Oaumnuana AJis CTyIeHTOB U BBINYCKHUKOB «Bbicmias aura» — 2020 r.

IIpoduas: «Teopust urp» KO/ - 390
PEHIEHUA U KPUTEPUU

Bpems Bbinosinenus 3axanus — 180 MuH., sI3bIK — PYCCKUI MM AHIJIMHCKU.

Pemute Bce 3agaun.
Beca 3aga4, B TOM 4mcCIIe KaXX10T0 MOABONPOCA, TPUBEACHBI B CKOOKaX.

HNucTpykuun
e PerieHre MOXeT ObITh MPEJICTABICHO KaK HAa PYCCKOM, TaK W Ha AHTJIHMICKOM S3bIKE.
Hukakux nonogHUTENbHbIX OaiyioB, BIpouYeM, Kak U IWITpadoB, 3a peHIeHHE Ha
aHTJIMICKOM SI3BIKE HE IIPELyCMOTPEHO.

e Pemenue JOMKHO OBITH XOPOIIO CTPYKTYPUPOBAHHBIM, U3JI0KEHO TPAMOTHBIM SI3BIKOM, a
MouepKk — pacrno3HaBaeMbiM. OTBETHl Ha KadeCTBEHHBIC BOMPOCHI JIOJDKHBI OBITh
yOeIUTENbHO apryMEHTUPOBAHbI, HO JJIMHHBIE PACCYXACHHS, HE OTHOCSIIHMECS K CyTH
Jiefa, MOTYT HETaTUBHO MOBJIUATH HA OIIEHKY.

e Bce maru B pELUICHUH JOKHBI OBITh OOOCHOBAaHBI, BCE BBIYUCICHHS JOJDKHBI
IIPUCYTCTBOBATh B padboTe. KanbKynsiTopaMu MOJIb30BaTHCS 3alPEIEHO.

e UYepHOBHKH HE MIPELYCMOTPEHBI, pELIEHUE cpa3y 0(hOpPMIISETCS Ha YUCTOBHUK.

e FEcnu npuBeneHHOE pEIICHUE SBISIETCS HEBEPHBIM, MEPEYEPKHUTE €ro (MepeuepKHyTOe
pelleHre He POBEPSETCA) U MPUBEIUTE KOPPEKTHYIO BEPCHIO.

e [Ipy HanMuMM HECKOJBKMX BapUAHTOB pEIIEHUS OJHOTO M TOIO K€ 3aJaHuf,
IIPOBEPSIOLIUI CaM OIPEAEIIAET, KAKOE U3 PELICHUHN ITOJICKUT IIPOBEPKE, a AICIUIALIUU C
POCHOO MPOBEPUTH IPYTOi BapUAHT PEIICHUS HE TPUHUMAIOTCA.

1. (10 6ais10B) «CTOMT JIM CMEIIMBATH KOMIIAHUM ?»
[TycTh y KaXI0W >KCHIIMHBI U Yy KaXKJIOTO MYXXYHHBI 3a7aHbl CTPOTHE MPEANOYTEHUS Ha
MHO>KECTBE MAPTHEPOB MPOTHBOIOIOKHOTO Toa. Jlan rpad 3HaKOMCTB. 3HAKOMBIE MYKYHHBI U
KCHIIWHBI pa30MBAIOTCS Ha TApbl TaK YTO MTOTOBOE Pa30MEHHE YCTOHYHMBO, TO €CTh B HEM HET
TaKUX 3HAKOMBIX MYXXYHMHBI U XEHIIUHBI, KOTOpbIE ceifyac He B Mape, HO MPEAINOYUTAIOT IPYT
JpyTra CBOMM TEKYIIIUM TapTHEPaM HIIH K€ OJTHHOKH.
[Ipenmosnoxum, 4TO COBMAAIOT MPEANOYTEHUS KaK BCeX MYXKYHH, TaK U BceX keHmuH. [lepen
TEM Kak BCE pa3o0BIOTCS HA Tapbl, AnMca MymMaeT MO3HAKOMHTH JIU €il CBOUX 3HAKOMBIX —
bopuca n Buky. beiBaeT nu Tak, 4To

(a) (5 6an0oB) Annca OKaXXeTCsl C MEHEEe MPEANOYTUTEIbHBIM MYXYUHOU, MO3HAKOMUB b

u B?
(b) (5 6an0B) Anrce BBITOIHO TTO3HAKOMHTH b 1 B?

(10 points) “Should one combine the parties?”

Let every woman and every man have strict preferences on a set of partners of the opposite sex.
An acquaintance graph is given. Men and women who know each other form pairs and the final
partition is stable: no unmatched man and woman knowing each other prefer being together to
their current partners or are lonely.
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Suppose that the preferences of both all men and all women coincide. Before the matching starts,
Alice is thinking to introduce her friends Boris and Victoria to each other. Is it possible that
(a) (5 points) the situation becomes worse for Alice if she introduces B and V to each other?
(b) (5 points) it is profitable for Alice to introduce B and V to each other?

PEIIEHHUE:

MO03KHO ITOCTPOUTH MHOT'O pa3HbIX puMepoB. Hampumep, Takue:

1) Unes: Ecium Buka Oonee momynspHa cpeiad MYK4YMH, 4eM AJuca, a TeKylIMid AJUCHH
napTtHep, bopuc, 6osee nonysspeH cpean KEHIMH 4eM 11000 n3 3HakoMbIX Buku => Anuce He
CTOUT 3HaKOMUTH Buky ¢ bopucom.

nercTBytomue auna: Anuca, Buka, bopuc, ['puropuit

MIPEANIOYTEHNS My 4HH: B>A

)keHiuH: b>T

rpad 3HaKOMCTB: Alca 3HaKOMa co BceMu, Buka 3Hakoma ¢ I'puropuem (1 Anncoii)
cTaOuIbHBIM MATUMHT: B-I', A-b

ecnu Anuca no3HakoMuT B u b, To Oyzaer npyroi cTaOuiabHBIA MATUUHT:

B-b, A-I’

To ecTp Anice HE CTOMT 3HAKOMHUTH BuKy ¢ bopucom.

2) Unes: Henomynspuas Anuca B mape ¢ HenomyisipHbIM Jlenucom. OHa xorena Obl OBITH
BMeCTE ¢ [ puropueM, HO TOT B Mape ¢ CaMOU MOMYJIIPHOW U3 KEHILIUH --- Bukon. ¥ AJHChI ecTh
3HAKOMBIM bopuc --- camblii NONYJISAPHBIA U3 MYXXKYMH, OJHAKO OH HE 3HaKoM ¢ Bukoi. Ecimu
no3HakoMuTh bopuca ¢ Buxkoii, To ['puropuii "ocBoOoautcs" u, €ciu y HETO HET JIyUIIUX OMIIHiA,
o0Opasyer nmapy ¢ XuTpou AJUCOi.

nerctBytomue auna: Anuca, Buka, Enena, bopuc, I'puropuii, Jlenuc
IIPEANOYTEHU My K4UuH: B>E>A
skeHuH: b>1>]1

rpa¢ 3HaKOMCTB: AJnca 3HaKoMa co BceMM, Buka 3HakoMa Toibko ¢ I'puropuem (u Anucoit),
Enena 3nakoma ¢ bopucom u /Ienncom.

ctabuibHbI MATUMHT: B-I', E-B, A-]]
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ecnu Annca no3HakoMuT B u b, To Oyzaer npyroi cTaOuiabHBIA MATUUHT:
B-b, E-/I, A-T"

To ecTh Alrice BBITOJIHO ITO3HAKOMUTH Buky ¢ bopucom.

