EOovHbIN rocygapcTBeHHbI 3k3ameH, 2023 T. MaTtemaTunKa, 11 Knacc
EAUHbIN rocypaapcTBeHHbI a3K3ameH no MATEMATUKE
HoBoroaHuit TpeHNPOBOYUYHbIA BapuaHT N2 412
(coBmecTHbIN npoeKT alexlarin.net u egemathschool.ru)

MpodunbHbIt ypoBeHb
MHCTPYKLMA NO BbINONAHEHUIO paboTbl

JK3ameHaunoHHasa paboTa cocTouT M3 ABYX 4acTel, BKAYawoWwmMx B ceba 18
3apaHuin. Yactb 1 copeput 11 3aaaHWM ¢ KpaTKMM oTBETOM 6a30BOr0 W MOBbLILWEHHOFO
YPOBHEW CNOXKHOCTU. HYacTb 2 coaepKUT 7 3afaHUI C Pa3BEPHYTbIM OTBETOM MOBbILIEHHOTO
1 BbICOKOTO YPOBHEW CNOXKHOCTH.

Ha BbINONHEHME 3K3aMeHALMOHHOM paboTbl N0 MaTeMaTuKe oTBoAMTCA 3 Yaca 55
MUHYT (235 MUHYT).

OTBeTbl K 3agaHmaAmM 1-11 3anucbiBalOTCA MO NPpUBEAEHHOMY HUXKe 06pasLy B BUAE
L,eNoro YNCNa UaN KOHEYHOMN AecATUYHON Apobu. Yncna 3anmwmTe B NONA OTBETOB B TEKCTE
paboTbl, a 3aTem nepeHecuTe B 61aHK oTBeToB N2 1.

Orpey:__~0.8 0-0,8

Mpu BbINONHEHUW 3a8aHMI 12—18 TpebyeTcsa 3anucaTb NOJIHOE PELUEHME U OTBET B
6naHKke oTBeTOB N2 2.

Bce 6naHKkM ElD 3anonHAOTCA APKMMM YEPHBIMKM YepHUnamu. [Jonyckaertcs
MCNO/Ib30BAHUE reIeBOM UM KanNUANAPHON PYYKU.

Mpn BbINONHEHUM 33[03HUIA  MOXKHO MNONL30BATbCA 4YEPHOBMKOM. 3anucu B
YepHOBWKE, A TaKXKe B TEKCTE KOHTPO/IbHbIX U3MEPUTE/IbHbIX MAaTEPUAIOB HE YYUTbIBAIOTCA
npw oueHMBaHUM PaboTbl.

bannbl, nonyyeHHble Bamu 33  BbINO/MHEHHblE 33JaHWUA, CYMMMPYHOTCA.
MocTapaliTecb BbINONHUTL KaK MOXHO 6osble 33afaHWM M HabpaTb Haubonbliee
KoanyecTBo 6annos.

Mocne 3aBepweHuAa paboTbl nposepbTe, 4TOObI OTBET Ha KaxAoe 3afaHue B
6naHKkax otBeToB Nel 1 Ne2 6bin 3anuncaH nog NpaBuAbHbIM HOMEPOM.

Menaem ycnexa!

CnpasoyHblie mamepuasel
sin’ @ +cos” a =1
sin2q =2sina -cosa
cos2a =cos’ a —sin’ «
sin(a + ) =sina -cos f+cosa -sin 8

cos(a+ﬂ)=cosa-cosﬂ—sina-sinﬂ
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Yactb 1

Omeemom K 3adaHuam 1-11 aenaemcsa yesnoe 4ucao unu KoHeyHas AecsimuyHas Apobo.
Bo ecex 3adaHusx 4Yucna npednonazaromca OelicmeumersnbHble, ecqau O0mMOesibHO He
YKa3aHO UHoe. 3anuwume 4ucsio 8 nose omeema 8 meKcme pabomel, 3amem
nepeHecume e2o 8 B/IAHK OTBETOB Nel cnpasa om Homepa coomeemcmeyouje2o
3a0aHus, Ha4uHasa c nepeoli KnemoyKu. Kaxoyo yugppy, 3HAGK «MUHYC» U 3anamyio
nuwume 8 omdenbHOl Kaemoyke 8 coomeemcmeuu ¢ npueedéHHbIMU 8 b6aaHKe
obpazyamu. EOuHUYbI usmepeHuli NUCAMb He HYXCHO.
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1.1.8 OOHY W Ty Xe OKPYXHOCTb BnucaH Keagpat UTSA wu S A
TpeyronbHuK SAL. Hangute yron SLA. OTBeT aanTte B rpagycax.

