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1. BA3OBbIE MOLENN NPUHATUA PELLEHUI

1. BazoBble Mogernu NPUHATUA pPeLUeHUNn
2. Pedbnekcnsa n pedneKkCcmBHbIE UTPb

3. Tunbl MHOPMALMOHHbLIX paBHOBECUM

4. NHgbopMaLMOHHbIE BO3OENCTBUSA

5. IHpopmaunoHHOEe ynpaBreHue

6. [lpumepsbl
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MOLOENN NPUHATUA PELLEHUN

B YCNOBUAX NOJIHON NHOOPMUPOBAHHOCTM

A — MHOKECTBO JOMYCTUMBIX JICCTBUI areHTa.

Dynyus nonesnocmu f(y): A—>R'.
Mmnoocecmeo svibopa: P(f (), A) = Argmax f(y).
yeAd
l'unomesa payuonanvbHo20 nosedeHuss — areHT BBHIOMPAET C YYETOM BCEW HMEIOIICHCS Yy Hero
MH(pOPMALIHH HAMITYHIIYIO C €r0 TOYKH 3PEHHS JOMyCTHMYIO albTepHATHBY, T.€. OJHY U3 albTEPHATHB Y , Ha
KOTOPBIX JIOCTUTAETCsI MAKCUMYM €ro LeJIeBON (QyHKIUH:

y =arg max f(y).
yeA

Tpunyunwl oepanuieHHol payuoHaIbHOCU
BBIGOD s-omTuManbHbIX aeiictauit: P(f() ,A) = {y e A|f(y) > f(y) — e},

WJIU JICHCTBUH, 00€CTICUMBAIOIINX areHTY 3aIaHHBIN YPOBEHb MOJIE3HOCTH f:

P(F(), A, fY={y eAlf(y)> f}.

[Mpumep. PaccMOTpuM 3KOHOMHYECKOTO areHTa — MPOU3BOJICTBEHHOE TPEANPHUITAE — MPUHUMAIOIICTO
penieHre 00 o0beMe BBITyCKAaeMOW MPOAYyKIUU Y. TeXHOJOTHs MPOW3BOJACTBA TaKOBA, YTO MOXKET OBITH
Ipou3BejIeH 11000 00beM IPOAYKIHMH, He TIPEBHIIAIOIMI TEXHOIOrHYeckoro orpanuuenus y* > 0, To ecTb
MHOKECTBO JOMYCTUMBIX fAelicTeuil arenta A = [0; y']. Ipeamnonokum, uTo u3BecTHA phIHOYHAS LieHa A > 0
Ha POIYKIIMIO, IPOM3BOAMMYIO ar€HTOM, U H3BecTHA (GyHKIMA 3aTpar arenta ¢(y) = y*/ 2 r, rae r > 0 — tun
areHra (rmapameTp, oTpakarImuii 3PPEKTUBHOCTD €ro NeATETLHOCTH).

Ecnmu cuuraTh, 9YTO areHT 3aMHTEPECOBAaH B MAKCUMU3AIMU CBOCH NPUOBUIM (Pa3HOCTH MEXIY
BBIPYYKOW OT MPOJIAXK U 3aTPaTaMHu), TO €ro (PYHKIIHS MOJIC3HOCTH MPUMET BHI:

fly)=Ay—y*/2r.

MaxkcuMyM 3TOH (DYHKIIMW Ha MOJOXHUTEILHOW TOTYOCH JOCTUTACTCS MPHU BIOOPE NEHCTBUSA Yimax = A I.
Braunt Y =min {Ar,y'}, To ecThb areHTy cleayeT BHIOHPATh 0OBEM MPOH3BOACTBA, MAKCHMH3HPYIOMIHi
€ro MpHObLIb, €CIIM TaKOW 00BEM SIBISICTCS TEXHOJOTMYCCKH JIOMYCTUMBIM, WJIH, B MIPOTHBHOM Cly4ae —
MaKCHMaJIbHO BO3MOXKHBIN ¢ TOUKH 3PEHUS TEXHOJIOTHICCKUX OTPaHUYCHUH 00BhEeM ITPOU3BO/ICTRA.
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NMPUHATUE PELLEHUN

B YCNOBUAX NPUPOOAHOW HEONPEOENEHHOCTM

0 € QQ— cocmosinue npupoowl

f(y,0): AxQ— R' — uenesas GpyHKIms (GyHKIUHS MOTE3HOCTH)

l'unomeza demepmunuzma — CyObEKT, IPUHUMAS PEILIEHUE, CTPEMUTCS YCTPAHUTh HEONIPEAEIIEHHOCTD U
OPUHUMATh PEIICHUS B YCIOBUSAX MOTHON MHPOPMUPOBAHHOCTH.

B 3aBucuMocTu OT TOW MHGpOpPMAIMK O COCTOSTHUU MPUPOJbI, KoTopoi oOnamaer JIIIP Ha MoMmeHT
NPUHSTUS PEIICHUH, BBIJICIISIOT:

- unmepeganvHylo Heonpeoenennocms (JIIIP M3BECTHO TONBKO MHOXKECTBO () BO3MOKHBIX 3HAUYCHUI
COCTOSIHUS IPUPOJIBI);

- sepoamuocmuyio Heonpedeneunocms (JIIIP w3BecTHO pacnpenercHue BEpOSTHOCTEH 3HAYCHM
COCTOSIHUS TIPUPO/IBI HA MHOXKECTBE (2);

- Heuemkylo Heonpeoenennocms (JIIIP u3BecTHa (yHKUMS MPUHAUICKHOCTU PA3IMYHBIX 3HAYEHUUH
COCTOSTHUS TIPUPOJIbI HA MHOXKECTBE (2).
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NMPUHATUE PELLEHUN

B YCNTIOBUAX UTPOBOW HEONPEQENEHHOCTU

Teopus uep ONHCHIBAET B3aUMOJECHCTBHUE pPAIMOHAIBHBIX CYOBEKTOB B CHUTYallMM, KOTJA BBIMTPBILI
OJIHOTO 3aBHCHUT OT JEWCTBUA Bcex (B 0O0IIEeM ciyyae), TO €CTb uecpa ONPENENseTCs KaK TaKoe
B3aMMOJICHCTBHE, B KOTOPOM BBIUTPBIII KaXkJOT0 areHTa 3aBUCUT KaK OT €ro COOCTBEHHOTO JACHCTBUS, TaK U
OT ACUCTBUM APYTUX areHTOB.

[TycTh 3a1aH0 MHOKECTBO uepokos N ={1,2,...,n}. | -blil UITPOK BHLIOMPAET JIEHCTBHUE Y; 3 MHOKECTBA
CBOMX JOMycTHMBIX aeiictBuii y, € A, 1€ N. CoBOKyImHOCTh AEHCTBHIl BCEX HWIPOKOB HA3BIBAKOTCS
cumyayueii uepwi (ueposoii cumyayueit): Y = (Yq,...,Y,). LemeBas ¢yHKImsA i-r0O UrpoKa 3aBUCHT OT

o 1 o
WIPOBOM cHTyalnuu Y W onmceiBaetcs orobpakennem f,(y): A >R, roe A’ :HA. . T.e. xaxnmon

ieN

KOMOMHAIMUA JEUCTBUI HMIPOKOB COOTBETCTBYET HEKOTOPBIA BBIMTPHINI KaXAoro M3 HUX. COBOKYMHOCTH
MHO>XECTBA  MIPOKOB  (areHToB), ILEJIEBBIX (PYHKUMH W  JIONYCTUMBIX  MHOXECTB  arcHTOB
Iy ={N{f.O}i.n .- TA}icn } HasbiBaercs uepoii 6 nopmanshoi gpopme. Tlpu 3TOM TPEAIIONATAETCS, YTO
KKIbII U3 WIPOKOB BBIOMpAET CBOM JACHCTBUSA OJHOKPATHO, OJHOBPEMEHHO C JPYTMMHU HUIPOKAMH U
HE3aBUCHMO, TO €CTh, HEC UMEsI BO3MOKHOCTH JIOTOBAPUBATHCS C HUIMHU O CBOMX CTpAaTETHsX MOoBeAcHHS (Tak

Ha3pIBacMast Mooeb HekoonepamueHoco HOGQ@BHM}Z). Pewenuem uepul (paenoeecuejw) Ha3bIBaACTCA
MHO>XKXECTBO YCTOI\/JILII/IBI)IX B TOM HJIM HHOM CMBICJIC BCKTOPOB JICCTBUM arcHTOB.
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PABHOBECUA B HEKOOINEPATUBHbBIX UTPAX

I'apanTupyouee paBHoBecue.

