XLVI VPAJILCKUI TYPHUP IOHBIX MATEMATUKOB. EKATEPUHBYPT, 28.11-04.12.2015
KOMAHIHAS MATEMATHYECKAS OJIMMITMAA 29.11.2015

SAJAHUSA JJ14A 6 KITACCA

1. Ha ocTpoBe *HUBYT pbllIapU, KOTOPHIE BCErJa TOBOPST MPaBAy U JDKEIbl, KOTOPbHIC
Bceraa JryT. BceM skuTensiM ocTpoBa 3ajaidu Bompoc: "BepHO Jd, 4TO phIllapeld Ha
OCTpOBe O0JIbIIIe TTOJI0BHUHBI?" B pe3ynbraTe pOBHO IMOJIOBUHA KUTEJICH OTBETHIIA HA ATOT
BOIIPOC yTBepauTenbHO. KOoro Ha camom nene Ha ocTpoBe OoJibllie — phILIApen, WU
JOKELOB?

2. Ha nocke nanmcano uncno 1. Bacs moxker 3agymats moOyto nudpy. 3areM oH MOXKET
3a OJHY OIEepalMio JUOO0 YMHOXXHUTh YHCIIO Ha JIOCKE Ha 3aayMaHHYI Hudpy, 1udo
npuOaBUTh K YUCITY Ha JIOCKe eauHMIly. MoxeT nu Bacs 3agymaTs mudpy Tak, 4To0bI 3a
10 Takux omnepanuii moxyuuTh ynciio 2015?

3. B Bepmmnax A u C mpsamoyrompauka ABCD cumut mo mypaBbio. DOTH MypaBbH
OJTHOBPEMEHHO HAYMHAIOT JABUTATHCS IO KOHTYPY INPSIMOYTOJIbHUKA C MOCTOSIHHBIMU
CKOPOCTSIMU: OJIMH I10 YaCOBOM CTPEJIKE, APYrord — IPOTUB. B nepBbii pa3 3TU MypaBbU
BCTpeTWINCH B BepuiuHe D, a Bo BTopoil pa3 — B BepmnHe A. Haiinure 1imHy CTOpOHBI
AD npsiMOyToIbHUKA, €CJIU €ro MepUMETpP paBeH 45.

4. B tabmune 10x10 paccraBieno 100 paznuunbix uucen. Bacsg oTMeTHsn B Kakaom
cT0JIOIIE HAMOOJIbIIIEE YUCIIO U OOHApYX U, 4TO Bce 10 OTMEUEHHBIX UM YHUCEN JIEKAT B
pa3HbIX cTpokax. [IeTs oTMeTHs B Kax 01 CTpoKe HauOOJbIIee YUCTI0 U OOHAPYKUI, YTO
Bce 10 OTMEUEHHBIX UM YHUCEN JIeKAT B pa3HbIX crojionax. Jlokaxure, uro Bacs u Ilets
OTMETHUJI OJHU U TE K€ YUCJa.

5. Hano 100-3nayHoe umcio. Ecnm BeUEepkHYTH y Hero mociennue 3 mudpsl, TO
MOTy4eHHOE uncio pasaenutcs Ha 2015. Ecinu BEIYepKHYTH y HETO mocaeaaue 6 mudp, To
MOJIYyYCHHOE YHCI0 TOXe paznenurcs Ha 2015. JlokaxuTe, 4TO €CIIM y 3TOTO 4YMCIa
BBIYEPKHYTH Tocieauue 4 mudpol, TO MOTYYCHHOE YUCIIO TOXE pasaenutcs Ha 2015.

6. B kpyxok npunuio 35 pebst. Oka3anock, yTo ecTh 10 U3 HUX, KaKIbIA U3 KOTOPBIX
3HaeT Oosee, ueM 2/3 u3 octalbHbIX 25. JlokaxuTe, 4TO HAUyTCs TaKue ABOE peOsT, HE
BXOJISIINX B ATy JIECATKY, YTO KaXKIBIH U3 IECATKH 3HACT XOTsI ObI OJTHOTO U3 ATUX JIBOUX.

/. B 1ByX OrpOMHBIX KOp3UHaX Jiexkat kamHu: B nepsoit 10000, Bo BTopoit 20000 kamMHei.
ITetst u Bacs urpatot B urpy (Xonsrt no ouepeau, HauuHaet [leTs). 3a oiuH X0/ KaKI0My
13 MaJbYMKOB Pa3pelraeTcsi B3ATh CKOJIBKO YTOJHO KaMHEW U3 JI00OW KOP3WHBI, OO
B3STh M3 00€HX KOP3UH J1000€ KOJINISCTBO KaMHEH TaK, YTOOBI 0OIIEee YHMCIIO B3ATHIX Ha
ATOM XOJy KaMHel aenmioch Ha 2015. BeiMrpeiBaeT TOT, KTO BO3bMET MOCTEHUN KaMEHb.
KT0 13 MaJIbunKOB BBIMTPAST P MPABUIHHOMN HTpe?



XLVI YPAJIbCKUI TYPHUP IOHBIX MATEMATHKOB. EKATEPUHBYPT, 28.11-04.12.2015
KOMAH/JHASA MATEMATHYECKAS OJIUMIIMA A 29.11.2015

3AJIAHUSA J1JIS1 7 KJIACCA

1. Ha octpoBe xkuByT 2015 yenoBek: pblliapu, KOTOPbIE BCET1a TOBOPAT MPaBIy U JKEIbL,
KOTOpBIE Bcerja AryT. BceM kuTensaM ocTpoBa 3aiaiiv Bonpoc: "BepHo Ji, 4To philapen
Ha ocTpoBe OoJblne nmosoBUHbI?" Kakoe HauMeHblllee YUCI0 YTBEPAUTEIbHBIX OTBETOB
MOTJIO OBITH?

2. B Bepmmnax A u C npsamoyronsHuka ABCD cumutr mo mypaBbio. DOTH MypaBbH
OJTHOBPEMEHHO HAYMHAIOT JABUTATHCS IO KOHTYPY INPSIMOYTOJIBHUKA C MOCTOSIHHBIMU
CKOPOCTSIMU: OJIMH I10 YaCOBOM CTPENKE, APYrord — IPOTUB. B NepBbIN pa3 3TU MypaBbU
BCTpeTUINCH B BepuinHe D, a Bo BTopoil pa3 — B BepmmHe A. Haiiiure niimHy CTOpOHBI
AD npsiMmoyroipHHKa, €CJIM €ro IEpUMETpP paBeH 45.

