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HanpasJiienue: «Teopus urp»

Ipopuan: «Teopusi urp» KO/ -390

PEHIEHUSA U KPUTEPUU OHEHUBAHUSA

Bpems BoinosiHeHus 3aaanusi — 180 MuH., A3bIK — PYCCKUH WM AHTJIMHCKHIA.

Pemure Bce 3amaumn.
Beca 3aga4, B TOM 4rclie KaX10T0 MOABOMPOCA, MPUBEICHBI B CKOOKAX.

HNucTpyknun
Pemenne mMoxer OBITh MPENCTABICHO KaK HA PYCCKOM, TaK M HA aHTJIMACKOM SI3BIKE.
Hukakux [IOMOJHUTENBHBIX OalljioB, BOpOYeM, Kak U wTpadoB, 3a peuieHHe Ha
AHTJIMHACKOM SI3BIKE HE MPEYCMOTPEHO.

Pemenue 1015kHO OBITH XOPOILIO CTPYKTYPUPOBAHHBIM, U3JI0KEHO TPAMOTHBIM SI3BIKOM, a
NOYEepK — pacrno3HaBaeMbIM. OTBETbl Ha KaueCTBEHHBIE BOIPOCHI JOJIKHBI OBITH
y0eauTenbHO apryMEeHTHPOBAHbI, HO JJUHHBIC PACCYKACHUS, HE OTHOCAIIMECS K CyTH
Jiena, MOr'yT HETaTUBHO IOBJIMATH Ha OLICHKY.

Bce marm B pemeHWM JOMKHBI OBITh OOOCHOBAHBI, BCE BBIUYMCICHUS JIOJDKHBI
IPUCYTCTBOBATh B paboTe. KaabKyasTOpaMu MoIb30BATHCS 3AIPEIICHO.

UepHOBUKHU HE MPEAYCMOTPEHBI, PEeIICHUE cpa3y 0(hOopMIIIETCS: Ha YUCTOBHK.

Ecnu npuBeneHHoe pellieHUE SBIISETCS HEBEPHBIM, MEPEUEPKHUTE €ro (ImepeuepKHyToe
peleHre He MPOBEPSETCs) U MPUBEAUTE KOPPEKTHYIO BEPCHIO.

IIpy HanWuMM HECKOJNBKMX BAPUAHTOB pELICHHUS OJHOTO M TOTO K€ 3aJaHus,
IIPOBEPAIOLINI CaM OIIPENEIAET, KAKOE U3 PELICHUN MOJICKUT IIPOBEPKE, a alleIUIALNU C
pOCKOO MPOBEPUTH IPYroi BapHaHT PEIIEHUs] HE MPUHUMAIOTCS.

1. (15 6anaoB) «Urpel HA mOJTE»

Tpu Wrpoka WIpaOT B WMTPY: KaXKIBIH M3 MIPOKOB OJHOBPEMEHHO OOBSABIAET, KAKyI0 4acTh
ILIOIAaK TIOMIsS OH xoueT 3aHsTh - Vi € {1,2,3} x;, = [0; 5] 5 € R, a ero Bemrpsun (KoTOpHIit
OH CTPEMHUTCS YBEIMUHThH) OMpejeseTcs Kak MpOU3BeeHHe CBOOOJHOM 4acTH MONs Ha Ty
IUTOIIa/b, KOTOPYKO OH moxkemam 3aHsth: U;(X) = (5 —X¥- x;)x,  Jlomyckaercs, dTo
CyMMapHas IIoma/b, KOTOPYIO XOTAT 3aHATh UTPOKH, Oy/eT G0bIIIe JOCTYMHOM.

(@) 5

0amioB) «CroBop wiam myOau4HbIA c0103» IlepBblii M BTOPOM WIPOK pEIWIN

O0BEIMHUTh CBOM YyCWJIMs, BbIOMpas X1 M X2 Tak, 4To OBl MaKCHUMH3HMPOBATH CBOH
CYMMapHBI BBIMTPHIII. PalnMoHaNIbHO 1M MM Tepel BLIOOPOM CTpaTeTuil MOCTaBUTH B
M3BECTHOCTh TPETHEr0 HMIpoKa O CBOEMl koomepamuu win Her? [lpeamonaraercsi, 4Tto B
T000M CiTydae TPEeTU UTPOK He OyeT y4acTBOBATh B KOOIIEPAITUH.

(b) (10 6annoB) «KTo mepBblii?» Bce Urpoku urparot HekoornepatuBHyto urpy. Urpoku 2 u 3
BBIOUPAIOT CTPATETUIO OAHOBPEMEHHO. Kakyro U3 ClIeyromux cTpaTeruid BEIoepeT Urpok 1:

1)
2)
3)
4)

BbIOpATh OJTHOBPEMEHHO C IBYMS OCTaJIbHBIMU;

BbIOpATh paHbIlle APYTHX, TaK, YTO CTPATErus OyAeT U3BECTHA OCTANIbHBIM;

BbIOpATh MO3KE IPYTUX, TAK, UTO €My OYAYT U3BECTHBI CTPATETUH OCTAJIbHBIX;

BBIOpaTh MO3KE IPYrUX Kak U B 3), HO B3sIB Ha ce0s myOoauyHoe 0053aTebCTBO, 0OBSIBUB
OCTaJbHBIM, KaK OyJIeT 3aBUCETh BHIOMpaeMas UM CTPATErusi OT UX CTPAaTErHii.

(15 points) “Games in the field”
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Three players play the game: each player simultaneously announces what part of the field he

wants to occupy i € {1,2,3} x; = [0; 5], S € R*, and his gain (which he seeks to increase) is

defined as the product of the free part of the field and the area he wanted to occupy:

u,(x) = (S —Zi=1 %)% |t is allowed that the total area that players want to occupy may be

greater than the available one.

(@) (5 points) “Collusion or public union” The first and second players decided to cooperate
to maximize their total winnings. Is it rational to let the third player know about their
cooperation before choosing strategies? It is assumed that in any case the third player will
not participate in the cooperation.

(b) (10 points) “Who is the first?” All players play a non-cooperative game. Players 2 and 3
choose a strategy at the same time. Which of the following strategies will player 1 choose?
1) choose simultaneously with the other two;

2) choose before others, so that the strategy will be known to the rest;

3) choose later than others, so that he will know the strategies of the others;

4) choose later than others as in 3), but by making a public commitment, declaring to others
how the strategy chosen by them will depend on their strategies.

PEIHNIEHUE

[Ton yuacTHHMKOM Oy/ieM MOHMMATh yYaCTHUKA OJIMMIINA/bI, PELIAIOIIEr0 JaHHYIO 3a/1ady.