[TycTh i-BIff UTPOK CYMTAET, UTO BCE OCTAJIbHBIC UTPOKU JCHCTBYIOT MPOTHB HEr0. ITO — KPUTEPHUIA
MAaKCUMAJIBHOTO TapaHTUPOBAHHOTO pe3ynbrara — MI'P, KOTOpBIi COOTBETCTBYET TOMY, UYTO HUIPOK
BBIOMpAET JIeCTBUE

(1) y; e Argmax min f;(y;,y;),
VieA Y.i€A;

i
rae A, =[] A Y = Vi Yisares Yo ) —06cmanoska uepet st i-ro arenta
j=i
BekTop neicTBUI HMIPOKOB, COCTOSIIMK M3 KOMIIOHEHTOB, omuchiBacMbIX (1), 1 € N, Ha3bIBaeTcs
MAKCUMUHHBIM, WA 2APAHMUPYIOWUM DABHOBECUEM.
PaBHOBecHe B JOMUHAHTHBIX CTPAaTEerusX.

d . )
y; — domunanmuoe oelicmeue |-roO areHTa, €ClIi €CIIU Kakas Obl 00CTaHOBKA UIPBI HE CKJIABIBAJIACH

U Kakoe Obl JCHCTBHE HE BBIOMpaJ I-bIii WIPOK MPH 3TOH OOCTAaHOBKE, €ro BBIUTPHINI OyACT
MaKCUMaJIbHBIM P BHIOOPE UMEHHO JIOMUHAHTHOTO JICHCTBHUS:

d
vy, e A Yy, eA; f(yi.ya) =iy ya).
Eciau y KaI0ro Mrpoka CymIeCTBYET JIOMHMHAHTHOE IEHCTBHE, TO COBOKYIIHOCTH IOMHHAHTHBIX

. . d
NeCTBHIN Ha3bIBACTCS pagHosecuem 6 domunanmuwix cmpameeusx (PIAC) {y. }._y -
N r.
PaBHoBecue Hyma Yy~ € A':

VieN vy, e A f(y),y5)=fi(yi.y5),

TO €CTh IS JII0OOOro are’ra M Jyisl JH0OOro JOIMYyCTUMOrO €ro AEMCTBHUS BBIOOpP UM PAaBHOBECHOTO IO
Hhmy nmeiicTBusi naeT eMy BBIMTPBIINI HE MEHBIINH, YeM MpH BBIOOpE JIOOOr0 APYroro AEHCTBUS MPH
YCIJIOBUH, YTO OCTaJIbHbIE UTPOKH BHIOMPAIOT paBHOBECHBIE 110 Hamry neiicTBus.
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KINTACCUDUKALNA SAOAYH YIMIPABJIEHUA
OPrAHU3ALUUOHHbIM CUCTEMAMMU

Mopnesb OpraHu3anMoOHHON CHCTEMBI OINPEACIIAETCS 3aJaHUEM:

— cocrtaBa OC (yuactHukoB, Bxoasmx B OC, To €CTh €€ 2JI€MEHTOB);

— cTpykTypbl OC (COBOKYNHOCTH HHPOPMALIMOHHBIX, YIPABIAIOMINX, TEXHOJOTUYECKUX U JIPYTUX CBsI3el
mexay yuactHukamu OC);

— MHOJKECTB JIOITYCTUMBIX CTpaTeruil (OrpaHuYeHu 1 HOPM AESATENbHOCTH) ydyacTHUKOB OC, oTpakaronux, B
TOM YHUCJIE, MHCTUTYLIHOHAJIbHBIE, TEXHOJIOTMYECKUE U APYTHE OIPAHUYEHUSI U HOPMBI KX COBMECTHOM
NEeSATEIbHOCTH;

— npennodreHuit yuactoukoB OC;

— MH(OPMUPOBAHHOCTH — TOM MHPOPMALIUU O CYLIECTBEHHBIX MapaMeTpax, KoTopoi oonaaaroT yuactHuku OC
HA MOMEHT MPUHSTHUS PEIICHUN O BEIOMPAaEMbIX CTPATETUSIX;

— nopsJika PyHKIIMOHUPOBAHUS (ITOCIEI0BATEILHOCTH OMyUYeHHs] HH(GOPMALIMK U BBIOOpA CTpaTEeruii
yuactHukamu OC).

Yupasaenue OC, noHnMaeMoe Kak BO3JICHCTBUE Ha YIPABISIEMYIO CUCTEMY C 1I€JIbI0 00ecreueHus TpedyemMoro
ee MOBEJICHUsI, MOXKET 3aTParuBaTh KaXKJIbli U3 MIECTH NEPEUMCICHHBIX apaMeTpoB ee Mojeau. OObIYHO
NOPsIIOK (PYHKIITMOHUPOBAHUS TECHO CBA3aH CO CTPYKTYPOM, MOITOMY MOITY4YaeM MATh KJIACCOB 3a7a4

YIPaBJICHUS.
YnpaBneHue
MHPOPMUPOBAHHOCTLIO

YMNPABJIEHUE

YnpaBneHne coctaBom ’

YnpaBneHue
CTPYKTypoWm

MoTuBaLUOHHOE
ynpasrieHne

MHcTuTyuMoHanbHoe
ynpaBreHue
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3AO0AYA YINMPABNEHUA. MOTUBALUMNOHHOE YINPABJEHUE

YIIPABJISIIOIUI OPTAH
(LLEHTP)

a(s, z, u) - Max

ueu

YIIPABJSIEMbIN CYBBEKT

0 y € Arg max f(y, u, 6,1)
ye

®(-) - yeneBasa PyHKUUA LieHTpa (KpUTEpUn
9PPEKTUBHOCTUN yrpaBIieHUs);

f()) - ueneBasa PyHKUNA yNpaBrISEeMOro
cyObekTa;

0 € 2 - cocTosiHME npupoabl (BHELLHEN
cpeqbl);

y € A - OENCTBUE yNpaBrsieEMOro cybbLekTa;
U € U - ynpaBrneHue;

r € B - napameTp ynpaBnsemoro cyobekra;

LleHTpYy M3BECTHbI arpermpoBaHHbIe
BeNUUUHbl S = F(0) € hun z = G(y*) € Ao.

3AOAYA YINPABIEHUA

min __min
0eQ,reB y eP(0,u,r)

®(F(0),G(y"),u) —> max

P(0, u, r) = Arg TQX fty,u, 6, 1)

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOPMaLMOHHOE paBHOBECUHE 21-12



2. PE®JIEKCUA U PEDJIEKCUBHDBIE UT'PbI

1. basoBble MOAENU NPUHATUA PELLUEHUN
2. Pedbnekcusa n pedpnekCuBHbIE Urpbl
3. Tunbl MHOPMALMOHHbLIX paBHOBECUM
4. NHgbopMaLMOHHbIE BO3OENCTBUSA

5. IHpopmaunoHHOEe ynpaBreHue

6. [lpumepsbl
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PE®JIEKCUA

«PEDJIEKCUA (narT. reflexio — obpawieHne Ha3an). TepMuH,
O3Ha4yarLLnK OTpaxeHune, a TaKkke uccregoBaHme nosHaBaTeslbHOro
aKTa».

Pedonekcuns nepsoro poga (aBtopednekcusi) n BTOporo poaa.
Ctparernyeckasa n ntHdopmMmaumMoHHasi pedrnekcus.

[Mpmepsbl: «3agaya 0 cKoopaAnHMpOBaHHOW atakey, «Electronic Mail
Game», «3agaya o gByx bpokepax», «lleHanstn», « CHOC Ha Mnsepe».

MakcumanbHbIN paHr pedriekcun, KOTopbin crieqyet UMeTb areHTy ans
TOro, YTo6bl OXBATUTL BCE MHOroobpasne ncxogos urpbl (yrnyckas us
BUOY HEKOTOPbIE CTpaTernn ONrMOHEHTa, areHT PUCKYET YMEHbLLLNTL CBOU
BbIUIPbILL), HA30BEM MaKcuMaribHbIM Ueriecoobpa3HbIM paH2oM
pecgbriekcuu.

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOPMaLMOHHOE paBHOBECUHE 21-14



POJIb UH®OPMUPOBAHHOCTWU. OBLLIEE 3HAHUE

Urpa B HopmanbHou copme:
Mo ={N, (X cne (i())i
N - MHOXXeCTBO UIPOKOB (areHToB),
(Xi)i =N - MHOXeCTBa AOMNYCTUMbIX AEUCTBUN

(f.())i o s X = 9 - uenesble yHKUMK, | & N.

PaBHoBecue Hawia:
VieN X, € Argmax f,(X, ey X, 15 X;0 X, 5es X, ).
x;eX;

OOLwee 3HaHUe - aKT, KOTOPbIN:
|) UBBECTEH BCEM areHTam
li)BCEM areHTam U3BECTHO i)

i) BCeM areHTam U3BECTHO Ii)

N T.0. 0O DECKOHEYHOCTM.

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOPMaLMOHHOE paBHOBECUHE 21-15



CTPATEN'M4YECKAA PE®DJIEKCUA (BUMATPUYHBIE UTPbI)

Martpuns! Beiurpsimei A = |[a;|| 1 B = ||bjj|| pasmeprocTr N x m cooTBeTCTBEHHO.
I ={1, 2, ..., N} — MHO’XECTBO JICHCTBUI MEPBOT0 arcHTa (BLIOMPAOIIIETO CTPOKY),

J={1, 2, ..., m} — MHOXXECTBO JICHCTBUI BTOPOI0 areHTa (BLIOMPAIOIIETO CTOJIOECI).

["apaHTUpyIOLIKE CTPATETUU ar€HTOB CIEAYIOLIHUE:

lp € Arg max m

Ipumep («Hzpa ¢ npamkuy)

iel Jje

i}l ajj, jO e Arg

jeJ

max min bij.

Pane pegpnexcuu acenmos u coomsemcmayowue 0elicmaus no blOOPy KOMHAM

Paur peduaexkcuu 0 1 5 3 4
areHra
Komuara, Camas | JIro6as, kpome | JlroOas, Camas Camas
BbIOMpaeMas TEMHas caMmoun Kpome cBeTIas TEMHas
NPAYyUMCH CBETJION caMoW

TEMHOU
Komnara, Camas | Camas TemHas JIrobas, JIrobas, Camas
BblOUpaeMas CBETJIas KpoMe KpoMe CBETJIas
1700009110701 caMoOW caMoOW

CBETJION TEMHOU

MexaHu3mbl ynpasnenus. [naea 21.

