Teopusa nrp

Bonpoc VlHd)O

YBa)kaeMble y4aCTHUKN!

OﬂMMHMaﬂHOGBaAaHMeHOHaHpaBHEHMD«TeopMHMFp»COCTOMTTOﬂbKOM3MHBapMaHTHOﬂHaCTw
3TO0 03Ha4vaeT, 4To BaMm HYXXHO NOCTapaTbCA pelwnTb BCe 3afa4 N OTBETUTb Ha BCe BOMPOChHI,
HTO6bIﬂpeTeHﬂOBaTbHaleMBOBHeIWECT&

Bepum B Baw ycnex!

WHCTpyKLUUM OT COCTaBUTENEN 3a0aHNI:

e YcnoBue KaXk[oln 3afa4un NpuBeeHO Ha PYCCKOM M aHT JIMACKOM A3blKe. PelieHne moxeT bbIThb
npefcTaB/IEHO Kak Ha PyCCKOM, TaK U Ha aHMJINNCKOM fi3blke. HMKaKunx [onosHUTesNbHbIX 6annos,
BMPOYEM, KaK U1 LITpadoB, 3a peLleHNe Ha aHI IMACKOM A3blKe He NpefyCMOTPEHO.

e PelueHne 0OKHO BbITb XOPOLLO CTPYKTYPUPOBAHHbLIM, N3/I0)KEHO FPaMOTHbIM Si3bIKOM, @ MOYepK
— pacrno3HaBaeMbiM. OTBETbl Ha Ka4YeCTBEHHbIe BOMPOCh! A0/KHbI ObITh YoeanTensHo
apryMeHTUpoBaHbl, HO AJIMHHbIE PAaCCYXXAEHWS, He OTHOCALLMECSA K CYTW ieNa, MOryT HeraTuBHO
NMOBANATb Ha OLLEHKY.

e Bce Wwaru B pelleHnn fosKHbl 6bITb 060CHOBaHbI, BCE BbIYNCIEHNSA LOJKHbI MPUCYTCTBOBaThL B
paboTe.

e Ec/v npusefieHHOe pelleHre ABNSeTCA HeBePHbIM, nepevyepkHuTe ero (NnepedyepkHyToe
peLleHne He NPoBepseTCca) U NPUBEANTE KOPPEKTHYIO BEPCUIO.

e [py HaNIMYMM HECKOJIbKNX BapMaHTOB peLLUeHNs OAHOM0 1 TOro XXe 3aA4aHuns, NPoBEPSOLLNA caM
onpepnensieT, Kakoe U3 peLleHnin NoANEXUT NPOBEPKE, a anenssaumm ¢ Npocbbor NnpoBepunTb
[PYrov BapuaHT peLleHns He NPUHMMaloTCA.

Bonpoc]
Bbann: 15,00

Coobpaszum Ha Tpoux (15 6annos)

PaccmoTpum nrpy «KameHb, HOXXHULbI, ByMara» gns TPEX UTPOKOB CO CTaBKaMu Mo CNefyowmm
npaBuaaMm: Ka>kabll UTPOK rnepen po3birpbilleM CTaBUT Ha KOH Mo eAnHuue. ECnm Bce nrpokun
BbIBpOCUAN pa3Hble durypbl (Moay4unacs, Hanpumep, koMbuHauna KHB) nnn Bce oguHakoBble
(Hanpumep, koMBUHaLMs BBB), TO MKCMPYETCA HUYbS, N KaX A bl UFPOK NOJSy4aeT CBOI CTaBKY
Ha3apd. Ecnm »)xe urpokn B COBOKYMHOCTM BbIOPOCUIN POBHO ABE pas/inyHble Urypsbl, TO
hukcmpytoTca nobeantenn n nobexx AéHHbIE: Tak, €CAN OAUH UTPOK Nobeann oByX OPYrmx
(Hanpumep, kombuHauma KHH), To oH 3abrpaeT Becb 6aHK cebe, a ec/in 1Ba UrpoKa BbIUFpaaun y
TpeTbero (Hanpumep, kombuHaunsa HHB), To 6aHK aenuTca Mexay nobeanTens M NopoBHY.

