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IIpodunn: «Teopusi urp» KO/, - 290
ITamsmu Andpess Bpemsena
Bpewms BoimosiHeHus 3a7iaHus — 180 MUH., 93bIK — PYCCKUN WJIW aHTJIMACKUIA.

Pemmmre Bce 3a/Ja41. Beca 3a/la4d, B TOM 49HUCJIE KaxK/I0I'O IIOJABOIIPOCa, ITPUBEIACHBI B CKODKAax.

NacTpyKIiun.

e Perrenne MoxkeT ObITH IIPEJICTABIEHO KAK HA PYCCKOM, TaK M HA aHIJINHCKOM si3bike. Hukakmx
JIOTIOJIHUTEIbHBIX OaJLIOB, BIpOYeM, KaK U MTPadoB, 3a pelleHne Ha aHIVIMUCKOM S3bIKE He
IIPEIyCMOTPEHO.

e Pemenne 10/2KHO OBITH XOPOIO CTPYKTYPUPOBAHHBIM, H3JI02KEHO TI'DAMOTHBIM SI3BIKOM, &
mouepk — pacro3naBaeMbiM. OTBeThI HA KaueCTBEHHBIE BOIIPOCHI JOJI2KHBI OBITH yOEUTETHHO
apryMeHTUPOBAHbI, HO JJIMHHBIE PACCYKJICHU, He OTHOCAIINECSd K CyTH Jiejla, MOT'yT HETaTUBHO
MOBJIUATH Ha OIEHKY.

e Bce maru B pemieHnumn J0JI2KHbBI OBLITH O6OCHOB&HI)I, BCE€ BbIHHUC/ICHUA JOJI2KHBI IIPUCYTCTBOBATL B
pa60Te. KaJH)KyJIHTOpaMI/I IIOJIb30BaTbCA 3allpEIICHO.

e YepHOBUKU HE IPEYCMOTPEHbBI, PellleHrne cpa3y opopMIIdgeTcsa Ha IUCTOBUK.

e Ec/u npuBejieHHOe pellleHne BJISeTC HEBEPHBIM, TIePeYepPKHUTE ero (IepevepKHyTOe pelleHne
He TIPOBEPSIETCsI) U MPUBEUTE KOPPEKTHYIO BEPCHIO.

e [Ipy Ha/JIMYNKM HECKOJLKUX BAPUAHTOB PEIIEHUs] OJTHOI'O U TOTO Ke 3aJaHus, ITPOBEPAIONTNI
caM OIpeJIesIIeT, KaKoe U3 PEIIeHHH MOIC’KUT MIPOBEPKE, a alle/UIAINHA ¢ TPOCHOOil ITPOBEPUTDH
JpYTOli BapUaHT PeNeHns He TPUHUMAIOTCS.

Yoavuu!

Bamada 1. Kamenb-Hoxuuipi-6ymara. Ogna pyka (15 6asioB)

B niepBoii cepun BToporo ce3oHa U3BECTHOI'O CepHUaJia I'epPOU BBIHYKIEHHO UTPAIOT B UT'PY, KOTOPYIO
B POCCHIICKOM IepeBojie HasBaan «Kamenb-HoxkHUNB-OyMara. Oana pykas. [IpaBuia 3Toit urpbl
3aKJII0YAIOTCS B cyeayromieM. VIrpokun ogHOBpEMEHHO, HCIOJIb3Ysl IBEe PYKHU, BBIOMPAIOT JBa CHMBOJIA
U TIOKa3BIBAIOT JIPYT JPYTY. 3aTeM OJHOBPEMEHHO yOUPAIOT OJHY PYKY 3a ciuHy. B utore mobemureb
OTIPEJIEJIAETCS CTAHIAPTHBIMU ITpaBUIaMi UTPhl « KaMeHb-HOXKHUTIBI-OyMaray. KaMenb 1mobexkiaer
HOXKHUIIBI, KOTOPBIE, B CBOIO 0YePe/ib, MMOOEkKIAaI0T OyMary, a Gymara mobexkaaer KaMenb. Eciu oba
UT'POKa TMOKA3bIBAIOT OJIMHAKOBBIE CUMBOJIBI, TO UI'Pa 3aKaHIMBaeTcsd Hu4Ibell. CunraiiTe, ITO BHIUTPHIII
UrpoKu oreHnBatoT B 1, mpourpsiit B (-1), a auusio — B 0. Haiijure pasHoBecue Hamma cosepiernoe
10 ITOABITPaM B JAHHOI UIpe.

Rock-paper-scissors. One hand (15 points)

In one famous series (s2:el), the heroes are forced to play a game that was called "Rock-Paper-
Scissors. One Hand"in the Russian translation. The rules of this game are as follows. Players
simultaneously, using both hands, choose two symbols and show them to each other. Then they
simultaneously put one hand behind their backs. As a result, the winner is determined by the standard
rules of the game "Rock-Paper-Scissors". Rock beats scissors, which in turn beats paper, and paper
beats rock. If both players show the same symbols, the game ends in a draw. Consider that the players
value a win at 1, a loss at (-1), and a draw at 0. Find the subgame perfect Nash equilibrium in this
game.
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Peurenne.

[Ipoanayim3upyeM cuTyalll, B 3aBUCUMOCTH OT JeficTBUil UI'POKOB Ha repBoM dTarre. Ha Bropom
STalle UTPbl MOTYT BO3HUKHYTH CJIE/IYIONHE CUMMETPUYHbIE CATyannn (B s9eifikax pe3yJabTarT ¢ TOUKI
3peHusi 110 UIPOKA, JIJIs BTOPOTO CHMMETPHYIHO).

1\2 KK Bb HH KH Kb HbB
KK Huaba [Ipourpsim | Bemwmrpsir Huuba [Ipourpsim | [Ipourpbimn
BB | Bpmrpsrmn Huaba [Ipourpsim | [Ipourpsrrr Huuba [Ipourpsbrmn
HH | IIpourpsim | Bemrpsiir Huuba [Ipourpsim | Ipourpsrm Huuba
KI Huubsa Boiurpeim | Beurpsimn (1)

(yopars H) | (yopars K) | (y6pars H)

Buiurpsim Huubsa Buiurpsim
Kb (yopars K) | (yopars K) | (ybpars B) (2) (3)

Boiurpeim | Bemurpsimn Huubsa
HB (yopars H) | (yopars B) | (yopars B) (4) (5) (6)

L. (1)-(3)-(6)

KH — yopars K

KH — yopars H

KH — yopars K

Huuna; Huubsa

[Ipourpsimr; Beurpeimn

KH — y6pars H

Buiurperr; [Tpourpsimn

Huuna; Huubsa

NE (1/2;1/2) — paBroBecHblit BoIUrpbi 0.