IIpu oueHke pelIeHHs YYaCTHUKOM BaKHO YUUTBHIBATH, HA KAKYI0 MOJECIb IIPUHATUSA PELICHUN
IIpU HCCIEeN0BaHUM WUrpbl. lIpenocraBiasieMoe HUXKE PELICHUHM OCHOBAHO HA TOM, YTO IOJ
OJHOBPEMEHHBIM U HE3aBUCHMBIM IPUHATHEM pECIICHHS IOAPA3yMEBACTCsd MOJEIb WIPBl B
HOpMaJIbHOW (OpME a paluOHANbHBIE WUTPOKH, MCXOZS W3 KOHLEMIMHA HAWIYYIINX OTBETOB,
peanusyroT paBHoBecue Homa B curyamum orcyrcTBusi koomnepauuu. O0a MOANyHKTa 3ajadu
MIOAPa3yMeBaloT, YTO YYACTHUK JOJDKEH HAlTHU paBHOBECHBIE M0 Hanry cTparerum HrpokoB U UX
BBIUTPBIIIN B CUTYalluu paBHOBecHs Haa.

Jlis 9TOM MOAENH MOJy4aeM, 4To Ui KaKJOro Mrpoka ero (pyHKIUS HauIyylllero OTBeTa Ha
UTPOBYIO OOCTAHOBKY OIpeIeNsIeTcs KakK

BRi(S, X)) =(S =2 s %)/ 2-

CoOOTBETCTBEHHO HEMOBIKHAs To4yka oToOpaxenust BR(S, X) — 3To cutyarms, B KOTOpPOii
CTpaTeruy Bcex UTPOKOB PaBHHI X;* = S(n + 1)7* T.e. ama cimyuas Tpex urpokos x;* = §/4. Hx
BBIMTPBINIM B paBHOBecHH - U, (X)) = S?(N+1), ans ciyyas Tpex Urpokos - u;(x*) = 52/16.

a) B ycrmoBuu 3amaum cka3aHo, 4TO OOBEAMHSASACH, UTPOKH | U 2 MIAHUPYIOT MAKCHMU3UPOBATh
CBOI0 CYMMAapHYIO IIOJIE3HOCTb, T.€. i, = (5 — (x,+x,) —x3)(x,+x,), T.e. BBHICTyNalOT Kak
OJTMH UTPOK C (PYHKIMEH MONE3HOCTH U5 = (5 — x5 — X3)Xy,, X4 = X;+X,. COOTBETCTBEHHO,
(GYHKIMS TIOJIE3HOCTH TPETHEr0 UTPOKA MPUHUMAET B Uy = (5 — x,5 — X4 )x5. T.e. Urpy Tpex
JUI] MOKHO paccMaTpHUBaTh KaKk UIPY JABYX JIMI, MPU YCIOBHM IMOJIHOM MH()OPMHUPOBAHHOCTU
UTPOKOB — T.€. NPU YCJIOBHUH, YTO TPETUH UTPOK OCBEIOMIIEH O Koomnepauuu. B stom ciaydae B
paBuoBecuu Homa x,,"" = %3 =5/3 u uy,(x™) = ug(x™) = 57/9.

B cnyuae, ecnu TpeTuil UTpOK HE OCBEAOMIIEH O KOOIEPALMU M CUMTAET, YTO Pa3bIrpbIBACTCA
HEKOOIepaTHBHAS UTpa B HOPMAIBLHOU dopMe, a IepBbIe JBA 3HAIOT 00 ATOM, TO TPETUH UTPOK,
KaKk T[pexae BBIOMpaeT crpareruio  x3° = 5/4, a mepBelii W BTOpOM  BHIOMpAIOT
BRi12(S, X3) =3S /8. B oTom ciyuae u,,(x) = 957 /64.

OTkyna MOXHO clienaTrh BBIBOJ, IEPBOMY M BTOPOMY WIPOKY HE pallMOHaJbHO CTaBUTh B
M3BECTHOCTh TPETHLETO O CBOEH Koomepauuu, T.K. 95%/64 > §%/9. Bomee Toro, B ciydae
OCBEJIOMJICHHOCTH TPEThEr0 MIPOKa O KOOMEpaluud C MENbI0 MaKCHUMU3ALUU CyMMapHOU
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MOJIE3HOCTH, IIEPBOMY M BTOPOMY HIPOKY Jake HE palHOHAJIBHO KOOIIEPHUPOBATHCA, T.K.
25%/16 = 5%/9.

HCO6XOI[I/IMO 3aMCTUTb, YTO MMCHHO H3-3a IOCICAHCTO BbBIBOJAd YYACTHUK B PCHICHUHU MOKCET
MMPECAIIOJIOXKUTE, YTO €CJIM KOOII€palus M3BCCTHA TPETBEMY UI'POKY, TO IICPBBLIC JBa 6yI[}IT KaK
MMpEKAC pPa3bII'pblBaTh PAaBHOBECHEBIC I10 HBIHy CTpaTCrun JIA MIPbl TPEX JIMI W 3TO TaAKXKEC
YUYUTBHIBAECT U TPETUM UTPOK, TOITOMY B UTOT'E BCE TPU UTPOKA Pa3bIrPbIBAIOT HEKOOIIEPATUBHYIO
UTpy B HOpMaNIbHOU (hopMe. DTO HE COBCEM KaHOHUYECKUH MOAXO/I, M OH JOIMYCTHM TOJIBKO MPU
YCIOBUH, YTO YYaCTHUK YKa3ajl O COOTBETCTBYIOIIEH OCBEIOMJIEHHOCTH HIPOKOB. B 3TOM
ClIy4ae, «CrOBOP» IEPBOTO U BTOPOTO UTPOKOB OCTaeTCs 0oJiee MPEANMOYTHTEIbHBIM I HHX,
T.K. 95%/64 > 25°/16.

b)

1.

Kak wu mpexne, paspirpblBaeTcsi Hrpa B HOPMalbHOW (opMe, COOTBETCTBEHHO
u, = S%/16.

Hpezlnonaraﬂ, 4YTO HUI'POKH, IMPHUHHUMAIOIMICC PCHICHHC OAHOBPCMCHHO, PAa3bII'PbIBAIOT
MEXJy coOOW Urpy B HOpMajbHOU (opme, moiaydyaem, 4YTO Ui OMpEeIesieHUs CBOEH
cTpaTeruu 1053030151 HUI'POK MaKCUMHU3HUPYET GbyHKIUIO

i, (x,) = (5 — ey

3
w, = 5%/12.

Crparerusi, BelOupaeMas MepBbIM UIPOKOM C LIE€JbI0 MAaKCHUMHU3ALMKU CBOETO BBIUIPBIIIA,
OyzmeT ompenenaTbes Kak x; = (5 — (x,+x3))/2. C yuerom 3TOro, Impeamonaras, 4ro
UTPOKH, NMPUHUMAIOIIEE PEIICHHE OJHOBPEMEHHO, Pa3bIIPHIBAIOT MEXIY COOOU UTpy B
HOpMalbHOU ¢opMe, UIsi KOTOPOH BBIUTPHIINI BTOPOTO U TPETHEro Hrpoka OyneT
ONPEENATHCA KaK
u; = 0.5(5 — x, — x;3)x; momy4aem, 4To X, = x5 = 5/3 a x; = 5/6. Orkyna cienyer,
4TO

u, = 5%/36.

