8-9'" degree

Task 1. OxkpyxkHOCTH W] U Wy, HE HMEONUE OOMIMX TOYEK, KACAIOTCS OKPYZKHOCTU () BHYTPEHHUM
obpaszom B Toukax A m B, coorBercTBeHHO. lleHTDBI OKpyKHOCTEH W U Wy PACIOIOXKEHBI 110 PA3HBIE
croponbl oT npsamoit C'D — obmieit KacaTebHO| 3TUX OKPYZKHOCTel, mprudeM Touka C' JIEXKHUT Ha Wi, a
touka D — na wy. Haitaure rpajgycuyio mepy ayru AB okpyzkuocTH €2, ecm yroa mexkay npaMmbimua AC
u BD cocraBiser 55°.

The circles wy and wy (which have no common points) touch the circle € internally at the points A and
B, respectively. The centers of the circles w; and ws are located on opposite sides of the line C'D which
is the common tangent line of these circles while the point C' lies on w; and the point D lies on ws. Find
the degree measure of the arc AB of the circle 2 if the angle between the lines AC' and BD is 55°.



Task 2. Asmca n Bo6 urpator B urpy. Ha miockoctin orMedensl n > 1 To9ek 00IIero mooxKeHus: (T.e.
HUKaKWe TPU U3 HUX He JiexkaT Ha OJHOI MpAMOii), Tjie 1 — HeYeTHOe HaTypasibHOe 4ucao. Annca u
Bo6 o ouepenn (HaunHast ¢ AJUCHI) BRIGUPAIOT MAPY TOYEK U COEIUHSIIOT UX OTPE3KOM (3amperiaercs
IOBTOPHO COEJIMHSITH TOYKH, KOTOPbIe y7Ke COeJMHeHbl 0TPe3KoM ). [IpourphiBaer ToT, Moc/ae 96ero Xoua
obpasyeTcs MUK HeIeTHO JITHHBI.

Kto BBIMTpaeT mpu mpaBUILHOI UTpe 000MX COMEPHUKOB?

Alice and Bob are playing a game. For an odd integer n > 1 there are n points chosen on a plane
in such way that there can’t be chosen three of them lying at the same line. Alice and Bob make their
moves (starting with Alice) by choosing a pair of the points and connecting them with a segment (it is
forbidden to reconnect points that are already connected). The one whose move forms a cycle of odd
number of segments — loses the game.

Who will win if both opponents play correctly?

Task 3. /lyist Bcex BelecTBEeHHBIX X, Y, 2 > 1 JOKaKUTe HEPABEHCTBO

r+y—+z

3 —i—xyzZ(\/x—l—l-\/y—l—i-\/z—l)2

Prove for real z,y,z > 1:

r+y+=z

3 +ayz > (Vo —1+y—1+vVz—1)°



Task 4. Becbma HecTangapTHBIN JIFOL0€1 BeIepPOM TIEpe/I CHOM ToiMaJI APYKHBIX MaTeMaTuKoB. «(Cero-
JIHS s CBIT, HO 3aBTPa s pa3/esaioch ¢ BAMU», — CKa3aJl OH U IIOTOM HPOIOJIKUI: « CeroJHsImHion HOIb
BBI IIpOBeieTe B 00Ieil KaMepe, a 3aBTpa YITPOM f paccazkKy Bac IO OTAEIbHBIM KaMepaM ¢ HOMepaMH,
IIOTOM KazKJIOIO M3 BAC 10 OTJAE/bHOCTH (C IJIa3y Ha 1J1a3) CHpPOIly, KAKOH HOMEpP ero KaMepbl, U TeX, KTO
yraJiaeT B 9TOH 1epBOii MONBITKE, BBIIIYIILY U3 UX KaMep y Bcex Ha Iva3ax. Ho mocie 31oro s Kaxk oMy,
KTO Cpa3y He yraJaj HOMep ero KaMephbl, JaM ellle OJHY MONBITKY — elle pa3 (¢ a3y Ha 17a3) Crporny
PO HOMEpP ero KaMepbl, OJIHAKO, €CJIU XOTh OJUH W3 HUX OMNOeTCsI — g CbeM Bcex!».
Kak cnactuch BceM MaTeMaTuKaMm?!

