Jleaoyamuwiii mamemamu4ecKuti mypHUp CmapulekiaccHUKO8
“Kybox namamu A.H. Koamozoposa™

Kazanw, 25 okmsabps - 1 nosops 2016 2o0a

Tpetuit Typ 30.10.16. Boiciuasi aura.

1. Tan npasmibHblil 12-yronsauk A1B1C1D1E1F1A2B2C2D2E2F2. [lyru okpyxHOCTEil Ma, Mc 1 ME J1exaT B
TOM MHOTOYTOJIbHUKE U cTsruBatoTcst orpeskamu AiA2, Ci1C2 m Ei1E2 coorBerctBenHOo. OO03HAYNM
B=manmc, D=mcn mg, F=men ma. Jokaxure, uro myru okpyxHocteir B1BBz, DiDD2 u FiFF2
nepecekarorcsa B oaHo Touke. (Cumrtaercs, uro ayru Bi1BBz, D1DD2 u FiFF2 cymectByroT.)

2. Tpeyronsauk ABC umeer nepumerp 2. [IpoBenaém OMcCEKTpUCH €ro BHYTPEHHUX YIIIOB (OUCCeKTpruca —

3TO JIy4) U OTI0KUM Ha HUX oTpe3ku AA1, BB1 u CC1 auabl 1. JIokakuTe, 9TO KaXK/as CTOPOHA TPEYroIbHUKA
A1B1C1 6oupire 1.

3.Tlycth k> 2 — HarypasnpHOe yrcio. Y KieT4aToro kBaapata 2Kx2K cKiIenn mpoTHBOIOIOKHBIE CTOPOHBI,
OIy4uB TOp, B KoTopoM 4k? y3moB cetku. Kakoe pedpo (T.e. eAMHHYHBIN OTPE30K CETKH) OKPALIEHO JUGO0
B 4€pHBIi, MO0 B MaJTWHOBBIN I[BET. JloKakUTE, 4TO B TOpEe HAWIyTCs JABE MPOTUBOIOIOKHBIX BEPIIMHEI,
MEXy KOTOPBIMH €CTh IyTh 13 2K pébep, cocTosmmii He 0osee yeM U3 K 0JTHOIBETHBIX CBSA3HBIX (PparMEHTOB.
(BepumHBI Ha3BIBAIOTCS NPOMUBONONONCHLIMU, €CIU KpAaTHAWIIMKM IyTh MEXAY HUMH IO pEOpaM CETKU
comepkut 2K péodep.)

4. Haiinute HauMeHbIee N, JiE KOTOPOTO JTF0O0H MHOTOWIEH ¢ KOMIUIEKCHBIMUA KOA(DUITMEHTaMU MOKHO
MPEICTAaBUTh B BHJEC CyMMBI 2N MHOTOYICHOB, M3 KOTOPBIX N SBIISIOTCS KBaJIpaTaMd MHOTOWICHOB, a
OCTaJIbHBIE N — Ky0aMHU MHOTOWIECHOB (C KOMIUICKCHBIMH k€ Kod(puiineHTamu).

5. CxoibKo cyiiecTByeT mnepectaHoBoK (K1, K, ..., Kn) urcen ot 1 mo n (N > 3), 11 KOTOPBIX MOKHO 11OJ00path
BBINYKIIBIA MHOTOYTOTBHUK A1A2... An 1 Tipsimyto | Tak, uto mpoekmuu By, ..., Bn BCex BepImH MHOTOYrOJIbHHUKA
A1, ..., An COOTBETCTBEHHO Ha 3Ty MPSMYIO PA3IUYHbI U PACIIONOKEHBI B TTOPSIIKE Bkl’ Bk2 yeens Bkn (mBUTATHCA

IO MPSIMOM MOXHO B JIIOOOM U3 ABYX HaNpaBJICHU)?

6. Memuanbsl AA1, BB1, CC1u DD1 terpasapa ABCD mponiam 10 epecedeHus ¢ ero onucanHoi cdepoit B
toukax Ao, Bo, Cou Do cooTBeTcTBeHHO. OKazanock, uto AgA1r = BoB1 = CoC1 = DoD1. Jlokaxkute, 4TO J1HO0BIC
JIBa MPOTHBOIOJIOKHBIX pedpa TeTpadjpa paBHBL. MeauaHa TeTpasfpa — 3TO OTPE30K, COEAMHSIOLUMI
BEPIIMHY C TOYKOH MEpeCceYeHUs MEIHaH MPOTHBOIOI0KHON IPaHHU.

7. O603HaunM depe3 (Q° MHOKECTBO BCEX MOJIOKUTEIBHBIX PAIMOHATBHBIX unceln. Haitiante Bce QyHKIMM

f:Q" > Q" Takue, uro f(1)=1u f(x+n)=f(x)+nf (%j npu Bcex X € Q" u HaTypanbHbIx N.

