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B pasnnyHbIX NpoLueccax, KoTopble MPOUCXOAAT B NPUPOLE, MOXKHO YBUAETD,
KaK O4HW BEIMUMHbBI USMEHAIOTCA B 3aBUCMMOCTM OT Apyrux. Hanpumep, nyTb,
NPONAEHHbIV NEWwexo0M, 3aBUCUT OT BPEMEHU, CTOMMOCTb NMOKYMKM 3aBUCUT
oT eé KonmyecTsa. MyTb 1 Bpems, CTOMMOCTb M KOZIMYECTBO, NepeMeHHble Be-
NMumrHbl. OgHa M3 3TUX BEIMYMH HEe3aBUCMMAaSR, ApYras U3MEHAETCA B 3aBUCK-
MOCTM OT NepBoWi. TaK, Bpems ABAAETCA He3aBMCUMMOM NepemeHHOM, NyTb —
BE/IMYMHA, 3aBMCMMAsA OT BPEMEHM, KOJIMYECTBO KYNJIEHHOro ToBapa — Hesa-
BMCMMan BEIMYMHA, CTOMMOCTb MOKYMKM 3aBUCUT OT KOIMYECTBA. MOHATHO, 4T
Kayk4as u3 NepemMeHHbIX BEIMYUH NPUHALNEKNUT KAKOMY-TO onpesenéHHomy
MHOXKecTay.

Ecnu Kaxcoomy asiemeHmy x U3 MHoxcecmaa X, ro ornpeoesnéEHHOMY npasusy
cmasumcsa 8 coomeemcmaue e0UHCMBEHHOE 3Ha4YeHUe y U3 MHOXecmaa Y,
mo makoe coomsemcmeue Hasvieaemcs yHKkyued.

34ech X Ha3blBAaeTCA HE3ABMCMMOM NePeMEHHOM UM ApPrYMEHTOM, a Y 3aBU-
CMMOWM nepemMeHHOoM unu oyHkumen. O6bIMHO PYHKLMIO 0603HaYatloT TakK f
(vnm g, @ ¥ T.4.), 3HAYEHUA COOTBETCTBYIOLLME 334aHHBIM 3HAYEHUAM apry-
MeHTa TaK f(x) (nam g(x), o(x) n 1.4.) 1 y = f(x)

PaccmoTpum Nprvmepbl COOTBETCTBUM.

X y
0

h(—i) =1, h(0) =0,

=15 f2)=20,, - 40) = 0, g1 = 1,
f38) =25, g(1) =1, g(-2) = 4, h(0) =2, h(1)=2
9(2)=4

3aechb Kaxaoe M3 COOTBETCTBUN f 1 g aBnaeTca GyHKUme. MOCKoAbKy ogHOMY
N TOMY e 3HauyeHMu o X (x = 0) COOTBETCTBYIOT pa3Hble 3Ha4eHus h(x)
(0 n 2), 3HaumT cooTBeTCTBUE h He ABAseTCA QYHKUMEN.

O6nacTbio onpegeneHusa GyHKLMM f Ha3bIBAETCA MHOKECTBO BCEX A0MYCTU-
MbIX 3HAYEHWN T HE3AaBUCMMOW NepemMeHHOoM 1 06blMHO 0603HavaeTca D(f)
Bce 3HauyeHWs, KOTOpble MPUMHMMAET 3aBMCMMas nepemeHHas, obpasytoT
MHOeCTBO 3HauyeHui GyHKLMM M 06bIMHO 0603HavaeTca E(f).




DYHKUMA U cnocobbl eé 3aaaHuna

dyHKUUA MOXKeT BbiTb 3aA4aHa pa3nnYHbIMKU cnocobamu: Tabanuel, rpadu-
Kom, bopmynon un T.4,.

DdyHKUUA moXKeT bbITb 3a4aHa Tabauueid. B Tabaunue B ogHoM cTpoke (Man B
cTonbue) nokasaHbl 3HaYEHUA HE3aBUCMMOW MepemeHHOn (x), B apyrou
CTPOKe (1nn B cToN6bLE) 3HaYEHUSA 3aBUCUMOKN NnepeMeHHOoM (y).

Mpumep 1.

Yposkai nweHuLbl, CobpaHHbIN C KaXa0ro rektapa(s TOHHax)

X (roma) 2009 2010 2011 2012 2013 2014 | 2015
y lypoxaii, cobpan- | 5 4 2 3 5 3 | 4
HbIl ¢ 1 rekTapa)

Mapbl (2009; 3), (2010; 4), (2011; 2), (2012; 3), (20013; 5), (2014; 3), (2015; 4)
MOKa3bIBaklOT U3AMeHeHne Konn4vecrtsa CO6paHHOFO YypoXana C 1 rektapa B 3aBu-
CMMOCTHU OT roga.

O6nacTtb onpeaeneHus (roga):{2009; 2010; 2011; 2012; 2013; 2014, 2015}
MHOKecTBO 3HaueHuUit (KoiMyecTBo cobpaHHoro ypoxas):{2; 3; 4; 5}

dyHKUMA MOXKeT bbITb 3a4aHa aHANIUTUYECKN — popMynoii.

Mpumep 2. f(x) =x2, 1< x < 3.37a 3anmnCb NOKa3bIBaeT, YTo 06/1aCTb Onpe-
aenenunsa GyHKUMM NpoMeKyToK [1; 3], n Kaxkaomy umcny us AaHHoro ot-
pe3Ka CTaBUTCA B COOTBETCTBUE €ro KBagparT.

Hanpumep, f(1) = 12=1, f(1,2) = 1,22=1,44, f(2) = 22=4, f(3)=32=9uT.4.
B aTom cnyyae 3anucsh f(4) He UMeeT cMbICNa, TaK Kak uYnMcno 4 He npuHaae-
XUT 0b6nacTy onpeaeneHma GyHKUMKU, @ UMEHHO NpomMexXyTKy [1; 3].

O6yuatowme 3agaHuna

IL OnpegenuTte, ABNSETCA 1N COOTBETCTBUE PYHKLMEN.

RN 30\ e |
a) | 1 1 6) | 2 “w‘
3 =0 4

E Kakas 3aBMCMMOCTb, 3a4aHHasa Tabauuen, agnaetca pyHKUUEN?
A [x[3]olo|a1]|=3]|O[*[7]s6]s
yl-4|-3|-1|-2]0 yi-1]12|-1]2

li OaHa ¢pyHKums f(x) = 1 —2x. HannguTe f(-2), f(0), f(0,5), f(3)




dyHKUMA 1 cnocobbl eé 3agaHus

a) 3anosHWTe TabauLy 3HaYEeHUM PyHKUUK, 3a4aHHOM dopmyaon y = 3x —1

X -4 0 6
y -7 11 14 20

6) Ana dyHKLUMK y = 2x —1 HaguTe 0b6nacTb onpeaeneHnsa U MHOXKECTBO
3HAYEHU.

Ona dyHkumm g(x) = 4x3 — x BblumncanTe cymmy g(2) + g(=2).

x+1
3—-x

MpKY KaKMX 3HAUYEHUAX apryMeHTa 3HaYeHne GyHKUUM f(x) = paBHoO:

a) 1; 6) 0; B)—2 ?

DyHKUMA MOKeT 6bITb 3agaHa rpaduyecku. Mpaduk pyHKUMUK

3TO MHOXEeCTBO BCEX TOYEK KOOPAMHAT- Ay

HOW NA0CKOCTH, abCLmMCcChbl KOTOPbIX 5

paBHbl 3HAYEHUAM aprymeHTa, a Opaun- 4

HaTbl — COOTBETCTBYHOLLUM 3HAYEHUAM e 3

bYHKUMN. B N 2

Mpumep 3. Ha pucyHke 3agaH rpaduk >
-5 i | 0 2 X

dyHKUMK f(x). No rpadumky HanauTe:
a) Obnactb onpeaeneHus;

b) MHoecTBO 3HaUYeHN;

) 3HaueHus f(—4) u f(-2).
PeweHune. a) ObpalLaem BHUMAHUE Ha TO YTO, KOHEYHbIE TOUYKM B rpaduke
dYHKUMYM NycTble (BbIKONOTas) UM 3aKpaLleHHbIe.

Ob6nactb onpegeneHnn: -6 < x < 2

6) MHOXecTBO 3HauYeHnn: 1<y<5

B) fl-4)=4,f-2)=3

flBnseTca UAM HeT 3aBUCMMOCTb MeXAy OBYMA BeanuMHamu ¢yHKuuen,
MOXHO onpeaennTb Mo ee rpaduky.

O6nactb onpeaenetina

N

Ecnmn nobasa npamas, npoBeAéHHAn NapansiesibHO OCUM OpAMHAT, nepece-
KaeTcs ¢ rpadmkom camoe bosiblee B 0AHOM TOYKe, TO 3Ta 3aBUCUMOCTb AB-
naetca GyHKumen (puc.a). Ecam cyuiectsyeT npsmas, napansienbHaa ocu
OopAMHaT, KoTopas nepece- a 6

KaeT rpaduk B ABYX (Mau N\ “yﬂi\ 4

6onee Toykax) (puc.6 ), To \ / \ /

3Ta 3aBUCUMOCTb He AB- . 5 > \“ 5 >
naetca GyHKumen. ITo yKa- \ 5 \ == ';’—1 > X
3bIBaeT Ha TO, YTO OHUM U N 2 E

TEM JKe 3HaYeHuAM apry-
MEHTa (X) COOTBETCTBYIOT HECKO/IbKO 3HAYeHU I GYHKLMM, YTO NPOTUBOPEUMNT
onpeaeneHunto GyHKLMM.
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O6yuatlowme 3aaaHuna

|L YcTaHOBUTE, ABAAETCA /M 3aBUCUMOCTb rpadnKom GyHKLMM, NpoBeasn Bep-
TUKa/ibHble NpsaMble.

a) 6) B) r)
\\ A, / Y Ay YA
- O ) X / - ‘ )
, (12 19 1]x X - o
\ / \\ 2 T2 | O 2 T ) _\P 2 X
4 N [

8. ®yHKuMA 3apaHa rpaduryueckun. s KaxAoro otaenbHOro ciyvasa Haaure

f0), f1), fi-1), fi=2).

a) ) 0) A B) A
, /| /1 /
N | A1,
JARENEE EDABERE
b | O ] X N / R

|& BbINonHUTE 3a4aHKA No rpaduKy Ha KapTUHKe.
a) 3anuwunTe KOOPAMHATLI TOYEK, OTMEUYEHHbIX 4 /
Ha rpaduke GyHKUMN.
6) MpeacTaBbTe GyHKUMIO B BUAE Tabaumubl.
B) HanuwwuTte obnactb onpeaeneHns GpyHKUUM

N MHOECTBO 3HAYEHW.

|£). Mo rpaduky dyHKUMK f(x) HaliauTe:
a) fi-3), fi-1), f0), (1)
6) 3HauYeHUA X, yaoBaeTBopAloLIME
paseHcTBaM f(x)=1um f(x)=3

-4 29 2 4
|£ MpaduK GyHKLUMM y = 2x + b npoxoanuT Yyepes Touky A(1; —1).

a) Hangute b

6) NocTpoiTe rpadmKk GyHKLUMN.

xY

I& Mpr KaKom 3HaYeHUK ¢ rpaduK GyHKUMM f(x) = X% + X + C NPOXOAUT Yepes
Touky A(-1; 2) ?

IE Ona dyHkumn f(x) = x> — 2x + g HanauTe f(-1), ecam f(0) = 3.



®dyHKUMA 1 cnocobbl eé 3agaHusn 1

IEI. Ha pucyHKe npeactaBneHbl rpadukn QyHKLUMN Yy =2X, Yy =2+ X,y = % , y=x%
Ona Karxkaon GyHKUUKM yKaXKKTe ee rpaduk.

; v
MOX% S -

<Y

<Y

/
|15.  a) 3agaiite popmynoii 8 Buae f(x) = kx +b dyHk- g
umto, rpaduK KOTopoi M306parKEH Ha PUCYHKe.
6) HaltauTte 3HaveHusa f(—2), f(6).
5> 10 12 S

|£5. 3apante popmynoit GyHKLUNKM, N300paXKEHHbIE Ha pUCYHKe. YKaxuTe 06/1acTb
onpeaeneHma N MHOXECTBO 3HAYEHUIN PYHKLLUNA.

a) M 6) (% /
T/
2
4 ) 0 ::x _
| - 2 |0 2 | x

|1_7. INbroH rOBOPUT, YTO 3HAYEHUSA, MPUBEAEHHbIE B TabanLe HUXKeE, He 03Ha-
YatoT, YTo y ABNAETCA GYHKLMEN OT X, NOTOMY YTO pasHble 3HaYEHMUSA X COOT-
BETCTBYIOT O4HOMY M TOMY Ke 3HauyeHuto y. Kak Bbl AymaeTe?

X -3 | -2 -1 0 1 2 3
y 10 5 2 1 2 5 10

|1_8. KaKyto 13 yKa3aHHbIX 3aBUCMMOCTEN MOXKHO Ha3blBaTb PYHKLMEN?
Ecnu 310 PYyHKUMA, TO BbIpaA3UTE 3aBUCUMOCTb pOPMYION.

a) 3aBUCMMOCTb MeXay 3apaboTHOM naaTol Pamum3a 3a Heaento 1 npubbi-
NIbl0 OT NPOAAXKM, EC/IN OH NOJIyYaEeT NOCTOAHHYIO 3apnaaTy B pasmepe

50 maHaT 3a HeZento 1 AONONAHUTENBHO 2% OT NPOAAXKN.

6) 3aBMCMMOCTb MeXKAY BPEMEHEM U PacCTOAHUEM, NPOMAEHHbIM ACMep Co
CKOPOCTbIO 5 KM/u.

B) 3aBMCMMOCTb MeX Ay O4KaMu, HabpaHHbIMM B KOMMNbIOTEPHON UrPe U
BO3pacTom pebéHkKa.

|1_9, MocTpolite rpadumk 3a4aHHbIX PYHKUMN. 3anmwmnTe 0b6aacTb onpeseneHms u
MHOXECTBO 3HAYEHWI B BUAE NMPOMENKYTKA.

a)f(x)=—%x+2, 6<x<2 6)y=x—2x,-4<x<4
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Hynu pyHKUMKU. B TouKkax nepeceyveHuns rpadpura GyHKLMM C

NAMU GYHKLMM Ha3bIBAOTCA 3HAYEHMA apryMeHTa, KOTopble
bYHKUMIO B HYAb.

\ /\ (0, £(0))

Mpoue n3yyaTb cBOMCTBA GYHKLMUM C MOMOLLBO ee rpaduKa.

ocbto abcumcc

f(x)=0. MoaTomy abcumccbl 3TUX TOYEK Ha3bIBAOTCA HYAAMMU GYHKUMUU. Hy-

npespatLaoT

(x1; OM(Xz, 0) \(xs5; 0 | (x1; 0) (x2; 0)

<Y

Hyneii Het TPy HYNSA X1, X2, X3, [iBa Hyna X1, X2
Hynamu oyHKLUMM f(x) ABNAIOTCA KOPHU ypaBHe- yA oy oy
Hua f(x)=0.
.
Ha rpaduke, n3obparkEHHOM Ha PUCYHKe CXema- / \
TUYHO, NPEACTaBAEHbl HYIU U MPOMEXKYTKU 3Ha- >y
KOMOCTOAHCTBA QYHKLUM. P ,L =X
>0 <0 >0
O6yualowme 3agaHnA
|1. Haitaute Hynu GyHKUMA.
a)y=%x—4 6) y = 2x(x—3) B)y=\/;—2 y=\x-2
|__ MocTpoiTe rpadMK HEKOTOPOWM GYHKLMM C HYAMM B TOYKaX:
a)-1 6)-2; 1 B)-1; 3 r)-2;1; 4

|i Mo gaHHOMY rpaduKy HaWAUTE HYAU U NPOMENKYTKM 3HAKOMOCTOAHCTBA

YHKUMN.

a) Ay 6)

VA

—

\’)
™\

/ /|

9 |

NS}

|i HalguTe Hynn GYHKLMM U cxemaTUYHO n3obpasute eé rpaduk. 3anvwmre

NPOMEXKYTKN 3HAKOMOCTOAHCTBA.

a)y=x>—-2x 6) y = 4x — x? B)y=x*—

2x—3
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BospactaHue u ybbiBaHue GyHKLMUMU

BaHWeE CTPEeNKon Y.
y eo3pacmarwan

A 6
05 S, .
+ :
T (x1) ¢
7 X X o
~

x2>x1 f(x2) >+J-‘(X1)

BaeT IMHEeNHan GyHKLUMA.

Ecnu yanoeoli KoaghgpuyueHm noaoxcumeseH,
mo ¢hyHKYusa so3pacmaem.

Mpumep 1.
OyHkyua y =2x + 1
so3pacmarowas
y

o]
=

{1-
.t

(0;1)

=53 -} 1 3

YA

V= Dy 1
ZX T

-

| > B
+

1 =0,5x+1

MycTb GyHKUMA onpeaeseHa Ha HEKOTOPOM NPOMeEKYTKe. Eciv ans nobbix 3Have-
HWUI X1, X2, B3ATbIX U3 3TOr0 NPOMEXKYTKa X2 > X1, CAeayeT, uto f(x2) > f(xi1), T.e. 6onb-
LIEeMY 3HAUYEHMIO apryMeHTa COOTBeTCTBYeT 6onbliee 3HauYeHne GyHKLMM, TO 3TOT
NPOMEKYTOK Ha3blBaETCA Mpomexcymkom eo3pacmarusa f(x), ecnv e f(xz) < fixi),
T.e. 60/blieMy 3HAYEHMIO apryMeHTa COOTBETCTBYET MeHbliee 3HayeHne QyHK-
LUK, TO MPOMENKYTOK Ha3blBaeTCA MPomMexdcymKkom yboieaHusa f(x).

BospacTaHue QyHKLMM Ha NPOMENKYTKe byaem NoKasbiBaTb CTpenKoﬁf, a ybbl-

y ybbisarow,as

x2>x1 flx2) < fixi)

Mo 3HaKy yrnoBoro KoadpduumeHTa MOXKHO ONpeaennTb Bo3pacTaeT Uan ybbi-

Ecnu y2noeoli KoaghpuyueHm ompuya-
mesneH, mo pyHKyua yboisaem.

Mpumep 2.

OyHkyua y =—=2x + 3
ybblearow,as

w

[N
=
i

=5 -3 |- ] 3

AY
B 3aBMCMMOCTM OT 3HAYEHMA YII0BOrO KO3dPULUMEHTA U3MEHAETCA HAKIOH
rpaduKa AMHEMHOM PyHKUMK - NPSAMON AMHUK. CKOPOCTb BO3PacTaHUA UK
yObIBaHWUA 3HAYEHNN QYHKLMN TaKKe U3MEHSETCA COOTBETCTBEHHO.

YA

<

A\ =-05x+3
NS
\ Nyex43
Ny =-2x+3
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CBoiicTBa GYHKUMIA

O6yuatlowme 3aaaHuna

5.

6.

|11.

3anuwunTe AaHHoe ypaBHeHue B BMAe Y = kx + b. Onpegennte, pyHKUMA BO3-
pacTaeT unu yboisaeT? poBepbTe OTBET NOCTPOMB rpaduK GyHKUMK.
a) x+2y=6 6) 4x —3y =12 B)2x—y =3

OnpegenunTe yrnoBoi KoapdUUMEHT No rpaduKy NMHENHON GYHKLMN.
dyHKUMA BO3pacTaeT uam yboisaeT? Hanuwmute dopmyny GyHKLUK.

a) YAy 6) 4 B) y
3 / 3 3
"
1 1 3
- -1 1 X - -1 1 X -1 1

lPaduK NMHENHOM PYHKLUMM NPOXOAUT Yepes 3a4aHHbIe TOUKM.

1) Onpegenute yrnosoi KoaddULMEHT GYHKUUK.

2) ®yHKUMA BO3pacTaeT uan yobiBaeT?

3) Hanuwute dopmyny GyHKLMN.

4) NocTpoinTe rpadmKk GYHKLMN.

a) A(3, 7); B(-1,-5) 6) A(-1, 5); B (0, 2) 8) A(2,-1); B (4, 0)

a) U306pasunTe rpaduK BospacTatoleit dyHKUumM c obnactbio
onpeaenexus [1; 4].

6) M306pasuTte rpaduk ybbiBatoLlein pyHKLUN C 061aCTbiO
onpeaenexHuns [1; 4]

dyHKUMA y = f(x) onpegeneHa 1 ybbiBaeT Ha NPOMEKYTKe (—oo;+0). Pacno-
NNOXKWUTE 3HAYEHUS B NOpALKe BO3PACTaHUA:

a) fl0), fi-4), f2);  6) (1), fi-1), f(3); B) fi-\3), fl-2), f(\2)

. a) Hanuwute dopmyny dyHKumMM f(x) = kx + b, rpaduKk KoTopoi npoxoant

yepes Toukn A(1; —1) n B(2; 1).
6) PacnonoxuTte 3HauyeHun f(—3), f(—4), f(2) B nopaaKke Bo3pactaHus.
B) OnpeaenunTe, Npu KakMX 3HaYeHUAX aprymeHTa f(x) = f(1).

Hangute Hynn GyHKLMKM N cxemaTUYHO M306pasute eé rpadumk. 3anuwmnte
NMPOMEXKYTKM 3HAaKOMOCTOAHCTBA, BO3pacTaHMA (ybbIBaHWA) U SKCTPEMYMbI

dYHKUMM:
a)y=x*-4 6)y=Ix-1 B)y=—x>+2x+3
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MaKcumymbl U MUHUMYMbI GYHKLUA

Abcunccbl ToueK Ha rpaduKe, B KOTOPbIX BO3pacTa-
Hue QYHKUMM cmeHAaeTca ybbiBaHMemM unum, Haobo-
poT, yb6biBaHWE CMeHAeTCcs  BO3pacTaHMeM,
Ha3bIBalOT, COOTBETCTBEHHO, TOYKAMM MaKCUMyMa U
MUHUMYMa. TOYKM MaKCMMyMa U MUHUMYMa 060-
3HAYaOTCA KaK Xmax, Xmin U HA3bIBAOTCA TOYKAMM IKC- /
TpemMyma, a 3HayeHuAa OQYHKUUM B 3TUX TOYKaX c
aKCTpeMymamu GyHKLUK. a \/ 0
DyHKUMA TpadMK KOTOPOWM MOKa3aH Ha PUCYHKE,  MUHUMYM
B TOUYKE X = C UMEEeT MMHUMYM, B TOUYKe

X = d UMeeT MaKCMMyM, U 3TO 3aNUCbIBAETCA TaK:

Xmin=C, fmin=f(C), Xmax = d, fmax = f(d).

Cpean Bcex 3HaYeHU GyHKUMM Ha obnactu onpeaeneHns Hambonbluee 0603Ha-
yaetca HB3, a HaumeHbluee HM3 (ecnm oHM ecTb).

HE3 Aobracme 3HaveHuli

<y

Mpumep. NepeuncamTe Bce CBOMCTBA GpYHKLMM Ha rpadmKe.

PeweHune: 1. O6nactb onpegeneHua GyHKLMUN NPo- A [[J=fx 1l
MeXyToK [-1; 5). Ecam x = -1, 1o f(-1) = 1 (cooTBeT- sty __“"(0; 3\
CTBYlOWLAA TOYKa 3aKpalweHa). Toyka (5; 2) He [ | (5;2)
NpUHaanexuT rpaduKky (oHa BbIKONOTaA). § + \ AV
MHOKecTBO 3HaUeHUI GYHKLUU NPOMEXKYTOK [—3;3] o >

— fg 0 b /)

ol [l TN [/

2. Hynu pyHKUMK. MpaduK nepeceKkaeT ocb X B TOUKAX 5 T \ //
cabcunccamm: x=1unx=4.To ecTb 3HaueHna x=1u S & (2, =8)
x = 4 agnaTca Hynamu eyHkumm: f(1) = 0, f(4) = 0. Upnacnp onfpegengHus

Hynan pyHKuMM pa3busatot 061acTb onpegeneHma GyHKLMUM Ha TPU MPOMENKYTKA
3HakonoctosiHcTBa: [—1; 1), (1; 4) n (4; 5).

Ha npomexyTtke (1; 4) pyHKUMA NPUHMMAET OTpULATENIbHbIE 3HAYEHUA, B KaXK-
OOM 13 NpomMexXyTKoB [—1; 1) 1 (4; 5) noNnoKntenbHble 3HaYEHUs.

3. Bo3pacraHue u ybbiBaHue GyHKLUMU. [0 rpadmKy BUAHO, YTO NPU yBENUYEHUN
3HayeHu x ot —1 no 0, 3HaueHunA y yBenmumnsaetca ot 1 4o 3, a npu yBenmyeHuu
3HayeHu x ot 0 40 2, 3HaYEHUA Yy YMeHbLUatoTca oT 3 40 —3, NpU YBEIMYEHUM X
oT 2 805, y yBenmumnsaetca oT =3 40 2. PyHKUMA HA KaXKA0M M3 NPOMEIKYTKOB
[-1; 0] n [2; 5) Bo3pacTaeT, a Ha npomeskyTKe [0; 2] ybbiBaeT.

4. KcTpemymMbl GYHKLUU - MaKCUMYMbl U MUHUMYMbI. ToukK (0; 3) n (2; —3) Ha
rpaduKke ABNAIOTCA TOYKaMM aKcTpemyma. COOTBETCTBEHHO 3TW TOYKM MOKa3bl-
BAOT MAKCUMYM U MUHUMYM OYHKLMUU: Xmax = 0, fmax = 3, Xmin = 2, fmin = =3.



16 CBoiicTBa PyHKUMI

O6yuatlowme 3aaaHuna

|1_2. [na dyHKUMK, 3aAaHHON rpadUKOM, yKaxuTe:
a) obnactb onpeaeneHus; 6) Hynu;
B) NPOMENKYTKM, rae GYHKUMA NPUHMUMAET NONOKUTENbHbIE 3HAYEHUS;
r) NPOMEXYTKY, rae GYHKUMA NPUHUMAET OTpMLaTeIbHble 3HaYeHUS;
[) NPOMEXYTKMN BO3pacTaHMA U ybbiBaHUS;
€) MHOeCTBO 3Ha4YeHUN.

1) ‘fy 2)

|1_3. MocTpoiiTe rpadmk 3agaHHOM GYHKLMM HA 3a4aHHOM NpomexyTKe. MNoKa-
UTE 3KCTpeMyMmbl. Haliante HaMmeHblUee U Hanbosibliee 3HaYEHME.

a)y=2x-x%[-1;2] 6) y = x>+ 4x, [-4; 1]

YéTHble PYHKLMKN, HEYETHDbIE PYHKLUN

PaccmoTpum dyHKLMIO, 061aCcTb onpeaeneHma KOTOPo CUMMETPUYHA
OTHOCUTENbHO TOYKKM X = 0.

Ecnv gnsa noboro x U3 obna-
CTM onpegeneHna GyHKUMU
fl=x) = f(x), To f(x) Ha3bIBa-
eTcs YETHOMN PYHKLMEN.

AY

[e)]

LT

/

TRVARYA
\Ayy]

B

N|

T
1
1
:
X

<Y

-4 =2 —X 0 b A4

Ecnu pnsa moboro x U3 obna-
CcTn onpegeneHns GyHKUMU
fl=x) == f(x), To f(x) Ha3bIBa-
eTcs HeYéTHOM QYHKLUMEN.

Ay

X y)

X
1
1
1
I}

Y S

<Y

-4 | -2

[

X =y f
/

paghuk 4émHoli pyHKYUU CUM- lpagpuk HeyémHoli hyHKYUU cuMMempu-
mMempuyeH omHocumensHo ocu | €H OMHOCUMEsbHO HaYaa KOOpPAUHAM.
Ecnu HedemHasA yHKYuA onpeodesieHa 8
moyke x =0, mo f(x) =0

opouHam.
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BoBsce He Bce dyHKUMKM BbIBAOT YETHBIMU MU

HeyéTHbIMKU. Ecnm obnacTb onpepeneHus Ay
OYHKUMM HE CMMMETPUYHA OTHOCUTENbHO (-1:4)
TOYKKM X = 0, TO YHKLMA HM YETHAS U HU He-
YyéTHasa. AHanorMyHo, ecnn ana GyHKUUMK, / \
obnactb onpeneneHns KOTopon CUMMET-
pUYyHa OTHocMTeNbHOl 0, HapylwaeTca Bbl- -
nosHeHue ycnosun f(—x) = fix) n fl-x) = —f(x), AR HANE x
TO GYHKUMSA TaKXKe ABNAETCA HU YETHON U HU
HEYETHO.

N
—~

[
s
sy

fiBnaeTtca v pyHKLMA YETHON MW HEYETHOW, MOXKHO ONpeaennTb Mo ee rpa-
®UKy, a TaK}Ke No aHanMTUYecKon dopmyne.

Mpumep 1. Onpeaennte no rpaduKy, ABAAETCA M QYHKLMA YETHOW MU

HeyeTHon. a)f(x)=x*—4 6) flx) =x2-4x +3
Paduk PyHKUUM cummeT- MpaduK GyHKUMM He ,
pn4yeH OTHOCUTENIbHO OCK Y. CUMMETPUYEH HU OT- 0“
PYHKUMA YETHAA. Y A HOCUTENbHO Hayana
107
g} KOOPAWMHAT, HX OTHO-
i [ CUTENIbHO OoCu ). 4
2 PYHKLUMUA HM YETHAnA 2 _
R ) /‘2 2% VI HVW HeuéTHas. 2, 7 4 x
61

Mpumep 2. Onpeaenute, aBnsetca 1 GyHKUMA f(x) = X2 + X YeTHOW, HeyeT-

HOM MM HUKAKOW U3 HUX.

PeweHune: ObnacTtbto onpeseneHns AaHHON GYHKUMM ABNAETCA MHOXKECTBO
BCEX AeNCTBUTE/IbHbIX YACEN, U OHO CUMMETPUYHO OTHOCUTENbHO TOUKM x= 0.
OpfHakKo, TakK KakK fl—x) = (—x)? + (—x) = x2 —x, 10 f(—x) # f(x) u fl=x) # —f(x).
3HaunUT, PyHKLUUA HM YETHAA M HU HEYETHASA.

xX3—x N
Mpumep 3. Onpegenute, asnaetca An GyHKuma f(x) = 12 YeTHOW uan
X

HeYyeTHOMN.

Pewwenue: 061acTb onpeaeneHna GyHKLMN MHOXKECTBO BCeX AeiCTBUTENbHbIX
—x)3 — (— —y3 (V3 _ X3— x
yncen u fl—x) = XP=(x) _ 2e+x  (e-x) (X =—f(x),

—X)2+2 X2+ 2 X2+2 X2+ 2
T.€. f[—x) = —f(x). Takum obpaszom AaHHas GyHKUUA HEYETHAS.

Obyualowme 3agaHunA

m, OnpegenuTte, ABnseTca MM GYHKLMA YETHOM, HEYETHOM AU HUKAKOM U3 HUX.

1
a) I =5x+x  6) fix)=5x+x44 8) fl)=sarg 1) M= e
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CeoictBa GYHKUMI

1.

17.

1.

|19.

21.

BbIAACHMTE, YETHOW UM HEYETHOM ABNAeTcA GYHKLMA, 3a4aHHAA rpadrKom.

a) Ay 6) Ay B) y

2 x -4 -2 0 2 47y
-2
5,
X

-10 -5 o I 5 10

BbIACHMTE, YETHOW UM HEYETHOW ABNsAeTCA QYHKLMA:

fix) = —x*+ 6 flx) = —x*+ x fix) =1x +4 flx) = x2
flx) =x+1 flx) =—3x-5 flx) = |61 flx) = Xlzil 1

dyHKuMA f(x) onpeaseneHa Ha BCelt YUCNOBOM OCK.

a) HariauTe f(4), ecnn dyHKUMA f(x) YéTHaa n f(-4) =7
6) HanguTe f(4), ecnn dyHKUMA f(x) HeYéTHaA u f(—4) =7

B) HalauTe f(3) + f(-5), ecnm dyHKuMA f(x) YéTHaa n f(—3) = 8, f(5) = -2
r) HanguTte f(2) + f(0) + f(—4), ecnn PyHKUMA f(x) HEYETHAA K
fl=2)=3,f(4)=-7

y
Ha pucyHKe 3agaHa ofHa YacTb rpadumka GpyHKLMU 5
f(x) c obnacTbto onpepenenua [-2; 2]. JononHute
rpaduk, ecnmn GpyHKLMA AaBRAeTCA: : :/: S — >
a) YETHOM; B6) HEYETHO. = ] X
=2

MoeT 1 GYHKLMA C HUXKeceayLwen obnacTbio onpeneneHma 6biTb YETHOM
MU HEYETHOIN?

a) [-6;6]; 6)(-6;6); B) (-6;6]; ) [-9;10); ;) (—oo; 1)U (1;+o0)

dyHKumMA f(x) onpegeneHa Ha BCEN YMCIOBOM OCK, ABAAETCA YETHOM GYHKUMEN
M BO3pacTaeT Ha NpomerKyTKe [0;+00).

1) cpasnute: a) f(2) n f(3); 6) I5) nf(7); 8) fI=2) v f=3); TIf=5)nf=7),

2) 6yget v dyHKUMA f(x) BO3pacTatoLwen Uam yobiBatoLen Ha MPOMENKYTKe
(—o0; 0]?

MN306pa3unTe cxemaTuyHO rpadumk YETHOM GYHKLUMM, 06nacTbio onpeaeneHumsn
KOTOPOM ABAsieTCA OTPE30K [—6; 6], Bo3pacTatouein Ha npomekyTke [—6; 0] u
paBHOW Hy/O B TOUKe x = — 4. [1py KaKnX 3HaueHusx x byaet f(x) > 0?
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OcCHOBHbIe PYHKLUM

[MocToAHHaA ToxpecTBeHHasn MoaynbHaa
dYHKUMA dYHKUMA dYHKUMA
flx) = ¢ fx) = x fo 2 Ixd
yA y V
> = 0]
o] X /|O X g
D(f) = (=o0; +e°)
D(f) = (—oo; +o<>) D(f) = (_°°; +°°) E(f) - [O’ +oo)
E(f) = {c} E(f) = (=o2; +o2)
Hynm dyHKkuMM X =0 | Hyau dyHKumM x = 0
BospacTatoLuas (~oo; 0]¥, [0; +oo)f
byHKLMA MuHUMYM
IKCTPEMYMOB HeT 8 TouKe(0; 0)

MepemeHHble BeIMYMHbI BECbMA pa3inyHbl. OA4HAKO, Ha NepBbI B3MA4, pas-
JINYHbIE NPOLLECChI MOTYT UMETb OAMHAKOBYHO NPUPOAY M 3a4aHbl OAMHAKOBOW
3aBUCUMOCTbIO. Hanpumep, rpadukn yHkuMin y =2x2+ 1,y =(x—-1)>+2, y=
—3x% nonyyatotcsa npeobpasoBaHUAMK Napabonbl y = x> Mo3aTomy 31 PyHK-
LMK, a TakKe Bce GpyHKUUK, 3adaBaemble dopmynoit y =a( x—m )* + n, obpa-
3YHOT CEMEICTBO, M OCHOBHOW YHKLMEN 3TOr0 CeEMENCTBA cUMTaeTea y = X2,
B Tabnunue HWKe NpeacTaBaeHbl rpaduKn HEKOTOPbIX OCHOBHbIX QYHKLMIA.

PaunoHanbHan
dYHKUMA

fix) = -
y

ij

D(f)=(-2=; 0) U (0; +°)
E(f)=(=22; 0) U (0; +o°)
Hynei HeT
(~o2; Oy, (0; +0)y,
DKCTPEMYMOB HeT

KBagpaTtuuHaa ¢pyHKumus

0O x

D(f)= (~o=; +)
E(f)=[0; +==)

Hynn dyHKumm: x =0
(~o; 0], [0; +o0) 4
MuHumym B Touke (0; 0)

Kybuueckas pyHKLuMA

fix) =x°
y
(0] X
D(f)= (=oo; +e2)
E(f)= (~oo; +o0)

Hynun ¢yHKumn: x =0
BospacratoLas pyHKLMA
DKCTPEeMYyMOB HeT

®yHKUMA KBagpaTHOro
KOPHA

fx) =Vx

0O «x

D(f)= [0; +o2)
E(f)=[0; +oo)

Hynu ¢yHKumMm: x =0
[0; +0) f
DKCTPEMYMOB HeT
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O6yuatowme 3agaHnA

|£ B 04HOWM KOOPAMHATHOM NIOCKOCTU NOCTPOKTE rpadmKu GYyHKLMIA, onpegenmTe

nX 06LMe TOUKN.

a)y = Vx; V=% 6)y=xy=x* B)y=x%y=|x

E Kakoi pyHKLMM COOTBETCTBYIOT MHOXecTBo Touek (—1; —1), (0; 0), (1; 1)?

a) Ecam Touky (—1; —1) 3ameHuTb TouKol (—1; 1), To Kakon dyHKUMK ByaeT
COOTBETCTBOBATb MNO/IYYEHHOE MHOMECTBO?

6) Ecnm Touky (—1; —1) 3ameHuTb Toukow (9; 3), To Kakoi pyHKUMK ByaeT
COOTBETCTBOBATb MONYYEHHOE MHOMECTBO ?

B) EC/IM K MHOXKECTBY TOYEK, YKa3aHHbIX Bbllle, A06aBUTb TOUKK (—2; —8) n
(2; 8), To KaKkol PyHKLUMKN BoNee TOYHO COOTBETCTBOBANO Obl AAHHOE MHOMKe-
CTBO TOYEK?

|i 3Hasn, UTo MeXAY NepeMeHHbIMM Y 1 X CyLLecTByeT NPAMO 1AM obpaTHO npo-
NnopLMOHaNbHaA 3aBUCMMOCTH, 3anuwnTe Gopmyny M nocTpolite rpadmk

bYHRUMI y = fix), ecnn f(2) =2 n f(4) = 1.

o 4
|i 3aBMCMMOCTb MeXA4y BenYMHamu 3agaHa Gbopmynoit p_T = const. MpuHaB
OHY U3 BEIMYMH 33 NOCTOAHHYIO, ONPeaennTe XapaKTep 3aBUCUMMOCTU MEXAY
OBYMS OPYTMMU BeIMYMHAMU. PaccmoTpuTe BCe BO3MOXHbIe c/lyyaun. YKa-

KUTE ANA KaXKA0ro C/ydaa OCHOBHYHO GYyHKUMIO.

|i 1) NocTtpoliTe rpadukm GpyHKLMIA, 3a4aHHbIX B BUAE Tabauubl. s Kaxaomn
bYHKLUMM 3anMLImMTe OCHOBHYIO QYHKLMIO COOTBETCTBYHOLLLETO CEMENCTBA.

a) B Tabnuue nokasaHa
npubbINb(B MaHatax), no- |[X| 3 |4 [ S [6 |7 8 9 10
NydennHas npeanpuHuma- |v|7931]8306[8800/9206(9588[ 10076 10444 (10876
Tenem HaumHaaA ¢ 2012 roga. 3HaveHume x = 3 cooTBeTcTByeT 2012-roay. Kakyto
NpubbIb NOAYYUT, NPUBAN3UTENBHO, NpeanpuHMmaTens B 2022 roay?

6) B Tabaunue nokasaHo Konnyectso npo- | X 3[4f>5]6]7[8]9](10

JaHHbIX ByXaHOK xneba 3a Kaxapblii cne- |¥|15]30[40]50(45(4231[18
ayowmin yac nocne 15:00. 3HaveHume x = 3 cooTBeTcTBYeT 15:00. Onpegennte
npubansnTenbHoe KoanyecTso byxaHok xaeba, npogaHHbIx B 17:30.

2) Onpegenvte COOTBETCTBUE Ipa- a) b)
GVKOB M NpeacTaB/eHHbIX Bbllle CU- o ;!
Tyauui. y - s
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CreneHHan ¢pyHKUmuAa y = x" (n € N)

dyHKUMA BUAA Y = X" (n -HaTypasibHOE YMCI0) HA3bIBAETCA CTENEHHOMN GyHKUMEN
C HaTypabHbIM NoOKazaTenem. Huxke npeacrasnieHbl rpadumKm cTeneHHbIX GyHKLNIA
npun=1,n=2,n=3

y 2 Y — 3
aly=x 6)y=x 1 B)y=x
1 x 0 1 x

Mpaduk yHKUMM y = X lpaguk pyHKUUU y = X? pagpuk yHKUUU y = X°
npamas MHUA napabona. Kybuyeckasa napabosna.
MpaduK GyHKLMM Y = X" ana Nto6oro YETHOIO 3HAYEHUA N CUMMETPUYEH OTHO-
CUTENIbHO OCM Y U MOXOXK Ha napabony y = x%. [N Ntobbix HEYETHBIX 3HAYEHUIN N
rpaduKk GYHKLMM Y = X" CUMMETPUYEH OTHOCUTENbHO Hayana KoopaMHaT 1 ans
HEYETHbIX 3HaYeHn n 6onblue 1, NOXoX Ha Kybuuyeckyto napabony (y = x3).

2k)= (oo 400
?((XXM)): [(o; +o) b o DO (oo o)
Hynm: x =0 E(x*")= (~o0; +o0)
(—o; ON Y= x2 Hynn: x=0
[0;+0) A (zoo; +eolA
Xoin=0" IKCMpemymos Hem

' (-1,1) (1;1) (-1;-1

fmfn=o ) :X

Mpun>1,ne Nrpaduk PpyHKUMM X" Ha3biBaeTcA Napabonoii n-ro nopsaka.
Mo PUCYHKY BUAHO, UTO NPU N > m Ha npomeskyTke (0; 1) rpaduKk GyHKUMM X"
HaxXoAMTCS HUXKe, Ha NpoMexKyTKe (1; +00) Bbilwe rpaduka GyHKLMM XM,

Obyuatowme 3agaHuA
|i CpaBHUTE C HYNEM 3HaUYeHUA GYHKUMM B TOYKax x=0; x=-3;x=5
a) flx) =x* 6) flx) = x° B) flx) =x°
|L MpoxoanTt n rpadmK 3a4aHHON GYHKLMKN Yepes 3a4aHHYI0 TOUKY?
aly=x',A-2;16)  6)y=x,B(-2;32) &)y=x,Cl-> ;~35)
|& MepecekaeT M 3afaHHan NPAaman rpadmK 3agaHHON GYHKLMN?
a)y=x,y=2 6)ly=x%y=-3; 8Bly=x°,y=2 r)y=x,y=-3
|i Oanbl dyHKuMK f(x) = X3 u g(x) = x*. CpaBHUTE:
a) fio,1) n g(0,1); 6)f(%) n g(%); 8) f(2) n g(2);

|£). B o4HOI KOOPAMHATHOM NJIOCKOCTU NOCTPOITE rpaduKM GyHKUMIA Y = X4 1
y =16 1, no rpaduKy, pelunTe HepaseHcTBa: a) x*<16  6) x*>16.
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KycouHo-3apaHHaa pyHKUMA

YacTo, ANA ONMCaHMA peasibHbIX XKU3HEHHbIX CUTYaLLMIA UCMOb3YIOT HEe OAHY, a
HeCKoNbKo GOPMYN MU HEPABEHCTB.

3apaauva. ONToBbIM MarasuH Npu NoKynke He meHee 10 1 He 6onee 20 CNOPTUBHbIX
pybaluek, peannsyeT ux No 3 maHaTa 3a LWTYKY, Npu NOoKynKe 6onee 20 pybaliek
- N0 2 MaHaTa 3a WTYKY. 3anuwmnTe 3aBUCMMOCTb MeXAy ABYMA BEIMYMHAMM:
BbIPY4YKOM C M KOANMYECTBOM NPOAAHHbIX pybaLlek n.

Pewenune: Umeem C(n) =3-n, npn 10<n< 20 nC(n)=2-n, npn n>20un B 0bwem
BMAe GYHKUMIO MOXKHO 3anuncaTb Tak:

3-n, 10€n<20
C(n)=JL "
z'nl n>20

Haligém sHauyeHua dyHKumm C(n) npu n = 15, n = 20, n = 30, n = 40.

3HaveHunAa n = 15 n n = 20 ygosnetsopaAtoT ycnosuto 10 £ n < 20. 3T 3HaYeHuUA
BblumMcamum no dopmyne C(n)= 3- n.
C(15)=3-n=3-15=45,C(20)=3-n=3-20=60.

3Ha4veHunAa n =30 n n = 40 cooTBETCTBYIOT ycnosuto n > 20:

C(30)=2-30=60, C(40) =2- 40 = 80.

Ecnu dyHKLMA 3a4aHa pasIMYHbIMU GOPMYIaMM Ha PasHbIX y4acTKax obnactu
onpeaeneHus, To roBOPAT O KYCOYHOM 3a4aHune GyHKLUUN.

Mpumep 1. NocTpolite rpadmk GyHKLUN.

1 1

—-—=X- = <1

f(")=‘{ 2 X7 g TP [V
X—2,npnx=1

MPadurK AaHHOM GYHKLMM COCTOUT M3 YacTu rpadumka

NPAMON y = —=X—=- C/1eBa OT TOYKM X = 1 M Yactn T

rpaduka npamon y = x — 2 cnpaea oT x = 1. Tak Kak

f(1) = -1, To rpaduK “nomaetca” B BepwmnHe (1; —1). = _1 :~Q : ] ) >
DyHKUMA ABNAETCA HENPEPbIBHON, ecnun eé rpaduk .

MOKHO 1M306pasunTb, “He oTpbIBas” KapaHaala oT by- 1k

maru. PyHKUMA NpeacTaBAeHHan B JaHHOM Npumepe
HenpepbIBHas.

. |
Mpumep 2. MocTtpolite rpadpuk GyHKLUK
0,npn0<x<1 y Hev 3aKpatleH-
1 npnl<x<2 Hbl  (BblKO/IO-
< J— L T
x) = ’ — | — Thbiil) Kpy:KOYEK
fx) 2,Nnpn2<x<3 3aKpaLeHHbIA Kpy A MOKa3sblBaeT, uTo
YKOUEK nokasblsaeT,—71 41
3,Mpn3s<x<4 o q0)=2. fla)=3
0 ]rl X

[aHHasa GyHKUMA, KaXKAOMY YMCY CTaBUT B COOTBETCTBUE €r0 LYo YacTb, U B
obwem Buae 3anucbiBaeTca Kak f(x) = [x]. lpaduK Ha pUCyHKe cOOTBETCTBYET
bYHKUMM Lenon YacTn Yuncna Ha npomexkyTke [0; 4).
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O6yuatowme 3aaaHuna
|£.. BbluncnmTe 3HaYeHna GYHKLUUKM NPY 3aZaHHbIX 3HAYEHUAX apryMeHTa.

fix) = {Zx—&““ 2) x=15 6) x=4 8) x=—2 1) x=12
3x+5, x>4

|12, ina dyHkumn  f(x) = {_Z_X' x<0  yangure:
x, x>0

a) fi=2) 6) f{-1) 8) f(0) r) f(1) A) f4)

|1_3. MocTtpoiite rpadmk pyHKUMK. Mo rpadmrKy nccnesymnte HenpepbIBHOCTb PYHK-

Lun.
x+1, -3<x<1 4, Osx<2

a) f(X)=‘{ _ 6 - 15, 2<x<4 ={1—x, x<1
3x-1, 1sx<3 0 fiX) oA 8) = 15_1 x51

|£l. 3anunwmnte pyHKLUMKN, COOTBETCTBYIOLLME FPpadUKaMm.

o)

AN

<Y

Y
~
[@:

Y

0
b
/

<Y T

<Y

0 7 0 1

|1_5. ®yHKUMA M(x) noKkasblBaeT 3aBUCMMOCTb 0,15x, 0<x <25
CyMMbI (B MaHaTax) OT KOiM4ecTsa pac- M(x) = )0,10x, 26 <x <100
nedyataHHbIx poTorpaduit. 0,07x, 101 <x <500

0,05x, 501 <x
1) Haliaute cymmy, ynnadeHHyto 3a 20 poTtorpadumi.

2) BepHo nun, yto ans neyatn 150 potorpadmit Hago 3annaTuTb MeHblue 10
MaHaT?
3) CkonbKo doTorpadmii MoXKHO HanevyataTtb Ha 40 maHaT?

|1_6. 3apaboTHas nnaTa paboTHUKOB GMPMbI BbINIAYMBAETCA B 3aBUCUMOCTU OT KO-
JIMYecTBa YacoB B COOTBETCTBUM € ycioBmeM: 40 40 yacoB B Hegento 8 maHaT
3a Kaxkablit yac, bonee 40 yacos B Hegento - B 1,5 pasa 6onblie HOpMbI 33
KaKabli yac.
a) 3anuwuTe B BUAE KYCOUYHO- 334aHHOM QYHKLMM, KaKyto 3apnaaTy noayyator
PaboTHMKM GUpPMBI.
6) Kakyto cymmy nonyuymt paboTHUK 3a 48 yacos?
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MapannenbHblit nepeHoc

Mpwn napannenbHOM nepeHoce BCe TOYKMU rpad)MKa CMeLlaTCA B 3a4aHHOM
HanpaB/1eHNN Ha 3aJaHHOE pPaCcCToAHME.

Mponssegém napannesnbHblii NEPEeHOC KaxKAoW TOYKM rpaduka GyHKUUMK
y = f(x) Ha BekTOp (M; n): A(a; b) = Ai(a + m; b + n).

Ecnv KoopamHaTbl TOYKK A yo0BAETBOPAIOT PaBEHCTBY b = f(a), TO KOOpAUHATbI
TOYKM A1 yO0BNETBOPAIOT PABEHCTBY Y — N = f(x —m).
Takum obpasom, Mpu napaniesbHOM nepeHoce
rpaduKka dyHKUMM y = f(x) Ha BeKTOp {M; n) nonyya-
eTcs rpaduk GyHKUMKM Y = f(x — m) + n. 3agaHHbIN
rpaduK cmelaeTcs Ha |m| eANHWL, NO FOPU3OHTANM
(npn m > 0 Bnpaso, npu m < 0 BNeBO) U Ha |n| egu-
HUL, No BepTMKanu (npu n > 0 BBEpX, Npu n < 0 BHKU3).

N /

B cnyyae n = 0 rpaduk napaniesibHO NEPEHOCUTCS TOIbKO MO FOPU30HTAN, U
npv 3TOM nosy4aeTtcs HoBasA GyHKUMA Y = f(x — m).

Mpumep. YA y=fx-3) yA v =f1x)
AN
3 X -3 o}

(0] X
3 eduHuybI Harpaso 3 eduHuybI Haneso
B cnyyae m= 0 rpadumKk napannenbHo NepeHOCUTCA TONIbKO MO BEPTUKaU, u
npw 3TOM nosy4yaeTtcs HoBasa GyHKUMA Y = f(x) + n.

Mpumep.
prmep y=fx)+3
3 eduHuUubI
ssepx
p 3 eouHuusl
8HU3
0

O6yuatowme 3aaaHua

|£ Ons Kaxkaon yHKUMKM onpesennTe 3HAYeHUs m U n. 3anunte, B KAKOM
HanpaB/ieHUN MPOM3OLLIO CMELLLEHUWE - NO FOPU3OHTAIM UN MO BEPTUKANN?

aly-4=f(x) 6)y=f(x)-4 B)y=f(x+1) ry+3=f(x-7)

E MpeobpasyiiTe 3agaHHbIe GYHKUMM METOAOM BblAE/EHMA NOJHOMO KBaZpaTa.
Ob6bAcHUTE, Kakue npeobpas3oBaHMA HAAO BbINOAHUTb, YTOObI U3 rpaduKa
bYHKLMM Y = X% NONYYUTb rPaduKM SaHHbIX GYHKLMNA.

a)f(x)=x2+2x+1 6)g(x)=x>*—4x+3
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Mpumep. MocTponTe rpaduKmn 3agaHHbIX GYHKUMIA NpU NomoLmn rpadmka

bYHKRUMM fix) = Vx..
a) g(x) =Vx— 1 6) hix) = \x — 1 8) m(x) =Vx+3 -2

PeweHue:
Moctpoum rpaduk dyHKLMK f(x) = \x. O6nacts onpeae- [ x ) | (x, fix)
nenuva dyHkumm [0; +oo). CocTaBmum TabnumLy 3HAYEHW, 0 (0; 0)
BblOpaB TPU 3HAYEHMA, KOTOPbIE ABASKOTCA NONHbIMU 1 1 (1;1)
KBaZpaTamMu. 4 (4;2)
a) Ay . Mpaduk dyHKUMM f(x) = Vx AV
131 (4]2)]  cmewaerca Ha 1 eguHuLy 2 (@1
) L BHW3, U3 OPAMHATbI KaxK a0 (1 0)_—
0; 0) _| TOYKM Ha rpaduke 5 >
0 > 3 4 X BblunTaetca 1. (0;=1) p—3
y=Iflx)= x g(x) =flx) -1 y=g(x)= \x -1
6) Ay \ y
452 —
(1:1 Rk Mpaduk dyHKLmM fix) = \x (52—
21 = 212 1) —
)1 cmellaeTca Ha 1 euHULYy BNpaBo. | 4
0; = >
of] 1 2 3 4 X h(x) = fix - 1) 0l(1:)002 3 4 5 | x
y=fix)= \x y=h(x)= vk -1
B) Ay T y Ay
@2) (172) +H110)
1 - 1 3241 1 2x
0; f‘ ‘ (—: N 0 (__2. __1) =1
of 1.2 3 4 X -3 |19 17 3 _:,)' 2
y=f(x)= \x )
B B T y=m(x)= m(x) — 2=
fx) =\x y=ma()=flx+3) = \x+ 3 = x+3-2

MpaduK GyHKUMM cMmelLaeTcs

MpaduK PyHKUUN
Ha 3 eAVHULbI BNEBO. PaduK byHku

cmellaeTca Ha 2
m eAMHULLbI BHU3.
m(x) = f(x+3) - 2
O6yuatlowme 3agaHusn
E MocTpoiiTe rpadmKmM 3a4aHHbIX GYHKLUMA NPU NOMOLLM rpaduKa GyHKLMM
flx) = \x . OnuwwKTe cnoBecHo KaKabll M3 3TanoB npeobpasoBaHuA.

a)g(x):\/;—3 6) h(x) =Vx—2 B)m(x) =\x—1+2
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|i Mo rpadmKy onnwmnTe NnpeobpasoBaHme GyHKLUK f(x) B PyHKLUMIO g (X).
a) 3anuwmnTe COOTBETCTBUE KOOPAMHAT Aaa 5 Touek GyHKLMiA f(x) 1 g (x).
6) MonyyeHHyto B pesynbTaTte NnpeobpasoBaHma dyHKUMIO g (X) NpeacTaBbTe B
Buae y =f(x—m)+n.

1 A 2 A
) \ b freen ) g N[
4 / D E
2
\ \ / A
2 -
/ _ 2] 29 13 |4 |6 K
Y7 A INRP RS :
/T o IR
B(x) -4 g/ e

|i [Ons kaxaoro npeobpaszoBaHna GyHKUMMU Y = f(x):

e OnpegenvTte KoopamMHaTtbl NpeobpasoBaHHbIX V=700

Touek gnatoyek A, B,C,DunE. NEIR

e HauepTuTe rpadumk GpyHKUMM, NONYYEHHON B pe-

3ynbTaTe npeobpasoBaHus. =

s
~~
N o
lw)
o
m
=Y

a)glx)=f(x)+2 6) g(x) = f(x—3)

B) g(x) =f(x+1) rNagx)=fx)—4

|i [NA KaxK[oro napannenbHoro nepeHoca onpeaennTe s3HadeHus m u n.
MonyyeHHyto B pesynbTate NpeobpasoBaHMa GYHKLMIO 3aNULWINTE B BUAE
y = f(x—m) + n. 3annwmnTe cBOE MHeHUsa 06 obnacTu onpeaeneHns N MHOXKe-
CTBE 3HAYEHUN PYHKLUMN.
a) f(x) = | x| , 4 eAnHULbI BNEBO N 2 €ANHULbI BHU3;
6) f(x) =x?, 6 eanHunL BNpPaso 1 4 eanHULbBI BBEPX.
|L dyHKUMA flx) = % He onpegeneHa B Touke x = 0.
a) B kaKoli Touke He onpeaeneHa dyHKums flx — 3)?
6) U306pasuTte rpadpukm pyHKUni f(x) u f(x — 3) B oaHOM cucTEME KOOpAMHAT.

|i Mansap MOKeT onpeaennTb KOMYECTBO KPacku n (B anTpax), Heobxoanmoi ans
MOKPAaCKM CTeH AoMa naoLaabto s, dyHKumel n = f(s). MNpeacrasbTe CUTyaLMM
cootBetcTBytowme n=f(s) + 10 un=f (s + 10).

|i YNnbKep Ha Besocunene npogenana nytb

OT AOMA 40 03epa, PACNONOMKEHHONO Ha As

(e}

OKpauHe ropoga, U obpaTHo. MpongeH- | & A B
HbIA MyTb WM 3aTpayeHHOe BpPems OHa %E"G

n3obpasunna Ha rpaduke A. a) Kak nsme- §§

HUACA 6bl rpaduk, ecan 6bl Ynbkep Bbl- (&% 7/ /

exana u3 goma Ha 2 yaca nosxe?

o

6) KaKk Bbl NpeacTaBUTe CUTYaLMIO, COOT- 0 4

Y

~

BETCTBYIOLLYO rpaduky B Ha pucyHKe? Bpems (vac)
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OTpaXkeHue

OTHOCUTENIbHO
ocu opauHart
Karkaas Touka Ha rpaduke
npeobpasyeTca B TOUKY,
CUMMETPUYHYIO OTHOCH-
TENbHO OCKn .

A

T
)
—
—_
=
N
~

|
X
(1,2) > (-1, 2)
v > (=xy)
OpduHama mo4ku ocma-

émcsa HeusmeHHol, abc-
yucca MeHsaem 3Hax.

OTHOCUTenbHO ocn y

fix) > fl—x)
G y)=>(xy)
y=v—x A y=+x

0

OTHOCUTENIbHO
ocu abcuucc
Karkaas Touka Ha rpadumke
npeobpasyeTcs B TOUKY,
CUMMETPUYHYIO OTHOCHK-
Te/IbHO OCU X.

yA
({ \
\i, 2]
0 X
(1,-2)
(1;2) > (1;-2)

(xy) > (x-y)

Abcuyucca moyku ocma-
émcsa HeuameHHoU, op-
ouHaMa mMeHAaem 3HaK.

OTtpaxkeHue rpaduKkos pyHKLUU

OTHOCUTENbHO OCK X

fix) > —fix)
(xy) > (x;—y)

OTHOCUTENIbHO
Hayana KoopauHar
Karkaas Touka Ha rpaduke
npeobpasyeTcs B TOUKY,
CUMMETPUYHYIO OTHOCU-
TeNbHO Ha4vasia KoopAMHaT.

YA |
(L;2)

’

dle;
-1;+2

< Y

(1;2) > (-1;,-2)
(x;y) > (=6 -y)

Kaxcdas koopouHama
MOYKU MeHsAem 3HaK.

OTHOCUTENbHO Havyana

KoopAuHaT
fix) > = fl=x)
(x; y) > (=% —y)
A y=x
. (1;1) _
Ve 0
(-1,-1)

O6yuatowme 3agaHuna

m, M306pa3unte TOUYKM, NONYYEHHbIE MPU OTPAXKEHMM 3a4aHHbIX TOYEK OTHOCK-
TeNbHO: a) ocu x; 6) ocK ¥ U 3anNULINTE X KOOPAUHATBI.

A(5; 3), B(-5;-5), C(0;-3), D(-6; 2), F(9; 0)

|£.. [na Kaxkaon ns 3agaHHbIX GYHKLMA 3anNULLMTE OCHOBHYH QYHKLUIO U

eé npeobpasoBaHus.
a)y=-x

6)y=—\x

1
B) y=——

r) y=\/—_x
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|1_2_ N306pasuTe rpadukm GyHKUmM —f(x) va f(—x), nonydeHHble ns rpadmKka oyHK-
umm f(x) cummeTpuYHBIM NPeobpasoBaHMEM OTHOCUTENBHO KOOPAMHATHbLIX
oceM.

Mpumep. a) fix) =x+1

a) fix)=x+1

6) flx)=—x+3
g 8) flx) = (x—1)?

N fix)=Vx—1

|£,, 3anuwuTe No waram, NPy NOMOLLM KaKMx NpeobpasoBaHnin U3 rpaduka na-
pabosbl y = x?> nonyyaetca rpaduk GyHKUMM y = — (x+1)% + 3.
Kaxkabiv war nsobpasmnte rpadpuyeckm.

|£l. BbinonHUTe 3agaHus no rpaduky.
1) 3anuwuTe dopmyny GyHKLMMU, OTPAKEHHOM OTHOCUTENIBHO OCH X.

2) Ana Kaxpoh GyHKUMM HanauTe obnactb onpeneneHns U MHOMKeCTBO
3HaYeHU.

a)

|1_5. MocTponTe rpadpuku Tpedbyembix GYHKUMM, UCNONb3Ys TPadUK OCHOBHbIX

bYHKUMNA.

1) OcHosHas dpyHKupA: f(x) = X3 2) OcHosHas dyHKuMA: g(x) = \x
a) fix) = (x + 1)} a)g(x)=x+2
6) fix) = x* — 4 6) g(x) = Vx— 4
B) fix) = —¢° B) g(x) = —x
r) flx) =—(x - 2)? r) glx) = V—x
) flx) =—x*+3 n)glx)=—Vx-3
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CxkaTtue n pactaKeHue rpadpuKos
PacTaxkeHue oT ocK x B 2 pasa CkaTue Kk ocv x B 2 pasa
=xt [ YA
A s 1,
y=2x yiaX
(-2; 4)
2;4 . .
y=x(1;1) > (1; 2) (2:4) (2;4)>(2;2)
=L
1) (1;2) (=2;2) (2;2)
(1;1) >
) x ° X
Ha epagpuke kaxcdaa mouyka 8 2 | Ha apagure Kaxdas moyka 8 2 pasa
pa3sa ydansemcsa om ocu abcyucc npubnuxaemcs K ocu abcyucc

Mpu pacTaskeHUn oT (CxKaTmM K) ocu abCumMcc M3MeHAETCA OpAMHaTa TOYKY,
npv aTom abcumcca ocTaéres HemsmeHHo: (a; b) > (a; I'b)

Ecnn Touka A(a; b) pacnonoxeHa Ha rpaduke dyHKUMK y = f(x), To b = f(a).
Torga Touka Ai(a; I-b) pacnonokeHa Ha rpaduke dyHKUmMM y = [-f(x).

MpaduK PyHKUMK y = |- f(x) nonyyaeTtcs n3 rpadpuka GyHKUMM f(x) pacTaxkeHnem
B | pas oT ocu abcyucc npu | > 1 n cxkatmem K ocu abcyucc Bll pa3 npwu
0</<1.

PacTsxkeHne oT ocu y B 2 pasa CaTne Kk ocv y B 2 pasa
YA z VA yl= (2x?
=X
(14 Gaal
(11)>(21) (=2;4) (2;/4) (2;4) > (1;4)

L
>

Ha epaguke Kaxcdaa moyka
8 2 pasa yoassemcs om ocu
opouHam

Ha epaghuke Kaxcdasa moyKa 8
2 paza npubauxaemcs K ocu
opouHam

Mpu pacTaskeHUn oT (CxKaThmM K) ocu opamnHaT nsmeHsaetca abcumcca TOUKM,
npv 3TOM OpAuHaTa 0CTaéTca HeuameHHol: (a; b) > (k-a; b)

Ecnu Touka A(a; b) pacnonoxeHa Ha rpadpuke dyHKuMK y = f(x), To b = f(a).
Torga Touka Ai(k-a; b) pacnonoxeHa Ha rpaduke GyHKUUK ¥ =f(£) .

Mpadmk pyHKUMM ¥ = f{ %) nonydaetca us rpaduka GyHKUMKM f(x) pacTarkeHnem
B k pa3 ot ocu opduHam npu k > 1 n cxkaTmem B% pas K ocu opduHam npwu
O<k<1.
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|16.

|17,

|18,

|19,

21.

MocTpoiiTe rpadmk GyHKUMK, NCNoNb3ya rpadpuK OCHOBHOMN PyHKLMN.

a) y=2¢ 6) y=2(x-12 8 y=3x| N y=-13x]
MN306pasunTe npeobpasosBaHmsa, Npy MOMOLLM KOTOPbIX NOYYEHbI cCneaytoume
YHKUMM.

Fx) = Vx —>g(x) =2V — > h(x) = 2Vx -2 —>k(x) =—2Vx -2 + 3

Mpaduk PyHKUMK g(x) nonyyeH npeobpasoBaHnem rpadumka dyHKUmUM f(x).
Hanuwute popmyny dyHKUmMM g(x).

a) 6)

-8

3anuwnTe, C NOMOLLbIO KaKnx NnpeobpasoBaHUii M3 OCHOBHOW GyHKLMK f(x)
nosyyYeHbl cieayowme GyHKUUN.

1) f(x) = x? a)y=2x2+3 6) y =2(x— 3)? B)y=2(x—1)?+3
2)fx)=Vx  a)y=2Vx 6)y = V2x B)y=2Vx—1+1

. Bonpoc oTKpbiToro tvna. 3anuwmte GyHKLMIO,NONYYEHHYIO M3 OCHOBHOM

dyHKUMK f(X), B pe3ynbTaTe Tpebyembix Nnpeobpa3oBaHUA.

a) napannesibHbiIM NepeHoCom: ®*HaeBoO ©HaNpPaBo °BBEPX ®BHU3

6) OTpa*XeHnem: ® OTHOCUTE/IbHO OCM X ® OTHOCUTENIbHO OCHN y
B) pacTaXeHnem: ® OT OCn X eoTocny
F) cXKatnem: ® KOoCn x eKoCny

V=X D= W= fn=—

MpuknagHoe nckyccTBo. Ha KoBpax MOXKHO Habnto-
[aTb y30pbl, CO34aHHble NpeobpasoBaHem onpese-
NEHHbIX rpaduKoB. B pesynbrate Kakux
npeobpaszoBaHuii Hag, QYHKLMAMM NONYYEHbl Y30Pbl
Ha KOBpe BMAa KUNUM Ha PUCYHKe?
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Uccneposanue. LleHa 1 sumpa 6eH3sunHa 0,95 maHat. ABTomobuab dPapuaa
pacxoayeT 0,08 /1 6€H3MHA Ha KaxAabli KUnomeTp.

a) Ecnn ®apua npoeget 50 KM, TO KaK Bbl CMOXKETE MOCYMUTATb, KaKyto CyMMmy
OH NOTPATUT? 33 CKONbKO LIAroB MOKHO BbIMOAHUTb 3TU BblYUCIEHMUA?

6) 3aBMCMMOCTb MeXKay 06 bEMOM BeH3MHA M NPONAEHHbIM NYTEM 3afalTe
dyHKumel V(d); B) 3aBUCMMOCTb MeXKAY CYMMOM 32 6eH3MH U 06 bEmom beH-
3MHa 3agaite pyHKumen M(V); r) 3annwmnte dyHKumMo M(d), cBasbiBatoLLytO
nyTb, KOTOPbIV Npogenan Papua v cymmy, NoTpayeHHyo Ha 6eH3nH, 0bbean-
HUB PYHKLUMKM NYHKTa 6) 1 B). Kakne nepemeHHbIe, B JaHHOM ciyyae, dopmu-
PYIOT aprymeHT?

CnoxkHana pyHKUMA

BO MHOIMX C/ly4asx 3HaYeHUs, KoTopble
MOXKET NMPUHMMATb apryMeHT GyHKL UMK,
MOKHO OnpesenuUTb Yyepes 3HayeHus ¢ —g(x) f “flgk)
apyrnx GyHKumMi. MycTtb 3agaHbl GyHK-

unn fn g. PaccmoTpum cxemaTuyeckoe NpeacTaBieHne AByX CUTyaLMIA.

1. Ecan uncna x npuHagnerkat obnactv onpegeneHuns pyHKLMM g, a g(x) -npum-
Hag/exat obnactu onpegenermsa GyHKLUMM f, TO B ITOM cayyae GyHKLMA, KO-
TOpan Kaxgomy umncny x € D(g) ctaBut

B cooTBeTcTBMEe umcno f(g(x)), ana X

GYHKUNI f M g HaA3biBAaeTCA CAOXKHOMU f
dyHKUMEN (Komno3unumel) 1 3anuncbisa- f —fx) g r—’g(f(x))
ercs Tak (f o g)(x): (f° g)(x) = flg(x).

2. Ecavuncna x npuHaanexat obnactn onpeaeneHns GyHkumu f, a f(x) -obna-
CTM onpegeneHusa GyHKUUKU g, To ana GyHKuuii g u f komnosuumeit (g ° f)(x)
byaer: (g °fNx) = g(flx).

Obpatute BHumanue! 3anucs (fo g)(x) u (g © f)(x), (Tak ke Kak u 3anucsb f(g(x))
n g(f(x))) BbipaxkatoT aBe pasnuuyHblie dyHKuMK. Komnosumums flg(x)) nmeet
cmbicn ecnm E(g) < D(f), a komnosuums g(f (x)), ecam E(f) < D(g).

feg g°f
Ha o6nacmu  onpedenenus Ha obnacmu onpedeneHus f(x)
X
9(x) G

=
Ha obnacmu onpedeneHus fix)  f(x) HG obaacmu onpedenerus g(x)

Ha obaacmu 3Haquu17f(g(X))g 00l G(X))o@mcmu 3HayeHul
fla(x)) =1(3;0), (4;4), (0;3)} a(f (x)) =1(3;3), (2, -5), (-5; 2)}
N3 cxembl BUAHO, YTO Komnosuuma f(g(x)) nonyyaetca, ecnm B dyHKUMM f(x)

APryMeHT X 3aMeHuUTb GyHKLMel g(x). AHanormuyHo, komnosumums g(f (x)) no-
nyyaetcs, ecnm B GyHKLMM g(x) aprymeHT X 3aMeHUTb dyHKumen f(x).
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Mpumep 1. Onsa dyHKun f(x) = x+ 2 n g(x) = x> — 2x — 3:
a) 3anuwute popmynbl Komnosumumi (f o g)(x) n (g ° f(x);
6) HanauTe 3HaYeHus komnosuumi (f ° g)(x) n (g ° f)(x) npm x = 3.

PeweHune: a)(f° g)(x) = flg(x)) =f(x*—2x—3)=x2—2x—-3+2=x2-2x—-1
(geflX)= g(fx)) =g(x+2)=(x+2)>—2(x+2)—3= x*+2x—-3
Takum obpasom, f(g(x))=x>—2x—-1 wn g(fix))=x>+2x-3

6)(fog)(3)=32—-2-3-1=2

(g°f(3)=32+2-3-3=12
Mpumep 2. OaHo: h(x) = f (g(x)),3annwmTte dopmynbl ana dyHKUMM f (x)
a)h(x)=(x—22+(x—2)+1; gx)=x—-2
6) hix) =Vx3+1; glx)=x*+1
Pewenue: a)flg(x)) = (g(x))>+g(x)+1; fix)=x>+x+1
6) f(g(x) =\glx); Flx)="x

O6yuatowme 3agaHuna

1.

2.

3.

.

OaHbl dyHKUMK fix) = x> n g(x) = Vx - 1. HanguTe:
a)flg(4));  6)g(g(25)); 8)g(f3)); 1) alg(4)); A) ff(=3)).

Ons dyHKuni f(x) = 4x, g(x) = 2x*> — 1 n h(x) = x? + 1 BbluMCAUTE:

a) flg(-1)) 6) h(g(2)) 8) 9(f(3))
r) f(h(=4)) ag(g(-2) e) f(f(=3))
®) (fe (heg))l) 3)(h°(g° M) n) (fe (g h))(2)

Ons yHKUMA fix) = 2x + 1 1 g(x) = Xx*> — 3 3annwwmTe GopMy/bl CONKHbIX PYHK-
V7178

a)flalx))  6)glf(x))  8)fif(x)) r)alg(x))

Aanbr dyHruum fix) n g(x). Hanaure f(g(x)) n g(f (x)).

a)f(x)=1—-x>ug(x)=2x+5 6) fix) =2xung(x)=Vx*+1
B) £ (x) =\x— 1 g(x) = x> + 2 NF(X)=x+1n g) ==
A f(x)=x—aung(x)=x+4 e)f(x) =x? +3x+1mgx)=x+1

a) Pewnte HepaBeHcTBO f(g(x)) <0, ecnn f(x) =x>—5, g (x) =\Nx>+1.
6) PewnTe HepaBeHcTBO f (g(x)) >0, ecnn f(x)=x>—4,g (x) =x+ 1.
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Janbl yHKUMM f(x) =X 1 g(x) = x — 1. NocTpoliTe rpadMKM KOMNO3ULUIA

a)y =flg(x)), 6) y = g(fx)).

Mokaxkute 061acTb onpeaeneHNs N MHOMKECTBO 3HaUYEeHWUN.

a) M3BecTHO, uto f(x) = 2x — 1 1 g(x) = x*>. CocTaBbTe dopmyny AN GyHKUUK

flg(x)).

6) B ogHOI cucteme KoopamHaT noctpoiite rpadmkm dyHKUmi f(x), g(x) un

flg(x)).

B) OnuwmnTe npeobpasoBaHue rpaduka GyHKUUK g(x) B rpaduKk GpyHKUMMK

flg(x)).

Ecnm h(x) = f(g (x)), To 3annwmnTe dopmyny dyHKUMM f(x).

a) h(x)=(x+1)2-5(x+1), g(x)=x+1  6) h(x)=x2+4x+3, g(x)=x+2
B) h(x) =V2x + 3, g(x) =x+ 1 h(x)=x+Vx—1,g(x)=Vx—1

a) Ons dyHkumm flx — 1) = x + 3 HanauTe 3HaveHus f(1), f(4), f(-1), f(0).
3anuwute popmyny ana GyHKUMKU f(x).

6) Ana dyHKumK f(x + 1) = 2x + 3 HanauTe 3HaueHus f(—1), f(2), f(3), f(0).
3anuwute popmyny ana GyHKUmMMU f(x).

NaHa GyHKums f(x) = V25 — x2.

a) Hangute obnactb onpeaeneHuns GyHKUuUK f(x), coctaBbTe TabauLy 3HaYeHU
M nocTpoiTe rpaduk.

6) 3anuwuTe BbipaxkeHne ans GyHKUMK f(2x), HanamTe obnacTb onpeaeneHus.

. OTpesok [—1; 3] aBnaeTca obnacTbio onpeaeneHns GyHkumu f(x). Hangute

obnactb onpeaeneHns cneayowmx GyHKLNIRA:

a) fl2x); 6) (5 X); B) fl-x); ) flx—-1)

MpousBoacTBo. KOAMYECTBO CTY/bEB, MPOU3BOANMBIX GMPMOI MO Npo-
n3BOACTBY Mebenu exeHenenbHo ¢ 2012 roga, MOXKHO CMOAENNPOBATb
dopmynoit N(t) = 144 + 25t. 3gechb, t - Bpems (B rogax) (3HayeHue t = 0 co-
oteeTcTByeT 2012 roay), N - KOANYECTBO CTY/IbEB. B 3TOM c/lydae 06bEM pa-
6ouelt cubl MOXKHO onpeaenntb Kak W(N) = 3 N .

a) 3anuwunTe GYHKUMIO CnNpoca Ha pabouyto cuay, B 3aBUCMMOCTM OT Bpe-
MEHMU.

6) Ans gaHHOM GYHKUMM NpeacTaBbTe 06/1acTb ONpeaeneHns N MHOMKeCTBO
3HaYeHU ANa peasbHOM }KU3HEHHON CUTYaLMUN.
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Uccneposanue: 1) 3annwmnte dopmyny NAowWaam Ksaaparta Co CTOPOHOM a.
2) Mo 3agaHHOM NioWaam HalauTe A/ nMHY CTOPOHbI KBadparTa.
3) PacctoaHue ot NOBEPXHOCTU 3eMI1 A0 Tena, 6pOLJJeHHOrO C Haya/IbHOW CKo-
gt
5
MOXHO M NpK 3a4aHHOM 3HaYeHUM h HATU OAHO3HAYHO 3Ha4YeHue t?

POCTbIO Vo, HaxoguTcA nNo popmyne h = vot —

O6partHaa PyHKuumA

Ecam gna 3agaHHoN GyHKUMK f 06paTHOE COOTBETCTBUE TaKKe ABNAETCA QYHK-
umnen, To yHKLMA f HasbiBaeTca obpaTmoin GyHKLMEN.

Mpumep 1. Ha pucyHKe 3aBUCMMOCTb f Mexay MHOXKecTBamu X 1 Y 3agaHa
cTpenkamu. MoMeHsB HanpasaeHWe CTPEIOoK, MOYYUM 3aBUCMMOCTb g - 3a-
BMCMMOCTb Mexay MHoxecTBamm Y 1 X. CooTBeTcTBME g ABNAETCA obpaT-
HbIM s f.

Mpumep 2. N3 mHoxecTBa A ={1, 2, 3, 4} MOKHO MOAYYNTb MHOXKECTBO
B={5, 6, 7, 8} npu nomown dbyHKUMU f(x) = x + 4 cneayowmm obpasom:
fx)=x+4:{(1;5),(2;6),(3;7), (4; 8)}

obnacms onpe- MmMHo}ecmeo
deneHus f d3HCH€HUUf
X
fx)
MHOMEecmeo

obsnacme onpe-
3HayeHul f! denerus f1
PyHKLMA, 0bpaTHas gna faHHOW dyHKLMK, o603HavaeTca f 1 1 BblpaxkaeT
KaK, U3 3/1eMEHTOB MHOKeCcTBa B MOXHO MOY4YUTb 3/1EMEHTbI MHOXeCTBa A.
f7Hx) =x—4:{(5; 1), (6; 2), (7; 3), (8; 4)}

PyHKUMK f (x) M f~(x) Ha3bIBatOTCA B3aMMHO 06PaTHLIMU GYHKLMAMM.

KaK 13 cxembl, TaK 1 U3 Nap KOOPAMHAT BUAHO, YTO 061acTb onpeaeneHuns 3a-
OaHHOWN GYHKUMU SABNAETCS MHOXKECTBOM 3HaUYeHUMN ANnA 06paTHOM dyHKUMMK,
a2 MHOXXEeCTBO 3HaYeHMUI 3ag4aHHON GYHKLMK - 06NacTbio onpeaeneHua gns
obpaTtHoi dyHKLMM 1 HaobopoT. Takum obpasom, D(f) = E(f 1), E(f) = D(f2).
M3 onpegenenuns, f(f (x)) =x u f(f(x)) = x. s gaHHOro Npumepa MMeem:

fUX)=flx-4)=(x-4)+4=x

X)) =fx+4)=(x+4)-4=x
Onsa ntoboi nn dyHKuMKM cywecteyeT obpaTHas dyHKumMA? Hanpumep, us 3a-
BMCUMOCTU y = 2X + 5 MepeMeHHYo X MOXKHO eAMHCTBEHHbIM 06pa3om Bbipa-
3UTb Yepes y, M obpaTHan GyHKLUMA UMEeT BMA: X :;LS .
3L.eCb KaXKAOMY 3HAYEHUIO Y COOTBETCTBYET EANHCTBEHHOE 3HAYEHME X.
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Y GYyHKUMM y = X2 OAHOMY 3HAUYEHUIO Y, Hanpumep, gnsa y =9, COOTBETCTBYET ABa
3HAYeHUs aprymeHTa x = 3 M x = —3 1 Ha NPOMeXYTKe (—o0; +00) ANnA Heé He cy-
LectsyeT 0bpaTtHOMN PYyHKLMN.
O6paTUTb MOXKHO Ty U TONIbKO Ty
bYHKUMIO, KOTOpas KarKaoe ceoe
3HaYeHWe NPUHUMAET B e4MHCTBEH-
HOM TouKe 06nacTU onpeaeneHus.
Ecan nobas ropusoHTanbHaa nps-
MasA nepeceKkaeT rpad)MuK bYHKLNK cyuiecmayem e cyuecmayem
KaK MakKCMMyM B OAHOW TOYKe, TO 06pamHas yHKyuA o6pamoii GyHKuuU
AN1A Heé cywectByeT obpaTHaa GyHKUmA.

OpyrMmu cnoBamm, ecnm pasnMyHbIM 3HAYEHUAM X COOTBETCTBYIOT Pas/inyHble
3HayeHua y, To Ansa GyHKLMKM y = f(x) cyliecTByeT obpaTHan GyHKUMA.

TaK Kak 419 MOHOTOHHOW GYHKLMM NpU X1£x2 UMeeM f(x1)Zf(x2), To:

1) Onna Bo3pacTatolleit Ha obnactu onpeaeneHna GyHKUUK cylecTsyeT obpaTHas
bYHKUMA.

2) Ons ybbiBatollein Ha obnactn onpeaeneHma GyHKLUMM cyllecTByeT obpaTHas
bYHKLUMA.

Myctb y = f(x) GyHKUMA AN KOTOPOM cyuecTByeT obpaTHaa GyHKUMA, T.e. B OT-
HOLWEHUK Y = f(X) MOXKHO OA4HO3HAYHO BbIPA3UTb X Yepes y U 3anucaTb B BUAE
x=fy). Toraa dpyHKUMA x= f }(y) Ha3bIBaeTcs obpaTHOM ana GyHKUMK y = f(x).
O6bI4HO, aprymeHT 0b603HavaeTca Yepes X , a GyHKLMA 0603HaYaeTca yepes y.
Moatomy dyHKUMA, obpaTHaa ana y = f(x), 3anucbiBaeTca Kak y= f (x). Ecau f
byHKUMA, obpaTHaa gnsa PyHKLUMK f, To yHKUMSA f AaBnseTcAa obpaTHOM GyHKLMel
ana dyHRumm f 1 dyHKumm f 1 f L aBnatoTca B3aMMHO 06paTHbIMKU QYHKUMAMMU.

paduKmM B3aMMHO 06paTHbIX PYHKLMNA.
Ecnn Touka (a; b) pacnonoskeHa Ha 3agaHHOM rpaduke,To Touka (b; a) byaet pac-
NoJioXKeHa Ha rpaduke obpaTHON GyHKLUMN.

3apaHHan PyHKLMA Ob6paTHan pyHKUMA
x|-2]-110111]2 x|412|0|-2|-4
yl|412]0(-2|-4 y|=2-110[1]2
Mpaduk 3apaH- Mprvmep oTparkeHna oT-  paduk obpaTHoOM
HOM BYHKLUK HOCUTE/IbHO OCU Y = X bYHKUMM
A A 4 A
. A AN A4 4
i _ ! N A <
X 2 ST x

PadMKM B3aMMHO 06paTHbIX PYHKLMIA CUMMETPUUHbI OTHOCUTE/IbHO
NPAMON y = X.
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[na Toro, 4tobbl HaliTM 0bpaTHYO GyHKUMIO Mo dopMye, HAZO:
1) Bblpa3uTb NepemMeHHylo X Yyepes y.
2) B nony4yeHHOM paBeHCTBE BMECTO X 3aMuLLEM Y, BMECTO ¥ 3amuLLEM X.

Mpumep 3. 3annwem obpaTHyo GYHKLMIO ANa GYHKUMN Yy = 2x — 3

PeweHune:

3 b fix)=2x-3
anuwem QyHKLMIO: 1
o I 2ok 3) TN
' 4152 ~
BbIPa3MM NepPemMeHHYI0 X Yepes y: |
_ 1 3 -1;1) \, (3; 3)
- ?y +? \Z
(_ ’ ) (21 1
NMOMeHsieM MeCcTaMU X U Y : -2 12_1 4 | x
1 3 (+5; 1) ( )
y=—x+ 5 | | 2/ T
2 L (0;=3)
\

Ha Bceli uncnosomn ocu gns GyHKUMKM ¥ = X% He cylecTByeT obpaTHoi GyHK-
unmn. O4HAKO Ha MPOMENKYTKaX BO3paAcTaHWA UM ybbiBaHWUA A4NA ITOM
bYHKUMM 06paTHas GyHKUMA CyLLEeCTBYET.

Mpumep 4. Ona GyHKUMKM ¥ = X% 3a834MM 06-

paTHyto GYHKUMIO Npr X = 0 M NOCTPOUM UX rpa- AY

®VKM B O4HOMN CMCTEME KOOPAMHAT. 3anuiuem y=x y=x,
KOOpAMHATbl HECKONIbKMX TOYEK, PACrOOMKeH- (2; 4) ,,"
HbIX Ha 3TOM rpaduKe. ' s
PeweHune: 3agaHHan pyHKUmA: y = x%,x 2 0. /" (4;2)
O6paTtHan dyHKumsa: 1) x = \/; 2) y=vx ) y= \x
TouKa (2, 4) pacnonoxkeHa Ha rpaduke GyHKUUK o >
y=x%,x20, 0 X

a Toyka (4; 2) Ha rpadumke obpaTHON GyHKUUK

y =x.

[na ob6paTHOM GyHKUMK CNpaBeannBa cledytowas Teopema:

Ecnun dyHKumA f c obnacTbio onpeaeneHna X 1 MHOKEeCTBOM 3HauyeHui Y
Bo3pacTatowan (ybbiBatowwasn), To gna Heé cyliecteyeT obpaTHan GyHKUMA
f, onpegenéHHan Ha NPOMENKYTKE Y, KOTOpas TaK:Ke ABNSETCA BO3pac-
Tatowel (ybbiatowen).
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O6yuatowme 3aaaHuna

E Mcnonb3ya gaHHble B Ta6nv|u,e, COCTaBbTE x 1 2 3 4 5
y

2.

3.

Tabnnuy 3HaYeHuin ana obpaTtHOM GyHK-
umn.

1234 ]-5

dyHKUMKM f(x) 1 g(x) B3aumHo obpaTHble GyHKUMK. Mpun x = 10 3HauYeHue f(x)
paBHO 85. KaK 3TV 3HaYeHMA MOTyT OTHOCUTCA K GYHKLUMK g(x)?

®yHKUMA f 3a4aHa MHOXKECTBOM TOYEK. TaK »Ke M3BEeCTHO, YTO BTOpble Koop-
[OMHaTbl HEKOTOPbIX TOYEK OAMHAKOBBI (Hanpumep, Kak (6; 5) 1 (7; 5) ). AocTa-
TOYHO I MHPOPMaALUK, YTOBbI YCTAHOBMUTb, ABNSETCA UAN HET GpyHKuuMA f
obpatumoit dyHKumen?

Ecnn dyHKums f(x) umeet obpatHyto dyHKumo 1 f(1) =7, f(-3) =9, f(6) =2,
To HanauTe 3HayeHua f~1(9), f~1(7) n f(2).

[ns 3apaHHbIX GYHKLMIA 3anMwnTe B3aMMHO 0b6paTHble GyHKLMK. YcTaHo-
BMTE, BO3PACTAOLMMUK NAW YObIBAOLMMMK ABAAIOTCA 3afaHHaA 1 obpaTHas
OYHKUMN.

a) y=4x 6) y=2x—8 B)y=—2x+5
3
r) y=12x+6 /J.)y=—ix e)y=Zx+6
3

B ofHOM cncTeme KoopaMHAT NocTporTe rpadpuKkm AnA 3a4aHHbIX QYHKUMI 1
bYHKUMIA, 06paTHbIX 3a4aHHbIM.

a) f(x) = 4x 6) filx) =2x—-3 B) fix)=x%,x20

Ons rpadumka Ha pucyHKe, nocTpoiTe rpaduKk o6paTHOM GYHKUMUK.
Hangnte obnactb onpeaeneHns U MHOXEeCTBO 3HAYEeHUN.

AY y Y y=x
a) 5/,xfx 6) 5l Y X B) 5\\//
-5 5 X -5 / 5 X -5 5
Ny =fx)
-5 =5 =
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8.

|12,

MoKaxuTe, 4To ANs AaHHOM GYHKLMM cylecTByeT obpaTHas.
1) HaiauTte obpaTHyo GYHKLMIO

2) YKaxkuTe obnacTb onpeaeneHus, MHOMKECTBO 3HaYEHNI

3) NocTpolite eé rpaduk.

a) flx) =2 6) fix) = x4, x>0 B)y= —1

x-1

MocTpoiite rpadpuKkmn 3agaHHbIX GyHKUMK. Onpeaennte, umeeTt Nn GyHKUMUSA
06paTHyto GyHKLMIO.

a)y=-2x+3 6)y=x+3 B)y=x2+1
ry=x3+3 A)y=|x|+2 e)y=(x+1)(x—3)

. YcTaHOBUTE, ABNAKOTCA /N (I)yHKLI,MM B3aMMHO O6paTHbIMM.

a) flx)=x+7,9(x)=x-7 6) f(x)=3x—1,g(x)=%x+%
B) f(X)=%x+1,g(x)=2x—2 r) f(X)=—2x+4,g(x)=—%x+2
B M= =30k = ) fod= L, gl = L

. [nAa Kaxgon cteneHHoN GyHKUMM 3anmimTe GOpmMyay COOTBETCTBYIOLLLEN 06-

paTHOM PYHKUMN.

a) f(x) =%x“, x20 6) f(x) = 16x% x<0 B) f(x) = —8x3

®opmyna C = %(F— 32) BblpakaeT 3aBMCMMOCTb TeMMEePaTypbl B rpagycax
Llenbcua ot Temnepatypbl no ®apeHreiTy. [Ina AaHHOM 3aBUCUMMOCTU 3a4aliTe
bopmyny 06paTHOM 3aBUCMMOCTH, NPeobpPa3oBbIBAOLLYIO TeMMNepaTypy no
dapeHreiiTy B TemnepaTypy B rpagycol Llenbcua. Haante 3HaveHne Temne-
paTypbl no ®apeHrenty ana 15°C, 20°C, 0°C.

. XeK - oguH 13 BMAOB pbib. MexKay maccou (B Kr) U AnMHOM (B cMm) Ana aToro

BMAa pblb ycTaHOB/MEHA ceaytowan 3aBucMmocTtb: m = (9,37 x 1079) .
a) 3anuwunTe yHKUMNIO, 06paTHYIO ANA AaHHOM 3aBUCMMOCTM.

6) CKONIbKO CAHTUMETPOB,NPUBAN3UTENBHO, COCTaBASAET AJIMHA PbIBbl Maccoi
0,875 kr?
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Ecnn gna dyHKUMK, 3aaHHOM aHaNUTUYeCKK, 06nacTb onpeaeneHma He yKasaHa,
To nog obnactbto onpeseneHma GYHKLUM NOAPa3yMeBAOTCA TaKMe 3HAYEHUA
aprymeHTa, npu KoTopbix Gopmyna, Npu NOMOLLM KOTOPOK 3aaaHa dyHKLMA,
MMeET CMbIC/ (TaKMe 3HAYEeHMA X Ha3blBAOTCA eCTECTBEHHOM 0bnacTbio onpese-
NeHua GyHKumMK). B aTom cnyyae HEOHXOAMMO BbIACHUTb, KaKMe 3HAYEHUS He
MOXET NPUHUMATb apryMeHT.

Hangém obnactb onpegeneHma HeKoTopbix GYHKUMIA, 3a4aHHbIX B anrebpande-
cKon popme.

1. Ecnv dyHKUMA OT HE3aBMCMMOI NepeMeHHOM 3aAaHa B BUAE MHOTOY/IeHa, TO
obnacTtb onpeaeneHna Takon GYHKLMM MHOXKECTBO BCEX AEUCTBUTENbHbIX Yncen. Ha-
npumep, 0b61acTb onpeaeneHns GyHKUMM f(x) =x3 — 22 + 4x — 1 ABNAETCA: (—oo; +00).

2. B pauuMoHanbHOW GyHKLMU 3HAUYEHME BbIPAXKEHUSA, CTOALLETO B 3HaMeHaTene

He MOMKeT PaBHATbCA Hy/t0. Hanpumep, 419 paumoHanbHOM GyHKLMUK

g(x) = 2;( _41 3HaYeHMA apryMmeHTa, KOTopble Y40BETBOPSIOT YC0BUIO X2 — 4 = 0,
X

He BXoAAT B 06/1acTb onpeaeneHns GyHKUMU. ITO 3HAYEHUA x = -2 n x = 2, T.e.
dYHKLMA g(x) onpeaeneHa Ha MHoOXKecTBe (—oo; —2) U (=2; 2) U (2; +o0)

3. NoakopeHHoe BblpaxkeHne GYHKLMK, coaepKaLleit KBagpaTHbIM KOPeHb He
MOXKET MPUHUMATb OTPULATENBHbIX 3HAYEHU. Mccneayem 3To Ha ABYX NpUmMmepax:
1. O6bnacTb onpegeneHna GyHKUUKM y=\2x—6 BCe 3HAUYEeHUs X YO0BNETBOPAIO-
Lme ycnoBuio 2x — 6 2 0, x 2 3, T.e.NPOMEKYTOK [3; +00). C Apyrol CTOPOHbI, eCAn
2x—620,T0V2x— 620, T.e. y 2 0. A 3T0 3HaUM1T, 4TO 06/1aCTb 3HAYEHNIN DYHKLUUK
y= mnpOME)KVTOK [0; +0).

2) Haingém obnactb onpeaeneHns n MHOMECTBO 3HaYeHUM GYHKLUMK Y = V4 — X2,
Mo onpeaeneHuto KBaapaTHOro KopHa 4 — x2 2 0. PelueHnem AaHHOro HepaBeH-
CTBa ABNAETCA OTPE30K [—2; 2]. 3HAUMT PYyHKUMA onpeaeneHa Ha oTpeske [-2; 2].
Ona moboro x us obnactn onpegeneHna 0 <4 — x> < 4,

OTciopa 0< V4 — x2 < V4 ,T.e.0<y<2. lpyrumun cnoBamm, MHOXKECTBOM 3Haye-
HUI aBnaeTca oTpesok [0; 2].

Obyualowme 3agaHuA

|L Haligute (ecnu ato BoamoxkHo) f(-2), f(=1), f(0), f(1), f(2).
O60cCHyiTe OTBET, €C/IM COOTBETCTBYIOLLLEE 3HaYeHUEe HAaTU HEBO3MOXKHO.

a) fix)= =25 6) fa=x+1 o) S = oL

E Halgute 061acTb onpeaeneHns U MHOMECTBO 3HAUYEHNI Kax 0N GYHKLMUK.

a) flx)=x? ) fix)=1Ix|  B) fix)= Loy = 8 fix) =\x

X
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E Hangute obnactb onpegeneHns GyHKUmUK,

_x—=2 __ x=3 -V3_x
a) y="5 6) V=g B) y \/3_X
Nl Vx—1 y= e
r) y= :]_—)(2 p')y: x—3 e) xX—2
|i Hangute obnactb onpeaeneHma U MHOXECTBO 3HAYEHUI KaxKaon GyHKLMN.
a) flx)=2x-3 6) g(x)=-3(x+1)?+6 B) h(x)=V2-x
r) o(x)=\x2+9 a) u(x) =9 —x2 e) v(x)=V4-(x—1)

|i HaliguTe obnactb onpegeneHus.
N2x — X2 2x —X? N2x — X2
a) fX) = —=1 6) fX) = “=1 B) flx)= o1

|i MpaduK GyHKLMM y = VX2 — mx + 8 npoxoauT yepes Touky M(2; 2). HanguTte
HauMeHbLUee 3HaYEHMNE U YKaXKUTE MHOMKECTBO 3HaYEHU GYHKLNN.

|L JNlecTHML@ ANMHOM 3 M NPUCIOHEHA K CTeHe. HUXKHUI KoHew, Ha-
XOAMUTCA Ha d METPOB OT CTEeHbI, @ BEPXHUIA - HA BbicOTe h MeTpoB. |
a) 3anuwunTte popmyny 3aBUCUMOCTU BbICOTbI OT paccToaHusa h(d).
6) YcTaHOBUTE 06n1acTb onpefeneHus, MHOMXKECTBO 3HAYEeHUN
dYHKUMM M nocTpolite rpaduk. l
B) MI306pa3unTe nonoxKeHue nectHnupl npud=0mun d=3 m.

& Kakoe yTBepxaeHne BepHO A1A AaHHOWN GYHKUMK?

a) Obnactb onpenenenus: (—1; 2) Ay
MHOKecTBo 3HauyeHuii: (2; 5) ]
6) ObnacTtb onpeaenenus: [-1; 2] 4 /

MHoOKecTBo 3HauyeHui: (1; 5)
B) O6nacTtb onpeaenenus: [-1; 2)
MHoOKecTBo 3HauyeHuii: [1; 5)
r) O6nacTb onpeagenexus: [—1; 2] -
MHoecTBo 3HaYeHui: [1; 5]

(=]
=Y

|& 3ajaua oTKpbITOro TMna. 3anuwute GyHKLMIO, 0bnacTbio onpeaeneHuns Ko-
TOPOW ABNAETCA MHOMECTBO:
a) BCex AeNCTBUTENbHbIX YMCen;
6) Bcex AeNCTBUTENbHbIX YNCEN, KpoMme 2;
B) BCEX AEMCTBUTENbHbIX YACEN HE MeHbLe 4;
r) Bcex AenCTBUTENbHbIX Ynucen He bosiblue 3.
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MocTtpouTe rpadumKkm dyHKLMI g(X)= \/x k(x) = \/—x h(x) = =x + 2, ucnonbays
npeobpa3oBaHusa rpadmka 0CHOBHOM GYHKUMM fX) = Vx. Kak npu sTOM name-
HAeTcA 061acTb ONpeaeeHNA U MHOMKECTBO 3HaYeHU GYHKUUN?

a) Ha cKo/IbKO eAuHML, MO FTOPMU30HTA/IM HYXKHO MapansiesbHO NepeHecTn
rpadpuk GyHKUMK f(x) = X%, uToBbI OH NPOLLEN Yepes Touky (5; 16)?

6) Ha cKo/ibKo eanHuL, Haao cABUHYTb rpaduKk dyHKumm flx) = Vx | BA0/b
ocU y, uTo6bI rpad UK NpoLLén Yyepes Touky (4 ; —1)?

a) 3anuwuTe PyHKUMIO g(x), obpaTHYO ANA PyHKUUK
fix)=x3-1. =

6) Ans rpaduka Ha pUCYHKe nocTpoiTte rpaduk obpart- L/
HOM GYHKUMK.

(]

x

Hanpgute obnactb onpeaeneHns GyHKUNA.

D) =\Ex=2 8= Y P— —

4—x xX>=2x-3
Y
6) fix) = V12 - 3 S -
) fix) X r) flx) o1 e) f(x) 1

Hangute Hyamn GyHKLMMN.

a)flx) =4x+6 B) flx) =% —x? — 2x A) flx) =3 -5+ %

6) f(x) =x*—-x-6 Nfix)=x"-1 ) flx) =Vx—1-2

1) Uccnepyiite GyHKUMIO Ha YETHOCTb MM HEYETHOCTD.
a)fix) = (x =2+ (x+2)2  6) flx) = (x = 4)>— (x + 4)>

2) YctaHoBuTe, saBnaeTca An GyHKUMA y= x>+ (m — 1) x + 3 4éTHol nunn
HeyéTHoU, ecanm:a)m=1; 6)m=0.

M3BecTHO, uTo f(X) = xf(x — 1) + 2. Hangure f(2).

[JaHa yacTb rpadmka dyHKLMK f(x) c obnacTbio onpeaene-
Hus [-3; 3]. ocTpoliTe rpaduK TaK, YTobbl GyHKLMA CTana:
a) HeuéTHoM; 6) YETHOM. MOKaKNTe NPOMEKYTKM BO3pac-
TaHWA U ybbIBaHUA GYHKUMK. HagnTe skcTpemymbl GyHK-
UM,
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O6o6walowme 3agaHmA

|10.

1.

12.

14,

MocTpolite rpadmK KYCOYHO - 3a4aHHON GYHKLUMN.

2 >1 o e
_ X, IpU X 2 6 - x, npn -1<x<1
a) fix)= {—x+3,HpMX<1 ) 7 1, nfm x>1

MpuY KaKMx 3HAYEHUAX apryMeHTa 3HaYeHne GYHKLNN:

1
paBHO 5 ?

a) flx)=V2x+6  pasHo 3; 6) flx) = 5

x>=7

Oanbi f: {(0; 1), (1; 3), (2; 5), (3; 7)}ng(x) = 2x + 1.

Hangute 3HaYeHMe CNOXKHOM GYHKUMM ANA 3a4aHHbIX 3HAYEHUI NEePEeMEHHbIX.

a) (g > £)(0) 6) (g °f)(1) B) (g°f)(2) r) (g f)(3)
a) (feg)(-0,5) e)(feg)0) x) (feg)(1) 3) (f°g)(0,5)

1) MoKaKnTe, YTO Ha NPOMEXKYTKe (—o0; +00) cneayouMe GyHKUNN HE UMEetoT
obpaTHOI DYHKLUMK.

a) flx) = x*—6x 6) f(x) = |x+ 10|

2) Ons cnepyowmx obpaTMMbIX GYHKLMIN HAaNULWKMTE COOTBETCTBYOLLME UM
obpaTtHble GYHKLMN.

_ - 1-x
a) N = 5 6)f) =~
. Ana dyHKUMKM f(x) = ﬁii Hanaure:

a) obnactb onpegeneHun;  6) peweHuns HepaseHcTBa flx—4) <0

Bpems, 3aTpayeHHOoe Ha OAWH Lnvna Bpems

NOJIHBIA Nepuog, KonebaHna Ma- |waatHuka (m)| (MuH.) : yron
TEMaTMYeCKOro MaATHWKa (ne- : OTK/IO-
1

puoa KonebaHus), 3aBUCUT OT 2 2,8

i
:

O/IVHbI MasTHUKA. Yem annHHee 4 4 i

MasiITHUK, Tem 60/blle BpeMeH! beee-

TpaTtuTca. 6 4,9

a) Mo AaHHONM MHPOpPMaLUMK Mo- 8 5,7

cTpounTe rpaduK. 10 6.3

6) OnpeaenuTe, K KAKOMY Knaccy
NPUHAZNEXUT GYHKLMA?

B) Ecv annHa masTHUKa paBHa 5 m; 12 m no rpaduKy HaauTe neprog, Kone-
baHuA.



TouKa, npamasa U NN0CKOCTb
B NPOCTpPaHCTBE

TouKa, NpAMan U NJI0CKOCTb B NPOCTPAHCTBE
MapannenbHOCTb NPAMOWN M NAOCKOCTU
MepneHaUKyNAPHOCTb NPAMOM U MAOCKOCTH
Teopema o Tpéx nepneHANKyNApax
B3anmmHoe pacnonoeHue naocKocTein
[ByrpaHHblii yron

MepneHaUKynapHble NAOCKOCTU

MapannenbHble NNOCKOCTU
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—| MpaKtnuecKkana pabora. OTmeTbTe Ha ncTe Bymaru Ee B
Touku A, B, C, D 1 E 1 cnoxkute nMcT no npsmon, npo- °A
XoAAuLen yepes TOUKY A, KaK MOKa3aHO Ha PUCYHKe. De C

3aTem pacKkpounTe aucT. Kaxaas 13 yacten ucTa, c/io-
YKEHHOTro NonoJsiam, ABASETCA MOAE/bIO NIOCKOCTH.

1. Kakan 13 Touek NpUHagNEeKUT KaxkaoM U3 NI0CKo-
cTen?

2. YKaXKute TOUYKM, NpuHagnexalime n He npuHaane-
YKallye Kaxkaom NJ0CKOCTH.

Pasnen reomeTpumn, KOTOPbIN 3aHUMAETCA U3yYEeHMEM MPOCTPAHCTBEHHbIX
¢duryp, Ha3biBaeTcA cTepeomeTpueit. NPUHATO CUMTATb,UYTO TOUKA, NPAMan U
MNOCKOCTb TaK}Ke ABNAKTCA NPOCTPAHCTBEHHbLIMMU

durypamu. MNaockoctb 6eckoHeuyHa U, 06bIYHO, eé Be

YCNOBHO M306pakaloT B BUAE Napasnenorpamma ‘A° oC

M 0b603HaYalOT OA4HOW ManeHbKoW ByKBOW MK

Tpems ByKBamm (YKasbiBatoLLMe TPM TOYKM, HE PACMON0MKEHHbIE HA OAHOW NpA-
moi). Hanpumep, nnockocTb o, nam naockocte ABC.

Akcnoma 1. KakoBa 6bl HM 6bina NIOCKOCTb, CYLLECTBYIOT TOUKU, NpUHage-
»Kalyme 3TOI NNOCKOCTH, U TOUKU, HE NPUHAZNEKALLME ei.

TOYKa A npuHaane-_ N ®“ Touka N He npuHaa-
MUT MAOCKOCTM Q. ™ A - JIeXUT NI0CKOCTH Q.
Ac a Ne a

Akcroma 2. Ecnm y ABYX pas/MUHbIX NAOCKOCTEN ecTb 06Lan TOUKA, TO OHU
nepeceKaloTca No NPAMOM, NPOXoAALLEN Yepes 3Ty TOUKY.

MpAman 3a4aETcA ABYMA TOYKAMM, TO €CTb Yepes ABe TOYKM MOXKHO NPOBECTH
OZlHY U TOJIbKO OAHY NPAMYIO (2 CKOJIbKO MPAMbIX MOYKHO NPOBECTU Yepes
04 HY TOUKY?). CKONIbKMMM TOUKaMK 3aaETcs NaoC-
KOCTb? [1ByMs TOMKaMM MAOCKOCTb 334aTb HENb3A.
KaK BMAHO MO pUCYHKY, Yepe3 TOYKM A n B MOXKHO
npoBecTn 6eCKOHEeYHO MHOTOo naockocTe. OgHaKo,
cpeam aTUX NNOCKOCTEN eCTb TaKas NA0CKOCTb, YTO
Touyka C pacnonoeHa Ha Hell.

3HAUMT, NIOCKOCTb MOKHO 334aTb TPEMA TOYKAMMU,
He /ileXkalWwmmm Ha O4HOMN NPAMON.

°
G
( B
6
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AKcrMoma 3. Yepes Tpu TOUKK, He NerKalme Ha OAHOMN NPAMOIT MOXKHO npo-
BECTU NNOCKOCTb U MPUTOM TONIbKO OAHY.

