XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKUU BOM Ned. 4.12.2015
CTAPHIASA I'PYIIITIA, BBICIIHASA JIMTA

1. KBazgpar 1525x1525 pa3our Ha eJMHUYHBIE KBaJAPATUKU. 15262 BEpIINH 3THX KBAJPATHKOB
pa30UTHl Ha Mapbl U TOYKU KAKIOW Maphl COCTWHEHBI OTPE3KOM UUHBI 1. Jlokaxwure, 4yTo
MOYHO IPOBECTH NPSAMYIO, IIEPECEKAIOIIYIO HE MeHee 750 U3 3TUX OTPE3KOB B CEPEANHAX.

2. JlecITU3HAYHOE YHCIIO HA3BIBACTCS HAUIHBIM, €CITA BCE €T0 IU(PBI — €TUHUIIBI, TBOUKH U
TPOWKH, a PA3HOCTh KAKIBIX ABYX coceaHux nudp pasHa 1. JlokaxuTe, 4TO cymMMa BCex
HAIIHBIX yncen aenutcsa Ha 1408.

3. Ha énxy mpumum N gereid. Y KaXI0ro u3 HUX OBUIO POBHO TPOE 3HAKOMBIX CpPEIU
OCTaJbHBIX coOpaBuIMXxcs aered. Ha €nke HeKOTOphle AE€TH MO3HAKOMUIIUCH, U K KOHILY
Ipa3IHUKA y KaX10r0 OBLIO YK€ POBHO YETBEPO 3HAKOMBIX cpenu coOpasmmxcs. [Tpu kakux
N TakO€ BO3MOXHO?

4. Kakoe Han0OoJiblliee KOJTUYECTBO YUCET MOKHO BBIOpATh U3 BCEX HATYPAIbHBIX YHCEIN OT 1
10 2" TaK, YTOOBI JJIs JTFOOBIX IBYX Pa3JIMYHBIX BRIOPAHHBIX YHCEN X ¥ Y HAUOOJIbIIIAsK CTETICHb
2, Ha KOTOPYIO JIENIUTCS X—Y, UMeJia YETHBIN TOKa3aTeb?

5. Jlokaxute, 4YTO MpH JIIOOBIX IIOJIOKUTEIBHBIX @, D W C BEpHO HEPABCHCTBO

a b ¢ >Ja+b+c.

+ +
Ja+b Jb+c c+a

6. [TycTh P1 = 2, a Pp+1 I KQXKAOTO HATYPAIBHOTO N OMpEIEseTCs] KaK HAMMEHBIIINI TPOCTOM

1 I I
IEJIUTENIL YHUCIa npfp%:..pﬁ#l. JlokaxkuTe, 4TO B MOCIEAOBATECIBHOCTH Pi1, P2,

BCTPCUAIOTCA BCC IIPOCTBIC YHCJIA.

7. B tpeyronsauke ABC touka M — cepeauna ctoporsl AC, a N — BHyTpeHHsIs TouKa
otpeska AM. Ipsimas, nmpoxopsiias yepe3 Touky N napamnensHo AB, nepecekaet npsimyto BM
B Touke P; npsimas, nmpoxonsmas yepe3 Touky M napannensao BC, nepecekaer npsimyto BN B
touke Q; mpsimasi, mpoxoxsiias yepe3 Touky N nmapamnensHo AQ, nepecekaer npsmyto BC B
touke S. Jlokaxkute, uto npsimbie PS nu AC nmapasiensHsl.

8. Ha croponax tpeyronmpHuka ABC mocTpoeHbl BO BHEIIHIOIO CTOPOHY IPaBHUIIbHbBIE
tpeyronbankn ABD, BCE, CAF. Touku G, H, | — cepemunnl otpe3koB DE, EF, FD
cooTBeTcTBeHHO. Jlokaxkute, uto BG = CH = |A.



XLVI YPAJIbCKHI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHUYECKUU BOM Ned. 4.12.2015
CTAPHIASA I'PYIIIIA, IIEPBASA JIUTA

1. KBazgpat 1525x1525 pa3our Ha eJMHUYHBIE KBaJAPATUKH. 15262 BepIINH 3THX KBAJPATHKOB
pa30uUTHl HA Mapbl U TOYKU KAKIOW Mapbhl COCIUHEHBI OTPE3KOM UMHBI 1. Jlokaxwure, 4yTo
MOYHO IPOBECTHU NPSAMYIO, IIEPECEKAIONTYI0 HE MeHee 750 U3 3TUX OTPE3KOB B CEPEANHAX.

2. JlecATH3HAYHOE YUCIIO HA3BIBACTCS HAUHbIM, €CIIA BCE ero MU(PhI — SIUHUIIBI, TBOWUKH U
TPOWKH, a Pa3HOCTh KaXKIbIX JBYX cOCeIHHMX mudp paBHa 1. JlokaxuTte, 4TO cCymMMa BCeX
HAIIHBIX yucen aeaurcsa Ha 1408.

3. Ha énky mpummu N geteil. Y KaxI0oro U3 HUX OBLIO POBHO TPOE 3HAKOMBIX CpElIU
OCTAJIBHBIX cOOpaBIIMXcs jaerei. Ha E€nke HEKOTOphIE JCTH MO3HAKOMHWIIMCH, U K KOHITY
Ipa3HUKA Y KaXKJI0T0 OBLIO YK€ POBHO YETBEPO 3HAKOMBIX cpeau coOpaBmuxcs. [Tpu kakux
N Takoe BO3MOYKHO?

