OJIMMITMALIA CTV,E[EHTOBV n u I a
W BBIITYCKHMKOB

varrepvm OLIEeHMBAHMA 3aJaHUM 3aK/II0OUYMTEIBHOI0 3Tala
I10 HaITpaBJIEHUIO «TQOPVIH urp»

3aaHM 110 HAIIPaBJIEHMIO COCTOSIV TOJIBKO M3 MHBapMaHTHOM YacTul. [1j1s Toro,
4TOOBI ITpeTeHI0BaTh Ha CTaTychl MefgaivcTa, guiuioMmanTa I, II, I crerrenn,
y4acTHMKaM HeoOXoAMMo HaOpaThk HambosIbIlee 4nciio OayUIoB 3a Bee 3a7aHMus.

Homep 3amanms | MaxkcumaibHBIN Oau1 YuéT B periTvHIe 10 HalpaBJIeHVIO
1 15 v
2 20 v
3 15 v
4 20 v
5 15 v
6 15 v

Hwxe B moKyMeHTe HpeicTaBiIeHbl YCIOBVS, PeIleHVs M KPpUTepuu OLeHVIBaHVIL
KaKIOM 13 3a7a4.
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IIpodunn: «Teopusi urp» KO/, - 290
ITamsmu Andpess Bpemsena
Bpewms BoimosiHeHus 3agadug — 180 MHUH., sI3bIK — PYCCKUA MJIN aHTJIMACKWIA.
Pemmre Bce 3amaun. Beca 3aja4d, B TOM duc/ie KaxkJI0ro IIOJIBOIIPOCaA, IIPUBEIEHBI B CKOOKaX.

NacTpykiuu.

e Permmenne MoxKeT OBITH PEJICTABICHO KaK HA PYCCKOM, TaK U Ha aHIVIMIACKOM s3bike. Hukakmx
JIOTIOJTHUTEIbHBIX OaJIJIOB, BIpOYeM, KaK U MITpadoB, 3a pelleHne Ha aHIVIMICKOM S3bIKEe He
ITPEJIYCMOTPEHO.

e Pemenne 10/2KHO OBITH XOPOIIO CTPYKTYPUPOBAHHBIM, U3JI0?KEHO TI'PAMOTHBIM S3BIKOM, &
mo4yepk — paciiozHaBaeMbiM. OTBeThI Ha KAUECTBEHHBIE BOIIPOCHI JOJI2KHBI OBITH yOETUTEIHHO
apryMeHTUPOBAHBI, HO JIIMHHBIE PACCYKJIEHNs, He OTHOCIIINECS K CYTH Jiejla, MOT'yT HETaTUBHO
MMOBJIUATH Ha OIEHKY.

e Bce maru B pereHnn JI02KHBI OBITh 0OOCHOBaHbI, BCE BBIYUC/ICHHS JIOJ?KHBI IIPUCYTCTBOBATDH B
pabotre. KanbKkyasgropaMu mo/Ib30BATbCS 3aIIPEIIEHO.

e YepHOBUKHU HE MPETYCMOTPEHBI, PelleHre cpa3y opopMIIgeTca Ha IUCTOBUK.

e Ecim nmpuBesieHHOE pellleHne SBJISeTCS HeBEPHBIM, TIepeIepKHUTE ero (IepevdepKHyTOe pellieHne
HE TIPOBEPSIETCs) U MPUBEINTE KOPPEKTHYIO BEPCHIO.

e [Ipy Ha/JIMYIUKM HECKOJBKUX BAPUAHTOB PEIIEHUsI OJTHOTO U TOTO Ke 3aJaHusl, ITPOBEPAIONTNI
caM OIpeJIesIeT, KaKoe U3 PEIICHH MO/IC?KUT MIPOBEPKE, a alle/UIAINHA ¢ TPOCHOOi TPOBEPUTDH
JpYToli BapUaHT PENeHns He TPUHUMAIOTCS.

Yoauu!

Bagaga 1. Coob6pasum Ha Tpoux (15 GasioB)

Pacemorpum urpy «Kamenb, HOKHUIIBI, OymMaray st TPEX UTPOKOB CO CTABKAMHU TI0 CJIEIYFOIIIM
IpaBUIaM: KaxkKIblii UTPOK IepeJl PO3BITPHIINIEM CTaBUT Ha KOH II0 e€IUHHIE. EC/IM Bce HIPOKU
BBIOpOCHIM pasHbie dbUrypsl (mosydmiack, Hanpumep, kombunarws KHB) uin Bce opaunakoBbie
(nanpumep, kombuHarusi BBB), o dukcupyercst HuUbs, U KayKJiblii UI'POK MOJIyYaeT CBOIO CTABKY
Ha3aJ1. Kcim »ke MIPOKU B COBOKYIIHOCTH BBIOPOCHIM POBHO JIBE Pa3JInyuHbIe (PUTYPBI, TO (PUKCHPYIOTCS
nobe/Tesin U MOOeK IEHHBIE: TaK, €CIM OJMH UTPOK HOOE /I JBYX JAPYruX (HampuMep, KOMOMHAITHS
KHH), To on 3abupaer Bech GaHK cebe, a ecyid JBa UTPOKA BBIUTPAJIN Y TpeThero (Hampumep,
kombunaiuss HHB), To 6ank mesnres MexK iy mobeuTessiMi TOPOBHY.

1. KakoBa crparernieckasi (popma JaHHON UTpbI?

2. [IycThb y Bac ecTh BOBMOXKHOCTH [IOYYACTBOBATH B 9TOIl UI'pe 3a JBYX UIPOKOB cpasy («C JBYX
pyk» ). KakoBo MaremaTrnyeckoe OxKuJIaHUE BAIIErO BBIUTPHINIA M BAIM CTPATErHH B PABHOBECUU B
9TOM CJIydae (Jlazke eciii COIEPHUK 3HAET, YTO BbI UIpaeTe C JABYX PYK)?

3. [lycTh Temeps BBI epeJ1 UTPOI MOXKETe CrOBOPUTHCSI CO BTOPBIM UTPOKOM TaK, 9TOOBI JIETNTH
BAIll BBIATPBINT (M IIPOUTDPHII!) TIOMOJIaM, OJIHAKO BO BPEMs UT'PHI Bbl HE MOYKeTe OOMEHUBATHCSA KaKOii-
Jn60 nH(pOpPMAIMEl UK UCIOJIb30BATH OOMIUI MCTOYHUK CJIy9YallHOCTH, YTOObI HUYEM JPYT Apyra He
BbIIaTh. KaKOBBI Telepb Ballll CTPATErWd M MAaTEeMaTHIeCKOe OXKHUIAHNE BBIUIPHIIIA !
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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?

Penienne.

Hwuzke tipejicrajieHo KpaTKoe pellieHre 3a/a4u, ¢ MOJTHBIM PEeIIeHrneM MOYKHO O3HAKOMUTBCS 110
CCBLIIKE.

