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3apaua 1. (6 6annoB) Ha cbe3ge nubepanoB M KOHCEPBATOPOB XXYPHANUCT 3agan
KaxkgoMy Bornpoc: "CKOMnbKo YernoBeK OT KaXAoW napTuu, He cyuTas Bac, y4acTByeT B
cbe3ne?”. Kaxgblh HasBan cHavana u4ucno nvbepanoB, a MOTOM  YUCIO
KOHCepBaTopoB, MpM 3TOM OOHO YMCAI0O OH HasBasél MpaBurbHO, a apyroe nmbo
yBenuuun, nnbo ymeHblumn Ha 2. Cpeam oTBeTOB Obinu nony4yeHsl Takue: (40, 42),
(40, 46), (43, 43). Cronbko npeacTaBuTENEN OT KaXKAon napTum 6bino Ha cbesne?

OTBeT: (41;44)

PeweHue: 3ameTum, 4TO NOAM U3 OAHOM NAPTMKM NPO Kaxayro napTuio ByayT AaBaTb OTBETbI OAHOM YETHOCTH, a
N3 pasHbiX — pasHon. Toraa nepBble ABa YenoBeka M3 O4HOW napTuu, a nocnegHun M3 gpyron. Paccmotpum
OTBETbI NEPBbIX ABYX YENOBEK NPO YMCIIO KOHCEPBATOPOB, UX OTBETbI OTNIMYAIKOTCA Ha 4, 3HAYUT He MOoXeT BbITb
Takoro, 4Tobbl cpeaun HUX 6bin NpaBWbHbIA, U NPaBUNbHbIN 06a3aTensHO 44. Ecnv oHM cammn KOHCepBaTOpPbI, TO
KoHcepBaTOpoB Bcero 45, a nnbepanos — 40. Ho Torga TpeTuin He Mor yTBepXXaaTb, YTo nibepanos 43. 3HaunT
OHM Nnbepansl, Torga nubepanos 41, a koHCcepBaToOpPOB 44.

3apava 2. (6 6annoB) YYEHMKM U yY4EeHULbl My3blkarbHOWM LLKOMbI MO OYepean BbICTYNAlT Ha CLEHE, a 3aTeM
BO3BpaLLalOTCA B 3an B kadecTBe 3putenein. Bo Bpems XKeHMHOro BbICTynneHns 4eBOYKM cocTaensanum 2/5, a Bo
Bpemsi CawmHoro — 7/18 cngsawmx B 3ane y4eHuKoB. CKOSbKO YYEHNKOB NMPULLISIO HA KOHUEPT?

OtBeT: 91.

PeweHwue: Ecnin 6b1 Cawa 1 >KeHst GbM 0gHOro norna, To 40N AEBOYEK BO BPEMS BLICTYMNNEHUSA Obina Obl
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OAMHaKOBOW. Tak Kak < > 18 TO YKeHsa — manbuunk, a Cawa — geBoyka. Ecnn geBso4yek ObIno a, a Manb4nKkoB b, TO
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3apava 3. (7 6annoB) [duaroHanb BbINYKNOro 27-yronibHWKa HasblBalOT XOpOLUen, ecnu oHa pasbusaet
MHOFOYrofilbHUK Ha [Ba MHOrOYrofibHMKa paBHbIX NepuMeTpoB. Hangute HaumbBonbluee BO3MOXHOE YUCNO
XOpOLUNX AnaroHanem.

OtBeT: 13.

PeweHwue: V13 kaxxgon BepLUMHbBI HE MOXET BbIXOAMUTL Goriee 04HOM XOpoLlen guaroHann. Tak kak BEPLUMH BCEro
27, a Kaxgas guaroHanb BbIXOAWUT M3 OBYX BEPLUMH, TO XOpPOLWIMX AnaroHanen He 6onee 13. MNpumep Ha 13
nony4yaeTcsi, €Cnun B3siTb MHOTOYroNnbHUK, OAHA N3 CTOPOH KOTOPOro paBHa 2, a Bce ocTalbHble no 1.

3apaya 4. (9 6annos) Buta n Ong egat npsiMoyronbHyHo Wokonaaky. HauvHaeT Butsa, cBOMM XO4OM OH cbefaeT
BCE KpavHue 1 yrnoBble OOSbKU Y Wokonagku. Motom Tak e genaet Ong, notom Buts — u Tak, noka WoKonaaka
He 3akoHuynTcA. Okasanoch, YTo Buta cben Ha 13 ponek donblue. CKOMbKO MOro ObITb AOMEK B LLOKOnaagke?

