LIl YPAJTIbCKUI TYPHUP IOHBIX MATEMATHKOB. MDKEBCK, 02-08.11.2018
KOMAHIHASA MATEMATHYECKASA OJIMMIIMAJIA 03.11.2018

SAJTAHUS JUISI 6 KJIACCA

1. Ans n Jluma yuniinch B 0ObIMHOM 1IKOJIE, ¢ | 1o 11 Kitace. AHst ocTaBasiach Ha BTOPOi rojt
B 3 u B 7 ki1acce, a Jluma octaBajicst Ha BTOPOM IO JIMIIb OAHAXKIbBI. MOTJIO JIU 0Ka3aTbes,
4TO pedsATa poBHO 9 j1eT ObUIN OJTHOKIACCHUKAMU?

2. B pap crost 98 56510k u oguH OaHaH. banan Bcerjia ToBOpUT mpaBiy, a SOJOKU Bcera
aryT. IlepBsiii ppykT ckazan: «OauH U3 nepBbIX copoka PppykroB — Oanau!» [lociennuii
bpykT ckazan: «Her, oqun u3 mociaeaanx copoka ppykroB — Oana!» OpyKT B IEHTpE psaa
3asBUL: «S1 Oanan!». Ha kakux mo3urusx Mor ctosith 6aHaH? [lepeuncinte Bce BO3MOKHbBIE
BApUAHTHI U IOKAKUTE, UTO APYTUX HET.

3. Ha oany vaiiry BecoB MoJIOKUIIN Tpy3 Maccoii 25 r. Bepa nocnieaoBaTesibHO KiIaIeT Ha Yallu
BECOB rupu Maccoit 1 r, 2 r, u T.4. (Kaxaas cieayromas rups Ha 1 T Tskenee npeablayIiei).
Kaxnayto rupio oHa MOKET MOJIOKUTh Ha J00yro u3 yaiml. Kakoe HanMeHbllee KOJIMYECTBO
TUpb el noTpedyeTcs, YTOObl ypaBHOBECUTH Yallln?

4. Kaxxnoe HatypanbHoe unciio oT 1 10 300 mokpacuiiv B OAMH U3 TPEX I[BETOB: KPACHBIH,
cuHuit wim 3enensiid. Kaxxnoe uncino ot 1 g0 300, KoTopoe MOXKeT ObITh MPEICTABICHO B BUJIE
CYMMBI JIBYX YHCEJ Pa3HbIX I[BETOB, OKA3aJI0Ch MMOKPAIICHO B KPacHbIU. JlOKaXuTe, 4TO HE
MOKET YMCeN BCEX TpeX LBETOB ObITh poBHO 10 100.

5. Cepexka 3amyman 14 pa3uuHbIX HATypadbHBIX YUCEN, U JJISl KQXKIBIX IBYX U3 HUX 3alucal
Ha JIOCKY WX HauOOJIbIIUK OOIIMiA AenuTeh. Pa3HOCTH TIOOBIX JBYX 3allMCAHHBIX Ha JOCKE
gucen okazanach He Oosbiie 90. Jlokaxkute, 4TO Ha JJOCKE BCTPETSTCS JBA PaBHBIX YHCIIA.

6. Ecte 100 xop3uH, B kaxaoi jexuT mo 10 6ananoB. [langa u Bombar urpatot B urpy.
XonsaT o ouepean, HaunHaeT [lanaa. 3a oIMH X0 MOKHO BBIOPATh HECKOJIBKO KOP3HH (XOTS
OBl OJTHY) U CHECTh U3 KAXKJAOWU U3 dTUX KOP3UH MO OaHaHy. 3ampeniaeTcss BBIOUpaTh TOT e
Ha0Op KOpP3WH, KOTOPHIA paHbIIE YXE€ KTO-TO BBIOMpasl. BBIMTphIBAET TOT, KTO CHECT
nociaeaHui 0aHaH M3 KakoW-TO KOp3uHbl. Moxer nu Ilanma rapantupoBath cebe modemy
HE3aBUCUMO OT Urpbl BombaTa?

7. JIBa roHIIMKAa JOJIKHBI TPE010JIeTh aucTaniuio B 240 kM. O0a cTapTyroT OJIHOBPEMEHHO
C OJJMHAKOBOM CKOPOCThIO0 60 kM/4. [1epBbIil KaXkble 1Ba KMJIOMETPa YBETUYUBAET CKOPOCTh
Ha 2 KM/4, a BTOPOM KaXK/Ible TPU KUJIOMETPa YBEJIIMYMBAET CKOPOCTh Ha 3 kM/4. KTO nmepBbIM
nobepercst 10 puHUIIA?

8. TIpSIMOYTOJBHUK C HEUETHBIMH IEJIBIMH CTOPOHAMH pPa30MT Ha TPSIMOYTOJBLHUKH C
IIEJIBIMA CTOpOHAMU. J[oKa)kuTe, 4TO HaWJeTCs XOTs Obl OJIMH MPSIMOYTOJBHUK pa3OueHNs,
PACCTOSIHUS OT KOTOPOTO JI0 YETHIPEX CTOPOH UCXOTHOTO MPSMOYTOIHHUKA INOO BCE YETHBIE,
1100 BCE HEUETHBIE.
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3AJTAHUS JIJIS 7 KJITACCA

1. B psan crost 98 56,10k 1 onuH OaHaH. baHaH Bcerja TOBOPUT MpaBy, a SOJIOKH BCeraa
aryT. [lepBsoiii GpyKT ckazan: «OIMH U3 NEPBBIX COpoKa PpyKkTOoB — OaHaH!» [locnennuii
bpykT ckazan: «Her, onun u3 nociegHux copoka PpykroB — OaHaH!» OPYKT B LIEHTPE
psana 3asBui: «5 Oanaun!». Ha kakux mo3unusx Mor crosath OaHan? Ilepeuncnure Bce
BO3MO>KHBIC BAPUAHTHI U JOKKUTE, YTO APYTUX HET.

2. Ha mocke HamucaHbl HaTypasibHbIe uncia 1,2, 3, ..., 50. Kakoe HanMeHbIee KOJTUIeCTBO
9gHUCeN HAJ0 CTepPEeTh, YTOOBI CyMMa HUKAKHUX JIBYX OCTaBIIMXCS Ha JIOCKE YHCEN He ObLia
pPaBHA MPOCTOMY YMCITY?

3. lan kBagpat ABCD. Ha nmponomkenun croponsl DA 3a Touky A BeiOpaHa Touka T Tak,
yto AT = AD. Ha 6uccektpuce yria BAT cHapyxu tpeyronbHuka BAT BeiOpana Touka K
takas, uto ZTKB = 135°. Haitaute ocTpsiii yroa mexay npsmeimu BT u DK.

4. Cepexa 3agyman 14 pa3auuHbIX HATypalbHBIX YWCEN, M JJIA KaXAbIX ABYX W3 HUX
3anMcai Ha JOCKY UX HauOoNbIINK o0l 1eauTelb. Pa3HOCTH JIIOOBIX JBYX 3alMCAHHBIX
Ha JIOCKE YKcel okazanack He Ooublie 90. JlokaxuTte, 4To Ha JOCKE BCTPETATCS JIBA PAaBHBIX
quca.

5. B psn crost 100 xop3uH, B kKaxaoi Jexut no 10 6ananos. [langa u Bombar urparot B
urpy. XoasaT no ouepenu, HaunHaeT Ilanna. 3a oMH XOJ MOXHO BBIOpaTh HECKOJIBKO
KOP3UH (XOTs OBl OJIHY) U CHECTh U3 KaXKJIOM M3 ATUX KOP3UH M0 OaHaHy. 3arperiaercs
BBIOMPATH TOT 7K€ HA0OP KOP3HH, KOTOPHIN paHbIlIe yKe KTO-TO BbIOMpai. BeMrpsiBaer ToT,
KTO ChECT IOCJICIHUM OaHaH U3 KaKoh-To Kop3uHbl. MoxeT iu [lanaa rapanTupoBath cede
nobey He3aBUCUMO OT Urpsl Bombara?

