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DYyHKIUA U CTIOCO0BI 3a1aHusl QYHKIIUU

B pa3nuuHbIX nponeccax, KOTOpbIe IPOUCXOAAT B IIPUPOE, MOKHO YBUJIETh, KAK
OJIHU BEJIMYMHBI U3MEHSIOTCA B 3aBUCUMOCTH OT Apyrux. Hanpumep, myTh, mpoi-
JICHHBIN MELIEX0/I0M, 3aBUCUT OT BPEMEHHU, CTOUMOCTD ITOKYIIKU 3aBUCHUT OT €€
kosmyecTBa. ITyTh 1 BpeMs, CTOUMOCTb U KOJIUYECTBO, IEPEMEHHBIE BEIMYUHBI.
OpnHa 13 3TUX BEJTMYUH He3aBUCHUMas, Ipyrasi U3MEHSEeTCs B 3aBUCMOCTH OT Tep-
BoH. Tak, BpeMmsl sIBJISIETCSI HE3aBUCHUMOM IIEPEMEHHOM, ITyTh — BEJIMYMHA, 3aBU-
CUMasi OT BPEMEHH, KOJIMYECTBO KYIIJIEHHOIO TOBapa — HE3aBUCHUMAasl BEJIMUMHA,
CTOMMOCTB ITIOKYIIKH 3aBUCUT OT KOoJu4ecTBa. [IOHATHO, 4TO KaXaasi U3 IIEpeMEH-
HBIX BEJIUYMH IIPUHAIICKUT KAKOMY-TO ONPEACIEHHOMY MHOKECTBY.

Ecnu kasxcoomy anemenmy x uz mumosicecmea X, no onpeoenénHomy npaguiy Cma-
BUMCS 8 COOMBEMCMBUE ONPEOelEnHOe U eOUHCMBEHHOEe 3HAUEHUE ) U3 MHOdICe-

cmea Y, mo maxoe coomeemcmeue Ha3vl8Aemes QyHKyuel.
3neck x Ha3bIBaeTCs HE3aBUCHMOM MEPEMEHHON MM apryMEHTOM, a ) 3aBUCH-

Mo iepeMeHHOH nin pyHKrei. OO0br9HO (QyHKITHIO 0003HAYAIOT TaK f (Wi g,
(¢ ¥ T.J.), 3HAUEHHsI COOTBETCTBYIOIINE 3aJ[AHHBIM 3HAUCHHSIM apryMEHTa TaK
S (uma g(x), @(x) m 1.1.): y = fx)

MHOXeCTBO 3HaYCHU, KOTOPbIE MOXET MPUHUMATh apryMEHT, Ha3bIBaCTCS
0071aCThIO OIpeiesieHUs] U 00bIYHO 0003Ha4YaeTcst D(f), MHOXKECTBO 3HAYCHHUIH,
KOTOpasi MOXKET NMPUHUMATH (DYHKIUS IS 33JJaHHBIX 3HAYCHUH MEPEMEHHOM,
Ha3bIBAETCSI MHOXKECTBOM 3HaUE€HUH QYHKINH (001aCThIO 3HAYEHUI) U OOBITHO
obo3Hayaercs E(f).

DyHKIHSA MOKeT ObITh 32/1aHA PA3IMYHBIMHU cIOcO0aMM: TaOIULIEH,
napoi COOTBETCTBYIOIINX 3HAYCHUM, Tpad)OM 3aBUCUMOCTH, Tpa(uKoM,
dhopmyson u T.11.

Ecnu obnacTts onpeneneHusi KOHEYHOE MHOXKECTBO, TO 3aBUCUMOCTb MEXIY
apTyYMEHTOM U COOTBETCTBYIOIIMM 3HAYEHHEM MOJKHO TTOKa3aTh CTPEIKaMH.
Takoe mpencraBIeHne Ha3pIBacTCs rpag)oM 3aBUCHMOCTH.

bd

3nech Kax10€ U3 COOTBETCTBHM f U g ABISAIOTCS (DYHKITHEH, TaK KaK JUTs KaXI0TO
YHCIIa U3 MHOXKECTBA X CTaBUTCS B COOTBETCTBHE €AMHCTBEHHOE YHCIIO U3 MHO-
xectBa Y. CoorBercTBHE /1 He sBseTcs QyHKIMEH (mouemy?).

B cooteTcTBHHE ¢ IpaBUIIoM MOKHO Hanmcath: fl) =15, f2) =20, f(3) =25
ng0)=0, g-1)=1, g(1)=1, g(-2)=4, g(2) =4

OTH QyHKIMH TAKKe MOXKHO 3371aTh MHOKECTBOM YIOPSJ0YeHHBIX Map apry-
MEHTOB U COOTBETCTBYOIIMX 3HaueHuH. J{ist pynkimn £ {(1;15),(2;20),(3;25)},
s Gymn g : {(0;0), (<13 1), (1; 1), (-2 4), (2; 4)}

IMpumep 1.
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DYyHKIHUA U CIIOCO0BI 3a1aHusl QyHKIIUU

DyHKIHS MOKET ObITH 3a1aHa Tabaueit. B Tabnuiie B oHOM cTpoke (Wi
B CTOJIOIC) MOKa3aHbl 3HAYCHHS HE3aBHCHUMOM TEPEMEHHOMU, B JAPYroi
CTpOKe (MU B CTOJIOIIC) 3HAYCHUS 3aBUCUMOM ITEPEMEHHOM.

IIpumep 2.
VYposkaii MeHuIbl, COOpaHHBIN ¢ KaXkI0Tr0 rekTapa(B TOHHAX )
Toma 2009 | 2010 | 2011 | 2012 | 2013 | 2014 (2015
VYpoxaii, cobpaHHBIIT 3 4 7 3 5 3 4
c 1 rekrapa(B TOHHAX)

Koopaunarsr (2009; 3), (2010; 4), (2011; 2), (2012; 3), (20013; 5), (2014; 3),
(2015; 4) moka3pIBalOT M3MEHEHHE KOJIMUECTBA COOpAaHHOTO ypokas ¢ 1 rekrapa
B 3aBUCUMOCTH OT TOf1a.

Oo6aacts onmpenenenus (roga):{2009; 2010; 2011; 2012; 2013; 2014; 2015}
MHo0keCcTBO 3HAYeHH i (KOTMIECTBO COOpaHHOTO ypoxas):{2; 3; 4; 5}
DyHKIHUs MOKeT ObITh 3a/1aHA aHATUTHYECKH — opMYyI0ii.

[pumep 3. fix) =x% 1 <x<3.Dra 3anuch MOKa3bIBAECT, YTO 00JIACTH ONpesIe-
nenust GyHKIUH oTpe3ok [1; 3], 1 KaKAOMY YHCITy U3 JAaHHOTO OTpe3Ka
CTaBUTCS B COOTBETCTBHE €T0 KBAIpar.

Hampumep, f(1) = 12=1, f1,2)=1,22=1,44, f(2)=2°=4, f(3)=3*=9%9ut.n.
B sTom cirydae 3anmch f{4) He UMeeT CMBICIIA, TaK KaK YMCIO 4 He MPUHAIIe-
JKUT 00J1acTy orpenenenns GyHKINA, a IMEHHO oTpe3ky [1; 3].

DyHKUMS MOKET ObITh 3a/1aHa rpaduyecKu. 3aBUCUMOCTb, MKy BYMSI
BEIMYMHAMHU, HanOoee y100HO H300pakaTb TeOMETPUIECKN Ha KOOPANHATHON
TUIOCKOCTH. J{JIs Ka)KJI0To 3HaYeHUs apryMeHTa X € D BBIUMCIISIETCSI COOTBET-
cTByloIIee 3HaueHue y = f(x). Touku, ¢ koopauHaTaAMU Y
(x; ¥), cTpoOsATCS HA KOOPAUHATHOM MIOCKOCTH. MHOXECTBO \(*-./1))
TakuX TO4eK o0pasyeT rpaduk pyHKuud. ['paduk GyHkomn E E
3TO MHOXKECTBO BCEX TOUEK KOOPAWHATHOM INIOCKOCTH, :fxs)..:
a0bCIMCChI KOTOPBIX PaBHBI 3HAYCHUSIM apryMEHTa, ' / (xz)‘: i
a OPJMHATHI — COOTBETCTBYIOIIUM 3HAUCHUSIM (DYHKIIMH. oo e xTx

IIpumep 4. Ha pucynke Ha npoMmexxyTke —4 <x <4 rpaduuecku 3a1aHa THHEIHASL
bynkus f(x) = %x +2.

TO‘-IKI/I, SABJISIIONIMECS KOHIIaMU OTPE3Ka, UMCIOT Ay

koopauHathl (—4; f—4)), T.e. (—4; —1) u (4; (4)),

N

T.e. (4; 5) u npuHagexar rpagpuxy. Ha pucynke

OHH 3aKpalICHBI.

MHo:xecTBO 3HaueHuii: [— 1, 5].

IIpumeuyanne: eciau KOHILEBbIE TOUKH KPUBOU Ipa- /
¢uka ¢yHKIMM (WIM OTpe3Ka MPsAMOI) HE OT- | 2 10

=Y

\S}
.
P

MCYCHBI CH€OHAJIbHBIMHM  TOYKaMHM, TO 3TO

MOKa3bIBAET, YTO JIMHUS MOXKET OBITh MPOIOJIKEHA 10 O€CKOHEUHOCTH (OOBIYHO
n300paXkaeTcsi CTpesIkaMM Ha KOHIIAX).




DyHKIHSA U CIOCO0BI 3a1aHUsA (PYHKIIUH

ABIsieTCH WM HET 3aBHCHMOCTE MEKAy ABYMs BeJIMINMHAMH (DYHKIHEH,
MO>XHO OIIPENEIIUTH 110 MHOYKECTBY TOUYEK, KOOPJAMHATHI KOTOPBIX BBIPAXKEHBI
YHOPSIOYEHHBIMH MTApaMH, UM 110 TpaduKy.

1. [lo koopauHaTam To4ek. Eciu cpeau 3HaueHuit apryMeHTa (IepBoe 3Haue-
HUE) €CTh MMOBTOPSIOIIEECS, TO 3aBUCUMOCTD HE siBjsieTcst pyHKIuen. [y MHO-
sectBa Touek {(1; A), (1; B), (2;C), (3; D)} 3aBucumocTh He siBiseTcs (PyHKIUCH,
3apucuMocTh {(1; A), (2; B), (3; C), (4; C), (5; D)} saBnsieTcst pyHKIUECH.

a) 0)
AV N Ay

A,

2.1o rpa¢puky. Eciu nrobas
npsiMasi, MpoBeAEHHAs Tapa- \\
JIENILHO OCH OpJAMHAT, Tepece-
KaeTcsi ¢ TpaduKoM camoe
OoJIblliee B OAHOM TOYKE, TO Ta \ /
3aBHCHMOCTb SIBIIIETCS (DyHK- U
nueii (puc.a ). Ecnu cymecTByeT npsimasi, mapajieibHas OCH OpAWHAT, KOTOpast
nepecekaet rpaduk B AByX (Wim 0ojiee Toukax)(puc.0 ), TO 3Ta 3aBUCUMOCTh HE
ABJsIeTCSl PYHKIMEH. DTO yKa3bIBaeT Ha TO, YTO OJHUM M TEM K€ 3HAYCHUSIM ap-
T'YMEHTa (X) COOTBETCTBYET HECKOJIbKO 3HAUYeHUH (PYyHKIIMHU, YTO MPOTHBOPEUUT
onpeaeneHuo QyHKIUH.

1
I

|
|
o
BMVAR
S

L

=Y

!

/><"
|

0 i

Ooyuaromue 3a1aHUA
|1.  Ompenenute, ABNAETCA JIM COOTBETCTBUE (DyHKIHEH.

—1\\ _3\\\ _2\\

a 1 1 ] 6 2

a—%0 e
54— 2 / 5 77;77”7”7” )

& Onpeuéhixne, HBJ'ISICTC;I ’I/IJ'II/I HET 3aBUCHUMOCTD, SVéHaHHaSI MHO)I(CCTBOM
TOYEK (YHKIHCH.
a) {(=5; 1), (=3;2), (-1;3), (1; 2)} 6) {(0;4), (3;5), (5, -2), (0; )}

|i Kaxkas 3aBUCUMOCTB, 3a/1aHHas TaOIuIel sBIseTcs pyHKIuein?

a))63()()_1_36)3676543
yi4|l3[-1[=2]0 yi-112|[-1]2]3

4. YcTaHOBUTE, SBIISCTCS JIM 3aBUCUMOCTh TPapUKOM (QYHKIIHUH, IIPOBEIS
BEPTUKAILHBIC TIPSIMBIE.

a) 6) B) r)
\ [ 74, / | Ay A
72\ 0 2 /x [ o /1
2 (-2 [9 X i
\ / N aeELERERSIEANNEE
) NE ~




Dy

HKIUS U CIIOCOOBI 3a1aHusl QyHKIIUU

5.

6.

7.

[pumep.  {(=5;0), (0;-5), (5;0), (0; 5)} | 0=

B

8.
9.
110

11
12.

113.

Kakyro 13 yka3zaHHBIX 3aBUCHMOCTEH MOKHO Ha3BaTh (DyHKIIUEH?

a) 3aBUCUMOCTh MEX/1y 3apaboTHO tuiaToil Pamu3a 3a Hexemnro u npuobI-
JBEO OT MIPOJIAXKH, €CITH OH IMOJyYaeT MOCTOSHHYIO 3apIuiaTy B pa3Mepe
50 MaHaT 3a HeJIeIIO U JIOTMOIHUTENBHO 2% OT MPOAaKH.

0) 3aBUCUMOCTb MEK/y BPEMEHEM U PACCTOSHUEM, POHIEHHBIM AcMep
CO CKOPOCTBIO 5 KM/4.

B) 3aBHCUMOCTb MEKIy OYKaMH, HAOpAaHHBIMH B KOMITBIOTEPHOM UTPE U
BO3pacToM peOEHKaA.

Brruucnure 3nauenue y npu x = 0 u x = =3 . Onpenenure Kakasi 3aBUCH-
MOCTb SIBIAETCS (PyHKIHEH.

a) y=5-2x 0) y=x>-3 B) y?+x2=25
[IpencraBbTe KaXKIyI0 U3 3aBUCUMOCTEH B BUJIE CXeMBI 110 00pa3iyy. Kakas
3aBUCHMOCTb He sIBIIsieTcs] (PyHKIMen? _5\ h

5 5

2) (55 0), (0;-5), (5:0), (0: 5)}  6){(=2;-2), (~1;-2), (0; 0, (15 2), (2:2)}

) {(=5;4),(3;6),(1;0),(=3;2)} 1){(1:3),(0;0),(-4;-2),(2;3),(1;-1)}
Hana dynkmus fix) = 1 — 2x. Haiigure f(-2), f0), f0,5), la + 1)

Jnst pyukiwm g(x) = 4x° — x Berumcaute cymmy g(2) + g(-2).

x+1
. IIpu kakux 3HaUEHUSX apTyMEHTa 3HaYeHNUE QYHKIHNHA f(X) = 3, PaBHO:
a) 1; 0) 0; B)—2 ?
Jlnst pymkiwm f{x) = x* — 2x + g maiinure f{—1), ecmu f0) = 3.

OyHKIMA 3a/1aHa AHATTUTHYECKH U Tpadudecku. [ KakIoro oTaesnsb-
Horo ciyyas Hagute f(0), f(1,5), f(—1).

a) fixy=5x-2 0) flx)=-x*+x B) filx)=-2x3+1
) AY ) A
R V4 K e) A
/ ‘ N T 1 /
ERLZERE EREAEE 2 /0 “ I
/kq 72 / n
Ve l \

[ocTtpoiite rpadux GyHkru Ha 3aaHHOM 00nacTu onpenenenus. Ha rpa-
(rKe OKaKUTE 00IaCTh OTPEACIICHIS H MHOYKECTBO 3HAYCHNUN (DYHKITHH.

a) f(x)=— —x+2 —6<x<2 6) f(x) =5 x~1, (-o0; 3]
B)f(x)——x—2, x>-3 r) f(x) = 2X+1, (-3;2]
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DYyHKIHUA U C1IOCO0BI 3a1aHusl PyHKIUMN

14,

115.
16.
17.

118.

119.

120.

22,

I'padux Gynkuuum y = 2x + b npoxoaut uepes Touky A(1; —1). Haligure b
1 TocTpoiite rpaduk QyHKITHH.

[Mpu kakom 3HaueHuu ¢ rpaduk GyHKuuu f(x) = x* +x + ¢ IPOXOAUT
yepe3 Touky A(-1;2) ?

Touka N(—1; 1) pacnonoxkena Ha rpaduke GyHKIHU fx) = x° + mx.
Haitnure f(2).

[Moctpoiite rpaduku 3a1aHHBIX (QYHKIUH U MOKAXUTE TOYKH TIEPECEUCHUS

C OCSIMU KOOPIIMHAT. a) y :%x -1 0)y= —%x -1

Ha pucynke npencrasnens! rpadguku GyHKIui y = 2x, y =2 + x, y Z%,
vy =x2. [lns1 kax o1 pyHKIUH YKAKHUTE ee rpaduK.

y yV y Y
0 = 0 >
@) X [e) X

3anaiiTe TabnuIly 3HAYCHUH yKa3aHHBIX (DYHKIIMA ¢ 11aroM paBHbIM “17 u
noctpoire rpaduk. YKaXuTe MHOKECTBO 3HAYCHUN (DYHKITHIA.

a)y="70,15x<6 6)y=x"—2x,4<x<4
ITo rpaduky nuHEHHOH QyHK- |21. Tlo rpaduky ¢ynxkuun fx) Haitaure:
LMY 3ajaiTe GopMyIiy 3aBHCH- a) f(=3), (=1), 10), A1)
MocTH BUAa fix) =kx + b u 0) 3Ha4YEHUS X, Y/IOBIETBOPSIOIINE pa-
Haiigure f(-2), f(6). BeHCTBY flx)=1; fix)=3
y
4
2
20 2 4 x

3anaiite popmyIoit (yHKIIMIO, COOTBETCTBYIOIIYIO CIEAYIONIEH CUTYaIUH.
Haiinure obnacte onpenenenus: GyHKINU, B COOTBETCTBHH C TAaHHOH CH-
Tyauuel, u noctpoiite rpaduk. [lo rpaduxy Haligure 00nacTh 3HAYCHUN
(byHKIHH.

1) dunapa B reduenuu 40 MUHYT coBepiuana npoOexky, npoderas 1 km 3a
KaxJpie 10 MUHYT.

2) Ileyarp onHoi dororpaduu crout 25 ranuk. CToumMocTs neyatu n ¢o-
Torpaduii.

3) Cseua, BbicoTOl 20 cM ropesna 6 4yacoB, yMEHbIIAsICh KaXK/ble 2 yaca Ha
ScM.

4) KonuuecTBO MOAKOB AJIs 7 JIOLIA/ICH.

5) Lena omoro nutpa 6ensuna 90 rsmuk. O0béM 6aka aBromoOmsst 40 TUTPOB.
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OobJsacTh onpeiesIeHNs]  MHOKECTBO 3HAYCHNH HEKOTOPBIX (PyHKIMI

Ecmu st dyHknmm, 3ajaHHOM aHATUTHYECKHU, 00JIaCTh OTIPEIEIeHUs He YKa3aHa,
TO IO/ O0JIACTHIO ompeseeHus QYHKIIUU TOAPa3yMEBalOTCs TaKue 3HAYCHHS
apryMeHTa, IpH KOTOPBIX (hOpMyJia, TP MOMOINKA KOTOPOU 3ajaHa (PyHKIIHS,
HMMEEeT CMBICH (TaKue 3HaYEeHUsI X Ha3bIBAIOTCS €CTCCTBEHHOM 001acThIO onpee-
neHus: QyHKuun). B 3TOM ciydae HEOOXOAMMO BBIICHUTH, KAKUE 3HAUCHUS HE
MOJKET MPUHUMATh apTyMEHT.

Haiiném obmacts orpeneneHns HeKOTOPbIX (DYHKIIHIA, 3a]JaHHBIX B anredpanye-
CKoH opme.

1. Ecnmu gyHKIIHS OT HE3aBUCHMOM TIEpeMEHHON 3aJaHa B BHIe MHOTOYJIeHA, TO
00J1aCTh OIMPEICIICHUS TAKON (PYHKIIMH MHOKECTBO BCEX JICMCTBUTENBHBIX Ynces. Ha-
puMep, 001acTh onpeaeacHus QYHKIMU f(x) = x3 — 2x2 + 4x — 1 ABISCTCS: (—o0; +00).
2. B panuoHa/ibHOI (PyHKIMHN 3HAYCHUE BHIPAXKEHHUS, CTOSAILIEIO B 3HAMEHATEINE

HE Mo>1<<23T palBH;ITLCﬁ Hymo. Hanpumep, Ui palimoHanbHON QYHKIMH
X —
g(x) = 2 4 SHAYCHHS apryMEHTa, KOTOPBIE yOBIETBOPSAIOT yCIOBHIO x2—4=0,

HE BXOJAT B 00JIacTh onpeneneHus: GyHKIMNA. DTO 3HAUCHHSI x = —2 U x = 2, T.C.
(hbyHKIHS g(x) OmpeieNieHa Ha MHOXKECTBE (—oo; —2) U (=2; 2) U (2; +o0)

3. [lonkopeHHOe BhIpakeHUE (PYHKIHH, COMepKallell KBaAPATHBIN KOPeHb HE
MOXET IPUHUMATh OTPUIIATEIIbHBIX 3HaUeHMIA. VcciemyeM 3To Ha IByX MPUMEpax:
1. O6nacts onpenenenus GpyHkuun y=\2x—06 Bce 3HaUCHUS X YAOBICTBOPSIIO-
e ycnoBuio 2x — 6 > 0, x > 3, T.e.mpoMexyToK [3; +oo). C Ipyroit CTOPOHBL, €ClIu
2x—6>0,10\2x—6>0, T.e. y>0. A 5TO 3HAYNT, 4TO OOIACTH 3HAUCHHIT PyHKIIAN
¥ ="N2x — 6 npomexyTok [0; +o0).

2) Haiiiém 061acTh onpeieNieHust i MHOXKECTBO 3HAYCHUN QyHKIMN y = V4 — x2,
ITo ompeneneHuio KBaapaTHOTro KopHs 4 — x? > (. PemmenreM qaHHOTO HEpPaBeH-
CTBa SIBISICTCS OTPE30K [—2; 2]. 3HAUUT (QyHKIMsI ONpPEJCICHa Ha OTPE3Ke
[-2; 2]. das mroboro x u3 obmactu ompenencaus 0 < 4 — x? < 4. Orcrona
0<V4—-x2<V4, 1.e. 0<y<2. JIpyruMu CIOBAMH, MHOKECTBOM 3HAYCHHII sIB-
nsieTcst oTpesok [0; 2].

AV
I~ h

4. Haxoxkgenue 001acTH onpeejieHUsI M MHOKe-
CTBa 3HAYeHUIl PYyHKIMU 110 rPpaduky.

Ha pucynke npescrasiieH rpaduk muHEHHONW PyHK-
WK y = —» X+ 2 Ha ONpeneEHHOM MTPOMEKYTKE.
ITo rpaduky, 3anuimeM 001acTh ONpPEACICHUS H
MHO>KECTBO 3HaUeHUN (QyHKIMU B BUJE HepaBeH-| -6 | 4 | 1o |0 b
crBa. Onpenennm, TPUHAIICKAT JIU a0CIUCCHI pa-| 001aCTh jonpeadnerig
HUYHBIX TOYEK 00JacTH ONpelesieHus, a OpPAMHATBl MHOXKECTBY 3HAUYCHUU B
COOTBETCTBUH C BUJOM I'PaHUYHOM TOUKHU (3aKpaIICHHBIH KPYKOUCK MM HET).
Tak Kak Kpy>KO4eK rpaHUYHOM TOukH (2; 1) He 3aKpalieH, TO 3T0 TOBOPUT O TOM,
YTO X = 2 He MPUHAISKUT 00JIaCTH OIpeNeNieHHs 1 y = | He MPUHAJIeKHUT 00IacTH
3HayeHni. O0xacTb onpeneneHus: —6 < x <2, a MHOXECTBO 3HaueHui: 1 <y <5

5

HOXKXECTB() 3HAUCHHNH1

-

><"M
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OobJsacTh onpeiesieHNs] U MHOKECTBO 3HAYECHNH HEKOTOPBIX (PyHKIMI

Oolyuaromme 3a1aHust

1.

Haiigure (ecmu 3T0 Bo3moxkHO) f(—2), f(—1), f(0), f(1), f(2).
O0ocHY#Te OTBET, €CJIM COOTBETCTBYIOIICE 3HAYCHUE HAUTH HEBO3MOXKHO.

a) f(x)=4-2x 6) flx)=4—-x-2 B) flx)= ﬁl%
r) flr)y=(x-2)(x+3) N f(x):;c;_? e) fx) 2%21—

Hatigure 001acTh Onpe/IesieHUs] 1 MHOYKECTBO 3HAYCHUHN KaXKJI0W (DYHKIIHU.
1 B _
a) flx)y=x 0) =kl B =5 1 ) =¥ 1 fAx) =\x

Haiigure oGacth onpeneneHus: QyHKIH.

a) y:3x+2 6) y=4x_x2 B) y:,"3_x

r) Y X2 I[)yzx_\ix_z_ e) y= 2_x_2
_ \x + 4

x) y=N1-x 3)y=—3—\)/6x_1 Wy=y—g

Haiigure o0acTh onpeeneHuss © MHOXKECTBO 3HAUEHUH (PyHKITHH.
a) f)=2x-3 0 gn)=3+1P+6 ) hx)=2-x
D e@W=\C+9 1) U@ =9 -’ &) v(x) = VA (x— 1)’

Haiimure o0macth onpenencHus QyHKITHH.

\2x — x2 — X2 2
a) ) =—x_-1 6) flx)= Vz,’f_—f B) f(x) =\/2;“ﬁ
I'padux pynxmmm y = \x? — mx + 8 IPOXOIHT Yepes3 Touky M(2; 2). Haiigure
HaMMEHbIIIee 3HAYEHUE U MHOXKECTBO 3HAUCHHUU (DYHKITHH.
3anaiite popmynoit GpyHKIMU, H300pakEHHBIE Ha pucyHke. Ha rpaduke yka-
XKHUTE 00JIACTh OTIPEJIeNICHHS] I MHOXKECTBO 3HAYCHHUH (YHKIIMH U 3aITUIIITE UX
B BUJIE JIBOMTHOTO HEPABEHCTRA.

Aﬂy | c h Ay
4 5“\‘ /
I A N 11/
G TN
)4 R oL N\ 2
-4 _/2/ 0 76 1L -
) > -2 0 2 | x
0 2345 6t

Bonpoc orkpbiToro Tuna. 3anumuTe GyHKIHIO, 001aCThIO OMPEICTICHHUS KO-
TOPOH SBJISETCS MHOKECTBO:

a) BCEX JICHCTBUTEIbHBIX YUCEIT;

0) Bcex JICHCTBUTEIBHBIX YUCEI, KpoMe 2;

B) BCEX JCHCTBUTEIBHBIX YHCE HE MEHBIIIE 4;

I') BCeX JIEeHCTBUTENBHBIX YnCe He Ooubiie 3.
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CaoiictBa pyHKIMHT

CaMbIM yT0OHBIM CIIOCOOOM HM3yuU€HHsI CBOMCTB (DYHKIMHU SBIISIETCS rpaduye-

CKHI1 c1oco0.
Hynn ¢pyuxuun. Onpenenus 1o rpaguky aOCIMCChl TOYEK MOXKHO YCTaHO-

BUTH 00J1acTh orpenenenus QyHkun. B Toukax nepeceueHus rpaduka QyHk-
uH ¢ ockbro aberuce f{x)=0. [ToaTroMy abcMCChI 3TUX TOUEK HA3BIBAIOTCS

HyaamMu ¢pyukuuu. Hynsmu GyHKIMHM Ha3bIBAIOTCS 3HAYEHUS apryMEeHTa, KO-
TOpBIE MPEBPAIIAIOT (PYHKIHIO B HYIIb.

0: 0)
- ® X >
| x |50) (x2; 0)

Hynett ner Tpu vynsa X1, X2, X3, JBa Hynsa xi, X2
Hynsamu GyHkmm f{x) ABISAIOTCA KOPHU YpaBHEHUS YAy gy
f(x)=0. Hynu dpyHKUMYN pa30HBaIOT 00JacTh Onpeaese-

/\

HHSL Ha HECKOJIBKO IIPOMEXYTKOB, B K)KJJOM U3 KOTOPBIX
(byHKUUs, COXpaHIET CBOH 3HAK, IPUHUMAS TTOJIOXKHU- / \
TeJbHBIC WM OTpHLaTeNbHbIe 3HaYeHns. Ha rpaduxe, | ix
n300paXEHHOM Ha PUCYHKE CXeMaTH4YHO, IIPEACTaB- oI =o"T<T

JICHBI IPOMEXKYTKH 3HAKOIIOCTOSHCTBA (DYHKITHH.

Bo3pacranue u yobiBanue pynkuuu. Eciiu 1 mo0bIX 3HaYEHUHA X1, X2 HA 00Ja-
CTH omnpeneneHust GyHKIHH U3 X2 > X1 CIERyeT , uTo f{x2) > flx1) , T.e. Oombiemy
3HAYCHHIO apryMEHTa COOTBETCTBYET OOJIbIlIee 3HAYCHUE (DYHKIMH, TO STOT MPO-
MEXYTOK HA3bIBACTCS HpOMedCYmKom go3pacmanus f(x), ecmu xe f{x2) < fixi),
T.. OONbIIIEMY 3HAYEHHIO APTYMEHTa COOTBETCTBYET MEHBIIICE 3HAYCHUE (DYHKIINH,
TO IPOMEKYTOK HA3bIBACTCS BpOMedcymKom yovieanusn f(x). Bospacranue QyHK-
IIMM Ha TIPOMEXKYTKe OyJieM IOKa3bIBaTh CTpCJ‘IKOfI?, a yObIBaHUE CTPEITKOI \ .

y“s()31)a<-,717;(_)&;a;1 Yk | youearoua

f Ce)=====r=> ’ S )
+'§> ! _\L

S (x) ¢ /(x2)
/ )Im xlz x:

’\? /'\?
& I
x2>x1 flx2) > flxr) x2>x1 ) <flx)

Ecnu gynkuus f(x) Bo3pacTtaer (yObIBaeT) Ha KAKOM TO IPOMEKYTKE, TO (PyHK-
s —f(x) Ha ITOM K€ MPOMEKYTKe yObIBaeT (BO3pacTaeT).

Hanpumep, dyukims f{x) = x> Bo3pactaeT Ha mpoMexyTke [0;+00), a QyHKIusI
g(x) = —x? Ha 3TOM e MMPOMEIKYTKE YOBIBACT.

Ecnu 3HakonocrosiHHas GyHKIMA f{X) Bo3pacTaeT (yObIBaeT) Ha KaKOM - TO MPO-
MEXYyTKe, TO QyHKINS ——. yObIBaeT (BO3pACTAET) HA ITOM XKe IPOMEXKYTKE.

Sx)
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CBoiicTBa GyHKIMI

Hampumep, ¢yukuums flx) = x> + 4 Bo3pacraet Ha npomexyTke [0; +o0), a
glx)= gy yOBIBaeT Ha 3TOM XKE MPOMEKYTKE.
X
[To 3HaKy yrmoBoro kodhduimeHTa MOXKHO OMPEIEIIUTh BO3PACTACT W YOBI-
BaeT JIMHEIHAs PyHKIUSI.
Ecnu y2noeoit koagppuyuenm nonoxncumenen, Ecnu yznoeoit koagppuyuenm ompuya-

mo yynkyua eo3pacmaem. menen, mo Qyukyus yovieaem.
Qynryus VA yHKyus Y
y=2x+1 3 y=-2x+3 3
803pacmaiowast yovlealowast
)7' 1
513 [ ] O P S | N3 %
/

TTokakeM aHAINTHYECKH, 4To QyHKIMs f{x) = kx + b mipu k > 0 Ha Bceil un-
CJIOBOM OCH Bo3pacTaroniasi, a mpu k < 0 - yObIBatomas.
Bo3pMéM 13 poMekyTKa (—o0; +00) apryMEHTHI, YIOBICTBOPSIOIIUE YCIIO-
BUIO X2 > X1 M HAUAEM pasHOCTh flx2) — flx1):

Sx2) — fix1) = (kxa + b) — (kx1 + b) =k - (x2 — x1).
[To ycnoButo, npu x2 > x1 pa3HOCTb f(x2) — f(X1) UMeeT OIMHAKOBBIN 3HAK CO
3HaKoM k, Takum obpazom npu k> 0 f(x2) > f(x1), T.e. pyHKIMA BO3pacTato-
mas, npu k<0 flx2) <f(x1), T.e. GyHKIUS yObIBaroIasl.
OyHKIMH, BO3paCTarOIINe WK yOBIBAIOIINE HA JAHHOM MPOMEXYTKE, Ha3bl-
BAIOTCSl MOHOTOHHBIMH Ha 9TOM ITPOMEXKYTKe. TOUKH, B KOTOPBIX TPOUCXOIUT
nepexo] OT yObIBaHHS K BO3PACTAHUIO WIIM OT BO3pACTaHMs K yOBIBAHHIO, 5B~
JSIFOTCSL TOYKAMHU MakcHUMyMa WM MUHHMYMa. JI1000it nHTEpBa, coaepxa-

NI TOYKY Xo HA3bIBACTCSI OKPECTHOCTHIO TOUKH.
Ecmu st mro0bIX TOUEK X (X # Xo) B HEKOTOPOH OKPECTHOCTH TOYKH Xo BBITION-

HsAeTCA ycloBKeE f{x) > f(Xo), TO TOUKA Xo HA3BIBAETCSA TOYKOH MUHUMYMA (QyHK-
1M, a f(xo) Ha3bIBaeTCS MUHUMAJIbHBIM 3HAYeHHEM (PYHKIINH.

Ecnu amst 1:00BIX TOUEK X (X # X0) B HEKOTOPOH OKPECTHOCTH TOUKH Xo BBITION-
HseTcst ycnoBue f(x) < f(xo), TO TOYKa Xo Ha3bIBA€TCA TOYKOH MaKCHMyMa

byHKIUY, a f{X0) MAKCHMAJIbHBIM 3HAYeHHeM (PYHKIHH.
Touku MakcCUMyMa U MUHUMYMa 0003HAYat0TCS KaK Xmax, Xmin 1 HA3bIBAIOTCS TOU-

KaMH 3KCTPeMyMa, a 3HauYeHHs (PyHKIIMU B 3THX TOYKAX HKCTpEeMyMaMu (yHK-
LUU.

OyHKIHA B TOYKE X = ¢ IMEET MUHUMYM, B TOUKE B3 Aooracmy snavenul
X = d UMeeT MaKCUMyM M 3TO 3alHChIBACTCS TaK:

Xmin= C, fmin=AC), Xmax = d, fmax = fd).

Cpenu Bcex 3HaueHHM (QyHKIMU Ha 001acTH oOnpe- c /

JeneHus HanOonbinee odbo3Havaercss HB3, a Hau- A)

menbiiee HM3 (ecnu onn ects). Ecin pynkumst /l:/lyM

HENpepbhlBHA Ha 3a/JlaHHOM OTpe3ke (Trpadux
CIUIOIIHAS JIMHUA), TO OHA IIPUHUMAET Bce 3HaueHus mexay Hb3 u HM3.
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CBolicTBa QyHKIIMH

ITpumep. [Tepeunciure Bce CBOWCTBA PYHKIIUU Ha rpaduke.

'\f\l

=

Pemenne: 1. ObacTb onpeaeneHust GyHKIUH IPO- 4]

T
——
B
|
p.

A2
Y_,

(0:13)

MexyTok [—1; 5). Ecmu x = —1, to f{(—1) = 1 (cooTBet-

~
—
N
S
1
1

2)

2114
T

CTByIOIIasi TO4YKa 3akpaimieHa). Touka (5; 2) He

MIPUHAAISKUT rpaduKy (OHA BHIKOJIOTA). RTIT
MHo:xecTBO 3HAYCHHI PYHKIUH TPOMEXYTOK [—3;3] 5§ 210

6
/
B
2. Hyau ¢pynknun. [paduk nepecekaet ochb X B TOYKaX
%

CorachH

c abcruccamu: x = 1 nx =4. To ecTh, 3HaUeHUA x = 1 1 S L 0. -3 |

x = 4 sistrorest Hysimu pyskumu: f{1) =0, f{4) = 0. Obnachis onpedenerif

Hymu ¢ynkuun pa3duator obnacts onpezaeneHns GyHKIUN HA TPU MPOMEKYTKA
3HakomnocrostHcTBa: [—1; 1), (1;4) u (4; 5).

Ha nmpomexytke (1; 4) GyHKIMS TpUHUMAET OTPULIATEIILHBIC 3HAYCHUS, B K&KIIOM
U3 poMexxyTKoB [—1; 1) u (4; 5) monoxxuTenbHbIE 3HAYSHHS.

3. Bo3pacranue u yobiBanue ¢pynkuuu. [To rpaduky BUIHO, YTO MIPH YBETUYCHUN
3HaueHui x oT —1 1o 0, 3HaueHus y yBenuuusaercs oT 1 10 3, a npu yBeJIU4YEeHUN
3HayeHu# x oT 0 10 2, 3HaYeHUs Y yMEHbIIAOTCS OT 3 A0 —3, IPU YBEJIIUYEHUH X
oT 2 10 5, y yBenuuuBaercs oT —3 10 2. yHKIUSA Ha KaKIOM U3 IPOMEXKYTKOB
[-1; 0] u [2; 5) Bo3pacTaeT, a Ha mpoMmexyTke [0; 2] yObIBaeT.

4. IkcTpeMyMbl GYHKIMH - MAKCUMYMBbI 1 MUHUMYMBI. Touku (0; 3) u (2; -3)
Ha rpaduKe ABISIOTCS TOYKaMU SKCTpeMyMa. COOTBETCTBEHHO ATH TOYKH MTOKA3bI-
BalOT MAKCUMYM U MUHUMYM (QYHKIUN: Xmax = 0, fmax = 3, Xmin = 2, fmin = —3.

Oobyuaromue 3a1aHuA

|L Hatigure nynu GyHKImm.

a)y=%x—4 0) ¥y =2x(x—3) B) y=x—2 r)y=Vx-—2
2. Tlocrpoiite rpadguk HEKOTOPOI GYHKIMK ¢ HY/ISIMH B TOUKAX:
a)-1;3 0)-2;1;4

3. a) M30bpasute rpaduk Bo3pacTaromell pyHKIMK ¢ 0OIACTHIO Onpe-
nenenus [1; 4].
0) M3o0pasute rpaduk yobIBaromiei GyHKIMHA ¢ 00JIACTHIO ONpee-
aenus [1; 4]

4. Mnsa GbyHKIMY 3a1aHHOM rpadoM 3aBUCUMOCTH 3anuiuTe: 1) o6aacTsb ompe-
JIeNICHHsI 1 MHOYKECTBO 3HAYCHUH; 2) MHEHHE O BO3PACTAaHUU M YOBIBAaHUH.

-1 3 0 5 16 4 72\;4
a) 0 36)2 23)9 3 r)12/>
2 1 1 ——
- 1 4 1 4 f s
1 7 3 2 1 0o—7
X Y X Y X Y X Y



CaoiicTBa pyHKIMHU

5.

11

12,

Jlnst GyHKIMH 33JaHHOH IPaUKOM YKaKUTE:

a) 00JacTh OTpeIeIICHUS; 0) Hynw;

B) MMPOMEXKYTKH, T/ie (QYHKIUS IPHHUMAET MOJIOKUTEIbHbIC 3HAYCHUS;
T') IPOMEXYTKH, I7ie QYHKINSA TPUHUMACT OTPHUIIATEIbHbIC 3HAYCHUS;
1) IPOMEXYTKHU BO3pACTaHUs U YOBIBAHHS; €) SKCTPEMYMBI;

’K) MHOYKECTBO 3HAYCHH.
AY AY

D N 2)

\‘ i

1.
3 iz '}g
=24

=3

MOJI0XKUTE 3HAUCHUS B MOPSIKE BO3PACTAHUS: _

a) 0), -4, A2); 6) A1), f=1), f13); B) A—\3), -2). A\2)

B tabnume npeacrasien 006EM ipogak upmamu A u B o Hememsm.

a) OmpenenuTe YBETUINBACTCS WIIN YMEHBIIACTCS 00BEM TTPOIaXu KakIou
(bupmer; 0) Jlmst kax ol GUpMBI TT0 TaOIHIIE TOCTPOTE TpaduK.

®dupma A (B Jiec. ThIC. MaHar) @upma B (B mec. Thic. MaHar)

Henens 1 2 3 14 Henens 1 2 3 14
OG6wém mponay 5| 7,1 8,712 OGbém npostay 5,6 | 4,2| 3,8 | 3
[TocTpoiite rpaduk QyHKIINN, TOKKUTE TPOMEKYTKH Bo3pacTanus (yObI-
Banwusi) u HaviauTe HB3 u HM3:
a)f(x)=%x—3, 2<x<4 6)fx)=3-x, -l<x<4
Haiinure Hynu GyHKIUN U cXeMaTHYHO U300pa3ute e€ rpaduk. 3anumunTe

NPOMEKYTKH 3HAKOIIOCTOSIHCTBA, BO3pacTaHusI(YOBIBAHKSA) M SKCTPEMYMBI
byukmuu: a)y=x*—-4  0)y=|y -1 B) y = —x*+2x+3

. Hanmmmmre gopmyny ¢ynxuun fx) = kx + b, rpaduk KOTOPOH MPOXOAUT

yepe3 Touku A(1; —1) u B(2; 1). Pacnonoxure 3nauenus f(—3), f(—4), A2)
B TIopsiZike Bo3zpacTanus. Onpenenure, Mpu KaKMX 3HAUCHUSX apryMEHTa
Jix) = A1).
Haiinute HanmeHsbIee 1 HaubOombIee 3Ha4eHue (PyHKIMU (€CIH OHO CY-
IIECTBYET). 2
a) flx) =2+ \x—4 6) flx)=2—|x—1| B = 57
[ocTpoiite rpaduk 3anaHHOM QyHKIMHU HA 3a1aHHOM IIpomesxyTke. [1o-
Ka)XuTe SKCTpeMyMbl. Haiiinre HanMeHbIiee 1 HanuOobIlee 3HaYCHHE.
a)y=2x-x%[-1;2] 0) y=x*+4x, [-2; 1]
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Yéruas 1 HeuéTHAsA PyHKIUA

PaCCMOTpI/IM (byHKL[I’HO, 001acThb OIIPpCACIICHUA KOTOpOﬁ CUMMCTpPHUYIHA
OTHOCHTEIILHO TOYKH X = 0.

Ecnmu mnga nmroboro x u3 obnactu Ecnu mist mro0Ooro x u3 obmactu o1Ipe-
onpenenenns GyHkimn fl—x) = fx), Aenenus pynkumnu f—x) = — f(x), T0
TO f(_x) Ha3bIBaeTCad YETHOM (bYHK' f(x) HazpiBaeTCs HEUETHON (DYyHKITHCH.

UEH. Al
Ay -4 (x:0)
- '
\ s / 4 | . X9 4%
=50 () '
1 1 7 A
2] 0 Y S
1 1 /
4 | 2 0] [x3 g I'paghux neuémmnoii ynkyuu cummempu-

YeH OMHOCUMETbHO HAYALA KOOPOUHAM.
Ecnu neuémnas gpynryus f(x) onpedenena
6 mouxe x = 0, mo f(0) = 0.

I'pagpux uémmnoii ynxyuu cummen-
puyen OmHOCUMENbHO OCU OPOUHAM.

Bogce He Bce QpyHKIMM ObIBAIOT YETHBIMU WM HEe4€THBIMU. Eciamn o6macTh
omnpeneneHust QyHKIIMM HE CUMMETPUYHA OTHOCUTENIBHOIO TOYKU X = 0, TO
¢yHKIMA HU 4€THAsE U HU HEYETHAs. AHAJIOTUYHO, €CIM i (YHKIUH,
005IacTh orpeeNneH st KOTOPOH CHUMMETpUYHA OTHOCUTENbHOIO 0, Hapymia-
€TCsl BBITIOJTHEHHE yCcInoBHi f(—x) = flx) u f(—x) = —f(x), To PyHKIIUA TaKkKe SB-
JIAETCA HU YETHOW U HU HEYETHOM.
Ilpumep 1. BosicHuM 4€THOM niti HEUETHOM sBIsIeTCs QyHKIMs flx) = x> + x
Pemenue: O0nacTpio ONpeaeneHus JaHHON (DYHKIIUH SBIISIOTCS MHOXKECTBO BCEX
NEHCTBUTEIBHBIX YUCEN U OHO CHMMETPHUYHO OTHOCUTEIHHO TOUKH X = ().
Onmnako, Tak Kak f{—x) = (—x)* + (—x) = x* —x, 10 f{—x) = fix) u fl—x) = —Ax).
3HauuT, QyHKUUSA HU 9ETHASI U HU HEUETHas. X3 —x
Ipumep 2. BolssicHuM uéTHOM Uan HeuéTHOI aBsercs Gynkius f(X) = 2+2
Pemenne: obnactb onpesienenus (byHKuHI/I MHOKECTBO BCEX JIEUCTBUTEIbHBIX
(=x)} = (—x) X3 +x —(x3-x) _ (¥*-x)
qmennﬂ_x)_(—x)erz = w12 T etz - w+2 W
T.e. fl—x) = —f(x). Takum oOpa3om nanHass QyHKIMSI HEUETHAS.
IIpumep 3. ITo rpaduky BbISICHUM YETHOM WM HEYETHOM ABISETCS (QYHKITHS.
a)f(x)=x2—4 6)f(x)=x2—4x+3
I'paduk dynkuuu He
CUMMETPUYCH HHU OT-
HOCUTEJIBHO Hayala
KOOpAWHAT, HU OTHO-
CUTEIIBHO  OCH ).
OyHKIMs HA YETHAS U 5 5
HU HEYETHAS.

I'padux dyHkmum
CUMMETPUYEH OT-
HOCHUTEJIBHO OCH ).
OyHKIUA YETHAS.
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Yéruas 1 HeuéTHAA PyHKIUA

Oo0yuarommue 3a1aHus

|L BrrsicauTe 4€THON WM HEUETHOU ABISICTCS (DYyHKITUS:

2
x3—3x

2) ) = 56+ x  6) flx) = B) flx) = ﬁ% 1) flx) = 5+ X+ 4

& BrsicuuTe uy€THOM MM HEYETHOM sABIsIETCs (PYHKIMS, 3ajaHHas TpaduKoM.

3.

a) Ay 0) y B)

2% Y B
-2
5,
i

-10 -5 ol 5 10

BrrsicauTe 4€THON WM HEYETHOU ABISICTCS (PyHKITUS:

f)==x+6 | flx)=—x+x fx) =] + 4 fx) =
__l«

fx)=x>+1 fx)=-3x*-5 fx) =[x+ fixy = xz)_i 1

fix) = —x° f)=0 fo)==x(+3) | g x|3x_| 1

OyHkus f{x) onpeeneHa Ha BCEH YUCIOBOH OCH.

a) Haiinute f(4), ecau ¢pynkuus flx) uétHas u f(—4) =7

0) naitnure f(4), ecmu pyukuus f{x) HeuétHas u f(—4) =7

B) Haiaute f(3) + f(—5), ecnu dpynkuus f(x) u€thas u f(—3) = 8, AS5) =2

r) Haraute f(2) + f(0) + f(—4), eciiu dyHKIMs f{x) Heu€THAS U

f=2)=3,f4)=-7

Ha pucynke 3anana onna yactb rpaduka GyHKIMH y

f(x) ¢ obnacteio onpenenenus [—2; 2]. JlomomHuTte

rpaduk, eciau pyHKUIUS SBISIETCA:

a) 4€THOI; 0) HeUETHOM. — / :

Moxet i GYHKIHS C HIKECIeayel 001acTho =2 ]

onpesieneHus ObITh YETHON MM HEYETHOM? E
a) [-6;6];  0)(-6;6); B) (-6;6];
r) [9;10); 1) (-o0;5 1) U (15 +o0)

Oynkuus f{x) onpeneneHa Ha BCE YUCIOBON OCH, SBIISIETCS YETHOHM yHKIMEH

1 BO3pacTaeT Ha MpoMexyTke [0; +oo).

1) cpasnnre: a) 2) n f3); 6) AS) uAT); B)A-2) uA-3); OA-5)ufA-7),

2) Oynet 1 QyHKUUS f{x) BO3pacTaroLel Win yObIBaIOLIEH Ha TPOMEKYTKE

(—o0; 0]?

N300pazute cxematnyHo rpaduk 4€THON (PyHKIMH, 00IACTHIO ONpeIeNICHNs

KOTOPO# ABIAETCS OTPEe30K [—6; 6], Bo3pacraroiiei Ha mpoMekyTke [—6; 0]

1 paBHOM HYIIO B Touke x = — 4. [Ipn kakux 3HaueHuAx x yHkus f{x) > 07

-

T
S
=y
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KycouHnoe 3a1anne gyHkuuu

YacTo, [uIsl OnMCcaHus PealbHbIX )KU3HEHHBIX CUTYyallui MCIIOIBb3YIOT HE OZHY, a
HECKOJIBKO ()OPMYJI MJIM HEPABEHCTB.
3aaua. OnNTOBBIN Mara3uH npu nokymnke He Mmenee 10 u He Gonee 20 CIOPTUBHBIX
pyOaitek, peaausyeT UxX 110 3 MaHara 3a IITYKY, P Mokynke 6osiee 20 pyOariek
- 110 2 MaHara 3a ITYKY. 3alHIINTE 3aBUCHMOCTb MEKAY ABYMs BETMIMHAMMU: BbI-
pyuxoit C ¥ KOJIMYECTBOM IIPOJIAaHHBIX pyOariex 7.
Pemenue: Umeem C(n) =3-n, npu 10<n <20 uC(n)=2-n,upu n>20uB
oO1eM Buje (PYyHKINIO MOKHO 3allHCaTh TakK:

3-n, 10<n<20

€= 20 u>20

Haiiném 3navenns pynkuun C(n) npu n =15, n =20, n =30, n = 40.
3naueHus n = 15 u n = 20 ynonerBopstoT ycnoButo 10 < n <20. Otu 3HaYeHUSA
BBIYUCIUM 110 (opmyie 3 - n:
C(15)=3-n=3-15=45,C(20)=3-n=3-20=60.
3naueHus n = 30 u n =40 cOOTBETCTBYIOT yCa0BHIO 1 > 20:
C(30)=2-30= 60, C(40) =2 - 40 = 80.
Ecnu ¢ynkuus 3agana pasimuHbIMu (popMysiaMH Ha pa3HBIX ydacTKax 00JIacTi
OIIPEeNICHNsI, TO TOBOPST O KyCOUYHOM 3aJaHue QYyHKIHH.

ITpumep 1. ITocTpoiite rpa(bync (byHKm/H/I.

o) = {— —x —, mpux <1 -

x—2, anx>1

['padux nanHOM (I)yHK]_[I/II/I COCTOMT U3 YacTH rpaduka
MpsIMON y =——X—=  CJIeBa OT TOYKU X = | 1 4acTH t
rpaduka npsiMou y = x — 2 crpasa ot x = 1. Tak kak
S(1) =—1, 1o rpadux “nomaercs” B Bepmmne (1; —1). T [ [T | |
OyHKUUS ABISETCS HEMPEPLIBHOH, ecin e€ Tpaduk |
MOXXHO M300pa3uTh “‘He OTpbIBas” KapaHala oT Oy- (1,1
Maru. QyHKIMs OpeACTaBlIeHHAs B JAHHOM IIPUMeEpe
HEIpepbIBHAS.

N
=Y

IIpumep 2. [locTpoiite rpaduk QyHKIIH

0, Tpu 0<x<l1 ¥ Hev 3aKpalleH-
HBIA  (BBIKOJIO-
o) = l,opu 1 <x<2  3akpamennnit o, | Y——rmuiif) xpywouex
2,0pu 2 <x <3  KpyXKOdek IOKa3bl- /1 MTOKA3BIBAET, YTO
3,mpu3<x<4 Bact qT0 f(2) =27 ey I fi4)#3
0 ﬁ X
I'padux nanHOW hyHKIIMM cTymeHUaThId. Ecnu rpaduk mmeer pa3phiB, TO GyHK-
LU SIBISIETCS] Pa3pPBIBHOM.

Jannast QyHKIUS, KaXKIOMY YHCITY CTABUT B COOTBETCTBHE €TI0 LIENYIO YacTh, U B
o0rieM BHJIE 3amuchiBaeTcs Kak f(x) = [x]. [paduk Ha pUCyHKE COOTBETCTBYET
(hyHKIMHU 1eJI0H yacTH yuciia Ha mpoMexyTke [0; 4).
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Kycounoe 3ajanne gyHkuuu

Oo0yuaromue 3a1aHUuA
|L Brruncnute 3HaueHust GyHKIUH pH 3a1aHHBIX 3HAYCHUSX apTyMEHTa.

) = {2x—3,x§4 a) x=15 06)x=4 B x=-2 1) x=12
3x+5, x>4

2. Jas dynkuun  fx) = {_2’( » ¥=0 pajinure:
|_ 4 Vx , x>0

a) fA=2) o) f-1)  B)AO) ) A1) ) f4)

|i ITocTpoiite rpaduk Gyukimu. [1o rpaduky uccnemyiiTe HEMPEPHIBHOCT (PYHK-

IHH.
C(x+1, 3<x<1 4, OEX<2 1-x, x<1
D)= 501, 12223 0 /W) =75, 25x<4 5 f(x):{x— 1, x>1
6, 4<x<6
|i 3anummmuTte GyHKINN, COOTBETCTBYIOIHE rparKaM.
a) 5“ Y1115 b) Ay L— C) q‘ y ///
3 €¥) 49 IR
. A , b
I (7]U) T , , , _ /
0 3 7 x ol h | N
|i 3ajanHas (yHKIHUS [TOKA3bIBAET 3aBUCH- 0,15x, 0<x<25
MOCTh CyMMBI M(x) (B MaHaTax) OT KOJIH- M(x)=)0,10x, 26 <x <100
yecTBa X (hoTorpaduii. 0,07x, 101 <x <500

1) Haiture cymmy, ymadennyio 3a 20 gororpadpuit. \0,05x, 501 <x

2) BepHo 1w, uto st mevaty 150 pororpaduii Hamo 3amiaruts MeHbie 10
MaHar?

3) Cxompko (oTorpaduii MoXKHO HaredaraTh Ha 40 MaHaT?

|i YcroBue OTuIaTh 33 CTOSTHKY aBTOMOOMIIS:
0,50 maHaT 3a KaxKable moJyaca.
Ecsin cymMma onuiatsl mpeBbIliaeT 2 MaHaTa,
TO aBTOMOOHMJIb MOKET HAXOAUTCSH Ha cTosiHKe emé 10 yacos.
a) 3ajaiiTe ycJIOBHA OIJIaThl B BUJEC (PyHKINH.
0) IocTpoiite rpaduk GyHKIHH.
B) 3anumuTe 00IacTh ONpeesieHHs 1 MHOXKECTBO 3HAUYCHHH.
VYkazanue: O003HaYbTE HICKOMYIO (QYHKIIHIO uepes f(f) ¥ 3alHIIATE CYMMY JJIs
KaXIIOTO MHTEpBaja B 3aBucuMocTu ot Bpemenu 0,50; 1; 1,5; 2.
|l 3apaboTHas mata padOTHUKOB (PUPMBI BBITIAYMBAETCS B 3aBUCUMOCTH OT KO-
JIMYECTBA YAaCOB B COOTBETCTBUH C ycioBueM: 10 40 4acoB B HEJEIN0 § MaHaT
3a KayK/blid uac, 0osee 40 yacoB B HeAeIO - B 1,5 paza Gobliie HOPMBI 3a Kax-
IbIA yac. 3anummTe B BUJIE KyCOUHO- 3aJaHHON (DYHKIMH, KaKylO 3apIuiaTy
nosy4arot pabotHukH pupmbl. Kakyio cymmy nomyuut paOoTHHK 3a 48 yacoB?
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Crenennas pyukuust y =x" (n € N)

OyHKIMS BUIA Y = X" (1 -HaTYpaJbHOE YUCII0) HA3bIBACTCS CTETICHHOM (PyHKIMEH
C HaTypaJbHBIM IoKa3areneM. Hike mpencraBieHsl rpaduKu CTENeHHBIX (yHK-
mainpun=1,n=2,n=3

['paduk GyHKImH y = X I'pagux pynkyuu'y = x> I'pagux pynxyuu y = x3
npsAMast JTUHUA napa60ﬂa. Kyﬁuqec[(@ﬂ ng]}gﬁ(),]g_

I'paduk pyHKIMHM y = X" 47151 THOOOTO YETHOTO 3HAYCHUS 1 CAUMMETPUYCH OTHO-
CHTEJILHO OCH ) U TIOXOX Ha mapadoiry y = x>, JIist TF00BIX HEYETHBIX 3HAYCHUH
n rpaduK GyHKIHMU y = X" CHAMMETPUYEH OTHOCHUTEIIFHO Hayalla KOOPAWHAT U JUIs
HEYETHBIX 3HAYCHUI /1 OoJbIe 1, TOX0K Ha KyOudeckyro mapabomy (y = x*).

D(x*)= (—o0; 400

E((ka)): [(0; o) ) YA y= _,;v: . D(x2:”)= (—o0; +o0)

Hymu: x=0 EQ)= (—o0; +o0)

(—o0; ON = x2 Hymu: x=0

05504 (s, o)

=0 . IKCMPEMYMOS Hem

Fn=0 (-1;1) L (-15-1)
0 X

[Mpun>1,ne Nrpadux GyHKIMH X" HA3BIBAETCS TAPAOOIIOH 71-TO MOPSIIKA.
ITo pucynky BumHO, yTO 1pu 1 > m Ha npoMmexyTke (0; 1) rpadpuk pyHkum x”
HaXOJHUTCS HIKE, Ha IPOMEexXyTKe (1; +o0) BbIme rpaduka GyHKIUU X"

OO0yuarommue 3a1aHus
&CpaBHI/ITe ¢ HyJIEéM 3HaueHust GyHKIMHU B Toukax x = 0; x =-3;x =5
a) flx) =x’ 0) flx) =x°

&Hpoxom/n 71 rpaduk 3aaHHON PYHKUIUHU Yepe3 3aJaHHYI0 TOUKY?

A= AC2160)  §)y=r.B(232) )y=+,CC: !

_ 5)
&HepecelcaeT T 33/1aHHas npsMas rpaduk 3aganHon GyHKIun?
a)y=x,y=2  06)y=x,y=-3; B)y=x,y=2 rn)y=x,y=-3
|4. TTanb dynximu f{x) = x° u g(x) = x*. CpasHure: B
)00 u gO0,1); )AL m gl »ADu g2 DAV H g(T).
|iB OJIHOM KOOPMHATHOM IIOCKOCTH MOCTPOTE rpaduku GyHKImi y = x* u
y = 16 u, mo rpaduky, pemure HepaBeHcTBa: x* < 16 m x*> 16.
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Kuaccnguxkanus gyHkumni

[lepemeHnHbIe BeMUYMHBI BechbMa pa3nuuHbl. OJJHAKO, HA IEPBBIN B3I pa3iiny-
HBIE TIPOIIECCHI, MOTYT HMETh OIMHAKOBYIO IPUPOY M 3aJlaHbl OIMHAKOBOH 3a-
BucuMmocteio. IlosTomy Hambonee wacTo BeTpeuaromuecs 3aBHCHUMOCTH
00beIMHEHBI B CEMENCTBA, B COOTBETCTBUU C OCHOBHOM (HaualbHOM) (DyHKIINEH.
OyHKIMH, MPUHAJICKANINE OJHOMY CEMEUCTBY, MOITYYaroTcsl mpeodpa3osa-
HUSMH OJTHOM W TOH K€ OCHOBHOW (DYHKIIWH.

Hanpumep, rpaduku ¢pyuknuii y = 2x*+ 1, y = (x — 1 )* +2, y= —3x? nony-
qaloTCs nMpeodpa3zoBaHusiMu napadossl y=x2. [loatomy 3Tu QyHKIMH, a TAKKE
Bce QyHKIMH 3a1aBacMbie Gopmyoit y = a( x —m )* +n, 00pasyroT ceMeicTBO
Y OCHOBHO# (DYHKI[MEH 3TOro ceMencTBa CUUTaeTCs y= X2,

B tabnuie Huxe npeactabBieHbl TpadUKd HEKOTOPHIX OCHOBHBIX (DYHKITHH.

ITocTrosiHHAs ToxnecTBeHHAs MonynbHast PanmonansHas
hyHKIHS byHKIHs ynKumst byHKIHS
o =c ) —x 1) fo=L

Ay Y y

_O—; [9) X 0] X jO X

D(f) = (—o0; +00)
D(f) = (o5 +0) DY) = (<05 0) | Ey=[0:400)  [POD=(5; 0) L (0; o)
E)={c}  |ED=(40) |y — o EN=(2 0L (05 5<0)
Hynu dysknmm x = 0 (=o0; 0] * [0; +0) Hyneit et
Bospacratomas MI/I}’II/IMy;/I ’ (—o0; 0) \, (0; -‘roo)*
(byHKIHIA 8 Touke(0; 0) DKCTPEMyMOB HET

OKCTPEeMyMOB HET

Keanparuynast GpyHKIMs Kybunueckast GyHKIUS PyHKLHUS KBAIPATHOTO KOPHS

Ay = fi) = A =%

y Y y
O x O x O «x

D(f)= (~=0; +20) D= (“o5; +20) D(f)= [0; +0)
E(f)=[0; +0) E(f)= (—o0; +o0) E(f)=[0; +0)
Hymn ¢pysxumu: x =0 Hymu dynkmmm: x = 0 Hymu gpynxuun: x = 0
(—o0; 0] y’ [0; +o0) f Bospacratomias pyHKInsS [0; +o0) f
Munumym B Touke (0; 0) IKCTpEMYMOB HeT DKCTPEMYMOB HET
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Kaaccndpukanua dbyHkumi

Ooyuaromue 3aJaHUA

1.

1) ITocTpoiite rpaduku yHKIMIA, 3a1aHHBIX B BUe TaOmuibl. [ kaxxaon
(YHKITNH 3aIUIIATE OCHOBHYIO (DYHKIIHIO, COOTBETCTBYIOIIETO CEMENUCTBA.

a) B rtabnune mokaszaHa
npu6bLIL(B Manarax), mo- XL 3 | 4 | 5 [ 6 [ 7 8 2 10
JIydeHHAs IpeAnpHHIMa- | 793118306|8800]19206|9588| 10076 [ 10444 [ 10876
tenem HaunHasa ¢ 2002 roga. 3nauenue x = 3 coorBercTByeT 2002-TOMTY.
Kakyro mpuObLIb MONMYIHUT, MTPUOTUZUTEIHHO, TpeanpuHuMaTesb B 2018
romay?

6) B Tabnuie mokazaHo KOJIWYECTBO
NPOIAaHHEIX OyXaHOK Xy1e0a 3a kaxmprii [ V| 15]30]40]150145]42 3118
cienyrouuii yac nocine 15:00. 3nauenue x = 3 coorserctByet 15:00. Onpe-
JeUTe TPUOIU3UTEIHPHOEC KOJUYECTBO OyXaHOK XJieba, NMPOJaHHBIX B
17:30.

2) Onpenenute COOTBETCTBUE TPa- a) i lb)l -

x| 3145|1617 ]8][9]10

(hPMKOB M TIPEICTABICHHBIX BBIIIE
CUTYyalUi.

|& Kakoii pyHKIIMHM COOTBETCTBYIOT MHOXKECTBO TouekK (—1; —1), (0; 0), (1; 1)?

a) Eciu Touky (—1; —1) 3amenuTts Toukoii (—1; 1), To kakoii pyHKIMU OyaeT
COOTBETCTBOBATh MOIyYEHHOE MHOKECTBO?

6) Eciiu Touky (—1; —1) 3amenuts Touxoit (9; 3), To kakoii pyHKIMH OyaeT
COOTBETCTBOBATh MOIy4EHHOE MHOKECTBO ?

B) Eciu K MHOXKECTBY TOUEK yKa3aHHBIX BbIIIE 100aBUTh TOUKH (—2; —8) 1
(2; 8), To KaKoi PyHKIMH O0JIee TOYHO COOTBETCTBOBAJIO ObI JAHHOE MHO-
KECTBO TOUEK?

3aBHCHMOCTb MEX]ly BeIMYMHAMH 33aHa (bopMynoﬁp—T{/ = const. [Ipunss
OJTHY W3 BEJIMYMH 32 MOCTOSHHYIO, OTIPEIEITUTE XapaKkTep 3aBUCUMOCTH
MEX]ly AByMsl IpYTUMH BelUYuHaMH. PaccMoTpuTe BCce BO3MOXKHbBIE CIy-
yau. YKaXUTEe IS KaKIO0TO0 CiIydas OCHOBHYIO (DYHKIIHIO.

3Has1, YTO MEX/Iy MEPEeMEHHBIMHU y U X CYIIECTBYET IPSMO WIH 00paTHO
MPOIOPLMOHANIEHAS 3aBUCUMOCTH, 3anuIInTe (OpMYITy U MMOCTPOUTE rpa-
¢buk dyakmmii y = f(x), ecmu 2) =2 u f(4) = 1.

JlecTHuLa, IIMHOM 3 M, IPUCIIOHEHA K cTeHe. Huknuii konen Ha- -
XOJUTCS HA d METPOB OT CTEHBI, @ BEPXHUI - HA BHICOTE /1 METPOB. ['- ' {

a) 3aruiure GopMyTy 3aBUCUMOCTH BBICOTBI OT paccTostHus A(d).
0) YcraHoBuTe 00JaCTh ONPEACIICHUS, MHOXKECTBO 3HAYCHUH
(YHKIMH U TIOCTpOMTE rpaduK.

B) M300pa3ure nonoxenue necTHUIb mpu d =0 M u d =3 M.
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IIpeoOpa3zoBanne rpagukoB

IIpakTH4yeckoe 3aHsITHE y y=(x—-4)>+1
1) Ormertsre Ha rpaduke y = x* Touku (0; 0), (—1; 1), (2; 4).

2) lpousseuTe napasieibHbIi MEPEHOC HAHHBIX TOYCK y = 2
Ha Bexrop (4; 1). Cl: 1)
0;0) > @& 1) ;1) —>(3;2) (2;4) —(6;5)

3) [IpoBepbre NpUHAAIEKAT JTX TOUKH, TOTYICHHBIE ITPH I1a-

paiieapHOM TIepeHoce, mapaborne y = (x —4)* + 1.

IMapannensHblii mepeHoc

[Tpu mapamienb-HOM epeHoce Bce TOUKU rpaduka CMEeatoTes B 3aJaHHOM Ha-
NpaBJICHUH Ha 33/IaHHOE paccTosiHue. [1pu aTom hopma rpaduka He U3MEHSIETCS.
[TpousBeném mapasulenbHBI MEPEeHOC KaKIOH TOYKH rpaduka (YHKIIUU
vy = fix) Ha BekTop {(m; n): A(a; b) — Ai(a + m; b+ n).

Ecnu koopauHatel TOUKH A yIOBIETBOPSIIOT PaBEH-

cTBY b = f(a), TO KOOPIWHATHI TOYKU A1 YIOBIETBO- y
pSIOT paBeHCTBY ¥ — n = flx — m). Takum o6pazom, A(ap b)
TIpH TIApauIeTbHOM TiepeHoce rpaduka Gyukiun v = /(x)
v = f(x) Ha BekTOD (m; n), noxryyaercs rpapuk QyHK-
1y y = f(x — m) + n. 3ananublii rpaguK cMemaeTcs
Ha |m| equHMIL 110 Topr3oHTaM (ipu m > 0 BripaBo, ipu m < O BIEBO) U Ha |7
€IMHUL TI0 BepTukanu (mpu n > 0 BBepX, npu n < 0 BHU3).

B ciyuae n = 0 rpaduk napaysienbHO MEPEHOCUTCS TOIBKO TI0 TOPU3OHTATH U
MIPH ATOM TIOJTydaeTcs HoBast PyHKIus y = flx — m).

Ai(a + m; bf+ n)

O] X

VA YAV =fx)
[Mpumep. y=fix=3) e
y:f ’C) }71()‘ +3)
AN
(0] 3 x -3 (0) X
3 eOunuyvl Hanpaso 3 eounuywl Haneso

B ciydae m= 0 rpaduk mapasmiensHO MepeHOCUTCs TOIBKO 0 BEPTHKAIH 1 TIPH
9TOM Moiy4aercs HoBast pyHKuus y = flx) + n. J
IIpumep. y=fx)+3

3 eounuywi
868epx 3 eounuywi

6HU3

|1. st kaxnoii QyHKIMH ONPENCIIUTE 3HAYCHHS /7 ¥ 1. 3alUIINTE B KAKOM
HAIPaBJICHUH ITPOU3OIIIIO CMEIIEHHUE - 10 TOPU30HTAIIN WIIH 110 BEPTHKAIN?
a)y—4=fx) O)y=f(x)-4 By=fx+1l) 1y+3=7x-7)

2. TIpeoGpasyiite 3a1aHHbIe (YHKIMH METOIOM BEIICICHHS MOIHOTO KBaI-
para. O0bscHHUTE, KaKue IpeoOpa30BaHuUs HA/I0 BHIIOIHUTH, YTOOBI U3 Ipa-
¢uka GyHKIMU Y = X? TOIXY4UTh rpaduKu JaHHBIX QYHKINH.
a)f(x)=x*+2x+1 0)g(x)=x>—4x+3
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IIpeoOpa3zoBanne rpagukoB

IIpumep. IToctpoiite rpaduku 3agaHHbIX QyHKIMNA TpU TOMOIIM Ipaduka
¢bynkuu f(x) = .
a) g(x)=\x—1 6) h(x) =x — 1 B) m(x) =\x+3 -2

Penienue:

[MocTpoum rpaduk dpyHkmmn f{x) = \x. O6macts ompene- )(; f(g) (xaﬂ(;‘))
nenus Gynknuu [0; ). CocTaBuM TaOJINIly 3HAYCHUH, ; 1 (lf 1)
BBIOpAB TpU 3HAYCHUS, KOTOPBIC SIBISIFOTCS TOJIHBIMHU 1 5 24 2;
KBaJlpaTaMU. J
a) AY Tpadux pynkimu f{x) = \x A
(472) 1D
Al (1-1 cMmerniaercs Ha | eMHUILY BHU3, 1Lt
27 O N HY) =
1 13 OpAVHATHI KaXXJI0W TOYKH Ha >
0: 0) rpaduke BerauTactes 1. o __10 ) 4 X
O ; A 2
y=flx)=x y=g)= Vx4 1
g(x)=fx)-1
0) Ay \ v
472
5l (11 2 Ipaduk dyrkmm f(x) = \x cvema- |, SR
i ercanale 2; 1)
)} JIMHMILY BIIPABO. i
0; 0 _ .
0 ) 3 4 A h(x) =f(x_ 1) 0 (]; 0)” g "X
V=)= \x y=h(x)= Nx —|1
B) Ay ry A
A @72) NS Haroy__
'1' G5 — (43 l)}1 32T 1 2x
0:0) 30 . (2],
of 12337 ERIER 3,-2)
y=Iflx)=x y=m(x)=mi(x) — 2=
f(x)=\/; y:m|(x):f(x+3):\/m =Nx+3-2
I'padux dyHkmn

I'paduk ¢pyHKIMH cMemTaeTcst

M T Ha 2
Ha 3 ¢IMHUIIBI BICBO. CMCIIACT Ha
B ————

CAUHUIbI BHU3.

mi(x) = foet3) m(x) = fix+3) - 2

|3.  Tocrpoiite rpaduKy 3aTaHHBIX GYHKIHH TP TTOMOIIH rpaduka QyHKIH
fx) =\x . OnumHTE CIOBECHO KaX/Iblil U3 ITANIOB PEOOPA3OBAHHS.

a) g(x) =Vx -3 6) h(x)=\x—2 B) m(x)=\x—1+2

4. Tpadux Qpynkumun y = f(x — m) + n momy4eH npyu MOMOLLH NapaJlIeIbHOIO
nepeHoca rpaguka GyHKIUHU y = f(X) 0 TOPU30HTAIN U BEPTUKAIIH.
a) [Tokaxxute Ha MpUMepe, YTO MOCIICAOBATEIIEHOCTD MOCTPOCHHS HE UMEET
3HaueHus. 0) Kak 3HaueHHs mapaMeTpoB m | 1 BIHSIOT Ha 00IacTh orpe-
JICTICHUS] 1 MHOYKECTBO 3HAYCHHUN (QYHKINU?
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IIpeoOpa3zoBanne rpagukoB

5. Io rpaduxy ommimre npeodpasoanme GpyHKmH /(x) B pyHKIMIO g (X).
a) 3anuImTe COOTBETCTBUE KOOPIAWHAT I 5 Touek PpyHKImi f(x) u g(x).
0) [Momyuennyro B pesynbrare npeoOpaszoBanus (GpyHKIH0 g(x) mpen-
CTaBbTE B BUIE y = f(x — m) + n.

1 Y 2 \
) \ e /ft =% ) e 15 il
4 / D E
pA
\ \ / A
2 -
/ R b Lo 3 |4 el K
\ 1 72/ 0 7 |4 lx 2
\ /- 1,
g(x L4 g( ) -
A D
"

|i st kaxxoro npeodpazoBanust GyHKIHMH y = fX):
* Ompenenure KOOPAWHATHI TMPEOOPA30BAHHBIX
touek /it Touek A, B, C, Du E. B ‘¢
* Hageprure rpaduk ¢yHKIINH, TOTYUSHHOH B pe-
3yabTaTe MPeoOpa3oBaHMS. I
a) g(x) =f(x) +2 0) g(x) =f(x=3) -2 s
B) g(x) =f(x+1) r)gx)=f(x)-4

|l 751 Ka)KJI0TO MapajuiesIbHOTO MepeHoca ornpee-
auTe 3HaYeHus m ¥ n. [lolydeHHy0 B pe3ysabTaTe npeoopa3oBanus GyHK-
LU0 3aIUIINTE B BUAE ¥ = flx — m) + n. 3anumuTe cBO¢ MHEHUs 00 obnacTu
OTIpE/ICTICHHSI U MHOXECTBE 3HAYCHHUIA (DYHKITHH.
a) f(x) =|x| , 4 eqMHALIBI BIEBO U 2 €IUHUIIB BHU3;
0) f(x) =x?, 6 enuHuIl BIPaBO U 4 €AMHUIIBI BBEPX;
B) fix) = - 5 eIWHHI] BJIEBO U 3 €INHULLI BHUS.

AV

>
™~
[
N
oy

|§ Oyukuus f(x) =~ He onpezenena B Touke x = 0. B kakoii Touke He onpe-
nenena ynkmus f{x — 3)? N3o6pasute rpaduxu pyHknuit f{x) u f{x —3) B
OJTHOW CHCTEME KOOPIUHAT.

|& Massp MOXeT OnpeieauTh KOJIUUECTBO KPAacKu 71 (B JUTpax), HEOOXOAUMOM
JUTSI TIOKPACKH CTEH JIOMa TUToma bk s, hyHkuueit n = f(s). [Ipeacrassre cu-
Tyanuu cooTBeTcTByomue 7 = f(s) + 10 mn=f(s + 10).

[10. Vipkep Ha BenoCHIIe e IpoeIaa MyTh
OT JIOMa JI0 03€pa, PacIOJIOKEHHOTO Ha As
OKpauHe ropoja, u ooparHo. IIpoiinen-
HBI TyTh M 3aTpadeHHOE BpeMs OHa
n3o0pasuia Ha rpaduke A. a) Kak n3me-
HuUIcs ObI TpaduK, eciii Obl YIIbKep BBI-
exaja u3 joma Ha 2 yaca nozxe? 6) Kax
BBl MPEJICTAaBUTE CUTYAIHIO, COOTBET-
cTBytolIy10 rpaduxy B Ha pucynke?

<=}

Coy
[s=]

PaccrosHue jno
noMa(km(xkm

.

Bpeamst (dac)
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IIpeoOpa3zoBanue rpagukoB

OTtpaxenune

OTHOCHTEJILHO OTHOCHUTEJILHO OTHOCHTEJIBbHO
OCH OPIAMHAT ocu abcuuce Hayajia KOOPIMHAT
Kaxnas Touka Ha rpaduke | Kaxnas Touka Ha rpaduke | Kaxnas Touka Ha rpaduke
npeodpasyeTcst B TOUKY npeoOpasyercs B TOUKY mpeoOpasyercs B TOUKY
CUMMETPHYHYIO OTHOCH- | CHMMETPUYHYIO OTHOCH- CHMMETPHYHYIO OTHOCH-
TEJIBHO OCH . TEJILHO OCH X. TEJIbHO Havaja KOOPIAHUHAT.
A
ly A (1-92) g (1-2) VA :
-1;2) (1:2) (1:2) )
’
5 = = /! _
X O X E [9) ;
(1:=2) ;
AN 7 i/
-1;12
(1;2) = (=15 2) (1;2) = (1;-2) (1:2) = (-1: -2)
. . b 9
() = (=x3) (xx; ) = (x; =)
Ono (X,y)—>(—X,—y)
pournama moiKu Abcyucca mouxu
0CmMaémcs HeusMeHHoll, OCMASMCS HelMeH- Kasicoas koopounama
abcyucca mensiem 3HAK. HOtl, OpOUHaMA Me- MOYKU MeHsem 3HAK.
Hslem 3HAK.
OTtpaxenune rpadpukoB GyHKIUMH. OTHOCHTEILHO HAUAIIA
OTHOCHUTENBHO OCH Y OTHOCHTENBHO OCH X KOOPJIHHAT
fx) = fl=x) fx) — — fix) Sx) = = fi—x)
(x; ) = (=3 ) (x5 ) = (x;-) (x5 3) = (=x;-))

A A y=\/;

y=vV=x Ay=1 11—

L7 '
m\'i (: 1) - ()
O\ x y:_\/_x /10

0 e L
-+ (1; - =1;=-1)

|11. N300pa3ute TOUKH, OITyUYEHHbIE IPU OTPAsKEHUEM 3a/IaHHBIX TOYEK OTHO-
CHUTEJBHO: ) OCHU X; 0) OCH y U 3alUILIUTE UX KOOPAUHATHI.

A(5; 3), B(-5;-5), C(0;-3), D(-6; 2), F(9; 0) npnﬁep_ﬂx) =x+1
|12. Usyunte npumep. N306pasute rpaduku, momy- AN

Y

YCHHBIC MTPH OTPAKECHUH 3aIaHHBIX (PYHKIMN OT- \ff"*i)

HOCHUTEJIbHO KOOPIMHATHBIX ocell —f(x) u f—x). g — >

a) flx)=x+1 6) flx)=—x+3 Of v, ©

1 (L=, s

B) flx)=x° r) flx)= " T~
|£”. JInist kaxkao# u3 3a1aHHbIX (PYHKIUH 3aIUIITUTE OCHOBHYIO (DyHKIIHIO

u e€ mpeoOpa3oBaHusl. 1 1

ay=-v+2  Oy=—h+l By=_ T 1)y=l-—
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IIpeoOpa3zoBanue rpagukon

|14. Tloctpoiite rpadux $yHKIHIT 32JaHHBIX MHOKECTBOM To4eK. Onpenenure
COOTBETCTBYIOLIME Npeobpa3oBanus rpagukoB GyHKIHMU y = X, ¥ = X2,
y=1, y=x.
a){(=2; 8), (=1; 1), (0; 0), (1; -1), (2; =8)}
6){(0; 0), (=1 1), (-4; 2), (=9; 3), (-16; 4)}
B){(=2; ), (=1, =1), (0; 0), (1;-1), (2; -4)}
D45 3), (=25 1), (0, -1), (2: -3), (4 -5)}

|1_5. [ocTpoiite rpaduk pynkmm, 3aganHon Tabnuiei. [lokaxxute 0CHOBHYIO
(YHKIHIO M KaKKe IpeoOpa3oBaHus JIJisl He€ BBITIOJTHCHBI.

a)[x[-4[ 202714 OO[xT o[ 14916
4|l =210]|-2]|-4 yio|-1]|=2]-3]-4

|16. 3amummre, 10 maram, Iy MOMOIIM KaKKX MpeoOpasoBanuii n3 rpaduka
napabonsl y = x? nonyuuscs rpadpuk QyHkuuu y = — (x+1)% + 3. Kaxaslii
mar u300pasute rpaguuecK.

|£7. [MocTpoiite rpaduku TpeOyeMbIX PyHKUUHN, UCTIONB3Ys I'pa)K OCHOBHBIX
(byHKIHH.

1) OcnoBHas dyHkIms: fx) = x3 2) OcHoBHast GyHKIHS: g(x) :_3 Ve

a) flx) = (x+ 1)’ a) g(x) = \3/x_+ 2
ol [fix)=x3 0) flx)=x*—4 S =3 0) g(x) = \7}5_— 4
- B) f(x) = —x3 B) g(x) =—\x

4 24 5 ~ —
2 DA =—x-2p 2 g =
- ) flx) =-x+3 4 n) g(x)=— -3

|18. BsirionsuTe 3a1anHus 10 rpaguxy.
1) 3anumure popmyny GYHKIUN OTPAKEHHONH OTHOCUTEIHHO OCH X.
2) dnsa xaxaoi GyHKIUU HalauTe 00JacTh ONpeaeeHuss 1 MHOXKECTBO

3HAUYCHUI.
a) 0)
YA
3 fix)=3x
+ 7:2 :0- + 2‘ :;




IIpeoOpa3oBanue rpapukos

Cxxatue M pactskeHue rpagukos

PaCTAKCHUEC OT OCHU X B 2 pasa C)KaTHE K OCH X B 2 pasa
By | YA
b < RN
D > (1:2) S8 ik
(2;4)—(2;2)
—1;2 .
O ? O ?

Ha epaguxe kaxcoas mouka 6 2 pasa | Ha epaghuxe xasxcoas mouka 6 2 pasza
yoansiemes om ocu abcyucc npubnUNCaemcs K ocu abcyucc
I[Tpu pacTskeHUH OT (CKaTHUH K) OCH aOCIICC M3MEHAETCS OpIMHATA TOUKH, ITPH

3TOM abcrucca ocTaércst Heu3sMeHHou: (a; b) — (a; ['b)
Ecmu Touka A(a; b) pacnionokena Ha rpaduke GyHkmm y = f(x), T0 b = fla).

Torna Touka Ai(a; [-b) pacrionoxena Ha rpaduke GyHKIUU y = [-f(x).
I'paduk pynkmm y = /- f(x) nomyqaercs u3 rpaduka GyHKINU f{X) pacTsHKEHHEM

B / pa3 oT ocu abcyucc npu [ > 1 u cxartuem x ocu abcyucc B 7 Pas pu
0<I[<1.

pacTsKeHHe OT OCH ) B 2 pasza CXKaTHe K OCH y B 2 pasa
YR YR 3= (x)p

y=x
(1) 4

(LD—(@ 1) (=21 4) (2:]4) 2;4) —(1;4)

=Y

0
Ha zpagpuxe kasxcoasn moura 6 2 pasa Ha epaghuxe xasxcoas mouxa 6 2 pasa
yoansemes om ocu opouHam npubnudCcaemcs K ocu OpouHam

[pu pactskeHun OT (CKaTUH K) OCH OPJMHAT U3MEHsETCsI a0CIIcca TOUKH, TPH
9TOM OpJAMHATa O0CTa&TCs HeM3MEHHOM: (a; b) — (k-a; b)

Ecnu Touka A(a; b) pacnionoxena Ha rpaduke GyHkuu y = f(x), T0 b = fla).
Torna touka Ai(k-a; b) pacnionoxena Ha rpaduke QyHKIUH Y = f(%) .

Tpadux GysKim y = f{ 2 ) monyuaercs u3 rpaduka GyHKIHE f{X) PACTKCHAEM
B k pa3 oT ocu opounam npu k > 1 u cxxartueMm B ya pa3 K ocu opounam 1pu
0<k<l.

|1_9, B oaHO# KOOpAMHATHOHN IJIOCKOCTH, HPU MOMOIIM I'paduka OCHOBHOMN
(yHKIMM IOCTpoiiTe rpaduKH cieayromux GyHKIMiA: a) y = 2x, 6) y =5
OOBscHHUTE, KaKUM 00pa3oM rpauK MPUOIHKACTCS WU YAAIICTCS OT
oceit Oy u Ox.
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IIpeoOpa3zoBanue rpagukon

120.
21.

22,

123.

24.

125.

126.

[octpoiite rpaduk GyHKIINH, UCTIONB3Ys T'papUK OCHOBHON (DYHKIIUH.

a) y=2x 6) y=2=17 ) y=3K r) y=-3
N306pazute npeoOpa3oBaHus IPU MOMOIIU KOTOPBIX MOTYUYEHbI CIIEITYyI0-
e QyHKIUH.

)=\ = g)=2\x —25hx)=2\x—2 +3 > k(x)=-2\x—2 -3

B tetpaau usobpasute rpaduku. Ha rpaduke 3anuimire anredpandec-
KyI0 3anuch QyHKUu g(x) u h(x).

6)

3anummure, ¢ MOMOIIBIO KaKUX MPeoOpa3oBaHMii U3 OCHOBHOHW (YHKIUU
f(x) momydeHs! ciemyromme QyHKIHH.

1) fix)=x a)y=3x 0)y=-2x B)y=;—x+1
2) fix) =x? a)y=x>+3 0) y=(x-3) B)y=2(x—-1)+3
3)f(x)=\1/)7 a)y=2x 6)y=x{§ B)y=21\/):+1
D=y  Ay=y 6) y=1, By=y 1

Bonpoc oTkpbITOro THNA. 3anummTe (yHKITUIO,OTYYCHHYIO U3 OCHOB-
HOM (pyHKIMY f(X), B pe3ynbraTe TpeOyeMbIX TpeoOpa3oBaHHiA.

a) napaiuiCJIbHBIM IIEPECHOCOM: *HAJICBO °HAIIpaBO °*BBCPX °*BHU3
0) oTpakeHHEM: ° OTHOCHUTEJIIBHO OCH X ° OTHOCHTECJIBHO OCH Y
B) PACTSKEHUEM: ® OT OCH X ° OT OCH Y
T') CXKaTHEeM: °KOCH X °KOCH )Yy
— 1
D=2 D)= D)=  H)=—

Ipuxnaaxnoe uckyccrso. Ha koBpax MOXKHO Ha- \/
OmrozaTh y30pbl, CO3IaHHbIE TPE0OPa30BaHUEM
onpenenéHHbIX rpadukoB. B pesynbsrare Kakux mpe-
oOpa3oBaHuii HaJ PYHKIUSMH MOJTYYECHBI Y30pbl HA
KOBpE BHJIa KHJIUM Ha pUCYHKe?

3anuunTe COOTBETCTBYIOUIME MTpeoOpa3oBanus Asi GyHKIUU Y = fix — m).

I'padux xaxoit PpyHKIUM MOTyUnTCs U3 rpaduka GyHKIUH f(x) = \x pu:
a) pacTsDKEHHS OT ocu abcnuce B 2 pasa;
0) cxxarus K ocu opauHar B 4 paza?
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HeucTBust Hax PYHKUUAMUA

Beimonnsis apudmeTndyeckne AedcTBUs HAJ IBYMS (PYHKIUSIMH MOYKHO TIOJTYYHUTh
HOBYIO QyHKIHI0. OONacTh ONpeieieHus], KoTopast MOy4YaeTcsi IPU CII0KESHUH,
BBIYMTAHWUH, YMHOKEHUH QYHKIHH f{x) U g(x), SBISIETCS MHOXKECTBO JICHCTBH-
TENBHBIX YHCEII, B KOTOPOM OTIpe/ielieHa Kaxaas u3 QyHKIui. JpyriuMu cioBamu,
o0nacTh ornpezeseHus] HOBoW (DyHKIIUH SIBIISIETCSt MHOKECTBO TIepecedeHust 00a-
creii onpenenenus GpyHkuui fx) u g(x):D = D( ) N D(g). OTHOmEHNE ABYX
(byHKIMH oITpeieNieHo IS apryMEeHTOB MHOKeCTBa D M OTIIMUHBIX OT HYJISI 3HAYe-
Hul GyHKIMK B 3HaMeHarese. Haj gpyukuusamu f(x) u g(x), onpeneacHHbIMU Ha
MHOKECTBE JICHCTBUTEIILHBIX YHCEIT, MOYKHO BBITIOJHATH CIIOKEHHE, BEIYUTAHUE,
YMHO)KEHHUE U JIeJIEHHUE T10 CIIeTYIOIINM IpaBUiIaM.

[HevictBue MaremaTtnueckas 3aIich ITpumep
fix)=x+5ugx)=3x
Crnoxenune (f+ 2)(x) =fix) + g(x) (x+5)+3x =4x+5
Brrauranue (f— g2)(x) =flx) — g(x) x+5)—-3x =-2x+5
YMHOXEHUE (- 2)(x)=fx)- g(x) (x+5): 3x =3x2+ 15x
Jenenue (i)( x) = fg((x)) ,8x)#0 x;; >

1) Cymma nByX 4€THBIX (YHKIHH sBIsIeTCS YETHON (yHKIMEH, cyMMa JIBYX He-
YETHBIX QYHKUMH SBIsIETCS HEUETHON (PyHKIIMEH.

2) IlpousBenenne(vyacTHOE) ABYX YETHBIX U MMPOU3BEIeHNE(YaCTHOE ) IBYX HEUET-
HBIX QyHKIUH siBRsieTcst YETHOM QyHKIMEH.

[Tpumep 1. Hatiném (f + 2)(2) nns pynkuumit f{x) = x>+ 1 u g(x) =x + 2.
Pemenne: f(2)=22+1=5, g(2)=2+2=4, (f +g2)(2)=f(2) + g(2)=5+4=9
Ilpumep 2. Haliném (i)(x) it GyHKIMHA f(x) = x?— 1ugx)=x—1
Pemenue: S Sx) x2—1
(g =—=
x) -1

Tak xak ¢pyHkuus B 3Hamenatene g(x) # 0, o x # 1. I'padukom 310#t PyHK-
[IUU ABIIETCS MpsiMast Y = x + 1 ¢ BBIKOIOTOM Toukoi (1; 2).

Ipumep 3. U3BecTHO, uTo flx) = 3x>— 1 1 g(x) = V2x — 1.
Haiiném obnacte onpenenenus pynkuuii: a) f+g, f—g, f- g,

=x+1

6)gi.

Pemenue: a) O6nacte onpeaeneHus GyHkimu fx) = 3x2— 1 - MHOXKECTBO BCeX
nencTBUTEeNbHBIX yrcert. O6acTh onpeaenenus pyHkuuu g(x) = V2x — 1 Haxo-
JMTCS U3 HepaBeHeTBa 2x — 1 > 0: [ 5 ; +00). O0nacTb onpenenenHus GpyHKIUN
ftg f-g f-g: (-0 +0) N [— +o0) =[5 ; +o0).

6) O6nacTp omnpeneneHus (byHKm/m g SIBIICTCS. MHOKECTBO PELICHUH Hepa-
BeHCTBa 2x — 1> 0, T.e. MPOMEKYTOK (7; +00).
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JericrBue HaJ PyHKUUAMU

Ooyuaromue 3a1aHus

1.
2.

Ipuknaaanbie 3aaHUA

6.

N3BecTHO, uTo f{X) = V3x — 2 1 g(x) = —x +1.
Haiipre: (f+ g)(1), (f = 2)(2), (- 8)(6).

Jnst pynkumii f(x) u g(x) 3anumure GopMysbl U 00JaCTh ONpeAeIeHUs
bynxumit: f+ g, f- g, f+ & 45

a)f(x)=x>-2xugkx)=2x—-4 0)f(x)=x*+xmgx)=x+1
B)flx)=x>+6x+9ngx)=2x+6 r)f(x)=x2—lng(x)=§;}
[Ipu nmomomu rpadukos pyHKIul fx) 1 g(x) mo- 3
cTpoiite rpaduk dpyHkimu A(x) = (f+ g)(x). [pen- 4
CTaBbTE PEIICHNE IBYMS CIIOCOOaMMU: 5 )
1) mo rpa¢uKy cocraBbTe TaONMUIYy 3HAYCHUN (PyHK- N
i f(x) u g(x). Ucnonb3ys norydeHHble 3HAYCHMUS, | 0 ) |'x
cocTaBbTe TaONHITy 3HAUYCHUH TSt PyHKITHH /1(X). 2

2) no rpaduky Gynkuui fx) u g(x) 3amgaire Gop- |
Myny s Gyskiuu fix) + g(x). Ao momydeHHOM
(YHKIUHM COCTAaBBTE TAOIHILYy 3HAYCHUH.

Hanwr pyskuum fix) =x, x € [-1; 9] u g(x) = \/x_,x € [0; 16]. Haitoure
obnacth onpenencHus Gynkuuu A(x) = (f + g)(x), cocTaBbTe TaOIHILY
3HauUeHHH U MOCTpoiiTe rpaduxk.

I~

ano: f{x) = 2x u g(x) = x2 x [(+ 2 \| LAYy
g 3an§ﬁie Ta6nI/IgL(1y) 3HAYEHUI :; \e@ [/
dyrxmmn (f: g)(x). -1 !
6) Iocrpoiite rpadux pyukuun | | \ ]
ho) = (f: ). :
B) YcTaHOBHTE 00IACTh ONPENEICHUS U 3 4191 L :x
MHOKECTBO 3HaYeHUN QYHKIMHU A(X). 5

Camas XxaHyM M3rOTaBIMBAET U CIAET B Mara3uH Ui NPOAAXKU y30pHbIE
ckareptu. [y aToro ona Ha 40 MaHaT Kynuiia MENKOBbIE HUTKU M ITOTPa-
THJIA Ha TKaHb JJIsl KQXKI0M cKarepTu 5 MaHar. M3roToBiIEHHbIE CKaTepPTH
Camas xanym nponaér o 10 maHar 3a mTyky.

a) 3anummre Gopmyinsl ast pyHKui s(n) u m(n), tae s(n) - BeIpydka oT
MIPONAXKH, a m(n) — 3aTpaThl HA U3TOTOBIICHHUE 71 CKaTePTEH.

0) B ognolt cucteme koopauHaT mocTpoiTe rpaduku 3Tux dyukuuii. [pen-
CTaBBTE PEaAIbHYIO CUTYAINIO, COOTBETCTBYIONLIYIO OOIIEH TOUKe.

B) [Ipubbu1b paBHA pa3HUIE BBHIPYUKH OT MPOAAXKHU U 3aTpaTaMu HA H3T0-
ToBJeHUE. 3anumuTe GopMyiny it GpyHKIHU g(71), BRIPAKAIONIYIO TTOITY-
YEHHYIO IPUOBLIb.
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CaoxHas QyHKIUA

Uccaenoanue. Lena 1 rumpa 6ensuna 0,95 manar. ABromoomis @apuma pacxo-
nmyet 0,08 7 OeH3MHA Ha KaXKIBIA KIJIOMET].

a) Ectm ®@apun mpoemet 50 KM, TO KaK BRI CMOXKETE TIOCUHUTATh KaKyl0 CYMMY OH
moTparuT? 3a CKOJIBKO IIAaroB MOYKHO BBITIOTHHUTH 3TH BBIYMCIICHNUS?

0) 3aBEUCHMOCTh MKy 00hEMOM OCH3WHA U TMPOMICHHBIM ITyTEM 3amaiiTe QyHK-
et V(d); B) 3aBUCUMOCTD MKy CYMMOU 3a OCH3UH 1 00hEMOM OeH3MHA 3a1aiiTe
¢dbynaxmuent M(V); r) 3anmummre GyHKIN0 M(d), CBI3BIBAIONIYIO Iy Th, KOTOPBIH MTPO-
nenan Gapun U cymMMy, TOTpadeHHYI0 Ha O€H3WH, 00beMHNUB (DyHKIIUN ITyHKTA 0)
u B). Kakne mepemMeHHbIe, B JaHHOM CiIy4ae, GOpMHUPYIOT apTyMEeHT?

Bo MHOTHX cilydasXx 3HAYCHHS, KOTOPbIC ]
MOKET HPHHMMATh apryMeHT (QYHKIUH,
MOYKHO ONPECIIUTh Yepe3 3HAYCHUS IPYTUX | g —gl(x f —flg(x))
¢byaknmit. IlycTs 3amansl QyHKIUU f U 2.
PaccMoTpuM cxeMaTHUeCKOE MPEACTABICHUE JIBYX CUTYaIUH.

1. Ecnu uncna x mpuHAIIekaT 00JacTi onpeaencHus QyHKINN g, a g(x) -TIpuHaI-
Jexar o6JacTu onpeneneHus GyHKIUA f, TO B 9TOM cirydae (QpyHKIHS, KOTopas
KOKIOMY YHCTy X € D(g) CTaBUT B COOTBETCTBHUE YUCIO fg(xX)), s PyHKIMIA f 7
2 Ha3BIBACTCS CIIOKHOW (yHKIHEH (KoMIo- x

3UITUEH ) U 3amuChIBaeTCs Tak (f ° g)(x): v f
(f> @)(x) = flg(x)). ! —f0)/| g Ra—g(f(x)

2. Ecnu uncna x nmpuHaiexar oonacTu omnpe-
nenenust pyHkuuu f, a f{x) -obnactu onpee-
nenust QyHKIUK g, To Juis GYHKIMN g U f Komro3uiued (g ° f)(x) Oyxer:

(g°Nx) = g(x)).
Oo6parute BuuManue! 3anuch (o g)(x) u (g ° f)(x), (Tak *xe Kak u 3anuch f(g(x)) u
g(f(x))) BeipakaroT aBe paznuuHble pyHKIMU. Kommosunus f{g(x)) MoxkeT ObITh TO-
cTpoeHa, eciu E(g) < D(f), a kommnozunust g(f(x)), eciu E(f) < D(g).

gof
na obracmu onpedenenus g(x) . a obnacmu onpedenenus fx)

T
Ha obnacmu onpeoeneHus f(x) Ax) Ha obnacmu onpedenenus g(x)

na oonacmu 3uavenuil f (g(x)) ] Ha oonacmu 3navenutl g(f(x))
g )]
Sog =1(3;0), (4:4), (0;3)} gof=1(3:3), (2, -5), (-5; 2)}
W3 cxeMbl BUITHO, UTO KOMITO3HIIHS [ © g TIOTy9aeTcsl, e B pyHKImH f{x) apry-
MEHT X 3aMCHHUTH (PYHKITHEH g(x). AHAJOTHYHO, KOMITO3HUIHS g ° f TIOTydaeTCs,
eciu B QYHKITUH g(X) apTyMEHT X 3aMeHUTh (ByHKITHEH f{x).
Ipumep 1. Jnsg pysxmmit f{x) =x + 2 1 g(x) = x> — 2x — 3:
a) 3anummmTe GopMyITBI KoMITo3uIni (f° g)(x) u (g ° /)(x);
0) HaliquTe 3HAYCHUS KOMIO3HIHH (f o 2)(x) u (g ° f)(x) mpu x = 3.
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Cao:xxkHast QyHKIHS

Pemenne: a)(fe g)(x) = lgx)) =fx*-2x—-3)=x>—2x—-3+2=x>-2x—1
(g fHx)= g(fx)=gx+2)=(x+2)>-2(x+2)—3= x>+ 2x-3
Takum obpazom, flg(x))=x>—-2x—-1 u g(f(x))=x>+2x-3
0)(f°2)(3)=3>-2-3-1=2
(g°NH(B)=32+2-3-3=12

[Mpumep 2. Jlano: (x) = f(g(x)),3anumuTe GopmyIsl st GyHKIUH f(X)

aA)h(x)=x=-2P+x-2)+1; gx)=x-2
6) h(x)=x+ 1; gx)=x*+1

Pemenne: a) flg(x)) = (g)* +gx) + L Ax)=x2+x+1
6) f(g(x) = Ng(x) ;./(x) = x
Oo0yuarommue 3a1aHus
|L Jlis xommnozunwii (f° g)(x) u (g°f)(x) onpenenure (€Ciiv OHU CYIIECTBYIOT)
Mapbl apTYMEHTOB U COOTBETCTBYIOIINX 3HAYCHHM.

S=A2;8), (4,0), (6;3), (5;-D}  f={(45), (1;3), (-2; 12), (2;7)}

g=1{(8:4),(0;6), 3;5), -1;2)} g=1G;4), (5:2), (7,-2), (12; )}

l& ITepeueprute B TETpaib U 3aI0JHUTE Ta6m/1uy.|i Janbl GyHKuuu fx) = x> u
gx)= \x — 1. Haiizure:

mouxu gynx-|mouxu @yux-|mouxu gynk-

yuu g yuu f yuu fog a)f(g(4)):
(3:2) (3:5) 0) g(g(25));
1) (1;3) B) g(f(3));
(1, m) ) @D r) g(g(4));
@;-) | (m;-) [ ©0;-1 ) AAR=3)).
(m;3) G:m 47
|i Ja pysaxumii f(x) = 4x, g(x) = 2x> — 1 u h(x) = x> + 1 BbuncCAUTE:
a) flg(=1)) 0) h(g(2)) B) g(/(3))
1) f(h(=4)) 1) g(g(=2)) | e) AA=3))
K) (fo (e g)l) 3) (he (g M) u) (fe (g° h))2)
|i Jia pynaxomii flix) =2x + 1 u g(x) = x> — 3 3anummure GopMyibl CIOKHBIX
byHKIHI.

a)flegx))  0)glf(x) BAX) 1) glx)
6. Mansr Gynkumn fix) u g(x). Haiinure f(g(x)) u g(f (x)).

aA)f(x)=1-x*ugx)=2x+5 6)f(x)=2xng(x)=\/x2+1
B/@=N-lug=p+2  nf@=2+1ngw)=7
ﬂ)f(x)=x3—41/1g(x)=3\/x+—4 e)f(x) =x? +3x+1lugkx)=x+1

|l a) Pemnre HepaBenctBo f(g(x)) <0, ecmu f(x) =x*— 5, g (x) =\x2 +1 .
0) Pemnre HepaBencTBo f(g(x)) >0, ecmu f(x)=x>—4,g(x)=x+ 1.
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Caoxnas pyHKIUA

8.

12.

113.

14,

115.

Hans! rpadukn ¢pynkunit f(x) u g(x). [loctpoiite rpaduxu clnoxHbIX (QyHK-

uuii: a) flg(x));  0) g(f(x)).

1) 3anaB Tabnuny 3Ha4eHuii. ¢ A A = o)

2) 3amucaB popMyITy CIOKHOH . 4 y=fx) ° . 4 T ! I

byHKIIH. 24 o .

[Mokaxcute 00MacTh onpeaese- T t 1 2 l ?

HHS U MHOXKECTBO 3HaueHWd. -2 Of o _ 4x -
) e 4 2 0 2 4 x

Hanbl pynkuuu fix) =|x u g(x) =x — 1. IlocTpoiite rpaguku KoMno3uuui
a) y =f(g(x)), 6) y = g(f(x)). ITokaxurte 006IaCTh OMPEICICHUS U MHOYKECTBO
3HAYEHUH.

. a) M3BectHO, 9TO f(Xx) =2x — 1 1 g(x) = x?. CoctaBbre popmymy mms GyHK-

un f(g (x)).

0) B omHO#1 cucTeme koopauHaT moctpoiTe rpaduku GyHKIHHA fx), g(x) 1
f(g(x)).

B) OmmmuTe npeodpaszoBanue rpaduka GyHKINN g(x) B rpa@uk GyHKIINN

S(g()).

IIpousBoacTBo. Komu4ecTBo CTYNIbEB, MPOU3BOIUMBIX (PUPMOM MO MPO-
M3BOJICTBY Mebemnn exenesienbHo ¢ 2012 roja, MOXKHO CMOJICIHPOBATh Gop-
mynon N(f) = 144 + 25¢. 3nech, ¢t - Bpems (B rogax) (3Hauernue ¢ = 0
cootBeTcTBYeT 2012 TOTy), N - KOJTMUYECTBO CTYIhEB. B 3TOM ciiyuae 00bEM
paboueli CUITBI MOXKHO ompefieiuTh kKak W(N) = 3 VN .

a) 3anummre (GyHKIUIO CIIpoca Ha pabouyro CHITy, B 3aBUCHMOCTH OT Bpe-
MEHH.

0) Jlnst manHOM QYHKIMH TIPEICTaBbTE 00JIACTh ONPEICICHUSI © MHOXKECTBO
3HAUCHUH IS pealbHOM KU3HEHHOU CUTYallUU.

Ecmm (x) = f(g(x)), To 3anmmuTe hopmyry GyHKITHH f{x).

a) h(x)=(x+1)*=5(x+1), g(x)=x+1  0) h(x)=x*+4x+3, g(x)=x+2
B) h(x) =V2x +3,g(x)=x+1 1) h(x)=x+\Vx-1, gx) =Vx -1
a) Jns pynkuuu f(x — 1) = x + 3, naiiaure 3nauenus f( 1), f(4), f(—1), f0).
3anmmmre GopMyity 1t QYHKIHH f{X).

6) dns ynkuuu flx + 1) = 2x + 3, naiigure 3nadenus f(—1), A2), f(3), f0).
3anmmmre GopMyity 1t QYyHKIHH f{X).

Jlana dyskmms f{x) = V25 — x2.

a) Haiinure oGnacts ompenenenus ¢yHkuuu f(x), cocTaBbTe TaOIUILY
3HAuUEHHH U MOCTpoiiTe rpaduxk.

0) 3anumunTe BbIpaxkeHue A8 QyHkuu f(2x), Hailaute obiacTh ompene-
JICHUS ¥ TOCTPONTE rpaduK.

Ortpesoxk [—1; 3] sBnsiercs obnacTbio onpeneneHus pynkiuu fx). Haiiaure
00JIacTh OTpeeNIeHHsI CIeAYIONMX (PyHKITHA:

) 2x);  O) A ) B) fl—); ) fix—1)
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OOparHast pyHKumus

Uccaenosanue: 1) Sanumute Gopmyiy IWIOMAaM KBaapara co CTOPOHOM a: S = a?

2) o 3amaHHOM MIomany HalUTe JUIMHY CTOPOHBI KBajpaTta.

3) PaccrosHie OT OBEPXHOCTH 3¢MIIM,JIO TelIa, OPOLICHHOTO ¢ HAYAILHON CKOPOCTBIO
Vo HAXOAHUTCs 10 popmyiie i =vo t —8 L Moo 11 Ipy 3a1aHHOM 3HAYCHHUH /i, HAITH
OJIHO3HAYHOE 3HAYCHHUE 17 2

Ha pucynke 3aBucHMOCTS f MeXIy MHOXKecTBaMu X 1 Y 3amaHa crpenkamu. [lo-
MEHSIB HalpaBJeHHE CTPEIIOK, MOIyUYUM 3aBUCUMOCTh g - 3aBUCUIMOCTD MEXILY
MHOXecTBamH Y 1 X. CooTBeTCTBUE g sABIsieTCs o0paTHbIM it f. Ecnu i 3a-
JMaHHOH (DyHKIINH f 00paTHOE COOTBETCTBHUE TAKXKe SABIsAETCS (PyHKIMEH, TO PyHK-

s f Ha3bIBaeTCsl 00paTHMON (PyHKITHEH.
y X g T
Ipumep 1. % -~
\
8 /
Ipumep 2. U3 muoxectBa A = {1, i, 3,4} oonacme 5ﬁpe- -"””0'57Céci77(?0
MOXKHO MOJTyYHTh MHOXeCTBO B = {5, 6,7, 8} odenenus f sHauenuil f
mpu oMoty GyHkuu f{x) = x + 4 caeayro- 20 fx)

UM 00pazoMm: MHOHCECmEo o6nacmo  onpe-
fx)=x+4:{(1;5),(2;6),(3;7), (4; 8)} snavenuil [ Oenenus f-!
(I)yHKL[I/ISI, O6paTHa$I 1A HaHHOfI (byHKI_[I/II/I, 00o3HavaeTcs f71 " BBIPAKACT KaK,
M3 3JIEMEHTOB MHOKeCTBAa B MokHO MOJIYYUTH 3JICMCHTBI MHOXXCCTBA A.

ST =x—-4:{(5; 1), (6;2), (7;3), (8 4)}

Oyukiun f(x) 1 f~'(x) HA3pIBAIOTCS B3aUMHO OOPAaTHBIMU (QYHKIHSIMH.
Kak u3 cxembl, Tak ¥ U3 nap KOOpIAUHAT, BUAHO,YTO 00JaCTh ONPEIeICHHs 3a1aH-

HOM (DYHKIIHMH, SIBISICTCS MHOXKECTBOM 3HAYE€HHH JU1s 00paTHON (QYHKIMHU, @ MHO-
’KECTBO 3HAYCHUH 3aaHHON (DYHKIMU - 00JIACTBIO OIIpe/eNieH s Uil 00paTHON
¢ynkun u Hao6opot. Takum oOpazom, D(f) = E(f "), E(f) = D(f'). U3 onpene-
nenwst, f{f'(x))=x uf'(fx))=x. [ns raHHOTO MpUMEpa UMEEM:
SN =f(x—4) = (x—4) + 4=x
)=t H=(x+4)—4=x

Juis moOoi i GyHKIIMU cyliecTByeT oOpaTHas GyHkuusa? Hanpumep, u3 3aBu-
CHUMOCTH ) = 2X + 5 MEpEeMEHHYI0 X MOXXHO €IMHCTBEHHBIM 00pa3oM BBIPa3UTh
gepe3 y U oOpaTtHas PyHKIHS IMEET BUI: X =Y—2 3pecs KOKIOMY 3HAYCHHUIO
V COOTBETCTBYET €IMHCTBEHHOE 3HAUYCHUE X. B QyHKIMHK y = X2 0JJHOMY 3HAYCHHUIO
¥, HaTIpuUMep, IJ1st y = 9, COOTBETCTBYET JIBa 3HAUCHMS apryMeHTa X = 3 U x = -3
1 Ha TIPOMEKYTKE (—00; +00) sl He€ He CYIIeCTBYeT 00paTHOW (PyHKITHH.

OOpaTuTh MOXKHO Ty M TOJBKO Ty (DyHK-
IUI0, KOTOpast KaXKJJ0€ CBOE 3HAYEHUE TIPH-

HUMAaeT B CIMHCTBCHHOI TOYKe 00JacT
onpenenenus. Eciu nmro0ast ropu3oHTa b
Hasl psiMast TiepecekaeT rpaguk GyHKIHN
KaK MakCUMyM B OHHOﬁ TOYKE, TO OJIA HeéE cywecmeyem 00- He cywecmeyem 06-
CyLIECTBYET 0OpaTHas (QyHKIMS. pamnas Qynkyus  pamuas gynxyus
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OOparHast pyHKumns

JIpyruMH cIIOBaMU, €CJIM Pa3InIHbIM 3HAYCHHUSM X COOTBETCTBYIOT Pa3IMYHbIC
3HA4YEHUS Y, TO JuId QYyHKIMH Y = f{x) cyliecTByeT oOpaTHas QyHKITUS.

Tak Kax /17151 MOHOTOHHOH (DYHKITHH TIPH X17£X2 UMeeM f{x1)#f(x2), TO:

1) Jlns1 Bo3pacraroreii Ha o0acTy onpeneeHust (GyHKIHH, CYIIeCTByeT oOpaTHast
(hyHKITHS.

2) Jlnsa yOwIBaroIiei Ha o0acTu onpeneneHus PyHKINH, CYIIIECTBYET 0OpaTHas
(hyHKITHS.

[lycte, y = f{x) byHKIHS 111 KOTOPOH CylIecTByeT oOpaTHast (DyHKIHS, T.€. B OT-
HOIICHUH ) = f{xX) MOXXHO OJIHO3HAYHO BBHIPA3UTh X Yepe3 ) U 3alucarb B BUJC
x=f"1(y). Torna byukums x=f~'(y) Ha3pIBaeTCs 00paTHOM 1yt GYHKIUH Y = f(x).
OOBIYHO, apryMeHT 0003HAYaCTCs Yepe3 X , a PYHKIUA 0003HAYACTCS depes ).
ITosTomy, dyHKIws, 0OpaTHas s y = f(x) 3amuceiBaeTcs Kak y=f'(x). Ecom /!
(hyHKHA, oOparHas st GYHKIWY f, TO GYyHKIHA f ABIsieTCs 00paTHOH (PyHKIHeH
st pyskimn [, OyHKIuE f 1 f ! SBIISIOTCS B3aMMHO 00paTHBIMU (DYHKITHSIMHE.
I'paduxm B3anMHO 00paTHBIX QyHKIMIA.

Ecmu touxa (a; b) pacnionoxeHa Ha 3aaHHOM rpaduke,To Touka (b; a) OymeT pac-

TIOJIOKeHA Ha Tpaduke 00paTHON (QyHKITHH.

3amanHas QyHKIUSA Ob6parHast hyHKIUS
X{-2{-1{0f1]2 x{412(0(|-2(4
yi41210]-2[+4 V|20 1|2
I'pauk 3anan- [Ipumep otpaxkenust oT-  ['paduk oOpaTHOI
HOH pyHKIMH HOCHUTENBHO OCH Y = X byHKIMN
A A ‘ A
AN ’
t AN e : t
> » > >
X B SN X

I'padpuxn B3aMHO 00paTHBIX QPYHKIMHA CHM-

MeTPUYHbI OTHOCUTEJIbHO MPAMOM y = X. 0= 2x 3
st TOro, 4TOOBI HATH O0paTHYIO 1 i ;
GyHKIHUIO 110 GOpMYyIIE HAIO: [0S (o 3)AY l\ 1
1) BbIpasuTh nepeMeHHYO X 4epe3 ). 4-(1;2 7 ;

2) B momy4eHHOM paBEHCTBE BMECTO X 3aIld- 11 1 G 3)
IeM ), BMECTO ) 3aITHIIEM X. 2T /

[Mpumep 3. 3anunieM oOpaTHYO (GYyHKIIUIO
Uit YHKIHH ) = 2X — 3

=Y

Pemenne: 3anunieM QyHKIHO y = 2x — 3

(,
V;‘

<7
BBIPA3HM MEPEMEHHYIO X HEPE3 1 X =~y +7- Y ::,’ﬂl . £0.-3)

IIOMCHACM MECTAMU X U Y © ) :2—x+5 - “r, (5))
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OOparHast pyHKumMs

Ha Bceii uncnoBoit ocu st GyHKIIUN ) = X? HE CYIIECTBYET 00paTHOW (YHKITHH.
OnHako, Ha IPOMEXKYTKAaX BO3PACTAHMS WM yOBIBAHUS I OTOH (DyHKITUH, 00paT-

Hast (YHKIUS CYIIECTBYET. Ay
1 . = x? -

pumep 4. Jlns pyHKINU y = x? 3a7a10M 06paTHUyIO ¢byHK y=xt, y=x.
o, npu x > 0 U mocTpouM HX rpadUKu B OTHOU cHcTEMe ,

v

KOOPIUHAT. 3amuIireM KOOPANHATH HECKOJIBKUX TOUEK, pacro- | (2; 4) o
JIO)KEHHBIX Ha 9TOM TpaduKe. //(' 4:2
Pemenue: 3agannas GpyHkius: y = x2,x > 0. [
Oo6partnas dpyukms: 1) x = \/y_, 2) y= Vo Z y= W

G
(v

Touxka (2, 4) pacnionoxena Ha rpadure Gynkiuu y = x% x > 0, 715

=Y

aTouka (4;2) Ha rpaduke oGpatHON dyHKmM y = \x.

Jliis o6patHO# pyHKITMU CTIpaBeIIuBa CIeAyIOIas TeopeMa:

Ecmu dynxkius f'¢ oGacTeio onpeaeneHus X 1 MHOXKECTBOM 3HAYCHHMA Y BO3-
pacrarormas (yOsIBaromas), To s He€ cyniecTByeT ooparHast pyHKIwms /!,
onpenenéHHasl Ha IPOMEXKYTKe Y, KOTopas TakKe SIBISIETCS BO3pacTarollen
(yObIBaromiei).

Ooyuaromue 3a1aHuA |
1
1. ®ynkuwus 3agaHa MHOKeCTBOM Touek:{(8; 2), (1; 1), (§ ;5)’ (-8;-2)};
N306pa3urte npu NOMOIIM CTPETIOK 3a1aHHOE U 00paTHOE COOTBETCTBUSI.

2. Ucnonb3ys nanubie B Tabnune cocrasbre [ | [ 2 | 3 | 4 | 5
TabMuIy 3HaUeHu# st 00paTHOM (DyHK- o T

IHH.
|i Oyukmmu f(x) u g(x) B3auMHo obpatHbie GyHkuu. [Ipu x = 10 3HaueHME

fx) paBHo 85. Kak 3T 3Ha4eHHsI MOTYT OTHOCUTCS K (PyHKIIMH g(x)?

4. Dynxums f3a0aHa MHOXKECTBOM TodeK. TaK jke H3BECTHO, UTO BTOPBIE KOOP-
JIMHATBI HEKOTOPBIX TOYEK OJMHAKOBHI (Hampumep, kak (6; 5) u (7; 5) ).
JloctaTouHo a1 HH(POPMALIMH, YTOOBI YCTAHOBUTS SIBIISIETCS WM HET (PyHK-
s f oOpaTuMont pyHKuuen?

|S. Ecmu dynkums flx) umeer obparnyto dynkumto u f(1) = 7; f=3) =9,
A6) =2, To Haitnute 3HaueHus f~1(9); f~1(7) uf-'(2).

6. Jlnst 3ananbIX QyHKUMI 3anuiunTe B3anMHO oOpatHble QyHKumu. Yera-
HOBHTE BO3PACTAIONIMMH WJI YOBIBAIOIIMMH SIBIISIFOTCS 3aJJaHHAs U 00part-
Hast QyHKINH.

a)y=4x 0)y=2x-38 B)y=3x-14

r)y=—2§+5 m)y=3x-3 e)y=12x+6
=—Zx 3) y =——x+ — =2 x+6

RE A

|l B onHolt cucteme KoopAMHAT OCTPOUTE TpadUKy TSl 3aJaHHBIX (PYHKITUI

U (DYHKIHIA, OOpaTHBIX 3aJaHHBIM. 1
a) flx) =4x 0)f(x)=2x-3 B)fIx)=x*,x=20 1) fx)=—-",x>0,
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OoOparnas pyHKumus

8.

12.

13.

14,

Jns rpaduka Ha pECyHKe, TOCTpoiiTe rpaduk oOpaTHON QyHKIHH.

HaﬁHHTC 00J1acTh OIIpCACIICHUA U MHOXKCCTBO 3HAUCHUIA.
B) A y=x

AV
5\

] S5x

Sly=fn
[Tokaxxute, 4To /U1t JaHHOW (QYHKITMH CyIIeCTByeT oOparHas. HaiinuTe 00-
patHyto (pyHKIIHIO, 00JACTh ONpEesIeHHs,, MHOKECTBO 3HAYEHUH H T10-
cTpoiite e€ rpaduxk.

a) flx) = 3 6) flx) =x, x>0

. Iocrpotite rpaduku 3ananHbIX GyHKIUNA. OnpeaenuTe UMeeT JI QyHKITHS

00paTHYI0 (YHKITHIO.

a) f(x)=-2x+3 0) f(x)=x+3 B) f(x)=x>+1

r) f(x) =-3x* n) f(x)=x"+3 e) f(x)=2x°

oK) fx)=x|+2 3) f(x)=(x+ 1)(x—3) K) f(x) =9x* —6x + 1

. YcraHoBuTE, SIBISIOTCS JIM (QYHKIIUH B3aMMHO OOPAaTHBIMH.

a) f(r)=x+7,g(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, gx)= —%x +2
_2 2 1 _ 1+3x

D f@ =5 3.0 =753 ) f0)= g g g

K) f(x) = 8x%, g(x) ZTX 3)  f(x)=256x% x>0; g(x) =%

Jia kax ol crerneHHol (DYyHKIMH 3auiuTe (OPMYITy COOTBETCTBYOIIEH
o0OparHOi (QyHKITHH.

a) f(x)=l6x*, x <0 6) f(x)=—x%x=0 B) f(x) =x7
Nfx) = re 2, x20 1) f(x) = —8x° &) fx) =7 x*

®opmyna C = % (F — 32) BbIpaxaeT 3aBUCUMOCTh TEMIIEPATyphl B TPaIy-
cax lenscus ot Temmepatrypsl no @apeHrenTy. s 1aHHOM 3aBUCUMOCTH
3aj1aiite popmyiy oOpaTHOM 3aBUCUMOCTHU, TPEOOPA30BLIBAIOIIYIO TEMIIC-
parypy no @apeHreiiTy B Temieparypy B rpaaycsl Llenscus. Halinure
3HaueHue Temneparypsl no @apenreiry mis 15°C, 20°C, 0°C.

XeK - oIvH U3 BUA0B pBI0. Mexay Maccoi(B Kr) ¥ JUTMHOW(B CM) JJISt STOTO
BU/JIA pIO YCTaHOBJIEHA CIIEeAyIoIas 3aBUCUMOCTh: m = (9,37 x 10-6)/3. 3a-
nuImuTe GyHKIHMIO0, OOpaTHYIO AJIs JaHHOU 3aBUCUMOCTH. CKOJIBKO CaHTH-
METPOB,IPUOIN3UTENBHO, COCTABIISET JUIMHA PbIObI, Maccoit 0,875 kr?
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O0o0mamme 3a1anuga

[TocTpoiite rpaduku pyHkImit g(x)= —\x, k(x) = =x, h(x) = \x + 2, ne-
MoJIb3ys MpeoOpa3oBaHus Tpaduka 0CHOBHOM GyHKIUH f{x) = x. Kax npu
9TOM U3MEHSAETCs 001aCTh ONpe/IeNICHNsI U MHOXKECTBO 3Ha4eHUH QyHKIun?

a) Ha cKosbko eTMHHUII 110 TOPU30HTATH HY)KHO MapalieNIbHO TIEPEHECTH
rpaduk ¢pyHkimu f{x) = x2, 470061 OH MpowIEn yepe3 ToUKy (5; 16)?

0) Ha ckosbKo euHUIl HA/I0 CBUHYTH rpaduk QyHKIHH f(X) = \lx Bomb
ocH y, 9To0bI rpaduk mpomén gyepes Touky (4 ; —1)?

a) 3anumuTe QyHKIHIO g(x) 0OpaTHyIo Uil QYyHKINUU
fix)y=x*-1. u
6) s rpaduka Ha pHCyHKe mocTpoiite rpaduk 00- /1o X
paTHOH (QyHKIINN.

Haiinure o61acTs onpenenenus GpyHKIIHA.

Ny __4 N
a)flx)=V4x—-2  B)flx) N ) fix) o s
O =VI2 3% Dfn= = ofn)= o

Vx + 1 x—1
Haiigure nynmu dysaximm.
a)flx)=4x+6 B) flx)=x*—x*—2x 1) fix) =3 -5+ x2
O)f)=x"-x-6 1) fix)y=x*-1 &) fix)=Vx—1-2

1) Uccnenyiite GyHKIMIO Ha YETHOCTD MM HEYETHOCT.
D) =@ -2+ (+2P B = (-4 v+ 4p

2) YcranoBute sBisieTcs id GyHKIwst y= x°+ (m — 1) x + 3 uérHoit
WM HEYETHOM, ecu: a) m = 1 ; 6)m=20.