OTBeT: 3x9=27; 9x5=45.

PeweHue: 3ameTtum, 4TO Kaxapii xoa Buta cbepaet Ha 8 ponek 6onblue, Yyem Onsg Ha crnefyowmin 3a HAM XOA,
€CI TONbKO HM OAWH U3 3TUX XOA0B He nocrnegHuin. CnegosartenbHo, Ong morna caenaTb TONbKO OAMH UK ABa
Xo4a, nHave 6b110 6bl XoTs Obl ABe napbl xogoB Butsa — Ons, roe kaxabi xod He nocnegHuin. Torga Buta 6ol
cben xoTa 6bl Ha 16 gonek Gonbwe. Npu atom, ecnn Ons caenana ABa xoda, TO €e Xo4 AO0MKeH ObiTb
nocnegHum.

Ecnu Buta n Ons cgenanu no ogHomy xogy, To Onsa cbena cBouM xo4oM nosniocodky nnbo 2xN nubo 1xN. B
nepsom crnydae Buta O6bl 3abpan Ha 8 gonek 6onblue cBoMM nepebiM xogom npu nbom N, 3Haunt, Ons 6pana
nonocouky TonwwuHel 1. Torga, ecnn Onga 3abpana k gonek, 1o Buta 3abpan 2k+6 gonek, 1o ectb Onga cbena
nonocoYky 1x7, a usHavyanbHas Wwokonagka obina 3x9.

Ecnn Buta coenan aesa xoga, a Ong oguH, 1o Buta cben Ha 8 gonek 6onblue, Yem Onga nepBbiM XOA0M, Y 3HAYNT,
NnocrneaHnM XO040M OH Cbhen 5 fonek, To eCcTb NoNocouKy 1x5. Tak kak Kaxabln Xog KpoMe NocregHero oTHUMaeT
OT KaXKOOW CTOPOHbI LLOKONAAKM No 2, TO N3Ha4varbHOo Wwokonaaka buina 5x9.

Ecnu Buta coenan aBa xoga, n Ona cgenana ABa xo4a, TO 3a nepeyto napy xogos Buta 3abpan Ha 8 gonek
Oonblue, a 3a BTOpyto Ha 2k+6-k=k+6 6onbLue, rae k — KONM4ecTBO AOMeK, KoTopble 3abpana Onga nocnegHUm
xogoM. Torga cymmapHo 3a fBe napbl Xo4oB Buts gormkeH 6bin 3abpatb Ha 8+k+6=k+14 gonek 6onbLue, HO Npu
nobom HaTypanbHoM K 3To GonbLue 13, 3HaunT, Takoro BapnaHTa 6bITb HE MOTTO.

Takke y 3agaym BO3MOXHO NpoYTeHne, B koTopom Onga He caenana HYM OAHOro xoaa, a Buta cben wokonagky
LenMkoM nepebIM Xo4oM. Toraa k oTBeTam fobaBnsieTcsa TpMBManbHbIN — Wokonagka boina 1x13.



3apava 5. (9 6annoB) Ha pebpax kyba Hanucanu yucna. NoTom B Kaxgon BepLUNHE 1
HanMcann CymMMy BCEX YMCEen Ha UCXoasawmx u3 Hee pebpax, a uucna Ha pebpax | e
ctepnun. XynuraH lNeTa cTep 4ncno B 04HOM BepLUMHE, OCTaBLUMECS YMCIa B BEPLUMHAX
yKasaHbl Ha KapTuHKe. Kakoe uncno oH mor ctepetb? (CMm. puc. 1)

o)
OTBerT: 13. '

PucyHok 1 16

PeweHue: BeplunHbl Kyba MOXHO pacKpacuTb LAXMaTHOW packpackom Tak, YTo kaxaoe
pebpo byaeT coeauHATb BEPLUMHBI Pa3HbiX LIBETOB (Kak Nokas3aHo Ha kapTuHKe). Tak kak
kaxxgoe pebpo BXOOUT B BEpLUMHbI pasHbIX LBETOB, TO OA4MH pa3 OHO cyMTaeTcsl B
YepHbIX BepLUMHAX, 1 oaMH pa3 B Genbix. Toraa cyMMa B YepHbIX U B 6enbix BepLuMHax
oAMHaKoBa, OTKy[a HECMNOXHO BbIMUCIUTL CTEPTOE YMCIIO.

