OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r.

OcHoBHOIi rocynapcrBeHHblii 3k3amed no MATEMATHUKE
HNHCcTpyKUMSA 110 BHINOJHEHUIO padoThI

Ok3aMeHalMoHHas paboTa COCTOUT U3 JIBYX YacTel, BKIIOYAIOUINX B ce0s
25 3amanuil. Yacte 1 comepxut 19 3amanuif, yacts 2 coiepkuT 6 3amaHUH
C pa3BEPHYTHIM OTBETOM.

Ha BbImosmHeHue 3K3aMEHAllMOHHOM PabOTHI 10 MaTeMaTHKE OTBOJMTCS
3 gaca 55 munHyT (235 MHHYT).

OtBeThI K 3amannsaM 7 1 13 3ammmunre B 01aHk otBeToB Ne 1 B BHjie OfHOM
1 dpbI, KOTOpast COOTBETCTBYET HOMEPY MPaBHIBHOTO OTBETA.

Jns ocTanmbHBIX 3aJaHWKA 4YacTH 1 OTBETOM SBISICTCA YHCIO WIH
MocJieA0BaTeNbHOCT IU(Gp. OTBET 3aNUIINTE B TIOJIE OTBETA B TEKCTE pabOTHI, a
3arteM mnepeHecuTre B OiaHk orBeToB Ne 1. Ecnm monmydmiach OOBIKHOBEHHAs
JpoOb, OTBET 3aMUIINTE B BUJE JECITUYHOM.

Pemenust 3amaHMii 4yacTM 2 W OTBETHl K HHUM 3alUIIMTE Ha OJaHKe
otBeToB Ne 2. 3ajmaHuss MOXHO BBINOJIHATH B JIIOOOM mopsake. TeKCT 3amaHus
MepenuchIBaTh He HaJl0, HEOOXOANMO TOJIBKO YKa3aTh €ro HoMep.

Bce GaHKM 3amONHAIOTCS SIPKUMHU 4YEPHBIMU 4YepHMIaMH. JlomycKaeTcs
UCIIOJIb30BAaHUE T€ICBOM UM KaWUILIPHON PYUYKH.

CHauana BeINONHANTe 3a1anust yactu 1. HauaTs coBeTyeM ¢ Tex 3amaHuii,
KOTOpbIE BBI3BIBAIOT y Bac MeHbIe 3aTpyJHEHUH, 3aTeM MepexoquTe K JIPyruM
3a7aHusIM. J[71s1 S5KOHOMUM BPEMEHHU IPOIYCKAiTe 3ajaHue, KOTOpoe He yAaércs
BBINOJIHUTH cpasy, U IepexoauTe k caeayiomemy. Ecnu y Bac ocraneTcs Bpems,
BrI cMoxeTe BepHYThCS K ITPOIYIIICHHBIM 3aaHUSAM.

IIpu BeImONHeHMH wacTh 1 Bce HEOOXOAMMBIE  BBIYHMCICHHS,
npeoOpa3oBaHMsl BBINIOJIHSINTE B YEPHOBHKE. 3aMCH B YEPHOBUKE, a TaKkKe B
TeKCTe KOHTPOJIBHBIX M3MEPHTEIbHBIX MAaTEePHAJIOB He YYMTHIBAIOTCS NPH
OLleHMBAHUM PadOTHI.

Ecnn 3aganue coaepKuUT pUCyHOK, TO HA HEM HETOCPEACTBEHHO B TEKCTE
paboTBl MOXKHO BBIIONHATE HeoOxoammble Bam moctpoenms. Pekomenmyem
BHUMATEJIBHO YUTATh YCIOBUE U IIPOBOAUTE IIPOBEPKY MOIYUYCHHOTO OTBETA.