N3BectHO, uTo f{x) = x:f(x — 1) + 2. Haiigure f(2).

Hana gacte rpaduka GyHKImu f{x) ¢ ob1acTeio onpene-
nenus [—3; 3]. Jocrpoiite rpaduk Tak, YTO0BI PyHKIINS
cTaja: a) He4€THOM; 0) u€THoi. [lokaXkuTe NpoMeKyTKU
BO3pacTaHus U yObiBaHus QyHKIMH. Haiiaure skcrpe-
MYMBbI (DYHKIUH.
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Oo6o0maromme 3aganusa

|& [MoctpoiiTe rpaduK KyCOYHO - 3aJaHHON (DYHKIIUH.
) > 1 1, mpun  x<-1
_ ) 2x, mpux = _ l<x<l1
2) flx) {—x+3, mpu x < 1 0) /x) ’lc fpH =l =X
,mpu  x>1
|10. TTpu KaKkuX 3HAYCHUSAX APryMEHTA 3HAYCHHE (yHKIMM:
a) fix)=V2x+6 pasuo 3;

3x 1
0) fix)= 2_7  Dbaso 7?

m. Hanwt £ {(0; 1), (1; 3),(2;5), (3; )} mg(x) =2x+ 1.

Haiinure 3HaueHme croxHON QyHKIIMY [T 33JaHHBIX 3HAUCHUH TIEPEMEHHBIX.
a) (g °/)(0) 6) (g /(1) B)(g°/)(2)  1)(g°/)3)
m (fog)=0.5) ¢ (f-2)0) x) (Feg)d)  3) (F° 2)(0.5)

|1_2, 1) ITokaxkute, 9TO Ha MPOMEKYTKE (—00; +o0) clieayronue QYHKIIUN HE
HUMEIOT 00paTHON (QYHKITHH.

a) flx) = x*— 6x 0) fix) =[x+ 10|

2) nst cnenyromux oOpaTUMBIX (PyHKIMH HAIMIINUTE COOTBETCTBYIOLINE
UM oOpaTHble QYHKIUH.

1—x
x—2

a) flx) = 0) fix) =

2x -1
+
|£. Jnst pyskmm fx) = z — %

a) o0yacTh onpenieyieHus;  0) penieHus HepaBeHCTRa flx —4) <0

Halaure:

|14. Bpems, 3aTpayeHHOEe Ha OIMH Juua Bpems
MIOJIHBINA TTepUO. KOJIEOAHUS Ma- |vasTHuka (m)| (mun.) O}T/IZ?IJ:)_
ATHUKA (TIEPHOJT KoJIeOaHwsl ), 3a- > 73 : I
BUCHT OT JJIMHBI MagTHHKA. Uem ’
JUTHHHEE MAsTHHK, TeM OOJIbIIe 4 4
BPEMEHHU TPATHUTCSI. 6 4.9
a) [lo manHo# MHbOpPMAIIH TTO-
cTpoiiTe rpaduk. 8 3,7 RREEEE :
0) Onpenenure K KakoMmy 10 6,3
KJIACCy MPUHAICKHUT QyHKITHS.

e —pm—————

B) Ecnm iimuHa masiTHHKA paBHA 5 M, 12 M mmocTpoiiTe rpaduik BpeMeHH, 3a-
TPa4CHHOI'0 Ha OJWH MOJIHBIN nepuon .
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Touka, npsiMasi ¥ IVIOCKOCTh B NIPOC

Touka, npsiMas ¥ MIOCKOCTH B POCTPAHCTBE
IHapajieIbHOCTH NPSAMOM M IVIOCKOCTH
[HepneHAMKYJIAPHOCTH NPSAMOH U MJIOCKOCTH
Teopema o TpEx nmepneHANKYJIsApPax

YroJa mexkay AByMs IIOCKOCTAMU
JIByrpaHHbIH yroJ

IlepneHauKyJsIpHBbIE IJIOCKOCTH
[MapaniesbHbIe MJIOCKOCTH

IIpoexkuun. Pemenue 3agau




Touka, npsiMasi M JIOCKOCTh B POCTPAHCTBE

IIpakTuyeckas padora. OTmersTe Ha ucte Oymaru Touku A, B, C, Du E u
CJIOKUTE JIUCT MO MPSIMOM, MPOXOASIIEH Yepe3 TOUKyY A Kak T B
II0Ka3aHO Ha pUCYHKE. 3aTeM packpoiite nuct. Kaxaas u3 ya- A
CTEH IMCTa, CJIIOYKEHHOTO I10I10JIaM, SIBJISIETCSI MOAEIBIO I10C-  |De -C
KOCTH.

1. Kakast u3 Touek NpUHAAJICKUT KaK10M U3 TIIOCKOCTEN?
2. YKaxuTe TOUYKH, TPUHAJIeKAIINE W He TIPUHA/IS)KAIITHIe
KaKJI0M IJIOCKOCTH.

B paznene miaHnMeTpuH B TEOMETPHH H3YYaroTCs (QUTYphI, BCE TOYKH KOTOPBIX
JIe)KaT B OJIHOM TIOCKOCTH. DTH (GUTYPHI HA3BIBAIOTCS TUNTOCKUMHU purypamu. Ogi-
HAaKO B peaIbHON JKU3HU HAC OKPYKAIOT TpeXMepHbIe 00BeKThI. X n3MepeHusIMu
ABIISIOTCS JUTMHA, ITUPUHA U BRICOTA(TTyONHA). DTH (QUTyphl HA3bIBAIOTCS MPO-
CTPaHCTBEHHBIMHU (UTypaMH, a pa3/ied TeOMETPUH, KOTOPbIH 3aHMMAaeTCs U3yde-
HUEM ITUX (GUTYp, Ha3bIBAETCS cTepeoMeTpueil. [IpuHATO cUUTaTh,9TO TOYKA,
MpsiMast ¥ TUTIOCKOCTh TaKyKe SABJISIOTCS MPOCTPAHCTBEHHBIMH Be
¢urypamu. ITnockocTs 6ecKOHEUHa, B 0OBIYHO, €€ yCIOBHO A A® oC
M306P@KAIOT B BUJIE IAPAIIEIOrPaMMa i 0603HAYAIOT OJTHOH “

MaJIeHbKOM OyKBOH Miw TpeMs OyKBaMH( yKa3bIBaIOINE TP TOYKH, HE PACTIONO-
JKeHHbIe Ha OJHOH mpsMoii). Hampumep, mmockocTs o niw miockocts ABC.
Axcuoma 1. KakoBa 0bl HH 0bL1a II0CKOCTh, CYLECTBYIOT TOUKH, IIPUHA/-
Jie:Kalue 3TOM IVI0OCKOCTH, U TOUKH, He NPUHAJJIe/KAame eil.

Ne L Touka N He IpUHAUISKUT
Touka A TPUHAVICKAT miockocTH o.Ng o
TUIOCKOCTH (.. A€ o oA o

Axcuoma 2. Eciiu y IBYX pa3jJIMYHBIX IJIOCKOCTEl ecTh 001[asi TOYKA, TO OHH
NepeceKarTes M0 NPSIMOii, MPOXoAsLeil Yepe3 3Ty TOUKY.

IIpsaimas 3agaércs AByMsI TOUKAMH, TO €CTh Yepe3 JBE TOYKH MOKHO IIPOBECTH
OJIHY U TOJIBKO OJTHY MPSAMYIO (@ CKOJIBKO MPSIMBIX MOKHO TIPOBECTH Yepe3 OHY
T0ouKy?). CKOTEKIMHE TOYKAMH 331aéTCS TUIOCKOCTE? [IByMs
TOYKaMH TIOCKOCTh 33/1aTh HeNb3s. Kak BUJHO 10 pHCyHKY, | P
yepe3 Touku A 1 B MoHO mpoBecTH GECKOHEYHO MHOTO
miockocTei. OHaKo, Cpenn 3TUX TUIOCKOCTEH €CTh TakKas B
IJIOCKOCTh, uTO Touka C pacronokeHa Ha Heil.3HauwWT,
IJIOCKOCTh MOXHO 3a/1aTh TPEMS TOUYKaMH, HE JIEKAILUMHU
Ha OJIHOM MpsIMOI.

Axcuoma 3. Uepe3 Tpu TOYKH, He JieKalUe HA OJHOM MPAMOIi MOKHO TPoO-

BECTH INIOCKOCTh M NPHUTOM TOJBKO OJHY.
ToukH, pacroNoKEHHbIE HA OJHOW IPSIMOW, HA3bIBAKOTCS \

O.
<

KOJUIMHEApHBIMHM TO4YKaMHu. [okaxem, 4to eciau aBe of |
TOUYKH IIPSIMOM IPUHAJIEKAT INIOCKOCTH, TO BCE TOUKHU B!
IPSIMOM NPUHAJIEKAT ITOU INIOCKOCTH. - AL ‘

ITycts, Touku A u B npsimoil / npuHayiexar miocko- ‘ \
ctu o.. Bo3pMéM Touky P, KoTOpas He MpUHAUIEKUT .
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Touka, npsiMasi M JIOCKOCTh B MPOCTPAHCTBE

npsMoii / u miockocta o Yepes Touku P, A u B nmpoBeném miockocts . Tak
KaK IJIOCKOCTH O, U [} IepeceKaroTcsl O JIMHUH, TPOXOAALIeH yepe3 Touku A u B,
TO OHa COBIAAAET ¢ MpsMOi /. Bece ToukM IMHUM nepecedeHns NpUHaAIeKaT
TUIOCKOCTH ¢, T.€. BCE TOUKH MPSIMOM / TaKkKe MPUHAAJIEKAT INIOCKOCTH O.

W3 akcroM cTepeoMeTprn BBITEKAIOT CICIYIOLINE CICACTBUSL.

1. Yepes npsmMyro ¥ TOUKY BHE €€ MOXKHO MPOBECTH TIOCKOCTh U IIPUTOM TOJIBKO
OJTHY.

2. Yepes 1Be mepeceKaronuecs IpsiMble MOKHO TPOBECTH TLIOC- M
KOCTb M IIPHTOM TOJILKO OJTHY. Ll

3. Uepes aBe nmapajuieiabHbIe MPSIMbIE MOKHO MPOBECTH IUIOCKOCTb U IIPUTOM

TOJIBKO OAHY.
Takum 06pa30M IJIOCKOCTH MOXKHO 3a1aTh:

1) mpsiMO# 1 TOUKOW HE MpUHAJICKALICH ATOH IPSIMON;
2) AByMsI IIEpeCEeKAIOIIMMHUCS NPSIMBIME; 3) ABYMS ITapalIeIbHBIMU IPSIMBIMH.

y N N

IIpumep. dansl Tpu Touku A, B u C, He nexaiye Ha oHON NpsMOil 1 Touka P,
HE JIe)Kallasi C HUMU B O/THOM MJIOCKOCTH. 3alUIINTE Ha3BaHUs BCEX IIOCKO-

CTEH, MPOXOASIINX Yepe3 KakKAbIE TPH U3 HUX. P
Pemenue: Yepes Touxku A, B 1 C mpoBenéM MmiaockocTh o ¥ OT- 4;

METUM TOYKYy P BHE 3TOM ImockocTh. Uepes 3T TOUKU MOXKHO

npoBectu 4 wiockoctu - ABP, BPC, ABC u APC.

Touku, npuHaAIEKAIIME OAHOU MIIIOCKOCTH, Ha3bIBAIOTCS KOM-

mianapusiMu. Touku A, B, C u P u3 npumepa HekoMIsiaHapHBIE.

Ooyuarouue 3a1aHusA

|L [Ipu momoriu kakux OYKB BbI ObI Ha3BaJIU IIOCKOCTD 0.7
a) ABE 06) ACE B) BDE r) DAC

& Touku B, C u D nexxar Ha otHOM MTpsIMOH (KOIJIJTHHE-

apubie), Touku A, B, C u D nexar B ofHOH TUTOCKO- IE

cTu(KOMIUTaHapHEIE), a Touka E pacmonoxena BHE

B 4 A
1
IINIOCKOCTH. C D b

CKOJIBKO TIOCKOCTEN MPOXOIUT Yepe3 TOUKHU: ;
a)A,BucC; 06)B,CuD; B)A,B,CuD; rNA,B,CuE

|i 3amnuImTe ImI0CKOCTH, U3 KOTO- |4_ OO0BsicHUTE, TIOYEMY JIFOOOH CTOJ, UMEHO-
PBIX COCTOAT TpaHu uryp. LI TPU HOXKKHU, 00sI3aTEIHHO YCTOWYUB.

a) CKOJBKO TUIOCKOCTEH MOXHO TPO-
BECTH Yepe3 TPH MOMAPHO IEPECEKaAI0-

mecs npsimble? .
MG~ P 0) CKOJIBKO TUTOCKOCTEH MOYKHO TTPOBe-

D CTH 4epe3 YeThIPe pa3InyHble TOUKH?
PaccmoTrpuTe Bce BO3SMOXKHBIE CITy4aH.
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Touka, npsimasi 1 JIOCKOCTH B NPOCTPAHCTBE

B3aumHoe PACIIOJI0KEHHUE TIPAMBIX B IIPOCTPAHCTBE

JIBe npsiMbIe B MPOCTPAHCTBE MOTYT OBITh MapajlieIbHBIMU
(B 9aCTHOM cCiTyJae COBITATaTh) WU TIEPECEKaThCs.

/ k
//k ><
/
W3BecTHO, UTO eciu mpsiMble [ U k IepeceKaroTCs WK Mapall-

JIEJIbHBI, TO OHM JIEXkKAT B OJHOM IJIOCKOCTU. B mnanumeTpun
9THU JiBa Clly4yas COOTBETCTBYIOT MEPECEUEHMIO WJIM MHapalj-

JICJIbHOCTHU NIPSMBIX.
Ecmu ABC TICPCCCKAOMIUCC TPAMBIC IMEPCCEKANOTCA C ;
TpeTBCfI B pa3HbIX TOYKAX, TO 9TU NPAMBIC PACIIOJIOKCHEI B !

OJHOU mIockocTH. Ecnu 1Be nepecekaromuyecs npsiMble, me- Tpamvie pacnonodicens
peceKaroTcs ¢ TpeTbeil B OHON TOUKE, TO OHU MOTYT OBITb ¢ (0101 niockocmil.
PACIIONIOKEHBI KaK B OJTHOM MIIOCKOCTH, TaK U B Pa3HbIX.

Onu  nexomnia-

B Ipsimele pacnonodicervl
6 0OHOU NIOCKOCMU.
/ P OHu KomnanapHule.
Hapnvie.

JIBe He mapaeIbHbIC MPSMBIE B IPOCTPAHCTBE HE BCEraa nepecekatorces. [Ips-
MbIe, KOTOpbIE HE MapaljiebHbI U HE MePECEeKar0TCsl, HA3bIBAIOTCS CKPelIuBalo-

mUMHUCA TpIMbIMU. CKpENUBaOIINECS TPSIMbIe a U b

0003HauaroTcs TaK: a2 b. Uepes CKpenuBaronuecs mpsiMple
HEJb3$ IPOBECTHU MIIOCKOCTh. YTIIy MEX]Yy CKpEIUBaIOIIH- E
MUCSI TIPSIMBIMH COOTBETCTBYET YIOJI, MEKAY Mapalijiellb-
HBIMH MM U [IEPECEKAIOIINMUCS PSIMBIMU.

IIpsmvie pacnono-
n | orcenvl 6 pasiuu-
HBIX NIOCKOCMAX.

k

D
IMpumep. Ha monenu kyda A1 D1 = B Bi. A :/ (C,
Tak kak A1Dj|| BiCi, TO yroa Mexy CKperMBarOIInMHUCST 7B
npsmeiMu A1 D1 u B Bi paBen yrity mexay npsmeivu B1Cy D:
. b--t-o)C
nu B Bl 5 T.C. 90 . r/
A B

B3anmHoe pacnoJioskeHne NPSAMOi | MJI0CKOCTH

Eciu npsivast mveeT ¢ wioc- Ecyiu ipsiMasi UMeeT ¢ wioc- Eciu  mpsAmas  He  MMeeT
KOCTBIO ~ OfHY ~ OOLIYI0 KOCTBIO JBE OOIIME TOUKH, TO OOIIEH TOUKHU C IUIOCKOCTBIO,
TOUKY, TIPsIMasi IEPECeKaeT OHa MONHOCTHIO JIEKHUT B 9TOI TO MpPSAMast U IIOCKOCTh T1a-
WIOCKOCTh. /[ N .= A IIOCKOCTH. [ < o pasensHel. /|| a |

/
\Aa /

o a b
S
Ecnu ogHa M3 1BYyX HPSMBIX JIEKUT B HEKOTOPOMH MJIOCKOCTH, a
Jpyras npsiMasl II€EpeCceKaer 3Ty IJIOCKOCTh B TOYKE, HE JIeXkKa- w

1IEH Ha MEPBOM NPSIMON, TO ITU IPSAMbIE CKPELIMBAIOLIUECS. !
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Touka, npsiMasi M IJIOCKOCTh B IPOCTPAHCTBE

|i Jiist mapasuienbHBIX, TIEPeCeKaIONINXCs M CKPELUIMBAIOIINXCS MPSIMBIX B KyOe.
Beinonuure crnegyronume 3agaHusl.
a) 3anuIuuTe NpsMble MapajulenbHble npsiMold AB
0) 3anumuTe mpsAMele nepecekaromuecs npsamoit BC - g
B) 3anumuTe npsiMble CKpetmBaromuecs ¢ npsamoi EF
r) [Tokaxkute Tpu TOUKH KOMILIaHApHbIE TOuke B :
1) [Tokaxxute Tpu TOUKH HEKOMIUIaHApHBIE TOuke B ,113'-- AL JE
e) [lokaxwure npsiMble MepeceKaromnecs AL

¢ miockocteio ABC D
k) [lokaxxute npsiMble pacroIOKEeHHbIE
Ha rmockoctd CDF

3) Haiigure yron mexny npsmeivu AB u CG.
n) Haiigure yron mexny npsmeivu AB u DG.

|l [Ipu momouy NpsIMBIX, COAEP)KALIMX OTPE3KH Ha PH-

CYHKE, BBITTOJTHUTE CIIEIYIOIINE 3a/TaHus: l .
a) [lepeuncinre mapayienbHBIC TIPSIMBIC. J
K
F
E

H_ G

A

0) [TokaxuTe CKpEeIMBAIOIIHECS TIPSMBIC.
B) [Tokaxxute mpsiMyto, TIepeceKaroNIyIo IBE MepeceKaro-
Mecs MpsAMbIE, JISKAIYI0 C HUMU B OTHOM MJIOCKOCTH.

& Hapucyiite durypy mo ciemyromum naHHBIM: npsmas AC pacronoxeHa B
mrockoctu  , npssmblie BE n AC xomrutanapusie. Todka Z KoyuTMHEAapHa TOY-
kaMm A u C, a Touka X koyTmHeapHa ToukaM B u E.

|& OOBsICHUTE, TIOYEMY CTOJI C YETHIPHMSI HOXKKAMHU HE YCTOHYMB.

m), Uepes cepennny M otpeska AB nposeneHs! na-
pajieNnbHbIe MpsIMbIE, TEPECEKaIOIIHe MIII0CKOCTb
o B Toukax Ai, Bi, Mi. Haliqute niouHy oTpeska
MM, ecnu:

a) AA1 =12 cm, BBi =4 cm;
6)AA1=a, BB =b. o

m, Komnerr A otpeska AB pacmosioxeH Ha IIOCKO-
ctu o.. M3 xoHma orpeska B n Touku C, pacmoso-
JKEHHOW Ha OTpe3Ke MPOBEINEHBI apajuleTbHbIe
MIpsIMBIE, TIEPECeKaroIie TNIOCKOCTh Ol COOTBET- I
cTtBeHHO B Toukax B u Ci. Haiimure mmuay oT- // -=7¢, B
pe3ka CCy, ecmm AC : CB=3:2uBB:1=10cm. ¢

|1_2. Jan mapamnenorpaMmm ABCD u He nepecekaroias ero miockocts o. 13 Bep-
IIMH TIapajuiesiorpaMma MpoBeCHbI MapajuiebHble MPsMble, KOTOpPhIE TIepe-
CEKAaIOT TIOCKOCTh o B Toukax Ai, Bi, Ci, Di. Haligute nnuny orpeska DD,
ecmn AA1=3 cm, BBi=4 cm, CCi =7 em.

IE. Jlokaxure, 4TO Yepe3 TOUKY, HE JICKALTYI0 Ha IPSIMONH MOXKHO ITPOBECTH
OJIHY Y TOJIKO OJHY MPSIMYIO NapauIeIbHYI0 JaHHOM.
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Touka, npsiMasi M MJIOCKOCTh B MPOCTPAHCTBE

Teopema 1. (ITpu3Hak MapauIeTFHOCTH MPSAMOH 1 IIoCKoCcTH) Eciin ipsimast, He
Jexarias B JaHHOU TIJIOCKOCTH, TapajuielibHa KaKOH-HUOYIb MPSIMOM Ha TOH

IUIOCKOCTH, TO 3Ta MpsiMasi apajulieibHa JaHHOH MJI0CKOCTH.
JlokazarenberBo. [lycTs npsamast a, He mpuHaIekKa-

11as MI0OCKOCTH O TTapauleibHa NpsIMOi b, IpUHazIe- a

JKarlei 3Toi miockoctu. Yepes npsmble a U b TpoBeaEM jommm——— ===
nnockocth 3. Torsa IockocTH o i B mepeceKkaoTcsa no  A°

npsmoii b. Eciiit ipsimast a mepecekaeT mI0CKOCTh oL, TO 0‘; B

TOYKA MEPECEUEeHUsI JOJDKHA OBITh PACIOIOKEeHA

Ha IPsSMO# b , 4TO HEBO3MOXKHO TIpU ¢ || b. 3HaUUT a || .
Cuaencreue. Ecii mI0CKoCTh MPOXOAUT Yepe3 MPSIMYI0, MapaIebHyI0 PYTod MIOCKO-
CTH U TIEPECEKACT ITY TIOCKOCTD, TO JIMHHS MEPECEUCHHS MapalieibHa dTOM MPSIMOA.

Caencrsue. Ecnu npsiMasi napajulesibHa Kax 101 U3 IBYX I1€PECEKaroLIIXCs I110C-
KOCTel, To OHa NapajulesibHa JMHUU UX [1€PEeCEeUeHHUs.
Teopema 2. Eciiu MIJIOCKOCTH, TPOXOJAIIME YEPE3 JIBE NapajulebHbIE IPSMBbIE I1e-

PpECEKAIOTCSA, TO JIMHUS NIEPECEUEHNS TAPAJIIETIBbHA TUM IIPSAMBIM.
Jloka3zaTeJbCTBO: TPEAIIONOKUM, 4To a || b. I[IpoBeném |
IJTOCKOCTH O, U 3 COOTBETCTBEHHO uepes npsimbie a u b. O60- E b
3HAYMM JIMHMIO NiepecedeHus yepes c. [lo nmpusnaky mapai- | , g
JISTBHOCTH TPsIMOM M 1iockocTtu a || B. Orciona a || c. - B
AmHanioruyHo, eciu b || o, To b || c.

Teopema 3. /IBe npsiMmbie mapajuieidbHble TPEThEN, MapaiebHbl MEXKIY
co0oi.

Jloxazate/iLCTBO: YTBEPKICHHE BEPHO ISl IPSIMBIX, JIeXKa- c
LIMX B OIHOM miiockocTH. [lycTs npsiMbie a, b 1 ¢ He Jexar B
OJTHOHM TIOCKOCTH U a || ¢, b || c. IlpoBeném mimockocTh o, a
yepe3 npsimble @ U ¢. Ecu b|| ¢, To b|| oo . BozpméM Ha ipsi-
MO a Touky M U 4epe3 He€ u npsAMYI0 b TIpoBeaEM TUIOC-
KocTb [3. JIuHuS mepecedeHus: mIocKkocTed o u 3, mpsamast
MN, napasuienbHa OpaMbiM b U ¢. U3 Toukn M K IpsMOil ¢ MOKHO TIPOBECTH
TOJIBKO OZIHY HapajuiebHyto npsaMyo. [Toaromy npsimeie MN 1 @ coBnanatot. 13
toro, uro MN || b, monryuaem a || b.

& a) Uepes naHHYIO TOUKY IPOBEAUTE NPSAMYIO, AapaUICNbHYIO0 JaHHOHU III0C-
KocTH. CKOJIbKO TaKUX MPSIMBIX MO’KHO IIPOBECTHU?
0) Uepes maHHYIO TOUKY IPOBEIUTE IUIOCKOCTh MAapaUICIbHYIO JaHHON Ipsi-
MOH. CKOJIBKO TaKUX IJIOCKOCTEH MOKHO MPOBECTH?

& OpnHa U3 CTOPOH MapauiesorpaMMa JISXKHT B TNIOCKoCTH a . KakoBo pacrnono-
YKEHHE OCTAJIbHBIX CTOPOH OTHOCUTENBHO MIIOCKOCTH or?

|i [TnockocTs mapannensHas ctopone AB Tpeyronsanka ABC nepecekaer cTo-
pony AC B touke Ai, a cropony BC B Touke Bi. Hailiqute niauHy cTOpOHBI
AiBi,ecmn:a) AB=18 eM, AA1 : AiIC=2:1;6)BIC=6cm,AB: BC=3:4;
B)AAi=a,AB=5b,AIC=c.
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IMepneHAUKYJISIPHOCTH NPAMOM U MJIOCKOCTH

Onpenenenne. Ecmu npsamasi(a), nepecekaromias

IUIOCKOCTH (0U), MEPIEeHAUKYIAPHA KaXKI10H HpsMOiA,

KOTOpast JIC)KUT B TAHHOM IUTOCKOCTH U IIPOXOIUT Yepe3

TOYKY IepecedeHusi, TO npsamMasi(a) nepreHIuKyIsspHa

IMJIOCKOCTH (OL) ¥ TO 3aITUChIBACTCS TaK: a | o

Teopema 1. (IIpuzHak nepneHUKYISIPHOCTH MPSMOUN | TIIOCKoCTH) Ecnn

rpsimasi, epeceKaronasi I0CKOCTh, MEPIEHINKYISIPHA ABYM MPSIMBIM B 3TOM

IUIOCKOCTH, TO OHA MEPIIEHANKYJISIPHA TIOCKOCTH. !
Mamno. [lepecekaromuecs npsiMeie a U b AR _p ¢

pUHaUIexar miockoctu o . [ La, L b. %'%
Joxka3artsb, 4to0. / L o B }s
I[Tycts npsiMble a U b nepecekaroTcs B ToUKe P, mpuHamIeKamER MI0CKOCTH
o ¥ npsamas / neprnenaukynspHa touke P. IIpoBeném B miockoctu a uepes
TOUYKy P IpOM3BOJIBHYIO MPAMYIO 71 ¥ IPSIMYIO, TPOXOSILYIO YEPE3 TOUKH A,
B u Q, cooTBeTcTBYIOUIMX NpAMBIX @, b u m. Haunnast ot Touku P Ha npsimoii
[ otMeTM KOHTpY’HTHBIC 0Tpe3ku PR u PS. BrimonHnM m1oka3arenscTBO B
CJIEYIOLIEH MOCIEN0BaTEIbHOCTH.

1) ARPA = ASPA i 2) ARPB = ASPB li 3) ARBA = ASBA /
CcYC CcYyC CCC
AR = AS R BR = BS R /RAB = /SAB R
A A
QX m
% P
N a
B ¥S

4) ARAQ=ASAQ

P R 5) ARPQ = ASPQ R
RQ = SQ b cce o b
Q m Z/RPQ=,/SPQ Q "

i P
a B 1 S a

B paBHOoGenpenHOM T}Ij)eyFOJlBHI/IKe ARQS, otpe3zok PQ SABJISETCS U MeIUaHOU
u Boicotot. Orcrona m L /. TTo onpenenennro umeem / L o. Teopema nokazaHa.
[To pucyHkKy BUHO, UTO IpsiMast IEPIIEHIUKYIISIPHAS TNIOCKOCTU B TOYKE T1e-
pecedeHus, epIeHIUKYIIIpHA JTI000H PSIMON B TAaHHOM TJIOCKOCTH.
Teopema 2. Yepe3 TOUKy Ha NPSAMOM MOYKHO MTPOBECTU NEPIIEHANKYIAPHYIO
el TUIOCKOCTh U ITPUTOM TOJIBKO OJIHY.

Teopema 3. Yepes TOUKY Ha IUIOCKOCTH MO>KHO IIPOBECTHU NEPIEHANKYIISAP-
HYIO ei IPSIMYI0 U IPUTOM TOJIBKO OZHY.

Hoxkaxem Teopemy 3.

Jano. npsimas / neprneHuKyIspHas TNIOCKOCTH ¢ B TOuke P.
Jloka3ars, 4T0 : uepe3 TouKy P MOXKHO IPOBECTH €TMHCTBEHHYIO MPSAMYIO /,

NIEPIEHINKYIAPHYIO INIOCKOCTH .
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IlepneHAUKYJISIPHOCTH NPAMOM U MJIOCKOCTH

Joxka3aresbcTBo. JlokaxxeM Teopemy ot oOparHoro. [Ipeanonoxum, uro cy-
LIECTBYET €LIE OIHa IPSMas z, HEPIIEHANKYIApHAs II0C-
kocTH @ B Touke P. [Ipsimbie / u z nexar B IIockocTH 3,
TepeceKaronel MIOCKOCTh ¢ BIOIb TpsiMoit b. [1pu me-
pecedenuu npsaMeIx / u z odbpasyercs yrona 0. o ompe-
JIEJICHUI0 TEPNECHAUKYISIPHOW MPAMON W TUIOCKOCTH
npsiMast /(kak ¥ mpsiMast z) epreHauKyIsipHa J000H mpsi-
MO¥ B IJIOCKOCTH O, B TOM YHCJIE U TIPSIMOU b.

Torma u npsimast /, v ipsiMast z 1OJKHBI OBITh EPHEHIUKYIISPHBI ITIOCKOCTH OL.
OpnHako, 3TO HEBO3MOXKHO, Tak Kak 0 + 90° + 90° > 180°. Takum oOpa3om,
yepes3 TOUKY P B IIIOCKOCTH o¢ MO>KHO ITPOBECTH OAHY M TOJIBKO OJIHY IEPIIEH-
JTUKYJSIpHYTO TipsMyto. Eciiu B mpocTpaHCTBe, Yepe3 TOUKy A IpOBECTH ep-
MEHANKYISIPHYIO NIPSIMYIO, KOTOpas MepeceKaeT IUIOCKOCTh & B Touke P, To
oTpe3ok AP Ha3bpIBaeTcs MepHeHIuKYAIPOM U3 TOUKU A K TuIocKocTd . OT-
PE30K, COSAMHSIONINI TOUKY A C T1000# TOYKOH (OTIMYHON OT TOukHu P) B
MJIOCKOCTH @ HA3bIBACTCSI HAKJIOHHOM. A
Otpe3ok AP - eprneHauKyIsap K II0CKOCTH, //¢//1eHOUR)1p
OTtpesok AB - HakOHHAaS.

Touka P - ocHOBaHUe nepneHANKYIIsIpa,
Touka B - 0cHOBaHME HAKIIOHHOM.

HAKJIOHHAA

. . npoexkyus
Otpesok BP Ha3biBaeTCs npoekuueil HAKIIOHHOM Ha MII0CKOCTb.

Ecnu n3 ToYKH K TNIOCKOCTH IPOBECTH MEPIEHANKYIISAP U HAKJIOHHYIO, TO:

1) neprieHaUKYISIp MEHbIIE HAKIIOHHOM;
2) paBHbBIC HAKIIOHHBIC UMEIOT PABHBIE TIPOCKITUH;
3) Gosnblasi HAKJIOHHAS UMEET OOJBIIYIO MPOEKIIHIO.

IIpumep. 13 TOUKM Ha MIIOCKOCTH MPOBEJICHBI IBE HAKJIOHHBIE 2
qmHoM 20 cM u 13 cM. HaliuTe niuHy MeHbIICH
MIPOCKITMH,ECITH UTHHA OONBIIEH TPOSKITNHN paBHa 16 cM.
Pemenne: AD nepnennukyisip, AB u AC naknounnsie. Ilycte BD u CD sB-
JSI0TCS IPOeKUUAMH HakJIoHHBIX. M3 A ABD no teopeme Iudaropa:
AD=VAB2- BD?= \20%— 16>= 144 = 12 (cm)

13 A ADC no Teopeme ITudparopa: DC = VAC?— AD?= V132 122=5 (cm)
Yriiom MeKIy NPAMOH M IJIOCKOCTHIO HA3BIBAETCS YOI [

MesK1y HAKJIOHHOI U eé mpoeKuueil Ha II0CKOCTh.

VYron Mexty NpsIMOii U IMJIOCKOCTBIO He OOJIbIIIE YITIOB,

00pa30BaHHBIX ATOH MPSIMOMU 1 JTFO00M IPYTOid PsSMOI

B IJIOCKOCTH.

B cnyuae, ecinu npsimas neprneHANKYIIspHA MJIOCKOCTH, TO YTOJ MEXYy HUMU
paseH 90°.
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IMepneHAUKYJISIPHOCTH NPAMOM U MJIOCKOCTH

1.
2.

3.

J171s1 TOro yTOOB! YCTAaHOBUTH HOBBIH Tee(OHHBIN CTOJIO MEPIEHIUKYIIIPHO
MOBEPXHOCTH 3€MJIM, MACTEP YCTAHABIUBAET €TO MEPIEHIUKYISIPHOCTD OT-
HOCHTEJNIBHO ABYX I1E€PECEKAOIUXCS NPAMBIX. JIOKaXKHUTE, 4TO MacTep Mpas.
IMpsimast BBIXOAISAIIIAS U3 BEPIIUHBI TPEYTOJIbHUKA MIEPIICHANKYIISIPHA IBYM CTO-
pOHaM, BBIXOIAIIMM U3 3TOH BepuInHbl. Haiinure yron Mexxay 3Toi npsMon U
TpPEThEll CTOPOHOM TPEYTOJIBHUKA.
[lo pucyHky HaiinuTe Xx. |4_ W3 ToukM Ha MIOCKOCTH MpOBE-
A JI€HBI TIEPIIEHUKYIISP ITUHOM

& cM 1 HakJIOHHAS JUIMHOH 16 cM.
Haiinure:
a) MPOEKIINIO HAKIIOHHOM;

5 0 x ¢ 0) MPOEKUMIO TEPIECHIUKYIIIpa
o B Ha HAKJIOHHYIO.

17 10

Konup! orpeska mnnHoi 10 cM nepecekaronero niockoCTh yAaaleHbl OT
MJIOCKOCTH Ha paccTostHust 5 cm u 3 cM. Haiinure mpoekiuio orpe3ka Ha
IJIOCKOCTb.

Kon1ipr oTpeska nimuHoM 8§ cM nepecekaroliero mioCKOCTh yAaIeHbI OT Heé
Ha paccTtosiHue 1 cMm u 3 cm. Haiiaure yroia Mexy OTpe3KOM U IIIOCKOCTBIO.

1
CTOpOHBI OCHOBAHUS MPSIMOYTOJIBHOTO Mapajlie/ienuneaa  (— 5
1
4 cMm u 3 cMm, a BeicoTa 5 cM. Haitnure nuaronans (d) u | | d
yrou () MeXIy AHArOHAIBI0 U OCHOBAHUEM MApalIENe- | ir<-q\{-
UTesna. : 4 .
B C

Cropona AD xBaapara ABCD nexur Ha
wiockoctu. [Iunaronans AC obOpasyer ¢
mnockocthio yron 30° Haiinure yron
Mex Ty cTopoHOM CD ¥ 9TOM MIOCKOCTBIO.

OT TOYKHM K MJIOCKOCTH Ha PACCTOSHUU @ MPOBEICHBI
JIB€ HAaKJIOHHBIE, KOTOPBIE COCTABIISIIOT C IUIOCKOCTHIO
yribl 45° 1 30°, a Mmexxay coboit npsimoit yrou. Haii-
JIUTE PACCTOSTHHE MEXTy OCHOBAaHUSIMH HAKIIOHHBIX.

W3 oqHOM TOYKH 10 MIIOCKOCTH MTPOBEECHBI IBE PABHBIC HaI((jJ'IOHHBIe, KO-
TOpbIE 00pa3yIOT MEXKIy co00i yron 60°, a X MPOEKIIMK 00Pa3yIOT MEXKTY
co0oit ipsimoii yron. Haliure yromn Mexmy Kakaoi HaKJIOHHOM U €€ Ipo-
eKIHel.

Haiinure 1uinHBI HAKITOHHBIX, TPOBEIEHHBIX U3 JAHHOM TOYKH K IJIOCKOCTH
€CJIM: a) OJIHA MX HAKJIOHHBIX Ha 8 cM OoJjbllle APYroM, a uX MpOeKLIUU
paBubl 20 cM U 8 cM;

0) JUITMHBI HAKJIOHHBIX OTHOCSTCSA KaK 2 : 3, a IPOEKIUH PaBHBI 2 CM U 7 CM.
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Teopema o Tpex mepneHINKYJIAPaX

Teopema. Ecnu nipsiMasi Ha MJIOCKOCTH TepIieH- A

JTUKYIISpHA TIPOEKIIMY HAKIIOHHOM, TO OHA Iep- " m R \”(IM()HHM
. . HAKIOHHOU e

NEHAUKYIIIpHA U CaMOM HaKJIOHHOM. B

To ectb, ecnu mpsiMas g, MPUHAATIEKAIAs TIJI0C- a8 ycy

KOCTH O epreHAuKysipHa npsimoit BC B Touke

C, To oHa neprneHAuKyIsipHa u npsimoit AC.

Kpartkas 3anucs: ecnua L BCu BC L BA, toa L AC

Jlns naHHOM TeopeMbl BEpHA U 00paTHasi TeopeMa.

Obparunas Teopema. Eciun npsimast, iekaniast B INIOCKOCTH NEPIIEHANKYIIIPHA

HAKJIOHHOM, TO OHA MEPNEeHIUKYISIPHA U €€ MPOEKIINH.

To ectb, ecnu ipsimast g, JIeXKaIas B INIOCKOCTH O, TIEPIIEHINKYIIIPHA IPSIMON

AC B Touke C, T0 oHa neprieHaukyisapHa u BC.
Kparkas 3anuce: ecmma L ACu BC L BA, toa L BC

Jlokaxkem Teopemy.

Hano: AB 1 a

AC HaxJIOHHasI, TPOBEAEHHAS K TIOCKOCTH OL
otpe3ok BC - npoekius HakinoraHo AC.
CDe a,CD L BC

Hdoxazarb: CD L AC

YTBepkaeHne O060ocHOBaHME

CD 1L BC Hano

AB1CD [lepneHANKYISIPHOCTD MPSIMOM U IJIOCKOCTH

CD L osroem B | A2 B upne spsecaonecn

CD LAC CD L ABC (neprneHaupyasipHOCTh MPSIMOi
TUIOCKOCTH)

OO6parHyI0 TeOpeMy TOKaKHUTE CaMOCTOSTEILHO.

IMpumep 1. dnuna nepnennukyispa CM, Boccra-
HOBJIGHHOTO K BEPIIWHE MPSIMOTO YTia MPSIMO-
yrojibHOTO TpeyroipbHuka ABC paBHa 7,2
€IUHUIIAM, a JUINHA BBICOTHI, TPOBEAEHHOMN K TH-
noreHyse paBHa 9,6 enununam. Haiigure pac-
CTOSIHME OT TOYKH M JI0 TUTIOTEHY3HbI.

Pemenne: mo teopeme o Tpéx mepnenaukymspax, T.k. CH L AB, To
MH L AB. Paccrosinue oT Toukd M 710 TUTIOTEHY3bI PaBHO JJIMHE OTpe3Ka

MH. 13 AMCH 1o teopeme [Tudaropa nmeem:
MH =V 17.22+9,6>=12 en.
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Teopema o Tpex mepneHINKYJIAPax

IIpumep 2. InvHa neprneHauKyspa, BOCCTAHOBIEHHOIO K IJIOC- K
KOCTHU TPEYTOJIbHUKA U3 BEPIIMHBI OOJIBIIEro yria paBHa 15 en.
Haiinure paccTosiHre OT BEpIIMHBI EPIIEHANKYIIpa 10 OobIIen
CTOPOHBI, €CTTU CTOPOHBI TpeyronbHuka paBabl 10,17 u 21 ex.

Pemenne: ecau BF 1L AC, To KF 1. AC. To ecth, Hamio HalTH 15
mnHy orpeska KF. 17 ]
ITo popmyne I'epona Haitném rutomaas AABC. C B
(@+b+c) (10+17+21) 21§ 10
= > = 5 =24 A

S =\pp—a)p-b)p—c) =

\24-(24 - 10)(24 — 17)(24 — 21) =\24-14-7-3 = /3-8-2-7-7-3 = \3272-4>= 84
. _ 1 25 284

C nmpyro#i cTOpoHbI, S = > AC - BF. Orcrona BF =AC ~ 21 8

Tak kak orpe3ok KB nepnenaukyisipen BF, to AKBF npsMoyrosbHblii.

KF = VKB2 +BF? =152 + 8 =289 = 17

|1.  Tlo JaHHBIM PHCYHKA JOKAXKHTE yTBEPIKICHUSI.

M
@ !.« B
ASFD
C
DBL(ABC) AMDL(ABC) KBL(ABC)
DCLAC AB=AC, CD =DB AE, CF, - BBICOTHI

MD1BC KDLAC

& W3 nenTpa OKpyKHOCTH, BIIMCAHHOW B TPEYTOJILHUK cO cTopoHaMu 10 cM,
10 cm 1 12 cM, K IJIOCKOCTH TPEYTOJIbHUKA BOCCTAHOBJIECH NIEPIIEHIUKYJISIP,
JmunHOU 4 cMm. HaliuTe paccTosiHie OT BEPIIMHBI IEPIICHAUKYISIPa 10 CTO-
POH TpeyroJibHUKA.

& Touka M, nexariast BHe IJIOCKOCTH NPSIMOYTOJIbHOTO Tpeyronbauka ABC ¢ ka-
Teramu 6 cM U 8 cM, paBHOyZaJIeHa OT ero BepunH. Haiiqure paccrosHue ot
TOYKH M JI0 TJIOCKOCTH TpeyroibHuKa, eclii MA=MB =MC =13 cm.

|4.  Touka M, nexamiasi BHE MIOCKOCTH PABHOCTOPOHHETO TPEYTOJIbHUKA CO
CTOPOHOM 3 cM, HAXOJIUTCA Ha PACCTOSIHUU V3 M OT €ro MI0CKOCTH 1 Ha
PaBHOM PACCTOSHUH OT €ro cTOpoH. Haliure 310 paccTosHUE.

|i Haiinure paccrosinue ot Toukd M 710 MIJIOCKOCTH TPEYTOJIbHUKA CO CTOPO-
Hamu 13 cm, 14 cm u 15 oM, ecniu pacCTOSTHHE OT 3TOW TOYKH JI0 CTOPOH
paBHO 5 cM.
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Yrou Mexay AByMA IUIOCKOCTAMM. /IByrpaHHBIN yIoJI

IIpakTHyeckas padora. Crudanue Jucra Oymarm.
BozbmuTe Ba nmucta OymMaru v moMeThTe OJIMH U3 HUX OyKBOi M,
a apyroi Oykeoit N. Kaxxasiii muct pa3pexbre 10 cepenutbl. Co-

SIMHUTE JIUCTHI MEXK]Ty COOOM, ITPH IMTOMOIIN KIICUKOM JICHTHI. BbI- M
TIOJTHUTE CJICTYIONINE 3adaHusl.
1. Ormerbre Takue Touku D u E, 4T0OBI OHHM TpHHAICKAIN
00€erM IUIOCKOCTSM.
2. IlpoBenute yepe3 Touku D u E npsamyto.
3. Beipazute cBOE MHEHHE O NMEPECEUCHUH TIOCKOCTEH.
b3auMHoe PACIIOIOKEHUE TIJIOCKOCTEH
Tapauiemanie Tepecexarommecs IlockocTn
IIOCKOCTH COBIIAJAIOT
vy 11'111‘]!1(\)1?;\(1):::1& IUIOCKOCTEN Albe MHOCKOCTH IICPECEKAOTCA Y JByX ILIOCKOCTEH €CTE Tpi
. LHr;c OAHOM o6me;71 - 10 0aHOM npsMoii. Thnockoct  oOmue TouKM, HE pacmomno-
" O M [ TMepeceKaroTes 1o MPf-  5KEeHHbIE HA OJHOM IPAMOIA.
B Moit AB.
A
(04
B

VYron, 00pa3oBaHHBIN ABYMsI IOITYIUIOCKOCTSIMHU M UMEIOIINH OOLTYIO
TPAaHMILY Ha3bIBaeTCs ABYIPAHHBIM yriioM. [lonynimockocTr Ha3bl- /
BalOTCS TPAHsIMU, UX 00IIas rpaHuia Ha3biBaeTcs pedpom. [lpu ne-
pecedeHun AByX MIIOCKOCTeH o0pasyercs 4 nByrpanHbIx yria. Eciy, a
13 110001 TOYKM Ha pedpe ABYTPaHHOTO yIiia, B KAXKIYIO MOIYILIOC-
KOCTb MPOBECTU MEPIECHIUKYISPHBIC JTY4YH, TO OHU 00pa3yIoT yroi,

KOTOPBIN Ha3bIBAETCS JIMHEWHBIM YIJIOM JIBYTPaHHOIO yIJIa. 7
Jleyzpannutii y2on usmepaemca ezo auneunvim yziom. I padycuoii ![;]
Mepoil 08YZPAHHO20 Y214 HA3bIEACMCA 2PAOYCHAA Mepa €20 u- o)
Hellnozo y2na. Bee nvHelHbIE YIIIBI IByTPAHHOTO yIiia TipH napai-| <
JIENIBHOM TIEPEHOCE COBIAJAIOT, TO €CTh OHU paBHBI (TPSAMBIE, B

MIEPICHINKYIIIPHBIC OTHOHM U TOH K€ MPSMOH MapasuieIbHbI).

3HaveHHe JUHEIHOTO YIVIa He 3ABHCUT OT MeCTa PACIOJI0/KEHHS ero BepUIHHbI.
I'panycHas mepa IByrpaHHOro yria JexxuT B mpenenax ot 0° qo 180°.
IIpumep 1. Ha rpann AByrpaHHOro yria, rpajaycHas Mepa KOTOpOro paBHa

30°, B3sTa TOUKA, yIajdEHHas OT APYroi TpaHU Ha paccTosiHue a. Haiinure
paccTosiHAE OT ATOW TOYKH JI0 pedpa ABYTPaHHOTO yIJa.

Pemienne. [Tycts nana Touka A € o. [IpoBeném AB L /,
AC L B. Ilo Teopeme o Tpéx nepnenaukysipax BC L /.

3naunt, ZABC nunelinsiii yron u ZABC = 30°. B npsimo- l _____
yroibHOM TpeyroinbHuke ABC kateT, aexaiiuii HanpoTHB B
ymia 30° paBeH nojoBuHE TUnoTeHys3sl: AC =5

Orcrona AB = 2a.
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Yros Mmexay ABYMsI IJIOCKOCTAMM. /IBYTPAHHBIN YIoJ1

NPUHATO CYUTATh MEHBIINH U3 IBYX YIJIOB, 00pa3oBaH-

HBIX MpU NepeceueHuu miockocteit. Ha pucynke, roopst 0
00 yrie Meay IIOCKOCTAMH ¢ U 3 UMEIOT BBUIY a_\éy/
yrou1 6, 00pa30BaHHbIN MEPIEHANKYIIIPHBIMU PSIMBIMHU, )
ONYIICHHBIMU Ha JIMHUIO IIEPECEUCHUS INIOCKOCTEH. \

VYoM Mexay AByMs IIEPECEKAOIUMUCS IIIOCKOCTIMU /\

N3o06pazum tpeyronbauk ABC u nyun TA, TB u TC, u3
ToukH T BHE IJIOCKOCTH TpeyroiabHHKa. Touka T sB-
asercst obmeit Bepmmuoi s yros ZATC, ZATB u
/BTC, He pacnoyiokeHHbIX B OJ{HOM Tu1ocKocTH. [Tomy-
YyeHHas (urypa Has3bpIBaeTCs TPEXTPAHHBIM YIJIOM. A
[Inockue yribl Ha3bIBAIOTCS TPAHAMHU, CTOPOHBI Ha3bl-
BaroTcs pEOpaMu, 00I11ast BEpIIMHA Ha3bIBACTCS BEPLIH-
HOW TpéxrpanHoro yrina. Kaxmoe peOpo, B CBOIO
oyepeib, TAKXKE SIBIAETCS peOpOM IByTPaHHOTO yIUia.
Teopema 1. CyMMa MJIOCKUX YITIOB TPEXTPAHHOTO yriia MeHble 360°.
Teopema 2. [Tnockuii yros TpEXrpaHHOTO yIIa MEHbBIIE CYMMBI JIByX IPYTH3
IUIOCKHX YTJIOB.

IIpumep 2. CymiecTByeT a1 TPEXTPAHHBIN YTOJI C MJIOCKUMH YITIAMHU:
a) 130°, 100°, 140°; 6) 70°, 80°, 100°?

Pemenne: a) vet, Tak kak 130°+100°+140°= 370° > 360°

0) na, Tak kak 70°+80°+100° < 360° m Ka>KIbIi TUTOCKHIA YTOJ MEHBIIIE
CYMMBI IBYX JIPYT'HX IUIOCKUX YIJIOB.

C

v

[IpuBenuTe mpumep ABYIPaHHOIO yIiia U TPEXTPAHHOIO yIvia B KJIACCHOU
KoMHare. Yemy, mpuOIU3UTEIHHO, PaBHA IPayCcHast Mepa IJIOCKUX U JIBY-

CPaHHBIX YIJIOB?
Cy11ecTBYIOT Jiu TPEXTPAHHBIN YTOJl C TUIOCKUMU yrilaMu?

a) 30° 70° 50° 6) 120°; 150° 100° B) 60°% 100° 170°?
Ha rpanu aByrpanHoro ymia, rpajycHasl Mepa KOTOporo paBHa 45°, B3srta
TOYKa, yAaJ€HHas OT APYroi rpaHu Ha paccrosuue a. Haiinute paccros-
HHUE OT TOM TOUKH JI0 pedpa IBYIpaHHOTIO yTia.

KareTsl npsiMmoyroibHOro TpeyrojibHuKa paBHbl 6 cM 1 8 cm. Haiinure pac-
CTOSIHHE OT BEPLIMHBI IPSMOTO yIJa 10 INIOCKOCTH, IPOXO/IAIIEH yepes I'i-
MOTEHY3Y, €CJIM OHA 00pa3yeT ¢ MIOCKOCTHIO TPEyroabHUKa yroia 30°.

JIBa m0cKuX yria TpEXrpaHHOro yria pasHel 45°, a tpetuii 60°. Haiinnre
JIBYTPaHHBIN yrojl, paclol0KEeHHbIH HAPOTUB TPETHETO MIIOCKOTO yIJIa.
Han tpeyronbaruk ABC co croponamu AB =18, BC =12, AC=10.
Uepes cropony AC npoBesieHa TNIOCKOCTh ¢, KOTOPasi COCTaBMsET yroma 45°
C IJIOCKOCTBIO TpeyroibHuKa. Hailaure paccrosinue ot Touku B 1o mioc-
KOCTH OL.

[=

[ = [®

[ [
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IlepneHanKyJsIpHBbIE MJIOCKOCTH

IIpakTHyeckas padora :
[Ipukpenure aucToK OymMaru K KapaHjally IpH HOMOILU

KJIeHKoH JIeHThl. Kapaniam ectb MOsienb NpsIMOM, a JINCTOK

- MOZieNb TUIOCKOCTH. Pacnonoxxure kapaHiam pa3indHbIM r
00pa30M OTHOCHUTEJIBHO CTOJIA M BHICKAKUTE MHEHHE 110 110- |

BOJIY JIByTPaHHOI'0 yIiia, 00pa30BaHHOIO IJIOCKOCTBIO JINCTA

U IJIOCKOCTBIO CTOJIA.

Onmnpejnesienne. Ecnu nByrpanHbslii yroi, o0pa3oBaHHBII 4Q
IIPY [IEPECEUEHUH JIBYX IUIOCKOCTEH MPSIMOM, TO IUIOCKO-  |*

CTH Ha3bIBAIOTCS NEPIIEHINKYISIPHBIMU IJI0CKOCTSIMH. . T
SQ L SR na mockocti @ u TS L SR nHa miockoctn Bu | p
ZQST paBen nuHEHHOMY YTy JAByIPaHHOTO yIia ¢ peb- "R S

pom RS u rpansimu o 1 3. Ecoiu ZQST npsimoid, To o L 3.

Teopema (IpU3HAK MEPIICHAUKYIIPHOCTH TUIOCKOCTeH). Ecin
MJIOCKOCTh TPOXOIUT Yepe3 MPSIMYI0 TEPICHIUKYISIPHYIO
JIPYTOl TIOCKOCTH, TO 3T TUIOCKOCTH TIEPIICHIUKYIISIPHBI.

Hamno: [Tpsmas AB nepneHukymsp, ONyIIeHHbIH U3 TOYKU
A Ha mockocTh ¢ . Touka C He JIeKUT B INIOCKOCTH CL.
Hoxka3ars: [Lnockocts B, mpoxomsmas gepe3 Touku A, B, C )
MEePHEHANKYIISIPHA INIOCKOCTH .
Joxka3arenbcTBo: O003HAYNM MPSAMYIO, TI0 KOTOPOH MEPEeCceKaroTcst IIoc-
KocTH a u 3 uepe3 AD . Dta npsamas aBisercs pedpom JBY-
TPAaHHOTO yIJa, OOpPa30BAaHHOTO JAHHBIMH IUIOCKOCTSIMH.B
ockocTu a npoeaém auHuio AE neprnenaukyispuayo AD.
Tak kak AB L a, To nuans AB neprnenaukynspHa J000# mnpsi-
MO TepeceKkaroniet e€ B Touke A.

To ects, AB 1. AD, AB L AE. Yron ZBAE sBuseTcs nuHen-
HBIM YIJIOM JIByTpaHHoOro yma. A tak kak AB L AE , To nByrpaHHbIil yroiu
npsimoii. Takum obOpazom 3 L o. Teopema nokazana.

2

MoxHO cMOAEIUPOBaTh JHO0YI0 MIOCKOCTh, MPOXOAS-
IIyI0 Yepe3 MpsSMYIo / BpaleHueM TUIOCKOCTH 3 BOKPYT
MpsIMOiA /.

IIpumep nmpukaaguoro 3axanus. [Ipumepom
MEePIEeHIUKYISAPHBIX IUIOCKOCTEH CITY>KUT KPYTS-
IUecs ABEpPH, KOTOPbIe OOBIYHO YCTaHABIMBAIOT
TIPU BXOZIE B OTEJSIX WJIM TOPTOBBIX IeHTpax. M3
CXEMBbI BUIHO, 4TO NpsiMas ST nepreHIuKynspHa
MOJY U JBEPb KPYTUTHCS BOKPYT ATOM MPSIMON.
[Tpu stom mockoctu STU, STR Takske nepren-
JUKYJSIpHBI 10cKocTH nosna RTU.
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IepnenaukyjasipHble MJIOCKOCTH

7.
8.

10.

[Tokaxute MpUMephl MEPICHINKYIIPHBIX MIIOCKOCTEH W 000CHYHUTE WX
MEePIEHANKYIIPHOCTD U3 TOTO, YTO Bbl BUAUTE JOMA U B LIKOJIE.

Touka pacmonoxeHa Ha PacCTOSHUU a U b OT
JIByX MEpIEeHAUKYISPHBIX IIockocTei. Haii-
JTUTE PACCTOSIHUE OT 3TOM TOUKH, 10 JIMHUU TIe-
peceueHus TII0CKOCTEH.

a) 3anmmuTe pedpa KyOa, MepreHIUKYIIPHBIC ITI0CKOCTH }?DC.

G
6) KakuMm 1utockocTsM mepneHAnKYIsIpHO pedpo

AE? 3anummuTre 10Ka3aTenbCTBO MPU MOMOIIH TEO-
peMbI IEPIIEHANKYIIPHOCTH TIPSIMON U TFIOCKOCTH.
B) 3anumuTe TPOUKY MEePHEHIUKYISIPHBIX MII0CKO-
creii. OOBsICHUTE WX TEPHEHAMKYISIPHOCTb, HUC-
MOJIb3YSl U3YUCHHBIC TEOPEMBI.

[IpencraBbre, 4TO BBI pa3Ae/InIM KIACCHYIO KOMHATy

Ha JIBE€ YaCTH [IEPEropoiKaMu, Kak IoKa3aHO Ha pU- <
cyHke. MacTtep, KOTOpBII BaM ITOMOTAET, HAPUCOBAJ D
MelioM npsmytr JuHuio DF Ha mneperoponke, u G J
ymanto FH Ha mony. B

a) Kak BbI npu nomouy 3Tux JUHUA U YroJIbHUKA, E
10 MOJEJIH IIEPETOPOAKU CMOXKETE ONPEAEINUTD IIEp-
neHauKyssspHocTh ockoctu EFD u mnockoctu nona EFH?

6) Kak BBl yOenurech B TOM, UTO IEPETOPOIKA MEPIECHANKYISIPHA CTCHE
(KGJ)?

a) Hapucyiite nnockocts NML u ipsimyto AM, nepneHAuKyIsIpHY O T10C-
KOCTH.

6) Hapucyiite TpH II0CKOCTH, MPOXOAAIe depe3 npsamyo AM u nep-
MEHUKYJIIpHBIE IIIOCKOCTH NML.

Kaxoe u3 yTBep:k1eHHil BEpHO, a KAKOE€ HEBEPHO?

a) U3 mo0oii TOUKM Ha MPSIMON MOXKHO MPOBECTH NMEPHEHIUKYIISP U IPU-
TOM TOJIBKO OZVIH.

0) Ecnu Touka A NeXUT B IJIOCKOCTH @, @ TOYKa B J1e)uT B miiockocTH 3,
TO HUKaKas Apyras TouKa npsiMoi AB He MOXeT j1eKaTh B INIOCKOCTH Q..
B) Ecnu xaxkias U3 AByX HepeceKaroluxcs MI0CKOCTeH NepneHAuKyIspHa
TPEThEH IIIOCKOCTH, TO ATH TNIOCKOCTH NEPHEHIUKYISIPHBI MKy COOOM.
r) Eciu npsimas AB nepneHukyssipHa IIIOCKOCTH @ B TOUKE A U TipsMast
AB nexwur B tutockoctu 3, To o L 3.

1) Uepe3 TOUKy Ha MPSIMOM MOXKHO MPOBECTU €AUHCTBEHHYIO INIOCKOCTb,
NEPIEHIUKYISAPHYIO JTaHHOU IIPSIMOM.

e) Eciu nminockocTh nepneHanKyIsipHa OHOM U3 MepeceKaromxcs nps-
MBIX, TO OHa NIEPIECHANKYIISIPHA U IPYTON IIPSIMOM.
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HepHeHI[l/IKVJIﬂpHI)Ie IJIOCKOCTH

13.

14,

a) [Tokaxkurte kakoi eni€ mIoCKOCTH MePIEeHAUKYIISpHA II0C- R
kocth MNL, ecii PN nepnieniukynspaa miockoctu MNL?
6) Kakas mpsimast 1oKHA OBITH MEPIEHIUKYIISIPHA IJI0CKO-
ctid MNL, yto6sl 1 miockocts RSL, m miockocts PNL, :
ObUTH MEePIEHIUKYISPHBI II0ckocTH MNL? L L

o

™,

[Ipsamas AB neprienaukynspHa MIOCKOCTH & B
touke B. Orpesku BC u BD, npunaanexaiue
mIockocTu @ KoHTpysHTHBI BC = BD. JlokaxwuTe,
y10 AC = AD 3anoigHuB AByXCTONIOYATyIO Tab-
nuiy. JlokazaTenbCTBO 3aUIINTE B TETPA/Ib. B

>

Jdano: AB1L a, BCxBD CuDe a
Joxka3zarb: AC = AD

YT1BepxkaeHue Ob6ocHoBaHue

I.ABLa ,BC=zBD,CvoDe « 1. Jlaro

2.AB 1 BC,AB 1 BD 2 e
3.Yrer ZABC u ZABD npsimblie 3. Ilo onpeneneHuro NepneHNKYIsApa
4. ZABC = ZABD 4. O6a yrna npsimbie

5. AABC = AABD S e
6. AC=AD . e

115.
16.

17.

118.

PaBHocTOpoHHMit TpeyronbHuk ABC pacnonoxeH B miockoctu ¢. OTpe-
30k AD meprieHiuKynspeH miockoctu « . Jlokaxkure, uro BD = CD.

PaBno6enpennsie Tpeyronsaukn ABC u ABD ¢ o6mum ocHoBanuem AB
PACIONIOKEHBI B MEPIEHIUKYIAPHBIX MIockocTsaX. Haiinure CD, ecnm
AB=16cm, AC=BC=17cmu AD 1 BD.

A
Otpesok AB neprneHaukyisipeH mioCcKOCTH Q, Tiepece- /
kaeT miockocTh B Touke C 1 AC = CB. Jlokaxute, 4TO ‘
mr00ast ToYKa, pacrtoIoKeHHas Ha IIOCKOCTH o, HaX0-
JIATCS] HA OJTMHAKOBOM PACCTOSTHUM OT Touek A u B. \
B

U3 Touek A u B. pacrionoxeHHbIX B MEPIEHIUKYISIPHBIX MJIOCKOCTSX, /10
NpsIMOY mepecedueHus nposeaeHsl nepnenaukysipsl AC u BD. Haiinure
JUTMHY oTpe3ka AB, eciu:

a) AC=8cm, BD=9cm, CD =12 cm;

6)AD=4m,BC=14M, CD=2wm;

B)AC=a,BD=5b,CD=c
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[HapanyeabHble IOCKOCTH

Teopema 1. (Ilpu3Hak mapayuieTbHOCTH IUIOCKOCTEH) Ecnu 1Be mepecekaro-
LIMeCs MpsiIMble OTHOM MIIOCKOCTH COOTBETCTBEHHO MapauIebHbI IByM Iepe-
CEKAIOIIMMCS TIPSIMBIM JIPYTON TJIOCKOCTH, TO 3TH TUIOCKOCTHU MapaieIbHBbI.
JlokazareascTBo: IlycTh, IBE nepecexaro-

IMECS NPSAMBIE a U b JIeXKAaT B IIOCKOCTH O, a / X /

JIBE MepeceKarolrecs npsmele a1 u bi pacmno- /
C

JIOKEHBI B TUIOCKOCTH 3 U a || a1, b|| b1. TToka
xKeM, uto o || B. / X /

[peamnonoxum obdparnoe. [TycTh, mIOCKOCTH L M B TIEpeCceKaroTCs Mo npﬂMoﬁ
c. I1o mpu3HaKy nmapasuieIbHOCTH MPSMOI U IockocTu a || cu b c. Otcrona
CIIE/IyeT, UTO MpsIMas ¢ MapajliesibHa KaKI0U U3 MePeceKalonmx e€ mpsmMbIX
aub. A osto HeBo3zMokHO. [lomyuwmnm npotuBopeuune. 3Ha4uT, o || B .

Teopema 2. Ecnu ABe mapaiienbHbIe MII0OCKOCTH Mepece- /
KaloTcsl TPETheH IUIOCKOCThIO, TO JIMHUHU IepecedeHus ,
IUIOCKOCTEN MapasieabHbl. A e /
To ecTp, ecnu mapaienbHble INIOCKOCTH o U 3 Tiepece- N

KarOTCsI IJIOCKOCTBIO Y, TO JIMHUM NepecedeHust [ u m na- ===
pamnensHbl. Kparkast 3anuce: ecnu «a || B II0CKOCTb yL

nepeceKaeT IIocKocTu A u B, To /|| m
[lpumep npuxnagnoro 3aganus. [Inockoctu ABG u DCF

MIPSIMOYTOJILHOTO Mapaieenunea napauiensusl. Kakue
IUIOCKOCTH 00pa3yloT pédpa, nepecekasi 3TH MI0CKOCTH?

Pemenue: 1. [Tnockocts ABC, nepecekas mapamienbHble | _-§a=""f=75>
mwiockoctn ABG u DCF, oOpazyer napannensabie péopa A
AB u CD: AB || CD. 2. ITnockocts HGF, nepecexkast mmockoctn ABG u DCF

obpasyet napamensHble péopa GH u FE: GH|| FE.
JokazarebcTBO TCOPEMBI:

Hano: o || B. [Tycts npsimast / siBIIsIeTCS TIMHUEH MTepeceueHus MII0CKOCTEH Y U
o, IpsiMast m SBIISICTCS JIMHUEH TepecedeHus TUIOCKOCTe ¥ 1 3.

Hoxka3zarb: m || [

Jloka3aTesIbCTBO: TaK KaK MPsIMBIE /1 U [ JIeXaT B INIOCKOCTH Y, TO OHH HE SB-
JISIFOTCS CKPELIMBAIOIIUMUCS, a TAKXKE HE MEePEeCEKAIOUIMMHUCS, TaK KaK B 3TOM
ciIydae II0CKOCTH o U 3 mmenu Obl 001ryto Touky. Ha camom nene, ecim mpsi-
MbI€ / 1 m TIepeceKaroTcs B KaKOH-JI100 TOUKe, TO 3Ta TOUKA JOJDKHA PUHAI-
JIeXaTh Kak MPSAMOIl /, TO €CTh JIeKaTh B IMJIOCKOCTH Ol ,
TaK U MPsIMOM M, TO €CTh B MI0ckocTH 3. OgHaKo, mioc-
KOCTH @ ¥ 3 mapajuleNbHbl, a 3HAYUT OHU HE UMEIOT HU
ofHOM oOmiei Touku. 3HauuT m || [. Teopema gokaszaHa.
Teopema 3. OTpe3ku nmapajuieIbHbIX TPSIMBIX, PACIIONO-
KEHHBIX MEX]Iy IBYMs MapajieIbHBIMHU IJIOCKOCTIMHU
paBHBI (JIOKQKUTE CAMOCTOSITEIIHHO).
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I[MapajutesbHbIE IVIOCKOCTH

Teopema 4. JIBe npsMble NEPHEHAUKYISIPHbIE OJHON IJIOCKOCTH Mapal-
JIEJIBHBL.

Jano: mockocth ¢ , LA 1L o, MB | o

Hoxaxute: LA || MB

st nokazarenbcTBa TEOpEMBI POBEAEM npsiMmyro BN,
napajuiensHo npsamor LA. Hano nmokazars, 4To npsimbie
BN u BM cosnagaror.

JloKakuTe TeopeMy, BBIIIOJIHUB CIIEAYIOLIEE.

1. Mokaxute, yto LZLAC sBnsieTcsi TUHEHHBIM yITIOM
MIPSIMOTO JABYTPAHHOTO YITIa MEXY IUIOCKOCTSIMHU o 1 [3.
2. IlokaxkuTe, 4TO €CNIM OAHA U3 JBYX NapauleIbHBIX MPSIMbIX HEPIEHAUKY-
JIIpHA TPEThEN, TO Apyras MpsAMas TaKKe MepIEeHIUKYIIIpHA TOU IPSIMOU, TO
ectb u3 yciosus LA LAB caenyer, uto NB L AB.

3. Ha mnockoctu o nposeaute BD L AB. Mcnons3ys To, 4TO ABYIpaHHBII
yTOJI MEKIY IUIOCKOCTSMH @ U 3 mipsiMoi, mokaxuTte, yto BD 1 NB.

4. Tlokaxkure, 4To IepreHAUKYIsIp MB K TiockocTi oo BOCCTaHOBICHHBIN U3
TOYKH B sBIsI€TCSA €AMHCTBEHHBIM.

Teopema 5. JIBe mII0CKOCTH, NEPIEHIUKYIISIPHBIE OAHOM MPSIMO NapasliebHBbI.
Jloka3are/ibCTBO TeOpeMbI:
HMano: o L AB, 3 L AB.

Hoxazxure: o || B U
4

Hoka3zareancTBo: Jlomyctum oOpartHoe. IlycTs,

Touka R mpuHammexuT npsiMoll nepeceyeHus mioc-

kocter a U f3. [IIT0CKOCTB Y, MPOXOTUT Yepe3 TOUKH A,

B u R. [lna miockoctu y umeem:RB | AB, RA | AB.

Onnaxo, IpsiMble MTEPICHINKYIISIPHBIE OJTHOM U TOM K€ g

MPsIMOI B IJIOCKOCTH JTOJKHBI OBITH MapajlieNbHBbI.

3HauUT, MPENOT0KEHHE, YTO IUIOCKOCTH ¢ U 3 TIepe-

CEKaloTCs, JIOKHO. DTHU TUIOCKOCTH NapajuienbHbl: « || 3. Teopema noxazana.
IIpumep npukaaaHoro 3aganus. Kepum nemaer

n3 KapToHa mozaenb aBromoouis. Oce DG,coemun- E

HAMOIIAsE Kos€ca aBTOMOOMIISL OJIKHA OBITH Iep- /\ H
neHauKyasapHa. [1o kakoil JTMHUM NOJDKHA OBITH E \
MepHeHANKyIsIpHa 0Ch, YTOOBI KoJiéca ObuIM Ta-

pasuienbHb?

—

Pemenne: ecan ocb DG nepneHauKyIsipHa EPECEKAIOUIMMCS B INIOCKOCTH
EFD npsmseim ED u FD u nepecekatonumces B ockoctu HGJ mpsimeiv HG
u GJ, To Kepum MokeT ObITh yBEpPEH, UTO KOJIECa MapalieIbHbl.
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IMapajuienbHbIE MIOCKOCTH

Paccrosinme MEXAY ABYyMH Mapajljie/ibHbIMHU IIJIOCKOCTAMMU.

Teopema 6. [Ipsimas neprneHIUKyYISIpHAs OIHOM U3 BYX INapail-

JETBHBIX TUIOCKOCTEH, MEPIeHNKYIISPHA U JJPYTOH MJI0CKOCTH. A‘
Hoxka3areanctBo. [Tycth a || B ua L a. [Tnockoct o u \ N

[1. mpoxoasimue uepe3 NpsAMyro a NepeceKkarTcs ¢ IIoc- /ﬁ < y
KOCTSIMU o U 3 1o mapasuienbHbiM npsMbiM : AC || BM, oM

AD|| BN. Tak kxak @ L AC,a L AD,Toa L BMua L BN. o Ak b
[To npu3Haky nepneHAuKyISPHOCTH MPSIMOM U TIIOCKOCTH Cl

a 1 B. Teopema nokasaHa. (;“

Paccrosinue Mexnay IByMs IUIOCKOCTSMHM, PAaBHO JUIMHE MEp- . JM
MEHAUKYJIAPA, OMYIIEHHOTO U3 JII000H TOUKH OHOM MIIOCKOCTH

JIO APYTOM.

Paccrosinue me:xkay ABYMsI CKpelMBAKIIMMUCS N

npsAMbIMH. Yepe3 Kaxaylo M3 JABYX CKpeEIIMBaro-
LIUXCS TIPSIMBIX MPOXOIUT MJIIOCKOCTh, MapajuieabHas
Ipyroii mpssMoi. Hanpumep, mpoBeaém uepes mpsaMyro
b mI0CKOCTH, MapalIeIbHYI0 NpsAMOi a. Jlis sToro,
MIPOBEIEM IPSIMYIO a1, KOTOpasi IepeceKaeT npsMyto b . A

TaK, 4TOOBI OHAa MPOILIA TMApaICIbHO TMPSIMON a. i >}‘3<a13
[InockocTh, mpoxonsuias yepes npsMble ai U b, mapai-
JenbHa psiMoi a. PaccrosHue, oT M1000M TOYKM MPSIMOKM @ JI0 3TOM TIIOCKO-
CTH, PaBHO PACCTOSIHUIO MEXJIy CKPEUIMBAIOUIMMHUCS NMPSAMBIMH @ U b. Eciu
b N a1 = B, To oTpe3ok AB, nepneHANKYISIPHBINA MIOCKOCTH Q, SBISETCS
O0IINM MEePIEeHANKYISPOM ISl CKPEIIMBAIOIINXCS NPSMBIX d | b.

z

1.

[InoTHUKM M caHTEeXHUKH JyIst 00paboOTKU neTasneit
MOMEIIAIOT UX MEX]y JBYMsI ITapajlIeIbHBIMU T1J1a-
CTUHAMU (3a)KMMaMHM), MJIOTHO CKUMAIOLIUX Jie-
Tallb, a 3aTEM BBITTOJIHIIOT HEOOXOIUMYIO padoTy.
Kakwue nuHUM Ha pUCYHKE JTOJIKHBI OBITH TEPIICH-
JMKYJSIPHBL, YTOOBI TNIACTUHBI OBLIH MTapauIeIbHbI? \

[psimass AB mapasienbHa MIOCKOCTH @ ¥ MEPIIEHANKYIISPHA IUI0CKOCTH
. Ipsimast CD J€KUT B INIOCKOCTH [3.

a) HapucyiiTe pucyHOK 1O yCIOBHIO.

6) Urto u3 ciemyromnero BepHo?

a)olp 0)alp B)AB||CD r1)CDLla

A

N300pasure 3aaHHBIE YCIOBUS ITPH MTOMOIIH PUCYHKA.
[Tnockoctu a u B nepecekatorcs Baonb npsimoit CD. Tlpsamas AB nepece-
kaet CD B Touke E. Touku A, B, C, D, E nexar B 0JHOH MIOCKOCTH.
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I[HapasieqbHbIE JIOCKOCTH

|i

5.

ITnockoctu MNO un PQR mapannensusl. MoxHO 111 M v
yTBepK1aTh, uto, eciau MP || NQ || QR, To NO = QR?

OtBet obocHyiiTE.

[Tpu nomory pucyHka, 000CHyHTe, UICTUHHO WIIN JIOKHO

BBICKa3bIBaHUE. P R
a) Ecnu aBe miaockocTH nepneHInKyaspHbl, TO psiMast

napasuiesbHasi OTHOM U3 MIIOCKOCTEH MepHeHINKYIsIpHA Q
JPYTOi TI0CKOCTH. G F
0) Eciin aBe MI0CKOCTH mapasuieIbHbI OTHON B TOU %Ke .

MPSIMOH, TO 3TH IJIOCKOCTH NapaJljiesIbHBbI. D : C

B) [IpsiMble, meprieHIMKYIIpHbIE OJHOW U TOU Ke Mps- Hi--- s
MO, mapasuiesbHbI. s

r) JIBE MI0CKOCTH, IEPIICHIUKYIISIPHBIE OJTHOM U TOH ke A paatl

IJIOCKOCTH, TapaJlieIbHBbI. .
1) Eciu ckpeniuBarontytocs: mpsiMasi napajuiebHa OHON U3 JIBYX Mapaj-

JIeNIbHBIX IPAMBIX, TO OHA CKPEIMBACTCS U C JPYTroi MpsIMOK.

OcnoBanue BC paBHoGenpennoro tpeyroasauka ABC nexur B miocko-
ctu o [Tnockocts B, mapamienbHasi IVIOCKOCTH ¢, IEPECEKAET CTOPOHY
AB B Touke D u AC B Touke E. Jlokaxute, utro AADE paBHOOEIpEHHBIN.

Paccrostnue Mexay nBymsi mapajijiebHBIMU IUIOCKOCTSIMUA PAaBHO 8 CM.
Kownter otpeska ainuno#t 10 cM onmuparoTcs Ha 3TH MJI0CKOCTH. Haitaute
MPOEKILHMIO OTPe3Ka Ha KaXK/Iy10 MIOCKOCTb.

Mexay nByms apaieIbHBIMH TUIOCKOCTSMH O U 3 IPOBEACHBI OTPE3KH
ACuBD (A,Be a; C,De ). AC=17 cm, BD = 10 cm, cymma ripoekiuit AC
u BD Ha onHy u3 nockoctert paBaa 21 cm. HaliuTe AiuHbBI TpOSKIUi 1
PACCTOSHHE MEYKTY TLIOCKOCTSMH. B, C
JlaHO: MpsAMOYTONBHBIN NapajuIeIeuIen, !

'
AB=AD =15 cm, AA1 =20 cm. Haiinute paccTosinue . kT D1
Mmexay npsmoid Ai1C u mpsiMoid, conepakarieit AD. Bi_ IR § : c
Yka3zanue: yepe3 quaroHaib AC mpoBeauTe TIOC- b
KOCTh napayiensayo AD. A a .

MC)KI[y ABYM:sI NTapaJUICJIbHBIMU INIOCKOCTAMU NPOBCACHBI IEPIICH AUKYJIIAPD
JUTMHOM 4 M W HaKJIOHHAs, JUTHHOM 6 M. PaccTosiHre MEeXTy MX KOHIIAMH Ha
KaX0M U3 JIByX IUIOCKOCTEH paBHO 3 M. Haiinure paccrosHue oT cepe-
JTUHBI TICPIICHANKYIISAPA 10 CEPEIUHBI HAKIIOHHOM.

KoH1iel oTpe3ka npsMoi yaajaeHbl OT TUIOCKOCTH HAa PAacCTOSIHUU @ U b
(a > b). Haiinure paccTosiHAE OT CepeArHBI OTPE3Ka J0 MIOCKOCTH, SCIIH:
a) OTPE30K He IMePEeCceKaeT IIOCKOCTh;  0) OTPE30K MepeceKacT MIOCKOCTb.

KoH11b! 0Tpe3ka npsMoii, He epeCceKarolero MIOCKOCTh, YAalIeHbI OT IJI0C-
KOCTH Ha paccTostHuA 15 cm u 25 cM. Touka nenut orpe3ok kak 3 : 7. Haii-
JIUTE PACCTOSTHUE OT ITOM TOUKHU JI0 IUIOCKOCTH (PacCCMOTPUTE JBA CIIydast).
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IIpoexkuuu. Pemenue 3axaq

Jlig yrounenus ¢GopM, IpU U3rOTOBICHUM XO35AHUCTBEHHBIX TOBAPOB, MPO-
MBIIUIEHHOTO 000pYy/I0BaHUs, MALIMH U MEXaHW3MOB, UCTIOJIB3YIOT PHCYHKH
C pa3IMYHbIX CTOPOH.

Jlnis u3o0paskeHuu GUryp B MPOCTPAHCTBE UCIIONB3YIOT
napajulelibHOe npoenupoBanue. Bo3bMéM mo0yro mpsi-
MYIO /, TIepeceKaroniyr MIOCKOCTh « . Torma Touka A’
OyZeT SIBJIATHCS TOUKOU MepecedyeHus MI0CKOCTH C Mpsi-
MOI, corepakaleil TouKy A npu epeHoce 3To TOUKH na-
pajuiensHo npsiMoit /. [1o aHamoruuHOMy IpaBUIly MOXKHO
MOJYYHUTh U300pakeHUE KaX10M TOUKH (PUTYPBI.

B 3TOoM ciydae nmapaiuienbHble OTpe3Kd (GUrypbl u300- ~
pakaroTCs MapasIeTbHBIMI OTPE3KaMH M COXPAHSAETCS j —

uX oTHouleHus. B yacTHOM citydae, eciau npsimas / iep- 4, ﬂ/
MEHUKYISPHA TUIOCKOCTH ¢, TO TOJIy4YeHHOE n300pa-

KeHUe (PUrypsl SIBISETCS OPTOrOHAIbHOM MPOEKIMIA.

>

Ha pucynke nokasan npumep OpTOroHaabHON MPOEKIIMH PAa3TUYHbIX MOJIO-
KEHHMI OTpe3Ka KaK 110 TOPU30HTAIIN, TaK U 110 BEPTUKAIIH.

B"
"
7 B
y "\
Al

J1a HaXOKIeHUs UTMHBI MPOEKIIMH OTPE3Ka MUCTIONB3YIOT COOT- /{
Homenre A'B’=AB cos ¢ . A0 ]

Haiigém mutomanp oproroHanbHoM npoekuun AABC nHa
IJIOCKOCTh @, €CJIU YTOJI (P SIBISETCA YIIIOM MEXIY U IIJI0C-
KOCTBIO TPEYTOJIbHUKA U MJIOCKOCTBIO, IPOXOAALIECH Yepes
ctopony AC.

Ecimn BD 1L AC, BB:1 L a, T0o o Teopeme o Tpéx nep-
nenaukyisapax BiD L AC.

_Llac. _BD /
SABC—2AC BD W3 ABBiD cos ¢ BD / A%-%é" B/
a C

3Had , uto BiD = BD-cos ¢

Samic™ % AC-BiD = %AC'BD'COS @ =5,;.08 ¢

B o6mem citydae, eciu yroi ¢ - yroi MeKay II0CKOCTBI0 MHOTOYTOJIbHUKA

U IUIOCKOCTBIO MPOEKIMHU, TO clipaBenanBa Gopmyna Sz = Sy cos ¢. 3aech

Sq) - IJI1o1aJgb MHOTOYT'OJIbHHUKA, Sh - Iomagb OpTOr OHAILHOU HIPOCKIUU.
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IIpoexknuu. Penmenune 3aaau

ITpumep. IIpAMOyTONBHBIN Napaieenune] OCBENIEH
cBepxy. Haueprure npoekuuun 3aJaHHbIX OTPE3KOB Ha
MJI0CKOCTh OCHOBAaHMSL.

a) BD 6) NB B) BE r) BX

HpOeKHI/II/I Ha INIOCKOCTh OCHOBAHMA:

a) [Ipoexmuu BD cootBercTByeT SD. B) [Ipoexmmu BE cootBerctByet SE.
0) [Ipoexunu NBcootBerctByeT NS. 1) IIpoeknuu BX coorBerctByer SX.

B C B c
A I//I ES = ‘li/{\~§ A :lz\ s
_ b - 12D
N X E N X E

& OpToroHajabHOM MPOEKIMEH paBHOOEAPEHHOTO Tpe-
yroiasHuKa CAB Ha MIIOCKOCTh o SIBISIETCSI paBHOCTO-

POHHMM TPEYTOJIBHHUK.
Ecmu AD L o, AE L BC, Sacas =48 cm?, AE = 16 cm, B
o

E ¢

To Hanaure romags ABCD.

A
|3. OproroHaibHas NPOCKLHsS PABHOCTOPOHHETO C
TpeyronbHuka ABC Ha miockocTs o ecTh mpsi-
MoyronbHbIi TpeyroasHuk BDC. Haiinure DC,
ecimn AC = 8 oM.
[9) B

|i VYron mexny miockocteio TpeyronbHuka ABC u
MII0CKOCThIO ¢ paBeH 30°. Haiinure mutomaas opro-
rOHaJIbHOM npoekuuu TpeyroapHuka ABC Ha mioc-
KocTh a, ecau BC =12 cm, AA1 L amw AA1 =8 cm.

C
|i JlaH paBHOCTOPOHHUH TPEYTOJNIBHUK CO CTOpOHOM a. HaliauTe mutomane op-

TOTOHAJIBHOW MPOEKUUHU TPEYTOJIbHUKA, €CIH YIOJI MEKIY IIOCKOCTBIO
TPEYTOJIbHUKA U IMJIOCKOCTBIO MPOEKIIUU PABEH:
a) 30°; 0) 45°; B) 60°.
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Oo6o0mammue 3a7aHus

1.

BrinonauTe 3a1aHKs 10 PUCYHKY.
a) [Tokaxxute,uro TpeyronbHuk ABC siBisiercs mps-
MOYTOJIBHBIM TPEYTOJIbHUKOM. ‘ =

6) 3meHunTe naHHbIE HAa PUCYHKE TaK, YToObI TpeyronbHUK BCD cHoBa cTan
HPsIMOYTOJIBHBIM, a TpeyrolbHUK ABC nepecTai ObITh IPSMOYTOJIbHBIM.

ITo pucynky Haiiiure x. |3_ Ilepuna necTHHIBI — mapain-
JIeNIbHBI OTONIKY. Haiinure y, |,
— o -
ecin £x =122 63\‘9
P
(i\?& S“A\;X
g Ve k\"
f—T;E-E
3
,rﬁ?_g

W3 nenTpa paBHOCTOPOHHETO TPEYTOJbHUKA CO CTOPOHOM 6 CM K IJIOCKO-
CTH TPEYrOJIbBHUKA BOCCTAHOBIICH MEPIEHAUKYIAp 1IuHOM 3 cM. Haiinure
pacCTOsIHUE OT BEPIIMHBI IEPHEHIUKYISAPA IO CTOPOHBI TPEYTOJIbHUKA. .
Paccrosinue or Touek A u B 10 m0ockocTH COOTBETCTBEHHO PaBHBI a U b,
a PAcCTOSHHE MEXJy OCHOBAHUSAMHU IEPIEHIUKYIIPOB HA IJIOCKOCTh
paBHo c. [IpuHrMas Bo BHUMaHue, 4To TOUKd A 1 B MoryT ObITh pacmosno-
KEHBI KaK C OJIHOM, TaK M C Pa3HBIX CTOPOH OT IJIOCKOCTH, HAWAUTE U BbI-
yucnute ey AB, ipu a=7cM, b=2cMm, ¢ =12 cm.
JlnuHa CTOPOHBI PABHOCTOPOHHETO TPEYTOIbHUKA
paBHa a. Jlnuna nepnenaukyiasipa OM, Boccra-
HOBJICHHOTO 13 1eHTpa O K MJI0CKOCTU TPEYyrolib-
HUKa, paBHa X.

a) Joxaxwurte, yto MA L BC.

0) Uemy nomxHO ObITE paBHO OM = X, 4TOOBI ABY-
rpaHHbIN yroa Mexay miockoctsiMu ABM u ABC
ObLT paBeH 60°?7

B) Uemy no/mkHO ObITH paBHO OM =X, uT00BI OTpe3kun MA, MB, MC 6butn

B3aUMHO NEPIEHANKYISIPHBI?
Onpenenute MO pUCYHKAM, YTO M3 YKa3aHHOI'O HUXKE MCTHHHO, a 4TO

noxHO. Hapucyiite pucyHKH B TeTpajlb U 3alHUILUTE PEIICHUE.

M

1. Ecnu 1Be mi10CcKOCTH TIEpIIeH- 2. Ecnu xaxpaast u3 ABYX TUIOCKOCTEN
JUKYJISIPHBI OHOW U TOH K€ NEPIECHIUKYISPHA TPEThEH, TO OHU
NIPSIMOM, TO OHM ITAPAJUIEIIBHEI. napaienbHbl MeXay coboil. , ™

T2

™
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Tpuronomerpuuyeckne pyHkunmn
NPOM3BOJILHOIO YIJIA

Yribl noBopora

PannanHas u rpagycHasi Mmepa yrjia

Jdnuna nyru okpyxHocTu. [linomans cekropa
Tpuronomerpuuyeckue QyHKIUUN
Tpuronomerpuyeckue GyHKIMHU MPOU3BOJIBHOIO yIJia
EnnHuyHasi OKpPYKHOCTb M TPHUIOHOMETpPHYECKHE
(pyHKIIMU IPOU3BOJIBLHOIO YIJIa

DopmyJibl IPUBEICHUS

Tpuronomerpuveckue ToOKIeCTBA

DopMyJIbI CJ0KEHUS

CaencrBue u3 popmyJi ciokeHUs

IIpeoOpa3zoBaHue TPUTOHOMETPUYECKUX BbIPAKEHM I




YroJ nosopora

YroJa moBopora

Jlo HeraBHEro BpeMEeHH roBOPsI 00 yIvie Mbl HIMENHU B BUIY YIOJ, I10-

Jy4YEeHHBIH MEXY IBYMS HETIOABUKHBIMU CTOPOHAMH. YTOJI TAKXKe

MOXHO paccMaTpHBaTh Kak M3MepeHue nosopota. Hampumep, pa-

JyC KOJIeca, PacHoIOKEHOTO M0 TOPU30HTANIN IIPU BPAILEHHH BO-

Kpyr HENOIBM)XHOM oOcH, uepe3 omnpeAenéHHOEe BpeMs
OTHOCHUTEJILHO Ha4aJIbHOTO MOJOKEHUsI 00pa3yeT HeKoTophld yroi. K tomy xe
3HAYCHHUE yIVIa 3aBUCUT OT HaIpaBJIeHUs ToBopoTa. JI1000i yroa MoxxHO paccmar-
pHUBaTh Kak (Urypy, HOJIy4YeHHYIO BpaIlleHUEM JIyya BOKPYT Ha4aJIbHOM TOUKH.

HauanpHoe mosiojkeHue Jyda COOTBETCTBYET OJIHOM
CTOpPOHE yIJla, KOHEUYHOE IOJIOKEHHUE - IPYroil cTo-
pone. [Ipu BpameHnu ty4ya Ha KOOPAMHATHOM I1JI0CKO-
CTH OTHOCHUTEJILHO Hauajaa KOOpJIUHAT B HAIIPaBJIEHUU P——
10 4aCOBOM CTpeJike WU NMPOTUB YaCOBOW CTPEJIKH, cmopona
MOJKHO IOJIyYUTh Pa3IU4HbIE YITIbI.

HauanbHast ctopoHa yria moBopoTa COBIAAAET C MOJI0KHUTEIbHBIM HallpaBiie-
HueM ocu aberuce. CTOpoHY, MOTYYEHHYIO IIPH BPAIlEHUH OTHOCUTEIBHO Ha-
yaja KOOpAUHAT (BEpLIMHBI YIJIa), HA30BEM KOHEUHOU cTopoHOM. IIpunsaro
CYMTATh, YTO €CIU MOBOPOT MPOUCXOAUT B HATPABICHUU MPOTHUB YACOBOM
CTpPEJIKH, TO YTOJl UMEET MOJO0KHUTEIbHOE 3HaU€HUE, IPU IOBOPOTE B HAIpaB-

JIEHUH I10 YaCOBOH CTPEJIKE, Yol UMEET OTPHULIATEIILHOE 3HAYCHHE.
MOJIOKUTENbHBIA YTOi OTpHULIATENbHBINA yTOJI
YA YA

0 > QJ
X
210°
90° < <180° 0°<a<90°

Koopaunarusie ocu pa30MBarOT KOOPAMHATHYIO TIOC- I I

KOCTb Ha 4 4yeTBepTH. 3HAUCHHUE yTJIa, B 3aBUCUMOCTH >
OT TOT'0, B KAKOH YETBEPTH PACIIOJIOKEHA €r0 KOHEUHast 1T 0 v X
CTOpOHA, MEHSETCA B OIPEACICHHOM UHTEPBAJIE. 180° <o <270° | 270° < a0 < 360°

225°

"

YA

Koneunasi cTopoHa yriia MOKET COBEPIITUTH OJUH WIIH He-
CKOJIbKO 000pPOTOB OTHOCHUTENIbHO Havasia kKoopauHat. Oaux
MOJIHBIN 000pOT cooTBeTcTBYET yriy 360°. CymiecTByer
0ECKOHEUYHOE YHCII0 YIIIOB IOBOPOTA, Y KOTOPHIX HaualbHast
Y KOHEYHasi CTOPOHBI COoBManaT. Hanpumep, KoHEUHBIE
ctoponsl yritoB 30°u 390° coBmanarot. B o0miem, st yriios
noBopotaa °*ua °+360° - n (31echk 1 MPOU3BOIBHOE 1IETI0E
YHCII0) KOHEYHBIE CTOPOHBI COBITAJIAIOT.
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Paguannas u rpajgycHasi Mmepa yrjia

IIpumep 1. Hapucyiite yroiu 3a1aHHol BenuuHbl. OnpenennTe Kakoi 4eTBEpTH
[IPUHAJUICKUT KOHEYHAsi CTOPOHA yIJIa.

a)240° 4y 6) —45° B)510° 4V
5a0° YA 150
X
0 > 510°

240° =180° + 60° 510° =360° +150°

3HaK yIa MOJIOXKHUTENb- 3HAK yIWla OTPHUIATENbHbIN. Yron u3o0paskaercs mo-
HbIA. Yron uzobOpaxaercs Yroa n3o0paxaeTcsi MOBOPO- BOPOTOM,0THOCHTEILHO
II0BOPOTOM, OTHOCUTENLHO TOM, OTHOCHTEIbHO HAYajla Havasa KOOPIMHAT, B Ha-
Ha4yala KOOP/MHAT, B HA- KOOPIMHAT, B HANPABICHHUH 110  [papjieHIH POTHB 9aco-
MpaBJICHUHU NPOTUB YacO- YACOBOU CTpeske Ha yroua 45°
BOM CTpEJIKU Ha yTroJl OT TOJIOKUTEJIBHOTO HaIpaB-
180° + 60°. Koneunas cro- neHus ocu adbcruce. Koneunas pacrionokena o 11 uer-
pona pacnonoxena B III cropona pacmnonoxena B IV BEpTH.

YETBEPTH. YEeTBEPTH.

IIpumep 2. Ha KoOpAHHATHOHN IJIOCKOCTH MOKAKUTE U 3aIUIIUTE PATyCHBIE

MEpBbI JIBYX MOJIOKUTENBHBIX U OTHOTO OTPHULIATENBHOTO yIJia IOBOPOTA, KOHEY-
HBIE€ CTOPOHBI KOTOPBIX COBMAJIAIOT C KOHEUHOU CTopOHoﬁ yrna 60°.

60° + 360° =420° 60° +2- 360° =780° 360° =-300°

X
420° 780° -300°

Oobyuaromue 3a1aHuA
|_ N300pa3ure kakoit 4eTBEpPTH IPUHAIIEKUT Yo o, 7
a)a=170° 06)a=290° B)a=-100° r)a=320° n)a=-10°
E [TokaxuTe Takol yros moBOpoTa o B mpoMexyTke oT 0° 10 360°, KoHeuHbIe
CTOPOHBI KOTOPOTO COBIAJIAIOT € 3aaHHBIM YIJIOM.
a) 420° 6) —210° B) —330° r) 700° 1) —200°
& JU1s 3a1aHHOTO yIvia 3alMIIUTE U HAPUCYITE OIMH MOJI0KUTEIBHBIN U OIUH
OTpUILATEIbHBIN YTOJI TAaK, YTOOBI X KOHEUHBIE CTOPOHBI COBIAAAIH.
a) 200° 0) 80° B) —100° r) 130° n) —70°
|_ YcTaHoBUTE COOTBETCTBUE YIVIOB U pUCyHKOB?1) —210° 2) 420° 3) — 780°

TN

BOM CTpEIIKA Ha Yroji
150°. KoHeuHast cropoHa




Pannannas u rpaagycHasi Mmepa yria
Yron B OMH paJInaH-3TO LEHTPaAJIbHBIN YTOJl, Y KOTOPOIrO
JUTMHA JYTH paBHa paauycy. Pannannas mepa yria ecthb
OTHOLICHUE JJIMHBI COOTBETCTBYIOUIEH AyTU K PaAyCy

OKPYKHOCTH: @ ==~ BenuunHza yrna, BeIpakeHHasi B pa-
JMaHax He 3aBUCUT OT JUTMHBI pajuyca (00bsICHUTE, BOC-

<7y —>
MOJIB3YSICh 1TOI00MEM (GUTYp Ha PUCYHKE). 7
. 20
IIpumep 1. CronbKo pajiuaH COCTaBISIET IIEHTPAIbHBIN \ L

yTOJ1, JUIMHA IyTH KOTOPOTO paBHa 12 cM, eciiu paguyc ® \
OKpPY>KHOCTH paBeH 4 cm?

Pemienne: 1 paguaH cOOTBETCTBYET JUIMHE JIyTH 4 CM.

Jyre nnunoit 12 cm OyneT cooTBeTcTBOBaTh yrou 12 : 4 = 3 paguan.
JlinHa okpykHOCTH 217, ECiu HeHTpanbHBINA yroi, COOTBETCTBYIOLINI Tyre
OKpPYKHOCTH pajanyca (7) paBeH | paamany, To q1yre, paBHOU 277, COOTBET-
CTBYET LIEHTpaJIbHBIN yron 27. Hike mokasaHbl paguaHHbIE MEphI YIJIOB MO-

BOpOTA. HOBOpOT Ha 3/4 HOBOpOT Ha 1/2: HOBOpOT Ha 1/4:
TOJIHBIH TIOBOPOT:

27 paauaH

&4 4

Pannannas mepa ogHoro 11€510r0 000poTa paBHa 27T, TpagycHas mepa 360°.
To ectb, 21t paguan = 360°. OTcrOa MOXHO YCTAHOBUTH CIEAYIOINIYIO CBS3h
MEXIy pauaHHON U IpalyCHOU MEpOIl.

IIpeo6paszoBanue paguan B rpagychl) [IpeoOpasoBanue rpaaycoB B paaHaHbl:

2m paauan = 360° 2m panuan = 360°

360°_ 180° o 2 __%

1 paguan = m = — 360 © 180

T
1 paguan = 57° 1°= 180 = 0,0175 paguan
Takum o6pazom, ©t pax = 180°. O6o3HaueHue “pax’

_ o paguaHHOE
4acTo omyckaroT. Bmecto m pajg = 180° 00b14HO “1 wavieperre

nuyT 1 = 180°. OTcrona nonyvaem, 4to
T T T
5 =90° 3=060° =45 ¢=30°
Hcnonb3ys COOTBETCTBYIOLIME paJuaHHbIE U Ipa-
JIyCHBIE MEpPBI YTJIOB, PACTIOJIOKEHHBIX B TEPBOM
YETBEPTH, MOXXHO HANTH YBEJIWYEHHBIE B pa3bl

3HAUYEHUS APYTUX YIIIOB.

Hanpuwmep, ecan 30° = % , Torna 150° = ST“
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Paguannas u rpajgycHasi Mmepa yrja

IIpumep 2. Boipa3uTe ymibl, 3alaHHbIe B TpajJycax paguaHaMu, a yIibl, 3a-

JaHHbIE paJraHaMy B rpajaycax.a) 60° 6)—7c
Peumrenue. 3

a) 60° 60° =60 - 178[ 0 pamuaH = % pamuan = 1,047 paguan
0) i3 S—Rpaz[naﬂzs—n-&=5-60° =300°
3 3 3 T

IIpumep 3. Bripa3ute yruibl, KOHEYHAs! CTOPOHA KOTOPBIX COBMA/AET C YIIIOM
45°, B rpagycax v pajMaHax.

Pemenue: Koneunas cropona yrna 45°cosmanaer ¢ yrmamu 405° u 315°, a
TaK)Xe CYLIECTBYeT OECKOHEYHO MHOTO
YIJIOB, KOHEUHBIE CTOPOHBI KOTOPHIX COB-
MaJIaloT ¢ KOHEYHOU CTOpoHOU yrya 45°:
405° =45° 4+ 360°;, —315° = 45° —360°,
45°+ 2:360°, 45°— 2-360°; 45°+ 3-360°,
45° —3-360° nom 45° +360°,

45° + 2:360°, 45 +3-360°.

B paananax 310 MOKHO 3anucaTh Kak

% +2nm, %i 4n u 1.1. Bee yribl, KOHEUHBIE CTOPOHBI KOTOPBIX COBIAAAIOT C

T
yriom z B 00IIIeM BHJIE 3aITUCHIBAIOTCS TaKZ%ﬂ: 2nn (ne N).

45°

=Y

Oolyuaromue 3a1aHusA

|i Haiinure pagmannyo Mepy yria, COOTBETCTBYIOIIYIO AyTe OKPY>KHOCTH pa-
Jiyca ¥ U JJINHOM /.
a)r=4cm,[=16cm O)r=5m,/=4wm B)r=32MmI[=72w™m

|6. M3006pasute Ha KOOPAMHATHOM IIOCKOCTH CIICAYIOLIHE YIIbI HIOBOPOTA.

a) 40° 0) 310° B) —150° r) 150° m) 780°
2n x) —T Bl 400° g 3T

e) 3 ) 3) > n) K) =
|7.  Yrmbl, 3a1aHHBIE B Tpajiycax, BEIpasuTe B paguanax. OTBET OKPYIIATE 10

COTBIX.

a)60°  6)120°  p)45° [450° 1) -270° ) 15,5°
& YITH)I, 3aIaHHBIC B paJlaHax, BbIPA3UTC B Irpaaycax.

2) % 6)23—7t B—%‘ r)—%E Dl 2 w3

|& 3anuiuuTe BCe YIIbl, IPUHAAJIEKAILINE 3a]aHHOMY IIPOMEKYTKY, KOHEUHbIE
CTOPOHBI KOTOPBIX COBIIANAIOT C 3aJaHHBIM YTJIOM.

a) 65°,90° <0 < 720° 6) —40°, —180° <0 <360° B)140°,-720° <0 < 720°
r)%,—zngeqn g)?’T",—4n§9<4n ) 2F o< <4n
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Paguannas u rpajgycHasi Mmepa yrja

IIpumep. a) 65°,90° <0 <720°

Bce yriel moBopoTa, KOHEUHbIE CTOPOHBI KOTOPBIX COBIAAAIOT C yIIIOM 65°
MOKHO HaiTH 1o dopmyne 65° +360 - n u 65°—360- n .

n=1 65°+360-1 =425° 65°-360-1=-295°

n=2 65 +360-2 =785 65°-360-2=-655°

Kax BusHO, B 3a1aHHOM MHTEpBase, PacoOKeH BCETO OJIMH yroi 425°.

IIpumep. 1) 3m ,—4n <0 <4n

il
Bce yripl moBopoTa, KOHEUHBIE CTOPOHBI KOTOPBIX, COBIAIAIOT C 3TUM YIJIOM
MOYKHO HalTH 10 GopmyIie %Tn +2nnu 37?— 2nn (ne N).
n 1 2 3 WnrepBany —4n <0 <4n
37? T Y 11z 197 27n IPUHAUICKAT YIIIBI
4 4 4
lln S _13x

3T o _ o _ 13z 21n Y 4

4 4 4 ~ 4

m). Vb1, 3a/laHHbIE B Tpajycax BhIpa3UTe B pajuaHax, a yIjbl, 3aJJaHHbIC B
paanaHax BbIPA3UTE B rpagycax.
1) 225° 2)-15°  3)135° 4) %E 5)— %t 6)—23—n

m, Bripasure B rpagycax v B pajuaHax yroJj, 33JJaHHBIM TOBOPOTOM KOHEY-

HOH CTOPOHBI, HA 3aIaHHYIO YaCTb B OKPYKHOCTHU:

1 1 1 2 7 4
Dy D5r g 43 5 6) 3

|1_2, s 3agaHHOrO yria, BeIpa3uTe B pajidaHax yIiibl, IPUHAJIEKAILNE UH-
tepBaiy (0; 21) 1 KOHEYHBIE CTOPOHBI KOTOPBIX, COBMAIAIOT C YIJIOM:

T 3n 197 . 16
D-% 2)- 5 D" 4 =
5y It 6) T 7)8 8) 12
5 8
|1_3. a) Haiigure 4 yria, KOHeYHbIE CTOPOHBI KOTOPBIX, COBMA/IAIOT C YITIOM:
s Tn n an
N5 2)% H-% -3
0) 71 Kakux map yrioB, KOHEYHBIE CTOPOHBI COBITAAIOT?
1) 2% 17n 2) St _Om 34100, 4100 4)227°, —493°
6 6 2 2
B) 3anumuTe oOUIMil BUJ] yTIIOB, KOHEYHBIE CTOPOHBI KOTOPBIX, COBMAIAIOT
C YIJIOM:
1) —60° 2) % 3)— % 4)100°
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Jumna ayru. Ilnomans cekropa

Jauna qyru. Ilinomaas cekropa
Juna ayru. 3anumeM GopMyTy HaX0XKASHUs JITUHBI TyTH, COOTBETCTBYIO-
HIeH IIEHTPAILHOMY yTITy m° OKPYXKHOCTHU paauyca r: [ =1RW ‘r Hcnonb3ys
paguaHHyo Mepy JJIMHY Opr)KHO(;TI/I MOXXHO HalTH ell€ npoiie.

[To ompenenenuio paauana, eciim — = @ , TOTJa JUIMHA
r

JYTH PaBHA IPOU3BEACHUIO Payca U paJUaHHON MEPbI D
yrmia: [ = a - r. JInuHa Jyrd OKpY>KHOCTU HaXOAUTCS C pa- q.
JUYCOM B IIPSIMO IIPONOPLUUOHATIBHON 3aBUCUMOCTH. (

Inomans cekropa. LienTpansHoMy yrity 71° COOTBETCTBYET CEKTOP, IIJIOLIA/Ab
nm
KOTOpOTo paBHa S = 360 2. Y4uThIBasi, 4YTO pajiuaHHas Mepa [EeHTPaJb-
m
HOTO yI/Ia paBHA g~ U 0003HaYMB e€ uepes o, 3amuiemM GopMyIry Haxox-

JICHUSI TIJIOMIA/IA CeKTopa S = 5 ar .

IIpumep 1. JInvHa CEeKyHIHOM CTPEJIKM 4acoB paBHa 12 cM.
Ornpenenure JJIMHY AYTH, KOTOPYIO OMKCHIBAET KOHEI] CEKYH/I-
HOM cTpenku 3a 15 cekyHa.

Pemenne. Cexynanas crpenka 3a 60 MUHYT COBEpIIAIOT OIMH

MOJIHBIM 000POT. DTO COOTBETCTBYET 21 pajnaHam.lS cexyHna
COOTBeTCTByIOTé—f):TqaCTH TIOJTHOTO 000poTa: 721 = % paauas. To ecTs,
MUHYTHAas CTpeJika 3a 15 cekyH1 4epTuT ayry, COOTBETCTBYIOIIYIO LIEHTPAJIb-
HOMY yrﬂy%. Jnuna stoit nyru: [ = ar = % 12 =6n~ 6-3,14= 18,84 (cm)
[Ipumep 2. HaliguTe miomanb U NepuMeETp 3aKpaiieHHOTO CeK-

TOpa Ha PUCYHKE, €CJIU paJinyC Kpyra paBeH 8 cM.

3aKpanIeHHON YacTH Kpyra COOTBETCTBYET LIEHTPAJIBHBINA yroi: N

2n _I%Tn = %Tn . [Inomane cexropa paBHa:

S= 5o 72 =17 X, 82 =407 (cm?). [TepumeTp cexTopa paBeH CyMMe
JUTMH JIByX PaJNyCOB U JJIUHBI AyTH: P =2-8 + Tn 8=16+10n = 47,4 (cm)
Ooyuaromue 3a1aHust
|L [To 3a1aHHBIM 3HAUEHUSIM HAUTE CIIEAYIOLUE BETUUNHBL. 3€ECh 7 - pauyc
OKPYXXHOCTH, O - IICHTPAJIbHBIN YT, / - JUInHA TyTH.
a)r=_8,>5cm, a0 =75°1= .CM 0)r=5m,/=13Mm0= .pazmaH

B) r =. MM, oo = 1,8 pamuan, [ = 4,5 mm

& Haiigure MHy Iyru U II0M@aab CEKTOpa, COOTBETCTBYIOIIUX 33 JaHHOMY

paaMycy ¥ HEHTPAILHOMY YIUIY:
a)r=3OCM;a=% 0)r=12m;, o=90° B)le,gﬂM;a:STn
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Jdomua xyru. Iiomans cekropa

& ITepumeTp cexropa Kpyra Ha A |4_ Haitnure paguan-
pucyHke pasen 16 cm.Haii- HYIO Mepy LEH-

JMTE PaMaHHYIO Mepy yIia, uc‘gé TPaJbHOTO YIJIa,
COOTBETCTBYIOIYI0  LEHT- €CJIN paguyc OK-
paJbHOMY YTy C BEpIIHUHOM PY’)KHOCTH PaBeH
A n paguycoM 5 cM. 20 cM, a niuHa 1yt / paBHa 85 cM.

JIuHeliHAsI CKOPOCTH M YIJIOBasi CKOPOCTH

CKOpOCTh NpH ABMKEHUU T10 OKPYKHOCTH, HAIIPUMEP, CKOPOCTh
JIBM>KEHHUSI IPOU3BOJIBHOM TOukH P koneca, koTopoe Bpamaercs
BOKpYT Touku O, MOXKeT OBbITh BBIUMCIICHA IByMs criocobamu. B
[IEPBOM clTy4ae, €€ MOKHO HalTH UCTIOJIb3Ysl PACCTOSIHUE U BPEMSL.
DTa CKOPOCTh HA3bIBAETCS JTUHEHHOM CKOpOCThIO. Bo BTO-

POM Cilydae - MCIOJb3ys yroJl MOBOPOTa (LEHTPAIbHBIN 4
yroi). Ta CKOPOCTh Ha3bIBAETCS YITIOBOM CKOPOCTHIO.
Eciu Teno nBuxeTcs Mo OKpYKHOCTH, TO
- JIMHENWHas CKOPOCTh paBHA OTHOLIEHH
CKOPOCTH BpeNA e CKOpPOCTB P OTHOLICHHIO
HPOICHHOTO Ty TH (JUTHHBI J{yTH OKPY/KHO-
= CTH) K TIPOMEKYTKY BPEMEHH.
! Eciu Teso JBUKETCS 10 OKPYK-
yriopas YTOJHOBOPOTA  yocru, TO yrmoBas CKOPOCTH
CKOPOCTh BpeMs PaBHA OTHOIIEHHIO YIa HOBO—— —
o \ ;X
W= poTa K IPOMEXKYTKY BPEMEHH. . g

3nech o (B pazinaHax) - yroj BpallleHHs 32 IPOMEXYTOK BPEMEHH 7.
Mex 1ty TUHEHHOM U YIIIOBOM CKOPOCTBIO CYIIECTBYET CIIEAYIOIIAs CBA3b:
JMHEWHas CKOPOCTh = 7 - YIJIOBasi CKOPOCTh V=1 @

JIMHEHHAS  MpOiiIeHHBIH MyTh

IIpumep 3. Kapycenb coBepiaer 3a MUHYTY 8 MOJHBIX 000POTOB.
a) Uemy paBHa yIioBasi CKOPOCTb Kapycesu 3a MUHYTY(B pajnaHax)?
6) Ha ckoibko METpPOB 3a MUHYTY HIEepEABUTAETCS JIOIIAIb, KOTOPas
HAaxXOJIMTCs HA PACCTOSHUM 3 M OT IIEHTPa OKPYKHOCTU? _
B) Ha CKOJIEKO METPOB 33 MHHYTY IEPEBUTACTCS JIOMAb, KOTOpast
HaxXOJMUTCs HA PACCTOSHHUM 2 M OT IIEHTPa OKPYKHOCTU?

Pemenne: a) Ogun nenbiii 0600pOT MpHU BPAIICHUH COOTBETCTBYET LIEHTPAJIb-
HOMY YTy 27. 3a 8§ 000pOTOB ATOT yroi paBeH § - 21 = 167 .

VrioBas CKOpOCTh 32 MUHYTY paBHA @ = G _1on _ 6 paauaH/MuH.

6) Ecin nomans HaXoAUTCS HA PAcCTOSHUM 3 M (I)T LIEHTPa, TO OHA JABMKETCS
M0 OKPY’KHOCTH pajuyca 3 M.

JluneitHast ckOpoCTh: V= 7+ @0 = 3-16n =48t = 151 m/mMun

B) Ecnu nomaas HaXoauTes Ha pacCTOSHUM 2 M OT LIEHTPa, TO OHA IBUKETCS
10 OKPY>KHOCTH pajnyca 2 M.

JluneltHast CKOPOCTh: V= r- @ = 216w =321 ~ 100 M/MuH
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Jdmvna qyru. Ilimomans cekropa

5.

10.
11,

y
92 cm
iy
| \lJ :

JlinHa cekyH1HOM cTpenku yacoB paBHa 10 cMm. a) Haii-
JTITE YIIIOBYIO CKOPOCTh CEKYH/IHOM CTPENKH (pajy/cex).
6) Kakoii myTb COBEpIINT KOHEIl CTPEJIKH 32 2 MUHYTHI
15 cexyna? B) Halinure nuHeiHyI0 CKOPOCTh KOHIIA Ce-

KYHIHOH CTPEJKH (CM /CeK ).

Pamuyc xoneca aBromo6miist 40 cm. CKOJBKO pajiad COCTaBUT YToJl, €CIH
TIPY BpaIICHUN POMICHHBIN KOJIECOM ITyTh PaBeH:

a) 100 m 6) I5™m B) | kM r) 300 m?

Haiinnre rutomanps 3akpameHHON YacTH, €CIIA PaIlyC MEHb-
1iei OKpY»KHOCTHU Ha PUCYHKE paBeH 4 cM, a paguyc Ooublieit ‘
OKPY’KHOCTH paBeH 6 cM.

Cucrtema Juist IoJIMBA, AJIMHA CTPYH KOTOPOU paBHA
16 M, 3a 15 cexyH]1 coBepIliaeT OJluH 000POT.

a) HaiiguTe momaab cekropa, KOTOPBIA MOXKET TI0-
JIUTh CUCTEMA, IIPU TTIOBOPOTE HA YyTOJ —2“ .

0) Bripaszute yros Ha KOTOPBIN TOBOPAYMBACTCS CH-
cTeMa 3a 2 MUHYTHI B Tpajycax U B pajiMaHax.

Kapycens 3a munyty cosepmaer 1,5 obopora.
a) Haiinute yriioByto CKOpOCTh Kapycemu.

0) Haiigure nuHelHy10 CKOPOCTh (M/MHUHYT) JUIS
TOYKH, KOTOpast HAXOAUTCS HA PACCTOSHUH 15 M
OT OCH.

Koneco Benocunena nuamerpom 65 cM 3a 0,05 cexyH 1bl TOBOpAYUBACTCS
Ha 45°. Kako#t myTs nponenaer Benocunen 3a 30 cekyna?

JI1s Ka’k70r0 pUCyHKa HAMTH painyc, HEHTPaIbHbBIN yroi, IUHY yTH WA
IUIOIIA/Ib CEKTOPA.

|1_2. Teno, ABUTASICH IO OKPYKHOCTH, paIuycoM 2 M 3a Kaxblie 20 cekyH 1 po-

XOJUT IyTh 5 M. HaliuTe TUHENHYIO U YIIIOBYIO CKOPOCTb.
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Jdmuna qyru. Ilnomans cekropa

|£3, a) baky pacnonoxxeno Ha 40° ceBepHoii mupotsl. Haiinure
paccTosiHe OT ’KBaropa /10 baky mo mepuanany. Pannyc
3emuin pubIM3UTENbHO paBeH 6400 kM.

0) Haitnure paccTosiHrEe MEX Ty ITyHKTaMH, OJTUH U3 KOTO-
pBIX pacnoyiokeH Ha mepuauaHe Ha 40° ceBepHOH LIU-
POTHI, a ApYyroi - Ha 20° ¥0’KHOW IMIUPOTBHI.

M. Jlnmuna konebmroterocss MasiTHUKa paBHa 21 cM, a JyinHA HAUOOJIbIIECH
JIyTH, KOTOPYIO ONKUChIBAaeT MasiTHUK paBHa 10,5 cMm. Uemy paBHa rpamycHast
Mepa JIyTH, KOTOPYIO ONUCHIBAET MAsITHUK MIPU KOJIeOaHUU?

|1_5. Kabunku kapycenu nponymepoansl oT 1 10 40.
[IpencraBbTe, 4TO BBl HAXOAUTECH B KAOMHKE C HO-
mepom 3. Ecin kapycens noBepHETCs Ha yron 371
TO KaOMHKA C KAKUM HOMEPOM OKa)KeTCs Ha MecOTe
KaOWHKH, B KOTOPOH BBl HAXOJUTECh ceituac? Pac-
CMOTPHTE CITy4au IIOBOPOTA Kapycesr B 000MX Ha-

MpaBJICHUSI.
|16. CkombKo HOTHBIX 060POTOB B MHHYTY COBEPIIAIOT KOIECA BEIOCHUIIEA 1A~

METpOM 65 cM, ABMXKYIIErocs co cKopocThio 30 kM B yac?

|17. Paccrosnue ot semn 10 Connia npubmmsuTensHo papHo 1,5 - 10%km. Jlo-
MyCKast, YT0 3eMJIs IBHXKETCSI TI0 OKPY>KHOCTH, U COBEPIIAET MOIHBIH 000-
pot Bokpyr CouHiia 3a 365 mHEl, HalAuTe TMHEHHYIO CKOPOCTh (KM/9ac).

|1_8, [Ba nucka paguycamMu 2 cM U 8 CM CO€lIH-
HEHBI pEMHEM, KaK [M0Ka3aHo Ha pucyHke. Ma-
JeHbKUM JUCK 3a MHUHYTY coBepliaer 3
obopora. Haiimute, CKobko 000pOTOB COBEP-
maer 3a 1 MUHYTY OOJIBLION JAHCK.
YkazaHue: TOUKH, paCIOJI0KEHHBIE HA KaXKAOM U3 JIBYX JTUCKOB, ABHKYTCS
C OZIMHAKOBOM JIMHEHHOU CKOPOCTBIO.

|£), Halinure pnuny mnyTH, OpOWAEHHOTO @ PacrosuinTesb BOABI MOXKET

TEJIOM 3a IMPOMEXKYTOK BPEMEHH [ IO pacnbUIsiTh BOLY O KPYTy
OKPYKHOCTH pajJinyca r ¢ yIJIOBOH CKOPO- Ha paccrostHuu 400 M ot
CTBIO ®. MecTa Kperienus. Ecnu,

a)r==6am, o= MPAR 4 10 mun; 7”7~ Gepmep mumaHmpoBan mo-

15 cex’ ’ .
/ \ 120 000 ™2, TO Ha
- _ 3npax ,_ i  TATE ’
0)r=12m 0 2 cex’ £=100 cex; '\\ JKaKo# yToJ B rpagycax J1oJ-

U
c)r=30c™m, @ =1£0pc%8 t=25cex. N . KCH NOBOPATHBATECS PAc-
} BUTATENH?
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Tpuronomerpuyeckue PyHKIUU

[IpakTHyeckas padora

1) N3006pa3uTe yron moBopoTa, KOHEYHasi CTOPOHA KOTOPOTO

MPOXOJUT 4yepe3 Touky P(4; 3) mpu moBopoTe Ha yroi o.

Haiisiute paccTosiHHE OT Hadasla KOOpAMHAT 10 Touku P. A PL(8 6)
OP =4 +32=5

2) Jlnst ocTporo yrina o mpsiMOyroJIbHOTO TPEYTOJIbHUKA

[t/ S
N

OPK o 3anumuTe ciaenyronme OTHOILIEHUS. 5N P(4,3
. 3 4 :
smo =-—_-> cosaz?, tgoczj :3
o
3) 3anuiirnTe ypaBHEHHE IPSIMOM, cofieprkalieit = = =
) yp PAMOii, cozepakart 5 T
iy OP. N S
3 3 3
=4 YT

4) Yoenurecn, uro Touka Pi(8; 6) Taxke pacnionokena Ha tyde OP u 3anummre

TPUTOHOMETPUUYECKUE OTHOILIECHHMS 17151 yIiia o TpeyroibHuka OP1K;.
o7 1 2 8
H=0P =V816 =10, sino=-"2, == tgo=-
1 1 sina =9 cosa =g ga=-g

5) OObsicHUTE HA OCHOBAHHHY 3aITUCEH Ha 2-0M U 4-0M I1are 3aJjaHusl, 3aBUCUT
¥ 3HAYSHHE TPUTOHOMETPUYECKUX OTHOIICHUH JJIs yIJIa MOBOPOTa 0L OT pac-
TTOJIOYKCHHMSI TOYKHU Ha Jryde?

Tpuronomerpudeckne OTHOIIEHHS JJIAl YIJIa 3aBUCAT YA
TOJILKO OT 3HAYEHHUS yIJjia. P(x;)
IIycTe KOHEUHAs CTOpOHA yITIa OL IIPU IIOBOPOTE Iepece- % |V
o AN

KaeTcs ¢ OKPYKHOCTBIO PaIlyCOM 7, HEHTP KOTOPOU HaXo- ; o
JUTCS B Ha4YaJie KOOPAWHAT, B Touke P(x; y). QJ x
® OTHOLIEHHE OpAMHATHI TOUKHU P K yinHe panuyca

Ha3bIBACTCS CHHYCOM YINA Ol & iy o — %
¢ OrtHoueHue abcuucchl TOUKH P K uiiHe paanyca Ha3bIBaeTCsl KOCUHYCOM

. X
yra o, : cos o = ——

® OTHoOIIEHNEe OpAUHATHI TOUKH P K abcircce Ha3bIBAETCsl TAHTEHCOM YIvIa oL

=Y
tg o = 5~(3mech x # 0, To ecTh TouKa P He pacnonokeHa Ha OCH OpAHHAT)

® OrtHomeHue abCIUCChl TOYKW P K op/iliHaTe Ha3bIBaCTCS KOTAHTCHCOM
yriia o
ctga = v (3mech y # 0, To ecTh Touka P He pacmonokeHna Ha ocu abcImce)

® kocekoHCOM yIjia & Ha3bIBACTCs O6paTHOG 3HAYCHUC JIs1 CUHYCA:

cosec oL = sir} o= % (3mecn y = 0)

® CCKaHCOM YTIJIa 0. Ha3bIBACTCs 06paTHO€ 3Ha4YCHUEC TSI KOCUHYCA:

1 r
seca =cosa = x (3mecw x = 0)
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Tpuronomerpuyeckue QyHKUMU

IIpumep 1. Touka A (— 3; 4) pacnonoxkeHa Ha KOHEYHON CTOPOHE yIyia OBO-
poraa. a) M3o0pasute pernienne npuMepa.
6) Onpenenute 3HaYEHUS TPUTOHOMETPUUECKUX OTHOLICHUA 151
yTJia TIOBOPOTA Q.

Pemenne: 6) r= 2+ y2=(=3)* + 42=5
4 X 3
O L e e
> ",4 \\“ =_L=_ i :i:_i
;- o\ , tgo=-_ 3 ctg o ) n

v 300 Iy

) 4 _r__ 5 coseco="t =2
sec o= ——=- v 4

Koopzmnan,l TOYKH HA OKPYKHOCTH

P(rcos a;rsina)

Ecnu 3anannast Touka P OKpy»>KHOCTH HaXOJUTCSI HA KO- o

HEYHOM CTOpPOHE yIvia MOBOPOTA O , TO OHA UMEET KOOP- 0
nuHaThl P(r cos asrsin a).

IIpumep 2. Ilo faHHBIM PUCYHKA HAMAUTE KOOPAUHATHI

=y

TOUKH P.

Touka P Haxonutes Bo I ueTBepTH U KOCUHYC OTpULATENBHBIA. YA
X . P(x;

cos 150°=— sin 150° = 2 ey |
4 4 NG| 150°
X y i

—c0s 30° ="~ sin 30° = 6 X0 >
x=—6c0s30° =33 y=65in30° =3

J171s1 HEeKOTOPBIX YITIOB, KOHEYHAs] CTOPOHA PACIOIOKEHA

Ha OJTHOW M3 KOOpAMHATHOM ocH. B 3ToM ciyuae, rpaayc-

Has Mepa yriia noBopota pasHa: ¢ = 0° umm ¢ = 0 paguan, (—r; 0)
T

¢ =90° mm ¢ =75 pamuan, ¢ = 180° win ¢ =1 paauan,

¢ =270° wu @ :%‘ paauaH. B aToM ciyyae KOOpauHaThI

X WIN y paBHBI WU HYJIIO0, WIK a0COTIOTHOMY 3HAYEHUIO JUTMHBI pauyca.

o = 0° um o = 90° wm % paguan o, = 180° unu  paguan o = 270° unu
0 paguan TTC panuan
y
a
Oles 0~
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Tpuronomerpuyeckue PyHKIUU

[Tpumep 3. Haiiném 3Ha4eHNs TPUTOHOMETPUYECKUX OTHOIIEHUH JIJIS:

a)a =90°;0)a =180° B)a =270° .

