Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

BakJsrounTtenbHbrii atan. 2020/2021 yuyebusiii rox. 10 — 11 kJaccsl.

Harypasibabie ancita or 1 1o 2021 3anmcanbl B psiJi B HEKOTOPOM 1opsike. OKa3aoch, 9To y JIIo00ro
YHCJIa €ro JIEBBIH U ero MpaBblii cOCeT UMEIOT Pa3HYI0 YeTHOCTh. Kakoe Iuc/io MOXKeT ObITh Ha TIEPBOM

mecre?

IIpu a,b,c > 0 HaiijuTe MaKCHMAIbHOE 3HAYCHHUE BHIPAZKEHNUSI
_ a4+ b+
~ (a+b+c)3 — 26abc’

OKpy?KHOCTH W1 ¥ Wy TIEPECEKAIOTCSI B TOUKaxX A n B, a OKPYKHOCTD ¢ IIeHTPOM B Touke () 0XBaTHIBAET
OKPY?KHOCTH Wi U Wsy, Kacasch uX B Toukax C' u D coorBercrBenHo. Okazasoch, aro Toukun A, C' n

D nexar na oauoit npsamoit. Haiture yron ABO.

[lerst Hammca Ha JOCKe MOJAPS/L N JIBY3HAYHBIX BOCBMEPUUHBIX duces (n > 2), obpasyomux apud-
MEeTHYEeCKYyIO IPOI'PECCHIO ¢ pas3HoCcThbio —8&. Baca momymasi, 9To 3TO BOCBMEPHYHAs 3alliCh HaTYy-
PaJIBHOTO YUCIA X, W PA3JIOKWI & Ha MpocTble MHOKHUTE . OKa3a/10Ch, 9TO WX BCErO JIBA, U OHU

Pa3/IMdatoTCd Ha 6. Yro mammcano Ha ,ZLOCKG?

B crpane Jlumonnu B oOpallleHUU KCIIOIb3YIOTCS MOHETHI JOCTOMHCTBOM 3n — 1, 6n + 1, 6n 4+ 4 n
6n + 7 macTpoB, IJe n — HaTypaJjbHoe uucio. ZKurenb cTpaHbl 3aies B OaHK, He UMes Ipu cede

HaJIMIHBIX JeHer. Kakyto HanboIbIyI0 CyMMy eMy He CMOT'YT BbIIATh B OaHKe?
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3agava 2

OTBert: 3

PeweHue:

[na Hayana AoKaxem, 4to npu nwbbix a,b,c > 0, A < 3.

Mo HepaBeHCTBY MeXAy CpeaHUM apuPMETUYECKMM N CPeaHUM
reoMeTpUYECKUM:

a3+b3+c3 3
————— > Va3b3c3 = abc, oTryaa:

2a3 + 2b3 + 2¢3 > 6abc. (1)

Mo HepaBEHCTBY MeXKAY CPEeAHUM apUPMETUUYECKUM U CPEAHUM
reoMeTPUYECKUM:

a’b+b%a+b%c+c?b+c?a+ac
6

9a?b + 9b%a + 9b?c + 9¢?b + 9c?a + 9a?c > 54abc. (2)

> a?b - b2a - b%c - ¢2b - c2a - a’c = abc, oTKyAQ:

Cnoxus HepaBeHcTBa (1) 1 (2) nonyunm:
2a3 4+ 2b% + 2¢3 +9a®b + 9b%a + 9b%c + 9¢?*b + 9c%a + 9a?c > 60abc,

3a3 + 3b3 + 3c3 +9a?b + 9b%a + 9b?%c + 9¢?b + 9c?a + 9a’c — 60abc >
a® + b3 + 3,

3(a® + b® + ¢3 + 3a%b + 3b%a + 3b%*c + 3¢?b + 3c?a + 3a*c — 20abc)
>a®*+ b3+ c?
3(a® + b3 + 3+ 3a?b + 3b%a + 3b?c + 3¢?b + 3c?a + 3a*c + 6abc —
26abc) = a3 + b3 + ¢3,
3((a+b +c)®—26abc) = a®+ b3 + 3,

a3+b3+c3
~ (a+b+c)3-26abc’

A < 3,4.1.0.