IIpu BeIONTHEHNH pabOTHI BBl MOXeTe BOCIIONB30BaThCA CIPABOYHBIMU
MaTepuangaMmy, BbIIAHHBIMUM BMecTe ¢ BapuanToM KHUM, nuHeiikod u
HETIPOrpaMMHUPyEMbIM KaJIbKYJISITOPOM.

bannel, mosyuenHsle BamMu 3a BBINOJIHEHHBIE 3aIaHUS, CYyMMHPYIOTCS.
[TocTapaiiTech BHIIOJHUTH KaKk MOXKHO OOJIbIIE 3ajaHNil 1 HAOpaTh HanOOJIbIIEE
KOJIMYECTBO OaIoB.

Jnst IpOXOoXKIEHUsT aTTeCTallMOHHOTO Iopora HeoOXOJMMO HaOparh He
MeHee 8 0ayuloB, W3 KOTOPBHIX HEe MeHee 2 0ayuloB JIOJDKHBI OBITH TOJTYYCHBI
3a pelieHne 3a1aHui Mo reomeTpuu (3axanus 15-19, 23-25).

[Mocne 3aBepieHnst paboTHI IPOBEPHTE, YTOOBI OTBET HA KAXKIOC 3aJaHUE B
6nankax orBeToB Nel u Ne2 ObuT 3amMcaH MO IPaBUIBHBIM HOMEPOM.

MATEMATWKA, 9 knacc.
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CITIPABOYHBIE MATEPHAJIbBI
AJITEGPA

o dopMyna KOpHEi KBaJpaTHOrO YpaBHEHHUS:

~b+D

X=——— 1H0e D=h>—4ac.
2a

N 2
o Ecmu xBajgpaTHbIil TpéXxuwieH ax ~ +bx+ ¢ UMeer 1Ba KOPHA X| H X7, TO
2
ax“+bx+c=a(x—x;)(x—x,);

- .. 2 -
CCJIM KBaApaTHBIM TPCXYICH dx +bx +c umeer CAMHCTBCHHBIM KOPCHb X,
TO

ax’ +bx+c=a(x—x[))2

e AOciycca BepIIMHbI 1apadoJibl, 3aJaHHOH YpaBHEHHEM ) = ax > rhx+c:
-t

2a’
e dopmyna n-ro wiena apudmeTndeckoii mporpeccuu (da, ), NepBLIH den

Xo

KOTOpOi PaBeH @ H Pa3HOCTB PaBHa d
a,=a,+d(n-1).
o DopMyJIa CyMMBI IIEPBBIX 71 WIEHOB apU(METHYECKOI [IPOrPECCHH:

ay+a,)n
5, ={artan)n 5 |

e QopMmyna n-ro WieHa TCOMETPHYCCKOH MPOTPeccHH b, IEePBHIH 4IeH KOTOPOil
paeeH b, a 3HAMEHATENb PaBeH ¢

b,=bi-q"""
e (DopMysa CYMMBI IEPBEIX 71 YWIEHOB IN'eéOMETPHYECKOH IIPOrpecCHH:
(4" -1)h,
§ ="t
n qg-— 1

o DOpMyJIBI COKPANIEHHOTO YMHOMKEHHA:
(a+b)2 —a’+2ab+b>;
(a—b)2 =a’—2ab+b";
a’—b>=(a-b)(a+h).

~

T160€CN NAH NI9HhO9OdNHad 1



OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r.

e CBoiicTBa apu(h)METHUECKOr0 KBapaTHOT0 KOPHA:

e (Cgoifctea crenenn ipn a >0, b>0

Vab =a b upn a20, b=0;
‘/Ezﬂ npu a=0, h>0.
b b

MATEMATWKA, 9 knacc.