3ameuaHue:

Mpbl HESBHO MHCHONB3YEM EIUHCTBEHHOCTh CTAaOMJIBHOIO MATYMHra B JTUX HpHUMEpax.
EnuHCTBEHHOCTH --- cleACTBHE 00IIero (heHoMeHa: eclid COBMAJAl0T MPEAMOYTCHUS XOTS Obl
OJIHOI CTOPOHBI PbIHKA (HAMpUMeEp, MYKYUH), TO CTAOMIbHBII MITUMHT €IUHCTBEHEH U MOXKET
OBITh MOCTPOEH MPH MOMOUIM cienytoniei npoueaypsl. Camas nomyJssipHasl *KeHIHHA 00pa3yeT
napy c HaumOojee NpPeANOYTUTENbHBIM M3 CBOMX 3HAKOMBIX, 0Opa3oBaHHas mapa yXOJAMWT,
nporenypa mHoBTOpsieTcs. JIerko mpoBepuTh, YTO 3Ta HpoIeaypa BeAeT K CTa0MIbHOMY
MATYUHTY U IO0Ka3aTh, YTO B JIIOOOM JpYroM MATUMHIE Haijercs OJoKMpyrolias mnapa, T.e.
MOCTPOCHHBII MITYUHT --- €IMHCTBEHHBII CTaOMIbHBI.

Kpurepun:

1 Gamn cTaBmiICA, €CIIM HAPYLIEHBI IPEANOCHUIKH YCIOBHUS, HO 3aTPayeHO CYIIECTBEHHOE BPEeMS
Ha perieHue (TUMUYHBI J1Ba HAPYIICHUS: pasHbIe MPEANOYTCHUS Y Pa3HBIX MYXYHH, WA
JTUHAMHUYECKOE U3MEHEHNE TIPEANOYTEHUH TTOCIIe 3HAKOMCTBA).

2, 3 Oamia CTaBWINCh, €CIIM €CTh HECTPOro C(HOPMYIMPOBAHHAS HJES PELICHHUS OJHOIO W3

IIyHKTOB
5 6ayuI0B CTaBUIIMCh, €CIIU pEIlieHa MOJIOBUHA (OMH MYHKT)

10 6anoB - perieHsl 00a MyHKTa

2. (X+Y 06amnoB) «Baaau ot o0e3ymMeBIIeil TOJIbD)

(a) (X 6amnoB) Hamummre nemoe uncino X ot 1 go 10. Te, kTo Hamucan caMmoe peaKoe
qHuCIo (cpeau BCEX NPYTUX YYaCTHHKOB OMUMMHUABI 1Mo npoduito « Teopus Urp» 3Toro
rojia), MOJIy4aroT yKa3aHHOE UMM KOJIMYECTBO OAJIIOB.

(b) (Y 6annoB) 3amaya Ta ke — HamMcaTh YUCIO Y, HO HA 3TOT Pa3 BBIUTPBIBAIOT T€, KTO
yrajan BTOpoe MO 4acTOTE YUCIIO.

(X+Y points) “Far from the mad crowd”

(a) (X points) Write an integer number X from 1 to 10. Those who wrote the most rarely
number (among the works of all other participants of the Game Theory Olympiad of this
year) will receive the X number of points.

(b) (Y points) The task is the similar, i.e. to write an integer number Y from 1 to 10, but now
the winners are those whose number is the second popular among others.
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PEIIEHUE

a) | Koi-BO 2 4 6 2 1 5 5 7 3 10
pabort ¢
STHM

YHUCIIOM

b) | kon-BO 2 2 3 5 0 7 9 7 1 9
pabor ¢
3THM

YHCIIOM

B nmynkTe (a) TpeOoBamock BRIOpATh cCaMO€ PEAKOE YUCIIO. DTO OKa3ajaoch 5, BCTpedaercs B 1
pabote. DTOT y4aCTHHUK MOITYy4Ha 5 Oaios.

B nynkre (b) TpeboBanoch ykazaTh BTOpO€ 10 4acToTe yucyio. CaMbIMU YaCTHIMU OKa3aJIUCh 7 U
10, BTOpBIE TIO HacToTe - 6 U 8. Bee yuacTHUKH, yka3aBmue 6 U 8 MOJYyYUIIM COOTBETCBYIOIIEE
CBOMM 3as1BKaM 4HCJIO OALIOB.

Wnes 5Toil 3amauu CBOAMUTCS K TOMY, YTOOBI PasyMHO OLIEHUTH “TJIyOMHY PalMOHAIBHOCTH
OIITOHEHTOB MO Wrpe. [Ipr ATOM, OCKOIBKY BBIUTPHIII 3aBUCUT OT YHCIIA, C KOTOPHIM YYaCTHHK
BBIMIpPaJ, 3/1€Ch TAKXKE CHJIbHA TEHAEHIM K Ha3blBaHUIO OonbIux 1udp. Maes nondopa yncna
OCHOBBIBaeTcsi Ha KoHuenmuu k-level rationality. MHOro4ncieHHbIE SKCIIEPHUMEHTHI
MIOKa3bIBAIOT, YTO MPHU paclpesielIeHny 4acTOT B MOMYJISIIMY HauOoblIasi 4acToTa BCTPEUaeTCs
y Tayounsl nojcueta 2 u 3. [IoCKOIbKY YYaCTHUKM OJUMIIMAJBI, OYEBHIHO, B CpEJHEM Ooiee
parMoHaIbHBI YeM ClTydaiiHasi BHIOOpKA PECMOHACHTOB, B IMYHKTE (a) HAOII0JaICsI MUHUMYM B 5.
Pazbpoc pesynpratoB B myHKTE (b), BEpOSTHO, MOT OBITH CBSI3aH C TE€M, YTO YYaCTHUKH C
HEKOTOPBIM YpOBHEM TIJTyOWHBI MOjcueTa BbIOMpasin Kak OoJiblliee, TaK M MEHbILIEE YUCIO MO
OTHOILIEHMIO K MPEeJIbIIyILIEMY.

[TonpoOHee o0 pacmpeneieHUsIX YpOBHEH palMOHATBHOCTH MOXKHO IPOYUTATh 3/1ECh:
https:// www.wzb.eu/system/files/docs/ende/wett/igtr-2017-07-12.pdf

3. (25 6ams0B) «Cyabio Ha MBLIO!»

