOBATE CJIOBAMH OCOBEHHOCTH
BBIPaKeHUH, IPUBEAEHHBIX B 3aganuax 416 m 417.

418. BeiuucauTe, He M0JIb3YACh KAJBKYASTOPOM:

1) cos 37,5° cos 7,5°% 2)sin 52,5° sin 7,5°.
419, JlokamKuTe TOMKIECTBO:

) sinx — siny _ x-y,

cosx + cosy tg Py

sing'__t_ﬁ

) sin o + sin B 25

sin acos B — cos asin B sin®—B ’

2

3)tgo+tgp=Sn(@+p),

cos acos B’

4)tgo—tgp= @B,

cos acos [’
& _ sin (Bta),
S)etg ot ctgP sin asin B’
) sin o + sin 3«
cos o + cos 3a

7)® sin o+ cos o = /2 cos(a— E),

= tg 2a;

8)® sin o — cos . = /2 sin(a—g).

420. IIpeo6pasyiiTe MIPOU3BEALHUE B CYMMY U YIIPOCTUTE:

1) sin 45° sin 15°; 3) cos % cos 35-’?
o O, s D 5_1r
2) cos 75° cos 15%; 4) sin 24 sin 24"

4219 Buruuconure:
1) sin 20° sin 40° sin 60° sin 80°;
2) tg 20° tg 40° tg 60° tg 80°.

422..O Pemure ypaBHeHue, UCIOJIBb3Ys (DOPMYJIbl CYMMBI U pas-
HOCTH TPUIOHOMETPHUYECKHX (QYHKITHIA:

1) sin x + sin 3x = 0; 3) sin Hx = sin x;
2)cos 4x +cos x = 0; 4)® gin 3x = cos 2x — cos x;
. (m o
9) sin 6+x + sin E—x 55

6) sin (x + o) + sin (x —a) = cos o (cos a = 0).

e



25, NpeobpasosaHue NPOU3BEAEHUA TPUTOHOMETPUHECKNX bYHKLMIA B CYMMY

423° Pemure ypaBHEHUE, UCIIOJb3YA Pa3JIoKeHne Ha MHOMKHTE"
au (crpynnupyiiTe YieHsl, K KOTOPHIM OyeT TpuMeHATHCS
(hopMyJia CyMMBI HJIH PA3HOCTH):
1) sin x + sin 2x + sin 3x = 0;
2) cos x + cos 2x + cos 3x = 0;
3) cos x — sin 3x = cos 5x;

4)® cos (x — &) — cos (x + o) = sin a.

424.1) Oanoc'rnTe BEIpaKeHHe:
a) sin a (sin o + sin 3a + sin 5a + sin 7a);
6) sin a (sin 2a + sin 4a + sin 6o + sin 8a);
B) sin 2a (sin o + sin 50 + sin 9o + sin 13a).

2)® B uém 0COGEHHOCTH APIYMEHTOB CHHYCOB, CTOAIIMX
B ckobke? Kakasa cBA3E MeJy aprymMeHTaMH CHHYCOB,
CTOAIMX B CKODKAX, M apIyMeHTOM CHHYCA BHE CKOOOK?

425° 1) YopocTure BEIpajKeHHe:
a) sin a (cos o + cos 3o + cos da + cos Ta);
6) sin a (cos 2a + cos 4a + cos 6a + cos 8a);
B) sin 2a (cos o + cos 5a + cos 9o + cos 13a).
2) ® B uém 0COGEHHOCTH APIyMeHTOB KOCHHYCOB, CTOAILIMX
B ckoOxe? Kakasa CBA3b MEXAY apryMeHTaMH KOCHHYCOB,
CTOAIIMX B CKOOKAX, H APIYyMEHTOM CHHyca 3a CKoOKamu?
3) CpaBHUTE 3aKOHOMEPHOCTH, I[OJY4YE€HHBIE B JHAHHOM H
IpeAbIAYIeM 3aaHusAX, U cjesaire 06muil BHIBO.

4269 1) BeI9mCaAUTE, HCIOAB3Y s 3aKOHOMEPHOCTH, HaliICHHbIe B
NBYX IpeAbIAYIIHX 3aJaHAAX:
a) sin 10° (sin 10° + sin 30° + sin 50°);
6) sin 20° (cos 10° + cos 50° + cos 90° + cos 130°);
B) sin 30° (sin 10° + sin 70° + sin 130°).
2) CocraBbpTe CaMOCTOATENbHO HECKOJIbKO NPHMEpOB, HC-
NOJIL3YA JIaAHHbIE 3aKOHOMEPDHOCTH.

4279 1) JoxaxuTe TOMKAECTBO:

: 5 i . in? 4
a) sin o + sin 8a + sin 5o + sin Ta = Z0—;
sin
6) cos o + cos 3a + cos Sa + cos To. = S o 8¢ H
2sin o
sin 6a

B) cos 2a + cos 6a. + cos 10a + cos 140 = S————.
2sin 2a

2) ITonsiTaiiTecs NPUAYMAThE AHAJIOTUIHOE TOXKAECTBO.

e



Fnasa 4. TPUTOHOMETPUHECKWE dYHKLIMX M UX CBOMCTBA

428. Haiiiure aGCIMCCHI TOYEK epecedeHust rpadpukoB hyHKIMIA:

1) y = sin 2x u y = sin 4x; 2)y=cos Txmy = cos 3x.
429° Ha npomesxkyTke [—m; 7] HafiauTe BCe pelIeHUs ypaBHe-

HHUA:

1) sin x + sin 3x = 0; 2)cos 3x +cosx=0.

BB Kontponshbie Bonpocsi n 3apanus
1. Kaxk npeo6pasoBars pasHoCTh KOCHHYCOB B npouaBeneHue?
2.  BmBeanure hopmyay sin x + sin y = 2 sin %—E cos 5—5—3 !

3. Bounciawure:
a) cos 78° — cos 42°; 6) sin 75° sin 15°;
B) log, sin 70° + log, sin 50° + log, sin 10°.
2 2 z

0 26. PeweHune
TPUrOHOMETPUYECKNX YPaBHEHWA

B mpeabiaynnx nyHKTaxX BBl ViK€ BCTDEYATHCH C TPUTOHOMETPH-
YeCKMMM ypaBHeHHMsAMH. B GosbmmHCTBE CcliyuaeB HCXOHHOE
YPaBHEHUE B IIPOLleCCe PeIIeHUsA CBOAUTCA K MPOCTEHIIUM TPUro-
HOMEeTPUYEeCKUM ypaBHeHusAM. OZHAKO [JJIA TPUrOHOMeTpHUe-
CKMX ypaBHEHUH He CYIIeCTBYeT eJMHOT0 MeToJa pelIeHH.
B Ka)/1I0M KOHKDETHOM CJIydae yclieX 3aBUCHUT OT 3HAHUS TPHI'O-
HOMeTpHYeCKHMX (hOPMYJI ¥ OT YMEHUsA BHIOPaTh U3 HUX HYIKHEIE.
ITpu sTOoM OOMiIMe pasMUYHBIX (POPMYJ MHOTZA AEJNaeT 3TOT Bhi-
60p DOBOJIBHO TPYAHEIM,

PaccMOTPpHM HECKOJBKO OCHOBHBIX THIIOB TPUTOHOMETpHYE-
CKUX YpaBHEHHWH.

YpaBHeHus, CBOASLUMECS K KBAAPaTHbIM

PeweHwue. C noMompio 0CHOBHOIO TPHIOHOMETPHAIECKOTO
TOK/IECTBA 9TO YPaBHEHHE MOYKHO CBECTH K KBaJApaTHOMY OTHO-
CHTEeJIBHO Sin x:

2cos®x+3sinx=0, 2(1 -sin?x) + 3sinx =0,
2-2sin2x+3sinx=0,2sin2x-3sinx-2=0.



26. PelieHne TPUroHOMETPUHECKWX ypaBHeHUH

BaeéM HOBYIO IEpEeMeHHYIO i = Sin x, Torjga ypaBHeHHe npu-
mert Bug: 2y2 — 3y - 2=0.
KopHu aTOTO ypaBHeHUA ¥, = 2, Y= —0,5.

BosspamaemMcsi K HepeMeHHOH X ¥ moJjydaeM npocreifmue
TPUTOHOMETPHYECKHE YPaBHeHU !

1)sinx = 2 — 270 ypaBHeHHe He HMeeT KODHeil, TaK Kak
sin x < 2 mpu M060M 3HAYEHUH X;

2) sin x =-0,5, x, =—g +2nn, x,= % +2nn,ne Z.

OTBeT:—g + 2nn, ZGE +2nn,ne Z.

CpaBHUBas cepUHN KOpHeil

x, =arcsina + 2nn u x, = —arcsina + n(2n + 1)

ypaBHeHnA sin x = @ npu 0 < |a| < 1, MOXXHO 3aMETHTH, YTO 3HAK
«MHUHYC» IOABJIAETCA Mepe] apKCHHYCOM, Korja npudaBidercs
HeuSéTHOe YHMCIo M. A npu npubaBieHNH YETHOIO YUCIa T apKCH-
Hyc Gepérca co sHakoM «muaioc». Taxkoe uepefoBaHHe 3HAKOB
apKCHHYCa MOYXKHO 00ecIeduTh, JOMHOKHMB €ro Ha BRIpakeHue

(=1

IMonyuyurca obbefuHERHAA (POPMYTIa
x = (—1)" arcsin a + nwn, rae n — mMo6oe Lex0e IUCIO0.

IIpumensas sty ¢opmMyay K PACCMOTPEHHOMY B IIpUMeEpe 1
VPaBHEHHUIO, NOJYUHAM:

n

g 1L (~g ) +an=(-1)"+(-1) 8 +nn,

x=(=1)2+1. % +nn,neZ.
Emé npoime MO¥KHO 00 e ANHNTE CEPDUU KOPHEeH YpaBHEeHU A
cos x =a, x, = arccos a + 211 U X, = —arccos a + 2nn
npu 0 < |a| < 1:
x = *arccos a + 2nn, roe n — J000e 1eI0e YHCIO.

ObbeauHEHHEBIE HOPMYJIEI KOPHEM MO3BOJAIOT 3alIUCHIBATE OT-
BeThl DOJIee KOMIIAKTHO, OAHAKO B HEKOTOPBIX CJHy4YasdX, HAlpH-
Mep npy oT0Ope KOpHeH, NpuHaJIeKaluX HeKOTOPOMY YHCJIO-
BOMY TIDOMEKYTKY, yAoOHee paboTaTh ¢ Kax 1o cepueil KopHei

OTAeNBHO.



Inasa 4. TPUTOHOMETPUYECKUWE ®YHKLIMKU W MX CBONCTBA

OaHopopHbie TpUroHoMmeTpuyeckme ypasHeHus

Mpumep 2. Pemurs ypaBHenue
2sin’x -3sinxcosx — 5cos2x = 0.

P e w e Hue. Pacemorpum aBa cayuas:
I)cosx=0wu 2)cos x=0.

Cayuwaii 1. Ecnmu cosx = 0, TO ypaBHeHMe NPUHAMAET BU
2 sin? x = 0, orkyza sin x = 0. Ho a0 paBencTBO He VAOBJIETBODSI-
eT yCJIOBUIO cOs X = (), Tak KAK HH IIPX KAKOM X KOCHHYC U CHHYC
OAHOBPEMEHHO B HYJIb He 00paiaoTcs.

Cayuail 2. Eciiu cos x # 0, TO MOMKHO pasfiesInTh YpaBHEHUE HA
cos?x m mostyuurs 2tg2x -3tgx—5=0.

BBoas HOBYIO mepemennywo y = tg x, ImoJIiy4aeM KBaJpaTHOe
ypaBHeHme 2y% - 3y — 5= 0.

Kopsau sroro ypassenus y, = -1, Yy =2,5.

BosBpamjaemcs kK nepeMeHHOM x.

tgx=-1, x=—£ +nn,n e Z;

tg x=2,5,
x=arctg2,5+nn,nec Z.

OTBeT:—E + nn, arctg 2,5+ nn, n € Z.

B Ipumeuanue O603HAUMB B MCXOMHOM YDABHEHHH Sin x OyK-
BOM U, a cos x OyKBOii v, MONTyYnM ypaBHeHue BUAa au? + buv + cv? =0,

YpasHeHue, jeBas 4aCTh KOTOPOT0O — MHOTOYJIEH, Kaxablid
4JIeH KOTOPOrO MMEeT BTOPYIO CTelleHb, a IpaBas — HYJIb,
Ha3bIBAIOT O/{THOPOIHLIM YPaBHeHHEM BTOPOM CTeNeHH
OTHOCHTEJILHO IIepeMEeHHBIX U 1 .

Henenuem na v? Takoe ypaBHeHHe CBOAMUTCA K KBAAPATHOMY OTHOCH-

u
TeJIbHO ; .

Mpumep 3. Pemurs ypaBHeHHE
5sin2x—-38sinxcosx—2cos2x—-3=0.

PeweHwne. [lansoe ypaBHEHHE MOIKHO CBECTH K OXHOPOJ-
HOMY TPUI'OHOMETPUYECKOMY YPaBHEHMIO BTOPOI CTemeHHM OTHO-




26. PeweHne TpMroHoOMeTpUYeCcKnx ypaeHeHW

cuTe bHO sin x u cos x. [IpejgcTaBuM € TOMOIIBIO OCHOBHOT'O TPH-
FOHOMETPHYECKOTO TOMKAECTBA YHCII0 3 KaK 3sin? x + 3 cos? x:
5 sin? x — 3 sin x cos x — 2 cos® x — 3 sin? x — 3 cos? x = 0.
IIpuBeasa nof00HBIE YJIEHBI, IOAYYUM YPABHEHHE
2sin2x —3sinxcosx—5cos?x=0
u3 npumepa 2.

MNpumep 4. Permurs ypaBHeHME
3sin2x+ Tcos 2x +3=0.

PeweHwue. 9o ypaBHeHNEe TOXe MOMKHO CBECTH K OJHO-
poxaomy. Ilpumensas (Gopmysbl CMHYCA ¥ KOCHHYyCa IBOMHOTO
yrJia ¥ OCHOBHOE TPUTOHOMETPHYECKOe TOMKAECTBO, MOy IIM:

6 sin x cos x + 7 (cos? x — sin2 x) + 3 (cos? x + sin® x) = 0,
6 sin x cos x + 10 cos? x — 4 sin? x =0,
2 sin? x + 3 sin x cos x — 5 cos? x = 0.
CHOBa TIPUILIY K OZHOPOZHOMY yPaBHEHHIO BTOPO# CTeIeHH,
paccMoOTpeHHOMY B npumepe 2.

BB Ipumeuanue. Barom npuvepe caMu apryMeHTEl CHHYCA U KO-
CHHYCA HATAJIKWBAJIMA HA MBICJIb O MPUMEHEHHH ¢popMyJs1 ZBOHHOTO yIJa.
Ho TOUHO TAK 7Ke MOYKHO PeluTh ¥ ypasHenue 3 sin x + 7cosx + 3=0,

e " x
ecJIi PACCMATPUBATD X KAK ABOWHOM yroy: x =2+ 3

B paccMOTPeHHBIX mnpuMepax OBLIM TPUrOHOMETPHUECKHE
dyHKIMH ogHOro aprymenrta. Ecim ke apryMeHThl pasHble, TO
ypaBHeHHEe CTAPAIOTCH WJIX IMPUABECTH K OJHOMY apTyMEeHTy, WM
cBecTH ero K Buay f(x)* g(x)=0.

PeweHwue. IlpumesuM B JIeBOH 5 J
yacTH ypaBHeHUs (QOPMYyJy PasHOCTH g +27n 4
KBajgpaToB:

sin x — cos? x = sin 2x,

(sin? x — cos? x)(sin? x + cos? x) =sin 2x, =] 0 T
—cos 2x = sin 2x.

OrMeTHEM HAa €IMHUYHON OKPYKHOCTH s
YIJIBI, CHHYC M KOCHHYC KOTOPBIX IPOTH- 4
BOMOJIOKHEI (puc. 112). Puc. 112



Fnasa 4. TPUIFTOHOMETPUYECKME DYHKLMW U X CBOMCTBA

Hmeem: 2x = —g +nn,ronen e Z.

OTBeT:—g +1[2£,r1(enez.

E IIpumeuanue 1. MoxkHO OBLJIO, KOHEYHO, OTHECTHCE K ypas-
HeHHI0 —cos 2x = sin 2x Kak K OJJHOPOJHOMY YPaBHEHHIO NepBOoii cTeme-
HH ¥ PACCMOTPETH ABa CAYYA:

1) ecotur cos 2x = 0, To sin 2x =0 (oTH IBa paBeHCTBA He MOTYT OBITH
BEPHBIMM OJJHOBDEMEHHO);

2) ecitn cos 2x # 0, 7o, pasfienuB obe 4acTH Ha co0S 2x, HOJY4YUM:
tg2x=—1.2r=—2 +nnnx=—g + ’;—",r,nen eZ
E IIpumeuanne 2.3anumem ypasuenne —cos 2x = sin 2x B BH-
Jesin2x +cos2x=0mn npeobpasyeM ero JIeByIo 4acTh, BBOLSA 6CILOMO-

- 2
zamenvuvli yzon. J1nsa o1oro yMHOKHAM 06e yacTH ypaBHeHHA Ha ~"£—_ H
v E T 2
BOCIHIOJIb3yeMCH TeM, UTO sin g ~¢osg = % :

2

@ sin 2x + *= cos 2x =cos & sin 2x + sin © cos 2x=sin|2x+ T |,
2 2 4 4 4
TIMonyuwmm:

sin (2x+§)=0, 2x+§ = nn,

2x=—§ +1m,x=—g +%,r,uenez.

Vv Ilpuém BBemenMA BCIIOMOraTeIbHOTO yIJjia Bcerja mos3BoJser
3aMEHUTH CHHYCOM HMJIM KOCHHYCOM BBIpajkeHHe a sin x + b cos x.
s sToro Hago A00uTBCA, 94TOOBI KO (hHUIIHEeHT B CHHYyCa ¥ KOCH-
HyCa ABJIAJIUCH COOTBETCTBEHHO KOCHHYCOM M CHHYCOM HEeKOTOpo-
ro yria, T. e. 4To0bl CyMMa X KBaJPATOB OKA3a1ach paBHOI 1:

a b
Ja? + b2 Ja? + b2

= Ja? + b2 (cos ¢ sin x + sin ¢ cos x) = .Ja2 + b2 sin (x+ ),

asinx+ bcos x = a2+b2( sin x + cosx)=

a : b
rAe ¢ = arccos —— = aresin —— .
Ja? + b2 Jaz+ b2

BBenenue BcrmomorarensHOro yria ocobenHo ymno6uo, xorza

. u T T
BCIIOMOTaTeNbHBIH Yroj TabJIUYHBIN, T. €. paBeH ig , = mT. I

©



26. PewweHne TPUroHOMETPUYECKUX YPaBHEHWA

Hanpumep, IpH pellleHUH ypaBHEHU:A COS X — J3 sin x = 1 ume-
em: J/1+3 =2,

1 Jﬁ i - T v AL s - n
2003:: 2 sin x cosacosx 31n3smx COS(I+3),

T 1 b d T

i) T T e B
cos(x+3) 2,x+3 _3+2nn,
X, =2nn, X, ———2—3-“ +2nn,raenc Z. A

P e weHwue. ITepenecém Bce 4JIEHH B JI€BYIO 9aCTh H npeod-
pasyeM eé:

sin x + sin 3x — 4 cos? x = 2 sin 2x cos x — 4 cos® x =
=Zcosx(sin2xv2cosx)=2cosx(2sinxcosx42cosx)=
=4 cos? x (sin x — 1).

Vpasrenue mpuobpeso Buz: 4 cos? x (sinx — 1) = 0.
[TocKOJBbKY JieBasg 4acTh yPaBHEHUS MMeeT CMBICI IPH BCex
sHAYEHUAX X, OJydaeM ABa ciay4das: cos x = 0 man sinx-1=0,

sinx=1;x=g +nnnnnx-——%+2nn,menez.

ITOCKONbKY BTOpas cepusi KOPHEeil IOJHOCTBIO COAEPIKHUTCA B
IIepBoii, €€ B OTBETE HE YKa3kIBaeM.

OTBET: g +nn,raen e Z.

YnpaxHeHus
R
430. Pemure ypaBHeHHE:
1) 2 cos x +./8 = 0; 3) (sin x — cos x)2 — 1 =0;
2) cos? x + cos x = —sin? x; 4)sin? x — 6 sin x = 0.
431. 1) Pemnre ypaBHeHHe, CBe/if €T0 K KBAZAPATHOMY:
a)2cos2x+cosx—1=0;
6)2sin?x —3sinx-2=0;
B) 6 — tg x = tg2 x;
r)2tgx—5S5ctg x=3;
n) cos x —sin® x = 1;



Fnasa 4. TPUTOHOMETPUYECKME BYHKLIMM U MX CBOMCTBA

e)sin x =5 + cos? x;
%) 2 cos? x + 4 = —sin x;
3)8cos*x —6sin2x+1=0.
2) Beigenure ocobemmocT ypasHeHWMiL, CBOAAIIUXCA K
KBaJpPATHBIM.
432.1) Pemure 0HOPOAHOE ypaBHEHHE:
a) sin x + cos x = 0;
6) sin? x — /3 sin x cos x = 0;
B) sin® x + sin x cos x — 2 cos? x = 0;
r) sin? x cos? x — 3 cos? x = 0.
2) Beigennre 0coGeHHOCTH JAHHBIX yPABHEHHIA.
3) ® Kakumnu e1€é crnocob6aMy MOYKHO PeNIUTh JaHHbBIe ypas-
HeHusA?
433" 1) Pemure ypasuenwue, cBes ero K OJJHOPOJHOMY
a) 6 sin? x + sin x cos x — cos? x = 2;
6) 3 sin®x + 4 sin x cos x — 3 cos2 x — 2 = 0.
2) Yem OTIHMYAIOTCA ITH YPABHEHHSA OT OJIHOPOJHBIX ypaB-
HeHun?
434° 1) Ucnoxeays popmMyisl, pemuTe ypaBHeHUE:
a)cos?x —sin2 x=-1; B)cos* x +sint x = 1;
6) cos* x —sint x = 1; r)cosb x +sinfx =1,

cos 2a = cos? a —sin2 a

m52a=1+c2052c: sin2a=l—c2032u

2) Kakue ypaBHeHMS PEIIAIOTCH C OOMOIILIO (DOPMYJI MOHMK-
JKeHUdA cTeneHun?

435° 1) Pemiute ypaBHeHHEe ¢ HOMOINBIO PASJIOMKEHUA HA MHO-
SKHUTEN:
a)(cosx — 1) =cos? x — 1;
6) cos x —cos 2x = 1;
B) sin x + sin 2x + sin 3x = 0;
r)® cos x + cos 2x + cos 3x + cos 4x = 0.
2) ® Yxaskure, B KakoM 3afaHuM NIPY PasJIOKEeHUH HAa MHO-
FKHTe/IN HCIOJb30BAJNACH: CNOCO0 IPpYNNUPOBKH, BBIHECE-
HHe 38 CKOOKH, (DOPMYJIBI COKPAIEHHOTO YMHOKEHUA.




26. PeweHne TpUroHOMETPUHECKNX YPaBHEHWIA

436 %, Vcnoab3ys yCIOBHA PABEHCTBA OHOMMEHHBIX (PYHKIMIA,
pelInTe ypaBHEeHHUe:

1) sin 4x = sin Tx; 4) ctg 5x —ctg x =0;
2) cos 4x — cos bx = 0; 5)sin(6x—§)=sin(2x+g);
3) tg 3x = tg 5x; 6) cos (2x +E ) = —Co8 g

sina=sinf: o=pf+2mnumme=—-f+2n+ )n,n€Z;
cosa=cosf}: a=*+2nn,neZ;
tgo=tgph,ctga=ctgh: o=p+nn,nez

437.® 3anumure VCIIOBUS, TIPY KOTOPHIX BBINOJHHAIOTCA pa-
BeHeTBa sin o = cos P u tg o = ctg f. Mcnoasaysa mosyueH-
HBIe YCJOBH, PEIINTE YPABHEHHUE:
1) sin 3x = cos 4x; 2) tg 2x = ctg 5x.

4389 IlokaxkuTe, 9T0 ecau x2 + y? = 1, To cylmecTByeT Taxkoe
YMCJIO (), 9TO OAHOBPEMEHHO Sin ¢ = X ¥ co8 ¢ = Y.

439® IlokakuTe, 4TO HE UMeeT KOPHeH ypaBHEHUE

(sin x + /3 cos x) sin 4x = 2.

440° OnpepenuTe, ecliM BO3MOKHO, TUn ypasHeHus. CocraBbTe
I1J1aH pellleHn A ¥ BBIIIOJHUTE ero.

1) sin? 2x + 2 cos? 2x = %;

2) 3 cos? x + 4 sin x = 4;

3)sin2x —sinx=2cosx —1;
4)sin? x — /3 sin x cos x = 0;

5) cos? (45° + x°) — cos? (45° — x°) = —1;

. i 1
6) sin® x cos x — sin x cos? x = =3

T)cos x + J3 sinx=1;

8) cos 3x = cos 5x;

9) sin? x — 10 sin x cos x + 21 cos? x = 0;
10) 1 + cos 3x + cos Tx + cos 10x = 0;
11)2sin2x=4 - 5cos x;

12) 7 sin? x = 8 sin x cos x — cos? x;

13) sin 2x cos 3x + cos 2x sin 3x = 1;
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14) 3 sin? x + 2 sin x cos x = 2;

15)sin(x+n:)=cos(% +x);

16) /3 cosx—sinx=1;

17) cos? 2x — sin? 2x = % :

18) 1 + sin x + cos x + sin 2x + cos 2x = 0.

441. HaiiiuTe HAaMMEHBIOHIM IOJIOKATENBHEIH KODeHb YPaBHEHHA
4sin3xsinx—2cos2x+1=0.

4429 Haijigure Ha oTpeske [—n; ] Bce KOPHM YpPaBHEHU
cos 2x + sin? x = cos x.

4439 Haiigure Ha orpeske [-7; 1] Bce KOpHM ypaBHeHUSA

2cos? x + cos x 1

2cos x + Tsin? x 2

4449 Haiigure Bce pelneHns ypaBHeHUA:

1) sin 2x + cos x + 2sin x = —1, yaoBIeTBOpAOLIHAE ycJo-
BHUIO 0 < x < 5; "

2) /3 sinx + 2 cos x = Jﬁ + sin 2x, yaoBieTBopsomue yc-
aoBu 0 < x < 2.

4459 IIpn kakuX 3HAYEHMAX @ HAUOOJIbIIee 3HAYSHHE (DYHKIAH
Yy = asin x + cos x paBHO 5?

446. Pemure ypaBHeHHE;

1) 4sinx — 2;
ainG =~ )

2)® 5+ 2% =g, 4 V2ooex

2

3)0 81(sin 2x -~ 1)cos 3x _ g(sin x - cos x)? _ 0:

4)% ctg 2* =tg 2 + 2 tg 2x+1,

KoHTponbHbie BONpockl u 3aaaHus

Kaxue cnocobul pemrenusi TPUrOHOMETPHYECKIX YPaBHEHUIl BBl

S~

3Haere?

Pemmure ypasaenue:

a)tg2x—-3=0; B) sin? x — sin 2x = 0;

6) 6 sin® x — cos x = 5; r) /3 cos? x —sin x cos x = 0.
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SJIEMEHTbI o
TEOPUUN BEPOATHOCTEMU
U KOMBUHATOPUKU

0. 27. NoHATUE 0 BEPOSATHOCTM

KaxaoMmy U3 Hac X0TeJoch Obl, KOHEYHO, YMETh IPeABHIETH CO-
OplTusa Oyaymero. Tak, 3Has, Kakue 3aJaHHA JOCTAHYTCA Ha
ET9, MOXHO NOATOTOBUTHL BEPHBLIE OTBETHI M IMOJYIUTE MHOIO
6annos. K coxaneHn0, BO MHOTHX Clydadx HEM3BEeCTHO, KaKoe
¥3 BO3MOXKHBIX COOBITHII MpousoiéT, a Kakoe — HeT. Bmecre ¢
TeM, OKHAATH OAHMAX COOBITHI 0OBIYHO ObIBaeT 0OJIbINE OCHOBA-
HUi, yeM apyrux. Tak, HanpuMep, BRITAaCKHUBasA KapTy M3 XOpPo-
IO MepeTACOBAHHOM KOJIOABI, JIy4Ile PACCUHMTHIBATH HA TO, 4YTO
aTa KapTa He OKajKeTcs Ty3oM, 4eM Ha TO, 4TO OyAeT BhITAILEH
Ty3. XoTsi 06a COOBITHSA BO3MOKHEI, HO HX BO3MOXHOCTH MUMEIOT
Kak Obl pa3HyIO CTeTeHb. [[JIf OeHKH 9TO# CTeneH: MaTeMaTuKH
paspaboTaiu MoHATHE BepoaTHOcTU. Tak, B mpuMepe ¢ KapTaMH
BEPOSAATHOCTH BHITAIUTH Ty3a MeHbIIe, UeM BePOATHOCTEL BbITA-
IIATH KaKVIO-HUOYAb APYIYIO KapTy, & BePOATHOCTH BBITAIIUTH
Ty3a ¥ KOPOJIA PABHEIL.

IlycTs HeKOTOpOE JeiicTBHe (IKCIePUMEHT) 00A3aTeIbHO IIPUBO-
JIUT K OMHOMY U3 71 PABHOBEPOAMHbLX Pe3yabmamos (MCX0/0B), U B
M M3 HUX IPOMCXOIUT MHTepecyolee Hac cobsrTne A (9T ucxodvl
Oy/ieM Ha3bIBATh OJIArONPUATHLIMA ANA A).

BeposaTHOCTH cOOBITHA A paBHA OTHONIIEHUIO YKCa Garonpu-
ATHBIX MCXO/J0B K YUCJIY BCEX PABHOBEPOATHLIX MCXOJI0B.

[
Pa) =2

HanoMHHAM, 4TO eciu Aaa A 6IaronpuATHBI BCe UCXOABI, TO CO-
oniTHe A docmoéepHoe U ero BeposiTHOCTE paBHa 1. Ecin ke uexo-
JI0B, BJIATOIIPUATHBIX AJIA CODBITHSA, HET, TO €r0 BEPOATHOCTD PaBHA
0, 1 cOGBITHE HABBIBAIOT HE603MONCHBLM.

1 MHorja BepOSITHOCTH BHIPAYKAIOT B IIPOLEHTAX, IPAHAMASA IHUCI0 1

3a 100%.
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Mpumep 1. HaliTu BeposATHOCTH BEITAIIATH Ty3a H3 KApTOY-
HO# KoJiogsl, B KoTopoi 36 Kapr.

PeweHwue. [Ipu BelTaCKUBAHUM KAPTHI €10 C PABHOM BEpo-
ATHOCTBIO MOMKeT OKasarhked Ja00aa u3 36 KapT KOJNOALl, 3HAYHUT,
BCero aTo AeilicrBue uMeeT 36 pABHOBEDOATHBIX UCXOHOB. B Kax-
J0# M3 YeTHIPEX KAPTOYHBIX MACTEH eCTh CBOM Ty3, 3BHAYUT, B KO-
JIoJie YeThIpe Ty3a, W YeThIpe H3 BCeX HCXOAO0B GIaronpuATHBI.

4 1
BeposaTHOCTE BEITALIUTE TY34: Pogs™ 369
1
OTBeT: 5"

HcnonpzoBanne (POPMYJIbl BEPOATHOCTH BO3MOMKHO TOJBKO
TOT/la, KOT/Ia BCe BO3MOXKHBIE HCXO/ABI 9KCIEPUMEHTA DABHOBEPO-
ATHBI ¥, KPOME TOT0, X MHOMeCcTBO KoHeuHo. OJHAKO YacTo aTH
YCJIOBU S HE BBITIOJHAIOTCH.

Mpumep 2. KakoBa BepOATHOCTH TOrO, 9TO NMOAGPONIEHHAS
BBepX IYTOBUAIA YOAAET U OCTAHETCH JIXKATH BBITYKJIOM CTO-
POHOI# BBepx?

PeweHwne. B orauume OT MOHETHI,
CHMMETPHUSA KOTOPOH AaéT OCHOBAHUSA CUM-
TaTh PaBHOBEPOATHLIMHU BBINAJIEHWE OpJa H
PellIKH, Y NYTOBHIILI CTOPOHEI 110 (popMe pas-
HeIe. C Ipyroit ¢TOpOHBI, NOHATHO, 9YTO HCKO-
Mas BepOATHOCTH cyigecrsyer. Ha momoms B
€€ IIOMCKe NPHUXOAUT cmamucmuveckuir!
arkcnepumenm. Bynem moxbpaceiBaTh TYTo-
BHIy M CYMTaTh, CKOJBKO pas3 OHAa JAMKeT
BBEIITYKJIOH CTOPOHO# BBepX (MOXHO COKpa-
THTh BpeM#A dKCIIEDUMEHTa, eCJIH Iog0pacsI-
BaTh OJJHOBPEMEHHO HEeCKOJbKO OJHMHAKOBBIX IIyrosuir). Pe3yisb-
TaThl TAKOI'0 9KCIIeDUMEHTA 3aHeCeHsb! B TA0IHILY.

Ywucno 6pockos (n) 10 50 100 200 300
BrinykiocTs BBepx (m) 7 31 59 122 178
OTHOIeHWe M K n(%) 0,7 | 0,62 | 0,59 | 0,61 | 0,59

! MaremaTuueckasi CTaTUCTHKA — HAYKA, U3YUAIOIIAs METOLI 06pa-
6OTKM pe3yJibTATOB HAGJIONeHNA,

D.
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OTHOIIeHHWe YUCa CaydaeB, KOrja IyroBMIla OKasslBaeTca
BBINTYKJIOCTHIO BBEPX, K 00IIeMy UMCJIY CAy4YaeB HasbIBalOT “acC-
momotil COOTBeTCTBYIOIIero uexona. MoxHO 3aMeTUTh, YTO Yac-
TOTA NAJeHUHA IYNOBMIILI BBIMYKJIOCTHIO BBEPX C YBeJIHYEHHEM
YHCJIa N MeHAEeTCA He3HAYMTEeIbHO, OCTABAsACH IIPUOIHKEHHO PaB-
goit 0,6. To ecTh mMyroBuIa majaeT BBHINYKJOM CTOPOHO¥M BBEpX
8 cpednem 6 paz u3 10. 3aauuT, BEPOATHOCTH TOTO, YTO IOAGPO-
[IeHHAS NYTOBHIA YHANET BBINYKJON CTOPOHOH BBepX, mpuOi-
skénHo paBHa 0,6:

P ~ 0,6.

BLIIYKJI0CTE BBEPX

IloHATHO, YTO JJIA APYTOH MyrOBHILI 3HAUEHHE BEPOATHOCTH
MO’KeT 0Ka3aThCA HHBIM.

W3 33 6ykB pycckoro anpaBura HEKOTOPhIe GYKBBI HCIIOIB3Y "
joTCA yame, yeMm apyrue. Kakasa u3 HUX camad «TpyAoaouBai» ?

MNpumep 3. Kakosa BepOATHOCTH TOrO, YTO BhIOpaHHAA HA-
yraj GykBa B nmepBoM absaie 9TOro NyHKTA OKAKeTcd OVK-

BOI «a»?

PemeHue. Beeros nepsom absane 654 Oyxssl, OyKBa «a»
cpeau HUX BeTpeuaercsa 52 pasa, 3HAYHUT, BEPOATHOCTE TOTrO, UTO
BHIOpaHHAs Hayraj B mepBoM absaune OykBa fABIAETCH OVKBOH

54

«a», paBHa = , T. €. npumepHo 8% .

YnpaxHeHusa
AR

447. KakoBa BepOSATHOCTE TOTO, YTO KApTa, Hayraj BeITAlleHHAA
W3 KapTO4YHOH KOJOABI, B KOTOpoil 36 KapT, OKa)kercs:
1) uepBoOii; 2) KAPTUHKOIL; 3) BAIETOM HJIH KOpoJém?

448. KaxoBa BepOATHOCTb TOT'0O, YTO YHCJIO OYKOB IIpH GPOCKe ur-
paJIbHOM KOCTH OKaXKeTcs:
1) Gosbire 2; 2) IPOCTHIM YKCJIOM; 3) YUCIOM, KPATHBIM 37

449. KakoBa BepOATHOCTH TOr'0, 9YTO Hayiauy BeIOpaHHOe:
1) nenoe gucyo ot 40 go 70 aBnserca KpaTHLIM 6;
2) nesoe gucao or 1 70 30 ABAAETCA KPATHBIM 3;
3) ABy3HAYHOE YHCJIO0 OKa’KeTCi KpaTHhIM Jubo 3, nubo 3,
AuGOo TOMY ¥ IPYTOMY OZHOBPEMEHHO?

450. Jlorepeiiabie GUIETH TPOHYMEPOBAHBI [EJBIMH YMCIAMH OT
1 1o 200 BxaouuTensHo. Kakosa BepOsITHOCTE TOT'O, YTO HO-
Mep HayAady Ba3sToro 6miera kparTeH 7 uiu 5?
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451. B HUU pa6oraer 120 uenoBek, u3 Hux 80 3HAIOT aHTIU-
CKHUit A3bIK, 60 — Hemenxmii, a 50 — sHarT 06a. Kakosa
BEPOATHOCTh TOT'O, YTO BLIOPAHHBIN HAYIraj COTPYAHHUK He
3HAET HU OJTHOT'O U3 3THX A3BIKOB?

452. B cembe aBoe gereit. KakoBa BeposiTHOCTE TOTO, YTO OHY 06a
MaJbYUKH, eCJIU:
1) crapmnit pe6EHOK MaNBUMK;
2) OAVH U3 HUX MaTbYHK?
(CumraTh, 4TO BEPOATHOCTH DOKICHUS MAJBUYMKA M JEBOY-
KM OJIMHAKOBEI. )

453. Beruuciisas BepOATHOCTD BHINIAJCHUA XOTS OBI OLHOM pemxn
npu 6pocaruu AByX MoHer, Tansa paccy:xaana Taxk: « Beima-
AeHue XOoTA OBl OAHOM DEIIKM CKJIAAbIBAETCA M3 IBYX BO3-
MOKHOCTE! — BBINAJICHNE PENIKU Ha MePBOil MOHeTe M BhI-
najeHure pellKH HA BTOPOH MoHere. BeposTHocTh BhIAze-
HUA PelIKH JjiA 11060f M3 MOHET paBHA %, % + :lz =1,
3HauUT, BEIAZEHNE XOTA GBI OLHOM PeImKH — cobsITHE 0-
CTOBEpHOe, T. e., KaK HHU Opocaii 1Be MOHeTHI, & XOTh OJHA
pelKa sa Beinager!»

1) B xaxom mecre cBomx paccykzenuit Tans JOIyCTHIIA
ommbry?

2) Kak Hano 6110 paccysKAaTh B TaHHOM caydae ¥ 4eMy B
AEHCTBUTETLHOCTA PABHA BEPOATHOCTE BHITAAEHUSA XOTSH GbI
OJiHOM pernku?

454. B kopobKke HaXONATCA ABE Kaprouku. O6e cTOPOHEBI OAHOI
13 HUX Geiwle, a y Apyroi ogHa cropoHa 6esas, a Apyras
uépHad. M3 KopobKHU HayraZ BEITACKHBAIOT OLHY KapTOuKy
U KJIaAyT e€ Ha CTOJ TaK, UTO IBET €€ HUKHel CTOPOHLI He
BuneH. Ecniu nser BepxHell CTOPOHBI KAPTOYKH OKAsKeTCs
GesbIM, TO KAKOBA BEPOATHOCT, UTO V 9TOI KAPTOUKM HUMK-
HAA CTOPOHA YépHaaA?

455. IlposennTe CTATHCTUYECKUH SKCIIEPHUMEHT 1 HalguTe 1npu-
Oim)K€HHOe 3HAYeHHEe BEPOATHOCTH TOTO, 4TO noabpoiueH-
HasdA KaHNeNApCKasa KHOMKA YIIaZéT OCTPUEM BBEpPX.

456. C xaxoif BepOATHOCTHIO BEIGpaHHAA HAYTAL 6ykBa B mepBoM
abaane aToro nyHKTa oka)kercsa 6ykBoii: 1) «p»; 2) «e»?

457. B 1838 r. uzobperarenem 3J1eKTPHYECKOrO Teserpaga ame-
pukannem Mopse /s mepesaum TeserpaMm GbLia OpuAyMa-
Ha cnenuanbHadA asdbyka. Kamnaa 6yksa asbykn Mopse sanu-
ChIBAeTCA B BH/IE NIOCJIEA0BATEIbHOCTH TOYEK U THpe. O6bsc-
HUTe, Touemy B azbyxke Mopase GyxBa «e» mepemaércsa oguoit
TOYKOM, a GykBa «d» HAOOPOM U3 IATH CHMBOJIOB «..—..».

@
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458. B npumepe 3 u B 3aganuu Ne 451 O6r1nm HalleHBI BepOAT-

HOCTH TOro, uTo Hayraj BhibpanHasa GykBa abzama sTOro
NYHKTa OKakercda OYKBOI «a», «p», «e». BoInojiHATE aHAa-
JIOTMUYHBIE PACYETHI, B3AB CTPAHUILY CBOeH JTIOOMMOi KHUTH
¥ 3amOJHUB Tabnuimy.

Byxsa a p e

CkoJabKO pas OHA BCTPeTHJIAach HA cTpaHune (m)

m
P + » TA€ N — WHCJI0 Beex OYKB Ha cTpaHHUIle

Breibepure Hayraja 6yKBy (3aKpBIB IVIa3a U TKHYB IAJbIEM).
IlosTopuTe aToT sxkcnepumenT 100 pas. CKoabKO pas BHI 110~
nanu B GYKBY «a», 6YKBY «p», OyKBY «e»? IToaTBepxgaercsa
JI¥ Hafi/leHHAA BAMY OIleHKa BepOATHOCTH ?

459. Kak BB AymMaeTre, mouyemMy OYKBbl Ha KJIaBHaAType KOMIIBIOTE-

pa pacriosiokeHsl He B andasurHoM nopsake? Ilouemy B pas-
HBIX MECTaX PACIOJIOKeHA HA PYCCKOM U aHTIMHCKOM KJIaBuU-
arype 6ykBa «0», OfJMHAKOBaA B 9THX ABYX andasurax?

460. IIpu KOHTPOJBHOM OIlEHKE BCXO0KeCTH 3€PeH IIIEeHUIBl U3

1000 3éper 27 okasanuch HeBcxoxkumu. Kaxosa BeposaT-
HOCTB, UTO HAYTAJ B3ATOE 3¢PHO M3 ITOH e MapTHUM OKa-
JKETCHA BCXOMHUM?

