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CTCIICHU.
)JAIIMOHAJBbH

B aTom pa3gene Bbl HAy4YUTEChb:

Y [eliicTBMAM Hag, AeACTBUTENbHBIMM YUCAAMM U UX CBOM- CTBaM
¥ KOpHI0 N-iA CTEMEHU 1 ero CBOMCTBamM

v CreneHu c PaunoHa/ibHbIM NMNOKa3aTenem un ee CBOMCTBaAM

JelicTBUTE/IbHBIE YHCJIA

PaunoHanbHble 1 MppaunoHaibHble

uncna 06pasyloT MHOMECTBO Jei- R JleiicTBUTEILHBIE

cTBUTE/bHBIX Yncen. Jlioboe aen- SR

CTBUTE/IbHOE YMC/I0 PaLMOHaibHOE - .

WAN uppaunoHanbHoe. na mMHo- Q Paumonaibibie 4HCIA | Pppanmonaubie unc:
wects HaTypanbHbix (N), uenbix (), | Q=tpt, meZneN} | i " B= om
paumoHanbHbIX (Q), MppauyoHanb- Y

Hbix (1), AevicTBUTENbHBIX (R) Yncen | Z Uensie wncna |

BEPHbI HUKEMPUBEAEHHbIE COOTHO- | ;¢ 3 5 19153 )

WweHua: *
NcZcQcR; IcR; Qnl = J;Qul = R
JTioboe paumoHanbHOE YMC/IO MOMKHO
npeacTaBuTb B BUAe HecKoHeyHoW N={1,2,34,..}
nepuoanyecKkonaecaTMyHomn apobu.

Henepuoaunueckas 6eckoHeuyHas gecaTuyHaa aApobb npeactasnseT coboli nppa-
LMOHaNbHOE Yncno. U Tak, ntoboe AeicTBUTENbHOE YMCIO MOMKHO NPEACTABUTb B BUAE
6ecKoOHEeYHOM AeCaTUYHOM Apobu.

N HarypaabHble uncia

CymMma, pa3HoCTb, NPOM3BEeAEHUE M OTHOLWEHKE (AenunTens otandeH ot 0) AByx Aelt-
CTBUTE/IbHbIX YMUCEN ABNAETCA AeNCTBUTENbHBIM YMCOM.

B Tabaunue gaHbl cBOMCTBA AEUCTBUIM Haj, AeACTBUTENbHbIMU YNCNAMN.

a+b=b+a a-b=b-a MepemecTUTeNnbHbI 3aKOH
(a+b)+c=a+(b+c) (ab)c=a(bc) | CoueTaTenbHblit 3aKoH
(a P b) c=ac+t bC PacnpegenMTeanblﬁ 3adKOH
a+(-a)=0 a-%=1(a¢0)
‘a+0=a a-0=0, a-1=a | Hanuune gyns'\@@anH
—(-a)=a a-(-b)=(-a)-b=-ab | _ e N @
a+(-b)=a->b (-a)-(-b) =ab 1 a
a—(-b)=a+b a:(=b)=a(-3)=-%




[DeiictBUTEeNbHbIE YNCNa

Mpumep. HailgnTe cymmy uymcen NnpoTMBOMNOIONKHOIO M 06paTHOro Yncay 2 — V3 .
PeweHune. Yncno obpatHoe 3agaHHomy a =2 -3

l —_ 1 - 2 + \/§ = yucaumesnsv U 3HAMeHamesn1b YyMHO-
a _2—\/5_(2_\/§).Q+\/§)_2+\/§' scaromes Ha (2 +\3)

YUCNO NPOTUBONONONKHOE : —a = —(2 —V3) = =2 + V3.

Toraa umeem: % +(—a) = (2+V3) + (=2 +V3) =23

O6yualowme 3agaHumn )
1 > Kakune u3 AaHHbIX ,Cl,er/’ICTBVITeanbIX Yyncen ABNAKOTCA HATypa/ibHbIMMU, Le-
NbiMN, pauynoOHabHbIMU, I/IppaLl,MOHaﬂbelMVl?

a) V16 b) - <7 c) 1,(7) d) 8 e) —\9

2 > B ypaBHEeHUW x> =g BMECTO g 3anuLLmnTe TaKoe YNC/0, YTODbI ypaBHEHUE:
a) Mmeno ABa paLMOoHanbHbIX KOPHS; b) MMeno ABa MppaumoHanbHbIX
KOPHA; C) HE MUMENOo AENCTBUTE/IbHbIX KOPHE.

3 > Mpw Kaknx 3HadeHnAx n = 2; 3; 4, 5 BblparkeHunsa \n ssnsetca pPayMOHasIbHbIM

ymcaom?
4> OnpeaenunTe, 3Ha4YE€HME KaKOro BblpaXKeHWUs ABNAETCA paLMOHa bHbIM UK

nppaLmoHaIbHbIM HNCTOM.
a) (N7 +3)(\7-3) b) V3-V2:V6 c) (2 -2)?
5 > HanuwwuTte aBa TaKUX MppaLMOHanbHbIX YMCNa, YTOObI UX: @) cymma bblna pa-
LMOHaIbHbIM YXUC/IOM, b) npounssegeHne 6bis10 paunoHaibHbIM YUC/TIOM.
6 > HananTe pa3HOCTb Yncen: NPOTMBOMNOIOXKHOIO M 06PaTHOro JaHHOMY YUCAY.
a) 0,(3) b) V2 +1 c)2-13
v Yuncnosan ocb
OnpegeneHue. MpaMmyto IMHUIO C BbIBPaHHbIMW Ha HEW Ha4ya/iom OT4YeTa, eau-
HWYHbIM OTPE3KOM U HAaNpaB/ieEHNEM HA3bIBAOT YMCNOBOMN OCbIO.

v KaK[oW ToYKe YNCNOBOWM OCU COOTBETCTBYET O4HO onpeaeneHHoe AelCTBU-
TeNbHOe YMUCNO, U, HA0BOPOT, KaxKaoe AeNCTBUTE/IbHOE YMCIO MOXKHO M306pa-

3UTb TOYKOM Ha liglcnosoﬁ ocu. 20
—1i2 - =
e | (2 49 m

_|_c T T T 1 1 1 1 >

-4 -3 -2 -1 0 1 2 3
[Onsa nobbix AeNCcTBUTENbHbIX Yncen a u b , . , b
BEPHO TO/IbKO OZIHO U3 COOTHOLLIEHWUN: a > 1 0 1 2 x
b, a = b, a < b. Ha uncnosoii ocn U3 ABYX moura a pacrnosnaaaemcs sesee Mo4ku b:
Pa3/IMYHbIX AEMACTBUTE/IbHbIX YMCEN TOUKA, a<bhb

COOTBETCTBYHOLaA 6OI'IbLL|eMy, pacnonaraeTca npasee.

O6bI4HO BMECTO «TOYKA, COOTBETCTBYIOLWAA YMUC/Y G» FOBOPSAT T
v Mexay ABYMA OeNCTBUTENbHbIMM YNCIAMM CyLLEecTBYeT HecK

OEeNCTBUTENbHBIX YMCeN. ITO MOXKHO AICHO NPeACTaBUTb, Bblg uB
B BuAe 6ecKoHeYHOoW AecATUYHOM Apobu. Hanpumep,us =
10 - 0,1=0,100... cnegyet, 4TO MeXAY 3TUMMN Y amm

€CYMCNEHHOE MHOXECTBO YmMcen Takux Kak: 0,1
YeCcTBO Hy/Iel MOC/e KaXKaoMN eANHUL YBENYY

an».




[na noboro fencTBUTENBHOMO YMCAA d CYLLECTBYET TaKOE LiesI0e YnCa0 m, Npu
KOoTopom BepHO: m<a<m + 1.

Mpumep. Mexay KakuMmun ABYMA NOC/e0BaTeIbHbIMM LeNIbIMU YACAAMU
pasmewjaeTtcs umcnoa =7+ V2 Ha uncnoBoit ocu ?
PeweHue. K Kaxkgol yacTn HepaBeHcTBa 1 < \/2 <2 pobaBum7:8<7+ \/2 <9.
3HAuMT, COOTBETCTBYIOLLAA 3a4aHHOMY YMCNY TOYKA HaxoanTca mexay 8 n 9.

Hanbonbluee Lenoe 4yncno, He NpeBocxogslliee AaHHOE YACI0, Ha3biBAeTCA Le/oM
YacTbto 3TOrO Yncna, obosHavaeTcs Kak, [a]. JpobHOM YacTbio YMCIa Ha3biBAETCA
Pa3HOCTb MEeXAyY YMCIOM U ero LiesIoi YacTbio, obo3HavaeTca Kak {a}:
{a} =a— [ad]. CneayeT, ut0: 0 < {a} < 1.
Mpumep. Haigute uenywo n ApobHyto yactu uncen. a)7,2; b)-7,2
PeweHune. a)[7,2]1=7, {7,2}=7,2-[7,2]=7,2-7=0,2
b)[-7,21=-8, {-7,2}=-7,2—-[-7,2]=-7,2-(-8)=0,8

O6yuatowme 3apgaHuA o
> YKaxute mMexXay Kakumu Asyma nocnenoBate/ibHbiMU UenbiMU YNCNaMM
HaXoaATCA Ha yncnoBoOM ocu AaHHble Ynucna.

_9 1,6 V5 ~0,(8) 3 u
4 4 2
8 > CpasHuTe yucna: o

a) —2\3u—9 b)—17—2m —\/% c)\/1_4v13 d) \/%MTC

9 > a) EcTb M HauMmeHblUee aencTBMTeNbHOE Yncao bonblue 0,63 ?
b) 3anuwmnte Hanbonbllee AENCTBUTENbBHOE YMCIO B BUAE AECATUYHOM
Apobu, He ncnonbya undpy 9, Kotopoe meHblie Ymcna 0,9 .

Ul
4

10> Hemat yTBeprKaaeT, yto oba uncna —2 + V3 m-1+2 pacnonoKeHbl Ha OT-
puUaTeNIbHOM YacTu YMCNOoBOM ocu. KaK Bbl AymaeTe?

11 > Kakoe 13 yTBepKAeHM BEPHO OTHOCUTENbHO AAHHbIX Yncen?

—\/3_,—\E,—\/E. 2)\/%: \/z:, \/%.

A: 6onblue, yem —1 A:mexay 1un2
B: mexay -2 n-—-1 B: mexgy 213

12> Pacrnonoute 4ncna B nopsaKke BO3pacTaHus.

1) —\49; —\7; 0; —\51; -6,8 2) —8:-3,1; 15

13> HanuwuTe HecKonbKo: a) pau,MOHaanblx b) Mppau,MOHaan ce -
MNONNIOXKEHHbIX MeXAay Ynciamm l VI -

14> HaltauTe uenyto n ApobHyLo YacTu yncen.
a)2,3 b)-62 ¢)2,(3) d)-2 g) \5,




[DeiictBUTENbHDbIE UMCAA _

—— v/ A6CONIOTHAA Be/IMYNHA A4ENCTBUTENIbHOrO Yucna

OnpeaeneHue. A6CONOTHOM BENYNHONW ( MM Mogynem) AeNCTBUTENBHOrO
yucna a, HasbiBaeTcA Camo 3TO Yncao, ecam a 2 0, M NPOTUBOMNOIOXKHOE YNCNIO

—a,ecnm a< 0. a,echva>0
a =
lal —a,ecrma<0
v A6contoTHaA BeINYMHA AeNCTBUTENbHOO |[-3] =3 |5] =5
yMcna NoKasblBaeT PaccToAHME Ha YMCI0BOW N e
OCW OT TOYKM, COOTBETCTBYIOLLEI STOMY YMCAY, -3 0 5 x
[0 Hayana oTcyeTa.
Mpumepbl.
3] =3; | -3]=-(-3)=3; 0] =0; 3-7|=-(3-n)=
CsoiicTBa abCONIOTHO BEIMUMHDI
CsoiicTBa Mpumep CnosecHo
AbcosromHas 8enuYUHa Yucaa He A6-
1. |al 20 |-3|=3>0 !
71Aemca ompuyamesieHou
) _ 5| =|-5 AbcontomHble 8esuYUHbI 83AUMHO MPo-
-lal = |-al 151 = 1-5I MUBOMOONHCHBIX YUCES PABHbI
AbcontomHasa eenuvyuHa I'lpOU3680€HUFI
3. |ab]| = |a|-|b] |-2-5] = |-2]-5| pasHa npoussedeHuro abcontomHbIX se-
AUYUH MHOMCUMerned.
4 a _|_C7| 12 | _ |12] A6ConomHas 8eau4UHa 4acmHo20 PasHd
p T - yacmHomy abConMHbIX 8eAUYUH Oesu-
MO020 U Oeaumerns.
Y PaccTosaHne mexay ABYMSA TOYKaMM YMCI0BON e rrr—__

OCU paBHO abCcoNtoTHOW BeNUUYUNHE pasHOCTM UX -3 -2 -1 0 1 2 3 4 5 X

KoopAuHaT a u b To ecTb, |a—b]|. Buumanmue! |a—b| =|b—a|

Mpumep. Haiaute paccToAHME HA YMCIOBOI OCU MeXAY TOYKammu: — 3 n 4 .

PeweHue. |[4—-(-3)| =17 =7

X

>

Obyuatowme 3agaHua @

15> CpaBHUWTe Yyncna. B
a) |-4| v |4| b) —(-3) un |-3] C)l—\/2M|1—\E|

16> Bbluncaure.
a)[-2,(2) - (-3) b)[-2- - (35 %
17 > Ynpocture.
a)[\2-3[+[V2 -1  b)[\3-1+[V3+1 k 3]—\
18 > HaiiauTe paccTosHne mexay Toukamn a v b.
a)a=2,3);b=3,5 b)a=-

~ LT3 +2




m DeiictBUTEeNbHbIE UMCNA

v/ UYucnosble MHOXKecTBa U popma UX NpeacTaBieHUn

MHOXeCTBO, 3/1eMeHTbl KOTOPOTO ABNATCA AeNCTBUTE/IbHBIMM YNCIAMM, Ha3bl-
BaeTCA YNC/IOBbIM MHOXECTBOM. YMCNOBble MHOXECTBAaMOXHO 334aBaTb B BUAe
HepaBeHCTB WX B BUAE NPOMENKYTKOB. MHOMeCTBO BCEX AEMCTBUTE/IbHbIX YMCEeN
0603HayaeTca Kak (—oo;+00).
MpomexxyTKu HepaBeHcTBa Ha uucnosoit ocu
(a; b) a<x<b pe X
a b a<x<b >
[ ’ ] a b X
a b as<x<b >
[a; b) - -
. <x< >
(a; b] a<x<b s b X
. =
(a; +0) a<x p >
. >
[a; +0) asx - >
—00" xX<b >
( ’ b) b X
—o0; b x<b >
( ’ ] b X
(—o0; +o0) R (BCe aelicTBUTEIbHbIE UMC/A) x’

1. Mpumep. V|306pa3VITE Ha KOOp,D,MHaTHOVI I'IpFIMOl‘;I MHOXXeCTBO 4ncen, yaos-
NEeTBOPAOWNX HEPABEHCTBY. 3anuwuTe B BUAE NMPOMEXKYTKOB.

f Pewuenue. a)-1<x<2 b)-2<x<6 c)x>0
PN > R e I o
10 2 4 6 X -2 0 2 4 6 X 1 0 2 4X
(-1;2) [-2; 6] (0; +0)
2. Mpumep.

OTO6pa3VITe 3a4aHHOE PaCcCToOAHMNE Ha 4YMCNOBOM ocu, npea-
CTaBbTeE B BUAE HEPABEHCTBA.

S . .
PeweHwue. a) (-2;1) b) [-2; +o0)
2 0 2X -2 0 2 X
O6yuatouife 35 AaHua X>=J o

19> 3anuwuTe B BUAE NPOMEXKYTKa MHOXECTBO ,D,EVICTBMTeIIbeIX yncen, yoos-

NETBOPALWNX HEPABEHCTBY.
a)x<2 b)—2<x<5 )-4<x<-15 ¢ d)&10

20> 3anuwmnTe NPOMENKYTKM, N306parKeHHbIE Ha YNCI0BOW O
a)

TR

6-5-4-3-2-101 2 3 4 56

[
S o



[OeiicTBuTenbHble uncna

21 > 3anuwnTe HepaBeHCTBA, COOTBETCTBYIOLME YTBEPKAEHUAM:
a) uncno n 6onblue —1, HoO MeHblue 12;

b) uncno k He 6onblue 3;

C) m HeoTpuUaTeNbHOE YUCNO;

d) HaumeHbllee 3HavyeHMe a paBHa —10, a Hanbonbluee 22;
e) b meHblle 5, HO He meHblle —3.

v/ CBolicTBa 06beanHEHUA U NnepeceyeHUn YUCNOBbIX MHOMKECTB
HeKoTopble cBOWCTBA NepeceyeHns n 06 beaMHEeHNA MHOXKEeCTB Nofo6HbI nepe-
MECTUTE/IbHBIM, COYeTaTe/IbHbIM U PACMpPeAe/UTe/IbHbIM CBOMCTBAM C/I0KEHUA
N YMHOXeHUA Yncen.

1)AUB=BUA 2) ANnB=BnNnA
3)(AuB)ucCc=AU(BUCQ) 4 (AnB)ynC=ANn(BNC)

5) (AUB)NC=(ANC)U((BNC)

B yacTHOM cnyyae, Ana nto6oro MHoXKecTBa A BepHbl COOTHOLLEHUA:
AUA=An AnA=A

O6yuatowme 3agaHuA O
22> 3anuwnte obbeanHEHNE 1 nepecevyeHmne NPOMeEKYTKOB.
Mpumep.  (-2;4] U [0; 9] =(-2;9]; (-2; 4] [0; 9] =[0; 4]
a) (-2; 41" [0; 9] b) (-2; 4] L [0; 9] ¢) (-o0; +o0) N [-m; 21)
d) (-o0; 4] N (-1; +0) e) [3;4) U [4;9) f) (=o0; 4] M (0; +0)

23)> BbinonHuTe aeiicTauns.
a)janz b)NUR coNuzZnQ d) (-4,8;-3,5\nZ

24> MN306pa3nTe AaHHbIM MPOMENKYTOK Ha YMC/IOBOM OCU, YKaXKUTE paLyoHa/lb-
Hble M MPPaLMOHabHbIE YMCNA, BXOSALLME B 3TOT MPOMENKYTOK  (MCnosb-
3yiiTe 3HaKe ).
a) [1; 5] b) (=3;0) ¢) [-2; +0)

25> A=[-2;1],B=[0;3]nC=[-1;2] saBnaAlOTCA NOAMHOKECTBAMM MHOKECTBA

OencTBuUTeNbHbIX Ymcen R. MpoBepbTe BEPHOCTb HUXKECAeAYIOLIMX PAaBEHCTB,
1M306pasnB Ha YNC/IOBOM OCU.

1)AuB=BUA;, 2)AnB=BnA; 3)(AuB)uC=Au((Bu()
4)(AnB)nC=ANn(BNC); 5)(AuBnC=(AnC)u(BNnC(C)

26> 3anuwmnTe MHOXKeCTBO, cooTBETCTBYHOLLEE 3aKpaLIJeHHOl‘;1 ‘-IaCTH.

1) A B 2) A



UccnepoBaHue. PacctosHue nnaHeT go ConHua (B MH.
MWJIb) MOXKHO HalTU NPUBAN3UTENIbHO, NOACYMTAB 3HAYE-
HWe BblparkeHuA Vet 3pecb t —roapbl NNaHeT, BblparkeH-
Hble YNC/IOM 3eMHbIX CyTOK. Ha Mapce oguH rog, nnaHeTbl
paBeH 687 3eMHbiM cyTKam. CKO/IbKO NpUBAU3NUTENBHO
MWb COCTaBAAET paccToaHme oT Mapca go ConHua?

@ KopeHb n-ii ctenenm

KopHem n-ii ctenenn (n 2 2,ne N) 13 uncna a HasbiBaeTca uncao b, n-a cre-
NeHb KOTOPOro paBHa a, m.e. (b™ = a - yAOBNETBOPAIOLLEE PABEHCTBO).
Hanpumep, KopHem 5-11 cTeneHn 13 uncna 32 AsnaeTca 2, NOToMy YTto 2°=32.
KopHem 4-i1 cteneHun ns uncna 81 asnserca 3 n—3, notomy yto 34=81 n (—3)*=81.
Bo MHOecTBe AeCTBUTENbHbIX YNCEeN CYLLEeCTBYET eAMHUCTBEHHbI KOPEHb He-
YeTHOW cTeneHn 13 Ntboro YMcna, KOPHU YETHOM CTENEHU U3 OTPULATENBHbIX
yncen He cyulecTayeT. KOpHM YETHOM CTEMEHU N3 NOJIOKUTENbHbIX YNCEN UMEIOT
[ABa NPOTUBOMO/OXKHbIE 3HAYEHMUA.

Onpegenenve. ApudpmeTnHECKUM KOPHEM N-OW CTeneHun n3 yncna a (a = 0) Ha-
3bIBaeTCA HEOTPULIATE/ILHOE YNCAO, N-A CTeNeHb KOTOPOro pasHa a. O6o3Haua-
etca Va v uMTaeTca Tak: «KOpPEHb N- CTENEHWN U3 YnCa a».

[Mokasatenb KopHs \/—
\

[ 3Hak (pagukana) KOpHﬂ/l/

v [Mpu n = 2 KOPEHb Ha3bIBAETCA KBAZPATHbIM, NPU N = 3 - KYyBUYECKUM.

|I'Io,u,KopeHHoe 4yncno, BbipaxkeHue

Mpumep. 381 =3, notomy ut03*=8113>0 Obpatute BHuMaHme!
& §/8_=2,n0Tomquo 22=8u2>0 \81#-3

ACHO, UTO ANA UCKOMOro n 22, npu ne N nony4ynm % =0, Q/i =1.
HaxoxaeHne apudpmeTnyeckoro KOpHA ABAAETCA ONepa- BO3BeAeHME B cTeneHb
umelt obpaTHON BO3BEAEHUIO B CTeNeHb. 1A HeoTpuua-  M3B/1EUEHNE KOpHA
TenbHbIX uncen a u b sanemNa = b u b7 = g 4 -04 64=4
3KBMBANEHTHbI. [ONI0XKUTE/IbHBIN KOPEHb YeTHOM cTeneHn  24=16 |j3g.=2
MOJIOKUTENBHOIO YMCNA a 3aNUCbIBAETCA KaK \/_ a B3a-
MMHO I'IpOTVIBOI'IO.ﬂO)-KHbIVI OTPULATENbHbI KOPEHb 3anu-
CbIBaeTCA Kak —\]5 Mpw a > 0 HeYeTHON CTeNEHM KOPEHb TAK¥Ke MNONOKUTENbHbIM
M COrNacHO onpeaeneHnto apudmeTM4eckoro KopHAa 0603HavaeTcs Kak "a.
Mpna<0 HequHoﬁ CTEeNeHN KOpPeHb OTPULLATE/IbHBIN U ero TakXe 0603Hava

MMEEeT CMbICIb NP @ =0 1 OHO ABASAETCA YUC/IOM HEOTP
n

YyeTHOE YNCANO, TO BblpaskeHue \a meet cmbicb

obpeTaer 3HayYeHue, OANHAKOBOIO 3HAKA.C YMC/IOM



n
v Mpwn BCceX 3HAYEHMAX G, NPUN KOTOPbIX BblparkeHMA Nd MMeeT CMbIC/, BEPHO

paBeHCTBO (QE)n =qg
1. Mpumep. Bbluucaute: a) (24\/§f; b) (33\/5)3; ) (25\/—_3)5
Pewenne. a) (233)'= 2% (B)*=16-3=48; b) (332)*=3*- (V2)*=27-2=54;
) (2335 = 25 (V-3)°=32 - (-3) = —96;

n ni.
v OTmeTm, uto ecam a > b > 0 To, BepHo Na > \b

2. Npumep.
V7545 Yg>45 ;38,1>7,9

Obyuatowme 3agaHuA

1 > Bbluncnute.

a) V121 b) J125 o256  d)Vo e) V1
f) 0,64 g) ¢ fe h) N=32 i) 4[5 1l6 ) 0,064

2 > Pasgenute Ha Age rpynnbl: MMeOLWMe CMbICA U HE MMELOLME CMbICAA.

a¥—27  b)-f19 o V(2” d¥-12 o) ¥=3) ()

3 > HaliguTe 3HaueHMA BblpaXKeHW.

a)s-\-8 b)g V2135 ¢) 4--64):416
e) \Wea f) V13 +327 g) 31764 h) V62 + V16
i) Va6 -vh2s ) Vied7e A k) Va2 V256 ) \W16+2-932

4 > Kakue n3 ymncen asnarorcsa pPaunoHaibHbIMU, @ KakKne lepaLI,MOHaanbIMM?
a1 b)v1e c) /64 d) s e) 3/% f) 30,027

5> YKaxnTe HECKO/IbKO HaTypasibHbIX 3HAaUYEHWIA N, MPU KOTOPbIX 3HaYeHue
BblpaxeHua Y BygeT: a) pauuoHanbHbIM YMCIOM; b) MpPaLMOHaNbHBIM

YUCZIOM.
6 > C NOMOLLbIO KaNbKyNATOPa HalaMUTe NPUBAMMKEHHbIE 3Haqu%Bb|pa eHn
a) \10° b) 16 c) 352 d) {63 e)
7 > Bnunwurte 3Haku >,<,= B 3aKpalleHHble KBa4paTb
a)\0,01 0,001 b) w/% ?/8— P




8 > PacnonoxuTe uncna B nopazKe a) \3/5; 7: 2; 41,2 b) s, -2, —\3/2; -3
BO3pacTaHuA:

9> Pacnonoxute uucna B no- a) W; i/E; 2 b) i/g; 3/7; B

pAaaKe ybbiBaHNA:
10> OnpepennTe 3HaK pa3HOCTK. a)s -7 b V10-2 ¢)3P24-3

1 > Onpe,a,enMTe I'IpM6!1M3MTeJ'IbHOE pacnosoxeHne gaHHbIX YUCEeN Ha YNCNO-

BOW OCM.
3
a) \19 b) }/-20 o) 30 d) 36 e)3 6—83
Mpumep: 8<19<27 & i/§< 3/E< \3/5, oTcoga 2 < \3/§< 3.
B)
To ectb, uncno V19 Haxogutca mexay 2 1 3. | | | 1? | >
0 1 2 3%

12> YKaxuTe mexay KaKMmm AByMA nocnefoBate/lbHbIMU LeNbiIMU YNCNAMU Ha-
X04ATCA AaHHble Ynucha.

a)\5 b) 25 c) 28 d)Vo,7 e V15

13> HaguTe uenyto 4acTb uncna.
a) V3 b)320  ¢)338 dV17 e 17 ) 17-1

14> CHayana HanauTe eyt YacTb YNCNA, @ 3aTeM YKAXKUTE ero Apo6HYHo YacTb.

a) V2 Vo 12 d)VB3 e) V28-2
15> Bommcante: a) (4V3)?  b)(532) o) (-233)  d) (234
16> Mpu KaKMX 3HAYEHMSX NEPEMEHHOI BEPHO PaBEHCTBO?

a) Wr1=3 b)W-1=2 ¢ Ww=7=-1d) x-3==2

17 > Pewute ypaBHeHuA.
a)x*=64 b)x°=-16 c)x*=81 d)%x“—2=0 e)%xs+16=0

Mpumep: 1) YpasHeHue ¢ HeyemHol cmeneHbto x3= 27 umeem eduH-

B)
cmeeHHbIl delicmeumenbHbil KopeHb: x=\N27 =3

2) YpasHeHue x*=—81 He umeem OelicmaumersbHbix KOpHeU'.K. cngereH 6

C YeMHbIM OKa3amesem He Mmoxem 6bimb ompuyamesnbHsl cn10

3) YpasHeHue x*=16 umeem 9dsa delicmeumesibHbiX KOPHA:
x =+V16 , X=12 ‘




— v Nokasarenb n-# cTeneHn KOpeHb N-i CTeNeHn

1) Ecnu n YeTHoe yncno, ncxogsa us a"= |al”, no onpegenenuto apubmetTnye-
CKOrO KOpHSA cneayer: "\/a_”= W= lal.

Mpumepbl. G‘/W= -n| =, m= |1—\/§| =\/§—1; i/ﬁ*: [x—1]
2) Ecam n HeyeTHoe, ANsA N0BOro @ BEPHO PaBEHCTBO Na'=a

Mpumepbl.  375-7,  3p=-3,  Po=x,  Ax-1p=x-1
18> Boumowre: 2)3%(-27  b)V-8F o 23-4F  d)V3)F N3P

19> Vnpoctute: a) U+ (x> 0) b) ¢+ 3¢ (x<0)
gV +1p +V2-1¢ A VN2-3p + V(2 -3)
20> Ynpoctute npn 1 < x <2 i/(x— 13 +\x2—4x+4
MpuknagHbie 3agaHna @

21> Pacnpepgennte npocTtble MHOXUTENN YMCeN HA TPU OAMHAKOBbIE rPynmnbl U
3anuuunTe B Bnae Ky6a KaKoro-nnbo umcna.

216 216 =2-2-2-3-3-3 = (2-3)-(23)-(2:3)= 6% V216=63=6
2 108
2 54 o 1)216 2) 512 3) 729
& 4)1728 5) 2744 6) 5832

2 336

22> 1) Halgute niowaab noaHoM nosepxHocT Kyba c obbemom 2197 m3,
2) HaitguTe oTHoweHWe AAnNH pebep KyboB, nmerolmx obbembl 42 cm3;
336 cmd.

23> FeomeTtpua. O6bem LWapa ¢ pagnycom r BbluncaseTcsa no Gop-

myne V= ?vr3.
a) Haigute pagmyc wapa, 06bem KOToporo paseH 2881 cm® ’ ’
b) HaiiauTe paaunyc wapa, o6bem KoToporo paseH 528 m3,

OTBET OKPYrANTE C TOYHOCTBIO A0 COTbIX.

24> PacnnaBuB ABa KenesHbIx Kyba ¢ pebpamu 3 cm 1 4 cm, NONYYUAN OUH
Ky6. Hangute npnubaunxkeHHoe 3HaYeHue AnHbI pebpa noayyeHHoro Kyba
B CAHTUMeTpax. Pe3ynbTaT OKpyrimTe 40 AECATbIX.

25> BMOI'IOFM?._BbICOTy aepesa NpUBAN3UTENBHO MOXKHO onpep,g o NAAD

myne 35Vd2. 3pech d - gMameTp cTBONa Aepesa (B MeTpax), h BbIGDTA.

Yemy npmnbansnTeNbHO paBHa BbICOTa AepeBa C Aﬂw cT 1,1 W
2.

26> BbinonHMTE 3a4aHMe UccnefoBaHMe Ha CTpaH 1 €HHbIN\PEBYNbT.
CpaBHUTE C MHPOPMALMEN U3 Pa3HbIX UCTOY

\




v/ CBoOWCTBa KOPHA n-ii cTeneHun

CBOWMCTBA KOPHA N-0i4 CTeneHu
3pecb a 20, b >0 geictBuTeNbHBIE YUCAA, M 22, N 22 W k HaTypanbHble YNCNa

MaremaTtnyecKkas 3anucb CBoiicTBa Mpumepbl

KopeHb n-ii cteneHun 13 nponsseae- ,3]27 .64 =
0T n[Z n | HMA HEOTPULATENbHbIX MHOMUTE-
1_ ab=\/;\/b o pU. o —_ 327'364
el paBeH Npou3BeseHUI0 KOPHEN v v
Nn-" CTENEHN MHOXUTENEN. 3.4=12

KopeHb 13 apobu n-it cteneHn ¢ He-
o O _{a OTPULATENbHBIM YNCAUTENEM U NOJIO- F_ V16 2
. b - % KUTENbHbIM 3HaMsza‘TeneM paBeH 81 {Vﬁ -3

OTHOLLEHWIO KOPHEW N-ii CTENEHU YUC-
b#0 JINTENA U 3HAaMeHaTens.

Ecnn nokasaTtenb KOpPHA U NoKasaTesb
CTeneHn MOAKOPEHHOrO BblpaXKeHus

kn [gkm =\[gm MHOUTb UK PA3LENUTb HA OLHO U e = 3Ux2
3. Watm =Na y pasa A x* = x
TO Ke HaTypanbHOe YMC/IO0, TO 3Have-
HUE KOPHA He U3MEHUTCA.

(\"/a_)'"— \n/;,, CrteneHb KOpPHA paBHa CTeneHu (%/g)2= \3/8_2 = \3/54 =4

4. =
KOPHA NOAKOPEHHOTIO BblpaXXeHuA.
[InAa n3sneveHns KopHA 13 KOPHA NOOKO- 13/4 12
m -
5- V%: m% PeHHOE BbipaXeHne CoXpaHAeTCcAa, nepe- \/g \/E
MHOXaKTCA CTeneHun KOpHEﬁ.
O6yuatouwme 3apaHuna o

27> BbluMCMTE 3HAYEHMNE BbIPAXKEHMUS.

16 51
V2564 b)B-27  V16-81 Ao e) 35 243

3 3 4
28> Bbluncaute. 3) 16 b) ¥192 c) \/4_—8
9 B

29> Bolumcaute.  a)V32-3- V827 b)V8-3-



30> Ecnm npoyecTb cnpasa Ha/feBo TOXAECTBA, 3a4aHHble B cBoilcTBe 1 n B
CBOMCTBE 2, TO MOyYaTca Npasuaa YMHOXKEHUA U AeNeHNA KOpHel ¢ oau-
HaKOBbIMW NoKasaTtensamu. BcrasbTe nponylieHHble C10Ba, YTobbl Aonon-
HWUTb NpaBuAa.

1) YTo6bl NEPEMHOMKUTb KOPHU C ....... NOKasaTeNAMM, HYXKHO ........ nogKo-
PEeHHbIe BbIPaXKeHUs, a MOKa3aTeslb KOPHA .........
2) YT06bI pa3fenuTb KOpPHU C ....... NOKa3aTeNAMM, HYXKHO PasaennThb ........ ,

d NMNOKasaTesib KOPHA .......... .

31> BbluMCAUTE 3HAUEHNE BbIPAKEHMA.
Mpumep. 354 -332= V54.32= 27-2:32=07-64=3-4=12
a) {5 - 200 b) 33 - 27 )4 -8 d) 28 -log

e) 16 - 13,5 f) Y80 - Y125 g) V8- V162 h) /81 - 96

32> [ononHute HUXKecneayolee A0Ka3aTeNbCTBO TOXAECTBA Na+b =a"\b ﬁpm
a=0,b20.

YrBepxaeHune O6ocHoBaHue
1.020,b20 1. AaHo
2.8g20, YpoO y S
3. g Yp2 0 E R
4. (\"/; \7[)_)”= (\/"a_)n . (\/5_)n 4. CTeneHb NPOU3BEAEHUA ...........
S(Q/a_ b )"=a-b B,
6. Jgp= Va b [T

33> Bbluncnmnte 3HaveHMe BbipaXKeHUA.

a) (B-Va5)2  b) 31612 c)@:ﬁ%—z " M;_@
2
e)(8-2405)02  f(Ba-R+216)2 g (1643121532

34> Bbluncaute.
a) 0-v17%+v17 b Mo-vio-T0+v1e  o¥7-V177+17

35> Bbluncnute.

a) (Vs )2 b) (V4 ) c)-3- (V9)?

36> CpaBHUTE 3HAYEHMA AaHHbIX BblPaXKeHMUIA:
3
a) \We1 u Y81 b)NQ64, \/%—/64 " %




315 3| 5
= 2 5
37> Bo ckonbKo pa3s umMcno o4 Gonblwe uncna \z75

4 47—
38> a) HariauTe nnowanb NpAMOYroabHMKA C AJIMHOM \/_M W LWMPUHOM V2 m.
b) Ham,a,MTe obbem NPAMQYTONIbHOTO Napan/enenuneaa ¢ 3a4aHHbIMM pas-
mepamu: \/_sm 9 sm, \/4 sm.

39> MoKaKunTe Ha NpUMepax, YTo cBocTea 1 1 2 BepHbl U A4 OTpULLaTENIbHbIX
ymucen awn b, ecan n HeYeTHoE YnCso.

40> YNpocTUTe BbipaXKeHaA Npu NoMONKUTENbHbIX 3HAYEHWUAX MEePEMEHHbIX.

a) Vx - \x b) I - A afke ) d) (Ve )’
e) (Vab ) Vorb® £z . 481 @) er M) h) ey e

41> Ynpoctue.

X3y’ b) Naspio ) Un'm ozs
\/x5y3 Vab? c o d) W

42> YNpocTuTe BbIPaXKeHUA NP NONOKUTENbHbIX 3HAYEHUAX MepeMeHHbIX.

aWNe ol o) d) e e)Va*
ne ek nilm % akF

43> OcBoboguTe OT KOpHA. 3anuwunTe B BUAE MHOFOYAeHa.

a) V(a + 2)¢ b) V(x - 3) o) A2 — 1) d) Y2 + 2)*

v’ BblHECeHWe MHOXUTens U3-noa 3HaKa KOpHA

NPy BbIHECEHMN MHOKMTENA U3-NIOfL 3HAKA KOPHA MPUMEHATCA cBOWCTBa
KopHei n  dopmynbl Va" = |a|(ecam n yetHoe), \a"=a (ecnu n HeueTHoe).

Mpumep. BbiHECMTE MHOXUTENb U3-MOA 3HAKA KOPHA:
a) 54 b) Ygspe c) agas &
Pewenme. a) Y54 =3272=327-2=332

¢) {aget = 416-3-a* a* =16-




KopeHb n-i cteneHm

44> BbiHECMTE MHOXXUTENb U3-M0L 3HAKA KOPHA.

108
a) V32 b) 24 c) 132 d) 128 &)/
45> yI'IpOCTVITe Bblpa*XeHnA Npu NONOXKUTE/IbHbIX 3HaYEeHUAX NepeMeHHbIX.
— N 81a%b*
a) V16x° ) 275 o)Veaa?  d)Usac’ ) | 3p

46> Ynpoctute. OnpegennTe AoNyCcTUMble 3HaYeHUs nepemeHHon (43M).

a) \36x3 b) V36x°y° c) 8xy”- Y16x° d) Yay3z - V2y22

e) 3[ XY f) Doy g |2 h) 4xcy . 16Xy
Xy Doy 32/ i

47> YI'IpOCTMTe Bblpa*XeHne BbIHECEHNEM 06|.|J,er0 MHOXNUTEenNA 3a CKO6KM.
a) 2% +73y  b) Ax+2W% o) Veae —x2e  d) 16yt -3y2y

v/ BHeceHMe MHOXUTeNA NOA 3HAK KOPHSA

[ina BHECEHMA MHOMKMTENA NOA 3HaK KOPHA NCMOAb3ytoTCA Gopmysbl

|a| =\a" (ecnm n yeTHoe), a = \/a_”(ecnm N HeYeTHOE) MU CBOMCTBA KOPHEN N-oi
cteneHun. J1lo6oi MHOMKMTEIb BO3BEAEHMEM B HEYETHYIO CTENEeHb MOXHO BBECTU
Mo, 3HaK KOPHA TOW sKe cteneHu. Mpu Bo3BeAeHUM MOJIOKUTEIbHOTO MHOXUTENSA
B YETHYIO CTeMeHb OH BBOAMUTCA MO/, KOPEHb TOM e CTENEHM, ECIN MHOXUTENb
OTPULATENbHbIN , TO OH BHa4Yane 3anucbiBaeTca B Gopme NpomnsseneHus noso-
UTENbHOTO YMCNA HA —1, NONOMKUTE/bHbIN MHOMUTENb BBOAMTCA MO, KOPEHb,

“w on

nepen KopHem CoxXpaHAeTcA .

Mpumep. BHecuTe MHOXUTENb NOA, 3HAK KOPHA.

a) 235 b)-2%5 ¢) a-4/-2;
> Pewenne.  a)235=3/3-35 =335 =8 5=10
b)-245 =-12¥5= 42" 5= 480 o) a-yf- % =-Vat o2 -V

a3

"a<0

48> BHecuTe MHOXMUTENb N0 3HaK KOpPHA.

a)32 022 ¢35 d-2B  e-202 W

49> BHecuTe MHOXMUTENb NOA, 3HAK KOpHA. YKaxuTe (

a)x.a\/; b)x.“\/g c)2c.i/%




50>
51>

52>

53>

54)

55>

56>

57>

58>

59>

60>

CpaBHUTe uncha. a)iac 3 b)233c 32 ¢ 2¥3c 312
OnpegenvTe 3HaK PasHOCTM. a) 2- 10 b) V-2 o N5 -87

MpuBeanTe KOPHM K OAMHAKOBbIM NOKa3aTeaM, a 3aTeM BbINONHUTE
aencreme.

a)\2-a b)V3-3 oVs: {2 d) Ax: Wx
Bbll‘IVlCﬂVlTe 3Ha4yeHune Bblpa)KEHVIﬂ.
a) Va+7 -\23-8v7 b) \3-2V2-117+12\2
\/_ b Na+lab a-b a+b
Yy . b _
WO Ve b %a-b  Varb

YnpocTute, NpUMeHsAA CBOMCTBA KOPHSA.
a) \X/a®b? b) 3 (a>0) ¢) SR )W (ax0)

Kakoe v3 paBeHCTB BepHO, npn a < 0.

a) Vb =a b)Jas=—a ) Vot =-a d) Yot = lal

Pacnonoute uncna B NopsaKe Bo3pacTaHus:

a) \2; V8 3B, )3 W 5. g V3 e 6

OcBoboauTe 3HaMeHaTes/lb OT MPPALLMOHANIBbHOCTY.

npmmep. 3 - 3 %/_ 3%/_ 3%/—

) 9 b) 2 c) 4 d) -10
27 Va s 125
BbinonHute geicrems.
4 3.4 V2v5-4 .25
2 Na-23-4a+23 b) V2V5-4 - V2\5 +4
2
Halagute nnowagmn ouryp.
[ ]
a) — b)
!
u m




CTeneHb C payMOHaNbHbIM NOKa3aTenem

UccnepgoBaHue. 1) CpaBHmVITe 3HAYEHUA BbIPaAXKEHUN \2° u 2% .

2) BepHo /1M paBEHCTBO g "= \gm, €CIM YUCNO M ANNTCA HA HaTypasibHOe
uncno n? NpueeauTe ewe oAMH npumep.

3) KaK BblMMCINTD 3HAYEHME BbIPAXKEHUA @", €C/IM YUCI0 M HE AeNUTCA Ha h
6e3 ocTaTKa?

CreneHb ¢ PauUOHa/IbHbIM NOKa3aTtesiem

m
Onpep,enel-wle: Ecnv a — nonoxkutenbHoe yncno, a 7

(3mecb m — uenoe, n — HaTypanbHoe Yncno, n>2), 7o a"= Vam
2

2 _3 1?5—2
Mowmepsr. ot 357, 5r4p (3] (3

— ApobHoe uncno
m JR—

m
n

Tk Yom=0(ne N,n22)npmm>0,Toan%>0, 0 =0

CreneHb C ,CI,pO6HbIM NOKa3saTtesiem gnAa oTpuLaTe/IbHOro YnMcna He pacCmaTpu-
1

BaeTcA. Hanpumep, BbipaxeHue (—4)% He MMeeT cmbIcAa.

O6yuatowme 3aaaHun )
1 > 3ameHuTe KOPHEM CTeneHb C pauMOHa/IbHbIM MOKa3aTe/eM.

2 1 1
3

3 3 Z
a)53; 34 8 4;90% b)x3; y ; 805, 25 c)3x2; (8)/)3 (4¢)0s

2 > 3ameHuTe apmd)memqecmﬁ KOpEeHb CTeneHblo C paunOHa/IbHbIM

nokasaTenem.
a)Vs; 2; 2 ; b)w; S5 ; ax ; e
3> Bblumcaure.
1 _1 L 1 3 1
a) 1002 b)9 ? c)8 3 d) 273 e) 81* f) 2.125°
1 i 2z 1 i 1
g) 252 - 0,001 h)8°-27° i) 16" +32°
4> Natud v CeBUNb BLINMCINAM 3HAYEHUA BbIDAKEHNA (— 8)3 cnesyoLmm
obpasom:
Natnd: (— 8)3 V=8 =—2. Cesnnb: (—8) B )3 =(— 8) V= 8)2—6\/_
CpaBHMBaA pe3ynbTaTbl, 06BACHWUTE, NOYEMy CTeneHb C OKa
TeNem AnA OTPMLATENbHOMO YNCAa He paccmanMB
1 £
5> Bblumcaue. (273+ 1255“'+83 b) (8

A



m CreneHb € pauMoHaibHbIM NOKasaTenem

6 > Jlana v AHBep BbI4MCANAN Ha Kanbkynatope 4,1%° = 34,0376557653 u
06BACHUAK 3TO BblYMC/IEHNE TaKMM 0bpa3om:

i 1
O6bAacHeHue Jlanbl: ecnv 3anucatb 4,1%° = 4,12 T = 4,1-4,1 -4—é, TO nony-
yuTca npubansutenbHo 34.

S
O6bAacHeHue AHBepa: 4,12° =4,1 % . 3To ABNAETCA KBaApPaTHbIM KOPHEM 13
npousBeaeHns 5 MHOXUTenen, Kaxkablii U3 KOTOpbIX paBeH 4,1.
Kakoe 13 06bsicHeHUIM BEpHO?

7 > CpasHute uncna.
1 1 1

S 1 L i N L S
a)5” c3°’ b)0,1° c0,2 * c)3> c3°? d)4’ c4*

=

8 > MpKY KaKMX 3HAYEHUAX NEPEMEHHON BbIPaXKEHNE UMEET CMbICN?

1

3 3 _1 2
a) x b) Vx ) (x=1) = d) (x+1)3
—— ¥/ CBOIiCTBa CTeneHu ¢ paunoHaibHbIM NOKasaTtesem
CBoliCTBa CTENEHM C Le/ibiM NoKasaTenem cnpasegimBbl U ANA CTENEHU C pa-
LMOHANbHbIM MOKa3aTenem npu NoaoKUTENIbHOM AENCTBUTE/IBHOM OCHOBAHUM.
B Tabnunue npmBeaeHbl CBOMCTBA CTEMEHM C PALLMOHANbHBIMU MOKa3aTeNAMMU.
3pecb g u b nonoxuTeNbHble AENCTBUTENbHBIE YXACAIA, P U G PAaLUOHaNbHbIe
yucna.
HasBaHue ®dopma 3anucu I'Ipumep
I_I . 1 3 3
pounsseaeHune aP-g9=qgP*9 5 .5 2 52 2= 52 =25
cTeneHein (a)7= g 5
ar)y =a 2 2 — 25 —
CreneHb cTeneHun (3%)= 3 = 34_- 2143
CTeneHb NpousBeaeHms (ab)P= aPb? (16 - 9)2 =162-92=4-3=12
CreneHb C oTpuLaTENbHBIM _ 1 36705 = 1 = _1_ = 1
aP=— 05 (62)0,5 6
noKasaresiem a? 36
0 —
CTeneHb C HyNeBbIM =1 213°=1
nokasatesnem 2> S-L
U R =4 P=4-16
OTHoLeHne cTeneHen a a 4T
1 1
c (g)”_i (£3_273 _3
L = =1 =
TeneHb OTHOLIEHUA 64 7y
64
B KauecTBe NpuMmepa [OKAKEM CBOICTBO I'IpOVI3Bep,eHMﬂ cTeneHen.
[JoKaxkem, uyto a?-a79=aP*9, ecnrmu p = —, q = _I (n v I = HaTypanbHble
yucna, m v k — uenble yncna). ¥
ﬂ L ﬂ/ 'i / +I1
a*-ai=a"-a’ = a” a" =Na™ -Na= Kgm. gk = mige
mh ok m ok
= g _gn * T=ap+q
OcTasibHble CBOWMCTBA 0KA3blBAOTCA amnorm%co M.

\




CreneHb ¢ pauMoHasibHbIM NOKa3saTenem _

O6yualouwme 3apaHuna )
9 > MpeacrasbTe B BUAE CTEMEHW C PaLMOHa/bHbIM MOKa3aTesIeM.
FUNE S 2 1 2 4
ajcz2-c 3 b)as -a3 c)bs-b s d)g®®-g-51.q73

10> ynpocture.

1

2 S
b)y:y3 c)as:a

S 2
3 3

1
a)x 2:x d) c12: c08

11> yI'IpOCTVITe, npumeHAA CBOWCTBA CTEMEHU C PaunOHa/IbHbIM NMOKa3aTenem.
5 2 3

a)(a7)™ b) (m3) 4 c) (b 08)05
s 2
d) (c07)05.- c 015 e) yeysyos f)(a *)
12> Bblumcaute.

S 4 3
a)2-494.4%32  b)41.¥2  ()2507.504  ()302.3-025.35.3 3
13 HaiianTe 3HaueHMe BbIPAXKEHMA.
1 1 1 1 L 49 L
. _— -1 —) 2 2
a) (81-16) ¢ b)(8 27°1) 3 c) (0,01 49) d) € 4q)

2

14> Ynpoctute.  a) (125 X b)(27 x3)% c)(64c®)

_1 1 _1
s d)(g¢) ¢
1 1

15> MpeacTaBbTe B BUAE KBagpaTa BblparkeHus (x >0 ): XX X 4 X 3

1
16> MpeactasbTe B BUAE Kyba BbipaxkeHus (a > 0): a;a%aa;a o

1

17> Bbipasnte HMXKecneayloLLLEee BbipaxkeHWe Yepes a, eciu 2342 =¢

a)2,34 % b) 0,0234% c) 23400 %
13> Bbipa3suTte nepemeHHyt0 x 4yepes a, ecamx >0, a > 0.
a)a=x% b)0=X_% c)a=x%
1 1 3
19> Pewute ypasHeHna. a) x’=3 b) x* =2 c) x5 x44=9

2
Npumep. X>=4. O6e CTOPOHbI BO3BEAEM B CTEMEHD 5

20> MNpeacTaBbTe BbipaXKeHUe B BUAE CTENEHU C PaLvagaibHBIM Mo

a)x - W b) S\R/V?



m CreneHb ¢ payMoHaNbHbIM NOKa3aTenem

21> VYnpoctue.
a)x%-s/;-%/; b)% c) V %
c

X 5

mp—\

,l
8

22> yI'IpOCTVITe
a) (x -3) 2x +6Xx

1

b) (xi— y2) - (xi+y?) )y =1)(y +y+1)

1
2

23> I'Ipep,CTaBbTe B BUE CYMMbl.
a)(c +2c )2 —4c b)\/x+\/_ (x +y )

1 1
Mpumep. (1-a2)?+2-a% = 12—2/16;1 (a?)? +}cﬁ‘é 1+a.

2 4 2 2

c) (c°=1)(c®+c’+1)-(c3+1)

24> Pa3nouTe Ha MHOXMUTENM.

1 1 1
a)b +b?2 b) (ab) *-(ac)? c)c-3 d)a-b, (a>0,b>0)
1 1 2
e)x2 -4 fi)x3+8 g)x3-9 h)y -=27, (y>0)
25> Cokpartute Apo6b. 1 . PR
a) —9=b _ b b) x*=3 ) _a=2a’b'+b d) —?3—1731
aT —b? X =9 a-b b? —bo
26> HaliguTe 3HaueHMe BbIPAXKEHNA NPU AAHHOM 3HAYEHWUU NEPEMEHHOI:
1 1 i
a—4a2 2_4c*S
a) 3 1 ,a=81 b)—i 461 . c=64
a* —2a? ¢ —2c®
27> [lokaxuTe, 4TO 3HAUEHME BbIPBKEHWSA HE 3aBUCUT OT NEpPEMEHHOM.
1 1
(9n_ 5_9n—1) 2 (8n—2_ 7 8n—3)3
a) 1 b) 1
(2771-19-27"2)3 (5-16"71+16"72)4
MpuknagHble 3agaHns o

1
28> Mo popmyne r= (%)T -1 MOHO NOCYMUTATb Ha CKOIbKO MPOLLEHTOB MNO-
BbILIA/1aCb LLeHa NPOAYKTa KaXKAbl pas3, ecAn NepBOHaYaibHaAA ero LeHa
P cTana A nocne n pa3 npoBefeHHbIX NOA0POMNKaHWI Ha r% gl KaxKBom
YBENMNYEHUM LLEHDI.
MepBOHa4YaNbHO MpensioXKeHHaA NPoaKHaA LeHa moflenu
6bina 20000 maHaToB. Moc/ie NoBbIWEHMA Ha Of,
rogHo B TeyeHue 3-x NIeT ero ueHa crtana 26682
LLeHTOB MOBbIWANach LeHa aBTOMOBMAA KaxK




CreneHb € pauMoHasbHbIM NOKa3aTesnem _

20>

B cocTase Has, Kode 1 WoKonaza ectb KodpenH. C MOMOLLBIO BbIPAXKEeHUA
100- (0,5) 5 MOXHO BbIYMCANTb KOMYecTBO KodeunHa (B %), ocTaBlleroca B
opraHu3ame 4YenoBeka nocse ynotpebneHua yepes n 4acos. CKOMbKO Mpo-
LLeHTOB KOpenHa OCTaeTCA B OpraHM3Me Ye0BeKa Noc/ie ynotpebneHus Yas
yepes:

1) a) 3qaca; b) 1,5 yaca?

2) Yepes CKOMIbKO YacoB KOJIMYECTBO OCTaBLUErocAa B OpraHmsme KOd)eMHa

6yaet 50%?

30> [nuHy anaroHanu Kopobku B dopme d h

31>

32>

33>

34>

NPAMOYro/bHOrO  napasnnenenuneaa, _
MOKa3aHHOMO Ha PUCYHKE, MOMHO HalTK - b
no popmyne d = (a?+ b? + h?)1/2 a

a) HanguTe ANnHY AMaroHanu KOPobKu, ecnm ee AnnHa a = 12 cm, WMPUHA
b =9 cm, BbicoTa h =8 cm.

b) HanguTe BbicoTy (h) KOPOBKK, ecnu ee ANMHA @ = 4 CM, LIMPUHA

b =3 cm, gnaroHanb d =13 cm.

H?ﬁp,melo6bemlnpﬂmoyroanoro napannenenunena c UsmepeHnamm
23¢cm, 4 3cm, 8 Tm. CpaBHUTe 06bem AaHHOrO Napansienenunesa c obbe-

MoMm Kyba, pebpo KoToporo 5T cm.

Buonorua. Mo pesynbTatam mMccneaoBaHnii 6MONOroB NAoLWaAb NOBEPXHO-
CTU (CM?) MIeKONUTAIOLWMX NPUBANMKEHHO MOXHO BbIYUCINUTL N0 Gpopmyne
S = k- m??-3pecb m — macca *M1BOro CylecTsa B rpaMmmax, k — MOCTOAHHbIN
K03 MLMEHT, NPUHATLIN A4 KaXKA0r0 XMBOTO CylLiecTsa. B Tabnumue 3agaH
KO3bOULMEHT k AR HEKOTOPbIX }KMBbIX CYLLECTB M3 K/Jacca MAEKOMUTAIOLLMX.

HasBaHue Mbiwb | Kowka | Cobaka | Koposa [Kponuk | Yenosek

Koaddpuument (k) | 9.0 10,0 11,2 9,0 9,75 11,0

CKONIbKO KBagpaTHbIX CAaHTMMETPOB COCTaB/IAET MOBEPXHOCTb KOXKU KUBOT-
HOTO: a) KOLLKM Maccoi 2 Kr; b) cobakm maccolt 2 Kr; c) KpoanKa maccom 6 Kr?

1) HauepTuTe KBagpaTt. 3aaiTe N0WAAb TAKMUM YUCIOM, YTOBbLI NEPUMETP
6b1n: a) paUMOHaNbHbIM YMCNOM;  b) MppaLMOHaNbHBIM YUCAOM.

2) HauepTuTe Ky6. 3asaiiTe 06beM TaKUM YMCAOM, YTOBbI MAOLWAAb NON-
HOI NOBePXHOCTM Bbina: a) paLuMoHaIbHbIM YUCIOM; b) MppaLMOHanbHbI
YUC/IOM.

Halgute Tpebyemyto BeNMUMHy No AaHHbIM GOpMynam:
a) Hangute m, npu T = 275\/gﬂ b) Haiia

c) Haigute a, npu d = (a® + b> + h2)2  d)

P —



m O6o06uwalowme 3agaHua
O6o06watowme 3agaHus

1 > HaliauTe 3HauyeHMe BblparkeHus.

a)(f8-405) -2 b)(d108+32+332):7 o V10+6v3- V10-6v3

2 > Pacnonoxute yncna B nopagKe BO3pacTaHUA.

6 1 1 1
a) 3, 2,530 b) V4, 25, V33 c)%z, (%’3 (%)2
3 > OcBoboanTe 3HameHaTeb 4PO6U OT MPPALLMOHANBHOCTY.
a) 1 b) 2 0 =2 d) ==
B 5 B2+ 2 4+
4 > MpKY KaKMX 3HaYEHUAX NEPEMEHHON BbIPaXKEHNE UMEET CMbICN?
a)st—3 b)\lsx—l c)\/42—x d)%/—_x
5 > Mpu KaKNX 3HAYEHUAX NePEMEHHOM PaBEHCTBO BEPHO?
a)2x*—1=15 b)0,5x*+1=9 c(x—1P+1=9
R 1
d)2x-4=2 e) Bx+4=1 f) (x+2)p =2
6 > O6bem Wwapa paanycom r BbluMCAAETCA Mo popmyne
4
V=3"nr B .
a) Boluncaute paanyc wapoobpasHoro 6aka obbemom 4,5 1 cm3. 2
b) Ckonbko NpnbAM3UTENBHO METPOB COCTaBAAET °Ts e

paauyc wapoobpasHoro 6aka npu obbeme 7,2 m3 ?

Pe3ynbTaTt OKpyranTe A0 AECATLIX.
7 > BHecuTe MHOXMTENb NOA 3HAK KOPHA.

a)2<‘/§ b)—3{‘/§ c)a%,a>0 d)a%,a<0 e)ci/% f)c4V—%

8 > Bblumcante. a) ;/1__—1/_\52 b) \17-12\2
- -

V244342 -3
c) .
\/2+ \3

e) (Y9 -1 - (V81 + 36 + V16)




O6o06watowme 3agaHusn

9>

10>

1>
12>

13>

14>

15>

Ynpocrure. a)\a Ja b) Vb3 \b 0 oAb +b Ao

o b Yo %+ b
1 2
= b—a’b? 4z 1
d) 0‘5+51 e) 1 1 2 f) x3 e \x - x®
25_0? 0—202b3+b 3 1%/;

YcTaHOBUTE COOTBETCTBME A1 PABEHCTB.

1.Va*=a A) BepHO Npu Nt0ObLIX 3HAYEHUAX a.
2.3a=-qa B) BepHo npu a = 0.
3. 806 = la| C) BepHO TONbKO Npu a = 0.

3 4
YnpocTtute BblpaxkeHne npua<0:  a?-Va? + Va° — 2Vag??

Haligute (\8/3_+ 1)- (%+1) (V3 +1), ecam B=ag+1

HalpguTe 3HauYeHWe BblparkeHus.

2
a) (? + 1)(X? —x+3); npux=13

b) x®+3x; npu %= :17 +5VN7 52

Ha 6aHKoBCcKOM cueTy cymma P (B maHaTax) 6bl/1a KOHBEPTMPOBaHA B CyMMY
A npu exxerogHom goxoae r % B TedeHue t net . Mo popmyne BblUMCAEHUA
CNOXKHbIX NPOLEHTOB, nony4ymm A = P(1 +r)t.

a) OBbocHyMNTe YTO, MPOLLEHT FOA0BOrO MPUPOCTAa MOKHO BbIYUCAATb NO

dopmyne r = (%)_;— 1

b) Ecnm genosuT Ha 6aHKoBCcKOM cyeTy 2000 ™ B TeyeHMe 2 NeT BbIPOC A0
cyMmbl 2332,8 ™, KakoB 6bI1 MPOLEHT rog0BOro NpMpocTa?

c) Jeno3unT Ha 6aHKoBCcKoM cyeTy 4000 ™ B TeueHUe 3 NeT BbIPOC A0 CYMMbl
4630,5 ™. NMocunTaliTe NPOLLEHTHYIO CTaBKY, MPMMEHEHHYI0 BaHKOM.

Buonorua. [1ns Bbl4MCIEHNA MACCbI MO3ra MAEKOMUTAKoLLMX vBOTH 6uo
noru ncnonbsytoT dopmyny b = 0,01 m>. 34ecb m—macca THO
Macca Mo3ra ¥XMBOTHOrO. Bbluncante maccy mosra: a) Co@aku ol 29%kKr;

b) NonspHoro measens maccoit 200 Kr.

s




py>KHOCT

B aTom pa3gene Bbl HAyuMTeCh:

v BblUMCAATL FPagyCHYI0 Mepy U AUHY AyrY
¥ Teopemam 0 XOpPAAaX OKPYKHOCTU

v Yrnam, BNUCaHHbIM B OKPY}KHOCTb

Y Yrnam mexxagy CeKyLwMmMMU U KacaTe/lbHbIMM K
OKPY}KHOCTU

v CBOWMCTBAM KacaTeNbHbIX K OKPY>KHOCTH
v Teopemam 0 A/IMHAX OTPE3KOB CEKYLLMX OKPYXKHOCTb

E LleHTpanbHbIii yron. [lyra OKpy»KHOCTH.

LeHTpanbHblii yron. Yron, BepliMHA KOTOPOro HaxoAuTcA B
LEeHTpe OKPYXKHOCTU, Ha3blBAETCA LEHTPasIbHbIM YI/IOM.

Touka O - LeHTp OKpy*KHOCTK, L AOB LLeHTpanbHbIN yron.

Cymma BcCex LLeHTpaJibHbIX YI10B OKPYXHOCTU, HE UMEIOLLUX
06LLYyto BHYTPEHHIO TOYKY, paBHa 360°. Hanpumep, KaKk noka-
3aHO Ha PUCYHKe:

Z1+/2+/3=360°
[yra okpy>XHOCTU. [lBe TOUKM NeXalline Ha OKPYKHOCTU AeNAT
ee Ha aBe ayru: 6onbluyto ayry (MaxopHas ayra) U maneHbKyto
ayry (MuHopHas ayra).
Ecnn TOUKM ABNAIOTCA KOHLAMW AMAaMeTpa, TO Kaxaan Ayra AB-  Bonbwas gyra
NAETCA MNONYOKPYKHOCTbIO. C
Ha pucyHke —AB - meHbliana ayra, —ACB 6onbluana ayra (ans
pasfiMyeHua ayr npu HeobxogumocTun bygem o6o3HayaTb 3-ms B
byksamu). ManeHbKasn ayra
Echm Touka C saBnsetca Kakoh-nmbo ToukoW ayrn AB,
10— ACB=—AC+—CB.
[yry OoKpy>HOCTU MOXHO U3MepATb B rpagycax. lpagycHas
Mepa Ayrv paBHa rpagyCcHoON Mepe COOTBETCTBYHOLLErO LEeHT-

panbHoro yrna: —AB = £ AOB
B OKPY»XHOCTM KOHIPY3HTHbBIM LLeHTPa/ibHbIM Yr/iam

COOTBETCTBYIOT KOHIPY3HTHbIE AYr U Ha0bOopOoT.
Ecom £1= /2,70 —FG = —H)
Ecom — FG 2 — HJ),ToL1= /2




LleHTpanbHblii yron. [lyra oKpy*KHOCTU. _

[yrn oKpy>XHOCTU U UX BE/INYUHDI

Oyrn BennuuHbl
e P e e e
ra, MeHb-
e/ LeHTpanbHoro yria. —AB = ZAOB
wan agyra
MpagycHaa Mmepa MaxopHoM ayru 6onblie i B

Ma>K06pHaﬂ 180° 1 ee 3HayeHMe paBHO pa3HOCTM 360° K

Ayra, bofe- COOTBETCTBYHOLLEN MUHOPHOM AYrH.

tad ayra —ADB =360°- —AB b

0—

Monyokpyx- [pasycHas Mepa NoayOKpPYsHOCTM pasHa 180° A
L eXeuts —ADB = 180° B
Mpumep. O - LeHTP OKpyXKHOCTU. Ecaim ZLON = 110°, HaiguTe L

PeweHue. —LN — mmHopHas ayra: —LN = ZLON=110°
—LMN — maxopHas ayra : —LMN = 360°— 110° = 250° M

rpagycHyto mepy —LMN. @6
N

O6yualoume 3agaHumn o

1 > Mo pUCYHKY 3anuLIMTe Ha3BaHUA MUHOPHOM AYr1, MaXOPHOWM Ayru 1 nony-
OKpYy»XHOCTU. OnpeaennTe nx rpaflycHble Mepbl.
O - ueHTp oKpy*KHOCTK, BD - gnamertp.

NG

2 > Onpeaenute rpagycHyto mepy ayr c 3> HaliguTe rpagycHble mepbl
ueHTpom A. Kakue AyrM KOHrpy- [yr, COOTBETCTBYIOLLMX AaH-
3HTHblE? HbIM Ha Anarpamme.

1.—-BCwun —EF
2.—BCn—-CD
3.— CDun~-DE
4. —BFE n —CBF




BRI cvooo vron. Ayra okpywiocT,

—— v [OnuvHa gyrn

KaKyto 4acTb COCTaBAAET UEeHTPa/IbHbIN Yron OT BCelM OKPYKHOCTU, TAKYIO XKe
YyacTb AJINHA AYrY COCTaBAAET OT AJ/IMHbI BCEN OKPYKHOCTU.
1
OnvHa ayru B 1° paBHa 360 YacTu AJIMHbI OKPYMKHOCTW. A
[NvHa ayrun, COOTBETCTBYIOLLEN LEeHTPaibHOMY YI/y C rpaayc-
o . m
HOM Mepon m°, cocTasnaeT 360 YacTU OJ/IMHbI OKPYKHOCTU: /) B
l —__m 21tr
360
OnviHa ayru Bbipaxkaetca eaAMHULAMM U3MEPEHUA AANHBI (MM, CM, M, U T.4.)
1. Mpumep 1. [lNMHA OKPYKHOCTM paBHa 72 cm. Hallaute ANvHY Ayru, COOT-

BETCTBYIOLLEN LLeHTPanbHOMY yray 45°. s 1
PewweHue: TaK Kak LieHTpanbHbIl yron 45° cocrasnser 360 -8 YacTb non-

> HOrO yrna, To ANIMHA UCKOMOW ayru: | = 3 72 =9 (cm)

2. Mpumep 2. Hangute 4nnHy ayru, COOTBETCTBYIOLLEN LEeHTPanbHOMY yray 72°
B OKpYXXHOCTU paguycom 15 cm. OTBET OKpyrnTe A0 COTbIX.
PelweHue: noacTaBnAa sHayeHna m =72, r = 15 8 dopmyny 4 unHbI Ayru Ha-

XO4AMM: 72
A I= 3¢5 - 2n-15=61~18,385 (cm)
Ob6yyvarowme 3agaHua L)

4 > Mo AaHHbIM PUCYHKA HalauTe AAnHy ayru AB. PesynbTaT oKpyraute o
coTbIX. O - LEHTP OKPYKHOCTHU.

a) B b) B <) A d)
A
() e
A0 :
A
B
Y
5 > Hanpgute gavHy gyrm |, 3HaA pagmyc OKpYyKHOCTU M rpadycHyY v L
pasnibHOro yrna. Pe3ynbTaT oKpyrinTe go cot
c)r=

a)r=3cm, m=45° b)r=7m, m=80 mm=1

\




6 > OKpY»XHOCTb C pagMycom 5 cm pasgenieHa Ha Ayru L M
ToyKamu L, M n N B oTHoweHmnn 5:3 : 4.
HaliguTe: a) rpagycHble Mepbl; b) 4nnHbI 3THX Ayr.

7> OnvHa MUHYTHOW cTpenku yacos 20 cm.
Haraute AnvHYy Ayrv, KOTOpyH 04epTuT
KOHeL, MWHYTHOW cTpenkn c¢ 12:00 po
12:30?

8 > OnameTp Kapycenn FM pasHa 30 m. o gaHHbIM
PUCYHKa HalanTe AJANHY Oyr.

1) -FG 5) —FKH
2) —MF 6) —GHM
3) -GH 7) —MKG
4) —MH 8) —HGF
E CsoiicTBa xopAabl
v Teopema 0 KOHIPY3HTHbIX XopAax

Teopema 1. Xopabl, CTATMBAKOLLNE KOHTPYIHTHbIE AYTY OKPYXHO-

CTWU, KOHTPY3HTHBbI. R
py Q

Echm —QR = ST, 10 QR = ST

T
O6paTtHana Teopema 1. [lyru, cTATMBaeMble KOHTPY3HTHbIMM XOP /
OAMU OKPYXKHOCTW, KOHTPY3IHTHbI. S

ecam QR = ST , —QR = ST
O6yyatowme 3agaHun @

1 > M3yumnTe gokasatenbcTBo Teopembl 1. O603HAYMB COOTBETCTBYIOLLME TOYKU
ApYyrMmu ByKBamMu, HanuLLMTe JOKa3aTe/IbCTBO TEOPEMbI 3aHOBO.
[okasatenbctso Teopembl 1: Ecam —QR=—ST, To QR=ST
Haueptute paaunycol PQ, PR, PS, PT okpy»XHOCTW.

YTBepxaeHue O6ocHoBaHue
1. —QR=-ST 1. aHo.
2. ZQPR = ZSPT 2. UeHTpanbHble yrabl, COOTBET-
CTBYIOLLME KOHFPYIHTHbIM Ayram.

3. PQ=PR = PS=PT| 3.Pagunycbl OKpy*HOCTH KOHrpyaHTHbI.)

4. AQPR = ASPT 4 .KOHIPYySHTHOCTb TPEeyro/JibHMKOBM@O N aKy @

5.QR=ST 5. CooTBeTcTBYlOLLME CTOPO rpysH

YFONbHUKOB.
b) AHanormyHbim cnocobom goKaxkute obpa

\

eopemy 1.



2 > Mo faHHbIM PUCYHKA HalauTe nepemeHHyto X. LleHTp oKpy»KHOCTK 0603Ha-
YyeH TOYKOA.

S oce

a) / T bR o Mo Sy 9B c
R ’ A\ 2 @ 85°
f XST p /9 A

3 > Hallgute nepemeHHYI0 X, €C/iv OKPYKHOCTU KOHIPY3HTHbI.

° N
(3x + 54)
a)  « B b) ZN a
A
5x° M
L

—— v/ Teopema o cepeguMHHOM NepneHAnKynsape xopa

A B
Teopema 2. luameTp, nepneHAnKyAAPHbIN Xopae, AenuT H
XOpAy W COOTBETCTBYIOLLYIO Ayry NOnoAam.
Ecnm CD L AB, To AE= EBva —AC=-CB
D
C
JoKa3saTtenbcTBO Teopembl 2. ‘h
[lano: O — LeHTpanbHbIl yron, CD - anametpn CD L AB. A u B
Aokaxute: AE=EB, —AC= -CB,
HauepTtute pagnycel OA n OB oKpyXHOCTK.
D
Y1BepXKaeHue O60cHOBaHue
1.AB L CD 1. Aawo.
2. ZAEO n ZBEO npsamo- | 2. lepneHanKynApHble NpAMble NepecekatoTca
Yro/IbHblE. noa, NPAMbIM YI/10M.
3.0A=0B 3. Pagnycbl OKPYXXHOCTU KOHFPY3HTHBbI.

4. KOHIpysHTHOCTb NPSAMOYFO/IbHbIX TPEYro/b-
HWKOB NO KaTeTy U r’MrnoTeHyse.
5. CooTBETCTBYIOWME CTOPOHBI KQFPYSHEHbIX

4. AAOE = ABOE

5. AE= BE

TPEeYro/IbHUKOB.
6. /AOE ~ /BOE 6. CooTBeTcTBylOLLME YI/bl KOATPY3
YrONbHWKOB.
7. AC=—CB 7. CooTBeTCcTBYIOL €H

pasibHbIX YIN0B KO



Cnepacteue 1. Mpsamas, NpoxoAALLasn Yepes LEeHTP OKPYXKHOCTM U NeprneHanKy-
NApHaA xopae, AeNUT Xopay v ee Ayry nononam.

Cnepacteue 2. LLeHTP OKPY)KHOCTU PAcroNoXKeH Ha cepegMHHOM neprneHamnKy-
nape xopAabl. CepeanHHbIi NepneHanKynap Xopabl NPOXOAWUT Yepes LEeHTP
OKPYKHOCTH.

Mpumep. HaltanTe pacctoaHMe OT LUeHTpa 40 Xopabl ANMHOM A
30 egMHUL, B OKPYXXHOCTK pagnycom 17 egmnHuu,.

PeweHue. Ecan OELAB, To AE = EB=30: 2= 15. U3 AAOE no
Teopeme Mndaropa nmeem:

OE?= OA?— AE?=172-152=64, OE=8

(2

O6yualowme 3agaHus

4 > Haitaute  panny @) NP=? p
XopAbl, NO AaHHbIM E ‘h
pucyHKa. H - ueHTp g M
OKPYKHOCTH. p
N

5 > [lnameTp OKPYKHOCTM C LLIeHTPOM B TOYKe
B paseH 30 eauHuuam, L ACE = 45°.
Hangure:

a) OnunHy oTpeska BD;

b) OnuHy oTpeska DC;

c) AnvHy xopabi CE. 6
6 > Mo AaHHbIM PUCYHKA HaWAUTE paanyc OKPYKHOCTHU. RS

M - LUEeHTp OKPYXKHOCTW.

7 > MocTpoeHMe OKPYKHOCTU Yepes TP TOUKM, He ieKalume Ha OgHOM
npaAmoin. UccneayiiTe Wwarv NOCTPOEHMA U BbINMOAHUTE B TETPAAN.

il

1. OTmeTbTe TpMn TOUKKM 2. [TpoBeauTte cpeanHHble 3. NOCKONbKY

A, B, C, KoTtopble He nepneHaukynapbl K oT- OA = 0B = OC Touku A,
NleXkaT Ha ofHol npAa- peskam AB mn BC. O6o3Ha- B, C HaxogATca Ha oau-
Mol. HauyepTuTe OT- 4YbTe TOYKY NepeceyeHMsa HAKOBOM pPacCTOAHMU

pe3kn AB n BC. 9TMX nepneHauKynapos ot Touku O. MNposegute
6yksoli O. OKPY)KHOCTb C paany-
com OA. O - ueHWp

OKPYXHQEEM




8 > ®upma, 3aHUMAKOLWLAACA NPOrPaMMHbIM
obecrneyeHnem U TEXHUYECKOM MOALEPHK-
KOM, KaK MOKa3aHO Ha njaHe OKasbiBaeT
ycnyrn dvpmam H, M v E n nnaHupyeT apeH-
[0BaTb HoBoe oducHoe 3aaHKe. Mepevep-
TUTE NJIaH B TeTPaAb M pa3mMecTuTe Ha NiaHe
HOBbI 0bMC PUPMbI TaK, YTOBbI OH Haxo-
OWNCA HA OAMHAKOBOM PACCTOAHUM OT BCEX TPex GUpMm.

Teopema 0 xopaax, HAX0AALLMUXCA HAa OANHAKOBOM
PaCCTOAHUU OT LLEHTPA OKPYXKXHOCTU

Teopema 3. KOHrpyaHTHbIe XOpAbl OKPYXHOCTU Haxo[ATCcA
Ha O4MHAKOBOM PACCTOAHMM OT LLEeHTPA OKPYHKHOCTU.

Ecom AB=CD OE L AB OF L CD, 1o OE=OF

O6partHana Teopema 3. XopAbl, HaxoAALLMECA Ha OAMHAKO-
BOM PACCTOAHUMU OT LEHTPa OKPYKHOCTU, KOHFPY3HTHbI.

A
[okasarenbcTso Teopembl 3 * B

AaHo: Okpy»KHOCTb ¢ ueHTpom O, AB=CD
OELAB OFLCD

i
[okaxure: OF = OF ’ D
C

[oKa3aTtenbcTBo (TeKcToBOe): [pamas, NpoxoasLLasn Yepes LEeHTP OKPYKHO-
CTU 1 NepneHaUKyNapHan Xxopae, AeNUT XOpAy U CTATMBAIOLLYIO ee Ayry nono-
nam. OE un OF - cepeauHHbIe NnepneHAnKYNApbl KOHFPYIHTHbIX Xopa, AB n CD.
EB = FD, TaK KaK OHM ABAAKOTCA NONOBUHOM KOHTPYSHTHbIX Xop4,. Haueptum
paguycbl okpyxHoctn OB 1 OD: OB = OD. NpAMmoyronbHble TpeyronabHUKK,
AOEB 1 AOFD KOHrpy3aHTHbI (MO KaTeTy n runoteHyse). Tak Kak OE n OF as-
NAKOTCA COOTBETCTBYIOLMMMU CTOPOHAMM AAHHbIX TPEYrO/bHUKOB, TO OHU KOH-
rpyaHTHbI: OE = OF. Teopema goka3saHa.

Mpumep. Xopapl AD n BC HaxoaAaTcA Ha OAMHAKOBOM pac- A
CTOAHUN OT UeHTpa okpyxHoctu. OE=0F=9. Echn paawnyc
OKpY»KHOCTK paBeH 41 eanHuue, To Hanagmute AD um BC.
PeweHune: Tak Kak xopabl AD n BC HaxogAaTcA Ha O4MHAKOBOM
PaccToAHUM OT LLEeHTPa, TO OHU KOHIPYyaHTHbI: AD = BC.
Haueptum paguycsl OA 1 OB. OE L AD 1 OF | BC.
CoeguHum ToukM A 1 B ¢ Toukoi O. Moayumm npsamoyronb-

Hble TpeyronbHukn AAEO n ABFO.
Ona AAEO no Teopeme lMNudaropa nonyyaem: AE? + @E? = QA?
AE?2=1600; AE=40; AD=2AE=2-40=80

Tak Kak AD = BC, 1o BC = 80.

;A




Obyuatowme 3apgaHuA o

9 > [okaxute 06paTHyIO0 Teopemy 3 CaMOCTOATENbHO. A

DaHo: OKpy»kHOCTb ¢ ueHTpom O, OE = OF, OE L AB,
OF L CD JAokaxurte: AB= CD.

MnaH pgoKasarenbctBa: Mcnosib3yiTe KOHIPYIHTHOCTb

s D
TPeyronbHUKOB. c l

10> Haigute Tpebyemoe No AaHHbIM U PUCYHKY, P - LEHTP OKPYKHOCTH.

Y B
a) AaHo: PY =13, " b) AaHo: PD = 10
A

9

AB =10. PQ =10

Haiigute: BX = 7?; QE=24

PX =" Hagute: AB =7,

PN =?

11> a) [aHo: B oKpy*KHOCTU C LLeHTpOM S: b) OaHo: OKPYKHOCTb C LEHT-

LM = x +8 1 PN = 2x pom C. CDLAB

Haiigute: pagnyc oKpy»KHOCTW. Xopaa - 8 cm
Paguyc-5cm

Haiigure: CE

D

12> OKpy*KHOCTU C LeHTpoM P 1 c ueHTpom Q nepece-

13>

14>

A
KatoTcA B Toukax A u B. Halgute PQ, ecnm AP =17, {“}
AQ =10, AB = 16. "

B

B OKPY»KHOCTW C pagMycom 5 cm HanauTe paccTosHWe mexay ABYyMsA napasi-
NIeNbHbIMU XOpAaMK AJIMHOM 6 cM 1 8 cm. CKONbKO pelLLeHnn MMeeT 3aa4da’?

PelunTe 3aga4y, HAYePTMB COOTBETCTBYIOLLME PUCYHKMN.

a) AnameTp okpykHocTn 30 cm, a A MHa xopapbl 18 cm. Ha KaM pacci@AHU
OT LLeHTPa OKPYXKHOCTM HaxoanTca xopga’?

b) Xopga gavHol 12 cm HaxogMTca Ha paccToAHuKn 8 cmfoT e OK -
HOCTU. HanguTe paamnyc oKpyKHOCTW.

c) AnameTp oKpy*KHOCTM 52 cm, paccTosH T e OKpYy CcTn
xopabl 10 cm. HariguTe gavHy XOFW)»P



IR Vo svvicavwbii s oxpyHocts

15> Bonpoc oTkpbiTOoro Tuna. 1) HauepTute HepaBHble XOPAbl OKPYHKHOCTU U UX
cepeanHHble NnepneHAnKynsapbl. Kakaa us xopa 6auxKe K ueHTpy: 6onbluan
MU MeHblLlan?

2) HauepTute ABe OKPYKHOCTM C pasHbIMK paamycamu. B Kaxaom OKpyKHO-
CTM NpoBeauTe PaBHble XOPAbl M NOKAXKUTe LEeHTPaabHblIe YI/bl, COOTBET-
CTBYIOWME MUHOPHBIM Ayram 3TUX Xopa,. Kakoi M3 LeHTpasbHbIX Yr1oB
6onbLe? M310XKNTE CBOKO MbIC/b.

16> KpuBas yactb goporu (—ADB) sBnseTcs yactbto
OKpyXHoCTHK ¢ ueHTpom C n pagmnycom 120 m.
Hangute pnuHy otpeska AB, ecnan gauvHa
DE pagHa 24 m.

17> Kak HaliTu LeHTp OKpY}KHOCTU?
BbINONHWUB HUKEYKa3aHHbIe Waru, Bbl MOXKeTe OT-
BETUTb Ha 3TOT BOMpPOC.

1) HauepTtute xopay AB.

2) HauepTtuTe nepneHanKynsapHbii gnametp CD K
xopae AB, KOTOpPbIN AeNUT ee Nonoaam B Touke M.

3) HauepTtute xopay AC 1 ee cepegMHHbIN NeprneH-
ankynap EF, asnarowmiica TakxKe gMameTpom
OKPYKHOCTH.

4) OTmeTbTe TOYKy NepecedyeHns guameTtpos CD u EF.
Touka O HaxoAMTCS HAa PaBHOM paccTosHUKM oT TouyeK A,B,C (obbAacHUTe). 3Ha-
4nT, TouKa O - LLEHTP OKPYKHOCTU.

Yron, BNUCaHHbIM B OKPYXKHOCTb

Onpep,enel-me. Yron, BepWwnHaA KOTOPOro NexXuT Ha
OKPY*KHOCTH, @ CTOPOHbI NepeceKatoT OKPYKHOCTb, Ha3bl-
BaeTCA YI/IOM BNUCAaHHbIM B OKPYXHOCTb. [lyra, cooTBeT-
CTBYIOLLAA yr/y, BNMCaHHOMY B OKPY»HOCTb, Ha3blBaeTcA a
Ayron, Ha KOTOPYO ONMPaeTCs 3TOT Yro. A C
Ha pucyHKke BAC aBnAeTtca yrioM BNUCAaHHbIM B OKPY*KHOCTb C

ueHTpom O, a BC — gyra, Ha KOTOPYHO ONKUpPaeTCca 3TOT Yron.

HuKe noKasaHbl TPU pasHbIX Yra, BAIUCAHHbLIX B OKPYXKHOCTb.

LeHmp oKpyxHocmu LeHmp oKpyxHocmu LleHmp OKpyxHOC

sexcum eHe  enucaH- gexum Ha CMmopoHe nemu@s anu
Ho2o yena: 8rnucaHHoeo yena:




Yron, BncaKHli B OKpYKHOCTS

Teopema 1. lpagycHaa mepa yria, BMMCAHHOMO B OKPY*KHOCTb, PaBHa A

NONOBMHE rPagyCHOM Mepbl Ayri1, Ha KOTOPYHO OH ONMpaeTcs.
ZBAC= =3E

[okKasatenbcTBo (TekcTtoBOe). Teopemy AOKaXKem Ana cayyas, 0

KOr4a LUEeHTP OKPYKHOCTU NEXUT Ha CTOPOHE BMMCAHHOIO Yyra.

Haueptum pagnyc OC. Ucxoga ns Toro, uto OA n OC — paguycel B C

oKkpy*kHoCcTH, AAOC — paBHObeApPEHHbIN TPEYroNibHUK. 3HAUYUT,

ZA=/C.Tak Kak ZBOC sBnsaetca BHelHMM yrnom AAOC, A

T0 ZBOC = ZA + ZC. Ecam npumem, yto LA = ZC=x, TO /|

ZBOC = 2x. TaK KaK rpaycHble Mepbl LLeHTPaAbHOrO yr/1a 1 onu-

patolLeiica Ha Hero ayru pasHbl, To —BC = Z/BOC = 2x. ChenoBa- -

TenbHo, ZBAC = =BC . 3anunwmnTe AOKa3aTeNbCTBO TEOPEMbI B

BMAE AByXcToN64YaToMn Tabnumupbl. B

C

CnepctBue 1. Yron, BNMCaHHbIN B Cnepgcteue 2. Yron, BNUCaHHbIA B
OKPY}HOCTb, paBeH Mo/I0BUHE COOT- OKPY*KHOCTb M ONUPatoLLMIACA Ha Ana-
BETCTBYIOLLErO LLeHTPaIbHOrO yrna. MeTp (MONYOKPYMKHOCTL), ABAAETCA

NPAMbIM YIIOM. ’\

Mpumep. [Ayrm okpykHocTM — GF = 110°, — GH = 130°.
HaliguTe rpagycHyto mepy yrna FGH. 110°

6\

PeweHune. MNockonbky —FH =360°—(110° + 130°) = 120°, F
TO Haligem ZFGH = ~FH _ 120°_ 440
2 2 H
130°
O6yvalowme 3agaHuA o

1 > Halgute rpagycHyto Mepy Ayru, Ha KOTOPYH ONMPAeTCs Yros.

a) Km L b) {{;;;;;;:3 0
/ N L
N

2 > HaliguTe rpaycHyto Mepy BN1CaHHOrO YI/1a, ONMPatoLLErocs Ha 3CI,3HH
[Yry OKPYXHOCTW.

A A
a) 190° b) o
B C
B C




IR o, crvcanmini s oxpysesocrs

3 > DNoka3satenbcTso Teopembl 1 aaHo ana 1. A 2. .
BTOPOro cnyyas Ha cTpaHuue 37. Joka-
XuTe 3Ty Teopemy ana 1-ro u 3-ro cay- B
YaeB BMWCAHHOrO yr/a. ¢ C

B
¥ KOHrpy3HTHbIE Y[/bl, BIUCAHHbIE B OKPYKHOCTb B
>
Cnepcteue 3. BnucaHHble yiibl, onmparoLmecs A
Ha OZHY U Ty Xe [yry, KOHTPYIHTHbI. A
Z/EAB= /BCE, ZABC= /AEC. A v"' £
B %
Cnepcteue 4. BnucaHHble yrabl, onupato- A C
LWMEeCA Ha KOHIPY3HTHble AYrW, KOHrpy- c
SHTHbI.
Echn —FE= —CD 1o, ZFAE = ZDBC
. D
E

O6yualowme 3agaHus

n @
4 > pawo: CD=AB C
Ookaxute: ACDE = AABE
MnaH gokasaTtenbcTsa: Bocnonb3ymntecb NpusHakom B
KOHIPY3IHTHOCTM TpeyrosibHuKos YCY. N

5 > Mo gaHHbIM pPUCYHKa HalauTe Tpebyemoe.

1) M - ueHTp okpyxHoctu, AC  2) /D, /B

aAnameTp.
a)CAS b) —CB B (5x-7)°
A
(3x+9)° 5y-3)°
C
A 54°T (2y+9)° D

6 > Bo MHOIMX cny4yanx B KauecTBe KOMMEPYECKMX 3HAKOB MC-
Nnonb3ylT Norotunbl B popme Kpyra. Ha pucyHke nsobpa-
YKEH NIOrOTWM, AM3aliH KOTOPOro COCTOMUT U3 ABYX BNMCAHHbIX
W LLeHTPa/IbHbIX YI/10B.
a) HanuwuTe Ha3BaHuA 3Tux yrnos. b) Haligute ZAFC u
Z/BED, ecnim —AC = —BD, —AF = 90°, —FE = °45,
—ED =90°.

7 > OKpPY*KHOCTb pa3genieHa YeTblpbMs TOUKAMU ERQTHOLL
AMTE YINbl YETbIPEXYTO/IbHUKA C BEPLUMHAMM TOYK




@ KacaTtenbHasa K OKpy»XHOCTU

Onpeaenenue. MNpsamas, UmetoLLLas OAHY ODLLYIO TOYKY C OKPYXHOCTbIO, Ha3bl-
BaeTCA KacaTe/IbHOM.

A
Teopema 1. KacatenbHasA K OKpyX- / Ipsimas | kacamens-
HOCTM nepneHAUKYNApHA K pa- HAA K OKpYMHOCMU.
Ouycy, NpoBeAeHHOMY B TOYKY 3uauum, [ | AO

KaCaHuA.

O6paTtHanA Teopema (NpU3HaK KacatenbHoM): MpAmas, NPOXoAALLan Yepes TOUKY
OKPYXXHOCTU M NepneHaAnKyNapHas paguycy, NpoBeAeHHOMY B 3Ty TOUKY, AB-
NAETCA KacaTe/IbHOM OKPYXHOCTH.

JoKa3arenbctso Teopembl 1. Echv npaman /—KacatenbHan

K OKPY)XHOCTM, 3HAYMT, OHa MMeeT eAMHCTBEHHYO 06LLYyH0

TOYKY C OKPYXKHOCTbtO. JJonycTum, 4to npamas [ He nepnex-

avkynapHa paguycy OA. MNposegem OB 1 | v Ha npamoit [

Bblgenmm oTpe3ok AB=BC. Torga OC=0A=r, TaK Kak

AAOB = ACOB. 3HauuT, TouKa C TaK¥Ke HaxoauUTCA HAa OKPYK- 1
HOCTK. To ecTb NpAMan | MMEeEeT C OKPYKHOCTbIO ABe 0bLime ABC

TOYKM, YTO NPOTMBOPEUMNT YCNOBUIO. 3HAUMT, | 1 OA.

Mpamasn, KacaroLanca 06enx OKPYKHOCTEN, Ha3blBaeTcA 0bLWen KacaTeNlbHOM
3TUX OKpYKHOCTeM. OKPY*KHOCTK, Kacaacb APYr Apyra U3HYTPU U U3BHE, MOTYT
MMeTb OOLLLYIO KacaTe/IbHYHO B OZHOWM TOUKe. TaK»Ke OKPYXKHOCTM MOTYT KacaTbCs
OZHOW KacaTe/IbHOM B Pa3HbIX TOYKaX.

Q o L6

[Be OKPYXXHOCTM MOTYT UMETb HECKO/IbKO O6U.I,MX KacCaTe/ibHbIX NN BOO6UJ,e
HE UMEeTb O6U.I,MX KacCaTe/IbHbIX.

Umeert 2 06wme  Umeer 3 o6uwme MUmeer 4 obwme  He umeer 06wmx
KacaTeNbHbIX KacaTeNbHbIX KacaTe/bHbIX KacaTeNbHbIX “ 5

O 10 O




m KacatenbHas K OKpyXHoOCTU

Obyuatowme 3agaHua o

N
1 > CornacHo pucyHky obbacHuTe: nodyemy MN ‘

He/b3s1 Ha3BaTb KacaTe/IbHOM K OKPYXHOCTH
¢ yeHTpom P, a ML MOXHO Ha3BaTb Kaca-
TenbHomn?

L °

2 > HapucyliTe oKpy»KHOCTU B TeTpagu. Haueptute nux obwue KacatenbHolie. OT-
METbTE OKPYKHOCTU, HE MMetoLLMe 0BLLMX KacaTeNbHbIX.

P 0P 0 ‘@

3 > Mo KaKoMy PUCYHKY MOXKHO CKa3aTb, YTO OTPe30K GF ABAAETCA KacaTe/lbHOM
K OKPYXXHOCTU? YTOObI OTBETUTb Ha 3TOT BOMPOC, 3anuwmnTe Teopemy, 0b-
paTHyto Teopeme Mndaropa M NPUMeHUTE ee K pelleHunto 3aaaun. Touka E
ABNAETCA LLEHTPOM OKPYXKHOCTU.

a) b) ; : c)
‘12“1 24
"F 80
g F 36
G G 8 F

4 > HarnguTe x, 3Has, 4to AB ABseTca KacaTeNbHOM K OKpYXKHoCTU. Touka M-
LLEHTP OKPYXHOCTK.

——— v CBOWCTBA KacaTe/IbHbIX, MPOBEAEHHbIX K OKPY>XHOCTU U3 OA4HOU TOYKMU

Teopema 2. OTpe3KM KacaTeNbHbIX K OKPYKHOCTM, NPOBEAEHHbIX U3 O4HOM
TOYKM - KOHFPY3HTHbI U LLEHTP OKPYXHOCTM HaxoamTca Ha buccekTpuce yria, o8-

Pa30BaHHOIO KacaTe/ibHbIMU. ’
C

Touku B n C aBnswoTca ToYyKa
Q A caTeNbHbIX NpoBegeHH

AB=AC, /L




O6yualowme 3aaaHun o

5 > [lokaxuTe Teopemy 2. C

AaHo: AB n AC — oTpe3Ku KacaTesibHbIX, Npo-

BEAEHHbIX K OKPYXXHOCTK (Cc ueHTpom O) us A

TOYKM A.

Dokaxute: AB = AC, Z/BAO = ZCAO. B

MnaH pokasartenbcTBa: HauepTtute pagmycbl okpyxHoct OB 1 OC 1 oTpe3ok

AO. Ucnonb3yiiTe KOHIPYIHTHOCTb COOTBETCTBYHOLLMX TPEYTO/IbHUKOB.

Ha pucyHKe 13 TOUKM BHE OKPYKHOCTM (C LeHTpom M) npoBefieHbl KacaTenb-
6 > Hble K OKPY}KHOCTU. Micxoaa U3 AaHHbIX Ha PUCYHKe HAaaWTe HeM3BeCTHble Be-

JINYMHBI.
=?
3) AC= b) AB =2 ¢) ZTPS = ?
S
7 > M3 Toukn B npoBeseHbl KacaTeNbHble K OKPYKHOCTU C LEeHT- B
pom P. 3anuMwmnTte, Ha KAKOM OCHOBAHUW BEPHO Ka)Xgoe u3
OAHHbIX YTBEPKAEHUA. .
a) BA=BC b) PA= PC
c) APAB = APCB d) ZABC + ZAPC = 180° ¢

8 > M3 TOYKM BHE OKPYKHOCTW NPOBEAEHbI KacaTe/lbHble K OKPY*KHOCTU. Mo aaH-
HbIM PUCYHKA HalguUTe NEPEMEHHYIO X.
D

b) X+11 c)
A
3x+3
B
D 5x-8

9 > Mo AaHHbIM PUCYHKA HAaNAMTE ASIMHbI CTOPOH MHOTFOYFONbHUKOB U UX Nepu-
MeTp.

a) 16CM 5.




m Yrnbl, 06pa3oBaHHble KacaTeNbHbIMU U CEKYLLUMMU

1o> AB — 06,3 KacaTenbHan oKpyKHocTel ¢ LeHTpom O 1 P, KoTopble KacatoTtca
n3BHe. HaliguTte oaunHy otpeska AB.