PedonekcnBHble nrpbl n MHOpMaLMOHHOE paBHOBECKHe
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CTPATEN'M4YECKAA PE®DJIEKCUA (BUMATPUYHBIE UTPbI)

Onpenennm cybovekmusHvie eapanmupyiouue cmpameeuu B Oumatpuanon urpe MGy
lk=arg max a, , j=arg max b, ., K, 1 € \"
iel jeJ =

Gra !

fole
lele

b
cRele
2 f
S

i
by

Cybwvexmusnoe onucarue uepvl MGy ¢
MOYKU 3PEHUsL BMOPO20O A2eHmMA

Cybwvexmusnoe onucarue uepvt MGy ¢ mouxku
3peHUss Nepeo2o azeHma

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOPMaLMOHHOE paBHOBECUHE 21-17



CTPATEN'M4YECKAA PE®DJIEKCUA (BUMATPUYHBIE UTPbI)

=1, Viel =1

[penmonoxenune: (*) V jeJ |Argmaxa

iel

Arg maxby;
jeld

=1.

(**) |Arg max TEiJ” a;

iel

Arg max miln o

jed ie

VYrBepxkaenue. Ctparernueckass pedyekcusi B OMMAaTPUYHBIX HIpaxX HMEET CMBICI, €CJIM arceHTHI
HUCHOJIB3YIOT CYOBEKTHUBHBIC TapaHTUPYIOIIUE CTPATETHuU, KOTOPHIE HE SIBIISIFOTCS PaBHOBECHBIMH IO
Homry.

YrBepxkaenue. B OuMaTpuuHbIX urpax 2 x2, B KOTOPbIX HE CylIecTByeT paBHOBecust Hoamia, |, =1,

&)
OO0

OS50

Ilpumep epaga naunyuwiux omeemos 6 oumampuunou uepe 4 x4, ¢ komopoti l,, 1,3, < J

VY1Bepxkaenue. B OumarpudHbplx uUTrpax N xM  MakCUMaJbHBIE  IIeJecooOpa3Hble  paHTH

CTpaTEeru4YecKoi pedIeKcuy NepBOro U BTOPOrO areHTOB YJIOBJIETBOPSIIOT CIEAYIOIINM HEPABEHCTBAM
Kmax(n, m) <min {n, m + 1}, Lyax(n, m) <min {m, n + 1},
Rmax(n, m) <max {min {n, m + 1}, min {m, n + 1}}.

CnenctBue. B OumarpuuHo wrpe N xN, N =>2, MaKCUMaJbHBI II€J€COOOpa3HBIA  paHT
cTparerudeckoii pediekcun a000ro areHra Rpyax(n, n) <n.

Y1Bepxaenue. g npou3BOIBHOW OUMATPUYHON MIPbl HNEPEXO0J] K UIPE PAHTOB HE HPUBOIUT K
MOSIBJICHUIO HOBBIX PAaBHOBECHIA.

YT1Bepxkaenue. B urpe panros cyiiecTByeT He 0oJiee OJITHOTO PaBHOBECHSI.
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CTPATEN'M4YECKAA PE®DJIEKCUA (BUMATPUYHBIE UTPbI)

Hpumep («Croc na muzepe»).

JevicTBus H C
H (3;2) (5; 1)
C (5;0) (2, 3)

Mampuya evruepwrueti 6 uepe « CHoc na muzepey
B paccmarpuBaemMoM mpuMepe paBHOBecusi Hallla B 4MCTBIX CTpaTETHsAX HE CYIIECTBYET, a
rapaHTUPYIOIIHNE CTPATETHUH ClIeayromue: g = «H», jo = «C».
11 = «H», J1 = «H»,
b = «Cx, jo = «Hy,
I3 = «Cr, j3 = «Cp,
Iy = «H», Js = «H»,

Bunno, uTo 4eTBepTHIA YPOBEHb OJIMHAKOBBIX PAHTOB pedIEKCUU IOBTOPSIET IEPBBIU, U
JaJplie CyObeKTUBHBIE TAaPAHTUPYIOIIUE CTpATEruu OyayT NePUOTUIESCKU NOBTOPSAThC. Kpome
toro, k=1 mpu K=2, a J.=J nmpu L=1, To ectb mepBble aBa paHra pedirekcuu
HCYEPNBIBAIOT MHOYKECTBA JIONYCTUMBIX JE€UCTBUU ar€eHTOB, a MEPBBIE TPU PAHTa UCUEPITBIBAIOT
BCE KOMOMHAIIUY YHUCTBIX CTPATErui.

I[lepBoMy areHTy BBITOJHBI CJIEAYIOIIME UTPHl (TO €CTh CieAyolIde KOMOMHAIIMU PaHTOB
pednekcun): MGqg, MGp3, MGy, MG13, MGy, MG;,, MGg3,. Tlpu 3TOM OH B IIATHU CIydasix U3
CEMH UMEET paHT pedIIeKCUH, HE MEHBIIINM, YeM y ONIIIOHEHTA.

Bropomy arenty BeirogHbI cieayromue urpsl: MGor, MGq,, MG11, MGy,, MGoz, MGg;. Tpnu
5TOM OH BO BCEX IIECTH CIIydasiX UMEeT paHr pedJIeKCUHU, HE MEHBIIINI, YEM Yy OIIIOHEHTA.

Bearpenn arenra Moxxetr okazarbcs MeHblne ero MI'P. Tak, MI'P nmepBoro arenra B
paccMmaTpuBaeMol UTpe paBeH TpeM, BToporo — eaunuie. B urpax MGy, MG,3 1 MG3; nepBbiii
areHT MOJIy4YaeT BBIUTPHIII, paBHBIN IByM, UTO cTporo meHbine ero MI'P ag = 3. B urpax MG,
MG3; u MG3,, BTOpOiIi areHT mojydaeT HYJIE€BOW BBIMTPHINI, YTO CTPOro MeHblle ero MI'P

bo:]..
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CTPATEM'MYECKASA PE®DJIEKCUA

(MHOOPMALIMOHHbLIE O'PAHUYEHUA)

Ecnu W — panr pediiekcun, TO 4UCIO JSUCTBUM (YUCIO peasibHBIX U ()AaHTOMHBIX areHTOB),
KOTOpbIE HEOOXOMMO IMPUHUMATh BO BHUMaHUE arcHTY (IIPH IMPOU3BOJIBHEBIX X; € Xj B X, € X)),
paBHO 2 (W + 1), a uncio cBs3edt mMexay Humu — (W + 1)! (mpu 3TOM mpenmosaraercs, 4uro
areHT CUUTAET OMMOHEHTA MPUMEPHO TAKUM K€ PAIlMOHATBHBIM, KAKUM U Ce0s1).

Ecnu ydyecth MHQpOpMAIMOHHBIE OTpPaHUYEHUS, TO IMOJYYUM, YTO JIOJHKHO BBIMOJHSATHCS
mbo 2 (w+1) <742, mubo (w+ 1)! <742, PemeHne IepBOro HEpPaBEHCTBA B IICNIBIX
noJIOKHUTENBHBIX unciaax gaet W € {0; 1; 2; 3}, Broporo — w € {0; 1; 2}. ITpu uuciae Muiiepa
PaBHOM 7 MOJIy4aeM, YTO MAKCHUMAJbHbIN (B CHJIy MHPOPMAIMOHHBIX OIPAHUYCHHUH) PaHI
cTparern4eckoi ped ieKCuu paBeH IBYM.
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WHO®OPMUPOBAHHOCTb U IEUCTBUE

opean (yenmp)
VYopassromee L _
BO3/€IICTBUE

-
| .
I Ynpaesnaowuii
|
|
|

PeanpHbBIN
pe3yabTar

HABJIIOJIAEMBIiA

PE3VJIbTAT

POBAHHOCTD

Acenm(or)
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UIrPbl C NOJIHON UHOOPMUPOBAHHOCTbIO.
OBLLUEE 3HAHWUE

Nrpa B HOpManbHOWU hopMe:

=N, (Xi c v (i())i e N}

N —MHOXeCTBO UIrPOKOB (areHToB)

(X)) . y — MHOXECTBaA AOMYCTUMbIX AEUCTBUN
(f.()i c v fi: X'— R — LeneBble PYHKUUY

Ob6uee 3HaHMe (common knowledge) — D. Lewis (1969),
R. Aumann (1976) —

(haKT, yAOBNETBOPSAOLLNN CeayoWwmM TpeboBaHNAM:

|) O HEM N3BECTHO BCEM areHTam;

ii) BCeM areHTaM M3BEeCTHO i);

iii) BCEM areHTaM MU3BECTHO ii)

n T.4. 00 6eCKOHEeYHOCTM!.
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PE®IIEKCUBHbIE UT'PbI.
CTPYKTYPA NLHOOPMUWPOBAHHOCTW

={N, Xi)i c nv (Fi())i e N+ @, I} — pednekcmBHas urpa
() — MHOX>XeCTBO BO3MOXXHbIX COCTOFlHMl‘/JI npmnpoabl
| — CTPYKTYypa MHHDOPMUPOBAHHOCTU

f: QxX — R

\ JIN

/\\ /

(baHTOMHbI areHT

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOpMaLMOHHOE paBHOBECHE

Ii = peanbHbii areHT

| > (baHTOMHbIE
ijk | areHThl

| ,oeZ,

O b)

2., — KOHeuHas
nocnefoBaTelbHOCTb

nHaekcos 3 N

2 — B TOM 4yucne

nycras
NOCNe10BaTENIbHOCTb
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Urebl U UH®OPMUPOBAHHOCTb

nybuHa 1 k. doH HermaH, O. MopreHwTepH (1944)

k. Haw (1951)

2 [x. XapwaHbu (1968-69) )

3 J. Sacovics (2001) > PednekcmBHble Urpbl
......................................................... )

oc J.-F. Mertens, S. Zamir (1985)
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NHO®OPMALMOHHOE PABHOBECHUE

Habop aencreun x*, r € X, Ha30BeM
MH¢0pMalIMOHHbIM paBHOBecHueM, eCnu
BbIMOJIHEHbI Crieayowmne yCioBus:

1. cTpykTYypa MHDOPMUPOBAHHOCTK | UMeeT
KOHEYHYIO C/TOXXHOCTb V

2.VieN,ViueX 1;=1,;=x"=x,"
3.VieN, Voe X

(1) x < Argmax f; (0, 1 X+ Ko s X5 Xoi e Xoin )

MexaHuambl ynpasneHus. [nasa 21. PednekcusHble Urpbl 1 HPOPMaLMOHHOE paBHOBECUe 21-25



FPA® PE®NEKCUBHOWU UTPhI.
NMPAMEP 1

f; (0, %1, X5, X3) = (0 — X, — X5 — X3) X; —?',

;i>0,1e N={1,2,3}; 0 Q={1, 2}

Mpumep 1. MycTb NepBbIE Ba areHTa — ONTUMUCTbI, @ TPETUA — NECCUMUCT, NMPUYEM

BCE TPOe O[IMHAKOBO MHMOOPMUPOBAHbI.