PaccmoTpuM cTpaTeruto nepBOro Mrpoka Kak «KOHTPAKT» II0 OTHOLIEHUH MEXKIY
urpokoMm 1 u wurpokam 2 u 3, B paMKax KOTOPOrO NEpPBBIA HMIPOK MOTHBHUPYET
OCTaBILIUXCS IBYX BbIOpAaTh TaKH€ CTPATETUH, KOTOPHIE TIO3BOJISAT IEPBOMY HOJYUUTh KaK
MOKHO OONbIINMN BBIMIPHIIL. J[1s1 3TOro mnepBbIi UIPOK MOXKET Cc(HOPMYJIUPOBATH
«yTpo3y» WIN «IUTpa(HYI CaHKLHIO» — TaKyl0 CBOK CTPATErHi0, YTO BBIUTPHILIH
KaXJ0r0 M3 OCTaBUIMXCS JBYX MWIPOKOB OyIeT 3aBelOMO HMXKE, 4YeM B Ciydae
CJIEIOBaHMs KOHTPAKTy. B 1aHHON MOJeny MepBbIil UTPOK MOXKET «HAKa3aTb» BTOPOTO U
TPETBETO UTPOKOB BbIOMpast CTPaTETHIO
%, =5 — (x,+x;), npu ycnosum, 4ro x,+%; <5 u x, = 0B npoTUBHOM ciydae. B

— x1)x1 = ? (§—=x,)x,, Orkyma  nomydaeM  x, =5/2,

cllydae TAaKOTO HaKa3aHWs BBIMTPHIIIM BCEX MTPOKOB OyayT He Oombmie 0 (BKIOYas U
nepBoro). Mcmosb3ys Takyro CTpaTeTHio YIpo3bl, MOXKHO OMPEICIIUTh, YTO JUIsl BTOPOTO U
TPEThEr0 MrpoKa OYIyT pallMOHAIBLHBIMU JIFOOBIC TAKKE UTPOBBIC CUTYAIlUU, B KOTOPHIX
UX BBIUTPHINIH OymyT Gosbiine 0. B yacTHOCTH, €Clii B paMKaxX KOHTPAKTa MEPBBIH UTPOK
«pas3peluT» BTOPOMY U TPEThEMY B Ka4eCTBE CBOECH CTpATETHH BHIOMPATH HEKOTOPYIO
CKOJIb YTOJHO MaJIyl0 MOJIOKHUTEIbHYIO BEIMYMHY &£, a CaM TPU 3TOM O00s3yeTcs
BBIOMpATh CTPATETHIO X; = 5/2 — £, TO B DTOM cllydae U, = Uy = (5/2 — £)e>0. T.e.,
€CITU TIEPBBIN UTPOK, MPEXKJIC YeM BTOPOM U TPETUH BBHIOEPYT CBOM CTpATETUH, OOBSIBUT,
YTO €ro CTpaTerus 00s13aTeILHO OY/IET 3aBUCETh OT CTPATETHii BTOPOTO U TPETHETO KaK

0.5S —¢, X, = X3 =&,

Xy, X;) =
%% %) max(S—X, —%,0), X, #evX #¢
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TO BTOPOMY U TpPEThEMY HIPOKY OyIeT palMOHAIbHO BBIOMPAaTh CBOM CTpPATETHH
paBHBIMH & . B 3TOM Cilydae BBIMIDBILI IEPBOTO UIPOKA COCTABHT 1, = (5/2 — £)°.

W3 3THX BBIKJIAZOK CIEIYET, 4TO CiIydail 4 siBiseTcsl Haubosee MpearnouYTHTEIbHBIM IS
urpoka 1 (Ipu JOCTaTOUHO MaJIbIX 3HAYEHMSIX £), 32 HUM CIIEAYyeT ciydail 2, 3atem 1 u
HauMeHee NMPEANOYTUTEIbHBIM SBIISIETCS ciydai 3.

Kpurepun

a) - 3 Oayia 3a apuMeTHUECKHEe OIIMOKY, TIPU YCIOBUU BEPHOM JIOTUKU U OTBETA.

1 a1, eciu ecTh BEpHBIN OTBET U CIIOBECHOE PacCyKICHHUE.

5 6ayuI0B MPH YCIIOBHH BEPHOTO OTBETA U BEPHOT'O PEUICHHUS 337auHl B YHCIIaX.

b) 1-2 6anna 3a TOruvHOE PaccykJICHNE OTHOCUTEIBHO BEPHOM CTPATErHU.

8 0aJI0B 32 BEPHO MOCUYMTAHHBIE BHIMTPHIIIN JJIs cuTyanuit 1,2,3 1 ux BepHOE CpaBHEHHE.

4-6 6aIoB, €CIIM €CTh 2 BEPHO MOCYMTAHHBIX BBIUTPHIIIA, JINOO €CTh apu(METUYECKHE OIIUOKH.
10 6amioB 3a BepHOE pemieHue curyaruii 1,2,3 u pa3doop curyanuu 4 ¢ BEpHBIM OTBETOM.

2. (15 6angoB) «Chirpaemi ¢ HUM?»

AHnHU u bennu urpator B urpy Hum: nepen Humu kyuka u3 N xkamMHEH M KaXIblil 0 ouepenu
MOeT B3sTh 10 1,2,...,K < N kamueii. HaunHaeT AHHU, TaK 4TO MOPSIIOK XOJOB BBITJISIUT KaK
ABABAD... BolurpeiBaeT TOT, KTO B35l nocieqHuil xameHb. Ilepen Hawamom urpsl bennu
MO’KET HEMHOI'O IIOMEHATH MOPSIIOK XOI0B, @ UMEHHO IEPECTABUTh OJMH CBOM XOJ Ha COCEIHEE
Mmecto. (Hampumep, mocraButh CBOIl BTOpPOM XOA cpa3y IOC]E MEPBOrO M MOIYYUTh MOPSAIOK
ABBAAB.) Kto moxer rapantupoBaTh ceOe mobeny u mpu Kakux ycnoBusix? Haiiaure
BBIMTPBILIHBIE CTPAaTeruu Jyisi AHHU U beHHu.

Tloockasxka. B OOBIYHOMH urpe 0e3 IIEPECTAHOBOK XOI0B ONTUMAJbHEIH OTBET AHHHU 6paTB
At+1:k+1-Bt.

(15 points) “Let’s play with NIM!”