B
11 > Mo gaHHbIM PUCYHKA HarauTe nepmumeTp AABC.

a) BY=CZ=AX=25 b)
AMameTp OKpy»KHocTM EX =5

A

12 > AB — 0611an KacaTenbHas K OKPYKHOCTAM C
ueHTpom O n P. Pagunycbl OKpy»KHOCTEN CO-
OTBETCTBEHHO paBHbl 15 cm 1 12 cm. Haii-
aute annHy otpeska AB, ecamn OP =36 cm.

o

E Yrabl, 06pa3OBaHHble KacaTe/ibHbIMU U CEKYLLUMMU

A
Onpepgenenue. Mpaman, nmetoLwas Ase 06LmMe TOYKM C
OKPY*KHOCTb}O, Ha3bIBAETCA CEKYLLEN OKPYKHOCTH.
B

—— v Yinbl mexay ABYMA CEeKYLWUMU

BeplwimnHa yrna HaxoauTca BHYTPU OKPYKHOCTU
Teopema 1. Ecnv BepwmnHa yrna, 06pa3oBaHHOrO AByMs ce- AD
KYLWWMMU, HAXO4UTCA BHYTPU OKPYKHOCTU, TO rpagycHaa mepa ‘

v g
(A
yrna paBHa NosycyMMe BEIMYMH AYT, HA KOTopble onupaeTcs '
3TOT Yro/1 U Yrofl NPOTUBOMNOONKHbIN ZaHHOMY. 0

~AC +-DB —AD -
ZAMC= T ZAMD = * \




Yon, o6pasosannvie wacarensioimn w ceyuw [EEI

Obyuatowme 3agaHua

1 > 3aBepLunTe A0Ka3aTeIbCTBO TeOPeMbl B TeTpaau.
AaHo: AB n CD — ceKyLLMe OKPYKHOCTH.

—AC + —DB
2

HauepTute xopay AD OKpy»KHOCTWU.

Ookaxwute: /1 =

Y1BepaeHue O6ocHoBaHue
1. £1=/2+ /3 1. Z1 asnaetca yrnom AAMD
AC
= — 2
2. /L2 5
—DB
3.43= — 31 oo
—~AC + —DB
4. /1= ) A,

. c)
a) 39 b) 130°
120° 110°
@ 140°
/127 e /2= /3=9
e) A
d) ' 50° z @
4 V‘@ y° 7/
120°
x=9 y=? z=9

—— ¥ Vbl MeXAy KacaTenbHOM U ceKyLueit
Bepl.um-la yrna HaxoauUTCA Ha OKPYXHOCTU

Teopema 2. Eciv BepluMHa yrna, o6pasoBaHHOro Kaca-
TENbHOM U CEKYLLEN, HAXOAUTCA Ha OKPYXKHOCTH, TO rpa-
[yCHaA mepa yria paBHa NOMIOBUHE FPagyCcHOM Mepbl
AyTy, Ha KOTOPYIO OH onupaeTca.

_ _—AB —ACB
41— 2 42: —2




BT V. oovasosantuie Kacatenubimm u cexywm

3 > Mo AaHHbIM PUCYHKA HAaNAMTE Yro/l MeXAy KacaTe/lbHOM U CeKyLUEN.

C
A o
a) 10 b) o °© 220°
H
B
M
ZABC=7?
Z/AKC=? ZCHM =?

— v Yrbl, 06pa3oBaHHble KacaTe/lbHOW U CEKyLLei

BepLunHa yrna HaxoauTcs BHE OKPY}KHOCTU

Teopema 3. [pagycHas mepa yrna, 06pa3oBaHHONO CEKYLLEN 1 KacaTe/lbHON,
OBYMA KacaTe/lbHbIMU, ABYMS CEKYLLMMM OKPYKHOCTM (ecnu BepLuMHa yrna
HaxXOAMUTCS BHE OKPYMKHOCTU), paBHa NOMIOBUHE PAa3HOCTU rPaflyCHbIX Mep Ayr,
HaXO4ALLMXCA MeX Ay CTOPOHaMM yraa.

1. Yron, o6pa3oBaHHbIi | 2. Yron, o6pa3osaHHbI | 3. Yron, 06pa3oBaHHbIii
KacaTe/IbHOM 1 CeKyllei| aByma KacaTesbHbIMU OBYMSA CEKYLMMM
C
D
A A
S S
D
B 5 S B
<BC —— —ADB - -—AB ~CD ——AB
g =BC 2AB = . Zs=—2A

Mpumep. Mo faHHbIM pUCYHKa HaWauWTe rpagycHyto mepy £C.

PeweHue. Mo Teopeme 3:

—BC—--—AB

ZS = 5

JencTButenbHO, ecnm nposecty xopay AB, nockonbKy ZCAB - BHeLw-
Heuit yron AASB, To nonyumum: ~CAB = /S + /ABS. OTctog#PHaxofum

£S=/CAB- ZABS = VBZC - VAZB - 120 Q%"\




Yonwi, o6pasosannvie wacarensoinn u cewyuprn |

O6yuatowme 3aaaHnsA o
4 > 3aBepLunTe A0KA3aTeNbCTBO TEOPEMbI ANA TPETbEro Cayyas. C
JokasaTtenbcTBO Teopembl gaa 1-ro n 2-ro cnyvyaes 3anu- 3

LIMTE CAaMOCTOATE/NbHO. A

AaHo: SC 1 SD ceKyLine OKPY>KHOCTU. S
Ookaxure: g —CD —AB B D
T 2
[loKa3aTenbCTBO C MOMOLLLbIO TabnLbl, cocToAWEeN U3 2-X cTo1bL0B.HauepTute
xopay CB.
YTBepKaeHue O60cHOBaHue
1. Z/CBD=ZCSB+ /SCB CBD BHewHwuit yron ASBC
2 /cBD= —50 2+ e
3. /SCB = igB B
4. /CSB=/CBD-/SCB oo,
5. /csB= =CD_——AB D
2

5 > K OKpY»KHOCTU NpoBeZeHbl KacaTesibHas U cekyluas. HaliguTe Tpebyemblii
yron wav ayry, o6o3HayeHHble Yepes X.

a) 82° b) 158° C)
54°
X’ 118°
X°
X° 55°

6 > K OKpY»KHOCTU NpoBefeHbl KacaTesibHas U cekylias. HaanTe Tpebyemoe.

a) —LP=7? b) £T=? T ) —QTS=?
M L
36 7g°
N s
274° Q=
P R

f) Z/DABg® ?

d—Gz=7? e) ZAMF = ?



m MponopuUMOHANIbHOCTb OTPE3KOB XOPA, U CEKYLMX OKPYXKHOCTU

7 > [lamo: —AB = 108°, —FE = 118°, D A B
Z/EGB =52° ZEFB = 30°
Haiigure: a) —AC b) — CF c) ZEDB

m

8 > HWTK, Ha KoTopble NoaBelweH MefaniboH B :
dopme Kpyra, ABNAIOTCA KacaTeNbHbIMU K, 45— 6
MefanboHy. HalianTe rpaycHyto mepy yria,
06pa3oBaHHOIO HUTAMM MefaslbOHa, ecu (

Ayra x paBHa 220°.

9 > Ha pucyHKe n3o6paxeHbl 10> AaHo: PA n PB KacaTenbHble,
KOHLEHTPUYECKME OKPY3K- BD - amametp. LAPB = 55 —CB = 125°

Haitgute: a)—AB  b) ZDEC

HocTu. HaliguTe x, ucxogsa
A A ¢)<AD d)ZPBD e)/PAC

N3 AaHHbI

A P
D v
79° [ 180 '
54° C

\/ B
125°
MponopuMOHaNbHOCTb OTPE3KOB XOPA U CEKYLLUX OKPYKHOCTU

Ecnu 13 TOUKM BHE OKPYXKHOCTM NpOBeAEeHbl KacaTesib- . o
Has U CeKylLLLan, COOTBETCTBYOLLME OTPE3KM Byaem Ha- \(0((‘:\):(\’,
3bIBaTb C/eAyoWMM 06pa3om: .
MT - KacaTe/ibHbIl OTPe30K
MB - ceKkyLWwmin oTpe3okK

MA - BHeLHAA YacTb CceKyLLero

D
Teopema 1. lNpu nepeceveHnn ABYX XOpA, Npon3BeaeHne oTpes-
KOB OOHOW XOpAbl, NONYYEHHbIX TOYKON NepeceyvyeHmsa, paBHO
npou3BeneHunto OTpe3KoB BTOpoK xopabl. AM - VIB = CM - MD C 5

Teopema 2. Ecaun 13 TOYKM BHE OKPYXKHOCTU NPOBEAEHbDI
CeKyline, To NMPOM3BEAEHNE KAaXKA0ro CEeKyLLero oTpeska
Ha CBOM BHELLHYH YacTb noctoaHHoe. AC- AB = AE- AD

Teopema 3. Ec/in U3 OAHOM TOUYKM K OKPYMKHOCTU Npo-
BeAeHbl KacaTe/ibHasA U CeKyLLan, TO KBagpaT OTpesKa
KacaTeNbHOM, paBeH MPOU3BEAEHUIO CEKYLLEero oT-
pe3Ka Ha CBOW BHeLHYo0 YacTb. MTZ = MA - MB




MponopuUMOHANBbHOCTb OTPE3KOB XOPA, U CEKYLMX OKPYXKHOCTU

Ob6yyarowme 3agaHua o

1 > 3aBeplimTe 40OKA3aTebCTBO Teopembi 1.

YTBEpKAEHUEe O6ocHoBaHKue C 5
1.ZA= /C 1. K O4MHaKoBOM ayre v“
2./D= /B 2. K O MHAKOBOM ...

3. AAMD ~ACMB S F A
4. AM_MD Be oo

CM MB D
5.AM- MB=CM- MD LT

2 > CornacHo gaHHbLIM PUCYHKa 3a- | 3 >ﬂ|OKa)'KVITe Teopemy 3.
nuwmnTe 3aHOBO Teopemy 2 u
[OKaXKuTe ee.

AaHo: EB un EC cekywiume.
Aokaxkute: EB- ED = EC: EA
MNnaH pokKasarenbcTsa:
Bocnonb3yiitecb nogobvem

AaHo: MT KacatenbHada, MB cekyLwas
K OKPY>XHOCTW.

DokKaxute: MT2 = MA- MB

MNnaH pokasatenbcTBa: Bocnonb3yin-
Tecb nogobuem AMTA u AMBT

AABE v ADCE.

54, \p

e
Sz
4 > PaccmoTpuTe npumepsl. Haliaute x, ncxoaa M3 AaHHbIX HA PUCYHKe.
Mpumep. Xopabl okpyxHOCTM AB n CD nepeceKatotca B C
Touyke M. Ecim AM =4, MB =9, CM = 3, To Hanaute MD. A" /3 N\B
PeweHue. o Teopeme 1: AM - MB = CM - MB.
MopcTtasuB AaHHble: 4-9 = 3-MD. Otctoga, MD = 12.
D

Mpumep. Mo gaHHbIM PUCYHKa HaauTe

ANnHY xopabl BC. B C
Pewenue. Mo Teopeme 2: AD - AE=AB - AC. A 43
MoactaBuB AaHHble, moaydyum 4 - (4 +5) =3 -
(3+x), x=9

a7 b) o

D

30




m [OnnHa 0Tpes3KoB, CEKYLLUX U Xopa,

50

HaliauTe x, ucxoaa U3 gaHHbIX Ha pUCYHKe.

a) b) c) .
P
v | >
12

6>

Ha pucyHKe AaHbl KacaTesibHaa M ceKkyline, HalauTe 3HayeHne nepemeH-
HblIX.

a) b) 12 ) A
—d
N— By /S
— s

Mo AaHHbIM Ha NJaHe TYHHeNs Hal-

ANTe paguyc OKPYXKHOCTU, COAepIKa- ﬁﬂfﬁgﬂ' %
e gyroobpasHyo YacTb.

YKasaHue: A/ pelleHus 3anuiumTe o
N3MepPEHUSA Ha COOTBETCTBYIOLLEM CXe- 12m

MaTUYEeCKOM N306paKeHUN.

Ha camom gene pagyra — 3T0 OKpPY*KHOCTb. Mbl BUAMM TONIbKO KaKyto-To ee
yacTb — Ayry. Mo AaHHbIM PUCYHKa HaWauTe:

a) pagmycC OKPYXKHOCTM, COAEPKALLMIA AyTy paayru;

6) ANNHY oyrv pagyru.

M3mepeHue. Jleina CTOMUT Ha pPaccToAHMM 4 M OT ae-
peBa, a KaHaH CTOWT y NoAHOXKbA AepeBa. PaccToaHme
mexKay Jleinoi n KaHaHom 5 m. M306pasuTe 3Ty cu-
Tyaumio cxeMaTUYecKn U HakamTe AnameTp Aepesa.
YKasaHue. Ha cxeme OTpe3oK, CoeanHAOLWMIA TOUKPY
HaxoXKaeHus Jleinbl u KaHaHa, npumuTe 3a Ka b-

HYIO OKPY*KHOCTM. »



O606watowme 3agaHun _

O6o6Lwalowme 3agaHmA

1> [laHo: ML — KacaTenbHas K OKpys- 2 >AaHo: PC — KacaTenbHas K OKpyx-

HOCTU ¢ LieHTpom O, MK— cekyLuas. HOCTU ¢ ueHTpom O, PA — cekyLas,
—LN:—NK:—KL=3:4:5 npoxoAsLan Yyepes LeHTp O.
Haiigurte: /LMK —~AC:-CB=7:2

Hailigute: ZCPA
/-\
3 > HaliauTte nepemeHHyto, Mcxop,ﬂ M3 AaHHbIX Ha pUCYHKe (M— LeHTP OKpYXKHOCTH).

c)
@)
—

9 tkacamensHaa

130° c) '
A

S !’
150°

5 > HaliauTe nepeMeHHy0, UCXoAA U3 AaHHbIX. O — LEHTP OKPYKHOCTM.

a) (3x+ 2) c)
(2x + 6)°
5 -
S (8x + 2)° 1800
6 > Ha pucyHke E — ueHTp okpy*kHoctH, AD - HaM,u,MTe rpagycHyo mepy

amametp n AD=12 cm. ayr AB n CD no gaHHbIM pu-
Echm ZAEB: Z/BEC: ZCED=2:3:4

HaliguTte anvHy ayr, Ha

KOTOpble OMMpPatoTCA 3TU
yIibl.




m 0O606watowme 3agaHus

8>

HaliamTe HemsBecTHble, UCXOAA U3 AaHHbIX Ha PUCYHKe. LleHTp OKpY»KHOCTH
DOO03H2 QUYKOMW.
8 d) e)

F
9 > B okpyrkHOCTMK € ueHTpom O nposeaeHbl xopabl DF, FG, E
EG, ED. Ecnu oTHOWeHMe rpagyCcHbIX mep Ayr TaKOBO: QA G
~DF:—FE:-EG:—-GD=5:2:1:7,T0 onpegennre KoH-
D

10 > Kaxkablii roa MyHULMNAAUTET C LEeNblo 0YM-

11>

FPY3HTHbIE YI/bl MU HANAUTE UX TPAZYCHbIE MEpbI.

CTKM 03epa Ha OKpauHe ropoaa NpoBoAUuT
6naroTBopuTE/NIBHOE COPEBHOBAHME NO Be-
locnopTy. 3a KaxKapblii NPeoaoNeHHbIN KUo-
MeTp CNOPTCMEHblI A06pOBONAbHO MAaTAT
onpeaeneHHoe KoNM4ecTBo aeHer. KaHaH B
3TOM rofy TaK»Ke y4yacTByeT B copeBHOBaHMMU. OH 3aABM opraHmM3aTopam,
YTO 3@ KaXKAbl KWJIOMETP PacCToAHMA 3anAaTUT 5 maHaT. loHoYHanA aopora,
nposBeAeHHan BAO/Ib 03epa, COCTOUT U3 OKPYKHOW A0pOru - AyroobpasHom
yacTtu goporu (—AB) c pagnycom 3 Km (LeHTP COOTBETCTBYIOLLLEN OKPYKHO-
cTM 0603HaYeH Ha PUCYHKe ToYKoM M), M YacT NpaMon A0pPOru, COCTaBAAD-
ek KacaTenbHyo oKpy»HocTu (BC). Toukn A, M, C HaxogATcs Ha OAHOW
NPsMoi 1 U3BeCcTHO, YTo AC = 9 KM.

a) KakoBa A/1MHa roHo4YHOM gopory B KM? OKpyranTe oTBeT A0 AecATbIX.

b) Ckonbko (NpnbansuTenbHo) maHat 3annatut KaHaH ¢ uenbto 61aroteopu-
TeNbHOCTU?

Mpu packomnKkax apxeonorvu o6Hapy»KMBatoT YacTu
npeaMeToB 3aTem, NpPoBeas paAn U3MepeHUn,
nccnenoBaHUA, BOCCTAHAB/IMBAKOT UX M3HAYa/lb- s

Hyto dopmy. &

a) Ecnm ZSHD, noKasaHHbIN Ha nocyae, M306parkeHHOV R puy )
paBeH 60°, HaguTe rpaaycHyto mepy —SCH. (HB - Te1Bjan
OKPY»KHOCTM Yalum).

b) Oonyctum, nsmepms ganHy ayrmn SC bl O enunn TO
AnnHa pasHa 9,5 cm. Kak Bbl onpegenurte BCel

cyabl? »

PYXH




HKuUuMU. lpa

Bbl HayuuTecb B 3TOM pasaene:
Y CTpouTb rpadvK KBaapaTUHHON GYHKLMUK
Y Onpeaenatb Gopmyny KBaapaTUUHOM GYHKLMM NO AaH-
HOMY rpadpuKy

Y Ctpontb rpadmK GyHKUMK y = | x|
Y CTpouTb rpaduKk GyHKUMM y = X3

3apava. lNocne yaapa no mAvy 3aBUCUMOCTb BbICOTbI NOAbeMa
6poLueHHOro MmsYa (B meTpax) u BpemeHem noseta t (B cek) 3a-
AaHa B Buae opmynbl: h(t) =— 5t + 12t .

a) Mpu t =1 cek Ha KaKol BblCOTE OKaKeTca may?

b) Yepes Kakoe Bpemsa MAY OKayKeTcs Ha BbicoTe 2,2 MeTpoB?
) KaK HaliTM MaKCMManbHYIO BbICOTY, Ha KOTOPYHO MNOAHANCA MAY?

KeagpatuuHaa ¢yHKUMA U ee rpaduk

Mpu a # 0 pyHKUMs BUAA Y = ax? +bx + ¢ Ha3bIBAeTCA KBAAPATUYHOMN PYHKLMEN.
Mpumepbl. y =3x2+x, y=—2x>+5,y=x>—2x+ 3, y = 0,5x?

KBagpatnyHas GyHKUMA onpeaeneHa Ha BCeM YMCN0BOM OCH, T.e.

APryMeHT X MOKeT NPUHATb Ntoboe AeicTBUTEeIbHOE 3HaYeHme.

Mpumep. 3apaHa GyHKUMA y=Xx>—2x+ 2.

a) Npu x = 2 HaNngMTe 3HaYeHNs GYHKUUUK;

b) Mpn Kaknx 3HaYeHMAX aprymeHTa 3HaYeHne GyHKLMM paBHO 57

> PeweHue. a) MoactaBuB 3HaveHne x = 2 B dopmyny GyHKLMM, NONYYUM:
y=22-22+2=2

b) NoacraBmB 3HaueHne y =5, U3 ypaBHEHUIO 5 = X% — 2x + 2 Haxo4MM:

x1=-1, x2=3.
O6yyalowme 3apgaHua —
1 > Kakas 13 GyHKUNIN AaBNAeTCcA KBagpaTUUYHOMN?
a)y=2x2+x-3 b)y=2x2-5 C)y—5X0*

2 > Bblumcante sHauyeHmne GyHKUMKM y = x2 — 2x +
a)x=-1; b) x=-2; c)x=0 .




m KBagpatnuHasa ¢yHKUUA U ee rpadpuk

3 > MpyY KaKMX 3HAYEHUAX aprymeHTa 3HauyeHne GpyHKUMM y = x2 — X — 3 paBHO:
a)—1; b) 3; c)-3?

4 > 3apaHa GpyHKuma f(x) = x>— 2x + c. Ecam f(1) = 3, To HananTe f(—1).
v TpaduK KBagpaTuuHOii GyHKLUM
MpadmKom KBagpaTuuHOI GyHKLMM ABAseTcs napabona.
Mapabona nmeeT ocb cUMMETPUK. TOUKA NepeceyeHns 0Cu CUMMETPUU U Napa-
60/1bl HA3bIBAOT TOYKOWM BEPLUMHbI Mapabosibl. B 3aBUCMMOCTM OT 3HaKa U 3Haue-
HMA Ko3dPULUMEHTOB KBagpaTUYHOM PyHKUMKM a, b, ¢ Ha KOOpAMHATHOM
NIOCKOCTU Napabona MOXKET HAaXOAMUTHLCA B PA3HbIX MOJOKEHUAX.
Ocb cumme:kn— VA

Ocb cummempuu puu

Bemesu ssepx y A a 8epUWUHbI

a<0

\y=ax2+bx+c
) \ >
X

Bemesu 8HuU3

Mapabona

X /

i TO4YKa 8epwuHbI

a>0
y=ax*+bx+c

PaccmoTpuM YacTHble ciydyaun KBagapaTUUHON GYHKUUKU NPU U3MEHEHUN Koad-
dnUNeHTOB (BENIMYMH U 3HaKoB) a, b, ¢

1.MpadukK dyHKumumM y = ax?( npu b=0, c =0)
Mpumep 1. UccneagyinTe Tabanuy 3HadyeHUn gna GyHKUMK Y = X2, y = 2x?,

1 o o
y= X2,y ==2x%* Onpeaennte, K Kako GYHKLMM OTHOCUTCA Kaskabli rpa-
UK Ha pUcyHKke.

x |fix) =x?[g(x) = 2x? h(x)=%x2 y=—2x2 \‘ i IBEmEE
3] 9 18 | 45 [ -18 | N fpa=ee
-2 4 8 2 -8 Au\ /l/“/"_ E3)
ALY [J ViR >
-1] 1 2 0,5 -2 N\t e =2
o[ o 0 0 0 =50 >
I 2 0,5 -2 ER
2| a4 8 2 -8 A
3| 9 18 45 —18

PewweHue. Kak BUAHO 13 TaBIMLLbI NPY YBENMYEHUN OpANHATHERE K SOMRTOUK

napabonbl y = x2B 2 pasa, He MeHsA abcuuccy, To nosyyaTca a
byHKUMKM y = 2x2. B 3TOM ciyyae napabona “cyxaetca”. N oOpE M-
HaTbl TOYeK Napabosibl yMeHbLWWTb B 2 pa3a, He MeH yyatcs
TOYKM rpaduka GyHKLMMK y =% x2. B atom cay




KBagpatuuHaa pyHKuUumMa un ee rpadpuk _

Mapabona y = —2x?> nonydaerca ot napabonbl y = 2x?> npeobpasoBaHMem CUM-
MeTPUU OTHOCUTENIbHO OcK abcumcc.

MpadmKkom GyHKUMK y = ax* ABNAeTca napabosa C BePLUMHOM B Hayane Koop-
AMHAT 1 OCblo CUMMETPUM - OCb OPAMHAT.
v MNpu a > 0 BeTBM Napabosibl HanNpas/ieHbl BBEPX, a Npu a < 0 BETBM napa-

60/1bl HanNpaBAEeHbl BHU3.

v Npwu |a| > 1 napabona pactarmsaeTcs oT 0cu abCLMCC B BEPTUKAAbHOM Ha-
npaBAeHUN , CTAaHOBUTCA «y¥Ke» napabosnbl y = x2.

v Npu |a| < 1 napabona cKMmaeTca K ocu abCLmce B BEPTUKaAbHOM Hanpas-
JIEHUW, CTAaHOBUTCS «LIMpe» napabosnbl y = x2.

O6yuatowme 3aaaHua o
5 > I‘IOCTpoi/’lEe B OA4HOM KOOPAMHATHOM MOCKOCTU rpadmKM GYHKLUN Y = X2,
y=3x% y= 3 X2 1 cpaBHUTE.
Kakana u3 napabon - “wmnpe”, Kakas - “yxxke”?

6 > C nomoupto rpadumka GyHKLMM Y = X2 MOCTPOMTE rpadUKM HUMKECNEAYOLLMX
dYHKUMIA. MocTpoinTe 3T rpadmKmM 1 ¢ NOMOLLBIO rpadKanbKyaaTopa.

Af=3¢ b= f(=>x d)f(x) ==
7> MocTpoiTe B OAHOM KOOPAMHATHOM NAOCKOCTU rpadukm YHKLNIA

1 1
y=3 XXuny =5 X+ 1, oTMeTbTE UX TOYKM NepeceyeHuns.

8 > Mapabona y = ax? npoxoauT yepes Touky A(-6;9).
1) Onpegenute KoadpPUUMNEHT a;
2) MpoxoanT nun 3Ta napabona yepes TOUKU:
a) B(3; 5); b) C(-2;1)?

9 > Mo rpadmkam, M306paKeHHbIM Ha PUCYHKe, HANAUTE MHTEPBA U3MEHEHUA
3HauYeHuA a .




m KBagpatnuHasa ¢yHKumA n ee rpadpuk

2. Mpaduk GyHKUUN y=x*+n
Mpumep 2. PyHKUMM Yy = X%, y=x2+ 1, y = x> — 2 npeAcTaBaeHbl B BUae Tab-
nnubl v rpadmka. Haueptute Tabanuy n rpadmk B TeTpaan. PaccmoTpuTe, Kak
N3MeHUTCA rpaduK PyHKUUM Y = X2+n B 3aBUCUMOCTM OT 3HAYEHUA N.

x |f(x)=x*|g(x)=x*+1 [ h(x)=x>-2 \u- i

-3 9 10 7

—2 4 > 2 \ |l L2
-1 1 2 -1 W e
0 0 1 -2 : 31 alFiEszas
1 1 2 -1 =

2 4 5 2 =

3 9 10 7

> PeweHue. MNoctpomm napabony y = x* n caguHem ee Ha 1 eguHuLy BBEpX
BAONb ocu Oy. BeplumHon napabonbl byaer Touka (0; 1), a Oy ocTaHeTcs
OCblo CUMMeETPUU. AbBcuMCCa KaXKaoM TOYKM OCTAHETCS NPeXKHeN, a opau-
HaTa yBeAMYNTCA Ha OAHY eanHuLy. To ecTb, opanHaTa ToUuKM X2 + 1 ¢ abc-
LMccoi x HoBoi napabonbl byaety = x2 + 1.

Mapabona, cooTseTcTBYOWAA GYHKUUK ¥ = x2 + 1 nonydaeTca caBMrom napa-

6onbl y = x> Ha 1 eanHuuy BBepx BAoAb ocu Oy. BeplwimHa napabonbl (0;1).

CpaBHUM napabonbl, COOTBETCTBYIOLMNE QYHKLMAM Y =X> U y = x>— 2.
Mapabona, cootBeTCcTBYIOWAA PYHKUMU y = X2 — 2, NOSy4aeTca CABMUIOM napa-

60bl y = x*>BA0Nb ocu Oy Ha 2 eanHULbI BHK3. BeplwmHa napabonbl (0; —2).

CnepoBaTtenbHO, PacnonoXeHMe Napabosibl N0 OTHOLWEHMIO K N MEHSEeTCA Mo

BEPTMKANM BAONAb Ocu Oy. BaKHO NpaBUIbHO OTMETUTb TOUKY BEPLUMHbI Napa-

60nbl.

MpadumK GyHKUMM Yy = ax?+ n nonydaeTtca cABUrom napabosnbl y = ax? BAONb
ocu Oy.

* Mapabona casuraerca Ha |n| eaMHUL: BHU3 BAOAb ocn Oy, ecam n < 0,,
BBepx—ecnmn>0.

e BepLmHa napabosnbl HaxoauTca B Touke (0; n).

L x =0 npAmMan NMHUA ABNAETCA OCblO CUMMETPUM Nnapabonbl. _

O6yualowme 3agaHun @

11> Mo rpadumkam, n3obpaxkeHHbIM Ha
pYCyHKe onpeaenute 3HaK n AnA
KasKa4oro cayyas.

10 > N306pasute  cxemaTM4ecku
rpaduKm 3agaHHbIX GYHKLUN,
caurasa napabony y = x2.

a)y=x>-2 b)y=x*+3
c)y=x2+2 dy=x2-3
e)y=x*+0,5 fly=x*-1,5
12>3ap,a3aﬂ pasHble 3HayeHus n B dopmyne y
NpMMepoB 1 NocTpoite rpadukn. Itn rpad
LWbto rpadKanbKyaTopa.
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3. paduk dyHKunn y = (x — m)?
3. Mpumep 3. PyHKUuMM y =x2, y = (x + 3)%, y = (x— 2)? npeacTaBieHbl B BUAE Tab-
Mvubl 1 rpadurKa. HaueptuTe Tabanuy v rpaduk B TeTpagu. Uccneayiite, Kak
N3MeHUTCA rpadurK GYHKUMK Y = (Xx— m)? B 3aBUCUMOCTU OT 3HAYEHUs M.

X fx)=x> | g(x)=(x+3)* [h(x) = (x=2)*
-5 25 4 49 \ )
) 16 T 36 \ g7 -ber-3)°
-3 9 0 25 Y X 1/ 77_(”)_‘22
= Z 1 16 A xY3-=2
-1 1 4 9 YN

0 0 9 )

1 1 16 1 1|0

2 4 25 0

3 9 36 1

4 16 49 4

PeweHune. CasmHem napabony y = x> Ha 3 eANHULbI B1IeBO. TOYKON BEPLUMHbI
> napabonbl byaet (—3; 0). Touka A (x1;y1) Ha caBU»KeHHOM Napabose nony4yaeTcs
CABWIOM Ha TpU eAMHULbI TOUYKM B Ha gaHHON napabone. Moatomy abcumcca
TOYKM B byaeT xi1+ 3, a opamMHaTa byaeT Takol »Ke, KaK U opAaMHaTa TOYKM A.
TaK Kak opAMHaTa NPoM3BO/IbHOM TOYKM Ha AaHHOM napabosie paBHa KBaapaTy
abcumccbl, To Nony4Mm y1 = (x1 + 3)2. To ecTb, 418 TOUKU (X1} Y1) HA CABUMKEHHOM
napabone 6yaet y1 = (x1 + 3)%

Ecnn napabony y = X2, caBUHEM Ha 3 eAMHULbI BAEBO, TO NOAYYUTCA
napabona y =(x + 3)2

Ecnv napabony y = x> caBMHEM Ha 2 eAMHWLbI BNPABO, TO MNOAYyYMTCA
napabona y = (x — 2)

Mpaduk PyHKUMM y = a(x — m)? nonyyaetcs casmurom napabonbl y = ax? Ha
|m| eamHuL BOONB OCK abcumcc, TO ecTb M MeHSAET NoNoXKeHWe napabonbl
BA0/1b 0cM Ox (No ropusoHTanu).

e Ecaim m > 0, napabona casuraetcs Baoab ocn Ox Bnpaso, ecimm < 0 -
BNEBO;

® m COOTBETCTBYET abcumcce TOYKM BEPLUMHbI Napabosibl. TOUKOM BEPLLUMHbI
napabonsl 6yaet (m; 0);

e MpAmas x = m ABNAETCA OCb0 CUMMETPUM Napabobl.

O6yualowme 3agaHusn ®

13> Monb3yscb rpadpukom GyHKLMM ¥ = X2, NOCTPONTE Ha OAHON KOOPAMHATHOM
NAOCKOCTU rpaduKkm GyHKLUMIA Yy = (X +5)2 ny = (x—5)2

14> MN306pasnte cxemMaTUYHO rpaduK 15> Onpeaenure 3"'3?'
ByHKLAN HbIM rpadUKOB HA pu
a)y=(x-2)> b)y=(x+4)? ¢
y=(x+2) d)y=(x-4)
e)y=(x-15)0 f)y=(x+15)
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4. padvK PyHKUMKM y = a (x—m)>+n.
0606L1MB paccMOTpeHHble MOCTPOEHMSA, MOKaXKeM NoCTpoeHWe napabosbl
y = a(x—m)?+ n no rpaduKky GyHKLMM y = X2 BbINOAHUM NPUMEPbI.

4. Tpumep. Uccneayiite noctpoeHue rpadmka GyHKUmMK f (x) = %(x— 5)?— 4 npu
nomouiM casura napabonbl y = x2.
PeweHue. 1. MocTtpoiiTe rpadmk GyHKLUN Y = X2

“y \ X2 : 71 2

=
(@]
~
1
(8]

2. TaK Kak a => 0, HanpaBneHune BeTBel Nnapabonbl
He meHAeTcA. [TocKoNbKy a < 1, napabona «pacwu-
pAeTca», NOTOMY YTO NPU OAMHAKOBOM 3HAYEHUM [+ S

X 3HaueHue y byaet B 3 pasa meHble. Hanpumep, |+ | \ //
TouKa (3; 9), AaHHaA Ha rpaduKke y = x2, ANa GyHK- ANA DR T
- 1 2 . R \ EL 7 L
nny == x2 byget (3; 3). - —
uny =3 yaer (3; 3) = SE=RE -
3. OTmeTbTe TouKy (3; —3), CUMMETPUUYHYIO TOUKe ]

(3; 3) oTHOCUTENBLHO OCK Oy.

4. HauepTtute napabony, npoxoasLlyto yepes
Touku (3; 3), (0; 0), (=3; 3). 10 rpad K byHKUMK y :%xz.

5.Tak Kak m =5, n =— 4, caBUHbTE AaHHYyto Napabony Ha 5 eauHML, BNpaso 1 4
eauHuubl BHUM3. [lonyyeHHaa napabona AsnfetcA rpaduMkom GyHKLUM

=3 (-5p-4.

Touka ¢ KoopauHatamu (m; n) - BepluMHa napabonbl y = a(x— m)2+ n.
Ocblo cuMmeTpumM 3ToM Napabosibl ABAAETCA NpAMaa x =m .

Mpumep. Uccneayitte noctpoeHue rpaduKka GyHKUMN Yy = —2(x — 3)% + 1.
PeweHue. y
e [MocTtpoinTe rpadmk GyHKLMU ¥ = X2, ] ]
* TaK Kak a = —2, BeTBM Napabosbl GyHKLUK v !
y = —2x%* HanpasaeHbl BHU3. [PaduK 3ToM PyHK- \ ]
umm byaet «yxe» napabosibl, COOTBETCTBYHOLLEN
bYHKUMM Yy = X% TaK KaK Npu COOTBETCTBYOLLMX
3HAYeHMAX X 3Ha4YeHne y No moaynto byaeT B 2
pasa bonblue.

Hanpumep: (1; 1)=>(1; -2); (2; 4)>(2; —8). Y=
OTMmeTbTe 3T TOYKMU M NOCTpoMTe rpaduK PyHK-
ummn y = —2x2, coegMHUB UX CMJIOLHON KPUBOW.
e Takkakm=3 un=1, 70 npu casure napabosnbl
y =—2x> Ha 3 eaMHMLbI BNPABO M Ha

1 eauHULY BBEPX NONYYUTCA TPAaPUK GYHKLMU Yy = —2(x —
pabonbl byaeT B Touke (3;1) .

e [pamas x = 3 ABnAeTCA OCbO CUMMETPUK Na

v ¥
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16 > MocTpoiiTe cxemaTUYecKkmn rpaduKm HUKecneayoWmx GyHKLMIA CABUFOM rpa-
duKa y = x2.
a)y=2(x+372-1 b) y=-3(x+1)2+3 0 y=—%(x+3)2—1

17> MocTpoiTe cxemaTuyeckn rpadpukm GyHKUNIA y =% X1y = 2x>v nepeHecuTe
TOYKY BEPLUMHbI Napabosbl B YKa3aHHYIO TOUKY. 3anuwmnte Gopmynbl GyHK-
LM, COOTBETCTBYIOLLMX HOBbIM rpaduKam.

a) (0;-1) b) (3; 2) c) (-4, 1) d) (-2;-2)

—— v MpepcTaBneHne KBaapaTMuHoi GyHKLMM B pasHbix Gopmax

KBagpatuuHaa pyHKuUA Mpadpuku
1.3anucblo NO TOUYKe BEPLUUHDI Touka BepLlMHbI Napabonsbl: (m; n)
(nnn obocobneHnem KBagpaTa) OCb CUMMETPUU: X =M

y=a(x—m)*+n

MpadumK nepecekaeT ocb Ox B TOUKAX p U
g. OCb CMMMETPUKN: MPOXOAUT 4Yepes
Touku (p; 0) u (g; 0) oTpesKa cepeanH-
y=alx-p)ix-q) HOro nepneHanKynsapa. Abcumcca ToUKK
BEPLWMUHbI: m=(p +q):2

Touka BepLWwMHbI Napabosbl U TOYKM NepPeceyeHuns C OCIMU KOOPANHAT — BadK-
Hble TOYKM napabonsbl.

LWarv noctpoeHus napabonsbi:

1. HaxoamTca TouKa BepLlMHbl M OTMEeYaeTC Ha KOOPAMHATHOM NIOCKOCTH;

2. HaxoaATca ToUuKmM nepeceyeHns ¢ ocbto Ox (ecnm ectb) n ocbio Oy;

3. OnpepensaeTca 0Cb CUMMETPUM;

4. OTMevatoTca HeCKO/IbKO ToueK Ha napabosie OTHOCUMTENbHO OCU CUMMETPUMY;
5. CtpouTca napabona, Npoxoaaiasn Yepes oTMeYeHHbIe TOUYKM.

2. 3anucblo nepeceyeHnA € OCbio
abcumcc

1. Mpumep. [locTponm rpadmk GyHKUMK y = — % (x+3)2+4.
PeweHue. Tak Kak a < 0, BeTBM Napabosibl HanpasaeHbl BHU3.

1. OTMeTUM TOUKY BepLUNHbI napabonbl: (—3; 4); v
2.Mpu x=0 y=—0,5, T0 ecTb, Nnapabona nepecekaer
ocb Oy B TouKe (0; —0,5);

3. Haueptum ocb cummetpum x=—=3. Mpux=-1,y =2,
OTMeTMM TouKy (—1;2), Haxoasulytocsa Ha napabone;
4. OTmMeTUM To4KK (—6; — 0,5) ; (— 5; 2), cummeTpUu-
Hble Toukam (0; — 0,5) n (— 1; 2) oTHOCUTENbHO NpSA-
Mol x=—3;

5. Noctpoum napabony, npoxogdAlLyto Yyepes oTme-
YeHHble TOYKM.
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2. MNpumep. Noctponm rpaduk GyHKUMKM y = — (x + 2)(x — 4).

PeweHue.

ea=—1, p=—2, g=4;(—2;0) n (4; 0) - TO4KM NnepeceyeHma c ocbto OX.
e OCb CUMMETPUN NPOXOAUT YepPes TOUKY, HAXOAALLYIOCA Ha O4MHAKOBOM pac-
CTOSIHUM OT 3TUX TOYEK: vA
(p+q):2=(4+(=2)):2=1, ocb cUMMETPUN 3TOW
napabonbl - npaman x=1
e Abcumcca BepwmHbl Napabonbl x = 1, opanHaTa (~1:5) (3:5)
y=—(1+2)(1— 4)=9. OTMeTMM TOUYKY BEPLUMHbI
(1; 9) Ha KOOPAMHATHOM NNOCKOCTH.

e [lpoBegem ocb cummeTpum x = 1. OTmMeTUM ABe (-2,0) 40)
TOYKU, CUMMETPUYHbIE OTHOCUTE/IbHO OCU CUMMET- o 1
pun. Hanpumep, npu x=3mn x=-—1,y=5. To ecTs,
OTMETUM TOoYKHM (3; 5) n (— 1; 5)

e MocTponm napabony, NPOXoasALLyto Yepes OTMeYeHHbIe TOUKMU.

(1;9)

I

3. Mpumep. BoipasuTe PpyHKLUMIO, 33aHHYIO rpaduyecKkn 1 no KoopamMHaTam
BepLWMHbI (y = a(x —m)? + n)

PeweHue.
1. KaKk BUAHO M3 pUCYHKa, BepLUMHA Napabosbl Haxo-
autcs B Touke (5;-4). m=5,n=-4. fix) A
2. TaK KaK BeTBM Napabosibl HanpasaeHbl BBEPX, TO 0
> 0. YuntbiBas 3HaueHUa m u n, GYHKLMIO MOXKHO
3anucaTtb B BuAe y = a(x — 5)? — 4. /
3. 3anucaB KoopauMHaTbl 1060 TOYKK rpadmKa, Ha- 0\ X

npumep, (1; 0) unn (9; 0), B dopmyny GyHKLUNK, 1 > 9
MOXKHO HalTK a. YY4TEM TOUKY (11; 0).
_.4._

0=a(1-5)2-4,16a= 4'G=Z

dopmynon GyHKLMK ABNAETCA Y ——(x -5)2—

O6yualowme 3agaHusn o
18> MocTpoiiTe rpadmkmM AaHHbIX GYHKUMIA. OTMETbTe Ha rpaduKe KoopAMHaTbI

TOYKKN BEPLWUHbI N OCb CUMMETPUN napa6onbl.

=(x—3)? 2.y=(x+4)? 3.y=—(x+3)2+2
4.y=3(x-2)*-1 5.y=-2(x-2)*+4 6.y=—(x+1)>+3
7.y=2(x+1)?-5 8.y=—%(x+1)2 9.y=lx 3)2+2

19> MocTpoiiTe rpadmkm gaHHbIX GYyHKUMI. OTMeTbTe Ha rpadMKe
WKWHbI U OCb CUMMETPUKN Napabobl.

l.y=(x+3)(x-3) 2.y=—(x—-1) (x+ . 2) (x
4.y=2(x-5)(x-1) 5.y=—(x-4) (x— EPX 3) (x+7)
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20> Nornyeckoe mbiwneHue. a) [loyemy npu noctpoeHun napabosnbl
y =x2+ 3 napabonay = x* caguraetca BAonb ocu Oy BBepX, a Npu NocTpoe-
HUKW napabonbl y = (x + 3)? caBuraeTca BeBo BAO0b ocn Ox? M310XKMTe CBOM
[,0BOAbI MUCbMEHHO.
b) Yncno Touek nepeceyeHnn rpadmKka KBagpaTUUYHOM PYHKLMMK € ocbio Ox
He BCeraa oAmMHakoBoe. BepHo v 3To yTBEpPXKAEHUE U ans ocn Oy? U3noxute
CBOM A0BOAbI MMCbMEHHO.

21 > Mo KaKkoi nape KOOpAMHAT, PACMONOMKEHHbIX HA rpadurKe, MOXKHO HanucaTb
YypaBHEHWE OCU CUMMETPUU rpadmKa KBagpaTUYHOM GyHKLUMKM? HanuwuTe
YpaBHEHWE OCU CUMMETPUM, ECIN 3TO BOSMOXKHO.

a) (3;10) n (7; 10) b) (4; 6) n (6; -2) c) (-1;4) n (5; 4)

22>TOHKVI (2; 3) n (24; 3) HaxoaATcA Ha rpadMKe KBAAPATUUYHOM bYHKUUK.
Mo KoopauHaTaM 3TUX TOYEK onpeaenunTe ypaBHeHUe oc CUMMETPUM
napabosnsi.

23> Mcxoan 13 JaHHbIX, 3anuWmnTe KBaapaTUUHyo GYHKUMIO B BUAE
y=a(x—m)?+n:
a) c BepwnHoi B Touke (0; 0), npoxogsaLlelt Yepes ToUky (6; 9);
b) c BeplumHoit B Touke (0; —3), Nnpoxoaaluel yepes Touky (3; 24);
C) c BepluMHOM B TouKe (2; 5), npoxoasien yepes Touky (4; —11);

d) c BeplumHoi B TouKe (—3; 10), npoxoasluei yepes ToUky (2; —5).

24>B pe3ynbTaTe Kaknx npeobpasoBaHnin rpaduka GyHKUMK Y = X% nony-
yeHbl rpaduKkn cnepyowmx GYHKUNIA? Hanuwmnte Gopmynbl 3TUX GYHK-

7178 a) b) A 9
y y |
5 [ - 3
1 ) X 0 X \ /
7 0 ) ;
/ \
- / \

25> Bonpoc oTkpbiTOro tTuna. Hanuwwute popmyny KaKOVI-I'IM60‘ pat
bYHKLMK, «pacTAHYTOM» OTHOCUTEeNbHO f(X) = x> n obpadbBaH cAB
B rOPM30HTA/IbHOM U BEPTMKAIbHOM HanpasieHnaxWd306pPasnTte UK
MaTUYECKMU. ‘
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— v/ TepeceueHune napabonbl y = a (x — m)? c ocblo abcumcc.

B Toukax rpaduKka, KOTopble HaxoAATCA Ha OCM abcumnce 3HavyeHne GyHKLMM
paBHO 0. 3HaueHUA aprymeHTa, NpPU KOTOPbIX GYHKLMA PaBHA HYIO, Ha3bl-
BatoTCA HYNAMU dyHKUMM. Yucno Hynemn ana byHKUMM
y=a (x—m)?+n MOXHO OonpeaennTb NO 3HAYEHUAM a nU N .

* [0 3HAYEHUIO @ MOXKHO OMpPeLeNnTb, Hanpas/ieHbl M BETBU Napabosbl BBEPX
WU BHU3.

* [0 3HaYEHMIO N MOXKHO OMpPeaeINTb, HAXOAUTCA /M TOYKa BEePLUMHbI Napa-
60/1bl BbILE, HUMXKE UM HA ocK abcumcc.

Mo TouKe BeplMHbl Napabonbl M HaNpaB/ieHUIO ee BETBEN BHU3 UAM BBEPX
onpeaesvim YMC/Io TOUEK nepeceveHuns rpadurka c ocbio abecumce Ha npumepax.

1. nNpumep. f(x)=0,8x*—3
3 Mpad Yucno Touek nepeceye-
HauyeHue a aduK
3HaueHune n P HUA € oCblo abcumce
a=08>0 n=-3<0 y
S padumk nepece-
Betsu napabonbl Ha| TouKa BepLUMHbI KaeT ocb abcumce
npaBneHbl BBEPX HaXo4MUTCA HUXKe " B ABYX TOYKaXx
ocm Ox
2. Mpumep. f(x) = ﬁ(x +1) Yucno Touek nepeceye-
3Hauenue a 3HaueHue n Mpaduk HuWA ¢ ocblo abeumcc
a=2>0 n=0 y Mpaduk  w“meeT  ogHYy
B 6 T 06LLYI0 TOYKY C OCbtO abc-
OYKa BEPLUMHbI
> Betsy napabonbl P LMCC M 3Ta TOYKA, Haxo-
HaXo4MTCA Ha OCK X
Hanpas/ieHbl BBEPX . hil 0 gAch Ha ocu abeumce,
X o
ABNAETCA BEPLUMHON na-
pabonsbl.
3. Mpumep. f(x)=-3(x+2)>-
3Hauenme a 3navenme n Mpaduk Ynucno Touek nepeceve-
HUA C OCbo abcumcc
— _ y
=-3<0 n=-1<0 A MpaduK He nepeceKaerca ¢
ocbto abcuumcce 1 ¢ Hanpas-
> Beten napabonbl | 104Ka BEPLWNHbI >
HaXOZMTCA HUKe 0 % | NeHHbIMM BHW3 BETBAMM,
HanpaBeHbl BHU3
P ocn Ox /\ HaxoauTcs MOHOCTbIO
HUXKe ocK Ox

O6yualowwme ynpa>kKHeHuUn

26> OnpepennTe YMCNO TOYEK NepeceyeHmns rpaduKoB HUKEEeay X
LM c ocbto abcumcc.

1

2) £ () = 5% - b) £ () = ~2(x + 1)2Pf =g

¢ K-



KBagpatuuHaa pyHKuUMA 1 ee rpadpuk _

27> a)y=5(x—15)*-100 b)y=—4x’ + 14 c)y=(x+18)2-8
be3 nocTtpoeHus rpadmKoB AaHHbIX PYHKUMI onpeaenuTe:

1) HanpaeneHue BeTBelt Napabonbl; 2) BepLumnHbI Napabonbl;
3) ypaBHEHWE OCH CUMMETPUM; 4) YCNO TOUEK NepeceyeHms C OCblo
abcumcc;

28> OaHbl dyHKUMK:
1) fix)=x2-5x-24 2)g(x)=x>—-2x+1 3)p(x)=4x>—20x + 24
a) 3anuwunTe aaHHble PyHKLMM B BUAE Y = a(x — p)(x — g) pasnoxeHnem KBag-
pPaTHOrO TPEXY/ieHa Ha MHOXUTENN;
b) Onpegennte Toukn nepeceyeHus c ocamm Ox n Oy;
¢) NocTpounTe rpadmKkmn GyHKLMN.

29> M3BecTHO, YTO OpAMHaTa BepLWKHbI paBHa —9 1 napabona nepecekaeTca ¢
ocbto abcumcce B TouKax (10; 0) u (4; 0).
a) Hanuwwute dopmyny GpyHKUUK;
b) HanuwwnTe KoopaMHaTbl TPex Touek Napabosbl, CUMMETPUYHBIX OTHOCU-
TE/IbHO OCY CUMMETPUN;
c) NocTpoiite rpadunKkm GyHKLUMIA.

30> OnpefennTe, Kakoin GYHKLMM COOTBETCTBYET KaXKablit rpaduk 1 HauepTute
UX B TeTpaaum.

1) f0)==3% 2)g0)=(+37 3)v)=(x-32  Ah()= 2
S)t(x)=x2+2 6)s(x)=x-4  7)p(x)=(x+1)2=3 B u(x)=—(x=-2)*+3
a) b) c) d)
EERNVEEE | N/ EEEEN NN
T 1/ \ T T
4-3-2-14 4X —4—11—15 > 34X 4-3-2-1, D 3 4X| -4-3 -2 D 3 4X|
M il M AN
e) ) 8) h)
\ A I A /i /)
] : MENEEE :
3] \ B SNl N /
1 \HaHf 1 T
4-3\] _1/ 4x 4 \4; ) 4X 4 % 4x 4-3 ] 1: > 3 4%

31> [aHbl TOYKM NepeceyeHns napabonbl c ocaMmn KoopgauHaTl Hang,
HaTbl BEPLUUNHDbI napa60nbl.
a)(3;0),(-1;0),(0;-6)  b)(-2;0),(-3;0), c) (83; 0), (1;
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—— v MoctpoeHue rpadumka pyHKUuMMN y = ax* + bx + ¢

Mioban kBagpaTnyHaa GyHKUMA BUAE y = ax? + bx +C MOXKeT bbITb NpeacTas/ieHa
B BMAE y = a(x—m)? + n BblageneHnem noaHoro KBagpata. [eincrentensHo,

b b bZ bZ

=ax*+bx+c=a(x’+ —x)+c=alx*+2 - —x+— — — )+cC=
Y ( a ) ( 20 4a* 4a?
—a((x+£) b ) s a(x+—) B a(x+—) b’—4ac

4a? 4‘7 4a

_ h2
O603HaumB m=— b , n= M, nofydmum y =a(x —m)?+n.
2a 4a
—b D p-pr-4

Toukolt BepwHHbI byaeT (m; n), rae m= 5, n= 4 =p°—4ac

Ocbto cummeTpun napabosnbl y = ax? + bx + ¢ ABAAETCA NpAMas X = m.

1. Mpumep. BblgeneHnem nosHoro keagpata yHKuMmM y =—2x%+ 4x + 3 onpe-
AenuTe KOOP/AMHATLI TOUKM BEPLIMHDI U ypaBHEHME OCU CUMMETPUK ee napa-
6onbl. (15

S PeweHue. y=-2x>+4x+3=-2 (x> —2x) +3 =-2- (x> — =<
2x+1-1)+3 =-2- ((x—-1)’—1)+3 = ] \‘;\i
=2 (x—1)2+2+3= =2 (x—1)2+5 B
MpaduK 3TOM GYHKLMM MOXKHO NONYYUTb Nepemelle- SER 5l

0

\
1

P

HMeM Ha 1 eaMHULY HAaNpPaBo U Ha 5 eAMHUL, BBEPX 3

rpaduk yHKUMKN y = —2x2. 3HAUUT, TOYKa BepLUMHbI Nnapabonbl ABnAeTCA
(1; 5), ypaBHEHMeE OCK cumMeTpumn byaeT: x = 1.

Mpumep. 3agaHa ¢yHKuma y=0,5x>—x—1,5.
2. a) HanvwwuTe KoopAMHATbI TOYKM BEPLIMHbLI Napabosbl.
b) YpaBHeHMe ocn cummeTpuu.

c) OnpegenuTe KoopauHaTbl TOUKM nepeceveHnsa napabonbl C KOOPAUHAT-
HbIMW OCAMM.

d) MocTpoiite napabony.
PeweHne. a)a=0,5 b=-1; c=-1,5;

D=b>-4ac=(-1)*>-4-0,5+(-1,5) =4,

NnoACTaBMB 3HavyeHuA B opmynbl 41a m um n,

m-i-i-l- pe D - -4 _, Ka 8epLum )
“2a 205"~ T 4g 4-0,5 - P ‘

b) YpaBHeHMe ocn cummeTtpumn: x = 1 P




KBagpatnuHaa pyHKumua u ee rpadpuk _

c)npux=0,y=-1,5, 3HaunT napabona nepece- Ay
KaeT ocb Oy B Touke (0; —1,5)
=0,5x— X115
npuy =0, pewas ypaBHeHne 0,5x>—x—1,5=0, . 4 XX
- _ \E
Haxogmm x1=—1, Xx2=3. \ 5 /
Touku nepeceveHuns ocn abecumcc (—1; 0) u (3; 0) . /
\[ [T /N
d) OTmMeTMB TOYKY BepLUMHbI, TOUYKM nepeceve- LU 01
-2 -N\lo] [ 1|2 4
HMA C KOOPANHATHBIMM OCAMM HA KOOPAMHATHOWM 1 /
0 7115)
N/IOCKOCTU MOYKHO NOCTPOUTb Napabony. 2 3
O6yyatowme 3apaHun o
32> 3anuwuTe KBagpaTuuHble pyHKLMM B BUAE Y = a(x —m)? + n.
a)y=x>+8x+8 b)y=2x2-16x+21 c)y=—x*+8x-13
33> 1) 3anuwmnTe KBaapaTUUHbIE YHKUMK B BUAE Y = a(x — m)? + n.

2) HanuwuTe KoopAMHaTbl TOYKWU BEPLUMHBI Napabosibl.

3) HanuwwnTe KoopAMHaTbl TOYEK NepeceyeHns napabosbl C OCAMM KOOpAUHaT.

4) HanuwwuTe ypaBHEHME OCU CUMMETPUN.

5) NocTtpoiite napabony.

a)y=x*—2x-3 b)y=—x*-4x+5 c)y= x*+6x+5

34> MocTponiTe rpadmkm GyHKUMA f(x) =2(x + 1)2+ 2 u g(x) =5(x + 1)2 + 2.
PaccmoTpuTe 0bLime 1 OTANYMTENbHbIE MPU3HAKM STUX rPadUKOB.

35> Bonpoc oTKpbITOro TMNa. a) 3anuwuTe ABe pasHble KBagpaTuyHble GyHK-
LMK TaK, 4TOBbl Y 06EMX TOUKM BEPLUMHBI UMENN KoopAauHaTbl (5; —3).
MocTpoitte rpaduKkm 3TMX GYHKLMIN CXeMATUYHO.

b) 3anuwwnTe ABe pasHble KBagpaTUUYHble GYHKLUMM TaK, 4TOObI y 06enx Ham-
6onbluee 3HavyeHue 6b110 5, a ocb cummeTpumn x = —3. MocTpoiiTe rpadmKm
3TUX GYHKLMIA CXEMATUYHO.

36> 1) MocTpoiiTe rpadmKm GyHKUNIA. -
2) HallanTe pacctoaHne mexay TOYKaMM nepeceyeHums. \
8

3) 3anuwunTe ypaBHEHME OCU CUMMETPUMN.

a)f(x)=x2—4x+3 b) =x2+
c)f(x)=x*—4x-5 d) 2Xx% +

\

+6




m KBaapatnuHasa ¢yHKUMA n ee rpadpuk

v' WUccnepoBaHue pyHKUMM y = ax? + bx + ¢

CBOWCTBa KBaZpaTUUHOM GYHKUMKM Y = ax? + bx + ¢ uccnegyem Ha rpaduke.

e [pu a >0 BeTBU Napabonbl, ABAAIOLLENCA rPAadUKOM KBagpaTUUHOW GYHKLUN,
Hanpas/ieHbl BBepX, Npu a < 0 BeTBM Napabonbl HaNpaBAeHbl BHU3.

e KoopauHaThl T%‘-IKVI BepLUMHbI Napabonbl (m; n).

JEp— — - h2 _
3pecb m= 2g ' "= a,D—b 4ac

* YpaBHeHWe ocu CMMM:TpMM P X=-—
* Mapabona nepecekaeTcs ¢ ocbio opamHaT B Touke (0; ¢).

* Yycno Touek nepeceveHma napabosbl n ocm abcumce 3aBUCUT OT 3HAKa AMc-
KpummuHaHTa (D = b? — 4ac) ypasHeHusa ax®+ bx +c=0;

npu D > 0 napabosia nepecekaeT ocb abcLMCC B ABYX TOYKAX;

npv D = 0 BepLIMHa Napaboibl HAXOAUTCA Ha OcK abcumce n MMmeeT ogHy obLyto
TOYKY C OCbto abcumcc;

npu D <0 napabona He umeeT 0bLen TOYKM € ocblo abcumcc.

¢ 3HayeHWe opaMHaTbI ( T.e. N) TOYKM BepLUMHbI rpaduKa GYHKLMK y = ax? + bx +
cnpu a > 0 byaetT HAMMeHbLUMM 3HaYeHuem (Hm3) dyHKLmMK, a npy a <0 byaet
HanbonbLMM 3HauYeHnem (H63) GyHKLMM. ITU 3HaYEHUA TaKKe Ha3bIBAOTCA
MaKCUMa/IbHbIMM Y MUHUMA/IbHbIMU 3HAYEHUAMMU QYHKLMK.

a>0
y=ax’+bx+c

a<0
y=ax*+bx+c

0671acTbio ONPeaeneHnA KBagPATUUHON GYHKLMN ABNAETCA MHOXECTBO BCEX
OEeNCTBUTENbHbIX YNCe. 3HaYeHus, NpuHMMmaemble GyHKUMeEN (y), obpasyroT
MHOXeCTBO 3Ha4YeHUN GYHKLMN.

MHOXeCcTBOM 3HaYeHUn GyHKUMKN y = ax? + bx + cnpu a <0 aBnsetca (—o; n],
a npu a>0 MHOXecCTBO [n; +0), 34ecb opAauHaTa BepWWH napabonbl.
®YHKUMA Ha3bIBaeTCA Bo3pacTatoLel (yobiBatoLweli) B HEKOTOPOM MPOMEKYTKE,
ecnu 6onblueMy 3HAYEHUIO APIYMEHTa M3 3TOr0 MPOMENKYTKA COOTBETCTBYET
b6onbliee (MeHbllee) 3HaueHne GyHKUUK.

A ’A
y ~
~
= ,g’ (] 46\
oy ~ T 53
A 7 \&
g\
®, § o
I
7777777 .
D i
_b 10 X __b

2a 2a
Mpu a > 0 dyHKUMA y = ax? + bx + ¢ Mpna<0 d)yHKLI,VIﬂy=CIX¢ X +
ybbiBaeT B npomexyTke (—o0; - zbd] pacTaeT B NPOMeXKYTKE (— ]
b
: o0

B npomexyTke | - L +00) B NPOMEKYTKE , T+
BO3pacTaer. ybbiBaerT. P




KBagpatnuHaa pyHKuUMA 1 ee rpadpuk _

O6yyatowme 3apaHuA o

37> Ona dyHKuMKM y = —2x2+ 4x + 6 onpegenuTe:
® HanpaB/ieHMe BeTBel Napabonbl;
® TOYKM NepeceyeHms C OCAMMU KOOPAMHaT;
® ypaBHEHME OCY CUMMETPUY;
® TOYKY BEPLUMHBI;
® Hanbonbluee U HAMMEHbLLEee 3HaYeHUs (ecnum ecTb);
e 0bnacTb onpeseneHna U MHOMKECTBO 3HaYEHUM.

38> Bblgenute NonHbi KBaapaT M BbINOAHUTE YCNOBMA 5-ro 3agaHus.
a)g (x) =x*—8x+ 12 d)h(x)=x2+4x-5 g) n (x) =2x*+ 12x + 13
b)f(x)=4x*+16x+19 e)p(x)=—3x*>+6x—5 h)F(x)=5x2+10x+5

) k(x)=x>+7x+10 fym(x)=x*-x-6 i) Q(x) =—-3x*+ 12x

39> Hanagute Hanbonbliee M HaMMeHbLLee 3Ha4YeHUA GYHKLMK, MOKAXKNTE MHOXKe-
CTBO 3HAYeHUMN.

a)fx)=3(x-5)*+8 b)g(x)=-2(x-1)+4  c)t(x)=-3(x+7)

d)g(X)=3x2+% e)g()()=%(x—4)2 f)f(x)=—5x2+%

40 > KoopaunHaTtbl TOUKM BepLwKnHbI (M: n) napabonbl, ABnsatoweinca rpapukom

bYHKUMK Y = ax?+ bx + C MOXKHO HalTU ciedyowmnm obpasom:
m=%,n:am2+bm+c.

Mo¥HO N1 onpeaennTb GYHKLMIO NO KOOPAUHATAM TOUYKM BepLUMHbI? Ecan

HET, TO KaKue elle AaHHble HYXKHbI, YTOObI 3anMcaTb Tpebyemyto GyHKUNIO?

OTBeTbl npeacrtasbtTe B NTMCbMEHHOM BUAE Ha Npumepax.

41> Haigute KoopAnHaTbl TOYEK BEPLLMH Napabo/, COOTBETCTBYIOLLMX HUMKEC/e-

n(25; 0).

ayrowmnm GyHKLMAM.

a)y=x2+4x+3 b)y=2x>+16x+7 2 c)y=5x>+50x +7

d)y=7x*—14x+21 e)y=3x>—18x+ 12 fly=—6x+24x + 24
42> 3anuwunTe KBagpaTuyHyto GyHKUMIO B BUAE y = a(x—m)? 4h, 3a B O M

BMAE, ec/in Hanbonbluee 3HauYeHUe GYHKLUN paBH N TOYKaM ece¥e-

HWA COOTBETCTBYHOLLENM Napabosbl ¢ ocbio abalice AB €A ToY 15;

\



m KBagpatnuHasa ¢yHKUUA u ee rpadpuk

43> Mo rpadurKam KBaapaTUUHbIX GYHKLMIA onpeaennTe:

44>

45>

26>

4D

Vi
MaKCMMa/IbHOM BbICOTbI B t = g CEKyHAY. &
o 2
b) MoKaxnTe, YToO MAY MOXKET AOCTUYb MAKCUMa/IbHOM BblCOTHIE- |
48> Bonpoc OTKpbITOro TMNa. 3anuiumnTe TaKyto KBagpamguHy o GyHK yTOoGbI

® YypaBHEHME OCU CUMMETPUM; ® MAKCUMa/IbHOE U MUHUMA/IbHOE 3HAYEHWs;
® TOUKY BEpLUMHbI Napabosibl; ® TOUKM NepecedeHmns C OCAMMU X 1 Y;

e 0b1acT onpegeneHnsa n 061acTu 3HaveHu GyHKLMK;

* MPOMEKYTKM BO3PaACTaHMA U yb6biBaHUA.

a) f(x)=—x*+2x+8 b) f(x)=x*-2x c) f(x)=x’—4x+5
s Y ¢ 150 Y /
anf X \ o P )

\ 5 /
ﬁ \ / 2\
—4 [0 -2 O 2 | 4
\ 200 2 | X
[ ;
| \

Uccneposanue. 1) Ha oaHoM KoopAMHATHOM NAOCKOCTM NOCTPOMNTE Napa-
60/bl PyHKUMKN Yy =x%2—4x + ¢, npuc=0; 1; 2; —1; —2. Kak meHsatoTCcA Bep-
LIMHbI U TOYKM NepecedyeHns napabosnbl c ocbio Oy B 3aBUCMMOCTU OT
3HayeHus c?

2) Ha ogHOM KOOpAMHATHOM NAOCKOCTU NOCTpoliTe Napabonbl GyHKUUK
y=x2+bx+4npn b=0;2;4;,-2; -4 . Wccneayite, Kak MeHAeTcA rpaduk
dYHKUMM B 3aBUCUMOCTM OT 3HaYeHua b.

Kakoe u3 HuKecneayoLWwmx yTBEPKAEHNI BEPHO, @ KaKoe HeBepHO?

1) Ecnvi rpadmk GYHKUMKU Y = X*> CABUHEM Ha 2 eAUHULbI BNPaBo 1 1 eauHULy
BHM3, TO NOAYYUM rpaduK GyHKLUMKN Y = x> — 4x + 3.

2) MpaduK PpyHKUMM y = x> — x + 3 nepecekaeT ocb Oy HUKe ocu abecumcc.

3) Makcumym dyHKumMmn y = 14 — x> — 2x paseH 15.

Mpu KaKkux 3HaueHuax b u c napabona y = x>+ bx + c:

a) nepecekaet ocb abcumce B Toukax (—1; 0) u (3; 0);

b) nepecekaet ocb abcumcc B Touke (1; 0), a ocb opanHaT B TouKe (0; 3);
C) KacaeTcs ocu abcumcc B Touke (2; 0)?

Msu 6poLueH BBEPX C HaYaNbHOW CKOPOCTbIO Vo (M/cek). BbicoTy h (m),

Ha KOTOPYIO NOAHMMETCA MAY Hepes t CeKYHA, MOXHO onpeaennTb

h= —791“2 + vot

dopmysnion : a) ObocHyiTe TO, UTO MAY AOCTUTHET

MHOMECTBOM ee 3HayeHul 6blI0 MHOKecC BCeX NeNCTBYPENbH
ymcen, KOTopble He MeHbLLIe AaHHOTOo YMCAa.

\



KsagpatuuHaa ¢yHKUMA, pelueHue 3agad

PeweHune 3a4a4 NpMMeHEHNEM KBaZPaATUYHOM GYHKLUUM

1. Mpumep 1. KakoBbl Z0MKHbI ObITb UI3MEPEHUA NPAMOYFO/bHMKA C Nepu-
meTpom 200 m, 4ToObI NoOWaAb ero bblila HanbonbLen?
PeweHue.l. [lonyctum, 4To AAMHA NPAMOYroabHUKA ¢ nepumetpom 200 m
paBHa X. 3anuLem BblpaXKeHne, onpeaensatolLee 3aBUCMMOCTb MEXKAY K-
PUHON M ANWHON NPAMOYroibHMKa: b = (200 — 2x) : 2 =100 — x
2. Hanuwem GpyHKLUMI0, onpeaensatoLLyto 3aBUCMMOCTb NIOLLAAM NPAMOYTO/b-
HWKa OT ero ANunHbl: S (x) = x (100 —x) nam S (x) = — x2 + 100x
3. Bblgenum nonHbiii KBagpaT GyHKUMK S(x) = — x? + 100x.
S(x) =—x?+ 100x — 2500 + 2500 = — (x — 50)? + 2500
4. 3anuwem KoopAMHaTbl TOYKU BEPLUMHBI U UCCaeayem 3aaaqy.

Tak Kak d =—1 < 0, To dyHKUMA S(X) NPUHMMAEET MaKCMMaNbHOE 3HaYeHWe Npu

x =50, n 310 3HauyeHue pasHo 2500. OTcroga BUAHO, YTO N/OWALAb NPAMOYIOb-
HUKa ¢ nepumetpom 200 m byaeT pasHa 2500 m?, ecam ero anvHa byaet pasHa
50 m, WMpKHa TakKe paBHa 50 M (T.e. OH A0/IKEeH MMeTb popMy KBagpaTa).

O6yuatowme 3agaHun o

1 > Maowapb. dnbaap YepPTUT pasHblie NPAMOYIoAbHUKU. CymMa AJIMHbI U WK-
PWHBI 3TUX NPSAMOYrO/IbHUKOB BCEraa paBHa 12 cm.
a) CocTtaBbTe Tabnunuy ¢ pasIMYHbIMM 3HAYEHUAMM LUMPUHBI U AJINHDI;
b) MpWHAB 33 X WMPUHY NPAMOYrONIbHMKA, 3aNULLUTE BblpaXKeHWe, NoKasbl-
BalOLLLee ero nJoLaap; c) 3anuwmTe B BUAe GyHKLMM 3aBUCUMOCTb NIOLWAAM
NPAMOYTO/bHUKA OT ero WwupuHbl; d) NMpn CKONbKMX CAaHTUMETPAX LMPUHDI
naowWaab NPSAMOYro/ibHUKA MMeeT MaKCMMasibHoe 3HaueHue?

2 > Haliante Hanbonbliee 3HaYeHWe NAOWAAN NPAMOYTrOIbHOTO TPEYro/ibHMKa
npuv cymme AanH Katetos 14 cm.

3 > Ona npoBeAeHUA COPEBHOBAHMIM MO BONEND0y B MOPE TYPUCTbI J0/IKHbI
YCTaHOBUTb UIPOBYIO NJIOLLLAAKY NPAMOYTroibHON GOPMbI C y4ETOM TOTO, YTO
opgHa cTopoHa byaet npuneratb K 6epery. OuepTuB 3 CTOPOHbI MPAMOYTO/b-
HOM NoWAAKN BepeBKOM AANHOM 60 M M NOCTaBMB HA HEWN cneuymasbHble
MapKepbl, OHU XOTAT OXBaTUTb HaNBONbLLYIO TepPUTOPUIO. KaKoBbI SO/
6bITb pa3mepbl UFPOBOM NAOWAAKN? Y

4> a) NpeacTaBbTe uncno 12 B BUAE cymmbl Takux Asyx €hara , 4TQbblI
CYMMa UX KBaZpaToB Obl1a HAUMEHbLLEN.
b) HaiiauTe HanmeHbLLEee Yncio, paBHOE Cy yucna Mero Keaapara.




o R ———

2. Mpumep 3. Ecav LieHa oAHOM cNopTMBHOM pyballKi 8 MaHaT, TO Mara3mH Npo-
pacT 10 pybawek B aeHb. Bnagenew, marasnHa CYMTAET, YTO CHUMKEHUE LEHbI
oAHOW pyballKKM KaxKabli pa3 Ha 2 MaHaTa MOXKET NPUBECTU K exXeaHEeBHOMY
yBe/MYyeHuto npogaxu pybawek Ha 5 wTyk. KakoBa AonKHa 6bITb LeHa py-
6aLKKM, 4TobbI NOCTYN/IEHME OT NPOAAXKM OblI0 MaKCUMaNbHbIM?
PeweHue. 1. Mprmem YMCNO CHUKEHWUI LEeH Ha 2 MaHaTa 3a x. Torga LeHa ogHoM
pybaluku byaet (8 — 2x).
2. Konunuectso pyballeK, NpoaaHHbIX exeaHeBHo, 6yaet (10 + 5x).
3. Npubbinb OT NPOAANKM = LLleHa 0AHOI pybaLlKu x KonndyecTso pybaluek.

S(x) = (8 — 2x)(10 + 5x) = 80 + 40 x — 20x — 10 x2
®yHKUMA S(x) =—10 x*>+ 20 x + 80 BblparkaeT NOCTyNAeHMUE OT NPOAANKM.
BblaenvBs nosHbli KBagpaT GyHKLUMIO 3anmwem B Buae S(x) = —10(x—1)2+90.
Mpn x = 1 dyHKUMA S(x) NpUHMMaeT Hanbosbliee 3HaYeHMe pasHoe 90.
3HauyuT, ecv oHa CnopTMBHas pyballKa npogaeTtca3a 8 — 1 2 = 6 maHaT, TO exe-
OHEeBHOe NoCTynjieHMe OT NpoaaxKu byaeT MakCMManbHbIM M cocTaBuUT 90 maHaT
(ecnu pacueTbl Bnagenbla marasvHa BepHbl).

Obyualowme 3agaHuA ®

5 > 3aBUCMMOCTb Mexay KoandecTtsom 6unetos (N), npoAaHHbIX Ha KOHLEPT U
AHAMM (n) npoaaxk onpeaensetca Kak N(n) =—-10n% + 60n + 200. B Kakoi aeHb
npofaHo Hambonbliee KonmyecTso bunetos? Haliante uncno bunetos, npo-
[AaHHbIX B 3TOT A€Hb.

6 > BusHec. MakcumanbHblii goxopa,. TpaHCNOPTHAA KOMMNaHMA, 3aHUMAIOLLLAACS
nepeBO3KOKN Nacca*kmMpos, npegoctasnseTt ycayrn 200 naccaxkmpam B AeHb.
LleHa oaHoro 6uneta 5 maHaToB. Bnageney, KOMNaHUM CYMTAET, YTO KaxKable
50 KoneeKk MNoBbIWEHWA NAATbl NPUBOAAT K YMEHbLLEHWUIO YMCA NACCaKUPOB
Ha 10 yenoseK. a) CKONbKO pas, NOBbICMB LEHbI, KOMMNAHUA MOKET MOJYYNTb
MaKCMMa bHbIN 40X0Z4 OT NpoAaxKu 6unetos? b) CKONbKO MaHaTOB MOKET CO-
CTaBMTb MAKCMMa/lbHbIN 40X04, MPY TaKOM MOBbIWEHUM LEH?

7 > lpynna cTy4eHTOB OTKPbL/Ia KOMMAHMIO MO MPOU3BOACTBY KOMMbIOTEPHbIX Ae-

Tanen. Joxog, (B MaHaTax) , NO/ly4eHHbIN OT NPOM3BOACTBA, MOXKHO BblPa3uTb
dyHKumen P(x) = — 2x%+ 100x — 800. 3aecb x NOKasbIBAET YMCNO AeTaNEN,
Npou3BeAeHHbIX 33 HeZento.
a) Hangute KoopAmMHaTbl TOYEK NepecedeHmn rpadurKka gaHHOM GYHKLUK C OCbio
Ox. n c ocbto Oy. KaKyto peanbHyo MHGOPMALMIO OTPAXKAKT 3TN KOOPAMHAThE?
b) HallanTe KoopAMHATBI TOUYKM BEPLUMHbI Napabonbl COOTBeTcwrou.l,e“ dyH
unn P(x) . Kakyto peanbHyto MHGOPMALLMIO OTPAXKAOT 3T KOOPLMHATDI

8 > UccneposaHue. [loma namn B Knacce nocmoTpute
bUNbMbI, Kacatowmecs KOHCTPYKLMMU MOCTOB;
http://questgarden.com/127/37/4/1106171
http://passyworldofmathematics.g@m/sydne



KBagpatuuHasa GyHKUMA, pelueHue 3agay _

Mpumep. Tpoc (npoBoa), NnoaaepunBatoLmnii BEC MOCTa, MPUKPENAEH K
ABYM cToN6am, pacctosiHue mexay Kotopbimu 370 m. Camas HUMKHAS TOYKa
nposoga, asaatoweroca no ¢opme napaboson, HAXOAUTCA HA PACCTOAHUM
25m oT 3emnu. BbicoTa Kaxkaoro ctonba 50m. Ha Kakolt BbicoTe OT 3emMaun
HaXOAMTCA TOYKA Ha NPOBOAE KPenaeHMsa, PacnoioXKeHHaaA Ha PacCTOAHMM

60 M No ropM3oHTaNu, OT OAHOIO U3 CTON6OB.
(—185; 25) yT (185; 25)

| T\

0; 0
50 m B 370 m | 25m

PelweHue: a) HapucyiitTe cxemaTUYHO COOTBETCTBYIOLLYIO Napabony. OTmeTbTe
Ha HeWl JaHHble U3 3a4a4un. PacnonoxuTe Hayano KoopauHar (0;0) B Touke
BepLLUMHbI Napabosibl, B CAMOM HM3KOM ToUKe. [laHHble, COOTBETCTBYOLLME
PacCTOAHMIO OT Havya/la KoopAMHAT A0 CToN60B U BbicoTe cToN608B: (—185; 25),
(185; 25).

b) ®opmy npoBoga KpenneHns MoXKHO Bbipasutb popmynoi f(x) = ax?. Mo

Touke (185;25) HanguTe a. 25 =a-185%,a = 128552 , flx)= 15;1? x?

c) Touka, HaxoAALLAACA HA PAacCTOAHUM 60 M OT 0iHOTO M3 cTo1608B, byaeT Ha-

XOAMTCA Ha paccToaHUM 185 — 60 =125(m) OT TOUYKM BepLIMHbLI Napabosbl.

1 15625
Tak Kak f(125) =1369 ° 1252= 1369 ~ 11,4 m, TO yKazaHHas To4Ka Haxo-

y>

AMTCA Ha PacCTOAHUN NpUbAN3NTENbHO 36,4 M OT 3eMAMN.

Obyuatowme 3agaHuA o

9 >Tpoc, noaAepKMBatoLLMiA BEC MOCTa

Mexay AByma onopamu, umeet popmy na-
yA 1
—x?’— x+ 30

pabonbl, Ha KOTOPOI HAXOAATCA TOUKM Y= 40

KpenneHus, 3aBUCUMOCTb MeXAy paccTon- m 777\ M%
HWeM OT /1eBOVA OMOPbI U BLICOTOM HAA Mo- | s, ol
BEPXHOCTbIO BOAbI ONpesensaeTcs B Buae

OYHKUMM: y = 4% x>— x+ 30, BblparkaeTca _OT -_>x
B MeTpax. Camas HM3KasA TOYKa Tpoca Ha-

XOANTCA Ha MOCTY. Ha Kakol BbiCcOTe OT MOBEPXHOCTM BOAbI HAaXoAnTcA
MmocT?

10> 1) BbicoTy mAYa yepes t cekyHZ nocse bpocKka BBepx N\O)KHO*IZTM odop

myne h =-5t2+ 20t + 1.
a) Yepes CKONIbKO CEKYHA MAY AOCTUTHET BbICOTbI 16M?
b) Ha KaKylo MakcMManbHYIO BbICOTY MOAHMMETCA Mgy ?

c) CKONbKO CeKyHA MAY NpobyaeT B BO3AyXxe®,
2) BbINONHWUTE yNpasKHEHWE, AAHHOE Ha CTp

\



dyHKUuMA y = | x| un ee rpadpuk

UccneposaHume. Bug, narepHoﬁ nanatky cnepean MOXHO Bbl-

pasutb ¢yHKkumen y=-2,5|x-0,6| +1,5,30ecb XUy u3-
MepSAITCA B METpax. 3a ocb Ox NPMHMMAETCA OCHOBaHMeE
MasiaTKM Ha NOBEPXHOCTM 3EMAN.

a) MocTpolite rpaduk aToin GyHKUUK.
b) MpeacTaBbTe 3HaUYeHUA GyHKLMM (Y)
M aprymeHTa (x) cornacHo peasbHOM cUTyaLuu.

E ®dyHKuMA y = | x| u ee rpadpuk

Xx, ecrm x>0

—x, ecam x<0

N3BecTHo, uTo abCoNtOTHaA BENMYMHA X PaBHa, |x| = {
AIcHO YTo dyHKUMA y = | x| onpeaeneHa Ha BCel YNCNOBOM OCU, U GYHKLMA

NPYHMMaET HEOTPULATE/IbHbIE 3HAYEHUS.
MocTpoum rpadpmk dyHKUMM y = | x| .

y

X\ y= [ x| Mpu x < 0 rpaduk Mpwu x 2 0 rpa-
|-6]= 6 O 4 L GUK GyHKUMK
|—41= 4 HaxoaMTCA  Ha 5 _ y=Ix|Haxo-
|-2]=2 MPAMOIT y = —x (=2:2) “Wa |yl pwutca na npa-
0 =15 o A ] MOV Y = X.
12]=2
14]= 4
|6]=6

Mpaduk PpyHKUMKM y = | x| npeactasnsaer coboii buccektpuchl | u Il yetsepTu.
TouKa (0;0) sBnseTcs BepluMHoOM rpadmKka. PyHKUMA y = | X| cMUMMeTpUYHa OT-
HoCUTeNbHO ocK Oy, TaK KaK Kaxaasa TouKa (—x; ¥) CMMMETPUYHA KarKaoMl
Touke (x; y) rpaduka oTHocuTenbHo ocu Oy. Hanpumep, ToUuKkKU (2; 2) u

(—2; 2) Ha rpadmKe HaxoAATCA CUMMETPUYHO OTHOCUTENIBHO OCU OPAMHAT.
Mpumep. a) Uccneayite rpadukn dyHkumin y = | x|,y =2|x| ny=—|x|,y =
—2|x|, NOCTPOEHHbIX Ha O4HOW KOOPAMHATHOM MNOCKOCTH.

b) Uccneayite rpadukm dyHKUMn Yy = |x+2| ny = |x— 1|, a TakKe PyHK-
umny = |x| +2ny=|x| -4

PeweHue. a) MNpun yBenMYeHUM opaMHATbLI KaXKA0M TOUKM Ha rpaduke y = |X|
2 pasa, He MeHAs abcumccy, TO NoAyYaTCsa TOUYKM rpaduKa QyHKLMK y = 2 |
b) Echn nepemectuTb rpadunk GyHKUMK Y = |x| Ha 2 e,u,MHmu,bweBo OXKH

nony4nTb rpadumKk GyHKLMKM y = |x + 2|, a ecnm nepemectuTsb ero @l en

BNPaBO, TO NOAYYMTCA rPaduK GyHKLMK y = |x — 1]

Mpaduk GyHKUMM Y = |x| + 2 MOXKHO NOAYUNTb Nepe eHem rp ad
|—4 n

UMM y = |x| Ha 2 eaAnHULbI BBEPX, A TPadumK KUK
HWEeM Ha 4 egUHULbI BHUS.




dyHKuMA y = | x| u ee rpadpuk

A Y A %
X
A A 3
4
L D A
</ i N ) \/N ,
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Mcxoaa 13 aTnx rpadmKoB, MOXKHO NOABECTU HUXKeceaytolme 0606LLeHus.

e [paduKk GyHKUMM y = alx — m[ + n nonydaetca caABUrom rpaduka
y=a[x| Ha [m]| eanHWL ropusoHTanbHO (Npyu m > 0 Hanpaso, Npu m < 0 Ha-
neBo) u [n| eanHuy BepTUKanbHO (Npu n > 0 BBEPX, Npu n < 0 BHKU3).

® (m; n) - TOYKa BEPLUMHbI rPadrKa, CUMMETPUYHOTO OTHOCUTENBHO NPAMON
X=m.

e Mpun a > 0 nyun, obpasyrowme rpaduk, HanpasieHbl BBEPX, a Npu
a < 0 HanpaBneHbl BHU3.

1. Mpumep. MocTtpoiiTe rpaduk pyHKUMN Y = —|x + 2| + 3.

> PeweHmue: 7Y
1. OTmeTbTe TOYKy BepwuHbl  rpaduka x=-2
(—2; 3) Ha KoOpAMHATHOM NIOCKOCTMU. (=23
2. OTMeTbTe KaKyr-11bo Apyryto TOUKY, Hanpu- (£3:2 (12

mep, (—3; 2), cooTBeTCTBYIOLWYO GYHKLUUM.

3. OTmeTbTe TOUKY (—1; 2), CUMMETPUYHYIO TOUKe
(—3; 2) oTHOCUTENBHO OCK CUMMETPUU X= —2

4. Y4nTbiBasA, YTO Iy4M HaMNpaB/EHbl BHU3, NPU a=
—1 <0, noctpoiiTe rpaduK No Tpem OTMeYEHHbIM TOY-
Kam.

=Y

2. Mpumep. HanuwmnTe COOTBETCTBYIOWYIO GYHKLMIO MO rpaduKy U AaHHbIM TOY-
5 Kam. PeweHue: y
1. BeplumHa rpaduKa HaxoanTca B Touke (0; —3).
2. BypaBHeHUM y =a[/x—m/[ +n BMectomun
HanuLwem coOTBeTCTBEHHO 3HayeHne O n —3:
y=al|x—0[|+(=3); y=alx| -3

3anuuem KoopAanHaTbl ToukK (2; 1) B dopmyne:
y=alx|-3:1=al|2|-3;
1=2a-3;4=2a;a=2 |
dyHKUMA, cooTBeTCTBYOWAnA rpaduky byaet: y = 2| x| — 3
MNposepkKa: MocTpolite rpaduKk GyHKUUK y = 2| x| . OfpaTut ma
Ha TO, YTo BeTBM rpadrKa Hanpas/eHHble BBepipbonee Tbl K OCHOPAMH

yem y rpaduka y = | x|.

,
F
—

o
<Y




dyHKuma y = | x| u ee rpadpumk

O6yuarowme 3agaHuA o

1 > Casuras rpaduKk GyHKUMM y = | x| nocTpoitTe rpadukn
y=|x+2|,y=|x—2|, nnoctpoiTe rpadbmkn dyHKUMIA y = |x |+ 2,
y = |x| — 2. U3noxunTe 0606LeHHbIE BbIBOAbI.

2 > 1) OnpenenunTe, Kak Hanpas/ieHbl BeTBU rpaduKa: BBEPX UAN BHU3, rPadUKM
OAHHbIX YHKUMIA «CHATbI», «PACTAHYTbI» UAM UMEOT OAMHAKOBYIO «LUK-
PUHY» OTHOCUTENbHO rpaduka GyHKUUM y=|X. |
2) NocTpoiite rpaduKm GyHKLMIA.

a)y =3Il Q)y=Ix+5] e)y=Ixl-6
b)y= x| +4 d)y=2|x+3| -5 fly=—|x=3] +5

3 > Kakon GyHKLMM COOTBETCTBYET KaxAablii rpadumk?

1) fix)=3x| 2) fix) == 3|x| 3) fix) =5 x|
a) p b) ki ) i
™~ 1 | \ / 1
o 1 } > o 1 g
T /I

4 > 3anuwuTe GyHKLMM, COOTBETCTBYIOLME TPadUKam.

Vi
7

a) b) 1 4 c) y

2

2 2

x¥Y

2 |9
91 X [ [ v

5 > [Joxogp, (B Tbic MaHaT), MOAYYEHHbIA MarasuHOM CNOPTUBHbIX TOBApPOB C MPOo-
OaXKM NnaBaTe/IbHbIX KOCTIOMOB M 060pYyA0BaHUsA, onpeaenseTcs pyHKumen
M(t) =—0,9|t—6| + 5. 3aecb t nokasbiBaeT Bpems (B mecauax). a) MoctpoiiTe
rpaduk aTon PyHKLUUKM NpU 3HaYeHnAx 0 < t < 12,

b) B Kakom mecaLe A0Xx0A OT NPoAaxKu bbin MakcUManbHbim? HaiauTe np
X0z, B TOM }Ke MecsLe.

6 > Bo MHOrux rpadkanbkynaTopax 3Hak moayna o603HavaeTcA
CcTpoiTe rpadmKkm GYHKLMI C MOMOLLBIO rpadKanbKynaTo
y==|x=-2] +5; y=-32|x| +
y=1,75|x+1,5| - 3,5; y=1,5|x-3]|



dyHKUMA Yy = X3 U ee rpaduK

7 > BbinonHWUTE 3a4aHNA NO 3a4aHHbIM QYHKUMAM:
1) OnpepenuTe TOYKM NepecevyeHuns c KOoPANHATHBIMKU OCAMM (eCAU ecTb).
2) NocTtpolite rpaduKM Ha OAHON KOOPANHATHOM NJOCKOCTHU.
3) Onpeaennte 061acTb onpeaeneHns N MHOMKECTBO 3HaUYeHNI GYHKLUMIA.

a)y=[3x| ny=3|x| b)y=|-4x| ny=4]x]|
cy=Ix-6lny=|x| -6 dy=Ix+2|uny=|x|+2

8 > a) NoctpoitTte rpadukm dyHKUMi f (x) = |3x—2| ng(x) = |[-3x + 2|. Hanuwwure
CBOM MbIC/IN 06 3TUX ABYX rpaduKax.
b) Hanuwute dpyHKUMIo B BMAE g(x) = |ax + b|, Tak uTo6bI ee rpaduK cosnan
c rpadmkom dyHKumKM f(x) = |2x + 1].

9 > BbinonHuTe 3agady nccnefosaHmA Ha ctpaHuue 70 No cnedyowmm Wwaram:
1) OTMeTbTe TOUKY BEPLUMHBI HA KOOPANHATHOWM NJOCKOCTH;
2) Pewas ypaBHeHne -2,5|x - 0,6] + 1,5 =0, HallanTe TOUYKKN NepeceyeHns
rpaduKa c ocbto abCuMCcc M OTMETBTE MX HA KOOPANHATHOM NJIOCKOCTH;
3) Yepes oTmeyeHHble TOUKKU NpoBeguTe rpaduk GyHKUUK.
MockonbKy @ = —2,5 < 0, 3HauuT BeTBU rpadumka byayT HanpaBaeHbl BHU3;
4) Mo rpaduky onpenenute pasmepbl BXOAaA.

@ dyHKuMA y = X3 n ee rpadpuk

MpakTuueckoe 3aHaTue. 1) Boiuncaute 123, ncnonbsyn paseHctsa 33= 27, 43=
64. AHanornyHbIm cnocobom Haraute 183,

2) Kak nameHutca Kyb ymcna, ecam Yucno yBennumTb Uanm ymeHblwnTs B 10 pas?
OcHOBbIBassCb Ha  MOJAyYeHHOM  pe3ynbTaTe, Hangute 0,53, 503

3) JononHuTe Tabanuy B TETPagM. Ay
8
X -2 -0,5 0 0,5 T
y=x3 -1 [-0,225| O 1 8 1

4) OTmeTbTe Ha KOOPAMHATHOM MIOCKOCTM TOYKM, abc- T
LIMCCbl KOTOPbIX PaBHbl 3HAYEHMAM X, @ OPAMHATbLI PABHbI ,
COOTBETCTBYIOLWMM 3HaYeHUAM y B Tabauue. CoeanHuTe EiyAH

Y

3TW TOYKM CMNIOWHOWN KPMBOWM, Kak NOKa3aHO Ha PUCYHKe.
5) 3apaliTe HECKONbKO 3HaYeHUn X, Hanpumep, 1,5; —1,5
1 T.4. HallamuTte COOTBETCTBYIOLWME 3HAUYECHUSA Y U YTOUHUTE i

pacno/sioXKeHne TOYeK C COOTBETCTBYHOLWMMMU KOOPAUHA-
TaMW Ha 3TOM KpmBOW. . b Lo
B nepBoi cTpoKe TabaunLpbl MOKa3aHbl 3HaYEHUA -

MeHTa.




dyHKuMAa y = x3 u ee rpadpuk

dyHKUMA y = x3 onpeaeneHa nNpu Bcex 3HadyeHuax x . PyHKuma
NpUHMMaeT oTpuLuaTeNibHOe 3HaYeHne MNpu oTpULATE/IbHOM
3HayeHUn X, (Ky6 oTpuLATeNbHOro Yncna - oTpuLaTenbHoe
4YMCNO) NONOKUTENBHOE 3HAYEHME NP MOJIOKUTE/IbHOM 3HaYe-
HUU X (KyD MONOKUTENBHOTO YMCAIA - MONONKUTENBHOE YMCIIO).
Mpn x=0, y= 0. To ecTb, 061aCTblO ONpeaeneHns U MHOXKe-
CTBOM 3HaYyeHUl QYHKUUKN Y = X3 ABNAIOTCA BCE AEUCTBUTENb-

Hble Yncna.
padukom pyHKumMmM y = X3 Ha3biBaeTca Kybuueckaa napabona.

MpadumK PYHKLMN NPOXOAUT Yepes HavyaNo KOOPAUHAT 1 pacnosioxeH B | u Il vet-
BepTaAX. EcAn 3HaveHme x 3aMeHUTb ero NPOTUBOMOJIOXKHbIM 3HaYeHNnem —x , Toraa
byHKLUMA ByaeT NpMHMMATbL NPOTUBOMNONOXKHOE 3HAYEHME:!

T.K. ¥y =x3, 70 (—x)3 = —x3 = —y . 3HauuT, Kaxaoh Touke (X; y) rpadpuKa GyHKLUM Co-
OTBETCTBYET TOYKA (—X; —Y), CUMMETPUYHANA OTHOCMTENIbHO Havyana KOOpAMHAT Ha
AaHHOM rpaduke. Takum o6pasom, rpadmk GyHKLMM ¥ = x> CUMMETPUYEH OTHOCK-
TeNbHO Havyana KoopaMHar.

O6yualowme 3aaaHmNA @

1 > a) Kakune n3 Touek A(—2; 8)-B(2; 8), C( %; %), D(—3; —27) pacnonoeHbl Ha
rpadumke GyHKUMM, sBAAIOLLENCA KyOMYecKo napabonoin?
b) CKonbKo Touek HaxoauTcA Ha Kybuyeckolt napabone c opanHaTamm 8; —17?
c)Mpu Kakom 3HaYeHMM m Kybuyeckas napabosia NPoOXoAUT Yepes TOUKY
N(m; —8)?

= y3
2 > a) Mpu KaKOM 3HaYeHUM aprymeHTa 3HayeHue GyHKUUK y = x3 paBHO 67
b) MocTpoiite rpaduk dyHKLUMK y = x3. Hangute npubansntenbHoe 3Haye-
HWe abcumMcchl TOYKW, OPAMHATA KOTOPOW paBHa 6.
c) CpaBHWUTE NONyYEHHbIe Pe3y/IbTaTbl NPeablAyLLMX MYHKTOB.

3 > MocTponTe B OAHOM KOOPAMHATHOM MAOCKOCTU rpaduKkn  PyHKLNI
Yy=X*N y =2 — X, 0TMETbTE UX TOUYKN NepeceyeHus. YA

T
A 1
R 1
1

1

———

4 > Ha pucyHKe n3obpaskeHbl rpadukn GyHKUmMI y = x3,
y=(x+3)3y=(x-23-1 i
Onpenenute Kakom rpaduK COOTBETCTBYET KaKoM 7 T s o R R
bYHKLUNK. / 1,

5 > Touka N(—1; 1) HaxoguTca Ha rpaduke GyHKLMMU
y =x3+n.Kakue ns touek A(1; 3), B(0; 0), C(-2;-8),
D(—2; —6) Toxe HaxoaaTcs Ha rpaduke aTon GYHKUUN?

N

|
|
|
|

N

—

6 > HanpguTe o6bem Kyba, gnvHa pebpa Kotoporo 4 ¢
a) Yemy paBeH obbem Kyba, ecnmn aanHy pebpa ysen B2 pa
b) Ha ckonbKko nsmeHuTca o6bem Kyba, ecam ebpa YBennunTb Ha

\




0O6o06walowme 3agaHna

O6o6watowme 3agaHma

1 > MpadunK Kakol GYyHKLMM nonyyaeTca npu casure napabonbl y = x2 Ha
3 egMHULbI BAEBO U 2 eANHULbI BHU3?

2 > a) NpK Kaknx 3HadeHunsax b u c napabona y = x2 + bx + ¢ npoxoauT Yepes
Toukn A (—1; 6) M B (0; 2)?
b) B Kakux TouKax rpaduK GyHKUMM y = X2 — 2x — 15 nepeceKkaeT KoopaMHaT-

Hble ocun?
3 > a) NpY Kakom 3HayeHun k HaumeHbllee 3HaYeHne GyHKUMKN y = x> + 6x + k
paBHo 17?
b) noKa)unte MHOMeCTBO 3HaUYEHUI GYHKUMN y = X% — 2x + 3.
4 > HaliguTe b u noctpoiiTte rpa- 5 > 3anuwunTe KBagpa- A
dUK, ecnm opgmHaTa TOUKM TUYHYHO GYHKLMIO,
BepLUUHbI Napabonbl y = x2 + bx COOTBETCTBYIOLLYIO
+ 3 pasHa —1. CKonbKoO cyLLe- napabone, gaHHOM
CTBYET BO3MOMHbIX Cly4aes? Ha pUCYHKe.

6 > Onpep,enMTe COOTBETCTBME.

1.y=(x—2)2+3 A) HaMmeHbLUee 3HaYeHne paBHO 3;
2.y=(x+2)2+1 B) Hanbonbluee 3Ha4YeHMe paBHO 3;
3.y=—(x—302+3 C) HaumeHblLee 3HaYeHue Npu x=—2;

D) ymeHbluaeTca B MHTepBane[3; +w).