1. KakoBa cTpaTermnyeckas popma JaHHON UrpbI?

2.TlyCcTb y BaC eCTb BO3MOXHOCTb NMOYy4aCcTBOBaTL B 3TO Urpe 3a ABYX Urpokos cpa3y («c aByx
PYK»). KakoBO MaTeMaTn4eckoe 0XKnaaHne Ballero BbIMrpbilla U Ballu CTPaTernm B paBHOBECKM B
5ToMm cniyvae ([ake ecnm ConepHrK 3HaeT, 4TO Bbl UrpaeTe C ABYX PyK)?

3.MycTb Tenepb Bbl Nepen Mrpoit MOXKeTe CrOBOPUTLCS CO BTOPbLIM UIPOKOM Tak, YTobbl AenTb Ball
BbIMrpPbILL (M MpourpeiLw!) NonoaaM, o4HaKo BO BPEMS UIPbl Bbl HE MOXXeTe 06MeHNBaTLCH KaKon-
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Teopusa nrp
6o nHopMaunen nam NCNosb3oBaTb 06N NCTOYHUK CAYHaNHOCTH, 4TO6ObI HUYEM Opyr gpyra
He BblAaTb. KakoBbl Tenepb BallK CTPaTErMm U MaTeMaTUYECKOe OXKULAaHNE BbINrpbIlLa?

Let's figure it out for three (15 points)

Let's consider the game "Rock, paper, scissors” for three players with bets according to the following
rules: each player bets 1 before the play. If all the players have shown different hand signal (for
example, a combination of RPS) or all the same (for example, a combination of RRR), then a draw is
fixed, and each player gets his bet back. If the players have shown exactly two different signals
among three, then the winners and losers are fixed: so, if one player defeated the other two (for
example, a combination of RSS), then he takes the whole pot for himself, and if two players defeated
the third (for example, a combination of SSP), then the pot is divided equally between the two
winners.

1. What is the strategic form of this game?

2. Let you have the opportunity to participate in this game for two players simultaneously ("with two
hands"). What are the expectation of your payoff and your strategies in equilibrium (even if your
opponent will learn that you play with two hands)?

3. Now, before the game, you can collude with the second player in such a way as to divide your
further winnings (and losses!) equally. However, during the game you cannot exchange any
information or use a common device of randomness so as not to give each other away. What are
your strategies and the expectation of the payoff now?

Bonpoc 2
Bann: 20,00

Bunet B MTUMO (20 6annos)

MNpenctaBum cebs Ha N3BECTHOW Nr'YMaHUTAPHOM oMMMnaae «YMHUKA U YMHULbI». B nrpe ecTb Tpu
DOPOXXKW: KpacHas, »XEnTas, 3enéHas. Y4acTHUKN 1, 2, 3 No ovepenm BbIGupaoT AOPOXKKY: YHaCTHUK 1
BblbpaeT NepBbIM 0AHY U3 TPEX, 2 — O4HY M3 ABYX OCTaBLUMXCS, 3 MOJSy4aeT nocsaenHot0. NMoTom
YHaCTHUKW CTAaHOBATCA Ha 3TU OOPOXXKWN U HAYMHAKOT OTBEYaTb Ha BOMPOCHI MO o4epenun.

Ha kKpacHon nopoxxke a5 nobenbl Hago OTBETUTL Ha 2 Bonpoca 6e3 owmnbok. Ha )XENTon gopoxxke
onsa nobenbl Hafo OTBETUTL Ha 2 BONpoca U3 Tpéx 6e3 ownbok, n 4Tobbl yHaCTHUK Ha KpacHOW He
nobennn. Ha 3enéHon [OpPoOXKKEe Hafo OTBETUTbL Ha 2 Bonpoca 13 4 6e3 ownbok, n 4Tobbl yHaCTHUKN
Ha KpacHOW 1 XénTon He nobeaunnn.