Annie and Benny play the game of Nim: there is a pile of N stones in front of them and everyone
can take 1,2, ..., k < N stones in turn. Annie starts, so the order of moves looks like ABABAB ...
The one who took the last stone wins. Before the start of the game, Benny can change the order
of moves a little, namely, rearrange one of his moves to the next place. (For example, put his
second move right after the first and get the ABBAAB order.) Who can guarantee a victory for
themselves and under what conditions? Find winning strategies for Annie and Benny.

Hint: In a standard game without permutations of moves, Annie’s optimal answer is to take
At+1:k+1-Bt.

PEILIEHUE

benHu Bcernma MoKeT rapaHTHpPOBaTh ceOe modeny.
JlocTaToYHO PacCMOTPETh MTEPECTAHOBKH ITEPBOTO U BTOPOTO XOJIOB.

1. N nmenwurcs Ha k+1 Ge3 ocratka: beHHU He TepecTaBiIsIeT X0/, OPSIOK UCXOTHBIN
ABAB..., 1 Ha KaX b1l X010 AHHU At OTBEYAET KIACCUUECKUM Biii=K+1-A:.

2. k<N < 2k : bennu craBuT CBOI BTOPOH XOJ MOCJe MepBoro, nmopsaok ABBA.. .,
1 3a0upaeT Bce KaMHH JIBYMSI XOJaMH.

3. N> 2k u HE nenutcs na k+1 6e3 ocratka: beHHH cTaBUT CBO#l BTOPO# X011 mOCe
nepBoro, nopsinok ABBA..., u nubo 3a0upaer Bce KaMHH ABYMS XOJlaMH, JTUOO JenaeT
TaK, 4TOOBI MOCJIE€ €r0 BTOPOTO XOJa KOJMUYECTBO OCTABIIMXCS KaMHEH ObLIO JIeTMMO Ha
(k+1) u Ha xax bl Xoq AHHHE A; , t>2, cHoBa oTBeuaeT Bri=K+1-A:.
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Kpurepun

1-2 Gamna 3a JIOTMYECKH BEPHBIN ()parMeHT pacCy KICHHUS.

6-12 GayyioB 3a BEPHBI OTBET, HO HEJJOCTATOYHO apTyMEHTHUPOBaHHbIH. OOBIYHO ONHMCHIBATINCH
HE BCE BO3MOXKHbIE TOCTAHOBKU UIPHI (3a/1a4a B 0011eM Bue 1uist n u k), Opanuck yacTHbIe
CJIy4au, MHOTJa OYCHb YacTHbhIE. He mporrcana moTHOCTRIO BRIUTPBIIITHAS CTPATEeTHs, JIHOO
MpoIrcaHa JiyIsl YacTHOTO Ciydasi Urpbl. bam cTaBuiics B 3aBUCUMOCTH OT OOITHOCTH OTBETA.
15 GanyoB 3a BEIMTPHIIIHYIO CTPATETUIO B OOILEM BHIE.

3. (10 6anoB) «boJiblle, YeM KaKeTCsD»

CYH_IGCTByeT JIX KOHCYHAas CTATUYCCKas urpa ABYX JIUI[, I'IC BCC YUCTLIC CTPATCIUHU KaXXIA0I'0
WUTpOKa pa3jiuyHbl, TakKas, YTO B YHCTBIX CTPAaTEeTUAX HET paBHOBecus mo Homry, a B ee
CMEIIAHHOM pAacIIMpPeHUH pPAaBHOBECHMH OeckoHeYHOoe KonmdecTBO? Ecimm «ma», mpuBemute
MIPUMED, €CITU «HETY - TOKKUTE.

(10 points) “More than it seems”

Does there exist a finite static two-person game where all the pure strategies of each player are
different, such that there is no Nash equilibrium in pure strategies, and the infinite number of
equilibria in its mixed expansion? If “yes”, give an example, if “no” - prove it.

PEINIEHUE

CymectByer. Takyro urpy siBHO. PacCMOTpUM aHTaroHUCTHYECKYIO Urpy 2X2, B KOTOpOI
1 0
HET paBHOBECHsI B YHMCThIX cTparerusx. Hampumep, ( 0 1) . Ecmm o0o3HauuTh cTpareruu

NepBOr0 WUrpoKa S; M Sz, TO A00aBUM Temepb €My TpPETbIO0 CTpaTeruio 53, TaK  4YTO,

S3 = ay5) +a,5;, Tr1Ae @4,d3 - HEKOTOPbIC IMOJOXKUTEIbHBIE BecCa, OTIIMYHBIC OT HYIISA:
a; +a, =1 B kauectBe mpumepa, mycth @1 = @; = 0,5. Tenepr Hamia urpa MpUHsIA BHI:
1 0 05 N

( 0 1 0 5}, U B HEW MO-TIPEKHEMY HET PABHOBECHS B YHUCTBHIX CTpaTeruax (MakCUMHUH H

MHUHHMMAKC HE pPaBHBI).

Haiiem paBHOBecHe B €¢ CMEIIAHHOM pacuIMpeHur. [I0CKONbKY Yy BTOPOrO UIpOKa BCEro
JBe cTparerud, ty,t;, TO pelIeHHe MOXXHO UCKATh, HAPUMEpP, «METOJOM CTaKaHa», OTKy/a
OYEBHUJIHO CIIEYeT, YTO BTOPOW UTPOK OYy/IET CMELIMBAaTh CBOU CTPATETHH C BEPOSTHOCTSIMU IO
0.5, To ecth ero paBHOBecHas crparerus T = 0.5t; + 0.5t;, npu 3TOM 0XKHMIaeMbIil BHIUTPHILI
nepBoro urpoka paseH 0.5 npu mo6oif u3 ero crpareruil. YToObl y BTOPOro Urpoka He ObLIO
CTUMyIlla OTKIOHSTBHCS, TIEPBBI HIPOK  MOXET HWIPaTh HAIpPUMEpP TaKyl CTPaTerHio:
o = 055, + 0.55,, u pasroBecue 6yner (&,T). OueBnaHo, yto npoduIs (53.T) TarKe
paBHOBecHBIH. M Hakowen, misa mo6oro 8 € (0;1) npopuns (Bo + (1 — f)s3,T) Toxe Gynmer
PaBHOBECHBIM, TOCKONBKY mpu mobom B € (0;1)  oxmmaeMplii BRIMTPBIN BTOPOTO MIPOKA
paseH (-0.5), Tak 4TO y HEro HET CTUMYJIA OTKIIOHSTCS OT cTpareruu T. HaobopoT, mpu gaHHOM
CTpaTeruy T BTOPOTO UTPOKA BCET/A AOCTABISICT BBIMTPHINI TEPBOMY UTPOKY paBHbIiA 0.5 mpu

100011 €ero CTpaTeruw, 3HAUUT u cTpaTerus HIEPBOTO UrpokKa
fo+ (1—pf)s; = 0585, +0.5fs, + (1 — F)s; Gyner paBHOBECHOH.