"k
o =180°

y
? me\

0 o X \0‘(0; . >
sin 180°= 2 =9 —¢ sin270°=2 =~
r r 7 r
cos 180°=2= "— cos 270° =X :220
r r r
o —r
tg180°=2-=0 _¢ g 270°= 2= &
X —r X
ne onpedereno He onpeoeneHo
X =r
ctg 90 _;_r_o y g o

He onpeoeneHo

[Tpu Bcex MOMyCTUMBIX 3HAYCHUSX, KAKIOMY 3HAYSHHUIO O, COOTBETCTBYET €TUH-
CTBEHHOE 3HaueHHe Sin oL, Cos o, tg a, ctg o, sec o u cosec a. [Toaromy Tpuro-
HOMETPHUUYECKUE OTHOILIEHUS ABIAIOTCS (QYHKUMSAMH YIJa O U Ha3bIBAIOTCS

TPUTOHOMETPUYECKUMHU (PYHKIHSIMU.

X
Tak Kak cos o :7 , TO 3HAK KOCHUHYCa COBIIaAacT CO 3HAKOM X.

Tak kak sin o =Y TO 3HAK CMHYCa COBIIAJACT CO 3HAKOM ).

r
90° <0 <180° 0<a<90° [l yerBepte 4 y 1 uerBepTs
%<“<“ ‘ 0<°‘<% sin @, cosec o *+ | sin a, cosec o +
e ° cosa,seco — |cosa,seco  +
x <0 X200 e ctea - |tgactga
y>0 y>0
; I1I ueTBEpTH IV "etBepTh X
sin a, cosec o, — | SIn @, COSEC 0. —
X<O‘/ .X>O COS Q, Sec a - COS @, S€C a aF
y=<0 y<0 tg o, ctg o + |tga,ctga -
180° < <270° 270° < o < 360°
T<a< 3n 3775 <o<2m
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Tpuronomerpuyeckue QyHKIUN

Ooyuaromue 3aaHuA

1.

1) OnpenenuTe CUHYC, KOCHHYC M TAHTEHC JIJISl yIJIa TIOBOPOTA, KOHEYHAS
CTOpPOHA KOTOPOTO MPOXOAUT Uepe3 TOUKY:

a)A(1;2) 6) B(2; 4) B) C(4; 8)

2) CpaBHUTE MOIYYCHHbIE 3HAYCHHUS.

a) [To maHHBIM pUCYHKA yCTAaHOBUTE, YTO IJIS TPE-
yroabHUKOB ¢ yriiamu 45°,45°,90° u 30°,60°,90°

CTOPOHBI OTHOCSITCS] B OTHOILIEHHH 1:1:2 1 1:V3:2.

6) Onpenenure TPUTOHOMETPH- Y,

Yyeckue (DYHKUIUH [T yITIOB
30°, 45°, 60° TpeyroJbHUKOB Ha

PHCYHKE. 3

YcranoBuTe 3HaK TPUTOHOMETPHUYCCKOI'O OTHOIICHU S JIS KAXK/0I0o yIjia.
a) sin 20° B) cos 100° n) tg 250° k) sin 200°
6) cos 50° r)tg 140° e) sin 310° 3) cos 280°
Omnpenenure 3HAK BHIPAKECHUS.

a) sin%Tn 0) cos%Tn B) thTn T) ctg L6n

Haiinure 3HaueHUs TPUTOHOMETPUYECKUX OTHOILICHUH yIyIa, KOHEYHAs CTO-
POHA KOTOPOTO MPOXOJUT YEPE3 TOUKY:

y
b P(3; 4) 0
0 X
0 x T (6-8)
P(3;4)

2) a) (-12;-9) 0) (-1; 1) B) (3; 6) r)(-1;0)

1) (4;-3) e) (1;-1) x) (=3;-4)  3)(-15;20)
HaiiguTe xakoii 4eTBepTH MPUHAIIIEKHUT YOI OL.
a)sina>0ucosa <0 0)sinaa<Owucosa <0
B)cosa<0utgoa >0 ryctgoa<Ousina >0

Ha nucre B Ki1€TKy, MpUMUTE €AMHUYHBIA OTPE30K 3a 1 Ki1eTky u n3o0pa-

3UTC OKPYKHOCTD C HCHTPOM BHAYAJIIC KOOPpAHWHAT paanyCoM 5 CAWHUII.

a) M300pa3ute ABa pa3iauyuHBIX yIjia IOBOPOTA, CUHYC KOTOPBIX paBeH 3.

5
0) M300pasuTe yriibl HOBOPOTA, KOCHHYC KOTOPBIX PaBCH 5 .
B) M300pa3ute yribl MOBOPOTA, CUHYC KOTOPBIX PaBEH — % .

r) M300pasure yrisl moBOpoTa, KOCHHYC KOTOPBIX PaBEH —% .
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Tpuronomerpuyeckre (PyHKIUU MPOU3BOJIBLHOIO YIJIa

Haxoxaenne 3Ha4eHNI TPUTOHOMETPUYECKUX QYHKIMI MPOU3BOJIBLHOIO
yIjia MpHU NOMOILIM OCTPOro yrJja.
Uccnenosanne: 1) Hageptrure OKpy>KHOCTB pajiiyca » U YIIIbI TOBOPOTa, KOHEUHBIS

CTOPOHBI KOTOPBIX HAXOAATCA B pa3HbIX YETBEPTAX, KaK IMIOKa3aHO Ha PUCYHKE.

P(x;
2) Jlnst KaKa0ro OTAETBHOTO Cydasi, BRIPa3UTe OCHOBHBIC TpI/IFOH(()M}C)TpI/I‘le—
ckue yHKIMHU yTiia TOBOPOTa 0. Yepe3 KoOpaAuHaThl Touku P(x; y) .
sinoc=% COSOL:% tga=%
3) Jnunst katetoB AOPK BbIpazute uepes koopauHaThl TOUKH P(x; y) :
PK=|)1 OK-=|A
4) U3 AOPK 3anumunTe TPUTOHOMETPUYECKHE OTHOLIEHUS JIJIsl OCTPOTo yriia o'

sina'=¥ cosa' = g tg a'=% ctg a'=%
5) CpaBHuTE 3HaYCHUS, TIOJIyYE€HHBIE HA 2-0M U 4-0M IIare.
YroOBb! BHIUUCIUTD TPUTOHOMETPUUECKUE OTHOLIEHUS AJIs1 YIIOB y

6omnbire 90°, y1o0HO NCTIOIB30BAaTh TPUTOHOMETPHUYECKUE OTHO-
IEHHUs OCTporo yria. J{ys 1000ro yria moBopoTa o CyIIecTByeT
OCTpBIH yroi o, 00pa30BaHHBIN KOHEYHOM CTOPOHOM U mpsimoH, ¢
cofepsKaluil ocb abcuuce.

90° < a<1809% 180° < a0 <270% 270° <o <360
S <a<nm n<a< 37"<a<2n

y Yy
o =180°—a Xy B X
| OMQIZGISOO \\|>\<1 o =360°—q,

Hcnonb3yst COOTBETCTBYIOIIME OCTPHIC YIVIBI MOYKHO OIIPEACITUTh TPUTOHOMET-
pUYecKre OTHOIICHHs MJiA JIF0OOro MPOM3BOJIBHOTO yIia. JTH 3HAYEHUs
MO>KHO BBIYHCIIATH TOYHO Ji71st yroB 30°, 45°, 60°, a i1t 0CTaIbHBIX OCTPBIX
YTJIOB - MIPH MTOMOIIH KaJBKYIATOPA.
Ipumep 1. st cnenyronumx yrioB, OMPeeIUTe OCTPhIC YIIIbL:

a) a = 300° 6)(x=—n

Pemenue: a) koneunas cropona yria 300°pacnosnoxena B IV uerBepru. Coot-
BETCTBYIOIINN OCTpPBIN yroi paBeH: 360°— 300° = 60°
0) KOHeYHas CTOpOHa yrna7_7t pacnonoxxeHa B III werBeptu. CooTBETCTBYOIINI

OCTPBIii yroNl paBeH: 7%‘ _ n6: T

6
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Tpuronomerpudeckue GyHKIUH MPOU3BOJIbHOIO yIJia

[Ipumep 2. Haliném 3HaueHHE OCHOBHBIX TPUTOHOMETPHUYECKUX
¢yskumii quig yra o = —135°. 1llaru pemenust:

1. Haiiném HauMeHbIINH MOJOKUTEIbHBIN YT0Jl, KOHEUHAask CTOPOHA
KOTOPOT'O COBIAJAET C 3aJaHHBIM YIJIOM U JIOIIOIHSIET €ro 10 360°:
—135° 4+ 360° = 225°

2. nst yriia 225° HailIEM COOTBETCTBYIOIIMM OCTpPbIN yrom 225° — 180° =45°.
3. OnpenenuM Kakoi YeTBepTH MpUHAIEKUT yrosn —135° - yron 1l ueTBepru.
4. Haiiném 3HaueHne TPUrOHOMETpUYecKuX (QyHKUIUH s yria 45° u yutém
3HaK 3tux (pyHkuuii B 11 yerBepru. [lomyunm:

2 2

sinoe=— —, cos o=
2

Tpuronomerprueckue GYHKIIUH sl IPOU3BOJIILHOTO yIIa MOKHO OIPEACTHTh
CJIEYIOIIIUM 00pa3oM:

° OIpeZeIIieM COOTBETCTBYIOIINI OCTPBINA YIOJI;

* HaXOJIMM 3HAYCHHE TPUTOHOMETPHUYECKUX (DYHKIIUH I ATOTO yIia;

* OIpE/IeIIsieM 3HAK 3HAYCHHUSI TPUTOHOMETPUYECKUX (DYHKIIUI B 3aBUCUMOCTH
OT YETBEPTH.

Tak xak koHeuHble cTOpOoHBI yIIIoB o (0°<a <360°)u o+ 360° k (ke Z) cos-
Ma/IAI0T, TO 3HAYCHUS TPUTOHOMETPUYCCKHUX (DYHKIIUI ITUX YIJIOB OJMHAKOBBI.
Ecnu yron u3meHsieTcst Ha 11eJ10€ YHUCII0 000POTOB, TO 3HAUYCHHE TPUTOHOMET-
puueckux QyHKIUN HE MCHSIETCSI.

sin(a + 360° - k) = sina cos(a + 360° - k) = cosa

sin(a + 2mk) = sina cos(a + 2mk) = cosa

3aMeTHM, YTO €CII YroJl MEHSIETCS Ha 101 000pOoTa, TO 3HAYCHHUSI TAHTCHCA U
KOTaHT€HCA HE U3MEHSIOTCS.

Ha camom nerne, ecnu yrity moBopoTa oL COOTBETCTBYeT Touka P(a; b), a yrimy
noBopota o + 180° (mnu o + 1) coorBeTcTBYET TOukKa P'(—a; —b), 1o :

> tga= 1, ctga=1.

tga = % , tgla+m)= %= %, tga = tg(o + )
B o6miem ciydae (k€ Z) BBITIOTHSAIOTCS PAaBEHCTBA!
tg(a + 180° k) =tg a tg(a + k) =tga

ctg(a + 180° k) =ctg a ctg(a+mh)=ctga .

Ipumep 3. Haiiném nomycTumbie 3HaYCHUS COSO, €CIIH Sin o =

Taxk xak B I 1 Bo Il 4eTBEpTAX CUHYC ITOIOKUTEIIEH.

(9]
9

. 1
sin o =-— ,3HauuT ecnu » =5, 10 y = 1.
5

AGcircca 9Toif ToukH x =+ Vr? — 3? 2= %\/ﬁ =42V6 NG NGiE
5

2\6
Tormacoso="35 wnmm coso=-—
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Tpuronomerpuyeckne GyHKIUU NPOU3BOJILHOIO YIJIA

Ooyuaromue 3a1aHUuA

|L JIts criemyronux yIriioB H300pa3uTe COOTBETCTBYIOIIMIA OCTPBIN YTOI.

240°  2)-515° 3)-170°  4)315° 520 6)—1_1)“ 7)- 3K

|& Jla cnenyromux yriioB HaiauTe 3Ha4eHUi sina , cosa, tga, ctga.

|3.  He ucmonb3yst KaabKy/naTOp, BEIYUCTUTE 3HAYCHHS TPUTOHOMETPHYECKHX
OTHOIIICHUH.
1)sin 405°  2) cos 420° 3)tg405° 4)sin390° 5) cosec 450°

6) ctg 390°  7) sec 420°  8) cos3§T" 9) sin92—’t 10) tg43_’f

|i Kaxoit octpsiii yron coorBerctByer yriy —60°? Haiinure cos(—60°),
sin(—60°), tg(—60°), ctg(—60°). CpaBHHTE 3HAYCHUI TPUTOHOMETPUICCKUX
¢bynkuuit g yrinos —60° u 60°.

|i He HCIIOJIb3YS KAJIbKYJIATOP, BBIYUCINUTE 3HAYCHUSA BLIpa)KeHHﬁ.

a) cos(—60°) B) sin(—315°) n) sin 495° x) cos 600°
0) sin(—120°) r) tg(-210°) e) cos(—225°) 3) tg 420°

|& 3Has, uto sin 25° ~ 0,42 u cos 25° = 0,91, BeruuciuTe (HE UCTIOIB3YS Kallb-
KYJISITOD).
a) sin 155° B) cos 335° 1) sin 205° — cos 155°
0) cos 205° r) sin 335° e) cos 385° —sin 515°

|l a) 3Has1, 9To sino. = % YroJa oL IpuHAIeXKUT 11 yeTBepTH, HalIUTE BO3-

MOXKHBIE 3HAYEHU COS O, tg oL, ctg o.

2 N
0) 3Has1, 4TO COS O = —5 W yroi o npuHauIexKuT IV derseprn, Haitaure
BO3MOXKHBIC 3HAYEHUS Sin L, tg o, ctg o.

|8. He ncrione3ys KanbKy/saTop, BEIYHCIIHTE

. o o N cos 410° tg 200°
a) sin 400° — sin 40 0) 05 50° B) 2 20°
|& Hnuna “pyku” pobora 2 M. 140°

PoGor mnepenéc mnpenmer wu3 B e .
Toukn A B Touky B. Ilpu stom =
“pyka” poboTa coBepImia oBo- B(r-cos 0, r-sin 0)

pot Ha yron 140°. 0 -

Ecnmu nBmkeHne po6oTa MpUHATH 32 YToJI MOBOPOTA, TO HAWIUTE KOOPIU-
HaThI TOYKHU B.
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EanuuyHasi OKPY:KHOCTb U TPUTOHOMeTPUYecKUe (PYHKIUHU MPON3BOJIBLHOIO yIjia

EauHu4Hasi OKPY:KHOCTH M TPUTOHOMETPHYECKHEe (PYHKIIUH

3HaYeHUs] TPUTOHOMETPHUECKUX (YHKIIUH 3aBUCAT VA
TOJILKO OT 3HAYEHMs yIJia 0L M HE 3aBUCAT OT pajuyca
okpyxHocTH. [losTOMy, He Hapymas OOIIHOCTH,
MOXHO MpHUHATH R = 1. OKpy>XKHOCTb, LIEHTP KOTOPOI
HaxXOIIUTCS B Hauaje KOOPIWHAT, C PAINyCOM PaBHBIM
€/IMHULIE, Ha3bIBACTCS € IMHUYHOM OKPYKHOCTBIO.
KoopauHatel TOYKHM, MpUHAISKAMEH OKPYKHOCTH
YIOBICTBOPSIIOT YPaBHEHUIO x> + ) = 1.

Ecmm Touka P(ot) = (x; y) ABIsIETCS TOUKOM MepeceueHus] eAMHUIHON OKPYK-
HOCTH U KOHEYHOM CTOPOHBI yIJIa OBOPOTA 0L, TO MEK/Y HEH U TPUTOHOMET-
pUYECKUMU (PYHKIUSMU CYIIECTBYET CIICIYIOIIast CBS3h:

. y X
SInoL=-= =y COSQL = -=X
Takum 06pa3zoM, KOOPIUHATHI TOUKHU NMPUHAIIIEKAIIEH eTUHUYHON OKPY>KHO-

CTH, MOXHO 3amucarh kak: P(a) = (cosa; sina).

P(a) = (x; )

Taxoke 110 3aJaHHBIM KOOpJAUHATaAM MOXXHO HaWTH CJICAYHOIIUEC TPUTOHOMET-
pudeckue QpyHKUIuU: tgol, ctgol, seco 1 cosecal.

y  sina X coso 1 1 1 1
tgo = — = »etga =—= ———, seco =— = » COseCaL =-—= —
X Ccosa y S1noL X cosa y S1Ia

3Has1, 4TO y = Sin oL, X = COS O IIPH ONPEACIEHHOM ITOBOPOTE HA €AMHUIHOU
OKPY>XHOCTH, MO)KHO HATH COOTBETCTBYIOIINE KOOPIAMHATHI TOUKH. J{J1s1 3TOTO
HAJI0 BBIMOJIHUTH CJIEAYIOLIUE [LATru:

1) Ha equHMYHON OKPYKHOCTH OTMETHM TOUKH, %OOT-
BETCTBYIOLLKE YTy MOBOpoTa o = 0, 6 4°3° 7 4
HalaEM KOOPIMHATHI 3TUX TOYEK 10 (hopMmyrie
y =sino,x =cosd .
2) JIJist HEKOTOPOW TOYKH, MIPUHAIIICIKAIICH SIMHIY-
HOUM OKPYKHOCTH, HallpuMeED A(%; 73) ,OTIpE/IeNIUTE
KOOPJIMHATBl CUMMETPUYHOM ToukH. Kak BUIHO 1O
PHCYHKY, CYLIECTBYeT 3 TOYKH, CHMMETPHUYHBIE p (- L 3 3
Touke A, koTopsle pacrionoxensl Bo 11, I u IV ver-
BEPTHX.
Touka B cumMeTpruHa Touke A OTHOCUTEIBHO OCH x
y, Touka C - OTHOCHTEJIBHO Hadaaa KOOPAHMHAT, aC (- -2 3
Touka D - oTHOCUTENbHO OCHU X. AOCOIIOTHBIE
3HaYEHUs1 KOOPAMHAT ATUX TOYEK PABHBI U OTIMYAIOTCS TOJIBKO 3HAKOM.
3) Takum 00pa3oM, MOKHO ONPEEIUTh KOOPAMHATHI HOBBIX TOUEK, 3HasI KOOP-
JUHATBl TOYKHU, NpHUHaIexamen I yerseptu. T.e. monyyaem eIMHUYHYIO
OKPY’KHOCTb, Ha KOTOPOW OTMEUEHBI YITIbI IOBOPOTA U KOOPIAUHATHI TOYEK.
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E[[I/IHI/I‘lHaH Opr)KHOCTL N TPUTOHOMETPHUUIECCKUE (l)yHKlII/II/I MPOU3BOJJILHOI0 yIJIa

(0 1) (2 \F Tak Kak KOOPIHATHI TOHCK Ha
\/5 CAUMHUYIHOUN OKPYKHOCTHU YIOBJIC-
2 TBOPSIOT yCIOBUSAM

Bl J<x<lu-1<y<l, 10

—1<cosa <lu-1<sina <1

(o) x HauGonbiee 3nayeHue sin o 1
3 1, COS @ PaBHO 1, a HaumeHbIIEE
2
3HaYeHue paBHO —1.
2,

o (3
[Tpumep 1. Jins yra nosopora Tn BBIYMCIINTE 3HAYEHUSI OCHOBHBIX TPH-
TOHOMETPHYECKUX (DYHKIIUIA. G \/'
Pemienne: Koneunasi CTopoHa yria moBopora > 4TC pacrno G
noxkeHa B III yeTBepTH. DTOMY YTy COOTBETCTBYET OCTPHII

51 T o
yro T = Touka nepecedeHust KOHEYHOM CTO-

POHBI yIi1a S_TC C GILI/IHI/ILIHOI/I OKPY>XHOCTBIO CHUMMCT-

\2 . x/z

puYHa Tque (

OTHOCUTEJILHO Havyaja Ko- (7 - =

V2 2
OpIMHAT U COOTBeTCTByeT Touke (— ERER

.5t 2 2 5t Sm_
Torma, sin 4~ o008 T__ - tg 1 I, ctg 1" 1
IIpumep 2. Touka A, ¢ abcuuccoit 3 pacnonoxena B Il yerBepT
U TIEPECEKAeTCs C €AUHUYHON OKPY’KHOCTBIO HA CTOPOHE yIIa . A 150
a) Haiiném opaunary Touku A.
6) N300pa3uM pUCyHOK, COOTBETCTBYIOIIHIA YCIOBHUIO M JIJIS / :

yriaa ¢ HaI/II[eM 3Ha‘IeHI/I$I MECTU TPUTOHOMETPUICCKUX (I)YHKLII/II/I
9 16 4

Pemenne: a)(—?)2+y2=1, yZZI_EZE’y_iS'

N,

5

Tak xak Touka pacnonoxeHa B III uersepru y = 5

6)sin(p=—i, cos<p=—%,

t _4 t 1.3 sec g =— =l coseccp=—i

geP=73> cgo= tg(p 4’ ¢ 3 4
IIpumep 3. Haitném HaumbOosbllee W HaWMEHbIIEE 3HAUCHHUE BBIPAKCHUS

3+2sina.

Pemenne: —1 <sina <1 VMHONACUM KAACOVIO U3 yacmell Ha 2
—2<2sina <2 npubasum K Kasxcoou yacmu 3
—2+3<3+2sina <2+3 1<3+2sina <5

Taxum o0pazom, tst BeipakeHus 3 + 2 sin oo HM3 paBro 1, a HB3 paBro 5.
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Eaunuunas OKPY/KHOCTb U TPUTOHOMETPUYECCKUE (l)yHKIIHH MPOU3BOJILHOIO YIUVIA

Ooyuamommue 3aaHusA

|L a) CKOJIBKO TOUEK HA €IMHUIHON OKPYKHOCTH UMEIOT a0CICCy % ? Haii-
JUTE OPIAUHATHI 3TUX ToYeK. JIJ1s Kax 101 TOUkH U300pa3uTe yro moBopoTa.
0) CKOJIBKO TOYEK Ha €IUHUIHON OKPY>KHOCTH MMEIOT opz[nHaTy—‘7 Haii-
JuTe a0CIUCChI ATUX TOYEK. J{iIst Kak 101 TOUKU U300pa3uTe yroiu HOBOpOTa.
[Ipn moMonM eNMHUYHON OKPYKHOCTH, HAWJUTE 3HAUEHUE TPUTOHOMET-
pudeckux GYHKIMHA U1 yIiia — 7?7[

[

Haiinure 3HaquHe TPUTOHOMETPUYECKUX (PYHKIMHN 171 yTiia 13“

Touxa A(— 5 5 ) SIBJISIETCSL TOYKOH MepecedeHus! eAMHUIHON 0pr>KHOCTI/I
U CTOPOHBI yriia ¢. V300pa3ure COOTBETCTBYIOIINI YCIOBUIO PHCYHOK U
HalIUTe 3HAYCHUE TPUTOHOMETPHUYECKUX QYHKIUH IS yIiia .

Ecnu o = 30°, HaliguTe 3HAUE€HUE BBIPAXKEHU:

a)3sina 0) sin 3o B) 2 cos o T) cos 20

[~ [=

[on

Haiigure 3Ha4eHne BBIpaXKEHUS Sin oL — cos 20, — cos 3o, + sin 2., eciu:
a)a =30° 0)o =5

B

Ecin oo = 15° , HalijuTe 3Ha4eHHUE BBIPAKCHU.
a) 2 sin(3a. + 15°) + 3 ctg(90° — 2a) 0) tg(4a — 15°) — 2 cos(2a + 30°)

YcTaHOBUTE BEPHO JIM HEPABEHCTBO?

[ 2

a) sin 45° + cos 60° > 1 0) cos %Jr sin% >1
|& Haiinure HM3 u HB3 st Beipaxenuii:
a)2+ 3sina 0)1—sina B) l +cosa r) 3 —2cos a

ml. Haiinure HM3 u HB3 st BeIpaxenuii:

a) 2 +|sin qf 0) 2 —|cos g B) 1 +sin’a r) 4+ cos’ a
| 11. BO3MOXHO J1 PaBEHCTBO?
7 Y —\7
a)sino =75 0)cosf} = B)sina=V5-1 T1)cosp=2-1
|1_2. Ha eqnHAYHON OKPYKHOCTH MOKAXKUTE TOYKH, COOTBETCTBYIOIIUE YIITY MO-
BOpOTA CL.
a)sinOL:% 6)cosoc=—% B)sinOL:—g

|13. CkonbKo TOYEK HA EAMHUYHO OKPY)KHOCTH YIOBIETBOPAET YCIOBUIO
sino = 72 ? 3anumuTe 00IIyI0 GOPMYITY JIJIsi HAXOKIEHUSI COOTBET-
CTBYIOIINX yTJIOB ITOBOPOTA. _

|_4 Ha enuHuvHON OKPY»XKHOCTH KOOPIMHATHI TOYKH P(\/2 \/72) COOTBETCTBYIOT
yniy moBopora Lt Tm . Mokaxute OTpUIIaTeIbHBIN yron, KOHEYHAasi CTOpOHA
KOTOPOTO COBMAJIAeT C JAHHBIM yIJIOM, U HAWJIUTE 3HAYCHHS TPUTOHOMET-
pU4ecKuX (QyHKITHIHA.

| 15. TIpn oMoy eIMHUYHOH OKPYKHOCTH TOKaKHTE YTIIbI TIOBOPOTA yIOBJIE-
TBOPSIOIINE PABESHCTRY Sin oL =73 U IpUHAIIekKaIue npomMexyTky [0; 2m].
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D®opmyJibl IPUBEICHUS
IIpakTHyeckas padora

1) OTmeTbTe Ha OKPYXXHOCTH paauyca S5 Touky P(3; 4).
2) IokaxuTe KOOPIMHATHI TOYKU P’, momydeHHo#i oToOpaskeHueM
OT ocHu x ToUKH P.
3) B kakyto Touky nepeinér touka P’ mpu oToOpaKeHUH OTHOCH-

TEJIbHO OcH y ?
4) CpaBHUTE KOOpAMHATHI TOUeK P u P”.

5) CuMMeTpHUHBI JT1 KOOpAUHATH ToueK P u P oTHOCHTEIBHO Havana Koop-
IUHAT?

6) Ecnu Touka P cooTBeTCTBYET YIiTy MOBOPOTa O, TO KaKUM YIJIaM [TOBOPOTa
COOTBETCTBYIOT TOUKU P’ 1 P ?

Ecim o6bexT Haxonutes B | 4eTBepTH, TO CHMMETPUIHBINA VA
€My OTHOCHTEIIBHO OCH )y 00BeKT HaxomuTcs Bo II get-

BepTH. CHMMETPHUYHBIA TTOCIIEAHEMY OTHOCHTEIHHO OCH @ @
X, o0bekT HaxomuTcs B 111 yeTBepTH, M OH COBITAAaeT ¢ 00b-
€KTOM, CHMMETPHYHBIM Ha9aJIlbHOMY 00BeKTy u3 | oTHO-

CUTENbHO Hadaja koopawHar. OOparuTe BHUMAHHE, ITO @ @
0TOOpaXCHHE OTHOCUTEIHHO OCH ) U OTOOpaskeHHe, OTHO-
CUTEIIbHO OCH X, COBITIQJIalOT ¢ MoBOopoToM Ha 180°.

=Y

[Ipu orobOpakeHUH OTHO- p )
CUTEJIBHO OCH X, TOUYKa L
pacrnoyio)KeHHas! Ha KOHEY- < . \a >
HOW CTOpPOHE yIiia HM3Me- \‘\\\é e X P B
HSET KOOPIOMHATHI, Kak rTe T T
(x;, —) (x;—)

MOKa3aHo Ha pucyHke. To
CCTh, IIPU 3TOM 3HAK MCHACT TOJILKO KOOpJAMWHATA ). Taxum 06pa30M, TaK KakK KO-
CHUHYC 3aBUCUT OT X OH HEC MCHACTCH, 3aTO MCHACTCS 3HAK CUHYCA. OTCIOI[a, JJIs
YITIOB O 1 —OL MOXKHO 3alucarhb CJICAYIOMNE 3aBUCUMOCTH MEKAY TPUTOHOMET-
pUYeCKUMHE (DYHKITHSMH.

sin (—a) = —sina tg (—a) = —tga

cos (—a) = cosa ctg (—a) = —ctga

To ecTp, CMHYC, TAHT'€HC M KOTAHTeHC HeYéTHbIE QYHKIMH, KOCHHYC-4éTHAS.

IMpumep 1: sin(—30°) =—sin 30°=— —é cos(—45°) = cos 45° =\/75

tg(—45°) =—tg45°=—-1 ctg(—45°) =—ctg 45‘;\= -1

Y

Koneunblie cTopoHbI yI710B oBopoTa o, 1 360° — oL cummeT-
PUYHBI OTHOCUTENBHO OcH Xx. To ecTh (x; y) — (x; —). 360° o (55)
Orcroza mnojyyaem: & ¢ >
sin(360°—a) = —sina cos(360° —a) = cosa
tg(360°—a) = —tga ctg(360° —a) = —ctga )
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DopmyJibl NPUBEICHUS

3anumem i yrioB o 1 90° — oo IpSAMOYTOJIBHOTO TPEYTOJIbHHUKA C OCTPBIM
YTJIOM Ol TPUTOHOMETPUYECKHE OTHOIICHUS: AY P(x; y)

sin o, = % sin(90° —a) = % S
cosoL = % ><cos(90° —a)= % ’°§/
thL:')% :><tg(9()°_oc)=jc—, A B) o
ctgo = % ctg(90° — ) = 3% ——
[Ipu monmapHOM CpaBHEHUHW PABEHCTB MOYKHO YBUJETH CIIEAYIONIYIO CBSI3b-
MEX/1y 3HaU€HUSIMU TPUTOHOMETPUUYECKUX PyHKUIUH yrioB o 1 90° —a.

<

sin ( 90° — o) = cosa cos (90° — a) = sina
tg (90° —a) =ctga ctg (90° —a) =tg a

[ToBepHEM KOHEUHYIO CTOPOHY YIJia IOBOpOTa O
emé Ha 90°. I1pu stom Touka P(x; y), pacnonoxen-
Hasl Ha CTOPOHE Mpeodpasyercs B Touky P'(—y; x).

[To onpeneneHuIo TPUTOHOMETPHIECKHUX (PYHKITAH:

sin (o + 90°) =% = cos a, ' P(x; )
cos (o +90°) = —% =-sina, P’ (—y;)2 e
x 1) a+90%d i
tg (o +90°) =——=—ctga WOt Ao (7
y N o XN
ctg (a+90°)=—% =-tga | (Vo) i1 >~
) H_/H_/ X
3anuiem 3TH GOopMyIIb B CIIEAYIOIIEM BHJIE: y x

sin (90° + a) =cosa.  cos (90° + o) = — sina
tg (90°+ o) =—ctga ctg (90° + a) = — tga
Kaxk BUHO MO pUCYHKY OTOOpa)KeHUs OTHOCH-
TEJPHO OCH ) M OCH X KBUBAJICHTHBI TIOBOPOTY
Ha 180°. MI3aMeHeHue KOOpIMHAT, MOXKHO 3aIy-
carh CIEeIyIOIHUM 00pa3oM:

sin (180°—a) =sina cos (180°— a)=—cos a
tg (180°—a)=—tga ctg (180°—a)=—ctga
Kak BuHO 110 pUCYHKY, IIpH IIOBOPOTE yIvia o Ha 180° koHeuHast CTOpOHa pac-
MIOJIOKEHA B TIPOTHBOITOJIOKHBIX YETBEPTAX, HO HAa OJTHOU TIPSIMOH.

sin (180° + o) = —sin a
cos (180°+ o) =—cos a
tg (180°+a) =tga

ctg (180°+a) =ctga
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®opmyJibl NpUBEIEHUS

Jlnist monydeHust aHaJIOTHYHBIX (DOPMYIT TPUTOHOMETPUYECKUX (QYHKIHHA yTia
noBopora 270° + o gocraTouno 3amucars 270° + oo = 90° + (180° + o) u mpu-
MEHHTH TIOCIIE0BATEILHOCTh COOTBETCTBYIOMMX (popmyn. Hampumep:
sin(270° + o) = sin(90° + (180° + a)) = cos(180° + a) = — cosa.

c0s(270° + o) = c0s(90° + (180° + a)) = — sin(180° + o) = — (— sina) = sina
Temnepsb 3anuieM COOTBETCTBYOIIME (HOPMYJIBI Ui yriia moBopota 270° — a.
Hanpuwmep:

sin(270° — o) = sin(270° + (— o)) = — cos(— o) = — cosa

c0s(270° — o) = c0s(270° + (— o)) = sin(— o) = — sina

[Tpu oMot ¥ Moay4YeHHBIX GOPMYIT MOXKHO HAWTH 3HAYECHUS] TPUTOHOMETPH-
4ecKuX (YHKIUH MPOU3BOIBHOTO yIiia, 3HAsl 3HAYCHUS JJIS1 COOTBETCTBYIO-
IIETO OCTPOTO yIiia. TH (HOPMYITBI Ha3bIBAIOTCS POpMyIaMu npuBeneHus. s

(hopMyI IPUBEICHUH MOKHO JIETKO YBHJICTh CIICAYIONIYIO0 3aKOHOMEPHOCTh
YA y
90° + 0°—a

60°—a

270° —a 270°+a

1) Ecnu apryment umeet Bug 90° + o mu 270° + o, To GpyHKIUSA npeodpaszy-
eTcs B “COnpspKEHHYI0” (DYHKIUIO (TO €CTh CHHYC B KOCHHYC HJIM HA000pOT,
a TAaHT'€HC B KOTAHT€HC WM HA000pOT) yIvia o.

2) Ecnm apryment umeet Bua 180° + o mium 360° + o, To dyHKIMS peodpa-
3yeTcsl B OZIHOUMEHHYIO (QYHKIHIO yIJIa CL.

B kaxmom 13 060X cirydaeB, 3HaK MOIy4YE€HHOH B pe3yabrare mpeodpas3ona-
HUS QYHKIUY UMEET OJIMHAKOBOE 3HAU€HHE CO 3HAKOM OCTPOro yIia oL B CO-
OTBETCTBYIOIIEH YETBEPTH.

Oolyuamomue 3aJaHUA

|L 1) HaiinuTe HanMEHBIHIA TTOJIOKUTEIBHBIA YTOJI, KOHEYHAs CTOPOHA KO-
TOPOI'O NOJyY€HA OTPAKEHUEM KOHEUHOM CTOPOHBI yria o = 32°:
a) OTHOCHUTEIBHO OCH X;
0) OTHOCHTEIHHO OCH V;
C) OTHOCHUTEJBHO Hayajaa KOOPAMHAT.
2) BeimonnuTe aHanoruyHoe 3axanue ams o = 220°.

& Brruucnute 3HaYeHNs] TPUTOHOMETPUYECKUX (DYHKLUI IBYMsI CIOCOOAMHU:
1) IlpuBens Kk TPUTOHOMETPHUYECKOH (PYyHKIIMU yIia, KOHEYHAsl CTOPOHA KOTO-
pOTO COBMAJAET € 3aJ]aHHBIM YIJIOM M MPUHAUIEKUT nHTepBaiy [0% 360°];
2) [IpuMeHHB CBSA3b MEXKIY YIJIAMH —OL ¥ OL JUISI TPUTOHOMETPHUYECKUX (DYHK-
LUH: a) o =—-30° 0)a=-120° B)a =-60°
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DopmyJibl IPUBEICHUS

3.

[& [ [®

=

10.
11,

12.
13.
14,

115.

VYmpocrture.
a) sin (180° + a) 0) 005(3—;— o) B) cos (180° + o)
r) tg (180° — o) 1) ctg(90° + o) e) cos (t—a)

Beimiie 66110 T0Ka3aHo TOXkIEeCTBO Sin (90° + o) = cos o ais yria o B I gert-
BepTH. JloKaxKuTe 3TO TOXKAECTBO AJIs YIVia, puHaaiexaiiero I1 uersepru.
[Tokaxkure cripaBeIMBOCTH ToXkAeCTBa sin (90° + o) = cos o A yroB 0°,
90°, 180°, 270°.

Crnenmyrormye BEIpaKSHHUS BRIPA3UTE Yepe3 TPUTOHOMETPUICCKYIO (PYHKITHIO
OCTpPOTO yryia, MPUMEHUB (OPMYJIbI TIPUBEACHUS U HAWIUTE WX 3HAUCHUS.

a) cos 210° 0) cos 120° B) sin 150° r) tg 300°
sn In n in 21
1) COS 4 e)tg ; X) ctg 3 3) sin 3

Haiinure Bce ymbl u3 npomexkyTka [0°; 360°], cCHHYChI KOTOPBIX PaBHBI:
1 . \3 .2
a)sina =% 6)sma—7 B) sin o = -

HaiinuTe Bce ymibl u3 mpomexyTka [0°; 360°], cMHyChl KOTOPBIX PaBHBI:

a)sina =0,6 0)sino = 0,3 B) sina = 0,8
ITpumep. Haitnute Bce yrel 0 < o < 360 ,3HaueHUs
KOTOpBIX paBHbI sin o = 0,6. HaxkaB Ha KaJabKyjsITOpe

L
>

JIOXKUTEIBHBIN, TO CUHYC yri1a 180° — 37° = 143° Toxe
oyner = 0,6 Tak kak sin (180° — ) = sin a.

KHOIIKY nmaGepure (0.6). Ha okpame 143
BbicBeTUTCSI =#37°. Tak kak Bo [ yeTBepTH cuHyc mo- 370

VYopoctute BeIpakeHUeE.

a) sin (o — 180°) 0) cos (o —270°) B) tg (o — 90°)

r) sin (o — 7“) 1) cos (o — 1) e)tg (o — 7“)
Ynpocrure.

a) sin® (1 + ) 0) cos? (180° — o) B) ctg? (90°+ a)
[IpuBenute k TpuroHoMeTpuyeckuM GyHkIusam yria ot 0° go 90°.

a) sin (—170°) 0) cos (—160°) B) tg 130° r) ctg 320°

HOKa)KI/ITe, YTO CUHYCBbI CMEXHBIX YITIOB paBHbI, @ KOCUHYCBI ITPOTHUBOIIO-

JIOXKHBI.
o, B, v - yriisel TpeyronbHuka. Jlokaxure, 4To:

a) sin(at + ) =sin y 0) cos(a + ) =—cosy

VYipocTute BbIpaxKeHHe.

a) % 6) % B) tg 40° - ctg 50° 1) sin 72° - cos 18°
Yrpocrure .

a) sin(90° — a.) — cos(180° — o) + tg(180° — o) + ctg(270° — o)
0) cos(20° —a) + sin(250° + o)
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Tpuronomerpuyeckue ToKIeCTBa

IIpakTyeckas: padora

Jyis ocTporo yria o mpsMOYTOJIBHOTO TPEYTOJIbHUKA TOKAKHUTE,
4TO cOS’0L + Sin’cL = 1, BEITIOJTHHUB CIICAYIONIHE IIaru:

. 2+ h2=p2
1) 3anumure Teopemy Iudaropa: a?+ b & o ¢ ;
2) Kaxnayro u3 cTOpoH paBeHCTBA St 5=
c c c
pasmenure Ha ¢’ -
3) [IpumMeHuTe CBONCTBO CTETICHHU: ( a )2+ ( ﬁ )2_ (i )2
c c’ ‘c
a b )
UMUTE BO BHUMaHHE, YTO: . = — =
4HII , = cosa - sin o

cosZa + sinZa. =1

CB#3b M1y TPUTOHOMETPHYeCKUMHU (PyHKIHSIMH OHOTO0 U TOIO e yIiia

ToxaecTBo cos’a. + sinol = 1 MOXKHO JI0Ka3aTh U MpU
TIOMOIIY KOOPJAWHAT TOYKH, TIPUHAJIEKAIIECH EIUNHIY-

HOU OKPY>KHOCTH.
x2+yr=1 )pasHenue eOunuuHOU OKpyscHOCMU

cos2ol + sin2a = 1 3amena x =cos o.uy = sin «
ITo xoopaMHATaM TOYKH HA EAMHUIHON OKPY>KHOCTH U TI0 ONPEAETIEHUSM TPH-
TOHOMETPHUYECKUX (PYHKITUH UMeeM:

o sin o

Jlns Bcex 3HaueHuit o, mpu KOTopsIX cos o, # 0, tg o =goeg
Jlnst Beex 3HaYCHHiA o, IPU KOTOPEIX sin oL # 0, ctg o ==&
sin o

W3 manHBIX paBEHCTB UMEEM,UTO €CIIU [T YIIa O, OHOBPEMEHHO BBITIOTHSIIOTCS
ycnoBus cos o # 0 u sin o0 # 0, TO crpaBeUIMBO TOXKIECTBO tg o * ctg a =1

Pasnenus o0e yacte paBeHCTBa sin“o + cos’ol = | moouepenHo Ha COs” oL U Ha
sin’o. OyieM HMETh:

1
— 1+ctgza =

1+tg2a= —
cos’a sin® o

HOquCHHbIC BBIIIC PABCHCTBA ABJIAIOTCA TOXICCTBAMMU. Ux Ha3wIBaIoT oc-
HOBHBIMH TPUT'OHOMETPHUYICCKHUMHU TOKACCTBAMMU.
Ha ocHOBaHMU OCHOBHBIX TPUTOHOMETPHUICCKHUX MOXXHO HAIIMCATh!:

- 5 sino. = 1 — cos?a
sin“al + cos*a = 1 <:
cos’a = 1 —sin’a.
1
tga =ciga

1
ctga “tga

tga s ctga =1

HpI/I IMOMOIIIHU OCHOBHBIX TPUTOHOMETPUUCCKUX TOXACCTB MOXKXHO YIIPOIIATh
TPUTOHOMETPHUYCCKUEC BBIPAKCHUA U BbIYUCIATL MOAYJIb 3HAUCHHA BCECX OC-
TaJIbHBIX CI)YHKLII/II\/'I, 3Has 3HAYCHUC OHHOﬁ 3 HUX.
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Tpuronomerpuyeckue ToKIeCTBa

IIpumep 1. Mcnonb3yst OCHOBHbIE TPUTOHOMETPUUECKUE TOXKIECTBA,
JIOKQKUTE,uTO: 1 +sinx CoS x 2

+ — =
COS X 1+sinx cosx

Jloka3aTeibCcTBO
1 +sinx cosx  (1+sinx)?+cos’x 1+2sinx+sin’x +cos’x
COS X l+sinx  cosx(l+sinx) cos x (1 + sin x)
I+2sinx+1 2+2sinx _ 2(1+sinx) 2

cosx (I +sinx) cosx(l+sinx) cosx(l+sinx) cosx

IIpumep 2. 3Has, yto sin § =— 4 5 1 yron 3 npuHauexur Il yerBepry, HaiinuTe
OCTaJIbHBIE TpHrOHOMeTqueCKHe byHKIUH.

U3 popmyin sin® f + cos? B = 1 momyuaem: cos® f = 1 —sin? B

Tak xak yron 3 mpuramiexkut I11 ‘-ICTBepTI/I, TO

cos[3=—\/1—s1n2[3=—\/1 (- _gLZ—_

_4
_sin 5 1 3
Torna tgf =cosp N 3 uctg “tep 4
5
Ooyuamommue 3aJaHUsA
|1.  Vmpocrure.
a) 1 —sin*a 0) 1 —cos’ a
B) sin’f§ — 1 r)cos’f —1
n) 1 —sin*a —cos’a e) sin’ a + cos’a + ctg’ a
x) tg o - ctg o — cos’a 3) cos* o + cos?a - sin? o + sin® a

I& Haiigure cos oo ntg o, ecmi sina = 0,6 u % <o <m.

|i Hatigure sin o u ctg o, ecmacos oo = 0,8 m 0 <a < %

|i ITo nanHbIM 171 yria 3, HalAUTE 3HAYSHUS TpI/II‘OHOMeTpI/I‘ICCKI/IX byHKIHIA.

g =_ 4 3 _ R
a) sin 3 5 1/17t<B3< 5 6)cosP = 13 u 2 <B<m
B tgh =1 nn<p<=- Petgh=-—3u L —E<p<2m
|S.  Ympocrure.
a) (1 —cos?a) (1 +tg’a) 0) (sin o + cos )’ + (sin o — cos a)?
) cosa  cosa r) __sina . I+cosa
1 +sina 1 —sina 1T+cosa sin o

1+cosa (1 + (1+cosoc ?) )l—coscx (1+ ( —cosa 2)

1 2
Il) sin® o S o S o S o
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TpI/IFOHOMeTpI/I‘leCKHe TOXKIAECCTBA

6.

7.
8.

10,

- YIIpOoCTHUTE BBIpaXEHUE U HAMIUTE €T0 3HAYCHUS.

12.
113.
14.

115.

16.

17.

3Has, uTo tg oL = 2, HAW/IUTE 3HAYCHUE BHIPAKCHUSI.

a) sina + 3 cosa 6) 3sina—5Scosa
cos o 4 sino + cos a
VYnpocure BeipaxkenneN4 — 4 sin’oL , 3Has 4TO:

T T
a)OSaSE 0) ESOLS .
JloKkaxuTe TOXKIeCTBa.

1 — (sinx — cosx)? . 1 +secx
= Cos Xx-sinx ... =Cosecx
2 sinx + tgx
1 — cos’x
: — = tg’x I figx =sec x
(1 —sinx)(1 + sinx)

sinx + cosx

OCBEmEHHOCTH CBETA, BEIYUCIAETCS 1O (hopMyIie

I

E=———.3nech I - cuna cBera, R- paccrosiaue ot
R2cosop a P I

nctounuka. Jlokaxkute, yTo jgaHHas (Gopmylia SKBUBa-
I-tgop

neHtHa ¢popmyne E = Rsing

3

3Hast, 94TO COS Ol = — -2 HAWIUTE 3HAUYCHUE BBIPAKCHUSI
sin® a + cos*a + ctg® a.

cos oL 1+sino sin o sin o
a X + +
) 1 +sina cos o 6) 1+cosa 1 —cosa
. 1
mpu cos o, = 0,1 npu sin oL = ~o

3Has, 4To sin o + cos oo = 0,6, HaliUTE MPOU3BEIEHUE SiN OL * COS QL.

3Hast, uTo tg oL + ctg oL = 2 HalMTe 3HAYCHUE BRIPAXKEHUs tg” o + ctg” ol.

2 B
CymiecTByeT JId yrodl IIOBOPOTA, YAOBIECTBOPSIOIINI paBeHCTBaM?
a)sinoc=% I/ICOSOL:—% 6)sin[3=% HCOSB:%

3 2 3
B)tgy=z Hctgy=% r)tg6=§ Hctg6=z
YHpocTuTe BhIpaXKEHHUE.

a) (1 —sin(—a))-(1 —sin o) 0) cos(—a) + cos a tg*(—a)
B) 1-sinta) tg(-a) r) sin(-a) + tg o -ctg(—a)
cos(—a.)

Jlokaxxute, 4TO 3HAYCHHE BBIPAKEHUS HA 3aBUCUT OT [3, IPH BCEX JIOMYCTH-
MBIX 3HAYCHUSX [3 .

a) (sinp +cos B)* + (sinp —cosB)*  ©) (tgP +ctgB)’ - (tgp —ctg )’

Haiigure nanbonbiiee u HauMeHbIIIEe 3HaY€HNE BBIPAKEHUH.
a) 3 cos’a — 4 sin’a, 0) sin o — 2 sina. — 2 cos’o
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DopMyJIbI CJIOKEHUS

IIpakTnyeckas padora

1) [Tokakem Mo 11aram, paBEHCTBO BbIPaKEHUS

. : 1 T T
sin (o0 — ) = sina cosP — cosa sinf s o =5 H B -3 -

a) [lnst 3HaYeHuii o ¥ 3, BBIYUCINM 3HAYCHHSI BBIPAKEHUS B JIEBOM YaCTH.

. . T T . T 1
sin(o—p)=sin(—F———5-)=sin—=—>—
(a=B)=sin( 5 —3)=sin 4=
0) Jlns 3HaueHu# o U 3, BBIYUCIIMM 3HAUCHUS BBIPAKCHHUS B TIPABOM YaCTH.
sina cosP — cosa sinf = sin T cos—— — cos—-sin—= | L 0 \/—3 L
2 3 2 3 2 2 2

2) Kak MOXHO BBIYHCIIUTH 3HAUYCHNE TPHTOHOMETPUIECKUX (PYHKIMH YISl yIiia
15°, ucnonb3ys pa3HOCTh 3HaUeHUH yriioB 45° u 30°(15° = 45° - 30°)?

TpuroHomerpuyeckne PyHKIHH CyMMbI M PA3HOCTH JIBYX YIJIOB
sin (o + p ) = sina cosp + cosa sinp cos (o + B ) = cosa cosf — sina sinf
sin (o — B ) = sina cosp — cosa sinp  cos (¢ — B ) = cosa cosp + sina sinf

P CHauana JoKakeM TOXKIECTBO cos (o0 — ) = cosa cosP + sina sinf.
P1=(cos o; sin o) P3 = (cos(a — B); sin(o. — B)

Ha pucynke a) ans yria o
KOOpAUHATHl TOYKH Pi, B3s-
TOW Ha €IMHUYHON OKPYKHO-
CTH paBHBI (COSOL; Sina), a U1~ —]
yria 3 KoOOpJuHATHl TOUKH P2
paBHBI (cosP; sinf). Pasme-
CTHM YTIIBI 0 — [, KaKk MoKa-
3aHO Ha PUCYHKE 0) .

Toraa, nns yra o — B koopauHatsl Touku Ps OyayT (cos(a—P); sin(a—p)).

U3 toro, uro AP1OP2= AP;OA (o mpusnaky CYC ) cienyet, uto PiP>= P3A.

PP = \/(COS(I N COSB)2 + (Sina N SinB)z dopmyna naxoscoenus paccmoanus
P:A = \/(COS((X _ B) _1)2+ (sin(a _ B) _ 0)2Me.7f('0y 08yMA mouKamu

(cosa — cosP)? + (sina. — sinP)?= (cos(a — B) —1)>+ (sin(a —B)—0)>
no ceoiicmey

cos?a — 2 cosa cosP + cos?B + sin?a. — 2sina sinf + sin?f = pasencms
= COSZ(OL _B ) -2 COS(OL — B) +1+ Sinz(a — B) no gopmynam cokpawénnozo
YMHOIHCEHUS

(cos?a + sin?a) — 2 (cosa cosP + sina sinf) + (cos?P + sin?P) =
=(cos*(a—f) +sin*(a—P))—2cos(a—P)+1 1o c60IiCIMEY CNLOMHCEHUA U RPU-

2 =2 (cosacosP +sinasinf)= 2 —2 cos(a— ) Hereruwo mpuconomempuie
CKUX MOXCOecme

2 (cosa cosP + sina sinf) = 2 cos(a.— )  no ceoiicmey cnoscenusn
cos(a — B) = cosa cosP + sina sinf  cnpasedrusocms mosxcoecmesa doxazana.m
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DopMYyJIbl CJI0KEHUS

» Jloka3zarenbCTBO TOkIecTBa cos (o + ) = cosa cosP — sina sinf3
cos(a + B) = cos(a. — (— B)) = cosa cos(— P) + sina sin(— B)
yuumwigas, umo cos(—f) = cosfp  sin(—p) = —sinf
COS((X + B) = CcoSsa COSB — sina SinB CNpagedIUsoCHbL Modicoecmaea 00Ka3and
P JlokazarenbCTBO TOXkAECTBa Sin (o + 3 ) = sina cosP + cosa sinf3

sin (. + ) = cos (—— (a+tp)= cos((——a) )=
no gopmynam npuee@eﬂuﬂ epynnupy;z
cos(—— a)-cos B + s1n( —a)-sin 3 =sin o ‘cos B + cosa *sin 3
no gopmyne kocunyca pCIS’HOCWlM ¢ yuémom popmyn npugeoenus
P> JlokazaTesnbCcTBO TOXkKAECTBA sin (o — B ) = sina cosP — cosa sinf :
sin (o — ) = sin (o + (—P)) = sina cos(— B) + cos a sin(— ) =
=sin o cos B —cos a sin

V- n
ITpumep 1. Haiiném 3Hau€HUE BBIPAXKEHUS COS —— .

12
Pemenue. 00517—2 = Ccos (— +T) = cos = cos % —sin % sinnTZ
_ 1 x/_ 32 \/— N3
22 2 2 4
ITpumep 2. Haiiném 3HaueHune BBIpa)KCHI/IiI sin (o — ), ecu
sina=—3—,n<a<3—nncos[3 0<B<—.

5 2 13 ’
Pemenne. M3BecTHO, uTO sin (o — ) = sina cosP — cosa sinf. Ecim yrimy o co-

OTBETCTBYET OCTPHBI yroi o', To sina’ = =75 - Tak Kak NpPOTUBOJIEKAIIHUM 5
KaTeT paBeH 3, a runoTeHy3a 5, Torna MmpuieKauuil KaTeT paBeH

X =7V25 -9 =4 u yuursiBas, yto o yroiu III uerseprtu, noayuum:
cosaL = — —§‘— AHaJ‘IOFI/Il%IO €CJIM 3Hasi, 4To cos B = %2 , T 0
noJTyJaeM, 4to sin B =773 . i ’
sin (o0 — ) = sina cosP — cosa sinf = 32 +i 216

5 13 5 13 65 12

MoxHO 3anucarh Q)OpMYHBI CJIOKCHHUA JIsA TAHI'CHCA U KOTAHI'CHCA:

sin(a+p) sina cosP + cosa sinf
tgath)= cos(a+p) " cosa cosp — sina sinf
no onpeoenenuio - no GOpPMYIAM CLONCEHUs.

sinarcos p cos a-sin f3
~ cos a-cos B T cos a-cos B tgattgp 3HavuT: tg 0.+ tg
~cosacosf sinassinB 1 —tgotgP tg (G+B)_w

cosarcos B cosacos P ynpowaem

Dpazoenus yuciumens u

3HAMeHamelb Ha cos O. * oS B tg o —tg B

AHaOrM4HBIM 006pa30M MOKHO MOKa3aTh, uto : tg (@ —PB) = T+tgotgp
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DopMyJIbl CJ0KEHUS

Ooyuarommue 3a1aHust

1.

Brrancaure 3HaueHUS BBIPAXKCHUS.

a) sin 75° 0) cos 75° B) sin (—15°) r) cos 105°
cos(™ _ T e) sin(® 4+ 1) Tn_
n) (4 3) ) 2 T3 3 sino- 12 >1<)cos12
anOCTI/ITe. Haiinnre 3HaYeHUE BBIPAKEHUS.
Sn T
£ + = 25 T4 2= 5in
)s1n 4 cos12 Ccos 4 sin —— 12 2)c0512c0512 sin 12sm 12
T oos R i ST 0s . _gin O
3)sm €08 75 — COs 4 sin — 12 4)cos 17 cos 12 sin = TE 12
yCTaHOBI/ITe HUCTUHHOCTbH PABEHCTB, UCTIONb3Ys (POPMYJIBI CIIOKEHUS.
a) sin(90° —a) = cos a 0) cos(m + o) =—cos a
B) sin(m + o) =—sin a ) c0s(270° — o) = —sin a
VYopocrure.

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° 1) sin 23° - cos 7°+ cos 157° - cos 97°
Ynpocture.
a) cos(36° + a)-cos(24° — a) — sin(36° + a)-sin(24° — a)
0) sin(% - a)-cos(% +a)+ cos(% - oc)-sin(% +a)
Haitgure 3HaueHne BBIpAKEHUS.

) sin 20° - cos 10° + cos 20° - sin 10° ~, cos 66° - cos 6° + sin 6° - cos 24°

sin 21° - cos 9° + cos 21° - sin 9° ’c0s 65° - cos 5° + sin 65° - sin 5°
a) cos o = —% %< o <m, HauauTte sin(% +a)
0) sinf} = % u % <P <m, wHaiaure cos(%+ B).
sino =— ﬁ ,cos :% , o yrox Il werBepTu, a yron 3 yron IV uerBepru.
Haiimure: a) sin(a + ) 6) cos(at — )
o u 3 yrsl 11 uerBeptu 1 sin o = f% ,cos P} = f% Haiinure:
a) sin(a — ) 0) cos(a +B)

7 4

. CuHYyCBI IByX OCTPBIX YIJIOB TPEYTOJbHUKA PABHbI 55 M3 - Haiinure

KOCHHYC TPETBETO YyIJIa.
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DopMyJIbI CI0KEHUS

11

12.
113.

|14,
|15.
16.

17.

118.

Ynopocture.
2) tg 13° +1tg 47° b) tg 46° —tg 1°
1 —tg 13°-tg47° 1 +tg46°-tg1°

Haiinure tg(45°+ ), ecm tg a =% .

Ecmm tg o =—é ,tg B =—§ , TO HAlAUTE :

a) tg(a +B) 0) tg(a —B)
Haitgure 3HaueHne BhIpaKEHHUS.
a)tg 15° 0) tg 75° B) ctg 105°

Haiinure 3nauenue BeipaskeHus cos 72° sin 48° + cos 18° sin 42°, ucnonssys
(hopMyIbl ipUBECHUS U HOPMYITBI CIIOKEHUS.

Ynpocrture.
a) sin (o + 3 ) — cosa sinf 5 cos(a + B ) + sina sinf
sin (o — ) + cosa sinf ) cos(a.— B ) — sina sinf3
Ynpocrture. . .
tg(45° + a) —tg a tg(g T o) +g(g —a)
) T+ 9@+ o)g o ®) T T
e e I~ tg(G+ o)te(F - o)

a) tg(a +P) =—1, tg(a — B) =% . Haiinure tg 2f3.
0) ctg(a +B) =2, ctg( —PB) =1 . Haiigure tg 2a.

l'[pmmam{ble 3alaHUA

119.

120.

OO06opynoBanue AJist XOAbOBI TTO0 KaHATY 3a-
KPEIUICHO MEXITy IByMsI CTOJIOaMH, BBICO-
Toit 9 M. Kanaroxozerl 1BUKeTCs 10 KaHaTy
B, nHa paccrossaun 5M ot 3emuin. Kanarer A
u B 3akpemnnensl Ha paccTosiHUM 12 M OT
cronba. Haiimure cuHyC W TpamyCHYIO
Mepy yra ¢ Mexay kaHaramu A u B, ¢
TOYHOCTBIO JIO JECATHIX.

ocTphlit yromn 02— 61, 00pa3oBaHHBINA IBYMS IPSIMBIMU
[IPH TIEPECEUCHNUH, MOXKHO HAUTH 1O hopmyIie:

ko= ki
€ ®=0) =T 1%

Haiinure ocTpslii yrona, oOpa3oBaHHBIA MPU MEPECEUSHUH JABYX MPSMBIX:

a)y=17x—1ny=2x—1; O)y=x+2uy=3x-1.
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Caeacreus u3 (popmyJ1 CI0KeHUSs

IIpakTnyeckas padora

[Ipeob6pa3zyiite cymmy sin 70° + sin 10° B mpousBeieHue, BHITOTHUB CIEAYIO-

LI1€ [Iaru:

1 { x +y = 70° PEIIMB CUCTEMY YPABHEHNH HAUUTE TAKKE YIJIbI, YTOOBI X
x—y=10° cymma Obuia paaa 70°, a pasHocts 10 x =40° y=30°

2) 3anumure cneaytomee 70° =40° + 30°, 10° =40° — 30° u ynpocture

sin 70° + sin 10° = sin(40° + 30°) + sin(40° — 30°) = sin 40°-cos 30° +

+cos 40°-sin 30°+ sin40°cos 30° — cos 40°-sin 30° = 2 sin 40°-cos 30°=\/§sin 40°

[IpeoOpa3zoBanne cyMMBbI(Pa3HOCTH) B IPOM3BE/ICHUE

a=x+y o+p oa-f
Eciun TOTJa X = =
p=x—y % 2 P2
sin o + sin 3 = sin(x + ) + sin(x —y) =
sin x cos y + cos x sin y + sin x cos y — cos x sin y = 2 sin x cos y. Urax
. . . + o —
sina +sinf =2 sin & 5 B cos — AHAJIOTMYHO MOJIy4YaeM:
. . . - +
sma—smB=2s1na B cos 2 B
2 2
+ o-—
cos o+ cos B =2 cos a+P cos B
2 2
.o+ A
cos o — cos B =-2 sin ZB sin ZB

[Tpeobpasyiite B mpousBeaeHue: a) sin 52° + sin 32° 6) sin 72° — sin 32°

B) cos 32°+ cos 2° 1) cos 42° — cos 22°
BoruncnuTe 3HaYeHHE BbIPAKEHHUS.

& [=

a) cos 130° + sin 80° — sin 20° 0) sin 40° + sin 20° — cos 10°
3. IIpeobpasyiite cymmy (pasHOCTb) B npomBez[eHI/Ie.5 s
. . . T . T T T
_ v ~iv — 4+ DL
Sin6x + sin2x cosdx — cos2x sin 75— sin 75 cos75 TeosT5
4. Vnpocrure.
q) _sin 8o + sin 2a 6) <08 6a. — cos 2o ) _Sin3a +sina
cos 8a + cos 2a sin 60 — sin 2a. cos 3a. + cos a
|i ITokaxkuTe cripaBeNTMBOCTh PABEHCTB, COTJIACHO PUCYHKY.
— A
eza—zﬁ y= %ﬁ (cos B, sin B)
. . (cos a, sin a) (_t: .- ]
sma-i—sm[?_) “_B . OCJFB _______ .
5 =5 =cos == sin = i :
: LB
cosotcosf a—B oa+f ,_ A !
5 t=cos 7 Cos T -+ L>-
|i [IpencraBbTe B BUJIE MPOU3BEACHUS.
a)1§+sina 6)15+cosoc B)2c0s0c—\/§
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Caencreus u3 GopmyJ CJI10KEHUS

®opMmyJibl Npeodpa3oBaHusi MPOU3BeAEHUS

sinx - cosy =% (sin(x + y) + sin(x — y))

sinx - siny =% (cos(x —y) — cos(x +y))

€OSX - COSy =% (cos(x +y) + cos(x —y))

CHpaBeHJ’II/IBOCTB JAaHHBIX TOXICCTB MOXXHO IMOKa3aTh MPHU ITOMOIIIN (bOpMYJ'I
CIIOXKCHUA:

HOUIeHHO CKaovleaem HOUIeHHO CKaovleaem

sin(x + y) = sinxcosy + cosxsiny Jrcos(x + y) = cosxcosy — sinx siny
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
sinx - cosy = E(Sin(x + y) + sin(x — y))| cosx - cosy = E(COS(X +y) + cos(x —y))

%ﬂ Cﬂe/:[ylomee TOXACCTBO MOXKHO JOKa3aTh aHAJIOTM4YHBIM O6p8.30M.

sinx - siny =% (cos(x —y) —cos(x +y))

12,

I[JBI BbIYHCJICHUA IIPUMEHUTE TOXIACCTBA Hp606pa30BaHI/I$I B ITPOU3BCIACHUA.

a) sin 15°- cos 15° 0) sin 105° - sin 15° B) cos 75°- cos 75°
[TpencraBbTe BhIpaKeHHsI B BUAC PA3HOCTH WA CYMMBI.

sinbx - sin2x sinx - cos2x cos9x - cos2x cos%- sin%
cos7x - cos3x sin&x - sindx sin2x - cos3x cos % sin%

JokaxwuTe, uto 2 sinocosf = sin(a + 3) + sin(a — ).

. Beraucaure.

a) 2 cos 40° - cos 20° — cos 20° 0) 2 sin 40° - sin 10° + cos 50°

. Hanpure 3HaueHUE BBIPAIKEHUS.

a) sin 15° - cos 7° —cos 79° - cos 11° —sin 86° - sin 4°

0) cos 73° - cos 17°—sin 13° - cos 21° — cos 86° - cos 4°

Paznoxute Ha MHOXKHUTEIH.

a) sin 2x-cos 4x — sin 6x-cos 8x 0) cos 5x-cos x — cos 4x-cos 2x
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CaeacrBus u3 (pOpMyJ1 CI0KEHUS

Tpuronomerpuyeckue pyHKIUHM JBOHHOI0 apryMeHTa

DopMyIIBI CIIOKEHUS TIO3BOJISIIOT BBIPA3UTh sin 20, cos 20, tg 200 yepe3 TPUro-
HOMEeTpHUYecKre (DYHKIIUH yIJIa L.

sin 2o = sin(ot + o) =sino - coso + cos o - sina = 2 sin o * cos o

cos 2o =cos(a + o) = cos o * cos o —sina - sin o = cos? o — sin o

tgo +tga 2tga

tg2o=tg(@+ ) =T o5 tga = 1 tga

Takum 00pa3zom, MoIy4aeM TOXKIECTBA, KOTOPbIC HAa3bIBAIOTCS (HOpMyIaMu

JIBOWHOTO apryMeHTa!

2tga
sin 200 = 2 sin a * cos a., cos 20 = cos’> o, —sin? a,, tg 2o =ﬁ

(I)OpMy.]'lbl IMMOJTOBUHHOTO0 apryMmeHnTa

Hmeem, uto cos 20 = cos’> o — sin* o = cos> o — (1 —cos’> o) =2 cos? o, — 1
cos 20 =cos’a —sinfa=1-sin*a —sina=1-2sin*a
Orcrona:

1+ cos 2a ., _ 1—cos2a , . _ 1—cos2a
o = ——— sinfo =———— tg’a= ——+—
cosa 2 2 g 1+ cos 20
3amensieM B JaHHOU dopmyie oL Ha %, IOJIy4aeMm:
- 1 —cosa
co_ ltcosa oo 1-coso a0 o 1 COSQL
€o8" 2 S5 2 £72 1 +cosa

I[J'IS[ IMMOJIOBUHHBIX apryMCHTOB CIIPABCIJIUBBI TOXKACCTBA.

.o /l—coscx o ]1+cosoc fl—coscx
Sim 5 3 COoS 3 3 tg j_i 1+ cos

3HaK B MpaBOi YacTH B JJAHHOM PABEHCTBE 3aBUCUT OT TOTIO, B KAKOW YeT-
a
BEPTHU HAXOJIUTCS YOl — .

Ilpumep 1. YopocTum BeIpaKeHHE Sin oL'cos’al — sin’al'cos o.

Pemenne. sin ocos’a, — sin’ocos o = sin a-cos a (cos’ol — sin’a) =
_1 : 2 sy L - ;
=5 2 sin o.°cos o*(cos o — sin“oL) = - sin 201-cos 200 = sin 4o

IIpumep 2. He ucnomnb3ys KaabKyIsTOpP, BEIYMCIMM 3HAYCHUS Sin 200 1
COSs 20, 3Has, 4TO yroJ o npuHaanexxut IV yeTBeptu u tg oo = —=-

4
Pemenne. 7= V(3 +4=5 - o
sin a:_% sin 200 =2 sin o, cos o. = 2(— ?)(?) =35

4
COsS =7 cos 20.=cos’ 0.—sin’ o = (%)2 - (—%)2 —275
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Cuaencrus u3 GopmyJ CI10KEHUS

- . T
Ilpumep 3. Haliném 3HaueHuii cos 3
Pemenne:

o _, [1+cosa

Hcnonb3yem (hopmyy MOJOBUHHOTO apryMeHTa COS 5 oE 7

T o
g yron I yeTBepTH U B 3TON YETBEPTH KOCUHYC IOJIOXKHUTEIEH.

1 n. [Ixcos@d)  [1+022)  [2+4\2
cos ¢ —0057(7)—\/ 2 = > = 1

Ooyuaromue 3a1aHus
|13. Vmpocrute.

cos’ o - tg> a ) Cosa +sino
. 1 + cos 2a
+ . S ———
B) (tga + ctg o) sin 2o r) sn 0a
|£l. Ecmu cos o = —0,8, 90° < a < 180°, nanaure:
a) sin 2o 0) cos 2a B) tg 20
|15. Ecimsin 3 = —% u yron 3 pacrionoxen B 11l uerBepTH, HaiinuTe:
a) sin 2f3 0) cos 23 B) tg 23
|1_6. VYmpocrture.
a) sin 3a. _ cos 3a 6) sin 3., cos 3a
sin o cos o cos o sin o
|1_7. HaiiguTe 3HaueHne BbIpaKEHUS.
a) 2 sin 15° cos 15° 0)2 sin% cos%
2T a2 U 2T 2 T
B) COS ) T) coS g —sing
) 2 tg 22° 30’ ¢) 4 tg 75°
1 —tg?22°30’ 1 —tg*>75°

|£;, Hatinure:
a) sin 22° 30"  0) cos 22° 30’ n) tg 22° 30’ d) tg 15° e) cos 67,5°

|1_9, Ecnu cos a =% ,270° <o <360°, To HaIUTE :
a) sin % 0) cos % B) tg %
@, Haiigure sin2a, cos2a, tg2o, 3Has 4TO:
. 3 3
sinot = 5= %<a<n tgo = % ; T<a< 771 cosa=%; 0 <oc<%
|21. Haifnute sin % cos Litg X e
2 2 2 5
a)cosoc=%, 0<oc<% 6)sin0c=—73, 3—2n<oc<2n
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Caencrus u3 GopmyJ CI10KEHU

|22. JlokaxxuTe CpaBeNIMBOCTE TOKAECTB, IPH NIOMOLIH (POPMYJT CyMMBI M pa3-
HOCTH TPUTOHOMETPHUYCCKUX (DYHKITUIA.
a) sin 20 =2 sin 0 cos 0 0) cos 2x = cos’x — sin’x.
) 8
|§_ VYron a pacnonoxeH Bo 1 ywerBeprtu sin o = 17
a) Haiigure 3nauenue sin 2a. 6) Haiinure 3nauenue cos 2a.
B) [Ipu momomu KanpKyIsiTopa HalAUTE paJilaHHYIO Mepy yIva o.
r) [IpoBepwTe pe3yabTarhl MyHKTOB ¢ U b TIPU TIOMOIIH KaJIbKYJISTOPA.

24. JToxaxure ToxIECTBA.
1 —cosa o sin o o
L _smao

tg — 0)

sin o 2

l+cosa ©2

IIpuxiagHbie 3aJaHusA

B
|£5. I'eomeTpust. [lo naHHBIM Ha pUCYHKE, TOKAXKUTE CIIpa- \ P
a
D

0 sin®

BCJIMBOCTH TOXKJICCTBA tg 7: JJIA CAUHNY -

1+ cos6
HOM OKPYKHOCTH C IIEHTPOM B Touke O.

|2_6, YroObl HaWTH BBICOTY TOpBI, HA
nJjaHe, BbIOpaHbl 1Be TOUkU A u B,
paccTosiHNE MEXKIY KOTOPBIMU PaBHO
175 M, 1 u3MepeHs! YIiibl NoAbEMA,
KOTOpBIE COOTBETCTBEHHO paBHbl B=—21"10"
ZA=36°40", /B=21°10". 175 M
Uemy paBHa BbICOTa rOpsI ?

< 21°10"

m. Ecmm Touku A, B,C sBnsitorcst Bepmnnamu AABC, To 1okaxuTe cripaBe-
JMBOCTH CIEAYIOINX TOXKAECTB (yurute, uto LA+ £ZB+ ZC =180°).
a)sin(A+B)= sinC
0)cosC=sinA-sinB—-cosA- cos B

28. a) lokaxkuTe CIIpaBeTHBOCTH (HOPMYJTBI A

1 .
Scer. = 5 72 (00— sina) JiIs HAXOXKJICHHUS a
B

TUTOIIAHN CETMEHTA.
0) Pamnyc xpyra Ha puUCyHKEe paBeH 2 CcM, a JJINHA
xopnel 3 cM. Haiiure miomanes cerMmenTa, 0TceKaeMoro
XOPHOM.

129. Tpu OKpYKHOCTH KacatoTCs BHELIHIM 00pa3oM,

KaK MMOoKa3aHO Ha pucyHke. Haliaure muomans

3aKpalieHHOW YaCcTH, €CITU UX PaINyChl COOTBET-

CTBEHHO paBHbI 1; 2; 3.
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YupoieHue TPUroHOMETPUYECKUX BbIPAKEHUM

ITpumep 1. Packpoem CKOOKH M YIIPOCTHM BBIPAKEHHE

cos x (tgx —sec x) =

=COSXx - tg X—COSX - -Secx = no pacnpe@eﬂumeﬂbHOMy 361KOHy yMHOcheHuﬂ

_SmXx
=cos x - (S:z)s X cosx- cols = Ynpowjenue npu noMowu 3amMenvl 1g X = Gosx
=sinx -1 U SeCcx = o5x

Ilpumep 2. Paznoxum Ha MHOKXMTEH H YIIPOCTHM BEIPAKEHHE.

sin? x cos? x + cos* x =

= cos? x(sin® x + cos? x) =  ebiHecem 00wl MHONCUMENb 30 CKOOKY
=cos?x 1= cos’x npumenus opmyny sin’ x + cos’> x = 1
IMpumep 3.
VYpocTuM panroHaIbHOE BBIPAKEHUE, COEpKAllee TPUTOHOMETPUYECKHE
(byHKIHH.
COS X COS X i
_cosx — X 4 sinx — _ Sinx
T+sinx  ®©*~ T+sinx '~ cosX 3amenuM I8 X = o5

—_COSX  cosx ., sinx 1+ SINX _ yMHONCUM YUCTUMENb U SHAMEHA-
[+sinx COSXTTCOSX "1 +sinx
meib Ha OOHO U MOoJICe YUCTLO

cos® x + sin x + sin® x )
= = npugedém K 0oujemy 3HameHameno

cos x(1 + sin x)

1 +sinx . P
= — = npumenum moscoecmeo sin‘ x + cos” x= 1

cos x(1 + sin x)

= ﬁ =sec x YIpOCmum
IMpuvep 4.  OcBoOoauM 3HaAMEHATENb OT pajJuKaia A\ ,tglx
3nech tg x > 0.

2 _ Ztg X

tgx tg X tg X tg X tg x

Ooyuamommue 3aJaHUA

|L Packpoiite ckoOKM U YIIPOCTUTE BHIPAKEHUE.
1) (sin x — cos x)(sin x + cos x) 3) (sin o — cos )+ sin 20,

2) tg x (cos x + ctg x)(1 —sin x) 4) (1 +tgo)*—sec’ a
|2. PaznokuTe Ha MHOXHTEIIH.
1) sin® x cos x + cos® x 2) sin* x — cos* x 3) sin’x + 27
4) 4sin’ y + 8sin y + 4 5) 3ctg? B+ 6¢tg B +3  6)2cos’x +cosx—3
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YipoueHue TPUrOHOMETPUYECKUX BbIPAKEHU

3. Vmpocrure.

1 cos’a — 1 2)( sinxy 1 )sin“oc —cos’a

cos o+ 1 COS X cos? x sina. — cos°o.

4) 4cos’ x . sinx % 5y sin’o — sino — 2 6) sin‘a. —9  10cosa. + 5
sin?x \4cos x 2sino —4 2coso+1 3sino+9

|4.  TIpencraBeTe BHIPaKEHHE B BHJIC MHOKHTENCH, COIEPIKAIIIX OXHONMEH-
Hy!0 (yHKIUIO (Hanpumep, (sinx —3) (1 + 2sinx)) .
1) cos? x +2cos x + 1 2) cos x —2sin*x + 1 3) sin x — cos’x — 1

|i OCBO6OI[I/IT€CB OT paJiuKajia B 3BHAMCHATCJIC.

a) \/1 —COS X 6) N\ Cos x B) \jctgx

V1 + cos x \tgx \ sin x
6. Vmpocrure.
sin o sinat . (sinow + cosa)’ — sin 20
a)(Hcosa I —cosa )'sin 20t 0) cos 2o + 2 sin” a

) 1 + cos 2o + sin 2o r) sino. + sin 3o + sin 5o
1 — cos 2o + sin 2o cosa t cos 3o + cos Sa

7. JlokaxuTe TOXKAECTBA.

cos 0 sin 0 . _to?
l)l—th +1—ctg9 =sin 6 + cos O 2){+ttg% +1=2co0s?6

tgb —ctgO . cos 0 _

3)1g0 Feigd +1=2sin’0 4tgb+ 1 gme  —secH
(sinot+cosa)—1 _, 1— cos® o — sin® o

>) ctg o — sin ocos o 2tga 6) T =2 cos*a

|§ Haiinure Hanbonbiiee 1 HaMMEHbIIIEE 3HAYEHUE BHIPAKESHUSI.
a)sina—\/3_cosoc 6)\/3sina+cosoc B) sin o + cos o

. a . b
Ykazanue: 3aummTe BeIpaxeHue a sin x + b cos x B BUIe C'(?' sinx + —cos X)

a b .
U BBEIUTE BCIIOMOTATEIILHBIE YIUIbL: ~ = = COSQ M —=sin ¢ . 3nech ¢ = Va? + b?
c

\3

I[Ipumep. sina + V3 cosa = 2(—%sin o+ -5 cos a) =
=2(cos 60° - sin o + sin 60° - cos o) = 2sin(a + 60°) HB3=2 HM3=-2

K

|& Ecmu 0 <o <, Haliqure 3Ha4eHKUE BbIpAKEHUs , [1 —sin o 1 +sina
2 [+sina T 1 —sino

1 — sin2
|10. Ynpocture BbIpakeHue Nl=sinfo  ecnm
cos o

a) 90° <a < 180° 0) 270° <o <360°

|£. Haiinure 3Hauenue BeipaxxeHus sin 18° cos 36°.
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Oo0o01maromue 3a1anus

1.
2.

[ [& [=

B

=

10.

11,
12.

113.

Vbl TpeyroiabHUKa OTHOCSTCS Kak 2 : 3: 5.Halaute paguaHHbie MEphI
YIJIOB.

Hmeet mu cMbICT BBIpa)KeHI/Ie?

a) \sin 170° 0) Vcos 150° B) Vtg 200°

Kakoii ueTBepTH MpUHAATICKUT YTOd O, €CITH |sino| = sin o,
|cos o] =—cos a?
HoxaxwuTte, uto tg 1° - tg 2° - tg 3°- ... - tg 87° - tg 88° - tg 8§9° =1

Beripasute uepes a, ecnu sin 10° = a:

a) cos 80° 0) cos 100° B) sin 170° r) sin 190°
BbIunciinTe He MCIOMb3Ys KaIbKYIISATOP.
i
2tg—
a) —Sn 0) 4sin2—ncosz—7E
1- th? 3 3

Kakoe 13 paBeHCTB BEpHOE, a KaKoe JIOKHOE?
a)sin 151°=sin 29° 6) cos 135° =sin 225°  B) tg 135° =tg 225°
r) sin 60° = cos 330° ) sin 270° =cos 180°  e) cos (—60°) =—sin 330°

Panuyc ogHoro 3y6uaroro kosieca paBeH 5,4 cwm, a AR,

19N

paauyc npyroro 3 cm. Eciu manenskoe komeco S
noBopadnBaercs Ha yron 170°, To Ha Kakod yrom
IIPU ATOM MIOBOPAYUBAETCS OOJIBIIOE KOJIECO?

a) CucreMa s TIOJTMBAa MOYKET COBEpIIATh MOBOPOT Ha yroi 140° u mpu
3TOM CTpys uMeeT JUInHY 35 M. CxeMaTuyHO U300pa3uTe Ty 4acTh, KOTOPYIO
MOKET ITOJIATh CHCTEMA U HaUUTe €€ IUIOIAIb.

6) Ha xakoit yron qomkHa HOBOPAaYMBATHCS CHCTEMA JIJIs TIOJIMBA TUIOMIAIU
B 3000 m2, ecniu annHa cTpyu paBHa 70 m?

Jlokaxure.
sin3x —sinx ctody sin2x + sindx (o3
cos3x —cosx & cos2x + cosdx — &%
sinx + sin3x toDx cos4x — cos2x _ to3
cosx + cos3x & sin2x — sindx _ &%

Haiinure 3HaYEHUE BBIPAKEHUS sino —sin_ ecan o, — B =90°
A p cosaL + cosP ° '

HoxaxwuTe, uyto: a) cos(60°—a.) =sin(30°+ o)
0) ctg(80° —a) = tg(10° + o).

o o : o M o
ToKasuTe, 4To : cos 20° —cos 50 _ sin 80° —sin 70

cos 31°+sin 11°  sin 29° — sin 19°
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|14,
115.

17.

118.

119.

120.

22.

Haiigure 3HaueHne BhIpaKeHUs , eciim sina. -coso. = 0,4.

sino. — cosal

Haiinute 3HaueHne BeIpaKEHHUS. |1_6.Ha1?m1/1Te OCTpBIN yroJ, MEexXIy
a) 4 sin 15° cos 15°(cos? 15° —sin? 15°) ABYMsL  ICPECCKAOINMHUC
_— - o - npsiMpiMu y =4x — 1 u
0) sin 7¢ - cos’ 7 —sin’7¢ - cos ¢ y=-2x+5.
Brruucnure. i
| -ll =4xL11
. 24in70° 4
a) 3 sin 10° 2 sin 70 -
6) 8 sin 10°cos 20°cos 40° /l s
T 1 —sin 2x Of 12X 4 | 6 8
VYopocrture: tg( A +x)- “oos 2 ,7/
Ecin cosa = 73 ) 0<a<%nsin[$=—17 , T<P< 3—; , HaluTe
3HaUYEHUE BBIPAKCHUIA:
a) sin (o + B) 0) cos (o + PB) B) tg (o + PB)
r) sin (o - B) 1) cos (o~ B) e)tg (a—p)
VYmpocture.
__ 6 cos 64° 6) cos 36°+ 3 sin 36°
V3 cos 34° — sin 34° 4 cos 24°

. PacmpumuTens (Jiefika) pacnbiIsSieT BOAY Ha OOBEKT MO/ YIJIOM 0, Ha pac-

cTostHuE d.
a) Z[oxamlee 4TO IUIOMAJb TONMBA HAXOAMTCA MO  (opMyraMm
nd? (1 — cosa
S = nd’tg? —, a Takke S= md? (1 = cosq)
2 1 + cosa
0) KakoBa miomma/p mojausa, ecin

yroJl pacubiieHus o = 45°,

a pacctosinue d = 30 cm?

| . _ 2tga 5 ) _l-tg’a

) JlokaxkuTe TOXKIeCTRA. a) sin 200 = T+iga ) cos 2a. “T+ifa
1 :

2) Ecnu tg oo ==, To HalauTe: a) sin 2o 0) cos 2a
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TeopeMbl CHHYCOB 1 KOCHHYCOB

Teopema cunycoB

Teopema KocuHycoB

Kuswuii ¢ XII sexe u 3anumarowuii ocoboe
Mecmo 8 UCMOopUY Yenogeuecmed GeluKuil asep-
oatioxcanckuil yuénwiii Hacpeooun Tycu coenan
0Co0blIL KA 8 ACMPOHOMUIO, MAMEMAMUKY U
@unocoguro. Hacpedoun Tycu, enepgvie omoe-
JIUL MPUSOHOMEMPUIO OM ACMPOHOMUU, U Npeo-
CMasul 00Ka3ameibCmeo meopembvl CUHYCOS. |

- e ltd ]

g [T e -4
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Teopema cuHycOB

IMpakTHyeckas padora B
1) ITo nanHbIM pucyHKa Belpazute cropoHsl AB u BC
4epe3 BICOTY /1 Tpeyronbanka ABC. o h 450
C
2) IIpoBepbTe cripaBeIMBOCTh PABEHCTBA. A D

AB _  BC
sin ZC sin ZA
3) Breipasure qymay croponbl AC depe3 /i 1 3Has, 9TO

ZB =180°—(30°+ 45°) =105° Beramcnute sin £B.
AC

4) Haiimute oTHOIIEHHE 1 CPaBHMTE €TI0 PE3YJIbTaT C PE3yJIbTaTOM ITyHKTa 2.

sin /B
5) Ectb nm cBsa3b Mexy cropoHaMu AABC u cuHycamMu IPOTUBOJIEKAIINX YITIOB.

Teopema cuHycOB

st mpousBosibHOTO AABC co ctoponamu a, b, ¢ 1 COOTBETCTBYIO-

LIMMH IPOTUBOJIEKAIUMY yriiaMu £ A, /B, ZC umeet mecro: ¢
a __b __ ¢ bl ¢
sinZA sinZB sinZC A=

CTopoHBI TpeyrojbHUKA MPONOPLUUOHAIBHBI CHHYCaM MPOTHUBOIEKAIIUX
YIJIOB.

Hoka3arenbcTBO: CripaBeIlTUBOCTH TEOPEMBI TS (.:
MPSIMOYTOJILHOTO TPEYTOJIbHUKA TTOKAKHUTE Camo- -hc
cTosTenbHO. [lokaskeM Teopemy st OCTpOYFOJII:— Q:-

HOTO ¥ TYIIOYTOJILHOTO TPEYTOJILHUKOB. ocm poyeoﬂbﬁbm mynoyzozzbl-tblu
N3 Bepmunbl C TpeyrojibHUKA MPOBEAEM K CTO- mpeyeorprux — MPEY2ONLHUK
pone AB BbIcOTY /. IToiryunMm 1Ba IpsIMOYTOJTb-

HBIX TPEYTOJIbHUKA, JIJISl KOTOPBIX UMee =sinZA u he _ sin/B -
a

b
W3 TynoyroyisHOro TpeyrojJbHUKa UMEEM:

Haiiném w3 >Tux oTHOWIEHUH he:  he=b sinlA, he=asin/B
a b

sin/A~ sin/B

[To aHaIOTHYHOMY TIPABUITY, €CJIM TPOBECTH BBICOTY U3 BepmnHH yria A

Ha cropoHy BC, To MOXKHO 1TOKa3aTh, 4TO

Orcrona nony4aem, 4ro: b sin/A = a sin/B unmu

smLB smLC
ITo cBoiicTBY pa- a b _ c Obpamume @numManue, Ymo dmu om-

BEHCTBA UMEECM: sin/A sin/B sinZC  nowenus pasnor ouamempy onucannoi
TeopeMa JAO0Ka3aHa. soxpye mpey2oibHUKa OKPYAHCHOCIU.

CaencrBus. 1) B TpeyronbpHuke, HAMPOTHB PAaBHBIX YIVIOB JIEKAaT CTOPOHBI,
JUTUHBI KOTOPBIX PaBHBI.

2) B TpeyronbHHKe HAIIPOTUB OOJIBILIETO yIiia JIEKUT OOJbIIast CTOPOHA,

a HanpOoTUB OOJBIIEH CTOPOHBI JISKUT OONBIINN YTOJI.
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Teopema cuHycoB

Ha camom pnene, Uit ocTpbIX yroB a U 3, eciau o >, To sin a > sin . Tak
singg  sinf

a
OCTpBIM, a Takke yroi (180°— ) siBysieTcsl BHEIIHUM YTJIOM TPEYTOJIbHHUKA HE

CMEXHBIMH € yIIIOM [3 ¥ OOJIbIIIE HEro.

Kak

,T0 a>b. Jlnsa tynoro yrma a yron (180° — o) siBnsieTcst

[Mostomy, sin o = sin(180° — @) > sin B. OTcroga cHOBA MoNTyYaem, 4to a > b.
Ecnu g TpeyronpHuKa 3aaHbl 1Ba yIiia U OJHA CTOPOHA,
JIBE CTOPOHBI U yTOJ, TPOTUBOJIEKAIANA OJHON U3 CTOPOH, C

TO MPUMEHUB TCOPEMY CUHYCOB, MOXXHO HaAWTH OCTaJIbHBIC b a=10
CTOPOHBI U YIJIBI.

I cayyuaii. Jlanbl 1Ba yriia ¥ 0lHA CTOPOHA TPEYroJbHUKA.
IIpumep 1. BAABC a =10, LA=41°, ZC=75°
Pemrenne: 3Has, 4TO CyMMa BHYTPEHHHUX yIIIOB TpeyroyibHUKA paBHa 180°, o
JBYM 3a/IaHHBIM yITIaM HalAEM TPETHil, a 10 TEOPEME CUHYCOB HEU3BECTHBIE
CTOPOHBIL.

ZB =180~ (LA+£C) =180~ (41° +75°) = 64°

a__ b _ asinZB 10sin64° 10-0,899 _
SnZA snZB U7 sinZA T Temate = o06s6 <7
a c asin/C __ 10sin75° _  10-0,966
- = = T ~ J ~
sin/A_ sin/C €T SinZA T sindlo 0656 47

II cayuaii. /{aHbl ABe CTOPOHBI M YIO0J, IIPOTHBOJIEKALLEH

M C
OJIHOM M3 CTOPOH. bh=30 ' a=18
B

Tpumvep 2. 1) BAABC a = 18, ZA=25°, b =30 A ¢
a__ b /B = bsin/A  30-sin25° B
sin/A sin/B ST T4 T 18 sin/B =0,7044

Bgeném uncno 0,7044 B KaJIbKyIATOP U HAXKMEM KHOIKY CO 3HAKOM .
YBumuwM, uto yroi B pasen 44,8°: /B ~ 44,8°

Opnnako, 3Has, uto sin /B = sin (180 — £/B), Torna nonyvaercs, uro y yria B
ecTh emié Bropoe 3HadeHne: LB~ 180° — 44,8° = 135,2°: /B = 135,2°

Jon (75 =445 oalZ8 = 1352

ZC=180° - (25°+44,8°)=110,2° £C=180°—(25° + 135,2°)=19,8°

a ¢ a c
sin/A  sinZC sin/A  sinZC
_ asinZC o= asin/ZC

sin/A sin/A

_ 18sin110,2° 10-0,938~40 18sin19,8°  10-0,938

sin25° T 0,423 €7 Tsin2se T 0,423

~14,4
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Teopema cuHycoB

Takum 0Opazom, JJis 3aJJaHHBIX 3HAYCHUH CYIIECTBYET JIBa TPEYrOJIbHHKA.

1. ZB=44,.8°, /C=110,2° c =40 2. Z/ZB=135,2°, ZC=19,8°, c~14,4

Z£C=110,2° £C~19.8
bh=30 a=18 b =30
< \ i ;a= 18
LA=25°"mgp  ABFAAE ZA=25° /B~ 1352°
c=144 :

Pacemorpum muis I ciry4yasi ciiexyonyro cCMTyanmio.
1) ycts B AABC a= 5, ZA=30°, b= 12
IIo Teopeme cunycoB

bsin/ZA _ 12-sin30° _

4 sin/B = =12
a

sin/ A: sin/B

sin/B =1,2 Tak kaxk [sinZBJ| <1, To OH HE MOXXET MPUHUMATH 3HaYeHHE 1,2.

3HAYNT, TAKOW TPEYTOIILHHUK HE CYIECTBYET.

KonnuecTBo BO3MOMXKHBIX PELLIEHUH TPEYTOIbHUKOB 10 IBYM CTOPOHAM U O1-
HOMY YTy MOKET MEHSThCSI B 3aBUCUMOCTH OT 3HAUE€HUH JJIMHBI CTOPOH U
BUA yria (TpagyCHOM Mepbl).

C Hnsa ZA <90° C C
b NS ’ b‘daa
' feran s A BB
Ya<he<b 6)npua=he<b B) ipu he <a <b
;ezjeﬂnci?l HET OZIHO peLICHHE ABa PCIICHIA
C
) b b AN o) npu a>b
r) Ipu a =
OJIHO petrene A ¢ B OJIHO pelleHue
s ZA > 90°
C a
b ; C
A B a '
a)npua<b . , g
o3 Ipu a = CIICHUU HET
pelieHuit HeT ) IIpH a p 5) mpit @ >
Oo0yuaromme 3a1aHus OJTHO pelieHne

|L Haitnure HeM3BeCTHBIE BEPIIUHBI U CTOPOHBI.

b 62 a 10
) 5in45° — sin30° O) 5in 35° — sin 40°

B) sin 6LB: sin 60° r) n/ZA _ sin 62°

si
36 25 32
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TeopeMa CHHYCOB

N
E 3anummuTe TeOpeMy CHHYCOB IS TPEYyTOJIbHIKA C BEPIIH-
Hamu M, N, P.
P
M
|i [To maHHBIM pHICYHKA HAWIUTE TPalyCHYIO Mepy yIuia 0.
B
B
a) 12 ) 4 g
A 0 4\/§
¢ /\45° 0\
A C
|i Haiinute Hen3BECTHBIC YIJIbI U CTOPOHBI.
a) A c B 6) C B) B D ~_d
34° 19 950 a 5 64
14N110°_~a 700 C
c A 25 B A b

|i yCTaHOBI/ITe, BBITIOJIHUB COOTBECTCTBYIOLIUEC BBIYUCIICHHUA, B KAKOM CJIy4dac
MOXHO ITOCTPOUTDH ABA UJIKM OAHWH TPCYTI'OJIbHUK, 4 B KAKOM pPCHICHUA HC Cy-

LIECTBYET.

1)a=10, ZA=35° /B =25° 2)b =40, /B=75°c=35
3) LA=40°, /B=45°c=15 Aa=5/A=42°h="7
5)a=40, /A=25° c=30 6)a=5,/A=47°, h=9
Ta=12,/A=94°, b =15 8)a=15/A=94°, h=12
9)a=22, /A=50°c=27 10)a=11, ZA=50° ¢ =20

__ 10
sin60°  sin80° °

|i N300pasurte TpeyroabHUK COITIACHO PaBEHCTBY
Hatiqure 3HaueHus x.

Il N3o6pasute A\ ABC 1 HaliiuTe HEN3BECTHYIO CTOPOHY.

a) Jano: /A ABC, LA = 57°, 0) ano: AABC, /B = 38°,
ZB=73° AB =24 cwm. ZC=56°, BC=63cMm

AC=7? AB=7?

B) llano: A ABC, ZA = 50°, r) lano: A ABC, ZA=23°,
ZB=50°,AC=27M,AB="? ZC=78° AB=15cm, BC=7?

|§ a) B AABC AC=7cm,AB =11 cm, /B = 25°. Haiiaure ZC.

0) B AKLM LM = 16,8 cm, KM = 13,5 cm, ZK= 56°. Haiigure £L.
Bepno nu, uTo U1 KX I0M U3 3a/1a4, IIPU PEIIeHUN Oy/ieM UCKaTh JBa

9% ¢

yria “ofuH OCTphIn” ,“OnuH Tynon”?
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Teopema cuHyCOB

9.

A
| 10. JlokaxxuTe TeOpEMy CHHYCOB TIPH T10- /A\
C
MOIIY TPEYTOJIHHUKOB, BIUCAHHBIX B R 2
pey . —~ .

12,

13,

14,

OpHa 13 cTOpOH TpeyrojbHuKa paBHa 43 M, a apyras 11 M. Yro:, nexamuit
HaIMpPOTUB OJTHOM M3 CTOPOH, paBeH 35°. HaliiuTe HEU3BECTHYIO CTOPOHY U
YIJIBl TPEYTOIbHUKA.

OKpPY>KHOCTb Ha PUCYHKE.

Ilnan gast nokazareiabcTBa: CHavaIa MOKAKUTE CIIpaBCIJIMBOCTh PaBCH-

a
CTBA —; = 2R , a 3areM, aHAJIOTHYHBIM 00pa30M, PABEHCTB - =2R
sin/A ’ ’ p P sin/B
u—S =2R.

sinZC

. [lns G6omnee TOUHOTO M3MEpPEHUSI KPOME TPayCHBIX €IUHUIL], UCTIOIb3YIOT

Oosee ManeHbKUE €IUHUIIBI, Takue kak MuHyTa (') u cexynna (). [Ipunss
1°=60', 1'= 60" BeIpa3zuTe B BUJE JCCATUIHON ApOoOU TpayCHBIC H3MEpe-
HUS YIJIOB.

a) 20°15'36" 0) 45°12'18" B) 45°20'54"

ITo dhopmyrte oIy TpeyrojabHUKA:
S= % absin £C A A
S=?bcs1n4A B NC g _ C_'D180°7c

1 . l— a—|
S= 5 acsin /B
[To creayromyM TaHHBIM HalAUTE TUIOIIA/Ib TPEYTOIbHHKA.
1)/B=42°,a=6M,c=8M™ 2y Z/A=17°12",b=10cm,c=13 cm
3)£C=82°54" a=4am,b=61m 4)£C=7516°%a=15m b=2,1m

5) 6) 7)
A b C A A 5
e SR @
JlokaxkuTte, 4YTO IUIOLIAAb BBITYKIOTO YETBIPEXYTOJIb-

HUKa paBHA MOJIYITPOU3BEACHUIO TUaroHalIel U CHHyca
yIJIa MEXKly AUarOHaJISIMHU.

S = % di-dysin ¢
a) Haiimure momane napamienorpamma co croponamu 10 cm u 12 oM, eciu
yroJI MEeKTy HUMH paBeH 60°.
0) Haiinure nutomaae paBHOOEAPEHHOM Tpaneuy, €CIIM IMaroHaIi Tpare-

1IN PABHBI 12V2 em, a YTOJI MEXK/Ty HUMH paBeH 45°.
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Teopema cunycos

| 15. 3anonuute ABYXCTONGUATYIO TAOIHILY 10KA3aTENBCTBOM TEOPEMbI CHHYCOB.
[lepenmmmTe q0Ka3aTeILCTBO B TETPAb.

[Mpeanonoxenue O06ocHOBaHME

1 . 1 ) 1
) besin L A= 5 acsin ZB 5 absin ZC

besin ZA = acsin /B = absin £C
besin ZA _ acsin /B _ absin ZC

abc abc abc
sinZA  sinZB _ sin ZC
a ) T c

a __ b __ ¢
sin ZA sin /B sin ZC

@. JIist KaskIoTO BO3MOKHOTO CiTydasi, H300pa3uTe COOTBETCTBYIOIIUN Tpe-
YTOJIbHUK.
a) Haiinure xakoMy MHTepBally OJDKHA TMpUHAIEKaTh cTopoHa BC B
AABC, uTo0nbI 3a/1a49a nmena asa pemenus st ZA =30° u AC = 50 cm.
0) Haiigure xakoMy MHTepBally JIOJKHA NpHHAIexkaTh cropoHa BC B
AABC, uT0o08bI 3a/1a49a He nMena pemrenus st LA = 60° u AC = 1243 cm.
B) HaiinuTte xakoMy MHTepBasly AOJIKHA NpHHAIIekaTh cTopoHa BC B
AABC,uT0o0bI 33/1a4a ©Mena oo perienue st ZA=45°u AC = 182 cm.
Ipuxkaagnbie 3a1aHUA.
IMpumep. BopoxpaHumnuiie HAXOAUTCS OT KOM-
riekca 4-as Bepmmna Ha paccrostaum 15 kM 1o
HaIpaBJICHUIO HA CEBEpO-3ama moj yriaom 25°.
Komruiekc I'iHKMITMK HAXOUTCS Ha PacCTOSIHUU
7,5 KM B HaIIpaBJICHUU HA CEBEPO-BOCTOK OT KOM-
riekca 4-as Bepmmna. Halinure pacctosHue ot

I'sHKUIMKA 10 BONOXPAHWIIMILA.
Pemenne: ComtacHo TuiaHy n300pa3uM TPEeyToIbHIK,

BEPILIIHAM KOTOPOIO COOTBETCTBYIOT GYKBBI OOBEKTOB: S S G
BojloXpaHuiuiie - S, 4-ast Bepmuna - T, lsamxunuk - \Zg\/7 5 kM
G. CoOTBeTCTBYIOUINE PACCTOSAHUS 0003HAYUM OYyK- 15 kM s

T

BaMH s, [ U g.
ITo Teopeme CUHYCOB:

BOJIOXPAHMJIMIIE I'stHOKUINK

4-as Bepmnna

s __ g 7,5 . 15-sin25° 15-0,4226 ~0.84
. - . B 2 = 9 =R 5z U, 52
sin/S sinZG  gin25°  sinZG snZG 7,5 7,5
/G~ 58°, /T =~ 180° —-25°- 58° =~ 97°
7,5-sin97°  7,5-0,9925
S t 7.5 4 _ 1,5sm97° 7,50, < 17.6

sin/S _ sin/T sim25° ~ sin97°” 'F Tsin25° ~ 04226
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Teopema cuHycoB

|17. HaGmionienne ¢ camonéTa 3apMKCHPOBAIO, 4TO yIJIbI
CHIDKEHUS JJ1s IByX ToUeK A U B Ha mpoTHBONOIOKHBIX 329
Oeperax o3epa cooTBeTcTBeHHO paBHBI 45° 1 32°. Ilo
JAHHBIM Ha PUCYHKE, HaluTe, MPUOIN3UTENBLHO, pac-
CTOSTHUE MEXKIY TOYKaMH HAOIONCHUSI.

| 18. YacTs nepeBsHHOi KOHCTPYKITHM JTHHOH 8 cM 06- >
C
paszyroT yron 60° ¢ ocHoBaHueM. [[pyras ydactb, SIONY
JUIMHOM 7 CM, COEIMHEHA C KOHIIOM IIEPBOM U 3a-  ° [g0°

KperuieHa ¢ ocHOBaHUEM. [1o pUCyHKY, HAUJUTE  ocHOBaHHE KOHCTPYKLIMH
BO3MOXHYIO TPayCHYIO Mepy yria 0.
|1_9. Hapuranms - 3aHuMaercs omnpeleiIeHueM

MeCTa pacCIOJIOKEHUST U Kypca IBWKCHUSA

MOPCKOTO M BO3AYIIHOIO TpaHCHOpTA. 140°
OO0BIYHO, B HABUTAIINM HATIPABIICHUE OTPETE- 3

JISIETCS IIPU TOMOIIH a3uMyTa. A3UMYT — 3TO

yTOJI, OTCYUTAHHBIN 110 X0y JBMKEHUS 4aco-

BOM CTPEIIKU MEX/1y HalpaBJICHUSIMU HA CEBEP U HA OPUEHTHP. HaanMep,
a3MMyT Ha pUCyHKe paBeH 140°.

[TapycHuk, B KOTOPOM HaxoauTCs YIbKep, HAXOAUTCS Ha

paccTosHHU 52 M OT MapyCHUKAa ANTEH B BOCTOYHOM Ha- ¢ 5
npaBlIeHUU. AWTEH BUUT HAyYHYIO CTAHIHIO, 3aHUMAlO- 30

HIylocsi HaOJIIOeHHEeM 3a OOWTaTeIsIMH MOps, IO

asumyTy 30°, a Yibkep 110 asumyty 320°. Ha kakom pac- Aliten 52 M
CTOSIHUU OT CTAQHIIMM HaXOAUTCs Yibkep? Yibkep

120. Mocrocrpoenne. Kaxoit winHsI 1071 |21. Koucrpyxuus. Haiizure yron
’EH OBITh MOCT, KOTOPBIi HYKHO I10- ¢ 3y0uaroil KOHCTPYKIMH Ha
CTPOMTH 10 JAHHEIM Ha PUCYHKE? PHCYHKE.

r=28cMm

|22. JTrocTpa 3aKperuiena K KPOdKy TETsMU Ha pac-

crosauu 1,8 M u 2,4 M. Llens, naunoi 1,8 M * Kproox: 62°/

N U
o0pasyeT ¢ TUIOCKOCThIO KpeTIeHHsT yroi 62° . 2 4N /1,8m
> ~ 4
Haiigure xakoit yron oOpasyet ¢ 3TOH 1IoC- *
KOCTBIO Ipyrasi L€elb. L Jhoctpa
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Teopema KOCMHYCOB

Uccaenosanue 1. BeimonauTe ciaeqyromuye 3aJaHus U KaXI0TO TPEYroib-
HUKa C 3aJaHHBIMHU Pa3MEpaMU:

1) 3anummure ynisl TPEYroJIbHUKA B IOPSAKE BO3PACTAHMS.

2) MoKHO 11 HATH HEN3BECTHBIE CTOPOHBI WIIN YIVIbI IPUMEHUB TEOPEMY

CHHYCOB? A E !
Q 36
©
9,
5 A &
C D X F 30N

Uccaenosanue 2. 1) B rerpagu nzo0pasute TpeyroibHUKU IO ABYM CTOPOHAM H
YOIy MEXKAY HUMH U U3MEPBTE TPETHIO CTOPOHY, COTNIACHO CIEAYIONIUM JTaHHBIM.

l.a=3cm, b=4cm, ZC=90° B B
2.a=3cm b=4cm, /C=60° A %B
3.a=3cm,b=4cm, LC=120°

A CA CA ¢

2) A1 omy4eHHBIX TPEYTOJIbHUKOB 3aI0OJIHUTE TaOIHIly

CTOpOHBI TPEYTOJIbHUKA (CM) I a*+b* |2abcos £C
a=3,b=4,c=5
a=3,b=4,c= =
a=3,b=4,c= ®
3) CpaBHuTe 3HaYeHUS BhIpaskeHui a’ + b>— 2abcos ZC u 2.

Teopema KocuHyCcOB

Jlnst mpoumsBonsHOTO Tpeyroibaruka ABC co ctoponamu a, b u ¢
a*=b*+ ¢ —2bc cos LA b a
b?=a?+ c2—2ac cos £B
c2=a?+ b*—2ab cos LC

A c

KBagpar cTOpoHBI TpEyroabHUKA paBEH CYMME KBaJPaTOB JIBYX APYTHX CTO-
POH, MUHYC YABOCHHOE IIPOU3BEIECHUE ITUX CTOPOH Ha KOCUHYC YITIa MEXKIY
CTOPOHAMH.

HoxazareabcTBo: /{151 10Ka3arenbCcTBa TEOPEMbI KO-
CHHYCOB PacIONOKUM TpeyroiabHuK ABC B K0OpaH- ¢ () cos/ Af\b sin/A)
HATHOH IJIOCKOCTH TaK, 4TOOKI BepimuHa A coBnajana |
C Ha4aJioM KOOpJHMHAT. B 3TOM ciydae KOOpIWHATHI u
BepmmH paBHEL: A(; 0), B(c; 0), C(b:cosZLA; b'sinZA). E b
[lo (op™yse paccTOSHHS MEkKIY IBYMsS TOUKAMH | \ _
HUMEEM: A(0; 0) ¢ B(c0)
a?>=(c—bcos/ZA) + (bsin/A—-0)*=
=2 —2bccos/ZA+ b?cos? ZA+ b?sin2/ A=
= 2= 2bccos/ A + b (cos’Z A+ sin2/A) = b*+c? — 2bcrcosL A
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TeopeMa KOCHHYCOB

TaxuMm 0Opaszom, MbI JoKa3aiu, 4to: a’> = b*>+ ¢? — 2bc-cos LA .

Jlokazatb 3Ty hopMyIy It IPYTHX CTOPOH, MOYKHO PACIIOJIOKUB PYTHE BEP-
muHbl (B u C) B Hauane KoopIuHar.

3ameuanne: Ilycte ZC = 90°. Tak kak cos 90°= 0 ,to dopmyna
c*=a’>+b?>—2ab-cos ZC Oynet BHIIISLIETH Tak: ¢? = g*> + b?, T.e. BbIpakaeT
teopemy [ludaropa. [ToaToMy TeOpeMy KOCHHYCOB Ha3bIBalOT 0000IIEHHOM
teopemoii [Tudaropa

l'lpmwep 1. Pemrenwue TPEYTroOJIbHUKA IO ABYM CTOPOHAM M YTy MCXKy HUMMU.

Pemmire Tpeyronsnuk, eciiui BAABC a =12 cm, ¢ =16 cMm, LB =38°.
Pemenue.

b>=a?+ c*—2ac cos /B meopema Kocunycos
b2 =144 + 256 — 2-12-16-cos 38° 3anuwem 3nauenus a, ¢ C 12 cm
. u/B b B
=974 ynpowaem o
b=~\97,4~9,87 (cM) nonyuaem keadpammbwlii Kopenv A

Ecnu n3BecTHBI TpU CTOPOHBI M OJIMH U3 YIJIOB TPEYTOJIbHUKA, TO MOKHO ITPH-
MEHUTh TeopeMmy cuHycoB. Haiiném yron A. M3BecTHO, eciau CTOpoHA a
MEHBIIIE CTOPOHBI ¢, TO YTOJI HAIIPOTUB 3TOW CTOPOHBI TAKXKE OyJIET MEHBIIINM,
TO €CTh £ A HE MOXKET OBbITh TYIIBIM.

a _ b 12_ 9,87 A 125in38°
sinZA sin/B sin/A sin38° 9,87

~ 0,7485

HaxxmuTe KHOMKY sin’! Ha kanbKynsTope U BBenuTe yucio 0,7485, Torna MOXXHO
Haiitn ZA = sin’!(0,7485) ~ 48,5°. Teneps, st TpeyronbHika ABC u3BeCTHBI
TPH CTOPOHBI U JIBa yriia. TpeTuit yroia MOXHO HAaUTH U3 GOPMYIIBI CYMMBI BHYT-
PEHHHUX YIJIOB TPEYTOJIbHHKA!

180° — 38°—48,5°=93,5°, /C~93,5°
a=12cm, b=9,87 cm, c =16 cm, LA~ 48,5°, /B =38°, £C ~ 93,5°

Ilpumep 2. Pemmm TpeyronbHUK 1O TPEM CTOPOHAM.

BAABCa=5cm,b=8cm, c=12 cm™m. b=8 < a=>5
Pemenmue. /\
A B

a?>=b>+c?—2bc cos LA c=12
b+ —g _ 82412252 183 ~0.9531
COSLA= ———p >  CSLATTTIRT 192 T

ZA = cos'(0,9531) ~ 18°

[To Tomy >xe mpaBuiTy Hax0auM yIuibl s Bepiud B u C.
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TeopemMa KOCMHYCOB

Ooyuaromue 3a1aHUA

|1. HaiinuTe yriiel TpeyrobHUKA, 3HAS |2. Haiifute HeH3BECTHYIO CTO-
€ro CTOpOHbI. Pe3ynbrar okpymmre POHY M YIVIbI TPEYTOJIbHUKA,

J10 AECATHIX. IO JIBYM 3aJJaHHBIM CTOPO-

B HaM U yII1y MCXAY HUMMU.
4 5 B
C 5
A 6
60° C
A 8

& Pewure TpeyronbHuKU. Pe3ynprar OKpyninre 10 COTHIX.

a) r)
A
PN ‘ é A »
Bgem C

|i Haiinute HEM3BECTHBIE 11O YCJ'IOBI/IIO. PesyanaT OKPYTIIUTE J0 JIECATHIX.
1) lano: AABC 2) lano: AABC, 3) dano: AABC,
a=27,b=22 a=18,c=15 a=9,b=10,c=11.
ZC =40e, ZB =110e. Haiigure : ZA
Haiiqure: cropony ¢ Haijigure: cropony b
4) Tano: A ABC, 5) lano: A ABC,
a=120,b=90, c=105. a=16,b=21,c=19.
Haiigute: HanbonpImii yron Haiinure : HauMEHBIIUI
TPEYTOJIbHUKA. YTOJI TPEYTOIbHHKA.

|i a) Haiigute 00JbIyI0 BBICOTY TPEYTOJIbHUKA CO CTOPOHAMH:
S5M,6 Mmu 7 Mm.
0) Haiiiure MEHBIIIYIO BBICOTY TPEYTOJIBHUKA CO CTOPOHAMH:
13cm, 14 cmm 15 em.
B) Haiimute Meananbl TpeyroabHUKA CO CTOPOHAMU;
10 c™m, 12 cm m 14 cm.

|i Pemmute AABC, ¢ momotisto TeopeM CHHYCOB, KocuHycoB U [Iudgaropa. Pe-
3yJBTAT OKPYTIUTE JIO COTHIX.

a)A=96°,B=39°,b=13 r)C=104°,b=11,c=32
0)A=34°b=17,c=48 n) a=48,b=51,c=36
B)A=48°,B=51°c=36 e)C=90°%a=4,b=11
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Teopema KocuHYyCOB

7.

8.

a) OcTpelii yron napamienorpamma pasex 60°. Haiinure nuaronanu napai-
JienorpaMma, eclii CTOPOHBI PaBHBI 6 ¢M U 8 CM.

0) Jlns napajuienorpamma JOKaxuTe, 9to di> + d? = 2(a*> + b*), tne a u b
CTOPOHBI MapajuiesorpaMma ¢ JuaroHaisIMu di U da.

Otpesok AD nepnienaukynsipet mockoctu ABCD. Haiiaure HeuzBecTHbIe
10 JTaHHBIM Ha PUCYHKE.

HpI/IKJIaZ[H])Ie 3aJJaHUA

10.

Ipumep. [Hoezn npomén nmyts 60 kM 13 nyHkra A B nyHKT C. [locne yero
OH M3MeHWI Hanpasienue Ha 15° u mpomén emé 80 km g0 mynkra B. Ha
CKOJIBKO KUJIOMETPOB YAAJIUJICS TTOE3]] OT MyHKTa A?

Pemenne: M300pa3um penienne 3agadm. c <150 80 ku @
1o pucynKy BUAHO, 4TO B TPEYTONLHUKE 60 km ~"Jg50 B
U3BCCTHBI JIBE CTOPOHBI M YTOJI MEXKIY c

HUMH.

CTopoHy ¢ MOJKHO HAiTH IO TeOpeMe KOCUHYCOB: ¢ = a? +b?—2ab cos LC
¢ =802+ 60%— 2-80-60 cos 165° =~ 19273; ¢~ 139 km

Mexnay Toukamu ropsl A u B nmnanupyercs no-
CTpOUTh TyHHeNb. [lo PHUCYHKY ompenenure A
JUIMHY TyHHEJIS.

CyzaHo npojenano myThb C S T

60 kM Ha BOCTOK, a 3aTeM 3 +B ' —
W3MEHHJIO HAIpaBJICHUE B L L
CTOPOHY ceBepa, Kak Io-
Ka3aHO Ha PUCYHKE, U
npouuto emeé 100 kM.
ITo pucyHKy ompenenuTe yroi a3uMyTa - yroja, OTCYUTAHHOTO 110 XOIY
JIBYDKEHHSI YaCOBOM CTPEIIKU MEX/1y HalpaBJICHUSIMH HA CEBEP U Ha OpH-
EHTHUD.

==
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Teopema KOCMHYCOB

11.

12,

13,

14,

15,

JIBa cy/iHa Haua M JBUKEHUHU U3 TOUKH A, KaK

nokazaHo Ha pucyHke. IlepBoe mpunuio B N &
nyHKT B, BrOopoe - B myHkT C. y
a) Haiimure yron Mexay HarpaBiIeHUSIM JIBH-
JKEHUSI CY/IOB.

0) Haiinure paccTosiHre MeXay MyHKTaMH
BucC.

VYron Mexy IByMsl aBTOMOOWIISIMUA HAYABILIMMU JIBUKE-
HUE U3 0AHOM ToUKU paBeH 70°. OMH U3 HUX ABUKETCS
CO cpeiHel CKOpPOCThIO 35 KM/, Ipyroil co CKOPOCThIO
45 xm/4. Uepe3 45 MUHYT aBTOMOOWIIA JTO€3XKAIOT 10
MecTa Ha3HaueHus. Haliqute paccTtosHue Mexay aBTo-
MOOWJISIMH B KOHIIE JTBHYKCHUSI.

Jlenna, cTost Ha MOCTY, C BBICOTBI

50 M HaOIIOAET 3a IBMIKEHHUEM JIO-
JoK. JIonka A IBHKETCS 110 a3UMYTY
230°, a nonka B mo azumyty 120°.
Jleiina BUIUT JIOMKH, IPUOITA3UTEITH-
HO, TTO/1 yIJIoM cHrkenwust 38° u 35°
COOTBETCTBEHHO I TOJOK A u B.
ITo >TuM aHHBIM, HAHUTE PACCTOS-
HUE MEKIY JIOIKAMH.

AcTpoHOMHUSI. Omnpenenénnoe
BpeMs B TOJly IO yTpaMm Ha HeOe
MOXKHO HaOnofarh IuiaHetry Be-
Hepy. Paccrosinue mexny Benepoit Benepa, V
n ComHueM  npuUOIHU3UTEIHHO
paBHO 67 MIH. MWIb. PaccTossHue
Mexay 3emnéit u Comariem 93 mutH.
muitb. Eciin Conaie n Benepy moxHo HabmtonaTs mox yriiom 34° , 1o mo-
Ka)KWTE, UTO PacCTOsiHUE Mexay 3emiéid u Benepoii paBHO wiau 35 MIH.
MuIb wid 119 MIH.MUIb.

Coumnre

3emms, E

Habmonenue 3a HEKOTOPBIM 0OBEKTOM BBICOTOM /1 IO
yrioM norbéMa 40° u 32° mpoUCXOAUT U3 IBYX Pa3HbIX

Touek A u B, paccrosiare Mex 1ty KOTOpbIMH 105 M. 3
Haiinnre BBICOTY OOBEKTA. B
A 105w™m
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Oo0o01maromme 3aganusa

|L Pemmre TPCYTrOJIbHUKHU. PGSYJ'ILTaT OKPpYITIUTE N0 OCCATBIX.

A A A
) 6) )
2,7 cMm
c 30 cm 29 cm
60°
| |
B 3lem € 18cm C B20cm C

2. J1Ba JIbDKHUKA HA4aJIM OHOBPEMEHHO JIBUTATLCS M3 TOYKU M, Kak MOKa3aHo
Ha pUCyHKax. PemmTe ciemyromye 3aqaqan:

a) Haiinure paccTosHne MexIy 0) Haiiaute paccrosiHue, Tpoii-
JBYMSI IBDKHHKAMH. -, AEHHO® KKIILIM U3 ILDKHVKOB.
M 6 xM B

48° 12km 44°

|3. Haiinure BBICOTY NepeBa Ha OMyIIKE, ECJIH OHA COCTaB-
aseT yroa 15° ¢ ropu3oHTOM, IIIMHA TEHU JepeBa 7 M, a
yToJl NoABbEMA COITHEUHBIX Jy4eil paBeH 57°.

|4. a) CkoNbKO METPOB COCTAaBISAET PAaCCTOAHUE
MEXy HaOIrofaTeneM, HaXosIeMcs Ha 3eMile U
HaMBBICIIEH TOYKON KpaHa, UCIOJb3yEMOro Mpu
CTPOUTEIBCTBE 34aHUA. YTOJl IMOABEMA IOJ KOTO-
peIM HaOMronaTeNb BUAMT 3/laHue paBeH 32°, a
yToJ moxbEMa 1moJ| KOTOPbIM HaOJfoaTe b BUANUT
HauBBICUIYIO TOUKY KpaHa paBeH 43°. Bricora 31a-
HUst 27 M.
0) Dabaap X04eT U3MEPUTD BBICOTY (h1ara B mapke.
st 5TOTO OH M3MEpHUI YyroJ MoAbEMa CHavYaIa u3
Touku Q, a 3arem u3 Touku P. PaccTosHue mexay To4-
kamu P u Q okazanoch paBHbIM 20 M.
3nas, uto Z/Q = 28° u /P = 53°, naiigure Boicoty 228> BA33°
dmara. T20m

|i Axmen u Pamag Haganu npoOexKy U3 OZHOM TOUKM B PAa3HBIX HampaBie-
HUsX noa yrioMm 120°. Axmen npoGeraet 3a yac 8 kM , a Paman 7 km. Kakoe
paccrosiHue OyaeT Mexay Humu yepes 30 munyT? Pemmure 3amaqay, n3o0pa-
3UB COOTBETCTBYIOLLMI YEPTEK.
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Oo6o0mamue 3a7aHus

|i Jliist Toro yToOb! poiiTy U3 Touku P B Touky R, Q
Ho6parum, cravana gomién o Touku Q, a oTTyaa 175m 112° 36 ™
B TouKy R. Haligure paccTosHue MeXIy TO4- p
kamu P 1 R 110 1aHHBIM Ha PHUCYHKE.

R

|l Boiuucinenue paccrosiHusi. Haii-
JIUTE PAaCCTOSIHUE OT O4ara Bo3ropa-
HHUS JI0 KaXJOW W3 TMOXKAPHBIX
CTaHLMH [0 JTaHHBIM Ha PUCYHKE.

|8. MokasxuTe TeopemMy KOCHHYCOB,IUTA TPEYTOIBHIKA HA PHCYHKE.

IInan pas nokasareabcTBa. 1) Beipa-  2) Mcnmonbesyiite Teopemy [lu-
3ute BicOTy /1 13 AADB u ABDC wm3a- (aropa u ToXKa€CTBO
NUIINTE  PaBEeHCTBO  moiydeHHBIX cos (180 — LA)=—cosZA.
BBIPAKEHHM.

B

1
1
a :h a
1
- D
) ——p D= —

- D

9. Haiinute rpaxyCHyI0 Mepy OCTPOro yIila HapauIeiorpaMMa, €CIi ero CTo-
pounbl paBHbI 10 cM 1 12 cM, a MeHbLIas AUaroHaib paBHa 15 cM.

[10. JlTano: AABC, AB=15, BC=21, AC=24

BM-menunana, BL-6uccekrpuca. 15 21
Haiinnre:
1)ZA 2)AMuBM 3)ALuBL ATLM —C

-— 24—
m. [Momumetickuit BepTonét netut Ha Bbicote 400 M. Ecnu oduriep mommmmn
CMOTPUT Ha ceBep NOoJ YIIIoM cHIKeHUs 20°, OH BUJIUT MECTO aBapuu, a
€CJIM OH CMOTPUT Ha 10T MO/ YIVIOM CHM>KeHUs 15°, To OH BUIUT MalllUHY
CKOpOIi TOMOIIIH, ABMKYILYIOCS K MECTY IPOUCIIECTBHS.
a) Ha kakoM paccTostHMM OT MecTa MPOUCHIECTBHS HAXOAUTCS MallliHa CKO-
poit momoru?
0) Eciin ckopocTs MammHbl ckopoid oMoty paBHa 100 kM B "ac, To uepe3
CKOJIbKO BPEMEHHU OHa JOCTUTHET MeCTa aBapuu’?
|12. CocraBsTe 3aza4y, OTpaxKatolIeH peaibHy0 CHTYaLHIO, JUISL PELICHHS KO-
TOPOM HYKHO PEIIUTh OCTPOYTOJbHBIN TpeyronbHuK. ObcyauTe 3a1auy
BMECTE C OIHOKIACCHUKAMH.
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IMepuonnyeckue GpyHKIUN

I'paduxn pyHkuuii y =sin x u y = cos x

IIpeodpazoBanue rpadukoB pyHKIHUI y = sin x U y = COS X
ITocTpoeHue cHHYCON/IBI IO MATH OCHOBHBIM TOYKAM
Tpuronomerpuyeckue pyHKIHMH U NePHOANYECKHE COOBITHSA
I'papuxn pyHkumii y =tgx u y = ctg x

O0parHble TPUTOHOMeTpUYecKHe PYHKIIUH




IMepuonuveckue pyHKuMU

Iepunonnyeckne pyHKIMU

MHorue coObITHsI, TPOUCXOASIINE B IPUPOJE - BOCXOJ U 3aKaT COJHIA, MO-
SIBIICHUE KOMET, CE30HHBIE N3MEHEHUS TEMIIepaTypbl BO3AyXa, BCIIECK U 3a-
TyXaHUE€ BOJIH B OKE€aHE U T.I., SABJISIOTCS HUKINYECKH MOBTOPSIIOLIIMMUCS
cobsITHsiMH. [Iporiecc o mpousBoncTBY 000pyIOBaHuS, ABIKEHUE YacTel Ma-
IIMHBI U T.J., TaK K€ MOTYT OBITh 33JJaHbI IEPUOTUIECKON (PYHKITHEH.
Hccnenyem nepronuveckue mepeMeHHbIE Ha IPIMEpeE.