13+13413 _ 14141 3

NMopma=b=c=1A4= = = =
P (1+1+1)3-26:-1-1-1  33-26  27-26

TkK.A <3 npunwobbixa,b,c > 0,a3HayeHne A = 3 pocturaetcanpma = b =
¢ = 1, To makcumym A paseH 3.


moonstyle
Штамп


3agaval
OTBeT: ntoboe HeuyéTHoe uyncno ot 1 go 2021.
PeweHue:

[N Havyana JOKaXKem, YTO Ha NepPBOM MECTE He MOKET CTOATb YéTHoe yncno. OT
MPOTMBHOTO, MYCTb MOXKET. PaccmMoTpuMm 2 c/iyyan: Korga cnegom 3a HUM CTOUT
4yéTHOE, M Koraa c/ieloM 33 HUM HEeYETHoe.

B nepBom cny4yae TpeTbe 4Mcio 06A3aTeNIbHO HEYETHOE, T.K. Y BTOPOTO YXKe eCTb
YETHbIN cocea,. Toraa YeTBEPTOE YMC/IO TOXKE HEYETHOE, T.K. Y TPETbErO YXKe eCTb
YETHbIN cocea. [1AToe YMCNo YETHOE, T.K. Y YETBEPTOrO €CTb HEYETHbIN cocen,
LIecToe TOXKe YETHOE, T.K. Y NATOro ecTb HEYETHbIN cocea un T.4.. Mbl Bceraa
CMOXeM onpeaennTb YETHOCTb CeAyoWwero Y1Caa No YETHOCTU NpeablayLLnX,
NPUYEM B HaYase CTOAT 2 YETHbIX, @ MOTOM BCE MAET NO Npasuay: nocne 2
HEYETHbIX MAYT 2 YETHDIX, @ NOC/e 2 YETHbIX 2 HEYETHbIX (06 bACHEHME TaKOoe XKe,
KaK M AN8 NepBbIX Y1eHOB paaa). N B uTore noayynmm, YTo Haw pag MMeeT BUA: Y Y
HHYYHHYY..4Y4YHHY(4—4YETHOE, H — HeYéTHoe), T.K. 2021 npu geneHnn Ha 4
[AET OCTATOK 1, @ HaWM YMCa PACNONIOKEHbI YEeTBEPKAMM BUAA «Y Y H H». Toraa
YETHbIX YMcae y Hac 6onblue, YeM HEYETHDIX, YTO HEBEPHO, T.K. cpeamn umcen ot 1
00 2021 1011 He4yéTHbIX 1 1010 YéTHbIX. MpoTMBOpEYMe. 3HAUUT, 3TOT C/1y4amn
HEBO3MOMEH.

Bo BTOpom cny4yae TpeTbe YMcno 06a3aTeNbHO HEYETHOE, T.K. Y BTOPOTO YKe eCTb
YETHbIN cocen,. Toraa YeTBEPTOE YMC/IO TOXKE HEYETHOE, T.K. Y TPETLEIO Y)Ke eCTb
YETHbIN cocea. AToe YunMcno YETHoe, T.K. Y YETBEPTOrO €CTb HEYETHbIN COoCea,
LecToe ToXKe YETHOe, T.K. Y NATOro ecTb HEYETHbIN cocea un T.4.. Mbl Bceraa
CMOXKeM onpeaennTb YETHOCTb CeAyoLWero YnCaa No YETHOCTM NpeablayLmX,
NPUYEM CHaYvana CTOUT YETHOE YMCNO, NOTOM 2 HEYETHbIX, @ NOTOM BCE CTPOMTCA
No NpaBuay Nocae 2 HEYETHbIX NAYT 2 YETHbIX, @ NOCNEe 2 YETHbLIX 2 HEYETHbIX
(obbsACHEHME TaKOoe }Ke, KaK M ANA NepBbiX YNeHOB paaa). M B utore nony4ymMm, 4to
Haw pAag MmeeT BUA: YHHYYHHYY..Y4HH (4—4YETHOE, H — HEYETHOE), T.K.
2021 npu peneHnun Ha 4 Aa€T OCTaTOK 1, @ HALWM YMCNa PACNONOXKEHbI
YeTBEPKAMM BUAA «H H Y Y», C OAHMUM YETHbIM B Hayane. Toraa YETHbIX Ynmcne y
Hac bonblue, Yem HEYETHbIX, YTO HEBEPHO, T.K. cpeau yncen ot 1 go 2021 1011
HeYETHbIX M 1010 YéTHbIX. [poTnBOpPEUME. 3HAUNUT, STOT CAy4all HEBO3MOXKEH.