2. PacemarpuM oTjiesibHO cirydait (2)

KH — yopars K

KH — yo6pars H

KB — yopars K

[Ipourpsiir; Beurpeimn

Bomurpsim; [pourpsrm

KB — ybpars b

Bumurpsim; [Tpourpsrm

Huubs; Huubs

[Tosyaum maTpuity

KH — y6pars K

KH — y6pars H

KB — y6pars K

-1; 1

1; -1

KB — yopars b

1; -1

0;0

BaMeTI/Il\L 9TO B ,Z[aHHOfI HUI'pe HET paBHOBECHUA B YUCTBIX CTPATEruAX, HO CyHI€eCTBYET PaBHOBECUE B
CMeNIaHHbIX crparerusx. Haiijgem ero, BOCIOIB3YsICh TEM, YTO UTPOK OYJIET BBIOPATH CMEITAHHYTO
CTpaTeruro Ipu yCcjaoBuHM, KOr'/la €ro OzKuJjaeMbl€ BbIUT'PDBIIIN OT YUCTBIX CTpaTeFI/Iﬁ PaBHLI. HYCTb
nepBbiii urpok Beidupaer (KB — y6pars K) ¢ BepogTHOCTBIO p, & Bropoii urpok seibupaer (KH

— ybparb K) ¢ BeposiTHOCTBIO .

Torpa /1 mepBoro urpoka

EU, (KB — y6pars K) = —1¢g+ 1(1 — ¢) = 1¢+ 0(1 — ¢q) = EU, (KB — y6pars B)

Orkymna g = % JLns BTOpOro urpoka

Ortkyna p = % Torna oxKujgaeMbIil BLIMTPLIIT B 9TOM ciaydae KU = % unEU; = —

EU,(KH — y6pars K) = 1p — 1(1 — p)

2

—1p+0(1 — q) = EU,(KH — y6pars H)

1
3
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3. Amamormano mis (4) u (5).

[Tosyunm
1\2 | KK | BB | HH KH Kb HB
KK | 0;0 | -1;1 | 1;-1 0;0 -1;1 -1;1
bb | 1;-1 | 0;0 | -1;1 -1;1 0;0 -1;1
HH | -1;1 | 1;-1 | 050 -1;1 -1;1 0;0
KH| 0,0 | 1;-1 | 1;-1 0;0 -1/3;1/3 | 1/3;-1/3
Kb | 1;-1] 0,0 | 1;-1|1/3;-1/3 0;0 -1/3;1/3
HB | 1;-1 | 1;-1 | 00 | -1/3;1/3 | 1/3;-1/3 0;0

3aMeTHM, 9TO pABHOBECHsI B YHCTHIX cTpaTerusx B 31oif urpe Her. Kpome toro, crparernu (KK),
(BB), (HH) sBasorca crabo JOMHHUDPYEMBIMA. YaaauHue cjaabo JOMUHUPYEMBIX CTpATeruil He
IIPUBEJIET K HOSBJIEHUIO HOBOI'O paBHOBecHs. Torjia ocraHeTcs NpaBas HUXKHsS MATPHUIlA, KOTOPas C
TOYKU 3PEHUs BBIUIPBIIICH U UCXOJ0B MPAKTUIECKU aHAJOrnYIHA 00bIuHOi nrpe KaMeHnb-HOXKHUITHI-
OyMmara ¢ paBHOBECHEM B CMEITHAHHBIX CTPATErUAX, TJe KaxK/1as CTPATErns UTPAETCS PABHOBEPOSITHO.

Jlokaxkem, 9TO UTPOKH He OY/IyT UIPATh CTAPETEIMH C OJNHAKOBBIMU CUMBOJIAMEI B PABHOBECHM.
Paccmorpum crparernn HH u KH, crparerus KH sydrie nipu Ti00bIX IeficTBUSAX BTOPOT'O UTPOKA,
kpome BB. Korya Bropeiii urpok urpaercs BB ¢ BepositHOocTbiO 1 (M TOJIBKO B 9TOM Cilydae), IeEpBOMY
urpoky Bce paBuHo urpatb HH mmm KB, To ecTth on moxker urpars crparernto HH ¢ memysnesoit
BepOsATHOCTHIO. Ho B TakOM cjiydae BTOPOi UI'POK 1MoJiydaeT BBIUTPHIII (-1) U Xo4eT OTKJIOHUTHCS,
HOJTy9aeTCsl, TaKas CUTyalust He OyjeT paBHOBecueM. B JTIOOBIX JIpyrux Cjaydasx, KOrja BTOPO UT'POK
BeIONpaeT BB ¢ BeposTHOCTBIO CTPOro MeHbIle 1, TO MepBOMY UTPOKY IIPHU MPOYNX PABHBIX JIyUIIIe
IepepacIpeeasaTbh BeposdTHocTh co crparernn HH na KB.

Otrser (1/3KH +1/3Kb + 1/3 Hb; 1/3 KH + 1/3 Kb + 1/3 HB)

Kpurepun.

e dopmanusaiusg urpbl — 1 6aJLI

® DACCMOTPEHHE KaxKJI0ro u3 3 OJIOKOB Tab/Iuibl (BepXHUil JIEBbIil, BEDXHUIN IPaBblil, HUKHUI
JIEBBIiT) B SIBHOM WJIM HEsIBHOM BHJIe — 110 2 Oasuia

® DPAcCMOTpPEHHE IPABOTO HMKHEro OJI0Ka Tab/UIbl JIIsd CUMMETPUIHBIX CydaeB — 2 OaJiia
paccMoTpeHne IpaBoOro HUXKHEro OJI0Ka TaOJIUIBI JI/Isi CAMMETPUIHBIX CIydaeB — 3 Oasia

® AQHAJ/IM3 UTOTNOBBII MAaTPHUIIbI, IONCK YUCTBIX CTPATEruil, yKa3aHue Ha CYIEeCTBOBAHIE PABHOBECHS
B CMEIIaHHBIX — 2 OaJsuia

e orBeT — 1 Dauul

Ecin ygacTHUK TPUBOJIUT PelleHne KJiacCuieckoil urpbl KaMeHnb-HOXKHUIIBI-OyMara, TO 3a perieHne
corasurcd () 6asI0B.

