LI YPAJIbCKUM TYPHHUP IOHBIX MATEMATHUKOB. KUPOB, 16-22.02.2018

MATEMATHYECKUU BOM Ned. 22.02.2018
CTAPHIASA I'PYIIIIA, BBICIIASA JIMTA, BOMU 3A 1-2 MECTO

1. 3a KpyriabIM CTOJIOM CHAST 2N YENOBEK, Yy KOTOPBIX €CTh M TNEYCHEK Ha BCEX.
JIr000i1 4enoBeK, y KOTOPOro €CTh XOTs Obl B€ MEYCHBKU, MOKET CHECTh OJIHY U3
HUX WU J1aTh OJIHY MEYEHbKY coceny. OauH u3 cuaammx 3a ctoiom — Bacs. [Ipu
KaKOM HauMEHbIIIEM M JIIOJM, CUSAIIME 3a CTOJIOM, NP J0OOM HaYalbHOM
pacnpeiesICHUU MEeYEHEK CMOTYT JIOOUThCS TOTO, 4TOOBl Bacs momyuun XoTst Obl
OJIHY MEYECHBbKY?

2. O tpeyronbHuke ABC uzBectno, uto ZACB > 90°, ZCBA > 45°. Ha cTtopoHax
AC u AB coorBercTBenHo Hanmuch Touku P u T takme, yro PT = BC u PT L BC.
Touku P1 u T1 Ha ctoponax AC u AB cootBeTcTBeHHO TakoBbI, uTo AP = CP1 u

AT = BTi. lokaxure, uto ZCBA-ZP1T1A = 45°,

3. B BepmmHax cBs3HOTO rpad)a MOKHO TaK pPacCTaBUTh HATypaJbHBIC YHCIIA, HE
npeBocxosmue 2018, yToObI B BepIIMHAX, COCIMHEHHBIX PEOPOM, BCET/Ia CTOSIIN
pasHbie uncia. JJokaxkure, 4TO ATO MOXKHO ClieJiaTh TaK, YTOObI MEXY JIOOBIMU
JIBYMS BEpIIMHAMHU OBLI MTyTh, COCTOSIIHMKN U3 PEOEP, y KOTOPHIX YKCIIa B KOHIIAX
OTJIMYAKOTCSI POBHO Ha 1.

4. HazoBeM 4uCIIO N cOananHcuposanuvim, €Clid B TOCIEAOBATENBHOCTH 1, 2, ..., N
Kakmas mudpa BCTpedaeTcs dYeTHOe 4dHuciao pas. Jlokaxkure, dYTO BCe
cOaTaHCHPOBaHHBIC YMCITA YSTHHBI.

5. B tpeyromsauke ABC AB = BC. Ha npogomkennn otpe3ka CA 3a Touky A
BbIOpaHa Touka D Ttak, yto BD =2BC. Touku K u L Ha otpeskax AC u AD

cooTBeTcTBeHHO TakoBbl, uto AK =AL um ZDBL = ZLBK. Jlokaxwure, 4To
AB+AL > DL.

6. B3aMHO NPOCTBIC HATYPAJILHBIE YKCNA X U Y TaKOBBL, 4TO X+3Yy? — TOYHBIHA
kBagpar. Jlokaxute, 9to X*+9y* He ABJIAETCA TOUHBIM KBaIPATOM.

/. lano HatypanbHoe N. Yucna ay, ay, ..., k— BCE HATypaJbHbIE YKCJIA, B3AUMHO
OpocThie ¢ N W He mnpeBocxoxagmue N. Jlokaxkure, dro ecimm K> 8, To

k —
Z|ai _n < M
i1 2 2

8. Ha mpsamotii nexat N Touek. OKazaiock, 4TO CPeAr BCEX MOMAPHBIX PACCTOSHUN
MEXAYy STUMHU TOYKAMH Ka)J0€ BCTpedaeTcs He Oosiee IBYX pas. Jlokaxute, 4yTo
uMeeTcsl He MeHee [N/2] paccTosTHUM, BCTPEUYaIOIIUXCs POBHO OJIMH Pas.
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MATEMATHYECKUU BOM Ned. 22.02.2018
CTAPIIASA I'PYIIIIA, BBICIIASA JIUTA, BOUA 3A 3-8 MECTA

1. 3a KpyriabIM CTOJIOM CHAST 2N YENOBEK, Yy KOTOPBIX €CTh M TNEYCHEK Ha BCEX.
JIr000i1 YenoBeK, y KOTOPOro €CTh XOTs Obl B€ MEUYEHbKH, MOXKET ChECTh OJIHY U3
HUX WU J1aTh OJIHY MEYEHbKY coceny. OauH u3 cuaammx 3a ctoiom — Bacs. [Ipu
KaKOM HauMEHbIIIEM M JIIOJM, CUSAIIME 3a CTOJIOM, NP J0OOM HaYalbHOM
pacnpeiesICHUU MEeYEHEK CMOTYT JIOOUThCS TOTO, 4TOOBl Bacs momyuun XoTst Obl
OJIHY MEYECHBbKY?

2. O tpeyronbHuke ABC uzBectno, uto ZACB > 90°, ZCBA > 45°. Ha cTtopoHax
AC u AB coorBercTBenHo Hanmuch Touku P u T takme, yro PT = BC u PT L BC.
Touku P1 u T1 Ha ctoponax AC u AB cootBeTcTBeHHO TakoBbI, uTo AP = CP1 u

AT = BTi. lokaxure, uto ZCBA-ZP1T1A = 45°,

3. B BepmmHax cBs3HOTO rpad)a MOKHO TaK pPacCTaBUTh HATypaJbHBIC YHCIIA, HE
npeBocxosmue 2018, yToObI B BepIIMHAX, COCIMHEHHBIX PEOPOM, BCET/Ia CTOSIIN
pasHbie uncia. JlokakuTte, 4TO 3TO MOXKHO CJieJiaTh TaK, YTOObI MEXY JIOOBIMU
JIBYMS BEpIIMHAMHU OBLI MTyTh, COCTOSIIHMKN U3 PEOEP, y KOTOPHIX YKCIIa B KOHIIAX
OTJIMYAKOTCSI POBHO Ha 1.