3apava 6. (11 6annos) [aH Bbinyknbi YeTbipexyronbHnk ABCD, AB = AD, A = 50°,
2C = 155°, Ha 6uccektpuce yrna BCD oTmeueHa Touka E, otnuyHas ot Toukm C, 4to
AC = AE. Hangute BenuunHy yrna DAE.

OtBeT: 155

PeweHune: PaccmMoTpmm OKPY>XHOCTb w C LLEHTPOM B To4Ke A, n pagmnycom AB. Tak kak AB paBHO AD, Toukn B

n D nexart Ha w. MeHbluas ayra BD oKkpyXHOCTU w paBHa UeHTpanbHoMy yrny £A = 50°. Tak kak n3 Toukm C
360°—-50°

BUAOHO oTpe3ok BD nog yrnom 155° = —,—» TO Touka C nexut Ha meHbLuen gyre BD. Buccektpuca yrna C
nepecekaeT w B Touke E, Tak kak AB=AC=AE. Torga E — cepeaunHa 6onbLuein gyrm BD OKpyXHOCTU, TaK Kak
BrMCaHHble yrnbl ZECB v £ECD pasHbl. Torga yron £DAE = % = 155°.
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3apava 8. (13 6annos) Mypasen cugut B BepLlunHe X TeTpasgpa. 3a OAnH XO4 OH MOXeT
nepenon3tu no nwbomy pebpy B cocegHol BepwnHy. CKONbKO y Hero cnocobos
nonacTb B BepLUMHY Y POBHO 3a 6 xooB? MoXHO npuxoanTb B Tpebyemyto BEPLUMHY U
paHbLUe, HO POBHO Yepe3 6 XoOoB HYXHO oka3aTtbcs B Y. (Cm. puc. 2) PucyHoK 2

OTBerT: 182

PeweHue: Pewinm 3agady B obLiem cnyyae ons n xodos. NycTb MypaBen caenaet kakue-Hnbyab n — 1 xog,
TOorga ecnv OH HaXo0AUTCS elle He B BepLlunHe Y, TO OH POBHO OHUM CNOCOBOM MOXEeT A00paTbCs A0 BEPLUMHLI
Y, ecnu e OH yXe oKasarcd B BepLinHe Y, TO Yyepes Xof4 OH TaM HUKaK He cMoxeT ObITb. Torga ecnu F, —

KOnM4yecTBO crnoco6oB AobpaTbes U3 X B Y poBHO 3a n xoaoB, TOF, = 3" 1 —F,_,, otkyna F, = 3" 1 - 3""2 4

ny(_4\n-1
33 —3n7* 4 ...+ (=1)"L. Mo bopmyne Cymmbl reomeTpudeckort nporpeccun |TRz5(—3)%| = w.

(B°-1
Moactasnasa n = 6 NonyyYnm — = 182.
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3apaua 9. (14 6annos) Y BaHu ecTb Tpu KpacHbIX Kybuka, Ha rpaHsix KOTOpbIX HanucaHbl Yicna 4 6 8 10 12 14,
N TpU 3eneHbIxX Kybuka ¢ yucnamm 2 34 56 7, a y JTiobbl ecTb Tpu Kybuka ¢ ymcnamm ot 9 o 14. BaHs cHavana
KngaeT TpU KpacHbIX Kybuka, 1 BbIOUPaEeT M3 HUX MakCUMarnbHbIA pe3ynbTaT, a MOTOM Tpu 3eneHbIX U BblbupaeT
N3 HUX MUHUManbHLIR. A JTtoba NpocTo KngaeT Tpy CBOUX Kybuka v BbIGMpaeT MakCUMarnbHbIn pesynbTaT. YUTo B

cpenHeM Bornblue 1 Hackonbko, cyMma 3a ABa BaHnHbix 6pocka nnm 3a oguH J1io6unH?

OTtBeT: BaHunHa Ha 2.

PeweHue 1: O6o3Hauum Emax cpegHee Hanbonbluee 3HavyeHue (MatemaTudeckoe oXxmaaHwe HamborbLuero