7 > 3aBUCUMOCTb BbICOTbI h (M) OT BpemeHu t (ceK) msaya, bpolueHHOro BBepx
OT 3eM/I1 CO CKOPOCTbIO Vo = 20 M/ceK, 3amaeTtca Gopmynoit
h (t) =— 5t + 20t. Haiiante HanbonbLIYIO BbICOTY MOAbEMA MAYa.
a) Yepes Kakoe Bpems MAY OKaXKeTca Ha BbicoTe 15m?
b) HanguTte HanbonbLUYO BbICOTY NOAbEMA MAYa.
8 > ) Yepes CKONbKO ceKkyHA, nocne 6pocka MAY OKaXKeTcsa Ha HaubosbLuei Bbl-

coTe?
BusHec. MakcumanbHbIii goxoa. MiccnenoBaHuaA BbiABMAM, YTO A,0X04 M34a-
TeNbCTBa nl/\eHﬂeTCH B COOTBETCTBUM C GYHKUMNEN: y G
G(x)= —§x2 + 5x. 50
34ecb X NOKa3blBaeT KOIMYECTBO MNPOAAHHbIX KHUT 23 / \
(B TbicAYax), G(x)-COOTBETCTBYIOLLYIO NPUObLINbL zg / \
(B TbICAYAx maHarT). 55 / * L

a) OT NpoAaskM CKONbKUX KHUT M34aTeNbCTBO NoJy- 20 ]

4nno 32 TbicAYM MaHaT NpMbbLINKN? 10
b) OT NnpopaKm CKONbKUX KHUT U30aTeNbCTBO NOgy- 5 \
YN0 MaKCMMabHYO NpUbLINL? > 20

C) KaK Bbl 06bsicHUTE ABa OTBETa, NOJIYHEHHb



O6o6watowme ynpakHeHUs

9 > depmep HamepeBaeTca OXBAaTUTb HaMbBO/bLLIYIO BO3MOMXKHYIO MJoLLagb B
dbopme NpPsAMOYronbHUKa, Of4HA U3 CTOPOH KOTOPOTO rPaHUYmMT ¢ Beperom
PEeKM, UCNoNb30BaB MaTtepuan ansa sabopa anmHoin 100 m gna ocTaBLIMXCS
Tpex CTOpoH. Kak OH MOMKeT onpeaennTtb pasmepbl NPSAMOYroNbHUKa?

10> a) T(6; —12) - Touka BepLuMHbI Napabonbl y = x2 + bx + ¢. Hanaute b uc.

b) dyHKUMA y=—x*+ mx + nnpu x =1 nonyyaer Hanbonbluee 3HaYeHue,
KoTopoe paBHoO 4. Harignute m v n.

1 > Mo 3a4aHHbIM rpaduKkam GYHKUMKM Y = ax? + bx + ¢ onpeaennTte 3Haku
KoadoduumneHToB a, b, c.

AY Ay
a) b)

o \_/ x / o[\ >

12> Bug, nanaTkm cnepeay MOXKHO BblpasuTb QyHKUMEN Y = — 431_ [x—2] +1,5.
X W Y NMOKa3bIBAKOT U3MEPEHUS B METPAX. 33 0Cb OX MPUMEM OCHOBaHMeE NafaTKu

Ha NOBEPXHOCTU 3EMJIN. Haﬁ,ﬂ,MTe pa3mepbl NanaTky cnepegun.

13> HaliguTe 3HaueHue a u b, ecam rpadumk dyHkumm f (x) = |ax + b| nepecekaet
ocb abcumcc B Touke (2—; 0), a ocb opamHart — B Touke (0; 6).

14> Mpopaka HoBoro anbboma my3blKasibHOW rPYMMbl CHaYyana nosblilwanach B
YCTOMYMBOM TEMIE, 3aTEM C TOM Ke CKOPOCTbIO CHU3UANAachk. Ecam uncno npo-
OaHHbIX a/Ib6OMOB 0603HaUYMM Yepes N (B COTHSAX), TO USMEHEHNE N MOXKHO
HanucaTb Kak: n =—2|t— 20| + 40. 3aecb t NoKa3biBaeT Bpema (B Hegensx)
a) NocTpolite rpadpmk PyHKUUM Npn 3HaYeHUAx 0 < t <40
b) Ha Kakoi Hegene 6b110 NpoaaHo Hanbosbliee YNCIo anbbomoB? CKOIbKO
aNbboMoB NpogaHo Ha 3Toi Hegene?

15> MocTpoiite rpadukn dyHKUMI Yy =x> n y =|x+ 1| -1 Ha ogHOW Koopau-
HaTHOM NaockocTU. OnpeaennTe YUCI0 TOYEK NepeceyeHms.

16> 1) BbibpaB KOOPAMHATHYIO CUCTEMY KaK MOKa-
33aHO HA PUCYHKe, 3anunTe KBaApaTUYHYIO
bYHKLUMIO MO AaHHbIM U3MEPEHUAM apKMU.
2) Halioute BbICOTY apKuM B TOYKax, HaxoAas-
LLMXCA Ha PACCTOAHUMN:
a) 70 cm; b) 1 m 20 cm OT Kpas apKu




€ OKPYXH

Bbl Hay4yuTecCb B 3TOM pasgene:

v BblUMCAATb PACCTOAHNE MEX Y ABYMSA TOYKaMM C 3a[aHHbIMM

KoopAMHaTamm

Y 3anucbiBaTb YPaBHEHWE OKPYXKHOCTU NO KOOPAMHATaM TOUYKM LEHTPa U
no paguycy

Y Onpeaenatb KOOPAMHATbLI TOYKM LLEHTPaA U &7

pagunyc No ypaBHEHMIO OKPYKHOCTU

¥ HaxoauTb n/iowaam cektopa v cermeHTa

PaccTosHMe mexKay ABYMA TOUKaMU

< P R
¢ Ha uncnoso# ocu e L L o PR=|a-b|wm
a b PR=|b-al

¢ Ha KOOpAWHATHOW NNOCKOCTU
PaccToaHne mexay Toukammu P(x1; y1) u R (x2; y2) vA
MOSKHO HaitTn no dopmyne: PR = V(x2— x1)2+ (y2—y1)? P(xs; y1)
[oKaxkem BepHOCTb GOPMY/bl AR C/IYHAEB X1# X2, 7‘
y1zy>. [lpoBeaem vyepes To4kM P n R npamble, napan- T
NeNbHble 0CAM KOOpAMHaT, U 0603HauMm yepes M 5[
TOUKY UX NepecedyeHus. NMpUmeHaAn K NPAMOYrob- Mixy; Qz_xﬂi()fviz; y2)
HoMy TpeyronbHuKy AMPR Teopemy MNudaropa 0 7

PR? = MR? + MP? © yunTbiBasA 4TO, A/IMHbI KAaTETOB
MR 1 MP cooTBeTCTBEHHO pPaBHbl |x2 —Xx1| U |y2 —y1|, nonyunm
PR = \/(Xz —x1)? + (y2—y1)%
dT1a popMmyna BepHa 1 B Cay4vae, Korga To4KM P 1 R HaxogAaTca Ha npsamon IMHUK
napannenbHon Noboi N3 KOOPAMHATHbLIX OCel (PacCMOTPUTE CAMOCTOATENbHO.)

Mpu pelweHnn 3a4a4 Ha PACcCTOAHUE MeXKAY ABYMSA TOYKAMM YacTo UCMO/b3yeTcA
dbopmyna KoopaMHaT cpeaHen TOUYKMU OTpesKa.

y
b R T R(x2,y2)
/

a a+b b x 0 ‘
2 Plxwy1) M (X2 y1+2

Mpumep. Boiuncante paccronaHue mexay A(—2;3)
PeweHue. Mo popmyne paccToaHUA MeKay 4,
AB=7(-2-1)+(3—(-1))




dopmyna aAna paccToAHUA MeXAY ABYMA TOUKaMU

O6yualoume 3agaHumn ®

1 > BbluMcanTe Ha YMCNOBOM OCK pacctoAHne mexay AaHHbIMU TOYKaMWN.
A BC D E F

a)AnD Db)BME c)CuF 543210123456780910X
2 > Bbluncnmte pacctoaHue mexay Toukamu R v S agyma 7\ .

cnocobamu: "

1) NoacuyeTom KNETOK (eAMHUL, U3MepPeHUsA) Ha Koop-

AWNHATHOM NOCKOCTU U NPUMeEHeHMeM Teopembl Mn- .

¢daropa; 2) OnpeageneHnem nNo PUCYHKY KoopamHaT o1

To4YeK R 1S 1 npumeHeHnem popmMysibl paccTosaHUA S T

MeXAay ABYMA TOUKaAMMU.

3 > Bblumcnunte pacctoaHue mexay AaHHbIMU TOYKaMU.

a) 1)A(-1 3) n B(5; 11); b) B 72
2) C(-3;2) n D(1; 5); _
3) E(6,5; —2,4) nF(-5,5; 2,6). i
254
a > Touka M — cpefHAs TouKa oTpesKa AB. 1o AaHHbIM HaguTe:
a) 3HayeHMA NnepemMeHHbIX; b) annHy oTpeska AB.
2 B(8; 14
Doy B(x; y) )y B(11;12) 3 Y o
M(7; 8) M(7; 8) M(x; y)
Al4; 0) Alx; y) A(6; 2)

o| X o| X O| X
5 > Huke AaHbl KOOPANHATLI KOHLA TOYKM R oTpesKa RT n KoopamHaTbl cpegHeit

ToukM S. 1) Onpegenute KoopamMHaTbl TOYKM T NO AaHHbIM KOOPAMHATaM.
2) Hanaute anuHy otpeska RT pasnnuHbimm cnocobamu.

a) R(-1;-3),5(-1; 2) b) R(2; 6), S(-1; 2) ¢)R(=3;0), 5(2; 12)

6 > Haitgute nepumetp ¢uryp, sep- 7 > Touka M — cpeaHss TOuKa CTO-
LUMHbBI KOTOPbIX PacnofioKeHbl B poHbl AB. Hailgute paccroa-
[AHHbIX TOYKax. HMe mexay Toukamu C u M.
1)AABC i T
A(=2;-1), B(2; 2), C(6; -1) M

2) yeTblpexyroibHUK ABCD

A(-4; -3), B(0; -2), C(-1; 2), D(-5; 1)

8 > Hanagute gavHy meamnansl CM TpeyronbHMKa
A(=3;3),B(1;7),C(2; 1)



dopmyna paccToAHUA MeXKAY ABYMA TOYKaMU

9 > L (—5; —6) u M (7; 10) — KoopauHaTbI KOHEUHbIX TO4eK OTpeska LM.
Touka X HaxoAuTCA Ha oTpeske LM un LX = 1 LM.
Onpegenute KOOPAMHATBLI TOYKK X.

10> MpX KaKUX 3HAUYEHUAX K paccTosHWe mexay Todkamu A(6; —4) u B(2; k)
paBHO 5 egnHMuam? OTMeTbTE TOYKM Ha KOOPAMHATHOM NAOCKOCTU. CKOIbKO
TAKUX TOYEK?

11> HaltguTe Ha ocn Ox TOYKM, HaxoaAWMeca Ha O4MHAKOBOM PACcCTOAHUM OT
Touek (0; 2) n (8; 6).

MpuKknagHble 3agaHuA ")

12> HauepTuTe TpeyronbHUK B KOOPAMHATHOW MJOCKOCTM MO KOoopAMHaTam
TOYEK BEPLUMH TpeyrosbHuKa. MoacunTtaliTe 4/IMHbI CTOPOH M onpeaenute
AB/IAETCA 1N OH MPSAMOYFO/IbHbIM.

a) (1;2),(2;3),(50) b)(2;1),(4;2),(2;6) c)(3;2),(51),(2;5)

13 > HauepTuTe Ha KOOPAMHATHOM NIOCKOCTM YETbIPEXYTO/IbHUK C BEPLUMHAMMU B
Toukax A(1; 1), B(5; 9), C(2; 8) n D(0; 4).
a) O6oCHYITe, YTO AAHHbIN YeTbIPEXYroNbHUK ABNSAETCA Tpaneuunei;
b) O6ocCHyIiTe, YTO AaHHbIM YeTblpexyronbHUK ABNAETCA paBHObeapeHHOM
Tpaneumuen.

14> Macwrtab. BepwunHbl AABC HaxogaTca B Toukax (1; 4), (5; 4) n (5; 1).
a) Haliaute nepumetp AABC;
b) YBennybTe 3HaUEHMA KOOPAMHAT TOYEK BEPLUMH B 2 pas3a,B 3 pas3a M cHoBa
BbIYMCNTE NEPUMETP TPEYTONIbHUKA;
¢) O6BACHUTE 3aBUCMMOCTb MEXKAY YBENNYEHNEM KOOPANHAT TOYEK BEPLLMH
TPEeYrosbHUKA U yBENUYEHNEM NEPUMETPA.

15 > a) HauepTute pUCyHOK B TeTpaaum;
b) HanaguTe ANMHbI CTOPOH TPEYroNbHUKa;
¢) Onpeaennte KOOPAMHATLI CPeAHEN TOUKMN KaxK-
[0 CTOPOHBbI; / N
d) CoeanHmB nocnefoBaTesibHO CpefHUE TOUKM, ,/ \\
CpaBHUTE NEPUMETP NOJIYYEHHOTO 1 33aHHOIO ~1 (01 3 %
TPEYroNbHUKOB.

w

16 > [Ba BcagHWKa Bblexa/iv Ha NPorysky Ha nowaaax. OHWM Haganu
OHOW TOYKM B OZAHO M TO e Bpems. OANH U3 HUX
M 3 KM K tory, a Apyro Ha 4 KM K BOCTOKY M 5 KMék ceBe
MeXAay BCafHUKaMM.



m PacctosaHue mexay ABYMA TOYKaMU

17> PacnonoxeHue goma MexpnbaH oTMeYeHO Ha KOOpPAMHATHOM NAOCKOCTH
Touko M(6; 10). Aom Oxannna HaxoamTcs Ha
2 eanHUUBI K tory n 10 eanHuL, K 3anagy oT Aoma
MexpubaH. LLIkona HaxoanTcs Ha 04MHAKOBOM pac-
CTOSAHUW OT JOMa KaXKA0ro M3 HUX. y
a) OtmeTbTe Aom [XKanmna Ha KoopAMHATHOM Naoc-

roxy

|

KoCTy; p
b) MNpeacraBbTe Ha KOOPAMHATHOW NAOCKOCTU OAMUH 6
BO3MOXHbI BapMaHT MECTOPaCMONOMKEHUA WKObI. .
MoaTBepanTe MpPaBWUIbHOCTL Bblbopa BblYMCE- 4 -

& b -4 -2

HUAMMU, 4YTO LWWKOJZIa HaxognTcA Ha O4MHAKOBOM pac-
CTOAHUU OT OABYX OOMOB. PaCCMOTpVITe Pa3/indHble BapPUaAHTbI.

YKasaHue: Vcnonb3yiiTe CBOWCTBO CEPeAMHHOMO NeprneHanKyIapa oTpeska.

18> BbinonHWTe 3a4aHNA NO M306paKEHUIO Ha KOOpP- "/
OMHATHOM NNOCKOCTU.
a) HanuwwuTe ypaBHeHWe NpaMbIX.
b) O6bACHMTE NO ypaBHEHMAM NapaniesbHOCTb
OAHHbIX NPAMbIX. 0 X
c) Haligute pacctosHme mexay npambiMu.

N

N

19> MacTep f0MKEH YyCTaHOBUTb OPOCUTE/IbHYIO CUCTEMY METO-
[OM 0 AEBaHNA B Pa3/IMYHbIX MeCTaX y4acTKa NpsAMOYrosb-
HoN dopmbl. [na 3TOr0 OH [O/MKEH KynuTb Tpyody, Qr¢' 4
coeauHsIOLLY0 NepBbii U BTOPOM pasbpbidrnBatenn. OH
3abbl1 U3MEPUTb 3TO PACCTOAHME U HAMNPABWCA B MarasuH. {\ 2-i1 pas6pbisrusatens
Ho macTtep 3anomMHUA HECKOIbKO U3mepeHuid. MepBblit pas-
Hpbl3rMBaTe/ib HAXOAMTCA B 3 M K BOCTOKY U B 1 M K ceBepy,
BTOPOM — B 15 M K BOCTOKY 1 B 10 M K ceBepy OT 3e/IeHOro
yyacTka. Kakne matemaTuyeckue 3HaHWA, NOMYYeHHble B
LLIKONE, MOXKET NPUMEHUTb MacTep A/1A BbIYUCIEHNA PACCTOAHMA MEXAY ABYMA
pa3bpbi3rnsaTenamm, 4Tobbl He Hb1/10 HEOBXOAMMOCTN BO3BPALLATLCA JOMOM?
3anuwumnTe Ha NaHe AaHHble CBeAEHUA U peLuunTe 3a4auy.

" ¥1-7 pasbpbisrysatens
>

20> C nomoubto nporpammbl Excel Bbluncnute pacctoAHne mexagy ABymaA OaH-
HbIMU TOYKaMWU.

S:Hflzﬁ:: :Zf;a‘fe 0O =— Distance xls—HH
A B C [ D E Y
HHE KaXKJ10ro ~ T X1 Y1 X2 Y2 |Distance
Lcrombua. | |[2 54 120 113 _7 215 .
o N 3 ‘(C]] Al ‘ Hamumur q)OpM quC-
a BTOPOH CTPOKY 4 I JIEHHs CTOSTHUL iy
HaAIMUIIUTE Kax/1bIC| T
coorsercrayiomue| |[A[«IPIPIN\ Sheet 1/Sheet 2/] I Obrvi By MsT TOU

YHUCJIOBBIC TAHHBIC

a) (5; 120), (113; 215) b) (68; 153), (175; (421%454), (5




dopmyna paccTosHUA MeXKAy ABYMA TOUKAMU

21 > Apxeonorus. PaboTta Hag He6onbLWIMM NPOEKTOM. HuKe AaHbl Wwaru pe-
WeHMA NpobaemMbl HaXOKAEHNA M3HAYaIbHOrO pasmepa nocyabl no ob-
NIOMKaM, HalgeHHbIM BO BpeMs PacKOMOK apxeo/ioroB. PelumnTe 3agavy no
3TMm 3Tanam. CocTaBbTe, MO BO3MOMKHOCTM, OBLIMPHbIV CMUCOK Npume-
HAEMbIX MaTeMaTUYECKMUX NOHATUIA. Co34aiTe TONKOBbIN CN0BAPb 3TUX NO-
HATUI. 3anuwmnTe UX onpeaeseHnsa B BUAE NPUMEPOB U PUCYHKOB.

1. 0610MOK NOCyApbl pa3MeLLLaeTcA B KOOPAMHATHOM CU-
cteme. OTMeTMB Tpu Touku (A, O, B) Ha KpyroBsoli Yactu,
HapucymnTe cxemaTnyeckoe oTobpakeHne B TETPaaM.
2. Y10bbl ONpeaenunTb LEHTP OKPYXKHOCTK:

a) HauepTtute cepegmHHble NepneHANKYNAPbl OTPE3KOB
AO un OB;

b) HanuwuTe ypaBHEHUA ANA cEpPeANHHbIX NepneHam-
KyNnAapoB. 0
¥ YTo6bl HaNUcaTb YypaBHEHWE CepeMHHOro NepneH-

AnKynapa otpeska OA:

° Hangute KOOpAMHaTbl cpeaHen Toukm M;

* OnpeaenuTe yrnoBon KoadduumMeHT Npamon, cogep-

Xawen otpesok OA.

* OCHOBbIBAACb Ha TOM, YTO CEPEAUHHbIV NePNeHANKYNAP M 3Ta NpAMan AB-
NIAOTCA B3aMMHO NepneHaUKyAapHbIMUM, HailguTe yrnosoi koadduumeHT (ki),
W HanuwuTe ypaBHeHMe NPAMOIA.

° HanuwuTe ypaBHeHWe NpPAMONM, NpoxogAllein
yepes To4Ky M c yrnosbiM KoadpdpuumeHTom ki,

¥ Y106bI HaNMCcaTb YpaBHEHWE CEPEANHHOTO Nep-
neHAnKynApa K otpesky OB:

* HalamTe KoopAnHaTbl cpeaHel Toukn N;

e Onpegenute yrnoson KoapOUUMEHT NPAMOMN,
npoxoasAuien yepes OB;

e Haliaute yrnosoit KoadppuumeHT (k2), ocHOBbIBAACb Ha B3aMMHOM nepneHau-
KY/IAPHOCTU CEPEAMHHOIO NePneHAMKYAAPa U NPAMON, NpoxoasaLei Yepes OB.
eHanuwwuTe ypaBHEHME NPAMON C YrN0BbIM KOIOOULIMEHTOM k2 M NPOXOAALLMUIA
yepes TouKy N.

v LIeHTp OKPYKHOCTU ABAAETCA TOUYKOM NepeceyeHmns cepeamnHHbIX nepneHs,
Ky/1ApOB. 3HAUMT, KOOPAMHATbI LIEHTPA OKPYKHOCTYH C ABNAIOTCAgIRILIEH
CTEMbI, COCTOALLEN U3 YPABHEHUI CePeaNHHbIX NepneHaAnKynn

Y Haliaute paguyc AaHHOMN OKPYKHOCTU, BblMMCAMB paccionH
00 KaXaol OTMe4YeHHOM ToUYKM. HanuwuTe npnbau bHOe 3Ha
MeTpa nocyapbl. F




YpaBHeHUe OKPYKHOCTU

Mcnonb3ya dopmyny pacCToOAHUA MeKay ABYMA TOUYKAMU, MOMKHO HanucaTb
YypaBHEeHMEe OKPYKHOCTU C paguycom r v ¢ ueHTpom O (0;0) B Hayane KoopamMHarT.
PaccTtosiHne mexay LeHTpom okpyKHocTu (0; 0) n ee ntoboit Toukor N (x; y) Ha-
xoputes no dopmyne: NO = V(x— 0)2+ (y— 0)2= Vx?+ y2. C Apyroit CTOPOHbI, TaK
kak NO =r, Hanucas paBeHCTBO Vx2+ y>=r, BO3BeAEeHNeM B KBaapaT obeunx
CTOPOH , NoayumMm: x2+ y?=r2, KoopamHaTbl 110601 TOUKK
OKPYXXHOCTU yA0BNETBOPAIOT STOMY YPaBHEHMIO U, Haobo-
POT, KOOPAMHATbI TOYKW, Y/A0BAETBOPAIOLLEN STOMY ypas-
HEHWMIO, HaxXOAATCA Ha OKPYXKHOCTU. Takmm ob6paszom
NoNYy4MM, YypaBHEHME OKPYMKHOCTM C LLEEHTPOM B Hauyane
KOOpAMHAT U paguycom r: X2+ y*=r?

Hanpumep, ypaBHeHME OKPYXHOCTU C LEHTPOM B Hadane KoopauHar (0; 0) n pa-
ANYCOM 2 UMeeT BUA: X2+ y?>= 4.,

PaccmoTpum obLwmii cnyyaii.

Mo dbopmyne paccTosHMUA MeXAY LEHTPOM OKPYKHOCTU

M (a; b) v no6oit Toukoi N (x; y) Ha OKPYXHOCTU paanyca r

mnmeem: *'(X— CI)2+ (y_ b)2= r

Bo3Bezs B KBagpaT obe yacTu, Nosydyaem ypaBHEHNE OKPYKHOCTM C

LEHTPOM B TOYKe (a; b) n pagnycom r:
(x—a)*+(y-b)*=r

Hanpumep, ypaBHEHWE OKPYXKHOCTU C LLIEHTPOM B TouKe (3; 2) u paguycom 4
6yaet: (x—3)*+(y—2)*=16

1. Mpumep MocTpoiTe Ha KOOPAMHATHOM MAOCKOCTHU
OKPYXXHOCTb, 334aHHYIO YpaBHEHUEM: \
y?=25—x2.

PeweHune: Hanuuwem ypasHeHue B Buae x 2+ y>= 52,
Kak BnagHo, r = 5.

OTMeTMM 4 TOYKM, HaXxoaALLMECH Ha PACCTOAHUN \
5 eauHUL, OT Havana KoopauHat. Hanpumep, (5; 0),
(-5; 0), (0; 5), (0; =5). MpoBeaem OKPY*KHOCTb Yepes

3TN TOYKMW.
2 Touka A(2; vl ;
pumep o4Ka A(2; 3) HaxogMTCA Ha OKPYKHOCTH, LLeHTPONMPROTOPO AB
NIAETCA HaYano KoopamMHaT. HanuwmnTte ypaBHeEHME 3TOM OKPYKH .
PeweHue: 3anmcas KOOPANHATLI TOYKK A B ypaBHEHMM X2 =r VUM

22+ 32=r2,r2=13.
3HauYMT, ypaBHEHUE ITOM OKPYIKHOCTU: X2+ y?

\S

(=] =

yi=[25 = x2 - 1c

~




YpaBHeHue OKPYXKHOCTU _

Obyuatowme 3agaHua o

1>

2>

6>

7>

3anuwunTe ypaBHEHUE OKPYKHOCTU C AaHHbIM PaguycomM U LEHTPOM B Ha-
Yasie KOopAMHaT.

a)3 b)2V3 c) V15 d)5v2 e)V22

HanuwuTte ypaBHeHUE OKPYXKHOCTU NO AaHHOMY LEHTPY U pagunycy
(nnn anametpy).
a)(2;-11),r=3 b) (—4;2),d =2 ¢) (0;0), r=v5
d) (6 0),r=- ) (-L;-1),d = f) (=5; 9), d = 220

Ha oKpyKHOCTK, 3a4aHHON ypaBHEHNEM X2 + y? = 169:
a) HaauTe opAMHaTy TOYKM ¢ abcumnccon 5;
b) HanguTe abcumccy Toukm c opanHaToit 0.

Mo AaHHbIM ypaBHEHMAM onpeaenmTe KOOpAMHaTbl LEHTPa OKPYXKHOCTU U
paauyc. MocTpoiiTe OKPYKHOCTb B KOOPAMHATHOM NAOCKOCTH.

a) x> +y>=36 c) (x+3)+ (y+1)*=4

b) (x—1)2+ (y—2)?’=16 d) (x+4)*+ (y—2)?=9

Mo AaHHbIM YPaBHEHUAM OKPYXKHOCTEN onpeaennte KOOPAMHaTbI LeHTpa U1
paguyc.

Mpumep. Haiaem UEHTP M PaaMYC OKPYKHOCTU, 3a4aHHOM YPaBHEHMEM
x2 =2x+y’+4y—4=0
PeweHune: (x? —2x+1)—-1+(y>+4y+4)-4-4=0
(x =12+ (y+2)*=9 (x =1)*+(y +2)>=3?
LleHTp oKpyKHOCTU —Touka M(1; —-2). Paguycr = 3.

a)x2 —2x+y2+4y—4=0 d)x*+y’—4x+2y+4=0
b) x2 + y? + 16x + 40y — 20 = 0 e)x*+y’—6y—-5=0
C)x2+y?—2x+6y—10=0 f)x*+y?—2x+6y—-15=0

HanuwwuTe ypaBHEHWE COMMAacHO OTOBPaXKEHMIO OKPYKHOCTU B KOOPANHATHOWM
NNOCKOCTU.

7Y ,VL y Vi
N /1IN

0 1)
N / \ / 2;1) {6

/]

<\
o
> \
=
[

Kakue Toukun A(2; 3), B(3; 4), C(4; 4), D(4; -3
X2+ y?= 25 oKpy»KHOCTK?

(-3;



8 > Hanunwwnte YpaBHEHNE OKPYXHOCTU, UCXOAA U3 OaHHbIX.

LleHTp OKpY»KHOCTU (0;0) | (1;2) | (=3;5)|(-13;m)| (9; 10)

TouKa Ha OKPYMKHOCTM (0;6) | (4;2) | (1;8) | (2;7) |(=7;3)

9 > MOXHO N1 CKasaTb, YTO C/efyloLlMe ypaBHEHNA ABNAIOTCA YPAaBHEHUAMM
KaKkoi-1nbo oKpy»KHocTM? OBOCHYNTe OTBET.
1) x2+ y?=-16 2)x +y?+4x=0

3)x2+4x+4+y?—2y+1=25 4)x*+10x+y*—8y+8=0

10> a) HanuwuTe ypaBHEHME OKPYMKHOCTU C KOOPAMHATAMM KOHLIOB AMameTpa
(2; —1), (4; 7). Hangute TOuKM c abcumccamm —1, HaxogAaWMECA HA 3TON
OKPYXHOCTU.

b) HanuwwuTe ypaBHeHME OKPYXKHOCTM C AUAaMETPOM 12 CM U LLEHTPOM B Ha-
yane KoopAmHaT. CABMHbLTE 3Ty OKPYKHOCTb Ha 6 eAMHML, BNPaBo U Ha 5 egu-
HUL, BHM3. KaK M3MEHUTCA ypaBHEHNE HOBOW OKPYKHOCTU?

c) LleHTp oKpysKHOCTM (x— 3)2+ (y+ 2)>= 16 nepeHeceH Ha 6 eAMHUL, BJIEBO U
Ha 3 eAUHULbI BHU3. HanuwmnTe ypaBHEHME, COOTBETCTBYIOLLEE KOHEYHOMY
MOJIOXEHUIO OKPYSKHOCTU.

11> a) HanuwwuTte ypaBHeHME OKPYsKHOCTU C paguycom 7 y
M ueHTpoMm B Touke (3; —2); b) Onpeaennte Koopan-
HaTbl KOHEYHbIX TOYEK FOPMU3OHTANIbHOTO AMaMeTpa / \
[aHHOWM OKPYKHOCTY.
YKasaHue: Pelwinte gByma cnocobamu. J
1) CpaBHMTE KOOpAMHATbI CABUIa OTHOCMTENbHO B
OKPY*KHOCTU C LieHTpom B Touke (0; 0).

2) BnuwunTe B ypaBHEHNE OKPYIKHOCTM 3HaYeHue y = —2.

12> HaiguTte TOUKM NepeceyeHmnn OKPYKHOCTU X2+ y>—6x+9y+ 8=0
C OCAAMM KOOPAMHAT.

13> LleHTpbl YeTbipex KacaroLmxcs
OKpY*KHOCTEN HaxoasaTca Ha ocn Ox.
Paanyc okpyHoctn A 6onblie pa-
anyca okpy*kHoctn O B 2 pasa, pa-
OMYC OKPYXKHOCTU B 6onblue

paguyca okpyxHoctn O B 3 pasa, paguyc okpy*HocTu C 6onblue pa,u,myca
okpyHoctn O B 4 pasa. N3eecTHO, uto BC = 28. Hanuwute mBHe
OKpY»KHOCTM A.
MpuknagHble 3ag4aHNA
14> Halgute paccrosHme ot Toukmn A(10; 7) o Tpa O HOCTH,
ypaBHeHnem (x—2)2+(y—1)*=4 P

dHHO




YpaBHeHue OKPYXKHOCTU _

15\ HaWgute pacctoaHune ot Toukn C(5;—2) A0 OKpyKHOCTM
(x +3)2+ (y —4)?= 25.

15> a) HainauTe pacctoaHme MexKay LeHTPaMM OKPYXKHOCTEM, 3aaHHbIX ypaBHe-
HUAMM: (x—2)2+ (y+2)?2=4; (x+4)°’+ (y —6)*=1;
b) MocTpoiiTe 3TN OKPYsKHOCTM Ha KOOPAMHATHOM NAOCKOCTU. MoKaxuTe age
camble B6M3KMe APYT K APYry TOUKM, HAXOAALLMECA Ha OKPYXKHOCTAX, U Halt-
AWTE PACCTOAHNE MEXKAY 3TUMM TOUKAMMU.

17> WccnepyitTe 3aaady, peLleHHyo B Ka4ecTBe Npumepa, 1 pelnTe 3agadun.

Mpumep. PagmocurHanbl c nepesatoLleit CTaHLMM MOTyT nepesaaBaTbcs Ha
paccrtoaHue 90 km. JJom JIAMaH HaxoAMUTCA Ha PacCTOAHMN 45 KM K BOCTOKY
1 56 Km K cesepy.

Onpepennte 061aCTb PACNPOCTPAHEHWUA CUTHAOB NepesaTYMKa C MOMOLLbHO
HepaBeHcTBa. CMOXKET n JIAMaH No/Ib30BaTbCA 3TUM NepesaTYUKoM?
PeweHue. Mo OTHOLIEHMIO K OKPYKHOCTU TOUKM NIOCKOCTU AENATCA HA A,Ba
MHOecTBa. B 4acTHOM cny4ae, COrnacHoO OKPYXKHOCTU X2+ y2=r? ans Touek
Kpyra HepaBeHCTBO X2+ y?>< r? - BepHO, a AJ/1 TOYEK BHE Kpyra HepaBeHCTBO
X2+ y?>r’- pepHo. [na naowanm pacnpoCcTpaHeHUa CUrHana SOMKHO BbiTb
BepHO: x 2+ y2< 902, MNposepum: 452+ 562< 90% ; 5161 < 8100. 3HauuT, oHa
CMOMKET M0/Ib30BaTbCA 3TUM NEPESATYMKOM.

1) 3emneTpaceHne NoYyBCTBOBANOCH HA paccToAHMM 110 KM OT anuuUeHTpa.
MouyBcTBYETE 1M Bbl 3EMNIETPACEHME, €C/IN Balle MeCTO NPOXKMBAHUA HAaxXo-
AMTCA Ha paccToAHUM 50 KM K BOCTOKY 1 30 KM K ceBepy OT anuueHTpa?

2) CBeT MOPCKOro masKa pacnpocTtpaHaeTca Ha 20 KM. BuaeH nm ceeT maska
¢ Kopabns, HaxopAweroca B 10 KM K BOCTOKY M B 16 KM K ceBepy OT MasKa?

18 > Wccnegyite npumep. Hanuwute ypaBHeHWe KacaTeNbHOM, NPOBEAEHHOM K
[AaHHOW OKPYXHOCTU M3 3a4,aHHOMN TOUKMW.

Mpumep: HanuwuTte ypaBHeHMe KacaTe/lbHOW, NpoBe- \y
OEHHOM K OKPYKHOCTM, 334aHHOM ypaBHEHMEM
x%+y?=13 B Touke (2; 3).
PeweHue. Haligem yrnoBoi KoadduumMeHT npamoin,
npoxoasLLel Yepes TOUKY KaCaHUA U coepsKallen pa-
anyc, : k= y2— )1 _ 3-0 _ 3
X2— X1 2—-0 2
Tak Kak paguyc 1 KacatesbHas, Npoxoaalime Yyepes Touky (2;3), B3aumH
nepneHANKYNAPHbI, TO YIN0BOW KO3PPULIMEHT KacaTenbHOM T =

YpaBHeHMe KacaTebHOM: y—3=—% (x=2);, y=-

a)x2+y?=13; (2;3) b) x2+y2=41;
c) x?+y?=65; (-8; 1) d) x?+y?



19> Onpegaenvte, ABNAETCA N NPAMAA KacaTe/IbHOM K OKPYXKHOCTU UM CEKYLLEN,
WU He ABNSETCA HU TOM, HW ApYroi.

a)x2+y*=36 b) x2 + y> =100 c) ¥+y*=4
y=6 y=14- x x+y=7

d) x2+y*=10 e) x*+y?=9 f) x*+y2=9
y=3x y=x-3 y=X

20> WUccnepyiiTe npumep, OTHOCALLMINCA K YPaBHEHMIO OKPYHKHOCTM, MPOXoaALLel
yepes TPU AaHHbIe TOYKK, U peLumTe 3aauy.

Mpumep. KomnaHma mobuabHOro onepaTtopa CTapaeTca PacnonoKuTb nepe-
[AIOLLYO CTaHUMIO Tak, 4Tobbl 06CcayXKmMBaTh y
6onblue nonb3oBatenei. MpeacraBmm, 4To TPK
6onblINX ropoaa HaxoaAaTcs B Toukax O(0; 0),
B(4,8), C(12; 0). Ha KoopANHATHOW NOCKOCTU
1 eanHnua pasHa pacctoaHuto B 100 km. le-
peparoLLan cTaHuMa AoXHa 6bITb pacnono- ] (12;0)
YKEHa B TOYKe, HaxoaAlLenca Ha OAMHAKOBOM
pPacCTOSIHUM OT 3TUX ropoAoB. HanuwunTe Koop-
[OMHATbI 3TON TOYKU U YpaBHEHME COOTBETCTBYHOLLLEN OKPYMKHOCTU.

N A Do

2
e
~
o
N
o
N
)

PeweHue. BHayane coegMHMM 3agaHHbIE TOYKM OTPE3KAMM U HAAEM TOUKY
nepecevyeHus cepeamHHbIX NepneHanKyNAPoB CTOPOH NONYYEHHOro TPeyrosb-
HWKa. YpaBHEHWe cepeaMHHOro nepneHankynapa byaer x = 6, Npu pacnosno-
eHun otpeska OC Ha ocu abcumcc u cpegHel Touyku (6; 0). Yrnosoi

KO3 OUUMEHT NPAMOI TMHUM, coaeprKalen oTpe3ok OB paBeH k= 2:8 =2,
YrN10BbIM KO3QDULMEHTOM CepeauHHOro nepneHauKynapa byaer — % Mpwn

cpefHeli Touke (2; 4) oTpeska OB ypaBHeHWe cepeaMHHOro nepneHankynsapa
oynetr y—4 = —%(x -2),Tey= —%x +5.Mpamble x =61 y = —%x + 5 nepe-
ceKatTca B TouKe (6; 2), (nposepbTe camu). ITa TOYKa Byayym LEeHTpPoOM
OKPYHOCTU KOTOPOE MOKa3biBaeT PacnofioxKeHne CTaHLMUW.

PaccTosiHMe mexay LeHTPOM U Ntob0ol N3 3afaHHbIX TOYEK PaBHO paguycy
OKpYXHocTU : r=N(6—0)*+ (2—0)*= \36+ 4 =40

YpaBHeHME OKPYKHOCTU: (X — 6)2 + (y — 2)%= (\/E)z, (x—6)*+(y—2)2=40

HauepTuTe pUCYHKK B TeTpaau. Hanuwunte

Y

YPaBHEHME OKPYXHOCTM, NpoXoasLiei | Bes
yepes TPU OTMEYEHHbIe TOUYKK, M NOCTpoiiTe 60
OKPY*KHOCTb. "
21\ a) MokaxuTe, 4To ypaBHeHUe N 2
(x—2)(x-6) + (y—5)(y—11)=0 =70

AB/IACTCA YPaBHEHNEM OKPYIKHOCTHU.

b) MokaxuTe, 4TO ypaBHEHME OKPYXKHOCTU C KOORAMHA
metpa (a; b) v (c; d) moxHO NpeacTasuTb B B
(x=a)(x=c) + (y=b)(y—d)=0.



YpaBHEHMEe OKPYXHOCTU

Mpaktuyeckoe 3agaHme. 1) Ha ocu abcuncc npasee OT Hayana KoopauHaT
OTMETbTE TOUKY A 1 NPOBEAUTE OKPYKHOCTb C LLEHTPOM B
TouKe O, pagmycom r = OA.

2) O603HauybTe TOYKY, B KOTOPYLO MepeLusa TouKka A npu
NMOBOPOTE Ha OCTpbI yron O BOKpyr Toukn O npoTmBs
OBUXKEHMA YacoBoi cTpenku, yepes N (x; y).

3) No PUCYHKY HAMULWNTE CUHYC U KOCMHYC OCTPOrO yrna
0 B npamoyronbHom TpeyronbHuke ONK :

- Y X
sind=-—,  cosf = .
4) NMpumeHuTe 3T dopmynbl gnsa Toukn M(0; r) npn 6 =90° n ana Toukn C (—r;
0)npn 6 =180°:
0

sin 90°=-"L =1, cos90°:Q:0, sin180°= =0, cosl80°= - =-1
r r r r

v/ KooppauHaTbl ToueK, HaXo[ALWMXCA HAa OKPYXKHOCTH, U
TPUrOHOMETpPUYECKME COOTHOLLIEeHUSA

Ecnu Touka A(r; 0) npy noBopoTe BOKPYr TOYKKM Hayana
KoopauHat O NPOTUB ABUMKEHUA YACOBOW CTPENKM Ha
yron 0 npeobpasyetca B ToUKy N(X; y), TO COOTHOLIEHMUS
BEpPHbI:

N(x;

. y X >
sinf = -, cos =——. 0 A X

Otcioga, A1A KoopaMHaT ToukM N(X; y) Ha OKPYsKHOCTU C

PagMyCoM I Y LEHTPOM HaXOAALMMCA B Hayane

KoopamHaT noayumm: Xx=r-cos0,y=r-sin0.

B aTx dopmynax yron 6 o6pasosaH syyom ON OT NONOKMTENBHOTO HaMNpaBAeHUA

ocu  abcumcc NPOTMB ABUMMKEHMA 4YacoBOM cTpenku. Ecam Touka N(x;y) He
y  r-sinf sind

HaXoAWUTCA Ha OCM OPAMHAT TO, tand = X ZFcosl “cos0

O6yuatowme 3apaaHuns o

22> a) Ha bymare B K/eTKy, NPUHAB KAETKY 33 eAMHULY M3MEPEHUs, HauepTuTe
OKPY)KHOCTb C LIEHTPOM B Hayasne KoopauHat v paguycom r = 10. Mo
KoopauHaTam Touku N(x; y), B KOTopylo nepewna Todka A (10; 0) npwm
nosopoTe Ha yron 6 = 302 BOKpyr Hayana KoopAuHaT MNPOTMB ABUNKEHMUA
4YaCcoBOW CTPE/IKU, HananTe NpMban3nTENbHbIE 3HaYeHMA sinB , cosH , tand.

b) 3apaHune BbiNnONHMTE M Ans yrnos nosopoTta 459, 609, 1209, 15
MpoBepbTe pe3ynbTaTbl C MOMOLLbIO KasbKyaaTopa. ‘
23> OtmeTbTe TouKy A (5; 0) Ha OKPYKHOCTM C LLEHTPOM B Havan P4
paanycom 5. Hangute koopamHatel Toukn N(x; y) , B KoToplto n na Ka
A npu NoBopoTe BOKPYr Hayasia KoopaMHaT np UKEH acoBoBIA
CTPENIKU Ha yron:

a)6 =180° b) 6 = 100° =120

\




YpaBHeHue OKPYXKHOCTU

MpakTuyeckoe 3apaHue. 1) Ha OKpyXHOCTU C
LEHTPOM B Haya/ie KOOPANHAT U pajnyca r oTMeTbTe
Touky N (x; ¥), B KOTOpylO mepeLluna To4ka A npu
noBopoTe Ha ocCTpbiii yron O n Toury Ni(xi; yi),
COOTBETCTBYlOWYO yray nosopota 180°— 6. Or-
HOCUTENIbHO KaKol ocn cUMMeETPUYHbI TOUKM N 1 N1?
2) UcxopAa 13 pucyHKa, 060CHYHTE KOHIPYSIHTHOCTb
AONK 1 AON:iKi 1 Ha 0CHOBaHMM 3TOro 06BACHUTE
COOTHOLLUEHMA Y1 = Y, X1 = =X MeXAy KoopauHaTtamum Todek N 1 Ni.
3) UccnepyiTe paBeHcTBa:

3) sin(180°-0) = %1 =, = sin@ , cos(180°-0) = %: _TX: —cosO

Na1(x1;y1)

4) Bblpasute MHEHME O CUHYCE M KOCUHYCE CMEMKHbIX YI/10B.

CMHYCbl CMEXKHbIX Y108 PaBHbl, @ KOCUHYCbl B3aMMHO NPOTUBOMNOOMHbI.
sin(180° — ) = sind, cos(180° — 0) = —cos0
N3 3Tux dopmyn npu  cosO# 0 NOYNEHHbIM AeneHnem NoayYaem:
tan(180° - 0) = —tan0
C nomolLbio GOPMY/, NPUBEAEHHBIX BbILLE, BbIYMCIEHNE CUHYCA, KOCUHY-
ca, TaHreHca ANA TYNoro yria MOXHO CBECTU K BbIYUCAEHUIO CUHYCa,
KOCMHYCa, TaHreHca OCTPOro yria COOTBETCTBEHHO.

Mpumep. BblumMcnnTe CUHYC, KOCUMHYC M TaHreHc yrna 150°.
PeweHue. MockonbKy ana yrna 150° rpagycHas mepa CMeXHoro yria byaer
30° MOXHO 3anucaTb:

sin150° = sin30°= %; c0s150° = —cos30°= — %; tan150° = —tan30°= —g
O6yualowme 3agaHus o

24> Bbluncnnte cuHyc, KOCMHYC 1 TaHreHc yrnos 1202, 1352, 1509.

25> MpoBepbTe, BEPHbI 1M PaBEHCTBA.
a) sin40° = sin140° b) cos140° = —cos40° ) cos46° = cos134°
d) sin130° = sin50° e) sin120° = —sin60° f) cos150° = —cos30°

26> a) Pasgenus obe YacTu ypaBHEHUA OKPYIKHOCTM X2 + Y2 = r* Ha 2 ¥ yuyYTbIBa 6
paBeHcTBa )r(_ = cos0, i’ = sinO MOKaXuTe, YTO TOXKAECTBO Si + CO

BepHo ansa ntoboro yra 0.
b) HaitguTe cosO u tan, ecnun sinb = 0,6 1 ocTpbl N
c) Hangute cosd u tand, ecam sin® = 0,8 u 1 yro



YpaBHeHue OKPYXKHOCTU _

27>

28>

29)

1) YrnoBoi KoadPUUMEHT MPAMONM, He NapanensibHoM ocu OpAMHaT U
npoxoasuLei yepes Toukn A(xi, y1) n B(xz; y2) HaxoauTcs no popmyne

k= % 0O603HaumB yron 0, mexay NpAMON U NONOKUTENbHbIM Han-
paBneHem ocn Ox B BEpXHeW NoaynaockocT (y > 0) noKaxkute, yto tand = k

ONA PasHbIX C/ly4Yaes.
Ay
Y,
A B
Y2
5 Y=y Y2 et
yl /Xz—Xl ! >\
NG
0 - Y1 N\ o
0) X1 X2 X X -
X2 X1 X

2) HanguTe rpafycHyto Mepy yrna, mexay npsimoii, 3aaHHOoi ypaBHeHMEeM
1 NONOXMTENbHBIM HanpasieHem ocu Ox B BepxHew nonynaockocTu (y > 0).
a)y= V3x+1 b)y=-—x+2 c)y=2x-3

1) Uccneposanue: Uccneayiite dopmyny naowaan TpeyroabHUKa Ans
Pa3INYHbIX CyYaeB.

¢ hb| 2, \C
he d’og
(04 =3 (04 c
A c D A ——
\-——B——zf——————J , Yt
. — i o __ — hp. e
sinaL = % hs= ¢ - sino. sina = sin(180° — o) o ho=c - sina

1 1 .
S==bhp=="b" ¢ sina
s =%b-hb=% b ¢+ sinal 2 2

2) NepenuiumnTe yTBEPKAEHNE, BNUCAB NPONYLLEHHble cioBa. “laowaib
TPeyronbHWKa paBHa NoJ0BMHE NPON3BEAEHMA ... CTOPOH Ha ... yra ... “

Ncxoaa U3 faHHbIX Ha PUCYHKe, HalianTe Naowwaab 3aKpalleHHow yactu. O —
LIEHTP OKPYXHOCTM.

120°
C) NN b)

30> OwnaroHann napannenorpamma 6 cm 1 8 cm, a yron mexagy Humm 452,

HaliguTe naowaab napannenorpamma.

31> Haliaute nnowanb pasHOb6OKOW Tpaneuuu, AJanHa Avaighanu goTop

32>

paBHa 18 cm, a yron mexay gmaroHanamm 302,

Mo AaHHbIM Ha PUCYHKe HalauTe AJINHY CTOPOHbI
AC u cnHyc yrna C.

YKazaHue: [poBeaunTe BbICOTY U3 BEPLUNHD
NMOKa3aHO Ha PUCYHKE.



BT vouens cexropa u cermenta kpyra

Mnowapab ceKTopa n cermeHTa Kpyra

KpyroBbiMm CEKTOpPOM Ha3blBaeTCA 4aCTb Kpyra, Jexaliero Kmop
BHYTPM COOTBETCTBYIOLLErO LLeHTpasbHOro yria. Maowaab cek-

TOpa, COOTBETCTBYIOLLErO LEHTPAZbHOMY YIAy, ABAAETCA TOW

YacTbio MOWAAM Kpyra, KOTOPYIO COCTaBAAET LeHTPasibHbIN

yroa oT NMoJIHOro yrAa.

Hargpwmep, YacTb Kpyra, COOTBETCTBYHOLLAA LeHTpanabHOMY yray 60°, cocTaBnseT
366000 =5 4acTb BCero kpyra. TaK Kak naowaab Kpyra 7r?, To nncggﬁeﬂ’b 3TOro CeK-
Topa byaer gnrz. CermeHT — 4acTb Kpyra,

OorpaHMYeHHasa Xopaoi U COOTBETCTBYHOLL,EN AYrOM.

Mnowaab cermeHTa = NIOWAAM CEKTOPA * NIOWAAb TPEeYrobHUKa.

Nnowaab cektopa: Sasc =—1— mr
wan, p ABC 360

Mnowaab cermeHTa: SseqmentaBc = SsektoraBc — Saasc
Mpumeuanue: Mpu HaxoKAEHUM NAOWAAMN CErMEHTa,

COOTBETCTBYOLWEro 6onblien ayre, K naoLLaam COoTBeT-
CTBYIOLLLErO CeKTopa npubasnaetcsa naowaab AABC

O6yualowme 3agaHus

1 > Halgute nnowaab CEKTOPOB, M306parKeHHbIX HA PUCYHKe. Pe3ynbTaT oKpyr-
iuTe [10 COTbIX.

a) b) C)e d) ‘

2 > HaiguTe niowaab cermeHToB, M306parkeHHbIX Ha PUCYHKe. Pe3ynbTaT oKpyr-
nnTe A0 coTbIX. Touka O - LEHTP OKPYHKHOCTH.

‘ b) ‘
a) Haiigute nnowaab cektopa, cooTBeTcTBytowero ayre okpgkHocT 80°
pa,u,mycom 12 cm.

b) Nnowaab cekTopa ¢ LeHTpasbHbIM yrnom 72° cocTasnfier 3 .
HaliguTe paguyc Kpyra.
c) HaiamTe LeHTpanbHbIi Yyron Kpyra c pag 00TBET

CeKTopy ¢ naowagbto 207 cm?. VP

d)

9) R




Maowaab ceKTopa U cermeHTa

4 > Ncxoas M3 gaHHbIX HA PUCYHKe, HakguTe:
a) Annny —AB n —CD;
b) MNnowaap cektopos AOB 1 COD.

0]
5 > X2 —2x+y*+2y—2=0 - ypaBHEHME OKPYXKHOCTH. 4 —><2>
a) HaiauTe KOOPAMHATbI LEHTPA M PafimyC OKPYXKHOCTY;
b) HaiguTe naowaab cekTopa ¢ LeHTpabHbIM yriom 45°;
c) MocTpoiiTe OKPYKHOCTb Ha KOOPAMHATHOW MNAOCKOCTU. HalanTe naowaan
CErmMmeHTOB, MNOJIyYEHHbIX B pe3y/bTaTe NnepecevyeHus Kpyra c OCbto OpAuHar.

6 > OKPY*HOCTb € LieHTpoMm B TouKe (0; 2) npoxoamT uepes Touky (2; 4) .
a) HanuwmuTe ypaBHeHNE OKPYXHOCTK;
b) Hallamte pacctosHMe mexay TOUKaMu nepecedeHns OKPYKHOCTU 1 OCbHo
abcuumcc;
c) MocTpoiiTe OKPYKHOCTb Ha KOOPAMHATHOM MNNOCKOCTU. HalamTe naowaam
CErmMeHTOB, MNOJIyY4EHHbIX B pe3y/bTaTe nepecevyeHuns Kpyra ¢ ocbto abcumce.

7> Mcxods M3 AaHHbIX Ha PUCYHKe, HaWauTe naolladb 3aKpalleHHOM
yacTtu.

® S &

8 > [INVHA OKPYXHOCTM Ha pucyHke 12m mm. 1207 120°
CKO/IbKO KBaApaTHbIX MUAIMMETPOB COCTaBAAET
naolWaab 3aKpaweHHow yactu. OKpyrimTe oTBeT
C TOYHOCTbIO A0 COTbIX.

9 > AABC - paBHOCTOPOHHMI. TouKa P — cepeamHa ctopoHbl AB.
APQ — ceKTOp Kpyra C LLeHTPOM B Touke A. Halgute nno- 6cm 6cm

waab 3aKpaLIJeHHOﬁ 4acTu. \

1o> MpeacTaBbTe, YTO B CTONIOBOM BaM Npea/iaratoT ABa BUAA nm-A
pora. MMMporn oANHAKOBOW TOJLLMHbBI UMET GopmMy Kpyra
c guameTpamm 24 cm 1 32 cm. Kaxkablih nnpor paspesaH Ha
8 paBHbIX KYCKOB. B Kakom cnyyae Bbl cbeanTe 60/bLue NK-
pora: ecnm cbeaute 1 Kycok nupora c paguycom 16 cm nau
2 KyCKa nupora c paguycom 12cm?

11> YacTb OKOHHOWM pambl, M306pParKEHHOM Ha PUCYHKE,
AOMKHA ObITb NOKpalweHa. [4aa 3Toro cHayana H
BbIYNCAUTL ee NaoLagb. BbinonHUTE 3TO BblykCEH
NCX0AA M3 AaHHbIX PUCYHKa.



m O6o6uwalowme 3agaHuna

O6o6walowme 3agaHma

y
C-1;4
1> MposepbTe, ABAATCA M Toukn A(3; 2), B(2; 0), n y (3:2)
C(~1; 4) BepLIMHAMM MPAMOYTONLHOO TPEYrONbHMKA
AABC. O] ' B(2;0) »

2 > Ha pucyHKe npeacTasBfieH NaaH pacnonoXeHua AomMa, NpeaioXeHHOro B
apeHAay Typuctam . Ha nnaHe cTOpoHa KaxkaoM KBagpaTHOM KNeTkn o603Ha-
yaet pacctoaHme B 50 m.

" | | CnopT.komnaeKkc | | | |
2) MpeAacTtaBbTe, YTO Bbl OTAbIXaeTe 34€Cb. (400; 600)
Kakoe paccTtoAaHue Bbl np(vaop,oneeTe , ecn <fo‘6“.4=o
CaMbIM KOPOTKMM MyTem nonaeTe Ha noyTy, oT- +
Tyda B Napk u BepHeTecb Aomoi? 3) YTobbl TOProBbIi LEHTP
NPOIiTH BCe 0BBbEKTDI, yKa3aHHble Ha naaHe, cy- [0 290) ot
LLEeCTBYIOT ABa BO3MOMKHbIX KOPOTKUX MNyTW. 20 (600; 250)
Onpegenute Ana Hux nocneaosatesbHOcTb  “|oom (oo
06BEKTOB U paccTtoAHUA. O*=1060 200 300 400 500 600

3 > HanuwwTe ypaBHEHWE cepeamHHOro NeprneHAnKyAapa K oTPE3Ky C KOHLAMM
B 3a4aHHbIX TOYKaX.

a) (=2; 0), (6; 8) b) (0; -1), (—4; 3) c)(-1; 1), (1;5)

4 > OKpYXHOCTb C LIeHTPOM B Touke M(—2; 3) npoxoauT yepes Touky A(-5; —1).
a) HanuwwuTe ypaBHEHME OKPYKHOCTH.
b) HaliguTte TouKM nepeceyeHms sTOM OKPYKHOCTU C OCAMU KOOPAMHAT.
c) Haliamnte nnowalb YeTbipexyro/ibHMKa, Y KOTOPOro BepLUMHbI ABAAOTCA
TOYKAMU NepecevyeHmns OKPYKHOCTU C KOOPAMHATHBLIMU OCAMM.

5 > OKpyXHOCTb npoxoaut uepes Toukn (0;0), (0; 6), (8;0). Y
a) Halamte KoopAMHaTbI LLEHTPA OKPYMKHOCTH. 6
b) Bbipasute uepes 1t ANUHY Ayru, Nexallen B | yeTseptut
KOOPAMHATHOM NIOCKOCTU. ¢) HalauTe naowaab yactu
Kpyra, oTHOCALWeNncs K | YeTBEPTU KOOPAMHATHOM Naoc- ol g X
kKocTu. d) Mpaman, npoxoaAllas Yyepes Havano Koopau-
HaT, ABNIAETCA KacaTe/IbHOM K OKPY*KHOCTU. HanguTe yrnoBoi KoapouumeHT
3TOM NPAMOW M HaNWULIKTE ee YPaBHEHME.

6 > OnpeaenuTe COOTBETCTBUE A/151 OKPY}KHOCTEN € AaHHBIMM ypEBhennRm.
1)x2+y*=9 A) UeHTp - B Touke (0;
2) (x—3)2+(y+2)*=4 B) LieHTp - B TO
3)x*—2x+y*=8 C) Uentp ouKe

D) Paguyc



0O6o06watowme 3agaHma _

> OKpY*HOCTb C LeHTpoM B TouKe (0; 4) npoxoauT Yepes Toury A(8; 10). Hai-
[AWTe NIoWaAb CEKTOPa, COOTBETCTBYIOWErO LeHTpanbHoMy yry 45° cooT-
BETCTBYIOLLErO Kpyra.

8 > O — ueHTp oKpyKHOCTU. OanHbl ayr —AB n —BC
pasHbl 20 cm.
Hangute:
a) ZAOB b)—BC ) Scexrop aoc

9 > Ha pucyHKe n306parkeHbl TPU OKPYXKHOCTM, KacatoLmecs
Apyr gpyra. Paguycbl okpy>kHocTten 4 cm. Hangute nao- ‘

LWaAb 3aKpaLlleHHOM YacTu. gg

10> Hainante nnowaab 3aKpalleHHOM YacTu.

a) b) 4,6 m 0)
2sm
‘ 180° T
4,6 m
A

11> Ha pucyHKe gaHa cxema oKHa B GOpMe MOTYOKPYH- B
HOCTU € pagmycom 80 cm.
OnvHa ST— 40 cm, a ayra AB— 45°. Hainaute nno-
waab ctekna yactm ABCD. R

AT

C

0% m P Soim T

12 > ABCD — kBagpat. Hangute 13 > Ha pucyHKe CTOpOHbI NPAMOYIONbHOrO

nAoWaab 3alTPUXOBAHHOWM TpeyronbHUKa, C KateTamu 6 n 8, uc-
YyacTu, Noay4eHHOM nepe- Nno/fb30BaHbl B KayecTBe AMamMeTpos
CeYEeHMEM AyT OKPYMKHOCTEMN TPex HapUCOBaHHbIX NOYOKPYMKHOCTEMN.
C ueHTpamm B Toukax A n C. HaltiamTe naollaab 3aKpalleHHOW YacTu.

14 > N306parkeHHble Ha PUCYHKE NOJIKM BblNM M3roTOBAEHDI I'IyTEM’
Bblpe3aHuA YyacTei U3 Kpyros ¢ paguycom 40 cm nog yriom >
90°. CKonbKo NpnbamsnTenbHo bymarm noHagobm YyTEOLI
HaKpPbITb MOBEPXHOCTb KaXKA0M NONKN?



a. Cuctremob

B aTom pasgene Bbl HAyuuTeCb

Y PewwaTb ypaBHEHMA BbICLLIMX CTEMNEHEN

Y PewaTb paumoHasbHble ypaBHEHWUA M 33434, NPUBOAALLME K HUM

Y PelaTtb ypaBHEHUS, COAEPKALLME NMepeMeHHYIo Mok 3HaKoOM Moy A
Y Pelwatb MppaLMOHa/ibHble YypaBHEHMA

Y PelwaTb CUCTEMbI YPABHEHMI

Y Pewwatb 334241 C MOMOLLLbIO YPAaBHEHWI U CUCTEM YPaBHEHWUIA

ypaBHeHMﬂ BbICLUMX CTeneHewn

AnrebpanyeckMm ypaBHEHMEM N-OM CTENeHWM C OAHON nepemeHHOMN
Ha3blBaeTCA ypaBHEHWUE anX"+ Gn-1X""1+ ... + aix + do= 0, NeBON YacTbto
KOTOpOoro

ABNAETCA B OTHOLIEHMWU K NEPEMEHHON MHOFOYNIEH N-i CTEMNEHMU OT X, A
npaBo - HyAb, Npu (an# 0).

Hanpumep, x> — x> + 3x — 2 = 0 - ypaBHeHMe 3-i cTeneHwu,

3x*—2x3—3x>+ x— 4 =0 - ypaBHeHUe 4-11 CTeneHu.

dopmynbl ANA HAXOKAEHWA KOPHEN ypaBHEHUN TpPeTben U YeTBEPTbIX
cTeneHemn U3BECTHbI, O4HAKO 3T GOPMY/Ibl OYEHDb C/IOXKHbIE.

v METOA Pa3noxKeHnAa Ha MHOXUuTtenum
ypaBHEHMH BbICOKOWN CTEMEHMU y,CI,O6HO pewaTtb NnpumeHAa onpegeneHHblie
meTtoabl. OAHMM M3 TAaKUX MeTOAO0B ABAAETCA MeToa pas3noxeHne Ha
MHOXUTENN.

Mpumep. Pewnte ypaBHeHne x> —x>—4x+4=0.
S PeweHue. Paznoxxum NEBYH 4aCTb Ha MHOXUTEIU, CTPyNnMpoBas Y/1€HbI
KaK NMOKa3aHO HUXe:

(x—x*)—(4x—4)=0; x}(x—1)—4(x—1)=0; —4)(x— 1)
(x—2)(x+2)(x—1)=0;
[na Toro, 4Tobbl npomssep,eHme 6bI10 PaBHbIM HY/IO, He06

yTOb6bI XOTA Obl OAMH U3 MHOXKMUTENEN Bbl1 PaBeH HytO
X—2=0ummx+2=0mnamx—1=0. Otcroga x1 = 23

\,P~

2X3




YpaBHeHuUA BbICLUUX cTeneHen _

O6yualowme 3agaHunA )
1 > PewnTe ypaBHEHMUs, BOCNO/Ib30BaBWNCL (GOPMYNAMMU COKPALLEHHOTO
YMHOMEHMSA:
a)x*—-27=0; b) 16x3=-2 c)x*—-64=0;
d)5x+40=0 e)x*—1=0; f) 16x* = 81;
2 > PewwnTe ypaBHEHMA BbIHECEHMEM OBLLETO MHOMKMUTENA 32 CKOBKM.
a) 16x° = x b) 2x* = 16x c)2x*— Tx=x
d) 5x3=320 e) x3=16x f) x2(x? + 1) = x*— 125x
g) 5x3— 19x%= x? h) x3(5x—2) = 20x% — 2x3 i) X3+ x% = 2x?
3 > PewwnTe ypaBHEHWA, CrPyNNMPOBaB YNEHbI U PA3/I0XKMB Ha MHOXKUTENN:
1) X3+ x2=20x 9)x3+2x*—4x =8
2) x+1=9x3+9x 10) 2x3 — 3x? = 18x — 27
3) 4y’-2=y- 8y 11) 3 + 7x2 — 12x = 28
4) 2x — 3 =8x3—12x* 12) 43 + 162 +x+4=0
5)x3+2x2—9x =18 13) 2x*-3x2—10x+15=0
6) 93+ 8 = 4y + 18y? 14)x' — 2x—8=0
7)3x3+2x*=12x+8 15) 9x* — 122 + 4=0
8) 4x3— 12x* =9x — 27 16) 4x' — 12x2 +9 = 0
4 > CKONbKO AeNCTBUTENbHBIX KOPHEN UMeeT ypaBHeHMe x3— x2 — kx+ k=0,
ecnu:
a) npu k=07? b) npu k=-1? c) npu k=4?

5 > PewwnTe ypaBHEHA METOLOM Pa3/IOKEHMUA HAa MHOMXKUTE/N:

a) 3x5—48x=0 d) x*+x2—2x=0 g) 23— x>—8x+4=0
b) x* + 4x2 = 32 e)8x3 +4x—18x—9=0 h) x3 + 5x2 = 4x + 20
c) X'=3x=4 f) x*+4x3+ 4x2=—-16x i) x*—13x2+36=0

6 > HaltauTe a u pewnte ypasHeHue x3 + ax? — 5x + 6 = 0, eCAn 0gMH U3 KOpHe
paBseH 3.

Vi > Haliante Hyan GyHKUMNA.
a) f(x) = x>—5x*+ 16x — 80 b) f(x) =x*—x> —9x+9

c) f(x) =x*+x3—11x2—9x + 18 d) f(x) = x*— x> —19x> — 11x + 30
YKasaHue. f(x) =0 3anuwuTe 1 pewmnte ypaBHeHMe. &

8 > busHec. MartemaTtmyeckylo mogenb npubbianM cobcTee a, -
MatoLLeroca Masibim 6U3HECOM, MOXKHO 3anncaTb cnegyrlumnm a30

R = 53 + 250t* + 2000t. 3pecb t NOKa3bIBaeT KON B@| rofos, MHaH C
BH

2000-ro roga. Yepes ckobKo NeT Npubbiib TBEH 6ynet

000 maHaT? »



T o MR

9 > B K/lacce WKoNbHMKaM ObIN0 334aH0 PELNTb YpaBHEHME X2 = X .
Adar, pasgenns obe 4acTu Ha X, HalNa peweHne x = 1.
A YnbBuA BblYNa X U3 06enX YacTel ypaBHEHUS, 3anmMcana ypaBHeHne
x> — x =0 n Hawna ero pelwieHne. Ybe pelueHne BepHoe?

1o> Uccnepyiite rpadnyeckMm MeToAoM CKOJIbKO AeNCTBUTENbHbLIX KOPHEWN
nmeeT ypaBHeHue X3 = 4x — 1. OnpegenumTe 3HaKN KOpHEN.
YKasaHue: lNoctpoiite rpadukn GyHKUMIN y =x31n y = 4x — 1 B 0AHOI KOOp-
AMHaATHOWM NAOCKOCTU. HalianTe abcumccbl ToYek nepeceyeHms rpadmKos.

11> PelwmnTe 3agaHHOe ypaBHeHWe ABYMA crocobamu:
rpapuyecknum n anrebpamyeckmum.
a)x3=x a) x3=4x a)x3=x2

v BeegeHnem HOBOI NnepeMeHHOI

PAL YypaBHEHMI MOMHO MPUBECTM K KBagpaTHbIM BBEAEHUMEM HOBOM
nepemeHHoi. Hanpumep, ypasHeHne ax?"+ bx"+ ¢ = 0 3aMeHOW X"= U MOXHO
NpMBeCTM K ypasHeHuto au >+ bu + ¢ = 0. B vacTHOom cnydae, npu
n=2 nony4yaetcs ypaBHeHune ax*+ bx*+ c=0 (a#0), KoTopoe Ha3biBaeTcsA OUK-
BaApaTHbIM YpaBHEHMEM U A1 €0 PelleHUs NoAb3yTCA 3aMeHo X2= U .

MNpumep. x*-4x*-5=0 3a00aHHOe ypasHeHue

PeweHune. (x?)?-4x>-5=0 nMpumeHeHue cgolicmea cmeneHu
> w-4u-5=0 3ameHa X*=u
(u-5)u+1)=0 pPA3A0MCEHUE HO MHOMXUMenu
u-5=0unyau+1=0 npupasHuUsaHue npouszsedeHuli Hymto
u=5wmm u=-1 HaxoxOeHue HeuzgecmHoli
X*=5unyax*=-1—-@  3ameHa u = x*
x= V5 useneyeHue Keadpama
O6yyalowme 3aaaHmnA o
12> PewwnTte ypaBHEHWNs BBEAEHWEM HOBOM NepemMeHHON.
a)x*-8x*-9=0 d)x®-17x*+16 =0 g)8x°-7x3+1=0
b) 4x* - 5x*+1=0 e)27x°-26x3+1=0  h)x*+9x*+8=0
) 16y*-8y2+1=0 f)x*-9x*+8=0 i) (y+3)—(y+3)=12

13> Ppewnte ypaBHeHuA.
a) (2x*—3)2—4(2x*-3)=5
) (x*+3x+1)(x2+3x —3)=5
e)(x*-3)(x*+3)+x*—3=0
g) (x>—5x+7)P-(x-2)(x—-3)=1




PauMoHanbHble ypaBHeHUA. PelneHune 3a4au ¢ UX NPUMEHEHUEM

E PauunoHanbHble ypasHeHua. PelueHune 3agay ¢ UX NpUMeHeHuem.

YpaBHeHMe, copepsKallee B JIeBOW U NPaBOI YacTAX paLMoHasbHble Bbipa-
YKEHMA, Ha3blBaeTCA PaLMOHa/IbHbIM YpaBHEHMEM. PaccmoTpum waru pe-
LIEHWNA PaLMOHabHbIX YPaBHEHUI Ha Npumepe.

x3—20x x?

Mpumep: ~—4 =4—x

Waru peweHus

1) Onpegensetca ponyctumoe |

3HaueHme nepemeHHoit ([13M). X # 4, X He AOMKHO paBHATbCA 4.

e XX=20x _ X2
2) [Apobu B ypasHenum npuso- * =~ — == ——

AATCA K 0bLemy 3HameHaTesto.

6 X —20x=—x% x>+ x2—20x=0;
3) O6e CTOpOoHbI yeaBHeva YMHO- (32 Ly~ 20)=0; x(x+ 5)(x—4)=0
KAKOTCA Ha OOLWMIA 3HAMEHATeNb, . = x,=-5 x;=4
3aTeM peLlaeTcs ypaBHeHMe

® Mockonbky x = 4 He BxoauT B A3,
4) MpoBoANUTCA NPOBEPKA M 3aNu-
OHO He MOXeT ObITb KOPHEM 33jaH-

CbIBAETCA OTBET. Horo ypasHeHus. OTtgeT: {0; —5}.

O6yuatowme 3agaHun o
1 > PewwnTe ypaBHEHMA, NCNOJIb3YA CBOMCTBO NPOMNOPLMMN.
3 5 by _x __3 o) X¥X=8_ x
a) 5= X+2 X+2 T x-2 )X 2
x*=3 _ x+2 xX—x+1 __1 xX*—3x+9 _ _7
d) x—3 2 €) 9 T x+1 f 13 T x +3

2 > PewwnTte paumoHanbHble ypasHeHuA. Hanuwwute A301.

a) Xx=-4 __6 5 2 1

X =3 e X+2x+1  1-x x-5
3x+6  x+1

b = 2 5 5

) =4  x-=2 f)

12 12 2

R TTI X+5

d) 3 N 6x _ 5
-2 4-x* x+2




m PaumoHanbHble ypaBHeHUA. PelleHue 3a4a4 ¢ UX NPpUMEHEHUEM.

3 > PewwnTte ypaBHeHWA BBeAEHMEM HOBOM NepemMeHHOM.

x+2\° x+2 2 X
a _ - = b X _)_ 6=
)(x—l x-1 2=0 )(x—l) x-1 6=0
X +1 X 1 X+2 . 3x-2 2
C) + =2 = =2—
X xX+1 2 d w—2 T ei2 23
2
e)fx+ 2 12[x+ &) +35-0 f) pe+l)+d(x+ L)-3=0
X X X? 2 X
YnpaxKHeHUA npumeHeHa: o
4 > BblpasunTe UCKOMYIO MEPEMEHHYIO Yepes apyrue.
2A 1 2
= — b=? ———:3 :?
) b o) " a
A 1 1 1 _
P= r=>? d—+—=— g=?
Z 1+rt ra t
e) 1+ £=£b=p f)X: a+b a=?
b d a—b
5 > Hangnte koapPpuumneHT k U3 ToXKAeCTBa.
a) X2+ kx—3 x—1 b) 2x2 + kx —-10 _ 2x-5
X+5x+6  X+2 22 +7x+6  2x+3

6 > M3 20 npoBeaeHHbIX UFP KOMaHAa Bbiurpana 12. CKoAbKo urp noapas
[OONKHa BbIMIPaTb KOMaHZa B NocaeAyowWwmx urpax, Ytobbl BblMrpaHHble
urpbl coctasnanu 80 % Bcex urp?

7 > Ecnm K nepBomy M3 2-x nocnefoBaTeNbHbIX Yncen npnbasutb 6, a U3 BTO-

POro Bbl4eCTb 2, TO YacTHoe NoNy4YeHHbIX Yncen 6y,u,eT % . Haﬁﬂ,MTe 3TN

yucna.
8 > B KopobKe nexat 6enble 1 YepHble wapbl. Yncno 6enbix Wapos Ha ABa

MeHbLLE YMCNa YEPHbIX.
a) Ecnv BeposaTHOCTL c/lydaliHOro nssnedeHuns 6enoro wapa - 0,4, CKONbKO

BCEro LWapoB B KOpobke?
b) CKonbKo 6enblix WapoB HYKHO A06aBUTb B KOPOBOKY, 4TOObLI BEPOATHOC

C/ly4aMHO M3B/eYeHHOoro 6enoro wapa paBHAAaCh Obl j?'

9 > Pabotan ogHoBpemMeHHO Parum v [ykamuab cKkocAT BCHI Tpa
yaca. Jykamunb, paboTas ogMH, MOXKET BbINOA
6bicTpee, Yem Parmm. 3a CKO/IbKO 4acoB ¢
Abl N3 HUX?




PauunoHanbHble ypaBHeHUA. PelueHue 3a4a4 ¢ UX NPUMEHEHUEM. _

1 1 1
10> Ecnn uucno + fBAeTCA cpeaHum apudPMeTUYEeCKUM ymncen o Mgy /T

YMC/O X Ha3bIBAETCA CPEAHUM rapMOHMUYECKUM Yncen a u b.

a) BblpasuTe 370 B BMUAE PaLLMOHAALHOMO PaBEHCTBA M HalguTe X.

b) CpeaHee rapMmoHMYECKOe ABYX MONOKUTENbHbIX YNCEN PaBHO 6, a pas-
HOCTb 3TMX YMcen pasHa 8. HalauTe 3T uncna.

11> BacceliH MOYKeT OMOPOXKHATLCA OAHOBPEMEHHO ABYMSA
Tpybamu pasHoro agnameTpa 3a 3 Yaca. Tpyba c MeHbLIMM
ANaMeTPOM ONOPOKHAET bacceiH Ha 8 YacoB MNO3XKe,
yem Tpyba c HoNbWMM AMAMETPOM. 33 CKOJIbKO YacoB
OMOPOXKHUT BaccelH Kaxkaan Tpyba B OTAENbHOCTU?

12> MpeacTaBbTe, YTO Bbl BbINOJHAETE OLEHOYHbIE 3aaHNA, eXKeHeneNbHbli
MaKCUMa bHbI 6ann KoTopbix paBeH 60. Mo pesynbTatam 6-T1 Heae b Ball
cpeaHuii 6ann paseH 48. a) Kaknm gonkeH bbiTb cpeaHuit 6ann 3a cneayto-
wme 2 Hegenu, 4Tobbl Bal cpeaHUin 6ann 3a BocemMb Heaenb 6bin paBeH 50?
b) Echu B nepBble 6 Heaenb cpegHUin 6ann paBeH 50, TO NPU KaKUX BO3MOMK-
HbIX YCNOBUAX cpeaHunii 6ann 3a 10 Hegenb coctaBuT 85 % MaKcMManbHOro
6anna?

13> MpeacTasbTe, YTO Bbl N1AHMPOBAAN NPOYMTATb KHUIY B 480 CTpaHUL, 33
10 pHei. Mocne TOro, Kak Bbl NPOYUTANM MONOBUHY KHUMM OKa3anochb, YTo
ANA TOro, YTo6bl NPOYECTb KHUTY B CPOK, BaM HYXKHO UMTATb KaXKAbll AeHb
Ha 20 cTpaHuy, 6onbLue. Mo CKOIbKO CTPaHUL, B A€Hb Bbl YATAAN NEPBYHO Mo-
JNIOBUHY KHUTK?

14> TypKaH gymaeT 0 TOM, KaKyto U3 NpeaoXKeHHbIx paboT e BbiIbpaTb. Pacno-
JIOXKeHUe 34aHuA ogHoM 13 paboT oueHb 6/1M3Ko K eé gomy. Ha apyroi pa-
60Te el npegnaratoT 3a Kaxkablit Yac paboTbl Ha 2,25 maHaTa 6osblue, Yem
Ha nepBoW. Ecnm oHa BbibepeT 3Ty paboTy, To paboTtaa Ha 10 YacoB MeHbLUE,
MOKeT 3apaboTatb 980 maHaT BMecTo 900 maHaT, KoTopble el NpeaaaratoT
Ha nepBoW paboTe. CKoNbKO MaHaT bbla10 NpeanoxkeHo TypKaH 3a 1 yac Ha
Karkaon pabote?

15 > Xumua. HoBYIO KOHUEHTPaUMIoO pacTBopa COIM U BOAbl MOXKHO BblYMCAUTb

no popmyne C = 5 ﬁ‘ ,~ »30€Cb A - KONIMYECTBO CO/M B PACTBOPE,

S - NepBOHaYasIbHOE KO/IMYECTBO PacTBOpPa, V - 0b6aBNEHHOE KOIMYEeCcTBO
BoAbl. a) Kakoe KonmyecTBo BoAbl Heobxoanmmo Ao6asuTb K 2 Kr 30 %- ro

pacTBopa conu, 4tobbl nonyunTb 10 %-biit pacTBop?
YKasaHue: 3gecb C=0,1; A=0,6; s = 2 Kr. HallauTte v. ‘
b) Kakoe Konunuectso Boapl Heobxoanmo ao6asuTb K 0,5 Kkr 10 pac )
4YTO6bI NONYYUTL 2 %-blit pacTBOP?
16 > Cymma obpaTHbIX 3HaUYEHUI ABYX Yncen (OTANYHbI A) paB THOLe-
AEeCTER,
liTe er

HUIO X CYMMbI Ha npoussegeHne. Hanuwu K NOKa3biBato
BE€PHOCTb 3TOr0 yTBEPXKAEHNA N, yrpoLlian, o

\S



100 YpaBHeHuUa c mogynem

E YpaBHeHUA ¢ mogynem

MockonbKy abcotoTHan BEIMUYMHA X PaBHa : _[x ecnmx=0
IxI= { —x, ecrnx<0

Nnpuv pelweHnn ypaBHEHU, CoAEPKALLMX NEPEMEHHYIO NOA 3HAKOM MOAY/b,

paccmaTpuBaeTca ABa cay4as.

1-i cnyyaid. 3HaueHUe BblparkeHUs Nog 3HaKOM MOAY/b: HOJlb U NONOMKUTENb-

Hoe.
2-iA cnyyvaid. 3HaueHue BbipaXKeHUs Nog, 3HaKOM MOAY/b OTpULLATENbHOE.

1. Mpumep. Pewwute ypasHeHue. |3x—2| +11=5.
L PelwueHue. B 1eBoWi 4acTu paBeHCTBA HANULLIEM TOJIbKO BbIPaKeHUE CO 3HAKOM

moayns.
[3x—2| =5-11; |3x— 2| =—6. MockonbKy moaynb N06Oro YMcna HeoTpu-

LaTeNbHbIM, 3TO 3HAYEHWE He YA0BNETBOPAET YC/IOBUIO.

YpaBHeHMe He nmeeT KopHeit. OTBeT: J

2. Mpumep. PelwmnTe ypaBHeHUne |x— 3| =6 asyma cnocobamu: anrebpanyecku
n rpaduryecku.

Anre6bpaunueckuii metog,.

Mo onpeaeneHunto abcontoTHOM BEIMYNHDI, X — 3 paBHO 6, Uan —6

Monx—-—3=6,x=9,anpux—3=-6, x=-3

MposepKka. x=9, |9-3|=6;6=6 x=-3, |-3-3|=6;|-6|=6; 6=6

OtBeT: [laHHOE ypaBHEeHUe MMeeT ABa KopHs: {9; —3}

paduueckuin metogp, Yok
3

Ha ogHOM KoopauMHATHOW cucTeme no- Ny

cTpoum rpadmk dyHKumiA f(x) = |x — 3| 1 e i o,

o)

g(x) = 6. Toukamm nepeceyeHnn aTUX ABYX

rpadukoB asastoTca (—3; 6) u (9; 6). 3Ha- ) F1x=3

N

ynT, X =—3 U x =9 - 4Ba KOpHA.

—6 -4 —D |0l 4| 6/ 8 10 [x

Mpumep. Pewwute ypaBHeHue |x* —2x| = 3.
PeweHune. x%>— 2x paBHO UAU 3, UK Ke —3
lcnyvaih. X2 —2x=3 x*—2x—-3=0; (x-3)(x+1)=0 xx=3mmx2=-1

MpoBepKa: x=3: |[x2—2x| =3; |32—-23| =3; 3| =3; 3=3.
x=-1: [x*—2x| =3; [(-1)>=2-(-1)| =3; |3 =3;3=‘

Il chywan.  x*—2x=-3; xX*—=2x+3=0,
MOCKONbKY ANCKPUMMUHAHT OTPULATENbHbIN YpaBHEHME BIOTOM ae

OtBert: {-1; 3}

KOpHeKn He umeer. |




YpaBHeHusa ¢ moaynem 101

4. TMpumep. Pewwute ypasHeHne |2x—4| =1-3x

PeweHue. Mo onpeseneHnto abcpoTHON BENNYMHDI YMCNa:
|2x—4| =2 2x—4,ecim 2x—-420

—(2x—4),ecnin 2x—4<0
| cnyyait. Ecnnx 22,70 |2x— 4| = 2x— 4 v gaHHoe ypaBHeHMe npeobpasyeTca
K BUay: 2x — 4 =1 — 3x. 370 3anucbiBaeTcA TakK: x>2
{ 2x—4=1-3x
M3 ypaBHeHMA 2x — 4 =1 — 3x Haxoaum 5x =5, x = 1. A 3T0 3HaYeHue He ya0B-
NIeTBOPAET yCN0BUIO X 2 2. TO eCTb B 3TOM C/y4ae ypaBHEHME HE UMEET KOPHE.
Il cnyuaid. Ecam 2x—4<0,T.e. x< 2,70 |2x— 4| = — (2x— 4) v paHHoe ypas-
HeHue npumet Bua: — (2x — 4) =1 — 3x. B 3TOM cayyae nosnyvyaem cuctemy:

xX<2
—(2x—4)=1-3x
N3 ypaBHeHMA — (2x — 4) = 1 — 3x HaxoAuM X = —3, a 3TO 3HAYeHWe yaoB/e-

TBOPSAET YC/IOBUIO X < 2. TaKMM 06pa3om, JaHHOe ypaBHEHNE MMEET OAMH KO-
peHb. OTBeT: { —3}

O6yyatowme 3apaHUA o
1 > MpeacTaBbTe peleHns (ecim ecTb) ypaBHEHWUI Ha YNCIOBOM OCU.
a) x| =4 b) |[x] -3=10 c)|x|+5=5 d) |x] =-4
2 > PewwnTe ypaBHeHMA ABYMA cnocobamu: anrebpanyeckm n rpapuyecku.
a) |x—4| =10 b) [x+3]=2 c¢)|x-1]=0 d)|x+9|=-3
3 > PewwTe ypasHeHus.

a)|2-x| =3 b) |3-2x| =1 c)|4+0,5x| =2 d)|5+2x| =7

4\ Mo peweHnam, OTMeYEeHHbIM Ha YNCNOBOI OCH, HaNMLWIUTE ypaBHEHNA BUAa:
lax+b| =c.

a) — i+ttt it+++1++>

- 10 -5 0 5 10 X

b) —
-10 -5 0 5 10 X

c) F S B e B e e e e e e e e o g
- 10 -5 0 5 10 X

5 > PewwTe ypaBHeEHMS.

a) |[1-2x|+6=9 b) [-2x | =8

g 41 2¢] =3 &) 5| 5 xl=4
g) |x¥*—9] =0 h) [x*—2x| =

i) Ix=1]=2x-1 k) |2x—3] =x

\



102 YpaBHeHuMA ¢ moaynem

6 > HanuwuTte ypaBHeHMe, cofepsKallee NepemMeHHYo Nog 3HaKOM MOoAYAS,
4TOObI TOYKM Ha YMC/IOBOM OCK, COOTBETCTBYIOLLME EM0 PeLLeHUIo, bblan Ha
pacctosHuu a)6; b) % eauHUL, OT HyAA.

7 > Mccnepyitte npumep 1 pewmnTe ypaBHeHKs.

Mpumep. |2x—4| = |5x+2|
PeweHue. Mo onpeseneHnto abCoNtoTHOM BEIMYMHDI:
2x—4=5x+2 van 2x—4 =— (5x+2). Otcroga, —3x=6 nan 7x = 2.

X=—2 W x= —
7

MpoBepKa. x=—-2: |2 (-2)—4| = |5 (-2)+2]; | 8|=| —8|; 8=8

2 2 2 24 24 _24
x= S:|2=—=4|=|5=+2]; — =5
7| | = | s [; |- | | | =
OreeT:{ —2;,—
{ 7}
a)|ox+7| = |-7] e)|5n—4l=|7—5n|
b) |3-4x| = |6—x]| f)|2y+1| =|2y-7|
C)|6,5n—1,4|=|3,5n—8,6| |120+1| |120 25'

5p+3 1 4p-1
d —{: 1, 3 —{ 2
8> Pewnte ypaBHeHus.

a)ll+ x| =3 b) |x| —22=-3 c)7-3|x+4|=-8

d) |4x—3] = |5x + 3| e) |x—8|=18-x| f) [ x—-6|] =3-4x

9 > Maxup pewnn ypasHeHue |x — 2| = x2rpadpudeckum, Jleiina
anrebpamnyeckmm cnocobom. Yoé peleHme npasuabHoe?

Maxwup:
Neitna: \\ Ay //
|x—2] =x? 1
Z, 4 (24
1.x—2=x 2. x+2=x2 AN 71/
2—X+2=0 X2+X_2=0 (71.»”
KOpPHEN HeT (x+2)x—1)=0
x=-2;x=1 T 1

10> PewwnTte ypaBHeHuUA.
a) [x¥*-5|=-4 b) |[x*-5| =4
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NpuknagHble 3agaHnn )

11> HanuwwuTe n nsobpasmte Ha YNCIO0BOW OCU YypaBHEHME C MOAY/EM, COOTBET-
CTBYIOLLEE KaXKAOMY M3 3aZaHHbIX YC/IOBUIA:
a) Yucno k HaxoauTcA Ha paccTosHUKM 4 eanHUL, OT 2.

b) Yucno m HaxoauTcs Ha paccTtosHMK 5 eanHuUL oT 3 .
c) Yncno 2x HaxoaUTCs Ha PacCToAHMU 3 eAuHMUL, OT 5.
d) Ymcno 3t HaxoauTca Ha paccToAHUN 4 eguHUL, OT 2.

12> Macca lacaHa - 48 Kr. Bpay roBopuT, 4To 3Ta Macca OT/IMYAEeTCA OT MAEeaNbHON
Ha 5 %. HanuwuTe naeanbHyto Maccy, KOTOPYO MMeN B BUAY Bpay € NOMO-
LLbIO YPaBHEHUA, CoAeprKalLlero nepemMeHHyo nog 3Hakom mMoayna .

13> Cabyxu n KampaH no 3aZaHHbIM BOMPOCAaM B UHTEPHETE MPOBEPUAN CBOU
IQ (MHTenneKkTyanbHble cnocobHocTn). Cabyxu rosopuT, 4to ero IQ oTinya-
etcs oT IQ KampaHa Ha 15 6annos. IQ KampaHa 6110 oueHeHo B 110 6annos.
MpeacTaBbTe Hanbl, NOKa3biBatoLLMe ypoBeHb cnocobHocTel Cabyxu B BUAE
YPaBHEHMA, COAEPIKALLErO NepeMeHHY0 NoA, 3HAKOM MOAYAA.

@ MppaumnoHanbHble ypaBHEHUA

NppaunoHanbHbIMM HA3bIBAtOTCA YPaBHEHMA, B KOTOPbIX NepemMeHHaa HaxoauTca
nog, 3HaKom pagukana (Mnm Bo3BeaeHa B CTeNeHb, ABNAIOLLYIOCS Ap0bbio).
Mpumepsbl: Vx—1= 5, Vx+2-x= 3, x% =4

Mpy peweHnn MppaunoHaibHbIX YPaBHEHUN OObIYHO NPUMEHAETCA AeNCTBMe
BO3BeAEHMA B CTeneHb. [lpuM BO3BEeAEHWM B YETHYI CTENEHb MHOMKECTBO
BO3MOXHbIX 3HaYEHWN T NepeMEHHOMN MOXKET pacliMpuTbes. Mo3Tomy B 3TOM Caydae
HeobxoaMMa NpoBepKa, yA0BNETBOPSAIOT /I KOPHU YPaBHEHUIO.

1. Mpumep. Vx—2+3= 1 Pewwute ypaBHeHue.
Pewenune. Vx—2=1-3 yeoOuHeHue padukana

VX —2=—2 ynpouweHue
> Y nony4yeHHOro ypaBHEeHMA HET KOPHEN, MOTOMY YTO KOpPEeHb
KBaZpaTHbIM HEe MOXKET ObITb OTPULLATE/IbHBIM YNC/IOM.
OtBet: J

2. NMpumep.Vx+4+2=5 PewwuTe ypaBHeHMe.

Pewenne. Vx +4 =3 yeoduHeHue padukana g
x+4=9 gozsedeHuem 8 Keadpam ocsoboxoeHue
X =5 peweHue nosy4eHHo20 ypasHeHU,

MNposepkKa: MNoacTaBus X = 5 B 3a4aHHQE

nony4Mm 5 =5 , 3HaUUT ypaBHeHune Bb
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3. Mpumep. Pewwure ypasHeHne. Vx—3 +x=5
5

PeweHue. \x —3=5—x yeduHeHue padukasna
X—3=(5-—x)? oceoboxdeHue om paduxana so3eedeHuem 6 Keadpam

x2—11x+28 =0 ynpoweHue u peweHue
x1=4,x2=7
MNposepkKa: npu x =4, V4 -3 +4= 5; 5 =15 ypaBHeHue yaoBneTsopaeTca
npm x=7 V7-3+7= 9; 9#5 ypaBHeHMe HeygoBAEeTBOPAETCA
Orser: {4}

L Mpumep. 12 1= peLimTe ypaBHeHue.
Pewenne. Nx + 2 =3 yeduHeHue padukana
X+ 2 =27 oceoboxodeHue om padukasaa eozeedeHuem 8 Kyb

x=25 yrpowjeHue u peweHue
Otsert: {25}

4,

Obyualowme ynpa>kHeHmn @
1 > PewwTe ypaBHeHMA.
a)Vx+3=4 b)V1I-2x-3=0 ) V5x—4+1=3
d)m=x e)\/m=x+2 f)i/m=\/§
g) W +4=2 h)3+\3x+1=x HDV2x+3-\x+1=1

2 > Kakoe ypaBHeHWe He MeeT KOpHen?
a)Vx—1+3=4 p)Vx+1+3=4 ¢)\x—-2+7=10 d)\x+2-7=-10

AY
a) Ha pucyHke Vx + 1 =05 - x nokasaH rpaduk N[,

3 > peweHna ypaBHeHWA. Hanuwute peweHue Y=p X
ypaBHEHUA cornacHo rpaduky. O6ocHyiTe ceoit | |* i
oTBeT. 2l N
b) Vx + 2 =4 - x pelunTe ypaBHEHUE C MOMOLLbIQ B2 >
rpaduka. -2 (2 2 14 X

—Z

4 > HallguTe BO3MOXKHbIE 3HaYeHUs epeMeHHol. PelunTte ypaBHeHue.
1

a)x*=3 b)x*=2 X T =4

3 2

d) X x4 =9 e) (x—3) =4 f)(2x 9 = 8
Npumep. (x—1)°=9.

PeweHue. Haliiem BO3MOXKHble 3HAa4YeHWNA Nepem nEx—1 x=>%.

06e uactu ypaBHeHWA BO3BeAEM B CTENeHb
((x—1)3)2=92, x—1=27,x=28. OTBe

\
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5 > PewwnTe ypaBHeEHWe BBEAEHNEM HOBOW NepeMeHHOMN.

a)x+\/)7:12 c)\/;+4/)7:2
b)x—Vx=6 d) Vx+2Vx = 3

e)X—x*—6=0
1

f)x+3x°-4=0

Mpumep. PewwTe ypasHeHne \x —Vx —2=0 .
PeweHue. Cpoenas 3ameHy \/_ t, noayymm Vx = 2. Torga B 3agaHHoOe
ypaBHeHue, noactasme t, Bbipasum B popme t> — t — 2 = 0. U3 3TOrO

ypaBHeHMA Haxogmm t1 = 2, tr=—1.

YuutbiBasd 3ameHy: 1) Vx =2 2) Vx=-1
x=2%=16 HeT AeNCTBUTENbHOIO KOPHSA
OtseT: {16}

2 L
6 > ®upys k — 2% — 8 = 0 pelwnn ypaBHEHWNE, KaK NMOKa3aHO HUXKe. UccnepyitTe
peweHune Pupysa. Pelunte ypaBHEHUA 3TUM CNOCOOOM.

PeweHue ®upysa
Xi-2x3-8=0

(- 4)0+2) =
xs—4 0 x§+2=0

a)xi + X-6=0
b) x*+3x* —4=0
c)x—2x%+1=0
d)x+2x%—3=0

x31—4 x%= -2
(X§)3=43 %)
=43=64
7 > B AABC BbicoTa, NpoBegeHHan 13 BEPLUUHDI B

B, aenut ctopoHy AC Ha gBe yactTM AD =5 cm

nDC=16cm.

1) O6os3Haume BD = h, sbipazume ANWHbI

ctopoH AB n BC uepes h.

2) MNpu nepumetpe AABC paBHbIM 54 cm

Hanaute h.

8 > Pbl6aK naaHMpoBaa NPON/bITb HA SI04Ke
M3 MNyHKTa A, HaxopgdAweroca B6AM3MU
BOAOXPaHUAMWA, (WKMPUHON 3 KMm) B
nyHKT C, @ 3aTem NpPOWTM NewKom [0
nyHkta B. Ha npoTtnBononoxKHoM
CTOPOHE XPaHWULLA PACCTOAHNE MEXAY
nyHktamm D m B coctasnano 7 Km.
CKropocTb pbibaka Ha nogke - 10 Km/uac,
newkom A0 NyHKTa B ero ckopocTb -

6 Km/4ac. Ha Becb nyTb 6bin noTpadeH 1 yac.

5cm D 16 cm
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E Cuctembl ypaBHEHMiA

—— ¥ YpaBHeHuA ¢ ABYMA NepemMeHHbIMU. CUCTEMbI ypaBHEHMI

Mpyvmepbl ypaBHEHWUI C ABYMSA NEPeMEHHbIMMU:

2x—3y=1 3x2— 2xy+y=0 (x—1)2+(y+2)2=16

PeweHrem ypaBHEHUA C ABYMA NepemMeHHbIMM Ha3biBAeTCA Napa 3HaAYeHUM
nepemeHHbIX (Xo; Yo), 0bpaLLatoLLas ypaBHEHME B BEPHOE PABEHCTBO.
Hanpumep, napa umncen (—2; 5), nepBoe M3 KOTOPbIX O3HAYAET 3HAYEHMe Nnepe-
MEHHOW X, @ BTOPOE - MepPeMeHHOM y, ABNAETCA pelleHMem ypaBHeHua y — x> =1
(T.K. BepHO paBeHCcTBO 5 — (—2)?= 1). Ecaum npaBas 4acTb ypaBHEHMA C ABYMSA Me-
PeMEeHHbIMW — Hy/1b, @ JIEBAsA YAaCTb - MHOTOY/1EH B CTaHAAPTHOM BUAE, TO CTEMEHb
3TOr0 MHOTOY/IEHA CYMTAETCA CTEMEHbIO BCETO YPaBHEHMA.

lpadMKoM ypaBHEHUSA C ABYMSA MEPEMEHHbIMM ABASETCA MHOXECTBO TOYEK Ha
KOOPAMHATHOM MNAOCKOCTU, KOOPAMHATbl KOTOPbIX ABAAIOTCA PeLIEeHUAMM
ypaBHeHus. Hanpumep, rpadmMKom ypaBHeHUs

y —2x= 3 aBnsetca npamasn, rpadmMKom ypasHeHua y = x> — 2x - napabona, a rpa-
bUKOM ypaBHeHUA x* +y? = 3 ABNAETCA OKPYKHOCTb.