3. B Tabmume 10x10 paccraBineno 100 pasnuunbix yucen. Bacs oTMeTun B Kaxaom
cT0JIOIIE HAMOOJIbIIIEE YUCIIO U OOHApYX Ui, 4TO Bce 10 OTMEUEHHBIX UM YHUCEN JIEKAT B
pa3HbIX cTpokax. [IeTs oTMeTHs B Kax0i CTpoKe HauOOJIbIIee YUCI0 U OOHAPYKUI, YTO
Bce 10 OTMEUEHHBIX UM YHUCEN JIeKAT B pa3HbIX crojionax. Jlokaxure, uro Bacs u Ilets
OTMETHUJI OJHU U TE ke YUCJa.

4. Cropoust AB u CD wuerbipéxyronbanka ABCD paBubel. Touka E TakoBa, urto
/EAB = ZECD. U3BecTHO, uTO TOouka E J€XHUT Ha cepeUHHOM MEPIEHAMKYIIpE K
nuaroHanu AC. JlokaxuTe, 4yTo TOYKa E JIeKUT HA CepelMHHOM MNEPHEHIUKYISpE K
nuaronanu BD.

5. Jlnst pa3sinuyHbIX HATYPabHBIX uncen a u b mokaxure HepaseHcTBO a*+b* > 2a2h?+4ab+1.

6. B 1ByX orpoMHBIX KOp3uHax Jiexkat kamau: B iepBoit 10000, Bo BTopoit 20000 kaMHEi.
ITetst u Bacs urpatot B urpy (xondart no ouepeau, HauuHaet [leTs). 3a ouH X0 KaxK10My
M3 MAJIbUMKOB Pa3peliaeTcsi B3SITh CKOJIBKO YTrOJHO KaMHEH M3 JIF0OOUW KOpP3WHBI, JTUOO
B3STh U3 00€MX KOP3UH J000€ KOJIUYECTBO KaMHEHN TaK, YTOOBI 00III€e YMCIIO B3STHIX Ha
ATOM X0y KaMHe enmuiioch Ha 2015. BeiurpsiBaet TOT, KTO BO3BMET MOCIEIHUN KAMEHb.
KTO 13 ManbunKoB BBIMTPAET MPU NMPABUILHON UTPE?

7. Jlna HaTypaJbHOTO YKcia N 00o3HauuM Bce ero aenurenn: N=d1>d2> ... > dk = 1.
JlokaxkuTe, uTo cymectByer Takoe N > 101°%° yro di—dz+ds—...+(—1)< dk = 2n/3.

8. Ha typuup npuexano 185 pedst: 93 manpumnka u 92 neBouku. OKa3aiock, 4TO KaXKIbIi
MaJIbYMK 3HAET MO KpahHel mepe 82 neBoukd. J[OKakUTe, 4TO HAWMAYTCS TaKue JBE
JI€BOYKH, UTO KXl MaJIBbUMK 3HAET XOTS ObI OJTHY U3 HUX.



XLVI YPAJIbCKUI TYPHUP IOHBIX MATEMATHKOB. EKATEPUHBYPT, 28.11-04.12.2015
KOMAH/JHASA MATEMATHYECKAS OJIUMIIMA A 29.11.2015

SAJAHUSA JJ1A 8 KITACCA

1. B kietkax kBajgpata 4x4 paccTaBieHbl YHMCIA TAK, YTO B KaXJAOM M3 ISITH KBAaJPATOB
2x2, pacmoJIOKCHHBIX B IIEHTPE KBajapara 4x4 u B €ro yriax, CyMMa 4uces paBHa 9, a B
KaXJOM MATHKIETOYHOM "kpecte" o cymma uncen paBHa 10. Haitgure cymmy uucen B
YEeTHIPEX YIVIOBBIX KJIETKAaX UCXOJAHOTO KBaJpaTa.

2. Ha Beicore AD octpoyronsHoro tpeyroipbHuka ABC oTMedeHbl TpH TOUKH,
pasOuBaronue e€ Ha yeThipe paBHbie YacTu. [leprnennukynsapsl k AD, npoBeaénnbie uepes
ATH TOYKH, U cama BbicoTa AD paszowmmm tpeyronpHuk ABC Ha Bocemb dacTeil, KOTOpbIC
OKpalleHbl B YEPHBIA U OEINbIN 1BETa B IIaXMAaTHOM MOPSIKE (TO €CTh Tak, YTO YacTH,
rpaHHyallye MO0 OTPE3Ky, OKpalleHbl B pasHble 1BeTa). OKa3aloch, YTO CyMMapHas
oMb YEpPHBIX YacTed paBHA CyMMapHOW Iulomaau OenbiX. JlokaxuTe, YTO
TpeyronbHUK ABC paBHOOEIpEHHBII.

3. B xpyxoxk 3amucanucek 111 gereir. Oka3anock, 4TO €CTh AECATh KPY)KKOBIICB, KaKIbIH
13 KOTOPBIX 3HAaKoM Oojee, ueM ¢ 4/5 u3 octanbubix 101. JlokaxkuTe, 4TO HAWIyTCS aBA
KPY’KKOBIIA, HE BXOJISIINX B 3Ty JACCATKY, TAKUX, YTO KKJIBIA U3 JICCITKHA 3HACT XOTS OBl
OJIHOT'O M3 3THX JIBOHX.

4. JIns HaTypajabHOro 4mcia N 0003HauuM Bce ero genurenan: N=di>d2> ... > di = 1.
Jokaxkute, uto di—d2+ds—...+(-1)*"dk = n—1 Toraa u ToaBKO TOrAa, KOraa N — MPOCToe
um N =4,

5. B 1ByX orpoMHbIX KOp3uHax jexat kamHu: B nepoit 20000, Bo BTopoit 40000 kamHEN.
ITetst u Bacs urpatot B urpy (Xoadr no ouepeau, HauuHaet [lets). 3a onuH X011 KaXXaA0My
W3 MaJbYMKOB Pa3pelraeTcsi B3ATh CKOJBKO YrOAHO KaMHEH W3 J000H KOpP3UHBI, JTHOO
B3STh U3 00€MX KOP3UH J1000€ KOJIUYECTBO KaMHEHN Tak, YTOOBI 00III€€ YMCIIO B3STHIX Ha
ATOM X0y KaMHe nenniiochk Ha 2015. BeiMrpsiBaeT TOT, KTO BO3bMET MOCIETHUN KAMEHb.
KT0 13 MajibuuKOB BBIUTPAET MPH MPABUWIHHOMN UTPE?