461. Iz KopoOKH, B KOTOPO# JIeKaT JecATh IIapoB, HAYraJ BhI-

HYJIM OAMH IIap, a 3aTeM II0JIOKUJIN ero o6paTHO B KOPOOKY
¥ TepeMeInajy Mmapbl. JTOT JKCIEPHMEHT IIPOJAesaln
100 pas, u B peayabTaTe 72 pasa ObLa BeITalleH GeJblid,
a 28 pas uépHblii map. Kak Bl fymaeTe, CKOJILKO B KOpoOKe
UEépHBIX IIapoB?

B} KouTponbHeie Bonpock u 3apaHns

1

2.

3.

Ha ueMnuoHAaTe MHUpAa MO GUIYPHOMY KATAHUIO B CHIIbHEHIIeH moj-
rpyIIie KeHCKOM TPOM3BOILHOM MPOrpaMMs! BelcTynaoT 6 criopre-
MeHOK: 1o ogHoi na Poccun u CIIIA, no ase uz Kanagw u fAnorumn.
IlopsAok BEICTYILIEHWIT onpenensieTcs speduem. Kaxosa BeposrT-
HOCTB, YTO MOCJeHel GyAeT BRICTYIATE CIIOPTCMeHKa 13 Snorun?
IIpuBeguTe MpUMEpP JOCTOBEPHOIO COOBITHSA, KOTOPOE He CKJIa/bl-
BAeTCH M3 PABHOBEPOATHBIX BO3MOXHOCTEH.

IMoaSpomeEHEIA HAJL CTOJIOM CIHYeYHbINH KOPOOOK, ynas, HHOrAa

ocTaéTcd CTOSATHL HA CBOei rpaHu, HOKPBITOH cepoit. Haiinure axc-
NepUMEeHTAILHO TPHOIMKEHHOE 3HAYEHWE BEPOATHOCTH TAKOIo

cobriTHA.
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B ) 28. Boiuucnenue uncna
BapuaHTOB

Bo mHOrux cayvyasx HaxOo)KJAeHHEe KaK YHMCJIA BCEX BOZMOXMKHBIX,
TaK ¥ umcJia 61aronpuaTHREIX HCXOA0B CBOGUTCA K IMOACUYETY UUC-
J1a KOMOMHAI Ui, KOTOPBIE MOYHO COCTABUTE U3 AJIEMEHTOB OJJHO-
T'0 WJIM HECKOJBKHUX MHOKecTB. PellleHueM TaKUX 3a/1a4 3aHUMAa-
eTcs CIeIMaJbHEIN paslies MaTeMaTUKH — KombuHamopuka.
C HUM BBI HAYaJIM 3HAKOMHUTHCA B OCHOBHOI IITKOJIE.

OnHO M3 OCHOBHBIX NPABHJ KOMOMHATOPHKH — NPAGUJILO NPO-
useedenus. Ero Mo:xHO c(hOPMYyIHPOBATH CIAEAYIOMIAM 06paszom.

I]panlmo nMpoM3BeeHH A

Ecnu oguH 13 a/1eMeHTOB KOMOMHAIMK MOKHO BEIOpaTh
n crocobamMu, KayaoMy M3 KOTOPBIX COOTBETCTBYET
m BO3MOXKHOCTeH BEIOpATh APYTO#, TO CYILIECTBYET

nm crnocoboB BeIOOPA 3TUX ABYX 3JI€MEHTOB.

MNMpumep 1. U3 ropoga A B ropog B M0OKHO ZoexaTh Ha IIO-
e3ne uaM Ha aBToDyce, a TaKiKe MOYKHO JOJieTeTh HA
camoJiére. M3 roposa B B ropox C uayr mnoespa, aBTo6yChl
u remyioxoael. CuuTas Bce MapUIPYThHl PABHOBEPOATHBIMH,
HallIuTe BEepPOATHOCTHL moe3aku m3 A B C Ha OJHOM BHUIe
TPaHCIOPTA.

PeweHwue. Ecrs Bcero ase BO3MOKHOCTH fo6paThea u3 A

B C, He MeHAA BA/JIa TPAHCIIOPTA: HA [I0e3/e WK Ha aBTodyce.

IToeangra n3 A B C cocronuT U3 AByX aranos. U Ha nepsom, u Ha

BTOPOM 3Talle eCTh 110 TPH BO3MOXKHOCTH BbIOOpa BHAA TPAHCIOP-

ra. Ilo nmpaBuny NpoM3BeZeHMs HAXOAUM YHUCIO PA3TUYHBIX

MapmpyToB: 3+3 =09.

Ilo ycimoBuio 3afauu BCe MAPUIPYTHI PABHOBEPOATHEI, 3HAYHT,

BepPOATHOCTh Moe3aKu u3 A B C Ha OZHOM BUJE TPAHCIIOPTA paB-

2 22

Hag.OTBeT. 5"

ITpn mozacyére yncna KoMOMHAN M HEODXOAUMO 3HATH, BaKeH

JIM TIOPAAOK, B KOTOPOM pasMeIalTCcs 3JeMeHThl B KomOuHAa-

OHMH, WX KOMOMHAIMHA DPas3jUdaloTCas TOJIBKO COCTABOM CBOMX

3JIeMEeHTOB.

o2



28. BulqucneHue 4yicna sapuaHTos

Mpumep 2. CKOJBKO NMATH3HAYHBIX UYHCEJ MOKHO COCTa~

BUTH 13 uodp 1, 2, 3, 4 u 5 Tak, 9To0Ll [UMPH! B 3aITMCH YAC-

Jia He TOBTOPAIACH?

PeweHwe. IIlpu sanucu NATU3HAYHOrO YHCJa BajyKHO, B
KakoM nopsaake uayT ero nudpsl. Ilepsoit MOKHO 3anMcaTh JIO-
6yi0 M3 JaHHBIX OATHA LHUQP, BTOPYIO LUPPY MOMHO HpHCOeAN-
HUTH K NepBOil ueThlpbM#A crocobamMu, TAK KaK OfHY M3 AaHHBIX
nudp yxe ucnosbsoBasu. [lo npaBuay NPOU3BEJEHHA BEIOOD
HepBBIX ABYX HU(P MOMKHO OCYIIECTBHTH 5 * 4 cnocobamu. Kax-
JIOMY M3 HUX COOTBETCTBYeT 3 BapMaHTa NPUCOeAHHEHUA TpeTheH
nudpsl, 3HAYUT, NepBble TPHU HUPPBI MOMXKHO 3alUCATh 5+4-3
criocobamu. YerBéproit nudpoit MokeT okasarhcA Jobad H3
ABYX OCTABIIMXCH, T.e. mepseie 4 Mudpsl MOXKHO BHIOPATH
5+4+3+2 cniocobamu. Beibop mocaenHel naToi nudpsl mpegomn-
pejiesiéH BBIGOPOM IPEAIIEeCTBYIOIUX, KOTAA U3 NATH Hudp BbI-
Gpasiu 4eThIpe, OCTajach efUHCTBeHHasa nu@pa. Beero moxydn-
nock 5+4+3+2+1 =120 pasHEbIX NATH3HAYHBIX YHUCEJ.

BamMeTuM, UTO Kaj0e U3 3TUX YHcel] IojiyJyaercs, Hapumep,
u3 gnciaa 12345 nepecTaHOBKOH ero mudp.

OTeeT: 120 guce.

KomOuHAI UK, KOTOPhIE HMOJYYAIOTCA IPH IIePpecTAHOBKE dJIe-
MEHTOB HEKOTOpOro HaGopa, Tak ¥ Ha3blBAIOT NepecmanosKa-
Mmu. A 94HCIO BCeX nepecTaHoOBOK, COCTOHAIONUX M3 N pasjin4YHBIX
3JIeMEeHTOB, 0003HAYAIOT KaK P, .

B sagage P, =1+2:3+4+5 = 120, a Boobuye, popmysa qucaa
nepecTaHOBOK MMeeT CJIeAyIOmui BHA.

dopmyJia UKCIIA MePecTAHOBOK M3 7. 3JIeMEeHTOB
P,=1:2:3-..*(n—1)'n=n!

Mpumep 3. CKOMBKO MATUBHAYHBIX YMCEJT MOXHO COCTa-
BuTh 13 udp 1, 2, 3, 4, 5, 6 u 7 rak, 4T00bI UUQPEI B 3ANIUCH
qpcJa He TOBTOPAIUCH?

PeweHune. Paccyxaaem Tak ke, Kak B mpumepe 2. Ilep-

BO# MOJKHO 3aIucaTh J00yo ua fasHbIX 7 nudp. Bropyio nqudpy

MOYKHO IPUCOEMHUTH K MepBoii 6 cnocobamu, Tak KakK 1mocje Bbl-

Hopa nepsoit ocraysock mects nudp. Ilo npaBuy Mpou3BeAeHNA

BBIGOP MEPBEIX ABYX (P MOKHO OCYLIECTBATS 7 * 6 cmocobamu.

%=



Fnasa 5. ANEMEHTbI TEOPUW BEPOSITHOCTEN M KOMBUHATOPUKMN

Kaxcpomy m3 HEX cOOTBeTCTByeT 5 BADMAHTOB NPHCOEXMHEHMHS
TpeThel NuPBI, 3HAYUT, IepPBbIe TPU MHUMPH MOXKHO 3aIUCATS
7+6+5 cnocobamu. Yerséproit mudpoit MOKET 0Ka3aTheA JI06as
U3 4 oCTaBUIMXCH, T.e. mepBhle 4 nUPpPLl MOXKHO BHIGPATSH
7+6+5+4 cnocobamu. ITocaenuowo nAaATyo nudpy Beibupaem us
OCTaBIIMXCA TPEX. Beero momyummoce 7-6+5+4+3 = 2520 pas-
HBIX NATH3HAYHBIX YHCEJI.

ITo cytu nena, npu 3anucH NATH3HAYHOTO YMCIA Pa3Mera-
JINCE IO ONpPeNesIEHHLIM MecTaM 5 U3 7 AaHHBIX aJeMeHToB. I1o-
JIy9eHHBIe IIPDH 3TOM KOMOHHAIIMH 3JI€MEHTOB TAK M HA3BIBAIOT
pasmewyenuamu.,

Yueso Bcex pasmeleHuit U3 7 PasMUUYHBEIX JEMEHTOB IO 5

obosznauaoT A? (uuTaoT: a U3 ceMu 1o NATH).

7:65-4:3:2-1 7!
A} =T+6-5+4-3= o “ g

Dopmyia yHCIa pa3sMemeHuii U3 n2 o m

. n!
A (n—m)!

E 3amMeuaHHne. PasMenenue us n 3J1eMEHTOB 110 1l ABJIAETCS IIe-
PECTAHOBKOH 3THX N 3JIEMEHTOB, II0aTOMY A n =P, = n!. Ogsaxo upu
m = n B 3HAMeHaTeJie NPaBoit yacTu GOPMYJILl YHCIa pasMeIeHHil 1mo-

Jayqaercd Beipaxxkenue 0! Yrobwl paBeseTBO %II = n! GBLJIO BEePHEIM, IIPH-

HATO CYHTATh, uTo 0! = 1.

Onpenenenne pakropnana

12+ ...on,mpun=2,8,4,...,
nl= L,upun=0,1

K pemenuio sajaun npumepa 3 MOKHO MogoiiTH uHave. Bme-
CTO TOTO, YTOOBI BEIOMpPATE 110 OiHOM U pe u3 7, BeIGepeM cHaYAa-
Jla cpa3dy Bce 5 qudp yucia, He BAXKHO, B KAKOM NOpsAAKe, 1 Oy-
AeM 3aTeM MX nepectaBaaTh. OB03HAUYMM YMCIO BapMaHTOB, KO-

TOPBIMH MOKHO BBIOpaTh 5 nudp us 7, Kax C-? . Torga raxpomy

U3 9THX BaAPUAHTOB COOTBETCTBYET P, nmepecTaHOBOK BHIODAHHBIX
nudp, a BCero u3 JaHHBIX 7 OU(pP MOKHO OyAeT COCTABHUTH

Cl;’ * Py naTusHavyHeIX yncesa. Kak BuzHO B nmpumepe 2, J0JKHO

D



28. BuiuMcneHune Yucna BapuaHTos

MOJYYHUTHCSA YUCJIO0 PasMemenuit us 7 1o 5: C? Py = A2 . Otcio-
7la IoJIyuaeM YHCJI0 BADMAHTOB BEIGOpA 5 3J1IEMEHTOB 3 i

s -4l _7-6-5:4:3 _T7-6_o

T Ps 1:2:3:4:5 2 r
Buibupas 5 nudp us 7 gaHHBIX, oOpaijaeM BHUMaHHe HE Ha
HOPAMOK BHIOOPA, & TOJBKO HA COYEeTAHHE DJIEMEeHTOB, T. €. Ha TO,
KaKue 3JeMeHThl BeIOupaau. PesyabTaT TAKOro BHIOOpA HA3BIBA~
0OT cowemaHuem. UYucao coueTaHUH M3 N SJEMEHTOB IO m

uMeeT BUJ

= Az
R

m

cr

IloxcTaBuB BhipaskeHus aas AT u P, noay4yum QopmMyJIy
ypcJia CoueTaHui.

dopmMysa YMCIa COYTAHMI U3 1L 9JIEMEeHTOB 110 M

MNpumep 4. Uz nudp 1, 2, 3, 4, 5, 6 m 7 cocTaBAAIOTCA BCe
BO3MOXMKHBIE MATH3HAUYHBIE YMCJa, NUGPBI B KOTOPBIX HE
nosropAloTcs. HaiTH BepOATHOCTH TOro, 4TO CIYy4YaHBIM
06pa3oM BHIOpaHHOE M3 HUX YHCJIO OKAKEeTCA KPATHBIM 3.
PeweHwue. KparsocTs TpéM ompefiensercs CyMMoi nudp

y@esIa W He 3aBMCHT OT MX NMOpAAKa B ero samucu. Bee BBIOOpPKH

nATH IA(P U3 CeMH PABHOBEPOSTHEI U ABJSIOTCSH COUETAHUAMM.

Beero Takux coderanmit C; = 21. BriGepeM U3 9THX COYeTaHUH

re, cymma nudp KOTOpBIX KparHa 3. Takux couyeTaHui T:
12345, 12567, 12357, 14367, 12456, 23457 nu 24567.
7 1

Ilo dopMye BepOATHOCTH nonyuum P = 213"

NMpumep 5. [IpuBecTd K MHOTOUYJEHY CTaHAAPTHOrO BHAA
seipaxkernue (a + b)1.

PeweHwue. IpegcraBuM uYeTBEPTYIO CTeNeHb ABYYJI€HA

KaK Mpou3Be/ieHue ABY4JIEHOB:
(a +b)t=(a+b)a + b)a+ b)a+b).



Fnasa 5. 3/IEMEHTbI TEOPUM BEPOATHOCTEM M KOMBMHATOPUKMN

Ilocne packpeiTis ck06OK (0 IPHUBEAEHUA TONOGHBIX Carae-
MBIX) OJIKEH IIOJIyYNTHCA MHOTOUICH, KA LI U3 YJIEHOB KOTO-
POTO ABJIAETCA NPOU3BEI€HNEM YeThIDEX MHOKHUTE e, BrIOupae-
MBIX 110 OJHOMY M3 KarK/J0i ckoOKu. IIpu aTOM MOKET HOJyIUTh-
¢ 5 pasnMuHBIX oxHO4IeHOB: at, adh, a2b?, ab® u b*. Eciu Bo
BCeX CKOOKax BeIOpaTh MEPBBI YJIeH, TO HOJYIHUTCH at, ecau xe
NepBBIA 4YieH BEIOPATh TONBKO B TPeThell CKOOKe, a B 0CTANbLHBIX
TPEX cKOBKaxX — BTODOIi, To noxyuurcs abd, Takue e ogHOUIE-
HEBI TIOJIYYATCHA, €CIH BHIOPATh @ TOJBKO B IEPBO, TOJIBKO BO BTO-
PO¥i MJIH TOJBKO B 4eTBEPTOM CKOOKe. SHAYUT, IIOCJIe PACKPBITHSA
CK00OK obpasyercs 4eThipe OAMHAKOBHIX oxHOUIeHa abd. ITocie
OpuBefeHU s MONOOHBIX OHM 06pasyioT uieH 4ab3. Koabdumuenr
9TOTO 4JIeHA PaBeH YHCJIY crioco60B BEIOOpA OHOM CKOBKH, B KO-
TOPO¥ BLIGUPAETCA @ U3 YeTHIPEX.

AHaJIOruYHO, KO3(MMHUIMEHT OLHOYUICHA C OVKBEHHOM 4acThIO
a?b? oxaxerca paBHbIM YHCIY criocoboB BeIOOpa ABYX CKOOOK M3
YeThIPEX.

Ilopaaox BeIGOpa CKOBOK POSM He MIpaer, BaMKHO JHIIb, U3
CKOJIBKHX CKOOOK B OZHOYJIEH UAET MHOKUATENH a. Takum obpa-
30M, pedb HIET O coueTaHnAX. Kak MbI y»ke rOBOPHIIN, OXHOYIEH
a® nonyugaerca npu BRIOOpE BCEX YETHIPEX CKOGOK M3 4YeTHIPEX,
oxHOWwIeH ab® — npm BEIOOpE OHOH CKOOKM M3 YeThIpEéxX U T. 1.
Yen b? noryunres, ecau HE B OmHOM u3 ckobok He 6paTk a. Iloc-
Jié NpUBEeJeHNA NMOAOOHBIX CJIATAEMBIX KAMKABIN Koapumuenr
MHOTO4YJIEHA CTaHJAPTHOTO BAJA OKAYKeTCA PABHBIM YHUCJIY COOT-
BeTCTBYIOIIUX COYETAHHI N3 YETHLIPEX 3JIEMEHTOB!

(a+0b)!=Cfia*+ C}adb+ C§a??+ C}ab®+ CQb4.
Ilo hopmyne uncsoa coyeranmii:
4!
i=goa~b
Ot . 4:8-2
21.(4-2) 2.2

3amerum, uro CJ' = CJ ™, Tak KaK IpH 3aMeHe m Ha 1l — m

B )opmysie uynciIa coueTaHUH MEHSAETCH TOIbKO IOPAILOK COMHO-

i n!
HKHT e H—,
HTenel B 3HAMeHaTeJe Ipob wln =)l
SHauut, C} =C{~'=Cj=4 um C{=C}-0=C}=1.

OKoOHUYATENIBLHO HMeeM:
(a+b)*=a*+ 4a3b + 6a2b? + 4ab3 + b4,



28. BolumcneHve Yucna eapuaHTos

B ofmeM BHJEe 9TO PaBeHCTBO Ha3bIBalOT (opmyJsioi GmHOMA
Hprorona, a K0a(dUIHeHTH MEOrOY/IeHa B IPaBOil e€ YacTu Ha-
3bIBAIOT OMHOMHMAJbHBIMH.

dopmyna 6uroma Herorona
(@a+by*=Cra*+Cr-1a*~" b+ Cr~2a"" 2% +...
e+ C2a2b"-2+ Clab"~ '+ C)b"

YnpaxHeHus
TR

462. Uz nyskTa A B myHKT B BeAyT YeThIpe JOPOTH, & U3 IYHKTA
B B nyakT C — Tpu goporu. CKOJBKO Pa3JIMIHBIX Mapuipy-
TOB, TPOXOAAIIMX Yepe3 B, BeAET U3 NYHKTA A Bnyukr C?

463. Wiz naru Oyks paspes3Hoil asOyKH COCTaBJEHO CIOBO «KHH-
ra». PeOEéHOK, He YMEIIHI YUTATh, PACCHIIAJ 3TH OVKBBEI,
a 3aTem cobpaJ MX B IIPOu3BOaLHOM nopsaaxe. Halgure Bepo-
ATHOCTH TOTO, YTO Y HEr0 CHOBA NMOJYYHUTCA CJIOBO «KHHTA?.
464. I3 xapTOYHOM KOJOAbI, B KOTOPOH 52 xapThl, Hayraj BbI-
HUMAIOT ABe KapThl. KakoBa BepOATHOCTH TOTO, UTO!
1) ToIbKO OHA W3 KapT: a) 6y6Ha; 6) TY3; B) KADTHHKA;
2) o6e aTu KapTei: a) 6y6HSI; 6) TY3bl; B) KADTHHKH;
3)O xors 6s1 ofHa U3 KapT: a) 6y6Ha; 6) Ty3; B) KapTHHKa?
465. KakoBa BepOSATHOCTL TOrO, YTO IpH 5 6POCAHMAX MOHETHI
oHa 3 pasa ynazér rep6om Beepx?
466. CronbKUMH criocobaMy MOYKHO!
1) Bu16paTh 2 13 6 pasHbIX OTKPBITOK;
2) paccTaBUTh Ha MOJKe 7 Pa3HBIX KHUT;
3) u3 10 xaEAMAATOB BHIOPATH UETHIPEX HA YeThIPE Pas3and-
HBIE JOJI?KHOCTH;
4) u3 12 xauaugaTOB BEIGPATh TPEX HA KOH(DEPEHIHIO;
5)u3 mudp 0, 2, 4, 6, 8 cocraBUThL pasjIUYHbIE OATAIHAY"
HEBIEe YMCJIA, YTOOBI B KAXKJAOM 4YHCIe He ObIJIO OAMHAKOBBIX
nudp;
6) BeIOpaTH JBE TJIACHBIe OYKBBHI U3 CJI0Ba «xoMOuHATOPHKA» ?
467. UrpanbHas KocTh Opocaerca jasa pasa. KakxoBa BepoAT-
HOCTB, YTO CYMMA BBINABIINX OUKOB OKaXeTCH:
1) IPOCTHIM YHCIOM; 2) YETHBIM YUCJIOM; 3) YMCIIOM, Kpar-
HBIM 3; 4) uMCIOM, KPATHBIM 5?
468. 1) B ypue maxoaurca 6 mapos, #3 KOTOPBIX 3 6emmix. Ha-
y/laqy BEIHUMAIOT JBa mapa. Beraucianre BEpOATHOCTD TOTO,
uTo 06a mapa He OKaKyTcsa OJAHOTO IBeTa.



Fnaea 5. S/IEMEHTbI TEOPUW BEPOATHOCTEN M KOMBMHATOPWKM

2) B ypre vaxonurca 10 6enbrx u 6 uépubix mapos. Haian-
T€ BEPOATHOCTH TOI'O, YTO TPM HayAady BBIHYTHIX OJHH 3a
APYTHM IIapa He OKaXyTCdA OJHOIO IIBeTa.

469. Ha noure nmeerca 18 BUZOB KPACOUHBIX OTKPBITOK. CKOJIBL-
KMMH Crioco6aMu MOIKHO BBIOpaTh M3 HUX 3 PA3HBIX OT-
KPBITKH?

470. B asro6yce 20 mecT.

1) Cronpxkumu criocobamu:
a) TpW maccakupa MOTyT 3aHATH MECTa B 3TOM aBTobyce;
6) 20 naccaxuMpoB MOKHO paccajuTh B 9TOM aBTObyce?

2)O C rakoit BeposITHOCTEIO IPH CIyUaitHOH paccajke mac-
casxupos B aBrobyce Cama u Koust okaxyrea cocegamu, ec-
JIX MecTa B aBTobyce CrpynnupoBaHsbl no 27

471. CKONbKUMHE CII0COGaMA MOKHO PA3JIOMKHUTE 5 IO3APaBIeHMUiIT:
1) mo 5 xouBepram; 2) no 6 xouBepram?

472. B 4yeThlpe NMOANMCAHHBLIX KOHBEPTA CJyYaKHBIM obpasom
KaagyT yersipe nucbma. Haliaure BepoaTHoCTs TOTO, 4TO:!
1) Bce muCHMa OKAMYTCHA B « IPABUJIBHBIX » KOHBEPTAX;
2)0 OHChbMO r-Hy U BaHOBY OKayKeTcs B « IPaBHJILHOM» KOH-
BEpTE;
3) "~ TONBKO OHO M3 MUCeM OKAMKeTCs B «IPaABHJBbHOM » KOH-
BepTe;
4)® ;xBa IHCHMA OKAIKYTCH B «[IPABUJIBHBIX » KOHBepTax, a
ABa IPYTHX — HET.

4739 Huxonait, Anexcauap u emgé 9 ronomei ciay4daiHsiM obpa-
80M BBICTPAHMBAIOTCHA B JUHEHKY. C Kakoil BepoOATHOCTHIO
Hukonait 1 Anexkcasap okakyres coceaaMu?

474. Ha n10cKOCTH OTMEYEHO 5 TOYeK, HUKAK e TPH U3 KOTOPBIX
He Jear Ha OAHON npsamoii. CKOJBKO CyImIecTByeT Tpe-
YT'OJBHHUKOB C BePpHOIMHAMH B 9THX TOuKax?

475 .. CxoaBKO cyIecTByer ToYeK mepecedye s AMATOHAICH BbI-
nykaoro 17-yronsHuka, eciu HUKaKie TPU M3 AMAaroHaJeH
He IPOXOAAT Yepes OJHY TOUKYy?

476. CKOIbKHMHU COCOGAMYU YeThIPe JeBYIIKH MOTYT pasburscsa
Ha KOMaH/bI 114 TAPDHOM UTI'PHI B TeHHUC?

477. CkonbKuMu cnocobamu 22 yueHHKA CIOPTIIKOJBI MOTYT
PasbuTHCA HA KOMAHJBI JUIs Urpbl B GyT60I (B Kaaoit Ko-
MaHze A0J3KHO ObITh 10 11 urpokos)?

473.O CxoapkuMu crnocobamMm 22 yuenuxa CIIOPTIIKOJEI MOT'YT
pasbuThCA Ha KOMaHJIBI JIJIsi UIPEI B (PYTOOJ, €CIM TOTBKO
ABOE MOTYT CTOSAATH B BOPOTax?

R4



28. BuluncneHue 4yacna sapuaHros

479. CronpKkuMH criocobaMu 6 MKOJIBHUKOB MOYXHO PasfennThb:
1) Ha iBe paBHBIE IO YHCAEHHOCTH I'PYIIIIEL;
2) Ha rPYINIbI, B OAHON M3 KOTOPHIX 2, a B Apyroi 4 mIKojib-
HUKa?

480. Cxonpkumu crnocodamMm 10 IIKOIBHMKOB MOKHO pasje-

JIATE:

1) Ha siBe paBHBIE 110 YMCJIEHHOCTH IPYIIIBL;

2) Ha TPM TpyNOBI, B OAHO U3 KOTOPBIX 5, B apyroit — 3,
a B TpeTheil 2 IKOJbHUKA?

481. W3 xosnoasl B 36 kapT caydaiHEIM 00pa30M BBITACKHUBAIOT
cHauaJa OAHY KapTy, a 3aTeM Apyryio. Kakosa nmpu 3TOM Be-
POSAATHOCTH TOTO, YTO:

1) obe xapTeI OyAYT OAHON MACTH;
2) obe kapThl OYAYT OAHOTO JOCTOMHCTBA;
3) Bropas xapra OKa)kKeTcdA «CTapiie» nepBoit?

482. N3 xonoxsl B 36 kapT caydaiiabiM oGpasom 6epyT 6 xapr.
1) CKOJBKO IPHA 9TOM CYIECTBYET PAsJINIHBIX BapMAaHTOB?
2) HaiiauTe BepOATHOCTH TOI0, YTO CPEAH ITHX 6 xapr Oyzer:
a) TOJIBKO OJMH TY3; B) BCe UeThIpe Ty3a;

6) xoTsa OBl OJIUH TY3; r) xors 661 ogHa OyOHA.

483. Cpenu 25 y4eHHMKOB KJIAcCa Pa3bIrPhIBAIOTCA 15 6uneroB
B Tearp. Haiiiure BepOATHOCTH TOT'0, UTO:

1) Kose gocranercs ouier;

2) Kose u Cae gocranyTcs OMI€THI;

3) uu Kose, nu Caie 6uieToB He JOCTAHETCH.
484. BeIYUCIUTE:

1) A%; 3) C¢; 5) Al

2) Py; 4) Pg; 6) C}.

485. BanumuTte GOPMYJIOA B YIPOCTHTE!

1) umcJio pasMeIeHui us n + 1 snemenToB O kB — 1;
2) umcsIo coueTaHuit us k + 2 311eMEHTOB IO k—-1;
3) uMCJIO IePeCTAHOBOK M3 /M — 2 9JIeMEHTOB.

486. BepHbl TH paBeHCTBA:
1)Cc3 =C§; 3)Cé +C§ =C4;
2) C{, = C}ys 4) C§y + Cfp =CH?

4879® TIlo popmyne
(@a+byr=Cran+ Cr-1a"" 1o+ Cp-2a" %2 +...
v+ C2a2m-2+Clab" 1+ C)b"
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npe/cTaBbTe B BUJIe MHOTOYJIEHA CTAHAADTHOTO BHIA:
1) (¢ + d)8; 3)(2k - 3n)%;
2) (b + 2¢)3; 4) (m + n)7.

488. Vcnoassys dopmyny Gunoma Hriorona, onpenenure, kxa-
KOl Koa(duuenT Gyer UMeTH YJIeH MHOTOUICHA (x + 2)10,
COZieprKaI Ml CeIbMYIO CTEeNIeHb IIePeMeHHO X.

4899° IIpeobpaasyiiTe B MHOrOUIEH CTAHJAAPTHOIO BHJA CTENEeHH

ABYUYJIEHOB:
1) (x - 2)% 3B+ 5) (x + 2)% + (x — 2)5;
2) (x + 2)5; 4)(B-y)%; 6)(B+y)"-(B-y).

490% Jokaxure paBeHCTBO:
1)CY + C} +CZ + C§ + C& + C§ = 25;
2)CY —CL +C2 -C3 +...+(-1)*C* +...
e +(=1)2-1CR -1 +(-1)*C2 =0.

491.° He OPHBOAA K MHOTOYJIEHY CTAHAAPTHOTO BUJA BhIpaske-
HHe (x — 3)12, gaitnure:
1) unen aroro MmEHOrOUYIEHA:
a) copepaxamuit x%; 6) comepsxamuit x19;
B) He cofiepkauuii x (T. e. CBOGOAHEBIH 4JieH);
2) cyMMy K02 (PHUIMEHTOB MHOTOYJIEHA CTAHZAPTHOI'O BHUA,
K KOTOPOMY NPUBOAUTCA JAHHOE BhIpaKeHHe.

492°® Haitnure mecroii 4ieH pasnoxenus (y? + x°)", ecnn Koad-
(buIEeHT TpeThero uneHa paBeH 45.

493. PeminTte ypaBHeHUe:

1 x 1
I)Agr"é‘aA;; 3)11_£=ﬁ; 5)20A§_2=A§.
2)30x = A2; ezl -ay;

BN KownTponsusie Bonpocs n 3apanus

1. CKOIBKO pasHBIX COCTABOB MOMKET HMeTH POAUTENBCKUH KOMHUTET
13 ABYX MYJKUMH U TPEX XKeHIIHH, eC/IM ero u3bupaoT u3 5 Myx-
unH 1 7 sxenmun? Eciu Bee cocrass PaBHOBEPOATHEI, TO KAKOBA
BEPOATHOCTL, 9TO U namna, 1 mama Koaxu, Bomenmue B YHEI0 KaH-
AuAaroB, OyayT u3bpaHs B KOMUATET?

2. CxoaskmMu crnocobamu 6 VIEeHHKOB MOKHO pas3fuTh: a) Ha JBe;
0) Ha TPH paBHBIE IO YUCIEHHOCTH rpynnsi? Kakosa BepoarrocTs,
uTo Koas u Cama okaxyres npu s1oM B 01HO#H rpynme?

3. Croabkumu cnocobaMu MOKHO paceraBuTh 12 Gesnrx u 12 qép-
HBIX IDalleK Ha 32 48pHBIX KJIeTKAaX MaXMATHOM nocku?



NMOBTOPEHMUE

3akJOuHTeNbHAA IiaBa y4eOHMKA COCTOMT M3 JBYX IIYHKTOB.
B nepsoM — cHCTEMATH3MDPYIOTCS 3HAHUA O CBOWCTBAX (DYHK-
nui ¥ npeobpasoBaHuAX UX rpaduKoB. Bel MO3HAKOMHTECH TAK-
sKe ¢ 00paTHBIMH TPHTOHOMETPUYECKMM (DYHKIUAMH — IIOCJIes-
HUM KJIacCOM (PYHKIIMI, H3yYaeMbIX B MIKOJBHOM Kypce MaTeMa-
THKH,

Bropoit nyHKT NOCBANIEH ypaBHeHMAM M HepaseHcTBam. Ilpum
9TOM OCHOBHOE BHMMAaHHE B HEM y/IeJIeHO NPUYNHAM HNOSBJIEHHUSA
NIOCTOPOHHHUX pemIeHui, a Tak:ke oPOPMJIEHUIO PemeHui ¢ uc-
TNOJb30BAHHEM MAaTEeMATHYECKOH CHMBOJIUKH.

0 29. OyHKUuMM n rpadukm

ITonarne GyHKIHKM Hauyasio cKkaaabiBaThea emé B X VII B. B Haua-
Jje PYHKIUAMH Ha3eIBAJIH 0ObIuHBIE ajnrefpaudyeckue BhIpaske-
HHUA C IepeMeHHBIMU — cOOCTBEHHO, 3TO CEroJiHA OHU OOLIYHbIe,
a Torga JlekapT TOJIBKO-TONBKO BBEJ CAMO NOHATHE IIepeMeHHOI,
Bnopouem, u ceifdac HUKTO U3 MATEMATUKOB He YAUBUTCH, YCIIbI-
mIaB BeIPa)KeHUA THHA «QYHKIHUA X2» HIM «cyMMa QyHKIH
sin x ¥ cos xX», — BCEM IOHATHO, YTO B IEPBOM CJIy4ae peuyb UIeT
o Gyrxknuu y = x%, a BO BTopoM — 0 cymme GQYHKIHUIA y = sin x u
Yy =cos x, T.e.0pyHKUMH y = sin x + cos x.

CymjecTBeHHOE pasBUTHE MOHATHE (PYHKIHMUA MNOJYIHIO B
XX B. BCBA3K ¢ paspaboTKOM# TEOPHMH MHOMKECTB — CTaJM pac-
CMaTPUBATHCA HE TOJLKO 3HAKOMEBIE BAM YMCJIOBbIE DYHKIIUH, HO
1 QYHKIIUH, B KOTOPBIX IepeMeHHbIe I/ ¥ X IPUHUMAIOT 3HAYEeHU S
M3 IPOM3BOJILHLEIX MHOYKECTB.

O6nacTte onpeanenexwns GyHKUUN

3a BpeM#A U3y4YE€HUS MATEMATHKH Bbl IIO3HAKOMUJINCEH C PA3JIHY-
seiMu QyHKIuamu. Kaxnas Qysknua nmeer obaacms onpedene-
HUs — MHOJKECTBO 3HAYEHM I, KOTOPEIe MOYKeT IPHHUMATE €€ ap-
rymenT. Haubosiee uacTo npuxoauTca HAXOAATE €CMECMBEHHYIO
obiacme onpedesenus GyHKOMH, 3aJaHHON aHAITNTHYECKH, T. €.
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¢ MOMOLIBI0 MaTeMaTuuecKoro Beipakenus f(x). EcrecrBeHHas
obsracTs onpeaenenus QyHKIuKU Y = f(x) COCTOMT U3 BCeX 3HaYe-
HH# X, IPY KOTOPKIX BhIpakeHue f(x) muMeeT CMBICJI.

YnpaxHeHusa
RS

494, Haiigure obnacth onpenenenus Gpysaxkoum y = f(x), ecan

f(x) paBHO:
3
e o 2 _ 5
1)x2_21+1, 4)(4x2-Tx+ 3)5;
x2-1 @) . JHS
e 5)° log, o5 (4% — x% - 2);
3) J5x2+ 183x + 8; 6)® log,, .. 5 COS X.

O6nacTb 3Ha4eHun QyHKUUN

KaxxsoMmy 3HaYeHHIO apryMmeHra u3 ofJiacTi ompejeleHusa COOT-
BEeTCTBYET eJIMHCTBeHHOE 3HAYeHHe PyHKIuu. Bee sHauenns, Ko-
TOpBIE IPHUHUMAaET (PYHKIUA, COCTABIAIOT €€ 001acmb 3HAYCHUL
(MHOTIA MOKHO BCTPETUTLCHA C TEPMUHOM 00.1GCMb UMEHEHUS
QYHKUUU UITA MHONCECNE0 3HAYeHUL PYyHKYUU).

YnpaxHeHusa

495. Ykaxxure 061acTh 3HaUEHUNA PYHKITHHA:

1)y=g; 6)® y=2sin2x +sinx - 1;
2)y=2x-17; 7)® y =12 cos x —4 cos? x — 5;
Jy=dx+2; 8)® y = 0,5+ -42+3;

4)y = x%— 14x + 33; 9)® y = 2/8-2x-2%;

5)y = 10x — x2 - 21; 10)% y=8*+ 3,

HenpepbiBHOCTb PYyHKUUMN

BaXHBIM CBOMCTBOM, KOTOPBEIM 00JIaZIal0OT MHOTHE (DYHKIUH, sB-
nsieTcs HenpepviHocmb. VI3BecTHO, uTO (DYHKI[HA HEIPEePBIBHA,
ecsiu eé rpadMK MOMKHO IIPOBECTH, HE OTPhIBafd KapaHjail oT O0y-
Maru.
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Fpaduku HEKOTOPBIX (PYHKUUI COCTOAT M3 HECKOJIBKHUX He-
OpephIBHEIX BeTBei. 'oBopaAT, 410 TaKue QYHKIUKA HenmpephIBHEI
HA COOTBETCTBYIOIINX UYHCIOBBIX IIPOMEKYTKAX.

YnpaxHeHus

496. VrakuTe IPOMEKYTKH HeNPePLIBHOCTH (DYHKITHHI:

ikl R 5 (PR et
Dy x24+2x+1’ e el
2)oy=‘5_1—5sinx, 4)® y = [x] + {2x}.

Hayuensble BaMu QyHKIUHM y = f(X), B 3anUCH KOTOPBIX HET
HM IIeJI0¥, HU Apo6GHOM dYacTu, 3agaroT QYHKIWHU, Ha3bIBaeMbIe
anemenmapuovtmu. Iloneano 3ars, 4TO 1100as d1eMEHMAPHAA
PyHnKYUA HenpepbleHa HA JLI000M NpoMexcymre u3 eé obaacmu
onpedenenus.

BasxHoe cBoiicTBO HempepsiBHBIX (DYHKUME — coxXpaHeHUe
3HaKa Ha IIPOMEKYTKaX obJiacTh OnpefesleHus, Ha KOTOPBIX OHA
He obpamiaerca B Hynb. Ha aTOM CBOMCTBE HENpepLIBHEIX QYHK-
LI OCHOBAHO pelleHue HEPABEHCTB METOJOM HHTEPBAJIOB.

YnpaxHeHus
R

497. PeiuTe HepaBeHCTBO:

2x+1 . O4-2%-x :
Davoe-5 % e 2%
4x2 -1 " 0,5 -2 :
2) x+38 <0; s cos x 0
3)0 logp s x+ 2 < 1 6)® sin x <0
(x=38)(x+8) " 32x-1_1 :

MOHOTOHHOCTb PYHKUMUK

YacTo npu pemleHHH HEPABEHCTB UCIOJb3YIOT CBOMCTBO MOHO-

TOHHOCTH, T. €. BO3pPACTaHUA UK YORIBaHUA QYHKIUM.
HexoTopsle (YHKIMUA BO3PACTAIOT WM YOBLIBAIOT Ha Bcei

cBOel 0BJ1acTH olpefesieHUusI — WX HA3BIBAIOT, COOTBETCTBEHHO,

219
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yi v\
——1 [ —
0 Tx 0 *
a) 0)
Puc. 113

gospacmaowumu nwiu yoveaowumu. Ha pucyake 113 usobpa-
JKeHBI ACKM3hl Boapacrtaromeii (113, a) u ybrBaromeii (113, 0)
(hyHKIMIHA.

YnpaxHeHus

498. PeuiuTe HEepaBeHCTBO:
l)o 3x2+x“ j & (l )-14-3:-:3 y
3

2)0 logg 5 (x + 1) > logg g5 (x% — x + 4);
3)®1og, X4 > 1,

2x -1 y
4)® log, . , (x-5)<1.
x+1

BonsmMHCTBO HM3YUYEHHBIX BEIIIE

GYHKIIMHA HA OJAHMX TPOMEXYTKAX a ol b c.d i‘:
BO3pacTaoT, a Ha JApPYyrux yOsIBaiOT Puc. 114
(pumc. 114).

YnpaxHeHus

NN 0000
499, Vka)kuTe NMPOMEKYTKH BO3pacTaHHA MU yOnIBaHMA (QYHK-

IUH, 3aJaHHON rpa)MKOM:
1) puc. 114; 2) puc. 115, a; 3) puc. 115, 6.

3HaHWe CBOMCTB KOHKPETHBIX (DYHKIUI 4acTO TTO3BOJIAET Cle-
JIaTh BHIBOJL O MOHOTOHHOCTH GoJiee CJIOKHBIX (DYHKITAM,

TlokaxkeM, HapuMep, 4T0 QYHKIUA Yy = x2 — log, 5 x — 7 BOB-
pacTaeT Ha Bceil cBoeil 00J1acTH onpe/ie/IeHUsd, T. €. Ha IPOMEeK Yy T-
ke (0; +o0).
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a) “

Puc. 115

IIyers 0 < x; < x,, Torna:
1) B cuny BospacraHus (QYHKOUM y = X2 HA NPOMEKYTKe
(0; +o0):
X5 <HES (1)
2) no npaBunam JedCTBUM ¢ HEPABEHCTBAMY BhIUTEM M3 00enx
yacTeil BepHOro HepaBeHcTBa (1) uucno 7:
2} -7 <28 -7; (2)
3) B cuny yosiBaHu A JiorapudmMudecKoi GyHKIIUHE C OCHOBAHH-
em 0,5 umeem:
log, 5 x, > log 5 X,; (3)
4) no npaBuyaM AefCTBUIl ¢ HEPABEHCTBAMM YMHOYKUM BepHOE
HepaseHCTBO (3) Ha —1:
5) mo npaBuJiaM AeHCTBHAN ¢ HEPABEHCTBAMHM CJIOMKHM BEpPHEBIE
HepaBeHCTBAa OJHOro cmeicaa (2) u (4):
Takum obpasom, mpu 0 < x; < X, BBEINOJHAETCH HEPABEHCTBO
y(x;) <y(x,), a 3HAYHUT, (PYHKIUA BO3PACTALT, YTO U TpeboBaIOCH
JOKasarhb.

YnpaxHeHun
[

500. [lokaxure, 9T0 PYHKLUHUA | = —

ABJAeTcH yOBIBaIO-

52 - X
IIeH.
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501. Cpeau ciaeayomux (QYHKIMNA yKa)KuTe BO3pacraimomige u
yoniBaomue., O6bsiAcHUTE, KAK BBl CAeJIAH CBOM BBIBO:

1)Py=0,55-*+ Jx - 2;

2)O y=1log, (3 - x) + ﬁ;
3)®y=(x+1)Jx-1;
4)®y=(x-1)Jx—1;

5)® y=x2+1g(-2-x);
6)®y=(x2-16):lg(-2-x).