4. HazoBeM 4uCIIO N cOananHcuposanuvim, €Clid B TOCIEAOBATENBHOCTH 1, 2, ..., N
Kakmas mudpa BCTpeUYaeTCs dYeTHOE 4dHciHo pa3. Jlokaxkure, dYTO BCe
cOaTaHCHPOBaHHBIC YMCITA YSTHHBI.

5. Touku M u N — cepenunsl cropon AB u AD mnapamnenorpamma ABCD
coorBeTrcTBeHHO. Touku P, Q, R u S BeiOpansr Ha oTpeskax AB, BC, CD u DA
BBIOpAaHBbl COOTBETCTBEHHO Tak, 4TO ueTbipexyroibHukn DPMR u BQNS —
npsaMoyroiabHukd. Jlokaxure, uto PS+MN > QR.

6. JlokakuTe, 9TO JJIs JII000T0 HATYPAIBHOTO K 1 JTF000T0 HEYETHOTO HATYPATHHOTO
M HaiiéTcs HaTypaabHOE N Takoe, 4yTo N'—M kpaTHO 2K,

/. lano HatypaibHoe N. Yucna ay, ay, ..., 8k— BCE HATypaJbHbIC YUCIa, B3AUMHO
npocTele ¢ N W He mpeBocxomsanme N. Jlokaxkure, uro ecomu K>8, 1O

k J—
Z|ai _n < M
i 2 2

8. Ilpu kakux HATYpaJbHBIX N CYMIECTBYIOT N Pa3IMYHBIX HATYpaIbHBIX YHUCEN, Y
KOTOPBIX HaTypaJibHbl CpelIHEE apu(PMETHUYECKOEe, CPEIHEE TECOMETPUYECKOE U
CpeIHEe rapMOHUYECKOE?
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MATEMATHUYECKHUUW BOU Ned. 22.02.2018

CTAPHIAA I'PYIIIIA, IIEPBAS JIUT'A,
BTOPAS JIUTA, BOM 3A 1-2 MECTA

1. CkonbKUMH cTIOCOOaMHM MOJKHO BBINTMCATh B CTPOUKy uuciha 1, 2, 3, ..., N Tak,
4yTOOBI JIEBEE JIFOOOTO YHCIIa, KPOME CaMOI0 JIEBOI'0, MOKHO OBLIO HAWTH YMCIIO,
oTJIMYarolieecs oT Hero Ha 1?

2. O tpeyronmpauke ABC m3pectHo, uto ZACB > 90°, ZCBA > 45°. Ha cTtoponax
AC u AB cootBercTtBenHO Hanmmch Touku P u T Takue, utro PT = BC u PT L BC.
Touku P1 u T1 Ha ctoponax AC u AB cootBeTcTBeHHO TakoBbI, uTo AP = CP1 1

AT = BTi. lokaxure, uto ZCBA-ZP1T1A = 45°,

3. B BepmmHax cBs3HOTO Tpada MOXKHO TaK pacCTaBUTh HATypajibHbIE uncia 1, 2,
3, 4TOOBI B BEpIIMHAX, COSAWHEHHBIX peOpOM, BCerja CTOSJIM pa3Hble YHCIIA.
JlokaxuTe, 9TO 3TO MOJXKHO CJAENaTh TaK, YTOOBl MEXTYy JIOOBIMH JIBYMS
BEpIIMHAMHU ObUT IMyTh, COCTOSAIIMA M3 pEOEp, y KOTOPHIX YHUCIA B KOHIAX
OTJIMYAKOTCSI POBHO Ha 1.

4. HazoBeM 4muciIo N coarancuposantvim, €CIId B TTOCIEAOBATEIBHOCTH 1, 2, ..., N
Kakaas nudpa BCTpeYaeTCs YETHOE YHCIO pa3. JlokaxuTe, dYTO BCe
cOaJTaHCUPOBAHHBIC YKCJIA YETHBI.

5. Touku M u N — cepenunsl ctopoH AB u AD mnapamnenorpamma ABCD
cootrBeTcTBeHHO. Touku P, Q, R u S BeiOpansl Ha oTpeskax AB, BC, CD u DA
BBIOpAaHBbl COOTBETCTBEHHO Tak, uTO ueTbipexyroibHukn DPMR u BQNS —
npsaMoyroiabHukd. Jlokaxure, uto PS+MN > QR.

6. Jlokaxxute, 4TO 15 TFOOOTO HATYPAITBLHOTO K M JTF000T0 HEYETHOTO HATYPAITBHOTO
M HaiinéTca HaTypaibHOE N Takoe, yTo N"—M kpaTtHo 2K,

/. Pa3nuuHble HaTypajpHbIE YHCIIa X U Y HE SBISIOTCA TOYHBIMU KBaJpaTaMHU.
Jlokaxkute, 4TO IPOOHBIC YACTH YUCEN «/ X U /Y pa3IuyHBbI.

8. Ilpu xakux HATypadbHBIX N CYIIECTBYIOT N Pa3IMYHbIX HATYPAJIbHBIX YHCEN, Y

KOTOPBIX HAaTypaJibHBI CpeliHEe apu(MeTHdYecKoe, CpelHEee TeOMETPHUYECKOe U
cpeaHee rapMOHUYECKOE?
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MATEMATHYECKUU BOM Ned. 22.02.2018
CTAPHIASA I'PYIIIIA, BTOPAS JIUTA, BOM 3A 3-8 MECTA

1. CxoapkuMH criocobaMu MOKHO BBINIKMCATh B CTPOYKY uucia 1, 2, 3, ..., N Taxk,
yTOOBI JIEBEE JIFOOOTO YHMCia, KpOME CaMOro JIEBOTO, MOYKHO OBLIO HAWTH YHCIIO,
OoTJMYaroiieecs oT Hero Ha 1?