1. Marpurna BeIMTpHBIIIed /st JJaHHOIi UI'PBI Oy/IeT TPEXMepHOil, pazmepHocTn 3 X 3 X 3. Eé MoxKHO
BBIIICATH Ha OyMare 1o CJIOSM, HOCJIeI0BaTeIbHO (DUKCUPYS CTPATEIHIO OJHOTO U3 MI'POKOB
(HaIpUMep, TPETHEro):

SgIK SgIH
N2 K H B N2 K H B
K 0,0,0 5, -1,2 -12,-1 K 2.5, -1 2,-1,-1 0,0,0
H -1,2,4 -1,-12 000 H -12,-1 0,0,0 1,-1,12
B 2,-1,-1 0,0,0 111 b 0,0,0 -1,2,+  -1,-12
S3 — b

N2 K H B

K -1,-12 00,0 -1,1,12

H 0,0,0 1i-1 2,-1,-1

b 1-14 -12,-1 0,0,0

[TockosbKy Terepsb JiBa U3 TPEX UTPOKOB JEUCTBYIOT BO BCEX CMBIC/IAX KaK OJUH, Mbl MOXKEM
3aIMCATh CTPATErTIECKYI0 (hOpMy MOAUMPUITUPOBAHHON UT'PHI, KOTOPAs MO0 CYTH MMEET MECTO:

] rs]frpl [ss] o [spl  lppl
N2 KK KH Kb HH HB BB

2R XK 00 i-3 -11 2,-2 00 -1
S] H -11 -—11 0,0 00 3,—-3 2,-2
Pl B 2,-2 00 4, -1 -11 -11 00

JIerko mpoBepuTh, UYTO 3Ta MOJIUMPUIIMPOBAHHAS UTPa HE UMEET PABHOBECHUIT B YUCTHIX CTPATErUIX,
IO3TOMY OyJieM UCKaTh cMellaHHble paBHOBecusd. [1o1b3ysach nepBbIMU OyKBaMU aHTIMHCKUX
nazBanuii puryp (R = rock = kamenb, S = scissors = HOxKHUIBL, P = paper = Gymara) jiist


https://vk.com/gametheoryhse
https://vk.com/gametheoryhse
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yJ00CTBa UHTEPIIPETAIH, 0003HAYMUM 3ar/IaBHbIME JIaATHHCKUME OykBamu R, S u P BepogTHOCTH
duryp 114 mepBoro, «OJHOPYKOI0» UTPOKa, a JJId BTOPOrO, «JIBYPYKOTO» UI'POKA BEPOATHOCTH
nap ¢uryp odosnadnM ABYyXOYKBEHHBIMU CTPOYHBIMU IIEPEMEHHBIME, COOTBETCTBEHHO, 1T, TS,
Tp, 88, Sp 1 pp.

3aluineM BBIUTPBIIT «OJIHOPYKOI'O UTPOKas.

1.

11.

iil.

- ‘R—rp- R+ 2ss- R—pp -
u R+S+1g1:1?;)}(2,5,p20{0’5rs R—rp-R+2ss-R—pp- R

—rr-S=rs-S+05sp-S+2pp-S
+2rr- P+ 05rp- P—ss- P—sp- P} =
= Il’laX{Cl,OQ, Cg}

[Mycte C7 > max{Cy,C3}, Tormra R=1=rp+pp=1=C,=-1<Cy=2(1—1rp) =
poTHBOpeYre, paBHoBecHii Het. [1o aHamornu MoxKHO oKa3aTh, uro s Co > max{C1, C3}
u C3 > max{C}, Cy} paBHOBecuii Her.

[ycrs Cy = Cy > C3, Torma P = 0 (ecim R wim S takzke pasro 0, TO paBHOBECHIii HeT)
=rr+rp=1= C, = —rp < C3=2rr+ 0,5rp. PaBuoBecuii Her, 110 aHAJIOI'TU MOXKHO
MOKA3aTh JIJIsI IBYX JIDYTUX CJIy9IaeB.

[Tosryaaercs, aro paBHOBecu jocturaercs Toabko nmpu C; = Cy = C3, R+ S + P = 1,
R,S,P > 0 (ecau xorst GbI 0J{HA BEPOSITHOCTH paBHO 0, TO TOJydaeM KOHTPIIPUMED W3
IyHKTA ii.).

3amnuieM BBIUTPBIIT «IBYPYKOTO UTPOKAy

EU = (OR + 1S — 2P)rr + (—0.5R + 1S — 0P)rs+
+(1R+0S —0.5P)rp+ (—2R + 0S5 — 1P)ss+
+(0R - 0.58 — 1P)sp+ (LR — 25 + OP)pp

BameruM, 9To ecyin XOTsi Obl O/fHa U3 BeposiTHocTell R, S, P e pasHa 1/3, To paBHOBecue He
Oymer mocturayTo. Torma

EU = —1/3rr+1/6rs —1/3rp+ 1/6ss — 1/3sp + 1/6pp

Torma rr = rp = sp = 0. Bnag, aro O] = Cy = (3, moxydaeM, 9T0 B PABHOBECHH T'S = SS =
pp =1/3. A «ABYpYKHil UTPOK» MOJIy9IaeT OKHUIAeMbIil BHIMIPHINT B pasmepe 1/6.

3. MoxkHO cHOBa BhIINCATH MOAUGUIMPOBAHHYIO Urpy. Ha 3T0T pa3 oHa OyaeT BBHITJISAIETH TaK:

83:K 83:H
N2 K H B N H B
1 11 1 1 11 11
K 10707(1) . T4 409 5757_1 K 157157_1 5757_1 10707(1] )
H _11'1_175 _]-7_]-72 1071 70 H 5757_]- 10707? L T4y 4079
b 5757_]— 07070 5757_1 b 07 70 T4y 409 _17_172
S3IB
N2 K H B
K -1,-12 000 -1 -1,2
H 0,0,0 13,-1 111
11
b iv_ivé %v%a_l OaOaO
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Jlasee MOKHO paccyk/iaTh OTYACTH aHAJOTUYIHO IPEIbLIyIneMy pasjesny 3ajaaqn. Ob6o3naunm
za R,S,r,s,p,0 BEpOSATHOCTHCTU, C KOTOPHIMU HIPAIOT KaMeHb U HOYKHUIGI UTPOKU 1, 2
(croBapuBaromuecst) 3 COOTBETCTBEHHO. Bo-11epBBIX, MOKHO Cpa3y UCKIIOUATH U3 PACCMOTPEHNUST
YHUCTBIE CTpaTerny (3T0 MOXKHO TOHATH U 110 BBIIUCAHHON BHAYase CTpaTerndeckoi dpopme
MoudumpoBanHoii urpsi). Crajio 6bITh, pacCMaTPUBAEM TOJILKO IIEPEYNC/IEHHBIE BBIIIE TPU
OTPE3Ka JIJIs TPEX CilydaeB 0e3pa3iindns TPeThero Urpoka. Bo-BTopbIX, UCK/IIOYaeM 1 BCe TOUKH
JaHHbIX OTPE3KOB, IJId KOTOPBLIX Yy TPEThEro UIpokKa €CTb TOJIBKO JIBa YUCTbIX HaWJIy4dHINnX
OTBETA: €CJIM TPETHil UTPOK HUKOI/Ia HE BHIOPACBIBAECT, HAIIPUMED, KAMEHb, TO M IIEPBOMY, U
BTOPOMY UTI'POKY OECCMBIC/IEHHO BBHIOpACHIBATH OyMary, MOCKOJIbKY OyMmara B 9TOM CJIydae MOMXKET
BBIUT'PATH TOJBKO IMPOTUB MOJEJIbLHUKA [0 CTOBOPY, YTO HE JIAET HUKAKOHN JIONMOJTHUTETbHOMN
npubbLI (Beb CYMMApPHBINA BBIUTDBIIT BCETJa JEJUTCA MOPOBHY) — & TAKUM CTPaTErusiM
COOTBETCTBYIOT TOJIbBKO TOYKH Ha I'PaHUIIaX TPEYIOJIbHUKa, KOTOPbIC MbI Y>K€ MCKJIIOYUJIN U3
anasmmsa. Ocradres epuncrsennas Touka: (R +7,5 +s) = (2,2).