8. Ectb N > 2 mynpenoB u UX BEpHBIN aCCHCTEHT, KOTOPBIM IPEACTOUT CIIeAyrolee ucnbiTaHue. CHavasa uM
PaccKasbIBalOT BCE IPaBUIIA, U3I0KEHHBIC HUIKE, M JAIOT BPEMs1 IOTOBOPUTHCS O COBMECTHOM cTpareruu. [lotom
MYJIPEIOB U aCCUCTEHTA Pa3BeIyT 110 Pa3HbIM KOMHATAM M KQKIOMY MOKa)XYT OJHH M TE K€ TPH THUIIa MapOK
(YBBI, HE CYIIECTBYET CIIOC00a, TTO3BOJISIONIETO PAa3HBIM YYaCTHUKAM OJMHAKOBO IIPOHYMEPOBATH THITHI MAPOK
HE3aBHCHMO JIpyr OT japyra). C 3TOro MOMEHTa BCSKOE OOIIEHNE MEXIY yJaCTHUKAMH 3alpeIneHo. 3aTeM ux
CBEIYT BMECTE M KQKJOMY U3 MYIPEIOB HAKIESAT Ha JIOO MapKy OIHOTO M3 3TUX TPEX TUIIOB TAK, YTO KAKIBIA
BUJIUT BCE MapKH, KpOMe CBOEH. ACCHCTEHT, TOCMOTPEB Ha BCE MapKH, TAOKe HAKIEHUBaET ceOe Ha 100 MapKy
OJTHOTO M3 3THX THIIOB [0 CBOEMY BBIOOPY M MOKa3biBaeT €€ BceM. Kaxplii Myapen JOJDKEH MO CHUTHAIY
HamucaTh Ha OyMaxKke, Kakod M3 THUIIOB MapoK y Hero Ha j0y. Kak ygacTHUKaM JOTOBOPHUTHCS, YTOOBI BCe
MYJIpeIbl BEPHO ONPEIETHIIN CBOU MapKu ?

2016
2017

(Bo3MOXkHO, 4To a = b). Haiiinte MUHUMaIbHOE BEIICCTBEHHOE O TAKOE, YTO IS JIF0OOT0 HATYpPaJIbHOTO N U
700011 ONKMCaHHOM MOCIeI0BATENbHOCTH BEPHO HEPABEHCTBO X1+X2+... FXn< Ol.

la—b
9. INonoxurenbpHBIE YKCIA X1, X2, ..., Xn TAaKOBBI, YTO Xaxbé( j IIpU BCEX IIapax MHICKCOB A U b

10. Haifiute Bce OECKOHEUHBIE MOCIICOBATEILHOCTH HATYPAIBHBIX YHCEN ao, a1, a2, ... TakWe, 94To ao =1,
a1 > 1 uan = @(an+1) mpuscex N > 0. (Uepes ¢(K), kak 00b19HO, 0003HAUEHO KOJTMYECTBO HATYPATBHBIX YHCEIT,
HE MPEBOCXOAANMX K 1 B3aMMHO MPOCTHIX € K.)



Jleaoyamuwiii mamemamudeckutl mypHup CmapuekiacCHUKos8
“Kybox namamu A.H. Koamozoposa™

Kazanw, 25 okmsabps - 1 nosops 2016 2o0a
Tperuit Typ 30.10.16. IlepBas aura.

1. ITycts AA1, BB1, CC1— BBICOTHI OcTpOyroisHOTO TpeyronbHuka ABC, a Touka P BHYTpH TpeyroipHUKa He
nexut Ha HUX. Jlyam AP, BP, CP BTOpHYHO mepecekaroT ONMMCAHHYI0 OKPYXKHOCTh B Toukax Az, By, C2
COOTBETCTBEHHO. JlokaxkuTe, uTo nyru okpyxHocteit AA1A2, BB1B2 u CC1C2 nepecekaroTcsi B OAHON TOUKE.

2. Ha nimockocTé HaprCOBAIM TP KPACHBIX OKPYKHOCTH. VIX IIEHTPBI M TOUKH [TepEeCceUeH U s TOKPACHIIN B CUHUH
LBET— B Pe3y/bTaTe MOJIYYMUIIOCh 9 CHHUX TOUeK. MOryT Jin 6 CHHUX TOYEK JIEXKaTh Ha OJHOM OKPYKHOCTH,
OTJIMYHOU OT KPacHbIX?