1. MycTb BEPOSATHOCTb NPaBUJIbHOrO OTBETa Y BCeX OgUHAKOBa W paBHa 1/2. Kakylo LOPOXKY
BbibepeT 1 y4acTHUK? KaKylo LOPOXKKY BbibepeT 2 y4aCcTHUK?

2. MycTb BEPOSTHOCTU NPaBWUJILHOIO OTBETa HE OANHaKOoBbIe. ECTb I Takue BEPOSITHOCTU Py, P2, P3,
4yTo npu BeIBOpe B Nob6oM nopaake (Hanpumep, 123, 321 1 T.4.), y4aCTHUKM BbIBUPAIOT pa3finyHble
LOPOXKKM 6e3 KOH(INKTA, TO €CTb UCXO KaXK bl pa3 04WH U TOT e?

Ticket to MGIMO (20 points)

Let's imagine ourselves at the famous humanitarian Olympiad “Smart and Smarties.” Participants 1,
2, 3in turn choose the track: player 1 chooses one of the three first, player 2 chooses one of the
remaining two, player 3 gets the last one. Then the participants stand on these tracks and begin to
answer questions in turn.

On the red track, to win, you must answer 2 questions out of two without errors. On the yellow track,
to win, you must answer 2 questions out of three without errors, and also that the participant on the
red does not win. On the green track, to win, you must answer 2 questions out of 4 without errors,
and also that the participants on the red and yellow do not win.

1. Let the probability of the correct answer be the same for everyone and equal to 1/2. Which track
will participant 1 choose? Which track will participant 2 choose?
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2. Let the probabilities of the correct answer not be the same. Are there exist probabilities pi, p2, p3
such that when choosing in any order (for example, 123, 321, etc.), participants choose different
paths without conflict, that is, the outcome is the same every time?

Bonpoc 3
Bann: 15,00

Yucna (15 6annos.)

CTéna n XKopa urpatoT B Urpy ¢ Ynucnamu. iaHavyasbHO Ha AOCKe 3anmncaHo Yucno 0. EcTb Tpu
OMUUN: «yBEJINYNTb HAaMMCAHHOE Ha JOCKE YNCIIO Ha 34», «<yBEIMYNTb HaNMMcaHHOe Ha AO0CKe YNCI0
Ha 43» 1 «yABOUTb HaMMCaHHOE Ha [OCKe YnC/o». UIrpoKy Nno oYepean NCMoJib3yoT O4HY N3 Tpex
OMUUIA, MEHSS YACSI0 Ha Jocke. OCOBEHHOCTb UTPbl 3aK/TIO4AETCS B TOM, YTO UFPOK HE MOXKET
NCMONb30BaTh OMNLMIO, KOTOPYO MPUMEHWIT ero CONEpPHUK Ha NpeablayLieM Xoae. BeiurpoiBaeT ToT,
KTO MepBbI NOJly4YnUT Ha AOCKe Yncno, bosbliee namn paBHoe M.

Mpumep nrpol g8 M=190.

Ha fgocke: 0.

Ctena BbibupaeT n3 onumn «+34», «+43», «x2» [1ycTb CTEna Bolbpasn «+34»,
Ha nocke: 0+34=34

XKopa BblbupaeT n3 onumnm «+43», «x2» (onum,q «+34» 3ab6/I0KMpOBaHa, Tak Kak ee Ha rnpoLuJoM xoae
uncriosib30Bas

Ctena). MycTb Xopa Bbibpasn «+43»,

Ha nocke: 34+43=77

CTena BbibypaeT n3 onuum «+34» n «x2» CTera Bblbpas «x2»,
Ha nocke: 77x 2=154.

XKopa BblbupaeT 3 onumii «+34» n «+43» XXopa Bbibpas «+43».

Ha nocke: 154+43 =197 > 190. XKopa Bbinrpasn!

Mepebin xo4 genaet Ctena. Mpu kaknx M>0 y XKopbl eCTb BbIMIPbILLHAA cTpaTerna?