[lepen nauanom matda 3eHUT-CrapTak BBIACHWIOCH, YTO HA CTAJUOHE HE XBaTaeT LITAHT Yy
BopoT. Cyzapss BCE e pemuiI NPOBOAWUTH MaTd IO TakUM I@PaBWJIaM: OH IIPOU3BOJIBHO
(HE3aBUCUMO C PaBHOMEPHBIM paclpe/IeliecHneM ) BRIOupaeT aBe Touku X<Y Ha orpeske [0,40], u
paspemiaer 3eHUTY YCTAaHOBUTh B 3TH TOYKM LITAHI'M BOPOT: OOBIYHYIO M HEBHJIUMYIO. 3€HUT
pelaeT, B KaKyl U3 TOYEK MOCTAaBUTh KaXaylo mWTaHry. CnapTak BUAMT, YTO BUAUMYIO LITAHTy
YCTAaHOBHWJIM B TOUKY Z, HO HE 3HAET JieBas 3To mTaHra (Z=X) unu npasas (Z=Y).

(a) (10 6annoB) IIpennonoxum, 3eHUT BBIOpAT TOUKY ciy4yailHbIM oOpazom, X uian Y C
BepoaTHOCThIO 1/2. Ha mocnenneit Mmunyte Matya CriapTak roToB HaHECTU CBOM MEPBbIi
ynap mno "Boporam" 3enurta, "Bopora" mnyctele. Kyna crnemyer Outh, 4TOOBI
MaKCHUMU3HPOBATh BEPOATHOCTD roja?
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(b) (15 6aasoB) Pemute urpy. B kakyro Touky — X wnm Y — JOJDKEH ObUT YCTaHOBUTH
BUJUMYIO IITAHTY 3€HUT, 4TOOBI MUHUMHU3UPOBATh BEPOSTHOCTD T'OJIa MPU ONTUMAIBHON
urpe Cnapraka?

(25 points) “The ref needs specs!”
Before the match between Zenit and Spartak starts, it was found out that the stadium did not have
enough goalposts at the gate. Nevertheless, the referee decided to play the match according to the
following rules: he arbitrarily (independently with a uniform distribution) selects two points
X<Y on the interval [0.40], and allows Zenit to set the goalposts at these points, one is normal
and one is invisible. Zenit decides at which point to put each goalpost. Spartak sees that the
visible goalpost has been set to point Z, but does not know if it is the left one (Z = X) or the right
one (Z=Y).
(a) (10 points) Assume that Zenit chose the point randomly, i.e. X or Y with equal
probabilities 1/2. In the last minute of the match, Spartak is ready to strike his first shot at
the “goal” of Zenit, the “goal” is empty. Where to beat to maximize the probability of a
goal?
(b) (15 points) Solve the game. At what point, X or Y, should Zenit put the visible goalpost
in order to minimize the probability of a goal under the optimal Spartak behavior?

PEHIEHHUE

(a) 1. OnTuManbHO OMTH BIPUTHPKY CO INTAHTOM (HAa PACCTOSHHM SIICUIIOH, €CITU pajuyc Msua
sncuiioH). [Touemy Tak? EcTh aBa cocrosinus Mupa: mranra jesas (Z=X) uinu npaBas (Z=Y).
Ecnu mranra neBasi, To Hago0 OUTHh YyTh MpaBee, HO HE CIHUILKOM, YTOOBl HE yJIapuUTh IpaBee
CKpBITOM mTaHrd Y. AHaJOrMYHO, €CJIM IITaHra InpaBas, TO HaJ0 OUTh 4YyTh JIEBee, HO HE
CJIMIIKOM, YTOOBI HE YAAPHUTh JIEBEE CKPHITOM IITaHTH X.

2. OnTuMasbHO OUTH CO CTOPOHBI IIEHTpA: YyTh IIPaBee IITAHTH, KOT/la OHA B JIEBOU MOJIOBUHE,
U 4yTh JIEBEE ILUTAHIU, KOTJa OHa B IpaBoi mosioBuHe. Ilouemy Tak? 3eHUT BpIOpas IITaHTy
HayraJ. M3BecTHO, yTo X<Y, MO3TOMY ILITaHra B JIEBOH mojoBuHe (Z<1/2) BeposiTHee ABIAETCA
JIEBOHM, YeM TPaBOM, a IITaHTa B MpaBOM MojoBuHE (Z>1/2) BeposTHEE SABISETCS NMPABOM, YeM
JIEBOM.

(b) 3enut OyzaeT BeIOMpaTh MTAHTY OJMKe K cepeaune. [louemy Tak?

Cuauaia 3aMCTHUM, 4YTO OIITHMAJIbHbBIM OTBETOM 3eHuTa Ha CTPaTCruro CnapTaKa M3 IIYHKTa a.

OyZeT Kak pa3 Takasi CTpaTerusl.

Ecte Tpu cocrosHus: X<Y<1/2, X<1/2<Y, 1/2<X<Y. BeposTHOCTHM COCTOSHUU TaKue:
Pr(X<Y<1/2) = 1/4; Pr(1/2<X<Y) = 1/4; Pr( X<1/2<Y) =1/2.

B nepBom u Bo BTOpoM Takas crparerusi naé€r 3eHuTy BbMrpeinl: Cnaprak ObET Mumo. B
TperbeM coctosiHun Cnaprak Bceraa mnonazgaer. [lo ¢opmyne BepoSATHOCTH COCTOSHUN B
cpelHeM OyJET Moy4aTbCsl HUYbSI.

Crparerus Cnapraka ocTa€Trcs HaWiIydllMM OTBETOM Ha Takylo cTpaTeruto 3eHuta. Ecin
CrnapTak OTKJIOHHUTCS -- C BEPOSITHOCTBIO p Oy1eT OUTh He OJMIKe K LIEHTPY, a Aajblle OT IEHTpa

HauunoHanbHBIN MCC/IEI0BATEIbCKIH YHUBEPCUTET «Bbicias mKo/ia 3KOHOMUKH» 5



OaumMnuana AJs CTyJIeHTOB U BBINNYCKHUKOB «Bbicmias aura» — 2020 r.

-- TOo OH OyzeT BBIMTPbIBaThH 1/2p u npourpeiBaTh 1/2p, To ecTh ocTaHeTcs Oe3paznuyeH. Tak 4To
MBI HAIlUTA paBHOBecHe. EAMHCTBEHHO 1 OHO?

EnuHcTBeHHOCTH. 3aMeTuM, 4TO Ajs Jito0oro takoro p>0 3eHUTY BBITOAHO OTKJIOHHUTHCS WU
BCErJa BHIOMpATh NAIBHIOI OT IIEHTpa INTaHry. B 3TOM ciiyuae 3€HHT BBIMIPHIBAeT BCET[a,
korga Craprak ObET nanmblie OT IIEHTPa, 3TO yke BeposTHOCTh p. Korma sxe Cnaprak Obér
ommke k 1ueHtpy (l1-p), B MoJOBHMHE CiaydaeB OH 3a0HMBaeT, B IMOJIOBHHE ObET MuMoO. Terephb
Cnaprak npourpsieaet. [loatomy Crnaprak urpaer p=0, paBHOBECHE €IMHCTBEHHO.