373

Takum 0Opa3oM, Mbl BBIACHUIH, 9TO R+1r =S+ 5 = % U 9TO TPETUil UTPOK JIOJIZKEH UTPATh BCE

Tpu CBOM CTpaTerum C IIOJIO2KUTEJILHBIMU BeCaMU. Ocrajioch BBIACHATL B TOYHOCTH BCE 3TU BECA.

Bes norepu obIHOCTH PACCMOTPHM [IEPBOTO UTPOKA (IIEPBBI 1 BTOPOH UTPOKU CUMMETPUYHBI).
Bo-niepBrix, u3 yciaosugd R+1r =S5+ s = % HETPY/IHO IOHATDH, YTO IIE€PBbIIl UTPOK HE MOXKET
UI'PaTh YUCTYIO CTPATEIHIO, OH JIOJIZKEH PAHIOMU3UPOBATEH MEXKYy XOTs Obl AByMs (DUTypaMHU;
B IIPOTUBHOM CJIydae y BTOPOI'O UI'DOKa Ha JBe U3 TPEX (DUryp npuxoauscs Obl Bec % > 1,
410 HeBO3MOXKHO. (To ke BEpHO U JIjIsi BTOPOTrO UIPOKa: OH TOXKE JIOJIZKEH UTPATh CMEIIAHHY 0

crpareruto.) Bo-BTOPBIX, yCIOBHsI CTPOrO MOMAPHOTO 0e3pa3indusi MOXKHO Cpa3y oTMecTH!

[Mpuanna ciemyrorast: mycTh st nepporo urpoka H ~ B > K (ocranpuble nBa ciaydas
pPacCMaTPUBAIOTCS AHAJOIUYIHO). DTO O3HAYAET, UTO JI/I JIIOOOr0 HAMIydINero orsera R =
0. Buaunr, 7 = 2. Ho orciosa ¢ neu3beKHOCTBIO CJIEIYeT, 9TO JUls BTOPOIO HIPOKA TO Ke
camoe ycsoue H ~ B > K nomkno ne Boimosnarses! B gacTHocTH, J0KHBL OIHOBPEMEHHO
BBINIOJTHATHCS (M3-3a [IEPBOTO UTPOKA) U HE BBHITOIHATHCS (M3-32 BTOPOrO MI'POKA) OJHU M Te JKe
YCJIOBHSI HA p U 0, 9TO HEBO3MOXKHO. TakuM 06pa3oM, u JIJis IEPBOTO, ¥ JJisi BTOPOIO UT'POKa
obs13aTesibHO TpExcTopoHHee be3pazymune K ~ H ~ B.

Mpsbr mosryunM OOBIYHOE paBHOBecme, KakK B mrpe 6e3 crosopa! Herpymno mogcaurarh, 9TO
MaTOXKUJIAHNE BBIUTPHINIA KaK TEPBBIX JIBYX HI'POKOB, TaK M TPETHETO UTI'DOKA, OKAXKETCs
HYNEBVIM.

3/1eCh TOYHO TaK Ke, KaK B IIYHKTE 2, MOXKHO ObLIO ObI BBIJIBUHYTH PACCYKJIEHUE O TOM, UTO C
TOYKHU 3PEHUs] TPETHEr0 UTPOKa MOIUMPUIIMPOBAHHAS W'D HUYEM HE OTJNYAETCS OT OOBIYHOIO
BapUAaHTA UI'DBI, TIO9TOMY U MUHMMAKCHOM (& TaKKe PABHOBECHOM) cTpaTerneil TpeTbero Beé

Tak ke OyJer (%, %, %), a OTCIO/Ia EPEeUTH K MONCKY HAWJIYIIIEero OTBETa MEPBOTO W BTOPOTO

UTPOKOB HA 3Ty CTPATErHIO.
Kpurepun.

1. 3 bama

— 1 6aJju1 3a ommMcaHre UTPOKOB, BBIUTPHIIIEH, YKa3aHUe TUIIA UTDbI;

— 2 GaJiTa 3a 3aliCaHHble BHIUIPHIIIN B COOTBECTBUM C MCXOJaMU (MATPHILY WIDHI).
2. 6 baJLIoB

— 1 6ayw1 3a 3amuChH MaTPHUIIbI;

— 1 6aJi1 3a mouck PaBHOBECHA B YHUCTBIX CTPATETNUAX]
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— 110 2 GaJjiIa 3a pacCMOTPEHME KaxKJI0r0 M3 UTPOKOB.
3a nenoaroe pewenue moscem OvMb NOCMABAEH YACTNUYHDBLT OANN.
3. 6 baJuIoB

— 1 6asu1 3a 3aIUCh MaTPHIIHI;
— 1 6as1 3a TOUCK PABHOBECUS B YUCTBIX CTPATETUAX;

— 10 2 6aJjiIa 3a PacCMOTPEHHUE KaXKJIOI'0 U3 UTPOKOB.

3a nenoaroe PEWEHUE MOAHCET b6vIMb NOCMABAEH HACTUNHBLLT OaAN.

Bagagda 2. Buser B MITIMO (20 6assioB)

[IpeicraBuM cebs HAa M3BECTHON I'yMaHUTAPHON OJIUMITAAE « Y MHUKI U YMHUIIBI». B urpe ectb Tpu
JIOPOYKKU: KpacHasd, KEITad, 3e/€Hasd. Y YJaCTHUKYN 1,2,3 110 04epe/in BIOUPAIOT JIOPOKKY: YIACTHUK 1
BBIOMpAET MEPBBIM OJIHY U3 TPEX, 2 — OJHY U3 ABYX OCTABIIUXCH, 3 MOIydaeT mocieanior. [lorom
YYACTHUKH CTAHOBSTCS HA 9TH JIOPOXKKHN M HAYMHAIOT OTBEYATh HA BOIIPOCHI IO OYepPe .

Ha kpacHoit mopoxkke jjis mobepl HaJlo OTBETUTH Ha 2 Bompoca 06e3 omubok. Ha »kénroit qopoxkke
JIjIst T100€/IbI HAJI0 OTBETUTH Ha 2 BOIPOCA U3 TPEX 6e3 ommuboK, n YTOObI YIaCTHUK Ha KPACHOI He
nobeimt. Ha 3eénoit jopokke Hajlo OTBETUTDH Ha 2 Bolpoca u3 4 6e3 omuboK, U 4TOObI yIaCTHUKU
Ha KpacHOI 1 KEITOI He o0 InIn.