4. B cTpane AnbpadbeTnn u3 1000ro ropojaa B 0001 MOKHO 100paThes TMOO0 HAa camoJieTe,
aMb0 Ha TNPSAMOM  JKEJIE3HOJOPOXKHOM  JKCIpecce (HE OCTaHaBIMBAIOIIEMCS Ha
POMEXKYTOUHBIX CTaHIMsIX). Kak caMonéTel, Tak U moe3a KypcUpYIOT MEXAY TOpoJaMu B
o0oux HampaBieHusX. Jlokaxute, 4yTo 3Ty Aub(padeTHI0O MOXXHO TaK pa3leiuTh Ha JBE
pecniyonuku Anbguro u betuto, uto, myTemecTBys Ha MOe3/e, MOKHO 00beXaTh BCE TOpoia
Anbdun, He 3ae3Kas HU B OJUH TOPOJ ABAXKIbI U HE MOKuAas AnbQuu, a MyTEHIecTBys Ha
camoJieTe, MOXKHO 00JeTeTh Bce ropoja betuu, He mocemass HU OJAMH TOPOJ JBAXKIBI U HE
nokugasa beruu.

5. Jlokaxute, 4YTO MpH JIOOBIX IIOJIOKUTEIBHBIX @, D W C BEpHO HEPABCHCTBO

a b ¢ >+a+b+c.

+ +
Ja+b b+c c+a

6. PasuuHble HEYETHEIE IPOCTBIE YUCIA P U (| TAKOBBI, UTO P>+P menutes Ha O%+(q. JJokaxkuTe,
410 4yrcio (P—d)/2 cocraBHoe.

7. B tpeyronsuuke ABC Touka M — cepeanna ctoponsl AC, a N — BHYTpeHHSST TOYKa
otpeska AM. I[psmas, npoxoasuias yepe3 Touky N napaensHo AB, nepecekaet npsimyto BM
B Touke P; mpsimas, mpoxonsmas yepe3 Touky M napannensao BC, nepecekaer npsimyto BN B
touke Q; mpsimasi, mpoxoxsiias yepe3 Touky N nmapamnensHo AQ, nepecekaer npsmyto BC B
touke S. Jlokaxute, uto npsimbie PS nu AC nmapasiensHsl.

8. Ha otpe3ke AC ormeuena touka B. Ha orpeskax AB u BC B oaHOl MOIYIIOCKOCTH,
orpanndeHHoi npsimoit AC, moctpoenbl mpaBwibHble TpeyroibHuku ABD u BCE, a nHa
otpeske AC B Apyroi moaymIOCKOCTH MOCTpoeH npaBuiibHbI TpeyroabHuk CAF. Touku G,
H, | — cepenunnl otpeskoB DE, EF, FD cootBercTtBenHo. Jokaxute, uro BG = CH = |A.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHUYECKHUUW BOU Ned. 4.12.2015
CTAPIIAS TPYIIIIA, BTOPAS JIUTA

1. Jloxaxurte, yto cymectByer 1000000 waymux mnoApsii HaTypalbHBIX YHCEN, Cpelu
KOTOPBIX POBHO JIBa UMEIOT CyMMY U dp, paBHyto 2015.

2. JIBaAIaTU3HAYHOE YMCIIO HA3BIBACTCS HAUUHBIM, €CITU BCE €T0 IU(PHl — €IUHUIIBI, TBOUKH
Y TPOWKH, a Pa3HOCTh KKIBIX ABYX coceaHnx nudp pasHa 1. CKOIBKO CYIIECTBYET HATHBIX
qucen’?

3. Ha ropojckyro €nxy mpunui 1526 nereit. Y Kaxxaoro U3 HuX ObLJIO POBHO TPOE 3HAKOMBIX
Cpenu OCTaJbHBIX COOpaBIIMXCA JieTeld. Moriu iu Ha €7IKe HEKOTOphIE JETH TO3HAKOMUTbHCS
TakK, 4TOObl K KOHIIy Mpa3JHUKA y KaXJ0ro ObLJIO YK€ POBHO YETBEPO 3HAKOMBIX CpeIu
coOpammxcs?

4. J1nst mocne0BaTeIbHOCTH a1, a2, ... IOCTPOMIH OCICI0BATSIILHOCTH D1, Dy, ... 1 Cy, Cy, ...
0 CleaylmeMy mpaBumily: bp=apsa—an, Cn=Dbpa—bn g kaxmoro HarypaabHOro N.
Oxka3anochk, 4To JJIsl KaX0T0 HaTypajabHOTO N BBITIOIHEHO Cy = 1. Haliute a3, €ciiv u3BECTHO,
YqTO djg = dgp = 0.

5. Jlokaxute, 4YTO MpH JIIOOBIX TIOJOKUTEIBHBIX &, D W C BEpHO HEPABEHCTBO

a b ¢ >Ja+b+c.

+ +
Ja+b Jb+c c+a

6. CymecTByIOT M TaKue Liejible uncia a, b, ¢, d, uro uucma a-b, b—c, c-d, d-a (ue
00s13aTeILHO B TAKOM IOPSAKE) — YETHIPE IMOCIIEI0BATEIbHBIX IC/IBIX YK CIIa?