2. O tpeyronbHuke ABC uzBectHo, uto ZACB > 90°, ZCBA > 45°. Ha cTtopoHax
AC u AB cootBetrcTtBeHHO Hannmich Touku P u T Takume, yro PT = BC u PT L BC.
Touku P1 u T1 Ha ctoponax AC u AB cootBeTcTBeHHO TakoBbI, uTo AP = CP1 1

AT = BTi. okaxurte, uto ZCBA-Z/P1T1A = 45°,

3. B BepmmHax cBsi3HOTO Tpada MOKHO TaK pacCTaBUTh HATypajabHbIC uncia 1, 2,
3, 4TOOBI B BEpIIMHAX, COSAUHEHHBIX peOpOM, BCerja CTOSJIM pa3Hble YHCa.
JlokaxuTe, 4YTO 3TO MOXKHO CJeJNaTh TakK, YTOObl MEXIYy JIOOBIMU JIBYMS
BEpIIMHAMU OBUI MYyTh, COCTOAIIMH M3 pEOEpP, y KOTOPHIX YHCIA B KOHIAX
OTJIMYAKOTCSI POBHO Ha 1.

4. HazoBeM 4HCII0 N cOanancuposanuvim, €Clid B MOCIEI0BaTeIbHOCTH 1, 2, ..., N
Kakaas mudpa BCTpedaeTcs dYeTHOe 4dHuciao pas. Jlokaxkure, dYTO BCe
cOaTaHCUPOBAHHBIC YHCIIA YCTHEI.

5. Touku M u N — cepenunsl cropon AB u AD mnapamnenorpamma ABCD

cootBeTcTBeHHO. OTpesku CN u DM mnepecekarotcs B Touke K. Oxazanock, 4To
KN = KD. JlokaxwuTte, uro KC = KM+MD.

6. CymecTBYIOT 1M IOJOXKHUTENbHEIE uucaa a, b, ¢, X Takue, uro a’+b?=c? u
(a+x)%+(b+x)? = (c+x)??

/. Pazmnynbie HaTypaJIbHBIC YHKCJIa X U Y HEC SABIAKOTCSI TOYHBIMHM KBaJpaTaMH.
I[OKa)KI/ITe, qTo I[pO6HBI€ YaCcTH YHCEI V X U 4/ Y pa3InYHBbI.

8. CymectByeT 11 99 nmonapHO pa3IuvHbIX HATYpaIbHBIX YUCEN TAKUX, YTO YHCIIa

a, +...
q + 2;9 T 399 u m HATypAJIbHBI?
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MATEMATHYECKUU BOM Ned. 22.02.2018
MJUIAAIHASA I'PYIIIIA, BBICIHASA JIUTA, BOU 3A 1-6 MECTA

N a’(b—a)
1. Haiinure Bce Takue HaTypasibHBIC YMCiIa & U D, 94TO YUCII0 —— = SIBIISETCS
b+a
KBaJ[paTOM MPOCTOTO YHCIIA.
2. HarypanbHbie umciaa a, b m C TakoBbl, uro a+C m b+Cc — kBaaparsl

TIOCJICIOBATEIbHBIX HATYypadbHBIX umced. [lokaxkwure, yro ab+c m ab+a+b+c —
TAKXE KBaJIPaThl ITOCIICIOBATEIIHBIX HATYPATbHBIX YHCET.

3. Jlanbl HeueTHble umcia @ U b. Kakoe HambosbIliee KOJUYECTBO PA3THMYHBIX
HATypaJIbHBIX YUCEII, HE MPpeBOCXO X (a+h)!, MOKHO BEIOpATh TAKMM 00pa3oM,
YTOOBI HUKAKKE J[BA BLIOPAHHBIX YUCIIa HE OTJIMYAINCh HU Ha @, HU Ha b?

4. B BepmmHax CBSI3HOTO rpada MOKHO TaK PacCTaBUTh HATypaJIbHbIC YHCIIA, HE
npeBocxosiue 2018, uToObl B BEpIIMHAX, COEAUHEHHBIX PEOPOM, BCETIa CTOSIIH
pasHbie yncia. JlIokaxxuTte, 9TO 3TO MOXKHO CIIeTIaTh TaK, YTOObI MEXKY JIFOOBIMU
IBYMs BEpIIMHAMHU OB IMyTh, COCTOAIINUN U3 PEOEP, Y KOTOPHIX YKCIIa B KOHIIAX
OTJIMYAIOTCA pOBHO Ha | miu poBHO Ha 2017.

5. 3a kpyribIM cTosioM cuasaT 200 4enoBeK, y KOTOPBIX €CTh M MEYEHEK Ha BCEX.
JIt00011 4eNloBeK, y KOTOPOTO €CTh XOTs ObI JBE IEYEHBbKU, MOXKET ChbECTh OJIHY U3
HUX WU JaTh OHY MEYEHbKY coceny. OauH u3 cuadmux 3a croiom — Bacs. [pu
KaKOM HavMEHbIIEM M JIFOJIM, CHIASIIME 32 CTOJIOM, MpPU JIOOOM HAYaIbHOM
pacrpeieIeHuu TIEYEHEK CMOTYT JJOOUTHCS TOro, 4To0bl Bacs nmoiyuusn xotst Obl
OJIHY MEYECHBbKY?

6. Ha mmnHOM 3a60pe Hanmcano cinoBo u3 3-21%° 6yks: ABBABB...A5B. Aus n
bops urparot B urpy. OHM I€Nar0T XOJbI IO OYEpEIn, HAaUMHAET AHSA. 3a OAUH X0
MOKHO YJAJIUTh JIMOO BCEe OYKBBI, CTOSIIINE HA YETHBIX MECTax, MO0 BCe OYKBHI,
CTOSIIIIE HA HEUYETHBIX MeCTaxX (B CIIOBE, KOTOPOE OCTAIOCHh K 3TOMY MOMEHTY).
bopst nepen Hayanom Urpsl coodaeT AHe ¢iioBO U3 TpEX OykB. OH BBIUTPAET, €CIIU
3TO CJIOBO OyaeT Ha gocke mociie ero 50-ro xoma. Moxer au bops noOutbes
no0e1bl HE3aBUCUMO OT UTPbl AHU?

7. Jlug TONOXKHUTCIBHBIX 4Yuced &, b um C, [OKaKHTe HEPaBESHCTBO

(a2+b2+cz)(§+%+%)23(a+b+c).

