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Bonpoc

UHdo

YBaxaeMbin yyacTHUK Onumnuaabl!

Ha BbinonHeHue Tecta 3akniounTenbHOro atana orsoanTcs 230 MWHYT NJI0C 15 MUHYT Ha COXpaHeHue U NpuKpenneHne pemeHM|7|.

PaboTta aBTomatunyeckn otnpasutca B 14:05 no MockockoMy BpemeHun. OKHO Tarimepa Bbl yBuguTe B BepXHen Yyactu pabodero
aKpaHa.

Bonpochkl TexHN4eckoro xapaktepa Bl MoxeTe 3agatb HabnogaTento B YyaTte (OKOLUKO BHM3Y B NpaBOW YacTu akpaHa). Ecnn Bam
notpebyeTcsa BbINTU B TyaneTHyt0 KOMHaTy, OCTaBbTe B YaTe C MPOKTOPOM COOBLLEHNSA O BpEMEHW BbIXOAA U BPEMEHM
BO3BpaLleHusa (Hanpumep, "12:04 - Boiwen"). OTBET OT NPOKTOpa X4aTb MPU 3TOM HE HY>KHO.

BapuaHT 3aKknouMTenbLHOro atana cocTouT u3 6 sagad. PelleHune kaxaon 3agaqm Bel moxeTe
a) NOMHOCTbLIO 3anucaThb B nore oteeTta (MpY HEOBXOAUMOCTI MOXHO MPUKPENUTL NOACHSAIOLLIMIA PUCYHOK),

6) nonHocTbL HabpaTb B TEKCTOBOM peakTope C peaakTopoM opmyn, npeobpasosaTtb B popmat pdf n npukpenutb
nony4ymsLummncsa gavn. Ecnn y Bac HeT BO3MOXHOCTU npeobpasoBath pelleHue B pdf, Bbl MoXeTe caenatb CKPUHLLOT 9KpaHa
(kHonKa PrtScn Ha knaesumaTtype unm BCTPOEHHbI cepBUC "HOXHULLI") U NPUKPENUTDL €ro.

OGpaTtnTe BHMMaHM1e, K Kaxxaon 3agadye MOXHO NPUKPENUTb TONbKO OAWMH dhais, Ha3BaHWe KOTOPOro oopMmpyeTcst No nNpasuny
ol22*****_N rge ol22***** - Baw noruH, N - HOMep 3agadn.

B TekcTax peLueHuin, NpuKpenneHHbIX N3o0bpaxeHnax n gannax He 4OMmKHO BbITb HUKAKOW NepcoHaribHOW nHgopmaumm!

Bo Bpemsi BbINOMNHEHMS BapuaHTa Ha KOMMNbITEPE MOXHO MOMb30BaThCA TONbKO TEKCTOBLIM PEAaKTOPOM U BCTPOEHHbLIM CEPBUCOM
co3faHus n3obpaxeHuin. YepHOBOE peLleHne MOXKHO BbINOMHSATL Ha Bymare, pacrnonoXxeHHoW B nore BUAMMOCTY BeG-kamepbl.
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Bonpoc 1
BbinonHeH

Bannos: 20 n3
20

MeTs n Bacs ogHOBpeMeHHO Bblexarnv Ha caMmokaTax HaBcTpeyy apyr apyry. PoBHO
nocpeauHe Mexay HUMKU pacnonoxeH moct. [lopora oT NeTtn o mocTta
acdansTMpoBaHHag, a oT Bacu 0o mocta — rpyHToBasi. MI3BeCTHO, 4TO Mo

rPYHTOBOW J0OpOre OHM efyT C OANHAKOBbLIMU CKOPOCTAMM, a no acdanety eTa
ABwxeTcsa B 3 pasa 6bicTpee, Yem no rpyHToBKe. [NeTs 3a yac gobpanca Ao mocta

W, He OCTaHaBNMBasACh, MPOOOIMKNN ABMXEHME. Yepes kakoe BpeMsi nocrie Bble3a OH
BCTpeTuT Bacto?

IMycTb paccTtosiHne oo mocta oT [leTn 1 Bacu 310 S, CKOpOCTb MO rpyHTOBOM Aopore V, a ckopocTb Netn no acdanesty 3V. Torga
S/3V=1, Tak kak 310 BpeMms [leTu, 4Tobbl AoexaTb 4O MOCTa CO CKOpocTbio 3V. Bacs 3a aTo Bpems npoexan paccrtosiHme V*1=S/3.
Toraga cenyac mexay Humm paccroaHue 2S/3. Torga Bpemsi 4o BCTpeudn paBHO (2S/3)/2V (Tak kak CKOpoCTb conmkeHnsa pasHa 2V) =
S/3V=1uy4ac, 14ac + 14yac = 2 yaca

OTBeT: 2 yaca.




