OTBeTbl U pelueHust 3aga4 «KPacCHOro» YPOBHSA CITOXXHOCTU
MathCat

3apava 1. (6 6annoB) Ha cbesge nubepanoB u KOHCEPBATOPOB XKypHaNWCT 3agan
KakgoMy Bornpoc: "CKOMnbKo YernoBeK OT KaXX40W NapTuu, He cuuTasi Bac, y4acTBYeT B
cove3ge?”. Kaxgblh Hasean cHavana 4ucno nubepanoB, a MOTOM  4XCIO
KOHCepBaTOpOB, NPW 3TOM OAHO YMCMO OH Hasean npaBwunbHO, a Apyroe nubo
yBenuuun, nnbo ymeHblumn Ha 2. Cpeam oTBeTOB Obinu nony4yeHsl Takue: (33, 31),
(37, 31), (34, 34). CronbKo npeactaButTenen oT Kaxxgon naptum 6110 Ha cbe3ge?

OtBerT: (35;32)

PeweHue: 3ameTum, 4TO NOAM U3 OAHOM NAPTMM NPO Kaxayro napTvio 6yayT AaBaTb OTBETbI OAHOM YETHOCTH, a
N3 pasHbiX — pasHoW. Torda nepBble ABa YenoBeka M3 O4HOW napTum, a nocnegHun M3 gpyron. Paccmotpum
OTBETbI NEPBbLIX ABYX YENOBEK NPO Yncno nubepanos, UX OTBETbI OTNMYAKOTCA Ha 4, 3HAYMT HE MOXeT ObITb
Takoro, 4Tobbl cpean HUX GbiN NPaBUIbHBIN, U NPaBUITbHBIN 06s3aTenbHO 35. Ecnu oHM camu nubepansl, TO
nnbepanoe Bcero 36, a koHcepBaTopoB — 31. Ho Torga Tpetuin He Mor yTBepxaaTb, YTO KOoHcepBaTopoB 34.
3HaunT OHM KOHCepBaTophbl, Toraa nnbepanos 35, a koHcepBaTopoB 32.

3apgava 2. (6 6annoB) YYEHUNKM N y4eHULbl My3blKanbHOM LUKOMbI MO ovYepeaun BbICTYNalT Ha CueHe, a 3aTem
BO3BpaLLaloTCA B 3an B kadecTBe 3putenein. Bo Bpemsa XKeHMHOoro BbICTYNNeHNs AeBOYKM cocTaBnanm 2/5, a Bo
Bpems CawmHoro — 7/17 cngawmx B 3ane y4eHUKoB. CKOSMbKO YYEHUKOB NPULLINIO HA KOHLEpPT?

OtBerT: 86.

PeweHue: Ecnu 66l Cawa n XeHs Obinn ogHoro nomna, To Aons AeBOYEK BO BPEMS BbICTYNMeHMs Obina Obl
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oAvHakoBoW. Tak kak 5> T »XeHsa — aeBoyka, a Cawa — manbyuk. Ecnn gesoyek 6bIno a, a Manb4mkos b, TO
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3apaua 3. (7 6annoB) duaroHanb Bbinykroro 33-yrofnbHuMKa Ha3bliBAlOT XOPOLIEW, ecnn OHa pasbuBaet
MHOFOYroflbHMK Ha [Ba MHOroyronbHWKa paBHbIX NepuMeTpoB. Hamgute Haubornbluiee BO3MOXHOE YMCHOo
XOpOLUMX guaroHarnen.

OTBerT: 16.

PeweHune: M3 kaxxgom BepLUMHbI HE MOXET BbIX0AMUTb Oonee ogHom xopollen gnaroHanu. Tak Kak BepLUnH BCEro
33, a kaxgasa gmaroHanb BbIXOOMT U3 OBYX BEPLUMH, TO XOpPOLIKUX guaroHanen He bonee 16. MNMpumep Ha 16
nosly4yaeTcsl, €Cnu B3siTb MHOTOYronbHWK, O4HA N3 CTOPOH KOTOPOro paBHa 2, a Bce ocTarbHble no 1.

3apava 4. (9 6annos) Buta n Ons egaTt NpssMoyronbHyto Wwokonaaky. HaumHaeT Buta, cBomm Xo4oM OH cbefaet
BCE KparHue U yrnosble SONbKKM y Wokonaaku. MNMotom Tak genaet Ons, notom Buta u Tak noka wokonagka He
3akoH4uTcs. Okasanock, 4To Buta cben Ha 11 gonek 6onblue. CKOMbKO MOrno ObiTh JOMNEK B LLOKONaaKke?

OTBeT: 3x7=21; 7x5=35.