8. Jlan paBuHoOeapennbiii TpeyroabHuk ABC ¢ ocHoBanuem BC. Touka N —
OCHOBaHUE MEPICHANKYJISIPA, OMYIEHHOT0 U3 BepIinHbl C Ha OMCCEKTPHUCY yIJia
ABC. Jloxaxwure, utro AB+AN > BC,
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MATEMATHUYECKHUUW BOU Ned. 22.02.2018

MJAIIIASA I'PYIIIA, BBICHIAS JIUTA, BOM 3A 7-8 MECTA,
IHEPBAS JIMT'A, BOU 3A 1-4 MECTA

) a’(b—a)
1. HalimuTe Bce Takue HaTypajbHBIC YKCIa @ U D, 4TO YHCII0 ——— SBJISACTCS
b+a
KBaJI[paToM MPOCTOTO YHCIIA.
2. Harypamphbie ymcia @, b w C TakoBel, uro a+C um b+C — xBamparbl

HOCJICIOBATEIbHBIX HATYpalbHBIX uuncell. Jlokaxkwurte, urto ab+c m ab+atb+c —
TAKXE KBaJIPaThl ITOCIICAOBATEIIbHBIX HATYPATbHBIX YHCET.

3. Kakoe wnHauOospliee KOJWYSCTBO PA3IMYHBIX HATypajdbHBIX 4YHCEN, HE
npeBocxoaamux 10 000 000, MoxHO BBIOpaTh TaKUM OOpa3OM, YTOOBI HUKAKUE
JIBa BBIOpaHHBIX YKCJIA HE OTINYaIuCh HU Ha 999, uu Ha 10017

4. JlaHbl 4eThIpe HaTypalbHbIX umcia a < b < ¢ <d, He npeBocxomammx 1000 u
Takux, yTo b+d meaurcs Ha a+cC u C+d meaurcs Ha a+b. Jlokaxure, uro a < 231.

5. Ilo oxpyxHoctu paccraBieHo 100 Toyek, gensumx 3Ty OKpyxkHOcTh Ha 100
PaBHBIX JyT. MOXKHO JIM 3TH TOUKHU Pa3OUTh HA Mapbl TAKUM 00pa30M, UTOOBI JIJTUHBI
BCEX XOP/1, COSUHSIONINX TOUKH B IMapax, ObuIH pa3nuunbl? (JmuHo# Xopasl Oynem
Ha3bIBaTh KOJIMYECTBO TOYEK JCICHUS, HAXOIAIINXCS HA MEHbIIEH U3 ABYX AYT, Ha
KOTOpBIE XOp/ia pa3aeisieT OKpY>KHOCTb. Eciiu 1yru paBHBbI, TO Ha JIt000H.)

6. Ha mmnHOM 3a60pe Hanmcano cinoBo u3 3-21%° 6yks: ABBABB...A5B. Aus n
bops urparot B urpy. OHM I€Iat0T XOAbI IO OYEpEeInd, HAaUMHAET AHS. 3a OUH X011
MOKHO YJaJIUTh JIMOO BCEe OYKBBI, CTOSIIINE HA YETHBIX MECTaX, JTUOO BCe OYKBHI,
CTOSIIIIIE HA HEUYETHBIX MecTaxX (B CIIOBE, KOTOPOE OCTAIOCHh K 3TOMY MOMEHTY).
bopst nepen Hayanom urpsl coodaeT AHe ciioBO U3 TpEX OykB. OH BBIUTPAET, ECITU
3TO CJIOBO OyJeT Ha Jocke mocie ero 50-ro xoma. Moxer nu bopst goOuThes
no0e1bl HE3aBUCUMO OT UTPbl AHU?

7. Jlug TONOXKHUTCIBHBIX 4Yuced &, b um C, JOKaKHTe HEPaBECHCTBO

(a2+b2+cz)(§+%+%)23(a+b+c).

8. Jlan paBuHoOeapennbiii TpeyroabHuk ABC ¢ ocHoBanuem BC. Touka N —

OCHOBAaHWME TEePIICHANKYJIIApA, OMYIMEHHOTO u3 BepmnHbpl C Ha OMCCEeKTpHUCY yria
ABC. [lokaxure, uto AB+AN > BC.
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MATEMATHUYECKHUUW BOU Ned. 22.02.2018

MJUIAALITASA I'PYIIIIA, IIEPBASA JIUT'A, BOU 3A 5-8 MECTA,
BTOPAS JIUTA, bOU 3A 1-4 MECTA

1. HazoBem uucio N cobarancuposanuvim, €CIHM B MOCIEA0BATEILHOCTH 1, 2, ..., N
Kakaas 1mdpa BCTpeyaeTcs YEeTHOe 4YHCIO pa3. JlokaxuTe, dYTO BCe
cOaaHCHUPOBAHHBIE YHCJIA YCTHBI.

2. HarypanbHbie umciaa a, b w C TakoBbl, uro a+C m b+Cc — kBaapars
TIOCJICIOBATEIbHBIX HATYypadbHBIX umced. [lokaxkwure, yro ab+c m ab+at+b+c —
TAKKe KBaIPaThl MOCICAOBATC/IbHBIX HATYPAIbHbBIX YHCEI.

3. Kakoe wHauOosplliee KOJWYECTBO PA3IMYHBIX HATYpaJbHBIX YHCEN, HE
npeBocxosmux 1 000 000, MmoxxHO BRIOpATh TAKUM 00pa30M, YTOOBI HUKAKHE JIBa
BBIOpAHHBIX YMCJIa HE OTJIMYAIUCh HU Ha 3, HU Ha 87

4. JlaHbl 4eThIpe HaTypajibHBIX Yncia a < b <c <d, e npepocxoasmux 1000 u
Takux, yto b+d geaurcs Ha a+C u C+d genurcs Ha a+b. Jlokaxute, uro a < 231.

