Joporue mKoJbHUKHU!

Bawm npeanaratorcs 3agaun mpo0aeMHOTO Typa. bynyT o1ieHuBaThCsl HE TOJIBKO PEIICHUS
OJIHOWM WJIM HECKOJBKHMX 3aJlad, HO M BO3MOXXHBIE OOOOIIEHUS, a TAaK)KE€ WHTEPECHBIC HJICH,
BO3HUKIIKE TpH pemennn. Ha dectuBane OyayT mpouuTaHbl JIEKIINH, KOTOPbIE paccKaxyT Bam
O PEILIEHUH ITUX 33/1a4 U UX CBS3U C COBPEMEHHOM MaTEMATUKOM.

JI106i yuni!

Bam npomnonyoTbest 3aaaui npoOieMHOro Typy. ByayTh OIiHEH1 HE TUIBKU PO3B’SI3KU
OJIHIET YU KUIBKOX 3ajiay, ajieé 1 MOXJIMBI y3arajlbHeHHs, a TaKOX LIKaBi 171e1, sIKl BUHUKIIU MpU
po3B’s3anH1. Ha ¢ectuBani OyayTh nmpounTaHi JIEKIIl], sIK1 po3KaxyTh Bam npo po3B’si3aHHS LUX
3aJ1a4 Ta iX 3B’ 530K 13 Cy4aCHOIO MaTeMAaTHUKOIO.

Dear pupils!

We propose you tasks of the problem round. Not only solutions, but possible
generalizations and interesting ideas appeared during solving will be evaluated. We will give
lectures on each problem and its connection with modern mathematics at the Festival.

3anaua 1.
Ha ocHu OX HaAXOOAUTCA HECKOJIBKO YaCTHII. Kaxq[y}o CGKYH)Iy Kaxaasd gyacTua ACIIUTCS

Ha 2 paBHBIC YaCTH, TEepBas 4acThb pacmojaraercs Ha 1 jeBee COOTBETCTBYIOIICH YACTHIIBI, a
BTOpas Ha 1 mpaBee. Ecim B 0JTHY TOUYKY MOTAJArOT JIBE YACTHIIBI, TO UX Macca CKIIaJbIBACTCs.
JIOITyCTHM, YTO B HAaYaJIbHBII MOMEHT BPEMEHH Ha OCH HAXOJHUTCS TOJIHKO OJIHA YaCTHUIA MACCHI
1 B Touke M.

1) Haiitu mMaccy, koTopast OyJeT HaxoIuThCs B TOUKe K mocie N cekyH/I.

2) Kak u3MeHuTcs OTBET, eciid B Touke 0 HaXOIUTCS TOTJIOMIAMONIMI 3KPaH, T.e. BCE YaCTHIIbI
nomasmue B O yandroxarorcs?

3) Kak um3menutcs otBeT, ecinu B Touke O HAXOAMUTCS OTPaXKAIOUIMH IKpaH, T.C. YaCTUIA
nomaBmas B O Ha clieyromieM mare He JIeIUTCS, a oMagaeT B TOuKky 17

4) Kak u3MeHHTCS OTBET, eciud B Touke O HAXOIMTCS TOJYIMpO3payHas MeMOpaHa: YacThIa
nomaBmas B O ienuTcs Ha Be B POTIOpIXU P:(, IepBas nonagaet B -1, a BTopas B 17?

5) Uto npoucxoaut, eciu B Toukax O u d HAXOSTCS OTpaXKAIOIIUE SKPAHBI, UK TTOTJIOIIAOIINE
9KpaHBbI, WIH OJIUH MOTJIOMIAIONINI SKPaH, a IPYroi OTpakaroIuii?

6) UTo mpoMCXOMUT C MAacCoOM, eClii N TOCTATOYHO 00JIBIIOE?

Ha oci Ox 3HaxoauThes AeKUIbKa YacTUHOK. KOXXKHY CEKyHly KOXHA YaCTHHKA JUINTHCA
Ha 2 piBHI YaCTHHHM, TepIIa PO3TAIIOBYEThCs Ha 1 iBimme BimmoBimHOT YacTHHKH, a aApyra Ha 1
npasiire. SIKIo B 0JIHy TOUKY HOTPAIUISIFOTh JIB1 YACTUHKH, TO X MacH JI0Jal0ThCS.
[IpunycTumo, Mo B MOYATKOBHM MOMEHT 4acy Ha OCl 3HaXOJUThCS OJHA YacTHMHKA Macu 1 B
TOYII M.
1) 3naiiTu Macy, sika Oyje 3HaXOAUTUCH B TOUIll K ITiCas N CeKyHI.
2) Sk 3MIHUTBCS BiAMOBiAb, fAKIO B Toulli O 3HAXOMWUTHCS MOTJIMHAIOYMN €KpaH, TOOTO Bci
YaCTUHKH, M0 oTpanwin B O 3HUIIYIOThCS ?
3) Sk 3MIHUTBCS BIAMOBIb, KO B TOYI O 3HAXOIUTHCS BiIOMBAaIOUUil €KpaH, TOOTO YaCTHHKA
sika moTpanui B 0 Ha HACTYITHOMY KpOIli HE AUTHTHCS, a MOTPAIUISE B TOUKY 17
4) Sk 3MIHUTBCS BIAMOBIAB, SKIIO B Toulli O 3HAXOAMTHCS HAIIBIPO30pa MeMOpaHa, TOOTO:
JacTUHKA sika noTpanwia O 1imuThes B poropiii P:Q, mepima moTparvisie B -1, a npyra B 17
5) o BimOyBaeThes, skiio B Toukax O 1 d 3HAXOAAThCsI BiIOMBarOUi €KpaHH, a0 MOTJIHHAIOYI
eKpaHu, ad0 OJIMH eKpaH BiOMBAIOUUii, a APYTUil MOTITMHAOYHI ?
6) 11lo BimOyBa€eTHCSI 3 MACOTO, SIKIIO N TOCTATHHO BEIUKE?