6. YUnucna X, Y ¥ Z yIOBIETBOPSIOT yCIOBUSIM Xy+Yyz+zZX > 0 u X+Yy > 0. Jlokaxute, 4TO
Xa?+yb?+z¢? > 0 mys moOkIX uucen a, b u ¢, cymma koTopsix paBHa 0.

7. B tpeyronsnuke ABC, rne Z/B =2/C, npoBenena o6uccexkrpuca AD. Oka3zanoch, 4To
CD = AB. Haiigute yron A.

8. Baytpu mpsimoyronpHuKa R 0OTME4YeHBI N TOUEK, HUKAKKE JIBE M3 KOTOPHIX HE JIekKaT Ha
NpsSIMOM, TAapaJUIeIbHON KaKOW-TMO0 CTOpoHE mpsiMoyrosibHuKA. [IpsmoyromsHuk R
paspes3aniu Ha MEHbIIUE NPSIMOYTOJBHUKUA CO CTOPOHAMH, NapajuieIbHbIMU CTOpOoHaM R,
TaK, YTO BCE OTMEUYEHHBIE TOYKHM OKa3aJUCh Ha JIMHUIX pa3pe3oB. Jlokaxure, 4TO
IPSIMOYTOJIBHUKOB pa30ueHust He MeHbIie N+1.



XLVI YPAJIbCKHI TYPHHUP FOHBIX MATEMATUKOB. EKATEPUHBYPT', 28.11-04.12.2015

Pemienus 3a1a4 KOMaHAHOM oJIUMIHAABLI 6 Kj1acca

3anaua 1. Ha ocmpose sicusym pviyapu, komopbvie 6ce20a 2080psm npasoy u xiceyvl, Komopuvle 6ce2oa 1eym. Becem
AHcumensim ocmposa 3adanu eonpoc. "Bepro nu, umo peiyapetl Ha ocmpoge bonvuie nonosunvt?" B pesyrvmame poro
NONOBUHA dHcumenell Omeemula Ha 3mom eonpoc ymeepoumenvno. Koeo na camom oene na ocmpoee 6onvue —
pulyapetl, unu axceyos?

Otser. [lopoBny. Pemenue. Ecnu Obl phIllapeid Ha OCTpOBE B caMOM jieie ObUTIO OOJIBbIIE TIOJOBUHBI, TO BCE OHHU
OTBETWJIM OBI HA BONPOC YTBEPAUTEIHHO, YTO MMPOTUBOPEUYHT YCIOBHIO 3a/1a4yd. 3HAYHUT, YTBEPAUTEIHHO HA BOTIPOC
OTBEYAaJIM JDKEIIBl, M X Ha OCTPOBE POBHO MOJIOBUHA.

3anaua 2. Ha docke nanucano wucio 1. Bacs mosicem 3a0ymams a100y10 yughpy. 3amem on modicem 3a 001y onepayuio
JUOO YMHONCUMDB YUCTO HA OOCKe HA 3a0YMAHHYIO yupy, 1ubo npubasums K 4uciy Ha 0ocke edunuyy. Moocem au
Bacs 3a0ymams yugpy max, umoobwt 3a 10 maxux onepayuii noxyuums yucio 20152

OtBet. Moxer. Pemmenue. [Tycte Bacs 3amymai mudpy 5. Torna on momyaut 2015 takumu oneparusimu: +1, +1, x5,
+1, x5, x5, +1, +1, +1, x5.

3anaua 3. B sepuunax A u C npsmoyeonrvruxa ABCD cudum no mypaswio. Smu Mypagbu 00HO8PEMEHHO HAYUHAIOM
08UAMbCSL O KOHMYPY NPAMOY2OIbHUKA C NOCMOSHHLIMU CKOPOCMAMU: OOUH NO UYACOBOU cmpeiKe, Opyeou —
npomus. B nepeuvlil pas smu mMypagvu ecmpemuiucs 6 gepuiune D, a 60 emopoti paz — 6 éepuune A. Hatioume onuny
cmoponvt AD npsimoyzonvhuka, ecau e2o nepumemp pagen 45.

Ortgert. 15. Pemienue. [lonsTHO, 4TO 062 MypaBhs MOMOJ3HU K BepiminHe D — nHave ux mepsasi BCTpeya CIyduThCs B
9TOM BepirHe He Moruia Obl. Torna mosmydaercsi, 4T0 K MOMEHTY BTOPOI BCTpEYH MypaBeil, KOTOPBIH CTapTOBAI U3
BEpUIMHBI A, IPOIION3 BECh KOHTYP IPSIMOYTOJIbHHKA, 3 BTOPOW MypaBell — 1moloBuHY KoHTypa (ctoponsl CD u DA).
3HauuT, NepBbIil MypaBeil Noa3ET BABOe OblcTpee BTOPOro. Tak Kak K MOMEHTY IE€pBOil BCTpeuM MepBbId MypaBeit
npornon3 cropory AD, a Bropoii — ctopony CD, noaydaem, uro AD = 2CD. Ilo ycnosuto 2(AD+CD) = 45, otkyna
CD=7,5uAD =15.

3anaua 4. B maoauye 10x10 paccmasnerno 100 paznuunvix yucen. Baca ommemun 6 kaxcoom cmonoye Hauboabuiee
yucno u obuapyscun, umo 6ce 10 ommeuenHvix UM ducen aexcam 8 pasnvix cmpokax. Ilems ommemun 6 Kaxcoou
cmpoxe Haubonvbuiee Yucno u obuapyscuin, umo ece 10 ommeueHHbIX UM uYucen Nedcam 6 PAasHblx CMONOYax.
Hoxkascume, umo Bacs u I[lemsa ommemunu 00nu u me dce yucia.