5. Ilo okpyxkHoctu paccraieHo 100 Todek, Aensnux 3Ty OKpykHOCTh Ha 100
paBHBIX 1yT. MOKHO JIM 3TH TOYKH Pa30UTh Ha Mapbl TAKUM 00pa3oM, YTOOBI JJTUHBI
BCEX XOP/I, COSUHSIONTNX TOUKH B Iapax, ObuTH pa3nnyHbl? (JlyinHOM X0opabl Oyaem
Ha3bIBaTh KOJIWYECTBO TOUCK JCIICHUS, HAXOAIINXCS Ha MEHBIIIEH U3 IBYX JYyT, Ha
KOTOPBIE XOpJia pa3ieisieT OKPYKHOCTh. ECiiM Iyrul paBHBI, TO Ha JIH000iA.)

6. Ha nnmaaOM 3a60pe Hammcano cinoso u3 3-2% 6yks: ABBABB.. ABB. Aus u
Bbopst urpatot B urpy. OHuU A€NarOT X0Ibl TIO OUepeu, HaunHaeT AHs. 3a OAUH X0/
MOYKHO yJQJIUTh JTUO0 BCE OYKBBI, CTOSIINE HA YETHBIX MECTax, JMOO BCE OYKBBHI,
CTOSIIIIE HAa HEUYETHBIX MecTaX (B CJIOBE, KOTOPOE OCTAIOCh K 3TOMY MOMEHTY).
Bbops nepen HauaaoMm Urpbl cood1aeT AHe ¢JI0BO U3 TpEX OyKB. OH BBIMTPAET, €CIIH
3TO CJIOBO OyneT Ha gocke mociie ero 50-ro xoma. Moxer nu bops noOutbes
no0OeIbl He3aBUCUMO OT UTPbl AHU?

7. JIJI1sl OJIOKUTEIBHBIX YKCEN @, D U C, YIOBICTBOPSIOMIMX yCaoBUI0 a<hb<C

1 1 1
JTOKa)XKUTe HepaBeHCTBO (—a+ Db+ C) (— + b + —) > 3.
a C

8. Jlan paBuHoOeapennbiii TpeyroabHuk ABC ¢ ocHoBanuem BC. Touka N —

OCHOBaHUE IEPIICHINKYJISIPA, OMYIIEHHOTO U3 BepiiuHbl C Ha OMCCEKTPHUCY yIUia
ABC. [lokaxwure, uto AB+AN > BC.
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MATEMATHYECKUU BOM Ned. 22.02.2018
MJIAJIHASA T'PYIIIA, BTOPAS JIMTA, BOM 3A 5-8 MECTA

1. HazoBem uucio N coanancupo8auHvim, €CIU B OCIEA0BATEIBHOCTH 1, 2, ..., N
Kakaas mudpa BCTpedaeTcs deTHoe duciao pas. CymecTByeT JM CTO3HAYHOE
cOaaHCUPOBAaHHOE YUCIIO?

2. Harypampnbie ymcia @, b w C TakoBel, uro a+C m b+C — xBajmparsl
HOCJICIOBATCIbHBIX HATYPaJbHBIX Yuced. Jlokaxkute, 4yro ab+C — keaupar
HATYPaJILHOTO YHCIIA.

3. Kakoe wHauOomblliee KOJWYECTBO PA3IMYHBIX HATYpPaIbHBIX YHCE, HE
npeBocxonamux 1000, MOXKHO BBIOpaTh TakMM OOpa3oM, 4TOObI HUKAKHE JBa
BBIOpAHHBIX YKMCJIa HE OTJIMYAIMCh HU Ha 3, HU Ha /?

4. JlaHbl 4eThIpe HaTypalbHBIX umcia a < b < ¢ <d, He npeBocxomammx 1000 u
Takux, yto b+d meaurcs Ha a+C u c+d geaurcs Ha a+b. Jlokaxure, uro a+b < 666.

5. Ilo okpyxkHoctu paccraieHo 100 Todek, Aensnux 3Ty OKpykHOCTh Ha 100
PaBHBIX TyT. MOXKHO JIM 3TH TOUKHU Pa3OUTh HA Mapbl TAKUM 00pPa30M, UTOOBI JIJTUHbI
BCEX XOP/I, COSIUHSIONINX TOUKH B Mapax, ObutH pa3inyHbl? (JmuHOM Xopab! OyieM
Ha3bIBaTh KOJMYECTBO TOUCK JCIICHUS, HAXOAIIUXCA Ha MEHBIIIEH U3 IBYX AYT, Ha
KOTOpBIE XOp/ia pa3aeisieT OKpY>KHOCTb. Eciu 1yru paBHbI, TO Ha JII000H.)

6. Ilets u Bacs gemarot xonp1 o ouepeau. [lepseim xogom [leTs mumet Ha JOoCKe
HEeu€THYIO 1udpy, Bacs npunuceIBaroT cripaBa K UMEIOIMIEMYCSl Ha IOCKE YUCITY
yétHyto nudpy, Ilers onsate HeuétHytO, U T.4. [Tocie 10 X0q0B CMOTPAT, AETUTCS
JY TIOYyYEHHOE 4ncio Ha 16. Ecnu genutces, To BeIMTphIBacT Bacs, a ecnu He
nemutcs, To Iletsa. KTo U3 WUIrpoKOB MOXKET BBIUTPATh HE3ABUCHMO OT HWIPHI
Ipyroro?

66 66

7. Haligute Bce maphl pa3IMYHbBIX HATYpaIbHBIX Yricea a M b, uto a+—=b+—.

a b

8. Ha croponax AB u BC tpeyroasanka ABC moctpoens! BHe ero kBaaparsl BCKL
u ABDE. Jlokaxwute, uto oTpe3ok DL B nBa paza 0osibliie MeIuaHbl TPEYTOIbHUKA
ABC, mpoBenéHHOM u3 BepIuHbI B.