502. VKauTe NIPOMEXYTKH BO3pacTaHua U yObIBAHUSA ClEIYIO-
mux Gyaxounit. Haligure nx HanOOJBIINEe ¥ HaMMEHbIHE
3Ha4YEeHH s, eCJIM OHHU CYIIeCTBYIOT:

' 8 . . 2
1) e 4 =log- (x2+ 6x + 11);
2)Oy=0,2x2—4x+2; 5)® y = 31-cosx;
3 2 2
3)Oy=_ : 6. =0’3cos.t-smx_
J4 - 8x — x2 Ty
5037, Pdyurknusa y = f(x) 3agana ceoum rpadurom:
1) puc. 115, a; 2) pnc 115, 6.

, HaguTe:

Bmas, uro g(x) = Jf(x) Hh(x)_ f( x)

a) obsacTs onpeaeeHus QJyHKl'J.HH y=g(x)ny= h(x);

0) obnacTs 3HaYeHNH GyHKUHA y = g(x) u y = h(x);

B) IPDOMEXYTKH BoO3pacTaHuA M yObiBaHHA QYHKIUK
y=g(x) my = h(x);

r) xHaubosbliMe ¥ HaAWMeHbIIMe 3HAYeHUHA QYHKIHHA
y = g(x) u y = h(x), ecsii OHH CYIIIECTBYIOT.

504. IloagbepuTe KOPeHb YPDABHEHHSA U JOKAMKHUTE, YTO OH €IUHCT-
BEHHBIH:

1)© log, (55— 4)=1-x3
2)Clog,(4*+3)=x+1;
3)C 0,55 +1— Jx + 7T =x+5;

40 x—10+ /1d+=z = 129;
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5)C log, (x+2)-J/3x + 1 = x —4;
3

6)® Jx+2 + . Jx -1 =11+ 2x - 3x2;

7)® sin %‘ =x2-2x+ 2;

8)®log, x +log, 2=2- Jx - 2;

9)® 5x+5‘x=2003(5—x~?—;—4£).

OGpaTtumocTb PyHKUUMU

PasencTBo y = f(x), sagaioniee QyHKIHAIO Y, yAODHO OIS HAXOMK-
A€HUA 3HAYEHUA Y 0 JaHHOMY 3HAYEeHHIO X. Yacro, OIHAKO,
NPHUXOAUTCS PelaTh 00pamHuyl0 3aady — HaXOAUTh SHAYCHUSA
apryMeHTa, NpPH KOTOPBIX (QYHKIWA NPUHUMAET TO WJIHA HHOE
3Ha4YeHUe.

Ecau kaxkjoe cBoé 3HaueHue QYHKIUA Y IPUHAMAET 110 OHO-
My pasy, T. e. TOJbKO IPHA KaKOM-TO OZHOM BHAYEHUU apryMeHTa
X, TO, BhIpaXKasd X U3 PaBeHCTBa Y = f(x), MBI IOJIYYUM PABEHCTBO
x = g(y), sagamomee QYHKIHIO X.

OpHako B IIKOJBHON MaTeMaTuke (QYHKINIO 06BIYHO 0603HA-
4aloT OyKBOH Y, I03TOMY NepeMeHHbIe B PaBeHCTBe X = g(y) mepe-
HMMEHOBBIBAIOT M NMOJY4al0T QYHKIUIO ¥ = g(x), o6pamuyro nis
bysknuu y = f(x).

C aTuM epeuMeHOBAHMEM CBA3AHO CBOHCTBO CHUMMETPHH I'pa-
buKoB 63auMHO oOpammbix QYHKIHE OTHOCHTEIBHO NPAMOI
y = x. IleiicTBurenbHO, QyHKUMA X = g(y) umeem mom xe ca-
Mol zpauic, wmo u Gyrnkyus y = f(x), a rpadpuxn x = g(y) u
Y = g(x) CMUMMeTPHYHBI OTHOCHTEIBHO NIPAMOIL y = x (puc. 116).

@OYyHKIHIO, HMeINyio o06paTHYIO,
HaseIBalOT o6pamumoi. Tak, nanpu-
Mep, obpaTHMa Kaskaasd us B3auMHO 00- \f’
paTHBIX QyHKOUMIA y = a*u y = log, x.

Yrobsl ¢dysaxuusa Obia ob6pamu- P
MoOu, KajKJoe CBOE 3HaAYeHWEe OHA ‘\9
AOJIKHA IPHHUAMATE OJ1uH pas. Tak, 06-
pamuma nw06aR  MOHOMOHHAA M (x4 o)

PpynKyua, IMOCKOABKY Ka)moe CBOS 0

77 y=1flx) x=gy)

y=g(x)

|

3HAYEHHEe OHA NPHHHUMAET OJHUH Pas. Puc. 116
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Hexoropsie hyHKIHM He 00IaZaI0T CBOUCTBOM obpaTumMoCTH,
[IOCKOJIBKY OJ{HO ¥ TO YK€ 3Ha4eHHe NPUHNUMAIOT NPU Pa3JInIHbIX
gHauenuax aprymesTta. Tak, Hanpumep, 3HA4YEHUE 1 dpysrouA
y = x? npuHAMAaeT NPH ABYX 3HAYEHHMAX apryMeHTa: X = 1lu

= -1, a dysknus y = sin x npu a0bom x = E +nn,raencZ.

Yro6bl TONYUIUTh QYHKIHI, 00pATHYIO GYHKIMHA Y = x2, mo-
CJeIHION PacCMaTPHBAIOT HA IPOMEKYTKe [0; +0o0), HA KOTOPOM
OHA, BO-TIEPBBIX, IPUHUMAET BCe CBOU 3HAYEHUS H, BO-BTODBIX,
MOHOTOHHA, M, CJefoBaTebHO, obparuma. Kak BBl 3Haere, 06-

paTHO# GyHKIHe 1a Heé ABIAeTCA QYHKIUA Y = Jx.
TouHO TAK e, OrpaHnYMBaA 06JacTh ONpeAeJeHNA PYyHKIU

Yy = x™ NpH 4€THOM I, IOJIy4aioT obpaTHyI0 eit pyHKIUO ¥y = WX .

O6GpaTHbie TpUroHoMmeTpudeckme PyHKuum
dynaxnua y = aresin x
Yro6sl caeaaTb o6paTuMoil PyHKIHMIO Y = Sin X, HY’KHO pacCMOT-
peTb eé Ha NMPOMEKYTKe, rZie OHAa, BO-NEePBLIX, NPUHAMAET BCe
CBOHW 3HAYEHHUSA U, BO-BTOPbIX, MOHOTOHHA.

EcTecTBeHHO B3ATH Hambojee GIMBKUH K HYJIO IPOMEXYTOK
[—g 3 g } Ha aToM npoMesxyTKe QyHKIMA y = sin X umeer obpar-
HyI0 dyHKIMIO y = arcsin x (puc. 117).

Ilepeuncaum eé cBoiicTBa:

1) o6acTs onpenesenns — oTpe3ok [—1; 1];

2) obsacTs 3HAUEHUN — OTPE30K [—% g g };

3) QyHKIHA HenpepbIBHA U ABIACTCH BO3pacTalle.

MDyHKUUA I = arccos x
DyHKNUA y = cos X yObIBaeT M NPUHMMAaeT BCe CBOM 3Ha4e-
Hus Ha npomexxyrke [0; n]. 3xech oHA UMeeT 0OPATHYIO QYHKIMIO
y = arccos x (puc. 118), KoTopas ompejeseHa, HeNpepbIBHA M
yobiBaeT Ha npomexxyrke [-1; 1]. O6nacTs 3HaYeHU QYHKIUH
y = arccos x — orpesok [0; 7].

dynaruua y = arctg x
®yHKNHUA y = tg x BO3pacTaeT ¥ NIPMHUMAaeT BCe CBOM 3HAve-

L

HHA HA OPOMEXYTKE (—g H 2

D

) . Bnecs oHA uMeeT 06pPaTHYIO QYHK-
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uuio y = arctg x (puc. 119), kxoropas onpefieeHa, HeIIpepLIBHA H
BO3pacTaeT Ha Bceil YHCI0BOI npaAMoi, O6nacTs 3HaAYEHUH PYyHK-

nuu y = arctg x — uHTEpBaN (—g; g)

Dynxkuusa y = arcetg x

DysknuA y = ctg x yOmiBaeT m IpUHHMMAaeT Bce CBOHM 3HaJe-
Hus Ha npomesxkyTie (0; ). 3gech oHa uMeeT 06paTHYIO QYHKIIUIO
y = arcctg x (puc. 120), xoropas ompejeneHa, HeIlpephLIBHA U
yObIBaeT Ha Bcel umcioBod mpsamoi. Obsactes 3HaYeHUH (PYyHK-
nuu y = arcctg x — unTepBan (0; n).

Y Y
B y=arcsinx/5‘ -
2 )
2 é'iﬂ
=1 . y=arccos 9
y=sinx
-3 1 ;
6 1 3 = 2=
2 P -
-7 -1 /o 1=y x
/ 2 \x
_X e
y=cosx
Puc. 117
Ul
' //-5‘
LYy

y=tgx y=ctg x|

Puc. 119 Puc. 120
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r

CpoijicTBa B3aMMHO 00paTHBIX (DyHKI{HIA: )
1) obGunacTe ompezeseHHsa ONHONW M3 HUX ABIAETCA 00-
JIaCTHIO 3HAYEHUH APYTroi;
2) eciu oHA M3 HEUX Bo3pacraloias (yoeIBarmoiias), TO ¥
Apyras, COOTBETCTBEHHO, Bo3dpacTrarommasn (yOosiBaromasn);
3) ecniu npAMasg X = @ CAYXKHUT BePTHKAJIBLHONH ACHMIITO-
TOH OXHOM, TO ApPyras HMeeT I'OPHU30HTAJBHYIO aCHMIITOTY

\I=* J

YnpaxHeHusa

505. Haiigure 3HaueHne QYHKIIMH:
1) y = arcsin x, ecsiu x paBeH:

a) 0,5; 6) —g :  8)" sin ? r)® sin 10; x)® cos 2;

2) y = arccos x, ecau X paBeH:

a)-0,5; ©0) ~—"/2§ . 8)“ cos % r)® cos 10; nx)® sin 1;

3) y = arctg x, ecaH x paBeH:
a)J3;  6)-1; 5 tgd; netg?  p®ctel;
4) y = arcetg x, ecau x paBeH:

a) —2;—5; 6) 1; )" ctg §—5“; r)®ctg7; n)®tg2.

506® Pemure nepasencTso:
1) —g < aresin (x2 - 1,5x) < % ;

2) 6 arccos? x + T arccos x < 3.

YETHOCTb U HEYETHOCTb QYHKUUMK

WNuorga npeobpasoBaHue IepPeBOAUT rpa@uK (PYHKIMH caM B ce-
6:a. Tax, HAIpUMEpP, MOCKOJbLKY 3HAYEeHHEe YETHOH (GYHKIHH He
H3MEeHseTCs IPU IepeMeHe 3HaKa ¥y apryMeHTa:

f(=x) = f(x),
rpapur 4éTHOU (PYHKIMH OKa3bIBaeTCA CHMMETPHYEH OTHOCH-
TeJIbHO OCH OPJAHMHAT.

=



29. DyHKUWK 1 rpadukn

3HayeHWe HEYETHOUW (PYHKIHMHM IPHU IIepeMeHe 3HaKa Y apry-
MEHTAa CBOI 3HAK MeHSAeT:

f(—x)= —f(x),
o3TOMY rpa@MK HEeYETHON QYHKIANA CHMMETPHYEH OTHOCHTEb-
HO HavyaJia KOOPJAMHAT.

IlouaTHO, 4TO ODsacTh onpeAeieHUs M YETHOH, U HEYETHOH
byHKIUHT 101K HA OBITE CHMMETPHUYHA OTHOCUTENLHO HYJIHA.

YnpaxHeHus

5079 3ajaiiTe aHAJIUTHYECKHN KaKyo-HEOyAb QYHKIHNIO, IMEIO-
LIVIO TOT )Ke caMblil rpaduk, 4To 1 obpaTHa#A ei. MoskeT m
Bo3pacrapias QYHKOHA, OTJUYHAA OT QPYHKIHUH Y = X,
HMMeTh TOT 2Ke CaMblii rpaduK, 9T0 u obpaTHas eif?

508. Onpenenure, KaKue U3 ciaeAyIONX QYHKIUUHA YETHBIE, Ka-
KHe He4YéTHhIe, A KAKHe He ABJAITCA HU YETHBIMHU, HA He-

YETHBIMH:

1)y = x + sin x; 3)y=x2+ cos x;

2) y = sin x * cos x; 4) y = x * arctg x.

® Kakupe MOXHO CAeIaTh BHIBOABI O YETHOCTH MM HEUET-
HOCTH:

a) CyMMBI ABYX YETHBIX (DYHKIIHA;

0) CyMMBEI IBYX HEUETHBIX QYHKIIUH;

B) IPOU3BEJIeHUA ABYX YETHRIX QYHKIHIL;

I') IPOM3BEIeHUA ABYX HeYETHHIX (DYHKIIHIL;

1) IPOM3BEeAeHUA YETHOM M HEUYETHOH PYHKIHH ¢ OJUHAKO-
BBRIMH 00J1acTAMH onpeaeseHus?

509. [lononuuTe rpadukn Ha pucyHake 121 rak, 4TobbI OHM cTa-
7 3ajaBaTh: 1) yétHble; 2) HeuéTHbIe QYHKIIUH.

[/ RN T W
0 1 1] i O X
a) 6)

Puc. 121
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MepuoanyHocTb GyHKUUMU

Ecnu npu casurax rpadpuxa GyHKOUN mDapajjieibHo ocu abe-
IMCC BIPAaBO M BJIEBO HAa HEKOTOpPOE pPaCCTOSHHE OH IepPexXOoJuT
caM B cebs, To GyHKIUA ABnAeTcda nepuoduvweckol. Paccrosa-
HHe, HAa KOTOpOe MepeHOCHTCA rpaduk, HAZLIBAIOT nepuodom
hyHKIMHA.

PaccmarpuBas nepuoaudeckne MyHKIUH, 00BIYHO YKa3bIBa-
10T UX HauMeHbIIMH nepumox. Tpuronomerpuueckue (QyHKIUU
Yy =sin x 1 y = cOS X UMEIOT NepHOoJ 27, nepuoA QyHKIuM y = tg x
u y = ctg x pasen 1. [lepuoauyHa Tak:xe 1 QYHKIHUA Yy = {x} — eé
HaUMEeHbINIUH nepuos paseH 1.

YnpaxHeHusa

[
510. Jocrpoiite rpadhuk dyHEKI UK, 3HAA, YTO:

1) eé nepuox pasen 2 (puc. 122, a);

2) eé mepuoj paBeH 2, 1 oHA YyéTHasdA (puc. 122, 6).

uh E : Y

N

a) Puc. 122 9

NMpeobGpa3zosaHue rpadpmkos

CuMmMeTpHH ¥ napajie/bHbIH IepeHoc, 0 KOTOPhIX YIIOMUHAJIOCH
B CBSI3H CO CBOMCTBAMM YETHOCTH, HEYETHOCTH M NEPHOAMUHOCTH
dyHKUIMAi, BMecTe ¢ HEKOTOPHIMHM JAPYIrHMH npeobpazoBaHAAMH
JacTO HMCIOJB3YIOTCH NIPH MOCTPOEHMH TPaduKOB QYHKIHI H
rpacukoB ypaBHeHHH. [[na rpaduka ypaBHeHUS OTCYTCTBHE Pa3-
JIMYHBIX TOYEK C OJMHAKOBBIMHU abcuuccaMu He siBasgeTcs obsaza-
TeJIbHBIM, HAIIPUMED, OKPYKHOCTh C I[eHTPOM B HavYaje KooOpaHu-
HAT ¥ PajiiyCcoM, PaBHEIM 2, He siBjJserca rpadpuxkomMm bhyBEKIMU,
HO ABAsAeTcA rpaduxom ypasrenus x2 + y? =4,

- @
%ﬁ\ R
S
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OcHoBHBIe Npeodpa3oBaHus rpa)HKOB

Ilepexox

ot rpaduka K rpaury

Onmucanne
npeobpaszoBaHusd

y = f(x)

y=fx)+b

IlepeHOC mapaJLIeabHO OCH
opauHAT Ha b

y=f(x)

y=f(x~-a)

ITepenoc napaJjjiejbHO OCH
abcuucc HA @

y=f(x)

y=kf(x), k>0

Pacrsaxenue oT ocH adciuce
B k pas

y=f(x)

y=71(kx), k>0

CoxaTHe K OCH OPJHHAT B
k paa

y = f(x)

y=-(x)

CuMMeTpHA OTHOCHTEJIBHO
ocu abcuee

y = f(x)

y=—f(-x)

CummeTpHusa OTHOCHTEJIBHO
HavyaJjia KooOpauHaT

y = f(x)

y=f(-x)

CuMMeTpHUA OTHOCHTEJIBHO
ocH OpJlHHAT

y=f(x)

x=f(y)

CUMMeTpH s OTHOCHTEJIEHO
NpPAMOM iy = X

y=1(x)

y =f(x)|

CHuMMeTpH#A OTHOCHUTENBLHO
ocu abcuucec yacreit rpadpu-
Ka, PACTIOJNIOMKEHHBIX B HAK-
Hel MOJAYILIOCKOCTH

10

y=f(x)

y = f(|x])

VHHYTOXKEeHHe YACTH rpadu-
Ka cJieBa OT OCH OpJAMHAT U
Aybaupo6arue ocTaBIIeics
YaCTH CUMMETPHYHO OTHO-
CHUTEeJBbHO OCH OpANHAT

11

y=f(x)

ly| = f(x)

YHUUTOXKEeHue YacTH rpadu-
Ka noj ockio abenuce u dyo-
JUpoBaHUe OCTaBIIeHCA Uac-
TH CAMMETPHYHO OTHOCH-
TeJbHO OcH abcnuce

&




Fnasa 6. NMNOBTOPEHUWE

YnpaxHeHus

511. 1) Kakue HefocTAaTKH BBl BUAUTE B ONMUCAHUM IIPeoGpas3oBa-
Hu# 3 1 4 B rabaune (c. 229)?
2) YTO MPOMCXOAMT C PACCTOAHMAMHU OT TOYKHM rpaduKa a0
oceif abcnuce ¥ OpAMHAT NPU 3TUX MPEoOpasoBaHUAX ?

512.0 IMponnmocTpupyiiTe Ka)kaoe M3 yKasaHHBIX B Tabaume
npeobpasoBaHUii KOHKDPETHBIMM IIPUMEDAMH IOCTDOEHMS
rpauka QYHKIIHHA.

513. 1) Kaxkoii rpadux b1 6yaeTe npeo6pasoBbIBATE IIPH ITOCTPO-
eHHUH rpad)ukKa ypaBHeHHS

_ 5 _2x—~8,
8) 7= {2+ 1)% B)y==£=2;
0)y= g —x2x ; 1Cy= logy,; (2 — 4|x])?

2) B xakoM mopsajake Bbl OyjeTe NPpUMEHATH YKasaHHBIE B
Tabauie npeodbpasosasua?

514.9 IIpu npeo6pasosanuu rpadura GyHknuu y = f(x) B rpa-
bux dysxnun y = f(2x + 3) oquH yUeHUK cHAYAJIA TIepeHEe
rpauK Ha 3 eIMHUILBI BJIEBO, & 3aTeM CIKaJl ero K OCH Opjiu-
HAT B 2 pasa, APYTroil cHaYasa CoKaJ MCXOAHBINA rpaduk B
ABa pas3a K OCH OPAMHAT, a 3aTe€M BBLINOJHHJI IEePeHOC Ha
3 eAMHUMUE! BJIEBO, TPETHUH K€ YUYEHHWK CHAYAJa CIKAJ Tpa-
(uK B 1Ba pasa K OCH OPAHHAT, & 3aTe€M BBIIIOJHUJ IEPEHOC
BjaeBO Ha 1,5 eguHunsl. BepHbl U pelIeHUA 3THX YUEeHU-
koB? Kak OBl BBl BHIIONHMJIM npeobpasoBaHue rpaduxa

Y = f(x) B rpaduk dysrnum y = f(2x — 3)?

515. IIpeobpaayiite rpadur GyHKmuM y = f(x) y !
(puc. 123) B rpaduk ypaBHeHHAA: {
1)O y = (=l + 1); )0 y=|f(x)+ 1|; BN / ]
2)Cy=1(x+1);  5)®y=|f(x)-1]; W §
3)Cy=|f(x)-1; 6)® |y| = f(x) - 1]. w

516..1) BagaiiTe AHAJIUTHUYECKH (DYHKIINIO, Puc. 123

rpauK KOTOpPO# nmojydaerca us3 rpadpuxa

ysKnuK y = x? B pesysabTaTe HOCIEA0BATETHHOTO BHIMOJ-
HeHHs npeobpasoBaHM, YKasaHHBIX B TabiuIe mojg HoMe-
pamu:

a)l, 3,8; 6)5, 6, 2, 8; B)1,6,4,9,

rae b = —1 B npeobpasoBanuu 1, a = 2 B npeo6pazoBanun 2.



29. dyHKUMKM 1 rpadukm

2) BrimosHuTe 3CKu3 rpaduxa, KOTOPBIH J0JKEeH MOoJy-
YUTHCA B PE3yJbTaTe 9TUX NpeodpasoBaHmil.

3) BajaiiTe caM# TOCJIEA0BATEIbHOCTE KAKUX-HUOYAL mpe-
o6pasoBaHMii U3 MEePBLIX AEBATH, YKA3aHHBIX B Tabauue.
4) BuImosHUTe AJIA CBOEil TMOCIe0BaTeIbHOCTH npeobpaso-
paHuil saganusa 1 u 2.

517.° BanaiiTe aHATHTHYECKH KaKylo-HHOyAb QyHKIMIO, rpa-
(UK KOTOPO CHMMETPHYeH OTHOCHTEJIBHO:

1) npsamoit x = 2; 2) rouxku A(—2; 3).

518.° 1) Yem oTamuaercs ot rpaduka QyHknum y = {x} rpapuk
KYCOYHO-3aJaHHOM QyHKRIUHN
_ [{x}, ecim x — He neyoe 9KCIIO,
y 1, ecam x — 1eJI0€ YUCI0?

2) ® Kakue u3 yKasaHHBIX B Tabnune npeoOpa3oBaHMil U B
KaKOM MOpAAKE CJeAyeT IPUMEHUTh, YTOOBI IOJIYIUTh 3TOT
rpaduk U3 rpaduka QyHKnun y = {x}?

519. Vcnoas3ys upeio npeobpasosaHusa rpadpuka, Haigure Ha-

AMEHBIIH MepHoJ CAeAYIomuX QyHKmuii:
1) y = cos 3x; 3y=tg(4x+1);

2)y=sin§; 4)°Cy=1{0,5x-4}. O

]

520" 1) Yro npousoigéT ¢ rpaMKOM YPaBHEHUA C ABYMHA Iepe-
MEHHBIMH, eCJIM B YPABHEHUU 3aMEeHUTH!
a) x Ha —X; B) x Ha x + 3; ) x Ha 2X;
6) y Ha —Y; r)ysay—3; e)yua0,5y?
2) IlpousutrocTpupyiite stn npeofpasoBaHHA Ha Ipumepe
ypaBHeHHA OKpyKHOCTH X2 + Y2 = 4.

521. 1) IlocTpoiire rpaduk ypasrerns: | x| + |y| = 2.
2)o OTMeThTE MHOMECTBO TOYeK, KOOPAHMHATBI KOTOPBIX
yAOBJIETBOPAIOT HepaBeHeTBY | x| + |y < 2.

522® Pemmure rpaduueckn ypaBHeHH:
1)4+2|x|-x2=|x+1]; 2)|x+38|+|x-1=4. B
523® 1) Haiiaure Bce 3HaueHWs @, NPH KOTOPHIX ypaBHEHHE
|4 + 2|x| — x? = a umeeT:
a) 2 kopH4; 6) 4 KopHs; B) 5 KOpHeif; T) 6 KopHeii. B2
2) Ilpu kaKuX 3HAYEHHUAX @ yPaBHEHHUE He HMeeT KOpHEe#?

=
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“ KoHTpoOnbHbIE BONPOCH! U 3aaaHusa

: ITepeuncanre 3HaKOMBIE BaM CBOHCTBA (DYHKIUHA M IIPORJLIIOCTPH-
pyiiTe HX 8CKH3aMU I'PA(UKOB COOTBETCTBYIOIIUX (DYHKILAI.

2. BepHsbl JIH CleAYIONNE YTBEPXKACHUA 0 (PYHKIMAX C OANHAKOBEI-
MK 06JacTAMH ONpeJesIeHHS: a) CyMMa JABYX BO3PACTAIONIUX
¢yEKIHE — Bospacraomas (yHKI#A; 0) IPOM3BeJeHHE ABYX
yOBiBalomux (GyHKnuii — yOeiBalomas (QYHKOMA; B) PasHOCTh
JABYX YETHBIX (YHKIMNA — uéTHAA (YHKLUS; T) IIPOM3BEAeHUE
ABYX He4YeTHBIX (DYHKIOMH — HeuéTHas QpyHKnus. Eciau BEI cun-
Taere yTBeDAEHHEe BEPHBIM, IIOCTapaiTech ero ob0CHOBATE, €CJIH
HEBEPHBIM — IIPUBeAHUTe KOHTPIPUMED.

3. ITocrpoiite rpaduk GyHKIUM Yy = ’2 cos (0,5x 8 g )l € IIOMOII[BIO
npeobpasoBaHuii. YKaKUTe HAMMEHBIINHA Tepuoj, HaubGoibliee i

HauMeHblllee 3HAYEeHHSA, NPOMEeKYTKH MOHOTOHHOCTH JIaHHOM
DyHKIHH.

() 30. YpasHenus u HepaBeHCTBa

VpaBHeHHA U HEPABEHCTBA JIOAM PEIIAIOT C IIyGOKOH ApeBHOC-
TH. BBl IO3HAKOMUJINCE ¢ yPABHEHUAMM U HEPABEHCTBAMM €116 B
HaYaJbHOH IIKOJIe U C TeX 0P HAYYHJIUCH PEIIaTh MHOTO PA3HBIX
UX TUNOB. B GOJIBINMHCTBE CayYaes B Mpolecce pemeHus HCXO/-
HOe ypaBHeHHME WJIM HePaBEeHCTBO 3aMeHseTcs 00Jiee NMPOCTHIM MU
TaK jajee, IoKa He Oy/jeT NPUBEAEHO K IPOCTeHIIeMy BUAY.

ITpu 3amene 0 HOIrO ypaBHEHHUA WM HEPABEHCTBA APYTHEM MO-
I'VT BCTPETHUTBLCS TPHU CJIydas.

1. MHOecTBa pelleHHii IepBOro ¥ BTOPOro ypaBHeHHA (Hepa-
BeHCTBA) coBnazaimoT, [loHATHO, YTO aTa cuTyanus camas biaro-
ONpUATHAA — pelleHusA BTOPOTO ypaBHeHM:A (HepaBeHCTBA) MOK-
HO Cpa3y 3aluCbIBATHL B OTBET.

YpaBHeHUA (HEPABEHCTBA) C OJHUM U TEM K€ MHOMKEeCTBOM
pelreHnil Ha3bIBAIOT PABHOCHJIBHBIMH.

2. MHO:KeCTBO pelleHH BTOPOro ypasHeHus (HepaBeHCTBa) co-
AEPHUT BCE PELIeHHsA nepsoro, B orom ciyuae Bropoe ypapHeHme
(HepaBeHCTBO) Ha3EIBAIOT credcmeuem nepsoro. Ilpu aToM Te pe-
LIeHu#A BTOPOro, KOTOPhIE He ABJIAITCH PEIIeHNAMY [IePBOoro, Ha-
3bIBAIOT NOCMOPOHHUMU, UX CTAPAIOTCA BRIABUTEH U OTOPOCHTE.

HerpyaHO 3aMeTUTE, UTO €CJIH CJIEACTBHE HE COJEP>KHT HUKA-
KHX APYTUX PelleHnii, KpoMe pelleHHil IepBoro, To OHO eMy paB-
HOCHJIBHO.



30. YpaBHeHWA v HepaseHcTBa

Jlea ypaenenus (Hepaéencmea) pa6HOCULbHbL, €CAU Kaxcdoe
U3 HUX seasemcs caedcmeuem dpyzozo.

3. MHOKeCTBO pelleHuil BTOPOro ypaBHeHHs (HepaBeHCTBA)
COIEpIXHUT He BCe PEelIeHMdA IepBOro, T. €. TEPAIOTCA PelleHHsd.
Hra cHTyanua caMas HenpuaTHaA. BO3M0OXKHO, II09TOMY y Heeé Ja-
JKe HeT CIeMaJbHOTO Ha3BaHMA.

Bo Bcex TPéx caydyasX MHOJKECTBO DellleHHi IepBOro ypaBHe-
Hus (HEepaBEHCTBA) CPABHUBAETCH C MHOKECTBOM DElIeHU BTO-
poro. OxHaKo 06BIYHO, KOIZA Mbl BBIIOJIHAEM IpeobpasoBaHue,
pemeHnuii y Hac emé Her. VI cpaBHMBaeM Mbl MHOKeCTBa pelne-
HHUH, aHAJIU3UPYSA caMu npeobpasoBaHus, KOTOPbIe IPUMeHAeM.
Hexoropsie nmpeofpasoBaHuA He MOTYT U3MEHHTb MHOXeCTBa pe-
meHuii, Takue npeoOpazsoBaHUA HA3BIBAIOT PAGHOCULbHBLMU.
IIpuMeHEHWE APYTHX MOJKET NPUBECTH K IOCTOPOHHMM DelleHH-
AM WJIN K TIOTepe pelieHui, — 9TH npeoOpa3oBaHUsA HA3bIBAIOT
Hepasnocunvrbimu. Tax, HanpuMep, K PABHOCUIBHBIM 1peot-
pasoBaHMAM OTHOCUTCHA 3aMeHa sin? X TOMKJECTBEHHO DPABHBIM
emy BhipaskenueM 1 — cos? x. A npu 3amMeHe Sin X BEIpasKeHHeM

J1 — cos?x GyayT nOTEpPAHLI PElIeHU (eC/IM OHHU eCTh), IPH KO-
TophIx sin x < 0, ciaemoBaTeabHO, 9TO Npeodpa3oBaHUe HEPaBHO-
CHJIBHOE.

3aMeTHM, YTO HEPABHOCHJILHOE IIpeofpasoBaHue MOMKeT IIpH-
BECTH ¥ K PaBHOCHMJBHOMY YPaBHEHHIO MM HEPABEHCTBY, HO B
2TOM HeJIb35 OBITH YBEPEHHBIM, T. €. HePABHOCULbHOE npeodpaso-
6anue He 2apanmupyem COXPaAHeHUs MHONCECMEA PeuLeHUL.

B 5TOM nyHKTe MbI MOBTODHMM 3HaKOMbIe Npeo0pasoBaHUA U
[IpOAaHAIN3UDPYEM, KaK ¥ [I09eMy CJejyeT MOCTyNaTh, YTo0bI 3a-
IUcaTh B OTBET BCe PellleHus MCXOJHOI'0 YPaBHEHWUA MM Hepa-
BEHCTBA U He 3allMCATh JUINTHUX.

PaccmoTpuM CHAaYajla ABe OCHOBHBIE II D MY M H Bl HEPaBHO-
CHUJIBHOCTH IpeobpasoBaHMii.

1. Uavmenenue 06JACTH JOMYCTHMBIX 3HAYEHHH NepeMeHHOK
(013)

Hau6onee wacro uamenenme OJI3 cBa3aHO ¢ NpUMEHEHUEM
dopmyn. Hexoropsie hopMynsl efiCTBYIOT Ha BCEM MHOX<eCTBe
IeficTBUTENBHBIX YHACE), U UX IPUMeHeHHe ABJIAeTCA PABHOCHIIb-
HBEIM npeoOpasosaHmeM. TakoBbl, Hanpumep, GOPMYJIBI COKpa-
IEHHOTO YMHOXKeHus. A BOT B popmyre sin 2x = 1—_27_-13?&;—:‘ 3ame-
HAa ed JIeBOi YACTH, UMeIoIeil CMBICJ IPH JIIOOOM 3HAYEHUH X, eé
IpaBoil 4acThIO NPHBOAUT K cyscenuro OJI3 3a cuér Bcex 3Have-

iy b8
HUi X = 5 + ntn, n € Z, IpM KOTOPBIX He CYIIeCTBYeT TaHTeHC.

“
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Pacwupenue OJI3 Bneuér, Hanpumep, 3aMeHA CYMMEI JIO-
rapupmoB  log,f(x) + log,g(x) norapmdmom npomsBeneHUA
log, (f(x) * g(x)), mockonsKy mocienHee BHIpaXKeHHE, B OTIHMYHE
OT IepPBOTO, MMEEeT CMBICJ U IIPX OTPULATEJbHEIX 3HAUeHUAX f(x)

" g(x).

Pacmmpenue OJ]3 MokeT NPUBECTH K IOABJIEHHIO IIOCTOPOH-
HUX DElIeHHH, a Cy)KeHHe — K IoTepe pemeHHi. YTo6sl 3TOrO
usbexxaTs, npu pacmupenuu OJI3 ciepyer paccMaTpHBATH J0-
IIOJTHUTEJbHBIE YCJIOBUA, 3alpeINaioliie pellieHuAM NONagaTh B
paiton pacmupenus. Ecau sxxe O3 cysaunoch, — HYXHO AOMIOJ-
HUTEJIbHO NOMCKATh DEIIeHNA B palioHe CyKeHud.,

Ha caepyromux auarpammax (puc. 124) cxemaTuuecKu moxKasa-
HBI cJy4dau pacumumpenus u cyxxerua OI3. OI13 ucxomgsoro ypas-
HeHHA WM HepaBeHCTBa M300paskeHO roayosiM mseroMm, a OJ13
npeobpa3oBaHHOro — cepbiM. ToukamMu 0603HAYEHBI PEIIEHHA.

2. Paciiupenue cdepsl 1eiiCTBUSI PaBHII

Hcnons3oBanue npaBuJl JefCTBHHA ¢ DABEHCTBAMY U HepPaBeH-
CTBAMHM HHOTJA IpeJIoJiaraeT HAJIUYUE YCJIOBHM, IPU KOTOPKIX
BTH IpaBuia npumMeHuMsbl. Tak, Hanpumep, BbI 3HAeTe, YTO 00e
wacmu pasencmea MOMIHO YMHON UMb UAL pa3deiumb Ha om-
AULHOEe om Hyaa yucao. OZHAKO IPH YMHOMKEHHH 00erux dac-
Teil ypaBHEHUA HA BEIPAYKEHUE C IePeMeHHON MHOMKUTE b MOKET
UMEeTh HYJIH, KOTOphle O0BeIUHAKTCA C KOPHAMM HCXOIHOTO
VPaBHEHUA. A 3HAYUT, HYJIU MHOMKHUTENA CIeAyeT IPOBEPUTH OT-
JeIbHO — OHH MOTIYT OKasaThCA IIOCTOPOHHUMM pelleHHsMH,
Kpome TOro, ymHOKeHHe MJIM JeJIeHUE HA BBIDAYKEHHE C Iepe-
MEHHOI MOKeT NPUBEeCTH K CyKeHuio ucxoxHoit OJ13, o mocaen-
CTBHAX YEro yKe YIIOMHHAJIOCH.

JApyrum npumMepom paciunpesus chepsl AeficTBUA TPaBUI AB-
JfAeTCA 8036e0eHue HepaseHcmea 8 4uémuyln cmenens. Uasect-

PemeHus, KOTOpLIe HAXOAATCH Crnenyer IONOJHUTEIBHO
B paitore pacmuperus 0113, MCKATH PellleHusd B paiioHe
caenyeT oT6pPOCUTH cy:xenusa Ol13

Puc. 124



30. YpasHeHna U HepaBeHcTea

HO, UTO 6 YEéMHYIO Cmenerb MOMCHO 603600umb HepaéeHcmeo
€ HEOMPUYAMENLbHBLMU LACMAMY. BEHIIOJHUB TaKoe IpPeos-
paszoBaHMe IPHU PelIeHUH HepaBeHCTBa, CJEAYeT JONOJHUATEIbHO
paccMoTpeTh CaydYaH, KOrja YacTH HepaBeHCTBA NPUHMMAIOT OT-
puIaTelbHble 3HAUEHUs U, KPOMe TOro, He 3a0bITh, 4YTO BO3Be/e-
HUe B 4Y6THYIO CTeneHb MorJio paciuupuTs OJ13.

YnpaxHeHus

524. fIpnaerca JU PaBHOCHJIBHBIM IpeobpasoBaHue, CBA3aHHOE
¢ 3aMeHO BeIDasKeHus a) BeipakeHuem 0)7
Ecau npeofpazoBanue HEPaBHOCHJIBHO, YKAKNATE NPUUUHY
HEPaBHOCHUJILHOCTH. 3aNMIIATE AONOJHUTE]bHbIE YCIOBHA,
BBIIOJIHEHHE KOTODBHIX CJEAyeT IpPOBEePUTh, 4TOOBI u3be-
JKATH MMOABJIEHHA MOCTOPOHHUX DEIIeHHH, UM KaKue Cay-
yau cieAyeT AOMOJHUTEIbHO PACCMOTPETh, YTOObI HE MOoTe-
pATH PeNIeHN .

2_
1ya) £—1; 6) x - 1;
. x2-1,
2)a)x - 1; o) 21,

3)a)x+1; 6) Vx2+ 1+ 2x;
4)a) Jx2 +1+ 2x; 6)x+1;
5)a) Jx2 + 1+ 2x; 6) |« + 1J;

). tgx+J§ .
G)a)tg(x+3)’ O a- g
7T)a) 41 — sin?x; 6) cos x;

8)a) 1+ tg? x; 0) 12 ;
COos8“ X

9) a) f(x) — g(x);

6) (/f(x) — J&(x) X Jf(x) + Jg(x));
10) a) f(x) — g(x) + g(x); 6) f(x);
11) a) 2 1g f(x); 6) lg f3(x);
12) a) lg f3(x); 6) 3 1g f(x);
13) a) In (f(x) - g(x)); 6) In f(x) + 1n g(x).

525. fIpnserca Jd pPaBHOCWJIBHBIM IIpeofpasoBaHue ypaBHEHUA
a) B ypaBHeHHue 0)?
Ecsiu npeo6pazoBaHue HEPaBHOCHJIbHO, VKayKUTe IPUIMHY
HepaBHOCHUJILHOCTH. 3alHIIUTe AOTOJHHUTE]IbHBIE YCIOBHHA,

&
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526.

527.

BBINIOJIHEHHE KOTOPBLIX CIeAyeT NPOBepUTh, YTOOBI ma3be-
JKATh IOABJIEHUA NOCTOPOHHUX PEeIIeHM, WiIu Caydyan, Ko-
TOPBIE CIAeAYeT AONOJHUTEJIBHO PACCMOTDPETh, YTOOBI He Io-
TepPATH PeIIeHnd,

1)a)J8x2+2x-1=2x-1; 6)x2-6x+2=0;
2)a)/2x+3 + Jx -2 =4;
6)2x+3+x-2+2./2x +3 + Jx — 2 = 16;
3)a)/2x+3 +.Jx -2 =4;
6)2x+3+x—-2+2./(2x + 8)(x - 2) =16;
4) a)log,;_ . (x®+9)=1log,_, ((x + 3)(x — 1)2);
6) 23+ 9 = (x + 3)(x - 1)%;
5) a) |sin x| cos x = sin? x; 6) cos x = sin x;
6) a) log,,, , sin x + log,, , cos x = 2;

4 1
1 B . ——) T
0) log,,, . sin x T — a3

2, 1—-cOsx 2|y — 1—cos |x|
7) a)tg?x I—wm 6) tg? |x| st lal’

8) a) 2sin 2x + cos 2x+1=0;

—te2
6)_4t_gx_ +1-te*x 4 _o.
1+tg2x 1+tg2x

3aBepumIuTe pemeHus ypasaenwuit 1), 2), 4)—8).

Bripasure x u3 pasencTsa:
b(x—-b) , a(x—-a) _

+ =a+b;
Deavs “ oz o+
2)a2+x_4abx+2a2—2b2=a2—x

b2-x bt — x2 b2+ x°
Pemure ypaBuenue:
2-6x 3x+4 ..
1) 3-x x-3 =3;
x+1 2  Y(x+b5) ..
A T Bz 2(x2-9) .
x—4 16 x+4
+ = ;
3)x+4 x2-16 x—4’

)x2+5x+3

=§
x2+x+2 2°



30. YpaBHeHWs 1 HepaBeHcTea

528. Pemure ypaBHEHHE C MOAYJIEeM:

ey X_9 oy 1:
1)|x—3|=2; 3)\2 o=x-1;
2)|2x-5|=x-1; 4)|2x - 5|=2-x.

529, PemiuTe cHCTEMY YPaBHEHHI:
1}{3x+ 5y = 14, 2) {3x*2y= 11,
2x — 4y = -20; 4x — 5y = 3.

530. fiBnAeTrcsa ¥ PaBHOCHJILHLIM IIpeobpaszoBaHue HEPABEHCTBA
a) B HepasencTro 6)? Ecim npeobpaszoBaHue HEPABHOCHIb-
HO, 3aNUIIHTE JONOJHUTEIbHBIE YCA0BHUA, KOTODBIM JTOJIH -
HBI YJIOBJIETBOPATH PellIeHUA BTOPOr0 HEePaBeHCTBA MJIM Ka-
KHe CJOydYau ciaefyeT MOMOJHUTEJHbHO PacCMOTPeTh, YTOOBI
He IOTePATH PEeIIeHuA:

2
1)a)§’;2—+_59L >0; 6) x2—9 > 0;

2)a)(2x - 3)J3x2-5x+2 >0; 6)2x—-3>0;
3)a)(2x2-3x—-5)J/3x+1 <0; 6)2x2-3x—-5<0;
4)a)(6x—-5)/2x2-Tx-9 >0; 6)6x—5>0;
5)a) (2x2+9x—11)lg?(x - 5) < 0;
6) 2x2+ 9x— 11 < 0;
6) a) X2 -8x+2 < 5x?-Bx+5,
6)x2-3x+2<x2-5x+5;
Na)lg(x-2)2<lg(x2-4)-1g(—x-2);
0)2lg(2—-x)<lg(2-x);
8) a) log,;, ., cos x > 1; 6) cos x < sin x.

3aBepuiuTe peIIeHAe HEPaBeHCTB.
531. Pemure HepaBeHCTBO:

2 _ — 2x)2: x2-2x+3
1) (2x +1)2 -8 > (3 — 2x)?; L) S e R
2) ‘:__2_x >0; 4)(x +4)(x—-1)(x-5)<0.