a —
n
a
n n+m
-a =a
n
a n—m
m
a
( ")m nm
a =a ;
(ab)}l al?_bﬂ
5) -
b b
Tadinua KBapaToR ABY3HAYHBIX YHCE]
Eaununnt
0 1 2 3 4 5 6 7 8 9
1 100 121 144 169 196 225 256 289 324 361
2 400 441 484 529 576 625 676 729 784 841
3 900 961 1024 | 1089 | 1156 | 1225 | 1296 | 1369 | 1444 | 1521
2 4 1600 | 1681 1764 | 1849 | 1936 | 2025 | 2116 | 2209 | 2304 | 2401
5 5 2500 2601 2704 2809 2916 3025 3136 3249 3364 3481
é'( 6 3600 3721 3844 3969 4096 4225 4356 4489 4624 4761
a/ 4900 5041 5184 5329 5476 5625 5776 5929 6084 6241
8 6400 6561 6724 6889 7056 7225 7396 7569 7744 7921
9 8100 8281 8464 8649 8836 9025 9216 9409 9604 9801
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I'EOMETPUS
CyMMa yIIoB BBITYKJIOrO 71 -yronbauka pasua 180°(n—2).
CpenHss JIHHHS TPEYToNbHHKA H TPAIeIIHH
B MN — ¢p. nun, B C BC || AD
MN || AC . \\ MN — cp. nuH.
‘ \ .. MN| 4D
MN = ézg M N H BC+ AD
y \ MmN =2+40
2
A D

OnucanHas ¥ BIIACAaHHAs OKPYIKHOCTH IIPAaBHJIbHOIO TPCYIOJIbHUKA

R=al3 ‘\ a a3
S=

23 4D h=aff

3

4 ‘ . 2
[]

Hnsa TpeyronsHuka ABC co cTopoHamMH AB=c,

B
AC=b, BC=a:
1 a
a_ _ _b __¢ ~2R,
sind sinB sinC
A b C

rae R — pajuyc ONMCAHHOH OKPYKHOCTH.

Hns tpeyroneHuka ABC co cropoHamu AB=c,
AC=b, BC=a:

cz =a2+b2—2abcosC.

Jnna oxpyxuocta C =2mr
ITnomane kpyra S =mnr 2
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OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r. MATEMATWKA, 9 knacc.
Hnowaou guzyp
[Tapannenorpamm Tpeyroneauk
1

b _ b S=—ah

h, S=ah, 7

§ =absin .

I i S =—absiny

a a

Tpanenust Pom6

b

h S—a+b-h A‘ 1
‘V §=dyd,

[IpsamoyronbHbLi TPEYronbHUK

. a
smnmo=—
¢
C a b
cosa=—
c
[ t a_a
b g b

Teopema IMudaropa: a ybi=c’

.2 2
OcHOBHOE TPUTOHOMETPHIECKOE TOXKACCTBO: SIN 0L+ COS O = 1

HexoToprle 3Ha4YeHHS TPUTOHOMETPHYECKIX (PYHKITHH

d,, d, — nuaronaiu

o | rpamxycer | 0° | 30° 45° 60° | 90° | 180° | 270° | 360°
sina o | L | 2| B3y 0 | -1 ] o0
2 2 2
cosa 1 ﬁ ﬂ 1 0 -1 0 1
2 2 2
tga 0 g 1 V3 — 0 — 0
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Yactp 1

Omeemamu K 3a0anuam 1-19 aenaomea wucio uiu nociedoeamenrbHoCms
uugp, komopute cnedyem zanucamo 6 bJIAHK OTBETOB M 1 cnpasa om
HOMepa cOOmeemcmeyouezo 3a0anus, Havuhas ¢ nepeoi kiemouku. Eciu
OMmeemom s6IAeMcs NOC1e008AMENbHOCHb WUPpP, Mo 3anumume eé 6e3
npooenns, 3anamolx u Opy2ux 00NOJHUMENbHbIX cuMB0.106. Kasicowvtii cumeon
nuwiume 6 OMOEIbHOI KIEeHOUKe 6 COOMEEMCHEUU ¢ NPUBCOEHHLIMU
6 d1anke obpazyamu.

| Ilpouumaiime gnumamenvrno mexkcm u goinoanume 3adanus 1-5. |

XO03slMH JTa4HOTO Y4YacTKa CTPOMT OaHIO ¢ IapHBIM OTAeneHHeM. Pa3zmeps
MapHOTo OTAedeHMs: AnuHa 3,4 M, wupuHa 2 M, BbicoTa 2,2 M. Jlyi pa3orpesa
MTApHOTO MOMEIIEHHS MOXHO HCIOIB30BATh JIEKTPHUECCKYTO HIIH JPOBSHYIO MIEYb.
Tpu BO3MOXKHBIX BapHaHTa JaHbl B TaOJIHIE.