Kpurepun:

(a) 3mech MBI MOJIB3yEMCsl PABHOMEPHOCTBIO pactipeesienus. Eciu Het o00cHOBaHUsA, a yraja
otBeT ctaBuM 2 6amra u3 10. Eciu He xBartaet (1) winu (2) cocTaBisfonIel 0TBETa, TO 32 KaXKIyIO
cunMaeM 4 6awuia. [To MeakuM HegoueTtam cHUMaeMm 1-2 Gajuia.

(b) Ecnin He mokasanu eTMHCTBEHHOCTh — MUHYC 2 O6ayuta.Eciu Tonpko yramanu oTBeT — Bcero
craBuM 2 Oamna. Ecau be YKasaJii, KaK BBIIIIJIUT OITUMalibHasA CTPaTerusa CnapTaKa Ha
cTparerutro 3eHuTa — MUHYC 5 Oamna. Ecau mpu nokazatenbcTBe ATOro (akra MpoBepsuin

TOJILKO OTKJIOHEHHE B YUCTBIX CTpATETUsIX — MHUHYC 1 Oa.
3a joruyeckue omuOKN cHUMaeM 1o 1-2 Gana 3a KaKAylo B 3aBUCUMOCTH OT CTETICHU TSKECTH.

4. (15 6anaoB) «Ilokymnaii!»
VY mponaBma ecTb JBa TOBapa: MbUIECOC M YTIOT. L[EHHOCTh KaXIOTO W3 3THUX TOBAPOB LIS
nokynarensi, V', u V,, cOOTBETCTBEHHO, a 0boux BMmecte — V +V,. IlponaBen He 3HaeT TOUYHO
LIEHHOCTH TMOKYIaTessi, HO CYHMTAeT, 4YTO OHM paBHOMEpHO pacnpeneneHsl Ha [0,1000],
HE3aBHCHUMO JIpYT OT Apyra. [lone3HocTh mokymnaTesns paBHa [IEHHOCTH MPUOOPETEHHBIX TOBAPOB
32 BBIUYETOM IICH.
(a) (5 6annoB) Ilpomamernr BbIOMpaeT W3 JBYX CcTpareruid mpojax. I[IpomaBen moxer
HA3HAYUTh LEHY I KaKJOTO U3 TOBAPOB IO OTACIBHOCTH, U B 3TOM ClIy4ae MOKyMaTeab
KYIHUT T€ TOBaphl, IIEHHOCTb KOTOPBIX JJIsl Hero OyneT Bbimie 1eHbl. Vm ke, mpojaserr
MOJKET MPO/IaBaTh TOBAPhI TOJIBKO BMECTE, €AMHBIM MaKeTOM. B 3TOM ciiyyae nmokynareins
KynuT o6a ToBapa, €Clii CyMMa IIEHHOCTEH MPeBBICUT IIeHy napbl. Kakue onTuMaibHble
LEHBl MPEAJIOKUT MPOAABel] B KaXKIOM clydyae, U KaKoW 0XKHIaeMblil 10X0J MOJy4nuT?
Kakas cxema npojiaxxu JJi1s1 Hero ONTUMANIbHEE, [0 OTIEIBHOCTH MM BMecTe?
(b) (10 6anaoB) I[Ipeanonoxum Tenepb, YTO MPOAABEIl MOXKET MPEJIOKUTH MEHIO U3 TPEeX
BO3MOXXHOCTEH: KyNHUTh Kbl TOBAp MO OTIECIBHOCTH 32 CBOIO IIEHY WM MaKETOM.
Kakue 11eHbI IpeiyioKuT MpoiaBel, U Kakoi OyIeT ero 0’KuaaeMblid 10X0a?

(15 points) “Buy it!”
A seller has two goods for sale: a vacuum cleaner and an iron. A buyer has a value V,and V,for
each good separately, and so a value of V,+V, for both. The seller does not know the buyer's
value exactly, he thinks that the values are uniformly distributed on [0,1000], independently from
each other. The buyer's utility equals the values of the goods he buys minus their prices.
(a) (5 points) The seller chooses between two mechanisms of sales. The seller can set prices
for each good separately, in which case the buyer would buy only the goods with value
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exceeding the price. Or, the seller can sell the goods only as a bundle. In this case the
buyer would purchase both goods when the sum of their values exceeds the price of the
bundle. What are the seller's optimal prices and expected revenues in each case? Which
scheme would the seller prefer, selling the goods individually or as a bundle?

(b) (10 points) Suppose now that the seller can offer a menu of three options: buying each
good separately or both goods as a bundle. Which prices should the seller offer? How
much expected revenue he would be able to obtain?

PEHIEHUE
Cwm. mocnennue cTpaHuilsl (aitna (BBULY 00mIns (HOpMyI IPHUIILIOCH YaCTh PEIICHUH 100aBUTh
CreHeprupoBaHHBIMU B (popmare latex).

Kpurepun:

4a) 2 Gamna - 32 KOPPEKTHO PEIICHUE CHTYAI[UH MPOJaKH TOBAPOB OT/AEIHHO U pacyeTa IEeHbI U
npuOBLTH, BEPHBIA OTBET 0€3 MOSICHEHUH K pelIeHuo oreHnBaercs B (0 0aios

2 Gama - 3a KOPPEKTHO PEIICHHE CUTYaIlMHU MPOJIaXKH TOBAPOB KOMILIEKTOM (PacCMOTPEHA Kak
[IeHa Ha KOMIUIEKT MeHbIe win paBHo 1000, Tak u ieHa Ha koMruiekT 6onbire 1000)

1 Gamn - oOmui BBIBOJ MO 3a7adue MO TOWCKY ONTUMAJbHOW CXEMbl BBICTABIICHUS IEH IS
MPOAABIIOB

46) 2 6anna - 3a QopManM3alMI0 3aJa4dl OTHOCUTEIHHO II€H U TOJIE3HOCTEH, MPU KOTOPBIX
Oynet KyruieH 1-bIif ToBap WiIu 2-0i WM KOMIUIEKT

4 Gania - 3aIIUCh 1IENIEBOM PYHKIIMH 3a1a4l

4 Gana - TOUCK ONTHUMAIBHBIX LIeH chopMyITMpPOBAaHHOH 3a/1a4H

5. (18 6ansoB) «IIpobiema I TUKETA)

AnpOyc Jlambanop (urpok 1), Cesepyc Cuerr (urpok 2) u I'appu Ilortep (urpok 3) cunar 3a
CTOJIOM Ha TOP)KECTBEHHOM YXHHE. IM mpuHOCAT OJI0J10 U3 PBIOBI U SK30THUECKYIO BHIIKY, C
MIOMOIIBIO KOTOPOH 3Ty pbIOY cienyer ecTh. [Ipobiiema B TOM, UTO BCe TpOE HE IOMHST, B KaKOI
pyKe HaJo JepkaTh BHIKY; M3HAYAIBHO HM3BECTHO, BOZMOXKHO J[Ba COCTOSIHHS MHUpa: W=R (TO
€CTh BWJIKY HAJI0 JIep’KaTh B MpaBoi pyke) U w=L (TO eCTb BUJIKY HAJO Jep:KaThb B JIEBOH pyKe).
[Tpu 3TOM anpuopHas BEpOSTHOCTh TOTO, UTO W=R, paBHa p=>1/2.