3. B cTpaHe HeCKOIBKO TOPOIOB, HEKOTOPHIE APl TOPOJIOB COSMMHEHBI JoporaMu. [[paBUTEIHCTBO MOKPACKIIO
JIOPOTH B CHHUI M 3€JIeHBIN I[BETA TaK, YTO M0 CHHHUM JI0pOraM MOKHO U3 JIF000To Topojia mpoexaTh B JTH000i
JPYroii, a TaroKe 1Mo 3eJIEHBIM IOpOoTaM MOXKHO U3 JIF000T0 Topo/ia mpoexaTh B TF000# apyroil. Jlokaxkure, 4To
HEKOTOpPbIE JOPOTH MOXKHO MEPEKPACUTH B KPACHBIN IBET TAK, YTOOBI U3 KaXKJ0T0 TOpPO/ia BBIXOJUIO YETHOE
YHCIJIO KPACHBIX IOPOT U TT0 KPACHBIM JOPOTraM K3 JH000T0 ropoaa MOKHO ObLII0 ObI TpoeXaTh B J1F000i Apyroil.

4. Jlokaxkute, 4To JIt000it MHOTOWICH P(X) ¢ BelecTBEHHBIMU KO(PPUITISHTaAMH MOYKHO TIPE/ICTABUTD B BUJIC
CYMMBI TpEX KyOOB MHOTOUYJICHOB C BEIIECTBEHHBIMU KOA(DPUIIHEHTAMU.

5. CkoibKo cyiiecTByeT mepectaHoBOK (K1, K, ..., Kn) urcen ot 1 mo n (N > 3), 11 KOTOPBIX MOKHO MOJ00path
BBIMYKJIBII MHOTOYTOJbHUK A1A2... An 1 ipsimyto | Tak, uTo mpoekuuu By, ..., Bn Bcex BepImMH MHOTOYTOIbHUKA
At, ..., An COOTBETCTBCHHO Ha Ty MPAMYIO PasIUYHBI U PACIIONOKCHBI B nopsinke By , By ..., By (aBurarscs

0 MPSMOM MOXHO B JIIOOOM W3 ABYX HaINpaBJICHH)?

6. Ha miockoctu 3adukcupoBansl Toukn B u C. [lepemennas Touka A BeIOMpaeTcs Tak, YTO TPEYTOJbHHUK
ABC — octpoyronbHblii U HepaBHOOepeHHbIH. [TycTs D u E— npoekuuu cepeaunabl cropons BC Ha cTOpOHBI
AB u AC cooTBeTcTBeHHO, a Touka O — nenTp onucanHoit okpykHoctu ABC. Ilpsimast DE nepecekaet npsivblie
AO u BC B toukax F u G coorBercTBeHHO. JlOKaXKHUTE, YTO MPU BCEBO3MOMKHBIX MOJIOKEHUIX TOUkd A
OIMCaHHasi OKPYKHOCTh TpeyroiabHuka AFG mpoxoauT uepes GUKCHPOBAHHYIO TOUKY.

7. O6o3naunM yepe3 (Q° MHOXKECTBO BCEX IMOJOKUTEIBHBIX pallHOHATBHBIX uncel. Halimute Bce QyHKIIMM

f:Q" > Q" Takue, uro f(1)=1u f(x+n)=f(x)+nf Klj npu Bcex X € Q" u HarypanbHbIX N.
X

8. Ectp 40 MynpenoB U MX BEpHBIA aCCHCTEHT, KOTOPBIM IMPEACTOUT ClieAyroliee ucmbiTanue. CHavana M
paccKasbIBalOT BCE PaBUIIA, U3I0KEHHBIC HUIKE, M JAIOT BPEMs1 IOTOBOPUTHCS O COBMECTHOM cTpareruu. [lotom
MYZIPELIOB U aCCUCTEHTA pa3BeAyT M0 pa3HbIM KOMHATaM U KaXKAOMY IOKaKyT OJIHU U Te€ )K€ TPU THIIa MapOK
(YBBI, HE CYIIECTBYET CIOC00a, TTO3BOJISIONIETO PAa3HBIM YYaCTHUKAM OJMHAKOBO IIPOHYMEPOBATH THITHI MAPOK
HE3aBHCHMO JIpyr oT apyra). C 3TOro MOMEHTa BCSKOE OOLICHNE MEXIY yJaCTHUKAMH 3alpelleHo. 3aTeM uxX
CBEIyT BMECTE M KaXKJIOMY U3 MyAPEIIOB HAKIEST HaJI0O MapKy OJHOTO U3 3TUX TPEX THIIOB TaK, YTO KasKIbIH
BUJIUT BCE MapKH, KpOMe CBOEH. ACCHCTEHT, TOCMOTPEB Ha BCE MapKH, Taloke HAKIEUBaeT cebe Ha 100 MapKy
OJTHOTO M3 3THX THIIOB [0 CBOEMY BBIOOPY M IMOKa3bIBaeT €€ BceM. KaIplii Myapen Mo CHUTHAIy JOJDKEH
HamucaTh Ha OyMaXkKke, Kakod M3 THIIOB MapoK y Hero Ha j0y. Kak yyacTHHKaMm JOTOBOPHTHCS, YTOOBI BCe
MYJIpeIbl BEPHO OMPEIETHIIN CBOU MApKu ?