6. Jlema BeITMCA Ha JOCKY BCE HaATypajbHbIE dYucia K, KOTOpbIE MOTYT OBIThH

3 101
npeCTaBIeHbl B BUAEC — +— +...+—— =K, rae ay, as, ..., @101 — HEKOTOPbIC HATypPaJlb-

% a4 8101

HbIE yKcna. JlokaxuTe, 4To y HEro Ha J0CKe BbIUCaHO poBHO 2600 pa3iMuHbIX YUCE].

7. HazoBem HarypasibHOE umciio t > 1 cuacmausvim, ecnu aiis mo00# mapel HATypaIbHBIX
grcen N u K u3 Toro, uto th+k nenurcs Ha tk+n ciaemyer, uro N nenurcs Ha K.

a) (2 6banna). JlokaxuTe, 4TO YUCIIO 5 — CYACTIIMBOE.
b) (5 6amtoB). Haiinure Bce cyacTiauBbIC YHCIA.

8. Mano nHewetrHoe umcio K> 1 u HarypambHOoe N > K. B xomMmanuu u3 N MIKOJHHUKOB
cpeau JOOBIX K IIKONPHUKOB HAWIETCsl IIKOJIBHHUK, 3HAKOMBIH C ocTanbHBIMH K—1
mKoJpbHUKaMu. HaiimuTe Bce 3HadeHus N U K, Mpu KOTOPBIX MOXKHO YTBEPXkKAATh, YTO B
TAKOW KOMIIAHMM BCErJa HAWAETCS IIKOJbHUK, 3HAKOMBIM CO BCEMH. 3HAKOMCTBA
B3aMMHBIE.
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3AJTAHUS JIJI51 8 KJTACCA

1. Ha oy 9amny BeCOB ITOJIOKWIIN Ipy3 Maccoii 25 r. Bepa mocienoBaTensHO KiIaIeT Ha Jaiiu
BECOB I'Mpu Maccoil 1 r, 2 1, u T.1. (Kakaas ciaenyromas Tups Ha 1 T Tsbkernee npeapayen).
Kaxayto rupro oHa MOKET MOJIOKHUTh Ha Jt00yro n3 yail. Kakoe HauMeHbllIee KOJIMYECTBO
TUpB eii moTpedyeTcs, YTOObl ypaBHOBECUTH Yallin?

2. llpsmMble TpE€X HampaBiIeHU pa30MBAIOT IJIOCKOCTh Ha OJIMHAKOBbBIE
pPaBHOCTOPOHHME TpeyroibHukH (cM. puc.). Kaxmgas crtopoHa Ttakoro
TpPEYroJibHUKA MOKpalieHa B oAuH U3 N IIBETOB TaK, YTO KAXKIBIA MyTh MEXIY
JHOO0BIMU IByMSI HECOCETHUMH BEPILIMHAMU [TPOXOJIUT 10 OTPE3KaM XOTs Obl IBYX
pasHbIx 11BeTOB. [Ipu kakom HaumeHbiieM N Takoe BO3MOKHO?

3. Ilpu kakux HATYpalbHBIX N > 3 uncna 1, 2, ..., N MOKHO PacCTaBUTh IO KPYTY B TAKOM
MOPSAIKE, YTOOBI CyMMa KaXK/IbIX ABYX COCETHHUX YHCEel AeNuiaach Ha 3 wuin Ha 57

4. Ha ctopone AB Ttpeyronbpanka ABC ormedena touka D Tak, uto AB = CD. [lokaxwure,
4TO TMpsiMasi, Ipoxodias yepe3 cepenunsl orpeskoB BC u AD, otcekaer ot yrma ADC
pPaBHOOEIPEHHBIN TPEYTOJbHHUK.

5. IIpsAMOyToNPHUK ¢ HEYETHBIMHU IIEJBIMH CTOPOHAMHU Pa3OUT Ha MPSIMOYTOJIBLHUKH C
LeNIbIMA  CTOpoHamu. Jlokakute, 4TO HaWJeTcs XOTsS Obl OJWH MNPSAMOYTOJIbHUK
pa3OmeHuUs, PaCCTOSHHUS OT KOTOPOTO JI0 YETHIPEX CTOPOH MCXOTHOTO MPSMOYTOJbHHUKA
JIM00 BCe UETHEIE, TN00 BCE HEUYECTHEHIE.

6. ITocnenoBaTenbHOCTH (@n) 3aJaHa YCIOBMAMHU a1 = 1 M @n = an-1+r? mpu N >2, e
I'n — OCTaTOK OT JieJieHus an-1 Ha N. Kakoe HanboJibiiee KOJIM4eCTBO OJMHAKOBBIX YWICHOB
MOXET WATH MOAPS B dTOM MOCIET0BATEIIHHOCTH?

7. Ha 6uccektpuce AL Tpeyronpamnka ABC ormeuena touka D Tak, yto BL = BD. JIyu BD
nepecekaer cropony AC B touke E. Otpesku LE u CD mepecekarorcs B Touke F.
JlokaxuTe, 4TO mIomaab yeTbipexyrojibuuka DBLF paBna mnomanu tpeyronsuuka CEF.

8. KoHeuHoe MHOXECTBO S HATypaJbHBIX YMCEI TAKOBO, YTO €CJIM HEKOTOPOE YHCIIO X
COEPXKUTCA B S, TO B S colaepXkaTcsi W BCE HaTypalibHble aenutenu X. Hemycroe
MOJIMHOKECTBO | MHOXECTBA S HA3bIBACTCS XOpOouwiuM, €CIU YaCTHOE JIOOBIX ABYX
ANIEMEHTOB | SIBISIETCS CTEMEHBIO MPOCTOTO YMCIa C IIeJIbIM ToKaszaTeneMm. Hermycroe
MOJIMHOKECTBO | MHOXKECTBA S HA3bIBACTCS AMJIOXUM, €CIIU HU Yy KaKUX JBYX Pa3IMYHBIX
AJIEMEHTOB | 4acCTHOE HE SBJISIETCS CTETEHBIO MPOCTOTO YHUCIa C IEJIbIM Moka3areneM. (B
YaCTHOCTH, KaXXJI0€ OMHO3JIEMCHTHOE IOJMHOXECTBO S OJHOBPEMEHHO XOpOIee H
moxoe.) JlokaxuTe, 4To HauOOJIbIIee KOJIMUECTBO JIEMEHTOB, KOTOPOE MOXET OBbITh B
XOpOIIeM  TMOAMHOXXECTBE S, paBHO  HAWMEHBIIEMY  KOJIMYECTBY  IOIMAPHO
HETEePECEKAFOIIUXCS MIOXUX MOAMHOXKECTB S, JAIOMINX B O0BESTUHCHNUH S.
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Penrenus 3a1a4 KOMAaHIHOH OJIUMIIHAALI 6 KJ1acca

3anaua 1. Ans u JJuma yuunuce 6 odbviunoil wixone, ¢ 1 no 11 knacc. Amusi ocmasanace Ha 6mopou 200 6 3 u 8 7
Kaacce, a Jfuma ocmasancs Ha 8mopou 200 autb 00HAdx CcOvl. Moeno au okazamscs, umo pebsma posHo 9 iem Ovliu
OOHOKNACCHUKAMU?

OtBet. Morno. Pemenne. [TycTs B miKosie 0 OHOMY KIIACCy B KaXKJOW Mapajuiend, AHS MMOCTYIWIA B MEPBBIA
Kiacc Ha roj panbime Jumel, a [luma ocrancs Ha BTOopoW rom B 6 kimacce. Torma Ans ¢ Jlumoit Obutn
OJTHOKJIaCCHUKaMHU ¢ 3 1o 6 kjacc, a motoM — ¢ 7 (koraa AHs yuniack B HeM BTopo# ron) mo 11 xmacc.

