OCHOBHOW rocyjapCTBEHHbI 3k3ameH, 2025 r.

OcHoBHOI1 rocynapcrBeHnblii 3k3amen 1o MATEMATHUKE
HMHCTpYyKIMSA 0 BHINOJTHEHUIO PAdOThI

DK3aMeHalMoHHasi paboTa COCTOUT W3 JABYX YacTell, BKIIOYAIONINX B ce0s
25 3apmanuil. Yacte 1 comepxkut 19 3amanmii, yacts 2 cofepkutT 6 3amaHHH
C pa3BEPHYTHIM OTBETOM.

Ha BeimonHeHune 3K3aMEHAIMOHHOM pabOTHI IO MaTeMaTHKE OTBOIHUTCS
3 gaca 55 muHyT (235 MHHYT).

OrtBersl K 3amanusaM 7 1 13 3anummure B 61aHK oTBeTOB Ne 1 B BHIe OJTHOM
U QpBI, KOTOpPasi COOTBETCTBYET HOMEPY IIPAaBIIIHOTO OTBETA.

JUis ocTanpHBIX 3aJaHUM uyacTH | OTBETOM SABISIETCS YHCIO WIIH
MOCJIeI0BaTeNbHOCTD MG p. OTBET 3aIHIIATE B IOJIE OTBETA B TEKCTE paboTHI, a
3areM nepeHecuTe B OnmaHk orBeroB Ne 1. Ecmu momyuunach OOBIKHOBEHHas
):[p0613, OTBCT 3aIITMIIHUTEC B BUC Z[CCSITI/I‘-IHOI‘/II.

Pemenns 3amanuii yacTd 2 M OTBETHI K HUM 3alMIIWTE Ha OJIaHKE
orBeToB Ne 2. 3ajaHuss MOKHO BBINIOJHATH B J0OOM mopsiake. TekcT 3amaHus
NepenuchHIBaTh He HaJ10, HEOOXOMMO TOJIBKO yKa3aTh €ro HOMEP.

Bce OmaHkm 3amonHSIOTCS SPKUMH YEPHBIMU 4YepHWIaMH. Jlomyckaercs
WCTIONIb30BaHKE TEJICBON MM KalMUIIPHON PYYKH.

Cxauasa BblnonHsANTe 3agaHus yactu 1. Hayats coBeTyeM ¢ Tex 3aaHui,
KOTOpBIE BBI3BIBAIOT Y Bac MeHbIIE 3aTpyTHEHHUH, 3aTeM MEPEXOJUTE K JPYTHM
3aaHusM. {151 SKOHOMHMM BpEMEHM MPOIyCKaiTe 3alaHue, KOTOpoe He yaaércs
BBITIOJIHATH CPa3y, M MEPEXOANTE K cienytomemy. Ecim y Bac ocranercst Bpems,
Bbl cMOkeTe BEpHYTBCS K IPOIYLIEHHBIM 3aJaHUSM.

HpI/I BBIITIOJIHCHUH qaCcTu 1 BCEC HeO6XOl]I/IMBIe BBIYUCJICHUSA,
mpeoOpa3oBaHus BBHIIOIHANWTE B YSPHOBUKE. 3alMCH B YePHOBMKE, 2 TAKKe B
TeKCTe KOHTPOJbHBIX H3MEPUTEJIBHBIX MAaTePHATIOB He YUYNTHIBAIOTCS NPH
OLIeHMBAHUU PadOTHI.

Ecnu 3aganue coaepKUT pUCYHOK, TO Ha HEM HETIOCPEACTBEHHO B TEKCTE
paboTBl MOXXHO BBINONHATH HeoOxoxmmble Bam mocrpoenus. Pexomennyem
BHUMATEJIbHO YUTATh YCIOBHE M IPOBOIUTH IIPOBEPKY MOJIYYEHHOTO OTBETA.

[Tpn BeImonHeHMK paboThl BBl MOXKeTe BOCIIONB30BATHCS CHPABOYHBIMHU
MaTrepuajiaMu, BbIJaHHBIMU BMecTe ¢ BapuanToM KM, u nuHenkoi.

Bannbl, nomyuennsle Bamu 3a BBINOTHEHHBIE 33JaHUS, CyMMHPYIOTCS.
[MocrapatiTech BEIOTHATH Kak MOXKHO OOJIBIIIE 3aaHui W HaOpaTh HanOOJbIIee
KOJIMYECTBO 0asIoB.