OTBerT: . T U

1.2. [se npambie AK 1 CM penat TtpeyronbHMK ABC Ha Tpu
TPeyronbHUKa U OAMH YeTblpexyrofbHUK. Ha pucyHke undpamm
0603HaYeHbl NAOWAAW 3TUX TPeyroibHUKoB. HaliauTte naowasb
yeTblipexyroabHuka BMOK.

OTserT:

2.1. B cocyae, vmetowem ¢$OpMy KOHyCa, YPOBEHb KMUAKOCTH

1

aocturaet g BbicoTbl. Obbem cocyaa paseH 2023 mn. Hainaute

06bem HaMTOMN KuaxrocTn? OTBET 3anULWINTE B MUAINANTPAX.

OTserT:
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2.2. BbicoTa NpaBMAbHOIM TPeyrosbHOM NMpamMUAabl paBHa 23, a ABYrpaHHbIi yron npu

0 v o
OCHOBaHMW paBeH 45°. HaliguTe nnowaab 60K0BOM NOBEPXHOCTM Nupamuabl S . B oteTe

3a e S
nmuunTe ——.
J6

OTBerT:

3.1. Axrenuna otnpasnaer CMC Ha TenedoH [lepa Moposa. CBA3b nioxasd, nosTomy

Karkgaa nonbiTKa otnpasutb CMC nmeet BeposTHOCTb ycnexa 0,2. Haliaute BepoAaTHOCTb
Toro, yto CMC b6yaeT oTnpaB/ieHa He NO3¥Ke, YeM C YETBEPTOM NOMbITKK.

OTBerT:

3.2. B mewke nogapkos ena Moposa nexar uBeTHble WapuKKU: 3 KpacHblX, 3 3eeHbIX U
4 cuHWX. Haligute BEPOATHOCTb TOrO, YTO Cpegu LECTU CAy4aliHO BblOPAHHbIX LWAPUKOB
OKaXkyTcsA poBHO 1 KpacHbIN, 2 3es1eHbIX U 3 cMHUX. OTBET OKPYrAuTe A0 COTbIX.

OTBerT:

4.1. CrpaxoBan KOomnaHuMA pasgenser 3acTpaxoBaHHbIX MO Kaaccam pucka: 1 knacc —
Masbll PUCK, 2 KNnacc — cpeaHui, 3 Knacc — 6onbwon puck. Cpegn stnux KameHtos 50% -
nepBoro Knacca pucka, 30% - sToporo n 20% - TpeTbero. BepoAaTHOCTb HEOBXOAMMOCTU
BbIM/IA4YMBATb CTPAxX0BOE BO3HArpa*kAeHUe Ana NepBoro Knacca pucka pasHa 0,01, sToporo
- 0,03, Tpetbero 0,08. HanpuTe BepOATHOCTb TOrO, YTO MNONYYMBLUMIA [EHEXKHOe
BO3HarpaxAeHne 3acTpaxoBaHHbI OTHOCUTCA K rpynne mMmanoro pucka. OTBeT OKpyrivTe Ao
COTbIX.

OTBerT:

4.2. Jen Mopos xo4eT nocaguTb BO ABOPE CBOEN pe3naeHUUn 4 enn U no 3TOM NpuynHe
OTNPaBAAETCA B CAA0BbIM MarasuH 3a caxkeHuamu. Mo onbITy OH 3HAEeT, 4To 13 10 caXkeHues
B CpefHeMm ABa CaKeHua He MpuKMBaloTcA. Kakoe MMHMMaNbHOE KOJIMYECTBO CaKeHLEeB
pomkeH KynuTtb [en Mopos, 4Tobbl ¢ BepoAaTHOCTbIO He meHee 0,9 xoTa 6bl 4 M3 HUX
NPUKUAUCH?

OTBeT:
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3sin(7zx) n 1

2023

5.1. Pewwure ypasrenne 202 B oTBeTe yKauTe HauMMeHbLUU

MONIOXKMTENbHBIV KOPEHb YPaBHEHWA.

OTserT:

5.2. pewwrte ypasrenve 10g,,,, 4 —10g,y,; . 2—0,5=0

OTBeT:

1 5-24/5
6.1. Haitlaute 3HaueHue BbipaskeHus 2895 .17 5 .119.

OTBerT:

6-2. HaVIAMTe 3Ha4yeHne BbipaxKeHuAa

(1-2cos?1011,5°)- 2022
(cos1011,5° —sin1011,5°)- (cos1011,5° +sin1011,5° )

OTserT:
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7.1. oyHkupna y = f(x) onpegenena Ha npomeskyTke (—5; 5). Ha pucyHke u3obpaxeH

rpaduk npomsBoaHON 3ToN GYHKUMM. Haliaute KonmMyecTBO Touyek rpaduKka ¢yHKuuM, B
0

KOTOpPbIX KacaTesibHble HAaK/MOHeHb! nog yriom 120° K NoMOKUTENIbHOMY HaMpaB/lEHUIO OCU

abcuumcc.