3anaua 2. B pso cmoam 98 s610x u 00un 6anan. banan écecoa cosopum npasoy, a a610ku ecezoa a2ym. Ilepewiii
¢dpyxm cxazan: «Ooun u3z nepevix copoxa (pykmos — oanan!y Iocreonui ¢pyxm cxazan: «Hem, ooun u3
nocneonux copoka ¢pykmos — banan!y @pykm 6 yenmpe psoa 3aseun: «A oanan!». Ha xaxux nozuyusx moe
cmosimv banan? Iepeuucaume 6ce 803MOACHBIE BAPUAHMBL U OOKANCUME, YMO OPYUX HEM.

Ortset. Ha nepBoii, nocnennei u moboit ¢ 41-oit no 59-yro. Pemenue. Ecnin 0aHaH cTOMT Ha OJJHOM U3 KOHIIOB
psiza, TO OH TOBOPHT IpaBy, a I0JOKU B LICHTPE U Ha IPYroM KOHIIE psifa BPYT, Kak UM U nosnokeHo. Eciu 6anan
CTOUT Ha MO3UIHSIX ¢ 41-0¥ mo 59-yr0, OH HUYErO He TOBOPUT WJIM TOBOPUT MPABIY, a SOJOKM Ha 00OMX KOHIIAX
psina BpyT — CHOBa Bce B nopske. Hakoner, eciy 6aHaH CTOUT Ha MO3MLKAX CO BTOPOH IO COPOKOBYIO My ¢ 60-
oii o 98-y10, To 0/1HO U3 sI0JIOK Ha KOHIIAX PsiZa TOBOPUT IPABIY, YTO HEBO3MOYKHO.

3anaua 3. Ha 00ny uawiy 6ecos nonoscunu epy3 maccoti 25 2. Bepa nocredosamenvho knaoem na uawiu 6ecos cupu
maccou 1 2, 2 2, u m.0. (kaxcoas credyrowas 2ups na 1 e msaoicenee npedvioyuett). Kasicoyio eupio ona mocem
nonodcums Ha a06yo u3 yaw. Kakoe Haumenvuiee KoIuwecmeo cups el nompedyemcs, 4moovl YpasHO8eCUmby
uauiu?

OrtBer. JleBsth. Permienue. Ilpumep: 25+1+2+3+4 = 5+6+7+8+9. Oyenxa. O4eBHIHO, CyMMa BECOB TIOJIOKECHHBIX
Ha Yallli TUPb JOJDKHA OBITh HE MeHbIne 25 T, a OoOIMil Bec I'Mpb M Tpy3a JOJDKEH ObITh yeTeH. Tak Kak
1+2+3+4+5+6 = 21, rupb J0DKHO OBITH HE MEHBIIIE CEMHU, a €CJIM THPh 7 WU 8, TO CyMMa UX BECOB ILTIOC BEC TPy3a
HEYeTHA.

3anaua 4. Kasicooe namypanvroe uucio om 1 0o 300 nokpacunu 6 00uH uz mpex y8emos. KpacHblil, CUHUL UTU
senenviil. Kasicooe uucno om 1 0o 300, komopoe modcem Oblms npedcmasiieHo 8 guoe CymMmbl 08YX YUCel PAZHbIX
Y8emog, OKA3a10Ch NOKPAUIEHO 8 KpACHbIU. [loKkadicume, Ymo ne Modcem ducei 6cex mpex yeemos ovims pogHO No
100.

Pemrenne. Ecim uncio 1 KpaCHOC, TO ITOCJIC KaKAOTO HC KPAaCHOI'0 4ucCiia, KpoMe 300, AOJDKHO UATHU KpaCHOC, U
noJIy4acTCs, 4TO y HAC KPACHBIX YUCCJI HC MCHbIIC, YEM CHUHUX U 3CJICHBIX BMCECTEC, 4 UX AOJDKHO OBITH BJBOC
mensIe. Ecau uncio 1 3CJICHOC, TO ITOCJIC KaKAOTO KPAaCHOIo 4ucijia, KpomMe 300, JOJDKHO MATU KPAaCHOC, U IOCJIC
KaXJ10ro CHHEIro — KpacHOC. Ho TOTJa BCC YUCJIa IMTOCJIC IEPBOI0O CUHET'O JOJIPKHBI OBITH KpaCHbIMU, TO €CTb CUHUX
Yyuces He OOJIbIIe OJTHOI'O. AHanorn4JHO B Cjlydae, Koraa 1— CHUHCEC, 3CJICHBIX YHCCJI HE OoJbliIe OJTHOIO.

3anaua 5. Cepeoica 3adyman 14 pasnuunvlx HAmMypanrbHsIX ucen, u 05 KaxicObIX 08YX U3 HUX 3ANUCAT HA OOCKY UX
Hauborbuwull oowuil denumens. Paznocms 1i00bIX 08YX 3aNUCAHHLIX HA 00CKe uucenl okazanace He 6oavute 90.
Hoxaoicume, umo Ha 0ocke 6cmpemsamcsi 08a PAGHBIX YUCIA.

Pemenue. Tak kak u3 14 uricen MokHO 00pa3oBath 14-13/2 = 91 napy, eciiu Ha JOCKE HET IBYX OJJMHAKOBBIX YHCEI,
TO Ha Hel 91 uncno, naymee noapan. Cpeau HuX poBHO 13 nessarcs Ha 7. Eciu cpenu 14 3agymMaHHBIX 9Kcen pOBHO
K mensitest Ha 7, TO cpeu uMcen Ha Aocke nenuthes Ha 7 nosnkabl poBHO K(k—1)/2. Ho k(k—1)/2 e paBHo 13 Hu npu
KaKOM HaTypajbHOM K.

3agaua 6. Ecms 100 xop3un, 8 kadxcoou aedxcum no 10 6ananos. Ilanoa u Bombam ueparom 6 uepy. Xooam no
ouepeou, Hauunaem Ilanoa. 3a 0OuH X00 MOJNCHO BbIOPAMb HECKOALKO KOP3UH (Xoms Obl 0O0OHY) U Cbecmb U3
KadcOOU U3 3mMux KOp3uH no banawny. 3anpewjaemcs gbloupams mom dice Habop KOP3UH, KOMOPbILL paHbule Yiice
Kmo-mo evibupain. Beiuepvieaem mom, kmo cvecm nocieOHull 6anan u3 Kakou-mo kopsunvl. Moowcem au Ilanoa
eapanmuposams cebe nobedy nezasucumo om uepvl Bombama?

OtBetr. Mosxer. Pemenue. IlepBeim xonom [lanna O6epet no OaHaHy MX Ka)KI0H KOP3HHBI, CIEAYIOIIMMU CEMbIO
xofaMu OepeT no GaHaHy U3 KaKIOM KOp3UHBI, U3 KoTopoit BomOaT He Opan 6anan npeapaymum xoaoMm. [locne
BOCbMOT0 X0/1a [1an/bl BO BCcex KOp3MHAX OCTaHETCs MO JBa OaHaHa, Mociie BOCbMOro xoi1a Bombara B kakoii-To



kop3uHe K okaxkeTcst oauH 6anaH. CaelaHHBIMU K 3TOMY MOMEHTY XOJ[aMH MCMOJIb30BaHbl 16 HA0OpOB KOP3HH, a
HaOOpPOB KOP3UH, coJepkKalux Kop3uHy K, oueBuaHo Oosblie. B3sB mo ogHoMy OaHaHy M3 KaKIOW KOP3HHBI
Kakoro-nmoo u3 Takux Habopos, [Tanga omyctomut kop3uny K u BbIMrpaerT.

3apaua 7. Jlea comwuxa OondicHvl npeodosemv oucmanyuro 6 240 xm. Oba cmapmyiom 0OHOBPEMEHHO C
00uHaKo8ot ckopocmvio 60 km/4. Tlepaulil kKaxcovie 08a KUTOMEMPA YEeaUHUsdaenm cCKoOpoCcmv Ha 2 KM/4, a 8mopoll
Kadicovle mpu KUiomempa yseaudusaem ckopocms Ha 3 km/4. Kmo nepsvim dobepemcs 0o ¢hunuwa?