KommeHTapuii:




Bonpoc 2
BbinonHeH

Bannos: 20 n3
20

[NaH kBagpaTHbIii TpexuneH 2z2 — x — 36 . Hangute Bce Lenble z, NPY KOTOPbIX 3HAYEHWs 3TOTO TPpexyrieHa paBHbl KBaapaTty
NpOCTOro yncna.

2x/2-x-36=p”2, p-NnpocToe

2x"2-x-(36+p~2)=0

D=1+4*2*(36+p/2)=8p/"2+289=z/2, z-HaTypanbHOE, TaK KaK x Liernbli
8p/2=2/2-289=(z-17)(z+17), pa3HOCTb 2 ckobOK paBHa 34

1) p=2

8*%2/2=32 => Mbl HE CMOXEM Pa3fiOXNTb Ha 2 CKOOKM C pasHOCTbIO 34
2) p He 2 => p-He4yeTHoe

Ckobku z+17 n z-17 OAHON YEeTHOCTH

Toraa aTn ckobkm 310 NGO 2 1 4p~2, NGO 4 1 2p~2, B0 2p 1 4p, TaK Kak Mbl He MoXeM 6paTb p 1 8p, pA2 1 8, 11 8p/2, TaK Kak p
HeuyeTHoe

1) 4p~2-2=34 => 4p"2=36 => p=3
8*9+289=361=>z=19

x=(1+-19)/4 => x1=5, x2=-4.5 => x=5

2) 2p”2-4=34 => p=sqrt(19), sqrt-kBagpaTHbIN KOPEHb
3) 4p-2p=34 => p=17

8%289+289=289*9=(17*3)"2 => z=51

x=(1+-51)/4 => x1=13, x2=-12.5 => x=13

OTBeT: x=5, x=13.







Bonpoc 3
BbinonHeH

Bannos: 20 n3
20

MonoxwuTenbHble Yucna a, b U ¢ yAOBNETBOPSIOT YCroBuio abe(a + b+ ¢) = ab+ be+ ca .
DokaxwvTe HepaBeHCTBO 5(a + b+ ¢) > 7+ 8abc .

Mpy geneHnn nepBoro paBeHCcTBa Ha abc nonyynm a+b+c=1/a+1/b+1/c

Mo HepaseHcTBy KBLL (a+b+c)(1/a+1/b+1/c)>=(1+1+1)A2=9 => a+b+c=1/a+1/b+1/c>=3
Torga goctaTodHO AokasaTb, YTo 5(a+b+c)>=7/3*(a+b+c)+8abc>=7+8abc, Tak kKak a+b+c>=3
[okaxxem aTo:

5(a+b+c)>=7/3*(a+b+c)+8abc

15(a+b+c)>=7(a+b+c)+24abc

8(a+b+c)>=24abc

(a+b+c)>=3abc

(a+b+c)"2>=3abc(a+b+c)=3(ab+bc+ca)

a’2+bA2+c2+2ab+2bc+2ca>=3ab+3bc+3ca

a’2+bA2+cA2-ab-bc-ca>=0

2a2+2b"2+2c2-2ab-2bc-2ca>=0

a’r2-2ab+b"2+bA2-2bc+c N 2+cA2-2ca+a”2>=0

(a-b)A2+(b-c)A2+(c-a)"2>=0 - BEPHO

Torpa 5(a+b+c)>=7/3*(a+b+c)+8abc>=7+8abc

Y. T. O







Bonpoc 4
BbinonHeH

Bannos: 20 n3
20

Y Mawwm ectb 1000 6ycrHOK 50 pasnmyHbIX LBETOB, Mo 20 BYCMHOK Kaxaoro ueeTa. [1pn Kakom HanMeHbLueM n Ansi noboro
crnocoba cobpaTb 13 Bcex BYCMHOK OXepenbe MOXHO BblibpaTb n nocneaoBaTenbHbIX OYCMHOK, Cpean KOTopbIX eCTb ByCuHKM 25
pasHbIX LBETOB?