TOYKM, PACNONOMKEHHbIE Ha OLHOM NPAMOW,
Ha3bIBAOTCA KONJIMHEAPHbIMU TOUKAMM.
MoKasKeMm, YTO eciv ABe TOUKM NPAMON NpUHaL-
NeXKaT NNOCKOCTM, TO BCE TOUKM NPAMOM NpUHaA-
NeXKaT 3TOM NNOCKOCTH.

MycTb ToukM A 1 B npamoit | npuHagnexxaT nAoCKOCTM o.. BosbMém Touky P,
KOTOpas He NPUHAZNEKUT NPAMON | 1 NNOCKOCTU OL.

Yepes Touku P, A 1 B npoBeaém naockocTb . Tak Kak NaocKocTM A U 3 nepe-
ceKatoTcA No IMHUK, NPoxXoaALLelt Yepes TOYKM A 1 B, To oHa coBnaaaer ¢ nps-
Mot |. Bce TOUKM NMHUKN NepecedyeHns NpUHaaaeXKaT NJoCKoCTU o, T.e. Bce
TOYKM Npsmoii [ TaKKe NpUHAZAEeKaT NAOCKOCTU Q.

M3 akcMom cTepeomeTpun BbITEKAIOT caeaytowme cneacTams.

1. Yepes npsamylo U TOYKY BHE €€ MOXHO MPOBECTU MOCKOCTb, U NPUTOM
TO/IbKO OHY. I

2. Yepes gge nepecekatowmecs NpsMble MOXKHO Mpo- A B
BECTM NNIOCKOCTb, U MPUTOM TONIbKO OAHY. o

3. Yepes fBe NapannesibHble NPsSMble MOXKHO NPOBECTM MNOCKOCTb, U MPUTOM
TO/IbKO OHY.

TakMm 06pa3om NJIOCKOCTb MOXKHO 334aTb:

1) NnpsAMOW 1 TOUKOM He NpMHaAeKaLen 3TOM NPAMON;

2) ABYMSA NepeceKarowmMmMmncs Npambimu;

3) ABYMSA NapanienbHbIMU NPAMbIMU.

O O

Mpumep. daHbl TpM ToUKM A, B 1 C, He nexalume Ha O4HON NPAMON 1 TOYKa
P, He nexawan c HAMK B OAHOM NJIOCKOCTU. 3anNULLIMTE HAa3BAHWA BCEX M/10C-
KOCTel, NPOXOAALLMX Yepes KaxKable TPU U3 HUX.

PeweHune: Yepes Toukm A, B u C npoBeaém Ni0CKOCTb O

M OTMETMM TOYKY P BHe 3TOM nnockocTu. Yepes 3Tu
TOYKM MOXHO nposectn 4 nnockoctn — ABP, BPC, ABC n
APC.

ToOYKKM, NpuUHagnexKawme OAHOM MAOCKOCTU, Ha3bl-
BaloTCA KomnaaHapHbiMU. Touku A, B, C u P u3 npu- @
mepa HeEKOMM/IaHapHbIe.
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Touka, npAMasn U NNOCKOCTb B NPOCTPaHCTBE

O6yuarowme 3agaHua

1.

2.

Mpu NnomoLm Kakux 6yKe Bbl Bbl Ha3BaAW NaOC-

KocTb a? Ca D

a) ABE 6) ACE 8) BDE r) DAC a B

Touku B, C 1 D nexaT Ha o4HOWN NpsAMon (Koanu- IE
1

HeapHble), Toukn A, B, C u D nexkat B ogHo# nsoc-

KocTu(KomniaHapHble), a Touka E pacnonoskeHa N\
BHe nocKocTh. CKOMbKO MJ0CKOCTEN NpPOXoauT C a
yepes TOYKMU:

a)A,BucC 6)B,CubD B)A,B,CubD r)A,B,CneE

3anuwunTe NA0CKOCTH, N3 KOTOPbIX COCTOAT rpaHn Gpuryp.
N A B

a) 6) N
M=====m === p

R F

a) O6biuHO doTorpadbl ans dukcaumm doToannapaTa Uc-
MOAb3YHT TPEXHOTUI WTaTMB. COrNacHO Kakoi akcmome
MOXHO YTBEPKAATb YTO, TaKOM LWITAaTUB Bonee yCcToNUYmMB
Ha 3emne?

6) O6bACHMTE, NOYEMY CTO/ C YETbIPbMSA HOXKAaMK NOPO
He ycTon4ms.

B) Kak c momolbtlo AByx BEPEBOK, NMJIOTHUK MOXKET NpoBe-
PUTb YCTOMUYMBOCTb CTOIA HA YETbIPEX HOMKKAX?
ObbAcHuTE.

Hapucyiite ourypy no cnegyowmm gaHHbiM: npamaa AC pacnonoxxeHa B naoc-
KoCcTu o, ToUKM B, E, A n C KomnnaHapHsbl. TouKa Z KonnnHeapHa Todkam A n C,
a TOYKa X KONNMHeapHa TodKam B n E.

a) CKONbKO MJIOCKOCTEN MOXKHO MPOBECTM Yepes TPM MomnapHO nepeceKato-
Lwmecs npAmble?

6) CKO/IbKO MJI0OCKOCTEN MOXKHO MPOBECTU Yepes YeTbipe Pas3/IMyHble TOYKU?
PaccmoTpuTe Bce BO3MOXKHbIE C/TyYau.
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B3anmHoe pacnonoxeHune npsamMmbIX B NPOCTPAHCTBE

[Be npamble B NPOCTPAHCTBE MOTYT BbITb NapanieNbHbIMU
(B yacTHOM cniyyae coBnagaTtb) UK NepecekaTbCs.

MapannenbHble NPAMbIE IEXKAT B OLHOMN NAOCKOCTU M HE NepeceKatoTcs.
Ecnu gBe nepeceKkatowmecsa Npsamble, MepeceKatoTcs C TPeTbei B 04HOM TOUKE,
TO OHM MOTYT BbITb PACMONOMKEHBI KaK B 04HOM MOCKOCTH, TaK M B PasHbIX.

n n
I 1
1
k T
|
[Mpameie pacronoxerbi lMpamele pacnosnoxceHsl 8 pas-
8 00HOU n0CcKOCMU. /IUYHBIX [1710CKOCMAX.
OHU KoMMiaHapHele. OHU HeKoMIaHapHsle.

[lBe He napaniesibHble NPsAMble B NPOCTPAHCTBE He

Bcerga nepecekatotca. MNpamble, KOTOpble He napan-

NenbHbl N HE NepeceKaloTCA, Ha3blBAlOTCA CKpeLu-

BaIOLMMMCA MPAMbIMU. ﬂ

Ecnn ogHa un3 ABYX NPAMbIX NeXut B HEKOTOpOﬁ b

NAOCKOCTK, a Apyraa npamas nepecexkaet 3Ty naoc- R
KOCTb B TOYKE, HE JieXKallel Ha nepBoi NpAMoi, To

1

3TN NPAMbIE CKpeLLMBatoLLMecs. /

CKpeluymBatoLmecs npamble a 1 b o6o3HauatoTca Tak: a = b. Yepes ckpewim-
BaloWMeca NpAmMble Heb3A NPOBECTU MIOCKOCTb. YroN MeXay CKpeluuBato-
WMMKCA MPAMbBIMW Ha3bIBAaETCA Yro, MeXAy NnepeceKkatolmmmnca npambimm,
KoTopble napannefibHbl AaHHbIM CKPELMBAOLWMMCA NPAMbIM.

Dy~
NMpumep. Ha moaenu ky6a A: D1 = B B A0 C
. B
Tak Kak A1Di| BiC1, TO yron mexay CKpeLLmBatoLLm- :
muca npambimu A1 D1 n B B1 paBeH yray mexay D)--1--JC
npAambimu BiC1 n B By, T.e. 90°. ALE B
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TouKa, npAMasn U NJIOCKOCTb B NPOCTPaAHCTBE

O6yuarowme 3agaHua

7.

|11.

|12.

MpY NOMOLLM NPAMbIX, COAEPKALUMX OTPE3KM Ha PU-

CYHKe, BbINONHUTE Ccaeaytowme 3a4aHuna: A C
a) NepeuncnnTe napannenbHble NpsMble.
6) MoKaxKMTe CKpeLmBatoLLMeca nNpsmble. J l » .
B) MoKaxkMTe NpAMYIO, NepeceKatoLLyto ABe nepece- t K |G H
Katowueca NpAmMble, He NIeXaLlyo C HUMU B O4HOM F
NJOCKOCTU. .
a) 3anuwunTe Npsamble NapannenbHble npamoi AB
6) 3anuwunTe NpsAmble NnepeceKatowmeca npamoi BC
B) 3anuwmMTe Npsmble CKpeLmBatoLmeca ¢ npamoii EF
r) MoKaxuTe TPM TOYKM KOMMNaHapHble Touke B H G
4) MoKaxuTe TPN TOUKM HEKOMMNAaHapHble ToUYKe B '
e) MoKaxk1Te Npsmble NepecekaroLmecs L F
c njockocTtbio ABC E
%) MOKaXKMTe NpsMble PACNONOMKEHHbIE i____ e
Ha naockoctn CDF o
3) Hariaute yron mexxay npsambimu AB u CG. AL
n) Haliamute yron mexkay npsamsimu AB 1 DG. D
i
E : E
Ha npamoyronbHom napannenenunege AB = AD = 3, :
AE = 4. Hangute cuHycC yrna mexay npambimm DG n i
BH. B-tf-Sc
A D

Mpamble a 1 b nexkat Ha OAHOW NJIOCKOCTU.

B KaKMX B3aMMHbIX PacrnoioXKeHUAX MOTYT HaXxo4UTbCA 3TN NpsAMble?
a) MoryT nepeceKaTbCs

6) moryT 6bITb NapannefibHbl

B) MOTYT ObITb CKpeLLMBatOLLMMUCSH

DNbBMH YTBEPXKAAET, YTO CKPELLMBAIOLLMMMUCA TMHUAM MOXHO AaTb U TaKoe
onpeaeneHue: «Ecnu e Npamble He fiexKaT B 04HOM NIOCKOCTU, TO 3TW Nps-
Mble - CKpellmBatoLmecs.» BepHa nn ata Mbicab?

a u b - ckpelLmBatoLMecs NpPAMbIe.
Toukun A n B nexxat Ha npamoit a, a Toukn C u D — Ha npamoi b.
WccnepyiTe BapnaHTbl B3aMMHOIo pacnonoxeHus npambix AC v BD.
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B3anmHoe pacnonoxxeHue ﬂpFIMOﬁ U NIOCKOCTU

Ecan npamasa nmeert c Eciv npsamas MmeeT € Ecau  npamas  He
NIOCKOCTbIO 0oAHY M/I0CKOCTbIO ABE O6WWME  ymeeT 06LLeit TOUKM C
06yt TOYKy, Mpamas TOYKM, TO OHa MNON-  naocKocTblo, TO NpSA-
nepecekaet nnoc- HOCTbIO NEXUT B 3TOU  pmad M NAOCKOCTb Na-
KocTb. [N a=A naockoctn. [ca pannenbHbl. /|| a
|
/

A a /

Y

S a a

\\

O6yualowme 3agaHuA

|1_3, Kakue npeanoxkeHua BepHbl?
a) Ecnv age TOUKM NpAMOI NPUHAAAEXKAT NJAOCKOCTU, TO NPAMan nepece-
KaeT 3Ty N/IOCKOCTb.
6) Yepes AaHHYO NPAMYIO MOXKHO NPOBECTU TO/IbKO ABE MI0CKOCTU.

B) Uepes npamylo 1 yepes TOUKY, He NIeXKalllylo Ha Hell, MOXKHO MpoBecTH
TO/IbKO OAHY MIOCKOCTb.

d) Ecnun oaHa 13 AByx NPAMbIX IEXKUT B NIOCKOCTM, a Apyras nepecekaeT
3Ty NJIOCKOCTb B TOUKE, HEe NPUHaA/IeNxKallleit nepBoi NPAMON, TO 3TU ABe
npAMble CKpeLLuBatoTca.

|£l. Yepes cepeanHy M oTtpeska AB nposegieHbl napan- ’,A'\M\B

NenbHble NpAamble, nNepecekarowme NJAOCKOCTb O B ,
TouKax Ai, B1, M1. Hallgute ganHy otpeska MMy, ecnm: /
a) AA1=12cm, BB1 =4 cm;
6) AA1=a,BB:= b.

|E. KoHeu, A oTpe3ka AB pacrosioXkeH Ha NA0CKOCTU OL.
M3 KoHLa oTpesKa B 1 Toukm C, pacnoioxKeHHOM Ha
OTpe3Ke, MpoBeAeHbl NapannenbHble NpAmble, ne-
peceKatoLme nJ0CKOCTb 0L COOTBETCTBEHHO B TOY-
Kax Bi1 u Ci. Hangute annHy otpeska CCi ecnm
AC:CB=3:2nBB1=10cm.

|1_6. [an napannenorpamm ABCD 1 He nepeceKkatoLaa ero naockoctb o.. M3 sep-
WMH NapannenorpaMmma nposegeHbl NapanienbHble NpamMmble, KOTOpble nepe-
CEeKatoT NAI0CKOCTb O B TOYKax A1, B, C1, D1. Hallante annHy otpeska DD1, ecan
AA1 =3 cm, BBi=4 cm, CCi =7 cm.

|£. KoHLbI OTpe3Ka NPsIMOM He NepeceKatoLLero NA0CKOCTb, yAaneHbl OT Naoc-
KOCTW Ha paccTosiHus 15 cm mn 25 cm. TouKa 4ennT oTpesok Kak 3 : 7. Hali-
AMTe PacCToAHWE OT 3TOM TOYKM A0 NAOCKOCTM (paccMoTpuTe ABa C/yvas).
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Teopema 1. (Mpu3Hak NnapannenbHOCTU NPAMOI U naockocTu) Eciv npsmas, He
fleXkalllaa B 4aHHOW NJOCKOCTM, Napassie/ibHa Kakoh-HMbyab NpAMoN Ha 3Tol
NAOCKOCTU, TO 3Ta NpAMan NapannesbHa AaHHOW NNOCKOCTH.

[okasatenbcrso. [lycTb NpAMan a, He NpMHagaeXxalan

MIOCKOCTU QL NapannesibHa NPAMON b, NpuUHaanexKalen a

3TOM NA0CKOCTU. Yepes npamble a n b nposeaém naoc- O h T
KocTb 3. Torga naockocTh oL 1 3 nepeceKkatoTca no npa- 4

Mot b. Ecnm npamas a nepecekaeT MIOCKOCTb O, TO | B

TOYKa MepeceyeHUs AO0/MKHa ObiTb PacnoNoXKeHa Ha

npAMoN b, YTo HEBO3MOXKHO Npu a|| b. 3HaunT a|| .

Cnepcteue. ECIM NOCKOCTb MPOXOAMT Yepes MpAMYIo, NapanesibHyto ApYroi NaockocTyH
W NepeceKaeT 3Ty NAOCKOCTb, TO IMHWA NepeceYeHns napannebHa 3Toi NPAMON.

Cnepcreue. ECv npamas napaniesibHa Kasxk4oMn U3 AByX NepeceKatoLmxcs naoc-
KOCTel, TO OHa NapaniesibHa IMHUKN UX NepeceyeHms.

Teopema 2. ECam NA0OCKOCTH, Mpoxogsaline yepes ABe napasie/bHble Npamble ne-
pEeceKaloTcs, TO IMHUA NepeceyeHns napanaesibHa STUM NPSAMbIM.

o
[okasatenbcrBo: Mpeanonoxum, uto a|| b. NMposeaém :
NIOCKOCTU OL U 3 COOTBETCTBEHHO Yepes npsimble a U b. c ! b

i
0603Ha4YnM NIMHUIO NepeceyeHns Yepes c. Mo npusHaky a - B

napanieNbHOCTU NPAMOM U NaockoctTu a || B.
OTctopa a|| ¢. AHanoruyHo, ecam b|| o, To b|| c.

Obyuatlowme 3agaHus

|£ a) Yepes gaHHy0 TOYKY NpoBeauTe NPAMYIo, NapannenbHyo AaHHOW MN0CKO-
cTU. CKONIbKO TaKMX NPSAMbIX MOXXHO NpPoBecTn?
6) Yepes gaHHY TOUKY NPOBEANTE MOCKOCTb, MapaiiebHyo AaHHOW Nps-
MOM. CKONbKO TaKMX NJOCKOCTEN MOXKHO NpoBecTn?

E OpaHa 13 CTOPOoH Napannenorpamma JieXuT B NA0CKOCTM o . KakoBo pacnono-
YKE€HWMe OCTa/IbHbIX CTOPOH OTHOCUTEIbHO NIOCKOCTU 7

|i MNnockocTb, NnapannenbHasa ctopoHe AB TpeyronbHuKa ABC, nepeceKkaeTt cTo-
poHy AC B TouKe A1, a cTopoHy BC B TouKke Bi. Hailgute anvHy ctopoHbl AiBi,
ecanm: a)AB=18cm, AA1:AiC=2:1; 6)BiC=6cm, AB:BC=3:4;
B) AAi=a,AB=h, AiC=c.

|5. K, E, L, F — cepeauHbi oTpeskos MN,

|i Hano: NP, MR, PR
BC| a , , cooTBeTCcTBEHHO. Onpe-
BC=g A AenuTe B3aMMHOe pacnosioXKeHune
AD = b /'?‘\ npambix KL n EF.
DF=c BA—p\C
Hangure: EG =? SN
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OnpepeneHune. Echm npamasn(a), nepecekatow,an naoc-
KOCTb (OL), NepneHaUKyAApHA KaxKa0M NpAMOI, KOTo-
paa fIeXXnT B AaHHOM MNJIOCKOCTM U NMPOXoAuT vepes
TOYKY NepecevyeHun, To Npaman(a) nepneHanKyapHa
MJIOCKOCTM (OL) M 3TO 3anucbiBaeTcs Tak: a L a
Teopema 1. (MpusHaK nepneHAUKYAAPHOCTU NPAMOI U NNOCKOCTU) Ecnm npa-
Maa nepneHAnKYNApHa ABYM NepeceKatlowmMmeca NpAMbIM, eXawmm B naoc-
KOCTW, TO OHa NepneHANKYNAPHA AaHHOM NIOCKOCTH.

/ o
[aHo. MNepeceKatowmeca npsamble a n b R b
npuHagneskat naockoctma . I L a, I L b. %%ﬂa
[Jokasatb, uto. /L a 1 Pis

MycTb NpAMble @ W b NepecekatoTca B TOUKe P, npuHaanexKalen MI0CKOCTH a,
n npsamas | nepneHaAnKynspHa Touke P. MpoBeféM B NIOCKOCTU ¢t Yepes TOUKY
P npon3BoabHYO NpAMYIO M 1 NPAMYIO, NPOXOAALLYHO Yepe3 Toukn A, B Q, co-
OTBETCTBYIOLWMX NPAMbIX @, b u m. HaunHasa oT ToukM P Ha npsamoi | oTmeTum
KOHTIPY3HTHble oTpe3Kn PR 1 PS. BbINO/HMM A0Ka3aTebCTBO B CAeAYIOLLEN
nocnefoBaTeIbHOCTH.

1) ARPA=ASPA | 2) ARPB=ASPB |
cyc
AR = AS
A R b
Q /%
N m
% P
o a
B ¥s
|
/
3) ARBA = ASBA / 4) ARAQ = ASAQ
ccc
cyc
/RAB= /SAB R A
/
5) ARPQ= ASPQ
ccc R

ZRPQ = £SPQ

A
Q
m
B S a
!
B paBHObOeapeHHOM TpeyronbHMKe ARQS oTpe3oK PQ ABnseTca n meguaHo

n BbicoTol. OTcioga m L I. Mo onpepeneHunto umeem | L o. Teopema aoka-
3aHa.
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Teopema 3. Yepes TOUKY Ha NIOCKOCTM MOXHO NPOBECTU NepneHaAnKyAap-
HYIO el NPAMYIO 1 NPUTOM TOJIbKO OAHY.

[aHo. npsiman | nepneHaMKyAspHas NJ0CKOCTU O B TOUKe P.

JoKas3aTtb, YTo : Yyepe3 TOYKY P MOXKHO NpoBecTn eauH-
CTBEHHYIO NPAMYIO |, NepneHaNKYNAPHYO NIOCKOCTU O.

[okasatenbctBo. [lokakem Teopemy OT obpaTHoro.
MpeanonoXunm, 4To cyllecTByeT ewe ogHa NpAmMas z,
nepneHaMKyNAapHaA NA0CKOCTU QL B ToUKe P. Mpamble [ 1 z nexaT B NN0CKOCTH
[3, nepecekatoLeit N10CKOCTb 0L BAO/Ib NPAMON b. [pu nepecedeHnm npambix
I n z o6pasyetca yron 0. Mo onpeaeneHno NePNeHANKYAAPHON NPAMONA U
naockoctu npamas /(Kak 1 npsaman z) nepneHaukyaspHa ntoboi npsmoli B
MAI0CKOCTM O, B TOM YMC/Ie U NPAMONA b.

Torga v npsamasn /, U npsaman z 40/XKHbI 6bITb NepneHANKYAAPHbI N10CKOCTHM OL.
OpHaKo, 3TO HEBO3MOXHO, TaK Kak B + 90° + 90° > 180°. Takum obpasom, yepes
TOYKY P B MJIOCKOCTN O MOXHO NPOBECTU OAHY U TOJIbKO O4HY NeprneHanKy-
NAPHYIO NpAMYto.

O6yualowme 3agaHuA

1.

2.

4.

[ns Toro Yto6bl YCTAHOBUTL HOBbIV TeNledOHHbIV CTONO NepreHaNKYIAPHO No-
BEPXHOCTU 3eMJ/IN, MacTep YCTaHAB/MBAET ero NeprneHANKYNAPHOCTb OTHOCK-
TE/IbHO [BYX NepeceKatoLmxca npsambix. JOKaxKuTe, 4To mactep npas.

Mpamas BbIXOAALLAA U3 BEPLUMHbI TPEYro/ibHWKa NepneHAnKyAapHa ABYM CTO-
pOHaM, BbIXOAALLMM U3 3TOW BepLWMHbI. HalguTe yron mexay aTol npamon 1
TPeTben CTOPOHOM TPeyrobHUKa.

MpsAmas nepneHAMKYAsPHA NJAOCKOCTU OKPYXKHOCTU U1
NPOXo4AuT Yyepe3 ee LeHTp. YKaxKuTe uTo, ftobas
TOYKa, B3ATasA Ha 3TON NPSAMOW HAXOAUTCA Ha OAMHA-
KOBOM PaCCTOSIHUM OT BCEX TOYEK ITON OKPYHKHOCTU.

A
OTpe3ok AB nepneHAMKyAAPEH NAOCKOCTU O, nNepeceKkaeT /|
nnaockocTb B Touke C n AC = CB. [loKaxkuTe, yto ntoban ‘
TOYKa, PaCNONOXKEHHAA Ha NJOCKOCTU Q, HAXOAUTCA Ha
OAMHAKOBOM PACCTOAHMM OT ToYeK A n B.

w_~
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OTtpesok AP npsimoi, npoxogdALLel Yyepes TOYKY A NpocTpaHCTBa M nep-
NeHAMKYNAPHOM NJIOCKOCTM O B TOYKe P, Ha3biBaeTCA NeprneHANKYAAPOM,
NPOBeAEHHbIM U3 TOYKM A K NN0CKOCTU aL.OTPE30K, COEANHAIOLLMIA TOURY A
C OCTa/IbHbIMM TOYKAMM NIOCKOCTM O, Ha3bIBAETCA HAK/IOHHOM.

OTpe3ok AP - nepneHAUKYAAP K NJOCKOCTU.

OTpe3ok AB - HakNOHHasA.

Touka P - ocHoBaHWe nepneHAnKyaapa,

TouKa B - ocHOBaHMe HaK/IOHHOM.

OTpe30okK BP HasbiBaeTcA NpoeKLumnein HaKNOHHOM Ha NAOCKOCTb.

A

: HAKIOHHAS
nepneHoOuKyIAp Lot

(Pb

a P B

npoexkyus

Yriom mexxay NpamMoii U NI0CKOCTbIO HAa3bIBAETCA YrON MeXKAY HaK/IOHHOIA
1 e€ npoeKuue Ha NI0CKOCTb.

EC/M 13 TOYKM K NIIOCKOCTM NPOBECTU NEePNeHANKYAAP U HAKNOHHYLO, TO:
1) nepneHAMKyNAp MeHbLE HaKJIOHHOW;

2) paBHble HaKNOHHbIE UMEIOT PaBHbIE NMPOEKUUH;

3) 60/1blUAA HaKNOHHasA UMeeT 60/bLLIYI0 MPOEKLMIO.

Mpumep. N3 TOYKM Ha NNOCKOCTb NPOBeAEHbI ABe
HaKNOHHble annHon 20 cm 1 13 cm. Hangute annny
MeHbLUEeN NpoeKuun,ecnn anmHa 6onbliei npo-
eKuum paBHa 16 cm.

Pewenue: AD nepneHgukynap, AB n AC HakNOH-
Hble. MNycTtb BD n CD ABAAOTCA NPOEKUMAMM HAKIOH-
HbIX. M3 A ABD no Teopeme lMudaropa:

AD = VAB2— BD?= \20%—162= V144 = 12 (cm)

M3 A ADC no Teopeme Mudaropa:

DC = VAC?— AD?= V13- 122=5 (cm)
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O6yuarowme 3agaHua

1.

2.

Mo pUCYHKY HanauTe Xx.

M3 TOYKM Ha NAOCKOCTb NPOBeAEHbI NepneHANKYNSP AJMHON 8 CM M HaKIOHHasn
AnvHoM 16 cm. HaliauTe:

a) NPOEeKLUMIO HAaK/IOHHOW;

6) NnpoeKLMio NeprneHANKYIAPa Ha HAKIOHHYIO.

KOHLI,bI OTpEe3Ka ,CI,I'IVIHOI\/'I 10 cm nepeceKkarowero nJA0CKOCTb yaaseHbl OT NJoc-
KOCTU Ha paCcCToAHUA 5cmun3cm. HaﬁAMTe NnpoeKunto OTpe3Ka Ha NN1IOCKOCTb.

KoHUbI OTpe3kKa AHMHOVI 8cm nepeceKkarowero nJ10CKOCTb yaaneHbl OT Heé Ha
pacctoaHue lcmun3cm. Hai&p,me yron mexay otpe3kom 1 nNa10CKOCTbHO.

)
CTOpOHbI OCHOBAHMA NPAMOYFrO/IbHOrO Napannenenu- I
nesa 4 cmu 3 cm, a Bbicota 5 cm. HaliamTe anaroHans (d) E d 5
M yron () Mmexay AMaroHasnblo U OCHOBaHMEM Napasnie- ) ; <<\ -
nenunepa.

CrtopoHa AD kBagpaTta ABCD nexuT Ha
nnockoctu. AmnaroHanb AC obpasyeT ¢
nnockoctbto yron 30° Hangute yron
meKay ctopoHor CD 1 3Tol NI0CKOCTbIO.

OT TOYKM K MIOCKOCTM HA PACcCTOSHUU a NPOBeAeHbI
[1Be HaK/IOHHbIe, KOTOPbIE COCTABAAOT C NIOCKOCTHHO
yrabl 45° 1 30°, a mexxay coboli npsimoii yron. Hai-
AWTE paccTosHME MeXKAY OCHOBAaHUAMM HAK/OHHbIX.

M3 0HOM TOYKM A0 NNIOCKOCTM NPOBEEHbI BE PAaBHbIE HAK/IOHHbIE, KOTOPbIE
06pasyoT mexay coboit yron 60°, a x npoekumm 0bpasyoT mexay cobon nps-
Mo yron. Haante yron mexxay Kaxkgon Hak/I0HHOM M e€é npoeKLumen.

Hangute gnvHbl HAKNOHHbBIX, NPOBEAEHHbIX U3 AAHHOM TOYKM K NAOCKOCTU
ecnu:

a) 04Ha M3 HAK/IOHHbIX Ha 8 cM Bonblue APYroi, a ux NPoeKLMn paBHbl 20 cm
n8cm;

6) ANMHBI HAKNOHHbIX OTHOCATCA KakK 2 : 3, @ NPOEKLMN PaBHbl 2 CM U 7 CM.



Teopema o Tpex nepneHAUKynApax 55

Teopema. Ecnv npsamas Ha NAOCKOCTU MeprneHAUKYAAPHA NPOEKLUN Ha-
KNOHHOM, TO OHa NepneHAMNKyASPHA U CAaMOWN HaK/IOHHON.

To ecTb, ecnv NpAMas a, NPUHAAENKALLANA NJOCKOCTU O, NEPNEHAUKYAAPHA
npsmoii BC B Touke C, TO OHa nepneHAnKyaapHa u npamoit AC.

KpaTkas 3anucb: ecima L. BCnu BC L BA, Toa L AC

npoexkyus A HOK/OHHAA
HAKAOHHOU /
a
B C
(0

[okaxem Teopemy.
DaHo: AB | o

o
AC HaknoHHasA, NpoBeAEHHasA K NJIOCKOCTU OL
oTpe3oK BC - npoeKkuua HaknoHHoi AC.
CDe a,CDLBC |
JAokasaTtb: CD 1. AC
YTBepxaeHue O6ocHoBaHMe
CD L BC [aHo
AB1CD MepneHANKYNSPHOCTb NPAMORN U NIOCKOCTH

AB 1 BC npamble nepeceKatomeca Ha naoc-
Koctn ABC u CD_LAB, CD L BC

CD L nnockoctn ABC

CD 1L AC CD L ABC (nepneHanpynspHOCTb NPSAMOA

NA0CKOCTH)

[ns naHHON Teopembl BepHa M 0bpaTHasa Teopema.

O6paTtHasa Teopema. Ecan npamasn, nexawas B NJIOCKOCTU NepneHanKy-
NAPHA HAaKNOHHOM, TO OHAa NepneHAMKYAAPHA N €€ NPOoeKLUUN.

To ecTb, eciv NpAMan g, NeXkalan B NIOCKOCTU O, NepneHanKyaapHa npa-
moii AC B TouKe C, TO OHa nepneHamkynapHa n BC.

KpaTkas 3anucb: ecaima L. ACuBC L BA, toa L BC

O6paTHyto TEOpeEMY AOKaKMTe CAaMOCTOATE/IbHO.
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Mpumep 1. AnnHa nepneHgukynapa CM, soc-
CTAaHOBNEHHOrO K BeplunHe MNpAMOro yrnaa
NPAMOYronbHOro TpeyronbHuka ABC paBHa
7,2 eaMHMUAM, @ ANIMHA BbICOTbI, NPOBEAEH-
HOM K rMnoTeHy3e paBHa 9,6 eanHuuam. Haii-
AUTe paccToAHMe OT TOYKM M 40 runoTeHysbl.

PeweHue: no Teopeme o Tpéx nepneHamnkynspax, T.K. CH L AB, To MH _L AB.
PacctosaHuMe oT ToO4KM M A0 rMnoTeHy3bl paBHO AanHe oTpe3ka MH. N3 AMCH

no Teopeme Mudaropa numeem:

MH =+ 7,22+9,62=12 ep.

Mpumep 2. AnnHa nepneHANKyNApa, BOCCTAaHOBAEHHOrO K NAOCKOCTU Tpe-
Yro/ibHMKa 13 BepLlUMHbI 6osbluero yria pasHa 15 eq. Haliaute pacctosHue ot
BEPLIMHbI NepneHauKyaapa A0 6o/blie CTOPOHbI, €C/IN CTOPOHbI TPEYFOJb-

HMKa pasHbl 10; 17 n 21 en.

PeweHune: ecan BF L AC, To KF L AC. To ecTb, Ha40 HanTh K
ANnHy otpesKa KF.
Mo ¢opmyne M'epoHa Haaém naowaab AABC.
15
+17 +
b- (a+§+c) ) (10 127 21) 2 c 17 Z)B
21

S=p(p-a)(p-b)(p-c) =
=\24-(24 - 10)(24 - 17)(24 - 21) =
=24:14:7-3 =3-8-2:77-3 = \32724>= 84

C opyro cTOpoHbl, S= % AC- BF.

_ 25 _ 284 _
OTtcropa BF = T =8

Tak Kak oTpe3ok KB nepneHgukynspeH BF, To AKBF npamoyroabHblii.

KF = VKB2 +BF? =152+ 82 = V289 = 17
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O6yuarowme 3agaHua

1.

Mo AaHHbIM PUCYHKa OO0KaXXuUte yTBepxaeHuA.
Dano: DBL(ABC) [aro: MAL(ABC) AaHo: KBL(ABC)
AB=AC,CD=DB AE, CF, - BbICOTbI

Hokaxute: DCLAC NokaxuTe:MDLBC DNokaxunte:KDLAC

M

Touka M, nerkawasa BHe MJOCKOCTU NPAMO-
Yro/IbHMKa CO CTOPOHaMM 4 cm 1 6 Cm Haxo-
AUTCA Ha OAMHAKOBOM PacCTOAHUU OT ero
BepwuH. Ecnu MA=MB=MC=MD =7 cm,
HanauUTe pacctoAaHKe oT To4Kn M ao naoc-
KOCTW NPAMOYroNbHUKA.

Touka M, nexallan BHe NI0CKOCTM NPAMOYrO/IbHOMO TpeyrosibHMKa ABC ¢ KaTeTamu
6 cMm 1 8 cm, paBHOyAaNEeHa OT ero BepLmMH. HaliamTe pacctosiHue oT Toukn M go
NJI0OCKOCTU TpeyronbHmKa, ecan MA =MB = MC =13 cm.

M3 LeHTpa OKPYXKHOCTU, BNMCAHHOW B TPEYToNbHUK co cTopoHamu 10 cm, 10 cm
1 12 cM, K NJI0CKOCTU TPEYro/ibH1Ka BOCCTAaHOB/IEH MeprneHANKyNap ANNHOW
4 cm. Hagute paccTosaHue OT BepLUMHbI NepneHanKynspa 40 CTOPOH Tpe-
YroNbHUKA.

Touka M, nexauwada BHe NJTIOCKOCTU PaBHOCTOPOHHEro TpeyrosibHMKa Cco CTo-
pOHOﬁ 3cm, Haxo4auTCA Ha PaCcCTOAHUN N3 CM OT ero NA0CKOCTU M Ha PaBHOM
PaCCTOAHUU OT €ro CTOPOH. HaﬁAMTe 3TO pacCTtoAaHuUe.

HalauTe pacctosiHue oT ToukM M 0 nNnocKo-
CTU TPEYrosibHMKa co ctopoHamm 13 cm, 14 cm
n 15 cm, ecnn paccTtosiHMe OT 3TOM TOYKU A0
CTOPOH TPeyrosbHMKa paBHO 5 cm.

Touka M NpoCTpaHCTBa HAaXo0AMUTCA Ha PACCTOAHUM 2,6 CM OT CTOPOH pomba ¢
AnaroHansmum 6 cm 1 8 cm. Halaute pacctosHMe OT TOYKM M A0 NaoCKOCTH
pomba.
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[ByrpaHHbIN yron

MpakTuyeckan pabora. CrubaHue nucra bymaru.

Bosbmute gBa nncta bymarv u nomMeTbTe OAMH U3 HUX
6ykBoli M, a gpyroii 6ykeoii N. Kaxablii IUCT paspekbTe
00 cepeanHbl.CoegnHNUTE NCTbI MexXay coboi, npu no-
MOLLLM KNIEeMKOW NIeHTbI. BbinosHWTE ciegytowme 3a4aHns.
1. OtmeTbTe Takue To4kn D u E, yTobObl OHU NpUHage-

anm o6emm nAoCKOCTAM.
2. NposeguTte yepes Toukn D 1 E npamyto.

3. Bblpa3suTe cBOE MHeEHME 0 NepeceyeHnm NaocKocTen.

B3anmHoe pacnosoXXeHue nNaocKocTe

MapannenbHble
NNOCKOCTH

Mepecekarowmecs
NJI0CKOCTH

Mnockoctn
cosnagator

Y napannenbHbIX NJA0CKO-
cTell HeT HW oAaHOM
obueln ToOYKu.

[1B8e NI0CKOCTM nepeceKatoTca no
ofiHoM npamoMn. MaockocTva 1 p
nepecekatoTcs no npsmoin AB.

Y ABYX NIOCKOCTEN ecTb
TPpU obLWue TOYKM, He
pacnosoKeHHble Ha
OHOM NPSIMON.

<

<

=™

[BYyrpaHHble yrabl

Yron, 06pa3oBaHHbIN ABYMA MNOAYNNOCKOCTAMMU U UMEIOLLMIA OBLLYIO FPaHMLLY
Ha3blBaeTcA ABYrpPaHHbIM yraom. MoaynaoCKoCTM HasbiBaOTCA rPaHAMM, UX
06Lana rpaHMLLa HasbiBaeTcs pebpom. Mpu nepeceveHnn AByx NaocKocTel 06-
pasyeTca 4 AByrpaHHbIX yraa.

Ecnun n3 noboi Touku (O) Ha pebpe (/) AByrpaHHoro yrna pegpo
B KaXKAyH0 MNONYMNJ0CKOCTb NPOBECTU NEPMNEHAMKYAAPHbIE
nyun (a L1, b L), To oHn obpasytoT yron(0), KoTopblii Ha-
3bIBAETCA IMHENHbBIM YI/IOM A,BYIPaHHOrO YrAaa.

2pgHu

/

[ 1
%
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AleyapaHHbiii y2on usmepsaemcsa e2o AUHelHbIM y2a0M.
padycHoii mepolii 08y2paHHO20 yana Ha3bieaemcs 2pa-
dycHas mepa e2o nuHeliHo20 yana. Bce nvHeNHble yribl
[ABYrPaHHOrO yrna npu napansiesbHOM nepeHoce CoBMa-
[aloT, TO eCTb OHM paBHbI (MpAMble, NepneHANKYAspHbIe
OZHOW 1 TOW »Ke NpAMOI napanienbHbl). B

>

ANAVANAN
(VETAVEY,

3HauyeHue NNHENHHOro yrna He 3aBUCUT OT MeCTa PaCno/1I0XKeHUA ero BepPLUnHbI.

lpagycHaa mepa ABYrpaHHOro yrna nexuT B npeaenax ot 0° go 180°.

Yrnom mexay AByMa nepeceKkatowMMmnca naocKo-
CTAMW NPUHATO CYMTATb MEHbLUMIA U3 ABYX Yr/10B, 00-
Pa30BaHHbIX MpU MepecevyeHUM naockocTein. Ha

pUCYyHKe, roBops 06 yrae mexay naockoctamu o u 3 A 0

numetoT BBMAy yron 0, o6pa3oBaHHbIA NepneHanKy-
NAPHBIMU NPAMbIMU, ONYLWEHHBIMU Ha JIMHUIO Nepe-
ceyeHuA NAOCKOCTEN.

Mpumep 1. Ha rpaHn A4BYrpaHHOro yrna, rpagycHaa mepa KOTOPOro paBHa
30°, B3ATa TOYKa, yaanEHHaA OT APYrol rpaHn Ha paccToaHue a. Hangute
PacCToAHMeE OT 3TOM TOUKM A0 pebpa ABYrpaHHOro yrna.

Pewenwue. NycTb gaHa Touka A€ a.

Mposesém AB L [, AC L 3. Mo Teopeme o Tpéx nep-
neHaukynapax BC L [ 3naunt, ZABC nuHelHbIl
yron u ZABC = 30°. B npsAMOYroibHOM TPeyro/b-
HUMKe ABC KaTeT, ne)kawwui Hanpotms yrna 30°,

paBeH NosioBMHe rmnoTeHy3sbl: AC = %
OTtcropa AB = 2a.

O6yuvarowme 3agaHua

|£ MpuBeauTe Npumep ABYrPaHHOrO yria B KAaccHOM KomHate. Yemy, npnbau-
3UTeNbHO, paBHa rpagaycHas mepa ABYrpaHHbIX yrios?

E Ha rpaHu AByrpaHHOro yrna, rpagycHas mepa KoToporo paBHa 45°, B3ATa TOUKa,
yAanéHHas oT APYyroi rpaHu Ha paccTosHue a. HaliauTe paccTosHWe OT 3Tow
TOYKM [0 pebpa ABYrpaHHOro yrna.
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AByrpaHHblIii yron

3.

KaTeTbl NpAMOYro/ibHOro TpeyroJibHMKa pasBHbl 6 CM K
8 cm. HaiguTe pacctosHMe OT BEPLIMHbI NPAMOrFO yria
[0 NJIOCKOCTU, NPOXOAALLEN Yepes3 TMNOTEHY3Y, eCNu
OHa obpa3syeT C N/I0CKOCTbIO TPeyrosibHMKa yroa 30°.

[aH TpeyronbHmk ABC co ctopoHamun AB =18, BC=12, AC=18. Yepes cCTOpOHY
AC npoBefieHa NAOCKOCTb (¢, KOTOPAA cocTasaseT yrona 45° ¢ NNoCKoCTblo Tpe-
yrosbHuKa. HaiguTe pacctosHMe oT TOUYKM B g0 naockocTm o..

Yepes ctopoHbl AC TpeyronbHmnKka ABC nposefeHa naoCKOCTb O, @ U3 Bep-
WKMHbI B K 3TOM NNOCKOCTU NpoBeAeH nepneHAnKynap BB1. Ecnu aByrpaHHbIN
YrOJ1 MeXAy NJIOCKOCTbIO TPEYroibHMKa U NJIOCKOCTbIO 0L PABEH (), MOKAXKUTE,
YTO Sas,c= Sasc* €COS @. B

YKasaHue: MCﬂOﬂbSyVITe OTHOLWEHNA

1
Shsc =3AC *BD, B:iD=BD-cosq /
o

Yron mexay nnocKocTbio TpeyronbHuka ABC u nnoc-
KOCTbto 0. paBeH 30°. HanguTe naowanb opTOroHas b-
HOM npoeKkumn TpeyroabHMKa AiBC Ha NAOCKOCTb «,
ecam BC =12 cm, AA1 L a v AA1 =8 cm.

C

[aH paBHOCTOPOHHMI TpeyroabHUK ABC co cTopoHo a. Yepes cTopoHbl AB
TpeyroabHWKa NpoBeeHa NA0CKOCTb U M3 BepLUMHbI C K 3TOM NIOCKOCTU Npo-
BeaeH nepneHaukynap CCi. HaiauTe nnowaab TpeyronbHnka ABCi, ecnm yron
MeXay NA0CKOCTbIO TPeyrosibHUKa U MNA0CKOCTbIO PaBEH:
a) 30° 6) 45° B) 60°

MnockocTb 0L NpoBeaeHa Yepes cTopoHbl BC Tpeyronb-
HuKa CAB, a 13 BepLlKHbI A K 3TOM NJOCKOCTU NpoBeaeH
nepneHankynap AD. Ecam Sacas = 48 cm?, Sacos = 24 cMm?,
HaNTWU Yron mexay naockocTtbto ABCA M NNOCKOCTbIO OL.

MpoeKunn CTOPOH PaBHOCTOPOHHEFO TPEYrosibHUKa
ABC Ha na0cKocTb 0L 06pa3yoT NPAMOYFO/bHbIN Tpe-
yronbHuK BDC. Hanaute DC, ecim AC = 8 cm.
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MpaKTuuyeckana paboTa

MpyKpenuTe TUCTOK Bymaru K KapaHAaLly npyv NOMOLLM KAel-
KoM neHTbl. KapaHaalw ectb moaenb Npsamon, a IUMCTOK - MO-
AeNb  NJAOCKOCTU. Pacnonoxute KapaHZalw pPasinyHbIM
06pa3oM OTHOCUTENIbHO CTOMA W BbICKAXKMTE MHEHME MO Mo-
BOAY ABYrpaHHOrO yrna, 06pa3soBaHHOro NJOCKOCTbIO IUCTA U
MIOCKOCTbIO CTOA.

MepneHAUKYNAPHbIE NJIOCKOCTU

Onpepenenune. Ecnu aByrpaHHbIM yron, ob6pasoBaHHbIN

A
npw nepecevyeHnm AByx NJ0CKOCTEN NPAMON, TO MIOCKOCTH 7 Q
Ha3bIBAOTCA NEPNEHANKYNAPHBIMU NJIOCKOCTAMM. T
DAl
SQ L SR Ha nnockoctv a v TS L SR Ha nnockoctn B u ZQST L p
(v . 7’
paBeH NIMHEHOMY YTy ABYrPaHHOro yraa ¢ pebpom RS v rpa- ‘R S

HAaMKn o m 3. Ecnn ZQST npamoit, To o L 3.

Teopema (Npu3HaK NnepneHAMKYNAPHOCTU NaocKkocTe). Ecan 3
N/JI0CKOCTb MPOXOAUT Yepes NPAMYIO NepneHaNKYAAPHYIO ApY-

roM N0CKOCTU, TO 3TM NJIOCKOCTU NeprneHAMNKYAAPHBI.

OaHo: MNpamaa AB nepneHAMKYAAPHA NIOKOCTU O B TOUKe A.
MnockocTb B npoxoaunT Yepes AB. )
[Dokasartb: [10ckocTb B nepneHanKynapHa NA0CKOCTH O.

[okasarenbctBo: O603HaUMM NPSAMYIO, MO KOTOPOM NepeceKatoTca
naockoct o u 3 yepes AD. 3Ta npsamas ssaseTtca pebpom ABy-
rPaHHOrO yrna, 06pasoBaHHOrO AaHHbIMW MNJOCKOCTAMM.B naocKko-
cTn a npoBeaém nuHuto AE nepneHamkynapHyto AD.

Tak Kak AB L a, To amHua AB nepneHAMKynspHa ntoboit npamoi
nepecekatolLen eé B Touke A.

To ectb, AB L AD, AB L AE. Yron ZBAE aBnseTcs IMHENHbIM Yr1I0M
AByrpaHHoro yrna. A Tak kak AB L AE , To AByrpaHHbIi yron nps-
Moit. Takum obpasom 3 L o. Teopema aokasaHa.

MOoKHO cMOZEeNMPOBaTh 1It0OYIO MIOCKOCTb, NPOXO-
AALLYI0 yepes npamyto | BpalieHmem naockoctv 3
BOKPYr npamowu /.

Mpumep npuknagHoro 3agaHua. pumepom
nepneHAnKyNAPHbIX MAOCKOCTEN CAYKAT KPyTA-
wmecs ABepwu, KOTopble, 0ObIYHO, YCTaHABAM-
BAlOT MpW BXoAe B OTENAX WA TOProBbIX
LeHTpax. M3 cxembl BUAHO, 4TO Npaman ST nep-
NeHANKYyNAPHA NONY U ABEPb KPYTUTLCA BOKPYT
aTol npsamoi. Mpu atom naockoctm STU, STR
TaKXe nepneHaMKyAApHbl naockoctn nona RTU.
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MepneHAUKyNAPHbIE NI0CKOCTU

Obyuatlowme 3agaHus

|10.

1.

MoKaxuTe npumepbl NepneHaNKYIAPHbIX MNJI0CKOCTEN U 0OOCHYMTE UX Nep-
NeHAMKYNAPHOCTb U3 TOTO, YTO Bbl BUAUTE AOMA U B LUKONE.

TouKa pacnosioXKeHa Ha pPaccToAHUKM a 1 b oT ABYX nep-
NeHAUKYNAAPHbIX NAOCKOCTeN. Haaute pacctosHue oT
3TOM TOYKM A0 IMHUM NepeceyeHns NAOCKOCTeNn.

a) 3anuwuTe pébpa Kyba, nepneHAnKynspHble naockoct ADC.

H G

6) KakMm nnockoctam nepneHgukynspHo pebpo
AE? 3anuiwmTe 40Ka3aTenbcTBO NPY MOMOLIM TeO- ¢
pembl NepneHaNKyAAPHOCTN NPAMOM U NAOCKOCTY.
B) 3anuwimnTe TPONKY NepneHaMKyAapHbIX MNI0CKO-
cTeii. O6bACHUTE MX NepneHAuMKynspHocTb, uc- | ;B | __
NoAb3yA U3yYeHHble TEOPEMDbI.

D

MpeacTaBbTe, YTO Bbl PA34eINAN KNACCHYIO KOMHATY Ha [Be YacTu nepero-
pOAKaMM, KaK MOKa3aHo Ha pucyHKe. MacTep, KOTopbli K

BaM NMOMOraeT, Hap1McoBaa MesoM NpAMYyto nHuto DF

Ha neperopogKke n nnHuio FH Ha nony. D

a) KaK Bbl Npy MOMOLM 3TUX IMHUIA N YTONbHUKA, NO G
MOZEeNu NeperopoKn CMOXKeTe onpeaenntb nepneH- F
OMKYNAPHOCTb niockocTn EFD n nnockoctn nona EFH? E N

6) KakK Bbl ybeagumTech B TOM, YTO Neperopoaka nepneHx-
AuRynsapHa cteHe (KGJ)?

Kakoe v3 yTBepKaeHUn BepHO, a Kakoe HeBepHOo?

a) U3 ntoboM TOUKM Ha NPAMOIN MOMKHO MPOBECTM NEePneHANKYAAP U NPUTOM
TO/IbKO OZMH.

6) Ecnv Kaxkgan v3 AByX NJAOCKOCTelM nepneHAMKyAspHa TPeTbel, TO OHM Na-
pannenbHbl Mexay cobon.

8) Ecnm npamas AB nepneHAMKYAAPHA NIOCKOCTM O B TOUKe A 1 npamas AB
nexuT B nnockoctn 3, To o L 3.

r) Yepes TOUKY Ha NPAMOI MOXKHO MPOBECTU €4MHCTBEHHYIO NMJIOCKOCTDb, Nep-
NeHAMKYNAPHYIO AaHHON NPAMOIA.

A) Ecam nnockocTb NepneHAMKyNfapHa OAHOM M3 NepeceKaloWwmnxcs nNpsambix,
TO OHa NepneHANKyAAPHa U APYro NPAMON.
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|E. a) NoKarknTe, KaKoW eLLé NA0CKOCTM NepneHAnKyAapHa nioc-
kocTb MNL, ecnm PN nepneHgmkynsapHa naockocty MNL?
6) Kakasa npaman foKHa bbITb NepneHanKyAapHa NI0CKOCTH
MNL, ytobbl 1 naockocTb RSL, n nnockoctb PNL 6bian nep-

neHAMKYNApHbI naockoctn MNL?

Soooocoodloo

|£;, Mpamasa AB nepneHAMKynApHa MJ0OCKOCTU COL B A
Touke B. Otpesku BC u BD, npuHagnerkawmne
NAOCKOCTU O KOHrpyaHTHbI BC = BD. [lokaxuTe, -
yTto AC = AD 3ano/iHMB AByXCTON64YaTy0 Tabamuy.

[oKa3aTenbCcTBO 3anuINTE B TETPadb.

DaHo: AB L a, BC=BD CubDe «
Aokasatb: AC= AD

YTBepxaeHue

O6ocHoBaHue

1.ABlL o ,BC=BD,CveDe «
2.AB 1 BC,AB_L BD

3.Yrabl ZABC 1 ZABD npamble
4. ZABC= ZABD

5. AABC= AABD

6.AC=AD

2 e
3. No onpeageneHuio nepneHamKynapa
4. Ob6a yrna npamble

|£. PaBHOCTOPOHHMI TpeyronbHUK ABC pacnonorkeH B naockoctu o.. OTpesok AD
nepneHAnKyNApeH NA0CKOCTU o . JJokaxuTe, yto BD = CD.

|1_8. PaBHObOegpeHHble TpeyronbHMKKM ABC 1 ABD ¢ obwmm ocHoBaHMem AB pac-
MOJ/IOXKEHbI B NepneHANKYNAPHbIX NOCKOCTAX.
Hangute CD, ecim AB=16cm, AC=BC=17cm n AD L BD.

|£. a) Hapucyite nnockocte NML 1 npamyto AM, nepneHAnKYIAPHYHO NIOCKOCTH.
6) HapucyiiTe Tpm NAOCKOCTK, NpoxoaslLme Yyepes npamyto AM, u nepneHgu-

KynsapHble naockoctn NMIL.

|£). M3 Touek A n B, pacnonoXeHHbIX B NeprneHANKYNAPHbIX NJOCKOCTAX, 40 NpA-
MOW UX nepecevyeHns nposeaeHbl nepneHanKynsapsl AC u BD. Hanagute gamny

oTpesKka AB, ecau:
a)AC=8cm,BD=9cm, CD =12 cm;
6)AD=6m,BC=7m, CD=2m;
B)AC=ag,BD=b,CD=c
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I'Iapannen bHbl€ NJIOCKOCTU

Teopema 1. (MpusHaK napanienbHOCTM NAOCKOCTe) Ecnn ABe nepecekatomecs
npsiMble OAHOW MAOCKOCTM COOTBETCTBEHHO Mapas/iefibHbl ABYM MepeceKato-
LMMCA NPAMbIM APYroi NJI0CKOCTK, TO 3TW NAOCKOCTU NapasiesibHbl.

a
[okasarenbcreo: [lycTb ABe nepecekatowmecsa / ><b/

npamblie a n b nexkaT B NJI0OCKOCTU a, a ABe nepe-

ceKalolwmecs npambie g1 U b1 PacnonoeHbl B eh
nnockoctM B nal ai, b|| bi. Nokaxkem, ytoa || B. % ><,1/ ______

Npeanonoxum obpatHoe. MycTb NAOCKOCTU L U 3 nepeceKatoTcs No NPAMOIA C.
Mo npu3HaKy NapannenbHOCTM NPAMOIA U naockocTu al| cu b|| c. OTciopa cneayer,
4TO NpAMas ¢ NapannenbHa KaxAoW U3 Nepecekalowwmxca NpambiX a U b. A 3To
HEBO3MOKHO. Monyunnu npotmsopeune. 3HauuT, o || B .

Teopema 2. Ecnn gBe napannenbHole NJOCKOCTU nepece-

KaloTCs TPETbEeN NNOCKOCTbIO, TO IMHUKU NepeceyeHms naoc-

KOCTel napannenbHbl. /o

To ecTb, ecnn napannenbHble NAOCKOCTU o U 3 nepece-

KaloTcA NIOCKOCTbIO ¥, TO IMHUK NepeceyeHna [ 1 m na- £
pannenbHbl. Kpatkaa 3anucb: ecam a || B naockoctsb y
nepecekaet naockoctm a uf3, 1o/ || m

JloKkasaTenbCcreo.

DaHo: o | | B. MycTb npaAmasn | ABNAETCA IMHMEN NepeceyeHns NIOCKOCTeR Y U o,
npAMas m ABAAETCA IMHWUEN NepeceyeHns naockocTen y up.

DOokasatbe: m || /

[loka3aTenbCcTBO: TaK Kak NpAMble m 1 [ nexKaT B NJIOCKOCTU ¥, TO OHU He ABAAOTCA
CKpeLLMBAIOLLIMMUICA, a TaK}Ke He NepeceKatoLMMmUCA, Tak Kak B 3TOM c/yyae naoc-
KocTu o v [3 umenu 6bl 06LLyto TouKy. Ha camom aene, ecam npamble [ v m nepe-
CeKaloTCA B KaKON-MBO TOUKe, TO 3Ta TOUKA AO/IXKHA NPUHAANEXKaTb KakK NPAMOi
I, To ecTb nexatb B NNOCKOCTM OL , TaK M MPAMOI M, TO ecTb B naockoctu 3. Oa-
HaKO, NIOCKOCTU & U [3 NapannesibHbl, @ 3HAYUT OHU HE UMEIOT HY OAHOM 0bLeit

TOYKU. 3HauuT, m || |. Teopema AokKaszaHa. ‘
Mpumep npuknagHoro 3aganua. MNaockoctn ABG n DCF

NPAMOYro/ibHOro napasnnenenunesa napasnnenbHol. Kakve
NA0CKOCTM 0bpasytoT pébpa, nepecekasn 3TN NJIOCKOCTU?
Pewenwne: 1. Mnockoctb ABC, nepeceKkaa napannesbHbie A D
nnockoctn ABG 1 DCF, obpasyeT napannesbHble pébpa AB u
CD: AB || CD. 2. Nnockoctb HGF, nepecekas niockocti ABG
n DCF, obpasyeT napannenbHbie pébpa GH n FE: GH|| FE.

B

Teopema 3. OTpe3Ku NapasniesibHbIX NPAMbIX, PACrONOMKeH-
HbIX MeXAy ABYMA Nnapanne/ibHbIMU NJAOCKOCTAMM PaBHbI.
(ooKaskmnTe camocToATeNbHO).
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Teopema 4. Mpamas, nepneHAMKyAApHas 04HOM U3 ABYX NapannesbHbIX Naoc-

KOCTel, NnepneHANKYAAPHA U APYFrOM NNOCKOCTH. /
B1

Dokasatenbctso. Nyctb o || B 1 a L a. Nnockoctu

o1 v B1, npoxogalme yepes npamyto a, nepece- __b-AN

KaloTCA C NAOCKOCTAMM @ M 3 No napaniensHbim /{?

npambim : AC|| BM, AD|| BN. Tak Kak a L AC, of M

a Ll AD, To a L BM v a L BN. Mo npu3HaKy nep- Al b

NEeHAUKYNAPHOCTM NpsAMON u naockoctn a L . A&

Teopema AoKa3aHa. C/
<

Teopema 5. [Be N/I0CKOCTH, NepneHANKYAPHbIE OAHOW U TOM e NpAMOon,
napannenbHbl.

Mpumep npuknagHoro 3agaHua. Kepmum ge- F
NaeT U3 KapToHa moaenb aBTomobuna. Ocb \

DG, coepuHAlowWwaa Konéca aBToMobuns /\ J
AO/IKHa BbITb NepneHanKynapHa. Mo Kakoi

JIMHWUW LO0/KHa BbITb NEepneHgMKyAapHa ocb,

4TO6bI KONECa OblIM NapanienbHbI?

PeweHwne: ecnn ocb DG nepneHAMKynApHa nepecekarowmmca B naockoctmn EFD
npAambim ED n FD n nepecekarowmmca B nnockoctn HGJ npambim HG n GJ, 10
Keprm moeT 6bITb yBEpEH, 4TO KONEca NapanfenbHol.

Obyuatowme 3agaHus

1.

MIOTHUKM M CAHTEXHUKM A1 06paboTKK AeTanei no-
MELLAIOT UX MeK Y ABYMA NapannefibHbIMU NAacTu-
HaMU (3aXKMMamm), NNOTHO CHMMAIOLLMX AeTallb, a
3aTeMm BbINONHAKT Heobxogumyto paboty. Kakue
JIMHUU Ha PUCYHKE AO0MXKHbl 6biTb MepneHauKy-
NAPHbI, YTOBbI NAACTMHbI BbIAM NapannenbHbl? \

Mpamaa AB napannenbHa NNOCKOCTU & M NepneHANKYAAPHA NAOCKOCTH [3.
Npsamas CD nexuT B naockocTu 3.

1) HapucyiiTe pUCYHOK MO YC/OBUIO.

2) YTto n3 cnepytoulero BepHo?

a)a |l 6)a L 8) AB || CD rfcbla H

OnpegenunTe B3aMMOPacnonoXeHue nNaockoctTu, npo- E
xoAAulen yepes sepwnHbl Kyba A, F n C, U N10CKOCTH,
npoxogsauwen yepes BepwuHbl E, B u G. O6ocHyiTe
CBOE MHEHMe.

A
Y
Y
Y
N,
== -
M
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|i MNnockoctmn MNO u PQR napannenbHbl. MOXXHO nun v =
yTBepKaathb, uto, ecim MP || NQ || QR, To NO = QR?
OTBeT 0boCHyiTE.
P R

E MpyY NOMOLLM PUCYHKA, 0BOCHYITE, UCTUHHO U/IM JIOXKHO
BblCKa3blBaHWe. Q

a) Ecnv aBe NA0CKOCTM NepneHAnKYAsPHbI, TO NpamMas,
napanfnenbHas OAHOM M3 NNOCKOCTEN, NepneHanKy- G F
NApHa Apyron NA0CKOCTU. {
6) Echn aBe naockocTM napannesibHbl O4HOW N TOW e :
.
.

NPAMOW, TO 3TN NJOCKOCTU NapaniesbHbl. D C
o o ) AR f—
B) Mpamble, NepneHAMKyNapHble O4HOM U TOM e nps- J‘L 10%7 E
MO, NapannenbHbl. RSPt
r) [1Be NNOCKOCTM, NepneHanKYNAPHbIE OAHOM M TOM ke A% B

NI0CKOCTU, NapaniesibHbl.

4) Ecnm ckpelymBatowanca npaman napasnnesbHa ogHON U3 AByX napannesnb-
HbIX NPAMbIX, TO OHA CKpPeLLMBaeTCa U C APYroi NPsMoN.

|i OcHoBaHue BC paBHobeapeHHoro TpeyrosbHMKa ABC neXXut B NI0CKOCTHU .
MaockocTsb 3, NapannesnbHasn NA0CKOCTU O, NepecekaeT CTOpoHy AB B Touke D
n AC B Touke E. Jjokaxkute, yto AADE paBHObeapEeHHbIN.

|L Teopema. [Be npsamble, nepneHOMKyAspHble OAHOM
NJI0CKOCTU, NapansienbHbl.
JaHo: nnockoctb o, LA L o, MB L o
Dokaxute: LA || MB
[na pokasatenbcTsa Teopembl npoBeaém npamyto BN na-
pannenbHo npsamoit LA. Hago nokasatb, 4to npambie BN n
BM cosnapgator.
JoKaxuTe Teopemy, BbIMOJIHUB CAeAyIOLIME LWaru.
1. MokaxuTe, uto ZLAC aBnseTcs AMHENHbIM YrA0M Npa-
MOTO ABYrPaHHOrO yrna Mexay naockocTamu o, 1 3.
2. MoKaKnTe, YTO ecmn oAHa U3 ABYX NapanneNbHbIX MPAMbIX NepneHaUKyAapHa
TpeTbel, TO Apyras NpAMas TakKe neprneHAnKyNspHa 3TON NPSMON, TO ecTb U3
ycnosua LALAB cneayer, uto NB L AB.
3. Ha nnockoctn a nposeaute BD L AB. Mcnonb3ysa To, YTO ABYrpaHHbIN yron
MeXKAay NAOCKOCTAMU OL U 3 NpAMOiA, nokaxuTe, uto BD | NB.
4. TNoKaxkuTe, YTo NepneHanKynap MB K NIOCKOCTM O BOCCTAHOB/IEHHbIN U3 TOYKM
B ABnAeTCA e4MHCTBEHHbIM.
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PacctosiHMe mexXay ABYMA Napanie/ibHbIMU NAOCKOCTAMM.
PaccTosHue mexay AByMA NJIOCKOCTAMM PaBHO AJIMHE nep-
neHAMKynsapa, onyweHHoro 13 Ntobol TOYKM 04HOM NAOCKO-
CTWU A0 APYroi.

PacctosHue MeXKAay ABYMA CKPELMBAIOLWMMUCA NPAMbIMU. Yepes Kaxayto

M3 ABYX CKpeLMBAOWMXCA NPAMbIX NPOXOAUT
NNIOCKOCTb, NapanfienbHaa Apyron npamoi. Ha-
npumep, NPoBeaEM Yepes NPAMYIO b NAOCKOCTb,
napannenbHyto Npamoit a. na atoro, nposegem
NPAMYIO 01, KOTOPAn NepecekaeT Npsamyto b Tak,

/

[T
/57

yTobbl OHa Mpowaa MapannesbHO MNPSMON a. b
|_|l10CKOCTb, npoxogAilan yepes npAambie a1 U b, na- B
a1

pannenbHa npamol a. PacctosHue oT ntobol

TOYKM ﬂpﬂMOVI a oo 3TOM NJOCKOCTU PaBHO pac-

CTOSHUIO MeXAY CKPeLLMBatoWMMNCA NpAMbIMK @ U b. Ecin b M a1 =B, To oT-
pe3ok AB, nepneHAMKYAAPHbIA NAOCKOCTM o, ABAAETCA  06Wmm

nepneHamKyapom gna CKpewmBatrowmxca npambiX a n b.

PacctoaHue mexay ABYyMA NapannebHbIMM NIOCKOCTAMM PABHO 8 cm. KOHLbI

oTpesKa ganHoi 10 cm onmparoTca Ha 3TU NJIocKocTu. Haliaute
pe3Ka Ha KaXKayto NioCKOCTb.

NPOEKLMI0 OT-

MesKay ABYMA NapasienbHbIMU NAOCKOCTAMM OL U 3 npoBeaeHbl oTpesku AC
n BD (A,Be a; C,De B). AC = 17 cm, BD = 10 cm, cymma npoekuuit AC n BD Ha

OAHY M3 MJIoCKOoCTel paBHa 21 cm. HanguTte gavHbl NPOeKunit
MeK Y NIOCKOCTAMM.

M paccTosHue

B
[aHo: npamoyro/ibHbIN Napannenenunea, .1 c
AB = AD = 15 cm, AA:1 = 20 cm. HallguTte pacctosHue A, :
mexay ckpewmsatowmmmnca npamoeimm AiC n AD. \\:“~:~\ D1
YKaszaHue: yepes anaroHanb AiC nposeauTe Na0CKOCTb, Exi___:‘_ ~~ac
napannensHyto AD. /"
,

A

D
Mexay 4BymA napanienbHbIMU NAOCKOCTAMW NPOBeAEHbl NepneHanKyaap
O/MHOM 4 M M HAaKNOHHasA, AIMHON 6 M. PaccToAaHMe mMeXay MX KOHLLaMM Ha

Ka*kgoM 13 aByx naockoctei pasHo 3 m. Halaute paccrosn-

HWe OT cepeauHbl NepneHaMKyaapa 40 CepeanHbl HAKIOH- N K
HOW. :‘\
1 “
. M ——P
[aH Kyb pebpom a. HallauTe pacctoaHMe mexay Aua- I ¢
roHanbto DN n pebpom BC. s |
4
4
A D



68 O6o6walowme 3agaHna

1.

BbINONHUTE 33@aHMA MO PUCYHKY.

a) MokaknTe,uTo TpeyronbHUK ABC aBaseTcs npamo- 1
YrONIbHbIM TPEYrOJIbHUKOM. ‘ B D

6) M3meHUTe faHHble Ha PUCYHKe TaK, YTobbl TpeyrosbHMK BCD cHoBa cTan nps-
MOYTO/IbHbIM, @ TpeyroNbHUK ABC nepectan 6biTb NPSAMOYTO/bHbIM.

Mo pucyHKy HanauTte X. |3_ Nepuna nectHuubl  napan-
NleNIbHbl NOTONKY.
Hangute y, ecnn £Lx=122°.

KoHUb! OTpesKa NpsAMoit yaaneHbl OT NAOCKOCTU Ha paccToaHumn a u b (a > b).
HaliauTe paccTosiHMe OT cepegmnHbl OTpesKa 0 NA0CKOCTH, eC/n:
a) OTPE30K He NepeceKaeT NJI0CKOCTb;  6) OTPe3oK nepeceKkaeT NNOCKOCTb.

M3 LeHTpa paBHOCTOPOHHETO TPeyroJibHWKa CO CTOPOHOM 6 CM K NIOCKOCTM Tpe-
YrosibHMKa BOCCTAHOB/IEH NEPNEHAMKYAAP ANMHOM 3 cM. HalanTe paccTosHue
OT BEPLUMHbI NePNeHAMKYASPa A0 CTOPOHbI TPEYroNbHUKA..

PaccTtosiHne mexxagy ToyKamu A M B M NAOCKOCTbIO paBHO a M b cooTseT-
CTBEHHO, @ PAaCCTOSAHNE MEXKAY OCHOBAHUAMM NepPneHANKYNAPOB, NPoBeAeH-
HbIX M3 3TUX TOYEK K MJIOCKOCTU, PaBHO C.

a) HaliauTe pacctoaHue AB, cumTas, 4To TOYKM A M B MOryT HaxoauTbCs no
OJHY M NO pasHble CTOPOHbI NMAOCKOCTU.

6) Bbluncnute pacctosiHme AB, ecima=7cm, b=2cm, c =12 cm.

OTtpeskn AB, AC 1 AD nonapHO nepneHAnKyAApPHbI.
Echn AB =5, BD =13, CD = 20, Hanaute AC.
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8.

|10.

Onpeaennte No PUCyHKaM, YTO M3 YKa3aHHOTO HUXKE UCTMHHO, @ YTO JIOXKHO.
HapwcyliTe pUCyHKM B TeTpaZb U 3aMuLLUTe pelleHue.

1. Ecnv pe nnockocTv nepnenan- 2. Ecim Kaxaas U3 AByX MAOCKOCTel
Ky/n1AapHbI OAHOU M TOM XKe npA- nepneHANKYAAPHA TPETbEN, TO OHU
MOMU, TO OHUM NapannenbHbl. napannenbHbl Mexxay cobon.

Ha pacctoaHum 1 cm, Yyepes BeplunHbl C NpsMOYroabHOro TpeyronbHuka ABC
napannenbHo rmnoTeHyse NpoBeAeHa NA0OCKOCTb. ECM NpoeKLumsa oaHoro 1s
KaTeToB Ha 3Ty M/IOCKOCTb paBHa 5 cM, a NPOEKLMA TMNOTeHY3bl PaBHa 6 CMm,
HalguTe NPOEKLUMIo ApYyroro KaTeTa. A B

JONvHa CTOPOHbI PAaBHOCTOPOHHErO TPeyrosb-
HWKa paBHa a. OanHa nepneHgukynapa OM,
BOCCTAHOB/IEHHOTO M3 LeHTpa O K NN0CKOCTH
TPeyronbHWKa, paBHa Xx.

a) OokaxuTe, yto MA | BC.

6) Mpyn KaKMX 3HAYEHUAX X ABYrPaHHbIN yron
mexay nnockoctamm ABM mn ABC paseH 60°?
B) Mpn Kaknx 3HavyeHnsax x oTpesku MA, MB,
MC 6yayT B3aMMHO nepneHguKynsapHbI?

T

M3 BepwmHbl A npamoyronbHuka ABCD K niocko-
CTW NPAMOYrO/IbHUKA BOCCTAHOB/IEH MepPMeHAMKY-
nap AT.EcimTB=6cm, TD=7 cm, TC=9 cm,
Hangure: D A
a) oanHy AT;

6) paccTosiHMe oT ToYKM A Ao naockocty TBC C
B) rpadycHyto mepy yrna TBA

™



TpuroHomeTpuueckue BbiparkeHusa
W UX NpeopasoBaHus

Yrnbl noBopoTa

PapgunaHHaa mepa yrna

OnvHa ayru okpy»KHocTU. Maowaab cekTopa
TpuroHomeTpuyeckme GpyHKUUM

EAVMHUYHAA OKPYXKHOCTb U TPUrOHOMeETpUYecKne pyHK-
LU NPOU3BOIBHOIO yrna

dopmynbl NnpuseaeHUA

TpuroHomeTpUUYecKue ToXAecTsa

dopmynbl CNOoXKeHusA

Cnepcreue U3 popmyn CNoXKeHunA

MpeobpasoBaHMe TPUrOHOMETPUUECKUX BbIParKeHUM
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Yron nosoporta

Opyroli ctopoHe.

Mpv onMcaHMM yrnoB NOBOPOTA B Ae-
KapTOBOW MJIOCKOCTU MPUHATO CYu-
TaTb Nyy, coBnajatmoLwmi c
MOMIOXKUTENbHBIM HamnpaBiAeHNEM OCH
abcumcc HavyanbHOM CTOPOHOM yrAa.
Jly4, NoAyYeHHbI NpW BPaLLEHUN OT-
HOCUTENbHO HaYyaa KoopAMHaT (Bep-
WWHbI yria), HAa30BEM KOHEYHOM
CTOPOHOIA.

YA

KOHeYyHa
cmopoHa \

O| HauanbHaA
CMopoHa

>
X

MOXXHO NMONYYUTb pa3/invyHble YINbl.

NONOXKMUTENbHbIN Yron

YA
225°

Yron Mo)KHO NoMyYnTb BpaLLEHMEM ly4a BOKPYT Ha-
YaNbHOM TOYKM. HauanbHoe NoNOXKEHME lyYa COOTBET- 0
CTBYET OA4HOI CTOPOHE YrN1a, KOHEYHOE MOJMONKEHUE -

KOHe4YHaA
CMOpPOoHa

Ha4asnbHAA
CMOpOoHa

KoopauHaTHble ocu pasbusatot Koop-
AVHATHYIO MAOCKOCTb Ha 4 YeTBepTu.
3HayeHune yrna, B 3aBUCMMOCTM OT
TOro, B KaKOI YETBEPTH Pacro/ioxkKeHa
€ro KoHeyHaa CTOpPOHa, MeHAeTCs B
onpeaeneHHoMm MHTepBane.

YA
90° <o <180° 0° <a<90°
I |
m Of v x

180° < <270°| 270° < o < 360°

Mpwn BpaweHUn nyya Ha KOOp,D,MHaTHOﬁ NJIOCKOCTU OTHOCUTE/IbHO Ha4asna
KOOpAWUHAT B HanpaBieHUU No YyacoBom CTpenke nam npoTue YacoBoW CTPEenKn

[MPUHATO cYMTaTb, YTO €C/IN MOBOPOT MPOUCXOAUT B HAMPaBAEHUN NMPOTUB Ya-
coBoOM CTPE/IKN, TO Yyron UMeeTt N0NOKUTENNIbHOE 3HaYeHMe, NP NOBOPOTE B Ha-
npasaeHMn no YacoBoW CTpenKe yrosa nmeet oTpuL,ate/ibHOe 3Ha4YeHUe.

OTPULATENIbHbINM Yron

™
o

<V
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KoHeyHan cTopoHa yrna MOXKeT COBEPLUUTb OAMH UK He-
CKONbKO 0BOpPOTOB OTHOCUTE/IbHO Hayana KoOpAMHaT.
OauH nonHbi ob6opoT cooTBeTcTByeT yray 360°. Cylie-
CTBYeT 6eCKOHeYHOoe YNC/IO0 YI/I0B MOBOPOTA, Y KOTOPbIX Ha-
YyaNbHaA M KOHEYHas CTOPOHbI coBnagatoT. Hanpumep,
KOHeuYHble cTopoHbl yrnos 30°v 390° coBnaaatoT. B obuiem,
ana yrnos nosopota a® n o °® + 360° « n (3gecb n npo-
MN3BOJIbHOE LIe/10€ YNCI0) KOHEYHbIE CTOPOHbI COBMNAaAatoT.

Mpumep 1. Hapucylite yron 3agaHHoMn BennumnHbl. OnpeaenmTte Kakom 4eTBepTu
NPUHALNEKUT KOHEYHAsA CTOPOHA yrna.

a) 240° 6) —45° 8) 510°

PeweHue.

a) 240° =180° + 60°

y
3HaK yrna nofoKutenbHbIn. Yron nsobparkaetca noBopo- 240°
TOM, OTHOCUTE/IbHO Hayasia KOOPAMHAT, B Hanpas/ieHUn
NPOTUB YaCOBOM CTPesikK Ha yron 180° + 60°. 5
KoHeuHasn ctopoHa pacnosioxeHa B |l yeTsepTu. 60°

6) —45°

3HaK yrna oTpuuatesibHblid. Yron nsobpaskaerca noso-
POTOM, OTHOCWTENbHO Hayasia KOOpAMHaT, B Hanpas/ie-
HMM N0 4acoBOW cTpenke Ha yron 45° oT 0 T
NONOMXKMUTENbHOTO HanpaB/ieHna ocu abeuycc. KoHeuHan ’\

CTOpOHa pacnonoxeHa B IV yeTsepTy.

<

B) 510° =360° +150°

Yron M306pa)+(aETCF| NOBOPOTOM, OTHOCUTE/IbHO Ha4a/ia y
KOOpAMHaT, B Hanpas/1eHNX NPOTUB yacoBoW CTPENKN Ha 150°

yron 150°. KoHeuHas cTopoHa pacriosiokeHa Bo Il uetsepTut. >
X
N
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Mpumep 2. Ha KOOPAVHATHOW MIOCKOCTM MOKAXKMTE U 3aNULWNTE rPagyCHble
Mepbl ABYX NONOKMUTENbHbIX U OAHOTO OTPULLATE/IbHOTO YI/1a MOBOPOTA, KOHEY-
Hble CTOPOHbI KOTOPbIX COBMAAAOT C KOHEYHOW CTOPOHOM yrna 60°.

PeweHwue.

MonoxutenbHble yrabl: OTpuuaTenbHbIN yron:
60° + 360° = 420° 60° + 2 - 360° = 780° 60°-360° = -300°

y
A y
y A
60° 60°
60°
L —
420 X _300°
780°

O6yvarowme 3agaHus

|£ Kakoi 4yeTBepTN NPUHALNEKNUT Yyroa o.?
a)a.=170° 6)a=290° B)aa=-100° r)o=320° p)o=-10°

& MoKakMTe TaKol yron noBopoTa o B npomexKyTke oT 0° 1o 360°, KOHeYHble
CTOPOHbI KOTOPOTO COBMAZAIOT € 3aZaHHbIM YI/IOM.
a) 420° 6) —210° B) —330° r) 700° a) —200°

E [ns 3a4aHHOTO yria 3anuKnTe U HapUCYNTE OAUH MONOXKUTENbHbIN U OAMNH OT-
pULAaTEeNIbHbIN Yro TakK, YTOObl MX KOHEUYHbIE CTOPOHbI COBNaAasu.
a) 200° 6) 80° 8) —100° r) 130° n) —70°

|i YcTaHOBUTE COOTBETCTBME YI/I0B U PUCYHKOB?

1) -210° 2) 420° 3) - 780°

) 6 ¥ o) y

|i Ecnv anameTp WMHbI Benocuneaa paseH 72 cM, CKO/IbKO
rpagycoB COCTaBUT Yro NOBOPOTa LLUMHbI, MOKa OHK Npe-
040/1et0T 3aaHHoe paccToaHMe? MpoBeauTe BbluMce-
HMA C NOMOLLLbIO KaNbKynATopa.
a)10m 6) 27 m B) 240 m
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PapwaHHOe nsmepeHue yrnos

Yr/I0M B OAWH paguaH Ha3blBaloT LEHTPasIbHbIN Yro, KOTo-
pPOMY COOTBETCTBYET A/MHA AYrW, paBHaa gavHe paguyca
OKPYKHOCTU.

PaavaHHas mepa yria ecTb OTHOLIEHWE AJ/IMHbI COOTBETCTBYIOLLEN AYTU K paanycy
OKPYKHOCTU: O =+.

[nnHa oKpy»KHOCTW 21tr. ECAv LeHTpanbHbIN Yroa, COOTBETCTBYHOLLMIA Ayre
OKpPYXKHOCTMK paguyca (r) paseH 1 pagunaHy, To ayre, paBHOM 27, COOTBETCTBYET
LEeHTPanbHbIN yron 21. HuyKe NoKasaHbl pafnaHHble Mepbl YI/I0B NOBOPOTA.

NoJIHbI NOBOPOT: noBopoT Ha 3/4: noBopoT Ha 1/2: nosopoT Ha 1/4:

21 pagunaH 3 . el

PagmaHHas mepa ogHoro uenoro obopoTa paBHa 27w, rpasycHas mepa 360°. To
ecTb, 27 pagmnaH = 360°. OTclo4a MOYKHO YCTAaHOBUTL CIEAYIOLLYIO CBA3b MEXKIY
paAvaHHOM 1 rpagyCcHOMN Mepoii.

MNpeobpasoBaHue

paAunaHbl B rpagychbl:

21 pagmaH = 360°

T _gpo
P =90°,

T

Lo o
3 =60°,

MNpeo6pasoBaHue

rpagycoB B paguaHbi:

21 pagmaH = 360°

360° _ 180° . 2w
= = == aaAnaH
1 papman == - 1"="360 = 180 "**
T
1 paguaH ~ 57° 1° = 180~ 00175 paguaH

Takum obpasom, T pag = 180°. O603HayeHMe “paa” 4acTo ONycKatoT.

BmecTo 7 pag = 180° 0b6bl4HO nuwyT T = 180°. OTCloga nosyYaem, 4to

=45°, = =30°

6




Yron nosopota 75

Mpumep. BbipasuTte yrbl, 3aflaHHble B rpaZlycax pagnmaHamu, a yribl, 3aflaHHble
pagvaHamu B rpagycax. a) 60°; 6)5?7c

T I
PeweHue. a) 60°=60- 1gp PaAMaH="3" paanaH~ 1,047 paguaH

3 3

—5.60° = 300°
7\

paanaHHoe n3mepeHue

Mcnonb3ys COOTBETCTBYHOLME pafnaH-
Hble M rpagycHble Mepbl Y108, Pacnosio-
YEHHbIX B MEpPBON 4YeTBEPTM, MOXKHO
HalTW yBEAUYEHHble B Pasbl 3HAYEHUSA

APYrUX YIioB.
Hanpumep, ecan 30° = %,

Toraa 150° =5 30° = 5. & =%

6 -

O6yuatowme 3agaHuA
|i KaKyto YyacTb No/IHOro 060pOTa COCTABAAET KaXKAbl Yyron NOBOPOTa, AAHHbIM
Ha pUCYHKe? HanuwwuTe rpaZycHyto BEIMYMHY 3TOrO yraa.

a) 6) B)

|L 3anuwuTe rpafycHble U paguaHHble Mepbl COOTBETCTBYHOLLME YI/1aM NOBO-
pOTa Ha e4AMHUYHOMN OKPYYKHOCTHU.

1 2 4
1) noBopoOT Ha o dacmm 2) NoBopoOT Ha ?qacm 3) noBOPOT Ha . vacti

l& MN306pa3unte Ha KOOPAUHATHOM NAOCKOCTU CAeaytoLLMe YI/ibl NOBOPOTA.

a) 40° 6) 310° B) —150° r) 150° n) 780°
27 Sn s 37
fnddd K)—7 it _ 2 3

e) 3 3) > n) 5 K) 5

|& Yrnbl, 3afaHHble B rpajycax, Bbipasute B paguaHax.

a) 60° 6) 120° B) —45° r) 450° n)—270° e) 15°
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|10.

|11.

|13.

Yrnbl, 3afiaHHble B pagmnaHax, BbipasuTe B rpagycax.

n 2 _3n _on
a)6 6) 3 B) 2 r) 5 a1l e)2 X) 3

[nA 3a4aHHOrO yINa BblpasuTe B pagmaHax yi/ibl, NPUHASNEXKALLME UHTEepBaNY
(0; 21), U KOHEYHblE CTOPOHbI KOTOPbIX COBMAAAOT C YI/IOM:

o 37 197 < 16w
1)- =~ 2)- 2% - = e
)>- 2 . 3)-4 2=
. a) HaihauTe 4 yrna, KOHEYHblE CTOPOHbI KOTOPbIX, COBMNAAAOT C YI/IOM:
n n n An
14 2) % 3)- = 2-3

6) [1na Kaknx nap yrnoB KOHEYHbIe CTOPOHbI COBNaAatoT?

)3 1n g 5m I gy ane, —a10°  4)227°, -493°
6 6 2" 2

B) 3anuwuTte O6LLI,VII71 BUA YyrnoB, KOHeYHble CTOPOHbI KOTOPbIX COBMaAatoT C

rNom:
y T

1) -60° 2) % 3)- 5 4) 100°

3anuwuTe BCe YI/bl, NPUHAANENKALME 3aJaHHOMY MPOMEXKYTKY,KOHEYHble
CTOPHbI KOTOPbIX COBMAAAIOT C 3aaHHbBIM YI/IOM.

a) 65°,90° < B < 720° 6) —40°, —180°<B<360° 8)140°, -720° <6< 720°

r) L,—2n56<2n A) ﬂ,—4nse<4n e) ﬂ, —2n<0<4n
4 4 3

Mpumep. a) 65°, 90° <O < 720°

Bce yrnbl NoBOpOTa, KOHEYHbIE CTOPOHbI KOTOPbIX COBMAZatoT € yrnom 65°,
MOXHO HalTK no ¢popmyne 65° +360- n n 65°—360- n.

n=1 65°+360-1 =425° 65° —360- 1 =-295°

n=2 65°+360-2 =785° 65° —360- 2 =—655°

Kak BUAHO, B 3a4aHHOM MHTEPBAJIe PAacnooKeH BCEro oauH yron 425°.

Mpumep. p,)3T’:[ , —4n<0<4n

Bce yr/ibl NOBOpPOTa, KOHEYHbIE CTOPOHbI KOTOPbIX COBMAAAOT C 3TUM YI/IOM,

MOKHO HalT no popmyne %T“+ 2nn m 37’:[ —2nn (ne N).
n 1 2 3 NHTepBany —4m £ 0 < 4m
27T npUHaANexarT yrabl:
3n + 2N 11m 191t puHaz, y
4 4 4 4 131

51 13 1 11r _5n _lom

3 _omn | -2 | -2 20n ' "~z 4
4 4 4
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AnvHa gyru. MNnowaab cekTopa

Mo onpeaeneHnto paguaHa, ecnm % =@, Torga A/ivHa ayru
paBHa NPoM3BeAeHUI0 paanyca U pagmMaHHON mepsbl yria:
I'=o - r. ANVHa Oyrv OKPYXKHOCTM Haxo4MTCA C paauyCcoMm B
NPAMO NPOMNOPLMOHaNbHON 3aBUCUMOCTH.

Mnowapb cekTopa. Micnosb3ys LeHTpasbHbIN yron B paaua-
HaX, MOKHO BbIBECTU GOPMY/Y A1 BbIYMCAEHUA NoLaam
cekTopa. OTHOoLWeHMe naolaan cektopa (S) K obuien nno-
Wwaaun Kpyra (mr?) paBHO OTHOLUEHUIO COOTBETCTBYIOLLENO

CeKkTop

LeHTpasbHOro yrna B paauaxax (o radian) K nonHomy o6o-

poty (2m).
S e oo L b L
- 2m —2nnr—2ar —2

Mpumep 1. OnnHa CEKYHAHOM CTPENIKM YacoB paBHa 12 cm.
Onpenenute oAMHY Ayr1, KOTOPYHO OMMUCbIBAET KOHeL, ce-
KYHAHOM CTpenku 3a 15 cekyHa,

PeweHue. CeKyHaHaA cTpenka 3a 60 MMHYT coBepLuaeT

OAWMH MOJIHbIM 06OpPOT. ITO COOTBETCTBYeT 2T pagua-

15 _ 1 .
i—laM.lS CeKYH/, COOTBETCTBYIOT o= -~ 4aCTh NOAHOTO oboporta:
Z2n= % pagunaH. To ecTb, MWHYTHaA CTpesKa 3a 15 cekyHA, YepTuT ayry, co-

OTBETCTBYIOLLYIO LLEEHTPaNbHOMY Y1y %
OnvHa stont ayrn: [ =or =%-12 =6n~ 6-3,14= 18,84 (cm)

Mpumep 2. Haingute naowanb U NnepumeTp 3aKpaLleHHOro CeKTopa
Ha PUCYHKe, eCAn PagmMyc Kpyra paBeH 8 cm.
3aKpalleHHOM YacTu Kpyra COOTBETCTBYET LLeHTPasIbHbIM yron: %
21 — %Tn:S—n. MNnowaab cekTopa pasBHa:
S =17- arr= 17 %T 82 =407 (cm?). MepuMeTp CEKTOPA paBeH CymMe AJIMH ABYX pa-
ANYCOB U ANVHbI Ayrn: P =28 + %‘ 8=16+ 101t ~ 47,4 (cm)
Obyuatowme 3agaHuA

E Mo 3a4aHHbIM 3HAaYEHUAM HallguTe ciedytlolime BeMUYnHbI. 34ech r - paanyc
OKPY}KHOCTU, OL - LLeHTPaNbHbIN yron, | - ganHa ayru.

a)r=85cm, a =72°,I=.c:v| 6)r=5m,/=13 M,OL=. paauvaH
B) r=.N\M, o =1,8 paguan, | = 4,5 mm
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& HalguTe AnnHy Ayrn 1 naolab CEKTOPa, COOTBETCTBYIOLWNX 3a4aHHOMY pa-
OWYCY U LEHTPaNbHOMY YIy:

a)r=30cm;a=% 6)r=12m; a=90° B)r=18am; oc:%E
|i [NvHa ceKyHAHOW CTpenku Yacos pasHa 12 cm. Kakoi nyTb COBEPLINT KoHel,

CTPEnKU 3a:

a) 45 cekyHA, 6) 1 MUHYTY 20 CEeKYHA, B) 2 MUHYTbI 15 cekyHa?

|i [N KaXKaoro pucyHKa HalTV paauyc, LeHTPaNbHbIW yroa, AAVHY AyT Uav nao-
Wazb CEKTOPA.

a) AY 6) y

Ii HallgmMTe naowanb 3aKpaleHHOM 4YacTu, ecan paguyc
MEHbLUEN OKPYKHOCTM Ha PUCYHKe paBeH 4 cm, a paguyc
60/1bLUE OKPYKHOCTM paBeH 6 CMm.

Ii BrvHTOBaA nectHUuUa coctomT U3 12 ctyne-
Hel. Kaxkgas cTyneHbka nmeet Gopmy Cek-

Topa ¢ pagnycom 80 cm 1 LEeHTPabHbIM ——
yrom % BbICOTa KaKa0M CTyneHbKM 15 cm. I

1) HaliauTe AAnHY Ayrn, COOTBETCTBYHO-
LLLYIO KaXKAO0W CTyMeHKe.

2) CKoNbKO rpaaycoB COCTaBMT NOBOPOT Ye-
/I0BEKa, NOAHSABLUMIACA MO 3STUM CTYMEHAM
[0 KoHUa?

3) AnA noKpbITUA cTyneHel HeobxoaMmo NprMobpecTn KoBep CTOMMOCTbHO
36 maHaToB 3a KBagpaTHbIM meTp. CKoNbKo AeHer noTpebyeTca gns sToro?

|L Cuctema A4 NoNMBaA, /IMHA CTPYM KOTOPOM paBHa
16 m, 3a 15 ceKyHp coBepLuaeT oaAnH 060poT.

a) Hanaute naowaab CEKTOpa, KOTOPbIA MOXKET Mno-

JINTb CUCTEMA NPU NOBOPOTE Ha yron 37“

6) BbipasuTe yron, Ha KOTOPbI NOBOPaYMBaAETCA CU-
cTema 3a 2 MMHYTbI, B Tpagycax 1 B paanaHax.
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JInHeitHasA CKOPOCTb U YrN0OBas CKOPOCTb

CKOpPOCTb NPW ABUMKEHMM MO OKPYKHOCTU, HANPUMEP, CKO- p
POCTb ABUKEHUA NPOM3BObHOM TOUKM P Kosleca, KoTopoe
BPaLLLAeTCs BOKPYr TOYKM O, MOXKET bbITb BblUMCIEHA ABYMSA
cnocobamu. B nepsom cnyyae eé MOXKHO HalTU, UCNO/b3YA
paccTonHue 1 Bpemsa. 9Ta CKOPOCTb Ha3bIBAETCA IMHENHOM
CKOPOCTbIO. Bo BTOPOM cnyyae, MCMO/Ib3ys Yroa NOBOPOTA

(ueHTpanbHbIM yron). 3Ta CKOPOCTb Ha3blBaeTCA Yr0BOW
CKOPOCTbIO.

NNHelHan NPOIAEHHbI NyTb Ecnm TeNO IBIKETCA MO OKPYMHOCTH, TO
CKOpOCTb = Bpems NIMHENHaA CKOPOCTb paBHa OTHOLIEHUIO
NPOWAEHHOTO NYTW (AIMHbI Ay OKPYXKHO-
Ve = aTr CTM) K NPOMEKYTKY BPEMEHH.
yrnosas Yo NOBOPOTa Ecnn Teno gsuketca no
CcKOpOCTb = Bpema OKPYXHOCTY, TO yrnoBaa
CKOPOCTb paBHa OTHO- _!
WEHMIO yria NoBOPOTa K
w= % NPOMEIKYTKY BPEMEHH.

3pecb o (B paguaHax) - yron BpalleHus 3a MPOMEXKYTOK BpeMeHM t.

Meay IMHENHOW 1 YINOBOW CKOPOCTbIO CYLLECTBYET CNeAyHoLLan CBA3b:

JMHENHan CKOPOCTb = r- YIIOBas CKOPOCTb —3 Vx= I+ @

Mpumep. Kapycenb coBepluaeT 3a MUHYTY 8 NOJIHbIX 060POTOB. >

a) Yemy paBHa yrnoBas CKOPOCTb Kapycenn 3a MUHYTY(B paanaHax)?
6) Ha CKO/IbKO MeTPOB 3a MUHYTY NepeaBmnraeTca Jiolladb, KOTopan Ha- ikt |
XOAMTCA HA PACCTOAHUM 3 M OT LLeHTPa OKPYXKHOCTU?

B) Ha CKONbKO METpOoB 3a MUHYTY NepeaBUraeTca /owanb, KOTOPas HAXoAMUTCA Ha
PacCTOAHUM 2 M OT LLEHTPA OKPYKHOCTU?

PeweHue: a) O4uH Lenblit 060pOT NPU BPaLLEHUN COOTBETCTBYET LEHTPaIbHOMY
yrny 27. 3a 8 060poTOB 3TOT yron paBeH 8- 21 = 167 .

YrnoBasA CKOPOCTb 328 MUHYTY paBHA @ = 2 - 161—n = 167 pagmaH/MuH.

6) Ecnv nowaab HaXo4MTCa Ha paccrom—ﬁam 3 M OT UeHTpa, TO OHa ABUXKeTcA no
OKPYXKHOCTK paanyca 3 m.

JInHeHan ckopocTb: Vx= r- @ = 3-167 = 487 ~ 151 m/MuH

8) Ecaun fowagb HaXoaUTCA Ha PAacCTOSIHMM 2 M OT LLeHTpPa, TO OHa ABUMKeTCA No
OKPYXKHOCTM paguyca 2 m.

JInHeMHan ckopocTb: Vx= r- o =2-161 =321 ~ 101 m/MmuH
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|£ [OnvHa ceKyHO0M cTpesiku YacoB paBHa 10 cm.
a) HaviamTe yrnoByto CKOPOCTb (paa/cek) CEKYHAHOW CTPENKM.
6) KakoW nyTb COBEPLUMT KOHEL, CTPENIKM 33 2 MUHYTbI

15 cekyHAa?

o o cmMm o
B) HaAUTE NMHENHYIO CKOPOCTb (a ) KOHL,@ CEKYHAOHOM
CTPEenKku.

E Halgute ANnMHy nNyT, NPOMAEHHOro Te/IOM 3a MPOMENKYTOK BpemeHu t no
OKPYKHOCTU paanyca r C Yr1I0BOM CKOPOCTHIO (.

T »” Ss
a)r=6.qM,co=EpaA/ceK,t=10 MWH; K .
6)r=12m, 0= 37“ paa/cek, t = 100 cek; :‘ H

=30cm, 0= & , t= 25 cex.
B)r ™, 10 paa/cek cek \;é_/

E Teno, ABUrasaCh MO OKPYXKHOCTU PaANYCOM 2 M, 3a Kaxkable 20 cekyHA, Npoxoant
nyTe 5 M. Haingute NMHENHYIO 1 YINOBYHO CKOPOCTb.

|i Kapycenb 3a MuHyTy coBepuiaeT 1,5 obopoTa.
a) Haigute yrnosyto ckopocTb (pag/muHyT)
Kapycenu.
6) Haaute NMHENHYI0 CKOpoCTb (M/MUHYT)
N1 TOYKM, KOTOPas HaXOAMTCA Ha PACcCTOAHMM
15 m oT ocw.

E Koneco Benocmnega anametpom 72 cm 3a 0,05 ceKyHAbl noBopavmBaeTca Ha
45°, Kakolt nyTb npoaenaet Benocunes, 3a 30 cekyHA?

|i [Ba ancka pagmycamm 2 CM M 8 CM COeAMHEHDI
PEMHEM, KaK NOKa3aHOo Ha pUcyHKe. ManeHbKui
OMCK 32 MUHYTY coBepluaeT 3 obopoTa. Hai-
ANTE, CKO/IbKO 060POTOB CoBepLUaeT 3a 1 MUHYTY
60/1bLION ANCK. YKAa3aHUe: TOUYKM, PACrnoiOKeH-
Hble Ha Ka*kAOM W3 ABYX AMCKOB, ABUNKYTCA C
OANHAKOBOM NIMHENHOM CKOPOCTbIO.
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MpakTuyeckas pabora

1) M306pasuTe yron noBopoTa, KOHEYHan CTOPOHA KOTO-
poro NpoxoauT Yepes TouKy P(4; 3) Nnpy noBopoTe Ha yron AY
o.. HaliauTe pacctosaHWe oT Ha4yana KoopaMHAT 40 TOYKM P. P1(876)

OP=\42+32=5

2) [ina ocTporo yrna o. NpsMOoYyro/ibHOro TPeyrosbH1Ka 6
OPK o 3anuwmnTe cnepytouime OTHOLEHUA.
i 3 4 tan a 3 0 T
= cosa = =
sina 5’ 5 2

3) O6bACHNUTE, 3aBUCUT 1N 3HAYEHME TPUTOHOMETPUYECKUX OTHOLLEHMI ANA YA
NOBOPOTAa G OT PACMONOMKEHMA TOUKM Ha yye?

TpuroHomeTpuyeckme GpyHKLUU

MycTb KOHeYHan CTOpPOHa yr/ia o. MPU NOBOPOTE nepece-

o y
KaeTca C OKPY>KHOCTbIO PafMyCoM f, LEHTP KOTOPOW Ha- 0
XOAWTCA B Hayane KoopAMHaT B Touke P(x; y). P(x;y)
e OTHOLWEHWE OPAMHATbLI TOUYKM P K AnMHe pagnyca 1
Ha3blBaeTCA CMHYCOM yra o y ; o\
S|n a = T X 0 ;
® OTHOoweHKWe abcumccbl TOYKM P K annHe paguyca HasbiBaeTcs

KOCMHYCOM yrnia oL

_ X
cosa = r

® OTHOLLEHMEe OpAMHaTbLI TOYKM P K abcumcce Ha3biBaeTca TaHF@HCOM YI/a oL

y
tan o = —(3pecb x # 0, TO €CTb TOUKa P He pacnonoKeHa Ha oc1 opaMHaT)

e OTHOWeHMe abcunccbl TOYKM P K opanHaTe HasbiBaeTca
KOTAQHreHCOM yrna o:

X
cota = -~ (3pecb y # 0, TO eCTb TouKa P He pacrionoxeHa Ha ocu abeumcc)

® KkoceKoHCOM yrna oL HasblBaeTcs 06paTHOe 3HaYeHne A4/ CMHYyCa:

-1 _r 3pecby#0
csca =gy Ty (3mecb y # 0)

® ceKaHcom yrna ol Ha3blBaeTcCA O6paTHOG 3Ha4YyeHune anAa KoCnHyca:

1 r
SeCO = oo = x (3mecbx#0)

CUHYC, KOCUHYC, TAHTEHC, KOTaHTeHC, KOCEKAHC M CeKaHC Ha3blBaloT TPUTOHOMET-
PUYECKUMU GYHKLUAMMU.
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Mpumep . Touka A (— 3; 4) pacnonoxkeHa Ha KOHEYHOW CTOPOHE yr/1a NoBopoTa a.
a) U306pasnTe pelieHne npumepa.

6) Onpenennte s3HaYeHUA TPUTOHOMETPUYECKUX OTHOLLIEHWUIN ANs

yrna noBopoTa a.

PeweHue: 6) r= X2 + y2= \/(_3)2 +42=5
Ay sina= Y=+ cosa=X=-3
a) it BN ro s 5
A(=3;4)/ N 4 X 3
|” h ' tanazlz—— cota=—=—-—
- > X 3 y 4
\ -3 |0 / X
AN / 5
. S _r__ 5 coseca=z—=-—
~—__e seca=— 3 y 4

[na HeKOTOpPbIX YI0B, KOHEYHaA CTOPOHA PACNO/IoXKeHa Ha OHOW 13 KoopANHAT-
HbIX oceil. B sTom cnyvae, rpagycHasa mepa yrna nosopota pasHa: ¢ = 0° nan
¢ =0 paamaH, ¢ =90° nan ¢ = % pagunaH, ¢ = 180° uan ¢ =t paguaH, ¢ = 270°
unn @ :TTE paauaH. B aTom ciyyae KOOpAMHaTLI X U Y PaBHbI AW HYAO, UK NO-
abcoNtoTHOMY 3HaYEHMIO PaBHbI Paanycy.

o =0° nm a =90° unm % pagMaH o =180° uan i paguan 0= 270° nan
0 pagnaH ST pagmnaH
y 2
y
(X S
a . ,
Olir;0) x © g

O6yvarowme 3agaHus

|£ OnpegennTe CUHYC, KOCUHYC U TaHTeHC AN yra NoBOPOTa, KOHeYHasa CTOPOHa
KOTOPOTO MPOXOAUT Yepes TOUKY:

a) A(1; 2) 6) B(2; 4) 8) C(4; 8)
E 1) Haaute 3Ha4YeHMe TPUrOHOMETPUYECKUX COOTHOLIEHUIN ans yrna B no
PUCYHKY.
a) VY 6) y B) Y r) vy

P(3;4) (~12;5)

. >
> 0 X
0‘ X ‘ > (—6;-8) NS_ 12)
X T

2) Haiiaute 3HaYeHUs TPUTOHOMETPUYECKUX OTHOLEHWI Yrna, KOHeYHasn

CTOPOHa KOTOPOTO MPOXOAUT Yepes TOUKY:

a) (-12;-9) 6) (-1; 1) B) (8; 6) r) (3; -4)
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3.

a)a=0° 6) a=90°;8)o =180%r) o =270°

3HaKuN TPUroHOMeTpUUYECKUX GyHKLMUI

3HaK TPUTOHOMETPUYECKOW PYHKLMM 3aBUCUT UCKIIOUUTENIBHO OT KOOPAMHAT-

TakKak sing = 2
r

X
Tak Kak cosa =

HalguTe 3HaYeHns (eciv 3TO BOSMOXKHO) TPMTOHOMETPUYECKUX OTHOLIEHUN ANA:

HOW YeTBepTH, B KOTOPOW pacnosaraeTcsa yroa nosopoTa.

TO 3HAK KOCMHYCa coBNagaeT CoO 3HAaKOM X.

, TO 3HaK CMHYCa coBnaaaeT CO 3HaKoOM y.

90° < a <180° X 0<a<90°
T | i
- <a< O<acx<
2 4=t 2
x<0 /’ x>0
y>0 y>0
y
x<0 o X’ 0
y<0 y<0
180° < a <270° 270° < a < 360°;
n<oa< 3T 37n< a<2m
y
Il yeTBepTH A | yeTBEpPTH
sin a, csc a aF sin a, csc a +
COS Q, sec a — | cosa,seca
tan a, cot a - |tana, cota
Il yeTBepPTH IV yeTBEpTH X
sin a, csc a - sin a, csc a =
Ccos @, sec a - Cos a, seca s
tano, cota + |[tana,cota  _
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. 1 o
Mpumep . Ecam sina = 5 HanauTe BO3MOXHble 3Ha4YeHMA CoSsal.
PeweHue. Tak Kak B | 1 BO |l HeTBepTAX CUHYC NONOXKUTENEH.

sin a :% ,3Hauntecam r=5,toy =1.

ABcLmcca 3TOM ToUKM x = + \r? — yr=1N24 = +2V6

ecamao yron | 4yeTBepTH, To Cos a = 2—\/6

2V6
ecnu ll yeTBepTHn, TO cosSOL=———

5

2\6) X

O6yuatowme 3agaHmA

|i YcTaHOBMTE 3HaAK TPUTOHOMETPUNYECKOTO OTHOLWEHWNA ONA KaXX40ro yraa.

a) sin 20° B8) cos 100° 4) tan 250° X) sin 200°
6) cos 50° r) tan 140° e) sin 310° 3) cos 280°
E OnpepgenunTe 3HaK BbliparkeHUs.
.51 3n 5n 1in
a) sin 4 6) cos 4 B) tan 6 r) cot .
|i Hailgute, Kakoi YeTBepPTU NPUHAANEKUT YroN .
a)sina>0uncosa<0 6) sinau <0uncosa <0
B)cosa.<Owutana >0 r)cota<0usina >0

IL OnpegenuTe 3HaK BbipaXKeHus.

a) sin 200° - cos 5775 tan 172° 6) sin 160° - tan 3?75 cot 230°
: °. 5t . n n . 2r .. 1ln;
B) sin 310° - tan 5 tan 6 r) cos S tan 3 'sin e

|i YNpoCTuTE BblpaskeHue, 3HasA 4To O ABAseTCA YINOM BTOPOW YeTBEPTH.

a) sin® + [sin6| 6) cosO + |cosO)|
. 3 .
|i Echnsin O = = HaMAMTe BO3MOMHbIe 3HaYeHus cos 0.

|£). Ha nucre B KNETKY NPUMUTE eAMHUYHbIA OTPE3O0K 3a 1 KneTky n usobpasure
OKPY*KHOCTb C LLEHTPOM BHayasie KoopAMHAT Paanycom 5 eanHuL.

a) N306pasumTe 4Ba PasANYHBIX YIa NOBOPOTA, CUHYC KOTOPbIX PaBeH %

6) M306pasuTe yribl NOBOPOTA, KOCUHYC KOTOPbIX PaBeH %

B) Mi306pasunTe yribl NOBOPOTA, CUHYC KOTOPbIX PaBeH — 4.

5
r) U3sobpasuTe yrbl NOBOPOTA, KOCUHYC KOTOPbIX PaBeH — % .
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EAMHUYHAA OKPYXKHOCTb U TPUrOHOMETpUYECKMe GYHKLUM

3HauyeHMA TPUTOHOMETPUYECKUX PYHKLLMIA 3aBUCAT TONIbKO OT
3HAYeHUA yria o U He 3aBUCAT OT pagmyca OKpyXKHocTu. [o-
3TOMY, He Hapywaa O0b6LIHOCTU, MOMKHO NpUHATL R = 1.
OKpY*KHOCTb, LLEHTP KOTOPOWM HAXoAMUTCA B Ha4yase Koopau-
HaT, C paANyCOM PaBHbIM eguHM1LEe, Ha3blBaeTCs e4UHUYHOM
OKPYHOCTbIO.