PeweHue: 3ameTnm, 4To Kaxkabln xof Buta cbepaet Ha 8 gonek 6onbue, yem Ons Ha cnegyowmii 3a HAM
X0[, eCrn TONbKO HM OOUH U3 3TUX XO40B He nocnedHuin. CnegosaTtenbHo, Ons Morna caenaTtb TOMNbKO OAWH
Unu aBa xoda, uHa4ve 6bino 6bl xoTda 661 ABE Napbl xoaoB Butsa — Ons, roe kaxabli Xxod He nocrnegHuin. Torga
Buta 6bl cben xoTda 6bl Ha 16 gonek 6onbLue. MNpu atom, ecnu Onsa caenana gBa xoga, TO ee Xon AOSKeH
ObITb NOCNEHNM.

Ecnu Buta n Ona cgenanuv no ogHomy xoay, To Onsa cbena cesomm xogom nornocoudky nnbo 2xN nnéo 1xN. B
nepsom cnyvae Buts 6ol 3abpan Ha 8 gonek 6onbLue cBoMM nepBbiM Xo4om npu ntobom N, s3HaumT, Ons 6pana
nonoco4ky TonwwmtHel 1. Toraa, ecnu Onsa 3abpana k gonek, To Buta 3abpan 2k+6 gonek, To ectb Ong cbena
nonocouyky 1x5, a nsHavyanbHas Wwokonagka obina 3x7.

Ecnn Buta caenan gea xoga, a Onga oavH, To Buta cben Ha 8 gonek 6onble, yem Onsa nepBbiM XO4A0M, U
3Ha4uUT, NocnegHUM Xo40M OH Cben 3 A0SbKU, TO eCTb MONOCoYKY 1x3. Tak kak KaXabli Xo4 KpoMe nocrneaHero
OTHUMAET OT K>XKAO0W CTOPOHbI LLOKONAaAKM Mo 2, TO U3HavanbHO LWokonagka obina 5x7.

Ecnu Buta coenan aea xoga, u Onga cgenana fBa xoga, To 3a nepByto napy xonos Buts 3abpan Ha 8 gonek
bonbLue, a 3a BTOpyto Ha 2k+6-k=k+6 GonbLue, rae k — konM4ecTBo JONeK, KoTopble 3abpana Onga nocnegHUM
xogoM. Torga cymmapHo 3a ABe napbl Xo4oB Buts gomkeH 6bin 3abpatb Ha 8+k+6=k+14 gonek 6onbLue, HO
npv nobom HaTypanbHOM K 3T0 6ornbLue 11, 3Ha4uT, Takoro BapmaHTa 6biTb HE MOTTIO.



Takke y 3agaym BO3MOXKHO NpoYTeHne, B kotopom Ons He caenana HyM ogHoro xoaa, "
a Buta cben wokonaaky uenukom nepebiM xogoM. Torga k oTBeTam gobaBnsieTcs

TPUBManbHbIA — LWIOKoNagka 6bina 1x11. 5] .

3apava 5. (9 6annos) Ha pebpax kyba Hanucanu Yncna. NoTom B Kaxgon BepLumHe
HanuMcanu cymmy BCEX YMCen Ha ucxoaswmx us Hee pebpax, a uncna Ha pebpax
ctepnn. Xynurad [leta cTep 4ucno B OOHOWM BepLUMHE, OCTaBLUMECS 4ucna B
BEpLUMHAaX yKasaHbl Ha kapTuUHKe. Kakoe uncno oH mor ctepetb? (Cm. puc. 1)
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PucyHok 1 !

OtBeT: 16

PeweHue: BepLlumHbl Kyba MOXHO packpacuTb LLaXMaTHOW pacKpacKom Tak, YTO Kaxgoe
pebpo byoeT coeamHsITb BEPLUMHBI pa3HbIX LIBETOB (Kak NMokasaHo Ha KapTuHKe). Tak kak
Kaxxgoe pebpo BXOAUT B BEPLUMHbI pa3HbIX LIBETOB, TO OOUH pa3 OHO CYMTAETCHA B YEPHbIX
BepLUMHAXx, N 0auH pa3 B 6enbix. Torga cymma B YepHbIX U B 6enbix BepLiMHax oguHaKoBa,
OTKy4a HECITOXHO BbIYUCNNTE CTEPTOE YUCTIO.

3apaua 6. (11 6annos) [OaH BbiNyknbin YeTblpexyronbHuk ABCD, AB = AD, 2zA =80° «C =140°. Ha
Buccektpuce yrna BCD oTmeueHa Touka E, otnnyHas ot Toukn C, Tak uto AC = AE. HanauTe BenuuunHy yrna
DAE.