9. TIoOKHUTENBHBIE YHCIIA X1, X2, ..., Xn TAKOBBI, UTO XaXb < 1/418-8 npy Beex mapax unaexcos a u b (Bo3moxkHo,
yro a = b). lokaxxure, uto X1+X2+...+Xn < 5/3.

10. Haiiute Bce GECKOHEUHBIE MOCIIEN0BATEIBHOCTH HATYPaJIbHBIX YKMCEN Ao, al, a2, ... Takue, 4To ao =1,
a1 > 1 uan= @(an+1) mpuBcex N > 0. (Uepes ¢(K), kak 00bIYHO, 0003HAUEHO KOJTMYECTBO HATYPAITBHBIX YHCEIL,
HE IPEeBOCXOAANIX K U B3aMMHO IPOCTHIX ¢ K.)



Jleaoyamuwiii mamemamudeckutl mypHup CmapuekiacCHUKos8
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Kaszanw, 25 okmsabps — 1 nosops 2016 cooa
Tpernit Typ 30.10.16. Bropas snura.

1. B typaupe yuactByror 100 xomana. B kaxigom Type HMIparOT Bce KOMAaHJBI, MPUUYEM C
CONEpHUKAMH, C KOTOpPbIMU e€l¢ He urpainu. Kakoe HanMeHbIlIee KOJUYECTBO TYpPOB HAJO
ChIrpaTh, YTOOBI, HE3aBUCUMO OT pPACHUCAHUS WP, C TapaHTHEH HAUUIUCh TPU KOMAaHJIbI,
CBhIFPaBILIHE KAXAasi C KaXI0u?

2. ITpu kakux HaTypaJbHBIX N MOKHO BCE HaTypalibHbIE AenuTenu yncia 30" pa3ouTb Ha TPOUKH C
PaBHBIMH POU3BEICHUSIMU?

3. CepenuHHBIC MEPIICHAUKYIISPHI IBYX OCHOBAHUM Tpameuy MEPECeKalOTCS C CepeIuHHBIMU
MepIeHIMKYJIIpaMH JIByX OOKOBBIX CTOpPOH 3ToM Tpamneuuu B Toukax N, M, K, L. MoryT nu atu
TOUKH JIEXKATh B BEPIIMHAX TPAIEIINH, PABHON UCXOTHOM?

4. lan nepaBHoOenpennsii peyronbauk ABC. Ha meqnanax AAo, BBo u CCo xak Ha nuamerpax
MIOCTPOEHBI OKPYKHOCTH, BTOPUYHO [1EPECEKAIOINE ONTUCAHHYI0 OKPYKHOCTb TpeyroibHuka ABC
B Toukax A1, B1 u Ci1 coorBeTcTBeHHO. JlokakuTe, YTO MEpreHIMKYIAphI K oTpeskam AA1, BB1 u
CCa, mpoxonsmue uepes Touku A, B u C cOOTBETCTBEHHO, TPOXOAT UE€PE3 OJIHY TOUKY.

5. Jokaxute, uro ar00oi MHorowieH P(X) ¢ BemiecTBeHHbIMH KO3()(PHUIMEHTAMA MOYKHO
MIPEICTaBUTH B BUJIE CyMMBI TPEX KyOOB MHOTOUJIEHOB C BEIIECTBEHHBIMU KOA( QUITUEHTAMH.

6. B tpeyronsnuke ABC ZB =30°, ZA = 15°. [lepnennukymsp, BocCTaBieHHbIN B Touke C k
ctopone AC, nepecekaet ctopoHy AB B Touke D. Cepeannnslii nepneHaukyssip k cropone AB
nepecekaet npsamyto CD B Touke E. OTioxxum Ha npoaomkennu ctoponsl AB 3a B Touky G Tak,
yto BG=BC. Jloxaxkute, uro Touku G, B, C u E nexaT Ha 01HOM OKPYKHOCTH.

7. Haiimnte Bce HATypaibHbIE N, U151 KOTOPBIX YK CII0 22" 1-2'+1 — TOoYHBIH KBaApaT.

8. B cTpane HECKOJIBKO TOPOA0B, HEKOTOPHIE ITaphl TOPOJIOB COETUHEHBI JoporaMu. [[paBUTeIBCTBO
MOKPACHUJIIO IOPOTH B CHHMM W 3€JIEHBIN 1[BETa TaK, YTO MO CHHHUM JIOPOTaM MOXHO U3 JIF000TO
ropoja npoexarb B JIFOOOH JpYyroi, a TakyKe IO 3€JIEHbIM JI0pOoraM MOXHO U3 JH00ro ropoja
npoexarb B 000 Ipyroi. JlokaxkuTe, 4TO HEKOTOPBIE JOPOTH MOKHO NEPEKPACUTH B KPACHBIH
[BET TaK, YTOOBI M3 KAXIOTO TOpojJia BHIXOIUJIO YETHOE YUCIIO KPACHBIX JOPOT M MO KPACHBIM
Joporam U3 Jir000ro ropoaa MoKHO ObLITO OBl MPOEXaTh B JIHOO0H APYTOil.