O
e

r

*

k

X, =
1 p
3
* *
X, = R
3
k *
Xy = R
3

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOPMaLMOHHOE paBHOBECUHE
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X, >
.1
X, >
x, = 0.
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FPA® PE®NEKCUBHOWU UTPhI.

NMPUMEP 2

2
fi (6, X1, X5, X3) = (0 — X, — Xy — X3)Xi —%‘, ;i>20,1e N={1,2,3}; 0 Q={1, 2}

Mpumep 2. MycTb NepBbIE ABa areHTa ONTUMUCTbI, @ TPETUIA — NECCUMUCT, KOTOPbIN
CYMTAET BCEX TPEX areHTOB OANHAKOBO MH(POPMMUPOBAHHBLIMU NECCUMUCTaAMN. [NepBble
[1Ba areHTa oIMHakoBO MH(MOPMUPOBaAHbI, NpMYeM 0ba OHW aIEKBATHO
MH(OPMUPOBaHBLI O TPETLEM areHTe.

* * -
xl - 3 ) xl :—’
1 2 20
* *
xZ - 3 ) xz :—,
20
* %
< x3 = ) < _x3 = —,
3 5
% *
X3 ) X31= 2o
3 5
% *
X3) 3 ; X32 ~ 5
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FPA® PE®NEKCUBHOWU UTPhI.

NMPUMEP 2

X?
fi(0, %, %, %) = (0 =X — X, = X3) %, > « x2>0,ieN={1,2 3% 60 2={1, 2.

* [lycTb BCe TpOe areHToB ONTUMWUCTbI, NEPBbLIN U BTOPOU B3aMMHO MHJPOPMUPOBAHHI,
BTOPOM U TPETUN TaKkKe B3aUMHO MHPopMUpoBaHbI. [10 MHEHUIO NEPBOro areHTa,
TPEeTUN CYNTAET BCEX TPOUX OANHAKOBO MHAPOPMMPOBAHHLIMW NEeCCUMNUCTaMU;
TakXXe 1 NepBblv areHT, N0 MHEHUIO TPETLEND, CYHUTAET BCEX TPOMUX OQUHAKOBO
NHJOPMMNPOBAHHLIMW NEeCCUMNUCTaMN.

* *

s 2=X,— X, « 17
X, =—- X, =

1 b 1 °

@ 3 35
/ \ x*—m x*:2
T > 357

x*zz_x;l_‘x; X;ZH,

3 3 ’ 35

. l=x . —x * _l

X34 =—1332 13, x31 - 5>

* l_x;_xl*sz X :l

\ / 1= 3 ’ vos
* * * 1

< :1—x31—x13 X 30 ==
132 s
3
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PE®INEKCUA B XYOOXECTBEHHbIX MPOU3BEOEHUAX

[Mpumep (“‘OetekTnB”). [ycTb nMetoTca cnenoBaTtenb U NPECTYMHUK.
O6o3Hauum nx, cootBeTcTBEHHO 1 1 2. Torga aTany npouecca
PacKpbITUA NPECTYNIeHNs COOTBETCTBYET rpad pednekcnsHon Urpbl
2 < 1 <> 12 (KOMMOHEHT 12 COOTBETCTBYET TOMY, YTO NPECTYMHUK
nbiTaeTtcs yoeouTb cnegoBartens B COOCTBEHHOM HEBMHOBHOCTU), a
doakTy packpbITUSA NPeCTynreHnsa — nepexoq K rpacgy 1 < 2.

o¥e¥c

« [pumep (‘LUnnoHckue ctpactu-17). MNycTtb B
CUTyaumm y4acTByoT AaBa rocygapctea (A v B) u Q

areHT, KOTopbIN, BYAyYN BbICOKONOCTABIEHHbIM 3
YMHOBHUKOM rocyapcTsa A siBNSETCs T

o
OHOBPEMEHHO OCBEOMUTENEM roCYyAapCTBa @) 4_.@

B, o0 yem rocygapcTtesy A HEM3BECTHO.
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PE®INEKCUA B XYOOXECTBEHHbIX MPOU3BEOEHUAX

B hunbme “UMnepaTtop n younua” (1999, pexuccep — YeH Kaiire)
ONMnUCbIBaeTCs CUTyaLmsa, OCHOBHbIMM Y4aCTHMKaMMN KOTOPOW SIBNAKOTCA
[Ba 4YerioBeKka — KUTaucCKuin umrnepaTtop v younua. Yomnuy nocoeinatoT K
nMmnepaTopy Nog BMAOM rnocna cocegHero rocygapctea. Mimneparop,
MeXay TeM, OCBeJOMIIEH O TOM, YTO MNOCOS HAa CaMOM [erle aABndeTcs
ybunuen. OgHako ybumnua 3HaeT 0 TOM, YTO MMIMepaTop 3HAET, YTO OH
cobupaeTtca youTtb ero. BeplumHam rpada coOoTBETCTBYIOT criegyloLimne
peanbHble U PaHTOMHbIE areHTbl: 1 — umneparop; 2 — younua; 3 - XxeHa
nMmnepartopa; 12 — younua, KoTopbi cYMTaeT umnepaTopa
HeocBedOMMeHHbIM; 121 — nmnepartop, KOTOPbLIM CYUTAET NpuULleLero K
HeMy YyesioBeka rnocrom cocegHero rocygapcrsea; 1212 — nocon
coceqHero rocygapcraa.

ST
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CYYWECTBOBAHUE NHOPOPMALIMOHHOIO PABHOBECMUA

YTBepxaeHwe. Ecnu nHpopMaumoHHoe paBHOBECKE X, 7 € X, CYLECTBYeT, TO OHO
COCTOMUT U3 He 6onee YeM v MNOMapHO Pas3/IMYHbIX AENCTBUK, a B cucteMe (1) conepxutcs He
6onee yeM v NOMAPHO Pa3/INYHbIX YPAaBHEHUM.

YTBepxaeHue. Myctb B pechnekCMBHON Urpe Co CTPYKTYPOU MHMOPMUPOBAHHOCTM KOHEYHOW
CNIOXXHOCTU MHOXECTBa AEWUCTBMIN X; — BbIMyKJIble KOMMNAKTHbIE MOAMHOXECTBA R", ANs
KaXkaoro areHTa uenesas @yHkumsa f,(6, X, ..., X,) npn 1oboM 6 € Q HernpepbiBHA MO BCEM
NMEPEMEHHBbIM U CTPOro BOrHyTa Mo nepeMeHHon x.. Toraa B 3TOW Urpe CyLlecTByeT
MH(POPMaLIMOHHOE paBHOBECKE.

YTBepxaenue. MNyctb ana noboro HeMycToro MHoXecTBa N'c N cnpaBeanvB Cneayowmnm
dakT: ana nobbix G, € Q, k € N’, n mobbIX X" X, m ¢ N’, CyLLecTByeT paBHoBecne Hawa
B Urpe ¢ obwunM 3HaHMEM k-areHTOB, TO eCTb CYLLUEeCTBYIOT X, , kK € N’, yooBneTBopstoLme

X, € Argmax f, (B, X - X1 Xis Xiqg -1 %), K e N
XkEXk

Torga ans ntobon KOHEYHOW perynsipHOn CTPYKTYpbl MIHPOPMUPOBAHHOCTU CYLLECTBYET
MH(POPMaLMOHHOE paBHOBECKE.
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PE®NEKCUBHBIE UIPbl U BAUECOBbI UlPbI.
OINrPAHUWYEHHOCTb PAHI'A PE®JIEKCUM

(*) (%) (55
F(0, %, %) BR; (6, X;) = Arg ma}(X f1(0,%,%;), {@(91"912'9121’---)6 BR; (01, (612, 6151....)),
X e
(0, 01,0191...)€ BR, (0, 0(0r1,0r1,...))-
HT £22, X; € Xi, BR, (6, %) = Arg max £, (6, %,,%,), 21021, 0212 2 (0 21,0212
=1, Xp€ X3

1,=(61, O1p, Oip1--)  BRyH(6,%,) ={X € X1 | % € BR (0, %)}, X (1,)=0(1,)=eA6,, b,,, 6.y, ...),
1750 Oo1s On2o ) BRIYG, %) ={% € X5 | % € BR(O,5)}. Xo(1) =UAL)=tAy Oy Oyp -..).