OTBerT: 140°

PeweHue: PaccMOTpMM OKPYXXHOCTb w C LIEHTPOM B Touke A, n paguycom AB. Tak kak AB paBHo AD, Touku B

n D nexat Ha w. MeHbluas ayra BD OKpyXHOCTU w paBHa LeHTpansHoMy yrny £A = 80°. Tak kak u3 Toukm C
360°—-80° o

BUOHO oTpe3ok BD nopg yrnom 140° = ————, To Touka C nexuTt Ha meHbluen ayre BD. Buccektpuca yrna C

nepecekaeT w B Touke E, Tak kak AB=AC=AE. Torga E — cepegunHa 6onbLuen ayrn BD OKpy>KHOCTU, Tak Kak

BNuncaHHble yribl £ECB n £ECD paBHbl. Torga yron £DAE = %00 = 140°.
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3apava 7. (11 6annos) Hangute Sttt eam -+ 4= =25 to+;= 0.
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OTBeT:Z—2+%+i—2= 4,

PeweHue: Caenaem 3ameHy 2 =k; 2—’ = l;f = m, TOrAa Halla cucTeMa NpuMeT BUZ
k+l+m=2
l + l + i =0’ E
k l m

(k+1+m)?—-2(Im+km+kl)=22-0=4

1 _ Im+km+kl
m klm

+o4 =0 otkyaa lm+km+kl=0. Torpa (x—2+y—2+£)=k2+lz+m2=
l ) a? = b2 = c?

3apava 8. (13 6annos) MypaBen cuant B BeplunHe X TeTpasgpa. 3a oguH xon OH
MOXeT nepenonstn no nwbomy pebpy B cocegHiol BeplnHy. CKOMbKO Yy Hero
cnoco6oB nonacTb B BeEpLUMHY Y poBHO 3a 9 xogoB? MoXHO npuxoauTb B Tpebyemyto
BEPLUNHY 1 paHbLLE, HO POBHO Yepe3 9 X0A0B HY»XHO okasaTbca B Y. (Cwm. puc. 2)

OTBerT: 4921 PucyHok 2

PeweHue: Pewunm 3agady B obliem cnydae gns n xodos. [NycTb MypaBen coenaet kakue-Hnbyab n — 1 xog,
TOraa ecnv OH HaxoOuTCs elle He B BepLUMHe Y, TO OH POBHO OQHMM CNOCOOOM MOXeT JobpaTbCs 40 BEPLUNHBI
Y, ecnu e OH yXe oKasarcs B BepluMHe Y, TO yepe3 Xof OH TaM HUKaK He cMoxeT 6biTb. Torga ecnu F, —

KonM4yecTBO crnoco6oB fobpaTbes M3 X B 'Y poBHO 3a n xodoBs, T0 F, = 3" —F,_;, oTkyaa F, =31 - 32 4

ny(_1\n—-1
33 —3n7* 4 ...+ (=)™ L. Mo dopmyne CymMMbl reomeTpudeckon nporpeccun |Yrzg(—3)¥| =(3+(4¢.
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MoacTtaenasa n = 9 nonyymm BTH) = 4921.

3apava 9. (14 6annos) Y BaHu ecTb Tpu KpacHbIx Kybuka, Ha rpaHsix KOTOpbIX HanucaHbl Yucna 2, 4, 6, 8, 10, 12
N Tpu 3eneHbIx Kybuka ¢ uncnamm 1, 2, 3, 4, 5, 6, a y JTobbl ecTb Tpu Kybuka ¢ uncnamm 7, 8, 9, 10, 11, 12. Bans
CHavana kngaeTt Tpu KpacHbIX Kybuka, n BbloMpaeT M3 HUX MakCMMarbHbIA pe3ynbTaT, a NoTOM TpU 3eNeHbIX U



BblGMpaeT M3 HUX MuUHMManbHbIN. A Jltoba npocTo KngaeTt Tpu CBOMX Kybuka M BblGMpaeT MakcumanbHbIN
pesynbTaT. YTO B cpeaHem GornbLle 1 HACKOMNbKO, CyMMa 3a ABa BaHuHbIX 6pocka nnu 3a oguH J1tobumH?

OTBeT: BaHuHa Ha 1.