JUil mpOXOXKIEHUST aTTECTAlMOHHOTO MOpora HeoOXoammo HaOpaTh HE
MeHee 8 0ayuloB, M3 KOTOPHIX HEe MeHee 2 OaJUIOB JOJDKHBI OBITH IOJYYEHBI
3a peleHue 3aanuii mo reomerpun (3amanus 15-19, 23-25).

[Toce 3aBepiuenust paboThI IPOBEPHTE, YTOOBI OTBET HAa KAX/I0€ 33/1aHHE B
Osankax orBeToB Nel 1 No2 ObuI 3amucaH 1Mo NPaBUIbHBIM HOMEPOM.

Cocrasutens: LLkona Mudaropa

MATEMATWVIKA, 9 knacc.

TpeHVPOBOYHbIN BapuaHT Ne2 1/7

CIIPABOYHBIE MATEPHUAJIbBI
AJITEBPA

o dopMyna KOpHEi KBaJpaTHOrO YpaBHEHHUS:

—b+
xzibgﬁ,me D=bh—4ac.
a

N 2
o Ecmi kBajgpaTHBbIil TpéXuneH ax ~ +bx+ ¢ UMEeT 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:
=5

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:

a,+a,)n
Sn:( ]2 ) .

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,
§, =
g-—1

o DOPMYJIEI COKPAIIEHHOTO YMHOKEHH:
(a+b)2 —a’+2ab+b>;
(a—b)z =a’—2ab+b’;

a’—b>=(a-b)(a+h).
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e CBoiicTBa apu(h)METHUECKOr0 KBapaTHOT0 KOPHA: T'EOMETPHUA —
\/ab=\/;-\/3 npu az0, b=0; 0
a Ja CyMMa yIIoB BBITYKJIOrO 71 -yronbauka pasua 180°(n—2). m
E:T npr a=0, h>0. T
b CpeHsis JJUHUS TPEYroJIbHUKA M TpaneLHH S
N B MN — cp. nun. B _C BC|| AD o
e (Cgoifctea crenenn ipn a >0, b>0 MN || AC ) ) MN — cp. num. O
1 ‘ MN || AD
a =—r; MN = A_C M N I w
a 2 BC+ AD O
an am:aner. MN:#
) L
a _ n-m, A D I
m ’ U-
(a")m=am", AN
. Onucannas 1 BIIMCAHHAS OKPYIKHOCTH ITPaBUIILHOTO TPEYTOJILHUKA =
(ab)'=a"-b"; J3 NE)
R=4 3 _av3 <SS
no o n = r=
( a\_a 3 6 Z
b =y s a3 LN a3 -
Tabauna KBaAPATOB JABYIHAUHBIX YHCe ' 4 ‘ . 2 Ts)
. N
Exnnuubt
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 | 520 | 576 | 625 676 | 729 784 | 841 B Hnsa TpeyronsHuka ABC co cTopoHamMH AB=c,
3 900 961 1024 | 1089 | 1156 | 1225 | 1296 | 1369 | 1444 | 1521 AC=b,BC=a:
= 4 1600 | 1681 | 1764 | 1849 | 1936 | 2025 | 2116 | 2209 | 2304 | 2401 c a
| 5 | 2500 | 2601 [ 2704 | 2809 | 2916 | 3025 | 3136 | 3249 | 3364 | 3481 a__ _b =—C£ _=2R,
= 6 3600 | 3721 | 3844 | 3969 | 4096 | 4225 | 4356 | 4489 | 4624 | 4761 sind sinB sinC ——
7 4900 | 5041 | 5184 | 35329 | 5476 | 5625 | 5776 | 5929 | 6084 | 6241 ., —
rae R — paauyc OnMcaHHOH OKPYKHOCTH. —
8 6400 | 6561 | 6724 | 6889 | 7056 | 7225 | 7396 | 7569 | 7744 | 7921 A b c ™ paiuy Py —
9 8100 | 8281 | 8464 | 8649 | 8836 | 9025 | 9216 | 9409 | 9604 | 9801 ==
Hns tpeyroneHuka ABC co cropoHamu AB=c, —
AC=b, BC=a: =
¢ =a +b" —2abcosC. —

Jnna oxpyxuocta C =2mr

ITnomane kpyra S =mnr 2
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Hnowaou guzyp

[Tapannenorpamm Tpeyroneauk
1
b h, S=ah, b S =§aha
Y S =absiny S=labsiny
a a
Tpanenust Pom6

b
d,, d, — nuaronaiu

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

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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Yacre 1