1. Ilycth BeposiTHOCTH MPABUJILHOTO OTBETA Y BCEX OJMHAKOBa U paBHa 1/2. Kakyio J0poxKKy
BbIOEpeT 1 yuacTHUK? Kakyio JOpoxKKY BbIOEpeT 2 yIacTHUK?

2. IlycTh BepoATHOCTH TPABUJILHOIO OTBETA HE OJIMHAKOBBIE. KCTh T Takmne BepodgTHOCTH Pl, P2,
p3, 4To 1pu BbIOOpE B J1t060M TopsKe (Hampumep, 123, 321 u T.]1.), yIaCTHUKY BBIOMPAIOT PA3JINIHbIE
JIOPOXKKH 6e3 KOH(JINKTA, TO €CTh UCXOJ, KarXKIAbIi pa3 OJWH U TOT »Ke?

Ticket to MGIMO (20 points)

Let’s imagine ourselves at the famous humanitarian Olympiad “Smart and Smarties.” Participants
1,2,3 in 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?”

2. Let the probabilities of the correct answer not be the same. Are there exist probabilities pl, 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?

Pemienne.

1. BamnmireM BepOSITHOCTH IOOEIbI JJIsd KPaCHOM, YKEJITOH U 3€JIEHOM TOPOXKEK:

win 2

prm = p?,
Py = (L= p}) (P + 3(1 — py)p),

Pyt = (1—p2— (1—p2) (P, +2(1 — p)p)) (s + 4(1 — pg)p} + 6(1 — py)*p2),
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LJIE Dr,Dy,Pg 0003HATAIOT BEPOATHOCTH IPABUIBHOIO OTBETA J1JIf UI'POKa, BEIOPABIIErO JAHHYIO IOPOZKKY.
[Ipu paccuere jJaHHOi BEPOATHOCTU BAaXKHO YUECTDh, UTO 1100€/1a Ha KPACHOIN M Ha YKEJITON JOPOXKKE He
SABJIAIOTCS HE3ABUCUMBIMU COOBITUSIMU

B sToMm ciiydae MIDOKH OJMHAKOBBI, IIO9TOMY JOCTATOYHO IHOJCTABUTL D, = p, = P, = 1/2.
[Toywaem, 9To BbIIIE JAPYIUX BEPOSATHOCTH MOOEIUTDH HA YKEITOH JTOPOXKKE.

2. ITo sTum ke hopMmysiaM MOKHO TIPOBEPHUTH, UTO, HAIIPHMED, TP 3HAYEHUsX p; = 2/3, py = 1/2,
ps = 0 (wm €) moaydaeM HCKOMOE IMOBeJeHHe: MIPOK 1 BBIOMpAeT KPACHYIO JOPOXKKY, UTPOK 2
BBIOUPAET JKEITYIO, UI'POK 3 Ge3pasiimder u (Jjisi IPOCTOTHI) BHIOUPAET 3eJEHYIO.

Kpurepuu. Bompoc 1. (10 6a/10B MakcuMyMm)

® BEpHBIN paccyeT BEepPOATHOCTH MOOEIUTh Ha KPACHOM JOPOXKKeE - 2 Daslia

® BEepHBII paccyYeT BepOATHOCTU MOOEIUTh Ha XKEJITOM JIOPOXKKe - 3 DasIa

® BepHbLIil paccuer BepOSATHOCTH MMOOEIUTH Ha 3€JIEHOI JIOPOXKKe - 2 Hasiia

e BepHasl o0Iasl JIOTMKa pelleHus - 2 dasa

Bompoc 2. (10 6asu10B MakCUMyM)

® BEPHbBIIl BBIBOJI BEPOSTHOCTEN /I KPACHOM 1 YKEJITOI JIOPOXKEK B 00IIeM ciaydae - 2 bajia
® BEpHBII BBIBOJ BEPOSITHOCTEH JIjIsT 3€JIEHOM JOPOXKKHU B 00IeM ciaydae - 3 basia

e BepHas o0Iasl JIOTMKa pelleHus - 2 daJjuia

® JI0Ka3aTeJIbCTBO TOTO, YTO BEPOATHOCTHU CYIIECTBYIOT- 3 DaJiia

Bagada 3. Yucusa (15 6ansios)

Créna u zKopa urpator B urpy ¢ uncjaamu. Vznaganbao #a jgocke 3anucano ducyo 0. Ectb tpu
OIIUU: «YBEJUIUTh HAIMCAHHOE HA JIOCKE YUCIO0 Ha 34», «YBEJMYINTH HAIMCAHHOE HA JOCKE JHC/I0 Ha
43» M «yJABOUTH HAIMCAHHOE Ha JOCKE YHC/I0». VITPOKM TI0 0Yepein MCIOIB3YIOT OJHY U3 TPEX OIIIIHiA,
MeHsAsT IuCI0 Ha focke. OCOOEHHOCTD UIPBI 3aK/II0YAETC B TOM, 9TO UIPOK HE MOXKET HCIIOJIb30BATH
OIIUIO, KOTOPYIO IPUMEHHJI €ro COIEPHUK Ha IPEJbIIYINeM Xoje. BbIurpbiBaer TOT, KTO HEPBbIi
MOJIYIUT Ha JIOCKE YHCJI0, OoJibIliee Uan paBaoe M.

[pumep urpor st M=190. Ha mocke: 0. Cremra BeiOupaer u3 ommuit «+34», «+43», «x2». [lycts
Crena Boibpas «+34». Ha mocke: 0+34=34 2Kopa Beibupaer u3 ommuii «+43», «x2» (ommums «+34»
3a0JI0KMPOBaHa, Tak Kak ee Ha MpoIioM xoje uctosb3osai Crena). [lyers ZKopa Beibpan «+43».
Ha nmocke: 34+43=77 Crena Buibupaer u3 onmuii «+34» n «x2». Crena BeiOpan «x2». Ha nocke: 77-
2=154. 7Kopa Beibupaer u3 omrumii «+34» u «+43». 2Kopa Boibpan «+43». Ha mocke: 154+43 = 197
> 190. 2Kopa Beiurpad!

[Tepserit xox menaer Crema. [Ipn kakux M >0 y ZKopbl ects BbIUrphIiHas cTpaTerus’

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.
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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 “4+-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: 77- 2=154.

Zhora chooses from the options “+34” and “4-43”. Zhora chose “+43”. On the board: 154443 =
197 > 190. Zhora wins!

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

Pemienne.

Orser: Hu npu Kakux M

JlokazaTeabCTBo:

[Ipemgmosoxkum, uro y 2Kopbl npu HekoTropoM M eCTh BBIMTPBIINIHAS CTPATerusi. DTO 3HAYUT,
aro xobl "+34"u "+43"1upu HysIe Ha JOCKe MPOUrphIBAIOT 3a 1epBoro urpoka. Ho Torma Crena
nemaet xoi "2". 02 = 0. Ha mocke no-mpexkaemy 0, HO Temepsb mepBbIil X011 jgenaer 2Kopa, a B 9T0it
cuTyaruu oH npourpbiBaer (xoi "2"yxke He JOCTYIEH O MPABUJIAM, & KaK CJIeyeT U3 MPeIOChLIKI
0 CyIIEeCTBOBAHUU BBIMTPHINTHON cTparerun 2Kopswl, xomapl "+34"u "+43"BeayT K nopazkenuio mpu 0
Ha Jjiocke). SHaunt xoi "2"upusogur Crémy K nobese, mpoTuBopedne!