Banaua 2. ITobeauresn nosrydaer Bcé (12 6asaoB)

B mpocrpancTBeHHO# MOIEIIH TOUTHYIECKON KOHKYDEHIIUH H30UPATE/IH PABHOMEPHO PACIIPE IE/ICHbI
ua orpeske [0,1] m rosmocytor 3a Osmkaiimmero KangmgaTa. IIpum HECKOJIBKHX DPaBHOYIATEHHBIX
KaH/I1aTax 130upaTen BHIONPAIOT MeXK/Iy HUMH paBHOBeposTHO. [Tobe/ta KanuaaTa omnpeie/sercs
IIPOCTBIM OOJIBLIIMHCTBOM TOJIOCOB, IIPH PABEHCTBE T'0JIOCOB Y HECKOJILKUX KAaH/HJIATOB, H00EIUTeDb
BBIOUpAETCs PaBHOBEPOATHO. [loKazkuTe, ITO ec/in KaHIUJATH 3aHHTEPECOBAHDBI TOJILKO B I0DE/e
(a He B J0JI€ TOJIOCOB), TO B UTPE, B KOTOPOI KAHINIATHI OJHOBPEMEHHO I HE3aBUCHMO BBHIOHPAIOT
CBOIO HO3UIMIO Ha OTPe3Ke, IIPU JI000M KOJIMYECTBe KaHAUAATOB CYIIeCTByeT paBHOBecHe 1o Hamry B
YHCTBIX CTPATErnsiX.
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The winner takes it all (12 points)

In a spatial model of political competition, voters are uniformly distributed on the interval [0,1]
and vote for the closest candidate. When there are several equally distant candidates, voters choose
between them with equal probability. The winning of a candidate is determined by a simple majority
of votes; if several candidates have the equal number of votes, the winner is chosen randomly with
equal probability. Show that if candidates are interested only in the winning (and not in the share of
votes), then in a game in which candidates simultaneously and independently choose their position
on the interval, there is a Nash equilibrium in pure strategies for any number of candidates.

Pemnenne.

[Tpumep paBHOBecust: nepBblil KanaugaT B Touke 1.5/(n+2), ocrajnbubie B Toukax 3/(n+2), ...,
(n-+1)/(n+2). IlepBblit KaHAUIAT BHIMIPHIBACT W HUKTO W3MEHEHHEM IOJIOKEHHsI He MOXKET 3a0paTh y
HEero 1mooe/y.

[IpuMepoB MOXKHO MTOCTPOUTH MHOT'O, JIB€ OCHOBHBIE HJICH:

1. OuH KaH AT, SBJSIONNNCT CAMbIM JIEBBIM UJIH [IPABBIM U3 BCEX, IOJIyYaeT B IOJTOpPA pas3a
6oJIbIITe OCTAJIBHBIX (MM Yy Th 6OJIbIe), -1 KaHUIATOB PABHOY/IAJIEHbI JAPYT OT JPYTa U MOJIYyIaioT
pPaBHbIE JIOJIA T'OJIOCOB. JIerko yBUIETh, UTO OTKJIOHEHHE B TOUKY [OOEIUTE s, IBUKEHIEe OJIMKANIIero
K HO6e,ZLI/ITe.HIO B CTOPOHY HO6€,ZLI/ITGJIH 1 ABU2KEHHA KaH/IU/1aTa C IPOTUBOIIOJIO?KHOI'O Kpagd HE IIPUBOIAT
K mobeje.

2. JIyist 9eTHOTO KOJIMYecTBA KAH/MIATOB MOXKHO HalTH 1/2 TOYEK, TaKUM 0OpPa30M, U4TO OHU
paBHOYJIAJIEHBI JIDYT OT JIPyra, MOJOBUHA STOIO PACCTOSHUA OT Kpasd J0 OJIMKafIero K Kparo
KaH/IMIaTa, U KaXKJbIil KaH/UJaT [OJydaeT paBHble jo/u. JIi0oboe oTKJ/IOHEHHE He NPUBOJIUT K
YBEJIMYEHHIO BepOATHOCTH 1106e/1bl. [ HeueTHOro KostmdecTBa (n>4) MOKHO TaK Pa3MeCTUTh OJJHOIO
KaHJInJaTa B Me,ZLI/IaHHOIU/I IIO3UINHN 1 BCEX OCTaJIbHBIX ITapaMK B PaBHOYIaJICHHBIX ITO3UIUAX, IYTO BCE
Oy/tyT UMeTh paBHbIe 1011, J{1st n=3 MOXKHO MOCTPOUTH IPUMEp € KaHAujaTaMu B Toukax 1/3, 2/3,
2/3.

Kpurepuun.

1 GaJsur 3a paccMOTpeHHe Cjydas C JByMs urpokamu. B srom ciydae paboraeT Teopema o
MeIMaHHOM u3dmparese.

o 5 6a10B 3a paccMOTPEHNE YaCTHBIX CIydaeB ¢ n=3, n—=4.

Muorue yHUBepcaJibHble IPUMEPHI OKAa3bIBAJINCH HEBEPHBIMH I n=3, n=4 win
JUIST  IeTHBIX /HeYeTHBIX n. Paborel mrTpadgoBaiich WHAUBUAIYAJIbHO B 3aBHCUMOCTH OT
apryMeHTUPOBAHHOCTH perienus. [Ipumepnr 6e3 jokazaTe/beTBa, e KOHTPIPUMED CTPOUJICH
9JIEMEHTAPHO, TOJIyYa/ Il MEHbIIE 0AJLJIOB, YeM IIPUMEPhl ¢ HETOUYHOCTSIIME B JIOKA3ATE/ILCTBAX.

Bapmauya 3. ITapu I'poccmeiicrepa (20 6as110B)

Hemopuweckas ecmaska: Hukonatli Bacuavesuw Abayues, epocemeticmep u wemnuon CCCP
no WawKam, A00UL NPEIAA2AMb NAPU MACTEPAM CROPMA: Cnopus wmo u3 10 napmui poeno 5
sviupaem u posro H npouepaem. Havuwnanr uepamsv 6 wawku, ecau NOHUMGAA, 4O BLIULDHIUL 6
nApMUL e CeemuUm, NePerAoarcs na noddasku. (Memownur: hitps://fshmo.ru/legende-shashek-
nikolayu-vasilevichu-abacievu-80-let/)

IIpo pesnioto rpy nsBecTHO, 9TO B HEE UI'PAIOT JBOE M UTO CYIIECTBOBAJIO JIBE€ BEPCUU UI'PHI:
npsMas u ooparnad. [IpaBusia ObLn aOCOTIOTHO OJIMHAKOBBI, 38 UCKJIIOYEHUEM TOT'O, YTO B TIPAMOIL
Bepcueil Urpbl OOEXKIAeT TOT, KTO MEPBBI YHUYTOKUT (DUIIKKA COIEPHUKA, & B 00PATHON MO0k TaeT
TOT, KTO IIePBBI m30aBUTCs 0T cBouX duinek. B obenx Bepcueit [Ipesneit Urper 06s13aTeIbHO TOOEXK 12T
KTO-TO U3 JIByX UI'DOKOB, HUUbs HEBO3MOXKHA, B OTJIMYUE OT IIaXMaT U IIaIleK.

['pocemeiicTep oTmyHO UrpaeT Kak B HpsIMyI0, Tak u B obpaTHyio Bepcuio [Ipesueit Urpor.
Ommazk el on npejyioxkuia Macrepy napu. I'pocemeiicrep u Mactep chIrpaior IecTb HapTuil B IPAMYTO
Ipesmioio Urpy. ['poccmeiicTep roBOpUT, 9TO BBIMTPAECT POBHO B TPEX MapTUAX. KcIu Tak U IPOUCXOTUT,
To MacTtep maer emy mpus, BO BCEX OCTAJbHBIX CIydasdX MPHU3 TaKoil yKe IeHHocTH ['poccmeiicrep
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orgaer Macrepy. 1o 3HauuT, uro ecim ['pocemeiicrep yrke BuIMrpas Tpu napruu, To Macrep Oyjer
CliequaJibHO CTPEMUTLCA K IIOPazKEHUIO B CJIICAYIOMUX ITapTUAX.