Omeemamu K 3a0anuam 1-19 aenaromcea uucino uiu nociedoeamenbHOCms
uugp, komopwie credyem zanucams 6 bJIAHK OTBETOB Ne 1 cnpasa om
HOMEPA COOMEEMCMEyIouLezo 3a0anus, HaYuHasa ¢ nepeou Kiemouku. Ecau
OMeEemom s6IAEMCA NOCIe008aAMEIbHOCHb UUdp, mo 3anuuwiume eé e3
npooenons, 3anamoix u Opy2ux 00NOJIHUMENbHLIX cUMB0108. Kasicowtit cumeon
numume 6 OMOECAbHOI KIemouKe 6 COOMEEeMCHEUU ¢ NPUBCOEHHBIMU
6 OnanKe oopazyamu.

| Ilpouumaiime gnumamensno mexkcm u gptnoanume 3adanus 1-5. |

XO034MH JAYHOTO Y4YacTKa CTPOMT OaHIO C TApHBIM OTAENCHHEM. Pa3mepsl
MApHOTO OTHeNeHus: mimHa 3,4 M, mupuHa 2 M, Beicota 2,2 M. J{ns pazorpesa
IMapHOro NOMEUICHUA MOKHO MCIIOJIB30BATh DJICKTPUYCCKYIO WIN APOBAHYIO II€Yb.
Tpu BO3MOXKHBIX BapuaHTa JIaHbl B TA0JHIIE.

ITeun Tun OrammBaemblit | Macca, kxr | LleHa, py0.
00BEM, Ky0. M
OpuoH JIPOBsIHAs 8-14 58 16000
Kenrasp JIPOBsIHAs 6-16 80 23000
Oka IIEKTpUUECKast 10-17 25 20000

Jlist yCTaHOBKM [JPOBSIHOW II€YM JIOTIOJHUTENBHBIX 3aTpaT He MNoTpedyercs.
YcraHOBKa 2JIEKTPUYECKON MeUH MOTPeOyeT MoIBEICHHE CIIEHaIbHOTO Kabes,
yro oboitnércs B 6000 py6. Kpome TOro, XO3SMH MOJCYHMTAN, YTO 3a TOJ
JNeKTpHUecKas neub uspacxoayeT 2800 KMIOBAaTT-4acoOB IEKTPOIHEPruu 1o 3
py0. 3a 1 KuymoBaTT-yac, a IpOBsHAS MEYb 3a T'OJ] U3PAcXoayeT 3,5 KyO. M JIpoB,
KoTopsle oboiiayTcs o 1600 py6. 3a 1 ky0. M.

Haiinute 00pEM mapHOTO OTHENIEHUS CTpOsIIeiics 6anu (B Ky0. M).

OrtBer:

Ha ckonbko pyOsieit npoBsiHas meub, MOAXOMAIIAS 110 OTAIUIMBAEMOMY O0BEMY
MapHOT'o OTJEJICHUS, 000MAETCS ACIIEBIIE 3JIEKTPUIECKON C yYETOM YCTaHOBKH?

OtBerT:

~
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Ha ckonpko pyOielt SKkcIuryatanus APOBSIHOM IeYd, KOTOpas IMOAXOIWT II0 Hailinute 3HaueHne BbIpaXeHUs.
3
OTaIUTHBaeMOMY 00BEMY IMTAPHOTO OTACICHUSI, 000UIETCS NeIIeBIIe SKCILTY aTAI[IH 09 +07 U
SIEKTPUYECKON B TeUEHHUE roma’? - m
32 T
OtgerT:
Ortser: S
JloctaBka neuu u3 MarasuHa a0 ydactka crout 900 pyoOueit. [Ipu nokynke neun O
1ieHo# Beie 20000 pyOuieii Marasus npeiaraet CKuaky 3% Ha ToBap u 25% Ha Kakoe 3 JaHHBIX YHCel IPHHAUISKHT IIPOMEXKYTKY [6; 7]? W
noctaBKy. CKoNbKo OyieT CTOUTH MOKyIKa ey «KeHTaBp» BMecTe ¢ J0CTaBKOH 1)V O
Ha 3TUX yCIOBHUAX? L
2 T
Ortser: . 3) V40 g
4)V51 <
Xo3suH BBIOpaN IpOBSHYIO TMedb. YepTéx meun moka3aH Ha puc. 2. Pazmepsr =
YKa3aHBI B CM. Ortger: <SS
Haiinute 3HaueHne BbIpaXeHUs! %
KOXKYX b>:b* - b® N
_ npu b = 4.
'y
Otger:
60 — III Haiinure xopeHb ypaBHEHUS —
—
6 I
— _5 —
x+5 =
v OtgeT: —
IA 1 ]
38 —
o —
Puc. 1 Puc. 2 Ha Tapeske nexar 0MHAKOBBIE HA BUJ IMPOXKU: 4 ¢ MACOM, 8 c KalycToin 3 ¢ ==
BuiHei. [lers Hayrag 6epér oauH nupoxok. Haiinnte BeposTHOCTH TOTO, YTO
Ileur cHaOxeHa KOXYXOM BOKpYyI' ABEPULI TOIIKH. BerHﬂﬂ 4JacTbh KOXYyXa ITUPOKOK OKAXKETCS C BUIIIHEHN.
BBITNIOJIHEHA B BUJI€ apKU, IPUBAPEHHOMN K MEpeIHEN CTEHKE M0 Ayre OKPYKHOCTH o
TBET:

(cMm. puc.). JIns YCTAaHOBKM TI€YKH XO3SUHY NOHAJOOMIOCH Y3HATh paanyc
3aKpyIVieHus apku R. PazMepsl Koxkyxa noka3zaHbl Ha pucyHke. Haiinure paguyc
B CAaHTHMETPaX; OTBET OKPYTIUTE J0 ACCATHIX.

OrtBer:
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YcraHoBUTE COOTBETCTBHE MEXy rpadukaMu GyHkuumii u Gpopmynamu, KOTopble
WX 33/1a10T.

TPADUKN
A) ¥y B) ¥y B) ¥y
/
1 1 1
0| 1 x o/ 1 x o 1 x
7

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

B Tabnune nox kaxoit OykBol yKaXHTe COOTBETCTBYIOLINH HOMED.

A|b | B

OTBeT:

B ¢upme «3Ox, mpokauy!» croumocTth mnoe3akd Ha Takcu (B pyOusix)
JUINTEIBHOCTBIO OOJiee 5 MUHYT pacCUuThIBaeTCs 1o opmyrie

C =150 + 11(t — 5), roe t — IUTEIBHOCTD MOE3IKH (B MUHYTAX). [101IB3ysICh
9TOH (OPMYIIOH, paccunTaiiTe CTOUMOCTh 15-MuHYTHOM moe3nku. OTBET naiiTe B
pyOIIsX.

OTBeT:

YKaxure HEPaBEHCTBO, KOTOPOE He UMeeT PELIEHUM.

1)x2—=56>0
2) x2+56 >0
3)x2-56<0
4)x2+56<0

OrtBer:
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Bpau mpormcan 6ospHOMY Kaluid MO ClleRyromeld cxeme: B INEpBBIH JIeHb 5
Kamenb, a B KaXIBIH CIeIyIONMH A€Hb — Ha 5 Kamenb Oojblle, 4eM B
MIPEABIIYIINHN, 10 TeX 1Op, TI0Ka AHEBHas 103a He pocturHeT 20 kamnens. Takyio
IHEBHYIO 1103y (20 Kamenb) OONBHON €XeAHEBHO NPHUHUMAET HENEII0, a 3aTeM
yMeHbIIaeT MpuéM Ha 5 Kamenlb B JeHb OO IMOCIEeNHEro AHSA, Korga OONBHOMN
MIPUHUMAET MOCJIEAHUE JecATh Kanenb. CKOJIBKO Iy3bIPHKOB JEKapCTBAa HYKHO
KyIOHUTHb Ha BECh KypC, €CIIM B KaXKAOM IIy3bIpbKE 5 MJI JIeKapcTBa, TO ecTb 150
Karenb?

OrtBerT:

Haiinure octprrit yronm mapamrenorpamma ABCD, ecnm Ouccextpuca yrima A
o0pasyeTt co croponoit BC yro, paBubiit 15°. OTBeT maiiTe B rpaaycax.

B C

A D

OrtBerT:

Pangnyc okpyKHOCTH, OMUCAHHON OKOJIO PAaBHOCTOPOHHETO TPEYTOJIBHUKA, PABEH

6. Haifute BBICOTY 3TOTO TPEYTOJIBHUKA.

OrtBert:

~
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JIBa karera mpsIMOYTOJIbHOIO TPEYroJIbHUKA paBHBI 6 u 7. Halinute mnomans
3TOTO TPEYTOJILHHKA.