[Tonyaaercss, y Crensr npu J1o0bix M Haiijgercst BRIMTPBINIHAs cTpaTerus. JIF0O0IbITHO, UTO s
pelleHnst ITO 3a/1a9i HaM He TI0TPeD0BAIOCh UCKATh BBIUIPHINIHYIO cTpaTernio CTerbl B IBHOM BHJIE.

Kpurepumn.

2 Gajuta — 3a IPaBUJIBLHOE JEPEBO UI'PHI C UCXOJAME JJIT YACTHBIX CJIydaeB (OOBITHO yIaCTHUKI
CTPOMJIN UTPY Ha 2-3 X0JIa) WM BBIYUCJICHUE UCXOJI0B O€3 COCTABJICHUS JIepeBa.

o 5 6ajioB — 3a IpaBUIbLHOE pEIIeHNe UTPhl B YACTHBIX CJIydasiX (B 3aBUCHUMOCTH OT CJIOYKHOCTH
PacCMOTPEHHBIX HID).

[Troc 2 6asta, ecim yaacTHEK 3ameTus, 1To xoa Cremnbr "x2"B camMoM Hadase JaeT TaKyo Ke
HOJIBITDY, KaK M OCTajIbHAS YacTh JepeBa (YTO U CJIeJI0BAIO Obl PA3BUTH B IPABUJILHOE DEIeHUe), HO
HE JIOraJaJiCsl 9TO MCIIOIb30BATh.

Bamada 4. HaBectu mapader (20 6assion)

Ha poiike apeHIHBIX KBAPTUP BBICTAB/IAIOTCA KBAPTUPHI JBYX THUIIOB: B XOPOIIEM COCTOSTHUU U C
cylecTBeHHbIMU HeloctarkaMiu. K coxkasennto, 80% KBapTHD UMEIOT HEJOCTATKH, MPUYEM Ha [EePBBIil
B3IVIAJ] X HE OOHAPYKUTH: BCE KBAPTUPDI BBITVIAIAT OJUHAKOBO cpejiHe. st Toro 4To0bl yIydimnThb
BIIeYATJIEHNE IIPU ITPOCMOTPE, CIIEIUAILHO 00y UeHHbBIe JIFOAN MPUYMAJIN YCIYTY XOYMCTEHI2KUHTa —
KOCMETHUYECKOIl TIOJITOTOBKI KBAPTUPHI (MeJIKasi MOKPACKa, [epecTaHOBKA, 3aMeHa TEeKCTUJISA, UTPa C
OCBelleHneM ). YCJIyra CoBceM He Jioporas — Bcero 25 Thic. pybJieii, IpudeM ecjim KBapTHpa B XOPOIIeM
COCTOSTHUU M3HAYAJIBHO, TO XOYMCTEH?KUHT MOXKET CJIeIaTh COOCTBEHHUK CAMOCTOATE/IHHO, JlazKe
oJTydasi JOMOJTHUTETLHOE Y0BOILCTBIE OT IPUXOPAIIUBAHIS CBOEH 1 6€3 TOro MPeKpacHOil KBaPTUPHI
(OIeHUM 9TO YJOBOJILCTBHUE JJIsi IPOCTOTHL B 5 ThIc). [Ipu 9T0M mociie XoyMcTeiizKuHra Bce KBapTUPDI
TaK>Ke BBIIVIAJAT OJNHaKOBO IIPEKPaCHO.

ApeHaTop IpUXOAUT Ha MPOCMOTP U PEIIaeT, XOUeT JIM OH apeHI0BaTh 3Ty KBApPTUPY WU HET.
Eciu Het, To HU COOCTBEHHUK, HU apeHIaTop He MOJIydaloT HUKAKOM 1mojie3HocTH. Ecin ke 3axouer,
TO COOCTBEHHUK IOJIydaeT CyMMY COIJIACHO Jj1oroBopy (cumraiite uro 500 Thic py6ieii 3a o), a
apeHaaTOp BOSMO2KHOCTD 2KHUTHb B KBapTUPE, 9YTO B 3aBUCUMOCTHU OT COCTOAHUA KBAPTUPBI MO2KET JaTbhb
+1 sy xoporreit KBapTuphbl, JHOO0 -1 JId 1JI0X0i, He3aBUCUMO OT HAJUYUS XOYMCTEH2KUHTA.

Kakoe moBejieHne COOCTBEHHMKOB M apeHIATOPOB OyIeT HaOJIOIAThCsd Ha TAKOM pPLIHKE B
coBepIeHHOM OafiecoBoM paBHOBECHH !

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
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experience, specially trained people came up with a home staging service — 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 home staging 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 home staging, 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?

Pemnenne.

Pemnenmne.

[IpejicraBuM cHUTyaluio KakK CHUTHAJBHYIO UTPY B pas3BepHyTOil ¢opme, Tje Urpok 1 — 510
COOCTBEHHUX, UTPOK 2 — HAHUMATE/b. ByJaeM HUCIOIb30BaTh CTAHIAPTHYIO TEPMUHOJOTUIO JIJIs
crparernii m (message) Jyist urpoka 1 u a (answer) st urpoka 2. Bepbl 0603HaYMEHBI Ha CXeMe.

500, 1 o yes 505, 1
B not Good home :
M L 1-x X w
0,018 [': \: 0,2 [': \: 1-a5,0

i: HaHil:/IMaTeJIB ¢ 0 E:HaH]%IMaTeJIb

500, -1<_yes | 0.8 L
\‘[’N\ ,,"’ not home \\ /
not ~ .. 1-y Bad y “N_not

0,0 18 L-a>~ 250

PacemoTpum cHavasa BO3MOMKHBIE PA3JIEJISIONIIe PABHOBECHS.

1) Ilpeamomnoxkum, aro m(good) = home, m(bad) = not. Torna cormacoBanubie Bepsl 1 = 0,
pe = 1. Torma parmonanbablii orBer a(home) = yes, a(not) = not. 910 He paBHOBeCHe, T.K. UTPOK 1
tuna bad 3aX09eT OTKJIOHUTBLCS M MIPOBECTU XOYMCTEH/KUHT (MUMUKPHUPYET O/ 30POIIET0).

2) [pexnonoxum, aro m(good) = not, m(bad) = home. Torna coriacoBanuble Bepbl i1 = 1,
pe = 0. Torma panumonasnsubiit orer a(home) = not, a(not) = yes. dro He paBHOBecHEe, T.K. UI'POK 1
tuna bad 3ax09eT OTKJIOHUTBLCS M HE TIPOBOJIUTH XOYMCTEHZKUHT (MUMUKPUDPYET TIOJ] XOPOIIIEro).

PaccMoTpuM Terepb TUnoTeTHIecKe CMEnBAIOIIne PABHOBECHS.