Otsert. Ilepseiii. Perrenrie. JIocTaTOYHO MOKa3aTh, YTO €CIIHM MEPBBIA TOHIIKK IpoeXana OTMETKY 6K kM, rae K —
HATYpaIbHOE YHCIIO, HE TIO3KE BTOPOro, T0 oTMeTKy 6(K+1) kM OH mpoener paHbiiie BTOporo. Tak Kak Ba
KWJIOMETpA, CIASAYIONIHMX MOCae OTMETKU 6K KM, 00a TOHIIMKA eIyT C OJMHAKOBOM CKOPOCThIO X = 60+6K km/4, a
JIBa KUJIOMETpa, MPeIecTBYoNHX otMeTke 6(k+1) KM, epBbIii FOHIIUK eAeT ObICTpee BTOPOro (X+4 KM/4 MpOTHB
X+3 KM/4), TOCTaTOYHO ITOKA3aTh, YTO €CJIM TIEPBBIN TOHIIKK MPOLIET OTMETKY 6K+2 KM He T03Ke BTOPOro, TO OH
NPOUIET ¥ OTMETKY 6K+4 KM paHblIiie BToporo. JlelCTBUTEIbHO, TIEPBOMY FOHIIKKY Ha 3TH 2 KM HYXHO 2/(X+2) 4.,
a Bropomy — 1/x+1/(x+3) u., u 2/(x+2) < Ix+1/(x+3) < 2x(x+3) < (x+2)(2x+4). PackpbiBas B mocieaHeM
HEpaBEHCTBE CKOOKH ¥ TIPHUBO/IS TTOJJOOHBIE WICHBI, IIPUXOIUM K OYE€BUIHOMY HepaBeHCTBY 2X+8 > 0.

3anaua 8. IIpsamoyeonvhuk ¢ HeduemHbIMU YeTbIMU COPOHAMU PA30UM HA NPAMOY2OTbHUKU C YeTbIMU CIOPOHAMU.
Jloxaoccume, umo uatidemcsi xoms 6bl 00UH NPAMOY2OTbHUK pa30Uenusl, pacCmosHUus Om KOMopo2o 00 4embvlpex
CMOPOH UCXOOHO20 NPAMOY2ONIbHUKA TUOO 8Ce Yemmble, TUOO 6ce HeuemHuble.

Pemenue. PasnuHyem NmpsMOYroJIbHUK Ha KBaJpaTHbIE KJIETKH CO CTOPOHOM | M pacKkpacuM HMX B IIaXMaTHOM
nopsiake. Tak kak 00e CTOPOHBI PSIMOYTOJIbHIKA HEYETHBI, BCE YTJIOBBIE KJIETKH OyIyT OIHOTO LIBETa, H KIETOK
3TOroO 1BeETa (MycTh 6€0r0) Ha JocKe OyneT Ha ofHy Oouiblle, yeM 4epHbIX. [loaToMy cpenn mpsMOyrojibHUKOB
pa3bueHus HalaeTcst XOTs Obl OZMH TaKol, B KOTOPOM OelbIX KJIETOK OOJIbIlie, YeM YepHBIX. Bee ero yriasl OyayT
OesibIMH, a CTOPOHBI — HEYeTHBIMU. [I0CMOTpUM Ha NMPSAMOYTOJIBHUK, B KOTOPOM IPOTHUBOIONOKHBIMU YTJIAMU
SBIISIIOTCSL JIEBbIE-BEPXHUE YIJIBI OOJBIIOTO0 M MAaJEHBKOTO NMPSAMOYroJbHUKOB. OHM o0a Oenble, 3HAYWT JBa
OCTaBILUXCS yIJIa OJJHOTO IIBETA, U IOTOMY PacCTOSHUS OT HAIIETo MPsIMOYTOJIbHUKA JI0 JIEBOW M BEpXHEH CTOPOH
UMEIOT OJMHAKOBYIO YETHOCTb. AHAJIOTMYHO JIOKA3bIBACTCSl COBIAJCHHE UYETHOCTEH PAcCTOSHMII OT HAIero
IPSIMOYTOJIBHUKA JI0 JIFOOBIX IBYX CMEKHBIX CTOPOH MCXOIHOTO, OTKY/a H CIEAYET YTBEPKICHUE 3a[auH.



LIl YPAJIbCKUIA TYPHUP FOHBIX MATEMATUKOB. MDKEBCK, 02-08.11.2018

Pemenus 3a1a4 KOMaHIHOU OJIUMIIHAALI 7 Kjacca

3anaua 1. B pso cmosam 98 sa6aox u ooun banan. banan ececoa 2osopum npasoy, a soroxu éceeoa aeym. llepeulii
¢dpyxm cxazan: «Ooun u3z nepevix copoxa (pyxmos — oanan!y Iocreonui ¢pyxm cxazan: «Hem, ooun u3
nocneonux copoka pykmos — banan!y @pykm 6 yenmpe psoa 3aseun: «A oanan!». Ha xaxux nozuyusx moe
cmosimv banan? Ilepeuucaume 6ce 603MOACHBIE BAPUAHMBL U QOKANCUME, YMO OPYSUX HEM.

Otset. Ha nepgoii, mocneaneit u modoii ¢ 41-oi mo 59-yro. Pemenne. Eciu 6anan crout Ha 0JJHOM M3 KOHIIOB
psiia, TO OH TOBOPUT MpaBy, a sI0JOKU B IIEHTPE U Ha APYrOM KOHIIE psifia BPYT, Kak UM U 1oJioskeHo. Eciu 6anan
CTOUT Ha MO3ULUAX ¢ 41-0i o 59-y10, OH HUYET0 HE TOBOPUT WJIM TOBOPHT MpaB.y, a S0JOKK HA 000MX KOHIIAX
psina BpyT — CHOBa Bce B opsake. Hakoner, eciny 6aHaH CTOHUT Ha MO3HMILUSAX CO BTOPOH MO COPOKOBYIO MiH ¢ 60-
oii o 98-y10, To 0J1HO U3 sI0JIOK Ha KOHIIAX PsiAa TOBOPUT IIPABIY, YTO HEBO3MOYKHO.

3anpaua 2. Ha oocke nanucanvl hamypanvhvle wucia 1, 2, 3, ..., 50. Kaxoe naumenvuee konuuecmso uucen Haoo
cmepems, 4Ymobbl CyMMa HUKAKUX 08YX OCMABUIUXCS HA O0CKe Uucel He Oblid pasHa NpoCmomy Yuciy?

Ortser. 25. Pemienue. /lpumep. CoTpeM Bce HEUETHBIE YMCIIA, CyMMa JIFOOBIX JIByX OCTaBLIMXCs OylIeT ueTHa U
ooubie 2. Oyenka. PazoObem uncia ot 1 1o 46 Ha 23 mapbl naronmx B cymme 47, a uucina ot 47 1o 50 — Ha aBe
napsl JArIuX B cymMmMme 97. Mbl IOJKHBI CTEpEeTh XOTS OBl 110 OJHOMY YMCITY U3 KaXK/10H Mapbl, TO €CTh HE MEHbIIE
25 uncern.

3apaua 3. /lan keaopam ABCD. Ha npoodonscenuu cmoponvt DA 3a mouxy A eviopana mouxa T max, umo
AT = AD. Ha buccexmpuce yena BAT chapyacu mpeyeonvhuka BAT eviopana mouxa K makas, ymo LTKB = 135 °
Haiioume ocmpeutii yeon mearcoy npsamoimu BT u DK.

OtBer. 67,5°. Pemenme. 3amerum, uyto TpeyroiabHukH KAT u KAB paube: KA — oOmas, AT =AB u
ZKAT = ZKAB. 3nauntr, LTKA = ZBKA =67,5°. CnenosarensHo, ZKBA = 180°-45°-67,5° = 67,5° = ZBKA,
otkyna AK = AB = AD u ZADK = ZAKD = (180°-ZKAD/2) = 22,5°. Ilycts E — Touka nepecedeHust npsimbix BT
u DK. 13 tpeyronsuuka DET umeem ~/DET = 180°-45°-22,5° = 112,5°, u motomy cmexubiii ¢ DET ocTpsrit yron
paBen 180°-112,5° = 67,5°.