-
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OtBerT:
7.2. npamas y=kx+2023 asnAetca KacaTenbHOWM K rpaduKy  DYHKLMM

y= x° +4x + 2077 . Haitgute 3HaueHme koapduLmenTa K .

OTBeT:

8.1. OnepaumoHHas npubbinb NPeANPUATAA NO NPOU3BOACTBY HOBOFOAHWX MMPAAHA, 3a
MecsL, paBHa PasHOCTY Mexay Bbipyukoi v pacxogamm S =n-a—n-b—C, roe n —
06'beM NPOM3BOACTBA (KOMMUECTBO NPOM3BEAEHHON NPOAYKUMK); 4 — NpoaasKHas UueHa; b

— cebecToumocTb (3aTpaTbl Ha eauHuuy npoaykumm); C— noctoaHHble pacxoAb
npeanpuaTMa B mecau,. Pupma npogaet rupasHabl no ueHe 700 pybaeit ceb6ecToMmocTbio
100 py6nei 3a eanHuLy. MocToAaHHbIE pacxoabl dupmbl Ha npomssoacTeo 200000 pybneii B
mMecAl. Yemy paBHa mecayHas onepauMoHHas npubbiab Npeanpuatua (B MaH py6) npu
ob6beme npounssoactea 2000 eanHUL, NpoaYyKUMKN?

OTBerT:

8.2. TpaKTop TawuT canu ¢ cunoit ' = 70 kH, HanpaBneHHOI Nog, oCcTPbIM YoM O K

ropusoHTy. PaboTa TpaKTOpa, BbipakeHHasa B KNOAXKOYAAX, Ha yyacTKe ganHoi S =100 m
pasHa A = FScosa . Npu kakom makcumanbHom yrne ¢ (B rpagycax) coseplueHHas
paboTa 6yaet He meHee 3500 KK?

OTBeT:
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9.1. CHerosuk npoexan Ha senocunege 60 KM 13 NyHKTa A B NyHKT B. Ha o6paTtHom nyTu
OH NepBbliA Yac Npoexan C NPeXXHe CKOPOCTbIO, NOC/Ee YEro cAenan OCTaHOBKY Ha 20 MUH.
HauaB ABM»eHMe CHOBA, OH YBE/IMYMA CKOPOCTb Ha 4 KM/U 1 NO3TOMY MOTPATUA Ha NyTb U3
B B A CTO/NIbKO }Ke BpeMEHM, CKONbKO U Ha NyTb M3 A B B. OnpeaennTte CKOpOCTb CHEroBMKa
npu ABUMKEHWUM Ha Benocuneae Ha Nyt us A 8 B? OTBeT 3anuwnTe B KM/u.

OTserT:

9.2. Ha y6opke cHera paboTaloT 4BE CHErOOYUCTUTE/IbHBIE MalUWHbI. [epBas MOMKeT
ybpaTb BClO yamuy 3a 1 4, a BTopas —3a 75% aToro BpemeHu. Hauyas y6opKy oa4HOBpEeMEeHHO,
obe MalwuHbl npopabotann smecte 20 MWH, Nocsie Yero nepsas MallMHA NpeKpaTuaa
paboTy. CKONIbKO eLle HYXXHO BpemMeHM, YTobbl BTOpas MallMHa 3akoH4YMNa paboty? OTBeT
3anuwmnTe B MUHYTaXx.

OtserT:
10.1. Ha pucyHke n306paskeHbl rpaduKK GyHKLMIA Ay
f(x)= a\/; " g(x)=kx+b, «otopbie |

™~

nepecekatoTca B To4Ke A. Haaute opamnHaTy TOUKK A.

-
0] 1 ™ X
T
OTserT:
10.2. Ha pucynke w3oBpaen rpaduk  dyHKUMN Ij[ﬂ A |
f(x)=a-tgx+b .Haitgute a . : :‘ :
| | I
I | !
NN
! ! !
| 1 I
| \ 1 \l 1
| | |
OTserT: e | | d
. N
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11.1. Haitgute HaumeHbliee 3HaueHMe QyHKLUK y=\/x3—3x+ll Ha oTpeske
[0;2023].

OTBerT:

11.2. Haiigute Touky munumyma dyrkumm Y = (1—0,4x)sinx —0,4cos x,

NPUHaaNEXalLyo NPOMEXYTKY (0;272').