TakuM 00pa3oM, TMOCTPOCHO OCECKOHEYHOE KOJIUYECTBO PaBHOBECHBIX  MPOQHICH
(0.58s, + 0.58s, + (1 — [f)s;,0.5¢t; + 0.5t,) B cMemanHOM pacIuIMpEeHUH UTPBI (3 'i gg}

Kpurepun
HesepHno nonsitoe ycioBue 3aaaun: 0 6ayijioB 3a BCIO 3a71a4y.
IIpy 4acTUYHOM PELLICHUM:

HauunoHaabHBIN HCCIEI0BATEIbCKHA YHUBEPCUTET « BpicIIasi K012 IKOHOMHUKID) 5



Omnmvnmana HUY BIII nisi cTy1eHTOB U BHIMYCKHUKOB — 2019 1.

ITpuBeneHa cTaTuueckas KOHEYHas urpa 2 Jui: 1 6ann
Jloka3zaHo, 4TO B IPUBEIEHHON UIPe HET PABHOBECHS: 1 6amn
HaiineHo oxHO paBHOBECHE B CMELIAHHOW UIPE: 2 Gamna
[Toka3aHo, YTO CMEIIaHHBIX PABHOBECUI MOXET ObITh OOJIblle OAHOrO: 2 Oayuia
Jloka3aHo, 4TO paBHOBECHI OECKOHEYHOE YHCIIO: 4 Gamna

4. (30 6anoB) «UneaabHbIl HAJIOT
B KykymOpuu HamewaroTcs BbIOOpHI npe3ujeHTa. Mcxon BBIOOPOB ONpeAEauT OTHOLIEHUE
KaHAMJIATOB K BOMPOCY 00 ypOBHE HAJOrOB HA J0XO/Abl. Bce BO3MOMKHBIE MO3UIMH IO 3TOMY
BOIIPOCY MOXHO MpeACTaBUuTh B BUae oTpeska [0,1], rae Touka X €[0,1] COOTBETCTBYET MO3ULIMHU
«Ha HAJIOTU JOJDKHA YXOAMUTH J0J X 10X010B». Kakaplii n3dupaTens XapakTepu3yeTcsi CBoei
uaeanbHON TOUKOM — HambOosee jkelnaeMblM YypoBHeM Hajora. llpeamoureHus Kaxaoro
n30uparess TaKOBbI, UTO YeM OJiMkKe BbIOpaHHAs BEJIMYKMHA HAJIOTOB K MJCAIbHONW TOYKE TOrO
u3bupatens, TeM emy Jydmie. MneanbHble TOUkHM H30upaTeneidl pacnpeneiaeHbl paBHOMEPHO
BII0JIb oTpe3ka [0,1].
N KaHAMJATOB B NIPE3UJEHTHI 1O OYepead BHIOMPAIOT CBOIO IMOJUTHYECKYIO IIAaTGopmy, C
KOTOpOW OHU OYJyT y4acTBOBaTh B M30MpaTeIbHOW KaMIlaHWHU, — TOUKy Ha oTpeske [0,1]. Kpome
TOro, KaHAMJAaTaM JIOCTYyIIHa BO3MOXHOCTb OTKa3aTbCs OT ydyacTus B BblOopax. [loGena Ha
BbIOOpaxX MPUHECET KaHIUAATy BBIMTPHIN B pa3mepe l. Yuactue B BBIOOpax TpeOyeT yriaThl
PErUCTPallMOHHOI0 B3HOCA J.
Kaxnomy kanmumaty pocrynHa wuH(pOpMamuss o BBIOpaHHOH IuiaTopMe NpeAbLAYIIUMU
kanaunatamu. Ilocie Toro, kak Bce KaHAMIATHI BHIOPAIM CBOIO IMOJIMTHYECKYIO ILIATHOpMY,
HauMHaeTcs rojiocoBaHue. M30upaTtenu TrojOCylOT  HECTPATETMYECKH, OPUEHTHUPYSCh
UCKJIIOUUTENIbHO Ha CBOM IPEeINOYTeHUs M BbIOWMpas KaHauzaTa ¢ Haubosee OJIM3KON
miatdopmon. Kannunmar, KOTOPBHIM MOJYyYUT HAWMOOJBIIYIO JOJK0 TOJOCOB M30UpaTesneH,
CTaHOBHTCs mpe3uaeHToM. Ecmu K kaHanmaToB HaOpaiu OIMHAKOBYH) MaKCHMAJBHYIO IOJO
TOJIOCOB, TO KaXK/IbIi U3 HUX CTAHOBUTCS MPE3UICHTOM C BeposTHOCTBIO 1/K. Perucrpannonssiii
B3HOC MaJl 10 CpPAaBHEHHMIO C BBIUTPBIIIEM BBIOOPOB, JaXe pa3JEJIEHHBIM MEXAY BCEMHU
kanguaartamu: 0< d < 1/N.

(@) (10 6aoB) Haiinute paBHOBecue Hoia, coBepliieHHOE Ha MOABITPax, s ciydas N=2.

(onummmMTe AecTBYS Ha PAaBHOBECHOM TPAaeKTOPHUN)
(b) (20 6ann0B) Haiinure paBHoBecue Hamia, coBepiieHHOE Ha MOABITpax, 1us ciaydast N =3.
(onummmMTe AecTBYS Ha PAaBHOBECHOM TPAaeKTOPHUN)

(30 points) “Ideal taxes”

In Kukumbriya the presidential elections are coming. The outcome of the elections will
determine the attitude of the candidates to the question of the level of taxes on income. All
possible positions on this issue can be represented as a segment [0,1], where the point xe [0,1]
corresponds to the position “the share X of income should go on taxes”. Each voter is
characterized by its ideal point, i.e. the most desirable tax level. The preferences of each voter
are such that the closer the chosen amount of taxes to the ideal point of this voter, the better.
Ideal points of the voters are distributed evenly along the interval [0,1].

N candidates for the presidency sequentially choose their political platform with which they will
participate in the election campaign, the point on the [0,1] segment. In addition, candidates have
the opportunity to refuse to participate in elections. The election victory will bring the candidate
a gain of 1. Participation in elections requires payment of the registration fee o.

Each candidate has the information about the selected platform by previous candidates. After all
candidates have chosen their political platform, voting begins. Voters vote non-strategically,
focusing solely on their preferences and choosing a candidate with the closest platform. The
candidate who receives the largest share of the vote becomes president. If k candidates get the
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same maximum share of votes, then each of them becomes president with a probability of 1/k.
The registration fee is small in comparison with the election winnings, even divided among all
candidates: 0 <9 <1/N.