Ecnv cTaBuTCA 334a4a HAMTM MHOXKECTBO 0OLMX PELLEHWNI ABYX MM HECKONbKUX
ypaBHeEHWI ¢ AByMA (MK bonee) NnepemMeHHbIMMU - 3HAYUT HYXKHO PeLUnTb CU-
ctemy. MNapy (xo; yo), ABAAIOLLYIOCA PELUEHMEM KAXKAOTO YPABHEHUSA CUCTEMDI,
Ha3blBAlOT pPeELIeHNEeM CUCTEMbl, @ COBOKYMHOCTb BCEX Map Ha3biBatoT
MHOECTBOM peLleHUn CUCTEMDI.

O6yuatowme 3agaHnA o

1 > MpoBepbTe, Kakan M3 Nap ABAAETCA pelleHnem ypaBHeHus x>— y+ 2 = 0.
a)x=1,y=3 b)x=-2,y=2 c)x=-2,y=6

2 > MoKaxute Ntobble TP peLeHNn ypaBHEHUA.
a)x—2y=3 b)x*+2y=1 «¢)(x-1)(y+2)=0 d)(x*+4)(y—-3)=0

3 > EcTb M pelleHne ypaBHEHNA?

a)xX*+(y—-2)=-1 b) (x—2)’+(y+3)’=0
4 > HaliguTe npounssegeHune xy ansa napsi (X; y), ya0BNE€TBOPAIOWMX YPABHEHUIO.
a)Vx—4+(y+3)2=0 b) (x+2)2+ |y —3|=0

5 > MocTpoiiTe rpadmKM ypaBHEHUN.

a)xy=6 b) x2+ y2=16 c)y=x*—2x
>
6 > ABnatotca nn: a) (—8; 6); b) (—5; 3) peweHnem cucTemsi: A

7 > Kakue 3HauyeHus a u b gns napsl (1; 2)
cmcTembl?
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v Cucrembl ypaBHEHMI4, B KOTOPbIX O4HO YypaBHEHUE NepPBOiA,
a Apyroe BTOPOi cTeneHu

PelueHMe cMcTeMbl MOXKHO OMpPeaeanTb, NOCTPOMB rpadurKkm obenx ypaBHEHNUN B
O[HOWM KOOpAMHATHOM niockocTU. OB6bIYHO pelleHne cucTeMbl rpadpryecknm
cnocobom yaobHO, KOrda Hy»HO HaWTU KONMYEeCcTBO KopHel. Konunuvectso
PEeWEeHNN CUCTEMbI YPABHEHUI MOMKET ObiTb Pas/IMYHbIM B 3aBUCMMOCTU OT
B3aMMHOTO pacnonoXeHus rpaduKka ypaBHEHUA MEPBON CTEMEHU C 2-MS
nepemeHHbIMM B BUAE NPAMON IMHUU U TpadmrKa ypaBHEHMUA BTOPOMN CTEMEHM
(napabona, runepbona, OKPYKHOCTb U T.A4.).

\ AV / AY \ AY /
2 2 2
—
L X X X
-2 0 ) -2 0 ) -1\ ] © 2

Mpamaa nepecekaem lNpamas AsnAemca Kaca- lMpamaa He umeem ¢
napabony 8 0syx meneHoU K napabosne. napabosnoli obuwux
mouyKax. Cucmema Cucmema umeem 00HO modyeK. Cucmema He
umeem 080 peweHus. peweHue. umeem peweHud.
MNpumep. Pewnte cuctemy ypaBHEHUIN rpaduyeckum y

1. =x’+x—2 A

MEeToa0M y
y=—x+1
. (=3;4

PeweHune. B ogHoM cucteme KoopamHaT NOCTpoUmM 3

> rpaduKK, COOTBETCTBYIOLLME KaXKAOMY YPaBHEHWUIO
cuctembl. MpadMKOM ypaBHEHUA Y = X% + X — 2 ABASAETCA
napabona, a rpapuKom ypaBHeHUs y = —x + 1 npamas.

Onpeaenum KoopauHaTbl TOYeK nepecevyeHus rpapu- —3 4
koB: (1; 0) u (—3; 4). NoacTtaBnB 3TU 3HAYeHUsA B
YPaBHEHUA CUCTEMbI, MOMKHO MNPOBEPUTb BEPHOCTb

pemf.H\l’/ISa'BHEHMe 2. ypaBHeHUne
neBan npasad nesan npasan
(1;0) 0=12+1-2,0=0; 0=-1+1, 0=0.
(-3;4) 4=(-32-3-2,4=4;
Ortser: (1; 0), (—3; 4) 4=—(—-3)+1=4,4=4;
2. Mpumep.

X2+ y?=13
y=x+1
PewweHue: MOCTPOUB OKPYXKHOCTb C 3a4aHHbIM YpaBHEHMEM
X2+ y?=13 nnpamyto y = x + 1 B ogHOI cucTEME KOOPAMHAT,
MOXHO YBMAETb UTO OHW NEepPeCceKaroTca B ABYX TOUKax. Map
(x; y) - KoOpAMHaTbl 3TUX TOYEK SABAAIOTCA pPeLlegmnsam
[AHHOM CUCTEMbI YPaBHEHMA.

OtBeT: [JaHHaA cuctema nmeeT 4Ba peLleHus.

\

OnpeaennTe CKOMbKO peLleHnii UMeeT cucTema {




y[1]: 3 Cuictema ypaBHEHUH
O6yualowme 3agaHus P

g8\ BHM3y 3apaHbl cucTema ypaBHeHWit W rpaduk peweHuin. OnpeaennTe
COOTBETCTBME, MUCbMEHHO W3M0KUTE MbIC/IM O KOJIMYECTBE PELUEeHUN
3a,c|,aHHoV1 CUCTEMDI.

1){" X = a)

2

y=x'+4
3
){y=x+1

b)

9 > MoCTPOMB OKPYKHOCTb M NPAMYIO B OHOM CUCTEME KOOPAMHAT, OnpeaennTe
CKO/IbKO peLleHnii UMeeT Kaxaan cMcTemMa YpaBHEHUN.
a) (x*+y*=9 b) (x*+y*=4 c) (x2+y?=25
y=4 y==x-1 y=5=0
10> PelwunTe cuctemy ypaBHeHUl rpaduryeckmm cnocobom. OnpegenmTe CKONbKO
peLleHnn MeeT KaxKaan cuMctema.

a) ([y=3-x b)(x+y=5 C){y=(X—3)2—
y=(x+3) Xy = 4 y+x=0

d){y—xzzo e) ly+3=x? f) (y=x>+8x+11
X+y=6 y—2x=0 {

11> HanuwuTe cuctemy ypaBHEHMA, COOTBETCTBYIOLLYIO KaxKgoMy rpaduKy.

A
1) i, Mpumep:
4 {y =x
e y=2x-1
L1
4 e

12> OfHO U3 ypaBHEHUW cuctembl y = x2 — 6x —1
NPAMOW, KoTopas nepecekaeT napabony 8
CUCTEMY YPABHEHWIA.
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13 > HanuwwuTe Takoe ypaBHeHWe NpaAmoM, 4tobbl
OHO COCTaBWIIO CUCTEMY C YpaBHEHUEM

KBagpaTuyHOM GYHKUMK, TpadUK KOTOPOro (

n306paxKeH Ha PUCYHKe, MPU YCNOBUU, YTO 2

CMCTEMA A0/MKHa: ]
a) UMeTb ABa peLleHns; 4 -2\O0 2 47X
b) umeTb ogHO pelueHue; A y=x2—12

C) He MeTb peLIeHUN.
14> Bonpoc OTKpbITOro TMnNa. Hanuwute cuctemy ypaBHEHWIn AN KaxKAoro
Cny4yas U npeacTaBbTe rpaduyecku. a) napabosa v ropMsoHTaNbHAA AUHUS;
b) napabona n npamas ¢ yrnosbim KosapduumeHTom k >0 .

¥' PelueHue cuctembl anre6pauquKMM nytem

CuCTeMbl ypaBHEHMI MOMKHO peLwaTb Pas/MYHbIMKU anrebpanyecknmm
MeToaamMm.

1. Cnocob noacTaHOBKU

1) U3 ypaBHeHMA NepBOi CTeneHn oAHA NepemMeHHan BblparkaeTca yepes
Apyryto.

2) MonyyeHHOE BblparkeHWe NoACTaBAAETCA B APYroe ypaBHEHME CUCTEMbI U
nony4YaeTca ypaBHEHME C OAHUM HEU3BECTHbIM.

3) PelunB 370 ypaBHEHUE, HAXOAUTCS 3HAaYEHNE HEU3BECTHOTO.

4) Mo HalAeHHOMY 3HaYeHMUI0 OAHOr0 HEW3BECTHOrO0 HAXOAUTCA Apyroe

HeusBecTHoe.
1. Mpumep. PelinTe cucTeMy ypaBHEHWUIA. {y +9=x+6x
> PeweHmue: —3x+y=-5

1) Bbipasum y yepes x U3 ypaBHeHua —3x + y = —5: y =—5+ 3x
2) MoactaBum B ypaBHeHMe y + 9 = x*> + 6x BbipaxeHue y =—5+ 3x u nony4mm:

—5+3x+9 =x2+6x; xX*+3x—4=0; (x—1)(x +4)=0; x1=1,x2=—4
3) MoacTaBuM 3HaueHus x1 = 1, x =—4 B BblparkeHne y = —5+ 3x n Hangem.
yi=—5+3-1=-2, yo»=-5+3—(-4)=-17.
4) Otsert: (1; -2), (—4; —17).

2. CNoco6 nNousieHHero CNoXKeHUa (MK BbluUTaHUA)

y=x*—8x—-5

y=—4x+7
PeweHue: y x> —8x—5

S 1)BbluTeM ©3 NepBOro YypaBHEHWUs BTOpPOE, y:—4x+ 7 6
NOAYYUM: _ Ax
2) Pewnm nonyyeHHoe ypaBHEHUE: a_
X—4x —12=0:(x—6)(x +2)=0;x1=6,x2 =2
3) MoactaBUM 3HAYEHMA X1 = 6, X2 = —2 B OAHO U3 yp@BHEH %
noayuum: yi=—4-6+7==17; yo=—4- (=2) +
4) OtBer: (6; —-17), (—2; 15)

2. MNpumep. PewwuTe cuctemy ypaBHEHUN. {

Bbine
CUCTE
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O6yualowme ynpa>kHeHms @

15> PewwnTe cucTeMbl ypaBHeHU cnocobom NOACTaHOBKM.
a) X:y+3 b) X+y:4 C) y=6—X d){y—X=4
yx ==2 y+xy=6 x2—yr=12 xy ==3
x—y=3 +x=3 3x2=4 Ix2 —4y?=32
R AR [ AR AL F bl
y2—x=3 X2+ xy=12 x+y=1 3x—2y=8

16> Pewnte cuctemy ypaBHeHui anrebpauuyeckum cnocobom. Onpegenute
KO/MIMYECTBO OOLMX TOYEK OKPYXKHOCTM M npamoi. [lposepbTe

rpadKanbKynATOPOM.
X2+y2=8 242=1 2 2 2 2 -
a){ﬁ re b){x y g {x +yr=4 d){x +y?=5
y= x+y=-1 y=x—4 y=3x+5
17> PewunTe cuctemy ypaBHeHUI cnocobom cnoxKeHua (BbluMTaHuA).
y—2x=3 y+x=3 x—y =11
3 {yx2=0 b) {yx2=1 2 {x2—4x—y=5
d) y—-x2=0 ) 2x+y-11=0 ) X2 +4y=10
2x—y+3=0 2x+5y—y’—6=0 xX—2y=-5

18> Haligute npousBegeHue Xy AAs napbl (X; y), KOTopoe yaoBieTBopseT
cuctemy. Pelwnte cuctemy ypaBHeEHU

a){x+y=2 b){x—y=3 c){x+2y=4
1,1_ 2 1 _1_ 2,1_
X+y‘ 3 X y-1,5 X+y 2

19 > HaiiauTe TouKy nepeceyeHus.

a) Munepbonbl y = % cnpamony =x—2;

b) OkpyskHocTM X2+ y2 =5 ¢ npamoit 3y + x = 5.

20> MpX KaKoM 3HaYeHUU b oaHaA M3 TOYEK NepeceyeHma Npamon y =b —x
napabonbl y = (x — 2)? Haxo4MTCA Ha OCU OpAMHaT? HaVIAMWHaH ne G )
noctpoiTe rpadmkm OyHKUMIA Ha OAHON KOOPAMHATHO noc
Onpegenute gpyryto TOUKY NepecevyeHma NpAMon 1 napabons

N
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21 > Mpn nomoLwm AUCKPUMMHAHTA onpeaesninTte Yncio pemeHMﬁ Cncremsl.

y =x>+ 3x
Mpumep.
y=-5
Mcnonb3ys y= x2 +3x 13 ypaBHeHus | B ypaBHeHMM Il npuBeaemM ero K KBagpaTHomy
YPaBHEHMIO NepBOW cTeneHn. B KBagpaTHOM ypaBHeHUM x% + 3x+ 5 =0 onpegenmm
ABNAETCA /IN AUCKPUMMUHAHT HYNEeM, MONOKUTENbHbIM WA OTPULATENbHbIM

ymcnom.
D=b>-4ac=9-20=-11<0. pnaD <0 peweHNsa CUCTEMbI HET.

y =x2+ 3x y=x>+5 y=x2-5 d y=x?
a){y:—S b){y:x+2 C){y:4x ){y:ZX—l

anKnaAHble 3a4aHuA .

Mpumep. Mpamas ¢ yrnosbiMm KoadduumneHToMm k = 2 UMeeT ¢ napabonoi

y = 2x? + 6x + 5 06LLyt0 TOUKY. HanguTe TOUKy NnepecevyeHns npsamol ¢ OCbto

opAuHaT.

PeweHue: TaK Kak k = 2, To ypaBHeHMeM npaAmon byaet y = 2x + b.

y=2x+b

y=2x>+6x+5
a b S
2x>+4x+(5-b) =0

TaK Kak, No yc/IoBMIO CUCTEMA MMEEeT OAHO pelleHue, TO AUCKPUMUHAHT

ypaBHeHusA paseH 0.

D=0;16—4-2-(5-b)=0; 16-40+8b=0; 8b=24; b=3

M3 cnctembl ypaBHEHU: { = 2x+b =2x>+6x+5

YpaBHeHue npamoit byaet: y = 2x + 3. 3HauyeHue b onpegenseT TOYKY
nepeceyeHuns Npamomn c ocobto Oy. Jpyrumum cnosamu, npu x = 0, nonyvyaem
y = 3. 3HauuT, NpaAMas nepecekaeT ocb opAnHaT B Touke (0;3).

22> a) Mpamanay=4x+b nnapabonay =—3x>— 2x + 4 He UMeOT 06LLMX TOYEK.
Kakue 3Ha4YeHMA MOXKeT NpPUHATb b?

b) Npsamas y =3x+b nnapabona y=2x?>—5x+ 3 UMeIOT 0gHY OBOLLYIO TOYKY.
HaliguTte 3HayeHune b .

23> YpaBHeHMe npamoi numeet Bua, y = kx — 5. Npn KaKom 3Ha4eHUK k 3Tta
npAmasn byaeT KacatenbHoW K napabone y =3x>+ 4x — 2?

ot

A

24> 1) Mpu KaKOM 3HaUYeHNM NapameTpa b CUCTEMa, COCTaBAEHHa
y=x2+1uny— 2x=Db, He UMeeT peLleHna?

2) MNpu Kakom Hambosbwem UeNOM 3HaYeHU y
cucTemMa ypaBHEHU He umeeT peweHnin. O ynte y
OTBeT rpadryecknm n3obparkeHnem.

\
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25> OBuxkeHne A0 momeHTa to pacKpbITMA MapalwtoTa
onpepensaetca popmynoii: h(t) = -5t + 1500,
nocsie  pacKkpbliTMA  MNapawtTa onpeaenserca
dopmynoii: h(t) = -5t + 450. 3gecnb t (cek) o3HayaeT
Bpems, h paccTosHue (B meTpax) napawroTucTa Ao
3emMau.

a) Yepes CKONbKO CEKYHJ, MapaLltoT packpblaca?
b)Ha KaKOM PpacCTOAHWMM OT 3eMJM napawioT
packpbinca?

26> Camup ygapom no ¢ytbonbHOMYy Msiyy oTBpocun ero BBepx. B aTo ke Bpems
nTMUa BblaeTena U3 rHesga ¢ 16-TM mMeTpoBOM BbiCOTbIl. [TULA B3MblNa
BEPTUKA/NbHO BBEPX CO CKOPOCTbIO 4 M/ceK. 3aBMCMMOCTb  MeXAay
pacctoaHuem h (M) maya oT NoBepPXHOCTU 3eMIN U BpemeHeM t (cek) noneTa
3agaHa popmynoi:
h(t) = 24t — 5t + 1. Yepe3 CKONbKO CEKYHA MAY U NTULLA OKAXKYTCA Ha OAHOW
BblcoTe??

v Cuctembl ypaBHEHUIA, B KOTOPbIX 063 ypaBHEHUA BTOPOI cTeneHn

KonmuecTso pelleHnit cucTeMbl YypaBHEHWA, B KOTOPbIX 06a ypaBHeHMA
BTOPOW CTENEHM MOXKHO OnpeaennTb rpadpnieckum crnocobom.

y yA
x2+y2=1 {X2+y2=1
{y=x2+2 y=x+1

Cucmema He umeem Cucmema umeem
peweHul 00HO peweHue

y A

0]
{xz +y?=1
y= X2 y= 2x2—1
Cucmema umeem Cucmema umeem

dea peweHus mpu peweHus
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27 > M306pasne cxemaTMyecku rpadukn ypaBHEHMUI, BXOAAWMX B CUCTEMbI,
onpeaennTe Kakas cuctema MMeeT A4B8a PelleHns, O4HO PeLIeHNe, He MmeeT
peLleHnn NN e nmeeT HECKOHEYHOE KOJIMYECTBO pPeLLEHU.

a) {y=x2 b){y=2x2+3 c){y=(x+4)2—1 d){y=x2+3
x+y’=4 xXX+yr=1 y=x*+8x+15 y=-x>+3

28 > PewwnTe cuctemy ypaBHeHUM rpadmnyeckum cnocobom.

a) y=X2+1 {y:(x+2)2_4 X2+y2=1 xy =3
{y+x2=9 b) y=(x—-4y-4 2 y=x-7 D Yy-x=2

29 > HanuwwTe cucTemy ypaBHEHMI, COOTBETCTBYHIOLLYIO KaxKA0MY rpaduky.

a) v b) y c) y |
(A \ / f |
\ \l | £ /
4 / ) \\\ /
\ Y / N\ \l /
4 A\o / 4 x 4 | 2|0 4 X
4 2 9 4 Tx 2 II 2 \\
30 > PelwmnTe cuctemy ypaBHeHuMI anrebpanyeckmm cnocobom.
a){)(2=xy+3 b) {x(y+1)=0 c) {xz—y=3 d) {xz—xy:Z
xy=-2 X+5xy+y=4 xX2—y?=3 yi—xy=-1

Mpumep. {x2 +y?=8
Xy =4
PeweHue. Ecnun 2-e ypaBHEHME CUCTEMbI YMHOMXKUTb Ha 2 U MPOCYMMMPOBATb
COOTBETCTBEHHO C JIEBOM M NPaBOI YacTAMMU 1-ro ypaBHEHMA TO NOAYYUM
x> +y?—2xy=8-8 nan (x—y)>=0.0tcloga x = y. Noactasus 310 BO 2-e
ypaBHeHue, nonayunm y? =4, Toraa npu yi1 =2, Y2 =—2 U X = y pelleHuns
cuctembl 6yayT (2; 2) n (—2; -2). OteeT: {(2; 2), (-2; -2)}

31> 3apaua OTKpbiTOro tuna. 3Hana, 4To Touku (—1; 2) u (2; 5) asnatorcs
pellieHnem cucTemMbl ypaBHEHU, BbINOAHUTE 3a4aHUA.
a) HanuwuTte Takylo cuctemy ypaBHeHU, 4yTobbl 04HO ypaBHeHMe 6bino
NIMHENHbIM, a Apyroe - BTOPOo cTeneHu 1, YTobbl TONbKO AaHHasA napa 6bl
6bl peleHnem CUCTEMbI.

b) HanuwwuTe cuctemy ypaBHeHWI, B KOTOpPOI 06a ypaBHEHUS Biinn
CTeneHu 1 ToNbKO AaHHan napa 6bina bbl peleHnem cucemb

c) HanuwwTe TaKkylo cucTemy ypaBHEHMUI, B KOTOpQ 063 ypas A 66ln
BTOPOI CTENeHM U BMeCTe C AaHHbIMM @apam TEMa a 6b

6eCcKoHeYHOoe Ko/IMYecTBo pELUEHMﬁ.
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PelweHue 3agay, npusoaaliee K cucteme ypaBHeHuUM

@ PeweHue 3aga4, NnpusBogALLEee K cUCTEME YPaBHEHUI

1>
2>

30

HalanTte aBy3HauyHoOe 4MCcio, eciv OHO B 4 pasa 6osblue 3HaYEeHUs CyMMbl
ero unop v B 3 pasa 6osblue 3HAYEHMA NPOU3BEAEHMA ero Uubp.

a) Cymma AByxX Ymcen, pasHOCTb KOTOPbIX paBHa 4, 60/bLLe 3HaYEeHUA UX NPO-
nsBeaeHuA Ha 5. Hanaute nckomble yncna.

b) MpousseaeHne aByx yncen 6onblie nx cymmbl Ha 24. Ecan K ogHomy
yncny npnbasuTb 3-X KPaTHOE 3HAYEHME APYrOro YMCAa, TO 3HAYEHNE CYMMb
6yget 19. Hangute MCKOMble YyMcna.

MonAHaam nmeeT ABa 6AHKOBCKMX CYETa C NPOCTbIMU NPOLEHTHbIMW CTaB-
Kamu - 4,5 % 1 6 %. Cymma Ha cyeTy co CTaBKOM 6% B Tpu pasa bosblue yem
Ha cyeTy co cTaBkoi 4,5%. Ecaun yepes rog cymma geHer Ha 060ux cyeTax co-
CTaBUT 4225 MmaHaT, TO CKONbKO AEHEr Ha KaXKaoM cYeTy?

4,5% 6%
MepBOHayanbHas cymma x y
lfopoBoi NnpupocT 0,045x 0,06y
Bcero 4225

Wccneayite Tabnanuy u HapucyiTe ee B TeTpagu. PewunTe 3agady npu no-
MOLLM CUCTEMbI YPaBHEHWI.

Yucrawee cpeactso A cogeput 25 % KMcnoTol, a unctauee cpeactso B - 50
% KncnoTbl. CKOIbKO IMTPOB KaXKA0ro CpeacTsa HyXKHO B3ATb, YTOObI Noy-
unTb 10 N yncTawero cpeacTsa ¢ 35 % cogepkaHMeM KMCNOTbI?

YKasaHue. 0603HauMm KonmuecTBo 25% -ro YMcTALLLEro cpeacTBa yepes x, a
50% -ro - yepes y, 3anuLem gaHHble B Tabauuy.

5 > Ha ¢abpuKke No Npom3BOACTBY LIENKOBOW OAEMXAbl MCNO/b3YIOTCA HUTKM

6>

25%-e 50%-e 35%-e
KonunyectBo uncTaLero cpeactsa y Xty
Konnyectso KNCNoTbl 0,25x 0,5y 0,25x+0,5y
x+y=10
PewwinB cuctemy ypaBHeHU 025x + 0.5 MOXHO MOAYYUTb
Q—I_Lx +y =0,35

TO, YTO TDE6VETCH B 3a4aue.

YKCTO LWenKosble N ¢ 85 %-bim cogeprkaHnem Lwenka. CKONbKO KMaorpam
KayKA0ro B1Aa HUTEMN HYXKHO B3ATb, YTO6bI NoNyunTb 120 Kr

Mok
€ 96%-blM COCTaBOM LLENKA?
ro gfopoH
bLWINTb 3 pa3sa!

WHrb
nanT

AnaroHanb npamoyronbHuKa - 15 cm. Ecan ogHy
Ha 6 cm, a apyryto Ha 8 cm, TO NepUMeTp y
naowaab 3a4aHHOIO NPAMOYrObHUKA.

\
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7>

8

9>

10 )

11)

12)

13>

MMNoTeHy3a NPAMOYroNbHOIo TPEYrosibHUKA paBHa 17 cm. Ecam Kaxkabii ns
KaTeToB YMEHbLUMTb Ha 3 CM, TO rMNoTeHy3a byaeTt paBHa 10 cm. HalauTe
njowanb NnepBoHa4YaIbHOro TPeyroibHMKa.

Mnowaab NPAMOYroNbHOro TPeyroibHMKa 27 cm?. ECan yBeNUYMTb ero Ka-
TeTbl Ha 1 cm, To naowaap byaer pasHa 35 cm?. HaaumTe KaTeTbl.

[Be Tpybbl, paboTana ogHOBPEMEHHO, HAaNONHAT 6akK 3a 12 muHyT. Ecan
CHa4vana nepsas Tpyba HaNOAHUT NepByto NOM0BUHY BakKa, a 3aTem BTOpas
Tpyb6a HaNo/sHWUT BTOPY NONOBMHY BaKa, TO BeCb 6aK HanonHUTCA 3a 25
MWHYT. 33 KaKoe Bpemsa HanoJHUTCA 6aK Kaxkaon Tpyboli B 0TAeNbHOCTU?

[Boe pabounx BMmecTe MOTyT BbINOJHUTb HEKOTOPYHO paboTy 3a 10 aHen.
Mocne 7 aHen coBMecTHOW paboTbl, BTOpol paboumin npopaboTas ewe 9
OHeln 3aKoHYNA paboTy. 3a CKOIbKO AHEN Kaxablii pabounii B OTAENbHOCTH
BbINOAHWUA Bbl 3Ty paboTy?

U3 gByx ropogos A u B, pacctoaHmne mexay Kotopbimm 80 Km, ogHOBpe-
MEHHO HaBCTpeYy Apyr ApYry Bblexanu ABa aBTomobunsa. MNocne Toro, Kak
OHM BCTPETUIUCL OAMH M3 aBTOMODBMNEN NpubbIAa B B yepes 20 MUHYT, a Apy-
roi B A yepes 45 mnHyT. HaliguTte ckopocTtn aBTomobunen.

LLlaraa no gBuXKyLemMycs BHU3 3CKaNaTopy, NacCcaxKmp CnycKaeTca B MeTpo
3a 24 ceKyHAbl, @ MO HeABMXKYLLEMYCA 3CKanatopy 3a 42 ceKyHabl. 3a
CKO/IbKO CEKYHZ, CNYCTUTCA NacCaXKmMp, eCin OH ByAeT CTOATb Ha ABUMKYLLEMCS
3ckasnatope?

Koraa oMH KMAorpamm YyepeLlHu cToMA 3 MaHaT, TO CNPOoC Ha Hee CoCTaBu
12 000 Kr npu Hanmumm 16 000 Kr ypoxKan Ha 6a3ape. [ocse CHUXKEHUA UeHbI
40 1,5 manata cnpoc Ha yepewHto yeeanuunnaca go 14 000 Kr npu umetrowmxca
10 000 Kr B Hann4umn. Ecnm ycnoBuTbECA, YTO MeXKAy CTOMMOCTbIO CApOca U
NPeANOKEHUSA W KOAMYECTBOM (CMPOC- CTOMMOCTb, NPEeAIoKeHNEe — CTOU-
MOCTb) CyLLECTBYET IMHEHasA 3aBUCUMOCTb, HaaWUTe KONNMYEeCTBO NPoaaHHOM
yepewHn U CTOMMOCTb 1 KMorpamma YepeLlHu U Korga Crnpoc v npeasio-
YKeHue CoBMagatoT.

YKka3aHue: O603HaubTe yepes X (Tbic. Kr) maccy ye- YA
pewHun, vepes y - CTOMMOCTb 1 Kr yepewHwu
(maHaT). 3anuwunTe 3aBUCMMOCTb (NpeanoxeHre - 4 |
CTOMMOCTb) Y4MTbIBAsi KOOPAMHATbI TOYEK. 3
(16; 3) n (10; 1,5) B "UHEMHOM YpaBHEHUN €§
y — y1= k(x — x1). AHaNOrMYHO NO KoopanHaTam Y
ToueK (12; 3) u (14; 1,5) npoBepbTe 3aBUCUMOCTb
CNPOC-CTOUMOCTb.

27,,, -
1]

pOKal (TbiC.
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O6o6walowme ynpakHeHUs

0O606watowme ynpa>kHeHUA

1>

PewwuTe ypaBHeHMe.

a)x°—x3=0 b) x* = 16x?

c)x®—x2=4(x-1)? d) 23+ 2x*= (x + 1)?

e) (x=2)(x+2)(x*+4)=25x>-16 f) (%2 + 2x)(x* + 2x + 2) =

g) x*+5x +15x+ 27 =0 h) x3 + 3x2 —16x — 48 = 0

i) 1,1 5 L x+4 3 x+25
(-1 " x-1 VN6 T xv2 T w12

Umetotcsa 20 %-1 1 10%-i pactBopbl conelt. CkonbKo rpammos 10 %-ro pac-
TBOpPa HYXHO f06aBuTb B 100 r 20%-ro pacTBopa, 4Tobbl Nony4nTb 12,5%-bii
pacteop?

PewunTte cuctembl ypaBHEHUN.

-y=5 X2 +y* =18 xX*+y*=5
1) JLX - R 3){ =2
=3x+y=-7 x—-y=0 y X
X+2y2=—6 {x2+y2=18 6 4x? —9y? =27
){x+8y 0 5) xy=9 ) 2x+3y =3
(x=4)(y-5)=0 8){(X+VX y) = g [ ¥ x+1=y
7) X2+y2=25 2X+3y 1 yz—y+1—x

M3 ABYX NYHKTOB, PacCTOSHUE MEX Y KOTOpPbIMU 18 KM, 04HOBPEMEHHO Ha-
BCTpeYy Apyr APYry BbiWAW ABE rPynnbl TYPUCTOB U BCTPETUANUCH Yepes 2
Yyaca. HailguTe cKOpOCTb KaxKaoM rpynnbl, eCAn BPeMs, NOTPaYeHHOEe Ha npe-
04 0N1eHME PACCTOAHMA MeXKAyY MYHKTamMK NepBon rpynnon, Ha 54 MUHYTbI
6onblue, Yem BTOPOIA?

OnpegenvTe COOTBETCTBUE A8 CUCTEMbI YPABHEHUNA,

X2—Xy=6 x> +xy=18 {xz—y2=16
1)JL —-xy=-2 2) JLy2+xy=18 3 x—y=2
A) Ix+y| =6 B) Ix—yl =2 C)xy =15 D) [x+y| =

MepumeTp TpeyronbHuKa paseH 24 cm. [lo X

OAHHBIM  PUCYHKa HalauTe OJ/IMHbl CTOPOH
TPeyrosbHUKa.
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7 > PewwuTe cucremy ypaBHeHMﬁ €nocobom NoYNeHHOro AoeneHuA.

a) {xy—x=2 b) {x+y:3 ) {xyz—x:9
Xy’ —xy?=8 X+ xy=12 xy?—xy =18

8 > PewnTe ypaBHeEHUA.

a)|4-x|=3 b)d—|x|=3 oll4-1Ixl]=3 d)V+2x+1=x+3

9 > B KopobKe HaxoaATca 6enblie U KpacHble Wapbl. Y1ncno 6enbix Wapos Ha 4
60/bLIe YMCNa KPACHbIX WapoB.
a) Ecnu BepoATHOCTb clyyaiHoro ussnedeHus 6enoro wapa - 0,7, CKONbKO
BCEro LIapoB B KOpobke?
b) Mocne pobasneHna B KOPOOKY OAMHAKOBOrO Ko/iMyecTsa LWapos 6enoro
M KPAcHOro LBETOB BEPOATHOCTb CAy4alHOro u3BsevyeHus besoro wapa
crtana 0,6. CKonbKO LWapoB 6bl10 406aBNEHO B KOPOOKY?

10> Onpeaenute COOTBETCTBUE /1A YPABHEHWUI.

) _x _4 A) cymma KopHeit - 1
2x-3 X .
B) cymma KopHew - 4
2) V2 —x—2=2 C) cymma KopHeit - 8
D) cymma KopHewn - —6
3)[x—2|=3
11> /3 BepLUMHbI NPAMOTO Yyra BAO/b €r0 KaTeTOB Hayas/iv O4HOBPEMEHHO ABU-
raTbCs A,8a Tena. Yepes Tpu CeKyHAbl PACCTOAHNE MEXKAY HUMM cTano 15 meT-
poB. 3Has, YTO paccToAHWe, NPONAEHHOE NEPBbLIM TEJIOM 3a 3 CEeKyHAbl,
paBHO PacCTOAHWUIO, NPOMAEHHOMY BTOPbIM TE/JIOM 3a 4 CeKyHAbl, HanauTe

CKOPOCTU 3TUX TeN.
12 > [okaxute, uto napabona y = x>+ 4 mnpamasn y — x+ 3 = 0 He NepeceKatoTcs.

13 > Y4acToK NpsiMmoyrosibHo Gopmbl UMEET ANMHY pPaBHYO 60 M U LWKMPUHY - 8
M. Ha CKONbKO MEeTPOB HYKHO YMEHbLUUTb AJNHY U LUMPUHY STOFO YYacTKa,
yTObbI NI0OLWAAb YMEHbLINAACK B 2 pa3a, a NepumeTp - Ha 44 meTpa?

14 > MpY KaKMX 3HAYEHUAX NAPAMETPA a CUCTEMA YPaBHEHUI UMEET eANMHCTBEH-
Hoe pelueHune?

y+2x=a X+y=a
d — 2:1 b
y—x ) yx=9
15> M';’,O_sfzasz CXemMaTU4eckn rpadumkM ypaBHEHUN, BXOAALLMX B CUCTE
- onpepenuTte:
X +y’=4 s

a) Mpu KaKUX NOSIOXKUTENIbHBIX 3HAYEHUAX 0 CUCTEMA UMEET 4,
b) Mpu KaKMX 3HAYEHUAX G CUCTEMA UMEET TPU P

c) UmeeT i a Kakoe-1Mbo 3HaYeHune, Npu K
peweHns?



Yro/ibHU

Bbl HayuuTecb B 3TOM pasgene:

¥ PasznnyaTb BMAbI MHOTOYrObHUKOB

Y Pewartb 334341 Ha BHYTPEHHWE U BHELIHME YI/1bl MHOTO-
Yro/IbHUKOB

Y PelwaTb 334341 Ha TEMY OMUCAHHbIE U BMUCAHHbIE OKPY K-

HOCTU B TPEYFrONbHUK

Y CBOMCTBaM BMMCAHHbIX M ONUCaHHbIX YEeTbIPEXYro/ibHNKOB
v HaxoanTb naowaab npaBuJibHbIX MHOTOYTOJ/IbHUKOB

@ MHoOroyronbHuUKu

NlomaHol IMHNEN Ha3blBaeTcA d)Mrypa, nony4yeHHaa U3 orpaHNYeHHOro Koannye-
CTBa OTPE3KOB NoCnenoBaTe/ibHO-COeANHEHHbIX ( KOHeLl, O4HOIro ABNAETCA Ha4a-
IOM ,u,pyroro). B atom C/ly4ae ABa nocsenoBate/ZibHO COeAMHEHHbBIX CMEXKHbIX
OTpe3Ka He 1eXaT Ha OAHOVI I'IpﬂMOﬁ. Ecan KoHubl JIOMaHOW IMHUK coBnagaroT
(KOHELI, nocnegHero oTpeska n Havyasio nepsoro 0Tpe3Ka), TO 10OMaHaA Ha3blBa-
eTcA 3aMKHYTOﬁ. npOCTa‘il 3aMKHYTaA IOMaHHaA Ha3biBae€TCA MHOIOYyroJibHUKOM.

MHoroyronbHuK He mHoOroyronbHuK
8 b G F A L M A F
D
N L H E |C F
C D E c
A L
M K N 0 B
ua2oHasnb, 06b-
¥ CTOpPOHbl MHOTOYTO/IbHNKA COCTOAT A Cocedtue sepuluisl
eduHsem 2 He co- — ¥37108bl€ MOYKU 30-

13 KOHEYHOTO YMCNA OTPE3KOB MPAMbIX cedyuesepwurs. G
NMHUIA. KOHLbI CTOPOH IBAIOTCA BEp-
WWMHAMKU  MHOFOYrosibHMKa. MHoro-
YyrofibHMK  obo3HayatoT  BykBamu,
YKa3blBalOLLMMW 70 BEPLLMUHDI.

O0aHHOU CMOpPOHBbI

¥ MHOrOYyrofibHUK AenuT TOUKKU COOT-
BETCTBYIOLEN MJIOCKOCTM Ha 2 4acTu:

ce0HN@ cmo-
BHYTPEHHIOIO 3aMKHYTYl0 06nactb u  MHozoyzonsH o c oMed
BHeLLHIoo HeckoHeuHyto obnacTb. uHoii

A

MHOFOVI’OJ'IbHMKVI bbiBatoT BbINyK/ible N BOTHYTbIE.
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BbINyK/bliA MHOTOYroNIbHUK BOrHyTblii MHOTOYroNIbHUK

l,»'roanMK, BCE TOYKM KOTOPOTO--.- ~ HaXOAMTCH B Pa3/MYHbIX MO-
““AeXKaT B O4HOW M3 NONYNNOCKOCTEN,-- ~ JYMNIOCKOCTAX OTHOCUTENIHO
,,,,,,,, " /....aBpasosaHHoW Ntoboii npamoin, co-" 3 NPSAMOI, NPOXOAALLEH XOTH
' [Aep)Kallei o4HYy M3 ero CTOpPOH. 6bl Uepes OAHY CTOPOHY.
OTpes3oK, coeanHALWMA Ntobble ABE TOYKW, B3ATblE BHYTPU BbIMYKI0ro

MHOIoyroJsibHMKa, N0JIHOCTbO HAaXOAUTCA BHYTPU MHOTOYTro/sibHUKa.
Yron, 06pa3OBaHHblﬁ ABymMmA CTOPOHamMM, ncxogAawmmm ms

[aHHOM BEPLLUMHbI, Ha3bIBAETCSA BHYTPEHHUM YINIOM MpU AaH-
HOW BePLUMHE BbINYK/J0r0 MHOTOYTO/bHUKA. YTo, CMEKHbIi
C BHYTPEHHUM YI/IOM MHOTOYro/ibH1Ka, Ha3blBAETCA BHELU-
HUM YIIOM MHOTOYrO/IbHUKA.

Ha pucyHke a, B, 9, 0, Y — BHyTpeHHue ymbl, o', B, ', 0, ¢
- BHELWHWE yr/ibl MHOroyroibHMKa. Cymma BHYTPEHHMUX U
BHELIHMX YIN0B (B3ATbIX MO OAHOMY BHELLUHEMY MPUY KaXKa0M BeplMHe) MHOro-
yrofibHUKa npv 1060 BeplumHe pasHa 180.°

MHOroyronibHMK Ha3blBaeTCA MPaBUJIbHbIM, €C/IN Y HEro BCe CTOPOHbI 1 BCE YI/ibl

BbiNyK/abiM  Ha3blBAeTCA  MHOrO- ! 3 BOFHYTbIi  MHOFOYTONbHMK

KOHIPY3HTHBbI.
MpaBuabHbIN HenpasuabHbIi
MHOTOYTroNIbHUK MHOTOYroNIbHUK

MHOrOYroNibHUK C N - CTOPOHAaMM Ha3bIBatOT ELLE U N - YTONbHbIM.

B COOTBETCTBMM C KOIMYECTBOM CTOPOH MHOTOYTO/IbHUKM Ha3bIBakOTCA TPEYrosb-
HbIMM, YETbIPEXYrONbHbIMU, NATUYTOAbHBIMM, LLECTUYTONbHLIMK T.4. V3 ntoboit
BEPLUMHbI BbIMYKAOTO N - Yro/ibHMKa MOXKHO NpoBecTu (n — 3) anaroHanu.

O6yuatowme 3aaaHuna

1 > Mo PWCYHKY HanuMwwuTe HasBaHWA: a) CTOPOH;

b) NATM BEPLINH HECMEXKHbIX C KaKOU-TM60 BEpLUMHOWN;

C) ABYX CMEXKHbIX CTOPOH; d) ATV gMaroHanein Gpurypsi.

2 > a) Hapwucyiite B TeTpaZu 4,Ba BbINYK/bIX U ABa BOTHYTbIX
MHOTOYro/ibHMKa.

b) HapucyiiTe B TeTpaam BbINyK/blA NATUYTONbHUK U BCe P

€ro AnaroHanu.
3 > B TeTpaZu HapucyinTe MHOTOYro/ibHUKU U UX Auaro-

Ha/M KaK NMNOKa3aHO Ha PUCYHKE. CocTaBbTe Ta61w|u,y,
NMOKa3bIBakOWYH YNC/NO CTOPOH, BO3MOXHOE 4YNC/I0
AVIaI'OHa.HEVI, npoBegeHHbIX U3 OAHOﬁ BEPLUNHbI, U
o6u.|,ee YNCNO BCEX AMaI'OHaIIEI‘;I MHOTIOyroJsibHMKa.

Ob6ocHyiiTe d)opmyny,ﬂn;—?’)—nor(a%lsaromyro KON-
YecTBO AMaroHasel B N- yroabHUKe.

4 > a) CKoNbKO guaroHanemn umeeT BbiNyK/bli B
YIONbHUK?
b) CKo/NbKO CTOPOH Y MHOTOYro/ibH#Ka € 06K



o [

5 > a) HaliauTe 4Mcno CTOPOH BbIMYKAOr0 MHOFOYrO/IbHMKA, Y KOTOPOTO YMC/0
AuaroHanei B 2 pasa 6o/iblue Yncia CTOPOH.
b) Yncno amnaroHaneii B 6 pas bonblie yncaa cTopoH. CKOIbKO AnaroHanemn
BbIXOAAT U3 OAHOM BEPLUMHbI 3TOrO BbIMYKJAOr0 MHOTOYro/bHUKa ?

UccnepoBaHue 1. 3anonHUTe HUXKeNnpuBeaeHHyo Tabanuy. Hanvwwute popmyny
ONA BbIYUCNEHNA CYMMbl BHYTPEHHMX YI/IOB MHOTFOYrO/IbHMKA C N CTOPOHAMMU.

ADOQOD

3 4 5

KonnyecTtso cTOpoOH
MHOTrOYro/sibHUKa
[unaroHanu, ncxogaiume

7 n

13 OIHOM BEPLUMHBI 0 1

Konunyectso TpeyronbHWKOB 1 2

CyMma BHYTPEHHMX YI/10B 1-18092- 1802
1802 | 3602

WUccneposanue 2. Ha ancte 6ymarm HapucymnTte BbiMyK/blii MHOTOYro/IbHMK, 3a-
KpacuB BHELHMI YroN NPU KaxK4oW BepLlIMHE, KaK MOKa3aHo Ha PUCYHKe. Bbl-
peXKbTe BHELIHME YI/bl U MPUKIENTE Ha Apyryto Bymary TaK, 4Tobbl He NPUKPbIBan
APYr Apyra BCe BepLUMHbI 6blaM B 0A4HOM TOUYKe. BbipasnTe cBOe MHEHWE O CymMme
BCEX BHELUHWX YI/0B.

360°

v' CymMa BHYTPEHHUX U BHELUHMWX YINI0B BbINYKA0ro MHOTFOYroNbHUKa
Teopema 1. Cymma BHYTPEHHMUX YIAOB BbIMYK/I0r0 N - YrofbHWUKa (N = 3)
paBHa 1802 (n—2).

[okasatenbcTtBo: Teopema BepHa npu n = 3. PaccmoTtpum cayyaii n > 3, u3
OZLHOW BEPLUMHbBI N — YTOJIbHUKA MOXHO NPOBECTM AMaroHaaAn B KOJIMYECTBE N
— 3. 9TK AMaroHann AenaT ero Ha TPeyroabHUKM B Koandectee n — 2. Cymma
BHYTPEHHMX YI10B MHOTOYrO/IbHUKA paBHa CyMMe Y108 TpeyroabHuKkos. Nc-
X04A U3 TOro, YTO CYMMa YI/I0B KaXKA0ro TpeyrosibHuKa 180°, cymma BHYTpeH-
HUX YI/1I0B MHOroyrosbHMKa byaet 180°:(n — 2).

Cnepcreue: Kaxapili BHYTPEHHUI Yro NPaBUIbHOIO N - YTO/IbHUKA paBeH “ 5
180°(n —2) &

Teopema 2. Cymma BHELUHUX YINOB gbll‘IyK.HOFO MHOTOYroNIbHUK Ha

CyMma BHELUHWX YI/I0B = CYMMa Pa3BEPHYTbIX YI/10B - CYMMa BHYJPEHHM 0B

1802-n —1809(n — 2) = 180%n — 180%n + 3602 = 3602

Cnepacteue 2. Kaxapbli BHELWHWIA Yroa NpaBuib n- yro/GHnKa paBeH .

\

3602




MHOroyronbHUKM 121

Mpumep. BHeLWHWI yron npaBmMabHOrO MHOTOYrobHMKaA - 60°.

HalguTe: a) rpagycHyto BEAUYMHY BHYTPEHHETO YI/1a MHOTOYrO/IbHUKA;

b) KoNMYeCTBO CTOPOH MHOTOYrONIbHUKA.

PeweHue: a) BHyTp. yron + BHewH. yron = 180°; BHyTp. yron = 180° — 60° = 120°

360° _ g0 _ 360° _
b) 359 =60 n= gy =6
O6yuatowme 3agaHun o

6 > Mo PUCYHKY HaAMTE CYMMY BHYTPEHHMX YI/IOB KaXKA0ro MHOIOYro/ibHUKa.

ESESED

7 > 1) Cymma BHYTPEHHMX Y108 BbIMYK/I0ro MHOroyrosibH1Ka pasHa 1800°. Haii-
AMTe CKONMbKO: a) CTOPOH; b) AnaroHanein nmeeT MHOrOYro/ibHUK.

2) HaiiauTe rpasycHble mepbl BHYTPEHHMX Y BHELWHWX YI/I0B NPaBUIbHOTO:
a) WwecTnyronbHuKa, b) aecatmyronbHuKa.

3) Cymma BHYTPEHHUX YI/10B NPaBUIbHONO MHOrOYrosibH1Ka pasHa 1080°.
HanpguTe rpasycHble Mepbl KaXKA0ro BHYTPEHHErO M BHELWHErO Yra MHOTO-
YrO/IbHUKA.

8 > HalguTe rpagycHble Mepbl BHYTPEHHUX U BHELLIHUX YI/IOB NPABU/IbHOTO MHO-
royrosicHMUKa € YNCAOM CTOPOH N =8; n=9; n=12; n =15.

9 > BbINyK/bIi MHOFOYrONbHWK MMeeT 27 auaroHanei. Hanaure cymmy BHyTpeH-
HWX YIJI0B 3TOTO MHOTOYTO/IbHUKA.

10 > BHeLWHNIM yron npaBuIbHOrO MHOTOYro/IbHWKa coCTaBnseT 25% BHyTpeHHero
yrna. HanguTe 4ncno cTopoH MHOFOYrofibHUKa.

11 > Haiaute HeM3BECTHbIN YroN MHOTOYro/IbHUKa.

12> BHYTpeHHMe yrabl BbINYKAOrO NATUYrO/bHUKA, PaBH
HaiguTe rpagycHyto mepy naToro yrna. P




13 > BHYTpeHHMe yrbl BbINYKAOro WecTUyronbHMKa pasHbl 90°, 110°, 120°, 124°
1 116°. Haiiaute HeM3BeCTHbI BHYTPEHHWUIA YrOA Y BHELWHWUIA YroA Npu TOM

e BeplnHe WwecCTnyrosibHuKa.

14 > Mo paHHOMY BHELHEMY Yy HaWAWUTe YUCAO CTOPOH NPABUABHOTO MHOTO-
YyronbHuKa. 1) 72° 2) 40° 3) 36° 4) 30°
15 > Mo AaHHOMY BHYTPEHHEMY YI/ly HaNAMUTE YMC/IO CTOPOH MPaBUIbHOMO MHO-

royronbHuka. 1) 120°  2) 150°

16> a) Ha pucyHke un3obparkeH BuA
KpbiWwu goma crnepeau. Mo oTme-
YEHHbIM 3HaKam HanuwuTe rpa-
[AYCHble Mepbl KaxkAoro 13 yrios.

C

B D
A E

17 > a) Ha pucyHke nsobpaskeH
BMA NanaTku cnepeau. Haii-
AWTe rpagycHble mepbl He-

b)
rpafycHble Mepbl KOTOPbIX YKa3aHbl Ha pu-
CYHKe, COCTOAT M3 MoC/aefoBaTe/lbHOCTU
KOHIPY3HTHbIX Yr10B. BOCNoAb30BaBLUMUCH

3) 140° 4) 160°

b) Ha 3Hake STOP, umetoLero sug npa-
BM/IbHOTO BOCbMMWYrO/IbHUKA, W306-

parkeH TpeyronbHuk MNR . Tlo
CTOPOHAM 3TOro TpeyrosbHWKa onpeae-
nuTe ero Bug, N

M R

BHYTpEHHME YrAbl MHOMOYrosbHMKa,

M3BECTHDIX YI/I0B. BHELUHUMM YIIaMMU MHOTOYTOIbHUKA, Hall-

ANTe YNCI0 ero CTOpPOH.

163°
125°

18 > B npaBW/IbHOM MHOrFOYronbHMKe Cymma BHYTpPEeHHUX yrioB B 11pa3
60nblle cyMMbl BHELHMX YI10B. CKOMIbKO CTOPOH Y MHOTOYTO/IbHUKA?

19 > HanguTte rpagycHyt0 mepy BHELWHEro M BHYTPEHHEro yraa npaBuUabHOIO
MHoroyronbHuKa npu n = 10; n = 30; n = 50 . Ha pucyHKe n3obparkeHbl rpa-

OUKM OYHKUNI:

filn) = 28N =388, (o) -

3602

I'Ipe,u,CTaBbTe N3MeHeHUA BHYTPEHHUX U BHELWWHUX YyIr/10B NpPaBU/IbHOToO MHO-
royronibHuMKa C ysesimtdyeHmnem 3Ha4vyeHua n.

180°n — 360°
filn) = SIS

filn)

120 >
90
60

30
oL

345678n

faln) = 36




BnucaHHble U oNUCaHHble MHOIOYro/ibHUKMU m

@ BnucaHHble N onUcaHHble MHOroyrosibHUKu

OI'IPEAGI'IEHME 1. MHOFOYFOﬂbHMK Ha3blBaeTCcA BMMMCAaHHbIM B B
OKPY*KHOCTb, €C/IM BCE €ro BepLUMHbI NeXaT Ha OKPYKHOCTH, a \
OKPYXHOCTb Ha3blBaeTCA ONUCAHHOW OKOIO MHOTOYro/IbHMKa. Ha C
Sy
E
H

pucyHKe TpeyronbHUK AABC BNMCAH B OKPYXHOCTb.

OnpepeneHne 2. MHOroyrofibHMK Ha3blBAaeTCA OMWUCAHHbIM
OKOJ10 OKPYXKHOCTW, €CNK BCe ero CTOPOHbI KacatoTCA OKPYXKHO-
CTWU, @ OKPY)KHOCTb Ha3bIBAETCA BMMCAHHOW B MHOTOYTONbHMK.
Ha pucyHke yeTblipexyronbHUK DEFH onmncaH oKo10 OKpyXXHOCTH.

v/ BnucaHHble M onUcaHHble TPeyrobHUKKU

Teopema 1. B nto6oi TpeyrofbHUK MOXKHO BNUCATb OKPYK-
HOCTb. LLleHTpOM 3TOWM OKPYKHOCTM ByaeT ToUKa nepecevyeHuUs
GUCCEKTPUC YINOB TPEYroNbHUKA.

Teopema 2. OKono noboro TpeyrosibHMKa MOXHO OMNucaTb
OKPY»KHOCTb. LIeHTpOM 3TOI OKPY»XKHOCTU DyZeT TouKa nepeceye-

HUA cepeanHHbIX NePNeHAMKYNAPOB K CTOPOHAM TPEYTrONbHUKA. v
Teopema 3. Ecnv B OKPY)KHOCTb BNMCAH NPAMOYFO/IbHbIN Tpe-

YrONbHUK, TO TMMOTEHY3a ABAAETCA AMaMETPOM 3TON OKPYsKHO- A

cTu.

O6partHan Teopema. Ecnm cTOpoHa TpeyroibHWKa, BMIMCAHHOMO

B OKPY}XHOCTb, ABAAETCA AMAaMETPOM, TO 3TOT TPEYIO/IbHUK - Npsi- B
C

MOYTO/IbHbIMN.

[okasatenbcTBo 1-i Teopembl (TekcToBoe). MpoBegem
nepneHaukynapbl OT1, OT2 , OT3 K cTtopoHam 13 Toukn O,
ABnsoLWencs nepeceyeHnem buccektpuc ZA n /B Tpe-
yronbHuka AABC. Ucxopaa u3 TOro, Yto npomssonbHaa 7 .
TOYKa, B3ATaA Ha BUCCEKTPUCE, HAXOANUTCA Ha OAMHAKO- A T,

BOM PACCTOAHUM OT CTOPOH yrna, noaydmum OT1 = OT2 n OT2= OT3. Touka O Ha-
XxoamuTcs U Ha Buccektpuce yrna £ C (nodemy?). Hapucyem oKpyHOCTb C LLEHTPOM
B Touke O n paguycom r = OT1. Tak KaK CTOPOHbI TpeyronbHMUKa NepneHanKy-
napHbl pagmnycam OT1, OT2, OT3, 1o B Toukax T1, T2,T3 OHKM KacatoTCA OKPYHKHO-
CTU. 3HAYUT, 3TA OKPYKHOCTb ABNSAETCA BNUCAHHOMN B TPEYrONbHUK.
[oKa3saTenbcTBO 2-i1 Teopembl. Yepes cepenHbl CTO- B

poH AB 1 AC TpeyronbHnka ABC nposezem nepneHgu-
Ky/1Apbl M TOYKY MX NepecedyeHmsa 0603Haumum byksoi O.
Mo CBOICTBY CepeAMHHOrO NepneHaAnKyapa K oTpesky: A
OA = 0B = OC. Tak kak AAOC paBHObeapeHHbI, TO TOUKA
O HaxoguTCcA N Ha cepefMHHOM nepneHanKynape Cro-
poHbl AC. OKpY»XHOCTb C LeHTpOM B TouKke O n paany-
com R = AO, npoigsa 4yepes Bce Tpu Be bl
TpeyronbHWKa, byaeT onncaHHOM OKOJ10 Hero.




m BnucaHHble U onNUCcaHHble MHOIOYro/ibHUKHU

3ameuyaHue: OKONO AaHHOro TPEYrosibHMKa MOXHO ONMUCaTb TOJIbKO OAHY
OKPYX*HOCTb. B AaHHYH OKPYXXHOCTb MOXHO BNMUCaTb H6eckoHeyHoe Konunye-
CTBO TpeyrosibHMKOB.

Obyualowme 3agaHun o

1 > Touka M-LeHTp BNMCaHHOM OKpYHOCTW. Z MBA =342, &
ZMCB =262, MA = 15. Haligute: a) ZMAC; b) MF.

2 > BnnwmnTe B OKPYKHOCTb TPEYrosbHUK. [10 pacnonoxeHuto
LLEHTPA OKPYKHOCTU - BHYTPU TPEYroNbHWKa, BHE TPEYroib-
HWKa UM Ha CTOPOHE TPeYrosibHUKa - oNpeaenunTe BuA Tpe-
Yro/IbHUKa.
a) OCTPOYro/ibHbIM TPEYroNbHUK b) MpsamoyronbHbI TpeyronbHMK
c) TynoyronbHbI TPeYronbHUK

3 > HaiguTe rpagycHble mepbl yrioB, 0603HaYeHHbIX NepemeHHbIMK A1 Tpe-
Yro/ibHWMKa, BMMCAHHOTO B OKPYXKHOCTb. TouKa O ABAAETCA LEHTPOM OKPYIK-

HOCTW.
A
a) < b)
>
C
B
A

4 > OnviHa megmnaHbl AM TpeyronbHuka AABC, BnncaHHOro B

OKPY*KHOCTb paBHa 10 cm. HaliguTe niowanb Tpeyrosib-

HMKa ABC, ech AB =12 cm, M - LLEHTP OKPYXHOCTW. B C
5 > NccnepyinTe waryM nocTpoeHMa OKPYKHOCTU B TpeyronbHuKe. MocTpoiite B

TeTpaau.

LWar 1 LWar 2 LWar 3
B B B
4‘ I
AL S A |R C A L |R
HauepTtute  TpeyronbHuk M3 ToukmM O HauepTUTE K CTO- OcTpbliit H’HGHH
ABC 1 ero gge 6uccekTpucbl. poHe nepneHAUKYNAp W Ky pacno. Te H
0603HaybTe MX TOUKy nepe- 0603HaybTe TOYKy nepe- O v HayepT
ceyeHua byksoii O. ceyeHun cTOpoHbl bykBoM R. ¢ paauyicom O
LieHTp BNUCaHHOW B TPEYroNIbHUK OKPYXKHOCTU HAaXOAMTCA B T
6uccekTpuc.




BnucaHHble M ONUCAHHbIE MHOTOYro/IbHUKMU m

6 > OKpY}XHOCTb, BN1CaHHaA B paBHObeAPEHHbIN TPeyrosbHUK, TOYKOW Kaca-
HUA OennT 6OKOBYIO CTOPOHY Ha OTPe3KM paBHble 3 cm u 4 cm. HalauTe ne-
pUMeTp TpeyrosibHMKa. CKONbKO pelleHnin umeeT 3agaya?

B
BnucaHHas OKPYXHOCTb KacaeTcsa CTOPOH TPeyrosb-
7 > HuKa AABC B Toukax P, Q u R.
a) Mo pUCYHKY Ha30BUTE KOHTPYIHTHbIE OTPE3KMU.
b) Ecam AB=10 cm, BC=12 cm, AC=8 cm ,Hangute P
annHbl otpeskos AP, PB, BQ, QC, AR, RC.

Q
c) Nyctb AB = ¢, BC = a, AC = b. Bbipasute otpesku AP, A R C
BP, CR uepe3 nepemeHHble a, b, C.

8 > a) [loKaxnTe, 4TO LEHTPbI OMMUCAHHBIX U BIMCAHHbIX OKPYXKHOCTEN PaBHO-
CTOPOHHEro TpeyrosbHMKa Haxo4ATCA B TOUKe nepeceveHna meguaH. Mo-
Ka)kute cnpasea/imBocTb dopmyn: R==h u r=—h
3pecb R- pagnyc onMcaHHOM OKPYKHOCTY, 3
r - pagMyc BNMCAHHOMN OKPYKHOCTU, h - BbICOTA TPeyrosb-
HUKa.

b) HanguTe pagnycbl BNINCAHHOW Y ONUCAHHOMN OKPYXHKHO-
CTel OKOM0 PAaBHOCTOPOHHETO TPeyroabHWKa C NepumeT-
pOM paBHbIM 9 cm.

9 > a) Monb3ysacb PUCYHKOM MOKaXKMTe cnpaBeaMBocTb Gop-
MyAbl = %b—c ONA paanyca OKPYKHOCTU BMK-
CaHHOM B NPAMOYTO/IbHbI TPEYroNbHUK.

b) B npsaMoyronbHbIN TPEYro/ibHUK C KaTeTamu 6 1 8 Bnu-

CaHa OKPYKHOCTb M OKO/0 HEro OnMcaHa OKPYXKHOCTb.
Haingute ux paguycsi.

10> 1) Haliaute pagnyc OKpPY»KHOCTM, BMMCAHHOM B paB-
HobeApeHHbI TPeYroibHUK CO CTOPOHaMM
AB=BC=10, AC=12, N0 HMKXenpMBEeAEHHbIM LUAram: A
e OBOCHYITE, YTO IMHUA U3 LLEHTPA OKPYKHOCTK,
npoBeAeHHasA K OCHOBAHMIO, HAXOANTCA Ha BbICOTE
BM.

A

« HaitauTte BbicoTy BM. M ¢
o O603HaubTe LEHTP OKPYKHOCTM Yepes O, TOUKY KacaHMA CO CTOPOHOM B
—T, pagnyc OKPY>KHOCTHU - T.

e 0B60OCHYITE KOHTPYIHTHOCTb TPeyronbH1Kos ABMC ~ ABM{

e Micnonb3yiTe AaHHble, 3anNncaB OTHOLLEHWE PABEHCTB34CO0 CTBY
LLINX CTOPOH.
2) Haligute pagmyc OKpY*KHOCTW, BMMCAHHOIB paB pEeHHbI e
yronbHuUK AABC co ctopoHamn AB=BC=13, A

\




m BnucaHHble U ONUCaHHble MHOTOYro/IbHUKMU

11 > a) MNoKaxknTe cnpaBeaIMBOCTb GOPMYJIbl HAXOXKAEHUS
paaunyca OKPYKHOCTU, BMUCAHHOWN B TPEYTo/IbHUK:
2S
a+b+c
(S - nnowaapb TpeyronbHUKa, a, b, ¢ - €ro CTOPOHbI).

YKaszaHue: BbipasuTe Sansc Yepes Saaoc, Sanos, Sasoc. A b C

b) HaguTe pagunyc oKpyKHOCTU, BNIMCAHHOW B TPEYIO/IbHUK CO CTOPOHaMMU
6; 25; 29.

OTHOLUEHME CTOPOHbI TPEYro/IbHMKA, BMUMCAHHOIO B OKPYXHOCTb, K cmaHycy
NPOTUBOMOMIOMXKHOTO YI/1a PaBeH AMamMeTpy 3TOM OKpy>KHocTM: d = o

sin o
12 > a) B cnyyae HaxoXAeHUA LLeHTPa OKPYXKHOCTU BHYTPU C
TPeyronbHWKa PaccCMOTpUTE AaHHble A0Ka3aTenbCTsa,
obcyanTe M 3anuwwnTe B TeTpaaM. s a
D e B
JAokasarenbcrtBo: HauepTtute gauametp BD mn xopay DC. 4. 0o
MpepnoxxeHue O6ocHOBaHue A

1. ZBAC =, BC=qg,BD=d |1.3apaHo

2. MNpuneratowme K 04HON Ayre 1 BNMUCAH-
Hble B OKPYKHOCTb YI/1bl KOHTPY3HTHbI.

2. /BDC= /BAC

3. Yron NnpoTMBOAEKALMI K AMaMETPY

3. £BCD =90° !
Y BMWCAHHbIN B OKPYXKHOCTb ABAAETCA
; _ BC NPAMbIM
4.sinZBDC = g5 4. Onpegenenve sin octporo yra ABDC
5.sino=-9 4=49 5. YnpouweHune

a
d’ d sina
13> BokoBas cTopoHa paBHobeapeHHOro TpeyronbHWKa pasHa 10 cm. Yron, 06-

pa3oBaHHbI HBOKOBbIMK cTOpoHamu, 120°. HainguTe paguyc OKPY»KHOCTH,
OMMCAHHOM OKOJ/I0 3TOrO TPEeYroabHUKa.

14> a) MNoKaxKnTe cnpaBeaMBOCTb GOPMY/Ibl PAZNYCa OKPY K-
HOCTM, ONUCAHHOM OKOJIO TPEYroNIbHMKA:

R = abc S -nnowasb TPeYronbHUKa, A C
4S5 a,b,c - ero cTOpoHbl.
PeweHwe: Mo dopmyne naowaam TpeyronbHUKa S = lb. c-sina
.4 _ _a _ _abc _ _abc
2 2sina 2-b-c-sina 4s . o
Yyumei- a 3HameHamerno U Yuc- Yyumesigaemcs yna
oan, umo @~ Sina 1umen 0pobu ymHo-  nousadu fhpey2Oglura
waromcsa Ha (b - c)
b) HanguTe pagunyc okpyXHOCTWU, BAMCAaHHOWMB, Tpeyr MK CO C Ha
10; 10; 12.

\



BnucaHHble U ONUCaHHble MHOIOYro/ibHUKMU 127

15 > a) Hainamte pagunycbl OKpyKHOCTEN BNMCAHHOM U ONMMCAaHHOW OKOJI0 TPEYTo/b-
HUKa co ctopoHamu 13 cm, 14 cm m 15 cm.
b) HaliguTe paguycbl OKpY*KHOCTEN BMMCAHHOW M OMMCAaHHOW OKO/I0 PaBHO-
6enpeHHOro Tpeyro/ibHUKA, B KOTOPOM BbICOTA, ONYLLEHHAA K OCHOBAaHUIO
paBHa 20 cM, @ OTHOLLEHME OCHOBaHMA K HOKOBOI CTOPOHE paBHO 4 : 3.

CBoiACTBO YyeTbipexyrosibHMKoB, BMUCAHHbIX
B OKPY>XHOCTb U ONMUCAHHbIX OKOJ10 Hee

B oTninuune oT TpeyronbHUKOB, He BO BCAKWUM YEeTbIPEXYrOJIbHUK
MOXHO BMUCaTb UM ONNCATb BOKPYI HEFTO OKPYXXHOCTb.

P~
Teopema 4. B 1t060M OMMCAaHHOM YETbIPEXYFObHUKE CYMMbI \
NPOTUBOMO/IOMHbIX CTOPOH PaBHbI:
AB +CD=BC+AD L ‘
O6patHas Teopema. ECIM CymMbl TPOTUBONONOXKHBIX cTO- A
B
O

D
§

o

POH YeTbIpexyro/ibH1Ka PaBHbl, TO B 3TOT YETbIPEXYFO/IbHUK
MOYKHO BNUCATb OKPYXKHOCTb.

Teopema 5. Cymma ABYX NPOTUBOMONOXKHbBIX YI/I0B YeTblpex-
YrONbHWUKA, BNUCAHHOTO B OKPYXHOCTb, paBHa 180°.
ZA+/C=180° /B+Z£D=180°

O6partHasa Teopema. Ecim cymma nNpoTMBOMOOXKHbIX YI/10B A ~
yeTblpexyrosibH1Ka paBHa 180°, ToO OKO/IO 3TOro YeTbipex- D
YrO/IbHMKa MOKHO OMMCaTb OKPYKHOCTb.

7

yyC

N

7

[okasatenbctso Teopembl 4: MycTb Toukn K, L, M, N ByayT Toukamu Kaca-
HWA CTOPOH YeTblipexyrosbHMKa. Mo CBOMCTBY KacaTeNbHbIX, MPOBEAEHHbIX

N3 AAHHOM TOYKM K OKPYIKHOCTH, B L_¢C
AK = AN, BK = BL, CM = CL, DM = DN. \i
Ecnn cnouTb noyneHHo 3Tn PaBeHCTBaA, NONYHYNM! K
D
N
A

AK+BK+CM+DM=AN+BL+CL+DN
mnn e AB + CD =BC+ AD.

O6yyalowme 3agaHuA o

16 > 3aBepLunTe 4OKA3ATEIbCTBO TEOpPEMDbI 5: 5 c
MpennoxeHue Ob6ocHoBaHue
_~-BcD - =DAB 5
1. ZA= > > 2 Lo X
2. /A+sCc= —BED* ;DAB 2. MoYNeHHOe CoXKeHUe
3600 \

3. ZA+/ZC= -, = 180¢ K J U UUUUP

17 > CymMma NpoTUBOMONOMKHbBIX CTOPOH YeTbIpexyraabHu CaHHO ono

Kd;
OKPY!KHOCTM, paBHa 12 cm. HaiauTe nepmme bIpPexyr@bHMKa.
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18 > JONnHbI Tpex CTOPOH ONMUCAaHHOIO YeTblpexyrosibHMKa 4 cm, 6 cm, 7 cm. Hain-
AmMTe NepUMETP 3TOro YeTblpexyroNibHUKa. iccneayiite BO3MOXKHbIe Bapu-
aHTbI.

19 > HaiauTe rpagycHble Mepbl HEM3BECTHbIX YI/10B YETbIPEXYro/IbHUKA, BNUCaH-
HOrO B OKPY*KHOCTb.

b) Xo yoL

eN

1 []

20 > a) [lokaxuTe, 4TO BNUCaHHaA Tpaneuna pasHobeapeHHas.
b) MokaxuTte, 4To cpeaHAA NMHUA TPaneLmm, ONMCaHHON OKOMO OKPYXKHO-
CTW, paBHa BOKOBOW CTOpPOHeE.

c) Hapucyiite napannenorpammbl, BMCaHHbINA U OMMUCAHHbIN OKOMI0 OKPYXK-
HOCTM. B KaKom c/lyyae 370 BO3MOXKHO? Onpeaenunte Bua napanienorpamma.

21> Mo AaHHbIM PUCYHKaM HaNgMTe NEPUMETP U NAOLWAAb ONUCAHHOW Tpane-
Luu.

b) B C

Zl—‘

M

A D

22 > a) MokaxuTe cnpaBegIMBOCTb GOPMY/Ibl HAXOXKAEHUA pagnyca
OKPYKHOCTW, BMMCAHHOW B YETbIPEXYTONIbHUK: [ =
(S - nnouwaab YeTbipexyronbHuka, P - ero nepumerp)
YKa3saHue: BoipasuTe Sasco = Saaos + Sasoc + Sacop + Saaop.
b) OKoM0 OKPYXKHOCTM paguyca 5 cm onmncaH YeTblPeXyrosbHUK,
CYMMa [JIMH NPOTMBOMNOIOXHbIX CTOPOH KOoToporo, 26 cm. Hait-
AMTe NNoLWaab YeTbipexyroabHMKa.

23 > Haingute gavHy OKPY*KHOCTW, BNMCAHHOM B TPaneumio ¢ OCHOBaHUAMU
6 cm 1 1 cm 1 BOKOBOM CTOPOHOI 4 cM.

B ——~C

24> Hanaute paamyc oKpy»KHOCTU 1 NAOLWAAb TPane-
umn ABCD, BNMCAHHOM B OKPYMKHOCTb C LLIEHTPOM A
B Touke O, echu BC =6 cm, ZCBD =30° n AD -
anametp.

25> Hangute gnameTtp OKpPYKHOCTU, BMMCAHHO
HbIMW 6 CM U 8 CM.
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MpaKTuyeckoe 3aaaHue.

1. HapucyiTe kBagpat ABCD B TeTpaau u o603HaubTe
TOYKY nepeceyeHns guaroHanen yepes O.
2.HapucyinTte OKpy»KHOCTb, NPOXOAALLYIO Yepes Bep-
WIMHbI KBaZpaTa, YCTAaHOBMB KOHUMK LIMPKY/IA B TOUKe
O. Bbipasute pap,myc R) 3TOI OKPY}KHOCTM Yepes cTo-
POHY KBagpaTa (a) : \/

3. HapucyiiTe OKpY»KHOCTb, KaCaloLLLytOCA CTOPOH KBaj-
paTa, yCTaHOBMB KOHYMK LMpPKyna B Touke O. BbipasuTe

pagmyc 3TOM OKPYKHOCTU Yepes CTOPOHY KBaapara: r —‘27

UccnepoBaHue. TouKka nepecevyeHma aMaroHanen KBagpaTta ABAAETCA LEHTPOM
KaK BMMUCAaHHOM TaK M ONMUCAHHOMN OKPYHKHOCTU. MOXKHO 1M HAYEPTUTb OKPYK-
HOCTb, ONMMCAHHYH WU BMUCAHHYIO B NPABUAbHbIA MHOTOYTONbHUK?

— v BnucaHHble U onNUcaHHble NPaBU/ibHble MHOTOYro/IbHUKMU

B nto6011 NpaBMAbHbIN MHOTOYFO/IbHUK MOXHO BMMUCATb U ONUCATb OKPYXKHOCTD.
LleHTpbl 3TUX OKPY*KHOCTENM cCOBNaAyT. BUcCeKTpMChI yI10B NPaBUbHOTO N-yro/b-
HWKa nepecekatoTcs B Touke O M 06pasytoT paBHOOeAPEHHbIE TPEYTONbHUKM,
KOHTFPY3HTHble, NOKasaHHOMY Ha pucyHke AAOB (no
npusHaky YCY). Hapucyem okpy»HocTb paguycom OA
C LeHTpoM B TouKe O. 3Ta OKpPYXKHOCTb, NponaA Yepes
BCE BEPLWMWHbI, ByAeT OMUCAHHOM OKPYKHOCTbt. A
OKPYXHOCTb € pagnycom OH, Kacasacb BCEX CTOPOH MHO-
royrosibHuKa, 6yaeT BNIMCAHHOM OKPYKHOCTbIO.

R- paanyc OKpyKHOCTW, OMMCAHHOW OKOJI0 MPABU/ILHOTO N-YrO/IbHUKA,
r-paamyc BMMCAHHOW OKPYKHOCTU, 0-CTOPOHA NPaBUIbHOMO N-YroNbHUKa,

360°

ZAOB = - LLeHTPasbHbIM yron

_ 180°
= no onpeaeneHnto cn-
n

MNockonbky OA=R,OH=r, AH =

Hyca, TaHreHca octporo yrna 8 AAOH nonyunm:

(o]
A S T
AH _ 2 . 180° ___a 180°
n
a r
AH _ 2 _. 180° -__a
oH T r TN T 2tan —18,,00
a
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Obyualowme 3agaHua o

26> Hangute paguycbl BAMCAHHON M OMMUCAHHOM OKPYXHOCTEN CO CTOPOHOM a
OKOJ10 NPaBU/IbHOIO: a) TPEYro/IbHWNKA; b) YeTbIpexyro/ibHW1Ka; ¢) LWecTUyronb-

HUKa (4N8 peleHus NyHKTa a) n3obparkeH COOTBETCTBYIOLMIA PUCYHOK).
B

YKasaHue. Touka O byayum ToUKoi nepeceyeHms BUCCEKTPUC 3a4aHHOTO MHO-

royrosibHMKa B paBeHCTBax

. __AH __AH
sinZAOH __OA ,tanZAOH = oH

3anuwute AH = %,

AO =R, OH =r, yutute rpagycHyto mepy yrna ZAOH u Bbipasute r u R
Yyepes a 13 NoyYeHHbIX COOTHOLLEHUIA.

27> a) HanauTe pagmycbl OKPY>KHOCTEN, BMUCAHHOM U ONMUCAHHON OKOMO npa-
BWUJIbHOTO TPEYrOJIbHUKA CO CTOPOHOM 6 CM.
b) Paguyc oKpy>KHOCTU, BNIMCAHHOM B MPaBU/bHbIN TPEYroibHUK - 9 cm. Hait-
AMTe CTOPOHY 3TOr0 TpeyrosibHMKa U paguyc ONUCAHHOMN OKPYHKHOCTU.

28 > a) HaliguTe pagumycbl OKpYKHOCTEN, BNMCAaHHOM M ONMCAHHOW B KBagpaT Co
CTOPOHOM 8 cM.
b) Pagnyc oKpy»XHOCTW, BMIMCAaHHOW B KBagpar, - 5 cm. HaliauTe cTopoHy
KBagpaTa v paanyc OnNmMcaHHOMN OKPYKHOCTMU.

29 > a) Haigute paanycbl OKpyKHOCTEMN, BIMCAHHOM M ONMCAHHOM OKO/IO LLEeCTU-
Yro/IbHUKA CO CTOPOHOW 6 CM.
b) Pagnyc OKpyXHOCTW, BMIMCAHHOW B KBagpar, - 3 cm. HaliguTe cTopoHy
LIECTUYTONIbHUKA U PaZMyC ONUCAHHOM OKPYKHOCTY.

30> a) Ha pucyHKe nokaxute, 4To 6onblas gMaroHanb npasnzgioro

ecT
Yro/ibHMKa ABAAETCA AMAaMETPOM OMUCAHHOW OKPYKHOCTU. PezyibTa
WMTE ANA NPABUABHOTO 2N - YTroNbHUKA.
b) Haltgute nepMmeTp NpaBuAbHOrO LWECTUYTONbHIAKA, BNWCAHH OKPYBK-

HOCTb paaunyca R. BoipasuTte a4NunHbI 6onbluelidgaMeHb MaroH 3TOT

LecTuyrosibHuKa yepes R.
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31>

32>
33>

34 >

35 >

36 >

[nvHa 6onblIol gMaroHanu NpaBuUIbHOTO WECTUYTONIbHUKA - 6 CM.
HanguTe:

a) CTOPOHY;

b) MmaneHbKyo AMaroHanb;

C) pagunyc BNMCaHHOM U ONUCAHHOW OKPYMKHOCTEN.

B KBagpaT CTOPOHOM 6 CM BNCaHa OKPY}KHOCTb. HaitanTe CTOPOHY npasuib-
HOrO TPEYrosbHMKA, BIMUCAaHHOTO B OKPYXHOCTb.

Pa3HOCTb paanycoB OnNMCaHHOM M BMMCAHHOM OKPYXHOCTEN B NPaBU/bHbIN
TPeyroNbHUK - 23, Haitgute nepumeTp TPeyroabHMKa.

3apava Ha noctpoeHue: PaccmoTpuTe nNpasu/ia NOCTPOeHUA NpPaBuib-
HOro WwecCTnyrosibHMKa " BbIMONHUTE B TETPaAAU.

1. HapucyiTe oTpe3ok AB, paBHbIi CTOPOHE npa-
BU/IbHOTO LWECTUYrosIbHUKA. —_
2. LlnpKynem HapucyinTe oKpyKHOCTb, Pagmyc Ko-
TOPOI paBeH AJINHE 3TOro OTPe3Ka.

3. He meHnAs pacTBopa LMpKyAs, pasbeliTe BCiO
OKPY»KHOCTb Ha 4acTu O4MHAKOBOW AJINHbI U OT-
MeTbTe UX TOYKaMMU.

4. NocneposatenbHO COEANHUTE OTMEYEHHble
TOYKW. [MONYUNTCA NPABUNBHDBIN LLIECTUYTONBHMUK,
BMMUCAHHbIN B OKPYXKHOCTb.

As

Ecnv coegMHUTL NONapHO HEKOTOPbIe BEPLWWHbI NPaBUJIbHOIO LWECTU-
yronbHuKa A1A2A3A4AsAs, Hanpumep, BepLunHbl A1, As, As, TO nonyyumTca
NPaBU/bHbIN TPEYrofibHUK. YTOObl NMOCTPOUTL NPaBUAbHbIN YeTblpex-
YFO/IbHUK, HY>KHO NPOBECTU ABa B3aMMHO NeprneHANKYAAPHbIX AMameTpa
M nocnenoBaTe/ibHO COeAMHUTb UX KOHLbI. ECIM B OKPY»KHOCTb BNMcaH
NPaBUbHbLIA N - YTONbHWK, TO OTMETMB TOYKM NepeceyeHmns cepesmHHbIX
nepneHAVKyNAPOB C OKPYXKHOCTbIO, MOY4MM TOYKK, ABAAIOWMECA BEp-
LWMHAMW MPaBUJIbHOTO 2N -yroNbHUKa.

a) NpuHMMasn Kaxkayto KNeTky 3a 4 egMHULbI MOCTPOWTE NPABU/IbHbBIN Lie-
CTUYTONIbHUK B TETPAAM.

b) OTMeTMB TOUKM NepeceyeHns cepeMHHbIX NeprneHaVKyIAPoB CTOPOH Lwe-
CTUYTO/IbHUKA C OKPYKHOCTBIO MOCTPOMTE NPAaBUIbHBIN ABEHAALATUYIOb-
HUK.

[nzaiiHep nnaHMpyeT Bbipe3aTb M3 KapToHa M pac-
KPacWUTb OPHAMEHT KaK Ha pucyHKe. OnuiumnTe Wwarm
BbIMNO/IHEHMA 3TOMN PaboTbl. BbipexbTe Takue e 0
HaMeHTbl U3 KapToHa.
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LleHTp NpaBMAbHOIO MHOrOYrosibHUKA. LIeHTp OKpy*KHOCTKU, ONMUCAHHOM OKO/I0
NPaBUAbHOrO MHOTOYTOIbHMKA MW BNMCAHHOW B HEro, ABAAETCA LLEHTPOM Npa-
BW/IbHOrO MHOFOYro/ibHMKa. LleHTp NpaBu/bHOrO MHOMOYro/ibHUKa HaxoamMTca
Ha OAMHAKOBOM PACCTOAHMUM OT BCEX BEPLUNH N BCEX CTOPOH MHOTOYro/IbHUKa.
Anodema npaBuIbHOrO MHOTOYro/ibHUKa. MepneHanKyap, NPOBEAEHHbIN 13
LLeHTPa MHOTOYro/IbHUKA K ero CTOPOHe, Ha3blBaeTcA anopemon.

Anodema NpaBUIbLHOTO MHOTOYrOIbHUKA PaBHa pPaguycy BNMCAHHOM OKPYHK-
HOCTW.

BbINonHUTE cneaytollee ynpaskHeHue Mo waram 1 BbiBeanuTe Gpopmyny 3aBu-
CMMOCTM NOLLAAN NPABUAbHOMO MHOTOYTOIbHMKA OT anodemsl.

¥iccnepgoBaHue Anodema 1 nnowaab MHOIroyro/sibHUKa

1. HapucyitTe npaBuabHbIi naTnyronbHUK ABCDE.

C
2. U3 ueHTpa O nposeguTe nepneHaukynsap (h), aenawmi D
cTopoHy AE (AE = @) nononam. B
3. CoeguHute ToukM A n E c ueHtpom O.
4. BbipasuTe nnowanb TpeyronbHnka AOE nepeMeHHbIMK 0 £

n h. ObpaTTe BHUMAHMeE, KAKOMY U3MEPEHUIO MHOTO-

Yro/IbHMKA COOTBETCTBYET BbICOTA TPEYro/IbHMKA.
5. CoeguHute Toukn B, C, D c Toukoit O. CpaBHUTE NA0- 5
AN NoNyYeHHbIX TPEYroNbHUKOB. B
6. O6bpaTnUTe BHMMaHME Ha TO, YTO MOLWaAb NATUYrONbHMKA ‘h
1
AT, E

PaBHa cymme I'Il'lOLLl,BAEﬁ 3TUX TPEYyroJibHNKOB.
Mnowaab NATUYTOZIbHUKA:

S-LthLthLh-
=7y ah+ 5 ah+7"ah+>"ah+-~ah =

AN

B

7. Kakomy n3mepeHM o COOTBETCTBYET BbiparkeHne 5a? Bbl- ALV
pasuTe NAowWaab NATUYroNbHUKA Yepes ero nepumerp.

1 1
=~ (ah+ah+ah+ah+ah) =" -5ah

@ Mnowaab NPaBUNLHOrO MHOFOYroJibHUKA

CoeguHue LEHTP NPaBU/IbHOIO N-yrosibHMUKa C BepWMHaAMM, NONYHYUTCA N-€ KO-
nn4yecTtso paBH06eAp8HHbIX KOHTPY3HTHbIX TPE€Yro/ibHUKOB.

Mnowaab NPaBUIbHOrO MHOFOYro/IbHUKA = KOJINYECTBY TPEYroJIbHUKOB X
naowaab O4HOIro TpeyroJibHuUKa.

S= n-Lah:L(a-n)h
2 2

A
S=LPh nam S=Lanh B
2 2
a - A IMHA CTOPOHbI MHOTOYFO/IbHUKA, N - YACO C
POH, h - anodema. D
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Mpumep. B OKPYyKHOCTb PasMyCcoM, PaBHbIM e4uMHULE, BNMCAH
NPaBuUAbHbIN NATUYrONbHUK. HallguTte anodemy, CTOPOHY U
naowaab NATUyroNbHMKa. OTBET OKPYI/IMTe 40 AECATbIX.

1
PeweHue: MNaowanb NATUYroNbHUKa: S = ? Ph

Hy»KHO HaTh anodemy h n nepumetp P

o
LleHTpanbHbIn yron ZABC paseH % =72° . AABC - paBHO-

6eApeHHbI TPeYroNbHUK, @ 3HaUUT ero BbicoTa BD asnaeTca u
MeAMaHoii, u BuccekTpucoii. Torna £ AOD = 36°. 1 36°
YT0o6bl HAaTU CTOPOHbLI TpeyronbHMka AAOD Bocnonb3yemcs

TPUTOHOMETPUYECKMMUN COOTHOLLEHNAMMN: A D

. oD in 36° = AD
cos 36° = A0 sin =

AO
OD=A0cos 36°~1.0,8=0,8 AD=A0sin36°~1-0,6=0,6
OD - anodema naTmyronbHmKa, h = 0D = 0,8;

CtopoHa natnyronbHmKa: AB=2- AD=2- 0,6 =1,2

Mnowaab NATUYroAbHMKA: S =;— h-P %% -0,8-5-1,2 =2,4 (KBaapaTHbIX eAUHMULL)

O6yyalowme 3aaaHmnA o

1>

2>

MoKasKWTe, 4TO NIOLAAb PABHOCTOPOHHErO TPEYrONbHMKA CO CTOPOHOIA a
a*\3
4

HaligmTe naowaab TpeyroNbHMUKOB.

a) b) o A d A
A A A
12
6

[OKaxKuTe, YTo eC/IN CTOPOHbI MPABUIBHOIO LECTUYTO/IbHMKA U NPaBUIbHOMO
TPEeyro/ibH1Ka PaBHbI, TO NJOLWAAb LWEeCTUYroNbHMKA B LWECTb pa3 bonblue
NnaoLWaam TpeyroabH1Ka.

HaVI,D,MTe naowaab NpasnibHOro MHOToyroJibHMKa, ec/im U3BeCTHO, 4YTo
naowaab 3aKpalleHHom Yacti 8 cm?. O - LLeHTP MHOTOYroNbHMKa.
a)

BbluMcaseTca no popmyne S =
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5 > Mo pUCYHKY HalauTe naowanb NPaBUAbLHOTO MHOTOYro/ibHUKA. Touka O

LLleHTP MHOroyroJibHuKa.
a) A B A B
. F C
D C
F C E B E D

6 > Mo pUCYHKY HalauTe NepMmMeTp M NIOLLAAb NPaBMUIbHOIO MHOTOYro/b-
HUKa. Touka O - LeHTP MHOrOYrosibHUKa.

a) ‘ b) c)
4 0

7 > Mo pUCYHKY HakaMTe NEPUMETP M NIOLLAAb NPABUIbHOFO MHOMOYrO/IbHMKA.
Touka O - LeHTP MHOroyronbHMKa.

a)' b) . C) .
)

by A c)

8 > Mo AAvHE CTOPOHbI BbIMMCAUTE NOLWAAb MPABUIbHBIX MHOTOYrO/IbHUKOB.
Touka O - LeHTP NPaBMUAbHOIO MHOMOYro/bHMKA.

a) b) 4 m ¢
8 am
6cm

9 > HaliauTe naowanb NpaBUAbHOMO AEBATUYTONbHUKA C A/IMHOM CTOPOHbI
pasHoM 12 cm.

1o> B OKpYKHOCTb AMaMeTPOM paBHbIM 12 cM BNMCaH NPaBU/bHbIN LWECTUYTONb-
HUK. HalguTe anodpemy 3TOro WecTUyroabHUKa.

11> a) [okaxute, yto anodema NPaBUNbHOIO LIECTUYFO/IbHMKA C AJIMHOM a,

pasHa 93
b) HagnTe anodemy NpaBMALHOrO WECTUYTONbHUKA, NAOLLAAb KOTOPOro
paBHa 543 m2.

1z> B my3ee no Kpaam 3KcrnoHaTa 6bi10
YCTaHOB/NEHO Orpa)kaeHwe B Buae
NpPaBMAbHOTO ABEHAALATUYTONbHMKA.
PaccTtosiHMe OT LEeHTpa A0 KaXaoro
cTtonba pasHo 0,8 m. CKo/bKO KBafa-
paTHbIX METPOB NOLWAAN OTBEAEHO
ANA 3KcnoHara?
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Mon KyxHU AonKeH OblTb MOKPbIT NANTKAMK B GOpMe NPaBWUIbHOTO LLIECTU-
> Yro/lbHMKa CO CTOPOHOM 12 cm.

a) Kakoe HanmeHbLUee KONMYecTBO NJANTOK PasHOro

LBeTa HY)KHO BblbpaTb, YTOObI ABe cocefaHWe He

OblNIN OANHAKOBOTO LBEeTa?

b) HanaguTe nnowaab 0OAHON NAUTKM.

¢) Metnax npogaetca B Kopobkax no 30 wTyK. Kakoe HaMmeHbLlee Kosmye-

CTBO KOPODHOK HY}KHO A1 3aCTU/IKM MoNa pasmepom 2,5 m x 4 m?

14> Mas3oneit MoMuH3 XaTyH - Haunyulee U3 Nnpousse-
AEeHUI O4HOro U3 U3BECTHbIX apXuTeKTopos Asepbaii-
AXaHa. Apa)amum HaxuuyeBaHu pacnonaraerca B
LeHTpe uctopuyeckoro HaxmuesaHa u BXoguT B COCTaB
apXUTEKTYPHOro KomnneKkca AtabekoB. Mas3oneii
MomuH3 XaTyH - 3TO eAUHCTBEHHDbI NAMATHUK KOM-
naeKca, AOWeALNA A0 HaUX BpeMeH.

MaBg3sose umeet GopmMy NPaBUAbHOTO AECATUYIONb-
HUWKa. KaKkune namepeHus Bbl nposenn bbl, YToObI BblUMC-

NNTb NoWadb, 3aHMMaemMyro MaB3oneem?
HapmcyMTe M NOKaXXnte COOTBETCTBYHOLWNN NMNaH. N3 nc-

TOUHUKOB cobepuTe MHPOPMALMIO O AEWCTBUTENbH bIXM
pa3smepax maB3o/es.

15> Ha pucyHKe n3obpakeHbl NpaBu/bHble WECTUYTONbHUKK: BNU-
CaHHbIM B OKPYXHOCTb M OMMUCAHHbIN OKONO OKPYKHOCTU. Hait-
AuTe naouwasb ONUCAHHONO LUIEeCTUYrONbHMUKA, eCAn Naolaib
BMMUCAHHOTO LWECTUYroNIbHUKA paBHa 3 KBaAPaTHbIM eANHULAM.

Uctopuueckoe cseaeHue. B 3-m Beke 10 H.3.

Apxumeps, - opeBHErpeyYeckuin yYeHbli, 4nd

TOro, YTODObI ONPEAEIUTL YNCTIEHHOE 3HaUYeHMe

T, BOCMO/1b30Ba/ICA NepUMeTpPaMn NpaBuib-

HbIX MHOFOYrO/IbHUKOB OMMCAHHbIX Y BMMUCAH-

HbIX B OKPY)HOCTb. [lonb3yACb AaHHbIM

cnocobom nccneaynTe 3HaYeHue T. AvameTp: 1 eauHuLa
1. MpuHMUMaA 3a eAnHULY ANAMETP OKPYKHOCTU, HakguTe

nepMmMeTp BMMCAaHHOIO LWECTUYToNbHUKA: Py = 3.

2. [ToKaXuTe, Y4TO A/IMHA OKPYXKHOCTU C eANHUYHbBIM AMAMETPOM PaBHa Ti.

3. Hapucyiite pagmyc oKpyKHOCTU. Haigute nepumeTp ONMUCAHHOTO LIEeCTU-
YronbHUKa: Px = 2v3.
4. Hanuwume HepaseHcmeo: ’

nepumemp 6nucaHHO20 Wecmuy20/bHUKA < T < nepumempa o HH -
cmuy2onbHUKa 3 < 1t < V3.
YBenuymB YNCNO CTOPOH MHOFOYrOJIbHUKA B 2 pasa oaaKan cnelyA
ana 12-tn, a 3atem anqa 96-tm yroileoro MHOT H pxume peae-

JINN, YTO 3HAYEHUNA TT 6onble 3 7, HO MeHblLU

\



m nnOLI.l,ap,b npPaBuUIbHOro MHOroyroJibHMKa
MapketuposaHue

MapKkeTpoBaHMEM Ha3biBaeTCA NOKPbITUE Naowaan durypamm 4o 3anosiHe-
HMA BCEM NMyCTOTbI.

Ecnun BHYTPEHHMI yron NpaBuUAbHOTO MHOTFOYFONbHWKA ABAAETCA AenuTenem
360, To NnapKeTMpOBaHMEM MOXKHO MOKPbITb BCIO MNYCTYHO YacTb naowaan. Map-
KETMPOBAHWE BO3MOKHO NPU MNOMOLLM NPABUAbHBIX TPEYro/ibHUKOB, pomboB
(KBaZpaTOB) M NPABU/IbHBIX LLECTUYTOAbHUKOB. OLHAKO, MPU NOMOLLM NPaBU/Ib-
HbIX NATUYTOIbHWKOB 3TO CAEeAaTb HEBO3MOKHO, MOTOMY YTO rpaZycHasa mepa
ogHoro yrna pasHa 108°, 3To uMcno He sBnsetca genutenem 360. Ecaum npu
O4HOW BepLlUMHE eCTb TPU NATUYTONIbHUKA, TO CyMMa MX YIN0B Npu obLuein Bep-
WKHe 3-108° =324°, a yeTblpex NATUYroNbHUKOB 4 - 108° = 432°, BO3MOKHO /1
napKeTMpoBaHWeE C MOMOLLbIO MPABUJIbHOTO CEMNYTONbHMKA?

16> a) Ha AgpeBHUX MaMATHUKAX MOXHO YBUAETb, KaK Nnpu no-
MOLLM Pa3/INYHbIX PACNONOKEHNI NPaBUbHbIX GUryp 0bpa-
3ylOTCA HOBble y30pbl. MccneayiTte ST opHaMEHTbI.

Mas3oneii FOcud U6H Kycelinpa. HaxuueBaHcKuii ap- —
xutekTop. Agxkamu A6y6ekp ornbl HaxuueBaHu. {

b) HaliguTe yron x Ha pucyHKe. C NOMOLLbIO KOMMbIOTEPHbIX MPOrpamm, no-
BTOPAS AaHHble PUCYHKM, CO34aliTe HOBbIE Y30pbl.

1) N306paxkeHune coctonT 2) U3obpaskeHne co- 3) M3o0bparkeHune co-
M3 NpaBWUNbHbIX LIECTU- CTOWUT U3 MPaBUAbHLIX  CTOMT M3 NPaBUIbHbIX
YTObHUKa 1 BOCOMU™ NATUYTONBHWUKOB U 11jecTUYrONbHUKOB U

roNbHUKa.
y KBaApara. TPeyro/ibHu1Ka.

17 > Maowasb NPaBUAbHOIO WECTUYTO/IbHUKA, BMIMCAHHOTO B paB-
HOCTOPOHHWIA TPeYrobHWK, 12 KBafpaTHbIX eauHuy,. Hain-
ANTe NoWaab PaBHOCTOPOHHErO TPEYrobHUKa.

18> Mon 6eceakn umeet Gopmy NpPaBUIbHOTO BOCbMU-
Yro/ibHUKa. PacctofHMe OT LeHTPa BOCbMWYTO/IbHUKA
[0 ero BepwuHbl paBHo 1 m. Jocku niowaabio 0,2 m?
NPOAAITCA B yNakoBKe No 5 WwTyK. Kakoe HanmeHb
KO/MYECTBO YMaKOBOK noTpebyetca ans bITU
nona beceaku?
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1 > Mo AaHHbIM PUCYHKa Haﬁ,ﬂ,MTe HensBeCTHble BHYTPEH-

2>

3

O6o06uwaruwme 3agaHua

HWe yrnbl MHOIoyroJibHMKa.