Ieun Tun OrtamniBaemelii | Macca, kv | Llena, pyo0.
00BEM, Ky0. M
OpuoH JIPOBsIHAs 8-14 58 16000
KenTasp JIPOBsIHAs 6-16 80 23000
Oka JNEKTpUUECKast 10-17 25 20000

Jlis yCTAaHOBKM JPOBSIHOW I€YM JIOTIOJIHUTEIBHBIX 3aTpaT He MOoTpedyercs.
YcTaHOBKA 3JCKTPUUECKOH MeUH MOTPEOyeT MOABEICHHUE CIICIIMATIBHOTO Kadess,
yro oboinércs B 6000 pyd. Kpome Toro, Xo3suH MOJCYUTAN, YTO 3a TOJ
aneKkTpudeckas neub uzpacxoayeT 2800 KHIOBATT-4acOB JIEKTPOIHEPTHUHU 1O 3
py0. 3a 1 kumoBarT-4yac, a ApOBsHAS I€Yb 33 TOJ M3pacxoayer 3,5 Ky0. M JIpoB,
KoTOopbIe o6oiimyTes mo 1600 py6. 3a 1 ky0. M.

Haiinute 00BEM mapHOTO OTIENICHUS CTpOsIIeiics Oanu (B Ky0. M).

OrTBeT:

Ha ckombko pyOieii apoBsiHas Tiedb, TMOIXOASMIIAs IO OTAaIUIMBaEMOMY OOBEMY
MAPHOTO OTIENCHHs, 00OUAETCS ACIIEBIIE IIEKTPHUECKON C YIETOM yCTaHOBKH?

OrtBeT:

~
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OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r. MATEMATWKA, 9 knacc.

Ha ckonpko pyOneit skciutyaranusi ApOBSHOW He4H, KOTOpas HOAXOAUT II0
OTarIMBaeMoMy 00bEMY ApHOTO OT/IENCHNUS, 000U IETCS IeIIeBIIe IKCILTy aTallui
3NEKTPUUYECKON B TedeHue rojga’?

Ortser:

JocraBka nedn n3 Marasusa 1o ydactka crout 900 pyoneit. [Ipu mokxynke medn
nenoi Beimre 20000 py6ineii marasuH npeiaraeT ckuaky 3% Ha ToBap u 25% Ha
noctaBky. CkoJbKo OyJIeT cTOUTh NOKyTIKa redn « KeHTaBp» BMecTe ¢ JOCTaBKOW
Ha TUX YCIOBHSX?

OTBeET:

Xo3suH BEIOpan IpoBsHYI medb. UepTéx mednm Mmoka3aH Ha puc. 2. Pazmepsr
YKa3aHbI B CM.

KOKYX

TOIIKa

Puc. 1 Puc. 2

[leur cHaOGXeHa KOXXYXOM BOKDYT [BEpIBI TONKHA. BepxHAA dYacTh KOXKyXa
BBINIOJIHEHA B BHIE apKH, IPUBAPEHHON K NepeHEll CTEHKE 110 Iyre OKPY>KHOCTH
(cM. puc.). s yCTaHOBKM II€YKH XO3SMHY TOHAIOOMIOCH Y3HATh paanyc
3aKpyriieHust apku R. Pa3mepsl koxyxa rmoka3aHsl Ha pucyHke. Haiinure paanyc
B CAHTHMETpPax; OTBET OKPYTJINTE 10 JECATHIX.