KoopamHaTbl TOYKM, NPUHAANEXKALLEN OKPYKHOCTU ya0B/e-
TBOPAIOT ypaBHeHMUIo x2 + y? = 1.

OnvHa ayru Ha eAMHUYHOMN OKPYXKHOCTM paBHa COOTBET-
CTBYIOLLEMY LEeHTPaIbHOMY Yy B paguaHax. TouKy, COOTBET-
CTBYIOLLYIO O paguaH 0603Hauum - P (o). Kaxkgomy 3HaueHuto
yrna oL COOTBETCTBYET TOYKa Ha OKPYXKHOCTHU.

Ecnv Touka P(a) = (x; y) ABnAeTcs TOUKoW nepeceye-
HUA e4MHUYHOM OKPYXKHOCTN Y KOHEYHOW CTOPOHbI
yraa noBopoTa o, TO MeXAY HeN U TPUTOHOMETpPU-
YeCKUMM PYHKLMAMM CyLLecTBYeT cneaytowas
CBA3b:

P(a) = (x; y)

. y X
SInoL = T: COS(X=1—=X

TakMm 06pa3om, KOopAMHATbI TOYKU NPUHAAAEXKALLEN
€AUHUYHOW OKPYXHOCTU, MOMKHO 3anmcaTh Kak:

P(a) = (cosa; sina). Mpn M3MEHEeHUM 3HaAYeHUs o
TOYyKa P meHAeT cBoe nosioxeHue. Kaxgomy 3Have-
HWIO yr1a A COOTBETCTBYET onpeAesieHHoe 3HaYeHne
CMHYCa M KOCMHYCa 3TOro yrna. AHafIorMYHO MOMKHO
roBOPUTb O CUHYCE, KOCMHYCE, TaHIeHCe M KOTaH-
reHce, Kak 0 GyHKUMSAX YNCNOBOTO aprymeHTa. Takum
obpasom, onpegeneHHble @YHKUMMU Ha3bIiBAlOTCA
TPUrOHOMETPUYECKMMM PYHKLIUAMM.

P(a) = (cosa; sina)

TakXe No 3a4aHHbIM KOOPAMHATAM MOXHO HaNTK cnegyrowme TouroHomeTpuye-
CKue d)yHKLI,MMZ tana., cota, seca n cscal.

tana =Y = sina. cotq = X _cosa
X cosa Ty sina
1 1 1 1

seca=—-= csco = —=

coso Yy sina
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Ha eAMHWYHON OKPYKHOCTM OTMETUM KOOPANHATbI HEKOTOPbIX TOYEK.
1) Ucnonb3ya cneumnanbHble TPEYroNbHUKK
Kak 30°-60°-90° 1 45°-45°-90°, MmoXHO onpe-

AennTb KOOpAMHATbl TOYEK COOTBETCTBYHO- 1 /30t
wue yrnam noBopoTa . \/%
s s T T 60°
a= O, — T —x . A

6 4 3 2 o] 1?

Vbl no-|  KoopamHatbl
BOpOTa ToYek

0 (1;0)

ua E,-l_)

6 22

U 2.2

4 2 2 -

G

3 20 2

T

— 0;1

> (0; 1)

2) ina HEKOTOPOM TOUKK, NPUHAANEKALEN eAMHUYHON OKPYKHOCTU, Hanpu-
mep A(%; T?’ ), KOTOpas cooTBETCTBYET Yy NOBOPOTA %, onpeaeanm Koop-

ANHAaTbl CUMMETPUYHbIX TOYEK.

KaK BUAHO NO PUCYHKY, CYLLECTBYIOT 3 TOUKM, CUMMETPUYHbIE TOUKe A, KOTO-

pble pacnonoxeHsl 8o Il, Il n IV yeTBepTAX.

Y A
B(_;’\]_Zg)z‘{ . A (%'g)
33
w0 5 JUx
3PN - D)

Touka B cummeTpuyHa TouKke A OTHOCUTENIbHO OCK ), TOUKA C - OTHOCUTENbHO
Hayana KoopAMHaT, a Touka D - oTHOCUTENbHO ocK X. ABCONIOTHbIE 3HAYeHUA
KOOPAMHAT 3TUX TOYEK PaBHbl U OT/IMYAKOTCA TOJIbKO 3HAKOM.
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3) Takum 06pa3oM, MOMKHO ONpeaeNnTb KOOPANHATbLI HOBbIX TOYEK, 3HaA KOopPAM-
HaTbl TOYKW, NpUHaaNexallei | yeTsepTn. T.e. NoayYaeM eaUHNUYHYIO OKPYMKHOCTb,
Ha KOTOPOI OTMeYeHbl Yr/ibl NOBOPOTA M KOOPAMHATbLI TOUEK.

MNepeHecem B TabAKULy 3HAYEHUA TPUTOHOMETPUUECKUX PYHKLMIA, COOTBETCTBYHO-
LLIMX HEKOTOPbIM Yr1am NoBOpPOTa. MIcno/ib3ya 3TW 3Ha4YeHUs, 3HAYEHUA TPUTOHO-
METPUYECKNX GYHKLMN APYTUX YIJIOB, MOXKHO BbIYMCAUTL NO-Pa3HOMY.

T bis s s 2n | 3n Sm
O % 2 3 2 3 4 & T
a
0° [30° 45°| 60° 90°| 120°| 135° 150° | 180°
1 \/2_ ﬂ 1 ﬂ ‘/_2 1 0
sino o 3 5 2 2 2 2
5 2 L L 2 3 A
cosa 1 5 5 2 0 2 2 Py
— He = _ _ 1 0
tano 0 €L 1 \3 onpe- =3 1 \3
3 OdeneH
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Mpumep. Touka A, c abcumccoli -3 pacnonoxeHa B lll yetsepT™M U nepece-
KaeTcA C eANMHNYHOMN OKPYKHOCTbIO Ha CTOPOHE yria .

a) Hangém opamHaTy ToUkM A,

6) N306pasnm pUCYHOK, COOTBETCTBYIOLWMI YCNOBUIO, U ANA YIa @ HANAEM
3HAYEeHUA WECTU TPUTOHOMETPUYECKNX PYHKLMNA.

3 9 16 4
P ca)(——)+y?=1, yP=1- —="—,y=1—.
eweHue: a) ( s )2+ y y 55 = ¢ y 5
TaK KaK To4Ka pacnosoxeHa B lll yetBeptTn y = — 4
6)singp =— 4 cos @ =— 3 >
¢ 5 P 5

4
tang=—, coto=

-3, secg=-——=> =
3 =2 ¢ » CSCP =—

tano 3 4

O6yuatowme 3agaHmA

|£.. MpoBepbTe, Nexat M Ha EAMHMHHOVI OKPYXHOCTU TOYKW:

3. V7 V5. 2
a) (4/—7) 6) (_3' 3)
5) (—32—%6_ ) (?;Z)

|1_2, HallauTte HeMsBecTHble KOOPAMHATbI TOUEK, NeXKallUX Ha eAUHUYHOMN OKPYK-
HOCTW, NO 3a4aHHbIM YC/IOBUAM.

1
a) (Ti y ) B 1uetseptn 6) (_%;y) B lll yeTBEPTU

2
8) (x; ?) B Il yetBepTn r | X;—%) 8 |V uetseptn

|£’- a) CKO/IbKO TOYEK Ha eAMHUYHOM OKPYKHOCTN MMmetoT abeumccy % ? Haligute
OpPAMHATLI 3TUX ToYeK. 1A KaXKaoM TOUKM n3obpasuTte yron noBopoTa.
6) CKO/IbKO TOYEK Ha e4MHUYHOM OKPYMKHOCTU UMEIOT OpAMHATY > ? Hagute
abcumccbl aTUX Touek. A KarKaoli TOYKM M306pasuTe yron noBopoTa.

|£l. 3anuwunTe 3Ha4YeHUA yrIoB no-

BOPOTa, OTMEYEHHbIe LWaramm
% " %, Ha e4UHUYHOMN OKPYK-
HOCTW, TaK¥Ke KOoOpAMHaTbl

COOTBETCTBYHOLUNX TOYEK.
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1.

|18.

|19.

2.

Ha eAnHNYHOWN OKPYKHOCTM HaAUTE KOOPAMHATLI TOUEK, COOTBETCTBYIOLLME
YIly NOBOPOTA (P. HANAUTE 3HaUYEHMEe TPUTOHOMETPUYECKUX GYHKLMIA 418 3TOro
yrna.

a)(p:n 6)@:—% B)(P:—% r)(pz_%

5m

A) ¢ =3n e)(p:T X) (p:—? 3)(p=?

Mpu nomMoLN eaUHNYHOM OKPYXKHOCTU HalauTe 3HaYeHue TpUroHomeTpuye-
CKUX GYHKUMI AndA yrna:

. Touka A(—% ;% ) ABNSAETCA TOUYKOM NepeceyeHnn eauHUYHOM OKPYKHOCTU U

CTOPOHbI yrna . M306pasuTe COOTBETCTBYIOLLMIA YCIOBUIO PUCYHOK 1 HakauTe
3HaYeHWe TPUTOHOMETPUYECKUX QYHKLMI ANA yrna .

Ha EAMHM‘-IHOVI OKPYXXHOCTU YKaXXUTe TOYKKN, COOTBETCTBYHOLWME YyI/Ty NOBOPOTA
M CpaBHUTE 3HAYEHNA TOUTOHOMETPUYECKNX d)yHKLI,VIﬁ.

a) sin 15° u sin 20° 6) sin 40° n sin 70°
B) cos 20° u cos 40° r) cos 10° n cos 50°
YA

CornacHo puUCyHKy a = cosa, b =sina, c=tana,
d = cota. 3anunwuTte uncna a, b, c v d B nopsagke
BO3pacTaHus.

a) Echmal = 45°

6) Echm o = 53°

B) Echm o = 20°

Ecam o = 30°, HaliauTe 3HaYeHMe BblPaXKeHUN:
a)3sina 6) sin 3o B) 2 cosal r) cos 2o

HaltguTe 3HauyeHWe BblpaxkeHua sin o — cos 2a — cos 3a + sin 2a, ecau:

a) a=30° 6)a=%

Ecan o = 15°, HanguTe 3HaYeHne BblpaXKeHW:
a) 2 sin(3a. + 15°) + 3 cot(90° - 2a) 6) tan(4a — 15°) — 2 cos(2a + 30°)
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TaK KaK KoopauMHaTbl TOYEK Ha eAMHUYHON OKPYMKHOCTU YAO0BNETBOPALOT YCNO-
BUAM —1<x<1mn-1<y<1,70 -1<cosa £1u-1<sina <1. Hanbonbluee
3HaA4YeHMe sin o U CoS oL paBHO 1, a HaMMeHbLUIee 3Ha4YeHne paBHoO —1.

Mpumep. Haingém Hanbonbluee N HAMMeHbLUEee 3HAYEHWE BbIPAXKEHMUS

3+2sina.
PeweHue: -1<sina <1 YMHOMXCUM Kaxcoyto u3 yacmeli Ha 2
—-2<2sina £2 npubasum K Kaxcool yacmu 3
—2+3<3+2sina £2+3 1<3+2sina £5

Takum obpasom, ans BbipaxkeHus 3 + 2 sin o, HM3 pasHo 1, a HE3 paBHo 5.

|§. BO3MOXKHO /11 paBEHCTBO?

a)sina=% 6)cosﬁ=% B)sinoc=\/5_—1 r)cosB=\/2_—1

|_4 YcTaHOBUTE, BEPHO /I HEPaBEHCTBO?
a) sin 45° + cos 60° > 1 6)cos4 +sm§>1

|2_5_ Hangute HM3 1 HB3 ana BblpaxkeHMin:
a)2+3sina 6)1-sina B) 1+ cosa r)3—2cosa

|2_6_ Hangute HM3 1 HB3 ana BbipaxkeHuin:
a) 2 +|sin qf 6) 2 —|cos ol B) 1 +sin’a r) 4+ cos?a

|2_7. CKO/IbKO TOYeK Ha eIMHUYHOW OKPYXHOCTW YA,0BNETBOPAIOT YCN0BUIO

. \2
sinoL=—- ? 3anuwunTe o6yt dbopmMyny A1A HAXOXKAEHUSA COOTBETCTBYOLLMX
yrnoB nosBopoTa.

|2_8. Ha eAMHMYHOM OKPYXKHOCTM MOKaXKMTe TOUYKM, COOTBETCTBYIOLLME Yy NOBO-
poTa o. _
. 1 .
a)sma=% 6)cosoc=—§ B)smoc=—ﬁ
|£). Ha eQuHUYHOI OKPY)KHOCTU KOOpAMHAaTbI TOYKK P( \/2 \/2) COOTBETCTBYIOT
yriy nosopoTa Tn MoKakuTe oTpuLaTebHbIN yron, KOHe‘-IHaﬂ CTOPOHA KOTO-
pOro coBnagaeT C AaHHbIM YIIOM, U HaWAUTE 3HAYEHUA TPUTOHOMETPUHECKMX

bYHKUMNA.
@. Mpy NOMOLLM €ANHNYHOI OKPYMKHOCTM MOKaXKMTE YIibl MOBOPOTA, YA0BNETBO-
. 3
pAIOLLME PABEHCTBY SiN 0L = —~ M NPUHAZANEKALLNE NPOMENKYTKY [0; 2x].
|3_1. OnpegennTe KOOPAMHATbLI TOYEK, COOTBETCTBYIOLMX 3a4aHHbIM Yr/1am NoBO-

poOTa, 3Has, YTO TOYKa A( 1 3 ) NEXUT Ha ANHUUYHOMN OKPYXHOCTU U COOT-

BETCTBYET yrAy C.
a)o+ T 6) T— o B) 21 + r)—
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CoOTBETCTBYIOLMIA OCTPbIM YroNn U TPUrOHOMETpUUYECcKue
$YHKUUM NPOU3BONIbHOrO yrna

YT10Obl HAWTN 3HAYEHUSA TPUTOHOMETPUYECKMX OYHKLMIA ans yrios 6onble 90°,
nnn meHblue 0°, yao6HO MCNOb30BaTh 3HAYEHMA TPUFOHOMETPUYECKUX PYHKL M
COOTBETCTBYOLWEro ocTporo yrna. [ins ntoboro yrna nosopota 90°<a < 360° cywie-
CTBYET OCTPbIN yron a’, 06pa3oBaHHbI KOHEYHOM CTOPOHOM yI/ia A U NPAMOM, CO-
AepKallen ocb abeumcc.

Mcnonb3ys COOTBETCTBYOLWME OCTPbIE YI/bl, MOXKHO OMNPeaeanTb TPUrOHOMETPU-
YyecKue OTHOLIEHUA AN Ntoboro NPoM3BOIbHOIO yra.

| yeTBEpPTH Il yeTBEpTH Il yeTBEpPTL IV yeTBepTb

a'=a a'=180°-a a'=o —180°
3HayYeHnA TPUroHOMEeTPUYECKNX PYHKLMIA JaHHOTO Yr1a U 3HaYeHne CooTBeT-
CTBYIOLLErO emy OCTPOro yraa no MOAY/0 PaBHbl.

Mpumep. Haliaute cOOTBETCTBYIOLLMIA OCTPbIV yron aas o = 210°.
Haingute 3HayeHuit sina, cosa, tana.

PeweHune: KoHeyHasa cTopoHa yra o = 210° HaxoguTca B |l veTBepTH
CooTBeTcTBYIOLWMIM OCTpbIN yron: 210° — 180° = 30° y

sin 30° 273 cos 30°= % tan 30° =3
YumnTbiBas 3HaK TPUTOHOMETPUYECKUX GYHKUMIA YIN0B — -
B TPETbEWN YETBEPTU, NONYUUM: %

sin 210° = —ﬁ cos 210°= —% tan 210° = V3.

2

xY

O6yualowme 3agaHmA
|3_2. [na cnepyrolwmx yrnos HalanTe COOTBETCTBYHOLWMIA OCTPbIN Yros.

25
1)240°  2)-515° 3)-170° 4)315° 5) 5 6)-1% 7)-3F
|3_3. [na cnepyrowmx yrnos HananTe 3HavyeHuMa sina, cosa, tana, cota.
a) YA 6) y B) vA r) YA
225° \ \ 120 K\315°
- R -
0 = ) < 0
* 0 X 0 X j—aoo" *
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Yucno nosHbIX 060POTOB U COOTBETCTBYIOLLUIA OCTPbIN Yron

TaK Kak KoHeuHble cTopoHbl yrnoB a (0° < a<360°) n a+ 360° k (ke Z) cosna-
[Al0T, TO 3HaYEHUA TPUTOHOMETPUYECKUX GYHKLMI 3TUX YII0B OAMHAKOBbI.
Ecnu yron nsmeHseTcs Ha Lenoe 4ncio ob6opoTos, TO 3HAYEHME TPUFOHOMET-
puyeckmx GyHKUMIA He meHsAeTcA.

sin(a + 360°- k) =sina cos(a +360°- k) = cosa
sin(a + 2wk) = sina cos(a + 21tk) = cosa

3ameTnm, YTO eC/In Yroal MEeHAETCA Ha Non 06op0Ta, TO 3HAY€HWUA TaHIreHca n
KOTaHreHca He U3MEeHAKOTCA.

B obuem cnyyae (ke Z) BbINOMHAIOTCA paBeHCTBaA:
tan(a + 180° k) =tan a tan(a + k) = tan a

cot(a + 180° k) = cot a cot(a + k) = cot a

TpuroHoMmeTpuyeckne GyHKLMM A5 NPOU3BOIbHOTO
YI1la MOXKHO ONpeaenunTb caesyowmm obpasom:

° onpeaensaem COOTBETCTBYHOLLMIM OCTPbIN Yron;

® Haxo4MM 3HaYeHUe TPUTOHOMETPUYECKUX QYHKLUI ANA 3TOro Yrna;

° onpeaensem 3HaK 3HaYEHUA TPUFOHOMETPUYECKUX PYHKLUMIA B 3aBUCUMOCTH
OT YeTBEPTU.

8n
Mpumep. [na yrna noBopoTa a = =3 BbluMC/UTE 3HAYEHUA

dYHKUMI sina., cosa, tana.

. 8n 2n
PeweHue: [MocKkonbKy 3 = T+2 T, 3HAUYUT KOHeYyHaA
CTOPOHA 3TOro yrna nonagaert Ha |l yetsepThb.
. . 2 W
Onpegenaem COOTBETCTBYIOWLMNIM OCTPLIA Yron: T — 3 - 3

. i
Haxogum 3HaueHMe TPUrOHOMETPUYECKUX GYHKUMIN ans —- :

3
sin% :%, cos% =%, tangz\/g

YynTbiBaeM 3HaK 3HaYEeHUS TPUTOHOMETPUYECKMX GYHKUMI Ha |l yeTBepTU:

8t 3 8n 1 81
sin 3 " cos 37750 tan?——\/g
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O6yvarowme 3agaHus
EL He ncnonb3ya KanbKynaTop, BbIYUCAUTE 3HAYEHUA TPUTOHOMETPUYECKUX DYHK-
LMW,
1) sin 405° 2) cos 420° 3)tan405° 4)sin390°  5)csc 450°

6) cot 390° 7)sec420° 8)cos 3Tim 9) singTTE 10) tan 43_75

|3_5, a) Kakoit ocTpblit yron cootseTcTByeT yray —60°?
6) Hangute cos(—60°), sin(—60°), tan(—60°), cot(—60°).
A) CpaBHUTE 3HAYEHUI TPUTOHOMETPUYECKMX GYHKUMIA ana yrnos —60° n 60°.

|3_6. He ncnonb3ys KanbKynaTop, BbIMMCAUTE 3HAUYEHUA BblPasKeHWNN.

a) cos(-60°) 6) sin(-315°) B) sin 495° r) cos 600°

a) sin(-120°) e) tan(-210°) ) cos(-225°) 3) tan 420°
|3_7. 3Has, yTo sin 25° =~ 0,42 1 cos 25° = 0,91, BbluMCANTE (HE UCMOb3YA KabKy-

naTop).

a) sin 155° 6) cos 335° B) sin 205° — cos 155°

r) cos 205° a) sin 335° e) cos 385° - sin 515°

|3_8. a) 3Hasa, yTo sinal = % Yron o. NPUHAANEXKUT |l YeTBEepPTU, HAUANTE BO3SMOXKHbIE

3HayeHunA cos ., tan a, cot a..

6) 3Has, 4To Cos O, =ﬂ W yron o. npuHagnexar IV yetsepTtu, HaiauTe BO3-
MOXHble 3Ha4yeHus sin o, tan o, cot a.

@. He ncnonb3ys KanbKynaTop, BbluMCAUTE

- 0 _ i A0 cos 410° tan 200°
a) sin 400° —sin 40 B) —os50° r) “tan 20°
6) sin(—270°) + cos 450° 4) cos(—720°) + tan 720°

@. OnvHa “pykn” poboTta 2 m. PoboT nepeHEc npeameT U3 ToUYKKM A B TOUKy B. Mpu
aTom “pyKa” poboTa coBeplumna NOBOPOT Ha yron 140°. Ecim asukeHne pobota
NPUHATL 3a Yroa NoBopOoTa, TO HANAUTE KOOPAMHATLI TOYKHK B.

140°

A

B(r-cos 6, r-sin 0)

© 2m
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dopmynbl npuBegeHUnA

¢ nomoLbto Gopmyn NpmuBeaeHUS.

YI/IOM O TOUTOHOMETPUYECKME OTHOLLIEHUA:

sino = ¥ sin(90° — o) =%
coso. = %><cos(90° -a) =¥
tan o = J)? tan(90° — o) =§
cota = % >< cot(90° —a) = %

sin (90° - a) = cosa
cos (90° - a) = sina
tan (90° - a) = cot a

cot (90° - a) =tana

Mo onpeaeneHnto TPUrOHOMETPUYECKUX QYHKLMIA:

[S4
r/ o/
&

1

a

AY P(x;y)

3HayeHuMe TPUrOHOMETPUYECKUX QYHKLMI NH0BOT0 YI/1a TaKKe MOXKHO HaTK

3anuwem ana yrnos o 1 90° — o0 NPAMOYrO/IbHOro TPeyroibHMKa € OCTPbIM

X

lNMoBepHEM KOHEUYHYIO CTOPOHY yr1a noBopoTa a ewé Ha 90°. Mpu 3TOM ToUKa
P(x; y), pacnonokeHHas Ha CTOpoHe, NpeobpasyeTca B TOUKy P'(—y; x).

3anvwem 3T GopMy/bl B CeayoWwem BUAE:

sin (90° + a) = cosa cos (90° + a) = - sina
tan (90° + a) = - cota cot (90° + a) = - tana

. X
sin (o0 + 90°) =—-=cosa, A P(X; y)
oy Y
cos (o +90°) = . sina, b (—y: X) . :
tan (a+90°)=—%=—cotot @r\ a+90% -, E y
X v \\f’ 5 A .
cot (oc+90°):—l:—tanot ] ~£90 Yo
X H (o) ) o
—_— “x
y X

=Y

Mpv NoMapHOM CPaBHEHUM PABEHCTB MOXHO YBUAETb CAEAYIOWYO CBA3b
MEXKAY 3HaYEHUAMM TPUFOHOMETPUYECKMX PYHKLUMI yrios o 1 90° — ..
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Kak BUAHO N0 PUCYHKY OTParKeHMe OTHOCUTE/IbHO
OCM y 3KBMBA/NIEHTHO OTPAXKEHUIO OTHOCUTENbHO ()

ocK X 1 NOBOPOTY Ha 180°. M3ameHeHMe Koopam- -~
HaT MOKHO 3anucaTb cieaytowmnm obpasom:

sin (180° - a) =sin a cos (180° — a) = —cos a
tan (180° - a) =-tan a cot (180° — a) = —cot a
Kak BUAHO NO PUCYHKY, MpX NOBOPOTE yI/1a o, Ha
180° KOHeYHaa CTOPOHA PACMO/IOXKeHa B NPOTUBO-
MOJIOXKHbIX YETBEPTAX, HO Ha OA4HOM NPAMOMN.

sin (180° + o) = -sin a.
cos (180° + o) = —cos a (
tan (180° + o) =tan o
cot (180° + a) = cot o

[na nonyyeHns aHanorMYHbIX GopmMys TPUFOHOMETPUYECKUX GYHKLUMI yraa no-
BopoTa 270° + a AocTaToYHO 3anmcaTtb 270° + a = 90° + (180° + a) U NPUMEHUTb
nocnefoBaTe/IbHOCTb COOTBETCTBYOWMX dopmyn. Hanpumep:

sin(270° + a) = sin(90° + (180° + a)) = cos(180° + a) = — cosa

cos(270° + a) = cos(90° + (180° + a)) = —sin(180° + a) = — (- sina) = sina
Tenepb 3anuwem cOOTBETCTBYHOLLME GOpMyNbl 414 yraa noBopoTa 270° — a.
Hanpumep: sin(270°— a) =sin(270° + (— a)) = — cos(— a) = — cosa

€0s(270°- a) = cos(270° + (— a)) = sin(—a) = —sina
Mpn cummeTprUyHOM OTO-

AY .
BpaxkeHnn OTHOCMTENbHO (x; ) X ) 7
OCU X, TOYKA, PACMONOXKEH- r a
L r /
Han Ha KOHEYHOM CTOpPOoHEe a
yrna, UaMeHsaeT Koopau- o -« x N ,,' e
HaTbl, KaK NOKa3aHo Ha pu- X o T —a [’
r e
cyHKe. To ecTb, npun 3Tom (x; —y) (% =y)

3HaK MeHAET TOJIbKO Koop-
AMHaTa y. TakMMm 06pa3om, Tak KaK KOCMHYC 3aBUCUT OT X OH HE MeHAETCA, HO Y
CUHYCa MeHseTcs 3HaK. OTcioaa, ANs YIN0B 0. M —0L MOXKHO 3anucaTb cregytolme
3aBUCMMOCTM MEXKAY TPUTOHOMETPUYECKUMU PYHKLMAMMU.

sin (-a) = -sina tan (-a) = -tana "
cos (—a) = cosa cot (-a) = —cota (x;v)
360° - o
KoHeuHble CTOpOHbI yrnoB noBopoTa o M 360° — o cummer- 9 >
PWUYHbBI OTHOCUTENIbHO OcK X. To ecTb (x; y) = (X; —y).
OTcropa nonyyaem: 0 -y
sin(360°—a) = —sina cos(360°—a) = cosa

tan(360°—a) = —tana cot(360°—a) = —cota
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1) Ecnv aprymeHT nmeet sug, 180° + o uam 360° £ o, To GyHKUMA NnpeobpasyeTca
B OAHOUMEHHYI OYHKLMIO yrna o.

2) Ecnv aprymeHT umeet Bug 90°+ oo nam 270° £ o, To GyHKUMA MeHsA HasBaHue
(cMHyC B KOCMHYC MM HAOBOPOT, @ TAHTEHC B KOTAHTeHC UM HaobopoT) Npeobpa-
3yeTcA B TPUTOHOMETPUYECKYO PYHKLMIO YrNa oL

B Kaxkaom 13 ob6ounx ciyyvaes, GyHKLMA B NPaBOM YacTK paBeHcTBa bepeTca ¢ Tem
Ke 3HAaKOM, KaKoM MmeeT UcxogHan GyHKLMA B COOTBETCTBYIOLLEN YETBEPTU, C/IU
CYUTaTb, YTO YrON 0L ABNAETCA YrAOM | YeTBepTH.

e 3n
Mpumep 1. Ecan singz 0,5878HainauTe 3HaYeHuA: cos 70 Cnomouwpio dop-

MY/ NpUBEAEHUS.

3n
PeweHue: KOHeYHas cTopoHa yrna 7o HaxoauTea Ha | yeTBEpPTU.
3i_£ o 3n St 3m om
0 2 % %7277 “=10 10 “=7
3n T T . T
cos 75 = cos (7 < )= smg ~0,5878

3T 0,5878
cos 75 =0,

Mpumep 2. MpumeHUB GopMynbl NPUBEAEHMUSA, HAKANUTE 3HAYEHUS:
a) sin 210° 6) cos 300° B) tan 135°
PeweHune: a)sin 210° =sin (180° + 30°) = —sin 30° = —%

1
2

B) tan 135° =tan (90° + 45°) =—cot 45° =-1

6) cos 300° = cos (270° + 30°) = sin 30° =

O6yuatowme 3agaHuA

4r 1
1. a) YKaxkuTe uyTo, COS 3 :—? npumeHuns Gopmynbl NPUBEAEHMA, TaK KaK

o1

Sin 6~ 2

I~ N2
6) MpumeHnB popMy/ibl NpUBEeAEHUA, YKaxKuTe yto sin /T = ——, TaK Kak
n _N2 4
Cos 4 =2 -

T
& a) TaK Kak cos 7 = sin 0, npumeHns dopmynbl NpUBeAEHUA, HaAMUTE OCT-
pblit yron ana 0.
6) Tak Kak cot % =
ocTpbIi yron ansa 3.

tanP, npumeHus popmynbl NpuBeAEHUS, HaNaUTE
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l6.

MNpencrtaBbTe HEKOTOPbIE 3HAYEHUA 414 €, KOTOpble YA0BAETBAPAOT

TOXAECTBY cot (6¢ — %) =tan(2c + %) .

a) U3BecTHO uTO, cos 35° = 0,8191. Haliante 3HayeHue sin125°, npumeHus

dopmynbl NpuBeAEHUS.

2 o
6) M3BecTHO UTO, tan ?TE ~0,8391 . Hangute 3Ha4yeHue cot 51—7;3, npMMeHnB

dopmynbl NpMBeAEHUS.

1) Haliante HauMeHbLINIM NONOXKUTENbHbIN Yo/, KOHEeYHas CTOPOHa KOTOPOro
nosyyeHa oTpaxKeHMemM KOHEYHOM CTOPOHbI yrna o = 32°:

a) OTHOCUTENIbHO OCH X;

6) OTHOCUTE/NIbHO OCU Y;

B) OTHOCWUTE/IbHO Havyana KoopAMHaT.

2) Bbino/iHUTE aHaornMyHoe 3agaHue ans o = 220°,

BbluMcanTe 3HaYE€HMA TPUTOHOMETPUYECKUX QYHKUMIA ABYMS cnocobamu:
1) MpuBeasa K TPUroHOMETPUYECKOM PpYHKLMM yrna, KOHEYHas CTOPOHa KoTo-
pOro coBnaziaeT Cc 3aAaHHbIM YI/IOM U MPUHAANEXUT MHTepBany [0°; 360°);
2) NMpUMEHUB CBA3b MeXKAY YraMn —oL U oL A8 TPUTOHOMETPUYECKUX DYHK-
UMi:

a) o =-30° 6)a =-120° B) o =—-60°

YnpocTuTe.
a) sin (180° + a) 6) cos(3—27E -a) B) cos (180° + a)
r) tan (180° — a) A) cot(90° + a) e) cos (t—a)

a) Bbiwe 6b110 AOKa3aHO ToxAaecTso sin (90° + a) = cos a AndA yra a B | ver-
BepTU. [loKaxKunTe 370 TOXKAECTBO 414 Yria, NpuHaanexallero |l yetsepTtu.

6) MoKkaxuTe cnpaBeAMBOCTb ToXKAecTBa sin (90° + a) = cosa An4 yrnos
0°,90°, 180°, 270°.

Cnegfytowime BbipakeHUs BbIpasnuTe Yepes TPUroHOMETPUYECKYo GYHKLUMIO
OCTPOro yrna, NpUMeHMB GopMy/bl NPUBEAEHNA, U HANAUTE UX 3HAYEHWA.

a) cos 210° 6) cos 120° B) sin 150° r) tan 300°

51 7n Eu . 2m
;l,)cosT e)tan? X) cot 3 3) sin 3
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10.

|11.

|12.

|13.
|14.

|15.

|16.

17.

1.

YnpocTtuTe BblparkeHue.

a) sin (a—180°) 6) cos (a—270°) B) tan (o —90°)

r) sin(a—3—2n) A) cos (a—m) e) tan (a—3—2n)
YnpoctuTe.

a) sin? (T + a) 6) cos? (180° — a) B) cot? (90° + a )

MpuBeauTe K TPUroHOMETPUYECKUM PYHKLMAM yrna oT 0° mo 90°.

a) sin (—170°) 6) cos (—160°) B) tan 130° r) cot 320°

MokaxuTte, uto CUHYCbl CMEXHbIX YI/10B PaBHbl, @ KOCUHYCbI MPOTUBOMO/1I0XKHbI.

o, B, v - yribl TpeyronbHMKa. [JoKaxuTe, YTo:
a)sin(o +B) =sin v 6) cos(a + ) =—cosy

YnpocTtute BbipaxkeHue.

sin 80° cos 70° o 5 e .
a) cos 10° 6) sin 20° B8) tan 40° - cot 50 r) sin 72° — cos 18

YnpoctuTe.
a) sin(90° — o) — cos(180° — o) + tan(180° — o) + cot(270° — )
6) cos(20° —a) + sin(250° + o)

HaliauTe Bce yrabl n3 npomeskyTtka [0°; 360°), CMHYCbl KOTOPbIX PaBHbI:
a)sina =0,6018 6)sina = 0,3 B)sina =0,8

Mpumep. a)sina =0,6018

PeweHue: HaxaB Ha KafbKyaaTope KHOMKY ,
HabepuTe 0,6018. Ha aKpaHe BbicBeTUTCA ~37°.

o 143°T
Tak KaK BO Il YeTBepPTU CUHYC MONOKUTENbHbIN, TO CUHYC \‘/ -

yrna 180° — 37° = 143° Toxke byaet =~ 0,6018 TaK KakK ] >
sin (180° - a) = sin a.

HaliauTe Bce yrabl n3 npomeskyTtka [0°; 360°), CMHYCbl KOTOPbIX PaBHbI:

ino = ino =3 in o =2
a)smoc—7 6) sina = > B) sina = >



TpUroHomeTpuYecKue ToXKAEeCTBa 99

CBA3b MeXAy TPUroHOMETPUUECKUMU GYHKLUAMU OSHOTO U TOTO 3Ke yria

ToxkpectBo cos?a + sinal = 1 MOXKHO A0Ka3aTb, UCMONb3YA
YPaBHEHUs OKPYKHOCTU (Man ke Teopemy Mudaropa).
X2 +y?=1 ypaeHeHue 051 eQUHUYHOU OKpy#HOCMU

P(cosat; sinat)

cos?oL + sina=1 3ameHa x=cosa uy =sina

Mo KoopAMHATaM TOUYKM Ha eAUHUYHOW OKPYXKHOCTM W MO ONpeaeeHUsM TPUro-
HOMETPUYECKNX QYHKLUA UMEEM:

o sin o,
[na Bcex 3HA4YeHUM A, NPU KOTOpPbIX cos o, # 0, tana = oS 0L

. . cos A
[na Bcex 3Ha4YeHUM a, npu Kotopbix sin o # 0, cotq = m

M3 gaHHbIX PAaBEHCTB UMEEM, YTO, ECM AN YINa O OA4HOBPEMEHHO BbIMOIHAKOTCSA
ycnosusa cos a # 0 mn sin a # 0, TO cnpaBen/IBO TOXKAECTBO:
tana-cota=1

Pa3genus obe YacTe paBeHCTBa sin%o. + cos?o. = 1 noouyepeaHo Ha cos? oL U Ha sinZal
byaem nmeTb:

1

— 1+cot’a =
cos? o

1+tan?a =

nZo

MonyyeHHble Bbilwe paBeHCTBA ABNAKOTCA TOXAeCTBaMM. X Ha3bIBAtOT OCHOBHbIMM
TPUTOHOMETPUYECKMMU TOXKAOECTBAMMU.
Ha ocHOBaHWM OCHOBHbIX TPUTOHOMETPUYECKUX TOXAECTB MOXKHO HanucaThb:

sin’o. = 1 - cos’al
sino. + cos?o, = 1 <

cos?a =1 —sin‘a

1
tana =
tana, - cota =1 < coto
1
cota =
tan a

MpY NOMOLLM OCHOBHbIX TOMTOHOMETPUYECKMX TOKAECTB MOXKHO YNPOLLATL TPU-
FTOHOMETPUYECKME BbIPAXKEHMA U BbIYUCIATL MOAY/b 3HAYEHMA BCEX OCTAJIbHbIX
dYHKLMI, 3HAA 3HaYeHWe Of4HOM U3 HUX.
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Mpumep 1. Mcnonb3ys OCHOBHbIE TPUFOHOMETPUYECKME TOMXKAECTBA,

AOKaXXunte,4T1o: 1 +sinx Cos X 2

cosx T 1+sinx _ cosx

[loKasaTenbCcTBO
1+sinx cos x (1 +sin x)2 + cos? x 1+ 2sin x + sin? x + cos? x
+ T = " = " =
cos X 1+sinx cos x (1 +sinx) cos x (1 +sin x)
_ 1+2sinx+1 2+ 2sinx _ 2(1 + sin x) 2
cosx(l+sinx) = cosx(l+sinx) = cosx(l+sinx) ~ cosx

Mpumep 2. 3Han, yTo sin 3 = _4 n yron B npuHagnexut lll yeTseptun, HanauTe
OCTa/ibHble TPUFOHOMETPUYECKUE DYHKL MW,

M3 dopmynbi sin? B + cos? B = 1 nonyvaem: cos? 3 =1 —sin?f3

TaK KakK yron 3 npuHagnexut Il yetsepTu, TO

cos B = —\1—sin? =—\l1—(—%)2=—%

_4
_sinp _ 5_4 __ 1 _3
Torpatan P = cosp ~ 33 ncotfP = Ganp " 4
5
Ob6yualowme 3agaHus
|1.  Ynpocture.
a)1l-sina 6) 1 —cos?a
B) sin®f —1 rycos’f3 — 1
A) 1-sin?a —cos?a e) sin o + cos?a + cot? a
X) tan o - cot a — cos?a 3) cos* o + cos?a. - sinZ o + sin? a

E Hanaute cos o ntana, ecamsino =0,6 n %< o <.

|i HanauTte sino ncota, ecnimcosa =0,8mn0<a <% .

|i Mo AaHHbIM AnA yrna 3B, HalnaUTe 3HaYeHUSA TPUTOHOMETPUYECKUX QYHKLMA.

a) sin B :—%mn<B<3T“ 6)cos[3z—% m%<B<n

B)tanP =1 M‘}t<ﬁ<37n r)cotB=—V3 u 3Tn<ﬁ<2n



TpuUroHomeTpUUECKUE TOXKAECTBA 101

|i YnpocrtuTe.

a) (1-cos?a)(1+tan?a) 6) (sin o + cos a)?+ (sin o — cos a.)?

B) cosa_ __cosa ) sina. ., 1+cosa
l1+sina 1-sina l+cosa ~ sino
1+cosa . 1+ cos o l-cosa . 1-cosay,

) sin? o (1+( sina ) ) sina L sina )

|i 3Has, yTo tan o = 2, HaNAWTe 3HAYeHMe BbIPaXKEeHUS.

a) sina + 3 cosa 6) 3sina—5cosa
cosa 4 sino + cos o

|L YnpocuTe BblpaxKeHue V4 — 4 sin2a. , 3HaA 4TO:

a)OSQSZ_ 6);S(ISR.

|i [loKaxKuTe TOXAecTsa.

a) 1 — (sinx — cosx)? . ) 1+secx
= Cos Xx-sinx — =
2 sinx +tanx ~ ©¢¥
1—cos’x
B) : —— =tan’x n _Llttanx
(1 —sinx)(1 + sinx) ) Sinx+ cosx - S€CX

|& HalliauTe 3HauyeHue BblpaxkeHums.

a) sina + cos?a + cot> o ,npu cosa = -3

5
6) sin®a +sin?a, - cos?a, npn tano = 2
|1_0- YNpoCTUTE BbIpakeHWe 1 HallguTe ero 3HayeHus.

a) —Cosa 1+sina 6)15'&+ﬂ
1+sina cos o tcosa  1-cosa

R |
npu cosa =0,1 npu sin o __E
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TpuroHomeTpUYecKue ToXxaecrTsa

|15.

. OcBelEHHOCTb CBeTa, BbluncaseTca no dopmysne

. 3Hana, yto sin o + cos a. = 0,6, HangMTe NpPou3BeAeHME Sin o, - COS OL.

5

. 3HaA, uTo tan o + cot oL =—=-, HaMAWTe 3HaYeHMne BbiparkeHua tan? o + cot? a..

2 7

. CywecTByeT /i1 yron NoBopoTa, yA0BNETBOPAIOLLMI paBEHCTBAM?

a)sina=%mcosa=—% 6)sin[3=%mcos[3=%
=3 =4 =2 -3

B) tany : n coty 3 r)tan© 3 ncot 0 2

- YnpocTuTte BblpaxeHue.
a) (1 —-sin(—a)):(1 —sina) 6) cos(—a) + cos a. ‘tan?(—a.)
1—ci
ﬂ + tan(—-o) r) sin?(—a) + tan o -cot(—a)

cos(—a)

[loKaKuTe, 4To 3HaUYeHWe BbIPAKEHUA HE 3aBUCUT OT 3 NPU BCEX AOMYCTUMBbIX
3HaveHuax 3 .

a) (sin + cos B)? + (sin B — cos B)? 6) (tan B + cot B)> — (tan p — cot B)?

. Haliaute Hambosbluee M HaMMeHbLLee 3HaYEeHNE BbIPaXKeHW.

a) 3 cos?a — 4 sina 6) sin o — 2 sin%o. — 2 cos’a

Ncnonb3ya d)OpMyl'IbI npueeaeHNA N OCHOBHbIE TOUTOHOMETPUYECKUE TOXKAE-
CTBa, HaVIAMTe 3Ha4YeHune Bblpa*KeHuA.

a) cos?74° + cos® 16°

6) tan 48° - tan 42°

B) sin20° - cos 70° + cos20° - sin110°
r) cos40° - sin 130° + sin 50° - cos 140°

= = 3peco | - cnna ceeTta, R- pacctoaHume ot
RZCOS(P A ’ p |

McTouHMKa. [loKa)kuTe, 4To AaHHaa Popmyna 3KBUBA-
| - tang

NeHTHa dopmyne E = Resing
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TpuroHomeTpuyeckne GpyHKLMU CYMMbI U Pa3HOCTU ABYX YIN0B

sin (o + B ) = sina cosP + cosa sinf3 cos (a + B ) = cosa cosP — sina sinf
sin (a— B ) = sina cosP — cosa sinf cos (a— B ) = cosa cosP + sina sinf

v" CHayana gokaxem ToxaectBo cos (o — B ) = cosa cosp + sina sinp.

Ha pucyHKe a) 4na yrna o KoopAauHaThl TOUKK P1, B3ATOM Ha e AMHUYHOMN OKPYXKHO-
CTM paBHbI (cosa; sina), a Ansa yrna B KoopanHaTbl TOUKK P2 paBHbl (cosB; sinp).
PasmecTum yribl a — B, KaK NoKasaHO Ha PUCYHKe 6) .

Toraa, ana yrna a —  koopauHaTbl Touku P3 6yayT (cos(a—PB); sin(a—p)).

M3 Toro, uto AP10OP,= AP3OA (no npusHaky CYC ) cneayer, uto P1P>= P3A.

P1 = (cos a; sin a) P3 = (cos(a — B); sin(a — B)
y P2 = (cos B; sin B) {‘\
a) -1 (o) 1 X ) 1 Ol 1 X
_1 _1

P1P2 = \/(cosa - cosP)? + (sina - sinp)?
opmyna HaxomoOeHUsa pPACCMOAHUA
PsA = \/(cos(a - B)—1)2+ (sin(a - B)—0)2 mexoy d8yma moykamu

(cosa - cosPB)? + (sina — sinP)?= (cos(a — B) —1)%+ (sin(a — B) — 0)?
no ceolicmey paseHcme

cos?a — 2 cosa cosP + cos?B + sina — 2sina sinf + sin?P =
=cos?(a-B)—-2cos(a-B)+1+sin(a-P) nogpopmynam cokpawéHHoz0 ymHOMEHUS

(cos?a + sina) - 2 (cosa cosP + sina sinP) + (cos?P +sin?p) =

= (cos(a —B ) +sin?(a— B)) - 2 cos(a - B) + 1 no ceolicmey cnoxeHua u npumeHe-
. N HUKO Mmpu2oHOMempu4yecKux moxc-

2-2(cosacosB +sinasinB)=2-2cos(a-B) secme

2 (cosa cosB +sinasinB) = 2 cos(a— ) o ceoiicmey paseHcme

cos(a - B) = cosa cosPB +sinasinB  moxdecmeo dokazaHo

v" [loKa3aTenbCTBO TOXAECTBa cos (o + B ) = cosa cosP — sina sinf
cos(a + B) = cos(a - (- B)) = cosa cos(— B) + sina sin(- B)
yyumeigas, ymo cos(—B) = cosp  sin(—B) = —sinf
cos(a + B) = cosa cosP — sina sinB  moxdecmeo dokazaHo
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v [loka3aTenbCcTBO TOXAecTBa sin (o + B ) = sina cosp + cosa sinf

sin (o + B ) = cos (%— (a+B))= COS((%—OL) -B)=

no ghopmynam npusedeHus epynnupys
= cos(% —ao)-cosf + sin(% —a)-sin 3 =sin o -cos B + cosa-sin

no dJopmyﬂe KOCUHYyca pasHocmu c yyuémom d)op/vlyn npuseaeHuﬁ

v [lokasaTenbcTBo ToxAecTBa sin (o — B ) = sina cosp — cosa sinP :
sin (a— B ) =sin (a+ (—B)) = sina cos(- B) + cos a sin(- B) =
=sinacosp —cosasin B

Mpumep 1. HaMaém 3HaYeHME BbIParKEHUS COS 17—;5
n m T o T N R+
PeweHue. €osy5 = Cos (?_'f‘ 4_) = cos—3- cosz —sin3- sin-- =
12 B 2 2k
2 2 2 2 4
Mpumep 2. Hangém 3HaueHne BbipaxkeHus sin (o — B), ecan
. 3n 12 o1
sina=——, t<a<-—wuncosP=-—, 0<B< —.
5 2 B 13 B 2
PeweHune. N3BecTHO, 4TO sin (o — B) = sina cosP — cosa sinP. Ecan yray a cooTsert-
CTBYET OCTpbIV yron a’, To sina’ = g— Tak Kak npoTuBOEXKaLL i 5 3
KaTeT paBeH 3, a rmnoTeHy3a 5, Torga npunexalumii KateT paBeH
x=V25-9=4y yuuTbIBaA, 4To o yron lll yetsepTn, noayvymm: <) Fa—
cosa=— 4. AHanorn4yHo, ecnm 3Had, 4to cos P = 13" 0
nosy4aem, 4to sin =3 3 12 45 16 13 :
sin (a— B) =sinacosp—cosasinB= - =—-——+ —- 5 =———
(a—B) B B 5 13 5 13 65
12
MoKHO 3anncaTb GOPMy/bl CIOKEHUA ANA TAHTEHCA U KOTAHreHca:
sin(a+B) sina cosP + cosa sinp
tan (a+B) = = — =
cos (a+B) cosa cosP — sina sinf
ro onpedeneHUrD 10 hOPMyAaM CAOMEHUSA
sin a-cos B cos a-sin B
cos a-cos B * “cos a-cos B tana +tan 3
T cosacosp sinassinp | l—tanatan B RannT:

tana +tan B

cosa-cosPB ~ cosa-cos B ynpowaem tan(a+B)= m

pasdenus yucaumers u
3HaMeHameslb Ha €os . - cos f3 tan a — tan B
AHanornyHbIM 06pa3om MOXHO NoKasaTtb, uto: tan(a—B)= T+tanatan p
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O6yualowme 3agaHmA

1.

BbluncanTe 3HaYeHUA BblIpaXKeHUA.

a) sin75° 6) cos 75° B) sin (—15°) r) cos 105°
T i .n I
cos(™ _ T sm( + —) — AL
0) (4 3') e) 3) sin 75 ) cos—>
YnpoctuTe. HaliguTe 3HauyeHue Bblpa)KEHVIFI
1) sin cos =+ cOS— sin ~o 2) cos o + sin o1 in I
4 12 4 si 12 12C°512 12512
3) sin cos & — cos 2~ sin = 4) S cos— — sinT~ o sin %
4 1 P 4 12 Cos7y 1 2 12 12
YCTaHOBUTE UCTUHHOCTb PAaBEHCTB, UCMO/b3yAa GOPMY/bl C/IOKEHUS.
a) sin(90° —a) = cos a 6) cos(m + o) = —cos a
B) sin(m +a) =—sina r) cos(270° —a) = —sin a
YnpocTuTe.

a) sin 12° - cos 18° + cos 12° - sin 18° 6) cos 17° - cos 43° —sin 17° - sin 43°
B) cos 68° - cos 8° + cos 82° - cos 22° r) sin 23° - cos 7° + cos 157° - cos 97°
Ynpocture.

a) cos(36° + o) cos(24° —a) —sin(36° + o) sin(24° —a)

6) sin(%—a)-cos(%+oc) +cos(% —oc)-sin(% +0.)

Hailgute 3HaueHWe BbipakeHus.

sin 20° - cos 10° + cos 20° - sin 10° 6) cos 66° - cos 6° + sin 6° - cos 24°
sin 21° - cos 9° + cos 21° - sin 9° cos 65° - cos 5° + sin 65° - sin 5°
_ 1 =
a)cosa = —on5<a<m, HanguTe S|n(—+ o)
g3 . n
6) sinp = 5> v ?<B <{W, Hangute cos(3—+B).

__\3 1 ]
sina. 5 cosPB =5, a yron lll yvetBepTH, a yron B yron IV uetsepTtn. Hait
aute: a) sin(a +B) 6) cos(a. —B)

. 3 5
o 1P yrabl lll yetBepTM U sina =— 5/ COS B=- 13- .Hanaute:
a) sin(a. — ) 6) cos(a +3)
. CMHyCbI ABYX OCTPbIX YI/10B TPEYro/IbHWKa PaBHbI %M % HalguTe KocuHyc

TpeTbero yrna.
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|11.

|12.
|13.

|14.
|15.
1.

|17.

|18.

Ynpocture.

a) tan 13° +tan 47° 6) tan 46° —tan1°
1—tan 13° - tan 47° 1+tan 46° - tan 1°

Hangute tan(45° +a), ecnamtano = %

Echrntana = %, tan 3 =%, TO HanauTe :

a) tan(a +B) 6) tan(o. —B)

HaliauTe 3HaueHue BbipaXKeHus.

a) tan 15° 6) tan 75° B) cot 105°

Haignte 3HayeHuMe BbipaxkeHUa cos 72° sin 48° + cos 18° sin 42°, ucnonb3sys
dopmynbl npuBeaeHna U GOPMyAbl CNOKEHMUA.

YnpoctuTe.

a) sin (o + B ) — cosa sinP cos(a + B )+ sina sinP
sin (a— B ) + cosa sinP cos(a— B ) — sina sinf

Ynpocture. . -

a) tan(45° + a) —tan o 6) tan(g+a) + tan(g —a)
1 +tan(45° + a)-tan o 1—tan(g+ a)-tan(g—a)

a) tan(a +B) =-1, tan(a =) = % Haraute tan 2.

6) cot(a +B) =2, cot(a —P) =1 . HaitamTe tan 2a..

MpuKknagHble 3agaHus

|19.

. Yron 0, — 01, nony4YeHHbI NpU NepecevyeHnn AByx

Ob6opynoBaHue A1 xoabbbl MO KaHaTy 3a-
KpenneHo mexay AByMA cTobamu BbICO-
ToM 9 m. KaHaToxogeu, ABuXKeTca no
KaHaTy B, Ha paccTtoAHMM 5m oOT 3emaum.
KaHatbl A n B 3akpenneHbl Ha paccToaHUN
12 m ot ctonba. Haiante cuHyc v rpagyc-
HYIO Mepy yria @ Mexay KaHaTamm Awn B, c
TOYHOCTbIO 10 AECATbIX.

NPAMbIX C YrNoBbiMU KoapouumeHtammn ki n ko,

MOXHO OnpeaenuTb No cieaytoLen popmyne: ki =tan 8,
ka— ki
tan (92_91)— 1+k1k2 >z / ;

Haigute ocTpblit yron, 06pasoBaHHbIV NpY NepeceyeHnn AByx NpambIXx:

a)y:z—x—lmy:ZX—l; 6)y:x+2my=3x—1.



Cnepctena us popmyn cnoxkeHusn 107

MpaKTuueckas pabora

Mpeobpa3syiite cymmy sin 70° + sin 10° B nponsseaeHne, BbINOJHUB CaeaytoLime

waru:

1) {x+y= 70° PpelWwnB CUCTEMY YPAaBHEHWUI HaWgUTe Takue yrabl, YTobbl nX
x—y=10° cymma bbina pasHa 70°, a pasHoctb 10°: x = 40° y =30°

2) 3anuwute cnegyrouwee 70° = 40° + 30°, 10° = 40° — 30° u ynpocTuTe

sin 70° + sin 10° = sin(40° + 30°) + sin(40° — 30°) = sin 40°-cos 30° + cos 40°*
sin 30° + sin 40°-cos 30° — cos 40°-sin 30° = 2 sin 40°-cos 30° = 3 sin 40°

MpeobpazosaHue cymmbl (pa3HOCTH) B nponssegeHue

o.=xxy TOFaX_a.'-B _(X_B
Box—y 'TOA V=3

sina +sinP =sin(x+y) +sin(x—y) =

Ecnn

SiN X COS y + cos X siny +sin x cos y— cos x siny = 2 sin x cos y. NTak

o+ o-
sina +sin3 =2sin B cos B
2 2
AHanoruyHo nonyyaem: sin o —sin f = 2 sin a;B cos = ; B
o+ a-PB o+ a-f
cos o + cos 3 = 2 cos ZBcos 5 cos o —cos f} =2 sin ZB sin 3

E MpeobpasyiTe B npomnssedeHune: a)sin 52° +sin 32° 6) sin 72° —sin 32°
B) cos 32° + cos 2° r) cos 42° —cos 22°

E BblumcanTe 3HaueHne BblpaxkeHusa.

a) cos 130° + sin 80° — sin 20° 6) sin 40° + sin 20° — cos 10°
|i MpeobpasyiiTe cymmy (pasHOCTb) B NPOU3BEAEHME.
Sinbx +sin2x  cos4x — cos2x sinl —sins—n cos =+ coss—n
12 12 12 12
|i Ynpoctute.
a) _Sin8a +sin 2a 6) —COs ba — cos 2a g) _Sin3u+sina
cos 8a. + cos 20 sin 6o — sin 2a oS 30 + COS O
|i MoKauTe cnpaBea/IMBOCTb PABEHCTB, COMTAaCHO PUCYHKY.
g 2=B . otp A
-2 v 2 w9 cos B, sin B)
; t,s)|.---- :
S|n o +Sin e a—B .o +B (COS a, sin a)—_______z - i
3 s =cos > sin— i |
' NG
_ : 8 i
cosa+cosP _ ;oo =B AFB d A o
2 2 2 -1 1'

|i MpeacTtaBbTe B BMAE NPOU3BEAEHMA.

a) 1§+sinoc 6)15+cosa B)Zcosoc—\E
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MNpeo6pasosaHue npoussegeHne B Cymmy

1
sinx- cosy = 5 (sin(x + y) + sin(x —y))

1
sinx - siny = > (cos(x = y) = cos(x +y))
COSX - cosy =% (cos(x + y) + cos(x —y))

CnpaBeaIMBOCTb AaHHbIX TOXAECTB MOXKHO NOKa3aTb Npu nomoLy Gopmyn
CIOXKEHUA:

noYsneHHo cKknadbisaem noYseHHo cKknadbisaem
sin(x + y) = sinxcosy + cosxsiny . cos(x +y) = cosxcosy — sinxsiny
*sin (x—y) =sinxcosy — cosxsiny cos(x —y) = cosxcosy + sinxsiny
sin(x + y) + sin(x — y) = 2sinxcosy cos(x + y) + cos(x — y) = 2cosxcosy
1 1
sinx - cosy =?(sin(x +y) +sin(x—y)) COsX - cosy =—- (cos(x + y) + cos(x —y))

/ C}'IELI,VPOLU,GE TOXAECTBO MOXHO 0Ka3aTb aHAa/IOTM4YHbIM o6pasoM.

sinx - siny = % (cos(x —y) —cos(x + y))

IL [NnAa BbluMCNEHNA NPUMEHWTE TOXKAEeCTBa Npeobpa3oBaHMsA B NPOU3BeAeHNA.

a) sin 15°- cos 15° 6) sin 105°- sin 15° B) cos 75°- cos 75°
|i MpeAacTaBbTe BbiparkeHUs B BUAE Pa3HOCTU UAM CYMMbI.
3x X

sin6x - sin2x sinx - cos2x cos9x - cos2x cosT- sinT

. . . 5x . X
cos7x- cos3x sin8x - sindx sin2x - cos3x cos 5 sm?

|i [okaxuTe, uto 2 sino.cosP = sin(a + ) + sin(a — ).
|10. Bblumcaue.
a) 2 cos 40° - cos 20° — cos 20° 6) 2 sin 40° - sin 10° + cos 50°

|11. HailguTe 3HaueHMe BbIpaxeHMs.
a) sin 15° - cos 7° — cos 79° - cos 11° —sin 86° - sin 4°

6) cos 73° - cos 17° —sin 13° - cos 21° — cos 86° - cos 4°

|12. PasnoxuTe Ha MHOXUTENM,

a) sin 2x - cos 4x — sin 6x - cos 8x 6) cos 5x - cos x — cos 4x - cos 2x
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TpuroHomeTpuueckne GpyHKLUU ABONHOrO aprymeHTa

dopmynbl CIOXKEHMA NO3BONAIOT BbIPa3uTb Sin 20, €Os 20, tan 20 Yepes TPUroHO-

MeTpUYeckne GyHKLMM yraa o.

sin 2o = sin(ot + o) =sino. - cos o + cosa - sina =2 sina - cos o

cos 20, = cos(oL + o) =cosa - cos o —sina - sina = cos*a —sin®a
tana +tana 2tana

l-tana -tana  1-tan’a
Takvm 06pa3om, NoNy4aeM TOXKAECTBA, KOTOPbIE Ha3biBatoTCA GOPMYIamMmM ABOM-
HOro aprymeHTa:

tan 2o =tan(o + o) =

2tan o

sin2a, =2sina - cosa, cos2d =cos’a -sina, tan2a=——5—
1-tan‘a

®dopmynbl NO/IOBMHHOFO aprymeHTa

Mmeem, uto cos 20, = cos? o —sina =cos?a —(1—cos’a) =2 cos?a — 1
cos 2o =cos’a —sinfo=1-sin2a —sinfa=1-2sin2a

OTtcropa: 1 5 . )
. —€os 20 — cos 20
costol = —1+cos 20 sinfo = —mm—— tanfogo= ——m88
2 2 1+ cos 20
3ameHsAem B AaHHoN Gopmye o Ha % , nonyyaem:
cos? & = 1+cosa sin? &= 1-cosa tan? O = 1-cosa
2 2 2 2 2 1+cosa

ﬂ,l’lﬂ MONNOBUHHbIX aprymeHTOB CrnpaBea/inBbl TOXAECTBA.

.a 1-cosa a 1+cosa o 1-cosa
sin—=+% — —2> cos— =% —_— S -
2 2 2 N 2 tan>=% N 11 cosa

3HaK B I'IpaBOl\/'I 4acCTn B JdHHOM paBeHCTBE 3aBUCUT OT TOTO, B Kakow 4yeTBepTn

+

o
HaxXoAuTCA yron 7 .

Mpumep 1. YnpocTum BbipaxkeHue sin o cos’o — sinol-cos a.

PeweHue. sin a,-cos3al — sin®oi-cos o = sin o-cos a (cos?al — sin®o) =
1 . .
=5 2 sin a-cos o+ (cos?a — sina) = % sin 2o-cos 2. = % sin 4a.

Mpumep 2. He ncnonbays KaibKynaTop, BbIMUCAMM 3HAYEHUSA sin 20 U €os 2a,
3Has, 4YTo yron a NpuHagnexut IV yetseptn u tan o = — ik

Pewenne.r=(-3)2+42=5

. 3 . : 3
sino=—¢ sin 2a=2$|nacosa:2(—§)(§)=—

_4 =~ oy — cin2 2_(_2y2
cos &= cos 2a = cos’a—sin2a = (5) (5)
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Mpumep 3. Hallaém 3HavyeHne cos %

PeweHue:

a /
Mcnonbayem Gpopmyny NoNOBUHHOTO aprymeHTa cos5- =% J 1+ CZOSO‘

T
—g yron | YeTBEPTM M B 3TOI YETBEPTU KOCUHYC MONONKUTEAEH.

1 /4 1+(\2/2) 2+\2
cos %= cos%(%) = > CO;(Tt ! = \/ 2 - \/ 2

O6yuatowme 3agaHuA
|13. Ynpocture.

sin 2o cos 20
a) — 5 ) ————— —cosa
cos‘a - tan‘a cosa +sina
B) (tan a. + cot a)- sin 2o r) M
sin 2o
|£l, Ecnm cos o =—0,8, 90° < o < 180° , HalguTe:
a) sin 2o 6) cos 20 B) tan 2o
|1_5. Echmsin B =— 12 yron B pacnonoxeH B lll yetBepTH, HalguTe:
a)sin 2B 6) cos 23 B) tan 23
|16. Ynpoctue.
sin30. _ cos 3a. 6) sin 3a , Cos3a
sina cos o cosa sina
|17. HailauTe 3HaueHMe BbipaeHus.
a) 2 sin 15° cos 15° 6) 2 sin% cos%
2 U 2 T 2T _gin2
B) COS 17 ~Sin*75 r) cos 8 sin 8
p) _ 2tan22° 30 e) _4tan75°
1-tan?22° 30’ 1-tan?75°

|£;, Hangute:
a)sin22°30" 6)cos22°30° B)tan22°30° r)tan15° a)cos67,5°

|£;, Echncosa = %, 270° <o < 360°, TO HanauTe :
o
a) sin — 6) cos % B) tan a2
2 2 2
@_ Hanaute sin2o., cos2a, tan2a., 3HadA 4To:
i —'\/—'3_'n<(x<7't _3 <<_n _ 4 T
sine= 55 — tana-T,n a 5 | cosa = 5,O<oc<7
|£l. Hatigute sin&, cos%, tan%, ecnu:
_3 T o__\3  3m
a)cosa—s, O<a<2 6) sina = > 7 <o<2n
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|2_2. [loKaXKnTe cnpaBeaIMBOCTb TOXKAECTB MPM NOMOLLM GOPMYN CYMMbI M Pa3HOCTH
TPUTOHOMETPUYECKUX DYHKLLNIA.
a)sin 20 =2sin B cos O 6) cos 2x = cos?x — sin’x.

|£,, Yron a pacnonoxeH Bo |l yetseptn sin a = %

a) HanguTe 3HayeHue sin 2a. 6) HalauTte 3HaveHMe cos 2a.
8) Mpy NOMOLLM KaNibKyIATOPa HAaNAUTE paguaHHYIO Mepy yria o.
r) MpoBepbTe pesynbTaThl MYHKTOB a U b NPy NOMOLLM Ka/ibKyasaTopa.

|£l- [oKaxkute ToXaecTsa.
1-cosa o sin o o

Y ) O Trcosa TP

MpuknagHblie 3aaaHusn

|§. FfeomeTpuma. Mo AaHHbIM Ha PUCYHKE AOKaXuUTe crpases-
0 sin® .
JINBOCTb TOXAECTBa tan7= ——— /19 e AUHNYHOM

1+ cosO

OKPYKHOCTU C LLeHTPOM B TouKe O.

|z_5, YT106bI HAalTK BbICOTY rOpPbl, Ha NaaHe
BblOpaHbl ABe TOYKM A 1 B, paccTos-
HMe MeXXay KOTopbiMK paBHO 175 m,
N n3mepeHbl YIbl NoAbEMA, KOTOpble

COOTBETCTBEHHO paBHbl LA =36°40’, s
/B = 21°10'. Yemy paBHa BbIcOTa 175 m A
ropbi?

|2_7. Ecnn toukn A, B,C asnatotca sepwmHamum AABC, To fOKaxuTe cnpaBea/IMBOCTb
cneayowmx ToxKaecTs (yutute, uto LA+ /B + £C=180°).
a)sin(A+B)=sinC
6) cos C=sinA- sinB—cos A- cos B

@. a) JokaxuTte cnpaBeanmMBocTb Gopmybl A

Scer. = ) r? (o — sina) 4NA HaxoXAeHUs naowaan cer-

MEHTA. O — LeHTPasIbHbINA YroN B paguaHax.
6) Pagumyc Kpyra Ha pUCyHKe paBeH 2 CM, a A/IMHa XopAbl
3 cm. HalauTe naowaib cermeHTa, OTCEKaeMoro Xopaoi.

|2_9. Tp¥ OKPY»KHOCTM KacatoTcsi BHELWHUM 0bpasom,
KaK NnokasaHo Ha pucyHKe. HalauTe niowaap 3a-
KpalleHHOM YacTu, ecam UX paguycbl COOTBET-
CTBEHHO paBHbl 1; 2; 3.
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Mpumep 1. Packpoem CKOBKM 1 yNpoCTMM BbiparkeHue cos x (tan x — sec x)
PeweHue:

cos x (tan x —sec x) = no pacnpedeanumesnbHOMYy 3GKOHY YMHOXEHUS
=cosx-ta_nx—cosx-secx=

=COS X - Sin X —COS X = t = sin x
= ‘ COS X COS X = ynpoweHue rpu rnomowu 3aMeHsbl tan X = COS X
=sinx-1 U SeCX= 5oy

Mpumep 2.  PasnoXuMm Ha MHOXUTENN M YNPOCTUM BblpaxKkeHue sin? x cos? x + cos* x
PeweHue:

sin? x cos? X + cos* x =

= cos? x(sin? x + cos? x) = gblHeceM o0bwuli MHOMUMENb 30 CKOOBKY
=cos’x-1= cos®x npumeHus popmyny sin’ x + cos’ x = 1
Mpumep 3. YNpocTum BblpaxkeHue T+sinx S-ossi:l(x +tan x
PeweHue:
cos x Cos x sin x sin x
— = 24 = =
T+sinx T@aNX= 0 Cosx 3GMEHUM tan X = —c5¢'x

__Cosx  cosx ,sinx l+sinx _
l+sinx COSX © COSX 1 4sinx

YMHOMCUM YUC/AUMesb U 3HaMeHa-

mesib Ha 00HO U MOXe YucsIo

cos® X + sin x + sin® x
cos x(1 + sin x)

npusedém K obujemy 3HameHamesnto

1+sinx

- - . .= pUMeHUM moxcdecmeso sin’ x + cos’ x=1
cos x(1 + sin x)

= —cols X =Secx ynpocmum
2
Mpumep 4.  OcBoboanm 3HameHaTe b OT paauKana Tan x
Pewenne: 3pecbtanx>0.
\/ 2 _ [ 2 tanx - ,[2tanx _ \2tanx
tan x tan x tan x tan? x tan x
O6yuatowme 3agaHmA
E PacKpoiiTe CKOBKM 1 yNPOCTUTE BblparkeHMUe.
1) (sin x — cos x)(sin x + cos x) 3) (sin o — cos a)?+ sin 2o

2) tan x (cos x + cot x)(1 — sin x) 4) (1 +tana)?—sec’a
E Pa3nosuTe Ha MHOXUTENN.
1) sin? x cos x + cos? x 2) sin* x — cos* x 3) sinx + 27
4) 4sin’y + 8siny + 4 5)3cot? + 6¢cotP +3  6)2cos®x +cosx—3
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3. Ynpocrure.

1)coszoc—l 2) smx) 1 3) M

coso +1 Cos X cos? x sino. — cos?al

4cos3x sinx 2 sino. — sinoL — 2 sino.—9  10cosa. + 5
4) sin? x (4COSX) > 2sino—4 6) ’

2cosa+1 3sina+9

|i MpeAcTaBbTe BbiparkeHUe B BUAE MHOXKUTENEN, COAeprKaLLMX OL4HOUMEHHYIO
dyHKumto (Hanpumep, (sinx —3) (1 + 2sinx)) .

1) cos’x +2cos x + 1 2) cosx—2sin?x+ 1 3)sinx—cos’x—1
|i OcBoboauTech OT pagvKana B 3HameHaTesne.
a) \1—-cosx 6) @ \/cotx
V1 +cos x v tan x \/ sin x

|i Ynpocture.

smna sina (sinow + cosat)? — sin 20,

a)(F T o +———)sin2a
) T+ cosa 1—cosoc) 6) cos 2oL + 2 sin o
1+ cos 20 +an 20 ; sina. + sin 3o + sin 50,
1 - cos 2a + sin 20 coso. + cos 30 + cos 5a
7. Dokaute ToxpecTsa.
cos 0 sin 0 . 1-tan’0 _ 2
D1 tan0 * T—cotg -=Sin0+cosb 2) Ttanzo T 1=2c0s0
tan 0 —cot _cosb
- = 2sin2 4) tan O + - =secH
3) tan0 +coto T 1=2sin’6 ) 1+sin0

|& Haitgute Hanbonbliee U HaMMeHbLLIee 3HaYeHME BblPakeHUs.
a)sinoc—\/3cosoc 6) V3 sin o + cos a. B) sin o, + cos o

a .
YKaszaHue: 3anmwunTe BblparkeHue a sin x + b cos x B BUAe C'(?' sin x +? * €Os x)
a .
1 BBEAUTE BCMOMOraTe/ibHble YI/bl: — = COSP W - =sin®  3pecb c=Va*+ b?
c

Mpumep. sino + V3 coso =2( L sina + V3 cosa) =
=2(cos 60° * sin o + sin 60° - cos o) = 25|n(oc2+ 60°) HB3=2 HM3=-2

|_- Ecnm0<a<— HalAnTe 3Ha4YeHMe BblparkeHNA ,\, —sina ,\,1+sma
1+sina 1-sina

\/1 —sin?a
|_0. YnpocTuTe BblpaXKeHne ———————— , eC/n
cos o

a)90° <a < 180° 6) 270° < o < 360°

|£.. HaliauTte 3HaueHuMe BbiparkeHus sin 18°- cos 36°.
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O6o6walowme 3agaHma

1.
2.

[ [® [

[o

[N

|10.

|11.
|12.

. MNMoKaxute, uTo :

Yrbl TpeyrosibHMKa OTHOCATCSA Kak 2 : 3: 5.HanguTe pagnaHHbie Mmepbl yI/ioB.

MmeeT 1 cmbiC BbipaskeHne?

a) Vsin 170° 6) Vcos 150° 8) \tan 200°
Kakolt 4yeTBepTV NpUHaAZNEKUT yron o, ecamn|sina =sina,  |cos af =—cos a.?
[okaxute, yTotan 1° - tan 2°-tan 3°- ... - tan 87° - tan 88° - tan 89° =1

Bblpasute yepes a, ecam sin 10° = a:
a) cos 80° 6) cos 100° B) sin 170° r) sin 190°

BbluMcauTe, He UCNONb3yA KaNbKyaATop.

T
2tan§ 2 21
a) ——— 6) 4sin—-cos——
T 3 3
1- tan2§

Kakoe 13 paBeHCTB BEPHOE, a KaKoe JIOXKHoe?
a) sin 151° = sin 29° 6) cos 135° = sin 225° B) tan 135° = tan 225°
r) sin 60° = cos 330° A) sin 270° = cos 180° e) cos (—60°) = —sin 330°

Paanyc ogHoro 3ybyaToro Koneca paseH 5,4 cm, a pa-
auyc apyroro 3 cm. Ecnm maneHbKoe Koneco noBo-
paumBaeTca Ha yron 135°, To Ha KaKoW yros npu sTom
nosopaymsaeTca b6osbluoe Koneco?

a) Cuctema 414 NOAMBA MOXKET COBEPLLATL NOBOPOT HA yron 120° 1 npu sTom
cTpysa nmeeT ganHy 18 m. CxemMaTMyHO M306pasuTe Ty YacCTb, KOTOPYHO MOXKET
NONUTb CUCTEMA M HaANUTe eé naowasb.

6) Ha Kako# yron fo/xKHa NoBOpPayuMBaTLCA cUCTEMa A/1A NOAMBA NOLWAAM B
400 m?, ecnn AnHa CTpym paBHa 18 m?

Jokaxurte.
i — i i + sindx
a) sin3x—sinx _ _ g) Sin2x+sindx
C0S3x — cosx cot2x ) COS2x + cosdx tan3x
sinx + sin3x cosdx — cos2x
B = r — . =
) cosx + cos3x tan2x ) sin2x — sindx tan3x

o sino. — sinf o
Hangurte 3HauyeHuMe BblpaxkeHUA , ecamo—f3 =90°.
coso. + cosf

JoKaxunTte, yto: a) cos(60° — o) =sin(30° + a)
6) cot(80° —a) = tan(10° + a.).

cos 20° —cos 50°  sin 80° —sin 70°
cos 31° +sin 11°  ~ sin 29° —sin 19°
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21.

22.

” sino. + cosa .
. Hanpgute 3HaveHune Bblpa)KEHMFI| - , ecnu sina. -cosa. = 0,4.
sina. — cosa

. Haliaute 3HaueHue BblparkeHus. |1_6.Haﬁp,me OCTPbLIN Yron, Mexay
a) 4 sin 15° cos 15°(COSZ 15° — sin? 150) ABYMA nepeceKarowmmmnca npa-
n MbIMU y =4x—1ny=-2x+5.
in . 3 M _ a3 T, T
6) sin 16 cos® 4 e —sin’7 ¢ - cos7 e
yk
. Bblumcnaure.
1 N L y2ax—1
a) — = —2sin70° 4/
2 sin 10° ENDNEEEEEEE
6) 8 sin 10°-cos 20°-cos 40° 1/
/ Y=-2x#5 ||
T 1-sin 2x oy | 3 6 | 8X
. Ynpoctute: tan(I+x)-—cOS 2x =2f
/
3 T . 1 3n o
Ecnun cosa =5 > O<a <7 nsinp=— > T<B< 5 HanauTe 3HavYeHmne
BbIPAXKEHU:
a) sin (a+ B) 6) cos (a+ B) B) tan (a + B)
r) sin (a—B) a) cos (a— B) e) tan (a— B)
YnpocTuTe.
a) ——bcose4 6) .COS36°+ V3 sin 36°
V3 cos 34° — sin 34° 4 cos 24°

Pacnbinutens (neiika) pacnbiaseT Bogy Ha 06beKT Nog yr/iom o Ha paccTos-

Hue d.
a) JJoKakunte, 4To NaoLlaab NOAMBA HAXOAUTCA NO Gopmynam

a 2(1- ¥
S = nd*tan? aTakxke S = md?(1 - cosa)

2’ 1+ cosa 0
6) KakoBa nsiowaab NoanBa, ecam

Yyron pacnbineHua a =45°, e

a pacctosiHne d = 30 cm?

0 - 2tano 1-tan’a

OKayKuUTe TOXKAecTsa. = =

Kaxute Toxaect a) sin 2o T+tan’o 6) cos 2a 1+ tan’o
1 .

2) Ecam tan oo ==, To HanguTe: a) sin 2a. 6) cos 20,

3 ’



Teopema CUHYCOB U
Teopema KOCMHYCOB

Teopema cuHycoB

Teopema KOCUMHYCOB

Muswuli 8 Xl seke u 3aHUMarowuli ocoboe mecmo
8 Ucmopuu Yenose4yecmaa senukuli azepbalioHcaH-
ckull y4éHsili HacpedduH Tycu cOenan ocobblii
8K/1A0 8 ACMPOHOMUIO, MAMEMAMmMUKy U ¢unoco-
¢uro. HacpedduH Tycu enepssie omoenusn mpueo-
HOMempur Om acmpoHOMUU U npedcmasun
00Ka3amenbCmMeo meopembl CUHYCOB.

‘- Bl L L) 1.*:
" Naniradain Tisl THOG
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MpakTuyeckas pa6ota. 1) Mo gaHHbIM PUCYHKa BbipasuTe

cTopoHbl AB 1 BC yepes BbicoTy h TpeyronbHuKa ABC. h
30° 45°
2) NpoBepbTe cNpaBeaMBOCTb PaBEHCTBA. A D ¢
AB BC

sinZC  sin ZA
3) Bbipa3suTe ganHy cTopoHbl AC yepes h u, 3Had, uTo
/B =180°—-(30° + 45°) = 105°, BbluncauTe sin £B.

o AC
4) Haigute oTHOWEHNE ————— W CPABHUTE ero pesy/ibTaT C Pe3ynbTaToM

NyHKTa 2. sin 2B

5) EcTb v cBA3b mexay ctopoHamm AABC 1 cMHycamm NPOTUBONENKALLUX
Yrnos.

Teopema cuHycoB

Ons npounssonbHoro AABC co cTopoHamu a, b, ¢ U COOTBETCTBYHOLWMMM NPOTU-

BosiexXawmmm yrnamm ZA, 2B, ZC nmeet mecTto: C
a _ b _ c b a
sinZA sinZB sinZC
A B
CTOpPOHbI TpeyrosbHWUKa MPONOPLMUOHAbHbl CUHYCaM ¢
NPOTUBO/IENKALLMNX YI/IOB.
0Ccmpoya0s1bHbIl
JoKasatenbcTBo: [JoKarkem Teopemy AnA OCTPOYroJib- mpe,;eganuK
HOTFO M TYNOYro/NIbHOTo TPeyronbHMKOB. M3 BeplwnHbl C C
TpeyronbHMKa npoBeaém K ctopoHe AB BbicoTy he. Mony-
YMM ABa NPAMOYTrO/iIbHbIX TPEYroNbHUKA, AN1A KOTOPbIX b a
nMmeem:
A B
c

h . h
_bc =sinZA un — =sin/B
a y
mynoyaonbHbili mpe- ¢
y20s1bHUK

M3 TYyNoyrosibHOro TpeyrosbHMKa MMeem:

hc . . - [
o =sin(180 — £B) = sin £B. c B 1078

Hagém 13 aTux oTHoWweHu he:
hc=bsinZA, hc=asin/ZB

a b

OTctoga nonyyaem, 4yto: b sinZA = a sinZB nnu -
sinZA  sinZB
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Mo aHa/sorMYHOMY NpPaBuUy, €CAU NPOBECTU BbICOTY U3 BEPLUMHbI yra A
Ha cTopoHy BC, To MOXHO NokKasaTb, 4TO
b __ ¢

sinZB sinZC
. . a b c
Mo CcBOWMCTBY paBeHCTBA UMEEM: — = — = —
sinZA sinZB sinZC
O6paTnTe BHUMAHME, YTO 3TN OTHOLLEHMA PaBHbI AMAMETPY ONUCAHHOM OKPYIK-
HOCTW.
CnpaBea/IMBOCTb TEOPEMbI A/151 TPAMOYrO/IbHOTO TPEYrO/IbHUKA NOKaXKMTe camo-

CTOATENDBHO.

Teopema goKasaHa.

Cnepcreue 1. B TpeyronbHWKeE, HANPOTUB PaBHbIX YI/I0B /IEXKAT CTOPOHbI,
[AJIMHbI KOTOPbIX PaBHbl.

CnepctBue 2. B TpeyrosibHWKe HanpoTMB HONbLUErO yria NexuT 6osbluas
CTOPOHa, a HanpoTMB 60/blLEN CTOPOHbI NEKUT 6OMbLLMIA YroN.

Ha camom gene, ans octpbix yrnos a u 3, ecnv a >, 170 sin a > sin 3. Tak Kak
sin o sin B

= 7

To a>b. AnaTynoro yrna a yron (180° — o) ABNAETCA OCTPbIM,
a

a TakKe yron (180° — «t) ABNAETCA BHELIHWUM YI/IOM TPEYro/IbHUKA HE CMEKHbIMM

cyrnom [3 u 6onblue Hero.

MoaTomy, sin a = sin(180° —a.) > sin 3. OTctofa cHOBa Noayyaem, 4to a > b.

Ecam onsa TpeyronbHMKa 3a4aHbl ABa yIa U 0Ha CTOPOHa, ABE CTOPOHbI 1 Yo,
NPOTMBONENKALLMI OHON N3 CTOPOH, TO, MPUMEHUB TEOPEMY CUHYCOB, MOXHO
HaWTKN OCTaNibHble CTOPOHbI 1 YI/bl.

| cnyyaii. laHbl ABa yrna U O4Ha CTOPOHA TPEYro/ibHUKA.
Mpumep 1. BAABCa =10, L/A=41°, /C=75°

PeweHue: 3HanA, YTO Cymma BHYTPEHHUX YIN0OB TpeyroabHMKa pasHa 180°, no
OBYM 33a[3aHHbBIM Yr1aM Hangém TpeTuid, @ No Teopeme CUHYCOB HEeU3BECTHbIEe
CTOPOHbI.

/B =180°—- (LA +£C)=180°—(41° + 75°) = 64°

a b a-sin/B 10sin64° 10-0,899
- = = b= = ~ . ~ 13,7
sinZA sinZ/B sinZA sind1° 0,656

a B c - c= a-sinZC - 10sin75° _ 100,966 _ 147
sinZA ~ sinZC sinZA sin41° 0,656 ’
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O6yualowme 3aaaHuna

|1. Haitgute HeussecTHble.

a) #oz 6—\15 6) T a = - 10
sin 45 sin 30° sin 35° ~ sin 40°

& 3anuwunTe Teopemy CMHYCOB ANA TPeyro/ibHMKa C BepLImn- N
Hamn M, N, P.
p
M

|i Mo AaHHbIM PUCYHKa HaWAUTE ANUHY CTOPOHbI 0603HaYeHHOro ByKBOM a.

a) , c B 6) C B)
34° 95° a
1N110°_g b
40
C A 25 B

X _ 10
sin60°  sin80°

5. W306pasunTe TpeyronbHMK COrNAacHO PaBEHCTBY
Hanaute 3HaveHue x.

Ii N306pasnte A ABC 1 HallgmuTe HEM3BECTHYIO CTOPOHY.

a) QaHo: A ABC, LA =57°, 6) AaHo: A ABC, ZB =38°,
/B =73°, AB =24 cm. /C=56°,BC=63cm
AC="? AB=7?

B) AlaHo: A ABC, ZA =50°, r) AaHo: A ABC, ZA = 23°,
/B =50° AC=27 m. ZC=78°, AB=15cm.

AB=? BC:?
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Il cnyyaii. [laHbl ABE CTOPOHDbI U yros, NPOTUBOJIEXKALLUA OAHOMU U3 CTOPOH.

Mpumep 2. 1) B AABC a = 18, /A = 25°, b = 30 B
c =18
PeweHue. a _ _b 25°
sinZA sinZB A c
b=30

b-sinZA _ 30-sin25°

sin/B = 18

~ 0,7044

Beeaém uncno 0,7044 B KasIbKYAATOP U HAXKMEM KHOMKY CO 3HaKOM
YBugmm, uto yron B paseH 44,8°: /B ~ 44,8°

OpAHako, 3Hasn, uto sin ZB =sin (180° — £B), Toraa nosiy4aeTca, yto y yrna B
eCTb el BTopoe 3HayeHune: /B~ 180° — 44,8° = 135,2°: /B~ 135,2°

N a8~ 135,

/C=~180°—(25° +44,8°) =110,2° ZC~180°—(25°+135,2°)~19,8°

a c a c
sinZA~ sinZC sinZA~ sinZC
_ asin/C _ asin/ZC
sinZA sinZA
18sin110,2° 10-0,938 _ _ 18sin19,8° 100,938
€T Tsin2s® T 0,423 ~ 40 €T Tsinzse T 0,423 ~14,4
/C~110,2° £C~ 19,8
= a=18 —
b =30 b =30 a=18
- o /B~ ° = °© I~ °
ZA=25"""Zo 44,8 ZA=25 = 4B~ 1352

2

Takum obpasom, ANA 3aaHHbIX 3HAYEHWUI CYLLLeCTBYET fiBa TPEYrobHMKA.
1. ZB~44,8°, LC~ 110,2°,c~ 40 2. ZB~135,2°, ZC=19,8°, c~14,4

PaccmoTpum ana Il chyyasa cneayioLyto cuTyaumio.
Mpumep 3. MOXKHO M NOCTPOUTL TPEYFOSIbHUK Y KOTOPOTO A/MHA O4HOM CTO-
poOHbl 12, a apyroin 5, npotusnexawmm yrnom 30°?

Mo Teopeme cnHycoB

i 12-sin30°
a sinAB:l&aZA=—=12

sin/A sin/B 5 ’
sinZB =1,2 TaKKaK |sinZB]| £1, TO OH He MOXeT NPUHUMATb 3HaveHune 1,2.

3HauuT, TaKOW TPEYTrO/IbHUK He CyLLLecTByeT.



Teopema cuHycoB 121

KonnyecTBo BO3MOMKHbIX peLleHni TPpeyroibHMKOB Mo ABYM CTOPOHAM U O4HOMY
Yy MOXKET MEHATLCA B 3aBUCMMOCTM OT 3HAYEHUI ANUHbI CTOPOH M BMAA Yria
(rpagycHoi mepbi).

Bo3moiKHble peweHua ana TTB

ZA<90° ZA 290°
1. a<hc<b 4. npv a = b oAHO peLueHne a) a npv a < b peLeHui HeT
peLeHnii HeT
¢ a b b\ C 4 )
b_~h: b§ :
: A c B \
""""""" A B
2.npma=hc<b 5. npu a > b ogHo
0f4HO peLieHne pelweHne 6) Nnpu a = b peweHwnit HeT

3.npnhc<a<b B)npua>b
[iBa pelieHna OflHO pelueHne
C C
A Bl -------- BZ A (/lB

Obyualowme 3agaHunA

|L HaliguTe rpagycHyto mepy yrna 6 no pucyHKy. B Kaxgom ciyyae BblICHUTE,
CKO/IbKO CYLLLECTBYET peLleHuUN.

: 6)

B
a)

A0 13 ]
A C

& YcTaHOBUTE, BbINO/IHWUB COOTBETCTBYIOLUME BbIYNCAEHUA, B KAKOM C/IyHae MOXHO
NOCTPOUTb ABa UIN OAUH TPEYTO/IbHUK, @ B KAKOM peLlleHnA He CyLLeCcTByeT.

1) a=10, LA=35° /B =25° 2)b=40, /B =50° c=50
3) ZA=40°, £B=45°c=15 4)a=4,/A=42°,b=7
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|& a) BAABC AC=7cm, AB=11cm, £B =25°. Haingute £C.

6) B AKLM LM = 16,8 cm, KM = 13,5 cm, £K=56°. Haliante £L.
BepHO /1, YTO ANA KaXKA0W U3 3a4a4, NpU pelleHnn byaem UckaTb ABa yrna

~nou

“ofnH ocTpbln” ,“oanH Tynon”?

IE- OfHa 13 CTOPOH TpeyrosbHMKa paBHa 43 m, a apyraa 11 m. Yron, nexkawmin Ha-
NPOTUB OAHOW U3 CTOPOH, paBeH 35°. HallamTe HEM3BECTHYO CTOPOHY U YIbl
TpeyrosbHUKa.

|1_1. [loKaxKuTe Teopemy CUHYCOB MPU MOMOLLM TPEYroIbHUKOB, BMUCAHHbIX B
OKPY}KHOCTb Ha PUCYHKe.

1. LLeHTp OKPYKHOCTU BHYTPWU 2. LLeHTp OKpY}KHOCTM BHe
TpeyrosibHuKa. TPeyrosibH1Ka
A A
- m“* B
A =+
c S N\ 5

MnaH ana pokasartenbcrea:

CHavyana noka*knte cnpaBeaIMBOCTb PAaBEHCTBA =2R,

a
sinZA

a 3aTem, aHaNorMyYHbIM 06Pa3oM, PaBEHCTB =2R.

c
=2Rwn

sinZB sinZC

|1_2. [na 6onee TOYHOro UIMEPEHUS KPOME FPadyCHbIX eANHUL,, UCNONb3YIOT bonee

MaNleHbKne eauHNLbl, Takne Kak muHyTa (') n cekyHga (). Npunas 1° = 60/,
1' = 60" BblpasuTe B BUAE AECATUYHOM APOOU rpalyCHble U3MEPEHUA YI/IOB.

a) 20°15'36" 6) 45°12'18" B) 45°20'54"

Mo dpopmyne naowaam TpeyroabHMKa:

S=%ab-sin4C S:%bc-sinéA S:%ac-sinéB

ha
180°-«C

B ' C
< Dg . B a ¢ D
|1_3. Mo cneayoWmMm AaHHbIM HAaMAWUTE NAOLLAAb TPEYroNbHMKa.
1) ZB=42°,a=6Mm,c=8m 2)ZA=17°12',b=10cm,c=13 cm

3) £C=82°54",a=4,0m, b=6am 4)£C=75,16°,a=15m,b=2,1m
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|£1_ Hallgute HeU3BeCTHbIE YI/bl U CTOPOHDI.

a) 6) A B)
12? B ‘w 18 4 5

|1_5, a) HainguTe 60nbLUYIO BbICOTY TPEYrO/bHMKA CO CTOPOHAMM:
5m,6Mmn7m.
6) Haliante meHbLUYIO BbICOTY TPEYro/ibHUKa CO CTOPOHAMMU:
13 cm, 14 cm mn 15 cm.

|1_6. [OKaxnTe, 4To NAoWab BbIMYKJAOr0 YETbIPEXYrObHUKA
paBHa NONYNPOM3BEAEHUIO AMAroHanel U CUHyca yria
MeX Iy OUAroOHaNAMM.

= %dl-dz-sin [}

|1_7. a) Haaute nnowaap napannenorpamma c guardHonamm 10 cm m 12 cm, ecan
Yron mexay HUMm paseH 60°.
6) HanguTe nnowaab paBHobeapeHHOW Tpaneumm, eCam gMaroHaam Tpaneumnm
paBHbI 12\/50\/\, a yron mexay HMmu paseH 45°.

|1_8. 3anonHuTe aByxctonbyaTyto Tabauuy AoKa- :
3aTeNbCTBOM Teopembl CUHycoB. lMepenu- / th b

LWMTe [lOKa3aTeNbCTBO B TeTpab. = N
B D C
a
MpepnonoxeHue O60cHOBaHUe

Lbc-sin£A= Lac-sinéB = Lab-sinLC
2 2 2

bc-sinZA = ac-sin ZB = ab-sinZC

bc-sinZA  acsinZB _ab-sinZC

abc ~___abc ~___abc
sin/A _  sinZB _ sinZC

a B b B c

a _ b _ c

sinZA T sinZB T sin ZC

|£). [nA Kax[oro BO3MOXKHOTO Cnyyasn n3obpasunte COOTBETCTBYIOL NI TPEYTONbHUK.
a) HailguTe, KakoMmy MHTepBay A0XKHA NpUHaanexkatb ctopoHa BC B AABC,
yTObbI 334a4a Mmena gBa pewenus ana ZA =30° n AB = 50 cm.
6) HaliomTe, Kakomy MHTepBany AOMKHA NpUHagexkaTb ctopoHa BC 8 AABC,
yTObbI 334343 He Umena pelenmna ana LA =60°un AB = 12V3 cm.
B) HaiiomTe, Kakomy wWHTepBasy [O/MXHa NpuHaanexaTb ctopoHa BC B
AABC,uT06bI 334a4a MMena ogHo pelleHne gns LA =45°n AB = 182 cm.
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20.

MpuknagHble 3agaHuA.

Mpumep. BoooxpaHuauiie HaxoanTCcA OT KOMNeKca 4-aa BepwuHa Ha pac-
CTOAHMM 15 KM no HanpaBaeHUto Ha ce-
Bepo-3anag nog yrnom 25°. Komnnekc
MAHAXUANK HAaXxo4MTCA Ha PACCTOAHUMU
7,5 KM B Hanpas/aeHUM Ha ceBepo-BOC-
TOK OT KOMnieKca 4-aa BepwuHa. Han-
auTte pacctoaHue oT MAHAXUAMKA [0
BOAOXPaHUAMLLA.

BOAOXPaHWUAULLE

MAHAXKUANK

Pewenne: COrNacHo naaHy usobpasum tpe- S t G

YIOJIbHUK, BEPLUMHAM KOTOPOro COOTBETCTBYIOT 2
g 7,5 Km
6YyKBbl 06bEKTOB: BOogOXpaHuauLLe - S, 4-an Bep- 15 km S
T

wuHa - T, MAHaxmMauk - G. CooTBeTcTBYHOWMNE
paccToaHUA 0603HauYMm BykBamu s, t 1 g.
Mo Teopeme CUHYCOB:
s _ g 75 15
sin/S sinZG  sin25°  sin/G
15-sin25° _ 150,4226

i = ~ =0,8452
sinZG 75 75
/G ~58° /T~ 180° —25°— 58° =~ 97°
S t 75 ¢t

sinZS ~ sin/T’ sin25° . sin97°
_ 7,5sin97°  7,50,9925
T sin25° T 0,4226

= 17,6 KM

HabniogeHne ¢ camonéta 3apuk- IE YacTb AepeBAHHON KOHCTPYKUMK 4/in-

CUPOBaANO, YTO YMbl CHUXKEHUA HO¥ 8 cm obpasyeT yron 60° ¢ ocHoBa-
ANA AByX ToueK A 1 B Ha npoTuso- Huem. [lpyras 4actb AAuHON 7 Cm,
NONOXKHbIX beperax o3epa cooT- coefiMHEeHa C KOHLOM NepBOi W 3a-
BETCTBEHHO paBHbl 45° 1 32°. Mo KpenneHa c ocHoBaHueM. [10 pUCYHKY
[JaHHbIM Ha PUCYHKe, HalguTe, HalaAUTE BO3MOXKHYIO rpagyCHYHO Mepy
NpPUBAU3NTENbHO, paccToAHMe yrna 0.

mexagy TO4HKamu Ha6ﬂIOAEHVIFI.

OcHOBaHMe KOHCTPYKLNK
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|2_2. Hasurauma - 3aHumaeTtca onpegeneHuem

MeCTa pPacnosioXXeHnAa U KypcCa AOBUXeHUA Sm.
MOPCKOro #”“ BO34YyWHOro TpaHCNopTa. .
O6blI4HO, B HaBuUrauuun HanpasaeHue onpeae- 40
nAaeTca Npyv NOMoLM asnmmyTa. AsMmyT — 370 Q S
yron, OTCUYMTAHHbIN Mo Xo4y ABUAKeHUA Yaco-

BOWM CTPENIKN MeXay HanpaBaeHnAMMU Ha c

ceBep U Ha opueHTUp. Hanpumep, asumyT Ha
pucyHKe paseH 140°,

MapycHUK, B KOTOPOM HaxoauTcA YbKep, Haxo-

ANTCA HA PacCcTOAHMM 52 M OT NapyCcHUKa ANTeH Cn Ca
B BOCTOYHOM HanpasaeHUWU. AUTEH BUAUT Ha- 7 s
YUYHYIO CTaHLMIO, 3aHMMaloLLytoca Habnoge- 30

HMeMm 3a obuTaTensmm mops, no asmmyty 30°,

a Ynbkep no asumyty 320°. Ha Kakom paccrosn- Aiiten 52Mm

HWK OT CTaHLUUKU HaxoanUTca Yibkep? Ynbkep

MocTtoctpoeHue. Kakoi gnvHbl gon- |§ KoHctpykuua. Hangute yron @
YKeH 6bITb MOCT, KOTOPbIM HYXKHO No- 3y64aToi KOHCTPYKLUMM Ha pu-
CTPOMUTb NO AaHHbIM Ha PUCYHKe? CYyHKe.

|23

r=28sm

r=22sm

r=36sm

|2_5. JliocTpa 3aKkpenaeHa K KProYKy uenamm Ha pacctoaHnn 1,8 mu 2,4 m. Uenb gau-
Hol 1,8 m 06pasyeT c NJIOCKOCTbIO KpensieHua yron 62°. Haiante, Kakon yron
0bpasyeT c 3TOM NNOCKOCTbIO ApYyras Uenb.

. Kptoyok g2° ¢
> ’

~
~ U

~ U
~
2,4m s ,,’ 1,8m
.

~ ’
A4
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Uccneposanume 1. BoinonHUTe cneaytowme 3a4aHNA A1A KaXK40ro TpeyronbHUKa ¢
334aHHbIMM pa3mepamm:

1) 3anuwmnTe yrabl TpeyrosibHMUKa B NOpsAKe BO3pacTaHus.

2) MOKHO 11 HANTK HEeU3BECTHbIe CTOpOHbI WAW YTNbl, NPUMEHMB TEOPEMY CUHY-

coB? J
36
D
30 ¢

UccneposaHue 2. 1) B TeTpagu nsobpasute Tpeyl’oanMKM no A,BYM CTOPOHaM U
YIy MeXAy HUMU U U3MepbTe TPETLHO CTOpOHy COTNACHO CAGAYIOMM AaHHBIM.

l.a=3cm,b=4cm, ZLC=90°
2.a=3cm, b=4cm, £C=60° %
3.a=3cm, b=4cm, LC=120° A

2) AnsA nony4eHHbIX TPEYroNIbHUKOB 3aMo/HUTe Ta6nmu,y

CTOpPOHbI TPEeYrosibHUKa (cm) c? a’+ b? 2abcos £C
a=3,b=4,c=5
a=3,b=4,c= ]
a=3,b=4,c= L

3) CpaBHUTE 3HaYeHMsA BbiparkeHui a* + b>— 2ab-cos £ C w 2.

Teopema KoCMHycoB

[na nponsBoabHOro TpeyronbHuKa ABC co ctopoHammn a, b v ¢ ¢
a?=b?+c*—2bc cos ZA b a
b?=a?+ c*—2ac cos £ZB

c?=a*+b*—2ab cos ZC

KBaapaT CTOPOHbI TPEYro/ibHMKa PpaBeH CyMMe KBaapaToB ABYX APYrmX
CTOPOH, MUHYC yABOEHHOE NPOon3BeAeHMe 3TUX CTOPOH Ha KOCUHYC yria

MeK Iy CTOPOHaMM.

[okasaTtenbcrBo: [11s A0Ka3aTeNbCTBa TEOPEMbI KOCMHYCOB PAcnQioXum Tpe-
yronbHUK ABC B KOOpPAWHATHOM MJOCKOCTM TaK, A
yTObbI BEPWMHA A COBMagana c Hayasom Koopau-
HaT. B 3TOm c/lyyae KoopAUHaThl BEPLUMH PaBHbI:
A(0; 0), B(c; 0), C(b-cosZA; b'sinZA). Mo popmyne
PaCCTOAHUA MeXAy ABYMSA TOYKAMU MMEeM:
a>=(c—bcosZA)?+ (bsinLA—0)%=
=¢2—2bc'cosZA + b?cos? ZA + b?sin2L A=
= ¢?— 2bc'cosZA + b*(cos?ZLA + sin?ZA) =
=b?+c?2—2bccos/ZA

C(b cosZ A; psinZA)

o

Y

A(0; 0) ¢ B(c0)
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Takum obpasom, Mmbl AOKa3anu, Yto: a’ = b? + c>— 2bc-cos ZA.

[oKkazaTb 3Ty popmMyny AN APYTUX CTOPOH MOXKHO, PacnoOXMB ApYrie BEPLLMHDI
(B 1 C) B Hauane koopanHat. 3ameuvanue: Nyctb £C = 90°. Tak KaK

cos 90°= 0,10 dpopmyna c?=a?+ b?—2ab-cos ZC 6yneT BbIrAAETb Tak:
c?=a%+ b?, 1.e. BblparkaeT Teopemy lNudaropa.

MoaTomy Teopemy KOCMHYCOB Ha3biBatOT 0606WEHHOM Teopemont Mndaropa

PelleHune TpeyrosibHMKa NO ABYM CTOPOHAM U YINIy MeXAY HUMMU.

Mpumep 1. PewunTe TpeyronbHuK, ecnm B AABCa =12 cm, c =16 cm, LB =38°.
PeweHue.

b*=a?+c?>— 2accos ZB meopema KocuHycoe

b? =144 + 256 — 2-12-16-cos 38° sanuwem sHauenus © 12 cm

b2~97 4 a,cu/B bB
=97, ynpouwjaem 6 om

b =97,4 = 9,87 (cm) usenekaem keadpamHeiii KopeHo A

Ecnv M3BECTHbI TPU CTOPOHbI U OAMH W3 YIIOB TPEYTONbHUKA, TO MOXKHO NPUMEHUTb
Teopemy cuHycoB. Haiaém yron A. M3BEeCTHO, C/IN CTOPOHA @ MeHbLLE CTOPOHb!
C, TO Yro/l HaNPOTMB 3TOM CTOPOHbI TaK}Ke ByAeT MeHbLUMM, TO eCTb £ A He MOXKeT
6bITb TYMNbIM.

a b 12 9,87 . 12sin38°
X = = — ZA === -—~0,7485
sinZA sin/B sinZA sin38° >N 9,87

7

Haskmute KHOMKY sin! Ha KanbKyaaTope un BBeauTe uncno 0,7485, Toraa MoXKHO
HalTK ZA =sin"}(0,7485) ~ 48,5°. Tenepb, Ans TpeyronbHMKa ABC 13BECTHbI TpH
CTOPOHbI U ABa yrna. TPeTUit yron MOXKHO HalTu U3 GopMy/bl CYMMbl BHYTPEHHMUX
YrN0B TPEeyronbHMKa:

180° - 38°—-48,5°=93,5°, /C=~93,5°

a=12cm, b=9,87 cm, c =16 cm, LA = 48,5°, /B =38°, LC~ 93,5°

PewweHue TpeyronbHMKa No TPEM CTOPOHaM.

C
Mpumep 2. B AABCa=5cm, b=8cm, c=12 cm. b=8 a=5
PeweHue.
A B
a%>=b*+ c?>— 2bccos LA c=12
. pR+c-a? _ 8+122-52 183 09531
cos ZA= b’ cos LA = ~Hs12 - 192 ~0

/A~ cos?(0,9531) ~ 18°

Mo Tomy »Ke npasBuay HaxoaAum yrabl Ana sepwmH B n C.
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Ob6yvarowme 3agaHus

1.

5.

HaliauTe yrabl TpeyronbHMKa, 3Han |2_ HaiiauTe Hems3BecTHyo cTo-
€ro CTOPOHbI. Pe3ynbraT okpyraute Ao POHY 1 YI/bl TPEYroNbHMKa MO
OECATbIX. ABYM 33aaHHbIM CTOPOHaM U
5 Yray mexXay HUMM.
B
4 5
5
C
A 6 60° C
A 8

HaliauTte HensBecTHble NO YCA0BUIO. Pe3ynbTaT OKpyramTe A0 AecATbIX.
1) AaHo: AABC 2) faHo: AABC, 3) AaHo: AABC,
a=27,b=22 a=18,c=15 a=9,b=10,c=11.
ZC=40° ZB=110° Haitgute : LA
HaiiauTe: cTopoHy ¢ Haiigute: ctopoHy b
4) OaHo: A ABC, 5) AaHo: A ABC,
a=120,b =90, c=105. a=16,b=21,c=19.
Haiigute: Haubonblwnii yron Haitigute : HauMeHbLINI yron
TpeyronbHMUKa. TpeyroabHMKa.

Pewwnte TpeyrosibHUKW. Pe3ynbTaT OKpyrimTe 40 AeCATbIX.

a) 6) B)

A B_ 8cm

18cm N

\N’JL

12cm
B 8cm C A
a) B AABC co ctopoHamn AB=4,BC=8,AC=09,

nposefeHa buccektpuca BT. HaguTe ganHy BT
No AaHHbIM NYHKTaM.

1. Hangute oTpesok AT u TC.
2. Hanagute cosZA us AABC.
3. Hanaute BT ns AABT. B

6) B AABC co ctopoHamu AB =4, BC =8, AC=10 4 8
nposeaeHa meanaHa BM. Haliaute ganHy BM.
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|i a) OcTpbili yron napannenorpamma paseH 60°. Haliaute gmuaroHanu napanne-

Nlorpamma, ecnm CTOpOHbl PaBHbl 6 cMm 1 8 cm.
6) Ans napannenorpamma AoKaxute, uto di? + d2?=2(a? + b?), rae a u b cTopoHbl
napannenorpamma ¢ AMaroHanamm di v da.

|L OTpe3ok AD nepneHauKynspeH naockoct ABCD. Haiante HenssecTHble No

AAaHHbIM Ha PUCYHKe.

MpuknagHoblie 3agaHUA

Mpumep. MNoesg npowén nytb 60 KM 13 NyHKTa A B NnyHKT C. [Tocne yero oH us-
MeHWA HanpasaeHue Ha 15° n npowén ewé 80 KM A0 NyHKTa B. Ha cKonbKo Ku-
IOMeTPOB yaanunaca noesg ot NyHKTa A?

PeweHue: M306pasmm pelieHne 3agauu.

Mo pUCYHKY BMAHO, YTO B TpeyrosbHUKe 60 km
M3BECTHbl ABe CTOPOHbI M Yron MesKay

HUMMN. A

CTOPOHY € MOXKHO HalTU NO Teopeme KOCUHYCOB: ¢? = a? + b2 — 2ab cos £C
c?> =802+ 60%—2-80-60 cos 165°~ 19273; c~ 139 km

Mexay Toukamu ropbl A n B nnaHupyetca no-
CTPOUTb TyHHenb. [lo pUCYHKY onpepenute
ONVHY TYHHensA.

CygHo npogenano nytb 60
KM Ha BOCTOK, @ 3aTeM 13-
MEHMN0 HanpaB/ieHue B
CTOPOHY ceBepa, KaK NoKa-
3aHO Ha PUCYHKe, 1 Npo-
wno ewé 100 Km.

Mo p1CyHKy onpeaenvTe yroa asumyTa - yria, OTCYMTaHHOTO MO Xo4y ABUsKe-
HWA YaCOBOW CTPENKN MEKAY HAanpaBAeHUAMM Ha CEBEP MU HA OPUEHTMP.
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10.

|11.

|12.