7. B tpeyronbauke ABC Touka M — cepeauna croponbsl AC, a N — cepenuna otpeska AM.
[Tpsimas, npoxoxasmias yepe3 Touky N mapamiensno AB, nepecekaer npsmyto BM B Touke P;
npsimasi, npoxosiias yepe3 Touky M mapamiensno BC, nepecekaet nipsimyto BN B Touke Q;
npsimasi, mpoxojsmias yepe3 Touky N mapamtensHo AQ, nepecekaet npsmyio BC B Touke S.
Hokaxwurte, uto npsimbie PS u AC napasienbHbl.

8. Ha otpe3ke AC ormeuena touka B. Ha otpeskax AB m BC B 0aHO# TONYMIOCKOCTH,
orpaanueHHoi mpsimoii AC, moctpoensl mpaBuibHbie Tpeyronbaukd ABD u BCE, a nHa
orpeske AC B Apyroil MoJIymiIoCKOCTH TOCTPOEeH MpaBuibHbIN TpeyroidbHuK CAF. Touku G,
H, | — cepenunsl otpeskoB DE, EF, FD cootBercTBerHo. Jlokaxwute, uto BG = CH = |A.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKUU BOM Ned. 4.12.2015
MJUIAJIHAS I'PYIIIIA, BBICHIAS JIMTA

1. Beibpano 40 pa3audyHbIX HaTypaJlbHBIX uncels1 oT 1 1o 1024. JlokaxkuTe, 4TO Cpe/id HUX €CTh
JIBa TAKUX YKUCJIA X U Y, YTO B Pa3JIOKEHUU HA MPOCTHIE MHOKUTEIHU YMCIIa X—Y HEUETHOE YUCIIO
JBOEK.

2. Pebpa momnoro rpada Ha 2015 BepmmHax NOKpalieHbl B YEpHBIM U Oenblil 1BeTa.
JlokaxuTe, 4TO BEpIIMHBI Tpada MOXKHO pPa30OUTh HA JBE TPYIIIbI, yIOBICTBOPSIOIIHIE
CJIEIYIOUIMM YCIIOBHSIM: B IIEpPBOM TIpyIIe CYIIECTBYEeT IyTh IO pedpaM Oesoro IBera,
POXOJAIIMN Yepe3 KXy BEPIIMHY POBHO OJMH pa3, a BO BTOPOW IpymIe €CThb UUKI U3
pedep uepHOro 1BeTa, NPOXOJAIINNA Yepe3 KaXAylo BEpIINHY POBHO OJMH pa3 (B J1t000# U3
IpYMII JOIYCKAETCsl HAJIMYME POBHO OJIHOM BEPUINHBI).

3. KBazgpaT 2015%x2015 pa3out Ha equHUYHBIE KBaapaTUKU. 20162 BepIIMH 3THX KBaJPATHKOB
pa3ouUThl HA Mapbl U TOYKUA KaXKJIOW Mapbl COCIUHEHBI OTpEe3KoM JIuHBI 1. Jlokaxurte, 4TO
MOKHO MPOBECTH MPAMYIO, iepecekaromnyro He MeHee 1008 u3 3Tux 0Tpe3KOB BO BHYTPEHHUX
Toukax. [IpsMyto, MpOXOAsIIyt0 MO JUHUSIM CETKU TPOBOUTH 3aMPEIIACTCS.

4. HazoBeM HaTypallbHOE YUCIIO YOUBUMENbHbIM, €CIIA OHO JIMOO paBHO 2, MO0 UMEET BUJL
3"5¢ (k u N — HeoTpHIATENbHBIE LETIble Yncia). JJOKaKUTe, YTO KaKI0€ HATypaTbHOE YHCIIO
anb0 caMoO YAMBUTEIBHOE, JUOO €ro MOKHO MPEACTaBUTh B BHUJAE CYMMBI Pa3IMYHBIX
YAUBUTEIHHBIX YHUCEIL.

5. ITo kpyry pacnonoxkeno 100 kyuek koHdeT. Bacs 3aHAT BaKHBIM JIEJIOM: €CJIM B KAKOWU-TO
Ky4e KOH(er Oombllie, YeM B KaXIOH M3 coceqHUX, To Bacs yOupaeT u3 3TOM Ky4Hu OJHY
KoH(peTy, a B 00e cocennue 100aniseT no koudere (y Bacu ecth 6eCkOHEYHO MHOTO KOH(ET B
3amnace). JlokaxuTe, 4To Yepe3 HEKOTopoe BpeMsi Bacs He cMokeT OoJible caenaTh HU OJHON
TaKOM OmNeparuu.

6. Haiinure Bce HatypanbHble yncaa |, m, n, ais kotopsix 5'43M+1 = nd,

7. Haiimure Bce Takue BELIECTBEHHBIE YHCIIA @, YTO IS JFHOOBIX BEIIECTBEHHBIX YHMCET X U Y
BEPHO HEPaBeHCTBO X +y*+axy+2 > 0.

8. B Bemykiiom yetsipexyronbanke ABCD cropona BC B nBa pasa 6ombie croponsr AB.
N3BectHO, uTo Z/BDC =90° u ZBAD = ZCBD < 60°. Jlokaxkute, uro AB+AD > 2BD.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKUU BOM Ned. 4.12.2015
MJIAJIHIAS I'PYIIIIA, IIEPBAS JIMT'A

1. Ha ngocke namucanbl yucia oT 1 mo 2000 BkimountensHo. Kaknoe w3 HUX OKpacwid B
KpaCHbI WJIM CUHHUM IIBET TaKMM 00pa3om, uto i jaroboro yucia a < 1000 xots Okl 0J1HO
YHCII0, KpaTHOE @, OKPAIIICHO B I[BET, OTIWYHBIN OT a. Kakoe MUHMMaIbHOE 3HAYEHUE MOXKET
MPUHUMATH CyMMa BCEX CHHUX YHCET?