532. PemuTe cucTeMy HEPaBeHCTB!
1 {5(;: +1) + 6(x + 2) > 9(x + 3),
Tx—3(2x+ 3)> 2(x— 18);
b-x 3 2x
R
3x-5 2x-1
T I LT

>0,
2)




Fnaea 6. NNOBTOPEHUE

533. Pemure HEPaBEHCTBO C MOAYJIEM:
|x-2|>1; 3)2x+1|>x+4;
2)|x-2|<1; 4)3lx-1|<x+3.

Paccyaxaenns, KOTOpbIe Bbl IPOBOAMIIM IPH PEIIeHUH ypaBHe-
HU 1 HEPABEHCTB, MOYXHO IIPH O(DOPMIICHHH PEIIeHNA 3aMEeHATh
COOTBETCTBYIOIIEH MaTeMaTHYeCKOH CUMBOIUKON. Peus uaér 06
yHnorpeGieHuH 3HAKOB DABHOCHJIBHOCTH «<>», CJASNOBAHUSA «=>»,
CHCTeMBI «{» U COBOKYIITHOCTH «[».

SHAK PaBHOCHJIBHOCTH «<>» CTABUTCA MEXKAY YPABHEHHAMM
WM HEPABeHCTBAMM B CJyyae NPOBeJieHUs PAaBHOCHJIBHOTO IIpe-
o06pasoBaHMs#, a 3HAK CJAENOBAHUA «=>» — DU HEPABHOCHILHOM
npeo0pasoBaHuM, KOTOPOE MOXKET TOBJedYhb 3a co00il mosaBIeHne
IMMOCTOPOHHUX PEIIeHuii.

3HaK cucrems! «{» TpefyeT OJHOBDEMEHHOIO BBINOJHEHUH
VKa3aHHBIX C €ro MOMOINBIO YCIOBH, a4 3HAK COBOKYIHOCTH «[»
IIOKa3bIBAeT, YTO AOJIMKHO BBINOJHATHCA XOTA GBI OJHO U3 YCJIO-
Buii. Tak, HanpuMep, yCJIOBMe PAaBeHCTBA IPOM3BEAEHUA HYJIIO
MOYXHO 3alIMCATH CHMBOJIAYECKU:

[f(x) =0,
f(x)-g(x) =01 [ 8(x) =0,
x € O]13.

3ameTuM, 4TO, €CJIH B Pe3yJbTaTe HepaBHOCHILHOTO npeobpa-
30BaHUA NOJNYYHUTCA pPaBHOCHJIBHOE YpaBHeHHEe HWJIM HepaBeHCT-
BO, B 3alIMCH PeIlleHUs BCE PABHO HE CJIE/[YET CTABUTE 3HAK «<>».

N3x -5 =x-123x-5=x2-2x+1>
x=2,
x=3.

Mposepka. IIpu x = 2 umeem: x — 1 = 2 — 1 Goxpme Hyas,
C/IeI0BATENIBHO, YUCI0 2 — KOPeHb JaHHOrO ypasHeHus. Ilpu
x =3 umeem: x — 1 = 3 — 1 Gosblue HyJIA, CIETOBATEABHO, YHC-

J10 3 — KOpPEHb JAHHOTO YPABHEHMA.
OTtBerT:2;3.

:>x2—5x+6=0:[

E Ilpumeuanue. Kak okasanocs, nepsoe u BTOPOe YPABHEHHUA B
nenouke npeobpazoBaHuil paBHOCHJIBHEL. OZHAKO B MOMEHT Iepexoja
aTO ellé He OBIJIO U3BECTHO, M, CJAeJ0BaTe/IbHO, OMIMOKOH 6BII0 OBl HO-
CTABUTH M€Ky HUMM 3HAK «<>». Ecau sxe HaMm nmotpebyercs, uTobb! Bee

@



30. YpaBHeHuA 1 HepaBeHcTBa

npeofpasoBaHus ObLIM PABHOCHJIBHBIMH, pellleHHe Haxo oyaer odop-
MHTb, HAIIPpUMED, TAK:

—5=q92_
.fﬂ——5=x—1<:>{3x 5=x2-2x+1, Lo,

x-120
@{Iz—5x+6=0’ o ;:g’ @[x__-z)

OhopMuUM C IOMOIBIO CHMBOJIOB PellleHre YPaBHeHU A, C KOTO-
pPBIM BBI BCTPEeTHJIHCEH B Ne 499,

Mpumep 2. Pemuts ypaBHEeHHE
2s8in2x +cos2x+1=0.

PeweHwue. BeipasuM CUHYC U KOCHHYC Yepe3 TAHIeHC 110~
JIOBUHHOTO API'YMEHTa — MpPHEM, KOTOPbIM HAa3bIBAIOT YHUGEEP-
CcanbHOil nodCcmaHo8KOIL:

— il
4tgx +1 tglx +1=0
1+tg2x 1+tg2x

in 2x + +1=
2 sin 2x + cos 2x 0 {x=g+nn,nez,

2sin2x +cos2x+1=0

4tgx+2=0, x=—arctg%+1m,

PN 4‘""’:% +nn,neZ, o

FL S
=_+ .
e L 3 nn,neZ

OTBET: E + mtn, —arctg % +nn,n e Z.
YnpaxHeHus

534.. OdopMuTe ¢ MOMOLIBI0 CHMBOJIOB DellleHHe YPaBHEHUN U
HepaBeHCTB U3 Ne 525 1 530.

535. O6'bsiCHATEe, TIOYeMY He HY»KHO JeJaTh IIPOBEePKY KOpHe# B
clIeyIONIeM PelIeHHH UPPAIMOHATBHOTO YPABHEHM A

J3x-5=x-1,8/3x-5=38x-38,8x-5-3/3x-5+2=0,
J3x—-5=1umu J8x-5=2, 8x-5=1mm3x-5=4,

x=2unmux=3.

OTeerT: 2; 3.



Fnaea 6. NMOBTOPEHUWE

5369 O6ocHuyiiTe creayomue paBHOCHIBHOCTH:
= 2
1) i) = gty o2 {1 €.

g(x) > 0;
{ g(x) <0,
- Ol
> oo B2 S
f(x) >0,
3) Jf(x) ﬂg(x}c::»{ g(x)>0,
f(x) < g%(x);
{3<x{£
4)log, ,f(x)>log, ,g(x)e 22 i(x) < g(x),
{ f(x) > g(x) > 0;

. = lg f(x) + 1g g(x) = 5,
Lo i e
(f(x) — 1)(g(x) - 1) > 0,

x € O113;
N f(x)=0,
7=, { A =e.
h(x)=0 { h(x)= 0.
537.9 1) O6ocayiiTe paBHOCHIBHOCTD
(f(x) - 1)(g(x) - 1) >0,
log,q) f(x) > 0 = { f(x) > 0,

g(x) > 0.
2) Ucnonbayiite eé B pemienuu HepaBeHeTB 5 u 11 ua Ne 191,

6) log,,, f(x) > 0= {

5389 3anumuTe, YeMy PAaBHOCHILHO HEPABEHCTBO:
1) Iogﬂx, f(x) < 0 m perrure ¢ IOMOIIBIO 3TOH PABHOCHIBHOC-
TH HepaBeHcTBa 4 1 12 m3 Ne 191;

2) Jf(x) > g(x) u pemmTe ¢ HOMOMBIO 2TOM PaBHOCHJILHOC-
TH HepaBeHCTBO 7 u3 No 120,

Bl KouTtponsHbie Bonpoce! n 3apanus

: [ ITpuBepuTe ABA NIPHMepa PABHOCHJILHBIX M JBA IIpAMepa HepaBHO-
CHJIBHBIX MpeoOpa3oBaHU YpaBHEHM U HEPABEHCTE.

2. ITpoanannaupyiite Gpopmys Ha c. 312 yueOHHKA ¢ HO3UIHIT paB-
HOCHIBHOCTH-—HEPABHOCHJILHOCTH UX IPHMEeHeHHs B npeobpaszo-
BAHUAX YPaBHEHUI U HEPaBEHCTB.




AOMALLUHUE KOHTPOJIbHbIE
PABOTbI

KouTtponbHas pa6ora N2 1 (k. 1—4) (90 muH)

| ypoBeHb

1. ABnserca nu y pyHKIMEH X, €CIH:

1) y — 4HCclI0O YYEeHHKOB Balllero Kjacca, NOCeTHBIIUX YPOK
MaTeMaTHKH, & X — YHCJ0 YYeHHKOB Balllero Kjacca, INOATrOTO-
BHUBIIMXCH K 9TOMY YPOKY;

2) y — 4uClIO YYEHUKOB BAIIEro KJjacca, NOCeTHBIINX IIKOIY,
a X — COOTBETCTBYIOLLEe YNCJIO0 CEHTAODA;

3) x — HaTypaJIbHOe YHCJIO, a iy — YHCJO0, KBaJ[paT KOTOPOro
paBeH X;

4) x — HaTypaJIbHOE YHCJO0, a i — KBagpar uucia x?

ABnserca 4 B 9TUX ONpuMepax X QyHKImHen y?

2. ®yukuua y = f(x) sagama csoum rpadpuxom (puc. 125).
Haiigure o rpadgury:

1) obnacTe onpenesieHusA (PyHK-
HH;

2) obnacTe 3HAUYeHUH QYHK-
oM,

3) IpOMEeKYTKH BO3paACTAHMUA U
yOBIBAHMA;

4) 3HadYeHHWe X, IPH KOTOPOM
3HavYeHue QYHKIMY PDABHO 3;

5) f(-2);

6) Hyu (hyHKIHH;

T) nauboaplllee 1 HAUMEHbIIIEE
sHaueHue QYHKIAN.

3agaér au 3TOT rpaUK X Kak
byarnuo y? Puc. 125

i




JomaliHue KOHTPOosibHbIE paboTsl

3. ITocTpoiiTe rpaduk KaKON-BUOYAL HENPEPLIBHON (DYyHKIUYA
y = f(x), econ:

D(f) = (—4; 3], eé nanbosbliee 3HaAUEHNE PABHO 3, 4 HAUMEHb-
mee —2, pyHKI s yosiBaeT HA npomekyTKe (—4; 1], a Bo3pacTaer
Ha npomexyTke [1; 3].

4. Haiipure obJiacTs onpeiesieHus QyHKIIIN:

3
Ny= |-2—2—; 2yy=J1-x+.Jx+3.
)y x2+2x-3 )y
5. PaspeiBHA 1M KyCOYHO-3a1aHHAaA QYHKIINAA
" {xz, npux < 1,

a2 x, mpax>1?
ITocTpoiire eé rpaduk.
6. C nomompo Kakux npeobpasoBaHuil ua rpaduxa QyHK-

UK Y = % MOXKHO IOJYYHUTH rpaur ApobHO-IMHENHON (QyHK-

ouu y = 2: +_11 ? IlocTpoiire eé rpadux.
Il ypoBeHb

7. Onpepgenure ¢ TOMOLIBIO rpaduKa, CKOJIBKO KOPHEH HMeeT
ypaBHeHue J1 —x —x2-x+1=0. &
8. Pemute ypaBHeHue Jx + 6 + Jx — 5 =11.

Ill ypoBeHb

9. Haiigute HaubGosablee 3HaUeHNE PYHKIIUN
1

J2x2+6x+9

10. ITocrpoiiTe rpadux dyrxkoun y = x2 — 2| x| + 4.

KoHnTponsHas pabora N2 2 (k n. 5—8) (60 muH)
| ypoBEHbL
1. Joxkaxxure HEUYETHOCTh PYHKIIAN
y=+x2-9 (x5 —x).
2. ITocrpoiiTe B 0iHOM cUCTEME KOOPAUHAT rpaduKku QYHKIHH
y=3 - 2x u pyarnuu, eif o6paTHOI.

.



JomaiuHme KOHTpObHble PpaboTsl

3. Pemure ypaBHeHne:

1) 3/x3 + 5 = 2; 2) J2x2 + (4x - 5) =x— 2.
6;‘ - p
4. Pemiute HepaBeHCTBO AT O —F =105

x—3

5. CpaBHuTe 3HAYeHMe Bhipaxcenuii 5/6 u 4/4 .
6. Coxparure Apobn:

1) 4= 3a . 2) b—4x%5
3J£I_z+%‘ p0.5x0.5 1 250,75 "
Il ypoBeHb

7. 3apanre aHanuTudecku (QyHKOUo y = g(x), obparHyio
dyvarnuu y = 3 — 2x.

8. Pemure ypaBHeHue J/x + 6 — Jx — 2 =2,
9. PemunTe HEpaBeHCTBO /3x + 7 > x + 1.

Il ypoBeHb
10. YuopocTuTe BeIpaxkeHue

: xy x%y
= .
(xy) g e
x+ x%y?

KonTtponbHas patora N2 3 (k n. 9—11) (90 muH)

| ypoBEHbL

1. HaiiguTe a, ecinm M3BeCTHO, 4TO rpapuk pyHKOMHU Yy = a*
npoxonuT yepes roury M(—0,25; 2).

2. Pemure ypaBHeHME:

1) log, x — logg 5 (x — 2) = 3; 2)11x+2-22.11*x=9,

3. PemnTe HEpaBEHCTBO:

1) 2x - 0,25

¥ >0; 2) logy 5 (x +3)>-2.

Il ypoBeHb
4. PemmuTe ypaBHeHUE:

1) 2%+ 2;”_2 ~9=0; 2) x'o8s* = 81,

%



JomalHue KOHTpOonbHbIe paboTbi

5. Pemure HepaBeHCTBO:

1)log, ,(5—x)> 0; 2)( %

l)-«"” }( )Jrz+3x+d
3 .

Il ypoBeHb

6. Pemnure HepaBencrso log, (2 + x) > 1 —x.
7. 1) Ha ckonbpKo IpoOIEHTOB BO3pacTET BKIAA B Danke 3a 1Ba
roga, ecau OaHK exxeMecsauHO HaUYucaser 3% ?

2)® Haiinure cymMy, KOTOpas OKa)keTCs Ha BKJIaje Yepes Ba
roga, ecJau HauaJabHBIM BKaaz cocrasua 10 000 p.

KoHTponbHas patora N2 4 (k n. 12—20) (50 muH)

| ypoBeHb

1. ITepeBegure 1,25 U3 paguaHHO MePEI B TPAAYCHYIO.

2. IlepeBegure —150° 13 rpagycHOM Mephl B PaJAUAHHYIO.

3. IlocrpoiiTe yroy, KOCHHYC KOTOPOIo PaBeH g . BeimosnauTe
M3MEpPeHHdA C MOMOIILI0 TPAHCIOPTHPA ¥ 3amUINUTe OobIuit Bujg
YTJI0B, UMEIOIIHUX AaHHBIA KOCHHYC.

4, IlpuBepuTe Kk GyHKIUAM yrios ot 0° go 45°:

1) sin (—-252°); 2) cos 1130°.

5. Ucnonssysa rpaduk QyHKIUAM y = sin X, YKaMKUTe IpoMe-
JKYTKH, Ha KOTOPLIX hyHKIHA: 1) BodpacTaer; 2) npEHEMAaeT 1o~
JIOKUTEbHbIEC 3HAYCHH A,

6. Haitgure xopau ypasHenud 2 gin (x — 1) = — fé , IpHHALJIe-
sKamue npome:kyrky [0; 2n].
Il ypoBeHb

7. Ina kakux yraos ot 0 7o 21 BRIDOJHAETCA HepaBeHCTBO
sin @ > tg ©?

8. Haiinqure yroj, xKoropslil o6pasyeT ¢ OChI0 OPAMHAT Ips-
Mas, [epeceKalnad O0CH KoopamHar B Touxkax A(-2; 0) =

B(0; /12).
Il ypoBeHb

9. Pemnre ypasuenue 4 cos? x —cos x — 5=0.
10. Yemy pases arcsin (sin 5)?



JNomaluHne KOHTponbHbIE patoThl

KouTponbHas patora N2 5 (k n. 21—26) (60 muHn)

| ypoBeHb
1.Haﬁ,nn'resin(a+ﬁ),ecnusina=_%,3m3=g,
3n =
<ca<=m=<B<m.
<A< Hg B<m

sin 70° + sin 20°
c0s10°cos15° — sin10°sin15° °
sina l+cosa _ 2
1+ cos « sina sin o

2. Beruucaure

3. loxaxkuTe TOMKAECTBO

4. Haitzure Bce KOpHHU ypaBHeHHusA 2 cos? x —sin x — 1 =0,
npuHaiexamue orpesky [0; 2n].

Il ypoBeHb

5. Haiigure abcumuecel oBmux ToOYeK rpadmKoB (QYHKIIHNR
y=cosxuy=cos2x. &

6. MoyKHO I YTBEPIKAATE, UTO €CJIH 0.° — OCTPEIH Yyroj, To

sin (a° + 1°) > sin a°?
7. Beruuciure:
log, ; ctg 5° + log, ; ctg 15° + log,, , ctg 25° + ...
... +log, , ctg 75° + log, , ctg 85°.

Il ypoBeHb

8. [lokaxkuTe, UTO YroJ MeXAYy NOPAMBIMA y=2x-1 mu

y=%x+3panen45°.

9. Peminre ypaBHeHUe:
sin? x + sin? 2x + sin? 3x + sin? 4x = 2.
10. IIpu KakuX 3HaYeHUAX @ HauboJIbIIee 3HaUYeHne QyHKIIHT
y = asin x + cos x pasno 5? ]

KourponsHas pabora N2 6 (k n. 27—28) (50 muH)

| ypoBeHb

1. OxcnepumenT nposeau 1000 pa3 u B 5 U3 HUX TPOUIOIIIO
cobsiTHe A.

1) Kakum aBiseTca cobbiTue A: BEPOATHBIM, AOCTOBEDHBIM,
HEBO3MOYKHBIM HJIM MAJOBEPOATHBIM 7



JlomawHue KOHTponbHbie paboTsl

2) Yemy npruMepHO PABHA BEPOSTHOCTH COOBITHA A.
2. KakoBa BEpOsSTHOCTE TOT'0, YTO IIpH OPOCAHUH JBYX UIPaJib-
HBIX KocTel B cymme Buinager 10 oukos?

20!
3. Berunciaure 181"

Il ypoBeHb

4. CKOJBKO CYIIECTBYEeT NATU3HAYHBIX YHCEJ:

1) cocrasnennbix u3 oudp 1, 2, 3,4, 5, 7; 2) kparHbBIX 3?

5. CKOJIBKO pa3HBIX COCTABOB MOJKET UMETh KOMHTeT, COCTOA-
WA U3 ABYX MYXKUMH ¥ TPEX JKEHIIUH, eCJM ero uabupaioT us 5
MYKYMH A 7 dKeHIIUH?

6. YupocTure BhlpaxkeHue 1 -k s
Kl (k+2)!

Ill ypoBeHb

7. CKonbkuMH cmoco0aMH  MOMKHO BbhIOpaTh CTaAPTOBYIO
mecTépKy OackerbonmcToB u3d KoMauabl B 12 yenopek? CKONBKHU-
MH criocob6aMu MOMKHO OCYIIeCTBUTE 3TOT BhIGOD, ecim MBaHOB 1
IleTpos 06s3aTeIbHO JOJKHBI BXOJAUTEH B CTAPTOBLIH cocTaB?

8. Haiigure xKoahdunmueHT diaeHa 5-# CTENeHW MHOTrOUYJIeHa
CTAHZAPTHOTrO BUAA, K KOTOpPOMY npusoauTtcs (2 + x)?

MUTorosas KoHTponbHaa pabdora (90 MuH)

| ypoBeHb

Ll Lt

1
1. Haiinure 3EaueHne BeIpaXkeHus 817 — 3./3 .32,

: 1
B =
a’—16:° o8

2. YupocTuTe BhIparkeHue

el

a’*—4

3. YupocTuTre BhIpaskeHHue
2'°27 4 Jog, 75 — log; 3.
4. PemiuTe HepaBeHCTBO
x—3 _1,
(0,25) <35
5. VKasKATe NOpPOMEXKYTKH BO3pacra-
HuA ¥ yOomiBaEus GyHxouum y = f(x), 3a-
paHHOR rpadukom (puc. 126). Puc. 126

D




JomMaluHue KOHTpoNbHbIe paboTel

6. Ynpocrure BeIpakeHue
£ 29 20 _ gin (E +* a).
sin o 2
7. Pemuure ypaBaenue log, (x + 1) = 4.
8. Haiigure 06s1acTs onpeieieHusas QYHKITUNA

_ |x—2
y x+1°

9. Pemure ypaseenue 2 cos? x — 3 sinx = 0.

Il ypoBeHb

10. Pemute ypaBHeHue /2x + 7 +x = 2.

sin? 27° — sin? 63°
sin 18°+ cos 18°

12. Pemmute ypaBHeHue 39 -5+ 6%+ 2-4*=0.

13. Pemure ypasHenwue 2 sin? x = [sin x|.

11. HaiiiuTe 3HaUeHUE BEIpAKEeHUA

Il ypoBeHb
14. Haiijure Bce 3Ha4YeHUA @, IPHU KOTOPBLIX YpPaBHEHHE
log, (4* — a) = x ”MeeT eAMHCTBEHHBIHA KOPEHb.
15. HaiiguTe HauMeHBIIee U HAaNOOJIbIIIee U3 3HAYEHUI, KOTO-
pbie Ha oTpeske [1; 4] npurumaer QyHKIHAA
1

y=———
J2x2 - 8x + 11



OTBETbI

frhaeat
DyHkMM U rpadpmkm

2. 1) Her; 2) y siBnsercs yHKIMEHR X, TAK KAK KaXJA0OMY YHCIY X CO-
OTBETCTBYeT eJIMHCTBEHHAs mudpa B paspsijie JeCATHIX (IOCKONBKY B
MaTeMaTHKe He paccMatpusaior sanucu Tuna 0,9999...); x He siBnserca
(GVHKIHeH y, TaK Kak OQHy ¥ Ty e nudpy B paspsaie JeCATHIX MOTYT
HMeTh pasHble uucia; 3) iy He ABisAeTcHA DYHKIAEH X, TAK KaK OflHA U Ta
ske cymma mudp MozkeT ObITh Y PA3HBIX JBY3HAYHBIX YHCEJI, HAIIDHMeD
cyMmmMa mudp y uacen 25 u 34 pasHa 7; x apngerca QyHKIHed y, TaK Kax
KaMK/JOMY JBY3HAUHOMY 4YMCJIY COOTBETCTBYET €JWHCTBEHHAA CYyMMa
nudp.

3. 1) y = 300 — 50x. 2) EcrecrBeHHas 06J1aCTh ONpeeJeHUA ITOMH
(YHKIIMM — MHOKECTBO JiefiCTBUTENbHBIX YHCeN, a peaJbHad — HATY-
pasibHBIe gucya oT 1 10 6 BKIIOUUTETBHO.

4.1)a)9;6)0,5; 2)a)-7;6)0,25; 3)a) 22;6)0u—3;4)a) 26;6) 1 n 8.

5.1) D(f)={10; 11; ...; 98; 99}; 2) f(17) = 8, f(35) = 8, f(59) = 14;
3)f(x) =3 mpu x = 30, x = 21 u x = 12; 4) max f(x) = f(99) = 18,
min f(x) = f(10)=1; 5) 9 n 10.

6. Oreers npubamsxénnse. Puc. 3: 1) D(f) = [-3,5; 4,5]; 2) E(f) =
=[-3; 4]; 3) f(-2) = 2,8; 4) f(-2,2) = 3; 5) f(-0,25) = f(1,7) = 0;
6) max f(x) = 4, min f(x) = -3; puc. 4: 1) D(f) = [-2,4; 6,5]; 3) f(-2) =
=3,2; 4) f(-1,9) = f(1,5) = f(3,5) = 3; 5) f(-1) = f(0,8) = f(5,8) = 0;
6) max f(x) =6, min f(x) = —1,5; puc. 5: 1) D(f) =[-3; 5,5]; 3) f(-2) = 0;
4) f(0,2) = f(2,5) = 3; 5) f(-2) = f(3,9) = 0; 6) max f(x) = 4,5, min f(x) = -1;
puc. 6: 1) D(f) = [-3; 6]; 3) f(-2) = 2,5; 4) f(-1,7) = f(-0,2) = f(4,6) = 3;
5) f(-2,8) = f(1) = £(3,8) = 0; 6) max f(x) = 5, min f(x) = -2,5.

7.1)-0,7u2,6; 2) 2,7.

8. 3) Jlw6oe uucio, kpome 2 u —2; 4) nwboe yucio, kpome 1 u 2;
5) moboe uncno, kpome 1, —1, 2 u —2; 6) mwboe uyncio, kpome 3 u —3;
Nx<0;8)x=>0.

9.1)a)x > 2;6) x > 2; B) (—00; =2]U [2 +o0); T) x > 2; 1) x > —3;
k) x >-3;3)[-5; 3y m) [2; 11) U (11; +o0); k) [—3; 1) U (1; +o0).



Otserbl

13. V= 4x(5 - x)2, D(V) = (0; 5).

14. P =8 - %" , D(P) = (0; 3); E(P) = (6; 8).

18. 1) a) [-1; 0}; 6) [0; 0,5); B) [1; 2]; v)[-1; 1] ; m) (—o0; 0,5];
e) [0; +o0); %) x > 0; 2) a) [0; 1]; 6) [-0,5; 0]; B) [0; 1]; r) 0; m) (—co; 0];
e) [-0,5; +); 3x) x > 05 3) a) [-2; 1]; 6) [-0,5; 1]; B) [0; 3]; r) [-4/2; 4/2];
n) (—oo; 1]; e)[-0,5; +e0); 4) a) [-2; -1]; 6) [0,5; 1]; B)[2;3];
r)[-/2;-1]U[1; /2 ]; 1) [0,5; 1]; e) yHKIHA He OonpeAeNeHa.

19.1)Nc@;2)NcR,;3)NnZ=N;4)R,nZ=N.

21.1)k=0,3,a)l=T7;6)l=8;8)l=4,4;1) L= T7,5; 2) k= 0,75,

a)l = —5; 6) | = 6; 3)k=—$,a)£=7;6)t=g.

23.1)k>0,1>0;2)k<0,1>0;3)k>0,1<0;4)k<0,1<0.

24. 1) la, npuk=0,1>0; 2) na, npu k<0, [ =0; 3) ga, npu k=0,
1<0;4) na, upu k > 0, [ = 0; 5) Her, rpaduk pyEKIHK iy = kx + [ He MO-
KeT OBITh Napaljie/leH OCH OPAMHAT, IMOCKOJBKY IIPHM 9TOM OJHOMY 3HA-
YEeHHIO X COOTBETCTBYeT DoJiee offHOrO 3HaueHus y; 6) mer.

25. 1)y=—1,5x+0,5;2)g=gx+ %;3)y=13,5.

26. 1) a) (0; 9) 1 (—12; 0); 6) npuHagaekuT A, He npuHagIexar B
u C. Ha rpaduke ecTh TOUKa ¢ paBHBIMH KoopauHaTamu; 2) a) (0; —8) u
(—20; 0); 6) npuraagne:xkuT B, e npunaznesxar A u C. Ha rpaduke ecth
TOYKA C MPOTHBOIOJIOMHBIMHA KOOPAMHATAMH.

27. 1)l =-21. llpoxoanT; 2) l = 16. He npoxoaur.

28. 1" 4 75 | 50 0,5 0,25 | 0,125
1,5 | 0,8 | 0,12 17,5 35 70

B

29. 1)z = %, z 1 x 0O6paTHO NPONOPUHOHANBHBI, 2) 2 = =, 2 U X

06paTHO NPONMOPITHOHAJBHEL.
30.1)k=4;2)k=-18.
31. 1) a; 2) ga.
32. IIpunagnexar Touku: 1) A u M; 2) A, B, Cu P.
35. 1) /iBe, ofHY WM HU OJHOM; 2) OAHY.
37. ObnacTaME onpefeleEns.
38. Omnbku B a), ) 4 e).
39.1)y=0,5x;2)y=-0,5x—-1,5; 3) y = 1,5.

40.y= %xz.

4M.1)(x-22+(y+3)2=9;2)(x-2)2+ (y + 3)>=4.
42.1)(x—4)?+ (y — 4)% = 25; 2) (x —a)’ + (y — a)? = 25, re a — mio-
6oe uncio; 3) (x — a)? + (y + a)? = 25, rae a — m0boe auco.
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46. 1) (*00; —%) u (—g; +w); 2) (—o0; —8), (-3; 3) m (3; +);

3) (—o0; —2) u (-2; +0); 4) (-m; 1), (1;3) n(%;ﬂo)-
47.1)0;3u5;2)-7;-2u0.
48. 2) B) PaspeiB npu x = 1; ) paspelB 0pu X = 2; €) paspsiB IpH
x=-2unpux=1.

(x - 2)(x - 5)
(x—2)(x-5)(x—-9)"

50. 5) Hanpuwmep, y =
52. 1) (-8; 0)U(1; +); 2) x < -3,0<x<T;3)x<-3,0<x<

x>7;4)—-- €x<3H)x<-7,-265<x<1,x>1;6)-1<x<0,x=

C.OIM wWiro

ot

3 2 5. =
53.1)(%—5,—5‘(t4—— 2)z< 3—E€Z{§,3)I<

?

—% <x<1;4)y<-2,— gyas

54.1)x<-2;2)x= —2.x/ =2,

55. Puc. 3: pyarnus sospacraer Ha upomexyTke [1; 3], ybsiBaeT Ha
npome:xkyTrax [—3,5; 1] u [3; 4,5]; puc. 4: pyHEKOHA BO3pacTaeT Ha IPo-
mexxkyTre [0; 2], yoeiBaer Ha npomexyTrax [-2,5; 0] u [2; 6,5]; puc. 5:
dyHKOHUA Bo3pacTaeT Ha npoMekyTKe [—2; 1,5], yOrIBaeT Ha IpoMeKyT-
Kax [-3; —2]u [1,5; 5,5]; puc. 6: dyHKIHUA Bo3pacTaeT HA IPOMEKYTKAX
[-3; -1]1u [2,5; 6], yoriBaeT Ha npomesxkyTKe [—1; 2,5]; puc. 7: byaxuua
Bo3pacTaeT Ha npomesxyrke [-4,5; 1,5], yObiBaeT Ha nIpoMeXKyTKe
[1,5; 5]; puc. 8: dyHKUMA BO3pacTaeT Ha TpoMexyTKax [-3; —-2] u
[0; 6], yOriBaeT Ha mpomesxyTKe [—-2; 0].

59. BospacrawomuMu aBisoTed ¢yHKmEE 1), 4), 5), 9); yOnBaro-
mas — 2, 8.

64.1)4; 2) 10.

65. 1) 7; 2) 25.

68. l}a)g<kg2;6)§gkq

- |

Bg{kgz,ggk<

o

2)a)2 <k<2;6)-2<k<-2;m2<h<?, -2<kg —g

69. 1) (0; 6); 2) (0; —2); 3) (2; -3); 4) (— 3, 14); 5) (2; 11); 6) (—-2; 11);
7) [2:5; ”’12!5]; 8) (_7v _24v5}

74.2)a)x, > 0nm y(0)>0;6)x,<0my(0)>0;8) x,>0u D=0
x> 0my(0)=0;y(0)<0;1)x,<0uD=0;x,<0muy0)=0; y(0) <0;
o) -1<x,<2,y(-1)<0,y(2)>0,D>0.

75.1)a) k> 4,5;6) k = 4,5; B) Takux 3HaueHHH k Het; 2) a) k < —0,8;
0) k = -0,8; B) rakux 3Hauenuii k HeT.

76.a>0.

77.1)0<a<1;2)e=2,a< 1.

78. 1)—4) Ia.

&@

; B)
%
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79.1) /53 u ./34;2) /2.5 u J0,5; 3) % n3;4)-% n—%.

80.S=4x - 3"‘— , D(S) = (0; 3), E(S) =(0; 3].

81. Ypanﬂenus acumnroT: 2)B)y=2,x=-1;1r)y=-3,x=1.
84.1) y = f(-x + 6); 2) y = —f(x) - 10; 3) y = f(-{x[); 4) ly| = ~(x);
5) y = —f(—x — 6) + 10; 6) |y| = —F(—|x|).

Fhnaea 2
CteneHwu u KOpHK

87. Cymecreyer ansa Touek A, BuC.

88.1)n=2;2)n=3;3)n=3;4)n=4wmn=2;5)n=2umun=4;
6)n=2,n=3,n=6;T)n=3.

89.1)1,1I1; 2) 1, IT; 3) 1, 11, I11; 4) 1, I1; 5) I, ITI, IV; 6) I, II.

90. 1) la, sanpumep: a =0, b= -1 u n = 2; 2) "er.

91. 1) a) L, I1; 6) I, I1, (III), IV; B) I, I1; r) I, I1, II1, (IV); m) I, (1), 111,
1V; e) 111, IV; k) (1), IL, 111, IV; 3) II1, IV. (B ckobKax yKasaHbl 4eTBEPTH,
yepes3 KOTOPEIe rpadHK MOMKET NPOHTH JIMIIb IPH HEKOTOPBLIX 3HAYEHH-
axk,anb.)2)a)l, II, Il uun I, 111, IV; 6) 1, 111, IV; B) I, II, II1; r) I, 11,
I wau I, 1L, IV; o) L, 11, IV; e) 1, 11, IV mom I, II1, IV; o) I1, II1, IV nan
I, II, IV; 3) II, III, IV.

92. Yérnnim: 1), 2); HeuérHbIM: 3), 4); HEIL3A onpeAeauTs: 5), 6).

93.1)m <n; 2) m > n; 3) m > n; 4) m < n; 6) HeJIb3A ONPEAETUTE.

94. 1) a) Cummerpueii orHOcUTeNbLHO ocu abcmuce; 6) ciKATHEM B
5 pas K ocu abenuce. Bee Tpu QyHKIHM HMEIOT OAMHAKOBYIO UETHOCT.

97. 1) a) Heuérrasn; 6) uéTHas; B) HeuéTHAA; I') HY Y6THAA, HA HOUET-
Has. Touky paspeiBa UMeOT QYHKIUH B) A I).

98. 1) y = (4x° - 4) + (5x); 2) y = (%) +(x:——azfi )

99. a) Her; 6) HeUETHBEIMM ABJIAIOTCSA NPOU3BEACHHE W YACTHOE UET-
HO¥ ¥ He4ETHOM PYHKIIHH.

100. 1) a) y = —(|x| — 2)2 + 5, npu x # 0. 2) OyHKOHUA BOZpacTaeT Ha
npoMeskyrrax (—eco; —2] m (0; 2], ybriBaer Ha npomexyTkax [-2; 0) u
[2; +o0) 1 mMeeT pasphIB B Touke 0.

| 5-(x-2)?, opux>0, _|xl .
) { (4 Y 15 ok <0 W Y (5 — (|x| - 2)?). Pyarnus
BO3pacTaer Ha npomexyrkax [—2; 0) u (0; 2], yObiBaeT Ha MPOMEKYTKAaX
(=003 —=2]m [2; +0c0) 1 pa3peiBHA B Touke 0.

101. 1) Her.

102. 1)— 4) [Ia.

103. 2) 3/16; 3) -3/43; 6) 0; 7) 1,5 El 8) -2; -0,8; 9) 0; 1; 4; 5;
10) 0; 1; 8; 9.

107. 1)—3) IIpunamitesxur.
108. 1) Taxoro n He cymecrsyer; 2) n = 7.

s
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109.1)2;2)3;3)3;4)2u4;5)2u4;6)2,3u6;7)2,5u10.
M0.1)m>n;2ym<n;3)ym<n;4) m>n.

M. 1)a)y=x;6)y= i;n)y=0,5x+0,5;r)y=7,5— 1,5x.
113. 1), 2), 5), 6), 7) lla; 3), 4), 8) mer.
114.1)-8/7; 2)-5/6; 3)-3/2-1; 5)-%1 + a?;

6)-3/4 —4(b+b2);8)-%c2 - b5c+1T.
115. 1) x > 0; 2) x — moboe ancno; 3) x # 0; 4) x > 2,5; 5) npu Beex

% 6)-5<x<5T)x< é;x,z,S)x< -9, x>10;9) -4 < x < 24.

116. 1) x<0,x=16;2)x=-243;3)x <0, x=2;4)x < -3, x=3;
B)-b<x<b5,x=-13;6)x<-T7,x>7,x=-3.

17. 1) -;—f— : 2) 515 . 3) —0,4992; 4) 0,3568; 5) -5 u 5; 6) —4.

118. 1) -1; -2,5; 2) mer xopreii; 3) 1; 4) —2; 5) 6,25; 6) 4; 9; 7) —1; 3;
8) 1.

119. 1)(-«: )u(4 7:2) x=-8,5,-8<x < 1.

120. 1)4<x<5;2)-T,5<x<5:;3)0<x<1;4)x>6;5)x>4
6}1gng.G;?)xg—é.ngg7—%@;8)::<—1,x>3.

122. 1) 45; 2) 2,8; 3) 25 4) 6; 5) 20; 6) 35 7) 15: 8) 12; 9) 4,4; 10) 2;
11)3;12) 1.

123. 1) 214/2; 2) 848; 3) a¥a; 4) b2-4b; 5) ab?-%ab;
6) 2x5b3 - 4/dxb ; T) —at/~a ; 8) 2a%b? - &/-2ab?.

124. 1) J2; 2) J3; 3) 3/2a2; 4) '%2b2%; 5) Jdx; 6) 3/2[a|;

7) 75— 2:8) 35— (2)/6.
125. 1) %/a; 2) Ja; 3) 3JE"2;4).ﬁ>;5)sE§;6)aE-2.

126. 1)J/3 >3/5 > 4/8; 2)./2 <38 < 4/5; 3)43%3 > %3.3;
4)".]8 J2 = J24/8.
127.1) 8/2; 2) 12/ — ; 8) 24/ 2 ; 4) 12/50; 5) 12/0,1; 6) 29/160.

128. 1)-T; T; 2) —2; 2; 3) —4; 4; 4) —5; 2; 5) /80 ; 6) 8; 27.

129. 2)a) /5;6)2./5.
130. 1) 7; 2) 4,7.
131.1)0; 2)-18; 17.
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1832.1)x,=1,y,=92,=9,y,=1;2)x;=1,y, =4; x,=4,y,=1;
x,=1,y,=27x,=27,y,=1;4)x;=1,y; =64; x, =64, y, = 1.

133. 1)ago;2)a<2,a=g.

134. 1}39[ 2) :s;f 3) 8/2ab; 4) mf 5) 4/a3; e)mf

135.1)-1; 2) -1.
1 1 3 5 2 3 12 15 4
137.1) x%;2) y*;3)a%;4) b5;5)|a|Tb7;6) b3|c|P ;)2 TaTlp| 7;

18 2 3
8)8 Tle|”x ";10)(-a)2.

188 1) 152 . sma> 0; 3)4\{- 4)[ 5) 3/c3 ; G)JZ.'?}IOJ_?,Pﬂe

a>0;8) m}—%—é,rnex>0; 12) 3/(x + 2y)2, rue x + 2y > 0,

3 9 13 T
139. 1) x*; 2) y28 ; 3) y36;4) b30; 5)a% 6) x 2 7) b3 8) c2

140. 3) 27; 4) 5 ; 5) 100; 6) 1000; 7) 25 8) - ;9) 9; 10) 2; 11) ./3;

12) ==
4./2
141. 1) a) 2-%; 6) 2-5; B) 208; 1) 2-0.9; 1) 23:5; 2) a) (J/2)4; 6) (J/2) 1
B) (+/2)1%; 1) (J/2)18; 1) (J2)7; 3) a) 471; 6) 4°2:5; ) 4%4; r) 4-045;

4

2
3; 6) (0, 125)3, B) (0,125) 15; r) (0,125)03;

m) 4175 4) a) (0,125)3;

7
7)(0,125) 8; 5) a) (3/4)3; 6) (3/4) 75 B) (3/4)'% 1) (3/4)135
n)(é}ﬁ)s.zs_

(10 4] n 30 (31 m (3)

15

2)»&:)(3;/9'1)-s 6) (¥/9)5; B) (/9 )ﬁ;r) (3/9) 1; n) (3/9)5%5; 3) a) 34

2
53

[

2 5

6) 31; B) 35; r) 3 ,;:} 33.5; 4) a)[ )3,6)( )%;B)(zl'?)_
1

(% )5 0 (&)F: 90CEYS o @B @B

27

25 35
r)(%/81) 28; n)(%/81)8 .

Z
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1\ 1
143. 1) (a%%)%; 2) (%)% 3) (ﬁ ] ; 4) (b‘ﬁ ]a: 5) (2¢°%)%; 6) (5a%9)?;
1 1\2
7) (8x°-5y°-25)2; 8) (3bgf,‘§

144. 1)[pé )3; 2) (ag )3; 3) (a

1y O 113
6)(3x3) '7)(5(13 9) 3)(10 6 3).

3 1 1 3 1
145. 1)4a3+12a“b2+9b 3)b2—b6 4) 22 — x + x2 - 1;

-
]
-
W
S’
—
<o
I
A=
"-._1:.
-
L4
S
—_—
[s%]
L]
I
‘*-——.-—-é

5 5 1 3 4 2 a 6

5 1 1
5)c6 —¢c 6;6)a+aZb 3 —a2b3-1;7)2% —x3;8)a+b;9) x o — y2.

we. 102 | -[of]
2)(

el (47 -
4T
(af ] - 52-(a

LT M
et | o0 (a - J(fu) 05 ( J -(s-08)lse0t):
7}((3::)5 )2 -(y '5);

8) (pﬁ’ )2 5 ((30)% )2 i (pila r 34!2 [p‘l_“ + Sq% );

11y 11 11
9) (x07)2 - (282;;2) = [x“-"~ 282y2) (x“"’ + 28%y° )

[

G
10 —aﬂ] 102 + a2 |;

00 )=
)
I
e
—_—
(-]
=
N
Bl
|
=
WI-—o
—
———
—
[~]
)
—
1]
+
L~

1 1 1 2

147.1) 2% — ( 3T= 2-a? |4+ 243 + a3
19 1 2 1
2)[b3 +33=|b3 + ) b3-3b3+9];
1

olaod (3] {01
|

3 lI 11 2 2
=|5+23y3 ||25-5- 233 + 233
1
6

2 1% 1 2
100x% + 10x? - 33 + 38

18 1 1
5)(05) +23=(a +2)(aa—2a5+4 3
1
9

3 1 12
6)43—(b =(4—b9 )(16+ b9 + bO ];
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148.3) — L _;4l-a?

1-a? l1-a 6t
T salle o adi o8 11
3 2 2 2p2
9. 1 CnE  HEIE, g 20 ; 5) a? + 5; 6) —=1 3
b2 y§ aZx2 32 _ bz x2 2 2y2

1 1

3 3

7 l3 8) y +x -

al—6 ya — 8
150. 1)a) 2,8;6) 0,75;8) 13; 1) 29; 1) 1; €) 2.

1

- o r 1
151.1) £ =1 9) 'l&]tl;&}-b“(x“ + b");4)—10.
e3+1 yf‘
152.1)-1;2)-3.
153. 1)a<1;2)a>2.

Fnaea 3

MokazarenbHasa
n norapudmuyeckan pyHkuumn

155. ITpunagnesxar.
158. 1) 4; 2) 4; 3) —2; 4) -3; 5) —g :6)1,2; 7) 2,75; 8) %

159.1)9;2) /5.
160. 1)—2) IIpoxoxur.

265 1
163. 1) Bk’ 2) % 5"

a® +be

164. ./21.