9. U3 kBagpara 8x8 BbIpe3aiu yrioBbie KJIeTKU. PaccMOTprM MOKpacKy OCTaBIIMXCS KJIETOK B JIBa
L[BETA TAKYIO, YTO B KAXI0M BEPTUKAIN, TOPU30HTAIN U AUATOHAIMN IIPUCYTCTBYIOT KJIETKH O00MX
1BeToB. JlokaxkuTe, 4TO TAKUX paCKpacok O0JIbIlIe MUJUTHAP/IA.

10. lanbl MONOXKUTENBHBIC Yncia &, b, C, cymma koTopbix He MeHbIle 2. JIoKaXuTe HePaBEHCTBO

a N b N c <9
b¥c+a c¥a+b adb+c




Jleaoyamuwiii mamemamudeckutl mypHup CmapuekiacCHUKos8
“Kybox namamu A.H. Koamozoposa™

Kaszanw, 25 okmsabps — 1 nosops 2016 cooa
Tperuit Typ 30.10.16. Beiciiasi oHMOpPCKAasi JaMra.
1. JlaHBI MONOXHTENbHBIC YMcla @, b, C, cymMmma KoTOpbIX paBHa 2. J[oKaknuTe HEpaBEHCTBO
a b Cc
+ + <2.
b¥c+a ca+b a¥b+c

2. Hexoropsie u3 uncen 1, 2,4, 8,..., 2K kpacHble, OCTaIbHBIC — CHHUE, TPHYEM CyMMa KPaCHBIX
Ha 999 6onbiie cymMmmbl cHHUX. CKOJIBKO BCETO MOXKET ObITh KPACHBIX YU CEN?

3. CKOJIBKO CYIIECTBYET MEPECTAHOBOK i1, ..., IngKCeT OT 1 IO N, AJIsT KOTOPBIX MOXKHO TOA00PAThH
BBIMYKJIbIA MHOTOYTOJMBHUK A1A2...An 1 Tipsimyto | Tak, uto mpoekiuu Bu, ..., Bn Becex Bepimx
MHOTOYTOJIbHUKA Al, ..., An COOTBETCTBEHHO Ha 3Ty MPSIMYIO Pa3IU4Hbl U PACIOJIOXKEHHI B
nopsizke B, ..., B, (ABUraThCs M0 MPSAMOIT MOXKHO B JIFOOOM M3 ABYX HAIIPaBICHHIA)?

4. Tlycts AA1, BB1, CC1 — BBICOTHI OocTpoyroisHOro TpeyroiabHuka ABC, a Touka P BHYTpH
TpeyroapHuka He JnexuT Ha Hux. Jlyun AP, BP, CP BTopuuHO mepecekaroT OMUCaHHYIO
OKpPYXHOCTh B Toukax Az, Bz, C2 coorBercTBeHHO. JlokaxuTe, yTo Ayru Ookpyx)Hoctei AA1Az,
BB1B2 u CC1C2 mepecekaroTcst B OIHOM TOUKE.

5. [Ipu kakux HAaTypalbHBIX N MOXHO BCE HaTypaibHbIe AenuTenu yncia 30" pa30uTh Ha TPOIKH €
PaBHBIMU IPOU3BEACHUSAMU?

6. Bepuunsl B, C octpoyronsHoro TpeyronsHuka ABC ¢ukcupoBansl, BepiinHa A mepeMeHHast.
[Ipoexnun cepenuubl croponbl BC Ha ctoponst AB, AC — 3t0 Touku D, E cooTBercTBEeHHO.

Touka O—nenTp onucanHou okpyxHoctu Tpeyroiasauka ABC. [Ipsimas DE nepecekaeT npsiMble
AO u BC B toukax F u G coorBeTcTBeHHO. J[oKaxuTe, 4TO ONUCaHHAs OKPY>KHOCTb TPEYTOJIbHUKA
AFG npoxoaut yepe3 GUKCUPOBAHHYIO TOUKY.

7. ITycth M — HarypanbHOe Ynciio. Ha3oBeM OCTaTok a mo MOAYII0 M npexkpacHvimM, €Cii
HOJI(a, m) =1 u cymecTByeT Takoe HaTypalbHOE YnCIO X, uto X =a (modm). Jlokaxure,
YTO €CJIM JJIS1 HEKOTOPOTO N YKCIIO & SBJSETCS MPEKPACHBIM OCTATKOM 110 MOIYJI0 N", TO & TaKke
SIBISICTCST IPEKPACHBIM OCTATKOM 110 MO0 N" .