2. B ctpane AnbhabeTnn u3 ar060ro ropojia B 110001 MOKHO 10OpaThCs IMOO HA caMoOJIeTe,
b0 Ha TPSAMOM  JKEJIE3HOJOPOKHOM  JKCIpecce (HE OCTaHABIMBAIOIIEMCS Ha
IPOMEXKYTOUHBIX CTaHIMsIX). Kak caMonéTel, Tak U Moe3/ia KypcUpYyIOT MEXAY TOpoJaMu B
o0oux HampasieHusX. Jlokaxure, 4yTo 3Ty Anb(pabeTHro MOXKHO Tak pa3leiuTh Ha JBE
pecnyonuku Anbduro u betuto, 4to, myTemecTBys Ha 0€3/€, MOXKHO 00bexaTh BCe ropoja
Anbduu, He 3ae3xasg HU B OJUH FOpoJ JBAXbl U HE NOoKuaas Anb(puu, a MyTeHuecTBys Ha
camoJieTe, MOXHO 00JyieTeTh Bce ropoja beruun, He mocemias HU OJMH TOPOJ JBaX/Ibl U HE
nokunaast berun.

3. Keagpar 20152015 pa36uT Ha equandHble KBaapatuky. 20162 BeplInH 3THX KBaJPaTHKOB
pa3oUThl HA Mapbl U TOUYKU KaXKJIOM Mapbl COCIUHEHBI OTpPEe3KoM JIuHBI 1. Jlokaxurte, 4TO
MOKHO MIPOBECTH MPSAMYIO, IEPECEKAONTYI0 HE MeHee 506 U3 ITUX OTPE3KOB BO BHYTPEHHUX
Toukax. [IpsAMyro, MpOXOASIIyIO MO JIMHUSAM CETKU IPOBOJIUTH 3aIPEIIACTCS.

4. HazoBeM HaTypaJbHOE YUCIIO YOUBUMENbHbIM, €CIIA OHO JUO0 paBHO 2, JTUOO UMEET BUJT
3"5K (k 1 N — HeoTpuIaTENbHbIE eIkl Yrcna). JIOKaKHUTe, 4TO Kak/10€e HaTypaabHOE YHCIIO
au00 caMo YAWBUTEIBHOE, JUOO0 €ro MOXKHO MPEACTaBUTh B BHAC CYMMBI Pa3IdYHBIX
YIUBUTEIHHBIX YHACEIT.

5. ITo kpyry pacnonoxkeno 100 kyuek koHdeT. Bacs 3aHAT BaKHBIM JIEJIOM: €CJIM B KaKOWU-TO
Kyde KOH(er Oombllie, YeM B KaXIOH M3 coceqHuX, To Bacs yOupaer u3 3TOM Kyuu OAHY
KoH(peTy, a B 00e cocennue 106aniseT no koudere (y Bacu ecth 6eCkoHEYHO MHOTO KOH(ET B
3amace). Jlokaxxure, 4To 4epe3 HEKOTopoe BpeMs Bacst He cMoxkeT Oouibliie CeNaTh HA OJJHOU
TAKOU OIEpAIUH.

6. Haiigute HanbombIee HATYpAIbHOE YUCIO N, Ui KoToporo N*+1395 nenutcs Ha N+5.
yp p

7. Haiimute Bce Takue BELIECTBEHHBIE YMCIIA @, YTO IS JFHOOBIX BEIIECTBEHHBIX YHMCET X U Y
BEPHO HEPaBeHCTBO X +Yy*+axy+2 > 0.

8. B uetsipéxyronpanke ABCD ctoponst BC u AD pasuwi, AC+CD = 2AB, Z/BAC=60° u
/BCA = ZCAD+£DCA. Haiinute ZACD.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKHUUT BOM Ned. 4.12.2015
MJUIAJIHIASA I'PYIIIIA, BTOPAS JIUTA

1. Jlokaxwurte, uto cymectByer 1000000 waymux mMOApsA HATypalbHBIX YHCEN, CpeIu
KOTOPBIX POBHO JIBa UMEIOT CymMMYy Itu(dp, paBHyto 2015.

2. Ha crone croutr 50 rups. Kaxxmas Becut He meHee 490, Ho He Gonee 1510 rpammos.
Oxkazanoch, 4YTO MPHU BBIKUIBIBAHUH JIFOOON TMpU CyMMapHBIA BEC OCTAJbHBIX COCTaBIISET
1€J10€ YUCIIO KWJIOTpaMMOB. JIOKaXHTe, YTO BCE TUPHU PaBHBI IO BECY.

3. Kpazgpat 2015%x2015 pa36uT Ha eauHnuHbIe KBaapaTuky. 20162 BepInH 3THX KBaJPATHKOB
pa30uTHI HA MAPhl U TOYKU KaXKIIOW Maphl COCMMHEHBI OTpEe3KoM MiuHBI 1. Jokaxkurte, 4TO
MOXHO MPOBECTU MPSIMYIO, MEpeceKaronyo He MmeHee 504 u3 3TUX OTPe3KOB BO BHYTPEHHHX
Toukax. [IpsMyro, MpOXOASIIyt0 MO JUHUSIM CETKU MPOBOJIUTH 3AMPEIIACTCS.