OTBeT:
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Haﬁ[[I/ITe 3HAYCHUC BBIPAKCHUSA

9 2
5 3
OTBeT:
33 37 41 43 Ny .
OnHO M3 YHncel ~ 5~ OTMEYCHO Ha NPAMO#i TOUKOH.
t t 1 t +—e+ t t t +—
0 1

Kakoe 3T0 4ncio?
33

1) 377

2) Z

3) Z

4) >

OTBeT:

Haiinure 3HaueHue BoIpakeHUs
4x - (6x13)*: (6x10)6
npu x = 45.

OTBeT:

Pemmre ypaBHEHHE
x? — 6x = 16.

Ecnu ypaBHeHue nmeer Ooliee OJHOIO KOpHs, B OTBET 3alUIIUTE MEHBIINN U3
KOpHEM.

OrTBer:

~
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OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r.

Ponurensckuii xomuteT 3akymnwi 20 masnoB JUisl MOJAPKOB JETSIM B CBSI3U C
OKOHYaHHEM y4eOHOro rona, u3 Hux 10 ¢ mammaamu u 10 ¢ BUIaMu ropojioB.
Iomapku pacmpenensoTes ciaydalHbIM o0pa3oM Mexay 20 HeTbMH, Cpeau
koTopeix ecTh Koss. Hailnute BepositHOCcTh TOro, yto Kone pocranercs masn c
MaIlIHOM.

Ortser:

YcTaHOBUTE COOTBETCTBHE MEXIY rpadukaMu GyHKIUH U (OpMyIaMH, KOTOPbIE
UX 3aJa10T.

TPAOUKH
A) y B) ¥ B} ¥
Vi
1 1 1
o 1 x 0, 1 x o 1 x
7

SOPMYIbI
1) y=2z 2) y=x+2 3) y=2

B tabnmie no kaxxaoi OyKBOW YKa)KUTE COOTBETCTBYIOLIII HOMEP.

A|b |B

OTBeT:

LleHTpOCTpEeMHUTENEHOE YCKOPEHHE IIpH ABIKEHHUM II0 OKPYXXHOCTH (B M/C?)
BHIUHCIAETCS 1O GopMyle a = w?R, TAe w — yriaoBas ckopocTh (B ¢ 1), R —
paauyc okpyxHocTH (B MeTpax). [Tonb3ysick 910it hopmyioi, HailanTe paauyc R,
€CJIM yTJI0Bas CKOPOCTh PaBHa 8,5 ™1, a IEHTPOCTPEMHUTENBLHOE YCKOPEHHE PABHO

289 m/c?. OtBer jaiite B MeTpax.

OrtBeT:

MATEMATWKA, 9 knacc.
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VYxaxure pCUICHUC HCPABCHCTBA

—2x+5<-3x-—3.

1) -8 -
2) -8 "
3) —0.4 =
%) —0.4 -
Orger:

B 7:00 gyacel cioManuch U 3a KaXAbIi CIEIyIOIIMIA Yac OTCTaBaJId Ha OJHO U TO
JK€ KOJIMYECTBO MUHYT [0 CPABHEHUIO C MpeabayumM yacoM. B 22:00 Toro xe
JTHS 9achl OTCTABaJH Ha Yac. Ha CKOTbKO MUHYT OTCTaBaJIM Yackl CIycTs 17 9acoB
MOCJIe TOr0, KaK OHU CIIOMAaJIUCh?

OTBeT:

B tpeyronsauxe ABC yron C pasen 90°, AC = 6, AB = 10. Haiinute sin B.

B

OTBeT:

~
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OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r.

Ha oxpyxHocTu 1o pasHble CTOPOHBI OT aAuamerpa AB B3siTel Touku M u N.
M3BecTHO, uT0 £NBA = 36°. Haitnute yron NMB. OTBeT naiiTe B rpaaycax.

N

M

OTBeET:

JIBa kareTa ImpsIMOYTOJBHOTO TPEyToJibHHKa paBHBI 6 u 7. Halimute miomans
STOrO TPEYTOJIbHUKA.