Pabora cranka no Hape3ke JeHTbI. B ¢hupme 1o npon3BoJCTBY U3MEPUTEITb-
HOM JICHTHI UMEETCS CTAHOK, IPHU MTOMOIIA KOTOPOTO TOHKAsI JICHTa pa3pesa-
eTcsl Ha KyCOuKH 110 3 M U cBopauuBaercs. [ paduk paboThl cTaHKa ¥ ONKMCaHUE
MIPUHIIATIA PA0OTHI BUCHUT Ha CTEHE.

Pabota 3a ofuH nepuos + [I'padux paboTsl HOXa
g 0.5 ] 7 09 /
E/ \ [I % \\ II \ II
S i g \ \
I =
aa] » )
1,0 M 1,0
Bpewms (cek) Bpewms (cex)
1. 0,5 cM-HanOoOMbIIast BEICOTA, HA KOTOPYIO TIOTHUMAETCS HOXK.
l T 2. Hox 6e3neiictByer 3 cekyHpbl, ¢ 0-3, 4 -7 ceKyH/bI H T.JI.

3. Hox omyckaeTcs BHU3 B MHTepBae ¢ 3 10 3,5 ceK., 0Tpe3aeT
JIEHTY, U C 3,5 10 4 ceK. HOXX MOJHUMAETCSI BBEPX.

4. Ha onvH mONMHBIN HUKA TPATUTCS 4 CEKyHIbL.
Ha kaxoii, o BaiieMy ceKyHjie, HOK CHOBa OTPEKET JICHTY?
CTaHOK MO0 U3rOTOBJICHHUIO U3MEPUTEIHHOMN JIEHTHI IIUKIMYECKH ITOBTOPSIET pa-

60ty. OnuH nuki amutcst 4 cexynapl. [ paduk 3aBHCUMOCTH BBICOTHI HOXKA OT
BPEMEHM, TAK)KE€ COOTBETCTBYET OJTHOMY LIMKITY. B cnenyromuil pa3 Hox pas-
pexer nenty Ha 11,5 cekynne. Takue QpyHKIMN Ha3bIBAIOTCS LHUKIMYECKUMHU
(nepuonuueckuMu) GyHKIUAMU. 3HAYESHUS NEPUOAMUECKUX (YyHKIMHA TOBTO-
PAIOTCS HA ONPECIEHHOM UHTEpPBAJIE.

ITycts cymectByeT Takoe uuciao T # 0, 4To Ui NPOU3BOIBHOTO X U3 00IacTu
onpeneneHus GyHkuuu x + T, Takke IPUHAUICKHUT 00IaCTU OIPEIETICHHS U yI0B-
aetBopsitoT ycnosuio fix — T) = f{x) = fix + T). Torna f{x) Ha3pIBaeTCs NEPUOAH-
yeckor (pyHKIMEH U, eciin nieprox paBeH T, To n -T Takxke SBISETCS MEPUOIOM
(n € 7). Ha camom nene, Hanpumep, Ax £ 2T)=A(xx T) £ T) =A(x £ T) = Ax).
HanmeHb1umii noJ10KUTEIbHBIN NepHoJ QyHKIMN Ha3bIBACTCS €70 OCHOBHBIM
HEPHOOM.

|L ITo rpaduky onpenenute sSBsIETCS M PYHKIMS TIEPUOTUUSCKOMN ?

y Y y
0] 6 X 4
2\ /4 6\/8 X
4

2
ol 20 40 60
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Ilepuognyeckue GpyHKIMMA

& JBu:kenue kapyceau. OnuH 000poT Kapycenb, auamerpoM S50 M, coBep-
maet 3a 4 munyThl. [1o Tabnuie HaiianTe, Ha KaKOi BHICOTE OKAKETCS ue-
J0BeK B 1, 5, 9 MuUHYyTY, eciu OH cell B KaOMHKY Kapycesn Ha BeicoTe /2 = 07
3aBHCHUMOCTb BBICOTHI OT BpEMEHH JJIs YellIOBeKa B KAOMHKE, IPe/ICTaBIeHA
B BHJIE TAaOJIHIIBI U AHarpaMMbl paccenBanusi. Haueprute Tabnuiy u aua-
rpaMMmy B TeTpajb. CoeMHUTE, COOTBETCTBYIOIINE KaXAOMY LIEJIOMY Tie-
PHO/Y, TOYKH IIBETHBIMU KapaHallIaMu.

t10]1112]13|14|5]16]|7]8

h |10 |25(50[25]0 [25]50(25( 0

h (M)“ JmarpaMma paccenBaHHsA
50 7 L] [ ] . .
40 1
30 1
20 ] ° . ° L] [ L] . °

TR NS T T NS A T R S N T S S N ] R

L e e S (MY
|3. Bona moxer BbITeKaTh U3 GaKa 3a ONPeNeNEHHOE BpeMs, 3aTeM 6aK HaIloJl-
HSETCs 10 IPEXHEro ypoBHs, U BOJAA YposeHb Bonr! B bake
CHOBA HaUMHAET BBITEKATh U T.1. 12(0)

1) Ckonbko BpeMeHH MOHAT00UTCS, YTOOBI = 60

3aIOJTHUTD 1 OMyCTOINTD 0ak 3a 1 paz? £ 4

2) 3anumnmre 001acTh 3HAYCHUH QYHKIUH. = 20

3) UYemy paBHa riybuHa BoIbl B Oake Ha 34 ¢ 31012141618 2020
60-o0ii MunyTe? ¢ (MuH.)

4) Korna B ciiexyronuii pa3 ypoBeHb BO/IbI B Oake coctaBut | M?

IlepuoaAMYHOCTH TPUTOHOMETPHYECKHUX (PyHKIUH

MoXHO yBHIETH, 4TO IPU COBIAJCHUU KOHEYHBIX CTOPOH yINIa IIOBOPOTA,
3HaueHHsI TPUTOHOMETPUUECKUX (DYHKIMI COBIAAIOT.

Hanpumep, sin(x + 2m) = sin x i Bcex 3Ha4CHUH X. 3HAYUT, 3HAYCHUS TPU-
TOHOMETPUYECKUX (DYHKIIMI MTOBTOPSIFOTCS. 3HAUEHUS CHHYCA M KOCHHYCa T0-

BTOPSIFOTCS C IEPUOAOM 27, @ TAHT€HCAa M KOTaHTeHca C MmeproxoM 1. Tpuro-
HOMETPUYECKUMHU (YHKUUSIMH YHCIOBOTO AapryMeHTa X Ha3bIBAIOTCS
OTHOMMEHHBIE TPUTOHOMETpUYECKHEe (DYHKIINHU yIiIa paBHOTO X paauaH. Bee
cBoiicTBa (PyHKIMH 7151 yriia (4ETHOCTh U HEYETHOCTb, TIEPUOAMYHOCTD U T.11.)
OJITMHAKOBBI JIJIs1 TPUTOHOMETPUUECKHUX (PYHKIIUI OT YHCIOBOTO apryMEHTA.
Uto0bI mOCTpOUTH rpaduk ITON QyHKIHH, TOCTATOYHO U300pa3UTh €r0 Ha OT-
pe3ke, JUInHA KOTOPOTO paBHA MEPUOY, a 3aTeM MOBTOPHTB €TO.
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I'padpuxku pyHKumMi y =sin x 1 y = coS x

I'papuk pynkmum y = sin x

[Tepnonnueckas dynkuus f(0) = sin O mpu IBMKEHUN 110 OKPYKHOCTH ITPH T10-
BOpOTE Ha yroi 0 Mmoka3bplBaeT BBICOTY (PAaCCTOSIHUE IO BEPTUKAIN) OT OCH X.
Ha eauHM4yHOW OKpY)XHOCTHM KOOpJAMHATAa KaXKIOW TOYKM paBHA
(x; ¥) = (cos 0; sin 0) 1 ynOBIETBOPSIIOT ypaBHEHHUIO x> + y? = 1. 3neck yron 0
YTOJI MEXK/1y €IMHUYHBIM PaILyCOM U MTOJIOKUTEIILHBIM HAIPaBICHUEM OCH X.
3HauMT, KOOpAMHATA y ompejensercs sin 0. y
Mesx 1y Ayroif, KOTOPYIO ONHMCHIBACT Touka, u X 1 )°= 1, ) = (cos 0, sin 0)

3HaueHussMU pyHkuuu f(0) = sin 0, cymie- 1" Ny =0=0
CTBYET OJJHO3HAYHOE COOTBEeTCTBHE. Pa300bEM é
YTy, TpUHAIIIeKAIyo | quBean Ha TpHU 1y

TE n

paBHBIX IyTU U B TOUKAX neneHnﬂ(O 6>
IPOBEIAEM NPsAMBIE, ITapajlIeIbHbIE OCU a60-

ILHCC. UIepes TOYKH nepecequm MPSIMBIX 1W(G)

x=0,x= 6’ ?,x 2,CCOOTB€T- %ﬂ

CTBYHOIIUMHU IMapaJlICJIbHBIMHA IIPSAMbIMHA 3 6/\

IpOBEAEM CIUIONIHYIO TMHMIO. [Tomyunm —»
ey IRIEL

rpaduk, Kak oKa3aHO Ha PUCYHKE.
W3BecTHO, 4TO elMHIYHAsI OKPY>KHOCTh COBEpIIAET MOJIHBIH 000poT 3a 360°
wiy 2n paguaHa. [loctpoum, aHaI0ru4HbEIM 00pa3oM, rpaduk GyHKIUH
f(0) = sin O Ha mpomexxytke [0; 27]:

S©)

A A

TN 1 0)=sin 0
Sn 7
[ | AN S
1 x 0 %-31 %ZTRSTT‘TE 377'6 I/ZTEE

\./ —14

x2+y2:1

Tak kaKk cuHYC SIBISICTCS IEPUOANIECCKOM (DYHKITUECH, TO HA IPOMEKYTKE JITH-
Hoii 271t rpaduk f(0) = sin O Gyxet moBTopsTCs 3aHOBO. Eciy 0003HaunTh (hyHK-
LIUIO Yepe3 y, a apryMEeHT 4epe3 X, TO MOXHO 3amucarh y = sin x. ['paduk
(byHKIMY y = Sin X Ha MPOMEXYTKE [—27T; 27| MOYKHO HAYEPTHUTH, KaK TIOKa3aHO

HMXKCE:
1
/\ amnaumyoa

_ 3t o
21 - T )

-1

I'paduk GyHKIMH y = sinx Ha3bIBACTCS CUHYCOUJION (C aMILTUTYION, PABHON
1, u mepuomom 27).
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I'padpuku pyHkumii y =sin x 1 y = cos x

I'padmk GpyHKITNH Y = SiN X MO)KHO TIOCTPOUTH TIPH TIOMOIIIN TaOIUITHI 3HAYCHUH.
Tak kak CUHYC SIBIIsSIeTCS MEPUOAUYECKON (YHKIMEH, TO TOCTATOYHO TO-
CTpOUTH 3TOT Tpaduk Ha orpeske [0; 2n] anuHON 2. OTMETHM 3HAYECHHE
TOYEK U3 TAOIHIIBI Ha rpaduKe ¥ MPOBEAEM CIUIONIHYO TUHUIO. [TomyueHHbIH
rpaduk, sBIseTCS rpaduKoM YHKIIUHU ) = Sin X.

Sn T 3n 1n

6 | | & | & % | "

1 1 _ _1

5 0 3 1 5 0
5t.1 . . 143n. | 11x. 1 .
(—6 ) |1 0)[Ce s —5 )5 1)(—6 ;5|27 0)

Kak u3 Tabnuiibl 3Ha4SHWH, Tak ¥ 110 rpaduKy BUIAHO, 9TO rpaduk QyHKINH,
y = sin x npoxoaut uyepe3 Touky (0; 0) Hayano koopaunat. [Ipu Bo3pacTaHumn
x ot 0 o % 3HaueHus y Bo3pacrarot oT 0 101; npu Bo3pacTaHUu X OT % o
T 3Ha4eHUsA y yOrIBaroT oT 1 10 0; mpu Bo3pacTaHUM X OT T JI0 _2n 3HAYCHUS

3n JI0 27 3HaYEHUs y BO3pac-

v yosBatot ot 0 10 —1, Ipu BO3pacTaHuu X OT 5

TaroT oT —1 110 0.
[To Tabnure 3Ha4YeHn# U rpaduKy QYHKIUH Y = Sin X NEPEUUCIUM e€ CBOWCTBA!

1. ObnacTh onpeneneHns MHOKECTBO BCEX JICHCTBUTEILHBIX YHCEI.

2. O6nmacTh 3HaYeHMH oTpe3ok [—1; 1].

3. @yHKIMA Sin x HEYETHAA: Sin (—x) = — sin X, T.€. TpaduK CUMMETPUYEH OT-

HOCHUTEIILHO Hadajga KOOPIWHAT.

4. OyHKIMS IepUOANYECcKas ¢ mepuooM 2m: sin(x + 21) = sin x.

5. Cunycomnpaa nepecekaeT och abCuce B TOUKAX ... , —27; —; 0; m; 27; 37,

v, AT, T.€. IpU X = 1 (n € Z) GyHKIMA y = sin x oOpamiaercs B HyJIb.
CuHycounaa MpoxoauT yepe3 Hadaslo KOOPAUHAT.

6. HauGonbIee 3nauenne papHoe 1 GyHKIUS MPUHUMAET TIPH X ... , _3n. %
5Ty s »TEIPH X=7 nn(ne 7).
7. HauMeHbIee 3HaUeHNE paBHOE —1 (DyHKIMS MPUHUMAET TIPH X ... , — %
3n. In 1w, _ T

2Ty ,T,...,T.e.npnx p) +2nn(ne 7).
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I'padukn pyHkuuii y =sin x 1 y = cos x

I'padpuxk pynkumu y = cos x

I'padux Ppynkmm y = cos x Ha orpeske [0; 27| MOXKHO TOCTPOUTH aHAJIO-
TUYHO rpauKy QYHKIMH Y = SIn X TEOMETPUYECKUM CIIOCOOOM, HCTIONIb3Ys
€IMHUYHYIO OKPY>KHOCTB, a TAaK)Ke MPU MOMOIIY Tabnuibl 3HaYeHui. Tak
Kak cos x = sin(x + thﬁ, T.€. rpad UK MOKHO TIOCTPOUTH NIEPEMECTUB TpaduK
GbyHKIMH y = sin x Ha % BieBo. [lomywgaem rpadux GyHkmum y = cos x.

d
=y 4

3 LS N
—T 3n 72 S “x \s\
\,// \,//..g— TS
(=m; 1) (m; —1)
I[To rpaduxy nepeuucium cBoiicTBa PyHKIMH Y = COS X:
1. OGnacTh onpeaencHus: MHOXKECTBO BCEX AEHCTBUTEIbHBIX Ynces Xxe R.

2. O6nactb 3HaYeHu oTpesok [—1; 1].

3. ®ynkus y = cos x 4yétHas QyHKIHS (TpapuK CHMMETPHUYEH OTHOCH-

TEJBHO OCH )
4. OyHKIMS IepUOANYECcKas ¢ IEpuoIoM 27: cos(x + 21) = cos x

5. I'paduk HepeceKaeT 0Ch a0CIHCC B TOYKAX ... ,_ %, % , 37“, 5; , .. T,
T.€. IpH 2 +nn (n € Z) yHKUUA y = COS X 06pa1uaeTc;1 B HYJIb.
I'paduk mepecekaer ochb opauHar B Touke (0; 1).
6. HaubGonpiee 3HaueHue paBHoe | pyHKUIMS TPUHUMAET
mpu X ... , —2m; 0; 2m; 4m, 67, ... ,Te.ipux=2nn(ne 7).
7. Haumensbliniee 3HaueHue paBHOE — | (DYHKIMS IPUHUMAET TIpU
Xy =T, T, 37, ST, ... ,T.e.TipuXx =T+ 2nn (ne 2).

CrpouTts rpaduky GYHKIHN Y = Sin X ¥ Y = COS X YA0OHO ITPH IMTOMOIIIH TISATH OC-
HOBHBIX TOUYEK (TOYEK MMEPECEUCHUS C OChIO a0CIIMCC M TOYKAMHU IKCTPEMYyMa).

ITocnenoBarensHOCTD TSTH TOUEK 711 QYHKIMH ) = sin x Ha poMexyTke [0;27]
MOJKET OBITh 3a/laHa TaK: HyJb TOYKAa MAKCHMyMa Hy/JIb TOYKA MUHHMYMAa  HYJb

[TocnenoBaTenbHOCTD MATH TOYEK I GYHKIUH Y = COS X Ha poMexyTke [0; 27]

MOKET OBITH 3a[{aHa TAK: TOYKA MAKCHMYMA HYJIb TOUKA MHHHMYMa HYJIb TOUKA MAKCHMyMa

AV makenmym AV

MHHHMYMIlepecedeHie MAKCHMYM
MnﬂumyM Hepeceyenue nepeceueHne ymMnepece: umy

; nepeceyenue ‘ 3 ; 1
ne ecelle}me(_ 1) Ly = sin .X' : 0; 1) faRcHmym y = CO0S JC 2m; 1)!

‘ / ) U 3T ;
(,0) (2’ Vo ‘(2’0)3(2’0‘ .
(040) omna wersép- HOWZR;B) (0; ®)onna qemw eI x
Tasi IepHOJA  TIepHO) : HesTbIi Tas nepuoaa ;-1 nepuox
‘ . TepHox nonopnna  PM HeTBED-
nepuon: 21 TpH YeTBép- nepuox: 2m nepuoxa  TPIX MepHona

TBIX IlepUoaa
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I'papuku GyHKIM y =sin x 1y = COS X

1.

2.

3.

|i
5.

6.

Oobyuaromue 3a1aHuA

a) [loctpoiite rpaduk ¢pyHkuu y = sin x Ha oTpeske [0; 2] mo nsATH oc-
HOBHBIM TOYKaM.

0) CKOJIBKO YHCEII X YIOBJIETBOPSIOT YCIOBHIO Sin X :lT Ha TIPOMEKYTKE
[0; 2m]?

a) [TocTpotite rpaduk GyHKIMHU y = cos X Ha orpeske [0; 27t] mo maTu
OCHOBHBIM TOYKaM.

6) CKOIBKO YHCEI X YIOBIETBOPSIOT YCIOBHIO cos X = 0,6 Ha MPOMEKyTKe
[0; 27t]?

[TocTpoiiTe rpadukn GyHKINH HA 3aTaHHOM TIPOMEKYTKE.

y=sinx, 0 <x<4n y=cosx, 0<x<4n

y=sinx, - 2n <x<2m y=cosx, —2n< x=<2n

J1n1st MaKCUMaIIbHOTO 3HAYeHUs (PYHKIIMU y = Sin X 3alUIINTE TPU 3HAYCHUS
apryMeHTa.

B onHo#t cucTeme KoopAMHAT MOCTPONTE rpa UKy GYHKIIUN Y = COS X U
¥y = sin X U 3aNHIIUTE CXOKUE U OTIIMYUTEIBHBIC YEPTHI.

J71st perynupoBKY ABMKEHHS TUCKA TUAMETPOM 2 M
Ha HEM CHeNai METKY, U MPOBEPSIIA PACCTOSHUE
MEXTy TIOBEpXHOCTBIO BOJIBI M1 METKOH. M300pazuTte
PHYCYHOK ¥ TIPOBE/IUTE MaTEMATUICCKUE BEIYUCIICHHMS.
st aTOrO pazgenuTe eNMHUYHYIO OKPY>KHOCThH Ha
yIyIbl 110 15° ¥ OTMETBTe JJIsl KaXKAOoTo I1ara paccTos-
HHE OT PTOM TOYKHU IO OCH X. BEIOIIHAUTE 3aJaHHbBII
aNTOPUTM JUISl IBYX TOJHBIX 00opoToB (720°). He-
00XOIMMO JTH BBITTOJTHUTH TaHHYIO TIPOBEPKY IS CIIE
onHoro obopora? Ecnu Takoil HEOOXOUMOCTH HET,
TO 3AMUIINTE UX CPa3y, HAYE BHIYUCIUTE UX.

a) Ha kakoM paccTosiHMM OT ypOBHS BOJIbI OKXKETCS METKA IIPU ITOBOPOTE

Ha 15°,375°, 735°?

6) OTMeThTe 3HaUYEHUs STUHUYHON OKPYKHOCTH Ha KOOPAMHATHOM III0C-

KOCTH U moctpoiire rpaduk. Ha rpaduk kakoii GyHKIIHH OH MTOXO0XK?

Ha rpaduke ¢pyHKImii y = sin X 1 y = cOS X OTMEUYEHA KOOPAWHATHI OJHON

TOYKH. 3alUIINTE KOOPHHATHI eI YeTHIPEX TOUEK Ha rpaduKe, OpANHATHI

KOTOPBIX PaBHbI OpJIMHATE 33 JaHHOU.

2) i (3_7c A2 0) A n B

_I 472 gn 1 (6 B =)

AN

AN | /
,ﬁ —7\/40 i Tt\_/j_ﬂ? X _3_nv J[ nW3n2n X
- 2



IIpeoOpa3oBanue rpapukoB PyHKIMIA y = Sin X U y = €OS X

PacrskeHue u cokaTue

ITpumep 1. Ecnu Ha rpadukn ¢pyHKIUN y= sinx aOCIICCHI OCTaBUTh 0€3 13-
MEHEHMsI, @ OPAMHATHI YBEITUUUTH B 2 pa3a, TO MOJIyYUM TOUKH, IPUHAIIIEKA-
e rpaguky GyHKIUU y = 2 sin x. DTO TOBOPHUT O TOM, 4TO TpaduK QyHKITUH
¥ =2 sin X MOXXeT OBITh MOCTPOEH U3 Irpaduka GYHKIUH Y = SINX pacTHKCHUEM
ot ocu abcuucce B 2 paza. ['paduk pynkmum y = 0,5 sin x MOXKXHO MOCTPOUTH
cKaTueM K ocu abcuuce rpaduka GyHKIMU y = sin x B 2 pasa.

YA

B sinx
B 2sinx
B 0.5sinx

I'paduku QyHKIMHA y = a Sin X Uy = a cos X TIOIy4YaroTCs COOTBETCTBEHHO
u3 rpaduKoB QYHKIMNA y = sin X Uy = cos X pacTsHKEHUEM OT 0CH abcIuce
npu |a| > 1 n cxaruem, ripu |a| < 1. IIpu a < 0 rpadux GpyHKIMM 0TOOpaxka-
€TCsl CHMMETPHUYHO OTHOCUTEIIBHO OCH X.

IIpumep 2. I'padux dpynkuuu y = sin 2x B 2 pa3za “obronsier” rpadpuk QyHK-
uu y = sin x. Ecau gyHkuus y = sin x npuHuMaet 3HadeHus ot 0 1o 1 Ha
npomexyTke [0; %], TO QYHKIMS Y = sin 2x 9TH )K€ 3HAYECHUS IPUHUMAET Ha
HWHTEpBaJje B 3TOM IpoMexyTKe [0; %]. Touku rpaduka QyHKIUU y = sin 2x
MOKHO ITOJTy4UTh, yMHOKUB a0CIMCCHI TOUEK Tpaduka PyHKIUH y = sinx Ha
2—,an 9TOM HE MEHsIS 3HaYeHUs opauHaTt. [ paduk pyHkunum y = sin 2x noiy-
qaeTcs U3 rpaduka y = sin x CkaTHeM B 2 pa3a U LIeJbli epuoj] yMelaercs
B oTpeske [0; n]. I'padux yHKIMM y = sin —-x moiydaeTcs pacTsKEHHEM

2
rpaduka GyHKIHH y = sin x B 2 pasa U eI TepruoJ] YMEIIAeTCs B OTPE30K

[0; 4r].

By=sinx
=sin 2x -~ _—em~
uy N RO i oSN £
AN > ) AN £ o
ly:sinl . -7410 P \ \ RN /14 'x
2 Se_ gl m/ T \ 2n N N \’,’,’ T
——— - \71 7’ -\,

I'paduku GyHKIWMI y = sin bx uy = cos bx COOTBETCTBEHHO MOIy4ar0TCs
u3 rpadukoB QYyHKIUN y = §in X Uy = COS X CKATHEM K OCU OPJIUHAT, IPH
b>1 n pactsxenuem npu 0 <b < 1. B cinyuae b <0 ¢ yuérom TOr0, 4To0
CUHYC SIBJISICTCSI HSUETHOM (DyHKITMEH, a KOCHHYC YETHON TPUBOIIUT K CITy-
YasiM, YKa3aHHBIM BBILIIE.
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IIpeoOpa3oBanue rpapukoB PyHKIMHA y = Sin X U ) = €OS X

v I'paduxn ¢ynkumii y = a sin bx (y = a cos bx), noxy4eHHble pacrs-

JKeHHeM(c:KaTHeM) BI0JIb KOOPAHHATHBIX oceil rpadukoB y = sin x (y = cos Xx),

TaKKe SIBJISIIOTCS cuHycouiaMu(Kkocuuyconaamu). [Ipu yBenmdaennn 3HaueHus | d|

aMIUIMTYAA yBEJIMYUBAETCA, IPU YMEHBIIEHUH - yMeHbIIaeTcs. [Ipu yBennueHun

3HaueHus | b| mepron ymMenbIuaetcs, npyu ymenbinenny - yseanunpaetcs. [l

[Tpumep. [Toctpoiite rpaduk GyHKIHH ¥ = 2 COS 57X

1. I'paduk pyHkmu y = cos — X CTPOHTCA PACTAKEHAEM B 2 pa3a rpaguka
(GYHKIHH y = COS X OT OCH OPJIMHAT.

2. [Mony4eHHsbid rpaduk pacTsITuBaeTcs OT ocu adcIuce B 2 pasa.

Y
B y=cosx )
-~ —~s
P AN Z ny
B y-2cos 577 7 O " 2n Ar o e

Oodyuaromue 3a1aHust

1.

2.

I'padux xaxoit GyHKINHU MOTydUTCS U3 TpaduKa y = sin X, Ipu:
a) pacTsbKEeHUH OT ocu abcuucce B 4 pasa;

0) cxarue k ocu abcimce B 3 pasa;

B) pacTsHKEHHUEM OT OCH OpJauHar B 2 pa3a?

OmnwuimTe CIOBECHO B pe3ylbTaTe KakuxX Mpeodpa3oBaHuii u3 rpaduka
(yHKIMH y = sin X oJdydaeTcs rpapuk GyHKIIUN:
a)y=15sinx 6)y=?sinx B) y = sin 3x r)y= -3 sin 4x

Onummure CIOBECHO B pe3ylbTare Kakux mpeodpa3zoBanuii u3 rpaduka
(YHKIMH y = COS X TIOTydaeTcs rpaduK QyHKIINN:
a)y=4cosx 6)y=?cosx B) y = cos 4x r)y= —4cos 3x

[octpoiite rpaduk GyHkIuu y = sin x Ha oTpe3ke [0; 27] Mo NsATH OCHOB-
HBIM ToukaM. [IpeoOpa3zyiiTe 3TH MATH TOYEK MPH MOMOINU PACTSHKEHUS
(cxaTHsl) MO KOOPAMHATHBIM OCSM B COOTBETCTBYIOLIME TOUYKH U M300pa-
3ute rpaduK QyHKIUH:

a)y=3sinx 6)y=7sinx B) y = sin 2x r)y =4 sin 2x

[Toctpoiite rpaduk GyHKIMH y = cos x Ha oTpeske [0; 27] 1Mo mATH OCHOB-
HbIM ToukaM. [IpeoOpasyiiTe 3TU NATh TOYEK IIPU MOMOLIY PACTKEHUS
(ckatust) Mo KOOPAMHATHBIM OCSIM B COOTBETCTBYIOIINE TOUKU M N300pa-
3ute rpaduk QyHKIUH:

a)y=2cosx 6)y=7cosx B) y = co0s 2x r)y=4cos 2x
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IIpeoOpa3oBanue rpadukoB GyHKIMA y = Sin X U y = COS X

Uccaenopanne. [IycTs MaTepuabHas ToUKa gBuKercs N V)

10 OKPY>KHOCTHU pajinyca a U3 HadajabHoU Touku A(a; 0) ‘ﬁ

C YIVIOBO# CKOPOCTBIO O. \

1) Jlnst 5TOW TOYKHW 3aNUIIUTE 3aBUCHUMOCTH KOOPJIH- "

HaThl OT BPEMEHH 7.

2) HaiinuTe HanOosbIIee 1 HAMMEHbIIIEe 3HAYeHNE a0CIIICC U OPMHAT TOYKH.

3) O6ocHyiiTe, 4TO NOJI0KEHHE TOUKU HE MEHSAETCSI IPU U3MEHEHUH BPEMEHU
n

HaT.

Ilepuon n ammuiutyna pyHKuui y = asin bx u y = acos bx

Teopema. Ecu ocHOBHOM niepuon ¢yHKImu )y = f{x) paBeH T, To OCHOBHO#

T
nepuon pyHkuuu y = a-f(bx) paBeH W (3mech a u b yncna, OTIIMYHBIE OT

HYJIS).

Otcroma momyydaeM, 4TO — - ABJISETCS OCHOBHBIM MEPUOIOM i QYHKIHI

Ibl
y=a sinbx (my=a cosbx). Ha camom gere,

fix)=asinbx = asin(bx + 21) = a sin b(x +2—Z) =flx +—b)
g(x)=acos bx = a cos(bx +2m) = a cos b(x + 2—) gl(x + )

Yucno |a| sBnseTcs aMILTMTY0H. AMIUTHTYIa paBHA MTOJIOBUHE Pa3HOCTH

HauOOJIBIIETO U HAUMEHbILIETO 3HAYCHHSL.

Ipumep. Insg pyakuun y = —3sin4x amrumatyaa paBaa |-3| uiau 3, 0CHOBHON
2 i

Tt
nepuon - = 5 .

Ii Haiigure aMmumMTyny ¥ OCHOBHOM Tiepro (QyHKITHH.

a) y B)
%@v‘ %ﬂvﬁ SWAN
-2

r)y= 2cosnx I) y = sin 2x e)y= 3cos}lx

m)y—Scoij 3)y=2sm%nx n)y= s1n47tx

|l 1) [Ans 3a1aHHOM aMIUTUTYIBI M TIEpUOJia, HAMTUIITUTE (bopMyJIy byHKIMN
y=a sin bx (3necb a > 0, b > 0).

1
a) AMmmutyaa: —— 0) AMiututyna: 4 B)AmmuuTyna: 2
[Tepuon: 3n Tlepuon: n [Tepuon: 2n
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IIpeoOpa3oBanue rpapukoB PyHKIMHA y = Sin X U ) = €OS X

9.

10.

2) Jlnst 3agaHHOM aMILIUTYABI U NepHojia, HanummrTe GopMmyiny QyHKIMK
y=acos bx (3necb a >0, b > 0).

a) AMmuTyna 1 0) Ammuutyna: 2 B) AMIumiTya: 5
3
ITepuon: 5n ITepuon: n ITepuon: %
3anummre Gopmyiny GYHKINU BUIA Y = a Sin bx COOTBETCTBYIONIYIO rpaduKy.
a) 6) » B)

0,8
3anummte hopmyiry GYHKIIMU BUA Y = @ COS bX COOTBETCTBYIOILYIO TpaduKy.

Onpenenure ocCHOBHOM repuost hyHKIMN f{x) u g(x). Hailimure oOuuii ne-
puon GpyHKITHH.

a) flx) =2 sin % , 0)filx)=—75 sin2x, B) flx)= 3 sin —éx ,
1 _ =2 o 2
gx)=3 cos 5 X g(x) =4 cos 3x gx) = 3 Co8 5 X

Yka3zanme: Eciiu T u T2 nepuroabl 3a1aHHbIX (QYHKIMMA, TO AJIs1 HAXOXK/IE-
Hus obmero nepuoaa T HaO /Ui YKCeN m U 1 HATH HaUMEHbIIIee HaTY-

pajpHOE Yncio yaoBiueTrBopstolee paBeHCTBY T = mT1 = n'Ts.
[Mpukiaanslie 3a1aHusi: MojieTUpoBaHue PYHKIMI y = sin X U y = €OS X
®u3uka. Ha pucyHke nokazaHo ABMKEHHUE TeJla, TIOJBEUIEHHOTO Ha Mpy-

xuHe. Teno, B COCTOSTHUM TOKOS1, HAXOAUTCS
B paBHOBecHuU. COCTOSIHUE MTOKOS IIPUMEM 3a
HAyayo JBU)KEHUS. @ NTOKA3bIBACT H3MEHEHHue 4V

NOJI0KeHUsl Tena Ipu nepemeienny. Komn- |17 -« -

~ -

N Z

YeCTBO LIMKJIOB 32 €IMHHILY BPEMEHHU Ha3bIBa- |:'f’ e
eTcsl 4acToToM (), BpeMs, 3a KOTOpoe

COBEPIIAETCS TOJHBINA UK KOIeOaH!sl Ha3bIBACTCA nepHonomM ().
YacToTa 1 nepros B3auMHO OOpaTHbIE BEJIMYMHBL @ =T T
JIBM>keHue Tella, MOJBEIIEHHOIO Ha IMpPYXKMHE MOXKHO CMOJEIMpPOBATh
¢byHKIMEH y = a cos kt. 31ech y MOKa3bIBACT MOJIOKEHHE PABHOBECHS TIPY-
YKUHBI 110 BEPTUKAIH (CM), @ - HAYaJIbHOE U3MEHEHHUE MOJIOKEHHUS, K - KOd(]-
(DUIIUEHT AITACTUYIHOCTH MIPYKHHBI, ¢ - Bpems (cek.). Ecmma = 0,5 cMmu k=
57, TO HalUTe aMILTUTYY, IEPUOJ U YaCTOTY KoJleOaHusl.

~Y
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IIpeoOpa3oBanue rpapukoB PyHKIMHA y = Sin X U ) = €OS X

|12. /Ipmxenne kapycenn. JlonycTuM Bbl HAXOIUTECH B KAOMHKE KapyCENy.
PaccrostHue 10 3eMiIH epUOMYECKU H3MEHSIETCS B 3aBUCUMOCTH OT Bpe-
Mmenu. [Ipumem och kapycenu 3a Hauano ABUKeHus. /luamerp kapycenu
paBen 20 M 1 3a 3 MUHYTBI Kapycellb Jenaet 4 o0opoTa.

a) M3o0pa3ute rpaduk ABMKEHUS KapyCelu, IPUHSB OCh X 32 BPeMs, a OCh
¥ 3a pacCTOsHUE.

0) Haiinute 0CHOBHOI mepro/ 1 3anumuTe GopMyay COOTBETCTBYIOIIYIO
JBUKCHUIO KapyCeJH.

Pemienne: yacToTa,T.€. KOJIMYECTBO 00OPOTOB 32 MUHYTY paBHa%. Taxk
KaK IIepPUOJL SBIACTCS BENMYUHOM, 00PAaTHOM JUIsl YaCTOTBI, TO OH PAaBEH 7
MUHYTBI, TO €CTb 45 CEKyH/I.

Kapycenb MOXXeT OTKJIaHSITBHCS OT HadaabHOTO ToNioskeHus Ha 20 : 2 =10 m
BBepX (10) u BHU3 (-10). ['padukom ABIKEHUS SBISIETCS CHHYCOHIA

¢ mepuogoM 45 CeKyH/I. 0 h

A
m AvarAvalE

3anumem Gpopmyiny GyHKIUU "l

=

LA

B BHJIE ¥ = a sin bx. oy
21 2n 2n .
== 7_45 , b_f' Awmmntyna: 10

Torna ¢popmyna s dyakiuu Oymet - = 10 sini—’st t

|13. JIBmxeHne MasTHHKA MOXET ObITH CMOJEIMPOBAHO 110 ‘\
¢dopmyne d = 4 cos 8nt. 3neck, d MOKa3pIBaeT OTKIIOHEHUE \
OT Ha4YaJIbHOTO TIOJIOKEHUsI(B CM), ¢ - BpeMs (B cek.). Haii- \
JIUTE Ha KaKO€ HauOOJIbIIIee PACCTOSTHIUE MOJKEM OTKIIO- O o
HATHCS MasSTHUK? HaliquTe nmeproa u 4acTory. O

\

|14. TIpu KaI0M yaape 4enoBedecKoro T
cepAla JaBIeHUE KPOBH U3MEHACTCS A
MEXJly HauOONbIIMM M HAUMEHb- | i
muM 3HavennemM. Hopmoit aprepu- | = IZOW
AJTbHOTO ABJICHHs PHHATO CYNTATH | = 80f == -=
120 MM pryTHOTO CTON0A HA HIKHEH | = 40
rpanutie(cuctona) u 80 MM PTyTHOTO . . 1L
croiba Ha BepXHEW rpaHuIe (qua- 0 0’8Bpe1\14’;{6 (ce%{f)t 3.2

cTona).
Ha pucynke n300paxéH rpad ik apTepraIbHOTO 1aBICHUS YelIOBEKa.
1) ITo rpaduxy Haiigute nmepuoa (Bpems, 3a KOTOPOE MPOUCXOJUT OAUH

yaap) ¥ aMIUTUTYAY.
2) Haiiaure KOMM4YECTBO yIapoB 3a MUHYTY.
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IIpeoO6pa3oBanue rpaukoB GyHKIMH y = sin X H y = COS X

Casur no ropuszonrau - ¢gasa.

B ¢ynkuusax y = a sinb(x — c), y = a cosb(x — ¢) 4ieH ¢ MOKa3bIBAaET CMe-
nieHue rpaduka 1mo ropu30HTalN, KOTOPOe Ha3biBaeTcs (ha3oii.

IIpumep. IToctpoiite rpaduk QyHKITHH ) = COS 17)6 —%).
[TocTpoum rpaduk GyHKIIUK ) = COS X pacTsiKeHHeM rpaduka GyHKINN
¥ =cos x B 2 pa3a oT ocu opauHar. [ papuk pynkuuu y = 00517( X — %)

MOJKHO TOJTyYUTh CMEIeHUuEeM rpaduka QyHkuuu » = €08 5 X BOPaBO Ha

% €IMHMUIL, T.€. IToJTydaeM rpaduk GyHKIUH y = COS 17x —%) .

B y=cosx
.y=cos17x
1 Ty ~
= cos(—x — —
Wy =cosa—-)

CMeleHue 1o BepTUKAJIH.

B dyuxuusax y = a sin bx + duy = a cos bx + d unen d noka3piBaeT cmelie-
HUE 10 BepTuKaiu: eciu d > 0 rpaduk GyHKIMK cIBUTAeTCS BBEPX, d < 0 rpa-
(UK CIBUTACTCS BHU3.

IIpumep. [Moctpoiite rpadux Gynkuum y = 2 sin x — 1.

Pemnenue: HIDKE TIOKAa3aHbI 3TAITBI IPe0Opa3oBaHus TpaduKa GyHKINN

y=sinx yA

B rpaduk GpyHKImH y = 2 sin x — 1 21 y=2sinx

IO IIaram.

1. YBennuuBaeM aMIuTuTyay B 2 pasza .

noiydvaeM rpaduk y =2 sinx. T : —>

2. C},/Z[BI/IFaCI\F/)I 1("11)321(1))1511( BHM3 Ha oz[Hy“\ —— ,"l % \r\ 3?n / 2n -

€IMHULLY U NT0Iy4aeM rpaduk QyHk- ‘\\\‘\_ ‘,,"_,,2’__ \/J =-1

mun y =2 sinx — 1. . . Cpeanas
AOEEL | JTUHUS

. y=2sinx—1
MHuoxecTBO 3HaueHUH QpyHKmn —3 <y < 1.

I'paduk dynkImK y=2 sin x—1 U3MeHAETCS OTHOCUTEIBHO NMPsIMOM y = —1 Ha
2 elMHMIBI BBEPX M BHU3. JTa JMHUS Ha3bIBACTCS CPeHel THHUeH.

MaKCHUMyM + MUHHMYM
CpenHss INHUA = 5

MAaKCUMYM = CpCAHAA JIMHUA + aMIlIUTyaa
MHUHUMYM = CpCAHAA JIMHUA — aMIUINTYyda
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IIpeoOpa3oBanue rpapukoB GyHKIMH y = SN X Uy = COS X

BJIUSACT HA CABHUI

BJIUACT HA = i - +
/y 9 b(x @{\ 110 BEPTHKAJIH

aMILUTUTYIY

BJIMSIET HA OCHOB- BJIMSICT HA HA CABHI
HOI1 nepuozn 10 TOPU30HTAIHU

IIpumep. [Moctpoiite rpaduk pyrkmmm y = 3 cos(2x +£3) +1.

YA
1) Tpaduk dyHkmn y = cos 2x 3
TnomydJaeTcs u3 rpadguka pynk- 2 lebs o
LU Y = COS X CKATHEM K OCH 74NN //
N
OpJUHAT B 2 pasa. A AR, r A
U R n)é‘? AR
2) Cmemas rpaduk dynkmun A
y = cos 2x BIIEBO Ha T emn- ,J,
6 o =icos2x
HUIIBI OTyYaeM rpaduk 1 7N
T
HKIMH y = cos 2(x + =), Vi
dynxumn y n( ) TN&/ 7 Qé/ Y Qﬁf /A
T.e. y =cos(2x +—). -1 ARINDS 2
3 =cos (2X+ 1)
J
v = 3 cos (2xH T )
3) Pactsaem rpaduk QyHK- 3 3
T / JHA\ [ [\ [\ /
uu y = cos(2x + —3) BJIOJTb - \
1
OCH OpJIMHAT B 3 pasa u 1o- /N / \\ YN
ay4uM rpaduk (HyHKIUU o FANEY IBD? W q";\ !
s -1 4 p ] \
y=3cosQx+—) . 5
3 \ /
4) CmectiM rpaduK QyHKIHH o

y =13 cos(2x +£3) 10 BEpPTH-

—

Kajau Ha | equHMIly BBEPX U

TSN
T—
g’
_—
—
—~
—
~—
=
L
T—

=
b
—

e

HOJTy4YuM Tpaduk GyHKIUN i\

N

T
—
—

Y

y =13 cos(2x +£3) +1

—

=
(O8]

I

RS
"
N
P
 c
—
LD
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IIpeoOpa3zoBanue rpapukoB GyHKIHUM y = Sin X U y = COS X

115.

116.

117.

118.

119,

120,

. Hapru3 na xapycean. ['padux mokaspiBaeT 3aBUCHUMOCTb MEXIY BBICO-

OnuimTe CI0BECHO dTambl MpeoOpa3oBanus rpaduka GyHKIHM y = sin x
JUTSL CIICTYFOIINAX (PYHKITHH.
2n

a) y = sin(x +5°) 6)y =3 sin L (x - T)  B)y=2sin(x+60°) -4
OnuimTe CIIOBECHO ATarbl TpeoOpa3zoBanus rpaduka GyHKIIUU ) = COS X
JUTS CIISYFOIINX (PYHKITHH.

a)y=cos(x—5—6n) 6)y=3cos(2x+%) B) y=4cos(x — 15°) + 3

Haiigure MakcumMyM (MHHIMYM) U MHOXKECTBO 3HaU€HUH (PYHKIIUH.

1 .
a)y=3cos(x—%)+5 6)y=7s1n3x—3 B)y=%cos(x+500)+%

YCTaHOBUTE COOTBETCTBUE MEXKY I'padUKOM U (QYHKIIHEH.
I)y=-2+ sin2x+n) 3)y=cos(x +%) 5) y = —sin(x + m)

2)y=-3+ cosx 4hy=1+ ZCOS(%X"%) 6)y=1+sin%x

y y y

3armmmre GopMyity 1t GYHKIMH BHIA Y = a sin b(x — ¢) + d.

a) aMIuiTyna 4, mepuos T, CIBUT 1o ¢aze % €IIMHUI] BIPABO, CIIBUT 11O
BEPTUKAIIU 6 CTUHUIL BHU3.

0) ammmutyna 0,5, nepuox 37, CABUT 1O q)ase% €/IMHMI] BJIEBO, CJIBHT TI0

BEPTUKAJIU 2 €IUHUIIBI BBEPX.
Cxematn4Ho n300pasute rpaguku QyHKINH.

a)y=3SiH(X—%) 6)y=008(x+%)+2 B)y=25in(x+%)+3

TOH(M), Ha KOTOPOH HaXOIUTCS
Haprus npu karaHuu Ha Kapycenu, —© N
Y BpeMeHeM (CeK.). 3anuimTe:

1) nepuos GyHKIMH ¥ YTO OH BbI-
paxaer;

2) MHOXKECTBO 3HaYE€HUH (DYHKIINU;
3) B KaKoit MOMEHT BpeMeHH, MeKy 24 - 30 cekynmaamu, Haprus okaxercs
Ha BbICOTE 4 M OT 3emJin?

z
£2
o)
S >
20 2 4 6 81012 1416 1820 22
= BpEMSI
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HOCTPOCHI/IC CUHYCOM/IbI IO NATH OCHOBHbLIM TOYKaM

[Ipeo6pa3oBanue mpu MOMOIIN JBMKECHUS U 1000us coxpansieT “popmy”
KkpuBoii. [IoaToMy He TONIBbKO rpaduK CHHYCA, HO B TOKE BpeMsl U KpUBasi, 1o-
Jy4yeHHas pacTsHKeHHeM (CKaTueM) U MOCIeA0BaTEIbHBIMUA CMEILEHUIMH,
Ha3bIBaeTCs cuHycouaoil. CBoiicTBa (pyHKIMH, 3aJaHHBIX B BUAE )y = aSin bx
Uy = acosbx aHamornyHbl CBOUCTBaM (PyHKIMI CHHYCa M KOCHHYCa, YTO MO-
MOTaeT MPH WX UCCIIeNOoBaHNU. B Hauaje HEoOXOAMMO HAWTH WX MEPUOM U

TOYKH, B KOTOPBIX 3HaYeHUS (PyHKIMHU paBHbI 0 wiu + a.

I'paduk pynknmum y = asinbx u y = acosbx MOXHO JIETKO MOCTPOUTH IO
3HAYEHUSIM TISITH BOXKHBIX TOYEK B IPOMEXKYTKE [0;%] T10 CIIEAYIONIEMY all-
TOPUTMY.

1. OnpenenseM aMIuIUTyay rpaduka.

2. OmpenensieM OCHOBHOM TIepro[] rpaduka W: T

3. PazouBaem otpesok [0; 7' ] Ha 4 paBHBIX gacTu: 0, I ;l ;ﬂw ;T

4. I1aTh BaXKHBIX TOYEK - TOYKH NepecedeHHsI ¢ 0ChI0 X, TOUKH MaKCUMyMa
U MUHMMYMA. [ BBIIEYTIOMSHYTBIX TOUYEK X HAXOJATCS 3HAUCHUS ).

5. KoopauHatsl 5-T1 TOUEK (X; ¥) OTMEUaIOTCsl HA KOOPAMHATHOU IIIOCKOCTH.
6. OTH TOuKH coeauHAoTCA. [lomyueHHast CHHyconaibHas KpUBas SBISAETCS
rpaduxom s ogHoro nepuona. [loBTopsis MOCTpOSHHBIN rpaduK, MOXKHO
MOJTyYUTh TpauK 3aJaHHON (QYHKIIMH Ha IFOOOM OTpE3Ke.

. X
IIpumep 1. IToctpoiite rpaduk GyHKIUU Y = COS 5 TIO MATH OCHOBHBIM
TOYKAMHU.

Pemenue: ammuryna: a = 1

0 . T 2n b 3 T— o 3 4rn
cHOBHOM mepuon: I'=——; b=+ T=2n:575 =7
OTpe30K, COOTBETCTBYIOIINI OTHOMY IIEPUO/Y 110 OCH X PA3JEIMM Ha YEThIpe
1 l 4n_ =
paBHBIX yacTH. [y rienoro nepuoaa 4 PaBHa - 33 Hauunasg ot
T
TOYKH X | = 0, Ucpe3 KaxXbIC T OTMCTHM CIIpaBa MMOCJICA0BATCIbHO TOYKH
T 1 21 1 3
X2 =3 Hepes - IePHOJia, X3 =—3~9epe3 " NEPHOJA, X4 = T 9epes —;-Iieprojia
T .
1, HAKOHEL, X5 = —= 4EPe3 LEIblH 1EPUOL.
0 L X n X4 =T 4n
- o= = == = _an
B :We 2 '\xs/ﬁ
T
0+— I m, T T
3 33 303 T



HOCTpOCHI’Ie CUHYCOM/IDI II0 IATH OCHOBHBIM TOYKaM

X
Brraucnum 3Ha4eHUsT QYHKIHH Y = COS 5 B YKa3aHHBIX TOUKaX.

1.x=0 y=1 (0;1) TOUKA MAKCHMYMa
2.x= T y= COSi LI COSl =0 (L ;0) TOYKA NepecevyeHust ¢

3 2 3 2 ochbI0 abcumce
3.x= 2_11? ¥ = cos i Z_TE =cosm =-—1 (_TE ;—1) TOUKa MHHHMYyMa

3 2 3 37

3

4.x=m7 Yy =Co0s ? T = (ﬂ? 5 0) TOYKA NepecedeHus ¢ 0cblo adcuucc
S.x i y =cos % an _ cos2m =1 (4% ;1) Touka makcimyma

OTMeTUM KOOpAMHATBI 3TUX TOUEK Ha KOOPAMHATHON IJIOCKOCTH, U COETUHUM
crutomHoW JuHued. JlaHHbId Tpaduk sBiIsgeTcss rpaduKoM (QYHKIIHH

3x 4 o
y=cos —- Ha oTpe3ke [0; 5~ ]. Ecau napaniensHo mepeHecT! JaHHbIH rpaduk

2
6 4
BAOJIb OCH a0OCHHUCC Ha 3 n (n S Z), TO MOJJYYHUM rpa(bI/IK (byHKHI/II/I
3x . >
Yy = COS 7 Ha BCE€H YUCJIOBOU OCHU (HOKa3aHO HyHKTI/IpOM).
AV
-@ -
e N /7
l/ \ N p
. \ 4
I ! L » L v >
T T T < T o >
n 0 n 2n T 4 5Sm\. 2m 7 x
- —N\ 7
3 14 3 3 3 3 ‘\. R4
o

ITpumep 2. IMocrpoiite rpaduk GyHKIHH y = 2 sin 2x.
Pemienue. AMminTyaa: ¢ = 2. 3Ha4eHus y MEHSIOTCA OT —2 J10 2.
T
OcHOBHOII mepuon: T:W’ b=2;T=m.
Paznenmum otpesok [0; ] (onuH mepuo ) Ha 4 paBHbIe yacTH. Haiiném 3Haue-
HUSI X ¥ COOTBETCTBYIONIHE 3HaueHus pyHkuun. [locrpoum rpaduk.

x |y =2 sin 2x| Yy
/’ - ~ 2 . o~
nepeceuenne | () 0 ) \ / N
’ \ / A\
T 1 \ U \
MakcuMyM | —— 2 H \ / [
4 [ 1 Y 1 1 " Y " :‘ -
T +—r t t t * t >
nepecedeHme 5 0 —T/ 31 _ T, T T 3r 5t 31 x
;| —— v — —_— —_—
= ST 4 2V 4 b 4 4 4 2
MUHUMYM - —2 \ /' ‘\
4 * \
\\ _ 72 N
nepeceuenue | 7T 0




HOCTpOCHI/Ie CHUHYCOM/IBI II0 IIATH OCHOBHBIM TOYKaM

Ilpumep 3. [1s1 HaXOX/IeHUST HAYAIbHOW M KOHEYHON TOUYEK nepnoua byHK-

muu y = 3 sin 2(x — ?) + 2 Hamo pemmTh HepaBeHCTBO 0 < 2(x — —) <2n
0< x- z <7 T <x< an
3 3 3
T
31ech HayaabHas TOYKA 3 TOKasbIBAeT 1 ¢bazy A
TOXE. 6 y:3sin2(x—§)+2
A1
Paznenus orpesok [3 3 ——| Ha 4 paBHbIE YacCTH 4
HEOOXOAMMO ONPEAETUTh ISATh OCHOBHBIX  ---2f-é--4--¢---{--p-mmmmmaen
TOYEK. 3HAUCHHMS X B OTUX IISITH TOUKAX OymayT [ b
n Tn St 13w Am 0 n 2 3n Tx

3127671273
B »Tux TOuKax x JZ[JSISI ¢bynkuuu y = 3 sin 2(x —l) + 2 momydaeM TOUYKH
n Tn n 131 4n
=52 3 (32 (==~
(352559 (532 (5

; 2) W CTpouM rpaduxk.

Hus dyskium y = 3 sin 2(x ——) + 2 umeeM:

aMILUTATY/IA: @ = 2, TIEPUO: T, C,Z[BI/IF o (base 3 , CpenHsis THHUS: d = 2,
MaKCHMAaJIbHOE 3HaueHue: d + a = 2 + 3=5, MUHUMaIbHOE 3HaYEHHE:
d—a=2-3=-1, obmacTb onpeaesieHNs, MHOKECTBO BCEX JICHCTBUTEIIBHBIX

yucen(x € R), MHOXKeCTBO 3HaueHnii —1 <y <5

Oolyuaromue 3a1aHuA

1. [Ilo Tabnuiie 3HaUEHUI, KaK MMOKA3aHO HA MPUMEpPE, OCTPolTe rpaduku
dynkwmii f(x) 1 g(x)
a) filx) =sinx u g(x)= % sinx 0) f(x) =sinx; g(x) =—3 sinx
B) f(x) = cos x; g(x) = 4 cos x

Oynkium |f{x) = sin x[g(x) :% sin x| 1
0:0) r) f(x) = cos x; g(x) = — EY cos X

nepeceuenne|  (0; 0)

MaKCUMYyM (%; 1) (%;%)

nepeceuenue| (7; 0) (m; 0)
MHHUMYM (ﬂ;fl) (311,72)
nepeceuenue| (27; 0) (2m; 0)
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HOCTpOCHI/Ie CUHYCOM/IDI II0 IATH OCHOBHBIM TOYKaM

2.

Jna dyHkumuu y = sin bx HaliauTe 3HaYeHUS b, €CIM OCHOBHOM MepHon
¢byukmmu T paBeH : a) Tn ; 0) 4Tn ;B) %; r) 3. Otpesok [0; 7], nmuHa
KOTOPOI'0 PaBHA NEPUOJLY, pa3/ieuTe Ha 4 paBHbIX MHTEpBasa AJs JaHHBIX
3HAUEHUH X, BBIYUCIIUTE COOTBETCTBYIOIINE 3HAYCHNUS ).

a) [Ins pyHkmm y = sin x, 3amummTe KOOPAMHATHI S-TH OCHOBHBIX TOYEK,
pacmoyiokeHHbIX B uHTepBane [0; 21]

6) ITo 5-Tu ocHOBHBIM TOuKaM Ha uHTepBaie [0; ] moctpoiite rpaduk
(GyHKIUY y = sin 2X ¥ MOKaXUTe MPOMEKYTKH BO3PACTAHUS M yOBIBaHUSL

[MocTpoiite rpaduk GyHKIINHU, ONpEETUB HA OTPE3KE, UTMHON B OJIUH TIe-
PHO/, ATh OCHOBHBIX TOYEK.

1 . 1 .
a)yISIIle 0) y=>5sin 2nx  B)y =3 cos 4x r)y=zsm2x

3anuiuTe nepuoj 3aJaHHoN (YHKUMU B rpaaycax u B paauanax. [lo-
cTpoiite rpaduk GyHKIIUH HA OJHOM MIEPUOIE IO 5-TH OCHOBHBIM TOUKAM.

a) y = sin 4x 0)y= sini—x B)y= cos%x T) y = cos 2x

B onnoili cucteme koopauHar, noctpoiite rpaduku GyHKIui fx) u g(x) mo
5-TH OCHOBHBIM TOUYKaM.

D) fixy=—2sinx  2)fix)=sinx  3)filx)= 2cosx
g(x)=4sinx g(x) =sin % g(x) =—cos 4x

1) 3Has aMIUTUTYIy W TEpUOJ, 3amumuTe GopMyny (QyHKIHH B BHUIC
¥ = a sin bx u moctpoiitre rpaduk noayyeHHON (QYyHKIIUN MO 5-TH OCHOB-
HBIM TOYKaM.

T
a) amruaTya = 2,5; nepuon = 6m 6) aMIUIATyaa = 4; eprox =5
2) 3Has aMIUTMTYIy W TEpUOJ, 3amumuTe GopMyny (QyHKIHH B BHUIC
V= a cos bx u nocrpoiire rpadyK MOTyUYEHHON QYHKIIUU 11O 5-TH OCHOB-

HBIM TOYKaM.

_ _ _3 _
a) aMIUIUTYJa = 5; mepuoa = 2n 0) aMILIMTyaa =~ ;nepuon=m

Bonpoc oTkpbITOro THNA. 3anummuTe 0 HY (GYHKIHIO 1715 CHHYCA .

OJIHY JJIs1 KOCUHYCa, aMIUTUTYya KOTOPbIX paBHa 1,5, a mepuoa paBeH BR

Omnpenenure nepuoa 1 aMmuTyay ¢yHkiun. [loctpoiite rpaduk QyHKIMH,
OIPEEINB Ha OTPE3Ke, JUINHOM B OIUH MEPUOJ, MATh OCHOBHBIX TOYEK.

a)y=3sin(%x +)-2 6)y=2c0s(2x—§)+3
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HOCTpOCHI’Ie CUHYCOM/DI II0 IATH OCHOBHBIM TOYKaM

|10. TTo rpaduky ycTaHOBUTE OCHOBHOIT IIEPHO M AMILIUTYLY QyHKIIMH. 3aru-
mmTe QyHKIHIO B BUAE ¥ = a sin bx u y = a cos bx.

a) Ipumep. s rpaduka A: cHayasa Onpeaeum

2
amruTyny. HambGonbiiee 3HadeHHe paBHO 2,

2— (-
HauMeHbIee -2 . 3HAYUT a = % = 22
Tax kak nepuon paseH 4w, 3Has , 4to 1’ - ,
4 2n 5 1 b| "2
umeeM 4dn =——; b=——.
1] 2

3anuiem ¢opmyny GyHKIUHM A5 rpaduka, IPUHIAB aMIUTUTYLY a = 2 U
1 .1
b=-—:y=2sin—x.
epuoa 5 y=2sin-x
s rpaguka B: no ananorngnomy HpaBany, amruTyna pasta a = 0,5,
s

OCHOBHOM ITEPHOA T U U3 PABEHCTBA T = b HaXoauM, 4To b = 2.

I'paduk coorBeTcTBYET rpaduky kocunyca. Tormaa momydaem: y = 0,5 cos 2x.

o LA
SUVRTATAY

|£. [Toctpoiite rpadukn GyHKITHIA.
)y=2+ sinx 2)y=5— cosx 3)y=-2+ cosx
4)y = cos(x + %) 5) y=—sin(x + n) 6) y = sin(x — g)
Ty=5-cosx—2)  8)y=-2-sin(x— ) 9)y =3+ cos(x +7)

|1_2. 3amaiite hopmyrny GYHKIIMU Ha pUCYHKE B BHUIE
v = a cos(bx + ¢). 3anumuTe MATh TOYEK, KOTOPHIC
MO3BOJIAT MPOJOJIKUTH rpaduK eIié Ha OJHOM Iie-
puoze crpasa.
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Tpuronomerpuueckne GyHKIMU U NIEPUOTUYECKHE COOBITUSA

B npupone u B ®U3HU MBI JOCTATOYHO YaCTO CTAIIKUBAEMCS
C MEePUOAMYECKUMHU MPOLIECCAMH - BpalleHUe 3eMJIU, U3Me-
HEHHUE BPEMEH I0Jla, IbIXaHWe, CEPICYHBIN PUTM CEpALla Ye-
JoBeKa W T.J.. TakKe NMEpUOANYECKUMH SIBISIOTCSA OYCHbL [
MHOTHe (u3HUecKre sSBIeHns. HanpyuMep, Py HCCIIeI0BAHIH
KOJIeOAaHUs ANIEKTPUUECKUX U ONTUYECKUX BOJIH UCTIOIb3YIOT
nepuoauaeckne GyHKImr. Camble MPOCThIE KOJICOaHUs Ha3bl-
BalOTCA TAPMOHUYECKUMHU KOJI€OAHUSMU U 3allMCBIBAIOTCS B

BHJE ) = a sin(bx + ¢) HJH/IGV =acos(bx+c).
IIpumep 1. Buonorusi. B 6nonornu nporHo3upoBaHne YHCIEHHOCTHU 3BEpei

Y TITUI] MOJICTIUPYIOT C TIOMOIIBIO TIEPUOANYECKIX (DYHKIHA. YUEHbIE HCCe-
JYIOT YHCJICHHOCTb COB U MBIIIEH B OTHOM peruoHe. B pesynbrare Moaenupy-
eTcsl PyHKIMS YHCICHHOCTH 0co0ei (TI0 MecsIam).

Jliist coB 3Ta (DyHKITHS 3alHCHIBACTCS TaK:

B(7) = 1000 + 100 sin ( %),

JUTSL MBIIIIEH TaK:

S(#) = 20000 + 4000cos (% .

ITo mudopmaruu, npeacTaBIeHHON Ha rpaduke, MOKHO CHIEIaTh BBIBOJBI O

YHCJIEHHOCTU COB U MBIIIEH, KOTOPBIE SBIISIOTCS MUIEH ISl COB.

a) [TocTpoiiTe rpaduku KaxI0i QYHKITHH.

6) Kakoii BEIBOZ MOXKHO c/ies1aTh 00 W3MEHEHUH YHCICHHOCTH COB M MbIIIIEH?
B) MccnenyiiTe OTHOIIEHHE YUCICHHOCTH COB M MBIIIEH B 3aBUCUMOCTHU OT
BpPEMEHH.

Pemenne: a) B(r) = 1000 + 100 sin (%
g coB umeem: MmakcumyM ¢yskimu 1100, muaumym 900.

Awmmuuryna: 100. Casur no Beptukanu: d = 1000 (HauanbHOE 3HAUEHHE).

Cpennss muaus = 1000. [Mepuon: |277|c , b =% , Torjga 27 : 175—2 =24

T.e., ocHOBHOI Tiepuon GyHKIMH 24 MecsIa.
t
S(1) = 20000 + 4000 cos (75)

Jns mpreit umeem: MakcumyM ¢ynakunu 24 000, muanmym 16 000.

Awmmumaryaa : 4000. Casur o Beptukanmu: d = 20000 (HaganpHOE 3HAYCHHE)

Cpennsist tuaust = 20000. [epuos: |27T , b= 1n_2 , Torga 2m : 1”_2 =24,

To ecTh, OCHOBHOI NEPHOJ JAHHON (PYHKIINH, TaKKe 24 MecsIa.
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Tpuronomerpuyeckune GyHKUMU U NepHOTUYECKHE COOBITHS

0) Eciu rpaduku mocTpoeHsl B OHOM MaciTaboe,
TO UX MOXKHO CPaBHHTH. Tak KaK MBIIIN SBIISIFOTCS
MIAIIEH JUIs COB, TO TIPH YBEIHYCHUH COB, YHCIICH-
HOCTB MBIIIIEH YMEHBIIAETCS U CTPEMUTHCS K MH-
HUMaJIbHOMY 3Ha4eHHI0. [Ipy yMeHbIICHHU COB,
YHCIEHHOCTh MBIIIEH yBEINYHBACTCS U JJOCTH-
raeT HauOOJBIIEro 3HAUYCHHS B TO BpeMsi, KOT/a

KOJIMYECTBO COB JOCTHUI'a€T MUHUMYMa.

B) B Tabnuie nmokazaHo OTHOIIEHHWE KOJIUYECTBA

COB U MEIIIEH 3a Ka)KJIble 6 MECSIIEB.

Bpewmsi| Cobl [Mpimun|OTHOIIEHNE
0 1000 (24000 0,041
6 1100 [20000| 0,055
12 1000 [16000| 0,062
18 900 [20000| 0,045
24 1000 (24000 0,041

B
_
[\®)
S
S

1100 |
1000—[

KosinuyecTBo co

0 O
o O
S S

—

YBenm4eHust YMCIeH-
\ B(t) HOCTH COB

(=]

26000!! "
24000+
22000+
20000+
18000
16000+

14000 J
(

KosnuyecTBO MbIIEH

t

06

18 30 42

Bpewmsi(mecsi)

OTO OTHOLIEHHE JI0JIKHO U3MEHATHCS B ONPEAEIEHHON 3aKOHOMEPHOCTH. J[71st
TOTO, YTOOBI YBUJIETh 3Ty 3aKOHOMEPHOCTh, HOCTPOUM (YHKIIMIO COOTBET-
CTBYIOIIYIO OTHOIICHHIO MTPU IOMOIIH Tpad KalbKyIaTopa.

@ynxuro B(7) = 1000 + 100 sin ( TIE;

nATOp KaK y1. a hyHKIHio S(7) = 20000 + 4000 cos (%) KaK 2
U IOCTPOUM Tpapuk QyHKIUU y = % . YBUIUM, YTO B 3TOM
Cllydae OTHOILICHHE IBYX IEPHOIMUYECKUX (DYHKIMI SBISETCS

NnepuoandYecKor GyHKIHEH.

IIpukaagnbie 3a1aHus

|1. TIporxos moroant. MHpopmanys B TabnuLe MOKA3bIBAIOT CPEAHEMECS Y-
Hyto Temneparypy. [loctpoiite rpaduk, oTMedas Ha TOPH30HTAIBHON OcH
Mecsina (sHBapb ¢ = 1, peBpanb =2 1 T.1.), a HA BEPTUKAJIBHOHN - TeMIIe-
parypy. CMozaenupyite U3MEHEHHE TEMIIEPAaTypbl C IOMOIILIO TPUTOHO-
METpU4ecKoi (PyHKINH.

)BBEEM B rpad KalbKy-

Mec;{ua STuBapnb [@espanb|Mapt [Anpens{Maii  [Urons [Uiois |Asrycr  |Centsops  |[Oxrsa6ps  |Hosibps  |[lexabpb
CpenHsisi TeM-
neparypa (°C)[-14,8|-12,7}-6,8| 1,2 19,2 15,1|117,2| 15,1 | 9,1 13 | -6,7 |-12,6
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Tpuronomerpuyeckne GyHKUMU U NepHOTUYECKHE COOBITHS

2. 3noposbe. Oynkuus P= 100 —20 cos S 4 okasbiBacT HOPMaJIbHOE apTe-
pHAIIbHOE JIaBJICHUE YEJIOBEKA B COCTOSHUM MOKOSI
t (cex.) Bpemsi 32 KOTOPOE MOXKHO OTIPEJICIIUTh JIaBJICHUE.
a) Omnpenenure nepuo GyHKIIHH.
0) Haiigute Konu4ecTBO yIapoB cep/iia YeaoBeka 3a 1 MUHYTY.

|i Kapycenb, ock koTopoii pacrnonoxeHa Ha paccTostHuM 10 M OT 3eMin
COBEpIIIACT MOTHBIN ABgricoTa
oboport 3a 60 cexyH.
[Taccaxxupsl cansarcs
Ha Kapycesb B KaOWHKY
Ha BeIcoTe 2M. ['padux
Ha PUCYHKE MOKa3bl-
BAaCT JBIDKCHUE Kapy-
cenn 3a 150 cexyHyI. Bpewms

Y

a) 3anumure QyHKLIHUIO, BBIPAXKAIOUIYIO BBICOTY 000N KaOWHBI B KaXKIbIH

MOMEHT BPEMECHHU.
6) Kora xapycenp Hayana nurarbes, [ 'oHeIb, HAXOIMIIACh B CAMOM HIK-

Hell kabunke. OnpenenuTe Ha KakoW BbICOTE OyaeT HaxonuTcs [roHenb
yepes 2,5 MUHYTBI?.

|i Buosorus. D(7) u C(f) maTemaTnueckue Mo-
JIeIH, KOTOpPbIE COOTBETCTBYIOT KOJUYECTBY
3alilIeB U I1aKaJIOB:
D(#) = 30000 + 15000 cos -

C(¢) = 4000 + 2000 sin TIE—; . [Tocrpoiite rpa-
¢bukn 00enx QyHKINH B OHOW cHCTEME KOOp-
JIMHAT U TIPE/ICTABbTE YCIIOBUS, HAarpaMMbl Ha
rpaguxe.

5. JlBmKeHue BETOCHIIENA MO IIPSIMOH ObLIO 3a(UKCUPOBAHO
HOYBIO C TOMOIIBIO BUIeoHaOMoneHus. B Tabnuiie npen-

CTaBJICHaA I/IH(I)OpMaIII/ISI O JIAaMITIOYKE Ha KOJIECC BCJIOCH-
rneaa - BbICOTa B pa3HbIC MOMCHTBI BpCMCHHU.

Bpewms (¢ cex.) |0,110,2]10,310,4(0,5]0,6]0,7]0,8]0,9

Boicota (Hem) |27 | 4554145271827 45|54

a) [ToctpoiiTe rpaduk GyHKIMU IJIs OJJHOTO TIEPUOIA.

6) CMonenupyiiTe B BHJI€ TPUTOHOMETPHUUECKON (DYHKIIMN 3aBUCHMOCTD
Hort.

B) HaiinuTe nuameTp Kojeca Belocumnesna.

r) Haiinure ckopocTh Benmocurenaa.
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I'pagpuxu pyHkumii y =tgxuy = ctg x

Uccnenosanue. U3MeHneHnue Tanredca yriaa. 1) Ha nucre B kieTky uzobpa-
3UT€ KOOPAUHATHYIO MJIOCKOCTh U €IMHUYHYIO OKPY>KHOCTb, C LIEHTPOM B Ha-
yasie KoopauHar. K okpyKHOCTH mpoBeauTe KacarenbHyto B Touke (1;0).

o AY
2) O603Haunm uepe3 K Touky nepecedeHust KOHEUHOH CTO- K

POHBI yIVIa MOBOPOTa O ¢ KacaTesbHOIA.
U3 AOAK tg 0 =% = % = AK. 3nauenue tg 0, ms /- e
OCTpOTo yIJIa IoBOpOTa O paBHO [HHe oTpeska AK.

Ny 0 A Tx
3) B kakoii Touke nepecekaeT KOHeYHasi CTopoHa yriia 45° \
KacareabHy0?

4) I1pu moMoIM TpaHCIIOPTUPA U300pa3uTe €€ HECKOJIBKO Pa3HbIX YINIOB U

W HAWJAUTE OpJAUHATHI TOYEK ITEPECECUCHUS C KacaTeNbHOM.
5) Kak uzmensiercst opnunara touku K, npu ctpemnenun yria 0 x 90°?

ITepecekaeTcst 1M KacaTelabHas C KOHEYHOH CTOPOHOH yIvIa HOBOpPOTa
ipu 6 = 90°?7

6) W3BecTHO, 4TO I nepuoandeckoi GYHKIMU ¢ epuogoM T 10CTaTouHO
U3y4YUTh (DYHKIHUIO HA OJJHOM MHTepBaJie AIHHOM T.

Ha kaxom uHTepBase juid tg 0 1nenecoodpasHo uzydeHue GyHKIUN?

7) tg 6 ne onpenenén s 0 = 90° u 6 =-90° . B unrepsane (—90°; 90°) dpynk-
IS OTIpEZIeTIeHa.

3anonHuTe TaONUIly U OCTPOiiTe rpaduk PyHKIMU TaHTeHCA.

Wsmepenns yrma | —70° | -60°| —45° [ -30° [ 0° [ 30° | 45° | 60° | 70°

OpI[I/IHaTa TOYKHU Ha
KacareabHON

8) IMocrpotite rpaduk GyHKIHMH y = tg O Tpu OMOIIHU Tpad KaJIbKyJIsTopa.

Dynkuyua y = tg x

3HaueHusl TaHTeHCa JIA yIiia 0 PaBHO YITIOBOMY

K03 GUIMEHTY PAMOM, TPOXOAAIICH yepe3 Hadaio vA
KOOPJMHAT U TOYKU C KoopauHaTamH (cos 0; sin 0), P(cos 6; sind)
PacIonoKEHHON Ha €IMHUYHON OKPYKHOCTH . Q(1; tg )

Kak BugHO 110 pucyHKy, JUIMHA OTpe3Ka KacaTeJIbHOU

AQ paBHa opauHare Touku Q. Koopaunarel Touku Q C

6 AL 0)
j | 'x

ITpu tg 0 = 0 rpadux GyHKIUU y = tg X MPOXOAUT Yepe3 Hayajao KOOpPAHMHAT.

paBubl (1; tg 0). [Ipsmas AQ Ha3wsIBaeTCS TPSIMOM
TaHTE€HCOB.

T
Ecau X, OCTaBasiCb MCHBIIC 5, CTPECMUT K HEMY, TO 3HAYCHUA tg X YBCJINYU-

T T
BAIOTCS U PHOIMKAIOTCS K +oo. [Tpsimble x = 7> TAK KE KaK M X = ‘(2k+1)
(ke Z) sBnsArOTCS BEPTUKAILHBIMHA aCUMITOTaMH rpaduka y = tg x.

144



I'pagpuxu pyHkumii y =tgxuy =ctg x

Pa306béM | ueTBepTh €IMHUYHONM OKPYKHOCTH M OTPE30K [O;%) Ha 4 paBHbIE
yacTU. Ha TMHMM TaHT€HCOB OCTPOUM OTPE3KH, PABHBIE 3HAUEHUIO COOTBET-
cTByrOIHUX yroB. Ha ocu Ox 0TMETHM TOYKH, COOTBETCTBYIOIINE JAHHBIM
yIJlaM, U BOCCTAHOBHUM K Ka)/10M U3 HUX NEPIEHANKYIAP. Yepes ATH TOUKH,
napauienbHo ocu Ox, mpoBeAéM MapajuienbHble npsiMble. [lomydeHHyro
MOCIIEI0BATEILHOCTh TOYEK COCTUHUM CIIonTHON truaued. [lomyanm rpaduk
byHkMH y = tg x B npoMexyTke [0; E). VYuureiBas, uto tg(—x) = — tg x, npe-
o0pa3zyeM NOoITy4eHHBIH rpaduk CHMMETPUYHO OTHOCUTEIHHO Hadaja Koop-

_ T.T
JUHAT, TOXY4YuM rpaduk QyHKIUHU y = tg X Ha uHTepBaje (— 5 ;3)

[NY=Y

3Has1, 4To nepuoA GyHKIUH ) = tg X paBeH T, Mo-
CTPOEHHBIN IpaduK MPOAOIKUM Ha T BIPABO U
BieBo. [lomyunm rpaduk, KOTOPBI Ha3bIBAETCS
TaHI'€HCOMIA.

OcCHOBHBIE CBOCTBA

e ['paduk QyHKIIUMN HE ABIAETCS HENPEPLIBHEIM,
MPEPBIBACTCS MPH X PABHBIX M KPATHBIX =~ B
HEUETHOE KOJIMYECTBO pa3
e OyHKIMA HE UMEeT MaKCUMYMOB U MUHHMYMOB.
e O6nacTh 3HaYEHUH (YHKIIUHU MHOXKECTBO BCEX JICUCTBUTEIILHBIX YHCET.
© OcHOBHOI1 nepuo PyHKIIMH PABEH T.
e ['paduk QyHKIMH MepeceKaeT OCh X B TOUKAX X = Ttn, (n € Z)
e OyHKIUS HE OTpe/ieieHa B TOUKaxX 5 tmn (n e Z). [lyHKTUpHBIC TUHUH,
MPOXOJISIINE YEPEe3 ITH TOUYKH SBISIOTCS BEPTUKAIBHBIMU aCUMITOTAMHU.

T
e OOnactpb onpeneneHust PyHKUUU y =tg X X # -+, (ne 2)
o OyHKIMS BO3pacTaeT MKy AByMsl COCETHUMH aCHMIITOTaMH.
o Dynkius HeyeTHas: tg (—x) = —tg x

Ooyuaromue 3a1aHUA

|1.  BelumciuTe, UCTIONB3ys CBOMCTBA (DYHKIIMM TAHTEHCA.

ayte(~ 7 6 ) ) e )

|& [MocTpoiiTe rpaduk GyHKINN Y = tg X HA MPOMEKYTKe [—27; 27].
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I'paduxku pynkumini y =tgxuy =ctgx

DyHKIUA y = Cctg X

Jlns moctpoenus rpaduka GyHKIHM y = ctg X BOCIIOJIB3YEeMCS TOXKIECTBOM
T
ctgx=—tgx+=3).
T

1) ITepemecTum rpaduk GyHKIMU ) = tg X BIEBO BIOJIb OCU a0CIHCC HA 5 -
2) Oto0pa3uM MOTyYeHHYIO KPUBYIO CAMMETPHYHO OTHOCUTEILHO OCH a0C-
IUCC.

IIpu x = mn 3HA4YEHUA TAaHT'€HCA PABHBI

"<
HYJTI0, (DYHKITHSI KOTaHT'€HCA TIPU J1aH- i
S| zo
HBIX 3HAYCHUSX X HE OIpe/IelicHa: Gl
¢ 1 cosx A
ctgx=7— = —
& tgx  sinx

g
Y
S

Kak Bugno o rpaduxy, Touku nepeceue- - -
HUS C OCBIO X (HYJIN) U aCUMITOTHI (PyHK-
LUH TaHTeHCa U KOTAaHT'€HCAa MEHSIOTCS
MECTaMHU.

OcHoOBHBIC CBOIICTBA

® OCHOBHOU NEPUOJ TT.

e OOmacTh ompenesieHHs] MHOXECTBO
BCEX JICUCTBUTEILHBIX YHCET OTIIMYHBIX
oT 17 (n M1000€ MEe0e YHUCIIO).

e OOnacTh 3HAYECHUH-BCE ICHUCTBUTEIb-
HBIC YUCIIA.

o OyHKIMS YOBIBACT MEXIY ABYMS
COCEIHUMH aCUMITOTAMHU.

o Oynkuus Heu€THas: ctg (—x) = —ctg x

Sy
il
)

Ooyuaromue 3a1aHusA
|3.  OtBeThTe Ha CIIEMYIONIHE BOIIPOCHL:
a) @yHKIMs TaHTeHCca He onpeaeneHa s o = 90° u o = —90°. Kak BenyT
cebs rpaduku ATUX QYHKIMA?

6) CKoJIBbKO pajsiiaH U CKOJIBKO TPajJyCOB COCTaBISAET Nepuos (pyHKIHH
TaHrenc?

|4.  Haiinure tg 0 u rpagycHyio Mepy yria 6.




I'paduxu pyHkuuii y =tgx my=ctgx

5.

o rpaduky dynkuuu tg O Haiinute crnenyro-
1€ 3HAUCHHUS.

3
a)tg 6) tg 3" B) te(~ 1)
r)tg0 n)tgm e) thTZT

[TocTpoiiTe rpaduku GyHKINH HA 3aTaHHOM TIPOMEKYTKE.

a) y=tgx —90°<x<90° B) y=tgx -90°<x<270°
= T 3n r =tgx —-nT<x<T
o y=tgx 3 <x< 5 ) y=1ig SXS

Ilm
a) 3Has , 9YTO €CJH 0 = 74> Totga~ 7,6 1 UCTIOJTB3YST OCHOBHOM MEPUO/T

(I)YHKI_[I/II/I TaHTCHCA, 3allMIIIUTC emé TPU 3HAYCHUS JIA yITIa O.

6) 3nas , yto ecau o = 1,25, TO tg o0 ® 3 U UCTONIBL3Ys] OCHOBHOM NEepros
(YHKIUH TaHTeHCa, 3aIHIIUTE ellé TPU 3HAYECHUS [T yIia o.

B) 3anuIinTe [Ba 3HAUYCHUS X U3 TIPOMEXKYTKa —TT < X < T, B KOTOPBIX (PyHK-
U y = tg x He OIIpeaesIeHa.

[Tpu npubmmxennn 3HadeHuit x Kk 90° yacth rpaduka GyHknum y = tg x
CJIOBHO NMPUHUMAET (HOPMY BEPTHKAIBHOM MpsiMoii. Berancinre 3HaueHus
TAQHTE€HCOB YIJIOB B TAOJIHIIE IPY MTOMOIIH KalbKysTopa. Kak n3Mensrorces
3HAYEHUs TAHTCHCOB 151 yryia O mpu npubikeHuu k 90° u npu ynaneHuu
ot yra 90°?

0 tg 0 0 tg 0
89,5° 90,5°
89,9° 90,01°
89,999° 90,0001°
89,999999° 90,000001°

Jns kaxaoi QyHKIMM Ha MPOMEXYTKe —271 < x < 27 HaliuTe: a) HyJu;
0) BepTUKAILHBIC ACUMIITOTHI.
Dy=tgx 2)y=ctgx

. Haiinure Tpu Takux 3Ha4€HUs X HAa IPOMEKYTKEe —21 < x < 27, IPH KOTO-

pBIX HE ompesienieHa (PyHKIUS: a) KOTaHTEHCa; 0) TaHTeHCA.

. Ioctpoiite rpaduku pyHKIU y = tg X, y = ctg x U 110 rpaduKy 0OBsICHUTE

Y€THBIMU WUJIM HEYETHBIMH SBJISTFOTCS IaHHBIE QyHKIMU. CaenanTe cooT-
BETCTBYIOIIYI0 MAaTEMAaTHICCKYFO 3aIHCh.
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I'padpuku pyHkuuii y =tgx uy = ctg x

I'padux pynkuun y = a tgbx

s moctpoenus rpaduka GyHkuuu y = atgbx , Tae a u b OTINYHBIE OT
HYJS Pa3IUYHbIEC YHCIIA, HY>)KHO OTPENIENIUTh CIeIyIoIIee:

1. Hepmon:% Hanpuwmep, nepuon ¢pyuximu y = 4 tg3x paBeH:%
2. BeprukaibHble aCUMIITOTHI: X = I ‘2n+1),ne Z

2|p|
Acumntoramu GYHKIUH Y = 4 tg 3x ABIAIOTCS MPSIMBbIE:
T, TN
x=Qn+) 2 =~ 1 ,he Z
( ) 2:3 6 3
3. OnpenensieTcst cpeHsisi TOUKa OTPe3Ka MeX/ly TOUKOU MepeceyeHus OCu

X C aCUMIITOTOM. COOTBCTCTBYIOH_[I/IC 3HA4YCHUs ) PaBHbBI UJIK a, WA —d.

2
[Ipumep 1. Tloctpoum rpaduk GyHKIHH ¥ =3 tg 2x.

. T 0T ! AV 1 Touka
Pemenne. mepwom: T= b~ i icepe,I[I/IHLI
: B 1 OTpe3Ka
Touka nepecedenus ¢ ocbro adcrucc: (0; 0) i 3T :
1 1
Camast 6M3Kast ACHMIITOTa OT Havasa KOOP/MHAT: ! . i
L) l 1 Ll
1L n I ?:}I‘ /5 % 'Z}L '
X="5"""5", TO€CTb X =——
2 27 4 3T !
1 =n T : |
Mo XS T, TOCThX =~ - P Teprox |

= My = T g =_ T
CpenHue TOYKH: X (0+4).2 g ¥ ( 4+O).2 2

11 Ha rpadUKe UM COOTBETCTBYIOT TOUKH (- ; %), (- 5 T)'
IIpumep 2. 8
[MocTpoiite rpadux Gpynkuuu y = tg (x — %) Ha OJTHOM IIepUO/IE.
Pemenune: [{nga pynkuuu tg (x) 3Hau€HUS X HA OJTHOM Iie- o4 |
puoae MEHsETCSA B HHTEpBAJIE — 5 <x< % . CootBet- /
CTBYIOLIUI MPOMEXYTOK JUIs QyHKIUHU tg (x — %) JUTSL /
OIHOTO NEPUOJA MOXKHO HAlTH PELIB HEPABEHCTBO: / x
L LA (R AELR:
2 4 2 2 T2 4
_ %+%< x < g + % /
T 3n ,
by ;

T T
ACHUMITOTBI MPOXOJAT YE€PE3 TOUKH — R VYuureiBas Touku (0; —1)
T
u (7;1), MOCTPOUM CXEMaTHYHO TrpapuK QyHKIINH.
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I'paduxu pynkuuii y=tgx uy = ctg x

|1_2. Haiiaure acuMnITOTHI, HYJTU B CPETHIOIO TOUYKY (PyHKITUH.
a)y=3tgx 6)y=2tg17x B) y=tg2nx

|13. Tlocrpoiite rpaduk ByHKIHHL.
yEtge- ) st ) yseh-3) ystgEt )
|14. YcraHOBHTE COOTBETCTBHE MEXTY TPAdUKOM U DyHKIHEH.

2) Y

T
a) y=ctgx 6) y=ctg(x+7) B) y=—ctgx

|15. JlecTHMIa HAXOAUTCS HA PACCTOSHMM 3 M OT CTEHBI M CO-
CTaBJISIET YTOJI 0. C IUIOCKOCTBIO MoJia. BeicoTa oT Kpas nect-
HUIIBI JI0 TT0J1a /1 M.
a) 3anumuTe 3aBUCUMOCTD /4 OT yIUIa o TPH IOMOIIHU (PyHK-
MU TaHTEHCA.
6) [Toctpoiite rpaduk ¢pynkumu Ha uaTepsaie 0° < o < 70°.
B) Kak n3MeHseTcst BbIcOTa /1 TIpW YBEITUYECHUH yIia o?
r) Yto npoucxoaut npu o = 90°?

|16. Kamepa HabironeHus 3a 3a60poM yCTaHOB-
JICHA Ha PAcCTOSIHUU 5 M OT Cepe/IHbI 3a-
6opa. OnuH nonHbI 060pOT 0030pa OHA

Kamepa Ha-
“~~._ Omooenus
BBITNIOJHSIET 32 60 CeKyHI. ISR

a) Kamepa HaunHaeT HaOnrofeHue OT cepe-
JMHBI 3200pa 1Mo YIacTKy JUTHHOMU d.
Bripasute B Busie QyHKIIMY TaHTEHCA 3aBU- mouka cepedun
CHMOCTbH PacCTOSTHUS d OT BPEMEHH 1. 3abop sabopa

[TpumuTe 3a Havyano orcuera t = (0 MOMEHT BPEMEHH, KOT/la TOYKa HaOIIr0-
JICHUs1 HAXOIUTCSI HA CepeInHe 3a0opa.

Ykazaunue: [Ipu 1ie10M moBopoTe Kamepa coBepiaeT moBopoT Ha 360° .
Haiinure Ha ckoJbKO rpajycoB OBOpauMBaeTCs Kamepa 3a 1 CeKyHIy.

0) [Toctpoiite rpaduk 1ol HyHKIMH HAa HHTepBaie —15 <7< 15.

B) Kakyro gacTh 3a60pa Mo>kHO HaOmonaTh 3a BpeMms ¢ = 10 cexyHa?

r) Uto mpon3oiiéT B MOMEHT ¢ = 15 cexyHa?

149



OoOpaTHble TPUTOHOMETPHYECKNE (PYHKIIMU

Toyek, B KOTOPBIX CHHYCOM/1A ITepece- vA
KaeT OpsMylo, MapaieJbHyI0 OCH \\ /\\ y=a N
abcruce, 6eCKOHEYHO MHOTO. 3HAYUT, 0 - N g
Ha BCEH YMCIIOBOM OCH JUISl (DyHKIIMH
y = sin x HeT oOpaTHO# (yHKIMU. OHAKO, HA OTPE3Ke [— ] Y =sin x BO3-
pactaer u oT —1 10 1 mpUHUMAaET Bce 3HAYCHMSI, & TAKKE Ka)KI[OMy 3HAUYCHHIO
apryMeHTa COOTBETCTBYET €IMHCTBEHHOE 3HaUeHNE (PYHKIMU. 3HAYUT, HA OT-
peske [-X 53 -2—] byHKIHS sin x oOparnMa u tipu |a| < 1 ypaBHEHHUE sin x = a Ha
OTpEe3Ke [—7 3 ] UMEET GJII/IHCTBGHHBII/I KOpPCHB. AY y= - sin x
Yeon, uz npomescymrka [— 2 5 oy CUHYC KOMO- i
D020 pasen a, Ha3bIBACMCA APKCUHYCOM YUCIA 4~ _
U 3anucvl8aemcs KaKk arcsin a. arcsin a % x
PaBeHCTBO X = arcsin @ SKBMBAJIEHTHO IBYM | -1
ycnoBusiM: 1) — %Sx S% 2)sinx=a
Ipumepsr: arcsin% =T Tak Kak sin = -1 u e -5 n]
6 hd 6 "2 6 T T. T

arcsin(— —) =—7 » TaK KaK sin(— )2—7 ~ %€ [— 55 3]
W3 onpenenenus mmeem: sin(arcsin a) = a.
MOoyKHO 1OKa3aTh, 4To arcsin(—a) = — arcsin a
[Ipu momorm apkcuHyca MOXKHO 33/1aTh (DYHKIIMIO )y = arcsin X, ¢ 001acThI0
onpeneneaus [—1; 1] 1 MHOXECTBOM 3HAUCHUMA [f% ;% ].
DyHKIKs y = arcsin x TAKKe 3alMCHIBAETCS KaK y = sin™'x. J%/_):“ ar“lrj} )
I'paduk GyHKIIMHM y = arcsin X MOIy4aeTcsi CUM- s ( e T
METPUYHBIM Hpe06pa3013aHHeM rpaq)HKa (byHKIIH f% ';; y=sinx
y = sin X Ha IPOMEKYTKE [— = 55 T ] otHOCHTENBHO —1 :/ ° Z 1 X
npsiMoii y = x. O0macThio onpeneneHHs[ byHKIUH // T
[~ 1; 1], o6nacTh 3HaueHHI [ 2 75 2 . -2
AHaJIOTUYHO TOJTydaeM, 4TO Ha BCEW YMCIOBON OCH HE CYIIECTBYET (DYyHKIUH,
oOpaTHOM A1s y = cos x. OxgHako Ha oTpeske [0; m] GyHKuus y = cos x yObIBaeT u
MIPpUHAMAET Bce 3Ha4eHus u3 otpeska [—1; 1]. To ectp, Ha oTpeske [0; n] pyHKIIS
y = cos x oOparuma u 1ipu |d| < 1 ypaBHEHHE COS X = ¢ UMEET CAMHCTBCHHBIN KO-
penb Ha [0; ). Ay
Yeon, uz npomeoscymra [0; n] kocunyc komopoco | ) =cos x
PAaseH a, Ha3bl8AeM st APKKOCUHYCOM YUCTA A U 3a- 4 \\
NUCLIBAEMCSL KAK arccos a. ol arccos ;
PaBeHCTBO X = arccos a 3KBUBAJIEHTHO JIBYM YCIIO-
Busm: 1)0<x<m 2)cosx=a I
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OOpaTHble TPUTOHOMETPUYECKHE (PYHKIIUMN

IIpumepsl. arccos % 3 TaK KakK cos §—% % € [0; m]

1, 2n T_ Ty > n_ 1 2n )
arccos(— > )= » TAK KaK C0S 3= =cos(m — 3 =) =—cos 3~ -3HF € [0; ].
ITo Ol'IpeI[eJ'IeHI/IIO. cos(arccos a) = a

MOo>KHO MOKa3aTh, 4TO arccos(—a) = m — arccos a.

DyHKIUS ) = arccos X, onpeaenéHHas Ha orpeske [—1; 1]
ABJIAETCA OOPATHOM 1711 GYHKIMK Y = COS X, ompenenén- VA

Hol1 Ha oTpeske [0; 7). =

y = arccos X MOXeT OBbITh 3alMcaHa KakK y = cos ' x. g

I'padux pyHKIMHU y = arccos X MOTyYaeTcs CHMMETPHY- ;T'

HBIM ITpeoOpa3oBaHueM rpaduka QyHKIUH ) = COS X Ha -

npoMexyTke [0; m] OTHOCUTENBHO MNPSAMOH )y = X. __| o LA
O6nacTb onpeneneHus GyHKLIUHU y = arccos X IpoOMexKy- _,1," ! %\\ *
ToK [~ 1; 1], MHOXkECTBO 3HaYeHHiT TpoMexyTOK [0; 7). B V= cosx

n

@yHKIMSA y = tg X BO3pacTaeT Ha IPOMEKYTKE (—%;7) 1 Ha IPOMEXKYTKE

(—o0; +o0) mpuHUMaET Bce 3HaueHus. [loaromy uis J1r060ro umcia a ypas-
T T

HEHHE 1g X = g HA IPOMEKYTKE (— 5 ;) MMCET OJMH KOPCHb.

Yeon, uz npomescymra (— LZT ; g ), MaH2enc KOmopo2o pasen I P4

a, HA3b16AEMCs. APKMAHZEHCOM HUCA A U 3ANUCHIEACCA KAK |,

arctga. >

PaBeHCTBO arctg @ = X SKBUBAJICHTHO JIBYM YCIOBHUSIM: - % 5 % b
D-F<x<75 2tgx=a § T

IIpumepnr: arctg\r 3 , TAK KaK tg 3 =\3 u _7 < I~ %

3
arctg(—1) :,% , TaK KaKk tg(fZ)Zfl \E) f%<f % <%

[To onpenenenuro: tg(arctg a) =a
Mo:XHO TIOKa3aTh, 4TO: arctg(—a) = — arctg a.
OyHKIMA y = arctg x sBIseTcs o0paTHOM s QYHKIUH y = g X Ha IPOME-
T T
KYTKE (—2— 7 )-

T
_________________ R S
I'padpux Pynkumym y = arctg x moayyaercst CuM- .

METPHYHBIM MTPE0Opa30BaHUEM rpa(bmca
(QyHKIMM y = tg X Ha IPOMEXKYTKE (— - 5 2 0
OTHOCHTEIILHO prIMOI/I y X. /

i

TaJbHBIMU aCUMIITOTaMU (DYHKIIMH Y = arctg X.

y=arctg x

=Y
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OOpaTHbIe TPUTOHOMETPUYECKUE (PYHKIIUH

ITo Takomy e NpaBuITy, BBOTUTCA OHATHE APKKOTAHICHCA. ) A .
Yeon, uz npomescymra (0; m), komaneenc Komopozo pasen
a, Ha3bl8AEMCsl APKKOMAHSEHCOM YUCAA A U 3ANUCLIBACMCS
Kak arcctga. a | .
PaBeHCTBO arcctg @ = x PKBUBAJICHTHO JIByM YCIIOBHUSIM: 0 ] ¥
D0<x<m 2)ctgx=a 2 |
Y
IIpumepsi: arcctg 1= 4, TaK Kak ctg— =1lmu e (O ) :
arcctg(—1) = , TaK KaK ctg ~ 4 = ctg(n T Ty = cosz =-lm 37?6 (0; m).

ITo onpez[eneHI/Ho. ctg(arcctg a) = a

MOJKHO 1MOKa3aTh, 4TO arcctg(—a) = n — arcctg a.
OyHKIMS y = arcctg x ABasieTcss 00paTHO# i y = ctg x Ha mpomexyTke (0; 1)
I'paduk GyHKIMHU y = arcctg X MOTydaeTes Ay
CUMMETPUYHBIM Mpeodpa3oBaHueM rpaduka ________._________

¢dyHKIHMH y = ctg x Ha npoMexyTke (0; ) oT- \

HOCHUTENBHO TpsiMoii y = x. Och abcuce u

e

npsiMast y = T ABJISIFOTCS. TOPU30HTAIBHBIMU
acUMIITOTaMU (QYHKILUH y = arctg x.

=Y

®dyuknus y = arctg x MOXKeT ObITh 3amucana Kak y = tg 'x , a QyHKims

y = arcctg x MOKeT OBITh 3alucana Kak y = ctg'x .

Ha xanpkynsTope He peaycMOTpeHbl KHOMKH ctglx, sec lx, cosecx, Tak Kak
9T (YHKIIMU MOYKHO BBIPA3HTh uepe3 pyHKuu tglx, cos 'x, sin''x. Hampumep,
y = sec’'x 03Ha4aeT, secy =X U 3Ty QYHKIIHIO MOYKHO BBIPA3UTh Yepe3 KOCHHYC
Cosy =X COsy=—- y=c05‘17

1
3HauuT, 171 BEIYUCIIECHHUS ) = SEC'X HAJI0 BBIYMCIIUTE ) = COS™ —— .

Otcrona:

He o3Ha4vaem 1
sin“lxy  ———¢—p

Buumanue!
sinx

Oolyuaromue 3a1aHuA

|L Haiigure yroiu, KOTOpBIN yoOBIETBOPSIET PABEHCTBY U IIPUHAUICKUT IIPO-

MEXYTKY.
a)sint= \/25,[—; ;%] 6)smt—f§,[f%;%]
B) COS t=g, [0; «t] T)cost= % , [0; «t]
Nigr=2 3L e) ctg r=-1, (0 m)
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OOpaTHble TPUTOHOMETPUYECKHE (PYHKIIUMN

& 3Ha4YeHNe BBIPAXKECHUS BBIPA3UTE B paJuaHax U rpajaycax.

arcsin % arccos g arctg 3 arcctg \\/lg_
3
arcsin g arccos 0 arctg 1 G arcetg =3~
NG arctg(—V3) arcctg(—\3)
arcsin(— % ) arccos(——7) arctg(—1) arcctg 0

|i Brruucnure 3HaueHre BeIpaKeHHsI TPU MOMOIIH KallbKyJsiTopa. Pe3ynbrar
OKPYIJIUTE 10 COTHIX.

a)tg'3,9 0) cos™' 0,24 B) sin! 0,24 r) sin™' 0,75
n) sin”! (-0,4) e) cos™!' (-0,6) x) tg ! (-0,2) 3)tg 12,25

|4.  Haiizure yron 6.

a) — 0) B) r)
2 @ 4 [ N —

|i HaitguTe 3HaueHne BBIpAKEHUS.

[
e}

a) arcsin 0 + arcsin 1 0) arccos(—1) — arccos 0
. \3 2 3 3

B) arcsin( 7) + arcsin > r) arctg(—1) + arcctg(—1)
|6. TIpoBepsTe paBeHCTBO.

a) arcsin ng arccos g= % 0) arctg 3+ arcctg 3= %
|7.  Borunciure.

L ~ N2 arcte V3

a) cos(arcsin) 0) sin(arccos(— 5 ) B) tg(2-arctg V3)

r) ctg(2-arcsin %) ) sin(2-arcsin g) e) cos(3-arccos %)
|8. Haiinure yrox o.

a)sina=% ,90° < <180° rNtga=1,180°<a <270°

6)sinoc=—g,180"<oz<2700 z[)tga=—\/§,270"<a<360"

B) cos & = — 7, 180° < & < 270° e) ctg o= 1, 180° < & < 270°
9. Tlpu KakoM 3Ha4eHNN yIJIa 0. BEPHO PABEHCTBO? BbruucanTe Npy oMoy

KaJIbKYJISATOPA.

a) sin ¢ = —0,35; 180° < a <270° B)tg o =2,4; 180° < a <270°

0) cos a = 0,43; 270° < a < 360° r) sin a =0,8; 90° < a < 180°
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OOpaTHble TPUTOHOMETPUYECKHE (PYHKIIUMN

M' Brruncnnre 3HaueHUS BBIPAKEHHUS.

a) sin(arccos%) 0) cos(arcsm( )
B) sin(2-arccos% ) r) cos(Z-arccosg)

. 3 12 . 3 .5
K1) cos(arcsing — arccos 73 ) e) sin(arccos 3 + arcsin{z)

IIpumep. Haiinure 3HaueHUE BBIpAKEHUS sin(2-arcsin%).
ITyctp arcsin % =o . Torna,sina=% un ae [~ %; % :

B nmpsimoyronsHOM TpeyronLHm(e HaWAEM KaTeT, IPIWISKAIINN K YIIIy ¢, €CIIN

CHHYC OCTpPOTO yIiia paBeH 2 p=v52-32=4
Orcroga, cos a = 3- YqI/ITLIBaﬂ 0003HaUEeHNE, IMEEM: 5 3
24
sin(2-arcsin —) —sin2a=2sina-cosa=2 5 -4 =2%
5 35 25
11. Urpyueyasiii MOTOPHBII CaMOJIET MOXKET JIETETh HA BBICOTE 4 M. 3 -
Yy

a) 3anumuTe (QYHKLHUIO, BEIPAXKAIONLYI0 3aBUCUMOCTb PacCTOs-
HUS MEX/ly HaOIrofaTesieM u caMoIETOM OT yriia moabeéma 0.
6) CKOJIbKO I'palyCcoOB COCTABUT yroi 0, eciu paccTosiHue o

‘4m
OT camMoJ€Ta 10 HabIonaTesns paBHo 25 M? O :

Habrwooamenv

|1_2. st oGecriedeHust mpoxosa OOJBITNX CYI0B
0] MOCTAMH HX JIeNIA0T Pa3BOAHBIMU. [{nuHa
Ka)XJIOTO KpbIJIa Pa3BOHOTO MOCTA Yepe3 PEeKy
40 m. Ha xaxkoit HauMeHbIINH yroa (B rpamy-
cax) JOJDKHBI MMOJHUMATHCS KPBUIbS MOCTA,
YTOOBI CY/THO JIFO0O0U BHICOTHI U JUTMHON 20 M
MOTJIO 0€30TIaCHO TPONTH O] MOCTOM?

|13. Bsruncure.
a) arcsin(sin %) 0) arccos(cos %) B) arctg(tg%)

|14. Dusep u Jlana BEIYHCININ 3HAYCHUE BBIPAKCHHUSI arcsin(sinz—;) TaK:

Duaep: arcsin(sin 23n 2—;
Jlana: arcsin(sin <— 2“ ) = arcsin(sin(m f%)) = arcsin(sin%) =%

KTo 13 HuX BepHO BBIYMCIIIII 3HAaUeHUE BhIpakeHus1? OTBeT 000CHyMTE.
|1_5. HaitguTe 3Ha4eHne BBIPAKEHHUS.

a) arcsin(sin 7—6n) 0) arccos(cos 4Tn) B) arctg(tg 2Zn )
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Oo0o01maromue 3a1anus

1.

[Tokaxkute Ha rpaduke TOUKH MEPECEUCHUs C OChIO X, MAKCUMYMBI U MH-
HUMYMBI (DYHKITUH.

a) Eciiu rpaduk cootBeTcTBYeT DyHKITMH ¥ = 28in 3x B F

u xkoopauHatel Touku A(0; 0), To HaiiauTe KOOpAH-

Hatbl Touek B, C, D, E, F. C

6) Ecnu rpadux coorBercTBYeT hyHKIMHU Y = 3C0S A E x
2x u koopauHatel Touku B(0;3), To HaliguTe KOOp-

muHatel Touek A, C, D, E, F. D

B) Ecin rpaduk coorBercTByeT pyHKINHN y = sin%x 1 KOOPAMHATHI TOYKU
A(—2m;0) , To HaliquTe KoopauHaTel Touek B, C, D, E, F.

3anumuTe ABE pa3IHuHble PYHKIIMU CHHYCAa U KOCHHYCA, €CIIH 00JacTh
oTpesiesICHHsI MHO)KECTBO BCEX JIEHCTBUTENBbHBIX yHcen{x | x € R}, a MHO-
’KECTBO 3HaYEHHH 0Tpe3ok [—3; 3].

Haiinute nepuoa n aMmrintyny GpyHKIMH U TOCTpoiTe e€ rpaduxk.

1) y=6sin 3 2)y=3coij 3)y=17 ctg2x 4)2y=tg2x

Pexmamnast Haanuch OCBEIIAETCS OT HUCTOYHUKA,
PAaCIIOJIOKECHHOI'O Ha paCCTOAHHUUN 10 M oT 34aHuA.

10 m
a) BrIpa3uTe 3aBUCUMOCTB pacCTOSHUS @ OT yIiia 0 a
0 B BUIC TPUTOHOMETPUIECCKON (DYHKIIUU. y
0) 3anonHuUTE TAONIHITY, OKPYTIIMB 3HAYEHUS @ JI0
JIECATHIX. NEIEE 2n
B) Kak BuaHO 13 Tabnuiibl, 3Ha4eHU O yBenn4u- 181]9]6] 9

BAIOTCS Ha OJMHAKOBBIN mmar. BepHo iu nanHoe |
IIPEIIOI0KEHUE IS 3HAUeHU a?

r)Ecim 0<6 54771, TO KaKyr0 HanOOJBIIYIO YaCTh PEKJIAMHOTO IIIUTa OCBE-
AET UCTOYHUK?

a) MUHUMYM CUHYCOHIBI pactioiokeH B Touke (18;44), a MakcumMyM B
touke (30; 68). Haiiqute aMmutyny GyHKIHH.

0) 3a oMH MEepPHO CHHYCOU/Ia JOCTUTaeT MAaKCUMAJIbHO 3HAYEHUS B
touke (4; 12), MuHMManbHOTO 3HaueHus B Touke (12; —2). Haiinure ne-
puona GpyHKITHH.

B) Ha oTpeske, 1MHO# B OIMH NIEpUOJ, CHHYCOUA TOCTUTAaeT MaKCH-
MyMa B Touke (7;7), MEHIMyMa B Touke (—%; 3). 3armmmmre dhopmyy
aToM pyHKIMH B BUE y =d + a cos bx.

Brruucnure.

a) sin(arcsinlz + arccos% ) 0) ctg(arcsin%Jr arccos % )
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Oo0o01maromue 3a1anus

7.

110

CMmonenupyiite GyHKIUIO CHHYCa, KOTOPAast TO3BOJIUT \ 3eJIGHEBI
OIIPEZIENINTD PACCTOSHAE OT 3€MJIM JI0 3€IEHOM JIaM- CBET

MOYKH Ha Kapycenu B 10001 MoMeHT Bpemenu. [1pu- 10
MHUTE CaMbIil HUKHUN YPOBEHb 3€1EHON JTAMIIOUKU |
nipu ¢ = 0. Kapycenb coBepiiaeT ouH MOJHBIH 000- 2[m
pot 3a 100 cexyH.

Bpewms, ¢t [[71yOuHa, y)
Iny6una Boawl. B Tabmuue npencrasnena MHOOP- [T1omoan 32
Maiys 00 U3MEHEHHUHN YPOBHS BOJIbI HA TUISKE C I10- 02-00 9
TyHOUH 70 NOTYAHA. 5100 79
a) CmonenupyiiTe n3MeHeHHe TIyOUHBI BOJBI IPU
oMot GyHKIMK Buna y =d + a cos(bt + c¢). 06:00 9
6) Ha ckonbko m3Menunach nrybuna ¢ 7 1o 9 wacos | 08:00 3,2
yTpa? 10:00 0,3
IMonnens 3,2

N3menenue temneparypsl. B FHOxHO-Adpukanckux crpaHax npeo0ina-
JaeT TPONMUYECKU U CyOTponmuecKkuid KimMar. B aToit yacTu 3eMHOTO
miapa ¢ MIOHS IO aBrycT ObIBaeT 3uMa. B Talnuie npencraBieHa exeme-
CsSYHAs MaKCUMaJTbHAs TeMIepaTypa 3a rox B ropone Keitnrayn (FOAP).

Mecsma | Slusaps [despans| Mapt| Amp. | Mait | Mions |Uions| ABr | Cent. | Oxt. |HosOps| [ex.

Tewmm.

) 28 | 27 | 25 | 22 | 18,5]16 15 16 18 21,5 | 24 26

[To manHBIM TaOIUIEI TOCTPOEH rpaduk. Ha ropu3oHTa bHON OCH MOCITe-
JIOBaTeJIbHO OTMEYEHBI Mecsia: sHBaph ¢ = 1, ¢eBpans t =2 u 1.1.. Ha Bep-
THUKQJIBHOW OCH OTMEUYEHa Temrieparypa.  AT(°C)

Tabnuny u rpaduk HapUCyiTe B TETpalb. 307.., Lot

3Hast, uTo CpeHeMecsdHas Temmeparypa 201 e, .- (10 21.5)
OyzieT NpUOIU3UTENLHO TTOBTOPATECA B 10T ¢ (ecsia)
caenytoiue 12 MecsiteB, IpoI0JKATE BENEE R ! >
rpaduk Ha cienyomue 12 MecsIeB. SIHBApb

9 IZ‘HHBapI)

Pesynbrar nogpéma u onyckanus (B MeTpax) s
Cy[lHa Ha BOJIHAX MOXKET OBbITh CMOZEINPOBAH
¢ynkuueit d = 0,6 sin 7z 31ech ¢ MoKa3bIBaeT
Bpems (cek.).

Haueprure rpadux QyHKIMN Ha OJJHOM LIEJIOM
Hepuoze.

Bomnpoc oTkpbITOro THNA. 3aUIINTE TPUTOHOMETPUUYECKYIO (DYHKIIHH
C aMILTUTYION > Y TICPUOJIOM T ¥ IOCTPOMTE €€ rpaduK.
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MHoOrorpaHHUKH

MHOrorpaHHuKHU

Hpusmsl

MHororpanHuku. Buabl MHOTOTpAHHMKOB C Pa3Jiny-
HBIX CTOPOH

IL1omaab MOBEPXHOCTH MPHU3MbI

CeueHus NPU3MBI ITIOCKOCTHIO

Hupamuaa. [lnomaab moJHOH U 00KOBOI MOBEPXHO-
CTH NHPAMHUIBI

Ceuenuss nupaMuabl. YceuéHHAS NMPaAMUIa




MHOrorpaHHUKH

[Tiockocty B npOCTpaHCTBe MOTYT 6pacr[onaraTLc;1 Pa3INIHBIM 00pa3oM.
Tpu mi Gosee MIOCKOCTEH,
[Mepecekatomumecs

IO CKOCTH. UMEIOIINE OJTHY OOITYIO
/

>

He MEePECCKAOIINCCA
IIJIOCKOCTH.

anp=I aNnpNy=A ol B
[Tnockoctu, pacmosyiarasch B MPOCTPAHCTBE Pa3IMUHBIM 00pa3oM, oOpasyroT
TaK Ha3bIBaeMbIC TIPOCTPAHCTBEHHBIC (DUTYPBI- MHOTOTPAHHUKH.

MHOTOTrpaHHUKOM Ha3bIBAETCS TENO, TOBEPXHOCTh KOTOPOTO COCTOHT U3 KOHEYHOTO
YHCIia TUIOCKUX MHOTOYTOJIBHUKOB, KOTOPBIE Ha3bIBAOTCS IPAHSIMH. Y MHOTOTPaH-
HUKa He MeHee 4 rpaHeil. OTpe3KH, 10 KOTOPbIM NEPECEKAIOTCS TPAHU, HA3bIBAIOTCSI
pédpamu, a TOYKH B KOTOPBIX TepeceKaroTcs péopa, Ha3bIBAIOTCS BEPIIMHAMM.
OTpe30K, COSTUHAIONINHN JIBE BEPIIMHBI HE JIeXKAIIKEe B OJHOM I'PaHU, Ha3bIBAETCS
JINArOHAJBIO.

IIpu3mMa — MHOTOTpPAHHUK, JBE TPAHU KOTOPOTO SIB-
JIAIOTCSA KOHI'PYSHTHBIMU MHOI'OYT'OJIbHUKaMHU, JICKa-
UMW B MapaJuICJIbHBIX IINIOCKOCTAX, a OCTAJIbHBIC

OCHOBaHHMS
IpaHy — IMapajuIeIorpPaMMaMHu.
IMupamuga —>TO MHOTOI'PAHHUK, OJHA IPaHb KOTO-
POT0 MHOT'OYT'OJIBHHK, & OCTaJIbHBIE TPAHU - TPEYTOJIb-

v o OCHOBaHUE
HUKU C 00IIeH BepPIIMHOM.
[Tpu3ma u nupamuia Ha3bIBaeTCs 110 (HOPME MHOTOYTOJIbHHUKA, JISKAIIETO B OCHOBAHUH.

= =

i

TpeyroJbHas IPSIMOYT0/IbHbII NATHYTOJILHAS LI€CTHYIOIbHAS
npu3Ma napaJuiesenumnes npusMa npusmMa
TpeyroabHas HETLIPEXYToIb- HOATHYT0JIbHAs LIeCTHYT0JIbHAS
nupaMuaa Hasl NTHpaMHuIa nHpamMuIa nHpamMuIa

MHororpaHHUKH OBIBAIOT IBYX BUIOB: BHIITYKJIbIC U BOTHYThIE. EcM MHOTOrpaHHUK
LEJTUKOM PACIIONIOKEH MO OTHY CTOPOHY OT IJIOCKOCTH KasKA0H ero rpaHu, TO OH SIB-
JISIETCSI BBIMYKJIBIM. Y BBIITYKJIOTO MHOTOIPaHHHKA [IBE IIPOU3BOIBLHBIM 00pa3oM B3si-
ThI€ TOYKH, COCAMHEHHBIC OTPE3KOM, PACIOJaraloTcsi BO BHyTpeHHEH oOmacTu.
MHuororpannuku A u B Beinmykiisie, C u D - BOrHyTEIE.

A. B. C. f

D.

1
'y
T
1

bl

\

/I.___- 3

1
[
1
)I\
2N
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MHOrorpaHHuKH

BalInykiiblii MHOTOrpaHHHK, BCE IPAHU KOTOPOTO SIBJISIOTCS KOHIPY HTHBIMU I1pa-
BWJIBHBIMU MHOTOYTOJIbHUKAMHU, U B KAJKJOU €ro BEPIINHE CXOAUTCS OAMHAKOBOE
qucio péodep, Ha3bIBACTCS MPABUIILHBIM. DTH (QUTYDPBI TaK jKe Ha3bIBAIOT IJ1aTO-
HOBBIMH Tenlamu. Hampumep, Ky0 siBisieTcsl paBUIIbHBIM MHOTOTpaHHUKOM. Pa3-
JUYAIOT MSTh BUIOB IUIATOHOBBIX TEN: TETpa’dap, KyO, OKTa’ap, AOAEKasap U

HUKOCa3ap.
TeTpayip OKTasAp AOACKANP HKOCAYIP
NV, @
umeem 4 2panu,  umeet 6 Tpanell, umeem 8§ epaneti, UMeeT 12 rpaneii, umeer 20 rpaHeii,
Kaxcoas u3z Komo- KaXKJast U3 KOTO-  Kaxcoasi u3 komo- KaXkKIast U3 KOTOPBIX kaxasi U3 KOTO-
pblx npaeu. TbHbI PBIX KBajapar pblx /1/)(1(“(,75/”,”7 leElBldJleblfi IIATHU- pBIX HpaBI/IHBHHﬁ
mpey20/lbHUK mpey20/ibHUK YTFOJIBPHUK TPEYTrOJIbHHUK

|_ Kaxas @nga SIBJISICTCSI MHOTOTPaHHUKOM?

2y B o~ D %) VANED)

2. Jlnst kak10r0 MHOTOrpaHHHKA ONpEJeTHTe KOTHUeCTBO rpaneii, pébep u

BEpUINA 5) B) v '

AR

y--.

a)

™

1
:
L
et

¢ ~
’ ~ 7

’
pomp——

|3. Haueprute Tabnuiy B TETpaab U 3aIONHHATE €€.
Y Ipou3BOIIBHOTO MHOTOTPAHHUKA [Firoro- Dopvia | Tpanst [Bepmmmm | PEopa
MEXJly 4YWCIIOM TpaHel, pébep wu rpauuuk | rpasn | (F) (V) (E)
BEPIIUH CYLIECTBYET CBs3b, BBIPA- reTpasip
xaemast popmyrioit Ditnepa: [ky©
F+V—E=2,3necs F (fase) komu- [okrasmp
4yecTBO IpaHeil, V (vertex) konuue-
cTBO BepmmH, E (edges) konmndaecTBo
pédep. IIposeprre 3Ty hopmyy.

noexasip
KO CasIp

|i [Touemy cymiecTByeT TONBKO MATH BUAOB IJIATOHOBBIX Ten? [
OTBETa Ha 3TOT BONPOC OOpaTHTEe BHUMAaHHWE HA 3aBHCHMOCTD
MEK/y CYMMOH YIJIOB ¢ 00IIEi BEpIIMHOM TPEX MHOTOYTOIbHUKOB
1 (opMON MHOTOYTOJIBHHKA, SBIISIOIIETOCS TPaHbI0 MHOTOTPaH-
Huka. KakoBa HanOonbiias rpagycHast Mepa 3Toil cymmbl? Ecin
rpaHb MHOTOI'paHHUKA OyAeT LIeCTHYTOJbHUKOM, deMy Oyner
paBHa cyMMa OOIIMX YIIOB IIPH BEpIIUHE?

159




IIpu3smsl

JIBa KOHI'PYSHTHBIX MHOI'OYT'OJIbHHKA, PACIIOIOXKCHHBIX B IapaJlJICJIbHBIX IJIOC-
KOCTSIX M COBITAJIAIONINX TIPH MMapajlIeTLHOM IIEPEHOCE, U BCE OTPE3KU, KOTOPHIE
COEIUHSIOT COOTBETCTBYIOIINE TOYKA MHOTOYTOJILHUKOB, 00pa3yioT (Gurypy, Ko-
TOpas Ha3bIBae€TCS NMPU3MOH. MHOTOYTOJBHUKH Ha3bIBAIOTCS OCHOBAHUAMU
HpuU3Mbl, a OTPE3KH MPSMBIX, COCTUHSIONINX COOTBETCTBEHHBIC BEPIIUHEI, HAa3bI-
BAIOTCS OoKoGbIMU péopamu npuzmsl. YacTb TUIOCKOCTH, IPOXOISIIEH depes 60-
KOBBIE PEOpaA MPU3MBI, HA3BIBACTCS HOKOGBIMU ZPAHAMU NPU3MbL. BOKOBBIE TpaHI
MIPU3MBI TTApaAITIENIOTPaMMBI. Y KaXKIO0T0 MapajuieorpaMMa JIBe CTOPOHBI COOT-
BETCTBYIOT CTOPOHAM OCHOBAHUS, a JIBE APYTHE ABIAIOTCS OOKOBBIMH PEOpaMH.
Ecam 60xoBBIe péOpa MEpIeHIUKYISIPHBI TNIOCKOCTH OCHOBAHMSI, TO TIPU3Ma Ha-
3BIBACTCSI HPAMOI RPU3MOIL, €CITV HE TIEPTICHIUKYIISIPHBI, TO IPU3Ma Ha3bIBAETCS
HAKJIOHHOU NPUBMOIL.

A

;

c P

rF-————==-=H

9

=
N,

S~ C P'

/ A
a) AABC= AA'B'C 0) DEFG = D'E'F'G’
Lpsimas npusma, 6 ochosanuu  Haxnounas npuzma, 6 0CHOGAHUU

KOMOPOIL 1eCUm mpeyeorbHUK  Komopotl e CUm Yenblpexy2onbHiuK
BokoBbIe rpaHy NPAaBUIILHOMN NPU3MBI IPSIMOYTOJBHUKH.

Ecnu B ocHOBaHUM IIPSMOM IPU3MBI JICKUT IIPABUIIBHBIA MHOTOYTOJIBHUK, TO

npu3Ma Ha3bl6aemcs NPAGUIAbHOU.
Ocnosapine OcHOBHBIE 2JIEMEHTBI npnsMu

OCHOBaHl/Ie

w_bokoBHE€

1

1 1
H 1 .
: . pébpa
1

Lo L

" >
bokxoBkIC
Oosmme o
Ipsimas npusma HaxionHasi npu3mMa

Eciii B OCHOBaHUU ITPU3MBI JISKHT /1 - YTOJIIBHUK, TO OHA HA3bIBACTCS 71-YTOJIBHOM
OPU3MOM. 7-yrojibHas MpHU3Ma MMeEeT: 2n BEpIUIMH, n + 2 TpaHel, 2n pédep.
[Ipu3ma, B OCHOBAaHMH KOTOPOH JISKUT MapajieorpaMM, Ha3bIBaeTCs Iapaie-
senunenoM. [IpoTHBOIONOXKHBIE TPaHU MapauIeIeHIIeAa apalleIbHbl U KOH-
rpy3HTHBL [lapannenenumnesn, B OCHOBaHUHM KOTOPOTO B, C
JISKHUT NPAMOYTONBHHK, HA3BIBACTCS MPAMOYTOb- ! D

HBIM TapanienenunenoM. Ha pucynke nokasas mps- -
MmoyroibHbelil  nmapamtenenunenr ABCDA'B'C'D'. ¢ 7
PEOpa, BBIXOASIIME M3 ONHOW BEPLIUHBI MPSIMO- ‘
YTOJIBHOTO MapajiesieuIesia, Ha3bIBarTCs H3Mepe-
HUSIMH TIapaJulesienumnesa.
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I pu3Mbl

Pacctossnme mexnay ocHoBanusmu lIpsmas, coeaussromas aBe Bep-
NPU3MbI Ha3bIBACTCS 661COMOU. BOKO-  IIMHBI TPU3MBI HE IPUHA UIEKALIIIE
Bble pEOpa MpsMONW TNPHU3MBI SIB- OIHOMW IDaHM, HA3bIBACTCS OUAZOHA-
JSIFOTCA €€ BBICOTAMHU. J1b10 TIPU3MBI.

T H

1
i
[ e
T ¥
- !
BBICOTA

'
1
1
1
'
'
1
g -
'
'
REEE EEEE N
e N\,
& A
o 4 '_

BBICOTA --1----,
N300pa3ure Ha H30METpUUYECKON OymMare MpsiMOyToJIbHBIN MapaiieseTue T
C U3MEPEHUsIMU 5x3x2.

.+ . Haueprute mapamre-- .
JIOTpaMM - BepXHee -
OCHOBAHHUE MPHU3MBI. -

BribepuTe TOUKY BepIIMHBI
IIPU3MBI U OT HEE Hauep-
TUTE OTPE3KH: HA 2 eu-
HUIIBI BHU3, HA 5 €TUHMUII
BJIEBO U 3 eIMHUIIBI BIIPABO.

o o 0 o o o

ITocnenoBarenbHO
COCJIUHUTE KOHIIBI
orpe3koB. He 3a-
Oy/JIbTe HEBUIUMBIC
pEOpa n300pa3uth

W3 xax 10l BEpILKHEI T1a-
panenorpaMma Hadep-
TUTE OTPE3KH JUTMHOM 2
€IMHUIIBI.

e o o o o o o

e o s o o o o

OYHKTHPOM.

|1. Tlo 3a/1aHHBIM H3MEPEHUAM HaYepTHTE:
a) MPSIMOYTOJIBHBINA Tapasielne- 0) Ky0, uHa pedpa KOTOporo
nUIes ¢ pasmMepamu 3x4x3 paBHa 5

[Tpu3mMa Ha pHCYHKE COCTOMT M3: 2 MapauICIbHBIX U KOHITPYIHTHBIX TPEYTroJib-
HHKOB, 5 TpaHeit, 9 pédep u 6 BepumH. TpeyronbHas Tpu3Ma MOXKET ObITh H300-
pakeHa paznuuHbIM 00pa3oM. [IpuHSIB BO BHUMaHUE, YTO 2 TPaHHU MPU3MBI
SBJISIFOTCSL TPEYTOJBHUKAMU, a 3 TpaHH YeThIPEXYTOIbHUKaMH, H300pa3uTe Ha
M30METPUYECKON Oymare TaHHYIO IPU3MY C Pa3IMYHbIX CTOPOH, KaK MOKa3aHO

B A [

Ha pucynke nzo0paxkeHa npaBuiibHasi MIECTUYTOIbHAS

npusma. OTBETbTE Ha BOIIPOCHI. 1? IE’

a) Kakas nmnockocts napasmiensHa miaockocta CDE? Al i D
0) Kakas miockocTh He mapauiensHa miockocta A'AB? | g’ Fi--- CiE

B) Kakue npsimble nepneHukyaspHsl mwiockoctu ABC ? | J--~ .

r) [Touemy nnunbl oTpe3koB AA' u DD’ paBabI? A D
1) 3anuiuTe Ha3BaHUE TpaHeil MHOTOTpaHHHKA. B C
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I pu3Mbl

|i Ecnu MHOrOrpaHHHMK pa3pe3aTh 110 HEKOTOPBIM pEOpaM M pa3ioKUTh Ha

9.