8. B cTpaHe HECKOJIbKO TOPOA0B, HEKOTOPBIE Iapbl TOPOIOB COETUHEHBI Joporamu. [IpaBuTeasCcTBO
MOKPACUJIIO IOPOTH B CHHMI U 3€NEHBIH 1BETa TaK, YTO 110 CHHUM JIOPOraM MOXHO U3 JIF000T0
ropoja mpoexarb B JIIOOOH JIPYroH, a TakyKe MO 3eJIEHbIM JI0poraM MOXHO W3 JH000Tro ropoja
npoexarb B 000 npyroi. JlokaxkuTe, 9TO HEKOTOPBIE JOPOTH MOKHO MEPEKPACUTh B KPACHBIH
IBET TakK, YTOOBI M3 KaXIOTr0 ropojia BHIXOJUJIO YETHOE YUCIIO KPACHBIX JIOPOT M MO KPACHBIM
J0pOraM 13 JIFo00Tro ropoa MOXKHO ObLIO OBl MTPOEXaTh B JIIOOOH APYTOM.

9. Jlaubl OeCKOHEYHBIC IOCIIENOBATEILHOCTH HEOTPHIATENbHBIX YHCEN ai, a2, 83, ... |

b1, b2, bs, .... st 11060r0 HATYPAIBHOTO YHCTA N BBIIOIHSIIOTCS CIIEAYIONHE COOTHOUICHHSE
a, +b, _ .

a,,+b,,=—"—" u a,b, =.ab,. Okazanoce, uro b = 1. Haiimure BCE BO3MOKHBIE

3HAUYCHU YHCiia ai.

10. Haiiaute Bce HaTypaibHBIe N, IS KOTOPBIX YKCI0 227 1-2N+1 — ToUHBIH KBaapaT.
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Tperuit Typ 30.10.16. IlepBasi oHMOpCKast JIiUra.
1. JlaHBI MONOXHTENbHBIC YMcla @, b, C, cymMmma KoTOpbIX paBHa 2. J[oKaknuTe HEpaBEHCTBO

a N b N c <9
b¥c+a c¥a+b adb+c

2. Hexoropsie u3 uncen 1, 2,4, 8,..., 2K kpacHble, OCTaNbHbIC — CHHUE, TPHYEM CyMMa KPaCHBIX
Ha 999 6onbiie cymMmmbl cHHUX. CKOJIBKO BCETO MOXKET ObITh KPACHBIX YU CEN?

3. CKOJIBKO CYIIECTBYET MEPECTAHOBOK i1, ..., IngKCeT OT 1 IO N, AJIsT KOTOPBIX MOXKHO TOA00PAThH
BBIMYKJIbIA MHOTOYTOJMBHUK A1A2...An 1 Tipsimyto | Tak, uto mpoekiuu Bu, ..., Bn Becex Bepimx
MHOTOYTOJIbHUKA Al, ..., An COOTBETCTBEHHO Ha 3Ty MPSIMYIO Pa3IU4Hbl U PACIOJIOXKEHHI B
nopsizke B, ..., B, (ABUraThCs M0 MPSAMOIT MOXKHO B JIFOOOM M3 ABYX HAIIPaBICHHIA)?

4. Tlycts AA1, BB1, CC1 — BBICOTHI OocTpoyroisHOro TpeyroiabHuka ABC, a Touka P BHYTpH
TpeyroapHuka He JnexuT Ha Hux. Jlyun AP, BP, CP BTopuuHO mepecekaroT OMUCaHHYIO
OKpPYXHOCTh B Toukax Az, Bz, C2 coorBercTBeHHO. JlokaxuTe, yTo Ayru Ookpyx)Hoctei AA1Az,
BB1B2 u CC1C2 mepecekaroTcst B OIHOM TOUKE.

5. [Ipu kakux HAaTypalbHBIX N MOXHO BCE HaTypaibHbIe AenuTenu yncia 30" pa30uTh Ha TPOIKH €
PaBHBIMU IPOU3BEACHUSAMU?

6. Jlan nepaBHoOeapenHbIi TpeyronbHuk ABC. Ha meauane AAo kak Ha JuameTpe MOCTpoeHa
OKPY’KHOCTb, ITIepeCceKarolasi BTOPUYHO ONMCAHHYIO OKPY>KHOCTb TpeyrosibHuka ABC B Touke Al
JlokakuTe, 4T0 NEPIEHIUKYIIP K oTpe3Ky AA1, IpoxosaIuil yepes3 TOUKy A, IPOXOIUT 4epe3
TOYKY, CHMMETPHYHYIO OPTOIEHTPY TpeyroiabHuka ABC OTHOCUTEIBHO €ro IeHTpa OMHUCAHHON
OKPY>KHOCTH.

7. Ha mockoctu HapHuCOBAJIN TPHU KPACHBIX OKPY’KHOCTHU. Hx HCHTPBI 1 TOYKHU IICPCCCUCHUA

MOKPACHJIM B CUHHUH IIBET — B PE3YJIbTATE MOJYUYHJIOCh 9 CHHUX TOueK. MOTyT Jin 6 CHHUX TOYEK
JIe’)KaTh HAa OJTHOU OKPYKHOCTH, OTJIMYHOU OT KPACHBIX?