4. Ha HEeKOTOPBIX, HO HE BCEX, KJIETKAX IIaXMATHOU JOCKU 8x& CTOAT miamku. OKka3aaoch, 4TO
JUISL KQKI0M CBOOOIHOM KJIETKU KOJIMYECTBO IIAIIEK, CTOAIIUX C HEM HA OJJHON TOPU30HTAIH
Y Ha OJTHOM BEPTHUKAJIH, B CyMMe paBHO 2. CKOJIBKO BCEro MIalleK MOKET ObITh Ha JOCKE?

5. CymectByet nu 2015-3Ha4HO€ YUCIIO, COCTOSIIEE TOJBKO M3 €IUHUII U JBOEK, KOTOPOE
nenutcsd Ha unciao u3 100 equanir?

6. Haiiure HauGoublee HATypaabHOE YUCIIO N, 11 KoToporo N*+1395 nenutcs Ha N+5.
7. JI1s TIOJIOKUTENBHBIX YHCEN X M Y JOKAKHUTE HEPABEHCTBO XHHy4+2 > 2Xy.

8. B marazune npogarorcs Habopsl U3 10 manoyek, IJIMHBI KOTOPHIX PaBHBI Pa3HBIM CTCIICHSIM
JIBOMKH (CTETNEHU JNBOWKU — 3TO uncia 1, 2, 4, 8, ..., IAe Kaxaoe CAeayrolee YiciIo paBHO
yABOCHHOMY Tipeablayiiemy). [IeTs Kynu 1Ba oIMHAKOBBIX TakuX Habopa. CKOJIBKO pa3HbIX
TPEYTOJLHUKOB OH MOXET COCTaBUTh, BbIOMpass TPU NaJo4ykd W3 HUX? TpeyroabHUKH
OJIMHAKOBBIC, €CIIM Y HUX OJIMHAKOBBIE HAOOPHI JJIMH CTOPOH.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHUYECKHUUT BOM Ned. 4.12.2015
MJUIAJIHIASA I'PYIIIIA, TPETHS JIMTA

1. Jlokaxwurte, uto cymectByer 1000000 waymux mMOApsA HATypalbHBIX YHCEN, CpeIu
KOTOPBIX POBHO JIBa UMEIOT CymMMYy Itu(dp, paBHyto 2015.

2. Ha crone crour 50 rups. Kaxxnas Becut He MeHnee 500, Ho He 60meel 500 rpaMmoB (Kaxkiast
TUpsS BECHUT I1€J0€ 4YHCIO rpamMMoB). Okazanoch, YTO MPH BBIKUABIBAHUM JIO00M TupH
CyMMapHbIN BEC OCTATBHBIX COCTABIISET LIEJIO€ YUCIIO KUJIOTpaMMOB. [lokaxuTe, 4To BCe TUPU
PaBHBI TI0 BECY.

3. KBagpar 15x15 pa36uT Ha eAMHUYHBIE KBAApPATUKUA. 256 BEpIIMH STUX KBaJPATHKOB
pa30ouUTHl HA Mapbl U TOYKU KAKIOW Mapbhl COCTUHEHBI OTpe3KoM AIuHBI 1. Jlokaxkute, 4TO
MO>KHO MPOBECTU TOPU30HTAIIBHYIO HJIM BEPTUKAIBHYIO IPSIMYIO, HE MPOXOASAIIYIO IO JIMHHUSIM
CETKU U MEPECEKAIOIIYIO HE MEHee 4 U3 9TUX OTPE3KOB B CEPEINHAX.

4. Ha HEKOTOPBIX, HO HE BCEX, KIJIETKaX MIaXMaTHOM TOCKHU 88 cTosT mamku. Oka3aaock, 4To
JUISL KQK0M CBOOOJTHOM KJIETKU KOJMYECTBO IIAIIEK, CTOAIINUX ¢ HEM Ha OHON TOPU30HTAIH
¥ Ha OJHOM BEPTUKAJIU, B CyMME paBHO 2. CKOJIBKO BCETO IMIAIIeK MOXKET OBITh Ha JIOCKE?

5. CymectByet nu 2015-3Ha4HO€ YUCIIO, COCTOSIIEE TOJBKO M3 €IUHUII U JBOEK, KOTOPOE
nenurcsa Ha guciio n3 100 exuann?

6. UeThlpe MamMHbI BHIEXATH U3 TOPOAA, UMes 10 MOJHOMY Oaky OeHzuHa o0bEMoMm 100 1
kaxgas. baka OenzuHa mammHe xBaraer Ha 600 kM. Bo Bpems myTu MalmiMHam MOXHO
OCTaHOBUTHCS, M U3 TIOOBIX MAIIMH MEPETUTh YaCTh WIH BECh UMEIOIICICS OCH3UH B JTI0OBIE
IpyTHe, eclii B 6aKke y TeX MallllH €CTh MeCTO. MOTYT JIu MallIMHbI JOCTABUTH HAa PACCTOSTHUE
1000 kM ot roposa 6omee 40 1 GeH3uHA?