Bno6aBok, kaxelid urpok i=1,2,3 obnagaer yacTHoN uHpopManuei s, € {L,R}, KoTopasi BEpHa ¢
BEPOSITHOCTHIO ¢>1/2, mpuuem

g | r

- ==
I—gq JJ—p

To ecTp ecnu BUJIKY NEHCTBUTEIBHO HAN0 AEPKATh B MPABOM PyKe, TO S =R ¢ BEPOATHOCTBIO ¢ U
s7~L c BeposTHOCTBIO 1-g. Ilpu 3amaHHOM W CilydaiiHble BEIMYUHBI §; CTaTUCTHYECKH
HE3aBUCUMBI.
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OaumMnuana AJs CTyJIeHTOB U BBINNYCKHUKOB «Bbicmias aura» — 2020 r.

(a) (3 6amoB) Ilycte urpoku OepyT B PYKH BHJIKM B TaKOW OYEPEIHOCTH: CHadasa
Hamb6anop BbiOupaer a, € {L,R}, norom CHerr BbIOUpaeT a,, notoM IloTTep BBIOMpaeT
a,. Kaxxplii UTpoK XOUeT OJHOrO: HE OIIMOUTHCSA, KAaKOW pPYyKOW B35ATh BUJIKY — B TAKOM
ClIy4ae OH MOJy4aeT BBIUTPHIII, paBHbIN | (M BRIUTPHIII, paBHBIN () B TPOTUBOMOIOKHOM
ciydae). Haiinure, kak Beioop CHerra OyieT 3aBHCETh OT S, U 4.

(b) (5 6aauoB) Haiinute, kak Be160p IloTTepa Oynet 3aBucers OT a,, a, U S,.

(c) (10 6anuoB) Ilycte 3a cromom cuaut N dvenoBek. IIpu Kakux ycClIOBHAX HPOUCXOAMT
ungopmayuonnvlli Kackao: ecam s,=R, TO B paBHOBecMH a,=a,=...=a,~R, BHe
3aBUCUMOCTH OT CUTHAJIOB S,,...,Sy?

(18 points) “Etiquette problem”

Albus Dumbledore (Player 1), Severus Snape (Player 2) and Harry Potter (Player 3) are seated at
a gala dinner table. They are brought a fish dish and an exotic fork, with which this fish should
be eaten. The problem is that all three do not remember which hand to hold the fork; initially it is
known that there are two possible states of the world: w=R (that is, the fork must be held in the
right hand) and w=L (that is, the fork must be held in the left hand). Moreover, the a priori
probability that w=R is p>1/2.

In addition, each player i=1,2,3 has private information s, € {L,R}, which is true with probability
¢>1/2, and

—
q::»|p

I—q Jf—p

This means that, if the fork really needs to be held in the right hand, then s=R with probability ¢
and s=L with probability 1-q. For a given w, random variables s, are statistically independent.

(a) (3 points) Let the players take the forks in this order: first, Dumbledore chooses
a,€{L,R}, then Snape chooses a,, then Potter chooses a,. Each player wants not to be
mistaken with which hand to take the fork, in this case he receives a win equal to 1 (and a
win equal to 0 in the opposite case). Find how Snape's choice will depend on s, and a,.

(b) (5 points) Find how Potter’s choice will depend on a,, a, and s,.

(c) (10 points) Let N people sit at the table. Under which conditions does an information
cascade occur: if s,=R then, in equilibrium, a,=a,=...=a,=R regardless of signals
SyyenesSy?

PEHIEHUE
CM. mocneiHue cTpaHuipl Qaiina (BBUAY oOWiIHs GopMysT IPUIILIOCH YacTh PEIICHHH JOOABUTh
CreHepupoBaHHBIMU B (popmarte latex).

Kpurepun:

a) u 0) craBuioch 2 Oayia 3a MOJHBIA OTBET, rAe He ObuI0 Huyero jumiHero. (IlomHocThiO
MPABUJIBHBII OTBET HE MOJYy4YaeTcsl ¢ HEMpPaBUIbHBIMU JIOTMKAMH, KaK YYAaCTHHKHU IBITAIHCH
pemarh ee)

a) u 0) ocTaibHble Oaibl CTAaBWJIMCH 3a MOJHOE U MPABUIBLHOE OMHCAHHE CaMOTO pPEelIeHHS
(pacuet BEpOSITHOCTEH U T.1.)

B) | Oamn craBuics 3a OTBET B CIlydae €CJIM BCE TMOJIy4YarOT curHaid '"mpaBou", HO 0Oe3
000CHOBaHMU. A Jaibiie BOOOIE HUKTO HE PELIHIL.
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Oaumnuana AJis CTyJIeHTOB U BBINYCKHUKOB «Bbicmias aura» — 2020 r.

6. (22 6ana) «XuTpbie yCTYIIKN»
Acs u bopst coOuparoTcst UrpaTh B CIEAYIONIYI0 Urpy. DHIIKa CTOUT B KOpHE OMHAPHOTO JepeBa
rIyOuHBI 1, BCce pedpa KOTOPOro OpPUEHTHUPOBAHBI OT KOPHS K JUCThAIM. B kaxxmom nwucre
CJIy4aifHO M HE3aBHCUMO HamucaHa OykBa «A» ¢ BEpOSITHOCTBIO p WK «b» ¢ BeposITHOCTBIO 1—p.
Pebsita mo ouepeau coBeplialOT XOJbl, nepemernas (UIIKY BIOJAb pedpa U3 BEPUIMHBI B
cocenHiol ¢ Hed. Uepe3 n xomoB ¢uimka gocturaer nucra. Eciu Ha Hem OykBa «A», TO
BbIMTpBIBaeT Acs, eciu «b», To bops.
Bops — nacrosiuuii mxeHTapMeH. OH npeajiaraet oTaaTh Ace NEepBbIA X0/ U J1a’Ke€ BEPOSITHOCTh
cnenatb B AcuHy noiue3sy: p =4/7.
(a) (10 6ans0oB) B mpeamonokeHuu, 4yTo n=2k BEIMKO, MOCOBETYyHTE AcCeE, CTOUT JH €i
COIVIAIAThCS Ha Takue weapble ycTynku? OTBeT o0ocHyMTe.
(b) (10 6ansoB + 2 6anmna) Haiiaure takoe p, 94To naxe npu O0bIIOM =2k y 000uX pedsT
manc Bbrpath xots Obl 10%. bonyc (+2 06ana) TeM, KTO HaNMIIET 4YeM eIIe
IIPUMEYATENIBHO 3TO YUCIIO.