(@) (10 points) Find a subgame perfect Nash equilibrium for N=2. (describe the strategies under
the equilibrium path)

(b) (15 points) Find a subgame perfect Nash equilibrium for N=3. (describe the strategies under
the equilibrium path)

PEINIEHUE

O06o03HauuM yepe3 M = > MearaHy paBHOMEPHOI'O paclpeaeIeHUs.
Ymeepoicoenue. B paBHOBecHEM, COBEPIICHHOM K HOIBITPaM, KaXKIbli UTPOK, KOTOPBIA PELIHI
y4acTBOBATh B BEIOOPAX, MOIY4aeT OJUHAKOBYIO JI0JI0 TOJIOCOB.
Hoxazamenvcmeo. Ecimum 3T0 HE Tak, TO MO MEHBIIEH Mepe OAWH W3 BOLICIIINX HIPOKOB
npourpaet BIOOpsl. Ho Tora oH yBeTUYUT CBOM BBIMTPBIII, €CIIM OTKAXKETCS OT yYacTHUs.
a)N=2
[Ipu N=2 B wurpe cymecTByeT €IMHCTBEHHOE PAaBHOBECHE COBEPIIEHHOE K IOABITpaM: 00a
KaH/UJaTa BXOJIAT B TOUKe M. JeficTBUTENbHO, pACCMOTPUM CHadYala CUTyalusl BXO/a Jujaepa B
MO3HIINIO, OTINYHYI0 OT M. Toraa B cBoel MoapIrpe UTPOK 2 MOKET BOWTH M BBIMTPATh BHIOOPHI
HOJIHOCTBIO, TaK YTO UTPOK | MOJYYUT OTPULATEIBbHBINA BEIMTPBILI (M €My JIy4YIle OTKa3aThCs OT
ydacTusi BOoOI11e).
Temneprs paccMOTPUM CHUTYalHUIO, KOrja UrpoK | BXoaut B TouKy M. Hammydmmii oTBeT urpoka 2
TOKE€ BOWTH B M, Tak YTO Oy/eT HUYbsI. YIIYUIIUTh 3Ty CUTYalUIO UTPOK-THJEP yKE HE MOXKET.
b)N=3
[Tpu N = 3 B urpe cymecTByeT €IMHCTBEHHOE PaBHOBECHE, COBEPIICHHOE K MOJABIrpaM. B Hem
Urpoku 1 u 3 BXOJAT B M, a UTPOK 2 OTKA3bIBAETCS OT Y4aCTHs B BHIOOpPAX.
PaccmoTpuM cHavana cuTyaryio, Korjaa urpok 1 BXOJUT B UTPY B TO3UIHUIO X1 OTIMYHYIO OT M.
He ymanss o6mHocTH, nonaraeM uto X1 < m. O6o3HauuM
3/4=x1/2 if 1/6 <x3<m

x, =1 2/3 if 0 <x; <1/6.
(3ametum, uto 3/4 —x/2 = (1/2)[1/2 + 1 — X], aT0 cpeanee 1/2 u 1 — x.) [Ipu ycnosuu X1> 0, ecnu
UTPOK 2 BXOIHUT B MO3HUIIHUIO Xp, Toraa (I) Urpok 3 MpOMTpHIBACT B KaKy ObI MO3HIMIO OH HH
Boied, (i) eciiu jxe UTPOK 3 pelIaeT He BXOIUTh, TO UTPOK 2 BBIMTPHIBACT IUHOIUIHO, & HTPOK
1 mpourpsiBaet. Takum 00pazoM, €ciii CyIIECTBYIOT PaBHOBECHUS COBEPILEHHBIE K MOJBIIPaM ¢
ycnoBueM X; > 0, TO BO BceX HHX UTPOK 2 BXOJAUT U BBIMTPHIBaeT BHIOOPHI. Eciu ke X1 = 0, To B
CIUHCTBEHHOM PaBHOBECHH COBEPILICHHOM K IOJBIIPaM MIPOKU 2 U 3 BXOIAT B TOUKY 2/3, 4To
JIaeT BCEOOIYI0 HUYBIO.
Taxum 006pa3zoMm, B MpeANoiaraéMoM PaBHOBECHH COBEPIIEHHOM K IOJBITPaM MPU BXOJI€ UTPOKA
1 B TOuKy OTJIMYHYIO OT M, OH JIUOO MPOUTPHIBAET, JMOO (ecnu BXoauT B 0) AenuT mobdeny c
urpokamu 2 u 3.
Tenepp paccMoTpuMm ero Bxox B M. Ecimm urpok 2 Toxe BXOIUT B M, TO UTPOK 3 MOXKET
BBIMTPATh €IWHOJMYHO, €CIH BOWAET MOCTATOYHO OMm3ko K M. Ecnm sxe urpok 2 Boiiner B
MO3UIINIO, OTIIMYHYIO OT M, TO UTPOK 3 OyJeT IeNUTh NEPBOE MECTO C UTPOKOM 1, eciiu BOHJET B
m. Torga urpoky 2 jgy4iiie He y4acTBOBaTh B BhIOOpax.
Ecnu urpok 2 He BXOJUT B UTPY, TO HAUITYYIIUI OTBET UTPOKa 3 — BOUTH B TOUKY M.
Tax MBI TOKa3aJH, 9YTO B KQKIOM PABHOBECHH COBEPIICHHOM K ITOJBITPaM UTPOK 1 BXOAHUT B M H
NoJy4aeT nobey ¢ paBHBIMU IIAHCAMU C UTPOKOM 3.
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Kpurepun

a) Cummanoch 1-2 Gamia 3a oTBeT THma "x1=x2=1/2", eciii 4eIIOBEK YETKO HE MPOroBapuBall,
YTO CTPATErusi BTOPOro - 3TO HAUITYUIITUN OTBET.

b) Tlmoc/mMHUHYC TPaBHIBHO PEIIWIO TOJBKO JBa 4ejoBeKa. MHOTMM 3a TMOMBITKY KaKUX-TO
paccyXIeHHA CTaBUIIOCh 4 Oaa.

5. (10 6a10B) «3a0ayAMBIIMIiCS MAPAIIOTHCT»

(3a opuruHaibHOe pelieHdue IS NPOU3BOJILHON KapThl Tomeid moJiaraercsd OOHYC
+10 6ays10B)

[letst 1 MuTsS WUrpaloT B HACTOJBHYIO UTPY C KyOMKOM, IJIe UM HAaJ0 CIACTU NapallioTUCTa,
KOTOPBIH BBICAKMBAETCS Ha TOMKOE OOJIOTO M MPBITaeT MO KOYKaM, CTPEMSICh JOCTHUYb TBEPAOi
3eMJIN.

[Tapamroruct — 310 ¢uka Ha yepHo-Oenor kimerdaTor mocke 100 ma 100. benble kieTkun —
KOYKH (HAa HHUX MApPAIIIOTUCT MOXET CTOSTH), a YEPHBIC KIETKH — TONHM (MIPOK, KOTOPBINA
MEPEeMECTUT MapallloTUCTa B YEPHYIO KJIETKY, MpOUrpbiBaeT). Tomei He CIUIIKOM MHOTO
(menbie 1000), ux pacroyioKeHHUE MPEICTAaBICHO HAa PUCYHKE (3TO JieBas HUXKHSAS 4acTb, [IpaBee
U BBIIIE TOTEH HET).
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Wrpa HaumHaeTCs C TOrO, YTO MAPAIIIOTHCT BBICAXKUBACTCS PABHOBEPOSITHO HA OIHY M3 KOYEK
(OenmpIX KJIETOK) C MOMOIIBI0 KyOuka. OH XOYeT MOmnacTh Ha TBEPAYIO 3eMJII0 (JIE€BBIH HUIKHUN
YroJI JOCKH).