. AcTpoHOMMSA. OnpepenéHHoe

[Ba cyaHa Havanu ABUXKEHUUN N3 TOYKKM A, KaK no-
Ka3aHO Ha pucyHKe. [MepBoe Npuwno B NyHKT B, N
BTOpOe - B NyHKT C.

a) HarauTe yron mexay HanpaBneHUAM ABUKe-
HUWA CY[0B.

6) Haliaute pacctoaHne mexay NyHKTamu
BwucC.

Yron mexay AByma aBTOMOBMAAMM, HaYaBLIMMU ABUNKe-
HWe U3 OAHOW TOUKM, paseH 70°. OAUH U3 HUX ABUMKETCA
CO cpefiHeil cKopocTbio 40 Km/4, APYroit co CKOPOCTbIO
60 Km/4. Yepes 45 MUHYT aBTOMOBUAM A0e3xKatloT A0
MecCTa Ha3HauyeHus. HainamTe paccTosiHMe Mexay aBToMO-
BUNAMM B KOHLE ABUMKEHUA.

Jleiina, cTos Ha MOCTY, C BbICOTbI

50 m HabnogaeT 3a ABUXKEHUEM NO-
OOK. JlogKka A ABWXKeTcA No asumyTy
230°, a nogka B mo asumyty 120°.
Nlenna BUAUT NOAKK, NPUBAU3UTEND-
HO, Nog, yrnom cHmKeHuna 38° n 35° co-
OTBETCTBEHHO Ana nogok A mn B. Mo
3TUM OAHHbIM, HalkAUTe paccToAHue
MeXAay NoAKaMM.

BpemAa B rofy no ytpam Ha Hebe
MOXHO Habnwopatb nnaHeTy Be- ConHue
Hepa. PacctosaHne mexay BeHepoli
1 ConHuem npnbansnTesibHO PaBHO
67 MAH. Munb. PaccTtoaHne mexay |,
3emnén n ConHuem 93 MAH. MUNb. 3emns, E 3emns, E

Ecnn ConHue n BeHepy MOXKHO Ha-

6nt04aTb nog yrnom 34°, To AOKAXKMTE, UTO paccToaHMe mexKay 3eMnéi n Be-
Hepon paBHO MAM 35 MAH. MuAb UK 119 MAH.MUNb.

. HabntogeHune 3a HEKOTOPbIM 06BEKTOM BbICOTOM h nog,

yrnom nogbéma 40° n 32° NponCXoanT U3 ABYX PasHbIX
TouyeK A 1 B, pacctoaHue mexagy Kotopbimu 105 m. Hain-

ANTe BbICOTY 0bbeKTa. ™~ B
A 105m

32°
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1.

2.

Pewute TPEYro/ibHNKW. Pe3yn bTaT OKPYyrnnTe 40 AECATbIX.

A A

a) 6) B)
9 2,7 cm
c 30 cm 29 cm
60° o
B C ‘

3,1cm 18 cm B 20em C

[Ba NbI>KHWKa HaYa M OA4HOBPEMEHHO ABUraTbCA U3 TOYKM M, KaK NoKasaHo Ha
pUCyHKax. PewunTe cneaylolime 3agaqun:

a) HallauTe pacctosiHMe mexKay 6) HainguTe pacctosiHue, NponaeH-
[ABYMA NbIXKHUKaMU. HOE KaKAbIM M3 JIbIXKHUKOB.

M 1 6 Km ? B

48° 12 Km

HaliauTe BbICOTY AepeBa HA OMyLUKe, eC/IM OHa COCTaB-
naet yron 15° ¢ ropnsoHTOM, ANIMHA TEHU AepeBa 7 M, a
Yron nogbema Co/HeYHbIX ly4ei paBeH 57°.

a) CKO/IbKO METPOB COCTABAAET PACCTOSHME MEXKAY
HabntogaTenem, HaXoAALWMMCA Ha 3em/ie U Hau-
BbICLIE TOYKOM KpaHa, WCNOAb3yemoro npwu
CTpoUTeNbCTBE 34aHMA. Yron nogbéma nof KoTo-
pbiM Habnogatens BUAUT 3a4aHKe paBeH 32°, a
yron nogbema nog, KoTopbim HabatoaaTeNb BUAUT
HaMBbICLUYO TOYKY KpaHa paseH 43°. BbicoTa 34a-
HuA 27 M.

6) Inbaap xo4eT U3IMepUTb BbICOTY daara B Napke.

[nA 3TOro oH U3Mepwua yron NnogbEma cHavana 3

TOYKM Q, a 3aTem M3 TOUKK P. PaccToaHne mexay

To4Ykamm P 1 Q oKkasanocb paBHbim 20 m.

3Has, yto £Q = 28° n £P = 53°, HallauTe BbICOTY a8 p/53°
¢bnara. Py ——

Axmepg, v Pawag Havanu npobexKy M3 04HOM TOYKM B pa3HbIX HaMpaBaeHUAX
nog yrnom 120°. Axmep npoberaet 3a 4ac 8 Km, a Pawag 7 km. Kakoe paccros-
Hue byaeT mexay HUMK yepes 30 MUHYT?

PelwunTe 3aga4y, M306pa3uns COOTBETCTBYIOLMIA HEPTEXK.
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6.

Q
[nA Toro 4To6bl NPOWTM 13 TOYKM P B TOuKy R, U6- W
parMm cHa4vana Aowén Ao Touku Q, a oTTyaa B R
TO4YKy R. Hangute pacctoaHne mexay Toukamu P P
1 R no gaHHbIM Ha pUCyHKe.

BbluucneHue paccrosHua. Hai-
[AWTe PacCTOsHWE OT o4ara BO3ro-
paHUA [0 KaxAOW U3 MOXapHbIX
CTaHLMI N0 AaHHbIM Ha PUCYHKE.

& [loKaxKnTe TeopemMy KOCUHYCOB /18 TPEYro/IbHMKA HA PUCYHKE.

9.

MnaH anAa pokasartenbctBa. 1) Boipasute 2) Mcnonb3yiTe Teopemy Muoda-
BbicOoTy h n3 AADB n ABDC ¥ 3anuwnTe pa- ropa W TOXKAECTBO

BEHCTBO MOJIYYEHHbIX BblPaXKeHWU. cos (180 — ZA) =— cosZA.

C

B 1

! i

a 1 a 1

:h hi

—D '

A c b
—y——> «—ph—x—> o B

- b D A ¢
X

HaliauTe rpagycHyto mepy OCTPOro yrna napannenorpamma, eCim ero CTOpPOoHb!
pasHbl 10 cm n 12 cm, @ meHbLaa AnaroHanb pasHa 15 cm.

|10. flano: AABC, AB=15, BC=21, AC=24

|12.

BM-mepgmaHa, BL-6ucceKktpuca. 15 21
HanauTte:
1) ZA 2)AMuBM 3)ALuBL A L M ¢

- 24 ——>

. Monuuericknit BepTonéTt NeTuT Ha Bbicote 400 m. Ecam odpuuep nonmunm cmot-

PWT Ha ceBep MOA YINIOM CHUXeHMA 20°, OH BUAUT MECTO aBapuu, a ecn OH
CMOTPWUT Ha 10T MO, YI/IOM CHUXeHUA 15°, TO OH BUAMUT MaLIMHY CKOPOW no-
MOLLM, ABUXKYLLYIOCA K MECTY NPOUCLLECTBUSA.

a) Ha Kakom paccTosHMM OT MecTa NMPOUCLIECTBMA HAXOAUTCA MALLUMHA CKOPOU
nomouiu’?

6) Eciv CKOpoCTb MaliMHbI CKOpOW nomolum pasHa 100 Km B yac, To Yepes
CKOJIbKO BPEMEHW OHA AOCTUTHET MECTa aBapun?

CocTaBbTe 33Jau4y, OTPArKAOLLYIO peasibHy0 CUTYaLMIO, 411 PeLLEHMSA KOTOPOW
HY’KHO PELLUTb OCTPOYrO/bHbIN TPeyroNbHUK. ObcyamTe 3aaa4y BMeCTe ¢ o4-
HOK/TACCHUKaMMU.



Mepuoaunueckue pyHKLUMU

Mpadurku GyHKUMI y = sin X U y = cos x

MNpeobpasoBaHue rpadurKos GYHKLMIA y = Sin X Uy = cOS X
TpuroHomeTpuyeckne GyHKLMM U Nepruoanyeckue cobbiTusa

MpaduKku dyHKUMii y =tan x u y = cot x
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Mepunogunueckne pyHKUUMU

MHorve cobbITUA, TponcxoaaLlme B NPUPOLE - BOCXOZA M 3aKaT CO/HLLA, CE30H-
Hble U3MEHEHMA TeMNepaTypbl BO3AyXa, BCM/IECK U 3aTyxXaHWe BOJIH B OKeaHe
W T.M., ABAAIOTCA LMKANYECKM NOBTOPAOLWMMMUCA COBbITUAMM. MpoLecc no npo-
n3BOACTBY 000PYA0BAHMA, ABUKEHWNE YAacTEW MALUUHDI U T.4., TaK e MoryT
6bITb 334aHbl Nepnognyeckon GpyHKumen.

PaccmoTpum nepuoamnyeckme nepemeHHble Ha npumepe.

PaboTa craHKa no HapesKe NeHTbl. B drpme no npomnssoactsy MsmeputesibHom
NEHTbI MMEETCA CTAaHOK, MPY NMOMOLLM KOTOPOTo TOHKAas IeHTa paspesaeTca Ha
KYCOYKM Mo 3 M 1 cBopaumBaeTca. MpaduK paboTbl CTaHKa M onmncaHue NpuH-
uuMna paboTbl BUCUT Ha CTEHE.

PaboTa 3a oauH nepuog, . [paduk paboTbl HOXa

5’0,5 3 0,5

p / S \ [/ /

£ \f © W} 1

s] \l/ 5 \ \/

0 (8)

[=a) )

1,0 @ 1,0
Bpems (cek) Bpems (cek)
1. 0,5 cm-Hanbonbllas BbICOTA, HA KOTOPYHO l T
NOAHMMAETCA HOMXK.
Wl

2. Hox 6e3peiicteyeT 3 ceKyHabl, ¢ 0-3, 4 -7 ce-

KYHAbI N T.A4,

3. HoX onyckaeTca BHM3 B nHTepBasne ¢ 3 4o

3,5 ceK., oTpe3aeT feHTy, 1 € 3,5 70 4 ceK. HOX NOAHMMAETCA BBEPX.
4. Ha ogMH NOAHbIM LMKA TPATUTCA 4 CeKyHAbI.

Ha kakoit, no Bawemy CeKyHAEe, HOX CHOBa OTpeXxeT I'IeHTy?

CTaHOK MO M3roTOBAEHWIO U3MEPUTENBHOM NIEHTbI LUKANYECKM NOBTOPAET pa-
60T1y. OgMH UMKA anuTca 4 cekyHAabl. MpadmK 3aBUCUMOCTU BbICOTbI HOXa OT
BPEMEHM, TaK¥Ke COOTBETCTBYET O4HOMY LMKAY. B cnegytowmin pas Hox paspe-
KeT neHTy Ha 11,5 cekyHzae. Takne GyHKLMM Ha3bIBAKOTCA UUMKANYECKMMU (ne-
pUoAMYECKUMM)  GYHKLUMAMM.  3HAYEHUs  NepUoamMYecKUx  GyHKUMIA
NMOBTOPAIOTCA Ha onNpeaenéHHOM NHTepBae.

MycTb cywectayeT Takoe yncao T # 0, 4To 415 NPOM3BONLHOrNO X U3 061acTu
onpeaeneHuns GyHKUMM X = T, TaKKe NpUHAZNEKMUT 06/1acTM onpeseneHuns un
yaosnetsopsatoT ycnosuto f(x — T) = f(x) = f(x + T). Toraa f(x) Ha3biBaeTcs nepuo-
Andecko GyHKUMel 1, ecnun nepuog, paseH T, To n -T TaKKe ABASETCs nepuo-
aom (n e Z). Hanpumep, f(x £ 2T) =f((x £ T) £ T) = f((x £ T) = f(x). HaumeHbwwnin
NoOJIOXKUTENbHBIV Neprog, GyHKL MM Ha3bIBAE€TCS €ro OCHOBHbLIM NEPUOLOM.
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Mpumep. Mo rpaduky onpegennte, ABNAETCA M GYHKLMA NepUoOLUYECKOn?

Kak sudHo u3z epaghuxa, 3Ha4yeHuUe pyHK-
yuu nosmopsemcs Kaxobie 4 eQUHUYbI.
Hanpumep, f (1) =f(5) =f(9) = ...

Ama ¢yHKYUA A8naemca nepuoouyeckoli
¢hyHKYueli c OCHOBHbIM Nepuooom 4.

O6yuatowme 3agaHmA

E Mo rpaduKy onpegennte, asnsetca v GyHKUMA Nepuogmnyeckoin? YkasmTe oc-

HOBHOW Nepuoa.
a) T/T N,
°’| 123\ 5/6 78 O\0 A 1213

6)

O|3‘éél‘21‘51‘s‘ S 27 3 45 S4x

A
T T

E Bozia MoxXeT BbITeKaTb M3 baKa 3a onpeaenéHHoe Bpems, 3aTem 6ak Hanos-
HAETCA 4,0 NPEXKHEro ypoBHA, U BoAa CHOBA HaYMHAET BbiTeKaTb U T.4,
1) CKonbKo BpemeHw NoHafo6wmTca, YTobbl 3aNoAHUTbL M OMYCTOWNTL 6ak 3a 1 pas?
2) 3anuwuTe 061acTb 3HaYEHUIN GYHKUUM.
3) Yemy paBHa rybuHa Boapl B 6ake Ha 60-0i1 MUHYyTE?
4) Korga B cneaytolmii pas ypoBeHb BoAbl B 6ake cocTaBuT 1 m?

YpoBeHb BofpI B Hake
100!
80
60
40
20

h (cm)

Y

2 46 81012141618 2022
t (MuH.)

Ii Bonpoc oTkpbiTOro Tuna. CxemaTU4HO n306pasuTe rpadpmk Kakom 6o GpyHK-
LMK C OCHOBHbIM nepmnogom T = 6.
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OBukeHue Kapycenaun. OanH o60poT Kapycenb, guameTpom 50 m coBepluaeT
3a 4 MUHYTBI. Mo Tabanue HanauTe, Ha KAaKOW BbICOTE OKAXKeTCA YenoBek B 1,
5, 9 MUHYTY, €C/IN OH cen B KabMHKY Kapycenn Ha BbicoTe h = 07?
3aBMCMMOCTb BbICOTbl KaBMHbI OT BpeMeHM NpeacTaB/ieHa B Buae Tabanupl. Ha
KOOPAMHATHOM CUCTEME OTMEYEHbI COOTBETCTBYHOLLME TOYKNU. HauepTuTe Tab-
My 1 anarpammy B TeTpagp. CoeamMHMUTE COOTBETCTBYIOLLME KAXKAOMY LiesloMy
nepuoay TOYKM LBETHbIMM KapaHaaLWamMu.
t({o|1(2]3 516|718
h |0 [25(50|25| 0 |25]|50]25
t=2,
h =50
. h(m) A
50 - . . .
t= 215 t= 1,5
40 |
30 1
=3, - : -t=1 o o o o o o o o
=25 ; h=25 201
101
t=35 ; t=0,5
4 e —————
= 0 4 8 12 16

0;4  yposeHb seman
0

> ~+
]

TpuroHomeTpuyeckue GpyHKLUU

byHKUMAMM yraa 0.

KoopauHaTbl TOYKKM, COOTBETCTBYHOLLEN YAy No-
BOPOTa O Ha OKPYKHOCTU C paanycom R, paBHbl
x =R cosb, y = R sinb 3To 03HayaeT 4yTo KoopaU-
HaTbl X U Yy ABAAOTCA TPUTOHOMETPUYECKMMU

&MVIH.)

P (R cos 6;R sinB)

R,/
’
< |y
A
\ -

I,

y;

sin (0 + 2mtn) = sinB, cos (0 +2nn)=cosO, neZ

3HayeHMs CMHYCa N KOCUHYCa NOBTOPAOTCA C NEPMOA0M 2.

To ecTb GYHKUMMN CUHYC M KOCUHYC ABAAIOTCA NepUoanYeckUMU GYyHKLMAMMU.
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MpaduK pyHKLUMM y = sin x y
f(6) = sin B nokasbiBaeT opguMHaTy COOTBET- A (x; y) = (cos 0; sin 0)
CTBYIOLLEM TOYKM MpuM noBopoTe Hayron B npu [~
ABUXKEHWUN NO eAMHUYHOMN OKPYXKHOCTMU. 1
Mpaduk dyHKumm f(B) = sin B moXKHO NocTpouTb 0 0 1 >
cnepyoWwmMm Waramm. X
1. Pa3obbém ayry, I'IpMHBp,ﬂG)KaLLI,le | yeTBEpPTHU X+y2=1

Ha Tpu pasHbIX Ayrn (0; 53
2. Yepes ToUKM aeneHma I'IpOBe,D,EM npAmble, NapansienbHble ocu aGCLl,Mcc.
3. OTMeTMM TOYKM nepeceyeHua NpPAmbIX X =0, x = — u
C COOTBETCTBYHOLMMN NapannenbHbIMmU AMHUAMMN.
4. MpoBeAém CNAOLIHYIO IMHUIO Yepes 3TN TOUKM.

—ﬁ

’ X 3 ’
T
Monyuum rpaduk, f(6) =sin® Ha npomexyTke [0; 5 ]
f16)
1 A
ﬂ 71:/\
Xy N

X=—

2 ’

M3BeCTHO, YTO eAMHUYHAA OKPYMKHOCTb COBepLIaeT No/HbIi o6opoT 3a 360°
nnu 21 paguaHa. MocTponm aHanornyHbiMm ob6pasom rpadpuk GyHKLUK
f(8) = sin 6 Ha npomexyTKe [0; 21t]:

10)
A A
1 0) = sin ©
VANl AN Sn n
[ AN
N R s RNENZE
] i
X+y*=1

TaK KaK CMHYC ABAAETCA NePUOAMYECKON GYHKLUMEN, TO HA NPOMENKYTKE ANMHOMN
21 rpaduk f(0) = sin © ByaeT noBTOPATLCA 3aHOBO. EC/IM 0603HAUYNTL PYHKLMIO
yepes y, a apryMeHT Yepes X, TO MOXKHO 3anucathb y = sin x. [paduKk pyHKLMK

¥ = sin X Ha NPpOMeXKYTKe [—27; 271] MOXKHO HAaYepPTUTb KaK NMOKA3aHO HUMKeE:

1 nepuod

MpaduK GYHKUUK Y = sinx Ha3bIBAETCA CUHYCOUOOM.
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paduk pyHKUMM y = sinx u eé cBoiicTBa

y

S}
AN

1. O6bnacTb onpeseneHmsa MHOMKECTBA BCEX AeNCTBUTEbHbIX YMCEeN.
2. ObnacTb 3HayeHui oTpesok [—1; 1].

3. dyHKUMA sin X HeYETHaA: sin (—x) = — sin x, T.e. rPadUK CUMMETPUYEH OTHO-
CUTENbHO Ha4yana KoopAMHaT.

4. dyHKUMA Nepmnoamueckan ¢ OCHOBHbIM NeprMoaom 21: sin(x + 27) = sin x.

5. CuHycounaa nepecekaeT ocb abcumce B ToUKax ..., —2x; —m; 0; w; 2mw; 37, ...,
UT.4., T.e. Npu x =7tn (n € Z) dyHKUMA y = sin x obpawaercs B HyNb. CUHY-
comnaa NpoxoauT Yepes Havyao KoopANHaAT.

6. Hanbonblee 3HayeHne, paBHoe 1 GyHKUMSA NPUHUMAET NpK
3n.n 5t 9r, T
X..., > 2,—2,...,T.e.np14x—2+2nn(neZ).

7. HanmeHbliee 3HaYeHMe paBHoe —1 dyHKUMA NPUHUMAET NpU X
n 3n Tn . 1lm . K

-'1_2_12/ 21 2 yene 2

,Te.npux=——+2nn(ne 2).

MATb OCHOBHbIX TOYEK AA NOCTPOeHUA rpaduKa y = sin x

MocnenoBaTeNbHOCTb OCHOBHBIX NATM TOYEK AN QYHKLUMM Y = Sin X HA NPOMEKYTKe
[0; 2] moxkeT BbITb 3a4aHa Tak:

HY/Ib TOYKa MakCumyma HY/b TOYKa MUHUMYMa HY/b

y
‘k MaKCcumym

T

s B L
y=sinx!

| i (m;0) X (om; 0)

(0; 0) 1/4 1/2 uenbiii X
nepuog, nepuoja nepuog,
3 1 nepuop;: 21
(=
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Fpadumk PyHKUMM y = cOS X

MpadunK dyHKLMM y = cos X Ha oTpeske [0; 27t] MOXKHO NMOCTPOUTbL aHANOTMYHO

rpaduKy GyHKLMM y = sin X reOMEeTPUYECKMM Cnocobom, NCnob3ys eauHNY-

HYIO OKPYKHOCTb, @ TaKXe Npu NOMOLLM TabauLbl 3HaYEHUNA.

. s . T
TaK Kak cos x = sin(x + 5)’ nepemecTus rpadpuk GyHKLMKM ¥ = sin X Ha - BAEBO.,

2
noJsiydaem rpadumk GyHKLUN ¥ = COS X.

(2m; 1)
. ! N />\ ;\\
-7 _Tn I b 3n ’ 51 X \\\
\/<7,, —1J[ 2\‘/43_ lm ST

(~m; -1) (m; -1)

Mo rpadumKy nepeuncamm cBomcTBa GYHKLUN Y = COS X:

1. O6nacTb onpeaeneHna: MHOMECTBO BCEX AeNCTBUTE/bHbIX YMcen x € R.

2. O6bnacTb 3HayeHui: oTpesok [—1; 1].

3. dyHKUMA Y = oS X YETHaA (rpadmK CUMMETPUYEH OTHOCUTENLHO OCH )
cos (—x) = cos x

4. dyHKUMA Nneprogmyeckan ¢ nepnodom 27: cos(x + 2m) = cos x

5. paduK nepecekaeT ocb abCLUMCC B TOUKAX ... ,— &, T  3m 5% . 14,

T.e. Npu x =%+ 7tn (n € Z) pyHKUMA y = cos x obpallaeTca B Hyl'lb.2
MpaduK nepecekaeT ocb opAnHaT B Touke (0; 1).
6. Hanbonbuee 3HayeHue, paBHoe 1 GyHKUMA NpUHUMaET
npux ..., —2mx; 0; 2w, 4x, 6m, ... ,T.e.npux=2nn(ne 2).
7. HanmeHbluee 3HayeHuMe, paBHoe — 1 GyHKUMS NPUHUMAET Npu

X...,—; T, 31, 57, ... ,T.e.npux=m+2nn(ne 2).

MorKHO nocTpouTb rpaduk GyHKLMM y = COS X NPU NOMOLLU NATU OCHOBHBbIX

TOo4eK (TO‘-IEK nepecevyeHMA C oCblo 36CLI,MCC M TOYKaMU 3KCTpEMyMa).

MocnenoBaTeNbHOCTb NATU TOUEK ANSA GYHKLMU Y = COS X Ha MPOMEKYTKE
[0; 2n] moxeT 6bITb 3a4aHa TaK:

TOYKA MAaKCMMYMa HYJ/Ib TOYKa MUHMMYMaA HYJ/Ib TOYKa MakKCMmyma
YA

HyNb

/cos X
3n

3
(50

MUHUMYM HY/b MaKcumym

MaKcMmym

(0;1) (2m; 1)

uenbii x
nepvoa
1 nepuoa: 27

1/4
nepvog,
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padpurKku PpyHKUMIA ¥y =sin x n y = cos x

Ob6yvarowme 3agaHus

1.

a) MocTporite rpaduK PpyHKLMM Y = sin x Ha oTpe3Ke [0; 27t] NO NATU OCHOBHbIM
TOYKaM.

6) CKOIbKO Yncen X yA0BAETBOPAIOT YCAOBUIO Sin X = 1? Ha NPOMEXKYTKe
[0; 2m]?

a) NocTtpoiite rpaduKk GyHKUMM ¥ = coSs X Ha npomexkyTke [0; 21t] no naTn oc-
HOBHbIM TOYKaM.

6) CKONbKO YMCen X ya0oBNETBOPSAIOT YCA0BUIO cOs X = 0,6 Ha NpoMeXKyTKe
[0; 2m]?

MocTpoiite rpadmkm GyHKLUMIA Ha 3aJaHHOM NPOMEXKYTKE.
y=sinx, 0<x<4n y=cosx, 0<x<4n

y=sinx,—2n <x<2m y=cosx, —2m< x<2m

[Ns MaKcMManbHOro 3HaYeHMA GYHKLMM Y = Sin X 3aNULWnTe TPU 3HAYEHUA ap-
rymeHTa.

B ogHOM cnucteme KoopAnHaAT NocTpomnTe rpaduKm GyHKUMN Yy = COSX U Y = sin X
1 3aMULINTE CXOXKME U OTANYUTE/IbHbIE YepTbl.

Ons perynnpoBKn ABUNKEHUA AUCKA AMAMETPOM 2 M
Ha HEM caenanu MeTKy M MNPOBEPANM PacCTOAHUE
MEeK Y NOBEPXHOCTbIO BOAbI U MeTKol. M3obpasuTe
PUCYHOK M NpOBeANTE MaTeMaTHUYECKME BbIYUCNEHUSA.
[nna aToro pasgennre eAMHUYHYIO OKPYXKHOCTb Ha YIbl
no 15° 1 oTmMeTbTe 415 KaXK4oro Wwara paccTosaHue ot YA
3TOM TOYKM A0 OCU X. BbIMONHUTE 3aaHHbIN aNropUTM
ANA ABYX NosHbIX ob6opoToB (720°). Heobxoammo nn 1m
BbIMOAHUTb AAHHYIO NPOBEPKY A4 ewé ogHoro obo-
poTa? Ecnn Takol HeobXoAMMOCTIN HET, TO 3anuLnTe 15°
MX Cpasy, MHa4e BbIYUCAUTE UX.

a) Ha Kakom paccToAHUK OT YPOBHS BOAbI OKaXKeTcA MeTKa Npu NoBOPOTE ANCKA
Ha 15°, 375°, 735°?

6) OTMeTbTe 3HaYeHNA eANHNYHOM OKPYXKHOCTU Ha KOOPAMHATHOM MAOCKOCTH
n noctpoiTe rpaduk. Ha rpadumk Kakom GyHKLMU OH NOXOXK?
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fpaduku GyHKUMIA y=a-sinxvay=a - cos x

PaccmoTpum BansHue KoadpdpuumeHTa a Ha rpadmkn GyHKUNM
y=a-sinx,y=a- cosXHa npumepax.

Mpumep 1. B ogHOM cMCTEME KOOPAMHAT NOCTponTe rpaduKk GyHKLUMN Y = sinx,
y=2sinx, y= 1? sin x Ha oTpeskKe [0; 2]

PelieHue: Ecnv Ha rpadmKke GyHKUMM Y= sinx abcumccbl ocTaBUTb 6e3 usme-
HEeHWs, 3 OPAMHATbI YMHOXMTL HA 2, TO NOMYYMM TOYKM, NPUHAL/IENKALLME Fpa-
UKy PyHKUMM y = 2 sin x. Ecnm Ha rpadmke dyHKUMM Y = sinx abcumccsl
0CTaBUTb 6e3 U3MeHeHUs, a OpAMHaTbI ﬁ)a3p,e.ﬂMTb Ha 2, TO NONYYUM TOUKM,
npuHagnexalme rpaduky pyHKUUK Y = > sin x.

CocTtaBuM TabnuLy 3Ha4€HUM B 5 OCHOBHbIX TOYKaX 3a4aHHbIX QYHKLMNA.

T 3n
X 0 T T 21
sin x 0|1 0 -1 0
2sinx| 0|2 0 -2 0
Lsinx| o|L | -1|-L] o
2 2 2

y (x/2;2)

Mpumep 2. B ogHOM cuCTEME KOOPAMHAT NOCTponTe rpadmk GYHKUUIA Yy = COSX
My =2COoSX HaoTpeske —2m <Xx<21.

PeweHune: Mpadpuk dyHKUMM y = 2 COS X NOyYaeTcs pacTaxKeHnem rpaduka
bYHKUMM y = cos x oT ock Ox. YTo6bl NOCTPOoUTb rpadumK 3TOM GYyHKLMMU, Ha
oTpeske —21 < x < 27 fOCTATOYHO M306pa3unTb ero Ha oTpeske [0; 2m],
[AJIMHA KOTOPOTO paBHa Nepuoay, a 3aTem NoBTOPUTb ero Ha oTpeske [-2m; 0].

0o |x 3n v
X 7 T -5 2 3
Cos X 1/0 |-1 0 1 2
2cosx| 2 [0 |2 [0 | 2 x %

_ e R x O n T 3 IZ”)?
B y=cosx -7 2 - 32 2
=2

B y=2cosx
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Mpumep 3. B ogHOM cMcTeMe KOOPAMHAT NOCTPoMTe rpadmK GyHKLNM
a)y =cosx,y=—cosx; 6)y=sinx, y:—Esinx
PeweHue:

a)

1| y=cosx

0
X
-1 y =—C€0S X
_ .

MpadunK dyHKLMM ¥ = — cOSX MpaduK GyHKLUMN y = —Esm X nony-
cMmMmeTpuYHoe npeobpasosanue YaeTcs CUMEeTPUYHbBIM Npeobpaso-
rpaduka y = Cos X OTHOCUTENbHO BaHMEM OTHOCUTENIbHO OCU X MU
ocn x. cKaTMem B 2 pasa K ocu X rpaduka

dYHKUMM Y = sin x

BanaHue koapodumumeHTa a Ha rpadukmn yHKUMI Yy = a - cosx (y = a - sinx)

¢a>0

Y a>1 rpaduKk GyHKUMM pac-
TAHYT BepTUKaNbHO OT ocn U lo=1
abcumcc. M o>1

Y 0<a<1,rpaduk cruUma- M o<o<1
eTcA K ocu abeumcc. M -1<0<0
¢ a <0, rpaduk oTobparka- o<1
eTcA CUMMETPUYHO OTHOCK-
TENbHO OCHU X.

Y -1<a<0, rpapuk cum-
METPUYHO OTOBpayKaeTCcss OTHOCMTENIbHO OCU X U CXKMMaeTcs K ocu abcumcc.
Y a<-1, rpaduk cummeTpuUHO 0TobpaXkaeTca OTHOCUTENBbHO OCU X M PacTa-
rMBaeTcA BepPTUMKaNbHO OT ocu abcumcc.
C nomolLbo MHCTPYMeHToB www.geogebra.org/calculator noctpoiiTe
rpadukmM GyHKUUI NPU NPOU3BObHBIX 3HAYEHUAX d.
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Ob6yvarowme 3agaHus

|£ Kak n3meHUTCA cMHycomaa Ans GyHKUUU Y = a - SinX C U3MeHeHnem Koad-

d)VILI,MEHTa a? Onuwwute cnosampy, M306pa3VITe CXeMaTUn4HOo.

a) a=4 6)a=% B)a= -3 r)a=—%

E MocTpowTte rpaduK PyHKUMM ¥ = sin x Ha oTpe3ke [0; 27t] N0 NATU OCHOBHbIM
TouykaM. MpeobpasyiiTe 3TM NATb TOYEK MPU MOMOLLM PACTANKEHUA (CXKaTMA) NO
KOOPAMHATHbIM OCAM B COOTBETCTBYHOLLME TOUKM U M306pasuTte rpadpuk yHK-
unmn:

. . 1. 1.
a)y=3sinxmny=-3sinx 6)y:2 smxwy:—Tsmx

|i MocTtpouTe rpaduk GyHKUMKM y = cos x Ha oTpe3ske [0; 27t] No NATU OCHOBHbLIM
TouyKam. MpeobpasyiiTe 3TN NATb TOYEK NPU MOMOLLM PACTAKEHUA (CKATUA) NO
KOOPAMHATHbIM OCSIM B COOTBETCTBYHOLLUME TOYKN N M306pa3uTe rpadmk GpyHK-

unmn:
1 1
a)y=3cosx 6) y =~ cosx B)y = —2 cOS X r)y=77cosx
Ii YCcTaHOBUTE COOTBETCTBME MeXKAY rpaduKamm GyHKLMIN U UX Gopmynamm.
YA
a)y=sinx 3|
h(x)
6)y= —2sinx 2
1 . 1]
B) y =" sinx 3n/2
0 Tl:/2 k(x X
r)y=3sinx -4 )
-2
g(x)
-3
YA
|i Mo KoopaMHaTaM OTMEYEHHbIX TOYEK Ha rpa- |
duKax GyHKUMIM onpegennte ux Gopmynbl. . A
u oLy @ 1
A(ill)lB(zl Z)IC(Z' 2) ‘ ; >
o 2 A N\312 /o X
-1}
B
_2*
C

|i B ogHOM cnucteme KoopAnHAT NOCTpoKTe rpadpuKkm GyHKUMNA
Y= COSX,y=—COSX, y=—2C0SX U y=2COSX.
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paduku yHKUMIA y = sin bx ny = cos bx

PaccmoTpum BaunsaHne KoadpduumeHTa b Ha rpadumku GyHKLNRA
y =sin bx, y = cos bx Ha npumepax.

Mpumep 2. B ogHOM cncTeme KOOPAMHAT NOCTPOMTE rpaduK GyHKU MM
y=sinx, y=sin2xuny =sin ?x

PeweHue. MocTpoum rpaduk GyHKLMIA NO NATU OCHOBHbLIM TOYKAM.

HyNb MaKCMMyM Hy/Nb MWUHUMYM Hy/b
y =sin x x=0 x=% X=T x=3f21T X=2n
_ =0 2= [ =n =T | 2=2n
y = sin 2x Xx=0 3 i X Xzﬂ e
1 - 2 43
_—y = L =T L = L :lTc L =
y=sinix 2xO 2X? > X=T >X=5 X 2n
2 x=0 X=T X =27 Xx=3n X=4n
y
B y=sinx 1‘
.y: sin 2x t& N / /\ /
1
W y=sin—x 0 3n 5t 3™ Tn onln 5K 1R TS TST A >
2 I\ NG\ NG RE b x
) N/

MpadurK GyHKUMK y = sin 2x B 2 pasa “obroHsaeT” rpadumk GyHKUUM y = sin x. Ecam
dYHKUMA y = sin X TpUHUMaET 3HavyeHus oT 0 4o 1 Ha NpomeXKyTKe [0;3], TO QYHK-
LMA y = sin 2x 3TU Ke 3HaYeHWA NPUHMMAET B TpomekyTKe [O; %]. Touku rpadmka
OYHKUMM Y = sin 2X MOKHO MOAYYUTb, YMHOMKMB abcumccbl Touek rpadmka GpyHK-
UMM y =sin x Ha > Npv 3TOM He MeHAA 3HaYeHNA opamHar.

MpaduK GyHKLUMKM y = sin 2x nonyyaeTcsa U3 rpaduka y = sin x ckaTMem B 2 pasa u
Lenblit nepuog, ymeltaetca B otpeske [0; 7).

Mpadumk PyHKUMM y = sin %x noJiy4aeTcsa pacTarKeHMeM OT OCh opAuHaT rpaduka

dYHKLMM Y = sin x B 2 pa3a M Lenbli nepnog ymew,aetca B otpesok [0; 4x).

O6yuatowme 3agaHmA

|L MpaduK Kakol dyHKLMM Nonyumntcs us rpadmka 1) y =sinx, 2) y = cos x npu:
a) pacTAXKeHUM OT OCK OpAMHaT B 4 pasa; 6) cxkaTue K ocu opamMHaT B 3 pasa.

|& MpeacTaBbTe CIOBECHO, B pe3y/ibTaTe KakMx NpeobpasoBaHnit ns rpaduka
DYHKUMK Y = COS X NosydaeTca rpadpuk GyHKUUK:
a)y=cos?x 6) y = cos 4x B) y = —4 cos 3x



MpeobpasoBaHue rpaduKoB GyHKLMI Yy = Sin X U y = cOS X 145

Amnauntyga u nepuog, GyHKUUM BUAA y = a-sinbx, y =a-cos bx

Kak BuaHo 13 rpadurkoB GyHKUMU Y = a - sinbx uan y = a - cosbx, (b # 0) nepuog
3TUX GyHKUMIA npu |b| # 1 oTanyaeTcs ot 2.

Y106b1 HANTK Nepuod GYHKLMU, 3alaHHOW B BUAE Y = Sin bx unn y = cos bx, ao-
CTATOYHO peLmnTb cneaytollee ABOMHOE HEPABEHCTBO:

0< |b|x<2m

2n
0<x<— e

OTcloga Haxoaum, 4To nepuog, GYHKLMUM MOXKHO HaiTu no popmyne T = _|b|

|al ABnAeTCcA amnanTygoi.

Mpumep 1. Hangmte amnanTyay U OCHOBHOW nepuog GyHKumMmM y = —=3sin 4x.
PeweHue: [Ona pyHKUMM y = —3sin 4x amnanTyaa pasHa |-3| uam 3,
OcHOBHOWM Nepuoa;:

0<4x<2m 05x$27t

B
i <x<—
2 O_x_2

T
T'z

Mpumep 2. 3anuwunte dopmyny GyHKLUIN co-

rnacHo ee rpaduKy B Buge y = a-sinbx

PeweHue: Mo rpadmKy MOXKHO onpeneuTb am- ‘~> ' 7\|/7|c
-2 o _

nauTtygy. a=2 8 4

~Y

Mo rpadumKy BUAHO, YTO OCHOBHOW Nepuog 3Ton GyHKUMnU - T = 4
2

Mockonbky n T = 27“ nonay4yaem paBeHCTBO % =7 Otcioga, b=8.

dopmyna pyHKUMKM: y = 2sin8x

Mpumep 3. HanguTte amnanTyay v OCHOBHOM nepuog, GyHKUmMKM y = 2sin2x,
nocTpowiTe ee rpaduK Ha oTpeske [—T; 7] .
PeweHue. AMnautypa: a = 2.

2
OcHoBHoOM nepuopg: T = W ,b=2,T=m.
Pasgenum otpesok [0; ] (ogmH nepurog ) Ha 4 paBHble YacTu. MocTpoum rpa-
¢uK oTpesKa [0; T] MO NATM OCHOBHbIM TOYKAM.
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CocTtaBuM Tabnumuy 418 3HAYEHUI X U COOTBETCTBYIOLLMX 3HAYEHUI DYHKLUUMN.

X |y=2sin2x y
2
Hym 0 0
E
MaKcumym 2 2 ' ' ' ' ' : = =
= T 3n X
Hym 2 0
-2
MWUHUMYM 3—“ _2
4
Hynu Y 0

Ecnun nonyyeHHbIN rpadmK no-
BTOpWMM Ha oTpe3ke [—m; 0],
TO nonyunTca rpadpuKk PpyHK-
UMK y = 2'sin 2x Ha OTpe3ke
[-m; m]

O6yuatowme 3agaHmA

I& Hangute amnanTtyay n OCHOBHOM nepuog, GbyHKUmUK.

a)y:%cosnx 6) y = sin 2x B)y:3coszlrx
r)y =5 cos %x A)y=2sin %TCX e)y=%sin Amx

|£)_ HaguTte amnanTtyay n OCHOBHOM nepuog, GbyHKUuUK.

a) 6) )
y 081 V' x
: RN
T X 1 2 X ‘ 715 o
4 o _21 \/

|1_1. 3anuwunte popmyny GyHKUMM BUAA ¥ = a Sin bx, COOTBETCTBYIOLLYIO rpadmKy.
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|12

3anuwute popmyny GyHKUMM BUAA Y = a COS bx, COOTBETCTBYIOLLYIO rpaduKy.

2) A 3agaHHON aMnAnTYAbl U Nepuoaa, HanuwuTe dopmyny GyHKLUM
y =asin bx (3aecb a >0, b > 0).

a) AmnauTyaa :% 6) Amnauntypa:4 B) AmnanTyaa: 2
MNepwnoa: 3n MNepwuoa: MNepwnoa: 2n

2) A 3agaHHON aMnanTyabl U nepuoaa HanuwuTe dopmyny GyHKLMM
y =a cos bx (3gecb a >0, b >0).

a) AmnanTyaa :1— 6) AmnanTyga: 2 B) AmnanTyga: 5
3 T
MNepuoa: 5w Mepuoa: MNepuoa;: T

Onpegenvte 0CHOBHOM Nepuog GYHKLMA 1 NOCTpoMnTe rpadmK No NATU OCHOB-
HbIM TOYKaM.

a) flx) =2 sin %, 6) f(x) =% sin 2x, B) flx)= 3 sin%x,

Onpeaenute GyHKLMIO, Fae amnanTyaa pasHa 4, a nepuog -2.

a) g(x) = 4cos 2x 6) glx)=2 cos—;x
B) g(x) =4 cos mx r)  g(x)=2sin 4x
. DbMMP NOCTPOUA CUHMCOMNAY, KaK MOKa3aHO Ha '
PUCYHKe, C MOMOLLbIO rpadKanbKynaTopa. Kakoe

=1

YpaBHeEHNE COOTBETCTBYET 3TOMY rpadwn(y? \/ \/ 16n

a) y =—3sin 4x 6) y = 3 cos 4x B)y=3sin%x r)y=3cos%x
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Mpadpumkm GpyHKUMM y = sin (x—) n y = cos(x—c)

B dyHKUMAX y = sin(x—c), y = cos(x — c) UNeH c NoKasbiBaeT cMmelleHme rpaduka

Mo ropu3oHTaIN, KOTOPOE Ha3blBaeTCA ¢330ﬁ.

Mpumep 1. 3anuwuTe npeobpasosaHune rpadmka GyHKUMK g(x) = sin(x + E)
OTHOCUTeNbHO dyHKUMM f(X) = sin X 1 nocTpoiTe nx rpadmKkn B 0A4HON cUCTEME
KoopamHar.

PeweHue. Ecam mbl cagruHem rpadumk GyHK-
umu fix) = sin X Ha-“ eguMHULbI BAEBO MO-
nyyntea rpaduk GyHKLmMM g(x)=sin(x +%) .
B aToM cnyyae nepuog f, HaumHarowmiica ¢
TOYKM X = 0, COOTBETCTBYET Nepuoay g, Ha-

pu g(x):sin(x+%)
YMHaoLWeroca c x = —7 .

Mpumep 2. 3anuwunTte npeobpasosaHue rpadmka pyHKUNKN g(x) = cos(x—z?n)
OTHOCUTENbHO PYHKLMMK f(X) = COS X M NOCTPOITE X rpadUKM B 0AHOM cucTeme
KoOpAMHaT.

PeweHune. Ecnn mbl casuHemM rpaduk dyHK-

g(x) = cos(x —ZTH

umu f(x) = cosx Ha 2n eANHULbI BMPaBo no-
nyuntea rpadumk dyHKUMm g(x)=cos (x — 2n ).
B aTom cnyyae nepuos f, HaUMHALWMIKTA C
TOuKM X = 0, COOTBETCTBYET NEPUOAY g, HAUYM-  f/y) - cosx

HalOLLEroca C TOUKM 2?7‘

Mpu ¢ > 0 rpaduK casuraetcs BnNpaso, npu ¢ < 0 — BneBso.

O6yvarowme 3agaHus

|1_7. OnuwmnTe cnoBecHO 3Tanbl NpeobpasoBaHusa rpadurKa GYHKLMM y = sin x Ans
cnegyowmx GyHKUMn. M3obpasute rpadmkm  GyHKLUIN B OAHOM cucTeme
KoopAauHaT.

2 . T .
a)y =sin(x + ?n) 6)y = sin{x—7) B) y = sin(x + 60°)
|18. OnuwwmTe cnosecHo sTanbl Npeo6pasosaHmsa rpaduka GyHKLMK y = COS X ANA

cnenyowmx dyHKumnin. M3obpasute rpadmkn GyHKUNUM B OAHOMN CUCTEME KOOP-
OMHaT.

a)y=cos(x7%) 6) y= cos (x+ % ) B) y = cos(x + 180°)

|£;_ MocTpoiiTte rpaduKk GyHKLMM @) y = cos(x — %); 6) y =sin(x + %). WUccne-

AyViTe B3aMMOCBA3b 3TUX GYHKUMIA C QYHKLUMAMM Y = SINX U Y = COS X .
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Mpaduku pyHKunii y = a- sinbx +d,y =a - cos bx + d

CmewieHne No BepTUKanu.

B dyHKumAx y =a - sin bx +dwny =a - cos bx + d uneH d nokasbiBaeT cmeLleHne
no BeptTuKanu: ecam d > 0 rpaduk PyHKumnmM casuraetca seepx, d < 0 rpaduk
CABUTaeTcsa BHU3.

Mpumep. MocTtpoiiTe rpadmk PyHKUMM y = 2 sin x — 1.

PelweHue: HUXKe NoKasaHbl 3Tanbl NpeobpasoBaHusa rpaduKka GyHKLMUM

y =sin x B rpaduk GyHKUMKN ¥ = 2 sin x — 1 no waram.

1. YBennumBaem amnantyay B 2 pasa nosyvyaem rpadpuk y =2 sinx.

2. Casuraem rpaduK BHU3 Ha O4HY eAUHULY U noayyYaem rpadumKk dyHKLUM
y=2sinx—1.

YA
y=2sinx

A) 1 hd : F :
N A
T2 ’ 2 o) -

% e 2 >
[N S y=- 1
AY S _'2--

y=2sinx—1
Ona dyHRumm y = 2 sin x—1, nmeem:
amnanTypa: a =2,

CABUr No BepTMKanu: d = -1

MaKCMManbHoe 3HayeHne:d+a= —1+2=1
MUHMMabHOE 3HaveHne: d+a= —1-2=-3

MHOXECTBO 3HaYeHui: -3 <y <1,

Obyualowme 3agaHuA

@. B ogHOl cnucteme KoopAMHAT nocTpoiTe rpadpuku GyHKUMIR:

21.
22.

y=sinx—-2, y=sinx, y=sinx+2
CxemaTn4yHOo n306pasnTte rpadmKk GYHKLMU U 3aNULLMTE MHOMKECTBO 3HAUYEHUN.
a)y=3cosx +5 6)y=4sinx—4 B)y=2sinx + 1 rYy=-2cosx+3
MpeacTaBbTe CIOBECHO B pe3y/ibTaTe Kakux npeobpasosaHuii s rpaduka
OYHKLMW ¥ = sin X UK y = cos X Noay4vaeTca rpaduk GpyHKLUK:

a)y=5—cos(x—%) B)y:3+cos(x+%)

6) y=-2-sin(x—n) r)y=2+sin(x- %)
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_ . BAUAET Ha CABWT MO
y=a-sinb(x—c)+d

BAMAET Ha // T BepTUKaNU

amnautyay

BANAET Ha Ha cABUT
MO rOPpU3OHTaNIN

B/IMAIET HAa OCHOBHOM
nepuop,

o T
Mpumep. Moctpolite rpaduk GyHKUMM y = 3 cos(2x——3) +1.

1) TpadumK GyHKUMK y = coS 2X
nosiyyaeTca cxkaTmem B 2 pasa
rpaduka GyHKLMM y = COS X

K OCW OpAMHaT.

2) Tpaduk dyHKUUK ¥ = cOS 2(x—%)
MOYHO NONYYUTb CMELLEHMEM Fpa-
drKa GyHKUMM y = CcOS 2X BNPaABO

b1
Ha 3 eanHnL, .

3) MpaduK dyHKLUMM y = 3 cos2 (X —E)
noay4yaerca nyTem pacTarnBaHus rp?r:\-
durKa dyHKUMKM y = cos2 (x —E)

TP pasa BAONb OCK OpAMHaT?.’

b1
4) MpaduKk GyHKUMK y = 3 cos(2x—§) +1
noJsiy4yaeTca napasniesbHbiM NepeHocom
Ha 1 eanHuy BBEPX rpaduKa GyHKLMM

y=3 cos(2x—%).

.
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e
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|
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y=3c052(x—1
3
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Mpumep 2. NMocTpoiite rpadmKk dyHKUMKN y = 3 cos2 (x—l3 )+1 nonatm
OCHOBHbIM TOYKaMMU.
PeweHue:

1. na HaxoKAeHUs OCHOBHOTO nepuoaa GyHKUMM y =3 cos 2 (x — %) +1 Hapo

pewmnTb HepaBeHCTBO: 0< 2(x—%) <2n
lSXS4TEr T.K. 4—n—l=n TO0 T=m
3 3 3 3

T 4z .
2. OTpesokK [?; ?] , COOTBETCTBYHOLLMIN OA4HOMY Nepmnoay No ocu X pasgenmm

Ha 4YeTblpe paBHble YacCTw.

3 P 3 .3

4 4 4 4
. .
K In Som 13n 4
3 12 6 12 3

i
3. BbluMCAMM 3HaYeHUA GYHKUUK Y = 3 coS2(x — 3 )+1  npuyKasaHHbIX TOY-
Kax. 3anuwem KoopAMHATbl COOTBETCTBIOLLMX TOYEK.

T n 5m 13n 4
—54), (==;1), (—=—;-2), (=;1) (=4
(3 )(12)(6 )(12)(3 )

4. Mo 3TMM TOYKaM NOCTPOUM rpaduK GyHKLUK.

T
y =3 cos (ZX—?) +1

yll‘\ &
4 % Fas)
a \
S
-HH-RH-HAR
N A | -
_?- \ T ’e \ 3%7(
-2 \
-3
Ona dyHKumm y = 3 cos 2(x — % ) + 1, umeem:
amnanTyaa: a = 3, oCHOBHOM nepuog: T=T,
T
casur no ¢dase: ¢ =73 CABWI MO BepTUKaNM: d=1

MaKcMManbHoe 3HaveHne: d+a=1+3=4
MMHUMaNbHoe 3HavyeHne: d—a=1-3=-2,
obnacTb onpeaeneHnsa: MHOXEeCTBO BCeX AeNCTBUTE/IbHbIX Yncen (x € R),

MHOXECTBO 3Ha4YeHu: —2 <y <4
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Ob6yvarowme 3agaHus

123.

24,

|25.

2.

2.

OnuwunTe cNoBECHO 3Tanbl Npeobpa3oBaHus rpaduka GyHKLMKM Yy = sin X gns
cnegyowmx GyHKLWMA.

1 .
a)y=sin(x+2—;[) 6)y:3sin7(x—%) B) y =2 sin (x + 60°) — 4

OnuwunTe cIoBECHO 3Tanbl NpeobpasoBaHms rpaduKka PyHKUUKM y = COS X s
cneayrowmx GyHKUni.

a)y=cos(X—5—g) 6)y= 3cos(2x+%) B) y =4 cos(x—15°) +3

HaVI,D,MTe: MaKCMManibHOE, MMHUMaIbHOE 3HAYEHUA; MHOXECTBO 3HAYEHMUIA.

1 .
a)y=3cos(x—%)+5 6)y=?sm 3x-3 B)y:%cos(x+50°)+i
6
YCTaHOBWTE COOTBETCTBME MeXAY rpadukom n GyHKLMEN.
T . .1
1)y=cos(x+5) 2) y =—sin(x + m) 3)y=1+ sin 5 X

. 3anuwuTte dopmyny ana GyHKLMM BUAA Y = a sin b(x — ¢) + d.

o i
a) amnauTyga 4, OCHOBHOM nepuog, T, casur no dase u eaMHUL, BNPaBo, CABUT
Nno BepPTUKanu 6 eauHUL, BHU3.

o e
6) amnautyga 0,5, ocHoBHOM nepuog 3w, casur no ¢ase —— eauHUL, BNEBO,

3
CABUI MO BEPTUKAIU 2 e4anHULbl BBEPX.

MocTpoiite rpaduKk GyHKLMM HA OAHOM Nepuoge no 5-T OCHOBHbIM TOUYKAM.
.1 . 1
a)y:stx 6) y =5 sin 2nx B) ¥ = 3 cos 4x r)y=75in2x

CxemaTnyHO U306pasnTe rpadrKkmn GyHKLUNA.

a)y=3sin(x—%) 6)y=cos(x+%)+2 B)y=25in(x+%)+3
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Mpumep. ABurkeHune Kapycenu. lonycTum Bbl HaXogMTecb B KAbMHKe Kapy-
cenn. PacctoaHume g0 3eMN NepUOANYECKM U3MEHAETCA B 3aBUCUMOCTU OT
BpemeHu. [prmem ocb Kapycenn 3a Havyano ABMKeHuA. [AnameTtp Kapycenm
paBeH 20 M 1 3a 3 MUHYTbI Kapycenb genaet 4 oboporTa.

a) U306pasuTe rpaduK ABUKEHUS Kapycenn, MPUHAB OCb t 3a Bpems, a ocb h
3a paccrosiHue.

6) Hailaute ocHOBHOM Nepuoa, 1 3anuwmTe GopPMyNy, COOTBETCTBYIOLLYHO ABU-
YeHUIo Kapycenu.

PeweHue: Ecnu kapycenb genaet 4 o060poTa 3a 3 MUHYTbI, TO 04MH 060pOT 3a-
HUMaeT 3/4 MUHYTbI, T.e. 45 ceKkyHa,

Kapycenb MoXeT OTKNOHATLCA OT Ha4abHOTo nonoXxeHma Ha 20 : 2 = 10 m BBepx
(10) v BHU3 (-10). MpadmKOM ABUKEHUA ABNAETCS CUHYCOMAA
C nepunoaom 45 cekyHA.

3anuwem popmyny GyHKUMM B BUAE Y = a sin bx.

/\/\/\ ‘
I EP

Amnautyga: 10

TZTc
==

27
dopmyna dyHKUMK: h = 10sin ey t

Haprus Ha kapycenu. [padumK nokasbiBaeT 3aBUCMMOCTb MEXKAY BbICOTOM(M), Ha
KOTOpOW HaxoauTcAa Haprus npu KaTaHMM HA Kapycenu, 1 BpemeHem (cek.). 3a-
nuwuTe:

1) nepuoa GYHKLMM U YTO OH BbIPAXKAET;

2) MHOKeCTBO 3Ha4YeHUN GYHKLUNK;

3) B KAKOM MOMEHT BpemeHu mexay 24 - 30 cekyHaamm Haprus oKkaskeTca Ha
BbicoTe 4 M OT 3em/in’?

N B O

BbicoTa (m)

0" 2 4 6 8 1012 14 16 1820 22
Bpems(cek.)



154

TpuroHomeTpuueckme GpyHKLUU U Nnepuoguueckme cobbitusa

dusmka. Ha pucyHKe NoKasaHo ABUNKEHMeE Tena, NOABELIEHHOTO Ha NpPYXKUHe.
Teno, B COCTOSAHMM NOKOA, HaXoAUTCA B paBHoBecuK. COCTOAHME NOKoA MNpu-
MEM 33 Hauyano ABMXKEHUA. d NOKa3biBaeT USMEHEHUE NOJIOXKEHUA Tena npu
nepemeLleHnn. KonnmyecTso LMKIOB 3a eAMHULY BpeMeHU Ha3blBaeTCcA YacTo-
Toli (Vv ), Bpems, 3a KOTOpoe coBepLIaeTca NO/HbIM LUK KonebaHus HasblBa-
etcsa nepuogom (T). YacToTa u nepmos B3aMMHO 06paTHble BEIMUNHDBI: V =

—i||—t

[BuxeHne Tena, NoABELIEHHOrO Ha NPYXUHE MOXKHO CMOAENNpPOoBaTb QYHK-
umnen y = a cos kt. 34ecb y NoKasbIBAET NOJIOXKEHNE PaBHOBECUA MPYKUHbI MO
BEPTUKanu (Cm), a - HayasbHOE M3MEHEHME NONOKEHUA, k - KO3PPULIMEHT ynpy-
rOCTV NPY*KuHbI, t - Bpemsa (cek.). Ecnma=0,5 cm u k = 51, To HalanTe amnau-
Ty4y, Nnepmog, v 4actoTy KonebaHus.

[BUKEHNE MasiTHUKA MOXKET BbITb CMOLENMPOBAHO MO

dopmyne d = 4 cos 8rnt. 3aecb d NOKa3biBaeT OTKNOHEHWE OT |
Haya/NbHOro nosioXkeHusa (B cm), t - Bpems (B cek.). Halaute, \
Ha Kakoe Hanbosibllee pPacCTOAHNE MOKET OTKJOHATLCSA

MasATHUK? Halante nepmos 1 4acToTy. O O o

—d—
Mpn Kaxaom yaape 4enoBeyeckoro
cepaua AaBneHune KpoBU M3MeHAeTcA A
MeXAY HaubonbWMM N HAUMEHbLIUM 160
3HayeHnem. Hopmolt aptepuanbHoro | § 120Fp=---
AaBAEHUA NPUHATO cuuTaTh 120 Mm | 80W
PTyTHOrO cToN6a Ha BepxHel rpaHuue | &

(cuctona) n 80 mm pTyTHOrO cTON6a Ha
HUXHeM rpaHuue (guactona). 0

40

L
T >

08 16 24 3.2
Bpems (cek.)

Ha pucyHKe n306pakéH rpaduk apTepranbHOro AaBneHusa Yenoseka.

1) Mo rpadmky HaliamTe nepuog, (Bpems, 3a KOTOPOE NPOUCXOAMUT OAMH yAAP)
N amMnanTyay.
2) HailauTe KoNIMYeCTBO yA4apOB 38 MUHYTY.
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|i [BuxKeHue Besocunesa no nNpssmon 6bino 3apUKCMPOBaAHO
HOYbIO C MOMOLLbIO BUAEOHabAoaeHMA. B Tabnnue npea-
cTaBneHa MHpOpPMaLMA O TaMMOYKe Ha Konece Besfocuneaa
- BbICOTa B Pa3Hble MOMEHTbI BpEMEHMU.

Bpems (tcek.) [(0,110,2|0,3/0,4(0,5/0,6]0,7{0,8]0,9

Bbicota(Hcm) | 27 | 45 (54| 45|27 |18 | 27 | 45 | 54

a) NocTtpovite rpaduKk GyHKUMM ANA OAHOro nepuoaa.

6) CmopenvpynTte B BUAE TPUTOHOMETPUYECKON DYHKLMUM
3aBUCUMOCTb H oT t.

B) Hanaute anameTp Koneca Besocunesa.

r) HaihguTe ckopocTb Besnocuneaa.

Mpumep 2. Buonorusa. B 6Monormm NnporHo3MpoBaHMe YNCAEHHOCTU 3BEPE U
NTUL, MOLENMPYHOT C MOMOLLLbIO Mepuoanyecknx GyHKLMN. Y4éHble nccneayrot
YMCIEHHOCTb COB U Mbllel B O4HOM pervoHe. B pesynbrate mogenvpyertcs
bYHKUMA YncneHHocTM ocobelt (no mecauam).

[ns coB aTa PpyHKUMA 3anmcbiBaeTcs Tak: B(t) = 1000 + 100 sin (n—t),

Ans Mbiwen Tak: S(t) = 20000 + 4000cos (%). 12

Mo nHdpopmaumm, NpeacTaBNeHHON Ha rpaduKe, MOXKHO CAeNaTb BbIBOAbI O

YMCNIEHHOCTU COB M MblIlE, KOTOPbIE ABNSAIOTCA NULLEN AN COB.

a) MNocTtporite rpaduKm Kaxxaon dyHKLUK.

6) Kakoli BbIBOA, MOXHO cAieniaTb 06 U3MEHEHUN YUCSIEHHOCTU COB U MbILLIEN?
B) MccnenyiTe OTHOLIEHME YNCIEHHOCTM COB U MbiLLEN B 3aBUCMMOCTU OT Bpe-
MEHMU.

PeweHue: a) B(t)=1000+ 100 sin (%)

Ons coB umeem: makcumym pyHKUmmn 1100, muHumym 900.
Amnantyaa: 100. Casur no BeptuKann: d = 1000 (HayanbHOe 3HaYeHue).
Mepuon: —, b=-", toraa 2n =24
|b] 12 12
T.e., OCHOBHOM nepuog GyHKunmM 24 mecaua.
nt
S(t) = 20000 + 4000 cos ( H)

Ona mbiwen umeem: makcumym dyHKumm 24 000, mnHumym 16 000.
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Amnautyaa: 4000. Casur no BepTukanu: d = 20000 (HayanbHOe 3HaYeHue)
U T
Mepuop: ——, b=——,Toraa 21 : = =24 .
|b] 12 12

To ecTb OCHOBHOW Nepuog AaHHOW GYHKLUMU, TaKKe 24 mecaua.

6) Ecnv rpadMKn NocTpoeHbl B OAHOM Mac-

wrabe, TO MX MOXHO CPaBHUTb. Tak Kak B(t)“ VBeAMEHMIA YUCTEHHOCTH COB
MbILLIW ABAAIOTCA NULLEN A8 COB, TO NP yBe- @ 12007
JIMYEHUMN COB, YNCNIEHHOCTb MbIleN YyMeHb- o 1100
laeTca U CTPEMUTBCA K MUHUMANbHOMY g 10007[x 7777777777
3HauyeHuto. Mpu yMmeHbLIEHUN COB, YNCIEH- g \
HOCTb MbILEN yBENNYMBARTCA U AOCTUraeT 5 900 T
HanboNblUero 3HaYeHMA B TO Bpems, Koraa x 800;*
KOJINYECTBO COB AOCTUraeT MUHUMYMa. L
0 ¢ 18‘30
B) B Tabnnue nokasaHO OTHOLWEHME Konunye- S(t) A Bpems(mecsy
CTBa COB M MblILLIEN 33 KaXKable 6 mecALes. 26000+ yaenk he lamcnennocTn
5 24000 Jbiued
Bpems| Cosbl |Mbiwmn|OTHOWEHME % 220007
=
0 | 1000 [24000| 0,041 g 20000 Ay
S 180001
6 1100 [20000 0,055 @
S 160007
12 1000 [16000 0,062 S
14000 §
18 900 |20000 0,045 { -
0 6 18 30 42t
24 1000 (24000 0,041 Bpema(mecaLl)

3TO OTHOLLEHNE AO/MKHO U3MEHATLCA B ONpeaenéHHON 3aKoHOMepHOCTH. [na
TOro, YTo6bl YBUAETH 3TY 3aKOHOMEPHOCTb, MOCTPOUM GYHKLMIO COOTBETCTBYIOLLYIO
OTHOLLUEHMIO NPY MOMOLLM rpad KanbKynaTopa.

®yHkymio B(t) = 1000 + 100 sin (% BBeAEM B rpad KasNbKyNnATOp KaK y1, a
nt
GyHKUMIO  S(t) = 20000 + 4000 cos (ﬁ ) Kaky2.

M NOCTPOUM rpaduK GYHKUMKN = %
2

YBMAMM, 4TO B 3TOM C/lyyae OTHOLLIEHWe ABYX Nepuoau-

x=21,702128 Y =24, 695395

Yyecknx GYHKLMN ABNAETCA NepUoANYecKomn pyHKUmnen.
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|i Buonorusa. D(t) n C(t) maTtemaTnyeckme mogenu, ptcn,
KOTOpble COOTBETCTBYIOT KOJIMYECTBY 3aiLEB U
LLAKaNoB:

D(t) = 30000 + 15000 cos 2‘—;
C(t) = 4000 + 2000 sin % . MocTpoiiTe rpadpukm
obeunx PpyHKUMI B OOQHOM cUCTEME KOOPAMHAT U

npeacTaBbTe YC/IOBUA AMArPaMMbl Ha rpaduKe.

|L MporHo3 norogbl. MHpopmauma B Tabanue NoKasbiBalOT CPpeaHEMECAUYHYIO
TemnepaTypy. NoctpoiTe rpadumk, oTmMedan Ha ropmM3oHTaIbHOW OCK mMecAaua
(aHBapb t =1, dpeBpanb t = 2 U T.4.), @ HAa BePTUKaNbHOM - TemnepaTypy. CMmo-
OeNvpyinTe M3MeHeHne TemnepaTypbl C MOMOLLbIO TPUFOHOMETPUYECKON dyHK-
umn.

Mecaua [AHsapb [Pespans[MapT[Anpens [Mait [UioHbUionb|AsrycT [CeHTa6pb [OKTAGPL [HoA6pL Ylekabpy)

CpeaHas Tem-

neparypa (°¢)|-14,8|-12,7|-6,8| 1,2 9,2 [15,1[17,2| 151 | 9,1 | 1,3 | -6,7 |-12,6

Ii 3poposbe. PyHKuma P=100 - 20 cos 5—72” NOKa3bIBAaeT HOpPMa/ibHOe

apTephanbHOE faB/eHNE YenoBeKa B COCTOAHUM NOKOA

t (ceK.) Bpems 3a KOTOPOE MOXKHO ONpeaeNnUTb AaBeHUe.
a) Onpegenvte nepuog GyHKLMMK.
6) Haliante KOAMYECTBO YAAPOB CepaLa YeoBeKa 33 1 MUHYTY.

|& Kapycenb, ocb KOTOPOWM pacnonoXKeHa Ha pacctoaHMmn 10 m oT 3emnu

coBepLUaeT NoJiHbIN 060- ABbicoTa
poT 3a 60 cekyHA. Macca-
KMPbI CafATCA Ha
Kapycenb B KabUHKY Ha
BblcoTe 2m. lpadumk Ha
PUCYHKe NoKa3blBaeT
LBUXXEHMe Kapycenu 3a
150 cekyHA. 0

Bpems

a) 3anuwunTte GyHKLMIO, BbiParKatoLLyto BbICOTY 11060 KabUHbI B KaXKAbli1 MO-
MEHT BPEMEHMU.

6) Korga Kapycenb Hayana Aguratbes, MoHenb HaXoAMAach B CAaMOW HUXKHEN
KabuHKe. OnpeaennTe, Ha Kakol BbicoTe byaeT HaxoauTca MoHenb Yepes 2,5
MUHYTbI?.
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Uccneposanune. UsmeHeHUe TaHreHca yrna. 1) Ha aucte B Knetky nsobpasute
KOOPAMHATHYIO CUCTEMY U €AMHUYHYIO OKPYXKHOCTb, C LLlEHTPOM B Havasie Koopau-
HaT. K OKpy»XHOCTU NpoBeauTe KacaTesbHyto B Touke (1;0).

o AY
2) O603Haunm vepes K TouKky nepecevyeHnss KOHEYHOM CTO- K

POHbI yrna noBopoTa O ¢ KacaTenbHOM.

M3 AOAK tan© = %= % = AK. 3HauyeHue tan 6, ana oct- b
poro yrna nosopoTa 0 paBHO gnaunHe oTpeska AK. R A >
3) B KaKol TouKe nepecekaeT KoHeYyHas CTopoHa yra 45° Ka- \/ X
caTeNbHy?
4) Mpn noMmoLwm TpaHCnopTUpa M3obpasmTe el HECKONbKO Pas3HbIX YII0B U U Hali-
ANTe OpAMHATLI TOYEK NepecevyeHus ¢ KacaTeNbHOMN.

5) Kak nameHsietcs opanHaTa ToukuM K npu ctpemneHum yria 6 k 90°?
MepecekaeTcA /M KacaTeNbHaa C KOHEYHOM CTOPOHOW yrna nosopoTa
npm 6 =90°?

6) I3BeCTHO, YTO AN Nepuoanyeckon GyHKUMM ¢ nepnogom T 4OCTAaTOYHO M3YyYUTb
®YHKLMIO Ha OAHOM MHTepBane gaMHon T.

Ha kakom nHTepBane gns tan 0 uenecoobpasHo nsydeHne GyHKUUN?

7) tan © He onpeaenéH ana 6 = 90° n O =-90° . B untepsane (—90°; 90°) dbyHKUMA
onpegeneHa.

3anonHuTe Tabanuy n noctpoiTe rpaduk GyHKLUKN TaHIeHca.

N3mepeHus yrna | =70° [ -60° | —45° | =30° [ O° 30° | 45° | 60° | 70°

OpAaunHaTa TOYKM
Ha KacaTenbHoM

8) NocTpouTe rpadumk GyHKUMM y = tan O Nnpu nomouwm rpadkanbkynaTopa.

fpaduk pyHKuMM y = tan x

Kak BUAHO NO PUCYHKY, A/IMHA OTpe3Ka KacaTenbHon AQ vA
o P(cos 6; sinB)
paBHa abCONOTHON BesMUYMHE OpAMHaTbl ToukM Q.
1;tan 0
KoopauHaTtbl Toukn Q pasHbl (1; tan 0). Mpamaa AQ Ha- Q(L; tan 6)
3bIBAETCS NPAMON TAaHFEHCOB. / 5 AL 0)

Mpwu tan 0 = 0 rpadumk GyHKLMM Y = tan X NpoxoanuT Yyepes QJ 1 X
Hauano KoopauHart. Ecau x, octaBasach meHbwe T

2
cTpemmutca K X, To 3HaYeHMA tan X yBENUYMBAIOTCA U

NPUBAMIKAIOTCA K +00,
T

2

T
Mpamble x = BX TaKk e Kak ux= — + (2k + 1) (k€ Z) saBnatoTca BepTUKaAbHbIMMK

acumnToTamu rpadmKa y = tan x.
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Pa3obbém | YeTBEPTb €AUHUYHON OKPYXKHOCTU U OTpe3oK [O; 1) Ha 4 paBHble
YyacT. Ha IMHWMM TaHTeHCOB NOCTPOMM OTPE3KM, PaBHble 3Haqu2mo TaHreHca co-
OTBETCTBYHOLLMX YINI0B. Yepes oTMeyeHble TOUKM, NapasiesbHo ocu Ox, NPoBeaEM
napannensHble npamble. Ha ocu OX OTMETUM TOYKM, COOTBETCTBYIOLLME AaHHbIM
YF1aM, Y BOCCTAHOBMM K KaXKA0M M3 HUX nepneHankynsp. MonyyeHHyto nocneno-
BaTE/IbHOCTb TOYEK NepeceyeHmns COOTBETCTBYOWMX MPAMbIX COEANUHMUM CM/IOLLIHON
AvHuneit.Monyunm rpadmk GyHKLMK y = tan x B npomeskyTke [0; ). YunTbisas, uto
tan(—x) =—tan x, npeobpasyem Noay4eHHbI’ rpadpuK CUMMETPUIHO OTHOCUTE/IBHO
Haya/la KoOOPAMHAT, MONYYUM rpaduK GYHKLMM y = tan X Ha UHTepBane (—%;%)

3 YA ;

[N
T
B |
|
[NIE]
o

3Hasn, YTo nepunog GYHKLMM y = tan X paBeH T, no-
CTPOEHHbIM rpaduK NPOAONKMM Ha T BMPABO U
B1eBo. Monyuymm rpaduk, KOTOPbI Ha3bIBAETCA TaH-
reHcomza.

OcHoBHble cBoMcTBA GYHKUMM Yy =tan x

e Ob6nactb onpeaeneHuns GyHKUUK:
X ¢%+ nn, (ne 2)

e 061acTb 3HaYeHU GYHKLMU MHOXKECTBO BCEX
OeNCTBUTENIbHBIX YMCen.

® O®yHKUuMA HeyeTHas: tan (—x) = —tan x

® OCHOBHOW nepuof GYHKLMN PaBeH T.

o DyHKUMA HE MMEET HU MaKCUMYMA, HU MUHUMYMa.

® [paduK GYHKLUM NepeceKaeT ocb X B TOYKax X =7tn, (n€ 2)

o DYHKUMA He onpeaeseHa B TOYKAX X = 5 +mn (n € Z). MyHKTUPHbIE NNHUW,

NpoxXoAsALMe Yepes 3TN TOYKM, ABAAIOTCA BEPTUKAbHLIMU aCMMNTOTaMMU.

e OyHKUMA BO3pacTaeT Mexay ABYMS COCEAHMMM aCMMNTOTaMMU.

O6yyarowme 3agaHua

|£ Bbluncnute, ncnonb3ysa CBOICTBA d)yHKLI,MVI TaHreHca.

5
a) tan( —%) 6) tan(Tn) B) tan( _ll?n)

& MocTtpownTe rpadumKk GyHKLUK ¥ = tan x Ha NpomeKyTKe [-2T; 27t].
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Fpadmk dyHKUUM y = cot x

[na noctpoeHuns rpadunka GyHKLMM y = cot X BOCNONb3yeMcA TOXKAECTBOM
T
cotx=—tan(x+=) .
T
1) Nepemectnm rpadmKk GyHKLMM y = tan X BAEBO BAONb OCK abcumce Ha — .
2) OTO6pasnM Nosly4eHHYI KPUBYO CUMMETPUYHO OTHOCUTEIbHO OCcK abcumcc.
Mpn x = TN 3Ha4YeHWA TaHreHca PaBHbI
HyAt0, YHKLMA KOTAHreHca Npu AaHHbIX
3HAYeHMAX X He onpeaeneHa:
1 CcoS X
tanx B s|nX

cotx=

Kak BMAHO No rpadmKy, TOYKKN NepeceyeHms
€ OCbto X (HYyAKU) M acUMNTOTbI GYHKLMIA TaH-
reHca U KOTaHreHca MeHATCA MecTaMMu.
OcCHOBHble CBOUCTBA GYHKLMUU Y = cot X.
e ObnacTb onpeaeneHua: x 2xn, (ne 2)
e 06/1aCcTb 3HaYeHU GYHKLMU MHOXKECTBO BCEX
OEeNCTBUTENbHBIX YMCer.
o OyHKUMA HeyeTHas: cot (—x) = —cot x
e OcHoBHOW nepuog GYHKLMM PaBeH T.
® OYHKUMA HE UMEET HU MAKCUMYMa,
HU MUHUMYMA.
® [padrK GYHKLMM NepeceKaeT OCb X B TOUKAX
xX=—+7n,(ne 2)
o DyHKUMA He onpeaeneHa B ToUKax X=71n (ne€ Z). yHKTUpHbIe IMHUK, NPO-
XOAALME Yepes 3TU TOUKU ABAAIOTCA BEPTUKASIbHBIMM aCUMNTOTAMM.
o OyHKUMA BO3pacTaeT Mexay ABYMS COCEAHMMM aCUMNTOTaMMU.

O6yuatowme 3agaHunA
|i OTBeTbTe Ha cneayolle Bonpochl:

a) OyHKUMA TaHreHca He onpegdeneHa ansa a = 90° n a = —90°. Kak BeayT cebs
rpaduKm aTUX GYHKLMA?
6) CKONbKO paZiMaH 1 CKOJIbKO FpajlycoB COCTaBAAET nepuos GyHKLMM TaHreHca?

|i HaiawnTe tan 0 1 rpagycHyto mepy yrna 0.
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Mo rpaduKy PpyHKUMM tan O HallguTe cheaytowme
3HayeHus.

s 3n _In
a) tan Z 6) tan 7 B) tan( 7
r)tan 0 a)tanm e) tan 57?

MocTpoiite rpadmkm GyHKUMIA Ha 3a4aHHOM NPOMEXKYTKE.

a) y=tanx -90°<x<90° B) y=tanx -90°<x<270°
6)y=tanx %<X<3_27-E r) y=tanx —m<x<Tw

i .
a) 3HaA ,yTt0 eciMa = —— , To tan a =~ 7,6 U, UICNO/Ib3ysl OCHOBHOM Nepunog,

24

bYHKLMM TaHreHca, 3anuwnTe eLLé Tpy 3HaveHus gas yria o.

6) 3Has , yTto ecnma=1,25,To tan a= 3 1, UCNONb3yA OCHOBHOM Nepuog, GpyHK-
LMW TaHreHca, 3anuwmnTe ewwé Tpy 3HaYeHus gaa yria o.

B) 3anulumMTeE ABa 3HAYEHUA X U3 NMPOMENKYTKA —TT £ X < T, B KOTOPbIX GYHKLUMA
y = tan x He onpeaeneHa.

Mpu npnbanKeHUM 3HaYeHUM X K 90° yacTb rpadpmKa GyHKUMM ¥ = tan X CNOBHO
npuHUMaeT Gopmy BEPTUKANIbHOM NPSAMON. BblumcanTe 3HaYeHUA TaHTeHCOB
Y108 B Tab/iMLe Npu NOMOLLM KalbKyNaTopa. Kak M3MeHAOTCA 3HaYeHUsA TaH-
reHcos gns yrna 6 npu npubamxeHnn K 90° 1 npu yaaneHum ot yrna 90°?

0 tan 6 0 tan 6
89,5° 90,5°
89,9° 90,01°
89,999° 90,0001°
89,999999° 90,000001°
Ona Kaxpon GyHKUMKM HA NpoMeKyTKe =27 < x < 27T HaguTe:
a) Hynu; 6) BepTUKaAbHble aCUMMTOTbI.
1)y=tanx 2) y = cot x

. Hangute Tpu TakMX 3HAYEHUA X HA NPOMeEXYTKe —2T < X < 27, NPU KOTOPbIX

He onpeaeneHa GYHKLMA: a) KOTaHreHca; 6) TaHreHca.

. Noctpolite rpadpmkmn GyHKUMIM y = tan x, y = cot x U No rpaduKy o6bACHUTE YET-

HbIMW, UN HEYETHBIMU ABNAIOTCA AaHHble yHKUMK. CaenainTe COOTBETCTBYIO-
LI MaTEMaATUYECKYHO 3aMuchb.
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|12

|13.

|14.

|15.

MocTtpoiiTte rpadpuKkm GyHKLMN.

a)y=tan(x—%) 6) y=tan(x+%)

B) y=tan(x—%) r) y=tan(x+£6)

YcTaHOBUTE COOTBETCTBUE MEXKAY rpadrKoM U QYHKLMEN.

1) Y 2) y 3) Y

a) y=cotx 6)y=cot(x+%) B) y=—cotx

JNlecTHULL@ Haxo4UTCA Ha PAcCTOAHUM 3 M OT CTeHbl U COCTaB-
NAET Yron a € NJ0CKOCTbo Nona. BbicoTa OT Kpasa nNecTHULbI 40
nona h m.

a) 3anuwunTe 3aBUCMMOCTb h OT yrna o NPU NOMoLLM GYHKLUK
TaHreHca.

6) MocTpoiiTe rpadmk PyHKUMKM Ha HTepBase 0° < a < 70°.

8) Kak nsmeHseTca BbIcOTa h Npu yBeMYeHUM yria o?

r) Yto npoucxoamT npm o = 90°?

Kamepa HabnogeHna 3a 3abopom ycTaHoB-
JIeHa Ha paccTofHUM 5 M OT cepeanHbl 3a-
6opa. OauH nonHbii 0bopoT o630pa oOHa
BbINoAHAET 3a 60 ceKyHA, .
a) Kamepa HauvHaeT HabnogeHue oT cepe- FIM sm &
AVHbI 3ab0pa Mo y4yacTKy A/ nHoM d.
BbipasuTe B BUAE yHKLMM TAHTEHCa 3aBUCK-
MOCTb PacCTOAHUSA d OT BpemMeHH t.

Mpumnte 3a Havano otcyeta t = 0 MOMeHT
BPeMeHMU, Koraa ToYKa HabntoaeHUs HaxoauTca Ha cepeanHe 3abopa.

Kamepa Ha-

“~~._ 6modeHus

Ss

moyka cepeouHsol
3a60p 3a6opa

YKasaHue: Npu uenom noBopoTe Kamepa coBepLUaeT NoBopoT Ha 360° . Hai-
OMTe, Ha CKO/IbKO rpaZlycoB NOBOpPaYMBaeTca Kamepa 3a 1 cekyHAay.

6) MocTtpoiTe rpadumk 3ToM GyHKLMM Ha MHTepBane —15 < t < 15.

B) Kakyto 4acTb 3a60pa MOXKHO HabAtoaaTh 3a Bpemsa t = 10 cekyHA?

r) YTo npon3onaét B MOmMeHT t = 15 cekyHA?
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MoKaxkuTe Ha rpadmKe TOYKM NepPeceyeHUs C OCbIO X, MaKCUMYMbl U MMHUMYMbI
dYHKLMN.

a) Ecau rpadumk cootBeTcTBYET PYHKUMM Y = 2sin 3x 1 B F
KoopAanHaTtbl Toukn A(0; 0), To HaMAUTE KOOPAUHATbI
Touek B,C, D, E, F.

6) Ecnm rpadumk cootseTcTBYET GYHKUMM ¥ = 3COS 2X U 5
KoopAanHaTtbl To4yku B(0; 3), To HallauTe KOOpPAMHATbI
Touek A, C, D, E, F. D

o1
B) Ecnmn rpaduk cootsetcTByeT GyHKUMM Y = sin — X V1 KOOPAUHATbI TOUKM

A(—2m; 0), To HallauTe KoopanHatel Touek B, C, D, E, F.

3anuwunTe ABe pasnyHble GYHKLMM CUHYCA U KOCUHYCa, ecnv obnacTb onpese-
NIEHNA MHOYECTBO BCeX AeNCTBUTENbHbIX Yncen{x | x € R}, a MHOecTBO 3Haye-
HUI oTpesok [-3; 3].

HaliguTe a) nepunog; 6) amnantyay GyHKUMK; B) NocTpoiiTe rpadmK GyHKLUN.

1
1)y=6sin%x 2)y=3c057x 3)y=17cot2x 4)2y=tan2x

PeknamHasn Hagnucb OCBELLLAETCA OT UCTOUYHMKA, pac-
NoJIOXKEHHOro Ha paccToaHMM 10 m oT 34aHus.

a) BbipasunTe 3aBUCMMOCTb PACcCTOAHMA a OT yI/ia 6 B 10m 0 a

BUAE TPUTOHOMETPUYECKOMN QYHKLUN. )

6) 3anonHuTe TabuLYy, OKPYINUB 3HAYEHUA a A0 Ae-

CATbIX. P I A s 2
B) Kak BMAHO M3 Tabnuubl, 3HaYeHusa O ysennym- 18 1916]9

BalOTCA Ha OAMHAKOBbIN wWar. BepHo nu gaHHoe | 4
npeanonoXKeHne AN 3HauYeHun a?

4rt
r) Echm 0 <0 < ——, TO KaKyto Hanbo/bLUYHO YaCTb PEKAAaMHOrO LWKUTa ocBeLlaeT
9

UCTOYHUK?

a) MUHMMYM CUMHYcoMAbl PpacnosioxkeH B Touke (18;44), a MakCMMyM B TOUKe
(30; 68). HaitgmTte amnantyay GyHKUUK.

6) 3a o4MH Nepuog CMHycoMaa AOCTUrAaeT MaKCMMasIbHOTO 3HAYEHUA B TOUKe
(4; 12), MMHMManbHOrO 3HaYeHuns B TouKe (12; —2). Haliaute nepuog dyHK-
umn.

8) Ha oTpesKke, ANNHOW B OAWMH NepUOL, CUHYCOMAA AOCTUTAaeT MaKCMMyMa B
ToukKe (7t; 7), MUHMMYMa B TOUKe (% ; 3). 3anuwunTe dopmyny aToi GpyHKLMUM
B BMAe y =d + a - cos bx.
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|i Cmopgenupyiite GpyHKLMIO CUHYCa, KOTOPasa NO3BO- ‘\
NIUT onpeaennTb PaccTosaHMe OT 3eMAU A0 3eNé- 3€/1eHbIN

HOM NTaMMOYKM Ha Kapycenun B ntoboit MOMeEHT - CBET
BpemeHu. MpumnTe Camblit HUXKHUI YPOBEHD 3€- 10
nénon namnoykm npu t = 0. Kapycenb cosepLuaeT 3
OAMH MONHbIN 060poT 32 100 ceKyHA. 2(m

|L fny6uHa Boabl. B Tabauue npeactasneHa nidopma- | Bremsa, t [[nybuna, y

umA 06 M3MeHeHUM YPOBHA BOAbI Ha naaxe ¢ nony- | MNoaHoub 3,2

HOYM [0 NONYAHA. 02:00 9

a) CMmogenupyiite nsmeHeHue rmybuHbl Bogbl Npu no- 04-:00 11,9

Mol GyHKUMKM Buaa y =d + a - cos(bt + c). 0600 3

6) Ha cKonbKo M3meHunacb rybuHa ¢ 7 go 9 yacos .

yTpa? 08:00 3,2
10:00 0,3

MNongeHb 3,2

|i U3meHeHue TemnepaTypbl. B HOxHO-AdpUKaHCKMX cTpaHax npeobnagaer Tpo-
NMUYECKUN N cyBTPONMUYECKNI KNMMaT. B 3TOM YacTu 3eMHOTO0 Lwapa C UIoHA Mo
aBryct 6biBaeT 3uma. B Tabnumue npeacrtaBneHa exemecayHas MaKcMmasbHas
Temnepatypa 3a roa B ropoge KerintayH (FOAP).

Mecsaua |fiusaps [vespans| MapT| Anp. | Mait | UtoHb [Wionb| Asr. | CeHT. | OkT. |Hoabpb| [ek.
Temn.
(°9)
Mo AaHHbIM Tabanubl MOCTPOEH rpad K. Ha ropnsoHTanbHOM ocK nocienoBa-

Te€Z1IbHO OTMeY€eHbl mecAla:

28 27 | 25 | 22 | 18,5|16 15 16 18 21,5 | 24 26

AHBapb t=1, peBpanbt=2nT.A4.. T(C)A

Ha BepTMKanbHOM ocn oTMeyeHa 307.., e

TemnepaTtypa. 201} . . '\°

Tabnuuy v rpaduKk HapucymnTe B TeT- 101 ‘ —(10;21,5)

pap'b' TER T T T T R N R R N -
3HaA, uUTo cpeaHemecaYHan Temnepa- '3 6 9 1ol "

on pen p ﬂHBaspb 6 9 12ﬂHBapb t (mecaua)

6yaeT npuban3nUTENbHO NOBTOPATLCA B Cieaytolne 12 mecaues, NpoaoakuTe
rpaduk Ha ciegytowme 12 mecaues.

Ii PesynbraT nogbeéma M onyckaHus (B meTpax)
CyZHa HA BOJIHAaX MOXeET ObITb CMOAENIMPOBAH
¢dyHKUMel d = 0,6 sin tt. 3geck t NOKasbiBaeT
Bpems (cek.). HaueptuTe rpaduk GpyHKLMM Ha
O4HOM LLeIOM Nepuose.

|£). 3agaua OTKPbITOro TMNa. 3anuwInTe TPUTOHOMETPUYECKYHD OYHKLMK C aM-
nAUTYAO0M 1 1 ocrosHbIM nepMoaoM T, NocTponTe eé rpaduK.
2



MHororpaHHUKH

MHororpaHHUKHU

Mpu3mbl

MHororpaHHuUKKU. Buabl MHOrOrpaHHMKOB C Pa3/IMYHbIX CTOPOH
Mnowaab NoBEePXHOCTU NPU3MbI

CeyeHuMa NPU3Mbl NNOCKOCTbIO

Mupamunabi

Mnowaab NoNHOM n 6OKOBOI NOBEPXHOCTU NUPaAMUAbI
YceuéHHaa nupammaa




166 MHororpaHHUKHK

MHororpaHHUKH

MHOrorpaHHMKOM Ha3blBaeTCA Te0, NOBEPXHOCTb KOTOPOrO COCTOUT U3 KOHEY-
HOrO YMCNa NJIOCKMX MHOTOYTO/IbHUKOB, KOTOPbIE Ha3blBaKOTCA rPAaHAMMU. Y MHO-
rorpaHHuMKa He meHee 4 rpaHeil. OTpe3KM, No KOTOPbIM MepeceKkatoTca rpaHu,
Ha3blBaloTCA pEBpamm, a TOUKM B KOTOPbIX MepeceKatoTca pébpa, Ha3blBaloTCA
BepLIMHAMM.

MpuU3ma — MHOrOrpaHHUK, Ase rpaHn  [MpamMmuaa —sTo MHOTOrpaHHMK, oAHa
KOTOPOro ABNAKOTCA KOHTPY3HTHbiMKM TFPaHb  KOTOPOro  MHOTOYro/IbHUK, a
MHOFOYrO/IbHUKAMM, NEKALLMMM B Na- OCTaJIbHbIE TPAHU - TPEYTO/IbHUKK C
pannenbHbIX NAOCKOCTAX, @ OCTa/lb- obuien BepwmnHON.

Hbl€ rpaHN — napannenorpammamu.
OCHOBaHMue

B 3aBMCMMOCTM OT GpOPMbI MHOFOYrO/IbHMKA, JIeXKalllero B OCHOBaHUM, Npusma
MOMKET ObITb COOTBETCTBEHHO: TPEYrO/IbHOM, YETbIPEXYTOIbHOM, MATUYTONbHOMN, Le-
CTUYFrONbHOW U T. A,

|

TpeyrosnbHas NPAMOYTONbHbIN NATUYronbHaa WecTUyronbHas
npusma napannenenunep, npusma npusma

TpeyrosibHasa l-IETbIpéXYI’OIII:Haf'I NATUYroaibHas LecTuyrosibHasa
nMpamuaa nMpamuga nupamuga nnMpamuga

MHororpaHH1KK 6bIBatOT ABYX BUAOB: BbINyK/ble U BOTHyTble. ECin mHOrorpaHx-
HUK LEe/IMKOM Pacro/ioXKeH No OA4HY CTOPOHY OT NIOCKOCTM KaXKAO0WM ero rpaHu, To
OH ABAAETCA BbINYKAbIM. MHororpaHHukn A n B Bbinyknble, C n D - BOrHyTbIE.

1
1
o
o
L |
o
1

——d A

PO e
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Ob6yvarowme 3agaHus

|£ Kakasa ¢purypa sBnseTca MHOrorpaHHMKoOM?
B)@ r‘)

E [N KaXkaoro MHororpaHHUKa onpeaenvTe KONMYeCTBO rpaHel, pébep 1 BepLUnH.

a) |

a) 6) B) ) A)
MHororpaHHUK a) 6) B) r) a)

Yucno rpaHen

Yucno pebép

Yucno seplumnH

E HanuwwuTe No NpAMOYro/ibHbIM Napannenenunesam Ha PUCYHKe:
a) BCe KOHrpyaHTHble pébpa; 6) Bce napannenbHble pE6pa;
B) BCE KOHIPY3HTHbIE FPaHu; I) BCe NapannesbHble rpaHu;
4) BCe nepneHaNKyAAPHbIE TPaHM.

(@]

a) F H 6) L

i G
- -Jc

pmmmm———-
Ay

/0
=
\

=2
1
1
1

A D [T~ T

dopmyna diinepa

Y NpoM3BONbHOIO BbIMNYK/JOrO MHOTOrpaHHUKA MexKay unmcnom rpaHen (F),
pébep (V) n BepwmH (E) cywecTByeT cBA3b, Bbipaxkaeman Gopmynol diinepa:
F+V—-E=2.

To ecTb cymma ymcna rpaHelt 1 YnMcna BepLUMH BbIMYKAOrO MHOTOPaHHUKA
Ha 2 6onble, yem Yncna pebep.

<
jo)

Mpumep. MHororpaHHUK nmeet 14 rpaHeii. 8 rpaHen
TpeyronbHble U 6 BOCbMUYronbHble. CKO/IbKO BEPLUUH Y
3TOro0 MHOTOYro/IbHUKa?
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PeweHune. ObLLee YMCNO CTOPOH 8 TPEYroNbHUKOB U
6 BOCbMUWYronbHUKOB: 8- 3 + 6 8 = 72. Ho Kaxkaoe
pebpo — 3TO OTpe3oK, N0 KOTOPOMY MepecekatoTca

Hanpumep, kBagpatbl, co-
cTaBastoLWme rpaHn Kyba,
MMelT 24 CTOPOHbI a Yy
Kyba TonbKo 12 pebep.

ABe rpaHu. Utak, Konmyectso pebep byaet 72:2=36.
Mo dopmyne ditnepa MOKHO HaNTU KOIMYECTBO Bep-
LWIWH:

F+V=E+2;14+V =36+2;V =24,

OTBeT: Y MHOrorpaHHmKa 24 sepLumnHbl.

12 pebep

24 cTtopoHa

|i Onpegenunte YMCNO BEPLUMH MHOTOrpaHHWKOB Nno dopmyse diinepa.

6) NmeeT 26 rpaHei.
8 W3 HUX - Tpeyrosb-
HUKK,a 18 - KBagpaThbl

a) Umeet 12 rpa-
Heln. Bce rpaHu -
TPEYroNbHUKMU.

npaBManble MHOrorpaHHuUKu

B) UmeeT 14 rpaHeit. 8
M3 HUX -
HWKK,a 6 - KBaZpPaThbI

5

Tpeyronb-

BbINYKAbIA MHOFOrPaHHUK, BCE FPaHM KOTOPOro ABAAKTCA KOHIPYIHTHbIMM Npa-
BM/IbHbIMW MHOTOYrO/IbHUKaMM, U B KaXK0 ero BepLinHe CXoAMTCA OAUHAKoBoe
yncno pébep, Has3bIBAETCA NPaABUIbHbIM. ITU GUTYPbI TaK e Ha3blBaloT naaTo-
HOBbIMU TelaMn. Hanpumep, Kyb ABASETCA NPaBUIbHBIM MHOTOrPaHHMKOM. Pas-
IMYaloT NATb BMAOB NAATOHOBLIX TeN: TeTpasgp, Kyb, oKTasap, AoAeKasap U

MKocasap.
NpPaBUNbHDbINI

Ky6
TeTpasgp

[oaeKasap

OKTa3ap

I —

2
2
a

umeem 4 2paHu,

Kaxc0as u3 Komo-

pbix NpasunbHbIl
mpeyaosbHUK

umeem 8 epaHel,

Kax0as u3 Komo-

pbIX NpasusbHebll
mpeyaosbHUK

MMmeeT 6 rpaHen,
Kaaasa U3 KoTo-
pbIX KBagpaT

KaXgaA U3 KoTo-

NATUYTONbHUK

MKocasgp

umeet 12 rpaHen, umeet 20 rpaHei,

KaXaA U3 KOTo-

PbIX NPaBU/IbHBIVE  pbix NPaBUAbHDINA

TPEeyronbHMK

|i JIAMaH CKOHCTPYyMpoBasia NpPaBu/bHbIA MHOTOFPaHHWK, Yy
KOTOPOTO rpaHu - NpaBu/bHble NATUYTONbHUKM CO CTOPO-
HOW 4 cm. JIaMaH NnaHMpyeT caenaTb U3 3TOr0 MHOTOrpaH-
HuKa LED namny, npoTaHyB BOO/b ero Bcex pebep
CBETOAMOAHbIN NPoBos. CKO/IbKO CAHTUMETPOB TaKoM Npo-
BOJIOKM MOHaZ0o6utca SlamaH?

'.

>
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UccneposaHue.

BO3MO»XHO 1M NOCTPOUTb C LLIECTUYFOJIbHUKaMMU NAATOHOBbIE Tena?

CyuiecTByeT BCero nATb NpaBU/IbHbIX MHOFOrpaHHUKoB. MNoa-
TBEPAUTb 3TO MOXHO C MOMOLLbIO PA3BEPTKM BbIMYKAOr0 MHO-
rorpaHHoro yrsia. Cymma njaoCKux yr/ioB B KaxKAoW BepLUnHe
A0NXKHa 6bITb MeHblue 360°, MHaYye HMKAKOM MHOTOrpaHHoOM

NMOBEPXHOCTM HE MONYUNTCA.

MpoBepbTe 3Ty MbIC/b ANA KaXKA0N NAaTOHOBOM GuUrypbl, Uc-
NoAb3ya rPagycHY0 Mepy BHYTPEHHWUX YI10B NPaBUIbHbBIX MHO-

roOyronbHMKOB.

Yron npasubHOro TpeyronbHuka / \ paseH 60°

CymMma yr/10B B KayKA0W BepLIMHE:

C obuLelt BepLIMHON 3 TpeyroabHMKa
4 TpeyronbHUKa:
5 TpeyronbHWKOB:

: (3 x60°=180°)

Yron KBagpaTa paBeH .

C obLuelt BepLUMHON - TPU KBaAPATHbIE rPaHu:

AN
Yron NpaBuAbHOIO NATUYrONbHUKA | | paBeH .

C 06wwei BepLUIMHOW - TPM NATUYTO/IbHbIE FPaHM:

Yron npaBMAbHOTO WECTUYro/IbHUKA
C ob6Leit BepWMHOM - TPU LIECTUYTO/IbHbIE FPAHM:

> paBeH _

Yncno MHoOroyronb-
HMKOB Ha OAHOM
BepLUMHe

Cymma yrnos Ha
KaXkgoM BepLunHe
<360°

Ha3BaHue

PucyHok

3 TpeyronbHMKa

180°

4 TpeyronbHMKa

5 TpeyronbHUKoB

3 KBagparTa

3 NATUYToO/IbHUKa

oQeevd
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[Ba KOHIPY3HTHbIX MHOTOYrONbHMKA, PACMONOMKEHHbIX B NapaniefibHbiX NI0CKO-
CTAX M COBMNaZatoLLMX Npu napansiesibHOM NepeHoce, 1 Bce OTPE3KM, KOTopble Co-
eVHAIOT COOTBETCTBYOLWME TOYKM MHOTOYroNIbHUKOB, 06pa3ytoT durypy, Kotopas
Ha3blBaeTcA NpM3moit. MHOroyrobHMKN Ha3blBalOTCA OCHOBAHUAMU MPU3Mbl,
a OTPEe3KM NPSAMbIX, COEANHSAIOLLNX COOTBETCTBYIOLLME BEPLUMHbI, Ha3biBaloTCA 60-
KosbiMu pébpamu npuamel. HacTb NIOCKOCTU, MPOXOAALLEN Yepe3 bOKoBble pébpa
NpPU3Mbl, Ha3bliBaeTcA BOKOBbIMU 2PAHAMU MPU3Mbl. BOKOBbIE rPpaHM NPU3MbI Na-
pannenorpammbl. Y Kaxaoro napannenorpamma fiBe CTOpOHbl COOTBETCTBYHOT CTO-
pPOHaM OCHOBaHMA, a ABe Apyrue ABaATca BOKOBbIMU pEbpamu.

Ecnun 6oKoBble pébpa nepneHANKYAAPHbI NI0CKOCTU OCHOBAHMSA, TO NPU3Ma Hasbl-
BaeTcA npAmMoli npu3moli, ecnv He nNeprneHANKYAAPHbI, TO NPM3Ma Ha3blBaeTcA Ha-
KAOHHOU npu3smoli.

MpaBuabHaa Npu3ma — 3To NPAMas NPM3Ma, OCHOBAHMEM KOTOPOW ABAAETCA Npa-
BWJIbHbIV MHOTOYTO/IbHUK. BOKOBbIE FPpaH NPaBUIbHOW MPU3MbI MPAMOYFOIbHUKM.

OcHosanve OCHOBHbIe 31eMeHTbI MPU3Mbl
1
! r - bokoBble
T 1 .
H X pébpa
I 1
[ L
b ~
< > bokoBble
OcHoBaHue rpaHn
HaknoHHasa npusma
Mpamasa npusma P
PacctoaHne mexay OCHOBaHUAMMU MpAamana, coeguHAlOWaAA ABe Bep-
npu3Mbl Ha3biBaeTcA 8bicomoli. boko- LUMHbI NPU3Mbl HE NPUHaANexaLlme
Bble pébpa NpAMo NPU3MbI ABAAIOTCA OHO rpaHn, HasbiBaeTCA OUA20HA-
€€ BbICOTamMMu. . /1610 NPU3MbI.
: 0ua2oHasb
TP T i
: -l
BblCOTa ! BblCOTa R
’J--- ———— \\
l EAn l |

Ecan B OCHOBaHUM MPU3MbI JIEKUT N - YIONbHUK, TO
OHa Ha3bIBAETCA N-Yro/bHOW MPU3MON. N-yrosibHasn
NpM3ma MMeeT: 2n BEPLLUUH, N + 2 rpaHeit, 2n pébep.

T

:

1

1

1

1

:

1
Hanpmmep, Ha PUCYHKe M306pa>+<eHa npmnama C NATU- /'\
|

Yro/IbHbIM OCHOBaHMEM. 3HAUUT y NpU3Mbl - 10 BEPLUMH,
7 rpaHei, 15 pebep.
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Mpr3ma, B OCHOBAHUM KOTOPOW NEXUT Napannenorpamm, HasblBaeTca napasnie-
nenuneaom. NMpoTMBOMNONONKHbIE TPaHM Napaanenenunesa napannesbHbl N KOH-
rPYaHTHbI. Mapannenenunes, B OCHOBaHUW KOTOPOTO

NEXUT NPAMOYTONIbHUK, Ha3bIBAETCA NPAMOYTO/IbHbIM B: &}
napasnenenunesom. Ha pucyHKke mokasaH npamo- A, ~ ! Ds
yronbHbii napannenenunesn ABCDA'B'C'D'. OnuHbl | C
pébep, BbIXOAALLMX U3 OAHOW BEPLUMHbI MPAMOYTO/b- ¢ L7 b
HOro Napannefnenunea, HasblBalTCA USMEPEHUAMMU 3 D
napannenenvnesa.

O6yuatowme 3agaHmA

1.

2.

Kakas 13 opuryp Ha pucyHKe He aBasetca npusmoii? O60oCHyiTe cBoe MHeHMe.

a) 6) 6 B) r) n)
NN
12D

1) Mo 3a4aHHbIM U3MEPEHUAM HayepTuTe:

).----

/7

a) NpAMOYro/ibHbIA Napasnnene- 6) Ky6, AnnHa pebpa KoToporo
nuneg, c paamepamm 3x4x3. paBHa 5.

2)  Wcnonb3ys  UHCTPYMEHTbI ~dlli—
www.geogebra.org  nocTpomnTte
NPU3Mbl OCHOBAHMA KOTOPbIX -

Pa3Hbleé MHOIoyroJibHUKu.

M
m

Ha pucyHKe n3obparkeHa npaBuabHasn LWEeCTUYroNb-
I
Has npu3ma. OTBeTbTe Ha BOMPOCHI. A

a) CKoNbKo rpaHeit, pébep 1 BEPLUNH Y 3TON NPU3MbI? B’
6) 3apuwnTe HasBaHMe rpaHel NPU3MbI.
B) KaKkas rpaHb napannenbHa rpaHu A'ABB’? A D
r) Kakune pebpa nepneHANKYNAPHbI OCHOBaHUAM?

N
\
WY

A)
AY
’

lpaHM Kyba Ha pa3BEépTKe o603HauYeHbl OyKBaMM, OfHA rPaHb 3aKpalleHa.
Kakas rpaHb - HANPOTUB 3aKpaLLeHHOM FpaHun?

EL 6) B) r) Aa)
a | 3 . |a |a b cF|
b b|c b d | |
C d | d_
d|e e €
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Mpusmbl
E BbinonHWTe 3aaHMA AN NPAMOYTroNbHOMO Napannenenunesa 5
Ha PUCYHKe. jpan
a) BepwuHbl B 1 H rpaHeit ABC n EHG coeguHeHbl gnaroHa- e . D
L
Nibto. M306pa3unTe BCce BO3MOMKHbIE AMATOHANN U 3aNULINTE, - s G
E H

BePLWUNHbI KaKNX rpaHeﬁ OHU COeaAUNHAIOT.

6) NMoKaxkunte ABe Kakne-AMbo NepneHANKYAsSPHbIE TPaHN U 06OCHYITE UX Nep-
NeHAUKYNAPHOCTb, UCNONb3YA Pa3/INYHbIe TEOPEeMbl U onpeaeneHus.

a) Kyb pasgeneH Ha ABe paBHble NPU3MBbI, i
[
KaK MOKasaHo Ha pucyHkKe. M3o6pasute no- L
1
Ny4eHHble NPU3MbI KOTAA OHM NiexaT Ha 3a- | 1

KpaLLIEHHOIz NOBEPXHOCTHU.

.
.
’

-] -

P e o]
1
T
T
1
!

il

I

1

1

T

1
~

N,
‘1

.
’
-
1
1
~
’
’

6) MpuaymaiTe pasHble BapMaHTbl pasgeneHus Kyba Ha ABe paBHble YacTy.

MN306pasunte NoaydeHHbIe YacTu.

M3mepeHna npamoyroabHoOro na- |8_
pannenenunega pasHbl 3x4x12.
Haligute AmnaroHasb OCHOBaHUA

AC n gwaroHanb napannenenu-

nega AC'.

Ha pucyHKe nsobparkeH NpAMOYro/ibHbI Napannenenu-
nea. Javbl: EN=NH, AM =MD ; DC=6 cm, FC=12 cm,

EG = 8 cm. Hannaute gnmnHy MN.

HailauTe amaroHanb napannenenunesna ¢ UsMmepeHusamu.

a) 6; 8; 24 6) 12; 16; 21

[lBe GOKOBble MPOTMBOMO/IONKHbIE
rpaHn napannenenunena Ha pu-
CYHKe ABAIOTCA KBagpaTaMu Co CTo-
poHot 4 cm. [InnHa pebpa AE 7 cm.
Hangute gnvHy DF.

H

()]

~ =

OCTpbIit yron B OCHOBaHWM NPAMOro napanienenunena paseH 60°, a Kaxaoe
pebpo paBHO 0. HaauTte avaroHanu napannenenuneaa.

. Haliante gnaroHanu npsmoro napannenenunega, ecam 6okosoe pebpo pasHo

5 cm, a B OCHOBaHWM NeXUT NapanienorpaMmm co CTOpoOHammn 6 cm 1 8 cm u gua-

roHanbto 12 cm.
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Ky6 KOHCTpyKLMM

Mpu nomoLM Ky6OB MOXKHO NOJIy4YaTb Pa3INYHbIe KOHCTPYKLUMKN. BUabl KOHCTPYK-
UMM C Pas/INYHbIX CTOPOH (NAaH) an HaobopoT, cbopKa KOHCTPYKLMK MO NAaHy
nmeeT BoNbLIOE NMPAKTUYECKOE 3HAYEHMe.

MpakTuueckas pabota. Huxe npeacras/ieHbl BUA CBEPXY, BUA COOKY U BUA cne-
peau KOHCTPYKLUMU. CocTaBbTe KOHCTPYKLUUK U3 KyBoB 1M n306pasute nx Ha U30-
MeTpuyeckon bymare.

Bug, csepxy Bua c6oKy Bupg cnepeaun

Bug csepxy nomoraer Bua cboky nomoraer po- Bupa cnepean nomoraet npo-
MOCTPOUTb OCHOBaHMe  CTPOWUTb GUrypy A0 KoHUa BEpUTb, NPaBUAbHO NN Bbl-
burypsbl NOJIHEHO NOCTPOeHue

1-bih 1 2-oM psag,
BbicoToM B 1 Ky6.