165.1) qéTH&ﬁ, 2) Beqé'maa
167. 1) ;2)2,5;3)3;4) - 5)9 6) ner xopueii; 7) 7; 8) 4.
168.1) - 1 2)3;3)1;4)4; 5) 1;6)-2; 7)1,5; 8) 1,5.
169.1)0;3;2)-2;3)4;4)-1;1; 5)0; 6) 6.
i -l e
170. ) x=y 2;2) x oY 19,3)Jc 4,y=3;
4)u,=v,=-4,u,=v,=3.
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171.1)x<-4;2)x<6;3)x>0;4)x>0;5)x<-3,x>-1;6)x < -1,
4<x<5TNx<2;8)x<0,x>21;Nx<1;10)x> 2.

172 1)x<0,x>3;2)x<-2.

173.1)a>1ua= 2; 2) sy npu Kakux; 3)a< 1,a=2.

174. 1) (1,03% — 1)+ 100%; 2) ~ 42,6%.

175. 1) a) 2; 6) 4; B) 3; 1) —3; 1) —3; e) 0,25; k) —6; 2) a) 2; 6) 3; B) 3;
r) -2; n) —4; e) %:m) -9.

176. 1) a) log, 2; 6) log, 4; B) log, 8; r) log, 1; x) log, 0,5; e) log, 0,25;

x) log, 0,125; 3) log, /2; n) log, 3/2; x) log, %; x) log, 3/4;

2)a) log

N]I—i

; 6) log, —. B) log, 1; r) log, 1; n) log; 2; e)log, 4;
2 2 3 2

MII—-
nal
Bl

1 1 1
x) log, 8;3) log, —;u) log; — ; k) log J2 ;1) log, —;
: 3 2 %2 : 3 4a

3) a) log, g;ﬁ) log, %;3} log, % ;1) 10gg 1; 1) log, g;e) log, g;
3 3 3 3 3

) logg % ;3) logg E ; H) logg J; } K) log2 j; a) Iog2 :Jg
3 3 3 3

4) a) log, 4; 6) log, 16; B) log, 64; r) log, 1; a) log, 0,25; e) log, vl-ﬁ
#x) log, ﬁ ; 3) log, 2; ) log, 3ﬁ;n)log4 -é;.rl)log4 3/16 ; 5) a) lo, og ; 2%;
27

6) log 1 729 ; B) llog 1 273 ;1) log 1 1; o) Iog;? 27;e) log217 729;

m‘.)logl 273; 3)10g‘ ,H)logl 3,K]10g1 J27; J"I)logl ;,
27 J_- 27

6)a)log, . ,(x+1); 6) log, ., (x+ 1}2, B)log, ., (x+1)%r)log, ., 1;

L . 1 e

R)log, 1 717 )08,y (x+1)'~”m)log“‘ (x + 1)’
. 1

3)log,,,; Jx+1;mlog, ., ¥x+1;k)log, ., ﬁ;

a)log, ., H(x+ 1)2

177.1) 2; 2) :13)8/5;4) —
I

178.1)1;2) 0;3)-2;5;4)1;-6;5)-2;8;6) 3 3
179. 1) log, 5; 2) log, ; 7; 3) logs 2 — 1; 4) 1°gl 3
7

S
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180.1)x < log1 3; 2) x <log, 256; 3) x > 1og3 _fB 6;

4) x> logdi.—s_3
6 6 9 8 8
183. 1)1og8§ >log3§ >log77;2)logs§ {lcgs? clogT?
184.1) x < -1, x> - 2)—1—7-kx<13)_§4xq1 1<x<3;

4)x<1,1<x<§;5)—2<x<-1,—$ <x;6)—1—"'7 cx~<1;7)5 <x<1,

1<x<3;8)% <x<8,8<x<d.

185. 1) 1; logg 3; 2) 1; log, 5; 3) 0; logy, 5; 4) 0;5) —1; logy, 2
3
6) 0; 1; 7) log,, 10; 8)% log, 2
3

186.1)2; 2)0.

187.1)a >0, a——— 2)—— <a<0.

188.1)x>23;2)x>6,3) 2<x<T7;4)0,99<x<1;5)0<x<3;
6)x<-2,x>T7;T)x>6;8)2<x <1+"/—3

190.1)25<x<36;2)0<x<4,x>9;3)0<x<0,16,1<x<3;

4)% <x<0,81,x>1;5)-/10 <x<-3,J10 <x< 10;6)-3<x<—48,

-1<x<.8.
191.1)4<x<6;2)4<x<6;3)3<x<4;4)-4<x<-3,-2<x<-1,

1<x<2;5)-3<x<-2,x>2;6)2<x<3,x>6;7)0<x<0,5,

1<x<2,8<x<6;8)1<x<2,2<x<8,3<x<b591l<x<2,

2<x<3,8<x<4,x>510-2<r<-1,x>411)x> 34:?—/2_9;

12)14x4%.

192. l)lﬂx-c— 2)-0,56<x<0;3)x>14,5;4) x> 4,5;5) x> 5;

6) x <-11.
194. 1) 1; 2) -2; 3) 2; 4) 2; 5) 8; 6) 6; 7) 2; 8) 2.
195. 1) 4a; 2) 2a; 3) 7,5a; 4) —4a; 5) ;6)1-a;7) 72-;9) Soxd0

1+3a’

196. 1) 3a + b; 2) 3b‘+31“ )

197. 1) 13,5; 2) 20,25.
198. 1) 5; 2) 1023.
200. 2.

&
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201. 1) log, 8 > logg 9; 2) log, 6 <logg 7.
202 1)64-2)9;3}1;4)2; 5) J/3;6) 19/10; 7) /3 ; 8) 20; 9) 2; 10) 1;
e . A I ._a. e L4
11) - 12) ;13)9; 2,‘,.14) 16;15)9; = ; 16) 3; —3; 17) 4; s]J_.la)s. 5

)6,

=31

203. 1) 100; 0,01; 2) 2; : 3) 3; 27; 4) 100; 0,1; 5) 3; =; 6) 0,5; 4;

2

7) 0,00001; 1000; 8) =507 0 57 5 1 9) Togsll5

10) log5 25, 11) 1; n"’ n-1;
9

12) 1; 22.
204.9.
205. 1) @'*% ¢ = %2 2) a) 100; 6) 10.
206. 1) -100; 2) —1000.

207.1)3<x<4,52)-1<x<2;3-2<x<Z;
4)1og3§ < x < logy 28; 5)x<10g4(J§—1),x>1,5; ﬁ)lc_xgzsﬁi;

Do<x<1, 128 < r<2:8)log, 18 <x<2;9)4<x<10;

10)-/2 <x<-1,1<x< 2.
209. 2)a) 1,115;6) 21,17; 8) 0,01531; r) 4,052; 1) 0,2863; e) 7,038.

Fmaea 4

TpuroHomeTpuyeckue PyHkuumn
M UX CBOWCTBA

214. 1) 960°; 2) 1440°.
215. 3) 190° + 360°+(—1); 5) 320° + 360°+ 8; 7) 70° + 360° - (7).
216. 1) B) —110° + 360° « (—1).
217. 1) 40°; 400°; 760°; —320°; —680°,
218. 2) a) 30° + 90°n; 6) 30° + 120°n, n — m0boe 1es10€ YUCIIO.
219. 2) P_;,.; a) HauMeHbIIee 0 MOAY.IIO 3Ha4enne p = —70; 6) nau-
MeHbIIIee MoJoKuTebHOe 3Hayenne f = 290; 2) P, 4. 3) Pygqe.
220.1)4,8¢c; 2)5;3)24 c.

221.5) 2% 25" 7)—54—"
222. 3)36“ 9)114,6°.
223. 3) 7 5) — n.s}—@n

226.3)~-1,4; 5) ~4,375; 7) ~ 18,025; 9) ~ —28.

231. 2) 197,7°; 3) —93,2°% 4) 303°.

232. 1) O6muit BUA YIJIOB OBOPOTA, IEPEBOAALIUX TOYKY P B TOUKY
M raxos: a® = 90° + 360°n, n — mw0boe mesI0e YHCIO,

234. 1) ~ 0,26 pajg/u; 2) v= 1700 kM /4.

&
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238. 5) II uerBepTs, cos o < 0, sin o > 0; 7) II yerBeprs; 8) I uer-
BEPTE.

239.5)cosP>0,sinp<0.

241. 1) a) 156° + 360°n u 24° + 360°n, n — 1eJioe YHUCJIO;

2) a) 45° + 360°n 1 135° + 360°n, n — meJoe YUCIIO.

243. 1) cos 72° = 0,31, sin 72° = 0,95;

4) cos 215° =~ —0,82, sin 215° = —-0,57.

245.1)3;3)1;5)0.

246. 1) Curyc paBeH KOCHHYCY 15 yrioB 45° u 225°; 2) cuHyC mpo-
THBOIOJIOYKeH KOCHHYCY aidA yrios 135° u 315°; 4) cunyc Goabine KocH-
HycCAa AN YIJIoB Mexay 45° u 225°,

249, 1) 1a; 3) mer; 7) =er; 8) aa.

250. 3) o = 3?" :

251. 1) ¢ = n, n — moboe 1es0e YHCIO.

252.1) g + nn; 3) g + 2nn, n — moboe mesoe YHCIo.

5)3 +2nk <o < 3_2-’! +2nk; 6) n+ 27k < < 2n(k +1), 0= 7 +2nk, k€ Z.

256. 9) ITonoxkureasHoe; 10) orpunarensHoe.

259. 3)-1,4; 5) 1,4; 6) -3,7.

260. 1) 52,43° + 180°n; 3) —-21,80° + 180°n, n — m0boe 1eI0e THUCITO.

261. 1) Oaa yraos 45°, 135°, 225° u 315° 2) HeT TakHMX YIJOB;
3) ansa yraos mexay 45° u 90°, mesxay 135° u 180°, mesxay 225° u 270°,
mexay 315° u 360°; 4) gnsa yraos mexay 0° u 45°, mexay 90° u 135°,
mesxay 180° m 225°, mesxay 270° u 315°.

263. 1) Her; 2) ga; 3) mer; 4) uer.

266. 4)0.

268. 3) g + nn, n — nwboe meaoe YNCIO.
269. 3) ¢ = §35,¢= 3% 5),6) 2tn <o < X + 2mn.

270. 1) ¢ = ’—;n; 3) o= 2 +7n, & + nn, n — a1060e meJI0e YUCTO;

2

5) —g +nn < ¢ < mn, n — moboe mesoe 9YHCIO.

271.2)a)yz§x+3;n}y=—./§x+3.

272.2)tg 1> tg 2; 3) sin 15° <sin 15; 4) cos 3 < cos 4.
276. 3) OrpunarensHa.
1

277. 1)—2 < ¢ aresinp <

2 ; 4) n <+ arcetg p < 2m.

]

278. 2) % .

279.1) 1;-;3)1.

280. 3) 0.
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282. 1)a=p;2)a=.
283.1)ac[-1;1];3)acR.
5%, 11x
284. 3) T8
285. Her.

i + 2nn, n — moboe

288. 1) —g + 2nn, —arcsin i + 2nn, n + arcsin
neJjioe 9ucio; 2) 2nn, n — niodoe mesoe YUCI0.

292, 1) sin 34° — cos 34°; 2) 2 ctg 20°.

293. 1) -tg x; 3) ctg o.

294. 1) a) sin 120° ~ 0,866, cos 120°~ -0,5, tg 120°~—-1,732.

299.4)g+’£2£,nez.

300.2) ¥;3) X - 6+ 27;4) 10 - 375 5)5 — 10+ 3.
306.1)x+# ?—; + 2nn, n — ai0boe 1e0e 9UCiI0; 3) He HMeeT PelIeHu .

307. 2) O6umii B YPABHEHUA OCH CHMMETPHU X = ’—2t + nk, k — n10-

Doe menoe YUCI0.

308. 2) O6muii Buz abcruce MEHTPOB CUMMETPHH X = T, TAe n —
a1060e 1eJioe YUco.

312. 1) ym.ax = 2’ Ymin = _2; 3) Ymax = 1’5’ Ymin = _0'5; 5) Ymax = 6'

= §
Ymin 34 "
313. 1), 4) — neuéTHEIE; 2), 3) — YETHEIE.
315.a > 5.

316.1)-0,5<a<0,5;2)a> -? A

318. ®yHKOHA Y = sec x UéTHAA, a QYHKIHA § = coSec X He4éTHaA.

323. 1) x # 2nn, n — moboe nenoe uucio; 2) x #  + 2nn, n — n0bdoe
[meJioe YUeJIo; 3) HeT peleHuit; 4) HeT pelIeH .

324. 2) O6mumii BU YPABHEHUA OCH CUMMETPHH X = 171, n — J0boe
meJioe 4Mcio.

n _x 38
ol Sl

325. 1) AGcuuccsl HEKOTOPEIX HEHTPOB CHMMETPHH X =

2) O6mmit Buj abeiiyce e HTPOB CHMMETPHHR: X = g + nn, n — awoboe me-
JI0€ YHCJIO.
327.1)0,4u0;3)1n %;4)1 u0,2.

330. 1) n; 2) 4n.
331. a) Yérasle pyuaxuun 1), 5) n 6); 6) neuérnaa Gysrousa 2).

D
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332. 1)-—éﬁ +21rn<x42 +2nn,ne Z;

2)—— +2nn€x<% + 2nn, n € Z;
3)-% +2nk<x< %K+2T:k keZ; 4)—+2ﬁk xg%’—t+2nk,ke2.
.3 5w .
333.1)E+n’ngx 12+1m,neZ,
2)%“-1-% <X % 2nk ,kRe ZS]—— +4nn < x < 32“-1-41::: neZ;

4)—-5—:- +nn{x4% +nn,neZ.

339. 1)—— +Tm4x<§ +nn,n e Z; 2)—— +nn<x~(2 +nn,neZ;
3)—g+rm-<xg~g +nn,neZ;4)§+1m<x<rr+1m,nez;
5arctg3+nn~<x~<g+rm,neZ;G)arcctg(-3)+xngx<rt+1m,neZ.

346.1)a) §;6) > )9—“ 13" : 3) a) arctg 2; 6) 1 + arctg 2;
B) 2 + arctg 2; 3n + arctg 2.

347.1) i— + Ezﬂ,uEZ;Z)Taquxxne'r;&E + %,nez.

349. 1) ®yuxuusa BO3paAcTaeT HA IPOMEKYTKAX:

(%" + 2nn; l-é——n + 21'[:1) H yObiBaeT Ha (—g + 211?1;% + 21m], neZ

2) pyHKI MU BO3pacTaeT Ha IPOMEKYTKaX (—n + 4nn; nt + 41':.?1) u yOuIBa-

eT Ha (n + 4nn; 3n + 4:m). n € Z; 4) yosiBaer Ha(g e nn,"'—; +nn|,
neZ.
350.1) g 1 2)w; 3)m; 4) .
351.1)(-%;0 : 2) o,a;g).
352. 1) Moryr; 2) MOTYT.
33 _@ e S8 *_ _35,
353.1)305(1— stga setga= 56,3)31!1(: stga 127
12 =_2_4 N 3
ctg a 35,5)51:1& 25,coaa 25,ctgu %"
_ &in R- C P S 6 Q- 2 . B
354. 5) 1 — sin B; 7) cos? a — sin® a3 9) tgb B; 11) sinp ’ 13) sinp’
2
lﬁ)m.
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355.1)-7;2)0.
357.1)0;3)1; 5) 1.

358. 7)2 +2nk,1r—g +2nk,keZ;8)—arctg(g) +nn,neZ;

4

9) iarccosg + 2nn, *arccos - + 2nn (n € Z); 10) arccos % + 2nn,

5
12
+ arccos ~13
360.1) 7; 2)47.
361. 1) He moryT; 2) moryr.
363.3) J/2;4) J(cos a - cos B)2 + (sin o — sin B)2.
364. 11) —sin .

365.1) 117, 3, 33 5)%;@.

+2nn,ne Z.

125° % 65°

171 ,,,4+3./3 -4+3.3
367.1) 5573 2) — o= B ==

204 . 5y 17
368.1)ﬁ,2) 45"

369. 3) /2 cos .
370. 1) r) cos B.

371. 1) BraveHue nepBoro BelpakeHus GoJblle 3HAYEHUA BTOPOro;
2) 3aHaYeHMe NEepPBOI0 Bhlpa)KeHus 60JIbIle 3HAYEHUS BTOPOro; 3) saHaue-

HHUA BBIPAXKEHHUI PABHEL.
372.1)1; 2)-1.

373.1)%;3)%.

374. +3% 4 gnk, keZ.

~18
375. 105°.
381.3) % 4+ 2z, 5 2%n o
6 3°' 18 3° .
3+2./3 1-1,5./3
382. 1 .3 5,3
'2-3B' > B
J3-1 J3+1
383. 1 . 3)— _
)ﬁ“ : J3-1
17 . a) 2?1
384.1)a) g B) 2

335.1)%;3)%.

386.1)17,2.
387. 90°.

388.1)1;3) ./3.
392.3)arctg2 +nn,ne Z.

D
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394. 1) tg 55° 2) ? ctg 10°.

396. 2) Yriossie koahdHUIHEHTH! £y 1 k, B3aUMHO NePHeHAUKYIAD-
HBIX IIPSAAMBIX CBA3AHBI COOTHOLIEHNEM k, « ky = —1.

o7 z 2tg 0,15,
397. 9) cos® 77 —sin 3 11) 1-tg? 0,157’

13) 2sin$ cos §; 15) 2 sin 32 = os%;mzsin“—gﬁcosﬂ%ﬁ;

in| X @ k.0
19}2s1n(8 2](:05(8 2).

398. 1) 0,96; 3) "Z" : 5) —% .

400. 3) sin 24°; 5) [~ ; 7) —cos 40°; 9) ’J- ; 11) cos o3 13) cos 2a;
15) tg 20°; 17) tg g

401. 3) cos 10° —sin 10°%; 5) 7) cos 5°%; 8) cos 25° — sin 25°.

20° :

402. 1) a) sin 20°; 6) LS 40° ) sin 320

—,neZ;

x ., N
403. 1)4 -+ 2

2) g + nk, —aresin i + 2nk, n + arcsin i +2nk, ke Z.

404. 1) 30; 2) 150.
405. I)E +nn,ne Z;4)n+ 2nn,rae n € Z.

406.1)%’5,1162;2)%,!162.

410. 1) Mo:xer, Tak kak sin 2x = 2 sin 24° < 2 sin 30° = 1
2) me moxkeTr, Tak Kak sin 2x < 2 sin 34° npm moboM x, Tak Kak
2 sin 34° > 2 sin 30° = 1; 3) xa; 4) Her.

412, Haubonsulee u HauMeHbIlIee 3HaYeHHA byEromm: 1) 1 mw —1;
1 1 1

3)% H_§;5)ZH_Z'

o s 4B, . 1lm
415. 1) 2 cos 45° cos 60° = ?,5)231n 130 °°8 120,8)2003 3o cos .

421'1)ﬁ;2)3°

nh gy ¥ kR KB . L
422.1)?,nez,3)6+ ) ,neZ,5)i3+2nn,neZ.

@
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423. 1)1, +2 4 2nn,n e 2.
424. 1) a) sin? 4u; 6) sin 4o sin 503 B) sin 7o sin 8at.

425. 1) a) &1;:33 ; 6) sin 4a cos ba; B) sin 8« cos Ta.

426. 1) a) i ; 6) sin 80° cos 70°. ApryMeHTHI claraeMbIX COCTABIAIOT

apu(pMeTHYECKYIO [IPOTPECCHIO, 4 APTYMEHT MHOXKHUTEJA PABEH eé IMoJTy-
Pa3HOCTH.

428.1)% +%,m,nez;2)’%‘,’l{_§,nez.

L T
429.1)-n; 2,0, 53

430. 1}¢5_6“ +21n,ne2Z;2)n+ 2, ne Z;8) L, neZ; 4)nn,
nelZ.

431. 1) a) n + 2rnn; == + 2nn, n € Z; 6) {—1)‘“1% + nk, k € Z;

T
3
B) —arctg 3 + nn, arctg 2 + nn, n € Z; r) arctg 2,5 + nn, —E +nn,neZ;

n) 2nn, n € Z; e) KopHeii HeT; 3) g + %", nelZ.

432. 1) a) —E +nn, n € Z; 6) 1n, g + nn, n € Z; B) —arctg 2 + nn,

§+un,nez;r}g +1tk,i;—;+1rk,kEZ.

433. 1) a) —E + nn, arctg g +nn, n € Z; 6) g + nn, —arctg 5 + nn,
neZ.

434. l)a)g + nn, n € Z; 6) nn, n € Z; B) nn, g + nn, n € Z; r) nn,

n
- +nn,neZ.

2
435. 1)a) 2nn, n Z:ﬁ}’—zl +nn, ig +2nn,n € Z;
mn 421 s gy B T, 27n )
B) 5 T3 +2nn,neZ,r)2+1m,5+ 5 .neZ

2nn + 1) . 9) 211 . g) In . 4) 0
436.1) 3", (2n+ 1){;,n€Z;2) L, ne Z;3) F,ne Z;4) 71,

T , mn T T 3n 4nn dn 4nn

. Lo odvie | = . ok SRR B e 2R

REZ,5)48+2 i oo 8(2n 1),n € Z; 6) 10 e e
neZ.

437.1)—% ~ 2nn wan - +2“—“,nEZ:2)-1% +2 neZ.

14 7 w
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440. 1)_12 ?n,n € Z; 2]% + 2nn, (-1)" arcsiné +nn, n e Z;

3)% +2:rm.ig 4+ 27n, n € Z; 4) .-rn,g + nn, n € Z; 5)E + 7n,
neZz; 6}—% 2,neZ N (1)rz -E +2rn,neZ;8) 7, neZ;

'él)arn:tg3+rm,al:'ctg7+1m,neZ;lO)1 k —+-—-k,§+-——k

ke Z; 11) +ﬂ + 2nn, n € Z; 12) E + ®n, arctg§ + nn, n € Z;

13)% + 2—5“n, neZz 14)arctg(~/§ - 1) + nn, —arctg(ﬁ + 1) + nn,

neZ;15)x=rnn,n € Z; 16)—% + 2nn, n € Z; ITJi% +“—2§,neZ;

18)—5 +nn,t2§ +2nn,ne Z.

T
a41. .
442.0,+ 7.
443. +

7?[. E IE

444.1ym, F;2)2 u k.
445.0=+2./6.
446. 1) (-1} +xn, n e Z; 2)n, n e Z38) § +n, £33 wn

nez;4)1og2(§ +E4£),n=o,1,2,3,....

Fmaeab

3nemeHTbl TEOpUM BEPOSTHOCTEN
“n KOMOMHaATOPUKKN

447.1)}1;2)3;3)5.
448.1)%;2)1;3}1.
uan m4 m%

450. 200

451. 0,25.
o |
452.1) 53 2) 3
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454. %
456. 1)~ 4%; 2) ~ T%.

460. Yacrora BcxoxKecTH IpuMepHO pasHa 97% .
461. Cxopee Bcero, B Kopob6ke 2 48pHBIX mapa.

462. 12

463. 120

404. 1)9) E; 221 )221

116
221°

oyl.gyl. 07
a67.1) 2;21:9 19 L.
468.1)0,2.
470. 1) a) Al; 6) Pyyi 2) 55
471. 1) 120; 2) 6! = 720.

P B
472.1) 5232 19 301

6) 22 ;) 126

221

2
473. i

474. 10 TpeyronbHUKOB.
475. C{;.

1 =4
476. C3.
478. Cl9.
479.1) % C#;2)C2.
1
480. Ecf'(,;:zyc?[, c
481.1) AT

35' }35 35

(]
482. 1) C$; 2) a) 2 C” i

(o]
483.1) 2 2, )20,3)

484.1) 210. 2)120; 3) 15.
485.1)(n+1)-n+...(n—k+ 3).
488. 960.

2)a) =

36)1—-—=;8)

17' 6) 221‘

491. 1) a) 40 095x8; 6) 594x1; ) 312; 2) 212,
492. n = 10. Illecroii usneH pasioxeHus OmHOMa UMeeT Koaddu-

nuent Cj, = 252.
493. 1) 23; 2) 7; 3) 5; 5; 5) 5.

-

221'3) )34’
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Frnasea 6
MNMoeTOpeHue
494.1)x#-1:2)x#1;4) x < -1,6, x > —1; 5) (—00; 0,75] U [1; +o0);
6)2-42 <x<1,5,1,56<x<2+ 42;
7) -g +21m;% +2nn| U (E; + 2nn; % +2nn|,rnenec Z.
495. 1) (—o0; 0) U (0; +c0); 2) (=003 +0); 4) y > -16; 5) y < 43

6)-2 <y <2 7)[-21; 3 8)0 <y < 29)[1; 4]; 10)[2; +0o).
496. 1) (—o0; —1), (—1; +c0); 2)(3 + 2nn; 7—2: + 2n(n + 1)), rae n € Z;

3)[2rn; n(2n + 1)), rne n € Z; 4) [n -0,5;n+ 0,5], raen € Z.
497. 1) (-3; -0,5) U (5; +0); 2) x < -3, -0, <x <0,5;83)3<x <4

4)(-1; 1)U (1; +o0); 5) (—% — 2nn; —§23 = 2rm), (—g 3 —1).

3

T 4 2an; > . 21m]. roe n = 0,1, 2, ...; 6) (0; 0,5), (2an — =; 2nn),

2
(-2nn; n—2nn), raen € N.

498.1)x<—§;2]—1<x<1;3)1qx<2;4)5<x¢5+_2~/ﬁ_

499. 1) ®yuknud Bo3pacraeT Ha npoMekyTKax [a; b] u [¢; d], a yOuI-
BaeT Ha npoMexyTKax [b; ¢] u [d; +oo]; 2) byHKINA BO3pacTaeT Ha Ipo-
mexyTre [-2; 1,5], a youiBaer Ha npomerxyTrax [-3; —2] u [1,5; 5,5];
3) dyuKnuA BodpacraeT Ha npomekyrke [1,5; 3,5], a yObiBaeT Ha mpo-
mesxyTKax [-2,5; 1,5]u[3,5; 5].

501. V6uisaromue: 2), 5); sospacraroomue: 1), 3).

502. 1) Boapacraer Ha (—co; —1], yomiBaer Ha [—1; +oo0); HauboIbL-
mee spavyenue 4; 2) Bospacraer Ha (—oo; 2], yObiBaer Ha [2; +o0); Han-
Gonpmee sHaueHue 25; 3) Bospacraer Ha (—4; —1,5], yOniBaer Ha
[-1,5; 1); nauboasmee snavenue —1,2; 4) Bospacraer Ha [—3; +0), yObI-
Baer Ha (—oo; —3], HamMeHbIIee 3HaueHme log, 2; 5) BoapacraerT Ha
[2nk; m(2k + 1)], yOniBaer Ha [n(2k + 1); 2n(k + 1)], tme k& € Z; nau-
Gonemee 3HaueHWe 9, HamMeHbINnee 3HaueHme 1; 6) Bospacraer Ha

[rrk; g + nk] , ybbIBaeT Ha [~§ + nk; nk] , rae k € Z; sanbonbniee sHa-
yeHHUE 1_30 ; HanMeHbInee sHavenne 0,3.

503. 1) a) D(g) = [-3; 4], D(h) = (-3; -2)U (-2; —-0,8) U (-0,8; 3,3) U
U (8,3; 4); 6) E(g) =[0; V4,5], E(h) = (—o0;0)U [ﬁ-g : +w);n) g(x) Boa-

pacraer Ha [-2; 1,5], y6uiBaer na [-3; —2], [1,5; 4], h(x) BoapacTaer Ha

W
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(-3; -2), [1,5; 3,3), (3,3; 4), yb6rBaer ma (-2; —0,8), (-0,8; 1,5];

r)min g(x) = 0, max g(x) = J4,5, v h(x) Her Hu HauboabmIero,
HH HamMeHblIero sHauenus; 2) a) D(g) = [-2,5; 0,8]u [2,3; 4],
D(h)=[-2,5; 0,3) U (0,3; 0,8) U (2,3; 2,8)U (2,8; 3,T)U (3,7; 4);

6) E(g) = [0; J/4,5], E(h) = (—o0; 0) U [1 1
Ha [2,3; 3,5], yOonBaer na [-2,5; 0,8], [3,5; 4], h(x) Boapacraer Ha
[-2,5; 0,3), (0,3; 0,8), [3,5; 3,7), (3,7;4), yomBaer na (2,3; 2,8),

(2,8; 3,5]; r) min g(x) = 0, max g(x) = /4,5, y h(x) HeT Hu HanboOIBIIIE-
ro, H4 HaMMEeHBIIeTo 3HAYCHUA.
504.1)1;2)0;3)-3;4)11; 5) 1; 6) 2; 7) 1; 8) 2; 9) 0.

505. 1)a}g;6)-§;n)2—7";r)3n 10; m% - 2; 2)a) ; 6) 2% 5“

+oo) ; B) g(x) BoapacTaer

B)E{T’“:1")4=t-10;1ﬂ5)E —1;3)a)— 6) - 4,3)—3;P)7—2n;n)5 -1
2n T.p) 30 3n _
4)8)'3_!6)41: ,'I‘)7 27!,)1) 2.

506.1)§‘4—J1_7g 1 3+J—7

- S I 2)c053~<xg1.

507. Hanpuwmep, y = ; . He moaxer.

508. Heuérnsie: 1), 2); yéranie: 3), 4). Heuérnas: 6), a); uyérHaq:
a), B), I).

509. 2) Ilpu npeo6pasosarun (3) paccTosHUA A0 ocH abecnuce yMHO-
»KaloTcH Ha k; npu npeobpasoBasu# (4) paCCTOAHUA IO OCH OPJIMHAT fe-
aarTcsa Ha k.

514. IlepBrlit 1 TpeTHH YyYEeHWKH BBIIIOJIHHUIN NpeobpasoBaHue rpa-
(puKa BEpHO.

518. l}y =1-{-x}; 2){x} > {~x} > —{-x} > —{-=x} + 1.

519. 1)— 2)10%:3) 15 4) 2.

520. 1) CuMmMeTpHsa OTHOCUTENLHO OCH OPJAHMHAT; 2) CHMMETpPUSA OT-
HOCHTeJBHO ocH abcmuce; 3) mepeHoc mapaJuleJbHO ocH abcmmce Ha 3
eIMHUILI BJIeBO; 4) nepeHOC apaule/lbHO OCH OPAMHAT Ha 3 eAUHHUILLI
BBEpX; D) cakaTHe K ocH opAuHAT B 2 pasa; 6) pacraxxeHue or ocu abe-
mHuce B 2 pasa.

523.1)a)a=0,a>5;6)0<a<4,a=5;8B)a=4;r)4d <a<25.
2) YVparHeHue He umeeT kopHeit npu a < 0,

524. 1) 013 pacmiupuiaock: B Hero gobasuiock uncio —1; 2) OI3 cy-
3MJIOCh: U3 HEro ucuess o uueio —1; 3) ciefyeT ZONOJHUTEIBHO PACCMOT-
peTsb cayuai, korga x + 1 < 0; 4) ceayer npoBepuTsh, uto x + 1 > 05
9) paBHOCHJIBHOe npeobpasoBanue; 6) caeayer HONOJHUTEIBHO PACCMOT-

peThb cay4ai, Korma x = g + nk, k € Z; T) cnepyer nNpoBepuTh, UTO




OTseTtsl

cos x > 0; 8) paBHOCHIBbHOE peobpasoBanue; 9) caefyeT JONOTHUTE b
HO PACCMOTpeTh ciy4ad, Koraa f(x) < 0, g(x) < 0; 10) OJ13 morJio pac-
IIMPHATHCHA, CJAEAyeT IPOBEPHTh, 4TO g(X) MMeeT CMBICI; 11) OJI3 morao
PACIIMPHUTECH, CIeyeT IPOBEPHTE, 4TO f(x) > 0; 12) paBHOCHIBHOE IIPe-
obpasoBanme; 13) OJI3 Morio cysuThCd, CleyeT AONONHUTEIBHO pac-
cMoTpeTh cayuait, korga f(x) u g(x) ogHOBPeMeHHO OTPULATEeBHBI.
525. 1) CieayeT IPOBEPHTH, YTO 3HAYEHHA NPABON YACTH ypaBHe-
HUS HEOTPHIATeJbHE; 2) PABHOCHJIbHOE peobpa3oBanue; 3) OJ13 pac-
[IAPUIOCH: CAeAyeT NPOBEPUTH, 4T0 2x + 3 M X — 2 HeOTpHIATEJbHEI;
4) OJ13 pacIIMpHJIOCh: CJIeAYyeT IPOBEPUTH, UTO T—x>0, T—2=2l,
23+ 9 > 0; 5) caeayeT AONOJHUTEJNBHO PACCMOTPeTh Ciaydad, Korja
sin x =0 1 cos x = —sin x; KpoMe TOro, cleAyer y4ecThb, YTO KOCHHYC
noJKeH 66ITh HeoTpUIaTesleH; 6) paBHOCHIIBHOE npeoGpasoBauue; 7) paB-
HocmiabHOe npeobpasosarme; 8) OJ13 cysuwiock: cleayer JONOJHUTEILHO

paccMoTpeTh cayydail x = g +nk(keZ).Orsers: 1) 3 + J7:2)8;
4)-1; 5) nn, J_rg + 2nn (n € 2Z); 6)5 + 2nk (k € Z); T) :I:’Z‘ + 2nk, 2nk

(k € Z); 8) —arctg 0,5 + uk,g +nk (k € Z).

526. 1) 2(a + b); 2) ‘“‘g.

e

527. 1) Her pemrennii; 2) -3,2; 3) x #+4;4) 0 7.

528. 1)1 ub; 2) 2u4; 3) 1,5; 4) HeT pemeHHil.

529.1)-2;4;2)7; 5.

530. 2), 3) Caeayer yuecTh, 9TO NOAKOPEHHOE BBIPAMKEHUE J0JHHO
GBITH MOJOMKHATEIBHEIM; 4) TOAKOPeHHOe BEIPAMKeHUe JOJIKHO ObITh He-
orpunarensasiM; 5) OJI3 pacmupuIock; CllefiyeT pacCMOTPeTh caydait
paBeHCTBa HYJIIO Jorapudma u ydecTh TPeGOBAHME MOJOKUTETLHOCTH
BBIDAYKeHMs, CTOAIIEro Mo 3HaKoM sorapudma; 6) OJI3 pacmupuIocs;
cienyeT y4decTh TpeGOBaHWE HEOTPUIATENBHOCTH MOAKODEHHBIX BbI-
paxkennii; 7) pasHOCHIBHOe mpeoGpasoBanue; 8) OJ13 pacmupuIOCh;
ciefyeT yuecTs TpeboBaHMe cyllecTBoBaHus logy, , COS X. OTrBeTH:

1)x<-3,x>3;2)x> ‘2‘;3)”% <x<25;4)x>4,5 x=-1;5)x=6;

6) x < 1; 7) mer pemennii; 8) ;5 +2nk < x (g + 2nk.

531. 1) 05 ) 2) (25 § s 8) (-0 1. (1,212, 33+

4) (-o0; —4], [1; 5]
532.1)(5; 27); 2) (—o0; 0,2).
533. 1) (—oo; 1), (3; +); 2) (15 3); 3) (—o0; =2), (2; +0); 4) [0; 3].
535. Kaxxaniii mepexo/| B pellieHny PaBHOCHJIEH, II09TOMY IIPOBEPKY
KOpHell JeaaTh He HYXKHO.



COBEThDI

Frmaeat
DyHKLUM U rpaduKmn

5. ITopymaiiTe, CKOMLKUMU CIOCOBAMY MOKHO BHIGPATH nep-
BYIO UMDY ABY3HAYHOI'O YHCIA.

14. OGosHaubTe BTOPYIO CTOPOHY HPAMOYIOJIbHAKA 6ykBoOi Yy,
BbIpasuTe GONBITNI KaTeT TPeYroAbHUKA C MEHBIIUM KATETOM X
H COCTaBbTE NPOMOPIHIO N3 IOA00HSA TPEYTOJbHUKOB.

18. B a10ii 3agaue apryMmeHTOM QyHKIIN Y OKa3nIBaloOTCA pas-
JIAYHBIE BBIDAYKEHUHA, 3HAYEHUA KOTOPLIX AOJIKHBI IOMANATh B
3a/laHHYI0 B YCIOBHH 00sacTh onpeneseHus PyHkouum y = f(x),
T. €. BEIPa)KeHue B CKOOKAX MOJKeT NPUHUMATH 3HAYEHUA TOJILKO
u3 obsnactu onpenenenus Gysrnuu y = f(x). Ucxoas ua aToro u
onpezesIfAeTCA COOTBETCTBYIOLee MHOYKECTBO 3HadeHuit x. Pabo-
Tad C MOAYJISMH, CHA4YaIa PACCMOTDHTE OTPHIlATEIbHEIE, 8 3aTeM
HEeOTpHIATeJbHEIE 3HAYEHHUA X.

20. Iloxymaiite, Kaxue mesble (HATYpaIbHBIC) 3HAYCHHUSA X
cienyer 6parhb, 4ToOBI 3HAYEHUA Y TOKE OKAZATUCH IeJBIMHA (Ha-
TYPAJIBHBIMH).

25. 3) IlpexncraseTe cebe, KaK PacmoJIOKeHA PAMAS 110 OTHO-
HIeHUI0 K ocH abemuce.

26. [TopymaiiTe, KAKOBO BBAMMHOE PACHOJIOMKEHNe rPadUKOB
AaHHOM QyHKIMY 1 dyHkmuu: 1) y = x; 2) y = —x.

28. Ilpoussesenue OOPAaTHO NPONOPHUOHATLHBIX IepPEMEH-
HBIX IIOCTOAHHO (XY = k).

31. He HY»XHO BBIYUCIATE K, JOCTATOYHO CPABHUTH npousBe-
JAE€HUA KOOPAUHAT TOUEK.
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32. 2) lomxubl OBITH PABHEI TPOU3BEAEHUA KOODIUHAT.

36. [IpeinoI0KUTE, YTO TAKHE TOYKH NUMEIOT a0CIHCCHl X = @
ux,=Db.

39. 1), 2) Mo)XHO IPpUMEHUTH (POPMYJIY PACCTOAHHUA HJIH IO~
crpouth rpaduk. B 3) npeacrasbre cebe, KaK BBIMIAAUT UCKO-
MBI# rpad)MK 1 3aITUINNTE OTBET.

40. Paccroauue or Touku M(x; y) 10 npamMoi y = —1 paBHO
ly + 1].

46. 4) Ilepex TeM KaK NpUMeHATH GOPMYJy KOPHE KBaApaTHO-
ro ypaBHEHHd, Ionpodyiite HalTH CyMMy ero Koa@QuIueHTos.

51. Haitigure 3HaUYeHHUsS JIEBOW YaCTH ypaBHEHHSA Ha KOHIAX
AAHHOrO OTPe3KA M BOCIOJIbL3YHTeCh CBOMCTBOM HEIpPePBIBHON
DYHKIIHHA.

52. 2), 4), 6). IIpu pemneHHH HECTPOrOro HepaBeHCTBA HYJIH
COOTBETCTBYIONIEH (QYHKIMKM BKJOYAIOTCA B MHOMKECTBO pelle-
auit. IIpyn m300paskeHun dTUX HyJedl Ha KOOPAMHATHON OCH HX
II0JIe3HO M306pakaTh He ¢« IYCTHIM», & YEPHBIM KPYKKOM.

64. ITogymaiiTe, Kakyio QyHKIOUIO 3aaéT BblpakeHue, CTOA-
[mjee B JIeBOM uYAaCTU ypaBHeHHMs, ¥ HompoOyiite moxodpaTth KO-
PpeHb.

65. O6paruTe BEUMaHHe HA XapakKTep MOHOTOHHOCTH (PyHK-
nuii, KOTOpEIe 3aJal0TCA JIeBOit ¥ IPaBOil YACTAMY YPABHEHUS.

66. ITogymaiiTe, KaKyio QYHKIUIO 3a4aéT BhIpayKeHue, CTOA-
Iee B JIEBOH YACTH YpPaBHEHHUSH, U KaKUe 3HAKH OHO MMeeT Ha
KOHIIAX JAHHOI'0 IPOMEXXKYTKA.

68. ITonpobyiiTe pemuTsh 3aga4y rpaduuecKkm — IOCTPOMTE
Ha jucte 6ymaru B KiaeTky rpadux dyaknun y = [x] (y = {x}), aa
KOODAMHATHYIO efuHMNy BodbMure 4 xiaerxku. Ilposegure mpa-
Mble, mpoxoasanue yepes Touky (0; —1), mepecekaiiue rpaduk
TOJNBKO B ABYX TOYKAaX. 3aTeM OnpejesuTe UX yIrIoBble Koaddu-
IIUEeHThI.

69. AGcmucca BepIIMHEI napabossl ¥y = ax? + bx + ¢ paBHa

=5 % , & OPAMHATY MOKHO HAUTH IOJCTAHOBKOM abCIMCChl B yPaB-

HeHHe.

75. OrBeTbl HA 3TH BOIPOCHl CBA3aHBI C HAJMYHEM HJIH OT-
CyTCTBHEM KOPHEH COOTBETCTBYIOIEro KBaJPATHOTO ypaBHe-
HufA. 3ech JydIle HAXOAUTHL COKPAINEHHBIN JAMCKPUMMHAHT:

2
2. (2] -ae

2
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76. ITogymaiiTe, Ipu KAKOM 3HAYEHHH X JIEBAS YACTH ypaBHe-
HUdA paBHa @ — b + c.

77. 1) CrenaiiTe 3CKU3 COOTBETCTBYIOIIEH mapaboasl U onpe-
JenTe, KaKoi JoJIKHA ObITH OPJUHATA €€ TOuKH ¢ abemuccoii a.
2) PacemoTpuTe ABa coaydasn: cayuait 1 — ypaBHeHHe UMEeT efuH-
CTBEHHBI KOPEHb; CIy4ail 2 — KOPHU MMEIOT pasHble 3HAKH.

78. ITocrapaiiTech aTh OTBET YCTHO.

79. CnpaBa u cieBa OT BepIIMHBI Mapabosbl KBaApaTHIHANA
(pyHKIuA MOHOTOHHA. BhIsicCHHTE, NpUHAJIERKUT Ju abcmmcca
BepPIIMHEI YKa3aHHOMY IPOMEXYTKY U KakK BeJéT cebs gaHHas
(GyHKIUA Ha 5TOM IPOMEKYTKE,

80. ObsacTs onpezeseHUs MOKHO HANTH 110 PUCYHKY, OTBETHB
HA BONPOC, Kakof MoskeT OBITH CTOPOHA NPAMOYToabHHKA. ILio-
aas IPpAMOYTOJbHUKA J0/KHA U3MEHATHCH OT HYJA A0 CBOEro
HauboABIIero 3HAYEHN A, IPUYEM HYJIEM 0HA OBITH He MOJKeT.