7. Pemyre B IPOCTHIX YMCIax ypaBHeHUe 16pQg = 21(p+q).

8. B marazune npomarorcs Habopsl U3 10 manouek, IJIUHBI KOTOPHIX PaBHBI Pa3HBIM CTEIICHSM
JBOMKH (CTENEHU ABOWKH — 3TO uncia 1, 2, 4, 8, ..., rIe KaxI0e CISAYIOIIee YUCIIO PaBHO
yABOCHHOMY Tipeablayiiemy). [leTs Kynun 1Ba oJMHAKOBBIX TakuX Habopa. CKOJIBKO pa3HbIX
TPEYTrOJLHUKOB OH MOXET COCTaBHTh, BHIOMpas TPH NaJOYKH W3 HUX? TpeyroJbHUKH
OJIMHAKOBBIC, €CIIM Y HUX OJIMHAKOBBIE HAOOPHI JJTMH CTOPOH.



XLVI YPAJIbCKHI TYPHUP IOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKUU BOM Ned. 4.12.2015
I'PYIIIIA «CTAPT», BBICIIAS JIUTA

1. Hanbr kBagpar 100x100 u BOCBMHUYTOJBHHK, cOCTOSIIMNA M3 "kpecta' w3 5 ]
€IVMHUYHBIX KBAaJpPAaTUKOB M 4 TpPEYyrojJpHUYKOB (CM. PHUCYHOK). MoOxHO 1M | |
HECKOJIBKMMHM TAKMMH BOCHMHUYTOJEHAKAMH TTOKPBITh KBAAPAT B HECKOTBKO CT0EB? N
(BoceMuyronbHMKA MOTYT BbUIE€3aTh 3a Mpeleibl KBajapara, Kaxaas TOYKa KBajapaTa, HE
Jekamiasi Ha CTOPOHaX BOCbMUYTOJIBHUKOB, JI0JDKHA OBITH MOKPBITA OJTHO U TO YK€ YHCIIO pa3).

2. Ilpu xakom HauMmensbieM N> 100 cymiecTByeT N-3HAYHOE YHCIIO, COCTOSIIEE TOJBKO U3
€IMHHULL U TPOEK, KOTOpoe AenauTcs Ha yuciio u3 100 equaun?

3. B ctpane Anbdaberun u3 11006010 ropojaa B 11000 MOXKHO J00paThes JIMOO HAa caMoJIeTe,
aMb0 Ha TMPSAMOM  KEJIE3HOAOPOKHOM  JKcrpecce (HE OCTaHABIMBAIOIIEMCS Ha
MPOMEKYTOUHBIX CTaHIUsX). Kak caMonéThl, Tak U moe3ga KypCUPYIOT MEXAY TopoJamMu B
oboux HampapieHusx. Jlokaxute, 4yTo 3Ty Asb(pabeTHi0O MOXXHO TaK pa3/IeluTh Ha JIBE
pecniyonuku Anbuio u betuto, uTo, myTemecTBys Ha Moe3/ie, MOKHO 00beXaTh BCE TOpojia
Anbshun, He 3ae3xKast HU B OJJMH TOPOJI ABAXIbl U HE MoKuAas AlbQuu, a MyTEHIeCTBYs Ha
camoJieTe, MOXKHO 00JeTeTh Bce ropojia betun, He mocenias HU OJWH TOPOJ JBAXKIBI U HE
nokugasa beruu.

4. Ha nocke Hammcanbl gnciaa oT 1 go 2000 BxmountensHO. Kakmoe W3 HUX OKpacWiv B
KpacHbIM WM CHHHUM 1IBET TakuM oOpa3om, 4to ais Jroboro yucna a < 1000 xots Ob1 ogHO
YHCJI0, KPaTHOE &, OKPAIlICHO B IBET, OTJIWYHBIN OT a. Kakoe MUHMMaIbHOE 3HAYCHUE MOYKET
MIPUHUMATh CyMMa BCEX CUHUX YHUCEN?

5. Ha crone crout 50 xamueit. Kaxnpiii Becut He MeHee 490, Ho He Gosiee 1510 rpamMmoB (He
00s13aTeIbHO 11eJI0€ Yhciao TpaMMmoB). OKka3aiaoch, YTO TPH BBIKUIBIBAHUHU JIFOOOTO KaMHS
CYMMAapHBIN BEC OCTAIBHBIX COCTABJISICT LIEJI0€ YMCIIO KUJIOTPpaMMOB. J[oKkakuTe, 4TO BCE KaMHHU
paBHBI TI0 BECY.

6. PacronoxeHHble B psJ MO TPaBWIAM WIPHI JIBE KOCTSIIKH s 1o
JIOMHHO, H300paXKEHHBIE Ha KapTHHKE, 00IamarT TeM cBoiictBom, | @ | ’. .. (PN
YTO 00BEANHSS HECKOJIBKO OYKOB, HETTOCPEICTBEHHO MPHJICTAIOITUX

IpYT K APYTY, MOXKHO MOMY4YUTh Jt000e yucio ot 1 mo 9. Tak, 1, 2, u 3 MOKHO YBUJAETH
HETOCPEICTBEHHO, 4 ToTyJaeTcsl Kak cymma 1+3, 5 — kak cymma 342, 6 = 3+3, 7 = 1+3+3,
8 = 3+3+2, 9 = 1+3+3+2. MOXHO JI1 aHATOTUYHBIM 00pPa30M PACIIOIOKUThH 4 KOCTSIIKU, HE
SIBJISTFOIIMECS TyOJISIMH, YTOOBI TIOY4YUTh JIF000€ unciio oT 1 10 247

7. Hoxaxure, uyto cymectByeT 1000000 waymmx mnoapsig HATypaJbHBIX YHUCEN, CPEIu
KOTOPBIX POBHO JIBa UMEIOT CyMMY LUdp, paBHyto 2015.