The numbers. (15 points)

Styopa and Zhora are playing a game with numbers. Initially, the number 0 is written on the board.
There are three options: “increase the number written on the board by 34,” “increase the number
written on the board by 43,” and “double the number written on the board.” Players take turns using
one of three options, changing the number on the board. The peculiarity of the game is that the
player cannot use the option that his opponent used on the previous move. The first one who get a
number on the board greater than or equal to M wins.

Example of a game for M=190.

On the board: 0.

Stepa selects from the options “+34", “+43", “x2". Let Styopa choose “+34".
On the board: 0+34=34

Zhora chooses from the options “+43°, “x2” (the option “+34” is blocked, since he used it on the last
move Stepa). Let Zhora choose “+43".

On the board: 34+43=77
Stepa chooses from the options “+34” and “x2”. Styopa chose “x2".
On the board: 77x2=154.

Zhora chooses from the options “+34” and “+43". Zhora chose “+43".
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On the board: 154+43 = 197 > 190. Zhora wins!

Styopa makes the first move. For which M>0 does Zhora have a winning strategy?

Bonpoc 4
Bann: 20,00

HaBectu mapadert (20 6annos.)

Ha pblHKe apeHAHbIX KBAapTUpP BbICTABASOTCS KBAPTUPbI ABYX TUMOB: B XOPOLUEM COCTOSIHUM U C
CyulecTBeHHbIMM HegocTaTKaMu. K coxxaneHuo, 80% KBapTUp MMeT HEAOCTaTKK, MpUYeM Ha
nepBbI B3rfsA X HE 06HAPYXXUTb: BCe KBapTUPbI BbIFSAAT OANHAKOBO cpefHe. [1ns Toro 4Tobsl
YAYHWUTb BReYaT/IeHe Npy NpocMoTpe, CheLnasbHo 0byYeHHbIe Ntogn NpuayMani ycnyry
XOYMCTENIXKNHIa - KOCMEeTUYeCcKon NoAroToBKM KBapTupsl (Menkas nokpacka, nepecTaHoBKa,
3aMeHa TeKCTUASA, Urpa C oCBeLLeHneM). YCyra COBCEM He aoporas - Bcero 25 ThiC. pybnei,
NMPUYEM eci KBapTMpa B XOPOLLEM COCTOSIHUMN N3HAYasIbHO, TO XOYMCTENOXKMHI MOXXET CAENaThb
COBCTBEHHMK CaMOCTOATESIbHO, fla)Ke NoJslyyasi [OMOSIHUTEIbHOE YA0BO/ILCTBUE OT
NpUXopaLLNBaHMs CBOei 1 6e3 Toro NpekpacHoi KBapTupsl (OLEHUM 3TO yA0BONLCTBME ANS
NPOCTOTHI B 5 ThIC). [1p1 3TOM NOC/IE XOYMCTENAXKMNHIa BCe KBapTUPbl TakXKe BbIrNAAAT OANHAKOBO
npekpacHo.

ApeHIaTop NPUXOANT Ha MPOCMOTP 1 PeLlaeT, XO4YeT Jin OH apeHAoBaTb 3Ty KBApTUPY UK HeT.
Ecnv HeT, To HY COBCTBEHHUK, H/ apeHAaTop He MoyvaloT HUKaKOoM Nose3HOCTU. Ecin Xe 3axoyeT,
TO COBCTBEHHUK MOJlyYaeT CyMMy corlacHo gorosopy (cuntaiTe yto 500 Thic pybnen 3a roa), a
apeHAaTop BO3MOXXHOCTb XMNTb B KBAPTUPE, YTO B 3aBMCMMOCTM OT COCTOSIHUA KBAapTUPbLI MOXET
AaTb +1 419 XopoLuein KBapTupsl, 1Mbo -1 4N NJ0XON, HE3aBUCUMO OT HaMUYUS XOYMCTENIXKUHTa.

Kakoe noBefieHne cobCcTBEHHNKOB 1 apeHAaTopoB byaeT HabtoaaTbCsA Ha TaKOM PbIHKE B
coBepLueHHOM baliecoBOM paBHOBECUN?