84. 1) u 2) McKOMYIO CHMMETPHIO MOKHO HOJYIUTH B Pe3Y.JIb-
TaTe MOCJEA0BATEJbHOI0 BBINOJHEHNUA CHAMMETPHUH OTHOCHTEb-
HO OJHOM KOODAMHATHOH OCH ¥ IepeHoca NapajjieabHO APYTroii.
3) Ilpeobpasosanue f(x) — f(|x[) yauurokaer yacrs rpaduxa,
PACIIOJIOKEHHYIO B JIeBOM IIONYIJIOCKOCTH U AyOJIMpyeT OCTaB-
IIYIOCA YaCTh CHMMETPHYHO OTHOCHTEJIBHO OcH opAuHAT. YTo6h!
VHUYTOMXHUTH YacTh rpa)uka, pacIOJIOKEHHYIO B IIPABOM HOJy-
TIJIOCKOCTH, €€ cCHauala HAJO0 HepeMecTHTh BJeBo: f(x) — f(—x).
4) Ilpeo6pasosanue y = f(x) - |yl = f(x) yauaromxaer gacTs rpa-
(huka, pacmoJoKeHHYI0 B HUYKHEH ITOJYIJIOCKOCTH, U AyO0JIupyeT
OCTABIIYIOCA YACTh CHMMETPHYHO OTHOCHTEJIBHO OcH abcimce.
Yrob6bl YHUUTOKUTE YaCTh I'paduKa, pacrnooKeHHYIO B BepXHeit
IIONYIJIOCKOCTH, €€ cHadajla HAA0 IepeMecTUTh B HUIKHIOKI:
f(x) > —f(x). 5) CHUMMeTpHIO OTHOCUTEIBLHO TOYKHM MOMKHO MONY-
YHTh KaK pea3yJbTaT JByX OceBHIX cumMerpwuii. 6) UcnonsayiiTe
pes3yabTaThl, HOJYyYeHHbIe B 3a0aHuAX 3) u 4).

frmaea?2
CreneHu n KopHMn

90. YTBepaAuTenbLHBIN OTBET Ha BOmpoc: «Mosker au...?» —
JOCTATOYHO IOATBEPANTL KOHKDETHBIM IPHUMEPOM, 4 OTPHIA-
TEJbHBIN OTBET HeoOxXoaumMo 060CHOBATE.

100. IIpomme Bcero 3azarh aTy QYHKLHUI KycouHO. YT0OHI 3a-
JaThk eé ogHOM (hopMyJI0#, B 1) BocmonbayiiTeck cuMMeTpHueli rpa-
(hHKa OTHOCHTEJBbHO OCH OpaAuHAT. B 2) HY»XHO cJeJaTh CHMMeT-
puio yacTu rpaduka, nojgydeHHoro B 1) orHocutrensHO ocH abe-

@
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nuce. Mamenurs 3HaK y ¢yHKmpm nopu x < 0 momoixker
BhIDAYKEHHE % . Keratu, B maTemaTuke ecTs crienuaiabaas QyHK-
1, npux>0,
nusa cuznym (nar. signum — 3Hak): sgn (x) = 10, mpu x =0,
-1, npux <0,
npaszia, B 06acTs onpegenesua Hamend GyHkouu 0 He BXOAUT.

101. BeipakeHue B JIeBOM 4acTH 3a4aéT YETHYIO DYHKIHUIO.
ITogymaiiTe, B KAKOM CJyuae MHOKECTBO €€ HyJeil HeuéTHO.

112. [Insa obGparumMocTH (QPyHKIMAH HEOOXOAMMO M JOCTATOY-
HO, 4TOOBI KaXKJAOMY €€ 3HAYEHWIO COOTBETCTBOBAJIO OJHO-eIHH-
CTBEHHOE 3HAYEeHHEe aprymeHTa. B IpoTHBHOM ciiyuae eé rpadux
He Oyger 3ajzaBaTh (pyHxuuio x. 'paduuecku 5T0 BRIpaXaeTcd
B TOM, 4TO Ji0ob6as npaMas, NepHeHAWKYJSpHas OCH OpAMHAT,
aubo He nepecexkaeT rpaduk GyHEKIUY Y, 1100 UMEeT C HUM euH-
cTBeHHYI0 00myio Touky. Ilocie Toro kak BeI yGeaurech B 06-
paTumMocTH YHKOHH Y = f(x), rpaduk byaxnuu y = g(x) ner-
KO IOCTPOHTH C NOMOIIbLI) CHMMETPHUH OTHOCHTEIBHO INPAMOMH
y=x.

118. PaBeHcTBO ¢ HeompuyamenvHbLMU YACMAMU HE HADPY-
LIMTCHA, eCJIM ero Bo3BecTH B kBajparT. IloaToMy, BO3BOAA B KBaJ-
paT ypaBHeHHMe, clIeAyeT 3aTeM IPOBEPUTH ero KOPHH, — Beb
OHM OBbLIM HalJleHbl B IPEJIIOJOMeHNH, YTO 00e J4acTu ypaBHe-
HUA NOJ0KUTeNbHBI. EcIu npu noJAcTaHOBKE KOPHSA 9TO OKAKeT-
CA He TaK, ero cjeayer oTOpPoCHTh KaK IOCTOPOHHUN. B 3afasuax
1)—4) HeorpunIaTeJBHOCTH JIEBOM YACTH TapaHTUPYETCH paBeH-
CTBOM, KOTOPOE IMoJIy4aeTcsd I1ocJie BO3BeeHUA B KBaIPAT, IOITO-
My HaiJ[eHHBIH KOPeHb MOJKHO IOJCTABHUTEH TOJbLKO B IIPABYIO
YACTh UCXOHOTO YPABHEHUS .

119. Kopens, KOHEYHO, Ha 3HAK He BJIHMAET, HO MOAKOPDEHHOE
BBIDAXKEHUE NOJOKHO OBITH HEOTPUIATENLHBIM, 8 B 3agaHuu 1)
OHO ellé He MOXKeT 00panlaThCsa B HYJIb.,

120. B zaganauax 1)—3), 7) u 8) caegyer paccMaTpUBaTh ABa
cydaf: a) Korja BelpakeHue 0e3 KOPHA MeHbIIe HYJIA, J0CTA-
TOYHO, YTOOBI BEIDAsKeHUE N0/ KOPHEM He OBLI0 OTPHILATeIbHBIM;
0) xorga BeIpaskeHHMe 6e3 KOpHA OOJIbIIE WM PaBHO HYJIO, 00e
YACTH HEPaBEeHCTBA MOYKHO BO3BeCTH B KBazpaT. B samamuax
4)—6) He 3abyabTe O TOM, YTO BhIPA’KEHUE MOJ KOPHEM JOJIMKHO
OBITH HEOTPHUIIATEIBHEIM.
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123. 6) Yncao a MOXKeT IPHUHUMATE TOJIBKO HENOJIOMKHTEb-

Hble 3HAUEHHSA, HodToMy 4/a? =|a| = —a. 8) I 3aecy a npuaEMaeT
TOJBKO HENOJIOKUTeTbHbIe 3HaYeHuA. IloaTomy

6/—q13 = —q8/—q.

124. 3) Cneayer «moAcTpaxoBaThCA» Ha cAydail OTPHIATENIb-

HBIx 3Havennit a: '2/at = 3/[a. 7), 8) Ioaywmaiite, KaKoe YKCIIO,
MIOJIOKUTENBHOE UM OTPUIATEeIbHOE, BOSBOZHUTCA B KBAJ[PAT 0]
3HAKOM KODHA.

128. Beegennem BCoMOraTe/IbHOM IepeMeHHOM IIPUBEJUTE K
KBaJIpATHOMY YPaBHEHUIO.

129. Bosseaure obe uacTu paBercrsa B kBazpar. IIpeobpasyii-
Te JaHHOe BhIpajykeHue IOJ IPAaByIo 4acTh (POPMYJIHL.

130. [Ipoussegenue cyMMbl Ha PaA3HOCTh PABHO, KAaK HU3BECT-
HO, PA3HOCTH KBaJIPATOB.

131. UppauunoHajisHble YPABHEHUSA C KBAJAPATHLIMHM KOPHAME
pelnaiTcsa BO3BeJleHUEeM B KBaApaT, a ¢ KyOudyecKuMH — B KY0.
ITone3Ho MIOMHHTE, uTo (@ + b)3 = a® + b3 + 3ab(a + b).

132. Yrobs1 HAWTH HEW3BECTHRIE N0 UX CyMMe M IpPOu3Beje-
HHIO, YA06HO COCTaBUTH KBaZpATHOE YPpaBHEHHE, KOPHAMM KOTO-
poro sSBJIAIOTCA HEU3BECTHEIE,

133. BeeguTe BCIIOMOTATEJIBHYIO IIEPEMEHHYIO.

134. [IpuBeauTe KOPHH K 001IeMy IMOKa3aTeJo.

135. Bripakenue nmojJ KOpHeM ¢ OOJIBIIMM IIOKa3aTejaeM II0C-
TapaiTech IPeACTABUTE B BH/JIe KBaJpara.

141. IIpeacTaBhTe JaHHOE PABEHCTBO B BU/IE PABEHCTBA CTele-
Heit uucya 2 u nepelfuTe K paBeHCTBY IIOKasaTesei.

150. 1), 2) ITonpobyiiTe COKpATUTH APOOE HA @ B HEKOTOPOM CTe-
nenu. 5), 6) ITonpobyiiTe yIIPOCTUTE KAXKAYIO APO0BL OTAENBHO.

153. C nmoMomipbi0 BCIOMOTraTeJbHBIX II€PEMEHHBIX CBeJHTe
yPaBHEHMs K KBaAPATHBEIM, KOTOPbIE He JOJIKHbBI MUMeTh IOJIOMK I~
TeJIBHBIX KOPHEeil.

Fhaea 3

MokazarensHas
n norapudmuyeckan GyHKuUUmn

160. a° u a® mosxHO HaliTH, 3HAA a°.
164. Haiigure KBagpaT UCKOMOI'O BBIDAKEHUA.

167. [IpuBeauTe 00e YacTH ypaBHEHUA K OJJHOMY OCHOBAHHIO U
npupaBHANTE IOKA3aTe !,
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168. 1)—6) CrapaiiTech BEIHOCHTb TAKON MHOMKHTENIb, YTOObI
B CKOOKax oCTaJiMCh IeJible 9ucia; 7), 8) pasHeCcHTe II0 PasHBLIM
4acTAM PABEHCTBA CTEIleHU ¢ O{UHAKOBLIMY OCHOBAHUAMM.

169. CeepuTe K KBaJAPATHLEIM YPABHEHMAM, BBOJASA BCIIOMOTra-
TEJbHYIO IePEeMEHHYIO.

170. 1), 2) 3anumuTe nepBoe ypaBHEHHE CHCTEMBI B BHAE pa-
BEHCTBA CTeNeHeHd C OAMHAKOBBIMH OCHOBAHMAMH; 3) B EePBOM
YPaBHEHUHU CHUCTEMEI NIPUMeHUTE (GOPMYJIY COKPAIIEHHOTO YMHO-
JKeHHusa; 4) B IepBOM ypPABHEHUHM CHUCTEMBI Pas3HECHTe IepeMeH-
Hble 10 PA3HBIM YacCTAM PABEHCTBA M IOAYMalTe O CBOMCTBaX
(byHKIUYM, 3HAYEHUA KOTOPO pPaBHBI, COOTBETCTBEHHO, JIEBOI
IIpaBoO# YacTAM PABEHCTBA.

171. 1)—4) 3anummuTre NpaByi 4acTh PABEHCTBA B BHJIE CTeIle-
HHA M BOCHOJB3yHTECh MOHOTOHHOCTHIO IIOKA3aTEJIbHOH (QyHK-
nuu; 5), 6) tpuMeHuTE METO/ HHTEPBAJIOB; 7), 8) BOCIIONBL3yiTECH
TeM, UTO JieBad U IIpaBad YaCTH PABEHCTB 3a4a0T GYHKIMH ¢ pas-
HBIM XapakTepoM MoHOTOHHOCTH; 9), 10) cTenenu ¢ OANHAKOBBI-
MH IIOKA3aTeJAMH MOYKHO AeJUTH APYT Ha Apyra.

172. CeepuTe 3a/1auy K peIIEHHUIO KBAJAPATHOTO HEPABEHCTEA,

173. Peub uaéT 0 uncie NON0KUTENbHBIX KOPHEl YpaBHeHUA
y? —ay + a — 1 = 0, Koropoe NpH BCeX 3HAYEHUAX A HMEET
KOpeHb, paBHBbIH 1.

178. 1)—4) Hcnonsayitre onpegesienue Jorapudpma. 5), 6) Pe-
IIMTe KBaZApaTHOe ypaBHEHNE OTHOCUTEIBHO JorapudmMma.

180. 3anunuTe 06e yacTy HEPABEHCTBA B BUJE CTeNeHed ¢ of1-
HHAM U TEM K€ OCHOBaHUEM.

183. [ToxymaiiTe, KAk U3BMEHUTCA 3HAUEHHe JorapudmMa, eciIu
ero OCHOBaHME U3MEeHMUTh Ha 1.

184. B 3)—8) ne 3abmiBaiiTe, 4TO OCHOBaHHe Jorapudma He
MoxxeT OBITH paBHO 1.

185. 1) Pasgenure nounenso Ha 9%,

186. O6paruTe BHUMaHME HA XaPAKTEP MOHOTOHHOCTH (DYHK-
nuii, 3aflaBaeMbIX BBEIPAXKEHUAMMU, CTOAINUMH B DA3HBIX 4aCTAX
PaBEeHCTB.

187. Ilepeiigure K MOKa3aTe LHOM (hOpMe paBEeHCTBA.

188. IlpeacraBbTe 06e yacTH HEPABEHCTBA B BUJE JOTapHu(pMOB
C OAMHAKOBBIMM OCHOBAHHUAMHY M BOCIHOJL3YHTECH CBONCTBOM MO-
HOTOHHOCTH JorapudMuyecKoil QyHKIUHA.

189. ITpoBepnTe, 4TO KOOPAMHATHI HAWAEHHON 1O PHCYHKY
TOYKH NepecedeHud rpa)mKoB YAOBJIETBOPAIOT YPABHEHUAM, 34-
parpomum pysknun. IIpu sanucu 0TBETOB K HepaBeHCTBAM He 3a-

®



CoseTsl

oyabTe 00 obnactax onpegeneHus QyHKIAN — HallleHHBIE penre-
HUA NOJIKHBI IPUHALJIEKATh UX NepecevyeHuIo, T. €. OLHOBpe-
MeHHO obenm obsracTam.

190. He 3a6yapTe, 9TO BhIpAXKEeHHWE NMOJ 3HAKOM jJorapudma
MOKEeT NMPUHUMATHL TOJBKO MOJOKHUTeJbHbIe 3HaYeHuA. MOXKHO
cpasy BBIJIEJIUTH COOTBETCTBYIOINYI0 YACTh KOODAMHATHOM NP~
MOii, 8 3aTeM yrKe paccMaTPHBaTh HHTEPBAJIEL.

191. PaccmorpuTe ABa ciaydas: KOrja OCHOBaHMe Jorapudma
menbire 1 1 Korga 6oasme. He 3abyasre 06 OJ13!

192. He 3abyapTe, uTO BHIpAXKEeHHE IIOJ 3HAKOM Jjorapudma
JOJIKHO OBITH TOJIOMKHUTEJIbHOE.

194. 6), 7) IlepeiiguTte K Jorapudmam ¢ KAKUM-HUOYAL ONHUM

1 J2=1
aH : 8 = = .J2 -1.
OCHOBaHHEM )Jﬁ+1 BENB-1) J_

198. 1) IIpeacrassTre 06e UaCTH B BUAE CTEIeHeH ¢ OCHOBAaHHEM
3 u HaiiguTe cymMMy apudMeTHUECKON nporpeccuu; 2) nepeiaure
K sorapudmam ¢ ocaoBaguem 10.

199. CpaBHuTE OT/I€JIBHO ¢ UACTaMu 2 1 3.

200. JlocTaTOuHO paccMOTPeTh Ciaydail, Korja Jorapudmsi
[OJIOKUTEeNbHE]I. [IpEMEeHHTe CBOMCTBO CYMMEI 00paTHO IPONOP-
IUOHAIBLHBIX TePEMEHHbIX.

201. PaccmoTpuTe pasHOCTE JOrapu(mMos.

202. O6snacTh AONYCTHMBIX 3HaueHU nepemenHoi (OI3) —
BTO MHOKECTBO YHCeJI, A Ka/I0T0 U3 KOTOPHIX KaxJoe U3 BhI-
pakeHMi MMeeT CMbIcJ. BhINOJNHAA npeobpasoBaHuUs, CTapaii-
Tech MOJYYHUTSE JIOTapu(Mbl ¢ OJMHAKOBEIMH OCHOBAHUAMH.

203. IloaymaiiTe, M0 KAKOMY OCHOBaHHIO JIOrapudMupoOBaThH
ypaBHeHue, 11) x MOkeT NIpUHAMATH U 3HaUeHuUe 1.

204. IIpencrasbTe JEBYIO YaCTh YPABHEHUS B BU/E CTENEHH C
ocuoBaruem 20.

205. Haitgure norapudmbr a8 ¢ u ¢'°8 ¢ no ocrosaumio b.

207. 1)—3) ITorernupyiiTe HEPABEHCTBO C YYETOM MOHOTOH-
HOCTH Jorapudmuueckod QyHKIUM; 4) IPUBEAUTE K KBajpar-

HOMY HepaBeHCTBY OTHOcHTeabHO log, (3* — 1); 5) mpuBeaure
3

K KBajApaTHOMY HepaBeHCTBY OTHocuTenbHO log, (4* + 1);

7), 8)—10) paccMoTpuTe Cay4ad, KOrja OCHOBaHME Jorapudma
MeHbIIe ¥ Korga 6oabime 1.




Cogetsi

Fhaea4d

TpuroHomerTpuyeckme pyHKuMmn
U UX CBOWCTBa

249. UcnonsayiiTe peayasTarThl Ne 246.
sin ¢(cos ¢ — 1)
cos @ !

285. Crenyer yuecTh OrpaHMYEHHOCTHL MHOMKECTBA 3HAUEHUM
apKCHHYCa, aDKKOCHHYCa, ADKTAHIeHCa ¥ ADKKOTAHIeHCA.

286. Cm. yrazanme k Ne 280.

288. OrHecuTeCh K 9TUM YPABHEHUAM KAK K KBaJPATHLIM.

312. 5), 6) PaccmorpuTe BEIpaskeHne B IPABOM 4aCTH PABEHCT-
Ba KaK KBaJIpaTHLIN TPEX4YJIeH OTHOCUTEJIBHO Sin x U noaymaiire,
Ha KaKOM IIPOMEXYTKEe ero pacCMaTpPUBATD.

315. Paccmorpure BeIpaskeHue B IPAaBOH 4ACTH PABEHCTBA KAK
KBaJIDATHBIA TPEXYJIeH OTHOCHTEJNBHO Sin X W moaymaiite, mpu
KaKOM 3HAYEHHMH CHHYCA ero 3HaUYeHHe HAUMEeHbIIIee.,

316. PaccmoTpuTe BRIpasKeHHe B IPABOM YACTH PABEHCTBA KAK
KBAaJpaTHBIA TPEXUJIEH M IMOAyMaiiTe, KAKOU KoaKHA OBITH adc-
IMCCA BePIIMHBI COOTBETCTBYIOLIEH napaboJibl.

352. Heobxo0auMO0 ¥ JOCTATOYHO, 4T0OBI CYyMMa KBAJAPATOB Y-
cen Oblna paBHa 1.

358. 9), 10) BosBegure 06e yacTU ypaBHEHHs B KBaAparT. 3Had
Ipou3BeJlecHue U CYMMY, MOYKHO COCTABHTH BCIOMOTATEJIbHOE
KBaJpaTHOEe ypaBHEeHHe C IOMOIILIO TeopeMbl Buera,

360. 1) Bossegure B kBaapar o6e 4aCTH JAHHOI'O PABEHCTBA.
2) BossenuTe B KBAAPAT PABEHCTBO, NOJYUYEHHOE B IEePBOM 3a-
JAaHUH.

362. 1) Cnoco6 1. PaccmoTpuTe €AMHHYHYIO OKPY3KHOCTH C
IeHTPOM B HauaJie KoopAuHAT. [[Jis TOUKHM 9TOM OKPYIKHOCTH, HA-
xopameiica B I xoopauuaTHo#l yerBepTH (Yroj MOBOPOTA OCT-
phIif), JOKa3bIBaeMOe YTBEDKIEHUE CBOAUTCH K OUYEBHAHOMY
CPaBHEHHUIO CYMMBEI KATETOB C THIIOTeHY30#, paBHOI 1.

Cnoco6 2. CpaBauTe ¢ 1 KBagpaT CyMMbI CHHYCA ¥ KOCHHYCA
yraa I yerseprH.

366. IIpeacraBsTe YIribl CAEAYIONIAM 00pa3oM:

1) 15° = 45° — 30° 2) 75° = 45° + 30°; 3) 105° = 60° + 45° n
IpHUMeHUTe (DOPMYJIBI CHHYCA U KOCHHYCA CYMMBI ¥ PA3HOCTH.

372. 1) IlpepcraesTe sin 48° kaxk sin (23° + 25°) u npumenuTe
¢dopmMyJsIy CHHEyCA CYMMBI.

262. IIpeacrasbTe Sin @ — tg @ Kak

379. Bocnoasayiitech Tem, uto 15° = 45° — 30°,



CoseTbl

408. B mponecce npeobpaszoBanuii oOparuTe BHHMaHUE Ha
IrPaHMIlbl, B KOTOPEIX 3aKJIOYEHBl apTYMEHThl TDHTOHOMeTpUuYe-
cKuX PYHKIUN, 1 KAKOBBI IO 3HAKY UX 3HAYEHUA.

411. IIpexcraBbTe apryMeHT CHHYCA B BHUJle CYMMBI.

412. 4) UcnousayiiTe (hopMyy KOCHHYCA JBOHHOTrO yrJa.

413. YmHOxKbTE paBeHCTBO Ha 8 sin 20°.

436. 6) IlpeacraBbTe NpPaBYIO YacTh PABEHCTBA CJEAVIOIIUM

2

440. 1) Yupocrure JjeByw uacts ypaBHeHusa. 2) Ceegure K
KBaJpaTHOMY ypaBHeHMI0. 3) Pelnure pasioKeHHeM HA MHOMKH-
renu. 4) Opsopopuoe ypasHeHume. D) HMcmoanayiiTe (hopmyJbi:
pa3HOCTH KBaJpPATOB M PA3HOCTH W CyMMBbI KocuHycoB. 6) Mc-
[10/Ib3YiTe BhIHECeHHE 00Iero MHOKHATENA 1 (popMyly KOCHHYCa
ABOMHOrO yraa. 7) Pasgenure ypaBHeHHe Ha 2 1 IPUMEHUTE OJHY
U3 ABYX GopMyJi: KOCHHYCA PA3HOCTH MJIH CHHYCA CYMMBI ABYX
aprymenTosB. 8) Pemaiite uiu no opmysie pa3zHOCTH KOCUMHYCOB,
MM HMCIOJIBL3YVHA YCIOBHE paBeHCTBA KocuHYcOB. 9) OpHOpomHOe
ypaBHeHue. 10) UcnonsayiiTe cnocod rpynnupoOBKU AJA PasJo-
sKeHndA Ha MHOXKHTenu. 11) CeesguTe K KBAIPATHOMY YPABHEHHUIO.
12) Opuopoasoe ypaBHenue. 13) CeepHure no ¢popmyJie cHHyca
cymMmebl. 14) Ceepgute k ogHopogHOMY ypaBHeHuo. 15) Ilpumenn-
Te opmyJbl npuBenenus. 16) Pasgenure Ha 2 1 ucnob3yiiTe ofi-
HY 13 GOPMYJI: KOCUHYCA CYMMBI HJIM cuHyca pasgocTa. 17) ITpu-
MeHHTe (POPMYJILI: PA3HOCTH KBAJAPATOB M KOCHHYCA JBOMHOTO
yria. 18) Pasiokure Ha MHOKUTEIN CIIOCOOOM IPYIITUPOBKH.

445. IIpeoOpasyiiTe Ipasyi0 4acTh, BBOAA BCIIOMOTraTe I bHBIN
yroJi.

446. 2) llpeoOpasyiiTe IOKasaTenb cTeneHU ducaa 4 K BUAY

X X
obpasoM: —cos = = cos (n = ]

é(l — tg x). 4) Ilepeiiaure K cuaycam u kocunycam. Korga 6yzae-

Te IepeXoJuTh OT MPOCTEHIIIero TPUrOHOMETPHYECKOro ypaBHe-
HUA K MIOKA3aTeJIbHOMY, He 3a0yAbTe, 4TO MOKasaTeabHasa QyHK-
I[AA OPUHUMAET TOJbKO MOJIOKUTENbHEIE 3HAYEeHN A,

Fnaeab

3nemMeHTbl TEOpUM BEPOATHOCTEN
U KOMOMHaATOPUKK

482. KoMOMHAILNH, YACJIO KOTOPBIX HYXHO HalTH, 9TOOBI OT-
BeTHThL HA BOIPOCHI 3aa4u, CBA3AHBI TOJIHKO C COCTABOM BBITA-

HIeHHOH M3 KOJO/bI NIeCTEPKY KapT. 3HAUUT, KOMOMHAIIUY KapT
ABIAIOTCSH COUCTAHUSIMMU,

@



Cosetbi

a) Tysa mosxHO BrIOpaTs 4 cmocobamMm, a OCTANbHBIE D KapT
npuAETcA BRIOHpATh U3 32 KapT, KOTOPHBIE He SBJIAIOTCSH TY3aMH.

0) YUroOb1 HANTH YHUCJI0 BO3MOKHOCTEH BBITAIUTE XOTA OBI OJ-
HOTO Ty3a, MOMHO M3 OOIIero 4mcja BCeX BAPHAHTOB BhIYECTh
YUCJIO TeX U3 HUX, B KOTOPHIX CPeAH IeCTH KapT HET HU OJHOTO
Ty3a.

B) Ecsin M3 KOJIOAEI BBIHYTH BCEeX YeTBIPEX TY30B, TO OCTAETCH
AobpaTrek 2 KapThl U3 ocTaBmuxcs 32.

490. Jleras yacTh paBeHCTBA — CYMMAa KO3(MHUIIHEHTOB:

1) nByuJyieHa a + b B naATO# cTeneny;

2) neyunenaa — b B crennenn n. U3 popmyinsl 6unoma HeioroHa
npu a = b = 1 nonyuum Jo0KassIBaeMOe PABEHCTBO.

Fmaeaé6
MNMoeTOpeHue

495. 6), 7) PaccMoTpuTe KBaZpaTHBINA TPEXUJIEH OT BCIIOMOTa-
TeJIbHOM NepeMeHHOM U moAyMaiiTe, KAKHe 3HAYEHUA OHA MOKeT
npuEuMarTs. 8), 9) ITogymaiiTe, Ha KAKOM IIPOMEKYTKE QYHKINA
BO3pacTaer, a Ha KakoM — ybriBaer. 10) 3* + 3~ — cymma obpar-
HO IPONOPHUOHAJNBHEIX IIEPEMEHHBIX, KOTOpas MHUHMMAJIbLHA
IPpH paBeHCTBE UX 3HAYEHMH.

497. 5), 6) PaccmarpuBaiiTe HHTEPBAJIbLI HA TPUIOHOMETPHUYE-
CKOM Kpyre.

504. 7)—9) CpaBuurte HauboJbllee 3HAYEHWe OAHOM HACTH
paBeHCTBA C HAUMEHBIIUM 3HaUeHUEeM JPYToi.

505. He zaGniBaiiTe 06 0o6sacTH 3HAYEHHUH y; J) ¢ HOMOUILIO
¢dopMyJ1 NpHUBEIeHUA TePeHauTe K HYKHOH QYHKIINH.

506. 1) ITpeacrassTe BCe YacTH HEPABEHCTBA KAK APKCHHYCHI
¥ BOCHONB3yHTECh CBOMCTBOM MOHOTOHHOCTH apkcuuyca; 2) pe-
IIHMTE HePABeHCTBO KAK KBaJApaTHOE OTHOCHUTEJIBHO AaPKKOCHHYCa
M, ¢ y9éToM obJIacTH 3HAUYEHUH ADKKOCHHYCA, HCIIOAb3yHTEe CBOM-
CTBO €TI0 MOHOTOHHOCTH.,

507. PaccMoTpuTe BE TOYKH, CAMMETPHYHEBIE OTHOCHUTEILHO
npamoi y = x. CpaBHATE UX abCIUCCHI M OPAUHATEI.

523. ITocrpoiite rpaduk pysxnun y = |4 + 2|x| — x2| u onpege-
JIUTE, CKOJIBKO OBIMX TOYeK OH UMeeT C IIPAMOH I = @ B 3aBUCH-
MOCTH OT 3HAYEHUSA Q.



PELUEHUSA

Fhaeail

DyHKUMM U rpadukn

13. Bricora KOpoOKu paBHA X, & B OCHOBAHWM €€ KBaJpaT CO
croposroit 10 — 2x. ITo ¢opmyse 06'béMa NIPAMOYTOJILHOTO TAPAJ-
nexenunena umeeM V = x(10 — 2x)2 = x(2(5 — x))2 = 4x(5 — x)2.

14.% = 4——-'"-, y=4- éx,P=2(x+y)=8— gJc. Ilonarso,

3 4 3 3
UTO X — YMCJIO MOJOMKUTENBHOe U 3aBeOMO MeHbIIle, YeM KaTeT,
paBHBIN 3.

18. 3) x) IIpu Bcex x < 0 3HAYeHMe BuIpaXKeHu: X + |x| pasuo 0
M, CIeJ0BATEJIbHO, IOIAJAeT B YKasaHHYIO 00JacTh ompejese-
oud. IIpmr x > 0 umeem x + |x| = 2x, 3HaYEeHHUA KOTOPOTO nmonaja-
10T B yKa3aHHLIM npoMeRyTOK mpu 0 < x < 1,

36. IlycTe nmpsaMas IepeceKaeT COOTBETCTBYIOIIYIO BeTBb I'H-
nepbosnl B Toukax ¢ abcuuccamu a n b. Toraa DonHO BBINIOJI-

HATHCA PABEHCTBO: i +a= % +b.Orcronaa—b= %’ nab=1,
nocKoJbKY a # b. CiregoBaTesibHO, IpAMaA JOJKHA IIepeceKaTh

1
runepﬁo.ny B TOYKax (a; %) " (E; a), CHMMETPHYHBIX OTHOCH-

TEJBbHO NPAMOH y = X, 3HAYMUT, U caMa CeKyllas CHMMeTPH4YHA
2TOH NPAMOH U UMeeT yriaoBoi koabdunuesT k= —1.
57.dokazaTtenbcTBO. [I1a m00bIX X ¥ X,, BXOAAIIUX B
npomMeskyToK L, u3 ycioBHA X, < X, caeayer, 4To f(x,) < f(x,) n
8(x,) < g(x,). CknaneiBas ABa BEPHLIX HEPABEHCTBA OJHOTO 3HA-
Ka, oJiyyaeM BepHoe HepaBeHCTBO: f(x,) + g(x,) < f(x,) + g(x,),




PeweHuns

a 3Ha4uT, pyHKOua y = f(x) + g(x) Ha npomesxkyrke L BoapacTa-
eT, 4To 1 TpeboBaJIoCh JOKA3ATh.

62. B N2 60 BBl nokasann, 4To QyHKIuA y = —f(x) yObiBaeT Ha
[a; b]. Cymma aByx yOniBatomux Ha [a; b] byrknmii yosisaer (mo-
KasaTeJbCTBO aHaNoruuHo Ne 57), sHauut, y = g(x) + (—f(x)) yoni-
BaeT Ha [a; b]. Ha xornax orpeska ata (QyHKIMS NPUHUMAET
3HAYEHUS PA3HBIX 3HAKOB, 3HAYMUT, B CHJIY HENPEPLIBHOCTH OHA
HMeeT Ha 3TOM IIPOMEXKYTKEe HyJIb. OTOT HYJb, BCJAEACTBHE MOHO-
TOHHOCTU (DYHKIMHU, ABIAETCH €JHHCTBEHHLIM, T. €, YDaBHEeHHEe
f(x) = g(x) umeer Ha (a; b) eauHCTBEHHBIH KOPeHb, 4YTO U TPe6OBa-
JIOCH I0OKAa3aTh.

63. BoaMOXHOCTE OTCYTCTBHA KOPHEH MOKHO IPOMJLIIOCTPH-
poBaTh IpUMepoOM. A AJs NOKAa3aTelbCTBa eAMHCTBEeHHOCTH 3a-
MEeTHM, YTO M3 YCJIOBHA X; > X,, rae f(x,) = g(x,) cnexyer, uro
f(xq) > f(xy) = g(xp) > g(x,), a n3 ycaosus x; < x, clefyeT, 4YTO
f(x,) < f(xg) = 8(xy) < g(x,). Bnaunr, npu x, = x, f(x,) * g(x,),
T. €. X, — eINHCTBEHHBIH KOPEeHb, YTO U TPeboBaJIOCh JOKA3ATh.

77. 1) Touka x = a ocu abenuce pacnosiosena Haj napa6ooit,
3HAYUT, 3HAYEHHUE KBAZ[paTHOTO TpéxuneHa x? — 2x + a B Heil oT-
punarenpHo: @’ —2a+a<0,a2-a<0,a(a-1)<0,0<a < 1.
2) YpaBHeHue OyJeT HMeTh eAMHCTBEHHBIH ITOJ0XKMTENbHbIH
KOpeHb B TPEX caydaax: 1) D =0 u x, > 0; 2) KOpHA UMeIOT pas-
Hble 3HAKH, T. €. @ — 1 < 0; 3) oguH U3 KOPHE paBeH HY.JIIO, a BTO-
poii nososKuTeNeH, T.e.a—1=0wua > 0. Umeem: 1) D = a2 — 4a +
+4=0,(a—-2)°=0, a=2.IIpuarom X, = 1> 0, uro ynosmerso-
pser TpeboBanuio ciydad; 2)a—1<0,a<1;8)a-1=0,a=1.
ITpu atom x, = 1 > 0 — yznosnerBopser TPeGOBAHUIO CIyYas.
OxoHuaTeabHO osyuaem: a < 1, a = 2.

79. 3) Bonbmemy 100K TENLHOMY 3HAYEHU IO TIOAKOPEHHOTO
BhIDAKeHHA COOTBETCTBYET MeHbIllee 3HaueHne QyHKIuM y. Coé
Hanbosbllee 3HAUEHHUE IIOJKOPEHHOE BBLIPAKEHWe IPHHUMAET

=1

opu X = ———
2.(_5
4

) = 2. 970 3HaYeHHe NPHHALJIEIKUT ITPOMEKYTKY

[-1; 3] n paBHO 4. 3HauuT, HauMeHbIIee 3HaUeHHe Y(2) =— = 3,

6
J4
Yem panbire x oT uncyaa 2, TeM MeHbIIe 3HAYEHUe OOJKOPEHHOTO
BeIpaskenns. Ha ykazaHHOM mpoMeskyTKe camMas yianéHHas oT 2
TOYK& — DTO JIeBblil KOHeIl IPOMesKYTKa. S3HaYeHHEe TOAKOPEeHHO-

f



Pewexns

I'0 BBIpaMMeHHusd IIpH X = -—1, HanMeHbIlIee HA YVKA3aHHOM IIpoMe-
7
JKYTKEe, paBHO g 3HauuT, HaubOoJIbIIIee 3HAUYEHHE
6 12
YL o e s
JT/4

80. ®yukuusa S(x) onpeaeseHa Ipu BceX X, IPH KOTOPBIX CY-
IecTBYeT IPAMOYTrOJbHHUK, T. €. pH 0 < x < 3. OGo3nauum Aan-
HY APYroii CTOpPOHBI NPAMOYroJibHHKA OYKBOi# @, Torga S = ax.

W3 nopobus TpeyroJbHUKOB UMeeM: ﬁ = %, a= ﬂ3—3_i) =
=4 — %x, ciaemopaTenbpHo, S(x) = 4x — %xz. Hawubosabiuee
3HAUeHHEe KBaJpaTHbIi TpéxuneH 4x — %xz IpUHUMAaeT IIpH

2,

npuHagaexamem D(S), 3HauuT, HAUO0Ib-

miee 3HadveHMe (QyHKIuH S(x) paBHO S(%) = 3. INonyuaem

0<8S(x)<3.
OTBeT: D(S)=(0; 3), E(S)=(0; 3].

Fmasa?2

CteneHu U KOpHU

87. 5) He cymecrsyer, Tak Kak cTeneHb (—2)" OKaHYUBaeT-
cst Ha 4 TorbKo ipu yétHoMm n (n = 2, 6, 10, ...), a TakHe CTeNeH:
nonoxkurenabubl. 6) He cymecrsyer, (—3)" okanuuBaerca Ha 1
TOJBKO TIPH N KPATHOM 4YEeTBIPDEM, a TaKue CTeNeHH IIOJOMKH-
TEeJIBHBI.

90. 2) I[Ipu HeuéTHOM n QYHKIMA ABIAETCA BO3pacTaloOllei.
Ecnu eé rpaduk nepecexaer OCh OPAHHAT B BePXHe# IOJIYIIOC-
KocTH, TO B IV yeTBepTH y Hero He OyIeT TOYEK, a eCJIH B HUKHEH,
To Touek He Oyxer Bo Il yeTBepTH.

118. 3) Bosseaém o00e dYacTH ypaBHEHHsA B KBaJparT.
0x2 + 16x = 4x2 + 9 + 127, 522 + 4x -9 =0, x, = 1, x, = -3
IlpoBepka: ecau x = 1, To 2x + 3 = 2 + 3 > 0, cineposaresbHO,

&



PeweHunn

1 — KOpeHb; Ipu X = —g :2x+ 3= —% + 3 < 0, caegoBaTenbHO,

—g He ABnsgerca kopHeM. O TBeT: 1. 7) Beeném HOBYIO IepeMeH-

HylO y= x + 1, Torna /3y +4 — Jy = 2. VeauHUM KOpeHb:
By+da=Jy+2,3y+4=y+4+4y,2y(Jy -2)=0,y=0
unu y = 4. Ilposepka: mpu y = 0: Jy +2=./0 + 2 > 0, cnexosa-
TesbHO, 0 — KopeHb; eciu y =4, 10 /3y + 4 — Jy = J16 — /4

= 2, cjefoBaTeNbHO, Y = 4 — KOpeHb. BepHéMCA K mepeMeHHOH
x:x+1=0,x=-1;x+1=4,x=3.0TBeT: —1; 3. 8) Beeaém

HOBYIO IIepeMeHHyI0 y = 3 — x, Torjga 412 +y + J;; = 6. Yeau-
HHUM KOpeHb: /12 +y =6 - Jy, 12+y=36+y—-12.Jy, Jy =

y =4. IIposepka: eciu y = 4, To noayuum 6 —J;f =6-44 >0
cJIeIoBATENIbHO, 4 — KOpeHb. BepuéMes Kk nepeMeHHOI x: 3 —x =4,
x=-1.0tBeT:-1.
120. 2) Ecmm x < 0, pgomsso 6miT 2x + 15 > O,
T.e_{x<0, {x-:(},
2x+15>0, x>-7,5.

2x+15 222, 16 x>0, {xaﬁ,
2x +15 > 22, -2x-15<0,

e |l

Ecnim x>0, pgomxHO OBITH

x>0, 0 < x < 5. O6beguHEAA pe3yabTaThl 000X CIAYYAER,
-3 < x <5,

x=1,
nojyuaeM —7,5 < x < 5. 4) HonxHO 6BITH {Sx +7 204
~22+128x4+ T,

x=1, 1,

7
=it 1 x>6.
3° x

= ’

R
A\

WooW
-3

X

[

-Bx-620, |x<-1lumx>6

1
3x — 1<0 <3’

T7)Caynair 1. {5 B s

|l

——unmx >0,
5 =

xg—% w0 < x

W]H
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3x-130 .
C 2- = 2 = ]
At {5x2+x;9x2+1—6x, ¢
4x2-Tx+1<0,
1
x ; é )
T--/88 Lxe 7+ ./33
8 8

IIpUKHAKA IOKA3LIBAET, YTO — SJ?T'?: < % oo 8J3_3 , 3HAYHT,
pellIeHHeM CHCTEeMbl ABJISETCH IPOMEKYTOK % o A 2 T_j—s_«/ﬁ :

O6befuHAA PE3YIbLTATEL, IOJIYyYaeM O T B € T!

xé_%,(}gxézﬁ'sﬂ_

128. 2) Beaém BenoMoraTesbHyIo nepemennyio y = 4/3x4 + 16 ,

raey > 8/16, rornay? -y - 2=0, y, = 2, y, = -1 — He ynoBJIeT-
BOpAET YCJIOBUIO BBEJCHHUA NEePEeMeHHOH Y. BeprHémca K mepe-
MeHHOH x u monyuum: 8/3x% + 16 = 2, 3x* + 16 = 64, 3x* = 48,
x4=16, x; = -2, x, = 2. 6) BgeéM BCIIOMOTATeJbHYIO IIepeMeH-

ayio y = 3/x +2,Tor.n,a§ +£;—1 =2,y2-9y+20=0,y,=4,

y,= 5. Bepmémca k nepemeHHON X: 3fx + 2 =4, x = 8;
8/x +2=5,x=27.0TBeT:8; 27.
131. 2) Bossesém paBeHCTBO B Ky0:
x+10-x+9-33x+10)(x-9)(3/x+10 -¥x-9)=1;
19— 33/x2 + x— 90 = 1;3/x2 + x — 90 = 6; x2 + x — 90 = 216;

x+x-806=0;x,=-18;x,=17.071BeT: -18; 17.

1 1 = 4 J_ + J} 4
i Yy it
132.1) { Je Jy 3 P =~ 3 IIoCKONBKY M3 BTOPO-

xy =9, xy=29.
Jy + Jx =4,
Jxy =3.

BCIIOMOTATEJbHOE KBAaJpaTHOe YpaBHEHHEe, KOPHAMH KOTODPOTro

ro ypaBHeHHs .xy = 3, uMeeM: { CocraBuM
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=l’
=3,
{x,=1, {«/’72:1’ {xzzg’ OtBeTix;=1,y, =9;x; =9,

ylzg; Jy_2=3, yz"—"l.
y,= 1. 3) Boaseném nepsoe ypasHeHHe B Ky0, y4HUThIBas NPH

ABIAIOTCH /X nJy:22-42+8=0,2,=1,2,=3.

S5

oToM MH(OPMAIMIO M3 BTOpOro ypaBHeHms: 3/x + 3y = 4,

x+y+3%xy(¥x + &fy) = 64; 28 + 33/xy -4 = 64; ¥xy = 3;
xy = 27. Ilpoussegenue HenssecTHoIX 27, a ux cymma 28. Cocra-
BHM BCIIOMOTAaTEJIbHOE KBAJAPATHOE YPaBHEHHE, KOPHAMH KOTO-
pOro ABIAIOTCA HeU3BecTHBIE: 22 — 282 + 27 =0, 2, =1, 2, = 27.