3anaua 4. Cepeorca 3a0yman 14 paznuunvix HamypanoHvix yuces, u 07 KAHCObIX 08YX U3 HUX 3aNUCAT HA OOCK) UX
Hauborbuwull 0owuil denumens. Paznocms 1i0bbIx 08yX 3anUCAHHLIX HA 00CKe uucenl okazanace He 6oavute 90.
Hoxaosicume, umo Ha 0ocke cmpemsamcs 064 paGHLIX YUCIA.

Pemenue. Tak kak u3 14 yrcen MoxxHO 00pa3zoBath 14-13/2 = 91 mapy, eciu Ha TOCKE HET IBYX OJJMHAKOBBIX YHCEI,
TO Ha HeH 91 uucno, uaymee noapsa. Cpeau HUX poBHO 13 nensites Ha 7. Ecnu cpenu 14 3aaymMaHHBIX 9riceN POBHO
k menmsitest Ha 7, TO cpetu YMCeN Ha A0CKe aenuthes Ha 7 mosnkabl poBHO K(k—1)/2. Ho k(k—1)/2 e pauo 13 Hu pu
KaKOM HaTypajbHOM K.

3amaua S. B pso cmoam 100 kop3suH, 6 kasxcooti nexcum no 10 bananos. Ilanoa u Bombam ueparom 6 uepy. Xoosm
no ouepeou, nauunaem Ilanoa. 3a 00uH X00 MONHCHO BbIOPAMb HECKONLKO KOP3UH (Xoms Obl O0OHY) U Cbecmb U3
Kad#coou u3 3mux KOp3uH no banawy. 3anpewaemcs 6bloupames mom e HAbop KOP3UH, KOMOPbIll paHbule yoice
Kmo-mo evlbupan. Buiuepvieaem mom, Kmo cvecm nocieoHutl Oanan u3z Kakou-mo kop3sutsl. Moowcem nu Ilanoa
2apanmuposams cebe nobedy Hezagucumo om uepvl Bombama?

Otset. Mosxer. Pemenue. Ilepbiv xomom [lanna Geper no GaHaHy MX KaXIO0W KOP3HMHBI, CIEAYIOIIUMH CEMBIO
XomaMu OepeT Mo OaHaHy M3 KaKIOW KOP3HWHBI, N3 KoTopoi BombaT He Opan 6anan npeapytymum xomoMm. [Tocme
BocbkMoro xona Ilanzp! Bo Bcex KOp3uHaX OCTaHETCS 110 /1Ba OaHaHa, Iocie BOCKMOro xojaa Bombara B kakoii-To
kop3uHe K okaxercst oguH 6anaH. CeaHHBIMHU K 9TOMY MOMEHTY XOJJaMH1 HCIIOIb30BaHbI 16 HAOOpOB KOp3HH, a
Ha0OpOB KOp3uH, cojepxkamux kop3uHy K, oueBunHo Oonblie. B3gB o ogHoMy OaHaHy M3 Ka)KAOM KOP3HMHBI
Kakoro-imoo u3 Takux Habopos, [Tanaa omycromuT kop3uny K 1 BeIUrpaer.

3apava 6. Jlewa evinucan na 0ocky 6ce HamypaivHvle yucia k, komopwvie Mo2ym Oblmb NPeoCcmagieHvl 8 uoe

1 3 101
St

) Qo1

gbinucano posHo 2600 paznuunsix yuces.

=Kk, 20e a1, @3, ..., al01 — HeKomopbvie HamypaibHvle Yucia. JJokaxcume, umo y He2o Ha 0OCKe



. 1 3 2n-1
Pemenue. Jlokaskem mo MHAYKOMK Oojee oOummid (akt: B BUIE — +—+...+

a3 a2n—1

TIpe/ICTaBUTh Bce umcna oT 1 1o n% kpome N?—1: mpu N =51 momyumTcs Kak pa3 Halle yTBEPXKICHHUE, TaK KaK
51% = 2601. basa npun = 3: 1 = 1/9+3/9+5/9, 2 = 1/1+3/8+5/8, 3 = 1/1+3/4+5/4, 4 = 1/6+3/1+5/6, 5 = 1/1+3/1+5/5,
6 = 1/4+3/4+5/1, 7 = 1/2+3/2+5/1, 9 = 1/1+3/1+5/1. Ilepexoo. Tlycth Mbl yKe BCe ITOKa3aId Ui M = N, TOKaXKeM
uist M = n+1. Bo-nepBbix, 1 MbI MOJTy4nM, 3aMEHUB BCE 3HAMEHATETT CYMMOM BceX uucnuTeneid. Bo-BTophIx, Bce
upcna oT 2 10 N°—1 MBI MOTYdNM, TOMYYHB U3 EPBBIX N Apobeii Bee umcna oT 1 10 N2 1 Npu6aBUB K KaXKIOMY
m X 1 = (2n+1)/(2n+1). A ecru MBI TOTy9HM U3 IEPBBIX N ipo0eii Bee urcia o1 N°—2n—1 (mpu n > 3 n?-2n—1 > 0)
710 N*~2 ¥ puGaBUM B KaKIOMY U3 HEX 4ucio (2n+1)/1, To momyumnm Bce uncna ot N? 1o n*+2n-1. Kpome Toro,
MBI MOKEM MOJTY4HUTh urcio (N+1)2, caienaB Bce 3HAMEHATENH eIHHHIIAMIL.

OcTanock MokasaTh, 4TO MONY4UTh 4ucao (N+1)2-1 Mbl He cMoxeMm. BossMeM cymMy Bcex apoGeit co
3HAMeHaTeIsAMHU 1, paBHYIO N2, U IOCMOTPHUM, YTO OyJeT MPOUCXONUTH IIPH YBEIUYEHNN 3HaMeHaTenel. Ecau Ml
YBEJMYMM XOTsI OBl OJJH 3HAMEHATEeNb Y IPOOH C YHCIUTENIEM HE MEHBIIE 5, TO CyMMa YMEHBIIUTCS 10 KpaiHei
Mmepe Ha 2. Ecii sxe Mbl OyzieM yBeTMuMBaTh 3HAMEHATEIH TOJIBKO y Ipo0eii ¢ ynciutensmu 1 u 3, To Bo n3dexanue
IPpOOHOM CYyMMBI MPUIETCS YBEIMYUTH UX 00a, M TOT/Ia CyMMa JIpoOeii CHOBa YMEHBIIUTCS XOTs Obl Ha 2. Uncna
(n+1)°~1 MBI B 060MX CITydasX He TIOTydHM.

=k mpu n>3 MoxHO

3anaua 7. Hazoeem namypanvhoe uucio t > 1 cuacmauevim, eciu 0 10060 napvl HAMYPAIbHbIX yucel n u k u3z
moeo, umo tn+k denumcs na tk+tn cieoyem, umo n denumcs na k. a) (2 6anna). Jokaxcume, umo yucio 5 —
cuacmnusoe. b) (5 6annos). Hatioume 6ce cuacmnugole uucia.

th+k

K+n

3ameTnM, 4TO B TaHHOM ciy4dae A < 5, tak kak 5(5k+n) > 5n+k. ITposepum cinyuau A = 1,2,3,4. Eciu A = 1,
to 5n+k = 5k+n, orkyma n = k. Eciiu A = 2, o Sn+k = 10k+2n, otkyaa 3n = 9Kk, wiau n = 3k. Eciu A = 3, to
5n+k = 15k+3n, otkyma 2n = 14k, wiu n = 7K. Eciu A =4, to 5n+k = 20k+4n, otkyaa n = 19k. Bo Bcex
CITydasiX MbI TIOJYYHIIH, YTO N AeTUTCs Ha K.