3) IIycte m(good) = m(bad) = home. Torga ps = 0,2, npo py HUYEro ckas3aTh Heab3s. Torma
a(home) = not. Torga, 9ro Gbl HE MTPOMCXOAMIO B JIEBOM HHMOPMAIIMOHHOM MHOYKECTBe, UTDOK 1
tura bad npeamnodTeT OTKIOHUTHCS.

4) Ilycts m(good) = m(bad) = not. Torga p; = 0,2, po pp HEYETO CKa3aTh Hesb3d. Torma
a(not) = not. Torja, 4To 6Bl HU TPOMCXOAUIO B IPABOM HHMDOPMAIIMOHHOM MHOXKECTBE, UI'POK 1 THIa
good TpeovTeT OTKJIOHUTHCA (Pa3 XOyMCTEHZKIHT IPUHOCUT YJIOBOJIBCTBUE, TO MOYeMy Obl UM
3aHATLCH, JayKe eCIIM Cpasdy He CJAllb KBAPTHUDY ).
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SuaunuT, B urpe OyJIyT CyIIECTBOBATH TMOPUJHBIE PABHOBECUs, B KOTOPBIX UTPOKU MOTYT
UCIIOIb30BaTh CMEIIaHHble cTpaTernu. Beegem obo3nadeHud Jiid BECOB:

09! = - home + (1 — z) - not.
o =y - home + (1 — y) - not.

gy(home) = - yes + (1 — a) - not.
oa(not) = B -yes + (1 — B) - not.

BreiBaer sin paBHOBecue, Kormga oba Tuna Urpoka 1 cMemuBaT? ITO BO3MOKHO TOJBKO KO/ HX
OKHUJIa€MBIE ITOJIC3HOCTH OT YUCTBIX CTPATETUNl PaBHBI.

5050 + 5(1 — @) = 5008 + 0
4750 — 25(1 — ) = 5008 + 0

[IpaBble gacTu paBHBI, a J€Bble OYEBHIHO HET (B mepBoM paseHcTBe 6osbire mpu « € (0;1)). Suadnr,
OJIH THUII UI'POKa 1 JIOJIKEH MCIOJIb30BaTh YUCTYIO CTPATErUIO, & BTOPOii cMentannyto. Bo3aMoxkHbI 4
BapUAHTA:

a) Ilycte m(good) = not, a Tun bad cmemmusaer. Torga py = 0, a(home) = not. Ho Torga tun
bad 3axo4er OTKJIOHUTHCS B NOt.

b) Ilycte m(good) = home, a tun bad cmemmusaer. Torga puy = 0, a(not) = not, f = 0 Tuny bad,
9TOOBI CMEIUBATH, JOJKHO OBITH BCE PABHO, T.€. JOJKHO BLIIOTHATHCS

4750 —25(1 —a) =0
a=1/20

B cBoro odepe/ib, 9T0OBI HAHUMATEL B TPABOM MH(MOPMAIIMOHHOM MHOYKECTBE CMEITUBAJ, Y HEro
TOYXKE JIOJIZKHBI OBITH PaBHBIC 02KUJIAEMbIE ITOJIE3HOCTU OT YUCTHIX CTPATEruii, T.e.

02-1-140,7-y-(=1)=0
=1/4

[Tomyunim pasHOBeCcHe, B KOTOPOM COOCTBEHHUK XOPOIINEeil KBapTUPHI BCErIa ITPOBOIUT
XOYMCTEH/[PKUHT, & COOCTBEHHUK IIJIOXOi ¢ BEPOATHOCTBIO 1/4, a HAaHUMATE/Ib HUKOIJIA He apeH/yeT
KBapTUPbI 6€3 XOYMCTeiPKUHTa, & ¢ XOyMCTeHIZKUHIOM — ¢ BepOoATHOCTHIO 1/20.

¢, d) B mByx npyrux ciydasx, KOrjia YuCTYIO CTPATEruio MCHOJIb3yeT Tull bad, paBHOBeCHs TOXKe
HeT, B HUX TUily good BCerja BBINOJIHO OTKJIOHUTHLCS B IIPOTUBOIIOIOXKHYIO K bad crpareruto.

Kpurepun.

3 baJuta — 3a IPaBUJILHOE JIEPEBO UTPHI C HOJIE3HOCTIMMU

1 Gasn — 3a KaxKJi0e UCKJIIOUYEHHOEe Pa3/ie/Idioliee paBHOBECHE

2 GaJjita — 3a KazKJI0€ MCKJII0UYEHHOE CMEITBAIoIee paBHOBECHE

3 baJuta — 3a UCKJIIOYeHHe THOPUIIHOIO, B KOTOPOM BCE CMEITHBAIOT

1 Gawn — 3a KaxKplil U3 3-X Caydail HCKJIFOYEHUsI TOJIYpa3IeIsiionero HepaBHOBECHS

5 6aJUIOB — 3a eIWHCTBEHHOE IIOJIyPa3/esiollee paBHOBECHE CO BCEMHU IOJICYNTAHHBIMI
BEPOSTHOCTSAMU

Jlono/iHeHne: 3a OJIHOBPEMEHHYTO UT'PY 1 AJUII03KI0 Ha PHIHOK JIMMOHOB CTaBUJIOCH 2 Gauia (MHODIA
IUTIOC HECKOJIBKO GAJIJIOB MPU HAJIMYIUE €Ille Pa3yMHBIX MBICTICI ).

JlonotHenne 2: yTBep:KAeHHWE, UTO XOPOIIUil COOCTBEHHHMK BCEra JIe/JaeT XOYMCTEeHIKIUHD
(toMuHEpOBaHUE), BOOOIE TOBOPsI HE BEPHO, T.K. 3aBHCUT OT PEAKINU apeHaaTopa (MoxkKeT ObITb
curyanus, tie 500>5). Basutel 3a 910 Gecrnoma Ho CHIMAINCh, T.K. 3a/a9a TOr/a CIJIBHO 06/1erdasach
1 9aCThb PABHOBECUI yIACTHUKH OOOCHOBAHHO HE UCKJIIOYAJIN.
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Baga4da 5. Jlyummii u3 mupos (15 6aJsoB)
Pacemorpum arentos A, B, C u Bo3MOKHBIE MUPBI, 0003HAYEHHBIC HATYPAJIbHBLIMA YUCIaMA: 1, 2,
D)
Arent A He pasnmuaer mupbl BHyTpu MHOKecTB: Al = {1, 2, 3}, A2 = {4, 5, 6}, A3 = {7, 8, 9},
A4 = {10, 11, 12}.
Arent B me pazimuaer mupbl BHyTpH MHOXKecTB: Bl = {2, 5, 9}, B2 = {1, 6, 12}, B3 = {3, 4, 11},
B4 = {7, 8, 10}.
Arent C He pasimaaer mupbl BHyTpu MHOKect: Cl = {5, 9, 12}, C2 = {1, 7, 6}, C3 = {4, 3,
11}, C4 = {2, 8, 10}.
CTpyKTypa KJIacCoB S5KBHBAJIEHTHOCTU BCEM M3BECTHA.
Baragan mup 1. A, B u C 3Ha10T KJIacC 3KBUBAJCHTHOCTH, Ky/Ia 3TOT MHUDP MONaaaeT. AreHTsl A
1 B MoryT myGgmaHBIM OObABICHREM yIAISITH MAPbI, KOTOPBIE CIUTAIOT HEBO3MOXKHBIME B JIIOOOM
HOPsIKe, BEIOPAHHOM HMH.
Bagaua A u B ysnars kakoit Mup 3aragan, npu srom C He JOJDKEH oTragaTh 3ToT Mup. MoryT jm
A u B Bomrpars? Ecin 1a, To mocTpoiiTe BBIMTPHINIHYIO MOCIEI0BATEILHOCTL coobmennit. Ecam ner,
TO OOBICHUTE MOYEMY.