{x1=1, <lxz:27,
v, =27, ly,=1.
4) IlpeoOpasyem IepBoe ypaBHEHHE CHCTEMbI, Y4YHTHIBAH, YTO

M3 BTOPOT'O YPaBHEHU A q,/:x_y =2u ‘i/xzy =4: 3Ja_c J_(} + :i/g_; .J:_c -
=12, 8/x2y% + O/x%y2 = 12, x%2(8x + Sfy) = 12,

4(8/x + 8/y) = 12, 8/x +8/y = 3. Cymma xopmeii pasHa 3, a ux
npoussesenue pasHo 2. CocTaBuM BCIIOMOraTeIbHOE KBaJApaTHOe
ypaBHeHue: 22— 32+ 2=0, 2;=1,23=2,

GJle 22, y1=64, ﬁJyTz ___2, y2=64|
OTtBeT:x;=1,y,=64;x,=64,y,=1.

133. 1) BeeéM BcnoMoOraTeIbHYIO IEPEMEHHYI0 § = &/x + J/x
(y = 0), Torza 3agaya CBOAUTCA K OIpeJeJIeHUIO BCeX @, IPH KOTO-
peix ypaBHeHue y? + 4y + a = 0 uMeer eAMHCTBEHHBIN HEOTPHUIA~
TeJIbHBIH KOPDeHb. 9TO MOKeT IIPOM30MTH B TPEX cydyadax: a) Kor-
A4 eJHHCTBEHHBINI KOPEHb YPABHEHMA SABJISAETCA HEOTPHIATEIb-
HbIM; 0) KOrja KOPHM YypaBHEHHUs HMEIOT pasHble 3HAKH H
B) Korza oiuH KopeHb paseH 0, a gpyroit orpunaresnes. Paccmor-
pumM atH cayuan. a) D=0,4 -a =0, a = 4. Kopess x, = -2 orpu-
naTeyieH, 4TO He YAOBIETBOPseT yeaoBHIo ciay4das. 6) D > 0 u npo-

4—-a>0, {a<4,

a<0, a<0, 7= 0.

&

H3BeJeHHe KOPHEeH OTpUIATeNbHO: {
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B) OxuH u3 KopHei paseH 0, 3HauuT, a = 0. Torga Apyroit KopeHs
paBeH —4, 9TO VAOBJETBOPsAET YCJIOBHIO ciaydad. O6befnHAA pe-
g8ynbTaThl, nonydaem orBeT: a < 0. 2) Beeném Bcmomoraresib-

HYIO IepeMeHHyYI0 X = 42z + 4z + 1, rae x > 1, rak kak z > 0.
Torpa sagaua CBOAMTCHA K ONpeleeHHIO BCeX @, IIPU KOTOPLIX
ypaBHeHUe x2 — 3x + a = 0 uMeeT eIMHCTBEHHBINA KOPEHb, 00JIb-
IIWA WA PABHBIMA eIUHHIE. JTO MOXKET IPOM30MTH B TPEX CIy-
yaAax: a) KOorjga eAWHCTBEHHLIH KOpeHb ypaBHeHHUA Ooibiue
uan paseH 1; 6) oguH U3 KopHeit GoJblie, a Apyroi — MeHsbme 1
¥ B) KOorjga oAuH M3 KopHe# 1, a Bropoi meHbmie 1. Paccmor-

puM aTu cayuan. a) D =0; 9 -4a=0,a = g Kopens x, = 1,5

VAOBJIETBOPAET YCJIOBHIO ciaydad; 06) 1 HaxomurTca MexIy Kop-

HAMM KBaAPaTHOro TpéxuaeHa x> — 3x + @ Torja u TOJIbKO TOTA4,

Korjga ero sHaueHme npu x = 1 orpunarensuo: 1 — 3 +a <0,

a < 2., B) Opun u3 KopHeii Tpéxunena paseH 1 npu a = 2. B arom

ciiyuae BTOPOH KOpeHb paBeH 2, UTO He YAOBJETBOPAET YCJO-

BUIO cayuas. O6beauHAsA peayibTaThl, nojdydaem OTBeT: a < 2,
9

a=z.

135. 2) V7 +4/3.53//3-2 = Q(/3+2)?2-83-2 =
=33+2-%/3-2=33-4=-1.

2 4
g 1
141. 5) 8) (3/4)° = 3716, 2° = 2°, %x = %, x = g,

6
(3/4)® = %/16.
152. 1) Beeném HOBYIO nepeMeHHyI0 ¥y = x + 3, rae y > 0,
1
1 mepenuieM ypasHenue B Buge (y + 6)% = y” . Bosseném ypas-
HeHUe B IecTyIo crenens: y + 6 = y3, y3 — y — 6 = 0. ITonpobyem

nogo6pars Ueaslit KOpeHb. Buaum, UTO ypaBHeHHE UMeeT KO-
peHEb 2. PasmoKuUM JIeByI0 4YacTh YPaBHEHHA HA MHOXKUTEH

(y — 2)(y? + 2y + 3) = 0. ITockoABKY KBAAPATHBEIM TPEXUJIEH
y2+ 2y + 3 ropHeil He MMeeT, TO YHCIO 2 — eAWHCTBEHHBIH
KOpeHb ypasHeHu# y® — y — 6 = 0. 3T0 UHCIO YAOBIETBOPSAET yC-
JIOBUIO BBEIeHMA TMepeMeHHOU y. BepHéMca K IlepeMeHHOH X:
x+3=2,x=-1.

[
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2)2 [+l _ 'i’i_l"" . BosBeém ypaBHeHHe B KBaApAT:
y
2
q¥t1 _CUH3)T 4 gy = g2y +3)2,
5 W+ 1)2 (y+1)y=yy
4y +12y°2 + 12y +4 =43 + 1242+ 9y, 12y + 4 = 9y,
[ J— =_é
3y=-4,y 3°

1

153. 1) Cayuaiz 1. Ilyers y = x2, rae y > 0. Hy»xHo HaiiTH Bce
3HauYeHUdA d, OoJbIIMe MM pAaBHBIE HYJK, OPHA KOTOPHIX
KBaZipaTHBIN Tpéxuien y?2 — 2ay — a + 2 He WMeeT KOpHeH.
Haiiném 3HaueHHMs @, IPU KOTOPHIX TPEXUJIEH HE MMeeT KOp-
Helt, U 00BEJUHUM MX C TeMH 3HAYEHUAMH Q, NIPU KOTODPBIX
KOpDHM TpéxujeHa y? — 2ay — a + 2 orpunarenbHH (BKIIOYas
BO3MOKHOCTE COBIAJ€HUA KOPHEH, T. €. eJUHCTBEHHOCTH KOp-
HA KBaJpaTHOro ypaBHeHus y2> — 2ay —a + 2 = 0). D < 0,
a’+a-2<0,-2<a<l1.

Caywair 2. CymmMa oTpHLATebHBIX KODHEH OTpHIIaTeNbHA, a
uX npomsBesieHHe — nojoxurensHo. [Io reopeme Buera, ecan
KOPHHM CYLIECTBYIOT, TO HOJKHO OBITH 2a <0 u —a + 2 > 0.
TpeboBars cyiiecTBoBanus KopHeii (D > 0) H3TUIIHe, TAK KAK KX
OTCYTCTBHUE IPUBEJAET BCEro JIUIIL K AYOJIUPOBAHUIO HAMJeHHBIX

) 2a <0, a<0,
B (1) 3sHauenuii a: -a+2>0 T]a<2

Haigenusle B (1) 1 (2) MHOKecTBa 3HAYEHUH @, TOJTYIaEeM OTBET:
a<l.

a < 0. Obwegunas

Fmaea 3

MokasarenbHas
u norapnpmunyeckas pyHkuun

2.29+1 _2%-1
2% 2%

166. 2* + % -2= (2%)% - > 0, uTo u Tpedo-

BAJIOCH JOKA3aTh.
167.7) 5%~ v3x-d =538 x— /8x -5 -83=0,3x-8./3x-5 —
-9=0,8x—-5)-3/3x-5 —-4=0, J83x-5 = -1 wmm

J8x—-5=4,3x-5=16,x=17. lipumMeuanue. Dro pemenue
HEeCKOJIBKO 9K30THYHOE — MOMKHO DbLIO PelluTh, NepeHocs KOPeHb B
paByio 4acTh, BO3BOJAA B KBAJPAT U IIPOBEPAS KOPHH.
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168. 3) 5* - 1(5% — 452 + 4) = 29, 5* -1 =1, x = 1;
6) 0,2%~1(0,2-2 - 30,21 — 6) = 500, (%)’H =125, 51-* = 53,
x=—2; 8) 4% + 4% - 05 = xr +05 | 3r - 05 4x-052 + 1) =
=3%-05(3 + 1), 4%~ 15 = 3x- 15, x = 1,5,

169.4)5-5’+55;—26=0,5-52*’—26-5"+5=0,5‘=5nnu

5*=571,x,=1,%,=—1;

x-2
6) ITockonbKy 2% =4 +2*~2, umeem4+2¥-2-13+2 2 -12=0.
x—2
Hycrsy =2 2 , raey > 0, roraa 4y% — 18y — 12 = 0. C yuérom
x-2
yenosus y > 0 umeem: y = 4, 2 2 = 22, x = 6; 5) DOCKOIBKY
5% = 0, yMHO)Kas JAaHHOe YypaBHeHHMe Ha 5F, moay4aeMm

552x —2.5*-3=0, 5*=1u1m d5* = —g. Bropoe paBeHCTBO He

BHINOJHAETCA HA DY KAaKUX 3HAYEHUAX X, a Nepsoe Jaér x = 0.

2 x x
17(32 —2-"’) =17, 32 _9u=1, 82 —w=1,
170. 3) 3 " "
32 +2v=17; 32+ 2w=1T; 2-32 =18;
2=8 (y=38, , Jut(By=v+(By
x et 2 ’ B cumay Boapacra-
35 g, F= & T lutvE=12,

HUA, QYHKOHA Yy = X + (.f5 )* IpEHIMAET pPaBHBIE 3HAUEHUA NIPH
OQHOM ¥ TOM jKe 3HAYEHWH apryMeHra, T.e. 4 = U, CleJoBa-
TeJBHO, ][ sz o {u o O

ut+u-12=0; |lu=—4dmmu=3;
u=v=3.

u=v=-4umm

x x
171. 10) ( g ] + ( % ) < 1. BelpasxeHue B JIEBOI UaCTH PaBeH-

crBa 3a4aéT yopIBAoOIYI0 (YHKINWIO, KOTOPASA IPHHIMAaeT 3Ha4e-
gue 1 npu x = 2. CrexoBaTesbHO, €€ 3HAYEHHA MEHbIIE 1 npu
a2
172. 2) JomxHO OBITH:
4

O = 0,52 - 3+0,5*— 4> 0; 0,5 < -1 mum

LEED)
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0,5% > 4; 0,5 > 0,52, B cusry yObIBaHHA MOKA3aTEJILHON QYHK-
uuu ¢ ocaoBanueMm 0,5 nmeem x < —2.

180. 4) (V15 - 3)* < 6, (/15 — 8) < (/1B - 3)"*Fwm-as,
ITocKOJABKY IOKasaTenbHas (DYHKIMSA ¢ OCHOBaHmeM /15 — 3
yosiBaer (3 < J/15 < 4, smaumr, 0 < /15 — 3 < 1), umeem:
x> logWi5-3)°

3x -1
4-x

184. 8) logz_ x . ObsacTh ompeeseHUsA COCTABIAIOT
3

pelieHusa CHCTeMEBI
<%0,

5 <6, P, )6

sl T e T

{2—%;&1, x=3, 1
34x— 1 =~ 0; i—x g Puc. 127
=X

Hcenonpsyem MetTos nHTEepBasios (puc. 127).

OTtBeT: % <x<8:8<x<4.

2 2x 2 2x
185.5)4-‘—6x+1+5-9x=0,(§) -6-(5) +5=0,

£ x
(g) =1,(§] 2=5,x1=0,x2=log§ 5.

188. 7) Paccmorpum aBa ciyvasi: a)0 <x - 5<1,5 < x < 6:
0<x+2<x-5—mHer perueEuil; 6) x —5>1,x>6: x+ 2 >
> x — 5 — BCe 4ucja, YAOBJIETBOPAIOIIHE YCIOBHIO Caydas, T. €.
x > 6. 8)IlockonbKy 3HAUEHHMA BBLIPAXKEHUA X — 2, CTOAIIEro
moJi 3HAKOM Jiorapudma, moJIOKUTeNbHbI, To x > 2, [Ipu arom
ocHoBaHue x + 1 norapudma 6onsme 1. Umeem:

x>2, 2>,
{logr+1(x—2}{logxi-1; {x—2< b

x+1° x+1
5 5 x> 2:
x> 4, X ’
{(x—2)(x+1)<1, {xz—xr3<0, -1_2—“[1_3{x<1+Tﬁ§,
22 g 1+J1_3.

2

<
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T ) A —@ [ (a0,
4 9 = -3 -1 3N flo —

Puc. 128 Puc. 129

190. 2) BripakeHnus, cTOAILAE B YHUCJIHUTENe U B 3HAMeHaTeJe
apobu, cymiecTByIoT npu x > 0 1 o6pamanTca BHYJIbIPH X =4 7
x = 9. OrMeTHM 2TO HA KOOPAMHATHON IPAMOI M IpOBeAEM JH-
HUI0 3HaKOB (puc. 128). OtBeT: 0 <x <4, x> 9. 5) Berpaxe-
HUfA, CTOAIIUE B YUCJIUTENe U B 3HAMEHaTeJe Jpobu, CyImecTBy-
0T Ipu X > 3 u npu x < —3. 3HaMmeHarTenab ofpamjaeTca B HYJIb

npu x = £./10, uncnurens — opu x = 10 1 x = —1. OrmMeTnm™m oT0
Ha KOOPAMHATHOI MPAMOl ¥ MpPOBeNEM JIHHUAIO 3HAKOB (puc. 129).

OtBeT: —410 <x<-3,/10 <x<10.

2 _
191. 4) log, ., , % < log, , 4 1. PaccMoTpum fBa caydas:

x2-1

a)0<x+4<1lub)x+4>1l.a)-4<x<-3: >1,x2>4,
x> 2 nau x < —2. C yuérom ycjaoBusa a) umeeM —4 < x < —3;

L
6)x>-3:0<% -1 <1 1<x2<4,1<x<2um-2<x<-1.

IIpu Bcex 3TUX 3HAYEHUAX ycaoBue 0) BoimoaHAerca. O6beauns-
eM pesyabTaTel a) M 6): 4 <x < -3, -2<x<-1,1<x<2;
6)log, ,(x+10)<log,_ ,(x-2)%.a)0<x-2<1,2<x<3.
Ilpn sTom x + 10 > x2 — 4x + 4, x2-5x-6 <0, -1 <x <6.
C yuérom ycnosus a) umeem: 2 < x <3;06) x —2 > 1, x > 3. Ilpu
aroM0 < x+ 10 < x2 - 4x + 14,
x+10>0, x>-10,
{I2—5x-6>0; {xﬁ—-lmmxb-ﬁ.

C yuérom yesnoBus 6) umeem: x > 6. O0bequHaAa pe3yIbTaThI &)
u 6), monyuaem O TBET: 2<x < 8, x> 6. 7) log,, (x* - bx + 6) <
<log,,(2x).a)0<2x <1,0<x <0,5. [Ipu arom:

x2—-H5x+6>2x>0,

x2—-Tx+6>0, [x<lummx>6,
2x>0; x>0; 0< x< 1 mam:x > 6.

C yuétoM ycaoBusa a) noaydaem 0 < x < 0,5. 6) 2x > 1, x > 0,5.
Ilpu atom 0 < x2 — bx + 6 < 2x,

x2-Hx+6>0, [x<2mmmx>3,
x2-Tx+6<0; |1<x<6; 1<x<2um3<x<6.

&
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9Ty 3HAYEHHUA YAOBIETBOPAKT yejoBuio 0). OTBeT: 0 <x <
<05, 1 <x<283<x<86.9 loga 4,,9(x-1)<
i_grr9 (PP—62+9).8)0<x?-6x+9<1;0<(x-3P<1;
x=3u2<x<4.llpusromx—1>x2-6x+9;x2—-Tx+10<0;
2 € x < 5. C yuérom yciaoBua a) umeeM: 2 < x < 3; 3 < x < 4;
6)x2—6x +9>1;(x—3)2>1; x < 2 nim x > 4. IIpu arom
O0<x-1<x2-6x+9,

{x—l:»o, {x>1,

< log

—Tx+10>0; |x<2mmx>5; 1<x<2,x>5.Cyuqé-
TOM ycaoBus 0) moaxyunm: 1 <x <2, x > 5.
OTtBeT:1<x<2,2<x<3;3<x<4;x>5.
INlog a g, o (- 4)>log.a' 3.4 1.
a)0<x2+38x—-4<1:

{x2+3x—4>0 {"“4“"“”’

x2+3x-5<0; —_3‘2@ <x4"—3+2"/2_9;

i_?—'fz—g <x<—4mml{x<%’.Hpuamm:ﬁ<x+4<l,
—4 < x < —-3. OTH 3HAYEHHHA X HE YJOBJETBOPAIOT YCJIOBHIO a);
6)x2+3x—4>1:x2+3x—5>0,x<:3—"'2@ v
x> :@%[2_9 IIpu arom x + 4 > 1, x > —-3. IIoCKOABKY
—3+ “‘/_ =3 + J25 _ = 1 > -3, ¢ yuérom ycnoBua 6) umeem:
- —3+J_9_
2
12)log, , 4(x2+3x-4)<log,,,1.a)0<x+4<1,-4<x<-38.

Ilpu atom: 22+ 8x—-4>1,x2+383x-5>0,x<
>—3+J§§
2

x>-3.Ilpuarom0<x?2+3x—-4<1,

x2+3x—4>0 x<-4nmx>1,
{x2+3x—-5<0; —3—2@ {x{—3+2«/2_9’

i—lé_ﬁ@ Skl

» UYTO He yJAOBJeTBOpPSAEeT ycJoBuio a). 6) x + 4 > 1,

@
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-3 - J29
2

<x<-4unml<x< -8 + /29 . C yuérom ycoBus 6)

2

umeem 1 < x < % g

192. 2) log, ¢ log, 5 (x + 1) > log 1. IlockoabKy orapudmm-
yeckue GyHKnuu ¢ ocaopanuamu 0,6 u 0,5 yOsiBaioT, a BeIpae-
HUe IIOJi 3HAKOM Jiorapu(Ma MOMKEeT NPHHHMATH JHIIb II0JI0-
JKUTeJbHBIE 3HAUEHHU A, AMeeM:

0 <logg;(x+1)<1;log,;1<log,;(x+1)<logg;0,5;

1>x+1>0,5;-0,5 <x<0.3)log,,log, (2x + 3) <log,, 5
B cuny yObiBaHHA JorapudMuiecKod (PYHKIHMH C OCHOBaHHMEM
0,2 umeem: log, (2x + 3) > 5; log, (2x + 3) > log, 32. IlockoabKy
JorapudMuyeckas (PYHKIMA ¢ OCHOBAHHMEM 2 BO3pacTaeT, UMe-
eMm: 2x + 3 > 32; x > 14,5. 6) ITockoubky JiorapudMuaIecKue
(byHKOUY ¢ OCHOBAaHUAMY 3 U 32 BO3pacraior, a ¢ ocHosanuem 0,2
yOBIBAIOT, IMeEeM:

log, loguzlo,c,z32 — }logal log(,zlogq,2 >1og0202
-1 x-1 . x—1 .
0< ltzrg32 o E; logg, 1 <logzy T+ < logg, 2; Sh
6 g <0,
. x<-11.
x+5 >8,

194. 5) log; 10 + 4 log; 10 + 3 log; 10 — 8 log; 2 =
=8 (log; 10 — log, 2) = 8-log; 5 =8; 8) log; 49+ logﬁ 5+log,; 27 =
_ log349 - logs5 - log327 _ 2logs7-logs5-3 _
log 347 * log 325 ~ 0,5logs7 - 2log35
7)log;4-log, 5+ log; 6 -logs 7+log,; 8+logg 9 =

logzg5 logs6 logs 9 1
== .. =log, 9 =2.
logs 4  logs 5 logs 8 083

=logg4-

8)log; , (/3 -48)+log; (43 +48)=
=log,; , (8- ﬁ)=logf2_l(2—2,,/§ +1)=
=log 5 , (V2 -1)*=2
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195. 6) logs 3 = log, (6 : 2) = 1 — a; 7) logy 2 = 10;23 =
B (logzlﬁ)“l " lil ~ yigs Bl Sy :zzi; b
a
_ log36+log533=1+2log53:1+2(1—a)=3—2a
logg 6 + logg 23 1+ 3logg 2 1+ 3a 1+3a’

198. 1) 82+5+ .. +3n-1—= 340, 2_H.?'2‘"_'l)n=40,

2 . - .oy 1g3-lg4-1gh-...-lg(n+1) _
il Tt e Ty T I Ty TR T e

lg(n+1)=101g2,n+1=219n=1024 -1 =1023.

*
-
=log; 1 =0, log; 2 +log, 3 <logz 3 +logy,4=1+2=3,uronm
TpeGOBATIOCH IOKA3AaTh.

200. Cymma 00paTHO NPONOPLOHUOHAJIBHBIX IMEePEeMEHHbLIX MH-
HUMAaJbHA, KOT/la 3HaYeHUs IepeMeHHbLIX paBHHL. log, 7 = log; x,

199. log, 2 + log, 3 — 2 = log, 2 + log, 5 > log, 5 + log,

logz x=1,log, x=1,log, 7+ log; x = 2. Ilepemena 3HaKOB y JIO-

rapu¢MoB (OHM MMEIOT OAUHAKOBBEIE 3HAKH) HA MOJAYJb UX CYyM-
MBI He BJIHASIET.

201.1)log, 8 —logg 9 =(log; 8 -1) — (logg9-1) =
8 9 8 9 9 9
=log; 7 ~ logg s> logg 7 logg - logg F T logg 3y 0, smaumnr,
log; 8 > logg 9.
202. 8) Ig (5* + x — 20) = Ig 120—:, 5% + x — 20 = 5%, x = 20;

, log§ x = 16,

wins

15) log, x-1 log, x-1 log, x-ilog:; X =

2 3
loggx=2nmlog; x=-2, x=9uau x = %; 16) 3x — 3xlog; 2 =
=logs(3%* +x2 — 9), 3x(logs 6 — logg 2) = logg (3%* + x2 - 9),

logs33% =loge(3%* + x2 - 9), 3% = 3% + x%2 - 9, x2 - 9 =0,

x,= —3,%,=3;17)2log, 2+ 6 log,, 2=3, —— + —2o—— =3,

logeax 1+ logsx

2+ 21log, x + 6 log, x =3log, x + 3 log? x,
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1

310g§x—5log2x—2=0,log2x=2nnnlog2x=—§,x=4mm
1
x = ﬁ; 18) (2 + 2 log, 3)-log3 x = 4, (1 +m) logg x = 2
logf x + logg x —2 =0, loggx=1mun log; x = -2, x = 3 uian
=1
x_go

203. 6) log? x =2 +log, x, log, x = -1 nau log, x =2, x=0,5
unu x =4; 10) 5+ 1.5 =32x+1; 5r+2 = 32x+1 (x + 2) logg 5 =

3

logs —

1-2logsb _ 25 _ e 5 i
Togab - 2 5 log; 25 11) Hy»KHO HallTH 11O

logg § 9

=2x+1,x=

JIOAHTEeJIbHBIe KOPHH YpaBHeHHA. Paccmo'.rpam ABa caydasd:

a)x=1u6)x=1;a)1¥1 =(%/1)! — BepHOE paBeHCTBO, 3HAYMT,
1 — xopeHB ypaBHeHHsd; 0) JorapudMUpPyeM II0 OCHOBAHUIO X:
1 n-1 L]
1-= =
’:/a_:ﬁi,n=x np=x " ,x=n" 1;12)log,rg(:c+3)-lcvg'3.mc=

=log; x - log; 5, log; x = 0 man %log3 (x+ 3)=logy 5, x =1 nam
x=22.

207. 2) O13 uepasencTBa —g -t~ %
HUH X! logﬁ_ i (-2x2 + bx + 12) < logd,‘,—3 _, (2 - 3x). ITockoms-

s aTUX 3HAYE-

Ry J§ - 1 < 1, norapudpmMmudueckas (PYHKIOUSA C OCHOBAHHMEM

J8 =1 yOeIBaoas, ciefoBareabHo, —2x2 + 5x + 12 > 2 — 3x,
2x2-8x— 10<0, -1 < x < 5. C yuérom OJ[3 nonyuaeM OTBE T:

1<z 4 =, 4)- logl (83*—1)2 + log, (3*—1)) + 3> 0. Hepasesn-
3

crBo -2 log,; (3* - 1) — Iogf (3* — 1) + 3 > 0 pemaem Kak KBaj-
3 3

parHoe oTHOcHTeNbHO log, (3% —1): -3 < log, (3* - 1) < 1. Yun-
3 3

s 1
ThIBaA yObIBaHMe Jorapu@MuyecKod QyHKIMHE C OCHOBAHUEM =

@
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oJIyYaeM é <3 -1< 27,% < 3% < 28. YuurniBasg BO3pacTaHue
moKasaTeJbHOH (YHKIMM ¢ OCHOBaHMeM 3, MoJydYaeMm

OTBET: logsg < x <log, 28;

6) % log, log, x + log, ( % log, x) <0,

%log2 log, x — 1 + log, log, x < 0, g log, log, x < 1,
9 2 2
log, log, x < 3, log, log, x < log, 23, 0<log, x< 28,1<xg 2%4,
7)OII3 mepasencrsa: 0 < x < 1, 1 < x < 2. [lna aTuX X:
log, (x+1)<log, (2 - x)~1. Paccmorpum fBa caydas: a) 0 <x < 1.
Jlorapudmuyeckas GyHKIUA ¢ OCHOBaHHEM X yObIBaer, 3HAYHT,

e i e ﬁ.HocROJIhRyZ—x>0,nM9eM:(x+1){2—x)—1>0,
1-.5

2
em: 0<x<1;6)1< x < 2. JlorapudpMmudeckas QPyHKIUA C OCHOBA~

x2-x-1<0, L= 1%‘@ . C yuéToM yCI0BUA &) ITOIyda-

HHEM X BO3pacraer, 3HauuT, x + 1 < Sss . ITockonery 2 —-x>0,

2-x
111\«5L(=,-t=.'1\1(:(x+1)(2—::)—1~£0,:c2—.1r:—1“;\-0,3‘:4I_T"/5 HITH
x> L +2“/5 . C yuérom ycnoBua 0) moaydaem: i +2“{5 < x =<2 g
OTBeT20<x41,%{x42.

8) log, log, (4* — 12) < log, x. 0[13: 4*-12>1, x > log, 13> 1.
IIpu sTom jnorapudmmueckasi (PyHKOUA C OCHOBAHMEM X BO3-
pacraer, sHa4ur, log, (4* — 12) < x, log, (4* — 12) < 2*. Jlora-
pudmvuyeckaa PYyHKIUA C OCHOBaHMeM 2 BO3pacTaer, 3HAYHT,
4¥— 12 < 2%; 4% - 2% — 12 < 0; -8 < 2% < 4; 2% < 22, TlokasaTens-
HaAg QYHKIUA C OCHOBaHMeM 2 BO3pacTaer, 3HA4YUT, ¥ < 2.
C yuérom OJI3 nonyuaemo T Be T: log, 13 < x < 2.

9) log, 5 log, log, _; 9 > log, ; 1. IlockoapKy JorapudpMuye-
ckaa QyHKnua ¢ ocaosanueMm 0,5 yObIBaeT, a BBIDAYKEHHUE TOA
3HAKOM Jiorapu@ma JOJKHO IPUHUMATE II0JIOKHTeIbHbIe 3HAYe-

=
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Hud, umeeM: 0 <log, log, ,9<1,log,1 <log,log, ;9 <log,2.
ITockonbKy JorapudmuyuecKkas QYHKIHA C OCHOBaHMEM 2 BO3-
pacraet, umeem: 1 < log, _, 9 < 2. Paccmorpum jBa ciydas:
a)0<x-1<1,1<x<2:log,_;(x—1)<log,_;9<log,_ ,(x— 1)
ITockoneKky norapupmuyeckas PYHKIHA ¢ OcHOBaHHMEeM x — 1
x-1>9, x> 10
yOniBaer (ycioBue ciyuyas), MUMeeM: {9 > (x - 1)% {lx -1|<3;
HeT pelneHuii;
0)x-1>1,x>2:log,_;(x—1)<log,_,9<log,_, (x— 1) Ilo-
CKOJIBKY Jorapudmuyeckas (PyHKIUA ¢ OCHOBaHMeM X — 1 BO3-
x—-1<9, x2< 10,
pacraer (ycJjioBHe ciyuyas), HMeeM: {9 <(x-1)% {|x -1|>38.
C yuérom ycnoBusa ciaydad noaydaem: 4 < x < 10,
OTtBeT 4<x< 10. 10) 3amerum, uro log . x* = 2. Vmeem

log; log » 2> logy 1. Tlockoabky norapupmMudeckas GyHKIUA C
OCHOBaHHWEM 3 BO3pacTaer, TO logxg 2 > 1. PaccmoTpuM ABa CIy-

gas: a) x2 < 1. IMockoabKy Jorapupmudeckas QYHKIUA ¢ OCHO-
BaHueM x? yObIBaer, umeem x2 > 2, 4TO He YAOBJIETBOPAET YCJIO-
Buio cayuas; 6) x2 > 1. [TockoabKy JorapudmMudeckas HYyHKIUA
c ocHOBaHMeM x2 Boapacraer, uMeeM: x2 < 2. C yuéToM ycIOBUA
6) umeem 1 < x2 < 2, oTKyZa mogy4daem

OTBeT:~J§ <x<=1l,1<x< Jﬁ

Fmaea 4
TpuroHomerpuyeckme PyHKLUMM U UX CBOCTBA

220. 1) 360 : (30 + 45) = 4,8 (c). 3a BpeMsa MeXAY AByMA
nocjaef0BaATeIbHEIMH BCTPEeYaMH IlepBas TOYKAa I[OBOpaudBa-
eTCs BOKPYT LeHTpa OKpykHOCTH Ha 30°+4,8 = 144°, Ilyers ue-
pe3 x moBopoTOB Ha 144° ToykKa OKasajach Ha MecTe cTapra,
Torga 144°-x = 360°+n. Haliném HaumeHbIIee HaTypajabHOE
3HaUeHHE X, YIOBJETBOPAIIIEe 3TOMY YypaBHeHHIO: 144x =
=360-n, 2x = bn, 3HauuT, X JeauTcda Ha 5. HamMeHbIIee HATY-
pajibHOEe 4uCJo, KpaTHoe 5, — a1o 5: 2+5 = 5+ 2. Takum obpa-
30M, KaXKasa NATasa BCTpPeya TOYeK NPOMCXOAHUT B CTAPTOBOM TOY-
Ke. 3HAYHUT, KPOMe Heé ecTh emjé 4 TOYKH BCTPe4H, T. e. BCero 5
ToueK BeTpeun. 3) Yepes 4,8+ 5 = 24 (c).
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234. 1) Boxkpyr cBoeii ocu 3eMlsd OBOPAYUBAETCHA IPUMEPHO
3a 24 gyaca. 2n: 24~ 3,14 : 12~ 0,26 (paa/q).
.. 5,5-180°
239. 5) B =5,0= —3-’—14—
uur, cos f > 0,sin f <0.
271. 2) B) O6muit Bug ypasBHeHus npamoit y = kx + b, rue
k=tg o, a 0. — yros MexAy 3aJaHHON NPSAMOM ¥ OCBHIO abcouce.

~ 315°. ¥rox p B IV uerBepTH, 3Ha-

o= 120°, tg 120° = —./3 . Ecnu npsaMas IPOXOAUT Yepes TOUKY,
3aJlaHHYI0 KOODAMHATAMH, TO B ypaBHEHHE IPAMON OACTABIIAEM

€6 KOOPAMHATHI U HAXOAUM 3Ha4deHue b: 3 = —J§ «0+b,b=3.

VYpasHenue npAMoit y = ~-J3x+3.
288. 1) 4 sin? x + 5 sin x + 1 = 0. Pemum 370 ypaBHeHHE KaK

< a s 1

KBaJpaTHOE OTHOCHTEJ bHO sin x: sin x = -1 u sin x = -
_ T = o | " -+ W |

x=-3 + 2nn, x = —arcsin i + 2nn, x = n + arcsin q + 2nn,

n — Jjgwoboe meoe 4UCIIO.

300. 2) arccos (cos 2%“] = arccos (cos ( — 47"]) =
= arccos (cos 4—-;) - 47“ ; 8) arccos (sin 6) = arccos ( (% 5)) -

=arccos(c03(— —6+2n)) = g -6+ 2n.

315. Pemenuem GyAyT Te M TOJIBKO Te 3HAYEHNUS &, IPA KOTO-
peix byaknus ¢ = 22 + 6z + a IpUHUMAET TOJBKO HOJOXKUTEb"
Hble 3HaUYeHHA Ha npomexkyTke [-1; 1] (2= sin 2x). AGcnucca
BepuIuHbI Tapabousl t = 22 + 62 + a pasra —3. Jl15 BEINOTHEHUA
rTpeboBaHUA 3a/a4U AOCTATOYHO, YTOOLI 3HAYEHUE QYHKIUM [ B
rouke z = —1 66110 nosoxkuTebHbIM: (—1)2+ 6(-1)+a>0,a > 5.

316. 1) Yrobs! Ha MHETEpBaJe Y KBaJPaTHOrO TPéXuieHa ObLIO
HaWMMeHbIllee WM Haubosablnee 3HaueHHe, abcnucca BePIINHEBI
COOTBeTCTBYIOINEH mnapabonbl JoJKHA NPHHAJJIEXKATE 3TOMY

uHTepBasy. Haxoaum rpaHunbsl MHTepBajia: sin (—%) = —%.
. T
sin X = 1 Afcnucea BepmIMHEI napabosibl paBHA @, 3HAYMUT,

6 2
-0,5 < a <0,5. 2) PaccmaTrpuBaeM IIpaByi0 4acTh PABEHCTBA KaK
KBAJPATHBIA TPEXUYJIEH OTHOCHTEJBHO KOCHHYCA HA IIDOMEMYTKE

&
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2 "
JKYTKe MMeJl HauMeHblllee 3HaYeHHe, abcrmucca BepIIUHEL COOT-
BeTCTBYIOIIE# napaboJIsl JONKHA MK IPUHALIEHKATH 9TOMY IIPO-
MEXYTKY, MAX ObITh OOJbBINE ero mpaBoil IDaHUIbI. SHAYUT,

J3
ﬂ>2.

3HAYEHUN KOcHHYycCA ( } Yro6bl TPEXUNEH HA 3TOM IIpOMe-

om

<% + 2nn,

333. 1) sin 2x > +2nn < 2x <

X
76

DO | -

ﬁ +:rm<x“<‘5—1t + nn, n € Z; 2)sin(3x+g)g—%.ﬂo¢op-

[

MyJaM IIpHBeIeHHs Sin (3x +g) = cos 3x, cos 3x < —%,
2n 41: 2n
F+2nk <38x < 3 +2k—+~—k 9+~é—k,keZ.

350. 1) Cocegnune HYyIH l:byHKl.lHH OTCTOAT APYr OT Apyra Ha

T i
5 » BHAUUT, IIepHOJ (QYHKIIUU He MOMXKeT OBITh MeHbIIIe 5 ITpose-
PHUM, ABJIAETCA JHU JAHHOE YHUCJO IePUOJOM, T. €. BLIIOJHAETCA

JIA PaBeHCTBO tg Z(x - g ) =tg2x=tg 2[.1: + 72—[ ) . PaBencraa Bep-

HBI, CJIeIOBATEILHO, g — nepuoj QyHKIHHN Y = tg 2x.

358. 9) BosBeném ypasHeHHe B KBaJpaAT M HOCJe YIPOIIeHHA

. 12 o
noaydum: sin x-cos x = — . Ilo Teopeme, o6parHoii Teopeme

25
Buera, sin x M c0S ¥ — KODHM KBaJpaTHOrO YpaBHEHHUS
2% - z:-: +12 _ g, 2, = 5 2, = 4 Opun us KOpHe#f — KOCHHYC,
25 5 5
aapyroi — cumHyc, unaum Haobopor. Mmeem: cosx = g MR
cos x = L.
5

OTBeT: tarccos % + 2nn, tarccos % +2nn,neZ.

362. 2) Paccmorpum pasHocTh (tg x + ctg x) — 2 =
2 b ~1)2
stprt ol —ge EEX-2igx il _(Cgx—1) . g%
tg x tg x tg x
Ky TAHTeHC OCTPOro yIJia MOJIOKHTENeH, 3HAYUT, AJA Ji0b60oro

D
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OCTPOro yria X TOJYyYeHHOe HEPaBeHCTBO BepHO, T. €.
tg x + ctg x > 2. Yro 1 TpeboBasOCh AOKA3ATh.
377. sin (a + B)sin(a — B) =
=(sin a+cos P + cos o-sin P)(sin a-cosP — cosa-sin B)
=sin? o+ cos? B —cos? o+ sin? f =
= (sin? o cos2 P + sin? a sin? B) — (cos®a sin? B + sin® o sin? ) =
— sin2 a(cos? B + sin? p) — sin? B(cos? o + sin® a) = sin? o — sin® B.
396. 1. a) Haiiaém TaHTeHC PasHOCTH YTJIOB, 00pa30BaAHHBIX

STHMHM IPAMBIME ¢ ocbhio abenuce: tg o =2, tg = % . ITopcTaBuM

3HAUeHMs TAHI'EHCOB B hopmyny tg (o = B) = :%(:;thg% , IIOJIy-

1
2-3
yum: tg (o — B)=__i

+ L=
123

437. 1) IlpeacraBum sin o = cos [ ciaeayomuM obpasom:

=1, gaaguT, o — 3 = 45°.

sina=sin(g +B).Tornaa=ﬁ+ g + 2nn unu

T +21m,

a=—B—%+n(2n+1),neZ.xl=—E*2-.-mmmx2=ﬁ =

2
neZ. 2)tga=ctgph, tguﬂg(g ‘B)'Tornaa=—ﬁ+ 2 +mn.
Ot paBeHcTBa 3HaveHMi QyHKuumi tg 2x = ctg 5x mepeinem x

VCJIOBHIO PABEHCTBA apPryMEHTOB 2X = g - bx + nn, 2x + bx =

=% +nn,7x=—g + nn,x=1—n‘i +$n,neZ.

438. 13 naHHOr0O paBeHCTBA CJIeyeT, 4TO TOYKa ¢ KOOpAXHA~
ramu (x; y) JIEKHUT Ha OKPYKHOCTH C IEHTPOM B HAYaJI€ KOOpAX-
HaT 1 paguycom, paBHeiM 1. Ho 1o onpenenesuio abciucca TOYKHA
9TOI OKPY?KHOCTH ABJIAETCA CHHYCOM, & Op/JHHATa — KOCHHYCOM
HEKOTOPOro yrja IoBOpOTa @, T. €. 8in ¢ = X M COS ¢ = Y, U4TO ¥
TpeboBaJoCh HOKA3ATH.

440. 10) (cos 3x + cos Tx) + (1 + cos 10x) = 0;

2 cos bx cos 2x + 2 cos? bx = 0; 2 cos 5x(2 cos %x cos gx) = 0.

cos 5x = 0 unu cos §x=0, mmcosg x=0.

18) 1 + sin x + cos x + sin 2x + cos 2x = 0;
(1 + cos 2x) + sin 2x + (sin x + cos x) = 0;

e
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2 cos? x + 2 sin x cos x + (sin x + cos x) = 0;
2 cos x (cos x + sin x) + (sin x + cos x) = 0;

(sin x + cos x)(2 cos x + 1) = 0; cos x = __% W4 sin x = —cos x.

441. 4 sin 3x sin x — 2 cos 2x + 1 = 0. [TockoABRY
2 sin 3x +sin x = cos 2x — cos 4x, umeem 2 cos 2x — 2 cos 4x —

—20032x+1=0;2cos4x—1=0;cos4x=%,4x=ig+2:rn,
=+_n..+£‘ i i =1.
x 15 2 »n € Z. IcKOMBIH KOPeHEL YPABHEHUSA X 15
2cos?x + cos x

" 2cos x + Tsin? x

1.
55
4cos2 x + 2 cos x + 2 cos x + 7 sin? x

2(2 cos x + 7 sin? x)

4cos?x+4cosx+ T - 7Tcos?x=0,3cos2x—-4cosx—T=0,
cos x = —1. Ha orpeske [-n; n] cos x = —1 npm x = +xn. Dru
3HaYeHHU s He obpamaioT 3HaMeHAaTeb B HYJIb.

444.2) /3 sin x + 2 cos x =./3 + 2 sin x cos x;
3 + 2sin x * cos x — 2 cos x —./3 sin x = 0;
ﬁ(l—sinx)—?.cosx(l+sinx)=0;(1—sin x)(+/3 —2cosx)=0;
J3

=0'

sin x = 1 uau cos x = ?.x=g +2nnmmx=ig +2nn,n e Z.
W3 mHOKecTBa pelennii BLIOUpaeM Te, KOTOPHIE YAOBJIETBOPAIOT
yeaoBuwo 0 < x < 2: x, = g,x2= g
sin(E- ) -—“'g—écos(x—sinx) 1
446. 2) = ==(1-tgx).b+2%x=
J2 cos x J2 cos x 2
51— tgx)
=3+4 ; 5+ 2x =3.21-tgx; Otgx _G.2-tr | 5,
OGosnauum 2%* = y py HaWAEM [DOJIOIKHUTENHHBIH KOPeHBb

VPaBHEHHA Y — S +5=0;y2+ 5y —6 =0; y=1. Bepaémecs
nepemMeHHO# x: 2% * = 1; tg x = 0; x = nn, n € Z; 4) nycrs 2% = y,

1 1-tg2
> 0, Torza — — t = 2tg2y; —E Y = 2¢g2y;
rae y TOTJ, 2y gy g2y 2y g ay

nn

ctg2y = tg2y; 2y = 7 + 57, Ille, NOCKONBKY 3HAYEHUA Y

x
i
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NOJIKHBI GBITH moNoXkuTenpabiMA, =0, 1, 2, ... , ¥y = g + %
(n=0, 1, 2, ...). Bepaémca k nmepeMeHHO# x : 2% = g + %

(n"_'_O’ 1, 2, 3, ---)ix=10g2(§ b rr_f’)’r}len:o's ls 29 3, see w

Fnaeab

3nemeHTbl TeOpuM BEPOATHOCTEN
U KOMOMHaATOPUKK

447. Ectb 36 paBHOBEPOATHBIX BO3MOMHOCTEMN BHITAIUTD O/-
Hy Kapry. B 9 u3 HUX Kapra OKa)kerca 4epBoii, B 16 — KapTus-
KO#, B 8 — BaJeTOM HJIH KOPOJIEM.

448. Beero umeercss 6 paBHOBEPOATHBIX MCXOA0B npu Opoca-
HHUM KOCTH. B 4eTBIPEX M3 HMX YHCJO BHIIABIIMX OYKOB OoJbine
2, B TPEX — YMCJIO OYKOB IPOCTOE, B IBYX — KPaTHO 3.