YtBepxaeHuve. Myctb B urpe (*), B KOTOpon ans nobbix 4, X, , X,
MHOXeCTBa (**) HenyCTbl, CyLLecTByeT XOTS 6bl OAHO ToYe4yHoe
paBHOBecue baineca—Hawa (***). Torga ana nobon CTpyKTYpsl
MH(POPMMPOBAHHOCTN 6eCKOHEeYHOM rNybuHbI |, 1 nboro y e X,
CYLLECTBYET paBHOBECUE, B KOTOPOM y SIBISIETCSI PABHOBECHbIM
AEVCTBMEM NMEPBOrO areHTa Npu ero CTpykType MHDOPMUPOBAHHOCTY |, .
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PE®IIEKCUA U XAOC

Bo MHOrmx ciydasx yBelIHUEHHE paHra pedieKCHH NPHUBOIUT K POCTY HEOMPEACICHHOCTH —
HEYCTOMYMBOCTH KOJUIGKTHBHOTO TIOBEICHUS AareHTOB, YTO MOXET OBITh OOBSCHEHO HEITMHEWHOCTHIO
HECTAIMOHAPHBIX Pe(IIEKCUBHBIX OTOOpAKEHUM.

Ipumep. [1ycth nMerOTCS JBa areHTa, BEIOMPAIONINX JACHCTBUS U3 SIUHUYHOTO OTPE3Ka M MMEIOIUX
CIICIYIOINe TeJIeBble (YHKITUU (SKOHOMHYCCKONH WHTEpIIpeTanuell JaHHOH MOJICIH SIBJISICTCS «IYOTIOIHS
Kypuo»): f1(0, X1, X2) =4 0 X3 X2 (1 — X2) — xf 12, (0, X1, X2) = X1 Xo — X22 /2, a cocrosHUE TPUPOIBI
NpPUHUMAET 3HaYeHUs u3 MHOXecTBa Q = (1/4; 1].

[TpenmosiokuM, 9TO Ha HIDKHEM YPOBHE KOHEYHOIO JiepeBa HH(POPMHUPOBAHHOCTH, HMEIOIICTO
ryOuHy My, MMEEeT MeCTo oOIee 3HAaHWE C HEKOTOPhIM 3HaueHHeM Op € () COCTOSHUU TMPUPO/IHI.
Beruuciissiem paHoBecue Homia wrpel ¢anToMHBIX areHTOB: X1(0g) = X2(09) =1—-1/(4 0p) u Haxomum
HAWJTYYIIHUE OTBETHI IEPBOTO M BTOPOT'O areHTOB Ha JICHCTBHUS OIMITOHCHTOB!

BR1(9, X2) =40 X2 (1 — Xz), BRz(e, X1) = Xy, 0 e Q.

[Tony4yaem, 4TO HawIydIiHe OTBETHI Tl-areHTOB, T € X, |t |< My, YAOBIETBOPSIOT JOTHCTUYECKOMY

OTOOpaXKEHUIO

X' =40 x"" (1-x""), m=1,2,...,[me/2], *)
¢ HauanbHoM Toukoit X, =1 — 1/ (4 o) (3meck 3a [-] 0603HAYEHA LIENas YaACTh).

Ananmusupys (*), moixydaem, 94To B 3aBUCUMOCTH OT HH(OOPMHUPOBAHHOCTHU O, T-areHTOB (OTMETUM, UTO
9Ta MHPOPMHUPOBAHHOCTh JIJISI BCEX areHTOB C MEpBOro mo (Mo — 2)-i ypOBEHb BKIFOUUTEIHLHO CUUTACTCS
OMMHAKOBOH, T.. 0:=0 mna Hekotoporo 0 € Q mpu |t|<my—2, mw B ciay4ae pa3IUIHOU
MHOPMUPOBAHHOCTH areHTOB MOXET HaOmogaThCs emie Oojee CII0KHOE TIOBEJCHUE) BO3MOXKHBI
CIICAYIOIIME BapUAHTBl aCUMITOTHYCCKU (MPU Mg —> 00) YCTOHYMBBIX M CJIA00 3aBUCSINUX OT HAYaJbHOM

TOYKH CTpaTeI‘I/Iﬁ IICpBOT0 PCAJIbHOTO AarcHrTa. BbIﬁOp CANMHCTBCHHOI'O HeﬁCTBHH; MNEPUOAHIECCKOE
MOBCACHUE, Xa0THUYECCKOC WM IIEPUOIUYECCKOC ITIOBCICHUC.
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3. TUNbl UHOOPMALIMOHHbLIX PABHOBECUN

1. basoBble MOAENU NPUHATUA PELLUEHUN

2. Pedbnekcnsa n pedneKkCcmBHbIE UTPb

3. Tunbl UHOOPMALMOHHbLIX PpaBHOBECUN
4. NHgbopMaLMOHHbIE BO3OENCTBUSA

5. IHpopmaunoHHOEe ynpaBreHue

6. [lpumepsbl
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3. TUMNbl UHOOPMALIMOHHbLIX PABHOBECUI

opean (yenmp)

-
| .
I Ynpaesnaowuii
|
|
|

VYnpasinstoiee
BO3/€IICTBUE

UHOOPMU- NEACTBYE HABJIIOJJAEMbIiA
POBAHHOCTb PE3VJIbTAT

Acenm(or)
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CTABUJIIbHOE NH®OPMALUMOHHOE PABHOBECHUE

Iy ={N, (XDi < nv Fi())i e v Q0 1} — pednekcnBHas urpa
Wi(-) — @yHKUYMA Hab/Ir04EHMS 1-TO areHTa

MHpOopMaunoHHOe paBHOBeCKE X ;, rieX,, byaem
Ha3blBaTb CT@bM/IbHbIM NPV 3a0AHHOWN CTPYKTYype
MHPOPMMPOBAHHOCTU | , ecnu Ang nboro deX,
BbIMOJIHAETCS

(2) Wi(G; Xi1s - Xiiir Xgis Xaiiwts -0 Xgin) =
=W;(0, X, ooy Xpicty Xais Xpintr - o0 X))
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CTABUJIIbHOE NH®OPMALUMOHHOE PABHOBECHUE

Iy ={N, (XDi < nv Fi())i e v Q0 1} — pednekcnBHas urpa
Wi(-) — @yHKUYMA Hab/Ir04EHMS 1-TO areHTa

YTBepxaeHue. NMyctb cTpykTypa MHDPOPMMPOBAHHOCTY |
MMEET C/TIOXKHOCTb v U CYLLECTBYET MHDOPMALIMOHHOE
paBHoOBecKe x ., 7 € X,. Toraa cucrtema COOTHOLLEHUM

(2) conep>xXut He 6bonee 4eM v nNonapHoO pas3INYHbIX
YC/I0BUM.
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UWCTUHHBIE U NOXXHbIE PABHOBECUA

MycTb Habop aencTBun X ;, o € X, ABNSETCA CTabUIbHbLIM
MH(MOPMALMOHHBIM paBHOBeCcMEeM. byaeM HasblBaTb €ro MCTUHHbLIM
paBHOBecKeM, ecnu Habop (Xy, ..., X,) ABNSIETCH paBHOBECMEM B
YyCNoBusIX obLLEero 3HaHMs 0 COCTOSIHUKM nNpupoabl @ (Mnn o Habope
(ry, ..., I) MHAMBMAYaANbHbIX XapaKTepPUCTUK (TUMOB) areHTOoB).

CtabunbHoe MHGOPMALMOHHOE paBHOBECUE, He ABNAIOLLEECS
WCTUHHBIM, HA30BEM JIOXXHbIM.

yTBepxaeHue. MNycTb uenesble HYyHKUUM areHTOB UMEIOT BUA

(3) fi (ri Xgs oy X0) = ¢ (15 X Yi(X40)),

a pyHKumMmn HabnmogeHusa — sug  W;(6, X) = yi(x,), 1 € N . Toraa noboe
cTabunbHOe paBHOBECUE ABNSETCH UCTUHHBIM.

CopaepkaTtenbHo ycnosue (3) o3Ha4aeT cneayoulee: BbiMrpbill
Ka)X[10ro areHTa 3aBUCUT OT ero Tuna, ero AeUcTB1sa U MyHKLMK
HabnaeHus, 3aBUCALLEN OT AENCTBUM OCTasIbHbIX areHTOB, HO He OT
X TUMOB.
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CINYYAN HABJTIOOAEMbIX OENCTBUW.
HEONPEOENEHHOCTb — COCTOAHUE MNMPUPOODbI

Wi (6, Xq,..., X)) = (Xgy0 005 X))

Al. 1na nobbiX i € N, o € X, NobbIX NpeacTaBnednn 6. € Qun 6’ € Q
Takux, 4To 6., = 6’;, N ansa nobon 06CTaHOBKM Urpbl

X;,—i = X—i :HXJ

BbinonHsaeTcd ji

BR; (05, Xi,-i) NV BR; (0, X5 ) = 5,
rae
BR;i (6, Xsi—i) = Arg)r(nec':)t(x Fi (i s Xt Xoii—10 Xi s Xoi gt s+ Xoin )
I i
YTBepxxaeHue. [yCcTb BbINOSIHEHO NpeanonoxeHne Al U cywecTByeT
MHpOpMaLMOHHOE paBHoBecKe x*. Toraa x* aBnsieTcs cTabunbHbIM
NH(POPMALMOHHBIM PAaBHOBECMEM B TOM U TOJSIbKO TOM C/lyyae, ecnu
CTPYKTYpa MH(POPMUPOBAHHOCTN UMEET rMyobunHy 1:

VieN, VoeX 6,=6.
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CINYYAN HABJTIOOAEMbIX OENCTBUW.