3HayeHus) npm Gpocke Tpex kybukoB ¢ uncnamm 2, 3, 4, 5, 6, 7. AHanorn4Ho, Emin — cpegHee HauMmeHbluee
3HavyeHne (MaTemMaTMyecKoe OXnaaHue HanMeHbLUEero 3HadeHus) npu 6pocke Tpex Kybrnkos ¢ Lmdpamm ot 2 o
7. Torga cpegHee 3HayeHve cymmbl BaHnHbix 6pockoB 310 2Emax + Emin, a JllobuHoro Emax + 7. 3ameTum,
4yto Emax + Emin = 9, AeACTBUTENBHO, KaXXgoMy 6pocky ¢ yncnamu (a; b; ) MOXHO OQHO3HAYHO COMOCTaBUTb
6pocok ¢ umcnamm (9 —a; 9 — b; 9 — ¢), YTO COOTBETCTBYET TOMY, YTO BCE KyOWMKM BbiMany NpOTUBOMONOXHON
CTOPOHOW, TO €CTb MakCuMyM nepBoro Gpocka BMecTe C MUHMMYMOM BToporo Oyaet pasatb 9. Torpga
MaToxuaanue BaHu aTto npocto Emax + 9, a y JItobbl Emax + 7. To ecTb cpegHumn 6pocok y BaHnn 6onblue Ha 2.

PeweHue 2: bygem HasbiBaTb OPOCOK Tpex KyOMKOB M3 KOTOPbIX Mbl BblIOMpaemM MakCUMarbHbI pesynbTaT
OpOCKOM C MpenMmyLlecTBoM, a OpPOCOK M3 KOTOPbIX Mbl BblOMpaeM MUHMMAanNbHLIN pe3ynbTtaTt — 6pockom C
HeJOoCTaTKOM.

Bcero Bo3MOXHbIX MCXOA0B Bpocka Tpex KyGuKoB 63, BCe OHM paBHOBEPOATHLI. [ns Kaxaoro u3 6pockoB Tpex
KybukoB Hapucyem Ky 6x6x6, n byaem oTknagpiBaTb MO NepBOM KOOPAUHATE 3HAYEHWe, BbiNaBLUee Ha NepBOM
Kybuke, No BTOPOW Ha BTOPOM U MO TpeTben Ha TpeTbeM B nopsake Bo3pacTaHus. Torga kaxgomy 6pocky
COOTBETCTBYET HeKOoTopasa KreTka. BHyTpb kneTku 3anuwem pesynbTat Hawero 6pocka. CpegHee 3HaveHue
(MaTemaTtmyeckoe oXugaHue) Kaxagoro 6pocka — aTo Cymma BCEX Yncen B Kybe, AeNeHHOe Ha UX KONMYECTBO.
Takum obpasom, Halwa 3agada cBogUTCS K TOMY, YTOoBbl CpaBHUTL CyMMY B ABYX BaHWHbIX KyGax Cc cymMoun B
IMoBuHom.

PaccmoTpum Kak ycTpoeH 6poCok ¢ NpenmyLLeCTBOM KyOMKOB Ha KOTOPbIX HanucaHbl Yncna a; < a, < - < aq. B
kneTtke ¢ koopanHatamu (1;1;1) HanucaHo Yncno aq, Aanee uaet “crion” (To eCTb MHOXECTBO KINEeTOK, MaKCUMyM
KoopOuHaT KOTOpbIX paBeH 2, obpasytowee Kyd 2x2x2 6e3 kybuka 1x1x1) B KOTOPbIX 3anMcaHo YnUCIo a,, Aanee
‘cnon” az; v Tak ganee. AHanornyHo, Ky6 BapuaHToB Ana Gpocka C HeQOCTATKOM YCTPOEH Toxe Mo “crnosim’,
TONbKO B 0GpaTHOM nopsiake, NEPBbLIA CNOW C YNCITOM a; ByaeT npeacTaBnsaTb U3 cebs kyd 6x6x6 ¢ Bbipe3aHHbIM
Kybom 5x5x5, a “cnon” a, OygeTr coctoaTb M3 opgHoro Kybuka 1x1x1 ¢ koopguHatam (6;6;6).
UTtoObl y3HaTb cymMmy GpockoB B BaHMHLIX Kybax, MOCTpoOMM TPETUA KyD, KOTOPbIN MONyvyaeTcsa HanoXeHnem
nepBbIX ABYX TakK, 4ToObl CNoM C caMbiM GOMbLIMM 3HA4YeHMEM B MepBOM Kybe coBnmam CO CMoem C cambiM
MareHbKMM 3Ha4YeHneM BO BTOPOM, 1 HaobopoT. Toraa Tak B nepBoM Kybe crov 0T caMoro ManeHbKoro kK caMomy
6onbwoMy o6pa3oBbiBany BO3pacTalowyd apuMeTUHECKY0 NPOrpeccutd C pasHOCTbl0 2, a Ha BTOPOM —
ybbiBatoLLYO C pa3HOCTLIO 1, Mbl NONYYNM KyD, TakKe YCTPOEHHbIV MO CrOSIM, KOTOpble 06pa3ytoT BO3pacTatoLyto
apudmeTmnyeckyto nporpeccuto ¢ pasHoctbto 1. MNMpu aTtom B cnoe 1x1x1, 6yaet HanucaHo yucno 4+7=11, Bo
BTOpOoM cnoe 12 n Tak ganee. Ecnn e nocmoTtpeTb Ha ky6 GpockoB Jlobbl, TO B MMHMManNbHOM crioe Gyaet
3anucaHo 41cno 9, 1 ganblue crnou Takke obpasyoT apudMETMHECKYHO MPOrpeccuto. Torga B KaKOoW KreTke
CymMmMapHoro BaHuHOro kyba BapvMaHTOB HanmMcaHO 4ucno Ha 2 6onblle, Yem B COOTBETCTBYHOLLEN KneTke
JTtobumHoro. A 3HaunT 1 cpegHu 6POCOK y Hero BonbLue Ha 2.