8. B cTpane HECKOJIBKO TOPOAOB, HEKOTOPHIE ITaphl TOPOJIOB COETUHEHBI oporaMmu. [ [paBuTeIsCcTBO
MOKPACUJIIO IOPOTH B CHHMM W 3€JIEHBIN 1[BETa TaK, YTO MO CHHHUM JIOPOTaM MOXHO U3 JIF000TO
ropoja mpoexarb B JIIOOOH JIpYyroH, a TakyKe IO 3eJIEHbIM JI0poraM MOXHO U3 JH000ro ropoja
npoexaTh B 1000 apyroi. Jlokaxkure, 4TO HEKOTOPBIE IOPOTH MOXKHO MEPEKPACUTH B KPACHBIN
IBET TaK, YTOOBI M3 KAXIOTO TOpoJia BHIXOJIUJIO YETHOE YUCIIO KPACHBIX JIOPOT M MO KPACHBIM
J0poram U3 Jir000ro ropoa MoKHO ObLITO OBl MPOEXaTh B JIFOO0M APYTOil.

9. U3BectHO, uto a+b = ¢, Xx+y =z, Xa2+yb? = zc2. Jlokaxwure, uro X/a+y/b+z/c = 0.

10. Haiigute Bce HaTypasibHbIe N, 751 KOTOPBIX YKciIo 22" 1-2+1 — TouHbIil KBaIpaT.



Jleaoyamuiii mamemamuuecKuti mypHup CmapuekiaccHuKos8
“Kybox namamu A.H. Koamozoposa™

Kaszanw, 25 okmsabps — 1 nosops 2016 cooa
Tperuit Typ 30.10.16. Bropasi roHuopckast qura.

1. Kakoe HanOoJpIee YMCIIO KIETOK MOYKHO OTMETUTh B kBagpate 101x101 Tak, 9ToOHI ¥y
K101 OTMEUEHHOM KJIETKU OBLIIO XOTSI ObI TP HEOTMEUEHHBIX COCETHUX IO CTOPOHE?

2. Hexotopeie us uncen 1, 2, 4, 8, ..., 2K kpacHbIe, OCTaIbHBIC CHHUE, TPUYEM CyMMa KPaCHBIX
Ha 33 Gosbiie cyMMbl CHHUX. CKOJIbKO BCETO KPacHbBIX UHCEN?

3. Jlomunowxa — 3TO TTOJOCKA U3 ABYX KJIETOK, Ha KAKIOU U3 KOTOPBIX HAITMCAHO YnCIIo OT ()
710 6. B KOMIUTEKTE 17151 UTPHI B JOMHHO 28 TOMUHOIICK, KaXaas KOMOMHAIHS YrCe (BKITFOUas
napbl OJWHAKOBBIX) BCTPEUACTCS POBHO OJIMH pa3. JIOMUHOIIKA MOKHO BBIKJIQJIbIBATh B P,
MPUCTABJIAS APYT K JAPYry MOJIOBUHKAMU C OJWHAKOBBIM YMCJIOM. Jlema BBIJIOXKWI B Psill
HECKOJILKO JIOMUHOIIIEK ¥ 3aMETHUJI, YTO IO MpaBWIaM K HUM HEJb3s MPUCTaBUTh C KParo HU
0JHYy U3 ocTaBImmxcs. Kakoe HanMeHbITee YMCI0 JOMUHOIIIEK MOT BBIJIOKHUTH Jlerma?

4. Ilycte AA;, BB1, CC1 — BBICOTHI OCTpOyronbHOTO TpeyroabHuka ABC, a Touka P BHyTpH
TpeyrojbHUKa He JeXuT Ha HuX. Jlyan AP, BP, CP BTOpuuHO mepecekaroT OMHUCaHHYIO
OKPYXHOCTb B TOukax Ay, By, C; cooTBercTBeHHO. JlOKaXUTE, YTO AYrU OKpyKHOCTEH AA1Ay,
BB1B,u CC;C,nepecekarorcs B 0THOM TOUKE.

5. Pemmmre B 1eIbIX YKclIax ypaBHeHHe a2+b2=a+b+ab.

6. B tpeyronsanuke ABC £ZB = 30°, ZA = 15°. [lepneHaukysip, BOCCTaBlIeHHbIN B Touke C K
ctopone AC, mepecekaercsi ¢ CepequHHBIM MEePIEHIUKYIsIpoM K cTopoHe AB B Touke E.
OTiiosxuM Ha Tipo1osmKeHnH cToponbl AB 3a B Touky G Tak, yto BG = BC. [Jokaxure, uto
touku G, B, C 1 E nexxar Ha 0 1HOM OKPYKHOCTH.