HEONPEOENEHHOCTb — TUINbI ATEHTOB

Wi (Fi, Xg50005 X)) = (Xq,..05 Xp)

X" = (X.%,...,X,") — CTabubHO-pPaBHOBECHbLIN BEKTOP AEUCTBUM

pi ={r e R, X €BR(r,x;)}, ieN.

YTBep)aeHue. Myctb X* — cTabunbHO-paBHOBECHbI BEKTOP AEUCTBUN peasbHbIX
areHToB. Ecnv gns noboro i e N MHOXeCTBO p; COCTOUT POBHO M3 OAHOrO
3N1IEMEHTA, TO BEKTOP TUMOB ABNASETCSA 06WNM 3HaHMEM (1, COOTBETCTBEHHO,
paBHOBECME UCTUHHOE).

YTBepxaeHue. Ecnv BeKTop AENCTBUN peasbHbIX areHToB X* ABNSIETCS CTabubHO-
PABHOBECHbIM MPU HEKOTOPOW CTPYKTYpPE MH(POPMUPOBAHHOCTU, TO A
31EMEHTOB 3TOW CTPYKTYPbI NpU NtobbIX i € N U o€ X BLINOMHAETCA I € p;.
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CTABUJIBHOCTb MH®OPMALMOHHOIO PABHOBECUA. NMPUMEP

o=1 =2 Q={1,2}
X, =X, =4{1;2}

) ©0) (0D @2) .,
(011) (210) 1) (2,2) &, =6, =2

NHpopMaunoHHoe
paBHOBecCKe:

PaBHOBecue
HecTabwunbHO
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NOXXHOE PABHOBECHUE. NMPUMEP

0=1 0=2
(2,2) (4] (2,2) (03)
(L4) (33 (30) (LY

Q={1 2} X, =X, ={1; 2}
0=2,6,=6,=1
WHdopmMaumoHHoe paBHoBecKe: X; =X, = 1,

PaBHOBeCKe NOXXHOE, MNOCKO/bKY B C/Tydae 06Lero 3HaHus
paBHoBecue 6b110 6bl Apyrum: X; = X, = 2.
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4. UHOOPMALIMOHHbIE BO3[JEUCTBUSA

1. basoBble MOAENU NPUHATUA PELLUEHUN
2. Pedbnekcnsa n pedneKkCcmBHbIE UTPb
3. Tunbl MHOPMALMOHHbLIX paBHOBECUM
4. UHchopMaLMOHHbIE BO3OEeNCTBUA
5. IHpopmaunoHHOEe ynpaBreHue

6. [lpumepsbl
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4. UHOOPMALIMOHHbIE BO3OEUNCTBUSA

Ynpasnarowuti I

opean (yenmp)
T L d

PeannHbBIN
pe3yabTat

NH®OPMU- NEACTBUE |—»| HABJIIOJAEMBIN
POBAHHOCTbD PE3VJIbTAT

L

VYnpasinstoiee
BO3/€IICTBUE

Azenm(bi)
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WHO®OPMALMUOHHOE PEINYIIMPOBAHUE
N PEDJIEKCUBHOE YTNPABJIEHUE

Bug CoobuieHue CchopmupoBaHHan
MH(POPMALIMOHHOIO | LLleHTpa CTPYKTYypa
BO3AEeNCTBUNA

OpaHopogHoe Bcem areHTam Voe X,
NHPOPMaLIMOHHOE coobuaeTcs 0=6
perynmpoBaHue Be/INYMHa &

HeogHopoaHoe i-My areHTy (ie N) [Vie N VoeX
MH(OPMaLIMOHHOE coobwaetca csoe | 6 =6
perynupoBaHue 3Ha4YeHne 6,

PednekcnBHoe i-My areHTy (ie N) |Vie N, je N\{i}
ynpasJieHne coobuiaeTca & u VoeX

Habop 3Ha4YeHun
i, 1 € NYi}

e

ljo
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AKTUBHbIU NPrHO3

AKTUBHbIV rPOrHo3 — coobleHne nHpopMaLumn o byayLumx
3HAYEeHMAX NapaMeTPOB, 3aBUCALLNX OT COCTOSAHUSA NMPUPOAbI U
NENCTBUN areHToB.

I ={N, (XDicno (i())ic vy @, 1} — pedpnekcBHas urpa
2(): QxX">Z, 1N

Z — MHOXECTBO NpOrH030B

LleHTp coobLuaeT areHTaM nporHo3 z € Z.

AreHTbl peLatoT CUCTEMY COOTHOLLEHUI

X;eBRi(, x;), 1 € N,
2(0,x)=12.
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5. AHOOPMALIMOHHOE YTMNPABJIEHUE

1. basoBble MOAENU NPUHATUA PELLUEHUN
2. Pedbnekcnsa n pedneKkCcmBHbIE UTPb
3. Tunbl MHOPMALMOHHbLIX paBHOBECUM
4. NHgbopMaLMOHHbIE BO3OENCTBUSA

5. UH(hbopmauuoHHOe ynpaBneHue

6. [lpumepsbl
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5. IHOOPMALIMOHHOE YTNPABJIEHUE

Ynpasnarowuti I
opean (yenmp)
VYpasnsromee L — —

BO3/€IICTBUE

PeannHbBIN
pe3yabTat

HABJIIOJIAEMBIIA

PE3VJIbTAT

POBAHHOCTD

Azenm(bi)
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KINACCUPUKALUA SA0AY NTHPOPMALIMOHHOI'O YN PABJIEHUA

P, (1) € X' — MHOXXECTBO BEKTOPOB AEMCTBUN peanbHbIX areHTOB, SB/ISIIOLLMXCS
PABHOBECHbIMW MPU CTPYKTYpe MH(POPMUPOBAHHOCTY |

W, (X) — MHOXECTBO CTPYKTYP MH(OOPMUPOBAHHOCTM, MPU KOTOPbIX BEKTOP
OENCTBUN peanbHbIX areHTOB X SBMSIETCS paBHOBECHbLIM (pelleHne obpaTHOM
3a/1a4n)

d(x, |) — ueneBas MyHKUMS LEHTpa

J — MHOXECTBO CTPYKTYP MH(POPMUPOBAHHOCTN, KOTOPbIE MOTYT ObITb
COPMUPOBAHbI LIEHTPOM W AN KOTOPbIX CyLEeCTBYeT XOTH 6bl OAHO
NH(OPMaLMOHHOE paBHOBECKHE

3apada NY B popmMme uenesomn 3apaua NY B popMe MHOXKeCTBA
chyHKUUMN: AOCTUXXUMOCTM:
HaWTN MHOXECTBO BEKTOPOB X € X', ANS
min ®(x,/)——=—>max. KOTOPbIX MHOXECTBO CTPYKTYp ¥, (X)NT
xe¥y (1) = HenycTo
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PE®IIEKCUBHbLIE OTOBPAXEHUA

Ey(6L...,0) ={(X,....x) e X'|VieN x € BR, (6,x;) }—
napaMeTpuyeckoe pasHosecue Hawa

En= | Ex...0,)

(01 ..... Hn)EQn
X0 =PrEy, ieN X5 =T]X}, ieN, k=0,12,..
J#i
BR(QX_)= |J BR(A.xy), ieN  — pednekcuHble
e, X_jeX_ oTobpaxkeHus

XK =BR(Q, X5, k=0,1..., ieN

Y1BepxxaeHue. Ana nobbix k=0, 1, ... n i € N BbINOHAETCSH
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CTAUMOHAPHOCTb PE®NIEKCUBHbLIX OTBPAXXEHUN

PecdnekcnBHoe o0TOBpaXKeHne i—ro areHTa Ha3blBaeTCH
CTaLMOHAaPHBIM, ECN

XK=x k=12,..

YTBepxaeHnuve. Ecnm pednekcmeHble 0TOBpaXXeHUst BCex
areHTOB CTaLMOHAPHbl, TO MHOXECTBO AENCTBUM i-r0 areHTa,
KOTOpble MOryT ObITb peasin3oBaHbl Kak KOMMOHEHTHI
MH(POPMALIMOHHOIO paBHOBECUS, peasin3yeTcsl B paMKax
CTPYKTYPbl MIH(POPMUPOBAHHOCTU rNybuHbl He 6oree 2 1
coctasnset X.%, i € N. Npu 3TOM paHr pednekcnn Kaxxaoro
areHTa paBeH 1, @ MHOXXECTBO paBHOBECHbIX AENCTBUM

peasnbHbIX areHToB cocTaBnseT E=[]X;.
ieN
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PE®IIEKCUBHbLIE OTOBPAXEHUAL.
NMPUMEP 1 (CTALMOHAPHBIE OTOBPAXEHWA)

fi(6, X1, X5) =X — X% 2 (0 + axj) [BRl(O, Xs)
ae(0;1),x>0,1=1,2

Ao L
Q =10; 1] i BRa(1, X;)
|
X; EN I
< | | BRy(0,x)

|
|
|

N JI >
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PE®IIEKCUBHbLIE OTOBPAXEHUAL.
NMPUMEP 2 (HECTALUMOHAPHbBIE OTOBPAXEHWA)

BRl(l/z, X2)
f1(6, Xq, Xo) = @ (L —X,) X —%X,2 12,
f,(6, X1, Xp) = @ Xy Xy X2 12
Q= [1/2:1], X, = X, = (0:1) 1 \
X3 < : I En BRy(L x2)
_ x

MexaHu3mbl yrnpasneHnus. [naea 21. PedonekcnBHble nrpbl 1 MHGOP

MaunoHHOE paBHOBeCKE
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NIMHEWHBIE PE®JIEKCUBHbLIE OTOBPAXXEHUA

(i) fi(0.%.%) =g (0)%° +vi (O x; +m(O)% +&(0,%;), j=3—i, i=12.
(i) 0eQ=[a,BlcRt, X, =[L,R]cR
Ona mobbix 4, 6, € O :
(i) @ (6)<0
< l//i(ei)ﬂj(gj)—2¢j(9j)ﬂi(9i) <R,
4(Pj(9j)€0i(9i)_lﬂj(ej)Wi(gi)
(V) 0< Wi(‘gi) l//j(gj)gl
2§0i(‘9i)2§0j(9j)

(iv) L =12

YTBepxaeHuve. PednekcneHble oTobpaxkeHus mrpsl (i)-(ii) npu
BbINONHEHUKN ycnoBun (iii)-(v) SBNSOTCA CTaLMOHAPHbBIMM.
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PED®PINEKCUBHAA HEMAHUMYITUPYEMOCTD
MEXAHM3MOB MNNAHUPOBAHUA

MexaHu3M: i-u areHT (i € N ) BbibupaeT coobLieHne LUeHTpy s;eS..
LleHTp Ha3Ha4aeT areHTaM nnaHbl x; = h; (s) = hy(s,,....,S,) -
AreHTbl NonyyatoT BbIUrpbIWK fi(X;, I;) .