IJIOCKOCTH, TO MOJIYYUM Pa3BEPTKY MHoOrorpaHHuka. Kakoi rnpusme coot-
BETCTBYET KakJas pa3BEpTka? 3anuImTe KOJIMIeCTBO IpaHeil, pédep u Bep-
IIMH.

a) 6) B) r) o
L1

Ha pucynke naHa pa3BépTka npaBUIbHON
IECTUYTOJILHON IPU3MBbI, OOKOBBIE TPAHU
KOTOpoit 0603HaueHb! OykBamu. Kakast rpaHb AIB|C[DIE|F
IIPU3MBI NIapasuieabHa rpanu F?

VI3MepeHust IpMOYroNbHOro na- |7./Be GOKOBBIE MPOTHBOIOJNOXKHEIE

pajtenenuneaa paBHbl 3x4x12.  IpaHu napajulesIenuIea Ha PUCYHKE
Hatinnte numaroHanb OCHOBaHUS SIBJISIFOTCS KBaJparaMu CO CTOPOHOU
AC u auaronansr mapamienenu- 4 cMm. [lnuna pebpa AE 7 cm. Haii-
nega AC'. nure ey DF.
,
Al ]:) H G
P\ o — —
12| B - D_— C_—
.- R e
N g e R
B~ 4 C A B

Brinonnure 3apanust 17151 IpsIMOYTOJILHOTO Mapasiielienu- B c
nejia Ha pUcyHKe. A
a) Bepuns B u H rpaneit ABC u EHG coennnens! nqua- N j_‘_‘\_\~ | f)_ G
roHaiblo. M300pa3uTe Bce BOZMOXKHBIE TUATOHAIN U 3aIH- ad >

o E H
UTC BEPIIMHBI KaKUX I'PaHE OHU COCAMUHAIOT.

0) [Tokaxkure 1Be KaKue-Iu00 MEpIeHANKYISIPHBIE TPAHU H 000CHYHTE UX
MEPIICHIUKYISIPHOCTD, UCTIONB3YS PA3IMYHBIC TEOPEMBI U OTIPEICIICHUS.

Jnist KaK0M M3 IPU3M 3alUIINTe: Ha3BaHUE, KOJTHYECTBO p&Oep, rpaHeil u
BepmnH. [ ka0 u3 mpu3M nposepwTe hopMymy Diinepa.

& QO FeD
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MHOFOFpaHHHKI/I 1 UX BUBI ¢ Pa3/IMYHbIX CTOPOH.

3HA4YCHUC.

Bun ceepxy

Bun cBepxy nomoraer
IIOCTPOUTh OCHOBAaHUE

burypsr

OcHOBaHHE MPSIMOYTOIb-
HUK C pa3mepamu 2x3
eanHuIEH (B Kybax)

Bun cOoxy

Bux cOoky momoraer [o-

CTPOUTH (HUTYPY 10 KOHIIA

I-b1i u 2-0H psn
BBICOTOH B 1 KyO.

N

3-uit psig BEICOTOI
B 2 Kyba

st n3o6pakenus TpEXMEpPHBIX Uryp yaoOHO
MCTIOJIh30BaTh N30METpUIecKyto Oymary. Hampu-
Mep, péopa Kyba paBHbIE €IMHUIIE PaBHbI €IU-
HUIIE PACCTOSHUSA MEXAy Toukamu. [lomyduTh
n300pakeHne Ky0a MOKHO OTMETHB BEPIIUHBI U
COCIMHUB WX. AHAJOTUIHBIM 00Pa30M CTPOSTCS
BC€ KyObl U3 KOTOPBIX COCTOUT KyOOUI.

[Tpn momomnm KyOOB MOKHO MOJTydYaTh Pa3IW4Hble KOHCTPYKIMH. X Ha3bI-
BalOT KyOou 16l. BH/ibl KyOOUI0B € pa3IMUHBIX CTOPOH (TJIaH) HJIM HA00O0POT,
cOopKka KOHCTPYKIIMM KyOoHJa MO IIaHy MMEeT OOJIbIIoe MPaKTHYeCcKoe

IpakTnyeckasi padora. Hike npencraBieHbl BUJ CBEPXY, BUJ COOKY U BUJI
criepeii KOHCTPYKUUH (DUTYPBI, IO KOTOPBIM IOCTpOeHa cama ¢urypa u eé
n300pakeHNe Ha N30METpUIecKoi Oymare. J{is mprmMepa rnpeacraBieHo n3o0-
pakeHue GUrypsl cBepxy, cOoky u criepean. CocTaBbTe pa3iInuHble KOHCTPYK-
1Y 13 KyOOB M M300pa3zuTe UX Ha U30METPUUYECKON Oymare.

Bun Bnepenu

Bun Bepenu nomoraer npo-
BCPUTDH MIPaBUJIBHO JIK BbI-
TIOJIHEHO NTOCTPOCHUE

IMupuna

KOHCTPYK-

uuu 2 eau-

1511001 Sy
Bricora
KOHCTPYK-
uu 2 Kyba

|L ITocTpoiiTe KOHCTPYKITHIO U3 KyOOB 1O 3aJJaHHBIM Pa3IMYHBIM BHJIAM U
n300pa3nTe KOHCTPYKITUIO HA H30METPUYECKON Oymare.

a)

6)
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MHOFOFpaHHHKI/I U UX BUBI ¢ Pa3/IMYHbIX CTOPOH.

|2. Kakoil u3 Bu0B: CBEpXy, COOKY MM

CHEpeaH Ha PUCYHKE, T03BOJIAET yCTa-
HOBUTH OJIMHAKOBA JIM BBICOTA KOH-
cTpykuun? M300pa3ute u MoKaxxuTe.

Ha pucynke nano m3zo0pakeHue 37aHHs, KOTOpOE
Oyzner nmoctpoeno. Hauepture BUI cBEpXY, CHU3Y H
cOoky. Ha pucynke kaxaas eIMHULIA COOTBETCTBYET
15 m. Tlo Bumy cBepxy, OonpeneauTe CKOIbKUM KBaJI-
paTHBIM METpaM paBHa IUIOLIaJb OCHOBAHHUS.

acpen .

BrimonHuTe 3anaHus U1 KaXKI0W U3 TPEACTABICHHBIX KOHCTPYKIWMI.
a) HauepTture BUIBI C pa3HBIX CTOPOH.

0) Haitnure miomaas 3akpamieHHON MTOBEPXHOCTH.
B) CKOJIbKMM CaHTUMETPaM paBHA caMasl BHICOKAsl TOUKa KOHCTPYKIIUU?

Ilbenecran JlecTHuna

Dok

1 eqununa = 0,2 M 1 equnnna = 0,25 m
M3o0pa3ute kaxayro KOHCTPYKIIUIO HA M30METPUYECKON Oymare, a TaKxke
HAYEPTUTE BUJI CBEPXY,CIICPEAH U COOKY.

Kaxort qonrype COOTBCT- — |7. Ha pucynke IaHbI TpH BHIA
CTBYET pasBEpTKa’? | K Ky0a C pasMYHBIX CTOPOH.
Onpenenure OyKBBI HA TPOTH-
a b) S 7 BOTIOJIOKHBIX IPaHsAX KyOa.
| ® | m"

¢
¢
2
&
2
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MHOFOFpaHHHKI/I 1 UX BUBI ¢ Pa3/IMYHbIX CTOPOH.

8.

N306pazute crnemyroniye npu3Mbl Ha H30METPHUECKOM Oymare.

Ipumep. a) Ilpsmas tpeyronsnas ©) [Ipsmoyronbueii mapamnene-
MpU3Ma, B OCHOBAaHUM KOTOPOM JIeKUT —IHIEH C BBICOTOH 2 €IMHMIIBI,
IPAMOYTOIBHBIN TPEYTOIBHUK, C Kare- IMPUHON 3 €IUHUIBI U TIMHOM
TaM" 4 SIUHHIEI U 5 eIUHUIL, U BBICO- 5 eaVHHUL.

TOH 2 CIMHULBL.  « |+« .« e+« ) [IpsiMast TpEyronbHas IpU3Ma

B OCHOBaHUU KOTOPOH JIEKUT
HPSMOYTOJIbHBII TPEYTOJIBHUK, C
KaTreTaMu 3 eJUHUIIBI ¥ 5 eIUHUIL,
Y BBICOTOM 2 €IUHUIIBI.
MuHepasisl B IpUPOJIe MPEACTABISIOT COO0H KPUCTAIIBI PA3ITMYHOMN (DOPMBI.
IToMuMO cpaBHUTENBHO HEJOPOIMX MUHEPAJIOB, TAKUX KaK aMETUCT, KBapll,
U3YMpPYA U T.J., CYIIECTBYIOT ¥ O4Y€Hb JIOPOTHE - alMa3, ATyT, pupysa, car-
¢up. Ha pucyHke npeacTaBieHbl KpUCTAIUIBI M TeOMETpHUecKast GUrypshl,
3anatontie ux Gopmy. M3o0pasute BUI KprcTaia CBEpXy U COOKY.

@0 §9 ™0

|10. Mi306pasuTe BUI MHOTOTPAHHHKOB CBEPXY, CHH3Y H COOKY.

|£. a) M3o0pasurte BUI JoMa CBEPXY, CHU3Y U COOKY.

|1_2. Halimure nuaroHass napaulelenuneaa ¢ N3MEpEeHUIMHU.

o ﬁ I
cBepxy

cnepenu

cOoky

1
1
! g
: 4
1
1
1
I8

0) Haiiaure pa3mepsl KpbIIIU JI0Ma.

a) 6; 8; 24 6) 12; 16; 21 E.;AM

6M

|13. Haiiure naroHann npsiMoro napajienenunesa, ecim 60koBoe pedpo

paBHO 5 €M, @ B OCHOBAHHU JIEKUT MapaJlJIeIOrpaMM CO CTOPOHAMH 6 CM U
8 cM u auaroHanpo 12 cMm.

M. OcTpblii yrosl B OCHOBaHUU MPSMOTO Mapasuienenunena pasen 60°, a kax-

noe pebpo paBHO a. Haliiure auaroHany napaiesenumnesna.
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IL1omaanb MMOBEPXHOCTU NMPU3MBbI

HccaenoBanue 1. M300pa3um pazBEPTKY NpsSMOYTOILHOTO Mapasuiesenuneaa

C U3MEpeHusIMHU 4, b, c. b
T | c 3aguss €
1
1
‘_,—"J_ ---------------- a | esat HYDKHSS g |pasas a
b
[ToBepxHOCTH MapauIeNenuIeia COCTOUT U3 6 C
c TepeIHsIs
MONAPHO KOHTPYIHTHBIX MPSIMOYTOJILHUKOB U
YTOOBI BEIYUCIUTH TUIOIA/Ib TIOJTHOM TTOBEPXHO- b
o a
CTH, HaJIO BBIYHMCIIUTH TIJIOMIAN €TO TpaHei. BEPXHSIS
I'panu ITmomammn 5
1. IlpaBast u neBas: ac +ac=2ac
2. HuxHss v BepXHSAS: ab+ ab =2ab
2. [epennss v 3aaHs5 bc + be =2bc

Cymma rutonazieit Bcex rpauneit: S = 2ab + 2bc +2ac
[Tnomua s noNMHON MOBEPXHOCTHU MPAMOYTOJIBHOTO Mapaliesenuesaa ¢ JUIMHOM
a, NIUPUHOM b 1 BBICOTOM ¢ BhruuciseTcs 1o gopmyne S = 2(ab + ac + bc).

HUccaenoBanne 2. [nonanps 60KOBOH ¥ MOJHON MOBEPXHOCTH MPSIMOM Tpe-

YTOJIBHOW ITPU3MBI. b 4

b a
1. Beraucnure rutoriaas 60KOBOH H MOTHOM MOBEPXHOCTH MPSMOM TPEYTOJIb-
HOM MPHU3MBI C BBICOTOM /1 CTOpOHAMU OCHOBaHUS 4, b, c.

2. HaueptuM pa3BEPTKY MPU3MBI.

3. bokoBast HOBEPXHOCTb PU3MbI COCTOUT U3 TPEX MPSMOYTOIbHUKOB. CyMMma
TJIOMIAIEH ATUX MPSMOYTOIHHUKOB COCTABIISIET IUIONIAb OOKOBOM MOBEPXHO-
ctu. [Lnomanb O0KOBOI MTOBEPXHOCTH:

ah+bh+ch=(a+ b+ c)h=Ph,rne P - nepumerp ocHOBaHMUS.
4. YtoOBI HAMTH TUTOMIAH TTOITHOW TIOBEPXHOCTH, HA/I0 HAWTH TUIOMIAINA OC-

HOBaHUU. B Hallem ciyyae OCHOBaHME TpPEyroibHOE. 3HAYUT, JJIS TaHHOU
MPU3MBI TLIOMIAAb MMOJHOM MOBEPXHOCTH PaBHA CyMME IIIOIIAIEN IBYX Tpe-
YTOJILHUKOB U TUIOIIA M OOKOBOM MOBEPXHOCTHU. 3/1€Ch IUIOLIAAb TPEYTOJb-
HUKa MOXeT OBITh BeIUUCIICHA TI0 (hopmyre [epona.
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ILnomannb MOBEPXHOCTHU IMPU3MbI.

HUccaenoBanne 3. OCHOBaHUSIMU HAKJIOHHOW NIPU3MBbI
SIBJISTFOTCSL JIBA TIPSIMOYTOJIbHUKA cO cTopoHamu 10 x 20.
J1Be GokoBbIE I'paHy (JIeBasi U MpaBasi) sIBIISIIOTCS KOHTPY-
SHTHBIMH NPsSIMOyToiIbHUKaMu ¢ JiuHamu 10 u 18, nBe
OCTaBIIMECS TPaHU (TIEPEeHss U 3aQHsIs) SIBIAIOTCA Ma-
pannenorpamMmmamu co cropoHamu 20 u 18 u ocTpbiM
yrioM 30°. Haiinure miomags NOJHOM MOBEPXHOCTH.

J11s TOTO, YTOOBI HAMTH IUIONIAIN NTEPEAHEH U 3a/THEH MOBEPXHOCTEH MPU3MBI,
SIBIISTFOLITUMHUCS TTapalIeIorpaMMaMy, HaliIEM BBICOTY.
2o N _
sin30° = 13 h=9

CymmMma 1utoniaiei nepeaneit u 3aaneit rpaneit: 2 - 20 - 9 =360 (kB.ex.)

Cymma rutomiaziedt npaBoit u jgeBoid rpaneit: 2- 10- 18 =360 (xB.ex.)

Cymma mtonaneit ocuoBanus: 2 - 20 - 10 =400 (xB.ex.)

[Tnomane momuoi nosepxuoctu: 360 + 360 + 400 = 1120 (xB.ex.)

Ilnomans 00KOBOI NOBEPXHOCTH NPSAMOI PU3MbI

[Tnomans OGOKOBOW MOBEPXHOCTH MPSMOM MPU3MBI
paBHa IIPOU3BEICHUIO NIEPUMETPA OCHOBAHUS MHOIO- h

yTroJIbHUKA Ha BLICOTY (0O0KOBOE pPedpo).
Sﬁm{ = P h
3nech P moka3piBaeT nepuMeTp OCHOBAHMUS, a /I BEICOTY NPHU3MBI.

Iiomaas MOJIHOM MOBEPXHOCTH NPHU3MBbI

[limonaae MOTHOW MOBEPXHOCTH NMPU3MBI paBHA CyMME IIIOIIAAe OCHOBA-
HUSL 1 OOKOBOM MOBEPXHOCTH.
Snn.= 28 ocn.+Ss0x.
[1nomanp 1MoyHOM NOBEPXHOCTH NPSIMOW MTPU3MBI BBIUHCIISAETCS
o popmyne: S = 28, + Ph

[Ipumep. Beruuciaum mioma b NoJHON MOBEPXHO-
CTH NPAMON HNPU3MBI.

a) Haiiném miomanp monHONW MOBEPXHOCTU MPSMOit

o o 15 cm
IIPU3MbI, B OCHOBaAHHNU KOTOPOU JICIKUT MTPAMOYTOJIbHBIN
TPCYTOJIbHUK .
Sn.rL = 2Socu.+ Sﬁolc = 2Sacu4 + Ph 6 cm

8 cMm

2Socn, = 2 : E 6 . 8 = 48 (CMZ)
Soox. = Ph=(10+8+6)- 15 =360 (cm?)
Sin. = 48 cm? + 360 cm?= 408 (cm?)
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ILromannb MOBEPXHOCTH NPU3MBbI.

6)

EE

Haiiném ruioniaab nojHOM MOBEPXHOCTH NPSAMOM MPU3MbI B OCHOBAaHUH KO-

TOpOﬁ JIC)KUT Tparneuus.
Sin. = 280ent Seox. = 2Soent Ph

2S0en =2 - (% (10 +4) - 4) = 56 (cv?)

Sooe = Ph=(10+5+5+4)- 15=360 (cm2)
Sun = 56+360 = 416 (cm2) TS

Berunciaute mionia b 00KOBOW U TIOTHOM MOBEPXHOCTH MPSMON TTPU3MBI.

1
£~ - 20 cm

.

<4 M 15cm

/7
4ot 25M 24 cm
4 ™M
5™
?, 42 cm ﬂ
24 wm N 8,5 M
8 cm 7,5 cm LBy
5 M
1,8 M 10,5 M
a) XMKMar XoueT cAenaTh MOWIKY Ui Jola-
nei, B popme mpsiMOi MPU3MbI B OCHOBAaHUH
KOTOpPOH JIe)KUT Tpanenus. Kakoe HauMeHb-
1Iee KOJIMYeCTBO MaTepuaia norpedyercs i 50 cm M
40cm  0cMm

3T0ro?

0) B ocHOBaHuU NpsIMOM MPHU3MBI C BHICOTOM 6 M JIS)KUT paBHOOOKAs Tpa-
nerusi. OCHOBaHUS TpamneIuy paBHBl 2 M U 8 M, a OOKOBast CTOPOHA 5 M.
Haiinure momaas moaHOW MOBEPXHOCTH MPU3MBIL. M300pa3ute cooTBET-
CTBYIOLLYIO IPU3MY U 3aIIUIINTE COOTBETCTBYIOIINE JAHHBIE.

—
120 cm

142 cm
Kakoe HanMeHbI1ee KOJTMYECTBO Marepuaia (B

MeTpax) MoTpedyeTcst i najaTku?

152 CM\/ 200 cMm

P&6pa npsiMoyronpHOTO apasuienenueia OTHOCATCS Kak 3 @ 7 @ 8, a momHast
noBepxHoCTh paBHa 808 cm?. Haitnure muinHbl pédep.

Yrou, Mexa1y CTOpOHAMHU OCHOBAHUS MPSIMOTO Mapajuliesenunesa, CocTaB-
nset 30°. 3Has, uro 60KOBOE pedpo paBHO 5 ¢M, a CTOPOHBI OCHOBAHUS
6 cM U 8 cM, HalliuTe TUIOLAAb [OJHOW MOBEPXHOCTH Mapajuiejenuneaa.
Haiinure momaas NoJHOM MOBEPXHOCTH MPABUIBLHOMN

YeTBIPEXYTOJIBHOM MPU3MBI C AMAaroHanbio 14 cMm,

€CJIM IMaroHajab 00koBOi rpanu paBHa 10 oM.
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ILnomannb MOBEPXHOCTHU IMPU3MbI

| 7. Ilo naHHBIM Ha PUCYHKE HaliiuTe 10~ . N_—
maab MmoJIHOU HOBerHOCTI/I HpaBI/IHB- 12 oM ’ 10 em
HBIX MPU3M.

o

4 cMm
|§ HauepTture duryps! u ux pa3BépTKH B T€TPab. 3aHUIINTE COOTBETCTBYIO-

IHUEC U3MCPCHU HaA paSBépTKC. Brruncaure ioniaab MMOJIHOM MMOBCPXHOCTH.

a) 8 6) 9 B) 8

|& Haiinure nuomaas NogHOM MOBEPXHOCTH MIPU3M Ha PUCYHKE.

IpaBUJIbHAsA I~ IIpaBUJIbHAaA LIC- IpaBuJibHAasA BOCb-
TUYTOJIbHAA CTHUYTOJIbHAsA MUNyTOJIbHasA

>
.

15cm

6 cm 4 cm

@, HauepruTte npsiMble MIPU3MBI U UX pa3BEPTKU M HAWAWUTE IUIOIIAb TOJIHOM

IMOBEPXHOCTHU.
10 c™m
4 o
45m
6 kM
8 kM . 8 M 6 M

|£. Jl1 mpsiMO¥ TPU3MBI HA PUCYHKE HAlANUTE:
a) IUIOILAAN OCHOBAHUM; 4w 4M

6) mromaib OOKOBOW MOBEPXHOCTH;
B) IUIOIIA/Ib ITOJTHON MTOBEPXHOCTH. S o
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ILromannb MOBEPXHOCTHU IMPU3MbI

12.

113.

m

115

16.

[To cnemyromumM AaHHBIM M300pa3uTe MPSAMYIO IPU3MY U HalAMUTE ILJI0-
I1aJ1b OJHON MOBEPXHOCTH.

OcHoBaHKe NPU3MBI BricoTa npu3mel
a) PaBHOCTOPOHHUH TPEYTOJIbHUK CO CTOPOHOM 8 SAMHHIL | () ¢ yprmmy,
0) TpeyronpHUK co cropoHamu 13; 14; 15 eqununi 12 equam

B) PaBHOOCAPEHHBIN TPEyronbHUK co cTopoHaMu 125 103 | 7 oy
10 equauNI
r) Tpamnenus ¢ ocHoBaHusIMU 4 1 10 equHUI 20 equHuIL
€) poM0 ¢ quaroHansiMu 8 U 6 eIUHUIT 10 equHUIL
) MPABUJIbHBINA MIECTUYTOJBHUK CO CTOPOHOU 8 eauHuLl| 11 eqummi

CreHbl W KpbIIIa 3UMHETO C€aJia JIOJKHBI —

OBITh TOKPBITh MPO3PAYHBIMHU TLTACTHKO- 09w™m / “ L5wm

BBIMH TIJJACTHHAMH, KaK MOKa3aHO Ha PH- _¢_ AN S

cynke. [lmomans nepu 1,8 m2. Haiinurte 3 1B
I~ 9

CKOJIFKO KBaJJPAaTHBIX METPOB ILIACTHKA T10-
HagoOOHUTCA IS TOro, 4TOOBI 3aCTEKIUThH
3UMHHI CaJl. |‘— 24M—> 3m

YT00bI MOKpacuTh riomiaab 30 M? moTpedy-
eTcst IpUONMU3UTENBHO 4 1 Kpacku. CKOJIBKO
JUTPOB KpacKu TOTpedyeTcss A TOro,
9TOOBI 1Ba pa3a MOKPACUTH CTEHBI JI0Ma Ha
pucynke. Pazmepsl Ha pucyHKe yKa3aHbI B
MeTpax.

2,4

— <
Ot nepeBsiHHOTO OpycKa B (hopMme mapaii-
JeTIeTIIIIe/1a OTPe3af KyCcOK, Kak IMOoKa- . -
3aH0 Ha pucyHke. Kak wu3MeHunach S
IUIOIIA/b TTOJHOM IIOBEPXHOCTH OCTaB- g . | '
mieiicst yactu? OTBET 000CHYHTE IIpH MO- mQO‘“ 8 em
MOIIY BBIYHCIICHUH.

16 cm

16cm

HaiinuTe miomans moaHON MOBEPXHOCTH (UTYPHI, TIOTYYSHHOW U3 Tpsi-

MOYTOJIBHOTO NapaJuleIeIuIe/a.
24 M

1’8 0,9 M 4™ 5 ¢

0,6 M 22 cm
23 M 10 cM

25 ecm
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CeueHne nNpu3Mbl IJI0CKOCTbIO

Hccenenosanue. Kycok ceipa umeer ¢popmy npsimoit mpusmsl. Kak HyxHO pas-
pe3aTh ChIp, YTOOBI MOIYYEHHBIN JJOMTUK UMeN HopMmy:

a) MPSIMOYTOJTbHUKA

a) Kycok ceipa criepenn u
cboky umeetr (opmy mpsi-
MOyTroibHHKA.  Pa3pesar
CBIP TI0 BEPTHKAIH, MOTY-
9UM JOMTHK MPSIMOYTOIb-

ot hopMEL
T -

0) TpeyroJpHUKA

0) Kycok chipa cBepxy
umeeT GopMy TPEyTroIbHHU-
ka. Pa3pesas crIp 1o ropu-
30HTAJIM MOIYYUM JIOMTHK
TPEYTOILHON (POPMBIL.

B) Tpareinuu

B) Kycok ceipa cOoky nmeer
BUJ| IIpAMOYyrosibHUKa. Pas-
pe3aB ChIp TOA OTIPEneIEH-
HBIM  yIJIOM  MOJIYYHM
JOMTHK B (pOpME TpaIeInu.

CeuyeHne npu3Mbl IJIOCKOCTHIO

Ceuenue miockoc- | Ceuenue

TBIO  Tapalieib-

HOM OCHOBAHHMSIM.
Ceuenne -

NMpSAMOYT0JIbHUK

<l ">
AE;V

SHTHBIN 0CHOBAHMUIO.

IIJIOCKOC-

TBIO IIEPICHIUKYIISIP-
HOM OCHOBAHHMSIM.
CeueHnne -
MPAMOYTOJIbLHUK

CedeHue TI0CKOCTHIO
oA ONpeAenEHHbIM
YIJIOM K TUIOCKOCTH
OCHOBaHHMS Yepe3 Mpo-
THUBOIIOJIOKHBIC I'paHI/I.
Ceuenue -

NapaJIIesIorpaMm

B

IIpu ceuennn npusM IIIOCKOCTBIO B pe3yiIbTare Ha HEH ocTaércs ciell, onpe-
nensironii popmy ceuenust. Ha pucynke n3o0pakeHbl ceueHHs! TUI0CKOCThIO
MPSIMOYTOJIBHOTO Mapajlieenuneaa.

CeueHue IIOCKOCTHIO
10/ OIIPENEIEHHBIM YI-
JIOM K IIOCKOCTH OC-
HOBaHUS 4Yepe3 pébpa
13 OJJHOH BEPILUHBL.
Ceyenue -

TPeyroJabHUK

bynbre BHuMarenpHbl! CeueHne MI0CKOCTIO HE 03HAYaeT OTCEUYEHHYIO YaCTh.
Ceuenue -3T0 ciesl, KOTOPBIA OCTAETCA IPHU CEYEHNUHN Ha INIOCKOCTH.

[1nockocTs, nepreHuKyIsspHas 60KOBBIM pEOpaM MPHU3MbI, Ha-
3bIBACTCS] HEPNEHOUKYNAPHBIM ceuenuem. CedeHUEM IPU3MBI,
napasuieIbHOe OCHOBAHHUIO SIBIISIETCSI MHOTOYTOJIbHUK, KOHTPY-

Ceuenue, npoxojsmiee dyepe3 O0KoBble péOpa, HE MPUHAIICIKANUE OTHOU
TPaHM, Ha3bIBACTCS OUACOHATbHOIM CEUEeHUEM NPUIMBL.
KommuecTBo auaroHanbHBIX CEUEHUN 1-YTOIBHON MPU3MBI PABHO:
Tak Kak Ka)j0e IMaroHaJIbHOE CEUCHUE MTPU3MBI SBIISICTCS TTApaIeIIOrPaMMOM,
TO KOJIMYECTBO JUATOHAJIEH #7-yrolbHON NpU3Mbl paBHO: n(n —3) .

n(n—73)
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CeueHne nNpu3Mbl IJI0CKOCTbIO

1.

YcraHOBUTE, KaKOW MHOTOYTOJTBHHK TIOJTyYaeTCs MPU CEUeHUH KyOa Tuioc-
KOCTBIO?

1 S
vy ——— 10

7 N

I[J'If[ KaX(HOﬁ IIPpHU3MBbI I/1306pa3I/ITe CCUCHUC ITJIIOCKOCTBIO U OIIPCACIINTC BU
IMOJIYUYCHHOI'O B CCHCHUN MHOI'OYT'OJIbHUKA.

[TapannensHo Y4 [Tepnenauky-

MJIOCKOCTH JAPHO TIOCKOCTH

OCHOBaHMUSL. OCHOBAHMSI.

[TapamnensHo I[TepnienuKy- o
NJIO0CKOCTH o JIAPHO TUIOCKOCTH

OCHOBAHMSI. OCHOBAHHS.

ITox yrmom k miaockoctu ITox yrmom K IJIOCKOCTH
OCHOBaHwus, uepe3 pedpa, | ¢ OCHOBaHMS, 4Yepe3 3al-
BBIXOJAILUE U3 OTHOM Bep- | ,-*~"17)/ HIOI0 M MEPEaHIO0 TPpaHH. |,
LIAHBI. -

Ymmf-

1) Haiigure nepuMeTp cedyeHHs INIOCKOCTH Ky0a Ha PUCYHKE,

eciu pedpo kyda paBHO 6 cM.
2) Ha pucyHnke noka3aHo cedeHre Ky0ba ImI0CKOCThIO, TIPOXO-

JIIel yepes KOHIBI TPEX pEdep, BHIXOIAINX U3 OHOM Bep-
mHbL. Kakast ¢purypa noixydunacs B CeUeHUH?

a) Haitnute munny orpeska d , eciin pedpo kyba paBHO 1 cMm. i
6) Eciu pe6po ky6a paBHO 3\V2 cM, TO HaiiuTe TIEpUMETP AN
(burypsbl, MoJIy4eHHON B CEUCHUH.
M3mepenus npsaMoyrojapHOro napajuienenumnena 9 cm x 12 cm x 20 cM.
Haiigure nepuMeTp u miomanb GUTYphI, SIBISIOIIEHCS CEUSHUEM.

a4

a a

CTOpOHBI OCHOBaHMSI MMPSIMOYTOJIBHOTO MapajuielNienuIieia paBHbl 7 CM U
24 cM, a BeIcOoTa 8§ cM. HalimuTe miomnaab JHaroHaIbHOTO CEUCHHUS.

[Tnomaas GonpIero AMAroHaILHOTO CEUEHUS MPABUIBLHON IIECTUYTOILHON
npu3Mbl paBHa 2 cm?. Haiinure mioriaas 60KOBO# MOBEPXHOCTH.
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CeueHne nNpu3Mbl IJI0CKOCTbIO

Il HaiimuTe miomaas 60KOBOM MOBEPXHOCTH NPSIMOW TMPU3MBI, B OCHOBaHUU
KOTOPOI JIEXKHUT POMO, €CJIH IUIOIIAIN JHArOHAIBHBIX CEYEHUI paBHBI 42 cM?
u 56 cm*

I& Haiinure mmomiaas O0KOBOW MOBEPXHOCTH MPSIMOU TIPU3MBI C JHATOHASIMHU
8 cM U 5 cM, B OCHOBaHWH KOTOPOH1 JISKUT poMO, eCiTH €€ BBICOTa paBHA 2 CM.

[Tnommape GOKOBOH MOBEPXHOCTH MPHU3MbI PaBHA IIPOU3BEICHUIO TIEPUMETPa
MEePIEHANKYISIPHOTO CEUCHHS Ha ITTUHY OOKOBOTO pedpa: Ssox = P Leeul.

Tak Kak B IpAMO# MpU3Me MEPIEHIUKYISIPHOE CEYeHNE KOHTPYIHTHO OCHOBA-
HHUIO, TO BMECTO MIEPUMETPA MEPIEHAUKYISIPHOTO CEUEHUST UCTIOIb3YETCs T1e-
puMeTp ocHOBaHUsL. [Ipy moMoIy neprneHuKyIspHOTO CEUYSHHSI MOKHO HAUTH
MJ101113/Th OOKOBOW MOBEPXHOCTH HAKIOHHOMN Npu3Mbl. [1nomans 60koBoit mo-
BEPXHOCTH HAKJIOHHOW MPU3MBI MOXKHO HAWTH, BEIYUCIUB IUIONIAb KaXKI0N
OOKOBOU TpaHu B OTJIEJILHOCTH M CIIOKUB MX (CMOTpPHUTE UCCIeIoBaHuE 3)

IMpumep. OcHOBaHWEM HAKJIOHHOU A’ Cr B’
MIPU3MBI SIBJISIETCS. paBHOOEIPEHHUI Tpe-
yronbauK. ['pans ACA'C' - mpsimoyToiib-
Huk. Ecmm AA'=12 cm, AB=BC =8 cm,
AC =6 cMmu o = 30°, HalinéM IIOIIAAb
OOKOBOM MOBEPXHOCTH.

Pemenne: Ilmomans 60KoBO¥ MOBEpX-
HOCTH MPU3MBL: Sox. = P Leew- |
[TeprieHUKYIAPHBIM CEYEHUEM TTPU3MBI
siByisieTcs TpeyroyibHuk DEF.

o

s
o
sl

Pemenue 3agaun Oosee y00HO IPOBECTH Ha UEPTEKE IPEICTABICHHOM B OTKPBI-
tom Bujie. DE u FE paBnbI kaTteTtam jexammm HanpoTuB yriia 30° u ciempoBa-
TeIbHO OHHU paBHbI 4 cM. [lepumerp neprnenaukynsapHoro ceuenuss DEF pasen
DE+DF+FE=4+6+4=14(cM) Seox = Picesr AA"=14- 12 =168 (cMm?)

|& OcHoBaHUE HAKJIOHHOW MPU3MBI MPSIMOYTOJIBHUK CO CTOPOHAaMHU 6 cM U
4 cM. /IBe TpaHu SIBISIOTCS IPSIMOYTOJIBHUKAMU CO CTOpOHaMU 6 ¢cM U 8 cM,
a JIBe Ipyrue IrpaHy MapajuieJorpaMMaMH CO CTOpPOHaMU 4 cM U 8 CM U
octpeiM yritom 30°. HaiiuTe miomniaab 60KOBOM MOBEPXHOCTH HAKIIOHHOM
MPU3MBbI, BBIYUCIIUB TUIOMIA/(b KX /10i I'paHy B OTACIbHOCTH.

|10. PaccrostHie Mex Ty GOKOBBIMH peOGpaMi HAKIIOHHOI TPEyTONbHOM PH3MbI
paBHO 4 cM, 6 cm 1 8 cM. [Imomanas 60KOBOI MOBEPXHOCTH MPU3MBI paBHA
90 cm?*. Haiinre 60KOBOE peOpO MPHU3MBI.

| 11. OcHOBaHNEM HAKIIOHHOM [IPH3MBI Ha PHCYHKE SBIISCTCS PABHO-
croponHuil tpeyronbHUK. I'pans ACC'A’ npsMOYTOJIBHHK.
3Hnas, uto AA'= 10 cM, AB=4 cmu o = 45°, HaliguTe 110~
111a/1b OOKOBOM NMOBEPXHOCTH MPU3MBI.
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Iupamuga. [Laoumags, 00KOBOM M MOJHOW MOBEPXHOCTEH MUPAMUILI

OpHa rpadb TUPaMUIBl MHOTOYTOJIBHHK, BCE OCTAIbHBIE TPAHU - TPEYTOJILHUKH.
TpeyronbHUKY ¢ 00111ei BEPIIUHOMN SBISIOTCS OOKOBBIMU IPAaHSMU, MHOTOYTOJIb-
HUK - ocHOBaHHEeM. OOIMe CTOPOHBI OOKOBBIX I'paHei

HasbIBatOTCS péOpamu. OOmIas BepuInHa

JUIs OOKOBBIX TPAaHEH, COCTOSIIUX U3
O6okoBOE pedpo

TPEYTOJIbHUKOB, HA3bIBACTCs BEPIIN-

HOMW MUPaMUJIBI.
IleprieHIMKyIISAp, 0y IIEHHBIN U3 BEP-
IIUHBl UpaMUABI Ha €€ OCHOBaHMUE,
Ha3bIBAECTCSI BBICOTOM MUPAMMUIBI.
IIpaBunpHOM HA3BIBACTCS NUpaMULa, B
OCHOBaHUU KOTOPOH JIEIKUT IIPABUIIb-
HBII MHOTOYTOJIBHAK 1 OCHOBAaHHE BbI-

COTBI MIMpaMU/Jibl COBIIAAACT C LleHTpOM

3TOTO MHOTOYTOJIbHUKA.
Bricora, mpoBenéHHas U3 BEPIIUHEI Mpa-

BbBICOTaA

YerbipéxyroabHas
nupamMuaa

BbBICOTA

OoCHOBaHmue (Ipa-
BUJIBHBIA MHOTO-

BUJIBHOW NMUPAaMUJIBI HA OCHOBaHKE OOKO- YTOJBHUK)
BOIl I'paHu (TPEyrojibHUKa), Ha3bIBACTCS IpaBuabHAS YETHIPEX-
arnogemoi. yrojibHasi MEpaMuaa

[Tupamuna HazpiBaeTCst IO (POpPME MHOTOYTOJILHHKA,JIEKAIETO B OCHOBAHUU.
Hanpumep, TpeyrosibHas nupaMuia, 4eTbIpEXyrojibHas NUpaMuaa u T..1.

A H 4

YeT1oIpéxyroabHas sTunyroiasuas TpeyroabHast
nupamMuaa nupaMuaa nupamMmaa
BokoBeie pébpa nmpaBUIIbHONM MHPaMU/Ibl KOHTPYSHTHBI. BOKOBBIE IpaHH Tpa-
BUJILHOW NTHUPAMUIbl KOHTPYSHTHBIE PABHOOEIPEHHBIE TPEYTOJILHUKH.
[IpaBunbHas TpeyroiabHasi TUpaMua €li€ Ha3bIBaeTCs TETPas3APOM. etra B Tie-
PEBOJIE C TPEUECKOTo YeThIpe, T.€. 4 rpanu ( Kaxaas B popMe TpeyroabHHUKa).

B gactHOM ciydae nupamury MOXHO U300pa3uTh CIEAYIOMIMM 00pa3oM:

1. Haueptute mapamie- 2. M3 Touku nepe- 3. BepuiuHy nepneHauKy-
JOrpaMM M €ro JAMaro- CEeYeHHs JuaroHajien JsIpa COCAMHUTE C BEPLIM-
HaJIN. BOCCTaHOBUTE TIEp- HaMHM HapajiiesorpamMmma.

NEHIUKYIISP.




Mupamuna. Ilnomans 60KOBON M MOJTHOM MOBEPXHOCTEH MUPAMM/IbI.

BokoByI0 MOBEPXHOCTh IMPaBUIBHON

MUpaMuAbl MOKHO HAalTU KaK CYMMY ,
TUTONIAIeH KOHTPY3HTHBIX TPEYTOJIbHH-
KOB. A
Hanpumep, Ha pucyHke Iuionaap 00-
KOBOUW TTOBEPXHOCTH MPABUIBHOM IIIE-

CTHYTOJIBHOM MUPaMU/Ibl paBHA CyMME a
IUI0IIa el 6 KOHIPY3HTHBIX TPEYTOJIbHUKOB,

u3 KOlTOpLIX COCTOUT 601(0]335[ IMOBEPXHOCTb.
1 1 1 1 1
= 5 aNhan. + — Ahan. + — ahan. T 7 ahan. +— an. T — an. =
2ah 2ah 2ah 2ah 2ah 2ah 1

ha(@+a+a+a+a+ a)=%Phan4; S=3 Phan.

1
2

Inomaas 60KOBOY MOBEPXHOCTHU MPABUJILHON NMUPAMM/IbI

[Tnomaae 60KOBOY MOBEPXHOCTH MPABUIBLHON MTHpa-
MU/IBI PABHA MOJIYITPOU3BEACHHUIO TIEPUMETPA MHOTO-

YTOJIbHUKA,JIC)KAIICTO B OCHOBAHUU, U aHO(beMI)I.

1

Soox = ?Phan.

3neck P mepumerp ocHOBaHMs,
han. - anohema mupaMuabl.

[Tnomaap MOMHOM MOBEPXHOCTH MMPAMHUIBI paBHA CyMMeE IIIOIIAIe OCHOBA-
HUSI 1 OOKOBOM TIOBEPXHOCTH. S nn. = Soox. +Socn.

IIpumep 1. CropoHa 0OCHOBAaHUS PABUJILHON ILIECTH-
YTOJIbHOW mupaMuJibl paBHa 6 cM. Haiiném momiab
TIOJTHOM TTOBEPXHOCTH, €cliu arnodeMa paBHa 9 cM.
Peimenue:
Hano: a=6¢cM, ha =9 cMm
Haiigure: Sy, = ?

1 1 1
Soox. = EPhan;— 6ahm == -6-6-9=162 (cm?)

2 2
YTto0OkI HAWTH IUIOIIAAL OCHOBAHHMS, CHAYasIa Hal0 HaWTH aIo-

9 cm

6 cm

bemy ocHoBanus (7). Socu. = EPF

LleHTpabHBIN YTOJI NPABHIBLHOTO IIECTUYTOIBHHUKA!
360°: 6 =60° 60°
TornaZAOK = 30°.

r=3tg60° = 33; Sor = % 36- 3V3 = 93,5 (cm?)

S nn. = Soor. + Soen.® 162 cM?+ 93,5 cm?~ 255,5 (cm?)
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Mupamuna. Ilnomans 60K0BOH M MOJTHOM MOBEPXHOCTEH MUPAMM/IbI

ITpumep 2. BokoBbie pEOpa MPaBUIHLHONU TPEYrOJIBHON TTH-
pamusl paBHbl 10 cM, a Beicota 6 cMm. Haiiném mnomans
MOJTHOW OBEPXHOCTH.

Pemienmne:

Jdano: AD =10 cm, DO=6cMm

Hajigure: Sin =?

UroObI HaliTH OOKOBYIO MOBEPXHOCTh MUPAMUJIbl, HAJI0 HAUTH MEPUMETP OCHO-
BaHMA U arnodemy. [t 3TOro 10CTaTOuHO HAWTH OAHY CTOPOHY MPAaBUIBHOTO

TPEyroJbHUKA.
13 AADO AO = VAD? — DO? = V102 — 62= V64 = 8 (cm)
U3BectHO, yTo AO iAE (oOBsACHUTE); T.K. — AE cocrasinser 8 (cm),

to AE = 12 cm. Tak kxak yriet AAEB paBabl 30°, 60°, 90° ( 0OBsicHuTE).

BE=AC 12 _ 43, BC=2BE=-83; P=3BC=24\3
BB
Haiiném anodemy n3 ADOE. OE =12 — 8 =4 (cm)

DE = \/OD2 +OE2 = V62 + 42=52=2413
S6ox o than = 24%3 2413 = 24739 (cm2)

Soer = BC- AE—7 8V3- 12 =483 (cm2)

Sun = Soox + Soen = 24V39 + 483 ~ 150 + 83 =233 (cm2)

Ooyuamommue 3aJaHUsA

|L OcHoBaHWe UPaAMUABI-IIPSIMOYTOJILHUK CO CTOpoHaMU 6 cM 1 8 cM. boko-
Bble p&Opa nupamuabl paBHbl 13 cM. HaiinuTe BrICOTY mupamMuib.

& BricoTa npaBUiIbHOM YETHIPEXYTOIBHOW TUPAMUIBI 7 CM, CTOPOHA OCHOBA-
Hus 8 cMm. Halimure 60koBOE peOpo MUpaMHU/IbI.
|i Haiigure tutonane 60KOBOW TOBEPXHOCTH MPABWIBHBIX MHPAMU]] HA PU-

CYHKE.
| 18 2 eM

20 cm

(‘ v

y

4 cm
|_ HaiimuTe miomaas 60KOBOW MOBEPXHOCTH MPABMIIBHBIX HI/IpaMH,u Ha pH-

CYHKE. ..
V &>
10 cm
12 m
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HMupamuna. Ilnomans 60K0BON M MOJTHOM MOBEPXHOCTEH MUPAMM/IbI

|i Haiinnre Hem3BeCcTHBIE pa3MepPbI NPABUIIBHON YETHIPEXYTOIBHON MTUPaMUIbI
M0 TAaHHBIM TaOJIHIIBI.

BricoTa 6 (12124 ?
Anogpema 10 115 72 | 13

6

5
5

Cropouni ocHoBanusi | 2 | 2 (14| 2 | 8 | ?
2

BokoBas moBepxnocTn| ? 2717?1624 320

|i N306pasute npaBuiIbHYIO MHPAMUITY ¥ HAlUTE IUIONIA1h OOKOBOM TTOBEPXHOCTH.
a) [IpaBunpHas 4eTHIPEXYTOIBHASI MTUPAMUIA, CO CTOPOHOW OCHOBAHHUSA §
en. u 6okoBbIM pedpom 10 ex.
0) [IpaBuiibHast TpeyroiabHAs MUPaMKIa, CO CTOPOHOW OCHOBaHUA 4 e11. U
anodemoii 6 en.
B) IlpaBunbHas mectuyrojbHas NMUpPaMUaa, CO CTOPOHON OCHOBAHUS
10 en. u 6okoBBIM pebpom 13 ex. F

7. OcHoBaHMs THPAMHIBI-TIPSIMOYTOIBHHK CO CTO-
ponamu 10 ex. u 18 en. Touka O siBisieTCS 1IEHT-
POM TIPSIMOYTOJIBHUKA. BBICOTa mpamMuIbI
FO =12 en. a) Haitnure FH u FE;

0) Haiinute 60KOBYIO TIOBEPXHOCTh l'II/Ip(«iMI/II[BI
MO’KHO 711 TPUMEHUTH GOPMYITY S Gox. = Phan

—_—

S
&
(@!

=mpas T

ol
i

A 18 H D

& Haiinure niomaas 60KOBON MOBEPXHOCTH NMPABUIILHBIX TUPAMU] HA PH-

CYHKE.
IIIII 15 cm ‘ll

5cMm

11 cm

10 cm
6,5 cM
5cMm 12 cm 12 cm 1.4

|& HaiimuTe miomnaas 60KOBOM MOBEPXHOCTH TPEYTOIBHON MHUPAMU/IBI, OOKOBBIE
p€Opa KOTOPOIl MoNapHO NMEePHEHIANKYISIPHBI H paBHBI 4 ¢M, 6 ¢M U 8 CM.

8 cm

|10. OcHOBaH¥sI MHPAMUIBI-IIPAMOYTOTEHHK CO CTOPOHAMHI 9 M i 5 eM. Oz1HO
13 OOKOBBIX pedep MUpaMu/ibl NEPHIEHIUKYISIPHO INIOCKOCTH OCHOBAHUS U
paBHo 12 cm. HaiinuTe muiomanas 60K0BOi MOBEPXHOCTH THPAMHU/IBI.
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IMupamuaa. [Laouags, 00KOBOM M MOJHOW MOBEPXHOCTEH MUPAMHUIBI

m. Kppima goma umeer GpopMmy 4eThIpEXYroibHON nmupaMuibl. OCHOBaHUEM SIB-
JsIeTCsl IPSIMOYTOJBHUK co cTropoHamu 12 M u 10 M. Kaxnoe 6okoBoe pedpo
paBHo 10 M. CKOJTbKO KBaJIpaTHBIX METPOB Marepralia ObLIo N
MOTPaYeHO Ha MOKPHITHE KPBIIIN?

|1_2. HalinuTe cneayomue gaHHbIE I TPaBUIBHOU
YETBIPEXYTOJIBHOW TUPaMUIBL:

a) OM 0) han B) NC
T) Sansc 1) Seox. e) Sun. A

12
|13. B apxuteKType ropozios Mipa BaKHOE MECTO 3aHHMAIOT MOCTPOHKH, HMEIONIHE

(popmy mupamun. Cpeny HUX €CTh Kak aHTH4HbIE naMsTHUKH(Erunerckue mipa-
Muzbl, upamusa Lectus B Pume), Tak 1 HOBBIE, TIPHAAIONINE TOPOJAM COBPEMEH-
Heii Bu(Myseit Jlyspa B [lapuke, Bxox Ha ctanmmto metpo Muepu Llexep B baxy).
a) [Ilupamuyia Xeornca u nupamuna B JIyBpe SBISIOTCS NPaBHIbHBIMU YETBIPEXYTONb-
HbIMH upamuiamu. Haiiaure miomas 60koBOi MOBEPXHOCTH KaX 101 MUPaMUTIbL.

IIupamuga Xeonca. Eruner Hupamupna B Jlyspe. Ilapux
Cropona ocHoBanwms 230 M, CrtopoHa oCHOBaHHS 35 M,

arodema 28 m

armodema 186 m

6) Ha pucynke npencTasieH IIaH MUPaMUAbI Ha BXO/IE B CTAHIIUIO METPO
WNuepu Ulexep. Haitaure miomaas O0OKOBOM MOBEPXHOCTH MUPAMUJIBI 110
JTAaHHBIM Ha IJIaHe.

IupamMuaa HA CTAHIUHU
MeTpo Nuepu lexep

M. Haiigure crnenyromue gaHHbIE A MPABHIBHOTO

TeTpasgpa:
a) OM 6) han. B) NC
F) S ANBC I[) Sﬁolc. e) Sn.n.
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Iupamuga. [Laoumaas, 00KOBOM M MOJHOW MOBEPXHOCTEH MUPAMUILI

|LS. a) ObocHy#iTe yTBepkaeHne:” Atoema mupaMu bl He MEHBIIIE €€ BHICOTHL.”

6) Haiinute BeIcOTY M annodeMy NpaBUIIbHON YETBIPEXYTOIBHON MUPAMUIBI
co cTopoHoit ocHoBaHUs 10 cM 1 60KOBBIM pedbpom 13 cm.

B) OcHOBaHME MHPAMUABI ABIsIETCS poMO ¢ nuaroHansMu 12 cm u 16 cwm.
HaiinuTe nutomanp mosHON MOBEPXHOCTH MMUPAMU/IBI, €CITH OOKOBBIE TPAaHU
00pa3yIoT ¢ MIOCKOCThI0 OCHOBaHUs yroi 60°.

|16. Haiiute momass 60K0BOI MOBEPXHOCTH MUPAMHJIBI, B OCHOBAHHH KOTO-
pOM IEKUT paBHOOEIPEHHBIHN TPEYTOIBHUK CO CTOPOHAMU 6¢M, 6 cM U 8 CM,
a JIITMHA KaKJ0ro OOKOBOTO pedpa paBHA 5 CM.

|17. Tlnomans oiHol 6OKOBOM rpaHy MPaBHIBLHOH IIECTH-
YIOTBHOM THpaMHIE! 8V3 1., a Mo 1h OCHOBAHHS
2473 x.ex1. Haiinure:
a) JUIMHY CTOPOHBI OCHOBAHMUS,
0) anoemy
B) JUTMHY OOKOBOTO pedpa;
I') BBICOTY; \/

|B}. HccnenoBanne mpy NoOMOIIM NMPAaBHIbHON Y€ THIPEXYToJIb-

HOM MUPaMUJbI. . . . .
a) Ha m3omerpuueckoii Oymare n300pa3nure NpaBUIIbHYIO de- *
TBIPEXYTOJIBHYIO MUPAaMUIY CO CTOPOHOM OCHOBaHHA 3 €.,
KaK [M0OKa3aHO Ha PUCYHKE.

6) CocraBbre TabMUILy [UIs 3HAYEHUI OOKOBOM IOBEPXHOCTH .
nUpamMujibl, B ciaydae eciu anodema pasHa 3; 9.
B) 3anummre, Kak I3MEHUTCS] OOKOBasi IIOBEPXHOCTH, €CIIH HE *
V3MEHSSI [UTMH CTOPOH OCHOBAHUs, JUIMHY aniopeMbl yBEIH- ~ « ~ o =

YUTh B 3 paza.
r) Kak n3menuTcs miomiaas 60KoBOM MOBEPXHOCTH MUPAMUJbI, €CIIU U CTO-

pPOHY OCHOBaHUs M anoeMy yBEeITHIUTH B 3 paza?

|1_9. Bplunciure miomane mnoBepx- @ BboxkoBeie pébpa npaBUIIbHOM YETHIPEX-
HOCTH (UTypHI HA PUCYHKe(TIpa- YTOJIbHOW MUpaMUAbl HAKJIOHEHBI K
BUJIBHBIN OKTadIP). MJIOCKOCTH OCHOBaHUs MO yIIIoM 45°.
Beraucnure miomniags OOKOBOM U OJI-
HOM TMOBEPXHOCTH MUPAMUJIbI, €CIU

CTOpPOHA OCHOBAHUS paBHa 6 CM.
|2_1. B ocHoBaHMM mupamMuIs! - paBHOOEPEHHBIN Tpe-
‘ yrosibHUK co ctopoHamu 10 cm, 10 cm u 12 cwm.
/ 6o Bce aByrpaHHble yIiibl IPY OCHOBAaHUM PABHBI

6 cm

60°. Haiinure BBICOTY M antoemMy MUPaMU/IbL.
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CeueHne mUpaMuabl IJIOCKOCTHIO. YCeUEHHASI MUPaAMUAA.

|L IIpu ceuennn NpaBUIBHON YETHIPEXYTONBHON MTUPAMU/IBI TITOCKOCTHIO TI0-

Jy4aroTcsl pa3IudHble MHOTOYTOJIbHUKY. Vccienyiite cienyromue ciydau
U IIPEICTaBETE PE3YIbTAT B BUIE PUCYHKA WIN CIIOBECHO.
Ceuenue niockocmuio u3 i
BEPUILHBL RUPAMUObL, NEp-
NEHOUKYIISIPHO OCHOBAHUIO.
Ceuenue - pasnooeopen-
HbLIL MPey2oIbHUK

Ceuenue nnockocmolio,
napanienbHoe 0CHO8A-
HUI0.

Ceuenue - keaopam

fl-
AT

Ceuenue nnockocmoio uepes
cmedcnvle  epanu,c  oobwell
BEPULUHOLL, NOO Y2NIOM K HIOC-
KOCMU OCHO8AHUA.

Ceuenue - mpeyzonvHuK

Ceuenue nnockocmuio
uepe3  nmpomusoneddca-
wue epauu, noo yeiom K
NJIOCKOCMU OCHOBAHUSL. ‘\:
Ceuenue - mpaneyusn

- -

- _———

Onummure cedeHne ImupaMuabl
IIJIOCKOCTBIO.

3. Onuumre ceuenue, Tpeyrob-
HOM IUpaMuIbl Ha PUCYHKE,
IIOCKOCTEIO.

a) CTopoHa OCHOBaHHMS MPABUILHOW YETHIPEXYTOIBHON MUpa-
Mubl paBHa 14 cm. [linHa kaxkmoro 60koBoro pedpa paBHa

10 cm. Haiigure miomans AMaroHaaIbHOTO CedeHus (IPOoXosi-
IIETO Yepe3 BePIINHY MUPAMHUJIbI U JHAaroHajlh OCHOBAHHS).

0) BricoTa npaBUIIbHOI YeTHIPEXYTOIBHOM MUPAMUIBI paBHA
12 en., a cropoHa ocHOoBaHuUA paBHa 8 ef. Haitnure momanb
CeUEHUs TUIOCKOCTBIO MPOXOAsIee Yepes anopemM IpoTUBOIIO-

JIOXKHBIX IPaHeN.
JlokaxxuTe CrpaBeIIMBOCTD CIEIYIOIINX BbICKA3bIBa-

Huil.Eciiu niockocTh ceueHust napasuiesibHa OCHOBa-
HUIO, TO: 1) TUIOCKOCTH AETUT OOKOBBIE PEOPA U BHICOTY
Ha IMpOMnoOpUMrOHAJIbHBIC YaCTH,

2) MHOTOYTOJIbHUK - CEUYEHHE MOA00EH 0CHOBAHUIO;

3) miomanu ceuyeHus M OCHOBAHHS OTHOCSITCS Kak
KBaJIpaThl PACCTOSIHUNA, HAYMHASI OT BEPILNHBI.

IMnan pas noka3arenaberBa. Mcnonssyiite mogodue TpeyroabHUKOB
ABTuA'B'T".

Bricora nupamuel pa3aeneHa Ha 4 paBHbIE YaCTH, YEPE3 KOTOPBIE Mapal-
JIENTbHO TUIOCKOCTH OCHOBAHUS MPOBEICHBI INTIOCKOCTH. 3HasI, YTO TUIOIIA Th
ocHoBanust paBHa 400 M2, HaliIUTE TUIOMIA M TTOJYIECHHBIX CEUCHHH.
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Ceuenne nupaMuibl IJIOCKOCTbIO. YceuéHHasn nupaMmujaa

|l [Tnomans ocHoBaHus mupamuzbl 512 cm?, a Beicota 16 cm. Haiiaute pac-
CTOSIHHE OT IUTOCKOCTH CEYEHUS], TTapauIeIbHOTO OCHOBAHUIO JI0 TFIOCKOCTH
OCHOBaHHSI, €CJIH IUIONIA b CeueHus paBHa 50 cm?.

[InockocTh, napajuienbHas MIIOCKOCTH OCHOBAHUS M IepeceKaromas ee OOKOBbIe
pebpa, oTcekaeT oT Hee oA00HYI0 mupamuy. [pyras qacts
MIPEeICTaBIIAET COO0H MHOTOTPAHHUK, KOTOPOH HAa3bIBACTCS
ycedéHHoil mupamuaoi. [lapannensusie rpaHu ycedEHHOM
MUPaMU/Ibl HAa3bIBAIOTCS €€ OCHOBAHUSIMHU, OCTAJIbHBIC TPaHU-
OOKOBOI MOBEPXHOCTHIO0. OTPE30K MEPIEHANKYIISIPA MEXKITY
IUIOCKOCTSIMU OCHOBAHUSI Ha3bIBACTCSI BBICOTOH yCEUEHHOM
nupamuel. Ecinu nupaMuia npaBuiibHasi, TO CE4EHHUE II10C-
KOCTBIO TAK)Ke SIBJISIETCS MPaBUJILHBIM MHOTOYTOJIBHUKOM H
yceu€HHas MUpaMuIa TaKkxKe sIBISIETCs IpaBUIbHON. bokoBble
IpaHy NPaBUIIbHON yCEUEHHON MUPaMUAbl KOHTPY HTHBIE Tpanenun. Beicora sToit
Tpamnenuu sIBISIOTCS anopeMoi MPaBUIbHON yCeUEHHON MUPaMUIbI.

[Inomans OOKOBOW TMOBEPXHOCTH MPaBHIBHON
yCEYEHHOW MMPAMUIBI BEIYUCIISIETCS 110 (hOpMYIIE: A,
Stox. = == (P1 + P2)han, 318Ck P1y Pomiepumerper
OCHOBaHWY TPABUIBHONW YCEUEHHON MUPaAMUIBI,
han. - anopema. Ilmomanp MoITHOW MOBEPXHOCTH
YCEUYEHHOU MHUpaMUIbl HaXOJUTCS KakK, cyMMa
IJIOMIAJIEH BEPXHETO U HIDKHETO OCHOBAaHUH 1 00-
KOBOU ITOBEPXHOCTH: Sy, = Soox. + Seep.ocn. T Suuorc.ocn.

[TnockocTh, Ipoxo/sIas Yyepes Ba OOKOBBIX pedpa,
HE NMPUHALIEKAIIUX OJAHON rpaHU yCEUEHHOU NHU-
paMubl, Ha3bIBAETCS JUArOHAJIbHBIM CEUEHUEM.

Oransl NOCTPOEHUS YCEUEHHOU MUPAMHU/IBL.

emTT e I \ b
> Ak ™
1) [TocTpoiite

MHOTOYTOJIEHUK

OCHOBAaHHUSI.

2) U3 nenTpa MHoroyronpHuka 3) Ha q1000M peOpe mupamMujibl BLIOEpHUTE
HOCTPOMTE HNEPIEHIUKY/ISAP TOUKY, IOCTPOUTE OTPE3KH, MapajlieIbHbIC
ONpeNEeNEHHON JUIMHBL, M COEU- CTOPOHAM OCHOBAHMSI, U HAYEPTHUTE IPYroe
HHUTE BEPUIMHBI MHOTOYTOIbHHUKA ocHoBaHHe. CoTpuTe OOKOBBIE PEOpa OT
C BEPIIMHON MEPIEHAUKYIAPA.  BEPIINHBL, IO MEHBIIIETO OCHOBAHHS.
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Ceuenne nmupamMuabl IMJIOCKOCTHIO. Yceuénnasn nmupamMujaa.

8.

H

I

a) M300pa3ure npaBUIbHYIO YETHIPEXYTOJIbHYIO YCEUEHHYIO TUPAMUIY C
BBICOTOM 6 CM M CTOPOHAMU OCHOBAHHUSI COOTBETCTBEHHO 4 CM U 6 cM.

0) N300pa3ute npaBUIbHYIO HIECTHYTOJIBHYIO yCEUEHHYIO TUPAMUY C BbI-
COTOM 8 CM M CTOPOHAMHU OCHOBAHMS COOTBETCTBEHHO 2 CM U 3 CM.

B) HaiinuTe momaas JuaroHaabHOTO CEUeHUS IPABUIILHON YeThIPEXYTONb-
HOM yCeUEHHOMN MUpaMH/Ibl, TUIOIIAI OCHOBAHUN KOTOPO# 36 cm? 1 64 cm?
1 OOKOBBIE PEOPA COCTABIISIIOT € IUIOCKOCTHIO HUXKHETO OCHOBAHUS yroi 45°.
[To prcyHKY TOKaXHUTE CIPaBEIITUBOCTH (DOPMYIIBI, IS TIIOIa I OOKOBOM
MOBEPXHOCTH MPABWILHON YCEUEHHON MUPAMUIBI Ssor= E(Pz + P2y ha .

A __C B B B b
NG ‘A &

ASTC
B 12m
HaiinuTe miomans 60koBO 1 N &
MOJIHOM TTOBEPXHOCTEH MPaBUIIb- ‘
HBIX YCEUECHHBIX YETHIPEXYTOIIb- ” P
6 cm 20 M

HBIX TTHPAMUIL.
[Inockocth, napasuienbHas OCHOBAaHUIO IIPABUIIBHON YETHIPEXYTOIBHON -
paMubl, IPOBEAEHA Yepe3 cepequHy BbICOTHL. BbicoTa mupamuasl 8 cM,
cTopoHa ocHoBaHusA 12 cMm. Onpeznennure pa3mepsl OAYyUYEHHON yCeUEHHOU
MTUPaMHUIBI, 1300pa3uTe €€ U HAINUTE TUIOMAIb ITOJIHOW MMOBEPXHOCTH.
CropoHa OCHOBaHUSI MPABUIBHON YETHIPEXYTOJIbHON
nupamuibl AB paBHa 12 cMm, Bbicota SO paBHa 8 cM.
Ha paccrosiHum 2 cM napaienbHO OCHOBAaHUIO IPOBE-
JIeHa TUIocKoCTh. Haliiure muiomaap mojaHol moBepx-
HOCTH MOJTyYEHHON YCEUEHHOW MUPaMUIbI.

Breicora npaBrIIbHOM YETHIPEXYTOJIbHOW yCEUEHHOW MUpaMuibl paBHa 28 CM,
a arrodema 35 cM. CTOpOHBI OCHOBaHHM OTHOCATCS Kak 5:2. Haliaure 1urommans
MTOJTHOW TIOBEPXHOCTH MTUPAMU/IBL.

Jnng XxpaHeHus IparoleHHOCTel NCIOIb3YeTCs] KOHCTPYKLUS
B BUJIE MMUPAMMJIbI U3 CTEKISHHBIX ITOBEPXHOCTEH, 3aKper-
NEHHBIX METAJUIMYeCKUMHU NMpopmisiMu. [IpaBuibHas 4eThi-
PEXyroyibHast TUpaMuIa, CTOPOHA OCHOBAHUSI KOTOPOU paBHa
30 cm,a BeIcoTa 36 cM, pazziesieHa Ha YacTH NMapauleIbHbIMU
TUIOCKOCTAMH (Ha4MHAas OT BEPIIMHBI yepe3 Kaxaple 12 cMm). |
a) Kakoe HanMeHbIIee KOIMYEeCTBO CTeKa (B KB. CM) HOTpe6y€TC$I JUIs U3T0-
TOBJICHUSI KOHCTpYKIMHU. 0) Kakoe HauMeHbIlIee KOJTMYECTBO METAJUIMIECKUX
npoguieii (B cM) ToTpeOyeTCs JIUIsl U3TOTOBJICHUS] KOHCTPYKIIMU?
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O0o01Iaronme 3aaHus

1.

|i

5.

N306pasure nupamuty WM Npru3My, COOTBETCTBEHHO JaHHBIM Ha Pa3BEPT-
kax. Ha3zoBuTe ocranpHble BEpIIMHBI M HAWIUTE IUIOIIAb IIOJTHOM TOBEPX-

HOCTH (huryp.
1 2

U M v
N3mepeHussMu TpPaBUIBHOW YETHIPEXYTOJIbHON MHUPAMHIBI SIBIISIIOTCS:
JUINHBI CTOpOHI)I OCHOBaHI/IH, aHO(beMBI n BI)ICOTBI, a TAKXKC 1TUI0Iaan 6OKO-

BOM M MOJHOM noBepxHocTel. 1o cienyommum JaHHBIM, HAJIUTE OCTaJIb-
HbIE U3MEPEHUS] TUPAMUJIbIL:

a) a =3 cM, Seox. = 15 cm? 0)h=12M,a=10m
B) han. =5 M, Seox = 60 M? r) Séox. = 80 CMZ, Sin= 144 cm?

Haiigure rutonagm moBepxHOCTEH GUTYP, COCTABICHHBIX U3 MTPABMIILHBIX
IIPpU3M U IUPAMHUL,.

' 8cm

1
E
< 8cm
SM
D’ C

Haiigure ninomans 60KOBOH MOBEPXHOCTH MUPAaMUIBL, 00pa- ,, ’

30BaHHOM IUIOCKOCTBIO, MPOXOIAIICH depe3 BEPIIMHBI
A’, B, C' xyba c pebpom 6 cMm. A

C

B

N306pa3ute pa3BEPTKU NPSMBIX MPU3M U MPaBIWIbHBIX upamua. Haiinure
IUIONIA/(b TIOJTHON IIOBEPXHOCTH.

13

4 10

Han xy6 ABCDA:B:1CiDi ¢ pebpom paBubiM a. Haii- A, -

1

1

1
JUTE TUIOMIA/Ib CEYCHUS KyOa TUIOCKOCThIO, MTPOXOJIS- B: !
el yepe3 guaroHasib ocHoBaHus BD u cepeaunnsl “% --5C
pédep BiCiuCiDi (Touku M u N). A b
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IIpocreiinine TPUrOHOMETPUYECKHE YPABHECHUS

MeTtoapb! pelieHUs] TPUTOHOMETPHYECKHX YPABHEHU
IIpuMeHeHHE TPUTOHOMETPUUYECKHUX YPABHEHUM AJIs
pelIeHus 3a1a4

TpuroHomerpuieckue HepaBeHCTBA




IIpocreiilne TPUTOHOMETPHYECKHE YPABHEHH S

VYpaBHEHUs BUJA SIn X = a, COS X = a, tg X = a, ctg X = a SIBISIIOTCS IPOCTEUIINMU
TPUTOHOMETPUYECKUMHU YPABHEHHUSIMU.

VYpaBHeHue sin x = a

O6nacts u3MeHeHus cuHyca otpe3ok [—1; 1]. [Toatomy, nipu |a| > 1 ypaBHeHHE
sin x = @ He uMeeT pentennit. Paccmorpum ciyyaii |af < 1.

B onHoil1 cucteme KoopauHaT MOCTpouM rpaduku GyHKIMNA y =sinx uy = a.

Ay o
y=smx
N, V=a PN
/ AN [\ / AN

IS
a
\
)
<l\)
a
=Yy

0

Kaxk BuHO, cymiecTByeT 6€CKOHEUHO MHOTO TOUYEK, B KOTOPBIX MpsiMast y = a Te-
pecekaeT CHHYyCOUIy. DTO TOBOPHUT O TOM, UTO IpH |a| < 1 ypaBHeHHE Sin X = a
uMeeT OeCKOHEYHO MHOTO KopHeil. Tak kak cuHyc sBiseTcs Ay
TepHoMUeckoll (GyHKIMEl, To JOCTaTOYHO HaiTH kopun Ha © &

POMEXYTKE JUIMHOW B OIMH NEpUo, T.e. Ha 27. [To rpaduxy
BUJTHO, 4TO TpH |a| < 1 ypaBHeHUe sin x = g Ha oTpeske [0; 2] [ Q

nMmeert J1Ba KopHs. K ToMy ke BBIBOAY MOXHO HPUIATH U IIPU 0
JBUKCHUU TOYKU I10 OKpYyKHOCTH. Ha nienom nepuoze, amis on-
HOTO U TOTO K€ 3HAYEHUSA CHHYyCa, MOXKHO HAalTH JBa YIIA.

Ecnn onmH u3 yriioB moBopoTa paBeH o , TorAa Apyroii oyaer m — a . OcrajabHble
pemienns ypaBHeHus sin x = a ((a| < 1) MOXHO TOJTY4YUTHh JOOABUB K HUM II€J0€
YHCII0 000POTOB. 3HAYHT, €CIH O PEIISHNE YPaBHEHHUS Sin X = a, TOT/Ia BCE PEIICHUS
JTAHHOTO YpaBHEHMS 3alUCHIBAIOTCA B BHJIe X = o + 2nn, x =n—a + 2nn (ne€ 7).
OTH JBa CeMEHCTBA pelIeHWH WHOTAa 3aJaloTcs OJHOW (dopMmynoil Buua
x = (1Yo + nk, (k € Z) v nipu k = 2n (uétHOM) MmostyuaeM perienus I cemeiicTaa,
npu k =2n + 1 (HeuétHOM ) momydaem pemrenus 11 cemeiicTaa.
_T
2
X = arcsin @, TorJa Bce PEeIIeHuUs JaHHOTO YPaBHEHUSI MO)KHO HAWTH O hopMy-

ITpu |a| < 1 ypaBHEeHue sin x = a Ha OTpe3Ke [ ;%] HUMEET KOPEHb

JaMm: x=arcsinag+2nnux=mn—arcsina +2nn (ne Z). 3tn HGopMyibl MOKHO
00BbeIMHNTH U 3anmucarh B Buje x = (—1)*arcsin a + nk (k € Z).

IIpumep 1. CKOIBKO KOpHEH UMEET ypaBHEHHUE Sin X =% Ha otpeske [0;3m]?

Pemenne. 3anuiiem pemienne ypapaenus x = (—1) %Jr nk, (ke Z) n Haiiném
KopHH, 1ipu k£ = 0; 1; 2;3: xo =% , X1 = %c, X2 = 13?“ , X3 =”Tn . Ilpu npyrux

SHAYCHUAX IMapaMeTpa k KOPHHU HC NPUHAAJICIKAT 3aJaHHOMY OTPC3KY.

2

ITpumep 2. Pemum ypaBHEHHUE Sin x = -5
Pemenne.
2

T.K. arcsin(— —) = — % , To x = (=) (- %) + k= (-1)F 1 % + 1k, (ke Z)
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IIpocreiiline TPUTrOHOMETPHYECKHE YPABHEHH S

Emé nporie MoxkHO HaiiTH pemieHust ypaBHenus sinx =anpua=0,a=1,a=-1.

AY
- - ° y=1
PN 1 7 NS N
_ 1 i 1
T ; 0 z n\L/Qn ny__fc

=Y

DC B

YK, N > 7 ! o T[
Touxu ¢ opounamoii 0 A(0) u C(n) Touxa ¢ opounamoii 1 3(7) Touxa ¢ opounamoti -1 D(*%)

sint=0 sinz=1 sin7=-1

t=mnk (ke Z) t= 5+ 2nk (ke Z) t=— 3+ 2nk (ke 2)

ITpumep 3. Pemmum ypaBHeHHe sin (x + %) =1
Pemienne. BBIOMTHUM ClIEyIONIYIO 3aMEHY: X + % =t

. 1
[onyyaem ypasHenue sin ¢ = 1. Pewernnem Oyner = 5+ 2nk (ke 2).
HpI/IHI/IMaH BO BHUMAHUC 3aMCHY, UMCCM!

x+%=%+2nk(ke Z)

Orcroma: x = % - %‘l‘ 2nk, X =% +2nk (ke Z)

IIpumep 4. Pemum ypasuenwue sin (x — 30°) = 0.
Pemenue. 31ech x yron BeIpakeH B rpajaycax. Toraa perieHds ypaBHEHHS
MOXKHO 3aITiCaTh TaK: x—30°=180%k x=30°+180%k (ke Z2).

Ooyuarommue 3aJaHus

|1.  Kakoe 3HaueHHe X SBISETCSA KOPHEM 3a/[aHHOTO ypaBHeHns? Vcromb3ys
MEPUOANIHOCT (DYHKIIMH 3alUIINTE M€ TBA KOPHS: MMOJIOKUTEIBHBIA U
OTpHILATENbHbIN. BBITOTHUTE TPOBEPKY.

=1 x=l =T Ssinr =6 x=l y=X
a) 2 sinx =1, X=X = 6)\/8smx V6, x 3 6
& g cnenyromux ypaBHeHU: 1) HaliiuTe KOPHU, U3 IPOMEKYTKA [f% ; %];

2)3annmn%o6mee pemenue; 3)IpecTaBeTe pelleHue Ha rpaduke.
a)sinx=—5-  6)sinx=- 5 B)2sinx=—3 1)2sinx+V2=0
n) sinx =1 e)l+sinx=0 x)2sinx—1=0 3)sinx=0

& Pemmre ypaBHEHUS.
a)2sin(x+5)=\3  6)sin2x-7)=0  B)2sin2x—F)=1

186



IIpocreiilne TPUTOHOMETPHYECKHE YPABHEHH S

VYpaBHeHUE COS X = a
AHanorngHsIM 00pa3oM, 1ipH |a| > 1 ypaBHEHHE cOS X = g He uMeeT KopHel. [1pu

|a) <1 ypaBHeHHE MMeeT OeCKOHEYHOEe MHOXKeCTBO KopHel. Kak mo rpaduky,
TaK | 10 €IMHUIHON OKPY>KHOCTH BUIHO, YTO HA OTPE3Ke, [UTMHON B OJUH TIe-
puon (T.e. 2) ypaBHeHue cos X = a (Ja| < 1) umeeT 1Ba KOpHSI.

Ay
YA M(a)
y=cosx
o y=a
~ 7 S N -
Ecnn o siBIIsieTcsl KOpHEM ypaBHEHHs COS X = a, TOTA —Q — M(-a)

TaKKe SABIIETCS KOPHEM, TaK Kak cos(—a) = cos o. Takum 0Opa3oM, ecitu u3-
BECTHO,4TO ¢ SBIISETCS OTHUM U3 KOPHEW ypaBHEHUS COS X = d, TO PEIICHHUS 3TOTO
YpaBHEHUS MOXKHO HAWTH 11O popMynaM x = o + 2nin u x = —a + 2nn (n € Z). UnHo-
r7a 3T 1Be (HOPMYITBI OOBETUHSIOT U 3alTUCHIBAIOT B BUAC X = o + 21tn (n € Z).
IIpu || < 1 xopeHb ypaBHEHUS €0s X = @ Ha oTpeske [0; 1] paBeH x = arccos a.
Torma Bce KOpHE MOKHO HalTH 110 hopmyite: x ==+ arccos a + 2nn (n € Z)

IIpumep 5. Pemum ypaBHenue cos x =72.
Pemenue: OauH u3 KopHEH ypaBHEHUS X :% .

Torna Bce KopHH OyayT X = % 2mnux=—L+2nn(ne 2).
Pemmenus MOXXHO 3arucarh Tak: X = £ %Jr 2nn (ne 7).

IIpumep 6. Pemum ypaBHEHHE COS X = — %
Pemenue: x ==+ arccos(—%) +2nn(ne 2)
15 1 _ m _ 2n :
Tak kak arccos(—j) =M -arccos 5 =M -3 = 3, MONydaeM:
x=ﬂ:2—3:T +2nn (ne Z2)
Emé npoie MmoxxHO HaiiTH penienus ypaBHeHusi cosx =anpua=0,a=1,a=-1.

DEE

Touxu ¢ (zﬁcz,zucca,%u 0 C (%), D(%[) Touxa c abcyuccou 14(0)  Touka ¢ abcyuccori —1 C(7w)
cost=0 cosr=1 cost=-1

=%+nn, (ne 2) t=2nn, (ne Z) t=n+2nn, (ne Z)
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IIpocreiiline TPUTrOHOMETPHYECKHE YPABHEHH S

ITpumep 7. Pemmm ypaBHeHue cos (x + %) =—1.
BemonanM 3ameny x + % =t: cost=-1 t=n+2nkke 2)
[TpuHMMas BO BHUIMAaHHE 3aMEHY, UMEEM: X +%= n+2nk (ke 72)

x=—%+n+2nk x—ﬂ+2nk(keZ)

|i Kakoe 3HaueHue x sBIsIeTCSI KOPHEM 3aJaHHOTO ypaBHeHua? Mcnonb3ys
MEPUONUIHOCTh (DYHKIIMH 3aMUIIATE €NIE [BA KOPHS: MOJIOKUTEIbHBIA U
OTpHULIATEIbHBINA. BBITTOIIHUTE TPOBEPKY.

— - T
2,x i 6)\/§cosx—2,x 40" 6
|i Pemnte ypaBHenus. Haligure: 1) permenus, npuHaaiexaiiyie npome-

KyTKy [0; 27t]; 2) obmiee perenue; 3) rpadgudeckoe pelieHue.

a)cosx=% 6)cosx=—% B)2COSX:\/§ r)2cos2x=\g

H)ZCosx—\B:O e)2cosx+1=0 xk)cosx—1=0 3)cos 2x =0
|i WzyunTe mpuMep, 3aNUIINTE PEIICHUE B TETPalb. 3a1aHue 2) BHITOTHUTE

a)cosx+ 1=0, x=

CaMOCTOATCJIbHO.

1) 3anummuTe pemeHus ypaBHSHHA, IPUHAJICKAIINX TPOMEexyTKy [0; 37].

a) sinx=—i 0) sin2x=—L
2 2

PaccmoTrpum oOnue penieHns Kak10ro 13 ABYX ypaBHe-

. . 1 .
HUH BUIa sin 0 = — 5 Ha egunuyHO OKpY)HOCTH CY-

IECTBYIOT ABC TOYKU C OPAUHATAMU — — . OTHUM TOYKaM

P Vs A
it 1ln . lln
COOTBETCTBYIOT YIJIbI u . Pemenue ypaBHeHus:

T iin, . 5 6

& T2nkwu —+ 2nk (ke Z)

a) B ciyuae, ecnn 0 =xu 0<x<3m, taHHOMY I/II%TepBla{Iy YIOBICTBOPSIIOT
T

TOJIBKO 3HAYCHUS X paBHBIe7—g u HTTC YT T T

0) B ciiyuae, ecim 0 = 2x, eciii x ynosietrBopsiet ycnoButo 0 <x < 37, T0o

0 <2x < 6m u Ha TaHHOM UHTEpBaJE CYLLECTBYIOT CIIE/yIOIHE PELIEHHS:
+2n

B T e
sinzv=—L 5, 7% Uz 197 23n 3in 35m
2 6 6 6 6 6 6

B e A
Tn 1l=n ’1975 231 ,31n ’3571
12712 12 12 12 12
2)3anummmTe penieHus ypaBHEHUH, pacToIOKeHHbBIE Ha TpoMexyTke [0; 37].

o 1
B) cos(x 3)—2

1 1
R 6 I = —
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IIpocreiilne TPUTOHOMETPHYECKHE YPABHEHH S

VYpaBHeHusA tgx =aunuctgx=a
Ha mpomexyTke (—% ;%) pelieHreM YpaBHEHHUs tg x = a sIBisieTcsl x = arctg a.
Tak kak 0OCHOBHOM TepuoJ| GYHKIIUHU tg X paBEeH T TO, BCE PEIICHUs yPaBHEHUS
tg X = a MOXHO 3a/1aTh (HOPMYIIOH:

x=arctg a + nn, (n € 7).
To, 4TO penieHre BEpHO MOKA3aHO Ha PU-

CYHKE, IIpHU IIOMOIIX TOYCK IIEPCCCUCHUS I'pa-

¢bukoB QyHKIHMI y =tgxny = a.

AHaJIOTMYHO MOXHO T10Ka3aTh, YTO BCE PEIICHUS YpaBHEHUs Ctg X =  UMEIOT BUJ
x=arcctga+nn(ne 7). _
[Ipumep 8. Pemtum ypaBHeHue tg (x — %) =13,
T_
Pemenne: BBITOTHUM 3aMEHY X — 61!
[Tomyunm ypaBHEHUE tg ¢ = \3 . Pemenue 310r0 ypaBHEHHUS OyneT

=%+nn(ne 7).

HpI/IHI/IMaSI BO BHUMAHUC 3aMCHY ITIOJIYYUM!

x—%=% +nn(ne Z2)
= ., T
X = 3+ 6+Ttn

xX= %+nn(ne Z)

[Ipumep 9. Pemium ypaBHenue ctg 3x = —1.
Pemenne: Beimoanus 3ameny 3x = ¢, nony4yum: ctg ¢ = —1

Tak kak arcetg(—1) = 37? , TO 1= 3T4n+ nn.

W3 3amensl cnenyer, 4to 3x = 37? + nn. Pa3nenus o0e yactu Ha 3 MOIyYUM
BCE pelieHus ypaBHeHH ctg 3x =—1 B BUIE X = % + %, (ne 2).

ITpumep 10. Peminm ypaBHeHnue tg x = 0,75 .

Jlns pereHust ypaBHEHMsI TAKOTO TUIIA HUCIIOJIB3YHTE KAIBKYIATOP.

Ecnu mocne naxarust kHornku tan~!' BBectu uncio 0,75, To Mpu HaXKaToW KHOTIKE
Degree momyunm 3nauenue 36,87°. Tak kak TaHTEHC SIBISICTCS IEPUOUIECKON
dbynkuent, To 3aadeHus 36,87° + 180°, 36,87° —180°, 36,87° + 360°,
36,87°—360°, 36,87°+ 540°, 36,87° — 540° Takxke COOTBETCTBYIOT 3HAUCHUSIM
TaHrenca pasHbM 0,75. Takum 00pa3zom, pelieHue ypaBHEHHUs B 00ILEM BHUJIE
3anuceiBaeTes Tak: x = 36,87° + 180°, (k= 0, 1, £2,+3, ...).

Penenue ypaBHeHUs npu moMoIy KHONKKM Radian Oyzner uMeTh BUI:
A=0,6435+7k ke Z.
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IIpocreiilye TPUTOHOMETPHYECKHE YPABHEHH S

Pemenus ypaBHeHui Buaa ctgx = a, secx = d, COSECX = d MOXHO MOJTYyYUTh
TIPH ITOMOIIM PaBEHCTB:

1 1 1
ctgx = ——, secx = , cosecx = —;
tgx cosx

Sin x

IIpumep 11. Pemium ypaBHenue cosec x + 1 =0 xe [0; 2n] .

Pemenue. cosecx = — 1
1
pE— =—1 OOGiuee perienus ypaBHeHus sinx = — 1 ecTbx = — % +2nn (ne Z).
X 23775_ pelieHus ypaBHeHus sinx = — 1 Ha npomexyTke [0; 27].

|7. Kaxoe 3HaueHuE X SIBISACTCA KOPHEM 3a/[aHHOTO ypaBHeHHs? Mcnonb3ys
MEPUOIUYHOCT (DYHKIMH 3aIUIINTE eIE JBa KOPHS: MOJOKUTEIbHBIN U
OTpHLIATEIbHBIN. BhIomHNTE IPOBEPKY.

a)tgxf\/g=0,x=l,x=l 0) \/gctgx=\/_2,x=l,x=l
4 3 3 6
|§ Pemnte ypaBuenus. Haiiaure: 1) pemenus, npuHaaiexarine npoMexyTKy
(- %; %); 2) obiiee perieHue.
a)tgx=\/§ 0)tgx=-1 B)tgx=1 r)tgx=§

|& Pemmre ypaBuenus. Haiigure: 1) pemenus, npuHaaiexaniie
npomexyTKy (0; 7); 2) obriee pemeHue.

a) ctgx = 3 0)ctgx=-1 B) ctgx=—\/§ r) ctgng
@. Pemmre ypaBHeHHE tg X = V3. Wcnonp3ys momy4eHHbIe pe3ylIbTaThl, 3a-

IIUIINTEC O6IJ_II/IC PEIICHUA CICAYOIINX ypaBHCHI/Iﬁ.

a) tglx— %)= 3 6) tg 4x =3 B) ctg zng

|11. Pemmre ypaBHeHus.
1) Haiinure pemenusi, pacroyiiokeHHbIe Ha mpoMexyTke [0; 27].
2) Haitnure obiee perieHue.
3) N3o6pa3zute rpaduueckoe perieHne ypaBHeHMs.

a) 2sinx — \3=0 6) 2cosx =1 p)tgx+1=0
r) 2cosx — \3 =0 m) sinx=0 e)tgx+V3=0

|1_2. [Tpu moMoImM KanbKyasSTOpa PEIINTE YPABHEHUS U HAIUTE TPU €r0 KOPHS.

a)tgf=3 0) sin 6 = 0,85 B) cos 0= 0,47
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IIpocreiile TPUTrOHOMETPHYECKHE YPABHEHH S

|13. Haiifute KOpHH ypaBHEHHS, IPUHAIeKaMe nHTepBaty 0 <x < 47, 110

obpasiy. B
a) 2tgx=—2 6) 2sin x = —1 B) 2 cos x = —3

IIpumep. tg x = -3

Pemienne: Ha equHUYHON OKPYKHOCTH TOYKAM —3 cootset-
CTBYIOT JIBa yIjla IOBOPOTA: 2—375, 5—3“ . Tak kaxk mepuoJ| paBeH T,
TO 3HAYEHUs —\V3 TaHTEHC NPUHUMAET B TOUKAX PaBHOY/IAJICH-

HBIX JIPYT OT JIpyra Ha pacCTOSHUE T, TO ecTh tg(m +0) =tg 6.

ACGH

B

3HAYUT peIlIeHUs] ypaBHEHUS tgx = —\3 Ha unTepBaie 0 < x < 4n, MOXXHO HAlTH

0 TIPaBUITY.
27 21 St 5w &n 81 In
—_— _+ —_— —_ — — —_— = —_—
3.m -3 (T3 M T3 tRTT m Ty e
0= 0<x<dn _p

M' Haiigure npuOimkEHHbIE pEIIeHHs CICIYIOINX YPAaBHCHUN Ha 3aIaHHOM
MIPOMEXKYTKE, TIPH MOMOIITH rpaduka GyHKIIUU ) = COS X.

AY
y=cosXx

/1
4 /\ /\
90° 270°  450° 630° 910°\
-0,51
-1

Y =

a) cosx =0,4 0<x<450° 0) cosx =-0,5 0<x<630°

B)cosx+ 1=1 0<x<910° r) 2cosx =—-2 0<x<630°
|L5' Pemute ypaBHeHus.

a) 2 sin(x + ) = 2 6)sin(2x— 7 =0 B) cos(2x +3)=0

r) 2 cos(x — %)= 2 n)tg(Qx— g) =1 e) ctg(2x — %) =0
|16. Pemmire ypaBHeHHs!.

s _\2 2 ginte— L
a) sin 2x-sin x — cos 2x-cos x =— 0) cos’x —sin’x = 5
B) sin 3x-cos x = 1+ sin x-cos 3x r)sin x-cos x =0
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IIpocreiilye TPUTOHOMETPHYECKHE YPABHEHH S

|1_7. Haiinure kopHHM ypaBHEHUs, PUHAJIEKAIINE TIPOMEKYTKY, IO 00pasILy.

a) cos’x —sin*x =1, (0; 3]
6) cos?*(x +30°) — sin’(x + 30°) =—1, (180°; 270°)
B) Sin x-cos x = 5 [-m; 27]

IMpumep: a) cos’x —sin’x = 1, (0; 37]

Pemenne: 3anumem ypaBHeHHE B BUIE cOs 2x = 1.

OO1ee penenne ypaBHeHus cos 0 = 1 umeer Bua: 0 =27k, (ke Z).

Orcrona nony4yaem: 2x =2nk, x =nk, (ke Z2)

Ecmm 0 <x < 3m mo ycnoBwuto , torna 0 < wk < 3m .

Paznenum kaxmyto cropony Ha 1 0<k<3, (ke 7).

[HoncraBum monydennsle 3HaueHus k = 1; 2;3 B popmyny x =nk (ke 2)

HOJTy4YHUM KOPHU 3a/laHHOTO YpaBHEHUS: T; 27; 3.
|1_8. Haiinute Hynu QyHKIMM Ha 3aJaHHOM ITPOMEXKYTKE.
a) y =sin 2x, 0° <x < 180° 6)y=sin(x—%),0§x§3n
|1_9. Haiigure abcunccsl Touek nepecedenns rpadukoB GyHKINN

y=3 cos(x+%)1/1y= 1,5.

@, Pemmire ypaBHEHUS.

a)sin(m + x)=-—1 0) cos(m—x)=1 B) sin x =0

3 T, X i

r) cos(§ — =0 ) tg(% + x) =1 e) ctg(3 +5) = \3
|21. Pewmre creayromme ypaBHeH s Ha 32 1aHHOM [IPOMEKYTKE.

a)dtg3x+5=1, 0<x<nm

0) 2cos2x+3=2, 0<x<360°

B)2sin2x+\V3=0, 0<x<2n

r) V2sin2x+3=2, 0<x<360°

1mn 7mx

|2_2. CKOJBKO pellieHui UMeeT ypaBHEHUE Sx_ 1= 0  Haotpeske [0;2 7] ?

Iga. HaiinuTe nepumerp TpeyronpHuKa, 3Hasi, 4T0 cos 26 =% .
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MeTtoab! penieHHsl TPUTOHOMETPUYECKUX YPABHEHHM I

Pemenue 1106010 TPUrOHOMETPUYECKOTO YPABHEHUS CBOAUTCS K PELICHHIO TPO-
CTEHIINX TPUTOHOMETPUYECKUX YPABHEHHI. PacCMOTpUM OCHOBHBIE METOJIbI pe-
HIEHUs] TPUTOHOMETPUUECKUX YPABHEHUI Ha CIIEYIOIUX IpUMepax.

1) MeToa pa3/ioskeHHs HA MHOKHTEJIH

IIpumep. Pemnm ypaBHeHue sin 2x — sin x = 0.

Pemenne:

2 sin x-cosx —sinx =0 no ¢opmyne 080020 yena sin2x = 2 Sin x-cosx
sinx(2cosx—1)=0 8biHeceHUe 00Uje20 MHONCUMENs 30 CKOOKY
sinx=0mwumu 2 cos x — 1 =0 no ycrosuro pasencmsa “0” npoussedenus
x=mn,ne Z CoSX = 5 x=i%+2nk,keZ

OT1BeT: TN, i% +2nk, ke Z, neZ

OOparure BHUMaHME, YTO B PA3JIMYHBIX CEMEHCTBAX PELICHUH HmapaMeTpbl
(n, k) oTMe4aroTCs pa3HbIMU OyKBaMHU.

[Tpumep. Pemmm ypaBHeHHE sinx cos? x = 4 sin x 1 HaIEM KOPHH, PacIIoONo-
JKEHHBIC Ha TpoMexyTke [0; 27] .

Pemenue: Sinx cos?x =4 sin x 3a0annoe ypasHenue
sinx cos>x — 4 sin x =0 omuuMeMm om Kaxcoou uacmu 4 sinx
sin x(cos’x —4)=0 6bIHECeM SIN X 30 CKOOKY

sin x (cosx — 2)(cosx + 2) =0 paznoscum popmyne pasnocmu xkeadpamos
Ka)KI[I)Iﬁ MHOXUTECJIb MIPUPAaBHUBAEM K HYJIIO U HAXOUM X (eCHH 3TO BO3MO)KHO).

sinx =0 cosx —2=0 cosx +2=0
x=mnk ke Z cosx=2 cosx =—2
pEILIEeHUN HeT peILIEeHUN HeT

Pemenne ypaBHeHusi B o0mem Buje: x = nk, (ke 7).
Kopuu ypaBHenus, pacnoso:xkennbie Ha oTpe3ke [0; 27t]: x1 = 0; x2 = 1; x3 = 27.
2) MeTon BBe/ieHMsI HOBOM MepeMeHHOi
Ipumep. 2sin>x —cosx+1=0
2(1 —cos’x)—cosx+ 1=
—2cos’x—cosx+3=0

o U3 OCHOGHO20 MPU20HOMEMPUHECKO20
moorcoecmaa sin’ x = 1 — cos’ x

2cos*x+cosx—3=0 ynpowaem

2a*+a-3=0 88E0EM HOBYIO NEPEMEHHYIO COS X = d
2a+3)a-1)=0

a=-1,5 a=1 peuteHust KeaopamHo2o ypPasHe st

cosx=-1,5 cosx =1 ewnonnsem obpammnyio sameny cos x = a

KOpHEH HeT x=2nk, ke Z

OrtBet: x =21k, (ke Z).
3) PemieHue 0lHOPOJAHBIX YpaBHeHU
Ecnm sin x = a, cos x = b 1 Bce 4iieHbI BXOAAIIKE B YPABHCHHIO SIBIISIFOTCS OJTHO-

YyJicHaMH OJMHAKOBOM CTENEHU OTHOCHUTEILHO a U b, TO TAKHUC YPABHCHUS HaA-
3bIBAOTCA OAHOPOAHBIMHU.
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MeTtoasb! penieHHsl TPUTOHOMETPUYECKUX YPABHEHHU I

IIpumepsl. 2 sinx —cos x =0
sin® x — 3 sin x*cos x + 2 cos’ x =0
Ecmu Het 00111ero MHOKHTENIS, TO 00€ 9aCTH OJHOPOIHOTO YPaBHEHHS MOKHO
pas3nenuTh Ha OOJIBIIYIO CTEIICHD COS X.
ITpumep. sinx + cosx =0
3neck cos x # 0, Tak Kak eciu cos x =0, 1o sin x =0, a ’TO MPOTUBOPEUUT TOXK-
nectBy sin® x + cos? x = 1. 3nayut cos x = 0 .
O0e CTOPOHBI ypaBHEHHS MOXKHO Pa3/ICIUTh HA COS X:
tgx+1=0
3nech tg x =—1, =—%+nn,ne Z.

4) llpumenenue GpopmMyJIbl NOHUKEHHUS CTENEHU.

1
Pemienue. PemmuM ypaBHEHHE COS? X = 7

3 , _ 1+cos2a
JleCh yI00HO IPUMEHHUTD (POPMYITY MOHMKEHHS CTEIICHH ( COS’0t =~ )
w = % VMHOOICUM 0O€e Yacmu ypagHeHus Ha 2
1 +cos2x= % omuumem om ooeux uacmetl 1
cos 2x = — % coenaem 3ameny 2x = t
cost=— %
1 2n
t=+ 2—375 +2nn,ne Z Mak Kak arccos(— 5) =3
2x =+ 2—371 +2nn,  pasdenum obe wacmu ypasHenus Ha 2

T
x=i§+nn,ne VA

5) MeTtox BBeleHHsI BCIIOMOTaTeJIbHOTO YIJIa
VYpaBHeHus Bua a sin x £ b cos x = d (nipu ab # 0) ynoOHO penIuTh BBEISI BCIIO-
MOTaTeNIbHbIN YTOM pa3eiB 00€ YacTH ypaBHEHHs Ha YKCio ¢ = Na’+ b* .

Ipumep. V3 cosx +sinx =3
3nech a = \/5, b=1 uc=\a?+b*=+3 +1=2. Paznenum o6e yactu
ypaBHEHUs Ha 2:

1 .
% ‘COS X + 751nx=73
= \—
coSs % sin % 88€0EM 8CNOMO2AMENbHDBLUL Y20 %
cos(x — % )= g no gopmyne croxiceHus
cost= % BbINOJHUM 3AMEH) | = X — %
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MeTtoab! penieHHsi TPUTOHOMETPHYECKUX YPABHEHUM

t=%+2nn 120171 t=—%+2nn
n_T _nT__T

X- o 6+2Tm X—¢ 6+21tn

x=% % 2nn x=2nn,ne Z

x=% 2nn,ne £

OrTser: %4- 2nn, 2nn,ne Z.

ITpumep. CKOJIBbKO KOPHEN MMEET ypaBHEHHE COS X = sinX- Ha oTpeske [0; 21]?

Pemenne: cos? %— sinz% = sin% no gopmyne OioﬁHozo yena
1 —2sin? % —sin % =0 BbINOAHUM 3AMEHY SN % =a
2> +a—-1=0
a=-1 n a= % peuteHue K8aopamHo20 yPaeHeHus
sin % =_ sin % = %
%:_% +2mn %=%+2nk u %=5—6n+2nk
x=-ntdmnne Z x=%+4nk u x=5—3n+4nk, ke Z.

Jns mapameTpa n HA OJHO W3 3HAYEHHUU HAWJICHHBIX KOPHEN HE COMEPKUTCS B
3aJJaHHOM OTpPE3KE.

% " 5—37[ KOpHU ypaBHeHHsI Ha otpeske [0; 2] mpu k = 0.

Jlnst 3agaHHOTO MapameTpa k Ha 3aJJaHHOM OTpPEe3Ke He CYILECTBYET JAPYTUX KOp-
Heit. OTBET: J1Ba KOPHSI.

Y6enuTcsi B MPaBUJIBHOCTH PELICHUS MOXKHO MOCTPOHB Ipaduku (yHKIIHIA
y=coSXHy=sin - npu nomomm rpad KaasKyisropa. TOUKH TepecedeHns
rpauKoB OyIyT SBISATHCS pelieHueM. J[Jst 3TOro BHIIOIHUM ITOCTPOCHUE C T10-
MOIIIBIO pecypca, Mo aapecy B HHTEPHETE /itips://www.desmos.com/calculator.

AY
0;1
®D (n/3; 0,5 (5n/3; 0,5

\ /
_om=3n/3 ‘%—n /25 -m3-(0 w3 3 o 4R Sm/3 2
-1

(—m; 1)

X
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MeTtoab! penieHHsl TPUTOHOMETPUYECKUX YPABHEHHM I

Oobyuaromue 3a1aHuA

|L Kakoe u3 cnenyromux 3Ha4eHHi x ABISETCS pEICHUEM YPAaBHEHMUSI?

1)2cosx—1=0 4)2cos’4x—1=0
_n _an T 3n
a)x=3 0) x==3 a)x=7¢ 0)x=7¢
2) cosecx—2=0 5)2sin’x— sinx—1=
T 5
a)x=7g¢ 6))5:% a)x=% 6)x=7—6n
3)3tg?2x—-1=0 6)sec*x —4sec’x=0
T 5
a)x =715 6)x:1_12t a)x=2—3n 6)x=5—?:t
|2. Peumre ypaBHEHUs METONIOM Pa3JIOKEHUS HA MHOKHTEH.
a)2sinx—sinx=0 0) sin’x+2sinx =0
B) cos’x—3 cosx=0 r)2 cos®x—\3 cosx=0
|i Pemnte ypaBHEHUS METOOM BBEJICHHS HOBOM EPEMEHHOM.
a)sinx—2sinx—3=0 0)2sin*x—5sinx+2=0
B)cos’x—4cosx—5=0 r)4cos’x—4cosx+1=0
n)2sinx—cosx+1=0 e)2cos’x+sinx—1=0
xK)tgPx—tgx+2=0 3)ctgx + 3 tgx =213

4. Pewnte 0fHOPONHbBIC yPABHEHUSL.
a)sinx+cosx=0 6)V3sinx—cosx=0 B)sin®x—2sin2x+3cos?x=0

|i Pemmre YPaBHCHHUC TP TOMOIIIU d)OpMy.TIBI IIOHMXKCHUSA CTCIICHU.

a) 4 sin’2—3 =0 6) 4 cos?z —1=0
|i HaiinuTe pelieHre ciaenyomyx ypaBHEHUN Ha 3a/IaHHbIX IPOMEXKYTKaXx.
a) 3tg?x—1=0,0<x<360° 0) 6sinx+5=8, 0<x<2n
B) 4cos’x—1=2,0<x<2m r)2cos2x+3=2 0<x<360°
|7. Pewmnre ypaBHEHHs PasINHBIME METOIAMH.
a)cos3x—cosx=0 0) sin 3x +sinx =0
B) sin x — V3 cos x =2 r)sin x + cos x = \2
) sin 2x — 2V3 sin? x =0 e) sin 2x = 2 cos’ x
x) (1 +tgx)cosx=0 3) (1 —tgx)sin2x =0
u) sin x + 1,5 sin 2x = sin’ x K) cos x + sin 2x = cos’ x
) cos4x—sin4x=g M) sin 3x = 3 sin x
H) sin 3x — 2 cos 2x =3 0)cos4x +sinx =2
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MeTtoab! penieHHsl TPUTOHOMETPUYECKUX YPABHEHHM I

8.

9.

10,

. Ilo rpaduky Ha puCyHKe 3aru-

".<T4>90,°5

[Tpu momommM KaibKyasITOpa HaAUTE MPUONMKEHHBIC PEIICHUs ypaBHe-
HUM, pacrlojoxkeHHbIX Ha uHTepBaie 0 <x < 2.

a)3tgx+1=13 0)8cosx+3=4

B)4sinx =-2sinx—35 r)3sinx+4cosx=>5

3anuIuuTe peleHue CIEAYIOIMX YPABHEHUH B 00IIEM BHUIE.

1) (ctgx—\/g)(Z sinx+\/3)=0 8) (tgx—1)(cosx—1)=0
2) 2 sinx — 1 = cosec x 9)tgx+1=\/§+\/3ctgx
Itgx—ctgx=0 10) cos?> x =sin’* x + 1

4) cosec’x—2ctgx=0 11) sin® x cos x = cos x
5)2tg?xsinx—tg2x=0 12) sin®x cos’x= 0

6)sec’ xtgx=2tgx 13) cos? x —sin x =0
7)9sin?x—6sinx+1=0 14)4 cos’x—4cosx+1=0
1) dns ypaBHeHUs sin(2x — E) =_1 HalauTe: a) HAMMEHBIIUN TOJI0KH-

TEJBHBIN KOpeHb; 0) HAanOOIBIIHIA OTPUIIATETHHBIN KOPEHB; B) KOPHH pac-
MOJIOKCHHBIC HA TIPOMEXKYTKE [f%; ] .

2) kopHU ypaBHEeHHs sin 3x - cos x = 1 + sin x - cos3x, pacnooKeHHbIE HA
MIPOMEXYTKE (—T; % ).

[MocTpoiiTe rpaduku creayomux GyHKUUN. 3aMUIINTe TOUKH TIepecede-
HUS TpadUKOB ¢ OCBIO X Ha nHTepBaje 0 < x < 2m.

a)y=2sinx+1 6)y=2cosx—1

i |E Cuaa toka. Cuiia Toka, KOTOPBIi
muTe (mpubInKEHHbIE) peltie-

HUS ypaBHEHHS .
4 cos (2(x — 60°)) + 6 =4 ercs Qopmynorr I = 20sin807t
A 3nech t -Bpems(B cex), 1 - cuna

BBIPa0aThIBAaCT FeHEPATOP, BBIPAXKa-

=4 cos(2(x — 60°)) +6

Toka(B ammepax). Haiiaure Ham-
MEHBIIICE IOJIOKUTEIBHOE 3HaYe-
HHE #, YTOOBI:

a) [=-104; 06) [=204.

0  60° 120° 180°240°300°360° . 1 —
JIBroKEHME Tela, TOBEIEHHOT0 Ha Npy- 8
JKUHE MOYKHO CMOJIEIMPOBaTh QyHKIMEH,
3agaHHoi QGopmynoit d = 4 sinnt. Ha Oomrt
KaKOU CEKYHJIE TEJIO M3MEHUT MOJI0KEHHE
Ha 2 cMm? “4emt & Aomt
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Pemenue 3a1a4 npy NOMoIIM TPUTOHOMETPUYECKHUX YPAaBHEHUM

115.

116

17.

118.

a) Touka ¢ KoopAMHAaTAMHU (\/§ 1)coBepiiaet MoBOpoT Ha yron% MPOTHUB Ya-
COBOM CTPEJKH OTHOCHTEIBHO Hauana KOOpAWHAT. B kaKkyto TOUKy oHa Impe-
obpasyercs ? y
6) Touka ¢ koopauHaTamu (2;2) Mpu MOBOPOTE OTHOCHU- ', ") 2

TCJIbHO Ha4YaJla KOOpAHAT npeo6pa3yeTCﬂ B TOYKY C KOOP-

JUHAaTaMu (—\/2; V) 6). Ha kaxoii yron noBepHynach Touka? |

Paccrosinue d, koropoe npeozosneBaet 6ercOob-
HBII MsI4 TIpU yAape, 3aBUCUT OT HayaJbHOM CKO-

pPOCTH Vo M yINIa HAaKJIOHA O M HaXOAUTCS IO
vo? sin20

g
6OIIHOFO najgeHus. Ecnmn IMPOTUBHUK HAXOOUTCS

bopmyne d= , 311€Ch g YCKOPEHUE CBO-

Ha pacctossHuH 70 M, a HagaIbHasI CKOPOCTh Oeiic-

6osibHOTO Msiya vo = 30 M/cex , TO HaliauTe yroiu

HaKJIOHA 0.

Maxwup xoueT MpoBepUTH OaTaHCUPOBKY KOJIEC Benocurieaa. J{is 3Toro oH cra-
BUT METKY Ha 000/i¢ Kojleca M HAUMHAET €ro KPyTUTh. J{BHKEHHEe METKH 3a1a-
ércst popmyioii A(t) =42 + 18 sin 3nz. 3aech & - BeicoTa(cMm), ¢ - BpeMs (Cek.).
a) Ha kakoii BbIcOTE OKa)keTCs MeTKa uepes Bpemst £ = 15 cek?

0) 3a CKOJIIBKO CEKYHJ METKa OKa)KeTCsl Ha BbicoTe 60 cm?

Kocmoc. OpOurta, npepaHazHAu€HHOTO JUIs
KOMMYHUKAIIMOHHBIX LI€JIEd UCKYCCTBEHHOTO
CITyTHUKA 3CMJII/I, HaXoAUTCA Ha paCCTOAHUN t
MWUIb OT 3emud. Paguyc 3emmn paBeH 3960
muib. Co CIIyTHHKA MOKHO YBUACTH TOJIBKO
HEKOTOPYIO YacTh MOBEPXHOCTH 3emiu. Ha
PUCYHKE, TOPH3OHTAJIbHAs  OKPYXHOCTb
OTpaHUYMBAECT 3Ty YACTh U OKPAILIEHA YEPHBIM g
1BeToM. UTOOBI OTIPECIIUTh HEKOTOPBIC Pa3- H

MEpbI TOPU30HTAILHON OKPYKHOCTH BOCIIONb- E‘f’
3yeMCsl PHCYHKOM.

20pU30HMANBHA
OKPYIHCHOCHb

a) 3anuimute GopMyiTy 3aBUCUMOCTH £ OT Q. 0) Haiinure ¢, ecmm o = 10°.

B) Ecim ¢ = 30000 Muith, HaIUTE 3HAYCHUE L.
Haiigure nuny munopaoit nyru AB. Kakoe HanMeHbIIee KOTM4eCTBO TaKUX

CITyTHUKOB HEOOXOIUMO, YTOOBI YBUICTh IISITUKOM JIHHIO BIOJIH dKBaTopa?
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Pemenue 3a1a4 npu MOMoOIIM TPUTOHOMETPUYECKHUX YPAaBHEHUM

|1_9, Jluteparypa. [1aBHbII repoil poMaHa UCIIAHCKOTO nucareias Murens ae

Cepganreca Jlon Kuxor cunran ce6st ouens cunbabmy 8] 1
1617\ ARV

1, OTHAXKIBI, PEIITHII OCTAHOBUTH BETPSIHYIO MEJIbHUILY. 12 \
Ho oH He cMor cnenarh 3T0, TaK Kak 3alenuiics 3a 8\
4NN

KPBLJIO MEIbHMIIBI M CTaJ] KPYTUTHCS Ha BO3JyXeE.
[Tonoxxenne, B kotopoe nonan Jlon Kuxor, MoxxHO
CMOJIENIUPOBATh MIPU NOMOILU TPUTOHOMETPUUYECKON
¢ynkunu. ['paduk Ha pHUCyHKE MMOKa3bIBAE€T 3aBUCUMOCTD BBI-
COTBI, Ha KoTOpoit HaxonuTcs Jlon KuxoT npu BpalieHnu Kpblia,
OT BPEMEHH.

1) Ilo rpaduky HaliauTe ciaenyrouue nokas3aresiu 1 00bsICHUTE
UX B pEAIbHOM CUTyalluu: a) aMIUIUTYy; 0) epro.

2) 3anumute Gopmyny GYHKIMH. 3aUIINATE 0071aCTh ONpPENeIeHUs U MHO-
YKECTBO 3HAYEHUH /IS IIECTH MOJTHBIX MIEPUO0B (PyHKIINH, TTOKa3bIBAIOIIEH
nonoxenue [Jon Kuxora B Bo3yxe.

3) B xakue munyTsl Jlon Kuxor Oyner naxonurces Ha Beicote 10 M ot 3emiu?
4) Kak usmenurcs rpauk npu yMEHbILIEHUE CKOPOCTH BpaLeHHsI KpbLia?

BBICOTA (M)
3

O 20 40 60
BpeMs (CEK.)

|20. Fapmonmaeckue Koe6anusi. 3aBUCHMOCTb OTKIIOHE-

HUS TIPY)KUHBI OT COCTOSIHHSI ITOKOS TIOJ JeHCTBHEM —
Beca Telia 3ajaHa GopMyJsion y = D) (sinmt — 3 cosmt).
3nech -BpeMs B CEK., ) - W3MCHCHUE MOJIOKEHUS B M.

Haiinute Bpemsi, u3 unrepsana 0 < ¢ < 1, 3a kotopoe

TCJIO BO3BpAIACTCA B COCTOAHUC PABHOBCCHUA.

|21. BonsiHoe KOIeCO UCIIONB3YETCs Ul IPEOOPa30BaHUsL YHEPIUIO JABIKCHUS
BOJIBI B TTOJIE3HYIO SHEpruro. [t mpoBepku OaaHca Kojeca
B HETO BOMBAIOT I'BO3/Ib M HAUMHAIOT KpyTUTh. Korna reo3ap
HAXOJIMTCS HAa CaMOM BBICOKOM TOUKE Kojieca (B HaJYaJIe JIBU-
JKEHHSI), TO PACCTOSIHHE OT HEro /10 TOBEPXHOCTH BObI CO-
crapisiet 3,5 M. Uepes 12 cekyH/1 TBO3/Ib YK€ OIyCKaeTCsl K
caMOM HU3KOH TOuke, Ha pacctosHuu 0,5 M oz Boz0il.
a) 3armumute GopMyiny PyHKIIUN 3aBUCUMOCTH BBICOTHI /1, Ha KO-

TOPOI HAXOIUTCS T'BO3/b, OT BPEMEHH.
0) Ha xakoii BEICOTE OKa)KeTCs TBO3/IL Yepe3 15 cekyH/I mocie Ha-

yaia JBIKEHUs?
B) Uepe3 CKOIBKO BPEMEHH, TTOCTIe Havyalla JIBIKEHUS KOJIECO OKaKETCS Ha
BBICOTE 1,5 M OT MMOBEPXHOCTH BOJIBI?
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Tpuronomerpuyeckue HepaBeHCTBA

Jlns pemieHre npoCcTEHIINX TPUTOHOMETPUYECKUX HEPABEHCTB MOXKHO HCIIOJIB30-
BaTh KaK €MHUYHYIO OKPYKHOCTB, TaK U TPaQUKH TPUTOHOMETPUIECKUX (PYHKITHIA.

IIpumep 1. Pernm HepaBeHCTBO sinx > ——Ha uHTepBase 0 < x<2rn rpadguyecku
Pemrenue: 3anuiieM perieHue B 00ieM BUje.

Pemutn JaHHOC HEPABECHCTBO 3HAYMUT, HaWTH a6c1mcc51 MHOXXCECTBA TOUCK I'pa-

. 1
¢uka QyHKIIMK y = sin X, OpIUHATHI KOTOPBIX OOJIbIIE bR

1. [Toctpoum rpaduk GyHKUIKHU y = sin x .

2. B onHOIi cucteme KOOpAUHAT MOCTPOUM Irpapuk GYHKIHUU Y = ;—

3. OTMeTHM TOYKM MepecedeHus rpaukoB.

4. Kak BuzHO, psimast y = E) Jenut rpaduk QPyHKIUM y = sin X Ha JIBE YacTH.
Abcuuccsl MHOKECTBA TOUEK PACIOI0KEHHBIE B BEPXHEH YacTH OT MpsAMOi
=7, YAOBIETBOPSIOT HEPABEHCTBY. Ha untepBainie 0 <x <27 3TH TOYKU UMEIOT

T s
216CI_II/ICCI)I X > ux <— . 3Ha‘II/IT, peICHUEM HCPABCHCTBA HAa UHTCPBAJIC

6 6
T Sn
0 < x < 27 ABISICTCS MHOXKECTBO TOYCK, YAOBJICTBOPAIOIIUX yCJ'IOBI/IIOZ< X <?
A y=sinx 1

VAN o -y AN
N N a

=Y/

3n/2 - /2 n6 w2 Su/6 r'r\\‘m'/yzﬂ Sm/2

Taxxe pemeHus TPUTOHOMETPUYECKUX HEPABEHCTB
MOYKHO SICHO YBUJCTh Ha €IMHUYHON OKPYKHOCTH.

Bce ocranbHble HHTEPBAIBL, YIOBICTBOPSIOLINE PE-
HICHUIO HEPaBEHCTBA MOJIYYaIOTCsl CMEILIEHUEM UHTEp-

LITY .
Basa ( 66 ) Ha pacCTOSIHUE JITTUHOM B 27 BIIEBO WU
: 1
BIpaBo. [loaToMy penienus HepaBeHcTBa sin x > 7 3alUCBIBAIOTCA TaK:

%+2nn<x<5_6“+27m(ne Z)

3

[Tpumep 2. PermmmM HEpaBEHCTBO sin x < -

Pemrenue. Pemenns ypaBHeHus sin x =§;{BH;{IOTC;I abcrccaMu To4eK repe-

o - 3 .
cedeHus rpaguKoB PyHKIUN y =SIn X Uy = > - Ecnu onuH u3 xopHeH, Ha nipo-

. _T . n _ 2%¢
MEXKYTKE JIJTUHOM 27 paBeH X1 = 3> TO JIPyTrol KOpeHb OyJleT paBeH T — o = == .

P

Ha rpaduke oTMETUM TOYKH IEpeceveHus ¢ abcuuccamu % ns
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Tpuronomerpuyeckue HepaBeHCTBA

O Ka)i(,I[OP’I U3 HUX, I10 00e CTOPOHBI, OTMCTUM emé JABC TOYKHU - BIIPABO OT

TOYKHU 5 3 Ha 2m: 3 +2n= 73 ,1 BJIEBO OT TOUKHU 2—375 Ha 2m : 3 2n=-73

OHU TaKKe SBITIOTCS a6CI_II/ICCﬂMI/I TOYCK MCPCCCUCHUA I‘pa(bI/IKOB.

2n zzﬂ

Ay - o -
= > _\3
| Y=
N\, N
pal X2 |\ / AN >
5 4 s 8
% o0 ¥ ¥«
| < 2m .
- -
Ha npomexyTke (— 4—3“ % ) opauHATHl TO4YeK rpaduka GyHKIHH y = Sin X
MEHBIIIE 73 [TpunsB BOo BHUMaHUE nepuo] GyHKIUH, peHIGHI/I}I HEpaBEHCTBA
sin x <T3 MOXKHO 3aIliCcaTh B BUJIE: — 437: +2nn <x< 3 +2nn (ne 2).

U3 rpaduka BUgHO, 4TO MHTEpBAI (% ;T ) YIIOBJIETBOPSET PEUICHHUIO HEepa-

: 3
BEHCTBA Sin X >—~ . Bce 0CTanbHbIe HHTEPBAIBI, YOBICTBOPSIOINC HEPABCH-

T.2%n
3°73
Ha OTPE30K JJTMHON B 27. 3HAUUT,B OOIIEM BUJIE PEIICHHUS HEPABEHCTBA

. 3
CTBY SIn x > T MMOJIy4aroTCs CMCIUICHUEM HMHTCpBajia ( ) BJICBO U BIIPAaBO

. 3 T 2n
sin x >3~ 3aMHCHIBAIOTCA Tak: -+ 21n <x < 3~ +2mn (ne 7).

2
IIpumep 3. Pemium HEepaBEeHCTBO €OS X >
Pemenne: Haitném abcrmcchl Touek niepecedeHus rpadukoB PyHKIUH ) = cOS X

_\2 _\2 .
My ="5 W3 ypaBHeHHs cosx =" . [lomyunm:
x—z+2nn u x——z +2nn. (ne Z2)
Tpu 7 = 0 aBcuucch ToueK nepecedenus OyayT paBHbl — u —%. OtmeTum 3TH

4
TOYKH Ha rpaduke. OT KakI0H U3 HUX, IO 00€ CTOPOHBI, OTMETHM eIIE /Be

TOYKH. AY
o B _\2
N s 2\ o V2
7 N TN 74 A N
7%\\/_% 0 3 \_/ T T X
‘4 2n “
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Tpuronomerpuyeckue HepaBeHCTBA

T k4 _In
OTMETHM OT TOYKH —4 CHpaBa Ha PacCTOAHHH 2T TOYKY — T +2n = 2 ¥ OT
n yis Tn
TOYKH 4 CIICBA HA PACCTOSHHUH 27 TOYKY Vi 2n =— 4

OpaMH U3 TPOMEXKYTKOB, YIOBIETBOPSIOIIUX HEPABEHCTBY, PACIIONOKEH MEKITY
HAaUMEHBINNX 10 a0COIOTHOMY 3HAYEHUIO KOPHEH COOTBETCTBYIOIIETO YpaBHE-

T T
HHUA, T.C.MCKAY TOUKAMU — Z u Z . HpI/IHSIB BO BHUMAHUEC IEPUOANYIHOCTD

(I)YHKLII/II/I, MMOJIy4YrM CJICAYIOUC pCIICHHA HEPABCHCTBA COS X >% .

—%+2nn<x< % +2nn (ne 2).

ITo rpa(bm(y pelIeHre HepPaBEHCTBA COS X < —2 Oyzer:

+2nn<x<77 +2nn (ne 2).

ITpumep 4. Pemnm HepaBeHcTBa tg x> 1 ntgx < 1.
Pemenne: B ogHoli cucteme KOOpauHAT IOCTPOUM rpadukn

byHkumii y=tgxuy=1.

<
I

—

Haitném a6cnnccy TO‘IKI/I MepECEUYCHUS , pacnonoxceHHoﬁ B

uHTepBaje (— 2 3 T ),peuuB ypaBHeHue tg x : x _Z .
OyHKIUS tg X BO3pacTaeT Ha MPOMEKYTKE (— = %) u —%
tgx=1npux= Z

N
0o

T T
Torna, ean —7<x<Z,Totgx< 1.

Ecimn —Z<x< Totg x> 1.

2 9

=Y

Tak xak ¢pyHKIMS tg X UMEeT Mepuo/] T, TO peleHue HepaBeHCTBa tg x < 1 Oyzmer

—%+nn<x<%+nn(rze 7),

a peleHre HepaBeHcTBa tg x > 1 Oyxer

%+nn<x< %+nn(ne AR
IIpumep 5. Pemmm HEepaBeHCTBA ctg x > B ctgx < V3.
Pemenune: Ha 0qHOM KOOPAMHATHOM IIJIOCKOCTU ITOCTPOUM A
rpadukn QyHKIHit y = ctg x uy =3 .
Abcmuccy Toukd niepecedeHus rpad)uKoB Ha MPOMEKYTKE

s y:\/§

(0; m) HalinEM U3 ypaBHEHHS Ctg X = V3 X=%

(DYHKL[I/ISI ctg x yObiBaeT Ha nmpomexyTke (0; ) u npu

(e
oA

X = ctgx \/3 Torna,

ecnn0<x< Toctgx>\/_ a

69
ecnu%<x< i ,Toctgx<\/3.

R Fial R

DTO TOBOPUT O TOM , YTO YCJIOBHIO HEPaBEHCTBA Ctg x > 3 YAOBJIETBOPSIIOT
T -
0+mn<x<-g+mn (n e Z), a ycnoBuio HepaBeHCTBA Ctg x < V3

%+nn<x<n+nn(ne 7).
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Tpuronomerpuyeckue HepaBeHCTBA

Jls pereHuss TPUroHOMETPUYECKUX HEPABEHCTB!

1) B ogHoli cucteme KoopIuMHAT MOCTpoiiTe rpaduku GpyHKIUN U3 JIeBO U mpa-
BOM YacTell HEPABEHCTBA;

2) Pemnte cooTBeTCTBYIOIME YpaBHEHM. Haiiiure aOCIUCCHI JIjIs1 HECKOIBbKUX
TOYEK MepeceueHHs], PACIOIOKEHHBIX ONM3KO K Hadalxy KOOPJUHAT U OTMETHTE
uX Ha rpaduke;

3) Omnpenenute KakoH-IMO0 MHTEPBAI, YIOBIETBOPSIONINI HEPABEHCTBY;

4) [IpuHuMas BO BHUMaHUE MEPUOAUYHOCTD (DYHKIIMH, 3aTTUIINUTE BCE PEILICHUS.

IIpumep 6. Pemmre HEpaBEeHCTBO

cos 3x < 0 Ha unrepBasie 0< x<2m .

Pemenue: (T (G (T

2
a
el
A
g

LON
AY

1. IToctpoum rpaduk GyHKIUN A\ ol \faa [ 2aa A ] agal\s

y = cos 3x.

Kak BunHO 13 rpaduka, 3HadeHus cos3x Mensblie 0 nim paBHbie 0 COOTBETCTBYIOT
TOYKaM, PacTOJIOKEHHBIM Ha ocH adctuce (mpsamoit y = 0 ) wim Huxe e€.
Pemenusimu HepaBeHcTBa U3 HHTEpBajia 0 < x< 27 ABJISAIOTCS POMEXKYTKU
T 11 3n
Moyl 0 I Hm o o1
6 26 6 6 2
s T

IIpumep 7. Pemum HepaBeHcTBO V2 sin (x _T) + 3 > 2 Ha uHTepBaie

0<x<2m.

1. TTocTtpoum rpadpuku QpyHkK-

S

Ui y = \/zsin(x —% )+ 3 & -
= \2sin x—Z+3
ay=2 @ B« 3+ N/

QOr=2

MIPU TTOMOITH TpadKabKy- e T 2 | 3

JSITOpA.