Pemenwne. BozpméMm camoe Gonbioe yrcio B Tabnuie. Ero, oueBunHo, otMeTim 00a Maibuuka, 1 OOJIbIIE B CTPOKE
Y CTOJIOIIE, TJIe OHO CTOUT, OTMEUEHHBIX YHCEN HET. BeIdepKHEM 3TH CTONIOCII M CTPOKY, @ OCTABIIUECS YUCIIA CIITIOTUM
B Tabnuity 9x9. B Hell cHOBa B03bMEM HaubombIiee yncio. OHo ObI0 HAMOONBIIMM B CBOUX CTOJIOIE U CTPOKE U B
ucxoaHou tadmuie 10x10 — uHaye B BBIYEPKHYTHIX CTOJIOIE U CTPOKE ObLIO OBl OTMEUYEHO OOJIBIIIE OJJHOTO YHUCIIA.
3HAYUT, OHO TAaKXKE OTMEYCHO O0OMMM MaJlbYMKaMH, W OOJIbIIIE OTMEUCHHBIX YUCENI B CTPOKE W CTOJIOIE, T/Ie OHO
CTOHUT, HET. BpluepkHEM 3TH CTPOKYy M CTOJIOEI M OCTaBIIMECs 4Hciaa CIUIOTUM B Tabmuiyy 8x8. Ilpomomkas
paccyX/1aTh, Kak U paHblie, yoexaaeMcs B CIIPABEUIMBOCTH YTBEPIKIACHHS 3a1a4H.

3agaua 5. /lano 100-3naunoe uucno. Eciu evluepkHymb y Heeo nocieonue 3 yugpvi, mo NOIYYEHHOe UYUCTO
paszoenumcsi na 2015. Eciu eéviuepkuyms y Heeo nocieonue 6 yugp, mo noayuenHoe Yucio moaice pazoeiumcs Ha
2015. Jloxasicume, umo eciu y 3mo020 YUCAA GbIYEPKHYMb NOCAeOHUe 4 yugpvl, mo noiyuyeHHoe Hucio modice
pazderumcs Ha 2015.

Pemenne. Ilycth a — wumcino, momiywaromieecss Iociie BbIYEpKMBaHus mociennux 6 uudp. Torma uyuco,
nojyyaroieecss mociie BbYEpKUBaHUS mocieanux 3 uudp, paHo 1000a+b, rome b — Tpex3HadHoe dmcIIO,
o0pa3oBaHHOE YETBEPTOH, MATON W mectoil mudpamu ncxoanoro 100-3Hauynoro umcna. Tak kak oba yucna a u
1000a+b menarcs na 2015, va 2015 nemnurcs u unciao b = 1000a+b-1000a. Ho 0 < b < 2015. 3ugauut, b = 0, a uucno,
noJTyyarouieecs: BeIUEPKMBaHUEM M3 MCXOAHOro nocieanux 4 uugp pasao 100a, oTkyna u cienyer yTBEp:KACHHUE
3a/1a4yi.

3agaua 6. B kpyowcox npuuino 35 pebsim. Okazanocs, umo ecmo 10 uz nux, Kaxcowlil U3 KOMopwvix 3Haem boiee, yem
2/3 uz ocmanvuvix 25. Jloxkasxcume, umo Hatldymcs maxue 080e pebsim, He 6X00Suux 8 3my 0ecsamKy, Ymo Kadcovll
U3 decsimku 3Haem xoms Obl 00HO20 U3 IMUX OBOUX.

Pemienne. Ha3zoBéM pecsATepbiX, 0O KOTOPBIX MAET pedb B 3aJade, 3HAmMoKAMu, a OCTAIbHBIX WICHOB KpPyXKKa —
opyackamu. Byaem TOBOpHTBH, YTO 3HATOK MOPTHT Tapy IPYKKOB, €CIM OH HE 3HAET HUKOTO M3 3Toi mapsl. [lo
YCIIOBHUIO KaXKIBIN 3HATOK 3HaeT Oonee 50/3, To ecTh HE MeHbIE 17 IpyKKOB. 3HAYHUT, OH HE3HAKOM camMoe OoJIbIee
¢ 8 APY)KKaMHU U MOXKET UCTIOPTUTH MakcuMyM 8-7/2 = 28 map apyxkoB. Ctano ObITh, BMecTe Bce 10 3HATOKOB MOTYT



UCTIOPTUTH MakcuMyM 280 map ApYKKOB, a Bcero map apyxkoB — 25-24/2 = 300. [TosTomy HalifeTcsi HeUCTIOpUCHHAS
mapa JpyXKoB (U 1axe He MeHbIe 20 Takux 1map), 9To ¥ TpeOOBAIOCH T0Ka3aTh.

3apaua 7. B 06yx ocpomuuix Kopsunax aexcam xkamuu: 6 nepsoi 10000, so emopoti 20000 xamneii. Ilems u Bacs
uepaiom 8 uepy (xoosm no ouepeou, Hawurnaem Ilems). 3a 00uH X00 KAACOOMY U3 MATLYUKOB PA3PEULAECTCIL 835Mb
CKOJIbKO Y200HO KamHell u3 1r000u KOp3uHbl, 1UO0 83mb U3 00eux KOp3uH 10boe KoIuyecmeo Kamuel mak, 4moovl
obujee Yuco 83MulxX Ha IMOM X00y Kamuell oeaunocs Ha 2015. Beiuepvieaem mom, Kmo 603bMEmM NOCIEOHUL KAMEHb.
Kmo u3z manvuuxoe eviucpaem npu npagunvhoi uepe?

Ortser. [lets. Pemenne. 3amernm, uto 10000+20000 = 14x2015+1790. [TycTts nepBbiM xo0M [lets Bo3pMET 14x2015
KaMHeW Tak, 4ToObl B 00eux Kop3uHax ocrtajock 1o 1790:2 = 895 xamueit. B nanbueiimem Bacs Ha kaxaom xony
CMOKeT OpaTh KAMHH TOJIBKO U3 OJHON KOP3UHBI, U AJ1s1 mobe bl [leTe qocTaTouHo OyIeT J0CTaTOYHO KaX/IbIM CBOUM
XOJIOM YpaBHMBATh YMCJIO KaMHEW B KOpP3WHAX: PaHO WJIM MO3JHO MOCje o4yepeaHoro xona Bacu onnHa u3 kop3uH
omycTeeT, Toraa [leTs BO3bMET Bce KaMHH U3 APYroil KOP3UHBI U BBIUTPAET.