LI YPAJIbCKUM TYPHHUP IOHBIX MATEMATHUKOB. KUPOB, 16-22.02.2018

MATEMATHYECKUU BOM Ned. 22.02.2018
I'PYIIIIA «CTAPT», BBICHIAS JIUTA, BOU 3A 1-6 MECTA

1. Ilo okpyxkHOCTH paccraBieHo 100 Touek, Aensmux 3Ty okpyx HocTh Ha 100 paBHBIX
ayr. MOXHO JIM 3TH TOYKH pa30UTh HA Tapbl TAKUM 00pa3oM, YTOOBI JUTMHBI BCEX XOP/I,
COCIUHSIONIMX TOYKU B Tapax, ObuUtM paznuuHbl? ([nuHON Xopnabl OyneM Ha3bIBaTh
KOJIMYECTBO TOUYEK JEIECHUS, HAXOAIIMXCS HA MEHBIIEH U3 JBYX YT, HA KOTOPBIE XOpAa
paszenser OKpy>XKHOCTh. Eciiu 1yru paBHBI, TO Ha JTFOOOI. )

2. Kakoe wnauOosblliee HaTypajJbHOE 3HAYEHHE MOKET NPUHUMATh BBIPAKEHUE
CJIOH/MY XA, ecnu o1MHAKOBbIE OYKBBI 3aMEHUTh OAMHAKOBBIMU LIU(paMHU, pa3HbIE
— pa3ubiMu uppamu, a O 3ameHuTs Ha 07

3. JlaHO HaTypanpHOE€ YHMCIO N TaKOe, YTO €CIU BBIIKCATh MO OJHOMY pa3y BcCe
HaTypalbHbIC YUCIa OT 1 70 N, To Kaxkaas mudpa OyAeT BCTpeuaThess YETHOE YUCIIO pa3
CpeIu BCeX BBIMMCAHHBIX 1Upp. MoryT iu Bce nudphl uncia N ObITh pa3IuyHbI?

4. Ha mnHOM 3a00pe HanmcaHo cioBo u3 3-2'%°+1 6yks: ABBABB...ABBA. Ans u
bops urpatot B urpy. OHH I€71ar0T XOIbI IO OY€PENH, HAUMHAET AHS. 32 OJIMH X0 MOKHO
yAQIATH MO0 BCE OYKBBI, CTOSIIIIME Ha YETHBIX MECTaX, MO0 Bce OYKBBI, CTOSIIME HA
HEYETHBIX MECTaxX (B CIOBE, KOTOPOE OCTAIIOCH K 3TOMY MOMEHTY). [lociie nepBoro xona
Anu bops coobmaer eit cioBo u3 Tpéx OykB. OH BBIMTPAET, €CIU 3TO CJIOBO OYIET Ha
nocke nocie ero 50-ro xoma. Moxket nu bopst 100uThCs MOOEbI HE3aBUCUMO OT UTPHI
AHM?

5. B Anuypuu 100 ropooB, HEKOTOPBIE Mapbl TOPOJIOB COEANMHEHBI JOPOraMH, IPUUEM
U3 J000r0 ropoja MOKHO IpoexaThb MO Joporam B JIt0OOH Apyroil ropod. AHuypus
COCTOUT U3 TPEX pecnyOsiuK, MpUYéM HUKAKUE JBa Topoja U3 OJHOM M TOU XKe
pecnyOMKu He coelMHeHbl Aoporoil. IIpesuaeHT AHYypuu XodeT nepepacipeneianThb
ropojia MeXIy peclyOJIMKaMHd TakuM 00pa3oM, 4YTOObI MO-NPEKHEMY HHUKAaKue JBa
ropojia U3 OJHOM pecnyOarKu He ObUTM COEAMHEHBI 10POroM, U PU 3TOM MOXHO OBLIO
ObI BEIOpATh JABE PECIYOJIMKU U 3aKPBITh BCE JOPOTH, BEAYIINE U3 TOPOIOB OAHON U3 HUX
B rOpojia IPyroi Tak, 4ToObI U3 JHO00r0 ropoaa AHIYpPUH MOXKHO OBLIO MO-TIPEKHEMY
noOpaThbCcsi A0 JOOOTr0 APYyroro ropoja Mo HE3aKpbIThIM goporaM. Jlokaxwurte, yTO
MPE3UJECHT MOXKET TaK CAEHATh.

6. Kakoe nHanboubiiiee koaudecTBO (pep3eit MoxkHo nmoMmecTuTh Ha Jocke 100x100, yToOs
HUKakue 26 dep3eii He CTOSIM Ha OJHOM BEPTHKAIH, OJTHOW TOPH30HTAIN WIIH OJTHOM
IUaroHam?

7. Jlanbl yeThIpe HaTypaibHBIX yKcia a < b < ¢ < d, e npeBocxomsnmx 1000 u Takux,
yto b+d nenurces Ha a+c u c+d genurcs Ha a+b. Jokaxure, uto a < 231.

8. Kakoe HanboubIree KOJIMYECTBO PA3IMIHBIX HATYpaIbHBIX YHCEN, HE MPEBOCXOAIINX
2018, MOXHO BBIOpaTh TaKMM 00pa3oM, YTOOBI HUKAKHE JIBa BBIOPAHHBIX YHCIIA HE
OTJIMYaJIMCh HU Ha 8, o1 Ha 137



LI YPAJIbCKUM TYPHHUP IOHBIX MATEMATHUKOB. KUPOB, 16-22.02.2018

MATEMATHUYECKHUUW BOU Ned. 22.02.2018

I'PYIIA «CTAPT», BBICHIAS JIUTA, BOM 3A 7-8 MECTA
IHEPBAS JIMT'A

1. ITo okpyxHoctu paccraBiieHo 100 Touek, aensmux 3Ty OKpyxkHOCTh Ha 100
PaBHBIX JyT. MOXKHO JIM 3TH TOYKHU Pa30UTh HA Mapbl TAKUM 00pa30M, UTOOBI IJTUHbI
BCEX XOP/I, COSIMHSAIONIUX TOUKH B Iapax, ObuTH pa3nuyHbl? (JyinHOM X0opabl Oyaem
HAa3bIBAaTh KOJIMYECTBO TOYEK JICICHUS, HAXOIAIMNXCS HA MEHbIIEH U3 JBYX AYT, HA
KOTOpBIE XOp/ia pa3aeisieT OKpY>KHOCTb. Eciu 1yru paBHbI, TO Ha J1I000H.)

2. Kakoe HaunboJiblliee HaTypajJbHOE 3HAUYCHUE MOXKET MPUHUMATH BBIPAXKCHUE
CJIOH/MVYXA, ecnu oauHakoBble OYKBBI 3aMEHUTHh OJWHAKOBBIMH IHHUpaMHu,
pasHble — pa3HbiMu Uppamu, a O 3ameHuTs Ha 07?