OTBeT:

He 3a6ydbme nepeHecmu ece omeemol 8 6aaHk omeemos Ne 1 8 coomeemcmeuu ¢
uHcmpykyueii no evinonHeHuro pabomeol. lposepbme, Ymobbl Kaxdbili omeem 6bin
3anucaH 8 cMpoKe ¢ HOMepPoOM coOomeemcmeyrowe20 3a0aHus

& kg ok R kR R R SR R R R R R R R R R R R R R R R R

Yactb 2

Ana 3anucu peweHuli u omeemos Ha 3adaHuAa 12—18 ucnonw3yiime b/IAHK OTBETOB Ne2.
3anuwume cHa4yana Homep 8biNoaHAeMo20 3a0aHua (12, 13 u m.d.), a 3amem nosaHoe
obocHosaHHOe peweHue u omeem. Omeemol 3anucbieaiime YémkKo u pazbopyueo.

12.1. A) Pewnre ypasrenne sin x - (1 + cosx) = cos® x +cosx +1

b) HaligmTe BCe KOpHU ypaBHEHUS, MPUHAANENKALLME OTPE3KY [— 72';27[]

12.2. A) Pewnre ypasrenne 2024 -3 l-eos’x _ gsiny _ ()33

. 3 Tx
B) HaliamTe Bce KOPHM ypaBHEHWA, NpUHaAeKalme oTpesky | — ;— |.

2

13.1. B ky6e ABCDA;B,C;D;, pe6po KoToporo pasHo 12, Touku K u L — cepeamHbl pebep
AD u C;D; cooTBETCTBEHHO, a TOYKA F pacnonokeHa Ha pebpe BC Tak, uto CF = 3BF.

A) [lokaxuTe, 4to nnockoctb KLF aennt gmaroHanb AC ocHoBaHMsA ABCD B OTHOLWEHUM 2:3,
CYMTaAA OT TOYKM A.

B) HaliguTe pacctoaHue oT Touku Dy fo nnockoctu KLF.
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13.2.8 npaBubHOM WecTuyronbHou npmusame ABCDEFA,B,C,D,E,F, cTopoHa ocHoBaHuA AB

paBHa 4, a bokoBoe pebpo AA; paBHOM 5\/5. Ha pebpe DD; oTmeyeHa To4yka M TaK, 4To
DM:MD; = 3 : 2. MnockocTb a napannenbHa npamou A;F; 1 npoxoauT yepes Touku M u E.

A) OokaxuTe, yto ceyeHne npmsmbl ABCDEFA;B,C,D+E;F; nnockocTblo oo — paBHOBeapeHHasn
Tpaneyms.

Bb) Haigute obbem nupamuabl, BEPLIMHON KOTOPOWN ABAsSEeTcA Toyka F, a ocHoBaHuem —
ceyeHune npusmbl ABCDEFA,B,C,D,E;F; nnockocTblo Q.

log (4™ —2"" +4)
log . 2

2%-1

< &80

14.1. PewwnTe HepaBeHCTBO:

b —2x]+ 4

|x+2|+x2

14.2. pewwure nepasenctso: log, s

15.1. B vione 2023 roga MeaH Mopo30B nNaaHMpyeT B3ATb KpeauT Ha 8 NeT B pasmepe

800000 pybneit. Ycnosusa Bo3BpaTa TaKoBbI:

— Kaxabl AHBapb ¢ 2024 no 2027 roa, A40NT YBEIMYMBAETCA Ha 7 % NO CPABHEHMIO C KOHLLOM
npeablayuiero roaa;

— Kaxgpli aHBapb ¢ 2028 no 2031 rog gonr ysenuumsaetca Ha 15% no cpasBHeHuio C
KOHLUOM npeablayLiero roaa;

— ¢ ¢eBpans no noHb HEOHXOAMMO BbINAATUTL YaCTb A0ATA;

— B MIO/1E KaXKA,0ro rofa AOATr AOMKEH OblTb HA O4HY U Ty XKe CyMMYy MeHbLUe A0/ra Ha Uob
npeablaywiero roaa;

— K uronto 2031 roaa KpeauT AoNKeH 6bITb NOHOCTbIO NOraleH.