XLVI YPAJIbCKHI TYPHHUP FOHBIX MATEMATUKOB. EKATEPUHBYPT, 28.11-04.12.2015

Pemienus 3a1a4 KOMaHAHOM O0JIUMIIHAIBLI 7 KJjacca

3anaua 1. Ha ocmpoge arcugym 2015 uenogex: pvlyapu, Komopule 8ce20a 2080psam npasoy u iiceysl, Komopule ce2od
aeym. Bcem oicumenam ocmposa 3adanu eonpoc. "Bepro i, umo puiyapeii Ha ocmpoge 6onvuie noiosunvt? " Kakoe
HauMeHvuLee YUCIO YMBEPOUMEIbHbIX OMEEMo8 MO0 bblmb?

Otget. 1008. Pemienne. Ecnu prinapeit Ha ocTpoBe B caMoM jiesie 00JIbIIe MMOJIOBUHBI, TO BCE OHM OTBETAT Ha BOIIPOC
YTBEPAUTENBHO, U TAKUX OTBETOB OyeT He MeHbIe, ueM 1008. B mpoTuBHOM ciy4ae yTBepAUTEILHO OTBETST JKEIIHI,
Y TaKMX OTBETOB CHOBa OyzneT He MeHblle, yeM 1008. [Ipumep, korga orBetoB poBHO 1008: 1008 primapeii u 1007
JDKEIOB.

3anaua 2. B sepuunax A u C npamoyzonvuuxa ABCD cuoum no mypasvio. dmu mypasovu 00HOBPeMEeHHO HAYUHAIOM
08UAMbCSL O KOHMYPY NPAMOY2OIbHUKA C NOCMOSHHLIMU CKOPOCMAMU: OOUH NO UYACOBOU cmpeiKe, Opyeou —
npomus. B nepevlil pas smu Mypasvu ecmpemuaucs 6 gepuiune D, a 6o emopoti paz — 6 eepuiune A. Haiioume onuny
cmoponvl AD npamoyzonvhuka, ecau e2o nepumemp pagen 45.

Ortgert. 15. Pemenue. [lonsTHO, 4TO 062 MypaBhs MOMOJ3IHU K BepiinHe D — nHave ux nepsasi BCTpeya CIyduThCs B
ATOW BepIIrHE He Moriia Obl. Torma mosrygaeTcs, 9T0 K MOMEHTY BTOPOW BCTPEYH MYpPaBei, KOTOPBI CTapTOBAI U3
BEpIIMHBI A, IPOIOJ3 BECh KOHTYP MPSMOYTOJIbHHUKA, a BTOPOU MypaBeil — 1mosioBuHy KoHTypa (ctoporsl CD u DA).
3HauuT, NEPBBIA MypaBeil MoI3ET BABOE ObICTpee BTOPOro. Tak Kak K MOMEHTY MEPBOW BCTPEUH MEPBBIA MypaBeit
npornon3 cropory AD, a Bropoii — ctopony CD, noaydaem, uro AD = 2CD. Ilo ycnosuto 2(AD+CD) = 45, otkyna
CD=7,5uAD =15.

3anaua 3. B mabauye 10x10 paccmasneno 100 paznuunvix yucen. Bacsa ommemun 8 ka)coom cmonoye Hauboasbuiee
yucno u obuapyscun, umo ece 10 ommeuenHvIX UM ducesn aexcam 8 pasuvix cmpokax. Ilems ommemun 6 Kaxicoou
cmpoke Hauboivbuiee YUCIO U obHapydcur, umo ece 10 ommeueHHbIX UM 4Yucen excam 6 PAa3Hblx CMOJOYAXx.
Joxascume, umo Bacs u Ilemsi ommemunu 0OHU u me dice 4ucia.

Pemenue. Bo3pméM camoe Goublnioe uncio B Tadbauue. Ero, oueBuaHo, oTMeTIIIN 00a Maib4yMKa, U 0OJIbIIE B CTPOKE
U CTOJIOLIE, T1€ OHO CTOUT, OTMEUEHHBIX YHCEII HET. BhIuepKHEM 3T CTOIOEI] ¥ CTPOKY, @ OCTABLIMECS YUCIa CIUIOTUM
B Tabiuny 9x9. B Hell cHoBa Bo3pbMEM Haubosbiee yuciio. OHO ObIJI0 HaHOOJBIINM B CBOMX CTOJIOIE U CTPOKE U B
ucxonHoi tabauue 10x10 — pHaue B BEIYEPKHYTHIX CTOJIOIE U CTPOKE OBbLIO ObI OTMEUEHO OOJIbILE OJJHOTO YUCIIA.
3HAYUT, OHO TAK)KE OTMEYEHO O0OMMH MaJbUMKaMH, U OOJbIIE OTMEUCHHBIX YHCEN B CTPOKE M CTOJIOLE, I/le OHO
CTOMT, HEeT. BBIYepKHEM 3TH CTPOKY U CTOJIOEll M OCTaBIIHECs YucCia CIUIOTUM B Tabmuuy 8x8. Ilpomomkas
paccykaaTh, Kak U paHblie, yOekaaeMcsi B CIIPaBEAJIMBOCTH YTBEPIKACHHS 3a/1a4H.

3anaua 4. Cmoponwt AB u CD yemwipéxyzonvnuxa ABCD pasnul. Touka E maxosa, umo ~EAB = ~ECD. U3secmno,
umo mouka E nexcum Ha cepeounnom nepnenouxynape k ouazonanu AC. [lokascume, umo mouxka E nexcum ua
CcepeOUuUHHOM nepneHouKyaape k ouazoranu BD.

Pemenue. 13 ycnoBus cnenyert, uto EA = EC. [Toatomy Tpeyronsauku EAB u ECD paBHBI 10 nepBoMy IpU3HaKY,
otkyna EB = ED. Ho 3to u o3nauaeT, 4to uTo To4ka E neXuT Ha cepeiMHHOM NepHeHauKyspe K quaronanu BD.

3agaua 5. [ paznuunvix namypansuix yucen a u b doxaxcume nepasencmeo a'+o* >2a’b’+4ab+1.

Pemenue. [TpuBeném HepaseHcTBO K BHAY (a°—h?)? > 4ab+1. JleBas uacts TyT paBHa (a—b)?(a+b)?. Tak xax (a—b)? > 1,
JIOCTATOYHO J0Ka3aTh, 4To (a+h)? > 4ab+1 <> (a—b)? > 1. [Tocneanee HepaBEeHCTBO OYEBUIHO.