[Tepen kaxk 101 TapTUEH UTPOKK AHATU3UPYIOT TEKYIIHI CIET B MATYE W PEIIAIOT, KAKYIO CTPATET IO
BBIOPATH: YHUUTOKATL (PUITKU COEPHUKA WM U30ABIATHCA OT CBOMX. EC/IM OJIMH U3 UI'POKOB PEIAeT
YHUYTOXKATH (DUINKU COTIEPHUKA, & JPYroii m30aBJIsiThbCsl OT CBOMX, TO 006a JIOCTUTAIOT CBOUX IIeJIeil.
Eciin »xe urpoku BeIOpaJ/in Ha MApTUIO OJUHAKOBBI IL1aH, TO ['pocemeiicTep gocTuraet cBoeil eJim
B HAPTHU C BEPOSATHOCTHIO p > 0,5 (BeIb OH OJMHAKOBO OTJIMYHO WIPDaeT Kak B IPSMYIO, TaK U B
obparnyio Bepcuto JIpesneit Urpsr).

Haitsure BeposTHOCTE TOTO, uTO ['poceMeiicTep BBINOIHUT TAPH.

Grandmaster’s Bet (20 points)

Historical insert: Nikolai Vasilyevich Abatsiev, grandmaster and champion of the USSR in checkers,
liked to offer bets to masters of sports: he bet that out of 10 games he would win ezxactly 5 and lose
exactly 5. He started playing checkers, if he realized that there was no chance of winning the game, he
switched to giveaways.

It is known about the Ancient Game that it is played by two people and that there were two
versions of the game: direct and reverse. The rules were absolutely the same, except that in the direct
version of the game the winner is the one who first destroys the opponent’s pieces, and in the reverse
version the winner is the one who first gets rid of his own pieces. In both versions of the Ancient
Game, one of the two players must win, a draw is impossible, unlike chess and checkers.

The Grandmaster plays both the direct and reverse versions of the Ancient Game very well. One
day, he proposed a bet to the Master. The Grandmaster and the Master will play six games of the
direct Ancient Game. The Grandmaster says that he will win in exactly three games. If this happens,
the Master gives him a prize, in all other cases the Grandmaster gives a prize of the same value to the
Master. This means that if the Grandmaster has already won three games, the Master will specifically
strive to lose in the next games.

Before each game, the players analyze the current score in the match and decide which strategy to
choose: destroy the opponent’s pieces or get rid of their own. If one of the players decides to destroy
the opponent’s pieces, and the other to get rid of his own, then both achieve their goals. If the players
have chosen the same plan for the game, then the Grandmaster achieves his goal in the game with a
probability of p > 0.5 (since he plays both the direct and the reverse version of the Ancient Game
equally well).

Find the probability that the Grandmaster will fulfill the bet.

Pemnenne.

[IpuBesem siBa criocoba penieHus 3a1adu.

Cnocob 1. Pekxyppernmmoe coommoulerue

[Tycts f(N, K) — BEpOSTHOCTH BBIIOJHATE MAPHU, €CJIU OCTaI0Ch N HapTuil, a pasHUIa MeXKIy
qrcsioM mobest u mopazkenuii ['pocemetiicrepa pasaa K. Ham nazo waiitu f(6,0).

Baza. [Iycte N = 0, nmaprtuii 60oJbllie He OCTaI0Ch, TOTIa ['poceMeiicTep BBITIOJHUIT ITAPH, €CJIN
pasmua mobest u mopazkenuii pasaa 0, n He BBITOIHIT HHade. 10 3HaduT, uro f(0,0) = 1 u f(0,K) =0
upu K # 0.

IITar. IIycrs ceiivac octasoch N mapruii u TeKyIas pa3HOCTb 100e1 1 opazkeHuii I'poccmeiicrepa
paBua K. Torma B ciydae mobesnbl ['pocemeiicrepa B OmzKaiieit naptuu ocranerca N — 1 mapruit
U pa3HOCTh mobejI-nopazkenuit craner K + 1; B ciydae nopaxkenusi ['pocemeiictepa B Oytmzkaiimei
napruu octanercss N — 1 maprtuii u pazHocts nobe-nopaxkennii craner K — 1. Torma ecom f(N —
L,LK+1) > f(N —1,K — 1), ro I'poccmeiicrep Oymer crpeMuTbess K CBoeil mobejie B mapruu, a
Mactep k mnopazkenuto ['poccmeiictepa, I'poccmeiicTep jpobbercs 1en ¢ BeposiTHOCTbIO p. Ecinm
f(N=1,K+1) < f(N—1,K — 1), o 'pocemeiicrep 6yeT CTPEMUTHCsT K CBOEMY TOParXKEHUIO B
maprun, a Macrep kK mobeme ['pocemeiictep B naprun, ['pocemeiicTep 100beTCs eI ¢ BEPOSITHOCTHIO P.
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Haxkownern, eciin f(N —1, K+1) = f(N —1, K — 1), T0 UrpOKE MOT'YT UCIIOJIb30BATH JIIOOBIE CTPATErHH,
B siiobom caydae f(N,K) = f(N -1, K+1)=f(N—-1,K —1).
Orcroma nonygaem, aro f(N,K) ogrosnauno Bbipaxkaercs depe3 f(N—1, K+1)u f(N—1, K —1).

f(INK)=pmax [f(N -1, K+ 1), f(N—1,K —1)]
+(1 —p)min[f(N -1, K +1), f(N -1, K —1)]

Do mo3BosisieT HaM BoccTaHOBUTH 3HadeHue f(N,K') upu mobbix N, K.

Hawm nyzxHO Haiitu f(6,0). It 5TOro MbI MOZXKeM IIOCTIEI0BATENBLHO HAXOIUTH 3HAYEHUsT [ JJIst
N =1,2,...,5, mocyie gero nocaurarsb f(6,0).

F(L1) = pF(0.0) +(1—p)F(02) = p. (1, — 1) = pf(0.0) + (1~ p) F(0. —2) = p, umaze f(1K) = 0.

7(2.0) = pf (1) +(1—p) F(L— 1) = g+ (1-p)p = p, F(2.~2) = f(2.2) = pf (1) +(1L—p) F(1.3) =
p? + 0 = p?, unaue f(2,K) = 0.

f(670> = f(57 - 1) = f<5> 1) = p3(2p2 —6p + 5)

[TpeacraBuM pacdersl B BUje Tab/mIbl. Ecau B Tab/mie cTOUT IpoYepK, TO 3HAYEHNE He Hy?KHO
s pacaera f(6,0).