Pemennem HepaBeHCTBA SBISIIOTCS A0CIMCCHI BCEX TOYEK, KOTOpPBIE pacHoo-
KEHBI Ha MpsAMOMN y = 2 U BbIIe He€. DTO Touku 0 < x< 3771 13 MHTEpBaJa

0<x<2m. A oOuiee pelieHue HEPABEHCTBA UMEET BU 27k <x < 37“' + 2nk .
IMpoBepka: Ha nntepBae pemieHus isi IPOBEPKH BHIOEPEM OJIHY TOUKY, HAIIPH-
Mep X = % Y TIPOBEPHUM TPABUIIBHOCTD PELICHUS:
\2sin (l— l) +5>2

2 4
\2sin %4‘ 3>2
1+3>2
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Oo0yuaromue 3a1aHust

. T .3n
|1. Haiimre pemenus CIeaylomuX HEPABEHCTB HA OTPE3KE [—? b
a)sinx>% 6)sinx>—% B) sinx >0
. 3n ©
2. Haiijute pemenns ceyiomux HepaBEeHCTB Ha OTpe3Ke [— B ?].
a)sinx<% 6)sinx<—% B) sinx <0
|i Haiinure pemienus cnenyromux HepaBeHCTB Ha oTpeske [0; 2m].
a)cosx<% 6)c0sx§—% B) cos x <0
|4. Haiinute peLieHns CieayrOmux HePaBeHCTB Ha OTpe3Ke [—; 7).
a)cosx>0 6)cosx>—% B)COSX>T3
. T T
|i Haiinure pelieHus cneayomnux HEPaBEHCTB Ha IIPOMEKYTKE (—? ;7).
a)tgx>-—1 0)tgx< —1 B)tgxz\E
|i Haiigure pemenus cnenayronmx HepaBeHCTB Ha nmpoMexyTke (0; 1)
a)ctgx <1 6) ctgx > \3 B) ctgx <0
|l Pemure HepaBeHCTBa.
a)sinx>§ 6)sinx>—% B)sinx<g r)sinx<%
) cosxz% e) cosx>—% xK) cosx<g 3) cosxS%
H)tgx>\/§ K) tgx>-1 m)tgx <1 M)tgx<g
H) ctgx>1 o) ctgx>—1 n)ctgxi\/g p)ctgx<—\/§
8. M3zyuure npumep. Pemmre HepaBeHCTBA.
Mpumep. 2 sin(x + %) ~1>0
sin(x+%) >% Ay
[lycTs N WA T,
o+ oy AN i N 7N,
I 5
sInt> %
%+2nn<t<5—6n+2nn ne 7z %+2nn<x+ %<5—6n+2nn
2nn<x<2—3n +2nn,ne Z
a)2sin2x —V3>0 6)2 cos2x —V2<0
B) 2 sin(x+¢ )~ 1>0 r)2cos(x—§)+1<0
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9. 3anumuTe KaKoH YETBEPTH €IMHUYHONW OKPYKHOCTH YIOBIETBOPSIOT

YCIIOBHSL:
a)sinx>0,cosx<0 0)cosx<0,tgx<0
B)secx > 0,tgx>0 r)tgx<0,sinx>0

|1_0. Bomnpoc oTkpbITOro THna. 3amnumimre
TPUTOHOMETPUUECKOE HEPABEHCTBO, pe-
IIEHUEM KOTOPOIO SBJIAETCA 4acTb
OKpPY>KHOCTH KPacCHOI'O [IBETa Ha PUCYHKE. (_— _—) 5;‘ 77r AL __)
m. Ha pucynke u300paeHsl pe-
HICHUS TPUTOHOMETpPUYE- hy o082

71:/6 5n/6 71':/6 11 71:/6
CKOTI'O HCPABCHCTBA.

2
CocraBbTe TPUTOHOMCTpPHU- TE/2 / \ 3n/2 /zn\

4eCKOe HEPaBEHCTBO U 3alll- 00 1800 \ 2700 2600
IIUTe pEHIeHHs] B  BHJE
MHTepBaJa. -1

\2
|1_2, Perenns HepaBeHCTB Sinf> — U sint < 7 MPEICTAaBIICHBI KaK B 00IIEM

— =

BUJIE, TaK U rpaduyecku. Ha equHIYHOM OKPYKHOCTH PELICHUIO COOTBET-

CTBYET KpacHasi 4acThb rpaduka.

n_3n YA y
TTE T p_m__5m t =
4 4 4
sintz—2 sint§—2
2 2
%+2nk§t§37n+2nk,k62 _57“ p k<t<7+2nk ke 7

[IpencraBbTe penieHus CleayInX HEPaBEHCTB M0 00pa3iy:

. 1 . 3
a) sint> — 6)smt27 B) sint<73

[\S]

. 1
sint < smit =2— —
r) s 1) 5

1
2
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Tpuronomerpuyeckue HepaBeHCTBA

1 1
|£’:. Penienunst HEpaBEHCTB COS [ > 5 U COS [ < 5 MpPE/ICTAaB/ICHbI KaK B o0miem
BUJIE, TaK U rpaduuecku. Ha eTMHUYHON OKPY)KHOCTH PELICHUIO COOTBET-
CTBYET KpacHasi 4yacTb Ipaduka.

AV AY ks
3 3
1 1
2 = 12 >
N\ N
T _m_5m
-7 2n 3 3
>4 <L
cos 1> > Cos 1<~
—%+2nn§t§%+2nn %+2nn§t§5—3n+2nn
Pemnte cieayroire HepaBEHCTBA 110 00pasILy.
a)costzg 6)cost5% B)costzf%

| 14. TIpx MOMONITH TPUTOHOMETPHIECKHX TOKAECTB, YIPOCTHTE H PEIIUTe
HEPaBEHCTBA.
a) sin 3x-sin x — cos 3x-cos x > — g
0) sin x-cos x > -1
B) sin 3x-cos x + cos 3x-sin x < %
|15. Pasnenue Kax/yto 4acTh HEPABEHCTBA HA ONPE/IENEHHOE YMCII0,BBEUTE
BCIIOMOTaTeJIbHBIN YTOJI M PEIIUTE HEPABCHCTBA.

a)\/gsinx+cosx>1 0)sinx—cosx<1
|16. Pernte HepaBeHCTBa.
a) (2sinx—1)(sinx—3)<0

0) (2 cosx—\/g)-(cosx+2)>0
B) 2 cos’x+3cosx—2<0

|L7. Pemnre nHepaBencTa Ha untepnane (0; 2m).

a) cos 3x > g 6) cos(2x ,%) <_ %
B)sin(c+3) 7 1) sin2x -5 <0
1) cos% <¥ e) ctg(x —%) >_1
%K) tg 2x >3 3) sin(% —x) <%
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[Ipumep pemenns 3axaun: Kapycens, paanycom 20 M 3a kaxsie 40 ce-
KyHJI COBepIIaeT oauH 000poT. CaMoe HU3KOE CHIICHBE HAXOIUTCS Ha BBI-
core 1 m.

a) M3o6pasure rpaduk, COOTBETCTBYIOUIHIA 3a1a4e.
0) 3anummTe QyHKIMIO 3aBUCUMOCTH JBY)KCHUS Ye-
JIOBEKa, HAXOJAIIEroCs Ha CHJIEHbE KapyCelu B BUJIE
h(t) = asinb(t — ¢) + d.

B) B xakue cexyH/Ibl 3a OJJUH IOJIHBII 000POT Yesno-

BEK Ha Kapyceiu, OKa)KeTCsl Ha BbICOTe BbIe 21 mM?
A

Pemenne: a) M3o0pa3um cxema- 41 m

TUYHO PCUICHUC 3a/la4u. OTMmeTuMm
Ha OKPYXHOCTH TOYKH, COOTBCT-

CTBYIOILIME KaXJOW 4eTBEPTOH
4acTu 000poTa NpHU JIBUKEHUU Ka-

pycenu. COeTMHUM 3TH TOUKH U TI0- Im

Y

JTy4uM rpaduK, B BUIC CHHYCOHJIBI, 10 20 30 40
JBIKEHUS Kapycesu 3a OJuH 000-

pot (360°).
6)U3 rpaduka BuaHo, uto ¢ 10 o 30 cexkyHay 4elloBeK Ha Kapycelu, OyaeT
HaxoauTCs Ha BeIcOTe OT 21 M u Gosee.

B) Ilo ganHbIM 3a1a4u U TpaduKy 3anuiemM Gopmyiy QyHKIUH.

2
3Has nepuo, Hainém yacrory b: T =
360 360
T=40 — =40 b=—— =9
CEK, b m

Haliném aMImuTyly ¥ CpEIHIOK JIMHUIO, 3Has MAKCUMAJIBHOE U MUHUMAJIb-
HOE 3HAYEHHUs.

MaKCHMyM — MHHUMYM _ 41 -1

2 , 2
J = _MAKCHMYM + MUHHMYM _ 41 ;‘ |
2

Haiiném da3y cmemenust ¢. @yHKIUS CHHyCa MPUHUMAET HauOOIbIIee
3HAUEHUE B OJJHOU ueTBEPTON neproga. OMHAKO MOXKHO 3aMETUTh, YTO MaK-
cuMyM (DyHKIIMU JOCTUTAaeTCs ¢ 3amepkkoi Ha 10 cexynn (Ha 20-oif ce-
KyHJI€), a 3Ha4uT cABUT 1o (paze ¢ = 10.

®opmyna umeet Bun A(f) =20 sin 9(¢ — 10) + 21.
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Oo0o0Imaronme 3axanus
|L Brraucianre npy moMony KajabKyasTopa.
a) cos ' (-0,8) 6) sin"' 0,99 B)tg 112 r)cos' 0,55

2. HaiinuTe KOpHH CIIE/yIOIIMX YPABHEHUI HA IPOMEKYTKE
[0; 2m) (umu [0; 360°))

a) sin(x + 60 =+ 6) cos(x — 30°) =—§
B) tg(x +45°) =-1 r) sin(x — 20°) = "=
) tels +45) =1 )sinty—20% =5
n) cos(2x —7) =5 e) tg(z—x) =1
|3. Pemmre HepaBencTBa Ha naTepBane 0<x<27 .
a)cosxi—% 6)cosx—%>0 B)\Esinx—l<0
r)sinx<0 ;1)tgx2\/3_ e)sec’x <4
X) cos® x >% 3) cos 2x <0 ) sin(x + %) >%
K)coszxz% a)2cosx>1 M) sin 5x > 5
H) cos 2x < 1 0)secx§\/2 mctgx <4
|4. PemmTe ypaBHEHHS.
a)2ctgx+1=-1 n)sinx+2=3
0) 5 sec’ x = 6 sec x e)2cos’x—cosx=1
B)4sin*x—4sinx+1=0 K)tg?x—4tgx+4=0
r)tgx—ctgx=0 3) cos? x =sin’ x + 1

5. Typan u I'yceitn Geratot o kpyry, pa-
quycom 100 M, Kak MOKa3aHo HA pU-
cynke. OHM HayaJIy JABUTaThCS U3

Typan nasan 0,025 pan/cex
ypal Hatd r R1(J0 m
TOYEK, YKAa3aHHbIX HA PUCYHKE, B Ha-  /ABIKCHHC \

OTCroaa T
MIPaBJICHUH TPOTHUB YaCOBOM CTPEIIKH.
T'yceiin
Cxopocts Typaina 0,03 pan/cek., a I'y- 0,03 pan/cek N —
HHUEC OTCrOOa

cetina 0,025 pan/cexk.

a)OnpenennTe KOOPIAUHATHI TOYEK B KOTOPBIX OHU OKAXKYTCs yepe3 6 CeKyH/I.
0) Kaxoii myTh oHU mpoOeryT 3a 8 cexyHx ?

B) BrIpaszure yron moBopora, KoTopblii onumet Typai 3a BpeMs ¢ CEeKyH/I.

r) Ha xakoii cexyHze, B mepBbIid pa3, Typais nepeceder Touky ¢ abermccoit 507
1) Ha kakoii cexyHe, B iepBbIi pa3, ['ycelin nmepeceueT Touky ¢ abcrmccoit 507
e¢) Ha xaxkoii cexynne B nepBbiii pa3 Typan ooronur ['yceiina?
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6.

Actponomus. [Imanera Mepkypuii 1Bu- .
P PrypuH A Mepxkypuit
xetcst BOKpyT ColtHIIa 1o OpOUTe B BUJIC £

DJIJIUIICA. I[BI/I)KCHI/IG IJIaHEThI MOKHO 3a-

JaTh (POPMYIION:
bopuy 3,44 x 10’

1-0,206 cos 6
[Ipy KaKoM HAMMEHBIIEM TIOJI0KUTEILHOM

Opobura .

3Ha4YeHuU yria 0 ruianera Mepkypuit

oynet Haxoautcs ot Cona Ha paccTostHUH 4 X 107 km?

Ha HexoTopoii TeppuTOpHH 3aBUCUMOCTb MEKIY YBEIMYECHHEM KOIUYECTBA
KPOJIUKOB (C yBEITHYCHHUEM KOJ‘II/I‘IGCTBa XUIIHAKOB) OT BPEMEHH, MOKHO
cmozenupoBarh Tak: D(¢) = 400cos —4 4 + 800 . 3nech D - KOIMYECTBO KPO-
JIMKOB, ¢ - BpeMs, HaunHas ¢ 2000 roga.

a) KakoBo MakcumanbHOE 1 MUHUMAJIbHOE KOJTMYECTBO KPOJIUKOB?

0) KakoBO KoIMUeCTBO KPOJIMKOB B 3TOMY TOAY (B TEKYIIIEM roay)?

B) B xakoM roay 4uciio KposmkoB Obl10 npubau3uTensHo pasHo 10007

r) U306pasute rpaduk ¢pyHkium 3a 2 roza.

B Tedyenunu roma cobupanack nHGOpMaIM O MPOAOIKUTEIBHOCTH CBETO-
BOTO JTHS B TOpO/Ie(B yac). 3aBUCUMOCTh ObLTa CMOJIeIMpoBaHa (pyHKIHEH

38 11 2n
D( )———TC SEX

31ech X TTOKa3bIBacT HOMED AHA OT Havalia roja.

a) KakoBa nponomkutensHOCTh AHs 1 ssHBaps, 22 maprta u 5 HOSAOPs?
6)B kakue qHU MPOAOIKUTEIHHOCTh CBETOBOTO JIHS cocTaBmia Ooinee 11

4acoB? 't

Ha pucynke n3o6paxén rpadux

>
>

byHKIIMH y = a sin bx. 2

a) Io rpaduxy Halinure 3HaueHns a || PoQ / \

ub. o
90 0 2%0

0) Haitnure xoopauHaTe! Todek P u
Q mnepeceuenust GyHKIMU C TPAMOiL

y=2.

m). Haiigure pemenns cienyromux ypaBHeHUH Ha mpomexyTke [0; 21).

a) 2 cos’ x =sinx 0) sin*x—5sinx=0
B)\/3sinx+cosx=l T) COS X * €OS 2x = cos 3x
ﬂ)tg(2x—%)=\/3_ e) sin 3x — cos 2x =2
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O0béM nupaMuabI

ITono0ue npocTpaHcTBEeHHBIX (pUryp
Inomaan u 00bEMbI MOAOOHBIX (PUTYP

O0bEM yceuéHHOM MUpaMuabl

3agauyy Ha cedeHHUd MJIOCKOCThIO
CummeTpusi B IPOCTPAHCTBE




O0béM npu3mbI

Hccnenosanue. Codbepure He MeHee 4 TIPU3M PA3IMIHBIX Pa3MEPOB U3 KYOHKOB 1
n300pa3uTe MOTYYSHHbIE IPU3MBI.

1. TTpenmonoxum, 9To pedpo KaKI0ro KyOnka, U3 KOTOPBIX COCTOHT TPU3Ma, paBHA
1 equHMIE, TJIOMIAL TPAHHU paBHA | KBaipaTHOW eIUHHUIIE, @ 00bEM paBeH 1 KyOu-
YeCKON eqnHHIIE.

2. JlaHHBIC 17151 KQXK0M MPU3MBI 3aIlTUIITUTE B TAOTUILY.

3. Kakas cBsi3b CyliecTByeT MEKTy IJIOIIAIbI0 OCHOBAHUS MMPU3MbI U BHICOTOM?
4. BoiTamure oauH KyOMK M3 yIla KOHCTPYKIIMH W U300pa3uTe BUJ BIEpEIH,
CBEpXy M COOKY KaKJ0r0 KyOoua.

[Ipusma Tnomarns Bricora O0BeM i:
OCHOBaHHS
1
2. b
3
3.
] 4 4 2

Ecnu Teno MOXHO pa3feinuTh Ha KOHYEHOE YUCIIO TPEYTOIbHBIX THPaMH/I,

TO OHO HA3bIBAETCSI IPOCTHIM TEJIOM. JIJist MPOCTHIX Tesl 00BEM - MOJIOKUTENbHAS BE-
JMYUHA, YUCIICHHOE 3HaYE€HHE KOTOPOH yIOBIETBOPSIET CIEAYIOUIHM CBOHCTBAM.

1) OOBEMBI KOHTPYIHTHBIX TEI PaBHBIL.

2) O0BéM KyOa, peOpo KOTOPOrO PaBHO CMHHMIIC, PABEH KyOUYECKOH eMHHUIIC.

3) Ecnu Ten0 MOXKHO pa3genuTh Ha MPOCThIE YacTH, TO €ro 00bEM paBeH CyMMe
00bEMOB MOITYUYECHHBIX YaCTEH.

Tena, uMeronIMe OANHAKOBBIE 0OBEMBI HA3bIBAIOTCS PABHOBEITUKUMH.

O0bEM IPAMOYTOJIBHOTO HapasuleNenuIesia, pa3Mepbl KOTOPOro SBISIOTCS Ha-
TypaJIbHBIMHU 4YHCJIaMHU, PaBCH
KOJIMYECTBY KyOMUECKUX eIu-
HUL[, U3 KOTOPBIX OH COCTOMUT.
MoxkHO Tak)Ke IOKa3aTh, 4YTO
00BEM MPSAMOYTOJIBEHOTO TIapal- a

JeJIeNUIe 1, pa3Mepbl KOTOPOTo 3a/1aHbl TF0OBIMH A€HCTBUTEIbHBIMU YHCIIAMU
paBeH MMPOU3BEeIeHUIO TPEX u3Mepenuit: V=a-b-c . Dopmyiy 06bEMa MOXKHO 3a-

MUcaTh KaK MPOU3BEICHUE IJIOLAAN OCHOBAHUSA @'b U BBICOTHI C.
OO0BEM IPSIMOYTOJIBHOTO TapasulesienuIe;a PaBeH MPOU3BEIEHUIO
TUIOINAAM OCHOBAHUS M BBICOTB: V= Soent

CaencrBue: O0béM Kyba ¢ pedpom a paBeH: V = a3 LA
O0BEM 0001 TIPSMOI MTPU3MBI PABEH MPOU3BEIACHHUIO TIIOIMIAAN OCHOBAHUS
1 BBICOTHL. CTIPaBEUIMBOCTh JAHHOTO YTBEPXKJCHUSI MPOBEPUM Ha TIPSIMOi

IMpu3M€E, B OCHOBAHUU KOTOpOI71 JIC)KUT NIPSAMOYT OJIbHBIN TPCYTrOJIbHHUK.

b

———————]a
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O0béM npu3mbl

B C ’[2’ JoctpouM OCHOBaHME NPU3MBI 0O
v PN NPSIMOYTOJIbHUKA, TONYYHM HPU3MY,
vr & JOCTPOCHHYIO 10 MPSIMOYTOJIbHOI'O Ma-
pamtenenunena. O0bEM MOTYyUECHHOM

npu3Mbl pased V=AB-AC- AA'".
[Tnockocth BB'CC’, mpoxopsas
A B C  uepes nmaroHans mnapaenenuiena
JEIUT IPU3MY Ha JIB€ KOHIPYIHTHbBIE
TPEYTOJIbHBIE TPU3MBIL. 3HAYUT, 00BEM MPSAMOI TPU3MBI, B OCHOBAHUU KOTOPOU

JISKUAT TPSIMOYTOJIBHBIN TPEYTOJILHUK OyIeT:
y= AR AC AN =S oW
!
B tpeyronsauke ABC, sSBISIOIUMCS OCHOBaHHEM IPAMOI l'IpI/I3MI?, v C
MpoBeAEM BBICOTY TaK, YTOOBI OHA TIepeceKalia MPOTHBOTIOIOKHYIO
cTOpOoHY BO BHyTpeHHe# oomactu: AM L BC. IlnockocTts, ipoxoas-
mast uepe3 pedbpo AA’ mepnennukynsipao pedpy BC nmeer onuna-
KOBYIO BBICOTY C IPU3MOM, U IETUT €€ Ha JBe MMPU3MBbI, B OCHOBAHUN C
KOTOPBIX JIeXKAT MPSMOYTOIbHBIE TPEYroabHUKH. OO0BhEM 3amaHHON
MIPU3MBI paBEH CyMMe 0OBEMOB MTONYyYEHHBIX MTPU3M. 3HAYHT, 00BEM
NPSIMON MPHU3MBI C MPOU3BOJILHBIM TPEYTrOJIbHUKOM B OCHOBaHHM E’

PpaB€H NPOU3BCACHHUIO IIOINAN OCHOBAaHUA U BBICOTHI.

! !
Ecnu ocHOBaHuEM NIpsIMOM MPU3MBI SIBJISIETCS MPOU3BOIbHBIN ¢
MHOTOYTOJBHHK, TO €€ TaK)Ke MOYKHO Pa3/IeIUTh Ha TPEYTOJIbHBIC
NPU3MBI U HAUTH €€ 00BEM Kak cyMMy 00bEMOB JTaHHBIX TIPU3M.
Haxnonnyro npusmy ABCA'B’C’ mpeoOpa3yem B psIMyIO IPU3MY A C

paBHOrO 00BEMa. J{7151 3TOTO:
1. mpoBeAéM MIOCKOCTh MEPIEHANKYISPHYIO OOKOBBIM pEOpaM; B

2. OTAEINM OCTaBILIYIOCS IIPU CEYEHUN BEPXHIOIO YacTh IPU3MBI;
3. mepeMecTuM U COEIMHUM €€ C OCTaBILIEHCS BHU3Y YacThIO;

4. BbICOTA NOTY4YEHHOM NPSAMOI IPU3MBI ABIIETCSA OOKOBBIM ped- A,
POM HAKJIOHHOM NMPHU3MBI, T.€. & = [, OCHOBaHUE XK€ ABJIAETCS Mep-

NEHAUKYJIIPHBIM CEUEHUEM HAKJIIOHHON MPU3MBI.

OO0BEM HaHHOI MPSIMOM MPU3MBI SIBIISETCS TaKke 00bEMOM Ha-
KJIOHHOM IPU3MBI. A
CaencrBue. O0bEM HaKIIOHHOM MTPU3MBbI PaBEH NIPOU3BEIECHUIO
MIEPIICHINKYISIPHOTO CeYeHUs U pebpa npusmel: V= S,/ N

VYron Mexay NEepHeHAUKYISIpHbIM CEYEHHEM U OCHOBAaHHUEM DPaBeH yrily O
MEXy OOKOBBIM peOpOM U BBICOTOH npu3Mbl. [lo3aTomy,

V'=S81"1=Socu:cos0 - [ =Socn.- H
Takum 06pa3om 00bEM NPU3MbI PaBEH MIPOU3BEACHHIO MJIOIAAN OCHOBAHUSA U
BBICOTBL. V' = Socu. - H
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O0béM npu3mbI

Hpunnun Kapanbepu s HaxoxaeHusi 00bémoB. Eciu momaam ceueHuit
napasieNIbHbIX OCHOBAHUSM JIBYX T€JI PaBHBI, TO PaBHBI U UX 0OBEMBI, TIPU yCII0-
BHH, YTO OCHOBAHUS JIEKAT B OJTHOM IIJIOCKOCTH, @ BBICOTHI PAaBHBI.

OTOT NPUHLMI OTKPbUI UTaJNbsSHCKUI mMaremMaTuk boHaBeHTypa KaBanbepu

(1598-1647).
(1o AL _g’f

’ hm - mf--
Li5] b
l ,’ L Z I
z V Hakionnas
Mpsman npusMa

O0béM npu3MbI
npu3Ma

OO0BEM TPU3MBI paBeH MPOU3BEICHUIO
TUIOMIA I OCHOBAHUS M BBICOTHI.

V= Socn.h

ITpumep. Haitném 00bEM npaBUIIbHON MATHYTOIBLHON MPU3MBI, CTOPOHBI OCHO-
BaHUS KOTOPOU paBHBI 4 cM, a JuyinHA O0KOBOTO pedpa 9 cm.
IleHTpanbHBIA yrosl MPaBUIBHOTO MSATHYTOJbHUKA

paseH 360 : 5 =72°, a3Hauut arodema paBHa: i 4N
r= L 9 cMm . 4 4
tg36° :
L 2 2
[Tnomanp MpaBUIBHOTO MHOTOYTOJIBHUKA PaBHA TTOITY- L o
NPOW3BE/ICHHIO IEPHMETpa U arodemsl. ' 4o
SOCH.=%P~F = % 5-4- tg§6° = tg2306° V==580h= —t;382° ~ 248 (cm?)
|1. Tlo manHHEIM TaGMUIBI HAMIUTE PAa3MEpbI, HOMEUCHHBIC BOIPOCHTEILHBIM
3HAKOM.
Pa3mepsbl mpsiMOyTobHOTO S
napaJuresIenuIeia
JUIMHA a 6 20 2 3 ? 8
mpuHa b 4 30 5 ? 8 2
BBICOTA C 3 15 ? 4 2 ?
Séox. ? ? ? 40 40 60
Sin. ? ? ? ? ? ?
14 ? ? 60 ? ? ?

& Meramnruaeckuii 6J10K B pOpMe MPSIMOYTOIBHOTO MapalIesIeIUIeIa ¢ pas-
mepamu 8 cM x 15 cM x 40 cM B 11€JI0M COCTOUT U3 METAJUINYECKUMH ILIa-
CTHH C PUCYHKOM. Pa3zmepsl kax 101 u3 HUX paBHbl 1 cM X 1,5 cm x 2 cm.
CKOJIBKO TaKUX IJIACTUH U3PACXO0BAJIM [l JAHHON KOHCTPYKLIUU?
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E [To naHHBIM pHUCYHKA HAWIUTE OOBEM MPSIMOM MPU3MBI.

7cM

le—|
20 MM

A

15¢m 34 mm

. Haiigure 06bEM HaKIIOHHON . i
|4_ A |i Haiigure 00bEM coxHBIX puUryp.

IIPpU3MbI, OCHOBAHHUEM KOTO- am
4 cm

pOfI SABIACTCA KBaApar. 2']\#;
¥

!

4m
1

6

177>
/
/

1
]
,
,

~
=

4 cm
|i Kak uzmenurcst 00bE€M nmapaienenumneaa, eciu:

a) OJTHO M3 U3MEPEHNH YBEIHYHUTH 2 pa3a; 0) KaKI0e U3 IBYX U3MEPEHUH yBe-

JIMYUTH B 2 pa3a; B) BCE TPU U3MEPEHUS YBEIMUNTH B 2 pa3za?

|l dupma 1o Npou3BOICTBY MOJIOYHBIX U3/CIINN, B pAMKaX HOBOU
KaMIaHWU [JTAHUPYET Ha 25 % yBETUUUTb pa3Mep YIaKOBKU MO-
JIOKa, TIPH 3TOM HE n3MeHsis €€ 1eHbl. Kak 3To MOXXHO caenarsb,

M3MEHUB TOJBKO BBICOTY YITAKOBKHU?
& Jnuna Gacceitra 10 m. ITo maHHBIM TTPOIOIB-

HOTO CEYEHUs Ha PUCYHKE, HAlTUTe:

a) CKOJIBKO TOHH COCTaBIISIET BMECTHMOCTbH Oac-
ceitna (Im3 =1 ToH)?

0) CKOJIbKO KyOMYECKUX METPOB B MUHYTY BBI-
KauMBaeT KaKJas U3 JBYX OJMHAKOBBIX TPYO,
ecyi paboTasi BMECTE OHM OIYCTOLIAIOT OacceiH

3a 4 yaca?
|& ®dopMy Kako# MPOCTPAaHCTBEHHOW (UTYPHI UMEET

3epHOXpaHminine Ha pucyHke? CKOIBKO rpaHen u
p&bep umeer ¢urypa? Ilo 3agaHHBIM Ha PUCYHKE
pa3mepam, HaiinuTe 00bEMa 3epHOXPAHIITUIIIA.

|10. a) Jlokaxute,4T0 KBaAPAT AHArOHAIIH IIPSMOYTOIBHOTO apalieIenIIe/a
paBeH CyMMe KBaJ[paToOB €ro U3MepeHuil: d> = a> + b + ¢?
0) Haiinure 00bEM TIPSIMOYTOIBHOTO TTapaiiesieume/ia,
ecmma=3,b=4,d=13

|£- Haiiiure 00bEM KaMHsI, OpOIIICHHOTO B IMOCYY /V 25 cm
C BOJIO#, €CITH TIPH ATOM YPOBEHB BOJIBI TOBBI-
cuiies Ha 0,5 oM. 35 cm 50 cm
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|1_2, IlmoTHOCTP MeTasia Ha pPUCYHKE
paBuHa 7860 kr/m3. Haitnure oOmuryro
Maccy METaJJIMYeCKOM OanKu. Sem I

20cm
Sem T

30cm

|1_3. Haiinute 00bEM NpaBUIBHOM  a) 0)

o 50 Mmm 40 cm
LIECTUYTOJIbHOMN IIPU3MBL. /
Q
12 mm l /

|£I. a) [1o qaHHbIM Ha pUCYHKE, HAWJUTE TUIOIIA (b TOTHOM
MOBEPXHOCTU KOHCTPYKIHUH.
6) Llena 1 cM? KOHCTPYKIIMM U3 ATIOMUHUS 2 TAMHUKa,
a eHa 1 cm?® 6onee mpouHoro marepuana 10 rsamux.

120mMm

mese? _——
", 170MM

|L5. [Tnomra e GOKOBOM MTOBEPXHOCTH MPABWIIBHOM TPEYTOIBHOM MTPU3MBI paBHA
48 cm?, a BeicoTa 8 cM. HaiiuTe: a) AiiHy OCHOBaHHUS, 0) 00BEM MPH3MBI.

|16. CtopoHa 0CHOBaHHs IPABHIIbHON IECTUYTONLHON NIPU3MbI PaBHA 63 cm,
BeIcoTa 4 cM. Haiiute rutomans 60KOBOM MOBEPXHOCTH U 00BEM NMPHU3MBI.

|L7. bokoBbie p&Opa HAKIOHHOW MPU3MBI COCTABISIOT C TIJIOC- A, B
KOCTBI0 OCHOBaHMs yroi 60°. OCHOBaHUEM MPU3MBI SIBIISIETCS
PaBHOCTOPOHHHI TPEYTOJBLHUK cO cTOpoHOH 4 cMm. bokoBoe h
pedpo pasHo 10 cm. Haligure 00bEM pU3MBL. W BGO“rH_

|18. a) Ilnomaau Tpéx rpaneii psiMOYrobHOTO Napasieleune/1a paBHbl 2 e,
3 cm? 1 6 cm?. Haiiaute ero 00bEM.
0) Paszmepnr mpsimoyronsHOTO mapasienenunena 3 cm, 4 cMm u 5 cm. [lpu
YBEJIMYCHUH KaKJIOM CTOPOHBI HA X CM IUIOIA/b IIOBEPXHOCTH YBEITHYU-

BaeTcs Ha 54 cm?. HaiiuTe, Ha CKOJIBKO MIPH 3TOM U3MEHHTCSI O0BEM.
B
|1_9. Ha pucynke n300pak€H CKJIOH MPSIMOYTOJIbHON 10

(bopMBI, KOTOPBIN MPEBPATUIN B MPSIMYIO TTOBEPX- C
Hocth CDEF, Takxke npsmMoyroiabHON (hOPMBI, BbI-
konas 3emito. AB = 10 m, ED = 24. IIpu stom
romia s ymenbmmiack Ha 10 m? . CKobko KyOu- E
YECKUX METPOB 3eMJIU ObLIO BHIKOTIAHO?

@. Haiiure 00bEM npsMOI TPU3MBI HA PUCYHKE, €CITH
B OCHOBAaHHWH JIGKHUT KBajapar, Sascp=24 cMm?, a
ZBEG = 60°.
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21. Haiinure 06bEM MPsMOTO MapaluIesIenuIea, OCHOBAHUEM KOTOPOTO SiB-
JIETCSt pOMO € TUIOMIABI0 2 M2, €CITH TUIOIIA(H HATOHAIBHBIX CCUCHUI
paBHbl 9 1M* U 16 v

|22. Haiiute 00bEM NPaBUITLHOMN YETHIPEXYTONTBHON MPU3MBI, ECITH IMArOHANb

OOKOBOIi 'paHM paBHA 5 M, a IMAroHaJb IIPU3MBI paBHA 7 M.
|§. a) B ocHoBanuu HakioHHOM npu3- 0) OOBEM HAKIIOHHOW MPHU3MBI, B OC-

MBI JIE)KHUT KBaJIPaT CO CTOPOHOW 2 HOBAaHUM KOTOPOW JIEKHUT IpPaBUIIb-
enunull. bokoBoe pe6po paBHO 15  HbIH IECTUYTOIBHUK paBEeH 36\3 KyO.
enuHUIAaM U coctaBisiet yroin 60°  en. bokoBoe pebpo, niuHOi 12 ex. co-
C TUIOCKOCThIO OCHOBaHMsA. Haii- cTaBisieT ¢ MIOCKOCThIO OCHOBAHUS
TUTE 00BEM TPU3MBL. yron 30°. Haiigure niiuHy OCHOBaHUSI.

24. a) [To naHHEIM Ha PHCYHKE HAH/IITE 0OBEM MPSAMOYTOTHHOTO
napaJijiesienuIesa, eCiau JuaroHaib napajiesenumena co-
CTaBJISIET C TUIOCKOCTHIO OCHOBaHMs yroi 30°.

6) KopoOka nmeromasi popmy mpsMOyToJbHOTO Tapajuiese-

8
muIeaa TakKe UMECT pa3MEpPbl 8 x 6, OJJHAKO €r0 AruaroHaljib COCTaBJIsICT C

ocHoBaHueM yron 60°. [Tokaxxute, 4T0 OTHOLIEHHE 00BEMOB 3THX Mapall-

tg60°

tg30°

|25. OcnoBanue npsimoit mpusmbl kBajpar. Jmuna 6okoBoro pebpa B 3 pasa
6ousibIie cTOpOHBI OCHOBaHus. I Inomans nonxoii nosepxnoctu 350 m?. Haii-

JUTE 00BEM MPU3MBI.
126. Bee péOpa npaBIIbHON TPEyrobHON MPU3MbI paBHbI X. JloKaxkuTe, 4TO €&

JICTICIUIICI0OB PaBHO

00bEM paBeH V = ——x3.
|2_7. Haiigure 00b€M npsMoil TpeyroabHON MPU3MbI, CTOPOHBI OCHOBAHUS KOTOPO
paBHBI 4 cM, 5 cM 1 7 cM, a O0KOBOE peOpo paBHO OOJIBINIEH BEICOTE OCHOBAHHSI.
28. Haiixute 00b€M HAKIOHHOH TPEYTONBLHON MPH3MBI, €cin OOKoBbIE pebpa
paBubl 20 ¢M, a CTOPOHBI IEPIEHAUKYISIPHOTO ceueHust 13 cm, 14 cmu 15 cMm.
|2_9. BricoTa npaBuiIbHOM 1IECTHYTOIBHOM MPU3MBI paBHA /1, 2 CTOPOHBI OCHO-

\3
BaHMA paBHEI a. Jlokaxute, 9T0 €€ 00bEM paBeH V = a’h.
|3_0- Haiinure miouHy peOpa NmpaBUIBHOW TPEYTroJIbHOW MPHU3MBI, €Cli Bce 9

pEOep UMEOT PaBHYIO [UIMHY U 00BEM ITPU3MBI PaBEH 1673 em’ .

|31. Jlnuny ¥ MUpHHY TIPAMOYTOIBHOTO MapaslieNenuIea yMEHbIIHTH Ha
20 %. Ha ckonpKko MPOLIEHTOB HA/I0 YBETUYHUTH €T0 BBICOTY, YTOOBI 00BEM
OCTaJCs MPEKHUM?
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O0béM npu3mbI

|32. MpoexTHas paboTa
Nudopmaruka: OT Kycka KapTOHa C pa3Mepamu
9 cm x 12 cM, 1o yriam, orpesaiu KBaaparsl. Eciu cio- *
KHUTh KapTOH MO MYHKTUPHBIM JIMHUSAM OH IPUOOPETET
hopmy kopoOku. Kakue pazmepsl J10JKHA UMETh KOpOOKa
HauOobero 00bémMa? Beipazum 00bEM KOpoOKH depes !
nepeMeHnyto x : V= (12 - 2x) (9 — 2x) x

I 12 |

3HaueHUsT X JUISl 9TOW KOPOOKH MOTYT MEHSTBhCS OT

0 o % (0 <x <4,5). Cnenyromiasi KOMIBIOTEPHAS TIPO-

rpaMMa paccuuTaa 3HadyeHus 00béma s 10 3nauenuit e
TIEPEMEHHOM X .
10 PRINT “X”, “OBbEM” X OBbEM
15 PRINT 0 0
20 FOR X=0 TO 4,5 STEP 0,5 0,5 44
30 LET V=(12-2*X)(9-2*X) *X 1 70
40 PRINT X, V 1,5 81
50 NEXT X 2 80
60 END 2,5 70
3 54
Pesynbrarel mporpamMmsl, HareyaTaHHbIE CIIpaBa 35 35
MOKa3bIBAIOT,YTO MAaKCUMAaJIbHOE 3HaueHue 00bEMa 4’ 16
81 gocturaercs npu x paBHBIX Mexay 1 u 2. 45 0

BrimonnuTe cnenyromuye 1eHCTBUA.

a) Jlnst Ooiee TOYHBIX BHIYMCIICHU BEIOEPUTE TaKyI0 KOMaHIy, KOTOPast BbI-
YHUCIIUT 3HaueHus x Mexay 1 u 2 ¢ marom 0,1.

0) 3menuTte 20 -10 KOMaH]y TaK, YTOObI 00BEM BBIYUCIISIICS C TOYHOCTHIO
1o 0,1 cm?.

B) 3anumuTe pa3mMepbl KOPOOKU(IJIMHY, IIMPUHY U BBICOTY) MPU MAKCH-
MaJIbHOM 00BEME.

r) CocraBbTe MporpaMMmy, Juis KapToHa ¢ pazmepamu § cM x 20 cM U BbI-
TIOJTHUTE €€ Ha KOMITBIOTEPE.

1) BeimonauTe HeoOX0MUMBIE IIary JIJIsl BHITIOIHEHHSI TAHHOM MTPOrpamMMBbl
Ha KOMIIbIOTEepe (MOXKETE N3MEHHTD SI3BIK TPOTPAaMMHUPOBAHUS ).

|33. Ha pucynke n3o0paxkena kopoOKa, KpbIIIka KOTOPO#i yrnana

BHYTpb. [Tnomans kpeimku 15 cm?. M
a) HaiinuTe TpeTbe m3mMepeHne KopoOKH.

0) Haiimute 00bEM MeHBIIIEH 3aMKHYTOH 9acTH, KOTOPYIO Q
OTJIENAET KPBILIKA. . 3em

B) Haiinute 00bEM OobIeit OTKPBITON YacTH KOPOOKH.
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O0béM muUpaMuabI

&l. Haiigure 00b€M Kaxm0it 9acTu, mosy- |15.061,éMH U BBICOTHI (uryp
YEHHOU TIpU JIeJIeHUU OpycKa JITUHOUN paBHbl. HaliguTe pasmep x.
4 M, mupuHo 18 cM u TommmHON 24
CM Ha pHUCYHKe, Ha 6 yacTeil.

3em ]
1
L) /
Sem (S 3:cw ;
(S>> - 6 cm
8cM <3 4 M
8cm
6 =6= 6
CM CM CM
Uccaenoranmne. 1. Jluaronanu xyba genst ero Ha 6 KOHTPY- AN
“ ~'|~~ N ,ﬁ”’
SHTHBIX mupamua. OCHOBaHUE KaXKIOU l'II/IplaMI/II[BI - TpaHb RV a
[P AN
Ky0a, a BBICOTA KaX/10i MUpaMHIbl paBHA 5 a PPN S
17, \
1 s N/ a
a) Jlokaxxute, 4To 00bEM Ka)0M MUpaMuabl paBeH V' =—a? a
. . 1
0) JlokaxxuTte, 94T0 00BEM KaXKJ10¥ MUpaMUJIbI paBeH V= ?Socr—t. h.

O0bém nupaMuabl

O0BEM nupaMuIbl paBeH OJJHOU TPEThel Mpou3Be-
JIEHUS IUIOIAAX OCHOBAHHUIO HA BBICOTY.

V—lS h
= 3 Docn.

ITycts, TABC -TpeyronbHas nupamuia ¢ sepmnHoil T u ocHoBanuem ABC.
Jloctpoum 3Ty nupamuiy A0 TpeyronbHOH npusmsl. [lomydenHas mpusma co-
CTOMT U3 TPEX MUPAMUL:

1) 3amannoit nupamuasl TABC, T N
2) nupamuasl TCNM;
3) nupamugsr TMBC.

OcHoBaHuss 2-oi W 3-el nNUpaMuJ KOHIPYHTHBI:
ACNM = AMBC wu BpIcOTa, TpOBEIEHHAS] U3 BEPIIUHBI T
obmasi. [Toatomy nx 00bEMBI paBHBI. OcHOBaHHUs 1-0i1 1 3-
et nmupamuy kKoHTpys3HTHBI: ATAB = ABMT w1 BbIcOTA, ITpO-
Ben€HHas u3 BepmuHbl C oOmas. [TosTomy u ux 06bEMBI B

paBHbL. Torma 00bEM 3ajaHHON TMPAMUJIBI PaBEH % Socnh.

OcHoBaHue 10001 THUpaMuUIbl BCErAa MOXKHO Pa3/ieUTh Ha TPEYTOJIbHUKU U
HaliTH 00BEM MHUpaMUIbl CyMMUPOBaB 00BbEMBI BCEX MOIYUYCHHBIX MUPAMUI.
Takum 00pazoM, 00bEM 110001 MUPaMuUIbl paBeH OHON TPEThel MPON3BeIeHHS
IUIOILAAM OCHOBAHHUS HA BBICOTY: V' = ?Sucu,h

A
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O0béM muUpaMuabI

2.

3.

|1. a) Ilo naHHBIM Ha PHCYHKE HAWIUTE 00BEM NPABHIILHOI ITHPAMIIBI.

8
‘ ‘ ‘ — 56 ‘
4,8 cm

4.8 cm

6) Ilo naHHBIM Ha pUCYHKE
HaiiuTe 00bEM MHUPaMUIBI.

5.4 M

11,8 ™

ITo jaHHBIM Ha PUCYHKC HaliuTe 00BEM HpaBI/IJ'ILHOI/I nupaMuabI.

& 4 &

OcHOBaHUsl MPU3MBI U TMUPAMUABl SBISIOTCS '|'
KOHTPY?HTHBIMH (UTypamu. BeicoTa mpu3mel 5

€1l., a BeIcoTa nupamubl 7 ea. Haliure oTHO-
neHne 00bEMOB TaHHBIX QUTYD.

rY--f-
1
1

Haiigure 005EM PsSMOYTOIBHON MUPAMHUIBI, CTOPOHBI OCHOBAHHS KOTOPOI
paBHBI 18 MM 1 24 MM, a Kax10€ O0KOBOE peOpo paBHO 25 MM.

Kaxxnoe 60okoBoe pedpo TpeyrojibHON MUpPAMU/Ibl, B OCHOBAHUH KOTOPOM
JIEKUT TPEYTOJIbHUK cO cTopoHamu 6 cM, 8 cMm u 10 cm, paBHo 13 cm. Haii-

JquTe 00bEM TUPAMHUJIBL.
Haiigure 00bEM KpHcTasia Ha pUCYHKE.
12

Brimonnawure 3ananus no pucyHky, ecinu TABC npaBunbHas

TpeyroJjibHas MupaMuia. 2

a) Ecou AM =9 uTM =5, To Haitnute hu l.

6) Eciim BC = 6 , 1o naiimre AO u AM. J c
B) Ecim h =4, [ = 5, to naiimute BC, OM u AM, a Takxe

ILI0Ia b OOKOBOM U 00BEM. A M

r) Ecmu AB =12, TA= 10, T0o HaiinuTe anodemy, TuIoma s
OOKOBOI TTOBEPXHOCTH M O0BEM.
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O0béM mupamMuabl

|8. s BBIBEpKM BEPTHKAILHOTO MOJOKEHHS, B CTPOU- 2 CM\q
TEJIBCTBE, OOBIYHO MCIOIB3YETCS MHCTPYMEHT, KOTO-
phlii Ha3bIBaeTcs 0TBecoM. OTBEC HAa PUCYHKE COCTOUT 6 cM
13 IPABWIIbHOM 1I€CTUYTOIBbHOMN MPU3MBI U TUPAMUBI. .
Haiigure 00bEM HHCTpYMEHTA. 13 cM

9. Amodema npaBHIbHON TPEYroabHOM mupamuel pasHa 10 ¢, a cTopoHa
OocHOBaHUs 6 cM. HaiimuTe 00bEM mrpaMuIbl.

10

m). Haiigure 00bEM nmpaBMIIbHON YETHIPEXYTOIBHON MUPAMUIBI
Ha pUCYHKe. Pe3ynbrar OKpyIuTe 10 AECATHIX.

|11. Haiizute 00bEMBI MPaBUIIBHBIX TUPAMKJL. Pe3yIbTar OKpyIuTe 10 ICCATHIX.

|12. OcHOBaHMEM TMPAMHUIBI ABIAETCS POMO cO CTOpoHO# 3 cM. Bee GokosbIe
TpaHU COCTABJISIOT C MIIOCKOCTBbIO OCHOBaHUS yron 45°. Halaure o0bEM
MUPaMHIBL, €CTH Ssoc=12 cM?.

|13. Haiinute 00bEM TpeyroibHOH MUpaMHJIbl, €CIIH OHO U3 PEGEp MHpPaMULIbI
paBHO 6 cM, a OCTaJIbHBIE SCM.

|14. Jlanb! B2 KOHIPYSHTHBIX KyOa. BHYTpH KasI0r0 U3 HUX MPOBEIECHBI JIBE
pasubie nupamusisl F-ABCD u M-ABCD . Bepuinna M nupamuisl
M-ABCD Hnaxonutcs B neHTpe kBaapara EFGH.

a) O6bEM Kakoii u3 nupamuj Oosnplie?
0) [Tnomma e MOTHON MOBEPXHOCTH KaKOW M3 THpaMu 1 0ombIie?

H G H G
ey el U
1 E ]
C ' C
1 1
ATTTTB AT

|1_5. BoKOBbIE rpaHK TPEYTOIBHOM ITMPAMUIBI TOTTAPHO MEPIICHIMKYIISIPHBI H KX
wiomaan paBusl 24 nm?, 16 am? u 12 nv?. Haliaure 006EM mupaMuib.
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O0béM muUpaMuabI

|16. Ilo 1aHHEIM Ha PHCYHKE HalIuTe 0OBEMBI QHTYD.

AN 2.5 M 18cM 7
v o
o II
v Y 4 20 cm
3 M 2M )
4M 2l 15
34 cm oM

T
|£7, Cymma 1yinH pé6ep paBUIILHOTO OKTad/Ipa paBHa
18 en. Haitnure: a) BeicoTy; 0) 00bEM OKTadApa. D
AN
P
T

|18. Touxa G ABAAETCS HEHTPOM TSKECTH OCHOBAHMS PABUIIb-
HOTO TeTpa’apa ( TouKa nepecedeHus Mmeanan). Havioure
00béM nupamuel, ecin GH = 3 cm.

|1_9. JlaHbl 1Ba KOHTPYIHTHBIX Ky6a. OcHOBa-
HUE KaXJ0H MUpaMUbl JIEKHUT HA TPaHU
KyOa. Haiinure otHomenne oobéma nupa-
MU/IbI Ha pUCyHKe B Kk 00bEMyY nupamu/isl
Ha PUCYHKE A.

@, B mupamuy Brimcan Ky0 , Kak IoKa3aHO Ha PUCYHKE.
Hwxuee ocHoBanue Ky0a M OCHOBaHHE MUPaMUIBI

pacmoNoKeHbl B OMHOH TuIoCKOCTH. OO0BEM MeHbBIIIEH
NHUPAMKIBI, OCHOBAHHEM KOTOPOM SIBISETCS BEPXHAS 3
rpaHb Ky0a, paBeH 36 cM?, a Beicota 3 cMm. Haiigure:

a) nuHBI pédep Kyoa.

0) JUTMHY OCHOBAHUS OOJBIIICH TTHPAMUJIBL. .

B) 00BEM OOJIBITICH TTHMpPaMHUIBL.
T') TUI0MAaasr OOKOBOW TTOBEPXHOCTH OOJIBIIEH MHpa-
MU/IBI.
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ITonoOue ¢puryp B npocTrpaHcTBe

[Tono6HbBIe HUTYPHI UMEIOT OMHAKOBYIO (hOPMY U ITPOTIOPITHO-
HaJIbHBIC Pa3MEpHI.

Hanpumep, npssMOyroiapHBIE TPEYTOIIBHUKN HA PUCYHKE II0-
JOOHBI, TaK KaK OTHOIICHHUS COOTBETCTBYIOIINX CTOPOH PaBHEI.

a A
7) 2 6 8 10

IIpssMoyronbHbIE apauIeICIUIIE bl Ha pHCYHKE HOAO0OHBI,
TaK KaK OTHOILIEHUS COOTBETCTBYIOIIUX JINHEHHBIX Pa3MEPOB 4

PaBHBI U COOTBCTCTBYIOIIUEC I'PAHU SABJIAKOTCS HOI[O6HBIMI/I 3 6
‘ICTBIpéXYFOJIBHI/IKaMI/I. HpaBHHBHLIC MHOT'OI'paHHHKH I10-
I[06HBI. B yactHOM ciydac HOI[O6HBIMI/I SIBIIAIOTCA BCC KY6BI,
IMMPaBUJIbBHBIC TCTPASAPHI U T. 1.

IlonoOHbIe purypsl

Ecnm npu mpeoOpa3zoBaHny paccTOSHUE MEXAY JTHOOBIMH JIByMSI TOYKAMH,
MEHSIETCSl B OIMHAKOBOE YHCIIO pa3, TO TAKOE MpeoOpa3oBaHNe HA3bIBACTCS
nogo6ueM. OHA U IpyTas, MOJIyYeHHas TIPU MPEO0OPa30BAHUU MTOTO0HEM,
¢urypa Ha3pIBaIOTCS MOA0OHBIMU purypamu. KoaddurmeHT momodus paBeH

R A
[oe]
A
oo |
1
1
1
1
~

3
6

OTHOIIICHUIO PACCTOSTHUM D ; J l
MEXTy TIapO JTFOOBIX TBYX : ;
COOTBETCBYIOIIMX TOUEK. e G
A 2 c E ‘ ()
5 F Ommnowenue coom-
AB BC CA AD _ BD _ CD _ h I 8eMCmeyowux cmo-

EF FG GE EJ FJ GJ o b =k PDOH Ha3b18aAemCcsl

Koahhuyuenmom
AABC ~ AEFG, AABD ~AEF]J, 100061
ABCD ~ AFGJ, AACD ~ AEGJ

IIpumep. Onpenenum mMoJOOHBI UM HET (PUTYPBI HA PUCYHKE.

R\ 12 cm 14 cm 1 2™ i 3m
1 1
fo=—f= 1
’4 Q \\ : L[
10”10 M > L 8m /

15 eM™~15 cm 4 M -/ﬁl 12m
6 M
10_10 12 4.8 _2
15 15° 14 6 12 3
@urypsl He SIBIISIOTCS @urypsl SBISIOTCA
MOTOOHBIMH OJ0OHBIMH
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ILiomaau noBepxHocTeii U 00bEMbI MOTOOHBIX PUTYP

Uccaenosanue. [TokaxxuTe Mog0OHBI UM HET CIEAYIONINE QUTYPHI.

1
[Tpusmsl A u B (mpsimoyronbHbIe napa- ‘? :

s S
JICNIENUIEAbI) TOMX00HBIC TPU3MBI C 2 oM AT -

K02 ULMEHTOM HOI00US PABHBIM % : 2cm T

JIst TaHHBIX TIPU3M HalguTE: npusma A npu3ma B
a) OTHOIIICHHE TIIOIIAJIeH MOJIHBIX TOBEPXHOCTEH;
0) oTHOIIEHNE 00BEMOB.

a) TUIOIIAh TTOTHOW TTOBEPXHOCTH MJIOIIQJb  TIOJHOW  TOBEPXHOCTH

IIPU3MBI A IMPU3MBI B
Sin. = Ph+ 280en. = Sn.n. = Ph + 2SUCH. =
—12:2+2:8 =40 (cw?) — 183+ 218 =90 (cw?)

OTHOIIEHNE TOTHON MOBEPXHOCTH NPU3MBI A K IIOJHOM MOBEPXHOCTH IpU3Mbl B
40 4 22 _ (2)2

9 9 3 '3
0) 00BEM puU3MBI A 00bEM mpu3mMbl B
V: Socn_h = 8 . 2 = 16 (CM3) V: Socn.h = 18 . 3 = 54 (CM3)
OrHowmenue 00bEMa npu3Mbl A K 006EMy TIpu3MbI B 16 = (—)

Inomaau moBepxHocTe U 00bEMbI MOTOOHBIX PUTYpP
Ecnu xoaddunmenT monoOus AByX MpOCTPaHCTBEHHBIX GUTYP paBeH%, TO OT-
HOUICHHUE TJI0MIaeH (OOKOBBIX, OTHBIX, OCHOBAHHI) paBHO Z—i , @ OTHOIIe-
HUE 00BEMOB paBHo—3
Koaddumment nogoodus: %
. . Suna g2 Va 5

¢urypa A ¢urypa B Sunp b’ Vs b

[Mupamuma, moy4eHHasi CEYCHUEM TUIOCKOCTHU MapauielIbHOW OCHOBA-
HUI0, Mo100Ha ganHoi. Koaddumuent mo-
00MsT MOKHO HAaWTH W3 OTHOILIEHHUS
COOTBETCTBYIOIIMX JTHHEHHBIX pa3MepoOB.
Hanpumep, Ha pUCYHKE [aHBI BBICOTHI.
Toraa, OTHOIICHHS KX OOKOBBIX TTOBEPXHO-

cTel, OCHOBaHUH U MOJIHBIX MMOBEPXHOCTEN

SMLUI. _ ﬁ
S6o,v. B H2

PaBHO KBaApaTy OTHOLICHHWA BbICOT.
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ILnomaau noBepxHocTe U 00HEMBI MOTOOHBIX GUTYp

1.

v
a) ‘ 6) 25¢cm L / B)
T & 10 cm
- 24cMm 15cm & 22¢m

f
fem l 10 cMm 30 cm
| (I 2)
9cm 12em A
M 38cm

2.

[ToxaskuTe MOTOOHBI WM HET (PUTYPBI HA PUCYHKE.

N

20cm 30cm
[To nanHBIM Ha pUCYHKE, OlpeenuTe KOdhUIUEHT TOA00HS IBYX 10100~

HBIX QUTYP.

"B A A

Si=2cm* S;=32cm? Vi=216cm® V=343 cm®
3Has1, 4TO QUTypHl HA PUCYHKE TOI00HBI, HAWANTE HEN3BECTHBIC TaHHBIC.

Y- -

S, =9 27m
<> Si = 6,6M 2 oM
@1,81\4 2.4 Ah A
0.6 0,2m 0,4M
,OM ? ’ Vi=?
Vi =243m>

BricoThl 1BYX MOA0OHBIX IPU3M OTHOCATCA Kak S : 3. HaiiguTe:
a) OTHOIICHHE OOKOBBIX MIOBEPXHOCTEI;
0) oTHOIIEHHE 0OBEMOB.
[IpaBuiibHbIe YyeThIpEXyTONbHbIE Tupamuibl A 1 B mono6usr. CropoHa oc-
HOBaHMS TUpaMuUIbl A paBHa 6 cM, 006EéM 48 cM?. CTOpoHA OCHOBAHUS IH-
pamuel B paBaal2 cm. Haiinure:
a) 00bEM mupamubl B ;
0) oTHOIIEHNE OOKOBBIX MOBEPXHOCTEH;
B) TUIOIIA/b TIOJTHOM MOBEPXHOCTH KaXKI0H TUPAMHUIBIL.
JlaHbl TUIOIIAM TIOBEPXHOCTEN ABYX MOJOOHBIX (GUTYpP U 00bEM OObIIEH
¢urypsl. Haiinure 066EM MeHbILeH QUTYDBI.
a) S =18 cm? 0) S1=192m> B) S1 =152 am?
S> =72 cm? S =1728 m? S> =208 nm?
V=344 cm’ V2= 4860 m* V2=192 nm?
Jlanbl 00bEMBI IBYX TOI0OHBIX (DUTYP U MJIOIIAIh TOBEPXHOCTH MEHBIICH
¢urypsl. Haliqure 06bEM Oonbliieit purypsi.

a) V1=27 cm? 6) Vi=5w B) V1=54 cm?
V=125 cm? V> =40 a3 V>=128 cm?
S1=63 CM2 S1=4M2 S1=18 CM2
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Iiomaau noBepxHocTeii U 00bEMbI MOTOOHBIX PUTYP

|8. ®upma Mo MpOM3BOACTBY CTHPAIBLHOIO MOPOLIKA, I HOBOTO BHA I0-
pOIIIKa, YBEIIMYMBAET YIIAaKOBKH B ONPEACIEHHOM MacliTade 1 MojaydaeT
HOBBIE KOpoOKHU. Pazmepbl kopoOku, BMeCTUMOCTBIO 450 rpamMM yBeITUYH-
BaeTcs B MacmTabe | : 2. Haligure BMecTUMOCTh HOBOI KOPOOKH.

|9. Haiimure pasHocTh 06BEMOB JIBYX Ky0OB, €CJTH IMArOHAIb OIHOTO M3 HUX
paBHa \V3ceMm,a ZIpyroro 43

@' O0BEMBI IBYX MOMOOHBIX MHpaMu paBHbl 2 u 54 ky0.en. Haiigure cie-
JIYIOIUE OTHOIICHHS: a) BBICOT 0) anodem

B) IJIOMIAICH OCHOBAHMIA T') MOJHBIX TIOBEPXHOCTEH

|£.Moz[em> caMoyiéra BBINIONHEHA B Macmurabe 1:200.
CpaBHUTE KOJWYECTBO KPACKU, HEOOXOJIUMOW ISl TO-
KpPacKu peabHOTO CaMOJIETa U €T0 MOJICIIH.

|1_2. JlBe menHbIe neTanu B (opMe MPAaBUIIBHOTO IIECTHYTOIbHUKA MOAOOHBI.
IInorHocTh Menu 8,6 T/cM?, ieHa 1 kr Menu e W
2,55 ranuk. @upMa 1o npou3BOJICTBY AeTallell orpe- ., ,@
JiensieT ce0eCTOMMOCTb JieTallu (He 3aBUCHMO OT pas- 32um '&
Mepa) U3 cTouMocTu Marepuana u 125% ot 3arpar
Ha Ipou3BONCTBO. Po3Hm4Has 1eHa mpoaaxu popmupyercs GupMoit 110-
OaBnenneM k cedectoumoctu 22% npudsun. Haiinnte po3HUYHYIO LIEHY
MPOJAXH KaKJ10H JeTalu.

|£3. Jlnst co3panust qu3aliHa HOBOrO aBTOMOOWMIISI CHavasa
W3TOTOBIIAIOT MOJIENb U3 TIMHBI B COOTBETCTBYIOIIEM
maciurtabe. Jnuna rmuHsHON Mozxenu paBHa 10 oM, a
JUTMHA pealibHOTO aBToMOoOmMIIs 5 M. Haiture oTHOIIE-
HUE IUIOIIAI MOBEPXHOCTU MOJIEIH U3 IIMHBI K IUIO-
I1a]T1 TIOBEPXHOCTH PEATHHOTO aBTOMOOMJIS

|14. CTopona 0CHOBaHHs IPABUIILHON TPEYTOILHON MTUPaMUIbI
Ha PUCYHKE paBHa 8 cM, a BbicoTa 12 cMm. Ilupamuia nepe-
CEKaeTcsl MI0CKOCTSIMHU, MapajuleIbHBIMU OCHOBAaHUSAM Ha
pacctosiHuu 4 cM U 6 cM HaunHast oT Bepiunnbl T. Haiinure
HepPUMETPbl MHOTOYTOJIbHUKOB, 00pa30BaHHBIX CEUEHUSIMHU.

|LS. Haiinnre paccTosiHuE OT BEPIIMHBI MMpaMHUabl BeicoTor H
JI0 TJIOCKOCTH MapajuleIbHOW OCHOBAHUIO, €CJIM OHA JICIHUT

00BEM IHpaMuIbl MOOIaM.
| 16. TTnockocTH, apasuieIbHbIe OCHOBAHMIO IUPAMHUIBL, IE/IAT eE BBICOTY Ha TPH

paBHBIE YacTU. B KakoM OTHOILLIEHUH MJIOCKOCTH JEIAT 00BEM MUPaMUJIbIL.

|£7. BricoThl 1BYX MonoOHbIX TupaMu oTHocsTCs kak 1:3. Haiinure miomans
OOKOBOI TIOBEPXHOCTH, €CIIM PA3HOCTH TUIOMIAJICH OOKOBBIX MMOBEPXHOCTEH
paBHa 96 M.
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O0béM yceuéHHOI nMUpaMu/Ibl

Hccenenoanue. B npesHeM Erunte 00bEM mpaBuIIbHON yCeUEHHOM YETHIPEXYTOIb-
HOW TMpaMUIbI BEIYUCILIIN TI0 opmyrne V. = 3 h(x? + xy + 7). OqHaKko Homos-
JIMHHO HE M3BECTHO KaKUM 00pa3oMm 3Ta (opmysia Oblia mojiyueHa. BeiBenurte
(hopMyITy, BBITIOJTHHB CJIETyIOIINE TIIari: | :
a) 3anummTe 00bEM MPaBUIBHOW YeTHIPEXYTOIBHON T

MUPaMUIBI, CO CTOPOHON OCHOBAHWS y eI.

0) 3anumure 00bEM MPaBWIBHOW YETBIPEXYTONBHON =y

MUPAMHUJIBI, CO CTOPOHON OCHOBAHHUS X €]1. vh

y—x

T) HOKamleTe, 49TO 00BEM YCEUEHHOM MUPaMHUIBI HAXOIUTCS 110 (popmMyIie
\Y :? h(x? + xy +)7?).

B) [Tokaxkute 3aBUCUMOCTh MEX 1y BbicoTamu H u 4, kak H=

O0BEM yceu€HHOM MUpaMuIbl MOKHO TaKKe HalTH Kak paz-
HOCTb 00BEMOB MUPaMUJ, IPU CEUYCHUHN IIJIOCKOCTHIO Hapa-
JIEJIbHOM OCHOBAHHUIO.

v =%s2(h1 +hy— %slhl Z%[(Sz — S0 + Sohi]

3neck V - 00bEM yceuEHHOM upamMubl, Sz ¥ Si 11o-
I[aIM HIKHETO M BEPXHETO OCHOBAaHUU. /1 - BBICOTA
yCeUE€HHOM NMUpamMubl, /11 - BBICOTa MEHbIIEH IUpa-
MU/IBL.

Tak kak 3T MUPaMHUJIBI TOA00HBI, TO OTHOIIEHNE TUIOIIACH paBHO KBaapary
OTHOIIEHUH BBICOT. 3alUIIIEM 3TO PABEHCTBO W HAMIEM BBICOTY MEHbINICH TTH-

paMuIbL. . -
Si_[ P NSt sy
S_z_ h+h ? h+h \/S_z’ hl\/S_2=(h1+h)\/§1, hl—\/s—_\/gl

S
VYuuThiBas BRIpOKCHUE /iy = W B paBeHCTBE V = %[(Sz — Si)hi + Sah].
2— 1
1 S 1 = —
nonyunm: V ==-[(S2 ~ sl)\/S_—V§l + Soh] =?[(\/82+ VSIS + Saoh] =

- %(h NSISa+ A S+ Sz)=%h (S1 +VSiSs + )

1
V=7 h(Si+\SiS:+$y)

O0bEM yceuéHHOM NMPU3MBI

O0BEM yCceuE€HHOM MUPAMHUIBI C IJIOMAASIMA OCHOBAaHUH S1 1 S2, 1

BBICOTO# /4 BbIuucisieTcs mo Gopmyne V = % h (S1+VS1S2+ S2)
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O0béM yceuéHHOI NMpaMu/Ibl

1.

[To nanHBIM HaA pUCYHKE HAWAWTE TJIOMIA L OOKOBOM 4cm

IIOBEPXHOCTH, MOJHOW MOBEPXHOCTH U 00BEM Ipa- ’

BHJIbHOU YETBHIPEXYTOJIbHON YCEUYEHHON MUPAMHUIBI.

14 cm

.
l

Ha pucynke nansl pa3Mepbl NUPAMUIBI, ITOJIYYECHHOU 8™

IPU CEYCHUU IUIOCKOCTBIO MapalieIbHON OCHOBAaHUIO T 1
nupamuasl BeicoToil H. Halimure: 3M

a) 00bEM yCeuE€HHOM nMUupamuibl; “ l H
6) BeicoTy H;

T') CKOJILKO MAlllMH BMECTUMOCTBIO 12 M3 moTpedyeTcs V

JUTSL TPAHCTIOPTUPOBKU 3€MITH, €CJIH BBIPBITH OacceitH

JUTSL BOJIbI TAHHOU (hOPMBI;

T') CKOJIBKO JIATPOB BOJIBI BMEIIAET OacceiiH;

1) KakoBa ITyOMHa BO/bI, €Clii 6acceiH 3al0IHUTh Ha MOJIOBUHY 00bEMa?

a)Bce 6 pébep mpaBUIIbHON TPeyrojbHOM MupamMuabl paBHbI x. Beipazute
00BEM MUpaMHIIBI Yepe3 X.

6) CTopoHa OCHOBaHUS MPABHJILHOM IIECTUYTOIBHON MUPAMU/IBI pAaBHA X,
60okoBoe pedpo 2x. Beipazute 00bEM HpaMHIBI YEPES3 X.

[TnockocTh Mpoxosias mapayielbHO OCHOBAHUIO JICTTUT €& P
BBICOTY B OTHOIIeHUU 1: 2 HauuHas oT BepiiuHbl. Haiiaure Ab

00bEM THpPaMUJIBI, €CITH 00BEM MOTyICHHOW YCEUEHHOM TTH- 5 c
pamubl paBeH 208 ky0. e. N

a) Haitnure 00bEM TpaBUILHON MIECTUYTOIBHON MTUPAMHUIBI, CTOPOHA OC-
HOBaHHUA KOTOPOi paBHa 6 cM, a 6okoBoe pedpo 10 cm.

0) CpaBHUTE OOBEMBI MIPSMOYTOJILHOTO TapaslieeT - ’ %, 4
nesa U MMpaMu/ibl, HOTYYEHHON U CEYeHUHU €ro III0C-
KOCTBIO, KaK ITOKa3aHO Ha PUCYHKE. 3

6

Pa3mepsI mpsMoyropHOTO TapajuiesIeuie/a paBHbI
AD=20cm, AB=10cm, AE=15cMm.

a) HaiinuTe rpaaycHbie Mepsl yroB ZAFB, ZBFO,
ZAFO, ZBOF, ZAOF, ZOFC,;

0) Haiinure momaau TpeyronbHukoB AABO, ABOF,
AAOF ;

B) HAaMMEHBIIIEE PACCTOSHUE OT TOYKU B 710 miocko-
ctu AOF.
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3agauyy Ha cedyeHHe IMJI0CKOCTHIO

ITpumep. Ha pucynke mokazaHo cedeHue Kyba, ¢ pedpoM q,

wiockocTeio ABCD. Touku D u C sBisitorcst cepeqHaMu pédep. o

Haitiném mmomans ceuenus. Penrenue:
Jano: xy0, niuHa pebpa KOTOporo paBHa a
touku D u C cepenunbt péoep.

Haiigure: Sascp

Jlist ynoOGcTBa oBepHEM KyO M OTMETHM JTaHHBIC 33]]a91 Ha PH- A
cynke. M3 ABEC no teopeme [Tudaropa:

=g+ (%a)z

5
x2=—a? x=%\/§a

4

1 1 =
Sapcp = ax = a(%\/ga) = 502 OTtBeT: Sascp :5\/5&2

2

E
a2 C a2

|L ITo nanHBIM pUCyHKa JJIS IPSMON TPEYTOIBHOM MPU3MBI: ) HAUJAUTE TII0-

2.

113/l ceueHusi; 0) cpaBHUTE 0O0BbEMBI (DUTYD, TOTYUYEHHBIX CEYCHHEM.

C

c c

', h h

a b a b a z
b3 2

BoxkoBoe pedbpo HaKIIOHHOW MPU3MBI, B OCHOBAHUH KOTO-
pO#l JCKHUT TPaBUIBHBIA TPEYTOJBHHUK, COCTABISECT C
TJIOCKOCThIO OocHOBaHus yros 60°. Halimute miomanb
MEPIICHINKYIISIPHOTO CEYCHHUSI, €CITM CTOPOHA OCHOBAHUS
6 cM.

STEC IR

ST
| o

Kopo6xka s momapka pasaeneHa Ha 4 4acTH KapTOHOM,
Kak TMoKa3aHo Ha pucyHke. [1o 3a1aHHBIM pa3Mepam, Haii-
JITE CKOJIBKO KapTOHA MTOTPEeOyeTCs ISl U3TOTOBJICHHS KO-
poOku?

EMKoCTb 17151 BOsIbI HMeeT (hopMy TIPAMOYTOILHOTO Ma-
pamtenenurnesa ¢ pazmepamu 15x20x25. YpoBeHb BOJIbI
B €MKOCTHU Ha pUCyHKe paBeH /1. Ecnu émkocTh nepesep-
HyTh Ha TpaHb BCEM, T0 ypoBeHb BOIBI OyleT Ha BBI-

cotre h2, a ecnau nepeBepHyTh Ha rpanb ABMN, 1o N

ypOBEeHb BOIBI Oyaer Ha BbIicOTe h3. Ompermenure
CKOJIBKO Ky6I/IT-IeCKI/IX MCTPOB BOJALI B éMKOCTI/I, cClIn
hi+ hy+ hs=24 cMm.
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CumMeTpusi B IPOCTPAHCTBE

CuMMeTpusi HA JIOCKOCTH

OToOpaxkenue (oceBasi CHMMET

ocb cummempuu
nepnenouKkynsap 00
ocu cummempuu

BpamaresnbHas cuMMeTpHs

A N
yeHmp
épauienun L4

S —_

3-ro nmopsinka  4-ro nopsiaka S5-ro mopsiaka
CummeTpusi B pocTpancTBe. B npocTpancTBeHHBIX (-
rypax TakKe MOXKHO HaOJIIoaTh Pa3IuuHyl0 CUMMETPHUIO.™
N3BecTHO, uTO B Mapasieienueie TuaroHajibHble ceve-
HUS SIBIISIIOTCS MapajiiesiorpaMMamMu 1 auaronaiu BDi
u DB nepecekasich B Touke O gensrces nomnojam. MoxHO
MOKa3arhb, YTO JPYTHe UArOHATN TAK)KE MEPECEeKaIoTCs
B Touke O U JensaTcs nonojam. 3Ha4UT, TOUKa repeceye-
HUS JUaroHaled mapayieyenumnesa sBisieTcs IEHTPOM

€ro CHMMETpPHUH.
B mpocTtpaHCcTBE, MOMHMO CHMMETPUU OTHOCHUTEIBHO A

TOYKU M TIPSIMOM, pacCMaTpPUBAETCSI CUMMETPHUSI OTHOCH-
TenpHO TIocKOCTH. Ecnu oTpe3ok AA' mepecekaer mioc-
KOCTb ¢¢ TIOCEpEIUHE, ¥ ePIEeHAUKYIISPEH INIOCKOCTH, TO
TOBOPSIT, YTO TOYKH A U A’ CHMMETPHYHBI OTHOCHUTEIEHO
wiockocTH o Ecnu Touku Ghurypsi,

CUMMETPUYHBIE HEKOTOPOH IIOC- \
KOCTH, TaKXe MpPUHAIJIEKAT ITOU 4&\
¢durype, To 3Ty MIOCKOCTh Ha3bl-

BAaIOT IUIOCKOCTBIO CUMMETPUH, a GUTYPY Ha3bIBAIOT CHMMETPUYHON OTHOCHU-
TEIBbHO TUIOCKOCTH.

[IpsimoyronbHBIN Napaienenuies], y KOTOporo Bce JJMHEWHbIE pa3Mephl Pa3HbIE,
KpOME€ LIEHTpa CUMMETPUHU UMEET €II€ TPU OCH U TPU IIOCKOCTU CUMMETPHH.
[IpsimMast, mpoxozsiias yepe3 TOUKY MepecedeHus JuaroHaieil mpoTHBOIIOIOXK-
HBIX IPaHel, Ha3bIBAETCS OChI0 CUMMETPHH,A IJIOCKOCTh, IPOXOASIIAs IEPIIEH-
JTUKYISPHO 4epe3 cepeanHy pEdep HazbIBaeTCs IUIOCKOCTHIO CHUMMETPUHU.
[Tapannenenunen, y KOTOPOro JiBa JIMHEHHBIX pa3Mepa paBHbI, UMEET 5 II0C-
KocTel cumMeTpuu. JlaHHbIe N300paKeHUST HAPUCYHTE B TETPAJIb.
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CumMeTpusi B IPOCTPAHCTBE

Touka mepecedeHuns AuaroHaiei Kyoa sBIsSeTCs ero NeHTpoM cumMmeTpud. [1psi-
MbI€, MPOXOASAIIUE Yepe3 CePEeUHY MapalieNbHbIX pEdep, He MPUHAIeKAIINX
OJTHOM rpaHu (WX Bcero 6) W mpsiMble, MPOXO/SIIUE Yepe3 EHTPBI TPOTUBOIIO-
JIOXKHBIX TpaHe(UX BCEro TpH), ABISIOTCS OCAIMU CUMMETpHUH Kyba. Y kyba 9
wiockocteit cummerpun. OHM N300paKeHBI Ha CIEIYIONINX PUCYHKAX.

T = -'
1
i __4 4 =] \----- Al 1----1
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1

f 1
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Bpamarensnas cumMerpus. BpamarenbHas CHMMETpPUS IPOCTPAHCTBEHHBIX
¢buryp nmoxoxxa Ha BpalIaTeIbHYI0 CUMMETPUIO IIOCKHX (uryp. OmHako, mis
00BEMHBIX (DUTYp OHA OIIPEIENISETCS IPH ITOMOIIN OCH BPAIICHUS.

Hadramua: CioHs

BpamiarenbHas 1 oceBasi CHMMETpPHSI IIMPOKO MPUMEHSETCS
IIPU U3YYEHNUU CTPOEHHS MOJIEKYJI BEIIECTB.

|L Ha pucynke mokaszansl ocu BpalmieHus kyoa. [eomer-
pPUYECKH 3aJaHHBbIE OCH OMHUCaHBI ciioBamu. [loka-
JKUTE BO3MOXKHBIC BApPHAHTHI N300paKeHUN JIJIs KyOa
Ha pucyHke. OJMH U3 BO3MOXXHBIX BAPHAHTOB ITOKA-
3aH Ha PUCYHKE B Ka4eCTBE MPUMeEpa.

a) Ocp cummerpuu (ock 6) Ocs Bpamienusi -  B) OCbh BpaleHus - Nps-
BpallleHHs1) 0ObEAMHAET MpsiMasi, CojiepyKalias Mas, IPOXOAsIIas uepes3
LIEHTPBI IPOTUBOIOJIOK- TUAaroHas b Kyba. [t cepeanny aByx pE€dep npo-
HBIX IpaHel. JIasd Kak-  KaK[oro ciydas Cyliie- TUBOIIOJIOXKHBIX IT'PaHEeH.

JIOTO cITydast ctByeT 3 coBmernienust Jnd kaxaoro ciydas cy-
CyIIEeCTBYET 4 COBMEIIE- CaMHUM C COOOI; IIECTBYET 2 COBMEIICHUS
HHSI CAMUM C CO0O0ii; CaMHUM C COOOIi.
[AY

. g 4
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CumMeTpusi B IPOCTPAHCTBE

2.

3.

4.

5.

CKOJIbKO pa3 JIOJHKEH COBEPIIUTH TTOBOPOT KYO OTHOCHTEIIBHO
OCH, TTPOXOJIAIICH Yepe3 IEHTP MPOTHUBOIOJIOKHOM IPaHH, 1
4TOOBI OH COBMECTHJICS CaM € CO00I?

== -
r==1-

CKOJIBKO pa3 JI0JKHA COBEPIINTH MOBOPOT MSATHYTOJIBHAS TIpa-
BUJIbHAS TIPU3Ma Ha PUCYHKE, OTHOCUTEIBHO OCH, TPOXOJIAILEH
yepes IIEHTP OCHOBAHM, 4YTOOBI OHA COBMECTUIIACH cama ¢ co00ii?

Kakas OykBa Oyner BumHa Ha (BepxHeH, OOKOBOM, TepeaHe)
rpanu Ky0a mpu MOBOPOTE B HANPABICHUU

NPOTHB YacOBOM CTpesiku Ha yroa 270° Bo- | P
KpyT OCH, NMPOXOAAIIEH yepe3 HEHTPHI ABYX |R
IPOTHBOTIONIOKHBIX TPaHen?

Panee Mbl BBITIOIHSIN 331aHUS 110 TOKPBITHIO Map-
KETOM IUIONIa/Iel MIOCKUX (QUryp. AHaJIOrHYHO,
MPaKTHYECKOE 3HAYeHNE NMEIOT 3a/1aHus, re OyayT
co3naBaTbcst (GUTYPHI 3aMIOTHEHHEM 00BbEMOB, MTPO-
cTpaHcTBeHHBIMU purypamu. [Ipu sToM OymyT mc-
MOJIb30BAThCS OTpaKeHUE (OceBasi CUMMETPHS) U
BpalleHHUE.

Ha pucynke nokasan BUI CBEpXy JieTajel, B BUJIE MPaBUIbHBIX TPEYTOIb-
HBIX TIpy3M. VI3 HEX CKOHCTpYHpOBaHa IPaBUIIbHAS IECTHYTOIbHAS TIPU3Ma
¢ ieaTpoM ocHoBaHusl O. CKOJIBbKO JieTanell TOHaI00MIOCh JIJIsl 3TOT0?

1) OcHoBaHueM NPU3MBI SIBISETCSA MPABHIIb-

HBIW MIECTUYTOJIBHUK, COCTOSIUNA UX 6 KOH- /\/ \
TPYIHTHBIX TPEYTOJIbHUKOB. Kaxnpiii vAv
TPEYTOJIBHUK 3aI0THEH pu3MaMu. [1o m300pa- v\ \/

JKCHHUIO BUAHO, YTO B OJUH TPEYTr'OJIbHUK ITIOMEC- e

meHo 1 + 3+ 5+ 7+ 9 =25 npusm . Jlnsa
MPAaBWIbHOM IIECTUYTOJIBHON MPU3MbI TAKUX

pHU3M HYXHO Oyzet 6 - 25 = 150.
2) U3ob6pasute BUJ CBEpXy AJIs Cilydas, KOrja KOJIUYECTBO

MaJICHbKUX TpHu3M OyzmeT paBHO 216. Haiimute 00bEM Ko-
poOku BbIcoTOM 10 cMm, ecnu peOpo caMoil MalleHbKOM

npu3Msbl paBHo 0,5 cM. A B
B xopoOky BbicoTO# 40 cM coOpaHbI MpaBUIbHBIE MIECTH-

yrosibHble Ipu3Mbl. Ha pucynke nokasan Buj cBepxy. Cro-
pOHa OCHOBAaHMS NPABWJIBHOM LIECTUYTOJIBHOM NPHU3MBI
paBHa 4 cm. Halimute 00bEéM HE 3amOTHEHHOW YacTH KO-
pooKwu.

A B
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Oo6o0mamue 3a7aHus

1.

KopobOka Ha pucyHke mmeer GopMy MPaBUIBLHOMN IIECTH- e 10en
yroJibHOU Mpu3Mbl. CTOpOHA BHEIIHETO OCHOBAHUS paBHA 40
10 cwm, a Beicota 14 cm. CTOpoHa BHYTPEHHETO OCHOBAHUS

paBHa COOTBETCTBEHHO 6 cM, a BricoTa 11 cM. 6cM
Haiinnre:

a) MJI0LIA/Ib MOJHOM MOBEPXHOCTU BHEIIHEW MOBEPXHOCTH;
0)ruToIIa I MOJHOW MMOBEPXHOCTH BHYTPEHHEH OBEPXHOCTH;
B) 00bEM KOPOOKH.

~lem

D |4_12CM _HD

B nupamue, 0CHOBaHUE KOTOPOIL ABIISAETCS KBaApaT UMe-
ercst 60 cm® Bozbl. ITo pucyHKy HaiiauTe:

a) BBICOTY YPOBHSI BOJIBI /1 ;

0) CKOJIBKO JTUTPOB BOJIbI HAJIO IOJUTh, YTOOBI HAITOJHUTD
nupamuy?

[Tnomanm moBepXHOCTEH NBYX MOAOOHBIX MAPAMHJT OTHOCSTCS KaK —— .
Haiignre oTHOIIEHHE O0BLEMOB. 2

OOBEMBI TIPSAMOI TPEYTOJIBLHON U MPABUIBLHOW YETHIPEX-
YIrOJIbHOM NMpHU3M paBHbL. BbicoTa KaXk10i U3 HUX paBHa
15 cm. B ocHOBaHUY TPEyTOIBHON MPU3MBI JIEKUT PABHO- 15
OepeHHBIN MPSMOYTOIBHBIN TPEYTOIBHUK C TUIIOTEHY301
8 cM. HaiimuTe mutomaas moJHOM MOBEPXHOCTH YETHIPEX- b=z 3 4

YTOJIbHOW MTPU3MBI.
Bonpoc orkpsiToro tuna. M3o06pasure mo ase nogoOHbIe MUPAMUIBI U

IpU3MBI ¢ K03 GUIMEHTOM MTO00US 2:5 U 3aMUIINTE TOTyYSHHBIE Pa3MephbI.

R

Haiimute 00bEM mupamMuast |l [Mupamuna paszneneHa
Ha PUCYHKE. MJIOCKOCThIO, Tapajiieib-
HOW OCHOBaHHMIO, Ha JBE
/\ paBHBIE TI0 00BEMY YaCTH.

1

. Haiigure BBICOTY BepxHEi ‘
, YaCTH, €CJIM BBICOTA TUpa-

' > cM MUJIBI paBHA 12 cM.

Kopob6ka umeer ¢opMmy mpsiMOyroJIbHOrO Hapajieienunena
o0béMoM 64 cm’. KakuMu IeBIMU YUCIIaMH JOJDKHBI BBIPa-
KAaThCS pa3Mepbl KOPOOKH, YTOOBI /I €€ N3TOTOBIICHHS TIOHA-
JOOMIOCHh HaMEHbIIIee KOJMYeCTBO KapToHa?

ITo pucynky HaiiiuTe 00BEM U TUIOIIA/Ib TIOJTHON TTOBEPX-
HOCTH NUpaMUbl, B OCHOBAHUU KOTOPOM JIEKUT MPSIMO-

f N
erHI)HI/IK. 9 o
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CreneHb ¢ 1efiCTBUTEIbHBIM MOKA3aTeJIeM
IToxka3areabHast QyHKUMSA
IIpeoOpa3oBanne rpaukoB NoKa3aTeabHOH GPyHKIIUU
IToxka3areabHas pyHkuus. Yuciio e
Jlorapudgm qucjia

Jlorapudmuyeckass pyHKuus
Jlorapudgmuyeckas mkaJjia. Pemenue 3agau
CaoiicTBa J0rapupmon

IToxka3areibHbIC YPABHECHUS
Jlorapudmuyeckure ypaBHeHUs
IHoka3aresbHbIE HEPABEHCTBA
Jlorapudgmmnyeckne HepaBeHCTBA

Ilpu apxeonocuyeckux packonkax O1s YCMAHOGIEHUs 603pAcmda
0CMAaHK08 paccuumuléarom Konuvecmeo Yenepooa 14. Ilpu smom npu-
X0OUmMCes peulams NOKa3amenbHule YPAGHEHUs.

JlpeBHUIi ropoj, 00Hapy:KeHHbIH NPU packonkax B ropoge Llllamkupe.



CreneHb ¢ 1elCTBUTEIbHBIM NOKA3aTeJIeM
IIpakTHyeckoe 3aHsTHE

1) 33HI/ILHI/IT6 SHQLIGHI/IC \/5, nonyquHoe l'IpI/I IIOMOIIIN KaJ’IBKYJ'IHTOpa.
\2 =1,414213562...

2) 3ajpaiTe MOCIeN0BATENBHOCTD, YWIECHBI KOTOPOH SBIIAIOTCS JECATUYHBIMU
MPUOIKEHUSIMH, \2 ¢ HemocTaTKOM:
1; 1,4; 1,41; 1,414; 1,4142; 1,41421; 1,414213; ...

3) 3anumuTe B BUJE CTENIEHU C OCHOBAaHUEM 3 ISl KOTOPBIX MOKA3aTeIsIMH SIB-

JIAKOTCA JAHHBIC YJICHBI:
31- 31,4- 31,41- 31,414- 31,4142- 31,41421- 31,414213-

4) Tlpu mMOMOIIHM KaJbKYJISATOPA BBIYHUCIUTE JAHHBIC YICHBI, 33J[aHHbIC B BUJIC
CTEIECHHU C ACHCTBUTENBHBIM I1I0KA3aTENIEM.
3'=3
3~ 4,6555367217
3141~ 4,7069650017
31414~ 4,7276950353
314142 ~ 47287339302
31412l ~ 47287858809

31414215 ~ 4728801462
5) OOparure BHUMaHHE, YTO YeM OMKe 110Ka3aTesb CTEIEHU IPUOIMKAETCA K
\2 , COOTBETCTBYIOIIAs PA3HOCTH MEXKILY JABYMs COCEIHUMM 3HAUCHHUAMU
CTAQHOBUTCS MEHbIIIE U MPUOIMIKAETCS K ONPe/IeIEHHOMY YUCITy. DTO YHCIIO
Ha3eIBaeTCs \2 (MppaloHAabHO#) CTENeHbI0 urcia 3. BEraucienne npu mo-
MoK KaJbKyssiTopa: 3'2 ~ 4,7288043878 ...

6) BhITOMHUTE 3ajaHue IS 25

[TomoOGHBIM 00pa30oM paccMaTpUBAETCs U CTENEHb ¢ UPPANMOHAIBHBIM MTOKA-
3areneM a* . Ecau uist mppalmoHanbHOTO YKMCa @ , 33J1aTh MOCIIE0BATENb-
HOCTB JICCATUYHBIX MPUOIMKEHUN Q1; 02, O3} ..., KOTOPOH COOTBETCTBYET
TI0CTIeI0BaTeNbHOCTh ClefAytomux uneHos a™'; a®*; a™; ..., To uncno, K koTo-
pOMY CTpEMHTCS JaHHasl TOCIIEI0BATEIbHOCTh, 0003HayaeTcs a” .

CreneHp ¢ palyoOHAJIbHBIM M MPPAMOHAIBHBIM MOKa3aTelieM OmpeiesieHa
TOJIBKO IS TIOJIOKUTEITFHBIX OCHOBAaHHUN. TakuM 00pa3oMm, Iisi POU3BOIEHOTO
JEHCTBUTEIBHOTO YUCIIA X BBOIUTCS MOHITHE CTETIEHB C IEHCTBUTEIBHBIM I0-
kazareneM a* ( 31ech a > 0).

Cunraercs, uro 1* =1 qig npousBonbHoro x u 0° =0, mpu x > 0.

JJ1s1 cTenenu ¢ IeHCTBUTEIBHBIM ITOKA3aTeIeM BBITIOIHSIOTCSI H3BECTHBIC CBOM-
CTBa CTEIEHU C PallMOHAIbHBIM ITOKA3aTEJIEM.

Jnst mo0ObIX AeHCTBUTENbHBIX uncen xuy npua>0,a#1,b>0,b#1 cmpa-
BEJIMBO CIIEyIOIIEe:
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CreneHns ¢ JeHMCTBUTEJIbHBIM IOKAa3aTeJieM

CroiicTBa cTemneHeii: g
Da-a=a Da:a=a 3)(@y=a” 4 @y=ab 5)(p)=14%
6)a*>a,npua>1,x>y, a<a& ,mpul0<a<l,x>y
Ta>b,mpua>b,x>0 , a*<b,mpua>b,x<0

)ecmua’'=a ,T0x=y

OoOyuarommue 3a1aHus

|L 3Ha4yeHMsl BIPAXKECHUN C UPPALMOHATIBHON CTENEHbIO, MOKHO MPHUOINU3H-
TETHHO BBIYMCIIMTH NP TMOMOIIH KaJbKyasTopa. Ha rpad kambkynsrope
TaK)K€ MOXKHO BBIYHMCIUTH CTENEHb C MPPALMOHAJIbHBIM IOKa3aTelleM,
Ha)KaB KJIABUIILY | A

Beruucnure: _

)85 6)5M, B)(V10Y% )9y w155 ) (V)8
|2. Hamummre o ogHOMY HpHUMEpY, COOTBETCTBYIOIIEMY CIICAYIONIMM MPaBH-

JaM. .

a)a*-a’'=a""” 0) Zy =a” B) (@Y =av¥

X X 1

r) (ab) = a'b* 1) %: (%) e)ar= P
& a) Bripa3uTte B BUJIe cTeneHN 3: %

0) Breipasure B Buje creneHu 2: %

X . &§3x
B) BrIpasure B Buze crenenu 5: 21525—21

4. Ilpu momomm KalbKyIsTopa HalAUTe IPUOIIKEHHBIC 3HAYCHHS JJAHHBIX

BBIPKCHHM, C TISITHIO 3HAYAIIIUMU ITUPPAMHA TTOCIIE 3aISITOM.
21,4’ 21,41’ 21,414, 21,4142, 21,41421’ 21,414213

JlaHHBIC BBIpOKSHHS IMEIOT pallHOHAILHBIN ITOKa3areb. Kak mpu momorm
JIAHHBIX BBIPAKCHUN MOYKHO BBIYHCINTh 3HAUYEHUE UPPAIIMOHAIILHOM CTe-
nenun 222

|i Yrnpoctute U HalUTE 3HAUYCHHUE.
a) (5%, 6) (V2" B) (29)5 - 4%572: 225,

r) 3. 921 27 ) 20517 45 e) 50817 952
>1<)’4\/ 30717 g7 D020 DL25F ) 20D 4R
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Crenens ¢ JeHCTBUTEJIbHBIM IOKAa3aTejieM

6.

10.

12,
13,

14,

CpaBnure.

a) 105 u 107 6)0,1%u 0,12
B) (3 (§)° D3t (3)2
Kaxkoe cooTHolieHue BepHo?

a)3<32<9 6)2<2"<4
B)1<52<5 r) 42 <48 < 4%,

CpaBnute cneayromme yucnia ¢ 1.

03 6 @) &y  n2¥
Pacnonoxxure uncia B MOpAAKE BO3paCTaHUs.

a) 8200; 9150; {25100 6) (0,008)™; (0,09); (0,5)'
D@ GG neh A AT
Brrancnure 3HaueHue BbIPpAKCHHA.

9100 * - (L)' 6) (55 (P

B) (277 + 1257 +§) nE ) A 1257y

. I[J'ISI MOJIOKUTEIIbHBIX 3HAUCHUH INEPEMEHHLIX, 3alITMIINUTE B BUJC CTCIICHU

C palOHAJIbHBIM IMOKAa3aTCJIEM U YIIPOCTUTC.

a) \mén* 0) J 8x3y° B) Vaop? - b r) Va Vava

5 557 . .
3Has, uT0 b> = N3 1 by = N8 wWieHBI F€OMETPHUCCKOI IPOrPECCHH, Haii-

JAUTE 3HAMCHATCJIb IIPOIrpECCHU.

1 1
Pacnonoxkure a> ; a® a*ﬁ; a*ﬁ; a’; a™ B mopsiike BO3pACTaHHUsI, 3HAs UTO:

a)a>1 0)0<a<l1
Pemmite ypaBHEHUA.

3 2 =
a)xT=8 6)6x +12=36 B+ =54 D +2+1-4

2 1
MY-27-3=0 e)Vr+ V=2 w)x2+2=2\2+5 3)Vr+1-\x_7=2
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IToxka3areabHast PyHKIUSA

IIpakTH4yeckoe 3aHsATHE.

1) CocraBbTe TabMuUIly 3HaYCHUN A1 QYHKIMA y =2 ny = (%)x .

1fo[1[273 x |-3[2[-1To1
1 1 \x 1
S|z 48] [p=Gr| s|4af2|1]|5

y=2"

INE S
oo|—| w

3[-2
1|1
8 | 4

2) Ha xoopauHaTHOM IIIOCKOCTH MOCTPONUTE TOYKHU, aOCIICCHI KOTOPBIX COOT-
BETCTBYIOT apIyMEHTaM, a OPJIMHATHI 3HAYCHUSAM (PYHKIIUU U COSAUHHUTE CILIONI-
HOU KPUBOW JINHUEH. A Y

y=2
el (3:9)
6
1:3) 4 . 4)

(-2:4) \2

(3 >
4 20 2 4 x

3) CpaBuute ¢ “0” 3HaueHUsA BBIpAKEHUU 2% U (% )" s MPOM3BOJIBHBIX
3HAYEHUN X.
4) YBeM4MBaIOTCS WM YMEHBIIAIOTCS 3HaYeHUs QYHKLUH Y = 2*[IpU yBeIUYe-
HUM 3HAUYCHHH X ? YBETUUMBAIOTCS WM YMEHBIIAIOTCS 3HAUCHHUS (DYHKIIUU
y= (% ) *IIpH yBEIMYEHUH 3HAYCHHH X7
5) B kakoii Touke rpaduku nmepecekarT och y ?
6) CpaBHuTe rpaMKy U 3alMIIUTE UX CXOAHBIE U OTIIMUUTEIbHbIE YEPTHI.

7) Beimonaute 3ananue it GyHKIMH y =31 y = (%)X .

IMpr a >0, a # 1 byHKIWS y = ¢* HA3BIBACTCS MMOKA3aTEIIbHON (QyHKITUEH.

1) OGnacte onpeaenenus noka3areabHON (PyHKIIUN BCe 1eHCTBUTENbHbIC YHCTIA.
D(a*) = (~o0; +20)

2) MHOXeCTBO 3HaU€HUH MOKa3aTeIbHON (PYHKIHUN BCE TOJIOKHUTEIbHBIC YHCTA.
E(a¥) = (0; +0)

3) Tak kak a” = 1(mpu x = 0), To NOKa3arenbHasi GYHKIHS TEPECEKaeT OCh ¥ B

touke (0; 1).

4) Ilpu a > 1 pynxus a*Bozpactaromas, npu 0 < a < 1 pyHkuus a* yosiBaromiasi.

5) INoka3zarenpHas (GyHKIHS HE TiepecekaeT och abcnuce u e€ rpaduk pacroio-

JKEH BBIIIE OCH X, T.€. B BEpPXHEH MOTYIIIIOCKOCTH.

Oynknus y = a* ¥ e€ rpaduK Ha3pIBACTCS SKCIIOHEHTOM.

OKCTMOHEHTA MPHU U3MEHEHUU apTyMEHTA yBEIMYMUBACTCS MM YMEHBIIACTCS C

OO0JIBIIION CKOPOCTHIO.
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Moka3zarenbHas pyHKUUA

6) I[Ipn 0 < a < 1, eciii x 6€CKOHEYHO BO3PACTAIOT, COOTBETCTBYIOIIIE 3HAUCHUS
v GECKOHEYHO yOBIBaIOT U TOUKH rpaduka QyHKIMU y = @* HEOTPaHUYEHHO CTpe-
MSTCS K OCH a0CIIHCC .

IIpu a > 1 u x — — 0o TOUKK HA TpaduKe HEOTPAHUICHHO CTPEMSTCS K OCcH alc-
IMCC.

Ocp abcuucc ABIsSeTCsl TOPU30HTAIBHON aCUMITOTOM MOKa3aTelbHOMN (DyHKIIMU.

SKCIOHEHIMAJTbHO BO3PAacTalolHe H IKCIIOHEHIMAJIbHO YObIBaKOIIMe (PyHKIUH

J AY
y=a*
0<a<l1
0;1)
e - >
> 0
0 X X
3KCIIOHEHI[MAJIbHO BO3pacTaeT 9KCTIOHCHIIMAIBHO YOBIBACT

DYHKIKS Y = ¢ * a° TAKXKE HA3bIBAETCS KCIIOHEHIUAIBLHOM (DyHKIIUEN.
Hanpumep: ¢yHKIuio y = 8 - 2* MOKHO 3amucarh B Buje y = 2% - 2¥= 2%+ 3,

ITpumep. ITo rpaduxy GyHKIME 3amaauM €€ ypaBHEHHE.

Pemenne: CocraBuM TabnuIly 3HAYCHHH. i )
(blgyl 1V 1
x [ 2] o1 TN S = G
3
b 9 3 1 %— {6
_ \l4 ;
W3 Tabnuiiel 3HAYESHUH BUHO, YTO IIPU YBEJIMUCHUH 3HaUe- | (-1} 3) L2 é
ya
HUM x Ha | eqUHUILY, 3HAUYCHUS Y YMECHBIIIAIOTCS B —,~ . 07 1) 3
1 1Y 11D lol2 14 1k
3naunt, a = -, . Torga popmyna ¢yHkuuu Oyner: y = <—> [ -

3 3
HpnMep. HpI/I KaKNX 3HAYCHUAX IICPEMCHHBIX CIIPABEIJIMBO CIICAYIOIINUC!

a) paBeHcTBO 4* = 64; 0) HepaBeHCTBO 3> 9 ;  B) HepaBeHcTBO 0,4 > 0,167
Pemenne: a) 3anumreM paBeHCTBO 4* = 64 B Buzme 4* = 4°. 371ech 10 CBOWCTBY
CTETICHH C JICWCTBUTENBHBIM ITOKa3aTeseM X = 3.

0) 3amumieM HepaBeHCTBO 3* > 9 B Buze 3* > 32 . 3mech sACHO, 9TO X > 2 .

B) 3anuiiem HepaBeHcTBo 0,4 > 0,16 B Buge 0,4° > 0,4 (B BUE CTEIICHU C O/TH-

HaKOBbIM OCHOBaHI/ICM), CTETICHH C OCHOBaHHEM MeHbIIe 1. HOJ'Iy‘-II/IM, yTto Xx <2.
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IToxka3areabHast PyHKIUSA

Ooyuarommue 3a1aHust

1.

[MoctpotiTe rpaduku creayromux QyHKIHA, 3a1aB KAK MUHUMYM 3 TOYKH.

D=4 Dew-s Imew-G) w3
a) [Tokaxxure siBisieTcs U (PyHKIMS BO3PACTAIONICH WM yOBIBAIOIICH.
0) [TokaxkxuTe 00IACTh ONIPEICICHUST 1 MHOKECTBO 3HAUYCHUH (PyHKITHH.
B) OnpenenuTe TOYKY epecedeHus C OChIO ).

Bospacraromumuy uin yObIBaOMIUMH SBJAIOTCS CIAEAyIOIMe QyHKINN:
a)y=55 6)y=035 B)y=5% Dy=N2-1y; my=C5-1"~

Haiinure cnemyronue 3HaueHus (PyHKITHH.
2) ) =(3) ADADA-DA=2) 6)he)= (V5 A(1)hQ), h(-1), h(-2)
B) g(x) =<%>fg(0), 2(2), g(\/2_), g(=1) r) m(x) = 231 m(0), m(2), m(\/z_), m(-1)

YcTaHOBUTE COOTBETCTBUE MEXKTY (DYyHKITHEH U TpaduKoM.

x zx
y=5 2) y=@ 3)y=<§>
a y Y
) 4 2 4 ®) y4
) 2 2
520 2 4% 4 20[ 2 4x _20|246§

MoskHo 1 Ha3BaTh QyHKIUU y = 0* 1y = 1* moka3arenbHbBIMUA QYHKIHSIMA?
MOo:XHO i Ha3BaTh MOKa3aTeIbHON QyHKIHIO ¥ = (—1)*?
[To rpaduky byHKIHIA ¥ :b ay= b*, y = ¢* cpaBHHTE YHCHa 4, b, c.

v

. b
AY a gAY
a) 0)
= > Se——
0 X 0 i

3anumute GopMyiy MokazaTesibHOM QYHKIMH ¥ = ca*, rpaduK KOTOpOi
MIPOXO/IUT Yepe3 TOUKY.

a) (0; -2) m (-2; -32), 6) (0;3) m(1;15),
B) (0,7) u (2; 63); r) (0;=5) u (-3; -135);
m) (0;0,2) u(4; 51,2); €) (0;-0,3) u (5; -9,6);
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IHoka3arenbHast QyHKUMSA

8.

12,

13.
14.

15

16.
17.

1) ITo cnenyromum JaHHBIM HamumuTe GopMyiTy GyHKIHH B BUAE Y = a*.
2) CocraBbTe TaONUIly 3HAYEHUI U 3aHOBO MIOCTPOTE rpaduK B TETPAIH.

a)  100Ay b) 1oAY ©) vA d) johy
(-3; 125) i
so| |G:64) 5 (3;%7) 100 % (( 2’2176))
-3;n 9 P AR
e COpth e
(-2; 25)

Hanbl pynkmmu f{x) = 5%, g(x) = < > h(x) = 3~

a) 3HaueHne Kakoi GpyHKIMU GosbIe mpu x = 57?

0) 3HaueHne Kakoi (DyHKITMH MEHBIIE P X = —57

B) [Ipn xakux 3HaYCHUSIX X 3HAYCHUS (PYHKIINH paBHbI?

. 3Hag, yto flx) = 3,2% g(x) = 0,3* cpaBHUTE:

a) 15) u 6); 6) 0,1) 1 f(0.,5); B) AN2) 1 fN2);

r) g(5) 1 g(6); 1 g(0,1) 1 (0.5); ¢) g(-\2) m g(\2).

CpaBnure:

a) (V2 u (\2)5; 6) 0,131 0,1'5; B) 4%y 4%

[Tpu KaKuX 3HAYCHUSAX MIEPEMCHHBIX CITPABETMBBI PABEHCTBA?

a) 3771 = 27; 6) 42 = 64; B) (V2) = 212.

[Ipu KaKuX 3HAYCHUSAX MIEPEMCHHBIX CITPABEIMBBI PABEHCTBA?

a) 2°> 32; 6) 3" < 27; B) 0,27 > 0,04; D)y <y

Pemute cienyromiye ypaBHeHUS TpahuyecKu:

a)2*=3—x; 6)(%)x=x+6

[Tpu oMoy rpaduka onpeneuTe 3HaK KOPHs YPaBHCHHS.

a)5*=6; 0) 0,2*=3; B) 4"2% ; r) 0,3*=0,1.

VCTHO HalIUTe [[Ba 3HAYCHUS, YIOBICTBOPSIOIINE YPABHEHHIO: 2% = X2
[Mpu momonm rpaduka HaIUTE KOITMYECTBO KOPHEH ypaBHEHHS.

B omHoit cucteme koopaMHAT MOCTpoiTe rpaduku QyHKIUN y = 2 u
y =(%))C Y TIOK&KUTE OTHOCHTEIHHO KaKOW OCH OHH CUMMeTpHIHBL. 0000-

LIUTE MOJYyYEHHBIN pPE3yJIbTar.
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IHoka3arenbHast QyHKUMSA

Ilpukiagnbie 3a1aHUS

Mapus Krwopu. [Ipy paguoakTUBHOM pacnajie BEIECTBO Je-
JUTCS Ha HECKOJIKO YacTHIl (HallpuMep: 3JIEKTPOHBI,HEH-
TpHUHO,a’db(a-yacTuubl, GoToHBI).PagnoakTuBHOEC
BEIIECTBO, NIPU JIEIEHUHN aTOMOB 32 OIIPeJIeNEHHBIN ITpoMe-
JKYTOK BPEMEHH, TEPSIET MOJIOBUHY CBOEH Macchl. DTOT Mpo-
MEXYTOK OCTA€TCsl HEM3MEHHBIM U HA3bIBAETCS MEPHOIOM
(mpomexyTkoM) nomypacnazna. B 1898 rogy Mapus Kropu
OTKpBIJIa BEIIECTBA, 001aJal0NINe BBICOKOH pajnOaKTHB-
HOCTBIO - paJiil U MOJOHUH. 32 ATO OTKPBITHE OHA ObLIA
yaoctoeHa HoGenesckoit mpemuu. M3oton paaus Ha3bIBa-
ercs Radium 226 umeer nepron nonypacnaga 1620 net. [lpoxykrom momypac-
naja pajaus 226 sBisercs pagoH 222 , KOTOPbIH MOXKET BbI3BaTh PallOAKTUBHBII
B3pBIB.

L
3aKOH PaJMOaKTUBHOIO pacnaja: m= mo(%)T
Mo - IEPBOHAYATILHOE KOJIMYECTBO BEIICCTRA,

T- mepuoy Noypactaja BelecTna,
M- KOJIMYECTBO BEIIECTBA B MOMEHT £, 37IECh £ - BpPeMs1, HE MOXKET IPUHUMATh OT-

pHIATENbHBIX 3HAYCHHUI.
ITpumep. [IpomexxyTok momypacnazaa paaus (Ra-225) m
15 nHei. 3aBUCMMOCThH Macchl(IrpaMM) BEIecTBa OT
BpeMeHH ( 3a Kaxjable 15 JHeil), MOXHO CMOJIEINPO-
BaTh MokasarenbHON QyHKuuen. ['paduk 3ot hyHK-
LIUH TIPEJICTABJICH Ha PUCYHKE:

-
s

o
o]

o
[o)

(1; 0,5

KOJ'II/Ihe CTBO BCILICCTBA I'p‘aMM)

0.4

a) cKoibKko TpaMMm Ra-225 cocraBisieT rnepBoHavalib- \\ (2:025)

HOE KOJIMYeCTBO BemiecTBa? ONUIINTE, MUCBMEHHO, 5 02| \((3;0.125)

CUTyallM! COOTBETCTBYIOIINE YKa3aHHBIM TOUKAM. 0= Ll >
4

0) 3anmumuTe 00JaCTh ONPENCICHUS U MHOXECTBO

3HaYeHUN (DYHKITHH.
B) 3anuImTe 3aBHCHMOCTb MacChl BEIIECTBA OT BPEMEHH B BUJE (DyHKIIHH.

r) Omnpenenute NpUOIU3UTENBHO 3a CKOJIBKO BPEMEHM IEPBOHAYAIbHOE KOJIH-
yecTBO BeulecTBa Ra-225 ymeHpmuTCsS Ha -~ .

Pemrenue: a) I1o pucyHky BUIHO, uTO 1pu ¢ = 0 rpad K epecekaeT 0Ch y B TOUKE
(0; 1). T.e. macca mepBOHAYAILHOTO KOJTMYECTBA BEIleCcTBA paBHa m = 1 T.

6) ITo rpaduky BuaHO, 4TO 00JIACTh ONpeAeIeHUs PYHKIMH, TO €CTh 3HAUYCHHUS,

KOTOPBIE MOXET PUHUMATD f, MHO)KECTBO JIeHCTBUTENIBbHBIX uncen £ > 0 . MHo-

KECTBO 3HAYCHUH (YHKIMH, TO €CTh 3HAYCHUSI KOTOPbIE MOXKET MIPUHUMATH 711,

€CTb MHOXKECTBO JCHCTBUTEIBHBIX YKced 13 npoMexyTka 0 <m < 1. B) Pagu-

AKTUBHOE BELIECTBO 3a KaK/ble 15 qHEH pacnagaeTcst HaloJIOBUHY. 3HAYUT OC-

HOBaHME NOKa3aTeIbHOW (YHKIMM PaBHO —=- , [OKa3arellb XK€ BbIpPaXKeH

MEePEMEHHOM ¢ U MOKa3bIBAET CKOJIBKO pa3 MpoIuio mo 15 nueit m(f) = (%)’.

Bpewmsi (3a Kaxble 15/ mmein)
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IHoka3arenbHast QyHKUMSA

r) 9Ty nH(GOPMALIHIO MOKHO MTPUOTU3ZUTEIILHO OMPEISTUTH O TPaUKy WiH
MOCTPOUB TaONMUILy 3HaYeHUH. Ecii nepBoHavanbHOE KOJTMYECTBO BELIECTBA
1t 10 3% gacTh npubnm3uTenbHo paBHa 0,033 r. OTMETHM 3Ty TOYKY Ha
OCH y M TIPOBEIEM TOPU30HTAIBHYIO MPAMYIO, MTEPECEKaoIIyI0 rpaduK B
JAHHOU TOYKe. DTa JIMHUS MepeceKkaeT abcuuccy rpaduka npudI3uTeIbHO
B TOUKE 5. A 3TO 3HAUMUT, uTO uepe3 S - 15 =75 gHelt nepBoHAYATBHOE KO-

JIMYECTBO BEIIECTBA YMEHBIIIUTCS MPUOIU3UTEIBHO HA 55 YacCTb.
Havanbnast macca pangnoaktuBHOTO Bemecta Paamii - 226 paBHa 1r. 3akon

pagroaKTHBHOTO pacrana 3amgad Gopmymnoit  m(t) = ( % Y1620 3necy m -

macca panusi (r), ¢ - Bpems (rox). Haliure maccy TaHHOTO BelecTBa yepes:
a) 1620 ner; 0) 3240 ner; B) 4860 mer.

Kaxxpas 3 cnenyromumx CUTyaui MoXeT ObITh CMOACITUPOBAHA, TPHU T10-
MOIIH MToKa3areabHoN GyHKImy. Kakas n3 cutyanui siBisieTCsl SKCIIOHEHITH-
aJbHO Bo3pacTarolleil (@ > 1), a kakas IKCIOHEHIIMAIbHO YObIBAIOLIEH
(0<a<1)? a) KomnuectBo 6axrepuii B vamike [lerpu Bozpacraer B 2 paza
3a Kax bl yac. 0) [lomypacnan nzorona Aktunus - 225 paBeH 10 gHsAM.

B) C yBennyeHneM NIyOuHbI Ha | MeTp, CHJIa CBETa, IMaJaoero Ha MOBepX-
HOCTb 03€pa yMeHblaeTcst Ha 25%.

r) KomndecTBo HaceKOMBIX yBETHMUMBAETCS 3a JIeHb B 3 pasa.

BankoBckuii cuéT qaét exeronHyro npuobLIs B pazmepe 2,5%. Cymma nener
Ha cYeTy 4epe3 n JieT Beraucisiercs no gopmyine A = P(1+r)" . 3aecs P -Ha-
YanpHast CyMMa, 7 - €KETOIHBIA PUPOCT (AecATHIHAs IPOoOb).

Ecnu cymma nener Ha cuety n3mensiercst kak A = P(1,025)", ro:

a) [Toctpoiite rpaduk COOTBETCTBYIOMICH MOKa3aTeIbHON (DYHKITHH, IPUHSB
HayaJIbHYI0 CyMMY 3a 1 MaHart.

6) [1o rpaduky cremaiite mporuo3, yepes CKOIBKO JIET Ha4adbHasi CyMMa BbI-
pacteT B 3 pa3a. 3aBUCHUT JIM OT HAYaJIbHOM CyMMBI TPEXKPATHOE YBEIHMUCHHE
CyMMBbI Ha cUeTy?

B) OUHAHCUCTHI BBIYUCIISAIOT BPeMsl 38 KOTOPOE HavyajbHasi CyMMa yBEJINYH-
BaeTcs B 2 pasa IMpH CI0KHOM IPOIEHTHOM pocTe Mo “npasuity 72”. Hanpu-
Mep, YTOOBI y3HaTh 3a CKOJbKO jieT cyMma B 100 manar Beipactet g0 200
MaHat, HaJl0 YTOOBI NMPOM3BEACHNE KOJINYECTBA MECALEB M MPOLEHTHOU

CTaBKU OBLIO paBHO 1 - 1 = 72.
B cooTBeTcTBHM ¢ TaHHBIM MPABUIIOM U 10 TpaduKy ONpeneanTe, yepes

CKOJTBKO, IPUOIN3UTENHHO, JIET CyMMa ¢ | MaHaTa BBIpACTET A0 2 MaHAaT MPH
craBke 2,5%, 1 CpaBHUTE MOJIyYeHHbIE PE3YIbTaThI.

[TocTpoiite rpaduxu Gynkuuit y = 3x, y = x> u y = 3*. Jlnsg kaxmaoi pyHK-
LMY 3aIUIINATE 00JaCTh ONPEACICHUS U MHOXKECTBO 3HAYEHUH U HYIIH
¢ynkun (ecnu oHU ecTh). CpaBHHUTE 3HAYCHUS 3TUX QYHKIUH MTpH
x=1;2;3; 4. 3naueHus kakoi pyHKLIUU pacTyT ObicTpee?
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IIpeoGpa3zoBanue rpagukoB Noka3areJbHbIX PyHKIMI

OO0muii Bua nokazareabHod GyHkuum f(x) =la*~" +n

OyHKIMA BUA f(X) = a* ABISACTCSI OCHOBHOU (DYHKIIMEH B CEMEHCTBE IMOKa3a-
TeNbHBIX QYHKIMHI. BoImoaHss pa3nuunbie mpeoOpa3oBaHus MOXKHO MOCTPOUTD

rpaduku caenyrommx GyHkuui f(x) = l-a*, f(x) = la*~ ", f(x)= l-a* "+ n.

e ['paduk B |/| pa3 pacTaruBaeTcs OT OCH X. N
Hampumep, y =3*u y = 4-3« a4 pp=3

/
e [Ipu / < 0 IPOUCXOTUT OTPAKEHUE OTHOCUTEIHHO /

- -

OCH X. e SRR

o)
Hampumep, y =3*u y =-2-3~ 7= 23
I'paduk dyukimu f{x) = [ - a*~ "+ n MOXHO TO- Al
CTPOUTH MPH TIOMOIITH rpaduka pyHKIMu y = [ - a*
UCIIONB3YS MapauIelIbHbIN IIEPEHOC. 4 YT

Y /

S

11
I~
b
)
—

Al
IS MW TR weOC | A
/5l

3
X

m ® CMCIICHHUEC HAJICBO U HAIIPABO n ® CMCICHHUEC BHU3 U BBEPX

AV (1] 13)

[uiny
[S8]

[Ipumep. [octpoum rpadux GpyHkuun
y=3-2*"1+ 1 mpu NOMOINIH NapajuieILHOTO TIepe- I 1%

—
—

Hoca rpadguka QyHkuuu y = 3.2~ [1]
1. Jlna ¢pynkuun y = 3-2¢ ormerum touku (0; 3), [1]
(15 6); (2; 12) 1 coenHUM TH TOUKH TJIAAKOM JIH- . /1]
Huell. [Ipsmas y = 0 sBiseTcs aCUMITOTON YEFE II\ 2 /

2. I'paduk pynkuuu y = 3-2* nepeHecéM mnapa- O 6) /[ T0®

JIeTbHO Ha OJHY eAMHUIYy BieBO (3-2%"') u Ha
onHy enuHuiy BBepx (3-2¥"1+1) (Ha BekTOp
(-1; 1)), Haiiiém HOBBIC KOOPAWHATHI yKa3aHHBIX / (0;3
TOUYEK U PACIIONIOKUM HX Ha KOOPAWHATHOM IUIOC- | —]
koctH. COeTMHUM 3TU TOYKU IVIAAKON JIMHUEH U =
noiay4yuM rpauk GyHkmun y = 3-2¥1 + 1.

0:3) = L4 (L6)—=(0;7)  (2,12) > (1;13)
[Ipsimas y = 1 siBAsieTCS TOPU3OHTAIBHOM aCUMIITOTOM.

=
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IIpeoOpa3oBanue rpaduKoB MOKA3aTEJIbHBIX (DYHKIIMA

Oobyuaromue 3a1aHUA

1.

a) /lobaBwTe B TabMUIE CTONOCI] JIJISt
3HaYeHUU QyHKIMM y = — 2-3x-4 -3
1 TIOCTpOiATe & rpaduk. (_1;%) (_1;%) 3; %)
0) O0bsicHHUTE, KaK U3MEHEHHUE TIapa-
METpOB QYHKIMU y = [a*~ " + n
BJIMSICT HA PACIIONIOKEHHE (PyHKIUU
y= —2:3*"%— 3 npu NOCTPOCHHUHU.

y:3x y:2.3x y:2.3x—4

(0; 1) (0; 2) (4;2)
(1; 3) (1; 6) (5; 6)
(2;9) (2;18) (6; 18)
(3;27) (3; 54) (7; 54)

B) Ilokaxkute 00acTh onpenesaeHuss U MHOKECTBO 3HAUYCHUM (QyHKIUH
y=3Funy=-23-4-3.

IMoctpoiite rpaduku creayromux GyHKIHHA, 3aJaB KaK MUHUMYM KOOP/IHU-
HAThl TPEX TOYEK.

a)y=2-3" 0)y=>52" B)y =0,54~
1 1
Dy=4(3) N y=- Ly Q) y=-255
[Tpu cmemmenny rpapuka GyHKINAA y =<?> 10 BEPTUKAIIU OH MPOIIET

yepes TouKy (2; %). 3anummte Gopmyiy, 3aar0NIyI0 TpaduK MoTydeH-

HOU (pyHKITMH. 3anHIIUTE MapaieIbHbIN MEPeHOC 0 00pa3Ity.
Ipumep. flx) =3 ngx) =34 a) flx) =4 mg(x)=4+1
Tak kak g(x) = f(x — 4), To rpaduk pyHKIUN

g(x) momydaercst NMpU CMEIICHHH Tpaduka 6) flx
¢byHkmH f(x) Ha 4 AMHULIBI BIPABO. B) fx) =107 1 g(x) = 102

[ocTpoiite rpaduxu pynxmmii y = 4%, y =42,y = 43 Bpickaxxure cBo&
MHEHHE 00 00JIacTH ompeeeHusl, MHOKECTBE 3HAYCHHN U aCHMITTOTaxX
JIAHHBIX (DYHKITHA.

@yuknuro y = 108 MoxHO 3anucars B Buae y = (2:5) . [locTpoiite u
cpaBHUTE TpaduKu JaHHON QPyHKUUU U QyHKIUHU ) = 2-5%.

) =-2"mg(x)=5-2*

3anumure cienyronme GyHKIUW B BUje y = [-a~.

a) y =4 @y=5y@*l
= 2
B)y=V5-2" Ny=3. =

I'paduxu crenyromux GyHKINI MOCTPONTE PU TIOMOIIHU MTAPAILIICIIEHOTO
nepeHoca rpaduka moxkasareabHOW QyHKINY f(x) = [-a*. JIJid KaXX10T0 CIry-
yas 3alUIINTE BEKTOP, HA KOTOPBIN MTPOU3BEAEH NMapaIeNIbHbIN MEPEHOC.
)y=3- G 6)y=1.32 B)y =222
r)y=-3-3+2-2 ny=4-2-3+1 e)y=4-23-4
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IIpeoOpa3zoBaHue rpa)MKoOB MOKA3aTEJNbHBIX QYHKIMHA

8.

10.

YcTaHOBUTE COOTBETCTBUE MEXTY rpadukoM 1 QYHKIIHEH.
AV

a 0 (%
Hy=25 Y FrH ® R @ [0
2)y=34 (’1\3 M 1\—1.7_{( T : Sl
3)y——25 AL | (R (S
4)y = 4 1 A | 1 ~
S)y = 3x 2 F) ‘y/( -+ H) J§] e) 'S} T
6)y=3"-2 T af /
AR Rk T AY (3] B (i
. B (VAL R
X I X
OHpG,I[GJ'II/ITC ABJIACTCA JIU (1)}’HKI_II/I$[ OKCIIOHCHIIMAJIbHO BO3PAaCT aIOLI_Ieﬁ 1501058
yOBIBaroIIeH. 1
a)y=103,5" 0)y=24 B)y=04(3)"
ry= 3'(7)x n)y =30~ e)y =025~

B peanbHO XU3HU, IPU €KETOAHOM YBEIMUEHUH BEIMYMHBI HA ITOCTO-
STHHBIH TIPOLIEHT, €€ COCTOSTHUE Yepe3 ¢ JIeT MOYKHO OIICHUTH (hOpMYIIoi

y=a(l +r), npu ymensiienuu - popmyinoit y = a(l —r)’ .3neck a - Ha-

YaJIbHOE KOJINYECTBO, 7 - IPOIIEHT YBEIUYeHHUs (YMEHBIICHNU) ( 1eCATHY-
Hasi 1po0Ob), ¢ -KOJTUYECTBO JIET.

[Ipu momonw qaHHBIX GOPMYIT PEIIUTE CISTYIOIINE 3aTaHHs.
[Tpumep. llena aBToMOOMISA KyTuieHHOTO 32 24 000 MaHaT €KEeToHO CHH-

xaetcs Ha 12%. 3anumiem 3aBUCUMOCTD MEKTy KOJIMUECTBOM JIEeT (f) IKC-
TUTyaTaluy aBTOMOOWIIS U €T0 IIEHOM.

Pemenne. B popmyne y = a(l — r) npumem a = 24000, » = 12% = 0,12,
1 —r=0,88. Torga gaHHYIO CUTYyaIMIO MOKHO CMOJICIIMPOBATH MMOKA3aTENb-
HoM (pynkumeit y = 24000-(0,88)".

a) B 1993 xonuvectBo nonw3oBareneit Mutepuerom cocrasisiio 1 313 000.
B teuennn 10 sier ux konuuectso yennumioch Ha 100% . 3anummre mo-
Ka3aTesIbHYyl0 (YHKIMIO, MOKa3bIBAIOLIYI0 KOJWYECTBO IOJIb30BaTeNIeH
yepes ¢ iem. Haliure ckobko moib3oBareseit iaTepaeTom Oyner depes
5 net? Ckonbko Jirofielt nons3oBanock Muatepaetom B 2000 rogy?

6) Cymma B 1000 maHaT BHeceHa B OaHK TO]T CIIOXKHYIO ITPOIICHTHYIO CTaBKY

B pa3mepe 8%. Kakas cymma Oynet Ha 6aHKOBCKOM cuéte uepes 6 yet?
B) OpranusMm uenoBeka 0cBOOOXk1aeTcs oT Kodeunna 3a yac Ha 12%. 3a-

naiite GopMyJIOi MOKa3aTeIbHY0 (DYHKIUIO BBIPAKAIOIIYIO KOJIUYECTBO
Ko(erHa OCTaBILETOCs B OpraHU3MeE YEIOBEKa, €CIIM OH BBIHI Kode, co-
nepxkamiee 120 mMr kodenHa.

. Haiimute oGnacTh ompeneneHuss ¥ MHOXKECTBO 3HAUCHUN CIIEAYIOIIMX

(hyHKIIHIA.
a)y=3+2; 6)y=2"3; By =821+,
Ny=42-2 mMy=3-3"1+3; o)y ( DL
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IHoxka3areabHas pyHkuusa. Yucio e

Hccnenoanue. Uncdo e.
[IpencraBbTe, 4TO BBI BJIOKHIIU B OaHK | MaHat, IO/ CIIOKHBIC ITPOIIEHTHI C TIPO-
1eHTHoH craBkoii paBHOM 100%. B Teuenun roga Bbl IpOM3BENIN BHIYUCIICHUN 7
pas, MojICcTaBUB B (OPMYITY CIOKHOTO IMPOIICHTHOTO POCTA CIICAYIONTUE TaHHbBIS
So=1,r=100% = lt—l !