3agaua 6. B 06yx ocpomnuix xopsunax nexcam xamuu: 6 nepsoi 10000, o emopoii 20000 kammneii. Ilemsa u Baca
ueparom 8 uzpy (xoosm no ouepeou, Havunaem Ilems). 3a 00uH X00 KaHCOOMY U3 MATLYUKOB PAPEULAemcs 635Mb
CKOIbKO Y200HO KAMHel U3 11000t KOp3uHbl, 1UOO0 835Mb U3 00eux Kop3uH 11060e Koauiecmeo Kamuel max, ymoovl
00Wee YUCI0 83MbIX HA IMOM X00Y KamHel oeaunocs Ha 2015. Boiuepvieaem mom, Kmo 803bMEM NOCIEOHUU KAMEHD.
Kmo u3z manvuuroe eviucpaem npu npagunvhou uepe?

Ortser. Ilers. Pemenue. 3amerum, uto 10000+20000 = 14x2015+1790. [Tycts nepBeiM xomom Ilets BozpmET 14x2015
KaMHe# Tak, 4ToObl B 00enx kop3uHax octaiock mo 1790:2 = 895 kamueil. B nanpueiiem Bacs Ha kaxxaom xoy
CMOXeT OpaTb KAMHU TOJIBKO M3 OJHOHM KOp3uHbI, U A nodens! Ilete noctarouHo OyAeT KaxablM CBOMM XOAOM
YPaBHUBATb YHMCIIO KAMHEHN B KOP3UHAX: PAHO WM IO3HO IIOCJIE OYEPENIHOro X0Aa Bacu oqHa U3 KOpP3UH OIyCTEET,
torza [lets BO3bMET Bce KaMHU U3 IPYTrOM KOP3UHBI M BBIUTPAET.

Bamaua 7. /s namypanvroeo uucia n 06osnavum ece e2o oenumenu: n =01 > d > ... > dv = 1. [okxaxcume, umo
cywecmeyem maxoe n > 101 ymo di—do+ds—... +(=1)*dk = 2n/3.

Pemenue. TTokaxkeM MO MHAYKIUHK, YTO MOAXOAAT BCe umcrma Buaa 3-2". 3amerum, uto 2-3-23 =21 Tpu n=1
umeeM 6-3+2-1 = 22— pepHo. [TycTs BepHo A1 N = M. Toraa npu N = M+1 umeem:



di—Oo+ds—.. +(-1)“tdy = 3.2m1-3.2m4 M1 _3.2m-1y | =3.2™1_D.3.2M4 My (3.2M_3.pM-Ly | ) = pm*lypml = pmi2
YTO M 3aBEpIIACT JOKa3aTesdbcTBO. [Ipu mepexone B mMpeoOpa3oBaHUSX OT BTOPOTO BBIPAKEHHSI K TPEThEMY MBI
npuOaBuIn U Berwm 3-2™.

3anaua 8. Ha mypuup npuexano 185 pebsim: 93 manvuurxa u 92 0esouku. OKazanocs, 4mo Kaxicoblil MAIbYUK 3HaAem
no Kpatinet mepe 82 degouxu. JJoxasxicume, umo HAUOYmMcs makue 08e 0e80UKU, YMO KANCObI MATbYUK 3HAe XOMS
Obl OOHY U3 HUX.

Pemenwne. byneM roBopuTh, 4T0 MaTbYHK 3HAKOM C MTAPOH JIEBOYEK, ECIIM OH 3HAKOM XOTs ObI C KEM-TO M3 dTOU Taphl.
[To ycnoBuio Kakaplii MaJbuuK HE 3HAaKOM He Ooiniee yem ¢ 10 neBoYkamu, TO €CTh OH HE 3HAKOM He Ooliee ueM ¢
10-9/2 = 45 nmapamu nmeBouek. Ctano ObiTh, BMecTe Bce 93 Manpumka He 3HaKOMbI He Oosee yem 93-45 mapamu
nesouek. Ho Bcero map neBouek 92-91/2 > 93-90/2 = 9345 . Tloaromy HaiAéTcst mapa AeBOYCK, C KOTOPOU 3HAKOMBI
BCE MaJIbYUKH, YTO U TPeOOBAJIOCH JI0Ka3aTh.
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Pemienus 3a1a4 KoOMaHAHOM oJuMNIuaIbI 8 Ki1acca

3apaua 1. B xnemkax keadpama 4x4 paccmasnenvl uucia max, 4mo 8 KAXCOOM U3 NAMU KEaopamos 2x2,
PACNONONCEHHbIX 6 YyeHmpe Keaopama 4x4 u 6 e2o yz2nax, cymma uucen pagua 9, a 6 Kax#coom NAmuKiemoyHom
"kpecme" o cymma uyucen pasua 10. Hatioume cymmy uucen 6 4emulpéx y2io6lx KIemKrax ucxoo0Ho2o Keaopama.

Ortgert. 14. Pemenue. B kBagparte 4x4 KpecT U3 MATH KIIETOK MOYKHO pa3MECTUTh YETBIPbMsI criocobamu. B3sB Bce 3tn
YeThIpe KPecTa, YBUIANM, UYTO KaKJasl U3 YETHIPEX LEHTPAIbHBIX KJIIETOK KBaJpaTa MOKPhITA TPEMS U3 HUX, a KaKaast
13 OOKOBBIX, HO HE YIJIOBBIX KJIETOK KBaJpaTa MOKphITa OAHUM U3 HUX. [loaToMy cymma Bcex ymce, CTOALIUX HE B
YTJIOBBIX KJIETKaX KBanpara, paBHa 4-10—2-9 = 22. C npyroii cropoHsl, KBaapaT 4x4 pa30uBaeTCs Ha YETHIPE YTIIOBBIX
KBajpaTa 2x2, U MOTOMY CymMMa Bcex uucen B HEM paBHa 4-9 = 36. 3HauuT, cyMMa YHUCell B €r0 YIJIOBBIX KJIETKax
paBHa 3622 = 14,

3anaua 2. Ha svicome AD ocmpoyzonvrozo mpeyeonvruxa ABC ommeuenst mpu mouxu, pazousarowue eé Ha uemoipe
pasnvie uacmu. Ilepnenouxynapel k AD, nposedénnvie uepes smu mouxu, u cama évicoma AD pazbunru mpeyzonvrux
ABC na socemv uacmeii, kKomopbwie OKpauienvl 8 YUéPHbLLL U Oenblll Yeema 8 WaAXMaAmHoOM nopsioKe (Mo ecmv max, 4mo
yacmu, epanuvaujue no ompesKy, okpaulenvl 6 pasmvle ysema). OKazanocb, Ymo CYMMApHAs NA0WAO0b YEPHLIX
yacmell pasHa cymmapuou niowaou denvix. /loxascume, umo mpeyeonvhux ABC pasnobeopennbiil.