Suavenns f(N,K)
N | K=-3 K=-2 K=-1 K=0 K=1 K=2 K=3
0 0 0 0 1 0 0 0
1] 0 0 D 0 D 0 0
2 0 p? 0 p 0 p? 0
3 p° 0 P2 —-p) 0 pP*(2—p) 0 P’
4| - | P*3-2p) 0 p*(2—p) 0 P’B3-2p)| -
5 - - p*(2p* — 6p +5) 0 p*(2p* — 6p +5) - -
6 - - p3(2p* — 6p + 5) - - -

Cnocob 2. Kombunamopura

HazoBem cuemom Momysib pasHOCTH MKy IUCIOM 1obea u nopazxkenuit I'pocemeiicrepa, nymem
- [IOCJIe/IOBATEIHHOCTL U3 CEMU YHCEJ, IOKA3bIBaMoMIasi, KAK CYeT MEHsJICS OT HYJIeBON napruu (To
ectb Becerga 0, HE OJHOW MAPTUHU He CHITPAHO) N0 IrmecToii. V13 ompesenenus cuera cieiyer, IToO
nymem sIBISETCs TOCJIeI0BATEIbHOCTD U3 CEMU TIeJIbIX HEOTPHUIATEIbHBIX 9HCeI, TIe TIePBOe UHCJIO
0, a cocesiHEe YMCJIa OTJIMYAIOTCA JAPYT OT Jpyra Ha 1. HazoBem myTh nobednvim, eciu mocieamnee
YUCI0 TyTH paBHO ) — 3TO COOTBETCTBYET TOMY, YTO ITOCJE IIECTU HMAPTHIl IUCJIO T0OE PABHO UNUCITY
IOPaYKEeHNI U TaPU BBIITOJIHEHO.

Haiimem Bce BO3MOKHBIE TIOOEHBIE IIYTH.

0581 LHodh1 Loty Lo

103819 L1 Lo

(an)
I

041 o L Lodh1 Lo

041 L1 o Ly Lo

041 o th3 Lo Ly Lo
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KosmmaectBo mobemabix myTeit okasaioch paBHo 5. B obiem ciydae, 1ipu urpe us 2n naprwuii,
KOJINYIECTBO TOOEIHBIX myTeit pasuo C), = n+r1 (2:) — gucyjo Karanana.

Ocraaoch BBIMHUCIUTD BEPOATHOCTH TOTO, UITO MyTh OKaykKeTcs mobeaubIiM. Ecin Ha -0 mo3urumn
zarnucano yucsio 0, To cieryioree 00A3aTesIbHO OyaeT euanIeil. Ky Ha ¢-0if MO3UINN MOJI0KUTETHHOE
9ICJI0, TO HECJIOKHO J0Ka3aTh, 9T0 l'pocemeiicTepy ontuMasibHo ero npubans3uth K 0 (To ecThb
yMeHbIIUTh Ha 1), a Macrepy, coorBrercrBerHo, Ha0b0poT, yBenanTh Ha 1. ['pocemeiicrep mocturaer
yCIIeXa ¢ BEPOSTHOCTBIO p (3eJIeHble HMOMIMUCH K CTPeJIKaM B IyTsX), a Macrep — ¢ BEpOSTHOCTHIO
1 — p (KpacHBIe TOIUCH K CTPETKAM B IyTSIX).

Hazosem mapruio saotcHotl, ecin TeKymuii cyeT He paBeH HY/TI0, Bo BceX maATH MoOeIHBIX My TAX
['pocemeiicTep TpuK bl 100UBaeTCs ycrexa B BaXKHBIX MapTuax. MacTep B 0JHOM U3 IyTeil HU pa3y
He J0OMBAETCs yCIeXa B BayKHBIX MAPTUSX, B JIBYX — IO pa3y, ellle B JByX — JBa pa3a.

Nroro BepodATHOCTH TOrO, YTO IyTh OY/IET MOOEIHBIM, PABHA:

p*(1+2(1—p)+2(1—p)*) =p*2p° —6p+5)

Otser: p*(2p* — 6p + 5).

Kpurepun.

0 6aJ1JI0B — HEBEPHBII OTBET, HEJIOTUYHOE HaIlpaBJ/IEHHE JI0KA3ATEIbCTBA

5 0aJsJI0B — JIOTMYHOE HAIlpaBJIEHNE /I0Ka3aTe/bCTBa, HO OTBeTa HEeT

10 6ay10B — JIOTUYHOE HAIPaBJIEHHE JIOKA3aTEIbCTBA, €CTh OTBET, HO OH HEeBepeH
20 6aJIJIOB — BEPHBIil OTBET, JIOTUYIHOE JIOKA3ATETHCTBO

Bagaga 4. Crabunbuble cocenku (13 6asioB)

[Honpyru Anuca, Bema, Bepa u I'aisa 3acensitores B obmiexkutne. B oOIIeKuTun eCTh KOMHATHI, B
KaK/I0 U3 KOTOPBIX MOTYT PA3MECTUTBHCS T10 JIBE JIEBYIIKN.

VY IeByIIeK ecTh CTPOTHE MPEIOYTEHNS B OTHOIIIEHNH COCETOK 110 KOMHATE: 3TO 3HATUT, YTO KarK1ast
U3 JIEBYIIEK MOYKET OTPAHKUPOBATH MOJIPYT OT HoJiee MPUATHBIX COCEJIOK K MeHee MPUATHBIM, TPUYeM
HUKAKNE U3 COCEJIOK He OyJ/IyT OJIMHAKOBBIMU TI0 IPEIIOYTUTETbHOCTH. [l KaxK 10l u3 jieByIinex
JKUTH C TOJIPYTOH JIydIlle, 9YeM ¢ He3HAKOMON JIEBYIIKOW Wu OJHON. B obmexuTun 10cTaTovHO MHOTO
KOMHAT, TIO9TOMY TOJIPYTH MOTYT MEHSIThCSA COCEJIKAMU, He JIOXKUJIATCh COIJIACUsl CBOEH TeKyIIei
COCEJIKU, W 3aCENThCA B HOBYIO ITYCTYIO0 KOMHATY.

HazoBeMm pazbuenme meByIek Ha Hapbl COCEIOK CTaOWIBLHBIM, €CJIM HUKAKWe U3 JIEeBYIIEK He
3a0JIOKUPYIOT pa3OuenHue, T.e. He 3aXOTAT MEPEIOTOBOPUTHCH U OTCeuThed. Hanpumep, mycThb jiis
Amcer Bepa 6ostee npusitHast cocesika, deM besua, a mist Beper Asnca 6osiee npusiTHast COCeIKa, IeM
lans. Torma pazouenue Ha mapst coceiok Asnca — Besia u Bepa — lasis me Oyer crabusbHbIM: Ajtnce
u Bepe BBITOIHO OTKa3aThCsl OT TEKYIIUX COCEIOK B MOJIB3Y JIPYT JIPyTa, MOITOMY OHU OObETUHSITCS
B mapy Asmnca — Bepa n msnaganbHOe pazbuenme pacrnajercd. [lycts N — koamdgecTBo ciocoboB
pasduTh YeThIpex IMOJPYT Ha crabuiibHble Tapbl cocesiok. Haliinre Bce Bo3MOxKHbIe 3Hadenus N 1mpu
BCEBO3MOYKHBIX IPEJIIIOYTEHUSX MOJIPYT U JIOKAXKUTE, ITO JPYTUX HET.