a) Pemenwue. [Tomoxxum

b) Otser. 2, 3, 5. Pemenne. Bo-niepBhix, OTIENBEHO MPOBepHM, 4TO t = 2 cuacTiimBoe: Tak kak 2(2k+n) > 2n+k,
TO JICTMMOCTh SKBHBaJCHTHA paBeHCTBY 2K+n = 2n+k, wiu n = k. Jlanee, mpeArnogokuM, 9T0 HEKOTOPOE

tn+k
t > 2 cuactiuBoe. Kak u B myHKTe &), OTHOLIEHHE A = <t, 3Ha4uT, A IpUHUMAET 3HA4YEHUA OT 1 110

K+n
n_ 2t-1 3 n
t—1. B ciayuae A = 2 mbl umeeM tn+k = 2tk+2n, nim 12" 2+t > Tak Kak OTHOIIEHUE Pl LEJIOoE,

TO W TpaBas 4acTh MPEABIIYIICT0 PAaBEHCTBA IIejas, YTO BO3MOXKHO ToJbKo mpu t—2 =1 wmm t-2=3. B
MOCJIEHEM ciydae t = 5 1 9TO YMCIIo MBI yXKe TPOBEPHIIN B IYHKTE (@), B IepBOM cirydae t = 3 u OHO TOXke
cuacTimBoe: nipu 3n+k = 3k+n cpasy ke n = K, a mpu 3n+k = 6k+2n monyuaercs n = 5k.

OcrayibHbIC K€ YUClia He CYACTIMBBIC, TAaK KaK MOKHO MOJ00paTh ABa yucia N u K, OTHONICHUE KOTOPBIX

OyneT paBHO , TO €CTh HE OYJIET SIBIIATHCS [EIBIM, HO paBeHCTBO tN+K = 2tk+2n BeIMOIHEHO.

3anaua 8. /lano neuemmnoe uucno k> 1 u namypanvroe n > K. B komnanuu u3 n wKoaibHUKo8 cpeou nodwix k
UWKONbHUKOG HAUIOeMC sl WKOJIbHUK, 3HAKOMbIU ¢ 0OCManbHelMu k—1 wikonenukamu. Hatioume ece 3nauenus n u k,
NPU KOMOPLIX MOICHO YMBEEPAHCOAMb, YMO 8 MAKOU KOMNAHUU 8Ce20a HA0emcs WKONbHUK, 3HAKOMbIL CO 8CEMU.
3naxomemea é3aummbie.

Ortser. Torna u ToabKO TOrna, Koraa N HedeTHo. Pemenue. [Tycte N yetHo. [okaxkeM, 4TO MOXKHO MO3HAKOMUTD
MEXJy cCOOOM N MIKOJBHUKOB TaK, YTO HUKAKOM IIKOJBHUK HE OyJeT 3HAaKOM CO BCEMHU OCTAJbHBIMHU, HO CPEIu
nr00bIx K M3 HUX HAMIEeTCsl MIKOIbHUK, 3HAFOLIUI ocTaBIIMXCs K—1 MIKOIBHUKOB. Pa300beM HIKOIBHUKOB Ha Taphl
Y TI0O3HAKOMHUM HX TaK, 9YTOOBI IKOJIBHUKH W3 OJHOM Maphl OB HE3HAKOMBI MEXKITy COOOH, a M3 Pa3HbIX Mmap —
3HaKoMbI. BeibepeMm mr00bix K 1mkonpHUKOB. [10CKOJIBKY KOMIAHHIO W3 HEYETHOTO YHCIIA IIKOJbHUKOB HEJb3s
pa30uTh Ha Mapsbl, CPeIM HUX HAMIETCS TAKOM, Y KOTOPOTrO HE3HAKOMBIN €My IIKOJIbHHUK B Ty Ipymiy u3 K uenoBek
He Botel. [103ToMy 3TOT IIKOJBHHUK 3HAET BCEX OCTAIBHBIX K—1 mikompHHKOB. TakuM 0Opa3oM, MpU Y4eTHOM N
HCKOMBIH crioco0 3HAaKOMCTBA CYILIECTBYET.

[Iycts N HeweTHO. JJocTaTovHO MMOKa3aTh, YTO €CIM HET MIKOJIBbHUKA, KOTOPBIN 3HAET BCEX, TO YCIOBUE 3a1a4U
HE BBITNIOJIHEHO. B KoMnanum HaiiieTcs MKOIBHUK Bacs, KoTopoMy HE3HaKOMBI XOTS OBl JBa JPYTHX IIKOJIEHUKA



(MHaYe KOMIaHHs JOJDKHA Pa30UThCs HA TMapbl HE3HAKOMBIX IIKOJIBHHKOB, YTO MPH HEYSTHOM N HEBO3MOXKHO).
[MokaskeM, YTO B 3TOI KOMIAHUK HE OY/IET BBIMOJIHEHO YCIIOBUE O Tpyriie u3 K mkonbHUKOB. Byiem Habupath 3Ty
rpymity nocreneHHo. CHauana moMecTuM B Hee Bacto 1 KakuxX—To IByX HE3HAKOMBIX €My IIKOJILHUKOB. Ha kaxkaom
miare Oyaem 100aBiATh B TPYIILY JBYX €llle He JOOAaBJICHHBIX B HEE HE3HAKOMBIX APYT C APYroM IIKOJIHHUKOB.
[TockonbKy B KaKIblii MOMEHT BPEMEHH KOJIMYECTBO IIKOJILHUKOB B TPYIINE OyAeT HEUEeTHBIM, TO OO0 HA KAaKOM-
TO OIare B TPYIIE OKAXKETCS POBHO K IIKOJBHUKOB (M TOTJA IO TIOCTPOCHHIO y KaKAOrO B Ipymie Oynuer
HE3HAKOMBIi eMy IIKOJIbHUK U3 TPYIIIBI), THOO0 B KAKOH-TO MOMEHT OKa)KETCSI, UYTO CPEAH OCTABIINXCS IIKOJILHUKOB
BCE MONApHO 3HAKOMBI. Bo BTOpoM cityyae y 1000r0 OCTaBIIEroCs HIKOIBHUKA €CTh HE3HAKOMBIH eMy IIKOJIBHUK
u3 rpymisl. [loatomy, ecim Mbl fobepeM rpymiry 10 K IIKOJIBHIKOB KaK yroJIHO, TO Y JTF000T0 IIKOJIEHHIKA B TPYIIIe
CHOBa OyJIeT He3HAKOMBIY IIKOJIFHHUK CPEIY OCTAJBHBIX MIKOJBLHUKOB TpyMIbl. VTak, cHOBa HaiifeHa rpynma u3 K
HIKOJIbHUKOB, CPEJIU KOTOPBIX HET TAaKOT0, KOTOPBI 3HAET BCEX OCTAILHBIX U3 TPYIIIIHL.



LIl YPAJIbCKUIA TYPHUP FOHBIX MATEMATUKOB. MDKEBCK, 02-08.11.2018

Penrenus 3a1a4 KOMAaHIHOM OJIUMIIHAILI 8 Ki1acca

3anaua 1. Ha 00wy uauiy eecos nonodicunu epy3 maccou 25 2. Bepa nocredosamenvo Kiadem Ha 4auii 6eco8 cupu
maccou 1 2, 2 2, u m.0. (kaxcoas credyiowas 2ups va 1 e msoicenee npedvioyueti). Kaxcoyio eupio ona modicem
nonoxcums Ha 100yio u3 yaul. Kaxoe naumenvuiee Konuuecmeo 2upb eli nompebyemcs, umoovl ypasHO8eCUms
yauiu?

Ortser. JleBste. Pemienue. [lpumep: 25+1+2+3+4 = 5+6+7+8+9. Oyenrxa. O4eBUIHO, CyMMa BECOB TIOJIOKEHHBIX
Ha Yalld THPh JOJDKHA OBITh HE MEHbIIe 25 T, a oOmmili Bec TMph U Tpy3a JIODKEH ObITh YeTeH. Tak Kak
1+2+3+4+5+6 = 21, rupb 10JKHO OBITH HE MEHBIIIE CEMHU, a €CJTH TUPh 7 WK 8, TO CyMMa MX BECOB ILTIOC BEC Ipy3a
HEUETHA.