S=S (1+—) =1 (1+—)nl = (I+—-)
Brruncinre 3HaueHUS (byHKLu/m u yCTaHOBI/ITe K KaKOMy YUCITY IPUOIMKACTCS

3HaueHue QyHKUUH (1+— )" Ipu pa3IUYHbIX 3HAUCHUSX 7.
n

VYenosue Beruncnenus| n o | S(n) = (1+ 1 »

Ton 1 S(n) = (1+_)1 5
ITonrona 2 S(n) = (1+ _)2 225
KBapran 4 | Sm=a+ _)4 2,4414

S(n) = (1+ t 2,4883

Mecsn 12 ( 1%) 27048

[enn 365 | S(n)= (1+ 63 ws | 27146
1

Yac 8760 | S(n)= (1+ %760 Y8760 2,7181

Kax BumHO, eciu 6aHk OyaeT Jaliie BEIMUCISTh MPOLCHT /ISl BIOKSHHOM CyMMBI,
TO TPUOBLTH yBenn4uTCsl. OTHAKO, OTHOIICHUE €KEIHEBHBIX BBIUUCICHHUH K
exeMecsaHbIM 1aéT npudbLts 10 ranuk. Eciau naxe 6aHk OyaeT HAXOAUTH MPO-
LEHT IS ICHeT Ha CYETY €KECEKYH/IHO , TO M B JAHHOM CJTydae pasHUIa MKy
HAYKCIICHUEM MPOIEHTOB €KEYACHQ WU ©KETHEBHO OyIeT He3HAUYUTEIbHA.
U3 rpaduxka pyskuuu S (n) = (1+7 )" TmOCTpOEH- S(’Z)A
HOTO IIPY MOMOIIH TpadKaIbKyIsITOpa BUIAHO, YTO NI
npu n —> oo GyHKIUSA S(77) UMEET TOPU3OHTATIBHYIO zrr

(n) = (1+ — )

ACHUMIITOTY.

L
T

0710 20 30 40 50

HccnenoBanue MOKa3bIBaeT, YTO MPH YBEJINYCHUH 3HAYCHUH 72 3HAYCHUE BhIpaKe-
HUS (1_|_ 1 ) KosebneTcst Mexay 2,71 u 2,72. D10 4ncio 3anuckiBaeTCs OyKBOM
¢ ¥ IMeeT 3HaueHne ¢ = 2 ,718 281 828 459... . Uncno e, Tak e KaKk U 4YUCIIO

7T SIBJISIETCS MPPAIMOHATIBHBIM YHCIIOM. DTH YMCIIa HA3bIBAIOTCS TPAHCIEHIeHT-
HBIMM 4McJIaMH. TPaHCIICHIEHTHBIM HA3bIBACTCS YUCIIO, KOTOPOE HE SIBISETCS
KOPHEM YpaBHEHHUS 71 CTETIEHU C LIEJIbIMU KO3 (HULIUEHTaAMHU.

9KCHOHCHLII/IaJ'IbHO€ BO3pPAaCTaHUC UJIN Y6BIBaHI/I€ 110 OCHOBAHUIO e 3aJaETCs (1)Op-

mynoii N = Noe!. 3neck No-HauanpHOE 3HaUEHHE, f -BPEMSI. k -IIOCTOSIHHOE YHCIIO.
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IToxka3areabHast pyHKuusa. Yucio e

I'padux pynkumu y = e 2 l

Jis moctpoenus rpaduka GyHKINU y = ¥ MOKHO 20 V=€
UCIIOJIb30BaTh pa3iinuHble rpad KajibpKyasTopsl. Ha- 15 Vi
npumep, (http://www.meta-calculator.com/online) MNP

J
WM KaK MOKa3aHO Ha PUCYHKE, MPH MOMOIIH MPO- = -
rpammbl Geometer’s Sketchpad®. R R

1.

Haiigure 3HaueHus: BbIpaXKEHUN C TOUHOCTBIO /10 4 3HAKOB MOCIIE 3aris-
TOH. Mcronb3yiTe KHONIKY €* MHTEPHET KAIBKYIATOPA.
https://www.eeweb.com/toolbox/calculator

a) e 2 6) ¢ 03 B)e®

[Ipu momomu rpadkanbKyasTOpa NOCTpoiTe rpaduk GyHKIHH )y = e*.
N3o0pasure, cxeMaTHuHO, TpadUKH CIEAYIOMNX QYHKIHHA, TPU ITOMOIIN
npeoOpa3oBaHus rpapuka GyHKINUU Y = €.

a) y=2-ex 0) y=e~ B) y=3e™

BemectBo DDT (Ci4HoClis) G110 BriepBbIe H300pETEHO MIBEACKUM YUE-
HeiM [laynem Mrosiepom, 3a uto emy Obuia npucBoeHa Hobenesckast mpe-
mus. [Ipu momomm DDT , oOpabarbiBasi OKpECTHOCTH JIEKaPCTBEHHBIMHU
MECTUIUIAMU B TIOCICBOCHHBIN MEPUOJ], ObLIIM YHUYTOXKECHBI Takue 00-
7e3HH Kak Tu¢ 1 Masspust. OHAKO, HCCIIE0BAHMS TTOKA3bIBAIOT, YTO JIaH-
HOE BEIIECTBO OKAa3bIBACT HEraTUBHOE JICHCTBHE HA OPraHU3M YeJIOBeKa.
Ecmu B 1973 romy 6bu10 ncnonb3oBano 1x10° kr DDT ans nesundexmmum
onpeenEHHBIX TuToIIaaeH, pu k= — 0,023:

a) 3anumuTe GopMyITy , TOKA3bIBAIOIIYIO OCTATOK JJaHHOTO BEIIECTBA B 3a-
JTaHHBIN o1 B BUjie N = Noek

0) kakoif ocTaTok BemecTBa coxpanurcs B 20207 Mcnonb3ylTe KaabKyIs-
TOP.

[Tpu mpoBeAeHUH OTTBITAa OBUIO YCTAHOBJICHO ,9TO KOJMYECTBO OakTepwii N
B OaHKe yepe3 BpeMs ¢ 4acoB, MOXKHO TIocuuTarh 1o opmysie N = 100 %%,
Haiinnre:

a) CKOJIbKO OakTepuii ObUIO B OaHKE M3HAYAIBHO;

0) ckosbKo OakTepuii Oyzmet B OaHke yepe3 S5 yacoB?

Cymma B pazmepe 5000 manat Oblia oJI0KeHa Ha CYET B OaHK MO CIO0XK-
HBIM MPOLIEHT C MPOLIEHTHON cTaBKoW paBHOU 12% B rox Ha 25 net. Bol-
YHUCIIUTE MPUOBbLIB, IPU HEMPEPHIBHOM MoZCUYETE IO hopmyrie S = Soe' u
npubbUTE iU TozcuéTe 1o popmyne S = So (1+ %)’" 2 pa3za B roa(n = 2).
[Ipu xakom noacuére NpuObUIL NOTy4aeTcst 00IbIIE U HACKOIBKO?
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Jlorapudgm uuciaa

Hccaenosanne

1) 3anumuTe BMECTO X TaKUe YMCia, 9TOOBI paBeHCTBA ObLIH
BEPHBIMH. 6
a) 2 =16 6)3*=9 B) 4 =64

2) IIpu xakux 3HAUEHUSX apryMeHTa PyHKUUs y = 2 1mo-
Jy4yaeT 3HaueHHue paBHoe 67 SIBisercs M 3TO 3HaUEHUE
X €IMHCTBEHHBIM?

2 012734 «x
3) Mexny KakuMu JIByMs LIETTBIMHU YHUCIIaMHU HAXOSMTCSl 3HAYCHHUSI X YIOBIETBO-

psolIe paBeHcTBam?
a)2x =24 0)3* =18 B) 4* =56

JlorapupMom 1Mo OCHOBaHUIO @ YuCHa b, Ha3bIBAETCS TAKOE YHCIIO, YTO IIPU BO3-
BE/ICHUH YNCIIAa @ B 3Ty CTETEHb MOJTYIUTCS YHUCIO b .

ImoKa3aTeiib
Oro 3anuckiBaeTca Tak y = log,b. 3nmeck, npu a#l y _+
gKcia @ M b TIONOKUTENbHBIE IeHCTBUTEbHBIE Ynca. V = log,x @=Xx
3anucek y = log,x ABIASETCS JOrapuPpMUUECKON 3aMUChI0 LOCHOBaHH
paBeHCTBa @¥ = X ¥ HA00OPOT 3aMuCh @* = X SABIACTCS
HKCIOHEHIIMAIBHOM 3amKChio 1715 paBeHcTBa )y = log.x . To ecTh 3anmucu ¥ = x u
v =log,x SKBUBaJIEHTHBHI.

*log, 1 =0, Tak Kak a’ = 1 *log,a =1, TaK Kak a! =a.
* log, a¥ =y, TaK Kak @’ = @ e glo%ar = x, Tak kak log,x = log,x
PaBeHCTBO @' = X Ha3bIBAETCS OCHOBHBIM JIOTapU(PMUIECKUM TOXKIECTBOM.

IIpumep 1. 3aMeHUM JTOTapUPMHUUECKYIO 3aMTUCh SKCTIOHEHIIMATBEHOM.

a)log,16 =4 0) logmﬁ=—3 B) log,1 =0

Pemenue: norapudmMudeckas 3anmch: IKCTIOHEHIIMAIIbHAS 3aIUCh!
a) log,16 =4 24=16
1 P
0) logi 7509 =3 0™ 1000
B) log,1 =0 80=1
IMpumep 2. Haiiném 3HayeHue norapupMuuecKoro BEIpaKEeHUsI. -
a) log,27 6) log a B) logsi/S
Pemenne: 4
Obosnauum log,27 =x log,a=x logs\E: X
3*=27 osxcnonenyuanvras gpopma a*=a §e= 15
3*=33, x=3 no ceolicmey cmenenu x=1 xX= %
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Jlorapudgm yuciaa

OO0yuarommue 3a1aHus

1.

2.

3anummuTe paBeHCTBA B OKBUBAJICHTHOH JIorapudMudeckoit popme

a) 34=81 6)85=2  B)0,52=4 r) b =x

n)e=y O (3=9 M) '=% 3)82=r
3aHI/IH_II/ITe PaBCHCTBA B BKBHBaHeHTHOﬁ BKCHOHCHI_II/IaHBHOﬁ (bopMe
2)log625=4  6)log,25 =% ) 1g(0,0001) =4 1) logyy(3) =+
n) log,15=x e)log,82=y x)log5=x 3) log,7 =x

Jlorapudm uucen no ocHoBanuio 10 U e COOTBETCTBEHHO 0003HAYAIOTCS KaK
lg u In. Jlorapudm no ocHoBanuto 10 Ha3bIBaeTCS ACCATHUYHBIM JIOTapUPMOM,
110 OCHOBAHHIO € - HaTyPaJbHBIM JIOTapu(MOM.

log,,0,001 = 1g0,001 logc=Inc

[Ipu BeruMCIEHNH JTIOTapH(PMOB MOKHO TOJIB30BaThCs KaJIbKYyIsITOpoM. Harpu-
Mep, BUPTyaJIbHBIM KaJIbKYJISATOPOM TI0 aapecy http://web2.0calc.com

3.
4.

Brruncnure.
a)lg 0,001 06)1g (6,3 10% B) Ig (0,00025) r) In(e?) 1) In(8)

He nonb3ysick KaJIbKYISITOPOM, HAWUTE 3HAUCHHUE BBIPAXKEHU.

a) log,49 6) log,27 B) 1g0,1 r) log2(1—16)
n) log, 4 e) log,2 x) log 1 1 3) log, 52
n) log,3’ K) log,9° m) lg10 M) log,1

1) Ha mpumepax 0ObsICHUTE, HEBO3MOXXHOCTH CYIIIECTBOBAHUS JIOTapU(PMOB
¢ ocHoBaHusiMu 0;1 MM OTPUIIATEILHBIM YUCIIOM B OCHOBAHUH.

2) metoT 111 cMBICT BBIpasKEHUS ?

a) log 39; 0) lg(-10); B) log,3; r)In7; n)log,lé6.
Bmecto a u b 3anummuTe mnocienoBaTeIbHbIE IeTble Yicia, YTo0kl Hepa-

BEHCTBO OBLIO BEPHBIM.
a) a<log48<b 6) a <log,100 <b B) a<log90<b

Haiinure 3HaueHne BRIpKEHUH MPU TIOMOIIM OCHOBHOTO JIOTapU(PMHUIECKOTO TOK-
JECTBA.

a) 2lg8 0) 10'¢2; B) 31+ log;2, r) 102124,

) 23 log,s. e) 52 logg3. K) flog,3. 3) 162, 7
Brruncaure.

a) (1 + 3lozy3)log2: 6) 49! -5 log 3 B) (7 — Slogs3)! +log, 3.
HaiiguTte Hen3BeCcTHOE B paBEHCTBE

a) log,x=—1 0) log;_x=—2 B) log 25=2 r) logx% =-2

. CrarucTuka NoKa3bIBacT, YTO HauMHasA ¢ 1995 roma KoJM4yecTBO HACEICHUS

B MUpE €XeroiHo yBenuunBaercs Ha 1,27% . B 2011roxy xonuyecTBO Hace-
JICHUS TOCTHUIVIO 7 MIJLTHAP/IOB YesnoBeK. CKOIBKO YeTI0BeK OyneT, mpuoin-
3UTEIbHO, B Mupe B 2020 roay mpu TOM e TEMIIe pocTa HaceleHus?
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Jlorapupmuyeckas pyHkums

Uccnenosanue. [locTpoiiTe B TeTpaau TabIUILy 3HaYCHUI U rpaduK yHKUIKN
Ax) = 3* oOparHo# eit pyHkmn f'(x) . 3anmumIMTe CBOE MHEHHE O TTOTy9ICHHBIX

byHKIUX.

) =3 71 ol o=
X1y X y 6| | 7

3 [ L 1 i 4

3 27 ﬁ —3 4 I S

_ L 1 _ 2 z —
2|3 & -2 e
-1 % % —1 4 2'_2' 24 ¢ QX
0 |1 1 0 T,

1|3 3| 1 T

2 19 9 2

3 127 27 3

Jozapugpmuueckan pynkyusn

Jlnst KaxxJ1oro 3HAUYSHUs 00IacTH Ompe-
JeneHust QyHKIUU Y = @ COOTBET-
CTBYeT €INHCTBEHHOE 3HAYCHUE U3
00JIacTH 3HAYCHHH, T.€. U QYHKIUU
y = @* CyIecTByeT oOpaTHasi pyHKITHS

=log y. 0<a<l
3Ha4YUT, ecau rpaguk GyHKIUH Y = @ o'TpasnTL CUMMETPUYHO OTHOCUTHJIBHO
npsMOi y = X, TO mosryuuM rpa¢uk ¢pyHkmun y = log,x.
1) O6nactsb onpeaeneHus iorapuGpMuueckoit GyHKIMN BCE MTOJI0KUTEIbHBIC YHUCIIA!
D(log, x) = (0; +o0)
2) MHOXecTBO 3HaYeHU Joraprudmuieckoil QyHKIIMH MHOXKECTBO BCEX JICHCTBH-
TeNbHBIX ncel: E(log, x) = (—o0; +o0)
3) Ilpu a > 1norapupmuueckas GyHKIMs ABIsAETCS BozpacTatomei, npu 0 < a < 1
yOBIBaIOMICH.
4) I'padux pynkumum y = log, x mepecekaer ock abcuucc B Touke (15 0).
B kauectBe npumepa ais a > 1 Ha pucynke nasl TpaduKa '} 1) = log, = Inx
dyukimii y = log,x, y = Inx, y = logx. 1 %
[MocTpoiiTe rpadUKK B TETPAIH. S @ log“
Ecm a > 1, To mpu 0 < x < 1 norapudmudeckas GyHKITUS
MPUHUMAET OTPULIATENIbHBIC 3HAYECHUS, TP X > | IPUHUMAET

HOJIO’KUTEIIbHbIE 3HAUCHHUS.
B xauectse npumepa g 0 < a < 1 Ha pUCyHKe JaHBI Ipa-

¢buxu GyHKuni y = log% x,y=log. x, y= log_; X.
[MocTpoiite rpaduku B TETpaIH.
X

Ecmn 0 <a < 1, To npu 0 <x < 1 norapudpmuueckas GpyHk- N o
LU IPUHUMAET MOJIOKUTEIbHBIE 3HAUEHUs, TP X > 1 npu- 2= Ogs .
HHUMAET OTPULIATEIIbHBIC 3HAYECHHUS. fix) =log x N
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Jlorapupmuyeckas pyHkums

Ooyuaromue 3a1aHust

|1. B ozHoit cucTeMe KOOpMHAT TIOCTpoiiTe Tpadmky GyHKIHiH
y=a*uy=log, nnd caeqyoumyx 3Ha4eHUN a.
1

a)a=2  6)a=3 B)a=4 r)a=% na=1

2. C nomomIbro KakMX CAMMETPHYHBIX peobpasoBauii u3 rpaduka GyHKimu
vy = log,x MOXXHO TOIy4HTh Tpaduk GyHKIUH ) = log Lx. OOmbsicHUTE, T0-
cTpouB rpaduku GYHKIHIA B OJHOW CUCTEME KOOPIUHAT.

3. Jlns cnenyromux dynkuumii 3anumte Gpopmyisl oopatHbix GyHkiwmit. [To-
cTpoiiTe rpaduKu 3aTaHHBIX U 00paTHBIX QyHKIWH. /[ oOpaTHO# QyHK-
LMY OIpe/eTuTe: * OOJACTH OIpeNeIeHUH U 3HAYeHMH; * ypaBHEHHE
ACHUMITOTBI; * KOOPJIMHATHI TOUEK MEPECEUEHUSI C OCIMU KOOPAMHAT.

a)y=>5" 6)y=1log: x
4

4. Ipaduk dpynkuuu y = log, (x + 9) + 2 monyuaercs u3 rpapuka pyHruun
y = log,x napasniensHbIM EPEeHOCcoM Ha BekTop (—9; 2). U3 rpaduka kakoi
(GYHKIMHM ¥ TIPH TIOMOIIM KaKOTO CMEIICHHUS TOTYYaroTCs CICTYHOIINe
¢byHKIIIHA?

a)y=log,x+3  0)y=logyx +3) B)y =log,x—3)—4

|S.  Bospacrator uin yobiBaroT cienytomue Gpyskuun? a) y = logs x 6) y = log, x

6. Cpasnure:
a) log, 5Sulog, 7 6)log 15ulogi3 B)log, 3 ulog,4
2 2

7. Touxa (L; —3) npuHamexkuT rpaduky Gyskmnuu f(x) =log x,
8 1 a
Touka (4; k) npunauiexuT rpaduxy odparHoit GyHKIMM 71 (x).
Haiinure 35auenue k.

|§ Omnpenenute 3HaK uncia: a) log 2; 0) logo’z\/g; B) log; 0,2; 1)log, ,0,6

9. Jlorapudmueckas ciupasib n0J1y4aTcs IpU HOBO-
pore touku P(1; 0) B HanpaBiIeHUHN MTPOTUB YACO-
BOM CTpEJIKM Ha yroil ¢ paguad. B srto Bpems
paccTosiHue OT TOYKH P 10 Havyana koopauHar r
omnpenenseTcs Gopmynoi r = e%l4e,

a) Haiigure paccrossHue ot Toukn P mo Hawama xoop-
JIMHAT IIPY MOBOPOTE Ha yrou 2nt. Pe3ynsrar okpymure
710 COTBIX.

6) Ilpu nomoru gorapudma 3anummuTe 3aBUCUMOCTD ~
MEXIY ¥ U .

B) Haiinure 3nauenus ¢ mpu r = 12.
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Jlorapupmuyeckas mkana. Pemenune 3agau

|£ Xumus - 3xousiorusi. [Toxkasarens pH-Mepa akTHBHOCTH MOHOB BOAOPOJA B

pacTBope, KOIMYECTBEHHO BBIPAXKAIOIIAsl €r0 KUCIOTHOCTb. J{JIsl BEIUMCIeHUS
ypoBHs pH B pactBopax ucnosns3yercs Gopmyna
pH=—Ig[H"]

3nech, H* koHueHTpanus noHoB B mo/1. Y3 GopMyIIbl ClieayerT, uTo py yBe-
JAUYeHuH nokaszaresns pH Ha | equHUIY, KOHIEHTpaLUUs HOHOB B PACTBOPE yBe-
nuuuBaetcs B 10 pa3. [To mkane pH 3nauenus nokaszarenst pH usmenstorces ot
0 o 14. Ecau pH paBHO 7, TO pacTBOp CUUTAETCS HEUTPAIBHBIM, MEHbILIE 7 -
KHCIIBIM, O0JibIIe 7 - MIETOUYHBIM.

&
& ~
S &
@oé%j?wo & R’S’
. $ N IS4
. 8§ § F & JT88
o & & o X S g F & 9
T §F 8 S so O S §F§&§ £
> S T £ 5SS g & 8
S AR A VAR
pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

[H 1 10" 102102 10* 10510107 10®*10°10'°10" 102102 10"
[OH] 10#10310210110°1°10°10®* 107 10¢ 10° 10* 103102 10" 1

[H | 4i60ree kucmbie HeiiTpanbHBle  00J16E HiGHOGRBIe)> (O H]

a) Yposensr pH B HOpMAaIh-
HOM JI0kJIEBOM BOJIE€ paBeH
5,6. OmHako B pe3ybTare 3a-
TPA3HCHUS 5KOJIOTHU BO MHO- ;
THX MECTaxX HUAYT JOKIHU C : da :
MOBBIIICHHON KUCIIOHOCTHIO. Tyt
Ecnu B noxneBoit Bone ypo-  pH = —1g[H]
BEHb KOHIIEHTpAIUsl YPOBHS HOHOB Bozopoaa oyaet 0,0002 mosn/z, TO BbI-
YUCIIUTE 3HaYeHHE TIoka3arenst pH.

0) Onpenenure koHIeHTparuio [ H'] B Bome, ecnu mokasarens pH pasen 5,6.
®du3uka. 3ByKoBbie BOJIHBI. [ POMKOCTh 3ByKa H3MepsieTcs B Jeluoenax u
BBIUKCIsAeTCS 1Mo dopmyrne L = 10 lgl. 3nech | - NHTEHCUBHOCTH 3BYKa
(BarT/M2), Io - HAMIMEHBIIAS. HHTEHCHBHOCTH 3BYKa, KOTOPYIO Pa3/IHYaeT 4esio-
Beueckoe yxo (mpursito 1072 BarT/™M?). UenmoBedeckoe yXo MOXKET pa3IuiaTh
3BYKH B O4YC¢HB OoibioM muamnaszone ot 0 dB (tummna) no 180 dB.

a) MaTencuBHOCTH 3ByKa paano B 4000 pa3 OobIlie HAMMEHBIIIETO 3HAUCHUS
WHTEHCHBHOCTH 3BYKa, Pa3INYaeMOT0 YeJI0BEYeCKUM YXOM. CKOJIBKO IeIuoent
COCTaBIISIET TPOMKOCTH 3BYKa pajino?

0) Taup yTBepxmaeT, 4TO TPOMKOCTB 3ByKa HHTEHCUBHOCTEIO B 4-10- BarT/™?
B 2 pa3a BBIIIe TPOMKOCTH 3ByKa HHTEHCUBHOCTEIO 2-10-8 BarT/™M?2. Kak BBI ay-
MaeTe, npas a1 Taup?

HNO;
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Jlorapupmuyeckas mkana. Pemnenue 3agau

3. 3emuerpsicenne. B 1935 roxy amepukanckuii ceiicmornor Yapns Puxrep

BbIBEN hopmyny M = Ig “AH cosan J0rapuGpMUYECKYIO KAy Olpe/elie-
HUS CHJIBI 3eMJIeTpsiCeHHs (OHA Ha3bIBaeTcs mkajion Puxrepa). 3gech M -
cwiIa 3eMyeTpsicenus (B 0amiax), A - MaKCUMaJIbHAsl aMIUTUTY/Ia BOJTHBI (B
MHKpPOHAX ), 3aperucTpUpoBaHHas Ha celicmorpade, Ao- aMILIUTyAa (IpU-
Hato 1 mukpos (106 M)) camoil ManeHbKOH CeliCMHUECKON BOJTHBI 3aperu-
CTpUpPOBaHHOH celicMorpadom (e€ Ha3bIBAIOT “HYIEM 3eMIIETPSCEHUS ).
dopmyny M = Ig “A, MOXKHO 3amucarh HHade, Kak A = Aol M. Takim 00-
pas3omM, 1o mkajie Puxrepa, ammiuTyna ceiicMuueckoil BoHbI B 4 Oasia B
10 pa3 GosnbIiie aMILTUTYAbI CEHCMHYECKOI BOJIHBI B 3 Oasuia.

a) CkonpKo 6aJu1oB, 1o mkane Puxrepa, cocTaBuia cuia 3eMJeTpsiCeHus,
eclii MakcuMallbHOe 3HaueHue aMrtuTyabl (A) B 107! pa3 Oonbiie 3Have-
HUS Ao?

0) Bo ckomnbKo pa3 aMIuuTya 3eMIIeTpsiCeHus CUIoi B 4,7 Gaiia, OombIne
aMILTUTYbI 3eMJIeTpsiceHUs cuioi 4 Gasna?

B) B1906 rony B Can ®@paHIMCKO MPOU3OILIO 3eMIIeTpsiCeHre CHIon §,3
6asu10B 1o mkaine Puxrepa. B ToT e roa B ropozne DkBanope B Koaymbun
MIPOM3OIIIO 3eMIIETPSICEHUE, aMILTUTYAa KOTOPOTro Oblia B 4 pas3a Oosble.
Omnpenenure cuity 3emiieTpsceHus no mkaie Puxrepa B ropone JkBanop B
KomymOuwn.

r) 28 uronst 1976 rona B pe3ynprare cuiIbHeNIIero 3emierpsicenus B Kurae
¢ cuyoii 8 6amioB mo mkane Puxrepa morutio 240000 genosek, B 1990
rogy 3emuerpsicenne B Mpane c¢ cunoii 7,4 Gamna, mo mkane Puxrepa,
yHecno xu3Hu 50000 uenoek. CpaBHUTE aMIUTATYABI 3THX 3eMJIETpsice-
HU.

B xomHare kaxknast U3 TPEX TPy JIIOAEH, IPU Pa3roBOPE, BOCIIPOU3BOAUT
3ByK MHTEHCHBHOCTBIO 1,4 X10—7 Bart/M?. CKOJIBKO AenOe COCTaBIsSCT
MIOJIyYEHHBIH IIPU Pa3roBOpE 3BYK?

ITycth, cymma neHer Ha cuety B pazmepe 1000 MaHaT u3MeHsIeTCs B 9KC-
TIOHCHINAJIBHON 3aBHCUMOCTH. 3a 7 JIeT CyMMa YBEINYMIACh B 2 pasa.
BbIauciuTh cyMMy depes ¢ JIeT MOXKHO 1o popmysiie A(f) = 1000-27.
31eck ¢ KOIM4YeCcTBO JeT, A(f) - cyMMa Ha CYeTy.

a) Ckonbko MaHaT OyzeT Ha cuety yepes 5 set; 10 net?

0) Haiinmure 3nauenns A(0) u A(8) u OonmUIIMTE COOTBETCTBYIOIIYIO pe-
AJIbHYIO CUTYAIHIO.

Bbuosiorus. buonoru no nnune (/) ciega ciona, MOTyT, MPH-
ONMU3UTENBHO, OTPEACTUTh ero Bo3pacT ( a). s aToro oHn
UCHoNb3yIoT hopmyiy [ =45 — 25,7¢ %% Haiigure Bo3pact
CJIOHA, €CJU JIJIMHA ciesia paBHa 28 cM; 36 cM.
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CaoiicTBa Jorapugmos

Nccnenosanue. 1) [Mokaxure, uto 1g (1000 - 100) # (Ig 1000)-(1g 100) .
2) Beruncnure. CpaBHUTE pE3yIbTaTHI.

a) log, 4 +log,8 u log, 32

0) log, 3 +log,27u log, 81

B) logi% +logi8 u log,2

2 2 2

O606uuTe B BUae nmpasuia ais log. b + log. ¢. b u ¢ monoxxutenpHbIe I€H-
CTBHUTEJBHBIC YHCIIA.

3) Beruucnure.
a) log, 64 —log, 2 u log, 32
0) log, 27 —log, 9 u log, 3
B) log,4 — log, Ly log,16
2 24 2

0060061muTe B BUjIE npaBmiia Juist log, b — log. c. b v ¢ TONOKHUTETbHBIC ICHCTBU-
TeJNbHBIE YHCIIA.
4) Boruucnure.

a)3-log,4 wu log, 614

. 1 1

0) 2-log, ) u log, ]

B)2:1g 100 wm g 10000
O0606mute B BUEe npaBuia 1uid b - log. c. b 1 ¢ NOAOKUTETbHBIE 1EHCTBUTEIb-
HBIE YKCIIa.

5) B Tetpaau 3anummTe cioBaMU CBOMCTBA CTETICHEH.
OO0BsCHUTE KaKI0€ CBOMCTBO Ha JIByX IpUMeEpax.

* IPOU3BEJICHHE CTeneHeﬁ:x cr oy =Y
. C
* OTHOLICHHE CTeICHEH: =", ¢ #0
* BO3BEJICHUE CTEIICHU B CTENEHB: (C¥) = ¢¥

CaoiicTBa Jorapu¢gmoB

1. Jlorapu¢m npoussenenus: log. xy = log . x + log,y

Jlorapudm npou3BeAeHHS ABYX MOJOKHUTEIBHBIX YUCET PaBeH CyMMe JIoTa-
pudmoB MHOXKHUTENEH. 31ech ¢ # 1 1 ¢ > 0, X U V - IOJOKUTENBHBIC JIEHCTBHU-
TENIbHEIC YNCIIA.

X

2. Jlorapu¢m 4acTHOTO: logcy— =log.x —log,y

Jlorapugm 4acTHOTO JBYX MOJOKUTEIBHBIX YUCEN PaBEH PA3HOCTH Jorapud-
MOB. 31ecb ¢ # 1 u ¢ > 0, x Uy - HOJTOKUTEIbHBIE AEHCTBUTEIbHbIE YUCIIA.

3. Jlorapu¢pm crenenn: log, x’ = y-log x

Jlorapudm cTernenu yrciia paBeH MPOU3BEICHHUIO CTETICHHU U JIoraprudma 3Toro
ypcna. 31eck ¢ £ 1 u ¢ > 0, x - MOJ0KUTEIIbHOE JEHCTBUTEIBLHOE YHCIIO.
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CaoiicTBa Jorapugmos

Csoiictso 1. log.xy =log, x + log.y
Jloka3arebcTBO cBOMcTBA 1:
O603naunm log, x = m u log, y = n.

x=c"uy=c"
xy = (c")(c")
xy = Cm+n

log.xy=m+n

NPUMEHUM IKCNOHEHYUATLHYIO 3ANUCH
Hatl0ém npouseedenue yucen X uy

NPUMEHUM CBOUCIBO NPOU3BEOeHUsl CeneHell

NPUMEHUM JI02APUDPMULECKVIO 3aNUCH

log.xy =log x + log.y yumém snauenus m un

X
CsoiicTBo 2. log,— =log x —log.y
Jloxa3zarejibCcTBO cBOMCTBA 2:

O6o03HaunMm log, x =m

xX=c"uy=c"

X c"
Yy c"
X
— =cm-n
Yy

log X —mn
<y

ulog, y=n.

NPUMEHUM IKCHOHEHYUATIbHYIO 3aNUCH
HAUOEM Yacmmuoe 4ucen X uy

NPUMEHUM C8OUCMBO YACHO20 CeneHell

NPUMEHUM JI02APUDMULECKVIO 3aNUCDH

X
log. y—= log.x —log,y yumém snauenus m u n

CsoiicTBo 3. log,. x’ = )-log,x

Jloka3aTe/IbCTBO CBOIi
O6o03Haunm log, x =m.

x=cn"

X’ =(c"y

X’ =c"

log.x»=my

log, = (log. x)y
log.x’=y- log, x
OOyuaromme 3a1aHusA
|1. Bobruncnute 3HaueH

a) log, (64-32)

r) log, 3 +log, 12
x) log, 48 —log, 3

crBa 3:

NPUMEHUM IKCNOHEHYUATIbHYIO 3ANUCb
npUMeHuUM C801CMBEo pasencmea

NPUMEHUM CBOUCMB0 8038€0eHUs CIeNneHU 6 CTneneHb
NPUMEHUM JI02APUPMULECKVIO 3aNUCH
VUmMEM 3Hauenue m

NPUMEHUM nepemecmumeilbHoe CB0LICMBO VYMHOOJMCEeHUA

nus BBIpa)KeHHﬁ, IIpH IOMOIIH CBOICTB J'IOFapI/I(I)MOB.

0) log, 0.03) B) log, (125-625)

nlg2+l1g5s e) log,; 6,4 +log 10
3) log 118 —log {2 n)1g 0,25 —1g 25
3 3
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CaoiicTBa Jorapugmos

Mlog, N8 mlog, 027) ) Ig\I0° ) log, V8
log, 8 log, 125 log, 6 lg2+1g 5

)10g532 ) log, 25 P) Tog 2 +1log, 18 © TgI3-1g 30

|2.  Hcrone3ys cBoiicTBa norapud)MoB, 3aIHIIKTE JaHHbIE BHIPKEHUS Yepes Jo-
rapu@MBbl MOJIOKUTEIBHBIX YUCET X, Y U Z .

IIpumep 1.log, xy\/_ log, x + log,y + log,z 7= = log, x + log4y+ > log,z
a) log, X log\xy log,—> log, XY
) logs 6) logs\xy B) logs = r) log;” =
— 2
) 1087xy3/2 e) 1Ogs(xyz)8 XK) 10g3yx72 3) 10g3x \/;

3. Mcroms3ys cBoiicTBa 0rapuMoB 3amiIIATE B BUAE TOrapu(ma Kakoro-
mubo yncna Buaa log, N.

IMpumep 2.

log, 6+ log, 10 — log, 2 = logs% ~ log. 30

a) log, 3 +log, 5 0) log, 16 — log;, 2 B) 3-log, 4
r2lg3-31g2 m)1g 216 — 1g 36 e)lg 16 + lg 4

x)Slogy;2+21logy5 3)lgl12—-21g2+1g3| u)3log,3+2log,5—log, 6
|4. 3anmmmre B BHjE JOrapuma Cleayromue BhIPAKEHHs, 3Has, 4TO Nepe-
MEHHBIC MOTYT MPHHUMATH TOJILKO MTOJIOKUTEIbHBIC 3HAYCHHSI.

Ilpumep 3. 5 + log, x = log,2°+ log, x = log,32 + log, x =log,32x

a) log x +log 10 0) log,a +log,b

B) log, x— Slog, y r)% log, x + 3 log, ¥
ﬂ)%lgx +3lgy e) % log,x + 4log,y — 3log,z
%) 3 log; x* — (log; x> + 5 log, x) 3) log,x* + log.x — 5 log,x

n) Inx+ 2lny — 2Inz K) % log, x'* — —log3

|_5. prOCTI/ITC, IIpH BCCX AOITYCTUMBIX 3HAYCHUAX HCpeMeHHBIX.
a) log,(® ~ 9) ~log,(2x —6) ) logy(x — 1) — log,(¥* + 2x - 3)

|£ 3Has, uto logs 2 = a u log,3 = b, BeIpaszure uepes a u b ciaeayromye jJora-
pudmsr: a) logs6; 6) logs12; B) logs15; r) log,30.
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CaoiicTBa Jorapugmos

3
7. Haii eV npulga=3,1gb=12,lgc=8
. JUTC 3HAYCHHUC BBIPAKCHUSA [ Ipu 1g a , 1g ,1gC .

c
|§ 1) Haiinure 3HaueHne BBIPAKEHHUS:
a) 3%, eciu k = log, 40 — log, 5;
0) 7mecnu n =3 log, 4
2) Yopocrture: a) eln10x3—1n2x 6) 32 logyr— logy2x
|& Ecin 1g 5= 0,699 u lg 15 = 1,176, naiinure 3Hau€HUS CIEAYIOLUINX
BBIPAXKEHUN
a)lg3 0)lg 75 B) lg 12 r)lg 45

Ilepexoa kK HOBOMY OCHOBAHUIO

[To ocHOBHOMY JIOrapu(MUUECKOMY TOXJIECTBY M CBOWCTBY CTEIICHH JIOTa-
pudma umeem: log. b = log. (a"°¢*) = log, b - log,. a

log. b

Otcroma: log, b= B yactHom cnyuae npu ¢ = b, log, b =

log, a log, a

Ha MHOruX KanpKynaTropax CyLIECTBYIOT KHOIKH JUIs BBIYHCIIEHUS TOJIBKO Je-
csituaHoro Jorapudma (1g) u HarypansrHoro norapudma (In). Illosromy, Bo3HH-
KaeT HEOOXOIMMOCTb IpPEICTaBIATh Jorapu(Mbl B BHUJE JECATUYHBIX U

HaTypaJIbHBIX JIOTapU(PMOB. lg b Inb

== log, b=
log, b lga 0g, na

ITpumep 1. 3anummre B BUC : a) ICCITUYHOTO; 0) HATYpaJIbHOTO Jorapudma

1 BBIYUCIINUTC.
Ig7 0,845 In7 1,946

1g3 z0’4_77 z1,771 10g37: 1n3 z1’099 z1,771

log, 7=

|10. Bbrauciure, IpuBes K ACCATHYHOMY WM HATYPAJIBHOMY JIOTapHOMY.
logs 7 log, 12 log, 16 log, 25 log, 24
log, 5 logs 9 log, 17 log, 32 log, 19

|£. 1) ITpu momormm hopmMysbl IEpexoia K HOBOMY OCHOBAHUIO, TIOKAKUTE:

_P.
logaqbp— q log b

2) Beruucnure.

a) logﬁi— 0) log 9! B) log_18 —log; 4 r) log 12 —log, 9
n) log, 2 - log, 3 - logs 4 e) logs 4 - log, 5 - log, 6 - log, 7 - log, 8

\ 1 1 2
" og, 6 Tog, 6 Doz 3 log,3
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Iloka3zaresibHbIe YpABHEHUSA

Iloka3aresibHbIC YpABHEHUS

CaoiicTBo noka3zareinbHol ¢pyukuuu. [Ipu ycinosun, uto a # 1, a > 0 paBen-
CTBO @* = @¥ CHPaBEIJIMBO TOT/IA U TOJIBKO TOT/IA, €CIIU X = .

ITo naHHOMY CBOMCTBY MOJTy4aeM:

1) nokasarenpHO€e ypaBHeHHE ¢ = g8 paBHOCHIILHO ypaBHEHHUIO flx) = g(x).
2) Ecnu B ypaBHeHUH @* = ¢ 1ipu ¢ > 0 3anmimeM a* = a'°&¢ , 1o x = log,c.
3a/laHHbIe MTOKa3aTeIbHbIE YPAaBHEHUS, PU MIOMOILIH OMPEAEIEHHBIX METO/IOB,
MPUBOASTCS K MPOCTEUIINM [T0KA3aTEIbHBIM YPABHEHUSM.

1. IlpumeHeHue CBOMCTB CTENEHH.

Ipumep 1. 4= §2-1 3a0annoe ypasHemue
(22)2¢= (23)2- ! npueeoem K 0OUHAKOBOMY OCHOBAHUIO
Q4x = Dobx -3 NPUMEHUM CBOUCINBO B038e0eHUe CIeNneti 8 CMeNneHtb
4x=6x—3 NpU6eOéM K PAGHOCUTbHBIM YDAGHEHUAM
2x=3; x=1,5 Ppeuum ypasHe st
[Tposepka:  4*15= 8151 43=8% 64 = 64
Ipumep 2. 2:3x+1 - 3x=45 3a0annoe ypasHenue
2:3%3 — 3¥x=45 NpUMeHUM CE0LICME0 CMenenu
36 —-1)=45 GblHeceM 0OWULL MHOJICUMENb 34 CKOOKY
3¥=9 ynpocmum
x=2 pewuM ypagHenue

2. ypaBHeHI/Iﬂ C Pa3HBIMHU OCHOBAHUAMMU MOKHO PCILIMUTD pa3ae/inB o0e cTo-

POHBI HA OJIHY M3 cTeNneHell Wiu JorapupMupoBaHueM 06enx Yacreid.
IMpumep 3. Ipumep 4.

32 = 5¢ 2x-1=3x 3a0annoe ypagnenue
3adannoe ypagHenue 3d- 1g2x -l= 1g3x nponocapugmupyem obe cmoponsl

nuwem credyiowum 06- (x —1)-1g2=x1g3  no ceoiicmey cmenenu nozapugpma

pasom (32y = 5%, x - 1g2— 1g2 = x 1g3 pacnpederumenvnuiii saxon ymnoowcenus
Ox= 5 x-1g2—x-1g3=1g2  cepynnupyem noooduwie unenwvl
u pasoenum obe uacmu x (1g2—1g3)=1g2  evinecem obwuii mroscumens 3a crobxu
na 5. Honyuum: 102
Oy =1 x= __8°  pewenue ypasnenus
5 1g2—1g3
Orcroma x =0 L
x~-1,7095 NPUOTIUNCEHHDILL KOPEHb YPABHEHUS
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Iloka3zaresibHbIe YpABHEHUSA

3. BeereHue HOBOI NepeMeHHOI

IMpumep 5. 9% —2:3x*1 —27=0  3adannoe ypasnenue IIpoBepka:

3% -2:3%3 —27=0 97 -2:3+1-27=0
(3 = 63" =27=0 npumenun ceoiicmeo cmenenu 81 =54-27=0
3= y 88€0EM HOBYIO NepPeMeHHYI0 0=0
VI—6y—-27=0 npueeoém K K6aOpammomy ypasHeHuio

-90+3)=0 DPeum K6aopamnoe YpasHeHue

y=9y=-3

3*=9 3¥=-3 BLINOTHUM 0OPAMHYIO NOOCHAHOBKY

x=2 %) OtBeTt: x =2

Ecin YpPaBHCHHUE COCTOUT M3 YJICHOB, KOTOPBIC UMCIKOT OANHAKOBYIO CTCIICHDb, a
OCHOBAHUA ABJIAIOTCA MOCICAO0BATCIIbHBIMHA YJICHAMHA reOMeTpH‘IeCKOI)’I nporpec-
CHH, TO 00e vacTtu YpaBHCHUA ACTIUTCA HA OAUH U3 KpaﬁHHX YJICHOB U BBOOUTCA
HOBas MEpeMCHHasd.
Mpumep 6. 34" +2:9° =5-6"=0  pasderum xaxcdyio cmopony na 4°
9\ 3w
3+ 2'(2) —5'(7 )y =0
3\ 3\ BHINOTHUM 3AMEHY (i Y=y
342:(3) -5(3)7=0 e 2
2)2-5y+3=0 npUBeOém K K8aOpamHoMy YPAGHEHUIO
y=1 y :% pewum KeaopamHoe ypasHeHue
3 1 3.3 BBINOIHUM 0OPAMHYI0 NHOOCMAHOBKY
(3)= (3)=2
x=0 x=1 NONYYUM peulenue YPagHeHus
Oobyuaromue 3a1aHuA
&HpI/IMeHHB CBOMCTBO CTEINEHU, PELINTE CIEAYIOIUE YPABHEHMUS.

a) 25:= 125 6) 9+ 1=27 B) ()°=8

r) 57 -2-1=25 m) 0,57 25~ 4= g2 e) 32 2:= 324

K) 237+ 1= 3= 45 3) 424 4 41=320  p)3+1—4:3v2= 69
& Pewure ypaBHenus.

1) 43 = g3 2) 27 =92 3) 125% - 1=25v+4

4) 162x—3:32x+3 5) 24x:4x+3 6) 3x+1:9x—1

7) 25% 1= 5% 8) 363 1=6>+5 9) 3v-2=27

10) 2%+5=128 11) 5x—3=2—15 12) 105~ 1= 10022

13) 36>=216""" 14) 35 811-x =973 15)497= 7+ 15

16) 81 92-2- 9x =27 17) 93 9- =27 18) 167+ 64° 3 = 64
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Iloka3aTenbHbIe yPABHEHUS

3.

10.

BBezst HOBYIO NepeMEHHYIO PEIIUTE CIIeAYIOUE YPABHEHHUS.
a) 4 — 52+ 4=0 0) - 63*—-27=0 np)4—1427-32=0
B) 4 —14:2x-32=0 r)4—42-x=15 e)4—72x+12=0
Pewnre ypaBHenue.

a)7x—3:43—x 6) 2x+4+ 2x+2: 5x+1_|_ 35x B) 4x_3x—0,5: 3x+0,5_4x—0,5

Pa3nenuB kaxyro CTOpOHY Ha OJIHY W3 CTEIEHEH, PEIINTEe CIEIYIOIINe

ypaBHEHHUSI.

a) 347+ 2:9x = 5-6¥ 0) 49+ 12— 3-16=0 B)2:27%=3-12+ 1&
Pewure ypaBHenus.

a) 125v=15-53-55-...-57 0) 22:24.26-...-22x=(,25710

Pewnre ypaBHeHus.

a) 2¥3= 43c-5 6) Q1= 273 +5 B) 432 % >2x

r)2x=7 n) 104+4=11 e) 10x+10+= 11

Pemre ypaBHeHus.

1) 103 =100% 2) 255 1=125% 3) 3+ 7=27%
4)36° =6 5) 8% =16+ 6) e =6
7)2°=15 8) 1,2¢ 5+ 2,6=3 9)4—5=3

10) 5e=+9 =6 11) 10>+3 =8 12) 0,25~ 0,5=2
13) 44+ 1=5 14)2 e +5 =4 15) 1012+ 6 = 100

3aBHCHMOCTh MEXKJy TEMIIEpaTypoil U BpEMEHEM TPHU OXJIKICHUN 3a/1a-
ércs popmymnoii Hetorona T = (To—T,)e" + T/, rne T - Temneparypa B 1aH-
HBI MOMEHT BpeMeHH, To - TeMIieparypa B Ha4aJbHbIi MOMEHT BPEMEHH,
T, - TemnepaTypa OKpy»Karomiei cpesbl (CpeaHss TeMieparypa), » - CKo-
POCTh OXJXACHUS ( CKOPOCTh U3MEHEHHS 32 €AMHHITY BPEMEHH ),

t - epems.

Temneparypa Bo3nyxa B komHare 22° C . Temneparypa yas 80° C .Yepes
10 munyT Temneparypa yas crana 60° C.

a) [To popmyne HproTona HaliguTe K03 PUITUEHT 7.

0) Uepe3 CKOIBKO MUHYT TeMIieparypa das ctaneT 35° C?

Pemire ypaBHeHus :

a) 9 sin®x __ 27 cosx:() 6) 2 sin’x 2coszx_|_ 1 — 0
x= 1lx + 28 N
B)lx—4 3 =1 r) (4 + 15y + (4 - \15)y= 62
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Jlorapupmuyeckue ypaBHeHUs

CBoiicTBO Jiorapudpmuveckoil pyHKINU

Pagenctso log,x = log y cnpasezumso npu a > 0, a # 1, x>0, y > 0 rorna u

TOJIBKO TOT/Ia, €CITH X = ).
1) Ypasuenue log, f(x) = log g(x) mpu ycnosuu f{x) > 0 u g(x) > 0 paBHOCHILHO

ypaBHeHuto f(x) = g(x). PemmmB ypaBuenue f(x) = g(x), u Halias1 ero KOpHU He-
00XOMMO TIPOBEPUTH, YIOBJICTBOPSIOT JIK OHU yciioBuio f(x) >0, g(x) >0 .
2) Ecin ypaBnenue log, f(x) = ¢ 3aMEHNTB SKBUBAJICHTHOMY YPAaBHEHHMIO B OKC-
MMOHCHIIMATIBHOU (hopMe TomydnmM f{x) = ac.

Penrenue norapupmMudeckuii ypaBHeHHUH, TIOCIEe ONpeAeaEHHBIX TpeoOpaso-
BaHUIA, CBOAUTCS K PEIICHHUIO MPOCTEHIITNX JIOTapu(PMUIECKUX YPaBHEHUH.
1) Pemenue norapupmMuueckux ypaBHEHUH IIpU IIOMOIIY CBOMCTBA Jlorapudma.

IIpumep. log, x =2 —log, 2 3a0anHoe ypagneHue
log, x +log;2=2 npubasum Kk kaxcoou yacmu logs2
log, (2x) =2 NPUMEHUM C8OUCMB0 lo2apugma
2x =32 3anuuiem 8 IKUBAIeHMHOL IKCNOHEHYUANbHOU hopme
x=4,5 nonyuUM peuterue ypasHeHUs:

2) Pemienrie ypaBHeHUSs TIPU ITOMOIIN BBEJICHHS HOBOUM MIEPEMEHHOM.

Ipumep. log,” x — log, x =2 3a0annoe ypasHeHue
logsx=a BbINOTHUM 3AMEHY
a?—-a-2=0 npUBeOéM K K8AOPAMHOMY VPABHEHUIO
(a=2)(a+1)=0 pewum Keaopamuoe ypasHeHue
a=2 a=-1 BLINONIHUM OOPAMHYIO NOOCMAHOBKY

logsx=2 | logsx=-1

x =52 x=5"
= =L
x=25 5

3) Pemenne ypaBHEeHUIt, IPUBEICHUEM K OIMHAKOBOMY OCHOBaHHIO.
Ilpumep. log, x +log, x =6 3a0anHoe ypasHeHue

log . x+log,x=6 npuseoém nocapugmol k 00unarosomy ocnosanuio

% log, x +log, x =6

% log, x=16 npugeoém nodobHbvle YjleHbl

log, x =4
x=24 3anuuiem 8 IKCNOHEeHYUAIbHOU (hopme
x=16 NoNyYUM peuleHue ypagHeHUs
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Jlorapugmuyeckue ypaBHeHUA

PaccMmoTpum emé oguH npuMep ypaBHEHUs, PEIICHUE KOTOPOTO CBOIUTCS K
NPUMEHECHHUIO CBOMCTBA Jiorapudma.
IMpumep. Ig (x + 4) + 1g (2x + 3) = Ig (1 — 2x) 3a0annoe ypasnenue

lg(x+4)y2x+3)=I1g (1 -2x) nPUMeHUM C80UCME0 Jlocapupma
(x+4)2x+3)=(1-2x) npuseoém K - aneedpauyecKomy
xi=-1;x=-55 VPAGHEHUIO

IIpoBepka.

BeipaxkeHue cTosiee 1Mo 3HaKoM Jiorapudma JI0JKHO BCeraa ObITh OJI0KHUTEIb-

HBIM, TO €CTh X + 4 > 0, 2x+3>0, 1-2x>0.

3HaueHue —5,5 He YIOBIETBOPSET 3TOMY YCIOBHIO, 3HAUUT OHO SBJISIETCA MOCTO-
POHHUM KOpHEM. 3Ha4eHHE —]1 JaHHOMY YCJIOBHIO yaoBieTBopsieT. OtBet: —1

Ooyuaromue 3a1aHUA

|1. Pemmre ypaBHeHHsL.

a) log, 2° + log, 22 =log, x 0) log, 16 + log, 2 =log, x
B) log; x —log; 9 =log, 3 r) logs x + logs x = logs 625
n) log. 64 —log 16 =log, 16 e) log, 8 +log, 9 =log_ 32

2. Pemmre ypaBHeHus.
a)log, 3—x)=3 0) log, (x—4)=-1 B) log7(3x—5)=2
r) log, (¥ + 4x +3) =3 ’ 1) log (2 —dx—1) =2
e)logr (x*—5x-3)=1 xK) 1ogf1 (logs(log,(x — 1)) =0
3) log; (1 +log, (2*—7)) =1 n) log, (4x — 6) = log, 2x—4)
K) In(x>-2x—-4)=In 11 1) log, 2x*—2) =1log, (5x —4)

[«

[TpumeHuB cBOWCTBO Jorapudma, peiuTe CIeayonue YpaBHeHUsL.
a) log; x +log; (x —2) =1log; 8 06)log, (2x* — 7x + 6) — log, (x —2) = log, x

BBens HOBYIO IEPEMEHHYIO PEIINTE YPABHEHUS.
a)log, x=4+3log,x 6)log, x—logix=2 B)lg(10x) - lg(0,1x)=3

B

HpI/IBCI[I/ITe 00¢ 9acTH K OJMHAKOBOMY OCHOBAHHIO U PCIIHUTC YPABHCHUA.

a) X =g 0) X5 = 1252 B) X" = 100x
|6. Pemmre ypaBHeHHe rpauUecKH.
a)log,(x +2)=2—-x 6)log%x=x—3
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Jlorapudmuyeckue ypaBHeHUA

7.

113.
14,

115.

16.

17.

Pemmre ypaBHeHus.

a) log,x +log,3=1 1) log,x +log;(x—2)=1 x) log,x =log 16
0) logyx —log;2 =2 n)logex +logx—1)=1 3) log,x —log 9 =1
B) logyx +10g;2=2  e)log,(x —2) —log,(x + 1) =1 ) log,x + log8 =4

Pemmre ypaBHeHus.

1) logs(x — 18) — logsx = log,7 4) Jr=2x+3
2) logy(x — 6) + logy(x—8) =3 5) 1,65 4= 5%
3) log;(2x — 1) =2 —log;(x + 1) 6) 9» - 1="71**2

[Ipu xakom 3HaYeHNH a BepHO paBeHCTBO | — log,a — log,5 = log, (a + 1)?

. Onpe/:[eJmTe 3HA4YCHUA INICPCMCHHBIX, IOJIsI KOTOPbLIX YpPaBHCHHA HMCIOT

CMBICIT U pCHINTE UX.

a) log x> =6 0)2logx=6
. Haitnure pH st pactBopa, conepikariero HoHbl BOIOPOJA.
[H+]=7,9-10" [H+] =8,1-10° [H+]=2,3-10*
. HalinuTe KOHIIEHTpALIMIO PacTBOPa, COISPIKAIIET0 HOHBI BOIOpoa, eciu pH
paBeH:
pH =3,1 pH =6,8 pH =1,8

Haiigure 3nauenus x u y, eciu log; 81 =x—yunlog, 32 =x+y.

®uzuka. ATBTUMETP - 3TO NpUOOpP, KOTOPBI H3Mepsist aTMochepHoe
JTABJICHUE OMpEIEIIeT BHICOTY Ha/l YPOBHEM MOpPS. 3aBUCHMOCTH MEXKITY
BBICOTOM (B METpax) U aTMOC(EPHBIM JaBICHUEM (B MAcKalsiX) 3a1aéTcs
bopmynon h= —80051nTP300 . Haiigure atmocdepHoe naBineHue npu
noxséme Ha BeicoTy 3500 M.

3emuterpsicenne. AMIUTUTY/a 3€MIIETPSCEHUS] HAXOAUTCS 1O (Gopmyre
A=Aox10M, roe Ao - aMIUIATY/Ia CaMOTO CIIA00T0 3€MIIETPSICEHUS,

M - cuna 3emiueTpsiceHus 1o 1mkaine Puxrepa. AMIUIMTYa 3eMIETPACEHUN
cwioit 5,3 6amnoB B 125 pa3 0osbliie aMITUTYAbl TOBTOPHBIX TOJYKOB,
nociie 3eMiuerpscenus. Haiiiute cuimy MOBTOPHBIX TOITYKOB.

Xwumust. [Tokazarens pH ykcycHoit kucnots! paseH 2,9. Halinqure KoHIIEHT-
panuoo MOHOB BOJOPO/AAa B MypPaBbMHOW KHCJOTE, eciau oHa B 1,8 paza
00JIbIIIe KOHIICHTPAIIUN YKCYCHOM KUCIIOTHI.

®unancol. Ecnu Ha cuét B Oanke momectuth | mManar mox 6% pocT, To
pasMep BKJIaJa 4epes f IET MOXKHO MocunTarh 1o ¢popmyne S = 1,06'. Bei-
pasuTe NepeMeHHyIo ¢ uepe3 S. 3a CKOJIBKO JIET cyMMa BKJIaJia B pa3mepe
1000 manar gocturuer1 500 manar?
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Iloxka3aresibHbIE H JIOTapupMHUUYECKHe YPABHEHUSI

PagnoaktuBHEIN pacnan nzorona Ymiepos 14 yuéHble MHUPOKO UCIIOIB3YIOT IS
OIpENIETICHUS BO3PAaCcTa OCTAHKOB XKMBOTHBIX U pacTeHuid. M3zoton Yrepoxn 12
BCTpEUaeTcs Ha 3eMIie Yallle, HO OH HE PaJUOAKTUBEH U HE PaclagaeTcsl, B OTIU-
yun 0 m3oTona Yriepon 14. Mzoton Yrirepon 14 momydaercs B armocdepe u3 coi-
HEYHBIX JIy4YeH W MPOHUKAET B PACTEHHsI IOCPEICTBOM (DOTOCHHTE3a, a OTTY/IA B
OpraHu3M >KUBOTHBIX, KOTOPbIE MUTAIOTCS STUMU PACTCHUSMU U T.A. B pacTeHusx
1 KUBOTHBIX conepkuTcs 10-'° mpoLeHTOB aTOMOB yIiiepo/ia U30Tomna YIIepos
14. Korna pacTeHre Wity )KUBOTHOE TIOTHOAI0T OHU MTPEKPAIIarOT OIy4arh YIje-
pox 14, a TOT yriepo/ KOTOpbIil OCTalCs B OpraHu3Me HaYMHaeT pacnangarbes. [le-
puoa nonypacnaga 3Toro uzoromna 5730 ner. [logcuntaB CKOJIBKO MPOLEHTOB
aTOMOB yIjiepoja u3oromna yYmieponal4 octanoch B paCTEHUU WIIU KUBOTHOM
MOJKHO OTIPE/ICTTUTh BPEMS HX THOCIH.

1 L
|18. Pemmte 3a1a4y no dgopmyae m =mo (3) T. (3mech my-MepBOHAYATb-
Hasi Macca BelecTBa, 7 - mepuoj noJaypacnaja, ¢ - BpeMsi)

a) U3 ocrankoB koctelt cinona yneryuuinoch 36% Yrnepoaa 14. Ckonbko
JIET Ha3aJl KUl CIIOH?

0) Ilepron momypacnaza BemecTsa 3 roga. Eciu macca BemiecTsa u3Ha-
YaJIbHO COCTaBIslIa 67 I, TO Yepe3 CKOJIBKO JIeT OHa OyzeT paBHa 7 1?7

B) JIB€ TPETH YaCTH OINPEAeIEHHOIO KOJIMYECTBO ypaHa pacnagaercs 3a 0,26
MIJLTHapAoB JeT. Haliqure mepuon noixypacnana ypaHa.

|1_9. 3a ckonbko JeT cymma B 2000 manat Ha cuety BelpacteT 10 10000, ecnu
OHa pa3MelleHa M0 CIIOKHBII MPOLIEHT CO CTaBKoU 8%?

@. Hacenenune ropona exxeroqHo ymenblnaercst Ha 3%. Uepes ¢ jiet oHO Oyier
N =No 0,97'. Belpazure BeqMuuHY ¢ uepe3 N.

|2_1. C 1990 no 2000 roga 4yMCIEHHOCTh HACEIEHUS HEKOTOPOU CTpaHbl yBe-
muuuiiack ¢ 151 muH. 10 173 MIiIH. yenoBexk.
a) OmpenenuTe CKOPOCTh MPUPOCTA HACEICHUS, 3HASI, YTO OHA U3MEHSETCS
o 3akoHy N = No (1 + r)".
0) Ecnu Hacenenue OyIeT pacTu ¢ Takoi e CKOPOCTBIO, TO Yepe3 CKOIBKO
JIET YUCIIEHHOCTh HacelaeHus: cocTaBUT 220 MIIH.YeI0BeK?

|22. Yposens pH wis HartkoB THna Koma cocrasmser 2,6, a [uis MOJIOKa CO-
craBiseT 6,6. Bo ckonpko pa3 kuciaoTHOCTh Kombl 0ombllle KMCIOTHOCTH
MOJIOKa?
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IToxka3aresbHbIE U JOrapupMuUecKue HEPABEHCTBA

Pemienre moka3areabHbIX HEPABEHCTB OOBIYHO MPHUBOAUT K PEIICHUIO HEpa-
BEHCTB Buga a* > a’ umi a* < a® . 3gecb a >0, a # 1.

Pemarorcst JaHHbIC HEPABEHCTBA MPHU MOMOIIK CBONCTBA BO3PACTAHHS HIIH
yObIBaHMsI MOKa3aTeNbHON PyHKIUHN y = a*:

Ilpu a > 1 mepaBeHcTBO ¥ > ¢ paBHOCKIIBHO HepaBeHCTBY f(x) > g(x), He-
paBeHCTBO /™) < ¢*™) paBHOCHIILHO HEPAaBEHCTRBY f(x) < g(x).

IMpu 0 < a < 1 epaBeHcTBO ¥ > 0¥ paBHOCUIILHO HEpaBeHCTBY f(x) < g(x),
a HepaBeHCTBO @Y < 5™ paBHOCHIIBHO HepaBeHCTBY f{x) > g(x).

Ipumep. Ipumep.

271> 8 3adannoe nepasencmeo  10,2*-'>0,04 3adaunoe nepageHcmeo
1 3 ~ _ o

2°71> 2% npumenum ceoticmeo cmenenu 0,2~ 1> 0,22 npumenum ceoiicmeo cmenenu

x+1>3 savenum na pastocunsroe nepasercmeo|lx — 1 < 2 samenum na PABHOCUTIbHOE HEePABEHCIBO
x>2 nouiydyum peuteHue x <3 noayyum peulerue

C mOMOIIBIO TOXAECTBA ¢ = a'°%, ¢, pellieHre HEPABEHCTB a* > ¢ (Wn a* < ¢) CBO-
JIUTCS K PELIEHHUIO PABHOCHIIBHBIX HEPABEHCTB @ > a'°%, ¢ (Wi a* < a'°%,©).

Pemenne nmokaszarenbHbIX HEPABEHCTB MPU MOMOIIHU ONPEAETEHHBIX METOIOB
CBOJUTCS K PEIICHHUIO MPOCTEUIITNX TTOKa3aTeIbHBIX HEPABEHCTB.
1) [Ipumenenre cBOMCTBA CTETICHH.
IMpumep. a) 8 - 4*~1 > 2~
23 . (22)x—l > Jx

6) 3*"'+3* <30 sadannoe nepasencmeo
33+ 3 < 30 npumeHumM  C80UCMBO

92+ 1 5 Ox 3x(3 +i) <130 cmenenu
dxt 1> dy 3 3 cepynnupyem
x>-1 gx z 30 10 ynpocmum

3¥<32 x<2
Ecnu nokasaTenu CTENEHH PaBHBL, TO yI0OHEE BCErO pasieuTh 00 4acTH
HEPABEHCTBA Ha OJIHY U3 CTEINEHEN.

Ipumep. 2* > 3 3A0aHHOE HepPaBeHCmE0
25> 9r D Pazoenum Kaxcoyio u3z 08yx uacmeu Ha 2*
O \x
H
(§)<(%) mak kak a’= 1
x<0
2) BBenenue HOBOM MepeMEHHOM.
Ipumep. 4*— 322"+ 8 <0 30A0aHHOE HePABeHCmE0
(2 - 62°+8<0 2*=a BLINONIHUM 3aMeEH)
a?—6a+8<0 pewum Keaopamuoe HepaseHcmeo
(a-=2)(a—-4)<0
2<a<4 BLINONIHUM OOPAHYIO 3AMEH)
2<2v<2?
1<x<2
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IToxka3aresbHbIE U JJOTapU(PMUUYECKHE HEPABEHCTBA

Ooyuaromue 3aJaHUA

1.

Pemmre nokasarenbHbIC HEPABCHCTBA.

a) 3> 6)0.2'< 55 B) 1,5<2,25  1)0,3*<0,09
o) 27> 1 e)3*<1 3) 4+ <-1 n) 5>-5
¥)0,4°*1>0,16 m) 32 <27 M) 3 < 98 H) 405°-3 > 8
0) 4°> 27 1) 9" < 36 p) 5¥> 2¥ c)2k-1<38

HpI/IMeHI/IB CBOMCTBO CTEIIEHU PCIINTC MMOKA3aTCJIbHBIC HCPABCHCTBA.

a)3¥"3<27 0) 27 1+2724+273<448 B) 4 +41<20
X X — x—1 x+

D+ )T ey <26

BBenst HOBYIO IEpeMEHHYIO PELINTE CIIeTyIOINe HEPABEHCTBA.

a) 4 — 21 —8>0 6) 47+ 25 >20 B) 9" — 437 +3<0
r) 3! +32 <4 m) 5+ 5 >6

Haiigure obmacte onpeneneHust GyHKIINH.

a)y=\ T4 -@® 6) v =)= (55

Pemmire cnenyromue HepaBeHCTBA.

a)x?-3*—327x <0 0)x* 3 +9>x*+9 3"
i’l“ oot 1d

B) 0,4 <1 r 26 ~° >1

Pemnmre nokasarenbHbIe HCpPAaBCHCTBA.

N . ‘ Lysie 1
625> 507 () <32 (G2 ()
1052 > 1000 1 yoa-2 d+4 2 BT TIPS IRV

)" =8 Ge" " < G1e)

Pemite HepaBeHCTBA MPHU MMOMOIIM OCHOBHOTO JIOrapu(MHUUYECKOTO TOXK-
JIeCTBA.

1) 8 >21 2) 6 <39 3 e <8,1254  4)er>03151
510> 00138 6) 10" < 16,8125  7) 0> 15 8) "0 < 4
PCH_H/ITC ITOKa3aTCJIIbHbBIC HepaBeHCTBa.

N2t T 60 2) —€ <3 3) x> < 4

) -16> ) o 4= ) xe X
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IToxka3aresbHbIE U JOrapupMuUecKue HEPABEHCTBA

IIpaxTuyeckasi padora.l) Kakue 3HaKku cpaBHEHUs HAJ0 BCTaBUTh B IIBETHHIC
STUEUKU?

a) log,3 [llog.7 6)log, s5 Mog, ;7
2) Kakue uuciia Hajio BCTABUTH B [[BETHBIC IYEHKH, YTOOBI HEPABEHCTBO OBLIO
HUCTUHHO?

a) log, M < log:5 6) log, s Ml < log, 4

B) log,lll > log.5 r) log, s o> log,s4

3) CymiecTByeT i 3HaU€HHE X, OoJbIIee 5, YIOBIETBOPSIONIEE HEPABEHCTBY
log,x <1og.5? Bripa3ute cBOE MHEHHE O 3HAYCHUSX X, YIOBIECTBOPSAIOIINX He-
PaBEHCTBY.

4) IIpoBenute 00OCYXCHHUE 110 NOBOLY 3HAYECHUH X yHOBIETBOPSIOILUX HE-
paBeHcTBy log, sx < log, ;4.

Jlorapudgmudyeckue HepaBeHCTBA

Jlorapudmuueckue HepaBeHCTBA PEILIAOTCS MIPH MOMOLIH CBOMCTB BO3pacTaHUs WK
yObIBaHHUS TOrapupMUIECcKoit (PYHKIINH Ha MHOXKECTBE JOIYCTHMBIX 3HAYCHHH.

Ipumep. log,(x + 1) > log,7 Ipumep. log,(x — 1) > log,,3
Tax xax pynkius log,x Bozpacraromasi, Tak xak QyHKms log),x yObIBaio-
TO Ha o0acTH ompeeseHus aanHoi Mad, TO Ha 00IIaCTH OMpe/IeICHIs
dynkmmn x + 1> 0 momyanm x + 1 > 7, AaHHOH dysxupn x —1> 0, momy-
3HAYMT, HAZIO HAITH 3HAYeHMs x yaoB- UM X — 1 < 3. 3Hauut, Hano pe-
JIETBOPSIIOIIIE HEepaBeHCTBaM X + | > () ITHTD JBOMHOE HEPABEHCTBO

ux+1>7. Orcrona x > 6. 0<x-1<3.0Orcroma 1 <x<4.
Ortger: (6; +o0) Ortser: (1; 4)
npu a >1 mpu 0 <a <l
noeapupmuyeckoe|  pasHocuibHoe noeapupmuyeckoe|  pasHOCUIbLHOE
HepaseHcmeo Hepasencmeo HepaseHcmeo HepaseHcmeo
log, fix) > log,c fx)>c log, fix) > log,c 0<fix)y<c
log, fix)>c¢ fx)>ac log, fix) > ¢ 0<fix)<ac
log, fix)<log,c| 0<fx)<c log, fix) <log,c| fix)>c
log, flx) <c 0<Aflx)<ac log, flx)<c Sfx) > ac

ITpumep. HepaBenctso logs (3x — 4) < logs (2x — 2) paBHOCWJIBHO ABOWHOMY

HepaBeHCTBY 0 < 3x — 4 < 2x— 2 nium cucteMe HepaBeHcTs )X — 4 >0
3x-4< 2x-2

4 .
Ortcrona nomyyaem, 9to x > 3 U x <2 . MHOXECTBO PELICHUH HEPABEHCTRA:

3 X2
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IToxka3aresbHbIE U JJOTapU(PMUUYECKHE HEPABEHCTBA

Ipuvep. pernm HepasercTso logix — log,x —2 < 0

Bripaxkenue, crosinee 1moja 3HAKOM JIoTapudma Mo ONpeAeSICHHIO JIoTa-
pudma, monoxurenbHo: x > 0. Beimonnum 3ameny log,x = £, moiay4yum He-
paBenctBo 2 — t — 2 < 0. [IpomexxyTok — 1 < ¢ <2 siBnsieTcs pelieHUEeM
HepaBeHCTBa. BeimonnuMm oOpatHyto 3ameny, noayuum — 1 < log,x <2 .
Orcrona 1 <x<4. Orper: (% ;4)

Ooyuaromue 3aJaHuA

1.

Pemmre norapudmuyeckue HepaBeHCTBO

a) log,(x + 1) <log,3 6) logy(x — 1) >log,5 B) log, ,(x — 2) > log, ;4

r) log,(x —3)>2 n) log(3x—1)<2 e) log),(5-2x)>—1
x) log,(2x — 1) > log,(x + 2) 3) logs(3x — 4) < log(x + 2)
n) log, (4x — 11) <log,5(x — 11) K) log,,(2x — 8) > log,,(x — 1)
|2. Pewmre HepaBeHCTBa.
1) logs(x—9)>3 2) log,(4x—3)>0 3) log,(2x—1)<2
4) log,(x +20)>5 5) log,(x +%) >-1 6)lg(5x+150)<1
7) log,(2x — 5) > 2 8) logy(x +5) <1 9) log,(x — %) <2
|3.  Pemmre HepaBeHCTBA.
1) logs(3 — 2x) > logs(4x + 1) 2) log,5(10x + 3) <log,;(7x — 21)
3)Igx+1gx+1)>1g2x 4 lgx+1g2-x)<1
S)lgx—1g2-x)>0 6) log . (3x—1)—log.(x+2)>0
7) g2 —x+8) <1 8)log(®2x)<1

9) log,(x* —x—6) +logys(x—3) <2log,3 | 10) log5(x + 1) + logs(x — 1) > log;64
11) log,(®—3x—10)—log,(x+ 2)<2  12)|3 —log,q <2

|i

KonnuecTBo ueHOB 00111€CTBEHHOIN OpraHu3aIiy KaXkIblil FO/1 yMEHbIIIa-
ercs Ha 7%. ®opmyna P = N(1 — 0,07), moka3pIBaeT Kakoe KOJIMYECTBO
YJIEHOB OyJeT uepes ¢ JIeT, €CIIU U3HAYaJIbHO UX KOJINYECTBO ObLIO paBHO
N. B 2010 rony B opranmzaiuu coctosizio 5000 gemnoBek. Uepe3 CKOITBKO
JIET KOJIMYECTBO WIEHOB cTaHeT MeHbIe 2500 uenosek?

Ocratok npu pacrnaze Ymiepona-14 gepes ¢ 1eT MOKHO BBIYUCIUTH (B
rpamMmax) o popmyiae C = 20 e 000012161

a) Haiinute n3nadanpHOE KOTMYECTBO Yriepona-14.

6) CKOJBKO IpaMM COCTaBUT KOJMYECTBO OCTaBIIerocss yriepona-l14,
yepe3 10 000 ner?

B) [IpuOnu3uTensHO Yepe3 CKOIBKO JIET OCTaToOK Yriuepoaa-14 nans pas-
HOro oObekTa ctaHer MeHblie 10 rpaMmm?
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6.

Pemre norapupmMuyeckue ypaBHEHHsI 1 HEPABEHCTBA.

a) log, Bx +2)=log, (12x + 3) 0) log, (7x + 1) =log, (4x —4)
B) log; 3x = log; (2x + 2) r) logs (1 —x) =logs (2x +5)
n) log, 9x+1)>log, (18x—1) e) log; Bx—5)>log, (x +7)
x) log; (2x + 1) <logs (3x —2) 3) log, 2x = log, (x + 3)

Pemmite HEpaBeHCTBA
a) log,(x) + log,(x + 1) <log,2 0) logy (4 —x) > logy2 —logys(x — 1)

B) log,’x — log,x <6 r) log’ x + 3 log, x <4
n) lgix + 2 Igx >3 e)log’) x-1=0

) log;(logy 5(2x — 1)) > 0 3) log(log g(x — 9)) > ~1
u)|1—2log; <3 K) |1 —log;x¥ <3

3a CKOJIBKO JIET, CyMMa, BIIOKEHHAs B OAHK IOJT CJIOYKHBIE TIPOIEHTHI C TPO-
LIEHTHOM cTaBkoi 8%, Beipociia ¢ 1000 manar 1o kak munumym 1500 maHar.
S = Soe”

Pemmenune JleHbru Ha cYeTy MunumMym 1500m
S > 1500

1000e%%8t> 1500 10 YCr06Uio
e%08t>1.5 pazoenum obe cmoponvt Hepasencmea na 1000
Ine®%%t>In1,5 nponozapugmupyem obe vacmu nepasencmea In
0,08¢/>1n1,5 NPUMEHUM CBOUCMBO HepAGeHCmE 05l J02APUPMULECKOU
. Inl,5 Gyuryuu

— 0,08

0be uacmu nepagerncmaa pazoenum na 0,08

0.4054
t> 008 1>5,068 r>5,1

OTBeT: NpUOIM3UTENLHO uepes 5,1 JieT cymma Ha cueTy pocturheT 1500 manar.

9.

10.

3aBUCHMOCTh YHCIEHHOCTH HACEJICHUS OT BPEMEHU BBIUUCIIETCS 10 Gop-
myse P = Poe ¥, Tne Po - uncneHHOCTh HaceneHus, k CKopoCTh MPUPOCTA Ha-
CEJICHUS, - KOIMIECTBO JIeT, P mokaspIBaeT YnCIeHHOCTh HAaCEeIIEHUS Yepes
t met. B 2000 rogy uncieHHOCTh HaceNeHus B Toposie A coctasisuia 8,5 ThiC.
yesoBek, B 2010 HaceneHus yxe 9,4 Thic. 4eJIOBEK.

a) Haiinute ckopocTh npupocrta HacenaeHus (ko3h UIreHT).

0) Uepes CKOJIBKO JIET YUCIIEHHOCTh HaceneHus 1ocTurHeT 10 Toic. yemoBek?
B) Ecnu, uncnennocts Hacenenus roposa B 2000 rogy MoKHO cMOAEIHAPO-
BaTh 110 popmyie y = 9,5e%99278 1o yepe3 CKOIBKO JIET HaceleHue ropoaa A
CTaHeT OoJbllle HacesieHus ropoja B?

Uucnennocts HaceneHus 3emiu B 1980 roqy cocrasisia npuOIU3UTEIEHO
4,8 muipa., B 1994 rony ona goctumia 5,5 mapa. Jlo kakoro roja dyncieH-
HOCTb HACEJICHUS He MpeBbIIIaia 6 MIpI.(IIpu YCIOBUH, YTO CKOPOCTH MPH-
pocTa ocTaBanach pexxHei)?
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Oo6o0mamue 3a7aHus

|L Haiinure n o 3ampannoi popmyie.
a)M=3e+5 0) a* = b? B)y=ae™*

& Hsns Mexwman cuutaet, uro 90 000 MaHaT, BIpyUeHHBIEC OT TIPOIAXKHU IoMa
HaJI0 TIOMECTUTH Ha roj B OaHK. baHk mpeayaraer 1Ba BUAa ACTO3UTA: IO
CJIOYKHBIH MTPOIIEHT CO CTaBKOK 9% 3a MoJroAa M eXXeAHEBHOE HAYHMCIICHNE
npoieHTa. byaer nu pasHHMIIa MEXAYy dTHUMH IBYMS MPEITIOKEHUSIMU
Oanka?

3. Tlpencrasere, uto BBl NpuHsM 500 Mr acnupuHa. KonudecTso ocTasmie-

rocsi acMprHAa B KPOBU 33 ¢ 4aCOB MOKHO CMOJETUPOBATH (hyHKIHEH
=500 (0,8)". Uepes CKOJIBKO 4acOB KOJUYECTBO ACMUPHHA B KPOBU OCTa-
HeTcst MeHblle 50 MuurpamMm?

Ii Haitgure yposens pH, 3Hast KOHIIEHTpAMIO HOHOB BOJOPO/IA .

a) numoHnHas Boja: [H+] = 7,9 x 10-3 monb/z

0) ammonnak: [H+] = 10~ monb/z

B) ykcyc: [H+] = 6,5 x 103 momnn/z

r) anenbcuHoBast Boaa: [H+] = 3,2 x 10~ monb/zn

|i Pemvite ypaBHEeHUs 1 HEpaBEHCTBA.

1) 6°> 42 2)5=52 3) 8%< 124 4) 4%=10
5)20°= 70 6) 27 3=15 7) 821 > 524+3 g) 2%+ 3= 3
9)log. (\Vx+1)=2  10) (x—2)log(x+ 1)=0 11) (x2 - 4)logx =0
12) log 3 >0 13)log (2x—4)<4  14) (x+ I)log(x + 1)>0

|i Jl>xamMuItb cOCTaBHII TAONUITY U3MEHEHUSI YUCIIEHHOCTH Hacesenus ¢ 11450
110 95600 yenoBek co ckopocThio nmpupocta 4,32%. OgHako, OH HE TOMHHIII
3a KaKoe BpeMsi 9TO Mpou3onuio. Halaure KoIuuecTBO JIET COOTBETCTBYIO-
iee JaHHBIM.

7. Ympocrurte.

3
a)ln% 6)10g322i7 B)51nx+1ny+%lnz

(3 3 —
Haiinnre 3HaYeHne BhIpaKeHUS logbx\/x, ecmm log,x = 0,2.

L3
9. Ilpu nomomm Kakux npeoGpasoanuii u3 rpaduka GyHKIEKI
y = log,8x* MoxHO momy4uuTh rpadguk Gynkuun y = log,x ?

|10. Eciu log,M = 1,28 u log, N? = 1,74, naiinure:
a) log N 6) log, (MN) B) logt\/lM_z

|£. 3anummre GopMyiTy SKCIIOHCHIIMATBHON QyHKIMH y = ab’, TpaduK KOTOPOi
npoxoaut yepes Touku (1;1) u (3; 3).
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|12,

|14,

115.
16.

17.

3nopoBbe u pusznka. CrienquaJIncThl PEeKOMEHIYIOT, IPpH padoTe co
3ByKoM Oouibie 85 Db, nmoib30Barbes 3allIUTHBIMU NIPUOOpPamMH.

a) YpoBeHb 3ByKa, KOTOPBIA UCXOUT OT CTAHKA JIJIsl KOJIKW JAPOB paBeH 80
dB, a my3sikanmsHOTO yemmmtens (meepa) 110 dB. Bo ckonbko pa3 uHTeH-
CHUBHOCTB 3BYKa OT MY3BIKAJIbHOTO YCHJIUTENS OOJIbINE, 4YeM OT CTaHKa IS
KOJIKH JIPOB?

0) 3Byk, rpomkocTh KoToporo B 100 000 pa3 Gosbiile TOMKOCTH TIENOTA
Oe3ormaceH [T YenoBeka. Eciii MHTEeHCTBHOCTH 3ByKa IPH MENOTE paBHA
20 dB, To HaliuTe MHTEHCUBHOCTD 3BYKa O€30TACHOTO JIJIsl YSIOBEKA.

[To MHEHHIO COIIHOJIOTOB HOBOCTh PACHPOCTPAHSIETCS C IKCIIOHEHIIAIb-
HOM ckopocThi0. HOBOCTB, 00 OTKPBITHH HOBOTO TOPTOBOTO IIEHTPA Yepe3
Bpems ¢ cpeau 2000 yenoBek, Bepakaercs GpyHkmumeit y = 2000 (1— e 0%,
a) CKoIbKO 4eJOBEK y3HaeT 00 OTKPBITHM TOPTrOBOIO LIEHTpa 4Yepes
24 qaca?

6) [loctpoiiTe GyHKIMIO IpU MOMOLTH T'pad KaJIbKyIITOpa U MPUOIH3H-
TEJIBHO OIPEEIINTE, Yepe3 CKOIbKO BpeMeHH 90% Jrozielt y3HaroT 3Ty HO-
BOCTb.

Temmeparypa BOIbI B YallKke H3MEHHJIACh CO
100°C-no 20°C(xomHatHasi Temneparypa). Kax-
IyI0 MUHYTY TeMIepaTypa BOJbI B YaIlIKe H3MEHH-
Jach U Ha rpaduke 3aBUCUMOCTH TEMIEPaTyPhl OT
BpPEMEHH OTMeuanach Touka. Yepes naHHBIC TOUKH
MIPOBEJIM KPHUBYIO U MOJYYHJIU rpaduK, MOKa3aH-
HBII Ha pucyHKe. [locre gero crano u3BeCcTHO, 4TO
KaXJple 5 MUHYT TemIeparypa HW3MEHsUIach Ha
25% B 3KCIOHEHUHAIBHON 3aBUCHUMOCTH. Dop-
MyJly 3aBUCUMOCTH MOKHO HamucaTh B Buae f(x) = a-b*~ "+ k. Ilo rpa-
(GUKy HaliIUTe COOTBETCTBYIONIME 3HAYEHUS MEPEMEHHBIX a, b, h, k n
3anumnTe QyHKIHIO

CeliMyp Kynuia HOBBIM aBTroMoOmib 3a 15000 manar. Kaxabrit ron crou-
MOCTh aBTOMOOMJISI yMeHbIaeTcst Ha 15%.Yepes cKobKo JIET 11eHa aBTo-

Mo6uiis ctaneT Menbie 3000 manar? .
Hcnone3ys cBoiicTa norapudma ynpocTUTe U HAlIUTE 3HAYCHUE BbIPa-

JKCHU
a) 9logy3 —log,75 + 2 logyS 6) log,98 —2log,7 -2

B) 2log;6 — 3 log;2 +log,18 r) % log,36 + log,12 — 2 log,3

SE=A~

O DD

@
N
D
=)
N 4

100

[octpotite rpaduku pynkuumit y =1g x> n y = 2lg x . 3anummre cXoxue u
OTJINYUTENIbHBIE CBOWCTBA NaHHBIX QyHKIMHA. [Tpy Kakux 3HaYCHUAX TIe-
PEMEHHBIX BEPHO paBeHCTBO Igx? = 2lgx?
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KoMILieKCHBIC YMCJIA

KoMmiuiekcHble ynciaa

JeiicTBUS HAT KOMIJIEKCHBIMM YUCJIAMU
TI'eomeTpuueckoe npeacTaBiieHue KOMILIEKCHOTO YHCJIa
Moay/ib 4 apryMeHT KOMILJIEKCHOI0 YUCJIa
Tpuronomerpuueckasi ¢popMa KOMILIEKCHOI0 YUCJIA
JeiicTBUSI HAl KOMILIEKCHBIMHM YHCJIAMH B TPUTOHO-
MeTpuYeckoii popme

Kopenb n-0ii cTeneHu KOMILIEKCHOTO YK CJIa

9T0 MHTEPeCcHO!

Opaniy3ckuil yaénsiii AOpaxam e Myasp (1667-1754) us-
BECTEH CBOMMH paboTamu B 00JIaCTH TEOPHU BEPOSTHOCTH
u popmynoit Myaspa. Ero pabora “The Doctrine of Chances
A method of calculating the probabilities of events in play”
(JloxTpuHa MIAHCOB: METO/] BEIYHCIICHHSI COOBITHI B UTPax)
noJTy4qmiIa OONBLION PE30HAHC U HEOAHOKPATHO Mepen3sia-
BaJIaCh.

Xponmca BO3HUKHOBCHUS KOMIIJICKCHBIX YHCEJI

Hpubausn-
TebHAs 4aTa

JInanocTh CoObITHE

Bmiepsrie Bctpeuaercst mH(popmMarus 00 oT-
pHILIaTEIFHOM KBaJIPAaTHOM KOpPHE

50 I'epon, Anexcanapus

He cymectByeT kBagpaTHBINA KOPEHB OT OT-
PHULATEIBHOTO YMCIa,TaK KaK KBajapar He
MOXET OBITh OTPULATEIIEHBIM YHCIIOM.

1545 Kapnano, Wramus Kopau ky6H4yecKkoro ypaBHEHHs COAEPKaT
2 v
KBaJIPaTHBIN KOPEHb OTPHLIATENILHOIO YUCIIA.

850 Maxasupa, Unaus

Pasnenenue nelCTBUTENILHONM U MHUMOM

1637 Jexapr, ®@panuus .
yacTeit
1748 Oiinep, LIsemus BoipakenueV—1 sepes i
1832 05 o IR Hcrons30BaHNE MOHATHS KOMIIIEKCHOTO

quciia



KoMIuiekcHBIE YK CIa

Hccaenosanne
1) ITonTBepauTe MpUMEpPaMHU CIIPABEUIMBOCTD CIENYIOIINX BhICKa3biBaHUN. Eciin BeIcKa-
3bIBAaHUE JIOKHO, TO CHENANTe TaK, YTOOBI OHO CTAT0 UCTHUHHBIM.
a) ecM a " b - HaTypaJbHbIC YHCIA, TO KOPEHb YPAaBHEHUS X + @ = b Taxke SBIsETCS Ha-
TypaJbHBIM YUCIIOM.
0) ecnut @ 1 b -1ienble YnCa, TO KOPEHb YPAaBHEHUS ax = b TakxKe SIBISETCS LIEIbIM YUCIIOM
B) €CJIM @ HEOTPHUIIATEIFHOE PAIIMOHATBHOE YHCII0, TO KOPEHBb YPABHEHMUS X2 = @ TAKKE SIB-
JISI€TCSl pallMOHAJIBHBIM YHCIIOM.
T) €U a HeOTPHLATENbHOE TEHCTBUTEIRHOE YHCIIO, TO KOPEHb YPABHEHUS X2 = @ TaKKe
SIBTISICTCS JICHCTBUTEIILHBIM YHCIIOM.
2) CymiecTByeT JIi JEHCTBUTEIBEHOE YHCIIO KBAApAT KOTOPOTro paBeH —1?
3) a) CyIiecTBYIOT Jiu ICHCTBUTEIbHBIC KOPHHU ypaBHEHUS x* = q tipu a < 0.

6) MOXHO 71 PEIINTH 3Ty 3a/1a4y PACIIUPUB MHOXKECTBO ACHCTBUTEIBHBIX YHCEI?
4) CyuiecTByeT JM OJHO3HAYHOE COOTBETCTBUE MEXKJy MHOXKECTBOM JEHCTBUTEIIbHBIX
YHCeN 1 MHOKECTBOM TOUYEK Ha YHUCIOBOM ocu? A KakUe 4nciia COOTBETCTBYIOT TOUKAM Ha
KOOPIMHATHOW MIIOCKOCTH?

Ha MHOXeCTBE IeHCTBUTENBHBIX YHCEN ypaBHEHHME X* = —1 He UMEET PEIICHMA. 3HAYMT,
MBI JOJDKHBI PACIIHPUTh MHOKECTBO JISHCTBUTEIHHBIX YHCET TAK, YTOOBI KOPHU 3TOTO
YpaBHEHUS BXOJWIN B HETO. J[J1s1 3TOr0 BBEIEM HOBOE YMCIIO i ¥ IPUMEM, YTO OHO SIB-
JseTcs KopHeM ypaBuenus x> + 1 =0, t.e. # + 1 = 0. Orcroma = —1. ITocie aToro,
KOpHSIMH ypaBHEHHs x> + 1 = 0 ABISrOTCS Yncia x1,2 = £i. UUCIo i Ha3bIBaeTCss MHUMOMR
CIUHULIEH.

Pacmmpum MHOXKECTBO IEHCTBUTENHHBIX YHCEN TaK, YTOOBI B HETO BXOIWJIH BCE JEH-
CTBUTEINIbHBIC YMCIIAa M YNCIIO I, ¥ OBUIN CITpaBe IMBBI BCE CBOMCTBA CIIOKEHHS U YMHO-
JKeHU. J{71s1 MPOM3BONIBHBIX MEHCTBUTEIBHBIX YHUCET a M b BBeAEM “Tipom3BeacHuE” bi
u “cymMmmy” a + bi, v Ha30BEM KOMILIEKCHBIM YHCJIOM CIIEIYIOIIee BRIpakeHne a + bi.
Bripaxxenne Buia a + bi Ha3pIBaeTCSl KOMITJIEKCHBIM YUCIIOM, T/I€ d U b - TefiCTBUTENb-
HBI€ YHCIa, | MHUMas eanHnIa. KoMIIekCHbIe Ynciia MOYKHO 0003HauaTh 4epes z, W, @
u T.1.Hampumep, z = a + bi. 3anuch a + bi Ha3bIBaeTCs anreOpandeckon (GopMoit KoM-
TJIEKCHOTO YHCTIA. @ SBISETCS JCWCTBUTENHFHON YacThio, b - MHIMOW YacThIO KOM-
IUIEKCHOTO Yncia z = a + bi, u 3anmcheiBaeTcs Tak: ¢ = Re z, b=Im z. Tlpu a = 0
MOJTy4aeTcst YUCIIo BuAa bi. DTH YnciIa Ha3bIBAIOTCS YHCTO MHUMBIMH duciaMu. [lpn
a =0, b =0 KOMIUTEKCHOE YHCIIO paBHO HYIIO U HA000poT, eciim a + bi=0,1T0a =01
b=0. CineacrBue: I KOMIDICKCHBIX Yncel a + bi v ¢ + di paBeHCTBO

a+ bi=c+di cupaBemIHBO TOTIA U TOIBKO TOTHA, €CIU a = ¢, b =d.

Ilpumep. U3 paBenctBa x + 3i =5 + (x + y)i HaiimuTe X U ).
Pemenne: N3 paBeHCTBa NEMCTBUTENBHBIX 1 MHUMBIX YaCTEW MOTydaeM:

{x =5
3=x+y,te.x=5y=-2.
CyMMOIi KOMIUIEKCHBIX Yucell a + bi u ¢ + di Ha3pIBaeTCsl KOMIUIEKCHOE YHCIIO

(atc)y+(b+d)i,te. (at+bi)y+(c+tdi)=(a+c)+(b+d)i
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JdericTBUS HAJI KOMILIEKCHBIMH YU CJIAMH

[TpousBeneHHEM KOMIUIEKCHBIX YHcel a + bi u ¢ + di Ha3bIBaeTCsA YHCIIO
ac —bd + (ad + bo)i, 1.e.

(a+ bi)(c+di)=ac—bd+ (ad + bc)i
3HAYUT, JBa KOMIUICKCHBIX YHCIIa YMHOXKAIOTCS 110 MPABHIY YMHOXKEHHUSI MHOTO-
YJICHOB ITPH YCIIOBHH, UTO i = —1.
Mpumep. 3+20))Q2-i)=32-3i+4i-2=6+i-2:(-1)=8+1i
PaccMoTpuM yacTHBIE ClTydau CTEIICHEH MHUMBIX €IMHUIL:

P=ii=—i == 1 P=iti=i

=P =-1 =P =- B=itit=1
Kak BUIHO, HaTypaJIbHbIE CTENIEHH MHUMOM €IUHULIbI | paBHbI 7, —1, — , 1 1 noBTO-
PAIOTCS Yepes3 KaxIble quLIpe uiara, T.€.CIIpaBeIJIuBO PABEHCTBO 14'" Th= (= gk,
IMpumep. Beruuciure: a) i°8 0) i*
Pemenne: a) (8= #14+2=2=_] 0) B =B "3=p3=

Uwncno a — bi Ha3pIBaeTCs COMPSDKEHHBIM JUIS Yucia a + bi m 0003HavaeTCs Kak
z=a — bi. SIcHO, 4TO ecIiu YnCII0 a — bi SIBISIETCS CONPSHKEHHBIM LTS YKcia a + bi,
TO YHUCIIO a + bi ABNSETCS CONPSLKEHHBIM 1 uKcna a — bi. [lostomy, uncia
z=a+ bi vz = a— bi HA3BIBAIOTCS B3AMMHO COPSUKEHHBIMH KOMIUICKCHBIMH YHC-
namu.JleicTBUTEIbHBIE YaCTH B3aUMHO CONPSDKEHHBIX YHCEI PaBHbI, & MHUMbBIE
YaCTH SIBISFOTCS TPOTUBOTIOJIOKHBIMH YHCIIAMH.
[TpousBeneHne B3aMMHO COMPSKEHHBIX KOMIUIEKCHBIX YUCEI SIBIISICTCS EHCTBH-
TENBHBIM YHCIIOM: z'Z = (a + bi)(a — bi) = a* — abi + abi — (bi)* = a* + b*.
B dacTHOM cityuae, CONpsDKEHHBIM ISl ISHCTBUTEIILHOTO YKCIIA SIBISIETCS CaMO
9HCIT0, I MHUMOTO - TIpou3BeieHne uncia u (—1).
Jlis Ka)/10T0 KOMIUJIEKCHOTO YUCNa z = @ + bi CyImecTBYeT NMPOTUBOMOIOKHOE
YHCII0 —Z U —Z = —a — bi. JIn1sl KaX10T0, OTAMYHOTO OT HYJIsl, KOMIUIEKCHOTO YHCIIa
z=a+ bz cymeCTByeT IIPOTHUBOIIOJIOKHOE.

1 — bi a—-bi  a b

—= = -
z a+bz (a+bz)(asz) a;+b A+ g2+ p
VMHONCUM YUCTUMEb U 3HAMEHA-
menw Ha (a — bi)

BrlunTanue 1 4acTHOE KOMILIEKCHBIX YHCE]l OIIpCACIIACTCA paBCHCTBAMMU:

Zow=z+(w) %ZT%(W?EO)
Jiis HaxXOXKAECHUST OTHOIICHUS] KOMIUIEKCHBIX YHCEI, yIoOHee YUCIUTEIb U 3HaMe-
HaTeJb YMHOXKUTh Ha YHCII0, CONPSKEHHOE ISl 3HAMEHATEJIS .
ITpumep. HalinéM pa3HOCTb U OTHOLIEHHE yncen z1 =3 +2iuz2 =2 —1.
Pemenne: z1 —22=3+2))—-(2-i)=1+3i

2 342 (B+2)Q+i)  6+3i+4i+27 6+7i-2  4+7i

z 2-i 2-i)y2+i) 4-7 a 5 5
4 7 . .
—§+§l—0,8+1,4l
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JlelicTBHUSI HAJI KOMILIEKCHBIMH YU CJIAMH

Bce cBoticTBa apr(hMeTHIECKHIX OTIepaITiii IS ISHCTBUTEIBHBIX YHCEI, CIIPABE/I-
JIMBBI 17151 KOMIUIEKCHBIX umcenl. Kak crienctBue, noiayyaem, 4to jiro0ble anredpan-

YECKUC TOXKACCTBA CIIPABEAJIMBLI 11 MHOKECTBA KOMIIJICKCHBIX YUCCIIL.

Hanpumep, 1151 KOMILIEKCHBIX YHCEN Z U W CIIPABEIMBbI TOXKIECTBA
zxw)y=22£2zw+w? ;(z+w)(z-—w)=22—w? U T.I

Ooyuaromue 3aJaHUA

|1.  Haitnute

a) l'12 6) l'lS B) l'21 F) l'82 II) l'lOl

& Haitgure cymmy, pasHOCTb, IPOU3BEACHUE U YACTHOE YUCET.
a)zi=3+2i,2=1+1i 0)z1=5+2i,z2=3+1i

[«

[Tpu KakuX ACHCTBUTEIbHBIX 3HAYCHHUSX X U ) CIIPABEIMBO PABEHCTBO?
a)(x+y)+2i=3-(x-y)i 0)4+xyi=x+y+3i

[>

B3aMMHO COIPSKEHHBIMU?

aA)zi=5+xi,z2=y+4i 0)zi=(x+y)+ti,2=5—-(x—)i
|i Brinonanure aercTBus.

a) (3 + 4i) + (4 — 3i) 6) (5 +4i) — (3 +2i)

B) (2 + 3i)(3 + 2i) r)(4—-1)4+1i)

n) (i + 1) e) (2 +i)

x) (1+0)>(3 — i) 3) 2+ (2 -0y

) (i + 1)8 K) @+ )@+ 1)

|i Paznoxure Ha MHOKHUTEIN

aym* +4 0))y*+9 B) 4x* + 1
IMpumep. a) m> + 4 =m?> — 4= m? — (2i)* = (m — 2i)"(m + 2i)
7. Vmpocrure.

Vit T
|§ Pemmure ypaBHEHue.

a)x*+4=0 6)x*+3=0 B)x*+16=0
|& Jns cnegyromux yrcen HaUuauTe CONMPSKEHHBIC YUCTIA.

a)z=3+4i 6)2:% B)z=(2+ iy

275

HpI/I KaKux ,[[ef/'ICTBHTeHBHBIX SHAQYCHUAX X U )y CICAYIOIIUC YHCJIa SABJIAIOTCSA



JlericTBHUSI HAJI KOMILIEKCHBIMH YU CJIAMH

KBagparHblii KOpeHb KOMILIEKCHOIO Y CJIA

Yucio, KBaIpaT KOTOPOTO PAaBEH z Ha3bIBACTCS KBAIPATHBIM KOPHEM KOMILIEKCHOTO
yuciia z 1 0003HavaeTcs Kak Vz .

IIpumep. Haiiném kBanpaTHblii KOPEHb KOMILUIEKCHOTO Yucia 3 — 47
Pemienne: [Tycts V3 —4i=x+ yi .
Bo3Beném o0e yacTu paBeHCTBA B KBaIpaT:
3—4i=(x+yi)}
3—4i=x*—y*+ 2xyi
W3 paBeHcTBa 1eCTBUTENBHBIX U MHUMbIX YaCTE UMEEM:
{ X2 — yz =3
xy=-2
Orcrona nonyyaem pemenue (2; —1) u (=2; 1). 3naunr, 3 —=4i= +(2 1)

Ilpumeuanue: B oTaMunm OT NEHCTBUTENBHBIX YUCEIN, TOBOPS O KBaJPaTHOM
KOpHE KOMIUIEKCHOTO YHCia, UMEETCS B BHy KaXJ10€ U3 IBYX 3HAUCHUH, pa3iiu-
qarormuxcs 3HakamMu. KopHu kBajparHoro ypaBaenus az> + bz + ¢ =0 (a # 0) s
MHOYKECTBA KOMIUIEKCHBIX YHCEJ HAXOUTCS TI0 TOMY K€ PaBUITY, YTO H JJIsI JIeH-

CTBHUTENBHBIX YUCEIL. b+ B2 — dac
Z =

2a
IIpumep. Pemmm ypaBHenue x* +4x +5=0.
Pemenmne:
4N 415 44 4xNAP 420
2-1 2 2 2
xi=-2+1i X2=-2-1i

Jlerko MOKHO ITPOBEPUTH, UTO TAKXKe B CUiIe OcTaéTcst 1 Teopema Buera. s kBaj-
paTHOIO ypaBHEHHUs C AEHCTBUTEIbHBIMU KOA(QPUIINEHTAMU KOMIUIEKCHBIE KOPHU
SBIISIFOTCS CONPSKEHHBIMU YHCITAMU.

Oobyuaommue 3aJaHusA
|1. Haiigure.

a) \-25 6) \3 + 4i B) V8 + 6i r) V4 —3i
|2. Pemmnre ypaBHCHHS.

a)x’—4x+5=0 0)x*—6x+13=0
B) x> +8x+41=0 r)x*—2x+3=0

|i Haiinure koMIIeKCHOE YKCII0, pABHOE KBaApPaTy CONPSHKEHHOTO YKCIIa
(z¢ R).
|4. Ksazpar KaKoro 4ucia paBeH i?
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FeOMeTpnquKoe NPpEeaACTABJACHUEC KOMILJICEKCHOI'O YHUCJIAa

KomruiekcHoe uucio z = a + bi 3apaérest mapor IeHCTBUTENBHBIX uncen (a; b) u
3Ta 1apa COOTBETCTBYET ONPEEIEHHBIM TOUKAaM Ha KOOPIUHATHOM m1ockoct. [1o-
CTaBUM B COOTBETCTBHE YHCIy z = a + bi Touky A(a; b) u o603HaunuM e€ depes
A(z). Kaxxnast Touka Ha KOOPJJMHATHOH TIOCKOCTH N300paykaeT KOMITTICKCHOE YHCIIO
1 Ha000pOT, KaK/J0€ KOMIUIEKCHOE YUCIIO HA KOOPAUHATHON IIOCKOCTH, COOTBET-
CTBYeT OJIHOM Touke. JleicTBUTENbHbIE YKCIA PACIIOIAaralTcs Ha OcH abcuuce,
YHCTO MHUMBIE YKCIa Ha ocH opauHar. [loaToMy ock abcuucc Ha3bIBaeTcs Jei-
CTBUTEIBHON OCBIO, OCb OPAMHAT - MHUMOH, @ IJIOCKOCTb - KOMILJIEKCHOH Iu1oC-

KOCTBIO.
IMpumep. AV (MHumas ocw)
—2+3i
a—L 3+2i
I :
' ,é ' 1 3 ? oelicmeumenbHas 0Cob
A 30

ToukH, COOTBETCTBYIONIME KOMIUICKCHO CONPSDKEHHBIM YHCIaM PacIoiaraioTcs
CUMMETPHUYHO ocH alcIuce.

Ooyuaromue 3aJaHUA

1.

2.

Ha xomrmiekcHO#M II0CKOCTH MOCTPOUTE YUCTIA.
a)3+2i b)-2+i c)3i d)-3 e)2—1i

C reomMeTprueCKOi TOUKU 3pCHIs KOMILICKCHOE YHCII0 Z = a + bi MOXHO pac-
cmarpuBath BekTop OM = (a; b), Ha4ao KOTOPOTO COBIAIACT C HAYAIOM KOOp-
JIMHAT, a KOHeI ¢ Toukoi M(a; b).

Ha KOMITJIEKCHOM TNIOCKOCTH OTMETBTE TOYKH A 1 B COOTBETCTBYrOIIINE KOM-
TUICKCHBIM YnciiaM zi =1+ 2i u z» =3 + i. Haiinure cymmy zi + z2 1 BeKTOp
OA + OB. CpaBuuTe MOTy4YeHHBIE PE3YJIbTaThI.

Ha KoMIuIeKCHON MII0CKOCTH M300pa3uTe MHOXECTBO TOUEK YIOBIIETBOPSIO-
X ycioBuio. a) Imz =2 0)Rez=3 B)Imz>0

Ha xommnekcHol miiockocTu otMeTbTe Toukd A, B u D , cooTBeTcTByto1IME
gucnam z1 = 0,z2=2 +iuzs= 1 + 3i. Haiigute Bepumny C, napauienorpamMma
ABCD, u cooTBeTCTBY!OIIIEE €l KOMITJIEKCHOE YHCIIO Z3.
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MonyJib M apryMmeHT KOMILIEKCHOT0 4ncja. Tpuronomerpuye-
ckasi (popMa KOMILIEKCHOTO YK CJIa

[TycTh Ha KOMIUIEKCHOW TUTOCKOCTH KOMITJIEKCHOMY YHCITY
z =a + bi coorBeTcTBYET TOouka M(a; b). O003HaUMM pac- M(a; b)
crossHue OM uepes R, yron mexay tyaoM OM u nonoxu- :

TEJHHBIM HaIlpaBJICHUEM OCH a0CIHCC Yepes .

1Y
N3 AOMA 1o teopeme IIudaropa numeem: R
RP=a*+b? |
¢ [ >
P — >
0 a A x

Orcrona: R=Na*+b?

PaccTosiHue, OT Hauana KOOPAMHAT 70 TOUKU COOTBETCTBYIOLIEH KOMIUIEKCHOMY
YHCITY, HA3bIBAETCS MOJYJIEM KOMIIEKCHOTO YHCIIAa U 0003HaYaeTcs Kak: |z|.

|2 = R=Va?+ b?
VYrosn, o6pa3oBaHHbIi KOHEUHON CTOPOHOH yriia nmoBopota ayya OM, HazbIBaeTcst
apryMEeHTOM () KOMIUIEKCHOTO uucia z = a + bi.

13 AOMA : cos<p=% Sin(PZ% go=

Monyns uucna z = a + bi *MeeT eTMHCTBEHHOE 3HAYSHHE, a APTYMEHT () HAaXOUTCSI
C TOYHOCTHIO 27. TO ecTh, eciM OHO U3 3HAYEHUI apryMeHTa PaBHO @, TO APYroe
Oynet umeTh BUJ ¢ + 21tk (k€ Z).

Jlnst aprymMeHTa KOMIUIEKCHOTO YHCIIa, 00BIYHO OepETcs yro MpuHaUIeKAINN TPo-
MexyTKy [0; 21).

ITpumep 1. Haliném MOIynb U apryMEHT KOMIUIEKCHOTO YUCHA Z = 3+,

Pemenne: U3 Toro, uro a = \/3_, b =1 caenyet,uto AV
— 2 + 2 — 2 + 2 —
f val B=N(3)y+12=2 | =

tgo=—= @ Y IPUHUMAsSI BO BHUMaHHE, YTO ?\/L

YTOJI (p PACTIONOXKEH B | 4eTBEPTH, OITYUHM:( =% () >
(0] \3 X

a . b
U3 hopmyn cos @ =g > SIn @ = p nomyyaem:

a=Rcos@,b=Rsin@
Torma z=a+ bi = R cos ¢ + iR sin ¢ = R(cos ¢ + isin @)
Jlns koMITIeKCHOTo uncia z = a + bi uncno z = R(cos ¢ + isin (o) Ha3bIBa€TCS TPHU-
TOHOMETPHUYECKON (HOPMOI KOMITJIEKCHOTO YHCIIA.

B yacTHOM ciyuae 1 MOAYJISl M apryMeHTa yucia z = a + bi umMeeM:

ecmmb=0,a>0,rormaR=a,p=0 ecnnb=0,a<0Tor,uaR=|a|,(p=%t
n

T
ecnna=0,b>0Tor,uaR=b,(p=E ecnna=0,b<0Tor,uaR=|b|,(p=7
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Moayib ¥ apryMeHT KOMILJIEKCHOT0 Yuciaa. Tpuronomerpuue-
ckasi popMa KOMILIEKCHOTO YUCJIa

Ipuvep 2. 3amuiieM KOMITIEKCHOE 9iC0 z =—1 + \3i B TPHTOHOMETPHIECKO#

hopme Ay
Pemenue: R= a2+ b= (-1)>+ (\5 2=2 TNy
- b . \/g . \/_ N &
tgo="7=°7"=- 3 A\
Tak xak yron ¢ npuHajuiexuT Il uerBeptu, TO:
_ T _ 2% N .
¢TI -1 >

z=-1+ \/§i=2(cos 2% + isinT)

21

Oo0yuaromue 3a1aHust

1.

2.

Crnenyroiue yucia nu300pa3ure Ha KOMIUIEKCHOM MJIOCKOCTU M HAWAUTE UX
MOZYJIb U apTyYMEHT.

a) 6i 0) —2i B)—4i +4 r)3+6i
Haiinnte MOIysib M apryMEHT CICAYIONIMX YUCEIT:
a)i 0) 2i B) —3i r)—2i
ol e) 2 x)) 5 3) -3

N2 + \2i K)—\3 — i

3anuImTe cieayrolie KOMIJIEKCHbIE YUCIa B TPUTOHOMETPHYECKOH (opme.
a)\3 +i 6)1+i B) 1 —3i r)—\3—i
3aaHHBIC B TPUTOHOMETPHUYECKOM (hOpME KOMIUICKCHBIC YUCIIa 3aUIITATE

B anreOpaundeckoit popme.

T T T L. T
a) 4(cos 3 +isin 3) 0) \/E(cosz + isin 4)

3anuimTe CIeayoIre Yucia B TPUTOHOMETPUIECKON (hopme.
3-i

5 3

V3 +i

3anuIuTe TPUrOHOMETPUIECKY IO (DOPMY YKCEI, TIPESICTABICHHBIX B TEOMET-

pudeckoit popme.

1—i . . oom
a) 5 B) 4(sm% — lCOSE)

a) MHUMGs OCb 0) MHumas oco B) MHUMAS OCb

z=3+3i
oeucmeu-

oeucmeu- delicmen -

meJlbHAs 0Cb menbHas 0Cb

2424 6 menvuas oco
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JeiicTBUSI HAl KOMILUIEKCHBIMHM YHMCJIAMM, 32/JaHHBIMHA B TPUIO-
HOMeTpH4YeCKOH hopme

Haitném nmpousBeneHne KOMIUIEKCHBIX YHCEII, 3aJaHHBIX B TPUTOHOMETPHUYECKON
dopme z1 = Ri(cos @1 + isin @1) Vo z2 = Ra(cos @2 + isin @2).

z1'z2 =Ri(cos @1 + isin @1) Ra(cos @2+isin ¢2)=Ri1-Ra:(cos P1°cos @2— sin @i-sin P2+
+ i(cos @i-sin @2+ sin @1-cos @2)) = Ri*Ra+(cos(p1 + @2) + isin(p1 + @2))

YTto0bI HAITH NMPOU3BeIeHHE KOMILIEKCHBIX YHCe, 32/IaHHBIX B TPHTOHOMeT-
puueckoii popme, Ha0 MEPEMHOKHTH HX MOIYJIH U CI0KHUTH HX APTYMEHTBhI.

IIpumep. z1 = 3(cos % + isin %)

=2(cos % + isin %)

2122 = 6(cos( 5 )+ isin(%Jrl )=6(cos 2+ isin ) = 6+(0 + 1) = 6i

6)
o e Z1
Tenepb HanaeM OTHOHICHHEC Z_2 .

E Ri(cos @1 + isin @1) _ Ry (cos @i +isin @1)(cos @2 —isin @2) _
22 Ro(cos @2 tisingz)  R>  (cos @2+ isin ¢2)-(cos @2 — isin ¢2)

R, €OS @1-cOs @2+ sin @1-sin @2+ i*(sin @1°COS P2— €OS P1°Sin P2)
R cos? @2 — (i-sin @2)? ;

R .
N “(cos(p1 — @2) + isin(Q1 — @2))
2
MojyJib OTHOIIIEHHE PABeH OTHOIIEHHUI0 MOTYJI€i IeJTMMOro 1 IeJTUTesd, a ap-
TYMEHT PaBeH Pa3HOCTH APryMEHTOB e IMMOI0 U JeJTUTEeJIs.

IIpumep. z1 = 4(cos T 4 isin %)

3
=2(cos L + jsin l)
zi 4 6 \/3 1
=9 (cos(— — —) + zsm(— — —)) 2(cos —+ isin —) 2 ( +1i ?) =

=\3+i

BosBectn uncio z = R(cos ¢ + isin () B CTETIEHb C HATypaJIbHBIM MTOKA3aTeIIEM 7
MOYKHO YMHOXKHB 71 pa3 4HCIIo z: z" = R"(cos n@ + isin no).

MonyJib cTeneHd KOMILUIEKCHOT0 YHCJIa ¢ HATYPaJbHBIM MOKa3aTeJieM PaBeH
CTeNeHU MOAYJI OCHOBAHUS, 2 API'YMEHT PABeH apIryMEHTY OCHOBAHUS YMHO-
JKeHHOMY Ha IOKa3aTe/Ib CTeleHN An.

Ipumep: z = 2(cos % + isin %)

4 =24 (cos—+ isin 411721)_ 16(cos —+ zsm—)—l6 (— \/3 i)=8+83i
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JeiicTBUSI HAl KOMILIEKCHBIMM YHMCJIAMH, 32JaHHBIMHA B TPUIO-
HoOMeTpHu4YecKkou popme

Ooyuaromue 3a1aHUA

1. Tlpencrasbre uncnaz =1+ Binn=1+is TPUTOHOMETPUYECKON popMe U
HaWuTe: a) Z1°22 6);—;.

& Brruucaure.
a) (1 +3i)2 b) (1 -i)*

|i z1 = cos% +1i sin% ,2=1— 3. Haiigure (;—;)6

[&

N NN
Z1=C0S —= + i sin 10 22= —1 + V3. Haiizure (z1'22)'%.

12
5. Bbruucnure . B
(1+ )’ (13 iy
Y ey 0 —asiy

6. Dopmyiy (cos ¢ + isin ¢)" = cos ng + isin ng HazpBaOT popmyioit Myaspa.
[Tpu momoru 370 GOpPMYIbI MOKHO HAWTH CHHYC M KOCHHYC 71 KPATHBIX
YIJIOB Y€pe3 CHHYC M KOCHHYC OJJMHAPHBIX YITIOB.

Hampumep, nipu n = 2 umeem:
(cos @ + isin @)* = cos 2¢ + isin 2¢

Orcrona

cos? @ — sin? ¢ + 2isin ¢-cos @ = cos 2¢ + isin 2¢
W3 paBeHCTBA IByX KOMILICKCHBIX YHCEI HMEEM:

cos 2¢ = cos’ @ —sin? @

sin 2¢ = 2 sin ¢-cos ¢
AHaTOru4YHBIM 00pPa30M MOXKHO HAIKCaTh (OPMYIIBI IJIs
cos 3@, sin 3¢.

|7. BanmumTe KOMIUIEKCHOE YHCIIO B anrebpandeckoii hopme.

a) 2(cos 120° + isin120°) ©) 5(cos 135° +isin 135°) B) 3(cos 330° +isin 330°)

|§ Brimonnure neiictBus. PesynsraT octaBbTe B TPUTOHOMETPUYECKON (hopMme.

cos 50° + isin 50°
cos 20° + isin 20°
5(cos 4,3 +isin4,3)
4(cos 2,1 +isin2,l)

a) [3(cos % + isin%)][4(c0s % + isin %)] 0)

B) [%(cos %4' isin %)][6(005 % T isin %)] r)
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KopeHb n-0i1 cTeneHn KOMIIEKCHOTO YHCJIa

Haiiném 3HaueHne BhIpaKeHUS fﬁ .

3anumem B Buze 1 = cos 0 + i sin 0 u HaliAEM KOpEHb 1-0H CTETICHU BHJIC
cos 0+ sin 0= cos O + i sin 0.

Bo3Beném kaxayro u3 AByX CTOPOH B /1-YIO CTETIEHB:
cos0+isin0=(cosO +isinB)" cosO0+isin0=cosnO +isinnd
Orcrona cos n0 =cos 0 sin 70 = sin 0

Ecnu JABa KOMIIJICKCHBIX 4YHKCJia, 3aJaHHbIX B TpHFOHOMCTpH‘ICCKOﬁ Q)opMe PaBHBI,

TO MX MOJLY/IH PaBHbi, & APryMCHTBI OTIIHHAK0TCH ll{{a 2nk.
T
nd =0+ 2nk =

Taxum 06pa30M,<lE = Ccos 2Tnk + i sin znik

OTO0 3HAYUT,

OTcrona npu k > n 1715l NEpBBIX k 3HAYSHUH MTOTYYESHHOTO YHCIIa paBHBI 3HAUCHUSM,

IMMOJIYYCHHBIM IIpH 7.

O003HauYUM KOPHH 71- OU CTETNIEHH EAUHMIIBI YE€PE3 €0, €1, ..., En—1:
k=0 go=cos0+isin0=1
k=1 8120052_n+isin2—n
n n
k=2 g2=cos 4T + i sin 41

k=n-1 €n-1= COS
Kak BuHO, MOITy/ M KOPHEH 7-OH CTENEHH PaBHBI |, apryMEeHTBI OTINYAIOTCA IPYT
OT JIpyTa B Tn pa3. To ecTb, 3TH YKCIa PACIIOIOKEHbI BHYTPU €AMHUYHON OKPYX-
HOCTH, IEHTP KOTOPOH COBMAJAeT C HA4aJIOM KOOPJUHAT, U COOTBETCTBYIOT KOM-

IJICKCHBIM YUCJIaM,ABJIIIOIIUMUCS BEPHIMHAMU IPABUJIBHOT'O 71-yT'OJIbHUKA.

Ipumep. 1, V3. 1, 3.
A _ L ¥ A -+ =
_L+£' 2 + 2 ! 2 2!
2 2K
0
120° 60° 60°
60° 60° X
1200 X -1 A I
13 i 3.
_1 o2t 2 2!
5 npun=3
npun =6

3
3HaveHus V1

6
3HageHus V1



KopeHnb n-0ii cTeneHn KOMILIEKCHOTO YHCJIA

Kopnem n-oii crernenn KOMIUIEKCHOIO YUCIIa Z HA3bIBAETCS] TAKOE YUCIIO W, YMO
w"=z.Ecnu z # 0, TO 17151 KOPHS 71-01 CTENEHHU CYIIECTBYIOT 71 Pa3IMUHbIX 3HAYCHUH.
3anuwem z = R(cos ¢ + isin ¢) B BUzE
w=r(cos 0 +isin0) .
Jlna w" = z TOIyYuM:
z=r"(cos nf + isin nB) = R(cos @ + isin @)
W3 paBeHcTBa IByX KOMIUIEKCHBIX YHCEII MTOJIYUHM:
=R, r= R

_l’_
no =o¢ +2nk 0= —F (ke 2
3unauenus npu k> n 0OTIMYAIOTCS OT NEPBbIX 1 3HAYEHUU HA 2T

¢ +2nk
HosTomy, fomKHO codmonarses cnenyromee: 0y= —— —— (k=0,1,..,n-1)

®opMyJia KOPHA 1-0ii CTeNeHH KOMILIEKCHOT0 YU CJIa
Ecmu z = R(cos @ + isin @), TO

n— n— ¢ +2nk ¢ +2nk
z=NR(cos —,—+ isin— 5 ) 3mech (k=0,1, ..., (n—1))

IIpumep. Haliném Bce 3HaueHUs %/—_8 .
Pemenne: myctp 3/—_8 = R(cos O +isin0). —8 = R*(cos 30 + i sin 30)
8(cos 1 + i sin ) = R3(cos 30 + i sin 30)
Orcroma R* =8, R=2 T+ 2k
30 =m +2nk 0=—7—"(=0,1,2)
3
Tlpu k=0 wO=2-(cos§+isin§ )=2(%+\/7§ i=1+3
IMpu k=1 wi=2(cost+isinm)=2(-1+07)=-2
Ipu k=2 W2=2-(cos53_n+isin53—n)=2(%—\/7§i)=l—\/§i
Ooyuaromue 3a1aHUA
|£ HaiimuTe Bce 3HAYCHUS BBIPAKECHUN: a)\4/T 0) V16 B) %

& Hanumere Bce 3HaueHUs BRIpaXXEHUH JIs1 €AMHUYHOTO KOPHSI #1-OM CTETICHHU.

a) V64 6) 64 B) 27 )-8
HaiinuTte Bce 3HaYeHUS BBIPAKEHUH. )
a) -1 6) \—64 B) V_8i ) V-8 + 8V3i

4. Permnre ypaBHeHHsL.

[@

)z~ 16=0 6)z* =8 B)z'+1=0
|S. Pemmre ypaBHenus.
a)26_923+8=0 6)ZS—I7Z4+16:0
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Oo0o0maronme 3axanus

|L VYnpoctute. Pesynbrar 3anummure B Buje a + bi.

(5-6)+(3+2) (4-Ltp_©+2) 1 +4i 3+2i
. _ 2 2 3+2i 1—4i
(2+5iy(4-1) (1—2i)-(8 - 3i)
|& Haﬁ,Z[PITe KBaI[paTHBIfI KOPCHb KOMIIJICKCHOT'O YHCJIa.
2i ~3i 2-2i 1 +3i
5i —6i 2+2i 1 -+3i

E 3anuinTe KOPEeHb CIASAYIONeH CTENeH!:
1) KyOuueckuii kKopeHb
a) —4\2(1 — i) 6) 64 i B) —27 r) 1000
3) Kopenn 4-o0ii crerneHu.
a) l 0)i B) 128(—1 +1i) i

4. BanmmMTe KOMIIEKCHBIEC YHCIA B TPHTOHOMETPHUECKO (hopMme.

MHUMAS. OCb MHUMAA OCb MHUMAA OCb

z=4i

z==-2+2i
~ 2 3 deticmeu- deticmeu-
. oeucmeu-

242 6 menvHa ocv z=-2 mejlbHa 0Cb

-2 menvHa och
|5. M306pasuTe KOMILICKCHOE YHCIIO U 3ALUIIATE B anre0pandeckoi hopme.
3(cos 120° + i sin 120°) 8(cosl+ i sin-~

. 2 2)
5(cos 135° +isin 135°) 7(cos 0 + i sin 0)

3 o) LR (¢]
- (cos 300° + sin 300°) %(cos 225° + i sin 225°)
|& BrimonnauTe genicTBUs.

cos 40° + isin 40°
cos10° +isin10°
[— (cos T + jsin 5 3 )][4(c0s 3—+ isin 3n)] 2(cos 120° + isin 1 20°%)
3 4 4(cos 40° + isin 40°)

4
|l ®opmyna E =17 ucnonb3yercs B HHXKEHEPHO - AIIEKTPUIECKUX YCTPOMCTBAX.

[2(cos —~ + isin —)][6(cos + zsm )]

3necs E - cuna, I- Tok, Z -conporuiieHre. 3Ha4eHUE Kax101 epeMeHHOM
SIBJISICTCST KOMITJIEKCHBIM unciioM. HaliiuTe ciieayronie Hen3BeCTHBIC.

I1=10+2i I1=2+4i E=15+12i E=12+24i
Z=4+3i E=5+5i Z=25+24i Z=12+20i
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CoBOKYIIHOCTH M BbIOOpPKA
Cuay4daiiHasi BBIOOPKa M €€ Pa3HOBUIHOCTH
IIpencraBiaenue nHpopmanumn
Pa3noxenue OuHoma
HUcnbiTanus bepuyiaian

A L
é Y

IT10 nHTEepecHo. AMepukaHckuii )xypHan “The Literary Digest” nmen xo-
POILIYIO PeryTaIio B IPOrHO3UPOBAHUN MTOTOB BEIOOPOB MpE3HICHTA
Awmepuku. Pesynbrar 5 nmpeapaynx BHIOOPOB KypHAI Jajl T0CTATOYHO
toyHo. Oxnako B 1936 roxay, Obuia gomymieHa Oobias OMIMOKa, Koraa
KaHauaatT pecnyonukanen; Ansdpen JIrHmoHa HE cMOT TOOETUTH KaH -
nara nemokpara @panxnuna J[.Py3sensra. Kak crano sscHo moToM, npu-
YUHON 3TOTO MOCIYKNJ HEBEPHBIN BBIOOP PECIIOHJIEHTOB I ONpOca,
KOTOPBIN MPOBOJUIICS CPEIU YUTATEIECH KypHAIa,00IbITMHCTBO U3 KOTO-
pBIX ObUIM pHBepKeHIamMu PecryOnikanckol napTuu.
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CoBOKYITHOCTH M BHIOOPKA

OCHOBHBIE TIOHATHSI CTATUCTHKHU U BEPOATHOCTHU JIAIOT BO3MOXKHOCTH Ooee
[TyOOKO MOHATH COOBITUS, KOTOPBIE IPOMCXOAAT B COBPEMEHHOM Mupe. B kax-
JI0H U3 IByX oOmacTel, kKak 00bEKT UCCIIeJOBAaHNS BEIOUPACTCS COBOKYITHOCTD,
U BbIOpaHHbBIE U3 JAaHHOW COBOKYNHOCTU 00pPas3Libl, UM KOPOTKO FOBOPSI, Ma-
JIeHbKasl TPyIIa, Ha3biBaeMas BbIOOpKOi. CTaTHCTHKA, IPOBO/ISI HCCIIEA0BAHUE
BbIOpPAaHHBIX 00pa310B (OPMUPYET MHEHHE O BCEH MOMYJISLIUN.