1. «Knaccmyeckas» HEMaHUMYNMPYEMOCTb (TUMbl areHTOB SABASKOTCS
06bWwnM 3HaHMeM): ansg nboro TMNa r; paBHOBECHOMW CTpaTerven i-ro
areHTa sBnseTcs coobLieHne s =r; .

2. PednekcMBHaa HeMaHUNyIMpPyeMoCTb: A4 aoboro Tvna r;
CyLLeCTBYEeT NOACTPYKTYpa MH(POPMUPOBAHHOCTU (I, ), i e N, oe X, ,
Takas, YTo ;" = ;..
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PED®PINEKCUBHAA HEMAHUMYITUPYEMOCTD
MEXAHM3MOB MNNAHUPOBAHUA

EN — MHO>XKECTBO Ha60pOB TUNOB, ANd KOTOPbIX cooblieHne KaxabiM
areHToM CBOEro UCTUHHOIo TuMa ABNSETCA paBHoBeckeM Hala:

Ey={reR"|VieNVs e R f(h(r),r)> f(h(ry,...rq S, Mg )i 1) T

YTBepxaenuve. Anga Toro, 4tobbl MeXaHn3M NnaHMpoBaHNS SIBNSIICS
pedIeKCMBHO HeMaHMI'Iy}'IMpyeIJ:(bIM, [OCTaTOYHO, YTObLI ANns noboro
I-ro areHTa, i € N, cywecrtsoBa Habop TMNOB »’'= (r'y, ...,r ", ) € Ey
TAKOW, YTO BbIMOIHEHO

I € Arg m% fo(hi (. B 1, S, 6,0, ).
Sje

Mpw 3TOM Ans peanusaumm pednekCMBHOWM HEMAHUMYNNPYEMOCTU
[OCTAaTOYHO OrpaHNYNTLCA He bosnee YeM BTOPbIM paHroM
pedneKkcnn areHToB.
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6. MTPUMEPDI

1. basoBble MOAENU NPUHATUA PELLUEHUN
2. Pedbnekcnsa n pedneKkCcmBHbIE UTPb
3. Tunbl MHOPMALMOHHbLIX paBHOBECUM
4. NHgbopMaLMOHHbIE BO3OENCTBUSA

5. IHpopmaunoHHOEe ynpaBreHue

6. Npumepbli

MexaHu3mbl yrnipasnenus. [naea 21. PedonekcnBHble Urpbl 1 MIHpOPMaLMOHHOE paBHOBECUHE

21-57



NMPUKINNAAOHBIE MOOEJNIN NUHOOPMALIMOHHOIO YINPABJIEHUA

1. KopnopaTtuBHOe ynpasieHune
1.1. NpoussoanTens U NnocpegHnK™
1.2. CoBMeCcTHOE npon3BoACTBO™*

1.3. KOHKYpeHUMS Ha pbIHKe* * — MHOXeCTBO
1.4. AkkopaHas onsaTa Tpyaa* NCX0A0B UTpbl
1.5. lNMpoaasey, 1 nokynatenb* pPacLumpseTcs
1.6. 3aKa3unk U UCnonHuTenb* 3a cqer Y

1.7. AKTMBHas aKcnepTusa*
1.8. Onurononus KypHo**
1.9. PacnpeneneHune pecypca**

*x
1.10. CtpaxoBaHue* BO3MO)KHbI

1.11. KoHKypc** TO/IbKO UCTUHHbIE
1.12. ®opMMpoBaHME KOMaHAbI* CTabu/ibHblE

2. Urpbl noncka* PaBHOBEcCHS,

3. «[MpuHumn gedburumTa»* rpy 3TOM

4. Koppynuus** MpeacraB/ieHUs

5. bunonsapHbin Bbibop* areHToB MoryT

6. Peknama ToBapa* ObITH JIOXKHBIMU

7. NMpensbibopHas 6bopbba™
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MOZEJIb KOPINMOPALIUWA

N MOAOEJIN UHOOPMALIMOHHOIO YINPABJIEHUA

Sy e e e e e ———— e e —

[MponsBoanTenb 1 NOCPEeaHNK
CoBMECTHOE Npom3BOACTBO
KOHKypeHUns1 Ha pbIHKE
AKkopaHas onnara Tpyada
[MpooaBel 1 nokynaTesnb
3aKkasyuK 1 UCronHUTerb
AKTUBHas 9KCrnepTmnsa
Onurononua KypHo
PacnpepnerneHue pecypca
CTtpaxoBaHune

KoHKkypcC

. PopmMmunpoBaHme KOMaHab!

4,9,10,12

[HEN

AXTHUBHBIC 3JICMCHTBI

o O

[Tonpaznenenus )
OO0 - O

=

MEOoOOWOO~NOO WD E

=

—_—_—— - N — 4

511
(CyGHngsmthD
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KOMAHAObI

KomaHga — KonnekTmB, CocobHbIN OOoCTUratb uernm aBTOHOMHO 1 COMNMacoBaHHO MpPU

MUHUMalbHbIX yNnpaBiALWNX BO30ENCTBUSAX.

pynna — coBOKYNHOCTb Ntogen, 0bbeamHeHHbIX 06LLHOCTBIO MHTEPECOoB, Npodeccun,

AOeATerIbHOCTN U T.1M.

KonnektuB — o6beanHeHne nogei, ocyLecTBAILWNX COBMECTHYIO AeATEeNbHOCTb U

obnagatowmx odLWUMM NHTEpPECaMMN.

OpraHusaumoHHasa cucrtema — oobeanHeHne Naen, COBMECTHO pearnm3ayloLLnX HEKOTOPYHO
nporpamMmy Unu Luenb U AeACTBYOLMX Ha OCHOBE OrnpeaerieHHbIX npoueayp v npasun.

dopmMHpOBaHUE
cocTaBa
KOMaHIbl

Apmanranusa
KOMAaH/IbI

QDYHKIHOHUPOBAHNE
KOMaH/AbI
Dopmuposanue KOMaAHObL
[ pyrira, KoriszieKmus, opeaHusayus u KomaHOa SOmarnbi cywecmeosaHus KoMaHO
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«PE®JIEKCUBHbIE» MOOENN ®OPMUPOBAHUA KOMAH[L

Paccmorpum xomarmy N = {1, 2, ..., n}, cocrosmiyio igf(f;ﬁ;iﬁi? CTP}"{I;Tifpa I/IH(bOPMI/IpOBaI:I{};OC}TI/I
- i S i ik

u3 N areHToB. [leticTBue I-ro arenra Y; > 0 TpeOyeT o1 Vi Moners 1 Mozeis 6
HETo 3aTpar THUTIA Ko66a-/lyrnaca py Mozeis 2 Mozeis 7
Ci(Yi, 1) = ri ¢{yi / 1), tme r; >0 — Tun arenta, ¢(-) - c Mogess 3 Mozes 8
MOHOTOHHas BbIMykias QyHKuus. IIpeamomoxum, (Y45 Ca) Mogens 4 Mopgens 9
YTO IL€JIb KOMAaHIBl 3aK/II0YAeTCi B MUHUMU3ALUA (yi; ©) Mogens 5 Mopens 10
3aTpaT 1O BBIOOPY BEKTOpa JCHCTBUH, CyMmMMa i
KOTOPBIX PaBHA 3aJaHHOW BEITMYHHE. [

24
[Ipennonoxum, 4To i-blif areHT UMeET CTPYKTYpy HHGOPMUPOBAHHOCTH {Ijj} 1 HAOIIOACT 5 0 [T
JeicTBUA X.j Apyrux areHToB. Torpga: 216 .

204 =
Undopmaunonnoe pasuosecue: y, ({r}) =ri/ D r. i eN. 132

JjeN 18 of

168 o

Pannonanbusie npencrasaenns: Q) ={r;>0,j e N\ {i}|r;/ Zrﬂ =X, ] eN\{i}} lii
le : o
' P 1.3 ; ; ; ; ; : 1
5t 156 168 1.8 192 204 276 228 24 2R2 ZE4 276

JInHaMUKAa TpeCcTaBJIeH i i-r0 areHTa:

P =+ y; (w;.(xfi)— r,;)’J eN\{i}, t=1,2, ..., i eN,

i i

rae w; (x!;) — j-as npoexums Gumkaiteit  (r; )j <1y TOYKH MHOKeCTBA € .