/ \
B3amaua 2. [Ipsmvie mpéx nHanpasnenuil pazoueaiom nioCKOCMb HA 0OUHAKOBblEe PABHOCHOPOHHUE
mpey2onvbHuKu (cm. puc.). Kasxcoas cmopona mako2o mpey2oibHuka nokpauiena 8 00ut uz N yeemos
max, 4mo Kaxcowlil Nymsb MeHcoy J0ObIMU O8YMSL HECOCEOHUMU BePUIUHAMU NPOXOOUM NO OMPEIKAM
xomst 6vl 08yx paznvix yeemos. Ilpu kakom naumenvuiem N maxoe 603MOHNCHO?
Otsert. I[Tpu N = 3. Pemienune. PaccMOTprM IIeCTh OTPE3KOB, HCXOIAIINX U3 OJTHOTO y37a ceTku. Eciu \ /
Y—Y Cpe/ HUX HAMJIETCs /1Ba OJHOLBETHBIX HECOCEIHUX OTPE3Ka, TO MyTh, COCTOSIIHIA
' ‘ ? ! ?/ W3 HEX, OKAXeTCs ONHOLBETHBIM, MIPY 3TOM 3TOT MYTh COCIUHSET JIBE HECMEIKHbIC
3 1 5 ; - BeprmHbl. CleoBaTeNIbHO, U MOKPACKU ITUX IMIECTH OTPE3KOB HEOOXOIHMO
MuHAMYM 3 1iBeta. [Ipumep mis N = 3: cM. puc. Eciu BHYTpH TpeyroJibHHKa CTOUT
1 2 3 1 2 /' mudpa, To Bce ero pedpa OKpaieHsl B Takol 1BeT. Eciiu paccMOTpeTs 10001 1BET,

\ N VN 70 pebpa 3TOro [BeTa 00pa3yroT H30JHPOBaHHBIE TPEYTOJIBHHUKH (@ B TPEYrOIbHUKE
BCE BEPIINHBI — COCETHUE), T0OITOMY BCE IIYTH MEX1y HECMEKHBIMH BEPILIMHAMHU IPOXOAAT M0 peOpaM XOTs Obl
JIBYX LIBETOB.

Zanaua 3. [lpu rxaxux Hamypanehvix n >3 yucia 1, 2, ..., n MOJCHO paccmagums no Kpyey 8 maxkom nopsioke,
UmMoobl CyMMa Kaicobix 08YX COCEOHUX ucen 0enunacs Ha 3 unu Ha 5?

Ortser. [Ipu Bcex N> 6. Pemenne. Ecim 3 <n <5, To cpenu uucen ot 1 A0 N TOIBKO YKMCIO 3 NETUTCS HA 3, H
MOTOMY PSIZIOM C HUM MOJKET CTOSITh TOJBKO JIBOWKA, a MECT PAIOM C HUM — JBa. Jlanee 3aMeTnM, 4TO MOXKHO
HY)KHBIM 00pa3oM paccTaBUTh MO Kpyry uucia oT 1 1o 6: 163245 or 1 no 7: 1546372 u or 1 no 8:
16327845. 3amMeTiM Tenephb, 4TO B KAXKJIOW M3 THX PACCTAHOBOK €CTh JIBA CTOSIIIIUX PSAIOM YUCIIA, ACIISAIIAXCS
Ha 3, W JIBa CTOSIIMX PSAJAOM YHUCIIA, JArOIIue MpH JesieHur Ha 3 octatku 1 m 2. [loatomy B JIIOOYI0 TaKyro
paccTaHOBKY MOKHO JT00aBUTH C COXpaHEHHEM OMMCAHHBIX CBOWCTB TPHU CIEAYIOIINX YMCIIA: YUCIIO, EAIIeecs Ha
3 — MEXIy YuCIIaMH, IeJSIMMUCS Ha 3, a YKCIIa, JAroIIne MPH JISIICHUH Ha 3 OocTaTku 1 U 2, MEXIy YUCIIaMH,
JAIOIIUMHU TIPY JIeJIeHnH Ha 3 ocTatkul 1 u 2, Tak, 4TOOBI 4Mcia, Jaroie octatku 1 u 2, yepenoBamch. Takum
00pa3oM MBI TIOJTy4aeM paccTaHOBKM Beex yrcen oT 1 10 9, ot 1 1o 10 m ot 1 mo 11, 3aTem — paccTaHOBKH BCeX
yucen ot 1 1o 12, 0t 1 1o 13 m ot 1 go 14, u T.x.

3anava 4. Ha cmopone AB mpeyzonvnuxka ABC ommeuena mouka D max, umo AB = CD. [oxascume, umo npsamas,
npoxoodswas yepes cepedunvl ompeskod BC u AD, omcexaem om yena ADC pagrnobedpenuviii mpeyeonvHUuK.

Pemenue. ITycts L, M u N — cepeaunst orpe3koB CD, AD u BC coorserctBenno. Tpeyronsank LKN nmono6en
tpeyroapHUKY DKM 1o tpem yriam. ITycts K — xoaddumment sroro nogobust. [Tonoxxim AB = CD = ¢. Tornma
KD = LD-LK = ¢/2—kKD, otkyna KD = c¢/2(1+k). C mpyroii cropousi, MD = (AB—-DB)/2 = ¢/2—LN = ¢/2-kMD,
otkyzna MD = ¢/2(1+k) = KD, 4to n 3aBepiraer goKa3aTeiabCcTBO. 3amedanue. [lpyroe pemenne MoXXHO TIOyqHUTb,
ecim TpeyronbHuK ACD noctponts no napamienorpamma FACD. Torma MN (cwm. pemenne) Oyaet cpeaneit Tuauei
tpeyronbuuka FCB, a Tpeyronsank FAB — paBHOOEIpEHHBIM.

3apaua 5. [Ipsamoy2onvHuk ¢ HeduemHbiMU YeabiMy CMOPOHAMU Pa30um Ha NPAMOY20IbHUKU C YeTbIMU CIOPOHAMU.
Hoxaosicume, yumo naiioemcs xoms 6bl 00UH NPAMOY2O0NbHUK PA3OUEHUs, PACCMOAHUA OM KOMOPO20 00 Yemblpex
CMOPOH UCXOOHO20 NPAMOY20JIbHUKA TUOO 8ce Yemmble, TUOO 6ce HeuemHuble.

Pemenue. PaznuHyeM mpsMOyroJIbHUK Ha KBaJpaTHBIC KJIETKH CO CTOPOHOH | M pacKkpachM MX B IIaXMaTHOM
nopsiike. Tak kak 00e CTOPOHBI TPSIMOYTOJIbHIKA HEYETHBI, BCE YTJIOBBIC KIETKH OyIyT OIHOTO [IBETa, H KIETOK
9TOTO 1BeTa (MycTh 0€710T0) Ha JOCKe OyIeT Ha oaHy OoJblle, YeM YepHbIX. [103ToMy cpemu mpsMOyTOTbHUKOB
pa30ueHus HalIeTCs XOTs OBl OJIH TaKOH, B KOTOPOM OEJIbIX KJIETOK OOJbIlle, 4YeM YepHBIX. Bee ero yrier Oyayt



0ebIMH, a CTOPOHBI — HEYETHBIMU. [IocMOTpHUM Ha TPSAMOYTOJILHHUK, B KOTOPOM IPOTHBOIOJIOKHBIMU yTIIaMU
SIBJISTIOTCSL JIEBbIE-BEpXHUE YIJIbI OOJBIIOTO M MAaJEHBKOTO MPSMOYTOJbHMKOB. OHM 00a Oeinble, 3HAUUT JBa
OCTaBILIMXCA yIJIa OHOTO I[BETA, ¥ IOTOMY PACCTOSHUS OT HALIEro NPSAMOYTOJIbHUKA 0 JIEBOM U BEPXHEN CTOPOH
UMEIT OAMHAKOBYIO YETHOCTh. AHAJIOTMYHO JIOKa3bIBAETCSl COBNAJEHHE YETHOCTEH PACCTOSHMH OT HAlllero
MPSIMOYTOJIbHUKA JI0 JIFOOBIX BYX CMEXKHBIX CTOPOH UCXOJTHOTO, OTKY/Ia U CIIEAYeT YTBEPKICHUE 3a/1aUH.