7. U3BecTHO, uTO a+bh = C, X+Yy = 7, Xa2+yb2 =zc2. Jlokaxure, uto X/a+y/b+z/c=0.

8. B cTpaHe HECKOJBKO T'OpOJIOB, HEKOTOpPBIE Mapbl TOPOJOB COEAUHEHBI JOPOTaMH.
[IpaBUTENBCTBO MOKPACUIIO JOPOTY B CUHUM U 3€JIEHBIM 1BETa TaK, YTO 10 CHHHUM J0POram
MO>KHO M3 JIF0OOTO ropo/ia Mpoexarhb B JII000H APYroi, a TakKe MO 3€IEHBIM 10POTraM MOKHO
u3 Mo00ro ropojia npoexarb B JI00O0OH Apyroil. JlokaxkuTe, 4TO0 HEKOTOPHIE JOPOTH MOYKHO
NepeKpacuTh B KPaCHbIM LBET TaK, YTOObI U3 KaXJAOTO ropoja BBIXOAWIO YETHOE YHCIIO
KPacHBIX IOPOT U M0 KPACHBIM JJOPOTaM M3 JIF00Or0 ropo/ia MO>KHO ObLIIO ObI TPOeXaTh B JIFOOOi
JpYTOH.

9. Hansi kpyr K u Touku A, B BHyTpH Hero Ha paccTosiHud, 0oJibiieM 2. JlokaxuTe, 4To BHYTPb
Kpyra K MO»HO yMeCcTuTh Kpyr Auamerpa 1, He conepxaiuii Touek A u B.

10. Haiigute Bce HaTypaibHbIE N, IJIS KOTOPBIX YUCIO0 22" 1-2"+1— TOYHBI KBapar.



Jleaoyamuwiii mamemamudeckutl mypHup CmapuekiacCHUKos8
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Kaszanw, 25 okmsabps — 1 nosops 2016 cooa

Tperuit Typ 30.10.16. TpeTbsi OHHOPCKAs JUTA.

1. Uucno 1234567 npencraBiieHO B BHAE CyMMBI IIECTH WM MEHEE KBaJIpaTOB
HaTypadbHBIX YHcell. CKOJBKO Cper dTHUX KBaJpaTOB MOXKET ObITh HCUETHBIX?

2. CKOJIbBKUMH CIIOCOOaMH MOYKHO BBIOpATh JIBE€ KOCTSIIKH JOMHHO W3 ITOJHOTO
KOMITJICKTA, YTOOBI MX HEIb3s OBLIO MPUCTABUTH JAPYT K APYry IO MpaBUIaM HTPHI
B JIOMHHO?

3. Hekoropele u3 umcen 1, 2, 4, 8, ..., 2% kpacHble, ocTanbHLIE CHHME, NPUYEM
cyMMa KpacHbIX Ha 33 Oouibliie cyMMbl CHHUX. CKOJIBKO BCETO KPACHBIX YHCEN?

4. B typuupe ydactBylOT 20 KoMmaHJ. B KaxIom Type UIparOT BCE KOMAaH]IBI,
Opu4EM C CONEPHUKAMHM, C KOTOPbIMH €lI€ He urpand. Kakoe HammeHblee
KOJIMYECTBO TYPOB HAAO CHIIparTh, YTOOBI, HE3aBUCUMO OT paclUCaHUsl HUTp, C
rapaHTUell HalTUCh TPU KOMAH[IbI, ChITPABIIUE KaXKJas C KaXI0n?

5. Ilerss oTmeuaer Ha nipsiMoi 5 Touek, a Baca HaszbiBaet 1enoe uucio ot 1 mo 10.
Ecmm Ilers yka3plBaeT cpeaud OTMEUYEHHBIX TOYEK JBE, PACCTOSIHHE MEXKIY
KOTOPBIMU PaBHO Ha3BAHHOMY YHCIy, OH Bbiurpasl. Mosxet nu Ilets Beurpars?

6. CepenvHHbIC TIEPIEHIUKYISIPHI JBYX OCHOBAHUW TpaIelMd TMEPECEKAIOTCS C
CEepEeIMHHBIMA TIEPIECHIUKYJIApaMHU JBYX OOKOBBIX CTOPOH 3TOM Tpameuuu B
toukax N, M, K, L. Moryr nu 3TH TOUYKH JiexkaTh B BEpPIIMHAX TpPAINElHUH, PaBHOU
WCXOJTHOM?

7. U3BectHO, uTo a+b = ¢, X+y = z, xa?+yb2 = zc?. lokaxwure, uro X/a+y/b+z/c = 0.

8. BHyrpu HepaBHOOEIPEHHOTO TpeyrojbHUKa oOTMedeHa Touka X. Kakoe
HanOOoJIbIlIeE KOJIMYECTBO CTOPOH TPEYroJbHUKA MOYKET PaBHATHCS OTpE3KaM,
COEAUHSIOIIAM TOYKY X C €ro BEpIINHAMHU?