(22 points) “Tricky concessions”
Asya and Boris are going to play the following game. The chip is at the root of a binary tree of
depth n, all edges of which are oriented from the root to the leaves. The letter “A” with
probability p or “B” with probability 1 — p is randomly and independently written on each leaf.
The players take turns moving the chip along the edge from the vertex to the neighboring one.
After n moves, the chip reaches the leaf. If the letter “A” is on it, then Asya wins, if “B”, then
Boris.
Boris is a real gentleman. He offers to give Asa the first move and even the to make the
probability in favor of Asya: p =4/7.
(a) (10 points) Under the assumption that n=2k is large, advise Asya whether she should
agree to such generous concessions? Explain the answer.
(b) (10 points + 2 points) Find a p such that even for large n = 2k, both players have at least
10% chances to win. We will give a bonus (+2 points) to those who write what else is
remarkable with this number p.

PEHIEHUE
CMm. mocnenHue ctpaHullsl daitna (BBuAy oOmmus GopMys IPUIILIOCH YaCTh pelieHui 100aBUTh
CreHEepUpOBaHHBIME B (popmarte latex).

Kpurepun:

(a) - craBwm 2 Oayuta 3a OTBET C KAaKUM-TO PacCyJICHHUEM, B OCHOBHOM OBUIM CIIOBECHBIC, 4
Oana - eciiu OblIa MONBITKA JI0Ka3aTh B udpax, 10 - ecan HopMallbHOE J0KA3aTENbCTBO.

(6) - MO0 ydYacTHMKHU peIIaii MPaBUIBHO, MO0 pacCyX iAcHUE OBLIO aOCOTIOTHO HEBEPHBIM,
no3tomy Tam Ju6o 10, mu6o 0, Hy 1 O0HYC y KOro-To B 2 6asia 3a 30J10TOe CeYCHHE.
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SAJIAYA 4. PEIITEHUE.

(a) Cravasia pacCMOTPHM BapUaHT C OTJIEJIbHOI EHOM [T KaXKI0ro TO-
Bapa. Ecim npoaser; Hasznadaet reny P > 1000, To oH 1npojacT ToBap, ecin
ero nenHoctb V' > P, BepositHOCTh 4ero (cmpoc) pasaa (1000 — P)/1000.
Permraem

P(1000 — P)
1000
[Tostyaaem ycsoBue mepBoro mopsijika (ymuoxkus zHa 1000)

— max.

1000 — 2P = 0,

a 3aaguT P* = 500 /1 KaxKJI0ro ToBapa, BEPOATHOCTH MPOJIAXKHI KarKJIOTO
TOBapa % u obmast npudsLTL 500.

Touno Takke, ecjiu IPO/IABAThL TOBAPHI BMECTE, TO PH IieHe Py BeposT-
HOCTB IIPOJIaKi PaBHa BeposiTHOCTH Toro, uto Vi + Vo > Pio. s Py, < 1000
ona pasa 1 — p?/2, e p = Pi3/1000 (cm. Puc. 1a)). (ILtomaas kBajgpata
[EHHOCTeH MUHYC TLIOIMIA/Ih TPEYTOJbHUKA ¢ HyJIeBbIM cripocoM.) [lomydaaem
3aJ1ady

1000p(1 — p*/2) — max,

ycsioBHe 1iepBoro mopsiika (6e3 1000)

S

0
2 Y

3HAYUT P* = \/g nmn Py, ~ 816, 5, a BEpOATHOCTb IIPOJAKI % ¢ obmieit mpu-
ObLIBbIO 544, 3. A 3HAUWT, IPU JAHHBIX YCJIOBUIX 3a/a4H, IIPogaBaTh 06a TO-
Bapa BMecCTe JIydIle, YeM 110 OTJeIbHOCTH. BodMokublit ciyqait Po > 1000
paccMaTpuBaeTcs aHaJIOTUIHO (CO cjierka Jpyroit hopMyJsioil BEpOSTHOCTH,
COOTBETCTBYIOIIEH TPEYTrOJIbHUKY CIPOCa), TaM JIOKAJbHBIA MaKCHUMyM J10-
CTUTaeTcs 1pu p = 1, a 3HAUUT IVI00aIbHBIN MakcuMyM P, ~ 816, 5.

(6) Urak, mpomaser; Terepb MOYKET YCTAHOBUTH MEHIO W3 IEHBbI 3a JBa
ToBapa cpazy, P, 1 1leH Ha oT/e/bHble ToBaphl P u Py, Ecom P + Py, <
Py5 Bce mokynaresn OymyT HOKyIATh TOBAPHI 10 OTAEJIBHOCTH (JazKe eciin
KYIST JiBa), U TaKas CUTyallisi 9KBUBAJEHTHA TOH, B KOTOPOil e [JIaratoTcst
TOBapbl TOJILKO 110 OTJeJbHOCTH. TouHO Tak:ke, eciu P; > Pjy, TO HUKTO
He OyJeT MOKyIaTh TOBaP ¢ OTJAEIbHO. Bee 3Tu ciiyyam y»Ke pacCMOTPEHBI B
NPEIBIIYIIEM ITYHKTE.

Ha Puc. 16) npejcraBieHbl BOBMOXKHbBIE IEHBI W COOTBETCTBYIONIME UM
CIIPOCBHI HA TOBaphl B HETPUBHAJIBLHOM ciiydae. B gacTHOCTH, 00/1aCTH CIIpoca



“1277

“077

) 0 P, 1000 V4

oy
Py (2

P2 (41277

“077

“177
6) 0 P, P, 1000 V)

Puc. 1: KBagpar nennocreit



“1”, B KOTOpOIl TOKyHaTesb MOKyaeT ToBap 1 1o meHe P; XapaKTepu3yeTcst
ycaosuamu Vy > Py u Vi — Py > Vi + Vo — P, Bropoe ycioBue MoxKeT ObITh
repenucato Kaxk Vo > Pjo — P;. Bmecrte 31 yC/IoBUS 1 1alOT IPAMOYTOJIBHY O
00J1aCTh.