YcioBue cTaOMIBHOCTH (I N = 2): Iy Iy = Iy 1.

Mnooicecmeo cyobekmusHbIX pagHosecutl u 001acmiL NPUMANCEHUS
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AKKOPOHAA OMNNATA TPYOA

N areHTOB OCYLLEeCTBASOT COBMECTHYIO AesTeSIbHOCTb
X;>0 — AencTBume i-ro areHTa

@— CYMMapHOe AeNCTBUE areHTOB, 3a KOTOPOE LIEHTP BbIM/IauyMBaEeT
BO3Harpa)kaeHune (MHaye He BbiMIavymMBaeT HUYEro)

o; — BO3HarpaxzaeHue i-ro areHTa
ci(X;) — 3aTpaTbl areHToB (Bo3pacTtatowas pyHKums, c¢;(0) =0)
xi'=max { X; = 0| ¢i(x;) < o7 }

B pe3ynbTaTte urpbl 06WKUM 3HaHMEM CPean areHToB CTAHOBUTCS DaKT BbiM1aThl
WM HEBbINNATbl BO3HArPaXKaeHMs.

YTBepxaeHnue. Jltobon Habop aencrenm
x e] [0;x), D x =6,
ieN ieN
MOXXHO cienaTtb CTabunbHbIM (M NPUTOM €ANHCTBEHHBIM) MH(POPMALIMOHHBLIM
PAaBHOBECMEM B paMKaxX CTPYKTypbl MH(DOPMUPOBAHHOCTU INyOuHbI 2.
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AKKOPLOHAS OMJIATA TPYOA. MHOXECTBO PABHOBECUW

OTpe3ok AC —
MHOXECTBO
paBHOBecUn Hawa

Ob6nacTtb ABC —
MHOXeCTBO
CTabunbHbIX
MH(POPMALIMOHHbIX
paBHOBECUI

A X2

N

C
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«NMPUHUMIN OEOPULINTA»

Yanauuu P. Ncuxonorus BAIMSAHUA.

Tpu TMNa KNINMEHTOB (3aKyMNLWWMKOB UMMOPTHOWN roBSAMHbLI ANs CyNepMapKeToB):
1. ycnblwanu npeanoXxeHne, CAenaHHOe B CTaHAApPTHOM opME;

2. [AOMNONHUTENBHO 6blna NpeaocTaBieHa MHMOPMaLUS O TOM, YTO NMOCTaBKK
MMMOPTHOW roBSANHBI 6yAyT COKPaLLEHbI;

3. Te Xe CBeAEeHUs, YTO 1 BTOpas rpynna, a Takxe MHGOpMaLmo 0 TOM, YTO
Masio KTO Y3HAEeT O NPEACTOSLLIEM COKPALLEHMM MOCTABOK.

Pe3ynbTaT MHDOPMALMOHHOMO YNpaBneHUS:
KIIMEHTbI TMMA 2 3aKa3anu B 2 pa3a 6onbliue, YeM KIMEHTbI Tuna 1;

KIIMEHTbI TMNa 3 3aka3anu B 6 pa3a 6onblie, YeM KIMEHTbI Tvna 1.
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«MPUHUMN OEOULINTA». BRAUMOLOENCTBUE ATEHTOB

N areHToB (K/IMEHTOB) C LeneBbiMn PyHKLMUAMN

fi (X0 %) = (Q = ij) Xj —CX;,

jeN

roex;>0,ie N={1,...,n},c>0.

Xi — obbem npodax areHta 3a rnepmnon BpemMeHun

(Q->x;)  — LeHa, KoTopasi Mpu 3TOM YCTAaHABNMBAETCS Ha PbIHKE
jeN

C — onrtoBad uyeHa, no KOTOpOI7| dlreHTbl 3aKyrnarT ToOBap

Xi = Q-c _ nencremne areHToB TUNa 1 (paBHoBecne B 0BbIYHbIX YCNOBUSIX)
n+1

2X; — AEACTBME areHToB TuMa 2, CYMTAIOLWMX NPEKPaLLEHME NOCTABOK 0OLMM 3HaHNEM

6X; — AENCTBUE areHToB TUNa 3, cumTarowmx cebss nHcangepamm (a gonto

MHCaNAEepPOB paBHOM NSATOW YacTK OT OOLLEro YMcna areHToB)
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PED®PINEKCUBHAA HEMAHUMYITUPYEMOCTD
MEXAHM3MOB MNNAHUPOBAHUA

[MpMep MaHMMyAnpyeMoro, HO pedpnekCMBHO HEMAHUMYIMPYEMOTO
MEXaHWN3Ma:

[Ba areHTa c TMnamMmn r, , r, > 0 , MEXaHU3M X; = S;—S,/2, X, =S,—S,/2.
PaBHOBeCHbIe nNo Hawy cTpaternun (3asBKn):

S, (ryr)=2Q@2r +1,)/3, s, (r,r)=22r,+r)/3.

HeTpyaHO BUAETD, UTO

s =rnpur,_=0,i=12 0c€eZ,.
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BUMNONAPHbLIA BbIBOP:

CTOPOHHUKW, KOJIEBJTOWWUECH, MPOTUBHUKW

AreHTbl 13 6eckoHe4yHO 60MbLION «nonynsunn» BbIOMpPatoT
MeXay NO3UTUBHBIM N HEraTUBHbLIM MOOCaMM.

CTOpOHHMKM (MX fonsa B nonynaumnm «a,): X, = 1.

[MpOTMBHUKKM (MX AONSA B NONYNAUMU 3): X3 =0.

Konebnowuecs (Mx gonsa B nonynsaumMm «,) noctynaroT
TakK, KaK 0XnaarT OT «CpeAHeCcTaTUCTUYECKOoro»
YsieHa NoNynAuUnn: X, =y X, + X, + a3 X3 .

LIeHTp CTpeMnTCS MakCMMM3NpoBaTb BEPOSATHOCTb
NO3UTUBHOIO Bblbopa. OH MOXeET

1. noBNUATb Ha TPETbIO rpynny, nepeseas Ao y ee
Y/IEHOB BO BTOPYIO M 3aTpaTus pecypc C.y;

2. NOBAUATb Ha BTOPYIO rpynny, U3MEHUB
NpeacTasneHns ee uneHoB 06 a; 1 3aTpaTuB pecypc

>
C,X. / \ : 27,
k, -1 k,

a3

CoBoKynHbIN pecypc (6roakeT) LueHTpa coctaBnseT C.

k, +k, -1 k, +k,
Ha pucyHke 3aTeMHeHa 061acTb, rae onTuMasibHO BECh

pecypc HanpaBUTb Ha U3MEHEHWE NMpeaCTaBIeHNI

areHToB BTOPOM rpynnbl. :
pov rpy k=CJ/C>1,i=1,2
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PE®IIEKCUBHAA MOLAENDb NPYMNnoBOro BoO3ayLWHOIo bOA;
NWHOOPMALIMOHHOE YTNMPABJIEHUE B 9KCINEPTU3E

MaHunynupoBaHue pesyrnbTataMu 3KcnepTusbl. [peanonoXxmum, YTo LEHTP 3aMHTEPECOBaH B TOM, YTOObI
pe3ynbrar aKcnepTu3bl Obinl Kak MOXHO 6nvke K 3HavyeHuo X,e[d;D]. IMycTb UEHTPY U3BECTHbl MHEHUS N
akcneptoB {r;e[d;D]};.n, HO HUKOMY M3 HUX HE W3BECTHbl JOCTOBEPHO MHEHUs ocTasrbHbIX. [MpnHMMaemoe
peweHne X = z(S), rae s € [d;D]" — BekTop coobueHun akcneptos. O603HaUUM: X;(a,r;) — pelleHne ypaBHeHus
na, ..., Xgy .-y @) =1,
di(r) = max {d; Xq(D, r)}, Di(r}) = min {D; X4 (d, r)},
d(r) = (dy(ry), da(rp), ..., dy(ry)), D(r) = (Dy(ry), Da(ra), --., Dy(rp)).

YTBepxaeHue. Ecnv MHeEHME KaXgoro akcrnepTa M3BECTHO OpraHM3aTopy 3KCNepTU3bl, HO HEM3BECTHO APYrUM
aKcneptam, TO 3a cyeT pecdpriekcnBHOro yrnpasneHus nwbon pesynstar X,e[#(d(r));#(D(r))] moxer 6bITb
peanu3oBaH Kak KONnnekTuBHoe pelleHune. Npn 3ToM AOCTAaTOYHO OrpaHUYUTLCS BTOPbLIM paHroM peduriekcunn
3KCnepToB.
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WHO®OPMALMOHHOE NMPOTUBOBOPCTBO

N UHOOPMALIMOHHAA BE3OINACHOCTb

CUCTEMA C PACNPEAENEHHbLIM NMPUNOXEHUA:
KOHTPOJIEM *IH(popmaLMOHHbIE BOWMHDI;

sCoumnanbHble ceTu;

*IHdbopmaLMoHHast 6e30MacHOCTb;

*KopnopaTuBHble NHPOPMALMOHHbLIE CUCTEMBI;

‘u ap.

«KOT’HUTUBHbIE» UT'Pb
Ynpaensawowmn Ynpasnsarowmmn Ynpaenswowmmn Ynpaensawowmn
opraH é;\j} opraH opraH % opraH

a

N IN
1V \1 nnnnnn

YnpaBnsembin CyObekT YnpaBnsieMbi CyOBHEKT
MexaHuaMmbl ynpasneHus. [naea 21. PedrniekcrBHbIE UIpbl U MHAOPMALIMOHHOE paBHOBECHE 21-69