3. JlaHo HaTypajbHOE YKCIIo N, 001aAaro1Iee TAKUM CBOMCTBOM: €CJTU BBIMTUCATH T10
OJIHOMY pa3y Bc€ HaTypaJlbHbIE YHciIa OT 1 10 N, To Kaxmas mudpa OyaeT
BCTPEUAThCs YETHOE YMCIIO pa3 CPeAu BCEX BBIMHMCAHHBIX HHGp. Jlokaxure, 4To
YHCJIO N YETHO.

4. Ha nnmuanOM 3a60pe Hamucano cioBo u3 3-2'% Gyks: ABBABB...ABB. Aus u
bopst urpatot B urpy. OHuU A€NarOT X0Ibl IO OUepeiu, HauuHaeT AHs. 3a OAUH X0/
MOKHO YJaIUTh JIMOO BCEe OYKBBI, CTOSIIIINE HA YETHBIX MECTaX, MO0 BCe OYKBHI,
CTOSIIIIE HA HEYETHBIX MecTaX (B CIIOBE, KOTOPOE OCTAIOCHh K 3TOMY MOMEHTY).
bops nepea HayanoM Urpel coodmaeT AHe ciioBo U3 TpEX OykB. OH BBIUTPAET, ECIH
3TO CJIOBO OyneT Ha gocke mociie ero 50-ro xoma. Moxer nu bops noOutbes
no0e1bl HE3aBUCUMO OT UTPbl AHK?

5. B psag nexat 100 MoHeT opioM BBepX. 3a OJUH XOJ MOXKHO MEPEBEPHYThH TpU
MOHETBI: JBE PAAOM JICKAIKME U MOHETY, PACIIOJIOKECHHYIO 4epe3 OJHY OT HUX
cipaBa. CKOJBKO pa3HbIX KOMOMHAIMN PAaCIOJIOKEHHSI OpPJIOB M PELIEK MOKHO
MOJIYYUTh, AENasi TAKHE XOIbI?

6. Kakoe nanbombIiee koaudecTBo dep3eid MoKHO ToMecTuTh Ha gocke 100x100,
yTOOBI HUKAaKKE 26 (hep3el HE CTOSIIU HA OJTHOW BEPTUKAIHU, OJHON TOPU3OHTAIH
WJINA OJTHOU JuaroHain’?

7. JlaHbl YeThIpe HATYypaJbHBIX yncia a<b < c <d, He nmpeBocxomsmux 1000 u
Takux, yto b+d geautcs Ha a+C u C+d genutcs Ha a+b. Jlokaxute, uro a < 231.

8. MoxHo nu BbIOpath Oosiee 460 pa3nTUYHBIX HATypajdbHBIX YHCEN, HE
npeBocxosamux 1000, Takum oOpa3omM, 4TOObI HUKAKHE JIBA BEHIOPAHHBIX YKCIIA HE
OTJIMYAIMCh HU Ha 5, HU Ha 8?7



LI YPAJIbCKUM TYPHHUP IOHBIX MATEMATHUKOB. KUPOB, 16-22.02.2018

MATEMATHYECKUU BOM Ned. 22.02.2018
I'PYIIIIA «CTAPT», BTOPAS JIUT'A

1. Ha nocke nHamucano uucio 2018. Ilers u Bacsa genaroT Xoabl mo oyepei,
HaunHaet [lets. KaxnaeiMm cBon xoa0M [leTst mpunuckiBaeT cpaBa K UMEOIIEMYCS
Ha JIOCKe yuciy Heu€THyto udpy, a Bacs ceoum — uétnyto. [locie gecsitoro xona
Bacu ManbyuKy BBIYHCIISIIOT, HAa KaKyl CTENEHb JIBOMKH JACIUTCS MOJYYEHHOE
yucio. Ecinu crenens Oosbliie TpeThel, BHIUTPBIBACT Bacs, eciin MeHbIIE TPEThe
— Ilets, a eciii pOBHO TPEThSI, TO HUYbSL. MOXKET JIM OJIUH U3 UTPOKOB BBHIUTPATH
HE3aBUCHUMO OT WUI'PbI COIIEpHUKA?

2. Kakoe HauOosblliee HaTypalbHOE 3HAYCHHUE MOXKET MPUHUMATH BBIPAKECHUE
CJIOH/MYXA, ecnu oauHakoBble OYKBBI 3aMEHUTh OJMHAKOBBIMU IM(Ppamu,

pasHbie — pa3HbIMU IMppamu, a O 3ameHuTs Ha 07

3. Jlano HaTypaiapHOE YKCIIo N, 001aar01Iee TaKMM CBOMCTBOM: €CJTH BBIITUCATH T10
OJIHOMY pa3y BC€ HaTypalibHble uMcia OoT 1 10 N, To kaxmas mudpa OyaeT
BCTPEUAThCS YETHOE YMCIIO pa3 CPEAu BCEX BBIMHMCAHHBIX LHGp. Jlokaxure, 4To
YHCJI0 N 4ETHO.

4. B psan nexat 100 MOHET OpJioM BBepX. 3a OJMH XOJ[ MOKHO TEPEBEPHYThH TPU
MOHETBI: JIB€ PSAJOM JICKAIIUE U MOHETY, PACIOJOXKECHHYIO 4epe3 OJHY OT HHUX
cipaBa. CKOJbKO pa3HbIX KOMOWHAIIMN PACHOJIOKEHUSI OPJIOB U PEHIEK MOYKHO
MOJIYyYUTh, JIeJIasi TAKUE XOJIbI?

5. Kakoe HauOonbliee Koau4ecTBO (ep3eil MOKHO MOMECTUTh Ha MIAXMaTHOMN
IOCKE, 4TOOBl HUKAKKWE TpU (ep3si HE CTOSUIM HAa OJHOM BEPTHUKAIH, OITHOU
TOPU30HTAJIN U OJHOM AUaroHaiu?