8. Ilo xpyry pacnonoxeno 100 kydyex koHder. Bacsi 3aHAT BaKHBIM JI€JIOM: €CJIU B KaKOH-TO
Kyde KoH(er Oombllie, 4eM B KaXI0H M3 coceqHuX, To Bacs yOupaer u3 3ToM Kydyu OAHY
KoH(peTy, a B 00e cocenue 106anseT no koudere (y Bacu ecth 6eCkoHEYHO MHOTO KOH(ET B
3amace). Jlokaxxute, 4To yepe3 HEKOTopoe BpeMs Bacst He cMoxkeT Oouibliie cenaTh HA OJHOU
TAKOU OIEpAIUH.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKUU BOM Ned. 4.12.2015
I'PYIIIIA «CTAPT», IIEPBAS JIMT'A

1. Hanbr kBagpar 100x100 u BOCBMHUYTOJBHHK, cOCTOSIIMNA M3 "kpecta' w3 5 ]
€IMHUYHBIX KBAJpPAaTUKOB M 4 TpPEYyroJpHUYKOB (CM. PHUCYHOK). MOXHO 1u | |
HECKOJIBKMMHM TAKMMH BOCHMHUYTOJEHAKAMH TTOKPBITh KBAAPAT B HECKOTBKO CT0EB? N
(BoceMuyronbHMKA MOTYT BbUIE€3aTh 3a Mpeleibl KBajapara, Kaxaas TOYKa KBajapaTa, HE
JekKalas Ha CTOPOHAX BOCBMUYTOJIBHUKOB, JIOJDKHA OBITH MIOKPHITA OJTHO U TO XKE YHCIIO Pas).

2. Ilpu xakom HauMmensbieM N> 100 cymiecTByeT N-3HAYHOE YHCIIO, COCTOSIIEE TOJBKO U3
€IMHHULL U TPOEK, KOTOpoe AenauTcs Ha yuciio u3 100 equaun?

3. Ha énky mpunum n gereil. Y Kaxaoro u3 HUX ObUIO POBHO TPOE 3HAKOMBIX CpeIu
OCTAJIbHBIX coOpaBmuxcs Aerel. Ha &nke HEKOTOphie JETH MO3HAKOMWINCH, U K KOHILY
Ipa3HUKa y KaXJA0ro ObLIO YK€ POBHO YETBEPO 3HAKOMBIX cpenu coOpapmuxcs. Halaurte
BCE HaTypaJibHbIE N, 111 KOTOPBIX TAKOE BO3MOKHO.

4. Ha HEKOTOPBIX KJIETKaX IIaxMaTHOM Aocku 8x8 crost mamku. Oka3anoch, 4YTo i JII000H
CBOOOJTHOM KJIETKU (TIpru€M XOTsI ObI OJTHA TaKask €CTh) KOJIMUYECTBO IIAIIEK, CTOSIIUX C HEH Ha
OHOM TOPU30HTAIM M Ha OJHOM BEPTHUKAIHM, CyMMapHO paBHO &. MOXHO 1M MO 3TOH
MH(OpPMALIMK OJTHO3HAYHO OIPEAEIUTh, CKOJIBKO BCETO MIANIEK BBICTABIECHO?

5. Ha crone crout 50 xamueit. Kaxnpiit Becut He MeHee 490, Ho He Gosiee 1510 rpamMmmoB (He
00s13aTeIbHO 11eJI0e Yuciao TpaMmoB). Oka3aiaoch, YTO IPH BBIKUIBIBAHUHU JIFOOOTO KaMHS
CYMMAapHBIN BEC OCTAIBHBIX COCTABJISIET LIEJI0€ YUCIIO KUJIOTPaMMOB. J{oKaXkuTe, 4TO BCE KAMHU
PaBHBI MO BECY.

6. PacrosnoxeHHble B psij MO MpaBWIaM WIPhI JIBE KOCTSIIKU s Teo
JOMUHO, U300paKEHHBIE Ha KapTHHKE, 00a1aroT TeM cBoiicTBoM, | ® | ’. .. (PN
YTO OOBEANHSS HECKOJIBKO OYKOB, HETTOCPEICTBEHHO MPUJICTAIOITUX

JIpYT K APYTY, MOKHO MOJY4YUTh Jt000e yucio ot 1 mo 9. Tak, 1, 2, u 3 MOXKHO YBUJAETH
HETOCPEICTBEHHO, 4 ToyJaeTcs Kak cymma 1+3, 5 — kak cymma 342, 6 = 3+3, 7 = 1+3+3,
8 = 3+3+2, 9 = 1+3+3+2. MOXHO JI1 aHATOTUYHBIM 00pPa30M PACIIOIOKUTH 4 KOCTSIIKU, HE
SIBJISTFOIIMECS TyOJISIMH, YTOOBI TIOJYYUTh JIF000€ unciio oT 1 1o 247

7. Jlokaxure, uyto cymectByer 1000000 umymmx mnoapsa HaATypaldbHBIX YHCEN, CPeIu
KOTOPBIX POBHO JIBa UMEIOT CyMMY Itu(p, paBuyro 2015.

8. Io kpyry pacnonoxxkero 100 kyuek koH}peT. Bacs 3aHAT BaXKHBIM JISJIOM: €CIIM B KaKOU-TO
Kyde KoH(per Oombllie, 4eM B KaXJOW U3 COCENHUX, TO Bacs yOupaer u3 3ToM Ky4yu OAHY
KoH(peTy, a B 00e cocennue 106anseT no koudere (y Bacu ecth 6eCkoHEYHO MHOTO KOH(ET B
3anace). Jlokaxxure, 4To 4epe3 HeKoTopoe Bpemsi Bacsi He cmoskeT OoJIbIle ceaTh HU OJHOU
TAKOMW OIEPALUH.