Stable neighbors (13 points)

Friends Alice, Bella, Vera and Galya move into a dorm. The dorm has rooms, each of which can
accommodate two girls.

The girls have strict roommate preferences: this means that each girl can rank her friends from
more pleasant roommates to less pleasant roommates, and no roommates will be equally preferable.
For each girl, living with a friend is better than with a stranger or alone. There are enough rooms
in the dorm, so the friends can change roommates without waiting for the consent of their current
roommate.

We call the division of girls into pairs of roommates stable if none of the girls block the division,
i.e. they will not renegotiate and move out. For example, let Vera be a more pleasant roommate for
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Alice than Bella, and let Alice be a more pleasant roommate for Vera than Galya. Then the partition
into pairs of neighbors Alice — Bella and Vera — Galya will not be stable: it is advantageous for Alice
and Vera to give up their current neighbors in favor of each other, so they will unite into a pair Alice
— Vera and the initial partition will fall apart. Let N be the number of ways to split four friends into
stable pairs of neighbors. Find all possible values of N for all possible preferences of the friends and
prove that there are no others.

Pemenne.

Bynem obosnauars pasbuenne jeByiiek Ha napbl (AB, C'D), aro 3Ha4uT, 9T0 JNeByiiKa A B mape ¢
B, a meBymika C B mape ¢ D.

Ecmm nig neymku A cocesika B sBiisiercst 6osiee npenmoururesibHoii, wem C, To Oyjem 0603HaYaThH
sto A: B> C.

Terteps obpaTuMCcsi HEIIOCPEJICTBEHHO K PEIIEHHIO 3a/1a4un. deThIpex JEBYIIeK MOXKeT pa30ouTh Ha
apbl TPEMs CIIOCODAMHE, TIO9TOMY UHUCJIO CTAMOJBHBIX ITap MOXKET IPUHUMATDH 3HadeHus or 0 10 3.
Pacemorpum Bee Bo3mozkHBIe N: TIOCTPOUM MPUMED HPEANOYTEHHU, TPH KOTOPOM YHCJIO CTaAOMTBHBIX
nap B TOYHOCTH paBHO N, OO JTIOKAXKEM, 9TO UX HET.

N=0

A:B>B>T
B:B>AXxT
B:A>B>x>T
'A~b>B

B paszbuenun (AB, BI') nesymiku b u B 3a610kupytor pasbuenue: j1jst b cocenka B ryumie A, a jgjia
B rekymas cocenka I' Hanmenee npeanoururenbHas u3 Beex. Ananormano, (AB, BI') zabiokupyor A
u B, a (BB, AT") zabnokupytor B u A. CranbibHbix pa3bueHnii HeT, MprMep MOCTPOEH.

N=1

[Tycts A u B naubosiee npenodruresibubie apyr st apyra. Torga pasbuenue (AB, BT') Gyuer
cTabuJIbHBIM, a Jiroboe Jipyroe byer 3abiokupoBano Jesymkamu A u B. Ilpumep mocrpoen.

N=2

A:B>~B>x>T
B:T>A*>B
B:A>B>T
'B=~b~=A

Pas6uenne (AB, BI') crabuabro, Benp A u I ¢ srydamumMu BapuasTamu jijist cebst 1 He OY/IyT YXOIUTb,
npu 5ToM b 1 B Toxke He 3ab0/10KUpyIOT, Beb Ui B Tekytmast coceqika A Gosiee mpeodTuTeIbHa,
qem B.

Amnajiornuno pasbuenne (AB, BI') crabusibho, Beap B u B ¢ yummvun Bapuanramu jiisi cebs, mpu
stoM A u [' Toxke He 3a0/IOKUPYIOT, TaK Kak i A TekyIas coceka Jrydire [

[Tpu sTom paséuenune (AL, BB) Gyuer 3ab/iokuposaso, K npumepy, Jesymkamu A u B. Mroro jasa
pa3buenus U3 Tpex cTabuIbLHDBI, TPUMED ITOCTPOEH.

N=3

[Ipeanosioxkum, 9TO CylIecTByeT Takoil HaboOp MpeaovTeHnii, YTO Bce pa3dueHus CTabUILHDL.
[Tporymepyem geBiyek tak, aro Dy : Dy = D3 = Dy (1).

Pasbuenue (D1 Dy, Dy D3) crabusbho, 3Ha9uT jeBymiku Dy u Dy He XOTAT yXOJUTh JPYT OT JIPyTa
K D; (umage D Obl cornacmiach u pasbmenne He ObLI0 Obl crabmibHbeiM): Dy @ Dy = Dy (2) n

D3 : D2 t D1 (3)
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[Ipu srom (D1Ds3, Dy Dy) cTabuibHO MO MPEIIIONIOKEHAIO O TOM, UTO BCe pa30OUeHus Ha Tapbl
crabmwibhbl. U3 yemosust (3) caemyer, aro Dz roroa yiitu K Do, a 3uaqut, 9100661 Do U D3 HE
3a0JI0KMPOBAJIN, JIOJIPKHO BBITOIHATHC yesaoue Do @ Dy = D3 (4). Ananoruano, (DyDs, D3Dy)
crabuiIbHO, 1 110 yeaoBuio (2) Dy rotoBa yiitu or Tekytieit cocenku Kk D, notomy Dz : Dy = Do (5).

Ocraercsa 3ameruth, uro ecqm Dy : Dy = Ds, To u3 ycinosus (4) ciemyer, 9to pasbuenue
(D1Dy, D3D,) 6yner 3absokupoBano Do u Dy. A eciiu Dy : D3 = Do, To u3 ycioBus (5) ciejyer, 4ro
pasbuenue (D, D3, DyD,) 6yner 3abmokuposano Dy u Dy. Ilporusopetne!

OtBeT: N moxker npunumaTh 3uadenud 0, 1, 2.

Kpurepun.

BoisiBIeHBI TEOpeTHIeCKH BO3MOXKHBIE 3HadYeHnsa N — 1 6aJu.

Hokazano, aro N moxket ObiTh 0 — 3 Oaswuia.

Hokazano, uro N moxket 6b1Tb 1 — 3 Hasuia.

Hokazano, aro N MoxkeT ObITH 2 — 3 OaJsuia.

Hokazano, aro N He MOxkKeT ObITh 3 — 3 OaJiia.