CyuwiectByeT /M NPaBUJIbHbIA MHOTOYTO/IbHUK C 334aHHbIMU pa3sMmepamu
yrna?
1) 155° b) 160° c) 175° d) 168°

Ha pucyHke nsobpaxeH npa- b) Ha pucyHKe oTobpakeH npaBu/bHbIN
BU/IbHbIA  AECATUYTONbHMK.  LUIECTUYTONbHUK. [IPOAOAKEHUA CTOPOH
Haiaute ~/BDE . DC u LA nepecekatotca B Touke N. Hangure
BE/IMYMHY yra
ZANC.

a) CKoNbKO BCEro AnaroHanemn y BbiNyKJoro 4ecaTnmyrofibH1MKa?

b) CKonbKo CTOPOH Y MHOTOYro/ibHUKa, Mmetolero 14 guaroHanen?

c) Haligute cymmy BHYTPEHHMUX YIN0B BbINYK/AOrO MHOFOYrosbHUKA,
umetowero 20 gnaroHanen.

MpaBuAbHbIM ABEHAALATUYTO/IbHUK Bbl/1 CKOHCTPYMPOBaAH
M3 KBagpaToB M NPaBU/IbHbIX TPEyroNibHUKoB. Ecan ana-
METpP HAapPMCOBAHHOM OKPYKHOCTU paBeH 6 cm, TO HanauTe
nepumeTp ABeHa4LaTUYro/IbHMKA.

Onpegennte cOOTBETCTBME AN YETbIPEXYrONbHUKA
OMNMCaHHOIO BOKPYT OKPYMKHOCTHU.
P - nepnmeTp YeTbipexyronbHuKa.

1)k=3,1=7 A)P =22
2)k=4,1=8 B)P=24
3)k=5,1=6 C)P=20
D)m+n=12 |

a) OgMH 13 PaBHOCTOPOHHMX TPEYro/IbHUKOB BMNUCaH B
OKPY*KHOCTb, PYroOW - OMMCaH OKO/IO Hee. 3anuwnTe oT-
HoleHWe Naowaaen aTuX TpeyrolbHUKoB. PewunTe 3a-
JAayy pasHbiMK cnocobamm.

b) B ManeHbKnUin TpeyronbHUK BIULIUTE OKPYKHOCTb. Ha-
NULWMKTE OTHOLLIEHWE PagNyCOB, BMUCAHHbIX M ONKC I
OKOJ10 3TOrO TPEYro/ibHUKa OKPYKHOCTEN U WeHN
niowWajein CooTBETCTBYIOWMX KPYroB.
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8 > Touyka O ABNAETCA LLEHTPOM OKPYMKHOCTH,
BnncaHHoi B AABC. 3Hasn, yTo nepumeTp
TpeyronbHuKa 48 sm, AT =10 cm, TC = 6 cm,
HanguMTe paanyc BNMCAHHOMN OKPYXKHOCTW.

A

9 > OxkpyxHOCTh BriucanHas B AABC KacaeTcs CTOpOH
B Toukax P, Q n T. OKpyXHOCTb BMMCAHA B TOYKax J
KacaHua M, K ¢ npogneHHbimum ctopoHamn AB, AC R
M To4YKe KacaHus N co ctopoHoit BC .

3Haa AB=10sm,BC=17sm,AC=21sm
Hanaure:

a) anvHy otpeskos AP, AT, BP, BQ, CT, CQ;
b) annHy otpeskos BM, CN, CK;
C) pafnycbl OKPYXKHOCTEN.

10> Haliante pacctosHne Mexay LeHT-
paMu OKpPYKHOCTEM, BMUCAHHbIX U ONK-
CaHHbIX OKOJ10 NpamoyronbHoro AABC,
c katetammn AC =8, BC=6.

11> Y gByX NPaBUABHbIX LIECTUYFONLHIKOB, MOKa3aHHbIX ,‘

Ha PUCYHKe, BEPLUMHbI MasIoro ieXKaT Ha cepeguHe
CTOpPOH 60/bLWOro. a 1 b - anodpembl LWECTUYroNbHU-
KoB . Ecim b = 6V3 cm, To HaiauTe niolaab 3aKkpa-

LIEeHHOM YacTu .
\El

12> Mo AaHHbIM PUCYHKA HAWAWTE PaanyC KayKkaol OKPYHKHOCTY.

a) b)
1 1 1 1
1 1»

c)’




CTBa

B 3TOoMm pa3gene Bbl HAyunTeCh:

Y PewwaTb CUCTEMbI HEPABEHCTB M COBOKYMHOCTb HEPaBEHCTB

Y Pelwatb HepaBeHCTBa, CoAeprKaLlMe NepemMeHHYIo Noj, 3HaKOM MOAYA
Y Pewwatb KBagpaTHble HEPABEHCTBA

Y Pewatb pauyoHa/sbHble HEPaBEHCTBA METOAOM MHTEPBA/IOB

Y Pewwatb NPOCTble MPPaLMOHA/bHbIE HEPABEHCTBA

@ Cuctema nNUHerHbIX HepaBeHCTB. COBOKyI'IHOCTb HepaBeHCTB

Bo MHorux cnyyasnx, 4tobbl HaMTU MHOMKECTBO 3HAYEHWIA MepemeHHOWM,ya0Be-
TBOPAOLWMX AaHHOMY YCN0BUIO, TpebyeTca HalTK ABa nan 6onee obLimx peLue-
HWIA, YA0BNETBOPAIOLMX KaXKAOMY HEPaBEHCTBY MK NO KpaiHel mepe ofHO
pelleHne, yaoBaeTBOPAIOLLEE AaHHbIM HEPaBEHCTBAM.

— v Cuctema nuHerHbIX HepaBeHCTB

Ecnn TpebyeTca HalTM obLiee pelleHne HECKOIbKMX HEPABEHCTB, TO NX 06beaun-
HAOT GUIYPHON CKOOKOM M Ha3blBalOT CUCTEMOM HepaBeHCTB. PeweHnem cu-
CTeMbl HEpaBEHCTB C OAHOM MepemMeHHOW Ha3blBAlOT TaKoe 3HayeHue
nepemMeHHOM, NPY KOTOPOM KayKA0e HePaBEHCTBO CUCTEMbI CTAHOBUTCA BEPHbIM.
PelwnTb cMcTemMy 03HaYaeT HalTK BCe pelleHus WaK [0Kas3aTb ero oTCyTCTBUE.
YT106bI PEWNTL CUCTEMY HEPABEHCTB HAA0 HAWTU MHOECTBO PELUEHUN KaXKA0ro
HepaBeHCTBA, BXOAALLETO B CUCTEMY, M 3aTEM OMNpPeLe/UTb NepeceyeHme 3Tmx
MHOXecTB , T.e. obLee pelueHue.

Mpumep. Ecnm anbnuMHUCTBI yBeAMYaT CKOPOCTb Ha 1KM/4, TO nyTb
4 KM 00 BEPLUMHbI OHWM NpeoaonetoT bbicTpee, Yem 3a 2 Yaca. Eciv e oHu
YMeHbLIAT CKOPOCTb Ha 1 KM/4, TO He cmoryT Ao6paTbca A0 BepLMHbI 33
2 yaca. BblpasuTe C NOMOLLbIO HEPABEHCTBA, C KAKON CKOPOCTbIO ABUNKYTCA

1 aNbNUHACTI.
PeweHue: Mpumem 3a X - CKOPOCTb aNbMNUHUCTOB.
Ecnun ckopocTb yBeanumnTca Ha 1 Km/u, To AnnHa I'IpOM,CI,EHHOFO nytm byget
6onblue 4-X KM M COOTBETCTBYIOLLLEE HEPABEHCTBO NPUMET B 6
2(x+1)>4
Ecnun ckopocTb yMeHbLKTCA Ha 1 Km/u, TO A/mHa npomp,eHHor
MeHbLUe 4-X KM U coomeTCTBZy(rou.l,ele HepaBeHCTBO NpUme
X <

Mo ycnoButo 3a4a4m HYXKHO HaMTK Takoe 3H opoe
pANo 6bl Kaxkgomy HepaBeHcTBy: 2 (x + 1) > %) .
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MHbIMK choBamu B ,EI,aHHOVI 3a4a4e HYXHO pewnTb CUCTEMY HEPABEHCTB

{2 x+1)>4
2(x-1)<4

S Ecnu Kaxkpoe HepaBeHCTBO CUCTEMbI 3aMEHUTb Ha PABHOCU/IbHOE HePaBEHCTBO, TO

x> o o .
nonquv\{x <3 - N306pa3nm Ha YMCI0BOM NPAMOI MHOXKECTBO PeLLeHUIA Hepa-

BEHCTB, BXOAALLMX B CUCTEMY, U HalAem ux nepeceyeHmns (0BLLyIo YacTb).
x>1 >
o2 4 6
X<3 b e
o 2.4 6
1<x<3 ———F————F+++>
0 2 4 6
OtBeT: PelleHneM cUCTeMbl ABNAGTCA NPOMEXKYTOK (1; 3).

O6yualouwme 3apaHuna o
1 > —3; 0; 5 KaKue 13 yncesn ABAAITCA pPelleHMAMM 3a4aHHbIX CUCTEM HepaBeHCTB?
a) {3—xs7 %x+1>2 C){X+7>4
— — b 3-2x<5
1=3x>=5 ' 95— 2> 21 X
2 > PewwuTe cuctemy HepaBeHcTB. M306pasnTe Ha YNCAOBOM OCH.
- 3x—15>0
a) 4-x<8 b) X+2>3 C)
1-3x>-5 3-2x>-17 4x <12
3 > PewunTe cuctemy HepaBeHcTB. M306pasnTe Ha YMCI0BOM OCH.
7x-112>3 by 4303 - x<1 0 {4x+22 5x +3
a) 2x <8 ) 3(x-2)-2<10 3-3x<8-2x

4 > MpyY KaKMX 3HAYEHUAX aprymeHTa X QYHKUMU Y = x — 4 U y = 8 — X NPUHUMAIOT
NONOMKUTENIbHbIE 3HAYEeHUA?

5 > MpyY KaKMX 3HAYEHUAX apryMmeHTa X 3HaYeHus GyHKumi y = 0,5x+ 2 1

y =3 — 3x 6yayT o4HOBPEMEHHO: @) NONOXKUTENbHbIE; b) OTpULATENbHbIE;
c) 6onblue — 3-x ; d) meHble 3-x?

6 > PewunTe cucTemy HepaBeHCTB.

X _x-2 ol X ~54 3xgl
573 <2 2 3 X2 X
a) b) c)
x+1 _ x
x+1 s &
3 >0 2 ~ ¢

6 4
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7 > MpW KaKUX 3HaYEHUAX NePEMEHHOM BbipasKeHUe MMeeT CMbICN?
a)\/x—5+\/7—x b)\/2x+3—\/3—x c)\/x+8 +\V2x +4

8 > Ecnu K yaBoeHHOMY Npou3BeeHUIo Lenoro Ynucaa npnbasutb NOMOBUHY YMCAa,
TO cymMa ByaeT meHblue 92. Ec/iv »Ke OT yABOEHHOro Npoun3seaeHuaA Leaoro Ymcia
BblYECTb NOJIOBUHY, TO Pa3HOCTb byaeT 6osblue 53. HaligmTe 310 Ymcho.

9 > 10,8 kr 60 %-ro pactsopa conu nepemewwmBatot ¢ 20%-m pPacTBOPOM COJN.
Kakoe Ko/M4yecTBO BTOPOrO pPacTBOpa HYXKHO MepemewaTtb, YTOObI
KOHLEeHTpauma conun bbinia bbl He 6onble 40% 1 He meHblwe 30%7?

10 > JnvHa oAHOM CTOPOHbI TPEeyroabHMKa paBHa 5 m, a apyroi 8 m. CKO/IbKMM
MeTpamM MoXKeT ObITb paBHa AJIMHA TPETbeM CTOPOHbI, eCIn NepumeTp
TPeyro/ibHUKa MeHblle 22 M ?

—— v/ COBOKYMHOCTb HEpaBeHCTB

Ecnu TpebyeTca HaliTK NoO KpaliHei mepe OAHO pelleHue, yaoBAeTBOpAtollee
OaHHbIM HepaBeHCTBAM, HEPABEHCTBA 3aMMCbIBAOT C MOMOLLbIO CKOBOK “[“ m
Ha3blBaOT COBOKYMHOCTbIO HEPABEHCTB.

[na peleHns COBOKYMHOCTU HEPaBEHCTB HYXHO HaWTW MHOMECTBO pelleHuit
KayK[,0ro HepaBeHCTBa, a 3aTem onpeaenTb 0bbeguHEHUE STUX MHOMKECTB.

Mpumep. Haprvs 1 InbluaH UrpatoT B UTPY, MOCTPOEHHYIO Ha umcnax. Kaxabii
bepeT KapToUKy C UMcnom 1 NpubasnaeT K Hemy 5. Eciv oTBeT ByaeT meHbLue
10-T1 nnun ke 6onbwe 15-Tn, To Bhagenel, KapToukM 3apabaTbiBaeT OYKO.
BblpasuTe ¢ MOMOLLBIO HEPABEHCTBA CUTYaLMIO, KOraa INbluaH, B3AB O4HY
KapTOuKy, 3apaboTan ouKo.

PeweHue. [ycTb YMCN0 Ha KapTouke byaeT x. Tpebyemyto CUTyaLLMIO MOXHO
Bblpa3nTb HepaBeHcTBaMK: X +5<10 mamx+ 5> 15.

o : Xx+5<10
€LIMM COBOKYMHOCTb HEPABEHCTB X+5>15
1) x+5<10 2) x+5>15
x< 10-5 x>15-5
x< 5 x>10

0 5 10 15  «x

> 2
PeweHnem fLaHHOM COBOKYMHOCTU HEPaBEHCTB by, me(&
(= o0; 5)U (10; + ) . $

PeleHue 1-ro HepaBeHCTBa COBO- PelleHune 2-ro HepaBEHCTBA COBO-
KYMHOCTM - MPOMEXKYTOK (— o0; 5). KYMHOCTU - MPOMEKYTOK (10; +%
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Obyuatlowme 3agaHuA o
11> PewwnTe COBOKYMNHOCTb HEPABEHCTB.
a) [x-1>4 b) [2x-12>3 c) |3(x—1)—x=5
x+1<-2 2x+1<-1 2(3—x)—3<x

12> PelwnTe HepaBeHCTBa, UCC/eaya Pa3NIMYHbIE BapMaHTbl 3HAKOB MHOXUTENEN.

a)(x+1)(x—=2)>0 b) (x—1)(x—3)>0
c) (x=2)(x=5)<0 d) (x+3)(x—6)<0

Mpumep. a) Pewunte HepaseHcTBO: (x + 1) (x—2) > 0.

PeweHue: [na Toro, ytobbl NpousBeAeHWE ABYX MHOXuUTenein 6bino
NOJIOXKUTENbHBIM, HY}KHO YTOObI MHOXUTENU BbIIV OAMHAKOBOIO 3HaKa. To
€CTb, MHOXUTENN (X + 1) 1 (x — 2) AONKHbI BbITb NN 06a MONOKUTENbHLIMY,
WU OTPpULLATENIbHBIMM. {x +1>0

[JaHHOe HepaBeHCTBO x=2>0
CBOAUTCA K peLlueHuto {x +1<0

COBOKYMHOCTMU: x=2<0
. PeweHne 2-oi cucTemsl
PeweHwne 1-om cuctemsl COBOKYMHOCTH:
COBOKYMHOCTUT x +1>0 (x>—1
{x—2>0 {x>2 {X+1<0 {X<_1
N306parkeHune peleHun x=2<0 i
Ha YMCI0BOM OCHU: N306parkeHne peleHus
L ——— Ha YNCNOBOW OCK:
-1 0 2 X 1 ‘ —
(2;+00) (~o0;-1) 1 O 2

PelleHnem gaHHON COBOKYNHOCTU ByaeT (—o0;—1)\U (2;+0)

13> PewwmnTe HepaBeHCTBO, nccneaya pasinyHble BapMaHTbl 3HAKOB YNCIUTENA U
3HameHaTena apobu.

x—-1 X—
a < b >
) x—-3 0 ) x+1 0
14> KBagpat Kakoro uncna He 6osblue NATUKPATHOrO 3HAaYEHMA 3TOrO YMCna’?
HalamTte cymmy LLenbix Yncen, yaoBAETBOPAIOLLMX STOMY YCAOBUIO.
15> MpW KaKUX 3HAYEHUAX 0 CUCTEMA HEPABEHCTB MMeET XOTA Obl
peweHne?

a) (x<9 b) (x<10 X <
s o w



HepaseHcTBa ¢ moaynem

143

HepaBeHcTBa ¢ moaynem

Ona peweHnA HepaBeHCTBa, COAEPHKALLLErNo NnepemMmeHHyo Noad 3HaKomM MmoaynA,
H606XO,£I,MMO PEWNTb COOTBETCTBYHOLLYH CUCTEMY NI COBOKYMNMHOCTb HEPABEHCTB.
B Ta6nv1u,e AaHbl 9KBMBaA/1IEHTHbIE HEPABEHCTBA C MOAY/1EM!

BOWHblE JKBUBANEHTHbIE CUCTEMDbI
HepaseHcTBa ¢
r:o nem 3KBUBAJIEHTHbIE M COBOKYNHOCTU
AY: HepaBeHCTBa HepaBeHCTB
ax+b< c
lax+b]| <c —c<ax+b<c
ax+b>—c
ax+b<c
lax+b]| <c —c<ax+b<c
ax+b=2-c
ax+b>cunu +b>
lax+b| >c ax+b>c
ax+b<—c ax+b<—c
ax+b=cunu ax+bz=c
lax+b]| =c
ax+b<—c ax+b<—c
1.  Npumep. Pewnte HepaseHcTBO |2x + 3| <3 —x.
PeweHue.
<3— <
JKBMBaAMEHTHAA CUCTEMa HEPABEHCTB: 2x+323-X & [xs0
2x+32>2—(3—x) X=2—6
N306paskeHue peLleHns Ha YNCIOBON OCH: —i—fimmtmtmmt—ts L
-8 -6 -4 -2 0
2. Ortset:[-6; 0]
Npumep. Pewmnte HepaseHcTBO [2x— 5] 2 x +2.
PeweHwue. |:2X—52X+2 - |:X27
JKBUBAMIEHTHAA COBOKYNHOCTb HEPABEHCTB: IX—5<—x—2 x< 1
N306parkeHne pelleHns Ha YMC/I0BOM OCU:
1357 X
orser: (—oo; 1]U[7; +00)
O6yuatowme 3aaaHuna o

1 > PewunTe HepaBeHcTBa C Mogynem. M306pasnTe pelleHne Ha YNCN0BOM OCH.
g) |2x+3| >4 +x

h)6 — 2> |x 12|

a) |5x+3|—-429
b) |10—4x| <2
c|3+x|+7<10

d)|4-x| <5
e) |3x—9|+2>7
f) |3x+2| -1 > 10

peweHne n Haﬁ,ﬂ,MTe 3TO peweHune. PewwnTe
HaﬁAEHHOM 3Ha4YeHuUn a.

\

i) |2x +

2 > MoKaKnTe Takoe 3Ha4YeHue a, 4Tobbl HepaBeHCTRR (X 13| <
|x-3

aBeH

1<

NMENO0
2np

&
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30

a)

b)

MpocTble HepaBeHCTBa C NepeMeHHO Nog 3HaKoM MoayNA

Ha pucyHKe gaHbl rpadurKkmn GyHK-

Graphing Calulstor

y‘= |x+1]

http://www.meta-calculator.com/online/

UM y = [x+1| ny =4, noctpoeH-

Hble Ha rpadKanbKynaTope.

Hapwucyiite rpadumkun B TeTpagu u,

BOCMO/b3YACb STUMM rpadpuKamm,

NMOKaXnTte peleHnA:

a) ypaBHeHue |x+1| =4 ——

o #

b) HepaBeHcTBO |x+1]| < 4

C) HepaBeHcTBO |x+1| >4

PewwnTe HepaBeHcTBa ¢ moaynem. PeweHune
npeacrtaBbTe B BMAe rpaduKka. Ha pucyHke
n3obpaxeH rpapuKk pelleHMa HepaBeHCTBa

MyHKTa a).

a)|3+2x|<7 d) | x-1] <1-2x
b)|4-2x| >4 e) | x+2|>2x+1
c)|3x—6|<6 f)| x—3] < x+1

L
5

6 -

43219 172 3

ABTODOYCHAA OCTAaHOBKA HaxoAMTCA HA paccToAHUKM 45 m oT goma OkTas. MNna-
HUPYETCA NepemecTUTb OCTAHOBKY OT HblHELIHEro MecTopacnoNoXKeHnA Ha
pacctoaHue He 6onee 30 M. 3anuLINTe PacCTOAHWE OT HOBOM OCTAHOBKM A0

Aoma OkTas B BuAe HEPaABEHCTB.

dom Okmas OcmaHoska
45 m

PasnnyHble uBeta  ¢eliepBepKoB
06pasyroTCA NPU CropaHUm XMMUYECKUX [nvHa BONMHbI
BELLECTB.
BewectBo, B KOTOpPOM COAEPXKUTCA anTpad)Muone- w < 400
MeAb, Npu cropaHum obpasyeT cBeTo- TOBbIM
BYIO BOJIHY, A/IMHA KOTOPOIi ya0BAeT- Cupenesblii | 400 < w< 424
BOpsieT HepaBeHCTBY |w — 455| < 23. lony6oit 424 < w< 491
Kakoit uBeT nosiy4aeTca B 3TOM c/iyyae?

3eneHbin 491 < w< 575
BelecTBo, B COCTaB KOTOPOroO BXOAUT
6apuym-xaopua, nNpu  CropaHum Hentbiit 575< w< 585
obpasyeTt CBGTOBXIO BO/IHY A/INHOW OpaHsKeBblii | 585 < w< 647
YA,0BNETBOPSAIOLLEN HEPABEHCTBY:
|lw — 519,5| < 12,5. Kakoi ugeT KpacHbin 6P < weg 700
NnoJy4yaeTcsa B 3TOM caydae?
BellecTBo, B COCTaB KOTOPOrO BXOAWUT 70

HaTpuym, npu cropaHun obpasyet

NHdpaKpacHblid
CBETOBYIO BOJIHY AJ/IMHOM, yA0BAETBOPSAIOLWE paBe y |lw—
Kakolt uBeT nonyyaerca B 3TOM ch
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UccnepgoBaHue. 1) Hanaute ToUukKn nepecedyeHna napabonbl ,
y=x2—2x—3c ocbto abcuymcc. x> —2x—3=0 x=—1, x=3 \\ f”="2‘//2"‘3
2) HaltamTe KoopanHaTbl TOYKM BEPLLUMHBI:

-b 2 -1\ |01 3
m=2—=—=1 n=m*-2m-3=1-2-3=-4 \ ; / X
a 2 ’ Py

3) NocTtpoiite napabony NV

4) Onpegenunte 3HAKM OpAMHAT 414 ToueK napabonbl ¢ abcumccamu:
x=0,x=1;x=2

5) Mpwn Kaknx 3Ha4YeHMAX X Napabosia HaXo4UTCA HUXKe ocu abeumcc?

6) Mpn Kaknx 3HA4YEeHMAX X Napabosia HaxogMTca Bbllle ocu abcumcc?

7) YTobbl NpaBUIbHO OTBETUTL HA BOMPOCHI B MYHKTaX 5 1 6, UTO BaKHEE: HAaXOX-

OEeHME TOYKM BEPLUMHBI NN HaxOXAeHWe TOYeK nepecevyeHma napabonbl ¢ 0Cbio

abcuucc?

@ KBaapaTtHble HepaBeHCTBA

HepaseHcTBa BMAA: e gx2 + bx+c <0
sax’+bx+c<0
sax’+bx+c>0

eax’*+bx+c>20 . .
PelwlieHre KBaZpaTHbIX HEPABEHCTB BTOPOW CTEMEHM C OAHON NepemMeHHOM CBO-

ANTCA K OTbICKAHMIO MPOMENKYTKOB, Ha KOTOPbIX KBaZgpaTuyHan GyHKUMS npu-
HUMaET MOJIOKUTE/IbHbIE UM OTPUL,ATEIbHbIE 3HAYEHMUS.

Mpw aToM cnocobe pelueHns HEPABEHCTB BaXKHO 3HATb HanpaB/ieHWe BeTBel
napabosibl M TOUKM NepecedyeHns napabosbl ¢ ocbio abcumcc.

ABNAOTCA KBaApPaTHbIMU
HepaseHcTBamu (a = 0).

y
Npumep: Mo rpaduky GyHKUMM y =X> —x — 6 HaNUWnNTe  ,_,2_y_ 6 6

MHOECTBO peLleHU HUKeNPUBEAEeHHbIX HEPaBEHCTB.
a)x*—x—6 <0 c)x*—x—-6 >0
b)x>-x—-6 20 d)x*—x—-6 <0

> Pewwenue. MOCKONbKY X=—2, X = 3 KOPHU ypaBHEHUA X2 — X —6=0 ~

napabona ¢pyHKUMM y = x2 — x — 6 NepeceKaeTca € 0cbio OX B TOYKAX

X=—2, X=3 1 AeNNTCA HA TPU NPOMENKYTKA, B KOTOPbIX MPUHUMAET

NOJIOXKUTENbHbIE U OTPULATENbHbIE 3HaYeHnA. Onpeaesnm 3Have-

HWSA BbIPAXKEHUA X2 — X — 6 B KaXKA0M U3 NPOMENKYTKOB.

a) Mpaduk GyHKUUKM y = x> — X — 6 NepeceKaeT 0Cb X B TOUKAX —2 U 3 U MeKay

3TMMM 3HAYEHMAMM PACMONAFAETCA HUKE OcU Ox . 3HAYUUT, peLleHne HepaBe

ctBa X2—x—6 <06yner —2<x<3. Y

b) Mpu 3HaYEHUAX X=—2 N X < —2 UK Ke X=3 U X>3 3HaYeHwu KL,

€CTb 3HaYeHWe BbIparKeHMA x> — X — 6 ) paBHbI Hy/to UK xeBonb yna. QHa-
YuT, pelleHrem HepaBeHcTBa X2 — x — 6 = 0 bygeT x viin x 2
c) PeweHnem HepaBeHcTBa x> —x— 6 >0 bya <=2 e x >3

< x<

d) PeweHnem HepaBeHcTBa x> —x—6 <0 6ya

\®
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Y106bI pelwmnTb KBagpaTHble HEPABEHCTBA C MOMOLLbIO rpaduKa:
1. No 3HauyeHuto KoadduuMeHTa a onpeaensieTcs HanpaB/eHWe BeTBel napa-
60onbl.

2. HaxoaaTca cooTBETCTBYIOLME AeNCTBUTENbHbIE KOPHM KBagpaTHOTO ypaBHe-
HWA (eCNM ecTb) AW oNpeaenneTcs OTCYTCTBUE AENCTBUTE/IbHbIX KOPHEN.

3. Mo Toukam nepeceyeHms rpadunka GyHKLMUM C OCblo abCLMCC CXeMaTUYECKU
nsobparkaetca rpadmKk GyHKUMK.

4. Mo cxemaTMyeckoMy n306parkeHnto Napabonbl oNpeaensatoTca NPOMEKYTKMY,
COOTBETCTBYIOLME PELLEHUAM AaHHbIX HEPABEHCTB.

a>0
D<O

PelweHune HepaBeHcTBa ax*+ bx+ ¢ >0
(=005 x1) U (X3; +90) | (=005 x1) U ( x1; +00) (—o00; +0)
PeweHune HepaBeHcTBa ax?>+ bx+c >0
(—00; x1] U[ X2; +0) (—o0; +00) (—o0; +00)
PeweHune HepaBeHcTBa ax? + bx +c <0
(x1; x2) %) (%)
PelweHune HepaBeHcTBa ax?> + bx+c<0

[x1; x2] {x1} %)

yA

a<0

0 X D<O
(=)

PeweHwne HepaBeHcTBa ax? + bx + ¢ >0

(x1; x:) %) %)

PeweHune HepaBeHcTBa ax?>+ bx+c =0

[X1,‘ Xz] {Xl} %)

PeweHune HepaBeHcTBa ax® + bx +c<0 ’
(—o0; x1) U ( x2; +0) (=005 x1) U (x3; +0) (—o0;
PelweHne HepaBeHcTBa ax? + bx +c <0
; +00)

(=0 x1] U [ x2; +00) (—o0; +00)
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O6yuatowme 3aaaHna o
1 > Mo rpaduKam HanuLWMTe pelleHns HepPaBeHCTB.
1) | YASf(x)=x*-5x+4 2) VA fix) = 52— 4 3) )
\ / \ / flx) =—x?—8x— 12
\ / X
X _5 O o
0|1 4 \ / / \
ol X
6 2
/ \
a)x2—5x+4 <0 a)x*—4 <0 a)—x2—8x—12 <0
b)x2—5x+4 >0 b)x*—4 20 b) —x2—8x-12 >0
c)x2—5x+4 >0 c)x’—4 >0 c)—x2—8x—12>0
d)x2—5x+4 <0 d)x’-4 <0 d)—x2—8x—12 <0
2 > PewnTe HepaBeHCTBA, UCMO/b3Ys rPadUKK COOTBETCTBYHOLMX QYHKLINIA.
a)x*—7x+10 >0 b)x*—4x+3 <0 c)x*—920
3 > PewnTte HepaBeHCTBa.
a) x(x +6)>40 c)6x2>11x+ 35 e)-2x*—x+3>0

b) —x*—11x—-24<0 d) 7x+5<-2x? f) —3x2 + 5x >2

JoKaxkute, YTO HepaBeHCTBO BEPHO Npw Nto6oM 3HaYEHUU HEDEMGHHOﬁ.

a)—x*+x—-1<0 b) 6x —x*< 10 c)5x%—-2x+1>0

Mpumep: PewnTe HepaBeHcTBO —x2+x—1<0 .
PeweHue: BetBn napabonbl HanpasaeHbl BHU3 (a < 0). Ay
TaK Kak ypaBHeHne —x?>+ x— 1 =0 He umeeT fENCTBU-

\ &

Te/NbHbIX KOPHEN, Mapabona He nepecekaeT ocb abcumce
N LETNKOM NNEXUT B HUXKHEN NnoaynaoCKoCTU. A 370 3Ha-
YWUT, YTO HepaBeHCTBO —x2+ x — 1 < 0 BepHO Npu Ntobbix
3HAYEHUAX NEPEMEHHON.

OTBeT: (—0; +0)

PewwTe HepaBeHcTBa.

a)x’+x+3 >0 b)2x*+x+120
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6>

7>

10 >

11>

12 >

KBaapaTtHble HepaBeHCTBa

B KaKuX M3 JaHHbIX HEPABEHCTB: a) pPeLleHMeM ABAAETCA MHOMECTBO BCEX
aencteutensHbix uncen (x € R); b) HeT pewennin (J) ?
a)x’+1>0 b)x*’+1 <0

Hanante MHOXeCTBO pelleHUn HepaBeHCTBa.
a)4x’+4x+1>0 b) x>+ 49 < 14x

c) 40x+ 25x2+16<0 d) 49x2+ 70x+ 2520

Mpumep: Pewm HepaBeHCcTBO 4x2+ 4x+1>0.
PeweHue: M306pasum rpadpmk GyHKUMK y = 4x% + 4x + 1.
Pewwnm ypaBHeHue 4x% + 4x+ 1 =0 n Hangem eaUHCTBEH-
HOe AeNCTBUTENIbHOE 3HaYeHMe NepemMeHHON, yaoBe-
TBOpSAtoLLee ypaBHeHMUto: x = —0,5. NMapabona Kacaetcs
ocun Ox B TOUKe ~05 [0
(-0,5; 0) . Kak BuagHoO 13 rpadmKa, 3TO HEpPaBEHCTBO
BEPHO Npu NtobbIX 3HAYEHUAX X, Kpome x = — 0,5.
OtBet: x#— 0,5

YA

8 ]

Pelwinte HepaBeHCTBa, MOCTPOMB rPadUKM COOTBETCTBYHOLMX QYHKLUMIA.

a)x*—9x +8<0 d)x?-2x —24 <0 g)x*+8x +16 2 0
b) x?+6x+5>0 e)0>—x*+7x-12 h)—x?+2x+15<0
c)4x*+12x+10<0 f)3x2—3x+9>0 )0>—x*+4x— 4

HanunwwuTte KBagpaTHOe HepaBEeHCTBO, pelleHne KOTOPOoro COOTBETCTBYyeT

AaHHOMY YC/IOBUIO:
a)—-2<x<4 b)x<1uamx>10 c)%st3
d)x<—% nnu x>% e)xS—3—\/§Mnmx2—3+\/5_

fyxeR g) HeT pelweHni

Mpwn KaKMX 3HaYEeHUAX X:

a) TpexuneH 3x2 — 2x —1 NpuMHUMaET NONOMKMUTE/bHbIE 3HAYEeHUA?

b) TpexuneH —x?>+ 3x — 2 NpUHMMAET OTPULATE/IbHbIE 3HAYEHUA?

MpW KaknX 3HaYEHUAX NePeMeEHHOI:

a) 3HauyeHue TpexyneHa 2x> + x — 6 meHbue 47? ‘

b) 3HaueHune TpexuneHa —x? + 8x + 2 6onblie 9?

MpW KaKMx 3HaYEHUAX aprymeHTa 3HayeHne GyHKL, =x>—
COOTBETCTBYIOLLErO 3HaYEeHUA GYHKUMM g(X) 6?

\

eHblle
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13 > KBaapaTHble HEpaBeHCTBA MOXKHO peLaTtb anrebpanyecknm cnocobom, pas-
NNOXKMB /IEBYIO YaCTb Ha MHOMMWTENM M MO 3HaKy HEPABEHCTBA MUCC/1ea0BaTb
BO3MOKHble c/lydamn. PaccmoTpuTe npumep, peLunTe 3agaHHble HepaBeHcTBa.

Mpumep. HepaBeHcTBO X2+ 4x + 3 <0 3anuwem B BuAe (x + 1)(x+ 3) < 0.
MNpownsBeaeHne ABYX MHOXUTENEN ByaeT OTPULLATE/IbHbIM, €C/IM MHOXU-
Tenu 6yayT UMeTb NPOTUBOMNOJIOXKHbIE 3HAKMU.
1-i1 chyvai. Mpeanonoxmm, yto (x+ 1) 20, a (x+3)<0. Otctogax 2—1u
Xx < —3. PeweHnem HepaseHcTBa X2 + 4x + 3 < 0 byayT Takne 3Ha4YeHUs X,
KOTOpble YA0B/eTBOPAT 060MM HepaBeHCTBaM. B aTom caydyae Takoro

3Ha4yeHuA ANnAa X HeT.

Y

L
>

2-1 cnyyaid. MNpeanonoskmm yto (x+ 1) <0um (x +3) 2 0.
PewmB aTn HepaBeHcTBa, noayuymm x<—1unx>—3.

| 4 | | | |

Y

]
|
]
i

L

h

T hd T T T T
-1
| ] | | | ]

-3

o

X
X

X

X

Bce 3HaueHma npomexKyTka oT —3-x 4o —1, BKAtovaa x=—3 n x=—1 asnatorca
pelweHnem HepaBeHcTBa X° + 4x+ 3 <0.0tBeT: —3< x <1

a)x*+3x—1820
d) —x2 — 12x < 32

b)x*—6x+5<0 c)4x2< 25
e)x?—4x—-5>0 f)12x2+3x<0

14> PewwnTe HepaBeHCTBa pa3HbiMM cnocobamu.

a)x* + 8x+7>0

b)x* +6x+ 5<0

c)2x*—11x+ 1520

d) x> —5x>3x2—18x+20 e)2x*+12x—11>x*+2x+13

15 > PelunTe HepaBeHCTBaA, pPasenB UX Ha ZIBe FPYMMbl — IMHEHbIE 1 KBaa-

PaTHblE HEPABEHCTBA.

y2 —3<0

73-y)>4+2y

(3—-7x)2<-1

4(x —2)<6x—3
(5x+2)2<4
x2—3<5x+3

8p? -18>0
Xx+3<2(x+1)

x% > 4x

16 > PelunTe HepaBeHCTBO X2 + X > 6. BEPHO /11, 4TO MHOXECTBO peg@Huii Hor

HEpPaBEHCTBA:

a) ABNAETCA TaKXKe MHOXXECTBOM pELLIEHMﬁ HEepaBeEHCTBa
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17 >yCTaHOBMTe cooTBeTcTBME rPadUKOB U HepaBeHCTB. KakMM HepaBeHCTBaMm
He COOTBETCTBYET HN 0AMH U3 rpadmKoB? MoCcTpoiTe 3T rpaduKu, Npm no-
MOLLM MX pelnTe HepaBeHCTBa.

a)x*-3x+2>0 AY YA
b)x*-4x+3<0 2_\/ \ /
c)x2-2x-3<0 o Tty '2\9_/21 “x
dx2+x-220 :

e)x*-x-2<0 AY
fix*-4>0 3-§\./‘ \ /
of N5 “x y

1g> PewnTe HepaBeHCTBa, MOCTPOMB rPadUKM COOTBETCTBYIOWMX GYHKLMNA.

N
5}

a) x¥*-2x-3>0 b) x*+2x-3<0 c) X>+5x+420

d) ¥*-3x-4<0 e) xX>-3x+220 f) xX*—4x<0

g)—-x*+3x20 h)-x?+9<0 i)—4x>—16>0
19> Ha pucyHKe NoKa3aHo pelleHne HepaBeHCTBa ~S>/_b Ay

—x2+52>—x+3.

a) ObocHyliTe NMUCbMEHHO CNpaBea/IMBOCTb

iR
~ &4
X
B
7

L
[aHHOro HepaBeHCTBa A4/1A BCeX 3HAYEHUN X, N \
NpUHaZNeXKaWwmx npomexxyTry [—1; 2]. i 2;1)
~
= X
™~

[[-10 LN

b) Ynpoctne HepaBeHcTBO —x% + 5 = —x + 3, 3anuMlumnTe B BUAE KBAAPaTHOro

HepaBeHcTBA —x? +x + 2 20 1 pewnTe ero rpadpmyeckum cnocobom.

c) OaMHaKoBbI M NOyYeHHble pe3y/bTaTbl? YTo obLiero 1 yem pasnmnyarorcs
AaHHoe rpaduyeckoe pelleHue 1 pelleHne, noayYeHHoe Bamu?

20 > PewnTe HepaBeHCTBa ABYMSA cnocobamu. ’

1) MocTpouns rpaduKm KBaAPATUYHOMN U INHENHOM QYHKLUMUNA.
\u,m

2) YnpocTuB 1 NocTpomB rpadmK Noay4yeHHOM KBagpaTHUYson

a) x*’< 15-2x b) x2+ dx >3 +
<

C)13x—7< —2x2 d) x2+

\

2x
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21> 06o6ueHme. BOCMONb3yACh rpadUKOM M AMCKPUMMHAHTOM KBaAPATUYHOI
bYHKLUMK, UccnenyiTe pelleHne HepaBeHCTBa ax? + bx + ¢ 2 0. B KaKkux cny-
Yasx: a) pelwleHMeM HepaBeHCTBa byayT Bce AeNCTBUTENbHbIE YMcna?
b) pewieHnem HepaBeHcTBa bByaeT O4HO AENCTBUTENbHOE YUCIO?
C) MHOXeCTBO onpeaeneHHbIX AeACTBUTENbHbIX Yncen byaeT pelieHnem He-

paBeHcTBa?

MpuknagHble 3apaHnA )

22 > OfVMH U3 KaTeToB NMPAMOYIo/IbHOrO TPEYro/ibHWKa Ha 2 CM AJIMHHee Apy-

roro. KakoBa Ao/1Ha bbITb A/IMHA MeHbLLEro KaTeTa, YTobbl Naowanb Tpe-
Yro/ibHMKa bblna He meHblle 24 cm??

23 > [NvHa ogHOM CTOPOHbI NPAMOYroNIbHUKA Ha 7 cm Bonblie apyroi. Ecam
naowaab NPAMOYro/ibHMKa byaeT meHblue 60 cM?, TO KaKoi MOKeT bbiTb

ONMHa bonblieit CTOPOHbI?

24 > MccnenoBaHMs NOKasbiBAOT, YTO Bpems (B TepUMAX) peakumm BoauTenei Ha
BO3HMKLIEE  MPEenATCTBME  MOXHO  CMOAEAMpoBaTb  GYHKUMEN
T(x) = 0,005x2 — 0,23x + 22 (x - NOKa3bIBaET BO3PaCT BOAUTENSA):
(16 £ x £ 70) CKONbKO TEPLMIA COCTABAAET BPEMSA PeaKLMM BoAUTENA:
a) 8 16 net; b) B 35 neT? c) B KAKOM BO3pacTe BpemMsa peakuuu Boautens
6yaet 6onblue 25 Tepumin?
Tepums - egMHULA U3MEPEHUSA BPEMEHU U PaBHA 50 CEKyHAbI.

25 > [na Toro, 4tobbl U3 IUCTa KAPTOHA NPAMOYrO/IbHON GOPMbI CAENATb OTKPbI-
Tyt0 KOpobKy No yrnam BbipesatoT Yacti B popme KBagpaTa, crubatoT no
NYHKTUPHBIM IMHUAM U CKNenBatoT. TpebyeTcAa NPUroToBUTb KOPOOKY M3
KapToHa pasmepom 22 cm x 30 cm.

30 XI:I |:|

X

X
n ~[ =7

L] ]

a) Mpu KaKOM LLesIOM 3HAYEeHUM CTOPOHbI Bblpe3aHHbIX KBaApaToOB 06Bbem Ko-

pobku byaet 1200 cm3?
b) Mpu KaKKMX LEebIX 3HAYEHUAX CTOPOHbI BbIpe3aHHbIX KBaApaToB 06beM KO-

pobku byaeTt He meHblue 1200 cm3?

26> Nocne vypapa ABUXKeHME MAYA MOXKHO cmop,enwposf oy
h(t) =—5t>+ 20t + 1. 3pecb h - BbicoTa (B MeTpax) bpolierHo
yepes t CeKyHa,.
a) B Kakom MHTepBane BpeMeHU MAY NOAHUMETCA H
b) B Kakom MHTEpPBaie BPEMEHM MAY OKAXKETC bicoTe
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27> dopmy apKM mMoCTa B BbIbBpaHHOM cUCTEME KOOPAMHAT MOXKHO MOKasaTb
KBagpaTuiHoi dyHKumel y = —0,002x2 + 1,06x. x - 3TO paccToAHUE OT NeBOM
Ornopbl. y - MOKa3bIBaeT BbICOTY (B MeTpax) apKM Hag ypoBHem Boabl. Ha
KaKOM PacCTOSIHMM OT JIeBOM ONOPbI apKa PacrnooXKeHa Haz JOPoron?

28> YT106bI NOCAAUTL B Cagy 3e/1eHb Taxmp NAaHUPYET BblAENUTb Y4aCTOK NPSAMO-
yronbHo ¢opmbl. [na 3abopa y Hero ecTb matepuan AnnHoi 70 meTpos.
Taxup xo4yeT, 4ToObl y4yacTOK ANA MOCafAKM 3e/eHn 6bin 6onblie
300 m2. Kakol ANMHbI U LIMPUHDBI Z0MKeEH BbITb Yy4acToK , Ha 3abop ans KoTo-
poro byaeT UcTpayeH Becb matepuan?

29> B meauumnHe Ana onpeaeneHuns cteneHn n3bbiToYHOro Beca UCMo/b3yoT
“UHpeKc maccbl Tena”. Ecnm nHaekc maccbl Haxoautes mexay 17 n 24, 1o
BEC cYMTaeTca HopManbHbIM. MHAEKC Macchbl TeNa paccunTbiBaeTcs no

..m

dopmyne: | = “pz TAem - macca Tena B KUnorpamMmax, h - pocT B meTpax.
a) Kakon ponkHa 6bITb Macca yenoBeKa ¢ poctom 1 m 50 cm, 4Tobbl MHAEKC
Maccbl 6bi1 meHblue 24-x?
b) Kakum ponxeH 6biTb HAMMEHbLLMIA POCT Ye/loBeKa Maccol 54 Kr, 4Tobbl
WHAEKC Maccbl Obl1 MeHbLUE UK paBeH 24-m?

30 > Yepes apKy A0MKHA NpoexaTb MallMHa BbICOTOM 3,5 M 1 WnpuHOM 2,2 M.
ApKYy MO¥HO cMoaennpoBaTb GyHKUMEN

y=-0,3x+1,8x+ 1,1 (x u y B meTpax). e e
TG
a) CmoskeT nM aBToMOBWIbL MpoexaTb Yepes

apky? O6bsACHUTE.

b) [Onsa Toro, 4tobbl MallMHa BbICOTOM B 3,5 M
npoexana Yepes apKy, Kakol MOXKET bbITb Han-
60/1bLUaA LWMPUHA MALLWUHBI?

¢) Ansa Toro, 4To6bl MaLUMHA LWMPUHOM 2,2 M NpO-

exana yepes apKy, KaKoi MOXKeT BbITb Hanb O LLaA Bb
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@ MeTop nHTepsanos

OAVH 13 MeTOoA0B peLleHUs KBagpaTHbIX HEPABEHCTB — METOA, MHTepPBasoB.
HepaBeHcTBa peLatoTca METOAOM MHTEPBA/IOB COMTAaCHO MOKA3aHHbIM HUXKe
Lwaram.

1. CoctaBnseTca ypaBHeHWe, COOTBETCTBYIOLEE HEPABEHCTBY M HAXo4ATCA
KOpHMU.

2. Ha uncnoBoli 0cl OTMEYAtoTCsl TOYKM, COOTBETCTBYHOLLME 3HAYEHUAM nepe-
MEHHOW (3TV TOYKM Ha30BEeM rPaHMYHbIMU TOYKAMM HEPABEHCTBA).

3. B KaXkgom 13 MHTepBasioB, 06pa3oBaHHbIX FPAHUYHBIMK TOYKAMMU, BbIOU-
patoTcA nocnenoBaTe/IbHO NPO6HbIE TOYKM U ONpesenseTca Kakon ns uHTep-
BaNOB, byAeT NpuHAANeaTb MHOMKECTBY PeLUeHWN HEPAaBEHCTBA.

Mpumep. Pewnte HepaBeHCcTBO X2+ 4x+ 3 < 0:
PeweHue. [1na Toro 4tobbl pELNTL HEPABEHCTBO:
1) Haxogum KopHU ypaBHeHUA x>+ 4x+3 =0 :
(x+1)(x+3) = 0; x1= —1; x2 = —3.

> 2. OTMeyaem Ha YMC0BOM OCK TOUKM X1 = —1; x2 = —3. KaK BUAHO, rpaHMYHbIe
TOYKM AENAT YUC/IOBYIO OCb HA 3 MHTepBana.

—_—
| | o | Py | | | | -
T T g T h T T T T > X
-5 -4 -3 -2 -1 0 1 2 3
3. B KaxXgom u3 MHTepBanoB BbibUpaem npobHoe uncno (—5; —2; 0) u npose-

pAem HepaBeHCTBO.

NHTepBan X <=3 (—o0; —3) —3<x<-1 | x>-1,(-1; +0)
Mpo6Hoe uncno -5 -2 0
3HaveHue va|pa>+<e— (P44 (5)+3=8 (-2)2+4(-2)+ | (0P +4-(0)+3=3
HWA B 1€BOI 4aCTK +3=-1
YnosnetsopsaeT n
x>—4x+3<07?

Het [a Het

HepaseHcTtBo x> — 4x + 3 <0 BepHO npu nHTepsasne (—3; —1) U rpaHNYHbIX TOUKaX
PelleHune npeactaBMm Ha YMCNOBOM OCK:

>
-4 -3 -2 -1 0 1 2

OmBer: -3< x<-1

O6yuatowme 3agaHnA
1 > Pewwnte HepaBeHCTBA METOLOM MHTEPBAJIOB.
a)x*+2x—-320 b)3x*—x-2< 0 cox-3
d)x>—4x>5 e)2x2+5x>7
g)x*—4x<0 h)x*-9x >0

\
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2 > MeToa, UHTepBasioB YMECTEH MpK PelleHn HepaBeHCTB, Y KOTOPbIX npasas
YacTb HOMb, @ /1IEBAA YacCTb COCTOMUT U3 MHOMKMUTeNEeN B1aa (X — ¢). Paccmotpurte
npumepsbl, 0bcyanTe 1 pelmTe HepaBeHCTBa METOAOM MHTEPBasIoB.

>

Mpumep. Pewnte HepaseHcTBO (x + 1)(x—4)< 0
g PeweHue. 1) Haxoanm rpaHuyHble Toukn: (x+ 1)(x — 4)=0; x1=-1, x2=4.
2) Ha unMcnoBo ocv OTMETUM FPaHUYHbIE TOYKM U, HAUMHasA € 1-ro NpaBoro UH-
TepBana, onpeaennm 3HaK BblpaxkeHua (x + 1)(x — 4). Tak Kak & 1-om uHTepBane
KaXAbl MHOXUTENb NOO-

W JKUTENbHbIN, TO 3HAK Bblpa-
-

wenua (x+1)(x—4)
‘_\1/ ‘\4/ GYAET NONOKUTENBHBIM.

MOCKONbKY NpU Nepexoae Yepes rpaHnYHbIe TOYKU TONbKO Y OAHOTO MHOMKM-
TeNA MEHAETCA 3HaK M NO3TOMY 3HaK BblpaxkeHus (x + 1)(x —4) yepeayeTca.

5

3) UHTepBasbl c OTpMLATENIbHBIM 3HAKOM ABNAIOTCA PelleHMeM HepaBEeHCTBa.
Otset: (—1; 4)

Ecnu B HEpaBEHCTBE KaXKabli MHOMUTE/Ib UMEET HEYETHYIO CTEMeHb, TO B
MHTEPBaNax 3HaKM YepeayoTcs.

Mpumep. PewnTe HepaBeHcTBO (X2 + 1)(x + 1)%(x —4) > 0.

> PeweHue. 1) Haxoanm rpaHUYHbIE TOYKN:

(x+1)%x—4)=0; x1=x2=-1, x3=4.

OTmeTUM, 4YTO X = —1 - NOBTOPAIOLLNINCA KOPEHD.

2) Ha uncnoBoi ocv OTMETUM rpaHuUHble ToYkU (—1 1 4) n, HaunHaa c 1-ro
NpaBoro MHTepBana, B Ka*KAOM MHTepBasie onpeses MM 3HaK BblparkeHuA.

WTBK KaK B 1-om nHTepBane
KaK bl MHOKWUTE/b NO/IO-
-1 4 X YKUTENbHbIN, TO 3HaK Bblpa-

\_/ \_/ P

wenusa (x + 1)(x— 4) byaet
MO/IOKNUTENbHBIM.

B

Mpw nepexope 4epes Touky lpu nepexode yepez moyky

— 2
x =1 MHOXuTENb (X + 1) X =4 mHomumens (x—4)
He MeHseT 3HaK. MeHsiem 3HaK.

3) HepaBeHCTBO BEpPHO B NPOMEXKYTKE, rae 3HaveHus (x + 1)%(x — 4) nonoxu-
TesIbHbl U B FPaHUYHbIX TOYKax. OTBeT. {—1}U[4; 4+ )

Ecnu B HepaBeHCTBE €CTb MHOXMTENM C YETHBIM NOKa3aTeNlemM CTeNeHu Buaa
(x —¢) 2", To cnpaBa U cneBa OT rPAHNYHOM TOUKM C 3HAK MOBTOPSAETCA.

a) (x+3)(x—8)(x—20)<0 b) (x—-3)(x+2)(x-¥)>0
c) (X¥*=9)x+4)x—5)<0 d) (x> = 2x)(x —
e)x*+2x*—15x >0

g) (x—4)Y (x*-8x)<0
i)5x(x—2)(x—6)2>0
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— v PeweHue paumoHanbHbIX HEPABEHCTB METO40M UHTEPBAJIOB
1. HanMwwnTe HepaBEHCTBO B BM/E SKBMBAIEHTHOIO HEPaBEHCTBA, B OHOW YacTy
KOTOPOro paLMOHabHOE BbiparkeHne, a B APYro 4acTu Hy/b.

2. Haiiaute 3HayeHMe nepemeHHbIX, NPU KOTOPbIX YNCAUTENb U 3HaMeHaTeNb
paLMOHaNbHOTO BblpaXeHna obpallaeTca B HyAb. ITU 3HAYEHUA NepemeHHbIX
ABNAOTCA rPaHUYHbIMM TOYKaMM JaHHOTO HEPaBEHCTBa.

3. M3 MHTepBanoB, 06pa30BaHHbIX FPaHNYHbIMK TOYKaMMK, MOC/IEeA0BaTEIbHO Bbl-
6epuTe NPobHbIe TOUYKKU U NPOBEPLTE, KaKMe U3 3TUX MHTEPBANOB NPUHaANEXaT
MHOECTBY peLleHMIA HepaBeHCTBa.

X+2
Mpumep “_a S 3 OdaHHoe HepaseHcmMso
PeweHue X+2
. ————— —3<0 Kobwum 4yacmam HepaseHcmea npubasnasom -3
1) xX—4
-2x+ 14 <0
— < npowarom
X—4 ynpow
=2(x—=7) i
<Q 0bwuli MHoMUmMenb 8bIHOCAM 30 CKOOKU
x-4
x—7 S obe yacmu 0esnam Ha (— 2) u MeHAoM 3HAK Ha
x—-4 - 1pomMueomnonoHcHolli

2) Hangem Hynu yncautensa v 3HameHatena: x—7=0,x=7,x—4=0,x =4

3) OTmevaa TOUKM X =4 nx=7Ha l-Il/1CI1OBOl\;1 OoCu, AeNnm ee Ha Tpu UHTEpBana.
(—oo; 4), (4, 7) n (7; + )

L

o

-3-2-101234567289
Bbibepem npobHble TOUKM U3 MHTepBanoB (—«; 4), (4; 7), (7; +©) nnposepum

HepaBeHCTBO
(—oo; 4) (4,7) (7; + )
x=7 - x=7 - x=7
x=0 L=1 x=5 2= 7 x=8
x—4 20 x—4 20 x—4 20
? ? ?
- ? - ? 8-7 ?
0-7 7 5-7 277 5o A4
— >0 > — >0 —-22 20, —=20
0-4 20 520 Ty 200 m2200 gy 4
BEPHO HeBepHO BEPHO
TaK Kak npu x = 4 3HameHaTe/Ib 06paLLAETCA B HY b, TO 3Ta TOYKA HE BXOAUT
B MHOYECTBO pelleHWi, @ TOYKa X = 7 B 3TO MHOXECTBO BXOAUT. MHOXKecTB
peLleHnii HepaseHcTBa byaet (—o; 4) u [7; + ). Y
N306parkeHne Ha YMC/I0BOM OCu:

B Mp

OtBer: (—o0; 4) U [7; + ) 3-2-10123 456
x—7

3ameuanne: HepasencTeo ~ —,~ >0 MOXHO Tagke peliglb, npu

BU/IO M3MEHEHMUA 3HAKOB B UHTEPBasaXx.

\S
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3)

MeTop nHTepsanos

CHavana pewnTe ypaBHeHUA, NOTOM pellnTe COOTBETCTBYHOLWMNE HEPABEH-
CTBa METOA0M UHTEPBA/IOB.

a) 10 b) 8 4 ) z+2 d w-8
x—5 =3 a+1 ~ ~—g =3 wig =2
10 8 742 w-38
x5 <5 a1 74 7—6 <73 w+6 <2
10 8 z+2 w-—8 55
X—5 >5 a+1 <4 z—6 >-3 w+6 =

PelunTe HepaBeHcTBa.

X -3 2x-10

a < b) ———> <

) X+7 0 ) X+8 0 <) 2x-5 0
(x —1)(x>-36) X 1 3x-1

d < o — X , 1 f 3x=1

) x+1 0 Xx=5 2 ) 2x+5 23

HEPEHGCH BCe Y1eHbl B /1eBYHO YaCTb U Pa3z1oXNMB Ha MHOXUTEJIN, peLunTe

HepaBeHCTBa.
a) x3 < 16x b) (2x— 6)2 < x?

MpWn Kaknx 3HaYEHUAX K ypaBHEHME: a) He UMeET AeNCTBUTE/NIbHbIX KOPHE;
b) umeeT aBa AelCTBUTENbHbIX KOPHA?
1)3x>+kx+3=0 2) kx> —4x+k-3=0
Pewunte HepaBeHCTBa.

a) |2x—3| > |6—x| b) |3x—5| < |x—3]

YKasaHue: HepaseHcTBa Buaa |p(x)| < |g(x)| 3ameHnTe akBMBaNeHTHbIMMK

c)(x*+x—3)2<(x*—x—5)?2

c)l2x—1]|<|x+1]

UM HepaBeHcTBamM p?(x) < g*(x) 1, NepeHecs YneHbl B 1EBYIO YaCTb, Pa3/o-
MB Ha MHOXUTENN, PELLIMTE NOSTlyYeHHOe HePaBEHCTBO.

B 34aHMe naaHMpyeTcAa NPOBECTU BOA4ONPOBOAHYHO TPyOy.
Hapsay ¢ BHeWwHMM anametpom Tpybbl B 30 cm naowwaas no-
NepeyHoro ceyeHus Tpybbl He AOMKHA 6biTb MeHblue |
60 cm? 1 6onble 90 cm?.

a) CornacHo yc/iioBMIO 3a434M HanULLKUTe KBaZpaTHOe Hepa-
BEHCTBO M NOCTPONTE rpaduK.

b) Onpenennte gonycTMmble 3HaYEHWUA BHYTPEHHErO AMAMETPA BOAOMNPO-
BOAHOM Tpybbl. Mpumem T=3.

lenpgap Ha NeTHUX KaHWKynax B MebenbHOM marasmHe no:vgaeT uy.
TPAHCNOPTMPOBKY KaXKA0ro ctona oHn nnatat 10 maHart, a ¢ou np
autento ctabunbHo 1800 maHaT B Hegento. Ecan oauH
MaHar, To 3a HeZento MOXKHO npoaathb (120 —x) T
CTON1 OHM MOTYT NpPeasIoKnTb, YTobbl paboTa npu
HY»XHO NPOoAAaBaTb CTO/Ibl, YTOObI HeAgeNbHanA N
CKoNbKO CTON0B NPOAAAYT 33 HeAGNIO B AaH
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MppaunoHanbHble HepaBeHCTBa

HepaseHCTBO, cogeprkallee nepemeHHyto nog 3HaKom paguKana, HasbiBaeTcs
NMppPaLMOHaNbHbIM HepaBeHCTBOM. [Mpu peleHnn MppPaLMoHanbHbIX HePaBEHCTB
NCNONb3YIOTCA CBOMCTBA KOPHEM M paLMOHa/IbHbIX HEPABEHCTB. OTO NPUBOAUT K
PeLeHM0 PaLMOHaNbHbIX HEPABEHCTB AN CUCTEM HepaBeHCTB. PaccmoTpum
peLleHna NPOCTbIX MPPALMOHA/IbHbIX HEPABEHCTB C NepeMeHHON, HaxoadAllencs
nof, 3HaKOM KBaApaTHOro KOPHS.

1. Mpumep. PewwnTe HepaBeHCTBO V2x—4—-1<3

Pemenne. v’ BbiparkeHne nog KBagpaTHbIM KOPHEM HE MOMKET ObITb
OTpULATENbHbBIM. 3HAUYUT, AONKHO 6bITb 2Xx —4 > 0.
PelinB 37O HEpPABEHCTBO, MNOYYMM X > 2.

V' \2x—4-1<3 danHoe HepaseHcmeo

V2x—4 <4 npubasnsem K obeum yacmam 1
2x—4 <16 so3sedeM 8 keadpam obe yacmu
2x <20 npubasagem K obeum yacmsam 4
x<10 o0be yacmu denum Ha 2

v’ [laHHOe HepaBeHCTBO BEPHO Npu X >2 1 x < 10. 3HauuT, 2 <x < 10.

¥ Bbibepem Npo6Hble TOYKM U3 MHTEPBANOB (—w;2), [2;10); (10;+00) ¥ Npo-
BEPVM HepaBeHCTBO.

| (=0;2) | [2;10) | (10;+00) |
x=1 x=2 x=11
N2.1-4-1<3 \V22-4-1<3 V2:11-4-1<3
V52-1<3 X —1<3v 18— 1<3 X
He BEPHO BEPHO HeBepHO
v’ Ortset: [2;10) M306parkeHne Ha YNCNOBOM OCK:
S S A A S S A S .

0 1 2 3 4 5 6 7 8 9 10 11

Kak BugHo, peweHne JaHHOro HepaBeHCTBa NPMBOAUTCA K peLUEHUD CUCTEMDI

HepaBeHCTB {ZX* 420 PaBHOCW/IbHbIX A@aHHOMY HEpaBEHCTBY.
2x—4<16

PeriieHne uppanuoHaIbHBIX HEPABCHCT MPOBOAUMBIC YEAUHECHHEM PajiKaia K Un
By Vax + b < ¢ (31€Ch ¢ MONOKHTETHHOE ods
ey

&

YUCJI0) MPUBOAMUTCA K PELIEeHUIo cuctemy PelnTe HepaseH

HepaBeHCTs {GXJF b20  paBHOCUIbHBIX x-4 -1 np A
ax+b<c K SKB@BAEHTHO C e

[aHHOMY HEPaBEHCTBY.
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2. Mpumep. PewnTe HepaBeHCTBO \x—3 >2
L Pemenne.

v Onpepenvm gonycTMble 3HaYeHWA nepemeHHol: x —3 >0, x> 3
v Bo3segem B KBagpaT 0be CTopoHbl: X—3 >4, x> 7.

v QueBMAHO, YTO 3HaYEHMA X > 7 BKtOYaeT B ceba u ycnosme x > 3.
3HAYMT HEepPaBEHCTBO BEPHO Npu X > 7.

v OTBeT: MHOXECTBO pelleHuii HepaBeHcTBa [7; +o0).

N306parkeHNE Ha YNACTIOBOM OCH:  ——— i
s 6 7 8 9 X

3. Mpumep. PewwTe HepaBeHCTBO VX —4>-2.

PeweHune. [lonycTMmble 3HAYEHUS NEPEMEHHOM A0MKHbI BbITb X —4 >0,
T.e. X > 4. 3HaYnNT NpPU BCEX 3HAYEHUAX X HE MeHblle 4-X HepaBeHCTBO
BEpHO.

PeweHne HepaBeHcTBa: X > 4.

OTBET: MHOXECTBO peLIeHUI HepaBEHCTBA - [4; +w)

! ! & L L L L L Lo

N306paxKeHNE HA YNCITOBOM OCU: bt
5 6 7 8 9

O6yuatowme 3apaHun o

1 > Lanbl uncna —3; -2; —1; 0; 1; 2; 3; 4. NpoBepbTe NpU KaKNX 3HAYEHUAX He-
PaBEHCTBO BEPHO.

a)Wx+1>-3 b) Vx—1<2 )V3-x>1
2> PelunTte HepaBEHCTBO.

a)Vx—4<3 b)V2x—4>1 o V2x—3<1

d)Vx—3-2<2 e)Vx—5-1>3 f)5—x—3<2

3 > OnpepgennTe BO3MOXKHbIE 3HAYEHMA NepeMeHHO. PaccykaainTe: umeet i
HepaBeHCTBO KaKoe-nnbo pelleHne. Eciv umeeT, To HanuwKUTe 3TO pelle-

HUe.
a)Vx-3<0 b) V3 —x<-1 c)V2x—-6<0
d)Vx—3+V1-x>2 e)Vx—4 >-1 f)V2x—5>-2
4> PelunTe HepaBeHCTBO.
a)Vx2-9<4 b)\/4—x2>\/§ c) Vx?—3x>2

d)\/4x—1§\/5 e)\l4x—2>1 f)\/Zx 6<8
5 > Pe|3.ume HepaBEeHCTBO.
3
a)Vx—1>2 b)V2-x<1 c)V2x +
YKasaHue: YeguHuB pagunkan, Bo3seauTe B Hb 0be M He-
paBeHcTBa. Pewnte nonyvyeHHoe HepaBeHCTBP
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O6o6uwalowme 3agaHua

1 > B 6aHK BnoxeHbl 5000 maHaT noa NPOCTYlO MPOUEHTHYK cTaBKy 8%.
CKONbKO eLle AeHer HYXKHO BNOXUTb NoA, NPOCTYHO NPOLEHTHYHO cTaBky 10%,
yTob6bI rogoBan Npubbinb 6bina mexay 800 1 950 maHaT?

2 > [N HOpManbHOro CyLLeCTBOBaHMA aKya TeMnepaTypa BoAbl A0/KHA ObITb
o1 5°C go 18°C. HanuwwTe HEpaBEHCTBO A5 TeMMNepaTypbl, He NoAXoAALLe
[ONA CYLLeCTBOBAHMA aKy/.

3 > 3aBUCMMOCTb MEXK Y MEeCSUYHON apeHHON NaaTom (r) 3a Kaxkablit KBaapart-
HbI/ METP NJOWAAM MarasmHa U Noay4eHHbIM AOX040M (TbiC. MaHaTax) P(r)
npubnansuTenbHo 3agaetca dopmynon P (r) = —6r2 + 45r — 39.

PelwinTe HMKEYKa3aHHble YpaBHEHUA U HEPABEHCTBA, NPeACTaBbTE KaxKaoe
M3 HUX COOTBETCTBEHHO PeasibHOM CUTyaLUM.

—6r2+45r—39=0 —6r*+45r—39>0
—6r2 + 45r — 39 > 15 —6r> + 45r—39< 15

q > Bonpoc oTKpbiToro Tuna. Kakue Tpu TOUKM HY*KHO BblbpaTh, YTOObI HAWTH
MHOEeCTBO pelleHnit HepaseHcTBa (x + 1)(x—4)<07?

5 > [KaBua Hanucan pelleHne HepaBeHCTBa 2x° + 12x > 2x + 12 B Buae 2x(x +
6) > 2(x+6), x>2.06bAcHUTe oWNOKY JKaBmaa.

6 > PewwuTe HepPaBeHCTBA Pa3/IMdYHbIMUN METOOAMMN.

a)—x*—2x+48<0 b) 3x2+ 2x—-5<0 c)4x*—4x+1>0
d) ¥*+2x-15<0 e) 24+ 11x+x>>0 f)3x2 —4x+1<0
g) xX*-2x+3<0 h) xX>-2x+3>0 i) x*-4x+420

7 > Cymma aByx uenbix ymcen pasHa 20, a cymma mx KBagpatos meHblue 208.
Onpegenute 3TK Yncna.

8 > Ecam oT Kaxaoro yria AMcTa KapToHa KBagpaTHOM ¢Gopmbl pasmepom
24 cm x 24 cm oTpe3aTb KBagpaTbl CO CTOPOHOM X CM, @ 3aTEM COFHYTb JIUCT
Mo NYHKTUPHbIM IMHUAM, KaK NOKa3aHO Ha PUCYHKE, U CKNEUTb ero, To Nony-
YUTCA OTKPbITas KOPo6Ka. Mpu Kaknx Lenbix 3Ha4YeHUAX X ob6bem KopobKu
6yaeT 6onblue 800 cm3? Mpu Kakux 3HaveHnax obbem byaeT Hanbonbmm?

24 XIX:] ] S o
. Dl/k\
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9 > PewunTe HepaBeHcTBa.

3x+1 _

a) >0 p) 2x—1 o x-=3
2x—4 ) 5x+3 20 ) x+3 =2
2

d) X*x=2 _ 60 X—X—6
X —2x-3 e) x-172 & N g2t
-2 2

g) X=<£ 1 X +x-1 . 2
-1 < h) _X+—3 <1 |) ﬁsg

10> M3 WwenkoBol TKaHW NPAMOYro/ibHOM GOpPMbl OTPE3aNN KYCOK, A/IMHA KOTO-
poro 6oblue WKpKHbI B 5 pa3. OnpeaenvTte BO3MOXHbIe pasmepb! LWMPUHbI,
ec/u NNowWaab TKaHn He meHee 500 cm? 1 He 6onee 720 cm?.

11 > AcnaH KMHY/N MAY BBEPX CO CKOPOCTbIO 15M/CeK C KpbllWwK 34aHMA BbICOTOM
30 m. PacctoaHMe h msava OT 3eMAM MOXKHO HalTK no dopmyne:
h(t) = —=5t*+ 15t + 30. Yepe3 CKOMIbKO CeKyHA MAaY ByaeT oT 3emMau:
a) HailguTe HamBbICLYIO BbICOTY, Ha KOTOPYIO NOAHANCA MAY.
b) Yepes ckonbKo cekyHa msaYy byaeT oT 3emnum Ha BbicoTe 40 m 1 6bonee?

12 > PewwnTe HepaBeHCTBa.

a) |2x—3| +5<6 b) [5x+3|-42x c) |[x+5] < |6x—10]|
d)Vx+2<2 e) Ww—1<-2 f)\x?—4<3

13 > MpW KaKMxX 3HaYeHMAX NapamMeTpa a HepaBeHCTBO ax?— ax +1 > 0 yaoBneTso-
paeTcs Npu NtobbIX 3HAYEHUAX NepemeHHon?

14 > Onpepenute cOOTBETCTBUE.

1) x2—x—12<0 A) cymMma LeNbix peLleHnia, paBHa 4.

2) \x—=1<2 B) cymma uenbIx peLueHuid, pasHa 3.

3) X2 —4x <0 C) cymma uenbix pewweHnit, pasHa 10.
[x—2| D) uncno uenbix ynucen, pasHo 4.

15> MpW KakMx 3HAYEHMAX a TOYKM MepeceyeHua napabonbl y = ax? +2x +1
€ oCbto abcumce HaxoAATCA NO pasHble CTOPOHbI OT TOYKM x = 17

16> Bxog, loma umeeT dopmy apKu. B BbiIGpaHHOM cucteme
KOOpAMHAT MoAe b apKKM 3aaaeTca GyHKumen
g(x) = — 0,6x?> + bx + 0,6. Ecnv BbicoTa BXoAa paBHa 3
M, TO KaKOM MOXKeT 6bITb WKpuHa? [a4a Toro Yytobbl Ma-
LWMHA BbICOTON B 2,4 M npoexana yepes apKy, Ka
MOXKET ObITb ee Hanbo bluas WUPKUHA?




BeKTopbl

Bbl HayuuTecb B 3TOM pasgene
Y BeKTOpbl Ha KOOPAMHATHOM MI0CKOCTH
¥ HaitTv moaynb 1 HanpaBieHWe BEKTOPOB UCMO/Ib3YA UX KOMMOHEHTbI
¥ CnoKeHue BEKTOpOB
¥ YMHOeHMe BEeKTopa Ha Y1cno
v [leACTBMA HAZ BEKTOPAMM, NCMO/b3YA X KOMMOHEHTbI
v

PeweHwne 3agau ¢ npumeHeHnem BeKTOpPOB

MpaKTuyeckas pabora
L0 HauyepTuTe COOTBETCTBYHOLLME PACCTOAHMAM OTPE3KM B 3a-
<+ AaHHOM macwTabe 1 ¢ 3a4aHHbIM HanpasneHem. Hanpas
JIeHME NOKaXKMTe CTPENKOM.
25 KM Ha cesep 20 M Hanpasa 4K /e
lcm:1Km 1cm:5m 1lc KM
250 m HaBepx 100 m BH 5 Km H ep
lcm:25m 1lc M 1cm: 3Km




@ BeKTtopbl

MHorve Benn4mHbl, HAaNPUMep, Mmacca, 4JIMHa, BpemMa, TemnepaTtypa v 4p. Xxapak-
TEPU3YIOTCA TO/IbKO YNCI0BbIMU 3HAYEHUAMM. Takne BeIMUYMHbI Ha3bIBaAOTCA CKa-
NAPHBIMU BeMYMHAMKU. HeKoTopbie Ke BeAUYUHbI, Hanpumep, CKOPOCTb,
YCKOpeHWe, cuia U Ap. onpeaenatTca Kak YACN0BbIMM 3HAaYEHMAMM, TaK U Ha-
npasieHvem. Takme BeANYMHbI HAa3bIBAKOTCA BEKTOPHbIMW BeanynHamu. Mepe-
MeLLEeHMeE - CaMbli NPOCTOM NPUMeEpP BEKTOPHbIX BENMYMH. [MepemelteHne Tena
M3 TOYKM A B TOYKY B M306parkaeTcs ¢ NOMOLLbi0 HanpaBaeHHoro ot A go B
oTpesKa - BeKTopa. BekTop n3o6parkaetcs ¢ NOMOLLbIO HanpaBAeHHOro OTpeskKa.

[nvHa 3Toro oTpeska, HasblBaeTca AJIMHOM AN Moaynem
BeKTopa. BekTop 0603HavYaeTcA ykasaHMem HavyaNbHOM U
KOHEeYHOW TOYKM. Hanpumep, BeKTOp Ajé 3gecb A -
Ha4yano, B - KoHeLl, BeKkTOpa. BekTop o6o3HaqaeTcn TaKxe

M ManeHbknmu GykBamu, Hanmpumep, BEKTOp U, Oavky &
BEeKTOpa u U 0603HaYAIOT, KaK: |u| kimi isara olunur.

<\

e [1Ba BEKTOPA Ha3bIlBAETCA PAaBHbIMU, €C/IM OHWU PABHbI MO
MOZY/It0 1 OAMHAKOBO Hanpas/eHbl. 7
Ha puCyHKe BEKTOPbI U 1 V) paBHbl: U=V

N

e [1Ba BEKTOPa Ha3bIBAOTCA MPOTMUBOMOIONKHbBIMU, EC/IN OHU

pPaBHbl MO MOAYAK W MNPOTUBOMOMIOXKHO HaMpaBEHbl. F -,
- — —_—>

Ha pucyHKe BeKTOpbl P U g NPOTUBOMNONOXKHbI.

—

—> — N
lpl=1lql, P =—Tq

Ecnv Havano u KoHel, BEKTOPaA COBMAAAKT, TO TaKoW BEKTOp Ha3blBaeTcA
HyZIeBbIM 1 0603HadaeTcs 0. [l/IMHa HyneBoro BeKTopa pasHa 0, a HanpasaeHue
He onpegeneHo. Ecin HanpaB/ieHHble OTPE3KM, M306paXKaloline BEKTOpPbl,
napasnsiesibHbl UAM NexaT Ha OAHOW M TOM Ke MPAMOW, TO OHM Ha3blBaloTCA
KONNIMHeapHbIMK BeKTopamu. KoainHeapHble BEKTOPa MOryT BbITb 0AMHAKOBO
Hampas/ieHbl UM MPOTUBOMNO/ONKHO HaMpas/ieHbl.

— —
OAMHaKOBO HanpaB/ieHHble BeKTopa obo3HavatoTca Kak U 11 v,

—
a NPOTMBOMNOIOXKHO HaMnpaB/IEHHbIE E’N qg .

— — — —

Ha pucyHKe BeKTOpbl U, V, p U q
KonnnHeapHble BEKTOPbI.
3necb, m|| n.
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O6yyalowme 3aaaHmnA o

1>

B KaKoMm c/ly4ae MOXKHO rOBOPUTb O BEKTOPHbIX, @ B KAKOM O CKaNsipHbIX
Be/IMYMHAX?

1) ABTOMO6Mb ABMMKETCA Ha BOCTOK CO CKOPOCTbIO 60 Km/yac.

2) CeBUHAMK KMHYMA MAY, KOTOPbIN AepKana B pyKe, Bnepes nog yrnom 30°
¢ cunoit 100 H.

3) PocT lacaHa paseH 1m 75 cm, a macca 72 Kr.

4) MapalltoTUCT BbINPbITHY M3 CaMoeTa Co CKopocTbio 20 Km/uac.

Kakne 13 BeNn4mH BEeKTOpHble?

1) 5,6 Kr 2) 3,2 m/cek, No HanpaB/eHNIO CEBEPO-BOCTOK
3) 9,81 m/ceK?, BHU3 4) 8,8 x103m3

Mo PUCYHKY BbINONHUTE 3a4aHMA.

> —
> i h
Y

!
N
S

LN

/r

a) 3anuwuTe BCe BEKTOPbI, A/INHbI KOTOPbIX PaBHbl A/INHE BEKTOPA u.

b) 3anuiunTe BEKTOPbI, OANMHAKOBO HanNpPaBAeHHbIe C BEKTOPOM U .

C) 3anuLmnTe BCE BEKTOPbI, PaBHble BEKTOPY U .

o —
d) 3anuwunTe BEKTOP, NPOTMBOMO/IOMKHbIN BEKTOPY U .

a) Ha pucyHKke nyTb, NpPOWAEHHbIA BenOCMNeLncToOM
noKasaH ronyboit nuHuen. Kakaa BennMynmHa nokasaHa
KPacHOW IMHNEN?

b) Kakas 13 Be/IMUMH Macca U Bec - BEKTOPHasA, a Kakas
cKanapHan? O6bACHUTE CBOE MHEHWe.

BbibepuTe BEKTOPbLI KOM/IMHEAPHbIE BEKTOPY T

o ‘ \ ~.€
- ¥ w A \ - ~
/4 A \ f g
/ \
V // ~
/S Y

Hapucyinte B TeTpagu; a) [ABa KOANMHEAPHbIX BeKTQE&: b
NPOTUBOMNOJIOXKHbIX BEKTOPA; C) ABA PaBHbIX BEKTOPA.

Pacum npepncrtaBua Ha pUCYHKe BEKTOp nepeme A 0TpeskK JINHOM
6 cm. Haingute peanbHoe nepemeLleHn ecnum cwTab cy
lcm:250m
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@ BeKTopbl Ha 4,EeKapTOBOI KOOPAMUHATHOM NJIOCKOCTU

UccneposaHue. Cuna, npuaoxkeHHasa, Haunel K
TeNeXKe MMeeT, Ba KOMMOHEHTA - TAHYLLYIO TE/IEXKKY
Brepes v TAHywyto ee BBepx. Kakmumm GykBamu Ha
pUCYHKe n3obpakeHbl 3T cubl? Kakumu dopmynamm
Nnosib3ytoTcs B GU3MKe AN BbIYUCAEHUA STUX CUN?

— v BbiparkeHuA BeKTOpa KOMMNOHEHTaMU B KOOpAMHaTHOﬁ NAOCKOCTH

PaccmoTpum BeKTOp AB Ha KOOPANHATHOM NAOCKOCTMU. YA B(x2; y2)
KoHeyHas Touka B OTHOCUTENbHO HayasibHOM TOUYKK A
“3MeHWNa CBOe MosoXKeHue BAoAb ock Ox Ha |a| (npwu
a>0 Hanpago, npu a< 0 Haneso), Baonb ocv Oy Ha | b|
(npu b>0 BBepx, npu b< (0 BHM3). BeKTOpbI AC u (ﬁ,
onpeaeneHHble (M NO MoAyN, U MO HanpaB/AeHWUto)
napamu uymcen a U b (Kak yKasaHoO Bbile), SABASOTCSA
KOMMNOHEHTAMWN BeKTOpa AB. Ha KOOpPANHATHOM /
NI0OCKOCTM BEKTOP 3anmncbiBaeTcs Kak AB = (a; b). J7a
3aMMCb Ha3bIBAETCA 3aNUCbI0 BEKTOPA C KOMMOHEHTAMM.
PaBHble BEKTOPbl MMEIT pPaBHble KOMMOHEHTbI.
HaobopoT, ecnu, COOTBETCTBYIOLLME KOMMOHEHTbI
BEKTOPOB PaBHbI, TO 3TV BEKTOPbI PaBHbI.

Ha pucyHke AB = CD = MN. 0l

N
Ecnv aaH Kakoi nnbo Bektop AB, TO BblbpaB Nt06YI0 TOUKY MIOCKOCTU KakK
Ha4ano, MOXHO NOCTPOUTb BEKTOP PaBHbIM AAaHHOMY, NPUYEM TO/IbKO OAMH.
3HauuT, BbI6MPaAn pasHble HayasbHble TOYKM MOMKHO NOCTPOUTb BECKOHEYHO

MHOTIO BEKTOPOB PaBHbIX ZaHHOMY. N YA B
Ha koopauHaTtHOM naockocTu BekTop AB = (a; b) ¢ y2

HayanbHOM TOUYKOM A U KOHEYHOM TOYKOM B cornacHo
KoopAMHaTaM 3TUX TOYEK MOXKHO BblpasmMTb C KOMMO-
HeHTaMW. TaK KaK X2 —X1=a, Y2 — y1=b, TO

AB = (x2—x1; y2—y1) ={a; b)
EC/IM OTNOXUTb BEKTOP OT Ha4asno KoopamHart {a; b) KoHeLl,
BEKTOpa HaxoguTtca B Touke (a; b). umna M TaKxke
Ha3bIBalOTCA KOOPANHATaMM BeKTopa
OnvHa BeKTopa. [NVHY BEKTOpa MOXKHO HalTW MO Koop-
AMNHATaM HayanbHOW MU KOHEYHOM ToYeK, UCnonb3ya dopmy.
PaCCTOAHNA MEXKAY TOYKaMM.
|AB | = V(xz — x1)? + (y2 — yu)?
[nunHy BeKTOpa AB = (a; b) MmoxHO HalTK no ¢o :

\

Y1

1

)

1 >
ol x1 X2 X

| ABYy=
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—

1. Mpumep. HanuwwTe BEKTOP z, Haya/bHas TOUKa KOTOPOrO (—2; 3), KOHeUHas

k (3; 7) B Buae 7={a; b).

— —
PeweHune. Hanuwem BEKTOP Z C KOMNOHEHTaMMU: Z = (X2 — X1; Y2 — Y1) U BIULWIEM

cooTBeTCTBYIOWME KOOPANHATDI:
7=(3-(-2);7-3)=(5;4)

ANHaTbI KOHEYHOWM TOYKM 3TOro BEKTOpa.

nonyvyaem: x—2=3, x=5;, y—3=6,y =9
KoHeuHas Touka aToro Bektopa (5; 9).

3. Mpumep. Ha KOOPANHATHOM NNOCKOCTU HapuUcynTe
HECKO/IbKO BEKTOPOB paBHbIX BeKkTopy (2; 3) Ha-
YaNbHbIMW TOYKAMM KOTOPbIX ABAAKTCA TOYKMU
2 (-1;2), (1), (1;-2), (5; 0) .

PeweHue. [laHHble TOYKM OTMEYAIOTCA Ha KOOPAU-
HaTHOMW NANOCKOCTU. HaumMHas C 3TUX TO4YeK
n306parkatoTca BeKTopbl pasHble (2; 3).

AB = (a; b) v HaliauTe ANNHY

N
> PeweHme. AB=(3-0;5-3) =(3;2)
—

|AB| =32+ 22 =13

y‘

/

Cavab: 7= (5; 4)
2. Npumep. Touka (2; 3) HauyanbHaa Touka BekTopa U (3, 6). HalauTe koop-

v —>
> PeweHune. lNprmem 3a KOOPAMHATbI KOHEYHOW TOYKM BEKTOPA U - TOYKY (X; y):

Torga (x — 2; y — 3) =(3; 6). Mo paBeHCTBY COOTBETCTBYIOLNX KOOPANHATOB

-2

4. MNpumep.  A(0; 3) u B (3; 5) cOOTBETCTBEHHO Ha4a/bHas U
KOHEeYHan TOYKa BEKTOpa AB. Hanuwwute aToT BEKTOP B BUAE

1
[ .G
w
L
N
w

“T
<y

xY

0]

Obyualowme 3agaHua

N
1> 1) P n Q cOOTBETCTBEHHO - Ha4ya/bHaA M KOHe4YyHas TOYKKM BeKTopa PQ.
HanuwwuTe BekTop PQ C KOMNOHEHTAMW U HAKANUTE ANNHY.

c) P(5; 4), Q(-1; -4)

a) P(0; 0), Q(3; 4) b) P(-5; 1), Q(7; 6)

2) NaHbi ToukK A(—1 ; 2), B(3; —4), C(5; 6). HannwuTte BeKTOPbI ATE, R, BC, CX,

ey
C_I§, BA c KOMMoOHeHTamu.

2 > Bblpa3uTe BeKTOpa Yepe3 KOMMOHEHTbI, N306parkeHHble Ha KOOPAMHATHOM

NTOCKOCTU.

a) y A b) YA

P

!
A

R

><v

c)
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yA
3 > BekTopa, M306paeHHble Ha KOOPAMHATHOI 6| A
MJOCKOCTH: 4
a) BblpasuTe KOOPAMHATaMM HauyasbHOW W C 2 B F
KOHEYHO TOYeK. B T N
b) BblpasnTe yepes KOMMNOHEHTbI. =4 '\2 C_)Zz 4 8|
C) HailauTe moaynb G )
—6 E

4 > Mo AaHHbLIM HANAUTE KOOPAMHATLI KOHEYHOM TOUKM BEKTOPA.
1) Bektop c KOMNoHeHTamu: G (1; 3),
KoopauHatbl HavyanbHOW ToukM: a)(2;3);  b)(0;0); c)(-1;3)
2) BeKkTop ¢ KOMNoHeHTamu: U (—2; 0),
KoopaunHaTtbl KOHeuyHol Toukn:  a) (3;1); Db)(5;0); c¢)(3;1)

5> Ha KoopAWHATHOM NNOCKOCTU HApPUCYMTe HECKOJIbKO BEKTOPOB PaBHbIX
BekTopy (4;2), Ha4a/IbHbIMM TOYKAaMM KOTOPbIX ABNAIOTCA TOYKK (—2; 1),
(0;2), (3; -2), (0; 0).

6 > Mo KOMNOHEHTaM BEKTOpa HalinTe ero AnHy.
a)(8; 6) b)(-2,4;-3,2)

Y

7 > BeKTtop op HanpasneH u3 Touku (0; 0) B Touky Y4
(3; 2), a BekTOpP RS 13 TOuKM (1; 2) B TOUKyY (4; 4). 3
MOKaXKMTe paBeHCTBO 3TUX BEKTOPOB. 5

YKa3saHue: [1oKaXknute paBeHCTBO
COOTBETCTBYHOWMNX KOMNOHEHTOB BEKTOPOB.

NpuknagHble 3aaaHNA o

8> CKOpOCTb aBTOMOBUAA MOMKHO BbIPasnUTb BEKTOPOM, HanpaBiAEHHbIM U3
Toukn P(1; 1) B Touky Q(4; 5). B KoopaMHaTHOM NAOCKOCTH, MPUHAB OAHO
aenenue 3a 10 Km/u, HalgUTE CKOPOCTb aBTOMOGMASA.

9> AcnaH npowen 2 KM B BOCTOYHOM HamnpaBaeHUn, n 1 KM B CeBEPHOM

HanpasneHuun. A Pawwng npowen 1 Km Ha cesep, M ewe 2 KM Ha BOCTO
Ob6ocHyiTe NnpeanonoxeHue, Yto AcnaH m Pawung, npeop,one;‘o WHAKOBbI
nyTb.

1o> A - HayanbHaA, a B - KOHeYHana TOYKM BeKTopa. Haldlantelyrnos 030 Pu-

LMEeHT NPAMOM, coaeprKallei 3ToT BEKTOP.

a) A(3; 2), B(-1; 4) b) A(—4; 3), B(2; CcWA(1; 3), B

\
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— v/ HanpasneHue BeKTopa. Yron Hakn1oHa

Ha KOOp,EI,I/IHaTHOﬁ NI0OCKOCTU HanpaB/ieHMe BEKTOPA onpeaendaeTca yriiom C
NONOXUTE/IbHbIM HanpaBaEeHNEM OCHU Ox npoTue YyacoBo CTpenkun. o707 yron
Ha3o0BeM yriomM HaKJ/1OHa.

_
Ha pucyHke aavHa Bektopa V= (vx; vy) 0603HaveHa |V = v,
a yron, onpeaensaowmin HanpasaeHne, yepes 6.

ANMHA BeKTOopa: V= VWl + V)2

HanpaBsneHue BeKTopa: tanf = % vaya cosO = %
X

Yron HaknoHa Nto60oro BeKTopa HaxoguTca nytem
OT/IOXKEHUA BEKTOPA, PaBHOrO AaHHOMY BEKTOPY, OT
Hayana KoopAauHaT. OTMETUM, YTO Yron HaK/oHa
TaKKe MOMHO HalTK, NpoBeaA FOPU30HTA/IbHYHO OCb,
napannenbHyto abcuucce, OT HayasbHOM TOYKM A¥
[aHHOro BEKTopa.

Y

1. Mpumep. BekTop nepemerteHma, moaynb kotoporo 200 m, HanpasaeH nog, yriom
HaKnoHa 150°. Bbibpas macwutab 1 cm : 100 m, HapucyiiTe 3TOT BEKTOP.

5 PeweHue: OT Havyana iyya, 06pasyoLuii C MONOKUTENbHbIM
HanpasneHnem ocu Ox yron B 150°, COOTBETCTBEHHO
macwTaby 1 cm : 100 M IMHENKOM OT/I0XKUM OTPE30K AJIMHOM
2 cm.

2. Tpumep. OnpenenuTe ANHY U YTON HaKNOHa BeKTOpa U(3;4) .

PeweHue: [pon3BONbHYIO TOYKY HA KOOPAWMHATHOWM
> MJIOCKOCTU NPUMEM 3a Hauasio BeKTopa. OT 3TOM TOYKM NO
FOPU30HTA/IbHON OCK OT/IOKMM KOMIMOHEHTY Uy, PaBHyto 3
eaMHMLAM, MO BEPTUKAIbHOM OCU OT/IOXKUM KOMMOHEHTY
Uy, PaBHYO 4 eauHULAM, U MOCTPOUM BEKTOP U, KaK
MOKa3aHO Ha pUCYHKe. Ecin n3mepuTb TPaHCMOPTUPOM Yron
0, TO MOYKHO YBUAETb, YTO €ro NpnbanKeHHOe 3HaYeHne
paBHO 53°. 3TO MOKHO NMPOBEPUTb BbIYMUCIEHUAMM.

OnvHa BekTOpa: |3| = \32442 = 5, Yron HaknoHa: 0FE—
Ka/IKynATopa Haxoaum 6 = 53°. t
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is Oyranma tapsiriglan o

11> Mponsseaa M3mepeHmsa C MOMOLLLbIO TPAHCMOPTUPA U IMHEKK, ONpeaenmTe
no AaHHOMY MacluTaby AAMHY U HanpaB/ieHNe BEKTOPOB.

a) lem : 50 km/gac b)lem:10H
yA w mweh
z y
v -
[e) 57 (0] X

12> Mpounseean M3MepeHMs C NOMOLLLbIO TPAHCMNOPTUPA U IMHEWKK, onpeaenunTte
HanpasneHWe W AAUMHY BEKTOpPOB. (Mpu HeobxoamMmoctu Bbibepute
macLiTab).

a) 5km;20°% 1sm:1km b) 200 km; 170° 1 sm:50 km
c) 1200 m; 150°%? sm: ? km

13> HaueptuTe BeKkTOpbLI Ha TeTpaan. Onpeaenute Moay/b U Yron HakaoHa.

a) A b)

N
P
~
P
Ly
£
<
U
=
|
Ne
W

) A

|
N
I\
NoO
)
XX
|
N
|
NO
ho
N

|
N
)

- | Xy

iy

|
iy

/

(-3;-4)

14> [aHHble BEKTOpa HapucyiTe Ha KoopAMHaTHOM NaockocTu. OnpeaenvTe
MOZAY/b W Yro/l HaK/oHa.

a) (5;5) b) (5; 1) c)(-1;1) d) (-6; 8)
15> P - HaYyanbHaA ToYkKa BEKTOpa, Q - KOHeYyHaA. Onpep,enMTe Mmo4ynb U yron
HaAKJ/IOHa.
a) P(0;0), Q (-3; 2) b) P(1;-1), Q (-2; 3)

c) P(4;2),Q(1;3) d) P(0; 4), Q (2; 6)

16 > KaKoe 13 yTBEPXK/EHMII BEPHO, @ KaKOe HEBEPHO?
—
a) Ecam U=V 7o, |u] = |v|
b) Ecm |u] = |V] 10, W=V P
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17> a) Touka (1; 2) - HayanbHaA TouKa BeKTopa W, a Touka (5; —1) - KoHeuHas.
—

Touka (5; —1) -HauyanbHasA Toyka BekTopa f, a (1; 2) - KoHeyHasa. HanuwwuTe,
YyeM CXOXKM M YeM OTIMYAIOTCA 3TN BEKTOpbI.

18> Enmu.lme BEKTOP C KOMNOHEHTaMM, A/IMHA KOTOPOTO PaBHa A/IMHE BEKTOPA
KL(1; 3), HO NPOTMBOMNONOMXKHA NO HanpasaeHno. O6bACHUTE, KaK Bbl 3TO
onpeaenvnau.

19> Ha KoopZMHATHOW NJIOCKOCTM HapucyliTe COOTBETCTBYOLME BEKTOPA.

a) CKopocTb Kopabns, Asuskyuierocsa nog yrnom 60°, pasHa 60 Km/uac.

b) CkopocTb aBTOMOBUAA, ABUNKYLLerocsa nog yrnom 0°, pasHa 80 Km/Jac.
c) NepemelyeHune BcagHUKa nog yrnom 70° paBHO 16 Km

d) Cuna, pevicteytoLas Ha Teno nog yrnom 145°, pasHa 100 H .

v’ TpuroHomeTpuyecKkue COOTHOLIEHUA U KOMMNOHEHTbI BEKTOpa

v — v
Hagem KomnoHeHTbl BeKTopa vV = (Vx; Vy) B KOOPAUHATHOWM
MIOCKOCTH, UCMO/Ib3YA TOUTOHOMETPUYECKNE OTHOWEHWA.
0603Haunm |v| = v.

. vy
cos@=-2, sinb= Ty’ oTcioaa,
v

Vk=vcosO, Vy=vsin0O

- .
KomnoHeHTHas dopma BekTopa v = {vx; v,) 6yaer V=(vcosO; vsinO) N

Mpumep 1. ABTOMOOU/Ib ABUXKETCHA B CEBEPO-BOCTOMHOM HaMnpas/iIeHUN Nojq,
yrnom 30° co cKkopocTbio 80 Km/4. Hanuwute BEKTOpP CKOPOCTU C
KOMMOHEHTaMMU.

PeweHune. Ha KOOpANHATHOM NAOCKOCTU MOJIOXKUTENbHYIO Hanpas/ieHne ocu
abcumcc npMmem 3a BOCTOK, a MNONOXKUTENIHOE HanpaB/ieHWe OCU OpAUHAT Kak

cesep.
P OaHbi: [v| = 80 (kmMac), 6 = 30°

V= (v vy) = (vcos 0; vsin 0) = (80cos 30°% 80 sin 30°)
YYMTMBAA 3HAYEHUs CUMHYca M KocuHyca yrna 30°-li
nosiy4yaem:

CKOPOCTb B BOCTOYHOM
Hanpas/1EHUN:

CKOPOCTb B ceBEPHOM
Hanpas/1€HUN:
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O6yuatowwme 3aaaHuna o
YA
20> Mcnonb3ys TPUrOHOMETPUYECKME OTHOLIEHMUS, <
3aMnuLLMTe BEKTOP CKOPOCTM V, N306paKeHHbIi Ha @ \}g E
PUCYHKE KOMMOHEHTaMMU. »\,00 Vv
25° i
= >
o Vx

g v
21> 3anuwerte BEKTOP V C KOMNoHeHTamu B Buae (Vx; Vy), COOTBETCTBYIOLLMI
KaykAOoMY C/yyato:

a) BEKTOP, NMOKa3blBatoOLLMIN CKOPOCTb KOpabas N/bIBYLLErO CO CKOPOCTbio 20
KM/4 B C€BEPO-BOCTOYHOM HanpasBAeHMM nog, yriom 45°;

b) BEKTOP, NOKa3bIBaIOLLMIA CKOPOCTb CAMOJIETA, JIETALLENO CO CKOPOCThI0 300
KM/4 B 3anNagHOM Hanpas/ieHnu;

C) BEKTOpP, MOKa3blBalOWMIA CKOPOCTb BENOCUMNEAUCTA, ABUKYLLETOCA CO
CKopoCTbio 10 KM/4Y B cCEBEPHOM HanpasaeHUM.