3apgaya 10. (14 6GannoB) W3 yeTbipex pasnu4yHbiX HEHyNeBbIX UUGPP COCTaBUNN BCE BO3MOXHbIE
yeTblpex3HayHble Yncrna. Cymma HekoTopbix cemu U3 Hux pasHa 10857. Hangute cymmy ocTtanbHbIX Ymcen.

OTBerT: 69135

NNemma: Cymma Bcex BO3MOXHbIX N-3HAYHbIX YNCES, COCTABMEHHbIX U3 Pa3NUYHbIX HEHYNEBbIX UNMpP ay, ... a,
paBHa (a; + a, + -+ a,) - x-(n—1)!, rae x —uucno snga 11 ... 1 — cocTosee U3 n eguHuL,.

Hoka3saTenbcTBO: Byaem cymmupoBath Yucna nopaspsgHo. B paspsiae eanHuu kaxxaas umdpa BctpetuTes (n —
1)! pas, 3HauuT, cymma pas3psgoB eguHuy Bcex uucen paBHa  (aq +a, + -+ ay)(n— 1)!. AHanornyHoe
paccyXgeHvne BEpPHO M ANns ocTanbHbIX pas3psaaoB, oTkyaa obuwias cymma pasHa (a; +a, + -+ a,) - (n—1)!-
(1410 + -+ 10"1).

PeweHue: 3ameTtum, 4to uncrno 10857 gaet octatok 3 npm geneHumn Ha 9. Tak kak ocTaToK Yncna npu geneHum
Ha 9 paBeH OCTaTKy ero CyMMbl LMdp Npy AeneHmm Ha 9, To y BCex YeTbIpex3HavHbIX Yncesn Obinvm ogMHakoBble
ocTaTkm npu geneHmn Ha 9 pasHble 3. Torga cymma uudp morna ObiTb paBHa 12 wnm 21 un Gonee.
Myctb cymma uudp 6bina xota 6bl 21. OueHUM MUHUMAarbHYIO CyMMma Takux ducen. Ecnv cpeam umdp He
BCTpeyvaeTcs undpa 1, 7o Kaxkgoe YeTbipex3Ha4yHOEe YNCIIO HAaYMHAEeTCs XOTS Obl € 2, 1 Torga cymma 7 U3 HUX He
meHee Yyem 14000. Cpean cemu BbIGpPaHHbIX YMCEN €CTb MakCMMyM 6 ymcen, HaunmHaroLwmxca ¢ 1, n xota 6bl 0 aHO
¢ 2 unn 6bonee. B cniydyae ecnu meHee 6 ynucen HavmHatoTca ¢ 1, cymma umcen 6yget 6onbwe. Cymma 6 vmcen,
HauMHaLWmxca ¢ 1 n nonyyYaemMbiX BCEMW NepecTaHOBKaMM TPeX OCTaBLUMXCA Uudp, COrnacHo nemme, paBHa
6000+ (S —1)-111-2,rge S — cymma uudgp. Ecnn S = 21, 1o cymma 6 Takmx uncen He meHee 10440, a BmecTe
C YMCIoM, HavmHarwmmes ¢ 2 unu bonee, 6yaet 6onbe 12000.

3HaunT cymma umdp morna 6biTe paBHa ToNbKO 12, Torga no nemMmme, Cymma BCex YeTbipex3HadHbIX Ymcen byget
6-1111-12 = 79992. OTkypa otBeT: 79992 — 10857 = 69135.