Put on a show (20 points)

There are two types of apartments on the rental apartment market: those in good condition and
those with significant flaws. Unfortunately, 80% of apartments have flaws, and they cannot be
detected at first glance: all apartments look equally average. In order to improve the viewing
experience, specially trained people came up with a homestaging service, i.e. cosmetic preparation
of an apartment (minor painting, rearrangement, replacement of textiles, playing with lighting). The
service is not at all expensive - just 25 thousand rubles, and if the apartment is in good condition
from the beginning, the owner can do homestaging on his own, even getting additional pleasure
from sprucing up his already beautiful apartment (for simplicity, let's estimate this pleasure at 5
thousand). Moreover, after homestaging, all apartments also look equally beautiful.

The tenant comes to view and decides whether he wants to rent this apartment or not. If not, then
neither the owner nor the tenant receives any utility. If he wants, then the owner receives the
amount according to the contract (consider that 500 thousand rubles per year), and the tenant has
the opportunity to live in the apartment, which, depending on the condition of the apartment, can
give +1 for a good apartment, or -1 for a bad one, regardless of availability home staging.

What behavior of owners and tenants would be observed in such a market in a perfect Bayesian
equilibrium?

Bonpoc 5
Bbann: 15,00
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Jlyywini us mupos (15 6annos)

PaccMoTpuM areHToB A, B, C 1 BO3MOXXHble MUPbLI, 0603HAYEHHbIe HaTypasibHbIMU Yuciamu: 1,2, .. .,
12.

AreHT A He pa3nuyaeT Mupbl BHYTpy MHoxecTs: Al = {1, 2,3}, A2 = {4, 5,6}, A3 ={7,8,9}, A4 = {10, 11,
12}.

AreHT B He pa3fiMyaeT MUPbI BHYTpU MHOXecTB: Bl = {2, 5,9}, B2 = {1, 6,12},B3 = {3, 4,11}, B4 = {7, 8,
10}.

AreHT C He pa3nunyaeT Mnpbl BHYTpY MHoxecTs: Cl = {5, 9,12},c2={1,7,6},C3={4,3,11},c4 = {2, 8,
10}.

CTpyKTypa KJ1aCcCOB 3KBUBAJIEHTHOCTM BCEM U3BECTHA.

3aragaH Mup 1. AreHTbl A, B 1 C 3HatOT KJ1aCC 3KBMBAIEHTHOCTW, Ky @ 3TOT MUP NonagaeT. AreHThbl
A 1 B MOryT Ny6/In4HbIM 06 bABAEHNEM YAANATb MUPbI, KOTOPbIE CHNTAIOT HEBO3MOXXHbIMU B JIl060M
nopsiake, BbIbpaHHOM UMK,

3agada A n B y3HaTb Kakol Mup 3aragaH, npm 3tom C He [OJ/KEeH OTragaTb 3TOT MuUp.

MoryT nn A n B BeiurpaTb? ECnv Aa, TO MOCTPOMTE BbIUTPLILLHYO NOCIeA0BaTE/IbHOCTb COObLLEHNIA.
Ecnu HeT, To 06bsICHUTE noyemy.

Best of all worlds (15 points)

Consider agents A, B, C and possible worlds denoted by natural numbers: 1, 2,...,12.

Agent A does not distinguish among worlds within sets: Al = {1, 2, 3}, A2 = {4, 5,6}, A3 = {7,8,9}, A4 =
f10, 11,12}

Agent B does not distinguish among worlds within sets: Bl = {2, 5,9}, B2 = {1, 6,12}, B3 = {3,4,11}, B4 =
{7,8,10}.

Agent C does not distinguish among worlds within sets: C1 = {5, 9,12}, C2 = {1, 7,6}, C3 = {4, 3,11}, C4
= {2, 8,10}.

The structure of equivalence classes is known to everyone.

World 1is realized. Agents A, B and C learn the equivalence class where this world is contained.