Onpegenute 7, ecnn obuiaa Cymma BbINAAT MO KPeauTy AO0/KHa cocTtasuTb 1444 Tbic.
py6nen.
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15.2. npeanpuatie nponsBoauT AETCKUE CaHKM U ABAAETCA YBBITOUHBIM. N3BECTHO, YTO
npu M3roTOBAEHUM X CAHOK B MECAL, pacxoabl NPeanpusaTua Ha BbIMYCK OAHWX CAHOK

168000 72000 . .

coctasastoT | ———— + 36 — |12 ————— | Tbic. pybneii, a ueHa peannsaumm Kaxaon
X X

3x . .

eAVHULbl NPOAYKUMKM pasHa | 72 —w Thic. pyb6neii. Onpegenute eemecauHbilii

obbem npousBoacTBa (B ThbIiC. CAHOK), MPU KOTOPOM exemecsuHble YBbITKM MoryT 6biTb
CHUEHbl 40 HAaMMEHbLIEro BO3MOXHOI0 YPOBHS.

16.1. B ocTpoyronbHom TpeyronbHuke ABC npoBsepgeHbl BbicoTa BH n meguaHa AM,

npuyem ToukmM A, B, H 1 M nexkat Ha o4HOM OKPY*KHOCTW.
A) [lokaxkuTe, yto TpeyrosbHMK ABC paBHObeApEHHbIN.
b) HaliguTe nnowaapb TpeyronbHuka ABC, ecnin AM : BH=4:3 u MH = 3.

16.2. Ha CTOpPOHax OCTpOoro yrnia c BepwmnHon O B3ATbI TO4KM A 1 B. Ha nyye OB B3ATa
Touka M Ha pacctoanum 3-OA ot npamoii OA, a Ha nyde OA — Touka N Ha paccToAHWUM
3-OB ot npamoit OB. [iMHa paguyca OKPYXHOCTM, OMMCAHHOW OKO/O TPEeyrosbHWKa
AOB, paBHa 3.

A) [lokaxuTe, uto TpeyronbHMK AOB nogobeH TpeyronbHuKy MON.

b) HanguTe annHy otpeska MN.

17.1. HaVIﬂ,MTe BCE 3HAaYeHMA NapameTpa ad, Npu KaxKa0M U3 KOTOPbIX YPaBHEHUE:

2a* +3ax + (4 - 3x) - log, x — 2a(log, x + 2)

=0
x* =3x

MMeeT XoTA bbl 0ANH KopeHb Ha NnpomekyTke [0,5; 4].
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17.2. Haﬁ,ﬂ,MTe BCE€ 3HA4YeHuA napameTpa d, Npn KaxXaom U3 KOTOPbIX BCE peleHus
ypaBHeHuA:
|x+a|+5|a—1|
3
2)a -1

_2_ —
31x 2ax2a=l

npuHaanexar otpesky [-3; 0]

18.1. MapuHa coctaBnsieT 3 71 YETBEPOK YMCAA U HAXOAUT BCEBOSMOMHbBIE UX CYMMbI.
Hanpumep, ecnn 72 = 4, T0 BO3MOXHbIX CymM 6b110 bl 5:

1)4+4+4+4=16; 2)4+4+44=52; 3)44 + 44 = 88; 4) 444 + 4 = 448; 5) 4444,

A) MoeT nv ogHa u3 cymm S paBHATbCA 460, ecim 1 = 257

B) MoseT im ofHa u3 cymm S pasHaTbea 800, ecin 1 = 257

B) CKONIbKO CyLLECTBYET Pas/IMYHbIX 3HAYEHWUI #1, ANA KOTOPbIX O4Ha 13 cymm paBHa 8007

18.2.8 pe3naeHunn fena Moposa pabotaeT He meHee 60 1 He 6onee 80 rHomumKos. e,
Mopo3 nposoauT cobpanue. K Hayany cobpaHua NpULWIO MeHbLUE NOMOBUHbI THOMMKOB (a
BO3MOXHO, YTO U HWUKTO He npuwen). Cnycta 10 MUHYT nocne o6bABAEHHOrO Hayana Ha
cobpaHue npuLwen ewe oaMH rTHOMMUK.

A) Morno M Noay4ymTbCca TaK, YTO MOCAe 3TOro Ha cobpaHMM MPUCYTCTBOBaNO Hosblie
NONOBUHbI THOMUKOB?

B) BO3MOXHO /11, 4TO M 40 M Noc/ie NPUXoAa ONo3A4aBLIEero rHoOMMKa NPOLEHT THOMUKOB Ha
cobpaHnm BblpaxKanca LesbiM YUCIom?

B) Kakoe Hambosbliee Lies0e 3HAYeHMEe MOF MPUHATL NPOLEHT Tak M He NpULEAWNX Ha
cobpaHne rHOMUKOB?

Mpoeepome, umobbl Kaxdbili omeem 6bin 3anNUcAH pPAOOM C HOMepoM
coomeemcmayrowje20 3a0aHus.
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