[letrs m Mwuta 1o ouepenu mnepemernaroT mnapamnoTucra. [lapamotuct ymeer jaenaTh
cieayrollee: MPbIrHYTh Ha | UK 2 KIJIETKH BJIEBO, WK | WK 2 KJIETKU BHU3, WK clenaTh | mar
[0 TUarOHaJIN BJIEBO-BHHU3.

ToT U3 MaJb4YUKOB, KTO MIOCTABUT MMAPAIITIOTHCTA HA TBEPYIO 3€MITIO, BBIUTPHIBACT.

[lepen HauvanoM Wrpsl (BBICAAKOW mMapainoTucra) pedsrta pemaioT, 4yrto [lers Oyner XxoauTh
nepBbIM, @ MUTS BTOPBIM.

VY koro u3 pedsAT MpeuMyIecTBo?

(10 points) “Lost parachutist”

(For the ingenious solution for the arbitrary map of swamps, we will give the bonus
+10 points)

Petya and Mitya play a board game with a dice, where they need to save a parachutist who lands
on a swampy marsh and jumps over bumps, trying to reach solid ground.

A parachutist is a piece on a black and white checkered board 100 by 100. White cells are bumps
(the parachutist can stand on them), and black cells are swamps (the player who moves the
parachutist to the black cell loses). There are not too many swamps (less than 1000), their
location is shown in the figure above (this is the lower left part, there are no any other swamps to
the right and above).

The game begins as the parachutist landed on one of the bumps (white cells) with equal
probabilities (with the dice). He wants to get on solid ground (bottom left corner of the board).
Petya and Mitya move the parachutist in turns. The parachutist can do the following: jump 1 or 2
squares to the left, or 1 or 2 squares down, or take 1 step diagonally down-left.

The boy who puts the parachutist on the solid ground wins.

Before the start of the game (disembarking the parachutist), the guys decide that Petya will move
first, and Mitya second.

Which of the guys has an advantage?

PEINIEHUE

IIpeumymectso y Iletn.

B camom fnene, paccMOTpUM MHOKECTBO N KJIIETOK, IIPU HAa4ajle UIPhl ¢ KOTOPBIX, JEJIA0IIUI
NEePBBIN X0/ MPOUTPHIBAET IPU ONTUMAIILHOM UIpe ONNOHEHTA (Kcmoib3yeM Teopemy Llepmerno
0 TOM, YTO B MO3MIIMOHHBIX UTPaX Y OAHOTO U3 UTPOKOB €CTh YUCTasl BBIUIPHILIHAS CTPATETUA).

[Toxaxxem, 4TO MHOKeCTBO N HE MOKET ObITh CIIMILIKOM IUIOTHBIM. PaccMoTpuM KileTKy (X,y),
npunaiexkanyto N. Torma knetku (x+1,y), (x+2.y), (x+1,y+1), (x,y+1), (X, y+2) HEe MoryT
npuHamiexkatb N. BO3MOXXHBI ClIEIyIOIINE BApUAHTHI:

--- €CIIM 3TO OeJible KJIETKH, TO MPHU Hayaje UTPpbl ¢ HUX, IEPBbI UTPOK MOXKET MEePEeMECTUTh
MapaloTUCTa B (X,y) => BTOPOIl UTPOK MPOUTPHIBAET

--- 1100 3TH KJIETKH --- TOIIH, JINOO JIe)KaT BHE UTPOBOTO TOJS.

['py6o omeHUM KOJTMYECTBO KJIETOK B MHOKecTBe N. BmecTe ¢ kaxmaoit kieTkoi (X,y) u3z N,
pacemotpuMm “010K” B(X,y)= {(X,y),(x+1,y), (x,y+1), (x+1, y+1)}. 3amerum, uto (x+1,y+1) He
MOJKET MpHUHAIJIeXKaTh HU OJHOMY JpyroMmy Omoky B(x’,y’) c¢ (x’,y’) u3 N. Knerku (x+1,y),
(x,y+1) mpuHaanexar emie He Oonee OJHOMY OJIOKY.

Takum o0Opa3om, Ha Kaxkayro kieTky u3 N ¢ koopauHatamu 1...99, npuxoauTcst Kak MUHUMYM
1+ %2 + =2 xnerku He n3 N. Takum oOpazom (|N|-199)+ 2(|N|-199) nomxHO OBITH MeHbIIE
99*99 (TyT MBI HCTIOJIB30BAIIA TPYOYIO MPUKHUIKY, YTO BHYTPH KBaapara 99 Ha 99 HaxoauTcs He
ooubiie N-199 snemenToB N).
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B utore [N| ne 6onbie 99*33+199=3466 (mpumepHO 3 OT 00111eT0 YnCa KIETOK).
Bcero 6Genbix kiaerok kak muaumym 100*100-|T|=9000.
TakuMm oOpa3om, IaHC [TONacTh B MHOKECTBO N CTpOro MeHbIIE Y5.

Kpurepun

- 1 Gas 3a BepHBIi OTBET

- 3 Oayuia 3a pemeHue 0e3 Tomei (CTporoe peneHne ¢ MOSICHEHUEM U JI0Ka3aTelIbCTBOM, UJes Ha
cxeme — 2 Gamia)

Htoro, 0e3 00bsICHEHHMS, KaK BIUSIOT TOIH — HE OoJIbIie 4 0aaoB

- 2 Gasna — rosicCHeHue, Kak BIus0T Tonu 0ykB TUIP

- 2 6ayuta — MosiCHEHUE, KaK BIMSICT HUKHUM KBaApaT TOMH, pasmep 3*7

- pacueT BepOsATHOCTEH MPEUMYIIECTBA X0/1a OTACIILHOTO UTpoka — 2 Gana

6. (20 6a10B) «He neii 3Ty Boay»

NBanymka-gypauok unér Ha O6oii k Komero-beccmeprHomy. boli 3akiodaercs B TOM, 4TO
KKl TpenjaraeT IpyromMy crakaH Boabl — jubo yuctoir (0), mubo smoBurtoi (1-10), u
MPOTUBHUK 00s3aH €€ BBINUTH. SMoBUTast Boga ¢ Oosiee CTapliuM HOMEPOM HEUTpalu3yeT
SAJIOBUTYIO BOAY ¢ Oonee mutammuM HomepoM. Yucras Boga HM Ha 4To HE BimsieT. McTouHuK
HauOoee smoBuToM, 10-i Boabl Haxoautes B nemepe y Komes. Kak MBan, Tak u Komieit Takke
MOTYT BBIITUThH CTAKaH JIFOOOW TOCTYITHOW MM BOJBI KaK JI0, TaK | 1mocie Bcrpeun. (MoxHO maxe
BBIIIUTh CTaKaH J0 BCTPEYH, CTaKaH MPOTUBHUKA U TMOTOM - CTakaH mocie.) Kakue maHcel y
NBana u y Koesi, CooTBeTCTBEHHO (OBITh KUBBIMU MOCIE y3JIH)?