22> a) CHapAag, BbINYLWEHHbIW U3 NYLWKK CO CKOPOCTbio 925 m/cekK, neten nog
yrnom 152, 3anmwnTe cCOOTBETCTBYIOLMIA BEKTOP C KOMNOHEHTaMM.

b) Kopabnb gsuraetcsa nog yrnom 602 co ckopocTbio 75 Km/yac.
Onpeaennte cCKOPOCTb KOpPabas No OTHoWeEHWUIO K ocam Ox 1 Oy,
OPYrMMuM CI0BaMM, K BOCTOKY U ceBepy.

¢) 3anuwunTe N306parKeHHbIN Ha PUCYHKE BEKTOP
C KOMMOHEHTaMMU.

23> MonbHap npuraraeT K Tenexke cuay 190 H nog,
yrnom 332, Haigmute moaynu ropusoHTaibHOM U
BEPTUKA/IbHON KOMMOHEHT MPUIOKEHHOM CUJbI.

24> Mo gaHHbIM PUCYHKa 3anuLInNTe BEKTOPA
U, V1 W C KOMNOHEHTaMMU.
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@ CnoxkeHue u Bbl4UTaHUE BEKTOpOB

UccnepoBaHue. KakK BinAeT TedeHMe peKkn Ha CKOPOCTb N0AKKU, eCIN N0AKa
AOBUXKETCA MO Te4eHUto, NN NPOTUB TEHEHUN peKM?

v’ CnoxeHue KO/1I/1IeHapPHbIX BEKTOPOB

YTO6bI CNOXKMUTB [,Ba KOIEHAPHbIX BEKTOPaA UMV HAZ0 NepemecTuTb BEKTOp V'
TakMm 06pa3oM, YTOBbI KOHEYHas TOYKa BEKTOPA U M HauasibHas TOUYKa BEKTOPa

V cosnaganu.

BeKTop, MOKa3blBaloWMIA CYMMY OAMHAKOBO HaMPaBAEHHbIX KONNMHEaPHbIX
BEKTOPOB Ha3blBAETCA Pe3yNLTUPYIOLMM BEKTOPOM. Ero abcontoTHasa BeMUmMHa
paBHa CyMMe abCOMOTHBIX BEMYMH JaHHbIX BEKTOPOB, @ CamM BEKTOP MMeeT
O/VHaKOBOE HanpaB/eHMe C JaHHbIMU BEKTOPAMM.

— — —

Cnoxerue oduHakoeo ——U 5 u o v >
HAMPABAEHHbIX 5 km/yac Ha socmok 5 Km/uac 15 Km/4ac
8eKmopos v
P v > U+v  20«km/yac Ha socmok
15 km/yac Ha socmok >

Pe3ynbmupyrowjuti sekmop

Mogaynb pesynbTUPYIOLLEro BEKTOPa ABYX MPOTMBOMO/OMKHO-HANPaBAEHHbIX
KONZIMHEaPHbIX BEKTOPOB paBHa Pa3HOCTM MoAyaei  3TUX BEKTOpoB, a
HanpaB/iieHWe COBMNAZAET C HanpaB/ieHNnem BeKTopa bosblero no abcontoTHoOM
BE/NNYMHE.

— 7)
CrnoxeHue npomueornosIorHHO- u <=
—_— >3 >
HanpasneHHsIx 8ekmopos 5 N Hanpaso Pe3ynemupyrouuli sekmop U+v 7
v 10 N Haneeo

A

15N Haneso

1. Mpumep. MpeacrasbTe, 4To BbI NPOLWIM 100 M Ha BOCTOK, eLue 200 MeTpoB
Ha 3anag.
> PeweHue. Hapucyem JaHHble BEKTOpa B macltabe

1 cm : 50 m. o onpegeneHnto, Moaynb Pe3ynbTUPYIOLWErO BEKTOPA paBeH
pa3HOCTU MoAynen BEKTOPOB. A HanpasaeHue byaeTt Ha 3anaa.
—
—_—l 100 m Ha BOCTOK

200 m Ha 3anag, v

Pe3ynbmupyrowuli sekmop ' 7 100 m Ha BOCTOK
100 m Ha 3anag -« =
200 m Ha 3anag, v
Mockonbky |v| > |u], 8 3Tom cnyuyae anvHa pesynsti 0 BeK r paBHa;
—> —
[r] = vl - |ul] 200m100m100m(HaB
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MpoBeagem 0606LEHME MO CAOKEHWUIO KOJI/IEHAPHbIX BEKTOPOB.

MycTb BEKTOPbI U Ve V. NPOTUBOMONONKHO HaNpaB/eHHbIe, a I UX Pe3yJib-
TUPYIOLWNIA BEKTOP:
—> —  — — b — —
e nipu |u| >|v|,|r|=|ul—]|v|, n BEKTOp r oaMHaKOBO HanpaBAeHbl C BEKTOPOM U
— — —> — — — N
enpu |u| <|v], |r|=|v|— |u| nBekTop r ogMHaKOBO HanpaB/iEH C BEKTOPOM V.
N —> — —
enpu |u| =|v| , |r| =0, To ecTb cymma NPOTMBOMO/IOKHbIX BEKTOPOB paBHa 0

v —_ —_— —
[na Toro, ytobbl HAUTU Pa3HOCTb U — V, HY}KHO K BEKTOPY U NpubasuTb
BEKTOP — V, MPOTUBOMONOXKHbI BEKTOPY V.
To eCTb BbIPAXKEHWUA U — V U U + (— V) SKBUBA/IEHTHbIE.

O6yualowme 3apgaHun

1 > B urpe, M306parkeHHOM Ha PUCYHKe, MPUIOKEHHbIE

CUANbl BbIParKatoTcA BeKTOpaMu. HanpasneHua Bek-

TOPOB MOKa3bIBalOT HAaNpPaBAEHMA CUA, MPUAAraemMblx

K BepeBKe KoMaHgamu. Ha pucyHKe NoKasaHbl CUibl,
NPUIOXKEHHbIE K BEpPEBKaM B ABYX payHAax.

[ ]
ﬂﬁM—B\HﬂJﬁ KOMaHZaa KOMaHAaa / KomaHaa B
LeHTpanbHaa NMHMA LeHTpanbHaa TMHMA
Mo BeKTOpam Bblpa3nTe CBOE MHEHMe MO NoBoAy pe3yabTatoB 1-ro un 2-ro

payHAaoB.
2 > Onpeaenute HanpasBAEHUE U MOAY/b PE3YALTUPYIOLLEN CUAbI.

a) Ytobbl nepetawmTh WKad, ABa  b) YTobbl nepemecTnTb WKad, 0AUH U3
Yyesl0BEKa TOJ/IKAOT ero B 04HOM  ABYX Ntogei ¢ cunoit B 150 H Tonkaet
HanpaB/ieHUK, NPU 3TOM OAHU U3 LWKad Bnepes, a Apyron ¢ cunoii B 120
HUX NpuKknagbiBaet cmay 100 H,a  H TAHET B TOM »Ke HanpaBneHuu.

apyroii — 120 H.

100N ———> 150H 120H
B -

120N—>

3 > HapucyiiTe pesynbTMpyloLLMiA BEKTOP, MOKa3bIBAOWMIM CyMMY U pasHOC

BEKTOPOB HAa PUCYHKe. & q
2 KM 2 KM )
a) > > lcm:1Kkm
lc
40 km/yac 60 Km/uac
b) fuac + - / lem:?2

20H _  _ 15H
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HKuewwue B XVII BeKe ydyeHble-maTeMaTUKK
PeHe [ekapT n lbep Pepma, B3anmo-
cBA3bIBaA anrebpy u reomeTpuio, co3ganu
HoBylO 061acTb HayKM-aHANUTUYECKYHO
reometTpuio. AHanuTMyecKaa reomeTpus,
6naropapa meToay KOOpAMHAT, NO3BOAUAA,
PeHe [lekapT =~ C OAHOI CTOPOHbI, MOcpeacTsom anreb-
panyvecKkux BbIKNAAOK JIerKO [0Ka3blBaTb reomeTpuyeckue
TEOpPeMbl, a C APYrol CTOPOHbI, B CUAY HArAALHOCTU TEOMETPUYECKMX
npeacTaBNeHWiA yNpoLLaeT pelleHne 3a4ay Haj, BEKTOPaMMU.

MNbep Pepma

—— ¥/ CnoxeHue 1 BblYMTaHUE HE KONIEHAPHbIX BEKTOPOB
Cyw,ecTBytoT pas/indHble cnocobbl CNOXEHUA HEKONNMHEeapHbIX BEKTOPOB.
PaccmoTpum aBa rpaduyeckmnx cnocoba: 1) npaBmno TpeyroibHMKa; 2) NpaBuio
napanenorpamma. Mpu cnoxeHUn BeKTOpPOB rpadmyeckum cnocobom aaHHble
BEKTOpPa U Pe3yNbTUPYIOLWMUIA BEKTOP, MNOKa3biBalOWMIA UX CYMMY CTPOATCA C
NMOMOLLbIO IMHENKN (MOAYNb) U TpaHCMOpTMpPa (HanpaBaeHue).

1) Npasuno 2. BekTop U nepemec- 3. 06beAMHMM HauabHYO
TPpeyrosbHWKa TUTb TakKUM 0bpasom, TOYKY BeKTOopa V' ¢ Ko-
1. JdaHbr: 4YTOObI KOHEYHaA HEYHOW TOYKOI BeKTopa U.
BEKTOPbI U UV TOYKa BEKTOPA V 1 Ha- 3TOT BEKTOP pe3y/bTUPYIo-
yasibHasA TOYKa BEK- WNIA BEKTOpP, Bblpakalo-
Topa U coBnaganu. Wit BEKTOp V+ T
—

-~
— /\J‘,\—u
v 3 — U’ —
v u
—

N
Bexkmop u +V MOMHO TaK»e NOoNYy4YnTb CMeELLEHNEM BEKTOPA v

—
1%
7 — —
— u v —
—V/> u /vqy
u'\'

BeKTopa MOXKHO CK/1aaplBaThb B noboli nocnenosatenbHOCTU. [lepemecTutesibHoe
CBOWCTBO C/IOXEHUA BEPHO WM ANnA BeKTOpoB. [lo aToMy npasBuay MOXKHO
CKnaabiBatb TpU w“ bonee BEKTOpa. (3TM CNny4an Ha3biBalOT nNpasuio
MHOI’OYI’OJ’IbHVIKa).

BbluntaHue BeKkTOopoB. Onpegenum rpadu- 1. 2.
—
yeckum cnocobom sektop (u — V). ina atoro: s
1. Hapucyem BeKTOp —7 NPOTMBOMONOXHbIN N
-V

.
u
.
v Y
BEKTOpY V.

N
2. —v nepemecTum TaK, YTobbl KOHEYHas TOYKa BEKTOpa
—V coBnagana c Haya/ibHOM TOUYKOW BeKTopa U. 3

3. CoeiMHMM Hauya/ibHYH TOUYKY BEKTOPa U M KOH
l
HYIO TOUKY BEKTOpa —V . 3To byaeT BeKTop U — V.
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Mpumep. Oxxaman npoluen oT nanaTku, pasdbuTton B narepe 60 MeTpoB Ha tor,
120 m Ha BOCTOK, ewe 100 m Ha ceBep 1 gowen Ao o3epa. Kakoe HaumeHbLlee
paccTosiHWe OT nasiaTKku 4o o3epa? sm

> PeweHue: Bbibepem maciutab: 1 cm : 40 m
OsuxkeHune Oxxamana nsobpasmm nocne-
[0BaTeNIbHO BEKTOPaMM Mo BbIbpaHHOMY
macwTaby. HayanbHyto TOuky 1-ro e, R >
BEKTOPA, MOKa3blBalOWero [ABUMKeHUe
[Xamana, coeaMHUM C KOHEYHOM TOUKOM
3-ro BekTOpa. MNonyyeHHbIN pe3ynbTupyto- —
M4 BEKTOP. 120m o,
— —>

d BbipaxaeT cymMy BeKTOpOB di, d2 U ds. iaMepuB BUAUM YTO, ANMHA 3TOFO
BeKTopa NpubansmTenbHo 126,4 m, a HanpasieHWe nog yrnom 18°.

OtBet: O3epo HaxoAUTCA Ha paccToaHuM 126,4 m OT NanaTku

Lo

PelwunTe 3aga4m nyTem U3smMepeHus U NOCTPOEHUA, UCNONb3YA TPAHCMOPTUP U
JNINHEeKYy.

4 > 1) Bektopa, AaHHble Ha PUCYHKe B 3aAaHHOM MmaclTabe, nepepucyiite B
- —
TETPaAb 1 NOCTPOIiTE BEKTOP U +V U TU—V .

-
by . u
™ )
a)
v
— >
u

5 > HayepTuTe AaHHble BEKTOPbI NepemelLeHna B TeTpaguM no onpeaeseHHOMy
MaclTaby 1 CNoXuUTe UX NO NPaBUY TPEYroabHUKA.
a) 5 Km, yron HaknoHa 60° 1 3 KM, yron HaknoHa 45°;
b) 8 Km, yron HaknoHa 180° u 3 Km, yron HaknoHa 30°;

6 > BcagHuk npowen 400 meTpoB Ha 3anag, 3atem 300 meTpos Ha cesep.
a) Mo macwTaby 1cm : 100M HauyepTUTE BEKTOP MOKa3bIBAOLWLENO
nepemeLleHue BCcafHUKA, onpeaenmMTe Moay/b U Yron HaK/oHa.
b) Mo BbIBpaHHOMY MacwTaby onpeaennTe NnepemMeLLeHNn BCagHMKa

A KOHelY—a

7 > MpepcTaBbTe, 4TO BbI ABMraancb 100 m Ha cesep, 240
M Ha BOCTOK M cHoBa 80 m Ha ceBep. Ha ckonbko
METPOB Bbl YAAANAUCL OT HAYa/NbHOW TOYKM
OBUMXKeHUA?

80 m

100 m

HanpaB/ieHWe, B3N KypC Ha BOCTOK M MPOMbl
NPON/bl/ B CEBEPHOM HanpasieHun ewe 25
MacLTab 1 n306pasnTe BEKTOP NepemelleH
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UccnepoBaHue. NpeacrasbTe, YTO Bbl AO/IXKHbBI MPOMTH B MapKe

n3 Toukm A B TouKy C. Mpeanonoxum, 4To Ana 3TOro Bbl D C
Bbl6pann 3 pa3nnyHbIX cnocoba:
1) U3 Toukn A B TOuKy B, a oTtyga B ToukyC. mmEe—lio
2) 3 Toukmn A B TouKy D, a oTTyAa B TouKy C. il
3) U3 Toukn A B Touky C.

OnAa Kaxkporo ns nepemeLLeHMn 3anuimMTe COOTBETCBYOLLME

BEKTOpa.
— v MpaBuno napannenorpamma —
— — -
1. JaHbl BeKTOpPa: U UV v
2. Mepemectnm _BeKTOp V' TaK, 4To6bl HauyanbHble 7
TOYKM BEKTOPOB v coBnaganu. 7

— —
3. lMocTpomm napannenorpamm co CTOPOHAMU U U V
napannefibHbiIM  NEPeHOCOM  COOTBETCTBYIOLLNX /Vv

- — — Ny
BEKTOPOB U U V. ﬂmaFOHaﬂb 3TOro napannenorpamma, u U
KOTOpaA CoeaAUMHAET Ha4dYa/ibHYHO U KOHEYHYHO TOYKY

— — >
BEKTOPOB U U V, MOKa3bIiBae€T UX CYMMY: U + V 7

C nomoLbio IMHE KN U TPaHCNOoPTUPa onpeaenuTe AJIMHY U HanpasaeHue
NOCTPOEHHOrO Pe3yNbTUPYIOLLEro BeKTopa.

9 > 3afaHbl BeKTOpbl MepemelleHua. HayepTute uMx no onpeaeneHHomy
MmaclwTaby B TeTpaau. Hailgute pesynbTUpPYOLWMIA BEKTOP NO npaBuay
napanenorpamma
a) 1,5 km noga yrnom 180° u 3 Km nog yrnom 45°
b) 2,5 Km nog yrnom 80 1 5 Km nog, yrnom 15°
c) 4 km nog yrnom 120° n 2 km nog yrnom 30°

10> CaMo/ieT IeTUT Ha CeBep CO CKOPOCTbIo 850 Km/uyac. Kak M3MEeHUTCA CKOPOCTb
M Hanpas/JieHMe camosieTa nog, BO3AeNCTBMEeM 3anafHOro BeTpa CKOPOCTb
KoToporo 50 Km/4ac? HauepTuTe COOTBETCTBYIOLLYIO CXEMY.

b) MoTopHas noaka ABWKeTcA co ckopocTblo 10KkM/4Yac nepneHAnKyAapHO
TeueHuto pekn. CKOpoCTb TeueHus pekn 2 Km/uac. Onpeaennte moayn v yron
HaK/I0Ha BEKTOpPa CKOPOCTU SIOLKM.

11> BekTop HaMMmeHbLUel ONVHbI 2) Ons napanenorpamma ABGR
npeacTaBbTe B BUAE CYMMbl WK
pa3HOCTU ABYX APYTMX BEKTOPOB.

a) > b)

u A 'C

<V
oy
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—— v [lepemecTtutenbHoe M coyetatenbHoe CBOICTBO

[l15 NtoBbIX BEKTOPOB U, V V3 Z BEPHbI CBOICTBA:
MepemecTutenbHoe CBOMCTBO: U+ V=V+ T
CoyeTaTenbHoOe CBOMCTBO: (U '+ V) + 2= i+ (V* Z)
CBOIACTBO MAEHTUYHOCTH: U+0 =0

CymMMa NpOTUBOMONOMKEHHbIX BEKTOPOB: U+ (—U) =0

1 — — — - -
* Mpumepl.(u+v)—u= (v+u)—u=  nepemecmumensHoe ceolicmeo
— — —
=(V+u)+(—u)= ckaadsisaemca c npomMueononoHHsIM
- — o
=v+(u+(-u)) = coyemameribHoe ceolicmeo

= [
+ 0 = cKknadvigaemcsa ¢ cymmol Mpomueornono#cHbIX 6eKMopos
ceolicmeo udeHmuyHocmu

<l !l<

12 > MN3mepbTe PUCYHKU 1 NepedepTuTe UX B TeTpaau.
a) Mpu CNOXeHUN BEKTOPOB NPUMEHUTE NepemecTUTeNbHOe U coYeTa-
Te/lbHOE CBOMCTBA.
b) Ana Kaxkaoro cBoiicTBa NpuBeanTe eLle oguH npumep.

v
I,
v ,,'7+7’
13> ABCD napannenorpamm, E - Touka nepeceyeHus D A
AnaroHanen. 3anuwuTe BEKTOpa, COOTBETCT-
BYIOLLME KaXKAOMY BblpaXKeHUI0:
C B
—> — —>
a) AE + EB d) AB— DB g) CE + DC
— —> — —>
b) DE + EB e) AE— EB— BC h) AD + DB
- > —_ = > — — 2
c) BC+BA f) BA+ AE + ED + DC i) AB—CB—DC

14> BblgeneHHble KpacHbIM LBETOM BEKTOpbI

BblpasuTe pasinyHbIMK cnocobamu B BUae
——— o

CYMMbl BEKTOpOB U, V, z Wcnonb3lynte

CBOICTBA C/IOKEHWUA BEKTOPOB.
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MpaKtuyeckasa pabora. 1. Mo KoopauHaTam Touek A(xi; y1), B(xz; y2), Clxs;
y3) 3anuwuTe BeKTOpa ﬁ BCva AC ¢ KomnoHeHTamu.

2. Mcnonb_\;ﬂ MPaBUAO TPEYroNbHMKA CI0KEHA 3aNMILINTE PaBeHCTBa

AB + BC =AC u cpasHuTe KOMMOHEHTbI BEKTOPa AC C CYMMOW COOTBETCTBYO-
e KoMNoHeHT BeKkTopoB AB 1 B

v CnoxeHue BEKTOPOB, 3a4aHHbIX KOMNOHEHTAMM

Y
BbINONHMM  C/IOXKEHWEe [BYyX BEKTOPOB Ha V. ,ﬂF
KOOPAMHATHOM  M/IOCKOCTWU,  MCNONb3ys  UX T,
N7 +
KOMMOHEHTbI. Aox3"
AR SAEIAN
. = - p; I
Cymmoii 6exmopoe u = {as; b1) nv={az; b2) /. v ‘b
6ydem eekmop: U + v ={a1+az; b1+ b>) Z _WJ >
=
0 az ai X
g —
Mpumep. Echm u=(2; 5) nv=(-4; —-1), T0 BEeKTO
1. AY
V'+ U BblpasnTe Yepes KOMMNOHEHTbI. | 1
PeweHue: [na Toro, 4To6bl HAUTU KOMMOHEHTbI /ﬁ_ /s
—
BEKTOpPa V + U HYXHO NO ropusoHTanu (ocu x
<y
abcumcc) v no BepTUKanm (ocn opaMHaT) CNOXKUTb // >
COOTBETCTBYIOLME KOMMNOHEHTbI BEKTOPOB U NV v N
— — 4
U+v=(2+(-4); 5+(-1)) =(-2;4)

2. Mpumep. Camonet netTuT B HanpasJeHUU CEBEPO-
BOCTOKa CO cKopocTbto 707 anb/qac CropocTb AS
camosneTa BbipaxaeTca BekTopom V = (500; 500). B
BOCTOYHOM HanpaB/eHUU AyeT BETEP CO CKOPOCTbIO
40 mwunb/yac. CKoOpocTb BeTpa Bblpaskaercs
> BekTopom U = (40; 0). Kak M3MeHUTCA CKOpOCTb
camorneTa nof BO34elCTBMEM BeTpa?

W =V +u = (500 + 40; 500 + 0) = (540; 500)
KoHeuHas cKopocTb camoneta: w = v +u = (500 + 40; 500 + 0) = (540; 500)
Mogaynb KOHEYHOM CKOPOCTM cCamoeTa: |W/| =540+ 5002 = 736 musb/uac

Ul
o)
(@)

N4

uN
o
(@)

Y

100 500 | o

O6yuatowme 3agaHun o

- —
15 MepeuepTuTe 8 TeTPasb U306PANKEHMUA BEKTOPOB U 1 V. Kaxaplit U3 3TMX BeK-
TOPOB 3aNWLWKUTE C KOMMOHEeHTaMW. HaiianTe BeKTOp, BbIpasKatoLMii cym
U+ V U HapucyiiTe ero.
y y

v

<y

\Su
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16> Bblpasute CyMMy BEKTOPOB C MX KOMMOHEHTaMMK. HaliguTe yron Hak/ioHa U
MOAY/b BEKTOpPA.

a)u=(5;3) vo v=(-1;4) b) u'=(3; -4) va v=(5;-2)

c) u'=(0; 12) va V=(-5;0) d) u’=(-6;9) va V=(-2;6)

17> CamoneT BbIMOMHAET MOJIET CO CKOPOCTHIO 650 KM/Y B BOCTOYHOM Hanpas/ie-
HUK. Yepes HEKOTOPOE BPpeMsi Hauyan AyTb FOro-BOCTOUHbIN BETEP NO4 YI/IOM
45° co ckopocTbio 80 KM/4ac. Ha CKOIbKO KMJIOMETPOB BETep Kaabli 4ac,
OyaeT yaanaTb camMoneT OT BOCTOYHOrO Hanpas/ieHns?

18> NlogKka Haxoautca Ha bepery peku —

wupuHon B 120 m nog yrnom 90° K - —
6epery. CKOpPOCTb 10AKM B CTOAYEN BoAe
6 M/CeK, CKOPOCTb TeYEHUA peKkn 1m/cek:
a) CKONbKO BpeEMeHM NoTpebyeTcsa NoaKe,
4yTOObI NEPENbITL PEKY?

b) Ha CKO/NbKO MEeTpPOB TeuyeHWe PEeKU CHeceT NIOAKY BHM3 OT MecTa
Ha3HayeHunA?

C) NoA, KakKMM YIr/IOM MO OTHOLWEHUIO K bepery byaeT ABMraTbCA I04KA?

120m

19> JIbIKHMK Npeogonen nyTb cHavana 150
M nog yrnom 135° a notom 200 m nog,
yrnom 45°, Hanaute nepemellieHune
NIbIXKHMKA.

20> Kapam n CynTtaH TAHYT ga4yHyto noBo3Ky. Ob6a TAHYT
NMOBO3KY C 0A4MHaKOBOW cuaoi nog yrnom 30°.

a) Ecnum pesynbtupytolas cuna obenx cua pasHa
170 H, TO KaKyto CUNy NPUNOKUA KaxKabli U3 HUX?

Y
b) Ecnu cuna, npunoxeHHasa Kaxkabim 6yaet 70 H, To yem eT
pes3ynbTUpytoLLasa 3STUX CUn?
¢) Ecan Kapam mn CyntaH npubausartca ap apy 0 Kak HU
pe3ynbTupytoLLaa cuna’?

T
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@ YMHOXeHue BeKTopa Ha YMcno

MpounsseseHue BekTOpa U Ha uncno k (ke R) 3anucbiBaeTca Kak k- U, a ero
AnvHa pasHa |k|- |U], npu k > 0 BekTopa k- U M U MMeIOT OAMHAKOBOE
HanpasieHue, npu k < 0 BekTopa k- U U U MMEKT NPOTUBONONOMKHOE
Hanpas/ieHue.

1) BeKTop 20 Ha PUCYHKE, Moay4eH 2) Ha pucyHKe n3o6parkeHbl BEKTOpa
3 BEKTOPa U YBE/IMYEHWEM A/IMHBI B T 1 —3077 ITM BeKTopa NpOTMBOMO-
2 pasa. 3TV BEKTOpa OANHAKOBO HaMn-  JIOXKHO HamnpaB/ieHHbIE.

paB/ieHHbIe.

u v
—_ —
20 < =30

>

JNlloboli BEKTOp KON/IMHEeapeH BEKTOpY, Bbipakatolemy NpounsseseHune 3Toro

BEKTOpPa Ha uMcio (oTnyHoe oT HynA). Ecam u # 0 U v KonnHeapHble BEKTOPSI,
—

TO CyLLECTBYET eANHCTBEHHOE Yncno k, utov=k- 0

CBOIICTBO YMHO}KEHUA BEKTOPA HA YUCO.
1. CouetaTtenbHoe CBOICTBO.
[na nobbix uncen kun (ke R, ne R) usektopau  (kn)- u=n (k- u)

2. PacnpeaenutenbHoe CBOMCTBO.

Ons nmobbix umucen k i n (k, neR) u AOns nmoboro umcna k (ke R)
BeKTOpa U (k+n)u=ku+nu 1 BEKTOPOB U NV’

W+ k =ku+kv
k+nyu /)
nu (k+n)u

7 0

Obyualowme 3agaHuA @

BNy

1 > durypa Ha PUCYHKE COCTOUT U3 KOHTPYIHTHbBIX

napasnenorpamMmoB. BeKTopbl U U Vv nexaT Ha 3
cTOpoHax  napannenorpamma.  Bbipasute
ceayrouime BeKTopa 4epes u n v: 7

—> — =
a) AC b) KC c) AD +DL d) '+

2 > Mogaynb BekTopa ckopoctu nog yrnom 30° paseH vg400
macwTab 1 HauepTUTe B TETPALM CNeAYHOLLNBABEKTO
a) v’ b) -2V’

\
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s

3 > C NOMOLLbIO NMHENKN N TPAHCMOPTUPA HAapUCyiTe B TeTPaAWU BEKTOp U,
feOMETPUYECKM NOKaXMUTe CrpaBeAnBOCTb paBeHcTBa (k + m)u'= KU+ mu’

ONA cneayowmx 3HaYeHn k u m. N
u

a)k =2vem=2 b)k=-3vem=2 cJk=-2vam=-1 /
4 > BbICKaXknTe CBOE MHEHME O BEKTOpax U W V COMIacHO cieaytouiei

nHbopmauum.

a) 2U= 4V byT—-V=0  c) 4T+ V)-3(U-V)=20+ 2V

— - = —

5 > B napannenorpamme AB = u, AD = v. TouKa X pacnonoKeHa Ha CTOpPOHe

BC 1ak, uto BX =3-XC, a Touka Y genut ctopoHy CD nononam. Bbipasute
cnefyloume BeKtTopa Yepes o u'v.

X C
1)BD 2) AX 3) BY 4) DY P
5) AC 6) AY 7) DX 8) XY Y Y
A 7 D
MpuknagHble 3agaun o

6 > Mo 3akoHy HblOTOHA rpaBuUTaUMOHHAA cuaa Fg) (B
HbIOTOHAX) paBHa NPOM3BEAEHMIO Maccbl Tena (B Kr)
rpaBUTaLMOHHOMY YCKOPEHUIO (M/CEKZ)ZFg)= mg. 3Ta cuna
Ha3bIBAETCA BECOM Te/Ia W 3anucbiBaeTcs B Buae P = mg.
MpaBuTaLMOHHOE yCKOpeHMe Ha 3emsie paBHo 9,8 m/cek?,
a Ha JlyHe 1,6 m/cek?.

a) HaltauTe Bec Tena maccori 60 Kr Ha 3emsne 1 Ha JlyHe.

7> Bonpoc oTKpbITOro Tuna. Ha KoopAMHATHOWM NJIOCKOCTU HAaPUCYNTE BEKTOP,
HauaNbHOM TOYKOM KOTOpOro GyAeT Hauyano KOOPAMHAT, M OTMeTbTe
KOOpAMHaTbl KOHEYHOM TOYKK. BbibepuTe Kakoe-11Mbo umcao k u Hapucyiite
BEKTOP ku, NONYYeHHbIVi NPOM3BEAEHMEM 3TOr0 YMCAa Ha BeKTop U.
HanuwuTe KoopaMHaTblI KOHEYHOW TOUKM 3TOro BeKTopa. HapucyiiTte ewe Tpu
BEKTOpPa V, z, W 1 BbiBGpaB O4MHAKOBOE YMCNO Kk HapuUCyiiTe BEKTOpa,
NoslyYeHHble U3 NPOU3BEAEHMSA ITUX BEKTOPOB Ha k.

8 > BbINoMHWTE 334aHMA MO PUCYHKY. VA

—>
1) 3anuwwute Bektop ON C KOMMOHEHTaMW W

BblHUCAUTE O/TUHY.

—>
2) 3anuwunTte BekTop OM C KOMMOHEHTaMU U

BblHUCAUTE ONTUHY.

3) CpaBHUTEe AOAUHbI U  COOTBETCTBWOLLME

—
KOMMNoHeHTbl BekTopoB ON n OM .
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,U,EﬁCTBMFI HaAd BeKTopamwu, 3agaHHbIMU KOMMNOHEHTaMU

o

[ns BekTopa u'{a1; a2), 3aaaHHOro KomnoHeHTamu u Y

Ana noboro uncna k sepHo: ku'= (kas; kaz).

Mo CKONbKY A1 BeKTOpa v ={az; b2) BEpHO paBeHCTBO
— —

-V = (—a2; —b2), TO PAa3HOCTb BEKTOPOB U = {ai; b1) 5 . >

nV'={az; b2) 6yneT i~ v'=u'+ (—v) = (a1 — az; b1 — b2) o Yo

1. NMpumep. 3agaHbl BekTOpbl U'=(3; —2) NV ={(-1; 4). 3anuwnTe BEKTOPbI
a)3u; b)2u+3V: c) U=V cKOMMNOHEHTaMMW.

> Pewenue. a)3u=3-(3;-2)=(9; -6)

b) 20+ 3V'= 2¢(3; —2) + 3<(—1; 4) =(6; —4) + (—3; 12)=(6+(=3); —4 + 12)=(3; 8)
) U-v=(3-2)—(-14)=(83-(-1); -2-4)=(4 -6)

® COOTBETCTBYOLME KOOPAMHATbI KOMIIMHEAPHbIX BEKTOPOB NPONopLMO-
Ha/lbHbI.

® Hao60poT, eCNm COOTBETCTBYIOLME KOOPAMHATLI BEKTOPOB NPOMOPLMOHaNb-

Hbl, TO 3T BEKTOPbI KO/I/IMHEeapHble. YCNoBMe KONJIMHEAPHOCTN BEKTOPOB
a: _ 2
1

U(al; a2) n v {bs; b2, (Npn a1#0, a2#0) MOXKHO BbIPA3UTb KaK: g = b

2. Mpumep. Mpu KaKoM 3HauyeHUn m, BekTopbl U {—1;4) va V (3; m)
KONNIMHEAPHbI? 3

m
PeweHue. 10 ycnoBnM KONIMHEAPHOCTU: I =4 —m=-12

1> EcmU=(2;3)nV=(-4;5) 3anuwnTe BeKTOPa C KOMNOHEHTaMK:

a)2u'+ 3V b)u'+2v c)3u-2v d) 4u-3v

2 > a) Ecam@=(-6; 2) n V=(2; —4), HailanTe ANnHy BeKkTOpa 20+ 3V.
b) Ecnnz=(2; 3) u w = (1;-3), HallauTe ANMHY BeKTOpa 37— W.
3> MokawuTe BEKTOpa, KoNNMHeapHble BekTopy f=(2; -3)
a)u=(4;6)  b)V=(1;-15  c)z=(-4;6) d)w=(-2;-3)
4> Mpw KakMx 3HaYeHUAX k BEKTOPbI KONIJIMHEAPHbI?
a) w=(2;-3)vav'=(k; 9) b) T=(3; k) va V=(k; 12)

5> OaHbl Toukn A (=3; 1) u B (6; 7). HaitamuTte KoopanHaTbl Touku C genauy,
oTpe3ok AB B oTHoweHun: AC:CB=1:2. ’
YKasaHue: Mcnonb3ylite paBeHCTBO AB = 3-AC npuHA C

- —
3anuwute BekTopbl AC 1 AB ¢ KOMNOHEHTamMu.

5> Oanbl Toukn A (1; 1), B (1; 7), C (7; 7). Ranante Ky nep
meanaH TpeyronbHuKka ABC.

4YeH




m MapannenbHbiii nepeHoc

MapannenbHblii nepeHoc

Mpv napannenbHOM nepeHoce TOYKM CMeLLatoTeA No na-
pannenbHbIM (MM CoBNaJaloWMmM) NPSIMbIM Ha O4HO U
TOXKE PaccTosiHUE U GUrypa NepexoamT B GUrypy KOHrpy-
3HTHYlO cebe.

TpeyronbHuk A'B'C' nsobparkeHHbl Ha pUCYHKe nony-
YyeH napanienbHbIM NePeHoCoM U3 TpeyronbHuKa ABC.
3pecb AA' = BB’ = CC’, AABC = AA'B'C

B KOOPAMHATHOM NNOCKOCTM KaxKaan TOYKA AaHHOTO Tpe-

yronbHuka DEF nepemeleHa Ha 4 eanHULBI HaNpaBgo, M
Ha 5 eaAUHUL, BHUS.

D(1;2) — D'(5; -3) E(4;2) — E'(8; -3) F(1;6)— F(5; 1) F;2)
MpumeHas GopmyNy pPacCTOAHUA MEXKAY ABYMSA TOYKaMMU, '
nonyumm: DE = 3, D'E' = 3; DF = 4, D'F' = 4; FE = 5,
F'E’ = 5. MNo npu3HaKy KoHrpyaHTHoct ADEF = AD'E'F

mlhs

{5/ =3)[E1(8: =3)

Mpu napannensHom nepeHoce GUrypbl NPON3BO/IbHAA TOYKA
A (x; y) nepexoguTt B Touky A’(x’; y') U mexay KoopAMHaTaMK 3TUX TOYEK crpa-

BEAJ/INBO PABEHCTBO: X'=x+4a, y'=y +b. yA

Ha KoopAnHATHOM NAOCKOCTM NPW NapaniesbHOM nepeHoce ne- _7
pemeLLeHne No 0CAM KOOPAMHAT HanpaBo M HAaBEPX BbipaykaeTcs ==
NMONOXUTENIbHBIMU, HAa/IEBO N BHU3 OTPULLATE/NIbHBIMU €AUHN- V b

Lamu. 3To onpeaenseTcs Yncnamu a u b. NMpu napannenLHom ne- a
peHoce PaccTosHMe MeXAyY ABYMS TOYKaMM He MeHSeTCs.

[JevictBUTENbHO, NPU NapaniesibHOM NepeHoce NPOU3BO/IbHbIE TOUKM

A(x1; y1) n B(x2; y2) nepexogat B TOUKM A'(x1 + a; y1 + b) u B’ (x2 + a; y2 + b).
AB=V(e—x)*+ (y2+y1)?  AB' =\((x2+a) = (x1+a))2+ ((y2+ b) = (y1 + b))?
Otctopa AB = A'B’. 3HauuT, npu napannenbHOM MNepeHoce CcoxpaHseTca

paccTosHue.

KoopaunHatbl cepegmnHbl oTpeska AB’ B B‘
xi1+x2+a +y2+b -

Xo= %, Yo= % kimi tapilir.

A A
KoopaunHatbl cepeanHbl oTpeska A’'B byayT TakMmu e (nposepbTe camu). 3Ha-
4YuT, AMaroHanu YetblipexyronbHMKa ABB’A’ nepeceKkatoTcs M TOUKOW nepecey
HUA AenaTca nononam. To eCTb, 3TOT YETbIPeXYrofbHUK Napang@norp

napansiesiorpamma npoTUBOMO/IOMKHbIE CTOPOHbI NapasnnesbHbl. I apa
HOM MepeHoce NpsAMasn NepexoamT B napannensHyo npamyofivan yc
way M
N

Ecnv npu nepexode ogHoM GuUrypbl B Apyryto paccrto Vi)

XpaHATCA, TO TaKoe NpeobpasoBaHue Ha3bliBaeTENABMKE .Napa
MepPeHoC 3TO ABUIKEHME.

bH
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Obyualowme 3agaHuA @

1 > 3anuwunTe NapannienbHble NepeHocsl B BUAe (x; y) = (x+a; y + b).
a) 4 eAVHWUBI HAaNeBo, 2 egUHULbI BHU3
b) 2 eanHMUBI HanNpaBo, 2 eANHULbI HAaBEPX
¢) 3 eanHULbI HaMpaBo, 5 egnHUL, HaBepx
d) 3 eanHnLbl Haneso, 1 eaMHMLA HaBepx

2 > MN306pa3nTe B TETPAAM AaHHbIV NApanie/ibHbIM NepeHoC YeTblPexyrosbHNKa

Ha PUCYHKe.
a) (G y) = (x—1;y+2) 1B
b) (x; y) — (x-+3; y - 2) RRSaiR\
o Gy)—x=3y-1) e
d)(xy)— (x+1y+2)

3 > AABC c BepwmnHamu A(3, —4), B(3; 2), C(5, 1) npu napannensHom nepeHoce
(x; ¥) 2 (x=2; y + 1) nepexoant B AA'B'C’. OnpeaennTte KoopauHaTbl Bep-
wuHbl AA'B'C’' 1 HapucyinTe TPeyrosibHUK.

4 > OdaHn AABC c BepwuHamm A(2; —1), B(4; 2), C(—3; 3). Mpwu napannenbHom
nepeHoce Touka A nepexoaut B Touky A’'(—1; —1). MNpu aToM Ke napannens-
HOM nepeHoce TouYKa B nepexogmnT B ToUKy B’ 1 Touka C B Touky C'. Haliaute
KoopAnHaTbl Touek B 1 C'. 3anuwuTte 3TOT NapanfienbHblii NepeHoc B BUae
(x; y) > (x +a; y +b).

5 > Ha KapT1He NoKasaHbl 9 KOHFPY3HTHbIX MPSMOYTO/IbHUKOB.
34ecb napasnie/ibHbIM NepeHocomM ToUKM A obpasoBanach
Touka G. OnpeAenuTe ToUKM, 06pa3oBaHHbIE OAHUM W Tem & i G H

e napannefibHbIM NepeHOCOM KaxKA0M U3 HUXKeyKas3aH- | Tk 1
HbIX TOYEK.
M N O P
a)F b) E c)B d)J e)l
6 > BepwwnHamu TpeyronbHuka ABC siBnsoTca Toukn  A(4, N E

4), B(6, 6) n C(7, 4). 3anucb
(x, y) > (x + 1, y — 3) onpeaenseT npeobpasoBaHue
AABC 8 AA'B'C’ . [lokasuTe uto AABC = AA'B'C’ . RN

MnaH gha poKasaTrenbCcTBa:

1) MpumeHMB NapanienbHblIi NepeHoc, HalauTe Koopau
A, B, C.
2) MNpumeHuTe GOpMyy PACCTOAHUA MeXAY MA TO
3) Bocnonb3yiTecb CBOMCTBOM KOHIPYIHTHOC VYrofb
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7 > 3anuwnTe HoBble KOOPAMHATLI TOYEK NPU NapanaebHOM
nepeHoce (x; y) — (x+a; y + b).
a)a=3,b=-2 b) a=-4,b=-3
F(_4I 1)I A(_zn 5)1 S(_ll 4)/ N(_ll 2) D(_4r _3)1 E(—Z, _2)1 F(_2I _4)

v’ MapanenHblii nepeHoc U BEKTOPbI

Kaxabli napannenbHblii nepeHoc onpeaenset oauH BeKTop. To ecTb Npw napan-
NeNbHOM nepeHoce nepemMelLeHne Bcex ToueK GUrypbl BbIMOAHAETCA MO O4HOMY
BEKTOpPY. BbipaxeHue napanienbHOro nepeHoca BEKTOPOM yNpoLLaeT 3anuch.
KomnoHeHTbl BekTopa U {(a ; b) NOKa3bIBalOT MU3MEHEHMA KOOPAMHAT TOYEK OTHO-
cuTtenbHo ocent Ox 1 Oy. Ha KapTuHe nsobparkeH napannenbHblii nepeHoc AABC

>
Ha BeKTop U (—6; —5). B
Bocnonb3ysacb KOMNOHEHTAMM BEKTOPA, MOXKHO onpese- -
A C
NnTb NnepemelteHne Gurypbl. Bce TOUKM TPeYrosbHUKA = ~
o d o}
ABC nepemeLlLascb Ha AMHY BeKTopa U (—6; —5) nepe- 2
XOAAT B TOUKM TpeyrosbHMKa AA'B'C'. AT
Paralel koglirma vek-
_
Onvna sektopa |u| = V(-6)2+ (-5)* ~ 7,8 (eanHwu) toru: (-6; —5)
8 > Hanuwute BEKTOPbI KOMMNOHEHTAMM, COOTBETCTBYHOLWME NAapaaienbHbIM
nepeHocam.

a) 5 eAVHUL, HanpaBo 8 eANHNL, HaBepX
b) 2 eanHNLBI HaNeBo, 5 eanHUL, HaBepx
c) 3 eAuHULbI HaNeBo, 5 eAUHUL, BHU3
d) 4 egMHULbI HaNeBo, 5 eANHUL, BHU3

9 > BbINonHUTE NapannenbHblii nepeHoc Gpuryp no 3agaHHoOMy BEKTOpPY:

a)(-2,5) b) (1, -4) c)(3;2)
77777771—‘ JEEEEEEE YR 4
A /
A /
X [0
AN 2] /i a
/ \
\
A T~ || \

10> TouKa A (—-3; —2) napannensHoO nepeHeceHa no npasuay
(x;y) > (x+5; y+3) nnpeobpasosaHa B TOUKy A'. y
1) 3anuwunTe BEKTOP, ONpeaensatoLmii . =
napanienbHbli NepeHoc; |
2) 3anMwunTe KoopAMHaTbl TOUYKKM A'.

0

11 > 3anuwure BEKTOp, onpeaenaoLmii
napasfiefibHbli nepeHoc.

a)B—D b)A—C c)A—
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[BUXKeHue N KOHrpysHTHble Gurypbl

MycTb Kaxkgon Touke durypbl F NpoTMBOMNOCTaB/eHa onpeaeneHHas TouKa naoc-
KOCTU. MHOXKeCTBO TaKnx ToueK obpasyet ¢urypy F'. B aTom ciyyae roBopsT, 4To
durypa F' nonyyeHa npeobpasoaHmem dpurypbl F. [10CKOCTb TaK Ke ABAAeTCA
reomeTpuyeckon éurypoit. MNMpun npeobpasoBaHUM NAOCKOCTU MPOU3BO/IbHAA
TOYKA MepexoamT B TOUKY 3TOM XKe MIOCKOCTU U NPUYeM Kaxkaasa TouKa npeobpa-
3yeTca B onpeaeneHHyo Touky. Ecam npu npeobpasoBaHnm ogHol purypbl B Apy-
ryto paccTofHMe MeXay TOYKaMM COXPaHAEeTCs, TO BCe reoMeTpUYeCcKMe CBOMCTBA
durypbl coxpaHatTca u durypa npeobpasyerca B KOHIPYsHTHYI0 durypy. Takue
npeobpasoBaHMA Ha3blBAOTCA ABUMKEHMEM. Pe3ybTaT noc/ief0BaTe/IbHbIX ABU-
KEHUW TaKKe ABNAETCA ABUKEHUEM.

Teopema. Mpu ABUMKEHUN OTPE3OK Npeobpasyercs B OTPE30K.

Cnepcteue: Tpu ABUKEHUN KaXKAaA CTOPOHA TPEYTro/IbHUKA NEPEXOAUT B KOH-
FPY3HTHbIM OTPE30K, U No3Tomy no npusHaky CCC TpeyronbHUK NpeobpasyeTca
B KOHTPY3HTHbIN TpeyronbHWK. MNpu ABUKEHUMN NPAMaAn NepexoauT B NPAMYIo,
OTPE30K B OTPE30K M YroN Mexay NoAynpambiMM coxpaHsaeTcs. Mpu Takux npe-
06pa3oBaHUAX KaK NapasnienbHblii NepeHoc, LeHTpaibHaa CUMMETPUSA, 0CceBas
CUMMETpPMUS, MOBOPOT, pUrypa NepexoamT B KOHFPYIHTHYI0 ¢urypy. Mccnegyem
3TO MPU NOMOLLLM OCY CUMMETPUN (OTPaXKEHMSA).

Teopema. OceBasi cMMMeTpUA (OTParKeHME) eCcTb ABUKEHME.
Ha pu1cyHKe M306pakeHo oTpaxkeHue oTpeska PQ oTHocuTensHo npsmoit m. Mo
PacnoNoXKeHMo oTpesKa PQ 1 NpAMOI m BO3MOKHbI 4 Pas/IMYHbIX C/lyYast.

1. Toukm Pn Q 1. Toukn Pn Q 1. OgHa 13 ToueK 4. Touka Q nexut Ha
NiexkaT No O4HY CTO-  JIEXKAT MO pasHble NeXxuT Ha npamon, PQ npamoit m,
POHY OT NPAMOW M.  CTOPOHbI OT NpsA- He nepneHANKyNspeH PQ1l m
Mol m. npamom m.
’ P
P P’
Q' Q
Q m Q m

[JokKaxem Teopemy 419 NepBoro cay4as:
TeKcTOBOE A0KA3aTeNbCTBO. B 3TOM c/lydae TOUKM P 1 Q iexkaT no ofaHy CTo-
POHY OT NpAMON m.

M3 onpeneneHunsa oTparkeHUs cneayeT, UTo, TaK KaK OTPe3okK N
RS- cepeanHHbIM nepneHAUKYAApHbIA oTpe3skos PP’ 1 QQ/, To P‘
RQ=RQ'n ZQRS= ZQ'RS. PR= RP’, ZPRQ = ZP'RQ.
Toraa no npusHaky CYC ARQP = ARQ'P’. TaK KaK Yy KOHrpy-
SHTHbIX TPEYro/IbHMKOB COOTBETCTBEHHbIE CTOPOHbI KOH
3HTHbI, TO PQ = P'Q’. Teopema aokasaHa.
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O6yualowme 3agaHus @
1 > M306pasuTe OTpaKeHUEe MHOFOYrONbHUKOB OTHOCUTENLHO oceit Ox 1 Oy.

a) b)—yA g c) v
/ ~C
A \ - / X
™~ 41N /| Q _/
L ~ RN 4
- 0 v
K " T 1D - E

2 > Ha pucyHKe n3obpaskeHo oTobparkeHne OTHOCUTENIbHO NPAMON m.
Hallgute 3HaueHMsA NepemeHHbIX.

13 3r

a) 5 3x 8 b)

L] m 7~ sv—10 m

4
2z-1 : %y—lo 2u+1<; 15
3 > PucyHoK oTobpaxkaeT nepemelteHne Toukn Qe Q', R 8
R’ B pe3ynbrate noBopoTa . [lokaxkute: PQ = P'Q’
MNnaH ana pokasarenbcrBa: 1o onpegeneHuio NOBO-
pota PQ= PQ’, PR=PR'M ZQPQ’' = ZRPR"

3aBepLunTe A0KA3aTEIbCTBO KOHMPYIHTHbIX
TPeyro/bHUKOB.

Q

4 > Ha pucyHke n306paxkeH NoBopoT
MHOrOYrosibHWKa BOKPYT TOYKK P .
Mo AaHHbIM HaWAWTE NEPEMEHHbIE.

5 > B pesy/nibTare KakuX /ByX 6 Do AakHbIM Hal- vA

nocneaoBaTeNbHbIX A,B8U- .
KeHUN oTpe3oK AB npe- AVITE TOURY, B KOTO- c 4
obpasyeTcA B OTpe3okK Pyto nepexoant 2
A"B"? Touka C npwu napan- immnE Xl

3 1Y B NenbHOM nepeHoce. >4

o\ E)) 22: ) >

o| 1 g~ ’
c) (-4;,-7)
Lk

7 > BeplwmHamu TpeyronbHMKa ABAATCA ToukM A(—1; @), B (2] 3), C 3).

’
TPEeYroabHWK 6b11 NapannesibHO NepemeLleH @a BEKTO (4;-2). nLIn
HOBblE KOOPAMHATbI BEPLUNH TPEYrobHUKA.
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8>

10 >

11>

JonuiwmnTe npaBMIO U3MEHEHNA KOOPAMHAT Ha KOOPAMHATHOM NNOCKOCTH
NP1 KaykA0M NOBOPOTE OTHOCUTENLHO Hayasa KoopAMHaT (Mo YacoBo
CTPesKe M NPOTUB YacoBOM CTPesiKK). MoKasKMTe Ha PUCYHKe.

a)oo® (y)—( ; ) b) 180° (x;y)—( ; )

a) Touka A (—3; 5) B pe3ynbTaTe OTparkeHMa oTHOCUTeNbHO ocu Ox nepe-
XoAnT B Touky A'. HanuwuTe KoopAMHATbl TOUKM A' .

b) Touka D (3; 4) coBepLuMia NOBOPOT OTHOCUTE/IBHO Hayala KoopauHaT
Ha 1802. HanuwwuTte KoopAnHaTbl Toukn D'

c) Touka E (-3; 4) npu napannenbHomMm nepeHoce Ha BeKTop7(4; 5) ne-
pexoguT B TOUKY E'. 3anuwmnte KoopamHaTbl TOYKK E'.

UccnepyiiTe pelneHne 3aga4um U 3anuULLIUTE B TETPaALM.

[ns Toro, ytobbl NpoBecT TenedoH B 3gaHNAX A U

B, Ha Kpato LOPOru HYXKHO YCTaHOBUTb pacnpeaenu- (ff“

TeNbHbI NPpNb0opP B Takon Touke C, 4ToObI MCMOJIb- A\ ' @:
30BaTb KAk MOXHO MeHbLUe Kabens, T.e. paccTosHue £ B \;1;,
AC + BC g0/1KHO 6bITb MUHUMA/IbHbIM?

PeweHune. OTMeTVIM TOUKY A’, MONYHEHHYIO OTpaXe- Al y B

HMEM TOYKM A OTHOCUTENbHO Npsimon m. Hapucyem oT- v m
pe3ok A'B u nepeceyeHue ¢ NpAMON m o603HauYnM e D

Toukon C. OTpe3oK A'B camoe KOpOoTKOe paccTosiHue A
MexKay TouKamu A’ 1 B n Tak Kak AC = AC', To Touka C
Camas BbIroAHas TOYKa AN 3Tl uenun. [leMcTButensHo, ana ntobo apy-
ro To4kM D NnpsAmolt m, N0 HepaBeHCTBY TPEYro/ibHUKa:

AD+DB=A'D+ DB>A'B=A'C+CB=AC+CB

Ha ocu abcumce HanamTe Takyr ToUKy C, utobbl AC + BC 6b110 MUHW-
MaZlbHbIM.

a) A(1; 3), B(5; 1) b) A(2; -2), B(11; —4)
c) A(-1; 4), B(6; 3) d) A(-4; 6), B(5; 3)
Mpumep. Ha ocu Ox HanauTe Takyto Touky C, uyTobbl AC L A ‘ )

+ CB 6b1710 MMHMManbHbIM. Touky A(1; 5) oTpakaem oT-
HocuTenbHo Ox: A’(1; —3). YpaBHeHME NpsAMOI, NPOXo-
aauen yepes Touky A’'(1; —3) u B(5;1) ectb y =x— 4. 37a
npsaman nepecekaet ocb Ox B TouKe C(4; 0
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O6o6uwalowume 3agaHuna

— =
1 > YutuBas, uto PQ = RT, no gaHHbIM KoopaMHaTam Touek P(8;-7), Q(-2; 5),
R(8; —7)) onpeaenute KoopamMHaTbl TOYKK T.

— - —
2 > [aHbl BekTopbl: U = (6; 2), v = (5; —1), Z = (~2; —5). HanuwwuTe BeKTOpPbI C
KOMMOHEHTaMM, HalAMTE UX MOZY/b U Yo HaKIoHa.

a)u+2z b)3v-2v c)2Z+u

3 > 3HaueHme pesynbTUPYIOLLUX CUA, MPUIOXKEHHDBIX HA TE€/1I0 B BEPTUKANIbHOM U
ropM30oHTa/IbHOM HanpasaeHun pasHo 40 H, a yron HakioHa 229. Hanagute
3HaYeHne Cu, MPUNOXKEHHbIX HA TesO.

4> Mo pgaHHOMY 3HAYeHUIO MOAYNA M YIAa HaAK/JOHA 3anuwuTe BEKTOpbI

KOMMOHEHTaMM. 1) [v] =12; 6 =60° 2) [vi=16; 6=120°
5 > WAbrap nabiBeT No peke B NepreHANKYAAPHOM

Hanpagnexun k Gepery co ckopocTbio 1 m/cek. [P RE 0,5 m/cex.

EC/IM CKOPOCTb TeYEeHMA peKkn 2 M/ceK, a limpuHa | m! ' /

40 meTpoB, HanauTe: ] EE

a) Bpems, 3a KOTopoe Mnbrap nepennbiBeT peky; | |S & ﬁé

b) paccTosHue, kKoTopoe nepennbiBeT Unbrap. N § "t/

C) NoA, KakMm YrMoM Mo OTHOLWEHUIO K Bepery 7§

Mnbrap nepennbiBeT peky?

—> — — -
6 > PaccmotpuTe npepnoxenue |u| + |v| 2 |u +v].
a) 3anuwuTe npeanoKeHune cnosamu; b) BepHo nam HesepHoO
npegnoxeHue? OTBeT 060CHYNTE.

7 > Oanbl Toukn M (3; 5) n C (9; 8). HailgmTe KoopanHaTbl ToUKK K, gendauei
oTpe3ok MC B oTHoweHuu 2 : 1.
?\ F

8 > Touka nepeceyeHMa meAMaH HasbiBaeTcA
LEeHTPOM TAXKECTM TpeyrosibHUKa. Toukn D(1; 3)
n E(6; 1) asnatotca BepwnHamm ADEF, C (3; 4) - 4
noKasbiBaeT UeHTp Taxectn. Onpepenute ’ID
KOOpAMHaTbl BepLumnHbI F. Y
o

1
9> Mpu napannenbHOM nepeHoce To4Ka P (6;,—2) nepexoanTis Tou 4
[NnAa Kakaoro cnyyas onpegenmTe BEKTOp Napannefeond nepe .
_3)

a) p'(2;0) b) P’ (-3;1) c)

56
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10> MepepucyinTe pUCYHKKN B TeTpadb. BbiNoaHWTE napanienbHblit nepeHoc no
[aHHOMY BEKTOpY.

(3;0) (-4;-1) (2;-2)
y y
a) A u b) c) y
/ \
T X 0 X
AY
11> ®urypa A oTpaxeHvem nepexoaut B Gurypy B. B .
OnpegenvTe MMHUIO OTPAXKEHMA U HaNULWKUTe A c
ee ypaBHeHMe. A——C"
BT |1 L
12> MpenacTasbTe ABa NocnesoBaTeNbHbIX Npeobpa- ol 1 X
30BaHMA, NPU KOTOPbIX U3 GUrYPbl A MOXHO
6b110 6bl NONYUUTL PUrypy B.
urypa A AV (2;5)  ¢urypaB urypa A " urypa B
=2 4’) ” A (1 4 |
1.3 4 (-1; 4) 6 3)
-3; X613 4;
(-3;3) ) (4;3) NVARIEE /L
—-2[2) ]
(2;11) (0]1) (6;
0] X O X

13> Toukun A (2; -2), B (2; 3), C (—4; —2) BepwmnHbl AABC. TpeyrosbHUK OTparkeH
OTHOCUTENbHO ocK Ox 1 noBepHyT Ha 90° NPOTUB YACOBOW CTPENIKU BOKPYT
Hayasia KoopAMHaAT, gasiee nepemelleH Ha 3 egUHULbI BHU3 U Ha 2 e 4UHULLbI
HasieBo. HapucyiTe pUCyHOK, COOTBETCTBYOLLMI KayKAOMY ABUNKEHUIO, U Ha-
NUWKUTE KOOPANHATLI BEPLUMH TPEYTro/IbHUKa:
a) nocne otpaxkeHuna; b) nocne noBopoTa;
C) nocne napannenbHOro nepeHoca.

<~

14> Mocne Kaxaoro npeobpasoBaHna HanuwuTe
KoopauHaTbl Tovek A', B', C.

u
A
Pt

1) MapannenbHbiit nepeHoc Ha BekTop (3; 0);

2) MapannenbHblit nepeHoc Ha BekTop (—4; 2);
3) OTparkeHune oTHocuTenbHO Oy;

4) OTparKeHne OTHOCUTENbHO NPAMON X = —2;

5) MNoBopoT BoKpyr Toukn B Ha 90° no

YacoBOM CTPEeNKY;

w
uw
J

(6]

6) MoBOPOT BOKPYr Hayana KoopAanHat Ha 180°; |
7) TomoTeTuns ¢ KOIPPUUMEHTOM k = 2 U LLEHHAOM B T A.
8) TomoTeTus ¢ KoapduumeHToM k =2 1 LeH B Haudlle Koopau



ocneaos

Bbl Hay4yuTecb B 3TOM pasaene
Y yucnoBble NOCNEA0BATENIbHOCTM M CNOCODbI MX 334aHUA
v n-blih YneH apudMeTMYECKo 1 reoMeTPUYECKON Nporpeccun

v CBOWICTBa Y/1eHOB apUdMeTUYECKOM
M TeOMeTpPUYECKOM Nporpeccun
¥ Cymma n-nepebix 41eHOB apudmeTnyecKoi
M reoMeTpPMYECcKoi NPorpeccum

v Pewatb 3a4a4M Ha apupmeTuyeckume
W reoMeTpuYeckme Nporpeccun

UccnepoBaHme. Ha nonke anenbCcuHbl cobpaHbl
Cnosimu Takmm obpasom, 4to B 1-om psay 1 anenbcuH,
BO 2-om pAay 4, B 3-em pagy 9 n.1.4 o6pasytoT npaBuib-
HYIO YeTbIPEXYro/IbHY0 NUpamuay.

1) LlononHuTe TabauLy, NOKa3blBaOLLYHO KONMYECTBO NEPBbIX MATU CI0EB
anesibC1HOB.

| e |88

Qn 1=12 4 =22

2) Hanuwwute dopmyny AN HaXOXAEHMA KOAUYECTBA ane/ibCMHOB B 1t060Mm
“3 cnoes (an, N - NOKa3bIBaeT Homep paaa).

3) Mo aToi dopmyne HangUTe KOAMYECTBO anenbCUHOB B 4-0M, 7-OM U
10-om pagax.

4) N306pasuTe B TeTpaam rpadmK, NOKasbiBalOLWMIM 3aBUCUMOCTb KOIMYECTBA
anenbCMHOB OT HOMEpa CoSA.

@ Yucnosble nocnenosateslbHOCTU

OnpepeneHne. MHOMKECTBO YMCES, 3aHYMEPOBAHHbIX HAaTYPasIbHbIMU YUCAAMM

Ha3blBaETCA YNC/IOBOW nocnenoBaTes/ibHOCTbIO, @ YMNCAa, o6pasyrom,me 3TO MHO-
XeCTBO Ha3blBaeTCA Y1eHaMun Nocnen0BaTe/ibHOCTU.
¢ Yucna, oﬁpasyrou.l,me nocnenoBaTe/ibHOCTb, HAa3bIBAKOTCA COOTB’TBEH%
BblM, BTOPbIM, TOE€TbUM, YETBEPTbIM U T.A4. YI1EHAMU
ZTSI .

nocneaoBaTeNIbHOCTW. YneHbl NnocneaoBaTeNlbHOCTH, ?’ 1 1T5’

t
06bI4HO 0603HaYatoTCA ByKBamMuU, MHAEKC BYKBbI NO- ap a3 as
Ka3blBaeT NopsALKOBbIM HOMep YseHa. Hanpume

nepBblil YEH a1, BTOPOM YNEH G2, N -bl YEH An U T. ano

obo3HauvaeTtca: (an), (bn) N 1.4,

CTb
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4 lMocnepoBaTeNbHOCTH 6bIBalOT KOHEYHbIE N BeCKOHEYHbIEe. Hanpmmep,
MHOXXeCTBO ABY3HAYHbIX YNCEZT MOXKET 6bITb npumepom KOHEe4YHOoM nocneno-
BaTeNbHOCTU. A NOCNeA0BaTeNbHOCTb HaTypaabHbIX YUCenN - H6ecKoHeuvHa.

¢ MocnefoBaTeNIbHOCTb MOMKHO 334aBaTb GOPMYNOM KOTopasa No3BoaneT
HaMTK NO6ON YNeH nocnenoBaTeNbHOCTM, 3HaA ero Homep. Takyto dopmyny
Ha3bIBatOT GOPMY/ION N-ro YaeHa nocsien0BaTe/IbHOCTH.

Hanpumep, 2, 4, 6, 8, ... - nocnenoBaTe/IbHOCTb YETHbIX Yncen./ltobon unex
3TOoM nocnenoBaTeNbHOCTU MOXHO HalTK no dopmyne
an=2n. 10-bI” YneH nocnenoBaTe/IbHOCTUN: g1o=2-10 =20

Mpumep. NMocnegosatenbHOCTL 3a4aeTcs Gopmynon dn=n?+ 3n. Hain-
ante 5-biit 1 10-bIi YneH Nnocief0BaTENbHOCTH.
PeweHue: MNpnun=1, g1=12+ 3:1 =4,

npun=>5, as=5%+ 3-5 =40,

npv n =10, g10=10?+ 3-10 = 130.

Obyualowme 3agaHuA o

1 > HanuwuTe cneaytolipe ABa YaeHa Nocaea0BaTe/IbHOCTU.

a)1;3;5;,7;... b) 1; 10; 100; 1000; . .. c)-5;10; -15; 20; . ..
g l;2,3.4. 9l;2;3;8; @ £1927,3543...
3 3 3 3 10 20 30 40

2 > Mo aaHHoOM dpopmyne HanULWKUTe NepBble NATb YIEHOB NOC/EA0BATE/IbHOCTU.

f _ n-1

an=n+1 an=3-n an=n>+1 "t T
an=(n+1)? an=(n-1)? an=n(n-1) fo = n+?2
T 2n

3 > a) Hanuwwnrte nepsble CeEMb 4N1EHOB NOC/1€A0BaATE/IbHOCTU HATYypPaA/ibHbIX
Yncen, KpaTHbIX 3.
b) HanvwwuTe B nopAzKe BO3pacTaHuA rnepsble 5 4neHOB Nocsief0BaTeIbHOCTU
HaTypa/ibHbIX YNCEN NPU AENEHNN KOTOPbIX Ha 3, B OcTaTKe nony4yaeTca 1.

4 > a) Kakoi uneH nocnegosatenbHocTH (an) :1) cnepyet 3a yneHom
a7; 72; Ax; Gk ? 2) NPEALWECTBYET YNEHY Us; Os0; Ok; A2k?
b) HasoBuTe uneHbl Nocieo0BaTENBHOCTM, Pacnonaratowmeca Mmexay
ABYMA AaHHbIMU YneHamu: 1) buan bis, 2) bk biss, 3) bn-3 U bns2

5 > 1) NocnepoBatenbHOCTb 3aaaeTca dopmynol ba=2n? +
nocneaoBaTeIbHOCTM C HoMepom a) 4; b) 5;

2) B nocnenoBaTenbHOCTH, 3a4aHHON dopm
HOMep uysieHa paBHoro: a) 27; b) 35; ¢) 71.
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6 > 1) NocnepoBaTtenbHOCTb 3aaHa GOPMyNoN a,= n? — 8n: CyLlecTsyeT n
yfieH paBHbIit: a) 20; b) 48; c) -15; d) 0; e) 4?
Ecnu ecTb, TO HAMAUTE HOMEP 3TOrO YJieHa.

MpuknagHble 3agaHus . )

7 > CKONbKO crinyek byaeT MCNoNb30BaHO Ha 5-0m Luare noctpoeHusa Gurypbl no
npaBuy, NOKasaHHOMY Ha pUCyHKe. Hanuwute dopmyny, onpeaensioLLyto
KO/IMYECTBO CMMYEK.

8 > KBaapaTtbl cO CTOpOHaMM 5 eanHWML, BbICTpaneatoTca 4
KaK MOKa3aHO Ha PUCYHKe pAAOM APYr C APYTOM. 860
a) Hangute nepumeTp dpurypsbl, KOTopyto obpasytoT “5’40
KBaApaTbl Ha KaXKAOM Luare NoCTPOeHUs §
b) HaanTe nepumeTtp durypbl, obpasosaHHON Ha =20
n-om ware _
c) ObbacHUTE, YTO rpadUK HAa PUCYHKE COOTBET- 2 4 6 x

CTBYET JlaHHOW NOC/NeA0BaTENbHOCTY. KONNM4ECTBO KBaApaTos

5 5 5 555 5555
s{s sl s[ITT1 LTI
5 55 55 5 5555

9 > YneHbl nocnenoBaTeNbHOCTU an=4"—1 KpaTHbl 3, a YaeHbl Nocief0BaTeNb-
HOCTU Cn=5"—1 KpaTHbl 4. [IpoBepbTe 3TO 414 NEePBbIX NATU YIEHOB.

UcTopuueckaa nipopmaums.

Habn H04aeTCcA B3aMMOCBA3b

MHOIMX NPMPOAHbIX ABNEHUN | 4 » " / \13
b s 3

c nocnenosaTe/ibHoCTbio Pu-
6oHayuu.

34/

. dnboHayuM poamncs B UTaNbAHCKOM ropoge MNusa:
Ero npouseeneHune “KHura sbiuncneHmin” (Liber Abaci)
OKa3a/la OrpOMHOE B/IMAHME HA PAacnpoCTpaHeHNe MaTEMATUYECKUX 3HAHUM
B EBpone, cny»Kuna y4ebHUKOM - CNPaBOYHUKOM €BPOMENCKUX YYEHbIX. Oco6‘o He
€ro po/ib B 6bICTPOM pacnpocTpaHeHnn B EBpone MHAMNCKO-apabckon gecat
B To Bpems B EBpone npw 3anncu 1 BbIYUCIEHUAX NONb30BAINCh PUMCKUMY L

NINKOB, KOTOpaA gaeT nocnegosatenbHoctb umncen 1,1, 2, 3,5, 8,
paga (npu n > 2) BepHo
Fni1=Fa-1+ Fa. Mpogonkute pag GuboHayum ana nocneny Tpex LW
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v/ PeKyppeHTHbI cnocob 3aaaHuna nocaeaoBaTelbHOCTU

®opmyna, BbiparkatoLwan Nt0bon uneH nocneso0BaTeNbHOCTM, HAUYMHAA C HEKOTO-
poro, Yepes o0AMH UM HECKOJIbKO NpeblAyLLMX Y1eHOB Ha3blBAETCA PEKYPPEHT-
HoW GopMyNoit. (OT IATUHCKOrO C/I0Ba recirro - BO3BpaLLLaTbCcs).

Hanpumep, B nocnegosatenbHoctn 3; 6; 12; 24; ... npu ai1=3TO, Gn+1= 20n - pe-
KyppeHTHaa dopmysa 1 no aToi Gopmysie MOXKHO NPOAO/IKUTL NOC/IeA0BaTe b-
HOCTb.

N-bli YNEH 3TOWN NOCNeA0BaATENIbHOCTM MOXKHO BbIPa3uTb GopmMynon an=3-2""1 .

Mpumep. Hanuwwute 2-oi1, 3-1it 1 4-blii YNeH NOCAeLOBATENbHOCTH, 3a4aH-

HOW pekyppeHTHOM dopmynoin bi=3; bn+1 = 2bn+ 1.

PeweHune: Kak BuaHo 13 popmysbl KaxKabl NOCaeayoWwmin YaeH nocaeno-

> BaTe/IbHOCTU HauYMHasA CO BTOPOro NMOJIy4aeTcs YMHOXEHMEM Ha ABa npeabl-

ayuwero n npubasneHnem oauH. Mo ckonbky bi = 3, nosy4yaem 4To:
b=2b:1+1=23+1=7,
bs3=2b+1=27+1=15,
bs=2b3+1=2-15+1=31

O6yuatowme 3agaHnA @

10> Ona gaHHOW nociefoBaTe/IbHOCTU HAMULLINTE PEKYPPEHTHYO dopmyny U
dopmyny n-ro uneHa.
1. NocnenoBaTeNIbHOCTb HEYETHbIX HATypPabHbIX Yncen;
2. MocnepoBaTeIbHOCTb YETHBIX HAaTypPasibHbIX YMCen.

11 > HanuwwuTte nepsble 5 yneHOB Nocaen0BaTENbHOCTU:
a) NepBbIli YNeH - 4, HAUMHAA CO BTOPOrO, Kaxabll nocneayowWwmii YaeH Ha 3
6onblue npegblayLLero.
b) nepBbIi YneH - 4, HauMHasA Co BTOPOTO, KaXKAblil Nocieayowmi YneH B 3
pa3a bonblie npegblayLiero.

12 > HanuwwuTe nepsble 5 41eHOB NOCNEA0BATENbHOCTM, 3a4aHHON PEKYPPEeHT-
HoM popmynoi
a)a1=1, an=30n-1+2 c)oi1=1,02=2,0n=0n1+ Qn2
b)ai=1, an=2an1+1 d)ar=0a2=03=1,an=0an-1+ An2+ Gn-3

13 > UccneposaHue. Paborta B rpynnax. a) Bocnonb3yiitecb Gopmynoi n Hanu-
LIMTe YyeTbipe YaeHa nocneaoBaTenbHOCTH, ecam ar = 11,.

an €C/1n an -4EeTHOEe 4YnUcCno,

’

Om1= 23, 4 1, €C/nu an-HeyeTHoe qwcno;‘

b) HanuwwTe 4 yneHa nocnefoBaTEIbHOCTM YKa3aHHOW B GYHK

14> [ns uneHoB nocnenoBaTeNIbHOCTM onpeaenuTe 3
LInTe ellle YeTblpe YneHa.
a)3;6;4;8;6;12;10; ... b)2; 4

epHo

. 14; ..
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UccneposaHume. [pu KOHCTPYMPOBAHUM KPbILWK Kepa-
MWTbI BbICTPAUBAIOTCA B onpeaeseHHOM nopAaKe. ,
Kpbllwa, NoKasaHHAA Ha PUCYHKE, MOKpPbITa Kepamu- 3
TamMu No npasuy, NOKasaHHOMY B Tabanue. - W

Pap 1 2 3 4 5 6 7 8
KepamunT ] 4 5 6 7 8 9 10

1) HaguTe pasHOCTb MeX Ay KOIMYECTBOM KEPAaMUTOB KaKaoro paaa ¢ Koau-
4eCTBOM KepamuToB nocseaytouero paga. 2) MoxHO M HaWTU KOANMYeCcTBO
KepamMuTOB Mo pPeKyppeHTHOMY 1 aHanuTUYeckomy cnocoby? 3) 3agaiite nocne-
[0BaTe/IbHOCTb KOJIMYECTBA KEPAMUTOB MO PEKYPPEHTHOMY M aHAIUTUYECKMM
cnocobam.

@ ApudmeTnueckana nporpeccus

OnpepeneHue. MocnenoBaTeNbHOCTb, KaXKablii YleH KOTOPOM , HauyMHas co
BTOPOro paBeH npeAblayLLeMy, CIOXKEHHOMY C OAHMUM U TEM ¥Ke ANA AaHHOM
nocnefoBaTe/IbHOCTU YUC/IOM Ha3biBaeTcs apudmeTndeckol nporpeccueit. To
ecTb apudmeTUYEecKas NpPorpeccus - 3To Takas NnocienoBaTelbHOCTb, B KOTO-
poi an+1=an+ d. 34ecb d - NOCTOAHHAA A8 AAaHHOW NOC/AeA0BaTE/IbHOCTH
yncno. Yncno d HasbiBaloT Pa3HOCTbIO apudmeTUyecKol nporpeccun. M3 onpe-
OeneHuns cnesyet, YTo PaBeHCTBO d = On+1— An CNPABEAMBO ANA Nt0HOro Ha-
TypanbHOro yncna n.

Mpu d=02—01=03—02= 04— 0a3=.... d = 0 Bce UneHbl 6yay4n paBHbIMU OLHOMY
yncny (1-my uneHy) ob6pasyroT cTaLMOHapPHYO NocneaoBaTebHOCTb. Hanpu-
mep, 5;5;5; ...

ApudmeTryecKas NPOrpeccus ¢ N-biIM Y1€HOM dn CUMBOJIMYECKM 0H603HaYaeTcs
+ (an). Ona Toro 4TobbI 334aTb APUOMETUYECKYIO MPOTPECcCUto, LOCTATOYHO Mo-
KasaTb ero nepsblil YN1eH U PasHOCTb.

1. NMpumep. OnpenennTe, Kakne 13 Nocnefo0BaTENIbHOCTEN ABNAIOTCA apudmeTn-
YyecKol nporpeccuent.

a)—6, 0, 6, 12, 18, 24 nocaenoBaTeNbHOCTb - apudmeTnyeckas npo-
N NN rpeccus, NOTOMY YTO PAa3HOCTb MEXKAY IBYMs CO-
6 6 6 6 6

CegHUMMN YneHaMMn OCTaeTCA NOCTOSAHHOM

b) -1, -3, -6, —10, —15, —21 ... nocnepoBaTeNbHOCTb He ABNAETCA apudpmeTnye-
) N4 \fv NN

53 a4 X% % CKOW nporpeccuei, NoTomy YTO Pa3HOCTb MeXay
[ABYMSA COCEAHMMM YNEHAMWN MEHAETCA
2. [Mpumep. a) Mpu a1=2, d =3 cooTBeTcTBYIOLLAA apMd)N\eTMHecv npoRggeccu

bynet:2;5;8;11;14;17; ...

PeKyppeHTHan popmyna 3TOM NPOrpPeccun: an+1= an + 3.

b) Mpu a1=11, d = — 4 cooTBeTCTBYIOLWLAA apUPMeTUYLCKas nporp a
byget: 11;7; 3; -1, -5; ....

PeKyppeHTHan popmyna 3ToM NPOrpeccuin: an +%




ApudmeTtnueckaa nporpeccus 195

O6yyatowme 3agaHuA )
1 > Kakue n3 AaHHbIX ﬂOCﬂe,ﬂ,OBaTeﬂbHOCTeﬁ ABNAKOTCA apVId)MeTVI‘-IeCKOﬁ npo-
rpeccmein? HailamTe pasHOCTb 3TOM Nporpeccuun. Hanuwunte pekyppeHT-
Hyt0 GopMyNY A/1A NPOrpeccumn.

a)-1,9; -2,1; -2,5; -3,1; -3,9;... c)-1,6; -1,3;-1,0; -0,7; -0,4;...
b) = 1 ;542 g) 13 .13 .13 .13 .13 .
2 2 2 2 2 7’ 3 7’ 4 ’ 5 7’ 6 7’
2 > Haitgute HemnsBecTHble YieHbl apPUPMETUUYECKON MPOrpeccum:
a) xi; 5;x3;,-3;-7; ... b) xi; x2; 17; 23; ...

3 > HanuwuTe nepsble NATb Y1E€HOB MPOrpeccum no AaHHOMY NepBOMY YleHy
W Pa3HOCTW NPOrpeccum.

a)al=—1,2 d=2 b)01=3, d=-2
4 > Ha|7|,u,|/|Te nepsBble YeTblpe YeHa nocnenoBaTe/ibHOCTH, 3a,Cl,aHHOI7I PeKyp-
PEHTHbIM cnocobom.

a)ai1=1, an1= an—3 b) al=1%, Qn+1= an+%

v' ®opmyna n-ro yuneHa apudmeTUyecKoro nporpeccum

Kaxkabilt uneH apudmeTnyeckoi Nporpeccumn paseH npeablayLiemy, CloXeH-
HOMY C OAHUM U TEM Ke A1A AaHHOM NocnefoBaTenbHoCTH Yyncaom. CornacHo
3TOMY Npasuny: az=a1+d

as=m+d=a1+d+d=0a1+2d
gs=03+d=01+2d+d=01+3d
ogs=as+d=01+3d+d=a1+4d

Mo aTOMYy NpaBuUy MOXKHO 3anucaTtb: an= a1+ (n=1)d.
dopmyna an= a1+ (n-1) d asnaetca popmynoli n-ro uneHa apubmeTmyeckomn
nporpeccum.

1. Mpumep. B apudmeTtnyeckoi nporpeccum a1=-2, d = 2,5. Haiiante asu as:
PeweHue: gs=01+5d=-2+5" 2,5=10,5
gs=a1+8d=-2+8-2,5=18
OTMETUM, YTO 09 MOXKHO BbI10 Bbl BBIYUCINTL U HUMKEYKA3aHHbIM CNOcoboM:
as=01+8d=(01+5d)+3d=as+3d=10,5+3-2,5=18

B apudmeTnyecKoit nporpeccum BEPHO PaBeHCTBA as= a1+ 4d
an=0o1+(n=-1)d=a1+ (k-1)d +(n—k)d=ax+(n—k) d as= a2+ 3d
TO eCTb BEPHO PAaBEHCTBO, dn= ak+ (n—k)d as=az+2d

dn—da
OTtctopa, nonydaem popmyny Ana pasHocTi nporpectu: d = n ?k * k

2. Mpumep. B apndmeTnyeckoin nporpeccum as=7, as= 19.

} Pewenne: - B0 _19-7 =3,

9-5 4
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O6yuatowme 3agaHunA o

5

10>
11>

12>
13>

naetca apudmeTnyeckor nporpeccueid. Hanaute nepsbiit YaeH U pasHOC
3TOM Nporpeccuu.
b) MokakunTe, YyTo NocNefoBaTENIbHOCTL, 3a4aHHanN d)opmynom
ABAAETCA apubMeTUYECKOW Nporpeccuet.
14> a) Ecnn B apudmeTmyeckon nporpeccumn an=2n + ute

HanuwwTe elle NaTb Yn1eHOB apudmeTUYecKon nporpeccun. aa nporpec-
CUW HaNULLUTE PEKYPPEHTHOE NpaBmao U Gopmyay n-ro YieHa.

a) 11; 17; 23; ... b)-6;-2; 2; ... q L1 Z_;
17 .15.13 . 4
d)3,5;4,3;5,1; ... & 333 " f)-12;-10;-8; ...

a) BbipasuTe yepes a1y d YneHbl as, A1z, A21, Ak+2, A2k APUOMETUYECKOW

nporpeccumn an.
b) Hangute as, aisecnnai=—4,d =3

c) B apudmeTtunyeckont nporpeccun a1 = 18, d = -3, HanguTe as v a1..

Mo gaHHbIM apUPMEeTUYECKOM NPOrPeccnmn HananTe:

4 1
a)an=-7,d=3 b) as=6,d=-0,5 c)e=— — €= 37
aiunas aiuv ar dvcn
d)c1=0,5, c1s=-2,3 e)as=-10, as=8 flas=7,a7=-2
dwvcs a1V 0s ain as
g) ecnn —-20; -15; ...... ,d v aw h) echn 5; 4,5; ...... ,dwnas

Mexay uicnamu 4 v 40 HanuwwKUTe TaKMe YeTbipe YUCIa, YTOBbl OHM BMECTE C
JAHHbIMW YCammn 06pa3oBanm apuPMETUYECKYIO MPOrPECCUIO.

1) B apudpmetnyeckoit nporpeccum a1=—-12, d = 3. ECTb 1 UNeHbI paBHbIeE:
a) 6-tu; b) 0-10; c) 9-Tn?

2) B apudmeTmnyeckoin nporpeccumn —2;5; ... eCTb /N YNeHbl PaBHbIe:
a) 53; b) 75-TM? Ecnn ecTb, TO HANAMUTE HOMEP 3TOrO Y/1eHa.

[NnAa Kaknx uneHoB apudmeTtunyeckoi nporpeccum —40; —37; ..., BbINOAHAIOTCA
ycnosus: a)an>0; b) an<0

a) Halaute nepBblit MONOKUTENbHbINA YeH nporpeccun, ecam air = —18;
d =1,5. CKONbKO 4/IeHOB 3TOW NPOrpeccuun oTpuLaTesibHbl?

b) B apudmeTtnyeckoii nporpeccun 4,1; 3,9; ..... HanauTe nepsbii OTPULA-
TE/IbHbIN YIeH NPOrpPeccumn.

Ecnu B apudmeTnyeckom nporpeccumn x1=—45; d = 4, To N5 KaKUX YNeHOB
cnpaBen/IMBO HepPaBeHCTBO: a) Xn> 99; b) x,< 160 ?

a) NokasknTe, 4To NoCNeA0BaTE/IbHOCTb, 3aA4aHHan GOpPMYIoN X,=2n —5 AB-

na
anTe ds n

b) Echn B apudmeTnyeckom nporpeccumn an P
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15> a) Echm B nporpeccun ai= \/5, a= V12 , TO KaKoM YneH paBeH V48?
b) CkonbKo uneHoB B apudmeTtyeckoi nporpeccuu 3; 8; 13; ... ; 58?
) CKO/IbKO YNeHOB B apUPMETUUECKOM MPOrpeccum,ecv nepsblii YieH
paBeH 6,a pa3HOCTb Nporpeccun 5,nocnegHui YneH 667

16> Hanuwunte npumepbl apudmeTmyeckoi Nporpeccum, NoKasas nepsble WecTb
Y/NIeHOB: a) Bo3pacTaloleit; b) ybbiBatoLleit; c) BCce YieHbl KOTOPOM OTpPULLa-
TesibHble; d) BCe UNeHbl KOTOPOW YeTHbIE.

17 > Mo AaHHbIM HaliAMTe Pa3HOCTb WECTOTO W NepBOro UNeHOB apudmeTiyec-
KoM nporpeccuu.
a) ar+ar= 42 b) a2+ as+as= 3
gw—az= 21 a2 a3=8

18> a) Tpu uncna obpasyroT apudmeTnyeckyto nporpeccuto. Cymma aTux umcen
paBHa 12, a npousseaeHue 28. HaliauTe 3K Ymcaa.
b) Tpu uncna obpasytoT apudmeTnyeckyro nporpeccuto. CpeaHuit yneH
paBeH 8. Cymma KBaApaToB 3TUX YMcen paBHa 264. HaiguTte apyrue aga
ymncna.

19 > HekoTopble ysiieHbl apudmeTUYecKon nporpeccum 3agaHbl B Tabaunue. [o-
nosiHUTe Tabnunuy B TeTpaam 1 NPeacTaBbTe NPOrPeccuio No PeKyppeHTHOMY

npasuny (ne N). 7
n Qn n an 1 -
1 -3,5 1 40 3 30
2 1 7 22 50 500
4 13 150

ByzeT v nocnenoBaTeNbHOCTb apPUPMETUYECKOMN NPOrpeccHeit, ecim K une-
Ham oAHOM apudmeTnyecKkon nporpeccum NpubaBUTb COOTBETCTBYHOLLME
yneHbl gpyroii apudMeTUYecKoli Nporpeccum (YaeHbl ¢ 0ANHAKOBLIMWU HO-
mepamu).

MpuKknagHble 3aaaHnA o

20 > B siHBape 3aBog n3rotosma 120 getanei, B Kaxkgom nocaeaylouem me-
cAaue M3roToBuAN Ha 8 aeTanelt 6onblie. CKONbKO AeTanen U3roToBMA 3aBos,
B Mae 1 B AeKabpe?

22> Uccneaynte, Kak U3MEHUTCA KOMYECTBO CTY/Ib€B B 3aBUCMMOCTM OT KO/
yecTBa cT0/108B. CKOMIbKO CTy/IbeB ByAeT 3a: a) 7-10 cTo/laMu ; bw-ro cgonam
; €) n ctonamu ? YKasaHue: B dopmyne an=a1+d (n—1) Hang

2 cTona
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23> B nepByto cekyHAYy TeN0 NPOXOANUT 6 M, B KaXKAYHO NOC/NEeAYIOWY0 CEKYHAY
npoxoauT Ha 2 m 6onblie npeaplaywero. Kakoi nyTb npogenaer Teno: a)s
nAaTyto cekyHAay b) 3a nepsbie 5 cekyHA?

24> a) Ha rpaduke nokasaHa 3aBUCMMOCTb MeXAy HO-

MepaMM 1 3HAYEHUAMM YNEHOB apnUPMeTUYECKOM 104 i
nporpeccun an = 2n — 1. HanuwuTe ypasBHeHue o &1

NPAMOIA, npoxoAAwen uyepes OUKCMpOBaHHble 2 I

TOUKM. :

b) Moctpoitte rpaduk dyHkumm flx) = 2x — 1 % .

(x- pencreuTenbHoe ymcao). MNoKaxuTe pasHULy g i i

Mexay rpadukom apndmeTUYecKoin nporpeccum o 5 TR T T ey
rpadrKomM NMHENHOM GYHKLMK. YTO BblparkaeT yr- HyMepa uneHos
noBoN KO3PPUUMEHT NPAMON B apnudmeTUYecKomn

nporpeccun?

25> JaHa apudmeTnyeckas nporpeccus an. a) 3sanuiinte nepsbie 5 4neHos; b)
HalaWUTe PasHOCTb; C) MOKaXKMUTe rpaduyecku.

25> MepBble WeCcTb YNeHOB apudMETUYECKOM NPOrpeccMm oTMmeYeHbl Ha Koop-
AVHaATHOW naockocTu. KoopamHaTtbl ABYX 3TUX Touek (3; 11) u (6; 23). Hanu-
wnTe Gopmyny N-ro YjaeHa 3Tok Nporpeccuun.

27> lfopgoBas Npubbiib BKAAAA, BNOXKEHHOTO B cheperaTesibHyH Kaccy, COCTaB-
naet 5%. B Kakyto cymmy npespatatca 40 000 maHaT, BNOXKEHHbIe Ha 3
rofia npuv nogcyete No NPOCTO NPOLLEHTHOM CTaBKe?

23> CTOpOHbI @, b, C NPAMOYTONLHOTO TPEYroNbHUKa 0bpasytoT apnudmeTnye-
CKyto nporpeccuio. HaliamTe naowagb TpeyronbHuKa, ecim ¢ = 10 cm.

29> Ecnun obpaTHbie YneHbl HEKOTOPOI Moc/iea0BaTeNbHOCTM 06pasyoT apud-
METMYECKYIO NMPOrpeccuio, To 3Ta Noc/eA0BaTe/IbHOCTb Ha3blBAaeTCA rapmo-
HUUYecKoi nocnenoBaTeNbHOCTblo. O6bACHMTE, YTO NOCNEA0BATENbHOCTD:

1, 3 ,3 %, ... ABNIAETCA rapMOHUYECKON.
5 7

30> ApxutekTypa.Ha ctaHumax “Nuepuiuexep”, “Ke-
porny”, “ABToBOK3an”, 6bIAN MCMNONb30BaHbI
Npo3payHble 3N1eMEHTbI NTMpamuabl. Hanpumep,
Aun3aliH cTaHumMn “Uuepuiuexep” BbINOHEH TaK,
YTO B CAMOM BEPXHEM pAAY MMeeTcA 2 OKHa, a :
B KaXAOM HWMXKHEM pAdy Ha 2 OKHa bosblie ==
BepxHero. CKO/IbKO OKOH B 12-om psaay? B Ka
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MUccneposanue. 1) 3anuwute nepsble 10 YneHoB Kakoi-11bo apudmeTnye-

CKoW nporpeccun. Hanpumep, npun a1 =4, d= 3 3T yneHbl 6yayT 3anuncaHbl
KaK MoKasaHo B Tabnuue .

a1 az as as as ds ar as ads dio

4 7 10 13 16 19 22 25 28 31

2) CpaBHUTE KaKol-1nbo cpeaHUin YneH Nporpeccum co cpeaHnm apubmeTu-
YeCKMM COCeAHMX C HUM YieHOB. Mony4ymMnoch M paBeHCTBO?

BepHbl M paBeHCTBA? 01+ 010 =02+ 09=03+ 0s=04+07=0s+ 0o

v ApudmeTtnueckas nporpeccus u cpegHee apudpmetnyeckoe

Ceoiicteo 1. B apndmeTnyeckomn nporpeccnmn Kaxkaplilt YieH Kpome nepBoro
(v nocnegHero, B cny4ae KOHEYHOM Nporpeccun) paBeH cpeaHemy apudume-
TUYECKOMY COCEAHUM C HUM Y/IEHOB.

o a1+ a3
ﬂ,eMCTMBMTEHbHO, msd=a:—a1=a3—a nony4yaeTcA ="~

2
TaK Kak B O6LIJ,EN\ Cny4vae, n —dn-1 = 0n+1— 0n, TO BEPHO PAaBEHCTBO:

an-1+ 0
an:%(nzz)

9TO CBOMCTBO MOXKHO 0606WWNTb TakMM 0bpasom. Kaxkabii YneH apupmeTu-
YecKoW nmporpeccumn (HaumHaa co BTOPOro) paseH cpegHemy apudmeTude-

n—k n+k

CKOMY PaBHOYAA/NIEHHbIX OT HEro uneHos: Gn =" 5 (l<k<n-1)

BepHo 1 obpaTHoe. Ecm ntoboit uneH nocieaoBaTeNbHOCTU, HauMHasA CO BTO-
poro, paBeH cpegHemy apudmMeTMyeckomy npeablaywero 1 nocaeayouwero
UNEHOB, TO 3Ta NOCNEA0BATENbHOCTb ABNAETCA apUPMETUUECKON NPOorpeccuen.

CsoWcteo 2. Ecnm gna HomepoB BbiNosiHAETCA ycioBue m+k=n+p ,T0 AnA
COOTBETCTBYIOLLMX Y1€HOB BEPHO PABEHCTBO Om+ Gk= An+ Qp

CnepctBue: B KOHeYHOM apudMeTMUECKOM NPOrpeccMm Cymma YaeHoB, pac-
MOJIOXKEHHbIX HA OAMHAKOBOM PACCTOAHUMN OT KOHLLOB, paBHa CyMMe KpalHUX
4Y/1€HOB. a1+ 0an =02+ 0n-1=03+ 0n2=04a+ An-3=

O6yuatowme 3agaHnA o

31> 1) B apudmeTunyeckoi nporpeccun a1 = 3, as = 7. Hangute az

2) B apudmeTnyeckon nporpeccum as + awo = 6. Hangute: 1) as + as; 2) az
3) B apudpmeTnyeckoit nporpeccum as = 5. Halaute cymmy: ai + ais. ? 6

32> 3HaA, YTO AaHHble YMCAa ABNAOTCA NOoCAeA0BaTENbHbIMMU l-Ilf >
O:

MeTUYEeCKoM nporpeccun, Haﬁ,ﬂ,MTe X.

n
a)3x—4; 6; x+6 b) x —2; x% 3x
33> [Ons uneHoB apndmeTUYecKol nporpeccum —gin) 40K e pase
a) X1 + Xo=Xa+ Xe b) X3 + X12=Xs + X7 C) Xa W Xn-4= X

\
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34>

35>

36>

37>

38>

39>

40>

41>

42>

ApudmeTtnyeckana nporpeccusn

MesKay AaHHbIMU YMCNamK BNMwKTe: 1) Takoe oAHO Ynucno; 2) Takue ABa
yucna, YTobbl OHM 06Pa30BbIBANN apPUPMETUYECKYHO MPOrpPeccuio.

’

2 3

a)-1;5 b) 30; 50 c) 12; 48 d) 0; 20 e) 1,1

MATbIN YNeH apudpmeTUYEeCcKo NPorpeccmm paseH ¢. HanuwuTe BbipaxkeHue,
NOKasblBatoLLee CyMMy 2-To U 8-ro Y4J1eHOB 3TOM NPOorpeccum.

MpuKknagHble 3agaHna o

Yrabl TpeyrosbHMKa 06pasytoT apudmeTnyeckyto nporpeccuto. [lokaxuTe,
YTO OAMH U3 YI/IOB 3TOrO TPeyrosbHUKa paBeH 60°.

MepumeTp TpeyroibHMKa paBeH 24 cm. [INNHbI CTOPOH 3TOMO TPEYro/ibHUKa
06pasyloT apudmeTUYecKyto nporpeccuto. Hanaute aavHy cpeaHeit crTo-
POHbI.

Ha ctopoHe OA yrna AOB, HaunHaA ¢ BepLUMHDbI, OTN0-
YKEeHbl paBHble OTPEe3KM U N3 TOYEK AeNneHnsa npose-
OeHbl napannenbHble npAmble. Hainaute aOAnHY 0

oTpesKa AsBs, ecnm AiBi= 2 cm. Au Az As A
B tpaneunn ABCD ctopoHa AB pa3geneHa Ha 4yeTbipe B b C
paBHbIX OTPe3Ka U 13 TOYEK AeNIeHUA NPOoBeAeHbI NpA- M, Foo N
Mble, NapasesibHble OCHOBAHUAM. M, I\]IZ

a) JoKaxuTe, 4To AAnHbI oTpeskos BC, MiN1, M:2N., M; _ ,
MzNz 1 AD 06pa3yoT apudmeTMUeCcKyt NPorpeccuto. A
Echm AD =18 cm, BC = 6 cm, To HallauTe oIMHbI OTpE3- a D
koB MiNi1, M2N2, MsNs.

1 11
Ecaun uncna b 06pasyloT apuPMeTUUECKYIO MPOrpPeccuto, AOKaKUTe

b b
CrnpaBe/IMBOCTb PaBeHCTBa =2
a

Bpau xo4yeT, 4To6bl 60/1bHOM, NPUHUMABLLNI NEKAPCTBO B TEYUEHUU 5-TU AHEN

C O4MHAKOBbIMM A03aMU, YBENUYUA exeaHeBHYo o3y ot 100 mr go 300

Hanunwmnte KonnM4ecTBO NeKapCTBa, KOTOPble MPUHMMAnN 60nwﬁ B T@YEHMU

5-Tu gHen.

Yncna a, b, c obpasyoT apudmeTMyecKyo nporgeccuip. o Te, 50
+

nocneaoBaTenbHoOCTb 0% + ab + b?, a% + ac + @ b? 2 TaKX faeTc

apudmeTUYecKoit nporpeccue.
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MpakTuyeckoe 3agaHue. Hanpgem cymmy HaTypanbHbIX Yncen ot 1 go 100.
MpeanonoXmnm, 4to aTa cymma pasHa X. B 1-om psiay Hanuwiem ciaraemble 3Ton
CYMMbI B NOPAZKE BO3PACTaHMWA, @ BO 2-OM pAAY - B NopsaKe yobiBaHUA.