Onpenenum onrumasibioe P; npu dbukcuposanuoii Piy (6e3 norepu obii-
HOCTH ODIILYIO 33121y ONTUMHU3AINE MOYKHO PEIIUTH ITOCIEI0BATEIbHO, OIIpe-
JIeJINB ONITUMAJIbHBIE II€HbI Ha HHINBUIyaIbHbIE TOBAPbI IPU (PUKCUPOBAHHOI
Py, a 3arem onruMusupys 1o Piy ¢ yaérom Pr(Pjg)). st sToro mocrarod-
HO PACCMOTPETH KazKJIbI U3 TOBAPOB MO-0T/IE/ILHOCTU. Bee momno/HuTeIbHbIe
3¢ dekThl Ha TPUOBLIL OT BBEJIEHUS IIEHBI HA TOBApP ¢ 110 CPABHEHUIO CO CJIy-
JaeM TOJIbKO IIeHbI Ha 00a ToBapa cpa3y COCPe0TOYEHBI B COOTBETCTBYIOIIEM
IIPSIMOYTOJIBHUKE CIIPOCA Ha TOBAP 7. Y UNThIBask CUMMETPUIO 3a/1a11, UHJICKC
1 MOXKHO OIIyCTHTb. MTak, mpu BBEJEHHH IIeHBI P MBI ITOJIydYaeM, UTO Be-
POATHOCTb TOT'O, YTO TOJIL30BATEIb KYIUT TOJBKO 3TOT TOBap IO IieHe P
(BeposITHOCTH IIPsIMOYTOJIbHUKa) paBHa (p1o — p)(1 — p), tme p = P/1000,
a p12 = P12/1000. A 6e3 BBe/ieHUS TI€HBI, JJIsi STUX YK€ THUIIOB IIOJIb30BaTE-
Jieit (BHYTPH IPSIMOYTOJIbHUKA, HO 6€3 TPEYTOJIbHUKA), BEPOSITHOCTD TOKY KU
oboux ToBapoB cpasy 1o neue Py pasua (p2 —p)(1—p) — (p12 — p)?/2. 3na-
YUT, 0003HAYUB ¢ = P1o — P, OOIIAA JIONOJHUTE/IbHASA TPUOLLIL JICJICHHAS Ha
1000 papHa:

q(1 —p)p — (¢(1 = p) — ¢/2)p12 = —*(1 — p) + ¢*/2p1a.

Junddepennupys 1o p, mojiydaeM yCJIOBHE MEPBOrO MOPSIKa

2 _

¢ +2q(1 —p) —qp12 = 0.
Paznenus Ha ¢, moaydaem q + 2 — 2p — p1g = 2 — 3p = 0, a 3naqur p* = 2/3
win ke P* = 666, 7 (e 3aBucur or Piy).

Tenepb ocTaaoch HAWTH ONTUMAJIBHYIO Pjo. BeposTHOCTH MOKYIIKH JIBYX
TOBapOB Cpa3dy paBHa (ILIOMAIN KBaJpara MUHYC ILIOMAJb TPEYroJbHIUKA,
Kak B IYHKTe (&), MUHYC ILIONIA/b JABYX IPAMOYTOJBHUKOB, [TIOC TLIOIIA/TH
JIBYX MaJIEHbKIX TPEYTOJTHHUKOB, KOTOPbIE BBIWIHN B IPSIMOYTOJTBHUKAX ), Y IH-

2
TBIBAs P = %,

2 2 2
Dis 1 ( 2) ( 2) D1 17
- —= —2— — =+ — =) === -2 4+ —.
9 3 D12 3 D12 3 5 D12 9

Ob61mmast npubsLTs (genennas na 1000) pasHa

2 3

P12 17 1< 2>2 P12 2 7 8
P2 ope+ =L 2= (po—2)2=B2 _gp2 L L, °
(2 D12 + 9>p12+ 3 D12 )3 5 p12+3p12 57



Maxkcumusanusi JaHHOTO BbIPAXKEHHUsI 110 P1a JIAET YCJIOBUE MEPBOIO MOPSIIKA
(nenennoe na 3/2) piy — $p12 + 5 = 0. Orkyza pj, = 4=V2 qro paér Py, ~

3
861.9, u obtryro npubsLb B 549, 2.



3AJIAYA 5. PEIIIEHUIE.
Haiiyiem cnavasia paBaoBecHoe Jieiicrue /lambiiiopa, B 3aBUCUMOCTHU OT
ero curfaja s;. Mbl mMeeMm

(1—-p)g
(1-pg+p(l—q)

OTa BeJINYNHA IpeEBLIIIaCT %, TaK Kak, II0 yCJIOBUIO 3aJa4H, ¢ > P. Takxke

P(’LU:LlR): (1_p)<1_Q> <

1
pg+(1—-—p(1—q) 2
1 1

ubo p > 5 u q > 5. Cnejoaresibo, ay = s1, To ectb Jlamb/10p Beera
BO3BMET BHJIKY B TY PYKY, KOTOPYIO CIUTAET IIPABUIHHOIA.
Tenepp paccmoTpuMm onTumalsibHoe JeiicrBue CHerra, B 3aBUCUMOCTH OT

neiictBus JlamOiiiopa s; = $1 1 €ro curHaja So. Mbl nMeem

(1-p)¢*
(1—=p)® +p(1 —q)*

P(w=L|L) =

P(w = L|LL) =

Sta BeJMYUHA IPEBBIIACT =, TaK Kak ~L > £ > /P Take BepHO, 9TO
27 1—q 1-p 1-p ?

_ Pl — _ (1 —p)g(1—q) 1
Plw =L|LR) = Plw=LIRL) = (I—p)ai—q) +pa(1—q) ~ 2
P(’IU:L|RR): (1_p)<1_Q)2 <1

P+ (1 =-p(l-q? 2
TaK Kak p > % uq > % CnenoBarenbho, a3 = L ecmm ap = ss =L unay =R
B JIIOOOM JIPYI'OM CJIydae.

Hakomnern, naiinem neiicrsue ['appu IlorTepa B 3aBucuMocTn oT ero dact-
HOI mH(pOPMAIUK U JIEHCTBUI JIBYX IIEPBBIX UI'POKOB. B paBHOBECHN BOZBMOXK-
HO TOJIBKO (a1, as) = (R, R), (a1,a2) = (L, R) mub6o (a1,as) = (L, L).

Ecnu Hdambisimop Geper BuJIKy B mpaByio pyky, To jeiictBue CHerra He
nact Ilorrepy HuKakoit HOBOI mHMOpManun — nockoabKy CHerr (BHe 3a-
BHCHMOCTH OT €r0 9acTHON WH(MOPMAIMN) TakyKe BO3bMET BUJIKY B IIPABYIO
pyky. Onaako 910 o3Hadaet, 9ro u Ilorrep BhIOEpeT a3 = R ecim a1 = R,
BHE 3aBUCUMOCTH OT S3. JlelicTBUTEIBHO,

Plw = L|RRL) — (1—plg(1—q) P

(1-=p)g(1 —q) +pg(l —q) 2

5




P(w - LIRRR) — — =P o 1

p* + (1 —p)(1—q)? 2
Ecau (aq,a9) = (L, L), To Boibop T'appu Takzke He GyjieT 3aBHCETH OT S3, TAK
Kak

g’

pg® 4+ (1 —=p)(1 —q)?