Pemenwne. JlomyctumMm, yTBepkaeHue 3amaun HepepHo. Torma otpesku BD u CD nHe paBubl. He ymanss obmHocTH,
Oynem cuutatk, uto BD < CD. Otnoxum Ha orpe3ke CD orpezox DE = BD. Torga cymmapnas miomane 4€pHbIX
yacrteii TpeyroipHuka BAE paBHa cymmapHOii miiomaam ero 6enbix 4acTeil B CHly CAMMETPUYHOCTH YEPHBIX YacTen
OenbIM oTHOCUTENBbHO npsiMoit AD. 3Hauut, y TpeyronsHuka CAE cymMapHble Miomaau 4€pHbIX U OeNbIX dacTel
TaKXe J0JKHbI ObITh paBHBI. HO 3TO He Tak, MOCKOJIbKY IepBas CBEpXy €ro 4acTh IO IJIOIAIH, KaK JIETKO BUAETH,
MEHbIII€ BTOPOH, a TpeTbsi — MeHble ueTBEpToil. [IpoTHBOpEUneE.

3agaua 3. B kpyocox sanucanuce 111 demetl. Oxkazanoce, ymo ecmov 0ecimv KPYICKOBYES, KANCObLUL U3 KOMOPbIX
3Hakom Oonee, uem ¢ 4/5 uz ocmanvnvix 101. [oxasxcume, umo HauOymcs 08a KpYyICKosyd, He 6X00SUUX 8 DY
oecamky, maKux, 4mo Kaxcowlil U3 0ecAmKy 3Haem xoms Obl 00H020 U3 IMUX OBOUX.

Pemenne. Ha3zoBéM necsareprix, 0 KOTOPBIX MIAET pedb B 3a/aue, 3HAMOKAMU, @ OCTAIBHBIX WICHOB KpYXKa —
opysickamu. ByneM TOBOpUTH, YTO 3HATOK MOPTHUT Mapy IPYKKOB, €CJIM OH HE 3HACT HUKOrO M3 3ToW mapsel. [lo
YCIIOBHIO Ka)KIblii 3HATOK 3HaeT Oosee 4-101/5, To ecth He MeHblIe 81 apyxka. 3HAYUT, OH HE3HAKOM caMoe Oostbliee
¢ 20 apyxkamu ¥ MOKeT UcopTuTh MakcumyMm 20-19/2 = 190 map apyxkoB. Ctano ObITh, BMecTe Bce 10 3HaTOKOB
MOTyT UcnopTuth Makcumym 1900 map apyxkoB, a Bcero map apyxkoB — 101-100/2 = 5050. [Tostomy Haiinetcs
HEHCIIOpYCHHAs apa JPYKKOB (U Jaxke He MeHbine 3150 Takux map), 4To U TpeOOBaIOCh T0KA3aTh.

3amaua 4. /[ns namypanvhoeo yucia n 06o3nauum éce e2o denumenu: n = d1 > dz > ... > dx = 1. [Joxasxcume, umo di—
do+ds—... +(=1)dk = n—1 moeda u morvko mozda, ko2da N — npocmoe uau N = 4,

Pemienue. Eciin N — He KBaipaT HATYPaIbHOTO YKCIIA, TO JACTUTENHN Yicia N pa3busatoTes Ha napsi (d, n/d), u motomy
ux — uétHoe umcio: K =2m. Ho torma di—dr+ds—...+(=1)dk = di—(d2—03)—. . .—(d2m-—2—02m-1)—02m < N—M, oTKyza
m = 1, To ecTh N— MpocToe uncio. HeTpyHo BUAETH, 4TO Bee MpOCThIe uKcna noaxoast. [Tycts Teneps N = s2. Toraa
k meudtHO: K = 2m—1, otkyna Oi—dx+ds—...+(—1)*dk = di—(d2—d3)—...—(dom-2—02m-1) < N—m+1, otkyna m < 2. Eciu
m=1, To k=1, orkyna n = 1 — me moxxomur. Ecu e m =2, 1o k = 3, oTkyaa n = p?, rae p — IpoOCTOE YUCIIO.
Torna di—d+ds = p>~p+1 = p>~1, otkyna p = 2, n = 4.

3agaua 5. B 06yx ocpomnuix xopsunax aexcam xamuu: 6 nepsoii 20000, 6o emopoii 40000 kamueii. Ilemsa u Bacs
ueparom 8 uepy (xoosm no ovepeou, Hayunaem Ilems). 3a 00uH X00 KaMHCOOMY U3 MATLYUKOB PAPEUIACCS B35Mb
CKOJIbKO Y200HO KaMmHel u3 1r000U KOp3uHbsl, 1Ub0 831mb U3 06eux KOp3uH 10boe Koauvyecmeo KamHel max, 4moovl
obuee YUCo 835IMbIX HA IMOM X00) KamHell 0eaunocs Ha 2015. Bviuepvieaem mom, Kmo 6036 MEmM NOCIEOHU KAMEHb.
Kmo u3z manvuuroe eviucpaem npu npagunvhot uepe?