Ob6a cnyyaa HEBO3MOXKHbI, NPOTUBOPEYME. 3HAYNUT, NEPBOE YNCNO HE MOXKET ObITb
YETHbIM, Y.T.4.

Tenepb AOKaXXeMm, 4Tto Nntoboe HeYeTHoe YMCNo MOXKET bbITb nepBbIM.



Tenepb gokaxkem, 4to 1 morKeT 6bITb NepPBbIM YNCOM. [leNCcTBUTENBHO,
paccmoTpum paa124356879...2018 2020 2019 2021 (cHayana 1, notom
nepsBoe 1 BTOPOE YETHOE, BTOPOE M TPETbE HEYETHbLIE, TPETLE M YETBEPTOE
YETHble, YETBEPTOE N NATOE HEYETHbIE U T.A4.). B HEM AeNCTBUTENIbHO Y KaXKA0ro
yncna 1 coceq YETHbLIN, APYrON HEYETHbIN, T.K. PAA UMEeT BUA: HYYHHYYHH ...
HH, r4e 4 —4YETHOE, H — HEYETHOE, @ 3HAUYUT, NpUMep Pabouni.

Tenepb 3ameTUM, YTO B NPUBEAEHHOM BblLLE NPUMEPE MOXKHO Nt0boe HevéTHoe
4yncno >= 3 NOMeHATb MecTamm € 1, n npumep octaHeTca pabounm, T.K. HacC
MHTepecyeT TO/IbKO YETHOCTb Yncen, a oHay 1 n nroboro He4éTHoro ogmMHakosa. U
NP 3TON 3aMeHe Mbl NoAYy4YUM paboumni npumep Ana Nt6Oro HEYETHOro YMCAa,
4yTo M TpeboBanoce.



3agava 3

OtseT: 90°

PeweHue:

Yron 6yaem o0603HayaTb 3Ha4kom «». Hanpumep, *ABC — yron ABC.

LleHTpbl OKpyXKHOCTEN W1 U W, 0603HauYMm 3a P n Q cooTBeTCcTBEHHO. B
TpeyronbHukax POB 1 QOB nposeaém BbicoTbl PS n QT cooTBeTcTBEHHO. Pagnychl
OKPYKHOCTEN wq U w, 0603Ha4YMm 3a a u b cooTBeTcTBEHHO. OKPYKHOCTD,
OXBaTbIBAOLWYIO W1 N W, U Kacatowyroca nx B Toukax C u D cooTBeTCTBEHHO,
0603HauMm 3a w.

TpeyronbHuk COD paBHobegpeHHbIR, T.K. CO = DO Kak pagunycbl w. 3HauuTt, *OCD
=/ODC.

T.K. C—TOuYKa KacaHua wq Mw, a P u O — nx ueHTpbl cooTBeTcTtBeHHO, TOC, P, O
NneXKaT Ha ogHon npAmon. T.K. D—TouKa KacaHma w, nw, a Q u O — ux LeHTpbI
cooTBeTCcTBEHHO, TO Q, D, O nexart Ha ogHOW NPAMOMN.

TpeyronbHuk APC paBHoGeapeHHbIN, T.K. AP = CP = a. 3HauuT, *PCA = " CAP.
TpeyronbHuk AQD paBHobGeapeHHbIN, T.K. AQ = QD = b. 3HauuT, "DAQ = "ADQ =
AACP = APAC, a, cnepgosaTenbHo, TpeyronbHukn COD, CPA n AQD nonapHo
noaobHsbl, a 3HaunT, CO/CP=CD/CA=(CA+AD)/CA=1+AD/CA=1+DQ/
AP=1+b/a=(a+b)/a,1.e.CO/a=(a+b)/a otkynaa, DO=CO=a+bh.

PO=0C-CP=(a+b)—a=b=0QB.
OQ=0D-QD=(a+b)—b=a=BP.