Bamaua 5. Menblie Bcex, HO He coBceM (15 6aslIoB)

Tpoe urparor B ciaeayonyo urpy. Kaxapii HasbBaeT HaTypaIbHOE YNCIO0 (Iesoe, He MeHbImee 1).
[ToGezkaeT TOT, KTO Ha3BIBACT MUHUMAJBHOE YHCIIO, BCTperuBiieecsa oau pas. (Hampmmep, ecn
Ha3BaHbI ducIa 2, 2 1 3, mobexkaaer Tperuii). Ecyiim HasBaHbl TP OJMHAKOBBIX YHCIIA, 0OEIUTEND
ompejessercs pasnoseposTHo. Haiiure Kakoe-nbo cuMMmerpudnoe pasaosecue 10 Hamy (umcita
Ha3bIBAIOTCS OJJHOBPEMEHHO).

The least, but not quite (15 points)

Three people play the following game. Each person names a natural number (an integer not less
than 1). The winner is the one who names the smallest number that occurs once. (For example, if the
numbers 2, 2, and 3 are named, the third person wins.) If three identical numbers are named, the
winner is determined equiprobably. Find any symmetric Nash equilibrium (the numbers are called
simultaneously).

Pemienne.

ﬂeFKO BUAETH, 9TO CUMMETPUIHBIX YUCTBIX paBHOBeCI/IfI HET. HyCTb B CMEIIaHHOM PaBHOBECHUN
BEPOATHOCTH TOTO, YTO UI'POK Ha3bIBACT YUC/IO Kk, paBHA D.

[Tokazkem, aro crparerus p*, onpenensemas py = 1/ 28k =1,2,... (cymMmma Becex BepogTHOCTet
paBHa 1, Bce KOPPEKTHO) SIBJIA€TCs paBHOBeCHOit. [{ist 9TOro0 moctarodno mokasarh, 9TO €CIU JIBa
JIPYTUX UTPOKA UIPAiOT P*, TO UTPOKY 0E3Pa3IMIHO, KAKOe M3 HATYPAJbHBIX YHCE/l HA3bIBATh (TOrIa
ero HAWJIYdIInM OTBETOM OymeT J060e pacipe/iesieHre Ha HATYPAIbHBIX IHCIaX, B TOM 9UCIe 1 P*).
[IycTh mosie3sHOCTh UTPOKa MPU BRIMTPHINTE paBHa 1, mpu mpourpsbiie — 0. OxkumaemMas M0JIe3HOCTD
UI'POKA, €CJTM OH Ha3bIBAET UNCJIO 7, PABHA

o] 2 n—1

k >k 1 *

EU) = ( > np) +5 P+ 3o
k=n-+1 k=1

3/1ech mepBoe ciraraeMoe — 9TO BEPOATHOCTb TOTO, UTO KaXKJIbII U3 JIBYX JIPYTUX UTPOKOB BHIOpAJT
qncyo, boJipiiee n. Bropoe ciaraemoe — 3TO BEPOSITHOCTH TOTO, UTO 00a JIPYTUX UT'POKaA HA3BIBAJIN
OJTHO W TO K€ YUCJIO, MeHbIlee n. Tperhe caraemMoe — 3T0 BEPOSITHOCTH TOTO, YTO JBA JPYTUX HUTPOKA
TOXKe HA3BaJIU YHUCJIO N U [IPU STOM MMOOEKIAeT HAlll UTPOK.

[opcrasigas p; = 1/2% u npumensia GopMyJibl CyMMbI 6ECKOHEUHOI U KOHEUHOf IeOMeTpUYecKoil
Iporpeccuit, mojydaeM

1\? 1 1 11 1 41 41 1
Un)=13:) *+3 1) 3w 373w 3w 3
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Wrak, oxxujgaeMasi OJe3HOCT He 3aBUCUT OT n. Clie0BaTe/bHO, p* ABJISETCS HAUIY UM OTBETOM
Ha (p*,p*), a suauut, (p*,p*,p*) asiagercs paBHOBecrueM. Jl0Ka3bIBATH €IMHCTBEHHOCTH CUMMETPUIHOTO
paBHOBecHUs HE TPEOOBAJIOCH.

Ecin ke 1mojesHocTy npu BBIMIPLIIIE W IPOUrphiire paBibl He 1 1 0, a A u B, To oxxujgaemast
[I0JIEBHOCTH OyJIeT paBHA

1, 2
EU(n) = gA+ 3B,

YTO TOYKE HE 3aBUCUT OT 1, OTBET OCTAETCS TAKUM JKe.

Kpurepuu.

0 6aJIIOB 3a HEBEPHBIN OTBET WU HEBEPHBIE PACCYKICHUS

1 GaJwt 3a HaiijleHHbIe HECUMMETPUYIHbIe paBHOBecH:a H3Ima ¢ KOppeKTHBIM 060CHOBAHUEM MTOYEMY
9TO PaBHOBECHSI

3 Gania 3a KOppeKTHOe 0OOCHOBAHME OTCYTCTBUs paBHOBecusi HaIma B 9HCTHIX cTpaTerusx

5 0aJ1JI0B 3a JIONOJIHUTE/IFHOE YKa3aHue BEPHOIO PacIpeesieHnsl BEPOITHOCTEN JjIsi PABHOBECUS
B CMEIaHHBIX CTPATErnusIX

o 10 OGanmoB 3a paszdoOp HEKOTOPBHIX YACTHBIX CJIYYaeB B 3aBUCHUMOCTH OT IOJHOTHI U
KOPPEKTHOCTHU JIOKA3aTeIbCTBA TAKOTO YAaCTHOT'O CJIydas U OT OJIM30CTH 9TOrO YacCTHOT'O K OOIIeMy
CIIydaro

15 6a10B 3a noJiHoe 0OOCHOBAHHOE PEIIeHNe CO BCEMU HEOOXOIUMBIMU TOSICHEHU MU

MembIre 6asLIbl OTHOCUTEIHLHO BBIIEYKA3aHHON Pa3dasjIOBKH CTABUJINCH 38 BEPHbIE YACTHUIHBIE
MOTBITKY PEIIEHNs] B COOTBETCTBYIONIEM HAIlPABJICHIT

Bamada 6. B nouckax paBHoBecus (25 6aJ110B)

Pacemotrpure coenyrontyio urpy 4x s, Vrpok 1 Beibupaer uncio a u3 orpeska |-1,1]. Ha gepese
UTPBI M300parkeH 1orpad mocse oJIHOr0 KOHKPETHOTO BBIOOpA UI'POKa 1, Bce OHM aHAJIOTUYHBI 110
cBoeil cTpykrype. MHdopMannoHHble MHOXKECTBA UTPOKOB 0003HAYEHBI 3JIIUTICAMH.

Haitnre paBHOBecHe, COBEPITIEHHOE 10 MOABITPAM, WM ITOKAyKUTEe, YTO €ro He CYIIeCTBYeT.