[lokaxkeMm, YTO Mbl BCerga CMoXeM HalTu 462 nocrneaosaTterbHble GyCUHKM 25 pasHbix LBeTOB. Bo3abmeM 500 nocnenoBaTenbHbIX
6ycuHok. Cpeau HUX TOYHO XOTSA Gbl 25 LIBETOB, TaK Kak kaxaoro useta no 20.

Moka useToB BonbLe 25, 6yaem ybupatb 1 6ycnHKy ¢ noboro KoHLa Hallen YacTu oxepenbs. Toraa KonmyecTso LIBETOB HE CTaHET
MeHbLue 25.

[Moka UBET Kakoro-To M3 KOHLIOB YacTu OXXepenbsi BCTPEYaeTCs B HeM X0Ts1 Obl 2 pasa, byaem ybupartb 1 6yCUHKY C 3TOro KoHLUa
4yacTun oxepenbs. Toraa KoNMMYeCcTBO LBETOB HE U3MEHUTCS.

Torga B KOHLE anropyMTMa Mnory41MM ¢ KOHLOB YacTu OXeperbs LBeTa, BCTpevatoLmecsd B Hell poBHO 1 pas. Npu aTom BCero LBETOB
posHo 25. Toraa cpegun BYCUHOK, He cuMTas 2 KpanHUX, pOBHO 23 LBETA, 3HAYMT X He Bonblue, Yyem 20*23=460. Torga Bcero
OycuHoK He Bonblue 460+2=462.

PaccmoTtpum crnegytollee oxepenbe: cHadana ngyTt 20 6ycnHok 1 uBeTa, 3atem 20 6ycuHOK 2 LBeTa, 3ateM 20 OyCUHOK 3 LBeTa U
T.4. Torga, YtoObl B3ATb 25 LBETOB, Mbl AOMKHbI B3ATb NOCMNEAHIOK BYCMHKY 13 20 KaKoro-To LBeTa, 3aTteM 23 upeTa no 20 WTYK, U
nepsyto ByCMHKy 25-ro ueTta. Torga BCero Mbl BO3bMeM XOTS 6bl 23*20+2=462.

Mbl gokasanu, 4To Bcerga MoXxem B3ATb 462 nocnegoBaTernbHble 6yCVIHKVI TaKune, 4YTo cpean HMUX eCTb 6yCVIHKVI 25 pasHbIX LBETOB,
HO NpW 3TOM Mbl HE BCerga MOXem B3STb MeHbLUe 462 6yCI/1HOK. Toroa HanmeHbLLee n paBHO 462.

OTBeT:462.







Bonpoc 5
BbinonHeH

Bannos: 20 n3
20

Toukn A, n B; — cepeguHbl ctopoH BC' n AC' ocTtpoyronbHoro TpeyronbHuka ABC, Touka M — cepegnHa otpeska A, B;. Touka
H — ocHoBaHWe BbICOTbI, ONyLLEHHON 13 BepLlunHbl C' Ha cTopoHy A B. Yepes Touky M npoBedeHbl OKPY>KHOCTU, KacatoLmecs
ctopoH BC n AC cooTBeTCTBEHHO B Toukax A; n B;. O603Ha4yMM BTOPYO TOUKY nepecedeHmns okpyxHocTen yepes N. [lokaxuTe,
yTO TOukM H, M n N nexat Ha OgHON NpsIMOW.