NsBecTno, 4To MaTeMaTukoB n > 1, MHJIMBU/IYAJIHHBIX KaMep TOXKE 7, OHU MPOHYMEPOBAHbI KAKUMU-
TO HEJIBIMU YncaaMu 13 auanasona or 0 1o (n — 1) (ograko, B 6ecropsiike n, BO3MOYKHO, ¢ TIOBTOPAMH
¥ IPOILYyCKAMH KAKHX-TO HOMEDOB — JIIOJI0E/-TO MAJOTPAMOTHBIH ), U3 KazK/10ii KaMepbl BUIHBI HOMepa
BCEX KaMep, KpOMe HOMepa CaMoil 3Toil KaMepsl, B 00IIell KaMepe MAaTeMAaTHKH MOTYT J0rOBapUBATHCS
0 KaKOM YTOJHO aJTOPATME YTaIblBaHHs HOMEPOB CBOMX KaMep, HO B HHIUBHAYaIbHBIX KaMepax OHHU He
MOryT 00maThes (nepegaBarh Kakue-janb0o CUTHAJBL JIPYT JAPYTY), & PA3rOBOD € IJIa3y HA IJ1a3 CJIbIIIAT
TOJIHKO €r0 HEeIOCPEeJICTBeHHbIe YYaCTHUKH (JII00e/l 1 MaTeMaTHK, yJacTByolne B padrosope). Cam
JITOJ0€e 1 YeCTHBIN: OH I[eﬁCTBI/ITe.HbHO OTIIYCKa€T y BCEX Ha TIVIa3aX MAaTEMATUKOB, KOTOPbIE€ yraJaJu HO-
Mepa CBOMX KaMep B IIepBOil MOIIBITKE.

A very unusual cannibal caught some mathematicians at the evening. «Today I am full, but tomorrow
I will eat you», he said and then continued: «Tonight you will spend in a common cell, and tomorrow
morning I will put you in enumerated separate cells, then I will ask each of you (in private) about what
his cell number is, and those who guess correctly in this first attempt will be released from their cells in
front of everyone. After that, I will give everyone else one more attempt — once again each of them will
be asked (in private) about the number of his cell. If at least one of them will not guess the number,
then T will eat them all!».

How can all mathematicians save themselves?

It is known that there are n > 1 mathematicians and n individual chambers that are numbered with
some integers from the range from 0 to (n — 1) (however, in disorder and, possibly, with repetitions and
gaps because the cannibal is poor in counting), from each cell you can see the numbers of all the other
cells (but cannot see the number of your cell itself), and in the common chamber mathematicians can
discuss their strategy, but in separate cells they cannot communicate in any way. The cannibal himself
is honest: he really lets go those mathematicians who guessed the numbers of their cells in the first
attempt, and all others will see it.



Task 5. (3azaqa npegocrasiena mapraepom Oumvinaasr — komnanneii « Tuabkopd Obpazopannes) -
Ha cTone nexkar 16 kapTodek: Ha OAHON W3 HUX HANMCAHO YACJO0 1, HA BTOPOil — 2, HA TpeTheit — 3, .. .,
Ha mocJietHeit — 16. Bacsa mepeBepHy/T uX Bce U OBICTPO IepeMennan Tak, 9To [leTs He ycmes 3allOMHUATH
MECTOIOIOKeHNe HU OJHONW KapTOUKH, a caM Bacs 3amoMHIT BCE.

[Terst xouer BbLIOKUTH Bce 16 KapTOoveK B psiji, He lepeBOpauMBas UX, TakK, YTOObl YUC/IA HA HUX
IIJIA CJIeBa HAIPaBo JIMOO MO BO3pacTaHuio, JAuOO 1Mo yObIBaHUIO. Bacss xo4eT emMy B 3TOM MOMOYb. 3a,
OJIHYy TTOJCKa3KY BaCH MOZKET YKa3aTh Ha JABE KapTOYKHU U CKa3aTh HeTe, qeMy paB€H MOAYJIb Pa3HOCTH
quces Ha HUX (HEe cOoO0INast, KAKoe U3 Juces1 GOJIBIIe).

3a Kakoe HauMeHbIIee KOJIUIeCTBO MocKa30K Bacsa moxkeT moMmoub Ilere rapaHTHpPOBAHHO TOOUTHCS
nesun’? )

There are 16 sheets on a table with the number 1 written on the first one, number 2 on the second
one, number 3 on the third one, ..., and number 16 on the last one. Vasil turned them all over and

quickly mixed them so that Peter did not have time to remember the location of any sheet, while Vasil
remembered all of them.

Peter wants to put all 16 sheets in a row (without turning them over) in such way that the numbers
on them go from left to right either in increasing or in decreasing way. Vasil wants to help Peter in
this. For one hint, Vasil can point at two sheets and tell Peter the difference between numbers on them
without telling which of the numbers is larger.

For what smallest number of tips can Vasil help Peter to achieve the goal for sure?