OTBerT:

Ha xneruaroit Oymare ¢ pasmepom kiretku 1 X 1 m300paxén TpeyronsHuk ABC.
Haiinure nqnuHy ero cpenHei TMHUY, apauiensHoi ctopoHe AC.

A C

Ortser:

Kakwue u3 cnenyromux yTBep KICHUNA BEPHBI?

1) PaccrostHue OT TOUKH, JeXxalleil Ha OKPYXKHOCTH, A0 LIEHTPa OKPYKHOCTH
paBHO paguycy.

2) IInomaap Tpanenuy paBHa NPOU3BEICHUIO OCHOBaHMS TPANelluy Ha BBICOTY.
3) TpeyroabHuKa co cTopoHamH 1, 2, 4 He CyIIeCTBYeET.

B otBer 3anuinuTe HOMepa BHIOPaHHBIX YTBEPXKJICHUI 0e3 IpoOEeoB, 3ansiThIX U
JIPYTHUX JIOTOJIHUTEIBHBIX CHMBOJIOB.

OrtBer:

He 3adyobme nepenecmu e6ce omeemsvl 6 Onank omeemos Ne 1
6 coomeemcmeuu ¢ UHCIPYKyueil no 8bINOJIHEHUI0 PAGOmMbL.

Ilpoeepvme, umoovl Kaxcovlii omeem Obl1 3aNUCAH 8 CIMPOKE C HOMEPOM
COOMBENICIMEYIOULe20 3A0aHUSL.
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Yacrnb 2

Ilpu evinonnenuu 3aoanuii 20-25 ucnonvsyiime bJIAHK OTBETOB M 2.
Cnauana ykaxycume Homep 3a0aHUsA, A 3amem 3anuuiume ezo peuienue u
omeem. Iluwiume uémko u pazdopuuso.

Pewmute ypaBHenue

x* = (x — 20)2.

JIBa aBTOMOOWIII OHOBPEMEHHO OTIPABIAIOTCS B 240-KMIOMETPOBBINA MPOOeT.
ITepBblii exeT co ckopocThio Ha 20 KM/4 GOIbINeH, YeM BTOPO#H, U IPHOBIBAET K
¢uHMIYy Ha 1 9 paHbine Broporo. HalanuTre cKoOpocTh EpBOro aBTOMOOMIIS.

[MocTpotite rpaduk GyHKIHN

y = |x|x —|x| — 3x.

OnpenenuTe, NpU KaKUX 3HAYECHHUSX M MpsIMasi Y = M UMeeT ¢ rpa)ikoM pOBHO
B€ OOIIHE TOYKH.

Haiinute 6okoByro ctopony AB Tpanenuu ABCD, ecnu yrist ABC u BCD paBHBI
cootBeTcTBeHHO 45° M1 150°,a CD = 32.

OKpy>XHOCTH C IICHTpaMH B ToUKax | u | mepecekarorcs B Toukax A u B, mpuuém
TOYKH | ¥ ] JexKaT 1Mo OAHY CTOPOHY OT npsimoit AB. JlokaxuTe, uro npsimeie AB

U ] nepneHauKyIspHBIL.

Cepenuna M cropons! AD BbIMyKJI0ro 4eThlpéxyroiabHuka ABCD paBHOyaneHa
oT Bcex ero BepmuH. Haiigute AD, ecnou BC =10, a yrmet B u C
YeThIPEXYTOJIbHIKA PaBHBI COOTBETCTBEHHO 112° 1 113°.

IIposepvme, umoobvl Kax)covlit omeem ObL1 3ANUCAH PAOOM C HOMEPOM
COOmEEMCmeyiou|e2o 3a0aHus.

~
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COCTABUTEJIb BAPUAHTA:

®UO: | Eprennii [Tudarop

Ipeamer: | MaremaTuka

Crax: | 13 ner roroBmo k EI'D u OI'D

Ha6pan 100 6anioB va EI'D no matemaTuke (IpoQuIib)
PesynpraTel Moux yueHnkoB Ha EI'D 2024:

Enena — 100 6amaoB

Jlaka — 100 6amwioB

Peraauun: | Cesa — 100 6ajuios

Jmurpuii — 100 6ammos

Awnnpeii — 100 6amioB

Beiciee obpasosanue — TI'Y (TomsstTi), 2009-2014
IToGenuTenp TPEX OJIMMITHAJ 10 BBICIIICH MaTEMAaTHKE

~

BK: | https://vk.com/shkolapifagora

FOTy6: | https://www.youtube.com/c/pifagorl
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