6. Kyo NxNxN Ha30BEM yuepOrubim, €CI U3 HETO YAAIEH OJUH U3 CAMHUYHBIX
KyOukoB. Jlokaxkute, 4yTo 000N yuiepOHbI KyO 4x4x4 MOXKHO CIOXKUTH W3
yIIEPOHBIX KyOUKOB 2X2x2.

7. JlaHbl YeThIpe HaTypaibHbIX yucia a < b <c <d, ve npeBocxomsamux 1000 u
Takux, yto b+d geautcs Ha a+C u C+d genutcs Ha a+b. Jlokaxute, uro a+b < 666.

8. MoxHo nu BbIOpath Oosiee 460 pa3nUYHBIX HATypajbHBIX YHCEN, HE
npeBocxonsamux 1000, Takum oOpa3om, 4TOObI HUKAKHE JIBA BEHIOPAHHBIX YKCIIA HE
OTJIMYAIMCh HU Ha 5, HU Ha 87?7



LI YPAJIbCKUM TYPHHUP IOHBIX MATEMATHUKOB. KUPOB, 16-22.02.2018

MATEMATHYECKUU BOM Ned. 22.02.2018
I'PYIIIIA «CTAPT», TPETDBS JIMT'A

1. Ha nocke nanucano yucio 2018. Ilers u Bacst nenaroT Xo1bl 0 oYepeau, HAYMHAET
[Tetsa. KaxapiM cBou xomnoM llerss mpunuchiBaeT ClipaBa K UMEIOLIEMYCS Ha JIOCKE
yuciay Heu€TtHyro 1udpy, a Bacs cBomm — uérnyro. Ilocne nmecstoro xoma Bacu
MaJIbYMKHU BBIYUCIISIOT, HA KAKYIO CTEIEHb ABOMKH JEIUTCS MOJIYy4YeHHOE Yncio. Ecin
CTEINEeHb OOJbIIE TPEThel, BEIMTPhIBAaET Bacs, ecinu menbiie Tperbeit — Ilets, a ecnu
POBHO TPETHS, TO HUUbA. MOXKET JIM OJIMH U3 UTPOKOB BBIMTPATh HE3ABUCUMO OT WUIPHI
COINepHUKA?

2. ApXUTEKTOp CTPOUT OalTHIO U3 KyOMKOB. B 0CHOBaHME OH MOJI0XKHII KYOUK C pedpom
1 M, Ha Hero 4 kyOuka ¢ pedpom 1/2 M, Ha HUX — 9 KyOUKOB ¢ peOpom 1/3 M, moToM —
16 kyOukoB c pebpom 1/4 M u T.1.
(KOJIM4YecTBO KyOMKOB B OYEpPEIHOM CIIOE
— KBaJApaT OYEPEAHOr0 HATYpaJIbHOIO
4uClia, TIEPBbIE YETHIPE CII0S MOKa3aHbl Ha
KapTUHKE crpasa). JJOCTUTHET JIu BBICOTA
OamHu ApXUTEKTOpa 5 M Mocie Toro, kak oH ynoxut 1000 cioés?

3. Kakoe HauOonpliee HaTypaJibHOE 3HAYEHHE MOXKET MPUHUMATH BBIPAKCHHE
CJIOH/MY XA, ecnu onuHaKoBbIe OyKBBI 3aMEHUThH OJJMHAKOBBIMH LIU(PpaMH, pa3HbIE
— pa3ubiMu 1udpamu, a O 3ameHuTh Ha 07?

4. B psan nexar 100 MoHeT opsioM BBEpX. 3a OJIMH X0J1 MOYKHO IIEPEBEPHYTH TPU MOHETHI:
JIBE PSAOM JISKAIIUE U MOHETY, PACHOJIOKEHHYIO YEPE3 OJIHY OT HUX crpaBa. CKOJIBKO
Pa3HBIX KOMOWHAIIMIA PACIIOIOKEHUSI OPJIOB M PEIICK MOXKHO MOJYyYHTh, JIeTasi TaKue
XOAbI?

5. Kakoe Hambompliee KOIM4IeCTBO Pep3eil MOKHO MOMECTUTh Ha IIaXMaTHOM JOCKE,
9TOOBI HUKaKUE TpU (ep3si He CTOSUTM Ha OJHOW BEPTUKAIIU, OJHOW TOPU3OHTAIN WU
OJTHOW qUaroHaiu?

6. Kyo NxNxN HazoBéM ywepOHbviv, ecnu W3 HEro yaal€éH OJWH W3 EIWHUYHBIX
KyOukoB. JIokaxuTe, 94T0 JTF000 yiepOHbIil Ky0 4x4x4 MOKXHO CIOKUTh U3 yIIEPOHBIX
KyOUKOB 2x2x2.

7. B 20** rony oxHy u3 rpyimi B Jlure yeMnuoHoB oOpasoBanu KoMaHas!l "IHuHHUK"
2
"Uencu", "baBapus" u "Pean". [locne Toro, kak kaxaass KOMaHjia Cbirpajia Imo OJHOMY
pa3y ¢ KaKIOU U3 OCTAIBHBIX, TYPHUPHBIEC MMOKa3aTenu Boirsaenu Tak: "[IInHHuK" —
1 moOema, 2 HUYBH, PA3HOCTH 3a0UTHIX WU TIpOonyIIEHHBIX mguer 3—1; "Yemcn" — 1
2 2 9
no6ena, 1 Huubs, 1 nopaxenue, pazHocTh Msidelt 3—1; "bapapus" — 1 mobena, 1 HUYBA,
1 nopaxxenue, pazHoctb Msiuelt 1-3; "Pean" — 1 nobena, 2 nopaxeHusi, pa3HOCTb MU
2—4. Onpenenute pesyiaprar MaTya "[IIuaauk" — "Pean".

8. bapon MrioHxray3eH yTBEpXkAaeT, 4YTO OH MOObIBaJ B ToCcyAapcTBe, B KOTopoMm 10
ropoJioB. M3 Kaxx0ro BBIXOAST MPSAMOJIMHEMHBIE JOPOTH POBHO B 4 APYrux ropoja.



[Ipu 3TOM, HMKAKHE JBE JOPOTH HE MepecekaroTcs. MoryT iy cioBa O0apoHa OBITh
npaBaoi?