PeweHue 1: O603Hauum Emax cpegHee Hanbornbliee 3HaYeHne (MaTeMaTmyeckoe oxmagaHmne HambonbLuero
3Ha4eHus) npu Bpocke Tpex KybukoB ¢ uncnamum 1, 2, 3, 4, 5, 6. AHanornyHo, Emin — cpegHee HauMeHbLlee
3HauYeHne (MaTemaTU4EeCKOe OXMaaHne HaMMeHbLUEro 3HauveHus) npu 6pocke Tpex Kybmnkos ¢ uncrnamm ot 1
no 6. Torga cpegHee 3HadeHne cyMmbl BaHuHbIx 6pockoB 310 2Emax + Emin, a JliobuHoro Emax + 6.
3ameTum, 4To Emax + Emin = 7, AeACTBUTENbLHO, KaxaoMmy 6pocky ¢ uncnamu (a; b; ¢) MOXHO OOHO3HaYHO
conoctaButb 6pocok ¢ uncnamu (7 —a;7 — b; 7 —c), YTO COOTBETCTBYEeT TOMY, YTO BCE KyOMKW Bbinanu
NPOTMBOMOMOXHON CTOPOHOW, TO €CTb MakCMMyM nepBoro 6pocka BmecTe ¢ MUHUMYMOM BToporo 6yger
naeatb 7. Torga matoxugaHme BaHm ato npocto Emax + 7, a 'y Jllobbl Emax + 6. To ecTb cpegHui 6pocok y
BaHu 6onble Ha 1.

PeweHue 2: bygem HasbiBaTb GPOCOK TpeEX KyOMKOB M3 KOTOPLIX Mbl BbiOMpaeM MakcuMarsbHbIN pesynbTaT
OpOCKOM C NpenMyLLecTBOM, a BPOCOK U3 KOTOPbIX Mbl BbibUpaeM MUHMManbHbIA pesynbTaT — GPOCKOM C
HeJOoCTaTKOM.

Bcero BO3MOXHbIX MCX0O0B 6pocka Tpex Ky6uKoB 63, BCe OHM paBHOBEPOATHBI. [N Kaxaoro 13 6pockoB Tpex
KybukoB Hapucyem Ky6 6x6x6, n Gygem oTknaabiBaTb MO NEPBOW KOOpAMHATE 3HayeHue, BbiNasluee Ha
nepBom Kybuke, No BTOPON Ha BTOPOM M MO TPEeTbEW Ha TpeTbeM B nopsiake Bo3pacTaHus. Torga Kaxgomy
OpocKy COOTBETCTBYET HekoTopas KrneTtka. BHyTpb kneTku 3anuwem pesynbtaTt Hawero 6pocka. CpegHee
3HayeHve (MaTemaTM4eckoe oXunaaHue) kaxgoro 6pocka — aTo Cymma Bcex yncen B Kybe, AeneHHoe Ha ux
konunyecTtBo. Takum ob6pasom, Halwa 3agada CBOAMTCSA K TOMY, YTOObl CpaBHUTL CyMMY B ABYX BaHuHbIX Kybax
¢ cymmon B JltoGrHOM.

PaccmoTpum kak ycTpoeH 6pocok ¢ npenMyLLecTBOM KyOMKOB Ha KOTOPbIX HAMUCaHbl Yncna a; < a; < -+ < ag.
B knetke c koopauHatamu (1;1;1) HanucaHo yncno a;, Aanee mnaet “crion” (TO €CTb MHOXECTBO KIETOK,
MaKCMMyM KOOpAWHAT KOTOPbIX paBeH 2, obpasytowee ky6 2x2x2 6e3 kybuka 1x1x1) B KOTOpLIX 3anncaHo
4yncno a,, ganee “cnon” as; v Tak ganee. AHanorn4Ho, ky6 BapuaHToB ans 6pocka ¢ HeJOCTAaTKOM YCTPOEH
TOXe Mo “cnosiM”, TONbKo B 06GpaTHOM nopsiake, NepBbIv COW € YACNOM a, ByaeT npeacraBnaTb U3 cebs kyb
6x6x6 C Bbipe3aHHbIM KyboM 5x5x5, a “cnon” ag GygeT coctoAaTb M3 ofgHoro Kybuka 1x1x1 ¢ koopanHatam
(6;6;6).