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: A1 = {1, 2, 3}, A2 = {4, 5, 6}, A3 = {7,
8,9}, A4 = {10, 11, 12}.

Agent B does not distinguish among worlds within sets: B1 = {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 1 is 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.

Pentenne.

OrmernMm oj1HO M3 HamboJIee CUIbHBIX BO3MOXKHBIX perreHnii 3a A u B.

Urpok A ynansier Bce mupsl, Bxojsmme B A2 u A4. rpok B yrasser mup 8 u Bce MUDBI, BXOJIAIINAE
B Bl u B3. Tennepr Al=1, A3=7, B2=1, B4=7, C2=1,7.

IIpu Takoii mocaemoBaTebHOCTH, AazKe ecan A u B oObsBar, aro snator, To C He y3HaET.

[Ipu stom C He MOXKeT AOTaATHCS, ITO WUTPOKW YJIAISIA Te MHUPBI, KOTOPbIE MPUBOIAT K
paBUJIILHOMY MUPY 1, TaK Kak ecju Obl peajbHLIM MUPOM ObLT 7, TO y A n B rapanTupoBanHOro
BBINTPBIIIA HET, HO pPa3 YK IPOUrPbIBATH, TO MOKHO PUCKHYTb U YIAJIUTH OJUH U3 MUPOB, KOTOPLIE
CUMTAETCs] BO3MOXKHO PEAJIbHBIM — TaKasl CTPaTerus JJOMUPYIOIIAs 10 CPABHEHUIO ¢ TaPAHTUPOBAHHBIM
[POUTPBIIIEM — U €CJIN y/IaleHa 8, To OHI Y3HAIOT, 9TO PeasbHbli Mup 7 (1 BBIUIPAIOT), & 1 0OCTaBIISIOT,
110061 C He 3HaJ Kakoil nMeHHO Mup 1 wim 7.

Kpurepun.

Kak BuaHO 13 pelleHnsi, OCHOBHasA Mjiess B KOHKPETHOM 3ajad4e: yaajJeHne MIPOB TaK, YTOObI Y
urpoka C ocTaanch BO3MOYKHBIME MUpBI 1 u 7.

JlomotTHUTE TEHBIE BOIIPOCHI, KOTOPBIE MOIJIM BOZHUKHY Th:

e Vsuaer s C, uro A u B yke y3Hasu, T.e. ecTh 1 o0bgapaenne "mbl y3aaau!"?

10
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e MoryTr siu A u B He 00bABAATH, UTO 3HAIOT, & CAE/IATh JOIMOJHUTEIbHBIE TIArd U O0bIBUTH O
BBIMTPBIIIE KOTJIa UM YI00HO.

e Kakoe mopesienne C oxugaer or A n B, ectu A u B 3naror, 910 He CMOTYT BBIUTPATH WM UTO Y
HUX HET rapaHTHPOBAHHOI'O BBIUI'PHIIIAT

OTBeThI clleAyoIue:

e A u B ne obbsaBsior, uro y3uasu. VI, B mpuHIuie, MOTYT, CIeIaTh JOTMOJHUTEIbHBIE XOIbI
1 0ObABUTH O BBIUTPBIIIE KOIJIa MM yJIO0OHO (XOTsI HEMOHSTHO 3adeM, BeJlb KaK TOJBKO OHU
CKpBITHO y3HAMH, & C — Her, TO yCJIOBUe WX BBIUIPHIIIA Y2Ke BBIIIOJHEHO U OHH y2Ke BBIUTDAJIN).

e AuB MOI'yT BeCTU cebs IIPOU3BOJIbHO, €CJIM HE MOI'YT BbIUI'DAThb, B TOM YHCJIE€ U IILITATHCA
IIPUBECTU Cs 3a6ﬂy}K,ZLeHI/Ie, 9TO OHM MOTI'YT BbIUI'DaTb, U 9TO U3BECTHO C.

Eciu ipu pemnennn ykazaHbl 9TU WU JIPYTUE, HO 00Jiee CUIIBHBIE MPEJIIOIOKEHNS U PACCMOTPEHBI
BCe BapuaHTBI, TO OICHKA He CHUKaeTcd. Hampumep, ecim 3ajia4da pernieHa 1npu MpeJiooKeHI, ITO
A u B 10/mKHBI 00BABIATE, UYTO y3HAM, 9TOOBI BHIUTPATD, U IIPU 9TOM B PEIICHUH TTOKA3aH aJrOPUTM
KaK U B 9TOM CJIy4dae BBIUI'PATh U T.JI.

st mostyuenust moJiHOTO Oasiia I0CTaTOYHO Jazke pernenust, koriga Urpok A yiaasiser Bce MUpHI,
Bxojsmme B A2 u Ad,a urpok B ymasnsier Bce mupsi, Bxojsimiue B Bl u B3.

e 15 OaJLUTOB — 3a MpaBUJILHOE W IIOJIHOE PEIeHre, a TaK:Ke 3a pelleHue, He YIUThIBaloIee
joraymBocth C (B yeJI0BUY TIPO JIOT&/IJIUBOCTH He OBLIO TOSICHEHMIA ).

e 10-14 Ga/utoB — ecyu OTBET BEPHBI, HO COMEP:KUT OMHUOKN B ODOCHOBaHWM (HAIIpUMED,
yTBEpzK/laeTcs, YTO UI'POKUA YEero-TO He MOT'YT, B TO BpeMs#, KOIJla CylIeCTBYeT OIPOBEPratoNuii
9TO YTBEPIKJICHNE KOHTPIIPUMED ).

e 5 0a/ulOB — 3a NPaBWIBHBIA OTBer (BKJIOYAIOINIl cTpaTeruio) 6e3 IOMOJHUTETHLHOTO
00OCHOBAHUA.

o Cumxenune na 1-2 6ajura — 3a HEKPUTHIHBIE ONIUOKKM B PACCYKJICHUIX.

o CHmxenue Ha 5-10 0a/I0B — 3a KPUTUUYHBIE OMIMOKH B PACCyKJICHUSIX B 3aBHCHMOCTH OT
KPUTUIHOCTH.

e (-5 Oajuta — 3a MONBITKY pPeNIeHus.

Bagada 6. Pasmbiiienus: o Puvmckoit Umniepun (15 6asios)

JlatmackuMm kBajpaToM pasmepa NxXN nazbiBaeTca marpuria pasmepa NxN, 3amnonnennas
HATypaJIbHbIMU ducjaMu oT 1 j1o N Takum oOpa3oM, 9TO B KaxKJIOH CTPOKE U B KarKJIOM CTOJIOIE
KaKJI0€ YUCJI0O BCTPEYaeTCd POBHO OJIMH pa3.