There are several particles on an axis Ox. Each particle is divided on 2 equal parts each
second. The first part is located to the left from initial particle and the second part to the right.
The distance between each part and initial particle is 1. If two particles come to the same point
then their masses are added.

Assume that there is the only one particle of massl in apoint mat the initial instant of time.

1) Find mass that is located in a point k after n seconds.

2) What happens if there is absorbing screen in a point O, i.e. each particle which gets O is
deleted.

3) What happens if there is reflecting screen in a point O, i.e. each particle which gets O is not
divided on the next step and jumps into apoint 1.

4) What happens if there is elastic screen in apoint 0O, i.e. each particle which gets O isdivided in
the ratio p:q, the first part comesto -1 and the second comes 1?

5) What happens if there are two reflecting screens in points 0 and d, or there are two absorbing
screens, or one screen is absorbing and the second is reflecting?

6) What happens with mass if n is large enough?

3agaua 2.

JloKa3aTh, 4TO CyIIECTBYET He MeHee 2200 HaGopos {X| k=1,..,2008}, cocrosmmx u3 1w (-1),
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Prove, that there exist at least 22°° sequences {x| k=1,..,2008}, from 1 and -1 such, that
2% X,

— £ 3;
K

a)

Qo5
= |

b) max ‘ £3.
1£n£2008

=
Il
iy

3agaua 3.

WBan u [letp mo ouepenn moadpackiBaroT MOHETY. Ecii oapsiy BeIagaeT 2 «opia», To
BBIMIpBIBacT BaH, ecnn noapsan tpu «pemkn» - Ilerp. Kak TOJNBKO BBINTagaeT oHa U3 3TUX
Cepui, Urpa 3aKaHUYUBAECTCH.

a) MBan npemnaraer [leTpy crenyroliue CTaBKU: €CJIM OH MPOUTPhIBacT, To iatut Ilerpy 3
py0., a ecim BBHIUTPBIBaET, To moiydaeT ot [lerpa 2 py6. Cnemyer mu Ilerpy cornmamartscst Ha

TaKyIo Urpy?



0) KakoBo MHHHMMalbHOE OTHOINCHHE CTAaBOK, INPH KOTOPOM wHrpa Oymer (B cpeaHem)
HenpourpeImHoOi st [lerpa?

B) Kak M3MeHsATCsI OTBETHI Ha MpeAbIAyIIne Bompockl, ecinu VMBan u [letp momdpackiBaroT 1o
oyepend Be MOHETHI (KaXIblii — CBOIO), OKH/asl BBINAJCHHUS CBOCH BBIMIPBINIHON CEpHH Ha
cBoeli MoHeTe, u [leTp moaOpackIBaeT mepBbIi?

IBan Tta Ilerpo no yep3i MiAKKUAAIOTH MOHETY. SIKIIO BUIAAAa0Th NOCHUIb JBA “OPIU~, TO
BHUrpae IBaH, SKIIO BUMAAAI0Th MOCTIUTh TpH “pentiTku’ — [leTpo. Sk TUIbKK BUTIAZA€ OJIHA 3 IIUX
cepiif, rpa 3aKIHIYEThCSI.

a) IBan nporonye [leTpoBi Taki CTaBKU: SKIIO BiH Mporpae, To miatuth [leTposi 3 rpH., a AKIIO
BUTpae, To orpumye Bin Ilerpa 2 rpu. Yu ciin [leTpoBi moromkyBaTuchk Ha Taky rpy?

0) Slkum € MiHIMaJbHE CIIIBBITHOIICHHS CTaBOK, 3a sKOro rpa Oyme (B cepeaHbOMY)
HenporpamHoo s [lerpa?

B) SIk 3MIHSTBCS BiAMOBINI HA MOTIEPEHI 3auTanH, Ko [BaH Ta [leTpo migkuaarTh Mo 4ep3i
1B1 MOHETH (KOXKEH — CBOIO), UCKAIOUW HA BHUITAJaHHS CBOET BUTPAIIHOI cepii Ha CBOTH MOHETI, 1
[TeTpo migkumae nepmum?

John and Peter, in turn, toss a coin. If two “heads’ fall in turn then John wins, if three
“tails’ fall in turn then Peter wins. As soon one of these series falls, the game is finished.
a) John proposes Peter such agamble: if he loses then he pays 3 Euro to Peter, if he wins he gets
2 Euro from Peter. Should Peter accept the gamble?
b) What isthe minimal stake ratio for the gamble to be non-losing (in the average) for Peter?
¢) How the answers to the previous two questions would change if John and Peter toss, in turn,
two coins (everyone its own one) and wait till their winning series appear on their own coin?
Peter tosses first.