\ WurpunHa
KOHCTPYK-
unm 2
OcHoBaHWe NPAMOYronb- CAVHULE
HUKa € pasmepamu 2x3
epnHnub ( 8 Kybax) 3-uit pag, BbICOTOI Beicota
g2 KY6a KOHCTPYK-
uum 2 kyba
Ons  un3obparkeHua TpEXmepHbIX ouryp
YA06HO MCMONb30BaTb MU3OMETPUYECKYIO BY-
mary. Hanpumep, pébpa Kyba paBHble egun- . A . . .
HULUe, paBHbl eANHNLE PACCTOAHUA MeXKayY . . .

ToykKamu. [MMonyuntb u3obparkeHune Kyba
MOKHO, OTMETUB BEPLUNHbI U COEANHUB UX.
AHanormyHbim 06pasom cTpoATca Bce Kybbl,
M3 KOTOPbIX COCTOUT Ky6ouma.

E MocTpoiTe KOHCTPYKLMIO M3 KyDOB MO 3a4aHHbIM Pa3INYHbIM BUAAM U M306-
pa3uTe KOHCTPYKLMIO Ha M30OMeTpUYecKor bymare.

a) 6)
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E Kakoi1 13 BuaoB: ceepxy, CBOKy uau cne-
peau Ha PUCYHKe NO3BO/IAET YCTaHOBUTD,
OAMHAKOBA /M BbICOTA KOHCTPYKUMMU?
N306pasnTte 1 NoKaxkute.

E M306pasunte Kaxayto KOHCTPYKLMIO Ha M3o0MeTpuUyeckoi bymare, a TakKe Ha-
yepTUTE BUA CBEPXY,cnepeam u cOoKy.

|i MN306pasuTte BMA MHOTOFPAHHUKOB CBEPXY, CHU3Y U COOKY.

O6paseu. I Buapl D

cnepeam ceepxy c60Ky
cBepxy
CBEPXY cBepxy
a) ="
cboKy
Goxky criepean cnepeau cboky
cnepeam

Ii Onpegenvte Kakas pa3BEPTKa KaKOMY NPaBUIbHOMY MHOFOTPAHHUKY OTHO-
cuTes.

Nkocaspp
ofleKas
MpasunbHbit ~ KYO OkTasgp HAonexaspp

TeTpasap i @
D.

D
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Mnowanb 60KOBOM NOBEPXHOCTU NPU3MbI

UccnepoBaHue 1. M306pa3um pa3BEPTKY NPSIMOYTro/ibHOro nNapannenennneaa c
nsmepeHuamu a, b, c.

a
i ' c
! 3a4HAA
1 C A
1
”J— ——————————————

- b nesas HUKHAA glrpasan b
MoBepxHOCTb Mapannenenunena cocTouT u3 6 a
NONApPHO KOHIPYSHTHbIX NPAMOYTO/IbHUKOB W, c nepeaHaAn ¢
YTOObI BbIYUCAUTD MAOWAAb MOMHOM MOBEPXHO-  |ecoccocoooo_ ]
CTW, HAAO BbIYUCIUTL NJOLLAAM €ro rpaHen. b a b

BepxHAA
MpaHun Mnowaaun
a
1. NpaBas u nesas: bc + bc = 2bc
2. HUxKHAA 1 BepxHAA: ab+ab =2ab
3. NepegHAA n 3agHAA: ac +ac =2ac

Cymma nowtagein Bcex rpaHei: S = 2ab + 2bc +2ac

Mnaowasb NoAHOM MOBEPXHOCTU NPAMOYTOAbHOIO Napanaienenunesa ¢ AANHOM
a, WWUPWHOW b 1 BblcOTOM ¢ BbluncaseTcsa no dopmyne S = 2(ab + ac + bc).

UccneposaHue 2. BoluncimTe naowiagb 60KOBOM M NONHOM NOBEPXHOCTU NPAMO
TPeyro/ibHOM NPU3Mbl C BbICOTOM h CTOPOHAaMM OCHOBaHUA a, b, C.

b a

HauyepTum pasBEpTKy NpuU3mbl.

BokoBasi NOBEPXHOCTb MPU3Mbl COCTOUT U3 TPEX NPAMOYro/ibHMKOB. Cymma njo-
Laaen 3TUX NPAMOYro/ibHMKOB COCTaBASAET N/olaAb HOKOBON NOBEPXHOCTM.
Mnowaab 60KOBO NOBEPXHOCTHU:

ah +bh+ch=(a+b+c)h=Ph,rge P-nepumeTp OCHOBaHMS.

Y1o6bl HaliTK NOWaAb NONHOM NOBEPXHOCTU, HAA0 HATU NIOWaAM OCHOBAHWIA.
B Hawem cnyyae ocHoBaHMeE TPEYroibHOe. 3HaYnUT, 414 AaHHOM NpU3MbIl NO-
LLaab NOIHOM NOBEPXHOCTM PaBHa CyMMe M/oLWaAel ABYyX TPEYro/bHUKOB 1 No-
WwagM H6OKOBOWM MOBEPXHOCTU. 34ecb NOLWLALb TPEyro/sibHUKa MOXKeT 6biTb
BbluMcaeHa no popmyne lepoHa.
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UccneposaHue 3. OCHOBaHMAMM HAaKIOHHOM NPU3MbI AB-
NAOTCA ABa NPAMOYro/ibHMKa co ctopoHamm 10 x 20. [se
6oKoBble TpaHu (neBas M npaBas) ABAAIOTCA KOHIpy-
9HTHbIMM NPAMOYTroAbHMKamu ¢ aamHamum 10 n 18, age
OCTaBLUMECA rpaHu (NnepenHAs v 3a4HAA) ABAAIOTCA Na-
pannenorpammamm co ctopoHamum 20 n 18 n octpbim
yrnom 30°. HalauTte naowaab nosiHON NOBEPXHOCTU.

[ns Toro, 4Tobbl HANTW NAOWAAM NepeaHen U 3a4He NOBEePXHOCTEN NPU3MbI, AB-
NAWMMUCA Napannenorpammamu, Hangém BbICOTY.

2o N _
sm30—18 h=9

Cymma nnolagen nepeaHen 1 3agHen rpaHeit: 2- 20- 9 = 360 (kB.ea.)
Cymma nnolazen npaBoi u nesoi rpaHeii: 2- 10- 18 = 360 (kB.ea.)
Cymma nnouwager ocHoBaHuaA: 2- 20- 10 = 400 (kB.ea4.)

Mnowaab nonHol nosepxHocTn: 360 + 360 + 400 = 1120 (kB.ea.)

Mnowaab 60KOBOM NOBEPXHOCTU NPAMOI NPU3MBbI
p

Mnowaab 60KOBON NOBEPXHOCTW NPSMOM NPU3MbI PaBHa
Npoun3BeAeHMIo MepPUMETPA OCHOBAHMSA MHOTFOYro/IbHMKA
Ha BbicoTy (6okoBoe pebpo).

Séox = Ph
3pecb P nokasbiBaeT nepMmeTp OCHOBAHMS, a h BbICOTY NPU3MbI.

Mnowaab NOAHOM NOBEPXHOCTU NPU3MDbI

rl}'IOLLI,aLI,b nosHoM NMOBEPXHOCTUN MPU3MbI PpaBHa Cymme I'II'IOLLI,aAEVI OCHOBaHMUA
1 6oKkoBomn NOBEPXHOCTH.
Sn.n.= 2Socu.+S60x.

Maowaab NOAHOM NOBEPXHOCTU MPAMON MPU3MbI BblYMCAAETCA
no dopmyne: S = 2Socu. + Ph

Mpumep. Bolumcamm naowazb NOAHOM NOBEPXHOCTU
NPAMOM NPU3Mbl.

a) Haliaém naowagb MOMIHOM MNOBEPXHOCTU MNPSAMOWN

o o 15cm
MPU3Mbl, B OCHOBaHUWN KOTOPOWU NeXUT NPAMOYrosibHbIN
TPEYroJibHUK .
Snn. = 2Socn.+ Seok. = 2Soch. + Ph 6cm

2Socn. = 2 - 3— -6- 8=48 (cm?)
Séox. = Ph=(10+ 8+ 6)- 15 = 360 (cm?)
Snn = 48 +360 = 408 (cm?)



MNnowaab NOBEPXHOCTU NPU3MBbI 177

6) Hahngém nnowanb NOMHON NOBEPXHOCTU NPAMOW NPU3MbI, B OCHOBAHUMN KOTO-
PO NeXuT Tpaneyms.
Snn. = 2Socu.+ Seox. = 2Sock. + Ph
2S00 = 2- (%(10 +4). 4) =56 (cm?)

Seox = Ph=(10+5+5+4)- 15 = 360 (cm?)
Snn = 56+ 360 = 416 (cm?)

O6yualowme 3agaHuA

|£ HaliguTte nnowasb 6OKOBOW M NOMHOM NOBEPXHOCTM NPaBUJIbHbLIX MPU3M.

a) 6) 8) am
5M
3m o 10 cm 8,5M
Ocm

- |
7 2,5m 24 cm 2 Im
M 10,5 M

L

——-—

& HaqepTMTe npaBuibHble NPU3MbI U UX pa3BépTKM B TeTpaab. 3anuwmnTe cooTBeT-
cTByrowine nsmepeHuna Ha pa3BépTKe. Bblumncnute nnowaab NonHOM NMOBEPXHOCTW.

a) [ Y e 6) 9 °) 8

li Haigute naowanb NoaHOMW NOBEPXHOCTM MPU3M Ha PUCYHKe.

a) NpasuabHaA NATU- 6) NpaBubHas Le- B) npasuabHan BOCb-
yronbHas cTMyronbHas MUyronbHas
i
1
A | [125sm Q S
IS
t Asm 10sm A7 15sm

8sm
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|i HauepTuTe npsmble NPU3Mbl U UX PA3BEPTKMU M HaAUTE NoLaab NOMHOM Mo-

BEpPXHOCTHU.
a) 6)
10 cm
4 o
4,5m
6 Km
8 km . 8m 6m 3cm

B)

6cm

|i Mo cnepyowmm AaHHbIM M306pa3nTe NPAMYIO NPU3MY M HalkauTe naowanb

NOSIHOM NOBEPXHOCTU.

OcHoBaHM1e Npusmbl

BbicoTa npusmbl

a) PaBHOCTOPOHHWI TPEYrOSIbHUK CO CTOPOHOWN 8 eAuHMUL,
6) TpeyronbHMK co cTopoHamu 13; 14; 15 eguHuL,
B) paBHOOeAPEHHbIN TPeyro/ibHUK CO CTOPOHaMM
12; 10; 10 egnHuy,
r) paBHObOKas Tpaneuus co ctopoHamu 10; 5; 4; 5
4) pomb c anaroHanammn 8 n 6 eguHuULL,
€) NPaBMAbHbIN LECTUYrO/IbHUK CO CTOPOHON 8 eAnHUL,

10 egnHUL,
12 eanHuy,
7 eanHuL,

20 eanHny,
10 egnHuy,
11 eanHuy,

P&bpa npamoyrosbHOro nNapannenenunega oTHOCATCA KaKk 3 : 7 : 8, a nosiHaA

noBepxHOCTb paBHa 808 cm?. Halgute anuHbl pébep.

Yron mexay CTOpOHaMKM OCHOBaHMA |8_
npAMoOro napanaenenunena, cocTas-
naet 30°. 3HadA, 4To boKoBOE pebpo
paBHO 5 cM, a CTOPOHbI OCHOBaHMUA
6 cM 1 8 cM, HallauTe naowaab Non-
HOM NOBEPXHOCTM Napannenenunesa.

5sm

’I--__ .....
-~30°
8 sm

3

Hanaute nnowaab MNOAHOM
NOBEPXHOCTU  MPaBUJIbHOM
YeTbIPEXYFrONbHOW NPU3MbI C
awvaroHanoto 14 cm, ecnm
AvaroHanb GOKOBOW rpaHu
pasHa 10 cm.

{0
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|& [nsa npaMoi NpuU3mbl Ha PUCYHKe - 2,5m
HanauTe: A i 2,5m
a) niowaam oCHOBaHW; . 1
6) naowaab 60KOBOM MOBEPXHOCTH; i
B) N/10WaAb NOSIHON MOBEPXHOCTU.

2,5m
-

|£)_ OT pepessaHHOro 6pyca B popme napansnenennnesa oTpesanmn Kycok, Kak rnoka-
3aHO Ha pUCYHKe.

a) HaliamTe naowaab NOAHOM NOBEPXHOCTN OTPE3aHHOM YacTu?
6) Haliante naowanb NOAHOM NOBEPXHOCTM OCTaBLUENCA YacTn?

B) CKO/MIbKO MOHAZOBUTCA KpacKu,uTobbI

6pyca,ecnn gna NoKpackm 1 m? noBepxHOCTN HyKHO 200 MA1 Kpacku?

NMOKPaCcnUTb MNOBEPXHOCTb 4acCTu
16 c™m

8 cm ‘

. Cut
16 cm

q}Q

8 cm
HOro napannenenunena.

|£.. Haliante nnowaab NosHOM NOBEPXHOCTU GUrypbl, MOAYHEHHOM U3 NPSAMOYTO/b-
a)

6) B)
25cm
2,4m ; > M
hm M
18 0,9Mm S m 4m e
0,6 22cm
23m > 10 cm
3 I
%
12. a) XMKMaT Xo4eT caenatb NOUKY ANa
nowapen, B8 popme NpAMoN Npmusmbl

B OCHOBaHUU KOTOpOVI NEXUT Tpane-
LUnA. Kakoe HanmeHblLlee KONYecTBo

mMmaTepuana notpebyerca Ana sToro?

M 3anununTe COOTBETCTBYHOLWMNE OaHHbIE.

6) B ocHOBaHWM NPAMOW NPU3Mbl BbICOTON 6 M NeXUT paBHOBOKana Tpaneuus.
WaZb NOJHOM NOBEPXHOCTU NpU3Mbl. M306pa3uTe cOOTBETCTBYHIOLLYIO NPU3MY

OcHoBaHWsA Tpaneuumn paBHbl 2 M 1 8 M, a 6okoBas cTopoHa 5 m. HaliauTe nao-
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|1_3. Kakoe HanmeHbLlee KONMYecTBO matepmnana

(8 meTpax) notTpebyeTtcs gns nanaTkm? 120
cm

142 cm

¥
AS

152 CM\/ 200 cm
|£1_ CTeHbl M Kpbilwa 3MMHEro caga Ao/XHbl bbITb —5
MOKPbITbl MPO3PaYHbIMM MIACTUKOBLIMW NAa- 0,9m /% 15m
CTMHaAMM, KaK NOKa3aHo Ha pucyHke. MNaowanb _¢_ VA ANNBNN
asepu 1,8 m2. Hallante CKONbKO KBaApaTHbIX
MEeTPOB MNAAcTMKa NoHagobuTtcs ana Toro, o 24m
yTOObI 3aCTEK/INTL 3UMHUI Caf.

|£». Y106bI NoKpacuTb naowagb 30 m? notpeby-
eTca npmubnumsunTtenbHo 4,5 21 Kpacku.
a) CKO/IbKO IMTPOB Kpacku notpebyeTca aaa
TOro, 4Tobbl ABa pa3a MNOKPaACUTb CTEHbI ra-
parka Ha pUCYHKe.
6) CKONbKO NUTPOB Kpacku noTtpebyetcs,
4YTObbI ABaXKAbl MOKPACUTL KpbIlWy rapaxa Ha
pucyHke? ObpaTuTe BHMMAHWE, YTO Kpbiwa
raparka oTKpbITa crnepeau.

|1_6. OcHOBaHMEe HaKNOHHOW NPU3Mbl — NPAMOYFO/b-
HUK co cTopoHamun 20 cm m 18 cm. [1Be 60KoBble
rpaHn NpuU3Mbl — Napanienorpammsl, a Be —
KBagpaTbl. ECn BbicOTa Nnpusmbl 16 cm, Hangute
niouwazb NOSHOW NOBEPXHOCTM.

|1_7. OCHOBaHWE HAK/JOHHOM MPU3Mbl - MPAMOYFO/IbHUK CO CTOPOHAMKU 6 CM U
4 cm. [1Be rpaHu ABAAIOTCA NPAMOYIro/IbHUKaMM CO CTOPOHAMM 6 cM U 8 cm, a
[Be Apyrve rpaHun napannenorpammamm co CTOPoHamm 4 cM 1 8 CM 1 OCTPbIM
yrnom 30°. HaliamTe naowasb NosHOM NOBEPXHOCTU HAKIOHHOM NPU3MbI, Bbl-
YUCNMB NIOWAAb KaXKA0W FPaHn B OTAENbHOCTY.

|1_8. PaccToaHuna mexay 60KoBbiIMM pebpamm HaKJAOHHOMW TPeYro/ibHOW NpPM3Mbl
paBHbl 4 cM, 6 cm 1 8 cm, a 6oKoBble pebpa npu3mbl - 5cm. Hatgute nnowaab
60KOBOW NOBEPXHOCTM MPU3MBbI.
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CeuyeHue NNOCKOCTbIO NPU3MbI

CeyeHue Npu3mbl € NJIOCKOCTbIO CTb NepeceyeHme NPU3Mbl C AaHHOM MI0CKOCTbIO.
Mpur ce4yeHnn NPU3M NJOCKOCTbIO B pe3y/ibTaTe Ha Hell 0cTaéTcA cnes, onpeaensto-
wuii dopmy ceveHus. s NOCTPOEHUA CeYEHUSA MPU3MbI JOCTaTOYHO NOCTPOUTL
OTpe3KM NepeceyeHuns CekyLLen NIOCKOCTU C rpaHAMM NpU3mMbl. Ha pucyHKe 1M306-
paykeHbl Ce4eHMA NAOCKOCTbIO NPAMOYTo/IbHOTO Napassienenvnesa.

CeyeHue nnockoc- | CeveHme nnockoc- | CeyeHue NaocKocTblo |[CeyeHne MAOCKOCTbIO
TblO, Mapansienb- | Tblo, nepneHauKy- | nog onpeaenéHHbiM  |nosd,  onpeaenéHHbIM
HOW OCHOBAHUAM. | IAPHOMN CHOBAHMAM. | YIZIOM K M0CKOCTU OC- |YI/IOM K MIOCKOCTUN OC-

CeueHue - CeyeHue - HOBaHMWA Yepes Npo- |HOBaHMA Yepes pebpa
NPAMOYFrO/ibHUK NPAMOYFO/IbHUK | TMBOMO/IOXKHbIE TPAHW. M3 OAHOWN BEPLUMHBI.
CeueHue - CeyeHue -

napannenorpamm TPeyroibHUK

< ">
AE;P

bygbte BHMUMaTeNbHbI! CeyeHne NNOCKOCTbIO He O3HavaeT OTCEYEHHYIO 4acTb.
CeueHue -370 Cnieq, KOTOprﬁ OCTaETCA NPU CEYEHUM Ha NMIOCKOCTW.

MnockocTb, NnepneHAMKyAsApHan 60KoBbIM pEBpam NpmM3mbl, Hasbl-
BaeTcA nepneHOUKyAApHoIM ceyeHuem. CeyeHMem Npusmbl, na-
pannenbHOM OCHOBAHMIO ABNAETCA MHOTOYTO/IbHUK, KOHTPYSHTHbIV
OCHOBaHMIO.

CeyeHue, npoxoasuiee Yyepes 60KOBble pEbpa, He NpUHaANEeXKaLLME OLHON rPaHu,
Ha3blBAETCS OUA2OHANbHBLIM cedeHUeM Mpu3mel. n(n-3)
KonnuecTso AnaroHasibHbIX CEYEHMNIA N-yroNbHO NPU3Mbl PaBHO: —— 5

TaK KaK Kaxgoe g1aroHasibHoe cedeHune npusmbl ABAAETCA Napannenorpammom, To
KOJIMYECTBO AMaroHanemn n-yroabHom npmMsmbl pasHo: n(n —3) .

Ob6yualowme 3agaHus

E YcTaHoBUTE, KaKo MHOIOYron1ibHUK Noay4yaeTca npun cevyeHnnm KyGa NJA0CKOCTbtO?

a) 6) B)
LA o Tz

271

= N w
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& [na Kaxkaol npusmbl M306pasuTe ceyeHne NA0CKOCTbIO M onpeaenmTe BUA Mo-
JIYYEHHOrO B CEYEHUN MHOTOYrO/IbHUKA.

a) NapannenbHo o 6) Mepnenauky- o

NNOCKOCTU OC- NAPHO NZTIOCKOCTH
HOBaHWA. OCHOBaHMA.

B) Mog, yrIOM K NNOCKOCTH OC- r) MNoa yrnom K nnoc-
HOBaHMs, Yepes pébpa, Bbl- KOCTM OCHOBAHMUSA,
xoasawme us ofHOl |+~ yepes 3afHIo0 U ne- |7
BEPLUMHDI. PeAHIOI rPaHu.

LN S
L B

E 1) Haiiante nepumeTp ceyeHus NAOCKOCTU Kyba Ha pUCYHKe,
ecnu pebpo Kyba paBHO 6 M.

2) Ha pucyHKe nokasaHo ceyeHune Kyba nioCKOCTbIo, MpoXoasLuen
yepes KOoHUbl TPEX pébep, BbIXOAALLMX U3 OAHOWN BepLUMHbI. Kakas
durypa nonyumnace B ce4eHnn?

a) Haigute annHy otpeska d , ecav pebpo Kyba pasHo 1 cm.

6) Ecnun pebpo Kyba paBHO 3V2 cm, To HaitauTe nepumeTp ¢u- -
rypbl, NONYYEHHOM B CEYEHUMN.

|i N3mepeHua npamoyroabHoro napannenenunega 9 cm x 12 cm x 16 cm. Hai-
AuTe nepumeTp 1 naowanb GUrypbl, ABAAIOLLENCA CEYEHUEM.
6)

-~

{ SR ——

1
1
1
1
1

4

Z

E CTOpOHbI OCHOBaHMA NPAMOYIroNbHOIO Napannenenunesa pasHbl 7 cm 1
24 cm, a BbicoTa 8 cm. HanauTe naowaab AMaroHasbHOMO CeYEHUA.

|i Mnowaab 60/blIEro AnMaroHasbHOro CeYeHUs NPaBUAbHON LLECTUYroNb-
HOW NPM3Mbl paBHa 2 cM?,
a) Hangute nnowaab 60KOBOM NOBEPXHOCTH.
6) CKOIbKO AnaroHanew y sTon npmsmbi?

|L HanguTe naowaab 60KOBOM NOBEPXHOCTU NPSMOM NPU3MbI, B OCHOBAHMM KO-
TOPOW NEXUT POMB, ecv NAoWaamn ANaroHaAbHbIX CEYEHUI paBHbl 42 cm?
n 56 cm*

Ii HaliguTte nnowanb 60OKOBOM NOBEPXHOCTU MPAMOM NPU3MbI C ANATOHANAMM
8 cM 1 5 cM 1 BbICOTOW 2 CM, B OCHOBAHWUW KOTOPOI NEXKUT POMb.
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Mupamngoin HasbiBaeTCA MHOTOFPAHHWUK, KOTOPbIN COCTOUT U3 NJIOCKOFO MHOTOYTONbHUKa-
OCHOBAHMA NUPaMUIbI, TOYKM, He fiexKalleld B NI0CKOCTM OCHOBAHMA, - BEPLUMHbI NM1pa-
MWUZbl U BCEX OTPE3KOB, COeAMHAIOLMX BEPLUMHY NMMPaMMAbl C TOYKAaMW OCHOBAHMA.
OTpesKkn, coeguHAOWMe BEPLWKUHY nupa- /y
MWAbI C BEPLUMHAMM OCHOBAHMA, Ha3bIBAKOTCA
60KoBbIMbl pebpamu. MoBepxHOCTb Nupa-

6okoBoe
pebpo

Munabl COCTOUT U3 OCHOBAHUA N B60OKOBbIX rpa-

60KOBas rpaHb

Hen. Kaxaas 60KoBasA rpaHb - TPEYro/IbHUK.

BbICOTa

YeTbipéxyronbHasa
nupamupa

BbICOTa

ocHoBaHMue (npa-
BU/IbHbIA MHOTO-
YFONIbHUK)

MepneHAMKYNAP,0NyLLEHHbIA U3 BEPLIMHbI
nMpamuapl Ha eé ocHoBaHMe, Ha3blBaeTcA
BbICOTOM NUpPaMUbI.

MpaBuabHON Ha3blBaeTcA NMpamuaa, B OC-
HOBAHMM KOTOPOI NEXKUT NPABUbHbIA MHO-
rOyrolbHUK U OCHOBaHWE  BbICOTHI
nMpammuapl COBMajaeT C LEHTPOM 3STOro
MHOTOYro/IbHUKa.

BbicoTa, NpoBeAEHHAA U3 BEPLUMHbI NPaBUb- MpaswnbHas
HOWM NMpamuMAbl Ha OCHOBaHWE HBOKOBOM rPaHK YeTbIpéxyronbHas
(TpeyronbHMKa), Ha3biBaeTca anodemoi. nupamuaa

Mupammaa HasbiBaeTcs Mo GOpPMe MHOMOYro/bHUKA,NEXKaLLEro B OCHOBaHMM,
Hanpumep, TpeyronbHas nMpamuaa, YeTbipéxyroabHaa Nupammuaa 1 T.4.

A H 4

YeTblpéxyronbHas NaTuyronbHas TpeyronbHas
nupamuaa nMpammga nMpamuaa
BoKkoBble pébpa NpaBUIbHOM NMPaMUAbI KOHTPYSHTHbI. BOKOBbIE rPaHK NpaBu/Ib-
HOW NUPaMMAbl KOHTPYSHTHbIE paBHObeapPEHHbIE TPEYTONbHUKM.
TpeyronbHaa NMpaMmmnaa eLLé HasbiBaeTca TeTpasgpom. Tetra B nepeBoje C rpeye-
CKOro YeTbipe, T.e. 4 rpaHu ( Kaxkaaa B popme TpeyrosbHUKA).

B yacTHOM cnyuae YeTbIpEXYro/ibHYI0 NMpamuay MOXKHO U306pasnTb

cnegyowmm obpasom:
1. Haueptute napanne- 2. M3 Toukn nepeceve- 3. BeplimHy nepneHamKy-

Nnorpamm m ero gmaro- HuA ,EI,MaI'OHaHEﬁ BOCCTa- /19pa coeanHunTe C BepLlun-
Hau. HOBUTE NMepneHguKyasap. HamMu napaniesnorpamma.
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dopmyna nnowasm 60KOBOIN NOBEPXHO-
CTV MUpamuibl npeactasnaer cobom .
cymmy nsolagel ee 60KoBbIX rpaHe.
Hanpumep, Ha pUcyHKe naowwaab 6oko-
BOI NOBEPXHOCTM NPABW/IbHOM WeCTU-
YroAbHOM NMpaMnapbl paBHa cymme a a
naowagen 6 KOHrPysIHTHbIX TPEYroJIbHUKOB, U3 KOTOPbIX a g
cocTOuT HOKOBas MOBEPXHOCTD.

Q -

i
a

1 1 1 1 1 1
S == ahan. + =ahan. + —ahan. +=ahan. +—=—0ahan. + —=ahan. =
2 a 2 ai 2 a 2 a 2 a 2 a

1 1
= %han. (a+a+a+a+a+a)= ?Phan,,' S =?Phan.

Mnowaab 60KOBOI NOBEPXHOCTU NPABUNLHOK NUPAMUAbI

Mnowaab 60KOBOM NOBEPXHOCTU NPABUIbHOM NUpPa-
MWAbI PaBHa NOYNPOU3BEAEHMIO MEPUMETPA MHOTO-
YFOIbHWKA,IEXKALLErO B OCHOBaHUM, U anodembl.

Sé6ok = lPh
6ok = 2 an.

3pecb P nepumeTtp ocHOBaHusA,
han. - anodema Nnupammapl.

Mnowaab NOSHOM NOBEPXHOCTM NMPaMUAbl PaBHA CyMMe MJioWwanen OCHOBaHUSA
1 GOKOBOW MOBEPXHOCTU. S n.n. = Séox. + Socu.

Mpumep 1. CTopoHa OCHOBAHWUA NMPABUAbHOMN LWIECTU-
Yro/JibHOW nupamuabl paBHa 6 cm. Haligém naowagb
NMo/IHOM NOBEPXHOCTU, ec/iv anodpema paBHa 9 cm.
PeweHue:

DaHo: a=6cm, han. =9 cm

Haitgute: Spn. =7?

Ccm

6 cm

Sson = %th:%- 6 hon =% . 6-6-9=162 (cm2)
l'|T06b| HaﬁTVI naouwaab OCHOBaHWMA, CHa4a/1la Hag4o HaﬁTVI arlod)emy
OCHOBaHMA (r). Socn. = ?Pr

LleHTpanbHbIM Yron NpaBUIbHOIO LUECTUYTObHUKA:

360°: 6 = 60° 60°
Toraa/AOK = 30°.

r=3tan 60° = 3V3; Sot = % 36- 313~ 93,5 (cm?)
S nn = Seon +Socn~ 162+ 93,5 ~ 255,5 (cm?)
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Mpumep 2. BokoBble pébpa NpPaBUALHON TPEYrONbHOM NK-
pamuapl paBHbl 10 cm, a BbicoTa 6 cm. Halaém nnouwaab
NMOMIHOM NMOBEPXHOCTU.

PelweHue:

OaHo: AD =10 cm, DO =6 cm

Hangute: Snn. = ?

Y106bI HAlTM BOKOBYIO MOBEPXHOCTb NMMPAMMUAbI, HAZLO HAUTX NEPUMETP OCHOBAHMUA
n anodemy. [1ns 3TOro OCTaTOMHO HANTU OAHY CTOPOHY NPABWU/ILHOTO TPEYTOIbHMKA.

3 AADO AO = VAD? — DO? = V10? — 62= \64 = 8 (cm)

2 2
M3BecTHO, 4yTo AO =?AE (obbscHUTE); T.K.— AE coctasnsert 8 (cm),
To AE = 12 cm. TaK Kak yribl AAEB pasHbl 30°, 60°, 90° ( 06bACHUTE).
AE —
BE = 5 =f/—5= 43; BC=2'BE=8V3; P=3BC=24\3
3

Hangém anodpemy ns ADOE. OE =12 -8 =4 (cm)
DE:\/(l)DT()Ezlz\/@:ﬁ=2\/i_3

Ssox =~ Phan. = 7-1 243.2V13 = 24_\/39 (cm?)

Socr. =%BC- AE =2 8V3- 12 =483 (cw)

S = Seo + Socn. = 2439 + 4813 ~ 150 + 83 = 233 (cm?)

O6yvarowme 3agaHus

E OcHoBaHuWe nMpamuabl - NPAMOYTro/IbHUK CO CTOpOHamm 6 cm 1 8 cm. bokoBblie
pébpa Nnupammapl pasHbl 13 cm. HanguTe BbICOTY NMpaMmuabl.

E BbICOTa NpaBU/IbHOMN YETbIPEXYrONbHOW NMpPamuabl 7 CM, CTOPOHA OCHOBAaHUA
8 cm. Hangute 6oKkoBoe pebpo nnupammapl.

E HanguTe nnowanb 60KOBOM NOBEPXHOCTU NPaBU/bHbIX MMPaMUL Ha PUCYHKE.

a) 30 cm 6) ;1 \ B) 18,2 cm
\ 8cm
O )

28 cm 20 cm

4cm
|i HaguTe naowaab 60KOBOM NOBEPXHOCTU NMPABU/bHbIX MMPAaMUL Ha PUCYHKE.

12N\
a) 8m 6) 5cm f \ 2
O
10 cm
12m
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E Haliaute Hen3BecTHble pa3mepbl NPaBUIbHOM YETbIPEXYTONbHOM NMPaMUAbl MO
JaHHbIM Tabnuubl.

BbicoTa 6 |12|24( ? [ ? ]| 6
Anodema 10 {15 ? |13 | 5
CTOpOHbI OCHOBaHuA | ? 7114 ? [ 8] ?
BoKoBas NOBepXHOCTb| ? P ? [624] ? (320

|i N306pa3nTe NpaBuAbHYO NMPaMUAY M HalaWTe Naolwasb GOKOBOM NOBEPXHOCTY.
a) MpaBuabHan YeTbIpEXyroibHaa NMpPamnaa, Co CTOPOHOM OCHOBaHUA 6 ea.
1 6oKoBbIM pebpom 5 en,.
6) MpaBMAbHasA TPeyroabHas NMpaMmaa, Co CTOPOHOM ocHOBaHWA 4 ea. 1 ano-
demon 6 ep,.
B) MpaBuabHaA WeCTUyroabHas NMpPamnAaa, co CTOPoHoI ocHoBaHuA 10 ea. u
60oKoBbIM pebpom 13 ea.

|L HaliauTte nnowaab 60KOBOM NOBEPXHOCTU MPABUbHbIX MMPaMKUA, Ha PUCYHKE.

5cm 6)

a) B)

3cm

15cm

1lcm
r) A) e) \
3m 6,5cm
‘ 5cm
e N

»LAN\ \»I

|& Hangute cnegytowme gaHHble 41a NpPaBUbHOM
YeTbIPEXYrosbHOM NMpPammabl:
a) OM 6) han. B) NC
r) Sansc a) Seox. e) Snn.

9. Haiiaute crepytowme AaHHbIe ANA NPABUABLHOMO
TeTpasapa:
a) OM 6) han. B) NC
r) S ansc A) Séox. e) Snn.
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Iﬂ). OcHOBaHUA NMPaMUIbI - MPAMOYTOJIbHUK CO CTO-
poHamu 10 ea. n 18 en. Touka O ABnAeTcA UeHT-
POM MpPAMOYrO/ibHUKA. BbicoTa nnpamuabi
FO =12 epn. a) HaiauTe FH n FE;

6) HaliauTe naowasab 60KOBOM MOBEPXHOCTb U
nupammabl. MoXHO 1 NTPUMEHUTb bopmyny
S 6o = = Phan?
2

A 18 H D

|£l. OcHoBaHMA NMpamnapl - NPAMOYTroAbHMK CO CTOPOHaMKM 9 cm 1 5 cm. OgHo m3
60KOBbIX pebep NMpamuabl nepneHaANKYAAPHO NJIOCKOCTU OCHOBAHMA U PaBHO
12 cm. HaaguTe niowaab 60KOBOM NOBEPXHOCTM NMMPaMmUabl.

|1_2. Kpbiwa goma nmeet Gopmy YeTblpEXYronbHOM nupammabl. OCHoBaHMEM AB-
NAETCA NPAMOYTro/IbHMK co cTopoHamm 12 m 1 10 m. Kaxkgoe 6okosoe pebpo
paBHO 10 m. CKo/IbKO KBaZpaTHbIX METPOB maTepuana bbisio
MOTPAYeHO Ha MOKPbITUE KPbIWK?

|E. B apXxMTeKType ropogoB MMpa BasKHOE MEeCTO 3aHMMatOT MOCTPOMKKU, UMEto-
wyre dpopmy nMpamua. Cpeam HUX ecTb Kak aHTUYHbIe NaMATHUKU(ErnneTckume
nupammapl), Tak U HOBble, NPUAAIOLWME FOPOAAM COBPEMEHHbIN BUA (My3eit
JlyBpa B Mapuske, BXoA, Ha cTaHUMI0 meTpo Nuepw LLlexep B Baky).
a) Mupamumaa Xeonca 1 nupamuaa 8 Jlyspe ABAAKOTCA NPaBUIbHbIMU YETbIPEX-
YroNibHbIMM MMpaMmugamu. HaauTe nnowasb 60KOBOM NOBEPXHOCTU KaXKA0M

nMpamuasbl.
Mupamupa Xeonca. Eruner Mupamupa B Jlyspe. Mapux
CtopoHa ocHoBaHuA 230 m, CtopoHa ocHoBaHMA 35 m,

anodema 186 m

anodema 28 m

6) Ha pucyHKe npeactas/ieH naaH NMpamuapl Ha BXode B CTaHUMIO MeTpo Nuepu
Lexep. Haitgute nnowaab 6GOKOBOM NOBEPXHOCTM NUPaMMIbI MO AAHHbIM Ha
nnaHe.

Mupamuaa Ha CTaHUMK MeTPo
WNuepm LLexep 66 m
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|14.
|15.

N

|18.

|19.

20.

Hangute nnowasb 60KOBOM NOBEPXHOCTU TPEYTOAbHOW NUpammnabl, 6OKoBble
pébpa KOTOpOI NonapHO NepneHaMKyAAPHbI U paBHbl 4 cM, 6 cM 1 8 CM.

a) ObocHyiTe yTBEPKAEHWE:” Anodema NMpamnabl He MeHblLe e€ BbiCoTbl.”

6) HaliguTe BbICOTY M anodemy npaBubHOM YeTbIPEXYro/IbHOM NMpPaMuabl Co
CTOpPOHOM ocHoBaHKMA 10 cm 1 6okoBbiM pebpom 13 cm.

B) OcHOBaHMEeM NMpammMbl ABAAETCA POMb ¢ guaroHanamm 12 cm u 16 cm. Haii-
AnTe Naowaab NOAHOM NOBEPXHOCTU NUpPamMKabl, ecnm 6oKoBble rpaHn obpa-
3YIOT C NJIOCKOCTbIO OCHOBAHUA yron 60°.

. HailgmTe nnowaab 6G0KOBOM NOBEPXHOCTM NMPaMUAbl, B OCHOBAHUN KOTOPOM

NEeXUT paBHOBEAPEHHbIV TPEYroNIbHMK CO CTOPOHaMM 6¢M, 6 CM 1 8 CM, a A/IMHA
Karkaoro bokosoro pebpa paBHa 5 cm.

Mnowazsb ogHOM HGOKOBOM FPaHN NPABUILHOM WECTUYTONb-
HOM NUpammapl 8\3 ef., a naowaab OCHOBaHMA 2443
KB.eq. Hangure:

a) A/IMHY CTOPOHbI OCHOBAHMUS;

6) anodemy

B) ANMHY 6oKoBOTrO pebpa;

r) BbICOTY. V

UccnepoBaHue npyv nomoLy NpPaBuIbHOW YeTbIPEXYro/ib-
HOW NUpPaMuabl.

a) Ha nsometpuueckoii bymare n3obpasunte npaBuUIbHYIO Ye-
TbIPEXYFONbHYIO MMPaMUAy CO CTOPOHOW OCHOBaHMUA 3 e,
KaK NMoKa3aHO Ha pUCYHKe.

6) CoctaBbTe Tabnauuy Aas 3Ha4YeHU 1 BOKOBOW MOBEPXHOCTU
nupamuapl, ecim anopema pasHa 1) 3; 2) 9.

B) 3anNuLWNTE, KaK U3MeHUTCA BOKOBAA MOBEPXHOCTb, €C/IU He
N3MEeHSAS AJIMH CTOPOH OCHOBaHMUA, AJIMHY anodembl yBeau-
4YnTb B 3 pasa.

r) Kak usmeHuTCcs naowagb 60KOBOM NOBEPXHOCTM MMPAMUAbI, ECIN U CTOPOHY
OCHOBaHMA 1 anodemy yBennymTb B 3 pasa?

BokoBble pébpa NpaBUAbHOM YeTbIPEXYrO/IbHOM NMPaMUAbl HAKJOHEHbI K Ni0C-
KOCTM OCHOBaHuA nog yrnom 45°. Beluncante naowaas 60KOBOM M NOAHOM No-
BEPXHOCTW NUPaMUAbI, EC/IN CTOPOHA OCHOBAHMA paBHa 6 CM.

B ocHOBaHWW Nupamuapl - paBHobeapeHHbI TPeYroNbHUK CO CTOPOHAMMU
10 cm, 10 cm 1 12 cm. Bee gByrpaHHbIe yrabl NPpY OCHOBaHWM pasHbl 60°.
HapguTe BblicOTY M anodemy Nnupammapbl.
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CeuyeHua nnnpamuabi

Mpw ceYeHUn NPaBUIbHOM YETbIPEXYTONbHOM NMPaMUAbl NNOCKOCTbIO NOAY-
YaloTCA PasINYHbIE MHOTOYTOIbHUKM.

CeyeHue rso0ckocmoto Uz
8epWUHbI MUPamMuobl, nep1:
neHOUKYAAPHO OCHOBAHUIO. !
CeyeHue - paenoEedpeHJI_

Hblii mpeyz0abHUK )

CeyeHue na0CKOCMbIO,
napasnsnesnsHoe 0CHO8a-
HUto.

CeyeHue - Keadpam

CeyeHue M10CKOCMbIO
yepes npomusonexa-
wjue 2paHu, nood y2nom K
naockocmu OCHoeaHuﬁ.\" _' o

CeyeHue - mpaneyus

CeyeHue n70CKOCMbIO Yepe3
CMexcHble epaHu,c obuwel
sepwuHol, nod yeaom K
M10CKOCMU OCHOBAHUS.
CeyeHue - mpey20/bHUK

N

a)
OnuwuTe ceyeHne nupammabl naoc- <
KOCTblO.

a) CTopoHa OCHOBaHMA NPaBUIbHON YeTbIPEXYrONbHOM NMpPamMmuabl pasHa 14 cm.
[nunHa Kaxgoro bokosoro pebpa pasHa 10 cm. HaliamnTte naowaab AMaroHabHOro
ceyeHua (NpoxoaAaLLero Yepes BepLUMHY NMPAaMUAbI U AMATOHAb OCHOBAHMSA).

6) BbicoTa NpaBuAbHOM YeTbIPEXYTONbHOM MMPaMUAbI
paBHa 12 e, a CTOPOHa OCHOBaHMA paBHa 8 e, Hai-
OUTe naolaib CeYyeHUA NAOCKOCTbIO Mpoxoasuiee
yepes anodem NPOTUBOMONOXKHbBIX FPAHEN.

JoKaxnte cnpaBegiMBOCTb CAeAYHOLWNX BbICKa3blBa-
HWI. ECM NAOCKOCTb ceyeHuA napannenbHa OCHOBa-
HWIO, TO:

1) nnockocTb Aennt 6oKoBble p€bpa 1 BbICOTY Ha NpPO-
NOpLMOHabHble YacTu;

2) MHOTOYTONbHUK - ceYeHMe NoAo6HO OCHOBaHMIO;

3) nJoWwaam ceyeHMs M OCHOBAHWUA OTHOCATCA KaK KBag- A
paTbl PacCTOAHWUMN, HAUMHAA OT BEPLLUMHbI.

MNnaH gna gokasartenbcrsa. Vicnonb3yiTe nogobue tpeyronbHUKkos ABT n A'B'T'.

BbicoTa nMpamuabl pasgeneHa Ha 4 paBHble YacTu, Yyepes KoTopble napan-
NleIbHO M0CKOCTU OCHOBAHWS NPOBEAEHbI MNOCKOCTU. 3Has, YTO NJowaab oc-
HoBaHMA paBHa 400 M2, HaaUTe NAOLLAAMN MONYYEHHbIX CeYEHUA.

Mnowaab ocHoBaHMA Nupamunabl 512 cwm?, a BbicoTa 16 cm. Hanagute paccrosn-
HWe OT NIOCKOCTU CeYeHMA, NapanaesibHOro OCHOBaHMIO A0 MIOCKOCTH
OCHOBaHMsA, ec/Iv NJIoLWaAb ceyeHma paBHa 50 cm?.
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YceuéHHaa nMpammaa

MaocKocTb, NapansienbHas NAOCKOCTM OCHOBAHMA NUPaMUAbI U NepeceKaroLLan
ee boKkoBble pebpa, OTCEKAET OT Hee NOZOOHYI0 Npamuay. [pyras yacTb npea-
CTaBnsAeT coboi MHOrOrpaHHMUK, KOTOPOM Ha3blBAeTCA YCEYEHHOM NUPAMULONA.
MapannenbHble rpaHK yCEYEHHOM NMPaMMabl Ha3blBAtOTCA
€€ OCHOBAHWMAMM, OCTaNbHble rPaHM - BOKOBOW MoBepX-
HOCTbto. OTPE30K NepneHaANKYAAPa MeXAY NAOCKOCTAMM
OCHOBaHMA Ha3blBAETCA BbICOTOM YCEYEHHON NUPAMUAbI.
Ecan nupammnpga npasBuibHaa, TO CEYEHME MAOCKOCTbIO
TaK¥Xe ABNAETCS NPaBU/IbHbIM MHOTFOYrO/IbHUKOM, U YCEYEH-
HaA NUpamuaa TaKKe ABAAETCA MpPaBWIbHOM. BOKoBble
rpaHu NPaBUAbHOM YCEYEHHOM NUPaMUAbl KOHTPYIHTHbIE
paBHOOOKMe Tpaneuun. BbicoTa 31Ol Tpaneunn ABAAIOTCA
anodemoli NpaBUAbHON yCeYEHHOM NUPaMUAIbI.

Mnowanb 6OKOBOM NOBEPXHOCTM MPaBUIbHOM
YCeYEHHOW NUpammuabl BbluMcasetca no ¢op-
mMmyne: Seox. =1 (P: + Pz)-han., 30ecb P1n P2ne-
pPUMETPbI OCHOBaHWUI NPaBUAbHOM YCEYEHHOM
nupamugbl, har. - anodema. MNnowasb noaHom
NOBEPXHOCTU YCEYEHHOW NUpamuabl Haxo-
OMTCA KaK, CyMMa NnoLaneit BepXHEro v HUK-
HEero oCHOBaHMM 1 BOKOBOM NOBEPXHOCTU:
Sn.n. = S6ok. + Seep.ocu. + Swumc.och.

MnocKkocTb, Npoxoasiias Yepes ABa boKoBbIX pebpa, SO C
He NPUHagNEeXKaLLMX OQHOM rPaHU yCeYEHHON NMpa-
MWUAbl, Ha3bIBAeTCA ANArOHAIbHbIM CEYEeHUEM.

A B

STanbl NOCTPOEHUA YCEYEHHOM NMpPaMnapl.

1) MocTpolite /‘
MHOTOYrOIbHUK
OCHOBaHMA.

2) U3 ueHTpa MHOroyro/ibHMKa no- 3) Ha ntobom pebpe nupamugbl Bbibepute
CTpOiTe nepneHAMKynap onpeae- TOUKY, NOCTPOWTE OTPE3KM, NApaNNeNbHble
NEHHOW A/IMHbI U coeauHuTe CTOPOHaM OCHOBaHUSA, U HayepTUTe Apy-
BEPLUMHbI MHOTOYTO/IbHUKA C Bep- roe ocHoBaHue. CoTpuTe BOKoBble pébpa

WWHOM NepneHamnKynsapa. OT BEPLUMHBI O MEHbLLErO OCHOBAHMUSA.
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6.

a) M306pasmnTe NpaBubHYIO HETbIPEXYTONbHYIO YCEYEHHYIO MMPaMMAY C BbICO-
TOM 6 CM M CTOPOHAMM OCHOBaHMWA COOTBETCTBEHHO 4 CM U 6 CM.

6) M306pasnTe NpaBUbHYIO LWECTUYTONbHYI0 YCEYEHHYIO NMPaMUAY C BbICOTOM
8 CM 1 CTOPOHAMM OCHOBAHUA COOTBETCTBEHHO 2 CM M 3 CM.

B) HalauTte naowaab AMaroHa bHOrO CeYEHUs NPaBUIbHOM YETbIPEXYTO/IbHOM
YCEYEHHOWN NMPamMuabl, NJ0OWAAN OCHOBAHWUI KoTopol 36 cm? 1 64 cm? n 6okKo-
Bble pE6pa COCTaB/IAOT C M/IOCKOCTbIO HUMKHEro OCHOBaHWSA yron 45°,

Mo pUCYHKY AOKaXKUTE CNpaBesMBOCTb

A_C BB B
GopmMynbl, ANA Naowaamu 6oKoBoN no- B S B . B
BEPXHOCTM NPaBUALHOMN YCEUEHHOM N~ - a
pammabl Seox.= > (P1+ P2)-ha . A a a ¢ C
B

NPaBUIbHOM yCeYEHHOM YeTbIPEXYroNbHOM NMPamuabl.

B
4
L
o o o o O
HaMp,VITe naowanb 60KOBOM M NOZIHOU NMOBEPXHOCTEN ‘
O
o

MnocKocTb, NapannenbHaa OCHOBAHWIO NPaBUIbHOMN YeTbIPEXYroNbHOW NUpa-
MUZbI, NPOBeAEeHa Yepes cepeamHy BbiCOTbI. BbicoTa nMpamuapbl 8 cM, CTOpoHa
OCHOBaHUA 12 cm. Onpegenunte pasmepbl NOYYEHHOW YCeYEHHOW NMPaMUAbI,
n306pasuTe eé 1 HalguTe NAoLWaAb NOAHOW NOBEPXHOCTMY.

CTOpOHa OCHOBaHMA NPABUAIbHOM YeTbIPEXYroibHOM Nupa-
mnapl AB pasHa 12 cm, BbicoTta SO paBHa 8 cm. Ha pac-
CTOAHUM 2 CM napaniesbHO OCHOBAHWIO MNpoBeAeHa
NAOCKOCTb. Halaute naowaab NOAHON NOBEPXHOCTU NO-
JIY4EHHOM yCeYEeHHOM Nnpamuapl.

BbicoTa NpaBUIbHOM YETbIPEXYTrONbHOM YCEYEHHOMN NUPaMUabl PpaBHa 28 cm,
a anodema 35 cm. CTOpOHbI OCHOBaHMIM OTHOCATCA Kak 5:2. HallauTe naowaab
MOJIHOM MOBEPXHOCTU YCeYEHHOM NMPamMuUbl.

[nAa xpaHeHWA AparoLeHHOCTEN UCNO/b3YeTCA KOHCTPYKLMA
B BUAE NUPaMUAbl U3 CTEKNAHHbIX NOBEPXHOCTEN, 3aKpen-
NEHHbIX MeTananYecknmm npodunamu. NpasBuabHasa YeTbl-
PExyrosibHas NMpaMmmaa, CTOpoOHa OCHOBaHWA KOTOPOU PaBHa
30 cm, a BbicoTa 36 cm, pasaenieHa Ha YacTy NapanienbHbIMU
NNOCKOCTAMM (HauMHas OT BEPLUMHBI Yepes Kaxable 12 cm). & ;
a) Kakoe HaMmeHbLUee KOMYECTBO CTEKA (B KB. CM) nOTpeG?ETCH ANnA nsro-
TOBJ/IEHUA KOHCTPYKLUW.

6) Kakoe HavmeHbllee KONMYeCcTBO MeTananyeckmux npodunei (B cm) notpe-
byeTcA AN1A U3rOTOBEHMA KOHCTPYKLUN?
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|1_. MN306pasunte nnupammay nam npusmy, COOTBETCTBEHHO AaHHbIM Ha Pa3BEPTKax.
HaszoBuTe ocTanbHble BepLIMHbl M HaWAUTE NAOWAAb NOAHON NOBEPXHOCTM

duryp. 1 2

E N3mepeHUsmMM NpaBuIbHON YeTbIPEXYroNbHOW NMPamMUabl ABAAOTCA: ANMHbI
CTOPOHbI OCHOBaHMA, anodembl U BbICOTbI, @ TaKXKe NnioLwaam 6oKoBOM 1 NOHOM
noeepxHocTei. Mo cneayromMm AaHHbIM, HAWAUTE OCTa/ibHble U3MEPEHUSA NK-

pamunapbl:
a) a =3 cM, Seox. = 15 cm? 6)h=12m,a=10m
B) han. =5 M, Seox = 60 M? r) Seox. = 80 cM?, Snn= 144 cw?

rpaHamu, 20 13 KoTopbix — 6esible NpPaBUAbHbIE LWECTUYrOb-
HWKK, @ 12 — yepHble NpaBubHbIe NATUYFONbHUKN. CKONbKO
BEPLMH Yy TAKOrO MHOFOrPaHHMKa?

|i dyT60/bHBIN MAY NpeacTaBaseT coboit MHOrorpaHHUK ¢ 32 ‘ -~ )

|i Hal‘/'I,CI,MTe naouwaaun ﬂOBerHOCTEﬁ ¢Mryp, COCTaB/1IEHHbIX N3 NMNPaBUJIbHbIX NPU3M
n nnupamuAa.

a) 6) r)

8m

|i Hangute nnowanb 60KOBOM MOBEPXHOCTM NUPAMUAbI,
06pa3oBaHHOM MJIOCKOCTbIO, MPOXOAALLEN Yepes3 Bep-
wuHbl A’, B, C' Kyba c pebpom 6 cm.

|i N306pa3mnTe pa3BEPTKM NPAMbIX MPMU3M M NPaBUJIbHbIX TMpamug,. Hangute nno-
Laab MNOAHOM NOBEPXHOCTM.

a) 6)
13

10
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|l Onpezenute YMCa0 BEPLUMH MHOTOrPaHHUKOB Nno dopmyne diinepa.

a) Umeet 14 rpaHei. 6) UmeeT 8 rpaHen. 4 B) UmeeT 32 rpaHen. 12
6 13 HUX KBaZpaTbl, a M3 HWUX - Tpeyrosb- M3 HUX - BOCMWYrO/ib-
8 - LWeCTUYroNbHUKMK. HUKW,a 4 - LWeCTUyrosb- HUKK, a 20 - Tpeyronb-
HUKMN. HUKM

|8.  Man Ky6 ABCDA1B1CiD:c pe6pom pasHbim a. Haligute ,,Bf-- M.
nnowaab ceyeHna Kyba MAOCKOCTbIO, Mpoxosalen A, o2 | N
yepes AnaroHanb ocHoBaHus BD u cepeaunHbl pébep E/'\‘ !
B1C11 CiD1 (Toukmn M m N). ,,Bz sx -->C

|i 1) YKaxuTe uTO, NAowanb 6G0KOBOWM NOBEPXHOCTHU
HAKNOHHOW NMPU3Mbl paBHa NPOU3BEAEHUIO Nepu-
MeTpa NepneHauKyIAPHOro ceyeHmna Ha aamHy 6o-
KoBOro pebpa:
S6ox. = P Lceu.’ I
YKasaHue: O6paTuTe BHMUMaHWE, 4YTO HOKOBblE
rPaHM HaKNOHHOW NPU3Mbl IBAAIOTCA Napanneno-
rpaMmmamu, a CTOPOHbl GUrypbl, NOAYYEHHOU B
nepneHAnKYNAPHOM CEYEHUM, ABASAIOTCA BbICOTOM
COOTBETCTBYHOLLErO Napannenorpamma.

2) MepneHANKYNAPHbIM CeYEHMEM HAaKIOHHOW MPU3MbI ABNAETCA TPEYroNbHUK
€O cTOpoHaMu 2 cm, 3 cm, 4 cm. Ecv naolwaab 60KoBOW MOBEPXHOCTU NPU3MbI
45 cm?, HanguTe anunHy 6okosoro pebpa.

Mnowaab OCHOBAHWA MPABUIbHOM YETbIPEXYTONbHOWN
nupamuasl - 150 cm? , naowaab napannenbHoro ceye-
HUSA - 54 cm?. PaccToAHUE MeX Ay CeYEHMEM U OCHOBa-
HMem paBHoO 14 cm. HalguTe BbICOTY NMpaMuabl.

B

Ceepxy

|1_1. MN306pasunte BUAbI KOHCTPYKLMMK.




O6paTHble TpUroHomeTpuueckue GyHKLUU
Mpocrenume TPUroHomeTpuYeCcKmue ypaBHeHUs

MeToabl peleHnA TPUroHOMETPUYECKUX YPaBHEHUIA

NMpumeHeHUe TPUroHOMETPUYECKUX ypaBHeHMﬁ AnAa
peweHuna 3agavd
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O6paTtHble TPUroHoMeTpuyeckue GyHKUum

Mpsamas y =a (g < 1), napannenbHas ocv abcuumcce, nepecekaeT CUHYCOMAY Y = Sinx
B HECKOHEYHOM YKcae ToYeK. ITO 03HaYaeT, YTo GYHKLMA ¥ = sin X He umeeT 06-
paTHOM Ha BCEM YNCIOBOM OCH.

YA

P y=a
N\ 4 AN

y=sin>\/ ;

OpHako Ha otpeske [- =; 1 dyHKuma y = sin x Bo3pactaet u oT—1 4o 1 npuHumaet
2'2

BCe 3Ha4YeHUA, a TaKXKe KaXXAoMy 3Ha4YeHUIO aprymeHTa COOTBEeTCTBYyeT e AUMHCTBEH-

Hoe 3Ha4YeHue. 3Ha4yuT, Ha OTpe3Ke [—i' 2] byHKUMA sin x obpaTvma u npw |a| < 1

T
YPaBHEHMeE Sin X = a Ha OTpe3Ke [— 7 2] nmeert e,D,MHCTBeHHbIM KOpe€eHb.

T.T
2’2
paseH a, Ha3bI8AeMCs APKCUHYCOM YUCAA a U 3a-

Y2011, U3 Mpomexcymxa [—=- CUHYC KOmopo20

rnucel8aemMcsa KakK arcsin a.

Njaf------

. arcsin a X
PaBeHCTBO X = arcsin a 3KBUBaJIEHTHO ABYM YCJ10-
T s .
Buam: 1) -5 SXx<7 2)sinx=a -1
MNpumepbl: arcsml =T taK KaK sin —~ -1 n L
p P 6 ’ - 6 2 6
arcsm(——)-—g, TaK Kak sm(——)= ]

N3 onpeaeneHuns umeem: sin(arcsin a) =
Mo»KHO NoKasaTb, YTo arcsin(—a) = — arcsin a

AHaNIOrMYHO NOAYyYaeMm, YTO Ha BCEM YNCIOBOM OCU He cyLLecTByeT GyHKLUMM, 06-
paTHol ans y = cos x. OgHako Ha oTpeske [0; ] dyHKUMA ¥y = cos X ybbIBaET U
NPUHUMAET BCe 3HaYeHuA 13 oTpesKa [—1; 1]. To ecTb, Ha oTpe3ke [0; ] pyHKUMA
y = cos x obpaTuma v npu|a| < 1 ypaBHeHMe COS X = a UMeeT eAUHCTBEHHbIN KO-
peHb Ha [0; «t]. Ay

Yeon, uz npomexcymka [0; ] KocuHyc komopozo ¢

y = Cos X
paseH a, Ha3bI180eMCA APKKOCUHYCOM 4ucaa a u g \\
30MuUCbIBaemMcsa KakK arccos a. '

PaBeHCTBO X = arccos a 3KBMBANEHTHO ABYM YyC/0-

Buam: 1)0<x<n 2)cosx=a
Mpumepbl: arccos% = g, TaK Kak cos g—% n 5
arccos(—l) =2n TaK KaK cosﬂ =cos (t— E) =—
2 3 3 3
M3 onpeaeneHuns nmeem: cos(arccos a) =a

MO3KHO NoKasaTb, YuTo  arccos(—a) = T — arccos a.
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dyHKUMA ¥ = tan X Bo3pacTaeT Ha npomexyTke (- 2 5 T )1 Ha ! Ay ;i
NPOMEKYTKE (—00; +00) NPUHMMAET BCe 3HaueHus. [oaTomy ,u,nﬂ i ;
N0b60oro uMcna a ypaBHeHue tan x = @ Ha NPOMEXKYTKe (—3 =3 ) Coa ;
nmeeT O4MH KOpEeHb. 5 —>>
T Q
T.on -2 /9 35 x
Yeon uz npomesxcymka (- 7), MmaH2eHc Komopoz2o paseH ; 3
i =
a, Ha3bI8AeMCA APKMAH2eHCOM YUC/A O U 30MUCbi8Aemcs KaK : a |
arctan a.
PaBeHCTBO arctan g = x 3KBMBA/IEHTHO ABYM YC/0BUAM:
T T
—_ < < — =
1) 7 <X<35 2)tanx=a
o o T
Mpumepsbl. arctan \3 = —, TaK Kak tan — = V3u-—5<t
3 3 2°3 "2
o1 T T T _T
—_ = —— _ )= —_ < - —_.
arctan(-1) 7 » TaK Kak tan( Z )=-1u ) Z<3
Mo onpeaeneHuio: tan(arctan a) =
MO*KHO MoKa3aTb, 4TO arctan(—a) = —arctan a.
yA :
Yeon uz npomexcymka (0; TT), KOmaH2eHC KOMopo2o paseH i
a, Ha36l80eMCA APKKOMAH2EHCOM YUCAa a U 3anuceieaemca g E
Kak arccot a. | Ty
o| o l
PaBeHCTBO arccot a = X 3KBUBANIEHTHO ABYM YC/NOBUAM: 3 poX
o 1
1)0<x<m 2)cotx=a - ;
Niimunalar. arccot 1 =T | tak kak cot = 1 n - e (O )

3 3n 3n .
arccot(—1) ==, Tak Kak cot—- a - cot( 4 ) = —cosz -1u 7€ (0; m).
Mo onpe,u,eneHwo: cot(arccot a) =

MoHO noKasatb, 4to arccot(—a) = — arccot a.

Ha Kanbkynatope He npeaycMmoTpeHbl KHOMKK cotx, secx, csclx, Tak Kak 3aTu
GYHKLMM MOXKHO BblpasnTb Yepes dyHKLmMM tan?x, coslx, sinx. Hanpumep,

y = sec’'x 03HayaeT, secy = X 1 3Ty GYHKLMIO MOXKHO BbIPasnTb Yepes KOCUHYC

1 1 — -1
= = = . =CcoSs*t —
cosy =X Ccosy OTcropa: y X .
3HauYMT, ANA BbIUMCAEHMUA ¥ = SEC X HaZO0 BbIYUCAUTL y = cos - 5

. HeosHadaem 7
BHumaHue! sinTlx  —S¢—

sinx



O6paTHble TpUroHomeTpuueckne GyHKLUn 197

Obyualowme 3agaHuA

E HaiiamTte yron, KOTopbli yA0BNIETBOPAET PABEHCTBY M MPUHAANEKUT MPOMENKYTKY.

2 V3

H -1 _E E i = — —E N E
a)smt—2 , 2,2] 6) sint 2,[ 2,2]
B) cos t=§ , [0; ] r)cost=- \/2—5, [0; «]
_\3 ([ m.7m -1
a)tant AR R e)cott=-1, (0; )
3HayeHue BblpaXXeHWnA Bblpa3nTe B paanaHax U rpagycax.
arcsin \/T arccos % arctan \/5 arccot g
3 tan(—1 _
arcsin(— %) arccos(- \/T) arctan(-1) arccot(—3)

BbluMCAUTE 3HAYEHUE BbIPaXKeHUA MPU NMOMOLLM KanbKynatopa. Pesynbrart
OKpYrAnTE A0 COTbIX.

a)tan™3,9 6) cos™ 0,24 B) sin"1 0,24 r)sint 0,75
a) sin™ (-0,4) e) cos™ (-0,6) ) tan™* (-0,2) 3) tan™ 2,25
Hangute yron 0.

a) ar o) )
‘ / :@ 2
Q 4 | N

Haﬁﬂ,MTe 3HaA4YEeHWME BblpaKeHUA.

a) arcsin 0 + arcsin 1 6) arccos(—1) — arccos 0

B) arcsin(—%) + arcsin% r) arctan(—1) + arccot(-1)
I‘Iposepre\/gaBeHCTBo. -

a) arcsin73+ arccos %= % 6) arctan 3 +arccot \3 = %
Bbluncnure. .

a) cos(arcsin%) 6) sin(arccos(—%)) B) tan(2-arctan \f§)
r) cot(2-arcsin g) A) sin(2-arcsin g) e) cos(3-arccos%)
Haligute yron a. Npu HEOH6XOANMMOCTM UCNONb3YITE KabKYAATOP.

a) sinoc=% ;90°< o < 180° 6)tana = 1;180°< o < 270°
B) tan o =3 ; 270°< oL < 360° r)cosa =— %; 180°< o < 270°

) cosa =0,43; 270° < o < 360° e)sina.=0,8;, 90°<a <180°
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|& BbluMcMTe 3HAYEHUSA BbipaXKeHU.

. 3 5
a) sin(arccos 5 ) 6) cos(arcsin—= 13
B) sin(2-arccos% ) r) cos(2-arccos < )
3 _ 12 3 5
A) cos(arcsin z arccos ) e) sm(arccos§+ arcsin 13)

. . .3
Mpumep. Halignte 3HaueHe BbipaxkeHus sin(2-arcsin ).

3. _3 _nm.T
MycTtb arcsm5 =a . Torga, sin o g nae [ ?,7].

B npsAMOYronbHOM Tpeyro/sibHUKe HaWAEM KaTeT, MpUAeXKalmnini K yray o, ecim

CUHYC OCTPOro yrna paBeH % b=V52-32=4, s
OTcroga, cos o, = 5 YuutbiBad 0603HavYeHNE, UMEEM:
sin(2-arcsin = )—sm 200=2sino - cosa = Z-i-i=ﬁ b
5 5 25
|£), NrpyLIeYHbI MOTOPHbIN CAMONET MOXKET SIeTeTb Ha BbicoTe 4 M. %
a) 3anuwute GyHKLMIO, BbIPAXKaIOLLYIO 3aBUCUMOCTb paccToaHmna .~ 5
mexay HabnogaTenem n caMosIETOM OT yr/ia noabéma 0. X 54
. 4d'm
6) CKONIbKO rpaycoB cOCTaBUT yron 6, ecnu pacctosHue ) |
OT caMoéTa A0 HabntoaaTens pasHo 25 m? O\ i
HabnopaTenb

|1_1. Ons obecnevyeHusa npoxoga 60/blMX CYA0B
noA, MoCTaMu UX AeNatoT pa3BoAHbIMU. [NUHa
KayKA0ro Kpblaa pa3BoAHOro MOCTa Yepes peky
40 m. Ha Kakoi HammeHbLuKniA yron (B rpagycax)
OOJ/IKHbI NOAHMMATbLCA KPblbA MOCTa, YTO6bI
cyaHo Ntoboi BbICOTbI U WNpPUHOM 20 M MOT10
6e3onacHO NPOMTK Noa MOCTOM?

|1_2. Bbluncnute.

a) arcsin(sin% ) 6) arccos(cos%) B) arctan(tan %)
.. 2T
|£;_ dHBep U Jlana BbIYUCIUAM 3HAYEHUE BblpPaXKeHUA arcsm(smT) TakK:
3rHBep: arcsm(sm 3 )—Z—TE
Nana: arcsin(sinz?n) = arcsin(sin(m —%)) = arcsin(sin % ) :%

KTO M3 HUX BEPHO BbIYUCIWA 3HAYEHUEe BbipaxKeHua? OTBeT 06OCHYMTe.
m. HanpuTe 3HaYeHWe BbipayKeHU.

21

a) arcsin(sin%t) 6) arccos(cos 4—375) B) arctan(tan 5— 5
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YpaBHeHMA BMAA Sin X = @, COS X = d, tan x = g, Cot X = g ABNAOTCA NPOCTENLLNMM TPU-
FOHOMETPUYECKMMU YPABHEHUAMMU.

YpaBHeHue sinx =a

ObnacTb M3MeHeHUsA cCUHyca oTpe3ok [—1; 1]. MoaTtomy npu |a] > 1 ypaBHeHHe
sin X = @ He UmeeT pelueHnit. PaccmoTpum cayyait|a| < 1.
B oAHOM cucteme KoopaMHaT NOCTPOUM rpaduKkm GYyHKUMA Y =sin X Ny = a.

ry y =sin x
PN L N, _Y=a N\
Z AN N i AN

o| ¢ T \_/Zn X

Kak BMAHO, cyliecTByeT 6€CKOHEYHO MHOTO 06LWMX TOYEK NPAMOM U CUHYCOUAbI.
370 roBopuT 0 TOM, 4TO Npw |d| < 1 ypaBHeHuUe sin x = a UmeeT

6eCKOHEeYHO MHOTO KOpHeMl. TaKk Kak CUHYC ABAETCS nepuogu- T—a Ay

yecKol pyHKLUMeNM, To 4OCTAaTOYHO HANTM KOPHU Ha MPOMENKYTKe o

ANIVHOW B OAMH Nepuog, T.e. Ha 2T.

Mo rpaduKy BMAHO, 4TO Npw |a] < 1 ypaBHeHMe sin x = g Ha OT- 2 0 2 =
X

peske [0; 21t] umeeT ABa KOPHA. K TOMY »Ke BbIBOAY MOXKHO Mpu-
ATV VI MPU ABUMKEHUM TOUKM MO OKPYXKHOCTU. Ha Lesiom nepuoge,
N9 O HOTO M TOTO »Ke 3HaYEeHUs CUHYCA, MOXKHO HalTK ABa yria.
Ecnv oamH 13 yraoB NoBOpPOTa PaBeH o, , Toraa Apyroi byaet © — o . OcTanbHble
pelleHus ypaBHeHUA sin x = a (a| < 1) MOXKHO nonyuuTb, 06aBUB K HUM Liesioe
yncno o60poToB. 3HAUUT, C/IU O PeLIEHMe ypaBHEHMA sin X = a, Torga Bce pe-
WeHMA 4AaHHOIO ypaBHEHMUA 3aMUCbIBAOTCA B BUAE X =L + 21T, X =TT — O + 27Tth
(ne 2). 2Tn aBa cemelicTBa peleHUn MHOTAA 3a4at0Tca ogHoM dopmynoi BUaa
x = (—1)ko + mk, (ke Z) v npu k = 2n (4€THOM) Nosyyaem pelueHus | cemeiicTsa,
npu k=2n + 1 (HeyéTHOM ) nony4aem peweHusa |l cemeiicTsa.

: T, T
Mpu|al <1 ypaBHeHKe sin X = a Ha oTpe3ke [— 57 2—] MMeeT KopeHb
X = arcsin @, Toraa Bce KOPHU AaHHOTO YyPaBHEHMA MOXKHO HAaWTK No GopmMynam:
X =arcsin a +2nn u x =7 —arcsin a + 2nn (n € Z). 31 dopMy/ibl MOXKHO 0bbean-

HWUTb 1 3anucaTb B Buae x = (—1)%arcsin a + ntk (k € Z).

Mpumep 1. MpeactaBbte rpadpuyeckoe pe- A )= sinx
WeHWe ypaBHEeHUA sin x =72 W 3anuumnTe AN /I/\l\ g 7
oblee pelleHue. 03 TN x
PeweHune. MNocTpom B 04HOM KOOPAMHATHOM cUCTEME
rpaduKm GYHKUMIM Yy =Sin X Uy = %
T.K. arcsin % = %, rpadumyeckoe peweHne HarAagHo n0Ka3b|33aeT, 4YTO AaHHOe
T B

T
ypaBHeHue Ha oTpeske [0; 21t] umeeT ABa KOpHA: 4 U T — =
Bce KopHM ypaBHeHua: X = + 21N, X =~z + 27N (neZ).

Obulee pelieHmne: x =(—1)k-% + 7k, (ke Z).
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Mpumep 2. CKONbKO KOPHEN MMEET ypaBHEHME Sin X =% Ha oTpeske [0;37]?

PeweHue. 3anvuwem pelueHne ypasHeHus x = (1) %+ 1k, (k€ Z) v Hallpgém
17n

KopHU, Nnpu k=0; 1; 2;3: xo =%,X1 =%E, X2 = 13?“, X3 =T. Mpwn gpyrmx 3Have-

HUAX NapameTpa k KOPHU He NPUHAAENKAT 3a43aHHOMY OTPE3KY.

2

Mpumep 3. Pewmm ypaBHeHue sin x = -

. 2
PeweHune. T.K. arcsm(—T) = —% ,TOX = (—1)k-(—%) + 1k = (—1)’”1-% + 1k, (ke 2)

EWwé npoLie MOXKHO HaliTK pelleHns ypasHeHua sinx=anpna=0,a=1,a=-1.

Ay
/\ y=1

z n\i/'zn 3n i
y=-1

9TO MOXHO yBUAOETb N Ha EAMHVNHOI;‘I OKPYXXHOCTWU.

D(-3)

al---¢

0

)
/

Touku c opdurHamoii 0 A(0) u C(7t)  Toura c opdurHamoii 1 B( g ) Touka c opduramoti —1 D(—Z)
sint=0 sint=1 sint=-1
t=nk (ke 2) t=%+2nk(ke 2) t=—%+21‘tk(k€ 2)

Mpumep 4. Pelwmm ypasHeHuMe sin (x +% )=1
PeweHue. BbINOIHMM cneaytoLLyo 3aMeHy: X + % =t

Monyyaem ypasHeHue sin t = 1. PewweHnem byaet t =% + 21tk (ke 2).
Mp1HMMas BO BHUMaHME 3aMeHy, UMEeM:
X+ %:E + 21tk (ke 2)

2
. _n_T T
OTtciopa: x= > 3t 2nk, X=g+ 2k (ke 2)

Mpumep 5. Pewmm ypasHeHue sin (x — 30°) = 0.
PeleHue. 34ecb X yron BbipaskeH B rpadycax. Toraa peweHus ypaBHeHUs MOMKHO
3anuncaTb Tak: x—30° =180°k, x=30°+180°k (ke Z).
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O6yualowme 3agaHuA

L.

Kakoe 3HaueHue x ABNAETCA KOPHEM 3aZaHHOIO ypaBHeHUA? Mcnonb3ysa nepuo-
ANYHOCTb GYHKUMM 3anunLumnTe ewé A8a KOPHSA: NMOJOXKUTENbHbIN U OTpULLaTE b
Hbll. BbIMOAHWUTE NPOBEPKY.

a)2sinx=1, x=7t,x=5—7T 6)\/§sinx= 6, x=£,x=l

4 6 3 6
1) I'Ipep,c%aBng rpaduyeckoe pelieHne ypaBHeHU. 2) HaliauTe KOpHM B Npome-
KYTKe [—? ; T] 3) Hanuwwute obuiee peweHme
a)sinx=g 6)sinx=—% B)Zsinx=—\/§ r)25inx+\/§=0
a)sinx=1 e)1l+sinx=0 *K)2sinx—1=0 3)sinx=0

Pewwnte ypaBHeHuA.
a) 2 sin(x +%) =3 ) sin(ZX—%) =0 B) 2 sin(ZX—% )=1

M3yunTe npumep, HaNAUTE KOPHU yYpaBHEHWUN, NPUHAANENKALWMX AaHHOMY

NPOMENKYTKY.
. _1 . _ \3
a) sin 2x = 5, 0s<x<3m 6) sin 2x = - 0<x<3m
Mpumep. 1) 3anuwuTe peleHnsa ypaBHEHWUN, NPUHALNEKALLMX
npomeyTky [0; 37].

. _ L . =__£L
1) sinx = > 2) sin2x >

PaccmoTpum obliee pelleHve ypaBHeHUA BUAa sin O = —%.

Ha eauHWYHOM OKPYKHOCTU CYLLECTBYIOT [iBE TOYKM C OpAM-

1 Tn 1ln
HaTamu — 5 3TM TOYKaM COOTBETCTBYIOT YI/ibl 5 " 5

PelweHwne ypaBHeHuA: T + 2k W 11n+2nk(ke 2) %t
6 6

a) B cnyyae, ecam © = x m 0 £ x < 3w, AAaHHOMY MHTEpBany yAOBAETBOPAIOT

n 1lmn n 1ln
TO/IbKO 3HAYeHMA X paBHble —— U —— . OTBeT: X = 0
6 6 6 6

6) B cnyyae, ecan O = 2x, ecam x yoosnetsopseT ycnosuto 0 < x < 3,

TO 0 < 2x < 6T M HA JA@HHOM MHTEpBa/ie CYLLECTBYIOT C/ieAytoLme KOpPHU:

+2n +271
— e
sin2x=— L 9= %, llm 197 23n 3lm 35w
2 6 6 6 6 6 6
\+2’ﬁ/7

W
_ m 1ln 19¢ 23n’31n,35n

12 12 12 12 12 12
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YpaBHeHue cos X = a

AHanorm4yHbiMm obpasom, npu |a| > 1 ypaBHEHMe oS X = a He UMeeT KopHeit. Mpu
|al <1 ypaBHeHWe UMeeT HeCKOHEYHOE MHOXeCTBO KopHel. Kak no rpaduky, Tak
M NO e4MHUYHOMN OKPYKHOCTU BUAHO, YTO HA OTPEe3Ke, AJMHON B OAUH Nepuos,
(T.e. 21) ypaBHeHue cos x = a (|a| < 1) umeeT ABa KOPHS.

<

Ecnu o sBnaeTca KopHeM ypaBHEHMA COS X = d, TOrAA —a TaK¥Ke ABNAETCA Kop-
HeMm, TaK KaK cos(—a) = cos o.. Takum 06pas3om, eciv U3BECTHO,UYTO o ABAAETCA
OAHUM M3 KOPHEN ypaBHEHUSA COS X = d, TO KOPHW 3TOT0 YPaBHEHUS MOXKHO
HanTK no popmynam x = o + 2tn ux =—a. + 2ntn (n € 7). Horaa atn ase dop-
MY/ibl 06bEeANHAIOT M 3aNMUCbIBAIOT B BUAE X = oL + 21tn (n € 2Z).

Mpu|a| <1 KopeHb ypaBHEHWA €OS X = d Ha oTpe3ke [0; Tt] paBeH x = arccos a.
Toraa Bce KOPHM MOXKHO HaliTu no dopmyne: x = £ arccos a + 2ntn (n € Z)

2

Mpumep 6.MNpeacTtasbTe rpaduyeckoe peleHne ypaBHEHUA COS X = — - 3anu-

wuTe o6u.|,ee peweHune.

PeweHue: nOCI/QOMM B OAHOWM KOOPAMHATHOM cucteme rpadukm GyHKUMI
. 2
y=sinxuy=-5" yA

\/E y/=_cos X
N\ /
N -2 2 AN

. 2 T
T.K. arcsin == =7, rpaduyeckoe pelweHne HarnsAHO NOKa3bIiBaeT YTo, AaH-
T T
HOe ypaBHEHME Ha NPOMEXKYTKe [—T; T|umeeT ABa KopHs: iy

Bce KOpHM ypaBHeHUA: X :% +2TNVva x = —% +2nn(ne 2).

~

)\
W

e

ENE]

Obuee peweHne: x=t% %+ 2nn(ne 2)

Mpumep 7. PelwunTe ypaBHeHMe COS X = —%

PeweHue: x =+ arccos(—%) +2nn(ne 2)

MockonbKy arccos(— l) =m—arccost =g-T = 21
22 2 3 3
TO x=i?n+2nn(ne 2)
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EWweé npolue MOXKHO HalTK peleHunsa ypasHeHna cosx=anpna=0,a=1,a=-1.

i 3n _ . . ~ .
Touxu ¢ abcyuccamu 0 (,(?), D(T) Touxa ¢ abcyuccou 1 A(0) Touka ¢ abcyuccou —1 C(r)

cost=0 cost=1 cost=-1
t=%+-n:n, (ne 2) t=27n, (ne 2) t=m+2nn, (ne 2)

Mpumep 8. Pewunm ypaBHeHMe cos (x +%) =-1.

BbinonHMMm 3ameHy x+X =t: cost=—1 t= m+2mk (ke 2)

4
MpUHMMan BO BHUMAHME 3aMeEHY, UMEeeM: X + %: T+ 21k (ke 2)
x:—%+n+2nk, x=37f+2nk(ke 2)

O6yuatowme 3agaHmA

|i Kakoe 3HayeHue x ABNAETCA KOPHEM 3aZ,aHHOr0 ypaBHeHUA? Ucnonb3ya ne-
pPUOAMYHOCTb GYHKLMM 3anMLIMTeE eLé ABa KOPHA: MNOMOKUTENbHbIN U OTPU-
LaTeNbHbIW. BbINONHUTE NPOBEPKY.

a)cosx+1=0, x:%,x:n 6)\/§cosx:2, x=%,x=%

Ii 1) MpepcTaBbTe rpadmyeckoe peleHne ypaBHEHUNA.
2) HaitauTe KOpHU B NpomexyTKe [-T; Tt].
3) HanuwwuTe obliee pelleHne.
a)cosx=% 6)cosx=—% B)ZCOSX=\/E r)2cosx=\/§

,u,)2cosx—\/§:0 e)2cosx+1=0 X)cosx—1=0 3)cos2x=0

|L 3anuwmnTe KOPHU YPaBHEHWUN, NPUHAANENKALLMX NPoMeXKyYTKY [0; 31t].

1 1 T 1
= 6) cos2x=— B) cos(x — —~)=—
a) cosx =" ) 5 ) ( 3) :
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YpaBHeHuatanx=aucotx=a

T
Ha npomexyTke (—%; 5) peleHnem ypaBHeHuA tan x = g aBaseTca x = arctan a.
Tak Kak OCHOBHOW nepunog GyHKLMM tan X paBeH Tt TO, BCE PellueHna ypaBHEeHUA

tan x = a MOXKHO 3a4aTb Gpopmynon:
x=arctana +7n, (ne 2).

To, 4TO pelleHne BEPHO NMOKas3aHo Ha

PUCYHKe NpW NOMOLLM TOYEK Nepeceye-  —2m _

HUA rpaduKoB GYHKUNIM y =tanxuny =a.

AHaNIOrMYHO MOKHO MOKa3aTb, YTO BCE PeLLUEeHNA YpaBHEHUA cot X = a UMetoT BUS,
x=arccota+mn(ne 2).

Mpumep 9. Pelwumm ypaBHeHMe tan (x—%) =43.

PeweHwue: BbINONHUM 3aMeHy X — % =
Monyuynm ypasHeHue tan t = V3.
PelueHne 3TOro ypaBHeHus byaer t= %+ nn(ne 2).

MPUHUMaN BO BHUMAHME 3aMeHy NOAYYUM:

T_T
X-6=3 +7n (ne 2)
x=%+%+nn x=%+nn(ne 2)

Mpumep 10. Pewmnm ypasHeHue cot 3x = —1.

PeweHue: BoinonHMB 3ameHy 3x = t, nonyymm: cot t =—1

TaK KaK arccot(-1) = 3;

M3 3ameHbl cnepyerT, uto 3x =3th +7tn. Pasgenvs obe Yyactv Ha 3 Nosyuum

BCe pelleHunA ypaBHeHUA cot 3x =—1 B Bnae x = %+%, (ne 2).

Tot= % 4mn
,TOt= 7= +7n.

Mpumep 11. Pewwnm ypasHeHue tan x = 0,75 .

[na peleHns ypaBHEHMA TaKOro TMMNA UCMOb3yNTe KaNbKyaATOP.

Ecnv nocne HaxatuaA KHonku tan-! BBecTn uncno 0,75, TO NpK HaXKaToi KHoMKe
Degree nony4ymm 3HadyeHue 36,87°. Tak KaK TaHreHC ABAAETCA Nepuoamyeckon
dyHKuUMel, To 3HayeHua 36,87° + 180°, 36,87° —180°, 36,87° + 360°,
36,87°—360°, 36,87° +540°, 36,87° — 540° TaK»Ke COOTBETCTBYIOT 3HAYEHUAM TaH-
reHca pasHbim 0,75. Takum obpasom, pelieHne ypaBHeHUA B obwem Buae 3anu-
cbiBaeTca Tak: x =~ 36,87° + 180°k, (k =0, £1, £2, £3, ...).

PelweHne ypaBHEHMA NpW NOMOLLM KHONKK Radian byaeT umeTb BMA,:
x=0,6435+mk, ke Z.
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PelweHuns ypaBHEHWI BUAA COtX = 0, SECX = 0, CSCX = @ MOXHO NONYYUTb NPU No-
MOLLW PaBEHCTB:

1 1
cot x = , secx= ,  CSCX= —
tanx cos X sin x

Mpumep 12. HaingmTe KOpHM ypaBHEHUs csc X + 1 =0, npuHaanexalme npomMesKyTKy
[0; 2m].
PeweHune. cscx=—-1

1
sin x

i
=—1 O6uwee peweHne ypaBHEeHUA sinx=—1ecTb X =— ?+ 2nn (ne Z).

3n
X =~ - KOPeHb AAHHOTO YPABHEHMA HA NPOMEXYTKe [0; 2m].

& Kakoe 3HauyeHue x ABNAETCA KOPHEM 334aHHOTrO ypaBHeHUA? Mcnonb3ys ne-
PMOAMYHOCTb GYHKLMM 3anUwInNTe ewwé ABa KOPHA: MOMOKUTENbHbIN U OTpULa-
Te/bHbIW. BbINONHUTE NPOBEPKY.

A r  _ = Ny g . T
a)tanx—\/3—0,x—4 X =3 6)\/6cotx-\/2,x— 3 X = 6

T N
Ii 1) HaliamTe KOpHWU ypaBHEHUS, MPUHAAAEKALLME NPOMENKYTKY (—?; 5 )
2) 3anuwuTe obulee pelleHue.

a)tanx=\/§ 6)tanx=-1 B)tanx=1 r)tanx=\/?

|£). 1) HalianTe KOpHU ypaBHEHUS, MpUHaanexalme npomexytky (0; 7);
2) 3anuwuTe obuiee pelieHme.

\/

a) cotx=13 6) cotx=-1 B) cotx=—\3 r) cotx=—3-

|1_1. PewmTe ypaBHeHue tan x = V3 . Mcronb3yn noayyeHHble pesynbTaTbl, 3anu-
WwnTe obLme peweHnsa cneayowmx ypaBHEHUNA.

a)tan(x—%)= \/3T 6) tan 4x=13 B) cot 2x=§
|12. PewuTe ypasHeHms.
1) HanguTe KOpHW, pacnonoKeHHble Ha NpomeKyTke [0; 27].
2) 3anuwuTe obulee pelleHue.
3) U306paszunTe rpaduyeckoe pelleHMe YpaBHEHUS.
a) 2sinx—\3=0 6) 2cosx =1 B) tanx+1=0
r) 2cosx—\3 =0 A) sinx=0 e) tan x +\3 =0

|1_3. MpY NOMOLLM KaNbKyNATOPA PeLunTe ypaBHEHUA U HAUAUTE TPU Ero KOpHS.

a)tanB6= 3 6) sin 8 =0,85 B) cos 0 =0,47
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|£1. Haigute KOpHU ypaBHEHUS, NpUHaANexKallme npomexyTky 0 < x < 4w, no ob-

pasLly.
a)2tanx=-2 6) 2sinx =-1 B)2cosx:—\/§

Mpumep. tan x = -3

PeweHune: Ha eAMHNYHOM OKPYKHOCTU YPaBHEHUIO COOTBeTCTByIOT
[Ba yria noBopoTa: 2_;, 5;5. TaK Kak nepuos, paBeH T, TO 3Ha4YeHun
—/3 TaHreHc NPUHMMAET B TOYKaX paBHOYAANEHHbIX APYr OT Apyra
Ha paccTosaHue T, To ecTb tan(m + 0) = tan 0.

3HauYUT pelleHns ypaBHeHUA tan x =—V3 Ha uHTepBase 0 < x < 47, MOXKHO HaliTK No
npasuay.
27 27 o= Sn 5w o 81 8 o 1ln
SR T3 3 Ch
T
0| 0<x<4n >| 4n

|1_5. Hangute npubanKEHHblE KOPHU Cneayowmx ypaBHEHMA Ha 3a4aHHOM Npo-
MeXKYTKe Npy NoMoLM rpaduka GyHKLMM Y = COS X.

A
1 =COS X
0,51
X
270°  450° 630° 910°"
-0,5
_1 —
a)cosx=0,4 0< x<450° 6) cosx =-0,5 0<x<630°
B)cosx+1=1 0<x<910° r) 2cosx=-2 0<x<630°
|_6 PewwTe ypaBHeHMA.
a) 2 sin(x +—) =\2 6) sin(2x +%) =0 B) cos(2x +%) =0
r) 2 cos(x _T) =2 a) tan(2x — %) =1 e) cot(2x — %) =0
|17. PewwuTe ypaBHeHuA.
. . 2 2y iy L
a) sin 2x-sin X — cOS 2x-COS X = 2 6) cos’x —sin x=5

B) sin 3x-cos x = 1+ sin x-cos 3x r)sinx-cosx=0
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|£;, Halante KOpHU ypaBHEHUSA, NPUHAAIENKALLME NPOMENKYTKY, No obpasLy.
a) cos’x —sin’x =1, (0; 3x]
6) cos?(x + 30°) — sin?(x + 30°) = -1, (180°; 270°)
B) Sin X-Cos X = 5 [=m; 27]

Mpumep: a) cos®x —sin’x =1, (0; 3m]

PeweHwue: 3anmwem ypaBHeHue B BuAe cos 2x = 1.

Obluee pelweHne ypaBHeHMA cos O = 1 umeet sua: 0 = 2ntk, (ke 2).
Otcioga nonyyaem: 2x = 2nk, x =7k, (ke 2)

Ecnm 0 < x < 3w no ycnosuto , Torga 0 < mk < 37 .

Pasgennm Kaxkayto ctopoHy Ha m: 0<k<3, (ke 2).

MoactaBMM nonyyeHHble 3HadYeHua k = 1; 2;3 B bopmyny x =ik (ke 2)

NONYYUM KOPHM 334aHHOTO YPaBHEHUA: TT; 2TT; 3TT.
|£). Haliante Hynn GyHKUMKM Ha 3a4aHHOM NPOMEXKYTKeE.
a) y =sin 2x, 0° < x < 180° 6)y=sin(x—%),0$xs3n

@, HaliguTe abcumccbl Touek nepecedyeHns rpadmnkos GyHKUMUN .

y=3cos(x+%) ny=1,5.

|£l. PewunTe ypaBHeHUS.

a)sin(t+x)=-1 6) cos(m—x)=1 B) sin mx =0
r) COS(%—%FO A)tan(%ﬂx):l e) cot(%+%)=\/§

|2_2. Hanaute KOpHU ypaBHEHWUI B 3a4aHHOM UHTepBane.
a)4tan3x+5=1, O0<x<m
6) 2cos2x+3=2, 0<x<360°
B)2sin2x+V3=0, 0<x<2m

r) V2 sin 2x+3=2, 0<x<360°

sin Tx
|§. CKO/IbKO KOPHEWN MMEET ypaBHEHME 1 0 Haotpeske [0;2m]?
@. Hailgute nepumeTp TpeyroabHWUKa, 3Has, 4To cos 260 =7,
25

2 []
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PeweHune Nt060ro TPUroHOMETPUYECKOTO YPaBHEHMA CBOAUTCA K PeLUeHMto Npo-
CTENLWNX TPUFOHOMETPUYECKMX YPaBHEHUIN. PAacCMOTPMM OCHOBHbIE MeTOAbI pe-
LWEHMA TPUTOHOMETPUYECKMX YPABHEHUI Ha CieayoWwmnx Npumepax.

1) MeTtog pasnoXKeHUsa Ha MHOXUTENU

Mpumep. Pewnm ypasHeHue sin 2x —sin x = 0.

PelweHue:

2 sin x-cosx—sinx=0 rno ¢hopmyse 080liHO20 yena sin2x = 2 sin x-cosx
sinx(2cosx—1)=0 8blHeceHuUe 0buw,e2o0 MHOXUMess 30 CKOBKY
sinx=0wunn 2 cosx—1=0 o ycnosur paseHcmea “0” npoussedeHus
X=TNn,Nne unu COS X == x=i§+2nk,kez

T
OTBeT: N, i§ +2nk, ke Z, neZ

O6paTtnTe BHUMaHWNE, YTO B Pa3/IMYHbIX CEMENCTBAX pelleHunii napameTpsl (n, k) oT-
MEeYatoTCs pasHbIMU ByKBaMMU.

Mpumep. Pelwinm ypaBHeHMe sinx cos? x = 4 sin X U HANAEM KOPHU, PAaCNONOKEHHbIE
Ha npomexyTke [0; 27] .

PeweHue: sinx cos? x =4 sin x 300aHHOe ypasHeHue
sinx cos’?x—4sinx=0 omHumem om Kaxdoli yacmu 4 sin x
sin x(cos’x —4)=0 8bIHECeM sin X 3a CKOBKy
sin x(cos x — 2)(cos x + 2) = 0 pazaoxcum no gpopmyse pasHocmu Keadpamos

Kaxabli MHOXUTEIb NPUPABHUBAEM K HYJIO M HAXOAMM X (€C/IM 3TO BO3MOXKHO).

sinx =0 cosx —2=0 cosx +2=0
x=nk ke Z cosx=2 cosx=-2
peLleHnit HeT peleHnit HeT

PeweHune ypaBHeHUA B obwem Buge: x = 1k, (ke Z).
KopHu ypaBHeHuUs, pacnonoeHHble Ha oTpesKe [0; 2w]: x1 = 0; x2 = 7t; X3 = 27.

2) MeTop BBEeOeHNA HOBO NepemMeHHOM
Mpumep. 2sin?x—cosx+1=0
PeweHue: 2(1 —cos’x)—cosx+1=0
-2 cos’x—cosx+3=0

U3 OCHOBHO020 MPU2OHOMEMPUYECKO20
moxdecmaa sin’ x = 1 — cos? x

2cos?x+cosx—3=0 ynpowaem

2a°+a-3=0 88€0EM HOBYH NepemMeHHY C€OoS X =a
(2a0+3)(a—1)=0

a=-1,5 a=1 peweHua Kea0pamMHoO20 ypagHeHUA

cosx=-1,5 cosx=1 a8blnosnHAeM 06pamHyo 3ameHy cos X = d

KOpHen HeT x=2nk ke Z

OrBerT: x = 21k, (ke Z).
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3) PewieHne ogHOPOAHDBIX YyPaBHEHUN
Ecnm sin x = a, cos x = b 1 BCce YneHbl BXOAALME B YPAaBHEHMUIO ABAAOTCA O4HOYNE-
HaMM OAMHAKOBOW CTEMEHN OTHOCUTENLHO d U b, TO TaKMe ypaBHEHMA HA3bIBAKOTCA
OLHOPOAHLIMN.
Mpumepsbl. 2 sinx—cosx=0

sin2x—3sinx-cosx+2cos’x=0
Ecnn HeT 0bLero MHOXUTeNA, To 06e YacTu 0AHOPOAHOIO YPaBHEHUA MOXKHO pas-
OenunTb Ha 6oNbLLYIO CTeMEeHb oS X ( Uau sinx).
Mpumep. sinx+cosx=0
PeweHue. 3pecb cos x # 0, TaK Kak ecam cos x =0, 1o sin x =0, a 3To NpoTMBOPEUUT
ToXAecTBy sin? x + cos? x = 1. 3Hauut cos x =0 .
Ob6e CTOpOHbI ypaBHEHMA MOXHO pa3aesinTb Ha COS X:

tanx+1=0, tanx=-1, x:—%ﬂm,ne Z.

4) NpumeHeHue Gopmy/ibl NOHUKEHUA CTENEHU

Mpumep. Pelinmm ypaBHeHMe cos? x = 7

PeweHue. 3aecb yaobHO NpuMeHUTb dopmyny cos’a = M
“Cfoszx = % YMHOMXCUM 06€ yacmu ypasHeHUA Ha 2
1+cos2x= % omHumem om obeux yacmedii 1
cos 2x = — 1 coenaem 3ameHy 2x =t
2
cost=-— 1
2 2 1 21
t=+ 7“ +21n, ne Z MaK Kak arccos(—i) =3
2Xx = 12_331 + 27n, pazodenum obe yacmu ypasHeHUA Ha 2
i

x=t3+mn,ne Z
5) MeToga BBeaeHUs BCNomorarte/ibHOro yria

YpaBHeHuA BMAa a sin x = b cos x = d (npu ab # 0) yaobHo pewnTb, BBEAA BCMO-
MoraTe/ibHbli Yros, pasaenvs obe 4acTu ypaBHEHUA Ha uncno ¢ = Na’+ b? .

Mpumep. V3 cos x + sinx = V3
Pewenne. 3gecb a=\3,b=1 nc=Va?+b>=\3 +1=2.

Pasgennm obe 4acTu ypaBHEHUA Ha 2:

%'COSX+% : sinx=§
— -
cos % sin % 88e08M scrioMmoaamesibHbili y20s1 %
cos(x— % ) = g o ¢hopmysne cr0xeHUA
EY _,_ T
cos t = \3 8bIMOAHUM 3aMeHY t = X 3
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_ T -_T

t= _6.+ 21tn nnm t= 3 +21n
_n_ & _T__T

X 5 ?Znn X 6 6+21'cn
r.,n =

x-6+6 +21n x=2nn,ne Z
T2

OTBET:% +271tn, 2nn,ne Z.

Mpumep. CKONbKO KOPHEN MMeeT ypaBHEHUE COS X = sin% Ha oTpeske [0; 2rt]?
PeweHue: cosZ% - sinZ% = sin% rno gpopmyne 080liHo20 yena
1-2sin2 % —sin %: 0 8bIM0AHUM 3GMEHY Sin % =a
20°+a—-1=0
a=-1 a =% peweHue KeadpamHo20 ypasHeHUsA
sin% =-1 sm%:%
%:—%+2nn %:%+2nk Z %=5—g+2nk
x=-n+4nn,ne Z x:%+4nk " x=5—§+4nk, ke Z.

[ns napameTpa n HXU OAHO U3 3HAYEHWUIM HANAEHHbIX KOPHEN He COAEePIKUTCA B

3a4aHHOM OTpe3Ke.

% 7 STR KOPHW ypaBHeHUs Ha oTpeske [0; 2] npu k= 0.

[ns 3agaHHOro napameTpa k Ha 3a4aHHOM OTPE3Ke He CyLLEeCTBYET APYrnx Kop-
Hell. OTBeT: A,Ba KOPHSA.

Y6eantca B NpaBUAbHOCTM PeLleHUA MOXKHO NOCTPOUB rpadpuKmn GyHKLMIMI
Y=COSXMNy=sin> npunomoLuu rpadkanbKynatopa. Touku nepeceyeHns rpa-
¢duKos byayT FIBIIFIszCFI peLieHmem. [N 3TOro BbINOAHUM NOCTPOEHMUE C MOMOLLbIO
pecypca, No aapecy B UHTepHeTe https://www.desmos.com/calculator.

AY
(0;1)
1

_zn—Sn/3%3_ﬂ-7y§_ﬁ//o /3 WS%/S Zn:x
o -1

SAP

(-m; -1)

(r/3;0,5 (57/3; 0,5




MeToabl pelieHUs TPMroHOMEeTPUYECKUX YPaBHEHMIA

211

Obyualowme 3agaHuA

|£ Kakoe 13 cneayowmx 3Ha4eHu X ABNAETCA pelleHnem ypaBHeHus?

1)2cosx—-1=0

4)2cos?4x—1=0

T o7 = _3n
a)x=§ 6))(:7 a) x 16 6) x 16
2)cscx—2=0 5)2sin>x— sinx—1;o

T _/n
ax=%  6)x=L a)x=5 6) x =21
3)3tan?2x-1=0 6) sec42x—4sec2x:05

= = 51 a)x=-L 6) x = =L
a) x 12 6) x > 3 3

PewunTe ypaBHEHMA METOAOM Pa3/I0XKEHNA HA MHOXUTENN.
a)2sin?x—sinx=0
B) cos’x—3cosx=0

6)sin?x+2sinx=0

r) 2 cos?x— 3 cosx=0
Pewnte ypaBHEHNA METOAOM BBEAEHMUA HOBOM NEPEMEHHON.
6) 2sin2x—5sinx+2=0
r)4cos?2x—4cosx+1=0
e)2cos’x+sinx-1=0
3)cotx+3tanx= V3

a)sin?x—2sinx—3=0
B) cos’x—4cosx—5=0
A)2sin?x—cosx+1=0
X)tan?x—tanx-2=0

Pewwute O4HOPOAHbIE YPpaBHEHNA.

a)sinx+cosx=0 6) 3 sin x—cos x = 0 B) sin?x—2sin 2x+3 cos?x=0

PewwnTe ypaBHeHME NPU NOMOLLM GOPMYbl MOHUMKEHUSA CTENEHMU.

a)4sin2%—3:0 6)4c052%—1:0

Hallgute pelweHune cneayowmx ypaBHEeHUA Ha 3a4aHHbIX MPOMENKYTKaX.

6) 6sin?x+5=8, 0<x<2m
ry2cos2x+3=2 0<x<360°

a) 3tan’x—-1=0,0<x<360°
B) 4cos’x—1=2,0<x<2m

PewnTte ypaBHEHMA Pa3IMUYHbIMU METOAAMMU.
a)cos3x—cosx=0
B) sin x— V3 cos x = 2

6)sin 3x+sinx=0

r)sinx+cosx:\/§

A) sin 2x — 2\3sin?x=0
X) (1 +tan x)-cosx=0

n) sin x + 1,5 sin 2x = sin® x

. 3
n) cos“x—sm“x=—2

H)sin3x—2cos2x=3

e) sin 2x =2 cos? x

3) (1 —-tanx)-sin 2x =0
K) cos x + sin 2x = cos® x
M) sin 3x =3 sin x

0) cos 4x +sinx=2
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10.

|11.

Mpy NOMOLWM KanbKynaTopa HakauTe NPUBAMKEHHbIE peleHns ypaBHEHWH,
PacnoioXKeHHbIX Ha MHTepBane 0 < x < 2Tt

a)3tanx+1=13 6)8cosx+3=4
B)4sinx =-2sinx—5 r)3sinx+4cosx=5

3anuwnTe peleHne ceaytowmx ypaBHeHUi B obliem Buae.

1) (cotx—\/?)(z sinx+43)=0 8) (tanx—1)(cosx—1)=0

2)2sinx—1=cscx 9)tan x + 1 =13 + V3 cot x

3)tanx—cotx=0 10) cos®? x=sin’x +1

4)csc?x—2cotx=0 11) sin® x - cos x = cos X

5)2tan’x-sinx—tan’x=0 12) sin’x-cos*x= 0

6) sec’x -tanx=2tan x 13) cos’ x—sin’x=0

7)9sin’x—6sinx+1=0 14) 4 cos’x—4 cosx+1=0
. T 1 .

1) nA ypaBHeHuUs S|n(2x—g) ==~ Haigute:

a) HAMMEHbLUWI NONOXKUTENbHbI KOPEHb;
6) HanboNbLWNIM OTPMLLATE/IbHBIN KOPEHb;
T
B) KOPHU, PACMONOMKEHHbIE HA NPOMEXKYTKE [— ?; ] .
2) Haliante KOpHM ypaBHeHMA sin 3x- cos X = 1 + sin x- coS3X, pacnonoKeHHbIe

i
Ha NnpomexyTKe (—T; 7).

MocTpoiite rpadmKkm cneayrowmx GyHKLMIA. 3anmLLmnTe TOYKMU NepeceveHmns rpa-
¢dU1KOB € OCcbto X Ha MHTepBane 0 < x < 2m.

a)y=2sinx+1 6)y=2cosx—1
. o rpaduky Ha pucyHke 3anu- |13. [IBuKeHMe Tena, NOABELIEHHOTO Ha
wute (NpubankEHHbIE) peLue- NPY)XMHE MOXHO CMOAENMPOBaTh

HWA YpaBHEHUS
4cos (2(x—60°)+6=4

dyHKUMen, 3agaHHon dopmysion

d =4 sinwt. Ha Kakoi cekyHAe Teno

Ay NU3MEHUT NONOMKEHUE Ha 2 CM?
y =4 cos(2(x — 60°)) +6
101
) —
8 acm+ D
61 6
=4
Y EEAVARRY/

—4cm T f] —4cm T

! ! L

0|  60° 120° 180° 240° 300° 360° X
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E PacctosHue d, koTopoe npeogonesaeT 6encbobHbIN
MAY MPU yaape, 3aBUCUT OT Ha4a/IbHOM CKOPOCTU Vo U
yrna HaknoHa 0 1 HaxoauTcs no popmyne

Vvo? sin20
d =—g’ 34eCb g ycKopeHue cBoboaHOro na-
AeHua. Ecam NpoTUBHMK HAXO4MTCA HA PACcCTOAHUK
70 M, a HayanbHasA CKOPOCTb 6eicboIbHOro mava

vo = 30 m/ceK , To HalauTe yron HaknoHa 0.

Iﬁ Maxup xo4yeT npoBepuTb BaNaHCMPOBKY KoNéc Benocunea. Ana
3TOro OH CTaBMT METKY Ha 0604e Koneca v Ha4uMHaEeT ero KPYTUTb.
[BukeHne meTku 3apaétca popmynoi h(t) = 42 + 18 cos 3nt.
3aech h - BbicoTa(cm), t - Bpemsa (cek.).

a) Ha KaKoi BbiCcOTe OKaKeTca meTKa Yepes Bpems t = 15 cek?
6) 3a CKO/IbKO CEKYHA, MeTKa OKaeTca Ha BbicoTe 60 cm?

E Kocmoc. Opbuta npepHasHavyeHHOro ans
KOMMYHUKALUMOHHbIX Lenenl WUCKYCCTBEH-
HOro CNyTHUKA 3eMnu HaxoA4WMTCA Ha pac-
CTOAHUM t MUAb OT 3eman. Pagnyc 3emnaum
paseH 3960 muab. Co CNYyTHMKA MOXKHO YBU-
0eTb TONbKO HEKOTOPYHO YaCTb MOBEPXHOCTU
3eman. Ha pucyHKe Tropu3oHTasbHaA
OKPYXHOCTb OrpaHW4MBaeT 3Ty 4acCTb WU
OKpalleHa YépHbIM LBeToM. YT0bbI Onpeae-
JIUTb HEKOTOpPble pa3Mmepbl FOPU30HTA/IbHOM - e—
OKPYHOCTU, BOCNO/Ib3YEMCA PUCYHKOM.

20pU30HMANbHAA
OKpYyHHOCMb

a) 3anuwunTe dopmyny 3aBUCUMOCTU t OT a.
6) Haaute t, ecan a = 10°.
B) Ecam t = 30000 muAb, HalaUTE 3HaYEHKe a.