Craructuka

A

Bri6pannsiii o0pa-

IMomymsus
OnyHn > 3eI1 (BBIOOpKA)

Oo6pa3ery
Jlnst IpoBeIeHNs CTAaTUCTUYECKHUX UCCIIeI0OBAaHMM, KaK MPaBUIIO, 00pasiibl BbI-
Ouparorcs cirydaiiHbIM 00pa3oM. B aTom cityuae, kaxiplii 00pa3el B COBOKYII-
HOCTHU MUMEET PaBHBIN 1aHC MpH BbIOOpKe. CyIIecTBYIOT pa3IMYHbIC TEXHUKH
CIIy4aiiHOM BBIOOPKHU.
* [Ipocras ciaydaiinas BeIOOpKa
» CucremaTnueckas ciydaiiHas BbIOOpKa
* Kitacrepnas cimydaitnast BeIOOpKa
* PasnoypoBHeBas ciyyaiiHast BHIOOpKa

IIpocras cayyaiinasi BbIOopKka. [Ipennonoxum, 4To B Kilacce HYKHO BbI-
OpaTh Tpymniy U3 TpEX uyenoBek. (s 3TOro Ha KapTOUKax 3alUCBhIBAIOTCS
HMMCHA BCCX YUYCHHUKOB, 3aTCM 3THU KAPTOYKH CKJIAJIbIBAIOTCA B SANIUK, MTOCJIC
Yero, CIy4aiHbIM 00pa30M, BRITACKUBAIOTCS TPH KapTOYKU. B aToM cimyuae
Ka)X/IbII MX TPEX YJICHOB IPYIIIBI UMEET OJUHAKOBBIH 1IIaHC BBIOOpA.

IIpu npocToii ciay4aiiHoi BbIOOPKe Ka)kJbli JIEMEHT 71 JIEMEHTHON

BBI60pKI/I HUMECT OI[I/IHaKOBBIﬁ IIaHC BBI60pa.

Cucremaruyeckasi BbIOOpka. [Ipeanonoxum, 4To pyKoBOJACTBO OOJIBILIOTO
TOPTOBOTO IIEHTPA X04eT coOpaTh HH(OPMALIHIO O TOM, CKOJIBKO BPEMEHH TI0-
KyIaTeJId MPOBOASAT B TOPTOBOM LIEHTpE. BblIO yCTaHOBJIEHO, YTO LIEHTP B
TedeHuH JHS mocentaroT B cpeareM 2000 genoBek. M3 HuX cimydaitHeiM 00pa-
30M 06110 BbIOpaHo 5% (T.e. 100 yenosek). Kak mpaBuibHO caenars BHIOOPKY?
MOXHO ONPOCHTD JIFOJCH B JIeHb BEIOOpA CIEYIOINM 00pa3oM: U3 KaKIbIX
20 mokymnaresei onmpocuTh Kaxaoro 16-ro., 3arem 36-ro, 56-ro u T.1. Beroopka
TaKOr0 BUJa HAa3bIBAETCS] CHCTEMATHUYECKOM.

Ecan npu cucreMaTnyeckoii BBIGOpPKe IpeIonaraeTcs ciejarhb BEIOOp B

. 100
pasmepe k% , TO UCTIONB3YETCS KXKABIN [ ?

]-BIi1 27IEMEHT NOMYJISAUN
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CoBOKYITHOCTH M BHIOOPKA

Kaacrepnas Bei6opka. [Tycts nmeercs 1000 simukoB o 15 netaneit B KaxkaoMm,
1 HeoOX0oIMMO 1aTh HH(OopManuio 00 kadyecTBe aeTaneil. J{ist 3Toro npuHATO pe-
menne npoBeputhb kauectBo 300 (2%) neraneit. Ho st Toro, 4ToObl BHITANUTH
BC€ JIETallu U3 SIIUKOB, IepeMeNIaTh UX U ciy4aiiHo BeiOpaTh 300 mTyK, noTpe-
OyeTcsi MHOTO BpeMeHH | pacxooB. M3 1000 sSIIMKOB MOXKHO CITydailHBIM 0Opa-
30M BBIOpaTh 20 1 MPOBEPUB BCe JICTAN U3 ITHX SIIUKOB CPOPMUPOBATH MHEHHUE
0 BCEX JIETAJISIX. 3/1€Ch KKBIH SIIUK MOXKHO CYMTATh KiacTepoM. Takast BEIOOpKa
Ha3bIBaeTCs KJIACTEPHOM BbIOOpKOI. Heo0XomumMo poBepuTh BCE 3IEMEHTHI Ha-
XOJslIecs BHYTPH KilacTepa.

IIpu kacTepHO# BHIOOPKE COBOKYITHOCTh COCTOHT U3 KiIacTepoB. Kiactep BbI-
Oupaercs ciaydaiiHbIM 00pa3oM M paccMaTpUBAIOTCS BCE SJIIEMEHTHI KacTepa.

Pa3noypoBHeBasi BbIOOpKa. [Ipeamnonoxum, 9To B MIKOJIE TUIAHUPYETCS MPOBE-
CTH OIPOC CPEAM CTAPIICKIACCHUKOB O TOM, XOTEJIH OBl OHH TTOCJIE YPOKOB 3a-
HSITBCS YTCHHEM XyT0KECTBEHHOHN JUTEpaTyphl B IIKOJbHOU OmOmmoreke. He
JKEJIATEIHHO TIPOBOUTE OIIPOC CPEIH CIIYyUaitHO BEIOPAHHBIX YUIAIINXCS B IIIKOJb-
HOM JIBOpE, TaK KaK OHA MOTYT OBITh YICHHKAMHU OJHOTO U TOTO K€ Klacca  T.1I.
Ormpoc momkeH OBITh TPOBEAEH CITyIaHBIM 00Pa30M CPEIH YUAIIHXCS Pa3sHBIX
BO3pacTHBIX Tpyni. Takoro pona cirydaitHas BEIOOpKa HA3bIBACTCS pa3HOypOBHE-
BasI(II0 CIIOSIM, TTIO TpyTmaM). Eciu B mikosie B 3TUX Ki1accax yuurces 1265 yueHu-
KOB, n3 HUX 385 yuntcs B 8-oM kiacce, 350 gemosek - B 9-om, 280 denmoBex - B
10-om, 250 wemosek B 11-oM Kimacce, TO 11 TOTO, 9TOOBI y3HATH MHEHHE 10 %
CITy4aifHO BBIOPAHHBIX YUAIIUXCS, HAZ0 y3HATh MHCHHE 10% YIESHUKOB KaXKIOTO
KJIacca, T.€. JKeIaTeabHO CydaiiHo BeIOparh 39 u3 8-ro, 35 u3 9-ro, 28 u3 10-ro,
25 n3 11-ro xmacca.

IIpu pa3HoypoBHeBOii BLIOOpPKE CHavYalla COBOKYITHOCTH JICITUTCS HA YPOBHH, a
3aTeM MPOBOAUTCS CiTydaliHasi BEIOOpPKA Ha Ka)KJIOM YPOBHE.

HpI/I HCEKOTOPBIX HUCCICAOBAHUAX HEBO3MOKHO ObIBaEeT caeciiaTb cnyqai/'lHy}o BbI-
60pKy Haan/IMep, JAUCTOJIOTaM MPUXOAUTCA Ha3HA4YaTb JUCTY HE cnyqaﬁHo BbI-
6paHHLIM JIIOJAM, 4 TEM KTO CaM 3aXO0TECJI 3TOro ,Z[O6p0BOHLHO.

Bepnasi uin HeBepHas BbI0OpKa. Hay4uHo uccnenoBareiabckiue MHCTUTYTHI, 3a-
HUMAIOIIMECs] OTPOCaMH HE UMEIOT MaTepUallbHO TEXHHUUECKOH 0a3bl Ui TOTO,
4TOOBI y3HAaTh MHEHHs BCEX JIOJeH Mo Kaxjaomy Bompocy. Ilostomy oHH
OTPaHMYUBAIOTCSl U3YUCHUEM STOr0 MHEHHS Ha HEOONBIION Trpyme jronei. Js
3TOr0 OOJBIIYIO POJIb UTPAET YMEHHE NPAaBUIBHO OMPEAeIUTh 3TH rpynmnsl. Ha-
JIEXKHOCTH MPEACTABICHHOTO Ha JIMarpaMMe HCCIIE0BaHUS TAaK)Ke 3aBHUCUT OT
TOT0, HACKOJIBKO IIPABUIIBHO OIIpeziesieHa rpymmna. HanpumMep, HeBO3MOXHO chop-
MHPOBaTh IIPaBUJIbHOE MHEHUE O TOM, CKOJBKO Pa3 B HEJEJIO BCE TOPOXKAHE 3a-
HUMAIOTCS CIIOPTOM, MU3YYUB MHEHHE TOJBKO TeX JIIOEH, KOTOpbIe MOCEIIaloT
CIIOPTHUBHBIN IIEHTP WK, IPOTHO3 O TOM, BBIOEPYT JIM KOTO- TO B JAEMyTaThl Map-
JaMEeHTa He JacT MPaBWIBHBIX PE3yJbTaToB, COPMHUPOBAB €r0, [0 MHEHHIO
JFOJIeH U3 KOJUIEKTUBA, T/Ie OH paboTaeT WIiIH )KUBYIIMX C HUM B OJIHOM paioHe.
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COBOKYITHOCTH M BHIOOPKA

1.

[To cnemyrommM TaHHBIM ONPEAETUTE COBOKYIHOCTH U BEIOOPKY.

a) Cpeam 2000 >xureseit roposia ObLT MPOBEAEH OMPOC OT TOM, KTO U3 3
KaHJAMJATOB JIOJDKEH CTaTh M3POM Tropoja.

6) UroOs! uctieus xe6 cmemranu 300 kr 6enoit u 50 xr uépHoit myku. 13
1 kr myku nonyvaercsa 3 Oyxanku xineba. M3 70 Oyxanok xieba Oepyrcs
00pasIpl.

B) UTOOBI MPOBEPUTH KaK YBEIMUMBACTCS Macca PhIObI KyTyM, pepmep Tpo-
Bepmt 30 pb16 u3 4 GacceiHOB.

r) [Iponasen npeninoxui nonpoOoBaTh HOBBIHM copT chipa 40 MoKymnaTensam
(xaxaomy 10 mokymarenro MarazuHa).

n) Bpau - queronor mpeqiaraet Ha 10OPOBOJILHOM OCHOBE 12 >KEHIIIMHAM
crapme 70 JeT MPUXOIUTh B TEUCHUH JIBYX HENeNb B KIMHUKY 10 YTPaM,
YTOOBI [T03aBTPaKaTh OyTepOpoIaMu, 00OTAIIEHHBIMH MUILEBBIMHA BOJOK-
HaMH.

Kakast u3 cnenyrommx BEIOOPOK cliesana BepHO?

a) Jlnst BBIOOpaA A€KYpHOTO B KJIacce, TUCTOYKY C MIMEHAMHU BCEX JIETEH 1o-
MECTHJIH B SAIIMK U3 KOTOPOTO BBITALIMIIN 5 JINCTOYKOB.

6) Mozens 1 1BeT MKOJIBHOM (hOpMBI ObLIa BBIOpaHa MOCIE OMpoca POau-
teneit yuammxcs 10* knacca.

B) UTOOBI M3y4nTh MHEHHE O TOM, 32 KOTO M3 KaHAMATOB OTAAIyT rooca
n30Mpareny, MPOU3BENIN 3BOHKH 110 OTHOMY U3 KaXKIBIX 15 HOMEpOB Tere-
(hOHHOU KHUTH.

3anummTe mpuMephl CUTYaINi ¢ BEPHOH 1 HEBEPHOU BBHIOOPKOA.

Omnpenennute TEXHUKY CIyd4alHON BBIOOPKHU ISl KXKJIOM U3 CIETYIOIMINX
CUTYyallui.

a) ®upma 1o BO3IYITHBIM ITEPEBO3KAM CJIejalia MOJapOK MPH KaXKIOMY Iisi-
TOMY MaCCaXUPy MPH MOCATKE B CAMOJET.

6) [l mpoBepKHU ypOBHS MPETIOJaBaHUs MATEMATHKH B IKOJIE CIIyYalHBIM
oOpa3oM 06110 BbIOpaHO 20 YYEHUKOB CPEAH BHIOPAHHBIX CIIydyalHBIM 00-
pa3oM 5 pa3HBIX KJIACCOB.

B) [lnsa onpenenenus MHeHHsI 00 YPOBHE YCIYT, IPEIOCTABISEMBIX aBHUa-
KOMITaHUEH OBbLT MPOBENEH OMPOC CPEIN MACCAKUPOB IATH PEHCOB, BbI-
OpaHHBIX CITy4yallHBIM 00pa3oM.

r) Jnst uccnenoBanuu ObUIO OMPOIIEHO 5 MYXYWH U 5 JKEHIIMH, BEIOpaH-
HBIX CITy4aifHBIM 00pa3oM.

1) Jlueromorn MOTYT BBICKa3aTh MHEHHE O HOBOU JTUETE, C HU3KUM COJIEP-
YKaHWEM caxapa, Iociie HaOIromeH!s Kak MUHUMYM 3a 15 manueHTaMu u3
Kkaxkaoi Bo3pactHol rpymisl 30 - 40, 40 - 50, 50 - 60.
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CoBOKYITHOCTB M BBIOOPKA

5.

Memnemxep 1o npojaxke HABMKUMOCTH TUIAHUPYET MPOUH()OPMUPOBATH O
TenedOHy O HOBOW CKHIOYHOW KaMIaHWU kuteieil 10 1oMoB Ha oHOM
yinuue. Ha ynuue umeercs 100 nomos. CHauana MEHEIKep OTMETHII IoMa
c Homepa 1 mo 10 ¥ MO3BOHMII B OJMH M3 HUX (Hampumep B HOMEp 8).
ITocne vero, oH MO3BOHUI B JJ0Ma 1o HoMepamu 18, 28 u T.1.

a) Kakyro TexHUKy ciry4yaifHO# BEIOOPKH HCITOIB30BaT MEHEIKEP MPU BbI-
Oopke Takoro Buja?

0) PaBHBI 11 IaHCHI BEIOOPKH BCEX JTOMOB?

B) UeMm omiinyaercs qaHHasi TEXHUKA OT TEXHUKH MPOCTOM BHIOOPKHU?
AJIMHHUCTpAIIMS HIKOJIBI IVTAHUPYET ONPEICTHUTh

CBA3b MEXJY OTMETKAMU y4YalllUXCs 110 MpeaMe- Knacchl Konuaectso
TaM MaTeMaTHKa W eCTECTBEHHBIM HaykaMm. B yHanmmxes
OIEHWBAHMH ¥ TIO TIPEAMETY MaTeMaTHKa, u o |5 KI4ce 90
eCTeCTBeHHBIM HaykaM 13 800 yuaruxcs mkonsl | 9 Kiace 100
npuHEManH yaactue 350 yuennkos. U3 Hux, cny- | 10 kiacc 75
aitHpIM 00pasoM, 70 YenoBEK IIAHUPYETCS BO- [" {1 [ racc 25

BIIeYb B CIelUaibHOE oleHuBanue. a) [lo
CIeyIONIeH TaOIUIle OMPESIIUTE CKOIBKO M3 yYalIUXCs KaXKJIOTO Kiacca
OyIyT BBIOpaHBI CIy4YailHBIM 00pa3oM JUIs CIICIIHAILHOTO OIICHUBAHUS.

0) Kakoii BuJ| TEXHUKH BEIOOPKH 3/1€Ch IPUMEHSIETCS ?

IIpumep. Ecou konudecTBO BEIOPAHHBIX ydaIuxcs B 001mem paBao 70 de-
JIOBEK, TO BHIOOPKA M3 KaXKJIOTO KJIacca JIOJDKHA OBITh MPOIMOPIIMOHATIBHA.

KomndecTBO BOCBMUKIACCHUKOB JOJIKHO OBITh: L: ﬂ
70 350
I[J'IH JACJICHUA Ha I'PYIIIIbI, KAXKAOMY U3 CIIOPTCMCHOB BbIAACTCA KapTO4YKa C

HOMepoM OT 1 70 5. YUacTHUKH ¢ OJJUHAKOBBIMH HOMEpPaMH 00pa3yroT
rpynmsl. SIBisieTcst U laHHas BHIOOPKa cirydaitHo#? MOXHO JM CYUTaTh
JIaHHBIN BBIOOP He3aBUCUMBIM? UTo OBI Ipeioskuiid OBl BBI, JUIs Ooee
MIPO3pav4HOTrO BHIOOpA?

dupma “Micro Tik” exxemecsuno npousBoauT 14 500 mTyk mporeccopon
JUT KOMIIbIOTepoB. CiyyaitHbIM 00pa3oM ObUTH BBIOPAHBI U MPOBEPEHBI
2000 mTyK, M3roTOBIEHHBIE B 3TOM Mecsiie. [Ipu 37Tom ObUTO yCTaHOBIIEHO,
4TO § M3 HUX OKA3aJIUCh C 1e(heKTOM.

a) Onpezenure COBOKYITHOCTh U BEIOOPKY B JaHHOW CUTYaIUH.

6) Ilo nanHo# MH(pOPMaLIMK, MOKHO JIM CKa3aTh KaKOe KOJIMYECTBO MPO-
IIECCOPOB, U3TOTOBJICHHBIX B 3TOM MecsIe, OynyT ¢ AedexTom?

Jis mpoBenenus onpoca “N3 Kakux HCTOYHUKOB BBbI ITOJTy4aeTe MOCIEIHIE
HOBOCTH?” 1O pecnyOiuke, ciiydaifHIM 00pa3oM ObLIO BBIOpaHO 5 paii-
OHOB, 5 IEpPEBEHB B KaKJOM palioHE U 5 JOMOB B KaXKJIOH JEPEBHE.

a) Onpezennure COBOKYITHOCTh U BBIOOPKY.

0) Kaxkoii TexHuke BEIOOPKH ATO COOTBETCTBYET?
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IlpencraBaenune nHpopmanuu

Craructudeckas uHpOpMAIMS MO KOJIUYE- Undopmarms

CTBEHHBIM U Ka4ECTBEHHBIM XapaKTePUCTHKAM

nenutcs Ha 1Ba Buaa. Undopmanus koJimye- / \

CTBEHHOT0 THNA BBIPAXKACTCS B YHCICHHOM KauecTBO KOJIM4ECTBO
3HaueHuu. Hanpumep, “‘CKOIBKO BpeMEHH 3aHH- (kateropii) / \
MAaIOTCsl CIIOPTOM” ,”’4eMy paBeH pOCT’ U T.[. JHCKpeTHAS HelpepbIBHast

WUndopmanns xkayeCTBEHHOTO BUAA TOApa3ie-
JSIETCSl Ha KaTETOPUU U Ha3bIBAETCs KaTeropuaabHoil nagopmanueii. Hanpu-
Mep, “Ha3BaHHE NapTHX”’, “UIBET I1a3”’, MapKa aBTOMOOMIIS” U T.1.

KonnuectBennast nngopmanusi - yucioBas HHGOpPMaLMs JSIUTCS HA Ba BUIA!
1. nuckpetHast, HHGOpPMAaLs KOTOpas IPEPBIBACTCS;

2. HemipepbIBHAs HH(POPMALHSL.

JuckperHas yucaoBas uHGopmManus onpezeisiercs nyrém noxncuéra. Hanpu-
Mep, KOJTMYECTBO MacCaKUPOB B aBTOOyce NpuHUMAaeT 3HaueHus 1,2,3 u T.1.
HenpepbiBHag yncj0Basg HHPOpPMALUSA [IPUHUMACT Pa3IMYHbIC 3HAUCHUS B
OTIpeeNIEHHOM JTnana3oHe, 0ObIYHO (hopMHUpyeTCs IO pe3yibTaTaM U3MEPEHUH.
Hampumep, poct, Macca U T.I. HOBOPOKIEHHBIX JACTEH.

Jus mpencrasiieHUs] HHGOPMALMU BaXKHO MIPABUIILHO BBIOPATh COOTBETCTBYIO-
uryio gopmy rpaduka. [Tostomy 11st npeacTaBIeHUS KaTeropHalIbHOM U KOJIHYe-
CTBEHHOH MH(OPMAaLIUU BEIOUPACTCS] COOTBETCTBYIOILUI rpaduK.

Henecoodpa3ublie (hopMbI MpeICTABICHHS KaTeropuaJabHoil HHpopManuu.

Ipumep 1. Cpean 200 yueHHKOB ObLT TPOBEIEH OMIPOC O TOM, KaKOH BUJI CIIOpTa
OHH JIO0ST OoMbILE BCero. 31eck HHPOpMAIHS THUIIA BUJI CIIOPTa OTHOCUTCS K Ka-
TEropraJIbHOMY BUAY. B IIKOJIE MMEIOTCS CEKIMHU 110 CIIEAYIOIIUM BUIaM CIOpPTa.
st mpeacTaBieHnst KaTeropruaibHON HHPOpPMaUK yIOoOHO MMOJIb30BaThCs Tab-

JMIel YacTot, 6aprpadom, KpyroBoi quarpaMmmon. .
Tabnuua yacTor

baprpa¢ Bup ciopra | Yacrtota

2 gg K Bopnba 57
5 Boxc 43
g4H H
E30H H H — dyT60I 41
é ?8 T (1 1 1 [ [ BackeT601 21

0 P —— ro— Kapars 38

opbda Boke ®yrt6oa Backer. Kapard
Bcero 200

Kpyrosas nuarpamma Omnpenenser KaKyro

Kapar Bopn6a CermenTHbII 6aprpad HaCTE 0T obmero (exu-

HAYHOTO OJIOKA) COCTaB-
Backer6oa JIACT KaXKJaasd KaTCropus.
Enangueii 010K 11e-
JINTCS HA CETMEHTHI.

& o o o
®yT601 Boke 6“9"@ <° &%@9‘”\@ \@Q“‘
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IIpencraBiaenue uHpopmanuu

1.

1) st kaTreropuaabHOM HHGOPMAIIUH 3aIUIIUTE 3 COOTBETCTBYIOIINE Ka-
TETOPUH.

2) [l uucnoBoii uHGOpMAIMK NPUOIN3UTEIHHO OIPEIEIUTE U 3aIUIIUTE
COOTBETCTBYIOLIHI HHTEPBAJI.

a) KonnuecTBo npogaHHbIX aBTOMOOMIIEH 110 1[BETY.

0) KonnuecTBO CONMHEUHBIX YacOB B JICHb.

B) KonnuecTBo npomnyIeHHbIX YPOKOB 110 OOJIE3HH.

r) Bpems (B yacax), 3aTpadyeHHOE Ha BBIIIOJIHEHUE JJOMAIIHETO 3a1aHH.
1) KonmuuecTBo sxuakocTu, TOTpeOIsieMoil 4eT0BEKOM 32 JICHb.

Kakas guciioBas uHGopManus sIBISIETCS TUCKPETHOM, a Kakas HeTpepbhIB-
HOM?

a) V3MeHeHue TeMriepatypsl B UIOJIE.

6) KonnuectBo ciyek B CIMUEUYHOM KOpPOOKe.

B) Macca Garaxa, maccaxupoB camoJéra.

r) KonnuecTBo maccaxupoB B BaroHe mnoesza.

1) KommdecTBo aTaxkeit B ToMax Ha yIIHIIe.

e) Bpems nonb3oBanust MTHTEpHETOM.
Cpenu 24 yenoBek ObLI IPOBEAEH OMPOC I10 TOBOY TOT0, KAKOH I[BET UM

HpasuTcs. [Ipu 3ToM ObUIH MOTYYEHBI CIIEAYOIINE PE3YIbTaThl: 6 YeI0BeK
- KpacHBIH, 8 - 9€pHbBIH, 4 - OEIbIiA, OCTaFHBIC BEIOpAIH APyTHE IBETA.
SBnsercsa nu qaHHast UHGOpMaLUs YUCIOBOM MM KaTeropuaibHOU?
[IpencraBpre nHMOPMAIUS B BUIE TAOIHUIIB 9YaCTOT(C YKa3aHUEM OTHOCH-
TEJILHOW YaCTOTHI), KPYTOBOM nuarpaMmel u Oaprpada.

MUHHCTEPCTBO 10 Yepe3BhIUaii- MpuuunbI KoanuecTBo
HBIM CUTYaIlUsIM OOHApOI0BaIIO

MarnonetHue netu 6
HHPOPMAIIUIO O TIPUINHAX BO3-
HUKHOBEHHMS II0KapoB 3a TOI. Curapers! 4
Wudopmanus npeacrasieHa B ['a3oBas mumra 10
Tabnuue cnpasa. [To tabmuue Spexrpuyectso 12
TIOCTOHTE KPYTOBYIO IATPAMMY  []o Hen3BECTHON IPUUUHE 8

W CeTMEHTHBIN Oaprpad.

[lycTe BaM HaJI0 MPOBECTH ONPOC CPelnu yda-

muxcs Bamei mkonsl Ha Temy “‘Kakyto popmy . A ' .
BbI BbIOEpUTE JUIs1 JIOTO (hUpMbI?”

a) Kakum 06paszom BBl ipoBeiH onpoc? 3anuimnmTe.

6) Kakue kmaccol ObUIM BEIOpAHBI U3 COBOKYITHOCTHU?

B) Kakas TexHuka Obliia MCTIONB30BaHa BaMH ISl BBIOOPKH?

r) M3HavaneHOo ompeaenuTe NpUOIU3UTENBHO Kakoi Gopmbl OyzeT JIoro.
CoBnaaroT a1 pe3yibTaThl OIpoca ¢ Ballel MpernoIoKeHneM?

n) I'pacduk xakoit hopmbl HanboOIEE MPUEMIIEM IS IPEJICTaBIECHUS HHPOP-
Maruu? [lokaxure ycioBue, n300pa3uB HHYOpPMAITHIO.
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IIpeacrasienue ungopmanuu

LenecooOpa3ubie (hopMbI NpeacTABIEHUS YUCI0BOI HH(pOpMaUN.

JAuckperHas unciaoBas uHpopmauus. [ npeacTaBieHus: OrpaHUUYE€HHOTO
KOJIMYECTBA YHCIOBOW AUCKPETHOM MH(POPMAIH UCTIONB3YIOT TaKue (GOpMBI
Kak TadJuua 4acrTot, 0aprpad, rucrorpamMma M pa3BeTBJIsAIONIIeecs Je-
pesBo.

IMpumep 2. Cpeau 50 mononbix cemeil npoenu onpoc “CKoJbKO JeTel B
Baiei ceMbe?”’. OTBETHI MPEJCTABICHBI HUXKE.

01210 31420 12105 12100 12121

01410 12504 12300 12134 23210
Cremyromye JaHHBIC TOKA3bIBAIOT KOJIMYECTBO ACTEH B KaXK10i cembe. B Tab-
JIMIIE ATO KOJMYECTBO MOKA3aHO B CTOJIOIE WM B BUC MAIOUYEK, UM B BUJE
yucna. [To Tabnuiie, B 0HOM CTONOIIE KOTOPOH, KOJIMYECTBO MOKA3aHO Ma-
JIOYKaMH, a B IPYTrOH-4nCIaMHU, 3aJJaH CTOJI0E1] OTHOCUTEbHOM YacTOTHI.

Yacrota A
Konu- | KomuuectBo I
N (xommue- (OtHOCHTETBHASI| 2 20
YEeCTBO |ceMel( manoyu- z 7
ereil ) CTBO yacrora 8
5 cemeit) g 15]
0 A Ml 12 12:50=024 | 3
o
1 S I 17 17:50=0,34 E ](%
2 gt 11 11:50=022 | % 5]
3 M 4 4:50=0,08 ]
4 Il 4 4:50=0,08 000 1 2 3 4 5
KonnuectBo nereit
5 [ 2 2:50=0,04

I'pynnupoBka 1ucKpeTHOil yncjioBoil nupopmanun. I'mcrorpamma
Ilpumep 3. Huxe npuBeneHbl pe3ysnbTaTbl OLEHUBAHUS YYALUXCs 110 Ipe-
MeTy AzepOaiikanckuil si3bik B 6amiax (mo 100 6anbHOM cucteme).
526675 805248958584 68 868263 78756479 81 66 537675 69 65

Junama3on n3MeHeHus yncinoBoit uHpopmarmu 48-95. Jlannyro nHbopMaImo
MOKHO CIpynIupoBath B 6 kiaccoB pazmepHocThio 10 : 40-50, 50-60, 60-70,
70-80, 80-90, 90-100.

OuneHuBaHue 1O NPeAMeTy OuenuBanue 10 nNpeaMery
AzepOaiilzkaHCKHH SI3BIK A3epOaii/lzKaHCKHH SI3BIK
Knaccu [Tanouxu Yacrora 7 R

[40, 50) | 1 ¢

[50, 60) 1] 3 §§

[60, 70) M 7 §2

[70, 80) M| 6 r(l) .

[80, 90) Jing 6 40 50 60 70 80 90 100

bamnsl
[90, 100) | 1
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IlpencraBaenune nHpopmanuu

6.

Cpenu sKeHIIIH ropoja Obl1 IpoBeAEH onpoc “CKOIBKO pa3 B HEJETIO BBl XO-
JUTE B CIIOPTUBHBIN 3an?”. [lomydeHHbIe pe3yabTaThl PEICTABICHBI B BHJIE
crenyromiero daprpada.

a) SIBnsiercs n naHHAss MHQOpPMAIIKs HETTPEPHIBHON HITH TUCKPETHOMN YHCIIO-
BOIi HHpOpMaIHei?

0) OnpezenuTe COBOKYITHOCTh U BBIOOPKY JUIsl JaHHOU cutyaruu. Hatiaure
pasmep BbIOOpKH 110 Oaprpady.

B) Eciiu B onpoce npuHsio ygactue 92 yenoBeka, TO O KaKOM KOJIMYECTBE B
MPOIEHTAX MOXET UATH PEUb, IIPH YCIOBUH MOCEIICHUS KaK MUHUMYM JIBa
pasa B Henemnro?

r) KakoBa BeposSTHOCTB TOTO, UTO OJIHA U3 BEIOPAHHBIX KEHIIUH MOCEIIACT 3aJl
OoJbIIIe OTHOTO pa3a?

20

15 H

10 H —

5 H - - - - - L

KosmmuecTBo sKeHIIMH

1 1 1 1 1 h

0 | 2 3. 4 5 7

KoanuecTBo qHeii
MeHemkep MarazuHa JJisl OTIpe/IeNICHHsT KOJIMYeCTBa OBPEKAEHHBIX KOPOOOK
WLl TIPU YTIaKOBKE M MepeBo3ke npoBepuil 50 KopoOOK-KaKIYIO MATYIO KO-
poOky u3 1000.
a) [To uadopmanmm onpesenuTe COBOKYIMHOCTb 1 BEIOOPKY.
0) Kaxyto TexHHKy BEIOOPKH HCIIOB30BAT MEHEKEP?
B) Eciin pu mpoBepke 0ka3anock,4To Kak MUHUMYM 5 1 Kak MakcuMyM 20 ko-
POOOK OKa3aJINCh MOBPEKIEHHBIMH, TO KAKOW B O0IIIEM BBIBOJ] MOYKHO CJICJIATh
NPUMEHUTEIFHO KO BceM KopoOkam?
r) Beibepure nBa Bujia rpaduka Juist pecTaBiIeHUs 9TOH HHPOPMAIIUHT 1 T10-
CTpOUITE UX.
Crnenyromue aannsle sBisitoTcs Oamiamu FOcuda B urpe Ha KoMIbloTepe.
Crpynnupyiite nHGOPMALUIO MO KJIacCaMU IIPEICTABLTE B BUIE THCTOIPAMMBI.
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 Tabnuue npencrasiena nHGOpMaK O HEBBIXOJE Ha paboTy paOOTHUKOB.
[lo nanno¥ nH(GOpPMALMU TOCTPONUTE THCTOIPAMMY.

6ompiie 1 menbie 3 (1 - < 3) 24
6onpiie 3 menpire 6 (3 - < 6) 16
6onbie 6 MeHblIe 9 (6 - <9) 12
6onbiie 9 menpirel2 (9 - < 12) 6
oompie 12 menpmie 15 (12 - < 15) 2
Bcero 60
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IIpeacrasienue ungopmanuu

“CTBOJ-THCTBA”. OTY (hopMy yI0OHO MPUMEHSTH ITPH HEOOIBIIIOM KOJINYe-
cTBe maHHbIX. [IpencraBnenue 4ucioBoil MHGOPMaLUKU B BHJAE CTBOJIA U
JMCTHEB 3aHUMAET HEMHOTO BPEMEHH U JIa€T BO3MOXHOCTh 00Jiee SICHO yBU-
JIeTh pacrnpeneneHue nHpopmanuu. A ¢popma pacrnpeneseHnus N03BOJISIET ¢
JETKOCTBIO HAXOANUTH PSIJI CTATUCTUYECKUX BEJTMUYHMH (MOAY, MEMaHy, Cpe/iHee
apudmernyeckoe, HaMOOJBIIYIO Pa3HOCTb U T.J1. ).

[Ipumep 4. Cnenyroiinue JaHHbIE OTPAXaKOT PE3yJAbTaThl OLEHUBAHUS yUa-

HmXet. 37 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
[Toctpoiite quarpamMmy “CTBON-TUCTHS’, BBIIOJIHUB CIETYIOIINE IIIary.
1. Pazaenure CTBOJ M JTUCThSI TOPU3OHTAIILHON U BEPTUKAIBHON MIPSIMOIA.
2. Beaymiast vacTh 4uCI0BOM MHPOPMALIUU - OOJBIION YPOBEHb (WJIM YPOBHHU)
MIPUHKUMAETCSI 32 CTBOJI C BETKAMH - [I0KA3bIBAET KOJIMYECTBO YKcel. B nanHOM
CJIy4dae CTBOJI COJIEPXKUT BEeTKH ¢ unciamu 3,4,5,6,7,8,9,10 u moka3spIBaeT Ko-
JIMYECTBO I€CATKOB.
2. Cienyroniie 4yucia COOTBETCTBYIOT JINCThSIM. DTO IU(PHI, BEIPAKAIOIIHE
3HaueHUs enuHUI. Ha kaxayro “BeTKy” MocienoBaTelbHO 3alUChIBAIOTCS

“IUACTBS”.
Creoua ¢ Berkamu | Jlucrest 32 =32
3 |2 > o
~ oo >~
4 1 O >~ O
5 <t < w»n
<+ &
6 (334467 N —
7 02247809 ce -
8 11556788 < O~ 00O
9 (1256738
10 [0

|£). [To ycroBuiO TEJIEBM3MOHHOTO KOHKYpPCa OTBET YYaCTHUKA, KOTOPBIMA JTaéT
OTBET OBICTPEE BCEX B TEUCHUH MUHYTHI IIOCJIC TOTO KaK MPO3BYyYall BOIPOC
BBIBOJIUTCS HAa 3KpaH, MMOCJIE Yero OH MPOAO0KACT COCTA3AThCS OJMH Ha
onvH ¢ BeaymM. [Ipu 3ToM ObLIH IOy YeHbI cieayronue (B CeKyH/Iax) pe-
3yabrathl. [IpeacraBsre HHGOPMAIIHMIO B THATPAMMBI “CTBOJI-JTUCTHS .

37,33, 33,32, 29, 28, 28, 23, 22, 22, 22, 21, 21, 21, 20, 20, 19, 19, 18, 18,
18, 18, 16, 15, 14, 14, 14, 12, 12,9, 6

CrBoa| Jlucres
|1_1. [IpencraBbre B BUJIE 1UarpaMMBbl “‘CTBOJ-

» 2 13588

JUCThS” BO3pacT paOOTHUKOB (PUPMBI.
. 3 1223359

a) Haiinute cpeanee apudmernyeckoe, 4 357
mMoay u menuany; 0) IlpencraBbre HH- 5 022
¢dopmaruio B BUe TaOIHIIbI YacTOT. 6 1 2|1 =21roxn
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IIpeacrasienue ungopmanuu

IIpeacraBiieHue HenpepbIBHOMN YHCJI0BOIi HHpOpMAaLUH.

@DopMBI IpeICTaBICHNs HEMPEPHIBHON YHCI0BOM MH(OPMALINU CXOXKHU € Gop-
MaMHM CTpyIIMPOBAHHON IUCKpeTHOU nH(popmanueil. HekoTopas HenpepsiB-
Hasl YUCIIOBas MHPOPMAIUs IPHHUMAeTCs Kak AUCKpeTHas (1 Haobopot). To
€CTb IPAaHUIly MEX1y HUMH ONPEIEIUTh OYEHb TPYIHO.

IIpumep 5. B pesynbrare npoBeAEHHBIX UCCIEN0BAaHUN CTAI0 U3BECTHO, YTO
Macca MOJIOABIX JIIOAeH, 3aHMMAIONIUXCSl CIIOPTOM B KiryOe KoseOnercs oT
40 xr 1o 90 kr. bonee noxpo6Has nHGOpMAaIHs IpeACTaBICHA B BU/IE TaOIUIIbI
Y TUCTOTPAMMBI.

12.

13.

14,

12
Wurepsan maccer| Yactora lg‘
40 <50 2 S ¢
50 — < 60 5 S 4 I
60 —<70 11 32
1
70-<80 7 T 025750 60 70 80 907
=<0 1 Macca(B Kr)

PaGotHukamu upmbl paszperniaercs roBOPUTH MO TeaePOHY MAKCUMyM 3
MUHYTHIL. B Tedennn nus B prupme ObutH 3aUKCUPOBAHBI CIIEAYIOIHNE pa3-
TOBOPBI.
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) [IpencraBbTe HHDOPMALIUIO B BUE JUArpaMMbl “CTBOI-TUCTHS .
6) O6venuuanTe HHGOpPMANHIO B 4 KjIacca W MpeAcTaBbTe €€ B BUE Ta0-
JIMIIBI YaCTOT ¥ TUCTOIPAMMBI.
B) Kakyto 9acTh cOCTaBISIOT 3BOHKH MEHBIIIE MUHYTHI OT BCEX 3BOHKOB?
Kakwue cratucTuyeckue nokasareiau JUis 3TOr0 UCIOIb30BATUCH?

Tabnuia 4acTOT MOKa3bIBACT MPOJODKUTEILHOCTD MPEObIBAHUS aBTOMO-
omst Ha crosHKe. [locTpoiite rucTorpaMmy 1o TabuIle.

Hponomiu-16.25 | 26-45 | 46-65 | 66-85 |86-105 | 106-125[ 126-145
TCJIBbHOCTH

Yacrora 60 70 90 120 80 50 40

['ucTorpamma orpakaet nHpopMaIHIo
0 KOJTMYECTBE MPOJAHHBIX aBTOMOOH-

40
ne#t u nene. [lo nanno# nndopmanuu & 30 23
nocTtpoite Tabnuiy gactor. Kmaccel 2 20 17 18
8 8

omnpenenure Kak 15 - < 18.

CKOJIBKO TPOIIEHTOB BCEX MPOJAAHHBIX
aBTOMOOMJIEH COCTaBIISIIOT aBTOMO-
OwIM 1eHa KOTOphIX Ooibiie 18 wu
MeHbIIIe 27 TBICSY.

10 F 4 b
15 18 21 24 27 30 33 36
IleHa (B ThIC. MaHAT.)

KonnuectBo aBroMoOmei

295



IIpeacrasienue nungopmanuu

|L5. Maunenbkuii npoext. B 2016 rony
B baky BriepBbIe IPOXOIMIIN COPEB-
HoBanus ['pan IIpu EBponber ®op-
Mynbl 1. ToHOUHBIA Tpek (mmuHA
onHoro obopora) B baky, anunoi
npUOIN3UTEIBHO 6 KM, TPOXOAMI
KaK 4epe3 CTapyr 4acTb ropoja,
TaK U COBPEMEHHYIO 4acTb.

Pacnpenenenus nepsbix 3 mect nepBoro I'pan [Ipu EBponiel @opmynel 1 B
baky nokazansl B Tabnuie.

Mecto Ne Mot Komanna OGopor Bpemss bana
1 6 Huxko Poc6epr Mepcenec 51 1:32:52.366 25
2 5 CebactpsiH Derren  Depapu 51 +16.696 cex. 18
3 11 Cepxwuo Ilepec ®opc Unmua 51 +25.241 cex. 15

a) CKOJIBKO KMJIOMETPOB MPEOAOIIET KaXkK-
IBIA TAIOT?

0) B Tabmmie mokazaHO Ha CKOJIBKO
Oobllle BPEMEHHM TOTPATHII KaXK/IbIi
MTUJIOT Ha TIPEOIOJICHHUE TPACCHI OT OCHOB-
HOTO YEeMITHOHCKOTO BpeMeHu. B cTonbie
BpEMsl BBIYHCIUTEC BPEMsA, 3aTPad4CHHOC
Ka)K/TbIM TIHJIOTOM Ha MIPEOI0JICHNUE TPACCHI M IIEPEUEPTHTE TAOIHUILY B TETPAIb.

i o = s VU
b O poNE - BAK

NE  BAKU

B) [Ipu momo1um KanbKyasToOpa, BEBIYUCIUTE CPEIHIOI0 CKOPOCTH KaXKA0TO MHU-
J0Ta.

r) CocraBbre TaOMUIy pacnpeneaeHust TpEX NEPBBIX MECT B COPEBHOBAHMSX
®opmynsl 1 B baky, npoxonusiux B 2017 roxy.

1) [TocTpoiitre Gaprpad ¢ COOTBETCTBYIOIIMMU pe3yJibTaTaMH MUI0TOB B 2016
u 2017 rogax.

e) Cozmaiite npe3enrauuto u3 gororpaduii, o npoxonusmmx B baky copes-
HoBaHusx ['pan [Ipu @opmynsr 1. [TocrapaiiTech coOpaTh JOMOTHUTEIEHYIO
HH(pOpMaL[I/IIO O KOMaHJax, aBTOMOOMIISIX U IHJIOTAaXx, KOTOPBIC ITPUHUMAJIN
y4acTHe B COPEBHOBAHUSIX.
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Pa3noxxenne OuHOMA
brunomoM HasbiBaeTcs aBywieH. PaccMoTpuM pasinuuHble cTerneHu 6mHoMa. B
pas3JIoKEHUU KBaJpaTa U Kyda CyMMBI CYILIECTBYET ONpee/IEHHAs 3aKOHOMEp-

HOCTb.
(a + b)?2=1d*+2ab+1b*

(a+by=1a*+ 3a*h + 3ab*+ 1b*
Tak, moka3zareyb CTEIICHU MEPBOTO WICHA paBeH CTEleHH OMHOMA, IOKa3aTelb
Ka)KJIOTO CJICAYIOIIETO TIEPBOTO YJeHa ¢ YMEHBIIAETCS Ha SHHHUILY, & BTOPOTO
yiieHa b Bo3pacraer Ha equHUILY. KoadduimeHTs! IepBoro U MoCiIeHero wie-
HOB paBHHI 1.

[TocnenoBaTenbHOCTh CTETIEHEH CYMMBI @ U b MOXKHO TIPOAOKHUTH MOCIIEA0Ba-
TeNbHO pasziaras OuHoM. [Ipocimeanm mo KakoMy MpaBUITy MMPOU3BOAMTCS pas3-
JIOXKEHHUE.

(a + b)*MoxHO 3amucarh Kak (a + b)*= (a + b)(a + b)(a + b)(a + b).

[IpousBeneHue KaKAOTO a WK b PaBHO CyMMe BCEX Pa3lIMYHbIX POU3BEICHUHN Ye-
TBIpEX MHOKHTENEH. PacCMOTPUM MO CIIeI0BAaTEIBHOCTh U3 dTHX BapUAHTOB.

* BO3bMEM 0-01f MHOXKUTEND WiIeHa b u 4-blii MHOKUTENb YJICHA d.

[omyuynm unen a* u Takoit 4Co wau 1 BO3MOXKHBIM BapHaHT, U KOAPPHUIIUESHT ITOTO
YJieHa paBeH 1.

* BO3bMEM | -bIif MHOXKUTEID YieHa b 1 3-b1tl MHOXKUTEIND uieHa a. [Tomyunum umnen a’b
n Takoit 4Ci mn 4 BOSMOXKHBIX BapHaHTa, M KOA(P(UIIMEHT 3TOTO WieHa paBeH 4.

* BO3bMEM 2-011 MHOXKHUTEIND WieHa b u 2-oti MHOXKUTENb WwieHa a. [lonyyum uieH a’b?
u Takoil 4C; iy 6 BOBMOXKHBIX BapHaHTa, H KOA((GHUIIMEHT 3TOTO WieHa PaBeH 6.

* BO3bMEM 3-Mif MHOXKHTEINb dieHa b u /-v1ii MHOXXHTENH WwieHa a. [lomyunm unen ab?
1 TaKoit 4Cs miu 4 BO3MOXKHBIX BapHaHTa, U KO3()(MUIIUEHT 3TOTO WieHa paBeH 4.

* BO3bMEM 4-BIif MHOXHTEIND UiieHa b u (-oti MHOXWTENb YieHa a. [lomy4anm unen b*
u Takoi 4Cs min 4 BO3MOXHBIX BapHaHTa, U KOAQQHUIIUESHT 3TOT0 YieHa paBeH .
PasmectuMm crenenn OMHOMOB, OMHOMHUAJIBHBIE PA3IOKEHUST U KOADDUITUSHTHI
YJICHOB B TaOJIHILY.

bunom Bripaxkenue pa3nokeHuss OmHOMa Tpeyronbrux [ackans
(a+b) 1 1
(a+b)! la+1b 1 1
(a+b) la? +2ab + 1b? 1 2 1
(a + b)? 163 + 3a?b + 3ab? + 1b3 13 3 1
(a + by la* + 4a’b + 6a°b> + 4ab’ + 1p* |1 4 6 4

Kak BugHO pacnonoxeHus k03GGuUimeHToB 001a/1at0T HHTEPECHBIM MaTeMa-
THYECKUM CBOMCTBOM M 00pa3yroT TpeyroyibHUK [lackars.
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Pa3zinoxkenune OMHOMA

Tpeyronbuuk Ilackausi. TpeyronsHuk Ilackans Ha3zBaH B
YeCTh €ro CO3JaTeisi U3BECTHOTO (PPaHIy3CKOTO MaTeMaTHKa
bnesa ITackans, xxusmero B XVI Beke. BepumnHol Tpeyroib-
Huka seisiercs 1. Kaxxaas ctpoka, o0pasyromiasi TpeyroibHUK,
HauMHaeTcs W 3aKaHuMBaeTcd ¢ enuHulbl. Kaxmoe uncio B
CIIElyIOLIEH CTPOKE, PABHO CyMME JBYX COCEJIHMX YHMCEJ IIpe-
npiaymed crpoku. KoamdecTBO YIEHOB KaXIOM CTPOKHU

0oJIbIIIe PEABTYIeH Ha OJTHO YUCIIO. |

1 n=0 11
_ N
1 1 2 1 1 " 1 2\ 1
- N
1 3 3 1 " I3 3.1
n=>3 NV NY Y
b4 6 41 n=4 1\/4\/6\/4\/
15 10105 1 n=>5 1 5 10 10 5 1
Tpeyroabnuxk Iackaas KomOune3onb! Tpeyronbauka [lackasus
1 0Co
11 1Co 1C
121 2Co 2C1 2C
1331 3Co 3Ci1 3C2 3Cs
146 41 4Co 4C1 4Ca 4Cs 4Cy
1 5101051 sCo sCi sCa sCs 5Ca sCs

HpOBepI/IM COOTBCTCTBYCT JIU B HCﬁCTBHT@HBHOCTH el sCy maToi CTpPOKEC

TpeyroibHuka [lackas.

P _ 5! 5.4.3.2 _

G T3 T 300

g 1: ;01;[ eOI]{3 " PasiioMeHme TpeyronbHUK
Hackauns

(a+b)° 1 1

(a+b)! 1Coa +1Cib 1 1

(a+b) 2Coa® +:Ciab + 2Cob? I 2 1

(a+b) 3:Coa@® +3C1a%y +3Caab? +5C3b3 1 3 3 1

(a+ b)* 4Coa* + 4C1a?b + .Coa?b? + 4Caab® + 4Cub? 1 4 6 4 1

(a+ by |5Coa’+ sCia*b + sCoab? + sCa?b? + sCaab* + sCsb5| 1 5 10 10 5 1

KoahdunueHTs! 4wieHOB B pa3iokeHUH OMHOMA SIBIISIIOTCS TTOCIIE0BaTeIbHBIMU
qrcIamMu TpeyronbHuka [lackass B cooTBeTcTBYIOIIEH cTpoke. CiieBa HampaBo cTe-
TIeHb NEPBOTO YJeHa PaBHA CTETIEHU OMHOMA, B KaX/I0M CJIEIYIOIIEM YIeHe pa3iio-
KEHHS CTETIeHb MHOYKUTENS @ YMEHbIIIAeTCsI Ha €INHUILY, @ CTeTIeHb MHOKUTENS b

Ha CAUHULY YBCINYNUBACTCA.
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Pa3zyioxkenue OMHOMA

6-as cTpoka TpeyronbHuKa [lackans ¢popmupyercs cieayromuM o0pa3om.

1 5 10 10 5 1
N/

A4
1 6 }5/ 0 \15/ 6 1
6Co 6Ci1 6C2 6Cs 6Cs 6Cs 6Cs

MoskHo 3amucars 001y GopMy At OMHOMHAIBEHOTO Pa3IoKEHHUS.

Paznoxenne 6uHOMA

JIst mpon3BOIBHBIX YKcel a, b 1 unciia n > () cripaBeNIMBO PAaBEHCTRO:
(a + b)l’l = nCo(l”bO + nclan_ lb] +nC2a” —2b2 + “ e + nCn-l alb”_ 1 + nCnaobn

B Gomnee xopoTko#i hopme 3Ty GopMyITy MOKHO 3aITUcaTh MPH TTOMOIITH
3HaKa ‘Y’ cuema. .
(a+ by =kZOana"*kbk

B paznoxenun 6unoma (a + b)" cymectByet n + 1 wien. Jlro6oit (k+1)
wieH umeet BUI T = .Cia™ b4 (k=0, 1,2, ..., n)

* B pa3JIOKeHUU OMHOMA 711-01l CTENIEHH MPUCYTCTBYET 7 + | diieH
* 10001 OUHOMHUAJIBHBIN WIEH MOKHO HaiTH 1o Gopmyse Tir = ,Cra" bk
* CyMMa CTeTeHeH JII0ObIX YWICHOB PaBHA 1
* cyMMa OMHOMHUANbHBIX K03()(PUIIMEHTOB paBHa 2".
WCot,CrHCot ... +,Ch +,Ca=2"
[IpoBepsre nocneanee paBeHCTBO At a = b = 1.

[Ipu pasnoxeHun creneHeil 6MHOoMa KO3(p(PULIMEHTHI cllaraeMbIX OTIIH-

YaroTCsl OT ONHOMHAIBHBIX KO((HUIIMEHTOB.

Ipumep. (x+2)=5Cox>+5C1-x*2+ 5Crx* 22+ 5C3 x> 2%+ 5Cax 24+ 5C5 25=
= x>+ 10x*+ 40x° + 80x>+ 80x + 32

Hanpumep, B 1aHHOM pa3iiokeHUH KOAYPPHUIMEHT TPETHErO CJIaraeMoro

paseH 40, a ero GuHOMUaNIBHBIN KO3 duuneHT paseH sCz = 10.

[Ipumep. HaliaéM 4eTBEPTHIN WieH pasfioxkeHust OuHoma (2p — 1)°
Pemenne: 3nece a =2p, b=-1, n =6, Torga
T4=Ts1 = 6Cza® b= 20- 2p)*(—1)*=-160p*

O0yuaruiue 3a1aHus

| 1. CKOJIBKO 4IICHOB B Pa3lIOKEHHH CISAYIOMNX OHHOMOB?

a) (x =3y’ 6) (22 + 322 B)(c+6)  1)(c+6)-2
|& 3anuimTe CIeayore pa3aoKeHusI.
a) (x—3)* 0) (x +2) B) (1 +2¢)° r) (1-1)
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PazJioxkenue OMHOMA

3.

10.

Haiigure cnenyromue uneHsl OMHOMA.

a) 5 anen g (x + y)? 0) 4 unen mis (a — 2b)°
B) 7 wien ans (1 — 2z)1? ) cpeaauit uien ais (2x +y)3
1) 2 4iieH ¢ KoHna s (u? + 1)8 e) 3 wieH ¢ koHma st (x — y)'°

He pasnarast 6unoMm (x + y)' Haiigure:

a) KonmnuecTBo 4ieHOB B pa3ioKeHUH OMHOMA.

0) 6 WIeH B pa3JIOKeHUH OMHOMA

r) Kakomy uneny npunaiexxut OuHOMHanbHbIi k03 duument 10C; c Hau-
OOINBIINM 3HAYCHUEM?

3armumTe OMHOMUANBHOE pa3nokeHue B Bunae (a + b)’, n € N.

a) 4Coz* + 4C12%t + 4Coz?f + 4Cazf + 4Cut?
0) sCom® + sCim*y + sCom3y? + sCsm?? + sCamy* + 5Cs)3

3anuImTe CX0KUE M pa3IMuHbIe CBOMCTBA OMHOMHUAIBHBIX PA3JIOKEHUI
(x +y)* u (x — ). O600mmTE IOTYYEHHOE IS (X — V) .

Bripasure yepe3 KoMOMHE30HBI CIIEAYIONINE CTPOKH TpeyroibHuKa [lackars.

ayl 5 10 10 5 1 6)1 72135352171
B)1 10 45 120 210 252 210 120 45 10 1

Wnbrap yrBepakKaaeT, 4To KaxKIyl0 CTPOKY TpeyroiabHuka [lackans MoxxHO
BbIpa3uth B Buae 117 IIpoBepsre yrBepkaenue Mibrapa.

Brimonaute JJI1 TPEYTroJIbHUKA ITackans

a) Haiinure cymMmy WICHOB KaKIOM

CTPOKH TpeyronbHuka Ilackass. 1 1

0) Haiiaure cymmy 9sieHOB 9 CTpOKH Tpe- 1 2 1
yronbHuKa [lackans. 1 1 4 3 6 3 4 1 1

B) Haliure cymMMy 4jIeHOB 71-Oi CTPOKH | 5 10 10 5 1

TpeyronbHuKa [Tackass.
r) [IpumenuTe 3T0 CBOMCTBO MpH pasiio-
KEHNU OMHOMHAIBHBIX KOA()(UIIHESHTOB.

a) Haiinure ko3 dummenTt Broporo 4ieHa, eciim cymma OMHOMHATBHBIX
k03 puLMeHTOB B pasioxeHun 6uHoma (x +2)" pasHa 16.

. 1 .
6) Haiinure B pasnoxxenun (x +¥)8 YJIeH HE 3aBUCAIIUHN OT X.
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HUcnbiTanusa bepuyiimn
M5t ToTO, 9TOOBI MOHATEH CXeMy bepHYIITH paccMOTPHUM CIISTYIOITHIA TIpUMEp.

Ecnu B urpe BepoATHOCTD BBIMIPHIIIA(TIOABICHNS 3€JEHOTO HIAPHKa) o0

paBHaZ , TO BEPOSITHOCTD MPOUTPHIIIA (TIOSBICHHS KPACHOTO IIapHKa)

paBHa 1— i Borancnnm BepoATHOCTH M3MEHEHHS Ynciia Mooe 1

MopakxeHui B 4 urpax. 3 3 3 3 ]1
1) P(BeposiTHOCTH BRIMTpBINIA BO BCeX 4 Urpax) =

4 4 4
I 1 1
2) P(BeposiTHOCTB IPOUTPHILIIA BO BCEX 4 Urpax) = R
3) Haiiném BapmaHTB! BBHIUTPHIMA B 3 U3 4 UTP W COOTBET

STHOCTB:

(B.B,B.IT)  P(BeIHATpHII BO BceX Urpax kpome 4) =
(B,B.IILB)  P(BbmMrpHIII BO Bcex urpax kpome3) =
(B.ILLB,B)  P(BBIArpHIII BO BCEX UTpax Kpome 2) =
(ILB,B,B)  P(BeIHTpHII BO BcexX Urpax kpome 1) =

KonuuecTBo BapuaHTOB HO6CI[BI HUIrpoka B 3uz4 UT'p MOKHO BBIYHCJIMTDH IIPU IO~
!

MOIIIH koMOuHe30Ha 4Cs=—— 31 =4, BepOﬂTHOCTL BApHUAHTOB UMCCT PAaBHLIC BO3-

MOXHOCTH <%>3 <41|.> Torz[a BEPOATHOCTDL 2TOT'O COOBITHSI MOYKHO BBIUHCIIUTh TakK:

P(Bbiurpseii B 3 u3 4 urp) = 4C3<i>3 <i>l =4- ﬂ i ﬂ
4/\4 64 4 256
AHaTOTUYHBIM 00Pa30M UCCIEIYIOTCS JPYTHE CUTYAITHH.

4) Borurpsiu B 2 urpax us 4.

onnm -3 -4 I -

KonmdecTBo BO3MOXKHBIX BApUAHTOB BRIMTPHIIIA B 2 UTpax u3 4:

! Ser
4Cr = 2? 21 =6 To ecTb BEPOATHOCTH OOEIBI B KAXKIOM U3 6 Cllydacs 226

_ 3v/ly 9 1 54
P(Bemurpsim B 2 u3 4 urp) = 4Cs <Z>Z<I> =6- 1616 756

5) BepositHOCTE TOGEEI B 1 113 4 Urp.

Penm = g ()6)- 5

3
P(Bbiurpei B 1 u3 4 urp) = 4C1<%> <%>3 =4 4_ 6_14: %

MpEI HalITH BEPOSTHOCTH BRIMTPHINIA KoMaHAB B 4, 3, 2, 1, 0 urpax. Eciu ot
BEPOSTHOCTU BBIUUCIICHBI BEPHO, TO MX CyMMa JO/DKHA PABHATHCS CIUHUIIC.

P(4 Bemr.) + P(3 Bewr.) + P(2 BoIUT. )+ P(1 BBIUT. )+ P(0 BBHIWT.) =1.
81 108 54 12 1

T T ST

256 256 256 256 256

BrinonHum npoBepky:
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HUcnbiTanus bepuysuim

HpeHCTaBHCHHaﬂ 3aa4a Ha3bIBACTCsA 6I/IHOMI/IaJII>HbIMI/I HUCIIBITAHUAMHU, TaK KaK
B 3aJ1a4aX TAKOTO THIIA B COOTBETCTBUY C CHTYAIHEi BO3MOXKHO HCIIOIb30BATh
4JIeHbI OMHOMHUATIBLHOTO pasiokenus. Haprumep, 3a1a4a BbIIIE COOTBETCTBYET
Pas3IOKEHUI0O OMHOMUATBHBIX WICHOB (a + b)* = 4Coa’ + 4Cia’b +

+ 4Coa?b? + 1Csab?® + 4Cyb*. HOTHA MIX HA3BIBAIOT UCIIBITAHUSAMU BepHymin.
Jiis naHHOM 3a/1a9u BBEEM TIEpeMeHHbIE p (BBIMTPHINI) U ¢ (Tipourpsiir). [Tpu
6I/IHOMI/IaHBHOM Pa3JI0KEHUU MOXKHO YBUACTH COOTBETCTBUEC KAXKAOI'0O YJICHA
peanbHOM cutyamuu . (p + q)* = sCop* + 4CipPq + 4Cop?q? + 4Cipg? + 4Cag?

3
3/1ech p BEpOsITHOCTH ycrexa (MOosSBICHUE KPAaCHOTO }uapa) np= 4 ,qBepo-
ATHOCTb HEyJa4yu (MOsBICHUE 3eTIEHOTO Mapa) ¢ = e
HUcnbiTanus bepHyJiin 1 BepOATHOCTH

Ecnu 118 n He3aBUCHMBIX HCITBITAHUN BEPOSITHOCTH YCIICITHOTO COOBITHSA P,
TOTJIa M BEPOSATHOCTH YCIIEXa, /1 - 1 BEPOSITHOCTh HEya4H U
P(n ucnieiranuit, m ycnex) = .Cap™q".

buHOMUManbHOE pacHpeneneHue Wi UCHbITaHud bepHymu crpasBeIuBb

TOJIBKO IIPU CJIEAYIOIINX YCIOBHUSX.
* ¥ Ka)/I0T0 UCTIBITAHUS €CTh TOJIBKO JIBa PE3yJIbTara.

* 1I3B€CTHO KOJIMYECTBO UCIIBITAHUM.

* McnbiTanust HE3aBUCUMBI.

* Bce ucnpITaHusl paBHOBEPOSITHEI.

Uccnenyem ucnbiTanust bepHyum cxeMaTnyHO Ha CIEAYIOIIEM [IPUMEPE.
ITpumep 1. Koneco coctout n3 4 oquHAKOBBIX YacTel - 3 dactu
KpacHble U ofgHa Oenas. IIpu BpameHHM Kojleco MOXET OCTaHO-

BUTKCS WIIM HA KPacHOM YacTH uiu Ha Oenoi. Ha cxeme mpencras-

JICHbI BO3MOKHBIE TIOJIOKEHUS KoJieca MPU TPEX BPALICHUSX.

3 3 _ 3
+ K KKK 3 P(3 xpacn.)=1 <—>J

TN
|
~<

w

1 331

3 K . KKb 2 — <T>Z<%>I P(2 xpacn) =3 <i>z i>1

4 - 3v/1y MO
, 3t wk 2 —(F)G) P(1 kpacn) =3 (3 ()
3/ B 3Ly ’ o

! N Kb | _><§> <71>1 P(0 kpacw) = 1 (3

1 5 3 2 x BKK 2 — <T>Z<T> Kak BuiHO, K02 GUIIHEHTHI
4 iK 3<B kg 1 > <%>‘ &)Z paBHBl YUCIAM 3 CTPOKH

1\ 3 1 11 :

7 B < K bbK 1 — < % > %): TpeyronbHuKa llackans

+ G

5 bbb 0

Tak>ke BO3MOXXHO YBHUJIETh CBS3b C 6I/IHOMI/IlaJ'H:HBIM pasiokeHneM
(a+b)=a*+3a*h + 3ab*>+ b*. 3nech a —g u b =7
Jnst 3THX coOBITHI TpoBephTe hopmyny beprymu
_ 3\ 1 \-m _
s P(m kpach.) =3Cy <T>N<T> .mpu m =0,1,2,3.
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HUcnbiTanusa bepuyjin

Ilpumep 2. st kaxa0r0 U3 5 BOMPOCOB CyIeCTBYeT 4
BapuaHTta orseTa. Halimute BeposaTHOCTH TOro, 4To Hap-

I'M3 OTBETHJIa BEPHO Ha 4 BOIIPOCa. YCTaHOBUTE CBA3h

MEXK/1y BEPOSITHOCTHIO M OMHOMHUATIBHBIM PA3JI0KEHUEM. =
Pemenne: Haliném Bo3MoOXKHbIE BapuaHThl, 4T0 Haprus nact 5 BepHbIX
WM HE BEPHBIX OTBETOB:
(n + n)y>=5Con> + sCin*u + sCon’n? + sCsn’n’ + sCann* + sCsu?

W3 cxembl BUAHO, YTO CYIIECTBYET 5 pas- y

JIMYHBIX BAPUAHTOB 4 BEpHBIX OTBETOB HA 5

BOIPOCOB. 3HAYUT, BEPOSITHOCTH 3TOTO CO- !

obrTist Oyer sCid*s. AHATOTHYHBIM 06pa- ! " ! !
30M MOKHO YBHUJIETh CBA3b MEXKAY APYroii ! I I H I
CUTyaIlle 1 OMHOMHAILHBIMU WICHAMHU. 11 I

O06001MM 3Ty CBS3b IIPU TOMOIIH TaOIHIIBI.

Koadppunuent| Yien CMBICT CHTyal UK
sCo =1 n’ | BapuaHT, 9TO BCE 5 OTBETOB MPABUIIbHBIE
sCi =5 nu 5 BapUaHTOB, YTO 4 NPaBUJIBHBIX, | HEMPaBUIBHBIH
sC2 =10 n’u? 10 BapnaHTOB, 4TO 3 MPABMILHBIX, 2 HEPABUIBHBIX
sC3 =10 n’u’ 10 BapnaHTOB, 4TO 2 MPABUILHBIX, 3 HEPABUIBHBIX
sCs =5 nut 5 BapuaHTOB, 4TO | TIPaBUIbHBI, 4 HETIPABUIIBHBIX
sCs= 1 H> 1 BapmaHT, 9TO BCE 5 OTBETOB HETPABUIIBHBIC

Haiiném, cioygaitHeiM 00pa3oM, BEpOSTHOCTD 4 npaBHnLHHXIH 1 HenpaBMIIb-
HOI'0O OTBECTOB. BepOSITHO%Tb KaXXZ10ro IpaBUJIbHOT'O OTBETA — , BEPOATHOCTD
4

HerpasjeHoro 1— — = —
4 4 1y 3 15
P(4n, 1n)=5n*n =135 )=
i 4 1024 .
AHAJIOTMYHO, HAaHUTE BEPOSATHOCTD BCEX BO3MOXKHBIX CUTYAIIUH, CIIOMKHUTE HX

u HalauTe ux cymmy. [IpoBepsre, uto nanHast cymma pasta | (mu 100%).

mwm ~ 1,5%

IIpumep 3. Haiinure BEpOSATHOCTh TOTO, YTO B OJJHOM U3 UETHIPEX ceMell , B
KOTOPBIX €CTh JI€TH, €CTh 3 MajbuMKa U | JeBoUKa.

Pemrenne: [ kaxoro pe6€HKa CyIIecTBYET 1Ba BOZMOKHBIX BapHaHTA!

1
WJIN MaJIBYUK UJIHN ACBOYKA. BepOHTHOCTB KaXXI0ro u3 AByX paBHA —

5
P(n ucnprranmii, m ycnex) = ,.Cop"q"™” .n=4,m=3,p :_1’ q= —1;
P(4 pe6énka, 3 manpunka) = Csp’g*3 = 4 <%>3% :% 2 -

3HaYUT, BEPOSTHOCTH TOTO, UTO U3 4 JieTell 3 MallburKH, paBHA T i 25%.

B OunomuansHOM Pa3I0KCHUHU 4JICH COOTBETCTB IOHII/Iﬁ CUTYyalluH IMOKa3aH Kpac-

HBIM IBeTOM. (M + m)* = m* + 4m'n + 6M202 + 4Ma + 1* P(4 pe6énka, 3 Mansunka)
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HUcnbiTanus bepHyiiun
Ilpumep 4. Dupma TpPOBOIUT aAKIIMIO TI0 MPOJAXKE IETCKOTO nMuTanus. B kaxmyto
KOpOOKY OBLT OJOXKEH KYIIOH TakK, 4TO 3 U3 KakbIX 20 SBIAIOTCS BBIUTPHIILI-
HbIMU. KakoBa BepOATHOCTH TOTO, YTO Cpeu 5 KOPOOOK AETCKOTO MUTAHUS 2
OKa)KyTCSl C BHIMTPBIIIHBIMU KyrioHaMu? [Ipy BEIUMCIEHUAX MOKHO HCIIONIb30-

BaTh KaJIBKYJATOP.
Pemrenue: ycrienrHbeIM COOBITHEM_SIBISIETCS HAJIMYUE BBIMTPBIITHOTO KYITOHA:

P (ecTh KymnOH C BBIUTPHILLIEM) =%
HeynaunbiM coObITHEM, OTCYTCTBHE KYIIOHA C BBIUTPHIIIEM:
P (Het kymoHa ¢ BeIUTpBIIEM) = 1 — —— =——
(Her Ky p ) 20 20
317

P ( 5 xopo6ok 2 Bemurpsiiia) = sCop?q> =10 <E> <E> ~ 0,138

ITpumep 5. Monety nogopocunu 10 pa3. KakoBa BeposiTHOCTH TOTO, UTO Kak
MUHUMYM 8 pa3 MOHeTa ynajaeT undpoii?

Pemienne: ecnu coObITHE, YTO MOHETA YNAAET KAK MUHUMYM 8 pa3 mudpoit sB-
JsIeTCsl yCHELHbIM, 3HauuT, ecinu nudpa Beinager 1 9 u 10 pas, To 311 coObITUA
Takxe OyayT ycremnsiMu. Haiiném BeposiTHOCTH Kanc)i[oro COOBITHS B OT/EINb-
HOCTH U CJIOKUM UX. BEpOATHOCTH Kax10ro CO6BITI/I$I? .

P ( xax muanmyMm 8 pa3 mudpoii) = P (8 mudpoii) + P (9 mudpoit) + P (10
uuQpoi)
P ( xax MmuHuMyM 8 pa3 mudpoit) = 10Csp3g? + 10Cop°q' + 10Ci0p!°g° =
1V/1Y 1V/1\ 1N/1\ 56
{0 (I
522 022 221()24055

|£ Kakue coObITHsI MOKHO Ha3BaTh OMHOMHAJILHBIM pacrpeieacHueM?

a) Ksiman va 20 TecToB 1o mpeaMeTy XuMust Ja€T OTBETHI CITydailHBIM 00pa-
30M, BHIOMpAsi OMH U3 YETHIPEX.
0) [TnacTukoBbIi cTakaH moaOpackBaloT 50 pa3 ¥ CYMTAIOT CKOJIBKO pa3 OH
ynajaér Ha JUIIOM BBEPX U JIUIIOM BHUS3 .
B) UrpanpHbiii kyOuk nogodpaceiBato 100 pa3 u mpoBepstOT paBHA JIX BEPO-
STHOCTB TOTO, YTO OH BBIMAJET KayK0W I'PAHBIO0 PaBHOE KOJIMUYECTBO pas.
r) UrpansHbiii KyOuk nmogopaceiBaror 100 pa3 u mpoBEpSIOT CKOJIBKO pa3 Ha
BEpXHEH TpaHy BBITIAJIET YUCIO 4.

|& Momnety noaOpacbiBaioT 5 pa3. KakoBa BepoSTHOCTB, UTO Ha BEpXHEH IrpaHu
okaxercs 1udpa:
a) P (1 pa3); ©)P(3 paza); B) P(4paza); r)P(0pa3); 9) 132(2 pasa)

|i BepositHOCTS BBIMIpBIIIa 6acKeTOONBHON KoMaHbl paBHa 3~ . Kakosa Be-
POSATHOCTB, YTO KOMaH/1a B CIEIYIOIINX 5 Urpax BeIUTpaeT 37

|4. Tocnensue nccne10BaHus IOKA3BIBAIOT, KAXK/IBIH U3 3 HOBBIX aBTOMOOUIICH
npoaaércs B KpeauT. BeraucinuTe BepOSITHOCTB,YTO U3 4 BHIOPAHHBIX CITY-
YaifHBIM 00pa3oM aBTOMOOMIIEH 3 OBbUIN KYIUICHBI B KPEIUT.
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HUcnbiTanusa bepuyiimn

|i [Ipu npoBepke okazanock, uto 2% Jjeranei, U3roTaBIMBaeMbIX Ha KOHBEH-

epe 3a OJMH MepUoJ OKa3aIuch OpakoBaHHBIME. HaliuTe BepoITHOCTH,4TO
13 5 B3ATHIX CIlydallHBIM 00pa3oM JeTasieil OpakOBaHHBIMH OKaXKyTCSI:
a) P( Tonbko 2) 0) P(kak makcumy™m 1) B) P (kak makcumym 2)

|6. B kopoOKke 6 mapoB. 3alKIIKTe COOTBETCTBYIOLIEE OMHOMUAIIb-

HOE PA3NIOKEHHUE U CUTyalnid, €CIIM U3 KOPOOKH BBITAC- . . .
KHBAIOT 6 IWIapoB. YCHEMIHBIM COOBITUEM SIBJISIETCS

MOsIBIICHHE 3eNEHOT0 mapa. 3anojJHUTe TaOIuIly B TET- ‘ . ‘
panu. [IpoBepwre pemienus, 3Hast , YTO CyMMa BEPOSITHOCTh
BCEX COOBITHI paBHa 1.

Curyauus bunomMuaJbHBIH 4JIeH
6 3eEHBIX 6Cop®

5 3enéubix | KpacHsbIit sCip3q!

4 3en€HbIX 2 KPaCHbBIX sCopiq?

bunommanenoe paznoxenue: (p + g)'= ...

|7. 131000 CD nmckoB mpu npoepke 50 okasamuch GpaKoBaHHBIMH.

a) KakoBa BEpOsTHOCTH TOTO, YTO BBIOPAHHBIHN CITy4ailHBIM 00pa30M ITUCK
Oyzner OpakoBaHHBIM?

0) Eciu koHTpONEp, MpOBEPSIFOIINN Ka9eCTBO B3sUI, Cy4alHBIM 00pa3oM,
6 JIMCKOB, TO BBIYMCIIUTE BEPOSTHOCTh COOTBETCTBYIOILYIO CUTYAIHH, YTO
OpaKkOBaHHBIMH OKa3aJIUCh:

* BCEro 2 JIMCKa; ® KaK MAaKCUMyM 2 JHCKa;® KAK MUHUMYM 3 JIMCKa.

B siuke 3 Genbix, 4 3enéHbIX, 2 KpacHbIX mapa. Eciu ciry-
YJaifHBIM 00pa30M BBITAIIUTh J[Ba I1apa, TO: a) YeMy paBHa Q. .‘
BEPOSTHOCTD, YTO 00a He OyayT OenbiMu? CyMMe CKOJTBKUX .OQ

COOBITHI PaBHO JaHHOE cOObITHE?
0) MCIIONB3YS CXEMY, BBIYMCIUTE BEPOSITHOCTD, YTO 002 I1apa OKaxyTcs Oe-
aeiMu. Kakue coObITHs OTpaxkaer cxema? 3anuinTe B MUCbEMEHHOU popme
PUMEPHI, MOKA3bIBAIOIIKE OOIIUE U Pa3IMYHbIE XapaKTEPUCTUKU TaHHOTO

COOBITHS.
1 2
374
9
B . K 5
1 %1 2 2 2
~/N\s = 5 2
4 34 3% 8
Boj Kgol yb%5 K B
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Oo0o01maronmue 3a1anus

1.

10.

W3 xopoOkwu, B KOTOPOH 2 KpacHBIX u 3 OeNbIX mapa ciay4aiHo OepyT map,
KOTOPBIH 3aTeM BO3BpaLIaioT B KOPoOKy. VcnpITaHNe OBTOPSIOT 3 pasa.
a) Haiinure BeposSsTHOCTD, yTO B 1-bIif U 2-0i1 map okaxxyTcst OeIbIMH, a
3-mit map OyzeT KpacHbBIM.

6) Haiiaure BeposTHOCTD, 4TO U3 3-X II1apoB 2 O€10ro IBeTa.

Monety nmonpopocuiu 4 paza. Haiiiure BeposSTHOCTH CIETYIONTUX COOBITHIA.
a) P(4 paza BBepx repoom) 0) P(xak MmuaumyMm 3 paza BBepX UG poit)
B) P (kak MakcumyM 2 pa3za BBepx repOoom) r) P(0 pa3 BBepx 1udpoii)

3anummre pa3iokeHue OMHoMa (e + 11)° coOBITHI TpH MOAOPACKIBAHUN MO-
HeTbl. OOBSICHUTE CUTYAINIO, COOTBETCTBYIOMIYIO KQKIOMY WICHY OMHOMA.
Brryucnure BEPOATHOCTb COOTBETCTBYIOIIUX COOBITHIA.

Hoxaxwute, uT0 Ci=1C,sk . [IpoBepbTE TOXKIECCTBO IS CICAYIONINX 3HAYEC-
auii: n="7, k=5 .

Ha rucrorpammMe mnokasana Macca MHJIIOIIEK Ha
¢depme. [To naHHBIM THCTOIPaMMBbI, COCTaBbTE 12
Tabnuily 4acToT. KakoBa BEpOSTHOCTB TOTO, YTO
Ipu BBIOOpPE CITydailHBIM 00pa3oM JBYX WHIIIO-
IeK, ux macca oyner 6ombie 10 kr?

I <
;

567 89101112131415

N3 xopoOku B KOTOpO# 4 O6enbIxX U 2 3eNEHBIX 1Iapa, CydalHbIM 00pa3omM
BBITACKUBAIOT 3 MIapa.
a) Kaxoe coOpITHE O0JTEee BEpOSITHO (B COOTBETCTBUH C IIBETOM)?

0) Haiigure BepOsSTHOCTb, YTO U3 3-X IIAPOB KAK MUHUMYM 2 OyIyT OCTIbIMU.
CKOJIBKO Pa3IMYHBIX BAPUAHTOB MPOYTEHUS MOKHO COCTaBUTH U3 OYKB

ciosa?
a) TYPAH 0) TABAJIA

BeposTHOCTB TOTO, TPH Ka)IOM BBICTpENIEC CTPEIOK TIOPa3uT I1eJIb paBHA
0,8. [TpousBonurcs 4 BeicTpena. HaliTu BeposTHOCTH 2-X TTOTAJaHUN.

Mycrada XxoueT MO3BOHUTH APYTY, HO 3a0bLT 2 MTOCIEAHNE TPl HOMEPA.
Haiinute BeposiTHOCTH TorO, uTo MycTada HabepEéT HOMEp MPABMIBHO C
NIepBOTO pasa, €CIIM U3BECTHO, YTO IU(PHI, KOTOphIe 3a0bu1 MycTada paz-
HBIC.

Kak nsats uenosek(A, B, C, D u E) moryT paznuunsiMu criocodamu ObITh
MOCTPOCHBI B PAI, IPU YCIOBUH, UTO:

a) E crout nocepenune;

0) A u B 0053aTesIbHO CTOSAT PsIIOM;

B) A u B He OyayT CTOSITH PSJIOM.
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1.

2.

9.

Lena aBTOMOOWMIIA 1OCIIE €T0 MOKYIIKH B MEPBbIi ro cHmkaetcs Ha 20%, a B
KX bl ocenyronuii rox Ha 8%. CKolbko OyleT CTOMTh aTOMOOWITb, KyTI-
neHHsbli B 2015 rony 3a 25 Teic. manat B 2022 rogy?

B xmacce 19 yuenukoB. M3 Hux 10 genoBek 3aHMMAOTCS MaxMaTamu, 7 QyT-
60110M, 3 YerIoBeKa 3aHUMAIOTCs B 000MX KpykKaX. CKOJIBKO YYEHUKOB HE 3a-
HUMAETCsl HA B OTHOM KpY>KKe?

Hmeetcs nBa Buna cramm ¢ 5% u 2% coaepkanneM HUKeNs. CKOIBKO KHIIO-
TpaMM CTaJli IByX COPTOB HAJIO B3SITh, 4YTOOBI MOMYyYuTh 360 KT cTanu ¢ 2,5 %
coJiep >KaHreM HUKEIsI?

[Tpu KaKMX 3HAUYEHUSX C CIEAYIONINE HEPABEHCTBA CIIPABEIJINBBI ITPH BCEX
3Ha4YeHAX x?
a)x>+cex+4>0 0)x>+3x+c>0

[TocnenoBaTenbHOCTH 3a/1aHa PEKKYPEHTHOU Gopmyioit b1 =4, by+1=3b,— 2
3anummte GopMyITy 1-TO YlIeHa.

depmep, MPUMEHsIST HOBbIE TEXHOJIOTHH, JOOUJICS MOBBIIICHNS YPOXKask HA OUH
Y TOT K€ MPOIEHT €KErOJIHO, U 3a 2 To/1a ypokail Beipoc ¢ 150 ToHH 110
216 TonH. Ha ckonbKo MPOIIEHTOB €KEr0IHO U3MEHSIIICS ypOXKait?

a) Beraucnure: i/(2 sin 60° — 1)* — V(1 — tg 60°)?

0) YnpocTuTe 3HaUCHHUE BBIPAKCHUS \4 cos?or + 4 cos a + 1 — V4 — 4 sina

2n
opu —— <o <T.

a)Ecnnsina=H,sinB=—H,O<a<£,—£<3<0.HaﬁnHTeyron
2
oa—B.
1 T n .
6)ECJ‘II/Ith£:3,'[gB=——,0<OC<;,—?<B<0.HaI/II[I/IT6y1"0J'I o+ .

T
B) Ecmn a + 3 =Z , TO HalauTe 3HaYeHne BeipakeHnus (1 + tg a) (1 + tg B).

Haiinure 3HaueHne BhIpaKeHUSI.
a) cos 24° — cos 84° — cos 12° + sin 42°
0)tg 9°—tg 63° + tg 81° —tg 27°

|10. Hars fix) = V1 —x2, g(x) = sin x. Haifzure:

|11. Tana dynkums f{x) =

a) flg(x)) b) g(f(x))

x—2

x+1

a) HaiinuTe obnacTth onpeneneHus: GyHKIHH.
0) Pemmmre HepaBencTso flx + 1) > 0.
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|12. PemiTe ypaBHEHH.

a)4 cos’x—3sinx=3
B) sin x + sin 3x + sin 5x =0

0)2tgx—3ctgx—1=0
r)cos 3x—cos4x=1-cosx

|£’3. Haiinute KOpHH ypaBHEHUS, TPUHAJIEKAITUE TIPOMEKYTKY.

a)sinx=—1,xe [0; 4x]

|14. PemuTe HepaBeHCTBA.

|
a) cos’x + —> sin’x

0)cosx= 1,xe [-m; 37|

6) tg 2x <\3

|L5. a) Ins pynxkuum y =3 + Vx—4 HiinTe 00paTHYIO QyHKUMIO.

6) Jlns ysxmun y = V2 sin x — V3 Haiiute 061acTh OMpeIeTeHHs.

B) [lnsa ¢pynkuum y = log 1 (5 + 3 cos x) HaliiuTe MHOXKECTBO 3HAYCHUH.
2

|1_6. [Ipu xaxux 3HaueHusAx x yucna In(x —9), In(x — 7), In(x — 3) sBasroTcs
MOCIIeI0BATENILHBIMH WICHAMHU apu(METHIECKOM nporpeccun?

|1_7- Haiigure o6pbarnyto pynkuuto. s 3aaanHoil 1 00paTHOM QyHKIMU MOKa-
JKUTE 0071aCTh OTPECTICHIS] © MHOYKECTBO 3HAYCHUH.

118.

119,

120.

a)y=2"""+3

Pemte ypaBHeHus.
> 1
X)2x+2 —__—
a) 0,52 o4

B) 5 1+50,22=26
) log. 2=-0,5

x) log,(2* + 16¥) =2 log,12
n)lgx—3lgx=1gx*—4
Peure HGpEﬂSCHCTBa.
3
a) (D) <5
7 9
B) (x*—2x—3)(2*-8)<0
n) log, (2x +3)>1log, 27
T g
x) log;(2x—3) +log, (x+1)>0
T

Brraucnure.

i Ty
a) (cos 15~ isin %
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0)y=1+logy(x +3)

6)0,2" '~ 0,21 =48

r) 91 —36:334+3=0
¢) logy(2 +log;(3 +x)) =0

log,(1 +
3) log3 =— log,(1 + )
log,5
K) log;, — +log2x =1
x
19
0) 0,9* > lﬁ

r) 2'¢* > sin 5%

) log,(6 — 2x) -0
log, ;5

3)log |3 —x >-1
2

LA ST,
0) (sin g 0 )
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|21. Paznoxure MHOTOUNEH X* + 4x> — 5 HA IMHEHHbIE MHOKHUTEIH.
|2_2. Ha oxpyxnoctu ormeuens! 10 Touek. CKOIBKO MOKHO HOCTPOUTH TPEYIoJib-
HUKOB C BEpIIMHAMU B JaHHBIX TOUKaX?
23. B sumke 30 uépHbix 1 x Genbix mapos. Eciu BEpOATHOCTB TOTO, UTO CITy-
. . 2 .
YaifHO BHIOpaHHBIN IIap OEJIoro 1BeTa paBHA — , TO HAWIWTE X.
24. Boruncaute cymMmmy
20 6Co+ 21 6Ci+ 22+ 6Ca+ 23 6Cs + 2% Ca+ 2 4Cs + 26 6Cs.
|15. Yepes koHel pédep, BEIXOMAMINX U3 OJHON BEPIINHBI IPSMOYTOJIBHOTO Tapall-

Jesnenunena ¢ pazmepamu 2 cM, 4 cM 1 7 cM npoBezieHa miockocTs. Haiiaure
IUIOIIA/Ib CEUEHHUS.

l}_6. a) JlaHo: 0) Kownsl otpe3ka AB nepecekaroriero
AO L a IUIOCKOCTh HAaXOIATCsl HA PacCTOSTHUM 16
ZACO =~ZABO = 60° cM u 4 cm. Haiinute paccrosiHue ot cepe-
ZCOB =90° JIMHBI M 1O TIIIOCKOCTH.

1/ dg?

AO =3 v G
Haiiure: BC/ ¢ jé()"*c ’(7
o BY

|2_7. a) Ocnoanue AD Tpanennn ABCD naxonurces Ha
mockoctu . OcnoBanune BC HaxonuTcs Ha pac- ;

CTOsIHUM 5 cM OT mnockoctu. Halinqure paccros- Bt 7--C
HHE OT TOYKH IepeceueHusl AuaroHaiei M

Tpaneuuu A0 miockoctu a, ecnu AD:BC =7:3

0) JluaroHaib MpaBHIILHON YETHIPEXYTOILHOM IPU3MBI paBHa 9 cM, MoJIHAs
moBepxHOCTh 144 cm?. Haiiure CTOpOHY OCHOBaHUS B OOKOBOE Pebpo.

A B

@, Ha paccrossauu 1 cM, yepe3 npsmoi yros npsiMo- ]
YTOJIBHOTO TPEYroJIbHUKA NapaJIeJULIBHO TUIIOTE- 0 :\ —
Hy3€ IPOBE/IEHA MII0CKOCKOCTD. IIpOeKIiU KaTeToB ] ‘M'

Ha IUIOCKOCTh paBHBI 3 ¢cM U 5 cM. Haiinure npo- C
€KLIMI0 TUIIOTEHY3bI Ha IJIOCKOCTb.

|29. Tlnomans 0cHOBaHUs NPAMON TPEYTONbHON NIPU3MbI paBHa 4 CM?, IIJIOIIA K
O0KOBBIX rpaHeit coorBeTcTBeHHO 9 cMm?, 10 cm?, 17 cm?. Haiigure 00bEM

HPU3MBI.

|30. Haiizute obnacts onpenenenns QpyHKUMH.
_ Xt A2

VY= T 3544 0)y= ?x_4

|3_1, Haiigure KoCHHYC MEHBIIIETO YIJIa TPEYTOJIbHUKA CO CTOPOHAMHU
4cm,5cmu 6 cM.

309



Oo6o0mamue 3a7aHus

132.

133.
134.

135

136.

137

138.
139.

140.

41.

143.

U3 Bepmnnbl A npsimoyronsarka ABCD k mutoc- T
KOCTH IMPSIMOYTOJIbHUKA BOCCTAHOBJICH MEPICH 1N~

kymsip AT. Haitnure nmuny AT, eciaun D

TB=6cm, TD=7cm, TC=9 cm. A

C B
[Ipu kakoMm 3HaYeHUM MTapaMeTpa m CyMMa KBaJpaToB KOPHEH ypaBHEHHMS
x2+ (2 +m)x +m—3 =0 Oyger HaMMeHbIIEH?
Jopora u3 nynkra A o nyHkra B cocrout u3z noabéma u crycka. JlmiuHa 1o-
poru Ha noibéMe cocTaBiseT 12 kM, a Ha cirycke 24 kM. Becagnuk npeononen
IyTh OT MyHKTa A 110 myHkTa B 3a 7 yacoB, n oOparHbIif myTh 3a 8 yacos. Haii-
JIUTE CKOPOCTh TIPH MOABEME U CITYCKE. y=x+a
IIpencraBbre rpaguyecKoe PEIICHAE CUCTEMBL ) 2 4 y2=4 W ompefemTe:
a) TP KaKUX MOJIOKTEIbHBIX 3HAUEHUSIX ¢ CHCTEMa UMEET JBa PEIICHUS;
0) mpH KaKMX 3HAYEHUSIX @ CUCTEMa MOXKET UMETh TPH PEILECHUs;
B) CYIIECTBYIOT JIN 3HAYEHUSX @ , IPU KOTOPBIX CHCTEMa UMEET YEThIPE pe-
meHus?
Ha tpéx cxmamgax 920 1 3epHa. Ha mepBom ckitaze 3epHa Ha 30 KT MEHbIIIE,
YeM Ha BTOPOM, Macca 3epHa Ha BTOPOM M TPETHEM CKJIaJle OHOCUTCS Kak
8 : 9. CxonbKO TOHH 3€pHA Ha KaXJI0M CKiaze?

Croponsbl TpeyronbHuka paBHbl 10 cM 1 12 cM, a CHHYC yTiia MeXIy HUMU
pasen 0,6. Haiinute nepumetp TpeyroiapHuka. CKOIbKO pEelIeHUH HUMEET
JlaHHas 3a/1a4a’?

Haiigure OMCCEKTPUCHI TPEYTOJILHUKA CO CTOPOHAMH 5 M, 6 TM U 7 JIM.
Haiigure Meananbl TpeyrojibHUKa CO CTOPOHAMU 5 ¢M, 6 cM U 7 cM.

HaﬁHHTC AMINIUTYAY, 4aCTOTYy U OCHOBHOM nepuoa rapMOHHUYCCKOT'O KOJIC-

OaHus, 3aJaHHOTO GOPMYIIOH y = —2 cos(%— 2x).

JaHo: npaBuIibHAs YETHIPEXYTOIbHAs |4_2 HaiinuTe ruioniaap nonHon
pu3Ma ITOBEPXHOCTH TETpa’epa Ha
Bl M Cl D
B:M =MCC, TS PHUCYHKE.
A= N
CiIN =ND; [BE-—---1;-C
AB=BC=38 A ~D
AA =4
Haiigure: nmomaas 4eThIpEXYTOIbHUKA
BMND

Haitgute cTOpOHBI OCHOBaHMS MPaBUIBHON YETHIPEXYTIILHON MTUPAMHUIBL,
eciau 60KOBO€ pebpo paBHO 5 ¢M, a IJIOMIAAb ITOJHOW MOBEPXHOCTH paBHA
84 cm>.
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144.
145.

|46.
147.
148.

149.

150.
51.

52.

Haiigure 00bEM npaBuiIbHON YeTHIPEXYTOIBHON MPU3MBI, €CITU €€ TUaroHalib
paBHa 6 cM, a IIoMIaIbb OOKOBOM MOBEPXHOCTH 32 cM?.

Haitgure koopauHaThl TOUEK, MTPUHAJIEKAUX OKPYKHOCTH 33JJaHHOW ypaB-
HeHueM x* + )?= 25, opIuHATHI KOTOPBIX Ha | equHUIly OobIie aOCIUCCHI.
CKOJIBKO CYIIECTBYET TAKUX TOUYEK?

B apudmeTrueckoit mporpeccun a1 + az +as = 30, a\*> +a* = 16. 3Has, 4yTO
4JIeH as AeanTcs Ha 13 0e3 ocrarka, HaliauTe a;.

CKOJIBKO CYIIECTBYET ISITU3HAYHBIX YHCEN, KOTOPBIC YUTAKOTCS OIUHAKOBO
CJIEBO Ha TIPABO U CIIPABO Ha JIEBO (HApuMmep, Kak 67876)7 T

B nupamune TABCD TO-BeICOTA,
ABCD-npsiMOyroinbHUK 1

AB=12,
AD = 16,
TO =5\2

Haiinure £ TAO.

3anumute Gopmyny rpaduka Ha pUCyHKE KaK IIpH TO-
Moy (PyHKIIUU CHHYCA, TaK U IPHU MOMOIIU (yHKIMH
KOCHHYCa.

[Toctpoiite rpaduk Gpyaxmun y =2 sin3x + 3 o 5 Toukam. [Ipu nomormm 3Toro
rpaduka noctpoiite rpadux pyHkuuu y = 2 sin3(x — %) + 3.
HaiinuTe yrisl npaBUIIbHBIX MHOTOYTOJIEHUKOB Ha PUCYHKE.

a) BF ock cummerpun npa- 0) GC ocb cMMMETpHH  B) TPH OCH CUMMETPHH
BHJIBHOTO IIITUYTOJBHHUKA. IIPABHUIIPHOTO BOCPMM- IIPAaBUJIILHOTIO CCMHU-

YTrOoJIbHUKA. TOJIbBHUKA.
A B
(
H ﬂ’ C
&
Al

JnuHa okpyXHOCTH Kojeca aBromoOuis paBHa 50 cm. Kakoe paccrosiHue
MPONAET aBTOMOOMIIB, €CITH KOJIECO c/ieNaeT: a) 5 06opotos;0) 500 o6opoToB?
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|53. Ilpu ocTbiBaHMY BOABI B YallIKe, OXKUAACTCS M3MEHEHHE Temieparypst ot 100°
1o komHaTHOH (20°). B pe3ynbrare HaOMIOACHNS YCTAHOBIICHO, YTO TEMIIEpaTypa
U3MEHSETCS OT BpEMEHHU B OKCIIOHEHIIMAIbHON 3aBUCUMOCTH, CHUXKASACh 32 KaX-
Jple 5 MUHYT Ha 25%.
a) CMmonenupyiite 3aBUCUMOCTb TEMIIEPATYPbI OT BpEMEHU B BUJE Y =ab* + c.
6) Uepe3 CKOJIBKO MUHYT TEMIIEpaTypa CTaHET paBHA KOMHATHOM TeMIiieparype?

|il. [Tpu n3BepKeHUN ByJIKaHa B yINIAX CTOPEBIIMX JEPEBBEB OCTAIOCH 45%
VYrepona 14. Ckonbko JeT Ha3a]l NPOU30ILI0 U3BEP)KEHUE ByJIKaHa?

|55. Onpenennre HOBbIE KOOPAMHATBI, TPH:
a) TIOBOPOTE TOYKH C KOOpANHATaMH (5;3) OTHOCUTENLHO Havaaa KOOpUHAT
Ha yroi 90° B HanpaBJIE€HUU TPOTUB YACOBOM CTPEIKHU.
0) MOBOPOTE TOUKH C KOOpAUHATAMU (4;2) OTHOCUTENLHO Hayaja KOOpAUHAT
Ha yron 180° B HampaBICHUH 110 YaCOBOW CTPEJIKE.

B) OTOOpa)KeHUH TOYKHU C KOOpAMHATaMH (3;2) OTHOCUTEIBHO OCH Y, C IOCIe-

JIIOLIMM TIOBOPOTA HA ™y YACTH MOJHOTO (360°) obopora.
I') IepeMelIeHNH BIIPaBO Ha 3 IIara TOYKH ¢ KOOpAWHATAMH
(2;3), c mocneayromKM MOBOPOTOM Ha yroi 90°B Hampase-
HUU MTPOTUB YAaCOBOM CTPEJIKHU.
|56. Haitnure 1ymHy J1€HTEL, KOTOpOi 00KiIeeHa kopobka Ha pH- Y
CYHKe, eciu x =3 ¢cM, y =8 cM, z =5 cM. Z

|5_7. lNacan cnipocun y 0alyiku, ckonbko eif net. babymika ckazana: “S nmomia B
LIKOJTY B 5 JIET ¥ YETBEPTYIO YaCTh )KU3HU MOCBATHIIA YUEHHIO, TIOCIIE YETO Ha-
yajia paboTaTh, U 9TO COCTABUJIO MOJIOBUHY Moeil xku3HU. Ceituac, yxe kak 15
JIeT, IPUCMATPUBAIO 32 BHyKaMH. BOT U mocunraii, ckoabko ke MHe jet?” Ilo-
cuuTalte ckoibKo JeT 6alymike ['acana.

|58. Ha pucynke n306paxeHbl TPH TIOTYOKPY/KHOCTH. 3Has,
yto d = 18 cM, HalUTE TIOMIAIb 3aKpAIICHHON YacTH.

|59. Cnenyromast muQOpMAIHS TTOKA3BIBACT KOTHICCTBO OCIaJZ[KOB, BBIarllaBIHI/IX B
TeueHnH Mecsna (¢ ToaHocThio 710 0,1 MMm). [IpencraBsre HHpOPMAIUIO B BUJIE
JarpamMMBbl “‘CTBOJI-JIMCTBS’: @) C IaroM paBHBIM 1; 0) ¢ mrarom, paBubsM 0,5.
1.3,2.0,2.3,3.2,34,1.8,3.1,2.3,1.9,2.6,
1.6,0.0,2.4,3.1,0.6,0.7,0.3,0.0,2.2, 1.5,
3.6,231.8,2.7,3.0,29,1.2,2.2,14,3.3

|60. Beinonxure nnpeoGpasosaHus.

1)2 em® — mm? 2) 0,003 cm® — mm?
3)3,4 M — cm? 4) 0,015 M*> — c™®

5) 550000 mm* — cm? 6) 1200000 cm® — m?
7) 0,5m° — 11 8) 53000 M1 — 11

312



Oo0o01aronmue 3a1anus

l61.

|62

63,

|64.

|65.

Becsl mokaspiBalOT  Maccy @ @
MaJIbuMKa, JI€BOYKH U OapaHa.

I[lo pucyHky ycTaHOBHTE ’g % gﬁ %fﬁ
CKOJBKO KHJOIPaMM BECHUT  f [ 1 1
KaXKIbpIM U3 HUX ?

baprpad orpaxaer undopmanuio o
noOeTHBIX Urpax TPEX KOMaH 3a I0-
cnennuu 5 net. Kakue us cnenyromumx
YTBEP)KICHUHN BepHBIE?

a) Komanna -3 Bceraa Ha BropomM

[To6ena B urpax

W A
) )
|

[ToGentbIe UTPBI
[\®)
()
}
|
1

Mmecre. 0) Komanza -1 umeet cambie 15 H | |
BBICOKHE PE3YJIbTaThI. 104 || |
B) KomHaza -1 Beurpana urp 0ossiue, 5H L H
yem Komanpa - 3. 0

o o lrom 2rom 3rog 4rox
r) Komanga - 2 kaxapii ciemyronui
TOJ1 BEIUTPBIBajia OOJBIIIE UTP, YEM B |:| |:| I:'
MPEABLTYIITUH. Komanma 1 Komanma2 Komanma 3

Paman unen kiy6a B crpenboe o MuteHsM. Ero pe3ynbraTsl HOKa3bIBaoT, YTO
80% cnenaHHBIX UM BBICTPENIOB IONAJAIOT B LIETIb.

a) Haiinute BeposATHOCTB, UTO cieayromuil BeicTpen Pamana nonafér B 1eis.
6) Haiigure BeposTHOCTD, uTO Pamaa nonaaér B 1eib,cTpessis 3 pa3a Mmoapsl.
B) HaiinuTe BeposITHOCTB, UTO NpH EpBOM BbIcTeNe Pamiaga nonaaér B 1elb, a
IpU BTOPOM - HeT.

Tabnuua yacToT nokasslBacT U(POPMALIUIO O TOJE BhIITyCKa U 00bEME (B KYO.
cm) neurarenst 600 aBToMoOMIIeH, KOTOPBIE HAXOMATCS HA CTOSTHKE.

OO0BéM nBurareis

0—1000 | 1001 —1500 1501 —2000 | 2001 +
Ton Bbl- —empine
mycka 3 jer 50 80 160 20
OosbIIE 60 100 120 10
3 ger

a) KakoBa BeposTHOCTB, YTO IO/ BHIITyCKa CITy4aifHBIM 00pa3oM BBIOPaHHOTO
aTroMo0mIsA MeHbIe 3 net?

0) Ecin pe3ynbTarhl TaOIuUIIh! ABISIOTCS BRIOOpKOiA 13 5400 aBTOMOOWMITEH,
TO Ha CKOJIBKO TOYHO MOXKHO JIaTh MPOTHO3 JUIsl aTOMOOMIIECH, 00bEM JIBUTA-
Tenst KoTopbix 6osee 2000 u rof BeITTycKa cocTaBisier oonee 3 net?

HaiinuTe BbicOTY Oaka, B (hopMe MPSIMOYTOIBHOTO MapaslieNieUIeaa, ecliu
cTopoHbl 0OcHOBaHus paBHbI 50 cM u 80 cM, a BMecTuMocTh coctasiisieT 400 .
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DOyHKIMH
c. 9-11Ne9 0 Ne10 a) 1; 6) —1 Nell 0 Nel2 6) 0; —0,75; =2 Ne13 1) D(f) = (-3; 2],
E(f)=(-5;5] Nel4 h=-3 Nel5 ¢ =2 Nel6 4 Nel7 a) A(2;0), B(0;—1)
Nel9 a) E(f) = [2; 7] Ne20 A—2) = 3; [6) =—1Ne 21a) f(—1) =5, 0) =4, f(1)=3

c. 13 Ne2 6) D(f) = (—o0; +o0), E(f) = [0; +o0); B) D(f) = (—o0; 0) U (0; +00),
E(f) = (=003 0) U (0; +00); 1) D(f) = [0; + o0), E(f) = [0; + o0)
Ne3 B) D(f) = (—o0; 3]; m) D(f) = [0; 2) U (2; +o0); 3x) D(f) = [-1; 1];
3) D(f) = [1; 3) U (3; +o0); n) D(f) = [-4; 4) U (4; +o0)
Ne4 ) D(g) = (—o0; +o0), E(g) = (—0; 6];r) D() = (—00; +o0), E(¢) = [3; + 0);
1) D(u) = [-3; 3], E(u) = [0; 3]; ) D(v) = [-1; 3], E(v) = [0; 2]
Ne5 a) D(f) = [0; 1) L (1; 2]; 6) D(f) = (—o0; 0] L (1; 2]; B) D(f) = (1; 2]
Ne6 HM3 =2, E(f)=[2; +0) Ne76) y=6—-x,0<x<5,1<y<6
€. 16-17Nel 0) x1=0,x2=3;B)x=4:1)x =2 No52)a) [-2;3];6) 2 va2
B) (—2;2); 1) (2; 3]; ) [-2; O]f, 0; 3]¥ 5 €) Xmax = 0, ymax = 4; %) [-5; 4]
Ne6 a) (2) < fi0) <fi—4); B) fAN2) < A—3) <A—2) Nell a) HM3 =2
c. 19 NQla)HellemH;B)ltemH;r)Hu neuem.nu vem. No4 B) 6; F) 4 N7 6)f(5) <f(7) Ne8 (—4, 4)
c.21 Nel a)0;0)5;8)-7;1)41 Ne2 a) 4; B) 0; m) 2

Ne3 a) 0) B)
Ay | y
[} _)é“ Lﬁ “
6 / < 5
) J
4 4
/ . A
laY > 2
o)
= 0 E 1 !
o 2 4 | 6% | 3 | 10 X

c.22 No2 a) 0a; 6) wem Nod 2) f10.1) > g(0.1): 6) A3 ) > ) 5) A2) < 2@)
c.24 No2m)y=x'Nody=2 NoSa)h = 6) D= [0; 3], E= [0; 3]
c.2531 Nel aym=0,n=4r)ym=7,n=-3 N2 6) g(x)=(x—2)*—1,

napabona y = x* nepenocumcs na 2 ed.nanpaso, 1 eo enus.

No5 1) 6) g(x) = (x +3)*—3;2) 0) g(x) =fix—4) -8

NeT7a)y=|x+4 -2,m=—4,n=-2, SOOA
D(y) = (-o0; +o0), B(y) = [-2; +o0); 1 Al \ |
6)y=(x—6+4,m=6n=4, \ \ ) =7
D(y) = (—o0; +o0), E(y) = [4; +o0) 1
Nel10 a) nepenocumesn na 2 eo.nanpaso ——— ?‘T\§7_=
Nel3 6) epagpux y = \x ompascaemes omno- +— 1 i = 2
cumenbHo OCH X U neperocumcs Ha 1 eo. esepx EE % \ \
1 |

Ne26a)y=2Vx; 6)y=2\x
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.33 Nel (f+g) (1)=1,(f~2) (2) =3, (fg) (6) =20 Ne2 6) (£ + g)(x) = (x + 1)?,
D = (—o0; 400), E=[0; +e0) 5 (f=g)(x) =x* =1, D = (—0; +o0), £ = [-1; +o0)
(/" @) =x-(x +1)%, D= (~o0; +o0), £ = [o0; +0)

(%)(x) =x, D = (—00; —1) U (~1; +o0), E = (—00; —1) U (~1; +o0)

€. 35-36 Ne3 a) 1; B) 2; 1) 0 Ned a) 4; 6) 50; e) —48 Nolbb) % [
Ne7 a) (=25 2); 6) (=005 =3) L (1; +o0); SUPA M B/
Nel26) flx)=x*—-1;r) x> +x+ 1 7 /
Nel3 6) i-1) =—1,A2) = 5, A3) = 7, A0) = 1, sl
fx)=2x + 1 Nel5 6) [-2; 6]; ¢) [-3; 1] HH

¢. 39-40 NeS a)f‘(9)=—3 (D=1 12)=6 g =2\ 1

- T Jx :: —
Ne6 @)y =% B)J/_x+314 )y =22 S W3
A

Nel2 a) f1! (x)——2 ; r)f“(x)=—7 Nel4 =45 cm

c. 41-42Ne3 a) y = 3Vx + 1 Ne6 1) a) uemn.; 6) neuemn. No7 f(2) = 10 Ne10 6) —1 u 7
Nell a) 3;B) 11; ) 3; 5x) 7 Nel3 a) D(f) = (—o0; 1) U (1; +0); 6) (2; 5)
Touka npsiMas IJIOCKOCTH B IPOHCTPAHCTBE

c. 45-47 No5 6) 1; 4 nim 6eckoreuno Nel() a) 8cMm; 6) _at b Noll 6cm Nel2 6 cm
c.48 Ne3a)6cem; 0)4,5cMm; B) 2

+C
.51 Ne3x=6Nod a) 8V3; 6)4N_956CMNg7d=5v5,q>=45°N99aV6N91045°

.53  Ne2 5cm Ne3 12 cm Ned %CM No5 3 cm

c. 55-58 No2 a) na; 6) et Ne3 a2 N4 2.4 cm Ne5 90° No6 8 cm Ne8 \a?+b?
Nol6 17 cm Nel8 a) 17 em; 6) 9 oM ; B) Na?>+b*+c?

c. 61-62No7 6 cm No815 cm, 6 cm,8 cm Ne912 cm Nel0 2 m Nel2 18 cm mmm 22 cm

.64 No2 93 cm® Ne3 42 cm Nod 48v3 cm? No5 a)—a2 6) ¢ g/_ a3

.65  Ne27,2m N4 23 cm Ne5 13 oM mm 15 oM Ne6 6) : B) aV—

Tpuronomerpuyeckne QyHKUMH yriia
c. 68-71NelB) III uerB. N5 a) 4 pax. No7 6) 23n ~ 2,09 panx. Ne8 B) —67,5° Nel2 2)%77E

. 72-73 N3 1,2 paa. Ne6 a) 250 pax. NeSa) 192 ©t m?; 6) 16 © = 2880°
Ne9 a)3w pan./mun; 6) 45 m M/mMuH Nel( =153 m Nel4 0,5 pan. = 28,5°
Nel6 =245 O6?FOT Nel8 0,75 obopor Ne20 =~ 86°
1 3 \2 4
c.82 N5 a)E ;0) 5 e) > 3) V3 Ne6 a) 0,42; 6)—0,91 N7 a) cos o= — 5
tga= —%, ctga= —% No8 a)0; 6)1; B)1 Ne9 B(-1,53; 1,29)
c. 85 No5a)1,5;0)1;1)0,5Ne60) 2 No7 a)2\/_N09 6)HB3 =2, HM3=0

Ne10.6) HB3 =2, HM3 = 1Ne13 2 rousans +2nk%+2nk ke 7 N0153H23“
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c. 88-89 Ne3 ©) — sin a; €) — cos o Ne6 6)—%; r) —V3 Ne9 a) — sina Ne10 6) cos2a
Noll a)—sin 10°Nel4 6) 1; ) 0 Nel5a)2-cos a; 6) 0

c. 91-92 Nel ? cosec? a; 3) 1 No2 cosla =-0,8; tg a=-0,75 Ne5 a) tg*> a; 6) 2
r) ;;[)l No6 a) 5;6) — Ne7 a) 2 cos a; 0)—2 cos a NelO 1.9
sin o 2 9 16

Nell a) 20; 6) —16 Nel2 —0,32 Nel5 a) cos’a Nel7 a) HB3 = 3, HM3 =4

c. 95-96 Ne2 1)\/7g Ned 6)% Ne50)1Ne6a)l Ne7 a)%; 6)-1 Ne§ a) 0 Nel1 a)\3 ; 6)1
Nel2 5 Nel3 a) 1 Nel4 a) 2— \/?NQIST Nel6a) 1 Nel7 a) 1 Nel8 a)-3;0)3

Nel9 sin ¢ :% L@~ 14,3°N020 a) tg 0= 0,75 0~ 37°
c. 97-101 Ne2 a) 0 No4 a) tg Sa; 6) —tgda N7 a)% NelO a)% Nell 6) 0
Nel2 a) — sin 4x-cos 10x; 6) —sin3x-sinx Nel3 a) 2 ctg a; B) 2 Nel14 6) 0,28

Nel6 a)2 Nel7 a)l; 0) \/75; e) —% Ne23 a)%igg Ne29 = 0,46 kB.ex

¢. 102-103 Nel 1) — cos 2x; 3) 1 Ne3 5)% Ne5 6) V{‘&xﬁm 6) 1

gXx
Ne§ B) HB3 = V2, HM3 = —2 Ne9 Nel0 a) —1; 6)1 Ngn%

cosa.
c. 104-105 Ne5 a) @ ©) —a Ne6 a) 1 Noll 1 Nel4 3 Nel7 a) 1 Ne20 a) 3 6) 0,5

TeopeMbI CHHYCOB M KOCHHYCOB

c. 109-113 Nela)hb=12;0)a ~ 8,92; B)£B = 45°;, 1)L A = 44°Ne3 a) 0 = 30°; 6)0 =60°
Ned a) LZA=36° a= 14,72, ¢ = 23,5 No5 2) oono pewenue; 6)ne umeem peu;
9) umeem 2 pewenus No7 B) = 34,71 Ne® a) =~ 41,6° unu ~138,4° Nell a) 20,26°
Nel2 1) = 16,06 M2 Ne14 a) 30V3 Nel6 a) 25<BC<50 Nol17 =~ 4139 M
Nel8 6~38,5° mm 0~21,5° Nel9 =~ 47,9 m No219p~92° No22 =~ 41,5°

¢. 116-118 No2 BC=7; /B ~81,6° /C =~ 38,4° No4 1) = 17,4 No5 a)15—2 V6 M;
6) 11,2 cm; B) 4\7 ; \73 ;145 Ne7 a) d,=2V13, d,=2\37 Ne§ B) = 68°
Nell ©6)= 42,5 km Nel3 = 111m

c. 119-120 Ne2 a) =3 km; 0) ~ 8,3 kM u ~ 8,9 km No3 = 12,2 M No6 =~ 191 m
Ne7 = 15,5 km u = 42,4 km Ne9 = 85,5° Nel1 6) = 1,5 Mun

Tpuronomerpudeckue PyHKIUN

c. 129-135 Nel a) y =4 sin x; 0) y:% sin x; B) y=sin%x No6 a) A=4, T = 6m;
DA=%,T=2N71) a)y=%sin%£; 6) y = 4-sin 2x; B) y = 2 sinx

Neg a) y=12sin%x; B) y=—0,8sinmx Ne9a) y=9cos%x NelOa) T=12 m;

B) T=30m Noll A=0,5;T=-"2-Nel4 6) 75 Nel7 @) Ymax = 8, Ymin = 2,
E(y)=1[2; 8]Nel9 a) y =4 sin 2(x — %) -6,0)y=0,5 sin% (x +%) +2
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Ne20 a) 0)
YA YA
3 3
\ /-
3n In 2\
of /= 5m\ Inx /[ 'x 1
4 4\ 4
-3 "z 0 2 ERg
3 3 3
. 138-140 Ne9 ) a) 6) A
1/‘\

" |

O 2n Tn

3 6

l
6

wla

Nel0 a) y=3sin2x;B) y =5 sin %x; r)y =—4cosx Nel2 y =2 cos(x— 2—;)

€. 142-143 Nely=1,2-16 cos%(t—l) No2 a) T=0,8 cek. 6) 75 Ne3a)y =10 —8cos ;—8;
6)18 M Ne5 6) H=36 — 18 cos IOTM; B) 72 cM; 1) 170 M/MuH.
c. 145-149 Nel a) -1 6) 1 Ne4 6) tg 0 =—\3, 0 = 120° B) tg 6 =3, 6 = 300°
Nglsa)h=3-tgaN916a)d=5-tg;‘—é B)d=8,7 M
6T 3L 3 B e elo et 52t
¢ 152-154 Nol 6) = T 1) <)% ©) 3~ NeTa) 5 B) V3 e) -1 Nel0 ays B)5z

n)% Nella) x = 4 cosecd; 6)= 9° Nel2 0 = 41° Nol 5 a) % 6)2T“

¢. 155-156 Nela) B( %; 2), C( g; 2), D( g; 2), E(23—n; 2), F( 57“; 2) Ne31)A=6,T=3n

Ne5B)y=5+2cos2x N7 y=12—

MHororpaHHuKH
c. 161-162 N5 rpanb C Ne6 AC =5, AC' =13 No7 9 cm
¢. 163-165 No12 a) 26; 6) 29 Nel3 di =13 em, do=9 cMm Neld di = a\2 , db=2a

c. 168-170 No2 6) 160 m> No5 188 cm? Ne7 224 cm?, 18 V3 +180~211,2 cm?
Nell a) So=22 Mz; 6) Seox. = 90 Mz; B) Srom. =134 M2 Nel2 r) N 480, Suom= 536

10 cosn—t Ne

50

8y=6,1-58 sin%(t—l)

. 172-173 No5 200 cm? No6 a) Ssox = 6 cm> No7 140 cm? Ne8 36 cm? Nel0 5 em

¢. 176-179Ne112 cm No29 cm Ne3 1680 cm?, 96 cm?, 728 em?Ne7 a) 13 emu 15 cm
N9 52 em? Ne10 180 cm? Nel 1 = 182,6 cm? Ne15 B) 288 cm? Nel6 36 cm?
Nel7 a) 4 Ne19 723 em? Ne21 /- 6 v, i = 333 eu
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c. 180-182 Ned a) 14 cm?Ne6 S; =25 cm?, S2 =100 cm?, S3 =225 cm>Ne7 11 cm
Noll 360 cm?Nel2 330 cm? Nol3 12544 cm? N014 a)3740 cm?; 6) =407 cm
c. 183 Nel 88; 85; 360 + 643 ;22 Ne2 1) a=8cwm, h=3cm, h,= Scm
TpuroHomMeTrpuiecKkue ypaBHEeHUS
c. 186-192 Ne2 a)2)( 1)" I ink (ke Z) Ne3 a) 2mn; g +2nn ne Z, 6)—+— ne’Z
Ne5 6) 1) 2) +—+2Tck (ke Z) Ne6 2) a) ; 3 ,73—75
Ne Bt ik (ke 2) No9 6) 1) 2) STtk (ke Z)
0 0 I 1711: 19¢
NlOa)—+nnneZNl3B)z— s

Nel5 e)—+ (keZ) Nel6 6)+—+ nk(keZ) r) keZN9176) 240°
Nel8 a) 0°; 90° 180° Ne21 6) 60°; 120°; 240°; 300° No22 umeem 6 kopreii
c. 196-199 No2 0) nk (ke Z) B) + mn,ne Z Ne3 B)7‘C+2Tck (ke Z) Ne4 a) —— +nk (ke Z)
No5 a)+ —Tf+2nk (keZ) Ne6 6)%-; 4 : 54n ; I No7 6)“—(k62)
B)2LL 5611: + 2Tck (ke Z) ; m)nk,(ke Z) N9 14) L + 21m neZ
Nel01) a) 2L 2” 0) —— B)— ,0, 2375 nNOIS 0)75°Nel6 6 =26°Ne20 ¢ ~0,4 cek
No21 a) h(t) 1 5+2c0s 12 6)~0 Im B) =6 cex
c. 204206 Nel )£ 31 5) (O;m) Ne2 a)(— In .2 ) N3 a)<—3—; 537;)
Neq 6)( 2n; 237T )NOSB)[ T . ) No6 6)(0; T)N08B)2Tm<x< 311 +2nn,ne Z
Nel2 6) —+2nk<t<2Tn+2nk (ke 2y, Nel36) J-+2mk<t<T+2nk; (ke 2);

Nel4 a) 16+n—k<x< ?’é*nTk (ke Z); Ne15 6)— n+2nn<x<— +2nn,ne Z

c. 208-209 Ne4 r)% +7TTk,(keZ) Ne5 6) 20M, 24m 1) =44 cex Ne® 6) mpu 60<x<300

O0beMbI IPOCTAHCTBEHHBIX QUIYP
€. 213-218 No5225 cm?;120 M3 Ne® )99 Torm;Nel10 6) V= 144Nel1 875 cm® Nel2 314,4kr
Nel5 a) 2 om; 6) 83 ov’ Nel7 60cm Nel8 a) V = 6 cm*6) Ha 60 om’
No19 840m3Ne20 288 cm*Ne21 a) V = 12 nm3 No22 24m3Ne24 a) 1603

No25 375m3 No27 48 cm3 Ne28 1680 cm® Ne33 6)18 cm?
€. 219-221 Nel 6) 4,4 m; 159,3 m® No3 15:7 Ned 2880 mm>Ne5 96 cm?® Nel5 32 om?

c. 224-225 No2 a)% ; 6)% Ned a) 25:9 6) 125:27 Ne6 a) V=43 cm?

No7 a) So= 175 cm? Ne9 63 cm? Nel7 12 m?
c. 227 Nol Seoc=468 cm?; Sun=680 cm?; V=1072 cm> Ned 216 ky06 e.
NQS 6) VHI/lpaMI/lI[LI 12 Vnapanﬂeﬂermne;[ 72 Vl V2: 1 : 6

c. 232 No2 a) 5 cm b) 420 cm® Ne3 1: 125 Ned 272 cm? Ne9 90 em?, 141 cm?
IMoxka3arenbHas u Jorapupmuyeckasi GyHKIus

€. 235-236 No5 1) 2; e) 5; 1) 256 Nel0 a)% :6)2-; B) 2 Nol1 r)a®SNel4 6) 8; 3) 8

€. 239-240 Ne7 a)y=-2 (% ) 0) y=3-5*Nel2 B) 3 Nel3 0) npu 3Ha4. MEHbIIE 3-X.
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c. 244-245 N6 6) y =% - 3* Nel0 6) = 1587 manar
Nell a) D(f)= (—oo5+o0); E (f)= (2; +o0); €) D(f)= (=005 +o0); E (/)= (=1; +o0)
c.249 Ne7B)6;1)25; €)9 Ne® a) 2; 6)4?9 B) 36N99a)% ; 0)16 Nel10=7,84 mummusipy
c. 251 No5 a) Bo3p.; ©) yowIB. Nob 0) logJZS <logy3 B) log:3> logs4 Ne7 k=16
c. 252-253 No2 a) =36 dB 0) ne sepro Ne3 a) 7,1 6)B 5 pa3 N6 4,6 ron, 11,7 ron
c. 255-257 Ne3 a) log215 6) logs8 x) 1ogz800 No5 a) 10g2X+3 (x>3)
N6 a) a+ b;r)at+b+1 Ne® 1) a) 27; b) 49 2) a) 5x°Nell 2) B) 4; 1) 43)—4
€. 259-260 Nel 1)—1;33) 2 Ne2 14)10; 15)-3;5 Ne3 a) 0; 2 m)1;2 Ne4 6) 1; B) 1,5;
Ne6 a) 27 Ne7 m) 4+1g7; Ne® 3)—1,4;9) 1,5 N9 a) r = 0,042 6) = 35,4 Mmun
Nel0 6) k, (ke Z),B) 5;71)-2;2
c. 262-264 NOI 0)32 m)2 Ne2 0) 6; >1<) 9; n)=J h)4Ne3 a) 4; 6)3N\e4 a) 81 ;
Ne5 a) ;8 \e7r)3; )T 3) ;9 Ne82)10 Ne9 2 Nel5 3,26amm Nel8 6 9,8
266 Nel M) (—o0; =3)U (3;+o); p) (-2;4) No2 6) x<9; B) x<2  Ne3 0) x>2
Ned a) x>—1 Ne5 a) (—3; 3) B)[-2;—1)U[2;+0) 1) (2; 3)U (7;+00)
No7 1) x>logs21 Ne8 1) (—o0; —2] [ 5;40) 3)(0;1n2)
€. 268-269 Nel a)(—1; 2) 6) (6;+) x) (3;+00) N2 5)[— %; +00); 8) (=5;3]
Ne3 4)(0; 2)8) (—1;0)(2:3) 12) (25 32) No5 6) =5,9 rpNe6 B) 2; 3) 1

Ne7 B) [+8] u) (159) 1©)(-9; - )0 (4 :9) Moo ) =154 ron

c. 270-271 Ne3=10,3 gac Ne6 =50 rom No§ % Nell y=3"*Nel2 a) 1000 pa3 Nel6 1)3
KommuiekcHble uynciia
c. 275 Nela)1 B) i Ne3 a) x= 0,5; y= 2,5 No5 >I<) 2+6i 3)25
Ne60) (y+3i)(y-3i); B)(2x+z)(2x—l)N°7a) = Neg a) + 2iB)+ 4iNe9 0) 1
¢.279  Ne3 a)2fcos Totisin )5 8)2cos SEAisin¥ ) Nodb) 1+
No5 a) 00532_7: + i sin 32_n 0) cos —37l+ i sm%71

c. 281 No2 a) 2'2; 6) 2!%-i No5 a)—% ; 0)—32 NoB a) 12§
c.283  Nel 6)+2;+2i Ned 6)2; -1 +V3i;—1 =3 4;

Nudopmanusa nporuos
c. 300 Nel a)66) 81) k—1 Ne7a) sCo sCi sCa 5Cs sCs sCs NelO a) 8; 6)5-b1it wien;70

2 2)2  6)3 ) )L )Y Ne3_80 Nog—8
€304 Ne2a)$5;6) i) 1) g My N3Pl Nes—h

€. 307-313 Ne5 b,=3"+1 N9 b) 4 Nell a) (—o0;—1)U(=1; +00) b) (—00:—2)U[ 1; +o0)

Nel5 B)[-3;—1] Ne22 20 Ne24 (2+ 3)6—36—729 Ne28 6 Ne29 12cm?
Ne30 a) (—o0; +00) 6) [6; +o0) Ne31 5- N33 m =—1 Ned2 48
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PULSUZ

Oziz maktabli!

Bu darslik sana Azarbaycan doévlsti tarafindan bir
dars ilinda istifada Uglin verilir. O, dars ili muddatinda
nazarda tutulmus biliklari gazanmagq Uglin sana etibarli
dost va yardimgl olacaq.

inaniriq ki, san da bu darsliya mahabbatla yanasacaq,
onu zadalanmalarden qoruyacaq, tamiz ve saligali
saxlayacagsan ki, novbati dars ilinda diger maktabli
yoldasin ondan sanin kimi rahat istifade eda bilsin.
Sana tahsilda ugurlar arzulayiriq!