YTto6bl y3HaTb cyMMy OpockoB B BaHUHbIX Kybax, MOCTPOMM TpeTUI KyD, KOTOPbIA NONy4YaeTcsl HarnoXxeHmem
nepBblX ABYX TaK, YTOObI CNow ¢ cambiM OOMbLIMM 3HA4YeHMEM B NepBoM Kybe coBnam CO Croem € CaMbiM
MareHbKMM 3HadYeHMemM BO BTOPOM, M HaobopoT. Torga Tak B nepBoM Kybe criom OoT caMOro ManeHbKoro K
camomMmy GornbloMy obpasoBbiBany Bo3pacTaloLllyd apudMETUHECKY0 NMPOrpeccuio C pas3HoOCTbio 2, a Ha
BTOPOM — yObIBaIOLLYIO C Pa3HOCTbIO 1, Mbl NOMYyYnM KyO, TakKe YCTPOEHHBIN NO CrnosiM, KOTopble 06pasyoT
BO3pacTaloLLyl0 apumeTnyYecKyto nporpeccuto ¢ pasHoctbio 1. Mpn aTtom B cnoe 1x1x1, 6yaet HanucaHo
ymncno 6+2=8, Bo BTopom cnoe 9 n Tak ganee. Ecnu xxe nocmoTpeTb Ha Kyb 6pockoB J1o6bl, TO B MUHUMAaNbHOM
cnoe GygeT 3anucaHo Yncno 7, v Aanblue crnou Takke obpasyloT apudmeTnyeckyto nporpeccuio. Toraa B
KaXaom KreTke cymmapHoro BaHuHoro kyba HanucaHo 4ncno Ha 1 6onblue, Yem B COOTBETCTBYIOLLEN KIeTKe
JTlobuHoro. A 3Ha4UnUT N cpegHUii OPoCcoK y Hero Gorblle Ha 1.

3apgaya 10. (14 6GannoB) W3 uyeTbipex pasnu4YHbIX HEHyneBblX UMPP COCTaBUNN BCE BO3MOXHbIE
yeTblpex3HayHble Yncrna. Cymma HekoTopbix ceMu 13 Hux pasHa 10758. Hangute cymmy ocTanbHbIX Ymcen.

OTBeT: 69 234

NNemma: Cymma BCcex BO3MOXHbIX N-3HAYHbIX YNCES, COCTABMEHHbIX U3 PA3NUYHbIX HEHYNEBbLIX UNMDP ay, ... a,
paBHa (a;+a,+:+a,) x-(n—1),, rae x — uyucno Buga 11..1 - cocTosWee U3 N  eauHuUu,.

[oka3aTtenbcTBO: byaem cymmupoBaTth YMcna nopaspagHo. B paspage eanHuy kaxxaas uudgpa sctpetuTesd (n —
1)! pas, 3HauuT, cymma pa3psgoB eguHuy Bcex uucen paBHa  (aq + a, + -+ a,)(n— 1)!. AHanornyHoe
paccygeHve BEpHO M ANns ocTanbHbiX pas3psgoB, oTKyaa obuwias cymma pasHa (ay +a, + -+ a,) - (n—1)!-
(1+10 + -+ 10" 1),

PeweHue: 3ameTtum, 4to uncno 10758 pgaet octatok 3 Npu geneHum Ha 9. Tak kak ocTaToK Yncna Npu geneHun
Ha 9 paBeH ocTaTKy ero CyMmmbl LMdp Npu geneHun Ha 9, To y BCeX YeTbIpeX3HauHbIX Yncen Obiniv 0gnHaKoBbIE
ocTaTkv npu geneHnn Ha 9 pasHble 3. Torga cymma uudp morna ObiTb paBHa 12 wnm 21 un 6Gonee.
Myctb cymma undp 6bina xota 66l 21. OueHUM MUHUMAarnbHYIO CyMMma Takux ducen. Ecnv cpeau umdp He



BCTpeyvaeTca undpa 1, To Kaxgoe YeTbIpexaHayHOoe YNCNO HaYMHaeTCs XOTa Bbl ¢ 2, U Torga cymMma 7 U3 HUX He
mMeHee 4Yem 14000. Cpeau cemu BbIOpaHHbIX YNCEN eCTb MakCUMyM 6 Yncen, HadunHaroLwmxes ¢ 1, n xoTa Obl 0gHO
¢ 2 unn 6onee. B cnyyae ecnn meHee 6 yncen HaumHatoTes ¢ 1, cymma vmcen 6yaet 6onbwe. Cymma 6 vncen,
HayMHaLwmxca ¢ 1 1 nonyyaembIX BCEMU NepecTaHOBKaMU Tpex OCTaBLUMXCH LMdp, COrnacHo nemme, paBHa
6000+ (S —1)-111-2,rge S — cymma undp. Ecnun § > 21, To cymma 6 Taknx yncen He meHee 10440, a BmecTe
C YMCIOM, HauMHaLwmmes ¢ 2 unu 6onee, 6yaet 6onblue 12000. 3Haunt cymma umdp morna ObiTb paBHa TOSNbKO
12, Torga No nemMmme, CyMma BCeX YeTblpex3HaudHblX Yncen oyaet 6 -1111-12 = 79992,

OTtkyna oTtBeT: 79992 — 10758 = 69234.