Hangute gavHy muHopHoM ayrn AB. Kakoe HavmeHbllee KOIMYEeCTBO TaKmUxX
CNYTHUKOB Heobxo0aMMO, YTODbI YBUAETL LENNKOM IMHUIO BAO/b SKBaTOpa?
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|i Nutepatypa. [NaBHbIA repo pomaHa UCNAHCKOro Nuca-  £(t)
Tena Murena ge CepsaHteca [JoH KuxoT cumTtan cebs 12 NN
OYeHb CUIbHBIM U OHAX/Abl PELUNA OCTAHOBUTbL BETpA- = 81 / \
HYl0 MefibHULY. HO OH He cMmor caenaTtb 3To, Tak Kak 3a- g 4 A A
LEenunaca 3a KpblIO MesibHULbl U CTan KPyTUTbCA B § 0 20 4 60!
BO3AyXe. Bpems (cek.)

MonoxeHwne, B KoTopoe nonan JoH KMXoT, MOXKHO cMOAennpoBaTb NPy NOMOLLM
TPUrOHOMETpUYECKOM PyHKUMU. TpadumK Ha pUCYHKe NOKa3biBaeT
33aBMCUMOCTb BbICOTbI, Ha KOTOpPOW HaxoauTca [loH KnxoT npu Bpa-
LLLeHMM KpblNa, OT BPEMEHM.

1) Mo rpaduKy HaauTe creaytowme NokKasaTesm U 06 bACHUTE UX

B peasibHOM CUTyauuu: a) amnantyay; 6) nepuoga,
2) 3anuwute dopmyny GyHKUUK.

3) 3anuwunTe 06/1acTb onpeaeieHna U MHOMKECTBO 3HAYEHUI ANA LECTU NOJHbIX
nepmnonos GyHKLUMM, NOKasbiBatowen nonoxeHune [oH Knxota B Bosgyxe.

4) B Kakne muHyTbl JJoH KnxoT byaeT HaxoaumTca Ha BbicoTe 10 m OT 3eman?

5) Kak nameHutca rpadmk npm yMmeHbEHNM CKOPOCTM BPaLLLEHUA Kpblia?
FapmoHuyeckue KonebaHma. 3aBUCMMOCTb OTK/IOHEHMA
NPY*MHbI OT COCTOSIHUA NOKOSA Mnog, AencTBMem Beca
Tena 3agaHa ¢opmynon y =12 (sintt — 3 cosmt). 3aech
t - Bpems B CeK., y - U3MEHeHMNe NoJsioXKeHusa B M. Hali-

aute Bpema, ns nHtepsana 0 <t < 1, 3a KoTopoe Teno

BO3BpallaeTCA B COCTOAHMNE paBHOBECUA.

BoasaHoe Koneco ncnonbsyetca ana npeobpasoBaHUn sHEPIUK ABUNKEHUA BOAbI
B noJsiesHylo sHepruio. [lna nposepkun banaHca Koseca B Hero
BO6MBAKOT rBO3/b MU HAUMHAIOT KPYTUTb. KOraa reo3ab HaxoamuTca
Ha CaMoW1 BbICOKOM TOUKe KoJieca (B Hayasie ABUMKEHUS), TO pac-

CTOAHME OT Hero 40 MOBEPXHOCTM BOAbl cocTasaseTr 3,5 m.
Yepes 12 ceKyHA rBo3ab YKe OnycKaeTca K camol HU3KOM
TOYKe, Ha paccTtosHum 0,5 m nog Bog oM. g
a) 3anuwute dpopmyny GYHKLUM 3aBUCUMOCTHU BbICOTbI h, Ha KOTOPOW
HaxoAWUTCA rBO34b, OT BPEMEHMU.

6) Ha KaKoli BbICOTE OKaXKeTca rso3ap Yepes 15 cekyHz nocse Hayana
OBUXKEeHUA?

B) Yepes KaKkoe Bpems, NMoc/e Havyasa ABUKEHUA KOJIECO OKAKETCA Ha BbiCOTe
1,5 m OT NOBEPXHOCTU BOAbI?
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|L Ha ogHol KoopAMHATHOM NIOCKOCTU NOCTpoiiTe rpadukmn dyHKLUMI f(x) = sinx 1
a(x) = IR
a) Haltgute abcumcchl ToUeK nepeceyeHuns rpadumKo.
b) Mpu KakMx 3HAYEHUSX X, B3ATbIX M3 MHTepBana [0; 47t], 3HaYeHns byHKUUM
f(x) 6onblue coOTBETCTBYIOLMX 3HAYEHNIN GYHKLUUN g(X)?
c) YKaxkute KoKOW-nMbo MHTepBas, Ha KOTOPOM 3HauyeHus ¢yHKuuu f(x)
MEHblLIe COOTBETCTBYIOLLMX 3HAYEHNI GYHKLUUK g(X).

Ii Kapycenb, paguycom 20 m 3a Kaxable 40 ceKkyHp, coBepluaeT oanH o0bopoT.
Camoe HM3Koe cnaeHbe HaxoamMTCcA Ha BbicoTe 1 M. Ha pucyHKe NoKasaHo cxe-
MaTUyecKkoe n3obparkeHne 3agaum.

41 m

A

1 1 1
T 1 1
10 20 30 40
a) 3anuwwmnTe GYHKUMIO 3aBUCMMOCTM ABUNKEHMNA YeN0oBeKa, HaxoAALeroca Ha

cuaeHbe Kapycenu B Buge h(t) = a-sinb(t—c) +d.
6) B Kakue ceKyHAabl 33 04MH MO/HbIM 060POT YeNoBEK Ha KapyCenn, OKaxeTca
Ha BbicoTe 21 m?

|& OnpegenuTte cornacHo rpadukam dyHKUni f(x) = \Esin(x —%) +3ugx) =2,
NpPUY KaKMX 3HAYEHUAX X B3ATbIX U3 MHTepBana [—3w; 37]:

a) f(x) = g(x); 6) f(x) > a(x); B) f(x) <g(x)

D fix) =2 sin(x -7 )+3
@ a(x) =2 N

I:NENe

NN N A

Br 2n w9 T 2r  3n

D

|1_0. MocTtpovite rpadmk GyHKUMIN f(x) = 2cos(x +16T_ )+ 1ung(x) =2 cnomoubto
rpadKankynbaTops.
Onpegenunte, Npu KakMX 3Ha4YEHUAX X B3ATbIX U3 MHTepBana [—37;37]:

a) f(x) = g(x); 6) f(x) > g(x); 8) f(x) <a(x)
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E BblumcanTe Npu NOMOLLM KabKyAATOpa.
a) cos * (-0,8) 6) sin"t 0,99 B) tan 112 r) cos 0,55

E HalianTte KopHU cneayowmx ypaBHeHUM Ha npomexkyTke [0; 21t) (uam [0; 360°))

a) sin(x + 60°) =% 6) cos(x —30°) =—§
B) tan(x + 45°) = -1 r) sin(x—20°) = —
)cos(Zx—E)-l )tan(Z—x) =1 2
a 2)=3 e)tan(y—x) =
3. Pewwure ypasHeHus.
a)2cotx+1=-1 a)sinx+2=3
6) 5 sec’* x = 6 sec x e)2cos’x—cosx=1
B)4sin2x—4sinx+1=0 X)tan’x—4tanx+4=0
r)tanx—cotx=0 3)cos’x=sin’x+1

|i Typan u lyceliH 6eratoT no Kpyry, paguy-
com 100 m, KaK NOKa3aHO Ha PUCYHKe.
OHW Ha4ya/In ABUraTbCA U3 TOYEK, YKa3aH- 0,025 pan/cek

Typan Havan +Nob m
HbIX HQ PMUCYHKE, B HAaNpaB/IEHUN NPOTUB ABWKeHNe
OoTCroaa T
4acoBoOW CTpenKu. Yrnosasa ckopocTb Ty- \
0,03 paa/cek

[yceliH Hayan
ABUNKEHNE
oTctoga

pana 0,03 paa/cek., a lyceitHa 0,025
paa/cek.

a) Kakolt nyTb oHW npoberyT 3a 8 cekyHA ?
6) BbipasuTte yron noBopoTa, KOTOPbIM onuweT Typas 3a Bpems t CEeKyHA,
B)Onpeaennte KOOpPANHaTbI TOYEK B KOTOPbIX OHM OKaxyTcs Yepes 30 cekyHA.
r) Ha kaKkol cekyHze B nepsblit pa3 Typan nepeceyeT TouKy ¢ abcumccoit 0?

A) Ha Kakoli cekyHae B nepBbii pa3 NycelH nepeceyeT To4Yky ¢ abcunccon 0?

e) Ha Kakoli cekyHae B nepsblit pa3 Typan obroHuT MyceliHa?

|i HanpguTe pelweHuns cneayowmx ypaBHEHUN Ha NnpomexkyTke [0; 2m).

a) 2 cos? x =sin x 6) sin®x—5sinx=0
B) V3sinx+cosx=1 r) cos x - cos 2x = cos 3x
a) tan(2x — %) =3 e) sin 3x —cos 2x =2
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6.

AcTtpoHomusA. [MnaHeTa MepKypuin aBu-

MepKypwii

»eTtca Bokpyr CoHua no opbute B BUAE 3/1-
nunca. JsuxkeHune naaHeTbl MOXKHO 3a4aTb

dopmynoin:
3,44 x 107

1-0,206 cos O

MpY KAaKOM HaMMeEHbLUEM MONOXKUTENBHOM
3HayeHun yrna 6 nnaHeTta Mepkypuit byaet HaxoguTcsa oT ConHua

Ha pacctoaHun 4 x 107 km?

Ha HeKoTopoIt TEPPUTOPMM 3aBUCUMOCTb MEKAY YBEANYEHNEM KOSIMYECTBA KPO-
JINKOB (C YBEIMYEHMEM KOJIMYECTBA XULLLHUKOB) OT BPEMEHU, MOYKHO CMOAE/N-
poBaTb Tak: D(t) = 400cos % +800.

3pecb D - KONNMYECTBO KPONMKOB, t - BpemMA No MecALam

a) KakoBO MaKcMMasibHOE U MUHUMA/IbHOE KOJIMYECTBO KPOJIMKOB?

6) KakoBO KO/IMYECTBO KPOJIMKOB B TEKYLLEM MecAYe?

B) B KaKoM mecsye 4YnC/o KPoanKos bbino npubansutensHo pasHo 10007

r) U3o6pasuTe rpaduk GyHKUMK 3a 2 roaa.

B TeyeHuM roga cobupanacb MHGOPMALMA O NPOLOIKUTENBHOCTU CBETOBOTO
AHA B ropoge(s yac). 3aBUcMMOCTb bblia cmogennpoBaHa GyHKLMei

34ecb X NOKa3blBaeT HOMep AHA OT Hayvana roaa.

a) KakoBa npogosikuTenbHocTb aHA 1 aHBaps, 22 mapTta U 5 Hosbpsa?
6)B Kakne AHM NPOAONKUTENBHOCTL CBETOBOTO AHA cocTaBuT 11 yacos?

YA
Ha pucyHKe n306pakéH rpadmk

dYHKLUMM Y = a - sin bx. 3T
a) Mo rpaduKy HaamTe 3Have- 2T /p qQ y=15

HUA a un b. 1+ \
6) Halante abcumccbl Touek P u >
Q nepeceyeHnn rpaduka GpyHK- . 90 0° 270° x

uuu c npamon y = 1,5.

34




O6bEM npusmbl
O6bém nupamuabi
MNopo6ue npocTpaHCTBEHHbIX GUryp

Mnowaaun n o6vémbl Nogo6HbIX PuUryp
O61bém yceuéHHOM Nupamuapbl
CvummeTpua B NPOCTPaAHCTBE




06bEm npusmbli 219

UccnepoBaHue. Cobepute He meHee 4 NpU3M Pas/IMYyHbIX PAa3MepPoB N3 KyOMKOB
1 n3obpasunTe NosyvyeHHble NPU3MbI.

1. Mpeanonoxum, 4To pebpo Karkaoro Kybmka, U3 KOTOPbIX COCTOUT NPU3Ma, paBHa
1 eguHMUe, NIoWaAb FpaHM paBHa 1 KBagpaTHOM eanHULE, @ 06bEM paBeH 1 Ky-
buyeckon eanHuLe.

2. [laHHble Ana KaxkAon NPpU3Mbl 3anulinTe B Tabaumuy.

3. KaKas cBA3b CyLWEeCcTBYeT Mexay NnaoLanbio OCHOBAHUSA NPU3Mbl U BbICOTOM?
4. BbiTawmTe ogMH KyOUK M3 yIia KOHCTPYKUMKU U U306pasmnTe BUA Criepeam, CBEPXY
n cboKy Kaxkaoro Kybounaa.

Mnowaab ..
Mpn3ama taa BbicoTa O6beEM
OCHOBaHuA

1
2
3.
4

Ecnun TeNo MOXKHO pasfaennTb Ha KOHEYHOE YMCN0 TPEYroNbHbIX NMpamua,

TO OHO Ha3bIBAETCA NPOCTbIM TeIOM. 115 NPOCTbIX Te/1 06bEM - NONOKUTENbHARA
BE/IMYMHA, YNC/IEHHOE 3HAYEHNE KOTOPOW YA0BNETBOPAET CeayoWwmnm CBOM-
cTBam.

1) O6bEMbI KOHFPY3HTHBIX T/l PaBHbI.

2) O6BEM Kyba, pebpo KOTOPOro paBHO eauMHULE, PaBEH KyBUYECKOM eguHULE.
3) Ecam Teno pa3buTo Ha YacTu, ABAAIOWMECA NPOCTbIMKU Telamu, TO 06bem
3TOro TeNa paBeH Cymme 06bEMOB €ro YacTen.

Tena, UMeloLLMe OgMHAKOBbIE 06bEMbI Ha3blBAKOTCA PAaBHOBEANKUMMU.

O6bém Kyba c pebpom a paseH: V = a

06bEM NpPAMOYroNbHOro napannenenunena, pasmepbl KOTOPOro ABAAIOTCA Ha-
TypasbHbIMK YMCAAMM, PAaBEH KOANYECTBY KyBUUYECKUX eQUHNLL, U3 KOTOPbIX OH
COCTOMT.

MOMKHO TaK»Ke NoKa3aTb, 4TO 06 bEM NPAMOYTO/IbHOTO Napananenenunesa, pasmepsbi
KOTOPOro 3a4aHbl N1H06bIMU AeNCTBUTENBHBIMU YNCAAMU, PAaBEH NPOU3BELEHUIO
Tpéx namepenuni:V=a-b-c.




220 06bEm npusmbli

dopmyny 06bEma MOXKHO 3anucaTb Kak NpousseaeHne naowaam oc-
HOBaHWA a-b W BbICOTbI C.

—————— ]

O6BEM NPAMOYroIbHOTO Napasienenunesa paBeH npounsBeaeHuto Nio- .
LWaAM OCHOBAHMA U BbICOTbI: V = Sow.h

O6bEMm ntoboli NpAMOI NPMU3Mbl PaBEH NPOU3BEAEHMIO NIOLLAAM OCHOBAHMA U Bbl-
coTbl.CnpaBea/IMBOCTb AAHHOTO YTBEPXKAEHUA NPOBEPUM Ha NPSAMOIN Npusme, B
OCHOBaHWUW KOTOPOW NIEXKUT NPAMOYTO/IbHbIV TPEYrO/IbHUK.

D’ [ocTpovm ocHoBaHMe NpU3Mbl 40 Nps-
™

1
B C PSRN MOYro/ibHMKa, MOAYYUM MNPU3MY, AO-
’ ,’ .
B C'  CTpoeHHylO [0  MPAMOYroJbHOIO

napannenenunena. O6bEm noay4yeHHoM
npuambl paseH V = AB-AC-AA’.
Mnockoctb BB'CC’, npoxoaswan yepes
B&-t-----2 I AWaroHanb napannenenvnega, Aenvt
NPU3MY Ha ABE KOHTPY3HTHbIE TPeyrosb-
Hble NPU3Mbl. 3HAYNT, OOBEM MPAMON
NpPWU3Mbl, B OCHOBaHMM KOTOPOM IEXKUT NPAMOYFO/IbHbIA TPEYroNbHUK byaeT:

ooy B

A

V= % -AA' = SocHAh

. B c
B TpeyronbHuke ABC, ABaAlOWEMCA OCHOBaHMEM MNPAMOWM v
npu3Mbl, NPOBEAEM BbICOTY TaK, YTOObl OHa Nepecekana NPoTu-
BOMOJIOMKHYIO CTOPOHY BO BHYyTpeHHel Touke: AM L BC.

A

MnockocTb, Npoxoaswan Yyepes pebpo AA’ nepneHanKkynspHo pebpy BC, genut
npu3my Ha AiBe NPU3Mbl OAMHAKOBOM BbICOTbI, B OCHOBAHMM KOTOPbIX IEXKAT Nps-
MOYrONbHble TPeyronbHUKN. O6BbEM 3aaHHOM NPU3Mbl paBeH cymme 06bEMOB
NOJIyYEHHbIX NPM3M. 3HAUUT, 06BEM NPAMOL NPU3MbI C TPOU3BO/IbHBIM TPEYTO/b-
HWKOM B OCHOBaHWM paBeH MPOM3BEAEHMIO NIOWAAM OCHOBAHWA U BbICOThI.

Ecnv ocHoBaHMeEM NpPsAMON NPU3Mbl ABASETCA NPOU3BO/bHbIN
MHOTOYrO/IbHUK, TO €€ TaK¥Ke MOXHO pa3feNunTb Ha TPeyro/ibHble
NPU3Mbl U HANTN €€ 06BEM Kak CymmMy 06 bEMOB AaHHbIX MPU3M.
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MpuHuun Kasanbepu ana HaxoxaeHua ob6bémos. Ecnm nobas naockocTb, na-
panfienbHan OAHHOW, MepeceKaeT ABa Tefa no ¢urypam paBHOM naowagu, To
06bemMbl 3TUX TeN PaBHbl.

3TOT NPUHLMM OTKPbIT UTANbAHCKMIA MaTeMaTUK
BoHaBeHTypa KaBanbepu (1598-1647).

Mpamas npusma
O61BbEMm NpM3Mbl paBeH NPON3BEAEHUIO npusma
nAoLWaAmM OCHOBAHMA U BbICOTbI. h
V = Socu.h

Mpumep. Hangém 06bEM NpaBUAbHOM NATUYFONBHOM NPU3Mbl, CTOPOHbI OCHOBa-
HWA KOTOPOWM paBHbI 4 cM, a A/ MHA Bokosoro pebpa 9 cm.

1

LleHTpanbHbI yron nNpaBUABbHOrO NATUYTONbHUKA L
1

paBeH 360 : 5 =72°, a3HauuT anodpema paBHa: ! 4 &
1

2 9cm i 4 4
r= ————=7
tan36° 4, 2 2
Mnowaab NPaBUAbHOITO MHOTOYFrO/IbHWUKA paBHa Nony- b

npousBeaeHnNto nepumeTpa 1 anodpemsl.

2 20 180
. = = . = T o = 3
tan36° —tan3ee V=0 M= tan3er = 248 (cm’)

1 1
Socn.= 2P'r— 2 5-4

O6yualowme 3agaHun

|£ Mo AaHHbIM PUCYHKa HanauTe o6bEM NPSAMON NPU3MbI.
7cm

2
20 mm

I A Ao

3
15cm 4y
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2.

Mo AaHHbIM TabAnUbl HANAUTE pa3mepbl, MOMEYEHHbIe BOMPOCUTE/IbHbIM 3Ha-
KoMm.

Pasmepbl NpsimoyrosnbHOro
napannenenunena SHauerns

AONVHA a 6 20 2 3 ? 8

WMpUHa b 4 30 5 ? 8
BbICOTA C 3 15 ? 4 2 ?
Séox. ? ? ? 40 40 60
Snn. ? ? ? ? ? ?
% ? ? 60 ? ? ?

3.

MeTannmyecknin 610K B popme NpAMOYro/ibHOro napannenenunena c pasme-
pamu 8 cm x 15 cm x 40 cm B LLeIOM COCTOUT U3 MeTaNIIMYEeCKMMM NNACTUH. Pas-
Mepbl KaXXaon 13 HUX paBHbl 1 cm x 1,5 cm x 2 cm. CKONbKO TaKMX NAACTUH
n3pacxonoBann oA AaHHOM KOHCTPYKLUK?

Kak nsmeHuTcs 06bEM Napannenenunena, eciu:
a) O4HO U3 U3MEPEHUI YBENNYUTDL 2 Pa3a;
6) Kaxkgoe 13 ABYX U3MEPEHWUIH yBeANYUTb B 2 pasa;

B) BCE TPW U3MEPEHUn YBEINYNTb B 2 pasa?

dupma No NpPom3BOACTBY MOJIOYHbIX U34e/MIA B PaMKax HOBOW
KaMnaHWKM NNaHnpyeT Ha 25 % yBeanYnTb pasmep yrnakoBKM Mo-
NIOKa, NPU 3TOM He U3MeHsAA e€ LeHbl. Kak 3To MOXHO caenartb,
N3MEHMB TOJ/IbKO BbICOTY YMaKOBKKU?

a) NMnowaam Tpéx rpaHeit NPAMOYroNbHOro Napasanenenunesa PasHbl

2 cm?, 3 cm? 1 6 cm?. HapuTe ero o6bém.

6) Paamepbl NpsimoyronbHOro napannenenunesa 3 cm, 4 cm n 5 cm.

Mpw yBeAnYeHnn aanHbI Kaxkaoro pebpa Ha X CM NaoLLahb NOBEPXHOCTU
yBenanumsaetca Ha 54 cm?.

HaliauTe, Ha CKONbKO NPW 3TOM U3MEHUTCA OOBEM.

OcHoBaHWe NpAMoN Npu3mbl KBagpart. JanHa 6okoBoro pebpa B 3 pasa 6osblue
CTOPOHbI 0CHOBaHMA.MnowWaab NosHoM nosepxHocth 350 m2. HaguTte 06bEm
NpU3Mbl.
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& HaliguTte 06bEM CNoXKHbIX GUryp.

a) 4cm 6)
T
2m
v
10cm v
n
11lcm 3cm l

|i Haigute 06bEM NpAMoro napanienenunena, OCHOBaHMEM KOTOPOro ABNSAETCA
POMb C NAoLWaabo 2 Am?, eCau NIOLLAAN ANAroHa bHbIX CeHeHUI paBHbl 9 am?
n 16 am2.

|1_0. HaliguTte 06bEM NpaBUNbHOM YETbIPEXYTO/IbHOM NPU3MbI, €CIN ANaroHanb 60-
KOBOW rpaHu paBHa 5 m, a AMaroHanb Npu3mbl paBHa 7 M.

HainguTte 06bEM NpsiMo NPU3Mbl Ha PUCYHKE, eC/TM B OCHO- F—
BaHUM NeXUT KBaApar, Saeco = 24 cm?, a ZBEG = 60°. P
i

=

A B

|1_2, Mnowaab 6OKOBOKN NOBEPXHOCTM NPABUILHOM TPEYroNbHON NPU3MbI pPaBHa
48 cm?, a BbicoTa 8 cM. Hanaure:
a) AIMHY CTOPOHbI OCHOBaHMA;  6) 06bEM NPU3MbI.

|1_3. Hapgute 061EM NpAMOI TpeyrosbHOM NPU3Mbl, CTOPOHbI OCHOBaHMA KOTOPOM
paBHbl 4 cm, 5 cm 1 7 cm, a BokoBoe pebpo paBHO 6o/bLLEN BbICOTE OCHOBAHMA.

|£l. Bce pébpa npaBuAbHOW TPeyrosibHOM NPU3Mbl PaBHbl X. JOKaxKute, 4To eé

06bEM paBeH V = T3x3.
50 mm

Hangnte 06bEM NpaBUIbHOM LWIECTUYTO/b-
HOM NPU3MbI.

&

12 mm

CTOpOHa OCHOBaHMA NPABUIbHON LECTUYTONbHOW NPU3Mbl PaBHA 6V3 cm, Bbl-
coTa 4 cm. HalanTte nnowaab 60KOBOM NOBEPXHOCTU M 06BEM MPU3MBbI.

B
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|1_7_ Ha pucyHKe wu306paxKéH CKAOH MNPSAMOYrosibHOM
dOopMbl, KOTOPbIA MPEBPATUAN B MPAMYIO MOBEPX-
HocTb CDEF, TaKe npamoyro/ibHon ¢popMbl, BbIKONAB
semnto. AB = 10 m, ED = 24. Mpwu 3tom niowanb  p
ymeHbLumnack Ha 10 m? . CKoNbKO KyBMYecKux MeTpoB
3emnu 6b1s10 BbIKONAHO?

|1_8. O6bEMbI U BbICOTbI HUryp paBHbl. HalguTe pasmep x.

3cm i

6cm

|£;, B OCHOBAaHWM HAKJOHHON MNPU3MBI
NEXUT KBagpaT Co CTOPOHOU 4 cMm. 5sm
Haliante 06bEm npmamsl.

@. BoKoBble pébpa HAKNOHHOM MPU3Mbl COCTABAAKT C MNOC- B’
KOCTbtOo OCHOBaHMs yron 60°. OCHoBaHWEM MPU3Mbl ABAAETCA
PaBHOCTOPOHHMIM TPEYro/IbHUK CO CTOPOHOM 4 cm. Bokosoe h

pebpo pasHo 10 cm. Haliaute 06bEM Npusmbl.

E,, B 0CHOBaHMM HAKJIOHHOM NPU3MbI NEXKUT KBAAPAT CO CTO-
poHoW 2 egmHuLbl. BokoBoe pebpo paBHO 15 eanHMLAM
n coctasnset yron 60° ¢ N10CKOCTbO OCHOBaHMA. Hai-
ante 06BEM NPU3MBbI.

|2_2. a) [loKaxuTe, YTo 06BEM HaKNOHHOM NPU3MbI PaBEH NPOU3BEAEHMIO NAOWAAM
nepneHaNKyNAPHOro cevyeHnsa u pebpa npusmbl: V =S feox
MpumeyaHune: O6paTMTE BHUMAHWE, YTO YTON MEXKAY NAOCKOCTbIO NepneHau-
KYNISAPHOrO CeYeHMs NPU3Mbl U NIOCKOCTbIO OCHOBAHMSA PABEH Yy mexay 6o-
KOBbIM PEGPOM M BbICOTOM HAK/IOHHOW NPU3MbI.

6) HalianTe 06bEM HaAK/IOHHOW TPEYro/ibHOM NpPU3Mbl, ecivM BoKoBble pebpa
pasHbl 20 cM, @ CTOPOHbI NepneHANKYAAPHOro ceyeHna 13 cm, 14 cm n 15 cm.
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|£,_ Bce pébpa npaBuIbHOWN TPEYrosibHOM NPU3Mbl paBHbl. HanguTe AnHY OgHOro
pebpa, ecnm o6bEM NpU3Mbl paBeH 16V3 cmd.

|£L Haliante 06BbEM KaxKaoM 4acTu, Noy4YeHHoM npu ae-
NieHnn bpycka gavHon 4 m, wupuHoi 18 cm un Ton-
LLMHOM 24 CM Ha PUCYHKe, Ha 6 YacTen. 8cm
8cm
8cm

g
o>
%(J\‘h 4 m

=
6 6 6

CM CM CM
25. BbicOTa NPaBUIbHOW LECTUYTONAbHOMN NPU3MbI paBHa h, a CTOPOHbI OCHOBaHUs
\3
a?h.
2

. i 3
paBHbl 0. JoKaXKnTe, 4To e€ 06BEM paBeH V =

|2_5_ LONVHY M WMPUHY NPAMOYroaIbHOTO Napannenenunega ymeHowunnm Ha 20 %.
Ha cKo/NbKO MPOLEHTOB HAaA0 YBENMYUTL €ro BbICOTY, YTOObl 06BEM OCTancs
NPeXXHUM?

|z_7, OnvHa 6acceiiHa 10 m. Mo AaHHbIM no-
nepeyHoro ceYeHUs Ha PUCYHKe, HanguTe: [ | _6m
a) CKONIbKO TOHH COCTaBAsSeT BMECTUMOCTb
bacceliHa (1m3 =1 TOH)?
6) CKONIbKO KYBUYECKMX METPOB B MUHYTY Im
BblKauMBaeT Kax4an M3 ABYX OAMHAKOBbIX
Tpy6, ecnn paboTas BMeCTe OHWU OMyCTO-
watoT baccelH 3a 4 yaca?

1,8 m
1,2m

|2_8. Ha pucyHKe n306parkeHa KOPObOKa, KpbIWKa KOTOPOM
5 5cCM 3cm
ynana BHyTpb. MNaowaab Kpbiwkm 15 cm?, 0
a) Hanngute TpeTbe n3mepeHmne KopobKu.
6) HaignTe 06bEM MeHbLIe 3aMKHYTOM YacTu, KOTO-
Py OTAENAET KPbILLKA.
B) HanguTte 06bEM 60/bLLENM OTKPLITOM YacTM KOPOOKMU. Iem 3cm

|§. a) [loKaxKuTe,uTo KBagpaT AMaroHaau NpsMOYroibHOro napasnenenunena paseH
CyMMe KBaZpaToB ero usmepeHuii: d? = a? + b2 + c2
6) Haltomute 06bEM NpaMoyrosbHoro napannenenvnesa, ecama=3,b=4,d=13
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06BbéM npusmbl

130.

32

33.

. ®DopMmy KaKoI NPOCTPaHCTBEHHOM dUTypbl UmeeT

MnoTHoCTb MeTana pasHa 7860 Kr/m3.
Hangute obuyto maccy meTtannuye-

CKOW BasikM Ha PUCYHKe.
5cm 3

20cm
5cm T

30cm

3ePHOXPaHUULLE Ha pUCYHKe? CKONbKO rpaHein 1
pébep nmeet Ppurypa? No 3agaHHbIM Ha PUCYHKeE
pasmepam HaliauTe o6béMa 3epHOXPAHUAMLLA.

HagunTte 06bEm KaMHs, BpoLleHHOro B nocyay €
BOAOM, €C/IN NPU 3TOM YpOBEHb BOAblI MOBbI-
cunca Ha 0,5 cm.

25cm

35 cm 50 cm

Mo AaHHBIM PUCYHKA AR NPAMOM TPEYrolbHOM NPU3Mbl CpaBHUTE 06BbEMDI

d)Mpr, NOJIly4€HHbIX Ce4YeHnem.

1) - 2) > 3) S
h
2 N
r h h h
2 a J 2,
b 2 a b a lba
E 3
. Kopobka ans nogapka pasgeneHa Ha 4 yactum Kap- ] D
TOHOM, KaK MOKa3aHO Ha pucyHKe. Haligute :
06BbEMbBI KaxKaoM U3 3TUX YacTei. 1o 3agaHHbIM Vo 10cm
pasmepam, HaguTe CKONbKO KapToHa noTpeby- i_j__ e
eTca AN1A N3rOTOBAEHUA KOPOOKKU? o \j_, -="7
SN /6 em
A 8cm B
. EmKocTb ana Bogpl umeet dopmy npamo- F E
Yro/bHOro Napanienenuneaa c pasmepamm N ! M
15cmx20cmx 25¢cm. YpoBeHb BOAbl B EMKOCTH : 15
Ha puUcyHKe paBeH hi. Ecin émKocTb nepesep- ’_,——fp_::'_'_ """
HYTb Ha rpaHb BCEM, To ypoBeHb Boabl byaeT e =
Ha BbicOTe hz, a ec/iv NepeBepHyTb Ha rpaHb A L= - g 20

ABMN, 10 ypoBeHb Boabl byaeT Ha BbicoTe hs.
Onpegennte o6bem Boabl B EMKOCTU, ecnv hi+ ha + hs=24 cm.
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|32. NpoexkTHan pabota

UHdopmaTtmKa: OT KycKa KapToOHa € paamepamm 9 cm x 12 cm no yrnam, oT-
pe3anu KBaapaTbl. ECM cNoXWUTb KAPTOH NO NMYHKTUPHbLIM IMHMAM, OH Npruobpe-
TET dopmy KOpobKK. KaKne pasmepbl AOKHA UMETb KOPObKa Hanbonbliero
06BbEMaA? Bbipaznm 06bEM KOPOOKM Yepes NepeMeHHYHo X:

V=(12-2x) (9— 2x) x

X X
X T
9
X J_ 12 - 2x
I 12 |

3HayeHus X ANA 3TON KOPOoBKM MoryT meHsTbea oT 0 p,o% (0 < x < 4,5). Cne-

OyloLlas KOMMNbloTepHasa Nporpamma paccyuTana 3HaveHua obbéma gna 10
3HAYEHUI NepPEMEHHOM X .

X OBbEM
. won - 0 0
10 PRINT X”, “OBbEM
15 PRINT 0,5 44
20 FOR X=0 TO 4,5STEP 0,5 ! /0
30 LET V= (12— 2%X) (9 - 2*X) *X ;'5 2(1)
40 PRINT X, V
50 NEXT X §,5 ;2
60 END 35 35
4 16
4,5 0

Pe3ynbTaTbl MporpaMmbl, HaneyaTaHHble CpaBa MOKa3bIBalOT,4TO MaKCMMaslb-
Hoe 3HayeHMe obbéma 81 mocTuraeTtca npu x paBHbiM 1,5.

BbInonHUTE cneaytowme AencTeus.

a) [ina 6onee TOYHbIX BbIMMCAEHMI BbIDEpUTE TaKyt0 KOMaHAY, KOTopas Bblyumc-
NNT 3HaveHna x mexay 1 mn 2 c warom 0,1.

6) Mi3ameHuTe 20 -t0 KOMaHAY TaK, YTOObl 06BEM BbIYMCAANCA C TOYHOCTLIO A0
0,1 cm3.

B) 3anuwimnTe pasmepbl KOPOOKU(ANNHY, LWMPUHY U BbICOTY) MPU MAaKCMMasbHOM
06béMe.

r) CocTaBbTe Nporpammy Ajs KapToHa ¢ pasmepammn 8 cm x 20 CM U BbINOSIHUTE
€€ Ha KomnbloTepe.

4) BbinosHMTe HeobxoaMmble Warn Ans BbIMOAHEHWA SAHHOW NPOrpammbl Ha
KomnbtoTepe (MoXKeTe U3MEHUTb A3bIK NPOrpammMmnpoBaHns).
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UccnepoBaHue. 1. [lnaroHann Kyba AenAT ero Ha 6 KOHrpy-

Ty -
-

SHTHbIX Npamug,. OCHOBaHWE KaxA0MN NMpaMnapl - rpaHb Kyba, :)(
V) 1 1 w3 \\“~~~~
a BbICOTA KaXA0oW NMpamumabl paBHa — a. PPN,
2 1 v Y a
a) JoKaxkunte, YTo 06bEM Kaxkaol NMpamnabl paBeH V=EG3 q

6) [lokaxknTe, YTo 06BEM KarKAoN NMpamuabl paBeH V = % Socw. h.

O6BbLEM NUpamuabl

O6bEM NMpammnabl paBeH O4HOWN TPETbeN NPOM3BEAEHMS NOLWAAN OCHOBAHMIO
Ha BbICOTY.

1
V= 3 Socnh

MycTb TABC -TpeyronbHaa nMpammnaa c BepwnHoi T u ocHoBaHMem ABC.
[Joctpoum 3Ty nupamuay A0 TpeyrosbHoW Npu3ambl. [onyvyeHHas npusma cocTouTt
13 TPEX NUpamma;:

1) 3apaHHoi nupamuapbl TABC,

2) nupammabl TCNM; T N
3) nupammnabl TMBC. ‘V
OcHoBaHUA 2-0M 1 3-eli NMPaMUg, KOHTPYSHTHbI:

ACNM = AMBC u BbicOTa, NpoBeaEHHAA N3 BEPLUNHBI T
obuwasn. MNosTomy Ux 06bEMBI paBHbl. OcHOBaHMA 1-0i K
3-eli nMpamng, KOHrpysHTHbI: ATAB = ABMT u BbICOTa,
nposeaéHHas u3 BepLlmHbl C obwas. MNoatomy n nx A
06BbEMBI paBHbl. Toraa 06bEM 3a4aHHON NMpPamUabl

paBeH %SOCH.h.

OcHoBaHue 6ol NMpamuabl BCErAa MOXKHO PasaeNnTb Ha TPEYroIbHUKMU U
HalTN 06BEM NUPaMmUAbl, CYMMMUPOBAB OOBEMBI BCEX MOMYYEHHbIX MMPAMUA,
Takum obpasom, 06bEm NobOIM NMpamnabl paBeH o4HOM TpeTbel NponsseaeHuUs

1
nsowaan OCHOBAaHMA Ha BbICOTY: V=?Socu.h
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O6yuatowme 3agaHuna

E a) Mo AaHHbIM Ha PUCYHKe HanauTe 06bEM NpaBUAbHOM NMPaMUAabI.

8cm
.13M So = 56Mm?
4,8 cm
10 m

4,8 cm

6) Mo AaHHbIM Ha PUCYHKe HalauTe 06bEM NMpamuAabl.

11,8 m
E Mo AaHHbIM Ha PUCYHKE HanauTe 06BEM NPaBUAbHOM NUPaMUAbI.

9 13

12
) 18

E OcHOBaHMA NPU3MbI U MUPAMUAbI ABNASAOTCA KOHTPYIHTHbIMU durypamu. Bbl-
coTa nNpu3mbl 5 ea,, a BbicoTa nupamuapl 7 ef. HaliguTe oTHOWeHWe 06bEMOB

OaHHbIX duUryp.
5 ‘ ‘ J7_

|i Hangute 06BbEM NPAMOYronbHOM NMpamuabl, CTOPOHbI OCHOBAHMA KOTOPOM
paBHbl 18 Mm 1 24 MM, a Kaxkgoe 6okoBoe pebpo paBHO 25 mm.

\
A
=
1
1
FT .
/
U

E Kakzoe 60KoBoe pebpo TpeyronbHOM NMpamuabl, B OCHOBAHWUM KOTOPOMN NEXUT
TPEYro/ibHMK CO CTOPOHaMM 6 cm, 8 cm 1 10 cm, paBHO 13 cm. Hailante 06bEM

nupamuabl.

|i Anodema NpaBMIbHON TPEYTOIbHOW MMpamuabl pasHa 10 cm, a CTOPOHa OCHO-
BaHusA 123 cm. Hangute 061EM nnpamuasbi.
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|L Hangute 06bEM NpaBUAbHON YETbIPEXYFObHON NMPaMnabl Ha 10
pUCyHKe. Pe3ynbTaT OKpyrivTe 40 AeCATbIX.

& HaguTte 06BbEMbI NPABUAbHbBIX NMPAaMUA,. Pe3ynbTaT OKpYr/IMTe 40 AECATbIX.
6)

a)
7
&

|i OcHOBaHMEM MMpPaMUbl ABAAETCA POMB CO CTOPOHOM 3 cMm. Bce BoKoBbIe rpaHu
COCTaBAAKT C MIOCKOCTbIO OCHOBaHMA yron 45°. Hallaute o6bém nupamuasl,
ecnn Seov=12 cm?.

|£). Hangute 06bEM TpeyroNbHOW NMpamuabl, eCiv O4HO M3 pébep nupamuapbl
paBHO 6 CM, @ OCTa/ibHble 5¢cMm.

|£,, [JaHbl ABA KOHIPY3HTHbIX Ky6a. BHYTPM KaXKA0ro U3 HUX MpOBeAEHbl ABe pasHble
nmpamugbl F-ABCD n M-ABCD . BepwwuHa M nupamnabl M-ABCD HaxoauTca B
LeHTpe KBagpaTta EFGH.

a) O6bEM KaKkom 13 nupamng 6onblue?
6) Maowaab NONHOM NOBEPXHOCTM KaKol U3 nupamuz bonbie?

H G H G

A

|1_2. BOKOBble rpaHN TPEYrobHOM NMPamMUAbl NOMNapHO NepneHANKYAAPHbI U UX NAOo-
waam pasHbl 24 am?, 16 agm? n 12 am?. Haliante 06bEm nupammapi.

lE’- [aHbl ABa KOHrpyaHTHbIX Kyba. OcHoBaHue A,
KakK4oM NMpammnabl 1exKuT Ha rpaHn Kyba. Hai- ‘
AnTe oTHoweHne 06bEMA NMpamuabl Ha pu-
CYHKe B K 06bEMmy Nupammabl Ha pUcyHKe A.
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|£l. Cymma aivH pébep NpaBMAbHOIO OKTasgpa paBHa
18 en. Haliante o6bEm OKTasapa.

|1_5, TouKa G ABNAETCA LEHTPOM TAXKECTU OCHO-
BaHMA NPaBUIbHOrO TeTpasapa ( Touka ne-
peceyeHna meauaH). Hangute ob6bém
nupammnapl, ecnm GH = 3 cm.

A B

|1_6. BbinonHuTe 3agaHuA nNo pucyHKy, ecnv TABC npaBunbHan Tpe-
YyronbHaa nMpamuaa.

a) EcnM AM=9unTM =5, To Hallante hwnl.

6) Ecam BC = 6, To Hariante AO n AM. /

B) Echmh =4, /=5, 1o HananTe BC, OM 1 AM, a TaKKe niowanb

DOOKOBOM NOBEPXHOCTU U OOBEM. A y
r) Ecnrm AB =12, TA = 10, To HanguTe anodemy, naowaab 60o-

KOBOW MOBEPXHOCTU M 0OBEM.

|1_7, Haligute 06bEM KpuCTaina Ha pUCYHKe.
12

|£). [N BbIBEPKM BEPTUKAZIbHOTO MOJIOKEHUSA B CTPOUTE b- 2 CM\‘
cTBE, 06bIYHO, UCNO/b3YETCH MHCTPYMEHT, KOTOPbIN Ha3bl-
BaeTcA oTBecom. OTBeC Ha pPUCYHKe COCTOUT W3
NpPaBUIbHOM LWECTUYIO/IbHOM NPU3MbI M NUpPaMnabl. Han-
AnTe 06BEM MHCTPYMEHTA.
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MNopobHble durypbl MMeoT ogMHaKoByo GOpMy M MPOMNOpPLUO-
Ha/IbHble pa3mepbl.

Hanpumep, NpAmMOoyro/ibHble TPEYroNbHUKM Ha PUCYHKE NOLO6HbI,
TaK KaK OTHOLUEHMA COOTBETCTBYHOLMX CTOPOH PaBHbl.

npﬂMOYFO}'IbeIe napannenenunnenbl Ha PUCYHKeE NO-
,CI,O6HbI, TaK KaK OTHOLWEHNA COOTBETCTBYHOLNX JIMHEMHbIX

1
1
1
:
8| &

Pa3MepoB paBHbl M COOTBETCTBYIOLIME TPaHN ABAAIOTCA 4 |} | bk i~
NOAO06HBIMK MPSAMOYrO/IbHUKAMMU. 3 2 6 4
3_4_2
6 8 4

Mopo6Hbie purypbl

Ecnv npu npeobpa3oBaHMM PacCTOSHUE MEXKAY NOObIMU ABYMA TOYKAMU Me-
HAETCA B O4MHAKOBOE YMC/IO pas, TO Takoe nNpeobpasoBaHMe Ha3bIBaeTCA NOAO-
6uem. OgHa v gpyras, nosy4yeHHas npu npeobpasoBaHMM nogobuem durypa,
Ha3blBatoTCA NOA0OHbIMM durypamu. KoapduumeHT nogobus paseH oTHoLLe-

HWIO PACCTOAHUIN MeXXay D I
napoi Ntobbix AByx h k
COOTBETCBYIOLLMX TOYEK. s hs
G
A 2 ¢ E I ()
B F

AB BC CA AD BD CD h1 h

EF " FG  GE  E ~ H GJ ha l
OmHoweHue coomeemcmeyouwux AuHeliHbIX pa3mepoe Ha3bl8aemcs Ko3gh-
guyueHmom nodobus.

AABC ~ AEFG, AABD ~AEF],
ABCD ~ AFGJ, AACD ~ AEGI

Mpumep. Onpegenvm, NogobHbI UK HET GUTYPbI HA PUCYHKeE.

12 cm 14 cm 1 2Mm i 3m
\ L/ i
! K A ," """
4 M

10 cm™ 10 cm > K
15em 15 cm 4m 7] 12m
6M
10 _10 12 4_8 _2
15 ~ 15 14 6 12 3
durypbl He ABNAIOTCA NO- ®urypbl ABAAKTCA

AO06HbIMK noaobHbIMU
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Uccneposanue. NoKaxkmTe, NogobHbI UAK HET cneayowme Gurypbl.

Mpu3ambl A 1 B (npamoyronbHble napan- I f
P
nenenuneabl) noAobHble NPU3MbI € 2 cm A seml 1
cm i

KoapdmumeHTom nogobumsn paBHbIM% . 2cm ; - 6cm
npusma A npusma B
[Ns faHHbIX NPU3M HangUTe:
a) oTHOLWeHMe NAoLWaAel NoHbIX NOBEPXHOCTEN;
6) oTHOLLIEeHMe 06bEMOB.
a) Mnowalb NONHOM MOBEPXHOCTU Maowaab NOMHOW MOBEPXHOCTU
npusmbl A: npusmbl B :
Snn.=Ph + 2Sock. = Snn. = Ph + 2Sock. =
=122 +2-8=40 (cm?) =183 +218=90(cm?)

OTHOWeHMe NOMHON NOBEPXHOCTU NPU3Mbl A K NMOJHON MOBEPXHOCTH
npm3smol B

40 4 22 2.2
0 -9 -3~ (3)

6) O6BEM nNpm3mbl A O6bEM NpuU3mbl B

V= SOCH.h =8-2 =16 (CM3) V= Socu.h =18-3 =54 (CM3)

OTHowweHne 06bEMa Npm3mbl A K 06bEmy Npmsmbl B

16 _ 8 _ 2,3
54'27'(?)

Mnowaau nosepxHocTeit U 06LEMBI NOA06HBIX Ppuryp

Ecnn KoapPULMeHT Nnogobus AByX NPOCTPAHCTBEHHbIX GUryp paBeH k, TO OTHO-
leHne naowanaen (6oKkoBbIX, NOAHbIX, OCHOBaHWIM) paBHO k%, a OTHOLIEHUE
06bEMOB paBHO k3.

=k

a p KoadduumeHt nosobus: %

Snna _ 67_2_ K2 Va a3 _ 43
durypa A ¢urypa B Swe b2 s b
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O6yuatowme 3agaHuna

|£ MoKaKuTe, NoA06HbI UM HET GUTYPbI Ha PUCYHKeE.

24 cm

|

a) 15cm

e Looo

H
l— 51
[}
S

22cm

9cm 12cm

7cm

r T
) 5cm
21cm
22em A 38cm 15¢cm
20cm 30cm

& Mo gaHHbIM Ha PUCYHKe onpegenuTe KoadduLUMeHT Nogobusa AByx NOA0OHbLIX

duryp.

a)

Vi=216 cm® V2 =343 cwm®

S1=2cm? S, =32 cm?

|i BbicoTbl ABYX NOAO6HbIX MPU3M OTHOCATCA Kak 5 : 3. Hanaute:
a) oTHoWweHe BOKOBbIX MOBEPXHOCTEN;
6) oTHOLEeHne 06bEMOB.

|i MpaBuabHbIE YeTbIPEXYrosibHble nMpamuabl A 1 B nogobHbl. CTopoHa 0CcHOBa-
HUA NMpamuabl A paBHa 6 cm, 06bém 48 cm3. CTopoHa OCHOBaHMA NUPamMUabl
B paBHa 12 cm. Haigute:
a) 06béM Nupamunabl B ;
6) OTHOLWeEeHMe BOKOBbIX MOBEPXHOCTEMN;
B) NJOWaAb NONHON NOBEPXHOCTU KaXKA0M nMupamuapl.

E Haigute pasHocTb 061bEMOB ABYX Kyb60B, e/ AnaroHasb OAHOMO 13 HMUX PaBHa
V3 em , @ apyroro 43 cm.

|i O6bEMbI ABYX NOA0OHBIX NMMpamma paBHbl 2 1 54 ky6.ea. Haiaute cnegytowme

OTHOLWEeHNA: a) BbICOT B) nnomap'eﬁ OCHOBaHUM
6) anopem r) naowWwazaei NoNHbIX NOBEPXHOCTEN
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|L 3Has, YTo PUrypbl Ha PUCYHKe NOA0OHbI, HaMANTE HEU3BECTHbIE JaHHbIE.

<
Si= 6 6M2
a) 6)
1,8m 2,4m
0,6M 5 0 2M 0 4M

27m
B)
9m
Vi=7?
V2 =243m3 V2 =5m3

|i [aHbl NaoLlaan noBepxHoCTel ABYX NOA06HbIX GUryp U 06BbEM bosbluel
¢durypbl. Hangute o6bEM meHbLelN dUrypbl.

a) S1=18 cm? 6) $1=192 m? B) S1=52 am?
S2 =72 cm? S =1728 m? S2 =208 am?
V2 = 344 cm? V2 = 4860 m3 V2 =192 gm

|i [aHbl 06bEMbI ABYX NOAO0OHbIX GUryp M NAOLLAAb MOBEPXHOCTU MEHbLLEMN
¢durypol. Hangute naowaab noBepxHoCTH bonben Gurypsol.

a) Vi=27 cwmd 6) Vi=5m3 B) Vi=54 cm?
V2 =125 cmd V2 =40 m3 V2 =128 cm3
S51=63 cwm? S1=4 wm? S51=18 cwm?

|£). BbicOTbl ABYX NOAOOHbIX NMpPamma, oTHocATCA Kak 1:3. HarguTe nnowasb 60-
KOBOW NMOBEPXHOCTWN, MEHbLUEN NMPaMUAbl CIN PA3HOCTb Naowaaen 6oko-
BbIX NOBEPXHOCTEN paBHa 96 m2.

|£.. ®Purpma Nno NPon3BoACTBY CTUPAJIbHOTO NMOPOLLKA, 419 HOBOrO BUAA MOPOLLKA,
yBE/NMYMBAET YNAaKOBKN B onpeseséHHOM MacluTabe W noayvyaeT HOBble KO-
pobKu. Pasmepbl KOPOOKK, BMeCTUMOCTbIO 450 rpamm yBenmMymMBaeTca B Mac-
wrabe 1 : 2. Haligute BMECTMMOCTb HOBOW KOPOOKMU.

|1_2' Mogaenb camosiéTa BbiNosiHeHa B MacliTabe 1:200. CpaBHUTE
KO/INYECTBO KPacKM, HeobxoaMmMOol ANa NOKPACKKU peanbHoro
CaMO/IETA N ero MOLEeNN.
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|£,_ [Be meaHble aeTann B popme NpaBuIbHOM LECTUYTONbHOM NPU3Mbl NOAOGHbI.

MnoTtHocTb meau 8,6 r/cm3, ueHa 1 kr meam 2,55 maHar. .- y
» o %

dupma no NPoOW3BOACTBY AeTaneit onpegensert cebe- (@

CTOMMOCTb AeTanw (He 3aBMCMMO OT pasmepa) u3 cton- ! 32m|

MOCTM MaTepuana n 125% ot 3aTpat Ha NPOU3BOACTBO.
Po3HunuHas ueHa npogaxu popmupyetcs pupmoit gobasneHnem K cebectou-
MOCTU 22% npunbbian. Hallante pO3HUYHYIO LEHY NPOAAXKMN KaxKA0MN AeTanu.

m_ Ona cosganua ,a,M3a|71Ha HOBOrO aBTOMObOWMAA CHavyana us- 2
rOTOBNAKOT MOo4esib U3 T/IMHbI B COOTBETCTBYHOLWLEM MacC- | ‘

wrabe. anHa rAnMHAHOM mogenu pasHa 10 cm, a g4nHa
peanbHoro aBTomobuns 5 m. Hailgure oTHoLWeEHWe No-
Waam NOBEPXHOCTU MOAE/IN U3 IINHDI K NIOLLAAM NOBEPX-
HOCTU peanbHOro aBTomobuns

“

Mupamnaa, Nosy4eHHan ceyeHMeM NAOCKOCTU NapannesibHol OCHOBAHMIO,
nogo6bHa aaHHoW. KoappuumeHT nogobmns MosKHO HalTN N3 OTHOLLEHUA COo-
OTBETCTBYHOLWMX IMHENHbIX pa3MepoB. Hanpumep, Ha PUCYHKe AaHbl BbICOTbI.
Toraa, oTHOWEHMA UX BOKOBbIX MOBEPXHOCTEN, OCHOBAHMIA U NOMHbIX MOBEPX-
HOCTel paBHO KBaZpaTy OTHOLLEHMA BbICOT.

|1_5. CTOpOHa OCHOBaHMUA NPaBU/IbHOM TPEYFO/IbHOM NMpPamuabl
Ha pUCyHKe paBHa 8 cm, a BbicoTa 12 cm. NMupamnaa nepe-
CeKaeTca MJIOCKOCTAMM, MapanienbHbiMM OCHOBAHUAM Ha
paccToAHUM 4 cMm M 6 CM HauMHaA oT BeplwmnHbl T. Hangute
nepuMeTpbl MHOFOYro/IbHUKOB, 06pPa3oBaHHbIX CEYEHUAMM.

o . M
|1_6. Hangute pacctoAaHme OT BepLUMHbBI NMPaMUAbl BbICOTOW H 40 NAOCKOCTM napan-
JIe/IbHOM OCHOBaHWIO, €C/IN OHa AeNNT 06BEM NMPaMmUAbl MOMNOIaM.

|1_7- MA0CKOCTH, NapansienibHble OCHOBAHMIO MUPAMUAbI, AeNAT eé BbICOTY Ha Tpw
paBHble YacTU. B KAKOM OTHOLLEHWM NIOCKOCTU AeNAT 06bEM NUPaMUAbI.
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NccneposaHue. B gpeBHem Ervnte 06b€mM NpaBuAbHOM YCEYEHHOM YETbIPEX-

% h(x? + xy + y?). OgHaKo

AOMNOAJIMHHO He U3BECTHO KakMm 0bpa3om 3Ta popmyna bbina nonyyeHa. Bol-

YrofibHOM NMpamugbl BbluncasAn no popmyne V =

Beaute Gopmyny, BbINOAHWUB CAeaytoLme LWaru:
a) 3anuwnTe 06EM NPaBUALHON YETbIPEXYToIbHOM NMPaMmnabl, CO CTOPOHOM
OCHOBaHWA y ef.

6) 3anuimTe 06BEM NPABUIbHOW YETbIPEXYTONbHOM NMMPAMUAbI, CO CTOPOHO
OCHOBAHMA X ef.

B) MoKakKMTe 3aBUCUMOCTb MeXay BbicoTaMn H n h, Kak H =
r) MoKaxkuTte, 4To 06BEM yCeUYEHHOM NMPaMmUAbl |

HaxoauTca no popmyne H
\Y =%h(x2+xy+y2). l t

m s Ty
O6bEM yceyéHHOM NpU3Mbl

O6bEM yCEUYEHHOM NUPaMNAbl MOXKHO TaK¥Ke HalTK Kak pa3HOCTb 06BEMOB
nUpammza, Npu ce4eHUM NAOCKOCTbIO MapaiNefibHOM OCHOBAHUIO.

1
V=3l + h) =5 Sthi= 5 [(52- Su)hn + Sah

3pecb V - 06béM yceu€HHOoM nupamuapbl, S2 u S1 nao-
LaAM HUXKHETO U BEPXHETO OCHOBAHUM. h - BbicOTa yce- A

-
-
-
-~

“O-
e

"
YEHHOW NUpamuAbl, hi- BbICOTa MeHbLIEN NUpamuabl. B hi
TaK KaK 3T1 nupammabl Nogo6HbI, TO OTHOLIEHWE MJIOo- 9"'":'
lWazen paBHO KBaApaTy OTHOLIEHMIN BbICOT. 3anunLiem < i

(0]

3TO PABEHCTBO U HaAEM BbICOTY MEHbLLEN NMPaMUAbl.

A B
S1 ho |2 _h \/§ - hs:
S, _{h1+hJ' hi+h \/g' hl\/S_Z:(h1+h)\/51; hi= \/S_Z—\/S—l
hs: 1
YunTbiBas BbipakeHune hi= —\/5_ 5. B paBeHcTBe V = 3 [(S2— S1)h1 + Sa2h].
1 hs: 1 el
noayaum:  V=—-[(Sz— S1) ——=——+ S2h] =[(VS2+ VS1)AVS: + S:h] =
i VS —s: 3

=5 h ~S1S2 + h S1+ h S2) =3 h(Si+ S1S2 + S2)

1 -
:ghm+%@+m
O6bEéMm yCeYEHHOM NUpPaMMAabl C NAOLWAAAMM OCHOBAHUM S1 1 Sz, ©

BbICOTOM h BbluMcasieTca no dopmyne = %h (S:+ \S:S2 + S2)
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O6yuatowme 3agaHuA

1.

MpaBWabHasA NPAMOYro/ibHas NMpamuaa BbICOTOM
9 cM nepeceKaeTcs NNOCKOCTbIO, NapaniebHOM oc-
HOBAHWIO Ha PAaCcCTOAHUM 3 CM OT BepLUMHbI. [InnHa
CTOPOHbI OCHOBAHMUA NUpammabl 6 cm.

a) HaitigmTe o6bem AaHHOM NMpamuabl.

6) Haliante o6bem manol nupamugbl. A B
B) Haliante 06bem yceueHHON nupamuasi.

Mo AaHHbIM Ha PUCYHKe HalauTe naollaab 60KoBOM No- 4cm
BEPXHOCTU, NOJTHOM NOBEPXHOCTU U 06BEM NPaBUbHOM ’
YeTbIPEXYrONbHOWN YCEYEHHON NMPaMUbI.
14 cm
MnocKocTb, NPOXoAALLan NapaaienbHO OCHOBaHMIO NMpa- p
MUAbl AeNUT eé BbICOTY B OTHOWeEHUn 1 : 2, HaunHaa oT G
BEPLWMHbI. Hanante 06bEM NMpammabl, ecnm o6beém no- E
JlY4EeHHOM yCceY€HHOoM Nupamumapl paseH 208 kyb. ea,. ¢
A B

o o o M
pannenbHoM 0OCHOBaHMIO NMPaMKabl BbicoTon H. Hait- —"" —

a) BbicoTy H 3m

6) 06BEM YCEUYEHHOMN NMpPammMabl l

B) CKOJIbKO MalUMH BMECTMMOCTb0 6 M3 noTpebyeTcs H
ONA TPAHCMOPTUPOBKM 3€MAU, ECIN BbIPbITb BaccenH

ANA BoAbl AaHHON popmbl

r) CKONbKO IUTPOB BOAbI BMeLLaeT 6acceliH

[) KakoBa rnybuHa Boabl, ecnv bacceiH 3ano/iHUTb Ha
NnonoBuHY 06bEMa?

<

E OnnHa pebpa npasBuabHOro TeTpagepa obo3HayaHa «
yepes X. o~
a) Bbipa3ute ob6bem TeTpasapa yepes nepemeHHyo X.
6) Bbipasnte 06beM yceUYeHHOM Nupamuapl, pasaeneH-
HOW NJIOCKOCTbIO, NpoXoAanALlein Yyepes cepeamnHbl 6oKo-

BbiX pebep TeTpasapa, Yepes NnepemeHHyHo X.



3apaum Ha ceyeHue NNOCKOCTbIO 239

CummeTpuUA Ha NOCKOCTU

OTtobparkeHue (oceBadA cMMMeETPU

oce cummempuu
nepneHOoukynap 0o
ocu cummempuu

BpawartenbHaa cummeTtpua

V SN
yeHmp
epaweHus L4

~_

-~ —_
3-ro nopsagka 4-ro nopagka  5-ro nopAagka

CummeTpumA B NPOCTPaAHCTBE. B NpocTpaHCTBEHHbIX UTypax TaKKe MOXKHO Ha-
61104aTb Pa3INYHYIO CUMMeTPULD. MI3BEeCTHO, YTO B Napannenenunene amaro-
Ha/lbHble ce4YeHMA ABMAIOTCA Nnapansiesiorpammamm B C1
n gmnaroHanm BD: n DB1nepecekasacb B Touke O ae-
natca nononam. MoXHo nokasaTtb, YTO gpyrue gma- A:
roHann TakXKe nepecekatotrca B Touke O n genartca
nomnosiam. 3HauyuT, TOUYKa NepeceyeHmna guaroHanemn
napannenenuvnega ABNAETCA LEHTPOM ero cMMmmeT-

A D
pun. o
B npocTpaHCcTBE, NOMUMO CMMMETPUN OTHOCUTE/IbHO A
TOUYKM U NPAMOM, paccMaTpMBaETCA CUMMETPUA OTHO-
CUTENbHO nJiockocTU. Ecnm oTpesok AA’ nepeceKkaet
NJ0CKOCTb @ NocepeauHe, 1 nepneHaAMKyIapeH naoc-
AI

KOCTU, TO TOBOPAT, YTO TOHKU AunA’ CUMMETPUYHbI OT-
HOCUTEZIbHO NJIOCKOCTKN QL. Ecan

TOYKM GUTYpbl, CUMMETPUYHbIE He- ‘ \
KOTOPOW MNIOCKOCTU, TaKKe NpuUHaa- \
niexkaT aTol durype, To 3Ty NJIOCKOCTb

Ha3bIBaOT NJIOCKOCTbIO CUMMETPUH, A

buUrypy HasbiBalOT CUMMETPUYHOM OTHOCUTE/IbHO MOCKOCTHU.
MpAMOoYronbHbI Napanienenunes, y KOToporo BCe IMHeHbIe pasmepbl pas-
Hble, KPOME LeHTPa CUMMETPUN UMEET eLLLE TPU OCU U TPU NITOCKOCTU CUM-
meTpuun. Mpamasn, NpoxoAaw,an yepes TOYKY MepecevyeHus AuaroHanenm
NPOTMBOMO/IOXKHbIX FTPAaHeN, Ha3bIBAETCS OCb0 CUMMETPMM, A NI0CKOCTb, MPO-
X0AAWANA NepneHAMKYAPHO Yepes cepeanHy pébep HasbiBAeTCA NI0CKOCTbIO
CUMMETPUMN.
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MpAMOYronbHbIi Napannenenunes, y KoToporo Aga IMHeNHbIX pasmepa pPaBHbI,
nmeeT 5 niockocTelr cummeTpum. [laHHble M306parkeHns HapucyiTe B TeTpadb.

— — ——
] == (L

\

TouKka nepeceyeHus anaroHanen Kyba aBnaeTca ero LEHTPOM CUMMETPUN.
MpAmble, Npoxoaalume Yepes cepeanHy napanienbHbix pébep, He NnpuHaaie-
allMx o4HOM rpaHu (Mx Bcero 6) U NpAmble, MPoXoaaLlme Yepes LeHTPbI Npo-
TUBOMOJIOXKHbIX rPaHei(Mx BCero Tpu), ABAAIOTCA OCAMU CUMMETPUK Kyba. Y
Kyba 9 naockoctelt cummeTpun. OHU M306paXKeHbl Ha CNeayoWmMX PUCYHKaX.

[
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BpawaTtenbHaa cummeTpusa. BpaliatenbHas CUMMETPUA NPOCTPAHCTBEHHbIX
bUryp noxoska Ha BpaLaTeNbHYIO CUMMETPUIO NAOCKUX duryp. OpHako, ans
06BEMHBIX GUTYP OHa onpeaenaeTcsa NPy NOMOLLM OCY BPALLEHUA.

HadtanuH: CioHs

BanJ,aTEI'IbHaFI M oceBad CMMMETPUA WUMPOKO NMPpUMeEHAETCA NPn nU3yvyeHunn
CTpOEeHUA MONEKYN BELLECTB.
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O6yuatowme 3agaHuna

E Ha pucyHKe nokasaHbl ocu BpaleHus Kyba. feomeTpu-
YecKu 3afaHHble OCK onucaHbl cnoBamu. MoKaxKnuTe BO3-
MOXKHble BapMaHTbl M306parkeHunit Ans Kyba Ha pUCyHKe.
OAMH 13 BO3MOXHbIX BAPUAHTOB NOKa3aH Ha PUCYHKe B

E CKo/IbKO pas Kyb coBmeLL,aeTca cam ¢ coboid Npu NoSHOM MOBO-
poTe OTHOCUTENIbHO OCU, MPOXOAALLEN Yepes LueHTp npotusono- L. J_

KavyecTBe npmmepa.

a) Ocb cummeTpun (ocb
BpallleHMna) obbeanHseT
LEHTPbI MPOTUBOMO/OMNK-
HbIX rpaHen. Ons Kax-
[0ro CNyYyas cyliecTsyeT
4 cCOBMELLEHUS CaMUM C
coboi.

N --
B
L
1

JIOXKHOW rpaHu.

6) Ocb BpauweHus -
npamas, cogeprKallan
AuvaroHanb Kyba. Ans
KaXJoro caydas cyule-
CTBYET 3 COBMelLEeHUs
caMum c coboii.

B) Ocb BpalleHus - nps-
Mas, NpoxoasAL,as yepes
cepeauHy [AByx pébep
NPOTUBOMOJIOXKHbIX Tpa-
Hel. N KaXkporo cyyas
CywiecTByeT 2 coBMmelle-
HUA CaMMM C COBOoMN.

.
V3

Y=
.

===
)-- -

Mpu NOBOPOTE Ha CKOMbKO rPaaycoB MNATUYrofibHas NpaBu/ibHas
npv3ma cosnazaeT cama ¢ cobol Npu BpaLLeHUn BOKPYr OCKU, MPOXO-
OAWEN Yepes LEeHTP OCHOBAHUIA?

Kakan 6yKkBa byaeT BuaHa Ha (BepxHel, 6oKoBOM, NnepegHei) rpaHu Kyba npu
NMoBOPOTE B HaMpas/eHUN NPOTMB YaCOBOW CTPENKM Ha yron 270° BOKpYr ocu,
npoxoasLlen Yyepes LEHTPbI ABYX NPOTUBOMNOIONKHbIX FPAHEN?

N

—

P
R
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O6o6walowme 3agaHna

Kopobka Ha pucyHKe nmeeT Gopmy NpaBuaAbHOM NATUYTOIbHON

npu3ambl. CTOpOHa BHELIHEro OCHOBaHMA paBHa l4cm 10cm
10 cm, a BbicoTa 14 cm. CTOpoHa BHYTPEeHHero OCHOBAHMA 0
paBHa COOTBETCTBEHHO 6 cm, a BbicoTa 11 cm.

Hangure: bcm T1em

a) naowaab NOAHOW NOBEPXHOCTM BHELWHEN NOBEPXHOCTY;
6)nnowanb NONHOM NOBEPXHOCTM BHYTPEHHEN MOBEPXHOCTH;
B) EMKOCTb KOPObKMU.

B nupamunae, ocHoBaHMe KOTOPOM ABAAETCA KBaApaT MMeeTcs
60 cm3 Boabl. Mo pUCYHKY HallauTe:

a) BbICOTY YPOBHS BoApbl h;

6) CKO/IbKO IMTPOB BOAbI HAA0 A0/IUTb, YTOObI HAMNOHUTL NK-

pamngy?

Mnowaam NnoBepxHOCTeN ABYX NOAOOHbIX MMPaMKUL OTHOCATCA Kak 1:25
Hainante oTHOLWEHWE 06BEMOB.

O6bEMBI NPAMON TPEYro/IbHOM U MNPaBUIbHON YETbIPEX-

YroJIbHOM NPU3M paBHbl. BblCOTa KaXKA0M U3 HUX paBHa 8 p '

15 cm. B ocHOBaHUM TPEYroNibHOM NPU3Mbl EXKUT pPaB- 15 15
HOGeApPEeHHbIN NPAMOYTO/IbHbIN TPEYTO/IbHUK C FMnoTe- i

Hy3soi 8 cm. HaiiauTe naowasb nonHoM nosepxHoctn [ . + ‘ ~
YeTbIPEXYro/IbHOM MPU3MbI. ?

3apaHble OTKpbITOro TMna. M306pasute no Ase NogobHbIe NMpamuabl M NoaobHble

NpPM3Mbl C KO3PULNEHTOM nop,o6vm% W 3anuLInTE NoJIyYeHHble pa3mepbl.

B KopobKy BbicoToi 40 cm cobpaHbl NPaBU/IbHbIE LLECTUYFOb-
Hble Npu3mbl. Ha puCcyHKe noKasaH Buz ceepxy. CTOpoHa 0CHO-
BAHWA NPaBUAbHOW LIECTUYrONIbHOM NPU3Mbl paBHa 4 cm.
Halionte 06bEMm He 3ano/IHEHHOM YacTU KOPOOKM.

B npsMoyronbHoW TpeyrosbHOM Npu3Me NaoLaab OCHOBaHMA 4 cM?, naoLwaan
6oKoBbIX rpaHeit 9 cm?, 10 cm? n 17 cm?. Haliaute o6bem npusmsi.

MNnowaab cevyeHUA, NapannenbHOro OCHOBaHUIO NMpamuabl, pasHa 0,36 yactum
naowaam oCHoBaHMA. B KaKOM OTHOLWIEHWM 3TO ceveHne AennT obbem nupa-
MUAabI?
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|& Hailgute 06bEM nupamuasbl, |£) Mupamnpa pasgeneHa naoc-

|12

pa3BepTKa KOTOPOI MOKa3aHa KOCTbt0, NapannesibHON OCHO-
Ha PUCYHKe. BaHMWIO, Ha ABe paBHble MO
06bémy vactu. Hangure Bbli-
1 | COTY ManeHbKoM Nupamuapl,
; ecnn  BbICOTa  NMpamuAbl ‘

6cm
paBHa 12 cm.

. Kopobka nmeet popmy npamoyronbHoOro napannenenunesa obbeémom 64 cmd,

|13.

|£1

Kakumm Lenbimm Yncnamm JOMKHbI BblPayKaTbCsA pasmepbl KOPO6KM, 4TobbI A
€€ M3roToB/IeHNA NOHAZ06UN0Cb HaMMeHbLLIEe KOIMYECTBO KapToHa?

Mo pUCYHKY HalianTe 06bEM M NAoWaAb NOAHON NOBEPX-
HOCTM NMPaMUAbl, B OCHOBAHUU KOTOPOI NEKUT NPAMO-
YFONbHUK.

a) Hangute 06BbEM NPaBUJIbHOM LWECTUYTO/IbHOM NMpPammMabl, CTOPOHA OCHOBA-
HUA KOTOPOM paBHa 6 cm, a 6okoBoe pebpo 10 cm.

6) CpaBHUTE 06BEMBI NPSMOYTrO/IbHOIO Napasnenenunena ’ 7 4

W MMpPaMunAbl, NOAYYEHHOM NPU CEYEHUMN ero NAOCKOCTbIO,

KaK MOKa3aHOo Ha PUCYHKe. f
6

Mo AaHHbIM pUCyHKa anA npamoii Tpe-  |15. Momectutea - 5000 Ky6uKoB,

YroZibHOM MpWU3MbI: @) HanWguTe nao- pebpom 2 cm B KOpPOOKy AaH-
waab cevyeHus; 6) cpaBHUTE 0OBEMDI HbIMU M3MepPeHAMN?
dUryp, NoayYeHHbIX CeYEHUEM.

C

. OueHute 0b6bem Ballero Knacca. Bol moxkete onpeae-

NINTb OJIMHY U LUMPUHY KOMHATbI NPUBAN3UTENBHO CUYN-
Taa warn. MpubAnsnTeNbHY0 BbICOTY KOMHaTbI
onpeaennTe oTHOCMTE/IbHO CBOeMy pocTy. [poBepbTe
CBOW OLEHKM, CAEaB TOYHbIE N3MEPEHMS.




CTeneHb ¢ AeMACTBUTE/IbHbIM NOKasaTesnem
MNokasaTtenbHaa pyHKUUA. Yucno e
Norapudm uncna

Norapudmuueckaa pyHKuuUA

CsowicTtBa norapupmos

Norapudmuueckan wkKana. PewweHune 3apau
lNMokasaTesbHble ypaBHEHUA
Norapudmuyeckme ypasHeHUA
MNoka3saTenbHble HepaBeHCTBA
Norapudpmunueckmne HepaBeHCTBA

Mpu apxeonoauyeckux packonkax 011 yCmaHosesneHuUa 803pacma ocCmaH-
KO8 paccyumeligarom Kosau4ecmso Yenepooa 14. [pu amom npuxooumcs
pewames MoOKa3amesbHble ypagHeHUs.

[OpesHuii ropoa, o6HapyKeHHbIN NP packonkax B ropoge LLlamkupe.
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MpaKkTnyeckoe 3aHATUE

1) 3anuwwuTte 3HayeHue \/2—, noJiydeHHoe Mpu NOMOLLN KanbKynATopa.
2=1,414213562...

2) 3apaliTe nocaeao0BaTeNbHOCTb, YEHbl KOTOPOK ABAAIOTCA AeCATUYHBbIMM NPUBAN-
KEHUAMM, V2 ¢ HeA0CTAaTKOM:
1; 1,4; 1,41; 1,414; 1,4142; 1,41421; 1,414213; ...

3) 3anuwuTe B BuAae cteneHn ¢ oCHoBaHuem 3, ANA KOTOPbIX NOKas3aTenaMmum AB-

NAKTCA AaHHbIE YN1EHbI:
31 314, 3141, 31414, 314142, 3141421, 31414213,

4) Mpu NOMOLLYM KabKYNATOPA BbIYUCAUTE AaHHbIE YNeHbl, 3aAaHHble B BUAE CTe-
MEHW C PaLMOHA/IbHBIM NOKa3aTesem.
3'=3
3"~ 4,6555367217
311~ 4,7069650017
31414~ 4,7276950353
314142 ~ 4,7287339302
3141421 ~ 4,7287858809
31414213 & 4,728801462

5) ObpatuTe BHMMaHMe, 4TO Yem BaMKe NoKasaTenb cTeneHu npubamnxaeTca K
\2 , COOTBETCTBYIOWAA Pa3HOCTb MEXY ABYMA COCEAHUMM 3HAYEHUAMM CTa-
HOBMTCA MeHbLUEe 1 3HaYeHne cTeneHn NpubanxaeTca K onpeaenéHHOMY HYUCAY.
370 uncno HasbiBaeTcA V2 (MPPALMOHANbHOM) CTeneHbto Yncna 3. Bolumcnenue
NP NOMOLLLX KanbKynaTopa: 32~ 4,7288043878 ...

6) BbinonHuTe 3aganue ans 23 .

Mopo6HbIM 06pa3om paccmaTpPUBAETCA M CTEMEHb C MPPaLMOHaAbHbIM NMOKa3aTe-
nem a* . Ecnv ana nppaumoHanbHOro Ymcna o , 3a4atb NOC/eA0BaTeNbHOCTb AecA-
TUYHbBIX NPUBAVNKEHWUN C1i; O2; O3; ..., KOTOPOI COOTBETCTBYET NOC/EA0BaTENbHOCTD
cnepyowmx uneros a®'; a®*; a®; ..., To UMCNO, K KOTOPOMY CTPEMMUTCA JaHHasA
nocnefoBaTelbHOCTb, 0603HavaeTca a*.

CTeneHb C pauMOHaNbHbIM U UPPALLMOHANbHbBIM NOKa3aTeiem onpeaeneHa ToNbKo
ONA NONOXKMUTENbHbIX OCHOBAHMUI. TakMM 06pa3om, 414 NPOU3BOSIbHOIO AENCTBU-
TE/IbHOTO YMCNA X BBOAUTCA MOHATUE CTENEHb C AEeNCTBUTE/IbHBIM MOKa3aTenem g~
(3pecb a > 0).

Cuutaetca, uto 1* = 1 gna npounssonbHoro x n 0* =0, npu x > 0.

[ns cTeneHu ¢ 4eNCTBUTENbHBIM NOKa3aTe/IeM BbINMO/IHAKTCA M3BECTHbIE CBOMCTBA

CTeneHn C paLllMOHaIbHbIM NOKa3aTenem.
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CBoicTBa cTeneHeit. A ntobbix gencreutenpHbix uncen xmy npua>0,a=1, b >0,
b#1 cnpaBeanvBso creaytoulee:

Vo -a=a" 2)a:a'=a" 3)(a)=av 4)(ab)*=ab* 5)(%)X=%X
6)a*>a’, npua>1,x>y, a<a,npn0<a<l, x>y
7)a*> b, npua>b, x>0, a’<b,npua>b,x<0

8)ecma*=a,Tox=y

O6yualowme 3agaHnA

E 3HayeHus BbIpaXKeHWI C MpPaLMOHaNbHOM CTENEHbIO, MOYKHO NPUBAN3UTENBHO
BbIYUC/INTL MPU MOMOLLM KaNbKyNATOpA. Ha KanbKynATope TaKKe MOXKHO Bbl-
YNC/IUTb CTeNeHb C UpPaLMOHA/IbHbIM NOKa3aTenem, HaxKaB Kl1asuly ‘A
Bbluncnure: o
a)8%  6)571; B)(V10)% 9y p)15% ) (\N7)®

E HanuwwuTe no ogHOMY NpUMepy, COOTBETCTBYIOLLEMY C/ledyoWwUM NpaBuiam.

a)a*-a’=a"" 6) gi =g B) (a*) = a¥

r) (ab)* = a*b* Ay g gx=L

) (ab) A) = (p) ) p
32n . 31+n
Ii a) BbipasuTe B BMAE cTeneHn 3: I
6) Bblpa3uTe B BUAE cTeneHn 2: %
B) BbipasuTte B BUAE CTEMEHM 5: 25°- 5%

1252+X

li MpY NOMOLLM KaNbKyNATOpa HalauTe NpUbAUXKEHHbIE 3HAYEHMA AAHHbIX Bbl-

paKeHWUI C NATbIO 3HAYALLMMM LUnppamm nocse 3anaTon.
21,4' 21,41' 21,414' 21,4142' 21,41421' 21,414213

[aHHble BbIparkeHUs MMEIOT paLMOHabHbIM MOoKasaTenb. Kak npu nomouim

AaHHbIX Bblpa)KeHVIf/'I MOXHO BblYUCIUTb 3HAYeHUe MppaLl,VIOHaanOﬁ cTeneHun
2V2?

|i YnpocTuTe 1 HalguTe 3HaYeHwme.

a) (5\15)«15 6) ((\/5)\15)\/5 B) (2\5)\5 c4B+2. 923
_ _ 3
r) 3V2. gv2+1. 27¢2'. 1) . [2(\/3—+ 12 4_€ e)“’ 52+ 1 252
2
)-K)‘4\’ 3(\/7+ 1)2: 9\/7 3) ‘\5 6’2(\/3_+ \/2_)2 25\/3 K) (2(2+\/2) : 43)\7—2
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CpasHuTe.
a) 10%ils 10 6)0,1%3ila 0,1
8) (2)*ila (£)? r) (V3)* ile (V3)2.

KaKkoe cooTHoOwWweHne BepHO?

a)3<3%2<9 6)2<2%<4
B)1<52<5 r)42<4B3 <

CpasHuTe cnegyowme ymcna c 1.

3% 5\-3 2\ 3
a)(3) 6) () o) (2 )2
Pacnonoxute uncna B nopAgke Bo3pactaHuA.

a) 82%9; 959; 125100 6) (0,008); (0,09)"; (0,5)'
2 1 4
-0,1 02 1 475,49 16,3
8) ()" )" BF ; N3R5 (49
. Bbluncnute 3HaueHune BblpaxkeHusa.
_L 1 1 _ 1
a)100 " - () 6)(55)° : (7 )"
11 2 —= 1
B) (277 + 1257 + & )i )87+ (57 +125%)?

. [na nonoxutenbHbIx 3HAYeHul nepemeHHbIX, 3annunTe B BuAe CTeneHm C pa-

UMNOHaNbHbIM NOKasaTtenem 1 ynpocTture.

a) Vmén* 6) V8x3y° B) Va'°h? - \b* r) VaVava

55 5 o )
3Haf, uTo bz = V3 1 bs = V81 uneHbl reomeTpuyeckon nporpeccuun, Hamgurte
3HamMmeHaTe/lb NPOorpeccuu.

1 1
Pacnonoxute a ?;a 5 a?; a% a°% a*B nopasKe Bo3pacTaHua, 3Has YTO:
a)a>1 6)0<a<1

. PewwnTte ypasHeHus.

2 2 %
=8 6)6x*+12=36 &)1 \¢=54 rx*2x=3=0

M +2+1=4  e)x2+2 =2V +5 w)Ux+Vx=2 3)x+1-x-7=2
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lMpakTuyeckoe 3aHATUE.

1) CocTaBbTe Tabanuy 3HAYEHUI ANA QYHKUUA Yy =2X Ny = (%)X .

x |=3[-2]-11]0(12]3 X -3|-2|-110|12]|3
= L1 |1 = (Ly 111141
yv=2lg|7l3[1]12]4]|8 y (2) 8141215 |71%

2) Ha KoopaMHaTHOWM MJIOCKOCTU MOCTPOMTE TOYKM, abCcumMcCbl KOTOPbIX COOTBET-
CTBYIOT apryMeHTam, a OpAMHaTbl 3HaYEHUAM QYHKLMN U COEANHUTE CNIOLHOMN Kpn-
BON /IMHUEMN. y

3) CpaBHUTe C “0” 3HAYeHMA BbIPAKEHU 2¥ u (% ) AnAa Npou3BObHbIX
3HaYEHUN X.

4) YBennumBaloTca UAN YMEHbLLAIOTCA 3HAYeHUs QYHKUMK ¥ = 2 NpU yBEANYEH UM
3HaYeHUI X ? YBEIMUMBAIOTCA UIM YMEHbLUIAIOTCA 3HAUYEHUSA GYHKLMUK

y=( %) *Npu yBeNMYEHUN 3HAUYEHNI X?

5) B Kako# Touke rpadmKmn nepecekatoT ocb y ?

6) CpaBHUTE rpadMKM 1 3aNULLNTE UX CXOAHbIE U OTIMYUTENbHBIE YepTbl.

7) BbinonHuTte 3agaHune ana GyHKUMn y =3*um y = (%)" .

MokasatenbHaa GpyHKumA

Mpu a >0, a# 1 PyHKUMA y = a* Ha3bIBAETCA MOKa3aTeNbHON PYyHKLMEN.

1) O6bnactb onpeaeneHna NokasatenbHoM GyHKLMM BCe AeNCTBUTE/IbHbIE YMCa.
D(a¥) = (—o0; +)

2) MHOKecTBO 3HaYeHMM NoKasaTenbHOM GYHKUMM BCE NOMOKMUTE/IbHbIE YNCAA.
E(a¥) = (0; +x)

3) Tak Kak a° = 1(npwu x = 0), To rpadmK NokasaTesIbHON GYHKLIMM NepeceKaeT ocb

y B TouKe (0; 1).

4) Npu a > 1dpyHKLMA a*Bo3pacTatowas, npm 0 < a < 1 dyHKuMa a*ybbiBatoLwas.

5) NokasaTtenbHan GpyHKLMA He NepecekaeT ocb abcumnce n eé rpaduk pacnoso-

YKEH BbILLE OCU X, T.€. B BEPXHENM NONYNI0CKOCTH.
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6) Mpn 0 < a <1, ecnn x 6ECKOHEYHO BO3PACTalOT, COOTBETCTBYIOLIME 3HAUYEHMUA
6eCKOHEYHO ybbIBAtOT M TOUKM rpadmKa GyHKUMM Y = 0¥ HEOFPAHMYEHHO CTPEMATCA
K ocu abcumcc .

Mpun a > 1 1 x = — oo TOYKM Ha rpadmKe HeOrPaHNUYEHHO CTpeMATcA K ocu abeumcc.
Ocb abcumcc ABNAETCA rOPU30HTA/IbHOM aCMMMTOTOM NOKasaTesibHOM QYHKLUMN.

J AY
y=0a"
O<axl1
(0; 1) ybbiBaeT
| -
0 0 X

MoKaszaTtenbHas QGYHKUMUA NPU USMEHEHUM aprymeHTa BO3pacTaeT uan ybbiBaet
¢ 60/1bLLION CKOPOCTbHO.

Mpumep 1. Mo rpadmky GyHKUMM 3a4aaMm eé ypaBHEHME.

PeweHwne: CoctaBum TabnuLy 3HaYEHUN.

X -2 -1 0 1
(x)
y | 9| 3| 1| L Y
3 (=2:9 T
o bl il o fix) = (F)
M3 Tabaunubl 3HaYE€HUN BUAHO, YTO NPU YBEUYEHUN °©
3HaYeHUi X Ha 1 eAMHMLY, 3HAYEHUA Y YMEHbLLATCA \\ 6
B L- .31 \? (2.4
3 X Ay 7 , 1\ \23q/
1 1 L5
3HauuT, a =?.Tor,u,a dopmyna pyHKUUM ByaeT: y = 3. 0:11
_ 20 X
Mpumep 2. MMpn KakKMX 3HaYEHUAX NepeMeHHbIX CNpaBea/IMBo caeayoLme:
a) paBeHcTBO 4 = 64; 6) HepaBeHcTBO 3*>9; B) HepaseHcTBo 0,4 > 0,167

PelweHue: a) 3anuuem paBeHcTBo 4 = 64 B Buae 4*=43.3pecb No CBOUCTBY CTe-
neHu ¢ AeNCTBUTENbHbIM MOKa3aTenem x = 3.

6) 3anuiuem HepaBeHcTBO 3* > 9 B BUAE 3* > 32 . 346eCh ACHO, UTO X > 2.

B) 3anuwem HepaseHcTeo 0,4*> 0,16 B Buae 0,4 > 0,42 (B BUAE CTeNeHU C OANHa-

KOBbIM OCHOBaHMEM), CTENEHM C OCHOBAHWEM MeHblLue 1. Monyymm, uto x < 2.
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Ob6yvarowme 3agaHus
|£ MocTpolite rpadukm cneayrownx GyHKLKUM, 33,28 KaK MUHUMYM 3 TOYKM.
1

1) fix) = & 2) g(x) =6 3)m(X)=@X 4)h(x)=<$>x

a) MNokaxknte, aBnseTca M GyHKLMA BO3pacTatowen nam yboisatoLuein.
6) MoKkaxkuTe 061acTb oNpeaeneHNs U MHOMKECTBO 3Ha4YeHU GYHKLMN.
B) OnpeaenvTe TOYKY NepecevyeHms rpadmka c ocblo ).

2. Bospactalowmmu, nnm yboisatolmmmn ABAAKOTCA cnegytolime GyHKLUMK:
a)y=55 6)y=03% 8)y=5% r)y=(N2-1); a)y=(5-1)~

|i HanguTe cneaytowme 3HaYeHUA GYHKUMNA.
a) f=(2) AUALADA2  6)h= (B A1), ), h-1), h(-2)
8) gx) =<%> 9(0), 9(2), g(V2), g(-1) 1) mlx)= 221 m(0), m(2), m(\2), m(~1)

|i YcTaHOBUTE COOTBETCTBUE MeXAy GyHKUMEN 1 rpadrKom.

1\ 2\
— Gx 2 =_> 3 :<—>
1)y=5 )y <4 y=1(3
a) y 6) Y, B) Y,
4 4
2 2
—4 20 2 a'x —4—2o| 2 4% _2o| 2 4 62X

|i MoHO N1 Ha3BaTb GYHKUMK y = 0 U y = 1¥ noKasaTenbHbIMU PYHKLNAMMU?
MO»KHO N1 Ha3BaTb NoKasaTeNbHOW GyHKUMIO y = (—1)*?

|i Mo rpaduKky yHKUMIN y = a%, y = b¥, y = ¢ cpaBHUTe Yncna a, b, c.

o b b
AV a* CN\ygA y
a) 6)
= > N —
0 X 0 :x

|L 3anuwnte Gopmyny nokasatenbHoOM GyHKUMM ¥ = ¢-a*, rpaduK KoTopoi npo-
XOANT Yepes TOUKY.
a) (0; =2) n(-2; -32) 6) (0;3) n(l;15)
B) (0;7) n(2; 63) r) (0; =5) wn (=3; -135)
a) (0;0,2) w (4; 51,2) e) (0; -0,3) u (5; -9,6)



MNokasaTtenbHaa pyHKUMSA 251

8.

1) Mo cnepyroWw MM AaHHbIM HanuwmuTte Gopmyny GyHKLMM B BUAE Y = a*.
2) CocTaBbTe TabauLy 3Ha4Ye€HUI 1 3aHOBO NOCTPOTE rpaduK B TeTpagM.

a) 1004y 6) 10y B) A 1) 10AY
(=3; 125) (3,64
- (3; 64) (3.2 100 27
51278 5
< (-2:°D)
(=3; n) 9 \</ (3; n)
(=2; n) X x X
(=2; 25)
-ﬁ
(1, n)X

9.

OaHbl dyHKumK f(x) = 5%, g(x) =<%>, h(x) = 3~
a) 3HayeHue Kakoi GyHKUMKM 6onblie npu x = 57
6) 3HauyeHMe KaKol PYHKUMM MeHbLLe Npu X = —57?

B) Mpn KaKMX 3HAYEHUAX X 3HaYeHUA GYHKLNIN paBHbI?

. 3Han, yto f(x) = 3,2%, g(x) = 0,3 cpaBHuTE:

a) f(5) n f(6); 6) f(0,1) n f(0,5); B) fi-\2) u fN2);

) g(5) n g(6); £) 9(0,1) n g(0,5); e) g(—\2) n g(\2).
. CpaBHure:

a) (\2)3u (\2)5; 6)0,1° 1 0,1°%; B) 42y 4%,

an KaKNUX 3Ha4YeHUNAX NepeMeHHbIX CnpaBea/inBbl paBEHCTBa?

a) 31=27; 6) 42 = 64; B) (V2) = 2\2.

. Mpu KaKnx 3HaYEHUAX NepemMeHHbIX CrpaBea/InBbl HEPaBeHCTBa?

a) 2> 32; 6) 3*< 27; 8) 0,2 > 0,04; N 4 < (%)”

. Pewwute cneaytowme ypaBHeHUA rpadpuyecku:

a)2*=3—x; 6)(%)X=x+6

. Mpv nomowm rpadmKa onpeaennTe 3HaK KOPHA YpaBHEHUA.

a) 5= 6; 6)0,2*=3; B) 4 =3, r)0,3°=0,1.

YCTHO HalguTe ABa 3HaYeHUA, yA0BAETBOPAIOWME YPaBHEHUIO: 2 = x?

Mpu nomowm rpaduKka HaMANUTE KOIMYECTBO KOPHEN ypaBHEHM .

B ogHOM cucTteme KoopamMHaT NOCTPOMTE rpaduKn GyHKUMR y =2Xny = (%)X n
NMOKaXKMTe OTHOCUTE/IbHO KaKOM OCU OHM CUMMETPUYHbI. 0606w mTe nonyyeH-

HbIN pe3y/bTar.
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MpuKnagHble 3apaHuA

Mapwusa Kropu. Npn pagmoakTMBHOM pacnase BeLLecTBo ae-
JIUTCA HA HECKONbKO YacTul, (Hanpumep: 3NeKTPOHbI,HEeW-
TPpUHO,anbda-yacTulbl, OTOHbI).PagmMoaKTUBHOE
BELLECTBO, NPU AesIeHMM aTOMOB 33 OnpesenEHHbIN Nnpome-
YKYTOK BPEMEHMU, TEPAET NOJIOBUHY CBOEN MaCCbl. ITOT NpPO-
MEKYTOK OCTAETCA HEM3MEHHbBIM 1 Ha3blBAETCA NEPUOLOM
(npomexxkyTkoMm) nonypacnana. B 1898 roay Mapua Kiopu
OTKpbl/la BellecTBa, 06iaatolLme BbICOKOM PagmMoaKTUB-
HOCTbIO - paaui MU NONOHWUI. 33 3TO OTKPbITUE OHA bbina
yaoctoeHa Hobenesckol npemunun. M3oton pagua HasblBa-
eTca Radium 226 umeeT nepuog nonypacnaga 1620 net. MpoayKtom noaypac-
naga paama 226 AgnsaeTca pagoH 222.

t
1.7
3aKOH PaAMoaKTUBHOIO pacnaga: m = mo(?)
Mo- NepBoOHa4YanbHOE KONMYECTBO BELLECTBa,
T- nepuog, nonypacnaja BewecTsa,

M- KONIMYEeCTBO BELLLECTBAa B MOMEHT t, 34ecb t - BpemAa He MOXeT NPUHUMATb OT-
puuaTenbHbIX 3HaAYeHUN.

Mpumep. NMpomeKyTok nonypacnaga paaus (Ra-225) 15 n

_—
[e=

[AHel. 3aBMCUMMOCTb Maccbl(rpamm) BeLecTsa OT BpemMeHu

( 33 Kaxaple 15 aHel), MOKHO CMOAENMPOBaThL MOKasa-

o
0

TeNbHOM yHKLUMEN. MpadnK 3TOM PYHKUUM NpeacTaBaeH

(=)
[o)}

Ha PUCYHKe:

o=
~

a) ckonbko rpamm Ra-225 cocTaBnaeT nepBoHavasbHoe

KO/IMYecTBO BeulecTBa? OnuwmnTe, NMCbMEHHO, CUTyaL MK 4> >20)

D
ol

(3:0,125)

COOTBETCTBYIOLUME YKA3aHHbIM TOYKAM.
6) 3anuwmnTe obaacTb onpeaeneHma U MHOXKECTBO 3Have- 0 2 4

<
5]

()

KO/IMHMECTBO BellecTsa FpaMM)

~yl

HWUI ¢VHKLI.MVI. Bpems (3a Kaxkable 15 aHel)

B) 3anuwuTe 3aBUCMMOCTb MacChl BELLLECTBA OT BPEMEHU B BUAE GYHKLMM.

r) Onpeaennte NPUGU3UTENBHO 33 CKOJIbKO BpEMEHW NepBoHaYyabHOe Kosnye-
CTBO BewecTBa Ra-225 yMmeHbWNTCA Ha =~ .

PewweHue: a) Mo pUCyHKY BUAHO, yTo Npu t = 0 rpadmK NnepeceKkaeT ocb y B TOUKE
(0; 1). T.e. macca NnepBOHa4Ya/IbHOrO KOJIMYECTBA BelecTBa paBHa m=1T.

6) Mo rpaduky BUAHO, 4TO 061aCTb OnpeaeneHuna GyHKLMU, TO eCTb 3HAYEHUSA, KO-
TOPble MOXET NPUHUMATD t, MHOXECTBO AeNCTBUTENbHbIX Yncen t > 0 . MHOXKecTBO
3HaYeHU GYHKUMK, TO eCTb 3HAYEHUA KOTOPbIE MOXKET NPUHUMATb M, eCTb MHO-
YKEeCTBO AeNCTBUTENbHbIX YMCEN U3 NPOMEXYTKA 0 < m < 1. B) PaanakTMBHOE Be-
WecTBO 3a Kaxgble 15 agHel pacnagaetcs HamoNOBMHY. 3HAUMT OCHOBaHWe
MOKasaTesIbHOM GYHKLUMM PAaBHO = , MOKA3aTE/b }Ke BbIPaXKeH NepeMeHHOoN t 1
MOKa3bIBaeT CKOIbKO pas npowwno no 15 gHen m(t) = (% )L
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r) 3Ty MHPOPMALMIO MOXKHO NPUBIU3UTENBHO ONPeaevUTb Mo rpaduKy Uam no-
CTpomB Tabanuy 3HauyeHU. Ecnn nepBoHavanbHOE KOMYeCTBO BelwecTBa 1T,

1
TO 30 yacTb NpubnamnsmutenbHo pasHa 0,033 r. OTMETMM 3TY TOUYKY Ha OCU ¥ U

NpoBeAEM ropn30oHTAIbHYIO NMPAMYIO, NepeceKatoLLyto rpaduKk B LaHHOM TOYKeE.
3Ta IMHMA nepeceKaeT abcumccy rpadmka NpnbAN3IUTENbHO B TOYKe 5. A 3TO

3HayuT, YTo Yepes 5- 15 = 75 aHelt nepBoHaYaibHOE KONMYECTBO BELLECTBa

YMEHbLINTCA I'IpM6}1M3MTeﬂbHO Ha 31—0 4acTb.

O6yuatowme 3agaHuA
|1_8. HauyanbHas macca pagMoaKkTMBHOrO BelwecTBa Paanii - 226 paBHa 1r. 3aKoH pa-
OVNOaKTUBHOIO pacnaga 3agaH popmynon m(t) = (%)‘/1620. 3aecb m - macca

paaus (r), t - Bpemsa (rog). HangmTte maccy 4aHHOrO BelLeCTBa Yepes:
a) 1620 ner; 6) 3240 ner; B) 4860 ner.

|£), Karkaana 13 cnepyowmx cuTyaumii MoxKeT BbiTb CMOAENMPOBAHA, MPY NOMOLLM
rnokasaTtesibHOM PpyHKUMU. KaKaa U3 cuTyaumii ABNAETCA SKCMNOHEHLMANbHO BO3-
pacTtatowen (a > 1), a Kakaa aKCNoHeHUManbHo ybbiBatowwer (0 < a < 1)?
a) Konunuectso 6aKkTepuii B yalwke MNeTpu Bo3pacTaeT B 2 pas3a 3a KaxAabli yac.
6) Nonypacnag nsotona AKTUHMA - 225 paseH 10 gHAM.
B) C yBennyeHmem rnybuHbl Ha 1 meTp, cuna cBeTa, NafatoLLero Ha noBepx-
HOCTb 03epa yMeHbLlaeTcA Ha 25%.
r) KonnmyecTtBo HaceKoMbIX YBE/IMYMBAETCA 33 A€Hb B 3 pasa.

@. BaHKOBCKMI CHET AAET exkerogHyto Npubbiab B pazmepe 2,5%. Cymma aeHer Ha
cyeTy Yyepes n neT BblumcaneTcs no popmyne A = P(1+r)" . 3gecb P -HayanbHas
CYMMa, I' - eXKerogHbli NpUpocT (AecaTnyHan Apobb).

Ecnv cymma geHer Ha cyeTy nsmeHsaeTca Kak A = P(1,025)", To:

a) NocTtpoitTe rpadunK COOTBETCTBYIOLLEN NOKa3aTebHOM GYHKUUK, MPUHAB Ha-
YanbHyo cymmy 3a 1 maHar.

6) Mo rpaduky caenaitTe NPOrHoO3, Yepes CKOJIbKO JIeT Ha4abHasA CyMMa Bbl-
pacTteT B 3 pa3a. 3aBUCUT I OT HaYa/IbHOM CyMMbl TPEXKPATHOE yBennyeHne
CYMMbI Ha cyeTy?

B) ®MHAHCUCTbI BbIYUCAAIOT BPEMS, 32 KOTOPOE HaYa/lbHasA CyMMma yBeIMYnBa-
eTcA B 2 pa3a Npu C/I0XKHOM NPOLLEHTHOM pocTe no “npasuny 72”. Hanpumep,
4yTObbI Y3HATb 33 CKO/IbKO SIeT cymma B 100 maHaT BbipacTteT Ao 200 maHaT, Hago
4yTObbI NPOMN3BEAEHNE KONNYECTBA MECALLEB M NMPOLLEHTHOM CTaBKKM 6b110 paBHO
n-r=72.

B coOOTBETCTBUM C AaHHbIM MPaBWAOM M MO rpaduKy onpenenute, yepes
CKONbKO, NpMbAn3nTenbHoO, et cymma ¢ 1 maHaTta BblpacTeT A0 2 MaHaT npu
cTaBKe 2,5%, 1 cpaBHUTE NONYyYEHHble pe3ynbTaThl.

|2_1. MoctpowTe rpadmkm dyHKUM y = 3x, y = x3 u y = 3*. InA Kaxkaon GyHKUMK 3a-
nUwmuTe 0bnacTb onpeaeneHnsa U MHOXKECTBO 3HAYEHUN 1 HyIU QYHKLMU
(ecnu oHM ecTb). CpaBHUTE 3HAYEHUA ITUX PYHKLUIN NpU
x=1; 2; 3; 4. 3Ha4eHMA Kakol GyHKUMM pacTyT bbicTpee?



254

MNoKasaTtenbHasa GyHKUUA

22.

123.

26.

127.

|29.

MocTpoite rpaduKkm GyHKLUN.

a)y=23 6)y =52 B)y=0,54" fy=- (%)X

Kakmmu npeobpasoBaHuamn rpadmk pyHKUMM g(x) nonyyaeTtca us rpaduka
$yHKUMM f(x)?

a) fix) =&veg(x)=4+1 6) flx) =—2xvag(x) =5-2*

. NocTtpoiTte rpadukmn GyHKLUMI y = 4%, y = 4+2 y = 4*=3 BbICKa)KUTe CBOE MHEHUe

06 06nacTu onpeaeneHnn, MHOXeCTBe 3Ha4YeHUIM M aCMMNTOTax AaHHbIX QYHK-
V7178

®yHKumMto y = 10° MOXHO 3anucaTtb B BUAe y = (2-5)*. MNocTpoiTte u cpaBHUTE
rpapuKn gaHHOM GyHKUMKN N PyHKUMK y = 2-5%,

3anuwuTe cnegytowme GyHKLMMU B BUAe y = [-a*.

6)y=5- 3

a)y:4x+1

MpaduK dyHKLMK y = %)X napannenbHo NepeHoCcUTCA Mo BEPTUKAAM U Npu
3TOM OH MPOXOANT Yepes TouKy (1; —2).

a) 3anuwwuTe Gpopmyny, COOTBETCTBYHOLLYIO NMOAYYEHHOMY rPpadumKy.

6) MocTtpoitTe rpadpmkum.

a) JobasbTe B Tabauue ctonbeu, ana )= 3 =23 = .3x-4

3HAYeHUM PyHKUMKM y=—2-3*"4—-3 p

noctpolite eé rpaduk. 73 73 13

6) Kakumu npeobpasoBaHuamm rpadumk 0: 1) 0: 2) @ 2)

OYHKUMM y = — 2:3x-4— inonyqaeTcn n3 (1;3) (1;6) (5; 6)

rpaduka dyHKLUMM y = 3% (2:9) (2; 18) (6; 18)
(3;27) (3; 54) (7;54)

B) MoKaxkuTe o0bnacTb onpeneneHnsa U MHOMECTBO 3HAYEHUN GYHKLUM

y=3ny=-23-49-3,

Mpadukm cnegyowmx GyHKLMN NOCTPOMTE NPU NOMOLLM NapaaienbHoro ne-

peHoca rpaduKa nokasaTesibHON GyHKLUMM f(x) = I-a*. Qs Kax[oro ciyyas 3a-

NULWKTE BEKTOP, Ha KOTOPbI Npon3BeaEH NapansienbHblii nepeHoc.

1
a)y=3 )
ry=-3-3x+2-2

6)y: l,3x+2
a)y=4-2x3+1

B)y =222
ey=4.2v3-4
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31.

32

133.

. YcTaHOBMWTE COOTBETCTBUE MeXAay rpadunKkom 1 GyHKLUMEN.

a) Y Y4 6) A > B) y“l
1)y=2-5 f RN X
2)y=3.4x l’ 71}]"} T . (—1 —g) (@, 12 , 3I
3)y=—2‘5X { [/\’?‘ j\\ [\_'7/( 2)
> J .
4)y=%.4x 1 \ 1 X
Z;yzgx—zz r) duy /(j‘ ! ) )jn/ e) 1y /
y= X _ T . 4
- X [Lq %/ (0, 3) (3,B)
. T DT
1 X il X

OnpepenuTte, ABaseTca M GYHKLUMA SKCNOHEHUMANbHO BO3pacTatoLel nam
ybbiBatoLLeN.

a)y=10-3,5" 6)y=24 B)y = 0,4'(—51;)”
fy=3(3) n)y =30~ e)y=0,25"

Haliante obiacTb onpegeneHns u MHOXKECTBO 3HAYEHUN cieayowmx GyHKUNRA.
a)y=3+2 6)y=2*-3 B)y= 2¢"!

y=3 2-2 y=3-3743 e)y=24"

B peanbHOM XU3HU, NPU eXKEerogHOM YBeIMYEHUM BENYMUHbI HAa MOCTOAHHbIN
NPOLLEHT, €€ coCTosIHME Yepes t IeT MOXKHO OLLeHUTb GopMynoi

y=a(l+r)t, npn ymeHbweHnu - popmynon y =a(l —r)t. 3aecb a - HayabHOE
KONINMYECTBO, I - NPOLEHT yBenmdyeHuns (ymeHblleHus) ( gecatnyHas gpobs), t -
KO/IMYecTBO NeT. Mpy NOMOLLM AaHHbIX GOpMY/ pelunTe cneaytowme 3a4aHus.

Mpumep. LeHa aBTomob6uMAA KynieHHoro 3a 24 000 maHaT eXXerogHo CHUXKa-
eTca Ha 12%. 3anuiwem 3aBUCMMOCTb MeXAy KonmyecTBom neT (t) akcnayata-
LMW1 aBTOMOBOUANA U ero LeHOoN.

Pewenune. B popmyne y = a(1 — r) npumem a = 24000, r = 12% =0,12,
1-r=0,88. Toraa AaHHYIO CUTYALMIO MOXKHO CMOAE/IMPOBATb NOKa3aTe/IbHOM
dyHKUMel y = 24000-(0,88).

a) B 1993 konnuectso nosnbsoBaTenen MHTepHetom coctasnsno 1 313 000. B
TeyeHune 10 net nx KoAMYecTso ysennymnnocb Ha 100% . 3anuwmTte NnoKkasatesb-
HYI0 QYHKLMIO, MOKa3bIBalOLLLYtO KONMYECTBO Nosib3oBaTenel yepes t sem. Haii-
OMTe CKOIbKO nosib3oBaTteneit MHTepHeTom byaeT Yepes 5 net? CKonbKo ntoaen
nosibsosanocb MHTepHeTom B 2000 roay?

6) Cymma B 1000 maHaT BHeceHa B BaHK MO/, C/I0MKHYIO NPOLEHTHYIO CTaBKy B
pasmepe 8%. Kakas cymma byaeT Ha 6aHKOBCKOM cUéTe yepes 6 neT?