Agents A and B can publicly announce and remove the worlds they seem impossible in any order
they choose.

The task of A and B is to find out which world is actual, while C does not guess this world.

Question: Can A and B win? If yes, then construct a winning sequence of announcements. If not, then
explain why.
Mpu npukpennennn chaiinos Hane4araste /ckonupyiTe U BCTaBbTe B 110J1€ OTBETOB (hpasy

«BbINOSIHEHHOE 3aaHune B MPUKPENIEHHOM AOKYMEHTE» UIN YKa>KMTe MEeCcTo B TEKCTE OTBETA, K
KOTOpPOMy oTHOCUTCA haiin (Hanpumep, «CM. rpatuk Ha NPUKPENNEHHOM incTe 1»)

Bonpoc 6
Bann: 15,00

Pa3sMbiwineHus o Pumckon Umnepum (15 6annos)

NNaTUHCKNM KBagpaToM pa3Mepa NxN HasbiBaeTCcsa MaTpuua pasMmepa NxN, 3anosiIHeHHas
HaTypaibHbIMU Yucsaamm oT 1 4o N Takum o6pa3oMm, 4TO B Ka)KOM CTPOKE 1 B KaXKaoM cTonbue
Ka)K[o0e 4Yuncsio BCTpeyaeTCcsa POBHO OANH pas.

Mopskn AMageyc v BoHnaunyc HalwInm CyHOYK, B KOTOPOM XPaHUTCA N+1 OAVHAKOBbIX XXEMYYXKUH.
OHWM CTanm CNOpuUTb, KTO U3 HUX BHEC 60NbLUNN BKAALA B MOUCK COKPOBULL M [OCTOUH NOMYYUTb
60sibLLEee KONNYECTBO XEMYY)XMH. MOPAKM MOLLAN K UMNepaTopy, 4ToObl TOT peLunn nx cnop.

iIMnepaTop HaprcoBan IATUHCKNUA KBagpaT pa3Mepa NxN, KOTopbI 3anosHeH Yucaamu oT 1 40 N.
MopsKM 3HAIOT KaKol KBagpaT HapucoBaa umnepaTop. Ka)kabii N3 MOPSKOB TaHO 3anucbiBaeT
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yncno ot 1 oo N. B naTUHCKOM KBaApaTe BblbMpaeTcsa CTPOKa C HOMepOM, KOTOpPbIV 3anucan Ha
nanupyce AMageyc, n ctonbew, c HoOMepoM, KOTopbI 3anucan boHndaunyc. B a4enke Ha
nepece4yeHn BbIGpaHHbIX MOPSKaMN CTPOKM 1 cToNbLOB Yncso K: AMageyc nonyvaeT K XKeMUy>KUH,
BoHugaumnyc octanbHble N+1-K XXeMYy>XKH.

BepHo J1IN, 4TO WaHCbl MOPAKOB Ha ycnex oAnHaKOBbl, HE3aBUCUMO OT TOro, KaKOM NaTUHCKUN
KBaZpaT HapucyeT nmnepatop? O6oCHYynTe CBOMN OTBET.

Reflections on the Roman Empire (15 points)

An NxN Latin square is an NxN matrix filled with natural numbers from 1to N in such a way that each
number appears exactly once in each row and each column.

The sailors Amadeus and Bonifacius found a chest containing N+1 identical pearls. They began to
argue which of them made a greater contribution to the search for treasures and deserves to
receive more pearls. The sailors went to the emperor to resolve their dispute.

The emperor drew a Latin square of size NxN, which is filled with numbers from 1to N. The sailors
know which square the emperor drew. Each of the sailors secretly writes down a number from1to N.
In the Latin square, a row is selected with the number that Amadeus wrote down on the papyrus,
and a column with the number that Bonifacius wrote down. The number K in the cell at the
intersection of the rows and columns chosen by the sailors means that Amadeus receives K pearls,
Bonifacius receives the remaining N+1-K pearls.

Is it true that the sailors’ chances of success are the same, regardless of which Latin square the
emperor draws? Justify your answer.
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