Xx=1+2+3+ ... +98 + 99 + 100
£ ¥ NN \\ Y
x=100+99 +98............ +3+2+1
2x=101+101 +101....... + 101+ 101 + 101
100
= 1012- 100 - 5050
MonyyeHHbI pe3ynbTaT 3anuinTe B BUAE: X = _(1+100)-100. =5050

2

—— v Cymma n-nepsbiX 41eHoB apudpmMeTMyecKoi nporpeccum

O603HaunM yepes S, cymmy n-nepsbix YEHOB N0HON apndPmeTnyecKon
nporpeccum.
Sh=oit a2+ az+ ... On-2+ 0n-1+ 0On

+
Sh=ant an-1+an-2+ ..... as+az2+a01

2Sp=(01+an) + (a2 + an-1) + (a3 + Qn-2) + .....+ (Qn-1+ an) + (an + 01)

MonapHble CyMMbl @1+ Gn U T.4, PaBHbl MeXA4y COBOM, TaK KaK B KOHEYHOM
apMdMETMYECKOMN NPOrpeccum CyMma Y1eHOB, PacrooXKEHHbIX Ha OAMHAKO-
BOM PacCTOSIHMM OT KOHLLOB, PpaBHa CYMMe KpalHUX YneHoB. Bcero Takmx nap

n, noaTomy 25, = (a1+ an) - n, a OTClO4a NONYYUM: 5, =ait ‘;" “n

CymMma n-nepBbIX YN1EHOB KOHEYHOM apUPMETUYECKON NPOrpeccum paBHa npo-
M3BEAEHUIO MONYCYMMbl KPalHMX YNEHOB Ha YMC/IO YIEHOB 3TOW MPOrpPeccuu.
Tak Kak: an = a1+ (n—1) d. Toraa dopmyny cymmbl YNEHOB apndmeTUyecKon
MPOrpeccMm MOXKHO HanucaTb B BUAE:
(2014 (n=1)d)-n

2

Sn=

Mpumep. Haiaute cymmy 12-T1 nepBbiX Y1eHOB apudMeTUYEeCKon Nporpeccun
3agaHHon dopmynoit an= 3n+1 .
PeweHue: a:1=3-1+1=4 01=3-12+1=37

(a1+012) - 12
Su=—"—>5

(01+ 010) 10
S10= = (-3 +69)%=330

) (4+37)-6=246
Mpumep. HainguTte cymmy 10-TM NepBbIX Y1EHOB apwdmemq( nnp
cmn—3;5;13; ...
PeweHune. 0:1=-3,0:=5,d=8, aw=01 +9d =-3 +q

\
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3. Mpumep. B 3ane 3acepanuit 30 psagoBs. B nepsom psay 24 mecTa, a B KaxK-
L OOM cnefyolem pagy Ha ogHO mecTo 6osblue, Yem B MpeablayLem.
CKo/NIbKO BCero mecT B 3ane?
PeweHune. g:1= 24,d =1,n=30
B nocnegHem paay: aso=24 +29- 1 =53 mecta. Bcero B 30-Tn pagax:
(a1+ az0) - 30
Ss0= ———
2

4, MNpumep. CKoNbKO YneHoB apudmeTudeckor nporpeccun 5; 7; 9; ... HYXKHO
CNOXWUTb, YTOObI NONYYnUTL 320 ?

=1155

> PeweHune. 320 = (20”(”;1)‘1)'” ) (2~5+(n2—1)~2)-n
8+2n)-n
% = 320, n? +4n = 320 , n2+4n—-320=0

(h—16)(n+20)=0, ni=16,n=-20
TaK KaK KOZIMYECTBO Y/IEHOB HE MOXKET ObITb OTPULATE/IbHbBIM, TO CyMMa 16-Tu
nepBbIX YJIEHOB 3TOWN Nporpeccum pasHa 320.

Mepenuwem cymmy nepsbiX N Y1eHOB apuPMeTUYECKOM NPOrpeccumn B cie-
aytolem Buae:
(2a1+(n-1)d)-n (n-d+Q2a—-d)-n d  2a-d
Sn = 2 = 2 = mA

2a:—d

0603Hayasn ,ﬂ =a, = b nonyyaem, 4TO CyYMMYy N - NePBbIX Y1EHOB
Ntob0ol apudMeTUYECKOM NPOrpeccMm MOXKHO TaKKe 3anucaTb B BUAE:

Sn=a - n*+ bn. MOXHO cunTaTb apMOMeETUYECKYIO MPOTrPECCU0 3a4aHHON,
€Cnun u3BecTHa Sn. MNpu peleHnn HeKOTopbIX 33434 A1A onpeaeneHns dn nosb-
3ytoTcsa dopmynon On=5n—Sn1.

5. Mpumep.Hangem nepsblt YieH N Pa3HOCTb apUdMETUYECKON NpOrpeccum,
CYMMa N - NepBbIX Y1IeHOB KOTOPOI 3agaHa popmynoin S, = 2n* —3n.
PeweHue. a1=5=2-12-3-1=-1

a=(01+ad)—a1 =5-51=(2-2*-3-2)-(-1)=3
d=a:—a=3-(-1)=4
O6yyatowme 3apaHun o

43> Mo gaHHbIM HaAUTE CYMMY COOTBETCTBYIOLLEO YMC/a Y1EHOB apubmeTu-

YyecKol nporpeccuu.
a) a1=10; 020=48  b) 01=6,5; 10=7,5 c)ai=-13;d=7, d)a1=9;d=-
S20=" S10="7? Sg=7 ’512—

e)as=-8; as=2 f) a2=-5; as=11 g) 14,2;9,6; .....
So=7 Se=7? S16="2

44> Ona apndmeTnyeckon nporpeccuu, 3agaHHoiopmyn
CymMMy nepBbix : a) 15-Tn uneHos.; b) n uneHo
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45> Mo AaHHbIM A1A apUPMETUUYECKOM Nporpeccnmn Hanante Tpebyemoe.

b) npu as = 10, S17="?
d) npu as =38, $7=203, S12=?

a) npu az =31, a7 =79, au1=? S11=?
c)npnas+arz=20,Sw0="?

46> Hangute cymmy:

a) nepBbix 80-TM HaTypanbHbIX Yncen; b) Bcex ABY3HAUYHbIX YMcen;
C) HaTypanbHbIX Yncen meHblumx 100 u genawmxca Ha 3.
d) HaTypanbHbIX Yncen meHblumx 130 1 genawmxca Ha 4.

47 > HaliauTe cymmy,B KOTOPOW Cnaraemble COCTaBAAOT apPUMeTUYECKyo Npo-
rpeccuto a)2+6+10+...+198 b)1+4+7+..+491

48> MepBbiii YneH apudmeTUYEeCcKon Nporpeccum paseH 7, a pasHoctb 1,5. Hait-
aute cymmy ¢ 5-ro no 11-bii1 uneH (11-biit BKAKOYMTENBHO) NPOrpeccum.

49 > Cymma 3-ro u 5-ro uyseHoB apudmeTnyeckom nporpeccmum pasHa 12. Cymma
YNeHOB OT 2-ro A0 5-ro (5-bIlh BKAOUNTENbHO) paBHa 8. HanuwuTe nepsbie 5
Y/IEHOB 3TOWN NPOrpeccum.

50> Hangute Tpebyemoe no AaHHbIM.

3+7+11+15+19+...

a)n=20 b) S» =210
Sh=7? n=7?

-10+(-5)+0+5+10+...

30424 +18+ 12+ 6+...

a)n=15 b) Sn=-36
Sh="7 n="7?

a)n=15
Sn:?

b) S, =315
n=7?

51 > HaliguTe Tpebyemoe no AaHHbIM.

a)Sn=4n*-3n
a=?vaa2="?

52> 3anonnuTe Tabnuy.

b) S, =2n*>+n
as=?vaagu="?

45+42+39+36+33+...

a)n=31 b) Sn=-48
Sp=7? n="7?

c)Sn=2n?>+3n
an=21,n="7

Neo o1 d
1 2

2 -0,4
3 0,5

2
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53> Hangute cymmy:
a)1l+2+3+....+n;, Db)2+4+6+...+2n; c)1+3+5+....+(2n-1).

anK.ﬂaAHble 3a4adHunA .

54> LWapbl nocTpoeHbl B dopme TPeyrobHMKa TakKMmM obpa-
30M, 4YTO B nepBom pagy 1 wap, BO BTOpom 2 wapa, B
TpeTbem paay 3 wapa u.T.4.
a) CKo/IbKO pAgoB Nony4ymTcsa 13 36-Tu Wapos?
b) Ckonbko noTpebyeTca Wapos, YTOObI COCTAaBUTbL TPE-
VIONBHUK U3 12-Tv pAAOB? e

55 > UccnepoBanue. 90 doTorpadmin pacnonomam B NATU pagax. PasHocTb Ko-
nnyectea doTorpadumin AByx cocenHUX PALOB Bceraa noctosHHaa. CKosb-
KMMU BapMaHTaMM MOXKHO PacnosioXnTb 3TM poTorpadum cornacHo sTomy
npasuny?

56> Ecnv 3BOHOK npo3BeHUT B 1 4ac oguH pas, B 2 Yaca ABa pas3a, ...... ,B12
4yacoB ABeHaALaTb pas, TO CKO/IbKO pa3 3BOHOK MPO3BEHUT 3a BCe 3TO Bpema?

57 > PelwunTte ypaBHeHMe, 3HAA YTO C/laraemble B IeBOM YaCTU ABNALOTCA Yne-

HaMK apnudmeTnyecKon nporpeccun.
a)l1+4+7+...+x=70 b)1+1,5+2+...+x=27

58 > Boumcaute.  2:23:2%-...:2%°
44047, 4%

59> dabpunka npomsBoauT bymary, npeaHasHauYeHHY0 A1A Pas3INYHbIX Lenew,
CBEPHYTYHO B CMeLnanbHble LMANHAPUYECKME KapTOHbI B BUAE pyaoHa. Tos-
wurHa bymarm 0,1 mm. mMameTp KapToHa 3 cm, AMaMeTp Bcero pysoHa 13

CM.
1 3 3n 5cm 5cm 5cm L5 cm
2 .
3

P

e

4

a) MpuHAB KonmyecTBO ByMarxKHbIX CBEPTKOB 3a “n”, AnameTp py/ioHa n
KaXK4oM n -OoM cBepTbiBaHUM “dn”, Npu Kaxkgom ware ceep HUAEN
6ymaru B cBepTKe “I,”, 3anonHUTE TabauLy B TeTpaau.

b) YTto Bbl AymaeTe 0 nocnenoBaTeNbHOCTHU Is, Iz, I3,
N-ro YneHa nocaefoBaTeIbHOCTU.

c) CKoNbKO BYMarKHbIX CBEPTOK B PYy/IOHE C 4,
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UccnepoBaHue. Msy, yaapascb 0 3emMto
nepBblii pas, NOAHMMAETCA Ha BbICOTY 3 M. B b *
Karkabl nocnepyowmin pa3 nogHMMaeTca
Ha BbICOTY, paBHyto 60%-am npeablgyLen
BbICOTbl. [PadUK NOKasblBaeT 3aBUCUMOCTb
MeXAy KONMYECTBOM YA3apOoB O 3eMJI0 U Bbl-

o 01 2 3 4 5 &6
coToi mava.

yAanI MAYa 0 3eM1l0

1) BbICOTbI, Ha KOTOPblE NOAHUMAETCA MAY,
o603HaubTe uepes hi, h2, hs, ha, ... . BblpasuTte BbICOTY, Ha KOTOPYIO NOAHUMAETCS
MSY Kaxabli pa3 yepes BbICOTY, MOC/ie NepBOro yaapa o 3eMo.
2) Ha Kakyto BbICOTY NOAHUMETCA MAY Nocae 8-ro yaapa 0 3eMto?
3) O6bACHWUTE BO3MOMKHOCTb NpUmeHeHna opmynbl hy = 3+ (0,6)™! ans Haxox-
[AEeHUA BbICOTbI NOAHABLUErocA mMsaYa Noc/e N-ro NafeHusa Ha 3eMto.

0

N

[En

BbicoTa noaHAB-
weroca maya (m)

@ FfeomeTpuueckan nporpeccusa

OnpeaeneHune. Yncnosas nocnenoBaTe/lbHOCTb, MEPBbIA Y1EH KOTOPOK OT/IK-
YeH OT HyAA, a KaxKabll YeH, HauMHasA Co BTOPOTo, PaBeH NpeLecTByoLemy
YNeHy, YMHOEHHOMY Ha OHO M TO e, He paBHOE Hy/H0 YMCO0, Ha3blBaeTcA
reomMmeTpuyecKon nporpeccuen.

To ecTb ecnv gna Ntoboro HaTypanbHOro Yncaa n, byaet BbiMOAHEHO YCA0OBUE:
bn# 0 W bnei=bn+ g, TO NOCNEAOBaATENbHOCTb (bs) ByaeT reomeTpuyecKol npo-
rpeccueit. Yucno g HasbiBaeTCcA 3HaMeHaTeNem reomMeTpUYEcKol Nporpeccum.
feomeTpuyeckas nporpeccus CUMBONMYECKM obo3Hauaetca =(bn). Popmyna
bn+1= bn- q ABNAETCA NpeaCcTaBAEHNEM FEOMETPUYECKOM NPOrPeccun nNo pekyp-
peHTHOMY npaBuay. M3 onpegeneHuns gleqiyer, 4to Ana noboro HaTypanpHoro
4Ymucna n, CNpaBeannNBo PaBEHCTBO: G =~ = . . ByactHocTun g = be _b_z_ By e
Mpu g > 0, YneHbl reOMeTPUYECKOM NPOrPeccMm MMeLOT OAMHAKOBbIN 3HaK.

Mpwu g < 0 3HaKKM Y1EHOB NPOrpeccun Yepeayorca.

Mpu g = 1 Nnony4yaeTca cTauMOHapHasa NocAe40BaTe/IbHOCTb.

1. Npumep.a) Ecam bi=2, g = 3, To NOAy4YnUTCA reoMeTpuUYecKan nporpeccus 2, 6,
18,54, 162, ... ; b) Ecan b1= 3, g =—2, TO NOAYYMTCA reOMeTPUYECKas nporpec-

‘ cuAa 3,-6, 12,-24,48, ....

2. Mpumep. Kakaa M3 AaHHbIX YNCAOBbIX NOC/NEA0BATE/ILHOCTEN reOMETpUYe-
CKaA nporpeccua’?

L a)4,12,22,34,48. b) 625,125, 25,5, 1.

PeweHue. OTHOLIEHME KaXKA0r0 Y1eHa reOMeTPUYECKOIM NPOrpeccmMm Ha npeabLay-

LM BCerga ocTaeTcs NOCTOAHHOW. [poBepmm 3TO yC0BME 414 O ij nparpec

a) b2 12 _3 bs 22 11 Sart édsnmir, bu ardi
b: © 4 b 12 ~ 6 5|IS|Ia deyll
by b2 =125 _ 1 b _25 _ &
b1 625 5 b2 125
meT,

Ycnoswue BbINOHAETCA, 3TO NOC/eA0BaTEIbHOC pM CKaA npocr
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O6yyatowme 3aaaHuA )
1 > HanuwwuTte cnegytowme aBa YaeHa reOMeTpMYECKON NPOrpeccun.
1 1 1
500; 100; 20; ... _— = == .. . 14 | 28.
3 9 ' 27’ 7; 3 g
16; 24; 36; ...
12515 18 1 5 5 0,4;-0,16; 0,064; ...
o 376 1277 122,202
2 > HanuwwuTte 10-bI YneH nporpeccum.
a) 512; -256; 128; -64, ... b) 2. 4. 8. 16;."

555 5
3 > Haﬁp,MTe Hen3BeCTHblE Y/1eHbl FEOMeTpM‘-IECKOﬁ nporpeccuun.

1
a) yu L 5y b) yi; y2; 24; 36; 54; ...

4 > a) 3Haf, uTo b2 = 3, N0 peKkyppeHTHOMY Npasuay bn+1 = 0,3-bs, HaNULWIKTE
nepsble NATb YIEHOB FTEOMETPUYECKON NPOrPeccum.

b) HanuwwnTe pekyppeHTHOe NpPaBunIo A8 NoCaeA0BaTeIbHOCTH

2;8;32;128; ... .
5 > 3apaHua oTKpbITOro TMna. HanuwuTte 4 yneHa reomeTpuYecKoi nporpec-
cun.
1
a)q:? b)b1=0,5 c)bs=20

6 > KaKkas 13 gaHHbIX Noc1eaoBaTe/IbHOCTEN ABASETCA apUPMETUYECKOM, a KaKasn
reomeTpuYeckon nporpeccnen? Hanumwmte pekyppeHTHbie Gpopmynbl 411
3TUX NPOrpPeccuit.

a)7; 14; 28; 56; 112; ... d)1;2;5;26; ...
b) 1000; 500; 250; 125; ... e)1;5;9;13; ...
c)4;8;13;19; ... f) 200; 20; 2;0,2; ...

7 > Haigute 3HameHaTeNb reoMeTpUYeCcKor Nporpeccum.

1) 81; 27;9; ... 2) 4;8; 16; ...
7 2. 4. 8

L. = 4) =, =,; =;..
3)14;7; = ... )3 3’ 3

8 > [na nocnenosBatenbHOCTEN HaNULWIUTE PEKYPPEHTHOE npas
e ABa YneHa.
a)1;7;13;19; ... b) 66; 33; 16,5; 8,25; ...
d) 2;3; 8; 63;... e) 2;5;11;23;47;...
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UccnepoBaHume. 3Has, 4yto reomeTpumyeckan nporpeccmna 3a4aeTca PEKYPPEHT-
HbIM OTHOLWEHUEM bn+1 = bn g, 3anoJiHnTe NyCTbl€ KNETKU B Ta6nmu,e.

b bs ba bs bs

by - g=(b1 g2 b-=E]-= -g= [
69 |#bq) proeq) |pro- Qg

K Kakomy BbIBOAY Bbl NPULLAN?

Ha KaKyto cTeneHb g Hy»XHO YMHOXXUTb b1, YTOObI NOAYy4YnTb bs?

KaKylo cBfi3b Bbl BUAUTE MEXAY NOKa3aTe/ieM CTeNeHU g U UHAEKCaMu bs 1 b1?
KaK Bbl lymaeTe, Ha KaKyto CTeneHb g Hago YMHOXUTb b1, YTobbl NoAy4nUTh bs ?

— v dopmyna n-ro uneHa reomeTpUUECKON Nporpeccumn

B reomeTpuueckolt nporpeccum gns b, BEpHO paBeHCTBO bn= b1+ g"' 370 Bbi-
pa)keHue HasbiBaeTcAa GOPMY/ION N-TO YIeHA FTeOMETPUYECKOMN NPOrpeccum.
N-bliA YNEH reOMETPUYECKOW NPOrPeccun MOXKHO HalTU CaeayoLMM crnocobom.
Mo onpefeneHno MOXHO NUCATb PaBeHcTBa: bx=bi-q

bs=b2-q

ba=b3-q

bn=bn-1-q
Ecnv nepeMHOXKWTb NOYNEHHO 3TU (n —1) paBeHCTBa, NOAYYMM:
b2 bs-ba-..... “br-1bn-=b1-b2-bs- ..... “bp-1-g"
CoKpaTMB 0AMHAKOBbIE YEHbI B IEBOM M NPABOW YacTAx, noayunm dopmyny
bn=b1-g".

[nqa Toro yTo6bI 334aTb FTEOMETPUYECKYHO MPOrPECcCUIo, LOCTAaTOYHO 3HATb €ro
nepBblIli YeH U 3HaMeHaTe b.

1. Npumep. B reometpuyeckoin nporpeccun bi=3, g =2, Hanigute bavn br.
PeweHue. bs= b1- g*=3 - 23= 24, b7=b1-q°=3 -2°=192
MpumeyaHue. MoKHO 6b1/10 Obl BbIMUCIUTDL CAedyoLWEeM cCnocobom
b7=b1-q°= b1- @* ¢°= ba- g°= 24 23=192.

[na uneHoB reomeTpmnyeCcKol nporpec- bs=b1- q°
CMM BEPHO PaBEHCTBO, be=b2-q*
bn: bl' qn—l= bl' qk—l_ qn—k= bk' qn—k'
nnun ke bn= bk g"*

2. TMpumep. Hagute b7 ecnv B reomeTpmyeckom n
PeweHue. Mockonbky bs= by G*, oTclopa g= @ =
b= bs- q2 =32-22=128
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06

9>

10>

11>
12>

13>

14>
15>

16 >

yualowme 3agaHusi L

Haﬁ,ﬂ,MTe HeunsBecCcTHble NO AaHHbIM:
a)b1=3; g=2 ,ba=?bs=7?

b) b1=24; q=0,5,bs=? bs="?
C)bs=48; q=—2, ba=7? bs="7?
d)bs=64,’ q=2, bi=?b;="7

e) ba=15; be=135,g="? b7;="
f)b1=3; bs=48,g="7 b;=7?

Hallgute ceabmoit YneH reomeTpmUYecKo Mnporpeccuu.

a) %; 5;10; ... b)—%}—li —4 .. c)- %; %; - 1—96;

Mo AaHHbIM HanUWwmMTe GOPMYNY N-ro YNeHa reOMEeTPUYECKON NPOrpeccum.

a)b1=45,q=% b) bs=72,q=6 c)blz%,bf,:—ls
a) B reomeTtpuyeckoit nporpeccun b= 2, g = 3; HakaUTe HOMep YieHa
pasHoro 162.

b) B reomeTpuueckoit nporpeccun 0,1; 0,3; ........ HalauTe Homep YsieHa
pasHoro 24,3.

c) MoKaxknTe, YTO NoCNef0BaTe/IbHOCTb 334aHHAA PEKYPPEHTHbIM OTHOLLE-
HUeMm ch=3 - 2" ABNSETCA reOMeTpMYecKon nporpeccueit. Hanante sHame-

HaTeNb Nporpeccuu.

1) Mo gaHHbIM, 3aNULIUTE N-bIA YNEH FEOMETPUYECKON MPOrpeccum no pe-
KYppPEeHTHOMY npasuy.
a)bi=-4, g=6 b) b1=4,g=3 c) bhi=2,q=-3 d) bi=-4,g=2

2) Mporpeccua 3agaHa No PEKKYPEHTOMY NpaBuny, Kak br = 2, bpa= bs- 3.
3anuwmuTe Gopmyay Nn-ro yneHa.

Mo AaHHbIM, 3aNMLWIKTe NepBble NATb YJIEHOB reOMEeTPUYECKOM NPOrpeccum.
3apanTe Nporpeccuio peKyppeHTHbIM COOTHOLWEHMEM M aHAIMTUYECKUM
cnocobom: 1) ba=25,9q=-5; 2)bi=4,9=5

B reomeTpuyeckoi nporpeccun cymma nepBoro u TPeTbero Y1eHoB paBHa
15, a cymma BTOporo u yetseptoro 30. HalguTe nepsbie YeTblpe YaeHa npo-
rpeccum.

MpuknagHble 3apgaHusa
B npsAMOYro/ibHbIN TPEeYrosibHUK ¢ KateTamn 12 cm 1 16 ¢
BMUCAH TPEYrobHUK C BEPWIMHAMKM Ha cepeamHaxX CTOPOH
[AHHOTO TPeyrosibHMKa. AHaZI0rMYHO, BO BTOPO TPEYroNBHMK
TaK e BMUCAH TPeYyronbHUK U T.4. Hangute nepu -ro

TpeyrosbHUKa.
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17>

18>

B
B AABC nposegeHa cpegHAaa aMHuA AiCi, 8 AA1BCy As C
nposeseHa cpefHAa AMHUA A2Cz2, BO BHOBb Moay- A; (:32
yeHHoM AA2BC; nposesneHa cpeaHAA AnHUA AsCs mn A1 C
T.4. Hangute nnowaab TpeyronbHuKa AsBCs, ecnu
naowaab TpeyronbHmuka ABC pasHa 3072 cm?. A c

3aBof No NPOM3BOACTBY MOJIOKA Kynua HoBoe obopyaoBaHme Ha 200 Tbic.
maHart. Kaxkabii rog cnucbiBaeTt 10 % oT ctoumocTy 060pyA0BaHMA 3@ CHO-
WweHHocTb. CKo/bKOo ByaeT cTouTb 3To 060pyaoBaHMe Yepes 3 roga?

19> Ha aKkcnepMmeHTanbHOM y4acCTKe 1eca KONMYeCcTBO ApeBeCcuHbl 3a rof pacreT

Ha 10%. Ecnu BHavane, ApeBecuHbl Ha ydacTke 6b110 20000 m3, TO CKObKO
ee bynet yepes 4 roga ?

1 o
20> 3a oguH pa3 HaCoC BblKa4nBaeT 13 6aka YyacTb roptoyero. Kakon npo-

21>

22>

10
LLEHT ropro4Yero oCtaHeTCA B 6ake nocne 3-x I'IpMMEHeHMf/‘I Hacoca?

BaKkTepwsa, NonasLIan B }KMBOMK OpraHun3m, B KoHue 20-0/i MUHYTbI AenTCs
Ha ABe GaKTepuu; Kaxkaana M3 BHOBb 0O6pa3oBaHHbIX BAKTEPUI B KOHLE
nocnegytrowiet 20 MUHYTbI TOXKe AenuTca Ha aAge 6akTepuu 1 T.4. Hangute
KonmnuyecTBo bakTepuii, 06pa3oBaHHbIX U3 OAHOM BAaKTePUU, K KOHLY AHA.

Mounck anemeHTa B KOMMbIOTEPE NPOoUCXoamnT BUHapHbIM cnocobom. CHavana
3N1EeMEHT ULLYT B NepBOM NONOBUHE CNMCKA. TakMm 0bpasom, onpeaensercs,
B KAKOW MONOBUHE HAaXOAUTCA 3/1IEMEHT NOUCKA M OTNagaeT HeobxoaMMOCTb
NPOBEPKN BTOPOM NOMOBUHDLI. [Jasee nepsasa NONOBMHA CMNCKA BHOBb Ae-
JIUTCA NOMoJIaM, M BHOBb OMNpPeaenatoT MecTo pacrnosioKeHus snemeHTa. Mpo-
Lecc NpoAo/iKaeTcsa A0 Tex Mop, NoKa He byaeT HalgeH HeobxoaMMbI
3/1EMEHT.

MepBuyHasa UH-  1-blii nepexog, 2-oi nepexop, 3-uit nepexogp,

dopmauusa /\‘ i

a) HanuwuTe BblpakeHWe, MOKa3bIBaoLLLEE KOIMYECTBO OCTABLUMXCS 3neme
TOB B CMUCKe, cocToawem n3s 2048 anemeHTOB nNocae n-ro neﬁmp,a.
B

b) MCKOMbI 31eMEeHT B CaMOM XyALeMm C/ly4ae MOXKeT bbijb Ha camom
nocaegHem nepexoae. B aTom cayyae, Npu Kakom aglayeHin “n eT Ha-
[AEH VCKOMbI 3/1IEMEHT U3 COBOKYMHOCTU AakfkbIX, CO WMt n3 8 ane;
MEHTOB.
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UccneposaHme. Hanvwem BoceMb NepBbiX Y1€HOB KaKoM-1Mb0o reomeTpruyeckom
nporpeccun. Hanpumep, npu bi= 3, g = 2, 3T1 YNeHbl byayT KaK B Tabauue:

b1 b2 b3 ba bs bs b7 bs
3 6 24 48 96 192 384

NN

| 3.12=6 | | V12.48=24

—— v/ CBOiIACTBa reomeTpUYECKoii nporpeccum

CBoiicTBO 1. B reomeTpmyecKoi Nporpeccum Kaxapli Y4ieH Kpome nepBoro
M NocnesHero B C/ly4ae KOHeYHOM NPorpecc1m) paBeH Npo3BesieHnto coces-
HWUX C HUM Y/IEHOB.

M3 onpeaeneHns reomeTpuYecKoi Nporpeccum noay4aTcs paBeHCTBa:

by _ bs _ bs _ _ b _ bon

b b bs " bm bn

B3AB MomapHO 3TV PaBeHCTBa, MOAYUUM: b22= b1- bs, b3?=ba- ba, ........... ,
bn*= bn-1- bn+1. BepHO TaK e 0bpaTHOe yTBepKAeHMe 0bpaTHoe STOMY
CBOMCTBY. [eOmMeTpUUECcKOn NPOrpeccnn, Ha4MHasa co BTOPOro, KBAAPaT /to-
60ro YneHa paBeH NPoOU3BEAEHMIO PAaBHOYAA/IEHHbIX Y1€HOB NOC/e40Ba-
TENbHOCTU, TO €CTb bn?= bk bn+k. JNA rEOMETPMUYECKOM NPOrpeccmm ¢
MONOXKNUTENBHBIMM Y1€HAaMK 3TO CBOMCTBO MOYKHO 3anucaTh B BUAE:

bo= bk buk  (1Sk<n-1).
CBoiicTBO 2. B reomeTpuyeckoit nporpeccum Ecnv n + m = k + p, 1o BepHO
paBeHCTBO by bm = bk bp.

O6yyvalowme 3agaHma o
23> 1) B reomeTpuyeckoii nporpeccun bs=4. Haiigute ba-ba.
2) B reomeTpuyeckoi nporpeccun bs-bs = 36. HaguTte: a) ba-bs; b)| b4|
24> a)iucna x—1; 8; x+ 11 ABnatoTcs NocnenoBaTe/IbHbIMU Y1leHaMKU FreOMeT-
puyecKkol nporpeccun. Hangurte x.

b) Yucna x—1; x + 2; x + 8 ABNAOTCA NOCNeA0BaTEIbHbIMU Y/IeHaMU FeoMeT-
puyeckoi nporpeccun. Hangute x.
25> BMecTo BONpPOCUMTENBHOMO 3HAKa 3anMLWKMTe Takoe YMC0, YTobbl 3TM Yncna

06pa3oBaiv reoMeTPUYECKYO NPOrPeccuto.
a) 3;[2];12 b) 6;[2]; 22 &
25> B reomeTpuryeckoii nporpeccum (bn) I'IOKa)KV%Te CI'IpaBepl,m/IBOCTb‘k
a) ba*= bs- bs; b) br*= bn-1- bns1
C) bs- bs = be- bs d) bs- b7=ba- be e) bn- bm k* (n+m /).
42; HOC
n

27> Ecan =(bn) reomeTpuyeckan nporpeccus, To YT n efoBa
a) bx; bs; bs; bz; ... b) bi%; b2%; b3 ... reomet on peccue

\
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4-e nokoneHue

UccneposaHue.  3anucas
3-e nokoneHue

MMeHa CBOMUX poauTenen, 4- " bwunan
x 6abywek v aeaywek, 8-mu 2-e noKonexue Kaman—
__ Nonbyoxpa
npababylieK 1 npageayLuex Camen
Anu NoCTpoun AepeBo NoKo- 5 Maxmya,
o oxpa —
JNIeHUI, oTparkatoLee Heno-
» OTP = - __ datuma
CPeACTBEHHO  poAuTenen. p,.
HalianTte kKonnvectso 10-tn o T Parum
N o Map—
NOKONIeHMI pogutenen Anu. P
—HartaBaH — — Jlenna
T famug
Huca —
— CaHybep

— Y Cymma n - nepsBbiX 4YaeHoOB reomeTpuquKoﬁ nporpeccuun

0603HauYMM Yepes S, CyMmmy n-nepBbix Y1EHOB reOMETPUYECKOMN NPo-
rpeccuu:
Sn=bi+ b2+ b3+ ....... bn (1)

Mpu g=1, Bce yneHbl paBHbl b1 U Sp=n - b1. PaccmoTpum cayyali
Korga g#l.

YMHOXMM 06e yactu (1)-ro paBeHcTBa Ha q :
q-Sv=bi-q+b2-q+bs-q.... + bna1- g+ bn- g (2). OTHUMEM oT (2)-
ro paBeHctea (1)-e. Monyunm: q - So— Sn= bn- q— ba.
Otcioga  S.= bn_q—1_b1 (g=#1) (3)

q —

(3)-5 dopmyna HasbiBeTCA GOPMY/ION N- NEPBbIX YIEHOB reoMeTpuYe-
CKoW nporpeccuu. Tak Kak bn= b1 ", To ANA Sn MOXKHO 3anucaTb:

Sn= b1 "—1, (q;tl)
g-1

Mpumep. B reomeTpuyeckoi nporpeccun b, = 6, bs = 48. Hailgute cymmy

nepsbixX WecTn Y1eHoB.

PeweHue. bs = b, - ¢°. Otcropa  g°= bs_48_ 8, g=2
b 6
b 6 ’
> U3 dopmynbl b= b1 g BbIpasum bi: b1=7=? =3
bi(g°-1) 3. (2°-1)_3

Torpa Se= qg—1 >_
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O6yuvalowme 3agaHuA ")
28> Mo AaHHbIM HatauUTe CyMMY N - NepBbIX Y1eHOB reOMEeTPUYECKO nporpec-
cun. 1
a)b1=16, q= - Se=7? b)b1=1, g=-2  §=9
)36 ..., Sw0=7? d1,-2,4,.., Ss=?

29> Haiaute no gaHHbIM Tpebyemble:

1) -4 +12 +(-36) + 108 +. .. 2) 160 + (—80) + 40 + (-20) +. ...
a)n=6, b) Sn= —244 a)yn=7, b) S»= 105
Se=1? n="? S7=7 n="?

30> Mo AaHHbIM B reOMETPUYECKON NPOrpeccun HanguTe:

2
a)Sa=45, q=2,b1="? b) Sa =130, 9= 73 ba=?

olarsa, Ss="?

1
c) bi=2, bs=162 olarsa, Se="? = — bs=
) b 5 6 d) bz 5,b5 3

31> [na nocnefoBaTeNbHOCTU an= 3 - 2" ABAAOWENCA reOMeTPUYECKol npo-
rpeccuei HanguTe cymmy: a) nepBblx 5 yneHoB; b) nepBbix N YNEHOB.

32> PasHOCTb YeTBEPTOro M NepPBOro Y41eHOB reOMETPUYECKON NPOrpeccmMm paBHa
26, a pa3HOCTb NATOrO M BTOPOTO Y1eHOB paBHa 78. Hainaute cymmy nepsbIx
LIEeCTM Y/1IeHOB 3TOM NPOrpeccumn.

33> Ynpoctute BbipaxkeHne npnu x =1 .

a)l+x+ x>+ x3+ x* b) 1+ x+x2+ X3+ x*+ x°

34 > YnpoctuTe BbipaxkeHue (n # 1).

1+ n+n’+n’+n*+n’ b) 4+n+n’+n’
n+n n+n*+n*+n*+n°>+n°+n
1+n+n? H+n+n+nm+n*+n°+n°+n’

a)

35> Hanunwwnte dopmyny cymmbl n -nepBbiX Y1€HOB AAHHOW reOMeTPUYECKOM
nporpeccuu.

a)Ly, Ly yh ... b) 3z, 623, 1225, 2477, . .. s

36 B KOHEYHOI reomeTpUYEeCcKon NPOrPeccnm C YeTHbIM YUC

> HOLUEHWE CYMMbl Y/IEHOB, CTOALIMX Ha YETHbIX
CTOALLMX Ha HEYETHbIX MecTax, paBHO 3Hame
aTo.
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MpuknagHbie 3apaHnA o

37> dupma, N3roTaBAMBaKOLLAA CUTHANIN3ALMOHHbIE YCTPOMCTBA C Havyana pa-
60Tbl nponssoauaa 3a rog 10 000 yctpoiicTs. POCT Npon3BoAUTENIbHOCTH 32
rog coctasnan 20 %.
a) CKONbKO YCTPOICTB Npounssena pupma B 5-om roay AeATelbHOCTU?
b) CkonbKo Bcero ycTpoiicTe npounssena pupma 3a 5 net?

38> dappyx CMOTPUT Ha KapTUHY. Ha Hell 6bl1a HapucoBaHa cobaka, 3a cobaKol
4 LWeHKa, 33 KaXKAbIM LLLEeHKOM 4 KOLUKM, 33 KaxKA0M KOWKOoM 4 KoTeHKa. 3a
KaXKAblM KOTEHKOM WK 4 Kpbicbl. CKO/IbKO BCEr0 KOHEYHOCTEN CMOMKET Ha-
cuntaTth appyx Ha 3TON KapTUHKe?

39> MonbcKkuii yueHHbIM CeprNHCKUI, C Lenbto MccnegoBaHNA PAaBHOCTOPOHHMX
TPeyronbHUKOB, cAenan An3aH. Ha Kaxaom Lware, coeanHAs cepeamHbl CTo-
POH 60/1bLLIOro TPEeyroabHMKa, CO34aBaN PAaBHOCTOPOHHME TPEYTONbHUKMU.
MpeacTaBbTe, YTO NepPBOHAYA/IbHbIN TPEYTONbHUK - 3TO PABHOCTOPOHHMI
TPEeYrosibHUK CO CTOPOHAMM, PaBHbIMWU eAUHULE.

Y WYYV

a) Ha nepBoMm Lware KOAMYECTBO BbiPe3aHHbIX TPEYrosIbHMKOB 1, Ha BTOPOM
3, Ha TpeTbem 9 u T.4. HanuwuTe dopmyny, NOKasbIBAIOLLYIO YNCNIO Bbipe-
3aHHbIX TPEYro/IbHMKOB Ha n-om ware? b) CornacHo aTomy NpasBuay CKONbKO
Tpeyro/sbHWKOB 6yayT Bbipe3aHbl Ha 4-0Mm, 5-om Wwarax? c) Bbluncaure He-
pasaeneHHyo Naowaab, OCTaBLUYIOCA OT AAHHOTO TPeyro/ibHMKa Ha 3-em
ware.

4o> KomnaHusa, 3aHMMatoLwanca nporpaMmMmHbiM obecnedeHnem, naaHupyeT no-
TpatnTb 100 000 maHaT Ha ycoBepLleHCTBOBaHME Urpbl. PnHaHCOBbIE Me-

HeaKepbl KOMAAHUKW A0NXKHbI ByAyT NOTPATUTL HA 3TO NepBoHaYasabHO 4 000
MaHaT, a 3a KaXkayto nocaeayoLLyto Hegento Ha 20% 6onblue npeaplayLiero.

a) CKoNbKo AeHer byaeTt noTpayeHo Ha 5-oi Heaene?

b) CkonbKo aeHer byaeT noTpavyeHo 3a nepsble 5 Heagenb?

c) Ha KaKoii Heflene He OCTaHeTCA AOCTaTOYHOE KonnyecTBogiRHer?
L n
oyA

41> MoacuuTaTe YNCNo OTLOB U MmaTepelt, 6abyLuek ayilek, np v
npageaywek 10-TM nokoneHwui. B Kakom oneH onnye

6onbwe 10000007
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MpakTuyeckoe 3aaaHune. Ha KapTuMHe AaHbl WarK gefeH1s Ha YacTuy Kpyra no onpe-
AeneHHomy npasuay. a) MpeacTaBbTe 3TO NpPaBWUaO cioBamu. b) MoxkHO m no
3TOMY NPaBWUY 3aKOHYMTb Ae/IeHMe Kpyra Ha MaleHbK1e YacTu?

IEXER.
IS | S S

) Bbipa3uTe Kpyr yepes cymmy ero yacteit. Miccneayiite npumeHeHne Gbopmynbi
CYMMbI N-NepBbIX Y/1EHOB reOMETPUUYECKOM NPOrpeccuu.

1 1 1 1 1
l=—+—+—-+—+...+—+
2 4 8 16 2
1
512?20,5
1 1
52=?+I=0,75
Si= 2+ -+ 2088
T 2747 87%Y
1 1 1 1
S4= =+ — +— +-—=~0,94
R TR ST
1,11 1 S
$= 727478 161327097 ey mmm
............................................. o6
(&) ) o4
n=b1(1;qi =i _2h . _(l) 0,2
1-q 2 1 2 ,
-5 123457

1\n
d) CpaBHUTE C HyNEM 3Ha4YeHune C (?) yBeneyeHunem n.

e) O6DbACHUTE AaHHbIN rpaduK COOTBETCTBEHHO cuTyaumu. Mo rpaduky npea-
CTaBbTe CBOW PACCYAEHMA 0 Sy —> 1, npu n = 0.

¥"  Cymma 6ecKkoHeuHoM ybblBatoLLeit reomeTpuyeckoil nporpeccum

Ecnun uncno YneHoB reoMeTpuyecKkor nporpeccnu 6eCKOHEYHO, TO ee HasblBatoT
6ecKkoHeYHOol reomeTpuyeckon nporpeccuei. Mpeobpasyem popmyny cymmsl
n - NepBbIX YNEHOB FrEOMETPUYECKON NpOorpeccun cieayowmm obpasom.
bi(g™—-1) b1 —b1q" b1 b1
Sn: = = — .
g-1 l1—gqg l-g 1-g¢

qn
Ecnn|gl <1, To c 6eCcKOHEeYHbIM POCTOM “n” MHOXUTENb G”, @ 3Hil-IVIT "

A — n

1 —g 4" npubnmxatotca K Hyto. Mo3Tomy ¢ poctom n Ao 6ecko ocT
cyMma S» npubAnKaeTca K umcny I-q° l-Imcno1 blq npu gl <1 IBa-
€TCcs CyMMOW 6ecKoHeYHOoW reoMeTpuYecKko npaLpecc

Ecnm 0603HaAUUTL 3Ty CyMMYy Yepes S, TO Noayun S= (| q|
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Mpumep. Popmyny ana HaxoKaeHUA Cymmy HGECKOHEYHOM reomeTpuye-
CKOW nporpeccuu NnpumeHuTe Ans npeobpasoBaHMsa NepuoanYeckyto aecs-
TUYHYIO 4p06b B 0ObIKHOBEHHYIO.

PeweHue. 0,3+ 0,03 + 0,003+ 0,0003+...=

1 3

3 3 3 3
—t ==+ =+ —
10 102 10® 10°

N YuntbiBas q= 10’ b:= 0 B popmyne cymmy BecKoHeUYHoM reomeTpuye-
CKOM NpOrpeccun v NpoBeAs YNpOLLEeHUA NoayYum: 3 3
3 3 3 .3 10 _10_3_1
=+ =+ =+ ... = ==C=—==
0.6 =70 * 10e " 10" 100 -1 9°9° 3
10 10
O6yyvalowme 3apgaHua o

42> MpoBepbTe ycnosue| g| <1 ans 3HameHaTens reomeTpuyecKon nporpec-
CUW U HaWAWUTE CYMMY MPOrpeccuu.

a)18;6; 2; ...... b) 0,3; 0,03; 0,003; .....
43> HanpguTte cymmy 6€CKOHEYHOM reoMeTprUYecKomn Nporpeccun.
1 1 1
—_—— L — b 1, ’ ’ oo
A-g 160 32 )L 39

44> 3Hana cymmy 6ecKOHeYHOl reoMeTpMUYecKoi NPorpeccnun M Nepeblii YeH,

Haﬁp,VITe 3HamMeHaTe /b nporpeccunn.

_ 1
a)S=4;b1=1 b)S=12; b1 =3 C)S‘_g'b'_?

d)s=8 b=+ e) 5= 3. 3( b= 3 fs=2Lib=1

45> Hangute cymmy, cnaraemble KOTOPOM SIBASIOTCA YieHamn 6eCKOHeYHOM
reomeTpuyeckoi nporpeccun. (| a| <1)

a)l+a+a*+ac+.... b)l-a+a*-a*+.......
c)l+a*+a*+a°+.... di1-a+ad®-a°+...
46> I'Ipeo6pa3yl7|Te nepumnoanyeckyro AeCATUYHYIO ,El,p06b B 06bIKHOBEHHle.
a) 0,(2) b) 0,(15) c) 2,(6) d) 0,2(7)
MpuknagHble 3agaHus o

47> B OKPY»KHOCTb C pagMycoM 6 CM BMMCaH NPaBUIbHbIN
TPeyronbHUK. B TpeyronbHUK BNMcaHa OKpPY*KHOCTb, B 3Ty
OKPYKHOCTb - NPaBUbHbINA TPEYroNbHUK U T.4. HallanTe
CYMMY OJIMH 3TUX OKPYMKHOCTEMN.

48> Msy nagaet ¢ BbICOTbl 3 M M OTCKaKMBaET oOT M S 1?
3emnn. Mocne Kaxkaoro yaapa 0 3eM0 MAY
NOAHMMAETCA Ha BbICOTY, cocTasnaroLyto 80%
npegblaywer BbicoTbl. Hangute obuyto
O/IMHY PacCTOAHUA, KOTOPYHO NPeogoseeT Ma

-y

w
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O6o06warwme 3agaHua

1 > HanuwwuTe nepsble 4-bli1 M 6-011 YNEHOB NOC/EA0BATE/ILHOCTY.

a)a1=5 b) a1=1 c) an=n*-3n d)a1=1,0:2=2
On=0n-1+3 an=4an-1 On=0n-2+0n-1

2 > B Bo3pacTatowent nocnegosatenbHoctn 1, 2, 5, 10, a,12, b, c cpegHee apud-

MeTMYecKoe YNeHoB paBHa 12-Tn. Kaknm mosKeT 6biTb Hanbonbluee 3Have-
Hue b. (a, b, ¢ - HaTypanbHble Yncna )

3 > MccnepyiTte KapTUHY, MOKa3aHHYIO HUKe. HanuwwunTte ewe 5 4aeHos nocne-
AoBaTenbHoCTU. Hanuwute popmyny, onpegensiowlyto ntobow yneH nocne-

[10BaTeNbHOCTM. ° o
o0
o o0 o060
® 0.0 o.o.o o.o.o.o ceee
1 3=1+2 6=3+3 10=6+4 ceeee
15=10+5
34 45 65
2 2 2
14243 1+2+3+4 1+243+4+5

4> Onpeaennte BMA NOC/AeA0BaTe/IbHOCTU W 3anuWINTE ABa MOC/AeAYoLmMX

uneHa.
1.5 7. b) V3; 3;3v3; 9; ... 01-11-1; ..
a) 37 1; 3 35

5 > a) B apudpmeTtunyeckoi nporpeccun, npu as= 4, az= 6 HalkgUTe asu as
b) B apudmeTnyeckoi nporpeccum ecnm as+ as+ aa= 12, To Hangute ,
CYMMYy nepsbix 21 yneHos.

6 > Ecnu B apudmeTudeckoi nporpeccun as=9, as= — 6, ToO Cymma CKONbKUX
nepBbix Y1EHOB paBHa 547

7 > Hangnte cymmy NonosKUTENbHbIX Y1eHOB apudpMeETUYECKOM Nporpeccum
6,6;58;.....

8 > HalguTe nepBbl YaeH U pa3HOCTb apudMeTUHECKON Nporpeccuu, 3agax-
HOW GOPMYNOIN CyMMbI N - NEPBbIX YNEHOB S,=2n% + 3n.

9 > CTpouTenbHas KoMmnaHuA Kynuna bynbaosepbl Ha cymmy 500 000 maHar.
LieHa 6ynbao3sepa Kaxkabl rog aewweseet Ha 20 % no cpaBHEHUIO € Npeabl-
aywmm. Hanuwmute dopmyny, NO3BOAAIOLLYIO ONpeaennTb LeHy bynbaosepa

B t06oM n-om rogy. Yepes cKoNbKO NET LeHa bynbaosepa byaert 256 Tbic
MaHaT? ’
10> a) Ecnm B reomeTpuyeckon nporpeccun b2 =0,1mn bs=0,8,
TO HanauTe bs v bs .
b) Cymma nepBbix YeTblpex YeHOB reomeTpuyec peccu BHa 8,
yn

a CymMa nocseayruwmnx 4eTbipex 4aeHoB pa 4-em. anTe C

BbIX ABE€HAALATU YNEHOB. »
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11> Yucna a, b, 12 0bpasyoT reomeTprUecKyto nporpeccuto, umcna a, b, 9 —
apudmeTnyeckyto nporpeccuio. Hanagute umicna a u b.

12> Onpeaenute cOOTBETCTBUE (34€Ch Cn - N-MIA YNEH NOCNEA0BATENBHOCTH, Sn
-CYMMa Nn- NepBbIX Y1EHOB).
A) TeomeTpuryeckas nporpeccus

— 2 _
1. cw=2n"-3 B) ApndmeTtnyeckan nporpeccus
2. Cnh = 3'2” —
3 it C)c=7
. On D) c3=15

13> B nepsyto cEKyHAY TEN0 NMPOXOAUT 6 M, B KayKAyto NOCAeAyHOLLYHO CEKYHAY Npo-
XoauT Ha 4 m bonblue npeaplayllero. a) Kakol nyTb npeogoneet Teno 3a 20
cekyHa? b) 3a ckonbKo cekyHA Tenio npeogoseeT pacctosHune 4800 m?

14> [laH KBaZpaT co CTOpoHOW 6 cm. CepefiMHbl CTOPOH 3TOr0
KBaJpaTa ABAAIOTCA BEPLUMHAMM BTOPOro KBagpaTa, ce-
peauHbl CTOPOH BTOPOro KBagpaTa ABAAOTCA BepLUM-
HaMW TpeTbero Keagpata v T.4. Hailgute cymmy
naowaaei Bcex KBagpaTos, MOCTPOEHHbIX MO 3TOMY npa-
BUY.

15> Taxmp n OpxaH meyTatoT KynuTb Benocunesd. CtrommocTtb Benocunesa 120
MaHaT. Taxup AyMaeT, YTo ec/in oTel, 4acT emy B NepBbli AeHb 4 MaHaTa, a B
KakKAbli nocieayowmin aeHb Ha 4 maHaTa 6osible npegblaywiero, To 3a 7
OHEeM CMOXKeT cobpaTb HYXHYto cymmy. A OpxaH CYMTAET, YTO eC/In OTeL, eMy
B NMepBbii AeHb AacT 1 maHaT, a B KaXAbli nocsieayowmnii geHb B 2 pasa
6onblue npeablayLlero, To 3a 7 AHeN CMOoXKeT cobpaTb HYXKHY cymmy. KTo
M3 HUX NpaB?

16> CyMma nepBbiX YETbIPeX Y1EHOB reOMETPUYECKOW Nporpeccnn pasHa 8, a
CyMMa nocneayowmx YeTbipex YeHoB paBHa 4-em. Haiante cymmy nep-
BbIX ABEHAALATM Y/IEHOB, YYMTMBAA YTO YNEHbI NPOrPECCH - Lesble Yucaa..

17> Cymma Tpex uncesn, obpasyroLmx apnudpmeTUUYecKyro NPorpeccuto pasHa 45.
Ecnv “3 nepBoro YneHa Bbl4ecTb 2, U3 BTOPOro 9, a U3 TpeTbero 8, To 3Tn
yncna obpasyoT reoMeTpMUYeckyto nporpeccuto. Haingute stu uncna.

18> CrapuHHasnA 3agayva. Toprosel, meeT 14 cepebpaHbix MOHeT. Macca cepeb-
PAHbIX MOHET pacTeT B apudMETUYECKON MPOrPECCUM C PA3HOCTbIO, PaBH
4. Macca nocneaHen cepebpaHo MOHeTbl paBHa 59 noT. (n?- CTapUHHA
acca\B

eauMHULA U3MepeHns 1 paBHa 12,8 rpammam). Yemy pas
MOHeT?

19 ) Haiigute cymmy.

gl, 2,3 4. 5
3+32+33+34+35+....




1 O Hue nHdop
uKa. Bepo
Bbl HayuuTecb B 3TOM pasgen

Y CuctemaT3npoBaTh M NPeaCcTaBAaTb MHGOPMaLMIO
v [pynnMpoBaTh M aHaNM3MpPoBaTh MHPOPMaLMIO

v BbIYMCAATb YMCNO BO3MOMKHbIX BApUAHTOB

v Bbl4MCAATb NEPMYyTaLUm 1 KOMBMHE3OHbI

v PeluaTb 3a/a4M Ha BbIUUCNEHME BEPOATHOCTM

@ Tabauua pacnpeaeneHus 4actor

Yucio cnydaes B KOTOPbIX BCTPEYAETCA AaHHOE 3HaYeHue B 6a3e gaHHbIX Ha3bl-
BaOT YaCTOTOM 3TOrO 3HAYEHMUS.

Mpumep 1. HuxKe npeacrasaeHbl pe3yabTaTbl ONpoca cpean 25-TM y4eHUKOB O
ToM, “CKO/MIbKO AeTel B UX cembe, BKAto4Yas ux camux”. Mpeacrasbte MHGopMa-
uuto B BUAe Tabnumubl pacnpeneneHmsa 4acTor.

2 2 3 4 5 2 2 2 3
2 1 2 5 3 4 3 1 2
3 5 3 2 1 3 2

PeweHune. Kak BMAHO M3 [aHHbIX, B Uncno petedt

cembaAx no 1, 2, 3, 4 uan 5 geteir. Cocta- B CEMBAX Mopcuer | Yacrora
BMM TpexcTonbuaTyto Tabanuy.

B 1-om cTon6Le pasmeLLaeTca MHGOpma- 1 If 3
LMA O KONMYecTBe AeTel B CeEMbSX, T.e.

ymncnosble JaHHble 1, 2, 3,4, 5. 2 er er 10
Bo 2-om cTonbue yKasblBaloTCA uvep-

TOYKM, KOTOpbIe ONpPeaenAT YNCOo, Co- 3 ”ﬂ” 7
OTBETCTBYHOLLEE 3TUM AaHHbIM.

B 3-em cTtonbue 3anucbiBaeTcs YacToTa. 4 ” 2
Takue Tabnnubl HasbIBalOT - Tabanuen ”l
pacnpeaeneHns 4acToT. > 3

MpepactaBneHne nHpopmaumum: Kak BugHo 13 tabamusl, 5 ceme“vmero one

3-x peteit. Cemeit, umetowmx He bonble Tpex geten — 20.
Ecnu 6a3a AaHHbIX COAEPKUT BONbLLIOE KOMMYECTBO YMC/IOBbLIX 3HA ", T

aTa uHdopmaLma rpynnupyeTcsa no nHTepsasam (Kiacc
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PaccmoTpum nocTpoeHure Tabauubl pacnpeaeneHmsa 4acToT CrpynnmpoBaHHbIX
OaHHbIX Ha c/iegylolLemM npumepe.

Mpumep 2. MNpeacTaBaeHHble HUXKE AaHHbIE OTPaXKaloT MHPOPMALLMIO O BO3-
pacTe 50-T1 nonb3oBaTenel MHTepHeTa. MHdopmaLMIo NpeacTaBbTe B BUAE Tab-
JIMUbI YaCTOT.

50 40 41 17 11 7 22 44 28 21 19 23 37 51 54 42 88
41 78 56 72 56 17 7 69 30 80 56 29 33 46 31 39 20
18 29 34 59 73 77 36 39 30 62 54 67 39 31 53 44

1. Pazgenum nHpopmaLmio Ha 7 KNaccos, CrpynnMpoBaB ee B onpeaesieH-

HbIX MHTEpPBanax.

2. Onpeaenmm A IMHY KaxKAoro MHTepBasa - Knacca. s aToro ot Hanbonb-

wero yncna (88) BbluTem HaMmeHbLUee (7) U pa3genm Ha YMCAO KIacCoB:
(88-7):7~11,57~ 12

3. KaK BUAHO, HauMeHbllee 3Ha4YeHMe PaBHO 7. OTO HAMMEHbLUEee rpaHnUYHoe

3Ha4YeHWe NepBoro Knacca, a Hanbonbluee - byaeT 18. HaumeHbllee 3HaYeHNe

BTOpoOro Knacca 19, a Hanbonbuwee 30. MpaHMuamm 3-ro Knacca byayT uncna 31

n42 nT.a. (He 3abyabTe 0 TOM, YTO rpaHUYHOE 3HAYEHUE BXOAUT B UHTEPBA,

n obpaTnTe BHUMaHME, YTOObI HE MPOUCXOAMIO NEPEKPLITUE KIACCOB.)

4. MNocTponm Tabauuy YacTorT.

Rnace | 2 18 | 19-30 | 31-42 | 43-54 | 55-66 | 67-78 |79-90
(so3pacT)

Momcuer | Mt | | W1t (HIFHHEINN #E00| Mt | #EL [

YactoTa 6 10 13 8 5 6 2 Bcero: 50

CuctemaTmsaums v npeactaBneHne 6asbl 4aHHbIX MOTYT 6bITb 0606LLEHbI Ce-
Ayouwmm obpasom.

1. B 6a3e gaHHbIX MHOOPMALMA TPYNNUPYeTCca B KNACCbl-MHTepBabl B COOT-
BETCTBUM C YNCNOBbIMM 3HAYEHUAMM (MM KAaTEropusMmn — LLBETOM, BUAOM U
T.4.). Ana yanobcTea Npy pacyeTax peKoMeHAayeTcs, YTobbl KOIMYECTBO K/1accoB
6b1710 MmeXKay 5-t0 n 12-10. &

2. Oﬂpe,ﬂ,e!’lFIETCﬂ OJIVMHA UHTepBanoB. [lnAa 3Toro pasHOCTb Hau er
HaMMeHbLUEero 3Ha4YeHuin MHd)OpMaLI,MM AENNTCA Ha YNC/IO KJ/EaCCOB. 6n

3UTe/IbHOE 3Ha4YeHMe 4aCTHOro oT geneHnAa npnygmnma ANVNH TEeP-
Bana. ‘F
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3. Onpe,a,eanTc;l rPaHNUYHble 3Ha4YeHNA — Hanbosbllee N HAMMEHbLLee 3Haye-
HMA KaXX40ro Knacca-nHTepsana. HaMmeHbllee 3HaYeHWe NepBoro MHTepBana
BbI6MpaETCﬂ 13 6asbl AaHHbIX, a Hambosbllee 3HaYeHne onpeaenAeTcAa B COOT-
BETCTBUU C ,LI,}'IMHOﬁ MHTEepBana.

4. CtpouTca Tabanua vactot. B Tabanue npeacrasieHbl rpaHUYHbIe 3HAYEHUA
K/J1accoB, B BUAE YEPTOYEK M YMCEN YKa3aHbl YaCTOTbl, COOTBETCTBYIOLLNE WH-
dopmaumm.

Obyuatowme 3apgaHuA @

1 > B knacce 25 y4yeHMKOB BbINOAHMUAM 334aHMA NO OLLEHUBAHMIO NO NpegmeTy
maTemaTuKa. MNonyyeHHble pesynbTaTbl NpuBeAeHbl HuXe. MpeacrtasbTe UH-
dopmauumto B BuAe Tabmupbl pacnpeseneHms 4acTor.

3 2 3 3 4 3 3 2 5 4 5 4
2 4 4 3 3 4 3 2 4 5 4 5 2

2 > Cneaytouyto MHGOPMaLMIO CrPYyNnMPyMTe MO KAaccam.
a) Npoaarka. Konnuectso Knaccos: 6
NHbopmaumsa: Cymma (B maHaTax), Noay4yeHHas oT Npoaarky B aBrycre:
2114, 2468, 6992, 1876, 4105, 3183, 6932, 1355, 4278, 1030, 2702,
3077, 5835, 5512, 4697, 2478, 5981, 3643, 3858, 3500, 2608, 1000
b) Bpemsa peakuuun. Konnuectso Knaccos: 7
NHdopmauma: Bpems peakummn Ha ronocosoe npeaynpexaeHune
(8 MunnncekyHaax) 30 KeHWUH.

507, 389, 305, 298, 336, 310, 506, 382, 320, 450,
309, 416, 359, 442, 307, 337, 373, 469, 351, 411,
388, 422, 413, 428, 387, 454, 323, 441, 388, 426

3 > 1) HuKe NoKasaHbl pesybTaTbl B3BELMBAHUA CNOPTCMEHOB. MpeacTaBbTe
MHpOopMaumio B BUAE Tabauubl pacnpeseneHus 4acToT, CrpynnMpoBas AaH-
Hble B MATK Knaccax.

50, 50, 53, 53, 54, 55 55 55 56 60,
62, 62, 62, 64, 64, 64, 65 65 65 66
66, 66, 70, 72, 72, 72, 75, 75, 7Tgp 8

80, 80, 81, 81, 8, 8, 83 8 8 85,

4,
85, 86, 87, 93, 94, 97, 98, 98, F1005 1100
2) CocTaBbTe TabauLy YacTOT, OTPAXKAIOLLYIO B eHWKOoBBaLlero Kniac
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v' OTHOCUTe/NbHaA YacToTa

OTHOCUTENbHAA YacToTa — 3TO OTHOLLEHME YacTOTbl K 06LLLEeMY YMCAY AAHHBbIX.
OTHOCMTeNbHAA YacToTa BbipaxKaeTca B BUAE 06bIKHOBEHHOM Apobu, aecs-
TUYHOM Apo6u 1AM B npoueHTax. Cymma OTHOCUTESIbHbIX YAacTOT AOJIKHA

6bITb pasHa 1 nan 100%.
YacTtoTa Knacca

OTHOCUTENbHAA YacCToTa =

Obuiee yncno

CepepgMHa UHTepBana (CpeaHAs TOYKA MHTEPBAA) PaBHa NOMYCYMME HUMK-
Hero 1 BEPXHEro rpaHUYHbIX 3HAYEHWUN.
HUXHee rpaHn4YHoe 3Ha4yeHne + BepxHee rpaHnYHoe 3HavYeHune

2

CepefmHa uHTepBana =

Onpenenum 3T NoKasaTenu Ha Npumepe o Bo3pacTe nosib3oBatenei MHTEPHETA.

Knacc Yactota @ CepeauHa nHTepBana OTHOCUTEeNbHAA YacToTa
6
tn =0,12
7-18 6 I8 _ 455 50
2 +12 10 02
i 19+30 _ 50 =0,
19-30 10 5 =24,5
31+42 12 13
31-42 13 T - 36,5 E = 0’26
Kak BugHo 13 nocneposatenbHoctn 12,5; 24,5; 36,5; ..., cepeaHy nHtep-

Bazla KaXX4goro nocaeayroulero MHTepBasia MOXXHO HaVITVI, CyMmMUnpya paamax
Knacca co cepe,u,HeVl TOYKOM npeabliayuiero nHtepsaaa.

MpeactaBum 6a3y AaHHbIX cieaytowein Tabanuen ¢ COoTBETCTBYHOLLUMM
nokasaTefnamm.

Bospacr nonb3oBateneu n CPOK NO/1ib30BaHUA

OTHocuTenb-
Knacc (Bo3pact)  Yacrora CepeauHa uHtepsana HaauacToTa
7-18 6 12,5 0,12
19-30 10 24,5 0,2
31-42 13 36,5 0,26
43-54 8 48,5 0,16
55-66 5 60,5 0,1
67-78 6 72,5 0,1
79-90 2 84,5 '
Bcero: 50

N3 Tabnnubl BUAHO, 4TO 26% Nob30BaTENEWRKHTEDP noan B
ot 31 o 42 ner. P




m MpeacraBneHne nHpopmauum

4 > PesynbraTtbl onpoca 20-T1 yya- 5>
LLMXCA O TOM, CKO/IbKO 4acoB B | BbINONHUTE 3a4aHusA, NONb3yACh Tabauuen.
Heaento OHKM  3aHuMmatoTca | a) OnpeaenuTe A MHY MHTepBana-Kaacca;
cnoptom, npuseaeHsl Huxe. | b) OnpeaenuTte cepeanHbl MHTEpBanos;
MpeacTasbTe HGOpMaLmio B| C) BblumcanTe oTHOCUTENIbHBIE HACTOTbI.

Tabnuue, oxBaTbiBatloLLel Ya-

CTOTY N OTHOCUTE/IbHYIO Ya- 10-19 8
CTOTY. 20-29 20
30-39 30

5 3 2 3 1 40-49 72
3 2 1 4 5 50-59 40
0 4 5 4 4 60-69 10
2 3 5 3 4 70-79 20

6 > Cnepytowmnii pag nHGOPMaLLMK OTPAXKAET pesyibTaT oueHMBaHuA 50 yueHn-

KOB Mo npeameTy matemaTuka no 100-6anbHoOM cucteme.
43, 88, 25, 93, 68, 81, 29, 41, 45, 87, 34, 50, 61, 75, 51, 96, 20,
10, 18, 35, 25, 77, 62, 98, 47, 36, 15, 40, 49, 25, 39, 60, 37, 50,
19, 86, 42, 29, 32, 61, 45, 68, 41, 87, 61, 44, 67, 30, 54, 28.

a) Paspgenute nHdopmaumto Ha 6 knaccos; b) CoctaBbTe TabanLy 4acToT;

c) Jo6aBuB B TabnuMLy CTONOUK, BbiparkatloWwnii OTHOCUTE/IbHYIO YacTOTY, Ha-

pucyinTe TabaumLy 3aHOBO.

—— v/ Tuctorpamma 4acrot. MoauroH yacror

Mcrorpamma yactot. OgHOM M3 camMbiX BbIrOAHbIX GOPM NpeacTaBAeHUA pac-
npeaeneHns MHGopmauum SBAAETCS rMcTorpamma. MocTponm ructorpammy Ya-
CTOT PAaCCMOTPEHHOr0 HaMM NpMMepa O NoJib3oBaTenAx MHTepHeTa: 1. Knaccol ¢
FPAHUYHbBIMM 3HAYEHUAMU NN CEPESMHA KNacCa-MHTEPBasla NOMELLLAeTCA Ha ro-
PWU30HTA/IbHOM OCK, @ 3HAYEHMA YacTOT Ha BepPTMKasbHoM ocu. 2. CoceaHue cTon-
O6MKM rMCTOrpaMMbl AO/IKHbI KacaTbea. Hanpumep, Hanbosnbluee 3HaYeHne 1-ro
Knacca 18; HanmeHbLlee 3HaYeHune 2-ro knacca 19. PacctoaHue genmtca mexay
ABYyMA coceaHUMM Knaccamu. NonosuHa pasHa 0,5. 3HaUuUT, rpaHUYHbIE TOYKMK
1-ro knacca byayT 6,5-18,5, 2-ro knacca — 18,5-30,5 u 1.4.

NMonb3oBarenun UHTEpPHEeTOM

AISce fpaHuubl  Yacrora 14 13
(Bo3pacr) B —
7-18 6,5-18,5 6 10 10
19-30 | 18,5-30,5 10 8
31-42 | 30,5-42,5 13 6

43-54 | 42,5-54,5 8
55-66 | 54,5-66,5 5
67-78 | 66,5-78,5 6
79-90 | 78,5-90,5 2

6,5 ,
BO3pa 0/1b30BaTe.

(konuuecmeo nons3osameretli)

5
£
S
:
>




MNpepcrasneHune nHpopmauumn m

MpepacTaBneHune MH(bOpMaUMM. ZE] rTMCTOrpammbl 4acToT BUAHO, YTO BO3pPacCT
60/1ee No/sIoBUHbI MONb30BaTeNEN MeHblue 42-X NeT.

Monb3oBaTenu MHTEpHETOM

MonuroH yactor rpaduyeckn oTpaxkaer 3

YyacToTy pacnpegeneHua MHGopmauuu. § ig 71§

MOANIOH YAaCcTOT MOXKHO MOCTPOUTL 2-M# § 0 1

cnocobamum. s 8 c c

1. Monb3yAcb rMCTOrPammon: g 6

* CTPOMTCA FMCTOrPaMma; . é ‘2" 2

° 0OTMeyYaeTcs CpefHAA TOUKa MHTepBanos § & et

(Ha c-ron6u|ax rMCTOFpaMMbl); § g 12,5 24,5 36,5 48,5 60,5 72,5 84,5
T

® 3TN TOYKKMN COEUNHAIOTCA. BO3pacTt nonb3oBateneun

2. Monb3yacb Tabanuen 4acToT:

e Ha ocu abcumcc oTmeuaeTcs cpenHss 1;;: (s6,513)

TOUKa Knacca-MHTepBana C COOTBETCTBYIO- 10+

UMM MaclwTabom, Ha OCM opaMHaT — uYa- 8T

CTOTa, COOTBETCTBYHOLLAA KNACCY. o 2::

 OTMeUeHHble TOUKM coeaunHatoTca. Mony- § 2+

HeHHbIM rpaduk pacnpesenenna uipopma- § o5 125 24,5 36,5 48,5 60,5 72,5 84,5 96,5
LM Ha3blBAETCA NOJIMFOHOM YacToT. BO3PacT nonb3osareneli

AHanu3npya gaHHble MO NOJUTOHY pacnpeneneHna 4acToT, MOXKHO MONYYUTb
HoBYtO MHGOPMaLMto. Hanpumep, M3 MOSIMFOHA YacTOT NO KOOPAMHATAM TOUKM
(36,5;13) moXKHO onpeaennTb, YTo 6O/bLUIMHCTBO NOJ/Ib30BaTeNEN UHTEPHETA
M3 Kiacca co cpegHuMm Bo3pactom (NpnbamnsmntenbHo) 36,5 nert.

Fuc-rorpamma OTHOCUTEJIbHbIX 4YaCTOT

Monb3oBatenu UHTEepHeToOM
Ona  HarnAgHoro wu nerkoro

CpaBHEHUA COBPaHHbIX AAHHbIX, = g’gi:

BO MHOMMX cay4vaax, bonee % 022&-

yAob6HO npeacTaBnATb MHGOpMa- g s 8’12*_:

LMIO C MOMOLLbIO TMCTOrPaMMbl § S oost

OTHOCUTENbHbIX YaCTOT UAKU NO- E § ';VI I N N N I
JINTOHA OTHOCUTE/IbHbIX YacToT e 6,5 18,5 30,5 42,5 54,5 66,5 78,5 90,5

BO3pacTt nonb3oBarteneun

M3 rmctorpammbl 4acToT BUAHO, Y4TO BO3pacT 25% nonv3osaTen

exawm3
42 ropamw. * \



m MpeacraBneHne nHpopmauum

Obyuatowme 3agaHua @

7 > [daHHas MHPopMauma oTpaskaeT pesynbTaTbl ONpoca, NPOBeAeHHOro B pas-
JINYHBIX CEMbAX, O eXKEMECAYHbIX 3aTpaTax Ha NPOAYKTbI MUTAHMA.
a) Crpynnupyite MHbOPMaLMIO B 6-TU KNaccax U NocTpoiTe COOTBETCTBYIO-
Lyto TabmLy YacTorT.
b) MpeacTasbTe MHGOPMALMIO NONNTOHOM YaCTOT.

279 205 279 266 199 177 162 232
192 181 321 309 246 278 50 40
116 100 151 240 474 297 170 188
429 294 570 342 279 235 434 123
303 335 320 325 180 290 578 205

8 > 1) Mo ructorpammam onpegenute:
a) YMCNO KNaccos;
b) ANVHY MHTEPBANOB - KNAccoB;
C) Knaccbl C HaMMeHbllUEel U Haubonblien YacToTon K NPUBAU3UTENbHbIE
3HaYeHMA 3TUX YacToT;
2) MocTpoliTe NOMIMIOH YacToT, COOTBETCTBYIOWMI KaXKA0M rMcTorpamme.

Bo3pacTt paboTHUKOB BbicoTa 34aHwii
3004 o 900+ —
2504 750+
2004 600+
© 1504 L 4501+
o (@]
B 100+ g 300+
©
50+ J 150+
J I J\(l_l

18 23 28 33 38 43 48

Ih th th 1h th 10
S T S 0 <
N M ST O ®© BbicoTa (m)
BospacT(roa)
9 > Mo rpadmKy NOAUFOHA YacTOT Ha PUCYHKeE PeaynbTaThbl 50 yUeHUKOB

BbIMOJIHUTE 3a4aHUA.
a) OnpenennTe Knaccbl ¢ HaMbonbLuen 1 ¢
HauMeHbLLel YacToToM.

b) CKonbKo NpubaMsnTenbHO Noaei Ha-
6panu meHbLe 50 6annos?




MNpepcrasneHune nHpopmauumn m

1o> Tab/mua OTpaN@eT MHGOPMALMIO O Knacc (BbicoTta | YacTtoTa (uncno
LepeBbEB, M) OepeBbEB)
BbiCOTe AepeBbeB B /ecy.
10-14 10
a) [lobasus B TabnuLy cTonbmk, oTpa- 1519 15
YaloLWMN OTHOCUTE/IbHYIO HacTOTy, Ha- 20-24 20
puUcyiiTe ee B TeTpagy. 25-29 30
b) MocTpoliTe COOTBETCTBYIOLLYIO U- 30-34 25
CTOrpammy M NOJIMFOH YacToT. 35-39 15
40-44 10

11> CrpynnupyinTe AaHHble B 5-TW Knaccax:

a) NocTpoliTe rMCTOrpPammy YacToT;

b) nocTpoiiTe ructorpammy OTHOCUTE/IbHbIX YaCTOT;

C) NOCTPOMNTE NONMUIOH YacToT.

d) onpegennTe Knaccbl c HAMBObLLEN U HAMMEHbLUEN YAaCTOTOM.

1) Pe3synbTathbl Urpbl (MO YMCY OYKOB).

OaHHble: 154 257 195 220 182 240 177 228 235 149 174 192 207
185 180 264 169 225 239 148 190 182 205 148 188

2) Nnowaam y4yacTkoB pepmepoB B AepeBHe (B rektapax)

[daHHble: 12 7 9 8 9 8 12 10 9 10 6 8 13
12 10 11 7 14 12 8 10 9 11 13 5

DOnuHbl pbi6 B akBapuyme (cm)

12> a) OnpegenuTe Knaccbl ¢ HaMboOb-
e U HaMMeHbLUe YacTOTON.
b) Kako# npoueHT Bcex pblb cocTas-
NnAoT pbibbl CO cpegHel AANHOM
12,5 cm?

O o R B N

5

575 95115135155 17,5

OnuHa (cm)

OTHOCMBEII pHag YacTora

Bpemsa, 3a Kotopoe

13> a) CornacHo r1cTorpamme, MOXHO /in npubuLiBaeT ckopan

yTBEPXKAaTb, YTO “B 50-TM M3 KaxKAablX
100 BbI30BOB CKOpaAA MOMOLLb NpU-
6blna meHee Yyem 3a 10 muHyT”?

b) MpeacrasbTe MHGOPMALNIO, COOT-
BETCTBYIOLLYIO Hanbonblemy 3Have-
HUIO OTHOCUTENIbHOM YaCTOTbI.

40% T

OTHOCUTEeNbHasA YyacToTa




m MpeacrasneHne nHpopmaumm

—— ¥ CpepgHee apudpmeTnyecKkoe no pacnpeseneHunio 4acrtor

CpeaHee apudmeTnyeckoe No pacnpeneneHno YactoT CrpynnuMpoBaHHbIX AaHHbIX
HaxoamTCA cneayoLmMm obpasom:
Hanbosb. 3HAY. + HaMMeHb.3Hay

1. Haxoamutca cepeanHbl KaXaoro UH- | , - >

Tepsana (x).

2. Haxoautcsa cymma 4actoT -
¥ n=%f 3HaK 2 — MNOKa3blBaeT

o CYMMY M YMTaeTCA Kak
3. HaxoauTca cymma npousseaeHui

cepenHbl MHTepBana (x) nvactortsl (f) 2(x-f) R
O6pamume 8HUMAHUE,

4. Haxogutca 3HavyeHuwe cpefHero S(x-f) |Ymon=3f

apudmeTHyeckoro, coorsetcreyouiee | X= ~p

obuei nHbopmaumn

| Mpumep. TTabanua npeacrasafaet MHGoPMaLmIo Knacc HacroTa
0 KOAMYECTBE COTPYAHWKOB KOMMaHuu no npo- | (BPEMA pas- | (Hcno pa-
[OONMKUTENILHOCTU MX TenedOoHHbIX Pa3roBopoB B SEEEE]) || CETres
AeHb. CKONbKO MUHYT B CPeHEM pa3roBapnsaer 1-5 12
no TenepoHy ogMH COTPYAHUK B 3TON KOMMAHUMN? 6—10 26
PeweHue. B oToii 3aaaue TpebyeTcsa BbIYMCANUTD 11 -15 20
cpegHee apudmeTMYECKOe, COOTBETCTBEHHO 16—20 7
CrpynnMpoBaHHOMN MHGOpMaLMN. >1-25 11

1. Onpepenvs cpeaHIO TOYKY Kaxaoro MHTepBana-kaacca (x), sanuwem
ero B ctonbel, 4obaBieHHbIN K Tabanue.

2. Haxoanm cymmy yacToT (f): 12 +26+20+7+11=76

3. BbluMcnsaem cymmy npousBedeHUn cepeamHbl Kaxkaoro nHtepsana (x) u
yactoTbl (f): 312 + 826 + 13:20 + 18-7 + 2311 = 883

4. Pa3genuns TpeTuit pesynbraT Ha

BTOPOI pe3ynbTaT, HaxoAuMm cpea- e tacrors Yacrora

Hee apudmeTnyecKoe: Knacc |[uHTepsana 0 cpeaHee
CpeaHee apn¢- _ 883 16 (x) 3HaueHue
MeTuyeckoe 76 " 1-5 3 12 36

6-10 8 2@ 08

TakMM 06pa3om, MOXKHO ckasaTb, | 11-15 13 2

yToO B cpegHeM Kaxkabili pabotHuk | 16—-20 18 7

31O GMPMbI B AeHb pa3roBapueaet | 21-25 2 11

no tenedoHy 11, 6 MUHYT.

\



MpeacrasneHme nHpopmaumm 227

Obyuatowme 3agaHua @

14> 3apnaaTa 8-mu 13 30-TK coTpyaHMKOB dnpMbl cocTasnseT 120 maHaTosB,
3apnsaTta 22-x cotpygHukos — 330 maHaToB. Hallaute cpegHuii 3apaboTok
COTPYAHUKOB PpUPMBbI.

15> Muporu, NPUroToB/IEHHbIE OAHOW U TOM e Mpopaka nuporos
$1PMONA, B pasHbIX MarasmHax ropoAa npo-  [‘marasum | uena () | kon.
Aal0TCA NO pPa3HbIM LEeHaM. Konunyvectso
P A 1,20 120

NMUporos, NpPpoAgaHHbIX 3a AEHb, U LLEHA O4-

HOro Nupora npuBeaeHsbl B Tabanue. 3a B 1,50 70
KaKylo LeHy, B cpegHem, dvpma npogaet C 1,60 110
OAMH Nupor? D 1,10 200

15> HaltauTe cpegHee apubmeTnyeckoe no AaHHbIM B Tabauue.

a) Haigute cpegHuit 6ann ur- b) Mo nHpopmaumm o macce HoBO-
POKOB N0 HabpaHHbIM 04YKam POMKAEHHbIX JeTell 3a Heaeno
B KOMMNbIOTEPHOM Urpe. onpegenvTe CPefHIo Maccy of-

Horo pebeHka.

HabpaHHble Macca Konunyectso
Yucno nrpokos

OYKM [1-1,5) 1
1-10 2 [15-2) 3
11-20 5 [2-2,5) 8
21-30 6 [2,5-3) 15
31-40 4 [3-3,5) 10
41-50 3 [3,5-4) 9

[4-4,5) 0

17> Crpynnupyiite nHGOPMALLMIO MO KNaccam, NOCTPoiTe TabauLy 1 BbluMcaUTe
cpegHee apudmeTmyeckoe.

a) a) basa uHbopmauuun: BbicoTa 30 KycToB (B CM) l-Imcno Knaccos: 5
67 76 69 68 72 68 65 63

66 72 67 66 69 73 64 71

68 72 71 65 69
b) Basa nHpopmaumn: Bpemsa npebbiBaHnsa 20 60nbHbIX 8601 e (a
Yucno knaccos: 4




m Kom6uHatopuka

@ KombuHatopuKa

Moabop anemeHTOB (BapMaHTOB) C onpeaeneHHbIMM CBOMCTBAaMM, NOACYET pas-
JIMYHbIX KOMBUHALMIA, PAacMONIOKEHNE STUX 31EMEHTOB B ONpeaesIeHHOM Mo-
pAOKE U T. 4. — TaKkuMe 3a4a4M Ha3blBAOTCA KOMBUHATOPHbIMU. MpPU Manbix
3HaYeHMAX 3a4aHHON BeIMUMHbI (MapameTpa) KOMBUHATOPHbIE 3a4a4M erko
pellaTb NyTem noAcyeta BapMaHTOB (MyTem NOCTPOEHUA AMarpamMmbl BETBE-
HWUA UK COCTaBEHUA cnucka). Mpu 60/blWNX 3HAYEHMAX MAPAMETPOB 3TH Me-
ToAbl MeHee 3hdEKTUBHbI. B TakMX cydanx NPUMEHAETCA OAMH U3 OCHOBHbIX
MPMHLMMOB — NPABMA0 YMHOMKEHUA.

MpuHUMN yMHOXKeHUsA. Ecnv a1eMeHT @ MOXKHO BbibpaTb n cnocobamu, a npu
ntobom Bbibope a anemeHT b MoXKHO BbibpaTb m cnocobamu, To napy (a, b)
MOXHO BblbpaTb mxn cnocobamu.

MPUHLMN YMHOXEHUS BepeH A0 Bbibopa N1t060ro KOHEYHOTO YMcia 06BLEKTOB.

Mpumep 1. MNpeanonoxmnm, YTo Homepa aBToMobMIeN COCTaBNAKOTCA C NOMO-
LLbO NOCNeA0BATE/IbHO 3aMNMCaHHbIX TPEX TATUHCKUX BYKB 1 Tpex Lndp. CKoAbKO
Pa3/IMYHbIX aBTOMOBM/bHBIX HOMEPOB MOYKHO COCTaBUTb?

a) paspeLuaeTca nosTopeHue byke  b) He paspeluaeTca nosTopeHme ByKB.

BykBbI Undpbl ObLee yncno BbI6OPOK
a) [26 126 [26 |10 [10 |10 |26 26-26-10-10-10=
=17 57 6000
by [26 |25 |24 10 [ 10 [10 |26-25-24-10-10-10=
=15 600 000
O6yuatowme 3aaaHna o

1 > 1.3anuncbIBatoTCcs pasnyHbie ABYy3Ha4YHbIe YNCAA, B KOTOPbIX KaXkaoe 13
uucenl, 2,3,4,5, 6, 7 ucnonb3yetcsa He bonee ogHoOro pasa.
a) CKONbKMMM pasHbIMM cnocobamm MOXKHO BblBpaTh AECATKM NPU Hanuca-
HUW Yuncna?
b) Ckonbknmm cnocobamm MoXKHO BbibpaTb LUbpPY eanHuULL, nocae Bbibopa
[ecsaTok?

¢) CKONbKO TaKMX [IBY3HAUYHbIX YNCEN MOXKHO 3anmcaTthb?
2 > CKO/IbKO Pa3/InYHbIX TPEX3HAUYHbIX YACE/T MOXHO 3anmncatb cﬁ ouy,

umdp 1, 2, 3, 4, 5? CKONbKO U3 HUX AennTca Ha 57
3 > Anu, Brorap, Alwap, Nleina, NUnaxa v Torpyn B copegHoBakinm n ma

mexxay coboit Habpanm pasnnyHbie oukn. H nute vy BCEX B PKH
BapuaHTOB pacnpeaenenus | u Il mecta




B HEeKOTOpbIX cy4anax TpebyeTcs HANTU YNCIO BO3MOXKHbIX BAPMAHTOB MO Mo-
PAOKY PACMO/IOKEHUA 3/IEMEHTOB, BXOAALWMX BO MHOMXecTBO. Hanpumep,
CKO/IbKO TPEX3HAYHbIX YNCEN C HEMOBTOPAKOLWMMUCA LUPPAMM MOXKHO COCTa-
BUTb U3 unodp 1, 2, 3?

123,132,213, 231, 312, 321. 3pecb Kaxaoe pacnosioXKeHne HasblBaeTcA nep-
MyTaumen (nepectaHoBKol). MepBbIit 3/1eMEHT MOXKHO BblbpaTb U3 3-X ane-
MEHTHOFO MHOEeCTBa TpemMa cnocobamu; 2-oi snemMeHT U3 ocTaBlleroca 2-x
3/IEMEHTHOIO MHOecCTBa ABYymA cnocobamu; 3-uin aneMeHT MOXKHO BblibpaTb
N3 O4HO3N1EMEHTHOIO MHOECTBa O4HMM cnocobom. Toraa, NPUMEHAS NPUH-
UMM YMHOMEHWSA, YNCN0 BCEX BO3MOXKHbIX NepecTaHoBOK byaeT3- 2- 1=6.

—— v epmyTauum - nepectaHoBKU. nPn

Pa3nnyHble ynopaaoYeHHble MHOXKECTBA, KOTOPbIE OT/INYAKOTCA TONIbKO NOPAL-
KOM Pacrno/io¥KeHUn CBOMX 3/1IEMEHTOB Ha3blBAOTCA NepMyTaLUaAMM (nepecTa-
HOBKaMM) paccMaTpMBaEMOro MHOXECTBA U UX YMCN0 0603HAYaEeTCA KaK nPn,
W YMTaeTCa Kak “nepmyTtaumsa U3 n asnemeHToB n”.

MepBblii 31EMEHT NEPMYTaLMN MOXKHO BblI6PaTb U3 N- 3/1IEMEHTHOIO MHOYKECTBa
n cnocobamu; 2-oil anemeHT 13 ocTasluerocs (n - 1) aneMeHTHOro MHOXecTBa
(n - 1) cnocobamu, 3-uit anemeHT U3 octaslueroca (n - 2) 3N1eMeHTHOro MHO-
»ecTBa (n - 2) cnocobamu 1 .T.4. HakoHeLl, n-bii (NocneaHuin) snemMeHT MOMXKHO
BblbpaTh 0og4HMM crocobom. Toraa YMcao BCex nepmyTaLmii No NPUHLMMIY YMHO-
eHua byget: nPn=n(n-1)(n - 2)- ...-2-1.

MpounsseaeHMe NepBbIX N HATYPaNbHbIX YMCEN nuweTca n! 1 ynTaeTca Kak “sH
dakTopman”. Taknm o06pasom YMCI0 BCEBO3MONKHbIX MEPMYTaLMN HAXOANTCA
no popmyne P.=n!.3gece nl=n-(n—-1)- (n-2)- ... -2 1
BuactHoctn, 11=1,21=2-1=2,3!1=3. 2- 1=6.... u.T.n. MpuHato, yto 0! =1

Mpw BbIUMCAEHUAX TaK e YA06HO N01b30BaThCA GOpPMyIaMu:
(n+2)!=(n+1)-ntu(n+2)!=(n+2)-(n+1)n!

| .Q.
9_._987/!/72

Hanpumep, Th o -

Mpumep CKONbKMMM cnocobamm MOXKHO NOCTPOMUTb B pag, 5 yenosek?
PeweHue. MOCKONbKY N =5, TO YUC/I0 BO3MOKHbIX BapuaHToB ByaerT.
sPs=5!=5-4.3.2.1=120

Ob6yualowme 3apgaHuA @

4 > CKONbKO YnMcen MOXKHO COCTaBUTb MEPecTaHOBKOM LNdp lw|c9123

5 > B TypHMpe yyacTBytoT 6 YenoseK. CKOMIbKMMM Pas3IMYHbIMIACMO MW NIOTYT
6bITb pacnpeseneHbl MecTa B TYPHUPHOM Tabaunue.

6 > CKONbKO NATU3HAYHbIX YMCen ¢ HENOBTOPAIO, Muc pammn

cTaBuTb M3 undp 0,1,2,3,4 ?




7 > Bbluncnure.

) 8_' b) 181-2-17! o 9!.5l d) sPs — 2 - 3P3
al el 16! + 15 | 8l 6! 4Ps+5 - 3P3

8 > CKO/IbKO Pa3InyHbIX “CNOB” MOXHO MOJIy4UTb U3 ByKB cnosa “ATOM”?

9 > CKONbKMMM pasHbIMM CNOCObamm MOMKHO MOCTPOUTL B PSS 8 LWKONbHUKOB,
npuv yci10BMM YTobbl J1ana 1 n1bMUp CTOANN PAAOM.

10> CKOIbKMMM PasIMYHbIMKU CNOCOBAaMM MOXKHO paccafMTb 6 YeN0BEK BOKPYT
Kpyraoro ctona?

11> MepecTasnsan 6yksbl B ciose “MEPMYTAUNA”, cTpoaTca pa3nndHble “cnosa”.
HaiguTte 4nMcno cnoB, B KOTOPbLIX FNACHbIE 3anmncaHbl PALOM.

12> B knacce 8 yueHMKOB, U3 KOTOPbIX 5 Manbumkos, 3 AeBo4ku. CKONbKO cyLue-
CTBYHOT BO3MOMHbIX BapMaHTOB MOC/e40BaTeNIbHOMO BbIXOA4A UX U3 ABepei:
a) CHayana BbIXOAAT AEBOYKM; b) cHayana BbIXOAAT Ma/IbYMNKU;
C) MOryT BbINTK B Nt060OI NOCNEA0BaTENLHOCTY.

v Yucno nepmyraumii c noBTopeHUAMHM

YMCNO BO3MOMKHBIX MepecTaHOBOK N-31eMEHTHOTO MHOXKecTBa pasHo n!. Oa-
HaKo ec/n cpeam 3TUX 3/IEMEHTOB €CTb 3/IEMEHTbI, KOTOPbIE HEe OTINMYaloTCA
Apyr oT gpyra (nostopAatolmMeca), TO KOAMYECTBO Pas/INYHbIX NepmyTaLui
ymeHbLuaeTca. [oKaxem 3To Ha npumepax.

Mpumep. CKONbKO pPas/IMYHbIX CIOB C PA3/IMYHBIM MPOU3HOLLIEHNEM MOXHO
nosfy4unTb, Nnepectasnsa byksbl B ciose AJ/ITAU?

1

|> PeweHwue: Ecv 6yKBbl 6bM 6bl pasnnyHbIMK, To 5! NepecTaHoBKamm
MOXHO NOCTPOUTbL pasnunyHble coBa. O4HAKO NPU KaxK4oM TaKol nepecTa-
HOBKe, ec/i1 MOMeHATb MecTaMu Ae byKBbl A mexKay coboli, C/I0BO He u3-

meHuTca. Moatom imcno pa3/IYHbIX NepecTaHOBOK OyaeT B ABa pasa
MeHbLLEe, TO ecTb 2— =60

2 Mpumep. CKONbKMMM cnocobamm MOXKHO NOMeHsTb bykebl B ciose BAHAH?
Hanpumep, AABHH, AHABH, ABAHH nT.4,.

> Pewenune: B cnose BAHAH umetotcs nBe 6ykebl A, aBe bykBbl H 1 of,
bykBa b. Yncno nepmytaumii n3 5 snemeHTOB paBHo 51. O,u,Hﬁ) nBEWYKB
— NOBTOPAIOLLMECA, NOSTOMY YMCA0 BOSMOKHbIX NepecTaHoB

—L 2
FAHAH 2|25|'1| ; 5’3’?1 - %
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B ntoboi nepmyTaLmMm AaHHOFO MHOXECTBA NPU NepecTaHOBKe MexKay cobol
oaMHaKoBbIx k anemeHToB k! pas He nponcxoauT HUKAKOW ApYyron nepmyTa-
UMK, 3HAYMT, B 3TOM C/ly4ae YMCNo nepmyTaLmii ymeHbliaeTcs B k! pas.

Ecnn B n-anemeHTHOM NOBTOPSAIOLWEMCA MHOXeCTBE MMeeTcs K BUA0B 31emMeH-
TOB M U3 HUX KOIMYeCTBO 1-ro BMAA paBHa ni; 2-ro BUAA n2; 3-ro - N3, HAKOHeL,
k-ro BuAa nk, TOrga YNCA0 BO3MOXKHbBIX MepMyTaumui byayun: ni+ na+ns+...+nk=

n BblUMCAAETCA KaK n!
P(ns, nil- nal- nsl ni!
1:° 2. 30 .t ke

ny, .., nK) =

Obyuatowme 3agaHuA )

13> CKOJIbKO CN0B C Pa3/IMYHbIMU MPOU3HOLIEHUAMM MOXKHO MOAYUYUTb, Nepe-
cTaBnAn byKBbl B C/I0BAX:
a) HAHA; b) JAYA; c) BOAOMNAJ; d) MAPABOJIA

14> M3 5-Tm nocneposaTenibHO PAacNOIOXKEHHbIX LWAPOB ABa Kpac-
Hble, TPpU KenTble. CKOIbKMMM CNocobamm MOXKHO pacnono-
KUTb UX B psag?

15> Mo gaHHbIM Bblpa*XeHNAM HannwunTte Yncsao aIeMeHToB, YACN0 NOBTOPAKO-
LLNXCA 2/1EMEHTOB N YNCN0 ﬂOBTOpeHMVI

a) 6 p) 12 o 8
21-21- 2! 71-31. 21 4121 2!

—— ¥ NepmyTtauuu - PasmeweHus. P«

3apaua. B rpynne 8 yueHunkoB. CKonbKMMK cnocobammn MoKHO BbibpaTb npes-
cenaTtens rpynnbl U pegaktopa?

PeweHue: a) Mpeacenatensn rpynmnbl MOXHO Bbl6paTb M3 8-MU YYEHUKOB 8-10
pa3HbiMK cnocobamu; nocae Toro Kak Bblbpanu npeaceaarens rpynnbl, peaak-
TOopa BbIBUPAOT N3 OCTABLUMUXCA 7-U YYEHUKOB 7-10 pasHbimM cnocobamu. Mo
NpaBuy YMHOMEHMA YNCNO Pas/INUHbIX BbibopoB 8 - 7 = 56.

Ecnu 3akoampoBaTh y4eHUKOB ByKBamu a, b, ¢, d, e, f, g, h To BbiIGop nocneno-
BaTe/NIbHOCTbIO ab oTAnYaeTca oT Bbibopa nocsenoBaTeNbHOCTbIO ba. B nepsom
cnydae a BbibpaH npeaceaarteniem, a b - peakTopom. A BO BTOPOM Cyyae Ha-
obopoT, b BbIbpaH Npeaceaatenem, a d PeAaKTOPOM.

B paccmaTtpuBaemoli 3aga4e HeobXoAMMO HAMTM KOJIMYECTBO ABYX3/IEMEHTHbIX
NOAMHOECTB 8-MM 3/1eMEHTHOTO MHOKECTBa, KOTOPble Pa3/InyatoTCa UAn ang-
MEHTOM, U/IX NOPSAAKOM MX PacnonoKeHus. Yncno nepmytaumi

M3 N-3/1IEMEHTHOro MHOECTBa U COCTOALWMX U3 kK 31eMEHTOB, p?

ya
MBO 3/71eMeHTOM, MO0 NOPAAKOM MX PACNON0XKeHMA, 0bogHau Ka
M YMTaeTcs Kak “nepmyrauma us n anemeHTos k”. YToBQke! HallTu mx ye
M3 N-3/1IEMEHTHOrO MHOKeCTBa Bblbpas “k” ane TOB, oM “ Ne0x

BaTe/IbHO B pAA4.




1-bIl a1eMeHT pAda MOXHO BbIbpaTb U3 N-3/1eMEHTHOIO0 MHOeCTBa N Cnoco-
6amu, 2-0i1 anemeHT 13 octaswmxca (n — 1)-ro anemeHTa (n — 1)-cnocobamu n
T.4., HakoHel, k-bit anemeHT (n —k + 1) cnocobamu. Mo NpUHUUNY YMHOMXKEHUA
4yncno NepmyTaLmii BbluMcaaeTca no popmyne:

Pr=n-(n=1)-...-(n—k+1) 0<k<n.

Y
Yyucso mHoxcumenel pasHo “k”

YMHOMB 1 pa3fenus 3To BbiparkeHue Ha (n —k)!, ykasaHHyto Bbiwe popmyny

MOXHO 3anncaTb Kopoye: n!
A
P (=) (n—kepye =D k4 0K 32T
(n—k)-... 321
__n n!
(n—k)! Pe= = k)1

1 nMpumep: Bolumcnaute. 7P3
PeweHune. /P3=7-6-5=210

| | .6-5.
= —(7_7'3)| R ais 64?/4/=7-6-5=210

mnn  7Ps3 4

Obyuatowme 3agaHua o

15> Kaxkaas byksa cnosa “A30T” HanucaHa Ha oTAe/IbHOM KapTo4Ke. CKONbKO pas-
JINYHbBIX “CNOB” MOXHO COCTaBUTb, €C/IN Itobble ABe byayT nexatb PALoM.