B) OpraHn3m YyesioBeKa 0cBObOXKAaeTcA OT KodenHa 3a Yac Ha 12%. 3apaite dpop-
MY/1014 MOKA3aTeNbHY0 GYHKLMIO BbIParKatoLLyO KONMYecTBO KodenHa ocTasLle-
rocAa B OpraHMU3Me YesioBeKa, eCcan OH BbiNuA Kode, cogepawmii 120 mr
KodeunHa.
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UccneposaHue. Yucno e.
MpeacTasbTe, YTO Bbl BAOKMAM B BaHK 1 MaHaT, Nof, CNOXKHbIe NPOLLEHTbI C NPo-
LEHTHOM cTaBKoM paBHoM 100%. B TeyeHue roaa Bbl NPOU3BEAUN BbIYUCIEHWUI N
pas, noactaBms B GOPMYy/y CAOXKHOIO NPOLEHTHOFO POCTa Cleaytowme aaHHble
So=1,r=100%=1,t=1. .
r 1

S=So (1+T)"t =1 (]_+T)”‘1 = (1+7 )

BbluncnunTe 3HaueHnA GyHKUMM 1 YCTAHOBUTE, K KAKOMY YMCAY NpUbanKaeTcA 3Have-

1
HUe GyHKLUMK (1+7)” Npu pasNYHbIX 3HAYEHUAX N.

1 Q)
Ycn0BMe BblUUCAEHUSA n | S(n)= (1+T)n Cymma (™)
fopoBoi 1 S(n) = (1+%1 2
Monyroaosoii 2 sin)= (1 +%)z 2,25
KBapTanbHbIi 4 S(n) = (1+%)4 2,4414
sin)= (1 T, 2,4883
= +—
ExxemecayHo 12 1% 27048
ExxegHeBHO 365 | S(n)= (1+ 365 12,7146
Y = 8760 | 2,7181
MouyacoBoM 8760 S(n)= (1+ 3760

Kak BMAHO, ecnun 6aHK ByaeT Yyalle BblYUCAATb MPOLLEHT A8 BAOXKEHHOW CYMMbI, TO
npubbinb yBennuntca. OgHaKo, OTHOLIEHME exXeAHEBHbIX BbIYMCIEHWNI K exkemecsay-
HbIM AAET Npubbinb 10 ranuk. Ecnm garke 6aHK byaeT Haxo4MTb NPOLUEHT ANA AeHer
Ha CYeTy eXXeceKyHAHO , TO M B l]aHHOM C/lyyae pasHULA MeXay HauncieHmem npo-
LEHTOB €}KeYacHO WU exedHEeBHO byaeT HesHauu-

TeNbHa. 1 S(n) )
N3 rpaduka dyHKumm S (n) = (1+ 7)", NoCTpoeH- AT

HOro Npu NoMoLLM rpadKanbKyNATOpPa BUAHO, YTO 3

i 1
npu N — o GyHKLUMA S(N) MUMEeT ropu3oHTaIbHYHO 2 S(n)= (1+ - )
acMmnToTy. 1F

L L
| ncroe | 0" 10 20 30 40 50 7
NccnepoBaHMe NOKasbIBAET, YTO NPU YBEAMYEHUM 3HAYEHUI N 3HAYEHME BblParkeHUs
(1+ %)n npubankaeTca K onpeaeeHHOMY YMCay. ITO YMC0 3anucbiBaeTca 6yKBOM
€ 1 nmeeT 3HaveHue e = 2,718 281 828 459... . Yucno e, TaK e Kak U YNCNOo T SB-
NAETCA NPPALLMOHANBbHBIM YMC/IOM. ITU YMCNA HA3bIBAKOTCA TPAHCL,EHAEHTHbIMM YnC-
namu. TpaHCUEHAEHTHbIM Ha3blBAeTCA 4YMCAO, KOTOPOE He ABMAETCA KOPHEM
MHOTOY/1IeHa CTENEHN N C LebiMK KoaddnumeHTamu.

JKcnoHeHUManbHoe Bo3pacTaHMe Uam ybbiBaHME NO OCHOBAHUIO e 3apaétca dop-

mynon N = Noe¥. 3gecb No-HayanbHOe 3HayeHwue, t -Bpems. k -NoCTOAHHOE YMC/O.
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pr—
[na noctpoeHna rpadunka PyHKUUM Y = €X MOXKHO 20| V=€
MCMONb30BaTb Pas/inyHble rpad KaNbKynAaTopsl 15 /
(www.geogebra.org). 10
51 -
®YHKUMA Y = e Ha3bIBAETCA IKCMOHEHTOMN. 321 [ 1234,

O6yuatowme 3agaHmA
@. HaliguTe 3HaueHus BbiparkeHUi. MMcnonb3yite KHOMKY e Ka/ibkyaaTtopa.

a)e? 6) e 023 B)e?

|§, Mpu nomoLm rpadKanbKynAaTopa nocTpoiTe rpaduk GyHKUMK y = e*. U306pa-
31Te, CXeMATUYHO, rpadmKu cneayowmx GyHKLMA Npy nomoLLm npeobpasosa-
HUA rpaduKa GyHKLMK y = eX.

a) y=2e* 6) y=e~ B) y=3e~*

|3_6. Bewectso DDT (Ci4HsClis) 66110 BRepBble M306peTeHO LWBEACKUM YUYEHBbIM May-
nem Mionnepom, 3a 4To emy 6bi1a npuceoeHa Hobenesckan npemus. Mpu no-
mouwm DDT, obpabaTbiBas OKPECTHOCTM NEeKAPCTBEHHbIMM NecTuuMaamm B
MOC/IEBOEHHbIV Nepuos, Oblnn YHUYTOMXKEHbI TakMe 601e3HU KaKk T 1 mans-
pua. OfHaKo, UcCneoBaHMA NOKA3bIBAOT, YTO AaHHOE BELLEeCTBO OKasblBaeT
HeraTMBHOe AEeNCTBUE HA OpPraHM3M YesioBeKa.
Ecnmn B 1973 roay 6b1n10 ncnosib3oBaHo 1x10° kr DDT ans gesnHoekumn onpe-
OeNnéHHbIX naowaaen, npu k =—0,023:
a) 3anuwmTe Gopmysy , NOKA3bIBAOLLYH OCTATOK AaHHOTO BELLLECTBA B 334aH-
Hbili rog B Buae N = Noek;
6) KaKoM OCTaTOK BelecTBa coxpaHutca B 2020? Mcnonb3yiTe KaibKyasTop.

|3_7. Mpu NnpoBegeHUM onbiTa BblI0 YCTAHOBAEHO ,YTO KOIMYECTBO BaKTepui
N B 6aHKe Yepes Bpems t YaCcoOB, MOXKHO nocunTaTb no ¢opmyne N = 100 %%,
Hangute:
a) cKo/IbKO H6aKTepuii 6b110 B BaHKe M3HaYanbHO;
6) ckonbKo bakTepuit byaeT B baHKe Yepes 5 yacos?

|3_8. Cymma B pasmepe 5000 maHaT b6bl/1a NOMI0XKEHA Ha CYET B GAHK NOA, CNOXKHbI M
MPOLLEHT C NPOLEHTHOM CTaBKOM paBHOM 12% B rog Ha 25 neT. Boluncaute npu-
6bl/1b, NPY HenpepbIBHOM NoacyéTe no dopmyne S = Soe™ 1 NpUbbIAb NpU NoA-
c4éte no popmyne S="So (1+ %)ﬂf 2 pasza B rog (n = 2). MNpn Kakom noacyéTte
npubbiab nonyvaeTca 60/blle U HACKONbKO?
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UccnepoBaHue y

1) 3anuwnTe BMeCTo X TaKMe 41cna, YTobbl paBeHCTBa Obln 8
BEPHbIMMU.

a) 2 =16 6)3*=9 B) 4 =64

2) Mpwn KaKKX 3HaYeHMAX aprymeHTa GyHKLMA ¥ = 2¥ nonyvaeT
3HauyeHue paBHoe 67 ABAAETCA N 3TO 3HAYEHUe
X €ANHCTBEHHbIM?

3) Mexay Kakumu ABYMS LeIbIMU YNCNaMM HAaXOAATCA 3HAaYEHMA X YA0BNETBOPAIO-
LMe paBeHcTBam?

a)2x =24 6)3* =18 B) 4 =56

Norapndmom no ocHoBaHuMo a >0 uncna b >0, Ha3blBaeTCA TaKOe YMUC/I0, YTO NPU BO3-
BEAEHUWN YNCNIA a B 3Ty CTENEHb MOYYUTCA YMCIO0 b . ITO

3anucbiBaeTca Tak y = log,b. 3aech, npua#luncnaaub *— nokasaresno _+
NONOXKUTENbHbIE AENCTBUTE/IbHbIE YNCA. y = log,x Q' =x
3anuce y = log,x ABnaeTca Norapndmmyeckoit 3anmncbio L _T
paBeHCTBa ¥ = X 1 Ha06OPOT 3anuUch @’ = X ABNAETCA No- ocrosarme
Ka3aTenbHoM popmMOi1 3anncK Ansa paBeHCTBa ¥ = logax .

To ecTb 3anuUcK @” = X U y = log, X SKBUBANEHTHbI.

elog,1=0, TakKaka®=1 °log,a =1, TaK Kak a' =a.

e log,a’=y, TaK Kak @’ = @¥ ® 0'%8x = x, TaK Kak log,x = log,x
PaBeHCTBO @'=* = X Ha3bIBAETCS OCHOBHbIM JI0rapUPMUYECKUM TOXKAECTBOM. 34€ECh,
x>0,a>0,a#1

Mpumep 1. 3ameHNM norapnPMmnYecKyto 3anmncb NokasaTeslbHOM.

a)log,16=4 6) Iogmﬁ: -3 B) log,1=0
PeweHue: Nnorapumuyeckas popma sanucu: nokasaTtesibHaa popma 3anucu:
a)log,16 =4 24=16
6) 08, 7oo=-3 103= ﬁ
B) log,1=0 80=1
Mpumep 2. Haliaém 3HayeHMe norapmuGmMmnYecKoro BblpaxKeHus.
a) log,27 6) log,a B) log.\5
PeweHue: 4
O6o3Hayum log,27 =x log,a = x log;\5 = x
3¥=27 nokasaTesnbHas ¢popma a‘=a 5x = {'/5_

1
3*=33, x=3 no ceolicmsy cmerneHu x=1 X= T
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Obyualowme 3agaHuA

1.

2.

3anuwunTe paBeHCTBA B 3KBMBAJIEHTHOM fIorapudmmyeckon popme.
a)3*=81 6) 84/3=2 B)0,52%=4 r) b’ =x
A=y e (317=9 W (3)=% ) 82=5y
3anuwnTe paBeHCTBa B 9KBMBAJIEHTHOM NoKasaTesibHOW dopme.

a)log.625=4  6)log,:25=3  ©)1g(0,0001) =4 1) log, h--1

a) log,15 = x e)log,82=y %K) logs5 = x 3) log,7 =x

Norapudm umcen no ocHosaHmio 10 M e cooTBETCTBEHHO 0603HaYaloTCA Kak Ig
n In. lorapudm no ocHoBaHMIo 10 Ha3bIBaeTCcA A4eCATUYHBIM orapudMom, nNo
OCHOBAHMWIO € - HaTypa/ibHbIM 10rapubMOom.

log,,0,001 = 1g 0,001 log,c = Inc
Mpw BbIYUCNEHUM NOTAPUPMOB MOXKHO NOb30BaATHCA Ka/IbKYAATOPOM.

BbluncaunTe.
a)lg 0,001 6)Ig(6,3-10% B8) lg 0,00025 r) In(e3) a) In8

He NONb3YyACb Ka/IbKy1ATOPOM, HaﬁAMTe 3Ha4vyeHune Bblpa)KeHVIl‘;I.

a) log,49 6) log;27 B)Ig0,1 r) log, 1_16
a) log, 4 e) logg2 X) log, 1 3) logys2
n) log,3° K) log,9? n)lgio m) log,1

1) Ha npumepax 06bACHUTE, HEBO3MOMHOCTb CyLLLECTBOBaHUA norapndmos ¢
ocHoBaHuAMM 0;1 MAK OTPMLATENIbHBIM YUC/IOM B OCHOBaHUMU.

2) UMetoT M CMbICA BblpaxKeHus?
a) log _,9; 6) lg(-10); B) log,3; r)In7; n)log;16.

BmecTto a v b 3anmwuTe nocnegosBatesibHble Lenble YACANa, YTOObI HepaBeHCTBO

6b1710 BEPHbIM.
a) a<log,48<b 6) a<log,100<b B) a<log90<bh

HallamTe 3HauyeHM e BbipasKeHW NP1 MOMOLLY OCHOBHOTO 10rapuGMMYECKOro TOKAECTBa.

a) 2Iog28 6) 10Ig 2'. B) 31+Iog32; F) 102—Ig4;
ﬂ.) 23 Iogzs; E) 52Iog53'. )K) 4Iog23; 3) 16Iog4 7;
BbluncnuTe.

a) (1 + 3Iog35)log62; 6) 491—%Iog73; B) (7 _ 5Iog53)1+log23.

HalianTe Hem3BecTHOe B paBeHCTBe
a) log,x=-1 6) |0g% x=-2 B) log, 25 =2 r) Iogx% ==2
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Uccneposanue. MocTpoliTe B TeTpaam Tabavuy 3HavyeHui U rpadpuk dyHkumi f(x) = 3*
obpaTHoM ei dyHKUMK f1(x) . 3anuwmnTe CBOE MHEHME O MOAYUYEHHbIX GYHKLUAX.

fx) = 3° f) 317
X |y I y N
27 57 | 3 Al
-2 % 1 -2 y) ‘ frix
9 A
_1 l 1 -+ o~
3 3| 71 42772 4 X
1 1 22
3 3
9 9
27 27

Norapudmunueckaa pyHKumA

Kakpooe cBoe 3HaueHune GyHKLMA y = a*

NPUHUMAET B €UHCTBEHHOM TOUKe

obnactu onpegeneHuns T.e. ana GyHKUUK

y = a*cylecTByeT obpaTHan pyHKLMA
=log,y.

3HauuT, ec/iv rpaduK GyHKUMM Y = a* OTPa3UTb CUMMETPUYHO OTHOCUTE/IbHO NMPSAMOIA
y = X, To nony4um rpaduk dyHKumm y = log, x.

1) O6nacTb onpeaeneHuns norapndmmyeckoit GyHKLMU: BCE NONOKMUTENbHbIE YMCa
D(log, x) = (0; +o0)

2) MHOKeCTBO 3Ha4YeHMN I norapnpmMmmnyeckoirt GyHKLMN: MHOXKECTBO BCEX AENUCTBU-
TenbHbIx uncen: E(log, x) = (—oo; +0)

3) Mpwu a > Lnorapudmudyeckan byHKUMA saBAaAeTca Bo3pacTaowen, npn0<a<1
ybbiBatoLei.

4) Tpaduk dyHKUMM y = log, x nepecekaeT ocb abcumce B TOUKe (1' 0).

B kauecTse npumepa ans a > 1 Ha pucyHke gaHbl rpadvkm Y4 s = log, log.x =X
d)yHKU'Mﬁ y= |0g2X, y= lnX/ y= IOgSX' %)log

MocTpolite rpaduKmM B TETPALM.

Echrva > 1, To npn 0 < x < 1 norapudmmnyeckan GyHKLUA
NPUHMMAET OTPULATENbHbIE 3HAYEHMA, NPU X > 1 NPUHK-
MaeT NOMOXKUTENbHbIE 3HAYEHMUS.

B kauecTBe npumepa a1a 0 < g < 1 Ha pUCYHKe AaHbl rpa- K

OUKKN PYHKLMIA Y = Iog%x, y=log. x, y=log, x
MocTtpolite rpaduKmM B TETPAAM.

Ecrm0<a< 1,170 npn 0 < x <1 norapuommnyeckas GpyHKUmMs 1 o |og
NPUHUMAET NOJIOKUTENbHbIE 3HaYeHUA, Npu X > 1 npuHm- i g(x) o X
;L
fix) = log

MaeT OTpuuaTe/ibHblE 3HAYEHNA.
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Ob6yvarowme 3agaHus

1.

2.

l_f

ENE

[~

[ [

B oaHoOM cnucteme KoopamMHaT NOCTponTe rpadmKmn GyHKLMN

y=0o"ny=log,x ANA cneayowmx 3Ha4YeHni a.

a)a=2 6)a=3 B)a=4 ra= % ,a,)a=%
C NOMOLLLbIO KAKMX CUMMETPUYHbIX MpeobpasoBaHuii U3 rpadmka pyHKUUK

y = log,X MOXKHO nonyuntb rpaduk pyHKLMKM ¥ = logs x. O6bACHUTE, NOCTPOMUB

rpadmkm GyHKUMI B O4HOW CUCTEME KOOPAMHAT.
Ons cnepyowmx yHKUMIM 3anmwmnte dopmMynbl 06paTHbIX GYHKLMA. MocTponTe
rpaduKmM 3a4aHHbIX U 06paTHbIX GYHKUMIA. Ona obpaTHON GYHKLMKM onpese-
nuTe: ® 061acTN onpeseneHnn U 3HaYEHWI; ® ypaBHEHWE aCUMMTOTbI; ® KOop-
AVMHATbI TOYEK NEepPeceyeHmns ¢ 0CAMM KOOpAMHaT.
a)y=5 6)y =logix
4

Mpaduk dyHkumm y = log, (x + 9) + 2 nonyyaetca u3 rpadpuka yHKUUM
y = log,x napannenbHbiM nepeHocom Ha BekTop (—9; 2). M3 rpaduka Kakoit
bYHKLMM M MPY NMOMOLLLM KaKOTO CMELLEHMA NOTyYatoTCsA rpaduKm crenyroLmx

OYHKUMIA?
a)y =logx+3 6) y = log,(x + 3) B)y=logyx—3)—4
BospacTaloT unm ybbiBatoT creayowme GyHKUUmn?
a)y =log, x 6) y =log, x
CpasHuTe: ’
a)log,5ulog, 7 6) Iog%S nlog,3 8)log,3mnlog;4
2

Touka (% ; —3) npuHaanexunT rpaduky dyHkumm f (x) = log , X,
TouKa (4; k) npuHagnexkut rpadpuky obpatHol dyHKUmMM f1(x).
Haingute 3HaueHue k.

OnpegenuTe 3HaK Yncna: a) log; 2; 6) Iogolz\@; B) log; 0,2; r)log, ,0,6

\)

T

Norapudmuueckan civpasnb NONYHATCA NPY MOBOPOTE [k
Touykn P(1; 0) B HanpaBAeHUM NPOTUB 4YaCOBOW '
CTPesIKM Ha yron (b pagmnaH. B ato Bpems paccroaHue
OT TOYKM P g0 Hayana KoopAamHaT r onpeaensercs
dopmynoi r =%,

a) Hariaute pacctosiHMe OT TOYKM P go Hayana Koop-
AWHAT Npy NOBOPOTE Ha yron 2m. Pe3synbTaT OKpyr-
JIUTe [0 COTbIX.

6) Mpwn nomoLm forapudma 3anuLINTe 3aBUCUMOCTb
MeXay r v .

B) HaviguTe 3HayeHua @ npur=12.
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Uccneposanue. 1) Mokaxkute, yto Ig (1000 - 100) # (Ig 1000)-(Ig 100) .
2) Bbluncnute. CpaBHUTE pe3ynbTaThl.
a)log,4+1log,8 n log, 32
6) Iog1%+ log,8 n Iog12
2 1 1

2 2

O606wuTe B BUAE Npasuia ana logs b + loga c.
a, b, c nonoxuTenbHble AENACTBUTE/bHbIE YMCAa, a # 1.

3) Bbiuncnute. CpaBHUTE pe3ybTaThl.

a) log, 27 —log, 9w log, 3
6) log,4 - Iogll n log,16
5 54 5

2

O606wWwmnTe B BMAe npaBuna ana logs b — loga c.
a, b, c nonoxutenbHble AeCcTBUTENbHbIE Yncna, a # 1.
4) Bbluncnute. CpaBHUTE pe3ynbTaThl.

a)3-log,4 wn log, 64
1

6) z-|og% n log, o+

O606wMmTe B BMAE Npasuna ana b - loga c.
0, C NONOXUTENbHble AeCTBUTENbHbIE Yncna, a # 1.

5) B TeTpagm 3anuwmnTe CI0OBaMU CBOMCTBA CTEMEHEN.
Ob6bACHUTE KaxKa0e CBOMCTBO Ha ABYX NpUMepax.

® NpousBeaeHue cTeneHemn: ¢« ¢/ = o
.
* OTHOLIEHMe cTeneHen: ;- = ¢, cz0

* BO3BEeAEHME CTEMNEHN B cTeneHb: (¢¥)Y = ¢

CeoiicTBa norapudpmos

1. Norapuédm npoussepenHus: log xy = log x + log_y
Jlorapudm nponsseneHUA ABYX NONOXKUTENbHbIX YNCEN PaBEH CYMMe lorapndmos
MHOXUTenen. 3aecb c# 11 c>0,x Uy - NONOXKUTENbHbIE AEACTBUTE/IbHbIE YNCAA.

X
2. NNorapudm yactHoro: log,.— =log.x —log.y

Noraprdm 4acTHOTO ABYX NMOMOMKUTE/IbHBIX YMCEN PAaBEH PA3HOCTM IoraprudmoB.
3pecbc#1mnc>0,x 1y - NONOKUTENbHbIE AENCTBUTE/IbHbIE YNCA.

3. NNorapudm crenenu: log x’ =y - log x
Jlorapudm cTeneHu Yncna paBeH NPon3BeaeHUIO NMoKasaTesa cTeneHu 1 norapuoma
aToro umcna. 3aecb ¢ # 1 M ¢ > 0, X - NONOKUTENBHOE AENCTBUTENIBHOE YNCAO.
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CsoiictBo 1. log xy = log.x + log.y (c#21,¢>0,x>0,y>0)
JoKasatenbcTBo cBoiicTBa 1:
O603Hauum log. x=mulog. y =n.

X=c"ny=c" MPUMEHUM 3KCMOHEHYUAsbHYH 3aruce

xy = (c™)-(c") Halidém npoussedeHue yucen x uy

Xy =¢cmntn npumeHUM ceolicmeo rpouszsedeHuUs cmerneHel
log.xy=m+n MPpUMeHUM /1020PUPMUYECKYIO 3aMUCL

log.xy =log.x +log.y  yumém 3HayeHus mu n

CBoiicTBO 2. IogC%= log.x—log.y (c#1,¢>0,x>0,y>0)

JoKa3aTenbCTBO CBOICTBA 2:
O603Hauum log. x=mwulog. y =n.

X=c"ny=c" 1o onpeodesneHuro
x _c Lo
v = Hali0ém yacmHoe yucen x uy
X m-=n 7 -
e =c npumeHUM ceolicmeo YyacmHoz20 cmeneHel
X
IogcT =m-—nNn npuMeHUM 71020pUPMUYECKYIO 3AMUCL
X

Iog57 =log.x—log.y yumém sHauyeHus mun

CsoictBo 3. log x’ = y-log.x (c#1,¢>0,x>0)
[okasaTtenbcTBo CBOMUCTBA 3:
O603Hauum log, x = m.

x=c" o onpedesneHuro log

X = (cm) nMpumeHuUM ceolicmeo pageHcmeaa

X' =cm npumeHUM ceolicmeo 8038edeHuUs cmerneHu 8 cmereHb
log.X’=my o onpedesneHuro

log x = (log, x)-y Y4mém 3HayeHue m

log.x’=y- log. x MpUMeHUM repemecmumesibHoe c8olicmeo YyMHOMEHUs

O6yuatowme 3agaHmA

|£ BbluncanTe 3HAYEHUS BbIPaXKeHUM, NPU MOMOLLM CBOMCTB I0rapnudmoB.

a) log, (64:32) 6) log 0,6) B) log, (125-625)

3

r) log, 3 +log, 12 n)lg2+Ig5s e) log,; 6,4 +log, . 10
*) log, 48 —log, 3 3)log,18— Iog% 2 n)lg 0,25 -1g 25
3
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CeoiictBa norapupmos

K) log, V8 n)log, (927)  m)IgV10° H) log, . V8
0) log, 8 log, 125 log, 6 lg2+Ig5
log, 32 n) log, 25 P) log, 2 + log, 18 ¢) Tlg13-1g 130

Mcnonb3ysa cBoicTBa NorapMdmMoB, 3anmLmMTe AaHHbIE BbiPaKeHMs Yepes aora-
PUOMbI MOMOKUTENbHBIX YNCEN X, Y U Z .

1
Mpumep 1. log, xy\/z—= log, x + log,y +log,(z)2 =log, x +log,y + %Io&lz

a) log. X loge~xy log, 2 log, XY
) logs y 6) logs\xy B) 83\/; r) log, N

Mcnonb3ya ceoicTBa orapnudmos 3anumiunTe B BUAE Aorapmdma Kakoro-1mbo
ymcna suga log, N.

Mpumep 2.
log: 6 +log; 10 — log 2 = Iogs% = log;30

a)log, 3 +log, 5 6) log, 16 - log, 2 B) 3-log 4
r)2lg3-3lg2 ) lg216-1g 36 e)lgle+lig4
*K) 5log; 2 +2log, 5 3)lg12-21g2+1g3 n)3log,3+2log,5-log, 6

3annwmnte B Buge norapmbma cneaywouime Bblpa*eHuA, 3HadA, 4YTo NepemeHHbIe
MOTYT NPUHUMATb TO/ZIbKO NOJIOXKUTE/IbHbIE 3HAYEHUA.

Mpumep 3. 5+ log, x = log,2°+ log, x = log,32 + log, x = log,32 x

a) log x + log 10 6) log,a + log,b

B) log,x— 5log,y r) %Iog3 x+3log,y
,u,)%gx +3lgy e) % log, x + 4log. y — 3log, z
X) Inx+ 2lny — 2Inz 3) log,x* + log,x — 5 log, x

YnpocTuTe, Npu BCeX A0MYCTUMBbIX 3HAYEHUAX NEePEMEHHbIX.

a) log,(x* — 9) — log,(2x - 6) 6) logs(x — 1) — logs(x* + 2x — 3)

3Has, uto log; 2 =a n log3 = b, BbipasunTe yepes a u b cnegyowme norapudmol:
a) log.6; 6) logs12; B) log:15; r) logs30.
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3_
2.
|L Hanpgute 3HayeHWe BbipaxKeHUs Ig#npm lga=3,lgb=12,Igc=8.
|i 1) HainguTe 3HaYeHMEe BbipaXKeHuUA:
a) 3, ecnm k =log, 40 —log, 5;
6) 7" ecnun =3 log; 4
2) YnpocturTe: a) elnox-inax 6) 321081~ log2x

|& Ecanlg5=0,699 nlg 15 = 1,176, HallanTe 3HaUYEHUA CeayoLLmX
BblpPa*KeHUM

a)lg3 6)lg 75 B)lg 12 r) lg 45

NMepexoa K HOBOMY OCHOBaHUIO

Mo 0CHOBHOMY NI0rapUGMUUECKOMY TOX/AECTBY U CBOMCTBY cTeneHn norapudma
nmeem: loge b =log. (a'¢?) =log,b-log.a (az1,c#1,a>0,b>0,c>0)

log. b

Ortciopa: log, b = B yacTHom cnyvae npuc=>b, log, b =

log. a log, a

Ha MHOrMX KasibKyNATOpax CyLLECTBYOT KHOMKK A5 BblYMCAEHUA TONbKO AeCATUY-

Horo norapudma (lg) n HatypanbHoro norapmdma (In). MoaTomy BO3HUKAET He-

06X04AMMOCTb MPeacTaBnATb Norapudmbl B BUAE AECATUYHbIX M HATypasibHbIX
rapndmos.

norapuéomo lg b Inb

- =2 log, b =
log, b lga 8 Ina

Mpumep 1. 3anuwuTe B BUAE : @) A€CATUYHOrO; 6) HaTypaibHOro fiorapudma U Bbl-
yucaute.
lg 7 0,845 In7 1,946

|g 3 ~ 0'477 ~ 1,771 |0g3 7= In 3 ~ 1'099 ~ 1,771

log, 7 =

|£)_ BbluncnuTe, NpuBeasa K AeCATUYHOMY UAW HaTypanbHOMY forapudmy.

logs 7 log, 12 log, 16 log, 25 log, 24
log, 5 logs 9 log, 17 log: 32 log, 19

11. 1) Npu nomowm bopmynbl Nnepexosa K HOBOMY OCHOBaHMIO, MOKaXuUTe:
p
pr = .
Iogaq q log b

2) BblumcnuTe.

a) Iogﬁ% 6) log;9" 8)log,18—log; 4 r) log,12 —log, 9

a)log, 2 - log, 3 - log, 4 e) logs 4 - log, 5 - log, 6 - logy 7 - log, 8
1 1 1 2

) 3) -

+
log,, 6 log, 6 logse 3 log., 3
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E Xumums - skonorua. NokasaTtens pH-mepa akTMBHOCTM MOHOB BOAOPOAA B pac-
TBOpE, KONMYECTBEHHO BblpaXaloLwasa ero KUCAOTHOCTb. [AnA BbluncneHns
ypoBHA pH B pactBopax ncnonbsyetca dopmyna: pH =—Ig[H*]
34ecb, H* KOHUEHTpaLMa MOHOB B MOs1/71. I3 dopmynbl cieayerT, YTo npu yBe-
NnyeHun nokasatena pH Ha 1 eanHULY, KOHLLEHTPaLMA MOHOB B pacTBope
ysennumsaetca B 10 pas. o wkane pH 3HavyeHnA nokasatena pH nsmeHatorca
ot 0 a0 14. Ecav pH paBHO 7, TO pacTBOpP CYNTAETCA HEMTPAIbHBIM, MEHbLLE
7 -KucnbiMm, 6onblie 7 - WeNoYHbIM.

Q
Ry )
9 &
x (9]
J¢00 § o ‘R“éo 9
N 2] N
£ & § ‘bov fz§ & e
& 9] & o N & L N $
S & Fe ¢ & LSS g &5
S € f8& &8 e & & &35
pH 0 1 2 5 6 7 8 9 10 11 12 13 14

[H] 1 10" 102 103 10 10°10° 107 10°® 10°107'° 10! 10210 107
[OH] 10 1071010107 10° 10® 107 10° 10° 10™* 102102 10" 1

[H] «6onee knucnbie HeliTpanbHble  6onee WIGAGUHBIEND> [OH]

a) YpoBeHb pH B Hopmanb-

HOM O0AeBOl BoAe paBeH P o HNO:s
5,6. OgHaKo B pesynibTaTe 3a- | P H3504
rPA3HEHWA SKONIOMMU BO MHO- =
rMX mectax nayT aoxan ¢ —IEEde
NOBbILIEHHOMN KMCOHOCTbIO. ! ., 11 '
Ecn B foXKAEBO BOAE YPO-  pH = —Ig[H*]

BEHb KOHLIEHTPaLMA YPOBHA MOHOB Bogopoaa byaet 0,0002 mos/s, TO Bbli-
4YncanTe 3HadYeHme nokasartena pH.

6) OnpenenuTe KoHLeHTpaumio [H*] B Boae, ecnmn nokasatesnb pH paBeH 5,6.

E ®usuka. 3ByKoBbie BOHbI. [POMKOCTb 3BYKa M3mepseTca B Aeunbenax u Bbl-
yncnsetcs no ¢opmyne L=10 Ig'—. 3aech | - MHTEHCUMBHOCTL 3BYKa (BaTT/Mm?),
lo - HAMMEHbLLIAA MHTEHCMBHOCTL 3BYKa, KOTOPYIO pa3/nyaeT Yyenoseyeckoe
yxo (npuHaTo 1012 BaTT/Mm?). YenoBeyeckoe yXo MOMKET pas3nnyaTb 3BYKU B
oyeHb 6onbwom ananasoHe ot 0 dB (TMwunHa) ao 180 dB.

a) IHTeHcMBHOCTL 3BYKa paamo B 4000 pa3 60/blie HaMMEHbLLEro 3Ha4YeHus
WHTEHCUMBHOCTM 3BYKa, Pa3/IM4aeMOoro YenoBeyecknm yxom. CKonbKo geumnben
COCTaBAAET IPOMKOCTb 3BYKa pagmo?

6) Tanp yTBEP!KAAET, YTO MPOMKOCTb 3BYKA MHTEHCMBHOCTLIO B 4-10%8 BaTT/Mm?
B 2 pasa Bblllle rPOMKOCTU 3BYKa MHTEHCMBHOCTbIO 2-10°8 BaTT/M2. KaK Bbl ay-
maeTe, npas v Tanp?
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3.

3emneTtpAaceHue. B 1935 rogy amepuKaHcKkuii cericmonor Yapns Puxtep Bbien
dopmyny M = Ig% N co3aan norapudMUYecKyto LWKaay onpeseneHua cubl
3emMneTpAceHuns (oOHa Ha3blBaeTcA WKanon Puxtepa). 3gecb M - cuna 3emne-
TpsAceHua (B bannax), A - MakcMManbHas aMmnIMTyAa BOJIHbI (B MMKPOHaX ,

1 mukpoH = 107 m), 3apeructpupoBaHHas Ha ceicmorpade, Ao- amnanTyga
CaMoOM MaNeHbKOW CeMCMMYECKOM BOHbI 3aperncTpupoBaHHONM ceMcmorpa-
¢dom (eé HasbiBatoT “Hyném semneTtpaceHnn”). Popmyny M = Ig %0 MOKHO 3a-
nucatb MHaye, Kak A = Aocl0M. Takum obpas3om, no wkane Puxrepa amnamtyaa
ceicmmnyeckolt BosHbI B 4 6anna B 10 pa3 6osblue amnanTyabl CEMCMUYECKOM
BOJ/IHbI B 3 6anna.

a) CkonbKo 6annos., no wkane Puxtepa coctaBuia cuna 3emMaeTpaceHus, ecim
MaKCcMManbHoe 3HayeHne amnanTyabl (A) B 107! pa3 6onblue 3HaYeHns Ag?

6) Bo CKO/IbKO pa3 amnanTyaa semnetpaceHuns cuion B 4,7 6anna bonblie am-
NAUTYAbl 3eMAETpACeHUsA cunon 4 6anna?

8) B 1906 roay B CaH ®paHumMcKo npounsowio 3emieTpsaceHune cuaon 8,3 6an-
JIOB Mo WwKane Puxtepa. B TOT Xe rog Ha rpaHuue dkBagopa ¢ Konymbuel npo-
M30LWN0 3eMNEeTPACEHME, amMNanTyAa KoToporo 6biia B 4 pasa 6onblie.
Onpegenuvte cuny 3emneTpAaceHUA No WKane PuxTepa Ha rpaHuLe dKkBagopa ¢
Konymbuei.

r) 28 uions 1976 roaa B pesynbTaTe CUAbHENLWEro semneTpaceHns B Knutae c
cunon 8 bannos no wWKane Puxtepa nornbno 240000 yenosek, B 1990 roay 3em-
netpaceHune B MpaHe c cunon 7,4 6anna no wkKane Puxrtepa yHECNO KU3HMU
50000 yenosek. CpaBHUTE aMNAUTYAbl 3STUX 3EMIETPACEHMNIA.

Myctb, cymma geHer Ha cyeTy B pasmepe 1000 maHaT n3meHAeTCA B IKCMO-
HeHLMa bHOM 3aBMCUMOCTU. 3a 7 IeT Cymma yBeinimnaach B 2 pasa.
BbluMcanTb cymmy yepes t eT MoxkHo no ¢opmyne A(t) = 100027

3pecb t KonnyecTso neT, A(t) - cymma Ha cuery.

a) CKonbKo MaHat byaeT Ha cuyeTty yepes 5 neT; 10 net?

6) Haliaute 3HauyeHuns A(0) n A(8) n onuwiMTe COOTBETCTBYIOLLYIO PeasibHYIo
CUTyauumio.

Bbuonorusa. buonorun no agnuue (/) cneaa cnoHa, moryt, npubau-
3UTeNbHO, oNpeaennTb ero Bo3pacT ( a). s 3Toro OHM UCNONb-
3ytoT dopmyny [ = 45 — 25,7e70%%¢  Hanaute Bo3pacT c/oHa, ecan
O/NVHa cnefa pasHa a) 28 cm; 6) 36 cm.
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lNMoKasaTenbHble ypaBHEeHUA

CBOIACTBO NOKasaTe/ibHOM GYHKUMMN. Mpn ycioBuu, yto a # 1, a > 0 paBeHcTBO o = a¥
cnpasenanBo TOrAa M TO/IbKO TOTAa, €C/U X = .

Mo faHHOMY CBOMCTBY NOJly4aeMm:

1) nokasaTenbHoe ypasHeHue o™ = g9 pasHocunbHO ypasHeHMIo f(x) = g(x).

2) Ecnv B ypaBHeHUK a@* = ¢ npu ¢ > 0 3anuiem a* = a'°&c, 10 x = log,C.

3afaHHble MOKa3aTe/ibHble yPaBHEHWUA, NPU MOMOLLM onpeaeEHHbIX METOAO0B, Npu-
BOAATCA K NPOCTENLLMM NOKa3aTesIbHbIM YPaBHEHUAM.

1. MpumeHeHMe CBOICTB CTENEHMU.

MNpumep 1. 42x= 8*-1 300aHHoe ypasHeHue
(22)= (23)>-1 npusedem K 00UHAKOBOMY OCHOBAHUIO
2% = 26x-3 npumeHUM ceolicmeo 8038edeHuUe cmerneHu 8 cmereHb
Ax = 6x—3 MpuBEOEM K paBHOCUTbHbLIM YPaBHEHUAM
2x=3; x=1,5 peweHue ypasHeHUs
Mposepka: 4215 = g21,5-1 43=82% 64 =64
Mpumep 2. 2-3%*1— 3x=45 300aHHOoe ypasHeHue
2:3%3 = 3*=45 npumeHuUm ceolicmeo cmeneHu
3X(6—-1)=45 8biHeceM 0bwuli MHOXUMEsb 30 CKOOKY
3*=9 ynpocmum

x=2 peweHue ypasHeHue

2. YpaBHEHMUA C pa3HbIMU OCHOBAaHUAMM MOXKHO PELNTb pa3aenuns o6e CTOPOHbI
Ha O4HY U3 cTeneHei uamn norapupmmnposaHmem obenx yacrem.

Mpumep 3. Mpumep 4.
32 = 5« 2X-1=3x 300aHHOE ypasHeHue
3a0aHHoe ypasHeHue 3a- |g2¥~1=|g3~ nponozapugmupyem obe cmopoHsl

nuwem caedyrouum o6- (x—1)-1g2=x1g3 no ceolicmey cmeneHu nozapugpma

pazom (3%)* = 5%, x-1g2—1g2=x1g3 pacnpedenumenvHolli 3aKOH YMHOMEHUSA
9% = 5 x-1g2—x-1g3=182 cepynnupyem nodobHeie yneHsi

u pasdenum obe yacmu x(lg2—1g3)=1g2  eeiHecem obwuli MHOMCUMesnb 30 CKOBKU

Ha 5% Mony4yum: 122
. - peweHue ypasHeHus

9\ = X=
(F) 1 lg2— g3

OTtctopa x=0
x~-1,7095 npubaudéHHbIl KopeHb ypasHEHUA
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3. BBegeHue HOBOII NnepemeHHoI
Mpumep 5. 9¥—2-3x*1 —27=0 3000HHOe ypasHeHue MpoBepkKa:
32x_2.3x‘3 _97=0 92 _2.32+1 _27=0
(3)()2 -63"-27=0 MpUMEHUM c80licme8o cmeneHu 81-54-27=0
3= y 88€0EM HOBYIO NepeMeHHYH 0=0
y2—6y—27=0 Mpueedém K KeaopPamHoOMy Ypa8HEHUHo
(y—=9)y+3)=0 pewum K8aodpamHoe ypasHeHue
y=9y=-3
3*=9 3*=-3 8bIMOAHUM 06PaMHY0 NOOCMAHOBKY
x=2 %) OTBeT: x=2

Ecnun ypaBHeHMe COCTOUT U3 YNEHOB, KOTOPbIE UMEIOT OAMHAKOBYHO CTEMNEHb, @ OCHO-

BaHWSA ABNAIOTCA NOCAEA0BaATE/IbHbIMU YIEHAMM FeOMETPUYECKOM nporpeccum, To obe

YacTW YpaBHEHUS AENATCA Ha OAMH U3 KPalHUX Y/IEHOB, Y BBOAMUTCA HOBas NepemeH-

Has.

Mpumep 6. 3-4" + 2:9° —-5:6'=0 pa3oenum Karodyto CmopoHy Ha 4
X X

3+2(2) -5(3)=0

34 2,(%)2’(_ 5_(%))( -0 8bIMOAHUM 3aMeHy (%)X =y

22— 5y+3=0 npusedém K KeadpPamMHOMy yPasHeHUIo
-1 _3 pewum K8adpamHoe ypasHeHue

y= y= 2

(3y=1 3 3 8bIMOAHUM 0BPAMHYIO M0OCMAHOBKY
2 =35
X=0 N=1 M0Ay4UM pewieHue ypasHeHus

O6yualowme 3agaHuA
EﬂpmmeHMB CBOWCTBO CTEMNEHU, PELINTE CNeAYIOLMNE YpaBHEHNUS.

a) 25*=125
r) 5 -2-1= 25
%) 2:3%+1- 3= 45

Pewwute YpPaBHEHUA.

1) 4= g3
4) 16%3= 3203
7) 25% 1= 5%
10) 2%+5=128
13) 36%= 216"

16) 81972 9* =27

6) 9*+1=27
p') 0'5)(2. 2x—4= 8—2
3) 4+ 2+ 4x+1= 320

2) 277 =92

5) Q4= gx+3

8) 363x—1=62x+5
X—3—i

11) 52= ¢

14) 35X. 811—x = 9x—3

17) 9% 9x =27

Lo
) (3)=8
e) 32 2x= 324
M) Ix+ 1_ 4.3)(—2: 69

3) 1252 1= 25x+4
6)3++1=9v1

9) 3*-2=27

12) 10*~1= 10023
15) 49%=7x*15

18) 16*- 643~ = 64
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10.

BBeas HOBYIO MeEpPeMEeHHYH0, peLumnTe cieaytolime ypaBHEHMS.
a) 4—52+4=0 6) 9*—6:3*—27=0 a) 4—14-2-32=0
B) 4~ 14:2x~32=0 r) 4—42-x=15 e) 4—7-2:412= 0
PewwuTe ypaBHeHue.

a)7* 3= 43X ) 2x+44 2x+2=5x+14 3.5x ) 4x — 3x-05= 3x+05_ 4x-05

Pasp,enMB KaXayr CTOPOHY Ha OAHY U3 CTEI'IeHEI‘;I, pewunTe cheayroume
ypaBHeHus.
a) 347+ 29" = 56~ 6) 49+ 12— 3-16*=0 ) 2:27*= 3-12* + 18

PewuTe ypaBHeHus.

a) 125= 5-53-55-, -517 6) 22:24:26-...-22= 0,250

PewwuTte YpPaBHEHUA.

a) 2x3= 435 6) 9¥x-1= 273x+5 B) 4%2= %)2)(
r)2x=7 p) 104 +4 =11 e)10°+ 101 = 11

PewwnTte ypaBHeHus.

1) 10°3= 100%-3 2) 251 = 125 3) 3+7= 27>

4) 36°= 6> 5) 85 = 167 6) e*= 6

7) =15 8) 1,2 +2,6 =3 9) #-5=3

10) 5e*+9=6 11)10%+3 =8 12) 0,25~ 0,5= 2
13) 4 4%+1=5 14) 2 e+ 3=4 15) 1072+ 6 = 100

3aBMCUMOCTb MeXAY TEMMNEePaTYPOn U BpEeMEHEM NPU OXNaXKAEHUN 3aaETCA
dopmynoit HototoHa T = (To— T-)e " + T, rae T - TemnepaTypa B AaHHbIA MOMEHT
BpemeHu, To - TemnepaTypa B Ha4Ya/ibHblA MOMEHT BpemeHM, T, - TemnepaTypa
OKpY*KatolLel cpeabl (KOMHaTHaA TemnepaTypa), r - CKOPOCTb OX/1aXKAeHUs
(cKkopoCTb U3MeHeHMA 3a egUHULY BpeMeHHn), t - epems.

Temnepatypa Bo3gyxa B KomHaTte 22° C . TemnepaTypa 4as 80° C.
Yepes 10 MMHYT TemnepaTypa Yas ctana 60° C.

a) No ¢popmyne HbloToHa HanauTe KO3GPULMEHT r.

6) Yepes cko/IbKo MMHYT TeMnepaTypa 4Yana ctaHeT 35° C?

PewuTe ypaBHeHUS :
a) 9 sirtx __ 27 cosx=0 6) 2 sindx __ 2 coszx+ 1 = O

x=11x+2

B)|X‘4|TB=1 r) (4 + V15)+ (4 —15)= 62
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JNorapuédmuueckune ypasHeHuUA

CsoiicTBO norapudpmmueckoit pyHKumMmn. PaseHcTso log,x = log y cnpaseannso
npua>0,a+#1,x>0,y>0, Toraa n TONbKO TOr4a, ecam X = V.

Mo faHHOMY CBOMCTBY NOJly4aeMm:

1) YpasHenue log, f(x) = log,g(x) npu ycnosum f(x) > 0 n g(x) > 0 paBHOCHAbHO ypaBs-
HeHuto f(x) = g(x). Pewns ypaBHeHue f(x) = g(x) n Halnaa ero KOpHU, HeobxoAMMO
NpoBepUTb, YAOBNETBOPALOT /M OHM ycnoButo f(x) >0, g(x) > 0.

2) Ecnmn ypasHeHue log, f(x) = ¢ 3ameHNTb 3KBMBANEHTHOMY YPaBHEHMIO B 3KCMO-
HeHuManbHou dopme nonyunm fix) = ac.

PelweHne norapudpmmyecknx ypaBHeHui, Nocae onpeaenéHHbix npeobpasoBaHui,
CBOAUNTCA K PeLLeHMI0 NPOCTENLWNX IOrapudMUUYECKUX YPaBHEHWUA.

1) PeweHue norapudmuyeckmx ypaBHeHUii Npyu NOMOLLM CBOMCTBA Iorapudma.

Mpumep. log; x =2 —log, 2 3a0aHHOe ypasHeHue
logs x+log;2=2 npubasum K Kaxool yacmu logs2
log; (2x) =2 npumeHum ceolicmeo so02apupma
2x = 32 3anuwem 8 aKksusaneHMHol nokazamesnsHol gpopme
x=4,5 MoAy4YUM peuleHue ypasHeHUs

2) PewieHune ypaBHeHUA NPU NOMOLLM BBEAEHUA HOBOW NepemMeHHOM.

MNpumep. Iog52 x—logsx=2 3a0aHHOe ypasHeHue
log.x=a 8bIMOAHUM 3AMEHY
a’—a—-2=0 npusedém K KeadpamHoMy ypasHeHU
(a—2)(a+1)=0 pewum KeaopamHoe ypasHeHUe
a=2 a=-1 8bIMOAHUM 06PaMHY0 NOOCMAHOBKY

logex=2| logsx=-1

x =52 x=571
x=25 x=l
5

3) PewwieHune ypaBHeHUi1 npusegeHUeM K 04UHaKOBOMY OCHOBaHUIO.

Mpumep. log, x + log, x=6 3a0aHHOe ypasHeHue
log,. x+log,x=6 npueedém snozapugmbl K OOUHAKOBOMY OCHOBAHUIO

%Iog2x+ log,x=6

% log,x=6 npusedém nodobHele YseHsl
log,x=4

x=2* 3anuwem 8 rnokasamesoHoli hopme

x=16 noay4um peweHue ypasHeHus
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PaccMoTpuM eLLé oANH NPUMEpP YPaBHEHUS, pPeLleHre KOTOPOro CBOANUTCA K Npu-
MEHEHMI0 CBOICTBa norapudma.

Mpumep. Ig (x +4) +1g (2x + 3) =g (1 — 2x) 300aHHOe ypasHeHue
lg (x+4)(2x+3)=Ig (1 —-2x) npumeHuUm cgolicmeo sozapugpma
(x+4)(2x+3)=(1-2x) npusedém K anzebpauyeckomy
x1=-1; x2=-5,5 YpasHeHUo
MpoBepkKa.
BbiparkeHue cTosLLee Nog 3HaKom orapudma AONKHO BCeraa 6biTb NOSOKUTENBHBIM,
Toectbx+4>0, 2x+3>0, 1-2x>0.

3HavyeHue —5,5 He ya0BNETBOPAET 3TOMY YC/I0BUIO, 3HAUYUT OHO HE ABNAETCA KOPHEM.
3HavyeHune —1 gaHHoOMY ycnoBuio ygosnetsopset. OteeT: —1

Obyualowme 3agaHua

|£ PelwnTe ypaBHeHUS.

a) log, 2® + log, 22 = log, x 6) log, 16 + log, 2 = log, x
B) log; x —log, 9 = log; 3 r) logs x + log: x = log; 625
a) log, 64 —log, 16 = log, 16 e) log, 8 + log; 9 = log, 32

|£ PewwunTe ypaBHeHuUs.

a)log, (3—x)=3 6) Iog%(x—4) =-1 B) logs(3x—5)=2
r)log, (x*+4x+3)=3 a)log: (x*—4x—1)=-2
e)logs (X¥*—5x—-3)=1 ) log, (log,(log,(x — 1))) =0
3) log; (1 +log;(2*—7))=1 n) log, (4x —6) = log, (2x — 4)
K)In(x*-2x—-4)=1In11 n) log, (2x*—2) =log, (5x —4)

[

Mp1MMeHMB CBOMCTBO sIorapudma, pelmte cneayoume ypaBHeHus.
a)log; x +log; (x—2) =log; 8 6)log, (2x* — 7x + 6) — loge (x — 2) = log, x

BBeaA HOBYIO MepeMeHHyo pelmTe ypaBHeHUS.

I_I

a) Iog32x= 4 +3log;x 6) Iogszx— log;x=2 8)lg(10x)-Ig(0,1x) =3

[o

PewuTe ypaBHeHUA norapudMmnpoBaHnemM ero obenx Yactei.

_ oge X lg x
Xlogzx 2 3 6) Xl 8s = 125x2 B) Xg =100x

PewwnTte ypaBHeHUE rpadmyecku.

[

a)log; (x+2)=2-x 6) log: x=x-3
2
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|15.

1.

17.

PewunTe ypaBHeHUs.

a) log,x +log,3=1 r) logox + logy(x—2) =1 ) log,x = log,16
6) logox —log;2 =2 n) logex + logg(x—1) =1 3) logx —log,9=1
B) log,x + log,2 =2 e) log,(x—2)—log,(x+1)=1 n) logx +log,8 =4

PewnTe ypaBHeHUs.

1) logs(x — 18) — log.x = log.7 4) 7¥=2x+3
2) log,(x — 6) + log,(x —8) =3 5) 1,6 4= 5%
3) logy(2x—1) =2 — log,(x + 1) 6) 9% ~1=71x*2

Mpy KaKOM 3HaYeHUM a BepHO paseHcTBo 1 — log,a — log,5 = log, (a + 1)?

. Onpep,enMTe 3Ha4YeHNA nepemeHHbIX, AONnA KOTOPbIX YpPaBHEHUNA UMEKOT

CMBbIC/1 ¥ PeLunTe ux.
a)logx>=6 6) 2 log,x=6

HaliauTe 3HaueHua x n y, ecau log; 8l =x—yunlog, 32 =x+y.

. Haiaute pH gna pactBopa, cogeprallero MoHbl BOgopoaa.

a) [H+]=7,9103 6) [H+]=8,1.10° B) [H+]=2,310"

HaliaMTe KOHUEHTpauuIo pacTBopa, CoAepKalllero MoHbl Boaopoaa, ecan pH
paBeH:
a)pH =3,1 6) PH =6,8 B) pH =1,8

. ®usuka. AnbTumeTp - 3T0 npubop, KOTOPbLIN K3MepAs aTmochepHoe

JaBNeHne onpeaenseT BbICOTY Hag, yPOBHEM MOpPA. 3aBUCMMOCTb MEXKAY Bbl-
coTol (B meTpax) n atmocdepHbIM faBieHMeM (B nackanax) 3agaértcs pop-
mynoi h=—-8005In m% . Hariaute atmocdepHoe faBneHme npu nogbéme
Ha BbicoTy 3500 m.

3emnerpaceHune. AMNANTYAA 3eMETPACEHUA HAaxoauTca no dopmyne

A = Ao x10M, roe Ao - amnauTyaa camoro cnaboro 3emnetpsaceHua, M - cuna
3eM/IeTPACEeHUA Mo WKane Puxtepa. AMNAnTyaa semaetTpaceHum cunon 5,3
6annos B 125 pas 60/blue amnanTyAbl MOBTOPHbIX TOMYKOB, NOCAE 3eMIeTps-
ceHuA. HanguTe cuny noBTOPHbIX TOMYKOB.

Xumums. MNMokasaTtenb pH yKCYCHOM KUCNOTbI paBeH 2,9. HallanTe KOHUEHTpaLmio
WOHOB BOAOPOAA B MYyPaBbMHOM KMCNOTe, eciiv oHa B 1,8 pa3a 6onblie KoH-
LEeHTPaLMM YKCYCHOM KMCNOTbI.

duHaHcbl. Eciv Ha cyéT B baHKe nomecTuTb 1 MaHaT nog 6% pocT, To pasmep
BK/1aZla yepes t 1IeT MOXKHO nocuntatb no popmyne S = 1,06¢.

a) BbipasuTe nepemeHHyto t yepes S.

6) 3a cKo/MbKO NeT cymma BKnaza B pasmepe 1000 maHaT AOCTUTHET

1500 maHaTt?
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PagnoaKTuBHbINM pacnag nsotona Yrnepos 14 yyéHbie WMPOKO UCMO/b3YHoT AN
onpezeneHnsa Bo3pacTa OCTAHKOB ¥MBOTHbIX U pacTeHui. M3oTon Yrnepog 12
BCTpeYaeTca Ha 3em/ie yalle, HO OH He PaANOaKTUBEH M He pacnagaeTcs, B OT-
numn o nsotona Yrepog 14. Nsoton Yrnepog 14 nonyyaetcs B atmocdepe 13
CO/IHEYHbIX JIy4el U NPOHMKAET B PacTeHMA NocpeacTBoM GOTOCUHTESa, a OTTYAa
B OPraHM3m XMBOTHbIX, KOTOPblE MUTAIOTCA 3STUMM pacTeHMAMN U T.4,. B pacTe-
HUAX U KUBOTHbIX cogepxuTtcs 1071° npoueHTOB aTOMOB yraepoaa usortona Yr-
nepog 14. Korga pacteHne Uam X}XUBOTHOE NorMbatoT OHM NpeKpaLLatoT noyyaTb
Yrnepogp 14, a TOT yrnepoj KOTOpbIA OCTa/sicA B OpraHM3me HaunmHaeT pacna-
patbca. MNepuog nonypacnaga storo nsotona 5730 net. MNoacymTas CKOIbKO NPO-
LEeHTOB aTOMOB yrnepoga usotona Yrnepogal4d ocTtanocb B pacTeHUU UAuU
XMBOTHOM MOXHO OMNpeaenuTb Bpema nux rmbenu.

1.t
|1_8. PewwuTe 3agauy no popmyne m = Mmo (?)T . (3pmecb mo.nepeoHauyanbHan

macca BewecTBa, T - nepuog nonypacnaga, t - spems)

a) N3 ocTaHKOB KocTen cnoHa ynetyuymnocb 36% Yrnepoga 14. CKonbKo neT
Ha3az, XU CNOH?

6) MNepuopa nonypacnazga selectsa 3 roaa. Ecnm macca Bewectsa nsHa4anbHO
cocTtaBniAna 67 r, To Yepes CKOMbKO NeT oHa byaeT pasHa 7 r?

8) [lBe TpeTn yactu onpenenéHHoro KoaMYecTsa ypaHa pacnagaetcs 3a 0,26
MUAANApAOB NeT. Hallante nepuog nonypacnaga ypaHa.

|1_9. 3a cKonbKo nieT cymma B 2000 maHaT Ha cyeTy BbipacTteT go 10000, ecan oHa
pasmelLeHa Nog, CI0XKHbIM NPOLLEHT CO CTaBKOM 8%?

@. HaceneHune ropoaga exkerogHo ymeHbluaeTca Ha 3%. Yepes t et YNCNeHHOCTb
HacefneHns MOXHO HaliTu no ¢opmyne N = No 0,97t 3aecb No— TeKkyLas Yync-
NIEHHOCTb HaceneHus. Bbipasute BennumHy t yepes N.

|2_1. C 1990 g0 2000 roga YMCAEHHOCTb HAaceIeHMA HEKOTOPOM CTPaHbI YBENMYMAACh
¢ 151 mnH. go 173 MAH. YenoBek.
a) Onpefennte CKOPOCTb NPUPOCTa HACENIeHUSA, 3HasA, YTO OHa U3MEHAETCSA Mo
3aKoHy N = No (1 + r).
6) Ecnv HaceneHue ByaeT pacTy C TAKOM e CKOPOCTbIO, TO Yepes CKOJIbKO eT
YMCNEHHOCTb HaceneHma coctasmut 220 maH.4YenoBek?

|2_2. YposeHb pH ana HanuTKoB TMNa Kona coctasasaeT 2,6, a 419 MONOKa COCTaBNAET
6,6. Bo CKONbKO pa3 KNCNOTHOCTb Konbl 6oble KUCNOTHOCTU MOJIOKa?
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PelleHne noKasaTe/lbHbIX HEPABEHCTB 06bIYHO NPUBOAUT K PELLEHUIO HEPABEHCTB
Buaa a*>a’ unna*<a®.3pecb a >0, a# 1.

PewatoTcs faHHble HepaBeHCTBA NPU NMOMOLLM CBOMCTBA BO3PACTaHUA UAN ybblI-
BaHMA MOKasaTe/IbHON GYHKUUN Y = a*:

Mpu a > 1 HepaseHcTBo ¢™ > g™ paBHOCUNBLHO HepaBeHCTBY f(x) > g(x), HepaBeH-
ctBo ¢ < g9 pagHOCUNbHO HepaseHcTBy f(x) < g(x).

Mpu 0 < a < 1 HepaBeHcTBo a™™ > 9™ pasHOCUNBbHO HepaBeHcTBY f(x) < g(x), a He-
paseHcTBo ¢/ < @9 paBHOCKIbHO HepaBeHCTBY f(x) > g(x).

Mpumep. Mpumep.

2x+1>8 300aHHOEe HepaseHCMso 0,2x"1>0,04 3a0aHHOe HepageHcmMB8o
2**1> 2% npumeHum ceolicmeo cmeneHu 0,2*~* > 0,2% npumeHum ceolicmeo cmeneHu
X + 1> 3 sameHum Ha pasHocunbHoe HepaseHcMB0o x — 1 < 2 3ameHUM Ha PABHOCUAbHOE HEPABEHCMBO
x>2 peweHue HepageHcmaa x<3 peweHue HepaseHcmaa

C NOMOLLLbIO TOMKAECTBA € = 0" ¢, pelleHne HepaBeHCTB a* > ¢ (Mnm a* < ¢) cesoauTca
K peLIeHnIo PaBHOCK/bHbIX HEPABEHCTB @ > a'°8; ¢ (Mam a* < a'°8; ).

PeleHne nokasaTeNnbHbIX HEPABEHCTB NPY MOMOLLY onpeaenEHHbIX MeTOA0B CBO-
ANTCA K PEeLUeHNIO MPOCTeNLLMX NOKa3aTebHbIX HEPABEHCTB.
1) MpumeHeHune cBOMUCTBA CTENEHMU.

Mpumep. a) 8 - 41> 2 6) 31+ 3X‘X1 <30 3a0aHHOE HepaseHCMBOo

3*-3+5-<30 npumeHum ceolicmeo

23 . (22))(—1 > 2x 3
22x+1 5 Jx 3x(3 +i) <30 cmerieHu
2x+ 1> 4x 3 3 cepynnupyem
x>-1 3<30 79 yrnpocmum
3*<9
3¥<32 x<2

Ecnv nokasaTesiM CTeneHu pasHbl, TO yaobHee Bcero pasgenutb obe Yactm Hepa-
BEHCTBA Ha OfHY U3 CTeneHeNn.

Mpumep. 2% > 3% 300aHHOe HepaseHCMao
2> 99* 12X paszdenum Kaxoyr u3 0s8yx yacmeli Ha 2*
1 i )
(5)'< (-‘3—)O mak Kak a°=1
x<0

2) BeeaeHue HOBOW NepemeHHOI.

Mpumep. 4 — 3221 +8<0 300aHHOe HepaseHCMso
(2)>- 6:22+8<0 2*=a 8bIMOAHUM 3aMEHY
a’—6a+8<0 pewum K8aopamHoe HepaseHCmMs8o
(a—2)(a—4)<0

2<a<4 8bIMOMHUM 06PAMHYI0 3aMeHy
2<2<2?

1<x<?2
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O6yuatowme 3agaHUA

|1_ PewwnTe nokasatenbHble HepaBeHCTBA.

a) 32 % 6) 0,2* < % B) 1,5°<2,25 r) 0,3*< 0,09
a)2x>1 e)3*<1 K)4>*< -1 3) 5>-5
1)0,4*1> 0,16 K) 327%< 27 n) 3¢ < 98 m) 495¢-3> 8
H) 4% > 24 0) 9 < 36* n) 5% > 2% p) 2k-¥<8

E anMEHMB CBOWCTBO CTEMNEHU pewnTe Nnoka3aTte/ibHble HeEpPpaBEeHCTBA.

a)3**3< 27 6) 2 1+ 2724+ 2x"3< 448 B) 4 +4 <20
X x—=2 x-1 1\x+1
NG +@G)7>5 AT +(5)" <26

|i BBena HOBYIO MepeMeHHYI0 pelumTe cneaytolumne HepaBeHCcTBa.

a)4—2+1-8>0 6) 4 +2* >20 B) 9*—4:3* +3<0
3! +32-x<4 n) 5% +517% >6

|i HapguTe obnactb onpeaeneHnsa GyHKUMN.
75 0N

E PewwTe cneayloume HepaBeHCTBa.

a)X2.3x_32+x<0 6)X2‘3X+9>X2+9‘3X

xX*—-4

X+1 X2—9x+14
B) 0,4 <1 26 3 >1

|& PewmnTe nokasaTtenbHble HepaBeHCTBa.
13+ 1 ..
62525a+8 (6_]2‘)c—2<322c (3)31‘ 52(243 )t 6
10%+2 > 1000 1 yog-2 L gqd+a 1 2 1 .
(557281 Gg)"*< (316)

|L PewmnTte HepaBeHCTBa NPM NOMOLLLY OCHOBHOIO !'IOFapMd)MW-IECKOFO TOXAecCTBa.

1) 8 >21 2) 6/<39 3)e*<8,1254  4)e*>0,3151
5)10*>0,0138  6)10"< 16,8125 7)€% > 15 8) "% < 4

|& PewwnTe nokasaTtenbHble HepaBeHCTBA.

xX*—3x—6

e
1)2 -1620 2) =g <3 3) xe* < 4x
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MpakTuyeckas paborta.l) Kakue 3HaKM CPaBHEHWA MOXKHO BCTaBUTb B LBETHbIE
AYEUKKn?
a) log,3 [Mlog.7 6)l0g,,s5 M log,s7

2) KaKkune uncna Hago BCTaBUTb B LBETHbIE AYENKM, YTOBbI HEPaBEHCTBO BbI0 UC-
TUHHO?

a) log, M < log,5 6) log, s ll< log,s4
8) log, [l > log:5 r) log,s > log,s4

3) CywiecTByeT 1 3HaYeHue x, bonbliee 5, ya0BNETBOPAIOLLEE HEPABEHCTBY
log,x < l0g25? Bblpa3nTe CBOE MHEHMWE O 3HAYEHUAX X, YA0BAETBOPAIOLLNX
HepaBeHCTBY.

4) NpoBeauTe obcykaeHMe Mo NOBOAY 3HAYEHUN X, YAO0BAETBOPAKOLWMX Hepa-
BeHcTBy log, sx < log s4.

JNorapudmuueckue HepaBeHCTBa

JNorapudmmyeckne HepaBeHCTBA PELLAOTCA MPY MOMOLLLM CBOMCTB BO3PACTaHUA MU YObI-
BaHUA N0rapuPMMUecKoii GYHKLMM Ha MHOKECTBE LOMYCTUMbIX 3HAYEHUIA.
Npumep. log,(x + 1) > log,7 Mpumep. log,,(x — 1) > log,,3
Tak Kak ¢yHKLMA log,x BOo3pacTatoLLas, Tak Kak ¢yHKumA log,,x y6bisato-
TO Ha obnacTu onpeaeneHns AaHHOM was, To Ha obnactn onpeseneHus
OYHKUMM X + 1 > 0 noayumm x + 1 > 7. AAHHOM GyHKuMn x—1>0, nonyunm
3HAUMT, HafO HaWTV 3HauYeHua x ygos- X — 1 < 3. 3HauuT, Hajo pewnTb
netsopAowme HepaeHcTBam x + 1 >0 ABONHOE HEPABEHCTBO
ux+1>7.0Tcrona x > 6. 0<x-1<3.0T1ctopa 1<x<4.
OTBeT: (6; +0) OtserT: (1; 4)
npua>1 npnl<a<1
nozapugpmuyeckoe| pasHocunbHoe nozapugpmuyeckoe| pasHocunbHoe
HepaseHcmeo HepaseHcmeo HepaseHcmeo HepaseHcmeo
log, f(x) > log,c fix)>c log, f(x) > log,c 0<flx)<c
log, fix)>c fix)>ac log, fix)>c 0<f(x)<ac
log, f(x) < log, ¢ 0<flx)<c log, f(x) < log, c fix)>c
log, fix) < c 0<flx)<ar log, f(x) < c fix) > ac
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Mpumep. HepaseHcTeo logs (3x — 4) < logs (2x — 2) paBHOCWUIBHO ABOMHOMY He-
pageHcTBY 0<3x—4< 2x—2 WUAN cUCTeMe HEepPaBEeHCTB
3x—4>0
{3x— 4< 2x—2

OTctoga nonyyaem, 4To x > % Mx<2.

o 4
MHOKeCTBO peLlleHnin HepaBeHCTBa: 3 <x< 2

Mpumep. pelwnm HepaseHcTso log, x°— log,x —2 < 0
BbipaskeHue, cTosAllee Noj 3Hakom sorapudma no onpeaeneHunto norapuoma,
NONOXUTENbHO: X > 0. BbINONHMM 3aMeHy log,x = t, N0NlyYMM HepPaBEHCTBO
t2 —t—2 < 0.MpomexKyToKk — 1 < t < 2 ABNsAETCA pellieHMemM HepaBeHCTBa. Bbl-
NoAHMM 06paTHYLO 3ameHy, nonyunmm — 1 <log,x<2 . OTcloga S <x< 4.
OtBerT: (l; 4)
2
O6yualowme 3agaHuA
|£ PewunTe norapuommyeckme HepaBeHCTBO
a) log,(x + 1) < log,3 6) logs(x — 1) > log,5

r) log,(x—3)>2

e) logy,(5-2x)>-1

3) logs(3x—4) < log.(x + 2)

B) log, ,(x — 2) > log, ,4
a) logs(3x—1) <2
%K) log,(2x — 1) > log,(x + 2)

n) log,s(4x — 11) < log,s(x — 11) K) logy,(2x — 8) > log,,(x — 1)

I& PewwnTe HepaBeHcTBa.
1) logs(x—9) >3
4) log,(x +20) 25
7) log,(2x—=5) 22

3. Pewwure HepaseHcTBa.

2) log,(4x—3)>0
5) log,(x % )>-1
8) logg(x +5) <1

3) log,(2x—1) <2
6) lg(5x + 150) < 1
9) log,(x —%) <=2

1) logs(3 —2x) > log (4x + 1)
3)lgx +lg(x + 1) >1g 2x
5)lgx—Ig(2—x)>0

7) lgl*—x+8) <1

2) logy5(10x + 3) < log, 5(7x — 21)
4)Igx+lg(2—-x)<1

6) Iog%(3x— 1) - Iog% (x+2)>0
8)logy(x¥*—2x)<1

9) log,(x*—x—6) + logs(x—3) < 2log,3
11) log,(x*—3x—10) —log,(x +2) <2
13) log,(x) + log,(x + 1) < log,2

15) logix — log,x < 6

17) lg2x + 2 Igx >3

19) logs(logys(2x—1)) >0
21)|1-2log;x <3

10) logz(x + 1) + logs(x — 1) > log,64
12)|3 —log,x| <2
14) log, 6(4 — x) 2 logg 62 — logy(x — 1)
16) log?, x + 3 log, x < 4
18) log?, x—120
20) Iog%(log@(x— 9))>-1
22)|1-log;x3 <3
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MpuKknagHble 3agaHuA

Mpumep. 3a CKONbKO NET, CYMMa, BIOXKEHHAA B 6aHK MO, C/I0XKHbIE NPOLEHTI
C NPOLEHTHOM cTaBKoM 8%, Bbipocna ¢ 1000 maHaT 40 Kak MUHMMYyMm 1500
MaHart. S =Soe"

PeweHue: [eHbru Ha cuety MunHumym 1500 m
S > 1500

1000e°%t> 1500 0 yca08uto
e8> 15 pazdenum obe cmopoHsl HepaseHcmea Ha 1000
Ine®%8>|n1,5 nposnozapugpmupyem obe yacmu HepaseHcmea In
0,08t >1n1,5 npumeHUM ceolicmeo HepaseHcmas 014 no2apugpmudeckoli
‘> In1,5 PyHKYUU

0,08

0,4054 obe yacmu HepaseHcmsa pasdenum Ha 0,08

t> 008 125068 t25]1

OtBeT: NpnMbnansntenbHo Yyepes 5,1 netT cymma Ha cyeTy gocturHet 1500 maHar.
|i 3aBMCUMOCTb YUCIEHHOCTW HAaceNeHUA OT BPpEMEHM BbluMcaAeTcA No popmyne

P = Poe ¥, roe Po - YNCNEHHOCTb HaceneHus, k CKOpoCTb MPMPOCTa HaceneHus,

t - KonmyecTBO neT, P noKasbiBaeT YNCNEHHOCTb HAaceseHNUs vepes t feT.

B 2000 roay unMcneHHOCTb HaceneHms B ropoae A coctasnsana 8,5 TbiC. YENOBEK,

B8 2010 roay - 9,4 TbIC. YeNOBEK.

a) HanguTe ckopocTb NpupocTa HaceneHus (KoadpoduumneHT).

6) Yepes CKONbKO /IeT YNCNEHHOCTb HaceneHusa focturHet 10 Tbic. YenoBeK?

B) Ec/1M, UMcneHHoCTb HaceneHua ropoga B 2000 roay MoXKHO cMoaeNnnpoBaThb

no ¢popmyne y = 9,5e%%278 10 yepes cKo/IbKO NIET HaceseHMe ropoaa A cTaHeT

6onblue HaceneHus ropoga B?

|i Konnuectso yneHoB 06LecTBEHHOM OpraHM3aLUmn Kaxablli rog ymeHbllaeTcs
Ha 7%. ®opmyna P = N(1 —0,07)!, noKka3biBaeT KaKoe KOJIMYECTBO Y1eHOB byaeT
yepes t /IeT, ec/IM U3HaYaIbHO UX KoanyecTBo bbino pasHo N. B 2010 roay B
opraHusaumnm coctoano 5000 YyenoBek. Yepes CKO/IbKO NET KOIMYECTBO Y1EHOB
cTaHeT meHble 2500 yenosek?

Ii OcTaToK npu pacnage Yrnepoga-14 yepes t €T MOXHO BbIMMC/INUTL (B rpammax)
no ¢opmyne C = 20 e0,0001216t
a) HallamTe nsHayanbHoOe KonyecTso Yrnepoga-14.
6) CKO/IbKO rpamm COCTaBUT KOJIMYECTBO OcCTaBluerocs Yrnepoga-14,
yepes 10 000 net?
B) MpnbaAN3UTENbHO, Yepe3 CKOMbKO NeT OCTaToK Yrepoaa-14 gns aaHHoro
06beKTa cTaHeT meHblue 10 rpamm?
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|£ HaliauTe n no 3agaHHoM dopmyne.
a)M=3e2+5 6) a*" = b? B)y=ae*

E Oapna MexmaH cuntaet, yto 90 000 maHaT, BblpyYeHHbIe OT NPOAAXKN AOMA
Ha40 MOMECTUTb Ha rog, B 6aHK. baHK npeanaraeT ABa BUMAa AeN03MTa: NOA
CNOKHbIV MPOLLEHT CO CTaBKOM 9% 3a No/iroAa u exkegHeBHOE HauyucaeHne nNpo-
LeHTa. byaeT v pasHuua MexXay STUMKU ABYMA NpeaoXeHnsmMmM baHka?

|i MpeactaBbTe, 4TO Bbl NpUHAAM 500 mr acnnpuHa. Konmnyectso ocTasLueroca
acnupurHa B KPOBM 3a t YaCOB MOYKHO CMOLENMPOBATb GYHKLMEN
y =500 -(0,8)%. Yepe3 CKo/IbKO 4acoB KO/IMYECTBO acMMPMHA B KPOBM OCTAHETCS
MeHbLe 50 munanrpamm?

|i Haigute yposeHb pH, 3Has KOHLEHTPaLMI0 MOHOB BOAOPOAa .

a) "MMOHHanA Boga: [H+] = 7,9 x 1073 monb/n

6) ammoHuak: [H+] = 101 monb/n

B) yKcyc: [H+] = 6,5 x 10~ monb/n

r) anenbcnMHoBas Boaa: [H+] = 3,2 x 104 monb/n

|i PewuTe ypaBHEHUA U HEPABEHCTBA.

1) 65> 42 2) 5=52 3)8%< 124 4) 4% =10

5) 20°= 70 6) 2-3=15 7) 821 > 524n+3 8) 2%+3= 3%
9)log (Vx+1)=2  10) (x-2)-log,(x +1)=0  11) (x—4)-log,x = 0
12)log3>0 13) log,(2x—4) <4 14) (x + 1)-log,(x +1) >0

|i [Xamunb cocTaBma TabanLy M3MeHeHMa YNCAEHHOCTU HaceneHuns ¢ 11450 go
95600 yenosek co ckopocTbto npupocTa 4,32%. OgHaKo, OH He NOMHUA 3a
KaKoe Bpems 3TO Npoun3oLwno. Halante KoIMYecTBO SIET COOTBETCTBYIOLLEE AaH-
HbIM.

|L Ynpocture.

1
a)ln% 6)Iog322—’;3 B)Slnx+lny+§lnz

Mpu nomoLm Kakmx npeobpasoBaHuii U3 rpadpmka GyHKLMM
y = log,8x® MoxHO nonyuntb rpadmk GyHKumm y = log,x ?

|i HalianTte 3HauyeHuMe BbiparkeHUs Iogb(x-\%?), ecan log,x=0,2.
lo-

|10. Ecv log,M = 1,28 n log, N2 = 1,74, HailauTe:
NZ
a) log,N 6) log, (MN) B) log, N

|£.. 3anuwuTe Gopmyny nokasaTenbHom GyHKUMKM y = ab’, rpaduK KOTOPOI NpoxoanT
yepes Touku (1;1) u (3;i).
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3p0poBbe U pusmnka. Cneumnannctbl peKoOMeHAYoT, Npu paboTe co 3ByKOm
6onblwe 85 Db, NnoNb30BaTbCA 3aWMTHbIMKU NpubGopamm.

a) YpoBeHb 3ByKa, KOTOPbI UCXOAMT OT CTaHKa 414 KOMKK ApoB paseH 80 dB,
a My3blKanbHoro ycunutena (nneepa) 110 dB. Bo CKo/1bKO pa3 MHTEHCUMBHOCTb
3BYKa OT My3blKa/IbHOrO ycuAuTens 60blue, Yem OT CTaHKa ANA KOAKK ApoB?
6) 3BYyK, rpomKocTb KoToporo B 100 000 pa3s 6o/blie rpoMKoCTH WénoTa bes-
ornaceH Ans yenoseKa. ECiv MHTEHCTBHOCTb 3BYKa Npu WénoTe pasHa 20 dB,
TO HalAUTe MHTEHCMBHOCTb 3ByKa 6e30nNacHOro A1a YenoBeka.

Mo MHEHMIO COLLMONOIOB HOBOCTb PACMPOCTPAHAETCA C SKCMOHEHUNANbHOM
CKopoCTbto. HOBOCTb, 06 OTKPbITMM HOBOIO TOProBOro LeHTpa Yepes Bpems t
cpeam 2000 yenosek, BbiparkaeTcsa dyHKumel y = 2000 (1— e 093¢,

a) CKoNbKO 4enoBeK Yy3HaeT 06 OTKPbITUM TOProBOrO LEHTpa 4epes
24 yaca?

6) MocTpoitTe GpyHKLUMIO NpM NOMOLLM rpad KanbKynaTopa v NpubansnTesbHO
onpeaenunTte, Yepes cKonbko BpemeHn 90% ntoaeli y3HaoT 3Ty HOBOCTb.

TeN\nepaTypa BOAbl B 4YalWlke mameHumnacb Co

A
100°C-po 20°C (KomHaTHas TemnepaTtypa). Kax- ;
OYI0 MUHYTY TemnepaTypa BoAbl B YallKe U3me- 0 \\
pAnacb 1 Ha rpadrKke 3aBUCMMOCTU TeEMMEepaTypbl 60| \
OT BPEMeHW OTMeyanach To4Ka. Hepes faHHble .
TOYKM NPOBEN KPUBYIO U NOAYYNAN rpaduK, No- I —
Ka3aHHbIM Ha pucyHKke. MNocne Yero cTano us- T -

BECTHO, YTO Kaxgble 5 MMHYT pas3HOCTb 020140 60 80-10
TemnepaTtyp U3meHANacb Ha 25% B IKCMOHEeHLU - ‘
aNbHOM 3aBUCUMOCTU. DopMyny 3aBUCUMOCTM

MOMHO Hanucatb B Buae T=/-ak+n. o rpaduky HanauTe COOTBETCTBYHOLLME
3Ha4YeHusa nepemeHHbIx |, a, k, n v 3anuwmnTe dyHKUUIO

Celimyp Kynua HOBbIM aBTOMOOUAb 3a 15000 maHaT. Kaxaplii rog, cTOMMOCTb
aBTOMObWA yMeHbLlaeTca Ha 15%.4epes ckobKo NeT LeHa aBTomobuns cTa-
HeT meHble 3000 maHaT?

Mcnonb3ys cBocTBa norapudma ynpocTuTte U HanguTe 3HaYEeHNE BblpPaXkeHUs

a) 9logy3 —logy75 + 2 log,5 6) log,98 — 2 log,7 —2
B) 2logs6 —3log;2 +1log;18 r) %Iogz% + log,12 — 2 log,3

MocTpounTe rpadukmn dyHKLUMA y = |g x> n y = 2lg x . 3anuwmnTe cxoxKme n oT-
NNUUTE/IbHbIE CBOWMCTBA AAHHbIX QYHKUMIA. MPK KaKMX 3HAYEHUAX NepeMeHHbIX
BEPHO paBeHCTBO Ig x? = 2lg x?



CoBOKYNHOCTb U BblI6OpKa

CnyvaiiHan BbI6bOpKa 1 e€ pasHOBUAHOCTU
MpeactaBneHne MHGopmauum
PasnoxxeHune 6uHoma

UcnbitTaHua bepHynnu

9T0 UHTepecHO. AMepUKaHCKKUI )ypHan “The Literary Digest” nmen xopouyto
penyTauuio B NPOrHO3MPOBaHNN UTOFOB BbIGOPOB Npe3naeHTa Amepuku. Pe-
3ynbTaT 5 Npeaplaywmx BbiI6opoBs XKypHan Aan [OCTaTOYHO To4HO. OfHaKo B
1936 roay 6bina gonyweHa 6onbluan owmnbka, Korga KaHanAaT pecnybamnKa-
Hey Anbdpes /1sHAOHA He cMmor NnobeaunTb KaHAMAATa AemokpaTta PpaH-
KnvHa [.Py3senbta. Kak cTaso ACHO MOTOM, MPUYMHOM 3TOFO MOCAYXKUA
HeBepHbI BbIBOP pecnoHAeHTOB A/1A ONpoca, KOTOPbIN NPOBOAMACA Cpeam
yuTaTenem KypHana, 60NbLIMHCTBO U3 KOTOPbIX BblNM NpuBep}KeHLamm Pec-
ny6/MKAHCKOM NapTuu.
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MpYMEHMB METOAbI CTaTUCTUKM U BEPOATHOCTU MOXKHO Bosee ryboKo NOHATb Co-
6bITWA, KOTOPbIE MPOUCXOAAT B COBPEMEHHOM MUPE, KOTOPbIE NPEACTaBAAIT UH-
Tepec. B 06eunx obnacTax Kak 06beKT UccefoBaHUA BbIOMpaeTca nonyasaums, u
BblbpaHHble U3 AaHHOM nonyaaunmn obpasubl, 6epyTcs 3a ocHoBy, 4TObbI caenaTb
BbIBOAblI OTHOCUTENIbHO 3TOM NONYAALMMN.

CTaTucTMKa, NpoBoAA NccaenoBaHue BbibpaHHbIX 06pa3uoB GopMuUpyeT MHeHMe
0 BCei nonynauuu.

CTaTucTUKa

A

BbI6paHHbIl 06pa-

Monynauna >| 3eu (BbibopKa)

Obpasey,
[na npoBeaeHUsA CTaTUCTUYECKMX UCCNEN0BaHNI, Kak NpaBuio, obpasubl Bbi6U-
patoTca cnydariHbim ob6pa3om. B aTom ciiyyae, Kaxablii obpasel, B COBOKYNHOCTH
MMeeT PaBHbIW LWaHC Npu BbibopKe. CyLecTBYIOT pas/inyHble TEXHUKMU CayYaliHOM
BbIOOPKM.

e MpocTas cny4anHan BbIboOpKa

e CucTemaTnyecKas cyyaitHas Bblbopka

* KnactepHas cny4yaliHas BblbopKa

* Pa3HoypoBHeBan c/yvaiiHas BbIbOpKa

MpocTtaa cnyyailHaAa Bbl6opKa. MpeanonoXKmMm, YTO B Kaacce HyXHO BblibpaTb
rpynny 13 Tpéx YesioBeK. 15 3TOro Ha KapTOUYKax 3aMMCbiBalOTCA MMEHa BCeX yye-
HWKOB, 3aTeM 3TV KapTOUYKM CKNALbIBAIOTCA B AWMK, NOC/E Yero, Cly4aHbiM 06-
pa3oM, BbITAaCKMBAKOTCA TPW KapTOUYKKU. B 3TOM c/iyyae KaxKAablih UX TPEX YNEeHOB
rpynmnbl UMeeT OANHAKOBbIM LWaHC Bblbopa.

Mpu npocToi cny4yaiHOW Bbl6OPKe KaxKAabl SN1EMEHT N 3/IEMEHTHOM

BbIOOPKM MMEET OAMHAKOBbINM LWIAHC BbiIbOpa.

CucremaTtuuecKkas BblbopKa. [1penonoxmnm, 4To pyKoBoACcTBO BonbLioro Topro-
BOro LeHTpa xo4eT cobpatb MHGOPMaALMIO O TOM, CKONIbKO BPEMeHM NOKynaTenu
NpoBOAAT B TOPFOBOM LieHTpe. bbl/10 yCTaHOBAEHO, YTO LLEHTP B TeYeHue AHA no-
cewtatoT B cpegHem 2000 yenoseK. M3 HUX cayvaitHbim 06pa3om bbino BbIGpaHO
5% (1.e. 100 yenoBeK). Kak npaBuibHO caenaTb BbI6OPKY? MOXKHO ONpoCcUTb
nofen B AeHb Bbibopa cnegytowmm obpasom: us Kaxabix 20 nokynatenei onpo-
CUTb Kaxkgoro 16-ro., 3atem 36-ro, 56-ro 1 T.4. BbibopKa Takoro BMAa Ha3blBaeTCA
CUCTEMATUYECKOW.

Ecan npu cUcTeMaTUYeCcKom BbIGOpKe npeanonaraeTca caenaTtb Bbl60p B

. 100,
pasmepe k% , TO MCMONb3YETCA KaKablii [T]—bm 3/IEMEHT MoNyNALUM
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KnacrepHas BbibopKa. MNyctb nmeeTca 1000 awmkos no 15 getanel B KaxKaom,
n Heob6xo4MMO AaTb MHOPMALMIO O KauyecTBe aeTanei. s 3Toro NpuHATO pe-
WweHne nposepuTb KadectBo 300 (2%) peTtanen. Ho ans Toro, Ytobbl BbITALLUTD
BCe [eTa/iM U3 ALWMKOB, NepemMellaTtb UX U cayyYariHo BbibpaTb 300 WTyK, noTpe-
byeTcs MHOro BpemeHu 1 pacxogos. M3 1000 ALMKOB MOXKHO C/y4alHbiM 06-
pa3om Bbl6paTb 20 1, NpoBepuB BCE AEeTaNnN U3 STUX ALLMKOB, CGOPMMUPOBATH
MHeHMe 0 Bcex AeTansx. 34eCb KaXKabli ALMK MOXKHO CYUTATb KNacTepom. Takas
BbIOOpPKA HA3bIBAETCA KNacTepHol BbiIbopKoi. HeobxoanMmo npoBepuTh BCe 3/1e-
MEHTbI HaxoAALLMecA BHYTPU KaacTepa.

Mpwu KnactepHo BbIBOPKE COBOKYMHOCTb COCTOMT U3 KnacTepoB. Knactep Bbi6u-
paetca ciyYaiiHbiM 06pa3om, M PacCMaTPMBAIOTCA BCE 3/IEMEHTbI KlacTepa.

PasHoypoBHeBas BblbopKa. [peanonoKmm, 4To B LIKO/E NAaHUPYETCA NPOBECTU
Onpoc cpeau CTapLLeKNacCHUKOB O TOM, XOTe/IM 6bl OHM NOC/IE YPOKOB 3aHATLCS
YTEHMEM XY[OMKECTBEHHOW NUTepaTypbl B WKOAbHON bubanoteke. He xena-
Te/IbHO NPOBOANTb ONPOC CPeaMn CNyYaliHO BblBPaHHbIX YYaLLMXCA B LUKOJbHOM
OBOpE, TaK KaK OHWU MOTyT BbITb YYEHMKAMM OAHOIO M TOTO *Ke Knacca u T.4. Onpoc
OOJIKeH 6bITb NPOBEAEH Cy4alHbIM 06Pa3oM Cpeam yYaLLLMXCA Pa3HbIX BO3PacT-
HbIX rpynn.Takoro poga cay4yaliHaa BblbOpKa Ha3blBaeTCA pa3HOypoBHeBasn(no
cnosm, no rpynnam). Ecam B WKone B aTUX Knaccax yuymtca 1265 yyeHUKoB, 13
Hux 385 yuuntca B 8-om Knacce, 350 yenosekK - B 9-om, 280 yenosek - B 10-om,
250 yenosek B 11-om Knacce, To A/1A TOro, 4Tobbl y3HaTb MHeHWe 10 % cnydaiHo
BblIBPaHHbIX yYaLLMXCH, HAg0 Y3HaTb MHeHue 10% y4eHUKOB KaxKAaoro Knacca, T.€.
enatenbHo cy4anHo BbibpaTb 39 13 8-ro, 35 13 9-ro, 28 13 10-ro, 25 us 11-ro
Knacca.

Mpu pa3HOypoBHEBOI BbIGOPKE CHaYaa COBOKYMHOCTb A€/IMTCA Ha YPOBHM, a
3aTem MPOBOAMTCA C/yYaiHas BbIbOpKa Ha KaXK40M YpOBHE.

Mpy HEKOTOPbIX UCCNEA0BAHUAX HEBO3MOXKHO BbiBaeT caenaTb C/ly4yaiiHyto Bbl-
60pKy. Hanpumep, guetonoram npuxoguTCsa HazHayaTb AMETY He Cy4aiHO Bbl-
H6paHHbIM NOAAM, @ TEM KTO CaM 3aX0Tes 3TOro f06pOBOJbHO.

BepHas unu HeBepHas Bbl6opKa. HayuHo McciefoBaTeIbCkMe MHCTUTYTbI, 3aHK-
MatoLLMeca onpocamm, He UMeT MaTepuanbHO TexHMYecKon 6asbl Ans Toro,
yTobbl Yy3HATb MHEHWA BCEX N0AEeN NOo Kaxgomy Bonpocy. MosTomy oHu
OrPaHNYMBAIOTCSA U3YYEHUEM TOTO MHEHWA HA Hebosblw ol rpynne Atogen. Ans
aToro 60/bWyo POAb UFPAET yMeHMeE NPaBUIbHO ONpeaennTb 3T rpynnbl. Ha-
AEXHOCTb NPeACTaBNeHHOro Ha gMarpamme UCCef0BaHMA TaKKe 3aBUCUT OT
TOro, HaCKO/IbKO NPaBW/IbHO onpeaesieHa rpynna. Hanpumep, HEBO3MOMKHO
chopmmnpoBaTh NPaBMUAbLHOE MHEHWE O TOM, CKOJIbKO pPa3 B HeAesto BCe ropo-
¥KaHe 3aHMMaloTCA CMOPTOM, M3YUMB MHEHME TO/IbKO TeX t0AeN, KoTopble noce-
LW,AOT CMOPTUBHbIV LLEHTP UK, MPOTHO3 O TOM, BbIGEPYT /1M KOro- TO B AenyTaTbl
napaamMeHTa He 4acT NPaBU/IbHbIX Pe3yNbTaToB, CGOPMUPOBAB €ro, Mo MHEHMIO
Ntoael U3 KoANeKTUBA, rae OH paboTaeT UK KUBYLMX C HUM B O4HOM palioHe.
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O6yuatowme 3agaHuna

|£ Mo cneayoWwmm AaHHbIM ONPeaenTe COBOKYMHOCTb U BbIOOPKY.

a) Cpean 2000 xuTenen ropoga 6bin NpoBeAEH ONPOC OT TOM, KTO U3 3 KaHAuU-
0ATOB AO/IKEH CTaTb M3POM ropoaa.

6) YT0bbI Mcneub xneb cmewanu 300 Kr 6enoli n 50 Kr YépHOW MyKU. U3 1 Kr

MYKM nony4yaetca 3 6yxaHKu xneba. M3 70 byxaHoK xneba 6epytca obpasupl.
B) YTobbI NPOBEPUTL KaK yBEIMUYMBAETCA Macca pbibbl KyTym, depmep npose-
pwun 30 pbi6 13 4 bacceliHOB.

r) Npogaseu, Npeanoxun nonpobosaTb HOBbIN COPT cbipa 40 NoKynaTensm
(kaxkgomy 10 nokynaTento marasuHa).

4) Bpau - guetonor npegnaraet Ha A406poBOAbHOM OcHOBe 12 KeHLWMHam
cTapwe 70 neT NpUXoAUTL B TEHEHME ABYX HeAe b B KNMHUKY MO yTpam, Y4Tobbl
nosaBTpakaTb 6yTepbposamm, 06oraléHHbIMU NULLEBLIMM BOTOKHAMM.

I& Kakas u3 cneaytowmx BbiIGOPOK caenaHa BepHo?

a) AnA Bbibopa AeXypPHOro B KAacce, IMCTOUYKM C UMEHaMM BCeX AeTel nome-
CTUAM B ALLMK M3 KOTOPOFO BbITALLMAM 5 TNCTOYKOB.

6) Mogenb 1 uBeT WKoNbHOM Gopmbl Bbiia BbibpaHa nocae onpoca poauTtenei
yyawmxca 10° knacca.

B) YTOObI M3YyUMTb MHEHME O TOM, 32 KOrO M3 KaHAMAATOB OTAaAyT rosoca 13-
6upaTtenu, NPon3BeIv 3BOHKM MO OAHOMY U3 KaxKabix 15 HomepoBs TenedpoHHON
KHUTW.

3anuwmnTe NpMmMepbl CUTyaLUuUii C BEPHOM M HEBEPHOW BbIDOPKOIA.

(& [»

OnpeaenuTe TEXHUKY Cy4aliHOM BbIBOPKM ANA KaXA40M U3 CneayioLmxX cUTya-
778

a) dupma no Bo3AYLWHbIM NepPeBO3Kam cAenana nogapok Karkaomy nsTtomy
naccaxkmpy npu nocagake B CaMonér.

6) [lnA NpoBepKM YPOBHA NPenoaaBaHna MaTeMaTUKM B LLKOJIE C/TyYaliHbIM 06-
pa3om 6b110 BbIbpaHo 20 yY4eHMKOB cpeam BblibpaHHbIX C/ly4aiHbiM 0bpasom
5 pasHbIX K/1accoB.

B) [lnsa onpeneneHus mHeHUsA 06 ypoBHe yCayr, NpesfoCcTaBifseMbIX aBUAKOM-
naHuen, 6bln NpoBeaEH ONPOC CPeam NaccaXKMpoB NATU PECOoB, BbIbBPaHHbIX
cny4yaliHbiM obpasom.

r) Ana uccnegoBaHumA 6610 OMPOLIEHO 5 MyXKUYMH U 5 KEHLWWUH, BbIBPaHHbIX
cny4yaliHbiMm obpasom.

4) AneTtonorn moryT BbicKasaTb MHEHME O HOBOW AMETE, C HU3KUM COAEPHKa-
HWeMm caxapa, nocne HabntoaeHUA Kak MUHUMYM 3a 15 naumeHTamm 13 Kaxkaomn
Bo3pacTHoM rpynnbl 30 - 40, 40 - 50, 50 - 60.
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5.

MeHezZKep no nNpogarke HeABUMKMMOCTU NAAHUPYET NPONUHPOPMMPOBATL MO
TenepoHy 0 HOBOM CKMAOYHOM KaMnaHuu }Kutenei 10 LOMOB Ha OAHON yauue.
Ha ynnue nmeetca 100 gomos. CHavana meHegep oTMeTua 4OMa C Homepa
1no 10 v No3BOHWA B OAWNH M3 HUX (Hanpumep B Homep 8). MNocne yero, oH no-
3BOHW/ B AOMa nog, Homepamu 18, 28 n 1.4.

a) Kakyto TeXHUKY CnydaiiHoM BbIBOPKM MCMONb30Ba MeHeAXep Npu BbibopKe
TaKkoro suaa’?

6) PaBHbI /1M LWAHCbI BbIGOPKM BCEX AOMOB?

B) YemM oTinuaeTcs gaHHas TeEXHWKA OT TEXHUKM NPOCTON BbIBOPKM?

A,D,MMHMCTpaLI,MFI LWKOAbI NTAaHUPYET onpeaennTb

CBA3b MEXAY OTMETKaMM yualLyxca no npeame- Knaccel Kolf:qzizzo
Tam MaTeMaTMKa M ecTecTBeHHbIM HayKam. B ye
OUEHMBAHUM W NO NpeaMeTy MaTemaTuKa, 1 No 8 knacc 90
eCcTecTBEHHbIM HayKam 13 800 yyaLmxca LWKObI 9 Knacc 100
npuvHUManu yyactme 350 yueHnKos. U3 HUX, cay- 10 Kknacc 75
uaiiHbiM 06pa3om, 70 YenoBeK NnaHMpyeTca Bo- [~ 11 35

BNeYb B chneuuanbHoe oueHuBaHue. a) Mo
cneayolleit Tabanue onpeaennte CKOIbKO M3 yHaLMXCA KaskAoro Kaacca
6yayT Bbl6paHbl CyYaliHbiM 06pa3om Aaa cneunanbHOro oLeHUBaHMA.

6) Kakolt BUA, TEXHUKM BbIBOPKK 34eCb NPUMEHAETCA?

Mpumep. Eciv KonnyecTBo BbIbpaHHbIX yYaLLMXCcs B 06wem paBHO 70 YeNoBeK,
TO BbIGOPKa U3 KayK0ro Kaacca fo/XKHa 6bITb NponopLMoHanbHa. Konmuectso
BOCbMMKIACCHUKOB A0/IXKHO ObITb:

[Ona peneHns Ha rpynnbl, KaXKA0My U3 CNOPTCMEHOB BblAAETCA KAPTOYKa C HO-
mepom oT 1 A0 5. YYaCTHUKM C OAMHAKOBbIMM HOMEpPaMmn 06pasyroT rpynnbl.
fiBnAeTcA M gaHHas BbIbopKa cnyvyanHon? MOXKHO M CYMTaTb AAHHbIN BbIOOP
He3aBMCUMbIM? YTo Bbl NpeasoXkuam Bbl, Ana 6onee Npo3payvHoro Bbibopa?

®dupma “Micro Tik” exkemecauHo npomssogmT 14 500 WTYK NPOLLECCOPOB A5
KomnbtoTepoB. CnyyaliHbiM 06pa3om 6biv BbiGpaHbl 1 npoBepeHbl 2000 WTykK,
M3roToBJEHHbIE B 3TOM Mecsue. Mpu 3Tom 6bIN0 YCTAHOBAEHO, YTO 8 U3 HUX
OKa3a/nch ¢ gepeKkTom.

a) Onpegennte COBOKYMHOCTb M BbIBOPKY B A@HHOWM CUTYyaLUMN.

6) Mo AaHHON MHGOPMALMM MOXKHO 1N CKa3aTb KaKoe KOIMYeCcTBO NpoLecco-
POB, U3rOTOBJ/IEHHbIX B 3TOM MecAue, byayT ¢ aedektom?

[na npoBeaeHns onpoca “U3 KaknMx UCTOYHMKOB Bbl Mo/ydYaeTe NocaeaHue Ho-
BOCTU?” no pecnybauKe, ciyyaiiHbim 06pa3om 6bi/10 BbIOPaHO 5 paloHOB,
5 AepeBeHb B KaX40M paiioHe U 5 4OMOB B KaXK40M AepeBHe.

a) OnpeaenvTe COBOKYNHOCTb U BbIGOPKY.

6) KaKkoli TexHMKe BbIBOPKM 3TO COOTBETCTBYET?
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CraTucTnyeckan MHopMaLMa No KONNYECTBEH- MHbOpMaums

HbIM M KayeCcTBEHHbIM XapaKTePUCTUKaM ae-

amTca Ha  pBa Buga. UHpopmauuma \
KO/IMYECTBEHHOrO TUMA BbIPaXKaeTcs B YNC/IEH- KauecTBo KONMYECTBO

HOM 3Ha4YeHuMKn. Hanpumep, “CKo/IbKO BpemeHu (kateropuu)

3aHMMatoTCA cnoptom” ,"yemy paBeH poct” u AMCKpeTHas HenpepbIBHas

T.4. MHGOpMauus KayecTBEHHOro BUAA NoOA-
pa3fenseTca Ha KaTeropuMmn M HasbIBAeTCs KaTeropuanbHoii MHpopmaumei. Ha-
npumep, “HasBaHuMe napTun”, “uset rnas”, mapka asTomobuna” u 1.4,

KonnuectseHHas nHGopmaumsa - ymcnosas MHGOpmauUmMa AeanTca Ha ABa BUAaA:
1. AMcKpeTHan MHbopPMaLLMA - ee 3HAYEHUA MOXKHO NPOHYMEPOBATb.

2. HenpepbIBHAA MHPOPMALLUA-KOTOPOS He ABNAETCA AUCKPETHOM

AuckpetHasa uncnosaa MHpopmauma onpegensdetca nyTém nogcvérta. Hanpu-
Mep, KONIMYECTBO NacCcakMpoB B aBTObyce NPUHMMAET 3HaYeHuA 1,2,3 n 1.4.
HenpepbiBHaA uncnosaa MHPopmaLma NPUHMMAET pPas/iMyHble 3HAa4YeHUA B
onpeaenéHHom AnanasoHe, 06bI4HO GOPMUpPYETCA MO pe3ybTaTaM U3MEPEHUA.
Hanpumep, CKOPOCTb MaLUMHbI, MAacca HOBOPOXAEHHbIX AeTel U T.4,.

[na npeacraBneHns MHPOPMaLUKN BaXKHO NPaBUIbHO BbIBpaTb COOTBETCTBYHO-
wyto popmy rpaduka. NMosatomy gns npeacTaBieHUs KaTeropmMasbHON U Konuye-
CTBEHHOM MHPOopMaLUM BbIbBUPAETCA COOTBETCTBYHOLLNM rpaduK.

Llenecoobpa3sHbie ¢popmbl NpeacTaBAeHUA KaTeropmuaibHoW MHGopmauun.

Mpumep 1. Cpean 200 yyeHMKOB Obl1 NPOBEAEH OMPOC O TOM, KaKoW BMUA, CnopTa
OHM Nt06AT 6onble Bcero. 3aecb MHGOPMaLUMA TUMNa BUA CNOpTa OTHOCUTCA K Ka-
TeropvanbHOMy BUAy. B lWKoNe MMetoTcA cekuym Mno ciegyowmm Bugam cnopTa.
[na npencraBneHuns KateropuanbHo MHGopMauumn yaobHo nosib3oBaTbcA Tab-

iMuen yactoT, baprpadom, KpyroBom Anarpammoln..
Tabauua yacror

baprpa¢ Bug cnopta | Yactota
60 Bopbba 57
O 5o H
@ bokc 43
5a0H H
g 3o H - dytH0N 41
5 20 — — Backet6on 21
x 18 I . Kapats 38
Bopb6a Bokc ®yr6on bBacker. Kaparts Bcero 200
KpyroBas guarpamma Onpegenset KaKyto
Kapats Bopu6a CermeHTHbil Gaprpap  2c1> OT obuwero (eav-

HUYHOro 610Ka) cocTas-
backet6on NAET KaXK4aA KaTeropua.
EQAVHWYHBIA BNOK pe-
JINTCA HA CETMEHTBI.

N o -(60‘\ )
dyr6on BOKc 609"63 «° Q<‘6630$e \wa?a‘
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O6yuatowme 3agaHnA

1) [ina kaTeropuanbHOM MHPOPMALIMK 3aNnULLUTE 3 COOTBETCTBYIOLLME KaTero-
puun.

2) Ana uncnosoit HbopmaLmm NpubAM3UTENbHO ONpeaenTe 1 3anuilmTe co-
OTBETCTBYIOLINI UHTEPBAN.

a) Konunuectso npofaHHbIX aBToMobuaeit no usery.

6) KoNMuecTBo CoNHeYHbIX YacoB B AEHb.

B) KonnuecTso nponylieHHbIX YPOKOB Mo 60ae3HMu.

r) Bpems (B yacax), 3aTpayeHHOe Ha BbINOSIHEHWE AOMaLIHEro 3aAaHus.

A) Konmuectso XnAKoCTH, noTpebasemolt YeNIOBEKOM 3a [eHb.

Kakaa uncnosas MHGopMaums aBAseTCcA AUCKPETHOM, a Kakaa HenpepbIBHOM?
a) U3meHeHWe TemnepaTypsbl B Utoe.

6) KonmyecTtBo cnnyeK B CNMYeyHomn Kopobke.

B) Macca 6ararka, naccaxxmMpoB camonéra.

r) KonmyecTBo naccaxMpoB B BaroHe noesaa.

A) Konnuyectso atakel B 4oMax Ha yauue.

e) Bpems nosib3oBaHUA MHTEpPHETOM.

Cpeau 24 yenoseK 6bl1 NPOBEAEH ONPOC NO NOBOAY TOrO, KAKOW LLBET UM Hpa-
BuTCA. MpK 3TOM BbIIN NONYYEHbI CAeaytoLWMe pe3ynbTaTthl: 6 YeNOBEK - Kpac-
HbIW, 8 - YEPHbIN, 4 - Benbli, OCTanbHbIe BbIOpanM gpyrue uBeTa.

ABnsieTca M gaHHasa MHGOPMAUMA YNCIOBOM MU KaTerOpUanbHOM?
MpeacTaBbTe MHGOPMaLMIO B BUAE TabAULbI YACTOT(C yKazaHMEM OTHOCUTE Tb-
HOW YacToTbl), KPYroBoW Anarpammbl 1 baprpada.

MWHUCTEPCTBO MO Yepe3BblYai- MpuumnHbI Konuuecteo
HbIM cUTyauuam obHapogoBano ManoneTHue aetm 6
nHbOpMaLMIo 0 NPUYMHAX BO3-

HUKHOBEHMA MOXKapos 3a rog. CYrapetsl 4
NHdopmaunsa npeactasneHa 8 [asoBaa nauta 10
Tabnuue cnpasa. Mo Tabavue 3pexrpuyectso 12
nocToiTe Kpyrosyio Anarpammy Mo HemMsBecTHOM NpUYnHe 8

N CerMEeHTHbI baprpad.

MycTb BamM HaZ0 NPOBECTU OMPOC CPeam yHaLLnxcs

Balliel WKo/bl Ha TeMmy “KaKkyto popmy Bbl Bbibe- . A . .
pute ansa noro pupmbl?”

a) Kakum obpasom Bbl NpoBenr onpoc? 3anuiumnTe.

6) Kakue Knaccbl 6bin1 BbIGpaHbl M3 COBOKYMHOCTU?

B) Kakas TexHuKa 6blna Mcnonb3oBaHa Bamm g5 BbIOOPKN?

r) U3HavanbHO onpegenuTe, NpubansnTenbHo Kakoi dopmel byaet noro. Cos-
nagatoT /M pesy/bTaTbl ONPOCaA C Ballel npesnofoxkeHnem?

4) TpaduK Kakoit dopmbl Hanbonee npuemnem 4NA NnpeacTaBaeHns HGopma-
unn? Mokaxute ycnosue, n3obpasms nHdopmavmio.
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LienecoobpasHbie ¢popmbl NpeacTaBAeHUA YAC0BON MHPOPpMaLUK.

OuckpeTHasa yucnosas uHpopmaumsa. [1na npeacTaBNeHNA OrpaHUUYEHHOTO KO-
YyecTBa YMCI0BOM AUCKPETHOM MHOOPMALMM UCNONb3YIOT Takue Gopmbl Kak Tab-
Nvua vacrot, 6aprpad, ructorpamma u pasBeTBasIoOLEecs AepeBo.

Mpumep 2. Cpeau 50 monoabix cemeit nposenn onpoc “CKoNbKo aeTeit B Ballel
cembe?”. OTBETbI NPeACTaB/eHbl HUKE.

01210 31420 12105 1210 0 12121
01410 12504 12300 1213 4 23210

Cneayloume AaHHble NOKa3blBAOT KOIMYECTBO AeTel B KaXKaol cembe. B Tabnnue
3TO KO/IMYECTBO NOKa3aHOo B CTOAOLE UK B BUAE NasoyeK, Uan B BUAe uncna. Mo
Tabaunue, B o4HOM CTON6LLE KOTOPOIA, KONMYECTBO NOKAa3aHOo NasioykaMu, a B Apy-
ro-yncnamm, 3agaH cronbel, oTHOCUTENbHOM YacToThI.