TpeyronbHukm POB 1 QBO paBHbl no 3 ctopoHam (PO =QB, OB = 0B, PB = QO), a,
cnepoBaTesibHO, COOTBETCTBEHHbIE BbICOTbI PS 1 QT B HUX paBHbiI.

PS 1 QT nepneHaMKyNApHbI 04HOM 1 TOW Xe npamon OB, a 3HauuT, NnapansienbHobl.
Kpome TOro, oH pasHbl. 3HaunT, PSTQ — napannenorpamm, a, cnegosatensHo, OB
n PQ napannenbHbl. T.K. IMHUA LLEHTPOB ABYX OKPYKHOCTEN NEePNEHAMKYNAPHA UX
obuwe xopae, To AB n PQ nepneHanKynapHbl. A T.K. PQ napannenoHa OB, 10 AB n
BO nepneHaukynspHbl, T.e. "ABO = 90°.



RENECER:!
OtBeT: 7767
PeweHrue:

MycTb pa3norKeHMe X Ha NPOCTble MHOXUTeNn nmeet Bug p*(p-6). Yucna p u p-6
CpaBHUMbI N0 MoAaynam 2 n 3 n oba npocTbie, @ 3HAYUT, HU OAHO U3 HUX Ha 2 UK
3 He fenunTca, a 3Ha4YUT, He 4e/INTCA N UX NpousseseHue, T.e. X.

T.K. pa3HuLa Hawen apndmeTUYecKom nporpeccmmn pasHa -8, To ntobole 2
coceiHUX YMCNa UMEIOT OAMHAKOBbIe OCTaTKM NPU AeneHnn Ha 8. A oCTaTKu npu
AeneHnn Ha 8 y BOCbMU3HAYHbIX Yncen = 3To Ux nocnegHue undpsbl. 3Ha4uT, BCe
4Yncna Ha AOCKE MMEIOT O4MHAKOBYIO NOCNEAHIOK LMDPY, KOTOPYIO Mbl
0603Ha4mm 3a c.

MycTb NnepBas uMdpa nocneaHero YMcaa Ha A0CKe paBHa a. Toraa y umicia nepej,
HUM nepsas umndpa pasHa (a+1), y TpeTbero c KoHua (ecnm oHo ectb) (a+2) n T.4..

Y BOCbMEPUYHbIX YMCEN eCTb CBOMCTBA, CXOXKME CO CBONCTBAMM Y AECATUYHbIX
yncen. Tak, ecnm AecATUYHOE YNCNO0 CPaBHUMO C CYMMOW CBOUX LGP NO MOoAYHO
9, TO BOCbMepU4YHoe no moaynto 7. Ecnm aecatnyHoe cpaBHUMO C
3HaKoMnepemeHHOW CyMMOW cBOMX Undp no moayato 11, To BocbmepuyHOe no
moAaynto 9 (M, CooTBETCTBEHHO, 3).

T.K.n>=2,T0Xx>=8"3 =512.

N HE MOMKeT NPeBoCXoAMTb 7, T.K. BCEro ABY3HaUYHbIX BOCbMEPUUHbIX YNCEN C
OAMHaKoBOM UnPppon He bonblue 7.

Cymma umndp x pasHa na + nc + n(n-1)/2. Ecam n kpaTtHo 7, TO U cymma undp
KpaTHa 7, @ 3HauuT, n X KpaTtHo 7. Torpga p*(p-6) = x = 7k, rae k — uenoe. T.K. p U p-
6 NnpocTble, , a UX Npon3BeaeHne KpaTHO 7, TO OAHO U3 HUX paBHO 7. [lpyroe Toraa
nnn 13, un 1. Ho B ntobom cnyyae x nonyyaetca meHblle 512, YTo HEBO3MOMKHO.
3HA4YUT, N He paBHO 7.

3HaKonepemeHHasa cymma uudp x pasHa na + n(n-1)/2 — nc. Ecam n KpatHo 3, To 1
3HaKonepemeHHaa cymma undp KpaTHa 3, @ 3Ha4YuT, U X KpaTHO 3, 4TO
HEeBO3MOXHO. 3HAYUT N He paBHO 3 1 6.

Y n octatotcAa 3 BapuaHTa: 2,4 unmn 5.

Mpn n =2 eAUHCTBEHHbIN BapUaHT X = 7767, Npy OCTa/ibHbIX N BAPUAHTOB HET.