P(w= L|LLL) = > ;

pg*(1—q) Pq 1

p?(1—q)+ (1 —p)a(1—q)>  pa+ (1—p)(1—q) )

Haxkownern, ecim (aq,as) = (L, R), T0

P(w = L|LLR) =

3 3 pg(l —¢)? 1
Plw=LILER) = pa(l—q) + (1 - p)P(1—q) ~ 2
P(w = L|LRL) = ) S L

pP(1—q)+ (1 —p)l—q)? " 2
[Tosrygaercst, uro jis Iappu [lorTepa BbIOOpD olipesessieTcs ero cobCTBEH-
HBIM CHI'HAJIOM TOJIKO B TOM cJiydae, Korja (aj, as) = (L, R); B IpOTHBHOM
caydae, [lorrep urnopupyer sz, BoIOUpas az = a;.
MozkHO TIOKa3aTh, 9TO IPHU IIPOM3BOJBLHOM YHCJIE UTPOKOB PABHOBECHA

[OCJIEI0OBATE/IBHOCTD JieificTBuil (ay, as, ..., ay) OGyJIer 3aBUCETh OT CUTHAJIOB
(81,82, ..., SN) CIAEIYIOMUM 0OPA30M:
1. Ecmm s1 = R, 10 a; = R g Bcex @ = a, ..., N

2. Ilyctb s1 = Lu 1 < h < N TakoBo, 910 i Beex ¢ < h, S; # S;_1.
Torna a;, = sy,

3. Ilyctb sy = L u 1 < h < N TakoBo, 910 it Bcex ¢ < h, s; # S;_1, 1
Si+1 = s;. Torga a; = s, 114 Beex j > h.

[Toywaercst, 9T0 TOYTU BCET/Ia Y HAC HACTYIIACT UHBOPMAUUOHHBLT KACKAO:
CTOHUT TOJIBKO JIBYM MI'POKH TIOJIPS/T IOJIYIUTh OJINHAKOBBIE CUTHAJIBI OTHOCH-
TeJILHO COCTOSIHUSI MUPa, TO BCE OCTAbHbIE UTPOKM HAYMHAIOT KOMUPOBATH
UX TOBEJIeHNe, UTHOPUPYsI COOCTBEHHYIO YACTHYIO WH(MOPMAIHIO.



3AJIAYA 6. PEIIIEHUE.
O603HAYNM BEPOSATHOCTH ACHHOTO BBIMI'DBIIIA 38 Uy (P), KOTJIA OHA XOJUT
mepBoii. Dra DYHKIUS yIOBIETBOPSIET CJIELYIONEMY COOTHOIIEHUTO

va(p) =1 = (Ui (1= p))°.

JleiicTBuTeibHO, ACS BBIMTPBIBAET BO BCEX CIIyUasX KPOMe TeX, KOTJa B Ka-
KyI0 Obl CTOPOHY (HAJIEBO WJIM HAIIPABO) OHA He CJBUHYJIA (DUIIKY — B COOT-
BETCBYIOIIEM TOJIepeBe TiryonHbl n — 1 BemrpbiBaeT Bops. [lo npemosoxke-
HUIO O HE3aBUCUMOCTH, BEPOATHOCTH BOPUHOIO BBIUIPBINIA B 00OUX IOJIJIE-
PeBbsIX paBHA MIPOU3BeICHNIO BeposiTHocTel. [list moaepesa riryounbt n — 1,
rJie nepBbiil mar BopuH, BEpOATHOCTH €ro BBIMIPHINIa paBHa vU,_1(1 — p) —
OHa COBITQJIACT C BEPOATHOCTBIO BRIUTPHIMA Acu B urpe, rje Acs XOJIuT mep-
Boii, HO “A” u “B” mOMeHSIIUCH POJIIME WM YTO TOXKE CaAMOE€ P IMOMEHSIOChH
ma 1 —p.

Y1066t n3d6aBUTHCT OT 1 — p, IpUMEHUB 3Ty (DOPMYITY JIBa Pa3a U MOy IUM

2

on(p) = 1= (1 = (va2(p))’) -

onp) = Flona(p)),  Fla) =1 (1—a?)? = 222 - 2?).

HauasibHoe ycsiosue vg(p) = p.
Hasaiite onernm var(po), TI€ Po = % — npeioxkenne bopu. s mHadasa
BBIYUC/TAM

16 82 369
v2(po) = F(po) = 19 19 625

X, kaxerca Bopst He Takoil yK u JzKeHTeTbMeH: va(pg) < po! Hasephoe,
€ecJIm MBI 1 IaJibliie Oy/eM npuMenaTs F, naxons vy(po) = F(F(po)), ve(po) =
F(F(F(po))) u r.1., aucyia 6yayT Bce yObIBaTh, U y ACH He OCTAHETCs [ITAHCOB
Ha 1106ey: vk (po) — 0 mpu k — oo.

Hokaxkem 31y runoresdy. Jlocrarouno nokaszarb uro F(x) < a - x upu
x € [0, po] u nexoropoii koucrantoit v < 1. Torya var,(po) < o - pg — 0.

Takyto anbdy Jerko yrajgarb. Mbl yzxe 3HaeM, aro Touka (z,y) = (po, F(po))
JeskuT 1o, upsimoii y = x. IIposepum, uto rpaduk F' j1e2KuT 1101 OTPE3KOM
coepuustronM (0,0) = (0, F(0)) u (po, F(po)). dost sT0oro gocrarodso ycra-
HOBUTB, 4T0 I Bbimyksa Bru3. Haxomum Bropyito mpomssoguyio F”(x) =

4 — 12 - 2% u BuAMM YTO OHa HOJIOKHUTeMbHa 1pu 0 < z < %, KOTOPBI



Bryouaer uurepsai [0, pol. CienoBaresbho,
F(r) < —= -z, 0<z<pp.
B urore

F (po)
Po

k
vak(po) < ( ) ‘po— 0, k— o0,
He cormamaiics, Acs!

Temnepn permm BTOpoit myHKT. s 9TOro HaiijgeMm Takoe p, 9TO BEPOST-
HOCTh ACHHOTO BBIUTDHIIIA Vo (p) He 3aBucut or k. Takoe p — 9T0 KOpeHb
ypaBHEHUHA

F(p) =p.

Y 9T0r0 ypaBHEHUs €CThb JiBa HEMHTEPECHBIX KOPHS, KOTOPBIE JIETKO yTraJiaTh
p=0wup=1— geiicrBuTe/IbHO, B IEPBOM CJIydae Bcerja BeiurpdBaer Acs,
BO BTOpoM — Bcerja Bops. dens muorounen F(p) —p = p?(2 —p?) —p =
—p(p® —2p+1) na p(p— 1), mosyuaem ypasHenue Ha HeTPUBUATLHBIC KOPHHU:

2
p"+p—1=0.
Tonbko oxun Kopens »xuseT B unrepsase [0, 1] — sro 30/10TO€E cevyeHHne

V5 —1
pP="5

[Mosnyaaem vy, (p) = p = @ st o6oro k. Tak kak 2 < V5 < g, nMeeM % <

’ng(p) < %. To ecTb KazK1blit 13 PEOIT BHINTPHIBAET XOTsI ObI ¢ BEPOATHOCTHIO
1 =25% > 10%.