Mopsikn Amajieyc n Borudannyc Hamm cyHIyK, B KOTOpoM XpaHuTcad N-+1 oJnHaKOBBIX
KeMayKuH. OHM cTajil CIOPUTH, KTO U3 HUX BHEC OOJIBINNN BKJI&J] B TIOUCK COKPOBUII U JOCTOUH
HOJIYIUTH OOJIbIIEE KOJTUIECTBO KeMUIyKUH. MOpsSKu Moy K ©MIEPaTopy, YTOObI TOT PEITUI UX
CIIoP.

Nmvmneparop napucosas JaTuHCKuil KBajpaT padMepa Nx N, KOTOpBIii 3a110/IHeH YucjaamMu oT 1 10
N. Mopsikn 3HaOT Kakoif KBaJpaT HapucoBas nMmiepaTop. KaxKaplii 13 MOPSKOB TallHO 3aIlMCHIBAET
qucyio oT 1 1o N. B jarunckom KBajipare BbIOMpaeTCd CTPOKa ¢ HOMEPOM, KOTOPBIH 3aIrcasl Ha
nanupyce AMajieyc, u cToJber; ¢ HoMepoM, KoTopbiii 3amucan bornudarmyc. B sdeiike na nepecedenun
BBIOPAHHBIX MOpSKaMU CTPOKH 1 cTosi01oB ducio K: Amazgeyc noaydaer K xemayxun, bBorndannyc
octasibiblie N+1-K ykeMuyKuH.

BepHo Jin, uTO mranckl MOPAKOB Ha, yCIEX OJIMHAKOBBI, HE3aBUCUMO OT TOT'O, KAKOH JTATHHCKUI
KBaJpar Hapucyer umieparop? ObocHyiiTe cBOII OTBET.
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Reflections on the Roman Empire (15 points)

An NxN Latin square is an NxN matrix filled with natural numbers from 1 to 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 1 to N. The
sailors know which square the emperor drew. Each of the sailors secretly writes down a number from
1 to 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.

Pentenne.

Jlokaxkem BcromMoraTejbHOe yTBepxKIeHue: ecjn Amajieyc paBHOBEPOSITHO BBIOMPAET MeEXKILy
CTPOKaMU, TO €r0 OKUJIAEMbINl BHINTPBIIT PABEH %

O6o3HAIUM S, ..., Sy UHUCTBIE CTpaTernu Mopsika A (MHIEKC 10 HOMEpPY BBIODAHHOW CTPOKN);
t1,...,ty ducrble crpaTerun Mopsika B (nHeKe 110 HOMepy BhIOpanHOro cTos61a). [Tycrs Mopsk B

N N
HCIIOJIb3yeT HEKOTOPYIO CTpaTeruio t = » ; Wjtj, e w; - BEPOATHOCTB BBIOOpa YUCTOM cTpaTerun t;;

Zjv w; = 1. Takzke obo3namM 3a uA(s;, t;) IHCI0, KOTOPOE 3AIMCAHO Ha HEPECETCHUN -0 CTPOKI 1
J-To cTOJIONA JTATHHCKOTO KBajpaTa (TO eCTh BBIMIPLINT AMajeyca B 3aBUCHMOCTH CTpATernii 06onx
MODSIKOB).

TToKazKeM, UTO €CTH MOPAK A HCIIOIB3yeT CTPATerHio Y +Si, TO OH IOJIyHYaeT OKHIACMBIit
Bomrpoim Uy = 25 mesaBncumo ot crparernn ¢ Mopsika B.

NN L N
Ua = Z Z ijUA(Siatj) =N ij[z ua(si, t;)]
i j i

:_Zw] N+1)_ Zw]_NJrl

MBI BOCIIOJIB30BAJIICH T€M, 9TO B JIIOOOM CTOJI6I.L€ JIATUHCKOTO KBa,ILpaTa Kaxkoe gncyo or 1 1o N

1 N = N0 6oro j

BCTDEUACTCS POBHO O[T Pas3, W MOSTOMY S ua(si,t;) = 1+ ... + —5 ILHH JIE06OTOo j.
Nrak, MOpsaK A MoxKeT cebe rapaHTHPOBATh cebe OyKMIaeMblil BRIMIPHIN 221, Tak Kak BCero
pasbirpeiBaerca N + 1 :keMuyzKHHA, TO OTCIO/A CJIEyeT, 9TO MOPsIK B He MoxKer FapaHTI/IpOBaTb cebe

BBINTPHIIT Gostee, gem (N + 1) — % = %
AHaJIOTHYHO JI0Ka3BIBAETCS, ITO MOPAK B rapantupyer cebe Bbmrpbun Y BeiGupas mexty

YUCTBIMU CTPATErmIMU paBHOBepOoATHO. OTCIONa CJIe/IyeT, 9TO MPHU IPaBUJILHON WIpe Mopsika b
OJKITAEMbIH BBIUTPBIII MOPSIKA A He MOYKeT IIPEBBIIATH 2 ;“ LA 5710 3HAUMT, U4TO B JTIO60M PABHOBECHH
KaKJIblil U3 MOPAKOB II0JIy4aeT OJUHAKOBBIN BBIMT'PHIIIL %, TO €CTh MX IIaHChl PaBHBI.

OTBeT: BEpHO, IMAHCHI MOPSIKOB HA yCIIEX OJUHAKOBBI.

BamMedanne: JTAaTUHCKUI KBaJpaT He 00s3aH OBITH CHMMETPUYIHBIM, TOITOMY JIOKA3aTE/bCTBA,
[peJIoIararlnee CMMMETPUIHOCTD UT'PbI, K COXKAJIEHUIO HE BEPHBI

1234 2413 4321 3142

Kpurepun.

e (0 GasutoB). HemepHblil OTBeT; HET OTBETa Ha IIOCTABJEHHBIH BOIPOC; OTBET, YTO IIAHCHI
OJIMHAKOBBI, IIPU TOM, YTO UTPOKHU TOJIydaT KaKOil yTOHO BBIUTPHIII (IIPOTHBOPEUNE); OTBET, UTO
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HIaHCbI OJJMHAKOBbBIE IIPU PAaCCy2KAECHHUN O TOM, YTO BCE YUCJIa BCTPEIAIOTCA B Ka}K,Z[OI';I CTPOKE 1
cToI01IE.

e (1 Gasur). BepHsblit orBeT 1npu apryMeHTaIMN Y€pe3 CUMMETPUIHOCTD UT'DBL.

e (5 GawioB). BepHblii OTBET TpU apryMeHTAIlMd 4Yepe3 PABEHCTBO BBIMIPbINIEH mpu Jroboil
CTpaTEruN COMEPHUKA, U KaK CJIeJCTBUE, PABHOBEPOSITHOCTH XOJ1a KaXKJIOT'O UTPOKA.

e (15 6asutoB). BepHblil oTBeT IpU arpyMeHTAIMN O PABEHCTBE BBIMIPHIIIEil OT JIFOOOH cTparerumn
ATPOKa B OTBET Ha PABHOBEPOSITHYIO CTPATETUIO JAPYTOro, W KaK CJEJICTBUE, CMENIaHHOE
paBHOBecHe IIpH PaBHOBEPOSITHOI UI'Pe 000UX.
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