, A
Konun-| Konuuectso [Yactota (Ko- F 20
. OTHOCUTENbHaA s <Y
yecTBo|cemei( nanoy-| nuyectso o
. ) cemeii) yacToTa 8 1
aeten Kamu 3 15
ST 12 12:50=024 | § o
= a
1 | W W 17 17:50=0,34 s
x ]
2 HH HH | 11 11:50=0,22 >
3 111 4 4:50=0,08 ]
0o 1 2 3 4 5
4 Il 4 4:50=0,08 Konuuectso geteit
5 1 2 2:50=0,04

pynnupoBKa AUCKPeTHOM uncnosoii uHpopmauuu. Mcrorpamma

Mpumep 3. HuxKe npuseneHbl pe3ynbTaTbl OLEHUBAHMA YYALLMXCA MO npeameTy
AsepbangKaHcKkuii a3biK B 6annax (no 100 6anbHoM cucteme).

5266 7580524895 8584 68 86826378756479816653767569 65

[vana3oH n3meHeHus YMcnoBoin nHbopmaumum 48-95.
[JaHHyo nHbopMaL Mo MOXKHO CrpynnupoBaTh B 6 Knaccax pasmepHOCTbHO
10 : 40-50, 50-60, 60-70, 70-80, 80-90, 90-100.

OueHuBaHue no npeamery o
ueHMBaHMe non e,qme
AsepbaiiakaHckhit Asbik A3epban A)KaHCKV’I)VI ﬂ3bl;y
Knaccu [Manoukm YacrtoTa 7 L
[40, 50) | 1 0
[50, 60) 11} 3 gg
[60, 70) M 7 Ez
[70, 80) e 6 7(1) X
[80, 90) 1 6 40 50 60 70 80 90 100
[50, 100) | 1 Bannbi




290

MNpepcrasneHue nHpopmauum

6.

Cpeau eHWWmH ropoaa bbin nposeéH onpoc “CKoMbKO pas B HeAEe o Bbl XO-
AWTe B CNOPTUBHBLINV 3an?”. Mosy4yeHHble pe3ynbTaTbl NpeacTaBieHbl B BUAE
cnepyrouero baprpada.

a) fisnaeTca v gaHHas MHGOpPMaLMA HENPEpPbIBHOW U AUCKPETHOM Ynco-
BOM MHPOopmaumein?

6) OnpeaennTe COBOKYNHOCTb M BbIBOPKY A1A AaHHOW cuTyauuu. Halgute
pa3mep BbIOOPKKU no baprpady.

B) Ecnv B onpoce npuHano yyactue 92 yenoseka, TO O KAKOM KOJIMYECTBE B
NPOLLeHTaX MOXET UATU pedb, NPU YCNOBUM MNOCELLEHMA KaK MUHUMYM ABa
pa3a B HeZenw?

r) KakoBa BEpOATHOCTb TOTO, YTO OAHA M3 BbIBPAHHbIX }KEHLUMH NOCELLAEeT 3a
6onblue ogHOro pasa?

20

15 |H

10 |H —

5 - | | | _— ] |—

Konunyectso KeHWwmuH

Y

1 2 3. 5
Konunuectso gHen

B marasuH nocTynaet Kaxkabii aeHb 1000 Kopobok anu,. MeHegskep marasmHa
nposepun Kaxkayto 50 - 1o KOPOOKy AUL, B Te4eHUN 5 aHel, 4To Hbl onpese-
JINTb, CKOJIKO UX HUX NOBPEXAAEeTCA NMpU yNaKoBKe U NepeBO3Ke.

a) Mo nHbopmauuun onpeaennTe COBOKYNHOCTb U BbIBOPKY.

6) KaKyto TeXHUKY BbIDOPKM MCNOIb30BaN MeHeaKep?

B) EChn npu npoBepKe 0Kasanocb, YTO KaK MUHUMYM 5 1 Kak Mmakcumym 20
KOpPOBOK OKa3anuncb NOBPeEXAEHHBIMM, TO KaKOW B 06LLEM BbIBOA, MOXKHO CAe-
NaTb NPUMEHUTENBHO KO BCEM KOPOOKam?

r) BoibepuTe ABa BMAa rpadmKa 4na npeactaBaeHma sTon MHGopmMaLummn 1 no-
CTpONTE UX.

Cnegytowme faHHble asnawTcA 6annamm KOcmuda B urpe Ha KomnbroTepe.
CrpynnupyiTte nHGOpMaLLMIO MO KAaccam 1 NpeacTaBbTe B BUAE TMCTOMPaMMbI.
580, 490, 520, 650, 540, 600, 630, 590, 390, 410, 670, 480, 400, 440, 560, 540,
430, 670, 490, 720, 580, 680, 590, 370, 470, 540, 490, 660, 500, 600, 390, 540,
300, 350, 600, 540, 510, 410, 480, 560, 330, 490, 540, 540, 580, 540, 270, 450
B Tabnunue npeactaBaeHa MHPoOpmMmaLmMa o0 HEBbIXoAe Ha paboTy paboTHMKOB.
Mo gaHHOW MHPOPMALMM MOCTPONTE FTUCTOrPAMMY.

6onblue 1 meHblue 3 (1-<3) 24
6onblue 3 meHblie 6 (3-< 6) 16
b6onblue 6 meHblue 9 (6 -<9) 12
6onblue 9 meHblel2 (9-<12) 6
6onblue 12 meHblue 15 (12 - < 15) 2

Bcero 60
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“Creon-nuctba”. 31y popmy yao6HO NPUMEHATb NPY HEBO/bLLIOM KOIMYECTBE AaH-
HbIX. MpeacTaBieHne YNCN0BOM MHDOPMALIMK B BUAE CTBOJIA U /IMCTbEB 3aHMMAET
HEMHOro BpemMeHU 1 AaET BO3MOXKHOCTb bo/iee ACHO YBUAETb pacnpeneneHne uH-
dopmauumn. A bopma pacnpeseneHus No3BOASAET C IErKOCTbIO HAXOANUTb pAL CTa-
TUCTUYECKUX BENNYUH (MoAy, meaunaHy, cpeaHee apubmeTmyeckoe, HaubosbLUyHo
pa3HoOCTb U T.4. ).

Mpumep 4. Cneayrouime aaHHble OTPAXKAOT Pe3y/bTaTbl OLEHNBAHMUA YUYaLLNXCA.
32,67,81,92,87,72,63, 88, 96, 91, 72, 63, 85, 79, 70,
85, 64, 86, 98, 100, 77, 88, 81, 64, 41, 78, 95, 74, 97, 66
MocTpoiiTe AnarpaMmmy “cTBOSI-NINCTbA”, BbIMOJIHWUB C/IeAyIOLLME LWaru.
1. PasgenunTe CTBOJ1 U IUCTbA FOPU3OHTA/IbHON U BEPTUKA/IbHOM MNPAMOMN.
2. Beayluas 4acTb YMCN0BOM MHPOPMALIMK - BONBLLOK YPOBEHD (MM YPOBHM) NpU-
HMMaEeTCA 3a CTBOJI C BETKAMM - MOKa3blBaeT KOJIMYECTBO Yncen. B gaHHOM cayyae
CTBO/ COAEPKNUT BETKM Cc uncnamu 3,4,5,6,7,8,9,10 1 noKasbiBaeT KOJINYECTBO Ae-
CATKOB.
2. Cnepytouime Yyncna COOTBETCTBYHOT INCTbAM. ITO LMPPbI, BbiparkatolLme 3Have-
HUA egMHUL,. Ha Kaxkayto “BeTKy” nocsiegoBaTesibHO 3anucbiBatoTcs “nmcTba”.

Crson c BeTKamu Nuctea 3|2 =32

2
1

334467
0224789 ~N o
11556788
125678
10 |0

|£). Mo ycnoBMIO TeNIEBU3MOHHOTO KOHKYpCa OTBET yyacT-
HMKa, KOTOPbIN OaéT oTBeT bbicTpee Bcex B TedyeHune 37,33, 33, 32, 29, 28,
MMWHYTbI MOC/1e TOro Kak NPO3ByYan BOMpPoC Bbisoautca 28, 23, 22, 22, 22, 21,
Ha 9KpaH, Noc/ae Yero oH NpogosxaeT coctasatbea 21, 21, 20, 20, 19, 19,
OAVH Ha oAMH ¢ BeayLwmm. Mpu stom 6biamn nonyyens 18, 18, 18, 18, 16, 15,
cneayoume (B cekyHaax) pesynbtaTtel. Mpeacrasbte 14,14, 14,12,12,9,6
nHbopmaumio B Anarpamme “ctBon-nnctoba”.

334467
0224789
11556788
125678

O 00N UL b W

o
o
—

3
4
5
6
7
8
9

Creon JluctbA
2 13588

|1_1. MpeacTtaBbTe B BUAE AMarpaMmbl “CTBON-
nmctba” Bo3pacT paboTHMKOB GUPMBbI.

o 3 1223359
a) Haigute cpepHee apudmeTuyeckoe, 4 357
Moy U meamaHy; 6) MNpeacTasbTe MHOP- 5 022
Mauuto B BUAE Tabnunubl 4acToT. e 1 201 =21 rop
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MpeacTaBneHne HenpepbiBHOW YUCI0BOU MHPOPMaL UK.
dopmbl NpeacTaBaeHMA HENPEPbIBHON YACN0BOM MHPOPMALMM CXOXKK C popmMamm
CrpynnMpoOBaHHON AMCKPETHON MHbOpPMaUMen.

Mpumep 5. B pe3ynbrate npoBeaEHHbIX UCCNeA0BaHNIA CTano U3BECTHO, YTO Macca
MOI0AbIX NOAEN, 3aHUMAIOLLMXCA CNOPTOM B Knybe konebnetca ot 40 Kr 4o 90 Kr.
bonee noapobHan MHPopmaLmMa NpeacTaBaeHa B BUAE Tabinubl U TMCTOrPamMMbl.

12
10
MHTepBan macchl | YactoTta 3
40-<50 2 © 6 e
50-<60 5 o 4 e —
60-<70 11 § 2 —
70 -< 80 7 0720 s0 60 70 80 90
sl 1 Macca(B Kr)

|1_2 PaboTHMKammK pUpMbl paspeLlaeTcs roBOpUTb No TeflepoHy MaKCUMyM 3 MU-
HYTbl. B Te4eHMmn aHA B dupme 6b11m 3adUKCMPOBaHbI CeaytoLme pa3roBopbl.

2,4,0,2;3,0;2,8;1,5;1,9;0,7;1,0; 2,5; 1,3;
0,8;2,1;3,0,0,4;1,2;3,0;1,1;0,3;0,7; 1,8;
0,3;1,0; 21; 3,0; 2,9;0,5; 1,4; 3,0; 2,8; 1,2;
0,5;1,0;1,5;0,9; 1,8;0,6;0,6; 0,7, 0,8, 0,8
a) NpeacrasbTe MHGOPMAUMIO B BUAE AMarpaMmbl “cTBON-NNCTbA”.
6) O6beanHuTe MHbOpPMaLMIO B 4 Kacca M NpeacTaBbTe e€é B BUAe Tabaunubl
4acToT U TMCTOrPamMmbl.

B) KaKyro 4aCTb COCTaBNAKT 3BOHKN MEHbLUE MUHYTbI OT BCEX 3BOHKOB? Kakue
CTaTUCTUYHECKUNE NOKa3aTeNn 414 3TOro MCNONb30BaANNUCL?

|£,_ Tabauua YacToT NOKasbiBaeT NPOAOIKUTENbHOCTL NpebbiBaHUA aBTOMOOUAA
Ha cTosiHKe. MocTpoiTe rmcTorpammy no Tabauue.

Mpopomku-16.25 | 26-45 | 46-65 | 66-85 [86-105 | 106-125| 126-145
Te/IbHOCTb

YacTtoTa 60 70 90 120 80 50 40

|£l. MMcTorpamma oTparkaet nHGopmaLumto
0 KOJIMYeCTBe NPoAaHHbIX aBTOMObU-

40
nen u ueHe. No gaHHOM MHPopMaLMm 30 23
noctpolite Tabauuy 4vactoT. Knaccobl - 17 18

onpegennte Kak 15 - < 18.

CKO/IbKO NMPOLEHTOB BCEX NPOAAHHbIX
aBTOMObMNEN COCTaBAAOT aBTOMO-
61N UeHa KoTopbix 6osblie 18 u
MeHbLe 27 TbicAu.

10F8 ‘842

15 18 21 24 27 30 33 36
LleHa (B TbiC. maHaT.)

Konunuyectso aBTomobunei
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BuHOMOM Ha3sbiBaeTca AByY/ieH. PaccmoTpum pasnnyHbie cteneHn 6uHoma. B pas-
NIOXKEHUM KBaZpaTa U Kyba cymMbl CyLLecTByeT onpeaenéHHas 3aKoHOMEPHOCTb.

(a + b)?=1a*+2ab+1b?
(a +b)*=1a%+3a% + 3ab*+ 1b°

TaK, MoKasaTe/ib CTeNeHM NepBoro YieHa paBeH cTeneHn 6UHOMA, NoKas3aTe b KaK-
[0ro cnefytoLlero NepBoro YieHa a yMeHbLUaeTca Ha eAuHNLY, @ BTOPOro YaeHa b
BO3pacTaeT Ha eauHuLy. KoadpduumeHTbl NepBoro U NocieaHero YneHoB pasHbl 1.

MocnegoBaTeNlbHOCTb CTEMNEHEN CYMMbI @ M b MOYKHO NPOAO/IKUTb NOCAeA0BaTENbHO
pasnaras 6uHom. Mpociegmm, No KaKoMy NPaBUay NPOU3BOAUTCA PA3NOXKEHME.
(a + b)* moxkHo 3anucaTtb Kak (a + b)*= (a + b)(a + b)(a + b)(a + b).

npOM3BEAEHME KaXXgoro a nau b PaBHO Cymme BCeX PA3/INYHbIX ﬂpOVI3BEAEHMI‘/'I ye-
Tbipex MHOXUTENEN.

PaccmoTpum BCEBO3MOMKHbIE BapMaHTbl B NPOM3BEAEHMI 13 4 -X MHOXKUTENEN,

e Bce MHOMKUTENW paBHbl YneHy a. Monydnm uneH a* n Takoit 4Co MM 1 BO3MOXKHbIN
BapuaHT, U KO3GPUUMEHT 3TOro YneHa paBeH 1.

° OgMH U3 MHOXKeTenel paBeH b, 3 - uneHy a. Monyunum uneH a*b u Takoi 4Ci nnm 4
BO3MOXHbIX BapuaHTa, U KO3PPULMEHT 3TOrO YneHa paseH 4.

e [1Ba M3 MHOKeTenel paBHbl b, 2 - yneny a. Monyynm uneH a2b? n Takon 1C2 unn 6
BO3MOXHbIX BapuaHTa, U KO3GpPULIMEHT 3TOrO YneHa paseH 6.

* Tpn N3 MHOXeTenen pasBHbl b, 1 - yneny a. Nonyunm yneH ab® n Takol sCzunn 4
BO3MOXHbIX BapuaHTa, U KO3pPULIMEHT 3TOrO YneHa paseH 4.

* Bce MHOXUTENN paBHbI YieHy b. Monyunum uneH b* 1 Takoi aCs AN 4 BO3MOMKHbIX
BapuaHTa, U KO3pPULUMEHT 3Toro YneHa paseH 1.

PasmecTnm cTeneHn BUHOMOB, BUHOMMA/IbHbBIE PA3N0XKEHNA U KOIDDULMEHTLI Yne-
HOB B Tabauuy.

BuHom BbiparkeHune pasnoxkeHna GuHoma TpeyronbHuK Mackans
(a +b)° 1 1
(a+b)? la+1b 1 1
(a+b) 1a% + 2ab + 1b? 1 2 1
(a+b)? 103 + 3a?b + 3ab? + 1b3 1 3 3 1
(a +b)* 1a* + 4a®b + 6a%b? + 4ab® + 1b* 1 4 6 4 1

Kak BuAHO, pacnonoxeHuns koadduumeHToB 06/1a4at0T MHTEPECHBIM MaTeEMATU-
YeCKMM CBOMCTBOM M 06pa3ytoT TpeyroabHUK Mackans.
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TpeyronbHuK Mackana. TpeyronbHMK MNackanAa Ha3BaH B YeCTb
ero co3gartena U3BecTHoro ¢ppaHLy3CcKoro mateMaTuka bnesa
Mackans, uswero B XVI Beke. BeplmnHoMi TpeyronbHMKa AB-
naetca 1. Kaxpana ctpoka, obpasytolan TpeyroibHUK, HaunHa-
€TCA U 3aKaHYMBaETCA C eAMHMLbI.KaxKa0e YnMco B caeaytoLLein
CTPOKe, PaBHO CyMMe ABYX COCEAHUX YMcen npeablaylien
CTPOKM. KONMYecTBO YNEHOB KaxaoM CTPOKM bonblue npesbl-
Aywen Ha 04HO uuchno.

1
1 n=0 1 1
_ N
t1 n=1 1 2 1
1 2 1 n=2 Ny ¥
1 3 3 1 1 3 3 1
n=3 N NY Y
14 6 41 n=4 1\. /4\ /6\ /4\ /1
1 5 10105 1 n=5 1 5 10 10 5 1
TpeyronbHuK Mackana Komb6uHe3oHbI TpeyronbHuKa Mackans
1 0Co
11 1Co 1C1
121 2C0 2C1 G
1 331 3Co 3C1 3C2 3C3
14 6 41 4Co 4C1 4Cy 4C3 4Ca
1 510105 1 5Co 5C1 sC2 sC3 s5Ca s5Cs

MpoBepMm COOTBETCTBYET /N B AeNCTBUTENLHOCTM YsieH sC2 NATOW CTPOKe Tpe-

yronbHuKa Nackana.
sP2 5/ 5.4.3.2

G=5 7301 T3, 10
CteneHu PazfoeHmne TpeyronbHUK
Guromos Nackans
(a + b)° 1 1
(a+b)* 1Coa +1Cab 1 1
(CI + b)Z 2Coa? + 2Ciab + 2Cob? 1 2 1
(0 + b)3 3Coa® + 3C102y +3Cab? + 3C3b3 1 3 3 1
((J + b)4 4Coa* + 4C1a3b + 4C2a?b? + :Caab3 + 4Cab* 1 4 6 4 1

(Cl + b)5 5Coa® + 5C1a*b + 5sCoa3b? + sCsa?b3 + sCaab?® + sCsb® 151 10 51

KoaddpuumeHTbl 41ieHOB B pa3noxeHUn bBUHOMa ABAAKOTCSA NocaeaoBaTelbHbIMMU
yncnamm TpeyronbHUKa Mackans B COOTBETCTBYIOLWEN CTpoKe. Cnesa Hanpaso cTe-
neHb NepBOro Y/eHa paBHa CcTeNeH BUHOMA, B KaXK40M CeAyoWeM YieHe pas-
NIOXKEeHUA cTeneHb MHOXUTENA 0 YMEHbLUAETCA HA e4MHULY, a CTeNeHb MHOXKUTENA
b Ha eguHMLY yBENYMBAETCA.
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6-asA CTPOKa TpeyrosbHuKa Mackans popmupyeTca cneayowum obpasom.
1 5 10 10 5 1
N

NN

1 6 15 20 15 6 1
6Co 6C1 6C2 6C3 6Cs 6Cs 6Cs

MoKHO 3anucaTb 06Lyto Gopmy A1 BUHOMMANBHOTO PA3NOKEHUS.

Pa3noxeHue 6MHOMa

ﬂ,ﬂﬂ NPON3BOJIbHbIX YKUCen a, bununcnan=0 cnpaBeainBO PaBEHCTBO:
(a + b)n =1Coa"b® + nC1a" bt +,C2a"2b% + . . . + nCn1 a*b" 1 + ,Cna®b"

B 6onee KopoTkoi dopme 3Ty GOpmMyay MOMKHO 3anmcatb NpPM NOMOLLA
3HaKa “X” cuema. \
(a+b) =k20ncka""<b"

B pasnoskeHun 6uHoma (a + b)" cywectsyeT n + 1 uneH. /lioboi (k+1) uneH
umeet Bug T = nCka™ bk (k=0,1, 2, ..., n)

* B pasnoXeHnn BUHoma n-oli cTeneHn NPUcyTCTByeT n + 1 YneH
* 110601 BUMHOMMANBLHbIN YIEH MOMKHO HailTh No dopmyne T = nCka” bk
® CyMMa CTerneHel NobbIX YIeHOB paBHa n
* cyMma BMHOMMA/bHbBIX KO3 PULMEHTOB paBHa 2".
nCo+nCi+nCa+... +1nCp1 +nCh=2"
MpoBepbTe NocneaHee paBeHcTBO AnA a=b = 1.

Mpun pasnoxkeHun cteneHeit GUHOMA KO3GPULMEHTbI CAAaraemMbliX OT/INYAIOTCA
OT BMHOMMaA/IbHbIX KO3 PULMEHTOB.
Mpumep. (X+ 2)5 =5CoX°+ 5C1- X* 2 + 5C2 x> 22+ 5Ca- X% 23+ 5Ca x- 2% + 5Cs: 25=

= x°+ 10x*+ 40x3 + 80x2 + 80x + 32
Hanpumep, B fJaHHOM pa3fioXeHUU KOIPPULMEHT TPETbEFO C1AraeMoro paBeH
40, a ero 6uHOMManNbHbIN KoadduumneHT paseH sCz = 10.

Mpumep. HaMAgEM YeTBEPTLIN YNeH pasfoxKeHna buHoma (2p — 1)°
PeweHune: 3gecb a=2p, b=-1,n=6,T0rAa
Ta= Tz =6Cza% 3 b3= 20 (2p)*(-1)*=-160p3
O6yualowme 3agaHuA
|£ CKONbKO Y/IEHOB B Pa3/IoKeHUN cnedyowmx 6MHOMOoB?
a) (x —3y)° 6) (2z + 3z%)7 B) (c + 6)7 r) (c + 6)k-2
E 3anuwuTe cieaytolLne PasNoXKeHus.
a) (x—3)* 6) (x +2)° B) (1 + 2¢)® r)(1-y)°
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|i HaliguTe cneaytowme yneHbl BUHOMa.

a)5-nuneH ana (x+y)? 6) 4-iiuneH ans (a — 2b)°
B) 7- uneH gna (1 — 2z)? r) cpeaHuii ynen gns (2x + y)*
A) 2-M uneH ¢ KoHua anaa (u? + 1)° e) 3- uneH c KoHua ans (x — y)°

|i He pasnarasa 6uHom (x + y)*® HaguTe:

a) KonmyecTso U1eHOB B PasfioKeHUN BUHOMA.

6) 6 UneH B pasnoKeHMn bUHoma

r) Kakomy YneHy npuHagnexxutT GBUHommuanbHbli KoadoduumeHT 10Crc HaMbonb-
LWIMM 3HAYeHnEeM?

E 3anuwunTe BMHOMMaNbHOE pasfioxeHue B Buae (a+b)", ne N.

a) aCoz* + 4C123t + aCaz?t? + 4Cazt® + 4Cat?
6) s5Com> + sCim*y + sCam3y? + sCam?y? + sCamy* + sCsy?

|i 3anuLnTe CXoXM1e 1 pas3ndyHble CBOMCTBA BUHOMMANbHbIX PA3/IOXKEH U
(x +y)? u (x—y)3. O6obwMTE NoNy4eHHoe ansa (x — y)".

|L Bbipasute yepes KOMBUHE30HbI CeAytolwMe CTPOKK TPeyroabHMKa Mackana.

a)l1 510 10 5 1 6)1 72135352171
8)1 10 45 120 210 252 210 120 45 10 1

|i Nnbrap yTBepXaaeT, UTO Kaxayto CTPOKY TpeyrosibHUKa Mackana MOXHO Bbipa-
3uTb B BuAe 11", [posepbTe yTBEpX)KAeHMe Mnbrapa.

Ii BbinonHute gns TpeyronbHUKa Mackans
a) HallamTe cymmy YI€HOB KaX40M CTPOKM

TpeyronbHuKa Mackans. 1 . 1

6) Haante cymmy 4neHoB 9-11 CTPOKM Tpe- 1 % 1
yronbHuKa Nackans. 1 3 3 1

B) HaliauTe cymmy 4neHoB n-oi CTPOKM 1 4 6 4 1
TpeyronbHuKa Mackans. 1 5 106 10 5 1

r) MpMMeHUTE 3TO CBOMCTBO NPU pPasfoe-
HUW BUHOMMANBHBIX KO3PPULNEHTOB.

|£)_ a) Hallante KoaddUUMEHT BTOPOro YaeHa, ecivi cymma 6UHOMMANbHbIX
KO3hdULMEHTOB B pa3fioxKeHUn buHoma (x +2)" pasHa 16.

. 1 .
6) Haitgute B pasnoskeHun (x + ;)8 UneH, He 3aBUCALLNI OT X.
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UcnbiTaHua bepHynnu

[na Toro, 4Tobbl NOHATL CXemy BepHyNIM pacCMOTPUM CaeayoWwmnin npumep.
3apava. B ypHe 3 3eneHbIx U 1 KpacHbIl Wwap. M3 Hee BbIHUMALIOT KaxK bl pa3 oauH
Wwap. 3eneHblit Wap cunTaeTca yaauHbiMm (nobeantenem), a KpacHbI Wap cunta-
eTcsA HeyaauyHbIM (MPourpaBLLIMM) pe3ynbTaToM. BbIHYTbIV Wap KaxKabli pa3 BO3-
BpalllaeTca B ypHy. Mrpa nosTtopAaetca 4 pa3a. Hallante BepoATHOCTb BO3MOXKHbIX
BApPWAHTOB BbIUTPbILLA.

Echns nrpe BepoATHOCTb BblMI’prLIJa(I'IOFlBI'IEHMﬂ 3eNnéHoro LLIapMKa)

paBHa%, TO3Bep(iﬂTHOCTb npourpbilla (MOSBAEHUA KPAaCHOTO LWapUKa) ...‘
pasHa 1— I: R BblYMCAUM BEPOATHOCTb M3MEHEHMA Yncia nobes u
nopakeHu B 4 urpax.
1) P(BepoATHOCTb BbIUrpbIWa BO BCex 4 urpax) = 3333, 8_1

4 4 4 4 256
2) P(BepoaTHOCTb Npourpbiwa Bo Bcex 4 urpax) = 111 :L

4 4 4 4 756

3) Haltgém BapuaHTbl BbIMIpbILA B 3 U3 4 UTP Y COOTBETCTBYHOLLYHO BEPOATHOCTb:

(B,B,B,M)  P(BbiMrpbill BO BCEX UTpax Kpome 4) % % %% 2%%76

(B,B,M,B)  P(BbIMrpbIWw BO BCEX Mrpax Kpome 3) = % % %. % - 2;5_2
(B,M,B,B)  P(BbIMrpbIWw BO BCEX Urpax Kpome 2) = % %. %. % é
(N,B,B,B)  P(BbIUrpbILL BO BCEX Urpax Kpome 1) = % %. %.% - %

Konnuectso BapnaHTOB I'I06€,£I,bl UrpokKa B 3uns4 UTP MOXHO BbIHNC/IUTL NPU NO-
|

MmoLwmn KOMbUHe30Ha 4C3= —— = 4. BepoATHOCTb BapnaHTOB MMeeT paBHble BO3-

31
MOXHOCTU <%>3<%> . Torna BepoATHOCTb 3TOTO COBLITUA MOXKHO BbIYUCAUTL TaK:
27
P(Bbinrpbiw B 3 M3 4 urp) =4Cs <i>3<i>l= 4. — A 108
4/\4 64 4 256
AHanorMyHbIM 06pa3oM MccaeayroTCA Apyrue CUTyaunuu.
4) Bbinrpbll B 2 Urpax us 4.
penm = = 3. 1.1 <i>2<i>2 _ 9
4 4 4 4 ~\4/\4/ T 556
KonnyecTBo BO3MOXKHbIX BApMaHTOB BbiUrpbiwa B 2 Urpax us 4:
I
4G = % =6 To ecTb BEpOATHOCTb Nobeabl B KaXKAOM U3 6 cnyqaesi
1>2 9 1 54

3\
P(Bbmrpbiw B 2 U3 4 urp) = 4C; <T><T =6 1¢" 16~ 75¢
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5) BeposTHoCTb nobeabl B 1 13 4 urp.

3
peAMM) =>.1. 1.1 _ <i><i>: 3
4 4 4 4 \a/\4 256

3 1
P(Bbinrpbiw 8 1 3 4 urp) = 4Ca <i><i>3 =4 -——= 12
4/ \4 4 64 256

Mbl HaWM BEPOATHOCTU BbIUTPbIWA KOMaHabl B 4, 3,2, 1, 0 urpax. Ecam atu
BEPOATHOCTU BbIYMUC/IEHBI BEPHO, TO UX CYMMA A0JI}KHA PAaBHATLCA eANHMULE.

P(4 Bbiur.) + P(3 Bbiur.) + P(2 Bbiur.)+ P(1 Bbiur.)+ P(0 Bbiur.) =1.

BbINONHMM NpoBepKy: 81 4 108 +£+£ +i= 1
256 256 256 256 256

MpeAacTaBneHHas 3af4adva Ha3blBaeTCA BMHOMMANbHBIMU UCMbITAHUAMM, TaK KakK B
3a,a4ax TaKoro TMna B COOTBETCTBUM C CUTyaLMell BO3SMOXKHO UCMO/1b30BATb Y/1EHDI
H6UHOMMaNbHOro pasnoXKeHus. Hanpumep, 3aZa4a Bbille COOTBETCTBYET pPas/fioxKe-
HWIO BUHOMMANBbHbIX YIEHOB
(a + b)* = 4Coa* + 4C103b + 4Coa?b? + 4C3ab® + 4Cab*

MNHorga ux HasbIBatOT UCMbITaHMAMKU bepHynnn. Ana gaHHOM 3a4a4M BBEAEM Ne-
pemeHHble p (BbiMrpbIw) U g (Npourpbiw). Mpyu BUHOMWANBHOM Pa3/IOKEHUU
MOXHO YBM/ETb COOTBETCTBME KAXKAO0MO Y/IeHA PEANbHOMN CUTYALLUM .

(p +q)* = aCop” + 4C1p3q + 4C2p?q? + 4C3pq? + 4Cag®

3
34ecb p BEPOATHOCTb ycnexa (NosiBAeHWe KpacHOoro Wwapa) v p WK g BEpOATHOCTb
Heyaauu (noseieHWe 3eN€Horo wapa) g :Z.

UcnbiTaHnAa bepHynAn n BepoATHOCTb

Ecam ana n He3aBMCUMBbIX UCMbITAaHWI BEPOATHOCTb YCMeLHoro cobbiTua p,
TOrAa m BEPOATHOCTb YCNeXa, N - M BEPOATHOCTb HEYAAuU 1
P(n vcnbitanuii, m ycnex) = nCmp™q™™.

BuHOMManbHoe pacnpeseneHne Uamn UcnbiTaHusa bepHynau cnpasea/ivBbl TO/IbKO
npw cneayowmx ycnoBusax.

” u

* Y KaX[10ro UCNbITaHUA ecTb TONbKO ABa pe3ynbTtata (“ycnex”, “Heyaaya”).
* 13BeCTHO KO/IMYECTBO UCMNbITaHWUNA.

* NcnblTaHUA HE3aBUCUMBI.

* BepoATHOCTb ycrnexa A0/bKHO BbITb MOCTOAHHOW A8 BCEX UCMbITaHMA.
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Wccnepyem vcnbiTaHWA BepHYNNM CXeMaTUYHO Ha CieayoWwem npumepe.

Mpumep 1. Koneco coctont ns 4 ogMHaKoOBbIX YacTel - 3 YacTu Kpac-
Hble 1 ogHa 6enan. MNMpu BpaLLEHUMN KONECO MOMKET OCTaHOBUTLCS
WKW Ha KpacHOM YacTu unu Ha 6enoii. Ha cxeme npeactaBieHbl BO3-
MOMKHbl€ NOJIOXKEHUS KONeca NpU TPeX BPALLEHUSX.

2K KKK 3 @31 o PBrpacn)=1 (3]

3 K < : KKB 2 _><T>z T) P(2 kpacH) = 3 <%>2 %)1
3p/1Y

B 3 k  KBK 2 > <3T>Z<17> P(1 kpacH) =3 <%>1<%>2
4 S E '3 1 _Z

4 PS5 g KBB 1 _><§><i> P(0 kpacH) = 1 @

AN s 2 Kk 2 — G/
4 b K <5 BKB 1 —><%>1<%>2
A S 1 —(3)AY
I g B0 &)

Kak BUAHO, KoadpdULMEHTbI paBHbI YMCNAM 3-i CTPOKM TpeyrosibHUKa Mackana:
1331

TaKKe BO3MOXHO YBUAETb CBA3b C GUHOMMUANBHBIM PA3/0KEHNEM
(a+b)®=0a°+3a’b +3ab? + b3. 3pecb a = % n b= %
[na 3Tnx cobbITUiA NpoBepbTe popmyny bepHynam

1

ana P(m kpacH.) =3Cm <%>’"<T>377npm m=0,1,2,3.

Mpumep 2. AnAa kaxxgoro u3 5 sBonpocos cywecTteyeT 4 Ba-
puaHTa oTeeTa. HanguTe BepoATHOCTb TOro, 4To Haprus

Hayrag, oTBeTK/1a BepHO Ha 4 Bonpoca. YCTaHOBUTE CBA3b

MeXAay BEPOATHOCTbIO U BUHOMMAIBbHBIM PA3/IOKEHUEM. -
PeweHue: HaliAiém BO3MOKHbIE BapWaHTbI, YTo Haprus gact 5 BepHbIX UK He
BEPHbIX OTBETOB:

(m + H)®>=5Con® + sCin*H + sCaPH? + 5Can?H3 + sCanH* + sCsH®

N3 cxembl BUAHO, YTO CyllecTByeT 5 pasnuu- n n n n
HbIX BApPMaHTOB 4 BEPHbIX OTBETOB Ha 5 BOMpPO- . . . .
COB. 3HauyWUT, BEPOATHOCTb 3TOro cobbITMA

6yaeT sCid*s. AHaNorMyHbIM 06pasom MoxKHO n H n n
YBUAETb CBA3b MeXAy APYron cutyaumen u n n n H n

MHOMMANBbHBbIMU YNeHaMU.
BUHOMMANbHb NleHa o o . . .



300 UcnbitTaHua bepHynnu

0606LWMM 3Ty CBSI3b NPM NOMOLLM TabaunLbl.

KoadpdpuumeHt | Ynen Cmbicn cuTtyauum
sCo =1 n’ 1 BapwmaHT, 4TO BCE 5 OTBETOB NpaBU/IbHbIE
sC1 =5 n*H 5 BapMaHTOB, 4YTO 4 NpaBu/IbHbIX, 1 HENPaBUIbHbI
sC2 =10 nH? 10 BapuaHTOB, YTO 3 MPaBUJ/IbHbIX, 2 HENPABU/bHbIX
sC3 =10 n’H3 10 BapMaHTOB, YTO 2 NMPaBU/IbHbIX, 3 HEMPaBU/IbHbIX
sCa =5 nH* 5 BapnaHTOB, YTo 1 NpaBUbHbIN, 4 HENPaBUIbHbIX
sCs= 1 H® 1 BapwmaHT, 4To BCe 5 0TBETOB HeNpPaBU/IbHbIE

Hagém, cnyyaliHbim 06pa3om, BEpOATHOCTb 4 NPaBUAbHbLIX M 1 HEMPABU/IbBHOTO
1
OTBETOB. Bepo;n'Hocn; KaAoro npaBMbHOMO OTBETA VK BEPOATHOCTb Henpase-

HOTo 1—I = I

4 15 ~
P(4n, 1H) = 5n*H = 5<i>- 3= 2 wm=15%
4/ 4 1024

AHaNOrM4yHoO, HalgnTe BEPOSTHOCTb BCEX BO3MOMHbIX CUTYaLMIA, CNOXKUTE UX U
HalguTe ux cymmy. MpoBepbTe, YTO AaHHaa cymma pasHa 1 (uam 100%).

Mpumep 3. HaillgmTe BEPOATHOCTb TOrO, YTO B OAHOM U3 YETbIPEX CEMEN , B KOTOPbIX
ecTb IeTH, eCTb 3 MasibuMnKa 1 1 AeBoYKa.

PeweHue: na Kaxaoro pebEéHKa CyLLecTBYeT ABa BO3MOMXHbIX BapuaHTa: Uau

MaNbuyMK UNM AEBOYKA. BepoATHOCTb KaXKaoro ns Asyx paBHa—l.
2 1
P(n ncnbitaHun, m ycnex) = .Cmp™q"™ . n=4m=3,p= —1, g=—3,;
. 343 11 1 2 2
P(4 pebéHKa, 3 manbumka) = 4C3p3°g*3=4 <? ?= 2

3HauuMT, BEPOATHOCTb TOrO, YTO U3 4 AeTel 3 ManbyMKK, paBHa % mnu 25%.

B 6MHOMMaANnbHOM pa3noxeHnn YyneH COOTBETCTB IOIJ.I,I/Iﬁ CUTYyaunn NOKasaH Kpac-

HbIM LBEeTOM. (M + 4)* = m*+4m3g + 6M202 + 4ma3+ 0% P(4 pebéHka, 3 manbumka)

Mpumep 4. Pupma NPOBOAMT AKLMIO MO NPOAAXKE AETCKOro NUTAaHUA. B Kaxkayto
KOPOOKY 6bl/1 MONOMXKEH KYMOH TaK, Y4TO 3 13 KaxKabix 20 ABNAIOTCA BbIMIPbILLHbBIMMU.
KakoBa BEpOATHOCTb TOTO, YTO cpean 5 KoOpobOoK AETCKOro NUTaHMA 2 OKaXKyTcA C
BbITPbILHBIMW KYNMOHaMK?

PelieHue: ycnewHbim cobbiTvem §BIAETCA Ha/M4Me BbIMIPbILHOTO KyMoHa:
P (ecTb KynoH C BbIUTpbIWEM) = 20

HeyaauHbim cobbITUEM, OTCYTCTBME KYMOHA C BbIUIPbILLIEM:
P (HeT KynoHa c Bbiurpbllwem) =1 — —= ——

20 20
3 /17y
— 2~3 = — (=) =
P ( 5 Kopob6oK 2 BbinrpsbiLwa) = sC2p%q —10<20 ><20> = 0,138
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Mpumep 5. MoHeTy nogbpocnan 10 pas. KakoBa BEPOATHOCTb TOFO, YTO KaK MU-
HMMYM 8 pa3 MOHeTa ynagét unopoi?

PeweHue: ecnm cobbiTve, YTO MOHETa yNaaEéT Kak MUHUMYM 8 pa3 undpon sae-
NAeTcA ycnewHbIM, 3Ha4uT, ecaun umdpa Bbinaget u 9 n 10 pas, To 371 cobbITUA
TaKKe byayT ycnewHbiMn. Hanaém BepoaTHOCTM KaXKA0ro cobbiTUA B OTAENbHOCTU
N CNOXMM nX. BepoATHOCTb ycnexa B KaXK40oM onbiTe paBHa %

P ( Kak MMHUMYM 8 pa3 undpoii) =P (8 undpoit) + P (9 umdpon) + P (10 undpoit)
P ( kak MuHUMyM 8 pa3 undpon) = 10Csp3q> + 10Cep°q* + 10C10p™°q° =
9 1 0 0
i3 (o TR 2T - 2 05
2772 2772 27727 1024

|£ Kakune cobbITma MOXKHO Ha3BaTb BUHOMMAAbHbLIM pacnpeseneHmem?

a) Kaman Ha 20 TecToB No NpeameTy XMMna JaéT OTBETbI C/lyYaliHbiM 06pasom,
BblOMPasa 0AMH U3 YeTbIPEX.

6) MnacTMKOBbIN CTakaH nogbpackiBatoT 50 pas 1 CYUTAIOT CKOMIbKO Pas OH yNaaéT
Ha INLLOM BBEPX U JINLOM BHU3 .

B) UrpanbHbiit Ky6MK nogbpacbiBatoT 100 pa3 1 NpoBepsaloT paBHa AM Bepo-
ATHOCTb TOrO, YTO OH BbIMAAET KaXKA0W rpaHbio PaBHOE KOJIMYECTBO Pas.

r) UrpanbHbln Kybuk nogbpacbiBatoT 100 pas M NpoBepAtoT, CKOMbKO pa3 Ha Bepx-
Hel rpaHu BbiNageT uncno 4.

E MoHeTy nogbpacbiBatoT 5 pas. KakoBa BEPOATHOCTb, YTO Ha BEPXHEN rpaHu OKa-
x)etca umdpa:
a)P(1pas); 6)P(3pasa); B)P(4pasa); r)P(0pa3); A4)P(2pa3a)

o 2
|i BeposATHOCTb BbiMrpbiwa 6ackeTbonbHOM KOMaHAbl paBHa —. KakoBa Bepo-
ATHOCTb, YTO KOMaHAA B CNeAyloLmX 5 urpax sbivrpaet 3?

|i MocnegHue nccnefoBaHMA NOKasbIBAOT, KaXKAbli U3 3 HOBbIX aBTOMoObMAen Npo-
[AéTCa B KpeauT. BbluncinTe BEPOATHOCTb,UTO U3 4 BbIBPaHHbIX CNyYaiHbIM 06-
pasom aBTomobunei 3 b1 KynieHbl B KpeauT.

|i Mpv NpoBepKe OKazanocb, YTo 2% AeTanen, N3roTaBIMBaAEMbIX Ha KOHBelepe
3a 04MH Nepuros oKasanucb bpakoBaHHbIMK. HallauTe BEPOATHOCTb,YTO U3 5 B3A-
TbIX C/ly4aliHbIM 06pa3om aeTaneit 6pakoBaHHbIMKU OKaXKyTCA:
a) P(Tonbko 2) 6) P(kak makcumym 1) B) P (Kak Makcumym 2)
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|i B Kopo6bkKe 6 WapoB. 3anMwunTe COOTBETCTBYIOWEee BUHOMMANbHOE
pas3noxKeHne oS CUTyauuii, ecan U3 KOpobKM BbITaCKMBAtOT
Lap, 3aTemM BO3BPaLLAtOT B KOPOOKyY. McnbiTaHWe NoBTOPAOT
6 pa3. YcnewHbiM cobbITUEM ABASIETCA NOABNEHME 3€/1EHOTO
wapa. 3anonHuTe Tabauuy B TeTpaau. NMposepbTe pelleHuns,

|L M3 1000 CD anckos npu nposepke 50 oKasancb bpakoBaHHbIMU.

3Has , YTO CyMMa BEPOATHOCTM BCeX cobbITUM paBHa 1.

Cutyauus BUHOMMANbHBIW YNEH
6 3e/1EHbIX 6Cop®

5 3e1éHbIX 1 KpacHbI 6C1p°q?

4 3enEHbIX 2 KPaCHbIX sCopq?

BuHOMManbHOe pasnoxKeHue: (p + g)*= ....

a) KakoBa BEpOATHOCTb TOTO, YTO BbIGpaHHbIi CIy4aliHbIM 06pa3om AncK byaeT

bpaKoBaHHbIM?

6) Ecnm KOHTPONEP, NPOBEPAIOLLMIA Ka4eCTBO, B35/, ClyYailHbiM 06pasom,
6 AMCKOB, TO BbIYMCANTE BEPOATHOCTb COOTBETCTBYHOLLYIO CUTYaLLMK,

4yTOoO 6paKOBaHHbIMM OKa3a/ncCb:

e Bcero 2 ANCKa,; ® KaK MaKCMMyM 2 AUNCKa, ® KaK MUHUMYM 3 ANCKa.

B Awmke 3 6enbix, 4 3eN€HbIX, 2 KpacHbIX Wapa. Ecau cnyqaﬁ-
HbIM 06pa3oM BbITALWMTb A4,Ba LWapa, TO UCMO/b3YA CXEMY, Bbl-
YncanTe BEpPOATHOCTb, YTO 06a wWapa OKaxytca benbimu.
Kakue cobbiTvA OTpaKaeT Kaxgaa cxema? 3anuwmnTe B NUCb-

%

MeHHOM Gpopme npumepbl, NOKasbiBatoLMe obLmMe U PasMYHble XapaKTepu-

CTUKU AaHHOro cobbiTuA.

1
374
9
b
3
%%1&
VARG
4 ¥4

=
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E N3 KOpOBKMK, B KOTOPOWM 2 KPacHbIX U 3 6enbix Wapa cayvaiiHo bepyT wap, Ko-
TOpPbIV 3aTeM BO3BPALLAIOT B KOPOOKY. McnbiTaHMe NOBTOPSAIOT 3 pasa.
a) HallauTe BepOosTHOCTb, UTO 1-biii 1 2-01 Wap OKaxyTca 6enbimn, a 3-uit wap
6yaeT KpacHbIm.
6) Haliante BepoATHOCTb, UTO M3 3-X WapoBs 2 6enoro useTa.

E MoHeTy nogbpocunu 4 pasa. Hailgure BepoATHOCTb CAeAyHOLMX COBbITUIA.
a) P(4 pa3a BBepx repbom) 6) P(kak MMHMMYM 3 pa3a BBepX LUbpPON)
B) P (Kak MaKkcumym 2 pasa BBepx repbom) r) P(O pa3 BBepx umdpomn)

|i 3anuwunTe pasnoxeHue 6uHoma (2 + u)° cobbiTuit Npu noadpacbiBaHUN MO-
HeTbl. O6bACHUTE CUTYALINIO, COOTBETCTBYIOLLYIO KaxKA0My YaeHy BrHoma. Bbi-
YUCNUTE BEPOATHOCTb COOTBETCTBYIOLLMX COBbITMIA.

|i Lokaxute, 4to nCk=nCn. [poBEPbLTE TOXKAECTBO ANS CNEAYIOLNX 3HAYEHUN:
n=7,k=5.

|i Ha rucrorpamme nokasaHa mMacca MHAMOLWIEK Ha 144
depme. Mo AaHHbIM FMCTOrPaMmbl, COCTaBbTe Tab- g
/MLy YacToT. KakoBa BEepPOATHOCTb TOrO, YTO NPU Bbl-
6ope cnydyaliHbim 06pasom ABYX MHAMOLWEK, KX
macca byaet 6onbuie 10 Kr?

4YuUucrno

— s
567 8 9101112131415
macca (Kr)

|i M3 KopobKKM, B KOTOpO 4 H6enbix 1 2 3eNEHbIX Wapa,
cnyyaliHbim 06pa3om BbITAaCKMBALOT 3 Lwapa.
a) Kakoe cobbiTve 6osiee BepOSTHO (B COOTBETCTBUM C LLBETOM)?
6) Haliante BEpOATHOCTb, UTO M3 3-X LIAPOB, KaK MUHUMYM, 2 ByayT 6enbimu.

|L CKO/NIbKO Pa3/IMYHbIX BAPNAHTOB MNPOYTEHUA MOXHO COCTAaBUTb U3 6yKB cnosa?
a) TYPAH 6) TABAJIA

& BepoATHOCTb TOro, NPU KaxXAOM BbICTpene CTpenoK NopasuT uenb pasHa 0,8.
MpounssoanTca 4 BbicTpena. HaliTn BeposTHOCTb 2-X NONagaHuii.

|i MycTada Xxo4eT N03BOHUTb APYry, HO 3abbin 2 NnociegHue umdpbl Homepa. Hali-
AWTe BEpPOATHOCTb TOro, Yyto Myctada HabepéT Homep NPaBUILHO C MEPBOTO
pasa, eciv U3BECTHO, YTO LMdpbI, KOTopble 3abbin MycTada pasHble.

|1_0. Kak naTtb yenosek(A, B, C, D 1 E) moryT pasnmyHbimum cnocobamu 6biTb no-
CTPOEHbI B pA4, NPWU YCNOBUU, YTO:
a) E ctout nocepeauHe;
6) A n B 06A3aTeNIbHO CTOAT PAAOM;
B) A 1 B He ByayT cTOATb pAAOM.
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|£ LleHa aBToMOb6MAA nocsie ero NoKynKky B Nepeblit rog, cHukaetca Ha 20%, a B
Kax4blii nocneayowmii rog Ha 8%. CKonbKo byaeT cTouTb aToMobub, KynneH-
Hbi B 2015 roay 3a 25 Tbic. maHaT, 8 2022 roay?

|£ B knacce 19 yyeHuKoB. M3 HMx 10 YyenoBek 3aHMMaAtOTCA WaxmaTamu, 7 ¢yToo-
oM, 3 YyenoBeka 3aHMMAOTCA B 060MX Kpy»KKax. CKOIbKO YY4EHUKOB He 3aHU-
MaeTCcA HY B OLHOM KpPY>KKe?

|i MUmeeTca aBa Bmga ctanm ¢ 5% n 2% copepkaHmem Hukena. CKONbKo Kuao-
rpamm CTaam AByX COPTOB HaZo B3ATb, YTObObI NoAy4nTb 360 Kr cTanm ¢ 2,5 % co-
OEeprKaHMemM HuKena?

|i Mpu Kaknx 3HaYEHUAX C CeaytoliMe HepaBeHCTBa CNpaBea/InBbI MPU BCEX
3HaYyeHax x?
aAx*+cx+4>0 6)x>+3x+c>0

|i MocnenoBaTenbHOCTb 3aaHa PEKKYpPeHTHON dopmynolt bi =4, br+1=3bn—2
3anuwwuTe popmyny n-ro yneHa.

|& Pepmep, NPUMEHAA HOBble TEXHONIOTUK, JOOUACA NOBbILLEHNA YPOXKaA Ha OAUH
N TOT YKe NPOLEHT eXXerogHo, 1 3a 2 roga ypoxam sblipoc ¢ 150 ToOHH o
216 TOHH. Ha CKO/IbKO MPOLEHTOB EXKEroAHO U3MEHACA YPOXKal?

|L a) Bbluncnure: 3/(2 sin 60° — 1)° — V(1 — tg 60°)2

6) YnpocTuTe 3HaYeHne BbipaxKeHus V4 cos?or + 4 cos a + 1 — V4 — 4 sin2a,

2n
anT<a<TC.

. 40 o
|& a) Ecam sino =77, sm[3=—%,0<a<%,—%<[3<0.Hamp,me yron o —f3.
6) Ecnmtana=3,tan[3=—%,0<a<%,—%<ﬁ<0.Haﬁ,u,meyron o +p.

B) Ecmmoa + 3 = %, TO HaliauTe 3HaYeHue BblpaxkeHua (1 + tan a)-(1 + tan B).

|i HalianTte 3HaueHuMe BbiparkeHUs.
a) cos 24° — cos 84° — cos 12° + sin 42°
6) tan 9° —tan 63° + tan 81° —tan 27°

|£)_ Dabl fix) = V1 - x2, g(x) = sin x. HaiiguTe:
a) flg(x)) b) g(f(x))
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|18.

PewwuTe ypaBHeHuA.
a) 4 cos’x—3sinx=3
B) sin x + sin 3x + sin 5x =0

6)2tanx—3cotx—1=0
r) cos 3x —cos 4x =1 —cos x

Hailgute KOpHW ypaBHEHWA, NPUHAANEKALLME MPOMENKYTKY.

a)sinx=-1,xe [0; 4x]

-2
x+1

OaHa pyHKums fx) =

B6)cosx=1,xe [-m; 3n]

a) HaltanTe obnactb onpeaeneHns GyHKLMK.

6) PewwnTe HepaBeHcTBO f(x + 1) 2 0.

a) Ansa dyHKRuMM y = 3 + \x — 4 HgUTe 0bpaTHYO PYHKLMIO.

6) Ana dyHKumMK y = log (5 + 3 cos x) HalAMUTE MHOXKECTBO 3HAYEHUN.
2

3a 0AMH Nepuog CMHycoMaa AOCTUraeT MakcMMyma B Touke (1;4) u MuHUMYyMma
B Touke (3; —2). Haliante amnantyay u nepmog 3ton pyHKLUK, HanuwmnTte dop-

Myy.

a) y = \V3sinx — cos x

PewwuTe ypaBHeHuA.

> 1
X.P2X+2 —
a) 0,52 = 62

B) 5" 1+50,2"2=26
a)log, ,2=-0,5

%) log,(2% + 16*) = 2 log,12
n)lgx-3lgx=Igx*-4

PewwnTe HepaBeHcTBa.

3 4
—\2x 5
a) (5)'< 5

B) (x*—2x—3)(2*—8)<0
a)log1(2x+3) > Iog%27
4

XK) logs(2x—3) + Iog% (x+1)>0

- Hangute amnnautyay, nepuop 3afaHHoi GyHKUUM, NOCTpoTe rpaduK.

6) y = sin x + cos x

6) 0,2"1-0,22*1=4,8
) 9*-1-36-3*3+43=0
e) logs(2 + log;(3+x))=0
log,(1+x
3) logs3 =— ogy(1+x)
log,5
K) Iog3X7 +logy’x=1

19
6)0,9 21—
)0, 81

571
tan x 1 —_—
r) 2%@"x > sin 6
log,(6 — 2x
gs( ) >0
log,,s5

3)log43—-x>-1



306

O6o6walowme 3agaHna

|19.
20.

21.

24,

Ha oKpy*KHOCTM oTMme4eHbl 10 ToyeK. CKO/IbKO MOMHO MOCTPOUTb TPEYroNbHMKOB
C BEPLUMHAMU B JAHHbIX TOYKAxX?

B Awmke 30 YépHbIX U X Benbix Wapos. Ecm BepoATHOCTb TOr0, YTO Cy4YaliHO Bbl-

. 2 o
6paHHbIN Wap 6enoro UBeTa paBHa —, TO HaKAuUTeE X.
5

Bbluncante cymmy

20-6Co+ 2% 6C1+22-6Co+ 23 6C3+ 2% 6Ca+ 2% 6Cs + 2%+ 6Cs.

. Yepes KoHeL, pébep, BbIXOAALMX U3 O4HOWN BEPLUMHbI MPSMOYro/IbHOro na-

pannenenuneaa c pasmepamu 3 cm, 4 cm 1 7 cMm npoBedeHa naockocTb. Han-
OUTe Nowajb cCeYeHums.

a) daHo: 6) KoHupl oTpeska AB, nepecekatoLero
AO L« A NJI0CKOCTb, HAXOAATCA HA PACCTOAHUN
/ACO = ZABO = 60° 16 cm 1 4 cm. HaliguTe pacctoaHue oT
~/COB =90° cepeauHbl M 40 NAOCKOCTMK.

AO =3 /i

Haingue: BC/C éq(iz_ 'C"O/
s [0~
o BV’

Pasmepbl NpAMOYrosbHOro Napannenenunesa pasHbl
AD =20 cm, AB =10 cm, AE = 15 cm.

a) HamauTe rpagdycHble mepbl yrnos LAFB, ZBFO,
ZAFO, Z/BOF, ZAOF, ZOFC;

6) HallauTe naowaan TpeyronbHnkos AABO, ABOF,
AAOF ;

B) HaMMeHbLLEee paccTosiHMe OT TOYKKN B 4o nnocko-
ctn AOF.

Mnowaab 0OCHOBaHUA NPAMOW TPEYro/ibHOW NPU3Mbl paBHa 16 cm?, naowaam
6OKOBbIX rpaHelt, CoOTBeTCTBEHHO, 36 cm?, 40 cm?, 68 cm?. Haliante 06bEM
NpU3Mbl.

. Hanpute obnactb onpeneneHma GyHKUNUNA.

a) - LS 6 — 2 4
Y= X 3x+4 )y = 3%

. HaianTe KocMHyc MeHbLUEero yraa TpeyrosibH1Ka co CTOPOHaMM

4cm,5¢cmn 6 em.
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@, Mpr KaKOM 3HaYeHUM NapameTpa m CyMma KBaZApaToB KOPHel ypaBHEHMS
X2+ (2+ m)x+m—3 =0 6yaeT HaMMeHbLLEn?

|2_9. Jopora n3 nyHKTa A oo nyHKTa B coctomt n3 nogbéma m cnycka. AnmHa goporu
Ha noabéme cocTtasasaeT 12 Km, a Ha cnycke 24 km. BcagHuK npeogonen nyTb
OT NyHKTa A 0 NyHKTa B 3a 7 yacos, U 0bpaTHbIN NyTb 3a 8 Yacos. Haante
CKOPOCTb NPU NOoABbEME U CNYCKe.

y=x*+a

X2 +y’=4

a) NPY KaKMX NONOXKTENbHbIX 3HAYEHUAX 0 CUCTEMA MMEET ABa peLleHuns;

6) NPW KaKMX 3HAYEHMUAX d CUCTEMA MOMKET UMETb TPU pPeLleHUs;

B) CYLLECTBYIOT M 3HAYEHMUAX d , MPU KOTOPbIX CUCTEMA MMEET YeTblpe peLue-

HuA?

@ Mpeacrasbre rpaduyeckoe peLleHne CUCTEMBbI n onpeaenuTe:

|3_1- Ha Tpéx cknagax 920 T 3epHa. Ha nepBom cknage 3epHa Ha 30 TOHH MeHbLue,
Yem Ha BTOPOM, Macca 3epHa Ha BTOPOM U TPETbEM CK/1aZe OHOCUTCA KakK
8 : 9. CKONIbKO TOHH 3ePHA Ha KaXXA0M CcKnaze?

|3_2. CTOpOHbI TpeyroabHWKa paBHbl 10 cm 1 12 cm, @ CUHYC yraa mexay HUMm
paseH 0,6. HaliauTe nepumeTp TpeyrosibHMKa. CKOIbKO pelleHnii umeet
JaHHan 3apa4a’?

|£,, HaiguTe 6ucceKkTpuchl TpeyrosibHMKa Co CTOPOHamMu 4 am, 6 oM 1 6 gm.

E. Haliante meamaHbl TpeyroabHMKa CO CTOPOHaMM 4 ¢m, 6 cm 1 8 cm.

|3_5. Hangute amnantyay, 4actoTy U OCHOBHOM Nepuos, rapMoHMYECcKoro Koseba-

HWSA, 3aA4aHHOro Gopmynon y = -2 cos(% — 2x).

Iﬁ [aHo: npaBMabHaA YeTbipéxyrosbHasn |3_7 Haligute naowaab NOAHOWM
npmsma B, M c NoBepxXHOCTM TeTpasaepa Ha
B:M =MC: — > ' pUCyHKe.
A: 1 /, D1 N
CiN =ND: B¥------}/-JC
AB=BC=8 A = b
AA1=4

HanguTe: nnowaab YeTblpéxyronbHnka BMND

|3_8. HailguTe CTOpOHbI OCHOBaHMA NPaBUAbHOMN YETbIPEXYIIbHOW NMPaMUAbl, eCn
6oKkoBoe pebpo paBHO 5 cMm, a NiowWaab NOMHOM NOBEPXHOCTU paBHa 84 cm?.
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148.
149.

HalignTte 06bEM NpaBu/IbHOM YETbIPEXYTO/IbHOM NPU3MbI, €CIN €€ AnaroHa b
paBHa 6 cm, a naoLlaabb 6OKOBOM NoBepPXHOCTM 32 cm?%.

HalgunTe KoopaMHaTbl TOUYEK, NPUHAANENKALLUNX OKPYHKHOCTM 334aHHON ypaB-
HeHuem X2+ y?= 25, opamnHaTbl KOTOpbIX Ha 1 eanHuLy 6onblue abcumccsi.
CKONbKO CyLLEeCTBYET TaKMUX TOYEK?

B apudmeTunueckoit nporpeccumn ai + az +as = 30, a1 +a2> = 116. 3Han, 4To YneH
as jenutca Ha 13 6e3 octaTka, HanauTe a.

CKO/IbKO CcyLLecTBYET NATU3HAYHbIX YMCE/, KOTOPbIE YNTALOTCA OAMHAKOBO
CneBa HanpaBo M crpaBa Haneso (Hanpumep, Kak 67876)?

CornacHo ctatucTuke, HaceneHme 3emaum B 2020 rogy COCTaBAANO OKONO
7,8 mnpa, yenosek. Eciv exkerogHbii NPUPOCT HAace/1IeHMA COCTaBUT B CpeaHEM
1,02%, kKakoi byaeT uncneHHoCTb HaceneHuns mupa B 2025 roay?

3anuwwuTe popmyny rpadurKka Ha PUCYHKe Kak npu
NomMoLy GYHKLMU CUHYCa, TaK U NP NOMOLLM
bYHKUMKM KOCUHYCa.

MocTtpoite rpadpuk PpyHKUMKM ¥y = 2 sin3x + 3 no 5 Touykam. [Mpy nomoLLm 3Toro
rpadmka noctpomnTe rpadmk GyHKUMK y = 2 sin3(x — %) +3.

OnameTp Koneca aBTomobuna pasHa 50 cm. Kakoe pacctosiHMe nporiaéT aBTo-
MoBUNb, eciv Koneco caenaet: a) 5 obopoTos; 6) 500 ob6opoToB?

Mpwn oCcTbIBaHMM BOAbI B YALLKE, OXKMAAETCA NU3IMEHeHMe TemnepaTypbl oT 100°
[0 KoMHaTHo (20°). B pesynbTaTe HabntoaeHMsA YCTaHOBIEHO, YTO TEMMepaTypa
N3MEHAETCA OT BPEMEHM B SKCMOHEHLMAIbHOM 3aBUCUMOCTM, CHUMKAACH 33 KaXK-
able 1 MUHYT Ha 5%.

a) CmogenunpyiTe 3aBUCMMOCTb TEMMNEPATYPbI OT BPEMEHW B BUAE Y = ab* + C.
6) Yepes CKo/IbKO MUHYT Pa3HOCTb TeMMepaTyp cTaHeT pasHa: 1) 10°C; 2) 1°C

Mpu n3BepPKEHMUN BYIKAHA B YINAX CTOPEBLUMX AepeBbeB 0cTanocb 45%
Yrnepoga 14. CKonbKo neT Ha3ag Npon3oLL/IO U3BEPKEHME BY/IKAHA?

lacaH cnpocun y 6abylwkuM, CKobKo el net. babylwKa ckasana: “A nowna B
LKoY B 5 16T 1 YETBEPTYIO YaCTb KM3HM NOCBATUIA YYEHUIO, NMOC/Ie Yero Havyana
paboTaTb, U 3TO COCTaBMNO MONOBMHY MOel KU3HU. Celivac, yxKe Kak 15 nerT,
npucMmaTpuMBato 3a BHyKaMu. BOT M nocumTali, CKOIbKO e MHe neT?” Mocuu-
TauTe CKOMbKO nieT 6babyLiKe MacaHa.
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50.

|51.

5.

|54.

OnpeaenuTe HoBble KOOPAUHATbI, MPU:

a) NoBOPOTE TOUKM C KoopaMHaTamm (5;3) oTHOCUTENbHO Hayana KoopAMHaT Ha
yron 90° B HanpaB/fieHUM NPOTUB YaCOBOW CTPE/KMU.

6) NoBOpPOTE TOUYKM C KoopauHaTaMu (4;2) oTHOCUTENbHO Havana KoopauHaT
Ha yron 180° B HanpaB/ieHUN NO YacoBOM CTpesiKe.
B) OTOBparkeHNN TOUKM C KoopauHaTamu (3;2) OTHOCMTENbHO OCU Y, C Moce-

AYIOLMM NOBOPOTA HA - 4aCTW NO/IHOTO (360°) oboporTa.

r) nepemelyeHMmM BNpaso Ha 3 eaAnHUL, TOYKM C KoopauHaTamm (2;3), ¢ nocne-
AYyoLWMM NOBOPOTOM Ha yros 90°B HanpasAeHUM NPOTUB YaCOBOM CTPESIKU.

Ha pucyHKe nsobpaskeHbl TpW NOMYOKPYKHOCTU. 3Hasn, YTo
d = 18 cm, HaguTe NaoLLaab 3aKpalleHHOM YacTu.

hA

|« d

. Cneaytouwaa nHGopmaLMa NOKasbiBaeT KONMYECTBO OCaAKOB, BbINaBLLUMX B Teye-

HUM Mmecaua (c TouHocTbio Ao 0,1 mm). MpeacTtasbTe MHPOPMaLMIO B BUAE ANa-
rpammbl “cTBONI-ANCTbA”:

1.3,2.0,2.3,3.2,3.4,1.8,3.1,2.3,1.9, 2.6,

1.6,0.0,2.4,3.1,0.6,0.7,0.3,0.0, 2.2, 1.5,
3.6,231.8,2.7,3.0,29,1.2,2.2,1.4,3.3

Mobena B uUrpax

Baprpa¢ otpakaeT HdopmaLmio O Mno- 40 —
6eHbIX Urpax TPEX KOMaHA 3a nocnea- 35 8
HUM 4 netT. Kakve w3 cineayowmx 2 30 [1— — | H
YTBEPXAEHMI BEPHbIE? < 75 ] = i
a) KomaHgaa -3 Bceraa Ha BTOpOM MecTe. % 20H || || |
6) KomaHga -1 MmeeT camble BbICOKME =y 15H | | |
pesynbTaTbl. O ] L L
B) KomHaza -1 Bbiurpana urp bonblue, 8 10__ a |
yem KomaHga - 3. (‘;’

r) KomaHaa - 2 Kaxablii cneayoumii lrog  2rom 3ros 4 rop

rof BblMrpbiBana 6onblie Urp, 4em B I:l l:l I:'

npeablayLwmin.

Pawag uneH Knyba B cTpenbbe no muiweHAM. Ero pesynbTaTbl NOKa3bIBAOT, YTO
80% cAenaHHbIX MM BbICTPE/10B MOMNAAAtoT B LLeSb.

a) HaliauTe BepOATHOCTb, YTO CAeaytowmnii BbicTpen Pawaga nonagaéT B LUenb.

6) Haliante BeposATHOCTb, YTO Pawag nonagéT B Lenb, cTpenss 3 pasa noapaa.
B) HaligmTe BepOATHOCTb, UTO NPW NEPBOM BbicTesle Pawwag nonagéT B Luenb, a npu
BTOPOM - HET.
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|5_5. ABTOMO6UNbHaA aopora ToraHanbi-KanbbagKap-Uctucy. MpoTarKeHHOCTb aBTO-

MobunbHoM aoporu ToraHanbl-Kanbbagrkap-Mctucy, coegmHatowen EnNrénbekui
1 Kanbbaarkapckuin parioHbl, coctasanet 80,7 KM. 34eCb B 3MMHUIA CE30H B YC/10-
BMAX CUJIHOTO CHera n Mopo3a H6esonacHas aKcnayaTaLma 4OPOrM MOXKET OKa-
3aTbCsi HEBO3MOMXKHOW. [o3Tomy BMecTo cTpouTenbcTBa 31,5 Km goporm Ha
TEPPUTOPUMN CO CNOKHBIM penbedpom 6b110 couTeHo bonee LenecoobpasHbim no-
CTPOUTb TOHHENb ANnHOM 11,6 KM nog xpebTom MypoBsaar.

a) M306pasmTe cxemMaTMYHO NpUBEAEHHbIe B TeKcTe MHbopMaLUK .

6) OueHMTe BbICOTY M WNPUHY TYHHENA NO KapTUHKE BHU3Y.

Kakue getanu Ha KapTUHKe yylle BCero Mcnosab3oBaTth?

B) HaliauTte npmubansmTenbHoe KONMYEeCTBO rPpyHTa, U3BEYEHHOro NPU NPoXoaKe
TyHHenA. Kakue pacyeTbl 418 3TOTO HY}KHO caenatb?

|5_6. HalguTte BbicoTy H6aka, B opmMe NpsAMOyrosbHOro napannenenunesa, ecim cro-
pOHbl 0CHOBaHMA paBHbl 50 cm 1 80 cm, a BMecTMMOCTb cocTasaseT 400 n.

Ii], Mo paHHbIM PUCYHKa onpeaenuTe, Kakme paBeHCTBA BEPHbI.

a)h=a,a, b C

A
6) h = Vb>—a,?
B)h=tanB - o c @ *
r)h=sinf - ¢ ?
ai
_ b-sinf
Alh = Gnooe 8

|5_8. Ona o6anuoBKM Teppackl mactep B3aa 400 KaMeHHbIX NAWT. 4 yacTb U3 HUX
OTHOCATCA K MepBOMY COPTY, @ OCTa/ibHble KO BTopomy. [pr nokynKe npe-
aynpegunu, 4to 5% nAnToK nepsoro copta U 15% NAMTOK BTOPOro copTta
MOryT 6bITb 6pakoBaHHbIMKW. ECiM macTep BO3bMET OAHY MANTY, KAaKOBa Be-
POATHOCTb TOTO, YTO OHa OKaxKeTcA bpakoBaHHOM?
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159,

160.

l61.

|62.

|63.

|64.

|65.

KonmyecTBo 04KOB Ha UTPOBOM KybMKe pacnosioxeHOo KaK NoKa3aHo Ha pu-
cyHke. MNoabpacbiBaeTca KybuMK, a 3aTeM MOHeTa NoAbpachiBaeTCA CTONbKO
pa3, CKO/IbKO OYKOB Ha KybuKe Bbinano. Hapucyite cxemy
BETB/IEHUA, YTOObI ONpPeaeNUTb KOANYECTBO BOSMOXHbIX C/lyYaes.
HaguTe BEpOATHOCTb Caeayowmx cobbITUiA:

A. MoHeTa BbiNana CTOPOHOM, rAe KapTa TO/NbKO OAMH pa3 2
B. MoHeTa Bbinasia xoTs 6bl 04UH Pa3 CTOPOHOW, rae KapTa.
C. MoHeTa He BbiNaso CTOPOHOW, FAe PUCYHOK. B

HESN

B okpyrkHOCTM auameTpom 10 cm nposeseHbl
xopAabl AB = 6 cm, CD = 8 cm. Hanaute cymmy nno-
Laaen 3aKpalleHHbIX CerMeHTOB.

B BbinykNomM 10-yrofibHMKe NpoBeAEHbI BCE ANAroHanu, MpUYEeM HUKaKue Tpu
M3 HUX He NepeceKatoTcs B 04HOM TouKe. HalguTe YnMcio ToYeK nepeceyeHms
AnaroHanemn.

a) Mpwu Kaknx 3HaveHuax x uncaa In(x —9), In(x — 7), In(x — 3) aBnatoTca nocne-
[,0BaTe/IbHbIMKM Y/leHaMKN apnudMeTUYeCcKon nporpeccumn’?

6) Mpu Kakux 3HaYeHUAX X uncna 4*— 3, 2%, 221 + 2 aBnaTcA nocieoBaTeb-

HbIMU YJieHaMM FEOMETpMHeCKOVI I'IpOFDECCMVI?
T

0O6bem NpaBMAbHOM NPAMOYroNbHOM NMpammabl 32 cms,
naowaab 60KoBoi NosepxHocTn 32 cm?. HanguTe pac-
cToAHWe oT Toukn D go nnockoctu TAB.

A D

Ona 3aaaHHbIX QYHKUMI 3anmwmnTe B3auMHO obpaTtHbie yHKuuK. Hanaute
o6nacTb onpeseneHns U MHOXKECTBO 3HAYeHU ana 06paTHOM GYHKLMK.
a)y=2xt+3 6)y=1+log, (x+2)

Halgute MHOXeCTBO 3HaUYeHWU GyHKUUN.|

a)y=2k1+3 6) y = log, (x*+2x+9)
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|6_6. KaKoit aBTomo6unb BbirogHee Kynutb? Mpu NoKynke aBTOMOOMIA YacTo BO3HU-
KaeT BONPOC, KaKyt MaLLMHY KyMUTb - MalWHY ¢ 6EH3MHOBbLIM UK AN3E/IbHbIM
Asuratenem? AHanu3 3aTpaT B TeYEHME roga MOXKeT NOMOYb BamM Npu Bbibope.
ypHan, B KOTopom ny6MKytoTCA cTaTbM 06 aBTOMOOUAAX, NPEfOCTaBAAET C/le-
AyIoLLyto MHPOpMaLUmio No MmapKke aBToMobuns:

beH3uHOBbIN aBuratenb  [in3enbHblii aBUraTenb

lopoBble ¢duKcUpo- M 2200 M 2400
BaHHble pacxoapl *)
CpegHee notpebneHne 8,0 nutp 6,0 auTp

Tonamea Ha 100 Km

*) GMKCMpPOBaHHbIE PacxoAdbl, UMEEeTCA B BU/Y HaNOr1, CTPAxoBKa, 3aMeHa Macna,
PEMOHT 1 T.A4.

1 antp 6eH3unHa - 0,90™, a 1 auTp ansenbHoro Tonamsea - 0,70 ™.

3anonHuTe Tabanuy

BeH3MHOBbIN agu- | BeH3nHOBbIA ABKra- [OusenbHblit gsura- [nsenbHblin asura-

Npober ratenb: rogosoi | Tenb: 06WHi roA0-| 1oy Fonosoii pac Te/b: 06wt roao-

3arog pacxog, Tonausa BOW pacxop, (pacxos, Xog, TONAMBa BOW pacxop, (pacxos

TonAuBa+duKc. pac- TonAuBa+duKc. pac-

xozapl) XO/bl)

10 000 Km
20 000 km
30 000 Km

6) MopcumnTaliTe, CKONbKO MOYKHO CIKOHOMUTDL B ro4 Npu Bbibope AM3eNbHOro aB-
ToMOob6UANA rogoBbiM Npoberom 30 TbicAY KM.

¢) CKONIbKO KN/IOMETPOB A0/KEH BbITb rogoBoi npober, 4Tobbl 06138 CTOMMOCTb
aBTOMOOUASA € AM3eNbHbIM ABUratenem 6bina HUXKe, Yem CTOMMOCTb aBTOMOBUAA
¢ 6eH3MHOBbIM ABUraTenem?

r) HoBbIlh aBTOMO6MAL ¢ 6eH3NHOBbLIM ABuratenem ctout 32 000 ™, HOBbIN aBTO-
MO6UNb C AN3eNbHbIM ABUraTeNem 40opoKe 1 cocTasaseT 34 000 ™. Taxup xodeT
KYNUTb HOBYIO MaLUMHY C AM3ENbHbIM ABUraTenem. B cpegHem OH npoesikaeT
30 TbicAY KM B rof. Yepes CKOMbKO NeT 3IKOHOMMUA 06LMX 3aTpaT KOMMNeHCMpyeT
pasHuLy B LeHe?

e) Mpun NoKynke HOBOro aBToMobUNA HEOBXOAMMO y4yecTb, YTobbl ero npoaaa
6blna BbIrOAHOM Yepes HeKOTopoe BpeMsa. YTo KacaeTca paccmaTpmMBaeMbIX 34eChb
aBTomobunei, To, BOSMOXKHO, YTO Yepes Tpu roga aBTomobmab ¢ 6EH3NHOBbLIM
Asuratenem byget npogasaTbes 3a 14 000 ™, a gusenbHbli —3a 15 000 ™. Kak naes
NpoAaKu yctapesBLlero aBToMobuaa MoxKeT MU3MEHUTb NAaHbl Taupa?

e) Tpu roga Haszag Taxup Baoxma 15 000 ™ Ha 6aHKOBCKMIA cyeT co cTaBKol 12%
rofoBbiX. CKOMbKO eLLe OH A0/KeH A00aBUTb K 3TOM CYMME, €C/IM OH XOYET KyNnuTb
HOBbIW AW3eNbHbI aBTOMObOUNL?
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1. ®ynkuun

c. 8-11 No5 0 Ne6 a) 1; 6) —1; B)7 Ne 8 a) f(0) =1; (1) =0; f(-1)==2; f(-2)=3
Ne 9 B) 1<x<4; 1<y<5 Ne 10 a)f(-3) = 3; f( 1)=5; f(O) 4; (=3
Nella)b=-3 Nel2c¢=2 Nel30 Nel5a)fix)=- x+2 0) fi-2)=3;
A6)=—1 Nel66)y=x>+1; —1=<x<2; 1<y<5 Nel9 %D(f) [-6;2];

E(f) =[1;5]; 6) D(f) =[-4;4]; E(/) [-1:8]
c. 12-18 Nel 6) x1 =0,x2=3;B)x=4; 1) x =2 Nod B) Hymu x1=—1, x2 =
ecmu x<—1 10 y>0; ecimm x>3 T0 y>0, ecam —1<x<3 10O y<0 No5 a) y = ——x+ 3 *
Ne6 6) k=—1, * ,y=—x+1,Ne7 a) 1) k=3;2) y =3x-2; 3)f
Ne9 a) A2)<A0)<fi—4); B) fIN2) < AN3) < ﬂ 2) NelO a) f(x) = 2x=3;
0)(—4)<f(—3)<f(2); B)upu x>1 Nel2 2) a) [-2; 3]; 6) —2 va 2; B) (-2; 2)
r) (2; 3]; m) [-2; 0] f, [0; 3ﬂ ; K) [5; 4] N914 a) He YemH.
0) He neuemn. ne uemn.; B) uemn. Nol7B) 6;T1)4 Nel9 O)na, B)HET
Ne20 1) r) AI=5) <A-T7); 2) yowiBarorr.  Ne21 (—4; 4)
c. 20-23 Ne2 B)y X N03 a)y=—No7 a) oa; 6) nem Ne9 a) £(0,1) > g(0,1);

6)f(§)> g( B)f(2)<g(2) NelO a) —2<x<2 Nell a) 0;0) 5;B8)—7;1) 41

a) 4; 650; 1) 2
Nel3 a) 0) B)
.ngJ\ 7 L YA
of -/ ) 5
A ; AN
1 X NEN
— 0 ﬁc 1 T N
0 4 6% |3 | 1o x

Nel5 1) 3™; 2) mer; 3) 800 Nel6 6) 416 .

c.24-30 Nel aym=0,n=4, 1) m=T;n=-3
No2 6) g(x) = (x —2)* — 1, y = x? ; cmewenue na 2 ed. nanpaso, 1 eo. 6nus
Ned 1)6) g(x) = (x +3)>—3; 2)6) g(x)=fix—4)-8
Neba)y=|x+4 -2, m=-4,n=-2, SEoA

D(y) = (=003 +o0), E(y) = [-2; +o0); /)
0)y=(x—-6y +4,m=6,n=4,
D(y) = (—o0; +0), E(y) = [4; +o0)

Ne9 a) cmemienne Ha 2 ef1. BpaBo

Nell 6) zpagpux y = \x ompascaemes
OMHOCUmMeNIbHO OCU X U nepeHoCUmcs ]()() =
Ha 1 eo. esepx. K

Nel4 1) a) y=-3x;0)y =—x>-1;
By == MNel8 a) g(x) = 3|x;
6)g(0)=

I~ —F==
S~
P~
@)
~
Il
L

\
|
\

1
1

vl [
[
Al
Jl
|
=¥

==
" —s
—1
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c.32-33 Nel a) 1; B) 2; 1) 0 Ne2 a) 4; 6) 50; ¢) —48 I I
Ne3 a)f(g(x)) = 2x>=5; 0)g(f(x)) = 4x2+4x—2 Ne7 6)
Ned 6) flg(x)) = 2Vx>+1; g(f(x)) = Vax>+1
No5 a) (-2; 2); 6) (—0; —3) U (1; +o0); \
Ne8 6) fix)=x*—1I; ) x> +x+1
Ne9 6) fi-1)=-1,2)=5,/3)=7,0) =1, 2(=l2
Six)=2x+1 Nel0 6) fi2x)= \N25-4x?;
D=1[-2,5;2,5] Nell 6) [-2; 6]; B) [-3; 1] Y .

‘\‘K
MR

-

T~
4

93]

——
—

—_— | W

c.37-38Ned a) f1(9)=-3,7'(T=1,f'2)=6
No5 a)y=%x; so3pacm. B)y= ng;y6bl6(1l0u4.N98 1)a) y=\3/; B)y=
4 3
N°116)f()——£ )f()——£ Nel2 a) F= C+32N013 45 cm

1+x
X

¢. 39-40 Ne2 6) D(f) = (—o0; +00), E(f) = [0; +o0); B) D(f) = (~o0; 0) U (0; +o0),
E(f) =(—0;0)(0; +0); 1) D(f) = [0; +o0), E(f)=[0; +o0) Ne3 B)D(f) =(—0;3];
r)D(f) =[-1;11; 1) D(=[1:3)U(3;+0); €) D(f)=[0;2)U(2;+0).
Ned 6) D(g) = (—o0; +o0), E(g) = (—00; 6];r) D(@) = (—o0; +o0), E(@) = [3; + 0);
1) D(u) = [-3; 3], E(u) = [0; 3]; e) D(v) = [-1; 3], E(v) = [0; 2]
Ne5 a) D(f) = [0; 1) w (1; 2]; 6) D(f) = (—0; 0] U (1; 2]; B) D(f) = (1; 2]
No6 HM3 =2, E(f) = [2; + ) Ne7 a) h =9 — &%, 6) D = [0; 3], E = [0; 3]

c.41-42 No2 a) Ha | en. BopaBo; 0) Ha 3 exn. BHU3 Ne3 a) y = 3\/x + 1 Ne4 a) [0,5;+00)
B) (—0;4); 1) [0;3)w (3;+0); €) [-2;1)U[15+2) NeS 1) =2 w1 2; €)5
Ne6 1) a) vemmnuwiii; 0) neuemmnwiii No7 f(2) = 10 J\{ 0l00)-1u7 142
Nell a)3;B) 115e)3; k) 7 Nel2 2)a) fli(x) =———— —LTx L O)F () ==
Nel3 a)D(f) =(—o0; 1)U(1:+0); 6)(2:5) x+1
2. Touka, npsiMasi, IVIOCKOCTH B npOHCTpaHCTBe

c. 46-49 No6 b) 1; 4 unu 6eckoneuHo Ne§ 3)90°%; H)45°N09 = Neld a) 8 cm; 6) -4 er b
Nol5 6 cm Nel6 6CM Nol7 18 e munm 22 cm

c.50 Ne3a)6em; 6)4,5cm; B)LNM a)m No5 mapasiensHo
c.54 Nel x=6Ne2 a) 8\/_CM 0)4 cm N036CMN04 30° No5 d =52, ¢ =45°

No 6 45° No7 a\6  Ne8 45° Ne9 a) 17 cm, 25 em; 6) 6 cM, 9 cM
c.57 Ne2 a)6 cm Ne3 12 cm Ned 5 cm Ne5 \I_CM No6 3 cm, No7 lem

€. 59-63 N2 aVZ Ne3 24 M Ned 8 No6 4833 oo N ay a; 6) L0 “/6 B) ‘ﬁ
No§ 60° Ne9 442 cm Nell Na+b?> Nel8 17 om
Ne20 a) 17 cm; 6) 9 cm ; B) Va*+b+c 3

5. 65-67 Ne86 cm Ne915¢m, 6eM, 80M N"IOIZCM Noll 2M Nel2 ——

2
S. 68-69 Ne2 7,2 M Ne3 58° N°4a) 2 . 6) &

N05 2V3em Ne6 0) 13 cm um 15 cm
No716 Ne9 3cm NelO 6) a. ) a\]E NOll a) 2cM; 6)4\/_CM B) =~19°
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3. TpuronoMerpuuyeckue BHIPAKeHHUS U UX Npeodpa3oBaHus.

[ wetBepTh No2 6) 150° Ne5 a) =1592° 5,N’97 1) 40°; 2Tn

T"z 2,09 pax NelO B) —67,5° Nell 2)T’T Nel3 6) =40°; 320°

c. 77-78 Nel a) 3,4w cm; B)2,5MM No2 a)10m cm; B)150mem? Ne3 a) 181 cm; 6)327 cm
Nod 6) 24 mm, 72 MM Ne5 a)—22 wem? Ne6 1)10mems; 2)270°; 3) =<106™
No7 a) 192nm?;6) 16mpan; 2880°

c. 73-75 Nel B) I%
Ne9 0)

c. 80 Nel 6) 457 cm Ne2 B)75m cm Ne3 25m/cex, %paz[/celc Ned 451t m/mun, No5 541 M

c. 82-93 Ne6a)Il geTBepTs, b) Il werBepTh Ne7a) otp.; 0) momoxk. Ne8a)2sinf; 6) 0
No9 £0,8 Nol3 a) nBe ToukH, i73 Nel8a)sin15°<sin20° B) cos20°>cos40°
Nel9 6)a<d<b<c; B)b<c<a<d Ne20a)1,5;6)1;r)0,5No216) 2 Ne222a)2\3
N256) HB3 =2, HM3=0 \/M26 6) HE3 = 2, HM3 = 1 Ne30 = 1 2%
Ne36 a)i; 0) 5 e)— 2 :3) V3 Ne37 a) 0,42; 6)-0,91

Ne38 a) cos a =% , tan a =2—% ,cota= -3 Ne39 a)0; 6)1; B)1
c. 96-98 No2 a)?—z; 6)3—n Ne7 6) — sin a; e) — cos o Ne9 6)— L; r) 3

2
Nel0 a) —'sina J%’s(’)ll 0) cos?a  Nel2 a)—sin 10°Nel56) 1;1) 0
Nel6 a)2cos a; 6) 0 Nel8 B) 45°,135°

c. 100-102 Nel e) csc? a; 3) 1 No2 cos o =—0,8; tan o = —0,75 Ne5 a) tan? a;96) 2
T) ﬁ ;:[)% No6 a) 5; 6)5 No7 a) 2 cos a; 6) —2 cos o Ne9 a) 1=

Nel0a) 20; 6) =16 Nell —0,32 Nel4 a) cos’a Nel6 a) HB3 =3, HM3 =4
Nel7a)1;B) 1;1) 0

c. 105-106 No2 1)\%§ Ne4 6)% Ne56)1Ne6a)l N7 a)l; 0)—1 Ne® a) 0 Nell a)\/g; 0)1

Nol2 5 Nel3 a) 1 Nel4 a) 2— V3 N915\/2i Nel(ga) 1 Nel7 a) 1 Nel8 a) —3;6)3
Nel9 sin @ =4, ¢ = 14.3° Ne20 a) tan 6 = 0,75; 0= 36,9°

c. 107-111 No2 a) 0 Ne4 a) tan S5a; 6) —tanda. Ne7 a)% Nel0 a)% Nell 6) 0
Nel2 a) — sin 4x-cos 10x; 6) —sin3x-sinx No13 a)\/Z_cot a; B) 2 Nel4 6) 0,28
0 o l \/5 —_2 3 ) 10 . —l ) _—240
Nel6 a)2 Nel7 a)2,6) 5 e) 3 Nel9 a)T ; B) 3 Ne23 a) 239
No26 ~141,2m  Ne28 =1,005¢cm?  Ne29 ~ 0,46 kv.en.
c. 112-113 Nel 1) — cos 2x; 3) 1 Ne3 5) L+ sina \us5 ) VtsﬂcNgé 6) 1

2 an x
Ne B) HB3 = \2, HM3 = —2 N9 cozsa Nel0a)—1;6)1 Nell %

c. 114-115 Ne1 & ;% ;- No3 I uerBepth NoS a) a; 6) —a Ne6 a) 1 NeS a)75°
Ne9 a%lOSan ;0)=141,5° Noll 1 Nel4 3 Nel7 a) 1 Nel5 a) \/—25, 0) \/_85
Nol6 =48,8° Nol7 a) 1 Nel8 1 Nel9 6) —% Ne20 a) 36) 0,5

No21 6) =485cm? Ne22 2) a) 0,6; 6) 0,8
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4. Teopema CHHYCOB M TeOpeMa KOCHHYCOB

c. 119-125 Nela)b=12; 6)a = 8,92; Ne3 a)4\/3;6) 8 Neda) LA=36° a= 14,72,
c~23,5 Ne6 a) =~ 29,96 cm; 6) =~ 52,36 cM; B) =~ 34,71 Ne7 a)30°; 6)60°
Ne8 a)oono pewt.;0) umeem 2 peut.;r) ne umeem pew. No9 a) =~ 41,6°unu ~138,4°
Nol0 =51,5m; =8,4°; =136,6° Nel3 1)~ 16,06 > Nel7 a) 30\/3 om?
Nel9 a)25<BC<50 6)0<BC<18 No20 ~4139 m Ne21 6~38,2° nnu 6~21,8°
No22 =479 m No24 @=92° No25 =~ 41,5°
c. 128-130 Ne2 BC=7; £B=81,8° ZC=38,2° N3 1)=17,4; 2) =27,1;3) =50,5°
No4 6_)13CM 32,2°;27,8°% B) =4,6,~112,8°; =35,2° Ne5 a) 1) 3 vo 6;
2)1V4:6)V15 Nob a) d, =213 em, dy=2\37 e Ne7 a)V199 cn; 6) ~100°;
B) ~68° No® ~130,68Mm Nel0 6)~47,2 km Nell =~ 44,7 km Ne12 = 111m

Nol4 =257 m

c. 131-132 No2 a) =3 km; 6) = 8,3 kmu = 8,9 km Ne3 =12,2 m No5 6,5 km
Ne6 =191 m Ne7=15,5xkmu~424 xm Ne9 = 85,5°
Nel0 1) 60° 2)12 1 V189 Nell b) = 1,56 mus.

5. Tpuronomerpuyeckue GyHKIMHU U UX rpaq)mm

c. 143-152 No5 y—smx y= ~251nx y =—2sinx No7 1) a) y =4 sin x; 0) y=—smx
Ne9a)ya=L1 ,T=2 B)a=3, T=38n; Nel0a)a=4, T=6r; 6)3a 0,8,
T=2;B) a 22 T ; NOII a)y—12s1n4x B) y=—0,8sinmx N012a)y—9cosL
Nel3 1) a)y=§smT 0) y=4-sin 2x; B) y 2251n)c
Ne27 a) y= 4sm2(x——) 6;0)y=0,5sin = (x+7t)+2

YA YA

Ne29 @) 3 3 /
@ T . 2 \\\/

o /£ 5m\ Iz / ¥ 1
4 4\ 4
-3 ) 2n 5z
3 3 3
¢ 153-157Nel D)T=8cex.;2) [2; 7] Ne2 a = 0,5; T=% ; v= 3 Ned 2) 75

No5 6) H=36 — 18 cos 1.% B) 72 cm; T) 226 M/MUH N07y— 1,2-16 cos—(t 1)
Ne8 a) T=0,8 cex; b) 75 Ne9 a)y =10 —8cos % 0)18 m
c. 159-162 Nel a) — 16)1No46)tane——x/—e—120°B)tane——\/§,e=300°
Nelda)h=3-tana Nel5a)d =5 tan — 3 B)d 8, 7™M
c. 163-164 Nela) B(Z ;2), C(g ; 0), D& ;—2), E( ; 0), F( ;2) Ne3 1) T=3n
Ned a) a = 10secO Ne5 a) 12;6) 16; B) y = 5 + 2cos2x N06y— 12-10 cos%
Ne7y=6,1-5,8 cos%(t+2)

=y
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6. MHOTOrpaHHMKH
c. 167-168 No4 a) 8; 0) 24; B) 12 Ne5 120 cm,

c. 171-172 Ne7AC=5,AC'=13 Ne89cm Ne9 13 cm NelO a) 26; 6) 29
Nelldi=a\N2,dr=2a Nel2di =13 ¢cm,do=9 cm
c. 177-180 Nel a) 39 m?; 59 m?; 6)1200cm?, 1440cm?; B)252Mm?2, 294m? No2 a)144+18\/§
No3 a) =498,88cm? Ned a)144cm?;0)222m%;B)152em? No5 6)672; B)320
1)536; 1)248 Ne6 6¢m,14cm,16cm No7 188 em?
Ne® Socn. =96, h=2 N9 a) Sp=22 m?; 6) Se.= 90 M%; B) Surn=134 M?> Ne10 B) =55 mn
Noll B)2380cm? Nel2 a)3,36m? ; 6)160m? Nel3 7,504m2 Nol4 a)35,68m2
Nel5 a)=11,4 1 Nel6 2008cm? Nel7 176em? Nel8 90cm?
c. 181-182 Ne3 2)6)18cm  Ned B) P=58cMm, S=120cm? ;1) P=62cm, S=240cm?
N5 200 cm? Ne6 a) Sen = 6 cm? No7 140 cm? Ne8 36 cm?
c. 185-188 Nol 12 cm N2 9 cm Ne3 a)1680 cm?; 6) 96 cm?; B)728 cm? Ned 6) 300cm?
Nob6 a) 48; 6)36; B)360 Ne7 a) 80cm?; 6)320cm? Ne§ a) 6; 6)10 e)384
Ne9 e)36\]— NelOa) 13w 15 Nell 180 cm?Nel2 =~ 182,6 m?
Nel4 52 cm? Nel5 B) 288 cm? Nel6 36 cm? Nel7 a) 4 Nel9 3673 cm?
36(\V3+1) eM? Ne20 ha-6 cm, h =33 cm

c. 189-191 No2 a) 14 cm*Ned S1=25 m?, S»=100 m?, S3 = 225m> No711 cm Ne8152 cm?
Ne9 360 cm?Nel0 330 c_M2 Noll 12544 cm?Nel2 a)3740 cm?; 6) =407 cm
. 192-193 Nel 88; 85; 360 + 6413 ; 22 Ne2 r) a= 8cm, h=3cM, h,=5 cM Ne3 60
No4 a) 480 m2, Ne6 a) 84 No7 a) 24; 6) 12 Ne8 —Z—a* Ne9 2) 5 cm Nel0 35 cm
7. TpI/IFOHOMeTpI/I‘leCKHe YPaBHEHUA

¢. 197-198 Nel 6) - £ 1) 2T 4 ) T No4 a) ~0,46par; ) 0,84 Eﬂn Ne5 a) ;6) 75 B) -
No7 a) \]2_ B) 3 €) =1 Ne§ 6) 225° e) = 126 87° Ne9 a)_ B) )— N°10 a)x 4 csch;
6)= 9,25 Noll 0= 41,5° Nol2 6) g B) 3 Neld a)— T 75) 2% 2n

c. 201-207 N2 a)3) (— 1)" L ink (ke Z);6)3) (- 1)k*‘£+nk (ke Z) Ne3 a) 2nn,T+ 27n,
6) + . pe 7, Nod a) n 51‘C 131‘C 17TC 251'E 297'E No6 6) 2)i 341I :

32’ 12°12° 12 12 127 12
3) += + 2nk (ke Z) Ne9 1)1) & 2) R+ nk (ke Z) Ne10 6) 1) : )—“ k (ke Z)
o £ o = 0 St In 17n 197
Nell a) 2+nn,neZ N_126)2)i3 +2nk (ke Z) Nel4 B) 0 e 6 , 6
Nel6 n) A5+ 2K (ke Z) OF + T (ke2) Nel7 6)J_r%t—+ ik (ke 7);
Nol86)240° Nol9 a) 0°; 90°; 180° Ne20 27k; — =& + 27k (ke Z) No21 6)m +27k (ke Z)

Ne22 ©6) 60°; 120°; 240°; 300°  Ne23 wecmo kopneii  Ne24 P=12
¢. 211-212 Ne2 6) mk (ke Z) B) 5 + nn, ne Z N3 B)n+2rtk (ke Z) N4 a) — - +7uk (ke Z)

Nos ayt 2 +2mk (ke 2); No6 6) 5 3 5 S 5 I N7 6) TK (keZ)

)57t + 2mk,(ke Z) ; Dk, (ke Z) N8 ~82,8; ~2772 Ne9 3) J +15%; 4)%+znk (ke 2)
14)i T+ 2mn, ne Z Nel0 1) a) 2 2 p)-% p-L,0, 23n T N0116)i +2nk (ke Z)
Nel2 120°+180°k 180°k, (ke Z)
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€. 213-215 Nel 6 =~25° Ne2 a)24cwm; 6)%k (ke N) CeKyHILaX Ne3 a) t =3960(csc a-1)
Ned 2)f(t)=9-Tcos 16 No5 ¢ =0,4cex Ne6 a) h(f)=1,5+2cos TtL 12 ;6) =0,1M; B) £ = 6 cex
No7 a) (-1 ik (ke Z) 6) L 5TC]H[B’T 177‘] No a) h(t) = 21 +20sm“( ~10)

20
c. 216-217 Ne2 a) 90°, 330° N03 T) 4 + T (keZ) No4 a) 20M 24M r) ~52.4;
1) ~62,8 ¢) ~628 No5 B) 0; 2371: ) 32n N9 a) a =3, b=2; 6) &

8. O0bemMbI NPOCTPAHCTBEHHBIX QUTYP
€. 221-227No1 6) 453 Ne6 a) V =6 cM®; 6) Ha 60 cm®. Ne7 375m° Ne§ a)225 em?;
6)120 > Ne9 V=12 am3 Nel0 24m® Nell 288 cm3Nel2 a) 2 cm; 6) 8V3 om
Nel3 48 cM® Nol5=18,7 cm? Nel6 14443 em?, 6483 o Nel7 840 v® Nel9 80 om?
No20 60cm? Ne22 1680 cm® Ne23 4 cm Ne24V1=V2=9,61m3; V3=V4=28,8 M3
V3=V4=48am3 No27 a) 99torn No28 6)18 cm® Ne29 6) V=144 Ne30 314,4kr
Ne32 875 em® Ne32 120 em?; 576 em? Ne34 120 em?, 576 cm? Ne35 3 om?
€.229-231 Nel 6) 4,4 M3 159,3 m® Ne3 15:7 Ne4 2880 mm® No5 96 cm®
N7 =246,4 xy6.em. Ne9 4 cm® Nel0 5V— of Nel232 e Nold 2o

8
Nel5 18V6 cm® Nel6 1) ha=8; Sen= 144 V =2439
Nel7 198V3;288V3 Nel8 13 CM3 14790 cM?, 444 ky6.ex. Nel9 4243 on?

c.234-236 Ne2 a) k = 6) b= 7 Ne3 a)25:9 6) 125:27 Ned a) 384cm> Ne7 a) 0,8wm;
0)26,4m2; B) 9m3 No§ a) 43cm?; 6) 180cm3 Ne9 a) 175¢m?; 6) 16m? Nel0 a) 12m?
Noll 3,6 kr Nel3 =2™; =128™ Nel5 Py =8 cm, P>=12 Mmm Nel6 % Nel7 1:7:19
c. 238 Nel 2)108 cm3; 6) 4 cm?; B)104 ev® Ne2 1072 e Ne3 216 ky6.exn.
Ned a) 6 m; 6)102m3 No5 a) \/—2 x> 0) M x3

€. 242-243 Nel a) 1044 cm?; 6) ~454cm? ;5 B) =681 cm*Ne2 a) Scm; 6)420cm3
Nod 64+240\2cm2 No7 12em® Ne8 27:98 Ne9 3672 em® Nel0) 6\/_CM
Noll4 cm x4 cm x4 cm, Nel2 90cm? , 123cm?  Nel3 a) 14473 cm?

9. IlokazareabHas U Jorapupmuyeckas QyHKIHA

€. 246-247 No3 a) 350; 6) 25 Ne5 1) 2; e) 5; m) 256 Ne6 a) 105 > 103 ;6) 0,13<102
Ne9 a) 9150 < 8200< 125190 Nol0 a) %;6)% ;B)2 Nellr)a®® Nel4 6)8;3) 8

c. 250-257 No2 a) Bo3p.; ©0) yobiB. Ne6 a) a<b<c Ne7 a)y=-2 (%)" ;0)y=3-5
Nel2 6)5; B)3 Nol3 6) mpu 3Hau. < 3 Nel5 a) monox.; 0) orp. Nel8 6)0,25 r

Ne26 6)y= -g— - 3% Ne32 a) D(f)= (—oo;+mo); E ( f)=(2; +0); e) D(f)= (—o0;+o);
E( f)=(—1; +00) Ne33 6) = 1587 ™ Ne37 6) = 3150™Ne38 nempepsiBHOM, >8327™

¢ 259-260 No3 ) =3 Nod 6)3; 1)—4; 5)-1 Moo a) 5<log 48<6 NeT) 65 1) 25; €) 9
NeS a) 2; 6) 9 5)36 Ne9 a) :6)16

c. 261 Neo5 a) BO3p.; 0) yOniB. Ne6 6) logy5 < log%3; B) log 3>log 4 Ne7 k=16
Ne9 a) 2,41; B)17,75 pan.
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€. 263-265 Nel a)11; 0)-5; mu)-2;c)—-1 No2 B)2— 10g|x| N03 a) log 15; 6) log 8;
x)10g,800 Ne4 a)log (10x); 6)log (ab) Ne5 a) logz ; (x>3) N06 a)a+t b r)atb+l
No7 2 Ne® 1) a) 27; 6) 49 2)a) 5x2N011 2) B) 4; 1)4; 32) 4

€. 266-267 Nel a)3,7; 6)2,5:10° No2 a) =36 dB; 0) ne sepro Ne3 a) 7,1; 6) 5 pas

Ne5 4,6 ron, 11,7 rox
€. 269-270 Nel 1)—1;3, 3) 2 No2 14)10; 15)-3;5 Ne3 a) 0; 2, m)1;2 Ned 6) 1; B) 1,5;

No5 a) 0;1; B) 1 No6 a) 27 No7 m) 4+1g7 Ne® 3)—1,4; 9)1,5 Ne9 a) »~0,042 6)~35,4 MuH.
Nel0 a) + 5 +2nk (ke Z); 6) mk, (ke 2), B) 5;71)-2;2

c. 272- 274N01 6)32 n) 2 N2 6) 6; k) 9;3) 4 u) =J; Ne3 a)4 0) 3 Ned a) 81 %—

B) 100;0,01 Ne5 a) 58, 8) 0,1;100 Ne6 a)1;6)2 Ne71)3; e); 3)— ;9 Ne82)10; 3)2
Ne9 2 No10 a) £8; 6)8 Noll x=4,5; y=0,5 Nel2 a) 2,1; 6)4,1 N013 a)7,9-10* Mo/
Nol4 65422 Pa Nel5 3,2 6amn Nel6 2,3-10-3 moa/m Nel7 6)7 rom Nel8 6) 9,8 rox
Nel9 =21 rog Ne21 a)1,37% Ne22 10000 pa3

c. 276 Nel m) (—oo; =3)U (3;+0); p) (—2; 4) No2 6) x<9; B) x<2  Ne3 0) x>2

Ned a) x>—1 6) x>2 N5 a) (—=3; 3) B)[—2;—1)U[2;+0) 1) (2; 3)u (7;+0)

Ne7 1) x>logs21; 2) y < log 39 Ne8 1) (—o0; =2] [ 5;+00) 3)(0; In2)

c. 278-279 Nel a)(-1; 2) 6) (6;+00) k) (3;+0) Ne2 5)[— 75 Tk 8) (-5;3]

No3 4)(0; 2) 8) (-1:0)(2:3) 12) (2; 32) 20) (9;14); 22) (-9;- 4 3) U( 3 9)

No4 a)k=0,01; B) =15,4 rox crryctst No5 9,6 rox Ne6 6) =59 T
c. 280-281 Ne3=10,3 wac Ned a)2,1 Ne5 1) x>log42; 2)x=log,52; 9)x=24 Ne6 =50 rox
Ne8 i Nel0 2, 15 Nell y=3"* Nel2 a) 1000 paz Nel3 a)1026
N014 T 80- (—4—)V5 +20 Nel5=10rom Nel6 a)4; 6)-1;r)3

10. Uadopmaums u nmporHos
c. 298 Nel a) 6;0) 8; 1) k—1 Ne3 a)70x*y* ; m)6u® Ned a)ll; 0) 252x°y°
Ne5 a) (z+t)*; 6) (m+y)>  Ne7a) sCo sCi sCa sCs sCa sCs Nel0 a) 8; 6)5 -brit unes; 70
c. 301-302 Ne2 a)5 ; 6)3 ; B)3y 0 u)156 Ne3 2%% Nos a) ~0,004 Ne§ a) é o
. 303 Nel a) 0,144 ;6) 0,432 Ne3 a) § 1 )1% No5 == 145 No6 a) 2 Genprit 1 3em.
6) 0,8 No76) 120 Ne§ 0,1536 No9 o 10 a) 24; 6) 48; B)72

Oo6o0maronue 3a1anusi
s.304-312 Ne2 5 Ne3 60 kr, 300 kr Ned a) (—4;4) No5 b,=3"+1 N6 20%
Ne7 6)-1 Ne8 a) % Ne9 6) 4 Nel3 a) (—oo;—1)U(—1; +0) 6) (—o0;—2) [ 1; +0)
Nel4 0)[-3;—1] Nel5y= 1+3sin% No17 a) —2:4 k) 1;3;% Nel8 ) (-1,5; 2,5)
3) (1; 2u(3 ;5) Nel9 120 Ne20 20 "No21 (2+1)%=35=729 Ne23 6) 6 cm Ne25 96¢cm?
Ne27 7 No28 m=-3 No29 4 xm/uac, 8 km/uac No33 42 ;v 1,6V6 v 1,6V6 v
No36 24\/> No37 48 Ne38 6 M Ne39 8V2 om? mmm 32 om? N040 (-4;-3)va (3;4)
Ned1 -4 Nod42 900 Nod4 y = 3sin(2x — g‘) y= 3cos(2x— )
Ned7 1) y =20+ 80- 0,95* 2) a) = 41 muH.; b) =85 MuH. N048 ~6600

Ne50 a) (=3;5) Ne51 81mem? Ne54 ¢) 0,032 No56 100 ecm No59 %; % ; %

No60 12,51—24cm? Ne61 210 Ne62 a)l1 Ne63 6em Ne64 1) a) y=1+log (x-3);
0) y=3*1-2
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Cap mahsulunu hazirlayan:
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Pulsuz

9ziz maktablil
Bu darslik size Azarbaycan dovlsti terefinden bir ders ilinde
istifade Ggln verilir. O, ders ili middatinde nazarde tutulmus
biliklari gazanmagq ti¢iin sizs etibarli dost va yardimg¢i olacaq.

Inaniriq ki, siz de bu darsliys mahabbatlo yanasacagq, onu
zadalanmelarden qoruyacaqgsiniz, temiz ve ssaligali

saxlayacaqgsiniz ki, ndvbati dears ilinde digar maktabli

yoldasiniz ondan sizin kimi rahat istifade eda bilsin.
Siza tahsilde ugurlar arzulayirnq!