Ortser. I[1ers. Pemenue. 3amerum, uto 20000+40000 = 29x2015+1565. [TycTs nepBeiM xoa0om Ilets BozpmET 28x2015
KaMHel Tak, 4yToObl B 00eux kop3uHax octanoch mo (2015+1565):2 = 1790 kamueit. [anee mis mobenst [lete
JOCTaTOYHO OYAET AOCTATOYHO Ka)IbIM CBOMM XOJOM YPaBHUBATh YMCIO KaMHEH B KOP3WHAX: PAHO WU TO3HO
nocje o4epenHoro xoaa Bacu omHa M3 Kop3uH omycTeeT, Tornaa Ilers Bo3bMET Bce KaMHU M3 APYrod KOP3WHBI U
BBIMTpacT. Bacsd cBOMM XOIOM ypaBHSATH YHCIIO KaMHEW HE CMOXKET: €CIM OH BO3BMET KaMHHM TOJIBKO M3 OJHOMN
KOP3HHBI, TO HAPYIIUT PAaBEHCTBO, & €CJIM OH 3aX0YeT B3ATh YHCJIO KaMHe, kpatHoe 2015, TO CMOKET B3Th TOJIBKO
2015 xaMHel, 1 paBEHCTBO HapYIIUTCS, TaK Kak yucio 2015 HeuérHo.

3anaua 6. Yucia x, y u z y0osnemeopsiom yciousim xy+yz+zx > 0 u x+y > 0. Jokascume, umo xa*+yb?+2¢2 > 0 onsa
M06wIx yucen a, b u ¢, cymma komopuix pagna 0.



Pemenne. 3amMeTnm, 4o (X+Y)(X+2) = Xy+yZ+2X+xX> > Xy+yz+2x > 0, oTkyma X+z > 0. Ananoruuso y+z > 0. 3ameTum
nanee, uto ecnu a+b+c = 0, To ¢ = (a+b)?. Moxacrasus (a+h)? BMecTo C° B HepaBeHCTBO Xa’+yb?+zc® > 0, mpueném
ero K BHy (X+z)a?+(y+z)b?+2zab > 0. ITo HepaBEeHCTBY O CPETHHIX

(x+z)a’+(y+z)b? > 2 \/(x +2)(y+2)a’h® = Z\f(xy +yz+xz+22)a2b? > 2yz%a2h? = 2|zab|,
OTKY/Ia M BBITEKAET HY)KHOE HaM HEPABEHCTBO.

3angaua 7. B mpeyzonvnuxe ABC, 20e 4B = 22C, nposedena buccexkmpuca AD. Okaszanocw, umo CD = AB. Haiioume
yeon A.

Otset. 72°. Pemenue. [lycts BE — Ouccexrpuca yria B. Torna ZEBC = £C, orkyna BE = EC. CnenoarensHo,
tpeyroiapHuku DCE u ABE paBHbI 0 mepBomy nipusHaky, otkyaa AE = ED. 3naunt, Z/BAD = ZEAD = ZEDA, To
ectb ED || AB. Ho Torma Z/BED = ZABE = ZCBE, otkyna DE = DB. Takum o6pa3zom, AE = ED = DB, to ectb AEDB
— paBHOOenpeHHas Tpameuusi, 1 noromy LA = /B =2/C. Orcioga no TeopemMe 0 CyMM€ YIJOB TPEYrojbHHKa
HaxoauMm, uyto LC = 36°,a LA =72°,

3agaua 8. Buympu npsamoyeonvnuxka R ommeuenvi n mouex, Huxkakue 08e u3 KOMOPLIX He Nexcam HaA NPSAMOU,
napanieibHoll Kakou-1uoo cmopone npsamoyeonvhuka. Ilpamoyzonrvbnux R pazpesanu Ha menbuiue npsamoy2oibHUKU
CO CMOpOHaMU, NAPALIebHLIMU CIOPOHAM R, mak, umo 6ce ommeyenHble MoUYKU OKA3ANUCh HA JTUHUSAX PA3PE308.
Loxkascume, umo npamoy2onbHuKo8 pazouenus ne menvuie n+1.

Pemenne. O603HaunM yepe3 K KormdecTBO IpsSIMOYTOJIbHUKOB pa30oueHus U OyaeM HHIYKIHEH 1o K T0Ka3bIBaTh,
uyro N < k—1. basa s k = 1 oueBuana. Ilycts teneps K > 1. Eciiu BHYTpH IpSIMOYTOJIbHHAKA MPOXOIAT TOJIBKO
BEPTUKAJIbHBIC OTPE3KH, TO UX BCero k—1, M Ha Ka)KI0M MOXET HaXOUThCs He 00jIee 01HOM TOYKHU. B mpoTrBHOM
cllydae BbIOEpEM TOpU30HTAIBHBIA OTPE30K, KOTOPBIN JIGKUT HIKE BCEX OCTANBHBIX, M MPOBEAEM Yepe3 HEro
npsMyro h. Dta mpsiMasi MOACIUT MCXOAHBIN MPAMOYTOJbHUK Ha JBa;, BEPXHHUW M3 HUX 0003HAa4YMM yepe3 R'.
JloGremcsi, 4ToOBI Bce OTMEUEHHBIE TOUKH OKa3aauch BHYTpHU win Ha rpanuile R'. [Tycts ecth Touka BHe R'. Ecniu
OHa JIGKHT Ha OTPE3Ke, mepecekaronieM h, To ee MOXKHO MEpeABHHYTh BBIIIIE 110 3TOMY OTPE3KY Tak, 4ToObI OHA
nmonaia B R', HO He coaeprkanach Obl HM Ha OJHOM TOPU3OHTAIBLHON MPSAMOM, MPOXOIAIIEH Yepe3 OCTAIbHbBIC
OTMEYEHHbBIC TOUKH. ECITH jxe OHa JIS)KUT Ha OTPEe3Ke, COSAUHSIONIEM MPSIMYI0 N 1 HIDKHIOIO CTOpOHY R, TO 3TOT
OTPE30K U TOYKY Ha HEM MOXKHO CTEpeTh W IOJIyYUTh HOBOE pasbuenue. [Ipu 3TOM KOIMYECTBO TOUYEK U
PSIMOYTOJIbHUKOB YMEHBIIUTCS POBHO Ha |, W M3 MPEANOIOKEHUS UHIYKIIMA MBI MOJy4uM, uTo N—1 < k—2.
[TycTth Teneph HET Touek, Jiexamux Hike h. Torna BHyTps R' momnano He MeHee N—1 TOYKH, U pa30MBaeTCs OH HE
Oouee, ueM Ha K — 1 ipsAAMOYTOJIbHUK, TaK KakK B pa3OueHUU R XOTs ObI OJIMH MPAMOYTOIbHUK Jiexkan Hike h. Ho
0 MIPEANOI0KEHNI0 UHAYKIMK N—1 < K—2, 3HaYuT, mepexo/1 J0Ka3aH.