17 > Boluncante. a) 10Ps b) 7P2 c) sPs d) sPa e) 7Pa
18> Y1o 6onbLue? a) P2, nnun 6P3 b) 10P3, nnu 7Ps c) sPs, K sP7
a) sPs. b) _8Ps c) 7P+ 6Ps d) sPs+6Pa

Bblumncnure.
19 > sP2 sPa 11P2 6P3

20> Y ®unagaH 6 KocTioMOB. B NoHeaenbHMK, BO BTOPHUK M B Cpeady OHa A0/KHA
y4acTBOBaTb B cemmHape. Ecnm B Kaxkablit U3 aTux aHen PuaaH byaet ogesatb
pa3Hble KOCTIOMbI, TO CKO/IbKO Pa3HbIX BbIDOPOB OHa MMeeT?

21> CKonbKMMK cnocobamm MOXKHO MONOKUTbL 4 NUcbMa B 6 KOHBEPTOB, TaK
YTOObI B KaXK40M KOHBepTe 6b1/10 6bl He 6o/blUe 0AHOro NUCbMA.

22> B knacce 20 yyeHnKoB. CKONbKMMM cnocobamm MOXKHO BblbpaTb nNpeaces,
TeNA U cekpeTapa ANs NpoBeaeHUsa KNacCHOro cobpaHus. P

23> CKONbKMMM Pas/IMYHbIMKU CNOCOHBAaMM MOTYT NMOKUHYTb aBTOO oe
YKMPOB Ha 5-TW OCTAHOBKAX MPU YCI0BUU, YTO Ha KaxKa0M
He 6osiee ogHOro naccaxkmpa?

24> CKO/IbKO MOYKHO COCTaBWUTb TPEX3HAYHbIX YM
pamun ns umdp 1, 2, 3,4, 5, 6. CKo/IbKO U3 HU

T 6onblie 200 ?



N 4 Kom6uHe30H. »Ck

MNpumep. Mpumep. as npeseHTaLMM NPOeKTa rpynna ns 7 Y1eHoB A0NXKHa Bbl-
6patb Tpoux. CKONbKMMU Pas3NYHbIMKU CNOCOBAaMM MOFYT 3TO CAEeNaTb Y/EHbI
rpynnbi?

PelweHue: HeBaXKHO, B KaKoW nocnenoBatenbHoCcTM 6yayT BbibpaHbl Tpoe. Ha-
npumep, eCv Mbl 3aKOAMPYEM CTYAEHTOB N0 ByKBaM U3 UX UMeH, TO abc He OT-
NM4aeTca oT cab 1 NOKA3bIBaeT O4MH U TOT e cocTaB. Ecam BbIbpaTb N06bIX Tpex
YUYEHMKOB, NOCTPOUTDL MX B PAS, B TOW NOCAEA0BATENBHOCTU, B KOTOPOM OHU Bblin
BbIOPaHbI, TO YNCNO BCEX BO3MOXKHbIX Cyvaes 6yaeT 7P3. Tak Kak npu nepecta-
HoBke 3! cnocobamn MecT B psiZly BbIOPaHHbIX TPEX YYEHMUKOB NONYYEHHble pas-
JIMYHbIE NepMyTaLMM NOKa3bIBAOT OAMHAKOBBIN COCTaB, TO YUCAO PA3IUYHbIX
BbibopoB b6yaeT B 3! pasa meHbLle, T.e.:

/Ps 7-6-5

3123 ° >

BceBo3MOXKHaA KombuHauMa u3 “n” anemeHToB MHOXecTBa no “k” snemeHTOB B
Kaxaou 6e3 yueTta Ux nopsaKa pacrnoioxXeHms HasbiBaeTca KOMbUHe30HoM. Kom-
BUHE30HbI OTNIMYAIOTCA APYT OT APYyra TO/bKO 31eMeHTOM. To eCTb KOMBMHE30H
“k”-anemeHTHOE MOAMHOMKECTBO “n”-anemeHTHOro mMHoxecTtsa. Yncno k-ane-
MEHTHbIX MOAMHOECTB N-3/IEMEHTHOro MHO»KecTBa 0603HavaeTcs »Ck M unTaeTcs
Kak “KOMBMHE30H 13 N 31emMmeHToB Nno k”. Ecan oT KaxKaoro k-31eMeHTHOTro Kom-
6uHe30Ha obpasytoTca k! nepmyTaumm, To KonnMYecTso obLux nepmyTauuii byaet

nPk. Mo npuHUMNY yMHOXKeHUA nmeem »Px = nCk+ k! 3HauuT,

mn-(n—l)-...-(n—k+1)

nCe= = 1-2-...-k
X yucno MHoxcumeneli paseH k
P3 765 p 8-7
Mpumepbl. ,C3=—-> =—— > _35 C,= P2 - 8/ _»Hg
Y P GE=3r=17.3 8C2 Y 1.2
dopmyny HaxoXKaAeHUsA 0bLero Ymcia KOMOMHE30HOB MOXKHO HanMcaTb B BUAE:
n!

G Rkl

O6paTnTe BHMMaHMe Ha cBoeobpasHyto cMMmmeTputo aTo dopmynbl. Ecam 3a-
MeHUTb k Ha (n — k), To nonyunTtcs Ta e popmyna. ToibKo PpaKkTopuanbl B 3Ha-
meHaTtene nomeHaATca mectaMu. nCk = nCn-k.

Jlerko nokasatb, Yto nCo=1,Ch=1, nC1=n.

O6yualowme 3agaHus

o
25> OTmeTbTe Ha oKpyXKHOoCTM ToUuKKN A, B, C, D, E, F u coeguHmnTe nx nonapHo o
pe3kamu. CKONbKO OTPE3KOB MOAYy4YnUI0Ch? g
26> Boluncnnte. a) 4C: b) 4Ca c) sC2 d) s GC\Cs
27> CpasHure. a) 7P3n +Cs b) uﬁ c) 7Cs ¥Cas
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28> a) CKONbKMMM BO3MOXKHbIMKW cnocobamu 13 12-T1 BUA0B OCBEXKAIOLLMX
HaMUTKOB MOXHO BblOpaTb 3 Pa3IMYHbIX HAMUTKa.
b) CKoNIbKMMM BO3MOKHbIMKW CNOCOHAMM MOXKHO BbiBpaTb 2-X GMHANUCTOB
cpeamn 20-Tn CNOPTCMEHOB.

29> HanuwwuTte no ogHOM 3aJa4e COOTBETCTBEHHO a)10Cs; b)sCz; c) 7Ca

KaXK4oMy faHHOMY KOMBUHE30HY:

I +6!
30> Ynpoctute oipaxenus. 8 6! 5t 71y 7i+6 c) G d) 5C: oPs
st a1t Gl 7!-6! 6P3

MpuknagHbie 3agaHna o

31> Onpegennte, B KaKUX CIy4anx HAaXO4ATCA NepmyTaLMu, a B KaKMX - KOMBU-
HE30HbI U BblUMCAUTE.
a) U3 20-T1 BMAOB LBETOB BbIGUPAIOT 3.
b) TpexaHauHbIl Kog, KpeaUTHOM KapTbl.
c) Pacnpegenenune 1-ro, 2-ro, 3-ro mect cpeam 10 cnopTCMeHOB.

32> MarasnH CNopPTUBHbIX TOBAPOB rOTOBUTCA 3aKYNMUTb TOBApPbl HOBOFO CE30Ha.
EcTb NnpeanoxkeHne CnopTMBHbLIX KOCTIOMOB 6-TW LLBETOB C NOWMBOM 4-X CTU-
nen. Bnapeneu, marasunHa pewmn Bbl6paTb KOCTHOMbI 4-X LBETOB U 2-X cTunen.
CKONbKO BO3MOXKHbIX BbI60pOB nmeeT Bageney,?
YKaszaHue: BO3MOXKHOCTb Bbl60pa = 4YUCNO K3 6 yuBeToB Bbl60p 4-x: 6Ca
LIBETOBI X YMNCNO cTunen u3 4 ctunen Bbl60p 2-x : 4C2

33> Haprus xoueT u3 6yKB CBOEro MMeHu co3aatb Naposb aas e-mail ns 6-tm ma-
NeHbKnx 6yKB. CKOIbKMMUK ciocobamm oHa CMOXKET 3TO caenatb?

34> M3 10-Tn peknamHbix WnToB 3 6enblx, 2 cepblx, 5 ronybbix. CKONbKMMMK pas-
HbIMW BapMaHTaMM MOXHO PaCMONOXMUTb UX B OAUH pALa?

35> CKONIbKMMM Pa3HbIMM CNOCOHaMM MOTYT CeCTb 33 KPYrblii cTon Asep, AHap,
Anun, Benn, Bugaam v Apas npu ycnosum, 4to Ann n Benun He ByayT cnaeTb
pagom?

35> Ha OKpyXXHOCTU OoTme4yeHbl 8 ToueK. CKOMbKO TPEeyrosibHMKOB MOXHO MNo-
CTPOUTb C BEPLUMHAMM B ITUX TOYKAX?

37> CKONbKO NapannenorpaMmoB MOMXHO COCYMUTATb Ha pmcyme?@

38> CKO/IbKMMM pa3HbIMKU CNOCOBaMM MOXKHO OTBETUTb Ha 10 Bonpocos, 3anu-
CaB [ABa OTBETA - BEPHO N HEBEPHO.

39> CKO/IbKO pPasnMyHbIX FPYNn U3 Tpex Yes0BEK MOXHO COCTaBUTb U3 5-Tn man
UYMKOB M 4-Xx fEeBOYEK NPU YCAOBMMK, YTO B rpynne byaeT xo 10,
BOYKA?
40> B ypHe 5 6enbix 1 3 KpacHbiX wapa. CKONbKUMU4@A3NUEHbBIM co 7
X 6enbiM

MOKHO BbIHYTb 13 YPHbI 3 LWapa TaK, YTobbl 2 @8 HY 1kp

HbIM?




PeweHue 3a4a4 Ha BblYUC/IEHUE BepOﬂTHOCTeﬁ m

@ PelweHue 3a4a4 Ha BblYUCNEHUE BepOﬂTHOCTEﬁ

Mcxoa akcnepmMmeHTa, KOTOPbIN HeNb3A Pa3foKuTb Ha 6osiee NpocTbie cobbiTus,
Ha3bIBAETCA 31eMeHTapHbIM COBbITMEM. B pe3ynbTaTte Cly4alnHOroO aKCNepUMeHTa
0653aTe/IbHO HACTyNaeT TO/IbKO OA4HO 3/1eMeHTapHoe cobbiTe. Cymma BEpOSATHO-
CTel BCeX aieMeHTapHbIX cobbITMIN paBHa 1. BcAKoe NogMHOXEeCTBO MHOXeCTBa
aNleMeHTapHbIX CobbITMI Ha3biBaeTcA cobbiTem. MNoaTomy aelicTBus, onpeae-
JIEHHble 417 MHOXECTB, TaKXKe onpeaenatTca U Ana cobbITUN.

dnemeHTapHble cobbITUA NPW KOTOPbIX NOCTyMNaeT cobbiTve A HasbiBaeTcs bna-
rONPUATCTBYIOLLMMM COObITUIO A. B OMbITE C PaBHOBO3MOMKHbIMUW MCXOLAMM Be-
POATHOCTb COBbITUA HaxoaUTcA No dopmyne:

Yucno 61aronpuATHbIX MCXOAO0B

P(A) =
YMCNO BCEX BO3MOMHDBIX UCXOL0B

ficHo,uTo 0 <P(E) <1

MHOKecTBO BCEX UCXOA0B, He BXOoAALLMX B CObbITME A, Ha3blBaeTcA CObbITUEM,
NPOTMBOMO/IOXKHbIM COBbITUIO A (MM AononHeHUeM) n obo3HavaeTca A

BepoATHOCTb NPOTUBOMO/IOXKHOTO COBLITUA MOXKHO HaNTK MO Gopmyne:
P(A) =1-P(A)

v HecosmecTHble cobbiTus A B

CobbITnA, He UMetoLLMe 0OLLMX MCXOL0B Ha3bIBAOTCA

HEeCOBMECTHbIMU COBbITUAMMK. Eciv cobbiTva A n B

HEeCOBMECTHbIe, TO MOCKONbKY ANB = J nmeem P(ANB) = 0.

[ns nobbIx HECOBMECTHbIX cObbITUIM A U B BEpHO paBeHCTBO:
P(A U B) = P(A) + P(B)

Mpumep. bykebl ciosa “MATEMATUKA” paspesaHbl U cobpaHbl B MmeLlo-
yek. dapax BbIMIpaeT Npus, ecv B NepBO MOMbITKE U3 MELIOYKa BbITalLUT
6ykBy M nnu T. HaliguTe BepoATHOCTb Toro, Yyto Papax BbinrpaeT npus.

1.
g PeweHune. CobbiTMe - Hayrag BbiTallleHHan bykBa byaeT bykBoi M- 0603Haunm
A, a BeposiTHOCTb - P(A). MocKkonbky uncno byks -10, umcno 6yks M - 2, 10

nmeem: P(A) :% = —%—

CobbiTue - Hayrag BbiTalleHHas bykBa byaeT bykBon T - 0603HaumMm yepes B, a
ero BeposATHOCTb - P(B) . MockonbKy uncio 6yks -10, uncno 6yks T - 2, To umee
b

_2_1

P(B)=70= 3 Y

MockonbKy A n B HecoBMecTHble cobbITUSA, TO BEpPOATHOCTb T@MO, Y apax{ebl-
urpaet (BeposTHOCTb cobbITMA A U B) 6yf,eT: 1

P(AUB) = P(A) +P(B) = o +—

\

2




m PeweHue 3aaa4 Ha BbluUC/IEHUE BepOﬂTHOCTeVI

v BepoATHOCTb 06eaeHeHusa cobbITuii A B

Ons ntoboro cobbitnsa A u B BepHO paBeHCTBO:
P(AUB)=P(A)+P(B)-P(AN B)

2. Mpumep. U3 20-T y4aCTHNKOB ceMnHapa 12 yenoBeK pasroBapmBaloT Ha aHr-
nninckom, 10 — Ha HemeLKOM, a 4 U3 HUX Pa3roBapuBatoT U Ha aHIIMIACKOM, U
Ha HeMeLKOM f3blKax. ECM M3 y4acTHMKOB ceMuHapa byaeT cayyaliHbim 06-
pa3om BblibpaH 1 YenoBEK, TO KaKOBA BEPOATHOCTb TOTO, YTO OH PA3roBapMBaeT
Ha aHIIMIACKOM UM Ha HEMELLKOM A3blKe?

PeweHne. CobbiTne B. BepoATHOCTL TOTO, Y4TO  p(A) = ;—2
Hayraz BblOpaHHbIN OyAeT aHI10A3bIYHbIM: 4

CobbiTue B. BepoATHOCTb TOrO, YTO Hayraz, Bbl- P(B) = 10
6pPaHHbIN YH4ACTHUK TOBOPUT HA HEMELLKOM. 24

MockonbKy cobbiTne A u B umetoT ob6imne ucxoapl (nepeceueHune). Hayraa B

P(C) = BpaHHbIV YHaCTHUK FOBOPUT M Ha aHIIMINCKOM U Ha Hemeukom: P(AN B) =7,

no popmyne Haxoaum: P(AUB) = % + %_ZAA =%= %

—— ¥ BepoATHOCTb HE3aBUCUMMbIX COBbITUI

Ecnm pesynbrat noAsieHUe 04HOro cobbITUA He BAUAET Ha pesy/ibTaT noas/e-
HUWe Apyroro cobbiTuA, TO TakMe CoBbITUA Ha3bIBaOTCA He3aBUCUMbIMU. [na
He3aBUCUMbIX cobbITUIA A 1 B BepHo paBeHcTso P(A 1 B) = P(A) - P(B)

o o .n 4

3aech COl03b “N” MOKHO 3aMeHNTb 3HAKOM NepeceyeHmnii MHoXecTs - “N":
P(ANB) = P(A)- P(B)

3. Mpumep. UrpanbHas KocTb M MoHeTa bpocatoTes ogHOBpemeHHo. Ecamn Ha
MrpanbHOM KOCTW BbINageT 6 OYKOB, @ Ha MOHeTe — repb, To Adar Bbivrpaet
npu3. KakoBa BepOATHOCTb Bbinrpbiwa Adar?

PeweHue. MycTb cobbiTem A ByaeT BbinagaHue 6-TM OYKOB, BEPOATHOCTb
cobbiTna — P(A), a cobbiTvem B — BbinagaHue repba Ha MmoHeTe, a BEpPO-
AaTHocTb — P(B).

Bbluncanm sepoaTtHocTb A N B no dopmyne P(A B) =P(A)- P(B)
1 1 1 1 1
P(A) =, P(B) =2 ; PIAN B)=P(A)- P(B) = 5~ == 1
EC/M BbIYMCIMM BEPOATHOCTb 3TOrO COBbITUA MO ONpeae/ieHnto Bepo-
ATHOCTM Mbl AO/IKHbI MONYYNUTb OAMH U TOT }Ke oTeeT. MpoBepum.

Bo3MokHble a1emeHTapHble cobbitus ana AN B :
1 6naronpuATHbL

12 uconOB.E] QE} QE] Q@ . [_1
09090902039

4Yncno 6ﬂar0anHTHle NCXO,

P(ANB) = =
YNCTO BO3BOXKHDI cxonos
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v/ BepoAaTHOCTb 3aBUCUMbIX COObITUIA

Ecnv pesynbTtaT noasaeHWe O4HOrO CObbITUA BAUSAET Ha pPe3ybTaT NoABAEHMUSA
ApYyroro cobbiTUA, TO TakMe cobbITMA HasblBatoTcA 3aBUCMMbIMU. O603HAUMB
BEPOATHOCTb CObbITUA B, Npu ycnosuK, 4to npounsoLno A, yepes P(B nocne A),
BEPOATHOCTb cobbITMA A U B (To ecTb ANB) MOXKHO HanTK No popmyne

P(A 1 B) = P(A)-P(B nocne A). 31o dopmyna TaK ke nuiietca B popme:
P(ANB) = P(A) P(B/A). Tak Kak a/1a He3aBMCcUMbIX cobbiTuii P(B nocne A) = P(B)
TO B YacTHOM cny4yae dopmyna npuobpetaet Bua: P(A 1 B) = P(A) - P(B).

4. NMpumep. B Kopobke 6 uepHbIx, 4 KpacHbIX KapaHaalueid. Torpyn BbITallMA Ha-
yAauyy OAMH KapaHaaw v B3an cebe. MoTom lNonbHap BbITALWMAA OAUH KapaH-
paw. KakoBa BEpPOATHOCTb TOFO, YTO KapaHAallu, BbITalLeHHbIe 1 Torpyaom, u
> ltonbHApOM, OKaxKyTCA YepHOro uBeTa?
PeweHue: 311 cobbiTUSA 3aBUCUMbIE, MOTOMY YTO MOC/E TOro, Kak Torpys Bbl-
TALLUT YEePHbIM KapaHAall, KONIMYECTBO KapaHaalen U3SMEHUTCS, U 3TO Mo-
B/MAET Ha BEPOSATHOCTb TOrO, YTO t0/IbHAp AOCTAaHET YePHbIN KapaHaaLl.
Torpyn: Bo3amoskHble ucxoapl - 10, 6aaronpusaTHbie ncxodbl - 6
BepoaTHocTb: P(Tgara) =16—0 =3
MonbHap nocne Torpyna: Bo3moskHble ucxoabl - 9, 6aaronpusaTHbIe Ucxoapl - 5
BepoATHOCTb: P(luepn. nocne Tuepr) = &
BepoATHOCTb TOro, 4to u Torpyn, 1 MonbHap AOCTaHYT KapaHAall YepHoro
LBEeTa: P(qupH. n rqepw) = P(qupH.)'P(rqepH nocnequpH) = ? %= %= %
O6yualowme 3agaun ®
1 > Onpeaennte, KAKUMK ABAAOTCA COObITUA: COBMECTHbIE U/IM HECOBMECTHbIE
M BbIYNCUTE UX BEPOATHOCTD.
1) Kaxkpan bykBa AsepbaliakaHckoro andasBmTa 3anncaHa Ha OTAe/bHbIN
KapTOYKe M NomelLeHa B ypHy. B ciyyaliHo BbIHYTOWM KapTe: a) byaert byksa
A nnn Kakas-nnbo rnacHas. b) 6yaet oaHa us 6yks L, M unu ke N.
2) Mpu 6pocaHUM OAHON UTPaNbHON KOCTU:
a) P(1 uan 5); b) P(HeyeTHOE YNCNO UM Ke YMC/IO, MeHblue 5-Th).

2 > CHauana onpeaennte, ABAAOTCA M COBbITUA 3aBUCUMbIMW UM HE3ABUCU-
MbIMU, @ NOTOM BbI4MUCAUTE BEPOATHOCTb.
1) OaHa urpanbHasa KocTb bbina 6polleHa noapsaa ABa pasa:
a) P(2, notom 3); b) P(gBa pasa 6); c) P(3, ntoboe ouko)
2) B KopobKe nmetoTca KapTbl ¢ bykBamu - A, B, G, N, L, ©, M. BblHuUMa
noapaa Ase KapTbl. Haliante BepoaTHOCTb cobbITUSA. a) P (A,’cne
KapTbl He Bo3BpalatoTca; b) P(L, nocne N), ecnm KapTbl BO3B

MeYeK, B KOTOPbIX pasbirpbiBaeTca 6 TeneBmM3opo
MOBUAb. BbluncanTe BEPOSTHOCTb COOLITUIA.
a) NepBbIN BbIUIPbILLI KOMMbIOTEP, @ BTOPOM
b) BbinrpbiBaeTca noapag, 2 tenes@izopa.
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—— ¥ BbluUCNEeHME BEPOATHOCTU C NpUMeHeHeM GOpMYNn KOMBUHATOPUKM

Bo MHOIMX 3aga4ax AN1A HAXOXKAEHUA KOZIMYECTBA BCEBO3MOMKHbIX M KO/IMYECTBa
61aronpuATHbBIX UCXOA0B NPUXOANUTCA NPUMEHATE GOPMYbI KOMOUHATOPUKM.

Mpumep. N3 6-TM ANCKOB, HAXOAALLMXCA B KOPOOKE, Ha KOTOPOMN HET HUKAKOM
MHpopmaumm, ABa - C HAPOAHON My3bIKOM, ABa - C AKA30BOW, ABa -C 3CTPAA-
HOM. KakoBa BEpPOATHOCTb TOrO, YTO M3 CAy4YalHO BbIOPaAHHbIX A4BYX AMCKOB
nepBeblit ByaeT C A)Ka3oM, a BTOPOI C 3CTpaaoin?

Mo NPUHUMNY YMHOMEHUA Yncno 61aronpUATHbIX UCXOZ0B 2-2, MOTOMY YTO
MMeeTCA ABa 3CTPAZHbIX U ABa AXKa30BblX ANCKA. YXCN0 BO3MOMKHbIX pPe3y/b-

TaToB BbIOOPA ABYX ANCKOB U3 6-TU: P2

2-2 2-2 4 2
P(pxas, acTpaga) = P " 65 “65° 15

o . 2
OTBer: BE€POATHOCTb TOro, YTO NepBbIN ANCK AXKa3, a BTOPOU 3CTpaaa E

Mpumep. B meLwoyke 12 TeHHUCHbBIX MAYEN, U3 KOTopbIX 4 ¢ aedekTom. Ka-
KOBA BEPOATHOCTb TOrO, YTO A1Ba BbIHYTbIX M3 MELLIOYKa LWapa byayT ¢ aedek-
TOM?

PeweHue: Y110 BO3MOXKHBIX pe3ynbTaToB paBHO 12C2. B gaHHOM cnyyae
yncno 61aronNpPUATHbLIX UCXOA0B PaBHO 4C:

P(2 ,ﬂ,eq)eKTHle) - Yynucno 6nar0anﬂTHbIX MCXO,C!LOB 4C2
UMCNIO BO3MOXHbIX Pe3ynbTaTos 12C
4P 4-3 12P2 12- 11
4Cy = Y =6 12C2=T=—2=66
. o6 1
(2 nedekTHbIX) = 66~ 11

Mpumep. B ypHe 5 KpacHbix 1 3 ronybbix Wwapa. Hayaauy Bbl-
HMMaeTca 2 wapa. KakoBa BEPOATHOCTb TOrO, YTO XOTA Obl
OAMH W3 BbIHYTbIX LWAPOB OyAeT KpacHbIM.

PeweHune. O603Haumm E cobbiThe, Koraa ogmH U3 BbIHYTbIX
LIAPOB KpacHbIi. OA4HAKO HaXxoXAeHWe YMCna BOSMOMKHbIX Ba-
PWUAHTOB OA4HOrO KPACcHOro Wapa yTomuTenbHo. CHavana mMmbl Hangem Bepo-
ATHOCTb E’, gononHstoLLyto 3To cobbiThe - U3 2-X LIAaPOB HM OAMH He ABAAEeTCA
KpacHbIM, T.e. cobbiThe, 4To 0b6a Wwapa 6yayT ronybbimu. B aTom cayyae uncno
6naronpuATHbIX CO6bITUIA: 3Ca.

Y1cno BO3MOXKHbIX COObITUIA: 8Ca

_ niE) _ G _3

w
3| o

—_
[\

> 2
1 .
P(E) n(S) sCa =3 28
BepoATHocTb cobbITuA E:
PE)=1—P(E) =1 — = 22~0,89
- - 28 28"
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O6yualowme 3agaHus o

4 > CKOMIbKO TPex3HauHbIX YMcen ¢ HenoBToOPALWMMNUCA LMbPamMMU MOXKHO CO-
ctaButb U3 umdp 2, 3,5, u 7. HalamTe BepPOATHOCTb TOTO, YTO OAHO C/YYalHO
BblBpaHHOE U3 3TUX Yncen ByaeT YeTHbIM?

5 a) NMpu bpocaHMM OAHOM UrPanbHOM KOCTU HallAUTE BEPOATHOCTb BbiNaAeHUA
HEYeTHOro UK NPOCTOro YMCAa.
b) OaHoBpemeHHO BpocaloT ABe uUrpaabHble KOCTU. HaamTe BepOATHOCTb
BblNageHMA Yncen, Cymma KOTopbIX paBHa 7 unm 11.

6 > MoHeTy 6pocatoT 3 pasa. KakoBa BepOATHOCTb TOT0, YTO KaXKAbli pas Bbina-
net repb?

7 > Cpeam Tpex AeBoYeK U MATU Ma/IbuyMKOB KAACCHbIN PYKOBOAUTE b AONKEH
Bbl6paTb TPOMX NPeACTaBUTENEN B LUKO/IbHYIO OpPraHM3aLmio.
a) CKONbKMMM pa3HbIMM CNOCcobaMmM OH CMOMKET 3TO cAeNaTh?
b) B cKkonbKKUx cyyanx Bce Tpu npeacTasutens 6yayT manbymkamm?
c) Hailante BepOATHOCTb, YTO BCe TPU NpeacTaBuTens 6yayT maabuymMKamu.

8 > M3 5-TK CUHKX U 4-X KPACHbIX WapOB B KOPOB6Ke Ntobble TP MOryT 6bITb Bbl-
6paHbl pasMyHbiMK cnocobamu. HaliamMTe BepOATHOCTb TOrO, YTO XOTA Obl
OAMH 13 BbIHYTbIX LWApPOB byAeT CMHEro LuBeTa.

9 > B Kopobke 60 KapTouyeK, Ha KaxKA0M 13 KOTOPbIX 3anncaH OAMH 3K3aMeHa-
LUMOHHbIM BoNpoc. Ha aK3ameHe CTyAeHT, KOTOPbIA NOArOTOBU/1 OTBETHI HA
45 13 3TMX BONPOCOB, BbITaCKMBAET Hayrag, 2 KapTouku. Hanaute Bepo-

ATHOCTb TOTO 4TO:
a) CTyaeHT 3HaeT oTBeT Ha 06a BoMpoca;

b) CTyaeHT He 3HaeT oTBeTa Ha 06a BOMNpoCa;
c) CTyZeHT 3HaeT OTBET TO/IbKO Ha OAMH BOMPOC.

10> Yncna 3, 4,5,6,7,10,12, n 13 3anmcaHbl Ha KAPTOYKAX U CNOXKEHbI B MeLLO-
yek. Ecaum BbITaWwmTb caydaliHbiM 06pasom TpU 4YMcna, TO KaKoBa Bepo-
ATHOCTb, YTO 370 lNUndaroposa TpoWKa.

11> YyeHuK, KoTopbli cObMpaeTca 3BOHUTL A4pyry, 3abbln nocneaHue ase Lopbl
Homepa. Ho OH MOMHUT, 4To 3TV UNdpPbI pasHble. HaanTe BEPOATHOCTb TOrO,
YTO C/Ily4aHO BbIBpPaHHbI HOMep ByaeT BEPHbIM.

12> Tpu AeBOYKM M ABa MasibiMKa CTPOATCA B 0AMH pAd. Hanaute BepoAaTHOC
TOrO, YTO BCE MaJIb4MKKN BYayT CTOATL PSAAOM.

13\ PeHa, ee nogpyra Jleina 1 ewe NATb Y4EHUKOB y4acTBy ax npea-
cepaTtens v 3amMecTuTeNs WKOAbHOW opraHusaum THOGrb
Bblbopa PeHbl NpeaceaaTenem, a Jleinbl 3aj
ATHOCTb, YTO Ha 3TU AO/IKHOCTK ByayT BbIGP
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14>

15>

16 >

17 >

18>

19 >

20>

21>

22>

B ypHe HaxopATca 5 KpacHbIX 1 5 xenTbix wapos. N3 Hee Hayrag n 6e3 Bos-
BpaTa BblIHMMaALOT 2 Wapa. HallgmTe BEpPOATHOCTb TOFO, YTO OAMH U3 HUX
KPacHbI, @ BTOPOI - ¥KenTbli.

B ypHe 4 6enbix 1 3 yepHbIX Wapa. Halnaute BepOATHOCTb TOTO, YTO CAy4aliHO
BbIHYTble 2 Wapa:
a) oba 6enble; b) oba uepHble; c) oanH Benbiin, a APYron YepHbIN.

12 yyeHMKoB 13 92, 8 yueHMKoB 13 9° XoTAT 406POBO/IbHO YYacTBOBATb B Op-
raHM3auMoHHbIX paboTax onmmnuagbl. Ecnv noapag 6yayT BbibpaHbl ABa
YUYEHMKa, TO KaKOBa BEPOATHOCTb TOTO, YTO: a) 0ba byayT ns 9°;

b) oanH 13 92; a apyroit uz 9*; c¢) oba s 9?

B KopobKy cobpaHbl KapTbl ¢ Yncnamm ot 1-ao 30-Tu. Ecam BbITaWMTb OA4HY
KapTy U3 KOPOBKM, HallaMTe BEPOATHOCTb TOTO, YTO 3TO YMC/IO: a) AEeNNUTCA Ha
2 unu Ha 3; b) genntca Ha 2 n He genuTca Ha 3; ¢) AenuTca U Ha 2, u Ha 3. .

B ypHe 45 »enTbIX 1 3eneHbIx Wapos. YUC/0 WapoB COOTHOCATCA COOTBET-
CTBEHHO KakK 5:4. Ecav BbIHYTb U3 YPHbI 2 Wapa, TO KaKOBa BEPOATHOCTb, YTO
06a Wwapa OKaxyTCA KeNTblMn?

PewwTe 3aga4y no guarpamme BeHHa. Komuectso yuenmion

BblunmcanTe BepOSATHOCTb MO AaHHbIM YyC/0-
BMAM, €C/I1 BblbepeTca oauH YYEHUK:

a) P (My3blKa nau pucosaHue)

b) P(apama nnu pucosaHue)

c) P (apama 1 my3bika uan gpama 1M pucosa-
Hue)

Mysbika

Onpoc o Tom “OTKyga nogM noayyatoT nocaegHne HOBOCTU” BbIABUA cie-
aywouwme pesynbtatbl: 85 % 13 nHTepHeTa, 35 % uuTatoT u3 rasert, 25 % u3
060u1X UCTOYHMKOB. MNpeacTaBbTe MHPOPMaLMIO Anarpammoit BeHHa. Ecan
cpeaun pecnoHAEeHTOB C/yYaliHO BbibepyT 04HOro, HallanTe COOTBETCTBYHO-
LLLYO BEPOATHOCTb: @) YE/IOBEK, KOTOPbIN NoJsiyyaeT MHGOPMaLMIO He U3 raserT,
a U3 HTepHeTa; b) Yenosek, KOTOPbI NonyvYaeT MHGoOpPMaLLMIO U3 06oUX UC-
TOYHWKOB.

B Kowenbke Tpn 20-T maHaTHble, ABe 10-TM maHaTHbIe U NATb 5-TM maHaT-

HbIX Kyntopbl. ECv 13 KowenbKa, He BO3BpaLlas, B3aTb 3 Kymniopbl, TO KaKo
BEPOATHOCTb TOTO, YTO NepBas Kyntopa byaeTt 5-Tn MaHaTHas pasafl0-1
MaHaTHas, a TpeTba — 20-TM MaHaTHan?
BykBbl cioBa “ARABA” HanuMcaHbl Ha OTAENbHbIX K YKEX U CO bl B KO-
Knag r3 yr
A ”

S

R Ay

pobKy. KapTo4KM BbITaCKMBaOTCA NooYepes, apy p
HaliauTe BeposTHOCTb 06pasoBaHusA cnosa “
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O6o06uwatouwme 3agaHua
1 > B Tabimue gaHa cymma 04KOE, HabpaHHbIX OvikH HAGpAHHKIC
CaHaHOM B KOMMbIOTEPHOW Urpe.
CanaHom

Ecnn He Y4nUTbIBATb HaMMeHbLUEE OYKO, TO 164 128 151 138
KaKoW nokasaresib u,eHTpaanoﬁ TeEHOEHUUN
158 162 130 162

n3meHuTCs bonblue:
cpegHee apudmeTMyecKoe AN MeguaHa’? 109 | 134 | 157 | 137

2 > Mo AaHHbIM NoCTpoliTe TabanLy YacToT.
Poct geteir. Yncno knaccos: 5, MHbopmauwms: poct 30-Tn aeTeit:
67766968 7268 6563 756966 726766697364627173
68 7271 6569 66 74 72 68 69

3 > Mo gaHHbIM HOCTpOﬁTe NOJIUTOH YaCTOT U NOZINTOH OTHOCUTE/IbHbIX YaCTOT.

Poct gesouek  Yucno Pocr Yucno
Ma/IbuUKOB
140-145 3 145-150 2
146-151 7 151-156 3
152-157 12 157-162 8
158-163 6 163-168 11
164-169 2 169-174 6
4 > Hanpgute cpefHUit BO3pacT y4acTHU- Bospacr | Hucno
KOB MapadoHa no 3a4aHHoOi UHPOP- [18-22) | 24
MaLmm 06 1x Bo3pacTe. [22-26) | 19
[26-30) | 5
[30-34) | 2
5 > 1) NHdopmaLms noKasbiBaeT 3apaboTHYO NAaTy U YMcao paboTHUKOB Ha
dupme. 3apnnata Yucno

a) No nHdopmauum nocTponte TabanuLy oTHOCHU- 251 - 300
Te/NIbHOM 4acToTbl. b) Y ckonbKkMX paboTHMKOB 3ap- 301 - 350
nnata meHblue 351-ro maHaTa? 351 - 400
d) Ecaun cnyyaliHbim 06pa3om BbibpaTb OAHOTO pa- 401 - 450
60THMKA, TO KAKOBA BEPOATHOCTb, YTO €ro 3apn/aTta

MmeHbue 401-ro maHaTta? 451 -500
2) Ha dmpme, BO Bpems npasaHMUYHON BEYEPUHKM PasbIrpbiBAIOTCA B Kay
CTBE NOAapPKa-Npu3a 2 XONO04UNbHUKA NYTEM CAYHANHOTO Bb?o uB

X KapT 13 KOPOBKKM C UMeHamK coTpyaHMKoB. HaliauTe:
a) yemy paBHa BEPOATHOCTb BbIMIPbILLIA BCEX A,BYX XONOAUMbHU aboThm-
Kamu, NonyYarowmmm 3apnnaTy meHouie, yem 301 ) yem Ha Be-
POATHOCTb BbIUrpbIa XoTA 6bl OAHOTO a paboPHuka
nonyyatowmmm merblue 301-ro maHata?

Nw B~ oo
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6 > Ha ructorpamme npeacrasieHbl AaHHble
no pacnpeaeneHunto paboymx no Bo3pacT-
HbIM rpynnam. Haigute
a) Yncno pabounx B Bo3pacte ot 18-23 net?
b) Bo3pacTHyto rpynny, K KOTOPOWN OTHO-
cuTCcA Hambonbliee Yncno pabounx
c) Obuiee uncno paboumx.
d) MpubnnusntenbHo onpeaennTe cpea-
Hee apudmeTmnyecKoe.

24

20
16

12

Tezlik (isgilarin sayi)

18 23 28 33 38 43 48 53 58
Iscilarin yasi

7 > B wKone 56% LWKONbHUKOB COCTABNAT AeBOYKM. [T0N0BMHA UX 3aHMMaeTCA
cnoptom. Yncno atnx gesoyvek pasHo 140. 65 % ManbyMKOB LLKOAbI TaK Ke
3aHMMaAOTCA CNOPTOM. a) CKONbKO Yy4YeHMKOB B 3TOM wWwKone °?
b) CKo/1bKO ManbuyMKOB 1 CKOJIbKO AeBOYEK B LKoe? ¢) Ecam caydatHbim 06-
pa3om BblbpaTb OAHOrO YY4EHUKA, TO YeMY pPaBHa BEPOATHOCTb TOTO, YTO OH
3aHMMaeTCcA cnopTom ?

8 > M3 3-X WeCTUKNACCHMKOB, 5-TM CEMMKNACCHUKOB, 4-X BOCbMUK/IACCHMKOB
LWKOAbI AN1A AEXKYPCTBA BbIOMPAIOT 3-X YY4EHUKOB.

a) HaliguTte BepoOATHOCTb TOrO, YTO BCE AEXKYPHble U3 CeAbMOro Kaacca;
b) Haltante BEpOATHOCTb TOrO, YTO HU OAMH AEKYPHbIA He ABNAETCA CEMMU-
K/TACCHUKOM.

9 > LLIKOIbHUKM y4aCTBYIOT B COPEBHOBAHUAX B CNOPTUBHbIX popmax ronyboro,
KpPacHOro 1 3eneHOoro LUBeToB. [JJaHHble O KO/IMYEeCTBE Y4aCTHMKOB B COOTBET-
CTBUM C LuBeTOM GOpMbI NpeacTaB/eHbl Ha baprpade.
Hangute BepoATHOCTb TOTO, YTO:

1) Cny4yaliHO BbIBpaHHbIM YYaCTHUK BbICTYNaeT B ro-
ny6omn popme.

2) CnyyaiHo Bbl6paHHble Ba yYacTHMKa 06a BbICTY-
natot B rosiy6oit popme.

Yucno yyacTHUMKOB

CuH. Kpac. 3en.
LiseT popmbi

1o> HalianTe 4ncno BO3MOXHbIX BaPUAHTOB BbITAHYTbIX TPEX BYKB 13 MeLLoYKa
C AaHHbIMK ByKBaMK. ECM U3 MeLloYKa BbITAHYTb TpM BYKBbI, HalauTe Be-
POATHOCTb TOTO, YTO XOTs 6bl 0AHA ByKBa rnacHas.

I AECDE o) [E] [F] 6] [F] [T 21 [K] <) MNO/[PI

11> B ypHe 6 kenTbix 1 8 6e/bix LWapos..
a) CKONbKMMM BO3MOXKHbBIMUW BapUaHTAMM MOXHO BbITAHYTb 3 Wapa?
b) HanguTe BepoATHOCTb TOro, YTO BCE TpW Wapa benble. &

12> Mepectasnsan 6yksbl B cnose “XOPAA” nonyyatoTcs pasHble “c B
KMX M3 HUX: @) IacHble 3anucaHbl PASoM;

b) rnacHble He 3anncaHbl pagom.
13> PewwuTe ypaBHeHuUsA:
a) (n+2)| =20+ nPs b) aP2=90 C) nC2—C1

=9
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0O606uwatowme 3agaHma

1> Mocypa, NONHOCTLIO 3aMO/IHEHHAA CaxapHbiM neckom BecuT 14,5 Kr, a
3aMno/IHeHHasa HanonoBUHY BecuT 7,7 Kr. HaliauTe Bec nycTol nocyasbl.
y

> Mpamasn y = kx+b nepecekaeT ocb abcumcc B TOUKe =
(=2; 0), a napabony y = 3(x — 1) Ha ocu opamHar. B P
KaKoOW elle TOYKe nepecekaeTca npamas W (=2;0) {

napabona?

3 > Hailgute sHayeHMe BbipaxeHNa: .
a) ¥ —8x+15npu x=4-+5 b) x=3V7 npu (x+3) (x*~3x+9).

4> Tlo AaHHbIM pUCYHKa Halignte nepu- 5 > HaiiauTe pagmyc OKpyx-

METP M NNI0OLLAAb 3aKpaLLEeHHOM YacTu. HOCTY ¢ LieHTpom B Touke O.
B
17 . 17 0
A 21 N 9 C ANN 1478

6 > Ona pasmelwieHna 56-TM TYpUCTOB Obl/iM YCTaHOBAEHbI TPEXMECTHbIE U NA-
TUMeECTHbIe nanaTku. Ecam Bcero 6b1s10 ycTaHOB/IEHO 16 NanaToK, TO CKOIbKO
M3 HUX TPEXMECTHbIE.

7 > B apudpmeTtmueckoii nporpeccun al = — 2, a5 = 18. Hangurte gecatblt UneH
nporpeccun. Bolumcimte cymmy YaeHOB 3TOM NPOrpeccumn, MeHbLUnx 50-Tu.

8 > HanuwwuTte ypaBHeHWEe OKPYXKHOCTM C LLEHTPOM B Hayasie KoopAuHaT 1 nNpo-
xo4ALLen Yepes AaHHYO TOYKY. HaliauTe naowaab cektopa, COOTBETCTBYIO-
LLLero ueHTpanbHomy yrny B 45°.

a)(0;-10)  b)(-3;-1) c) (—4;-4) d) (-6; 4)

9 > PewwuTe HepaBeHCTBa.

a) 2(x-3) < 5x b)X_3 >V2+1 c)1<3-2x<7 d)2x-3 -1<3
1-2
10> _S =3 MO cucTeme ypasHe- 11>ABCD - napannenorpamm. o
X Zy HUE HalaMUTe CyMMmy [AaHHbIM Ha PUCYHKe HaiauTe X.
= B c
x—y =5 5. 7
Xy
A
12 > B nycTble KNeTKu 3annwmnTe COOTBETCTBYIOLLUR 3HaK HeHuA

a) Ecma>bh, (—a)+b[ 10 b) Ecma>b, — (-b)&Jo
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13>

14 >

15 >

16 >

17 >

18 >

19)

21)

Ecnm Celimyp 3a 32 MUHYTbI YUTAET 24 CTPaHULbI KHUTK, TO:
a) CKO/IbKO CTpaHuL, npounTaet 3a 40 MUHYT?
b) 3a Kakoe Bpems OH NPOYUTAET KHUTY, B KOTOPOI 264 CTpaHWULLbI.

YporkanHoCTb noBbicKaacb ¢ 25-TM UueHTHepoB A0 30-TM ueHTHepoB. Ha
CKOJ/IbKO NPOLEHTOB MOBbLICU/IACh YPOXKAMHOCTL?

CTopoHa NpaBUAbLHOrO MHOMOYro/ibHUKa paBHa 8 M, a nepumeTp 64 m.

a) HaliauTte rpafycHyto mepy Kaxkgoro BHyTpeHHero yrna. b) CKonbko auva-
roHanen MOXHO NPOBECTU U3 OA4HOM BEPLUMHBI? ¢) HanauTe KonnyecTBo Bcex
AnaroHanen.

Bbluncnute 3HayeHue BblpaxKeHuA:

a) (7x—y)P=2(7x—y) (x—y) + (x=y)*, npn x=2

222 —ab? . \2b% - 2a
2+ b? 2+ b?

b) ,npn a=\2-1

3a 3 yaca aBToM06Mb Npoexan 240 Km.
a) Kakoe paccrtosHue npoeget aBTomobub 3a 5 yacos?
b) 3a ckonbKo YacoB NpoeaeT aBTOMO6UAb 560 KM € TO e CKOPOCTbLO?

YMCNO XenTbiX WapPOB B YpPHE OTHOCUTCA K YMUC/Y 3e/1eHblX LIAapOB Kak
4 : 1. Eciv BbITaWMTb U3 YPHbI MONOBUHY ¥KENTbIX LWApoB, TO YUCAO
OCTaBLLUUXCA B YPHE XenTbiX Wwapos 6yaeTt Ha 2 60/blUe 3e/1eHbIX.
1) CKonbKO Bcero wapos 6bi10 BHavase B ypHe? 2) Ecam BbITalWMTb ABa LWapa,
KaKoBa BEPOSTHOCTb TOro, YTO 0b6a wapa byayT:

a) xenToro useTa b) pasHoro ugerta.

a) ABCD — napannenorpamm, DK
— buccektpuca, KM_LCD, BK=2cm
1 SACKD = 9 cm2. Haigurte nepu-
MeTp M naouwaab napanneno-

20 > Mo paHHbIM Ha PUCYHKe HaliguTe
nepumeTp v Nnowwaas pasHobes-
peHHol Tpaneuun ABCD n ganHy

rpamma ABCD. otpeska MK.
B C
16
A ’

a) ONvHbI CTOPOH TpeyrosibHMKa OTHOCATCS Kak 2 : 3 : 4. Ha Te A bl
CTOPOH TPeyronbHWKa, ecim ero nepumeTp paseH 54 cm.
b) BokoBas cTopoHa paBHOGeAPEHHOrO TPeyrosb 10 cm, B a, npo-
BeZleHHaA K 0OCHoBaHuto, 8 cm. Hangute nep TP, N Ob Tpe bHU

M pagnycbl BNIMCAHHOM M OMMCAHHOM OKPYK

\
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22 > a) AvnaroHanu pomba 6 cm 1 8 cm. Hallante nepumeTp, naollaab, BbICOTY
pomba 1 paauyc BIMCAHHOM OKPYXKHOCTU.

b) HaiiguTe nnowaab napannenorpamma c nepumeTpom 28 cM 1 BbICOTaMu
3cmun 4 cm.

23 > Bbluncnure

a) V13- V52 - V1172- 108> b) (V14 -3V2)* + 628 OV2-\3-V7+43

24 > BokpysHocTU X — 2x +y2+1 =4 | 25 > B
a) HalauTe KoopAMHATbI LEHTPa; MN || AC M \
b) HanguTe paanyc:; Samnc = 8 * Samen
C) BblUMCINUTE NNOLLAAb; AC =12
COOTBETCTBYIOLWEro Kpyra. Haingmute MN . A 12 ¢

26> YuuTenb, BblUUCAAA cpegHuMin 6an TectoB 30-TW YYEHUKOB, OLIMBOYHO NOKa-
3an BmecTo 50-T1 6annoB ogHoro ydeHrKa 350 1 noaTomy cpeaHuii 6an co-
ctaBun 70. ECv yCTPaHUTb AONYLEHHYIO OLWMBKY, TO KakKMm byaeT cpeaHuit
6an y4eHUKoB?

27) BbluMcanUTe nepumeTp u Y 28 > Bbluncaure.

MAOWaAb  MHOTOYrosib- 1 |\ a) 9°-2° b) 42-97
HWKa, U306paxeHHoro Ha AR 5 36* 6
KOOPAWHATHOM NAOCKO- . — 7z s 3

cTh. 6425 c) 2-32%:8"7

D

29 > a) Haingute cymmy 1 npousBeneHne KopHel ypaBHeHusa 2x>—3x—1=0
b) Cymma KopHeli ypaBHeHUs x2+ (1 —2m)x+ m—3 =0 Ha 3 eauHULbI
6onblue Mx NpousseaeHua. Hangute m u pelunTe ypaBHeHMe.

30 > a) Ecnav uncno 300 ysennuntb Ha 20%, a 3aTeM NOAYYEHHOE YNCN0 YMEHb-
WwnTb Ha 20 %, TO KaKoe YMCNo nonyumnTca?
b) LleHy ToBapa ymeHblwmam Ha 10%, a NOTOM HOBYIO LLeHY YBENYMAN HA
10%. Kak nsmeHumnaco ueHa toapa?

31 > 1) B paBHOb6eApeEHHOM TPeyrosibHUKe AMHbI ABYX CTOPOH paBHbl 8,4 M U
3,2 M. HalianTe nepumeTp TpeyrosibHMKa. CKOIbKO pelleHnin umeeT 3aga4a’?

2) Kakomy LEe/fioMy YMC/ly MOXKET paBHATbCA A/MHa TPeTbeill CTOPOH
TPEeYrosibHUKa, ECAN YrON MEX Ay CTOPOHAMM PaBHbIMU 6 U HK
a) meHbLe 90° b) 6onblue 90°
32 > MpY Kakom 3Ha4YeHUn ¢ ypaBHeHue (c>—1)x=c—1 upeet
a) eAMHCTBEHHOE pelueHue ?
b) 6€CKOHEYHO YMCNOo peLlEHNI; C) He MM%VN?
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33 > PewwuTe ypasHeHwUA.

x-1 x x+1 > X 5 8
—_—= == C =
2 ¢ 3 1 b) X+3 X ) x—2 * xX+2  x*-4

a)

34 > a) Kakune nsamepeHna 4onKeH UMETb NPAMOYFO/IbHUK C NEPUMETPOM 64 cm,
yTobbI €ro Naowaab bbia HanbonbLuen?
b) Kakne nsmepeHua 4oKeH MMEeTb NMPAMOYTONbHUK C NaoLlaabio 25 m?,
4yTO6bI €ro NepmMmeTp H6bI1 HAMMEHbLLMM?

35 > Kakoe Hanbosbluee YNCNO 0AMHAKOBbIX OYKETOB MOXHO COCTaBUTb M3 16-
™™ PManoK, 32-x pomaulek, 24-x Hapumccos? CKONbKO LIBETOB Kaxa0ro Buaa
bynet B ogHOM byKeTe B 3TOM cayyae?

36 > HallauTe rpasycHble mepbl 37 > ABCD - kBagpart. Harigute x no gaH-
YrN0B, MOKA3aHHbIX Ha puU- HbIM Ha pUCyHKe. B C
&
CYHKe. - 5\
C o
Y x° B AQ 3 +
i B2 ) )

38 > Habntogatens co cMoTpoBoi balwHM yBUAEN KaTep, KOTOPbIV ABUraics B Ha-
npaBAeHUM MasKa nog yrnom 62, Yepes 5 MUHYT KaTep Habatoganca nog
yrnom 492, BbluMcanTe CKOPOCTb KaTepa (M/MUH), ecan Habatogatens Haxo-
ANNCA Ha BbicoTe 34 METPOB OT NOBEPXHOCTU MOPA.

39> OdeHbrn CabuHbl cocTaBasaoT 4 yactu peHer lMonap. OeHbrn KaHaHa

COCTaB/IAOT g yactn geHer CabuHbl. Ecnn y KaHaHa 28 maHaT, To CKOMbKO

neHer y CabuHbl n y Nonsp?

40 > 1) Haingute ANVHY Ayrv OKPYKHOCTU C pagMycomM paBHbIM 15 cm,
COOTBETCTBYIOLMM LLEHTPaIbHOMY yray B 60°.
2) HanpguTe paanyc okpyHOCTH, ecin AnAnHa gyrm B 60° paw:

a)3n b) 51
" "
um

41 > HaliguTe BepLUMHbI, TOYKM NepeceyeHns ¢ KoopaUHaTHBIM
cTpovite napabonbl. 3anuwuTe KBaAPaATWUYH HK
y=a(x—m)*+n.
a)y=x2+8x+7 b) y = x? + 4x =2x*+
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71°-15°+86:24 1) 21-09° o4
6,3°- 2,3’ 1,2 o

42 > Bbluncaute. a)

43 ) OcBoboauTe 3HameHaTenb OT Mppa- _8
>LI,VIOHaI1bHOCTVI. ) 35 b) V3 -1 <) 336

44 > B npamoyronbHuke ABCD E un K 45> CKONbKO TPEYrONbHNKOB MOXKHO

cpeaHue Toukmn ctopoH AB n CD . MOCTPOUTbL C BEPLUMHAMM B TOY-
Ecnm Sasco = 64 cm?, Smnc=? KaX, OTMEYEHHbIX Ha NMONYOKPYXK-
HOCTWU N AMameTpe?
B C
?/N\
A N D A 5B
46 > 3anuwnTe Ynucna B CTaHZAPTHOM BUAE.

a) 3560 b) 0,000204 c) 21020000 d)0,32- 107 e)3580-10°

a7 Ecnn YY4aCTHUKN O4HOIo meponpuAaTmnAa cAA4yT 3a CTO/ibl NO 5yenosek, To Tpoe
OCTaHYTCA Ha HOrax. Ecaun cAgyT no 8 yenosek, TO TPW CTOZ1a OCTAHYTCA
CBO60,£I,HbIMI/I. CKONbKO Yenosek NMPUCYTCTBYHKOT Ha 3TOM MeporlleFlTl/IVI?

48 > HaHbl Toukn A _() 1;3),B(—2;1)uC(4;2). Berpa3zure KOMIOHEHTaMH BEK-

Top AB —2 - CA n HaliiuTe MOIYJb 3TOr0 BEKTOPA.

49 > OueHku Jlatnda no cymMaTUBHOMY OLLEHMBAHMIO NO NpeaMeTy maTemaTrKa
3arof cneaytowme: ogHa “2”, uetbipe “3”, Tpn “4”, age “5”. Mo 3TUM AaHHbIM
HalauTe cpeaHIo apudMeTUYECKYIO, Moay U MeduaHy.

50> PewunTe cuctemy ypaBHEeHUN:

x—2y==L b (.3 c) (x(y-1)=0 d) (¥ +xy=15

3) (3= =7 Yy~ 4 X+5xy+y=4 y2+xy =10
-1 x=1_1
ox=5 y+2 2

51 > Mpwn napannenbHom nepeHoce Touka A (-2; 1) nepexoguT B wky A'¢-1;3
Mpu sTOM NapannenbHOM nepeHoce:
a) B KaKyto TOUKy nepexoanut Touka B'(—1; 1);

b) Kakas Touka nepexoaut B Touky C'(-3; 1)?

52 > Camup oaMH BbIMOHAET HEKOTOPYIO paboTy 4acoB, ABMECTE C
3a 6 YacoB. 3a CKO/IbKO YaCoB BbINOIHUT 3Ty Hagup, pabot

il
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53 > [lBe OKpYy)KHOCTM pagmycamm 2 n 6 KacaroTca U3BHe B
Touke K. HanguTte pacctosHue oT Touku K go obuwei

KacaTenbHoi AB. @,

AT B

54 >PaCI'IOI'IO)KVITe 4yMcna B nopAgKe BO3pPaACTaHUA.

71b_26_ﬁ _ 716
72°°7 73 "7 74 75

a-=

55 >|'IepBbu7| aBTOOYC NOAbE3XKAET K OCTaHOBKeE Yepes Kaxable 30 MUHYT, BTOPOW
yepes Kaxkgble 36 MUHYT, TPETUN Yepes Kaxkable 45 muHyT. Ecam Bce Tpu
aBTOOYCa C NepBOl OCTAaHOBKM BbIE€3}KAOT B OAHO U TO e BPeMs, TO Yepes
KaKoe BpemMs OHW ONATb BCTPETATCA Ha 3TON OCTAHOBKeE.

56> PewwnTte ypaBHeHUA
a)dx=x3 b) ¥*—x*-2x=0 )X +x*=4x+4
d)(5x+1)*+6(5x+1)—-7=0 e) (x*+2x+4) =7 (x¥*+2x+4)+12=0

57 >Op,vn-| M3 ABYX HacocoB 3anonHaeT 6acceiH 3a 15 vacos, a gpyroi 3a 10
yacos. TpeTnii HacoC ONOPOXKHAET NOHbIN bacceiH 3a 18 YacoB. 3a CKO/IbKO
4yacoB 3anosHUTCA baccelH, ecan Bce TPW Hacoca 6yayT NOAKAOYEHbI
04HOBPEMEHHO.

3
58 > CHavana npoganun %‘-IaCTb MelKa CaXapa, MoTom T‘-IaCTb ocTaBLieroca.

a) KaKylo 4acTb BCero caxapa COCTaBAseT NPoAaHHbIN caxap?
b) ecnu Bcero 66110 45 Kr caxapa, TO CKO/IbKO caxapa 0CTaNoCh B MeLUKe.

59 >I'Io AaHHbIM PUCYHKa Haﬁﬂ,MTe nepemeHHble
b) 12

a)

60 >yCTaHOBMTe COOTBETCTBME (Cn- N-bli YIEH NOCAEA0BATENbHOCTU, Sn CyMmMa
N-NepBbIX Y/1eHOB).
1.Sn=n*+n A)cz=12 B)cs=5 C(C)c=6
2.Sh=n? D) handasi silsiladir E)cn=2n-1
3.5,=3(2"-1)

61 > Ecnv A610KM M3 KOP3MHbI Pa3/IoXKUTb Ha Tapesku no qublpf werb, 6
BOCEMb, TO KaXKAbll pa3 3 A60Ka OCTaHYTCA IMWHUMM. Kako MeHslitiee
yncno A6710K 6blN0 B KOP3UHE?

62> 3epHO CO cKnaga 6 rpy3oBMKOB NMepeBos3AT 3a 8 Mk 3a cK OHEn
nepesBesyT 3TO 3ePHO 8 TaKMX rPy30BMKOB? P
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63 > B KaKyto Touky N (x; y) npeobpa3syerca Touka
A (3; 5) npu romoTteTnu ¢ ueHTpom B Touke C (—1; 2) u c KoaddpuumeHTom K
= 2. Haitaute annnbl otpeskos CA n CN 1 cpasHuTe.

64 >HaI'IVILLIMTe KBaZpaTuuHyto GYHKUMIO, TpoxoaaLLyto yepes Touky (0; —3) c Bep-
LMHOM B TouKe (1; —5) B BUAe y =a(x—m)?+n v nocTpoiiTe rpaduk.

65 >y|<a)+<MTe Ko3bPULMEHT M cTeneHb ogHouneHa (2ab?)? - (3ab)? .

66 >M3 60% pacTtBopa conn maccoi 400 r Bbianan 25 % pacteopa U gobasuau
TaKoe Ke Ko/inyecTse BoAbl. HanguTe NnpoueHTHOE coaepiKaHme noaydeH-
HoOro pactesopa?

67 >Ha17|p,MTe cymmya+b,ecrma, be N, a: b=2:5,

HOK(a; b) —HOZ (a; b) = 45

68 >I’pap,yCHb|e Mepbl BHELHMWX YI0B TPEYro/bHMKA OTHOCATCA Kak 3 : 4 : 5.
Haigute BHYTpeHHME yrbl TPEYrobHUKa.

69 > MoTopHas N04Ka, CKOPOCTb KOTOPO B cToAYel Boge 20 KM/Y, nponbina
18 Km NpoTMB TeyeHna U 11 Km No TeyeHuto, NOTPATUB Ha BECb NYTb NOATOPA
Yyaca. Hangute cKOpPOCTb TEYEHUA PEKM.

70 > PelunTe HepaBeHCTBa METOAOM MHTEPBA/IOB.
a)x*+3x—1820 c)3x2—16x+5<0 e) 4x2< 25
b) —x*—-12x< 32 d)2x*—4x+5>0 f) 0,5x2+3x<-6

71> Ha KpyroBoi guvarpamme MoKasaHo pacnpeaesieHune
NpaBuIbHbIX OTBETOB M3 125 BONPOCOB Ha 3K3ameHe. B @A

KaKoW 4acTh Hanbosbliee KOIMYECTBO NPaBuIbHbIX OT-
BeToB? CKOJ/IbKO MPaBu/ibHbIX OTBETOB COOTBETCTBYET 16%
3TOM YacTn? D

72 > Onpesenute KOOPAMHATLI TOYEK NepeceveHUA AaHHbIX OKPYKHOCTEIA.
a)x*+(y+2)2=13 b) (x+1)2+y?=5 C) X2 +y2 =25
V9X2+(y_3)2=8 Va(X—4)2+y2=10 VQ(X—8)2+(y—4)2:25

73 > HaHo: ZACB =902, CD 6uccektpuca, AD 74 >ﬂ,aHo: ZC =909, CDLA
=4 cm,BD=2cm. /B =309, AVS.
. B N
Hananute: Saasc A Hanagute: BD

iB
|

4




1. KopeHb n-ii creneHun.CreneHb C PauuOHa/IbHbIM NOKa3aTtesiem

s.7-11 Ne6 b) 242; c)4No9b)ﬁ Nell 1) B Bepro Nel4 ) 1vaV3—1;g)3vov5-2
Nel7 a) 2; b)23;¢)0. Nel8 b) 1; c)4 Ne22 ¢)[3;9); 1)(0;4] Ne23 d){—4} Ne26 2) An(BUC)
5.13-20 Ne3 c)4; g)3; k)2. No7 d)N9>2, e)V25<3 No§ a)V1,2<V7<2<V9 No9 a)¥17 >2>15
Nel2b)2va3;¢c) 1 va2; Nel3b)2;e)-3;f) 1 Neldb) 2:39 - 2; e) 1:328 -3 Nel5 c)48;
d) —128 Ne16 b) x=17; d) x=-29 Nel17 b) @;c)+3;d)£2 Nel8 a)6; b)2; ¢)-8;d)0
Nel9 a)2x; b)0 Ne20 1 Ne21 2)298;3)93%;9 No22 1)1014m2; 2)1:2 Ne23 a) 6 cm; b)5,01m
Ne24 =4 ,5em Ne25 =37,3m Ne27 ¢)6; d)0,4;e)1,5 No28 a) 2; d) 40; €)1 Ne29 )12 b) 6 Ne31
b)3; d)14; €)6; h)6 Ne33 ¢)2; )6 Ne34 a)4; ¢)2 Ne35 a)2; ¢)—9; d)6Ne37 2 paza Ne38 a)2m?;
b)6em?® Ne40 a)x; d)a; h) xy Ne41 a)% ; d) [x] Nea2 D)Vx; )Ny Ned3 a) a>+ 4a + 4; ¢) x2— 1
Ne44 b) 23; ¢) A2 Ned5 a) 4xVx; b) 3aVa? Ned6 a)6x\x, x >0; h) x32y; x>0, y>0 Nod7
b) x\2x3; c)\A/;N948 a)ﬁ; d) —/48 No49 d)\‘/ﬂ, x>0; e) N-3¢% ¢ <0 Nos0 a) V4 >03;
b) 233<3V2 Ne52 a)242; ©)32; d) ¥h2 Ne53 a)3; b)l. Ne54 a)Vb; b) 23ab Ne55 b) Va; ¢)
2 d)VZN956 b) He BepHO No57 a)\6/47<\/5<\3/§; b)\‘g<\ﬁ<\/§N958 a)3\‘/§; c) 24
No59 a)l; b)2 Ne60 a)4;b) 2;c) 1,5\/5
$.21-25 Ne3 ) 10; h) 1 Ne5 a) 0,5; b) 6 Ne7 ¢) 312>313 NeB a) x > 0; b) xe R;c) x >1;
d) x>-1 Ne9 ¢)b?; d) @ N010 by d) 2 Nell b) m'?; d) ¢"> Ne12b) 2 Nel3 a) 6; b) 6 ;
¢)70 Nel4 b)3x; c) i d) Nel7 a)0,1a; ¢)10a Ne18 a) x=a% b) x=a3 Ne19 b) 8 ;¢)3
No20 ¢) x'"* No21 ¢) x%3 N922 a) 2x; ¢) y — 1 Ne23 a) ¢32+4c'2; ¢) *> —
No24 ¢) (c—3%)(c+ 3%); g)(x!3 — 3)(x'*+ 3) Ne25 a)a'+b"2; d)bY0 No26 a)5 Ne28 10%;
Ne29 2) 5 gac Ne30 a) 17 cm; b) 12 em Ne32 b) =1587,4 cm? Ne34 d) A= P(1+r)
5.26-27 Nel a) 1; b) 6; ¢) —2 No2 a) V3 <30 <2 Ne3 a) 439; ¢)¥8; d)V/9 No4 a) x > 3;
b) xe R;c) x< 2 No5 a) x=2; b)x=+2; ) x=6 Ne6 a)1,5cm; b) ~1,2m; No7 d)33a%; e)V2¢3;
) 4-2¢3 Ne8 a) —1; b)1; ©)1; €)5; N2 Ne9 b)b ; c)Va, H x3 Nel0 1 > B;2 > C;3 —> A
Nell 2a3N912% Nel3 a) 3% ;b)14 Neld b) 8%; ¢) 5% Nel5a) =90r b)=342r

2. OKpyXKHOCTb

$.29-31 Ne3 AB= 72" BC 90°, CD= 108° DF = 54" AF =36° Ne4 a)= 5,24 cm

d) ~4,19 mm No5 a)—rc c) 16 T N°6b)4—rc 2,5m; 3+ 3T No7 62,83 cm N8 4) 5m
$.32-36 Ne2 a) 4 N03 a) 27;b) 8; Ned a) 16; b) 30 Ne5 a) 7,5\2; No6 25 Nol0 a)5;12 b) 48; 26
Nell a)10b)3cm Nel2 21 Nel3 1cm; 7em. Nel4 a)12 cm; b)10 cm; ¢)48cm. Nel6 144 wm.
5.37-38 Nel a)40° Ne2 a)95°, ¢)120°. No5 1) a) 63° b) 110° Ne7 90°; 110°; 90°, 70°
5.40-42 Ne4 b) 8,5; b)9; ¢)15. N6 a) 3,9 m; ¢) 36° Ne8 b)4; ¢)12 Ne9 a)AD=14 cm,
AB=16¢cMm, DC = 17¢cm, BC =19¢Mm, P = 66 cm; b)SR=17cm, SQ = 12 cm, QR=13 cm,
P=42 cm Ne10 1) 8; 2)30; 3)12 Nel1 a) 15V3; b) 36 Ne12 97 em

5.43-46 Ne2 a)60° b) 50° ¢) 120° Ne3 a)55° b) 75° ¢) 110° Ne5 a)19°; bw
d)14°¢)26° No7 a)30° b) 44° ¢) 15° Ne840° Ne91)b)58°,122°; 2)15 °Nel0O
5.47-48 Ned a)2; b) 25; ¢) 2 Ne5 a)2; b) 8; ¢) 5 Ne6 a) ¢=5, d = 6; b)
x =18 No7 6,5m Ne8 a)5,8 km; b) #36,4 km Ne9 a) 2,25 m
5.49-50 No130° No2 50° Ne3 a) 4v3; b)3; ¢)6 Ne4 a)139° b) 1
¢) x=58; y =32 No7 89°;41° Ne® ¢) a=154,b76; d) a =52, ¢
b=72,¢=178,d=89 N9 /D =/LG=24/F=/E=
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3. ®yHKuuu. Nypadpukmn

5.51-66 Ne2 a) 4; b) 9; ¢)1 Ne3 a) —1; 2 Ned 7 Ne8 1) a = i— Ne9 a) a>1; b) 0<a<l; c) a<—1;
d)-1<a<0 Nel7 b) y = % (x=3)2+2, y=2(x—3)*+2 Nel84) (2;-1); x=2; 6) (-1; 3);
x=-1Nel9 2) (—1; 4); x=—1; (1;0), (-3; 0), (0; 3) Ne2l a)x=5;¢c)x =2 Ne22x=13
Ne23¢)y=—-4(x-2)*+5;d)y :% (x+3)%10 Ne24a)y=—(x-2)*—1;b) y=—=x2-2;
¢) y=(x—2)*~1 Ne26 a) 2; b) 1; ¢) 2; Ne27 1) b) (15; —-100); ¢) x=15; d) 2; 3) b) (-18; -8);
c)x=-18; d) 2; Ne28 a) f{x) = (x — 8)(x + 3); g(x) = (x — 1)%; p(x) = 4(x — 2)(x — 3);

b) fx): (8; 0), (=3; 0), (0; =24); g(x): (15 0), (0; 1); p(x): (2; 0), (3; 0), (0; 24)

Ne29 a) y = (x — 10)(x —4) Ne30 1—d; 2—c; 3— g; 4—h; 5—a; 6— f; 7—e; 8—b;

Ne31 a) (1; — 8); b) (-2,5; —%) ;) (—1;4) Ne32 a) y= (x +4)*-8; b) y=2(x —4)*—11;
0)y=—(—4+3;Ne33 )a)y=(x—-1P2-4b)y=—(x+2)+9;3)a) (-1, 0), (3; 0);
(0; =3); b) (1; 0); (=5; 0), (0; 5); 4) a) x=1; b) x =2 Ne362) a) 2; b)6; d) 4; 3) x=2;
b)x=—1;d)x=1 Ne37 Buus; (3; 0), (-1; 0), (0;6); x=1; T(1; 8); H63 = 8; obnacTs onpe-
JeneHus  (—o0;+00); MHOKECTBa 3Ha4eHUH (—oo; 8];(—o0; 1] Bo3pacraer, [1; +o0) yObIBaeT.
Ne38 a) yuxart; (2; 0), (6; 0), (0; 12); x=4; T(4; —4); Hw3 = —4; o006nacTth omnpeneineHus.
(—o0;+00); MHOXKECTBA 3HAUCHHH [—4; +00);(—00; 4] yObIBaeT, [4; +o0) Bo3pacTaer.

Ne39 a) HM3 = 8; [8; +©); b) HB3 = 4; (—o0; 4] Ned | a) (-2;-1)d) (1; 14); 1) (2; 48)
Ned2 y=-— 21_0(x —5)2+20 Ned6 a) b=-2, c=3;b) b=-4, c=3; ¢) b=—4, c= 4,

$.67-69 Nel ¢) S = 12x — x?; d) npu mmpuse 6 cM Spar =36 cm> No2 24,5 cm? Ne3 110 Ha-
6epexnoii 30 M, mmpuHa 15 M Ned b)-0,5 No5 3-mii nenb; 290 OuneroB Ne6 a) nocie
5-20 nodopasicanus b) 1125 Ne7 ¢) (25;450), camblii BRICOKUH 10X0/ HA 25-i Hemee -
450 ™ Ne9 20 m Ne10 a) t1=1 cek, =3 cek; b) t = 2 cex, hmwr=21M

$.72-73 Ne3 1—b; 2—c; 3— a Ned a) y =2|x|; b) y=1-|x — 3| Ne5 b) 6-¢1 ay, 5000™
Ne9 1) (0,65 1,5); 2) (0;0),(1,2;0); 4)ocuoBanue 1,2 M, BeicoTa 1,5 M

$.74 Nel ¢) m=-2 Ne3 (1; 1) Ne5A(1; 3), D(-2; —6) Ne6 a) 512 em?® b) yBennu.61 cm?

$.75-76 Nel y=(x+3)?=2 Ne2 a) b=-3, ¢ =2;b) (5; 0), (-3; 0), (0; =15) Ne3 a) k=10;
b) [2; +o0) Nod b =4 No5 y=x* —x —2 Ne6 1—A; 2—C; 3— B,D Ne7b) 20 m

Ne8 b)20 teIcsta kHUT Ne9 110 HabepxH. 50 M, mupuaa 25 M NelO a) b =—12; ¢ =24,
b)b=2,c=3 Nell a>0, b<0, c>0; b) a<0, b<0, c>0 Nel2 ocnopanue. 4 M, BbIcOTa 1,5
M Nel4 b) 20-s menenst, 4000 anmsbom Nel5 mepec. B 3-x Toukax: (—1; —1), (0; 0), (1; 1)
Nel6 1) y=2,24 — %xz(x ny BMerpax)2)a) 1,68 m; b) = 2,19 m

4. YpaBHeHMe OKPY)KHOCTU

5.78-81 Ne3 a) 1) 10; 2) 5; 3) 13 b) RQ = V68, PT = 5 Ne4 1) a) x=10, y=10; b) 2V13
No5 1) a) T(=1; 7); b)10 Ne6 1) 18;2) 4V17 Ne7 5 Ne8 5 Ne9 (—2; —2) Nel0 k=—1; k= —
06e mouxu Nell (6; 0); Nel2 a) npsimoyr. TpeyronsHHUK Nel4 a) P = 12‘916 1
Nel8a)y=2x+4uy=2x—1;¢)V5 Nel915m

5.83-89 Nel b) x>)?=12; ¢) x*+)?= 15 Ne2 b) (x+4)*+ (y—2)*=1;
Ne3 a) £12; b) £13 Ned b) M(1; 2), r=4; d) M(-4;2), =
d) M(2; —1), r = 1; e) M(0; 3), r=V14; f) M(1;-3), 5= 5
(—1;2), (=15 4); c)(x +3)2+ (y + 5)2= 16 Nel1 a)(x—3)?




| 252 [N

Nel2 (2; 0), (4; 0), (0; —1), (0; —8) Ne13 (x—12)> + = 64 Nel410 Nel5 5 Nel6 a)10; b)7
Nel8b)y= f%x — 4L: ¢) y=8x+65 Nel9a) kacam.; b) cexywy. Ne20 (x-3)2+ (y+1)>=82
Ne23 ¢)(=2,5; 2,5V3) ~Ne25 a) BepHO; ¢) HeBepHO. No26 b) cosf=0,8, tand = %,_

¢) cos =—0,6; tand = 4 Ne27 a) 60" _) 135% ¢) ~64° No29 a) N3; 0)1273

Ne30 12\/_CM2 Ne31 81 cm? Ne32 13; N3

$.90-91 N01 a)~ 39,3 cM? b) ~ 37,7 MM2 Ne2 a) m—2 Ne3 a) 32w cm?; b) 4 m; ¢) 135°
Ned a) 2 m; b) 4%, 31 NeS a) M(1; 1), r=2; b) 0,57 ¢) 4’f—( 8“+(

Ne6 1) x2+ (y — 2)2—8 2)4 3)2n-4; 6n+4 Ne7 a) 1550 ) 25148 NoS =44.22 wn®
Ne9 ~ 10,88 cm? Nell ~ 0,61 m? 4

$.92-93 N2 1) 1600M 2) 1900m Ne3 a) y= —x+6 Ned (x—3)+ =25, b) (8; 0), (-2; 0),
(0; 4), (0; —4); )40 Ne5 a) (4; 3); b) 5m; €)12,57 + 24 d) y = — 4x Ne6 1—A; 2B, D;
3— C Ne7 12,5m No§ a) 108°, b)144°, ¢) 30 cm2 Ne9 16V3 — 8 NelO a) 213 e’
Nell=0,19 M Nol2 81— 16 Nel3 24 Nol4 ~7540 o2

5. YpaBHeHus. Cuctembl ypaBHEHMUIA
s. 94-96 Nola)3; e) £1 No2 b) 0;2 ¢) 0; £2; e) 0; £4; Ne3 1) 0; 4; -5, 3)-2;+£ 0,5 10) £3;
1,5 N4 a) 2 necms. uucna; b) 1 deticms. kopenw; ¢) 3 deiicms. kopens No5 ¢) £2 1) £2;
13 Ne6-2; 1; 3;a=-2 No7 a)5;b) 1; £3; ¢)£3; 1; -2; d)1; —2; 5; -3 N8 10 zem Nel2
a)t 3; d) £2; £1; )1; 2; 1)-4;0 Nel3 a)£1;£2 b)3; +1 ¢)+1; 2;-4; H*1; g) 2; 3;
S. 97 99 Nel d)-1;0;e) 2; f) 4 Ne2 a) 9;-2; b)Q; e)4 2)-3:;0; h)-3; 3 Ne3 a) —0,5; 4
b) 3 9 2 9
b) i=—1 Ne6 ZOHrp Ne8 a) 10; b) 8 N09 6 qac, 3 yac Nell 4 gac, 12gac Nel2 a) 56;
b) eciu 4-x Hepen. cpeanwuii 6an- 52,5 Nel3 40ctp. Nel4 10™, 12,25™ Nel5 a)4 kr
s. 101-103 Nel a)+4; b)+13;¢) 0; d) @ No2 a)l4; —6;c)l Ne3 a)-1;5; b)2; 1
Ne5a)—1;2; g)£3; h)-1;3; j) %; k) 2; % Ne7b)-1; 1,8; ¢) 2,45 1; e) 1,1; ) 1,5
NelO b) £1; £3; d) 2 Nel2 [x—48=2,4 Nel3 |x —110]=15

5.104-105. Nel a) 13;b)—4;d) 3; ¢)—1,6; ) £3; h)8 Ned a)9;b) 8;d) 3;¢e) 11
Ne5a)9; ¢) 1; e) 27 No6 a) 8; d) 1 No7 1) VA2+25, VA?+216; 2) 12 Ne8 8 km

$.106-113 No4 a)—12;b) -6 Ne7a=3;b=1 Ne® 1—a; 2—c; 3—b Ne9 c) omHO perieH.
Nel0 b) (1;4),(4;1); d) (=35 9), (2;4) Nel1 2) y =4 — (x+3)%, y = —x—1 Ne15 b)(2;2), (1;3);
0)(4;2), d)(=1;3), (=3;1); €)(6;3)(1;-2); h) (2;-1) Nel6a) (2;2); b) (0;-1),(~1;0)

Nel7 a)(=1; 1),(3; 9); b) (15 2),(=2:5); ¢) (2;-9),(3;-8); d) (1;-1),(9;3) Nel8 b) -2, (2;-1),
(1:-2) Nel19 a) (-2;-4), (4; 2) Ne20 1) b=4, (0;4) u (3; 1) Ne21 c) nBa pemren.: (—1; —4),
(5;20) d) omro pemr.: (1; 1) No22 a)b>7; b)b=-5 Ne23 k=2 vo k=10 No24 1) b<0;2) b=1
No25 a) 15 cex. b) 375 m No26 t1=1 cek, =3 cex Ne28d) (1; 3)

Ne30 ) (1;-2), (=15 2); b) (0; 4), (-1,25; -1); ) (¥3; 0), (\3; 0), (2; 1), (-2; 1)
s.114-115 Nel 24 Ne2 b)11;4 va ya 7;6 Ne3 1000™, 3000™ Nod 6 [, 4 [ Ne5 88kr,32kr
Ne6 108cm2 Ne7 60cm? Ne8 6 cm, 9 em Ne9 20 mun, 30 munr. NelO 15 nensn, 30 gedn
Nell 96 km/gac, 64 km/uac Nel2 56 cek.

5. 116-117Nel d)-0,5; —1;1 i)%;% -1 Ne2 300r Ne3 1) (1; —4),(2;
3)(1;-2),(-1;2); 6)(3;-1); 9)(1;1) Ne4 4 xm/gac, 5 km/gac Ne
Ne6 6;8;10 No7 b) (2; 1),(=2;5); )(3;2) Ne8 a) 1; 7; b) £1; c)=
Nel0 1—-C; 2—A,D; 3—B Nell 4m/cek, 3 m/cex Nel
Nel4 a) a=0;b)a=+6 Nel5 a) —2<a<2; b)a=-2

) 5




6. MHOroyronbHuKu

5.119-122 Ne4 a) 20; 54 b) 10; 15 Ne5 a) 7; b) 12; Ne6 2) 540° 3) 900°; Ne7 1) a) 12;

b) 54; 2) a)120° 60°; b) 144° 36° Ne9 1260° Ne10 n=10 Nell a)127° c)108° Nel2 140°
Nel3 160° Nel4 1)5; 2)9; 3) 10; 4) 12 Nel5 1) 6;2) 12;3) 9; 4) 18 Nel7 b)10 Nel§ 24
$.124-130 Nel a) 30% b) 7,5 Ne3 a) x = 90°, y = 60°; b) x = 90°, y = 50°; Ned 96 cm?

Ne6 20 m; 22 M Ne7 b) AP=AR=3cMm, PB=BQ=5cm,QC=RC=7cMm No§ a)\/3 CM,“/T3 cM Ne9
2cM, 5cem Nel01)3; 2)3 % Nell 2 Nel3 10 cm Nel4 b) 6%N915 b) 8 cm, 18 cm Nel8
22c¢Mm, 20cM, 26em Nel9 a) x=85, =80 Ne21 a) P=40, S=80 b) P=18, S=18 —

No22 130 em? Ne23 2,41 cm Ne24 6 cm,27V3 em2 Ne25 4,8cm Ne27 a) 2V3em,\V3em

Ne28 b)10cm, 5V2em Ne29 a) 3v3em, 6em Ne31 a) 3em b)3V3 em Ne32 3v3 em Ne33 36
5.133-136 N2 a) 9V3 Nod a) 48 cm?; b) 24 cm? ¢) 20 em? Ne5 2)256; ¢)288V3 Ne6 ¢)3413
No7 a) P=42;S = 143—@; ¢) P~56; S=243 No§ b) 2413 m> Ne9 ~889,92 cm2 Ne10 3V3 cm
Nell b)3V3 em Nel21,92m2 Nel3 ¢)9 Nel54 Nel6b)3)x=84° Nel7 18; Nel83

s. 137-138 Ne3 a) 126°; b) 45° Ne4 a) 35; b) 7; ¢) 1080° Ne536 cm Ne7 a) 1:4 Ne® 4 cm
Ne9 ¢) 3,5 e, 12 em NelO V5 Nell 72¥3 em?  Nel2 a) V=L b) PR ERORE 3%

7. HepaBeHcTBa
$.140-142Ne2 a) [-4; 2); b)(1; 10) ¢) & Ne3 a) [2; 4) b) (—0; 4); ¢) (=5; —1] Ned (4; 8)
Ne5 a) (4; 1); ¢) (—10; 2) Ne6 a) (—1; 8); ¢) (—0,5; +o0) N7 a) [5; 7]; ¢) [-2; +o0) Ne8 36
Ne9 menpme 10,8 kr; He 6ombiie 32,4 kr NelO Gomnbie 3 M, menvuie 9 m Nell a) (—oo; —
3) U (5; +0); ¢)(1; +00) Nel2 b)(—o0;1)U(3; +oo) d) [-3; 6] Nel3 a) (1; 3); b) (—o0; —1) U
(2; +o0) Nel4 15 Nel5 b) mpm a<10

5.143-144 Nel a) (—00;—3,2]U[2;+00); b)[2;3]; ¢)(—6;0); h)(—o0;-2);1)(1,5;+0) Ne3 b) (-5; 3);
) (—0;=5)U(3;+0) Noda) [-5;2]; d) (—o0;0) N5 |x — 45/ <30 N6 a) cunui, b) 3enéH.
5.147-152 No2 a) (—oo; 2)U(5; +0); b)(1; 3); ¢) (—o0;—3]U[3; +0) Ne3 a) (—o0; —1 0] [4; +)
d)[-2,5; —1]; e) (=1,5; 1) Ne5 a) (—o0; +o0); ¢) & Ne7 b) x =7; ¢) &; d) (—o0; +00)

Ne8 a) (15 8); b) (—o0; =5)U(—1; +0); d)[4; 6]; 1) x£2 Nel0 a) (—o0; — %)u(l; +00)

b) (—o0; 1)U(2; +o0) Nell a) (-2,5; 2); b) (1; 7) Nel2 (—1; 6) Nel3 a) (—oo; —=6][3; +0)
b)[1; 5]; e) (—o0; —1)U(5; +0) Nel14 b) [-5; —1] ¢) (—o0; 2,5]U[3; +0); d) (2,5; 4)

e) (-00;-12)(2;5+00) Nel8 ¢)(-o0;—4]U[~1;+00); £)(0;4) Ne20 a) [-5; 3]; b)(—o0;-3)(1; +o0)
Ne20 ue menbiie 6 cm Ne23 Gosnblrie 7 cm, menblie 12cm Ne24¢) x > 56,6 Ne25 a) 5 cm;
b) 4 cm, 5 cm No26 a) te (1; 3) Ne27 ot sieBoro ctoida - ¢ Touku cooTB. 50 M 10 480 M
Ne29 a) menbire 54 kr - Ne30 b) menbiie 2 M; ¢) MeHblie 3,437 M

5.153-156 Nel a) (—o0;=3]U[1; +o0);0)[—4; 71; d) (—o0;—1)U(5; +0); g) (—00;-2)U(0; 2);
h) [-3; 0]U[3; +o0); 1) (-1;0)(2; +o0) Ne2 ¢) [-4; =3][3; 5]; 1) (—o0;-5)(=2; 0) L (2:5);
g) (0; 4u(4; 8); h[0; 2]u{-5};  D)(—e0; 0]U[2; +o0); j){-4}U[5;+00) Ne3 a)7;
(—0035)(75+90); (557) Neda)(=7;3); b)(—o0;-8) (5 +00); @) (—o0;=5](5; +o0) f)[fS—é;fZ .
Ne5 a) (—0;—4]U[0; 4]; b)[2; 6]; ©)(—o0;-2)U(=1; 2) Neb 1) a) (-6; 6); b)(-90;-6)(6;+
Ne7a) (—o0; =3)U(3; +0); b) (1;2) Ne8 b) o1 27,9 cMm 1o 28,6 cm Ne9 b)ﬁ CTO
OJIHOTO cToJa - 55™ HeleIbHUI JI0X0J] CTAHOBUTCSI MAKCUMyM -12257

6
s. 158. Ne2 a) [4;13); b) (2,5; +0); ¢)[3;19) Ned a)@&S;—3]v ; b) (=1 {0
¢) (~o0; ~1)U(4; +o0); d) [155) Ne5 a) (9; +o0); b) [1;




5.159-160 Nel 4000™-5500™ Ne6 ¢) x # 0,5; g) J; h) (—oo;+00) Ne79wm 11; 10m 10
Ne8 a) 3;4;5;6 b) x=4 N9 d) (-2;-1)u(1; 3); e) [-3; 0)U[20;+) f)[-1; 3)U(3; +0); h) (—
00;-3)U(-2; 2); 1) (—o0; —4)U[-2; 5]; NelO ot 10-cMm 10 12 cm

Nell a) 41,25 m; b) te [1; 2] Nel12 b) (—o0; —lé)u( i—;+oo) Nel3 ae [0; 4)

Nel4 1-B;2—C,D; 3—>A Nel5Sae (-3;0) Nel6a)dm;b)<2wm

8. Bekropbl
5. 165-170. Nel a) (3;4); 5 b) (125 5); 13 ¢) (=6; —8);10 Ne2 a) (2;4) ¢)(2;-4) _|
Ned a) (3; 6) b) (1; 3); 2) a) (5; 1) ¢) (5;-1) Ne6a) 10 b) 4 ¢)20 Ne8PQ =(3; 4)|PQJ=5,
v=>50km/gac Nel0 a) k=0,5;b) ki=—1,5; c) k=1 Nel4 a) 512, 45°; c)\/Z, 135% d)10,~127°
Nel5b)5; =127° Ne20 v=(100c0s25°1008in25°), Viops~90,63KkM/9aC, Veepr.~42,26 KM/4uac
Ne21 a) (10\/5; 10\5} Ne22 a) =893,5 m/cek, b) Ve = 37,5 KM/4UAC, Vees ©64,95 KM/Uac,
No23 Frops. ® 159,35 N, Fuepr. =103,48N No24 a) 17 = (2; 2V3), v=(=2; 0),w=(-33; 3)
5.172-178 Ne2 2) 220N Ne6 a) 5; =143, b) 500 m_No7 300m, =36,9° N8 ~41,23km, =14°
Nel0 b) =10,2 km/uac, =78,7° Nell 2) a) AC b)DB Nel3 a) AB b)DB c)BD d)AD
€) 0 Nel6 a)4; 7y \/65 =~60,3° Nel7 a) (650; 80); ~654,9 km/gac, ~83° Nel8 a) 20 cek.;
b) 20 M; ¢) =80,6° Nel9 500 m; =81,9° Ne20 =98 H
5.179-180 Nel a)2u; ¢)3u+2v Ned a)kosmuneap; b)pasabt No51) vi—u; 2) u -I% V Ne6 =9,8kr
s.181 Nel a) (=8; 21); b) (—6; 13) No2 a) (—6;-8), 10; Ned b) k=+6 NoS5 C(0;3) Ne6 M(3; 5)
s.183-184 Ne4 a)B'(1;2) C'(=6;3), (x;y)—(x=3;y) NeSa)L; b)K; c)H Ne7 a)F'(-=1;-1),
A'(1;3), S'(2;2), N'(2;0) Nel0 1)(5;3), 2) A’(2; 1) Nell a) (4; 4); b) (-9; -2)

s.186 No2 a) x=7, y=36, z=3 Ned a) b= 4, d=8, c=14,e=2 Ne6 a) A; b) B; ¢c) D
Ne7 a) A'(3;-2), B'(6;1),C(7;-5) Ne9 a) A'(=3;-5) b) D'(-3;-4) ¢)E'(1; 9)
Nell b) C(5;0) ¢)C(3;0)
5.188 Nol T(<2;5) Ne2 a) (4;=3), 5 N3 F=37,09H, Fy=14,98H, N4 1)V =(6;673)
Ne5 a)50 cek. b) 65Mm ¢) =67,4° No§ F(2;8) N9 a) (—4;2); ¢)(2;—1) Nel3 ¢) As(—4; -1),
Bs(1; -1), C3(—4;=7) Nel14 5) B'(-1; 1), A'(3;-1), C'(-1;-4); 7)A'(1;5), B'(-3;-3), C'(7;-3)

9. Yucnosble NnocnenoBaTe/IbHOCTH

$.191-193 No5 1) a) ba= 33;b) bs=51;2)a) ca=27, n=7 Ne6 a) a,=20, n=10;
Ne7 16; a,=3n+1 Ne8 b) P,=10n+10 Nel12 a) 1; 5; 17; 53; 161 Nel3 a) 11; 34; 17; 52

$.195-204 No2 a) x1= 9, x3= 1 Ne6 b) as=11, a1s=38 Ne7 a) a1= —40, as= —19 N8 11,2;
18,4; 25,6; 32,8 Nel10 a) n>15, a, > 0 Nell a) ais=1,5 nepBsiii 12-b1it unien; b) a»=-0,1,
Nol4 b) ae= —23,d=—4 Nel5 a) as=V48;b) 12;¢) 13 Nel7 a)d =3, a1=12, as=27
Nel8 a)l; 4; 7 No21 152; 208 Ne26 a, =4n — 1 Ne27 46000 ™ No28 24 cm?

Ne31 2)a) 6;b) 3 Ne32b)x=0,x=2. Ne35 ax+ ag=2c Ne37 8 cm Ne38 10 cm
Ne39 b) 9em;12¢m; 15em Ned1 100 mr, 150 mr, 200 mr, 250 mr, 300 Mv

Ne51 a)ar=1;a2=9 c) 5-prit uen Ne52 4) a1= —11,d =4,
b) n(n +1); ¢) n? Ne54 a) 8 b)78 Ne56 78 Ne57 a) 19



SPSVI 255

5.206-215 Ne3 a) yi = 2, ya= 0,25. N7 2) g= 2; 3) g= 0,5 Ne9 ¢) bu=12, bs=—24
Nel0Oc)—9 Nel2a)n=5;b)n=6 Nel32) by=23"" Nel53;6;12; 24 Nel6 1,5 om
Nel7 3 ov® Nel8 145800™ Nel9 29282 mP Ne20 72,9% Ne21 272 Ne22 a) b,=2"1";

b) 1 =11 Ne23 2) b) 6 No24 a) x=5, x= —15 No25 b) 4 st —4 Ne28 a) 31,5: ¢) 3069
Ne29 1) a) 728; b) 5 Ne30 a) bi=3 Ne31 a) 186 Ne32 a) 364 Ne34 a) n3+1 Ne35 a) Ll,
(v #1) Ne37 2) 20736; b) 74416 Ne38 1364 Ne3O c) 27V3 Ned0 c) 10-ast Hemens

Ned2 a) 27 Ned4 e) g= % Ned5 a) 1 > d) I + p Ned7 24mw em Ned8 27m

$.216-217 No2 27 No5 84 No6 Sy =So=54 No730,6 Ne8 a1=5,d =4 N9 b) 4 il
NelO b) 14 Nell a=3, b=6 vo ya a=27, b=18 Nel2 1—D, 2—A,3—B,C Nel3 a) 880 m;
b) 48 cex. Nel4 72 cm? Nel6 12 Nol8 462 ot wiam 5913,6 T Ne20 a) %

10. NpeactaBneHne nHpopmaLun.
Kom6uHaTopuKka. BeposATHOCTb

$.220-227 Nel 3,44 Ne8 1)a) 7;7; b) 10; 5 Ne9 b) =24 Nel2 b) 12% Neld 274",
Nel5 1,29 ™. Nel6 a) 26; b) =2,87 kv Nel7 b) 7

5.228-234 Nol c)42 Ne2 125;25-1 Ne3 30 No4 24 NoS 720 Ne6 96 No7 d) 2 No§ 24 Ne9
2171 Nel0 5! Nell 5! - 3! Nel2 a) 3!- 5!; ¢)8! Nel3 a) 6; b) 12; ¢) 180; d) 840 Nel4 10
Nel5 a) 6 enemeHTOB, 3 eneMeHTa Kaxabli moBTopsieTcst 2 pasza; Nel6 12 Nel7 a) 720
Nel8 a) sP2< 6Pz Nol9 b) 4; ¢) 3 No20 120 Ne21 360 Ne22 380 No23 60 No24 120; 100
No25 15 No26 a) 4; d) 20 Ne27 2) wPx > nCi; Ne28 a)220; )190 Ne31 a) xombuneson;
b) nepmymayua; Ne32 90 No33 6! No34 2520 Ne35 72 Ne36 56 Ne37 60 Ne38 210

Ne39 74 Ne4( 30 N4l b) 2! -4!-41;¢) 8!

5.237-240 Nel 1) b)55; 2)b) 2 Ne2 1 a) 35 ¢) 45 2) a)zlz—;b)zlg No3 a)g%;b)%
Nod 244 NoSa)2; b)2 Ne6 F Ne7 @) 56; b)10; ©)5 Ne820 Ne9 a)23;b) i ; o) 1i%

N910§]§ NQII% NQIZ% Nel3 a)zlf N914-3u9l Nel5 a)%;b)%; c)% Nel6 a) @Lg“; c)%
10 . 1
Nel8 33 Nel9b)gd Ne20a)d;b); Ne2lgy Ne22 55

§.241-242 Nel memman Ned 22.8 Ne5 1) b) 11;¢) 0,6; 2) b) J-]-N06 a) 12; b)BBOSpaCTe
33-38 (22 yenoseka) c) 118; e) 36,3 Ne7 a) 500; ¢) 0,586 No8 b) 2L N9 1) ;2) 5—21
Nel0°a)10; 0,9 ¢) 4; 3 3 Nell b) 123 Nel3 a) n=3, b) n=9, c) n=6

$.243-249 Nol 0,9 kr No2 (2,5; 6,75) Ne3 a) 4; b) 34 Ned P=36,S =36 Ne5 15 Ne6 24 No7
a10=43, S11=253 Ne§ a) 12,51 Ne9 d) (1;5) Ne10 18,75 Nell 2 Nel3 a) 30 soh. Nel4 2
Nel5a) 135% b) 5;¢) 20 Nel6a) 72;b) 1 Nel7 b) 7gac Nel8 1) 10; 2viN°
cM, S=24 cm?, Ne20 12,8 Ne24 a) (1:0); b) 2; ¢) 4m Ne25 4 Ne26 60 N
Ne29 b) m=1, x1= =1, x2=2 Ne30 b) 1% ymenmr. Ne32 1)a) c#£1; b)
dosto Ne37 6V2 Ne38 ~58,8m/mun Ne4() 1) Smem Ned4 24 ¢
27 No66 45% No67 35 Ne69 2 km/gac Ne71 myHKT
(5;0),(3;4) Ne73 7,2 cm?
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