(20 points) “Do not drink this water”

Ivanushka the Fool goes to the battle with Kashchei-the Immortal. The fight is organized as
follows: each offers the opponent a glass of water, either pure (0) or poisonous (1-10), and the
opponent have to drink it. Poisonous water with a higher number neutralizes poisonous water
from a lower number. Clean water does not affect anything. The source of the most poisonous,
10™, water is located in Koschei’s cave. Both Ivan and Koschey can also drink a glass of any
water available to them both before and after the meeting. (They can even drink a glass before
the meeting, a glass of the enemy and then a glass after.) What are the chances for Ivan and
Koshchey, respectively (to be alive after the duel)?

PEINIEHUE

Baxknble 3ameuanus 1o GopMyIHpOBKE YCIOBUS:

1. Sn 10 noctynen Tonpko Komero.

2. Urpoku ycneroT 3anuTh IJ0BUTYIO BOAY — A1 AEUCTBYET HE MTHOBEHHO.

3. Jlns HelTpanu3anuu sij1a BaXKHO UMEHHO 3alHiTh BOAY, a HE BBIMUTD B JIIOOOM MOPSIJIKE.

Urpa pa3OuBaeTcs Ha JIBe HE3aBHCHUMBbIE WUIpbl: — monbITKa VBanymku youts Komes u
3anuTa Komesi; — «ataka» Komes u 3ammra MBanymku. Kaxayio U3 3TUX UTP MOKHO CUUTATh
AQHTarOHUCTUYECKON — LI€JIM UTPOKOB ITPOTHUBOIOIOKHBL.

Paz6epem moapoOHee nepByro u3 3TUX urp — «youts Komes». ¥ WBanymku 10 crpareruit
— HanmuTh Komiero mpocToi BOABI WM OAHOTO M3 JIOCTYNHBIX emy 9 smgoB. Y Komes 21
CTpaTerusi — BBINUTH 11000 U3 10 s10B nepesa 1y3ibi0, BBIMUTH JHO00H U3 /I0B MOCTE HEE U HE
JIeJ1aTh HU4Yero. YacTh U3 9TUX CTpaTeruil 3aB€JOMO HEBBITO/IHA: HAIIPUMED, CTPATETUS «BBIITUTH
a1 Ne 10 mepen 1ya7b0» HaBepHSKA MPUBEJET K CMEPTU M MO3TOMY He OYJEeT MCIOJIb30BATHCA.
Jlerko mpoBepUTH, YTO PABHOBECUIN B YMCTBIX CTPATErwsX B ITOW Urpe HerT. JlelCTBUTENBHO,
paBHOBECHE B YHCTBIX CTpaTEeTUsX O3HayaeT, 4To Jubo lBaHylika MOXET rapaHTHUPOBaHHO
youts Komes, nu6o Komieii MoeT TrapaHTHpOBaHHO BBDKHUTH, a 3TO He Tak. Omnuiiem
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paBHOBECHE B CMEIIAHHBIX CTpaTerusix. MiBanyiika ¢ paBHON BeposTHOCTHIO naet Korero nubo
BoAy, 100 sim Ne 9. UToOBI BBDKUTH, B MIepBOM ciiydae Koimeil 10/DKeH HUYero He MUTh, a BO
BTOPOM JIMOO BBINUTH MEpPEA AY3JIbI0 57 C MEHBIIUM HOMEpoM, 6o 3amuth sigoM Ne 10. Ho
3aIUTUTBCST OT oOeux cTpareruii Komelr He Moker HuKak. [loatromy MBanyiika Moxer
nobutecs cmeptu Komes ¢ BepostHocThio 1/2. Ho m Komielt MokeT cnacTuch OT CMEPTH C
BEpOATHOCTHIO 1/2, ecnmu OH OyIeT ¢ paBHOW BEPOSTHOCTHIO JHOO HUYErOo HE JAenaTh, JHOO
3anuBaTh NOJNy4YeHHbIH OT MBanmymku crakan 10-m sgom. Y VBaHymiku HeET cTpareruw,
yousatomen Kormest B o6oux ciyuasx. [Tostomy npuBenennbie crpareruu MBanymku u Komes
naroT paBHoBecue Homa. HUKTO M3 HUX HE MOXET JOOUTHCS BEPOSTHOCTH BBIMTpHINIA OOJIBIIE
1/2, mosTOoMy MEHSATH CTpaTeTMH HEBBHITOJHO. BooOmie, paBHoBecuii Homa B cMmemraHHBIX
CTpaTerusix B 3TOM UIPe MHOT'O, HO BCE OHU (M 3TO HECJIOXKHO MPOBEPUTH) JAIOT OJIUH U TOT K€
ucxox: (1/2, 1/2).

Urpa «ybuts HMBanymky» 4yTh cioxkHee. B Heill cymectByer paBHoBecue Homa B
CMEIIaHHBIX CTpaTerusix, mo3poJjstoniee Koiero BbIUTPaTh € BEPOATHOCTHIO 2/3, T. €. MpHU
MOJTHOM MH(OPMHUPOBaHHOCTH HrpokoB Komeit mMeer B urpe HeOOJIbIIOE MpeUMyIiecTBO. B
paBHoBecuu Komieem OynyT naBatbes Tpu Bofbl, Hampumep: 0,1,9. Marpuiia nonyyaercs Taxas,
yTO 1315 J1'000i Boasl Koies, Tosbko pa3nuuHblil TUII cTpateruil cnacaet MBana: ot 0 cnacaer
0, or 1 cmacaror 2,3,...,9 BeIIUTaA Iocie, oT 9 cmacarot 1,2,...,9 BemuTEIE 10. PaBHOBEeCHBIE
BeposTHOCTH 1/3 mnst kaxxnoi Boasl Komest. [ToaTromy BeposiTHOCTD BEKUTH Jutst iBanymiku 1/3.

Kpurepun

3a pa3yMHYIO MOIBITKY IOCTPOUTH CTPATETUIO 3amuThl Komes: 2 Ganna.
3a perreHre OTHOM U3 UTP C OMUOKON MU HETIOJTHBIM OIMMCAHUEM CTpATeTHid: S5 OaljIoB.
3a perieHue o HOM U3 Urp 6e3 omuodoK: 10 6amoB.
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