452. 1) Bo3MOXHBEI JBa PABHOBEPOATHHIX BapHaHTa POXAe-
Husa gereit: MM u MJI. BraronpusaTHbI# (B paMKax 3afaHus)

.. 1
nepseiil. Mckomas BEPOATHOCTH 5

2) BoaMOKHBI TPM PABHOBEPOATHBIX BAPDHAHTA POXKAEHU /1€~
reit: MM, MJI u JIM. BiraronpuaTHbIi (B paMKax 3aJJaHusd) mep-
BeIii. UcKoMasa BepOATHOCTH % 4

453. Tans ommbracs B cAaMOM Hayajie CBOMX DAaCCYKAeHMUM.
Ona poskHa Oblna HalTH obmiee YMCJIO BCeX PABHOBEPOATHBIX
BO3MOYKHOCTEH, KOTOpble MMeloTcA Ipu OpocaHMH ABYX MOHET.
Takux BoamoskHOCTei#t uersipe: 00, OP, PO, PP. Pemxka Beina-
faeT B TPEX M3 HUX, BHAYUT, BEPOATHOCTH BBINAJEHMSA PEIIKH

3
paBHa o .

454. Ecth BCero 4eTrsipe paBHOBEPOATHBIX BOZMOHHOCTH BBI-
TAIATH KAPTOYKY ¥ MOJOKHUTH €€ Ha cToJ. B TPéX u3 HuX Bepx-
HSIS CTOPOHA KApTOYKM oxakerca Oemoil. TosbKO B OXHOM M3
3THUX TPEX PABHOBEPOATHBIX CIYYAEB HUIKHAA CTOPOHA KAPTOUYKH

s 1
yépHas. 3HAYAT, MCKOMAaSA BePOATHOCTE PaBHA 3"

25 . 4%;2)P 48

456. 1) P‘p’ i @ P m

~T%.

o3
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460. I3 sBeibpansoit 1000 36peH BCXOKMMH OKAa3aJuCh
1000 — 27 = 973 zepHa, 3HAYMT, YACTOTA BCXOMKECTH pABHA
npuMepHO 97%. DTO 3HaYeHHMe M NPUHHMAEM 3a NPUOIHIKEH-
HYI0 BEPOATHOCTB TOT'O, UTO HAYTAJ| B3ATOE 3ePHO OKAMKeTCH BCXO-
JKHM.

461. Yacrora BeleMKH Y4€PHOrO IIapa mpuMepHO paBHa T0% .
CunTad BepOATHOCTH BHITAIUTH YEPHBIH IIIap PABHOMN IPHUMEPHO
70% , MO HO ¢ GONBIIOI CTENEHBIO YBEPEHHOCTH (HO He HaBepHHA-
Ka, KOHEYHO) CKa3aTh, 4YTO B KOpoOKe 7 4épHBIX IIapOB.

462. EcTb yeThIpe BO3MOXKHOCTH BHIGPATH JOPOTY M3 MYHKTA
A B nyskt B. KaxxzaoMmy BapuaHTy 8TOro BHIOOpA COOTBETCTBYET
TPH BO3MOKHOCTH BhIOpaTs sopory us B B C. Ilo npasuny npous-
BefeHUs 4+-3 =12,

464. CobpITisA, BEPOATHOCTh KOTOPHIX TpebyeTcs HaiiTH B
9TOM 3ajjaue, ONpPENeNAIOTCSH He MOPAAKOM BHITACKUBAHHSA KapT
U3 KOJIOALI, & TOJIBKO TeéM, KaKHe JBe KapThl BeITameHbl. Takum
obpasoM, KOMOMHAIMHM BBITAIEHHBIX KApT ABIAIOTCA COYETA-
HUAMH. Bce BO3MOXHBIE COYeTAHMS NPH BHITACKMBAHMUU KapT

paBHOBepoATHbL. X ucio pasuo CZ, .

1) a) B kosroze mo 13 kapr Kaxg0ii U3 yeTeIpéx Macreii. Oxny
u3 KapT BeiOupaem u3 13 6y6GeH, a aApyryio u3 39 kapr Apyrux
macrei. ITo npasuiry npousBeaeHusA YUCIO0 OJIArONPUATHBIX HC-
X0/10B paBHO 13 * 39, 1 BepOATHOCTH COOBITHA paBHA

13-39 _ 13 _
cz, =1 ~0,38.

6) B xosiozie ecTs 4 Ty3a u 48 Apyrux KapT, 3HAYUT, YUCJIO BO3-

MOJKHBIX OJIaronpuATHBIX COYeTaHU paBHO 4 - 48. BeposaTHOCTH
4-48 _ 32 _
cz, 291 ~ 0,14.

B) KapTuaKM — 370 BaseTsl, 1aMbl, KOPOJM ¥ Ty3hl. Beero B
KojoAe 16 KAPTMHOK, 3HAYAT, OJHY M3 HHMX MOXHO BHIGPATH
16 cmocobamu, a aas BeiGopa Apyroii kaprel ocraércs 36 Bo3-
MoskHOCTel. Yueno 6naronpuaTHLIX uexonos 16+ 36, a coorser-

1636 _ 96 _
CTBYIOILas BePOATHOCTEL PaBHA cz, il 0,43.

2) a) O6e xapTe! BeIOMpaoT u3 13 6y6en, sagaunT, yncio 6ia-

FONPHATHBIX HCXO0Z0B paBHO C{y . UcKOMas BEeDOATHOCTH paBHA

Ciy 3
—= == x=0,06.
Cg, 17

BBITAIUTH TOJBKO OJHOTO Ty3a paBHA

@
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3) a) Uncsio BOBMOIKHOCTeH CKJIAABIBAETCH M3 YHCIA BapHAaH~
TOB, KOTZla Cpeii KapT ecTh TOJbKO oAHa Oy0Ha, 1 U3 Yucjia Bapu-
AHTOB, B KOTODHIX BHITACKMBAIOTCA ZBe OYyOHEI. 9TH umcaa ObLIN

paiinens: B safannax 1) u 2): 13+ 39 + C%; . Yucyo Graronpusr-
HBEIX MCXOJO0B MOYKHO HAWTH WHAJYe: BRIYMTas M3 OOIIero 4ucia
mexonos CZ, umcino «HeGrarompuaTHbIX» ucxonos CZ, , xorza

ofe kapTs BeIGuUpaoTcs us 39 Kapr Apyrux macreit: CZ, — Cig .
HMcexomasi BEpOATHOCThL PaBHA
13-39+C§; _ c,,,,—bcg9 _15 044
Ch, CE, 34
470. 2) Cama ¢ Koxyeii moryr okasaTbCd Ha MIO0BIX JBYX
mecrax u3 20. [IOCKONBKY BaXx<HO, Ha KakoM mecte cuaut Kous,

a na xaxom Cama, To oblIee yucyI0 BapuanToB pasHo A, . Ha ka-

koM 661 13 20 mecT Hu okasasucsa Koas, pagom ¢ HUM OyAeT TOIb-
KO ofHO MecTo Auad Camu. 3HauuT, ecTh Bcero 20 BapHaHTOB AJIA
MAJBYMKOB OKA3aThCA cocefaAMH. BepoATHOCTH 3TOr0 paBHA
= 1
20-19 19°
472. 1) Beero ects P, paBHOBEPOATHEIX MCXOJ0B, ¥ TOJBKO B
O/{HOM M3 HWX BC€ IIMChMa MOHaAyT B CBOM KOHBEPTHI. CaenoBa-
TeJbHO, BEDOATHOCTH TOTO, YTO BCE IIMCHMa OKAMYTCHA B HYMKHBIX
1 1
KOHBEpTax, paBHA — = — .
prax, p ok
2) Ionoxkum nuckMo iBaHOBY B npaBUIbLHBIA KoEBepT. Ocra-
HeTcs 3 mECchMa, KOTOPHIE MOMKHO IOJIOKHUTEH B TPU KOoHBepTa P,
5 1

cnocobamu. BeposATHOCTS JaHHOTO COOBITHA PaBHA I—)f' =g
4

3) [TucbMoO AJNA NPaBHJIBHOINO KOHBEPTAa MOJKHO BHIOpATEL 4e-
TeIpbMs criocobamu. IlepBoe M3 OCTABIIMXCS TPEX B HENPABUJIb-
HbIHl KOHBEDPT MOXKHO MOJIOKHTH AByMA crocobamMu, B KaXKOM U3
HUX BTOPOE ¥ TPEThe MOJKHO IOJIOKHUTH B HEIIPABHJIbHEIE KOHBEP-
THI OMHUM-eINHCTBeHHBIM criocobom. ITonyuaem Bcero 4-2-1=8

1
crioco60B. BeposasTHOCTL COOBITH A PABHA I’Sﬁ g
4

4) [Isa mucbMa, KOTOPbIE MOJIOXKAT B IPaBUIbHbIE KOHBEPTHI,

MokHO BEIOpaTs C7 cmocoGamMm, Tak KakK BajykHO, KaKue aTO

IHUChbMa, 4 He B KAKOM HOpPAJIKe MX BHGHp&IOT. ITocsie Toro KakK

od
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OyayT BbIOpAHBI ABA NMPABHJIBHBIX KOHBEpPTa, OCTAHETCHA TOJBLKO
OJAHMH-eIHHCTBEHHBLII CNOCO0 MOJIOXKUTH OCTABIIMECH BA B He-

C2
npaBHIbHBIE KOHBEPTHI. BepoaATHOCTH 3TOTO paBHA IT“ = i A
4

473. 3anava amanorumuHa npumepy 4 nynkra 28. Beero P,
cnoco6oB nocrpoutscd. [Ipeacrasum cebe, uro Cama Gyger cra-
HOBUTBCA B HIepeHry mocjieanum. Bea Cammu Mans4ugm Moryr
nocrpoutbea P, cnocobamu. B kaskaom ma mux Cama moxcer
BcTaTh Au6O crnpasa, nubo ciaesa or Komn. BHauur, ects Beero
2+ P, BApHaHTOB NIOCTPOEHN, TPU KoTopsix Camra u Koss crosT

2Py, 2
panom. BepositHocTs 3TOT0O paBHA T aa T
11

474. JI10651e TPU U3 JAHHBIX NATH TOYEK ABIAIOTCA BepLINHA-
M# TPeyroJbHUKA. 3HAYUT, HYKHO HAUTH YMCJIO BADHAHTOB BhI-
Gopa 3 semenToB u3 KaHHBIX 5. [lockonbKy MOPAKOK BRIGOpA He
Ba)keH (Hanpumep, A ABC u A BAC — 3T0 OJHMH U TOT 3Ke Tpe-
VTOJIBHMK), HCKOMOE YHCJIO HAXO0AUM, KaK YMCJIO0 COYETAHUH U3 5
1o 3:
___ 51  _5-4-3-2

31(5 - 3)! 3-2-2

475. Boibpas smio0ble 4 BepHIMHBI, NOJYYMM YeTHIPEXYIOJb-
HHUK C OAHOH TOYKOI IepecedeHHs AMaroHaseil, 3HAYUT, YUCIO
TaKux Touex pasuo C{, .

=5-2=10.

c3

476. [locTaTouHO BEIOPATH OAHY APy, HOCKOJLKY TEM CaAMBIM
ONpeIeJINTCA ¥ BTOPASA IAPA TEHHUCHUCTOK.

477. B dyr6onsHOM KoMarge 11 UTpOKOB, BKJIIOYaA BpaTaps.
Be160p UIPOKOB B IIEPBYI0 KOMAHAY MOJHOCTHIO OIPEAENACT, Ka-
Kue y4eHUKH OyayT UrpaTh Bo BTOpPoit komauae. ITpu saTom Kasx-
Ablil BBIGOP HEKOTOPBIX 11 UrpoOKOB KaéT TouHO Takoe pasbueHue
Ha KOMAaHJbI, YTO U BBIOOD OCTAJIBHBIX OAMHHAALATH, MOITOMY
OMHOMHWHAILHBIN KOd(DOUIUEHT HYIKHO MO TUTh Ha 2.

480. 2) IIaTh MKOIPHUKOB MOXKHO BhIOpaTs CJ, crocobamm.

Tpéx M3 OCTABIHIMXCA IOCJE ITOr0 5 IMKOJHLHUKOB MOMKHO BhbI-
opare C2 cnocobamu. OcraBmmecs jABa MIKOJIBHHKA BOHAYT B

TpeThio rpynny. ITo npasuiy npoussenenns noaygaem CJ, « C3.
481. 1) Bcero mosxer GbITh Af; PABHOBEPOATHBIX HMCXOJOB.

IMockonbKy B ogHOM MacTH 9 KapT, eCTh Ag crnocoba BBITAIIUTEH

5o




Pewenuna

JBe KapThl 3TOM MAaCTH, HO MacTh MOKeT ObITh Ji0baa u3 4, 3Ha-
quT, BCero ectb 4A§ GnaronpuATHBIX HcxonoB. Mckomas Bepo-

4A5 4-8-9 _ 8
ATHOCTH PaBHA A_ﬁs =35.36 35"

2) IlepByo KapTy MOKHO BhITAmuTh 36 ciocobamu. Ilocre
3TOTO B KOJIOJIE OCTAHETCH eIé TPH KapThl TOrO e JOCTOMHCTBA B
IPYrux MacTAX. 3HAYHUT, YUCJI0 6JAaronpuATHRIX HCXOJ0B PABHO
36 + 3, a BepOATHOCTH BHITAIIATHL KAPTHI OJHOTO JIOCTOMHCTBA PaB-
6 3§§-63 _ 36 3351 34! ~0,09.

3) llocTonHCTBA KapT pPaBHBI, KAK BUAHO B 3axaHuu 2),

B 363 cayuaax. B ocranpHbix Af; — 36+3 cayuasax oxHa U3
KapT cTapiue Apyroi. B mosoBHHe 9THX cjaydaeB BTOpas Kapra
A% -36-3 16
243, 35

483. Yro06s1 paseirpaTh OMJIETHI MEXAY YYEHHKaMH, MOMKHO
B3ATH 25 OAWHAKOBBIX KOHBEPTOB M IIOJIOKHUTHL B 15 M3 HuX On-
JIeTHI.

1) ¥V Kosnu ects 25 BapuaHTOB BeIOpATH KOHBEPT U B 15 M3 HUX
KOHBEPT OKasKkeTcs ¢ OuiaeromM. 3HAYMT, BEPOATHOCTh IOJIYIUTH

crapme. McKkoMas BEpOATHOCTL PaBHA

onner y Koan g 2

2) ¥V Kosm u Camu ectb Bcero C#; BO3MOXKHOCTH BBIOpaTh
KouBeprsl. 3 Hux B C{; ciyuasx B 060MX KOHBEPTax OKaXKyTCs

6ueTsl. 3HAYUT, BEPOATHOCTH 10y4uTh 6msers: y Koau u Camn

C{ 15-14 _ 7
]IO&BH&C'—%5 - 2—5.24 —%.

3) UYncno BapuaHTOB, B KoTopbix HM B Konunom, Hu B Ca-
INIMHOM KOHBEPTaX He OKaskercs Ouieros, pasHo C{,. BHa-
YUT, BEPOATHOCTH, YTO UM He JlocTaHercs OuieTos, paBHa

Cf _ 10-9 _ 3

C3, 25-24 20°

488. lloacrasum B opmyny 6maoma HeioToHa x Bmecro a,
2 Bmecto b 1 10 Bmecto n. Hac mHTepecyeT 4jieH MHOro4JieHa

@



JAomaluHue KoHTponesHbie pabotel. [TOBTOPEHUME

CTAHAAPTHOrO BHAa, cogepxamuit x’. Ilockoasky x7 = x10-3
uMeeM:

10-3 ,-10-3,93 = N7 Te 2& 1=
Cig°x 28=Clpx"-8 M0 -1~
~101:8 7 _10-9:8'8,7_10.3.4-8x7 = 960x".

713! 3.2
491. 1) a) Cf, (-3)*x3 = 495 - 81x8 = 40 095x5;
6) C%, (—3)2x10 = 59410,

492. Mimeem C2 = 2= — 45, n = 10.

Ilecroiit unen pasnosxenus 6maoma (y° + x°)10 umeer Koadpdu-

10!
51 = 252.

nuent: C§, = B Ei
Frmaeaé6
MoeTopeHue

498. 4) [lonKHO BEIIIOJIHATECA yejIoBHe X — 5 > 0, T. e. x > 5.
3amMeruM, 4YTO JJIA ITHX 3HAYEHHUH X OCHOBaHMe Jorapudma
x+4

m,ﬁo.ﬁbmel.
1 x+4
0g..4 (x—0)<1,log, 4, (x—b)<log,,, m.Bcnny
x+ 1 x+1 x+1

BO3pacTaHus jorapudmuyeckoit PyHKIUNA ¢ OCHOBaHHEM 60Jb-
x+4 {x >5,

me 1 mmeem: 0 < x — 5 < “——, (x-5)x+1)<x+4,

2
505. 1) r) sin 10 = sin (837 + (10 — 37)) = —sin (10 — 3n) =

x>H
x>5; .
{x2*5x—9<0 '—5_ﬁ<x457+ﬁ’5<x€5+ﬁi—1'
? 2 2

= gin (87 — 10). ITockoabky —g <3n-10< g AMeeM:
aresin (sin 10) = aresin (sin (37 — 10)) = 3n — 10.

4) n) arcctg (tg 2) = arcctg (ctg (% - 2)) = 3—; - 2.

506. 1) arcsin (—%) < arcsin (x2 — 1,5x) < arcsin % Ilo-

CKOJIBKY apKCHHYC SBJAETCS BO3pacTamomen (hyHKnueil, nMeeM:

Cog



Pewexna

2x2-3x+1>0,
2x2-3x-1<0

| -

1
—§<x2—1,5xg2

x<0,bummx>1,

tﬁgxéiﬁrﬁlﬁ.

;—1<2x2—3xg1;{

3 - J_ 3+./—

OTBET: <x<0,5umunl<x<g

3 1 . -
2) -3 < arccos x < 3 C yuérom obnacTi 3HaYEHUNA APKKOCH-

Hyca UMeeM:

1
0 < arccos x < § , arccos 1 < arccos x < arccos cos 3"

IockonpKy (QYHKOHUA APKKOCHHYC yOBIBaeT, OKOHYATEJIBHO

noJy4daeM: cos % cxey,

525. 4) log, _, (x3 + 9) = log; _, ((x + 3)(x — 1)?); x3+ 9=
=(x+ 3)(x — 1)2. Ilpu 5TOM AOJKHBI BBLIMOJHATBLCHA YCIOBUSA:
7T—x>0;7—-x+1; 23+ 9 > 0. [lanee nonyuaem: x2— 5x — 6 =0;
x =6 nmm x=—1. IIposepka: x=6,7—6>0—Bepno, 7—-6+=1—

HEeBepHO, CJeJ0BaTeJbHO, 6 — MIOCTOPOHHMI KOpeHb; x = —1,

7 - (-1) > 0 — BepHO, 7 — (1) # 1 — BepHO, (—1)3 + 9 > 0 — Bep-

HO, CJeAoBaTeJbHO, —1 — KOpPEeHb HCXOAHOIO yPaBHEHMH.
1

OTeerT: —-1. 6) log,, , sin x + = 2. ITockoysbKy HH

log cos +Sin x
npM KakoM 3Ha4deHHH X log,. , Sin X He paBeH HYJI, HMeeM:
log2,, sin x — 2 log, , sin x + 1 = 0; log, . sin x = 1; sin x =
= COS X NIPH YCJIOBUH, 4TO cos x > 0 m cos x = 1. C yuérom aroro

YCIOBHA OKOHYATEJIbHO IOJydaemM: X = E + 2nk (B € Z).

1—cos |x| sin?|x| _ 1 - cos |«
1-sin |x|’ cos? |x| 1-—sin x|’

7) tg?lx| =

Ilpu yenoBuu  cos?|x| =0, 1 — sin |x| = 0, noxyuaem:
sin? |x| — sin3 |x| = cos? |x| — cos? |x];
(cos |x| — sin |x|) (cos |x| + sin |x[) = (cos |x| — sin [x])(1 + cos |x] sin |x[);
(cos |x| — sin |x]) (1 + cos |x| sin |x| — cos |x| — sin |x]) = 0;
(cos |x| — sin |x|)(1 — sin |x]) (1 — cos |x]) = 0; cos |x| — sin |x| =
w1 — sin |x| = 0, man 1 — cos |x| =
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Yeanosuio YAOBJIETBOPSAET TOJBKO IIePBOE€ H TPEThEe PABEHCTBO:

cos|x{=sin[x|nnucos|x|=1,|x|=§+27tkmm|x|=2nk,
x=ig+2nkmnx=2nk(kem.0menig+2nk,2nk
(k € Z). 8) 2 sin 2x + cos 2x + 1 = 0. Pacemorpum 2 cayuas:
B g 4tg x 1—tg2_1c+ =
a)x 2 nk(a'ieejl)ﬂﬁ)1+1;g_,‘_,x+1+1;g2:.c 1=0
a)2sin(n+ 2nk)+cos(n+2nk)+1=0;0-1+1=0, creno-

X
2

6)dtgx+1-tg2x+1+tg2x=0;tg x=-0,5;
x = —arctg 0,5 + nk. O6beguasaeM pe3yabTaThl 060UX CAyYaes

BaTeJIbHO, 5 + nk (kR € Z) — KOPHM UCXOAHOIO YPABHEHHUA.

¥ 3aIMACHIBAEM O TB € T: ’-2‘ + nk, —arctg 0,5 + nk (k € Z).

2x2-Tx-9=0,
530.4)(6x—-5)J2x2 - Tx -9 >0& [{2x2-7x—9>0,<:>
6x—-5>0
x=—1unmux=4,5,
{xé—l,nnux>4,5, g [x=—1,
x>4,5.

5
x>g

Nig(x-2P<lg(x®-4)-1g(-x-2);1g (x - 2)*> <lg ((-x — 2) x
x(2 — x)) — 1g (—x — 2). [JoJKHO BEINOJHATLCA YCJI0BUE —X — 2 >
>0;T.e.x<-2.Torga 2 —x>0.21g (2 -x) <lg (2 - x).
lg(2-x)<0, lg (2 - x)<lg 1. Ilockonbky JiorapupmMudeckKas
dyrknua c ocHoBaaueMm 10 Bospacraer, nonygaem 0 <2 -x <1,
1 < x < 2, 4T0 He yAOBJIETBOPAET YCIOBHIO X < —2.

O TB e T: HeT peuIeHuiA,

534.2).2x+3+./Jx-2=42x+3+x-2+2.2x+3 &
SJxr-2=1622x+3-/x-2=15-3x

2x+3>0, s
x—220, \.,xﬁ-., ]
“115-8x>0, {x2—86x+249=0 =2

8x% —4x— 24 =225+ 9x%2-90x

2<x<H,
Q{[x=3, X =3,

x =83
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4)log; . (x*+9)=log;_,((x+3)(x—-1)}) e

T—-x>0, 7T-x>0,
T—x#1, T—x=1,
@Hx3+9>0, 2 x3+9>0, T

x3+4+9=(x+ 3)(x—1)2 x2-b5x-6=0

T—-x>0,

T—-x#1,

=4 x34+9>0, @x=-1.
[x=—1,

x=26

5) |sin x| cos x = sin? x <> |sin x| cos x = [sin x|2 &

) 0 x=nn,
sin x =
=4 ? = T Z.
[cosx=|sinxl [x=i; +2rn, "€
2., _1—cosx sin?|x| _1 — cos|x]
Dtgex 1 — sin|x| cos?|x| 1 - sin|x]
cos |x|#0,
< <1-sinlx|#0, =
(cos |x| — sin |x|)(1 — sin |x|)(1 — cos |x]) =0
cos |x| %0,
1 —sin |x|#0, =
& {[cos |x| = sin |x], @{x—*—"z T8 ke
1-sin|x|=0, x = 2nk,
1—cos|x|=0

537.5)log,, , (x+4)>0&

3

x2-1>0,
x+4>0, [t
<> 2_1 P 4 s &
(x+3)(x3 —1)>0 (x+3x-2)(x+2)>0
[—3<x<—2,
x>=2.
x2+38x-4>0,
11)log,z, 4, ,(x+4)>0{x+4>0, =
(x2+3x-5)(x+3)>0

2o
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(x+4)(x-1)>0,

x+4>0,
= o
(x4-jt%£@)(x+3_;29%x+3)>0
x>1,
3-./29
—— s =g, -
s > 3+ 420

2

}—34—2@

(f(x) - 1)(g(x)-1) <0,
538. 1) log,,, f(x) <0 < f(x) >0,
g(x) > 0.

2_
4)logx+4x3—1 <0&

-1>0, [—4~<x~<—1,
x+4>0, a1, -

=
(x_+_3)[x23—1 —1)-:0 Lx+3)(x—2)(x+2)<0

-2<x<-1,

[—4*~<x<—3,
1 <x<2,

x2+3x-4>0,
12)log, ., (x2+3x-4) <0 {x+4>0, &
(x2+3x-5)(x+3)<0

(x+4)(x-1)>0,
x+4>0,

<~ oo
(x+—————3 +2@)(x+ 3_2"/2_9)(x+3)40

2

2

x>1;
b

-3-./2 _ <3+ﬁs el<x<

{xbl 3+ .29
— 2 -



OCHOBHbIE ®OPMVJibl

KopHu KBagpaTHOro ypasHeHus

_ —b+Jb2 - 4ac

ax?+bx+c=0(a=0) X9 o

_ —k /et —ac

ax?+2kx+c=0(a=0) X9

ax?+bx+c=0(@#0)a+b+c=0 |x,=1,x,=-

L

ax’+bx+c=0@#0a-b+c=0 |x=-1,x,=—

Dopmyisl Buera

x2+px+q=0 X, txXy=-p, X" x3=¢

PaznoxeHue KBapaTHOTO TPEXUJIeHA HA MHOMKHTEJIN
ax?+bx +c = a(x — x,)(x — x5)
KoopamHaaThl BepIIMHBI napadoybl — rpadukKa KBaJpaTHOro
TpéxuineHna y = ax?+bx +c¢
b dac — b2
x = —_—— = —_—
0 2a’ Yo 4a
PasznoskeHne HA MHOMKHUTEJINA MHOTOYJIeHA - CTeIeHH, HMelo-
1ero KOpeHs X, (cieacrsue us reopemsl Besy),
P,(x)=(x - £,)P,_(x)



OcHOBHbIE HOPMYNbI

CsoicTBa KOpHen

KBaJApPaTHBIX CTeleHH n
Jab = Ja - b Wab = "a - "o
a_.Ja a _"/a
b b Vb n/b
Ja™ = (Ja)" Yam = (Nay"
"t/a = 4/a

nk[gmk — nfgm

Crenenw u norapugpmsi

m log,b=c<a‘=b
am =%am,a>0 (b>0,a>0,a=1)
ax-ay=ax+y alogﬂb :b
;‘_: =qx-V log, (ab) = log, |a| + log, |b|
(a®) = a*v log, (g ) =log, |a| - log, |b|
z:j “bF : (fb)" log, (b°)=clog, b
F=(5) loga,b=%Iogab
log b
log, b= l—*::ca

alogcb _ blogta

TpuroHomeTpun
HexoTopbie 3HA4YeHURA TPUIrOHOMETPUYECKUX PYHKLIMA
0° 30° 45° 60° 90° | 180° | 270° | 360°
a T n n T 3n
0 | g | 2|37 | 2 XU |
- 1 | 2 | 4B -
sin o 0 3 % = 1 0 | 0
J/3 J2 1 e
cos o 1 = e 5 0 1 0 1




OcHosHbie hopmynbl

Oxonuarnue mab.i.

0° 30° 45° 60° 90° | 180° | 270° | 360°
- n b f T 3
O | & | 7 Y-BoodiR o e T o™
tga | O ? i it 2 0 e 0
ctg a — J3 1 % 0 — 0 -
dopmynbl NpUBEAESHUNA
L, ,,J - 2 E | gy 2= .,Jé.&

o +2n ¢ |n-¢ |nte |(T—¢|5 +q@ > > +q@
sina | sing |—-sing| sing |—sin¢ | cos¢ | cos¢@ |—cos @ |—CoSQ
coso | cosp | cosp |—cos¢|—cos@| sing | -sing |—sin¢ | sin@

tgo | tgo | ~tgo | ~tgo | tgo | ctgo |—ctgo| ctgp | —ctgo
ctga | ctgo |—ctgo|-ctgo| ctgo | tgo | -tgo | tgo | —tgo

OCHOBHbIE TOXEeCTBa

sinfa+cos2a=1

tga

tg(atp)=

_sina
cos o

tgactga=1

D tgr o —t
cos”® o

1+ogta=—=
sin® o

Dopmynbl CNOXEeHUs
sin (o + B) =sina cos B * cos a sin
cos (o & B) = cos e cos B F sin a sin

tg o ttg P

1Ftga-tgp

Dopmynbl ABOWHOro yrna
cos 20 =cos? o —sin?a=2cos?a—-1=1-2sin%a
sin 2o = 2 sin o cos o




OcHoeHbie hopmynbl

Mepexon oT CyMMbI K NPOU3BEAEHUIO
sin o + sin f = 2sin %ﬁcos %ﬁ

cos o + cos B = 2cos %Ecos a—;E
cos o — cos B = —2sin %ﬁsin a_;ﬁ

tgaitgﬁ=sm(ai B)

cos acos B
Mepexon oT Nnpou3BeaeHus K cymme

sin o sin =% (cos (oe — B) — cos (o + B))
cosacosB=% (cos (o — ) +cos (o + B))
sin o cos p z% (sin (a— B) — sin (a + B))

mopMyl‘lhl NMNOHWXXEeHWA CTeneHn

sin2 o = L+ cos 2a cos? o = L+t cos 2a
] 2
1 - cos 2a
to2 g =2 _—COS sQ
g o 1+ cos 2a

BcnomorarensHbi yron
a sin x + b cos x =+/a? + b? sin (x + @),

5 b a
rgesin p = ———, e —
RS a0 iy
YH uBepcanbHana NnoaocTaHOBKa
= 2
1+tg2a 1+tg2a 1-tg?a

PelweHue ypaBHeHUNA
sinx=a,lal|<1,x=(-1)"arcsina+nn,necZ
cosx=a,|a <1, x=tarccosa+2nn,necZ
tgx=a,x=arctga+nn,neZ
ctgx=a,x=arcetga+nn,necZ




NPEAMETHbIN YKA3ATEJb

AprymeHT QyHKIHM 8
Apxxkocuryc 129
Apxxoraarenc 130
Apxkcunyc 129
Apxranresc 130
Acumnrora 18

— ropusoHTaNbHad 18, 158
— BepruKanbpHad 18, 158
BunomMuHanbHBIE
Koadpunuents 213
BeposaraocTs cobertuda 203
BenoMmorareasHsii yroa 198,
314

I'eomeTpuYecKoOe MECTO TOUEK
18

T'unepbona 16, 18

Ilpo6uas yacTs uncaa 26
Enuangaas oKpysKHOCTE 116
WUcxoas! (peayabTaThl)

— 6unaronpuATHeie 203

— pasHOBeposATHEIe 203
KoopauHuaTh! BEPIIUHBI
napabouer 37, 311

Kopens n-it cremnesu 52
Kopsau KBajgpaTHOIO
vpaBHeHus 311

Kocunyc yrana 116
Kocunyconpa 152
Koranresc yraa 124
Korararesconga 160
Jlorapudm 87

— IecATHYHBIN 98

— HaTypaJbHBIA 98
JlorapudmMmuyeckasa QyHKIHA
88

ManTucca adorapugma 100
MeTox nHTepBaaoB 27
Ob6sacTs 3HAYeHUH QyHKIIUH
8, 218

— omnpenenenusa byaruy 8,
217

ObpaTHBIE
TPUTOHOMETPUUYECKHE
dysrnun 224—225
Q0beauHEHNE MHOMECTB 9
OxpecTHOCTH TOUKH 25
OcHoBHOE JIorapudMuIecKoe
TOMXAecTBO 88

— TPUTrOHOMETPHYECKOe
roxxaecTso 165, 313

Ochb KoTanrerncos 124

— TaHrescos 123

Ilapa6oxna 19

Ilepeceyenue MHOMECTB 9
Ilepecranosxn 209

Ilepuox pyaxmum 145
IloagxopeHHOE BhIpaskenue 53
IToamuO:ecTBO 9
ITokazaTess cTeneHH 53

— ppobHEBIH 67

— panuoHAJLHEIN 67
Ilorenmuposanue 96
IIpeoOpasoBanue rpaduKa

37,229



MNpeameTHbIA ykasaTens

IIpomexxyTok
3HaKomocToaHcTBa 27

— MOHOTOHHOCTH 29
IIpsamas 18
PaBrOCHABHOE IIPE0Gpaso-
BaHHe HepaBeHCTBa 233

— — ypaBHeHHud 233
Paguman 111

Papgunannas mepa yraa 110
PasnoxeHue MHOrOUJIeHA HA
MHOMKUTenu 311
Pasmernenus 210

Cunyc yria 115, 116
CHHYC 4YHCIOBOTO apryMeHTa
117

Cunyconpma 146

CsoiicTBa KopHeit 61, 312
— gorapudmos 95, 312

— creneHu 68, 312
CropocThs uneiHas 112
— yraosasa 112

CobriTHe nocTosepHoe 203
— HeBo3MOxKHOe 203
Coueranunsa 211

Tabnuna sHaveUi
TPUTOHOMETPHYECKUX
dbysrnuit 312—313
Tanrenc yria 122
Tanrencouna 159
Teopema Besy 311
Teopema 0 mpoMeKyTOUHOM
sHaueHun 27

Touka paspsiBa 25
Tpuronomerpus 106
YraoBoit Koaddpunment
npsaMoi 16

¥roa noropora 107, 108
— oTpunarensHbrit 107

— HOJIOMHUTEeNbHBIA 107
— HaKJIOHA npaMoit 123

YHuBepcaJbHaA IOACTAHOBKA
239, 314

YpaBHeHHe HppaAllHOHAJIBHOE
56

— TpuUroHomerpudeckoe 128
VYpaBHeHUs PABHOCHJIbHBIE
232

dopmyaa 6uEoMa HeroToHa
213

— g@cJa nepectaHoBok 209
— — pasmemienui 210

— — coueranui 211
@DopMyJIEI ZBOMHOrO yria
182, 313

— Iepexoja OT CYMMBI K
npoussegeruio 189, 190, 314
— — OT IPOM3BEACHUS K
cymme 188, 314

— NoHM)KeHu#A crenexu 186,
314

— npusenenusa 136—139

— caoxenusa 172—173, 313
DyHKIHa 8

— Boapacraloniaa 29

— KoHCcTaHTa 16

— Kocekanc 151

— KYCOYHO-3aJaHHadA 25

— Jjorapudmuyeckas 88

— MoOHOTOHHadA 29, 223

— HenpepuiBHAas 24, 218

— HeuéTHaA 48

— obparumasn 54, 223

— nepuoauueckasa 145, 228
— moxasaTeJbHad 76

— cekaHc 151

— cTenenHasa 46

— uérHasa 48, 226

— ybsiBaromasn 29
DyHKI UK BBAUMHO 00paTHBIE
54, 223

XapaxkTepHCTHKA Jorapudma
100

Ienas yacTs uncaa 26



CMUCOK #
LAONOJSIHUTESNIbHOWN JINTEPATYPbI
U UHTEPHET-PECYPCOB

Anrebpa. Yray6aéHHBIN KypC C peIIeHHAMH U YKasaHuAMM: yuebHO-Me-
Toguueckoe nocobue / Bosorapesa H. 1., ITomos 10. A. u ap. Ilox
pex. M. B. ®@eporoBa. — M.: UsparenberBo MoCKOBCKOTO YHHBEPCH-
Tera, 2011.

Boce B. HWaTymnms u MarematTara. — M.: HKemxkeEBIE A0M
«JIMBPOKOM>», 2012,
Buaneiimuep I XpecroMaTus no mcropun maremMarurku. — M.: Kamx-

el oM « JUBPOKOM>», 2010.

Buaenxun H.A., IMubacosJI.Il., IHlubacosa 3.P. 3a cTpaHUIAMH
yueOHMKA MaTeMaTHKH: Apudmeruka. Anrebpa: nocobue ua yda-
muxcsa 10—11 xa. — M.: IIpocsewmenune, 2008.

Tawros C. B. BanumaTelsHAS KOMIbOTepHaA apupmernka: Marema-
THKa ¥ HCKYCCTBO C48Ta Ha KoMmbioTepax u 6es Hux. — M.: Kamx-
e gom « JABPOKOM>», 2012.

TI'ogopos B. M. 1 pp. COOPHMK KOHKYPCHBIX 3a/lad [0 MaTeMaTHKe JJisd
nocrynatpomux B By3sl / I1. T. [Isi6os, H. B. Mupomus, C. ®. Cmup-
nosa. — M.: Ouuxke, 21 Bek, 2006.

I'pomos A. H., Casyun B. H. MaremaTUKa Ui IIOCTYNAIOIIUX B BY3BI:
yuebuoe mocobue. — M.: PY]IIH, 2008.

Hopogeee I'. B., Ilomanoe M. K., Posoé H. X. Maremaruxa. [lnsa mocry-
HaIMX B Byasl: yuebHoe nocodbue. — M.: [Ipoda, 2002.

Kaain M. MatemaTuka. ¥YrpaTa onpejeaésaoctn. — M.: Mup, 1984,

Kaain M. Marematuka. ITonck nerunel. — M.: Mup, 1988.

Koamozopos A. H. MaremaTuka — Hayka # npogeccus. — M.: JIKH,
2008.

Kpamop B. C. 3ajjaun Ha COCTABJIEHHE YDABHEHUIH M MeTOJbl HX pelie-
mus. — M.: Oauke, Mup u O6pasosarue, 2009.

Jypve M. B. Tpuronomerpus. Texanka pemenus sagad. — M.: YHI]
10, 2006.

Mepsaaax A.T'., I[Toronckuir B. B., Axup M. C. Anrebpandyeckuit TpeHa-
sép: Ilocobue niA IIKOJNLHWKOB M abutypHenToB. — M: Hnekca,

2007.



Cnuncok AONONHUTENEHOM NUTEPATYPbl U MHTEPHET-PECYPCOB

Modenoe B. IT. MaremaTrKka A5 INKOJLHAKOB 1 aburypuenTos. — M.:
WMKW; Hayka, ®uamarnur, 2002.

Houmpsieun JI. C. ¥nsneonucanue JIspa CemenoBuua IlonTpsArmna,
MAaTeMaTHKa, cocraBjiedHoe uMm camum. — M.: KomKaura, 2012.
Puierun A. A., Baxoscrkui E. B. CoopHHMK 3a/1a4 10 MATEMATHKE C pele-

HUSAMM JUJIS TOCTYaiAX B By3sl. — M.: Oruke, 21 Bek, 2003.

Cadosruuuil 1O. B., @poakuna 0. []. Teomerpusi. KoEKypCHEIE 3a/1a4H ¢
pemenusaMu. B 5 u.: yuebHoe mocobme. — M.: YHII IO, 2009.
(B moMoOIb IOCTYHAOIIHM B BY3EI).

Coopuuk 3agauy no marematuxe (c pemrenuamu). B 2 kH. / mox pea.
M. HU. Cxanasu. — M.: Onukc, 21 Bex, 2005.

Cyxod@oabekuii I'. B. MaTemaTuka 1aa rymaEurapueB. — M.: 'ymann-
TapHLIHA meHTp, 2007.

Xopowuanosa E. B. Dnementapaas MateMatnka. B 24. — M.: MIV,
2010.

HIapvizun H.®. MaTemaTuka. [[1sa nocrynaoimux B Byasl. — M.: Ilpo-
da, 2004.

Hla6ynun M. H. Ilocobme mo MaTeMaTHKe [iIs IOCTYNAKOIUX B
By3bl. — M.: ®uamariaur, 2003.

HTu6bacoe JI. I1., IlluGacosa 3. ®. 3a cTpaHEANaMHA yueOHHKA MaTeMaTH-
Ku. Marematudyeckuii ananus. Teopus BeposiTHOCTel: mocobue s
yuamuxcst 10—11 kan. — M.: IIpoceemenne, 2008,

HIu6acos JI. IT. Or eqguanngs: 1o 6eckoreunoctu. — M.: Jlpoda, 2006.

Hwresuw A. I1. U3 ncTOPHA BOZHHKHOBEHUA MATeMATHYECKOTO AaHAIH -
3a. — M.: 3uanne, 1985.

Arxywes I'' M. Bosabmasa MaTeMaTH4ecKad OHOUKIonexusa. — M.:
Osnma-IIpecc, 2005.

MUHTepHeT-pecypchbl

http://www.ege.edu.ru/ — OdunuaibabIi HHGOPMAMOHHBIA TOPTAJ
eIMHOTI'0 IroCyJapCTBeHHOT0 9K3aMeHa.

http://school-collection.edu.ru/ — Eamuras Konneknua nuppoBLIX 00-
pa30BaTeNLHLIX PECYPCOB.

http://www.turgor.ru/ — MesxyHapoJHbIi MaTeMaTHIECKUH TYPHUD
TOPOJOB.

http://math.rusolymp.ru/ — Becepoccuiickaa oJIMMOMAaAA IIKOJIbHH-
KOB II0 MATEMaTHKE.

http://www.kenguru.sp.ru/ — Poccriickasa cTpaHHIla MeXIYHAPOIHO-
ro MATEeMATHYECKOro KoHKypca « Kerrypy».

http://kvant.mccme.ru/ — HayuHo-nOnyAApHLIH PH3NKO-MaTeMaTHue-
cKHi KypHAN « KBaHT» AJ1A IIKOJBEHAKOB M CTYAE€HTOB.

http://potential.org.ru/ — O6pasoBarensHbid KypHan «[loTermmans
AJIA CTAPIIEKJACCHHUKOB H VYHTeJieH nmo pasgenaMm «Pusuka», «Ma-
TemaTukar», « Madopmarurar.

315




CrMcoK AONONHMTENLHOM NUTEPATYPhl U MHTEPHET-pecypcos

http://ilib.mccme.ru/ — Unrepuer-6ubnuorexa MOCKOBCKOTO I@HTPA
HENnpepbIBHOI0 MaTeMaTHYeCKOro 00pa3oBaHms.

http://www.etudes.ru/ru/ — MareMaTH49ecKHe 3TIO[LI: O3HABATEIb-
Hble 3KCKYPCHUH 110 KPACHBBLIM MaTeMaTHYECKHUM 3alaqdaMm.

http://ru.wikipedia.org — Buknneansa. Mcropus MaTeMaTHKH.

http: //www.geogebra.org — Cubupckuit nHCTHTYT GeoGebra.

http://geogebra.ru — Maremarudeckasd IpOrpaMma JiJisi caMoo0ydeHus
IIKOJbHHAKOB.

http://math.exeter.edu/rparris/winplot.html — ITporpamma WinPlot
ana paborel ¢ rpadMKaMu ® APYIrHEMH MaTeMATHYECKHMHU 00Bex-
TaMH.
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