Cpoenaem MHBEPCUIO OTHOCUTESNBHO OKPYXXHOCTU ¢ Anametpom A1B1 (ueHTp uHBepcumn-T. M). Torga Toukmn Al u B1 octaHyTca Ha
MEeCTe, a OKPY>KHOCTU NepenayT B NpsMble, Tak Kak NPoXoaaT Yepes LeHTp uHBepcuun. MNMycTb OKpYXHOCTb, Kacatowwascsa AC ato wl, a
BC - w2. Toraa w1 neperget B NpsiMyto, NPOXOoAsLLyio Yepes B1 v napannenbHyro KacaTtenbHom B Touke M K 3TOM OKPY>XXHOCTH, Tak
Kak M - ueHTp nHsepcun. INyctb yrmbl TpeyronbHuka A, B, C paBHbI a, b, c cooTBeTcTBEHHO. Torga yron MB1C=a, Tak kak A1B1 -
cpenHasa nuHus. Torga ayra BIM=2a, Tak kak AC - kacatenbHas n obpasyeT C Hel yrorn, paBHbIv a. Torga kacatenbHas B Touke M K
3TON OKPYXXHOCTM ByaeT obpasoBLiBaTh yron a ¢ BM npoTtme YacoBow cTpenku oT M. Toraa npsimas napannenbHasi en B Touke B1
Oynet ob6pasoBbiBaTh TOXE yrosn a ¢ BM, Ho no yacoso ctpenke oT B1. CH nepnenaukynsapeH A1B1 n CH genutca nononam
otpeskom A1B1. Toraa yron HB1M=yron CB1M=a, Tak kak TpeyronbHuk HB1C paBHoGeapeHHbIW. Torga npsamas B1H obpasyet yron a ¢
B1M no 4acosow cTpenke ot B1. Torga B1H - nckomasa npsimas - o6pas wl npu nHeepcun. AHanornyHo npsmas ATH - obpas w2 npu
nHBepcun. Torga Touka H (nepeceyeHmne aTnux 2 NpsiMbix) 40 3TOro Obina TOUKOM NepeceyeHns oOKpy>KHocTen wl n w2, To eCcTb
Toukor N. Torga Toukm H, M 1 N nexat Ha ogHOW NPsIMO, Tak Kak Npuv MHBEPCUM TOYKM OCTalOTCA Ha NMPAMbIX, COEOMHAILWNX UX C
LIEHTPOM MHBEPCUMN.

Y. T. O
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BbinonHeH

Bbannos: 15 13
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Y HaTypanbHOro Yncna n HeT H1 ofHOro AenuTens d, yaosneTeopsioLero HepaseHeTBy n? < d* < n3. [lokaxuTte, 4TO n UMeeT
NPOCTON AenuTerb, YeTBepTas CTerneHb KOToporo Gornblue, Yem ns.

n He 1, Tak Kak Torga genuterns 1 yOOBINETBOPAET NepBoMy HEPABEHCTBY
MycTtb n=p1tal*p2/a2*.. *pkrak, pl<p2<p3<...<pk

Bynem genutb n Ha MakcmanbHbIN €ro NPOCTON MHOXUTENb Ha TEKYLLUMA MOMEHT, TO €CTb KaXabl pa3 byaem AennTb Ha YUCIO He
fonbLle npeablayLero.

PaccmoTprmM nepBbI MOMEHT, KOrda Halle Yncro k ctano TakuMm, 4to kA4<n”3 (3TOT MOMEHT KOrda-TO HacTaHeT, Tak KakK B KOHLE
Mbl Mony4nm 1).

1) Mbl NEPBbIM Xe AeCTBUEM NOMyYunn Takoe k

Torga (n/p)M<n”3. Torga (n/p)*4<n”2, Have genuTternb n/p YAOBNETBOPSET NEPBOMY HEPABEHCTBY
n"4/pN<n/A2 => pN4>n/2 => pA>n/3, HaYe genuTerb p YOOBNETBOPSAET NEPBOMY HepaBEeHCTBY
Torga n MMeeT NpOCTON AenuTernb, YeTBepTas cTeneHb KOToporo 6onbLue, Yem n”3

2) 3TO NPOM3OLLSIO HE NepPBbIM AENCTBUEM

Toraa 66110 YMcno nfx, a cTano n/xp, Npy 3ToM (n/x)4 >=n”3, a (n/xp)*4 < n"3 => (n/xp)"4 < N2, NHave
aenvtenbs n/xp yOOBNETBOPSET NepBOMY HEpPaBEHCTBY

3ameTuMm, 4TO x>=p, TaK Kak Mbl KaXabIM XOA0OM AenvM Ha Y1cno, He 6onbluee npeablayLero

NN XN >= n/3 => xNM <=n

nA[(xp)M < N2 => xN*FpA4>nA2 => xA2¥pA2>n>=xN4 => pA2>x/2 => p>x - NPOTUBOPEUMnE

Torga 9TOT criyyar HEBO3MOXeEH, a B 1 criydyae Mbl HaLlNKW p Takoe, Y4To pA4>n/3

Y. T. O




KommeHTapuii:
MyTaHuua B 0603HaYEHMSAX - YTO Takoe YNCIO k, Kak OHO CBSA3aHO C p.

OPEOLIAYLWMA AKT. QNEMEHT CNEOYIOWWMN AKT. QNEMEHT
3akn4YnTenbHbIY 9Tan - Matematumka 8-9 21/22 (CKpbITbINA) BapuaHT 12

« »
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