XLVI YPAJIbCKHUI TYPHUP FOHBIX MATEMATHUKOB. EKATEPUHBYPT, 28.11-04.12.2015

MATEMATHYECKUU BOM Ned. 4.12.2015
I'PYIIIIA «CTAPT», BTOPAS JIMT'A

1. Ha crone nexar 50 kamueit. Kaxnpiii Becut He Menee 500, Ho He 6osiee 1500 rpamm (He
o0s3aTeNbHO 11e510€ YKcio rpammoB). Okaszalloch, YTO MPU BBIKMIBIBAHUHM JHOOOTO KamHs
CYMMapHbId BEC OCTAJIbHBIX COCTAaBIIAET II€JI0€ YKCIIO KHJIOTpaMMOB. [[okaxuTe, 4To BCe
KaMHH paBHBI 10 BECY.

2. CymectByet nu 2015-3Ha4uHOE YKCIIO, COCTOAIIECE TOJIBKO U3 €IMHMI] U ABOEK, KOTOPOE
nenurcsa Ha yuciio n3 100 exuan?

3. UeTblpe MalMHBI BBIEXATH U3 TOpOAa, UMes 1o MoJHOMY Oaky OeHzuHa 00bEMoM 100 1
kaxaas. baka OenzuHa mammHe xBaraer Ha 600 kM. Bo Bpems myTw MammHaM MOKHO
OCTAHOBUTHCS, U U3 JTIOOBIX MAIIMH MEPEIUTh YaCTh WIH BECh UMEIOIIEICs OCH3UH B JTI00bIE
JpyrHe, eciiv B 0ake y TeX MallUH €CTh MECTO. MOryT JIu MallMHbI JOCTABUTh HA pacCTOSTHUE
1000 kM ot ropoaa 6omnee 40 1 6eH3uHa?

4. Joxaxwute, uto cymectByeT 1000000 maymmx moapsij HATypaJIbHBIX YHUCEN, CPEIu
KOTOPBIX POBHO JIBa UMEIOT CyMMYy Ludp, paBuyto 2015.

5.Ha HCKOTOPHBIX, HO HC BCCX, KIICTKaX IIaxMaTHOM JOCKH 8X8 CTOAT MIAILIKH. OKaSaJ'IOCI), qTo
JJIA KEDKIIOﬁ CBO6OI[HOI>’I KJICTKHM KOJIMYCCTBO IIAIIICK, CTOAIIHUX C HEH Ha OI[HOﬁ IrOpHU30HTAIN
H Ha OHHOﬁ BCPTUKAJIU, B CYMMC PaBHO 2. CKOJIBKO BCETO MIalIeK MOXKET OBIThH Ha I[OCKC?

6. 12-3naunoe uncino nenutcs Ha 9. Ero uudpsl 3amudpoBanu OykBamu, pa3Hbie — pa3HbIMH,

oanHaKoBble — oauHaKkoBbIMU. [lomyunnocs ciioBo EKATEPMHBYPI'. Uemy paBHa cymma
P+E?

7. PacrionoxeHHble B P TO TMPaBWIAM WIPBI JIBE KOCTSIIIKH > To
JOMHMHO, U300paXKEHHBIE HA KapTHHKE, 001a1aroT TeM cBoiictBom, | ® | ‘. 0. PN
YTO O0OBEANHSS HECKOJIBKO OYKOB, HETIOCPEICTBEHHO MPUJIETAIOITNX

JIPYT K APYTY, MOXKHO TOIY4YUTh Jr000e uncio oT 1 g0 9. Tak, 1, 2, u 3 MOXHO yBUJIIETh
HETMOCPEJICTBEHHO, 4 moy4aeTcsi kak cymma 1+3, 5 — kak cymma 342, 6 = 3+3, 7 = 1+3+3,
8 = 3+3+2, 9 = 1+3+3+2. M0oXHO 71 aHAIOTHYHBIM 00Pa30M PACIIONOKHUTH 4 KOCTSIIKH, HE
SBJIAIOIIMECS AYOJISIMHU, YTOOBI IOJYYUTh JIF000€ Ynuciio oT 1 10 247

8. B marasune npogarorcs Habops! u3 10 mayovex, ITUHBI KOTOPBIX PaBHBI Pa3HBIM CTEIICHSIM
JBOMKU (CTENEHU JBOMKHU — 3TO umciaa 1, 2, 4, 8, ..., I/ie KaXJI0€ CJIEIYIOIIEee YHUCIO PABHO
yABOCHHOMY Tipeablayiiemy). [IeTs Kynun 1Ba olMHaKOBBIX TakuX Habopa. CKOJIBKO pa3HbIX
TPEYTrOJLHUKOB OH MOXKET COCTaBUTh, BHIOMpAs TPH MaJIOYKU W3 HUX? M3BeCTHO, 4TO MIId
COCTaBJICHHMSI TPEYroJbHHWKA CyMMa JUIMH JBYX MEHBIINX IMAJIOYEK JOJKHA OBITh OOJbIIE
OombIe Majgouku. TpeyroJbHUKH OJMHAKOBBIC, €CIM Yy HUX OJMHAKOBBIE HAOOPHI JJIUH
CTOPOH.