7) (-la*-2lal, 1, -a, -a)
t 4
' g B Claf-20al20, 1, -a, )
/
\ 3TN "o (daP+2al-20,-1, a, -a)
Iy T ! <
| \
» © BT~ (la+2lal. -1, a, a)
|
1 a : 2 : B p (%) (_|a|2+2|a‘9 _29 -a, _a)
| | P )
| 2 I
D . 4‘| B~ (-|laf+2|a|-20, -2, -a, a)
| | |
| 3 L T (-|aP-2al-20, 2, a, -a)
NS b,
~ \/

P2~ (|aP-2la], 2, a, a)

Searching for equilibrium (25 points)
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Consider the following 4-person game (the tree is above). Player 1 chooses number a from the
interval [-1,1]. The game tree shows the subgraph after one particular choice of player 1, all of which
are similar in structure. The players’ information sets are shown as ellipses.

Find a subgame perfect equilibrium, or show that it does not exist.

Pemienne.

3amMeTuM, 9TO UI'pa SKBUBAJEHTHA JIBYXITAIHON Urpe: HA IIEPBOM dTAlle UI'POKKU 1 U 2 JjiesialoT
BBIOOD 00HO8peMENHO, Ha, BTOPOM 3Talle UTPOKU 3 U 4 HAOIIOIAIOT MPEIBICTOPUIO U TOXKE JETAI0T
OJIHOBPEMEHHBIN BBIOOD.

Bormuimem MaTpuiry MOABITD I UTPOKOB 3 U 4, 3aMETHUB, UTO IPU (DUKCUPOBAHHOM ( MATPHILA
OJIMHAKOBas JIJIsl JIF0OOi cTpaTeruu Urpoka 2.

T 8
t| —a,—a —a,a
b| a,—a a,a

Torma ecm a > 0, To 02 = b, 0* = 8 10 TOMUHUPOBAHMHIO.

Ecmu a < 0, To 02 = t, 0* = 7 10 TOMUHIPOBAHUIO.

Ecm a = 0, To urpoku 3 u 4 6e3pa3judHbl 1 MOI'YT UCIIOJIb30BATh JIIOObIE CMEIAHHbIE CTPATETUH.

O6osnaunm 02 = (1 — \)T + AB. Haiijiem, Kak BbINIsIUT (GYHKIUA BBHIMIPHINIA UIPOKa 1 Kak
dyukysa or a u A npu a # 0.

Ecmu a > 0, 0% = b, o* = 3, cnenosarensno, 02 = B. 3naunur, Euy(a) = —|a|* — 2a (nocruraer
[JI00ATBHOIO MaKCHMyMa TIpH -1, jajiee yObIBAET, COOTBETCTBEHHO MAKCHMYM IIPU TOJIOKUATEIHHOM @
crpemures K O cripaBa). Beerya ects ctuMys ere npubn3uTh ¢ K HYJTI0, TIO9TOMY TaKUX DaBHOBECHI
HET.

Eciu a < 0, 03 = t, 0% = 7, cnenosarensuo, 02 = T. 3uaunt, Fu,(a) = —|a|> + 2a (nocruraer
100/ TbHOTO MAKCUMYyMa 1P 1, COOTBETCTBEHHO MaKCUMYyM IIPU OTPUIATEILHOM ¢ cTpeMuTcs K ()
cieBa). Beera ectb cTuMyIT errie mpubIM3UTh @ K HYJTIO, TOSTOMY TaAKUX PABHOBECHIl HET.

OmpeiesiuM MaKCHMaJTbHO BO3MOKHBIH 11aTek urpoka 1 nmpu a = 0. O9eBUIHO, 9TO BCEBO3ZMOXKHBIE
BBIMTPBIINIHI [IPH JIIOOBIX YUCTBIX CTPATETUSX OCTAJIBHBIX UTPOKOB CBOAATC 00 K 0, 6o K -20. D10
JIOCTUTAETCS TIPU cyeayommux crenapusx: 1117, Thi [y, Btots, The[s.

[peamosozkum, aro A < 1/2 (uame urpaercs T'). Torma odeBugHO, 9TO UTPOK 1 HOIydIUT
MaKCHMaJIbHBII BBIUIPBIII (CTPOrO MOJOKUATEBHBII ), chirpaB a = 1 — 2\ > 0. Ho Torma urpoky 2
BBITOJIHO OTKJIOHUTLCA B 02 = B.

[Mpeanonoxkum, aro A > 1/2 (uame urpaercs B). Torga odyeBujaHO, 4T0 MrpoK 1 mOTy9uT
MAKCUMAJIbHBIH BBIUIPBIII (CTPOro MOJIOKUTEbHBIH), chirpas a = 1 — 2\ < 0. Ho roria urpoky 2
BBIT'OJIHO OTKJIOHUTLCA B 02 = T

[Ipemmonoxkum, aro A = 1/2. Torga urpok 1 moxer mocrurayrs makcumyma 1pu @ = 0. Ho sror
MaKCHMyM BO3MOKEH TOJIBKO IPU OTBETOB UI'POKOB 3 U 4 U3 CJeIyIONnX KOMOWHAIINI B BepXHei
u HIZKHEN mofeirpe t17y, by, taTe, boSy. Ho Bo Becex 9Tux ciiydasx y UrpoKa 2 eCTb IPeIIoITeHus
oiHo w3 crpareruit T wim B, on HEKOrIa He 6€3pa3/imdeH U MO9TOMY OTKJIOHUTCS.

SHAYUT, HA B OJIHOM U3 CJIyIaEB HET PABHOBECHUsI U WI'Da HE UMEET PABHOBECHUSI, COBEPIIEHHOI'O IO
TIOJIBITPAM.

[IpuHIUIHATIEHBIM YCIOBUEM JIJIsT TAKOT'O PE3Y/IbTaTa sIBJISIETCA OECKOHETHOCTh YUCTHIX CTPATErnit
y urpoka 1.

Kpurepun.

K coxasienno, HUKTO 710 KOHIIA HE CMOT KOPPEKTHO OObICHUTH OTCYTCTBUE paBHOBecHs 1ipu a = 0.

5 6aJJIOB CTaBUJIOCH — 34 HOJLITPY 3 U 4 UrpoKa.

8 6aJIOB — JTaJIbIle 3a BBIOOD UT'POKaA 2 TIPU HEHYJIEBOM

10-12 6ansoB — paJblle 3a BBIOOD UIPOKa 1 NMpW HEHYJIEBOM @, HAXOIANINH MaKCUMyMbI W
ycTpemststionuit a K ()
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no 17 6amioB — 3a 6oJiee MeHee YCIelTHbIE TIOMBITKI aHAJN3UPOBATE Cay4ail a = 0 u paccMOTpeTh
BO3MOKHbBIE CMEIIaHHbIE CTPATETNN UT'POKa 2.

[Lmfoc-Munyc HECKOJIBKO 6aJ17I0B MOT'YT BApbHPOBATHCS BOKPYT YKA3aHHBIX 1EJIE€BBIX B 3aBUCUMOCTHI
OT YEeTKOCTHU ¥ JIOTHIHOCTH O0bsICHEHUS B KOHKPETHOI padore.
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