3agaua 6. ITocneoosamenvrocms (an) 3a0ana ycroguamu a1 = 1 u an = ana+r’ npu n =2, 20€ rn — ocmamox om
Oenenusi an-1 Ha n. Kaxoe naubonvuiee konuwecmeo O0OUHAKOBBIX UAEHO8 MOJCem UOMU Noopsd 6 dMmol
nocireoosamenbHocmu?

Otget. Tpu. Pemenune. Boruncnum niepssie 12 wineHoB nocnenoarensHocTu: 1, 2, 6, 10, 10, 26, 51, 60, 96, 132,
132, 132. Takum 00pa3oMm, TpH OJAMHAKOBBIX YUCIIA IO B HEH eCcTh. JlomyCTHM, €CTh YeThIpe OIMHAKOBBIX YHCIIa
X moapsia. [Tycts ux HOMepa N, n+1, n+2, n+3. Torxa X genurcs Ha N, N+1 1 N+2, a, 3HaunT, He MeHbIe nX HOK,
KOTOpbIH He MeHbIie N(N+1)(N+2)/2. C apyroi cTOPOHbI, X HE MPEBOCXOAUT

ar+424+5246%+. . +H(n-1) < 12422+, +(n-1)? = (n-1)n(2n-1)/6.
Ho, kak HeTpyaHO MPOBEPHTH, BHIMOIHEHO HepaBeHcTBO N(N+1)(n+2)/2 > (n—1)n(2n—1)/6: nocne menenus Ha N,
PACKPBITHS CKOOOK M MPHMBEIEHHS MOJOOHBIX WIEHOB OHO CBOIMTCA K OYEBUIHOMY HEPaBEHCTBY N2+12n+5 >0,
Takum 00pa3oM, NMpPEANONOKEHHE O CYIIECTBOBAHMU YETHIPEX HIYIIMX MOIPSAA PaBHBIX YHCEN NPUBOAUT K
HPOTHBOPEUHIO.

3anaua 7. Ha 6uccekmpuce AL mpeyeonvhuxka ABC ommeuena mouka D max, ymo BL = BD. JIyu BD nepecexaem
cmopony AC 6 mouke E. Ompesxu LE u CD nepecexaiomcs 6 mouxe F. Jlokaoscume, umo niowaos
yemuvipexyeonvruxa DBLF pasna nnowaou mpeyzonvuuxa CEF.

Pemenue. 3ameTum, 4to riomaau yersipexyronsHiuka DBLF u tpeyronsnuka CEF paBHbI Torna u Tosbko Tormaa,
Koraa paBHsl miomaau tpeyronsankoB DBC u ELC. ITycts hp u he — nmmmnb! BeicoT u3 Touek D u E Ha npsimyro
BC. Toraa Spec:SeLc = (BC-hp):(CL-hg) = (BC:CL)-(hp:hg). Y3 mogo6us hp:he = BD:BE, nmostomy aj1st OKOHYaHUsI
perenust octanock aokaszath, yto BC:CL = BE:BD. Berunras u3 o6eux vacreii 1, yautsiBas BL = BD, momy4aem,
4TO J0CTaTO4HO jaoka3atk, yro BD:CL = DE:BL. Ho u3 nmono6us (o asym yriam) tpeyroiasHukos ABD u ACL
nony4daem BD:CL=AD:AL, a u3 nogoous AED n ABL — DE:BL=AD:AL.

3anaua 8. Koneunoe mMHodcecmao S HamypanbHvix yuces maxkogo, Ymo eciid HeKOMopoe YUCO X COOepAHCUMCL 8 S,
mo 8 S codepocamcs u 6ce Hamypaivhvie denumenu x. Henycmoe noommnoocecmeo T mnoocecmea S nazvieaemcst
XOpowum, eciu YyacmHoe aroowix 08yx semenmos T a61semcs cmenenbo npoCcmo2o YUCia ¢ YeablM NoKa3amenem.
Henycmoe noomunooicecmeo T muooicecmea S Hazvieaemcs RAOXUM, eCliu HU Y KAKUX O8YX PA3IUYHBIX NeMEHMO8
T yacmHoe He sa6nsAemMCca CMeneHwvlo NPOCMO20 YUCIA C YelblM nokazamenem. (B uacmuocmu, xadxcooe
OO0HOBIeMeHmMHOe NOOMHONCcecm8o S 00HO8PeMeHHO Xopouiee u nioxoe.) Jloxadicume, ymo Hauboavbuiee
KOUYeCmeE0 371eMeHMO08, KOMOpPoe Moxcem Oblmb 8 Xopouiem HOOMHodcecmae S, PaBHO HAUMEHbULEM) KOTUYECE)Y
NONAPHO HeNnepecekarouuxcs nioXux NOOMHoONCecms S, 0arowux 6 obveournernuu S.

Pemenwue. [Tycts K— HambosbImee 9ucio Takoe, 9To B S €CTh HEKOTOPOE YUCIIO N, KpaTHOE K- CTereH! mpocToro
upcna. Toraa B S ecTh Xopoliee MHOKECTBO U3 k+1 ameMenTa: eciu N ienuTes Ha P< i HEKOTOPOro HPOCTOTO P,

n

n n
TO MHO>XCECTBO {n,—,—z,. . ’_k} — Xopomiee. Jlerko BUACTD, YTO B KAXKIOM XOPOLIEM MHOKECTBO BCC HaCTHBIC
p

JIOJDKHBI OBITh CTEMEHSIMH OJJHOTO M TOTO JKE MPOCTOr0 YMcia, Tak 4To Oombiie, yeM K+1 umcno, B xopoiiem
MHOXECTBE 6I:ITB HC MOXKCET.

JlokaxxeMm, uto S pa3buBaercss Ha K+1 mioxoe MHOKeCTBO. J{jisi 3TOro pasiokuM KaxkIoe YHCIo X € S Ha
NPOCThIE MHOXKHTENM W MOJACYUTaeM KoiuuecTBO f(X) coMHOXuTenei (He 00s3aTeNnbHO Pa3iuYHbIX) B ITOM
paznoxenun. Jns kaxaoro nenoro i, 0 <1<k, paccMOTpUM MHOXECTBO Sj, COCTOSINEE U3 BCEX AIIEMEHTOB S, y
kotopbix f(X) maér nmpu menenun Ha K+1 ocrarok i. OueBHIHO, KaXIbIil SJIEMEHT S MOMaa POBHO B OJAHO W3
mHOKecTB Si. JJokaxkem, uTo MHOXKeCTBa Sj utoxue. J[eficTBUTENBHO, €CIIM MHOXKECTBO Si He TJI0X0€, TO HalIyTCs
JIBa Pa3JIMYHbIX YKCa X, Y € Si, OTHOIIEHHE KOTOPBIX paBHO P™, Ti1e p — HEKOTOpoe mpoctoe yrciio. Ho Torma m
KkpatHO K+1, 1, TOCKONBKY HH OJIMH 31IeMeHT S He kpateH PL, m = 0 u X =y, uTo 1 Tpe6oBaIOCh.

Jomyctum, yaanochk pa3outs S Ha M < K rmioxux MHOKecTB. Ho Toria Xots Obl B OIHO U3 HUX TOMAJICT XOTS
Obl 1Ba snemenTa u3 (K+1)-31eMEeHTHOTO XOpOIIIero MHOXKECTBA, YTO HeBO3MOXHO. UTak, k+1 — MuHMManbHOE
KOJIMYECTBO HETEPECEKAIOIINXCS IUIOXMX MHOKECTB, JAONMX B OOBCAMHEHHH S, YTO W 3aBepIIacT
JI0Ka3aTeIbCTRO.