OTBeT:

Ha kneruatoit 6ymare ¢ pasmepom kietkn 1 X 1 m3oOpaxena ¢urypa. Haiinure
e€ mIomanb.

OTBeT:

MATEMATWKA, 9 knacc.
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Kakoe u3 cnegyronmx yTBepxkaeHuil BepHo?

1) Yepes TouKy, HE JISKALIYIO HAa AaHHOW MPSMOil, MOKHO MPOBECTH MPSIMYIO,
NEPIEHIUKYISIPHYIO 3TOH NPsAMOi.

2) B m060if IPIMOYTONIBHUK MOYKHO BITUCATH OKPY/KHOCTb.

3) Kaxmass w3 OHMCCEKTpUC pPaBHOOEAPEHHOTO TPEYTONBHHUKA SBISIETCS €ro
MeIUaHOH.

B otBet 3anmmunTe HOMEp BEIOPAHHOTO yTBEPKICHUSI.

OTBeT:

He 3a0yobme nepenecmu e6ce omeemvl 6 Onank omeemos Ne 1
6 COOmeemcmeuu ¢ UHCMpPYKyuell no 6bINOTHEHUIO PAOOMbl.

Ilposepome, umoobl Kasxcovlii omeem 0bl1 3anNUCAH 6 CHIPOKE C HOMEPOM
COOMEEMCmayIou|ezo 3a0anus.

Yactsp 2

Ilpu eévinonnenuu 3adanui 20-25 ucnonwvsyiume bJIAHK OTBETOB Me 2.
CHauana ykaxcume Homep 3a0aHUA, A 3ameM 3anUIUMe €20 peuteHue u

omeem. Iluwume uémko u pazdopuueo.

Pemmute cucremy ypaBHeHUi

{3x2—2x=y,
3x—2=y.

JIBa BemocumeancTa OJHOBPEMEHHO OTHPABIAIOTCS B 140-KuIOMeTpoBBIi
npoGer. IlepBblii €1eT €O CKOPOCThIO HAa 6 KM/d4 OOJbBIIEH, YeM BTOPOM, U
npuObiBaeT K ¢(uHMIIy Ha 3 dYaca panbie Broporo. Haiimure ckopocTh
BEJIOCUTIEINCTA, TIPUIIEIIIETO K (PHHUITY BTOPBIM.

[Moctpoiite rpaduk GyHKIMN

x’+4x+4 upn x = —4,
y = 16
-— npu x < —4.
X
Omnpexnenure, MpH KaKUX 3HAYCHUSIX M MpsMasi Y = M UMeEET ¢ rpadukoM onHy
WU JIBE OOIIHE TOYKH.

~
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OCHOBHOW rocyaapCTBEHHbIV dk3ameH, 2024 r. MATEMATWKA, 9 knacc.

Touku M u N sBustorcs cepenuHamu ctopoH AB u BC tpeyronbHuka ABC
cootBercTBeHHO. OTpe3ku AN u CM nepecekatotcs B Touke 0, AN = 27,
CM = 18. Haiinute CO.

B

A c

Ha cpenneit nmuaum tpanemmun ABCD ¢ ocHoBammsmu AD u BC BeiOpamu
MPOU3BOJIBHYIO TOUKY E. Jlokaxure, 4TO CymMMa IJIoaaei TpeyroJsHukoB BEC
u AED paBHa NOJIOBUHE IUIOMAAN TPAICLIHH.

Cepenuna M cropons! AD Beiyknoro uetsipéxyronbauka ABCD paBHOyaneHa
oT Bcex ero BepmnH. Haiiaute AD, ecnimu BC =10, a yriet B u C

YETBIPEXYTOJIbHUKA paBHBI COOTBETCTBEHHO 112° 1 113°.

IIposepvme, umoovl Kaj)xcovlit omeem Obl1 3ANUCAH PAOOM C HOMEPOM
COOMEEMCmMeEyIou|e20 3a0anusl.
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